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Welcoming Address: 9th Meat Symposium
1 September, 1997, CSIR, Pretoria
G.L. Nortjé
Meat Industry Centre, Animal Nutrition and Animal Products Institute, Private Bag X2, IRENE,
0062 Republic of South Africa

Good morning Ladies and Gentlemen, honoured guests,
speakers and delegates.

It is also a privilege for me to welcome Dr M Qhobela, the
newly appointed chairperson to the recently elected Board of

It is indeed a privilege and a honour for me to welcome you

the ARC. Dr Qhobela, a fellow scientist and microbiologist at

all to the 9th Meat Symposium. As you can gather from the

UCT, has very definite views on the mandate task and function

programme you received a number of weeks ago, we are

of our organization. We thank you very much that you were

presenting this biennial event this year in collaboration with

able to fit this event into your very busy schedule. We are

SAAFoST’s fourteenth International Congress & Exhibition on

looking forward to listen to you and to hear your perspective

Food Science and Technology. We sincerely hope that this

on the role of the ARC in sustainable development.

initial collaboration will grow into a long standing association
between these two organizations.

I am also extending a sincere welcome to colleagues and
friends from the MIC and elsewhere who are presenting the

I would like to extent a special word of welcome to the

bulk of the presentations today. Thank you for the hard work

following people: First of all to Prof and Ms Naumann from

that went into preparation

Missouri, Columbia, USA. The MIC has a long and treasured
relationship with professor Naumann, as he spent his
sabbatical leave at the Irene campus during 1982. Then he
returned a couple of years later to again spent 6 months at the
institute. This time around, he was actually planning a holiday

and the organization of this event. We are looking forward to
learn about your achieved results from completed and ongoing
research, and hopefully enough time will be available to
engage in discussions on the findings.

to South Africa when we intercepted of him. We are delighted

Last but not the least I would also like to welcome the

that he is willing to spent the day with us and to share some of

members of the ARC’s Chief Executive Committee and the

his views on current day meat technology and to do some

ARC Board. Thank you very much for your interest in our

crystal balling with us. Thank you very much. I would also

activities and your attendance today.

like to extend a hearty word of welcome to mr Chris Warkup
from the MLC in the UK. Chris is an old friend from previous

Thank you very much and enjoy the day!

ICoMST meetings and we have also visited his organization in
the UK on matters of mutual interest. Thank you for sharing
your views and ideas with us today. We are looking forward to
your address.
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The role of the Agricultural Research Council in
sustained development - Animal Production and
Animal Products
M. Qhobela
Chairperson of the ARC Board

Good morning, ladies and gentlemen, honoured guests and

uncertainty prevails regarding the continuation of statutory

organizers of this, the 9th Meat Symposium. I wish to thank

levies to fund such actions. The ARC, and other research

the organizers for inviting me, and it is a great pleasure for me

bodies, i.e. universities and technikons are experiencing

to address you on this occasion.

considerable budget constraints resulting in a desperate drive

The theme for the South African Food Science and
Technology Association’s congress, to which this meat
symposium is linked this year, is “Harnessing Food Science
and Technology for Sustainable Development”. With this in
mind, I wish to address you on the topic of the role of the
ARC in this matter. The ARC is composed of 16 different
institutes broadly dealing with animals (5 institutes), plants (7
institutes) and 4 specialist institutes including the Agricultural
Engineering Institute and Agrimetrics Institute. Obviously it
will not be possible here to address all the avenues which are
explored by these various units and link them to the theme.
Since this is a meat symposium, I shall limit my address
mainly to the efforts and endeavours of the Animal Nutrition
and Animal Products Institute and more specifically, that of

to rationalize as far as possible and even to cut down on
personnel and infrastructure. There is also a need to look
further afield for research contracts to sustain and utilize the
existing capacity as there is a lack of adequate research
funding from industry, including the meat industry sector. This
is the result of the situation from which we are operating at
present while organized agriculture and, therefore, also the
meat industry is in the process of restructuring. On the positive
side, it is true that the research capacity in the country is being
preserved. On the down side, we should realize that when
reorganization is complete and the SA industry develops a
renewed need for research and development, it is possible that
the existing expertise might be restricted by contract research
for foreign companies, provincial departments and the like.

the Meat Industry Centre. I shall however give you an overall

How can the research fraternity contribute to the task of

ARC perspective on the matter.

sustainable development for all sectors of this large industry?

In order to make a contribution to a stable environment,
sustainable development is essential. Firstly one should define
sustainable development. According to the GEAR programme
launched by our Deputy President, Mr Thabo Mbeki,
development not only concerns the previously disadvantaged
communities, but also includes the exploration of foreign
markets, job and wealth creation and the elevation of living
standards for all South Africans. It therefore includes all of us
present here today. The question is, what can we do to make a
difference?

At this stage I should like to interpret “sustainable
development” the “buzz word” into a more understandable
definition for the researcher and the developers of technology
and, for the purpose of this presentation, to you the SA food
producer and processor. The way the ARC sees its role in
sustainable development, is the tailoring of research and
technology development to suit the domestic needs of our
industries and emerging entrepreneurs. Furthermore, this
should take place in such a way that specific needs of the
industry, community or individual are catered for. Care must
be taken that the research and technology development will be

How stable is the current environment for sustainable

accepted by the client, that it will alleviate the original

development and, more specifically, how stable is the meat

problem and, where possible, that a surplus can be produced

industry/sector? In the South African environment, if one

which can render sustainabillity to the solution. In this manner,

considers the disassemblement of the previous commodity

the client automatically assumes ownership of the process and

boards and the cumbersome process to establish an alternative

its outcome.

for these very important tasks, it appears that there may be a
very bumpy road ahead. We know that the Red Meat Research
Trust founded for research and development will probably not
be in a position to sustain the current ongoing research, and

For a number of years the ARC has taken the initiative and, in
collaboration with industry, founded Industry Planning
Committees for Research and Development for the different
sectors i.e. the Pork Industry, the Red Meat Industry and
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others. A document was drawn up for each sector, describing

products and milk and dairy products, should be considered.

the extent of the relevant industry, and listing the various

An opportunity exists for research bodies of the bordering

elements which could have an effect on the quality and/or

countries, e.g. the ARC of Zimbabwe, to tackle common food

quantity of animal production and animal products. The

research problems on a collaborative basis. We should further

various industries which developed these documents accepted

explore the possibility of utilizing these countries’ vast

the responsibilities for their respective committees. It was

resources in a co-operative manner and to couple that with

pointed out that industry definitely realizes the need for

collaborative research projects conducted in South Africa for

research and development, but lacks the capacity and expertise

the benefit of the total SADC region’s food industries. The

to systematically execute a needs analysis and determine their

ARC-ANPI has expertise and vast experience in this field and

research requirements. The ARC is currently in a process to

could play a vital role in the development of a regional

facilitate strategic planning sessions for Research &

programme for the implementation of, for instance, Good

Development for the different industry sectors to conduct a

Manufacturing Practices (GMP’s) and the development,

needs analysis for each and hence to determine their research

implementation and monitoring of the Hazard Analysis

priorities. In other words we are, in collaboration with

Critical Control Point (HACCP) programmes for the meat,

industry, in the process of expanding the existing Planning

dairy and other food industries. You will hear more about this

Document for the Red Meat Industry. We still have a long way

in the presentation by Elna Buys later today. The

to go, but eventually, if all the needs for the various sectors of

implementation of HACCP is the first but vital step in the

industry are considered, it will be possible to identify common

development of a Total Quality Management (TQM) approach

objectives. It will then be possible to assist the industry to

to food science and production. To reach this goal the ARC-

pursue a common goal and direction for development, with

ANPI entered into a Memorandum of Understanding with both

specific aims for the wider industry.

the Department of Food Science at the University of Pretoria

At present the cattle population in South Africa number
between 10 and 12 million animals. Approximately a third of
these animals are from the informal agricultural sector. They
are mostly sub-optimally productive, and are mainly kept as a

and with Foodtek of the CSIR. In this manner we have
decided to pool our research capacities and expertise for the
benefit of the food industry in order to render the most cost
effective service possible.

token of wealth, for traditional slaughter, and a number of

When the South African meat industry is considered, it is

other reasons. This constitutes a vast resource and, if properly

claimed that HACCP has been implemented in some abattoirs,

utilized, could contribute more effectively to the economic

but certification of the implemented programmes has not been

empowerment of rural communities. Very significant progress

granted by an accredited body. The industry should guard

has been made through technology transfer and by

against the practice of developing a HACCP system and

encouraging rural farmers to join the animal improvement

allowing it to exist only in files on shelves for the benefit of

schemes managed by the ARC. This is just the beginning and

Veterinary inspectors for export approval. In such cases the

this effort will be extended to all provinces in due course. It

money for the development of the system is wasted. Our

will be extended to include breeding for meat quality. As soon

industry should realize that the practise of hygiene in the

as the value of animals is realized, it is easier to change from

abattoir or cutting plant must not be considered as a cost

the traditional way of animal husbandry, to the commercial

factor, but indeed a money saver, when the saving on product

system where the animal is used to increase the household

returns and rewraps are considered. Further development is

income. The challenge is to bring about change to this custom.

needed for the total adoption of such a system in the

When we look to the north of our country, it is imperative to
take cognizance of the situation regarding the food supply and
to act pro-actively. The Zimbabwean Minister of Agriculture,
Lands and Rural Resettlement, Min. K. Kangai, stated in his
address to the ECSAFoST conference in 1994, entitled:
“Challenges for Africa towards the year 2000”, that 30 to

transformation of the industry from a technology push to a
technology pull situation. In the latter case the producer does
not supply products to the consumer to be bought and used but
caters for the demands of the consumer according to various
needs e.g. cultural, etc - flavour, colour, taste, size and
tenderness preferred.

80 % of the food produced is lost before it reaches the

It is only a matter of time for this concept to become a reality

consumer. At the same conference Mr Laidler, Head of the

in South Africa. We have seen it happen in other countries of

European Delegation confirmed that, in theory, Africa

the world. It is essential for development and if we as a

produces more food than realised and should come much

country are dedicated to development, we will not be able to

closer to self-sufficiency than is the case in practice.

avoid this change in emphasis.

According to his figures 15 to 30 % of the food produced in
Africa is lost post-harvest. Clearly hygiene, preservation and
packaging of produced foods, especially meat and meat

The Meat Board, over the last eight years, sponsored a
comprehensive trial on the nutritional value of South African
beef. The results revealed that “beef is not beef is not beef” -
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the outcome of some values, e.g. fat differed significantly

industry remains a dedicated priority of the ARC and,

from values published in the USA and these USDA tables are

specifically, of the two centres involved in the research on

universally used for the calculation of dietary intake of

food products of animal origin (Dairy and Meat) at this

selected foodstuffs. This is a definite break through in South

Institute. We shall continue to assist the industry in their strive

Africa and the industry could very effectively use these results

for excellence. Today, you will be discussing meat research

in their advertising campaigns in order to win back some share

results at this symposium and you will be comparing the

of the market lost during the past years to alternative protein

results of local research with those from abroad. You will also

sources because of the myth that red meat is detrimental to

be participating in the deliberations of the associated

human health. The current Meat Board advertising campaign,

SAAFoST congress in the following 2-3 days.

as observed on TV, was based on the results of this research
project. In this regard the investment by industry into research
is paying a worth-while dividend.
Food Science research, the development of related

I wish you a very fruitful symposium. May it be to the benefit
of the food and particularly the meat industry, as well as to us
your research partners in the service of the industry. With
these few words I declare this symposium open.

technologies and the transfer of the knowledge gained for the
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Developments in meat science and technology for
sustained development
C.C. Warkup
Meat and Livestock Commission, MILTON KEYNES, United Kingdom

1.

INTRODUCTION

This paper seeks to examine some of the technologies that

sustainability means, in its simplest terms, that an activity will

have potential for application in the meat industry and some of

only be sustained if it remains profitable. This may be simple

the constraints that may limit their uptake. It is not realistic to

enough to define but there is no way of reliably choosing an

attempt to separate the elements of the meat industry that are

economically sustainable system, unless one is working in a

after the farm gate from those related to animal production and

‘managed’ economy with fixed costs and prices. The definition

no attempt to do so has been made. The focus of the paper is

of socio-economic sustainability is also often broadened to

the current situation in the United Kingdom (UK), but

include consideration of the acceptability of the social

reference is also made to the whole of the European Union

conditions of the workers in the industry, or the impact of the

(EU).

industry on the social conditions of those outside it. As

The potential of new technologies can perhaps be partially
gauged by examining an industry past record of investment in
researching new technologies and their subsequent uptake.

Spedding notes (1995) the subjectivity of such considerations
makes it more appropriate to use such words as ‘responsible’
or ‘morally right’, rather than sustainable.

Some understanding of the structure and economics of that

On the face of it, one of the simplest definitions of

industry will also be helpful. It will help to identify the

sustainability is the Brundtland definition (Brundtland, 1987):

motivations of those who manage the industry and some of the

“Sustainable development is development that meets

constraints with which they are faced.

the needs of the present without compromising the
ability of future generations to meet their own needs.”

A recent addition to structural and economic constraints is the
sociological constraint that technologies should be sustainable.

This definition is similar to the definition used by the British

Definitions of sustainability vary so much that Spedding

Ministry of Agriculture Fisheries and Food when assessing

(1993) noted “It would appear that everyone is in favour of it,

research proposals (Garwes, personal communication). This

and this alone is sufficient reason to doubt that it has a useful

definition relies on being able to identify the needs of future

meaning and to suspect that it is being used by individuals to

generations, not an easy task. In addition, it is difficult to

suit their own purposes.”

know what technologies will be available to these “future

Sustainability normally encompasses physical and biological
sustainability, but is often expanded to include socio-economic
considerations. Sustainability in relation to animal production
has been recently reviewed by Spedding (1995). Practically all
definitions of sustainability begin with physical sustainability,

generations” to allow them to meet their needs. It is probably
reasonable to assume that they will not have precisely the
same technologies as available today. In this context deciding
on the sustainability of many technologies is necessarily a
subjective judgment.

the easiest component to define. A physically sustainable

The definitions for sustainable livestock production systems,

activity can be kept going for a very long time without

suggested by Spedding (1995), need only little modification to

running out of non-renewable input resources or generating

extend them to encompass the rest of the meat production

outputs that reduce the activity. Generally this definition is

chain.

broadened to take account of undesirable outputs, such as

a.

may be harmful in other ways.

They should produce safe, nutritious and high quality
product in an efficient way with minimal wastage.

pollution, that may have no effect on the activity itself but
b.

They should be physically sustainable, using re-

Biological sustainability is the sustaining of species,

sources at all stages in production and distribution in

ecosystems and habitats. Accepting, of course, that biological

a way which will allow long-term development.

individuals are not sustainable. Finally, socio-economic
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c.

d.

e.

f.

They should be biologically sustainable, i.e. not de-

be used for food production in any other way, or produce food

structive of the habitats and species on which they de-

from raw materials that are themselves the by-products of

pend.

other human food production systems. By-products that

They should meet agreed standards for human and

humans cannot or would not want to eat.

animal health and welfare.

Farmers, with a few notable exceptions, generally do not

They must not give rise to unacceptable pollution,

directly fund or undertake research into new technologies

waste materials or other environmental effects.

themselves. They are, however, usually keen to adopt new

They must be profitable.

technologies that they perceive to confer a competitive
advantage. In large part, the farming industry has relied upon

It is perhaps worth reiterating that sustainability should act as

its suppliers and government to be the investors in the R&D

a constraint on industrial activity. Lack of sustainability should

necessary to deliver new technologies. Suppliers to the

be a reason for not undertaking a particular activity or using a

livestock industry can be categorised as either mature or

particular technology. Sustainability is not, in itself, a reason

growing industries. Relatively mature sectors, such as animal

for doing something. How the various constraints, including

feed and fertiliser suppliers, who were once major funders of

sustainability, that impact on technology in the meat industry

research have much reduced their R&D spend or withdrawn

will be considered in relation to the United Kingdom livestock

from it altogether. In contrast, animal and plant breeders, with

and meat industries.

the capability to exploit new technologies are investing heavily
in R&D.

2.

THE STRUCTURE OF THE UK INDUSTRY

Sustainability may not be an everyday issue for the majority of
farmers, but it has become an issue at the level of Government
funding of livestock research. A recent competitive programme

The United Kingdom meat and meat products industry is

has actually been called ‘Sustainable Livestock Production.’

worth about $21 billion (US) at the retail and catering outlet
level and yet agriculture is a relatively unimportant sector in

2.2.

Abattoirs

the UK economy, contributing only 1,4 % of GDP in 1995.
Finished livestock was, however, the largest single contributor

There are currently 488 red meat abattoirs in the UK with a

to agricultural output accounting for some 36 % in value

moderate degree of business concentration, the largest five

terms. About 400 000 people work in livestock farming and

abattoir companies accounting for 23 % of slaughtering.

practically all of the 2,2 million employed in the abattoir, meat

Recent years have seen a substantial contraction in the

processing, distribution, retail and catering sectors depend to

industry, for example, from 1 544 abattoirs in 1975. However,

some extent on the production and sale of meat for their

there is still serious over-capacity in the industry at 39 %,

income.

49 % and 73 % in the pig, beef and sheep sectors respectively
(MLC, 1994). This over-capacity means that the sector is

2.1.

Farms

driven by a need for throughput to spread the unavoidable
overhead costs across as much meat as possible.

Despite the growth in farm size in recent decades the animal
farming sector is still dominated by small and medium sized
enterprises. The exception being the poultry industry which is
dominated by five or six companies. The next most
concentrated sector is the pig industry where 80 % of output is
accounted for by 3 000 farms. The beef and sheep industries
have very little integration and are based on over 100 000
farm enterprises.

Many of the companies are family owned and the high cash
turnover of abattoirs provide most of the owners with a
reasonable living on very low margins. At times of low animal
volumes, bankruptcies often occur. Unfortunately, the
redundant assets are acquired at very low cost and continue to
be operated at even lower capital cost. These hard economic
realities mean that the abattoir sector operates with a very
short-term view. It places R&D very low on its priority list

Individually, farmers are at the front-line of the sustainability

unless it can see very applied solutions to immediate

issues, their livestock consume resources and produce

problems.

consumable food in a way that is biologically less efficient
than many non-animal based food production systems. Some

2.3.

Food processors

of the by-products they produce may not be easily or
efficiently recyclable and in some environments the keeping of

Some of the larger companies of this sector were once

farm animals is held responsible for a loss of biological

substantial owners of slaughterhouses and farming operations.

diversity. On the other hand, some animals are capable of

These once vertically integrated companies have in recent

producing food from environments which could probably not

years divested themselves of primary production, leaving

Proceedings of the 9th Meat Symposium: Meat Science and Technology for Sustainable Development
September 1, 1997, CSIR Conference Centre PRETORIA
Revised Printing 14 November 2014

9

themselves free to buy raw material wherever suits them.

excluded in the purchase specification issued by that company

Their research effort remains substantial, but is directed

and the use of that practice will cease in the sector of industry

towards process or product development rather than the cost or

supplying that company. The competitiveness of the

quality of the raw material they buy. The main exceptions to

Supermarkets is such that other companies may well follow in

this general observation are a small number of companies in

outlawing the same practice.

the pig processing sector who retain an interest in how the
animals they process are farmed and slaughtered. The smaller
companies in meat processing, of which there are many, seem
content to operate as technological ‘followers’.

2.4.

Retailers

There are in excess of 20 000 retail outlets for meat in the
Great Britain, but 68 % of fresh meat is now sold by 5 major
supermarket companies. The rate of concentration of retailing
power is illustrated by the fact that in 1980 the same
companies sold only 29 % of fresh meat (AGB, 1996).
Retailers tend to use their development spend on issues such
as improving their logistics or the quality of their service.
Their substantial buying power means that they have
considerable leverage with which to encourage their suppliers
to undertake R&D on product quality and presentation. Not
surprisingly as the market share of the majors has grown the
number of independent specialist butchers shops has declined

It is important to draw a distinction between the rigour with
which purchase specifications are tightly drawn for fresh or
cured meats and the general lack of constraints on the meat
that is used in more highly processed products such as meat
pies or ready meals.

2.5.

Caterers

There are 280 000 catering outlets in Great Britain, one for
every 200 people. The majority of these outlets are very small
companies such as Public Houses. The source of meat supplies
to this sector is varied, ranging from the local independent
butcher to major specialist catering butchers. Many caterers
buy on the basis of price and this frequently results in them
using imported supplies. Consumers eating out of the home
appear far less concerned about the origins of the food they
are consuming then they would be about buying the same
ingredients in the Supermarket.

dramatically. There are currently some 11 000 such shops
compared to 20 700 in 1986 (MLC, data).

2.5.1

Typically, the larger supermarkets stock some 14 to 20

Recent years have also seen substantial changes in consumer

thousand product lines per store, depending on the size of the

demographics, attitudes and lifestyles. A number of these

store. They may have a petrol station, fast-food outlet, banking

factors have a direct impact on consumer demand for fresh

machine and dry cleaner all on the same site, with ample free

meat. Over 70 % of women are now in full or part-time work,

parking. All to provide the maximum possible convenience for

there are an increasing number of single-person households

their customers. For some reason the British supermarket

and the proportion of income and time spent on leisure

companies are able to operate on a relatively high margin on

activities has increased markedly. In this busier more affluent

turnover, often quoted to be about 8 %, whereas similar

society the choice of “meal solutions” is as much driven by

companies in continental Europe are much more competitive

convenience and a desire for a pleasurable eating experience

on price and may operate on as little as 2 % of turnover.

as they are by other factors such as a desire to eat healthily or

For whatever reason, it would seem that the British consumer

Consumer issues

to a budget.

has developed a loyalty to the familiar big-five supermarkets

Our increasingly urbanised society is more and more distant

and is prepared to pay a little more for the quality, service,

from primary food production. Its perceptions of animal

convenience and other attributes that they offer. The big-five

agriculture have been influenced by the events of the Bovine

companies compete on the quality and variety of their offering

Spongiform Encephalopathy (BSE) epidemic in Britain. The

just as much as they compete on price. They are very

‘recycling’ of waste animal tissues into animal feed, practiced

protective of the customer loyalty they have managed to

in many parts of the world, has been implicated in the spread

acquire and see themselves (or, more cynically, may have

of BSE. This practice could readily be justified as

deliberately chosen to portray themselves) as the guardians of

environmentally friendly and yet is severely criticised by

many aspects of consumer safety.

consumers as an “unnatural” practice, imposed upon animals

In this role as the guardians of the consumers’ interests, the

by an industry solely focused on profits.

Supermarkets are now exerting the greatest influence on

All the fall-out from the BSE epidemic is not yet over, but one

industry practices. If a Supermarket considers that its

of the legacies is an increasing interest among a significant

customers would be unhappy about a particular industrial

proportion of consumers as to how their food is produced.

practice then that practice will come under great scrutiny as to

Consumers are not only concerned about any risk that

its necessity. This may result in the practice being specifically

production methods may pose to their health, but are also keen
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to know how animals are treated and what artificial practices

concern to the relatively affluent consumers who are able to

(such as chemical intervention or animal mutilation) may be

exercise such choice. In the convenience market quality will

used in the production of their food. The UK consumer lives

be to some extent built in by the processing technologies used.

in an increasingly risk-averse society where there are

In this market meat from the international commodity market

substantially imbalances between perceived risk and the best

will suffice.

assessment of the actual risk (Ashwell & Lambert, 1991) and
(Sandman, 1987). In a sweeping generalisation one might say

3.

COMPETITIVE STRATEGIES

that technologies that improve efficiency or quality for the
sake of profitability are judged unacceptable, whereas those
technologies that are to the benefit of the animal or the
environment may be acceptable.

For a number of reasons it is very difficult for the UK to
compete on the international commodity market for meat. The
pork and poultry industries are better placed to compete than

Consumers may not readily use the word sustainability but, if

the beef and lamb sectors, but their use of new technologies

asked, they would most likely be wholeheartedly in favour of

may be substantially constrained by a regulatory environment

it, as long as it did not cost them too much or constrain their

which places consumer safety and animal welfare the highest

freedoms to enjoy life. Those who use motor cars know that

priorities and adopts a risk-averse attitude, wanting to be

they would not rate highly as a sustainable technology. They

convinced of the need for any new technology.

are prepared to make some small concessions such as allowing

In this context much of the British industry has already

legislation to require everyone to pay the extra to have a
catalytic converter fitted to all new cars, but would they give
up their cars for the sake of the environment?

responded to the demands of the major fresh meat buyers and
is producing meat to their ever more restrictive specifications.
Achieving these purchase specifications incurs costs which

Consumer concerns have readily been taken on board by

make it even more difficult for meat produced this way to

Supermarket companies (cynics might say has been fomented

compete in the convenience sector. One of the difficulties this

by them for the purposes of competitive differentiation). Long

strategy generates is a problem of utilising the whole carcase

established practices such as the use of antibiotic growth

in a way that allows all of it to be marketed as a premium

promoters in pig and beef cattle production are coming under

product and hence recover the increased cost of production

increasing pressure as undesirable practices and are being

without having to load all of these onto the premium grilling

specifically excluded from some supply chains. The scientific

and roasting cuts. To date few retailers have achieved this,

evidence as to the safety, efficacy or environmental benefits of

though some are making an attempt.

these technologies is being given little weight in the

Whilst the UK may have some of the more extreme consumer

arguments. Those who argue for decisions to be based on
rationality are simply told that the customer does not want
these practices and therefore they must stop.

concerns in the EU, especially with regard to animal welfare,
it is not unique. Some member states of the EU, such as
Sweden and Denmark have chosen to adopt a similar “fresh”

Again, the distinction should be drawn between the scrutiny

meat strategy, others such as the Dutch pig industry have

given to “fresh” meat (including that lightly processed, cured

adopted a lowest cost of production approach.

or cooked) sold at retail, and the much less scrutinised meat

In the “convenience” sector new technologies are likely to be

bought by consumers as an ingredient of more highly
processed convenience foods or in catering outlets. This meat
is generally purchased by the manufacturer or caterer on the
commodity market where, provided some minimum quality
standards are achieved, price is more important than many

adopted if they help meet consumers’ needs for low-cost,
genuinely convenient, healthy and novel “meal solutions.”

4.

OPPORTUNITIES, SUCCESSES AND
CHALLENGES

4.1.

Product safety

other factors. Only at the more exclusive end of these sectors
are factors such as production technologies considered at all.
This fact was recognised in the recent Technology Foresight
exercise undertaken by the Office of Science and Technology
of the UK Department of Trade and Industry. The Meat
Foresight Panel delineated the market into two sectors: a
“Leisure” market in which fresh food cooked and consumed
for pleasure will predominate, and the “Convenience” market
in which more heavily processed food will be consumed or
“grazed” by consumers on the move from one activity to
another. In the former market, quality in all its respects,
including the methods of animal production will be of primary

In the context of a series of food-scares in the UK both
industry and Government are seeking ways to increase
consumer assurance of food safety. HACCP systems may have
been around some time but are currently being pursued with
energy. The energy is derived from a mixture of technologypush with threats of Government enforcement. Generally
speaking, those technologies that reduce pathogen loads of
animals ex-farm, those that minimise the potential for carcase
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contamination and those that provide reliable carcase

5.1.

Animal Welfare

decontamination in the abattoir are likely to be readily
adopted. The major exception to this generalisation is food

The UK has had legislation protecting the welfare of animals

irradiation which has very negative consumer perceptions.

since the last century, but it has only been in the last 10 to 20

Recent years have seen a proliferation of various farm and
quality assurance schemes that seek to provide consumers with
confidence in the product. Practically all of these schemes are
self-regulatory in nature, even if they do involve independent
inspection of facilities. They cannot and do not provide
absolute guarantees as to the authenticity of a product. Ways
of improving the traceability of product from the individual
animal to the point of consumer purchase are likely to be a
priority for research funding bodies.

years that farm animal welfare has become a major consumer
issue. Animal welfare issues are reportedly the subject of the
majority of letters to the Ministry of Agriculture from
members of the public. For some time this consumer concern
was addressed by ever more legislation and published codes of
practice. The codes of practice are not themselves mandatory,
but rather neatly, failure to comply with the codes can be used
as evidence of animal cruelty under existing legislation.
Although there is likely to be still more legislation, especially
covering intensively housed pigs, there has also been a shift to

5.

PRODUCT QUALITY

market differentiation on the basis of enhanced welfare. Meat
from various farm assurance schemes is now labelled as such

A good example of positive uptake of technology by industry

at retail level. Particularly common on supermarket shelves is

is in the area of improvement of meat quality. About ten years

premium priced

ago, industry, encouraged by the Supermarkets, began to

Any technology that can be used to enhance animal welfare is

recognise a problem with inconsistent eating quality of grilling

likely to be actively encouraged by the retailers. It may be that

and roasting cuts of beef and pork. In response to this the

this will even extend to biotechnological methods of

Meat and Livestock Commission (MLC) initiated a research

enhancing resistance to disease or genetic selection on traits

and development programme to provide industry with ways of

that may alleviate susceptibility to suffering. A current

improving the eating quality of meat, in particular its

example is the selection of cattle in some breeds using genetic

tenderness. MLC developed specifications known as

markers to the polled (hornless) status. All the indications are

Blueprints (Warkup 1993) that are descriptions of achievable

that use of biotechnology in this way will be judged

best practice at each link in the ‘conception to consumption’

acceptable, but there may still be a minority of consumers who

chain. Blueprints were released to industry for beef, pork and

will argue that we should adjust our husbandry systems to

lamb in 1991, 1992 and 1994 respectively.

cope with the animals with horns, rather than either selecting

The mechanism of technology transfer provides an interesting

for polled cattle or practicing de-horning. It is far less clear

insight into the power of the Supermarkets. As a levy funded

whether some other biotechnological methods, such as

body MLC’s attempts to transfer the results of its research in a

controlling disease with recombinant vaccines, will be judged

way that helps levy payers to achieve competitive advantage.

acceptable for use.

pigmeat from outdoor bred pigs.

Initially, the Blueprints were released to abattoirs and livestock
producers (levy payers). Some of these took the opportunity to

5.2.

Animal production

differentiate their output, but most, whilst recognising the need
for improvement, did not feel it appropriate to adopt the

It is in the area of animal production that the greatest

specifications.

challenges for new technologies exist. Technological progress

After providing levy payers with lead time, MLC briefed the
major retailers. The Supermarkets were keen to see the
technology used and began to write into their specifications
those elements of the Blueprints they were not already using.
At the time of writing over 60 % of UK beef and approaching

can be used to reduce the cost of production and to improve
product quality. Such technologies may be able to meet all the
criteria that allow it to be considered sustainable and yet may
still be judged unacceptable by consumers, or retailers or
legislators on their behalf.

35 % of pork are now produced to the Blueprint specification.

The current World Trade Organisation dispute between the

The Supermarkets are very powerful buyers and in the same

USA and the EU over the use of anabolic hormone implants in

way as they have the leverage to stop the use of technologies

cattle is a good example to consider. The use of such growth

they dislike, they are equally capable of achieving the use of

promoters in cattle is widely accepted in many Countries.

those they believe their customers would desire.

There are good arguments in favour of their use related to
biological efficiency (sustainability), environmental protection
and human health via reduced fatness of meat. It is even
possible to argue that they have benefits in terms of animal
welfare because the leaner carcases allow increased slaughter
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weights, this in turn means that fewer animals have to be

small scale beginnings there has been a massive growth in the

slaughtered to produce the same quantity of meat. The risks

use of MAP. In the relatively short period from 1991 to 1995

associated with the technology are judged to be very low, even

there was a 35 % increase in the use of such packaging. In

by the science advisers of the EU.

absolute terms an increase in the annual volume of about 600

Despite all these positive considerations the European
Commission has consistently defended its decision of the late
1980s to ban the use of hormone implants. Doubts over safety
are one of the publicly voiced reasons for the ban, but in the
opinion of the writer, it is also clear that both consumer
opinion and the lack of a ‘need’ for the technology are major
factors in the position of the EU. In this context any new
technology will not be approved for use in animal production
without prolonged discussion with the regulatory authorities.

million retail packs (Down 1997). The variety of packaging
methods capable of using modified atmospheres has also
grown to the extent that packages are now available which are
very similar in appearance to the more traditional over-wrap
packs. The growing use of such packages (combined with
modified atmosphere master packages) has allowed the major
Supermarkets to make a radical policy change in the last two
to three years. It is now common for a store to receive all of
the fresh meat for case-display in case-ready form. The retail
cutting, packing and labelling of the meat has been pushed

At the most innocuous end of the spectrum, the feeding of

back to the suppliers. This change has contributed to a

cattle with enhanced dietary Vitamin E levels to provide

continuing reduction in the supplier base to the majors. Where

increased colour stability of the resultant meat when on retail

they used to buy from a substantial number of slaughter

display is unlikely to meet significant consumer resistance.

companies for each of the meat species, they have much

The other end of the spectrum is probably the potential use

reduced the number to as few as four or five companies for

transgenic animals in food production. Genetically modified

each species.

food crops with advantages in terms of the sustainability of
animal production may be more acceptable but will certainly
meet some resistance.

5.3.

Convenience

One of the more dramatic technology related changes to have
occurred in the British meat industry in recent years, a change
in how the supermarkets buy their meat, is still underway.
Since the early days of Supermarkets it was common for them
to have one or more skilled butchers at the back of the store.
Meat would arrive in prepared primal form and be cut to the

6.

FUTURE CHALLENGES

The current UK climate for new technologies in the livestock
and meat industries is one of consumer and regulatory
suspicion. Urban consumers and the media that influence them
have some idealised image of ‘natural’ and ‘traditional’
production methods. They are suspicious of the motives
behind the development of new technologies and many of
them have the luxury of sufficient income to exercise their
choice to buy these ‘traditional’ products.

desired portions and then generally packed in a polystyrene

In this context the use of any new technology in the UK (and

tray with a gas permeable over-wrap film, labeled with a price

probably also the EU) will be scrutinised to assess the risk it

and then go on display.

might pose to current consumers and future generations, the

An alternative to the over-wrap packaging method, known as
modified atmosphere packaging (MAP), was developed some
time ago but has recently had a dramatic impact. Such
packaging typically has an atmosphere composed of up to

impact it will have on animal welfare and the environment and
who in society will reap the benefits. The various definitions
of sustainability are in large part taken into account by this
scrutiny.

70 % oxygen to help the meat retain the bright red colour of

A number of technologies with real potential to reduce costs or

oxymyoglobin, 20-30 % Carbon Dioxide to retard bacterial

improve quality may not stand up very well against this

growth and the remainder as Nitrogen as a ballast to maintain

scrutiny. These include: any form of pharmacological

the shape of the display pack. Some years ago the use of

intervention in animal production that is not directly for the

modified atmosphere packaging for fresh meat was pioneered

benefit of the animal; various reproductive technologies such

by Marks & Spencer. They are by no means the largest, but

as embryo transfer and semen sexing; genetic modification of

are certainly one of the most influential of retailers, with a

plants and, especially, animals via transgenesis. Even

reputation of stocking the best possible quality of fresh food.

conventional animal breeding methods are being questioned

The use of such high Oxygen MAP has the combined
advantages of extending colour stability and retarding bacterial

because of the possibility of reduced animal fitness being a
consequence of the high selection pressures applied.

spoilage. Compared to over-wrap packaging shelf-life is

Animal breeders are now keen to select on traits such as

claimed to be extended approximately two-fold, with the

resistance to disease. This is motivated by the cost of disease

obvious logistical advantages and reduction in wastage. From

to the producer, but can readily be justified as also beneficial
to the animal. However, this is seen by animal welfare

Proceedings of the 9th Meat Symposium: Meat Science and Technology for Sustainable Development
September 1, 1997, CSIR Conference Centre PRETORIA
Revised Printing 14 November 2014

13

pressure groups as solving a problem caused by poor

are. The majority of consumers are in favour of development

husbandry practice. Reducing this problem might be

and technological progress provided the benefits are real and

considered to make it possible to increase intensification of

the costs are acceptable. However, they are increasingly

animal production beyond what is reasonable on animal

concerned about what the true costs to themselves, their

welfare grounds.

children and the animals used for food may be. Progress yes,

As the world enters the ‘biological revolution’ made possible

but not at any price.

by the enormous progress in genome studies the EU will find
itself with a real problem. Should it allow these new

8.

REFERENCES

technologies to be used by European industry or should it bow
to consumer pressure and adopt some kind of ‘fortress Europe’

AGB, 1996. Audits of Great Britain Superpanel.

approach which will probably lead to conflicts over trade with
those markets which are happy to adopt such new

ASHWELL, M. & LAMBER, J., 1991. Nutritional aspects and

technologies. In the former case there will probably be much

consumer perceptions of meat. The European meat in-

resistance from some consumers, their pressure groups and the

dustry in the 1990's. F. J. M. Smulders. Nijmegen,

media. There will be a need to be as open as possible, to

ECCEAMST, Audet Tijdschriften: 293-317.

attempt to make decisions on a rational and not an emotional
basis, and to give consumers as much informed choice as
possible as to whether they wish to buy the products of such
technology.

BRUNDTLAND, G.H., 1987. Our common future, Oxford
University Press.
DOWN, N., 1997. Controlled atmosphere packing. 58th Easter

In the latter case the use of technologies in other markets

School in Agricultural Science, University of Notting-

which are denied to European producers will lead to an ever

ham.

increasing differential in price (and possibly quality) between
meat locally produced and imported meat which the EU may
be forced to allow in under trade agreements. One of the

MLC, 1994. The abattoir industry in Great Britain. Milton
Keynes, Meat and Livestock Commission.

possible scenarios which may be a consequence of this
approach is that the cheaper imported product will take an
increasing share of the ‘Convenience’ market of more highly

SANDMAN, P.M., 1987. Risk communication: Facing public
outrage. EPA Journal (November), 21-22.

processed meat products, leaving the European meat
production industry with a shrinking ‘Leisure’ market for
consumer assured ‘fresh’ meat.

SPEDDING, C.R.W., 1993. What is sustainability? Europe,
GATT, sustainability and the future of farming, proceedings of Royal Agricultural Society of England na-

7.

CONCLUDING REMARKS

In the UK the focus for research is increasingly on those
technologies that encourage consumer confidence and deliver
convenient, consistently high quality meat and meat products
from animals produced under high welfare conditions in an
environmentally friendly and sustainable way. This strategy is
deliberately aimed at the leisure market and will not assist us

tional agricultural conference.
SPEDDING, C.R.W., 1995. Sustainability in animal production
systems. Animal Science 61, 1-8.
WARKUP, C.C., 1993. Improving meat quality: the Blueprint
approach. Safety and quality of food from animals,
British Society of Animal Production.

to be competitive on the world market. There will remain a
huge world market which is less demanding of production
standards. Even though the standards in this market are less
demanding it should still be possible for producer and
customer to define what acceptable standards for sustainability
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1.

INTRODUCTION

It is well known that raising intact boars instead of castrates

Androstenone production and storage is highly dependent on

for meat production has advantages from an economic point of

pig age, slaughter mass and genotype (Bonneau, 1982). The

view, because of their superior growth performance, feed

androstenone threshold level above which pork can be

conversion efficiency and higher carcass lean concentration

considered tainted, is not precisely known. Based on the

(Allen et al., 1981; Sather et al.,1995). The abattoir/processor

different values which have been reported for different

sector in South Africa is hesitant or even opposed to the

countries, it can be considered to lie between 0,5 and 1,0 µg/g

marketing of intact males largely because of their concern

fat (Bonneau et al., 1992; Squires, 1993).

about the possible presence of an abnormal odour associated
with meat from intact male pigs. In fact, the use of intact male
pigs for meat production is still not common, with the
exception of a few countries, e.g. the United Kingdom,
Ireland, Spain and partly Denmark (Bonneau, 1992). Some
disadvantages have also been reported with intact males
compared to castrates, e.g. smaller dressing percentages (due
to higher bone mass), higher rind contents and lower curing
yields (Mortensen & Sorensen, 1984; Allen et al., 1981;
Knudson et al., 1985).

Which of the two malodorous compounds is the main
contributor to boar taint is still a controversial question.
Individual sensitivity to the compounds is extremely variable.
In fact, human perception of androstenone is genetically
controlled and predominates in females (Wysochi &
Beauchamp, 1984; Griffiths & Patterson, 1970 - cited by
Bonneau et al., 1992), resulting in the possibility that it can be
different in various consumer populations. Therefore,
androstenone contribution to boar taint may vary widely
between countries. On the other hand, most people are able to

Two chemical compounds have been found to be mainly

smell skatole and find it unpleasant (Squires, 1993). It is

responsible for the off-odour (boar taint) in pigs, namely

reported that skatole synergistically enhances the smell of

skatole and androstenone. Skatole is produced from the

androstenone (Hansen et al., 1980; Walstra, 1974).

degradation of the amino acid tryptophan in the intestine and
exhibits an intense faecal odour. Its contribution to boar taint
was demonstrated by Vold (1970) and Walstra and Maarse
(1970). Apart from being absorbed from the gut (intestines),
there are indications that skatole can be absorbed either
directly through the skin from excreta (faeces plus urine),

In this paper results obtained from different projects on the
boar taint phenomenon as investigated under South African
conditions are reported.

2.

OBJECTIVES

2.1.

Trial 1

and/or by inhalation in a gaseous form through the lungs
(Nonboe, 1991 -cited by Hansen et al.,1994). Factors
contributing to increased skatole levels in pig fat are
environment, season, gender, genotype and diet (Hansen et al.,

To evaluate the influence of sex type, slaughter mass and

1994; Lundström et al., 1994; Lundström et al. 1988). The

genotype on the androstenone and skatole levels in the backfat

threshold level for skatole in pork fat is proposed to be 0,20 -

of pigs, as well as on the sensory assessment of the loins

0,25 µg/g fat (Mortensen et al., 1986; Squires, 1993).

obtained from the same pigs.

Androstenone, first isolated from boar fat by Patterson (1968),
is a testicular steroid exhibiting a urine-like odour and is
deposited in adipose tissue due to its lipophilic character
(Schanbacher et al., 1985; Brooks & Pearson, 1986).
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2.2.

post mortem, vacuum packaged and stored at -18 °C until

Trial 2

analysis.
To evaluate the influence of sex type, season, stocking density
and diet on the androstenone and skatole levels in the backfat

3.2.

Analyses:

of pigs.
Skatole and androstenone concentrations were determined by

3.

means of High Performance Liquid Chromatography (HPLC),

MATERIALS AND METHODS

using a C18-column (4,6 mm x 150 mm), isopropanol as

3.1.

Animals:

3.1.1.

Trial 1

extraction medium, and a water/acetonitrile/tetrahydrofuran
solvent gradient (a modification of the method of HansenMøller, 1994).
The frozen pork loins were thawed and oven-roasted at 180 °C

The pigs were raised on a private commercial farm. Six

until an internal endpoint temperature of 77 °C was reached.

different genotypes comprising of the three sexes (boars, gilts

The following sensory quality characteristics were evaluated

and castrates) were slaughtered at four different slaughter mass

by a 10-member trained sensory panel (Trial 1):
· Fat odour

groupings, henceforth referred to as mass group (Table 1). In
total 360 pigs (60 pigs per genotype, Table 2) should have

·

Meat odour

·

Initial juiciness

·

Sustained juiciness

transported to the ARC-Irene campus and slaughtered on the

·

Tenderness

same day. Back fat (for skatole and androstenone

·

Amount of residue

determinations) and loin samples (for sensory analyses) were

·

Flavour

taken, coded, vacuum packaged, chilled for three days (the

·

General acceptability

been slaughtered, but there were 7 mortalities, thereby
reducing the number to 353.
Upon attaining the appropriate live mass, the pigs were

loin samples) and stored at -18 °C until required for analysis.

Only results from those sensory quality characteristics which
are relevant to this paper are reported, namely fat odour, meat

3.1.2.

Trial 2

odour, flavour and general acceptability.

This trial was done in two phases, viz. summer and winter. In
each phase, 120 pigs (60 boars, 30 gilts and 30 castrates - in
total, 240 pigs) purchased from the same producer, were raised
at the ARC-Irene campus. The different sexes were raised in
separate pens of equal size (3,5 m x 3,0 m = 10,5 m2) at
stocking densities of 1,50, 1,05 and 0,81 m² per pig (7, 10 and

The data obtained for each trial were analysed separately using
Anova and Regression Analysis using Statgraphics 5.0
Statistical Graphics System, 1985-1991.

4.

RESULTS:

4.1.

Trial 1

13 pigs per pen respectively). Boars were fed either a 16 % or
an 18 % protein diet, while gilts and castrates were all fed on
the 16 % protein diet. After reaching a live mass (pen-average)
of 90 kg per pig, the pigs were transported to a commercial

Significance levels for the influence of sex type, carcass mass

pig abattoir and slaughtered on the same day. Backfat (for

and genotype on the chemical and sensory characteristics in

skatole and androstenone determinations) were taken 24 hours

pig carcasses are given in Table 3. Sex type highly

Table 1:

Pig mass groupings and number of pigs per group

Slaughter mass (kg)

Mass group
Mean

Range

Mean carcass
mass (kg)

Number of pigs (n)
Boars

Gilts

Castrates

Total

53 kg

53,74

48,1 - 59,7

40,97

30

30

30

90

68 kg

68,42

60,0 - 77,6

53,36

30

31

28

89

87 kg

87,77

81,9 - 100,0

69,15

28

29

31

88

110 kg

109,76

99,8 - 120,2

87,86

26

30

30

86

114

120

119

353

Overall totals
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Table 2:

Genotypes (breed crosses) studied

Slaughter period

No

Genotype

n

Sire

Dam

B1

Aug. - Dec. ’87

South African Landrace (SALR)

X

(SALR x SALW)

60

B2

Aug.’87 - Dec. ’88

South African Large White (SALW)

X

(SALR x SALW)

59

B3

Mar. - Aug. ’88

National Pig Development-Landrace (NPD-LR)

X

(NPD-LR x NPD-LW)

59

B4

Mar. - Aug. ’88

National Pig Development-Large White (NPD-LW)

X

(NPD-LR x NPD-LW)

57

B5

Nov. ’88 - Feb. ’89

Duroc

X

(NPD-LR x NPD-LW)

59

B6

Apr. - Aug. ’89

Duroc

X

(SALR x SALW)

59

Total number of pigs

353

significantly influenced (P=0,0000) fat skatole and

with

androstenone levels as well as all relevant sensory attributes.

unpleasant/undesirable quality characteristics.

Only fat skatole levels and the fat odour score were not
significantly influenced by slaughter mass. However, for both
of these variables significant interaction (P£0,05) was
observed between sex type and mass group. Significant
interaction (P£0,05) also existed between sex type and mass
group for fat androstenone levels. Genotype significantly
influenced all the variables except fat androstenone levels. no
interaction was found between sex type and genotype and
between mass group and genotype.

lower

mean

values

indicating

more

Neither gilt nor castrate carcasses had skatole or androstenone
levels in excess of the threshold values applied by the
European Union (0,20 and 1,00 µg/g fat respectively), hence
the effects of carcass mass and genotype on the skatole and
androstenone levels and sensory attributes of boar carcasses
only are summarised and discussed (Tables 5 and 6). Skatole
levels in boars were not influenced by slaughter mass
(P>0,05), while increased slaughter mass resulted in increased
androstenone levels (Table 5). Increased slaughter mass also

Table 4 gives the effect of sex type on the skatole and

resulted in lower mean values for the sensory attributes,

androstenone levels (mean values given) in the backfat of pigs,

indicating less favourable scores for larger carcasses.

as well as relevant sensory analysis results. Boar carcasses had
significantly higher skatole and androstenone levels than gilt
and castrate carcasses. Sensory analysis scores for intact boar
carcasses differed significantly from those for gilts and
castrates (P=0,0000 for all the relevant sensory attributes),

Table 3:

Skatole levels in boars rather than androstenone levels were
affected by genotype (Table 6). However, this was not
significant (P=0,0768). Genotype significantly influenced the
sensory analysis scores of boar carcasses (P=0,0000 in all
cases).

Significance levels for analysis of variance for skatole and androstenone levels in pigs as influenced by sex type,
slaughter mass and genotype
P-value for main factors

Variable

P-value for interactions

Sex type

Slaughter mass

Genotype

(A)

(B)

(C)

AxB

AxC

BxC

Skatole

0,0000

0,4486

Androstenone

0,0000

0,0036

0,0048

0,0093

0,0650

0,3650

0,4058

0,0002

0,4810

0,1850

Fat odour

0,0000

0,3763

0,0032

0,0182

0,1152

0,5479

Meat odour
Flavour

0,0000

0,0005

0,0001

0,3729

0,6393

0,8545

0,0000

0,0294

0,0000

0,7054

0,0611

0,7771

General acceptability

0,0000

0,0014

0,0000

0,8486

0,4131

0,8217

Chemical components:

Sensory attributes:
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Table 4.

Chemical and sensory quality characteristics of pig carcasses as influenced by sex type

Sex type

Variable
Boars

Gilts

Castrates

Chemical components (µg/g fat):
Skatole

0,126a

0,030b

0,046b

Androstenone

0,837a

0,164b

0,215b

Frequency distribution (%):
Skatole

*1

Androstenone

*2

83 | 17

100 | 0

100 | 0

49 | 26 | 25

100 | 0 | 0

98 | 2 | 0

Sensory attributes:
Fat odour

#1

Meat odour
Flavour

#2

#4

Correlation coefficients (%):
Fat odour

$1

Meat odour
Flavour

$2

$3

General acceptability

3,29b

3,39b

a

b

3,46b

2,98a

3,30b

3,36b

2,81a

3,15b

3,25b

3,18

#3

General acceptability

2,72a

$4

Skat

3,42

Andr

Skat

Andr

Andr

-31,7

-48,0

-15,0

-24,4

+5,1

-71,7

-33,3

-13,6

+6,7

-8,1

+2,7

-50,3

-28,0

-12,6

+13,7

-17,7

-0,5

-51,1

-35,5

-18,1

+6,8

-16,5

0,0

*1

Skatole <0,2 | ³0,2 µg/g fat

*2

Androstenone <0,5 | ³0,5 <1,0 | ³1,0 µg/g fat

#1

6=extremely pleasant, 1=extremely unpleasant

#2

6=extremely pleasant, 1=extremely unpleasant

#3

6=extremely desirable, 1=extremely undesirable

#4

6=extremely acceptable, 1=extremely unacceptable

$1

Correlation coefficient of fat odour with skatole and androstenone levels

$2

Correlation coefficient of meat odour with skatole and androstenone levels

$3

Correlation coefficient of flavour with skatole and androstenone levels

$4

Correlation coefficient of general acceptability with skatole and androstenone levels

a,b

Within rows, means with different superscripts differ significantly (P£0,05)

4.2.

Skat

-62,5

Trial 2

tended to be higher in winter. Stocking density did not
influence either skatole or androstenone levels in carcasses of

In this trial, the average carcass mass of the pigs was 68,3 kg.
The effects of season, sex type and stocking density on the
skatole and androstenone levels in pig carcasses are
summarised in Tables 7 and 8. Both season and sex type
significantly influenced the occurrence of skatole and
androstenone, with a significant interaction being found
between season and sex type for skatole (Table 7). Intact male
pigs had significantly higher skatole and androstenone levels
than gilts and castrates for both seasons (Table 8). Skatole
levels were higher in summer, while androstenone levels

pigs (Table 7).
The effects of season, diet and stocking density on the
occurrence of skatole and androstenone in boars are given in
Tables 9 & 10. Season significantly influenced skatole levels
in boar carcasses (Table 9), with higher levels being observed
in summer compared to winter (Table 10). Androstenone
levels were influenced by diet (Table 9). The 18 % protein diet
caused on average higher androstenone levels than the 16 %
protein diet (Table 10). Neither skatole nor androstenone levels
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Table 5:

Chemical and sensory quality characteristics of boar carcasses as influenced by slaughter mass

P-value

Variable

Slaughter mass (kg)
53

68

87

110

Chemical components (µg/g fat):
Skatole

0,1608

Androstenone

0,0058

0,155

0,067
0,440

a

0,815

0,136
ab

0,948

0,149
b

1,165b

Frequency distribution (%):
Skatole

*1

Androstenone

*2

-

100 | 0

80 | 20

81 | 19

68 | 32

-

65 | 31 | 4

53 | 20 | 27

46 | 31 | 23

28 | 24 | 48

0,0024

3,01a

2,85ab

2,78bc

2,59c

0,0029

3,46a

3,26b

3,28b

3,10b

0,0171

3,18

a

a

a

2,85b

0,0007

3,05a

2,93a

2,63b

Sensory attributes:
Fat odour

#1

Meat odour
Flavour

#2

#3

General acceptability

#4

3,12

2,96a

*1

Skatole <0,2 | ³0,2 µg/g fat

*2

Androstenone <0,5 | ³0,5 <1,0 | ³1,0 µg/g fat

#1

6=extremely pleasant, 1=extremely unpleasant

#2

6=extremely pleasant, 1=extremely unpleasant

#3

6=extremely desirable, 1=extremely undesirable

#4

6=extremely acceptable, 1=extremely unacceptable

a,b

Within rows, means with different superscripts differ significantly (P£0,05)

3,10

were influenced by stocking density. No interactions were

that skatole levels in the backfat of pigs were influenced by

found between season, diet and/or stocking density.

sex type and season (Tables 4 & 8), while androstenone levels
were influenced by sex type, slaughter mass and protein

5.

DISCUSSION

content of diet (Tables 4, 5 & 10). It must be noted that wide
variations in both skatole and androstenone levels in individual

There is considerable controversy as to whether skatole or
androstenone is the most important contributor to boar taint.
Under Danish conditions, for example, skatole in the backfat
of pigs seems to be the primary factor responsible for boar

pigs within defined groupings (e.g. sex type, mass group,
genotype) were observed. This discussion, however, is based
on mean values observed for the defined groupings which had
been studied.

taint (Mortensen et al., 1986), while in France, androstenone is
more closely correlated to boar taint (Bonneau et al., 1992).

5.1.

Fat skatole levels:

Moreover, the maximum acceptable limits for these
compounds have not been firmly established. These limits
range from 0,20 to 0,25 µg/g fat for skatole and from 0,50 to
1,00 µg/g fat for androstenone (Squires, 1993). For the
purposes of this discussion, unacceptably high skatole and
androstenone levels (i.e. threshold values) will be taken as
0,20 and 1,00 µg/g fat for skatole and androstenone
respectively.

5.1.1.

Influence of sex type

In accordance with previous results (Mortensen et al., 1986;
Lundström et al., 1988, Bonneau et al., 1992; Hansen et al.,
1994), fat skatole levels were higher in boars than in gilts and
castrates (P=0,0000 in both experiments). In fact, of the total
of 180 gilt and 180 castrate carcasses analysed in the two
trials, only 2 gilts and 2 castrates (all in trial 2) had skatole

Many factors influence the incidence of boar taint. The results

levels exceeding the threshold value of 0,20 µg/g fat.

of the studies carried out locally (i.e. in South Africa) showed

According to Lundström et al. (1988), the occurrence of
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Table 6:

Chemical and sensory quality characteristics of boar carcasses as influenced by genotype

P-value

Variable

Breed cross
B1

B2

B3

B4

B5

B6

Chemical components
(µg/g fat):
Skatole

0,0768

0,211a

0,075b

0,177ab

0,098b

0,105b

0,092b

Androstenone

0,4348

0,852ab

0,831ab

0,800ab

0,602a

0,824ab

1,143b

--

70 | 30

94 | 6

78 | 22

87 | 13

79 | 21

90 | 10

--

35|40|25

52|24|24

50|28|22

62|25|13

47|21|32

50|20|30

0,0000

2,51a

3,15c

2,63ab

2,78b

3,07c

2,71ab

0,0000

3,07a

3,55c

3,03a

3,06a

3,66c

3,30b

0,0000

3,23a

3,68b

2,75c

2,46d

3,37a

2,89c

0,0000

3,10a

3,53b

2,54cd

2,41c

3,09a

2,68d

Frequency distribution
(%):
Skatole

*1

Androstenone

*2

Sensory attributes:
Fat odour

#1

Meat odour
Flavour

#2

#3

General acceptability

#4

*1

Skatole <0,2 | ³0,2 µg/g fat

*2

Androstenone <0,5 | ³0,5 <1,0 | ³1,0 µg/g fat

#1

6=extremely pleasant, 1=extremely unpleasant

#2

6=extremely pleasant, 1=extremely unpleasant

#3

6=extremely desirable, 1=extremely undesirable

#4

6=extremely acceptable, 1=extremely unacceptable

a,b,c,d

Within rows, means with different superscripts differ significantly (P£0,05)

skatole in boar fat, compared to only a limited degree in fat

al. 1992). This may partly be due to the high ambient

from gilts and castrates, may indicate some hormonal

temperatures that is experienced locally, especially during the

influence. Although the gut micro flora probably does not

summer months. This is discussed later in this paper.

differ between the sexes, the differing hormonal patterns may
affect the absorption or intermediate metabolism of skatole. In
our studies, the proportion of intact male pigs with

5.1.2.

Influence of genotype

unacceptably high skatole levels (more than 15 %) was higher

Genotype significantly influence skatole levels (P=0,0048;

than the 4-5 % reported in studies from European countries

Table 3). However, the influence of genotype on skatole levels

(Mortensen et al., 1986; Lundström et al., 1988; Bonneau et

in boar carcasses only tended to be significant (P=0,076;

Table 7:

Significance levels for analysis of variance for skatole and androstenone levels in pigs as influenced by season, sex
type and stocking density.

P-value for main factors

Variable

P-value for interactions

Season

Sex type

Stocking density

(A)

(B)

(C)

AxB

AxC

BxC

Skatole

0,0000

0,0002

0,9880

0,0211

0,8975

0,7421

Androstenone

0,0078

0,0000

0,4545

0,6743

0,9502

0,8789
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Table 6). In spite of that, differences in the fat skatole levels in

genes (B1 and B3) had higher mean skatole levels than the

boar carcasses were observed between the different genotypes

predominantly Large White (B2 and B4) and Duroc (B5 and

(Table 6). The breed crosses with predominantly Landrace

B6) genotypes. Malmfors et al. (1990) also reported higher

Table 8:

Skatole and androstenone levels in pigs raised on a 16 % protein diet as influenced by season and sex type

Summer

Variable
Boars

Winter

Gilts

Castrates

Boars

Gilts

Castrates

Chemical components (µg/g fat):
Skatole

0,236a

0,063b

0,082b

0,057c

0,025d

0,014d

Androstenone

0,461a

0,088b

0,083b

0,562c

0,131d

0,161d

69 ê 31

94 ê 6

94 ê 6

100 ê 0

100 ê 0

100 ê 0

55ê 45ê 0

100 ê0ê 0

100ê 0 ê 0

50ê 37ê 13

100ê 0ê 0

100 ê0ê 0

Frequency distribution (%):
Skatole

*1

Androstenone

*2

*1

Skatole <0,2 ê³0,2 µg/g fat

*2

Androstenone <0,5 ê³0,5 <1,0 ê ³1,0 µg/g fat

a,b,c,d

Within rows, means with different superscripts differ significantly (P£0,05)

Table 9:

Significance levels for analysis of variance for skatole and androstenone levels in intact boars as influenced by
season, diet and stocking density.
P-value for main factors

Variable

P-value for interactions

Season

Diet

Stocking density

(A)

(B)

(C)

Skatole

0,0019

0,3638

Androstenone

0,7951

0,0471

Table 10:

AxB

AxC

BxC

0,7554

0,7801

0,6604

0,3707

0,7731

0,3967

0,2481

0,6651

Skatole and androstenone levels in boar carcasses as influenced by season, diet and stocking density.

Season

Variable

Summer

Winter

Diet

Stocking density (m²/pig)

(Protein content)

[No of pigs per pen]

16 %

18 %

1,50 [7]

1,05 [10]

0,81 [13]

Chemical components (µg/g fat):
Skatole

0,271a

0,078b

0,146c

0,203c

0,140d

0,189d

0,194d

Androstenone

0,587a

0,610a

0,511c

0,686d

0,600e

0,632e

0,563e

Frequency distribution (%):
Skatole*1
Androstenone

66 ê 34
*2

98 ê 2

54ê 36 ê10 47ê 38 ê15

85 ê 15

80 ê 20

**

**

**

54ê 39ê 7

47ê 35ê 18

**

**

**

*1

Skatole <0,2 ê³0,2 µg/g fat

*2

Androstenone <0,5 ï³0,5 <1,0 ê³1,0 µg/g fat

a,b,c,d,e

Within rows, means with different superscripts differ significantly (P£0,05)

**

These figures are not given as the influence of stocking density on skatole and androstenone levels is not
significant
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mean skatole levels for Landrace than for other breeds.

as those in the summer trial. No correlation was found

Hansen et al. (1994) reported significant differences in fat

between the skatole concentrations in the faeces and that in

skatole levels between litters and that two Danish Landrace

pig fat. These authors concluded that skatole concentrations in

boars, in particular, increased the skatole levels of their

subcutaneous fat could be changed within a week in both

crossbred offspring. Bonneau et al. (1992), on the other hand,

directions, either decreasing the skatole levels by keeping the

did not find significant differences between genotypes, but this

pigs in clean pens with low stocking densities or increasing it

study did not involve predominantly Landrace breeds. An

by keeping the pigs in pens fouled with faeces and urine at

investigation by Hansson et al. (1980), which involved

high stocking densities. The results reported here (trial 2) did

Landrace breed crosses, also did not show differences between

not show a significant effect of stocking density on fat skatole

genotypes. Thus it is difficult to make definite conclusions

levels (Table 7 & 9). It thus seems that environment rather

with regard to breeding for low skatole levels. Breeding of

than stocking density plays an important role in the

pigs for low skatole levels, therefore, does not seem to be a

accumulation of skatole in pig carcasses. It is hypothesized

viable option. If such a programme is considered, reduced

that either skatole from excreta of heavily fouled pens,

androstenone levels should also be an objective, a fact which

especially at high floor faeces temperatures (30 °C and more),

would only complicate a breeding programme.

may pass through the skin of the pig or gaseous skatole may

As it has been found that skatole levels are influenced by
season (Tables 7 & 8 - discussion follows), it should be
considered that the influence of genotype on fat skatole levels
might have been a pseudo-effect. From Table 2 it can be seen
that both genotypes B1 (predominantly Landrace) and B2

be absorbed through the lungs and be deposited into the
subcutaneous fat (Nonboe, 1991; Udesen, 1992 - cited by
Hansen et al., 1994).

5.2.

Fat androstenone levels:

(predominantly Large White) had been slaughtered during the
summer months. In spite of that, the mean skatole level of B1
were significantly higher than that of B2. On the other hand,
the predominantly Large White genotypes (B2 and B4) had
been slaughtered in different seasons, but their mean fat
skatole levels did not differ significantly. The same applies for
the Duroc breeds (B5 and B6), hereby excluding the seasonal
effect.

5.2.1.

Influence of sex type

As expected, in both trials androstenone levels in boar
carcasses were significantly higher than those in gilts and
castrates and only boars exhibited androstenone levels
exceeding the threshold value of 1,0 µg/g fat (Tables 4 & 7).
The higher mean androstenone values observed in trial 1
compared to trial 2 is probably due to the contribution made
by the heavier pigs (110 kg slaughter mass) and/or a genetic

5.1.3.

Influence of season (temperature) and

effect as this investigation (trial 1) involved six genotypes.

stocking density

However, this study did not show a genetic effect on

Skatole levels in pig carcasses were significantly influenced by
the season during which the pigs were raised (P<0,01 - Tables
7 & 9). From Table 8 it is evident that the mean skatole levels
in all sex groups were much higher in summer. The mean

androstenone levels (Table 6). Bonneau (1982) and Willeke
(1993), on the other hand, mentioned several authors who
demonstrated that fat androstenone levels are genetically
influenced.

value for boars in summer was 0,271 µg/g fat (which is higher
than the threshold value) compared to 0,078 µg/g fat in winter
(Table 10). What is even more alarming, is that, in summer, 34
% of the boars had skatole levels exceeding 0,2 µg/g fat
(Table 10), which probably is the reason for the unacceptably
high mean skatole values found in this sex group. Only 2 % of
the boars had unacceptably high skatole levels in winter. This
inter-season difference can probably be attributed to a higher
skatole load from the faeces when the ambient temperature is
high (Hansen et al., 1994). Hansen also reported that season
(temperature) had a significant influence (higher in summer
than in winter) on fat skatole levels, especially in pigs heavily
fouled with faeces and urine (excreta) at high stocking
densities. However, they observed significantly higher fat
skatole levels at high temperatures (³22 °C) in the summer
compared to the winter (±17 °C) despite the fact that the pigs
in the winter trial were as heavily fouled with faeces and urine

5.2.2.

Influence of slaughter mass

Slaughter mass had a highly significant (P£0,01) influence on
fat androstenone levels (Table 5). Boars slaughtered at a
higher mass had higher androstenone levels. Not only did the
mean androstenone level in the 68 kg slaughter mass grouping
(53 kg carcass mass) already approach the threshold value of
1,0 µg/g fat, 27 % of those boars had androstenone levels
exceeding 1,0 µg/g fat. Forty-eight percent of the highest mass
grouping had unacceptably high androstenone levels. The
slightly lower incidence in the 87 kg mass group compared to
the 68 kg mass group is presumably due to the wide variation
in androstenone values between individual animals within the
defined mass groupings. Bonneau (1982) reviewed several
papers which reported increases in androstenone levels in
boars at very variable ages depending on individual animals.
This simply implies that individual variation in fat
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androstenone levels at a given live mass or age is

was 18 % for those fed the higher protein diet compared to

considerable, even when rearing conditions are well

7% for those boars fed the 16 % protein diet. This is possibly

controlled. According to Claus et al. (1994), slaughter mass

as a result of accelerated puberty due to faster growth of pigs

usually coincides with puberty, so that minor changes in

raised on the higher protein diet. According to Claus et al.

sexual maturation lead to large differences in androstenone

(1994), plane of nutrition may stimulate testicular function.

levels. What is important, though, is that our study showed

They also reported stimulation of testicular development

that unacceptably high fat androstenone levels are already

resulting in increased androstenone levels due to increased

observed in a high proportion of boars at a low carcass mass

levels of energy supply. The 16 and 18 % protein diets in this

(age).

study had digestible energy levels of 13,5 and 14,0 MJ/kg
respectively. The higher energy level of the latter diet thus

5.2.3.

Influence of genotype

could also contribute to the higher incidence of androstenone
in boars raised on this diet.

Contrary to the reports from various studies (summarised by
Willeke, 1993), no influence of genotype on fat androstenone

5.3.

Sensory analysis

levels was found in this study (trial 1, Tables 3 & 6).
According to Willeke (1993) selection for eliminating
androstenone can be successful. However, the summary of

5.3.1.

Influence of sex type

Willeke revealed large differences in androstenone levels

Sex type highly significantly influenced all the relevant

within breeds between different research programs. Although

sensory attributes (P=0,0000 in all cases). With regard to the

Bonneau & Sellier (1986) found that the fat androstenone level

sensory attributes evaluated and reported here (i.e. fat odour,

in boars is an heritable trait, they warned that the selection for

meat odour, flavour and general acceptability), pork chops

reduced androstenone content could be expected to adversely

from boars scored less favourably than those from gilts and

affect testicular growth and development of the genital system

castrates (Tabe 4). This corresponds with the higher skatole

in the young boar. According to Squires (1993), selection

and androstenone levels in the carcasses of boars.

programmes so far have not been successful, resulting in either
reproductive problems in females or failure to lower 16androstene levels in intact males. (Note: 16-androstene

5.3.2.

Influence of slaughter mass

steroids, including androstenone, are produced in the testis of

Slaughter mass significantly influenced all sensory analysis

intact males and accumulate in the fat.)

scores in boar carcasses (Table 5). The decrease in fat odour
scores for increased slaughter mass probably was a result of

5.2.4.

Influence of season

Although slightly higher fat androstenone levels in boars were

the increased androstenone levels. In general, the meat from
the heavier (older) boars was less acceptable to the sensory
panel members than that from the younger boars.

found in winter compared to summer (Table 10), this was not
significant (P>0,05). According to Claus et al. (1994),
environmental influences may modify the time course of

5.3.3.

Influence of genotype

puberty and thus fat androstenone levels at slaughter. Hence

Sensory attributes of boar carcasses were significantly

testicular function may be stimulated by season due to the

influenced by genotype (Table 6). The predominantly

regulatory effect of the photoperiod for reproduction, i.e.

Landrace genotypes (B1 and B3) scored the least favourable

increased androstenone levels in blood plasma under

with regard to fat odour and meat odour. This may be as a

decreasing day length or an artificial light programme which

result of the higher fat skatole levels in these carcasses. The

simulates the approach of winter (the normal mating period of

National Pig Development (NPD) breed crosses (B3 and B4)

the wild boar). Trudeau et al. (1988), on the other hand, found

had the lowest overall sensory analysis scores, which indicates

little fluctuation of the steroid with season.

more unpleasant/undesirable quality characteristics. The
predominantly Large White genotype had the highest mean

5.2.5.

Influence of diet

values for all the relevant sensory attributes, indicating more
acceptable quality characteristics.

Diet had a significant effect on the accumulation of
androstenone in the fat of boars (Table 10). No age or mass
effect could be involved, as pigs in the study involved (trial 2)

5.3.4.

Correlation coefficients

were slaughtered only once they had reached a certain mass.

Sensory scores for all these attributes were more closely

On average, the 18 % protein diet caused higher androstenone

related to skatole than to androstenone levels, as higher

levels than the 16 % protein diet. The overall frequency of

correlation coefficients were observed with skatole levels. This

boars producing androstenone levels in excess of 1,0 µg/g fat

corresponds to observations reported from the Netherlands
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(Walstra et al., 1986), Sweden (Lundström et al., 1988) and
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The role of the calpain proteolytic system on beef
tenderness
L. Frylinck, M.C. Britz & P.H. Heinze
Meat Industry Centre, ARC-ANPI, Private Bag X2, Irene, South Africa 0062

1.

INTRODUCTION

In the conversion of muscle to meat, two phases can be

data (Koohmaraie, 1992a) indicate that the MCP complex does

distinguished (Figure 1). During the first phase, rigor mortis

not seem to have a direct role in post mortem proteolysis of

develops and post mortem muscle reaches maximum

myofibrillar proteins.

toughness. This process is parallelled by ATP depletion, pH
decrease from 7,2 to about 5,5 and a slow release of calcium
from intracellular stores. The second phase is characterised by
a gradual improvement in tenderness during post mortem
storage (Roncalés et al., 1995).

Although the action of cathepsins can explain some of the
structural and biochemical changes in post mortem muscle
which cannot be attributed to the action of calpains, the
purpose of this contribution is to enlighten you on the role of
the calpain enzyme system in post mortem proteolysis of

Post mortem storage or ageing of meat has long been regarded

myofibrillar proteins, and thus meat tenderisation, throughout

as essential to the production of tender meat. With the

ageing. Variation in tenderisation as affected by biological

increasing consumer emphasis on quality rather than quantity,

factors (e.g. species, breeds and muscle type) and processing

the importance of this process in meat production is greater

conditions (e.g. electrical stimulation and chilling conditions)

than ever before. Unfortunately the rate and extent of

will be explained by variation in the activity of these

tenderisation during ageing, specially of beef, are rather

proteinases.

variable. Tenderisation is depending on a number of biological
factors, e.g. age, sex-type, muscle type and species and
affected by a large number of factors including rate of
glycolysis, rate of pH decline, osmolality of muscle cells,

Table 1:

temperature, and genetic factors inherent to the animal,
amongst others.

Selected characteristics of muscle proteinases
(Roncalés et al., 1995).

In addition, growth promoters may affect

tenderisation, as can the application of technologies such as

Enzymatic

Regulating

Optimum Location

electrical stimulation and rapid cooling (Geesink, 1993).

system

factors

pH

The connective tissue content is responsible for about 20% of

Calpains

this variation (Roncalés et al., 1995). The virtual lack of
change in this component during post mortem storage while
considerable tenderisation occurs, has led to the conclusion
that the weakening of the myofibrillar structure primarily
control meat texture (Greaser & Fritz, 1995). Proteolysis of

- µ-calpain

Calcium

- m-calpain

pH

- third calpain

phospho-

- calpastatin

lipids

Cytosol

activators

myofibrillar proteins, which results in a loss of structural
integrity, is then to be mainly responsible for tenderisation

7,5

Cathepsins

during ageing (reviewed by Penny, 1980; Greaser, 1986;

- Cathepsin B

release from

Koohmaraie et al., 1988a,b; Ouali, 1990; Roncalés et al.,

- Cathepsin D

lysosomes

1995). Two groups of proteolytic enzymes which degrade

- Cathepsin H

inhibitors

myofibrillar proteins were investigated; i.e. the lysosomal

- Cathepsin L

4,0 - 6,0 Lysosomes

cathepsins which are optimally active at a pH below 6 and the
calpains which are calcium-activated sarcoplasmic enzymes

Multi catalytic

pH

with an optimum activity at pH 7-7,5 (Table 1). Information

proteinase

inhibitors

on the third proteinase system, the multi catalytic proteinase

(MCP)

7,5 - 8

Cytosol

complex, with regard to post mortem conditions is limited, and

Proceedings of the 9th Meat Symposium: Meat Science and Technology for Sustainable Development
September 1, 1997, CSIR Conference Centre PRETORIA
Revised Printing 14 November 2014

28

Figure 1:

1.1.

Time course changes in toughness (assessed by changes in Warner-Bratzler shear force) of Bovine Longissimus
muscle upon post mortem storage at 12 °C thereafter. Abbreviations used: Pr = Pre rigor. Rm = Rigor mortis phase
(Roncalés et al., 1995)

Post mortem degradation of the myofibrillar structure throughout ageing

Myofibril fragmentation has been recognised as an important
event during aging of meat (See Figure 2 for a schematic
overview of the muscle structure). Because of the weakening
of this region, aged meat yields a higher proportion of smaller
fragments upon homogenisation than unaged meat. Analysis
methods based on this fragmentation is the myofibrillar
fragmentation index (MFI) (i.e. the spectrophotometric
determination of the turbidity of a myofibrillar suspension,
with a fixed protein concentration, at 540 nm) and the
measuring of myofibril fragments by using a video image
analyser. A strong correlation exists between tenderness of
cooked meat and MFI and myofibril fragment lengths (review

little or no ultrastructurally detectable Z-disk degradation
during this period (Figure 3b-e; Taylor et al., 1995). Electron
microscope studies showed that, during the first 3 or 4 days of
post mortem storage at 4 °C, both costameres and N2-lines are
degraded. Costameres link myofibrils to the sarcolemma, and
N2-lines have been reported to be areas where titin and nebulin
filaments, which form a cytoskeletal network linking thick and
thin filaments, respectively, to the Z-disk, coalesce. (See
Figure 4 for the schematic diagram showing the structure and
protein composition of costameres in striated muscle relative
to Z-disks and the myofibrilar lattice.) Filamentous structures
linking adjacent myofibrils laterally at the level of each Z-disk
are also degraded during the first 3 or 4 days of post mortem
storage at 4 °C, resulting in gaps between myofibrils in post
mortem muscle. Degradation of these structures would have

Goll et al., 1995a).

important effects on tenderness. The proteins constituting these

The most frequently reported degradative change at a

dystrophin (three of the six to eight proteins constituting

microscopic level related to tenderisation is fading and

costameres); and desmin (filaments linking adjacent

fragmentation of the Z-line. Z-line material alone is not

myofibrils) are all excellent substrates for the calpains.

directly responsible for tenderisation, since fragmentation of

Nebulin, titin, vinculin, and desmin are largely degraded

structures, nebulin and titin (N2-lines); vinculin, desmin, and

myofibrils often takes place adjacent to seemingly intact Z-

within 3 days post mortem in the M. semimembranosus

lines, splitting thin filaments from them. Other ultrastructural

muscle. Electron micrographs of myofibrils used in the

changes which have been reported include fragmentation of

myofibril fragmentation index assay show that these

myofibrils at the N-2-line level, loss of transversal alignment

myofibrils, which have been assumed to be broken at their Z-

of the sarcomeres (Gann & Merkel, 1978; Penny, 1980; Ouali,

disks, in fact have intact Z-disks and are broken in their I-

1990), probably related to degradation of desmin filaments,

bands (Figure 3f; Taylor et al., 1995). Very recently Goll et al.

and fragmentation of titin ‘gap’ filaments, among other minor

(1995b) noted that Z-disks seem to remain robust during post

changes. Longitudinal splitting of the myofibrils (Gann &

mortem storage.

Merkel, 1978) were also reported.
Approximately 65 to 80 % of all post mortem tenderisation
occurs during the first 3 to 4 days post mortem, and there is
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Figure 2:

1.2.

Schematic overview of the muscle structure (Geesink, 1993)

Degradation of myofibrillar proteins

temperatures (0-5 °C) (Penny, 1980; Goll et al., 1983;
Koohmaraie et al., 1988b).

Degradation of myofibrillar proteins during meat ageing has
been extensively studied using SDS-PAGE (sodium dodecyl
sulphate poly-acryl amide gel electrophoresis). With this
technique, proteins are separated on the basis of their
molecular weight. After staining of the gels with a proteinbinding dye, several bands can be observed corresponding to
proteins with a specific molecular weight. Degradation of a
protein during meat ageing results in a decrease in the
intensity of the band corresponding to this protein.
Simultaneously, new bands appear which correspond to protein
fragments of the native protein (Figure 5).
The major contractile proteins, myosin and actin, are hardly or

The most reported change in the myofibrillar proteins during
ageing is the gradual disappearance of troponin T, with
simultaneous appearance of protein fragments with a
molecular weight or 27-30 kD (Figure 5; Geesink, 1993). The
breakdown of troponin T and the appearance of a 30 kD
peptide has been proposed as a measure of post mortem
proteolysis and meat tenderness (review Geesink, 1993).
Although the degradation of troponin T parallels meat
tenderisation, it is unlikely that this degradation is directly
responsible for post mortem tenderisation; troponin T is
located on the actin filaments and not at or near the Z-line,
where myofibrillar fragmentation takes place.

not at all degraded during meat ageing at refrigeration
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Figure 3

(A)

(B & C)

Electron micrographs of sections of bovine biceps femoris muscle sampled after different times of post mortem
storage at 4 °C (Taylor et al., 1995)

Electron micrograph of bovine skeletal muscle

(D & E)

Bovine biceps femoris muscle after 3 d of post

sampled within 45 min after exsanguination. Ar-

mortem storage. Arrowheads (D) point to patches

row and arrowhead indicate areas of density (co-

of densely staining material at the level of the Z-

stameres) where the sarcolemma is attached to the

disk. These densely staining areas may be rem-

Z-disk and M-line, respectively.

nants of the transmembrane patches containing in-

Bovine biceps femoris muscle sampled 24 h after

tegrins, DAGs, and DAPs (see Figure 4). The

death. Both these micrographs show structural disintegration and broadening of the sarcolemma
compared with the structure of at-death sarcolemma. The sarcolemma is clearly detached and
has been displaced from the myofibril in C. This
detachment is representative of approximately
50 % of the structures observed after 24 h post
mortem.

arrow in D shows the detached membrane that has
now been pulled away a considerable distance
from the myofibril. E shows examples of widening
of the distance between adjacent myofibrils in post
mortem muscle and loss of material that seems to
connect Z-disks from adjacent myofibrils (arrow).
This material probably contains desmin and
filamin.
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Figure 4:

(F)

Schematic diagram showing the structure and protein composition of costameres in striated muscle relative to Zdisks and the myofibrillar lattice. The probable position of titin filaments is shown in this diagram, but nebulin
filaments have been omitted to simplify the diagram. The N-terminal end of the large titin molecule is anchored in
the Z-disk. Desmin, vinculin, and ankyrin, three of the protein constituents of costameres, extend into the muscle
cell where they encircle myofibrils at the Z-disk and run from myofibril to myofibril to link adjacent Z-disks
laterally. DAPs = dystrophin associated proteins; DAG = dystrophin associated glycans; S = skelemins (Taylor et
al., 1995)

Bovine biceps femoris muscle after 16 d post mor-

The major Z-line constituent, a-actinin, is released undegraded

tem. The Z-disk structure is well-preserved even

from the Z-line during ageing at refrigeration temperatures.

after 16 d post mortem. Arrowheads point to gaps

However, at high temperatures (25-37 °C) substantial

in the I-band adjacent to the intact Z-disk. These

degradation of this protein takes place (Hwan & Bandman,

gaps are observed in muscle that has been stored

1989).

for 4 d or longer at 4 °C. Bar = 1 µm.
Degradation of cytoskeletal nebulin, titin and desmin has been
observed during ageing of meat at various temperatures (237 °C). The importance of degradation of nebulin and titin is

Figure 5:

SDS-PAGE of myofibrillar proteins from
M. longissimus after 1, 7 and 14 days post
mortem storage at 2-4°C (Geesink, 1993)

not yet clear. Degradation of nebulin proceeds faster than
tenderisation (Fritz & Greaser, 1991) and data on the relation
between titin degradation and tenderisation are conflicting.
Some authors suggested a relation between titin degradation
and tenderisation (Anderson & Parrish, 1989; Buts et al.,
1989), but data of others (Fritz et al., 1993) do not confirm
this. Regarding the location of desmin at the periphery of the
Z-lines, degradation of this protein may be of great importance
to tenderisation. The rate at which desmin is degraded is
similar to the rate of troponin T degradation, and thus parallels
ageing (Robson et al., 1984; Hwan & Bandman, 1989). In
accordance with this, Wismer-Pedersen and Weber (1987)
observed a strong correlation between beef tenderness and
immunologically-detectable desmin degradation products.
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1.3.

The Calpain System

adjacent sarcomeres together. Specific degradation of these
structures would result in release of thick and thin filaments

The calpain system contains four known proteins:
a.

b.

c.

and troponin would facilitate disassembly of the released thin

for half maximal activity;

filaments to actin monomers, and degradation of C-protein

m-calpain, a proteinase that requires 300 to 1000 µM

would facilitate disassembly of the released thick filaments to

Ca2+ for half-maximal activity;

myosin monomers (review Goll et al., 1991).

third proteinase identified in 1989 and still poorly

Recently, Huff-Lonergan et al. (1996) reported that post

characterised; it evidently requires 3000 to 4000 µM

mortem degradation of five myofibrillar and other cytoskeletal

Ca

2+

for half-maximal activity (Wolfe et al., 1989);

and
d.

from the surface of the myofibril. Degradation of tropomyosin

µ-calpain, a proteinase that requires 5 to 50 µM Ca2+

calpastatin a polypeptide that is specific for inhibiting
the proteolytic activity of the three proteinases and
that does not inhibit any other proteolytic enzyme
with which it has been tested (review Goll, 1991;
Goll et al., 1995a).

Theoretically the calpain system contains at least one more
protein; an “activator” that is able in response to physiological
demand to alter the Ca2+ concentration required for activity of
µ- or m-calpain. The nature of this “activator” is unknown; it
probably responds to Ca 2 + fluxes in the nanomolar
concentration range and may be a kinase, a phosphatase or a
calmodulin-like molecule (review Goll, 1991).

proteins (titin, nebulin, filamin, desmin, and troponin-T) in
bovine skeletal muscle was similar to that observed using µcalpain under post mortem-like conditions to degrade purified
myofibrils, consistent with the hypothesis that µ-calpain is
responsible for some significant changes occurring in post
mortem aged beef. The rate of post mortem degradation of
these five proteins was greater in myofibrils from samples
with lower shear force values, suggesting that degradation of
the proteins is involved in the tenderisation process.
Skeletal muscle cells contain enough calpain to completely
destroy all myofibrillar Z-disks in 10-15 min. The importance
of the physiological mechanisms that control calpain activity
must be emphasised (Goll et al., 1995a). The m- and µcalpains are synthesized in cytosol as hetero dimers of 80 kD
and 28-30 kD subunits. In the presence of Ca 2 + and

cDNAs for all four of the known proteins in the calpain

membranes, both subunits of native calpains undergo limited

system have been cloned and sequenced, and the biochemical

auto-proteolytic processing, which enhances (or releases) their

properties of three of the four proteins (excluding the third,

proteolytic activity. Proteolytic activity of calpains depends not

high-Ca2+ requiring proteinase) are well established. All three

only on Ca2+ concentrations, but is strictly regulated by

proteinases (E.C. 3.4.22.17) in the calpain system are cysteine

cytosolic inhibitors (calpastatins), and eventually activators.

proteinases, and the name calpain, was devised from Ca2+-

Whatever the exact mechanism, it appears that active calpains

dependent (analogous to calmodulin), cysteine proteinase

generate only limited number of cleavages, mostly between

(analogous to papain, a well characterised cysteine proteinase).

domains of proteins. Limited proteolysis by calpains may

The m- and m-calpain molecules each contain 80- and 28-

nevertheless initiate myofibrillar protein breakdown or control

30 kD subunit polypeptides. The 80- kD catalytic subunits of

activities of growth factor receptors, protein kinase C or

µ- and m-calpain are different polypeptides but share 50 % to

transcription factors. Calpains are therefore critical with regard

60 % amino acid sequence homology; the 28-30 kD regulatory

to the role Ca2+ plays in the transduction of hormonal signals

subunits are identical in µ- and m-calpain and originate from a

(Béchet, 1995).

single gene in humans (Goll, 1991; Goll et al., 1995a;
Geesink, 1993).

The Ca2+ concentration in living cells, 100-800 nM, is much
less than that required for proteolytic activity of the calpains.

The optimum pH for calpain activity are between 7,0 and 7,5

Most cells contain enough calpastatin to inhibit completely all

(Ouali & Talmont, 1992), but is still 20 to 25 % active at the

calpain activity in that cell, and immuno-localisation studies

normal end-pH-value (pH 5,5) of post mortem muscle

show that the calpains and calpastatin are co-localised.

(Geesink, 1993). The calpains do not cause bulk degradation

Therefore, the two principal questions concerning regulation of

of the sarcoplasmic proteins, so the calpains are not involved

calpain activity are; a) how can the calpains ever be active at

in metabolic turnover of the sarcoplasmic proteins. The

physiological Ca2+ concentrations? b) how is the

calpains, however, do specifically degrade those structures and

calpastatin/calpain interaction regulated in living cells? Based

proteins that are responsible for maintaining the assembled

on a variety of indirect or circumstantial evidence, it may be

myofibrillar proteins in the myofibril structure. The calpains

suggested: a) that cells contain an `activator' that lowers the

can remove Z-disks and degrade titin, nebulin, tropomyosin,

Ca2+ concentration required for proteolytic activity of the

troponin and C-protein (Zeece et al., 1986). Titin and nebulin

calpains; and b) the calpastatin/calpain interaction is

probably function as a scaffold that strengthens the

modulated either by phosphorylation/calpastatin or by the

myofibrillar structure, and Z-disks are necessary to keep

putative `activator'. The possible nature of the `activator' may
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be a kinase, a phosphatase, or a calmodulin-like protein.

b.2. Degradation of myosin, actin, and a-actinin oc-

Suggestions that increased calpastatin activity in muscle

curs during post mortem storage at 37 °C, and

should decrease calpain activity in these cells overlook the fact

this degradation may be due to the cathepsins.

that normal muscle cells already contain enough calpastatin to
completely inhibit all calpain activity in that cell. If increased

c.

There is very little proteolysis of muscle proteins during post mortem storage at 2 to 4 °C.

calpastatin activity attenuates calpain activity, it must do so by

c.1.

altering the calpastatin/calpain interaction (review Goll et al.,

with the exception of loss of the N2 line and

1995a).

1.4.

The sarcomeric structure remains largely intact,
some small loss of Z-disk integrity.

c.2.

Involvement of calpain system in post

Functional actomyosin and a-actinin can be isolated from skeletal muscle even after 13 days of

mortem tenderisation

post mortem storage at 2 to 4 °C.
c.3.

The evidence supporting a major role for the calpain system in

Many studies have failed to find significant in-

meat tenderisation has accumulated during the last decade and

creases in free amino acids even after long peri-

comes from different types of experiments, which are

ods of post mortem storage. (The cathepsins

summarised in Table 2.

cause extensive degradation of proteins, but the
calpains cause relatively few cleavages and

Although calpains are optimally active at pH 7-7,5 the

have little activity after muscle pH falls below

enzymes retain sufficient activity at pH values of post mortem

6.0.)

muscle and at prevailing refrigeration temperatures, to
reproduce the changes in myofibrils associated with post

d.

Several studies have shown that increasing Ca2+ con-

mortem storage (Koohmaraie et al. 1986; Ceña et al., 1992;

centration in muscle results in increased tenderness.

Huff-Lonergan et al., 1996). Furthermore, the inhibiting

d.1. Neither the cathepsins nor the multi catalytic
proteinase is activated by Ca2+.

capacity of calpastatin is largely reduced at low post mortem
pH, allowing calpain activity to be expressed under these

d.2. EDTA slowed down meat aging, although it did

conditions (Ceña et al., 1992).

not completely block the process.

Table 2:

d.3. Pepstatin (cathepsin inhibitor) and PMSF (multi

Summary of some of the evidence that the calpain system has

catalytic complex inhibitor) failed to prevent

a mayor role in post mortem tenderisation (Taylor et al., 1995;

ageing in chilled beef (normal post slaughter

Goll et al., 1992; Koohmaraie, 1990; Alarcón-Rojo &

conditions).

Dransfield, 1995)
a.

A number of studies have shown that tenderness increases to a greater extent during post mortem storage

during post mortem storage at 2 to 4 °C for 72 h ac-

in those muscles that have higher calpain (especially

cording to SDS-PAGE studies, even though most of

µ-calpain) or lower calpastatin activities than in other

the total post mortem tenderisation occurs during this

muscles; low calpastatin activity especially seems

period.

highly associated with increased post mortem tenderi-

a.1.

sation .

The calpains are unique among the known proteolytic enzymes in that they do not degrade undenatured myosin and actin. (The known
cathepsins all degrade myosin and actin and
degradation of myosin leads to a “mushy” texture.)

b.

e.

Very little degradation of myosin and actin occurs

Very little degradation of a-actinin, a major protein in
skeletal muscle Z-disk, occurs during post mortem
storage at 2 to 4 °C for 72 h.
b.1. Several of the cathepsins and many other prote-

Further evidence for the involvement of calpains came from
well-known studies in which muscles or even whole carcasses
were treated with Ca2+ (Koohmaraie et al., 1988a; AlarcónRojo & Dransfield, 1995; Uytterhaegen et al., 1992). Ca2+ in
all cases accelerated degradation of myofibrillar proteins,
tenderisation and autolysis of calpains.
In agreement with the activating effect of Ca2+, treatment with
Ca2+-chelators such as EDTA or EGTA, or with calpain
inhibitors such as calpastatin, Zn2+ and others, resulted in an

inases (e.g. trypsin) degrade the Z-disk struc-

inhibition of the degradation of myofibrillar proteins,

ture, and this degradation is accompanied by

tenderisation and autolysis of calpains (Koohmaraie et al.,

degradation of a-actinin; the calpains are

1988a; Koohmaraie, 1990; Alarcón-Rojo & Dransfield, 1995;

unique in that they degrade the Z-disk structure,

Uytterhaegen et al., 1992).

but they release a-actinin from its structure
without degrading it to small fragments.
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Figure 6:

Diagrammatic representation of some of the important stages considered in modelling calpain activity and
tenderness (Dransfield, 1993)

Although the speed of tenderisation during meat ageing is

toughening of meat from different species resulting from b-

species-, breed-, and muscle type-dependent, these differences

agonist administration could be explained by a decrease in µ-

are not reflected in differences in calpain levels (Etherington et

calpain levels and/or increase in calpastatin levels (Bardsley et

al., 1987; Ouali & Talmant, 1990). However, the latter

al., 1992).

scientists concluded that the ration of calpain and calpastatin
may explain the differences in the speed of tenderisation. This
conclusion was confirmed by data on animal species
(Koohmaraie et al., 1991) and bovine breeds (Johnson et al.,
1990; Wheeler et al., 1990; Shackelford et al., 1991); and on
bovine muscles (Geesink et al., 1992). Furthermore,

With the knowledge to his disposal, Dransfield (review 1995)
developed a computer programme to estimate the in sito
activities of the calpains (see Figures 6 and 7). He based it on
the assumption that the calpains decay during post mortem
storage. When all the active enzyme is exhausted,
tenderisation stops and the ultimate tenderness is achieved
whether or not all the substrates have been fully weakened.

Figure 7:

The activity of µ- and m-calpains were
calculated from the calpain-activity model and
the tenderness from the calpain-activity model
and the tenderness from stunning predicted with
storage time for beef M. longissimus from a
carcass chilled slowly at 0 °C (Dransfield, 1993)

Figure 8:

The effect of post mortem storage on µ-calpain,
m-calpain and calpastatin activities in bovine
M. longissimus muscle (Koohmaraie et al.,
1995)
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Figure 9:

The relationship between calpastatin activity at
24 h post mortem and Warner-Bratzler shear
forces of meat from M. longissimus muscle of
beef (top; Whipple et al., 1990) and lamb
(bottom; Koohmaraie & Shackelford, 1991b)

gradual decline in the activity of µ-calpain and calpastatin
(Figure 8; Koohmaraie et al., 1995). The pattern of decline in
the activity of µ-calpain and particularly calpastatin was highly
variable. For the data shown in Figure 10, the standard
deviation of calpastatin activity increased from 0,47 units at
0 h post mortem to a maximum of 1,39 at 24 h post mortem.
Thus, the activity of calpastatin at 24 h post mortem was
found to be highly related to tenderness of aged beef (Figure
9; Whipple et al., 1990; Shackelford et al., 1991b). For the
data reported in Figure 9, the correlation coefficient between
calpastatin activity at 24 h post mortem (also referred to as
post rigor calpastatin activity) and shear force after 14 d of
aging was 0,61. Additionally, correlation coefficients of 0.66
and 0,39 were reported by Whipple et al. (1990) and
Shackelford et al. (1991b).
Although the evidence that calpain/calpastatin system plays a
pivotal role in meat tenderisation is overwhelming, it is
unlikely that the action of this system is the solely responsible
for tenderisation. In tenderising, sodium and potassium
chlorides were 43 % and MgCl2 73 % as effective as Ca2+
salts (Alarcón-Rojo & Dransfield, 1995). This results showed
a synergistic non-enzymic tenderisation by the addition of high
concentrations of salts.

1.5.

The impact of technology and biotechnology on the calpain system

1.5.1.

Ante-mortem technologies

This is an enzyme-limiting model for tenderisation.

Tenderness characteristics of meat can be manipulated in the

Calculations suggest that the substrate is rarely weakened

ante-mortem phase by methods like breeding and selection,

completely. This is consistent with the further tenderisation

use of growth promoting agents and gene manipulation.

which can be achieved in fully aged meat following the
addition of calpains and/or calcium ions (Koohmaraie, 1992a;
Review Dransfield, 1995).

1.5.2.

Genetic selection and the calpain system

Numerous studies have indicated differences in tenderness

Geesink and Goll (1995) have reported recently that as post

among breed-groups. Muscles from heavily muscled or double

mortem aging time increases, µ-calpain becomes associated

muscled breeds, i.e. Charolais culard and Belguim White and

with the myofibrillar component of skeletal muscle tissue

Blue, generally give tougher meat (Uytterhaegen et al., 1994;

samples. These authors suggested that post mortem activity of

review Smulders & van Laack, 1995). Uytterhaegen et al.

µ-calpain may be sustained over a longer period of time than

(1994) attributed the increased toughness in double muscled

was originally indicated by µ-calpain activity in muscle

animals to lower levels of calpain and calpastatin and the

extracts (Geesink and Goll, 1995). Additional research is

lowered calpain/calpastatin ratio.

needed to determine the factors that govern the µ-calpain
activity and interactions with substrates within the skeletal
muscle cell post mortem in order to develop additional
methods whereby tenderness can effectively altered or
predicted (Huff-Lonergan et al., 1996). How would this fact
influence Dransfield's model of the calpain system? Would he
find it necessary to make adjustments to his model?

A neomutation causing heavy muscling in sheep has been
identified. An autosomal dominant gene, named callipyge (and
symbolised by `CLPG') may be responsible for this muscle
hypertrophy condition. The histochemical effect of the CLPG
is similar to that observed in other instances of hormonally- or
genetically-induced hypertrophy. The callipyge gene is unique
in that its hypertrophy effect is muscle specific (Rise &

Studies to determine the effect of post mortem storage on

Carpenter, 1994). Muscle from lamb with the callipyge gene is

activities of components of the calpain proteolytic system have

tougher than muscle from lambs with a normal musclet al.,

indicated that while m-calpain is rather stable, there is a
Proceedings of the 9th Meat Symposium: Meat Science and Technology for Sustainable Development
September 1, 1997, CSIR Conference Centre PRETORIA
Revised Printing 14 November 2014

36

1994). As reported by Koohmaraie et al. (1994), increased
calpastatin levels in the callipyge animals seem responsible for

1.5.3.

calpain system

this decreased tenderness.
Meat from Bos indicus cattle has been reported to be less
tender than that from Bos taurus cattle. Bos taurus genotypes
(Angus, Hereford, Pinzgauer, Jersey, Charolais) produced meat
that was more tender than the Bos indicus genotypes (Brahman

Influence of b-adrenergic agonists on the

Growth-promoting compounds include a wide range of
substances (nutritive components, rumen additives and
antimicrobial and hormonal agents) that can have distinctly
different modes of action.

and Sahiwal). It was shown that Bos indicus genotypes like the

A number of recent studies have indicated that some of the b-

Nelore and Guzera also produced tougher meat than the

agonists (e.g., cimaterol or clenbuterol) increase the rate of

Charolais (Bos taurus) (review Smulders & van Laack, 1995).

muscle growth in several species of domestic animals by

Numerous experiments have indicated that calpastatin is the

decreasing the rate of muscle protein degradation with little or

major regulator of the calpain proteolytic system in post

no effect on rate of muscle protein synthesis. Muscle from

mortem muscle (review Koohmaraie et al., 1988a; 1995;

animals fed these b-agonists, have significantly lower µ-

Koohmaraie, 1992a,b). The decreased tenderness associated

calpain and significantly higher calpastatin activities than

with Bos indicus breeding seems to be highly related to

muscle from control animals. These findings are consistent

increased calpastatin activity at 24 h post mortem (Whipple et

with the concept that these b-agonists, through some unknown

al., 1990; Shackelford et al., 1991b). Within the Bos taurus

mechanism, are down-regulating activity of the calpain

genotypes the variation in tenderness is small, with more

systems in skeletal muscle and that this down-regulation

positive tenderness results for the Angus and Jersey. It is not

results in a significant increase in rate of muscle growth.

known whether calpastatin activity varies between and within

Interestingly, muscle from animals fed these b-agonists also is

Bos taurus breeds. It seems that calpastatin activity is more

less tender than muscle from control animals, again a result

highly related to aged meat tenderness (Whipple et al., 1990;

that would be predicted if b-agonist administration down-

Shackelford et al., 1991b).

regulated muscle calpain activity. Decreased calpain activity

As a result of the abovementioned program and generally
accepted in the USA (National Beef Tenderness/Palatability
Conference of the BIF, Denver, Colorado, April 22-23, 1994),
a genotype should contain less than 25 % Bos indicus blood
(e.g. Brahman) to produce acceptable tender meat. Genetic
selection of animals with a propensity for proteolysis may
offer a way to improve meat tenderness.
Whipple et al. (1990) and Shackelford et al. (1991b)

would almost certainly result in less tenderisation during post
mortem storage of muscle. Consequently a number of findings
suggest that the calpain system has an important role in
muscle growth in addition to its well-documented role as the
primary cause of post mortem tenderisation. Information on
how activity of the calpain system is regulated in living cells
and how this activity might be manipulated in living animals
and in post mortem muscle would be vitally important to the
animal sciences (Smulders & van Laack, 1995).

determined that calpastatin levels were a valuable predictor of
post mortem tenderness. They estimated the heritability of post

1.6.

Post Harvest Technologies

rigor calpastatin level to be 0,7 (Shackelford et al., 1994).
Four genotypes in a three allele system were proposed for the
bovine calpastatin gene. Although the polymorphism appeared

1.6.1.

Chilling and the calpain system

to be related to Warner Bratzler shear force, it was not related

Efficient chilling of carcasses after slaughter has been

to calpastatin levels (Smulders & van Laack, 1995).

accepted as an essential part of the normal slaughter

In South Africa above mentioned results are supported by De
Bruyn (1991). He found that the Brahman produced significant

procedure, having a direct influence on both the preservation
and quality of meat.

tougher meat than the Bos taurus genotypes like the Hereford

Two mechanisms, shortening and proteolysis, are important

and Charolais. It was also significant that the indigenous

determinants of the effect of chilling rate on tenderness. Both

Afrikaner and the Bonsmara compared favourable with the

shortening and proteolysis are not only related to temperature

tenderness of the Bos taurus genotypes. Lombard (1960) and

but also to pH decline. Dransfield (1994) has worked on a

Naudè & Boccard (1973) also observed favourable meat

mathematical model concerning the effect of pH and

tenderising characteristics in the Afrikaner as compared to the

temperature on calpain and calpastatin concentrations. It seems

Hereford and Jersey. Swanepoel (1988) showed that this

that a small change in temperature or pH may have extensive

positive observation in the Afrikaner, is a general

effects on the proteolytic activity. It is not clear if the effect on

characteristic of the Sanga genotypes. The tenderness in the

tenderness will be of similar magnitude. As the effects on pH

Afrikaner corresponds with that in the Pedi and Nguni.

and temperature on proteolysis do not always parallel the
effects on shortening it becomes complicated and often
impossible to accurately predict the effect of a specific
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treatment (review Smulders & van Laack, 1995). Whipple et
al. (1990) did observe a tenderising effect of delayed chilling

1.6.4.

predicting meat tenderness?

of beef carcasses, but an increased release of lysosomal
enzymes (cathepsin B and cathepsin B+L) was not observed.
To ensure that the intrinsic tenderness of the meat is carried
through to the consumer, cold shortening should be prevented.
Higher initial chilling temperatures and higher carcass masses
with thicker fat thicknesses should prevent cold shortening as
well as the use of electrical stimulation.

1.6.2.

Electrical stimulation

Early post mortem electrical stimulation is usually used to
increase meat tenderness and promote the activity of some
endogenous proteolytic enzymes, including µ-calpain
(Dransfield, 1992; Smulders & van Laack, 1995; Uytterhaegen
et al., 1992). Leading electrical current through carcasses
immediately after slaughter accelerates post mortem glycolysis
and thus minimises the risk of cold shortening. In addition, it
has been reported that electrical stimulation induces
mechanical disruption and possibly enhanced collagen
solubility. Ho et al., (1996) have shown that electrical
stimulation slightly accelerates the degradation of cytoskeletal
proteins titin and nebulin in post mortem muscle. They also
found that electrical stimulation increased the frequency of
three types of myofibrillar I-band fractures (narrow,
intermediate, and wide) and caused wide I-band fractures to
appear sooner post mortem. Electrical stimulation may

How can the calpain system be useful in

If methods could be developed to predict tenderness directly,
rather than depending on marbling as an indicator, which is
lowly related to tenderness (as determined by shear force or
sensory tenderness), it would not only provide a better
estimate of palatability, but it could avoid the antagonism with
retail product yield that prevents us from routinely producing
lean and palatable beef.

1.6.5.

Calpastatin-based method

Current data suggest that the differences in the rate of post
mortem proteolysis and tenderisation is the major reason for
variation in the tenderness of aged meat (review Koohmaraie
et al., 1995). Hence, any trait indicative of the capacity of
muscle to undergo proteolysis should be considered when
developing methods to predict aged meat tenderness. The
literature sited above, indicated that of all the proposed
proteolytic systems (the calpain, the lysosomal and the multi
catalytic systems), only the calpain proteolytic system plays a
major role in meat tenderisation during post mortem storage.
Since current data indicate that calpains are responsible for
post mortem proteolysis and, thus improvement in meat
tenderness, one approach has been to identify a trait that
measures the proteolytic capacity of the calpain system.
Regulation of the calpain proteolytic system in living or post

improve meat tenderness by a combination of mechanical

mortem muscle is not yet understood, but Koohmaraie et al.

disruption and enhanced proteolysis, but mechanical disruption

(1995) suggested that calpastatin and autolysis [this aspect is

seems to be the predominant mechanism. In the current South

contradicted by Geesink & Goll (1995)] are probably the main

African industry, meat is not allowed to age to its fullest

regulators in post mortem muscle. Therefore, calpastatin seems

potential. The net result is less tender meat for the consumer.

to provide for this research team, the greatest opportunity for

Therefore it is necessary to electrically stimulate the carcasses.

direct prediction of meat tenderness.

1.6.3.

2.

Calcium infusion

Calcium chloride injection or infusion improved or accelerated
tenderness in pre rigor meat (Koohmaraie et al., 1988a, 1989;
Koohmaraie, 1990; Koohmaraie & Shackelford, 1991;
Landsdell et al., 1995). Infusion with ZnCl2 - calpain inhibitor
- prevents tenderisation and proteolysis of myofibrillar
proteins. Although the underlying mechanism is thought to be
the activation of calpains, it was reported that pre-rigor
infusion of bovine muscle with NaCl also produced more
tender meat than untreated controls. The effect of NaCl could
not be explained by calpain activation. Alarcón-Rojo &
Dransfield (1995) suggested that a synergistic non-enzymic
tenderisation by addition of high concentrations of salts exists.
Although calcium infusion seems to be a viable technology to
improve tenderness, the practical aspects still need to be
addressed as does the effect on other quality characteristics
such as colour stability, flavour and microbial growth.

CONCLUSIONS

Evidence for a central role of the calpain/calpastatin system in
meat tenderisation has accumulated during the last decade. It
has been clearly demonstrated that calpains are active at
conditions prevailing in post mortem muscle. Differences in
the rate and extent of tenderisation between species, bovine
breeds and muscles, as well as b-agonist induced toughening,
could be explained by differences in levels of calpastatin.
According to Koohmaraie et al. (1995) the variation in
calpastatin activity rather than calpain activity is related to
tenderness. Also, the greatest variation in calpastatin activity
exists at 24 h post mortem. They propose that the efficiency of
post rigor calpastatin activity as a predictor of tenderness
should be examined. Bovine skeletal muscle calpastatin was
cloned and sequenced. It appear that the abundance of
calpastatin mRNA may also be related to tenderness and, thus,
it could also be used as a predictor.
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Furthermore, post mortem proteolysis has been shown to be

pastatin activity in skeletal muscle. Biochim. 74, 267-

accelerated by calcium or calcium releasing agents and to be

273.

inhibited by calcium chelators and calpain inhibitors.
However, calpains are not likely to be the sole agents

BÉCHET, D., 1995. Cellular proteases: properties and biologi-

responsible for tenderisation. Some differences exist between

cal functions. In Expression of Tissue Proteinases and

biochemical and structural changes brought about by post

Regulation of Protein Degradation as Related to Meat

mortem storage and action of calpains. Also, the post mortem

Quality. Eds Ouali, A., Demeyer, D.J. & Smulders,

decrease in µ-calpain activity does not parallel tenderisation

F.J.M. ECCEAMST, pp 395-410.

and post mortem proteolysis. Regarding this, the possible role
of m-calpain in meat tenderisation and the regulation of

BUTS, B., CLAEYS, E. & DEMEYER, D., 1989. The influ-

calpain activity in post mortem muscle needs to be

ence of different moderate cooling conditions on ten-

investigated. A major role of cathepsins in post mortem

derness and troponin-T, 30 kDa-, and titin-

tenderisation is doubtful. The main reason for this is that

concentrations of bull longissimus dorsi. Proc. 30th

cathepsins degrade actin and myosin, whereas this is not

Int. Congr. Meat Sci. Technol., Copenhagen, p.1175.

observed during post mortem storage of muscle at refrigeration
temperatures. However, a minor role of cathepsins in meat

CEÑA, P., JAIME, I., BELTRÁN, J.A. & RONCALÉS, P.,

tenderisation cannot be excluded. The action of cathepsins can

1992. Proteolytic activiy on myofibrils of isolated

explain some of the structural and biochemical changes in post

lamb calpains under conditions of pH, calcium con-

mortem muscle which cannot be attributed to the action of

centration and temperature existing in post mortem

calpains.

muscle. Z. Lebensm. Untersuch. Forsch. 194, 248251.

The combined action of calpains and cathepsins may explain
most of the degradative changes observed, but the relative

DE BRUYN, J.F., 1991. Production and product characteristics

importance of these enzymes under different conditions (pH,

of different cattle genotypes under feedlot conditions.

temperature, muscle type) is still an open question. Evidence

D.Sc. Agric. Thesis, University of Pretoria.

of non-enzymatic mechanisms also exist.
To quantify the relative importance of the different enzyme
systems more basic research is needed on their function in situ
and on the mechanisms by which their activity is regulated.
Once these mechanisms are known, the influence of the
various biological and technological factors will be more
predictable. Furthermore, basic knowledge about these
mechanisms would allow for selection of animals on the basis
of their potential ageing response. Technological conditions
could then be optimalised and adapted to different groups of
slaughter animals.

3.
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Branding of fresh red meat: A guideline
P.H. Heinze & P.E. Strydom
Meat Industry Centre, Animal Products Institute, Private Bag X2, IRENE,
0062 Republic of South Africa

1.

INTRODUCTION

During the last 10 to 15 years there has been a several

example can be examined. Consider the breakfast cereal

attempts in South Africa to brand fresh beef. Most of these

market. One of the market leaders is probably Kellogg’s Corn

branded products have disappeared from the South African

Flakes. Its properties and characteristics are known to the

shelves, and it can only be assumed that these attempts were

consumer, and moreover, is consistent from one package to the

generally not successful. In this paper an attempt will be made

next. Thereby it can expect, if acceptable to the consumer, a

to examine branding, and what is involved should a company

great deal of consumer loyalty.

consider the branding of fresh beef.

Now consider a piece of meat. Colour, fat:lean(:bone) ratio
could be evaluated. However, no clear deductions can be made

2.

BRANDING

about aroma, tenderness, etc. It is still surrounded by
anonymity, which cannot be to the benefit of the beef industry.

Branding is a marketing tool which is an intimate aspect of a
product strategy. It is a general term that refers to a name,
term, sign, symbol or design, or a combination of them
(Kottler, 1980). The use of branding is the intention to identify

In Germany at least 35 pork brands have been established
since 1982, and it is expected that the beef industry will
follow (Branscheid & Claus, 1990).

goods from one seller or group of sellers, and to differentiate

Various branding quality decisions can be made. However, the

them from those of the competition. Generally one could

decission to brand and emphasise quality characteristics should

distinguish three types of brandings, namely:
· Brand name, which is that part of the brand which
can be vocalised

be viewed from the consumer’s perspective.

·

Brand mark which is that part of the brand which
can be recognised, but not vocalised

·

Trademark, which is essentially a legal term
protecting the seller’s exclusive rights to use the
brand name and/or mark.

The question then exists as to why should/could one brand its
products. Branding can perform a number of useful functions:
· The brand mark for identification purposes to
simplify handling and tracing
·

To protect unique product features that could easily
be imitated

·

To emphasise certain quality levels in the offer and
to make it easy for customers to find the product
again

·

As an opportunity for endowing the product with an
inherent drama that may create the basis for price
differentiation.

3.

MEAT QUALITY FROM THE CONSUMER POINT OF VIEW

Consumers want three things from meat, enjoyment, health
and convenience (Rewerts & Folkers, 1985, as cited by
Branscheid & Claus, 1990). Health may include factors such
as a fear for arthero-sclerosis (a negative factor which will nor
be dealt with in this paper), hygiene and low, or residue free
meat (which should be unconditional, and therefore also not to
be discussed in this paper). Neither will convenience be
discussed in this paper. Regarding the enjoyment factor, the
tenderness issue will be emphasised as it is probably one of
the major quality criteria concerning the enjoyment of meat.

3.1.

Meat texture

Texture is one of the most important sensory criteria of meat
quality. In beef it has been shown that the main consumer

2.1.

The brand-quality decision

complaint concerns tenderness (Touraille, 1995). In the buying
decision colour and fat content may also be important.

The question to be answered is whether anything is to be

However, during consumption the most important factor is that

gained by branding a product. To answer this question an

of texture (tenderness and juiciness).
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An interesting question on tenderness has been posed by

4.

INFLUENCE OF THE LIVE ANIMAL

Warkup et al., (1995) after analysing MLC data on beef.
Although the data are for the UK, it is probably similar in
South Africa. The fillet cut has a substantial higher retail price

Various factors in the live animal may influence the quality of

than that of the fore-quarter cuts (Table 1). The question is

its meat. Such factors may include genetics, animal age, sex

whether this is as a result of its relative scarcity, or whether it

type, breed, as well as within breed differences.

is as a result of its reputation to be consistently tender?
Table 1:

Retail price and yield indices of major beef
muscles used for steaks (MLC data, Warkup et
al., 1995)

4.1.

Animal age

In the South African Beef Classification Scheme the influence
of animal age has been included. In a study to re-evaluate the

Common

Major muscle name Price index Size index

Rump

M. gluteus medius

100

100

Sirloin

M. longissimus

122

141

than that of older animals (Figures 2 and 3). Meat from a
young animal has “immature” collagen. The collagen fibre is
made up of three collagen fibrils held together to a large
extent by electrostatic forces. These forces are relatively weak,

lumborum
Fillet

influence of animal age on the tenderness of beef it has been
clearly shown that the meat of young animals is more tender

cut

M. psoas major

174

and as a consequence the collagen is very much soluble,

35

resulting in more tender meat. However, as the animal gets

The connective tissue collagen and the myofibrillar proteins

older, covalent bonds (therefore physical bonds) are formed

(especially its degradation during ageing) are the most

between the strands. This results in the collagen becoming

important components influencing meat tenderness (Touraille,

more insoluble, and the meat therefore less tender (Boccard

1995).

1973).

The influence of collagen is clearly illustrated by the influence

The amount of collagen is also very important, as it is

of the age of the animal, and which has been part of the beef

generally accepted that collagen is hardly affected by ageing

carcass classification scheme in South Africa, and will be

(Touraille, 1995; Valin, 1995). Hence, the larger the amount of

discussed later. The influence of the myofibrillar proteins and

collagen, and the older the animal, the tougher the meat will

degradation will be discussed by Lorinda Frylinck in the paper

be. Collagen has been implicated as being responsible for the

“The role of the calpain proteolytic system on beef tenderness”

so-called background toughness (Valin, 1995). Hence any
improvement in the tenderness of fresh meat post mortem is

elsewhere in this proceedings.

probably a result of myofibrillar protein degradation.

Figure 2:

Sensory tenderness of beef M. biceps femoris as influenced by animal age (number of permanent incisors)
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Figure 3:

Shear force of beef M. biceps femoris as influenced by animal age (number of permanent incisors)

200
180
Shear force
(N / 25 mm)

160
140
120
100
0

4.2.

Genetics

2
4
Permanent incisors

6

8

estrogen (Smulders & Van Laack, 1995). These hormonal
changes result in a higher level of fat deposition, which is

4.2.1.

Breed and within breed differences

quite unacceptable in a highly health conscious world. Intact
males also grow more efficiently as a result of the natural

It has been found that the Bos taurus breeds generally give

anabolic steroids. However, it has been found that testosterone

more tender meat than the Bos indicus breeds (McKeith et al.,

is also involved in collagen synthesis, accumulation and

1985; Crouse et al., 1987). Unfortunately this fact has been

maturation, which also impact negatively on meat tenderness.

generalised to the extent that any cattle breed with a hump has

Testosterone influence on collagen may therefore be partly

been classified as producing tough meat (Smith, 1995). Yet the

responsible for the difference in meat tenderness between bulls

South African breeds such as the Afrikaner and Nguni (Sanga

and steers (Cross et al., 1984; Seideman et al., 1989), although

type) which also have a hump, produces very tender meat

Morgan et al. (1993) determined that intact bulls contain

(Strydom, unpublished results). The difference in the meat

higher levels of calpastatin.

tenderness between Bos taurus and Bos indicus type breeds
has been attributed to differences in the calpain/calpastatin
proteolytic enzyme system, with Bos indicus animals having

4.3.2.

Growth promoting agents

the reduced post mortem proteolysis ability due to higher

Growth promoting agents are still used extensively in South

calpastatin levels (Whipple et al., 1990a; Shackelford et al.,

Africa. The question is what is it influence on meat

1991a).

tenderness?

Within-breed differences have also bee found regarding post

4.3.2.1.

b-adrenergic agonists

mortem ageing. In research at the MIC on various meat quality
characteristics within breed, it has been found that the

b-adrenergic agonists are chemical analogs to the natural

offspring of those bulls favoured by producers on the ground

occurring catecholamines adrenaline and noradrenaline. The

of growth efficiency, had significantly tougher meat than the

influence of the b-adrenergic agonist on meat tenderness has

breed average (Strydom, unpublished results). Considering the

been clearly demonstrated during the ageing period of meat.

heretability for post mortem calpastatin level of 0,7

The use of b-adrenergic agonist increase the activity of the

(Shackelford et al., 1992a), selection of animals for a higher

calpain enzyme inhibitor calpastatin. As a result the

post mortem ageing potential should be possible. This may,

degradation of myofibrillar proteins post mortem is much

however, result in lower growth efficiencies in animals, which

slower, therefore a clear reduction of the ageing process post

may not be acceptable to the producer. If a consistent and high

mortem. This is clearly illustrated in Figure 4 in which the

level of tenderness is sought after, this should be one option to

Myofibrillar Fragmentation Index (MFI, which measures the

be considered.

ease of fragmentation of the myofibril) of treated animals
changes only marginally during a 14 day ageing period. Meat

4.3.

Production practices

from control animals (not receiving the b-adrenergic agonist)
improved substantially during the aging period. b-adrenergic

4.3.1.

Castration

agonist treatment results in a decrease in muscle protein
degradation during both growth

(hence an improved

Castration of intact bulls result in hormonal changes, mainly

efficiency of production) and during ageing in the meat

the reduction of the natural anabolic steroids testosterone and

(minimum or no detectable post mortem proteolysis and
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Figure 4:

Effect of post mortem aging on the Myofibrillar
Fragmentation Index of Mm. longissimus
thoracis et lumborum muscle from control and
b-adrenergic agonist fed steers. Numerical
values in parenthesis are calpastatin activity
(units/g fresh muscle) (Wheeler & Koohmaraie,
1992)

business class passengers traveling from Frankfurt, and other
German cities, on North Atlantic flights.
Meals are made of ingredients from controlled eco-farms
where livestock and produce are organically grown - healthy
for passengers and good for the environment.
Lufthansa and its LSG Lufhansa Service/Sky Chefs catering
subsidiary developed the meals with the assistance of
Deutsche Umwelthilfe e.V., a German environmental
organisation.

5.

PRE-SLAUGHTER INFLUENCES

5.1.

Dark, Firm and Dry (DFD) meat

DFD meat is associated with the slaughter of exhausted
animals. In these animals the energy reserves are depleted,
resulting in higher final pH values in the muscle. The
therefore tough meat) (Koohmaraie et al., 1995). Furthermore
the correlation coefficient between Warner-Brazler shear force
measurements 14 days post mortem and the calpastatin mRNA
abundance has been found to be very high (0,92 - 0,99),
indicating the importance of the calpastatin calpain

exhaustion is usually a result of prolonged fasting times,
prolonged stress, but also due to sex condition differences.
Young bulls are particularly susceptible to give DFD meat.
The results of a survey on the influence of sex condition is
given in Table 2.

degradation system for post mortem aging of meat, thereby

DFD meat has a dark colour which is associated with meat

improving the tenderness of it (Koohmaraie et al., 1995).

that is not fresh, and is thus not generally well accepted by the

However, it seems that the withdrawal of the agent prior to

consumer. Also its microbial shelf-life is reduced, especially if

slaughter may reverse the toughening effect (Smulders & Van

it is vacuum packaged (Newton & Gill, 1981). On storage it

Laack, 1993).

produces a putrid smell which is unacceptable to the

Therefore, the use of b-adrenergic agonists in a branding
programme should be considered very carefully.
4.3.2.2.

Androgens and estrogens

consumer, and is also usually associated with a greening of the
product. Regarding tenderness, Jeremiah et al. (1991) reported
that beef with ultimate pH values between 5,8 and 6,2 is
tough, and that the removal of this meat would result in the
effective removal of a major part of the variability in

These agents are routinely used in South Africa, as well as in

tenderness, regardless of breed.

the USA. They generally improve growth rate and feed
conversion of steers and heifers during finishing in the feedlot,
due to its assumed net increase in nitrogen retention in the
form of muscle protein (Smulders & Van Laack, 1995). The
agents mainly used are based on naturally occurring hormones
or the two xenobiotics trenbelone acetate and zeranol.

6.

THE ABATTOIR

6.1.

Cold shortening and electrical stimulation

Trenbalone acetate is a synthetic analog of testosterone, and

It has clearly been established that the rapid chilling of muscle

therefore mimics its effects. Conflicting results on the effect of

results in the toughening of meat. This phenomenon is a result

both these agents based on naturally occurring hormones as

of the lower activity of the calcium pumps within the muscle

well as the two xenobiotics on tenderness exists (See Smulders

at temperatures lower than 15 - 12 °C. This results in an

& Van Laack, 1995). Its affects will depend on the frequency

accumulation of calcium in the sarcoplasm of the muscle cell,

of implantation and the time between implantation and

and an active contraction of the muscle. This contraction is

slaughter.

maintained through rigor mortis, and the consequence is tough

However, the following quote (Anonymous, 1996) should be

meat, and is generally known as cold shortening. With the

kept in mind as a reminder of changing consumer attitudes:

efficient chilling facilities operating at South African abattoirs
to ensure a rapid drop in muscle temperature for hygienic

Lufhansa goes organic

purposes, cold shortening may be induced in all carcasses

Lufthansa is the first airline to offer organic meals to first and

slaughtered for fresh meat purposes.
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Table 2:

The influence of sex type on the oncidence of
DFD in cattle

in which the muscles contracted vigorously had little effect on
the pH values 2 hours post mortem (average 6,54) if compared
to high voltage stimulation at 396 or 500 V (Heinze, 1990). To

Sex type

% pH ³ 6,00

Number tested (n)

Heifers

4,1

316

Cows

4,9

511

Steers

2,6

1926

Young bulls

24,5

155

Bulls

14,5

69

this extent the Australians indicate that to achieve an efficient
electrical stimulation the pH value of the Mm. longissimus
thoracis et lumborum should be about 6,00 at one hour post
stimulation (Anon., 1981).

6.2.

Ageing

Ageing is one of the oldest and most widely used post mortem
techniques to improve the tenderness of meat. However, there
are a few factors that may influence the efficiency of the
ageing process. Cold-shortened muscle does not age well (does

However, electrical stimulation which results from the passing

not increase much in tenderness with ageing) Dransfield,

of an electric current trough the carcass just after death results

1995). It is also well known that collagen does not age well

in a dramatic drop in the energy reserves in the muscles. As a

(Valin, 1995). It is therefore not very beneficial to age meat

result enough energy is still available in the muscles to ensure

cuts with high collagen or connective tissue contents. Certain

relaxation of the muscles after electrical stimulation, however,

muscles has also been found not to age well. The M. psoas

depleted to such an extent that the muscles go into rigor mortis

major muscle (fillet) does not change much during ageing

whilst still warm. The end-result is more tender meat even

(Heinze & Brüggemann, 1994), and the ageing of the fillet is

after 2 days post mortem as shown in Figure 5. Although this

therefore considered not to be beneficial.

result has repeatably been found in work by the MIC, Marsh
et al. (1987) reported that meat at a high temperature
combined with a low pH value (as would be the case with
electrical stimulation) results in tough meat!
In Figure 5 it should be observed that with an increase in the

process has already been mentioned, such as breed, calpastatin
activity, the use of b-adrenergic agonists, etc. All of these
factors should be evaluated before the ageing process, and
should be taken into account before deciding on a branding

Shear forcre of M. longissimus thoracis as influenced by electrical stimulation and ageing

Shear force

Figure 5:

Most of the other factors which may influence the ageing

90
80
70
60
50
40
30
20
10
0

OV
500 V

2 Days post
mortem

ageing period to 10 days the difference in tenderness between

10 Days
post
mortem

decision.

electrically stimulated and non-stimulated meat were less than
at 2 days post mortem. Therefore the shear force of the meat

7.

THE BUTCHER

could be considered to be nearer to the so-called background
toughness.

The butcher is instrumental in the branding of beef in that

The effectiveness of electrical stimulation should be carefully

either he sets the specifications for a branded beef product (if

monitored. The mere fact of observing muscle contractions as

it is an in-house brand) or is co-responsible to ensure that the

a result of electrical stimulation does not indicate effective

specifications for a brand is adhered to. This incluedes the

stimulation. Own results using low voltage stimulation (45 V)

maintenance of the cold-chain, hygiene, display and the
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presentation of the product. The butcher has the added

10.

CONCLUSION

responsibility to inform the consumer, and to ensure that the
information is current and based on scientific fact.

It is clear that a decision on the basis of quality is taken to
brand fresh beef, that the whole chain of events from

8.

conception (genetics) to consumption (cooking, etc.) Should

THE CONSUMER

be taken into account. This will entail the differentiation of

8.1.

The impact of the end-point temperature on the tenderness of beef

Does the consumer or restauranteur really know what the
Endpoint cooking temperature

Shear force N/13 mm dia.
(Indicative of toughness)

Samples cooked at 60 °C

67

Samples cooked at 80 °C

123

influence of the end-point temperature is on tenderness and
juiciness. Probably not! Results from research (Heinze, 1990)
showed that with increasing endpoint temperature the

products on quality lines, and probably to introduce a HACCP
type of system to ensure that the different specifications and
criteria are adhered to. It will also require a good, specific and
efficient system of communication between the different role
players in the industry for a combined effort to ensure that the
envisaged and/or stated product qualities will be achieved.
Branding may be the only option to lift fresh meat from a
position of anomality to a position of strength. What is needed
is an emphasis on the quality of the product in terms of the
needs of the consumer, and not necessarily that of the
producer.
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Criterion

Description

Recommendation for
optimal ranges:

The Producer/Feedlot

Steers: 280 - 380 kg

Definition of the genetic

Origin

slaughter mass at max 24

origin (inclusive of

months

crossbreeds)

Heifers: 260 - 300 kg

Definition of health status
Health and transport

slaughter mass at 24 months
of age

Management of production
Controlling of animal health

Carcass conformation:

Controlling of unacceptable

EUROP system)

classes E/U/R (specific to

substances (such as growth
Fat class:

promoting agents)

young bulls 2 and 3

Fasting period 12 hours

Steers and heifers 3, max 4

before transport
Freely accessible water

Hygiene

Controlling of abattoir

Animals should not be to

hygiene

much soiled
Identification

EU Hygiene specifications

De-hiding and dressing:

Individual identification of

optimal hygiene and no

animals by 6 weeks of age

contact with outside of hide

Keeping a protocol of

Microbial count of meat

genetic origin, age, mass,

surface after slaughtering:

sex, etc.

<1 x 104 cfu/m2

Abattoir

After chilling:<1 x 104

Slaughtering technique

Stunning: Captive bolt
Exsanguination: immediately
after stunning
Carcass quality

cfu/m2

Acceptable facility

Standardisation of age and
mass

Chilling

Definition of chilling regime
in terms of the phases of
chilling and -temperatures
post mortem
Chilling:
Deep bone temperature 10

Carcass quality

Mass categories:

hours post mortem <+20 °C

Young bulls. Min 300 to

Surface temperature 10

max 360 kg slaughter mass
at max 18 months of age

hours post mortem >+10 °C
Temperature 36 hours post
mortem <+7 °C
No freezing on surface
No warm carcasses to be
put in chiller with already
chilled carcasses
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Electrical stimulation

If very rapid chilling is

Ageing (quarters and

Look at the total concept of

required, electrical

vacuum packaged cuts)

the meat handling (electrical

stimulation is required

stimulation, chilling, ageing,
cutting up operation,

Low voltage electrical

packaging and storage)

stimulation: pH decline >0,5
pH unit within 1 - 2 hours

Vacuum packaged cuts:

(would be considered as

Max 2 °C, date of

ineffective under South

packaging

African and Australian

Ageing of quarters:

conditions)
Toxicological status

Slaughter date

Determine whether of

Ageing period at least 14

acceptable standard
Identification

days from either packaging

Carcass sides and quarters

or slaughter date

to be identified (slaughter
and week numbers)

Packaging in vacuum bags Before 72 hours post
mortem

Protocol of origin

Packaging of cuts

Deboning plant
Transport/Delivery

immediately after cutting
Prevent condensation during

Package where possible

loading and off-loading, and

without bone

during transport

Package under high vacuum

Continuity of the cold chain

(<30 mbar)

(deep bone temperature

Cutting up and Deboning

<7 °C, and <5 °C in

Package in suitable

transporter

packaging material:
Oxygen permeability of

Not before 36 hours post

material

mortem

storage up to 3 weeks <30

Prevent condensation

cm3/m2/24 hours

Surface microbial counts <1

storage more than 3 weeks

x 105 bacteria/cm2
Deep bone temperature

<10 cm3/m2/24 hours
Cold storage after ageing

Observe cold chain

<7 °C
Carcass sides and
Max room temperature
<12 °C, although preferably
<10 °C
Hot boning

quarters:
Storage temperature -1,5 °C
to +2 °C

Prevent cold shortening

Relative humidity 85 % to

Only after application of

max 90 %

electrical stimulation

Air speed min 0,1 to 0,2

Packaging only if pH<6,00
Hygiene

EU hygiene requirements

Microbial counts

Meat to be aged in vacuum

m/sec
Max storage time (after
ageing) max 7 days

package:
Enterobacteriaceae <1 x 104
bacteria/cm2
Carcass: surface <1 x 105
bacteria/cm2
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Vacuum packaged meat:

Identification

Declaration of category, cut,

Storage temperature -1,5 °C

slaughter date, ageing

to +2 °C

period, etc.

Air speed min 0,1 m/sec
Max storage time (after
ageing) max 4 weeks
Identification

Identification of primal cut
and origin

Retail
Observing the cold chain

Storage

Ensure adequate airflow
around carcass sides and
quarters
Prevent freezing
Monitor aroma of vacuum
aged meat 15 min after
opening package
Suitable presentation
Display at <4 °C
Packaging

Suitable materials

Hygiene status

Carcass sides and
quarters:
Enterobacteriaceae <1 x 104
bacteria/cm2
Carcass: surface <1 x 106
bacteria/cm2
Vacuum packaged meat:
Enterobacteriaceae <1 x 104
bacteria/cm2

Product characteristics

pH value 5,4 - 5,8

after ageing

Cooking loss <22 %
Shear force <4 kg/cm2

Display period

Unpackaged products:
After 14 days of ageing
max 7 days (shorter if
ageing period was longer)
sell consumer portions max
one day after preparation
Vacuum packaged product:
Max period inclusive of
ageing period 6 weeks
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Springbok meat quality
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1.

INTRODUCTION

After consultation with many interested people, it became

vacuum-packed, and frozen (at -20 °C). Another twenty-five

clear that the game industry in the Republic of South Africa

sides were sub-divided into wholesale cuts with bone, vacuum-

(RSA) is very fragmented and that there is no single

packed and aged, before being frozen. Cuts from the paired

autonomous body dealing with the producers' and processors'

sides were deboned and treated as before. The ageing periods

interests. It is envisaged that the venison industry has great

were 3, 7, 10, 14 and 21 days post mortem, respectively.

potential in this country and that the rapid establishment of a
well-organised industry is critical. It is estimated that the
hunting industry earns South Africa more than R400 million
per year and that the international hunter spends an average
amount of R30 000 per trip (SA Hunting Directory, 19951996).
Basic information gleaned from goal-oriented research is
therefore urgently required for local producers and processors
in the RSA to get to know their products, markets and

The loins were oven-roasted; the legs, as well as the neck,
breast and flank cuts were casseroled; and the patties were
oven-grilled. The sensory quality characteristics evaluated
were aroma, juiciness, tenderness, texture and overall flavour.
The linear, structured category scales used were as follows:

Loins/Legs/Flaked cuts

Patties

Aroma:

(potential) consumers thoroughly. For these reasons it should
be important that quality standards be set in order to produce

1=extremely weak

quality products for the market.

25=moderately weak

2.

OBJECTIVES

The objectives were to determine the optimum ageing
method(s), ageing period(s) and the effect of animal age on the

1=extremely weak
25=moderately weak

50=typical springbok

50=typical springbok

75=moderately strong

75=moderately strong

100=extremely strong

100=extremely strong;

Juiciness:

cooking-related variables and sensory quality characteristics of

1=extremely dry

1=extremely dry

cooked springbok (Antidorcas marsupialis marsupialis) loins;

25=moderately dry

25=moderately dry

legs; neck, breast, and flank cuts (cooked together and flaked),

50=average

50=average

and patties prepared from deboned and minced shoulders.

75=moderatly juicy

75=moderatly juicy

Although physical and chemical analyses were also done, this

100=extremely juicy; (no

100=extremely juicy; (no

paper only broadly deals with cooking-related variables, and

ideal at 50)

ideal at 50)

sensory-related quality characteristics.
Tenderness:

3.

MATERIALS AND METHODS

1=extremely tender

1=extremely tender

25=moderately tender

25=moderately tender

Fifty carcasses were classified into young (n=20, 24-60

50=ideal

50=ideal

weeks), mature (n=20, 61-311 weeks) and very old (n=10,

75=moderately tough

75=moderately rubbery

312+ weeks) age groups. Twenty-five sides were aged (at 0 -

100=extremely tough;

100=extremely rubbery;

5 °C), with the skin on, and the paired sides were aged
without the skin, before being sub-divided into wholesale cuts,
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Loins/Legs/Flaked cuts

Patties

3.1.

Conventions

To facilitate reading, the following conventions will be

Texture:
1=extremely mushy/soft

1=extremely mushy

25=moderately mushy

25=moderately mushy

50=ideal

50=ideal

75=moderately fibrous

75=moderately coarse

100=extremely fibrous

100=extremely coarse/(leav-

(much connective tissue

ing residue in mouth)

followed:
· Mm. longissimus thoracis et lumborum will be
referred to as loins,

residue)

·

M. semimembranosus, M. semitendinosus and M.
biceps femoris will be referred to as legs

·

flaked cuts refer to the combined, cooked and flaked
neck, breast and flank cuts,

·

patties refer to the deboned and minced springbok
shoulders, shaped into 100 g patties, without the
addition of any other ingredients,

Overall flavour
1=extremely bland

1=extremely bland

the term skin-bone is used to refer to the ageing methods,

25=moderately bland

25=moderately bland

50=typical springbok

50=typical springbok

75=moderately strong

75=moderately strong

where in turn, the following conventions will be followed:
· cuts obtained from sides aged with the skin still
attached, will be referred to as skin-on,

100=extremely strong

100=extremely strong.

Statistical analysis: Three-way (three-factor) analyses of
variance, using the regression approach, were used to
investigate the effect of the three treatment factors (ageing
method, ageing period and animal age) and their interactions
on all the cooking-related variables, the sensory quality
attributes, the sarcomere variables, shear force resistance
measurements, chemical-related variables, collagen content
and collagen solubility and chemical analysis variables, using
Genstat V, Release 3.1 (1993). A multivariate analysis was
performed for each variable and cut (96 analyses in total). (In

·

sides aged without the skin, will be referred to as
skin-off,

·

cuts aged with the bone in and aged in vacuum bags,
will be referred to as bone-in,

·

deboned cuts aged in vacuum bags, will be referred
to as deboned,

ageing period refers to the number of days post mortem (3, 7,
10, 14 or 21 days respectively), that the sides or cuts were
aged at 0-5 °C,
animal age refers to the groups into which the carcasses for
this project were classified: young (24 - 60 weeks), mature (61
- 311 weeks) and very old (312+ weeks).

this paper, reference will only be made to cooking-related and
sensory quality attributes.)

4.

RESULTS

4.1.

COOKING-RELATED VARIABLES

The regression approach had to be followed since the
springbok experimental design was unbalanced (unequal
number of replications), especially with regard to animal age.
The Box-Cox methodology was used to search for the most
appropriate transformation for some cooking-related variables,
as their data did not comply with the statistical assumptions of
normally distributed residuals and homogeneous variances.
The three-way analyses of variance were then repeated on the
transformed values. Where this was necessary, the following
convention will be used in the text and tables: (for example) y0,05

. The Bonferroni multiple comparison of means test was

done (Mulcomp, 1996), on the statistically significant sets of

Cooking-related variables for springbok loins, legs, flaked
meat and patties: F-probabilities (P£0,05) for the 3-factor
analysis of variance indicating significant differences, are
supplied in Tables 1-4. Where interactions are significant and
the P-value is less than 0,05 (P£0,05), the values for the main
effects will be indicated by means of a $$ sign.
In the tables, the blocks which contain significant p-values
(P£0,05) will be slightly shaded to make it more readerfriendly.

means, to determine which means differed significantly from
one another.
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Animal age

96

Total (df)

-

(1)

95

60

0,295

0,054

0,988

0,301

0,305

<0,001

%

Thawing

loss,

g

96

61

0,017

0,685

-

96

61

0,171

0,307

0,228

<0,001

<0,001$$
0,265

<0,001

<0,001

-

°C/min

<0,001

<0,001$$

°C/g

Log

96

61

0,303

0,445

0,084

<0,001

<0,001

<0,001

°C/g/min

Heating rates

96

61

0,940

0,857

0,634

<0,001

0,617

0,557

-

min/kg

-

y0,5

96

61

0,055

0,274

0,262

<0,001

0,003

96

61

0,108

0,409

0,061

0,442

0,284

<0,001

loss,

-

%

Evaporation

y0,3

96

61

0,774

0,580

0,.666

<0,001

<0,001

<0,001

y0,3

96

61

0,730

0,654

0,227

<0,001

<0,001

<0,001

Note: Total (df) for thawing loss (%) = 95 (1) because SE code 958 was missing

homogeneous

y0,3

96

61

0,817

0,144

0,870

<0,001

0,169

0,002

index,
%

%

%

Fat volume

Stock volume index,

T.V. drip
loss index,

y0,5 & y0,3 = Box-Cox transformation method: Significant differences determined by means of y0,5 and y0,3 as indicated, as data were not normally distributed and/or variances were not

96

61

0,004

0,481

0,134

<0,001$$

0,053

<0,001

%

ing loss %
<0,001$$

Drip loss,

Total cook-

T.V. drip loss index, %, = total volume drip loss index, % and expressed as a percentage of the initial raw mass

ERR/RES (df) = Degrees of freedom error mean square

96

61

0,871

0,502

0,093

<0,001

<0,001

-

raw mass,

Calculated

<0,001

= Interaction(s) are significant (P£0,05)

df = Degrees of freedom

$$

Transformation

61

6

8

Err/Res (df)

animal age

Ageing method x

Animal age

Ageing period x

Ageing period

12

4

Ageing period

Ageing method x

3

df

Cooking-related variables for springbok loins: F-probabilities (P£0,05) for the 3-factor analyses of variance indicating significant differences. Appropriate degrees of freedom are included

Ageing method

variance

Analysis of

Table 1:

55
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Table 2:

Total cooking

Evaporation

T.V. drip loss

0,315

0,562

<0,001

0,263

0,612

<0,001

Ageing period x
Animal age
Ageing method x
animal age

%

Stock volume

<0,001$$

0,129

0,322

0,129

%

Min/kg

<0,001$$

0,002$$

0,056

0,095

0,701

Drip loss,

°C/g/min

<0,001

0,028$$

0,339

0,066

0,494

0,107

Heating rates

Cooking-related variables for springbok legs: F-probabilities (P£0,05) for the 3-factor analysis of variance indicating significant differences. Appropriate degrees of freedom are included

Calculated raw
°C/min
0,065

0,033

0,079

<0,001

0,279

0,091

59

df
°C/g
0,528
<0,001

£0,001

0,002

0,182

0,221

59

Analysis of variance

0,016
<0,001

<0,001

0,895

0,380

0,158

57

index,

0,006
<0,001
0,002

0,508

0,730

0,130

58

%

3
<0,001
<0,001
0,459

0,572

0,232

58

index,

4
<0,001
0,761

0,880

0,601

58

94

%

2
0,634

0,439

0,381

59

94

loss,

Ageing method

12

0,359

0,381

59

92

loss %

Ageing period

8

0,464

59

(2)

g

Animal age

6

59

93

mass,

Ageing method x

59

(1)

Ageing period

Err/Res (df)

93

-

(1)

-

93

-

(1)

-

94

-

94

-

94

Log

94

-

94

-

Total (df)

-

= Interaction(s) are significant (P£0,05)

Transformation
$$

df = Degrees of freedom
ERR/RES (df) = degrees of freedom error mean square
T.V. drip loss index, %, = Total volume drip loss index (%), expressed as a percentage of the initial raw mass
1. MIC codes 76.4 (animal age group 1 = young), 10.3 and 86.4.

Notes: Missing numbers are indicated in brackets:
2. Too little fat (too many zero's) for fat mass, %, therefore the distribution was not normal.
3. SE code 871, and SE code 895 excluded for evaporation loss (%)
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12

Animal age

Ageing method x

93

Total (df)

92
(1)
-

92

(1)

-

57

0,529

0,142

0,585

0,180

0,769

0,584

57

0,845

0,653

0,245

<0,001

0,002

0,002

original mass

g

-

93

58

0,832

0,367

0,242

<0,001

0,005

0,008

mass + water

Calculated raw

y - 0,5

93

58

0,904

0,290

0,280

<0,001

0,004

0,007

°C/g

-

93

58

0,972

0,240

0,586

<0,001

0,023

0,017

°C/g/min

Heating rates

-

93

58

0,279

0,781

0,847

<0,001

0,321

0,214

Min/kg

%

-

93

58

0,623

0,934

0,767

0,013

0,198

0,165

loss,

Total cooking

2. MIC code 19.2 made missing by statistical programme = outlier

Liquid % of

(1)

92

57

0,391

0,930

<0,001

(1)

92

57

0,636

0,929

0,018

<0,001

0,003$$

<0,001$$
<0,001

<0,001$$

cooked yield

<0,001$$

yield

Liquid % of raw

1. Original mass (g) for MIC code 1.1 (SE code 796) was not recorded, therefore thawing loss (%), bone loss (%), sinew loss (%) and yield (%) could not be determined

Transformation

58

6

Err/Res (df)

animal age

Ageing method x

Animal age

Ageing period x

8

4

Ageing period

Ageing period

3

Ageing method

Sample % of

Original mass in

Cooking-related variables for cooked and flaked springbok neck, breast and flank cuts: F-probabilities (P£0,05) for the 3-factor analyses of variance indicating significant differences.
Appropriate degrees of freedom are included

Analysis of variance df

Table 3:
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Table 4

%

% Yield

Total cooking loss,

Drip loss,

%

Evaporation loss,

T.V. drip loss in-

Ageing period
Ageing period x Animal
age
Ageing method x animal
age

Original mass (g) for MIC code 1.1 (SE code 796) was not recorded, therefore thawing loss (%), bone loss (%), sinew loss (%) and yield (%) could not be determined

-

Stock volume in-

Cooking-related variables for patties prepared from springbok shoulders: F-probabilities (P 0,05) for the 3-factor analyses of variance, indicating significant differences. Appropriate degrees of
freedom are included
Bone loss,

0,005

g

0,005

0,145

Original mass,

0,244

0,104

<0,001

df

<0,001

0,200

<0,001

Analysis of variance

0,002$$

0,038

0,115

0,734

%

0,165

0,079

<0,001

0,808

dex,

0,020
0,162

<0,001

0,014

%

0,102
<0,001

<0,001

0,263

0,869

dex,

3
0,003
<0,001

0,007

0,948

%

Ageing method
4
<0,001

0,937

0,870

%

Ageing period
2
0,291

0,740

0,443

Animal age
0,978

0,747

0,707

12

0,380

0,479

Ageing method x

0,589

0,700

0,961

0,404

8

0,869

0,454

60

0,621

60

6

60

59

60

58

59

59

(1)

94

60

95
(1)

94

Err/Res (df)

95

-

95

-

95

-

MIC code 19.2 made missing by statistical programme = outlier

-

(2)

-

93

-

(1)

95

-

94

Total (df)

= Interaction(s) are significant (P£0,05)

Transformation
$$

df = Degrees of freedom
ERR/RES (df) = Degrees of freedom error mean square
T.V. drip loss index, % = Total volume drip loss index, %, expressed as a percentage of the initial mass
1.

Notes: Missing numbers are indicated in brackets:
2.
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4.1.1.

supplied in Tables 5-8. Where interactions are significant and

SENSORY QUALITY CHARACTERISTICS

the P-value is less than 0,05 (P£0,05), the values for the main

The sensory attributes for cooked springbok loins; legs; neck,

effects will be indicated by means of a $$ sign.

breast and flank cuts and patties prepared from deboned and
minced shoulders: F-probabilities (P£0,05) for the 3-factor
analysis of variance indicating significant differences, are

Table 5:

Sensory-quality characteristics for cooked springbok loins: F-probabilities (P£0,05) for the 3-factor analysis of
variance indicating significant differences. Appropriate degrees of freedom are included

Analysis of variance

df

Aroma

Juiciness

Tenderness

Texture

Overall
flavour

Ageing method

3

0,755

<0,001$$

0,475

0,027

0,981

Ageing period

4

0,001

0,420

<0,001

<0,001

<0,001

Animal age

2

0,757

0,438

<0,001

<0,001

0,623

12

0,202

0,042

0,065

0,737

0,748

Ageing period x Animal age

8

0,084

0,860

0,056

0,164

0,154

Ageing method x animal age

6

0,002

0,016

0,060

0,089

0,045

Err/Res (df)

934

934

934

934

934

934

Total (df)

969

969

969

969

969

969

Ageing method x Ageing period

Transformation

Table 6:

-

-

-

-

-

Sensory-quality characteristics for cooked springbok legs: F-probabilities (P£0,05) for the 3-factor analysis of
variance indicating significant differences. Appropriate degrees of freedom are included

Analysis of variance

df

Aroma

Juiciness

Tenderness

Texture

Overall flavour

0,003$$

Ageing method

3

Ageing period

4

£0,001

Animal age

2

£0,001$$

£0,001$$

£0,001

£0,001

£0,001

0,103

0,126

£0,001

0,017

0,228

£0,001

0,195

0,822

12

0,110

0,490

0,008

0,182

0,065

Ageing period x Animal age

8

0,433

0,197

0,002

£0,001

0,516

Ageing method x animal age

6

0,02

£0,001

0,051

0,118

0,016

914

914

914

913

949

949

949

Ageing method x Ageing period

Err/Res (df)

914

Total (df)

949

913
948

Transformation
$$

(1)
-

-

-

948
-

= Interaction(s) are significant (P£0,05)

df = Degrees of freedom
ERR/RES (df) = degrees of freedom error mean square
NOTE: SE code 471 excluded for aroma and flavour for all 3 treatments
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Table 7:

Sensory-quality characteristics for cooked and flaked springbok neck, breast and flank cuts: F-probabilities
(P£0,05) for the 3-factor analyses of variance indicating significant differences. Appropriate degrees of freedom are
included

Analysis of variance

df

Aroma

Juiciness

Tenderness

Texture

Overall
flavour

Ageing method

3

0,074

0,003$$

0,001$$

Ageing period

4

0,063

0,018$$

0,205

0,347

Animal age

2

0,002$$

0,007$$

£0,001$$

£0,001$$

0,005

12

0,715

0,001

0,001

£0,001

0,549

Ageing period x Animal age

8

£0,001

0,156

0,002

0,036

0,220

Ageing method x animal age

6

0,186

0,021

0,011

0,303

0,086

Err/Res (df)

904

904

904

904

904

904

Total (df)

939

939

939

939

939

939

Ageing method x Ageing period

Transformation
$$

-

-

£0,001$$

-

0,687
£0,001

-

-

= Interaction(s) are significant (P£0,05)

df = Degrees of freedom
ERR/RES (df) = degrees of freedom error mean square

Table 8:

Sensory-quality characteristics for cooked patties prepared from minced springbok shoulders: F-probabilities
(P£0,05) for the 3-factor analyses of variance indicating significant differences. Appropriate degrees of freedom are
indicated

Analysis of variance

df

Aroma

Juiciness

Tenderness

Texture

Overall
flavour

Ageing method

3

0,079

<0,001

<0,001

<0,001

0,148

Ageing period

4

<0,001

0,819

0,002

0,003

0,001

Animal age

2

0,766

<0,001

<0,001

<0,001

0,030

12

0,596

<0,001

0,721

0,154

0,019

Ageing period x Animal age

8

0,010

<0,001

0,238

0,904

<0,001

Ageing method x animal age

6

0,528

0,002

0,571

0,725

0,783

Err/Res (df)

924

924

924

924

924

924

Total (df)

959

959

959

959

959

959

Ageing method x Ageing period

Transformation
$$

-

-

-

-

= Interaction(s) are significant (P£0,05)

df = Degrees of freedom
ERR/RES (df) = Degrees of freedom error mean square
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Table 9:

Recommendations for sensory-related quality characteristics for cooked springbok meat obtained from cuts aged by
means of the different ageing methods
ANIMAL AGE (IN WEEKS)
LOINS

AROMA

NS

LEGS

FLAKED MEAT

Skin-bone*Animal age

Interaction was

significant.

significant.

PATTIES
NS

Legs from the very old Cuts from the very old
age group were closest age group were closest

JUICINESS

NS

to typical.

to typical

NS

Two interactions are

All 3 interactions =

Skin-bone*Animal age

significant.

significant.

interaction significant.

Cuts from the mature

Patties from shoulders

Legs from very old

age group had the

from the young had

group had highest

highest score.

the highest score.

score.
TENDERNESS

TEXTURE

Loins from the very

Ageing period*Animal

Ageing period*Animal

Patties from shoulders

old age group were

age interaction

age interaction =

from the young age

closest to ideal

significant.

signifcant.

group were closest to

Legs from the mature

Cuts from the very old ideal.

and very old age

age group were closest

groups were ideal.

to ideal.

Loins from the very

Ageing period*Animal

Ageing period*Animal

Patties from shoulders

old age group were

age interaction

age = significant.

from the young age

closest to ideal

significant.

Cuts from the very

group were closest to

Legs from the very old young age group were ideal.
age groups closest to

closest to ideal.

ideal.
OVERALL FLAVOUR NS

NS

Cuts from the very

Ageing period*Animal

young age group were age = significant.
closest to ideal.

Patties from shoulders
from the young were
closest typical.

5.

CONCLUSIONS

(%) for skin-off loins, were significantly less than for deboned
loins. Drip loss (%), total volume drip loss (%) and stock

Results have shown that ageing methods, ageing periods and

volume index (%) for patties prepared from shoulders from the

animal age had significantly different effects on the cooking-

skin-off sides, were significantly less than for those from the

related variables, as well as on the sensory-related quality

deboned shoulders.

characteristics of the cooked cuts of springbok meat.

It may be recommended that sides should not be aged for

The overall conclusion that can be drawn from the results

longer than 10 days post mortem, to prevent drying out. Cuts

does, however, show that ageing carcasses with the skin-on

aged for 21 days lost moisture, resulting in an uneconomical

proved to be the best ageing method. Ageing carcasses for 3 -

product to be sold by the producer. For longer ageing periods,

10 days is recommended. The skin-off ageing method is

vacuum-packaging is recommended.

therefore not recommended as too much surface drying out

To ensure a juicy end-product, it may be recommended that

took place. Drip loss (%), evaporation loss (%), total volume

cuts should not be aged for lengthy periods (i.e. >10 days).

drip loss (%), stock volume index (%) and fat volume index
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Vacuum-packaging may be considered to be a worthwhile,

1975. Edited by N.H. Schweigert.

alternative proposition.

Company, San Francisco, 277 - 310.

It is economical for the producer to sell the meat with bone-in,
but it is more economical to export it deboned. Some
consumers might also consider deboned cuts to be an
worthwhile option, even though the added value might cost
more initially.

Freedman and

HENRICKSON, R.L., 1978. Meat, poultry and seafood technology.

Prentice Hall, Inc., New Jersey.

LANDMAN, K., 1994. Personal communication with Mr K.
Landman (Natal Game Ranchers' Association), Leeu-

It is recommended that, due to the vast set of information

kop Wildplaas, Posbus 767, 3170 Pongola, 1994-03-

obtained during this study, statistical analysis using a different

07.

Tel 03843-51123.

approach be tried. (Please refer to the research note hereafter.)
LAWRIE, R.A., 1985. 4th Edition. Meat Science. Pergamon

6.

Press.
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Research note:
Distinguishing types of quality characteristics
discriminating between different ageing method,
ageing period, animal age or cut groups,
according to canonical variates analysis (CVA)
procedures
I.B. Zondagh1 & H. Müller2
1

2

1.

Meat Industry Centre, Private Bag X2, IRENE, 0062 Republic of South Africa
Agrimetrics Institute, Private Bag X640, PRETORIA, 0001 Republic of South Africa

INTRODUCTION

According to Conroy, Paauw, Potgieter, Buys, Eloff & du

According to McNicol, Hirst & Kempton (1993), the aim is to

Plessis (1997) South Africa has become the world-leader in

identify which combination(s) of variables define(s) the

the field of sustainable utilization of indigenous game on an

separation among the various levels/groups of a grouping

extensive basis. The gross annual income of the private game

factor; for example, the combination of variables contributing

industry is estimated to be well in excess of R1000 million

to the separation of loins, legs, flaked cuts, shoulder patties of

and growing. Venison is seldom produced as a main enterprise

the 'cut' factor.

by farmers and on-farm value adding is only done in
exceptional cases, but it is highly recommended (Conroy et
al., 1997). In order for the game farmers and the rest of the
game industry to benefit from this research project, it is of
vital importance that they be informed of the inherent quality
characteristics of springbok meat and that they become aware
of the definite recommendations which can be made regarding
ageing methods, ageing periods and animal age.
The purpose of this research note is to elucidate the primary
sets of quality characteristics which differentiate between the
respective ageing method, ageing period, animal age or cut
groups involved in the preceeding Springbok Meat Quality
paper (Van Rensburg, Zondagh & Müller, 1997).

The Genstat 5 Committee (1993:595) states that canonical
variates analysis (CVA) is used to determine possible
differences among the groups of a grouping factor (e.g. ageing
method) and which “original” variables (e.g. total cooking
loss, drip loss, total moisture content, juiciness, etc.) contribute
to such differences.
McNicol, Hirst and Kempton (1993) state the following:
Canonical Variates Analysis (CVA) is similar to Principal
Components Analysis (PCA) in that it forms a new set of
uncorrelated variables, called Canonical Variates, from linear
combinations of the original variables. The main difference is
that instead of each CV in turn maximising variance among
the objects, they maximise the ratio of between-group variance

According to Maxwell (1977) a population can usefully be

to within-group variance (in other words, dealing with groups

divided into roughly distinct groups with respect to certain

not individuals.) The aim is to achieve good separation among

characteristics they possess (e.g. ageing method/skin-bone,

the groups using as few CVs as possible, preferably only two.

ageing period (days post mortem), animal age and cuts). One

Note that a maximum of only k-1 CVs are available when

might wish to use a combination of certain variables to clarify

there are k groups. Maxwell (1977) also refers to the ratio

these groupings and conclusions that might be drawn from the

“between” to “within” sum of squares as being the latent root

trial, e.g. which of the cooking-related variables, moisture
content and/or sensory quality characteristics are influential
variables to consider when recommending the best ageing
method and ageing period for both industry and consumers.
This is precisely one type of situation in which discriminant
function and canonical variates analysis (CVA) could be

on the composite variate, y.
McNicol, Hirst & Kempton (1993) point out that the latent
roots give a measure of the amount of “separation”
information in each CV. CVs with latent roots >1 are
directions in which the between-group variation is greater than

helpful for producers and/or consumers.
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the within-group variation, thus describing separation between

2.2.

Part 2

a.

Canonical variates analysis for each separate cut

groups.

2.

(loins, legs, flaked and shoulder patties): Separate

STATISTICAL ANALYSES

analyses were done for each of the grouping factors

2.1.

(ageing method, ageing period and animal age) re-

Part 1

spectively. A list of “original” variables used, which
could possibly contribute to the separation of above-

Three-way analyses of variance, using the regression approach
(and using ageing method, ageing period and animal age as the

mentioned groups, is given below:

three main effects) were done on all the cooking-related

Non-sensory variables:

variables and sensory quality attributes (using individual

·

Total cooking loss, % (TCLoss)

·

Drip loss, % (DLoss)

As the data did not always comply with the statistical

·

Evaporation loss, % (ELoss)

assumptions of normally distributed residuals and

·

Total moisture content, %

panellists' observations, not averages/means), using Genstat V,
Release 3.1 (1993) (Van Rensburg, Zondagh & Müller, 1997).

homogeneous variances, the Box-Cox methodology was used

Sensory quality attributes:

to search for the most appropriate transformation for some

·

Aroma

were then repeated on the transformed values. Where this was

·

Juiciness

necessary, the following convention will be used in the text

·

Tenderness

and tables: (for example) y-0,05. The Bonferroni multiple

·

Texture

·

Flavour.

cooking-related variables. The three-way analyses of variance

comparison of means test was done (Mulcomp, 1996) on the
statistically significant sets of means, to determine which

These “original” variables were common to all the

means differed significantly from one another.

cuts and were considered to be important. Data for

Part 1's results for the separate cuts seemed inconclusive, even

the sensory attributes consisted of mean values for the

once the cuts were combined and cooking loss variables

CVA's whereas previously (Part 1) all the original, in-

analysed. The “cuts-combined” sensory attributes' data in

dividual observations were used in the analyses.

particular did not comply with the analysis of variance

These variables came from three different data sets

assumptions, so these results were not reliable. As no clear-cut

(cooking, sensory and chemical) and therefore only

conclusions could be made relating to ageing method and

the observations with common identifiers (skin-bone

ageing period, a different statistical approach was pursued.

etc.) in the three relevant sets were included. (4 cuts x
3 grouping factors = 12 separate analyses)

Table 1:

Canonical variates discriminating between the four ageing method groups: Latent roots, their significance, as well as
percentage (of the ratio of each latent root to the sum of the latent roots), for each canonical variate (CV), are given.
The body of the table contains the correlations between the scores for each original contributing variable and its
corresponding canonical variate (correlation >+0,5 or <-0,05)
GROUPING FACTOR: FOUR AGEING METHODS (SKIN-BONE, viz. skinon, skin-off, bone-in and deboned)
CORRELATIONS between scores for each contributing variable and its
corresponding CV score

CUTS: CV

Sig.

Latent

%

Total

root,

cooking

1r

loss, %

DLoss, ELoss,
%

%

Total
moisture
content,
%

Loins

CV 1

S

1,75

76,5

0,866

0,827

Legs

CV 2

S

3,55

76,93

-0,988

-0,997

Sensory attributes
Aroma Juiciness Tender- Texture Overall
ness

0,592
0,63

Where:
% =

for example, 76,5 % = [1,75/(1,75 + 0,51 + 0,03)] x 100 %

lr =

Latent root (rounded up values given. Must be>1 to be significant)
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Table 2:

Grouping factor: Ageing Method; Loin Cuts: Mean values for the variables, total cooking loss (%), drip loss (%)
and vaporation loss (%), contributing to the canonical variate discriminating between ageing method groups (skin
bone) (the factor)
LOINS

NON-SENSORY OR COOKING
RELATED VARIABLES

TOTAL COOKING LOSS, %

AGEING METHOD (SKIN-BONE)

$$

(Skin-bone*animal age)

SKIN-ON

SKIN-OFF

BONE-IN

DEBONED

16,94

12,29

17,61

23,35

(Fig 5.14)
Lowest

Verbal descriptors
0,60ab

DRIP LOSS, %

Highest

0,12a

0,91b

1,80c

Lowest

Verbal descriptors
EVAPORATION LOSS, %

14,68

b

10,85

Highest

a

14,62

b

15,92b

Lowest

Verbal descriptors

Highest

abc’s=Bonferroni multiple means comparison tests done in Part 1. These means will differ slightly from the previous
ones due to the fact that a few outliers were removed

b.

Canonical variates analysis on combined cuts: Separate analyses were also done for each of the grouping
factors mentioned above (e.g. ageing method), as well

Re Figure 2 - Mean Discriminant Scores for ageing
method (skin-bone) - loins:

as the additional factor “cut”; using the possible con-

Skin-bone

CV 1

CV 2

tributing original variables mentioned above (4 analy-

1

skin-on (sk)

-0,4988

-0,7385

2

skin-off (ns)

-1,4353

+0,8800

3

bone-in (bn)

+0,0121

-0,5945

4

deboned (nb)

+2,1727

+0,4825

ses).

3.

RESULTS & DISCUSSION

3.1.

Separate analyses

Only the significant results of the 16 CVA's done, are given
and discussed here.
Figure 1:

3.1.1.

Loins and legs,

Loins - Total cooking loss (%), drip loss (%) and evaporation loss (%) for
springbok loins, using ageing method (skin-bone) as the main effect

Skin-bone
25

Ta b l e 1 g i v e s t h e c a n o n i c a l
discriminate between the FOUR
AGEING METHOD groups.

3.1.2.

Loins, Skin-bone

Table 2 gives the mean values for
the variables; total cooking loss
(%), drip loss (%) and evaporation

Cooking related variables

variates (CV’s) which significantly
20
b
b

15
a

10

5

loss (%), contributing to the first
canonical variate.
Figure 1 depicts these means as bar

b

ab

a

b

c

0
Total cooking loss, %

Drip loss, %

Evaporation loss, %

Ageing method Skin-bone)

graphs.
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Since only the first canonical variate is significant (Table 1) grouping is only considered according to CV 1 axis (x-axis).

3.1.3.

Legs, Skin-bone

This clearly shows that the skin-off and deboned ageing

Table 1 also shows that the first canonical variate significantly

methods contrast strongly. The deboned group is high in total

discriminates between the four ageing method groups for legs.

cooking loss (%), drip loss (%) and evaporation loss (%) and

The separation between the ageing method (skin-bone) groups

the bone-in, skin-on and skin-off groups have low total

can be identified by the total cooking loss (%), drip loss (%)

cooking loss (%), drip loss (%) and evaporation loss (%). This

and total moisture content (%).

compares well with the means table (Table 2) and bar graphs

Table 3 and Figure 3 give the mean values for the variables;

(Figure 1). Total Cooking Loss (%), Drip Loss (%) and
Evaporation Loss (%) will be lowest for skin-off cuts and
highest for deboned, vacuum packaged cuts.

total cooking loss (%), drip loss (%) and total moisture content
(%), contributing to this canonical variate.

According to Loin CV 1 (Table 1):
The separation between the Ageing Method (skin-bone)
groups can be identified by total cooking loss (%), drip loss
(%) and evaporation loss (%) - thus a moisture-related CV.

Figure 2:

Loins - plot of CV 1 versus CV 2 mean discriminant scores for skin-bone as grouping factor. Variables (with their
direction of size in relation to the CV 1-axis) contributing to separation of categories, are also given.

[ TCLOSS % ]
low

1.0

[ DLOSS %

]

[ ELOSS %

]

high

ns

0.8

Canonical variate 2

0.6

nb

0.4
0.2
0.0
-0.2
-0.4

bn

-0.6
-0.8

sk

-1.0
-2

-1

0

1

2

3

Canonical variate 1
Original variables (+ direction of size in relation to CV 1-axis) contributing to separation of categories
Ageing Method (Skin-bone):
sk = skin-on
ns = skin-off
bn = bone-in
nb = deboned
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Table 3:

Grouping factor: Ageing Method; Leg Cuts: Mean values for the variables, total cooking loss (%), drip loss (%) and
total moisture (%), contributing to the first canonical variate discriminating between ageing method groups (skinbone) (the factor)
LEGS

NON-SENSORY OR COOKINGRELATED AND MOISTURE

AGEING METHOD (SKIN-BONE)

VARIABLES
$$

TOTAL COOKING LOSS, %

SKIN-ON

SKIN-OFF

BONE-IN

DEBONED

22,20

19,35

23,57

35,05

(Skin-bone*AGEING PERIOD)
Lowest

Verbal descriptors
DRIP LOSS, %

$$

17,45

Highest

14,26

18,92

10,19

Lowest

Verbal descriptors
TOTAL MOISTURE, %

65,66

c

63,45

Highest

b

63,14

b

60,50a

Highest

Verbal descriptors

Lowest

abc

=Bonferroni multiple means comparison tests done in Part 1. These means will differ slightly from the previous ones

due to the fact that a few outliers were removed

in, skin-on and skin-off groups have low total cooking loss

Re Figure 4 - Mean Discriminant Scores for ageing

(%) and drip loss (%) and high in total moisture content (%).

method (skin-bone) - legs analysed separately
Skin-bone

This compares well with the means table (Table 3) and bar

CV 1

CV 2

graph (Figure 3), as well as the CV-plot for the first CV

1

skin-on, sk

+0,8358

+1,1869

(Figure 4). This is similar to loins, skin-bone.

2

skin-off, ns

+1,6673

-1,1105

Therefore, in summary:

3

bone-in, bn

+0,4133

+0,3155

4

deboned, nb

-3,1818

-0,2944

The “moisture-related” variables are important for the Ageing
Method Grouping Factor, for loins and legs.
For LOINS: TOTAL COOKING LOSS, DRIP LOSS and
EVAPORATION LOSS (%) are high for deboned loins in

The deboned group is high in total cooking loss (%) and drip

contrast to moisture content of the other three methods (bone-

loss (%) and low in total moisture content (%) and the bone-

in, skin-on and skin-off).

Total cooking loss (%), drip loss (%) and total moisture (%) for springbok legs, using ageing method (skin-bone) as
the main effect
80

Cooking related variables

Figure 3:

70

c

b

b

a

60
50

Skin-on
Skin-off
Bone-in
Deboned

40
30
20
10
0
Total cooking loss, %

Drip loss, %

Total moisture, %

Ageing method
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Figure 4:

CV-plot: Legs - CV 1 versus CV 2 of the mean discriminant scores for the ageing method Skin-bone as grouping
factor. The original variables (and direction of size in relation to the CV 1-axis) contributing to the separation of
categories are also given

[ TCLOSS % ]
high

[ DLOSS %

low

low

]

MOISTURE %

high

1.5
sk

Canonical variate 2

1

0.5
bn
0
nb
-0.5

-1

ns

-1.5
-4

-3

-2

-1

0

1

2

Canonical variate 1

Original variables (+ direction of size in relation to CV 1 – axis) contributing to separation of categories
Ageing Method (Skin-bone):
sk = skin-on
ns = skin-off
bn = bone-in
nb = deboned
For LEGS: The deboned cuts have low total moisture content
(%) and high total cooking losses (%) and drip losses (%), in
comparison to the other three methods, having high total

Re Fig 6 - Mean Discriminant Scores for ageing period
(days) - loins analysed separately:
Days

moisture content (%) values and low total cooking losses (%)
and drip losses (%).

CV 1

CV 2

1

3

-0,8971

+0,4740

2

7

-0,7759

-0,200

3

10

-0,4047

-0,0852

discriminating between the FOUR AGEING PERIOD groups.

4

14

+0,6323

-0,5260

According to Loin CV 1:

5

21

+1,8606

+0,3956

3.1.4.

Loins, Ageing Period (days)

Ta b l e 4 g i v e s t h e c a n o n i c a l v a r i a t e s s i g n i f i c a n t l y

The separation between the Ageing Period (days post mortem)
groups can be identified by OVERALL FLAVOUR.
Table 5 gives the mean values for the variable, overall flavour,
contributing to the first canonical variate.

The 3, 7 and 10-day groups have lower overall flavour scores
(more bland) than the 14 and 21 day scores (stronger). This
compares well with the means tables (Table 6) and bar graphs
(Figure 5), as well as the CV-plot (Figure 6).
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Table 4:

Grouping factor: Ageing Period, Loin Cut: Canonical variates discriminating between the FIVE AGEING PERIOD
groups: Latent roots, their significance, as well as the percentage (of the ratio of each latent root to the sum of the
latent roots), for each canonical variate (CV), are given. The body of the table contains the correlations between the
scores for each original contributing variable and its corresponding Canonical Variate (correlation >+0,5 or <-0,5)
Ageing Period (3, 7, 10, 14 and 21 days post mortem)
CV

Cut

Sig

lr

%

TCLoss

Dloss

Eloss

Total

%

%

%

moisture
content

Sensory attributes
Aroma

Juiciness Tender-

%
CV1

Loins

S

1,056

Texture

ness

Overal
flavourl

83

0,839

Where:
lr

=

Latent root (rounded up values given. Must be >1 to be significant)

Note: For loin-aroma, one mean observation = 91 was made missing to ensure homogeneous variance as required by
CVA's

3.1.5.

Sensory means indicated here (observations in the CVA

Loins and shoulder patties, Animal Age

consisted of mean values) might differ slightly from the means

(weeks)

calculated in Part 1's analysis of variance procedures (where

Table 6 gives the Canonical Variates which significantly

observations consisted of individual sensory score ratings).

discriminate between the THREE ANIMAL AGE groups.

Figure 7 depicts these means as bar graphs.

LOIN CV 1 says:
The separation between Animal Age (weeks) groups can be

Re Figure 8 - Mean Discriminant Scores for animal age

identified by drip loss (%), total moisture content (%),

(weeks) - loins analysed separately:

tenderness and texture.

Weeks
3.1.5.1.

Loins, Animal Age

Table 7 gives the mean values for these variables, drip loss
(%), total moisture content (%), tenderness and texture.

Table 5:

CV 1

CV 2

1

Young, y

-1,1979

+0,1146

2

Mature, m

+0,5179

-0,3171

3

Very old, o

+1,4495

+0,4594

Grouping factor: Ageing Period, Loin Cuts: Mean values for the variable, overall flavour, contributing to the first
canonical variate discriminating between the five ageing period groups (days post mortem)
LOINS

SENSORY ATTRIBUTE

AGEING METHOD (SKIN-BONE)
3 DAYS
OVERALL FLAVOUR
0

52,26

a

7 DAYS
53,15

a

10 DAYS
53,85

ab

14 DAYS
58,98

b

21 DAYS
64,42c

= extremely bland

25 = moderately bland
50 = typical springbok
75 = moderately strong
100 = extremely strong
Descriptors

Lowest score

Highest

Closest to ideal

mederately
strong

abc

= Bonferroni multiple means comparison tests done in Part 1.

Sensory means indicated here (observations in the CVA consisted of mean values) might differ slightly from the means
calculated in Part

1’s analysis of variance procedures (where observations consisted of individual sensory score

ratings)
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Figure 5:

Grouping factor: Ageing Period, Loin cuts: Mean values for the variable,
overall flavour, contributing to the first canonical variate discriminating
between ageing period groups (days) post mortem

The very old group is high in drip
loss (%), tenderness (ideal) and
texture (fibrous) and the young
group is low on drip loss (%),

70

Sensory scores

texture (mushy). Total moisture
content (%) is low for the very old

b

60

55

tenderness (more tender) and

c

65

animals and high for young ones.
a

ab

a

Overall flavour

This compares well with the means
table (Table 7) and bar graphs
(Table 7).

50

Thus,
45

animals

are

mushy because of their high

40
3 Days

7 Days

10 Days

14 Days

moisture content and resulting

21 Days

from a low drip loss (%).

Ageing period

Figure 6:

young

moderately tender and moderately

Loins - plot of CV 1 versus CV 2 of the mean discriminant scores for ageing period as grouping factor. The
variable flavour, (with its direction of size in relation to the CV 1-axis), contributing to separation of categories, is

low

high

FLAVOUR

(bland)

(strong)

0.6

Canonical variate 2

0.4
0.2

0.0

-0.2
-0.4

-0.6
-2

-1

0

1

2

3

Canonical variate 1

Original variables (+ direction of size in relation to CV 1 – axis) contributing to separation of categories
Ageing Period (days post mortem):
3 = 3 days post mortem
7 = 7 days post mortem
10 = 10 days post mortem
14 = 14 days post mortem
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The very old animals’ cuts are

Figure 7:

Drip loss (%), total moisture (%), tenderness and texture for springbok
loins, using animal age (weeks) as the main effect

tougher and fibrous (both actually
“ideal”) because they tend to lose
losses (%) during cooking, thus
resulting in a low moisture content.
(Note the “ideal” values in Tables
7 and 8.) In summary, the two
important types of variables are:
moisture

content

and

tenderness/texture.
Patties, Animal age

3.1.5.2.

Ta b l e 6 a l s o g i v e s t h e f i r s t

80

Cooking related and sensory attributes

moisture as they have higher drip

70
60
c

c
b

50
b

40

a

Young
Mature
Very old

a

30
20
10
a

0

b

b

Drip loss, %

Total moisture, %

Tenderness

Texture

-10

Animal age

C a n o n i c a l Va r i a t e s w h i c h
significantly discriminates between
the THREE ANIMAL AGE groups, for shoulder patties. For

Low values for drip loss (%), tenderness and texture with high

shoulder patties, the separation between the animal age

total moisture content (%) (and also juiciness for patties), as

(weeks) groups can be identified by the drip loss (%), total

indicated in the tables of means for the young animals (Tables

moisture content (%), juiciness, tenderness and texture scores

7 and 8).

(Table 6).
This is also noted on the CV plot - the distribution on the xTable 8 gives the mean values for these variables contributing

axis (Figures 8 and 10).

to the first canonical variate.
CRUX: Moisture-related variables and tenderness/texture
Figure 9 depicts these means as bar graphs.

sensory variables identify animal age groups.

Re Figure 10 - Mean Discriminant Scores for animal

3.2.

Cuts combined

age (weeks) group - shoulder patties:
Weeks

CV 1

CV 2

Table 9 gives the Canonical Variates which significantly
discriminate between the FOUR CUTS as groups.

1

Young, y

-1,6147

+0,1000

2

Mature, m

+0,7543

-0,3366

canonical variate, can be identified by total moisture content

3

Very old, o

+1,6848

+0,5236

(%) and juiciness scores. The second canonical variate

Separation between the Cuts Groups, as described by the first

describes the separation in the cuts within the variable total
The young group is low in drip loss (%), tenderness and

cooking loss (%), juiciness, tenderness and texture.

texture scores and the mature and very old groups are high in
these variables. The young group is high in total moisture

3.2.1.

content (%) and juiciness scores (i.e. dry) and the mature and

Table 10 gives the mean values for the variables, total

very old groups are low in total moisture content (%) and have
low juiciness scores (are “juicy”). This compares well with the
means table (Table 8) and bar graphs (Figure 7), as well as the
CV-plot (Figure 8).

Combined cuts, CV 1 and CV 2

moisture (%) and juiciness, contributing to the first canonical
variate (CV 1)

which discriminates between the combined

cuts as well as total cooking loss (%), juiciness, tenderness
and texture contributing to the second canonical variate

It is the original quality attributes that contribute towards

(CV 2).

separation with respect to animal age groups, viz.:

Figure 11 depicts these means as bar graphs.

Drip loss (%), total moisture content (%), tenderness and
texture (as well as juiciness for shoulder patties).
High scores for drip loss (%), tenderness and texture will go
together with low total moisture content (%) values, as
indicated in the tables of means for the very old animals
Tables 7 and 8).
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Table 6:

Grouping Factor: Animal Age (Weeks), Loin Cuts and Shoulder Patties: Canonical variates discriminating between
the THREE ANIMAL AGE groups: Latent roots, their significance, as well as the percentage (of the ratio of each
latent root to the sum of the latent roots), for each canonical variate (CV), are given. The body of the table contains
the correlations between the scores for each original contributing variable and its corresponding Canonical Variate
(correlation >+0,5 or <-0,5)
Animal age (young, mature and very old)
CV

Cut

Sig

lr

%

TCLoss,

Dloss, Eloss,

%

%

%

Total

Sensory attributes

moisture
content,

Aroma Juiciness Tender-

%
Loin

CV1

S

1,113 92,6

0,591

-0,835

Shoulder

CV1

S

1,87

0,654

-0,632

94,6

Texture

Overall

ness

-0,505

0,697

0,570

0,758

0,59

patties
Where:
Animal age young = 24 – 60 weeks; mature = 61 – 311 weeks and very old = 312+ weeks

Table 7:

Grouping factor: Animal Age; Loin Cuts: Mean values for the variables, drip loss (%),total moisture content (%),
tenderness and texture, contributing to the first canonical variate discriminating between the three animal age groups
(weeks)
LOINS

COOKING & MOISTURE
VARIABLES AND SENSORY

ANIMAL AGE (WEEKS)

ATTRIBUTES
YOUNG
DLOSS, %
Verbal description
TOTAL MOISTURE, %
Verbal description
TENDERNESS

0,39

MATURE
a

1,12

VERY OLD
b

Lowest

Highest

65,63

62,85

61,46

Highest
30,90

1,13b

Lowest
a

39,44

b

48,54c

0 = extremely tender
25 = moderately tender
50 = ideal
75 = moderately tough
100 = extremely tough
Verbal description
TEXTURE

Moderately tender
38,84a

Closer to ideal
44,39b

Ideal
49,02c

0 = extremely mushy/soft
25 = moderately mushy
50 = ideal
75 = moderately fibrous
100 = extremely fibrous
Verbal description

Moderately mushy to ideal
Lowest

abc

Ideal

Ideal
Highest

= Bonferroni multiple means comparison test done in Part 1.

Sensory means indicated here (observations in the CVA consisted of mean values) might differ slightly from the means
calculated in Part 1’s analysis of variance procedures (where observations consisted of individual sensory score ratings)
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Figure 8:

CV-plot: Loins - CV1 versus CV 2 mean scores for animal age as grouping factor. Variables (with their direction
of size in relation to the CV 1-axis) contributing to separation of categories are also given.
DLOSS %

low

high

MOISTURE %

high

low

[ TENDERNESS ]
[ TEXTURE ]

tender

tough
(fibrous)

(mushy)

0.7

Canonical variate 2

0.5

o

0.3

y

0.1

-0.1

-0.3

m

-0.5
-2

-1

0

1

2

Canonical variate 1

Original variables (+ direction of size in relation to CV 1 – axis) contributing to separation of categories
Animal Age (weeks):
y = young = 24 – 60 weeks
m = mature = 61 – 311 weeks
o = very old = 312 + weeks

Re Figure 12 - Mean Discriminant Scores for cut
groups:
CV 1

Loin,

+1,2480

CV 2

negatively with the canonical variate 1 (CV 1), whereas

+1,2548

juiciness correlates positively with it. Put into other words,
when the total moisture content (%) is high, the juiciness

lo
2

and sensory juiciness are the two variables which distinguish
between the CUTS. The total moisture content (%) correlates

Cuts
1

The first CVA (CV 1) shows that total moisture content (%)

Leg,

+1,1053

-0,0835

scores are low and vice versa.
When one observes the means table (Tables 10a and 10b)

le
3

Flaked, fl

-2,5685

+0,8568

4

Patties, pa

-0,1969

-1,8698

and/or the bar graphs (Figure 11) for these two variables, one
clearly sees this relationship.
This compares well with the means tables (Table 10a and 10b)
and bar graphs (Figure 11), as well as the CV plot (Figure 12).
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Table 8:

Grouping factor: Animal Age; Shoulder Patties: Mean values for the variables, drip loss (%), total moisture content
(%), juiciness, tenderness and texture, contributing to the first canonical variate discriminating between the three
animal age groups (weeks)
SHOULDER PATTIES

VARIABLES AND SENSORY
ATTRIBUTES

ANIMAL AGE (WEEKS)
YOUNG

DRIP LOSS, %
Verbal description
TOTAL MOISTURE

3,64

MATURE
a

5,98

VERY OLD
b

7,61b

Lowest

Highest

63,88

60,99

59,31

CONTENT, %
(Skin-bone*ageing period, Fig
8.28 and ageing period*animal
age Fig 28.29)
Verbal description
JUICiNESS$$
0 = extremely dry
25 = moderately dry
50 = average (not ideal
75 = moderately juicy
100 = extremely juicy

Highest

Lowest

44,28

31,36

35,57

(Skin-bone*ageing period)
Fig 8.17
(Ageing period*animal age)
Fig 8.18
(Skin-bone*animal age) Fig
8.19

Verbal description

TENDERNESS

Close to average

Moderately dry

Most juicy

Least juicy

52,97a

63,80b

Moderately dry to average
68,86c

0 = extremely tender
25 = moderately tender
50 = ideal
75 = moderately tough
100 = extremely tough
Verbal description

Ideal, lowest

Slightly rubbery

Slightly rubbery
Highest

TEXTURE

61,48

a

68,53

b

72,35c

0 = extremely mushy/soft
25 = moderately mushy
50 = ideal
75 = moderately coarse
100 = extremely coarse/residue
Verbal description

Between ideal and

Moderately coarse

moderately coarse

Moderately coarse
Highest

Lowest
Where:
abc

= Bonferroni multiple means comparison test done in Part 1.

Sensory means indicated here (observations in the CVA consisted of mean values) might differ slightly from the means
calculated in Part 1’s analysis of variance procedures (where observations consisted of individual sensory score ratings).
Animal age (weeks): Young = 24-60 weeks; Mature = 61-311 weeks; Very old = 312+ weeks
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Figure 9:

The flaked cuts group seem to be
quite different from the rest.

Drip loss (%), total moisture loss (%), tenderness, juiciness and texture for
springbok shoulder patties, using animal age (weeks) as the main effect.

80
Variable and sensory attributes

In summary: The first canonical
variate emphasises the fact that
there are big differences in CUTS
when it comes to moisture content;
which of course, will influence
juiciness. (Flaked cuts are an
exception, as explained below).
The second canonical variate
ascribes the differences in CUTS to

b

60

b

c

a

a

50

Young
Mature
Very old

40
30
20
10
0

total cooking loss (%), juiciness,

c

70

a

Drip loss, %

tenderness and texture, and this

Total
Juiceness Tenderness
moisture, %

Texture

also depends on total cooking
losses - the more moisture that is lost during ageing and

cooking, the less acceptable the juiciness, tenderness and
texture.

Figure 10:

Shoulder Patties - Plot of CV 1 versus CV 2 mean scores for Animal Age (weeks) as category

DLOSS %
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high

high
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high
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(juicy)
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0.3
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m

-0.5
-2

-1

0

1

2

Canonical variate 1

Original variables (+ direction of size in relation to CV 1 – axis) contributing to separation of categories
Animal Age (weeks):
y = young = 24 – 60 weeks
m = mature = 61 – 311 weeks
o = very old = 312 + weeks
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Table 9:

Combined analysis: Grouping Factor: Cuts:
Canonical Variate Analysis (CVA) significantly discriminating between FOUR CUTS. Latent roots, their
significance as well as the percentage (of the ratio of each latent root to the sum of latent roots), for each canonical
variate (CV), are given. The body of the table contains the correlations between the scores of each original
contributing variable and its corresponding Canonical Variate correlation (.+0,5 or <-0,5)

Cuts (Loins, legs, flaked cuts and shoulder patties)
Cut

CV

Sig

lr

%

Total

Dloss

Eloss

Total

Sensory attributes

Cooking

moisture

loss, %

content,

Aroma

Juiciness Tender-

%
Combined CV1
cuts

CV2

S

2,19

57,46

S

1,51

39,43

0,681
-0,728

Texture

ness

Overall
flavour

-0,538
0,504

-0,762

-0,740

Where:
Animal age (weeks) Young = 24 – 60 weeks; mature = 61 – 311 weeks and very old = 312+ weeks

The fact that only CUTS form significant groupings when the

4.

CONCLUSIONS

cuts are combined, is in agreement with a previous comment
that the cuts are so different from one another that this
overshadows all the other factors (i.e. ageing method, ageing
period and animal age). It might be worth excluding flaked
cuts and reassessing the data. Flaked cuts were prepared
totally differently from the other cuts (shoulder patties, too)
and are comprised of numerous different muscles in
comparison to the other larger-muscle cuts (loins and legs).
Water was also added proportionally to their masses, before
casseroling.

Table 10a:

Therefore, in summary:
· The “moisture-related” variables are important for
the Ageing Method Grouping Factor, for loins and
legs. For LOINS: Total cooking loss (%), drip loss
(%) & evaporation loss (%) are high for deboned
loins in contrast to moisture content of the other
three methods (bone-in, skin-on and skin-off). For
LEGS: The deboned cuts have low total moisture
content (%) and high total cooking losses (%) and
drip losses (%), in contrast/comparison to the other
three methods, having high total moisture content

Grouping factor: Cuts. Mean values for the variables, total cooking loss (%), total moisture content (%) and
juiciness, contributing to the first canonical variate discriminating between the four cuts. CV 1.

CUTS COMBINED

COOKING LOSS, MOISTURE
AND SENSORY ATTRIBUTES

LOINS

LEGS

FLAKED

SHOULDER
PATTIES

TOTAL MOISTURE, %

63,73

Verbal description

Highest

JUICINESS $$

44,47

63,22

58,26b

61,81

41,69

59,71

37,19

0 = extremely dry
25 = moderately dry
50 = average (not ideal
75 = moderately juicy
100 = extremely juicy
Verbal description

Most juicy

Least juicy

Sensory means indicated here (observations in the CVA consisted of mean values) might differ slightly from the means
calculated in Part 1’s analysis of variance procedures (where observations consisted of individual sensory score ratings).
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Table 10b:

Grouping factor: Cuts. Mean values for the variables, total cooking loss (%), juiciness, tenderness and texture,
contributing to the second canonical variate discriminating between the four cuts. (CV 2)
CUTS COMBINED

COOKING LOSS, MOISTURE
AND SENSORY ATTRIBUTES

LOINS

LEGS

FLAKED

SHOULDER
PATTIES

TOTAL COOKING LOSS, %

$$

17,55

22,86

29,51

Lowest

Verbal description
$$

JUICINESS

24,81

Highest

44,47

41,69

59,71

37,19

0 = extremely dry
25 = moderately dry
50 = average (not ideal
75 = moderately juicy
100 = extremely juicy
Most juicy

Verbal description
46,53

44,18

Least juicy

TENDERNESS

37,65

60,54

Verbal description

Lowest

TEXTURE

43,00

48,65

57,24

66,51

Just less than ideal

Slightly less than

Slightly greater

Almost moderately

Lowest

ideal

than ideal

coarse

Highest

0 = extremely mushy/soft
25 = moderately mushy
50 = ideal
75 = moderately coarse
100 = extremely coares/residue
Verbal description

Highish

Highest

Sensory means indicated here (observations in the CVA consisted of mean values) might differ slightly from the means
calculated in Part 1’s analysis of variance procedures (where observations consisted of individual sensory score ratings)

Figure 11:

(%) values and low total cooking
losses (%) and drip losses (%).

Total moisture (%) and juiciness (CV 1) and total cooking loss (%),
juiciness, tenderness and texture (CV 2)
·

For Loins, Ageing Period: The
separation between the Ageing
Period (days post mortem) groups
can be identified by FLAVOUR.
The 3, 7 and 10-day groups have
lower flavour scores (more bland)
than the 14 and 21 day scores
(stronger).

·

Loins, Animal Age: The “moisturerelated” and tenderness-related
variables are important for the
Animal age (weeks) group, for
loins and shoulder patties. Stated
differently, they characterise animal
age groups.

80
70
60
50
40
30
20
10
0

Total moisture, % Total cooking
loss, %
Loin

Leg

Juiciness

Tenderness

Texture

When the combined cuts are looked at, it
is:

Flaked

Shoulder patties

a.

firstly, the juiciness and moisture variables which separate the cuts into groups
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Figure 12:

Cuts - plot of CV1 versus CV 2 mean discriminating scores for the Combined Cuts as grouping factor. The original
variables (with their direction of size in relation to the CV 1-axis) contributing to separation of categories are also
given.

CV 1

high

JUICINESS

low

lower

MOISTURE

high
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fl

0.5

-1
-1.5

CV 2
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-0.5

[ TLOSS % ]

0

[ TENDERNESS ]

[ TEXTURE ]

Canonical variate 2

1

Low

Higher

1.5

pa

-2

-2

-1

0

1

2

High

-3

Low

-2.5

Canonical variate 1

Original variables (+ direction of size in relation to CV 1 – axis) contributing to separation of categories
Cuts:
lo = loin
le = leg
fl = flaked neck, breast and flank cuts
pa = shoulder patties
(in other words, the total moisture content (%) and
juiciness scores differ for cuts. Flaked cuts have high
juiciness scores and low total moisture (%) values,
and loins and legs have low juiciness scores and high
total moisture (%) values, and
b.

The cuts differ with respect to total cooking loss (%),
tenderness and texture variables - the more moisture
that is lost during ageing and cooking, the less acceptable the juiciness, tenderness and texture. Moisture
and texture-related sensory aspects are therefore important for the four cuts.

For example and in summary, e.g. for the separate cuts, skinbone, “moisture” types come to the fore, for ageing period
(days) = flavour “types” come out and for animal age,
moisture and tenderrness are the key words. For the four cuts
combined, moisture-related and moisture-texture aspects are
important discriminators.
In retrospect and considering the ageing methods used in this
research (e.g. skin-off sides), the ageing periods (e.g. 14 and
21 days post mortem) and animal age (small young ones to
large very old ones), it is not unexpected that moisture and
texture-related attributes are the most important ones that have

A reminder of the title of this paper:
· Distinguishing types of quality characteristics
discriminating between different ageing method,
ageing period, animal age or cut groups, according
to canonical variates analysis (CVA) procedures.

come to the fore in these CVAs. It also underlines the

So, in the title reference was made to “distinguishing types”

better than the 14 and 21-day periods, and the mature and very

for cuts combined and separate, and, indeed, these different

old animals gave the highest yields.

importance of sensory analysis.
Overall conclusions: Skin-on ageing method is to be
recommended, 3-10 days post mortem ageing periods are

“types” have been illustrated.
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Shelf-life of chicken meat
A.E. de Jesus
Meat Industry Centre, Animal Nutrition and Animal Products Institute, Private Bag X2, IRENE,
0062 Republic of South Africa

1.

INTRODUCTION

Since the advent of convenience foods, demand for chilled

label of the chickens. Improvement in shelf-life appears to be

instead of frozen chickens is constantly growing. The shelf-life

due to improved temperature control. The number of

of chilled chicken has, therefore, become increasingly

Pseudomonas spp on the chickens after leaving the abattoir

important for the producer, retailer and consumer.

was not significantly lower than previously.

Numerous factors play a role in spoilage (cf. Jay, 1986; Ayres

In order to illustrate the profound influence of temperature on

et al., 1980). For packaged chickens, the most important

the development of a spoilage population, the influence of

factors relate to the nature and number of bacteria present on

relatively low to high chill temperatures on the development of

the chicken after packaging, the type of meat, the type of

the spoilage population of retail broilers under controlled

packaging, the slaughtering process and temperature of

laboratory conditions was studied. It involved counting

storage.

different types of organisms that develop on chickens placed

Although the basic concepts are old, it is only in the past 5
years that we have generated data to illustrate these concepts
as they apply under South African conditions. The present talk
deals with aspects of our work on important factors that
influence the shelf-life of retail chickens and that require
control such as the numbers of potential spoilage bacteria
present on the chickens and the temperature to which they are

in accurately controlled, cooled incubators at each of 4
different temperatures (0 °C, 5 °C, 10 °C and 15 °C) until
spoilage occurred. The experiment was conducted in the hot
season (February) on chilled, conventional (PVC) packaged
chicken carcasses. These were retail ready chickens that were
obtained directly from the abattoir and transported to the
laboratory under cooling.

exposed. The reason for this choice is that the temperature of

Neck-skins from 3 chickens were combined for each sample

the retail chicken is the single most important external factor

and 3 replicate sets were studied. This was repeated for each

determining the shelf-life and the population mix developing

of the 4 temperatures, on each of 4 to 6 different days.

at various temperatures. The number of spoilage bacteria

Organisms/groups enumerated were: Aerobic plate count

present at packaging in the abattoir is also an important factor

(APC) at 20 °C, psychrotrophs at 0 °C, mesophiles at 37 °C,

determining the shelf-life of the retail chicken. In this context,

Pseudomonas spp. (at 20 °C), psychrotrophic Pseudomonas

results from laboratory-scale experiments on spoilage of

spp. (at 0 °C), Acinetobacter spp., Enterobacteriaceae, the

conventionally packaged, whole retail chickens at different

Lactobacillus-Leuconostoc-Pediococcus group, Brochothrix

temperatures as well as results obtained in studies at the

thermospacta, enterococci (faecal streptococci), moulds,

abattoir and retailer are briefly discussed.

yeasts, Staphylococcus aureus and hydrogen sulphide (H2S)
producers (De Jesus et al., 1994). Chickens were considered

2.

SHELF-LIFE OF PACKAGED
CHICKENS AT DIFFERENT TEMPERATURES

spoilt when the Pseudomonas counts were between log 7 and
log 8 colony forming units per gram (cfu/g) (Jay, 1986) and
when the first impression of odour, which was also noted,
correlated with the microbiological data.

At the 8th Meat Symposium in 1995 we reported on a shelflife study from which it was concluded that chickens sold by

2.1

Microbial population

some retailers were spoilt before the “ use-by” date on the
label of the chickens (De Jesus, 1995). The study was repeated

The results showed that the dominant organisms at spoilage

in exactly the same way at the same retailers during the early

were known aerobic spoilage organisms. These included

summer of 1995. I am glad to report that this time the

Pseudomonas spp (psychrotrophic Pseudomonas spp -capable

chickens had a shelf-life in excess of the “use-by” date on the

of growth at both 0 °C and 20 °C) and Acinetobacter spp.
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Table 1:

The day on which the chicken was considered microbiologically spoilt and had a spoilt odour is also indicated by
shading of the appropriate column. Spoilage occurred after 1 day at 15 °C, 2 days at 10 °C, 5 days at 5 °C and 11
days at 0 °C

Shelf-

Groups

Day

Day

Day

Day

Day

Day

Day

Day

Day

Day

Day

Day

0

1

2

3

4

5

6

7

8

9

11

14

5,74

7,97

9,73

9,25

9,23

Pseudomonas, 20 °C*

4,55

7,10

8,79

8,47

8,01

Pseudomonas, 0 °C#

4,45

6,74

8,70

7,93

7,61

Lactic acid bacteria

4,64

5,41

5,87

6,47

5,83

10 °C Aerobic plate count

5,74

8,19

8,84

8,66

8,30

Pseudomonas, 20 °C*

4,55

7,83

8,51

8,19

8,01

Pseudomonas, 0 °C#

4,45

7,51

8,10

7,96

7,61

Lactic acid bacteria

4,64

4,69

4,65

6,00

5,83

Aerobic plate count

5,74

6,98

8,18

9,03

9,02

Pseudomonas, 20 °C*

4,55

6,35

7,92

8,24

8,40

Pseudomonas, 0 °C#

4,45

6,29

7,65

8,02

8,71

Lactic acid bacteria

4,64

4,00

5,59

6,07

6,36

Aerobic plate count

5,74

5,84

7,06

7,21

8,22

10,72

Pseudomonas, 20 °C*

4,55

5,75

6,42

6,93

7,92

8,45

Pseudomonas, 0 °C#

4,45

3,10

3,21

3,92

4,99

5,56

Lactic acid bacteria

4,64

3,52

4,00

5,48

4,71

5,98

life at
15 °C Aerobic plate count

5 °C

0 °

*

Plates incubated at 20 °C

#

Plates incubated at 0 °C

Growth of Enterobacteriaceae on chickens kept at different temperatures (0 °C, 5 °C, 10 °C and 15 °C) till spoilage
occurred
8.0
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7.0

6.5

Log of Count

Figure 1:
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Figure 2:

Growth of H2S producing organisms at different temperatures (0 °C, 5 °C, 10 °C and 15 °C)
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These organisms were the dominant groups recovered from the

Enterobacteriaceae, H2S producing bacteria and

chickens held at all 4 temperatures and throughout the

Staphylococcus aureus. The number of Enterobacteriaceae at

different incubation periods. They showed similar growth

15 °C and 10 °C increased rapidly in the presence of high

trends. Since the initial bacterial load on the chickens was

numbers of other organisms (Figure 1).

relatively high, increase in numbers of these bacteria before

The H2S producing organisms increased rapidly at 10 °C and

spoilage was relatively small (104 to 107 or log 4 to log 7). A

15 °C and more slowly at 5 °C and 0 °C (Figure 2). A close

summary of some of these counts (in log cfu/g), obtained for

correlation was found between the point that the H 2 S

each shelf-life temperature on the various sampling days is

producing organisms reached log 7 cfu/g and where the H2S

given in Table 1.

odour was first noticed.

Organisms/groups that increased considerably (by log 4 or
more) during the experiments at higher temperatures were the
Growth of Staphylococcus aureus at different temperatures (0 °C, 5 °C, 10 °C and 15 °C) and of Pseudomanas spp
(at 15 °C) on chickens kept till spoilage had occurred
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Figure 3:

6
5
4
3
2
1
0
0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Days
15 °C (Staph.)

15 °C (Pseud.)

10 °C

5 °C

0 °C

Limit

Proceedings of the 9th Meat Symposium: Meat Science and Technology for Sustainable Development
September 1, 1997, CSIR Conference Centre PRETORIA
Revised Printing 14 November 2014

84

The experiment thus confirmed the decisive role of

affected by the presence of a large number of spoilage

temperature in shelf-life.

bacteria.
The presence of Staphylococcus aureus on foodstuffs is

2.2

traditionally associated with human handling but the live

Pathogens and spoilage

chicken may also carry Staphylococcus aureus (Mead and
An important result was that when the temperature is

Dodd, 1990). When present at 106 cells per gram of food, it

sufficiently high, a pathogen like Staphylococcus aureus could

can produce a sufficient amount of toxins to cause illness in

still grow in the presence of high numbers of spoilage and

humans. It is known to grow between 6,7 °C and 45 °C and

other bacteria. In this experiment at 15 °C, numbers of

produces toxins between 10 °C and 40 °C (Roberts, 1982).

Staphylococcus aureus increased from 104 to 106 cfu/g in the

The toxins are fairly heat stable and can withstand boiling.

presence of 109 cfu of Pseudomonas spp. and 106 lactic acid

About 25 % of the strains from chickens are known to produce

bacteria per gram of chicken (Figure 3).

these toxins. The distinct possibility therefore exists that toxin
production may take place on carcasses which are

The results of the experiment goes against conventional

insufficiently cooled.

wisdom that Staphylococcus aureus cannot successfully
compete with high numbers of other organisms (e.g. Gill,

That Staphylococcus aureus is an important pathogen under

1882) but confirms the view that external conditions rather

conditions of insufficient cooling was shown in a small-scale

than competition determines growth rate of pathogens in

survey in Attridgeville (De Jesus, 1997). This study was

situations where adequate nutrition is available (Roberts,

conducted to establish the microbiological profile of products

1994). A comparison of the experimental results was made

from approved abattoirs like chicken mala (offal) sold by

with a computer model to predict Staphylococcus aureus

street vendors and of informally slaughtered chickens. The

growth (Pathogen Modeling Program 4.0) kindly supplied by

chickens were slaughtered three days a week in a warehouse

Dr. R.L. Buchanan (Buchanan, 1994). This model describes

that alternatively served as a carpentry shop. The whole

growth of Staphylococcus aureus in mathematical terms and is

slaughtering process was done by hand. The feathers were

used to predict growth parameters for organism when grown

loosened by soaking in hot water, plucked and the cleaned

under different conditions without competition from other

carcasses were rinsed in a container with unchilled tap water.

organisms. Under optimal conditions at 15 °C, the lag phase,

The carcasses were not eviscerated. (Uneviscerated carcasses

generation time and time to reach 106 cfu/g from the model

are often sold in Europe and are known in Britain as New

was a predicted 19,5 hours, 7,4 hours and 37 hours compared

York dressed.) The carcasses were packed in a plastic bag and

to 1 day, 9 hours and 1-2 days for the experimental results for

the majority were immediately dispatched (by being taken

the chickens. When allowances are made for the facts that the

away in a bakkie) while the remainder were put into chest-

experimental data were less accurate than that of the model

type freezers. The numbers of Staphylococcus aureus on the

and that the model allows for a margin of safety with its

chickens were high at 104 cfu/g (mean: log 4.0, standard

predicted values, agreement is good. This indicates that growth

deviation: ± 0,7 and n=15). The wash water used to rinse the

of Staphylococcus aureus on chicken meat is not drastically

chickens contained 4x103 cfu of Staphylococcus aureus per ml.
Temperatures from 34 °C to 41 °C were recorded for the

Figure 4:

Mean number of Pseudomonas spp at different stages of slaughtering in 5 South African poultry abattoirs

Mean of log colony forming units per gram
5.2
5.0
4.8
4.6
4.4
4.2
4.0
3.8
3.6
3.4
3.2
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C

D

E

Abattoir
Pre evisceration

Post evisceration

Air chill
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Proceedings of the 9th Meat Symposium: Meat Science and Technology for Sustainable Development
September 1, 1997, CSIR Conference Centre PRETORIA
Revised Printing 14 November 2014

85

bagged carcasses. Since the temperature of live chickens is

Table 2:

usually 40 °C to 42 °C, it appears that rinsing lowered carcass
temperatures only slightly or not at all. If the subsequent rate
of cooling is not sufficiently fast, these already high numbers
of Staphylococcus aureus on the carcasses may increase to
sufficiently high levels to cause poisoning. The few mala
samples examined likewise contained high levels of
Staphylococcus aureus. (mean: log 4,6, standard deviation:
± 0,7, n=3). Samples were taken before 11 o'clock on a hot
summers day. From this study it appears that under certain
circumstances, it may actually be unsafe to try to consume

Temperature measured#

Incidence

%

Above 15 °C

23/81

28

10 °C to 15 °C

34/81

42

7 °C to 10 °C

13/81

16

Below 7 °C

11/81

14

#

*

spoilt chicken.

Carcass temperatures directly after chilling as
measured in 4 South African poultry abattoirs

Deep breast and thigh temperatures
Number of temperature measurements/total
temperature measurements

3.

ROLE PLAYERS IN SPOILAGE
CONTROL

significally (P<0,05) increased the load in abattoir D. Water
(spin) chilling significantly (P<0,05) decreased the

The question now arises about the measures to be taken to
improve and control the shelf-life of South African retail
chicken. Different role players can be identified for their role
in spoilage control. The abattoir should keep the number of
spoilage organisms present on the carcasses in the abattoir low
and maintain the cold chain in the abattoir. The cold chain
must also be maintained during transportation, on retailing and
by the consumer.

pseudomonad load in abattoir D but in contrast, water cooling
significantly (P<0,05) increased it in abattoir B. It, therefore,
appears that not the process as such but management of the
different processes during slaughtering is the most important
factor in spoilage control. It is known that potable water can
still contain Pseudomonas spp; air coolers can likewise be an
important source of these spoilage organisms on carcasses. At
present, impeccable hygiene and the use of super chlorinated
water appears to be the main means of minimizing the number

I also see that it is part of the mandate of the South African

of spoilage bacteria present on chicken carcasses directly after

veterinary and health authorities to assure that all members of

processing and packaging.

the South African community has access to not only safe but
also unspoilt meat. Any surveillance programme to monitor
bacteria on meat should therefore also include monitoring of
spoilage bacteria. We are glad to report that the Department of
Agriculture of the North West Province agrees with us and has
included monitoring spoilage organisms in a surveillance
programme that we have been contracted to develop for them.

The cold chain starts in the abattoir. Rapid cooling down of
carcasses during and after slaughtering prevents growth of the
spoilage organisms already present. Results from a 1993
survey of 4 South African abattoirs (De Jesus et al., 1994)
showed that few abattoirs are able to comply with the South
African Poultry Association's requirement that carcasses have
reached 10 °C shortly after chilling (South African Poultry
Association, 1993). Results obtained in the study appear in

3.1

Role of the abattoir

Table 2.

The abattoir plays a most important role in spoilage control in
that it to a large extent can control the number of spoilage
organisms on carcasses. Already in 1959 Ayres could show
that when chickens are stored at 4 °C, those carrying a high
initial bacterial load (2x10 cfu/g) had a 2 day shelf-life while
6

those carrying a lower bacterial load (3x10 cfu/g) had a 5 day
4

shelf-life (see Ayres et al., 1980).

3.2

Role of the retailer

The retailer must maintain the cold chain. The laboratory
studies shown above emphasized that the shelf-life of packed
chickens is directly dependent on the temperature at which it
is kept. Spoilage organisms grow on the surface of the skin or
cut surfaces. It follows therefore that it is the surface

The presence of Pseudomonas spp as typical spoilage

temperature of the carcass that is important for bacterial

organisms on carcasses in the abattoir is shown in Figure 4

growth. The surface temperature should be measured and kept

from results obtained by De Jesus et al (1994) and Geornaris

low throughout the cold chain. It also follows that shelf-life of

et al (1995).

chickens maintained at 0 °C would be more than double that

From the figure it is clear that the number of Pseudomonas

of chickens maintained at 7 °C.

spp on the carcasses in the different abattoirs differ widely. Air

In 1996 and at the request of one of our clients, a spot check

cooling of carcasses did not have much effect on the

was made of the temperature of chickens and chicken products

pseudomonad load of carcasses in abattoirs A and C but

in 7 retail outlets of the same retail chain (De Jesus and Van

Proceedings of the 9th Meat Symposium: Meat Science and Technology for Sustainable Development
September 1, 1997, CSIR Conference Centre PRETORIA
Revised Printing 14 November 2014

86

Zyl, unpublished results). A surprisingly large range of display

France 1-2 June 1994. ASEPT Editeur, 53020 Laval

standards were observed in that the appeal of display and

Cedex, France. pp 345.

impression of hygiene varied widely. Some retailers packed
the chickens in such a way that most cold air outlets were
effectively blocked. Results also showed a wide variation in

DE JESUS, A.E., 1995. Microbiological quality of chicken.
Proc. 8th Meat Symposium, In Press.

the surface temperature (measured with a recently calibrated
Comark 3002 thermometer and surface probe) of the chickens

DE JESUS, A.E., 1997. Microbiological quality of meat - the

and chicken products as displayed in the retail cabinets of the

informal sector. In: Proceedings of the national work-

different outlets. Surface temperature of products in different

shop on the safety of street-vended foods in South Af-

racks and positions in a rack was measured. Average surface

rica. Presented by the Directorate: Food Control,

temperatures of products varied between 2° C and 10 ° C with

Department of Health in collaboration with Technicon

the surface temperatures of products under 5 °C in 4 outlets

Pretoria with sponsorship from the World Health Or-

and over 5 °C in 3 outlets. From the foregoing discussion on

ganisation. Pretoria 2-3 April, 1997.

the role of temperature in shelf-life, it is not surprising that
returns came from the retailer where the average surface

GILL, C.O., 1982. Microbiological interaction with meats. p

temperature of products in one of the cabinets was 10 °C.

225-264. In: Brown (Ed). Meat microbiology. Applied
Science Publishers Ltd, London and New York. pp

4.

TO SUMMARISE

The present study again served to emphasize the profound
influence of temperature on spoilage:
· As a rule of thumb the shelf-life of PVC wrapped
chickens is halved for every 4-5 °C increase in
storage temperature. Chickens which will spoil after
14 days at 0 °C will spoil after 7 days at 5 °C, 3-4
days at 10 °C and only 1-2 days at 15 °C.

529.
GEORNARAS, I., DE JESUS, A.E., VAN ZYL, E. & VON
HOLY, A., 1995. Microbiological survey of a South
African poultry processing plant. J Basic Microbiol.:
35(2), 73-82.
JAY, J.M., 1986. Modern food microbiology. Van Norstrand
Reinhold, New York. pp 642.

An important conclusion from this study was that when the
t e m p e r a t u r e i s s u ff i c i e n t l y h i g h , a p a t h o g e n l i k e

MEAD, G.C. & DODD, C.E.R., 1990. Incidence, origin and

Staphylococcus aureus could still grow in the presence of high

significance of staphylococci on processed poultry. p

numbers of spoilage and other bacteria. .

81S-91S. In: Jones, D, Board, R G and Sussman, M
(Eds). Society for Applied Bacteriology Symposium

The abattoir and retailer and even the authorities play

no 19. Blackwell Scientific Publications Oxford,

important roles in ensuring that retail chickens maintain an

1990. pp 193.

acceptable shelf-life.
POONI, G.S. & MEAD, G.C., 1984. Prospective use of tem-

5.
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HACCP and its impact on processing and
handling of fresh red meats
E.M. Buys & G.L. Nortjé
Meat Industry Centre, Animal Nutrition and Animal Products Institute, Private Bag X2, IRENE,
0062 Republic of South Africa

1.

INTRODUCTION

With the opening up of the South African economy new

development of procedures for the control of product quality

challenges and opportunities are emerging also for the South

through control of the production process, the concept being

African agricultural and food sector.

that if a process is under control the product that it yields must

From the SA Government’s RDP and GEAR programmes it is
clear that safe, sound and wholesome food to all, at an
affordable price, is considered a constitutional right of all
consumers. It is therefore imperative to take cognisance of the

be of known quality. (Ryan, 1982). Data for this control
process must be routinely collected, sufficiently frequently to
avoid the production of large batches of product that are out of
specification.

situation regarding the microbiological status of the food

When applied for the purpose of assuring the quality of safety

supply and to act according to the results obtained. The

in foods that type of technique in now referred to as Hazard

Zimbabwean Minister of Agriculture, Lands and Rural

Analysis: Critical Control Point System.

Resettlement, Min. K. Kangai, stated in his address to the
ECSAFoST conference in 1994, titled: “Challenges for Africa

2.

THE HISTORY OF HACCP

towards the year 2000”, that 30 to 80 % of food produced is
lost before it reaches the consumer. At the same conference

The basic concept of Hazard Analysis Critical control point,

Mr Laidler, Head of the European Delegation to the

commonly known as HACCP, is based on the principle that

conference confirmed that in theory Africa produces more

food safety issues can be eliminated or minimized by

food and should come much nearer to self-sufficiency than is

prevention during production rather than by detection in the

the case in practice. According to his figures 15 to 30 % of the

finished product i.e. “Prevention is better than cure”. The

food produced in Africa is lost post-harvest. Clearly the

concept of HACCP is to assure food safety through

production hygiene, preservation and packaging of produced

development, implementation, and effective management of a

foods, also meat and meat products and milk and dairy

functional process hazard control program.

products, should be considered. If we consider the number of
returns, the withdrawals from the display case and the reworks
handled in the South African meat industry, we have no reason

The HACCP preventative quality control system was
pioneered in the 1960's by The Pillsbury Co., the U.S. Army

to believe that the picture is much different in South Africa.

Natick Research and Development Laboratories, and NASA in

The problem of assuring the hygienic condition of meat does

program. They recognized the potential disaster presented by

not differ in principle from the problem of assuring desired

the illness of an astronaut in space. The danger was especially

quality characteristics to any product (Holland, 1983; Salvage,

true with the planning of longer orbital and lunar missions

1992). The traditional approach to quality assurance is the

requiring many days in space. Among the illnesses astronauts

inspection of some sample of product, with the rejection or

would be susceptible to, were those associated with their food

reworking of batches in which too many of the sample fail to

supply. Although microbiological illnesses were the primary

reach the required quality (Papadakis, 1985). Traditional meat

concern, other issues such as metal, glass , and chemical

inspection takes that procedure to the extreme by inspecting

contamination were included as potential food-borne dangers

every carcass for acceptance, rejection or reworking. The

to their health. The most difficult part of the program was to

traditional approach to assuring meat quality can only

come as close to 100 % assurance that the food products that

maintain, not improve quality, and tends to become

were being produced for space use would not be contaminated

increasingly ineffective with increasing line speeds (Schilling,

with pathogens, either bacterial or viral, that could cause an

1982). Recognition of the limitations of inspection led to the

illness that might result in a failed or even catastrophic

their collaborative development of foods for the US-space
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mission. It was quickly ascertained that by using standard

e.

On-site confirmation of the flow diagram and facility
layout

methods of quality control, there was no way of assuring that
there would not be a problem. The answer was obtained from
the NASA’s zero defects program and it was concluded that

f.

List all hazards associated with each step and consider any control measures to eliminate or minimize haz-

the only way would be to gain control over the process, the
raw materials, the environment, the people, beginning as early
in the food production system as possible. For practical

ards
g.

Determine what training is needed for al the staff including employees, supervisors and QA people so all

purposes no finished product testing was required other than

understand what HACCP means to the premises and

for monitoring purposes. Using this approach, the HACCP

to them.

concept for food safety was developed.
HACCP has to be implemented in the EC by December 1995
in all food industries including catering, vending, restaurants
and supermarkets. The law does not require formal HACCP

Regarding the export market for fresh red meat the
Commission Decision 94/356/EC lays down the rules to be
followed for the application of a HACCP system.

documentation. In the EC, HACCP is used for all aspects of
food safety.

5.

WHY SHOULD THE MEAT INDUSTRY IMPLEMENT HACCP?

In the USA, 38 states are now using HACCP as part of their
regulatory process. HACCP for seafood is mandatory, and
there are plans to include all food within 5 to 10 years. In the
USA, HACCP is to be used for microbiological safety only.

3.

THE HACCP CONCEPT (CODEX
ALIMENTARIUS 1995)

The food processing industry is at a crossroads. On the one
hand, the number of reported illnesses and injuries associated
with food consumption is increasing. On the other hand the
food industry is experiencing intense competitive pressure
requiring leaner, more efficient manufacturing programs and
innovative developments in processing to be competitive. This
is currently particularly relevant regarding international trade.

HACCP should be applied from the primary produces to the

Meeting food export requirements has generally been a strong

final consumer. HACCP enhances food safety, makes better

motivation to introduce a HACCP system. Therefore, the

use of resources and enables more timely response to

concept is better accepted and increasingly integrated by food

problems. HACCP can aid official inspection and promote

industries world wide, who are targeting their products

international trade by increasing confidence in food safety.

towards the export market. For future exports to the Pacific

Seven principle activities form the essential basis for the

rim countries, Australia, New Zealand, America, Canada, the

application of the HACCP system:

E.U. and others, proof of an effective and running HACCP

a.

program is a prerequisite for acceptance of export products.

Conduct a hazard analysis, identify hazards and specify control measures

b.

Identify Critical Control Points (CCPs)

c.

Establish critical limits at each CCP

d.

Establish monitoring procedures

e.

Establish corrective action procedures

f.

Establish verification procedures

g.

Establish documentation.

4.

IMPLEMENTATION OF A HACCP
SYSTEM

These ‘principles’ set the basis for the minimum requirements
for the application of HACCP and the following guidelines
provide general guidance regarding application:
a.

Assemble a HACCP team

b.

Describe the product

c.

Identify the intended use

d.

Construct a flow diagram and facility layout

6.

THE NEED FOR AN EFFECTIVE
FOOD SAFETY ASSURANCE
METHOD

Food safety has been of concern to humankind since the dawn
of history and in recent decades the concern has grown. There
are many reasons for this:
· Food borne diseases remain one of the most
widespread public health problems, and an important
cause of reduced economic productivity.
·

Increasing incidence of numerous Food borne
diseases e.g. salmonellosis and campylobacteriosis,
in many regions of the world.

·

Increased knowledge and awareness of the serious
and chronic health effects of Food borne pathogens.

·

The possibility of detecting minute amounts of
contaminates in food, due to advances in scientific
and analytical methods.

·

Emerging Food borne pathogens, e.g. Listeria
monocytogenes, enterotoxigenic Escherichia coli,
Campylobacter spp. etc.
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·

An increase in the number of vulnerable people,
such as the elderly, immuno-compromised
individuals, the undernourished and individuals with
underlying health problems.

·

Increased awareness of the economic consequences
of Food borne diseases.

·

Industrialization and increased mass production,
leading to (i) increased risks of food contamination;
and (ii) the considerably larger numbers of people
affected in Food borne disease outbreaks as a result.

·

Urbanization, leading to a more complex food chain,
and thus greater opportunities for food
contamination.

·

New food technologies and processing methods,
causing concern either about safety of the product
themselves or the eventual consequences due to
inappropriate handling during preparation in
households or food service/catering establishments

·

Increased consumer awareness of food safety.

·

It is this climate of increasing concern about food
safety, the lack of sufficient resources an the
recognition of the limitations of traditional
approaches to food safety assurance which have
accentuated the need for a cost-effective food safety
assurance method - which the HACCP system has
proven to be.

7.

BENEFITS OF A HACCP SYSTEM
AS A MANAGEMENT TOOL FOR
FOOD SAFETY CONTROL
·

The HACCP approach is a systematic approach
which can be applied to all aspects of food safety,
including biological, chemical and physical hazards,
at all stages of the food chain, including raw
materials, growth, harvesting, purchase, production,
distribution, and storage, to final product use.

·

HACCP systems provide scientifically sound bases
for demonstrating that all reasonable precautions
have been taken to prevent a hazard from reaching
the consumer.

·

The HACCP approach shifts emphasis from
statistically unreliable end-product testing which is
often retrospective to a prevention-orientated
approach for the production of safe food products.

·

Application of the HACCP concept is a costeffective method of assuring food safety and
preventing Food borne disease and injuries.

·

HACCP systems focus resources on those parts of
the process critical for assuring safe products.

·

HACCP systems can reduce product loss due to
spoilage.

·

HACCP systems encourage confidence in the safety
of food products and thus promotes confidence in
food trade and stability of food businesses.

·

HACCP systems can facilitate the design and
construction of new food processing facilities and
equipment by predicting potential hazards and
suggesting control measures.

Examples:

E coli O157 outbreak in Japan- October
1996
Foodstuff

school lunches

consumed:
Infected:

212 students and teachers
at an elementary school

Consequence:

5 patients hospitalised

Nationwide food poisoning epidemic (E coli
O157) in Japan since June 1996
Foodstuff

radish sprouts

consumed:
Infected:
Consequence:

10 000 people
430 patients hospitalised,
11 died

E coli O157 outbreak in Scotland November 1996

Verification of the HACCP system
Foodstuff

cooked meats - ham steak

consumed:

roll

Infected:

394 people

the food safety performance expected. It is the company’s

Consequence:

215 patients hospitalised,

responsibility to develop a schedule of activities that evaluate

11 died

the following:
· the adequacy of the overall HACCP system

Verification is a program separate to monitoring of the CCP’s.
Verification is to ensure that the HACCP system is achieving

·

·

·

Changing lifestyles, depicted by an increasing
number of people eating outside the home, in food
service or catering establishments, at street food
stalls, or in fast-food restaurants.
Increased worldwide tourism and international trade
in foodstuffs, leading to greater exposure to Food
borne hazards from other areas.
Increased contaminants in the environment.

·

that the CCP ’s are appropriate and

·

that the critical limits are appropriate for the control
measures.

Verification should review the entire HACCP system and its
records. The study team should specify the methods and
frequency of verification procedures.
Examples of verification methods include:
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·

Internal auditing systems

Analysis Critical Control Point (HACCP) programmes for the

·

Microbiological examination of intermediate and
final product samples

meat, dairy and other food industries.

·

A review of the HACCP study and its records

·

A review of deviations and product dispositions

·

Validation of established target levels and tolerances

system in the following way:
· Evaluating the initial documentation (i.e. schematic
plans, process descriptions, programmes) prepared
by the abattoir HACCP team.

·

Surveys of the market place for unexpected health/
spoilage problems

·

The MIC can develop all the registers needed for the
different programs.

In addition to the verification principle, it is necessary to have

·

Give expert advice regarding the hazard analysis,
description of hazards, determining of CCP's,
establishing limits for each CCP, establishing
monitoring and checking systems of each CCP.

·

Training of personnel regarding microbiological
sampling as described by the hygiene management
team and the HACCP system.

·

Training of personnel regarding hygienic practices.

·

Verification of
implementation.

·

The implementation of HACCP is only the first but
vital step in the development of a Total Quality
Management (TQM) approach to food science and
production and should never be considered in
isolation.

The MIC can facilitate the implementation of the HACCP

a system in place that will automatically trigger a review of a
HACCP

plan

prior

to

any

changes

to

raw

materials/product/process/ consumer use etc.
· Potential operations which should automatically act
as a trigger for a HACCP review are:

8.

·

Change in raw material/product formulation.

·

Change in processing system.

·

Change in factory layout and environment.

·

Modification to process equipment.

·

Change in cleaning and disinfection programme.

·

Change in packaging, storage an distribution system.

·

Change in staff levels and/or responsibilities.

·

Anticipated change in consumer use.

·

Reports from the market place indicating health or
spoilage risks associated with the product.

HACCP IMPLEMENTATION

A prerequisite for the effective implementation of HACCP is
the existence and effective application of an appropriate Good
Manufacturing Practice (GMP) programme in the plant or on
the production line.
The HACCP team of the abattoir and/or packaging plant,

9.

the

HACCP

system

after
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A meat technology/meat industry update
H.D. Naumann
Professor Emeritus
Department of Food Science and Human Nutrition, University of Missouri, COLUMBIA,
Missouri, USA

1.

INTRODUCTION

In the decade since I last addressed this distinguished

attitude by government regulators. So, HAACP and SSOP

assembly of meat industry professionals and students,

came into being. More will follow.

enormous changes have occurred at all levels of the industry.
Social, economic, technical, regulatory and international trade
adjustments have been the driving forces behind these
changes.

E. coli microorganisms thrive in the soil, in digestive tracts
and in the resulting fecal material. E. coli 0157:H7 is more
likely to be found on fecal material outside an animal rather
than fecal material coming out of the animal. As crude as it

As a youngster, my father who had a butcher shop introduced

may seem, many carcasses, whether they are red meat or

me to the meat trade. It was there that I first heard (and

poultry, do experience fecal contamination. Intrinsically, the

learned) the meat handler’s credo of “Keep It Clean, Keep It

removal of the hide of cattle affords the opportunity for the

Cold, Keep It Moving!” My father, who was of good German

contaminated hide to contact the carcass, especially where

stock as our surname suggests, never let me forget that credo.

workers make incisions into the hide. Additionally, the
possibility of soil falling from the hide onto the carcass is ever

2.

REGULATORY INFLUENCES

present. Previously, it was considered adequate to scrape and
wash this off. No longer! Current regulations require that

Overriding pressures imposed by Hazard Analysis Critical

visible soil must be cut off the contaminated surface - an

Control Point (HACCP) regulations have accelerated most

operation that is costly and defaces the carcass.

recent technical advances. HACCP, although often looked
upon as governmental interference, will result in a net

3.

SANITATION DEVELOPMENTS

improvement of both the physical aspects and the economic
aspects of meat operations and will increase consumer

The “Keep It Clean” phrase is greatly reinforced by “Make It

confidence in meat products. Sanitation Standard Operational

Clean” post slaughter techniques. Currently, many intervention

Procedures (SSOP) imposed on our meat industry in June of

technologies are under investigation and others have been

this year addressed the “Keep It Clean” phrase of the credo.

approved to solve this problem. None are cheap. Some of

HACCP addresses the “Keep It Cold” phrase and other

these methods follow:

considerations. Vacuum and controlled atmosphere packaging
plus proper refrigeration have made it possible to “Keep It
Moving” much longer than was possible a few decades ago.

3.1

Chemical depilating

Within the last decade a fatal food poisoning episode occurred

Chemical depilating removes hair from the hide of a carcass.

in the Northwest part of our country. Many were severely ill,

After stunning and bleeding, cattle are pressure sprayed with

especially children and older adults. This was due to serving

solutions of sodium sulfide and hydrogen peroxide, sprayed

undercooked hamburgers at a fast food outlet. Our

with hot water, and then sprayed with a 2 % solution of

Communicable Disease Center (CDC) in Atlanta, Georgia

organic acids. Finally high pressure, hot water sprays remove

confirmed the cause to be Escherichia coli 0157:H7. Some

the hair and associated contaminants. Following this treatment,

ingenious microbiological detective work traced the origin of

the hair-free hide is removed. Removal of the hair and

the meat to an individual cattle feedlot. E. Coli are very

associated contamination from the skin greatly reduces

common soil microorganisms that were troublesome but not

potential contamination of the carcass surfaces. This procedure

thought to be pathogenic until the isolation of E. Coli 0157:H7

is still in the experimental stage and may not be as practical as

in food borne illnesses. This episode seems to have been a

those that follow.

major motivating event in the development of a more critical
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3.2

Acid spray-washing

It is common practice to wash carcasses with water. This may
be done manually by an employee(s) or by passing the
carcasses through a spray chamber. Researchers at various
institutions in many countries have contributed to an acid
spray treatment regimen. The general conclusion was that a
2 % organic acid solution (acetic, lactic or oleic acid) heated
to l05 °F (~40 °C) would adequately treat surface organisms.

products that are produced in a “clean” room have a 45 day
shelf life. The down-sides to this system are (1) it takes up a
substantial amount of space that many plants do not have, (2)
the Emmpak installation cost $1 million plus, and (3) some
surface protein denaturation occurs due to the temperature
involved, especially on carcasses with little fat cover. Dr Tom
Rourke, Director of R&D for Emmpak, says that the affected
areas soften up during chilling and do not really cause a
problem.

U.S.D.A. approved this treatment following traditional water

The U.S. HACCP/SSOP procedures require sanitation

washing of skinned carcass sides and it is used in several

surveillance. Each inspected slaughtering plant must

commercial plants. This treatment has some down sides:

periodically sample carcasses for generic E. coli. Sampling

a.

frequency is based on slaughter volume: for example, large

b.

the acid spray is an irritant to the eyes, nose and skin
of workers and

plants must take one sample per 300 carcasses at least 12

carcasses have a bleached colour due to the oxidative

hours post slaughter. These large plants usually have in-house

action of the acid on surface pigments.

expertise to take these samples and to evaluate the result.
However, smaller plants frequently find it more cost effective
to contract commercial sampling services.

3.3

Steam vacuuming

A hand-held device, similar in appearance and construction to
a home hand-held vacuum sweeper, sprays live steam or water
at near-vaporization temperature on areas normally associated
with high contamination. Water derived from the condensed
steam is removed by vacuum, taking with it contaminating
particles from the surface. The down-side of this procedure is
that they apply it only to visible contamination sites and those
sites associated with skin incisions that frequently have high
levels of contamination.

Sampling and sample handling techniques greatly influence
results, especially in smaller plants with less well-trained
personnel. The U.S.D.A. method uses a sterile sponge to swab
a 10 cm x 10 cm area on the rump, brisket and flank of beef
and the same procedure on the belly, jowl and ham of pork
carcasses. The sponge is placed in Butterfield’s phosphate
diluent for transfer to the laboratory. The test procedure
continues for thirteen weeks. Presumably, results from these
tests will establish base line standards. Other A.O.A.C.
sampling methods can be substituted for the U.S.D.A. method.
Sampling for microorganisms takes time and getting the test

3.4

Pressurized steam

In December 1995, U.S.D.A. approved a steam pasteurization
system for beef carcass sides. Frigoscandia Equipment Group
and Cargill Inc. jointly developed the system. They designed it
to reduce or eliminate bacterial contamination on beef
carcasses just before entering the chiller. Emmpak Foods, a
subsidiary of Cargill, installed the first unit in 1996. The

results takes even more time. Prof. Daniel Fung of Kansas
State University has made significant strides in the speed of
microbiological tests for Salmonella. His rapid method has
now cut conventional methodology from seven days to one
day. However, the extent that analysis time can be reduced is
limited. To visually identify a colony of organisms, 10 000
cells are required. With improved methods of identifying a
reaction it may be possible to verify the presence of a colony

system uses a linear stainless cabinet through which carcass

with only 1 000 cells.

sides are railed at a line speed of 220 carcass sides per hour.

The U.S. has fortunately not had a single case of B.S.E

Live steam at 15 psi creates an environment of 180 °F

(bovine spongiform encephalopathy) which has decimated the

(~83 °C) at the carcass surface for seven seconds. Carcasses

British beef industry. In July, the Food and Drug

then move into a second chamber where they are sprayed with

Administration imposed a ban on the feeding of ruminant

super-chilled water that reduces the surface temperature to

derived feeds to cattle or mink. This was presented as a

60 °F (~11 °C) before entering the chill cooler. Mechanically

precautionary measure to prevent B.S.E. from ever rearing its

and technically the system delivers carcasses that have a

head in the U.S.

reduced possibility of pathogens on the carcass surface. This
treatment results in a 5 log reduction in bacterial numbers on

4.

THE RESEARCH SCENE

the chilled carcasses. Emmpak is one of seven plants with this
system. The other installations are in six Excel beef plants. All
are owned by Cargill. In over 60 000 microbial samples taken
from carcasses by Cargill, no pathogens have been identified.
Their cooked, uncured, sliced, vacuum- and gas-packed

Meat research has taken a “hit” in the last few years. Most
meat plants do not have a research staff nor research
laboratories. Private or University laboratories do most of the
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fundamental research and some of the applied research needed

Unfortunately, the beef industry has been slower in picking up

by industry on a contract basis. Often this research is

on the new product trend that the poultry industry initiated.

privileged information and cannot be published in scientific or
trade publications. Scientists and technicians in the meat
industry focus their attention, almost exclusively, on product
development, quality assurance and solving technical problems
in the plants. Governmental grant research programmes have
been severely limited in funding capabilities.

How about the “the big have the gotten bigger? The top three
beef companies produce more than 78 percent of beef sales.
The top three pork companies produce 67 percent of pork
sales. They are the same three companies (ConAgra, IBP and
Cargill). The top three poultry companies produce 60 percent
of poultry sales. The top two of the three are ConAgra and

The National Livestock and Meat Board (NLSMB) was

Cargill. How do they get bigger? They pay attention to detail,

dissolved a couple of years ago. Most of the funds they had

from the top to the bottom. This includes a tremendous

came from producer approved check off programmes and are

investment in training sessions for employees at all levels.

now controlled by the National Beef Council and by the

“We are a family team and we must do as instructed” sets the

National Pork Council. (The sheep industry voted to not

playing field for teamwork. Plus financial incentives are added

subscribe to a check off programme). A major part of the

for those exceeding goals, etc. Sam Walton, who started

check off funds are prorated to comparable state organizations.

Walmart Discount Stores, became a billionaire using this

The national and state organizations spend a major part of

system. He had no employees. They are all “Associates.” Most

their dollars on remarkably successful advertising and

have extreme loyalty to Walmart.

promotional programmes designed to increase beef and pork
consumption. They make a smaller share of the funds
available as grants directed toward solving production and
management problems and toward new product development.
Thus, the scientist interested in directing his efforts toward
fundamental meat research is hard pressed to find funding.
Additionally, most Universities require professors to generate
at least 40 percent of their salary budget from outside grants.
It is my understanding that the same is happening in most
meat producing developed countries.

5.

INDUSTRY TRENDS

A recent visit to a pork production and processing facility in
northern Missouri impressed me how big some operations
really are. Premium Standard Farms (PSF) owns 40 000 acres
scattered in three adjacent counties. On this acreage they
breed, produce and process fresh pork. This operation is the
fourth largest piggery in the U.S. and represents 2-3 percent of
U.S. pork production. They accomplish their pig production in
sow units. Each sow unit contains 1 100 sows and employs
five people. A sow unit has five buildings, each with a
specialized function - breeding, gestation, farrowing, nursery
and an office. There are 85 000 sows on the farms. All
breeding is by artificial insemination. PSF lease boars from a
specialized breeding organization. A grow/finish unit

The “big get bigger” and the small firm finds it increasingly

comprises eight buildings. Each contains 1 100 hogs. At any

tough to meet the competition. Many smaller firms have gone

given time, approximately one million pigs are on the farm

to niche marketing. Even there it is getting tougher because

premises.

the big companies are recognizing that many esoteric niche
products come with a hefty profit margin. The meat industry
has historically gone the commodity route in marketing their
products but is now looking at developing new products
carrying their company names. The poultry and turkey
industries have been uniquely successful in catching the
attention of the consuming public with new products. During
the past two years several companies have jumped on the

PSF blends all rations in two computerized feed mills One
mill supplies only grow/finish feed and the second mill
furnishes all other rations. They devote all of the land without
buildings (more than 35 000 acres) to the production of hay
that they sell on the open market. They use the substantial
amount of lagoon effluent from the farms as liquid fertilizer to
replace the nutrients taken from the land by the hay

marinated pork bandwagon. Swift & Co, a unit of ConAgra

production.

processes 40 different types of marinated pork products

Their $50 million processing facility processes 8 000 hogs per

including roasts, loins, pork chops, tenderloins and stir fry

day. This results in a slaughter volume of 1,7 million per year.

fajitas. These marinated products fit consumers who no longer

State-of-the-art chill facilities operate a blast chill room at

have much time to prepare meals. Hormel is producing pork

–40 °F/C with a wind velocity sufficiently high to create a

loin fillets and roasts in mesquite barbecue, lemon garlic, roast

wind chill factor of -140 °F (~-190 °C). A dwell time of

pork and Italian flavors. A four-ounce uncooked serving of

approximately two hours crust freezes the carcasses. They then

Hormel’s Italian Loin Roast contains only 130 calories.

transfer the carcasses to equilibration coolers where the

Armour marinated boneless pork loins for foodservice are

carcasses have an internal ham temperature of 38 °F (~4 °C)

individually vacuum packaged in 2,5 to 3,0 pound (1,1-1,4 kg)

when upon arrival at the processing line the next day. The

pieces that allow 21 days of refrigerated shelf life.
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rapid chill results in a minimal incidence of Pale, Soft,

activities serve a purpose, but, where do the free thinkers fit

Exudative (PSE) tissue.

into the current scheme? Fundamental research in muscle

PSF were founded in 1988 by Dennis Harms and Thad
Gordon. The purchase of land and construction of buildings
began shortly after that. The processing plant has been in
operation for only two years. Their marketing programme
focuses on further processed fresh pork. They sell only fresh
pork. They cure none of their products. Twenty-five percent of

foods is at rock bottom. Hopefully, the future scheme of things
will make funds available to fit the needs for more
fundamental research than is currently possible. Meat science
is a necessary precursor to successful meat technology.
Meanwhile, research directed toward current applications is
having a positive impact.

their production is exported, mostly to Japan, Korea and E.U.
Premium Standard Farms slaughters only pork produced on

6.4

Meat Industry Trends

their own farms. To supplement the Missouri farm, they have
a 50 000 acre swine farm in Texas with 2 000 brood sows.

A complacent red meat industry had a big eye opener a few

They sell surplus pigs from this facility on the open market.

years ago when poultry consumption skyrocketed. The demand
for red meat was weaker than ever before in history. “Woe

6.

SUMMARY AND DISCUSSION

unto us!” “What are we going to do?” They repeated these,
plus plenty of more colourful comments, for years. Finally,

6.1

Regulatory Influences

None of us feel kindly when someone tells us what we must
do. Consequently, most regulations by governmental
authorities rankle us to the core of our being. HACCP
regulations, when applied rationally, will create a higher

someone began to realize that red meat had some problems.
“Improve the tenderness of beef.” “Increase the meatiness of
pork.” “Reduce fat.” etc. These, and many others, were the
catch words of the trade - from the producer through to the
retailer. They had heard the consumer! The word got out that
something should be done and something is being done.

standard of hygiene. This will result in fewer health episodes

The pork processing industry is gearing up to meet consumer

resulting from the consumption of meat. Consumers will like

demands for more lean and less fat to a much greater extent

that. Management will focus more on operational efficiency at

than the beef industry. A lot of this is due to the shorter

critical control points — the places where the troubles with

reproductive cycle and multiple births associated with pigs

meat wholesomeness begins. Whether voluntary or mandatory,

because these traits are closely linked genetic traits.

HACCP, eventually, will affect the supermarket industry also

Additionally, they are marketing and merchandising many new

because this is the gap between the farm-to-table continuum

products especially designed for the demands of the consumer.

that is in need of great attention to critical control points and

Make no mistake, the beef industry is not asleep. (They have

to sanitation.

taken a few naps, however.) It just takes longer to make
genetic improvement with beef.

6.2

Sanitation Developments:

The PSF example referred to earlier was intended to focus
your attention on the attempt of two entrepreneurs to mirror

The beef and poultry industries must recognize that the

the progress of the poultry industry with a very pricey

microbial load on carcasses is higher than necessary in this

breeding programme. I wish them luck, but have serious

age of advanced technology. Current and emerging regulations

concerns that they can remain profitable by producing fresh

make it imperative that they must produce muscle foods at a

pork to the exclusion of cured, heat processed and other

higher level of sanitation. When they accomplish this, products

speciality products. The beef industry has suffered very low

will have longer shelf life, thus, less wastage occurs. This

margins through the years because beef was sold as a

suggests the possibility of greater profit margins. Improved

commodity which lacked the brand identification of most

technology, although not perfect, is currently available. We

processed products. Remember, each additional knife cut,

must make use of it!

ingredient and process provides an additional profit
opportunity and brand identification implies that yours is

6.3

Meat Research:

different from the competition.
Never forget the credo for meat handling: “Keep It Clean,

Most university researchers now have to abide by the

Keep It Cold, Keep It Moving.” It is still appropriate today.

standards that their industry counterparts have lived with for
years — produce or move on. Do not get me wrong. This is
not inferring that the past system was wrong. Dictated research
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Further effects of animal age on the alkali
process gelatin manufactured from bovine hide
C.G.B. Cole & J.J. Roberts*
Leiner Davis Gelatin South Africa, P.O. Box 5019, WEST KRUGERSDORP,
1742 Republic of South Africa
*
Department of Food Science, University of Pretoria, PRETORIA,
0002 Republic of South Africa

1.

INTRODUCTION

The first study of the effect of animal age in gelatine

controlled temperature of 22 °C. Thereafter the hide was

production was on Type A gelatine by Reich et al. (1962a). In

washed well, acidulated in sulphurous acid and again washed

Cole & McGill (1988), a study of enzymic conditioning of

to an extraction pH of about 3,0. The gelatin was then

hide showed that the gelatine extractability of hide was a

extracted by warming the hide in water, in a water-bath at

function of animal age, however, the ages of the animals was

controlled temperatures starting at 45 °C for the first

based on calves, little horn growth and long horn growth. The

extraction. The proportion of the total amount of gelatine

primary subject for this study was the uncharted field of the

available, that was extracted at 45 °C was a measure of the

origins of gelatine colour and the first hypothesis was that

extractability of hide or the effectiveness of the pretreatment

gelatine colour was a function of the alkaline conditioning

(conditioning).

process, because, tannery waste hide regularly gave gelatine of
pale colour whereas gelatine from other sources was of
variable and often dark colour. From our study of 1988 it was
evident that no two hides could be relied upon to give the
same performance, so we turned to ANPI to help us with the
supply firstly of two different lots of hide from the same
animal and then later the whole hide from animals of known
age. We found that with hide from a single animal the random
variances of gelatine extractability and yield disappeared and
by conducting several experiments on one hide we were able
to establish, once and for all, that variations in the alkali

The methods used for measuring the fluorescence intensity of
gelatine were described in Cole & Roberts (1996a) and the
electrophoresis methodology was described in Cole & Roberts
(1996b).

3.

RESULTS AND DISCUSSION

The results of the determinations of colours of the gelatins
from the hides of animals of various ages, are shown in
Table 1.

conditioning process had no effect on gelatine colour. We then

The linear correlation coefficients for animal age and gelatine

fell back on animal age as the source of gelatine colour and

colour were:

found excellent correlations. Based on collagen studies by Sell

Animal age and 45 °C extract colour. r = 0,95

& Monnier (1989), Tanaka et al. (1988) and many others, this

Animal age and overall colour.

study was extended by the examination of the florescence and
electrophoretic mobility of the gelatins produced, in order to
gain further understanding of the effects of senescence at the
molecular level.

r = 0,97

and for both correlations the probability of there being no
correlation was less than 0,001 (5 degrees of freedom).
This study was based on the finding that, as far as gelatine
manufacture was concerned, one hide was a uniform raw

2.

MATERIALS AND METHODS

material which did not introduce a significant random variable
into a series of experiments. In gelatine manufacture, it has

The methods used for the laboratory production and testing of

been found that even after a standard conditioning process, the

gelatine were described by Cole & Roberts (1996a). Briefly, a

biggest variable encountered in practice was variation in the

salted hide was cut into ca. 10 cm x 10 cm pieces which were

extractability at 45 °C, (Cole & McGill, 1988). The next most

randomised in a tumbler and divided into lots of equal weight.

significant variance was the yield from one hide to another. In

The hide was then washed free of salt, immersed in a solution

a series of experiments, the standard deviation of yield on an

of lime and sodium sulphide for a specified time and at a

anhydrous basis was shown to be 111 % (Cole, 1995) due
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Table 1:

The colour of gelatins from the hides of bovines of various ages

Animal Age (months)
45 °C Extract average colour in

10

18

40

58

78

144

152

3,2

5,2

6,3

6,1

6,9

9,7

9,1

4,0

6,3

5,8

7,6

7,6

15,1

15,1

DGI units.
Average Overall colour in DGI
units,

mainly to variances in hair content, fat content and lime and

were obtained with many series of experiments and was the

acid soluble constituents. Initial trials conducted using a mask

basis on which it was accepted that the hide from a single

and hide of the same weight from the same animal gave yields

animal was a homogeneous (invariant) raw material. It could

and extractabilities with very low variances and the results

also be noted that Table 2 illustrated the commonly accepted

were considered satisfactory.

improvement in extractability resulting from alkali
conditioning, that is applied for gelatine manufacture based on

A series of experiments using a Brahman hide from an 18

cow hide raw material.

month old animal in which the liming time was the only
variable (Table 2), illustrates the methodology used and shows

The data shown in Figure 1 was extracted from the many trials

the reproducibility of the yield from one experiment to the

similar to that shown in Table 2. The salient features of Figure

next. It can also be seen that the 45 °C extractability of 35 %

1 were the very high extractability of hide from a 10 month

was the limit above which yield losses were observed. These

old animal hide, the continuously increasing extractability of

were physical losses of hide during washing. Similar results

hide from an 18 month old bovine with conditioning time and

Table 2:

The effect of varying the liming time on the gelatine quality obtained from the salted hide of an 18 month old
Brahman.

Conditioning time (weeks)

1

2

3

4

5

6

Gelatine Yield (% on RM1)

29,7

29,7

30,5

29,1

28,7

26,8

45 °C Extractability (%)

3,3

11,3

21,2

22,5

35,0

39,5

50 °C Extractability (%)

8,1

14,2

24,3

28,4

31,0

32,3

55 °C Extractability (%)

11,5

19,2

27,1

27,7

27,8

23,3

2

45 °C Gel, Bloom3 (g)

285

332

317

310

324

327

50 °C Gel, Bloom (g)

332

330

309

324

298

308

55 °C Gel, Bloom (g)

331

302

291

299

275

277

4

45 °C Gel, Viscosity (ms)

30,5

36,7

42,8

46,3

51,5

48,0

50 °C Gel, Viscosity (ms)

33,6

37,3

43,5

48,0

49,5

55,6

55 °C Del, Viscosity (ms)

33,2

41,2

39,5

39,4

50,1

49,7

45 °C Gel, Colour5 (DGI units)

5,6

5,2

5,2

5,6

6,0

5,2

Overall Colour (DGI units)

6,5

6,0

6,2

-

6,4

-

1

. Yield based on raw material mass

2

. Extractability = % of total gelatine recovered

3

. Bloom gel strength by BS757:1975

4

. Viscosity of solution by BS757:1975

5

. Solution colour by comparison to the DGI standard
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Figure 1:

The extractability of hide from bovines of
various ages as a function of conditioning time.

cross-link deduced from Figure 1. could be due to the
increased formation of the pentosidine cross-link with animal
age, and as fluorescent pentosidine was a product of the
Maillard reaction it could also be associated with the colour of
gelatine. Hence, the fluorescence spectra of the gelatins were
determined. Typical spectra are shown in Figures 2 to 5. It can
be seen that the 335/385 pentosidine fluorescence of pale,
colour 4,4, gelatine was much less than that of dark, colour 16,
gelatine.
In Figures 2 and 3 the first peaks at 360 nm are attributed to
Rayleigh scatter (Munck & de Francisco, 1989). Figure 2
shows the fluorescence emission spectrum (FES) of Type B
Gelatine from a 10 month-old animal (i.e. alkali treated
collagen). It was found to be limited to an excitation
wavelength peak at 335 nm (Figure 4) with emission maxima
at 385 and 410 nm. Figure 3 shows the FES of gelatine from a
12 year old animal. The marked increase in fluorescence

Figure 2

Fluorescence emission spectrum of pale, Colour
4.4, Type B gelatine from 10 month old calf skin
(YSA/2). Excitation 335 nm

Fluoresence intensity

intensity of the gelatine from the older animal is evident.
Figure 3

Fluorescence emission spectrum of dark, Colour
16, Type B gelatine from a 12 year old Nguni
cow hide. Excitation 335 nm.

1 69 ,9

Fluoresence intensity
1 44 ,9

1 8 4 ,0

1 19 ,9

1 7 1 ,5

9 4,9

1 5 9 ,0

6 9,9

1 4 6 ,5
4 4,9

1 3 4 ,0
1 9,9
3 50 ,0

4 00 ,0

450,0

1 2 1 ,5

Wavelength (nm)
1 0 9 ,0
3 5 0 ,0

the very low extract-ability of hide from the 13 year old

4 0 0 ,0

4 5 0 ,0

Wavelength (nm)

animal.
From Figure 1. it was concluded that as bovines aged they

Figure 4 shows the excitation scan for Type B gelatine and

developed collagen cross-links that were more and more

confirms the presence of a single fluorescence maximum at

resistant to the liming process and it could be seen that even at

335 nm (for alkali process gelatins).

58 months of age there was evidence that liming for more than
4 weeks could not significantly increase the extractability of
older animal hide.

Type A gelatine was made from calf (less than 6 months of
age) skin using the acid conditioning process (Reich et al.,
1962b) usually used for the manufacture of gelatine from
pigskin. This gelatine exhibited 335/385 nm fluorescence and

3.1

Fluorescence

it also had a 295 nm fluorescence excitation maximum as
shown in Figure 5, which would be due to the pyridinoline

Based on the studies of Tanaka et al. (1988) and Sell &

cross-link which Eyre et al. (1984) had showed to be alkali

Monnier (1989) it appeared possible that the alkali stable
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Figure 4:

Florescence excitation spectrum of Type B
gelatine. Emission at 395 nm.

Figure 5

Excitation spectrum of Type A calfskin gelatine.
Emission at 385 nm.

Fluoresence intensity

Fluoresence intensity
300,2

26,4

250,2

23,4

200,2

20,4

150,2

17,4

100,2

14,4
50,2

11,4

0,2
250,0

300,0

8,4
250,0

380,0

300,0

350,0

Wavelength (nm)

Wavelength (nm)

labile. Hence it followed that initially, in young animals,
collagen was stabilised by the pyridinoline cross-link but with
age this alkali labile cross-link was superseded in importance
by the pentosidine cross-link which was stable to alkali as it

The reasons for the somewhat poor linear correlations between
animal age and 335/385 nm fluorescence intensity will become
apparent later.

persisted in Type B gelatine. A detailed correlation of the
335/385 pentosidine fluorescence intensity and gelatine colour

Electrophoresis

3.2

or animal age is given in Table 3.
The linear correlation between animal age and the
fluorescence of the gelatine extracted at 45 °C. r = 0,895

The electrophoresis of some of the gelatins produced from the
hide of animals of known age was undertaken in order to gain
an insight into the effect of animal age on the molecular

The linear correlation between animal age and the

structure of the gelatins. The electrophoretic densitograms of

fluorescence of the gelatine extracted at 50 °C. r = 0,771

gelatin from a 10 month old animal labelled YSA and that

Both these correlations are significant at the 97,5 % level of
probability.

Table 3:

from 144 month old animal labelled ST24 are shown in Figure
6. It can be seen that the YSA/1 gelatine (extracted at 45 °C)
and YSA/2 gelatine (extracted at 50 °C), consisted very

A comparison of bovine age, and the colour of the derived gelatine and its 335/385 nm pentosidine fluorescence

FIRST EXTRACTION at 45 °C
Animal Age (months)
Gelatine colour (DGI* units)
Gelatine 335/385 nm fluorescence

10
3,6

18
5,6

40
6,6

58
5,6

78
8,4

144
8,9

156
10,0

38

104

102

104

141

133

187

10

18

40

58

78

144

156

intensity
SECOND EXTRACTION at 50 °C
Animal age (months)
Gelatine colour (DGI* units)
Gelatine 335/385 nm fluorescence

4,4
48

5,6
133

6,0
138

6,8
126

7,6
165

12,3
168

intensity
*

Davis Gelatine Industries
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Figure 6:

Electrophoretic densitograms of gelatins from 10 month old animal (YSA) and 144 month old animal (ST24)
extracted at 45 °C (-/1), 50 °C (-/2) and 55°C or 60 °C (-/3)

largely of collagen a and b chains and together constituted

4.

CONCLUSIONS

62 % of the available gelatine. On the other hand only the
ST24/1 gelatine (extracted at 45 °C) consisted of largely a and

This study gave a further insight into what was occurring at

b chains and this was only 96 % of the available gelatine.

the molecular level during the alkaline conversion of collagen

From Figure 6 it was concluded that, after alkaline

to gelatine:

conditioning, the first gelatine to go into solution was

a.

The fluorescence data showed that alkaline condition-

thermally denatured collagen a and b chains which dissolved

ing destroyed the pyridinoline cross-links of collagen

from the polymer as a result of the hydrolysis of the alkali

and the electrophoresis data showed that with young

labile (pyridinoline) cross-links. As the animal aged, however,

animals the gelatine consisted mainly of collagen a, b

there was a build up of alkali stable cross-links which

and g chains hence it appears that after alkaline condi-

required, as a result of pentosidine formation, thermal

tioning young animal collagen is free to undergo ther-

hydrolysis of the collagen protein for solubilization of the

mal denaturation and simply disperse into solution.

collagen as gelatin. Hence, gelatin from older animals

There have been reports (Uchiyama et al., 1991), that

consisted largely of peptides of indeterminate molecular

the amount of pyridinoline cross-link is invariant with

weight, as shown by the -/3 traces, whereas gelatin from

animal age, whereas others have contended that the

young animals consisted largely of linear collagen subunits

pyridinoline cross-link changes (Eyre et al., 1984) and

that had been thermally denatured but not hydrolysed. It

stabilises with age thus accounting for the toughening

should be stated that as a result of denaturation it would be

of meat and the increasing difficulty of gelatine ex-

impossible for the gelatine to behave like acid soluble collagen

traction with animal age.

which could renature and reform collagen fibres from solution.
Furthermore, from Figure 6, the similarity of the -/1
densitograms would suggest that at 45 °C the temperature was
too low to cause much thermal hydrolysis of the collagen
chains, hence at this temperature and at pH 3, virtually the
only product available was denatured a and b chains (thus
accounting for the low 45 °C gelatine extractability of oldanimal hide even after extended periods of alkaline
conditioning).

b.

This study also showed that there was increase in
gelatine colour, reduced extractability, increased fluorescence and increased polydispersity of gelatine with
animal age. All these phenomena are compatible with
the continuing formation of the non-enzymic pentosidine cross-link in collagen with senescence. The
cross-link is evidently stable to alkali, acid, and heat
processes used in Type B gelatin manufacture, as the
cross-link fluorescence persists in the gelatine. Hence
it followed that even if the pyridinoline cross-link was
constant with age, its influence was replaced by that
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of pentosidine, with the result that there was in prac-

COLE, C.G.B., 1995. Occurrence, measurement and origins of

tice little difference in the polydispersity of Types A

gelatine colour as determined by fluorescence and

and B gelatine. (Cole & Roberts, 1996b). That is, in

electrophoresis. Ph.D Thesis, University of Pretoria,

the presence of collagen cross-links, gelatine is

Pretoria 0002, South Africa.

largely a product of thermal hydrolysis of protein
peptide bonds.
This study suggests, that the continuing formation of the nonenzymic pentosidine cross-link is in fact responsible for the
change in collagen leading to reduced gelatine extractability
with age and therefore possibly also to the toughening of meat.
The probability is that the colour of gelatine was attributable
also to the Maillard pentosidine reaction between serum
glucose and the e-amino group of lysine and the side chain of
arginine. The lower coefficient of correlation between animal
age and gelatine fluorescence could be due to the low amount

COLE, C.G.B. & ROBERTS, J.J., 1996a. Gelatine fluorescence and its relationship to animal age and gelatine
colour. SA Journal of Food Science and Technology
8(4), 145-149.
COLE, C.G.B & ROBERTS, J.J., 1996b. Changes in the molecular composition of gelatin due to the manufacturing process and animal age, as shown by
electrophoresis. J. Soc. Leather Technol. Chem 80,
136-141.

of cross-links extractable at 45 °C as confirmed by the

EYRE, R.E., PAZ, M.A. & GALLUP, P.M., 1984. Cross-

electrophoresis data, or the fact that pentosidine is colourless

linking in collagen and elastin. Annual Review of Bio-

and therefore the coloured product was a further reaction

chemistry 53, 717-784.

product of the Maillard complex. To that should be added the
probability that there could well be more than one age related

MUNCK, L & DE FRANCISCO, A., 1989. Fluorescence

reaction causing gelatine colour.

analysis in foods. New York: Longman Scientific &

Finally. from the practical point of view, this study shows that

Technical and John Wiley & Sons Inc. p 37.

animal age can have a significant effect on products made
from hide or collagen, hence, when uniformity of product is a
consideration then animal age should be of major concern to
the manufacturer. Put another way, there is no such thing as
“hide”, because at the molecular level there will be marked
differences in the cross-linking structure from animal to
animal and for the researcher it is even more important to take
full cognisance of this fact. Furthermore, collagen fluorescence
could well have applications in all industries using collagen as
a raw material, as the technique is basically simple and does
not need difficult preparation of the product for analysis.
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Abstract of communication also presented at the

transport system deficient mutants of bacteria have been

“Symposium on Lactic acid Bacteria” held at Cork, 23 - 26

isolated from meat products. They may differ in production

October 1995.
This paper summarizes the first results of the AIR project
“Optimisation of endogenous and bacterial metabolism for the
improvement of safety and quality of fermented meat
products”. It is postulated that flavour of fermented sausages is
mainly but indirectly related to proteolytic activity and, to a
less extent, lipolytic activity during sausage ripening. Such
activities may be both of endogenous and bacterial nature.
Production of amines is studied as a safety related sausage
characteristic.

pattern of aroma-related catabolites. The Belgian partners are
studying the relative importance of muscle and bacterial
proteinase, exo- and endopeptidase and deaminase activity, in
model systems using addition of glucono-delta-lactone, an
antibiotic cocktail and specific protease inhibitors. Up to 80 %
and 50 % of myosin and actin degradation respectively is due
to muscle cathepsin in D like activity. Additional bacterial
protease activity is of similar nature. Also in FAA and
ammonia production, endogenous muscle enzymes intervene
to a considerable extent. A close and possible synergistic
association between muscle and bacterial protease activity is

The French and Danish partners are studying free amino acid

proposed. The relative importance of bacterial and endogenous

metabolism in selected starter cultures. None released

sausage tissue lipases is studied in model 1 system based on

histamine, whereas all strains of Carnobacterium produced

the use of sterile sausage mix (Sweden) and of antibiotic

high concentrations of tyramine. Staphylococcus strains were

(Belgian University). Results indicate up to 100 % (Belgium)

the most active in the production of leucine related flavour

responsibility of tissue lipases for lipolysis during sausage

compounds with both free amino acids (FAA) and meat

ripening. Swedish experiments indicate that degree of

substrates, whereas Gram negative strains were very active but

communition may be important for endogenous activity.

on FAA only. Analytical methodology for both flavor and

Lipolysis was increased by addition of lipolytic

amine analysis is continuously developed. Proteolytic activity

Staphylococcus (Sweden), but not by addition of lipolytic

in accompanying strains may be necessary to provide substrate

Micrococci in Belgian experiments. Preferential release of

for flavour producing organisms. In line with this contention,

unsaturated over saturated fatty acids, both from the

Lactobacillus sake starter activity, also in terms of flavour

triglyceride and the polar lipid fraction was demonstrated.

development, was enhanced by addition of a purified bacterial

Inhibition of bacterial activity does not affect carbonyl

proteinase in the Norwegian experiments. Possibilities are

formation from non-carbohydrate substrates.

investigated to make proteinase determining gene
constructions, transferable to starter cultures. In Spain, sugar
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