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ABSTRACT

A combinaticn of factors which c¢ould extend the shelf-
life of minced mutton meat during storage undexr warm
conditions {30 oC) while still maintaining a low cost
product with acceptable sensory and microblological
properties was investigated. The combination of factors
studied involved pH wvalues from 5.5 to 3.5 achieved by
the addition of acetic acid, water activity (aw) values
from 0.99 to 0.9% achieved by the addition of sorbitol
and the reducticn in moisture c¢ontents, heat Lreatments
from 30 to 50 0C, and the use of different packaging
materials {cellulose, polyethylene and aluminium foil

films).

It was expected (from reported work) that stability would
be achieved by reducing a. to 0.95 and pH to 5.2, but
at 30°C the shelf-life was less than one week. Within
the limits of the wvalues that were considered, the control
of pH was the only significant factor in extending the
shelf-1ife of minced mutton meat stored at 30° C. To
achieve a commercial acceptable shelf-life of 8 weeks,
a pH of 4.1 or below was reguired. Minced mutton with
pPH of 4.1 can be organoleptically acceptable with the
addition of the right combinations of spices and seasonings
suited to specific localities and countries. The practical
value of lowering the pH of meat products below 4.1 must
be guestioned because no additiconal micrebiological
protection will be obtained and the increase of the acid
level will only decrease the flavour acceptance. Combinat-
ions of low acid and spices and seasonings would appear

to be a development area of greater promise for tropical

countries than intermediate moisture meats.
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CHAPTER 1

INTRODUCT |ON

The history of food preservation closely parallels the great
advances in civilization. Man needed a stable source of
food, readily available before he c¢ould turn his attention
to the development of his culture and society. During
the early period of recorded history, dried products were
the major stored food items to offset shortages of fresh
products. These foods were preserved mainly by removing
water but other factors were involved. With a growth of
understanding of these other factors producing stability
it is now possible to design reliable preservation

techniques,

One of the more recently developed areas cf food preservation
that is showing considerable promise for commercial develop-
ment in the reasonably near future uses the concept called
"hurdle technology". The concept of hurdle technology is
being developed mainly as an application for meat products.
The preservation of meats by the hurdle concept is based
on a combination of factors such as high temperature (F),
low temperature {t), water activity (aw }y, acidity (pH)},
redox potential (Eh), preservatives (e.g. nitrite or smoke},
and competitive microorganisms (e.g. lactic acid bacteria)
(Leistner, 1885). Each of the factors is used at an activity
level that individually is sub-lethal to spcilage organism,
but in combination provides the reguired protection. Each

factor provides a "hurdle" to the growth of microorganisms.

The development and the design of new meat products using
the hurdle concept is based on each specific need. In
developed countries, the use of the hurdle concept 1is
stimulated for example by the necessity for a reduction
of nitrite addition to cured meat products or to save energy

during storage of meats.



In developing countries it is possible that the hurdle
concept ccould also be used to design meat products equivalent
to existing products in price and able to be distributed
and displaved for sale without the need for refrigeration
facilities or the use of high priced packaging materials.
Hurdle technology may be a suitable technology for the
processing of meat in such countries where refrigeration
facilities are scarce and income levels of the population

are low.

Intermediate Moisture Food (IMF) and Shelf Stable Products
(S8P) are both examples of focd preservation technigues
based on hurdle technology. The production of IMF 1is an
axtension of the traditicnal drying of foods. That 1is
instead of removing the bulk of the water in the product,
just enough water 1s removed or tied up through the addition
of humectants te insure that the growth of microorganisms
is prevented or greatly reduced. Intermediate moisture
foods which have a. s in the range of 0.90 to 0.60 are able
to be stored without refrigeration and have DPbeen thought
of possible benefit in applications particularly in tropical
countries. Newly developed IMF Dbased on meat, however,
have not provided the break-through expected and have
encountered difficulties in introduction £for general use.
The reasons for these are that the newly developed IMF often
have an unfamiliar taste (sweet or bitter}, contain too
many additives ("chemical overloading” of the food), and
pose legal problems in the need to obtain approval of new

additives {Leistner, 1985}.

To overcome the above difficulties a new generation of meat
products was introduced based on the principle firstly
explored by Leistner and Karandjundic (1970) named Shelf
Stable Products ($SSP} for high moisture focod products with
a. in the range of 0.95 to 0.90. The a. of SSP is only
depressed bhelow 0.95 and above 0.90 which 1s possible by

legally approved additives 1n relatively low concentrations



or by removal of water by a slight drying pProcess. SSP
are mildly heated {70-90° ¢ core temperature) 1in sealed
containers (can, glass, 3Jar, pouch, casing, etc.), but
sufficient to inactivate non-sporing microcorganisms,
Recontamination after heat processing is avoided because
of sealed containers and therefore only spores of bacilli
and clostridia are of concern. The growth of surviving
spores however, 1s inhibited by sufficient decrease of
a_r PpH and Eh. For instance, in processed meats adjusted
by salts or sugars or by the removal of water to an a. below
0.95, growth of bacilli and clostridia does not occur, and
the number of wviable spores present even declines during

storage (Leistner, ei af., 1979).

According to Leilstner (1985) S5S5P meats ocffer the fcllowing

advantages:
1} Mild heat treatment, which improves the sensory and
nutritional ©properties (e.g. retention of wvitamins)

of the product and saves energy.

2) Wo refrigeration required, which simplifies the
distributicon of the products and saves much energy during

storage.

3) Reduced addition of nitrite ( < 50 ppm), since nitrite
is necessary only for odour and flavour of the products,

but not for their preservation.

Leistner (1985} further c¢laimed that at present, for
industrialized countries, meat products of the SSP type
are more feasible than IMF, because the reduction of micro-
organism, except for spores of bacilli and clostridia, by
the heat treatment makes the stabilization of SSP much easier
than that of IMF. If the a. is decreased below 0.95, S8SP
should be stable (Leistner et «f ., 1979}, whereas the aw
of IMF must be decreased toc 0.85 1if fungistatic substances
are added, or even below 0.70 without addition of such

substances. In most of this experimental work, ambient

temperatures are assumed to be around 20°C.



It would therefore be interesting to evaluate the potential
and the feasibility of 8SP meat products for application
in developing countries which are characterized by warm

and humid conditions.

The purpecse of this research topic is to investigate some
of the prcblems and look for answers to the vastly complex
and challenging area of hurdle technology. In particular
to identify the combination of hurdlesg {F, a s pH, Eh) which
would ensure stability in meat products to be distributed
in tropical countries such as the Philippines where cost
factors are also important. It is always important and
alsc a responsibility of the food technologist to make food
0f high nutritional wvalue such as meat products, more easily
available to the peaple in a densely populated country in

order to combat not only hunger but also malnutrition.

The specific objective of this study was to investigate
practical combinations of hurdles (F, a s pH, Eh) which
could extend the shelf-life of minced mutton meat stored
at 309C while still maintaining a product that has acceptable

sensory bproperties.



CHAPTER 2

REVIEW OF LITERATURE

2.1 SPOILAGE OF MEATS AND MEAT PRODUCTS

2.1 01 Definition

The broad definition of spoilage includes changes caused
by micrebial proliferation and physio-chemical changes in
the meat. Microbial proliferation includes the growth of
pathogenic as well as spoilage microorganisms. The growth
of spoilage microorganisms could result in changes to meat
cdour, flavour, or appearance and in the case of pathogens

bring harm tc the consumers.

Physico-chemical changes include the reactions undergone
by the meat to form off-flavours such as rancidity and
changes in texture. These changes are due to enzymatic

and oxidative activity.

Meat can be defined as primarily the edible muscular tissue
of healthy animals but can include various organs ("offals")
such as liver, heart, lungs, tripe, etc.. The line 1is being
drawn at somewhat different points in different countries

{Ingram and Simonsen, 1980).

Manufactured meats are usually diverse, ranging from those
consisting wholly of meat (e.g., vpure ground beef, salami)
through those with admixtures of non-meat protein (e.g.,
casein or sova protein} or of carbohydrates (e.g., sausage
rusk) to those in which the meat is only a minor element
(e.g., certain kinds of meat pie or vegetable and meat stews)
{Ingram and Simonsen, 1980}. There are widely different
views about what should or sheould not be regarded as
manufactured meats. rFor this study manufactured meats are
those consisting almost entirely of meat which has been
salted, or salted and cured and which may either be raw
or cooked. Fresh pork sausage, roast beef, luncheon meats,

and frankfurter sausages are examples of manufactured meats.



For this study fresh meats are defined as raw, uncooked

meats which may be either chilled or frozen.

2.1.2 Microbial Spoilage of Meats

Meat is nutritious for man but can also be a substrate for
the growth of microorganisms. Meat has a high water content
{(Table 2.1), corresponding to a water activity (aw)
approximately 0.99, which 1s suitable £or growth of most
microorganisms and the chemical composition is also favour-

able to many microorganisms.

Table 2.1: Approximate composition of adult mammalian muscle
after rigor mortis®

Component % Wet weight

Water 75
Protein

Structural connective 2.0

Mycofibrillar 11.5 19

Sarcoplasmic 5.5
Fat ' 2.5
Carbohydrate

Glycogen 0.1

Glucose + phosphates 0.2 1.2

Lactic acid 0.9

Miscellaneous scluble

Nitrogenous: amino acids 0.35
creatine .55 1.65
minor ingredients 0.75

Inorganic: X 0.35
P 0.2 0.65
others 0.1

Vitamins: most B-vitamins
present in useful amounts

2 Based on Lawrie (1975)



2.1.2.17 Important Properties of Meat

)

2)

Meat has a high moisture content

Meat contains about 75% water, 1In which is dissolved
a variety of major growth substrates and supporting
nutrients. This makes meat a very good medium for
growing a wide variety of microorganismsg, particularly
bacteria, which are favoured by wet conditions (Ingram

and Simonsen, 1980).

The redox properties of meat have a major influence

cn microbhiolecgical growth

According to Ingram and Simonsen (1980}, the central
factor is tissue respiration that continues to consume
oxygen (1f present) and produce COz. In life, the demand
is more than compensated for by oxygen transported in
the blood, and the oxygen temnsion and the redox potential
in living muscle are high (except in some muscles in
periods of wviolent exercise). With the cessation of
blood supply at death, oxygen content and redox potential
in the muscle gradually fall, leading to anaerocobic
production and accumulation of lactic acid. The acidity
developed may greatly diminish tissue
metabolism, which nevertheless continues for several
days at a rate - even at low temperature - exceeding
that at which oxvygen can diffuse into meat for more
than a few millimeters. Therefore, the bulk of neat

becomes anaerobic within a few hours posi moaiem and
remains so except for an aerated surface laver a few
millimeters +thick that 1is indicated by its brighter
red colour and which deoes not develop acid. When frozen,
cooked or salted, the fissue respiration is inhibited;
nevertheless, sufficient reducing activity normally
remains to maintain anaercobic conditicons within any
piece of meat more than approximately 10 mm thick.
Consequently, although an aerobic flora develcps on

the surface, only anaercobes or facultative anaexrobes
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can grow within the meat. {Some of the latter grow
relatively slowly). Because few of these anaerobic
organisms grow readily at low temperatures, they scarcely
develop within the bulk of chilled meat, even atfter
long periods. When meat 1is minced, it is reaerated
throughout, but if it is then packed together again,
anaerobic conditions are gradually established within
its mass. If numerocus microorganisms | 10° /g} are
present, their respiration augments the tissue

respiration.

The pH of meat varies between approx 5.5 - 6.5

Most meat preoducts fall in the pd range of 5.0 to 7.0.
A pH near neutrality {(pH of 7.0) is nearly optimal for
most pathogenic and specilage bhacteria. In general,
values approaching 5.0 are unfavourable in themselves
to the growth of most of the important bacteria, and
in combination with other unfavourable factors such
as low temperature may almost prevent bacterial growth

{(Ingram & Simonsen, 1980}.

According to Ingram & Simonsen {1980}, the pH of fresh
meat 1s inversely proportional to the ameount of lactic
acid developed by muscular glycolysis following death:
pH 7.0 corresponding to almost none; pd 5.5 to
approximately 1%. The amounts of lactic acid depend,
in turn, on the amount of glycogen in the muscle at
death. This may be low if the muscle has been exercised
before slaughter, in which event the ultimate pH will
be relatively high and the muscle dry and firm in texture
and dark in c¢olour (DFD condition}. In a muscle not
exercised at slaughter, all or most of the glycogen
will be converted gradually after death to give a low
ultimate pH near 5.5 with normal appearance and texture._
If however, such as non-exercised muscle is stimulated
just before death as readily occcurs in stress-susceptible
pigs, the largely unused reserve of glycogen is rapidly

converted hefore the tissues have had
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time to cool; this denatures sacroplasmic proteins,
aggravating an apparent whitening of the tissues and
a loss of water-helding capacity, called the pale soft

exudative (PSE) condition {Ingram and Simonsen, 1980}.

.2.2 Factors Affecting Microbial Spoilage

Temperature

Temperature is the most important single factor
influencing the growth o¢f microorganisms. Broadly,
the higher the temperature the greater 1is the rate of
growth. Many meat micrcorganisms will grow to some
extent at all temperatures from below 0°c to above 650C,
but, for a given organism, vigorous growth occurs in
a more limited temperature range (Lawrie, 1879). It
is «customary to classify meat speilage organisms in
three categories based on this temperature range for
growth but the distinction 1s by no means absolute.

Psychrophiles grow well at temperatures of OO to ZOOC.

Examples are pseudomonas bacteria and some vyeasts and
moulds. Mesophiles grow well at t{emperatures bhetween
20° and 45°C. Most pathogenic bacteria belong to this

group. Clostanidium fotufinum {(types A and B),
C. peatringens , Salmonella, and Siaphyfococcus auneus

are examples. Thermophiles grow at high temperatures

between 45° and 65° C. Examples are (. nigrif<icans,

C. thermosaccarofyticum, and Bacillus steanotheamophilus.

Temperature not only determines the rate o¢f bacterial
growth that can take place on meat substrate but also
influences the nature of the flora which becomes dominant.
2 majority of meat products -~ fresh, cured and
pasteurized, and vinegar-packed - are held under

refrigeration. These meats generally develop a
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psychrophilic bacterial fleora (Lechowich, 1971). How-
Q@var, mesovhilic microorganisms such as the above
mesophilic pathogens present vrior to refrigeration
can 4generally survive for extended pericds at these
Lemperatures, and any significant temperature abuse

would allow them to re-initiate growth (Buchanan, 198%8).

Thermophili¢ bacteria are sesldom encountered in meat
products. dowever, improperly coocled commercially heat-
processed canned meats, such as larger cans of canned
beef hash., could support the growth of thermophiles
{Lechowich, 1971).

Degree of acidity or alkalinity (pH)

The pH (hydrogen 1on concentration) 1s an important
Tactor in the growth and metabolism of microorganisms.
Various organisms tolerate different pH ranges, the
pH of the food determining the microorganisms present.
For example, most proteoclytic and pathogenic spoilage
organisms have a pH optimum at about the neutral wvalue

(pE 7.0).

Three c¢roups of foods can be distinguished based con

their pd values {Stiebing, 1985).

a) low-acid to neutral with a pd >4.5.
b) acid foods with a pH of 4.0-4.5.
¢} high-acid foods with a pH <4.0.

This grouping 1is particularly important in relation
to the heat-inactivation of microorganisms. For instance,
it has been known for a leng time that preserved <fruits

and pickles with a pH below 4.5 only need mild heat treat-
ment (pasteurizing) (~9OOC) and remain microbioleogically
stable without refrigeration. In products of this kind
vegetative bacteria and moulds are inactivated by heat

and, because of their low pH, the heat razsistance of
Clostnidium and Baciflus spores is reduced and the germ-

ination of the spores inhibited.
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Meat products with the exception e¢f those fermented
or acidified are typically low-acid having a pH near
& (Table 2.2). This pH is well within the range that
permits the growth of most bacteria, veasts and moulds
(Table 2.3) (Jay, 1878; Avres £ «f ., 1980), and it
would be expected that a wide range of microbial species

could effectively compete in such an environment.

In the case of fermented or acidified meats, the typical
oH of the meat system is 5.0 or below. This is outside
the range that will support the growth of most bacterial
species, so the microflora of these products would be
expected to consist predominantly of vyeasts, moulds,
and acid-tolerant bacteria, such asg the lactic acid

bacteria (Buchanan, 1986).

Moisture Content

Microorganism responsible for the spoilage of food
depend on moisture for growth. But not all the moisture
present in a food is available to microorganism as it
may be bound (chemically or physically) in the food
{Stiebing, 1985). Water activity (aw ) is a measure
of unbound moisture available to microorganism. The
water activity 1is the quotient of the vapour pressure
of the water Iin the food and the wvapour pressure of

pure water at the same temperature.

Microorganisms, depending on their type, genus and
species need a certain minumum water activity for their
life processess. I1f this free moisture is not available
in the food, microorganisms are unable to cause spoilage
{Stiebing, 1985). Different kinds of microorganisms
have wvarving abilities to grow at defined minimum a.
values {(Table 2.4). Most spoilage bacteria for example,

require an 2., of 0.91 or greater £for growth while
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Table 2.2 Average pH and a, values for meat and meat
nroducts

Product Pt .
Fresh meat, hot 0.99

Beef, ripened - 5.8 0.98

Pork, ripened 5.6 - 6.0 0.98
Frankfurter-type

sausage, frash 6.0 - 6.4 ~0.97 - 0.98
Long-1life

irankfurter-type

sausage 6.0 - 6.4 ~0.91 - 0.95
Cooked ham 5.0 - 6.4 ~0.98

Dry sausage, firm 4.9 - 5.2 ~0.85 - 0.93
Dry, sausage,

sepreadable 5.0 - 5.8 ~0.93 - 0.85
Raw ham 5.3 - 5.8 ~0.90 - 0.83
Blood sausage 6.2 - 7.0 ~0.96 - 0.98
Liver sausage 0 - 8.5 ~0.85 - 0.97
Brawn sausage - 5.7 ~0.97 - 0.98

From

Stiebing {(1985)
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TABLE 2.3t The limits of »H allowing initiation of g¢rowth by
various microorganisms, in laboratory media

o . . . -
acjusted with sStrong acid or alkali

Minimum pH Maximum pH
Gram-negative bacteria
Acetofacten acidophilfum 2.8 4,3
Ablcaligenes faescalis 6.4 9.7
Eschendichia coli 4.4 9.0
Hlebhsiebla preumoniae (cernogangs) 4,4 9.0
Proteus vulgants 4,4 9.2
Pseudomonas weruginosa 5,6 8.0
Salmonelic parnaiyphi 4.5 7.8
Salmonedble schoitmueliend 4.5 8.0
Salmonello typhi £.0-4.5 §.0-9.6
Thiobacillus thicoxidans 7.0 2.8
Vibrnio penahcemolylicus 4.8 17.0
Gram Positive bacteria

Bacillus census 4,9 9.3
B, subtidis 4.5 8.5
B, siteanothermophiius 5.2 9.2
Clostnidium botulinum 4,7 8.5
Closdnidium sporogenes 5.0 9.0
Entenococcus spp. 4.8 0.6
Bifidobacteaium fifidum

{flactobociblus Bifidus) 7.8 7.2
Lactoblacillus spp. ' 3.8+4.4 7.2
Serratlia marcescens £, 0 9.0
Micrococcus asp. 3.5 8.7
Staphylococeus auneus 4. 9.8
Strneptococcus fLeecium 4, 4= 9,2
Stnepiococcus Luciis $.3-4,8 9.2
Strneplococeus pyogenes 6.35 9.2

Continued
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Table 2.3 : Continued
Minimum pH Maximum pH

Yeasts
Candida preudotacopicalis 2.3 8.8
Hansenule coanadensdis 2.15 8.6
Saccharnomyces cenevisiae 2.35 8.6
Sacchanomyces Lragilis 2, ¢ 9.05
Saccharonyces micrnoedlbinsoides 2. 8.8
Saccharnomyces pasiond 2,1 8.8
Saccharomyces exiguus 7.5 -
Schizosaccharomyces octosporus 5,45 7.05
Cand.ida krusedl /.5 -
Hanseniaspora melligend 7.5 -
Rhodotoruba mucilaginosa 7.5 -

Moulds
Aspenglllus onyzae 7.6 9,3
Penicillium +tialicum 7.9 9,3
Penicillivm varniakile 1.6 7.7
Fusandum oxysponum 7.8 77,7
Manasmivs Loeiidus z 5.8
Phycomyces Blakesfesanus 7.0 7.5

Assembled by Dr Martyn Brown

From Christian (1980)



TABLE 2.4 : Approximate minimum levels of water activity
{aw} termitting growth of microcrganisms at

. . a
temperatures near optimal®

W
Moulds

Allennania citri 0, 84
Aspengillblus candidus 0.75
conicus g.70

A, ZLlavus 0.78
A. Zumigailus 0.82
A, nigen 0,77
A. ocharaceous .77
A, resiaictus 0.75
A, sydowii 0.78
A. Lamaridi 0.78
A. Zeareus 0.78
A. vensicolon 0.78
A. weniil 0, 84
Botryiis cinenea .93
Chaysosponium fLastidiunm 0.69
C. xenophifun 0.77
Emenicella (Asperngillus) nidulans 0.78
Enemascus albus 0.70
£, Lerlibis 0.77
Cnvtum (Aspergillus) amstelodamdi 0.70
£, carnoys 0.74
£, chevalieni 0,77
E. echinulatum 0,62
£, heallgnionum 0.74
£. repens 0.77
E. rubrum 0.70
Nonascus (Xenomyces) Bispoaus 0.67
Mucon plumbeus .93
Paecilomyces vaniobii 0.84
Pencilbium Arnevicompacium 0. 87
0,79

P. chrysogenum

Continued
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G
P. cditainum 0.80
P. cyclopium 0.87
P erxpansum 0.83
P. felluianum 0.80
P, freguentans 0.87
P. islandicunm 0.83
P, mantensidi 0.79
P, palitans 0.83
P. patulum 0.87
P. pulenfum 0,87
P, spinufosum 0.80
P. virnidicatum 0.87
RAizopus nigricans 0.93
Rhizoctonia so0bandi 0.96
tachybolays atna 0.94
Wallemia sefi (Sponendonena epizoum) 0.75
Yeasts
Defanyomyces hansenil 0.83
Secchanonyces fallii 0.80
S. cernevisice 0.90
S. nouxidi 0.62
Bacteriab
Bocillus ceneus 0.95
B. megateaium 0.95
8. slearotheamophilfus 0.93
B. sulliilis 0.90
Closinidium botulinum type A 0.95
C. fotulinum tvpe B 0.9¢
C. botulinum type E 0.97
C. penfaingens 0.95
0. 94

Entencvbacien aencgenes
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S
Eschenschia cofdl 0.95
Halolactenium hafobium 0,75
Lactobacillus virnidescens 0.95
L. plantanum 0.94
Micavbaclienium 5p, 0.94
Parnacoveccus (flicaococeus) helodeniinificans 0.86
Micrococeus Luteus {Lysodeiidicus) 0.93
Pediccoccus cenevisiae 0.94
Pseudomonas Lluornescens 0.97
Salmonella sp. 0,95
Staphylococcus auneus 0.686
Vifrnio costicolus 0.86

0.94

V. panchaemolydicus

b

Ffrom Troller and Christian (1978)

a, adjusted with salts
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spoilage moulds can grow as low as 0.80. The a. requirements
can also vary considerably within bacterial species. With
Clostnidium fotulinum , for instance, the 1limit for cold
tolerant {psychrotrophic) clostridia is 0.97 but mesophilic
clostridia can grow up to an a of 0.95. These minimum
aW values should only be regarded as a guide however, as
they can be affected by small changes in pH, temperature

or nutrient content (Jay, 1978).

Fresh meats have an a which is fregquently about 0.99, and
they are thus liable to speil through the growth of a wide

range of organisms (Scott, 1857}).

One of the genexral characteristics of manufactured meat
products is a reduction in the level of bicleogically
available water as a result of the addition of sodium
chloride and other humectants. Thus, while fresh meats
typically have a water activity 20.93%, a cured product with
4-5% agueous-phase salt would be expected to have an & of
approximately 0.97 {Lechowich, 1971). This relatively small
reduction in a, will prevent the growth of a few particularly
salt-sensitive species such as Campylofacien jejundi {Doyle
and Roman, 1982; Palumbo, 1984), but most microorganisms
can tolerate this level of available water. However, their
growth rates will typically be diminished, and those species
more able to tolerate the water stress will have a
competitive edge. For example, Blickstad and Molin {1983)
observed that the predominant species on fresh pork loins
aercobically stored at 0 ¢ was Pseudomonas { ~90%), while
cured product containing 3% NaCl had a mixture of 60%
Baochotnix (formerly Micavhactenium theamosphactum }, 20%
flonaxelia , and 20% Pseudomonas, 1In general, decreasing the
a. of a meat system by addition o¢f NaCl and other humectants
or by partial dehydration shifts the microflora to more
salt-tolerant bacteria {(halophiles) such as Lactofacifius,

Strneptococeus, flicrococcus, Pediococcus, Siaphylococcus
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and Viéaio, ané/or allows the growth of various yeasts
which tolerate high osmotic pressures (osmophiles) and
moulds which tolerate dry conditions (xerophiles) (Jay,

1978).

Oxidation - Reduction Potential (O/R, Eh)

According to Jay {1978), it has been known for many
vears that microcorganisms display varying degrees of
sensitivity to the oxidation-reduction potential of their
growth medium. The O0/R potential of a substance may
be defined generally as the =ase with which substrate
loses or gains electrons. The potential, measured in
millivolts (mv) with an electrode, is pH-dependent and
is given as the Eh wvalue. Rising Eh values correspond

to increasing oxidation and vice-versa.

The redox-potential depends greatly on the chemical
composition and also on the retention of oxygen from
the air by the food {Stiebing, 1985}, In meats, for
example, chemicals containing -SH groups help to maintain
reducing conditicns while in £fruits and vegetables
ascorbic acid and reducing sugars have the same effect

(Jay, 1978).

Microorganisms are traditionally subdivided intoc <four
categories based on their Eh requirements: anaerobes,
acrobes, microaercophiles, and facultative anaerobes.

Anasrobes such as the genus closiaidium require reduced

conditions for growth initiation ({(Eh of akout - 200 mv).
Aercbes such as the genus ARAeciflus, pseudomonads and

micrococci require a pesitive Eh for growth. Some aercbes
actually grow better under slightly reduced conditions

and these organisms are referred to as microaercophiles.

The microaerophilic group are alsc important in relation
to meat products since they grow best 1in the presence

of minute quantities c¢f free oxygen.
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Examples of microaerophiles are streptococci, pediococci
and lactobacilli. Some microbes have the capacity
to grow under either aerobic or anaerobic conditions.

These are referred to as facultative anaerocbes such

as the staphylococci and coliform bacteria. Most moulds
and veasts encountered in and on meats are aercbic
though a few tend to be facultative anaercbes (Jay,

1978).

In regard to the Eh of meat products, the intericor of
solid pieces of meat (post-rigor)} have Eh wvalues around
-200 mv. While in loosely packed minced meats the Eh
value 1is generally around +200 mV (Brown and Emberger,
1980). The low redox potential in the former would
encourage the growth of anaerobic bacteria such as
clostridia while the latter would support the growth

of aercbes such as pseudomonads.

With respect to the Eh of pre-rigor as opposed to post-
rigor muscles, Barnes and Ingram (1955, 1956) undertook
a study of the measurement of Eh in muscle over periods
of up to 30 hr post mortem and its effect upon the growth
of anaerchic bacteria. These authors found that the
initiation of growth by c¢lostridia in horse muscle was
affected by its redox potential. Immediately after
death (pre-rigor) the redox votential was +250 mV, and
in muscle free from bacteria this fell to about -130 mV
at 30 hr post mortem. When bacteria were present 1in
the sample the redox fell to -250 V. Clostridia grew
in the latiter only when the redox potential fell below
-36 mV, suggesting that anaerobes naturally present
in meat do not grow until the onset of rigor mortis

because of high redox potential in pre-rigor meat.

Manufactured meats are ftypically highly reduced, and
accordingly the oxygen content can vary considerably

within the product. BAn example is the redox potential

of frankfurters which varies, depending on the comminution



conditions (oxvgen content)} and the recipe, from +20 to
-100 mV (Stiebing, 1885}, Generally, in most cured
meats and sausage-type .. products, the surface o¢f the
meat will be highly aerobic favouring the growth of
aerobes and facultative anaerobes. However, a short
distance beneath the surface, the amount of available
oxXygen is greatly decreased, and microaerophiles,
anaercbes, and facultative anaercbes would be expected
Lo predominate. It could be anticipated that more
aerobically oriented genera such as florexella ot
Brochotihaix would predominate on the surface, while
microaerophiles such as Lactobeccifus as well as some

anaerobes and facultative anaerches would thrive 1in

the interior.

Gaseous Environment

It 4is implicit in the concept of oxidaticon-reduction
potential when meat 1is exposed to the air the oxygen
content contributeg in determining the growth of surface
specilage organisms on meat and meat products. When
the oxygen content of a product is aitered, the micro-
flora will change to reflect those species best adapted

to the new oxygen level.

The type of packaging employed can significantly alter

the gasecus environment surrounding meats and meat

products. Packaging methods have been shown to have
a strong influence on the types of microorganisms
occurring in both fresh meats (Hanna e «f., 1977;
Blickstad and Meolin, 1983; Simard et af., 1984) and
cured meats (Egan 22 «f . 1980; Blickstad and Molin,
1983; Kenp e% ol ., 1983; Laleye =24 af ., 1984},

Typically, the use of a barrier that reduces- the oxygen
content of the atmosphere surrounding the product retards
the growth of aerobic or noncompetitive facultatively

anaerobic species (e.g., Pseudomonas , Brochothaix , and
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flornaxeflfa), while fostering the growth of microaerxophiles
such as Lactcgbacillus and veast. This process of
microbial selection can be enhanced further by flushing
the product with inhibitory gases. For example, flushing
with carbon dioxide retards the competitive growth of

veast and moulds in cured meats ({Blickstad and Molin,

1983).

Nutrient content

Microorganisms, 1like all 1living systems, have specific
carbon, nitrogen, mineral and vitamin reguirements.
Meats and meat products are generally considered a rich
source of nutrients. Accordingly, they can support

the growth of a wide variety of microbial species.

Bacteria grow on fresh meat at the expense of scme low
molecular weight soluble components. The concentrations
of several of these microbial nutrients alter consider-
ably during the development of rigor (Table 2.5}, with

the major changes resulting from the degradation of

reserve glycogen via glycolysis. The concentration
of these gubstrates, and the order in which they are
attacked by different groups (Table 2.5}, can affect
the course of spoilage. Glucose concentration has been

assumed To be the prime nutrient which 1s a determinant

of the time of spoilage onset in meat (Gill, 1986).

In meat products, the addition of specific nutrients
to meat formulations has been shown to influence the
phyvsiclegical characteristics of contaminating micro-
organisms. For example, the addition of* certain spices
to fermented meat formulaticns stimulates bacterial
lactic acid production {Zaika and Kissinger, 1979;
Nes and Skjelkvale, 1982). This stimulatory effect
is due to the spices acting as a supplemental source

of manganese, a trace mineral that is cofacteor for lactic
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acid production in Lacitobaeciflus and Pediococcus and that
is generally limiting in meat products {(Zaika and Kissinger

1984; Raccach and Marshall, 1885).

Table 2.5: Concentrations of the main low meolecular weight
soluble components of beef before and after

completion of rigor

Concentration (mg gm)

Substance Prerigor Postrigor
Creatine phosphate 3.0 -
Creatine : 4.5 6.5
Adenosine triphosphate 3.0 -
Inosine monophosphate 0.2 3.0
Glycogen 10.0 1.0
Glucose ¢.5 G.1
Glucose 6-phosphate 1.0 0.2
Lactic acid 1.0 9.0
Amino acid 1.0 3.5
Dipeptides (carnosine,

anserine} 3.0 3.0
pH 7.2 5.5

2 From Gill (1986)



Table 2. 6:

Order of utilization of individual low molecular weight components of meat for
bacterial growtha

Aerobic growth

Baochothaix

Ableromonas
Substrate Pseudomonces Acinelobucten Endenclacten Ltheamosphacla putaifaciens
Glucose ~ 1 1 1
Glucose 6-phosphate - 2 - -
Aminoc acids 1 3 2 1 and 2
{glutamate {serine,
only) cysteine)
Lactate 2 4 - 3
Anaerobic growth
Arochothraix Abteromonas
Lactolacdllus Entenobacten Ltheamosphacia putrefouciens
Glucose 1 1 i 1
Glucose 6-phosphate - 2 - -
Amino acids 2 - - 1
{arginine {serine
only)

cysteine)

a

Data from Gill and Newton 1977; HNewbton and Gill 1978

¥Z
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Anti-microbials

Microbial growth in meats and meat products is also
influenced by inhibitory compounds that are introduced
either purposely, as a normal constituent of an
ingredient, or through a Dbiclogical process such as
fermentation. The best known antimicrebial employed
in meat oroducts is sodium nitrite. This compound is
well known for its activity against clostridial species
such as C. Botutfinum and C, perfringens . Other
ingredients such as liguid smoke {Donnelly 2% af., 1882)
and spices (Shelef et «f., 1980; Ueda 22 a«f ., 1982}
have antimicrobial activity, although they appear to
be of minor importance at the concentrations employed

in most meat products.
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2.2 PRESERVATION OF MEATS BY TINTERMEDIATE MOISTURE FOOD
TECHNOLOGY

An intermediate moisture food {IMF) is one that is moist
enocugh to be eaten without rehydration, and yet 1is shelf
stable without refrigeration or thermal processing. It
is characterized by a water activity low enough to prevent
the growth of bacteria, and by conditions minimizing the
potential for growth of other microorganisms. IMF usually
have moisture contents in the range of 25-50% (wet basis)
and water activity in the range of 0.60-0.90. This
depression of a, can be achieved by adding scluble substances
to the agqueocus phase of the food. Several solutes which
include salts, sugars, and polyols have been incorporated
in IMEF to lower the a, to the desired range. The compounds
most used to depress a, are sodium chloride, glycerol,

propylene glycol, sucrose, corn syrup, sorbitol and dextrose.

IMF have pbeen the subject of numerous technical and scien-
tific studies in the last decade {Heidelbaugh and Karel,
1875; Flink, 1978; Davies <% af,, 1976; Troller, 1879).
These and various other studies covered ssaveral aspects
such as microbial and chemical stability at reduced water
activity, the techneology of IMF, and the selection of

humectants for depressing water activity.

The cobject of this survye, however, is to assess the state
of knowledge on the technology of IMF with specific reference
to shelf-stable intermediate moisture meat products. The
interest in the exploitation of the potential of intermediate
moisture meat products 1is of importance because there 1is
seemingly & growing need to locock for alternatives or
combination of means of preserving meat besides the
traditional refrigeration, dryving and canning. This 1is
brought about by the ever increasing cost of energy and
the necessity to look for a technology which will use

minimal energy and less highly priced packaging materials.
It 1is possible that the IMF technology has the potential

for application in tropical countries like the Philippines.
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This section attempts to review initially the concept and
principle of the lowering water activity as a means or as
a way of vreserving food, specifically meat. This is because
the concept of water activity occupies a key reole in the
formulation o©f intermediate moisture foods and facters
relating to a, are of central importance in understanding
the principles that underlie IMF technolcocgy. A discussion
therefore 1s also given on the factors affecting water
activity lowering e.g. effect of solutes; and the problems
associated with a. lowering i.e., effects of a lowering
to other deteriorative reactions of food 1like enzymatic
reactions, non enzymatic browning reactions, lipid oxidation.

It is alsc attempted to relate 2, lowering with other forms

of preservation; e.g. interaction with pH; interaction
with antimetabolities; interaction o©f heat processing and
a_ .

W

2.2 Water Activity

2.2.1.1 Definition of Water Activity

Water activity 1s simply defined as the eguilibrium wvapour

pressure a food exerts {PH O) divided by the wvapour pressure
2
cf pure water (PO) at the temperature of the food. Water

activity can alsc be defined as the relative humidity of
air (% RH)}) at which a2 food if held would neither gain nor

lose moisture. In egquation form this become:
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The a_ defines the degree to which the water present in

foods 1is tied up or bound and thus unavailable for certain

reactions.

From the wviewpoint of the food microbiclogist water activity
inc¢icates the amount of water in a fcod which is available
for microorganims. This 1is not the total water content
of the food because a proportion of it maybe bound by water
soluble salts, proteins and carbonydrates; such bound water
is not avallable to microorganisms (Liestner and Rodel,

1976).

2,.2.1.2 Measurement of Water Activity

A review of various water activity determination technigues
has been made by Smith {19%71), Labuza (1975), Leistner and
Rodel (13976), Troller and Christian {1978), andPricr {(1979).
However, the water activity methods which may be of use
and/or have been tried for determination of a, cof meats

and meat products are described below:

1} Graphic Intervolation. Landrock and Proctor {1951}

were the first to provose this method and they found
it to be a practical means of a, measuremant. Bem and
Leistner (1970) have applied this gravhic method to
meats and have »nroved this method teo be guite accurate,
provided the a, of product was 0.98. However, they
found the procedure a little cumbersome and time-

consuming.

2) Manometry. Another method for measuring the 'aw is the
direct measurement of the vapour pressure of water in
the wvaovoour space surrounding the food by mancometric
technigues. This method was first reported by McKower
and Myers (19433, Refinements of this instrument were

subseguently described by Tavlor (1967) and Labuza



el af. {1972).

The sample to be measured is ground and introduced into
a flask, which is attached through a trap to a simple
manometer, The manometer assembly (Fig. 2.1} 1is then
evacuated, and during this time the sample chamber is
maintained at approximately ~80°%¢c. Following evacuation,
the sampie is warmed to room temperature, while one
side of the manometer is wmaintained at essentially zero
pressure. The fluid level in the sample arm of the
mancmeter is then deflected by the increase in pressure

caused by the vapor pressure of the sample itself.

Troller and Christian {1978) have described manometers
to have good precisicon and are relatively inexpensive,
However, they continued that instruments capable of
measuring wide vapor pressure differences are cumbersome
anc extremely fragile. Also, absolutely uniform
temperatures and a high degree of thermometric accuracy
are reguired. This instrument holds considerable promisz

for zroutine aw analyses 1if these shortcomings can be

gvercome.
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Figure 2.1 Vapory preszure manoneter
(From Trollsr &nd Christian,
1978}
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Hair Hygrometry. This precedure relies ‘on the hygro-
scopicity of human hair and the ability of this material
to stretch when hyvdrated. Hair, usually three or more

strands braided, 1is £fixed at one end and attached to

a sensitive level arm at the other. The level arm 1is
connected to a recorder pen or dial that reads directly

in percent relative humidity.

Hair hygrometers are reascnably priced but not very
accurate for research purposes. However, the accuracy
is improved when human halr is replaced hy selected,
artificially aged, plastic threads which have a sensitive
response in the humidity range of interest {Leistn=r ana
Rodell, 19786).

An Aw-Wert-Messer-device was developed in West Germany
by Firma LUFFT, for measuring the a of meat and meat
products. This instrument is based on hair hygrometry
and was found suitable for guality control and routine

examination. of meats (Leistner and Rodell, 1976).

This instrument is made ©¢f a stainless steel box with
a lid containing the artificially aged plastic threads
(polyamide thread) and a ¢apillary thermometer for
temperature compensation. In this method, the sample
is placed in the box, the 1lid is clocsed and in about

3-5 hr the result is read on an a,, scale.

Electric Hvgrometrv. According to Troller and Christian

{1978), two Dbasic types of electric hygrometers are
used in food-related applicaticons. The first is based
on the measurement of conductivity or resistance of
an hygroscopic salt in eguilibrium with an ambient
atmosphere. As water 1s absorbed or desorbed by the
salt, its ahbhility to carry current (conductance) 1is

measurably altered.



The second type has been referraed to as an electreolytic
hygrometer, The operation of this instrument requires
that an alternating current be passed through a saturated
LiCl solution suspended onte an inert carrier such as
glass wool. A current potential difference of 25V,
which heats the cell, is apprlied across the solution.
The water vapor pressure (w.v.p.} of the solution rises,
and upen reaching the w.v.p. of the environment, water
evaporation occurs. The dried LiCl residue remaining
after evaporaticon no longer conducts current, and heating
ceases. As the residue cools, water is once again taken

up from the environment, and the cycle 1is repeated at

a reduced amplitude. Eventualiy, a temperature 1is
reached at which the w.v.p. of the solution is egual
to the w.v.p. of the environment, This temperature

is then measured and related to the w.v.p. of the
saturated LiCl solutien and hence, the envirconment.
From this, the eqguilibrium relative humidity o©of the

environment can be calculated.

The former of these two types c¢f instruments, requiring
the measurement of conductance and resistance across
a hydrated material, such as LiCl, is probably the
instrument used most freguently to measure the water
activity of foods. These instruments are described
to respond rapidly to changes in relative humidity and
have the advantage of being portable and easy to use.
Reported limitations, however, are the loss of accuracy
due to sensor aging, eventual poiscning by absorbed
volatiles such as glycols, hysteresis effects at high
a, levels, and need of £freguent calibration,. Electric
hygrometers hnave been shown to have good acgcuracy over
a wide range of a values, Labuza et e¢f. (1876) showed
an accuracy of 0.02 a,, units over the 0.32 to 0.97 a,
range for several electric hygrometers. Troller (1977}
reported an accuracy of 0.005 a, units over the 0.75 -

0.97 &, range for a Sinascope, with a coefficient of

variation not exceeding 1%.
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Dew Point Methods., The Thasic principle invelved in
dew point determinaticons is that air may be cooled with-

out change in water content until saturation is reached.
The temperature at which this saturation 1s achieved
can be determined by observing condensation on a smooth,
cooled surface such as a mirror or sight glass. This
dew point temperature 1is related to wvapour pressure,
relative humidity, and water activity by reference to
psychrometric charts. Numerous instruments are available
for determining dew point temperatures. Various refine-
ments of these devices have been developed, most of
which relate to obtaining the exact peoint at which

condensation first appears.

Rodel and Leistner (1872) as «cited by Troller and
Christian {19378} have modified a dew point hyvgrometer
of EG and G, Cambridge Systems, Mass., U.S.A.. With
this instrument, the a_ of small quantities of saturated
salt sclutions of known a and also, meats and meat
products were measured with considerable precision.
Water activity measurements of different sausages
revealed c¢lose agreement with those obtained using a

commercially available electric hygrometer.

Dew point sensing devices are reported to give an
accuracy of 0.003 a. units in the 0.75 - 0.99 a, range,
as reviewed by Prior (187%). At lower a.s their accuracy
falls off because their is not enough vapour in the
headspace o cover the mirrored surface and change its

reflectivity.

The two types of electric hygrometers and the dew point
methods are seemingly suited for use in research purposes
for determination of a, of meats and meat products while
hair hygrometers and manometer for routine examinations.
However, when using an instrument it is important to
understand the fundamental scientific principle

on which it is based and the characteristics
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of the sensor whick is being used. . .

2.2.2 Factors Responsible for Lowering of Water Activity

2.2.2.1 Solute-Water Interactions (Effect of Solutes}

The basic factor lowering 'aw when a solute such as sodium
chloride is dissclved in water is that the solute associates
with the water to form a hydration shell, Depending on
the amount present, the availability and vapor pressure

of water is decreased according to eguation:

[\
a, =Y _ Hy0
NHzo * Nsolute
where:
N, = idMoles ©0f water in solution
n20
. ) ] , ,
solute moles of dissolved solute species in a
solution of NH o moles of water, and
2
Y = activity coefficient = 1 for ideal solute.

The y value is a measure of the nonideality of a dissolved
species. For large molecules 1like gums, starches, and
protein, y 1is wvery small and thus the large molecules
decrease aw much more than dc ideal solutes like sugars
or salt, However, since their molecular weight (MW} |is
very large, the total A decrease is small. Electrolytes
decrease the ‘aw more than expected on a molecular weight
basis because they dissociate. For example, 1 mole of NaCl

is actually two moles in solutes, Na’ and Cl .
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Tables 2.7, 2.8 and 2.9 present data relating the water
activity of water to concentrations of various solute,
If ideal relations are followed, then yater activity should
be numerically equal to the wmole fraction of water in

solution. Deviations from ideality may arise from several

causes:

1) Not all water in food is capable of acting as a solvent.

2) Not all of the solute 1is in actual solutiocn. { Some
may, for instance, be bound to other insoluble food

compeonents, as in the case of salts bound to proteins).

3) Interactions between solute molecules may cause

Geviaticons from ideality.

Minimum activities achievable by common solutes present

in foods are shown in Table 2.10.

Table 2.7: Water activity of selected Solutionsa

Molality {moles solute/litre pure H,0)

Water activity Ideal
solute Nacl Sucrose Glycercl
0.90 6.17 2.83 4,11 5.6
0.80 13.9 5.15 - 11.5

aFrom Karel {1975)



Table 2.8. Concentrations of sodium chloride and sucrose at
various values of water activity {aw) at 25°%2
NacCl Sucrose

a, m %, w/w ®salometer mb ?6B§£z)05aume
1.000 0 G 0 0 0 0
0.995 0.150 0.88 3.32 0.272 8.52 4.75
0.990 0.300 1.74 6.57 0.534 15.45 8.59
0.980 0.607 3.43 12.94 1.03 26.07 14,43
0.960 1.20 6.57 24.79 1.92 39.66  21.79
0.540 1.77 9.38 35.40 2.72 48.22 26,34
0.920 2.31 11.90 44,91 3.48 54.36 29.57
0.900 2.83 14.18 53.51 4.1 58.45 31.69
0.880 2.32 16.28 61.43 4.93 62.77 33.80
0.860 3.80 18,18 68.60 5.58 65.63 35.36
0.840 4,26 19.94 75.25

0.820 4,71 21.59 81.47

0.800 5.15 23.13 87.28

0.753 6.16 26.5 100.00

a

b

Based on data of Robinson and Stokes (19859)

Molality, the number of gram moles per kilogram of water.



Table 2.9:

Concentration of glucose and dlucose-containing syrups at various levels of water
activity (a ) at 25°C”

Glucase

Inverted sugarb

Glucose syrupsc with D.E.d

values of

32.8 42.0 55.0 83.4

a m € %, wiw %, w/w %, w/w %,w/w %,w/v ,u/w
0.995 0.259 4,45 2.05 1.74 1.67 1.57 1.36
0.990 0.542 8.90 4_.11 3.48 3.34 3.15 2.73
0.980 1.04 15.74 8.22 6.95 6.68 6.30 5.45%
0.960 2.21 28.51 16.43 13.90 13.36 12.58 10.50
0.940 3.38 37.83 24.65 17.33 20.03 18.89 16,35
0.920 4.31 43.72 32.87 20.86 26.71 25.19 21.80
0.900 5.24 48.54 41.09 34.77 33.39 31.49 27.25
0,880 6.27 53.05 49,30 41.73 40.07 37.78 32.70
0.860 7.81 58.45 57.52 48.68 46.75 44 .08 38.15
0.850 9.00 61.84 61.63 52.16 50.09 47.23 40.88

® Based on data of Taylor and Rowlinson (1955)

b Rased on data of Grover

© Based on data of Cleland and Fetzer (1844}

d D.E., dextrose equivalent, &

© Molality, the number of gram moles per kilogram of water.
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2.7: Minimum activities of solutions (at room temperature)a

Solubility limit Minimum
(% w/w) activity
Sucrose 67 .86
Glucose 47 0.915
Invert sugar 63 0.82
Sucreose + invert sugar 75 0.71
(Sucrose, 37.6%;
invert sugar, 62.4%)
NaCl 27 0.74

*Prom Karel (1975)

2.2.2.2 Capillary rffect

A  second effect that depresses water activity 1is the
capillary effect. The vapor pressure of water above a curved
ligquid meniscus 1is less than that of pure water because
of changes in the hydrogen-bonding between water molecules
as a result of the suriface curvature. Since foods have
a myriad of capillaries, some lowering of the a, should

result. The Kelvin equation predicts this lowering by:

2 Y. CoS8 ¥

a_ = exp - S L
¥ rRT
Where: Yg = surface tension of ligquid in a pocre
8 = wetting angle
?L = molar volume of ligquid in cmB/mole,

rY = capillary radius,

gas constant (8.374 x 107 ergs/oK mole), and

g

A
1] n

Mlost pores in foods are in the 10-300 pm range. Assuming
complete wetting (C0OSH = 1) and pure water (Y, = 72.3 dyne/cm)

in the pores, the Kelvin equation predicts an a - 1in the
W
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range of (0.989 - 0.999. Thus, the a. is lowered very little
by capillarity. However, 5-7% of the pore wvolume in foods
is for pores of 0.01 - 0.001 um, which lowers the a. above
the wvapor space to wvalues cof 0.898 - 0.34. Thus, smaller
cavillaries have a greater effect on lowering the a.; and
those of small diameter will be the last to empty on drying.
In terms of water binding, this phenomenon is used success-
fully in the Bauman device to measure water uptake of gums,
fibers and staxrches. Note that materials that swell will
take uv more water because the spore spvace increases. Yet
the a. will be higher according to the Kelvin equation.
This means that the water 1is less tightly bound on the
average as molsture content increases (aw = 1.0}, The

desired ingredient would have a high molsture content at

lower aw(Labuza, 1984) .

2.2.2.3 Effect of Hysteresis

A third factor responsible for lowering of water activity
can account partially for the fact that hysterasis occurs
A different path 1is followed depending on whether the
isotherm 1s approached by adsorption or desorption. An
example for meat is shown 1in Fig. 2.3. The desorpticn
isotherm is prepared Dby incremental drying, and the
adsorption isotherm, which is displaced from the desorption
isotherm, is prepared by incremental wmoistening of a
previocusly dried sample. The fact that the two isotherms
are not superimposable is an indication that some of the
changes during drying irreversibly alter the water solute
relationships in the sanple. The shape of the isotherms

in Fig. 2.2 is gualitatively tvpical of most foods,
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Figure 2.2: Relationship between water content and water
: activity in meat {(From Palnitkar and Heldman,
1871)

2.2.2,4 Effect of Interaction of Water with Solid Surfaces

as well as with High Molecular Weight Colloidal
Systems

Water molecules usually interact with the polar groups on
surfaces and are held very tightly. The energy to remove
these water molecules is greater than the energy to vaporize
a water molecule from the surface of pure water. If one
starts from a dry state, a moisture content—aw is approached
where there is one water bound per polar group to form a
monolayver (McLaren and Rowen, 1952). This occurs close
toc the inflection on the isotherm which gives a monolayer
value of about 0.2 a to 0.3 a. for most foods. Water above
this monolayer is usuvally thought of as being the same as pure
water, but long-range effects do occur which structure the
water in such a fashion that it is also "bound" to a certain
degree to have a lower a, - Ling {1965) has studied this
effect in living tissues and Nemethy (1968} calculated the
effect of large molecules such as proteins on structuring

water in sclutions. Duckworth (1972} demonstrated that



40

large molecules by themselves can prevent water from freezing
at temperature down to -20°C. This was shown to be directly

related to the . lowering effect on the water (Labuza, 1975).

2.2.3 Water Activity and Microbial Growth

The water activity of a food influences the multiplication
and metabolic activity (including toxin production) of
microorganisms; also their survival and resistance. This
ts true not only for organisms that cause spoilage and food-
poisoning, but also for those which arxe desirable for the
fermentation of certain foods, such as fermented sausages.
Microbial spoilage, food poiscning and fermentation take
place if the a, " of the substrate 1s favourable for the
multiplication and metabolic activity of the organisms

involved.

The classic article of Scott (1957) summarized the water
relations of microorganisms where most of the principles

suggested are still wvalid. These include the following:

1) Water activity, rather than water content, determine
the lower limit of awvailable water for microbial
growth. Most bacteria do not grow below a, = 0.91
and most moulds cease to grow below a . = 0.80. Some
xercophilic fungi have been reported to grow at water
activities c¢f 0.65, but the range of 0.70 - 0.75

is generally considered their lower limit.

2) Environmental factors affect the level of water
activity reguired for microbial growth. The general
principle which often applies is that the less favourable
the other environmental factors {(nutritional adeguacy,

pH, oxygen pressure, temperature) the higher becomes



the minimum water activity at which microorganisms

can grow.

3) Some adaptation to low activities occurs, particularly
when water activity is depressed by addition of water
soluble substances ({principle of intermediate moisture
foods), rather +than by water crystallization (frozen

foods} or water removal {(dehydrated foods).

4) When water activity is depressed by solutes, the solutes
themselves may have effects which complicate the effects
of water activity pea se. Fer instance, at a given
waver activity, microbial growth 1is less effectively

depressed by glycerol than by sodium chloride.

Subsequent research, especially with freeze-dried and
intermediate-moisture foods, have resulted in the following

major additional findings {Karel, 1975):

1) Water activity modifies sensitivity of microorganisms
to heat;, light and chemicals. In general, organisms are
most sensitive at high water activities (i.e., in dilute
solution) and minimum sensitivity occurs in an intermediate-

moisture range.

2) Minimum water activities for production of toxins are
often higher than those for microbial growth. This
phenomenon may represent an important safety factor in the

distribution of dehydrated and intermediate-moisture foods.

Leistner and Rodel (1976} had compiled the minimum water
activities Dbelow which common microorganisms associated

with meats and meat products are inhibited in growth (Table

2.07).
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Table 2.11: HMinimal a. for multiplication of'microuorganisms

assoclated with meat and meat products

a. Bacteria Yeasts Moulds
0.98 Closinidium (1), Pseuvdomonas™ - -
0.97 Clostnidium (2) - -
Flavobactenium, Klebsiella,
0.96 Lactobacillus®, Protaous,” - -
Pseudomonas™, Shigella
Alcaligenes, Bacillus,
bactan, Clostaldium (3),
0.95 Entenobacten, Eschenichia, - -
Frnoteuns, Psecudomonas,
Salmonella, Sernaila,
Llactobacillus, Microfacitenium,
0.94 Pediccocecus, Strneptococcus™, - -
Vilaio®
0.93 Lactobacillus®, Strepiococcus - Rhizopus, Mucor
Rhodotoruta,
0.92 - Pichia
Coaynebacieniun,
0.91 Straphaylococcus (4}, - -
Staeptococeus™
0.90 Laclobaciblus®,Nicacecocaus, HAansenuiba
) Pediococecus, Vidaio™ Saccharnomyces
Candidea,
0.88 - Delany Oy ces. Cladosponiim
Hanseniaspona,
Tonubopsds
0.87 - Debarnyomyces™
0.35 Staphylococeus (5) - Paccilomyces
0.80 - Sacmmomgw"*?ﬁgmf E-M’
0.75 Hafophilic Lacltenia - Aspengldls”
0.70 - - Cunodium
0.62 Sacchanomyces’ Cunoitium®

Scme strainsg

type E and scme strains of 4. pesfaingens
and B and (4. penfiingens;

{4y, anaercbic;

(1Y, Clortnidium botubinum Type C: (2), C4. foiulinum

(3) 4. fotubinum LType A
(5}, aercbic.
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Table 2.12 lists the minimal and maximal as well as the modal

a, of fresh meat and representative meat products.

Table 2.12: The a,, range 0of fresh meat and representative

continental meat productsa

Product Minimal Maximal Modal
Fresh meat 0.98 0.99 0.98
Bologna sausage 0.93%* 0.98 0.97
Liver sausage 0.95+ 0.97 0.96
Blood sausage 0.86 0.5%7 0.96
Raw ham N 0.80++ 0.%86 .92
Dried beef+ 0.80 0.94 0.90
Fermented

sausage 0.65 § 0.96 §8§ 0.91
* Ttalian Mortadella; * Speckwurst; b Country cured ham;
I Bundner Fleisch; § Hard sausage: §§ Frische Mettwurst.

a
From Lezistner and Rodel (1976)

It is necessary to have information and/or to update existing
informaticon on the water activities at which the different

.

groups o¢f microorganism 1mportant for meats are able to

multiply or to form toxins, and on the a,, of meat and meat
products. This 1is because based on this information, the
a, of meats could be adjusted and the stability and safety
of the products could be improved,

Salting, curing, drying and freezing are traditicnal
processes used to adjust the a., of meats: and some of these

processes are applied in combination.

Znhibition of microorganism in a fcod is freguently not
caused szolely by decrease in a_. but may be influenced by
P

pH, Eh, temperature, preservativesor competitive microflora.



However, one process 1is briefly described below that is
the addition of additives to possibly adjust the 2 of high
moisture meats. This process has gained an increased
interest in recent decades with the resurgence of interest
in IMF food which 1s Dbrought about by the successful

introduction of IMF processing in the world pet food markets.

Leistner and Xaran-Djurdjic {1970) (as cited by Léistner
& Rodel, 1975) investigated some additives for meats to
decrease the A, - They empirically added different substances
to ground meat. Table 2.13 shows the depression of the a.
cf meat caused by additicon of 1% of additives. The 1% wvalue
can be used to calculate the resulting devression of a.,

when these additives are used 1in the usual amount in meat

manufacture.

The data in Table 2.%'3 indicate that sodium chloride was
the most effective approved substance for the depression
of the a . of meat. But the present trend to make meat
products low in NaCl, conflicts with the approach of adding

NaCl to adjust the a,; to an optimal level.

Subsequent research has shown that the possibilities of
adjusting the &, of IMF with moét foed additives 1in use
today are guite limited. Various less conventional additives
have also been explored by variocus workers looking for
compounds which may exhibit strong & lowering abilities
(Benmergui 2% ¢f ., 1979; Chirife ef «f4 . 1980; Chirife
2n¢ Ferro Fontan, 1980 a,b). But manvy of these results have
not been successful and still the selecticn of additives
for depressing water activity remains an important area

of research.



Table 2.13. Depression of the a. of meat caused by additives

Depression of a, caused by using additives at (%)

1% value* Additive
0.1 0.3 2.0 3.0 5.0 10 30 50

0.0100 Lithium chlorige” 0.001¢0 0.0030 - - - ~ - -
0.0062 Sodium chloride 0.0006 0.0019 0.0124 0.0186 - - - -
0.0061 Polyphosphate 0.0006 0.0018 - - - - - -
0.0050 1.2-Propylene glycol+ 0.0005 0.0015 0.0100 - - - - -
0.0047 Sodium citrate x

5.5 H20 0.0005 0.0014 - - . - - - -
0.0041 Ascorbic acid 0.0004 - - - - - - -
0.0040 Glucono- §-lactone 0.0004 0.0012 - - - - - -
0.0037 Scdium acetate, cryst. 0.0004 - - - - - - -
0.0033 Sodiuwm hydrocen

tartrate 0.0003 - - - - - - -

0.0030 Glyerol+ 0.0003 0.0009 0.0060 0.0090 10,0150 0.0300 0.0900
0.0026 Potassium sorbate’ 0.0003 0.0008 - - - - - -
0.0024 Glucose 0.0002 0.0006 - - - - - -
0.0022 Lactose 0.0002 0.0006 0.0044 0.0066 - S = - -
0.0019 Sucrose 0.0002 0.0006 - - - - - -
0.0013 Milk protein 0.0001 ¢.0004 0.6026 0.0039 - - - -
0.00062 Pat 0.0001 0.0002 0.0012 0.0019 0.0037 0.0062 0.0186 0.0310

* .
Depression of a, caused by 1% additive. * Not legally permitted in West Germany.



2.2.4 Interaction of Water Activity with Other Factors

It 1is tempting to consider the influence of water activity
as an isclated factor. In reality the 2. of a food interacts
with any number of factors in the environment to produce
additive microbial inhibition. Generally, as the minimal
a, for growth of the organism 1is approached, it becomes
more sensitive to other inhibitors and inhibitory conditions

that might be present in its environment (Troller, 1986).

2.2.4.1 Heat Heat interacts directly with a , which is
to say that a higher a, level will limit growth as a minimal
or maximal temperature for growth is apprcoached. In terms
of lethality, however, a different picture emerges because
very low a, levels are protective as opposed to heating
at more elevated a,, levels. In this context, the terms
"wet heat" and "dry heat" are used to describe the relative
humidity existing at the time of heating. Safmonellu species
are especially heat-resistant 1in the absence of unbound
water (low aw), especially if sucrose is employed to reduce

a_ (Troller, 1980).



Like salmonellae, staphylococci become more heat resistant
as the a_  is lowered until at an a, level between 0.70 and
0.80, resistance begins to decline (Troller, 1986).

2,2,4.2 pH The Interrelationships between 3, and pH are
shown in Figure 2.3. Generally as the a, of a food 1is
lowered, the pH limits within which growth will occur are
narrowed. These effects have been described by Ohve and
Christian {1967) for (. peafaingens and by Troller (1973)
for §, quaeus. Similar effects occur with veasts and molds.

‘Zone of inhibition

of

Zone of growth

v

3 10

Figure 2.3: Effect of a and pH on growth of
microocrganisms (from Mossell, 1976)
Figure 2.4 represents specifically the stability of meat
and meat products as defined in terms of &, and pH. The
figure implies that the combination of eaﬂand pid 1s a bhetter
predictor of meat stapility than . alone. Knowing the
PH and a, 0of a meat oproduct, one can with ease determine

from Fig. 2.4 the storage conditions that are most suitable.
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at any Aw above 0.91, reducing the pH to
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2.2.4,3 Atmospheres. The minimal a, at which growth will

occur is lower under aerobic than under anaerobic conditions
for those organisms capable of growing facultatively. For
example, Scott {(1953) demonstrated that the minimal a. at
which growth of ., gureus occurred was 0.86 under aercbic

conditions of 0.92 aw under anaerobic conditions.

Ancther example, Silvermann of «fZ. (1983) tested an oxygen
concentration of 5.5% {comparable to about 50 mmHg of vacuum}
for suppression of inoculated populations of §, cuseus in
canned, pre-ccoked bacon. They found that the minimal a
in the inoculated cans was 0.87 at 37°C and 0.91 at 20°¢C
at the decreased 02 level, This was intermediate to results
obtained by Lee g% 24 . (1981) when the same strain was grown
aerobically {about 20% oxygen) in canned bacon and
anaerchically {(no oxygen present) in canned bacon. With
anaerobic incubation, the minimal aw for growth was 0.90,
whereas an aerobically incubated strain was abkle Lo grow

at 0.842 a .
W

Blickstad (1984} studied the relationship of reduced water
activity and gas headspace composition on the microflora
of a minced, c¢ured, raw meat product during.storage. The
water activity was reduced with NaCl or glycerol + NaCl
and the products stored in airx, N2 or C02 at 4°c. The
results showed that the lower the a the lower was the
growth rate of the total microflora except when a, was
reduced below 0.98 with glvcerol and products were stored
in CO2 ;, when the growth rate was independent of a., - In
air the final microflora of products stored at a, = 0.96
consisted primarily of vyeasts while at 0.98 & both
lactobacifius (62%) and yeasts (38%) were found. Iin CO2
and N2 Lactibacillus predominated at 0.94 - 0.%8 a when
2% NaCl or NaCl + glycerol were used. In general, an
increase in the shelf-life of minced cured pork is obtained,
at least with regard to microbial spoilage, by reducing

the a. of the product particularly £for storage in N2 -
o
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and C02 - atmospheres. When combining reduced a; with CO, -
storage the type of solute chosen to regulate . is impeortant,
since the solute may affect the solubility of CO,. However,

CO2 gives a longer shelf-1life than N2 at similar a levels,

2.2.4.4 Chemical preservatives, The role of combined

nitrite and reduced Aw (added NaCl} in preserving meat by
inhibiting the growth of (. 4oiudinum is shown "in Figure
2.5. Varga e a«f. {1979) have fcound that spoilage of salt
minced cod which occurs above Aw 0.71 can be halted at 35°C

if 0.3% sorbic acid is added to the fish.

The interaction between chemical preservatives and Aw appears

not to have been extensively documented to date.

pH

Zffects of pH, sodium chloride, and sodium nitrite on
the growth of Clostridium batulinum (frcm Roberts and
I

agram, 1973}
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2.2.5 Effect of Aw on the Chemical Deterioration of Foods

If microbiological problems are eliminated by control of

a“},

reactions. Water influences the chemical stability of foods

the storage life of food becomes limited due to chemical

by serving both as a reactant and a sclvent 1in which

dissolved materials are allowed to diffuse and react with

each other.

The level of a determines the rates of enzymatic reactions,
nonenzymatic browning, fatty acid hydrolysis, autoxidation,
and other reacticons that occur in foods. Reactions depending
on solution are retarded at very low a_ and accelerate as
a, 1is increased due to the increased availability and
mobility o©f reactants, At very high a however, these

reactions are retarded again due to the dilution of reactants

by the high meoisture (Gailani and Fung, 1986}.

2.2.5.1 Znzvmatic Reaction

Enzymatic reactions can occur 1in low and intermediate
moisture foods when the enzymes have not been inactivated
by heating. It has been shown that there 1s a c¢orrelation
between the activity of enzymes and the water content of
food. Although this correlation 1is complex, it is best
expressed as a fTunction of &, rather than moisture content

W
(Acker, 1969; Multon and Guilbot, 1975).

That enzymatic reactions can occur even at very low aﬁ can
be explained by the following; first, on molar bases, water
is not limiting even in drv foods, therefore reactions that
require water as a reactant can proceed under these
conditions. Secondly, it has been shown that even under
dry conditions, all scluble compounds have substantial
mobility (Duckworth and Smith, 1863), therefore reactions
that reguire water as a vehicle for substrate mobility can

also proceed under low -
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2.2.5.2 NonEnzymatic Browning

Nonenzymatic browning is specially important in IMF because
the rate of this reaction usually has a maximum in the range
of a,, corresponding to IMF; e.g., 0.65 - 0.85 (Labuza,
1872; Loncin e af ., 1%68). Nonenzymatic
browning through the Maillard Reaction 1is a 1reaction of
reducing sugars under the influence of either Zree amino
acid Oor protein side chains 1leading toc darkening, off
flavours and loss of solubility of proteins. For long term
storage, this alsc means a reduction in the biological value
of the focd, as lysine, an essential amino acid, becomes
bound to the pigment produced in the reaction and not

available f[or digestion.

The effects of water on this reaction are complex because
water c¢an act in one or more of the folleowing roles:

a} as a solvent for reactants and for products, {b} as a
product of reaction, and (c¢) as a modifier of the catalytic
or inhibitory activities of other substances. Studies of
Toribico e «f . (1984) showed that a maximum nonenzymatic
browning rate occured in apple julce concentrate between

3., values of 0.53 to 0.55.

2.2.5.3 Lipid Oxidation

The effect of a, on the kinetics of lipid oxidation have
been reviewed by Labuza 2% ¢f. (196%8) and Labuza (1971,

19757} .

The major pathways of lipid oxidation are shown in Figure 2.6
and the general influence of a, is illustrated in Fig. 2.7.

As seen, 1lipid oxidation follows a unique pattern on its

dependence on 8. It is restricted to a minimum zrate at
moderate 2.7 wvalues and 1is accelerated at both too high or
too low a_ . At high .aﬁ, lipid oxidation increases because

of increased catalyst mobility and because new catalytic
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surfaces are exposed as  the matrix swells {Fennema, 1976}.
Decreasing the moisture content bevond a wminimum level
results in an increased lipid oxidation because water has
some antioxidative effects which will be lost upon reducing

the moisture content {Labuza e «f., 1972}.

Lipd Oxidation
Unsaturated fatty acld or trighycerids

Free Radica:.s\
i Cxldation of

. Pigments,”
Oxygen Flavors, and
> Vitamins
Yydroperoxides
Breakgdown Products Polymerization Trsoiubitization
(ncluding rancid) {Cark Colar} ot proteins
off-llaver compounds) {possidly toxic}
such as, katones
aldehydes
alcohols
hydrocarbons
acids
rpoxides

Figure 2.6: Lipid oxidation pathway (from Labuza, 1975)
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Over all, as illustrated in Figure 2.8, a stability map
can be drawn which directly relates the stability of a food

to its Aw {Labuza, 1975}.

—_—
RELATIVE REACTION RATE

WATER ACTIVITY

Figure 2.8: Stability map for dehydrated and intermediatse
moisture foods (from Labuza, 1975)
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Z2.2.6 Predictive Eguaticns for Estimating Water Actiwvity

Sloan and Labuza (1%76) studied the applicability of ssveral
operations that have been used to predict the final 3 - of
some model food systems. Of those studied they £found that
the method suggested by Ross (1875) was a good predictor
of final 2., The Ross equation is of the Tollowing form:

Af = Ai X AH] X AH2 ¥ AHB’ etc

where Af is the final 8. of the system, Ai the initial a,
of the focod {(0.993, for meat, Scott, 1957) and AHT’ AH2'
etc. are the water activities of the individual humectants
at the total water content of the system. Thus the moisture

content/unit weight of each humectant is given as:

Welight water in meat + weight water in infusing solution
Weight humectant in infusing solution

and from the desorption isotherm for each individual

humectant AH A ettc. can be determined.

17 TH2Y

Webster et 24 {1879} have reported on the reproducibility
of the relaticonship between a, and water content for lean
meats processed by cook-socak eqguilibration in glycerol/salt
solutions and on how well the data £f£it the Ross sguation.
They have also described an empirical procedure based on
the method first proposed by Grover (1947) for confectionery
products that accurately vpredicts the final a& cf these
meats from the composition of tne infusing solution.

Grover (1847) suggested that the a; could be estimated from

the relationship:

{7

_ ERH _ - 2
Aw = T0G = 104 - 1Q E o+ 0.45 (ES}
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In this technigue the sucrose equivalent, E of the

S r
humectants is found from the equation:

ES = E1X1 + E2X2 I Ean

where E1, E2’ etc are empirical constants for each specific

component and

weight of component in system
weight of H20 in the system

X.], Ay etc =
It is apparent that crucial to the success of this eguation

must be the values assigned to the constants E1, Ez, En'

In the work of Webster e «f. (1979), they have used E values
cf 9.0 for NaCl + 2.2 for glycerol in glycerol/salt systems
and thelr results showed excellent agreement between the
experimental wvalues of a. and those predicted by the Grover
equation (as shown in Table 2.11}. This is within the
experimental error associated with the direct measurement

of a, with the Sina - equihvygroscope (Z 0.02).

Webster gt af . (1979) have noted that in this study all
the foods were prepared by desorpticn and it 1is well known
that adsorption isotherms are often wvery different from
desorption isotherms. Thus for foods prepared by adsorption
different E wvalues will apply. They {Webster eZ «f, 1979)
continued that the final a, of a system may vary with the
method of preparation which explain why Sloan & Labuza
{(1976) found the Ross equation to be a good predictor of
the final aW of an IM pet food prepared by blending the
ingredients while their study shows it to be a poor predicter

for cock-scak eguilibrated meats.

However, thev concluded that provided the above limitations

are borne in mind, the modified CGrover method can be used

with confidence in predicting final a values of cook-soak
W

equilibrated meats. They concluded further that the method was



Table 2-14; Comparison of &éxperimentally determined values of a for geveral ulycerol infused
intermediate woisture foods and the values calculated by the Ross eguation and
Grover method &

% G}ycergl .3 Sal? Ratio Measured Calc. a 'Calc. %W’
Food in infusing in infusing . W Grover
Food Soln. a Ross M
soln. soln,. W modified
Beef I,. doxrsi - 8.5 0.67 0.95 0.94 0.96
Beef L. dorsi 10 9.5 0.67 0.94 .91 0.95
Beef I,. dorsi 20 8.5 0.67 0.92 0.88 0.93
Beef L. dorsi 30 9.5 .67 0.91 0.886 0.90
Beef L. dorsi 40 9.5% 0.67 0.87 0.83 0.88
Beef L. dorsi 50 9.5 .67 0.84 0.79 0.84
Beef L. dorsi 60 9.5 0.67 0.79 0.75 0.79
Beef L. dorsi 70 9.5 0.7 0.75 0.69 0.74
Beef L. dorsi 80 9.5 0.67 0.70 G.63 0.68
Beef L. dorsi 90 9.5 0.67 0.62 0.57 -
Beef L. doxrsi 36 9.5 0.67 0.88 0.84 0.8%
Beef L. dorsti 35 9.5 0.67 g.90 0.83 0.89
Beef L. dorsi 35 0 0.67 0.95 0.93 0.95
Beef L. dorsi 35 5 0.67 0.92 0.89 0.92
Beef L. dorsi 35 10 0.67 0.88 0.84 0.89
Beaf L. dorsi 35 15 g.67 0.824 0.80 0.85
Beef L. dorsi . 35 20 0.67 0.80 0.76 0.80
Beef I.. dorsi 45 0 0.67 0.92 0.92 0.91
Beef 1. dorsi 45 5 .67 0.89 0.87 0.0
Beef L. dorsi 45 10 0.67 G.86 0.82 .88
Beef L. dorsi 45 15 g.67 0.81 0.77 .81
Beef L. dorsi 45 20 0.67 0.75 0.72 0.75
Ewe L. dorsi 35 8.5 0.67 0.87 0.83 0.89
Sow L. dorsi 35 8.5 0.67 0.87 0.83 0.89
Goat L. Dorsi 35 9.5 .67 0.87 0.83 0.8¢9
Lamb 44 7.4 8.57 .86 0.84 0.89
Ham 39 7.3 0.30 0.85 0.81 0.85
Peas 49 4.9 ¢.41 0.83 0.83 0.86
Onien , 47 6.3 0.45 0.85 0.83 0.86
green peTper 68 6.0 0.53 0.82 G.76 0.80
%qq noodlie 47 6.3 0.48 D.84 0.81 0.85

A .
From Webster ef a«f. {1979)



equally applicable to propylene glycol (E value 3.2)/salt
systems and sorbitol (E value 1.0)/salt systems.

2.2.7 Intermediate Moisture Food {(IMF)} Production Technicues

Karel (1976) and Heidelbaugh and Karel (1975} have reviewed
the methods used for producing IMF preoducts. Basically
they c¢an be divided into three areas i.e., molist or solute

infusion, dry infusion, and blending.

2.2.7.1 Moist or Solute Infusion

In moist or solute infusion method, solid food items are
scaked and/or cocked in a solution of appropriate
concentration so that the final product will have taken
up solutes and lost water in amounts to give the desired

water activity level and anti-mycotic levels.,.

Some raw materials which have been processed using this
method include: beef, pork, tuna, carrots, macaroni, and
celery (Brockman, 1970). The infusicon solution for such
foods usually contains & combination of glycerol, water,

salt and potassium sorbate.

2.2.7.2 Dry Infusicn

In <¢ry infusion method, solid food ypieces are first
dehydrated (generally freeze dried) and then infused by

soaking in a solution containing the desired osmotic agents.

Some IMF which have been made by this method include bite-
size ready-to-2at cubes of roast beeif, roast pork, barbecue
beef, barbecuve chicken, chicken a la Xing, bheef stew, corned

besf, c¢hili with beans, sausages and ham. These products
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were prepared by freeze dehydration of the solid ingredients
followed by their blending in a low speed mixer and
subsequent infusion. The iformuala of one of these product
is shown in Table 2.15. Fach product regquired specialised
infusion technigues in regards to seguence of addition and
method of addition of ingredients. In general, it was found
that 5-10% glycerol, about 5% gelatin and about 3% sorbitol
in the infusion solution and 7-12% ZIfat in the dry product
prrovided excellent physical binding properties. This
formulation also resulted 1in an acceptable texture and
minimum need for sugar with resultant reduction in browning
on storage at 38 c. The resulting moisture content and
water activities of these products are summarised in Table

2.16 {Karel, 1976}).

Table 2.15: Formula of ready-to-eat intermediate moisture
roast beef cubes @

Ingredients % by weight
Beef, cooked, ground, freeze-dried 51.00
Water distilled 12.00
Water as steam 4.941 5
Glycerol 6€.00
Pregelatinised starch 5.00
Gelatin (100 3loom) 5.00
Non-dairy coifee whitener 3.50
Sorbitol, dry 3.00
Soup and gravy base, Heef flavour 2.50
Sucrose 2.00
Salt 2.00
Hydrolysed vegetable protein, beef 2.00
Onions, dehydrated 0.50
Monosodium glutamate 0.25
Sorbic acid 0.20
Ascorbic acid 0.045
Black peppser 0.040
Ribotide 0.020
Citric acid 0.003 5
Total 100.000 O
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Table 2.,16: Analysis of examples of intermediate moisture

foods
Water Average Water
Cubes content percent pH Activit
(%) salt Y
Roast beaf 22.2 3.0 5.75 0.79
Barbecue beef 16.2 2.7 5.05 0.66
Roast pork 22.4 3.6 5.70 0.74
Barbecue chicken 19.7 4.0 5.20 0.70
Chicken a la King 14.9 3.6 5.90 0.581
Beef stew 17.3 3.7 5.80 0.65
Corned beef 16.2 5.4 5.8¢% 0.62
Chili with beans 13.9 2.6 5.65 0.79
Sausage 24,2 4.5 4,90 0.78
Ham 19.9 4.5 5.90 0.72
From Karel (197¢)
However, most o©of the examples c¢ited were formulated

specifically for the US defence and space programmes
{Erikson, 1982) and had been prepared from freeze-dried
solid ingredients. It is obvicus that with the freeze-
dehydration process, this IMF production technique will
be high energy reguiring and possibly too complicated

for many developing countries to adapt.
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2.2.7.3 Blending

In blending technique, the components of the final systen
are weighed, blended, cooked and/ocr extruded to give a

product of desired water activity.

The Dblending technique represents the principal method of
production of the economically successful intermediate
moisture pet foods. A typical intermediate moisture pet
feod will contain: chopped meat by-products 30-40%, cereal
30-40%, sucrose 15-20%, ©plus 1-2% of each of such
ingredients as: dicalcium phospvhate, dried non-fat milk
solids, propylene glycol, tallow, mono- and diglyceride,
salt, bacteriocides and nutritional supplements. Potassium
sorbate is wusually added to inhibit vyeast and moulds.
Colours and flavours are also commonly used. The fresh
or Zfrozen meat products may by pasteurized separately or
together with sugar, propylene glycol or potassium sorbate
oricr to addition of the remaining ingredients. An
alternative method is to blend all inqredients at one time
and pasteurise. The product may be extruded in the form
of chunks. A  typical ingradient feormula for a common

intermediate moisture animal focd is shown in Table 2.17.

Table 2.17: A typical formula for 'texturised' soft-moist

{intermediate moisture) pet food?

Ingredients Percentage
Meat and/or meat by-product 30-70
Sodium caseinate 7.5-25
Sugar 15-30
Propylene glycol 2-10
Starch g.5-10
Nutritional supplements 1-5
Flavour and cclour as desired

* From Karel (1976)



The blending technigue has the potential to be developed
as the least energy reguiring precess with 1its precise
levels of moisture (weighed in at the desiraed final level)
and the shert-time extrusion cooking. And in this method,
ingredients (e.g. additives and humectants) can be mixed
uniformly intc products at predetermined levels which will
be difficult tc do in diffusion dependent methods (Flink,
1977).



CHAPTER 3

MATERTALS AND METHODS

3.1 EXPERIMENT 1

The practical combinations of factors that were studied
in this experiment were heat treatment (F), pH, water
activity {aw), and redox potential (Eh}. Mild heat treatment
was chosen precause the available literature has indicated
that high moisture £food products (aw > 0.90) which were
the objective of this study, require a mild heat treatment as
one of the major controlling factors for stability {Fox
and Loncin, 1982). Their work was done in a model product
i.e., nutrient broth. The a s pE and Eh was chosen because
the sufficient decrease o0f these factors could inhibhit the
growth of surviving spores of bacilli and clostridia after
heat treatment. This could provide the stabilization needed
by the product Jduring storage of the product without
refrigeration. To be able to identify the practical levels

E=s

of combinations o©of these factors was the aim of this

experiment.

3.7.1 Design of Experiment

3.7.1.1 Selection of Ingredient

31010101 Humectants

The literature was surveyed to select suitable humectants
that ceould be used in the minced meat mixture to lower the
a - Criteria for selection were the =fficiency of the
humectant in lowering the a s thelr taste and cost. Among
the humectants considered, sorbiteol was chosen because it
nad the most acceptable taste, had a high level of effiiciency

in lowering tThe a_ s and is relatively cheap.
by



iIn this experiment the levels of sorbiteol that were tried
were 5%, 10% and 15%, These levels were chosen following
tests which showed that the minced meat product would have
aws of 0.96, 0.95 and 0.%4, respectively. The above levels
of sorbitol were also found to have a limited effect on
taste in the preliminary sensory evaluation test. The actual
aw achieved in the main experimental samples was variable,

due to other factors. This is discussed later.

3.17.1.,1.2 Acids

The awvailakle acids that can be used to adjust the pH of
the mixture are somewhat limited as shown by the literature
survey. This 1s because the amcunts and type of acids
permitted are carefully controlled by governmental agencies
responsible for food safety. Acetic acid was chosen mainly
because of its acceptable taste, solubility, and the
unrestricted amount that can be used (Appendix 1). Acetic
acid is widely known for food preservation particularly

in pickling meat, fish and vegetables {Baird-Parker, 1980).

In this experiment the selected pH wvalues were pH 5.5, 5.0
and 4.5. These pH values represent a range of values found
in many manufactured meats (see Table 2.2) and go down to
the maximum amount of acid which is considered acceptable

with respect to taste of this product.

The amount of acetic acid added was calculated from figure

3.1 to give the desired values of pH,.
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pH

1 L

0.0 0.2 0.4 d.é 0.8 1 0

% acetic acid

Figure 3.1: Reduction of pH of minced mutton meat by direct

addition of glacial acetic acid



3.1.1.2 Facterial Design

To analyse the combinations of factors that could ke used
for the development of a shelf-stable minced mutton meat
vroduct the experimental design selected was a full factoriazal
onn 5 variables plus a half-fraction factorial using even

higher levels as (x) (Table 3.1).

The experiment was divided into four run-experiments done
in blocks per day. Only 4 runs were done as only four water
activity readings could be deone in a day with four water
activity meters available. Each block to be prepared each

day was randomized using the random numbers.

The procedures for the preparation of samples with the
combinations of factors is summarized in Appendix 3 and
an example is shown 1iIn Figure 3.2. The treatments that
were given are described in detail in the succeeding
sections. The figures are shown to illustrate the sequence

of treatments which were applied to the minced mutton meat.



Takle 3.1:

Factorial design

Variable * *
(low level) (high level) (higher level)
1. Level of Humectant (sorbitol) 5% 10% 15%
2. pH {Acetic Acid) 5.5 5.0 4.5
3. Heat Treatment 30 50°C 75°¢C
4, Moisture Content (Drying) 68-70% 58-60% 48-50%
5. Packaging Materials low barrier medium barrier high barrier
film {cellulose) film {polythylene) film {Aluminium
foil)
Variable Variable Variable
Run 1 2 3 4 5 Run 1 2 3 4 5 Run 1 2 3 4 5
1 - - - - - 17 - - - -4 33 - - - - x
2 + - - - - 18 + - - - + 34 X - - - -
3 - + - - - 19 - + - - + 35 - X - - -
4 + + - - - 20 + + - - + 36 X b - - X
5 - - + - - 21 - - + - + 37 - - x - -
& + - + - - 22 + - + - + 38 X - s - pe
7 - + + - - 23 - + + - + 39 - bl pre - X
8 + + + - - 24 + + + - + 40 e X % - -
9 - - - + - 25 - - - + + 41 - - - X -
10 + - - + - 26 + - - + + 42 X - - X X
11 - + - + - 27 - + - + + 43 - X - X pie
12 + + - + - 28 ¥ + - + + 44 x % - % -
13 - - + + - 29 - - + + + 45 - - e X X
14 + - + + - 30 + - + + + 46 X - X X -
15 - + + + - 31 - + + + + 47 - X X X -
16 + + o+ o+ - 32 + o+ 4 + + 48 x X %X X X

LS
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Figure 3.2: An example of the order of sequence for the preparation of samples,

Block 1

Lay 11 (Runs 1 to 4)

4.8 kg Frozen Meat

Thawed overnight (16-18 hr)

Run 1
1.2 kg meat

Run 3
1.2 kg meat

Run 2
1.2 kg meat

Run 4
1.2 kg meat

l

A

Added 5% Sorbitol

Added 10% Sorbitol &dded 5% Scrbitol

Added 10% Sorbitol

¥

e -

Mixed in-Xenwood
Mixer for 6Q sec

Mixed in: Kenwcod
Mixer for 60 sec

Mixed:in Kenwood
Mizxer for 60 sec

Mixed in EKenwood
Mixer for el sec

¥

l

Adjusted pH
to pH 5.5

Adjusted pH Adjusted pH

to pH 5.5 to pH 5.0
i

Adjusted pH
to pH 5.0

Packaged in cellulose film
200 g per pack

-~

Stored at 30°C
~34% RH

HMC,

Evaluated a pack for
each run the following
day as initial evalua-
tion for TPC, a , pH,
smell and
appesarance

Intended evaluation
fortnightly for TPC, A
pH, MC, smell and
appearance




3.1.2 Preparation of Samples

2.1.2.17 Mincing of Meat

Eighty one kg of chilled boneless mutton meat was obtained
from Waitaki Internmational Ltd., Feilding and was transported
to Massey University Food Plant under ambient conditions.
Visible fat was removed manually using a sharp knife. Meat
was chopped manunally using a sharp knife into smaller pieces
(approximately 10 cm by 15 c¢cm} so that it could be minced.
The meat was ground in a Berry Meat Master Junior mincer
{denry Berry Ltd., Palmerstcen North, New Zealand) and was
then mixed for 3 minutes in a Xenwood mixer. Three batches
were done as the wmixer has the capacity of only 15 kg.
About a third of meat from each batch was pooled and this

was mixed again for 3 minutes.

rat content of the three different batches after the second
mixing was determined by the modified Babcock method
developed MIRINZ (1%86) for rapid determination of free
fat (Appendix 3). The average fat contents obtained were
6.5%, 6.0%, and 7.5%. This indicated that the batches of
minced meat were adeguately mixed and were comparatively

homogeneous in composition.

The minced meat was then vacuum-packaged in 3 kg portions

- o . . <
and was storsd frozen at -18°C until required.

3.1.2.2 Thawing of Minced Meat

Individual 3 kg packs of frozen minced nutton meat depending
on the amount of meat needed for the day were removed from
the freezer. Thawing was done at ambient conditions over-
night ({16-18 hours) prior to the day of preparation of

samples.
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3.1.2.3 Addition of the Ingredients

3.17.2.3.17 Sorbitol

Sorbitol was added first directly into a 1.2 kg portion
of minced mutton meat and was nixed with a K paddle
attachment in a Kenwood Food Processor for 30 seconds.
Scraps of meat on the wall of the container and on the
vaddle were scraped and mixed into the bulk of the meat.
The meat was then mixed again for 30 seconds. Although
it was realized that the a of meat was important to
control at the prescribed level of the treatment, this
was not possible pecause of very long time (7 hours)
berfore eqguilibration o¢f the aw meter and hence a stable
a,, reading. If &, had to be readjusted, it would take
another day before continuing the succeeding treatment.
This would greatly affect the microbial lcad of the meat
at the start of storage. Whatever a_ was observed at

the level of sorbitol that was added, this was reported.

3.1.2.3.2 Acetic Acid

Acetic acid in the reqguired amount of distilled water

for each run was then added directly into the minced

=

meat in one lot. {Addition of distilled water was to

maintain the same liguid addition for each run.) The
meat sample was mixed in the Xenwood HMixer with a K paddle
attachment for 30 saconds. Meat scrans from the walls
of the container and paddle were cleaned off and mixed
into the bulk of the meat. Another mixing of 30 seconds
was done. The pH measurements were made by direct insertion
of electrodes. If the pH obtained was with I 0.2 p&
units of the desired level, no adjustment was made.
Otherwise, the pid was adjusted Dby «carefully adding

undiluted acetic acid or adding more meat.
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3.17.2.4 Drving of Meat

The meat was dried in a tray cabinet dryer at 300, 50° and
75 °¢ being the temperatures which correspond to the heat
treatments reguired. The meat was spread about 2cm thick
cn nylon mesh screen (1.5 mm diameter) on the trays. The
meat was mixed twice during drving. The approximate times
of drying to reach the required moisture contents under
different drying temperatures are shown below. The dryer
was set to the same air velocity throughout. The meat
temperature was measured by using a Jenway thermometer
(Model 1001 with thermocouple attachment (sensor - NiCr/NiAl;
Range = -309C to +450°C)).

Dryving Reguired Approximate Hours
Temperature Moisture Content of Drving
30°¢ 58-60% 7
30° 48-50% 8
50°¢ 58-60% 4
75°¢ 48-50% 3

3.1.2.5% Heat Treatment

Meat which needed drying was considered to have received
the required heat treatment. Meat which did not need dryving
{i.e., samples with moisture content of 70%) was heat treated
in a water bath of 50°C or 75°C. The meat was stuffed into
130 mm diameter impermeable synthetic casings, sealed by
tying with a string, and then heated to achieve a centre
Ltemperature of 50°¢c or 75°%cC. The meat was heated for 4
and 3 hours to 50° and 75°C core temperatures, respectively.
Once the internal temperature reached the ©prescribed

temperature it was heated at that temperature for another

5 min.
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The centre temperature was measured by using a Jenway
thermometer {Model 1601 with thermocouple attachment
(sensor = WNiCr/NiAl; Range = -30° ¢ to +450° ). After

heating the meat was cocoled by immersing in crushed ice.

The meat samples reguiring a 30°C treatment were unheated
as all meat samples would be stored at 30°C in the walk-

in constant temperature room.

3.1.2.6 Packaging

Meat was packed 1intoc 200 g packs in cellulose, poly-
ethylene and aluminium foil packaging f£ilms. The meat was
heat sealed using ‘a Lindgren vacuum sealer  (Lindgren,

Sydney, Australia}.
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3.71.3 Storage Methods

3.7.3.17 Storage Conditions

Te simulate ambient conditions in the Philippines,; the meat
samples were placed inside 6 controlled-humidity cabinets
(see Figure 3.3) were stored in a 30 T 29c walk-in constant
temperature room. The Thumidity cabinets were made of
stainless steel and measured 30 x 40 x 25 c¢cm in width, length
and height, reaspectively. The front panel of the cabinet
which served as the sliding door was made of hard transparent
plastic material. The relative humidity inside the cabinet
was 84%. Saturated solution of potassium chloride {Appendix
4} was used to control the relative humidity in the cabinets.
The actual humidity was checked by putting the 1lid of the
water activity meter ("Aw-Wert Messer' manufactured by Firma,
LUFFT, Stuttgart, West Germany) inside the cabinets. The
samples were equilibrated {(16-18 hr) before the humidity

readings were taken.

3.1.3.2 Testing of Samples

The meat samples were to be evaluated fortnightly for pH,
meoisture content (MC}, water activity {aw), smell, appearance

and total plate counts (TPC).

3.1.3.2.7 pH Measurement

For pH measurement, ten grams of minced meat samples were
blended with 100 ml distilled water in a waring blender
for 60 seconds. Measurements of pH of the homogenate were
made using a digital-pH electrode (ORION Research Model
701A/digital ionalyzer). The pH meter was calibrated with

buffers at pH 4.0 and 7.0 before measurements.



o . - _

sali solution

Figure 3.3: Contreolled humidity cabinet



75

3.1.3.2.2 Moisture Content Determination

The AQAC {1980) method -24.003(a) for the determination

of moisture content (%) of the meat samples was followed.

3.1.3.2.3 Water Activity {aq) Determination

Meat samples were equilibrated at 30° ¢ overnight (16-18
hours) before measurement with a dial-type polyamide thread
hygrometers, (”aW—Wert Messer" manufactured by Firma, LUFFT,
Stuttgart, West Germany.) According to the manufacturer's
recommendations, calibration is performed using a saturated
solution of BaC12 (aw = 0.89 at 300(2) and adiusting the
indicator to this value with a set screw. However, in order
to improve the accuracy of a. measurements, calibration
was also performed with other saturated salt sclutions.
The instruments were checked against ammonium sulphate,
potassium chloride, and potassium sulphate soluticons with
a,s of 0.79, 0.84, and 0.97, respectively at 30° c.
Calibration curves for the four available instruments were

obtained as shown in Figures 3.4 to 3.7..

The instruments were kept in a constant walk-in temperature
room at 30°c % 2°C. The instruments were calibrated back
with a saturated solution of BaCl, after each water activity

reading of the meat samples.
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a
W

{calculated)

1/{ i N L] i e, 1

0.00 G6.75 0.80 0.85 0.90 0.95 1.00

a, (meter reading)

Figure 3,4 i Calibration curve for a, meter no. 1444 ot 30°¢
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Q
W

{calculated)

0.75

i L s L Lo A

0.00 0.75 0.80 0.85 0.90 0.95 1.00

a, {meter reading)

Figure 3.9.: Calibration curve for a, meter no. 1454 at 30°C
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1.00 T
0.95 T
6-:30 F
5 0.85 [
W
{calculated)
0.80 B
0.75 <
=
0.00 0.75 0.380 g.235 .90 0.95 1.00

a, (meter reading)

Figure 3.5: Calibration curve for a, meter no 1433 at 30°C
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Figure 3. 7 :
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Colibration curve for a. meter no 1434

-
}' i L e i L
N076.75 0.80 0.85 0.90 0.9s3 1.00
a (meter reading)
W
at 30°¢C
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3.1.3.2.4 Total aAerobic Counts

Ten grams of minced meat were aseptically weighed into a
sterile stomacher bag. Ninety mls of sterile {0.1% {w/v))
peptone were added to the samples. Samples were blended
in a Ceolworth Stomacher {model 400, A.J. Seward, Blackiriars
Rd, London, England) for 60 sec and serially diluted in

sterile 0.1% peptone.

To determine total numbers of bacteria, samples were plated
with molten (45-SOOC) plate count agar (PCA) and incubated
at 37°C for 48 hr. Analysis was performed in duplicate
petri dishes. The peptone used was obtained from BDH
Chemicals Ltd., Palmerston North, New Zealand and the plate
count agar from BBL Microbiology Systems, Cockeysville,

Maryliand, U.S.A.

'3.1.3.2.5 Smell and Appearance

If any off-odours and/or slime were observed at the time

of testing of samples, they were noted.



81

3.2 EXPERIMENT 2

3.2.1 Design of Experiment

Another 2 blocks of 4-experimental runs were done to verify
the limited trends observed in Experiment 1 about the major
controlling factors and the practical levels that would
extend the shelf-life of minced mutton meat stored at 30°C

with about 84% RH.

Based on the results of Experiment 1, pH levels and moisture
contents were the major controlling factors responsible
for the microbial stability of minced wmutton meat. This
was examined in greater depth in this experiment. The first
block of this experiment was done to investigate the effect
of two levels of pH (4.5 and 4.0) and two levels of moisture
content (70% and 50%} in extending the sheli-life of minced
mutton meat. The possible contrelling effect of reducing
the a, below 0.95 by the addition of more (20%) sorbitol
had not been established. Addition of more sorbitol was
considered because the levels used had not been successful
in consistently lowering the a, below 0.95. 20% sorbitel
was set as the maximum level that could be added without
producing two sweet a meat product which would be less
acceptable. Hence 1in this block, 20% sorbitol was added

in all samples.

The second block of this experiment Iinvestigated the effect
of two storage temperatures (30° and 20°) and two pH values
{ptl = 4.5 and 4.0) and on the shelf-l1ife of minced mutton
meat, 0.1% potassium sorbate was added to all samples
because 1initial results obtained in Experiment 1 and in
the first block of this experiment showed that the growth
of moulds interfered in the evaluation of the effect of

the variables being considered. All samples had 20% sorbitol

and 50% moisture content.
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3.2.2 Preparation of Sample

3.2.2.1 Minced Meat

Minced meat samples were taken from the sams lot of meat

prepared in Experiment 1.

3.2.2.2 Thawing of Msat

The same thawing procedure as in Experiment 1 was followed.

.2.2.3 Addition of the Ingredients

Lad

Sorbitcl and acetic acid were added in the same manner
as in Zxperiment 1. In the second block of this experiment,

potassium sorbate was added at the same time as sorbitol.

3.2.2.4 Drving of Meat

The same procedure for drying the meat asin =Zxpsesriment 1 was
followed except that drying was only done at 309 ¢

temperature to reach 48 - 50% moisture contant.

3.2.2.5 Packaging

Meat was only packaged in polyethylene bags in 200 g packs.
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3.2.3 Storage Methods

The same storage methods as in Experiment 1 were applied
in this experiment except that the testing of samples
was done every week instead of every fortnight. This
was because 1t was observed in the first experiment that

most of the meat samples had detericorated at some period

less than two weeks.
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3.3 EXPERIMENT 3

3.3.1 Design of Experiment

A 3 x 5 full factorial design based on 2 storage
temperatures (BOoand 2OOC) was used. Five levels of acetic
acid (1.0, 2.5, 5.0, 7.% and 10.0%}, and three levels

of sorbitel (0, 15 and 20%) were used.

Levels of acetic acid instead of pH values were considered
in this experiment in order to achieve the same number
of mixing and mixing time for every sample. This was
considered to be as important in obtaining the same micro-
biological level at the start of storage. However, it
was found that the pH values obtained corresponding to
the different levels of acetic acid used were within

acceptable limits. This is shown in Table 3.2.

Table 3.2: Lowering of pH of minced mutton meat by

addition of acetic acid

Level of Acetic Acid (%)

Replicate 1.0 2.5 5.0 7.5 10.0
1 4,38 4,08 3.76 3.63 3.54
2 4.36 4.03 3.78 3.60 3.49
3 4.38 4.10 3.77 3.60 3.54
4 4,39 4.05 3.80 3.68 3.56
5 4. 47 4.14 3.85 3.63 3.54
3] 4.46 4,08 3.83 3.61 3.52
Mean (X) 4 41 4.08 3.80 3.62 3.53
Range (R} 0.11 0.11 $.09 0.08 0.07
Standard

Deviation (UQ_T)O.OS 0.04 0.04 0.03 0.02
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2.3.2 Preparation of Sample

3.3.2.1 Mincing of Meat

The same procedure as in Experiment 1 was followed but
instead of chilled meat, frozen boneless mutton meat was
used. This was the only available meat at the time of

purchase from Waitaki International Ltd., Feilding.

3.3.2.2 Thawing of Meat

The same procedure as in Experiment 1 was followed.

3.3.2.,3 Addition of Ingredients

The same procedure was followed in adding sorbitol but in
the addition of acetic acid, no attempt was made to readjust
the pH levels. This was done to have consistent mixing
for all samples. Hence, whatever the pH wvalues obtained
for the particular levels of acetic acid considered, this

was reported.

3.3.2.4 Packaging

Meat was packaged in polyethelene bags in 200 g packs.

Only polyethylene film was used in this experiment as it
was shown in Experiment 1 that the use of high barrier film
such as aluminium foil film did not apoear to extend the

shelf-life of minced mutton meat. Packages were heat sealed

by Lindgren wvacuum sealer (Lindgren, Sydney, Australial.
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3.3.3. Storage Methods

In this experiment, two storage temoeratures (30O and
2OOC} were considered. Meat samples were stored at either

30 ¥ 2°C or 20 £ 2°C walk-in constant temperature rcoms.

The same testing procedures as in Experiment 1 were done
except for a., measurements and periods of sampling.
The a. measurements were not taken in this experiment
because the water activity meters broke down. Sanmpling

was performed a2t 0, 14, 28 and 56 days of storage.
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3.3.4 Taste Panel Test

Taste panel tests were designed to determine the accept-
ability of minced mutton meat with reduced pH with regards
to its sensory properties. Minced mutton meat Was

prepared with and without sorbitol, salt and spices.

Ffour or five Filipino panelists, depending on their
availability, were asked to taste the products on two
geparate c¢ccasions. They were initially briefed on the
terms and scales that were to be used in the guestionnaire
and sensory values to assess. They were informed of
the objective of- the test which was Lo be able to
describe the flavour of an acidified meat product and
to determine its acceptability. Descriptive scoring
was used in this test. The guestionnaire used is included

in the Appendix 5.

Samples for flavour evaluations were prepared in
accordance with AMSA guidelines ({1878). Uniform patties
were formed by shaping 80.0 T oo.s g of minced mutton
meat in standard size (60 mm x 15 mm) disposable petri
dishes. After forming, samples were pan fried in an
electric skillet which was preheated and maintained at
the same temperature setting during cooking. Patties
were cooked for 4 min on each side {(well done}), cut into
8 bite size wedges and served immediately on white china
pilates. Panelists were instructed to rinse their mouth

with water in between samples when needed.

The panelists were presented with two coded samples on
each o¢ccasion. In the first evaluation, the samples
presented were mutton meat wpatties with two levels of
acetic acid i.e., 1.0% and 2.5% corresponding to pH = 4.4
and 4.1, respectively. In the second evaluation, the
samples presented were mutton meat patties with the same
two levels of acetic acid but cther ingredients were
added. The other ingredients added were 20% sorbitol,
1.75% salt, 1.0% garlic powder, and 1.0% ground »nlzack

pepper. The panelists were
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asked to indicate on the guesticnnaire their description
of the sour flavour intensity and the acceptability of
the samples. A 5~point scale was used for the assessment
- 5: very acceptable, 4: acceptable, 3 slightly
acceptable, 2: unacceptable, 1: very unacceptable. Scores

for sour flavour intensity were 5: none, 4: slightly

noticeable, 3: recognizable, 2: pronounced, 1: wvery
pronounced.
After evaluation ithe scores were added and averaged. An

average score of 3 for both criteria was considered an

acceptable product.
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CHAPTER 4

RESULTS

4.1 EXPERIMENT 1

Tables 4.1 and 4.2 show the summary of the effect of various
combinaticons of preservative factors on the shelf-life of
minced mutton meat stored at 30°C with about 84% relative
humidity (RH}. The combinations of factors studied were
three levels of sorbitol (5.0, 10.0 and 15.0%), three pH
values (5.5, 4.5 and 4.0), three heat treatments (30°, s50°
and 75° C), three levels of moisture content {70, 60 and
50%) and three types of packaging material {cellulose,
polyvethylene and aluminium foil f£ilms). The standards for
end of shelf-life were based on an increase in number of
microorganisms {TPC), changes in pH and development of off-
odours. Samples were to be evaluated fortnightly but this
proved to be too long for samples had spoiled, as indicated
by either presence of mould growth and/or detection of foul
smell (putrefied odour), even before the second evaluation.
Exceptions were runs 42, 43, 47 and 48, Because of the
obvious putrefaction and/or presence of mould growth on
samples, it was unnecessary to do all the testing methods
(TPC, a, pH, moisture content) on all samples. -~ Hence,
the shelf-life determination was initially based on physical

observations of the meat samples.

A shelf-life of more than 14 davg but less than 28 days
was observed in runs 42, 43, 47 and 48. The specific
combhinations ¢of factors involved in these runs are enumerated

below (extracted from Table 4,2).



Table 4.1: Shelf-life of minced mutton meat during storage at 30°C with various combinations of factors
Combination of Treatments lTPC {37?C}
- o colonies
Run sOiiziél o g” ual Trzgiient cOggéigufZ) Packaging (f gé% granm Shelf-1life
() (a ) Reduired (Actual) (°¢) Required (Actual) Material ztgiggé6;183g£c {days)
5 5 (0.96) 5.5 {5.31] 50 70 (74.3) Cellopbhane - <7
6 10 {0.97) 5.5 (5.31} 50 70 (74.4) Cellophane - <7
7 5 {06.95) 5.0 {(4.78) 50 70 (74.6} Cellophane 3.67 <7
8 10 (0.96) 5.0 {4.76) 50 70 (72.5) Cellophane 6.72 <7
S 5 (0.99) 5.5 {5.26) 30 60 (63.4) Cellophane 5.52 <14
10 10 (6.96) 5.5 (5.28}) 30 60 {63.1) Cellophane 4,92 <14
11 S {(0.97} 5.0 (4.83) 34 60 (63.9) Cellophane 3.28 <14
1216 (0.96) 5.0 {(4.92) 30 60 (62.8) Cellophane 3.38 <14
13 5 - 5.5 (5.50) 50 60 {58.8) Cellophane 6.38 <14
14 10 (0.99) 5.5 (5.49) 50 60 (58.6) Cellophane 6.40 <14
15 5 - 5.0 {5.23) 50 60 (60.4) Cellophane 5.00 <14
16 10 (0.98) 5.0 (5.18) 50 60 (58.5) Celliophane 4,78 <14
21 5 {0.97) 5.5 (5.27) 50 70 {(70.8) Polyethylene 4.92 <14
22 10 (0.97} 5.5 {(5.29) 50 70 {72.4) Polyethvylene 4._88 <14
23 5 (0.97) 5.0 (4.79) 50 70 (73.8) Polyethylene 3.34 <14
24 10 (0.87%) 5.0 {4.78) 50 70 (71.5) Polyethylene 2.93 <14
25 S (0.97} 5.5 (5.28) 30 60 {59.3) Polyethylene 3.92 < 7
26 10 (0.97}) 5.5 (5.06) 30 60 (59.6) Polyethylene 3.87 < 7
27 5 {0.97) 5.0 {4.99) 30 60 (59.86) Polyethylene 3.84 < 7
28 10 (0.97) 5.0 {4.94) 30 60 (60.0) Polyethylene 3.99 < 7
29 5 (0.96) 5.5 (5.63) 50 60 (57.4) Polyethylene 6.00 < 7
30 10 (0.96} 5.5 {5.56) 50 60 {56.6) Polyethylene 5.207 < 7
31 5 {0.96) 5.0 (5.24) 50 60 (57.4) Polyethylene 5.04 < 7 o
32 10 (0.9%6) 5.0 (5.24) 50 60 (57.0) Polyethylene 5,04 < 7 i

i
L]

-} not determined



Tabhle 4.2:

Shelf-1life of minced mutton meat during storage at 30°C with various combinations of

factors
Combination of Treatments TPC (37°C)
Run Scaiﬁ\iriil ooy pH Heat Moisture Packaging {%Ogég ;gi?lesj Shelf-1life
(%) (a ) equired {Actual} Tregtment antent (%) Material After 16-18 hg {days)
W {(7C) Reguired (Acktual} storage at 30°C

33 5 {0.96) 5.5 {5.33) 30 70 {69.5) 41 foil 4.61 < 7
34 15 (0.98) 5.5 (5.32) 30 70 (867.8}) Cellgphane 4.08 < 7
35 5 (0.98) 4.5 (4.35) 30 70 (70.6} Cellophane 2,40 7 <14
36 15 {0.97) 4.5 {4.30) 30 70 {(70.0) A} foil 2.00 T <14
37 5 (0.96) 5.5 {5.286) 75 70 {72.8) Cellophane 6.18 <14
38 15 - 5.5 (5.28) 75 70 (68.0) Al foil 3.63 <14
39 5 {(.98) 4.5 (4.47) 75 70 {72.2) Al foil 2,00 <14
40 15 - 4.5 {4.41) 15 70 (70.6) Cellophane 3.75 <14
49 5 (0.97) 5.5 {5.28) 30 50 (50.8) Cellophane 4,96 <14
42 15 {(0.95) 5.5 {5.32) 30 50 (50.5} Al foil 5.49 >14 ~28
43 5 (0.96}) 4.5 (4.58) 30 50 (51.7} Al foil 5.26 >14 <28
44 15 {0.95) 4.5 (4.44) 30 50 {51.7) Cellophane 5.23 > 7 <14
45 5 {0.96) 5.5 {5.68) 75 50 {49.1) Al foil 5.34 > 7 <14
46 15 (0.95) 5.5 {5.71) 75 50 {48.7) Cellophane 5.54 <74
47 5 {0.96) 4,5 {4.76) 75 50 (49.0) Cellophane 3.23 >14 <28
48 15 (0.93) 4.5 {4.79) 75 50 (48.5) Al fopil 3,23 >14 <18,
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Combination of Treatment Shelf-1ife
Run (days)
gizgitgf Heat Moisture  Packaging
pH Treatment  Content Material
(a )} o) o
W {°C) {%)
42 15(0.95) 5.32 30 50.5 Al foil >14 < 28
43 5{0.96) 4.58 30 5.7 Al foil >14 < 28
47 5{0.96) 4.76 75 49.0 Cellophane >14 < 28
48 15(0.93) 4.79 75 48,5 Al foil >14 < 28

A shelf 1life of more than 7 but less than 14 days were
observed in runs 35, 36, 44, and 46. The specific
combinations of factors involved in these runs are

enumerated below {(extracted for Table 4.2}.



a3

. Combination of Treatment Shelf-life
Level of Heat Moisture .
Sorbitol P Treatment Content Packag}ng
[a) Matearial
{a ) (O (%)
v
35 5(0.98) 4,35 30 70.6 Cellophane >7 <14
36 15(0.97) 4,30 30 70.0 Al foil >7 <14
44 15(0.95) 4,44 30 51.7 Cellophane >7 <14
46 15(0.95} 5.7 75 48.7 Cellophane >7 <14

However, it is possibkble that those runs {possibly 37 <o
41, and 45} which were evaluated only after 14 days had
a shelf-life also in between 7 and 14 days. Nevertheless,
the above observations were still given to show the
combination o¢f factors which were already identified in
this experiment that would give a shelf-life of mcecre than

7 but less than 14 days.

The runs which had a shelf-life of 1less than 7 days were
Runs 5 to 8, and 25 to 34. All of these runs except Runs
33 and 34 had combinations of factors at levels which
were referred here as at "low" (-) and "high" (+} levels
{zee Table 3.1). Runs 33 and 34 had one variable at a
level which was referred here as at a "higher" level (x)}.
The specific combinations of factors and the values

invclved are shown in Tables 4.1 and 4.2.

Based on above results it was unnecessary to do the last
2 blocks of the experiment {Runs 1 te 4 and 17 tc 20)
which would have the same levels of treatments as ERuns
5 to 8 and 25 to 22 but only with different combinations

of factors.

{H]

dowever, multiple linear regression analysis was dom
to describe the relationship between the total plate count

(379°C) after 16-18 hcurs in storage of minced mutton meat



34

at  30%% and the different preservative factors being
considered. This was done to determine which among the
various factors had the greatest effect on the micro-
biological stability of minced mutton meat during storage
at 30°c. Hence, these f{factors would be worth retaining
to examine 1in greater depth 1in succeeding experiments.
The TPC was used as the dependent wvariable as it was the
only guantitative data taken for all the samples after

they had been in storage for the same fixed of time.

The results of the regression analysis from the data
extracted in Tables 4.1 and 4.2 are given in Tables 4.3
and 4.4, respectively. Table 4.3 shows that TPC's were
highly affected by pH and heat treatmsnt among the factors
that were considered. Table 4.4 shows that TPC's were

most affected by pH and moisture content.

Table 4.3: Multiple linear regression analysis describing
the_relationships between the total plate count
{37°C) after 16~1g hours of storage of minced
mutton meat at 30°C and the various preservative

factors (n = 22)a
Predicto;‘ Coefficient Stapda?d T—rétio =
{Preservaiive deviation Coeff/S.D.
Factery™ - of coef

Constant 4,3904 0.2162 20.31
Level of sorbitol 0.0545 0.1673 0.33
nH -0.5027 0.1712 ~2.94%
Heat treatment 0.6950 0.1962 3.54%
Moisture content 0.3946 0.2162 1.83
Packaging material -0.3394 0.1712 -1.98

@ Data extracted from table 4.1

* Significant at 5% level

R% = 60.9%



Table 4.4 Multiple linear regression analysis describing
theorelationships between the total plate count
(37°C) after 16—1% hours of storage of minced
mutton meat at 30 °C and the various preservative
factors {(n = 18&)
Predictor Standard T-ratio =
{Preservative Coefficient deviation LT B
Coeff {(S.D.)
Factor) of coef
Constant 4,1831 0.2496 16.76
Level of
scrbitol ~0.0644 0.2496 -0.26
pH -0.7856 0.2496 -3.19%
heat treatment ~0.0706 0.24%6 -0.28
moisture content 0.6019 0.2496 2.47%
packaging
material ~-0.2381 0.2496 -3.85

a Data extracted from Table 4.2
* Significant at 5% level

R? = 63.03

Table 4.5 {(extracted from Tables 4.1 and 4.2} summarizes
the water activities of minced mutton meat which were
observed based on the three different levels of sorbitol
that were added. The addition of 5, 10 and 15% sorbitol
resulted average aw's of 0.967, 0.967 and 0.955, respect-
ively. However, the water activity range obtained for
each sorbitol level was observed to be large. The addition
of 5% sorbitol gave a range of water activities from 0.85
to 0.99; 10% sorbiteol from 0.96 to 06.99; and 15% sorbitol
from 0.93 to 0.98.

Table 4.5: Water activity of minced mutton meat based on
three levels of sorbitol addition

Level of No. of Standard
Sorbitol - Mean Minimum Maximum Deviation
- Sample
(%) { J
n-1
5 18 0.967 0.95 0.9% 0.0097
10 12 0.967 0.96 0.99 0.0097

15 6 0.855 0.93 0.98 0.0176
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4.2 EXPERTIMENT 2

The end of shelf-life of the minced mutton meat treated
with a combination of two pH wvalues (4.5 and 4.0) and
two moisture contents (70 and 50%) stored at 30°¢C was
indicated by an increase in total plate count (TPC)} and/or
the development of off-odours as shown 1in Table 4.6.
Minced meat with pH wvalues of 4.4 and 4.6 spoiled within
seven days, while those with pH wvalues of 4.1 and 4.3
were stable within 21 days of storage, irrespective of
the two levels of moisture content tried in this experiment.
An increase of 2 to 3 log units in TPC was observed in
the former samples, while small {(increase of about 1 log
units} or no increase or even a decrease 1in TPC was

observed in the latter samples.

Slight rancidity was detected in the meat samples with
pH values of 4.1 and 4.3 at 21 days of storage but this
was not considered thelr end of shelfi-life. However,
the putrefied smell was considered objectionable and was
only observed in meat samples with pH of 4.4 and 4.6 at

21 and 14 days of storage, respectively.

No positive effect from reduction 1in moisture content

within the limits of this experiment was evident.

The presence of moulds was only observed in meat samples

with pH of 4.6 and 48% moisture content.

Table 4.7 shows the summary of the effect of two pH values
{4.5 and 4.0) on the shelf-life of minced mutton meat
stored at 30° or 20°C. The difference in the treatments
cf this block from the former {refer to Table 4.8) was
that 0.1% potassium sorbats was added in all the meat
samples. This was done to remove the interfering effect
of mould growth which was observed previously (Table 2.6

and in Experiment 1).



a
Table 4.6: Total plate count (37OC), pH, moisture <ontent and a, of minced mutton mweat

with combination of two pH values and two moisture contents during storage at BOOC‘

Selected Combination
of Treatments

Actual
Total Plage Actual Moisture
Moisture Days Count 377C pH Content Qff
i Content in (log1 colonies duxring {%)during a, Odours/
(%) storage pgr gram) storage storage Moulds
4.5%0.2 68-70 0 3.00 4.38 68.18 0.94 No
7 6.59% 4.45 67.64 0.94 No
14 7.83 4,42 65,87 0.93 Yes {81, rancid)
21 6.96 4.16 66.60 0.95 Yes {putrid)
48-50 0 4.28 4.59 48.13 0.94 No .
7 6.28% 4.78 46.70  0.94  Yes¢irancid)
{molds)
14 4_95 4,68 48,26 0.9%4 Yes {putrid)
4.0%0.2 568-70 Q 2.60 4.06 68.68 0.95 No
7 <2.00 4.10 70.G7 0.95 el
14 ¢<2.00 4.15 68.86 0.95 No
21 3.20 4,22 67.37 0.92 Yeg {S1. rancid}
28 6.87% 4,11 67.40 0.95 Yes (8l. rancid
but net putrid)
48-50 0 3.73 4.26 48.39 0.92 No
7 2.48 4,35 49.7¢6 0.95 No
14 2.30 4.35 48 .47 0.93 No
21 ¢<2.00 4_.490 48 .04 0.92 Yes (81, rancid}
28 6.08% 4,37 48.86 0.92 Yes (81. rancid

but not putrid)

[l

All samples had 20% sorbitol and packaged in polyethylene bags

*  Stars indicate end of shelf-life

L5



Table 4.7: Total plate count (3700), pH, molisture content and a

with two pH values and two storage temperatures

oi minced
w

a
mutton meat

Selected Combination
of Treatments

Total Elage Actual
Storage Davs Count (37 7C) pi Moisture
D Temgerature in (log10 colonies during Content a, off
{7C) storage per gram} storage {%) Odours

4.5%0.2 30%2 0 3.95 4.59 48 .27 0.94 No
7 4,76 4.69 48.62 0.93 Yes (8l. rancid}
14 3.70 4,78 49,08 0.92 Yes {(S81. rancid}
21 2.60 4,73 46.78 0.93 Yes (8l. rancid)
35 T.T74%* 4.75 47.06 - Yes (81, rancid}

2052 0 4.04 4.63 47.85 0.95 No

7 3.08 4.69 47.13 0.94 No

14 <4,00 4,73 47.99 0.91 No

21 - - - - -

35 5.581 4,72 49,34 - No

4.0%9.2 30%2 0 3.23 4.21 47.96 0.94 No

7 <2.00 4,26 48 .55 0.93 No

14 <2.00 4,33 49.14 0.91 No

21 <2.00 4,33 48,22 0.92 No
35 <2.00 4,33 48 .06 - Yes (S1. rancid)

2052 0 3.28 4,21 47.64 0.92 No

7 2.40 4,23 47.00 0.95 No

14 <2.00 4. 34 47.50 0.92 No

21 2.00 4.28 46 .42 .95 No

35 <2.00 4. 31 48.64 - No

a
in polyethylene bags

{-) Not determined
*

Stars indicate end of shelf-life

All samples had 20% sorbitol, 48-50%

Moisture Content, 0.1% Potassium Sorbate and packaged
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An improvement in shelf-life of minced mutton meat was
observed with the addition of potassium sorbate at all pH
values. Minced meat with a pH of 4.6 and moisture content
of 48% showed an extension of shelf-life from 1less than
7 to 21 days during storage at 30°Cc. Minced meat with the
same pH and moisture content had a shelf-life of 35 days
at 20°c. The minced meat with a pH of 4.2 and moisture
content of 48% also had 35 days of shelf-life at 30°C and
207 C. Shelf-1life 1in this experiment can be assumed only

up to 35 days as subsequent tests were not taken.

Slight rancidity was detected only in meat samples stored
at 30%°c. Slight rancidity was noted in meat samples with a
pH of 4.6 at seven days of storage and in meat samples with

a pH of 4.2 at 35 days of storage.

NV ERSITY
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4,3 EXPERIMENT 3

Tables 4.8 and 4.9 show the summary of the effect of
combinations of 5 levels of acetic acid and 3 levels of
scrbitol on the shelf-life of minced mutton meat stored
at 30°C and 20°C. The levels of acetic acid selected were
1.0, 2.5, 5.0, 7.5, and 10.0%. The pH wvalues obtained
based on the above addition of acid levels were 4.4, 4.1,
3.8, 3.6 and 3.5, respectively. The 1levels cf sorbitol
selected were 0, 15, and 20%. The standards for the end
of shelf-life were based on an increase in total plate count
(TPC) and/or the detection of putrefied odours. The
delineation between a stable and an unstable product was
guite apparent by the substantial increase (more than 2
log units) in TPC and the subseguent dJdevelopment of putrid
odours after ancther one or two weeks 1in storage. This

was established based on the data obtained from Experiment

2.

To allow the data from Tables 4.8 and 4.9 to be more readily
analyzed, they are presented graphically in Figures 4.1
to 4.6. The £figures show more specifically the greatest
individual effect of pH on the microbiological stability
of the minced meat product. It was consistently shown that
minced mutton meat samples with a pH of 4.4 only had less
than 14 days of shelf-life compared to meat samples at pH
4.7 or below which had up to 56 days shelf-life irrespective
of storage temperatures (30O and ZOOC) and levels of sorbitol
(0, 15, and 20%). Exceptions were the minced meat products
with pH of 4.1 and 15% sorbitol at 30° and 20°C, which were
assumed to have a shelf-life of only more than 28 days but
less than 56 days. An increase of 4 log units in TPC was
observed at the £f£inal test conducted on the above mentioned

meat samples, although no putrefied odours were detected.

Putrefied odours were only detected in minced meat samples

with a pH of 4.4 beginning at 14 davs in stcorage irrespective



Table 4.8:

and 20°C

Total plate count (37°C) of minced mutten Meat® with combinations of 5 pH values
3 levels of sorbitol during storage at 30

and

Total Plate Count (37°C)
(1og1O co1onies per gram)

Level of Days 30°¢C Storage Temp 20°C Storage Temp
Acetic Acid in 0% 15% 20% 0% 15% 20%
(%) storage Sorbitel Sorbitol Sorbiteol Sorbitol Sorbitol Sorbitol
1.0 0 3.53 3.95 3.64 3.59 3.75 5.92
(pH=4.4) 14 8.49 6.92 6.73 8.15 7.74 7.61
28 8§.78 7.20 6.85 7.11 7.91 7.46
56 8.08 8.00 6.97 7.1 7.26 7.85
2.5 0 < 2.00 3.52 2.54 2.65 2.18 2.18
(pH=4.1) 14 < 2.00 < 2.00 < 2.00 < 2.00 < 2.00 5.36
28 3.66 < 2.00 < 2.00 < 2.00 2.54 < 4.00
56 < 2.00 6.78 < 2.00 < 2.00 6.74 < 2.00
5.0 0 2.40 2.40 < 2.00 < 2.00 < 2.00 < 2.00
(pH=3.8) 14 < 2.00 < 2.00 < 2.00 < 2,00 < 2.00 3.5%
28 2.70 < 2.00 < 2.00 < 2.00 < 2.00 < 2.00
56 < 2.00 < 2.00 2.85 < 2.00 2.86 < 2.00
7.5 0 < 2.00 2.30 < 2.00 < 2.00 < 2.00 < 2.00
(pH=3.96) 14 3.04 2.74 2.18 3.71 2.30 3.11
28 2.00 2.00 < 2.00 3.78 < 2.00 < 2.00
56 < 2.00 < 2.00 2.65 < 2.00 < 2.30 2.36C
10.0 0 < 2.00 < 2.00 < 2.00 < 2.00 < 2.00 < 2.00
(pH=3.5) 14 < 2.00 2.18 < 2.00 2.48 < 2.00 < 2.00
28 < 2.18 < 2.00 < 2.00 3.23 < 2.00 < 2.00
56 < 2.00 < 2.00 2.48 < 2.00 < 2.00 < 2.00

a

All samples had 0.7% Potassium sorbate and packaged in polyethylene bags.

LOtL



Table 4.9: Development of off-odours in minced mutton wme £ witg combinations of five pH values
and 3 levels of scrbitcol during storage at 30" and 20°C
Level of - Off-Odours - .
Acetic Acid Days in 30°C Storage Temp. 207C Storage Temp.
(%) Storage 0% 20% 0% 15% 20%
Sorbitol Sorbitol Sorbitol Sorbitol Scorbitol Sorbitol
1.0 0 - ~ - - - -~
{pH=4.4} 14 X X bl X X
28 X X X X X %X
56 X X KX XX X KH
2.5 0 - - - - - -
{pH=4.1} 14 - - - - - -
28 - - + - - +
56 + - ++ + - +
5.0 0 - - - - - -
(pH=3.8) 14 - - - - - -
28 + + + - - -
56 + + + + - -
7.5 0 - - - - - ~
(pH=3.6) 14 - - - - - -
28 - - - - - -
56 - - - - - -
10.0 0 - - - - - -
{pH=3.5) 14 - - - - - -
28 - - - - - -
56 - - _

El

all samples had 0.1% Potassium sorbate and packaged in
(-} No off-odours

{+) Sl. rancid
(++)rancid

(x) S1.

putrid

(xx)putrid

polyethylene bags

20t
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of storage temperatures and levels of sorbitol which were

tried in this experiment (Table 4.9).

Slight rancidity was detected at 28 and 56 days of storage
in meat samples with pH of 4.1 and 3.8 but not at all lewvels
of sorbitol (Table 4.9). More meat samples ({9 packets)
stored at 30°C developed rancidity than those stored at
20°C (4 packets).

Rancidity was hard to detect in samples with higher levels
of acetic acid because o¢f the pronounced acid (vinegar-

like} smell observed in these samples.

Table 4.10 shows the pH changes in minced mutton meat with
combinations of five levels of acetic acid (1.0, 2.5, 5.0
7.5 and 10%) and 3 levels of sorbitel (0, 15, and 20%)
during storage at 30° and 20°c. To clearly illustrate the
trend in changes in pH from the data in Table 4.10, these
are presented graphically in Figures 4.7 to 4.12. The figures
show that it was only the samples with 1.0% level of acetic
acid which had substantial 1increase or decrease ({(depending

on levels of sorbitel addition and storage temperatures)

in pH during storage.

In minced meat with no sorbitol added, there was an increase
in pH observed during storage at 30° and 20°C. At a 15%
sorbitol level, a decrease in pH was observed at both storage
temperatures. However, 1in minced meat with 20% sorbitol
added, different trends (depending on storage temperatures)
were observed in changes in pH. A decrease in pH was observed

at 30°¢C storage temperature and an increase was observed

at 20°c.

Table 4.11 shows the molsture content of minced mutton meat
with combinations of 5 pH values {4.4, 4.1, 3.8, 3.6 and
3.5) and 3 levels of sorbitol {0, 15, and 20%) during storage

at 30°C and 20°cC. Moisture content for all samples did not

substantially vary during storage.



Table 4.10: Changes. in pA of minced mutton mgat with Sombinations of-5 pH values and 3 levels of
sorbitol during storage at 30°C and 20°C

e} pH o
Level of Days 307C Storage Temp 207 Storage Temp
Acetic Acid in 0% 15% 20% 0% 15% 20%
(%) Storage Sorbitol Sorbitol Sorbitol Sorbitol Sorbitol Sorbitel
1.0 0 4.46 4_.38 4.38 4,47 4,39 4.36
14 4,79 4,63 4.63 4.53 4,45 4.52
28 4,92 4.39 4,37 4,66 4.63 4.80
56 4.93 4.21 4 .22 4,61 4,18 4,79
2.5 0 4.08 4.10 4,08 4,14 4.05 4.03
14 4,22 4,14 4,05 4.17 4,12 4,15
28 4,22 4.19 4,06 4.17 4,16 4.15
56 4,20 4,16 4.15 4.16 4.17 4,14
5.0 0 3.83 3.77 3.76 3.85 3.80 31.78
14 3.91 3.89 3.87 3.88 3.83 3.92
28 3.90 3.92 3.87 3.88 3.89 3.91
56 3.86 3.93 3.91 3.86 3.88 3.89
7.5 0 3.63 3.60 3.63 3.601 3.68 3.60
14 3.81 3.76 3.75 3.70 3.68 3.73
28 3.76 3.76 3.71 3.75 3.74 3.72
56 3.78 3.75 3.73 3.72 3.73 3.75
10.0 0 3.54 3.54 3.54 3.62 3.56 3.49
14 3.70 3.66 3.60 3.63 3.61 3.58
28 3.63 3.66 3.58 3.66 3.62 3.65

56 3.65 3.69 3.70 3.60 3.061 3.67

oLl
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Table 4.11: Moisture content of mincgd muttgn meat with combinations of 5 pH values and 3 levels
of sorbitel stored at 20 and 20°C

Moisture Content (%)

30°C Storage Temp 20°C Stcocrage Temp

Level of Days

Acetic Acid in 0% 15% 20% 0% 15% 20%
(%) Storage Sorbitol Sorbitol Sorbitol Sorbitel Sorkitol Sorbitol

1.0 0 73.1 71.4 71.3 73.0 70.9 70.9
(pH=4.4) 14 62.9 68.7 70.6 72.4 72.3 70.6
28 70.5 69.3 69.6 £9.2 67.2 70.7
56 70.9 69.8 69.9 70.0 68.8 67.8
2.5 0 71.0 70.0 71.0 70.2 71.4 70.7
(pH=4.1) 14 68.0 70.6 72.4 68.4 70.2 71.2
28 68,0 69.6 72.8 9.3 71.0 70.7
56 68.5 68 .4 70.8 63.5 68.8 70.8
5.0 0 71.8 71.7 70.8 71.0 71.0 71.0
(pH=3.8) 14 69.5 71.8 70.1 70.4 71.7 69.8
28 68.6 70.7 71.5 £69.3 70.3 70.4
56 701 69.1 70.9 68.1 71.9 70.9
7.5 0 71.6 71.2 69..7 72 .9 69 .6 70.2
{pH=3.6) 14 72.1 71.5 70.3 71.5 71.5 70.4
28 71.3 71.4 72.0 70.8 70.9 71.0
56 70.5 70.5 70.2 69.9 70.7 71.06
10.0 0 71.8 72,6 638.3 71.8 71.9 71.5
(pH=3.5) 14 71.3 69.0 71.9 72.1 70.4 72.4
28 71.1 70.9 72.1% 70.9 71.3 71.4

56 70.6 9.9 68.9 9.2 71.0 69.8

L1



The results of the taste panel evaluation is given in Table
4,12. Minced mutton meat with a pH of 4.4 was acceptable
in sourness and in general acceptability with or without
the spices and seasonings. Samples without the seasonings
and spices were glven average panel scores of 3.6 and 3.0
for the sour flavour and general acceptability, respectively.
Those with seasonings and spices were given scores of 4,2
and 4.0. Meat products with an average score of 3 or more
for both characteristics were considered to have acceptable

sensory properties.

Minced mutton meat with a pH of 4.1 was only acceptable
with the addition of seasonings and spices. Samples without
the seasonings and spices were given average panel scores
of 2.6 and 2.4 for the sour flavour and general acceptability,
respectively. Those with seasonings and spices were given

scores of 3.5 and 4.0.

The resulis indicated that the xreduction of pH below 4.4
had great consequence on the flavour and acceptability of
the meat products as shown by the decrease in panel scores.
However, the addition of seasonings and spices had masked
the pronounced sourness in the meat product and had created
an acceptable product which was described by the panelists

as having a balanced sweet and scour flavour.



:
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Table 4.12: Average taste panel scores fur acidified mutton

meat patties (pH 4.4 and 4.1) with andwithout

seasonings and spices (for sour flavour
intensity: 5 = none, 1 = very pronounced;
for general acceptability: 5 = very acceptable
1 = very unacceptable)
Level of Seasoning and Average Scores
Acetic Acid spices Sour Flavour General
Acceptability
1.0% (pH=4.4) without ° 3.6 3.0
with O 4.5 4.0
2.5% (pHE=4.1) without ° 2.6 2.4
with ° 3.5 4.0

5 panelists evaluated the samples

b 4 panelists evaluated the samples



CHAPTER 5

DISCUSS 10N

5.1 EXPERIMENT 1

In this study, the microbiclogical stability of minced
mutton meat was determined in relation to the combinatiocon
effects of pH, mcisture content, level of sorbitol (aw),
mild heat treatment, and packaging material {(Eh). This
information is of importance as there is little Kknown
about the effect of the combinations of these factors
on the stability of meat products particularly during
storage under warm conditions (30O C). The experiment
was done in minced meat product because of its simplicity
to prepare and ease to subject with the intended processing
tLreatments. Minced meat is also considered a versatile
meat base for different meat dishes and formulations.
Minced meat can be used in sausages, meat balls, patties
cr c¢an be made into wontons, spring rolls, mixed with
vegetables and fried rice, curry and meat sauce for
spaghetti. Mutton meat wa s used because of its

availability and low cost.

The pH values investigated in this study were 5.5, 5.0
and 4.5, The 1levels of sorbitol investigated were 5,
10 and 15%. The heat treatments done were 30°, 50° and
75° C. The meat had 70, 60 and 50% moisture contents.
The meat was packed in celluleose, polyethylene and

aluminium foil films.

The effect of the wvarious <combinations of factors
investigated were not evident in the 1initial results
cbtained. The microbial stability expected was not
observed except in four cembinations of treatments (or
runs as they will be referred here for sase of discussion)

which gave a gshelf-life of more than 14 but less than
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28 days (Table 4.2}, The other four runs {(Table 4.,2)
which gave a shelf-life of more than 7 but less than 14
days could not only be censidered te have that shelf-life
because some other runs were evaluated only after 14 days

and some of these might have had the same stability.

However, all of the runs were analyzed by multiple linear
regression analysis (the total plate count (TPC) obtained
after 16-18 hours of storage at 30 °c agalinst various
preservative facters). This was fcound o©of use 1in giving
an indication which among the five factors considered
had the greatest individual effect on microbiclogical

counts of meat samples.

The results of the regression analysis gave an indication
that pH, heat treatment and moisture content were the
significant factors that may be responsible for the
microbiclogical stability of minced mutton meat during

storage at 30°C.

The above findings agree with theose o©of Fox and Loncin
(1982} who evaluated four process parameters (heat treat-

mant, a pH, Eh) in 250 combinaticons in a model product

w'
(nutrient broth). They also found that heat ftreatment
and pH were the most important significant factors among

the process parameters studied on stability.

Although heat treatment could have been considered to
have the greatest individual effect on stability, its
advantage would be useless without considering the sealed
containers needed to protect the product from recontam-
ination. Incidentally, these packaging materials, such
as cans, glass, jars, aluminium pouch and casings, are

expensive.

It was decided therefore not to consider any further tha
heat treatment factor but to concentrate in examining
in greater dJdepth the following combinations of factors:

pH, moisture content and a .-



5.2 EXPERIMENT 2

5.2.17 Part 1

Based on the results of Experiment 1, it was decided to
investigate the combined effects of pH, a and moisture
content in greater depth. Two levels cof pH (4.5 and 4,0}
and two levels of moisture content (50 and 70%) were
examined, Moisture content was not lowered further as
it was the objective of this study to be sble to produce
a shelf-stable meat product possibly with reduced moisture
content but without changing the texture by drying. The
pH was reduced to 4.0. In addition, the level of sorbitcl
was increased to 20% for all samples. The possible
controlling effect of reducing the a. below 0.95 by the
addition of the maximum sorbitol consistent with acceptable

flavour and texture had not been established.

Microbioclogical stability was observed 1in minced meat
samples with pH of 4.0 T 0.2 units for 21 days of storage
at 30°C for both 50 and 70% moisture contents. This
indicated that pH had the greatest individual effect on
stability of minced mutton meat during storage at 30°C.
Inspection of minimum pH values required by microocrganisms
for growth reported in the literature (although most of
these results were obtained using laboratory media) showed
that most of the bacteria can not support growth below
pPH 4.4, Extrapolation of these data to meat in a practical
situation &lthough needing to be applied with caution,
nevertheless indicated that the data obtained in this

experiment agrees with the literature findings.

Mould growth were observed in samples with pH 4.6 and
48% moisture content. These observations were alsc noted
in Experiment 7. Moulds were observed to grow mere often
in samples with lower moisture content. Moulds have not

often been observed to grow at high wmoisture content
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=

probably because of competition with Dbacteria. The
reduction of moisture content removes this competitive
condition and favours their growth ({(Gailani and Fung,
1986). The presence of moulds 1in meat samples 1is not
surprising as the literature wvalues for the minimum pH
growth requirement of moulds as well as yeast Lindicated
that they are capable o¢f growing even 1in extremely low

pH {Table 2.3).

dowever, ths problem of mould growth could ke checked
by addition of mycostatic agents such as potassium sorkate.
In manufactured meats, potassium sorbate has been used
as a dip for preventing mould growth during ripening of

dry sausages such as Italian dry salami (Holley, 1986).

In part 2 of this experiment it was decided to add
potassium sorbate to remove the complication of mould

growth masking microbial spoilage.

The results of this experiment alsc had =stablished that
samples of minced meat which reached a total plate count
of 106 colonies per gram during storage at 30° ¢ would

develop putrefied odours within one or two weeks in

storage. Minced meat had initial counts of 103 to 104
colonies per gram. Hence, a log increase of 2.0 or more
was considered to be the end of its shelf-life. While

minced meat with small (less than 2.0) or no leg increase
in microbial counts were considered to have achieved
microbial stability. This value was arbitrary as 1t was
only based on the empirical data obtained from this
6 Lo 107

total plate count (37O C) would be considered by many

experiment, However, minced meat containing 10

governmental agencies to be already unacceptable (Wehr,
1982).

The expected additional effect on stability of reducing the

a, below 0.95, which was obtained by the addition of 20%

sorbitol, {Table 4.3) was not observed at higher pH
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values investigated (pH 4.5 to 5.40) (Results of this
experiment and Experiment 1). These results tend to disagree
with the proposed storage categories of Leistner and Rodel
{1975} for meat products based on a, and pH wvalues with

respect to their stability. They proposed that meat products

with an aw at or below 0.95 and a pH at or below 5.2; or
a pH below 5.0; or an a. below 0.91 should need no
refrigeration and should be considered ‘“shelf-stable",

However, they ({Leistner and Rodel) did not specify storage
temperatures. It was assumed that they were referring to

the room conditicons in West Germany i.e., about 20°%¢.

The assumed difference 1in storage conditions could explain
the disagreement with the results obtained in this experiment

and that of Leistner and Rodel {1975}).

It was decided as well therefore, to investigate the effect
of two storage temperatures (i.e., 20° vs 30°C) on the shelf-

life of minced mutton meat in part 2 of this experiment.

5.2.2 Part 2

In this experiment, the effect of 2 storage temperatures
(30° and 20°C) and two levels of pH (4.5 and 4.0) on the
stability of minced mutton meat was determined. All minced
meat was prepared with 20% sorbitol, 50% moisture content
and 0.1% potassium scorbate, The same levels of pH were
tried as with part 1T of this experiment to be able to compare

the effect of the addition of 0.1% potassium sorbate.

The meat was reduced to 50% meisture content since the
previous results tended to show that mould growth was favoured
by a reduced moisture content. Hence, a condition was
created where in the effect of the addition of

potassium sorbate could he easily seen. The same amount
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of sorbitol (20%) was added to be able to compare the effect
of storage temperatures on stability with respect to pH

and aw values.

Microbial stability of minced mutton meat was increased
from less than 7 days to 21 days at pH 4.6 with the addition
of 0.1% potassium sorbate in both storage temperatures
(30° and 20°C). At pH 4.2, an increase in shelf-life from
21 days to 35 days was observed. The anti-microbial effect
of potassium sorbate had alsc been shown by the works of
Pigsanu (1982) on Thai fermented sausage (Sai Xrok Prew)
and Holley (1981, 1986) on Italian dry salami. However,
poth workers had used potassium sorbate as dips for the
sausages. In this study, potassium sorbate was directly
plended into the meat. This vpartly removes the oproblem
of <the potassium sorbate dripping £from the surface of
treated sausages as was observed by Holley {19871} in treated

salami as scon as the meat was hung in the drying rooms.

The amount of potassium sorbate (0.1%) used in this
experiment seemed to indicate that this was adequate to
prevent mould growth. This level is lesgs than the approved

(U.S.D.AM application lavel of 2.5% sorbate.

This study has indicated that micrcbial stability of minced
mutton meat stored at 30°C is achieved by lowering the
pH below 4.4. The observation suggests that there 1is a
dividing line petween a stable and unstable meat preoduct
particularly those which would be stored at warm conditions
(30O C) based on pH alcne. This was exXamined therefore,

in greater depth in Experiment 3.
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The a, was reduced to below 0.%5 by the addition of 20%
sorbitol (Tables 4.4 and 4.5). The wvalues obtained ranged
from 0.92 to 0.95 1in both parts of this experiment. It
had not been established however, if there was an inter-
active effect between the a,, values and the pH valueé
being considered on stebility of minced mutton meat.

This was also examined further in Experimsnt 3.
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5.3 EXPERIMENT 3

In this experiment, the effect of five pH wvalues (4.4,
4,1, 3.8, 3.6 and 3.5), three levels of sorbitol (0, 15

and 20%) and two storage temperatures (30° and 20°cC) on

stability of minced mutton meat was examined.

A significant difference in the microbiological stability
of minced mutton during storage at 30° and 20°%c  was
established based on the level of pH. This showed that at
a pE of 4.1 or lower the meat is expected to have a shelf-
life of 2 months at both 20° and 30°C. The difference
observed Dbetween the two storage temperatures was on the
development of rancidity rather than on microbial growth.
More batches developed slight rancidity at 30°C than at
20%c.  No positive interactive effect between the sorbitoel
levels and the various pH values o©on microbioclogical

stability was established.

Extending the sheli-life of meat precducts based primarily
on the influence of pH alone or in combinations with other
preservative factors particularly at pH levels studied
in this experiment had not been extensively studied.
The available literature indicates that most work had
been done on either nutrient media or mostly on fruits
and wvegetables. The major reason why pH of meat products

had not been lowered below 4.5 is taste (Laistner, 1985}).

However, Sensory evaluation test conducted in this
experiment showed that minced meat with 2.5% acetic acid
(pH = 4.1), 20% sorbitol and spices ({1.75% salt, 1.0%
garlic powder and 1.0% pepper) were acceptable compared
to minced meat with only the acetic acid. The results
cf the sensory tests suggest that with the right
combinations of spices and seasonings suited to specific
localities oxr c¢ountries, an acceptable meat product could
be produced with reduced pE of 4.1. It is coutside the

scope o§ this study to investigate different combinations
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of spices and seasonings that would give an acceptable

product based on meats with pH of 4.1,

The addition of 20% sorbitel, althocugh it had not given
additional microbial stability to the product, had improved
the taste and texture of the minced meat. Minced meat
with 2.5% acetic acid alone (pH = 4.1} was sour in taste
but the addition of sorbitol masked the sourness and resuli-
ed in a meat product with an acceptable sweet and sour
taste. The addition of sorbitol alsc produced a jelly like
texture compared to a "crumbly" texture without the sorbitol.
The 3Jjelly-like texture was found to be also desirable in

terms of moulding the product into patties.

The meat product produced above could be similar to the
brawns of West Germany {Leistner, 1985), although this has
pH of 5.0 - 4.5, Both products are similar because both
rely' mainly in the contrel of pH for stability by the
addition of acetic acid. Leistner (1985) reported that
brawns can be stored without refrigeration, if

recontamination after heat processing is avoided.
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CHAPTER 6

SUMMARY AND CONCLUSITONS

The available literature has shown that  there is
insufficient research work done to guantify the effect
of combinations of factors on the stability oi meat
products during storage under warm conditions (30O C).
The results of this study provides some initial information
on the combination of hurdles (F, aw, pE, Eh) which would
ensure stability in meat products to be distributed in
tropical c¢ountries such as the Philippines where cost

factors are also important.

Three experiments were done. In experiment 1, the
combination of factors studied involved three pH values
(5.5, 5.0 and 4.5), three levels of aw achieved by three
sorbiteol levels (5, 10 and 15%) and three moisture content
levels (70, 60 and 50%), thres heat treatments (300, 50G
and 75YC) and three packaging materials {cellulose, poly-
ethylene and aluminium foil films). Within the limits of
the wvalues that were considered, no significant effect of
the wvarious combinations of <factors investigated was
evident. However, the results did indicate that both
prHE and heat treatment and pH and moisture content were
the combinations of <factors that should be investigated
to improve the microbiclogical stability of minced mutton

meat during storage at 30°C.

As nelther heat treatments could be increased nor molsture
content decreased without adversely affecting the cost
structure, experiment 2 considered decreasing the pH by
additional acid and decreasing the a, by increasing the
sorbitol. An additional storage temperature of 20°¢C was
used to allow comparison with results obtained from the

literature.
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Experiment 2 was divided into two sections. Initially, two
levels of pH (between 4.6 and 4.1} and two levels of
moisture content (70 and 50%) were examined. The level of
sorbitol added was increased to 20% for all meat samples.
The possible contrelling effect of reducing the a. below
0.95 by the addition of the maximum sorbitol consistent
with acceptable flavour and texture had not Dbeen
established. All meat samples were packaged in poly-
ethylene bags. Microbiological stability was found for
minced meat samples with pH of 4.3 and 4.1 for 21 days
of storage at 30 e irrespective of moisture contents.
Minced meat samples with pH of 4.6 and 4.4 had spoiled

within seven days as shown by the increase in total plate

counts {log increase of 2 to 3 units) as well as the
development of mould growth for samples with moisture
content (MC) of 48%. The expected additicnal effect of
reducing the a below 0.95 which was obtained by the
addition of 20% sorbitcl on stability particularly at

higher pi#d values investigated {(pH ~ 4.5) was not ohserved.

Following the first part of experiment 2, the effect of
two pH values {4.6 and 4.2} and two storage temperatures
(30O and 2OOC} on the shelf-life of minced mutton meat was
examined. All meat samples had 20% sorbitol, 50% MC, 0.1%
potassium sorbate and packaged in polyethylene bags.
Potassium sorbate was added to remove the complication of
mould growth masking microbial spoilage. The shelf-life
of minced mutton meat was increased from less than 7 to
21 days at ©H 4.6 with the addition of 0.1% potassium
sorbate irrespective of storage temperatures. At pH 4.2,

an increase in shelf-life from 27 to 35 days was cobservead.

The results of experiment 2 had indicated that micro-
biclogical stability of minced mutton with a s 2 0.%91
and £ 0.95, 0.1% potassium sorbate packaged in polyethylene

and stored at 20°C is achieved by lowering the pH below

4_4 The observation suggests that within These

- L.
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experimental limits there is a dividing 1line between a
stable and an unstable meat product stored under warm

conditions {~ 30 C) based on pH alone.

In experiment 3, the effect of five pH wvalues (4.4, 4.1,
3.8, 3.6 and 3.5), three levels of sorbitol (0, 15 and
20%) and two storage temperatures (30o and 2OOC) on the

stability of minced mutton meat was examined. All meat

samples had 0.1% potassium sorbate and were packaged in
peolyethylene bags., A significant difference in the micro-
bioclogical stability of wminced mutton during storage at
30° and 20°C was established based on level of pH. This
showed that with a2 pH of 4.1 or lower the meat is expected
to have a shelf-life of 2 months at both 20° and 30°cC.
The difference observed in the two storage temperatures
was the development of rancidity rather than microbial
growth. No positive interactive effect hetween the
sorbiteol level and the varicus pH wvalues on the micro-
biclogical stability was established. However, the
addition of sorbitol had improved the taste and texture
of the minced meat. The sourness had been balanced and
a jelly-like texture compared to a "crumbly” texture with-

cut the sorbitcol had been produced.

It was concluded in this study that within the limits
of the wvalues for combinations of factors that were
considered, the control of pH was the only significant
factor in extending the shelf life of minced mutton meat
stored at 30°c. However, the practical value of lowering
the pH of meat products kelow 4.1 must be gquesticned
hecause no additional microbiological protectien will
pe obtained and the increase of the acid level will only
decrease the flavour acceptance. But minced mutton meat
with pH of 4.1 can be organoleptically acceptable with

the addition of the right combinations of spices and

seasonings suilted to specific localities and countries.
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Appendix 1:

Data on the oH,

{From Baird-Parker,

aolubility, and the usage of organic acids and &sters as food preservatives
19803}

. Solubili tyb anrS ‘I‘;:p:lcal ma?;tmtrf'l S orles of
B0 (gwi00gm)  (ng/kg bhody weighy) SS concentration fples of usage
{ing/kg)

toalic acid CH3COOEI 4,75 Very soluble Mot limdeed Mo 1limit Pickling of meat, fish, and
vegetable products

Socium diacetate GI3CDCI~13C1-13CHJ-1£E-120 4,75 Very soluble pot limited 4000 Bread and bakercy products

Scxtium banzoate O-‘ e 4.2 50 {25°C) 5 1-3000 Pickles, acid sawces and
salads, semipreserviad
figh, fruit juices, soft
drinks, jams, margarines

Cikric acid (CDCI!)C}JZC—-(G:I}((m-l)—CIi2CIII-! 3 Very solubls Mol limiked Mo imdt Soft drinks

lactic acid Gi3C}KIE(I)(3H 3.1 Very soluble Mot limited No Limit Salad creams and
MEYOmalse

Methy). paraben’ HO —C)—— COOCH 3.5 0.18 (15°C) 10 1-2000

ISthyt mrabc—.‘na HO —D— COOC2H5 8.5 0.03 (15°C) - 1-2000 See sodiun benzeals

Propyl paraban HO —O- cooc ., 8.5  0.023 {15°C) 10 1-2000

Sodive propionate CI13CI-12COONa 4.9 Very soluble 10 1-3000 RBread, bakery, and cheese
products

Sorbic acid Cl1,CH=CHCH=ClCOOH 4.8 0.16 (20°C) 25 1-2000 Fresh and prooessed cheese,

(incluxling K salt)

dairy products, hakery
products, fruit juices,

acid sauvces and salads,

jams, Jellies, sofl drirks
margarines, sem-

preserved fish, and meal
products —

? parapen = prhydeosolzenzoic acid

D eoluhility in water (temperature)

¥ acceptable Daily Intake (FAOMID, 1973).

¢ Typical values; actual valves will vary with product and from ocouniyy to cowbry. Tood Additive Lists should be consulted for specific limits for a

osnkry,
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Appendalx 2: Proczduras for the preparation of samples with various combination
of factors ‘

Order of Seauence for the preparation of samples for

Eppendix 2.1:
Block 2 Day & (Runs 5 to &)

4.3 kg Frozen Heat
+

Thawed overnight

¥

Heat Treated at 50°C in water bath

Run 5 Run 6 Run 7 Run 38 |
1.2kg Meat 1.2 kg Meat 1.2 kg Meat 1.2 kg Meat
¥ A d +
Added 5% Sorbitol Bdded D% Sarbitol Bdded 5% Sorbitol added 0% Sorbitol
| ;
Mix=2d Kenwood Mixed Xenwood Mixed Kenwood Mixed Wenwood
Mixer 60 sec Mixer 60 sec Mixer 60 sec Mixer 60 sec
adjusted pH to Adjusted pH to Adjusted pH to Adjusted pH to
PE 5.5 vh 5.5 pH 5.0 pi 5.0

Packaged in cellulose film
200 g per pack

l

Stored at 30°C Evaluated a pack for

~) 84% RH zach run the following
day as initial
l avaluation for TPRC, aw,

oH, MC, smell and
aprearance

Intended evaluation
fortnightly for TPC, aw,
o, MCZ, smell and
appearance
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Order of sequence for the preparation of samples for

Block 3 Day 3 (Funs 9 to 12)
6.4 kg of rFrozen Heat
+
Thawed avernight
Dried at 30°C to MC
58-60%
e |
Run 9 Run 10 Run 11 Aun 12
1.2 kg meat 1.2 kg meat 1.2 kg meat 1.2 kg meat

Added 5% Sorbitol

Fdded 10% Sorbitol

hdded 5% Sorbitol

bdded 10% Sorbitel

l

Kaenwood
60 sec

Mixed
Mixzer

Mixed
Mixer

Kenwood

60 sec Mixer

Mixed Kenwood
60 =zec

—

Wixed Kenwood
Yixer 60 sed

¥

Adjusted pH
to pH 5.5

toc pH

adjusted pH

to o 5.0

5.5

Adjusted pH

Adjusted pH
to pH 5.0

|

u,

B

A

\

Packaged in cellulose film
200 gm per vack

[ S—

Evaluated a pack for

P—

Intended evaluation
fortnightly for T2C, -
o, ¥C, smell and
appearance

2ach run the following
day as initial
evaluation for TRC, aw,
pH, MC, smell and
appearance




Appendix 2.3:

Order of sequence for the preparation of samples for

Block 4 Day 8 (Runs 13 to 16}
6.4 kg Frozen Meat
+
Thawed overnight
+
Dried at 50°C to
MC 58-60%
al,
Run 13 Run 14 Run 15 Run 16
1.2 kg meat 1.2 kg meat 1.2 kg meat 1.2 kg meat

!

|

kd

!

Added 5% Sorbitel

bdded 10% Sorbitol

Bdded 5% Sorbitol

2dded 10% Sorbitol

l

l

l

L.

Mixed Xenwood
Mixer 60 sec

Mixed Kenwoood
Mixer 60 sec

Mixed Kenwood
Mixer 6 sac

Mixed Xenwood
Mizer %0 sel

!

r

Adjusted pH to
o 5.5

2djusted pH to

Addjusted pH to

off 5.5

ol 5.0

addjusted pH to
pd 5.0

N

/

Packaged in cellulose film
200 g per pack

b

Stored
™~ B4%

at 30°C

RH

|

Intended evaluation
fortnightly for TPC,
aw, pH, MC, smell and
appearance

J Bveluated a pack for
gach run the follow-

ing day as initial

evaluation for TEBEC,

a , pH, MC, smell and
appearance
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Block 3

4,3 kg Frozen Meat

¥

Thawed overnight

151

Order of sequence for the preparation of samples for
Day 12 (Runs 17 to 20)

‘ Run 17
1.2 kg meat

Run 18 Run 19
1,2 kg meat

1.2 kg meat

Run 20
1.2 kg meat

|

|

Added 5% Sorbitol

10% Sorbitol added 5% Sorbitol

Added 10% Sorbitol

!

| l

!

Mixed Xenwood
Mixer 80 sec

Mized Kenwood
Mixer 50 sec

Mixed Xenwgod
Mixer 60 sec

Mixed Xenwood
Mixer 60 sec

[

4

Adjusted pH to
pH 5.5

Adjusted pH to

Adjusted pH to
pH 5.5 pH 5.0

Adjusted pH wo
pH 5.0

Packaged in Polyethylene (PE)
bags 200 g per pack

¥

~ 24% RH
Intended evaluation fortnightly

for TPC, & , pH, MC,
W
smell and appearance

1]
Stored at 30°C

Svaluated a pack for
each zun the follow-
ing day as initial
evaluation for TRC,
a , pH, MC, smell
ana appearance
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Appendix 2.5: Order of sequence for the preparation of samples for
Block & Day 4 (Runs 21 to 24)

4.8 kg Frozen Meat

|

Thawed overnight

l

]Heat Treated at 50°C
in watexr bath

T
Run 21 Run 22 Run 23 7 Run 24 F
1.2 kg Meat 1.2 kg Meat 1.2 kg Meat 1.2 kg Meat

+ 'T!’ 9 l

Edded 5% Sorbitol kdded 10% SorbitoL_I hdded 5% Sorhitol ] Edded 10% Sorbitol]

|

L
Mirzed Xeunwood Mixed Kenwood Mixed Kenwood Mixed Xenwoocd
Mixer 60 sec Mixer 80 sec Mixer 60 sec Mixer 60 sec
1 hd
Adjusted oH to Adjusted pH o Adjusted pH to Adjusted pH to
pH 5.5 mH 5.5 pE 5.0 2H 5.0
Packaged in PE bags
200 g per pack
!
Stored at 30°C L, Tvaluated a pack for
o 34% RE _each run the follow-
“ing day as initial
1 syaluation for TPC,
a , oH, MC, smell and
Intended evaluation fortnightly ¥ appearance

Tar TPC, a., oH, MC

smell and appearance
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Appendix 2.6: Order of sequence for the preparation of samples for

Block 7 Day 13 (Runs 25 to 28)
6.4 kg Frozen Meat
Thawed overnight
Dried at 30°C to MC 583-60%
=t
Run 25 Run 25 Run 27 Runt 28
1.2 kg deat 1.2 kg Meat 1.2 kg Meat 1.2 kg Meat

r

+

rdded 5% Sorbitel

Rdded 10% Sorbitol

Bdded 5% Sorbitol

Added 10% Sorbitol

k-

r

Mixed Kenwood
Mixer 60 sec

Mixed Kenwood
Mirer &0 sec

Mixed ¥enwood
Mixer 60 gsec

Mixed Kenwood
Mizer 60 sec

L

d

Adjusted oH to
oH 5.5

adjusted pH to
o 5.5

adjusted pH to

ol 5.0

Adjusted pH to

pH 5.0

Packaged in PE bags
200 g per vack

Stored
~3 84

at 30°C

RH

x

Intended evaluation fornightly
for TPC, a , pH, ¥C, smell and
appearance

Evaluated a2 pack for
aach rup the follow-
ing day as initial
avaluation for TEC,
a , pH, MC, smell
and appearance
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Order of seguence for the preparation of sample for

Block 3 Day 9 (Runs 29 to 32)
6.4 kg Frozen Meat ‘
¥
Thawed overnight ]
.[,.
. |
Dried at 50°C te MC 53-60% !
Run 29 fun 30 Run 31 Run 32
1.2 kg Meat 1.2 kg Meat 1.2 kg Meat 1.2 kg Meat

T

ndded 3% Sorbitol

Bdded 10% Sorhitol

I
iAdded 5% Sorbitol

Pdded 10% Sorbitol

r

L

4

Mixed Kenwood
Mixer B0 sec

Mixed Kenwood
Mixer 60 sec

Mixed Kenwood
Mixer 60 sec

Mixed Kenwood
Mixer 60 sec

4

4

¥

addjusted oH to

pH 5.5

Adjustaed pH to

oH 5.5

adjusted pH to
pH 5.0

Aadjusted pH to

o 5.0

200

Packaged in PE bags

g per pack

h

Sto
~

rad at 30°C
84% RH

a ,
and

Intanded Evaluation
tortnigntly for TPC,

Evaluated a pack for sach
run the following day as
initial evaluation for
TR,
appnearance

o, MC, smell and

=H, MC,smell
appearance
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Order of secguence for
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the preparation of samples for

Block @ Davy 10 ({(Runs 33 :o 16)
4.3 kg Frozen Meat
¥
Thawed overnight
Runl 33 Run 34 Run 35 Run  3p
1.2 kg Meat 1.2 kg Meat 1.2 kg HMeat 1.2 kg Meat

-

Bdded 5% Sorbitcl

L

Bdded 15% Sorbitol

2dded 5% Sorbitol

mdded 15% Sorbitol

P

Mixed Kenwood
Mixer &0 sec

Mixed Kenwood

Mixer 60 sec

Mixed Kenwood
Mixer 60 sac

Mized Kenwood
Mixer 60 sac

Adjusted pH to
o 3.5

Ad-justed nH to

o 5.5

o 4.5

Adjusted pH to

Adjusted pH to
pH 4,5

L.

+

Packaged in a1
foil film 200 gm
per pack

Packaged in

Packaged in

Cellulose film

200 gm per pack

Celiulose film
200 gm per pack

Packaged in
2l foil film
200 gm mer nack

/

>

Stored at 30°C

Zvaluated 2 pack for each

I >
~  84% RRH run the following day as
I the initial svaluarion
v for TPC, a , pH, MC,

Intended evaluation

T
smell and appearance

fortnightly for
TeC, aw, o,

MC, smell and
appearancs




Appendix 2.9

Block 10

Day 5

to A0}

4.3 kg Frozen Meat

¥+

Thawed overnight

%

Heat Treated at 75°C

R

Order of Sequence for the preparation of samples for
(Runs 37

I Run 37 I Run 38 Run 39 Run 40 .
1.2 kg Heat 1.2 kg Meat 1.2 kg Heat 1.2 kg Meat
+ b +
Added 5% Sorbitol Bdded 15% Sorbitol rdded 5% Sorbitol hdded 15% Sorbitol

+

Kenwood
G0 sec

Mixed
Miwer

Mired Kenwood
Mixer 60 sec

Mixer 60 sec

Mixed Kenwood

Mixed Xenwood
Mixer &0 sec

L

Adjusted pH to
phH 5.5

Adjusted pH to

pH 5.5

pH 4.5

Adjusted pH to

|

Adjusted pH to
phH 4.5

i

r

b

Packaged in
Cellulose film
200 g per pack

Packaged in

al foil

200 gm per pack

Packaged in
A foil

| 200 gm per pack

Packaged in
Cellulese film
200 gm per pack

Stored at 30°C
~ 24% RH

-

Intended svaluation
fortnightly for TBC
aw, cH, MC, smell and
appearance

Evalvated a pack for ‘
gach run the foilowling
day as the initial

svaluation for TPC,
oH, MC, smell and
appezrance




appendix 2.10: Oxder of sequence for the preparation of samples for

Block 11 Day 2 {Runs 41 to 44)
2 kg Frozen Sample
Thawed overnight
N
Dried at 30°C to 48-50% MC
Run 41 Run 42 Run 43 Run 44 !
1.2 kg Meat 1.2 kg Mzat 1.2 kg Meat 1.2 kg Meat

| | |

fdded 15% Sorbitol | [added 53 Sorbitcl | [pdded 15% Sorbitol |

{ Added 5% Sorbitol]

Mixed Kenwood
Mixer 60 sec

Mixed Kenwood
Mixer &0 sec

Kenwood
6l sec

Mixed
Mixer

Kenwood
20 sec

Mixed
| Mixer

Adjusted pH to

N

adjustad pH %o Adjusted pH to Adjusted pH to

pH 5.5 pH 5.5 oH 4.5 pd 4.5
Packed in Packaged in ] Packaged in Packaged in
Celluleose film Al £0il film Al foil €ilm Cellulose £ilm
200 gm per pack 200 gm per pack I 200 gm per pack 200 gm per pack

Stored at 30°C
~) 34% RH

+

Intended svaluation
fortnightly for TPC,
pH, MC, smell}l and
appearance

Svaluated a pack
rHn

for TOC, a pH, MC,
smell and appearzncs

for each
" the folleowing day
as the initizl evaluation
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Appendix 2.11: Qrder of szequencs for the preparation of samples for

Block 12

Day 1

{Runs 45 to 43}

8 kg Frogen Meat

|

T

Thawed overnight

1

Dried at 75°C to MC 43-50%

Run 43
1.2 kg Meat

Run 46
1.2 kg Meat

Fun

]|

47

1.2 kg Meat

Runm 43
1.2 kg Meat

T

Bdded 5% Sorbhitol

Bdded 15% Sorbitol

pdded 5% Sorbitcl

Rdded 15% Sorbitel

¥

!

¥

Mixed Kenwood
Mixer o0 sec

Mixed Kenwood
Mixer ©0 sec

Mixed Kenwood
Mixer 60 sec

Mixed Kenwood
Mixer o0 sec

l

1
Adjusted pH to adjusted pH to adjusted pH to adjusted oH to
o 5.5 oH 5.5 pH 4.5 o 4,5
| |
| 4:

Packaged in
al foil film
200 g per vack

Packaged in
Cellulose f£ilm
200 g per pack

Packaged in
Cellulose f£ilm
200 gm per pack

Packaged in
Al foil film
200 gm per aack

~ 7

Stored at 30°C
~  34% RE

J

Intended evaluation
foxtnightly for TPC,
oH, MC, a , smell
and appearance

Evaluatad a pack for =ach
run the following dav as
initial svaluation for
TPC,

pH, MC, smell and
appearance




Appendix 3: Rapid method (modified Babcock method) for
free fat determination {(From MIRINZ, 1986)

EQUIPMENT

Usual laboratory eguipment plus -
Paley bottles {Kimble No. 2085 or egual).

REAGENTS

=

Mizx equal wvolumes of glacial acetic acid and 60%

rcerchloric acid.

Note: Perchloric acid must be handled and disposed of

with care.

PROCEDURE

Weigh accurately 9.0 g cof sample into a Paley bottle.
The use of a modified 50 or 100 cc syringe is convenient
{sketch below). 2add about 30 ml of acetic acid/perchloric
acid reagent, mix, and place in a boiling water bath
for about 10 min. Shake the bottle occasionally until
sample 1s Jdissolved. Remove from bath and add more
acetic/perchloric acid reagent until the column of £fat
is within the graduated range. Centrifuge 1if necessary
{2 min at 600 rev/min). Read the percentage of fat from
the graduated scals, which 1is c¢alibrated for a 9.0 g

sample.



Modified 50 cc syringe

The modification consists of the insertion of a flared

stainless steel tube of the

body of the plastic syringe.

dimensions shown 1into the

7N

G | 20mm ——b

s/s about 10 mm OD
and about 8 mm ID

50 cc plastic syringe

Millipore XXII-050-0%
or similar



Appendix 4 : Suitable salts together with their correspond-
ing relative humidities in the 5° - 40% range

{From Rockland; 19a0)

Relative Humidity % at deg. C

Salt 5 10 15 20 25 30 35 40
Lithium chloride 16 14 13 12 17 11 117 11
Potassium acetakte 25 24 24 23 23 23 23 23
Magnesium bromide 32 31 31 37 31 30 30 30
Magnesium chloride 33 33 33 33 33 32 32 31
Potassium carbonate - 47 45 44 43 42 47 4Q
Magnesium nitrate 54 53 53 52 52 52 51 51
Sodium bromide 59 58 58 57 57 57 57 57
Cupric chleride 65 68 63 68 67 67 67 67
Lithium acetate 72 72 77 70 68 66 65 64
Strontium chloride 77 77 75 73 71 69 68 68
Sodium chloride 76 75 75 75 75 75 75 75
Ammonium sulphate 81 g0 79 79 79 79 79 79
Cadmium chloride 83 83 83 82 82 82 79 75
Potassium bromide - 86 85 84 83 82 81 80
Lithium sulphate 84 84 84 85 a5 85 85 81
Potassium chloride 88 87 87 86 86 54 84 83
Potassium chromate 89 g9 88 88 87 86 g4 82
Sodium benzoate 88 88 88 38 - 88 88 86 83
Barium chloride 93 93 92 91 20 89 88 87
Potassium nitrate 96 95 95 94 93 92 97 89
Potassium sulphate 98 97 97 97 97 97 96 95
Disodium phosphate 98 98 98 98 97 96 93 91P
Lead nitrate 99 99 98 98 97 96 96 95
Group B
Zinc nitrate 43 43 41 38 31 24 21 19
Lithium nitrate 61 59 55 49 47 31 19 11
Calcium nitrate - 66 60 56 54 51 48 46
Cobalt chloride - - 73% 67 64 62 59 57
Zinc sulphate 95 93 92 90 28 86 85 84

a b

18°¢ 38°

3
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Appendix 5: Questionnaire for descriptive evaluation of

minced mutton meat with reduced pH

NAME: DATE:

QUESTIONNAIRE

Instructions: Please evaluate the two coded samples of

meat patties based on scur flavour intensity
and general acceptability. Check the
descriptive term which best describes the
product. Please do not hesitate to give

comments,

Sour Flavour Sample Code Acceptability Sample Code

none 5 very acceptabl 5
slightly acceptable 4
noticeable 4

recognizable 3 slightly 3

acceptable

pronounced 2 unacceptable 2
very 1 very 1
pronounced unacceptable
COMMENTS :

Thank you



