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CHAPTER I
INTRODUCTION
The use of canned meat has become increasingly popular among consumers due to its storage stability over prolonged time periods.

Meat

contains phospholipid components which undergo various reported changes.
However, little is known about the effects, deleterious or beneficial,
which occur in phospholipids during storage at elevated temperatures.
Lipid oxidation plays a major role in the deteriorative potential
of meat products.

The phospholipids in meat are actively involved in

oxidation that may occur during processing for canning purposes and
storage of such canned meat products.
Economically, long-term storage stability of canned meat products
is of major importance to the canned meat processing plants.

Canned

meats often contain spice blends, emulsifiers and other ingredients
which may affect or alter the reactions that lipid components may undergo during storage.

These reactions generally are quite complex and

little is reported about them in scientific literature.

yery

Often the

exotic flavors of spices can mask the perceptibility of off-flavors that
may have developed in the meat due to lipid modification.

This masking

of the flavor can be regarded as beneficial to the canned meat industry
because the product then would be acceptable over a longer period of
time.
The canned products prepared for this study incorporated spice
blends as well as hot Jalapeno peppers in varying amounts.
1

The products

obtained had a delectable hot flavor which would be popular among most
people of the southwestern U.S.A.
Research on canned meats has focused more on the microbiological
and technical aspects of canning and spoilage than on lipid deterioration of such types of products.

Also, studies have been conducted on

the materials employed in forming the cans and the reactions and changes
involved when the product is placed in cans made with different coatings
or in cans of different designs.
Thus, the objective of this study v;as to determine the deterioration of lipids in two blends of spiced canned meat products stored for
different time periods at different temperatures.

The temperatures

selected were 15 C, 30 C (ordinary room temperature) and 45 C (to
expedite unfavorable chemical reactions)-

These products were prepared

from equal amounts of pork and beef with varying amounts of spices.

CHAPTER II
REVIEW OF LITERATURE
Lipid Compositions of Meat
Lipids found in meats comprise 12 to 20% of the overall composition of meats (Pomeranz and Meloan, 1982).

Meat lipids can be classi-

fied according to their location as intermuscular, intramuscular
(marbling) and depot or subcutaneous fat (Forrest et al., 1975).

The

intermuscular fats generally are stored in specialized connective
tissues between individual muscles in relatively large deposits, whereas, tissue lipids are integrated into and widely distributed throughout
the muscle tissue (Kono and Colowick, 1961).

According to Watts (1962),

tissue lipids contain a large percentage of total phospholipids.

These

phospholipids exist in close association with proteins (phospholipoproteins).
The phospholipid content of various meats and muscle tissues has
been determined (Hornstein et al., 1967; O'Keefe et al., 1968).

Horn-

stein et al. (1951) reported that phospholipids contributed about .43
to 1.00% of the tissue weight; the triglyceride fraction was about five
times as large.

Later studies showed that the amount of phospholipids

in different muscles of different animals was relatively constant while
the amounts of total lipids (mainly neutral lipids) varied to a much
greater extent (O'Keefe et al., 1968; Body et al., 1970; Keller and
Kinsella, 1973; Igene and Pearson, 1979).

In most animal tissues the

amount of phospholipid has been found to be similar (Hornstein et al.,

1961; Body et al., 1970).

Phosphatidylcholine (PC), phosphatidylserine

(PS), phosphatidylethanolamine (PE), lysophosphatidylcholine, phosphatidylinositol (PI), sphingomyelin, lysophosphatidylethanolamine and
diphosphatidylglycerol were found in beef patties and in ground beef
using thin layer chromatography (TLC) separation (Keller and Kinsella,
1973; Gokalp, 1981).

Fish, beef, chicken and pork contained PC and PE

in the largest amounts (Kuchmak and Dugan, 1963; Shuster et al., 1964;
Keller and Kinsella, 1973; Lee and Dawson, 1976), representing about
61 and 31%, respectively, of the total phospholipids (Kuchmak and
Dugan, 1963).
Variations in fatty acid composition of phospholipids were found
at different carcass locations (Kuchmak and Dugan, 1963; Hornstein et
al., 1967; O'Keefe et al., 1968).

Hornstein et al. (1961) undertook

an investigation of the fatty acid composition of the phospholipid and
neutral fat fractions of beef and pork muscle.

The number of fatty

acids containing two or more double bonds in the phospholipid fraction
was more than 50% as compared to 10% in neutral fat.
The total unsaturated fatty acid content averaged 34.3% in PC
(lecithin), 52.5% in PE (cephalin), 4.3% in PS and 41.3% in sphingomyelin (Kuchmak and Dugan, 1965).

Palmitic acid was the principal satur-

ated fatty acid in lecithin and sphingomyelin; whereas the major
saturated fatty acid in cephalin was stearic (Hornstein et al., 1961;
Kuchmak and Dugan, 1965; Igene and Pearson, 1979).

O'Keefe et al.

(1968) showed that the fatty acids, C20:3 and C20:4, were present in
bovine muscle phospholipids but were absent in neutral fats.

Similarly

C14:l was present in the neutral fat but had no counterpart in phospholipids.
The C16 and CIS fatty acids are more prevalent in neutral lipids
in meat.

However, the C12, C14 and C20 fatty acids also are present

in small quantities.

Palmitic (C16:0) and stearic (C18:0) acids are

the predominant saturated fatty acids in neutral lipids of meat.

The

major unsaturated fatty acids in pork lipids are palmitoleic (C16:l),
oleic (C18:l), linoleic (C18:2) and linolenic (C18:3) (Hornstein et al.,
1961; Allen et al., 1967; Campbell and Turkki, 1967).

Compositional

differences in fatty acids in the phospholipid and neutral lipid fractions possibly may result in varying degrees of oxidative rancidity
(Love and Pearson, 1971).
Lipid Oxidation in Stored Meat
During frozen storage, tissue lipids are stable to autoxidation
(Caldwell et al., 1960; Evans et al., 1967; Witte et al., 1970).

The

basic autoxidation reaction involves unsaturated acyl groups which, in
the presence of oxygen and catalysts, form unstable hydroperoxides
(Lundberg, 1962).

The mechanisms have been described by Farmer et al.

(1942) and Lundberg (1962).

The hydroperoxides serve as precursors for

products which cause deterioration of meat although they contribute
little to off-flavors.

Autoxidation is characterized by many reactions

and products including not only aldehydes, alcohols, ketones and polymers but also semi aldehydes, aldehydoglycerides, short-chain carboxylic
acids, ketoglycerides and smaller degradation products (Lea, 1962).
These products may be the cause of off-flavor and off-odor production
and for the destruction of pigments, vitamins and essential fatty acids.

Samples of eggs stored for 6 and 12 mo at 0 C showed no oxidative
changes in their triglyceride, phospholipid or fatty acid content.

The

effect of cooking on fatty acid composition of beef lipids was studied
by Abderson et al. (1971).

They reported no significant differences

between the lipids of raw and cooked meat.

Thiobarbituric acid (TBA)

values for ground beef held at -18 C for 14.5 wk showed little changes
as compared to fresh samples (Keskinel et al., 1964).

Chang et al.

(1961) reported that precooked beef slices held at -26 C showed irregular TBA values ranging from 2.0 to 5.0.

However, these values decreased

below the threshold value for rancidity (<.50) when antioxidants were
added.
The accelerating effect of hemoglobin and other iron porphyrins on
the oxidation of lipids is a generally accepted phenomenon, and hemoproteins have been identified as the principal prooxidants in meat and meat
products (Younathan and Watts, 1958; Greene, 1969a; Greene, 1969b).
Seafood contains a higher concentration of metals than other meat
products (Sweet, 1973), and the lipid portion of the fish also has a
high degree of unsaturation which would cause fish to be more unstable
during frozen storage than either beef or chicken (Olcott, 1962).

Yu

et al. (1973) studied the effect of vacuum packaging of salmon steaks.
They reported that vacuum packaging improved sensory scores of salmon
stored at -18 C.

Lipid oxidation and the production of off-flavors

appeared to be linked to the loss of protein solubility of frozen whitefish muscle (Awad et al., 1969).

Similar results have been obtained

for frozen plaice fillets by Dyer and Morton (1956), who demonstrated

a relationship between protein denaturation and lipid deterioration
during frozen storage.
Changes in Phospholipid Components of Meat
Phospholipids play an important role in many metabolic functions
in the human body.

Spritz and Mishkel (1969) studied the effects of

dietary fats on plasma lipids and lipoproteins and found that phospholipid, triglyceride and cholesterol concentrations were low when subjects were fed a diet of 40% of calories as unsaturated fat as compared
to the same amount of calories from saturated fats.
Meat phospholipids, which are minor components, autoxidize much
more rapidly than neutral lipids because of the larger amount of polyunsaturated fatty acids in the former.

The higher the percentage of

unsaturation the higher the degree of hydrolysis.

Over 30% of the phos-

pholipid fraction of meats was composed of unsaturated fatty acids containing two or more double bonds (Hornstein et al., 1961; Igene and
Pearson, 1979).

Tissue phospholipids became brown and brittle when

stored at refrigerated temperatures under nitrogen (Chargaff et al.,
1942).

Igene et al. (1980) reported the development of rancidity in

lipid-free muscle fibers to which triglycerides and phospholipids were
added.

Addition of phospholipids greatly increased TBA values.

Phos-

pholipids also were the first to oxidize and their rate of oxidation
decreased with time.

Lee (1983) reported small increases in TBA values,

indicating oxidative rancidity, during refrigerated storage.

PE was

the major phospholipid component that contributed to the development of
warmed-over flavor in cooked meat (Wilson et al., 1976), but PC did not
influence warmed-over flavor.
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PI level increased but the levels of PC and PE declined during
cold acclimation of green sunfish.

Also, acclimation to reduced tem-

peratures resulted in changes in phospholipid classes and in the proportions of fatty acids in microsomes of these fish (Christiansen,
1984).

PC levels decreased with storage time in ground beef and mech-

anically separated beef (Lee, 1983).

Zolfaghari (1980) reported that

ground meat subjected to freeze-thaw cycles contained reduced amounts
of phospholipids.

In blends of ground beef and pork, phospholipids

decreased after the fourth freeze-thaw cycle.

Also, refrigerated stor-

age caused a reduction in phospholipids isolated from ground meats.
Djordjevic et al. (1982) reported higher losses of both individual
and total phospholipids in ground meat than in meat pieces.

Roasting

caused greater losses in the surface layer of meat pieces than pasteurization or sterilization, and changes in PE and PC contents were of
significant importance in development of rancidity (Dordevic et al.,
1982; Djordjevic et al., 1982).

The concentration of lysophosphatidyl-

choline and glycerophosphatidylcholine increased during the early stages
of storage while concentration of most other phospholipid fractions
decreased during storage (Jakubow et al., 1975; Dordevic et al., 1982;
Rauch and Kas, 1983).

Dordevic et al. (1981) showed that phospholipid

concentrations in roast meat were similar to those in raw samples.
Free fatty acid concentration followed a similar pattern to total
phospholipid concentration.
During sterilization of meat in cans, 40% of the phospholipids
were decomposed and the content of fatty acids increased by approximately 15?^ (Korzeniowski, 1971).

A study of the effect of various

heating times and temperatures on breakdown of meat tissue lipids
showed that the effect of temperature was greater than time.

During

sterilization, phospholipids decomposed to free fatty acids, betaine
(as a product of choline oxidation) and phosphoric acid, thus resulting in the development of hydrolytic rancidity (Korzeniowski, 1971).
Effects of Processing Operations on
Sensory Qualities of Meat
Triglycerides and phospholipids play an important role in the
flavor characteristics of cooked meat products.

Removal of triglycer-

ides from beef muscle had little effect on the aroma of cooked meat
products; but, when both triglycerides and phospholipids were removed,
a marked difference in aroma was observed (Mottram and Edwards, 1983).
Phospholipids are the primary contributors to warmed-over flavor
in cooked meat.

Both nitrite and ethylenediaminetetraacetate have

been reported to interdict the production of warmed-over flavor as did
removal of heme pigments.

Also, overheating of meat had a protective

effect against warmed-over flavor development (Pearson and Gray, 1983).
The canning process for meats plays an important part in chemical
changes that occur in various meat components which can have a deleterious effect on the sensory properties of that canned meat product.
Canned fowl meat samples that had been chilled with brine solution had
a higher moisture and chloride content than similarly chilled samples
which had been fabricated from hot boned fowl meat (Mathusa and Janky,
1983).
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The flavor of canned meat products often differs from the flavor
of the analogous noncanned product.

The flavor note in the canned pro-

duct which leads to this difference in flavor is termed "retort flavor"
(Peterson et al., 1975).
Chicken meat processed in cans was ranked inferior in texture and
flavor by a trained taste panel when compared to similar meat processed
in retort pouches (Lyon and Klose, 1981).

Rao et al.(1978) reported

the effects of storage and polyphosphates on the flavor volatiles of
canned meat.

Polyphosphate-treated meat showed a greater increase in

unsaturated carbonyls, whereas

the untreated samples showed an increase,

Production of free ammonia in the canned meat also was retarded when
polyphosphates were added to the formulation.
Sulfur compounds, such as hydrogen sulfide, mercaptans and the monoand disulfides, have been associated with retort flavors during canning
(Brennan and Bernhard, 1964).

Persson and Sydow (1973) reported signif-

icant correlations between retort flavor and the concentration of
hydrogen sulfide.

Peterson et al. (1975) claimed that the production of

volatile flavor compounds in canned beef stew was a result of thermal
oxidative fat decomposition, thermal decomposition of amino acids and
carbohydrates, and the browning reactions characteristic of roasting
or baking processes.

Also, they reported that the retort flavor was

not due to a single constituent, but was probably due to a relatively
complex mixture of a number of components.
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U.S. Government Standards for Canned
Comminuted Meat Products
The National Archives and Records Service (U.S. Department of
Health, Education and Welfare, 1984) published the "Code of Federal
Regulations" revised January 1, 1984.

According to these regulations,

certain canned products have been defined:

Luncheon Meat (§319.260)

and Meat Loaf (§319.261), which fall under the category of "Luncheon
Meat, Loaves and Jellied Products," are cooked, comminuted products to
which water or ice may be added to facilitate chopping or mixing of
ingredients.

Within the category of "Meat Specialties, Puddings and

Nonspecific Loaves," scrapple (§319.300) and corned beef hash (§319.303),
under the category of "Canned, Frozen or Dehydrated Meat Food Products,"
contain comminuted meat (not less than 40% for chili con carne).

Chili

con carne can contain not more than 8%, individually or collectively,
of cereal or vegetable starch, vegetable flour, soy protein concentrates
and dried milk products.

Corned beef hash can be composed of fresh or

cured or canned beef or a mixture of these ingredients to which potatoes,
seasonings, curing agents, beef fat, water, onions and garlic and other
optional ingredients can be added.
Deviled ham, deviled tongue and similar products (§319.760);
potted meat food product and deviled meat food product (§319.761); and
ham spread, tongue spread and similar products (§319.762), all of which
come under the category of "Meat Salads and Meat Spreads," are not
allowed to contain cereal or vegetable flour, nonfat dry milk or similar
substances.

12
The amount of added water should be in compliance for each of the
three product categories.

Labeling should be in conformity with arti-

cles 317.2, 317.3, 317.8 and with all other articles which may be
applicable to that particular product.
Microbiological Spoilage of Canned Meat Products
Microbial spoilage may be defined as the state reached when the
normal characteristics of a meat are so changed by the growth and metabolic activities of microorganisms as to render it unfit for human consumption (Gardner, 1983).

Microbial spoilage in heat-preserved canned

food is due to the activity of microorganisms which survive the heat
processing of the canned food or those which gain access through leaks
in the containers after processing.

The type of microbial spoilage

occurring in underprocessed packs is related to the acidity of the food.
Fish and other seafoods are extremely perishable food products.

The

reactions involved in the spoilage of fish and seafoods are very complex.

Spoilage may proceed in two ways:

off-flavors and odors may

develop or bacteria may cause spoilage of the product (Gardner, 1966).
Bacteria isolated from canned meats may conveniently be arranged
into four groups:

Micrococci, Thermophiles, spore-forming anaerobes

(Clostridia) and spore-forming aerobes (Bacilli) (Jensen, 1945).
Thermophiles have not been incriminated in canned meats with the exception of dog foods containing soy protein meal.

Temperature has an

important influence on the type of spoilage which occurs in meat.

When

meat is held at temperatures near 0 C, microbial growth is limited to
that of molds, yeasts and bacteria able to grow at low temperatures.
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These organisms can cause souring, discoloration, sliminess and spots
of growth on the surface of the meat.

The species involved in this

type of spoilage include Pseudomonas, Alcaligenes, Leuconostoc, Lactobacillus, Streptococcus and Flavobacterium (Frazier and Westhoff, 1978).
King et al. (1972) reported that the mold, Byssochlamys fulva, in
spoiled canned food caused a slower rate of growth, an increased liver
weight and a decrease in hemoglobin concentration when fed to rats.
Clostridium spores, which are true putrefiers, require temperatures
above those of the refrigerator.

Many strains of Clostridium spp.,

including ^. perfringens, were markedly sensitive to penicillin, streptomycin and neomycin (Malik, 1969).

Lactic acid bacteria constitute only

a small proportion of the natural bacterial population developing on
fresh and cured meats stored under aerobic conditions, and have little
detrimental effect on their shelf-life.

However, these organisms grow

at low temperatures and in high concentrations of sodium chloride.
Thus, the lactic-acid bacteria have become a significant source of meat
spoilage in vacuum packaged products (Sharpe and Pettipher, 1983).
Ito (1981) reported that Bacillus stearothermophilus, which causes
flat-sour spoilage of low-acid foods, is ubiquitous, nonpathogenic and
difficult to destroy.

The Bacillus spp. also were present in a majority

of canned samples of a Cuban meat product obtained from various facilities in that country (Rodriguez et al., 1980).

Microbial spoilage in

canned Australian products, including meats, showed that most of the
contamination was due to pre- and post-processing techniques where
carelessness was paramount (Richardson, 1969; Richardson, 1972).

The
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mechanism of reinfection of cans due to deviations in can construction
or improper handling procedures in British and Swedish plants has been
reviewed by Put et al. (1972).

Kibler et al. (1984) surveyed nine

selected canneries in the U.S. for mesophilic anaerobic spores, including Clostridium botulinum.

This study was initiated because the food

industry always is concerned that C^. botulinum might enter a defective
can of low-acid food through a microleak after processing and become a
dangerous health hazard.

The canneries surveyed were all related to the

preparation of low-acid-type vegetable products.

None of the numerous

samples analyzed contained C^. botulinum, although about one-third
yielded spores of other mesophilic anaerobic bacteria.

Skoczek (1981)

characterized strains of C^. botulinum (in nine samples out of 463), C^.
perfringens and ^. sporogenes from cans of meat that had become bloated
during 1 year of commercial storage.
Curing of meats originally was conducted to preserve the product
by salting without refrigeration, but other ingredients now are added
and the product can be refrigerated or smoked.

A cured meat is, thus,

defined as one to which sodium chloride has been added and in which
the native meat pigment, myoglobin, is mainly in the nitroso form as a
result of reaction with nitric oxide (Gardner, 1983).

Microorganisms

reported in cured meats include Leuconostoc mesenteroides, heterofermentative Lactobaccilli. Streptococci, Pediococci, Enterococci, Bacil1i,
Micrococci and, sometimes, Clostridia.

The type of microorganisms

varies with the initial condition of the meat and the method of curing
(Frazier and Westhoff, 1978).
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Changes in pasteurized hams and pork during storage were investigsted by Veselinov et al. (1970).

No Gram-negative organisms of patho-

genic staphylococci were detected.
The type of microbial spoilage occurring in under-processed containers is related to the acidity of the food.

Four broad groups with

assigned special spoilage characteristics have been suggested:
Group 1.

Low acid (pH 5.0 and higher).

Meat products, marine

products, milk and certain vegetables.
Group 2.

Medium acid (pH 5.0 to 4.5). Meat and vegetable
mixtures and specialties such as spaghetti, soups and
sauces.

Group 3.

Acid (pH 4.5 to 3.7). Tomatoes, pears, figs, pineapples
and other fruits.

Group 4.

High acid (pH 3.7 and below).

Pickles, grapefruits,

citrus juices and rhubarb.
The principal demarcation in the acidity classification between
the medium acid and the acid groups is at a pH of 4.5.

Below this

point the growth of Clostridium botulinum, the most heat resistant of
food-poisoning organisms, generally is regarded as being inhibited.
For foods with pH values below 4.5, pressure processing is, therefore,
considered to be unnecessary because this organism will be incapable
of growth (Hersom and Hulland, 1980).
Obligate aerobes are not a major concern in the canning industry.
However, if nitrates are used as curing agents for meats, the obligate
aerobes or the facultative aerobes of the Bacillus spp. can cause
spoilage.
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Spore-bearing bacteria of the facultative anaerobic group are
among the more important from the standpoint of food sterilization.

In

low-acid foods. Bacillus stearothermophilus and related species are
important; in acid foods, facultative anaerobes, namely, B^. macerans,
B^. coagulans and B^. polymyxa,

are of major importance.

Obligate anaerobes with reference to canned food spoilaga may be
classified into two groups, mesophilic and thermophilic.

Clostridium

thermosaccharolyticum is the most important organism of the thermophilic
type.

C^. botulinum is the most important among the mesophilic organisms,

Other putrefactive organisms most frequently causing spoilage of lowacid and semi-acid foods are C^. putrificum, C_. histolyticum, C_. bifermentans, C^. sporogenes and other related species.

Lactobacillus and

Leuconostoc spp. are the most important nonspore-bearing bacteria.
Molds generally are not primary spoilage agents in canned foods, the
only exception being the species Byssochlamys fulva.

This organism

can cause complete disintegration of fruits due to breakdown of pectinous materials (Stumbo, 1965).
The Canning of Meat Products
The sterilization of products in "tin" cans or glass containers
is an efficient method of food preservation.

The art of canning can

be credited to a Frenchman, Nicolas Appert.

From a sanitary point of

view, canned foods are of the highest value, because, if properly
prepared, they are free from all bacteria (Goldblith et al., 1961).
Nearly any type of food product can be canned.

However, deterioration

and loss of some food so prepared may result if processing is not
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conducted in a thorough and scientific manner.

In canning meat products,

the meat should be cooked well before canning or else the moisture will
cook out during processing, causing the meat to shrink in size and the can
will contain less meat and more liquid than is desirable.

When meats are

cooked before canning, the moisture in the meat is expelled before it is
placed in the can and a solid pack of meat results (Anonymous, 1958).
A working knowledge of container (can) construction and closure is
essential since the maintenance of sterility is dependent on the efficiency of operations such as seaming and closing of cans.

Food packers

are expected to buy about 27 billion cans in 1985 (Morris, 1985).

Tin

has been the most widely used coating material but the use of chemically
treated (with chromium or chromium compounds) steelplate as a substitute
for tinplate also has been explored.

For some fruits, vegetables and

meat products the tinplate would have to be protected against chemical
interaction of the contents and the metal by a lacquer film (Hersom and
Hulland, 1980).

Major trends in the can production industry have inclu-

ded thinner and lighter materials, greater choice of containers, less
tin in tinplate and more tin-free steel applications (Morris, 1985).
Jackson and Shinn (1979) stated that aluminum is increasingly being
used as a can-making material in the U.S. because of its numerous advantages.

However, it cannot become the product of choice until all

factors which are disadvantageous in its use have been remedied.
The can and the product to be placed in it need to have a compatibility for each other.

Morrow (1982) studied container/product com-

patibility for tomato puree sealed in different types of cans over a

18
24-mo period.
life."

This compatibility generally has been called "shelf-

Aluminum cans for meat and fish products were found more suit-

able on the basis of the organoleptic properties of the products,
internal corrosion and possibility of using easy-to-clean closures
(Zaputovic and Djonlija, 1974).
After the product has been packaged into cans, the cans must be
sterilized.

The effect of the heating medium during sterilization on

the quality of external surfaces of cans showed that calcium-, magnesium- and iron-rich water was not suitable due to the formation of
deposits on the can surface which may produce corrosion due to hygroscopic effects (Djordjevic et al., 1974).
Two types of cans have been manufactured, namely, three piece- and
two-piece cans.

Welding and cementing have been employed for side seams.

The two-piece can has become popular recently and its use is spreading
to the vegetable canning industry in the U.S. (Mannheim and Passy,
1982).
Canned foods can become contaminated due to the presence of metal
ions like Fe, Sn, Pb, Cu and Mn.

Also, corrosion (the destructive

attack on a metal through chemical or electrochemical reactions with
the environment) can occur (Mannheim and Passy, 1982).

The metal ions,

Fe, Sn and Pb were investigated in a variety of canned foods to gain
an understanding of the metal ion uptake (Baldini et al., 1983).

Branca

(1980) reported that Cu and Mn contents in canned vegetable products
remained practically constant for up to 315 d of storage.

However, Fe,

Zn and Pb contents increased during storage, rendering the product
unfit for consumption after 270 d of storage.
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The addition of polyphosphates during canning of meats increased
the intensity of sulfur staining.

The corrosion of the tin coating

and vacuum reduction due to formation of hydrogen also increased (Board,
1969).

Acidity of the packaged food in the can or the food's pH had

no direct proportionality relationship with the degree of corrosion of
tinplate.

Acceleration of corrosion by sulfur compounds generally was

attributed to formation of an iron-sulfide layer.

Nitrates have been

alleged to accelerate corrosion in cans, especially of acidic foods.
Proper exhausting of cans must be employed to eliminate oxygen which
would cause defects in the products and the can.

The higher the tempera-

ture for thermal processing, the higher the rate of corrosion reactions.
The same fact holds for storage temperatures for canned foods (Mannheim
and Passy, 1962).
The sulfite-reducing capacity of Clostridium spp. has been employed
as a reliable indicator of microbiological quality of canned fruit and
vegetable products (Miskovic, 1971).

Standards for canned meat and

meat products, in addition to other products, have been proposed by
Murray (1969).

Gilbert et al. (1982) have developed a scheme for

microbiological examination of canned meats which also could be applied
to other foods.

Vasundhara et al. (1983) employed gas liquid chromato-

graphic analysis of free fatty acids in samples of lean meat and
reported a 15-fold increase in palmitic, stearic and oleic acid

con-

tents as a result of canning spoiled meat when compared to insignificant increases in canning fresh meat.
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The length of time required to kill bacteria varies with the
temperature used, the kind of bacteria, and the presence or absence of
spore formers, moisture, acids, salts or other chemical compounds and
the presence and protective action of oil or fat (American Meat Institute, 1953).

Extreme care needs to be taken in selecting the tempera-

ture of the process for a given product lest the more delicate foods
be injured by a high temperature.

The time and temperature required

to sterilize a product also will depend upon the size of the container
and the nature of the product (solid, liquid, semi-solid, etc.).
Bacteria subjected to heat are killed at a rate generally proportional to the number of organisms present.

This characteristic of

bacteria is referred to as a logarithmic order of death and means that,
in a given time interval, the same percentage of the bacteriological
population will be destroyed regardless of the population present
(Jackson and Shinn, 1979).
The killing of microorganisms by heat is supposed to be due to
denaturation of the proteins and especially due to the inactivation of
enzymes required for metabolism (Frazier and Westhoff, 1978).

The heat

resistance of microorganisms usually is expressed in terms of their
thermal death time which is the time required at a certain temperature
to kill a stated number of organisms or spores under specified conditions.

The object of processing is to apply heat to every particle of

food in the can at a temperature and for a time that would destroy
spoilage-type microorganisms.

When this processing has been accompl-

ished, the contents of the can are commercially sterile and will keep
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satisfactorily, provided bacteria do not gain access to the can by leakage (American Meat Institute, 1953).

In calculating a thermal process

for canned foods, it is necessary to know the temperature of the food in
the can during sterilization.

The temperature, as a function of time,

is found experimentally by heat-penetration tests in which a sealed can
of the food under consideration is given a process similar to that which
it will receive commercially.

The temperature of a point in the can may

be read at any instant by means of a thermocouple (Anonymous, 1953).
Foods can be sterilized using conduction or convection heating or a combination of both.

For a nonacid food the minimum sterilization process

must assure safety by destroying any contaminating Clostridium botulinum.
This sterilization is accomplished by a 12 D process, where the D value
is the time in minutes necessary to cause a 10-fold decrease in the number of viable organisms (Witter, 1983).
The headspace volume in cans has been responsible for several canning defects.

If the volume of the headspace is too small, the rate of

heating of the containers is reduced.

If the headspace is too large,

the product may appear to be slack filled (Jackson and Shinn, 1979).
For cooking hams, Gallert (1970) advocated steam cooking as opposed to
water cooking because of better consistency of the product and less
leaching of nutrients.
Luna Machado (1966) reported that sterilization of canned fish
products was influenced by the initial temperature of the can contents,
the rate of temperature increase in the autoclave and the physical
structure of the canned product.

Meat in cans subjected to steriliza-

tion resulted in a higher sulfide corrosion of the cans as the pH
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increased.

Also, at pH values of 5.9 to 6.8 during sterilization, the

amounts of hydrogen sulfide and mercaptans increased.

This increase

could be directly related to the increased reactivity of S-H groups and
to intensified breakdown of S-S groups (Krylova and Marchenko, 1969).
Chemical preservatives that may be added to canned meat products
have to satisfy various government requirements.

These requirements

include their being noncarcinogenic, nontoxic, soluble, antimicrobial
and economical (Gomez and Herrero, 1983).
Duncan (1970) reported various factors contributing to the stability of canned, cured meat products.

One of the major factors among

these was the inhibitory activity of sodium chloride and sodium nitrite.
The sodium and potassium salts of nitrite and nitrate are used in curing
processes of meats and fish.

These compounds stabilize the red meat

colors, develop flavor and protect against contamination from Clostridium botulinum.

The addition of sorbic acid to meat can help reduce the

content of nitrite added to meats (Gomez and Herrero, 1983).
Logten et al. (1972) carried out a toxicity experiment on rats
which were fed a diet containing canned meat treated with sodium nitrite
and with or without glucano-6-lactone.

They found no evidence of tumor

formation that could be attributed to the feeding of this canned meat.
In canned fowl meat, lower protein values and higher moisture-to-protein
ratios were reported when the meat was pretreated with sodium polyphosphate with or without the addition of sodium chloride.

More desirable

sensory properties and a decreased off-flavor also were reported in the
finished meat products (Lyon, 1984).

Curing freshly slaughtered meat

reduced the breakdown of peptides to free amino acids and caused
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hydrolysis of collagen, but addition of starch increased the amount of
soluble collagen in freshly slaughtered meat (Janitz, 1981).
Spices have been known to harbor many spoilage organisms which, in
turn, can cause spoilage of canned meat products.

However, dry spices

have not been reported to cause spoilage due to their low water concentrations, although mold growth during their drying may give them a
heavy load of mold spores (Frazier and Westhoff, 1978).

Essential oils

obtained from spice plants often have a preservative effect on the food
in which they are used (Pruthi, 1980).

Pekhov et al. (1969) suggested

the use of spice extracts for seasoning canned meats because they are
not as strongly contaminated with microorganisms as are spices.

The

possibilities of application of artificial flavors to canned meat
products were studied by Polic et al. (1979).

Acceptable products

could be made with lower concentrations (<.5%) of flavoring agents.
Higher concentrations of these flavors masked the flavors of the product
to an undesirable extent.
Chemical Causes of Spoilage in Canned Foods
The most important kind of chemical spoilage of canned foods is
reported to be the hydrogen swell.

This description is applied to cans

which bulge as a result of formation of hydrogen following the action
of the acid of a food on the iron of the can.

Hydrogen swells have

been chiefly associated with fruits containing organic acids, and are
favored by increasing acidities of foods, increasing temperatures of
storage, imperfections in the tinning and lacquering of the interior
of the can, a poor exhaust and the presence of soluble sulfur and
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phosphorous compounds (Frazier and Westhoff, 1978; Hersom and Hulland,
1989).
Hersom and Hulland (1980) reported an abnormally high tin content
in cans due to direct chemical dissolution of the tin without the evolution of hydrogen.

When the tin coating was removed, the unprotected

steel began to corrode, readily producing a hydrogen swell.

The reason

for this defect has been attributed to the presence of inorganic nitrate
in medium-acid canned foods (meat products) and the nitrate coming from
the curing ingredients in the meat.
Rust formation on cans has been the cause of can perforation,
especially if the iron plate of the can was pitted.
film has been shown to minimize rust formation.

An external lacquer

CHAPTER III
STORAGE STABILITY OF LIPIDS IN CANNED MEAT BLENDS
Summary
Two kinds of meat blends containing varying amounts of spices were
prepared, filled into cans and sealed.

Cans were randomly chosen for

storage at three temperatures, 15, 30 and 45 C.

Cans were randomly

selected for analysis from each of the three temperature ranges after
10, 20, 30 and 40 d storage.

Cans also were analyzed immediately after

they were filled, sterilized and cooled (0 d storage).

Analytical tests

included pH determination, TBA values, proximate analysis and microbiological tests.

The formulation, time of storage and temperature of

storage affected the pH values.

Formulation 1, containing a higher

amount of spices, had a lower pH value than formulation 2. Also, a
lower pH value was indicated for samples stored at 45 C than at 15 or
30 C.

Oxidative rancidity, as indicated by the TBA values, was below

the threshold for perception in all samples at all storage temperatures
and time periods.

This result could be attributed to the antioxidative

effect of spice blends.

Microbial contamination (aerobic, anaerobic

and microaerophilic) was not found in the meat samples indicating that
the temperature of sterilization (116 C) was effective in destroying
the viable microorganisms present in the meat formulations.

Three-way

interaction among formulation, storage time and storage temperature
were evident for the protein and lipid contents.

Moisture content was

influenced only by the main effects of formulation, storage time and
25
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and storage temperature whereas percent ash was only affected by the
storage time.

All these effects probably could be attributed to insuf-

ficient mixing of meat blends before canning.

No data were available

for the neutral lipid and phospholipid components in the meat blends as
a result of lipid decomposition.
Introduction
Canned meats have become an important food product because of their
flavor and relative safety during storage.

However, during prolonged

storage, autoxidation of lipid components can occur, resulting in the
deterioration of the meat (Watts, 1962).
Grinding of meat exposes a larger surface area for incorporation
of oxygen, enhances heme catalysis and causes subsequent oxidation in
meats (Keskinel et al., 1964).

Triglycerides in meat were mainly held

responsible for oxidation in frozen meat (Shorland, 1976).

However,

lower levels of oxidation have been attributed to the neutral lipid
fraction by Younathan and Watts (1960).

Igene and Pearson (1979)

reported that meat phospholipids are composed of a substantial amount
of unsaturated fatty acids, supporting the theory of phospholipids
being the principal causative factor for rancidity development.
Meat products, when subjected to the canning process, have been
reported to lose about 40% of the phospholipid constituents due to
degradation (Korzeniowski, 1971).

During the preparation of canned

meat formulations, various nonmeat ingredients such as spices and
nitrates often are utilized.

Sodium chloride and sodium nitrate con-

tribute to the stability of canned cured meat products (Duncan, 1970)

27
and certain spice oils have a pronounced preservative action (Frazier
and Westhoff, 1978).
Iron is a major promoter of oxidation in meat products.

Improperly

coated cans or rust formation in cans have been implicated in rancidity
development (Marsal, 1977) and the production of hydrogen gas (Thomas
et al., 1966).

Microbiological contamination in canned meats can occur

if improper canning and conditions are prevalent (Amrican Meat Institute,
1953).

In general, the lower the pH of the canned product, the lesser

the chances are for such

microbial contamination and processing condi-

tions for such products need not be too rigid (Hersom and Hulland,
1980).
The present investigation was designed to determine the deteriorative changes in lipids present in canned meat blends over a 40 d storage
period at temperatures ranging from moderately cold (15 C) to hot (45 C).
Experimental Procedures
Experimental design.
employed.

A 2 x 3 x 4 factorial experimental design was

Two types of sample blends were prepared and stored at three

storage temperatures (15, 30 and 45 C) over four storage periods (10, 20,
30 and 40 d ) . Four replicate samples from 50 canned meat samples were
randomly selected from each time and temperature period for every type
of analysis performed.

All analyses also were performed immediately

following canning and sterilization (0 d ) , but these results were
excluded from the comparisons because the samples had not been subjected
to any storage temperature treatments.
Appendices A and B.

These 0 d results are shown in
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Preparation of the canned meat.

Two types of canned meat products

were prepared using equal quantities of beef and pork but with different
spice blends.

Boned pork loin was fabricated at Farmland Foods, Inc.,

Plant No. 717-CR, in Crete, NE.

The animals were slaughtered and the

carcasses chilled at a temperature of less than -2 C before being fabricated.

The fabricated pork loins then were shipped by refrigerated

truck (temperature of refrigeration was less than -2 C) to Plains Meat
Company, Inc., Lubbock, TX, where they were stored at 0 C for 5 d before
being shipped to the Meats Laboratory at Texas Tech University.
Boneless chuck roll was fabricated by Val Agri, Inc., Amarillo, TX.
After slaughter, the carcasses were stored at 0 C for a day before the
boneless chuck roll was fabricated.

The rolls then were shipped via

refrigerated truck to Plains Meat Company, Inc., where they were stored
at 0 C before being shipped to the Meats Laboratory at Texas Tech University.

Spices, Jalapeno peppers, onions and all other ingredients

were obtained from Furr's Supermarket at Lubbock, TX.

A flow-chart for

the preparation of meat blends is shown in figure 1.

Table 1 shows the

ingredients used in the preparation of the meat blends.
Method of Preparing Meat Blends
Tomato sauce (from commercial cans) was added to water.

Corn

meal was made into a paste using tomato sauce diluted with water.

The

diluted tomato sauce was heated to boiling, removed from the heat and
corn meal paste slowly added to it with constant mixing.
was gently heated while being stirred constantly.
it was removed from the heat and allowed to cool.

The mixture

After thickening,
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Figure 1.

Flow-chart for the preparation of meat blends.
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TABLE 1
INGREDIENTS USED IN THE PREPARATION OF MEAT BLENDS

Ingredients
Boneless chuck roll
Boned pork loin
Ginger powder
Salt
Sugar
Black pepper
Mace
Chili powder
Mustard
Onions
Corriander powder
Cinnamon
Jalapeno peppers
Celery flakes
Sage
Morton Tender Quick Meat
Cure

Amount
Formulation 1
4.54
4.54
11.50
227.00
46.00
40.00
11.50
17.00

Formulation 2

kg
kg
g
g
g
g
g
g

• • •

182.00 g
17.00 g
• • •

750.00 g
17.00 g
• • •

22.70 g

Ingredients for the tomato sauce used in both formulations:
5 kg tomato paste
10 1 water
1.6 kg corn meal

4.54
4.54
7.10
227.00

kg
kg
g
g

18.50
2.85
11.50
11.00
182.00

g
g
g
g
g

•• •

1.50 g
500.00 g
•• •

1.45 g
22.70 g
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The beef and pork were coarsely ground through a breaking plate
with .95-cm orifices.

Onions and Jalapeno peppers were chopped and

added along with spices and cure mix to the ground meat.

The resulting

mixture was again ground through a plate with .3-cm orifices.

The mix-

ture was placed in loaf pans (23.9 x 11.2 x 7.6 cm) and allowed to cure
for 15 min at a temperature less than 4 C.

The meat loaves were baked

in an oven (National Mfg. Co., Lincoln, NE) at 204 C for 30 min with
constant rotation of the pans.

The baked meat loaves were allowed to

cool and the exuded liquid was drained off.

The loaves then were cut

into small pieces and ground through a plate (.3-cm orifices) with
incorporation of the tomato paste.

The paste was manually filled into

tin cans (211 x 101.5) obtained from Freund Can Co., Chicago, IL.

The

filled cans were exhausted; sealed, employing a canning machine (Dixie
Canner Co., Athens, GA); and labeled.

The sealed cans then were steril-

ized at 116 C for 30 min in an autoclave (American Sterilizer Co., Erie,
PA), allowed to cool and stored at the various temperatures required
for the experiment.
Proximate Analysis
Moisture, protein and ash were determined immediately after cans
were filled, sealed and autoclaved, and subsequently after each storage
period (10, 20, 30, and 40 d) from four random samples at all three
storage temperatures (15, 30 and 45 C). AOAC (1980) methods for meat
products were employed.
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Measurement of pH
Samples were analyzed for pH at 0, 10, 20, 30 and 40 d of storage
at each storage temperature.

A 5-g sample of canned meat was added to

50 ml distilled water and the resulting suspension was stirred to ensure
thorough mixing.

The pH was measured on a Beckman Model 2500 pH meter

(Beckman Instruments, Inc., Irvine, CA) using an epoxy body combination
electrode (Corning Glass Works, Corning, NY). Stirring was continued
during measurement of pH.
TBA Analysis
The TBA analysis involves determination of lipid oxidation in meat
using a spectrophotometric measurement of a colored complex that is
formed between one molecule of malondialdehyde and two molecules of the
TBA reagent.

The procedure of Tarladgis et al. (1960) was utilized.

The method required no prior fat extraction from the sample and was
performed directly on the sample.

A Beckman Model 35 spectrophotometer

(Beckman Instruments, Inc., Irvine, CA) was employed to measure absorbances.
Crude Lipid Analysis
Crude lipid content was determined by using a Soxhlet extraction
technique.

Two grams of meat from the cans was placed in aluminum pans

and dried in a vacuum oven (Fisher Scientific, Fair Lawn, NJ) according
to the AOAC (1980) method for moisture determination.
were weighed and carefully covered with cotton wool.

The dried samples
The edges of the

pans were folded over the cotton wool plug to prevent spillage of the
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dried sample.

The folded pans then were reweighed, pressed f i r m l y and

placed in Soxhlet extraction thimbles.
16 to 18 h.

The extraction was continued for

Samples and pans were a i r - d r i e d , then placed in the vacuum

oven to ensure complete dryness and f i n a l l y reweighed.
Extraction of Neutral Lipids
and Phospholipids
Neutral l i p i d s and phospholipids were extracted employing some
modifications to the extraction method of Marmer and Maxwell (1980).
Five grams of sample was thoroughly blended with 20 g of sodium s u l f a t e
(Fisher S c i e n t i f i c , Fair Lawn, NJ) and 15 g Celite 545 (Fisher Scient i f i c Fair Lawn, NJ) with a mortar and pestle.

The resulting mixture

was packed in a glass chromatographic column (ID=35 mm) with a sintered
glass base.

The neutral l i p i d s then were eluted using 150 ml analytical

grade dichloromethane (Fisher S c i e n t i f i c , Fair Lawn, NJ) and the e f f l u ent collected in a 250-ml round bottom f l a s k .

When the column was

nearly dry, a second elution was made using 150 ml of a solvent mixture
of a n a l y t i c a l grade dichloromethane:methanol (90:10).

This elution

extracted phospholipids and the e f f l u e n t also was collected in a 250-ml
round bottom f l a s k .

The solvents in the collected effluents then were

evaporated using a Buchi Laboratoriums (Technik AG, F l a w i l , Switzerland)
rotary vacuum evaporator (RVE).

The phospholipids were transferred to

5-ml serum v i a l s (Wheaton S c i e n t i f i c , M i l l v i l l e , NJ) using 5 ml of
chloroform (Fisher S c i e n t i f i c , Fair Lawn, NJ), sealed (using s l o t t e d
t e f l o n / b u t y l l i n e r s and t e a r - o f f aluminum seals) under an atmosphere of
nitrogen and stored below 0 C u n t i l used f o r high pressure l i q u i d chromatographic (HPLC) analysis.
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Preparation of Fatty Acid
Methyl Esters (FAME's""]
The boron trifluoride-methanol technique as described in AOCS
(1970) method Ce 2-66 was employed to prepare FAME'S of the extracted
neutral lipid fraction from the chromatographic column.

A heating

mantle (Glas-Col Apparatus Co., Terre Haute, IN) was used for refluxing.
Analysis of FAME's Using
Gas Chromatography
A computerized Varian Model 4600 gas chromatograph (Varian Associates Inc., Walnut Creek, CA) equipped with a flame ionization detector
was used to analyze the FAME's.

The gas chromatography column consisted

of a coiled stainless steel column (2 m x 3 mm od) packed with 15% diethyl ene glycol succinate on 80 to 100 mesh acid-washed Chromosorb W
(Varian Associates, Inc., Walnut Creek, CA). The temperature of the
column during analysis was 180 C, while the injection port and detector
were maintained at 205 C.
ml/min).

The carrier gas was nitrogen (flow rate=20

Quantitative identification of chromatographic peaks was

accomplished using retention times of standard mixtures of known FAME's
obtained from All tech Associates (Deerfield, IL). Integration of peak
areas was achieved using a Varian Model 401 chromatographic data system
(Varian Associates, Inc., Walnut Creek, CA).
HPLC Analysis for Phospholipid Components
Phospholipid samples obtained by evaporation of the solvent mixture on the RVE were redissolved in 5 ml of chloroform, sealed under
nitrogen and frozen until analyzed on the HPLC.

The mobile phase for
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the HPLC analyses consisted of hexane-isopropanol-water (6:8:1.3, v/v/v).
Hexane and isopropanol both were HPLC grade solvents (Fisher Scientific,
Fair Lawn, NJ). The organic solvents were distilled and then degassed
through a filtration funnel (Millipore Corp., Bedford, MA) using .2-ym
membrane filters (Micro Filtration Systems, Dublin, CA). Water was
double-distilled and then degassed using metricel membrane filters
(Gelman Instrument Co., Ann Arbor, MI).
Phospholipids were analyzed on a y-Porasil chromatographic column
(30 cm X 3.9 mm id) from Waters Associates (Milford, MA). Samples were
filtered through Whatman filter paper No. 1 (Whatman Ltd., Maidstone,
Kent, U.K.) to remove nonlipid components.

Injection on the column was

accomplished using hypodermic syringes (Marshall Electronics, Inc.,
Skokie, IL) with flat-edge needles via a 20 yl loop onto an injection
port (Rheodyne, Inc., Cotati, CA). The analysis was performed using a
Tracor Model 955 Chromatographic Pump (Tracor Instruments, Austin, TX)
with a constant flow-rate of 1.0 ml/min for the mobile phase.

Detection

of phospholipid components was achieved at a wavelength of 206 nm using
a variable wavelength absorbance detector (Tracor Model 970A, Tracor
Instruments, Austin, TX).
Peak integration was undertaken with a Hewlett Packard Model 3390A
Integrater (Hewlett Packard, Avondale, PA). Quantitative analysis was
performed using standard solutions of PC, PE and PI (Sigma Chemical Co.,
St. Louis, MO).
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Microbiological Analyses
Aerobic plate count and tests for microaerophiles and anaerobes
were performed on the cans at 0, 10, 20, 30 and 40 d storage at all
three temperatures (15, 30 and 45 C). Aerobic plate count techniques
were performed as described by Speck (1976).
Microaerophile counts were determined using a large, tightly sealed
glass dessicator capable of holding 10 to 12 petri dishes.

Serial dilu-

tions of samples were plated onto nutrient agar and the petri dishes
were inverted and stacked in the dessicator.
the top-most petri dish.

A candle was affixed on

The candle was lighted and the dessciator lid

was placed over the dessicator to seal it tightly.

The burning candle

used up all the oxygen, replacing it with carbon dioxide.

The dishes

were incubated at 37 C for 48 h before the colonies were counted.
Enumeration of anaerobic microorganisms was conducted using serial
dilutions of samples which were plated onto Brewer anaerobic agar.

The

plates were inverted and placed in a GasPak Disposable Anaerobic System
(BBL, Division of Becton, Dickinson and Co., Cockeysville, MD). Plates
were incubated at 37 C for 24 to 48 h before counts were made.
Statistical Analysis
Data were analyzed using a 2 x 3 x 4 factorial design employing
the General Linear Model (GLM) procedure of the Statistical Analysis
System (SAS, 1982).

The main effects of this statistical design were

the formulation of meat blends, storage times and storage temperatures.
All possible interactions also were studied.
orthogonal polynomials.

Means were separated using
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Results and Discussion
Measurement of pH
The pH values were affected by formulation (P <.001) and temperature
(P <.001), which showed linear contrasts, and by time (P <.01), which
exhibited a cubic contrast (Appendix C). However, their effects were
modified by the significant interaction between time and temperature
(P <.05, linear contrast; figure 2 and Appendix C) and also by the interaction between formulation and temperature (P <.01, figure 3 and Appendix
C).
After 10 d of storage, the pH of the canned meat was 5.40 and 5.42
for 15 and 30 C storage temperatures, respectively.

However, the 45 C

temperature was different at the three longer storage times--as storage
temperature increased from 15 to 45 C, pH declined.

This effect could

be attributed to the increased breakdown of proteins in meat at higher
temperatures with a subsequent decrease in the buffering capacity, thus
resulting in a lower pH value (Fennema, 1976).

The pH decline with

increased storage temperature was greater as storage time increased.
The pH of the samples stored 20 d tended to be lower than at other
storage times regardless of the storage temperature.
In figure 3, the interaction resulted because the pH at 45 C varied
more than at other temperatures.

At 15 and 30 C, formulation 1 had pH

values of 5.43 and 5.40, respectively, while formulation 2 resulted in
values of 5.56 and 5.40.

However, at 45 C the pH for formulation 1 was

4.90 and for formulation 2 was 5.49.
at all temperatures.

Formulation 2 had higher pH values

Purseglove et al. (1981) have reported large

amounts of ascorbic acid in chili extracts.

The lower pH of formulation

1 could, therefore, be attributed to the larger amount of Jalapeno
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40
peppers used in this formulation.

Results for pH at 0 d storage were

5.36 for formulation 1 and 5.55 for formulation 2 (Appendix A ) .
TBA Values
TBA values of meat blends were affected (quadratic contrasts) by
the temperature (P <.05) and time of storage (P <.001).

However, these

contrasts were modified by a significant two-way interaction (P <.C5;
between time and temperature (figure 4, Appendix C). The TBA value
response for the interaction between time and temperature showed a cubic
effect with 10 d storage at 15 C having the highest means (.39).
The effect at 15 C differed at the three longer storage times-alternately becoming low and high.

A decrease in TBA values at 30 C was

observed as storage time increased.

However, for 45 C the values

decreased from 10 to 20 d (.16 to .09) and again increased through 40 d
(.31).

A large increase in values (from .11 to .31) was observed as stor-

age time increased from 30 to 40 d.

TBA values for 0 d storage were .13

and .18 for formulations 1 and 2, respectively (Appendix A ) . The TBA
values were below the threshold value (.50) at which rancidity is detectable (Tarladgis et al., 1960; Younathan and Watts, 1960; Chang et al.,
1961).
High heat has been shown to accelerate the propagation step in
autoxidation and also hastens hydroperoxide decomposition (Lundberg,
1962).

On the contrary, spices, especially ginger, have an antioxida-

tive effect due to their essential oil components (Hirahara et al.,
1974; Watanabe and Ayano, 1974).

Therefore, the spices in the meat

blends could have caused the TBA values to remain below the threshold
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Interaction of time and temperature on TBA values.
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for rancidity even though the samples had been subjected to a high heat
treatment (116 C for 30 min) during canning.
The irregular TBA values partly could be attributed to possible
metallic contamination of meat blends from cans in certain samples as
the cans used were not lacquered (Waters, 1971).

However, experimental

error also may be indicated by the results.
Microbiological Assays
Counts for all three microbiological assays were below the levels
for accurate statistical analysis and, therefore, values of counts
given in table 2 (aerobic counts), table 3 (anerobic counts) and table 4
(microaerophilic counts) were not statistically analyzed.

The low micro-

bial counts indicate that the temperature of sterilization (116 C for 30
min) was sufficient to destroy all three classes of microorganisms.
Spices also can have an antimicrobial effect on the product
(Hargreaves et al., 1975; Dankert et al., 1979), which could substantiate
these results.

Microbiological assays for 0 d storage resulted in no

colonies (<10 Est) for both formulations and for all three analyses
(Appendix A ) .
Proximate Analyses
For formulation 1 and 0 d storage, the proximate analyses showed
73.3% moisture, 10.1% protein, 12.2% lipid and 1.8% ash.

For formu-

lation 2, moisture was 73.9%, protein 10.1%, lipid 12.1% and ash
1.5% (Appendix B ) . The percent moisture was affected only by the
main effects of formulation, storage temperature and time period (Appendix C, P <.05).

All contrasts were linear.

A lower moisture level was

indicated at a higher temperature (74.5% at 15 C and 63.7% at 45 C).
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TABLE 2
AEROBIC PLATE COUNTS (COLONIES/g) FOR MEAT BLENDS

Time
Formulation

Estimated.

15

Temperature (C)
30

45

10

<10 Esr

20 Est

160 Est

20

<10 Est

<10 Est

1000 Est

30

<10 Est

<10 Est

<10 Est

40

<10 Est

<10 Est

<10 Est

10

<10 Est

<10 Est

10 Est

20

10 Est

200 Est

100 Est

30

70 Est

<10 Est

<10 Est

40

<10 Est

<10 Est

<10 Est
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TABLE 3
ANAEROBIC COUNTS (COLONIES/g) FOR MEAT BLENDS

Time
Formulation

Estimated,

Temperature (C)
15
30

45

10

<10 Est""

<10 Est

<10 Est

20

60 Est

<10 Est

<10 Est

30

<10 Est

<10 Est

<10 Est

40

<10 Est

<10 Est

<10 Est

10

<10 Est

<10 Est

<10 Est

20

<10 Est

<10 Est

300 Est

30

<10 Est

30 Est

<10 Est

40

<10 Est

<10 Est

<10 Est
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TABLE 4
MICROAEROPHILIC COUNTS (COLONIES/g) FOR MEAT BLENDS
Time

Formulation

^Estimated.

"Tdl

15

Temperature (C)
30

45

10

<10 Esr

<10 Est

<10 Est

20

200 Est

100 Est

<10 Est

30

<10 Est

<10 Est

<10 est

40

<10 Est

<10 Est

<10 Est

10

<10 Est

<10 Est

<10 Est

20

10 Est

<10 Est

<10 Est

30

<10 Est

<10 Est

<10 Est

40

<10 Est

<10 Est

<10 Est
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Formulation 2 had a lower moisture level (74.0:.-) than formulation 1
(74.5%).

The moisture level increased with time of storage, 73.8=^ at

10 d and 74.7% at 40 d.

At 30 d, moisture content was similar to the

20 d value (74.3%).
The only significant contrast for ash was due to the main effect
of storage time (Appendix D). A cubic contrast (P <.05) was observed.
The ash content was 1.73% at 10 d and 1.70% at 20 d.

However, it

decreased to 1.45% at 30 d but again increased to 1.86?o at 40 d of
storage.
The main effects of formulation (P <.01, linear contrast), temperature (P <.05, quadratic contrast) and time (P <.001, cubic contrast)
all affected the percent protein as shown in Appendix D.

In addition,

significant contrasts for interactions between formulation and time
(P <.05, cubic contrast) and between time and temperature (P <.01,
cubic contrast) were also observed (Appendix D). However, a three-way
interaction existed among formulations, time and temperature (figure 5,
Appendix D) which showed a cubic contrast (P <.05).
percent protein ranged between 7.1 and 11.2%.

The means for

The interaction probably

existed due to insufficient mixing of the product to be canned.

Pro-

tein content for formulation 1 after 10 d of storage showed a decrease
from the 15 (10.6%) to 30 C (10.1%) storage temperature.
45 C the protein level was higher (10.9%).
for formulation 2 at 10 d of storage.

However, at

A similar trend is observed

After 20 d of storage, formulation

1 indicated a reduction in protein content as temperature increased.
30 d storage for both formulations the protein content increased with

At
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increasing temperature.

For all other storage times the protein con-

tent increased from 15 to 30 C temperature but decreased for 45 C.
The percent lipid was found to be significant for formulation
(P <.05, linear contrast), time (P <.01, cubic contrast) and temperature (P <.001, quadratic contrast) as shown in Appendix D. Also,
several two-way interactions affected lipid concentrations.

These are

shown in Appendix D and include formulation and time (P <.001, cubic
contrast), formulation and temperature (P <.01, quadratic contrast) and
time and temperature (P <.001, cubic contrast).

However, a three-way

interaction for formulation, time and temperature also was significant
as is indicated in figure 6 and Appendix D (P <.001, cubic contrast).
Lipid content for formulation 1 and 10 d storage indicated an increase
from 15 (11.6%) to 30 C (12.2%), but the level remained constant at 45 C
(12.2%).

At 20 d storage, formulation 1 showed a slight decrease in

lipid content from 15 (11.4%) to 30 C (11.3%).

Results for formulation

2 at 10 and 30 d storage indicated an increasing lipid content with
increasing temperature.

For all other time periods the lipid content

decreased from 15 to 30 C but again increased at 45 C.

The three-way

interaction among formulation, time and temperature is difficult to
explain.

For all but one sample (four replicates for each sample) the

mean lipid content lies between 10.8 and 12.5%. However, for the
formulation 2 20-day sample held at 45 C, the mean percent lipid is
very high (18.8%) and each of the four replicates also has a higher
lipid content than the remaining samples.

This erroneous result could

possibly be attributed to experimental error.
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Neutral Lipid and Phospholipid Analyses
Concentrations of neutral lipids and phospholipids were analyzed
using a GC and an HPLC, respectively.

After injecting samples onto the

respective columns, no peaks (with the exception of the solvent peak)
were observed.

However, peaks for the reference standards were obtained

when injected alone or in conjunction with the samples.

These results

indicated that the neutral and phospholipid components that had been
extracted from the meat blends and stored for over 9 mo at about 0 C had
decomposed.

Storage for this extended period of time was due to the

unavailability of equipment for each GC and HPLC analysis.

Also Korzen-

iowski (1971) reported that nearly 40% of the phospholipids of canned
meat were destroyed during the can-sterilizing process.

The steriliza-

tion of the cans, therefore, also could have contributed to the breakdown of the phospholipids in the meat blends.
Conclusions
Analysis of the various factors that could be detrimental to the
storage stability of two types of canned meat blends was undertaken in
this study employing three storage temperatures (15, 30 and 45 C) at
four storage time periods (10, 20, 30 and 40 d ) . TBA values for all
canned meat samples were below the threshold for development of rancidoty.

No significant microbial contamination (aerobic, anaerobic or

microaerophilic) was detected, indicating that the sterilization
temperature (116 C) and sterilization time (30 min) were effective in
destroying viable microorganisms present in the meat formulations.

The

pH values were lower for formulation 1 at all temperatures and, also,
were lower at 45 C at all storage times.
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Data for neutral lipid and phospholipid concentrations were not
available because these lipids had decomposed before they could be analyzed.

Therefore, from the available data, it could be concluded that

canned meat blends probably would not undergo spoilage (microbial or
oxidative) at storage times of up to 40 d even at 45 C.

However, fur-

ther research is necessary to determine the neutral lipid and phospholipid profiles of such blends under these conditions.
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APPENDIX A
PH, TBA AND MICROBIOLOGICAL ANALYSES FOR 0 D STORAGE

Formulation
1

2

Variable
pH
TBA
(mg malonaldehyde/1000 g sample)
Aerobic Plate Count
(colonies/gm)
Anaerobic Count
(colonies/gm)
Microaerophilic Count
(colonies/gm)
pH
TBA
(mg malonaldehyde/1000 g sample)
Aerobic Plate Count
(colonies/gm)
Anaerobic Count
(colonies/gm)
Microaerophilic Count
(colonies/gm)

a Estimated.
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Mean
5.36
.13
<10 Est^
<10 Est
<10 Est
5.55
.18
<10 Est
<10 Est
<10 Est

APPENDIX B
MEANS FOR PROXIMATE ANALYSES AT 0 D STORAGE

Formulation

Variable

Mean, %

Moisture

73.3

Protein

10.1

Lipid

12.2
1.8

Ash
Moisture

73.9

Protein

10.1

Lipid

12.1

Ash

1.6
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APPENDIX C
ANALYSIS OF VARIANCE OF MEAT FORMULATION,
STORAGE TEMPERATURE AND STORAGE TIME ON
PH, TBA VALUES AND PERCENT MOISTURE.

Sources of Variation
Formulation (F)
Temperature Linear (TL)
Temperature Quadratic (TQ)
Time Linear (DL)
Time Quadratic (DQ)
Time Cubic (DC)
F * DL
F * DQ
F * DC
F * TL
F * TQ

DL
DL
DQ
DQ
DC
DC

& TL
* TQ
* TL
* TQ
* TL
* TQ
F •k DL *
F •'^ DQ *
F •'f DC *
F * DL &
F * DQ *
F * DC *

TL
TL
TL
TQ
TQ
TQ

df

pH

Mean squares
TBA

1.820t**
1.404***
.196
.440**
.028
.691**
.179
.095
.003
.819***
.424**
.284*
.005
.143
.037
.019
.000
.086
.095
.001
.090
.066
.017

*l3 <. 05.
** ^ <. 01.
* * * P <.001.
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.001
.016
.043*
.027
.186***
.111
.003
.006
.002
.004
.012
.315***
.000
.002
.079**
.047*
.006
.012
.007
.000
,004
.006
.012

Moisture
6.61*
1.16*
4.47
7 15*
.03
.94
.07
1.08
2.19
.79
3.71
1.14
2.64
.01
.87
.04
.15
.96
.04
1.73
2.01
2.64
3.35

APPENDIX D
ANALYSIS OF VARIANCE OF MEAT FORMULATION,
STORAGE TEMPERATURE AND STORAGE TIME ON
PROTEIN, LIPID AND ASH CONTENT (%).

Sources of variation
Formulation (F)
Temperature Linear (TL)
Temperature Quadratic (TQ)
Time Linear (DL)
Time Quadratic (DQ)
Time Cubic (DC)
F * DL
F * DQ
F * DC
F * TL
F * TQ
DL * TL
DL * TQ
DQ * TL
DQ * TQ
DC * TL
DC * TQ
F * DL & TL
F * DQ * TL
F * DC * TL
F * DL & TQ
G * DQ * TQ
F * DC * TQ

Ash

df

.21
.01
.18
.03
1.10*
.83*
.00
.06
.04
.00
.06
.06
.24
.09
.00
.00
.61
.06
.00
.02
.16
.08
.07

]
]
]
'.
\
1
]
1L
]L
]L
1L
1L
]L
•L
:L
-[
•[
•L
[
L
L
1
1

*P <.05.
**P <.01.
***P <.001.

66

Mean squares
Protein
7.48**
.00
4.11*
21.37***
5.33**
24-80***
5.19**
6.40**
4.56*
2.31
.33
1.90
5.20**
1.52
.14
3.05*
5.23**
2.89
.75
4.08*
.02
.01
.25

Lipid
2.94*
p

no-k-k-k

1.61***
.31
2.42
5.43**
2.96*
14.00***
22.97***
15.87***
5.99**
1.96
.02
6.18**
5.24**
11.'07***
1.78***
1.85
13.30***
19.14***
3.43**
7.30**
12.92***

