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Baking
We supply all the specialised
equipment and expertise
necessary for bakers,
confectioners and in-store
supermarket baking, from
heating rolls to baking
bread.

Butchers
We supply herbs and seasonings and
spices for meat patties, sausages,
salami's and other meat products.
As well as collagen, synthetic and
natural sausage casings. The latter
are prepared in our highly specialised
CROWN CASINGS plant. OKTO
manufactures the best Butcher's
equipment available.

Catering equipment
For frying, boiling, warm-
ing and herding we've got
it all. And we've got
the best there is:
VULCAN. Openings
kitchen for a hospital,
mine, restaurant or
hotel? We're the people
to see. We will advise
you on the most effi-
cient layout, and supply
you with the best equipment for your
particular needs.

Scales
A tiny deviation in weight could lose

you thousandsof
«\- rands over time.
* That's why we sell a

range of reliable,
super accurate upgradable
electronic scales.

Technology
We'll teach you to
make food that not
only tastes delicious
but looks delicious
too. We run fully
equipped kitchens
where we'll help
train you and your
staff. Our laborato-
ries are among the best in the country to keep
both your and our standards of the highest order.

Foodsn
This division will help you
prepare your sauces, flavour-
ings and coatings. It also
supplies the ingredients
for glue, paper, ink and
many other ingredients.
Ifyou'reabutcher.a
baker, chef or caterer

. come to us for quality merchandise, high exper-
* tise and service that's second to none.

Your Special Ingredient for Success.

CROWN
MILLS
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CHALLENGES OF THE PRESENT AND

FUTURE IN A CHANGING MEAT INDUSTRY

S.J.J. van Rensburg

Vice, chal/unan: fil&ai Boa/id, fn.e.toJiLa

Development in the meat industry have been so rapid over the past

fifteen years that your invitation to address you on present day and

future challenges was accepted with trepidation and a great deal of

doubt as to whether I am the appropriate person for the assignment,

especially when most of you attending are better qualified than I to

speak on the subject. Fact, however, is that you will have no op-

tion but to listen to me.

Over the period of time that I have been involved in the meat in-

dustry (now some thirty years), I have witnessed dramatic improve-

ments in the average age at slaughter of virtually all species of

farm animals; in the degree of finish; in carcass yield; in the

eating quality of meat; in shelf-life; in packaging, handling,

distribution and transport; in microbial control and general stan-

dards of hygiene; in abattoir construction and industry management

and in a multitude of other applied technologies.

Although the average consumer may not share my views (and I respect-

fully submit that if they don't it is due to blissful ignorance on

their part), I contend that there are few industries, if any, that

have spent so much energy, money and effort in an attempt to ensure

that the consumer obtains the best possible quality of meat at the

best value for money. Of this I am truly proud.

John Kieran tells of a traveller who asked an old man sitting at a

cabin door in the Blue Ridge Mountains: "Have. y,ou Zi.ve.d ke./ie. a<ll

y.ou/i iLfle.?", "Not y.i-t", replied the old gent patiently. Likewise,

I too can say I have not yet been in the meat business all my life,

at least not until certain problem areas have been satisfactorily
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7
resolved. In my opinion some of these are:

1. Problems associated with the quantitative increase of quality

beef;

2. Improving the cutability of carcasses;

3. Temperature standards for the keeping and transportation of

meat;

4. Hot processing;

5. Optimal utilization of the fifth quarter;

6. Quality improvement of processed products;

7. Consumer education.

1. PROBLEMS ASSOCIATED WITH THE QUANTITATIVE INCREASE OF BEEF:

The impact which the practice of feedlots has had on increasing

the amount of beef produced was initially quite marked mainly

because animals were slaughtered at a heavier mass at a younger

age. Further expansion of this phase of production is inhibited

by the number of calves that can be raised on the natural pas-

tures and spreading the calving season throughout the year.

Achieving these two aims depends mainly on raising the nutritio-

nal status of the breeding cow, especially during times of the

year when the nutritional value of natural grazing is insuffi-

cient for the needs of the reproducing and nursing female.

Success in this respect seems to be thwarted by continuously

escalating feed and related costs. The expected economic ad-

vantages associated with high calving percentages have not been

sufficient over the last few years to offset the excessive costs

that producers had to incur. If one of the aims of the industry

is to provide consumers with more high quality beef derived

from feedlots, then I fear that a static situation has been

reached unless ways and means are devised that would be incen-

tive enough to ensure that breeders could raise more calves

suitable for feedlot intake, economically.

I make bold to say that we can justifiably be proud, thanks to

the good work done by this Institute, with our new method of
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carcass evaluation. I believe that we have in this regard set

a standard envied by many other Western countries. This will

have a direct bearing on production and I believe that special

care will be required in the selection of suitable breeds.

But, gentlemen, when I refer to the importance of production I

am convinced that one of our more important challenges for the

future will have to be better or rather superior bullpower.

Today, this is a weakness in our production chain and the only

workable and acceptable scientific method to overcome this pro-

blem, is performance testing of our herds and more specifically

our bulls.

So far our Meat Board and Department, or to be more specific,

this Institute, were the main contributing parties to this end

and vast sums of money and man power has been applied for what

we have achieved hitherto. Despite this we are at present only

testing some 4 000 bulls annually of which we lose approxima-

tely 25% in the culling process. To serve our beef herd of

3,5 million cows we require annually 42 000 bulls.

The breeders who participate in these schemes, are obviously

the progressive ones, but I want to ask our studbreeders the

very frank and pertinent question, viz. Have. ive not now sieached

the Atage wke/ie ou/i bx.eedex.4 should confide.* to make ca.pi.tat

cont/ilbutlon/i towa/id^ the^e capital n.equ.ln.em.ent4, even on a

baAi.4 of. by. doing, AO n.eAe/ive standing. Apace (.on. a ce/ttaln quan-

tity, of. bull* at an official station?

CARCASS CUTABILITY:

The mere fact of my mentioning this subject implies that I know

much about it. If anything, the contrary is true but that is

exactly why I raise the matter since it has become quite obvious

to me that this is an aspect which thus far has enjoyed little

attention in South Africa compared to, for instance, the USA.
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The ultimate aim of the trade must be to sell the maximum quan-

tity of good quality lean meat to the consumer. We should start

at our abattoirs with our carcasses before offering it for sale

and remove all waste fat like channelfat and kidneyknob expertly,

before selling the carcasses. This is a waste which the trade

cannot afford, but it is also expected of the trade to encourage

this positive thought, by compensating the producer for a then

smartly dressed carcass. Whereas producers have striven to in-

crease dressing percentage, the trade has paid very little at-

tention to improving or even altering the method of cutting up

carcasses, if yield could be defined as the product of dressing

percentage (the responsibility of the producer) and cutability

(the responsibility of the trade), it provided a simple working

formula which could serve as a measure of efficiency. Raising

yield to a maximum should soon require our attention. Perhaps

the successful application of electrical stimulation of car-

casses and the progress realised with hot deboning and processing

are the stimuli required to prompt more research in this field.

Improved cutability through hot processing of pigs resulted in

0,7% more fresh ham, 0,31% more spareribs and 1,8% more total

wholesale cuts than sides that were conventionally cold cut. It

requires little arithmetic to realise to what extent monetary

return per animal slaughtered could be increased with such im-

provements.

3. OPTIMAL TEMPERATURE STANDARDS:

During recent years a vast amount of knowledge has been accumu-

lated on refrigerated processing, which includes cooling or

chilling, freezing, cold storage and transport and the applica-

tion of electrical stimulation has brought about almost revolu-

tionary changes in cold storage of carcasses. It would be true

to say that most research was done with the aim of meeting

stringent hygiene requirements introduced by the European Com-

munity. Their standards has influenced meat hygiene regulations

in various countries outside the Community including the RSA, to

the extent that the health authorities enforced these standards

-4-



to the letter of the word with little consideration of the con-

sequences to both trade and consumer. Granted that it is of

the utmost importance that health aspects during meat production

must receive the highest attention, it is equally important to

realise that going into extremes will only increase production

costs and put the commodity more out of reach of the consumer.

It should also be realised that meat chilling is not limited to

the abattoir complex alone, but consists of a long chain of

events from production to consumption with each link of this

chain as important as any other, always bearing in mind that

along the long chain we must have only one aim, namely to im-

prove the product and its taste. Presently in South Africa

regulations applicable to cold store management are stringently

enforced probably (and quite justifiably) based on microbiolo-

gical considerations. However, it is imperative to understand

the conflicting demands of limiting the growth of bacteria and

at the same time maintaining an acceptable meat quality at an

acceptable cost, before laying down regulations. The final for-

mula, defining the requirements for the so called cold ckatn,

will have to consider several factors such as energy consumption,

minimal hygiene standards, cold shortening, shrinkage or carcass

weight loss, freezer burn, requirements as influenced by type,

size, quality and species of carcass, carcass wrapping, store

loading and the effect of cold store type. This last point is

probably one of the major problems facing the industry. I am

convinced that whilst regulatory hygiene control is enforced at

the abattoir and manufacturing level, the product is much abused

at the wholesale and retail levels. No doubt most of these

points will be discussed by the panel of experts today.

4. HOT PROCESSING:

I eluded this aspect previously but would like to make more de-

finite mention. This important practice to industry has been

neglected, or should I say, overshadowed by environmental re-

quirements of carcass chilling and the, effect of ES on such re-

quirements. I do not wish to dwell on the matter for too long,

-5-



suffice it to say that if one weighs up the advantages such as

increased carcass cutting yield, reduced shrinkage, improved

emulsifying properties, colour development and cure penetration

of cured and processed products, improved shelf life, reduced

cooler space, reduced refrigeration energy utilization, reduced

chilling time, etc., against the minimal disadvantages, then I

would suggest this aspect be given more attention with a view

towards practical application.

5. UTILIZATION OF THE FIFTH QUARTER:

The fact that you and I may find certain of the components of

the fifth quarter less appealing, does not make it any the less

nutritious. Agriculture has seen numerous examples where the

value of what was initially a by-product had equalled and even

outstripped the demand and return derived from the source com-

modity. Whilst I do not imply that the fifth quarter would

exceed the carcass in consumer appeal and demand, I do believe

better utilization especially by its inclusion in processed pro-

ducts would not only increase monetary return, but avail the

consumer of products which through added value will gain accep-

tance.

6. QUALITY IMPROVEMENT OF PROCESSED PRODUCTS:

It is well-known that manufacturers of processed products gra-

dually lowered the quality of their products in order to meet

the never-ending demand by the trade for lower prices. The de-

cline in quality has seriously affected demand which was in any

event low because of the competition processed products faced

from fresh meat. Consumer surveys show that the demand for

processed and comminuted meats will grow rapidly from now on,

especially amongst the Blacks, but that consumers will insist

on quality and value for money. In South Africa innovation in

this field is lagging behind, and almost without exception pro-

ducts manufactured in this country originated in Europe or the

USA, both of which not only have different consumer compositions,

but climates that are conclusive to the type of product being
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used and the cultural backgrounds of their peoples. Changes in

the lifestyles of the peoples of South Africa, mainly because of

greater urbanization and the fact that the average housewife

has entered the labour market, are going to demand good quality

convenient foods. Meeting this need, I see as a future chal-

lenge to both scientists and manufacturers.

7. CONSUMER EDUCATION:

There are primarily two reasons why the meat industry enjoys so

much criticism (not all, I must say, destructive), namely that

it provides a commodity which is desirable and, I believe, in

a sense indispensable on the average South African menu, and

secondly, complete ignorance on the part of the consumer of what

is involved from the time an animal is born (and even well

before that time) until the time (often many months even years

later) the product reaches the table. When I say this, I do not

mean to criticize consumers, no, quite the contrary: I level

the criticism to an extent at the industry. One of the contri-

buting factors to the economic success of the industry in fu-

ture will be to gain the understanding of the consumer. It is

not my intention to spell out how the industry should go about

the task of consumer education, I merely wish to emphasize the

importance and suggest it enjoys your immediate attention. The

efforts of the Meat Board alone is not sufficient, though appre-

ciated .

Mr Chairman, I have but mentioned a few aspects which I think claim

priority in your future research and educational programmes. Future

challenges are legion, but I am sure that the intention with your

invitation was not for me to attempt to deal with them all, even if

I could, but provide some introductory remarks for a day which

promises to be educational and informative.



THE ROLE OF THE ANIMAL AND DAIRY SCIENCE RESEARCH INSTITUTE

IN THE BREEDING OF, AND PRODUCTION OF MEAT FROM,

MEAT PRODUCING ANIMALS

J.H. Hofmeyr

OL/iectoi: An.im.aA. and DaJLiy, Science Redeaich 3n*£Ltute, Jiene

INTRODUCTION

The discussion of this subject will be restricted to the develop-

ment foreseen for the meat industry and the possible role of the

Institute in this connection. Other speakers will by means of

papers and illustrations provide details of the research that has

already been embarked upon and completed.

As the broader aspects of the activities of the Institute are rela-

tively unknown to a large section of my audience the following sur-

vey will not be out of place.

THE ADSRI AND ITS FUNCTIONS

Since its formal establishment on 1 April 1962, the Institute has

gradually evolved into the hub round which the major part of the

State's professional animal husbandry services to the industry re-

volves.

At this main centre for livestock production matters, the emphasis

falls most strongly on meat, milk and eggs. (The technological as-

pects of other animal products such as hides, skins, pelts, wool and

mohair are mainly dealt with by the Leather Industries Research

Institute and the S A Wool and Textile Research Institute).

The establishment of the Institute has been of particular signifi-

cance to the livestock industry. Not only has it met 'n long-felt

need for a central physical and spiritual home for the livestock

industry and the animal science profession but it has also made an
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important contribution in providing a sounder basis for the State's

efforts to improve its services to the industry, especially at the

national level.

In addition to its involvement in all the branches of the industry,

the Institute's task and functions cover a wide area and comprise,

among other things, regulatory responsibilities, training, advisory

and auxiliary services, research, etc.

Service to the local industry is however not the sole aim. On the

African subcontinent there is also its possible role as a reference

centre for technical expertise. This is borne out by its direct

contact with black states, and its involvement in a number of inter-

national projects.

The Institute regards it as a priority to be acquainted with the

structural set up and organization of the livestock industry and its

various sectors; to be familiar with the Industry's biological and

economic status, potentials and problem spots; to be well-informed

as regards the complex marketing and processing problems associated

with products of animal origin; and to have at its command the

scientific and tested knowledge, information and technology required

for functionally acceptable production systems to meet the needs of

the present and the future.

In addition the Institute is engaged in the continuous accumulation

and betterment of knowledge not only by means of the recognized

methods, but especially also through personal contact with centres

of learning elsewhere or, where necessary, through its own research.

Circumstances give rise to the fact that the research programmes

are geared to wide-ranging problems of a national nature, and more

especially to those connected with biological (or functional) and

economic effectiveness of production and the intrinsic value of the

product.
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The absolute as well as the strategic importance of the industry,

the costs: profit ratio as well as the relevant energy and water

saving advantages of a specific project are regarded as important

considerations by the Institute when determining research priori-

ties.

In respect of meat production research, the Institute has since its

earliest years been involved in various ways in numerous research

programmes and projects with different species. Its input in this

respect would undoubtedly have been considerably greater had the

necessary research aids been available.

In the field of meat science and technology, the lack of suitable,

well-equipped facilities has led to a back-log in South Africa.

Over the past decade, the Institute has tried to make good this

back-log by seeking know-how elsewhere, and by importing it by

means of guest research workers. Simple equipment and improvisation

have also helped to carry out the work and services which are to be

introduced to you today.

THE FUTURE OF THE MEAT INDUSTRY AND THE ROLE OF THE ADSRI

There is reason to believe that rising living standards in South

Africa will continue to encourage per capita consumption of high

quality animal protein including red meat.

Conservative estimates made by the Institute (based on current con-

sumption patterns and minor concessions to expected dietary changes),

suggest that the Republic's 47 m inhabitants will require the fol-

lowing quantities of red meat per annum by the turn of this century-

810 000 t beef (-i.e. approximately 14,4 m cattle to produce 3,7 m

carcasses of 220 kg each);

282 000 t mutton/lamb (-i.e. approximately 40,2 m sheep to produce

15,2 m carcasses averaging 18,5 kg each);
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178 000 t pork (-i.e. approximately 198 000 sows to produce an ave-

rage of 902 kg of pork/sow).

The implications of these projections are far-reaching if these tar-

gets are to be met by the industry. A significant increase in pro-

duction will have to come through greater productivity per unit of

land (or animal) and the main ways of effecting this is through a

drastic reduction of livestock losses, increased biological effi-

ciency as well as increased livestock numbers. This suggests dras-

tic changes in the livestock scene. Perhaps the most obvious will

be a marked intensification of livestock production which will re-

quire greater managerial skills, new knowledge applied to suitable

production systems, increased reproduction rates, higher levels of

nutrition, better genotypes, new breeding systems, etc.

Provided man can solve his two major resource problems - that of

energy and water - and the livestock industry is prepared to accept

and implement modern technology in respect of improved production

methods, as rapidly as it becomes available, the quantitative re-

quirements of this challenge can be met.

However, there are also the qualitative demands to be considered.

Consumer concern about quality and health risks are now already

greater than at any time in the past and these factors will require

increasing attention in the future.

It is foreseeable that consumers of the future will show an increa-

sing demand for more completely processed food products, ready-to-

eat convenience foods and foods for consumption away from home.

Socio-demographic projections indicate that family units of the

21st century will be smaller and food products processed for this

market will be portion-controlled to precise sizes of uniform com-

position and quality standards. Small family units may also alter

preparation methods at home.
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Consumers will purchase animal products that are consistent with

changes in life style, disposable income and health value's.

Briefly, considering the above, one is led to the conclusion that

all interdependent sectors of the meat production chain will have

to be fully involved in an effort to streamline the industry.

Being aware of the challenges of the future and the need for timely

structural adjustments for the task ahead, the Institute has taken

the initiative on several fronts. The following are worthy of note:

The Institute identified the need for an infrastructure to pro-

vide for and to set in motion the orderly development and im-

provement of the whole livestock industry on modern scientific

lines.

The present Livestock Improvement Act, 1977 (Act 25 of 1977)

with its provision for a statutory Advisory Board for Animal

Production was conceived and designed by the Institute to serve

this purpose.

The Act was not only well received in Parliament but was applau-

ded as a constructive and imaginative attempt to improve live-

stock production in the Republic. Although it is not yet fully

in operation, the impact of resultant major changes such as the

introduction of a highly selective import policy for animals,

semen and embryos; raised standards for AI sires; wide accep-

tance of performance testing as a prerequisite for registration,

etc. is already evident.

The Institute has also initiated and completed a comprehensive

and intensive investigation of all branches of the livestock

industry - including the meat industry. The problems, re-

straints and potentials of the various sectors have been care-

fully identified and after a thorough study of contemporary re-

search in other countries, a detailed national research program-

me with a clear indication of priorities, has been submitted to
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the Department, the Advisory Board and its specialised sub-

committees for consideration. This document was well received

and now serves as a guideline for animal production research

not only at this Institute but for the Department of Agricul-

ture as a whole. It deals in great detail with al facets of

the meat industry in which increases of research inputs in the

specific fields are of great local importance. (Dr Naude will

deal with many of these aspects in his paper).

As early as 1968 the Institute identified the need for the and

requested the establishment of a well-equipped meat science and

technology laboratory for urgently required research, but lack

of funds, changes in Departmental policy and priorities, etc.

prevented the implementation of the plan. Now, however, the

Meat Industry has come forward with R1,1 m for the purpose of

erecting the main part of the required facilities, and on dis-

play in the foyer of this auditorium is to be seen a general

plan of the proposed Meat Science and Technology Unit.

Meat Animal Breeding and Production Research

In view of the fact that several of the papers following will be

concerned with the meat research programme a brief reference to

some of our efforts in the production field seems appropriate here.

Animal breeding and reproduction

The rate of genetic improvement in animal breeding depends to a

large extent on reproduction rates. This interrelationship is par-

ticularly significant where AI and the latest developments in re-

production, genetic manipulation and biotechnology are considered.

The integration of modern methods of genetics applied to livestock

breeding requires sophisticated techniques to identify superior

breeding stock and to ensure their optimal use in breed improvement

or in the development of more suitable breed composites (new breeds

or "synthetic" breeds).
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This involves, furthermore, fundamental theoretical or simulation

studies based on population genetics to develop genetic models for

systems analyses which in turn require the aid of computing facili-

ties.

The use of suitable laboratory animals is often necessary to exa-

mine genetic theory before application and the Institute has excel-

lent facilities where such work is under way.

The sequential components of reproduction - i.e. puberty, estrus,

ovulation, fertilization, embryo survival and development, partu-

rition and peri-natal survival - have now an added component through

embryo technology. This latter challenging and promising new area

includes features such as ova harvesting, Ln. vLtio fertilization,

maturation and transfer - as well as embryo storage, sex control,

twinning, microsurgery, cloning, etc.

It is now possible, in view of the recent successful transfer of

nuclei in mammalian reproductive cells, to foreshadow the next step,

i.e. the application of genetic engineering in order to transfer

genetic material (gene splicing) from one embryo to another.

The Institute's involvement in the breeding and improvement of meat

animals is known. This involvement includes efforts on a national

basis e.g. through the various livestock improvement schemes and

particularly the Beef Cattle, Pig and Mutton Sheep Performance and

Progeny Testing Schemes as well as several breed development and

improvement programmes - for example the Bonsmara Breeding Pro-

gramme .

On the experimental side the Institute conducted an extensive study

on beef production from dairy cattle and was also involved in an

evaluation of the Jersey cow as a dam for beef production under

ranching conditions.

Being mindful of the expected intensification and need to find the

most suitable genotypes for feedlot systems, the Institute initiated
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a comprehensive long-term study on breed evaluation which included

a wide range of divergent breeds and conformational types.

Similar research work has been undertaken and is being continued

with exotic sheep breeds.

The Institute also initiated a long-term breeding experiment with

Dorpers to assess the value of different selection methods.

Clear guidelines and principles have emerged from this work and

its value has been recognised far beyond the borders of this coun-

try.

Animal Nutrition and Digestive Physiology

The integration of nutritional knowledge with genetic advances and

modern animal production systems is an important field of research

which holds out the promise of great achievements in improved pro-

duction. Limits to maximum production or productivity have not

yet been established and neither have we been able to understand

precisely how the functional processes of the superior animal ope-

rate. On the fundamental level in the meat producing animal we

are further constrained by our restricted knowledge of the basic

factors governing protein and fat synthesis; interactions between

alimentary micro-organisms and their host, and the process which

ensures that the nutrient needs of sustained and efficient pro-

duction are met.

There also appears to be wide gaps in our current knowledge of the

nutrient requirements for various stages and levels of performance

(age, sex, environment, stress, etc.), as well as the physiological

factors controlling nutrient intake.

Armed with such knowledge we will undoubtedly be able to utilise

both conventional and non-conventional feedstuffs and other feed

resources for the meat animal.
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Vast tonnages of low quality roughages such as veld grasses, crop

residues, by-products of the food and other processing industries,

etc. await such utilisation.

Our study of the interrelated processes associated with nutrient

utilisation, product synthesis and animal growth proceeds at even

the cellular and sub-cellular levels. The first papers on this

work have already been presented at several international meetings

and have earned wide recognition.

CONCLUSION

To understand the meat industry, it is necessary to appreciate the

long chain of sequential and interrelated processes which starts

even before the birth of a meat animal and continues throughout

growth and development, slaughtering, processing, storage, marke-

ting until final preparation for consumption.

In order to conduct satisfactory research on the product it is ne-

cessary to monitor it continuously through the same or simulated

processes.

Research on meat at this Institute is being planned accordingly and

serious consideration is also given to expand supporting research

in particular fields.

The facilities have been designed to be flexible enough to enable

modification as the need arises.

This Institute with its small team of research workers under the

able leadership of Dr Raymund Naude, has already covered a wide

field in its sweep through the industry to locate and identify some

of the problems which need attention.

We are confident that our efforts to serve this important industry

will generate both interest and support from the industry.
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ROLE OF THE MEAT BOARD IN PROMOTING A SOUND BALANCE BETWEEN

PRODUCTION, MARKETING AND CONSUMPTION

P.H. Coetzee

m.anag,e./L; fll&ai. BOCLJICL, 9/te.to/iJ.a

It is a universally accepted fact that agriculture differs from

other industries in that changing and uncertain climatic conditions

and long production cycles render it almost impossible for the

primary producer to adapt readily to market demand.

Another characteristic of agriculture is the large number of inde-

pendent producers supplying a homogeneous product to a market with

a relatively small number of buyers.

Furthermore, the demand for agricultural produce is extremely in-

elastic, with the result that the almost permanent gap between

supply and demand invariably leads to excessive price fluctuations

at the market place.

All this has a disastrous effect on farmers' income and standard of

living and it consequently renders farming operations extremely

risky and unattractive. The phenomenon is particularly evident in

the red meat industry.

To prevent a constant shortage of one of the primary protein food-

stuffs the human body needs, measures were adopted almost fifty

years ago to ensure the sustained production of red meat in South

Africa.

It is rather alarming how much ignorance and confusion still exists

in regard to the role of control boards in the marketing of agri-

cultural produce in South Africa. A few weeks ago the Meat Board

was almost inundated by publicity, but the tone of a number of

editorials continued to reveal an unaccountable lack of knowledge.
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The Marketing Act, on which the meat scheme is based, states in its

preamble that provision is made therein for the regulation of "the

production and sale of agricultural products" and for the esta-

blishment of "certain boards in connection therewith". In perusing

the detailed clauses of the Marketing Act it soon becomes evident

that the boards, established in terms of the Act, can do very

little as far as production is concerned. Their real function re-

volves around the concept of "sale". This word is clearly intended

to connote much more than its face value.

On the other hand, the control boards' function as far as produc-

tion is concerned is more or less confined to giving assistance,

by way of grant or loan, to "any research work relating to the im-

provement and production" of agricultural produce. As will appear

further on, the Meat Board has moved beyond these confines.

In other words, the control boards should function with the empha-

sis shifted to marketing.

At this stage and in view of the central theme of this symposium,

which is "The role of science and technology in the meat industry",

we should first define our terminology.

As far as the meat industry is concerned we at the Meat Board are

not chasing chickens, turkeys, ostriches or kangaroos but are mere-

ly taking care of all products and by-products derived from cattle,

sheep, goats and pigs. The proportionate share of the different

species in total red meat production is cattle 69 per cent, sheep

and goats 20 per cent and pigs 11 per cent.

This having been said, the main objectives of the Meat Board can be

defined as promoting meat consumption in South Africa by stabili-

sing prices for both the producer and consumer by way of planned

marketing, surplus removal and meat promotion.

As far back as 1972 the Meat Board realised that planned marketing

starts at production level. Initially a consulting service was
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planned in conjunction with other bodies such as the Department of

Agriculture, universities, co-operatives, the private sector and

consultants. However, the then Minister of Agriculture would not

grant approval for the implementation thereof. For purposes of its

own decision-making, however, the Board requires information which

must necessarily be provided by animal scientists. For this reason

it employs a number of animal scientists, each of whom is able to

provide specialised service in his own particular field. At pre-

sent less attention is being given to individual consultation,

with preference rather being given to establishing contact with

study groups - an action which is welcomed by the producers concer-

ned. Liaison also takes place with the Department of Agriculture's

Division of Agricultural Production Economics under whose overall

control these study groups function. Production cost data are of

interest to the Board in its decision-making with regard to floor

prices, for instance, and this contact with study groups is there-

fore carefully fostered.

Feedlots in South Africa have for some years formed an integral

part of meat production, especially high-grade meat. Since the

cost factor of the veld phase and the feedlot phase are also of

considerable interest to the Board, a new, updated data collection

program has been developed for feedlots and will provide the Board

with the necessary information while there will also be a weekly

feedback of data to feedlots. In this way the Board will be able

to obtain the necessary data and provide a service for which there

is a real need, while at the same time this exchange will serve to

keep relationships within the trade on a comfortable footing.

The Board introduced a national pig health scheme in 1973. At pre-

sent approximately 300 pig farmers who own almost 50 per cent of

the country's sow numbers are participating in this scheme. On

average each member receives about four visits a year by the Board's

veterinarians.

In order to provide the best service to producers, the veterinarians

have been spread across the Republic and operate on a decentralised
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basis.

During 1981 a central computer service for participating pig far-

mers was commissioned which provides managerial information in

respect of their operations to producers on a monthly basis. Re-

production data supplied to producers include number of litters

per sow per year, number of piglets per litter per.year, number of

piglets weaned per sow per year. The feedback to producers concer-

ning performance factors in the herd includes annual culling rate

of boars and sows and the feeder herd's feed conversion efficiency

to carcass mass. By receiving this information on a continuous

basis for successive periods and also being able to compare the

data for the top 20% of the country's pig farmers, the producer

can constantly analyse and improve his own efficiency wherever pos

sible.

Thus the scheme in the course of time developed from purely a pig

health scheme into an effective farm management information system

for pig farmers.

Some of these actions go beyond the narrow interpretation of the

relevant clauses of the Marketing Act. Well within the scope of

the Act are the financial assistance of the Board in the erection

of pig and bull testing stations, loans for the purchase of experi-

mental animals, leather research, tick research, contributions to

the computer services of the Stud Book Society of South Africa and

so on.

A unique feature of red meat production in South Africa is its

cyclical nature, especially in respect of beef, and this cyclical

trend is accompanied by economic cycles.

Both these cyclical patterns influence the weal and woe of the

South African producer. Price peaks as occurred in 1974 and 1980

lead to increased production, which in the ensuing depressed econo-

mic phase gives rise to increased marketing pressure at the nine
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controlled areas and necessitates special supply control measures.

To allow the effective implementation of supply control measures,

the Board ten years ago resorted to the annual registration of all

meat producers in South Africa. The purpose of registration was to

obtain reliable figures in respect of herd size, pattern of marke-

ting adopted by each farmer and his income from meat in proportion

to total income.

Since the early sixties the supply of livestock to abattoirs was

regulated by way of quotas issued to agents according to the past

performance of each. In vie"/ of certain shortcomings inherent in

this system, supply control was introduced at certain markets in

1979, whereby permits are issued direct to producers. Permit

issues are calculated according to a specific formula based mainly

on four principles, namely breeder, regular marketing, dependence

on meat marketing and herd size. Permit control has thus far been

confined to cattle and sheep at certain markets, on a continuous

basis or during certain marketing phases. At the request of pro-

ducers in certain parts of the country, those parts have thus far

been excluded from permit control.

Permits are issued to producers for specific markets and specific

periods. There is a dual reason for this, namely to make only

sufficient slaughter animals available to meet the market's total

needs, and to ensure an equitable and even flow of slaughter stock

to the respective markets.

Permit control will shortly be extended to the supply of pigs in a

somewhat modified form, in terms of which permits will be issued to

producers on past performance for a period of a few months without

specifying slaughter place or period of delivery. These basic per-

mits will be based on total market needs. In the case of applica-

tions in excess of market needs, an additional permit will be issued

for a specific slaughter place and period. Permit control in

respect of pigs will not be confined to the nine controlled areas
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but will be extended to altogether 68 slaughter places where more

than 80 pigs are slaughtered per week.

In order to achieve price stability the Board makes use of two

support mechanisms. These are a minimum support price (or floor

price) which is determined annually and serves as a guarantee to

the producer. Two factors taken into account in determining this

price are production cost figures and market prices. The aim is to

ensure long-term stability for the producer.

Then there is a support price calculated over the short term to

curb excessive daily price fluctuations in the market place. This

support price is adjusted upward or downward every week according

to auction price trends.

Red meat is disposed of in controlled areas by way of public auc-

tion after the animal has been slaughtered and the carcass graded

and weighed according to specified standards.

So much so for the Meat Board's role with regard to the production

and marketing of meat. Before proceeding to discuss its role with

regard to meat consumption, I want to touch briefly on offal and

by-products.

In the past, offal was handled by pool contractors and sold to the

trade at prices determined by the Board in proportion to carcass

purchases. After making provision for certain reserves, any sur-

plus arising in the pool is used to increase prices during a sub-

sequent marketing phase. The Board recently decided to take over

the offal handling and distribution function as from 1 July 1983.

A voorskot price will be determined for the producer and paid out

immediately, and after the pool has closed down any surplus will

be paid out pro rata to the same producers by way of an agterskot.

With regard to hides and skins, the Board performs the function of

grading, weighing and counting freshly-flayed hides and skins in
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controlled areas. Producer prices for freshly-flayed supplies are

converted from selling prices realised by curer/brokers for freshly-

flayed and cured hides and skins according to sort, type, class and

grade, which have to correspond as closely as possible to the

abattoir grading.

Except for wet-salted country hides and leather type skins (exclu-

ding merino and cross-bred skins) which may be offered for sale by

brokers from country stores by way of special concession, all coun-

try hides and skins must be consigned to hide and skin brokers

where they are properly graded, displayed for inspection by pros-

pective buyers and offered for sale by catalogue at public auctions

held at Durban, Port Elizabeth and Cape Town. The two end buyers,

i.e. exporters and processors, are prohibited from offering hides

and skins for sale by any means other than by way of public auction

unless they are in possession of permits issued by the Board and

which authorise them thereto.

Registered curers at Bloemfontein and Kimberley may sell their

abattoir as well as country hides and skins from their stores

through brokers, whereas hides and skins at the Witwatersrand and

Pretoria where auctions are held, may be sold (but only under cover

of permits) by way of negotiation on the basis of supply lists

which have to be lodged with the Board at 13h00 on Fridays. Curers

at coastal centres are also entitled to sell their hides and skins

by way of negotiation under cover of permits.

All selling prices must be declared to the Board on Thursdays be-

fore 13hOO for conversion from producer prices for freshly-flayed

hides and skins which come into operation on the ensuing Monday.

With regard to red meat consumption, the Meat Board performs a dual

function, namely at trade level and at consumer level.

Its function at trade level is also split into two actions, the

first being the registration of all trade factors. The current
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policy is one of restrictive registration. All applications are

not granted and registration may be refused, particularly on the

grounds of existing adequate provision. This is of course a rela-

tive concept and as such, open to criticism. This function is

performed by a committee of the Board with strong trade and consu-

mer representation.

Its second action at trade level consists in influencing the trade.

This is done firstly by publishing a trade magazine, S A Meat Trade,

supplying point-of-sale promotion and information material and by

developing a training program for butchers. This is supplemented

by the furthering and financing of research on the handling, sto-

rage, displaying and packaging of meat.

The Meat Board's function at consumer level is probably its major

function, namely that of ensuring that red meat remains the most

sought-after protein food of the South African population.

Towards this end market research is probably the Board's most im-

portant tool. It stands to reason that the consumer's needs,

preferences and prejudices are crucial in the consumption of any

commodity. At present this function is performed largely on an

ad hoc and contractual basis although a start has been made in

developing this function internally.

For many years past the Board has launched or participated in red

meat promotion campaigns. With a strong team of home economists

in its service, the Board regularly offers meat courses and demon-

strations to housewives throughout the country. It participates in

shows or arranges promotions in collaboration with the trade. A

recent development has been the meat days presented in conjunction

with hotel groups.

Because of increasing demand by consumers there has been increased

distribution of the wide range of information brochures on red

meat, recipe diaries and the pull-out recipe booklet 'From the Meat

Kitchen'.

-24-



i The promotion campaign in respect of pork products only which was

j initiated a few years ago, was extended in due course to include

i fresh pork, beef and mutton.

These promotion campaigns are undertaken by three advertising agen-

cies, each of whom covers one of the species. The advertising me-

dia being used are the radio, TV, magazines, hoardings, cinemas

and bus stop advertisements. For the current financial year, a

total of R4,8 million will be spent on these promotion campaigns.

The importance of the Black consumer is recognised and hence a

large proportion of this promotion is aimed specifically at him.

In the time at my disposal, I have attempted to give you an over-

view of the Meat Board's role in promoting a sound balance between

production, marketing and consumption. The meat industry is a

dynamic industry and will therefore constantly be subject to change,

We trust that the Meat Board will in future be able to continue

performing its task in the realisation that it is in the service of

every meat producer and every consumer of red meat in South Africa.
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SCIENCE AND TECHNOLOGY INPUT TO DATE -

RESEARCH, DEVELOPMENT, EXTENSION

R.T. Naude

De.pu.ty. DL/ie.ctQJi: An.-im.aM and DaL/iy. Science

3n.e.ne.

The quantity and quality of the final product in the meat industry,

which is presented to the consumer, is dependent upon the optimal

synchronization of all the links in the production chain. These

are the genetic composition of the meat producing animal which de-

termines its physiological characteristics which are influenced by

environmental factors pre-slaughter. The animal is then slaughte-

red, the carcass or its primary products chilled or frozen and

stored before it is processed in various ways, marketed and con-

sumed. In order to establish a sound basic knowledge of the science

of meat, the above holistic approach was adopted in the meat re-

search programme of the ADSRI at Irene. Developments from several

of these studies resulted in practical application in industry,

such as a choice of breeds in dairy and beef herds for meat pro-

duction; bull beef production; a new carcass grading scheme;

electrical stimulation for the prevention of cold shortening; opti-

mal pre-slaughter handling of pigs to ensure the best quality pork

products and applying sound principles of hygiene such as effective

sanitation and maintenance of the cold chain in the fresh meat

retail trade in South Africa. From the research and development

programme established at the Institute over the past 20 years it

was possible, even with limited resources, to serve the different

sectors of the industry with extension information accumulated at

the ADSRI.
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MEAT RESEARCH PROGRAMME TO DATE

1. BEEF : QUANTITY AND QUALITY - PRODUCTION

1.1 Dairy beef production

1.1.1 Friesland and Jersey crossbreds - 8 types

1.1.2 Bull beef

1.2 Crossbreeding with beef breeds

1.2.1 Purebreds - 6 types
1.2.2 Halfbreds - 15 types

1.2.3 Three quarter-breds - 20 types

1.3 Beef production with indigenous cattle

1.3.1 Nguni
1.3.2 Sanga

1.3.3 Pedi

1.4 Compensatory growth

1.4.1 Influence of age

1.4.2 Influence of live mass

1.5 Muscle, hide and leather characteristics

1.5.1 Friesland and Afrikaner cattle
1.5.2 Bulls and steers

2. BEEF: CARCASS AND MEAT INVESTIGATIONS

2.1 Carcass grading

2.1.1 Age of animal

2.1.2 Carcass conformation : yield

2.1.3 Carcass fatness : yield

2.1.4 Carcass value : retail price

2.2 Carcass chilling

2.2.1 Initial chilling temperatures (0, 3, 5, 7, 9°C)

2.2.2 Carcass size

2.2.3 Carcass suspension

2.2.4 Carcass ageing
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2.2.5 Cooking temperature of meat

2.3 Electrical stimulation of carcasses

2.3.1 At 0, 30, 400 and 500 volts (r.m.s.)

2.3.2 At 0°C and -30°C initial chilling

2.4 Blood splash

2.4.1 Stunning delay

2.4.2 Abattoir differences

2.5 Carcass wrapping

2.5.1 Surface bacterial counts

2.6 Slaughter hygiene : Carcass

2.6.1 During dressing and after chilling

2.6.2 Sampling technique

2.7 Thawing loss

2.7.1 At -15°C and -30°C
2.7.2 Of deboned primal cuts

3. LAMB, MUTTON AND GOAT MEAT

3.1 Breeds

3.1.1 Sheep breeds (4) and the Boergoat

3.1.2 Carcass composition

3.1.3 Growth and distribution of tissues

3.1.4 Muscle characteristics

3.2 Muscle metabolism

3.2.1 Captive bolt stunning - Boergoat

3.3 Carcass grading

3.3.1 Fat-tailed and non fat-tailed types

3.3.2 Fat thickness measurement

3.3.3 Carcass value : retail price

3.4 Electrical stimulation of carcasses

3.4.1 0,500 and 800 volts (r.m.s.)
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4. PORK

4.1 Stress

4.1.1 P.S.E. : Environment, Halothane, Ham yield

4.1.2 D.F.D. : Sex, Transport, Rest

4.2 Slaughter hygiene : carcass and products

4.2.1 During dressing and after chilling
4.2.2 During processing

4.3 Carcass value : retail price

5. MEAT TECHNOLOGY

5.1 Surveys : Retail fresh meat

5.1.1 Retail stores - 21

5.1.2 Detailed supermarket studies

5.2 Meat hygiene, packaging, management

5.2.1 Stress of animal

5.2.2 Electrical stimulation of carcass

5.2.3 Vacuum package ageing

5.2.4 Display cabinet functioning

5.2.5 Display temperature (0° and 5°C)

5.2.6 Display period (0, 2, 3, 5 days)

5.2.7 Cabinet management - night covers

5.2.8 Cabinet management - stacking

(Microbial counts, acceptability, discolouration, dark colour,

drip, shear force, taste panel).

A number of these studies will be discussed briefly in order to

demonstrate the impact on industry, of the knowledge generated

through these studies, resulting in a full understanding of the

product from "conception to consumption".

DAIRY BEEF PRODUCTION

In Table 1.1 and 1.2 are outlined certain production and product

traits of individually stall-fed crossbred steers produced from
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Friesland and Jersey cows. The Simmentaler progeny of Friesland

cows attained the highest growth rate, Charolaise crossbreds were

most efficient utilizers of feed, Hereford crossbreds were too fat

at 454 kg live mass but had the most tender meat. Of the Jersey

progeny those sired by Charolaise bulls excelled in all respects,

and in contrast to Charolaise sired calves from Friesland cows,

experienced practically no dystokia problems (Naude, 1974).

Table 1±1
TABLE 1.1: Growth, carcass and meat characteristics of crossbred

Friesland steers slaughtered at 454 kg live mass

CHARACTERISTIC

1. Average daily gain (g)

2. Feed utilization (kg/kg)

3. Kidney fat (%)

4. Carcass fat (%)

5. Carcass muscle (%)

6. Marbling fat (%)

7. Tenderness : panel (%)

8. Age at slaughter (mo)

CF

936

8,11

2,59

17,1

68,9

2,27

74,9

15,5

BF

888

8,56

3,39

18,0

67,8

2,54

80,3

16,1

SF

964

8,30

3,95

21,9

64,8

2,11

80,8

15,3

HF

910

8,49

3,90

27,4

61,7

3,55

81 ,8

16,3

C = Charolaise; B = Brown Swiss; S = Simmentaler: H = Hereford

Animals were stall-fed from 6 months of age
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TABLE 1.2: Growth, carcass and meat characteristics of crossbred

Jersey steers slaughtered at 409 kg live mass

CHARACTERISTIC

1. Average daily gain (g)

2. Feed utilization (kg/kg)

3. Kidney fat (%)

4. Carcass fat (%)

5. Carcass muscle (%)

6. Marbling fat (%)

7. Tenderness : panel (%)

8. Age at slaughter (mo)

CJ

885

8,16

4,02

19,6

66,8

2,60

86,5

14,8

BJ

814

8,35

4,57

20,2

65,2

2,99

81 ,0

16,4

SJ

766

9,28

5,59

22,3

64,4

4,16

81 ,6

17,0

HJ

723

9,59

4,17

28,6

58,5

4,88

85,2

17,5

Animals were fed a ration of 60 concentrates : 40 hay - approxi-

mately 12% crude protein.

BULL BEEF PRODUCTION

The data in Table 2 illustrates the difference between steers and

bulls as well as the influence of energy level of the ration fed to

weaners under feedlot conditions. When fed a high concentrate

ration ad A.Lb the growth rate difference between bulls and steers

is 18,7% and on a lower concentrate diet it is only 8,2%. Carcas-

ses produced from high concentrate fed animals are also fatter at

the same live mass than those from lower concentrate fed ones. Bull

meat was significantly more tough than steer meat even at these

young ages of 13 to 16 months. It was shown by Boccard, e.t al

(1979) that collagen solubility decreases much more rapidly in young

bulls than steers. In addition to this possible explanation however

leaner bull carcasses chill more rapidly than fatter steer carcasses

and could have been affected more severely by cold shortening of

muscles yielding tougher meat. Differences in toughness between

bull and steer beef should be verified now that electrical stimula-

tion is nationally applied in South Africa. The potential produc-

tion advantages of bull beef production - higher rate of gain, more

efficient gain and more lean carcasses, are of great economic im-

portance under intensive conditions (Naude, 1974).
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/ TABLE 2 /

When Friesland bulls were compared to Hereford x Friesland bulls,

the latter

TABLE 37
performed better than the former in all respects. They gained

13,7% more rapidly, utilized their feed 20,7% more efficiently and

their meat was 38,3% more tender. For bull beef production in the

dairy herd the Hereford can be recommended as a sire for Friesland

cows as well as heifers (Naude, 1974).

CROSSBREEDING WITH BEEF BREEDS

In posters three and four and the accompanying summaries are out-

lined a few results of the crossbreeding trials. From these data

it is clear that a wide variety of maturity types of beef cattle

will conform to the requirements of target grades - such as Super

A or Prime B. These grades, hence level of fatness, will however

be attained at widely varying live masses, depending upon the

maturity type of animal in the production system. Rate of gain

and efficiency of feed utilization are deciding factors when feed

margins are considered. Quality parameters such as tenderness of

meat in Super A carcasses are of the utmost importance for establi-

shing the optimal image of the product. The progeny of Hereford

and Charolaise bulls were found to have significantly more tender

meat than those from Simmentaler and Brahman bulls (Naude, &t al,

1980).

BEEF PRODUCTION WITH INDIGENOUS CATTLE

The results in Table 4 illustrate the interesting finding that the

young bulls of these breeds compare very favourably with Afrikaner

bulls. Under conditions of ad J.JLb high concentrate feeding, larger

differences between bulls and steers were recorded in growth rate

and feed utilization than could be found in the literature repor-
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TABLE 2: Growth, carcass and meat characteristics of Brown Swiss

bulls and steers fed two rations and slaughtered at

454 kg live mass

CHARACTERISTIC

1. Average dai ly gain
(gm)

2. Feed u t i l i za t i on
(TDN/kg)

3. Dressing percentage

4. Hindquarter (%)

5. Kidney fat (%)

6. Carcass fa t (%)

7. Carcass muscle (%)

8. Marbling fat (%)

9. Tenderness: panel
(%)

10. Age at slaughter
(mo)

80:20

Bulls

1270

4,81

58,3

50,0

2,33

12,0

73,9

1,25

61 ,3

13,5

ration

Steers

1070

5,32

58,2

50,8

3,36

18,7

67,1

2,28

78,5

14,3

Dif-
ference

18,7

10,6

0 , 2

1,6

44,2

55,8

10,1

82,4

28,1

5 , 9

6C

Bulls

1060

5,03

58,0

50,1

1 ,75

9 , 4

75,2

0,99

68,0

15,6

):40 rat

Steers

980

5,28

58,3

50,9

2,90

17,1

68,4

2,22

78,5

16,4

i o n

Dif-
ference

8 , 2

5 , 0

0 , 5

1,6

65,7

81 ,9

9 , 9

124,2

15,4

5 , 1

80:20 - 80% concentrates : 20% roughage

60:40 - 60% concentrates : 40% roughage

Both rations contained approximately 12% crude protein.

Animals were stall-fed from 6 months of age.

TDN - Total digestible nutrients.
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TABLE 3: Growth, carcass and meat characteristics of two types of

bulls slaughtered at 454 kg live mass.

CHARACTERISTIC

1. Average daily gain (gm)

2. Feed utilization
(kg/kg)

3. Carcass fat (%)

4. Carcass muscle (%)

5. Tenderness : panel (%)

6. Fat thickness (mm)

7. Age at slaughter (mo)

Friesland
bulls

1020

8,9S

17,9

66,9

58,8

3,9

15,0

Hereford x Fries-
land bulls

1160

7,45

18,6

67,9

81 ,3

4,9

14,2

% Dif-
ference

13,7

20,7

3,9

1,5

38,3

20,4

5,6

Animals were stall-fed from 6 months of age.

6. Subcutaneous fat thickness at 10/11th rib, over eye muscle.

ting similar studies. Bulls of these indigenous types all attained

the fatness to grade Super A at 19 months of age at carcass masses

between 180 and 240 kg - these masses were however reached at the

upper limit of fat thickness acceptable for the Super A grade.

Growth rate and feed efficiency figures compared very favourably

with those of beef breeds (Naude, e.t al, 1975; 1977; 1979).

/ TABLE 4 /

COMPENSATORY GROWTH

Results of these experiments are reported in posters 1 and 2. After

a 5 month period of feeding at three widely different growth rates,

weanling steers were slaughtered. No eating quality differences

were found in the meat of the animals of the three groups, but the

composition of the carcasses and the hides were significantly dif-

ferent - 10% fat in the low plane group and 19,2% fat in the high
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TABLE 4: Growth and carcass characteristics of indigenous breeds of beef cattle.

CHARACTERISTIC

1. Initial live mass
(kg)

2. Average daily
gain (gm)

3. Feed utilization
(kg/kg)

4. Carcass mass (kg>

5. Fat thickness (mm)

6. Carcass fat (%)

NGUNI

Steers
(10)

224,8

849

9,1

202,6

7,6

25,4

Bulls
(10)

240,6

1096

8,3

233,5

7,0

20,5

Diffe-
rence
<%>

7,0

29,1

9,4

15,3

8,6

24,3

SANGA

Steers
(9)

179,4

642

10,2

152,8

7,2

24,0

Bulls
(9)

183,3

900

7,5

175,8

6,6

20,0

Diffe-
rence
(%)

2,2

40,3

26,3

15,0

8,3

16,6

PEDI

Steers
(10)

252,5

655

10,3

200,7

8,3

28,2

Bulls
(8)

272,3

886

8,4

238,0

7,6

26,4

Diffe-
rence
(%)

7,8

35,2

23,1

18,6

8,1

6,7

Afri-
kaner
bulls
(10)

247,3

849

9,4

206,9

4,9

13,2

1. 14 months of age

4. 19 months of age

5. Subcutaneous over prime rib

6. In prime rib cut

i
in
CO
i



plane group animals. After all the groups had subsequently been fed

on the high plane ration and slaughtered at 440 kg live ma&s, none

of the differences in body composition were statistically signifi-

cant. Full recovery of carcass and hide composition is therefore

possible in severely restricted animals which are then full-fed up

to the same body mass (De Bruyn, 1982).

MUSCLE, HIDE AND LEATHER CHARACTERISTICS

Boccard e.t aJ. (1979) compared Afrikaner and Friesland bulls and

steers in terms of certain meat, hide and leather characteristics.

They found that muscle collagen solubility decreased markedly during

the first two years of the animal's life and that this was more

marked in entire than castrate bulls. A decrease in collagen solu-

bility was directly related to a decrease in meat tenderness.

Friesland muscle had collagen of lower solubility and the meat was

tougher than that of Afrikaners. Afrikaner hides were heavier, but

had lower tensile properties of the leather than those of Frieslands

(Russell e.t a<L, 1977). Muscle pigment content increased with age

and was significantly higher in Afrikaner cattle at all ages.

BEEF CARCASS GRADING

The beef carcass grading system of 1972 (Government Gazette, 1972)

was evaluated by Klingbiel &t ai (1982) and it was found that the

variation within grades was larger than between grades in terms of

saleable meat yield and several other carcass and meat traits.

When the two subjectively evaluated characteristics of fatcover and

conformation were evaluated in terms of their influence on the sale-

able meat yield of the carcass, it was found that fatness determined

80% of the variation in meat yield of carcasses and conformation

only 11% (Poster No. 5). The muscle collagen of younger animals was

found to be more soluble than those of older animals, hence yielded

more tender meat. A new grading system was subsequently developed

in which 3 age classes and 3 fat classes are used to grade meat into

9 grades within age groups and 2 contained lower quality carcasses

of all ages. In an attempt to determine the monetary value of car-

casses of the different grades, a survey of 60 retail outlets is
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undertaken quarterly - see poster 6 (Bruwer & Naude, 1982).

CARCASS CHILLING

In extensive tests jointly undertaken by the ADSRI, Veterinary Re-

search Institute and the CSIR, beef carcasses in four mass catego-

ries, 100, 150, 200 and 250 kg, were each chilled at five different

initial chilling temperatures of 0, 3, 5, 7 and 9°C for the first

day. It was found (Poster 10) that the lower the chilling tempera-

ture the tougher the meat due to the greater degree of cold shorte-

ning (Poster 11). The muscles in the smaller carcasses were affec-

ted more severely than those of the larger carcasses due to the

higher chilling rate of the smaller ones. The effect of cold shoi—

tening and toughening was demonstrated much more dramatically at

higher (80°C) than at lower (60°C) cooking temperatures. A theore-

tical solution to the problem of cold shortening could therefore be

to chill small (7°C) and large (3°C) carcasses at different rates

initially and prevent unacceptable toughness of beef. CarcasseS

chilled in this way do however not attain the required deep leg

temperature of 7 or 10°C to allow transport from the abattoir.

Other ways of handling the small South African carcasses (mean =•

210 kg) post mortem were subsequently investigated (Van Rensburg,

1977) .

ELECTRICAL STIMULATION

In experiments at ::he ADSRI it was found that electrical stimulation

shortly after slaughter depletes muscle glycogen reserves, preven-

ting muscle contraction on exposure to low chilling temperatures

which cause muscles to reach temperatures of lower than 10°C. when

cold shortening usually becomes evident. Stimulation with a current

of 450 volts (r.m.s) at 14,25 herz for 90 sees within 40 minutes

post-stunning was then recommended to industry.

Stimulators operating at 400 and 500 volts (Heinze, 1980; Heinze

e.t al, 1982a) were then tested in a meat factory (Poster 12). It

was found that when electrical stimulation (500 V) and rapid chil-

ling was applied to carcasses soon after stunning, the tenderness
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of wingrib steaks were improved by 60% in comparison to non-stimula-

ted carcasses when shear force measurements were taken 2 days post

mortem. A further 8 days ageing of stimulated meat improved the

tenderness by another 56% which was 40% more tender than non-stimu-

lated aged meat. The difference in tenderness between meat which

had not been stimulated but aged for 10 days and meat which had been

stimulated and not aged was only 11% in favour of the aged meat.

In poster number 13 taste panel evaluations confirmed shear measure-

ments in terms of tenderness improvement of electrically stimulated

meat. The fresh meat colour of stimulated meat was retained signifi-

cantly better when displayed than of the non-stimulated meat.

In rapid chilling experiments (-30°C for the first 3 hours) it was

found that after electrical stimulation no differences in toughness

were measured in meat from carcasses chilled at 0 and -30°C (Heinze

at. al, 1982b). Stimulation at 400 volts resulted in less tender

meat than when carcasses are stimulated at 500 volts. (Heinze at aJ,

1982a).

Stimulation at 30 volts was very ineffective in lowering the pH

2 hours post mortem - even though physical contraction was visible

in carcasses stimulated in this manner (Heinze e.t. al, 1982c).

SLAUGHTER HYGIENE

Beef carcass surface counts were monitored during the dressing

operation at a.large service abattoir. It was found that carcasses

had the highest counts per cm2 after the final carcass wash and the

lowest counts after overnight chilling when only 200 bacteria per

cm2 could be measured on carcasses. This is regarded very accepta-

ble in conjunction with carcass surface temperatures of 0°C.

(Nortje & Naude, 1981).

THAWING LOSS

Freezing deboned beef primal cuts too slowly (-15°C) causes a sig-

nificantly higher thawing drip loss in all the cuts when compared
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to more rapid freezing (-28°C). It is also of major economic im-

portance that the most expensive cuts are most severely affected.

TABLE 5: Thawing loss (%) of deboned vacuum packaged beef primal

joints.

1

2

3

4

5

6

7

8

9

10

11

12

13

JOINT

. Fillet

Sirloin

Rump

. Thick flank

Topside

. Neck

Bolo

Chuck

Silverside

Brisket

. Hindshin

Foreshin

Thin flank

-28°C

7,60

6,87

6,02

4,65

3,88

1,94

1 ,81

1 ,61

1,48

1 ,35

1,23

1,02

0,72

-15°C

9,03

8,98

8,07

5,12

4,88

3,32

2,72

2,57

2,16

2,15

2,12

1 ,86

1 ,54

Difference

1,43

2,11

2,05

0,47

1 ,00

1 ,38

0,91

0,96

0,68

0,80

0,89

0,84

0,82

LAMB, MUTTON AND GOAT MEAT

In a comparison between four sheep breeds and the Boer-goat it was

found that in the sheep the subcutaneous fat was a most reliable

indicator of body composition, especially body fat, but a poor pre-

dictor in the case of the Boer-goat (Casey, 1982). These findings

are of the utmost importance when devising a carcass grading system

which is based upon subjective judgement of carcass fat cover.

LAMB AND MUTTON CARCASS GRADING

In preliminary investigations it was found by Bruwer & Naude (1982)

that the most reliable area to measure the fat thickness on car-
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casses - as an indication of the subjective score of fatness by

graders - was found to be over the 3rd and 4th lumbar vertebrae -

in contrast to beef carcasses where the most reliable measurement

was found to be over the 10th and 11th thoracic vertebrae. Pre-

sently differences between fat-tailed and non fat-tailed sheep are

being investigated. Recommendations for the incorporation of these

findings in the grading system will be made at the completion of

the trials, as was the case with the beef carcass grading investi-

gations.

i
i

ELECTRICAL STIMULATION OF SHEEP CARCASSES

i Stimulation effect at a large abattoir was tested by measuring

[ muscle pH 2 hours post mortem of carcasses stimulated at 500 and

800 volts (r.m.s.). Both levels of stimulation were successful in

J lowering muscle pH to lower than 6,0 within 2 hours, but 800 volt

stimulation was even more effective than 500 volt stimulation.

(Heinze e.t aZ, 1982d).

PALE, SOFT EXUDATIVE PORK (PSE)

Immediate pre-slaughter stress of pigs cause muscles to be in a

contracted state at slaughter, resulting in a rapid post-mortem

glycolysis in the muscles. If a pH of less than 6,0 is reached

when the muscle temperature is still beyond 30°C, muscle proteins

coagulate to such an extent that the pigment is masked (pale) and

water does not bind to proteins effectively (exudative and soft).

(See Poster no. 16). In a survey of factories and abattoirs it was

found that unnecessary excitement and to a very extreme extent,

captive bolt pistol stunning cause muscles to become PSE. A loss

of 6,6% more in ham yield is observed in PSE hams compared to normal

hams - R100 000 per year in a 500 per day pig abattoir factory.

Genetic differences also exist in stress susceptibility and these

may be diminished by using the Halothane-test for identification of

homozygous positive reactors. Amongst Landrace pigs an incidence

of between 8,2 and 23,&% has been observed in tested boars and only

between 0,0 and 1,2% in Large White pigs. Calm handling of pigs
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pre-slaughter (Klingbiel & Naude), 1976) as well as stress suscep-

tible identification (ADSRI, 1981) are two very effective ways of

diminishing the occurrence of PSE.

DARK, FIRM AND DRY PORK

In a survey of 3477 pigs at a bacon factory it was found that high

muscle pH values ( >6,0) 24 hours post mortem are present in 43% of

the boars and 23% of the cows and barrows slaughtered. Pigs trans-

ported by road (33,6%) were more stressed than when by rail (24,2%).

A resting time of longer than two days significantly diminished the

occurrence of high pH values in muscles - from 29 to 12%. DFD meat

tends to spoil more readily than normal meat hence should be avoided

in the industry (Heinze & Naude, 1981).

SLAUGHTER AND PROCESSING HYGIENE OF PORK

As was the case with beef, pig carcasses had very low surface bac-

terial counts after 24 hours of chilling. It was found however that

processing hygiene at the point of deboning could be a major source

of contamination. Keeping carcass and meat temperatures as low as

possible and prevention of recontamination are the two key princi-

ples for ensuring optimal shelf life of the meat product (Nortje,

1981a & 1981b).

MEAT TECHNOLOGY

Having established the microbiological status of carcasses after

overnight chilling and having found this situation at an accepta-

ble level, it was decided to monitor fresh meat retail outlets in

terms of shelf life of meat. The main observation made in extensive

surveys was that the cold chain in carcasses was violated at many

points in the distribution chain between the abattoir and the re-

tailer and that recontamination occurred to such a level that it

had serious detrimental effects of the shelf life of fresh, pack-

aged meat (Nortje e.t aX. 1981a &. b).

From these survey results it was concluded that more detailed ex-

periments should be undertaken regarding the extension of shelf
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life of the product.

CONCLUSION

The holistic approach in the research and development programme

followed over the years in the meat research section of the ADSRI,

made it possible to generate a sound understanding of production

principles, product handling and product characteristics. Close

liaison with industry resulted in surveys of certain production

practices, which revealed areas of potential improvement, which

initiated a wide range of research projects from meat animal pro-

duction practices to biochemical investigations of muscle charac-

teristics influencing meat quality. These results were then tested

in development programmes in industry which led to extension actions

at all levels of industry. The background knowledge of growth,

maturity type, tissue distribution and age dependance of eating

quality led to the development of a scientifically based carcass

grading system. The same philosophy was involved in the develop-

ment and practical application of the system of electrical stimu-

lation of carcasses.
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RESULTS OF A SURVEY OF THE FRESH MEAT INDUSTRY

G.L. Nortje

mLcA.obLoX.og.Lyit: An.Lm.aX. and OaL/ty. ScLen.c&

'Re.^e.an.ch. 3n.4ti.tute., 3/te.n.e

In two slaughter hygiene surveys conducted at a bacon factory and a

large city service abattoir it was found that chilled carcasses

leaving the cold rooms, had acceptably low surface bacterial counts

of less than 250 cm2 . As a follow up of the abattoir investigations

a second series of surveys were undertaken in order to ascertain

the problem areas negatively affecting the image of the retail fresh

meat trade. It was not regarded feasible, nor practical to attempt

monitoring the intermediate portion of the production chain in which

carcass sides, quarters or cuts were in transit from abattoir to

retailer, because of the multitude of handling processes involved in

the operation. Hence it was decided to conduct a survey of the re-

tail end of the chain to establish whether image problems do exist

and if so, to identify these during the retail processing operation.

In a preliminary less detailed survey of 21 supermarkets in Pretoria,

certain specific problem areas regarding temperatures and shelf

life of displayed packaged meat as well as potentially detrimental

processing practices were identified, which led to the decision of

undertaking an in depth investigation at a number of supermarkets

that were willing and interested to participate. This survey was

performed by monitoring eleven supermarkets in the Pretoria-Witwa-

tersrand area. Particular attention was given to the following:

1. Arrival of carcasses at retailer

1.1 Temperature

1.2 Microbiological status
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2. Cold rooms

2.1 Temperatures

2.2 Illumination

2.3 Microbiological status

3. Cutting

3.1 Temperatures

3.2 Microbiological status, 13 positions in handling chain were

monitored.

4. Display cabinets - temperatures

5. Colour of meat in display cabinets

6. Microbiological status of meat in display cabinet

1. ARRIVAL OF CARCASSES AT RETAILER

In the abattoir slaughter hygiene study it was found that car-

casses had a final total bacterial surface count of - 200 per

cm2 when leaving the abattoir and a mean temperature of 4,4°C

in prime rib. This bacterial level was quite acceptable.

After being stored, transported and handled by meat wholesalers,

the carcasses arrived at the retailer with a mean bacterial

count of 1 650 organisms per cm2 (poster no. 17). This is an

unacceptable increase which occurred between abattoir and re-

tailer.

If one bears in mind that the carcass temperatures also increa-

sed, it is evident that the cold chain was violated and that

carcass contamination took place between the abattoir and the

retailer. It was frequently observed that delivery trucks

arrived at retailers without the refrigeration unit running.

Temperatures up to 17,5°C in these trucks were measured. Some-

times labourers unloaded the meat after putting the greasy step

ladder in place without washing their hands afterwards.

A microbiological survey of internal surfaces of the cold truck

and the clothes and hands of the workers revealed that espe-
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cially the personal hygienic standards of the workers were po-

tential causes for severe contamination of carcasses. The mean

count for 5 surfaces was 6 300/cm2 , to which hands and clothes

contributed the most.

It was found that it took up to 30 minutes from the arrival of

the vehicle until the carcasses were in the retail store cold

room. Obstructions in the backroom passages aggravated the

delivery problems. The delivery of meat should be as quick as

possible without any unnecessary delay due to obstacles in

passages.

2. COLD ROOMS

2.1 Temperatures

The temperatures in cold rooms had a mean variation between

-3,7 and 2,5°C. The highest temperature recorded was 6°C and

the lowest -9°C. This is quite a severe temperature variation,

A meat temperature (1 cm deep) was also taken on quarters at

arrival in the cold rooms and temperatures as high as 14°C

were found. It should always be borne in mind that the ideal

carcass surface temperature before transport, during trans-

port, on arrival and in the holding room is 0°C. Unnecessary

high hanging intensities were also encountered which accentu-

ated temperature violation and the growth of organisms due to

the accumulation of moisture on contact areas; These problems

can be avoided by even spacing of carcasses in the holding

rooms and good management.

2.2 Illumination of cold rooms

The effective illumination of meat in cold rooms is not essen-

tial. It is known that incandescent lights generate more heat

than flucrescent lights while the latter produces more light,

hence the use of fluorescent lighting in cold room is recommen-

ded. For a number of reasons it is also not desirable to use

ultra-violet lights in cold rooms.
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2.3 Microbiological status of cold rooms

The walls and floors inside the cold rooms were microbiologi-

cally monitored. The mean bacterial counts on these surfaces

for seven supermarkets was 3 300 organisms per cm* (poster

no. 18). Although the microbial evaluations took place at

08h00 before production started as well as at 12h00, a cleaning

pattern could not be ascertained, which could be an indication

of inadequate management regarding cleaning procedures.

3. CUTTING AREAS

In the cutting areas the hands of workers, equipment and wor-

king surfaces were microbiologically monitored before production

started (08h00) ard at 12h00 to represent the situation during

processing. Temperatures were recorded over 24 hour periods.

3.1 Temperature

The lowest air temperature recorded in cutting areas was 16°C

and the highest 25°C, with a mean of 17,5°C. It was striking

that in most instances the cutting areas were not separated

with window partitions from the shopping areas and only in a

few cases were cutting areas refrigerated.

3.2 Microbiological status of surfaces

At least thirteen surfaces were monitored at each retail out-

let. Total counts on clean surfaces should be less than 50

organisms per cm2 and on surfaces during processing the counts

should not exceed 1 000 organisms per cm2 . The lowest mean

total count on equipment at one particular retailer was 12 or-

ganisms per cm2 . The mean count for 11 stores at 08h00 however

was - 1 000 organisms per cm2 , while the mean count at 12h00

was i 5 000 organisms per cm2 . Thus the counts exceed the

proposed guide lines. The surfaces which were most contamina-

ted were the nylon cutting surfaces, mincers, aprons, hands

and where they were in use, wooden meat blocks. It was found

that hands were not cleaned properly before and during proces-

sing in most stores, and that it was not possible to clean a

wooden meat block properly. It was found however that it was
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possible, to properly clean all the other surfaces except meat

blocks involved in the cutting area, provided that the right

detergent was used in the recommended concentration in an

appropriate programme and with thorough management.

4. DISPLAY CABINETS

Temperatures were monitored by means of a thermohygrograph for

24 hour periods. It was found that the mean temperature range

was between -2°C to 4,5°C. The lowest temperature monitored

was -12,5°C and the highest 11,5°C. 'These temperatures repre-

sent a very large temperature variation, since the ideal meat

surface temperature should be 0°C which is impossible to main-

tain with cabinet temperatures being as measured in this survey.

The higher temperature could be explained due to a defrost

cycle but with normal compressor functioning the air tempera-

ture would not get as low as -12,5°C without freezing the pro-

duct. Further details on display cabinet functioning will be

given by Professor Naumann in his lecture later his afternoon.

5. COLOUR OF MEAT IN DISPLAY CABINETS

The colour of meat displayed were monitored by means of a colour

chart and pH-measurements. The discolouration of meat could be

due to the occurrence of D.F.D. beef or to biochemical and

microbiological deterioration of the meat. In this survey as

indicated on poster no. 19 the greatest proportion of dark co-

loured packages were caused by oxidation of the meat pigment,

myoglobin. This takes place as a normal, reaction to form brown

metmyoglobin. The speed of this reaction is increased by

factors such as temperatures above 0°C and bacterial growth.

This high incidence of oxidised meat was the result of improper

management including violation of the cold chain and inadequate

hygiene practices.

6. MICROBIOLOGICAL STATUS OF MEAT ON DISPLAY

The survey was followed through by evaluating the final product

in the display cabinet. Six different cuts were evaluated but
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as an example only the total bacterial counts obtained from

topside mince samples shall be discussed. To have a shelf-life

of 3 to 4 days the product should have an initial day zero

count of less than 100 000 organisms per gram. When 105 was

used as a guide line it was found that 3 retailers had meat with

a day zero count of more than 1 000 000 organisms (106) per cm2 .

If one bears in mind that meat with a bacterial count of

10 000 000 to 100 000 000 (107 to 10") per cm2 developes off

odours and turns slimy, it is obvious why this meat had a shelf-

life if only 1 day and in the one case it was spoiled from the

start. Furthermore, these high counts could be traced back to

initial surface counts on carcasses as well as processing

equipment in the cutting area. In all cases the mincer had ex-

tremely high counts. It was apparent that especially this

piece of equipment as well as others were not always cleaned

regularly and/or properly. This observation illustrated the

necessity of strict production hygiene control in cutting areas

and proper processing management.

7. CONCLUSIONS AND RECOMMENDATIONS

7.1 Arrival of carcasses

The data showed that a great deal of recontamination and tem-

perature violation often occurred between the abattoir and the

retailer as well as in certain retail operations. In order to

improve the situation strict maintenance of the cold chain

from room to display cabinet should be adhered to as well as

prevention of recontamination of carcasses, primals or retail

portions during transport, processing and display respectively.

A further aid could be to develop centralized packaging sys-

tems where cuts could be handled cold and hygienically, then

differentially vacuum aged and distributed to retail outlets

in an organized way according to daily requirements with the

further benefit of more strict hygiene and temperature control.

7.2 Cold rooms, cutting areas and display cabinets

From this survey it was concluded that contaminated carcasses
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with high meat temperatures, poor sanitary conditions and

high storage and display temperatures encourage bacterial

growth and thus the deterioration of the meat. Therefore it

is of the utmost importance to keep this highly perishable

product, meat, clean- and cold. This can only be achieved by

maintaining the cold chain and practising proper management.

This approach should be the philosophy of the policy makers in

the company, and it should filter through to the retail manager

and especially his labourers working with him. This may be

achieved by using a written practical operation manual and

regularly enrolling staff members to refresher courses at an

authorized training institution.

Mr Chairman I conclude with the statement that one cannot cut,

process and package meat clean and wholesome from dirty car-

casses and then attempt to sell it to the customer. There-

fore Mr Chairman, let us maintain high standards of management

and hygiene by training our operators - we have a great deal

of knowledge about the science and technology of the meat trade

- let us use it!
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RECENT RESEARCH RESULTS AND THEIR IMPLICATIONS

FOR THE MEAT INDUSTRY

H.D. Naumann

Ch.ai.jun.an: Department Food Sci.en.ce and Nutii.ti.on,

Uni.ven.4i.ty. o(L toi.440u.sii-, USA

The presentations by Dr Naude and Mr Nortje have summarized meat

research activities that were completed at A.D.S.R.I, prior to my

arrival in your country. These past research activities were pivo-

tal in helping us arrive at our research focus during my 1982 work

at the Institute. Basically, it was decided that the program would

be directed toward prepackaged beef. We had many, many interests

in addition to the area selected - but only a limited amount of

time and resources. Since beef is the principal meat consumed by

South Africans, since over half of your meat is retailed through

supermarkets in prepackaged form and since selfservice meat merchan-

dising is relatively new, it was natural that we should focus upon

packaged beef.

PROCEDURES

It is not my intention to inundate you with a great amount of de-

tailed data in this presentation - the detailed information will be

forthcoming at some later date in the form of reports and scienti-

fic papers. Some idea of the general scheme of our research program

will facilitate understanding of our findings.

A group of crossbred steers, feedlot fed to yield Super carcasses,

were the primary source of our meat. These were slaughtered in the

A.D.S.R.I, abattoir, electrically stimulated following bleeding and

chilled three days before processing. Most of our prepackaged meat

was 1,5 cm thick steaks from the combined wingrib and sirloin from

which the fillet and chine bone had been removed. However, in

certain experiments we used steaks from the rump and topside.
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Steaks were placed in styrofoam trays, overwrapped with PVC film

and heat sealed. The prepackaged meat was displayed in selfservice

display cabinets with 1050 lux of fluorescent lighting at the meat

surface 24 hours per d«y. The cabinets were in an air conditioned

room with the temperature ranging from 19 to 23°C. The temperature

of the cabinets was adjusted to provide a meat surface temperature

of 0°C or 5°C. Thirty minute electric defrost cycles were program-

med for 06h00, 14h00 and 22h00 each day. The meat was routinely

sampled before display and twice thereafter. This was after three

and five days of display or after two and three days of display.

Twelve routine evaluations or determinations were made on each

sample plus additional tests in certain experiments. These are

identified in Table 1. The personnel input was substantial during

these experiments. There were seven technical personnel involved

on a full-time basis, twelve on a part-time basis and numerous

support staff. The data were analyzed with a 4 way ANOVA computer

program by the Institute statistitian.

In addition to the A.D.S.R.I, input, various industrial firms made

substantial inputs into the experiments. These included three

display cabinets, a step-in cooler, air conditioning equipment,

packaging equipment, supplies and meat that was needed from com-

mercial production. Most important, industry was immediately ready

to respond to any request that we made for assistance.

/ TABLE 1 /

RESEARCH FINDINGS

It is my judgement that the most important factor in the preserva-

tion of fresh meat is temperature control. The main cause of

deterioration in fresh meat is the metabolic activity of micro-

organisms, principally bacteria. Ordinary spoilage bacteria asso-

ciated with meat require three conditions for growth: nutrients,

water and a proper temperature environment. Fresh meat provides an

optimum amount of the first two. My academic friends would remind
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TABLE 1: Routine sampling of prepackaged steaks

Microbial

Total plate count

Visual Panel (Six panelists)

Acceptability

Discoloration

Color Panel (Five panelists)

Initial color

Taste Panel (Four panelists)

Flavor

Juiciness

Tenderness

Physical Measures

PH

Package weight loss

Instron shear

Press fluid

Cooking weight loss

me that bacteria also have a requirement for oxygen and, hence, we

often package meat in vacuum to inhibit the growth of spoilage bac-

teria. However, handling of meat without proper temperature control

will result in rapid spoilage whether packaged or unpackaged, with

or without vacuum. Temperature effects the multiplication of bac-

teria by altering the rate of cell division. Temperatures near the

freezing point of water have an almost expotential effect in exten-

ding the generation time (Figure 1). In the zone between 0°C and

5°C this effect is logarithmic and greatly extends the time neces-

sary for numbers to double from 62/3 hours to 20 hours. Therefore

we have focussed on these two temperatures in our research this year.
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One of our first chores was to adjust the display cabinets to pro-

vide the experimental temperature environments. In accomplishing

this task we documented a variety of temperature data on the opera-

tion and use of display cabinets.

We must recognize that a display cabinet is a compromise of refri-

geration design. Ideal refrigeration conditions can only be achie-

ved in a closed environment. A display cabinet has no top. This

III

<
UJz
111

o

TEMPERATURE

Fig.1. The effect of temperature
of meat microorganisms.

upon the multiplication

permits the refrigerated air to be disturbed by outside influences,

particular by drafts which disrupt the air movement in the cabinet

and causes a spillage of refrigerated air from the cabinet and the

introduction of warmer air. Normally display cabinets have high

intensity lights directly over the open top of the cabinet. These

lights generate a substantial amount of radiant energy which heats

the air and the top surface of the meat in the cabinet. Further,
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the refrigeration is provided by a mechanical compressor which has

alternate operating and resting periods depending upon the amount of

refrigeration needed. When the compressors are running, moisture

from the air condenses on the refrigeration coil and drips off if

the coils are below freezing. In this latter case a heated defrost

cycle must be introduced to prevent the accumulation of frost and

ice which impedes air movement across the coils. With this back-

ground I would like to share our findings with you.

»

The temperature environment in our display cabinets was far from

uniform. It is an aberration of fact, in many ways, to describe

the cabinet temperature in terms of a single temperature, i.e., 0°C.

There is a front to rear variation of at least 6°C and a side to

side variation of 2°C (Figure 2). When there is a dial thermometer

in the air inlet the meat surface temperature of steaks in front of

the thermometer is five degrees higher than steaks on either side.

From a refrigeration point of view placing anything as an obstruc-

tion to normal air flow is a disaster and should be removed. For

our research we did not use the positions in front of the thermo-

meter. Nor did we use the front or rear rows of the cabinet. Steak

packages were rotated from front to rear twice daily.

There is a tremendous amount of conversation in the meat trade

about the effects of stacking meat in display cabinets. Stacking

is necessary and we need to be aware of the effects. Our obser-

vations are only in terms of resulting temperatures. The effect of

stacking 1,5 cm steak packages six deep with the top package even

with the'bottom of the inlet air grid and stacking two packages

higher than the load limit is illustrated in Figure 3. The bottom

packages, as a group are always the coldest because these packages

are not subject to radiant heat from the display lighting. Packages

above the load limit are outside the cold air flow of the display

cabinet and, in effect, (1) are not refrigerated and (2) are more

subject to radiant heat from the display lights. Meat deteriorates

very rapidly under these conditions.
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Since meat is normally not removed from the cabinets overnight, we

investigated the use of night covers to improve the refrigeration

environment whenever it was unnecessary to have the top of the dis-

play cabinet open. Figure 4 is a graph of a typical meat tempera-

ture profile during daytime operations showing both normal and

defrost cycling. During normal cycling the temperature spread from

front to rear is 6°C. Figure 5 is a similar graph during the night

with the display lights turned off and the cabinet open as in the

day. The temperature spread has been reduced to 4°C. However, the

use of a night cover (Figure 6) results in a 1° to 2°C temperature

spread from front to rear during normal cycling. The meat tempera-

ture during defrost was higher than when the cabinet was open be-

cause the hot air could not escape. Although it was not tested, we

postulate that a shorter defrost cycle would be adequate to accom-

plish the defrosting of the coils without the meat temperature rise

associated with longer defrost. We also explored the effect of the

night covers on compressor running time. The results are contained

in Figure 7 and Table 2. Compressor running time with the night

cover on is approximately one-half as much without the night cover.

The combined advantage of better temperature control and reduced

energy costs would seem to justify the expense and small amount of

labor associated with the use of properly designed night covers.

It is probable that a shorter defrost cycle would result in lower

product temperatures during defrost and achieve a further energy

saving.

TABLE 2: Compressor running time of display cabinet for eight

hour (480 minutes) test periods

Cabinet Condition Compressor Running Time

(Minutes) (Per Cent)

Day-time,

Lights on (1050 Lux), No cover 374 78

Night-time,

Lights off, No cover 285 59

Night-time

Lights off, Night cover on 149 31
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Figure 8 represents data from over two thousand steaks. As the

time o.f display increases the nrumber of bacteria on the steak sur-

face increases. Obviously, steaks displayed at 5°C had many more
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numbers of prepackaged
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Fig 9. The effect of dis=

play time and

temperature on the

discoloration of

prepackaged steaks.

bacteria than those at 0°C.

Bacterial multiplication progresses logarithmically with the result

that O°C steaks had a mean number of bacteria/cm8 of 80 000 after

five days display whereas 5°C steaks had number in excess of one

million/cm2 . The relation between bacterial numDer and meat spoi-

lage is easily seen by comparing bacterial numbers (Figure 8) with

the amount of discoloration in these same steaks (Figure 9). It

must be emphasized that bacterial numbers are directly related to

the discoloration of prepackaged fresh meat.
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We conducted tests of a few packaging components. However, because

of the universal use of polyvinylchloride (PVC) as an overwrap for

prepackaged fresh retail meats, we did no work on packaging films.

We did explore the differential effect, if any, between packaging

in deep trays. In all but two criteria there were no significant

differences between the trays. Steaks in shallow trays had fewer

bacteria on the meat surface and had less package weight loss than

deep trays. Although the differences weren't significant, meat in

the shallow trays were more acceptable and had less discoloration.

These were consistent with the higher number of bacteria.

In conversation with retail trade personnel it became apparent that

there was some degree of controversy over the use of soaker pads in

meat trays. Concern had been expressed about (1) the soaker as a

source of microbial contamination and the effectiveness of various

soakers. The major findings of this study are in Table 3.

TABLE 3: Sterility and absorptive capacity of meat tray soakers

Styrofoam tray (control)

Soaker A

Soaker B

Soaker C

Total plate
count/cm2

4,2

14,1

7,1

8,5

Water
absorption
by soaker
(g/g)

2,3

7,2

7,8

Moisture
absorption
per kilogram
meat
(g/kg)

9,7

26,0

45,2

26,0

All soakers had microbial counts only slightly higher than that

found on styrofoam trays. From a practical operational point of

view, it might be considered that the soakers were as microbiolo-

gically clean as the trays. The absorptive ability of soaker A

was inferior to B and C. Our trials using the soakers with tende-

r .zed steaks, however, indicated that soaker B was far superior to

soaker C in moisture absorbed per kilogram of meat in the package.
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Although the soakers had the same surface area, the mass of soaker

C was only half that of soaker B. Should I say, "Buyers bewarel"?

There is substantial interest in packing beef primals and sub-

primals in vacuum packaging for shipment to retail and institutional

users. There has been the concern expressed that retail cuts de-

rived from vacuum packed meat would have shorter shelf life than

non-vacuum packed primals. We designed an experiment to monitor

the effects of vacuum storage of sub-primals on the various crite-

ria we normally monitored in these packaging studies. The vacuum

packaged sub-primals were stored in a 0°C step-in cooler for 0, 7,

14 and 21 days before being cut into steaks and displayed. We did

not have non-vacuum packaged controls because the wastage in sur-

face discoloration and moisture loss would have been prohibitive for

these time periods. Predictably, the longer the vacuum packaged

sub-primals were stored the higher the number of bacteria on the

sub-primal before cutting and the higher the number of bacteria on

the resulting steaks. These organisms nad a predictable effect on

the rate of discoloration. Vacuum packaging does not stop the

growth of microorganisms, it merely retards the growth. Color

photo transparency slides clearly reveal that these steaks had a

very acceptable shelf life even after three weeks of vacuum storage

in a proper temperature environment. I should like to re-emphasize

my opening remark that temperature control is critical regardless

of packaging conditions. Bacteria are responsible for most meat

discoloration and the growth of bacteria can most effectively be

controlled by temperature.

In the traditional ageing process sides or quarters are aged to

maximize the tenderness of the meat, particularly the steaking cuts.

The less tender cuts are aged at the same time as a part of the

carcass. Because of increasing use of vacuum packaged primals, we

investigated the necessity of ageing the less tender cuts. Most

often the meat from these cuts is merchandised as pot roasts,

boiling beef or as a minced product. The principal reason these

cuts are less tender is the presence of significant amounts of

connective tissue, principally, collagen. Slow cooking in moist

-64-



heat tenderizes these cuts by converting the collagen which is not.

affected by ageing to gelatin. Hence, is it advantageous to age

less tender cuts?

Bolos and silversides of the carcasses used in the electrical sti-

mulation described above were placed in vacuum bags and aged for 0,

7, and 21 days at 0°C. Roasts were braised in covered casseroles

to an internal temperature of 80°C prior to being evaluated for

tenderness with a mechanical shear. There was no significant diffe-

rence in the tenderness of these primals although there was a trend

for the primals aged longer to have lower shear values (Figure 10).

Silverside (S)

Bolo (B)
DOC
OCX

3 days

7 days

21 days

E

to 60.

5 55

cu 50
o

«*- 45J
L.

o 40
CO

35

Kv

i"K"!

i • • i

-

S B
P r i m a l

65
E

„ 60

55

a> 50
o
$_
o

45

cti
£40

35

>OXnooo.>oocooo>oocooo>oocooo
)OOCooo>oocooo

3 7 21
Time (days)
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It is questionable if a taste panel or consumers could perceive

these small differences. The bolo was much more tender than the

silverside. As in the steak study with electrical stimulation,

roasts from stimulated sides were more tender than from non-stimu-

lated sides (shear values of 48,8 and 58,4, respectively).

Improper sanitation and refrigeration impacts most severely upon

the retail segment of the meat industry. It is at the end of the

commercial trade chain that all of the malpractices are most evi-

dent and financially damaging. In the 1960's two U.S. State experi-

ment stations explored the potential savings that might be realized

by retailers if they initiated improved sanitation and refrigeration

programs in retail stores. Essentially, the research entailed re-

cording the amount and costs of reworking and rewrapping discoloured

prepackaged meat for a test period before recommending modified

sanitation and refrigeration procedures. The two studies revealed

remarkably similar results shown in the table below.

TABLE 4: Weekly savings per retail outlet resulting from improved

sanitation and refrigeration.

Missouri Research $ 184

New Jersey Research $ 169

A South African meat retailer has monitored the costs of rewraps in

several moderate sized outlets and determined that these rewrapping

costs are R235 per week - an annual cost of R12 000 per store!

Their survey included stores that had rewrap costs as low as 1% of

meat sales and almost 6% of meat sales. It is my judgement that the

firm that shared these results with me is no worse than the average

firm. In fact, their internal research effort suggests to me that

they are above average. If my judgement is correct, the implica-

tions for the nation are profound.

Animal stress resulting from forced exercize for 24 hours prior to

slaughter produced carcasses with higher final pH values (Figure 11).
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This caused the carcasses to have darker coloured steaks with

lower acceptability scores and higher cooking loss. Each of these

factors was a direct result of the higher pH values. These dark,
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Fig. 11. The influence of animal stress on beef quality.

firm and dry (DFD) steaks were not significantly different from

controls in the palatability characteristics of flavor, tenderness

or juiciness. Ideally, DFD meat from stressed beef animals should

be identified after chilling and directed to use by the restaurant/

institutional trade where visual appearance of the fresh meat is not

an important factor.
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! Electrical stimulation (ES) has been widely discussed in South

Africa. High voltage electrical stimulation is being installed in

all public abattoirs in controlled areas. Some of these, in fact,

are in operation. Certain private plants have electrical stimula-

tion installations, also. The purpose of electrical stimulation is

to deplete adenosinetriphosphate (ATP) in the muscle system so that

cold shortening will not develop when carcasses are chilled rapidly

in order to retard the growth of spoilage micro-organisms. The

elimination of cold shortening through electrical stimulation does

not assure tenderness: it eliminates one possible source reducing

tenderness. Ageing considerations are not eliminated but will be

more effective with electrical stimulations. Our results, when we

compared ES sides with matching, non-ES sides, confirmed that ES

steaks were significantly more tender when evaluated by a taste

panel and by mechanical shear (Figure 12). Furthermore, steaks from

ES sides did not discolor as much during display.

The most unique characteristic I've noticed about the South African

meat consumer is the loyalty and demand for boerewors. Your volume

of boerewors somewhat parallels the American's love for ground beef.

There is a truism about ground beef and retail meat sales in the U.S.

that goes like this, "The success of a food supermarket is direct-

ly related to the quality of its meat department; and the success

of the meat department is directly related to the quality of its

ground beef". I suspect the same relationship exists here between

boerewors and meat department performance. I have made the ground

meat/boerewors comparison to propose that the quality of boerewors,

on a national scale, surely would be improved if meat reworking was

eliminated and boerewors was made from only fresh ingredients.

The research that has been reported today has a number of broad im-

plications that I should like to discuss. To maximize the nation's

meat production we must start with the proper germ plasm (genetic

material) and optimize our opportunities at each step in meat pro-

duction. I will side-step the animal production aspects and focus

on the meat aspects.
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Fig. 12. The effect of electrical stimulation on the sensory

characteristics of beef.

The public abattoirs in controlled areas are operating at a high

sanitation standard and are doing a good job of shipping out a

chilled carcass. It would be ideal if the carcass surface tempera-

ture was closer to 0°C, however. Certainly, pushing the carcass

through less than ideally refrigerated areas and onto shipping docks

that are warm also can only lead to elevated surface temperature.

From the time the deep leg temperature is down to the recommended

7°C, the temperature of concern is the surface temperature. Bac-

terial contamination of internal tissues is minimal, however, sur-

face bacterial contamination is increased each time the products is

handled. Our challenge is to minimize this contamination and not
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provide an environment that will permit the contaminating organisms

to multiply.

The data gathered in Mr Nortje's survey clearly imply that micro-

bial multiplication is substantial in the distribution of meat

between the abattoir and the retailer. My personal observations

confirm this. Many trucks hauling carcass meat from the abattoir

to the meat wholesaler0do not even have refrigeration compressors!

I have never encountered a pre-chilled truck with the compressor

running at an abattoir. Maybe my timing was bad 1 Whenever I've

mentioned this it has frequently been mentioned that the load was

only going "across the street" or just a few kilometers away. This

is just one of many interruptions in the cold chain. The accumula-

tive effect is very costly. I've never followed a meat delivery

truck on a trip but have the impression from conversations with

trade personnel that truck refrigeration units are not working an

unusual amount of the time. We have no data on the sanitation at

wholesalers. I suspect lapses in both temperature and sanitation.

The major hurdle in persuading wholesalers to improve sanitation and

temperature control is that these cost money and do not increase the

income of the wholesaler. Malpractices in the meat distribution

chain do not normally develop into a problem until the merchandise

has a new owner! Thus, the buyer, usually a retailer, has paid

good money for some of the problems he has with meat shelf life.

I did not say the retailer can blame his meat stability problems

solely on his meat suppliers. The retailer, himself, is responsi-

ble for a number of his own problems. How long should perishable

meats have to wait in a queue to be unloaded? How long should meat

sit on the loading dock before being, placed in the chiller? How

long should meat lie around in an unrefrigerated cutting area before

being returned to refrigeration? How long in a refrigerated cutting

area? How often should the mincer be cleaned? Are all refrigerated

chillers and display cabinets functioning properly? We could go on

and on. A high volume fast turnover unit can sometimes tolerate a

lot of malpractices because the residence time in the retail outlet

is short. That being the case, the accumulated malpractices only
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become apparent as the property of the ultimate consumer. That is

the worst place it could happen because it has the retailers name on

it. If not printed on the package, it is imprinted in the buyer's

mind. If the meat is brought back to the retailer, he has a chance

to redeem himself. Often the consumer just takes her business else-

where and you've lost a customer.

How can these irregularities that I've mentioned or inferred be

resolved? Quality control or quality assurance can only be achieved

by establishing standards. They may be established by individuals,

firms, groups of firms, industry wide organizations or by govern-

ment. The situation that the ADSRI research has focused our atten-

tion on today, is the natural consequence of the more integrated

marketing system that we now have and which will intensify in the

future. The changes within your industry in the last couple of

decades are almost mind boggling. Most of you have been in the

trade that long or longer. Operational practices that were standard

in the 1960's may need to be modified for the 1980's. The meat

industry, in the midst of all their improvements, has additional

adjustments to consider.

There have been times when industry focused upon productivity in

terms of mass per man hour. Many with management and supervisory

responsibilities continue to focus on productivity to the exclu-

sion of quality considerations. Changes in supervisory and pei—

sonnel focus will not take place overnight and will only be the

result of educational and training programs for personnel at all

levels of responsibility. To be effective it must start at the

highest management level and cascade downward and outward to the

lowest level employee. Why is it that the clean-up and sanitation

crew is usually near the bottom of the pay scale and received the

least training? Usually, they are given a broom and told, "After

you sweep the floor I want you to wash the meat grinder, band saw,

cutting tables and other tools". I know that example is extreme

but there is some truth in it. If a band saw in a meat operation

is not cleaned properly, it will be the source of contamination for

all meat passing through the saw.
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The training of personnel not only must be thorough at the onset;

it must be a continuing program. Operating personnel must constant-

ly be made aware of quality aspects just as they are reminded of

the need for productivity. New information must be injected to

keep the employee updated. The sanitation and refrigeration re-

quirements of the meat distribution system of today and the future

cannot be attained without informed employees. Undergirding the

entire perishable foods industry must be the credo of "Keep it

clean and cold".
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IMPLICATIONS FOR SOUTH AFRICA OF MEAT MARKETING TRENDS

IN OTHER PARTS OF THE WORLD

F. Maunder

fl)a/ike.t-Lng. man.ag.e.n.: Bakke. 3ndu./stiLe.4 Ltd,

The marketing concept says: "Start by identifying a need, and then

find a way to satisfy that need".

How effectively that task is carried out will in the final analysis

decide the success or otherwise of any business. The meat industry

can only continue to exist and grow if at the end of the line there

is a satisfied Mr Consumer. We South African mostly take full ad-

vantage of being able to learn from the success or failure of ovei—

seas developments. In industry we adopt the useful, reject that

which is inappropriate and we quite often develop our own solutions

where our needs are unique. But always we bear in mind that the

way in which a particular industry develops is to a great extent

determined by its particular market needs as well as the unique en-

vironment in which it operates. In this way factors such as clima-

tic conditions, distance to markets, population density, sophistica-

tion of labour force, etc, will play a major role in influencing the

structure of a supply chain. Similarly, factors such as lifestyle,

standard of living, relative cost of meat and cultural differences

will influence the need structure of a particular consumer. I

recently spent six weeks overseas with the object of finding out how

meat is retailed in various countries and I also attempted to find

out why they differ where they do. Before we look at current

methods of retailing in various countries, it may be useful to first

look at some of the environmental comparisons between Mr Typical

South African Consumer and his overseas counterpart. Here we con-

front our first problem. Mr Statistically Average U.S.A. or Denmark

is probably truly representative of over 60% of the population. But

Mr Average South African, we read:-
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Earns R315 per month

Has one car per eleven people

Uses sufficient domestic electricity per annum to light a

single 60 watt bulb

And consumes 37 kilograms of meat per annum.

This description may fit 5% of our consumers. Obviously we need a

better understanding of our consumer before we attempt to compare

him with other countries.

This chart shows approximate relative consumption patterns for twenty

four million South Africans. What is significant is that White,

Coloured and Asiatic consumption approximates that of most developed

countries whereas Black consumption does not. With the greatest

growth in population and disposable income expected from the Black

sector, their dominant preference for beef will change the average

pattern significantly. This will be reinforced by Whites, Asiatics

and Coloureds being nearer to saturation in terms of annual meat

consumption. But our supply chain and retailing methods are mainly

aimed at the metropolitan consumer. We know that over 85% of White

consumers fall into this category and that Whites represent approxi-

mately 50% of the total group. The group average consumption is

approximately sixty kilograms per annum. This is a more represen-

tative group for comparison with other countreis. Not that the rest

of the South African consumers should be disregarded. On the con-

trary, in their transitional phase; as their needs move towards

that of the metropolitan consumer, they represent a unique and chal-

lenging market. Let us then take the metropolitan consumer from

South Africa and compare him and his environment to some other

countries.

Pork is different to beef and mutton both in terms of end use and as

regard merchandising and presentation. Not being true red meat, its

appeal is less sensitive to the method of packaging. Also, the

major usage of pork is for processed meat. Our metropolitan South

African falls squarely between Australia and the United States. The

European consumers are comparatively small beef eaters and large

-74-



FIG.1: R.S.A. MEAT CONSUMPTION PATTERN & TREND
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FIG. 2: MEAT CONSUMPTION PER CAPITA

AUSTRALIA

R.S.A. METROPOLITAN

AVERAGE

U.S.A.

DENMARK

W. GERMANY

U.K. i l l III

BEEF & VEAL

MUTTON & LAMB

PORK

-76-



FIG,3: MEAT PRODUCTION PER CAPITA
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FIG. H: COMPARATIVE MEAT PRICES

(INDEX RSA BEEF = 100)
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AUSTRALIA, R.S.A. & U.S.A.

FIG, 5: LIFESTYLE IMPACT ON EATING HABITS

DENMARK, GERMANY & U.K.
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FIG. 6: POPULATION DENSITY
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FIG. 7: MEAN DISTANCE BETWEEN BEEF PRODUCTION
AND CONSUMPTION AREAS
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pork consumers - mostly processed. The eating habits and culture

of a country are greatly determined by the resources available to

them. Lets have a look at the comparative availability of various

meats.

As expected, the country with the highest beef production per capita

is also the highest beef consumer. The same applies to pork. Au-

stralia and Denmark are major exporters of beef and pork respective-

ly. West Germany and Denmark are major consumers of processed

meat - mainly pork. Wherever the free market system operates, price

is a function of supply and demand.

Again note the similarity between South Africa, the United States

and Australia. Probably as a consequence of availability of resour-

ces and certainly because of climate, lifestyles and attitudes vary

greatly.

In South Africa, the United States and Australia our lifestyles

assume the availability of adequate and reasonably priced meat.

It is perhaps difficult to analyse the impact of population density

on meat consumption trends. However, we note an interestingly wide

divergence. A factor that must influence the supply chain and con-

sequently consumer conditioning is distance between meat source and

consumption.

Tradition is also a factor that has an impact on retailing trends.

Countries such as the United States, South Africa and Australia are

less tradition bound and tend to adopt that which is most economical

and convenient. This is demonstrated by the way in which supermai—

keting has developed and grown.

ENVIRONMENTAL CONCLUSION

It would be a complex and costly task to attempt a comparative con-

sumer survey between South Africa and other countries. We have

compared some environmental aspects between the selected countries.
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FIG. 8: ENVIRONMENTAL SUMMARY
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Where the environment differs significantly, it is reasonable to

conclude that this will have a visible impact on industry and con-

sumer needs. Where the environment is comparable but the methods

of retailing differ, we would seek some reason to explain the dif-

ference.

There are significant similarities between the United States, South

Africa and Australia. But where we are unique, we have no basis for

comparison with any of the selected countries.

DEVELOPMENTS IN MEAT RETAILING

Before we look at each countries' retailing methods, a brief summary

of developments in the meat industry may add to our perspective.

It is significant that since the development of the boxed beef

system, this concept has grown and been adopted by all of the selec-

ted countries. By contrast, aerobic and controlled atmosphere pre-

packaging have been in full commercial use for over fifteen years in

the United States and Denmark respectively, but have thus far re-

mained on a small scale and for selected applications only.

MEAT RETAILING IN DENMARK

The largest retail chain in Denmark is Brugsen. This is a co-opera-

tive organisation which appeared to have little regard for quality

or presentation and is understandably known as the "communist store".

By contract, Irma is a two hundred store supermarket chain which is

as up-market as Brugsen is down. Only the best quality products

are available and the store has a policy of differentiation almost

at any cost. As you know, Denmark is an extremely socialistic coun-

try. In this environment it is important to understand that Irma has

virtually become a cultural institution; to the extent that people

go there to be seen and prominently display Irma branded products in

the household. In creating this image, Mr Minor Hansen of Irma told

me that approximately fifteen years ago they introduced controlled

atmosphere pre-packaging. During the first five years they
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FIG. 9: DEVELOPMENTS IN MEAT DISTRIBUTION AND
RETAILING
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apparently had enormous problems and financial losses mainly due to

their inability to have the correct quantity of the right product

at the right place and time. They are very proud of the fact that

they have b^en able to solve this problem; especially since a

number of different companies throughout Europe and also in the

United States have attempted to adopt centralised pre-packaging and

have failed. Mr Minor Hansen claims that this is not for technology

reasons, but due to lack of methods and procedures which will allow

efficient management of what is an extremely complex situation.

With a maximum shelf life of five days, the Irma concept depends

on a military precision and discipline in terms of ordering, inven-

tory holding, lead times and a sophisticated software control proce-

dure that Irma have recently decided to market. With steak prices

at around R15.00 per kilogram, processed meat is the major source of

Danish protein - mainly pork. Brugsen make use of conventional foam

plastic trays with film overwrap. Denmark was the only country

where I saw pulp trays still being used for meat. In contrast to

Brugsen's general reputation, I found their meat displays to be

quite attractive. Mr Minor Hansen estimates that between 3 and 5%

of all fresh red meat domestically consumed in Denmark is controlled

atmosphere pre-packed. During April this year, the Irma chain was

taken over by Brugsen.

MEAT RETAILING IN WEST GERMANY

Approximately 65% of meat is purchased from supermarkets and 35%

from small independent retail butchers. All of the independent re-

tailers use open display, cut to order and wax wrapped. 60% of the

supermarkets still retail meat in the same way as the small indepen-

dents. 39% of the supermarkets pre-pack their meat in foam plastic

trays with PVC overwrap.

GHD and five other centralised processors and pre-packers supply the

remaining 1% of supermarkets with controlled atmosphere pre-packaged

meat. Mr Einsporn of GHD explained to me that with pork represen-

ting 65% of German meat consumption, processed meat represented a

major industry. With established central carcass breaking, meat
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processing and product distribution infrastructure, it makes good

sense for companies like GHD who have their own supermarket chain

to also centralise the pre-packaging of fresh red meat. The most

significant current trend in meat retailing is the conversion of

supermarkets from open display to pre-packaging in foam plastic

trays with PVC overwrap. Including GHD, there are six central meat

processing companies in Germany who have adopted the controlled

atmosphere pre-packaging in foam plastic trays with PVC overwrap.

Including GHD, there are six central meat processing companies in

Germany who have adopted the controlled atmosphere pre-packaging in

system during the last two to three years. At this stage they

account for approximately 0,6% of all fresh red meat domestically

consumed.

MEAT RETAILING IN THE U.K.

Although supermarkets in the U.K. account for over 50% of retail

sales, only approximately 35% of all fresh red meat in pre-packed.

This for the same reason as in West Germany. Many supermarkets

have open display, cut to order and wax wrapped.

The average standard of presentation (other than Marks and Spencer)

is below that of a typical South African supermarket. Until about

three years ago Marks and Spencer were having all of their meat

centrally pre-packed in foam plastic trays. They have a store poli-

cy that prohibits any product being packed in-store. Marks and

Spencer import pork direct from Denmark and in this way they became

interested in controlled atmosphere pre-packaging. They point out

that it is their on-going objective to continually present new and

interesting product differentiation to their up-market customers.

Gas packing was therefore an automatic choice to them. The in-

creased cost has been accepted by their up-market customers. There

is some use of the system by other supermarket chains but Marks and

Spencer is thus far the only major user in the U.K. The most sig-

nificant trend in the U.K. in terms of meat retailing is conversion

from open display to pre-pack. I got the impression that the

English attitude towards food retailing is similar to their reputed

-89-



FIG. 12: UNITED KINGDOM

BEEF

PRICES

MEAT PRODUCTION PER CAPITA

LAMB PORK
CHICKEN

POPULATION

DISTANCE
TO MARKET

CONSUMPTION PER
CAPITA

HOUSEHOLD
SOURCE OF MEAT

-90-



attitude towards food preparation.

MEAT RETAILING IN AUSTRALIA

Australia is the world's largest exporter and per capita consumer of

beef.

Eleven thousand independent retailers account for over 70% of all

fresh red meat sales. These independents represent a powerful lobby

and could certainly teach most of our independents how to merchan-

dise meat. I was amazed at the small proportion of fresh red meat

retailing through supermarkets and in trying to find the reason for

this I questioned Coles and Woolworths (of similar size and repr-

senting approximately 80% of all supermarkets in Australia), inde-

pendent meat retailers and government organisations. Apparently

the Australian housewife is exceptionally ignorant regarding the

usage of meat. Their preference if for "fresh" meat and although

Woolworths mature their meat, they specifically make no mention of

this fact since it is likely to discourage rather than attract con-

sumers. Within the various states in Australia there is no compul-

sory meat grading. This in itself is a major contributing factor

to the continuing dominance of independents in retail meat sales.

It is not possible under these circumstances for the packaging to

qualify the contents and Mrs Consumer relies on the advice and re-

putation of her butcherman for choosing her cuts. Apparently the

independent retailers claim that they know upwards of 80% of their

customers by their name. Part of their service is to respond to

questions such as "the boss is coming to dinner, what shall I do?".

To illustrate the effectiveness of the independent retailer, I visi-

ted Dick Stone (who some of you may know from the last World Meat

Conference that was held in Cape Town). One of his retail stores

in Sydney is located between a Coles and Woolworths supermarket.

Each of these two supermarkets had meat departments which have sub-

sequently been discontinued; their not being able to compete with

Mr Stone's independent operation. Approximately ten years ago the

supermarkets in Australia got the reputation of pre-packaging meat

of doubtful quality. This resulted in consumers having a suspicious
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attitude towards pre-packed meat which even apparently prevails

today. According to the Australian Meat and Livestock Commission,

the supermarkets have gained 5% market share from independents over

the past three years. As regards fresh beef exports, boxed beef is

fully entrenched in the Australian meat industry. However, for

domestic consumption meat is still mainly shipped in carcass form.

There is a steady increase in boxed beef for domestic usage but

here too there has been an attitude problem. Apparently this system

was initially used by the northern and southern states to ship low

quality forequarter and cow meat into New South Wales with the con-

sequence that this type of packaging became associated with low

quality meat.

Supermarkets in Australia merchandise much the same as we do in

South Africa. Woolworths has recognised the advisory role of the

butcherman to the Australian housewife and they regularly make use

of a promoter who assists and "chats up" Mrs Consumer and in this

way they find that their sales are boosted by up to 30%. The most

significant trend in retailing is from independents to supermarkets

and from open display to pre-packing in foam plastic trays with

PVC overwrap.

MEAT RETAILING IN THE UNITED STATES OF AMERICA

Well over 90% of all fresh red meat retailed in the United States

is pre-packed.

More than 65% of the supermarkets receive boxed beef which is cut

and pre-packed in the backroom and merchandised the same as in South

Africa. The boxed beef concept has been used commercially since

1965 but the growth of this system was initially hampered by there

being only a single supplier and even currently by resistance from

the trade unions. However, some current estimates claim that boxed

beef accounts for 80% of all retail shipments. A qualified meat

cutter in the United States earns US $500 per week and this in it-

self is a strong motivation to move towards centralised pre-packa-

ging. Since 1963 this concept has been tried by many supermarket
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chains but as far as I could establish only Falley's in Topeka,

Kansas and Ralph's in Los Angeles are currently doing centralised

pre-packaging on a significant scale. Both of these chains (twenty

supermarkets and one hundred supermarkets respectively) operate in

much the same way. They receive a carcass or boxed beef which is

cut and pre-packed on foam polystyrene trays with absorption pads

and film overwrap. This is done under very strict hygiene and

temperature control conditions. The cutting room is between 0 and

5°C. The cold chain is meticulously maintained throughout and in

this way they achieve a shelf life of between four and five days.

At each retail store they have one or two trained people who ini-

tiate the orders, manage the merchandising and bulk pack and freeze

that small amount of meat that exceeds shelf life. American Can

are currently promoting a pre-packaging system that was originally

developed by Dupont. It is know as Bi-Vac or Fresh-Seal. Although

the economics of the system are not yet attractive, the technical

performance is impressive. Each portion of meat is individually

vacuum sealed in a barrier pouch that is thermo-formed to precisely

follow the shape of the meat. The product is visible from all sides

and has a shelf life equal to that for boxed beef. The system has

been in commercial use by Erdmans, a small supermarket chain, for

the past four years. They report that initially and to some extent

currently they experience consumer resistance to the dark colour of

the meat. In order to overcome this problem they offer a double

back guarantee. They comment that their packaging cost is two to

three times more expensive but that they get up to ten days of shelf

life before they experience discolouration problems with their bone-

in cuts. Since they are equipped they will continue with the system

but it is perhaps ahead of its time. Koch Suppliers are the agents

and biggest suppliers of form, fill and seal equipment in the United

States. Mr Bob Koch told me that some time ago they supplied this

equipment ot a company for pre-packaging fresh red meat with con-

trolled atmosphere. They claim that it is necessary to have at least

twelve days of shelf-life to justify this system in the United

States. Although this system has been successfully tested under

laboratory conditions to give shelf-life periods far beyond this,

apparently the success of the system depends on critical temperature
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control (- 1°C). Such close control was not found to be feasible

under practical conditions and to prevent further problems, they

now have a policy against selling this equipment for any fresh red

meat applications. With over 90% of all fresh red meat retailed in

the United States of America being pre-packed on foam polystyrene

trays with PVC film overwrap and being retailed through supermar-

kets, there are no current significant changes taking place in

meat retailing. That small proportion that is currently being cen-

tralised pre-packed with aerobic packaging is not showing any

visible growth. The American Can system of vacuum packing is still

very much in the development stage. Boxed pork is being introduced

and since pork has much the same appearance when vacuum packed,

they intend to vacuum pre-pack at source.

SUMMARY OF RETAIL METHODS

AUSTRALIA

With no meat grading, a bad reputation for pre-packaging, incredible

consumer ignorance and particularly good merchandising and lobbying

by the independent retailers, supermarkets only account for 30% of

domestic sales.

R.S.A.

With only 50% of the population economically accessible to super-

markets, the share of the market is virtually saturated.

U.S.A.

The independent butcher is virtually extinct, over 90% of all retail

sales is pre-packed in foam polystyrene trays with PVC overwrap

film and less than 1% has been centrally pre-packed for the past

decade.

DENMARK

For the past fifteen years Irma has differentiated their up-market

image with controlled atmosphere pre-packaging which account for
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FIG. 16: HOUSEHOLD SOURCE OF MEAT
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I
3 to 5% of domestic fresh meat consumption. Supermarkets account

for 60% of retail sales.

WEST GERMANY

Have expanded their central meat processing plants to include fresh

red meat centralised pre-packaging with controlled atmosphere pre-

packaging accounting for 0,6% of domestic fresh consumption. Super-

markets account for over 60% of retail sales but mainly use open

display.

U.K.

Marks and Spencer have adopted controlled atmosphere pre-packaging

as a means of product differentiation and also to avoid in-store

packaging. Supermarkets dominate the retail sales but open display

is the major method of merchandising.

CONCLUSION

Having briefly looked at the comparative environments and fresh red

meat retailing practices in the selected countries, what then are

the implications for South Africa? Firstly, we have seen that there

is a tendency for similar retailing practices to develop within

similar environments. Where there are exceptions, there are excep-

tional reasons. Secondly, our environment is more comparable to

that of the United States and Australia than it is to the selected

European countries. Finally, the most significant aspect of our

particular market is in fact its uniqueness. You will recall that

our first problem was to find a basis for comparison with other

countries. I believe that to continue to satisfy this unique market

will require more than simple imitation of other countries.
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POTENTIAL OF APPLYING SCIENCE AND TECHNOLOGY FOR THE

BENEFIT OF THE MEAT INDUSTRY

H.D. Naumann

Ch.aLn.man: De.pan.tme.at Food Sc-Lence and Nu.tn.JLti.on,

UnLve.n.4-Lty. of. C\L4AOun.i.) U.S.A.

The meat industry today has reaped innumerable benefits of past

research and technology. Refrigeration has advanced from the use

of ice to mechanical compressors and now to cryogenics. We started

out using straw or cottonseed hulls for insulation, then went to

the use of cork to the current usage of foam-in-place prefabricated

walls. In the curing of meats we've progressed from dry and brine

curing to injection pumping of pickles containing ascorbates and

phosphates followed by tumbling or massaging after which the meat

is placed in consumer packages before heat processing with the

assurance of a given yield plus or minus one percent. Meat packa-

ging probably first consisted of yield plus or minus one percent.

Meat packaging probably first consisted of large green leaves then

progressed through paper, cellophane, which made transparent pre-

packaging possible, on to PVC, barrier bags and other flexible

packaging that has high heat tolerance, ultra-cold tolerance, all

varieties of moisture and gas permeability as well as shrink and

self-sealing characteristics. As the popular ditty goes, "You've

come a long way, Son'." And there is still a long way to go. The

question is "Who is going to get there first you or your com-

petition?". The competition may be the chap across the room but

the really important competition are those food products that may be

used instead of red meat. The progress made by the poultry indus-

try in the last twenty years is an outstanding case in point. The

major cause for their progress has been the capacity for forward

thinking with no patience for the feeling of self satisfaction when

a breakthrough has been achieved. They utilize every bit of scrap

of science and technology they can acquire. Their investment in

science and technology has been substantial both as an industry and

as individual firms.
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I should like to review with you some red meat concepts that have

been researched to the point they are ready to be adopted or are

being used elsewhere in the world. All hinge on science and tech-

nology.

CENTRALIZED MEAT PACKAGING

An evaluation of the amount of equipment investment, floor space

involved, labour inefficiency and lack of central control in each

retail meat outlet immediately causes management dreams of removing

the meat processing and packaging from the store location to a cen-

tral point. Thus, retailing of fresh meats would be somewhat akin

to milk, cheese, fruits, vegetables, yogurt, etc. There would

merely be an attendant or so present to take care of stocking the

display cabinets and occasionally preparing a special cut for a

customer. The economic leverage of such a system is powerful in-

deed.

The technological requirement of such a system is the need for one

or two days additional package-life (not shelf-life). The additio-

nal package-life is strictly to cover transportation time from the

central plant to the retail cutlet. Transportation distances from

the central plant to the retail outlet cannot be too great because

of the possible effect of vibration in transit.

Mr Lou Falley of Topeka, Kansas converted his 8 - 1 0 store operation

to central processing in the early 1960's. I saw a central proces-

sing plant in Paris in 1965. Several other operations have been

started in Europe. Falley continues to operate his central proces-

sing plant but there has been no major conversion to this system in

the U.S.A.

Although labour union resistance is an obstacle in certain locations,

the major constraint of the system is management organization, not

technology. The job of organizing a proper supply of each item is

very difficult. One must be able to predict the effect that both

controlable and non-controlable variables have on customer demand.
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For example, what will be the effect of a chicken special combined

with a frankfurter special on the demand for the specials and other

items in the display? Will this effect be the same in November as

in July, etc. Both underestimating and overestimating demand can

be devastating on the P & L statement as well as customer confidence.

Thus, it appears that the system must have tremendous backlog of

prior sales data. Most firms do not have the information available

and/or the management capabilities to make use of it.

GAS PACKAGING

The technical progress made in gas packaging has had a positive im-

pact upon the central meat processing concept in Europe. The fun-

damental principle involved in gas packaging is to provide a gas

that will inhibit the growth of spoilage organisms and to provide a

gas that will optimize the colour of the meat pigment. There is no

single gas that will accomplish these two tasks which is approved

for food use. A gas mixture of 15 - 20% carbon dioxide (CO2 ) and

80 - 85% oxygen (02 ) is used most frequently although nitrogen (N2 )

is sometimes used to replace part of the oxygen for economic rea-

sons. The CO2 reduces the surface pH of the meat and effectively

inhibits multiplication of aerobic spoilage organisms. The oxygen

assures a maximum proportion of oxy-myoglobin pigment to gain an

ideal fresh red appearance to the meat. Under these conditions a

storage/transportation life of 3 to 5 days plus a shelf-life of

three days (a total of 6 to 8 days) can be obtained with proper re-

frigeration. Unilever has a patent on this process but I'm not

sure of the status of the patent.

Gas packaging is being accomplished in Europe by placing the retail

cut in a deep draw nylon web with an impermeable film heat sealed

on the top in automatic gas flush equipment. The cover film is

treated with an anti-fog compound.

The benefits to be derived from gas packaging must be substantial

to overcome some of the costs associated with the system. The

packaging is much more expensive than the commonly used PVC over-
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wrap system. Load density is quite low during transport, storage

and display. Each package must contain a gas volume equal to or

greater than the volume of the meat in order to assure an adequate

supply for maximum shelf-life. Nevertheless, the system is func-

tioning quite satisfactorily in selected European market areas.

RESTRUCTURED MEAT PRODUCTS

The processed meat industry has produced restructured meat items

for decades. Chopped ham, pressed ham and boiled hams are good

examples. The manufacture of restructured fresh products has only

recently received very much attention. Restructuring is the com-

bining of small pieces of muscles into a cohesive product which

resembles a natural muscle mass. The muscles used are from carcass

parts not normally used as steaking cuts and, in effect, is a means

of better utilizing these carcass parts in response to consumer de-

mand for steaks. Simply state, restructuring incorporates designed

and defined particle size reduction, extraction of intracellular

proteins, forming and portioning.

Particle size reduction can make use of a conventional meat grinder

with a 2 to 3 cm shear plate or kidney shaped plate. Special

slicing methods may be used. A relatively new size reducer (called

the Commitrol) is particularly useful for restructuring. It employs

an impeller rotating inside a cylinder having cutting knives located

on its outer perimeter. Centrifugal force from the impeller ro-

tation forces the meat against the knife edges causing a flaking

action. A variety of cutting heads are available to produce parti-

cles of different sizes.

The extraction of the intracellular proteins, particularly is to

facilitate binding the meat particles together. This can be at-

tained by using a needle tenderizer or a blade tenderizer before

size reduction. The penetration of the fibres by the needles or

blades permits the semi-liquid myosin to escape from the fibres by

the needles or blades permits the semi-liquid myosin to escape from

the fibres and coat the particles. The fluid release and coating is
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facilitated by mixing, tumbling or massaging. The inclusion of salt

or possibly sodium phosphates is helpful in solublizing the myosin.

When the finished product is heated above 45° to 50°C, the myosin

acts as an adhesive to adjacent muscle proteins thus giving the

steak a "bite" or texture when eaten that resembles steak texture.

The meat product, after extraction, can be shaped into any desired

configuration. Most often the meat product is stuffed into a

strong casing and frozen. After freezing, the "log" is tempered

back to -5° to -2°C, the casing removed and the "log" shaped into

the desired configuration with a press and sliced into portions of

uniform size and weight. The portions may be browned or grill

marked and hard-frozen for packaging and distribution. Portion

integrity, presently, is achieved only when frozen or fully cooked.

We must be careful not to represent these as whole muscle steaks.

The texture is not exactly the same as steak, but is distinctly

different from the mouthfeel of ground products.

Many factors have yet to be resolved before the restructured meat

products will be perfected. A review of research papers on restruc-

tured meat products prepared by a task force under the leadership

of Dr B. Breidenstein was published by the National Livestock and

Meat Board earlier this year.

HOT DEBONING

Hot deboned meat has water binding characteristics that are parti-

cularly useful to the manufacturer of cooked sausages and certain

types of raw sausage. To serve the sausage makers purposes, the

meat is removed from the bones immediately after slaughter and com-

bined with an appropriate amount of salt before the onset of rigor

mortis. It is widely used as a raw material ingredient in Europe

and used extensively for the manufacture of fresh pork sausages in

the USA.

Recent interest in hot deboning has been focussed upon beef primals
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to be converted to retail or institutional cuts. The interest

became particularly keen in view of the substantial energy and

space savings possible and in the potential benefit of reduced mi-

crobial contamination. However, it was the development of electri-

cal stimulation to prevent cold shortening that truly opened the

door for the production of piece meats (steaks and roasts) from hot

deboned carcasses.

Hot deboning may be accomplished by any of various methods. Muscle

boning accomplished with knife and fingers results in much cleaner

bones than conventional boning and over two percent higher meat

yield. Space savings with hot deboned meat in contrast to bone-in

carcass chilling is very high. Hot deboned meat occupies less than

20 percent of the space required for bone-in carcasses (Table 1).

TABLE 1: Space requirement for chilling beef carcass and hot

deboned beef carcass

Bone in beef carcass

(80 x 36 x 30 inches) 86 000 in.3

Space above and below 34 000 in.3

Total 120 000 in.3

Hot deboned carcass 26 000 in.3

Potential space saving 78%

The energy savings may be as great as 30 percent for chilling the

carcass (Table 2).

TABLE 2: Energy requirement for chilling beef carcass and a hot

deboned beef carcass

Beef carcass (600 lb) 31 500 BTU

Hot deboned meat (132 lb) 22 300 BTU

Potential saving 30%
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The increased yield from the hot deboned beef may increase the value

up to six percent more than cold deboned meat. Thus, the potential

accumulated savings from space, energy and increased yield suggest

that continued research is certainly merited. Substantial research

has been conducted to demonstrate the utility of hot deboned meat

for consumer and institutional cuts, sausage products, reconstructed

products, products cooked before chilling and curing before chil-

ling. Results look very favourable. Obviously, the utilization of

hot deboning will necessitate a substantial revision of operating

practices with attendant capital investment. Although hot deboning

for meat to be used for other than sausage making is still in the

experimental stage, there seems to be great potential for commercial

development.

MECHANICALLY DEBONED MEAT

In contrast, the major research and development work has been com-

pleted for mechanically deboned meat (MDM). It is widely used as a

raw material for emulsion siusages in Europe and the USA. I am un-

aware of its use in South Africa.

Mechanically deboning machinery was first developed in the late

1940's by the Japanese to recover muscle tissue from fish. Its

development has enabled the fish processing industry to recover meat

from several under-utilized species. In the late 1950's mechani-

cally deboned chicken became available in the USA. This was the

result of a strong demand for chicken pieces by retail consumers and

fast food outlets. Most of the USA production is from backs and

necks. Up to 15 percent of the meat block in an emulsion meat pro-

duct may be mechanically deboned poultry if listed in the ingredient

statement. If larger amounts are used the product must be identi-

fied as a "Chicken Frankfurter", "Turkey Pastrami", etc. Over 90,6

million kg deboned poultry is produced annually in the USA. Poultry

and fish were modified and MDM production capability was realized in

the 1970's.

The amount of MDM recoverable from carcass bones averages at least
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thirty percent of the bone weight. Bones from the vertebral column,

ribs and sternum are most suitable for mechanical deboning because

they usually have more lean attached. These bones make up approxi-

mately 10 percent of the carcass weight. The os coxae, and scapula

are the second most suitable group of bones. The round bones are

the least suitable. On a worldwide basis there is a potential of

2,3 million metric tons of MDM to be added to the food supply. We

are wasting most of this now by converting the bones with attached

meat to inedible products.

MDM has several characteristics that are particularly useful in

emulsion formlilation. The protein has good binding qualities, it is

highly pigmented, it contains a small amount of collagen, and seems

to reduce cooking loss. Emulsion stability and emulsifying capacity

of MDM are affected by the same factors that affect these functions

in hand deboned meat. Bone and specie sources have an effect upon

the composition and functionality of MDM.

The production of MDM usually involves the coarse grinding or pre-

breaking of the bones prior to passing through the deboner. There

are several manufacturers of deboners and several different designs

are used successfully. Fundamentally, the soft tissues are forced

through small openings and the bones are discharged separately.

Adjusting the pressures used in the deboners modifies the amount of

fat and mineral materials separated from the bones.

MDM must be handled with dispatch to avoid increased bacterial

numbers. Research has clearly demonstrated, however, that when

good manufacturing practices and quality control programmes are

followed, no microbiological problems exist.

SCIENTIFIC AND TECHNICAL NEED

This short discussion of central meat processing, gas packaging,

restructured meat, hot deboning and mechanically deboned meat has

been to focus upon a few processes or systems that are in various

stages of research and development. All or none may have potential
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in your industry. They are other researchable subjects that could

affect you. The colour stability of fresh and cured meats continues

to generate extreme interest. We have learned a lot about meat

colour but we must learn more if we are going to solve this sticky

problem. Associated very closely to meat colour is the general con-

cept of increased shelf-life. From an industry point of view we

have yet to establish the optimum shelf-life that is needed. I

believe that we can get too much - and get sloppy'. Certainly, we

have a flavour problem with precooked fresh meat. The "warmed over"

flavour is sufficiently dominant, that I know of no precooked red

meats on the market that are not very heavily seasoned to mask this

off flavour. Certain market forces, especially the military and

the outdoors enthusiasts would like to have shelf stable meats that

cannot be differentiated from fresh meat. This means, among other

things, a substitute for refrigeration. It is doubtful if we'll

achieve this goal in our lifetime. We have more possibilities to

apply science and technology than is generally recognized by non

technical people.

The meat industry like all modern industries is becoming more and

more dependant upon science and technology. Where do we get this

expertise? It is not currently available in the quantity needed.

How many meat scientists did you, the meat industry, employ this

year? How many did South Africa produce?

Limited contact with a few of your universities leaves me with the

impression that the academic focus on meat science and technology

is sparse with very little or no "hands on" laboratory experience.

Most academics and personnel working with meat at the Institute are

selftaught. These are good, effective people. They are to be com-

mended for their accomplishments. I should like to make the point

that the opportunities to receive academic training to become

professionals in the meat industry are entirely inadequate to meet

the needs of industry.

These needs are not being met because you good people haven't made

your case known to the university and government officials. Your
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industry is large and important. You carry a lot of weight where it

counts. Use it. It is my impression that you have imported most

of your technology. That is good; get it wherever you can. Still,

there is a technology gap in industry and academic personnel.

The resolution of this situation will take time and resources to

solve and should be started immediately. First, inform the govern-

ment academic leaders of your needs and the urgency of the situa-

tion. Orientate those with meat science responsibilities in uni-

versities and government to your industry. Let them spend some

time in the various phases of the industry so they know how it

works. Many of them do not have an in-depth concept of the meat

industry. Their academic knowledge can be transferred to students

much more effectively through a thorough acquaintance with the

industry.

In co-ordination with the professors, make traineeships available to

advanced students during their holiday time. Be prepared to make

bursaries available to post-graduate students for research and

training purposes. See to it that the universities and research

institutions have adequate and modern meat equipment and laborato-

ries. And, if at all possible, share with them your current and

future concerns. These may be appropriate topics for research.

Give them the opportunity to update your personnel on meat research

findings. It is possible they have information from library and

textbook sources that could be very useful to you.

I have completely omitted reference to trade schools, diploma cour-

ses, in-house training programmes, industry short courses and semi-

nars. All must be included to maximize your opportunities. The

complexity of the meat processing and distribution chain insures

that the industry will become even more dependant upon science and

technology. The survival and prosperity of firms will reflect their

response to this challenge. Get at it1.
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RESEARCH, DEVELOPMENT, EXTENSION AND TRAINING NEEDS

OF THE MEAT INDUSTRY

R.T. Naude

Deputy, DL/iecto/i: Animal and DaL/iy. Sc.Le.nce. Re.4e.a/ich 3n4ti.tu.te.,

Consumers of meat products have very specific demands and require-

ments to be considered by the meat industry, because of the extreme-

ly important financial implication to their budgets - 42,3% of the

value of the food basket consists of meat. The consumer demands a

regular supply of consistently good quality meat at a reasonable

price, with the appropriate service included in the total sales

package. In order to comply with this demand of the consumer, who

is the person dictating present and future trends in industry, it

is necessary to establish a very close relationship between research

development, extension and training in the meat industry.

It is evident from what has been said today at this symposium that

a great deal of scientific and technological information is avail-

able; but that research should be an ongoing operation for esta-

blishing a full understanding of the multitude of processes involved

in handling the product meat as well as to generate new knowledge

where the need, is identified. Through a well organize extension

service, which has a sensitive monitoring system for detecting the

needs of consumers, middle men and producers, the knowledge genera-

ted, accumulated and developed in a research programme, should be

translated into trade language and introduced in a dynamic extension

programme. In order to achieve this goal of linking together re-

search and extension, the third and vital link to complete the

triangle is the availability of trained people - meat scientists,

meat technologists at university and college level to perform the

tasks of teaching, research and extension. In this respect South

-110-



r
Africa is seriously lagging behind compared to many overseas coun-

tries with sound training programmes. Fortunately a general aware-

ness of the acute need for trained people in the meat industry, is

presently observed. These efforts to establish an optimal infra-

structure for training people at all levels should however be well

co-ordinated in order to attain standardization of training pro-

grammes at colleges and universities.

TRAINING OF MEAT SCIENTISTS AND TECHNOLOGISTS

Science and technology in other parts of the world have developed

so rapidly during the past two decades, that we have n.ow reached

the stage where we have an acute shortage of people with sufficient

knowledge of the product to cope with day to day problems, to re-

commend practical solutions or to undertake research to find new

solutions or to develop new methods of technology. One should

therefore have a close look at existing training, compare it with

the situation abroad and suggest courses to meet the needs of

science and industry.

ANIMAL SCIENCE

At four South African universities a B.Sc course in Agriculture

majoring in Animal Science is offered - a four year course. A

summary of the subjects offered in this course is given in the fol-

lowing exposition:

UNIVERSITY COURSES IN SOUTH AFRICA INCLUDING

ASPECTS OF MEAT SCIENCE:

I. B.Sc. (Agric) - Animal Science

First year

Chemistry

Physics

Mathematics

Genetics

Biological Sciences

Second year

Animal science

Biochemistry

Biometry

Animal physiology

Genetics

Agricultural economics
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Third year

Animal science

Biochemistry

Animal physiology

Genetics

Animal diseases

Anatomy

Animal physiology

Reproduction science

Food science

Breeding

Animal management

Wool science

Animal nutrition

Anatomy

Soil science

Agricultural chemistry

Plant production

Fourth year

Ecology

Breeding

Meat science

Animal nutrition

Veterinary science

Pastures and grazing

Subject matter of Meat science lectures

Meat as a food

Breeds, breeding and production

Marketing

Body and carcass components of slaughter stock

Growth, development and composition of meat animals

Eating quality

Storage - chilling, freezing

Histology, biochemistry and chemistry of muscle

Preservation., sanitation, storage, processing

Legislation

Carcass evaluation and grading

(The above curricula are offered at the four faculties of agricul-

ture in South Africa during one semester).
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II. B.Sc. (Agric) - Hons - Animal Science

A one year course covering the field of Meat science in more detail

- majoring in meat science.

Additional subjects are Animal nutrition, Breeding, Biochemistry,

Biometry and Programming.

Subject matter of Meat science major

Growth, development, body and carcass composition.

Histology, chemistry and physiology of muscles

Muscle to meat - influence of animal management

Eating quality

Preservation, handling, storage, processing,

- chilling, freezing, electrical stimulation,

hot boning, smoking, curing.

Bacteriology

Packaging

Extenders, analogues, substitutes

Experimental procedures

Marketing, grading, legislation

(Variations of this course is presently taught at two faculties).

Ill. Proposed course majoring in Meat science

- B.Sc. (Agric) (Animal/Meat science) : at one faculty

Additional subjects

First year : Microbiology

Second year : Microbiology and Meat science (1)

Third year : Meat science (3)

Fourth year : Meat science (3), Agricultural engineering

Subject matter for additional lectures

Meat Science

1. Live animal and the carcass
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2. Fresh meat

3. Meat chemistry

4. Meat microbiology

5. Handling of offal

6. Processed products

Agricultural engineering

Abattoir1 and factory design, transporting of animal and carcasses,

slaughter process equipment, chilling, freezing, smoking, drying,

mincing, sterilizing.

The course in Animal Science contains certain useful elements which

could well serve as a basis for a course in Meat Science within an

Animal Science Department - these are the basic subjects of chemis-

try, biochemistry, anatomy, physiology, physics and genetics. A

single introductory semester course in Meat Science is offered and

at one university a similar course in Food Science is also included.

At two universities a Honours B.Sc (Agric) (Animal Science/Meat

Science) is offered and because of the lack of Meat Science and

related courses taught at undergraduate level, this has to be inclu-

ded here in the advanced level.

At one university proposals for an undergraduate course in Animal

and Meat Science are now being considered by its board. As out-

lined in the third (III) group of courses it will include courses

in Microbiology, Agricultural Engineering, Food Science, Meat

chemistry and seven courses in the various aspects of Meat Science -

a qualified person to teach muscle physiology, muscle biochemistry

and meat technology, will however have to be found, most probably

abroad.

One should not however be disillusioned by this becuase arrangements

with scientists in the public and private sectors can be made to

assist in teaching certain portions of the courses for which lec-

turers in that particular area are not available.
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At the universities where Agricultural faculties are situated, de-

partmental team work in teaching a meat science course is desire-

able such as in Departments of Food Science, Microbiology, Bio-

chemistry, Home Economics, Agricultural Engineering, Animal Science,

Veterinary Science, Statistics and even Medical Science.

FOOD SCIENCE

At two Agricultural faculties a course in Food Science (B.Sc Agric)

is also taught, details of which are as follows:

First year

Chemistry

Physics

Mathematics

Biological

Third year

Biochemistry

Biometry

Chemistry

Agricultural economics

Microbiology

Food science

Industrial machinery

Industrial economics

B.Sc. (Agric) - Food science

Second year

Biochemistry

Chemistry

Microbiology

Industrial machinery

Industrial economics

Animal physiology

Agricultural chemistry

Plant pathology

Animal science

Food science

Fourth year

Food science

Microbiology

Food quality

Biochemistry

In the fourth year at one of the two faculties a meat technology

option is offered, comprising the additional subjects of Meat tech-

nology, Agricultural engineering, Industrial psychology.

At undergraduate level the course in Food science requires a larger

number of Chemistry, Biochemistry, Physical chemistry and Micro-
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biology courses than the normal courses in Animal Science. These

courses have to be taken in the Hons. courses majoring in Animal

Science (Meat science).

The Food Science course however has a limited input from the

Animal Science Department regarding Production, Breeding, Nutrition,

Animal Physiology and Anatomy. In depth courses in the biochemis-

try, chemistry and technology of muscles (post mortem) and meat,

are non-existent at any University in South Africa and no qualified

scientists to teach these courses are available in countries such

as the U.S.A., Europe and Australasia.

DOMESTIC SCIENCE

In a survey of five universities the information collected revealed

that lectures in Meat Science are offered to cope with the specific

needs of a Domestic Scientist - cooking and eating quality. At one

Domestic Science department a full semester course in Meat Science

is taught dealing in more detail with the subjects of structure,

biochemistry, quality, grading, chilling, freezing and processing.

A specialised course in Food Management will also start at another

University in 1983. Courses at the different universities include

the following subject matter on meat:

B.Sc Domestic science and Home economics

1. 2nd year

1.1 14 Lectures about meat: From structure to Microbiology

1.2 10 Lectures on soup, cooking, analogues, fish

4th year

4 Lectures on rigor, tenderizing, cooking

2. Short course on structure, tenderness, juiciness, colour,

cooking, meat cuts.

3. 1st year

Introductory course - 10 lectures on structure, nutritional

value, grading, cooking, meat cuts.
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2nd year

Structure, tenderness, colour, cooking - 8 lectures.

3rd year

Freezing, colloid chemistry, antioxidation of lipids -

11 lectures.

4. Full semester course - Food Science III

4.1 Biochemistry & physiology of meat

4.2 Meat quality

4.3 Nutritional value of meat

4.4 Meat types and cuts

4.5 Inspection and grading

4.6 Cooking - influence on tissues; influence of type of heat

4.7 Chilling and freezing

4.8 Processing, visits of factories and abattoirs.

5. New course in Food Management

1st year

Chemistry, Physics, Physiology, Food science, Nutrition.

2nd year

Biochemistry, Microbiology, Statistics, Food science, Nutrition,

Industrial psychology.

3rd year

Food Science, Interior, Food distribution, Extension,

Accounting, Seminar.

4th year

Food service management, Food science, Professional training.

MICROBIOLOGY

Specifically at one particular University, due to the presence of

a member of the teaching and research staff who has developed a
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meat microbiology expertise at that department, emphasis is placed

on the product meat in the courses taught in Food Microbiology and

Food Preservation.

Microbiology : B.Sc (Agric)

1. Introductory course - utilization of micro-organisms in the

meat industry - 4 lectures per week.

2. Food microbiology - beneficial and detrimental micro-organisms

in food.

3. Food preservation and sterilization.

VETERINARY SCIENCE

At the Veterinary Science Faculty a substantial portion of the

training of Veterinarians (a five and a half year course) include

study of the product meat with the emphasis on Public Health as

well as a full understanding of the handling and processing of the

product - this is an essential link in the chain of converting

muscles to meat.

Veterinary Science : B.V.Sc

1. Anatomy (2 years)

Myology, embryology, histology, physiology, physical

chemistry, applied physiology, physiological chemistry

of muscle.

2. Physiology (2 years)

3. Pathology of muscles

4. Microbiology (2 years)

5. Veterinary Public Health (3 years)

5.1 Food poisoning - meat-borne diseases.

5.2 Legislation - transport, animal care, influence on meat.

5.3 Abattoir construction, management, ante and post mortem

inspection.

5.4 Slaughter process : Muscle to meat.
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5.5 Chilling, grading, marketing and transport of carcasses.

5.6 Storage of meat.

5.7 Offal and by-products.

6. Zootechnology (1 year)

Meat production, growth, development, slaughter value.

The subject matter on the product meat as from the handling of the

animal, through to the handling of the final product, as included

in the curriculum for training Veterinarians in South Africa, has

resulted in a significant contribution in establishing a sound

meat industry in the country over a period of many years. The high

standards established and maintained in our abattoirs, bacon

factories and other similar organizations are proof of the input

of this group of scientists.

MEAT SCIENCE - CURRICULA OFFERED IN THE USA

In a paper presented at the 20th Reciprocal Meat Conference in

Lincoln, Nebraska, USA, Cahill (1967) reported on the findings of

a survey conducted at 28 universities in the U.S., where Meat

Science is taught as a major - mostly in Animal Science Departments

of Agricultural Faculties. The subjects offered in the B.Sc, M.Sc

and PhD courses are as follows:

U.S. SURVEY OF COURSE OFFERINGS AND REQUIREMENTS FOR A DEGREE IN

MEAT SCIENCE (Cahill, 1967).

Course offered at 24 Universities.

Animal Science Departments - 23.

Food Science Departments - 1.

Minimum course requirements (B.Sc Agric)

Social Science, English, Mathematics, Biological Sciences,

Microbiology, Chemistry, Organic chemistry, Biochemistry, Physics,

Meat Science, Food science, Animal science, (Economics, Anatomy,

Business).

-119-



Minimum course requirements (M.Sc Agric)

Animal physiology, Endocrinology and nutrition, Anatomy, Biochemis-

try, Physical chemistry, Microbiology, Mathematics, Statistics,

Meat science, Food science, Thesis (Seminar, Nutrition, Physiology,

Carcass evaluation, Research Methods, Technique courses in Histo-

logy, Photography, Chemistry).

Minimum course requirements (Ph.D Agric)

Anatomy, Biochemistry, Physical chemistry, Microbiology, Mathema-

tics, Statistics, Meat science, Food science, Engineering Thesis.

Subject matter of the specific course in

Meat Science for the degree curriculum

Home economics, Dietician, Institution management

**Basic meat industry course

Meat grading evaluation and judging

*Processed meats

Plant operations

Hotel, restaurant, institutional trade (HRI)

Quality control

Meat marketing

*Advanced meat science

•Instrumentation and research technique

Meat microbiology

*Muscle biology

Livestock and meat animal evaluation

(Courses in technical writing and public speaking included at

undergraduate level).

** Undergraduate

* Post graduate

It is clear from these details that a sound background of Animal

Science, Food Science, Microbiology, Biochemistry, Physiology,

Anatomy is prescribed in the course offered with a major in Meat

Science, in Animal Science or Food Science Departments. Details of
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the Meat Science subjects are also listed for undergraduate and

post-graduate studies.

An example of the full details of a course in Food Science as well

as one in Meat and Animal Science taught at the University of

Wisconsin is summarized as follows:

EDUCATION IN MEAT SCIENCE

(College of Agricultural and Life Sciences, 1980)

1 . U'/iiversity : Wisconsin

2. College : Agriculture and Life Sciences

3. Degree : Bachelor of Science - Agriculture

4. Curriculum : Production and Technology

5. Major : 5.1 Food Science

5.2 Meat and Animal Science

6. Credit distribution : Total 124

6.1 Basic foundation programme

(13% outside College Agric - Life Sci)

6.2 Major

6.3 Natural science & humanites

6.4 Social science

6.5 Supporting and elective

7. Major

7.1 Food Science (15 credits)

7.1.1 Man's Food (3)

7.1.2 Consumer aspects of food supply (3)

7.1.3 Nature of Food (3)

7.1.4 Nature of Food Lab. (1)

7.1.5 Foodservice Operations (2)

7.1.6 Foodservice Operations Lab. (19

*7.1.7 Introduction to Meat Science and Technology (4)

7.1.8 Analysis of Food Products (4)
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* 7.1.9 Regulatory and Quality Standards (1)

* 7.1.10 Food Sanitation (1)

* 7.1.11 Quality Control (1)

7.1.12 Food Bacteriology I (2)

7.1.13 Food Bacteriology II (3)

7.1.14 Food Processing I (2) Supplementary

Operations Plant Design

7.1.15 Food Processing II (2) Tissue systems

Subjects: Chemistry, Biochemistry, Physics, Mathematics

7.1.16 Food Processing III (2) Fluid and Semi-solid

systems.

7.1.17 Food Processing Lab. (2)

7.1.18 Food Borne disease Hazards

7.1.19 Food Fermentation (3)

7.1.20 Foodservice procurement and Cost Control (2)

7.1.21 Principles of Food Chemistry (3)

7.1.22 Principles of Food Chemistry Lab. (1)

7.1.23 Physical chemistry of Food Products (3)

7.1.24 Chemical and Physical alterations in

Foods during Processing (2)

7.1.25 Organization and Management of Food Services (3)

7.1.26 Principles of Food Engineering (3)

7.1.27 Analysis of Food service Operations (3)

7.1.28 Food Service Systems Facilities

7.1.29 Food Proteins (2)

7.1.30 Chemistry of the Food Lipids (2)

7.1.31 Food Enzymes (1)

7.1.32 Food Flavors (1)

7.1.33 Research Methods - Foods (3)

7.1.34 Problems - Food Administration (2)

7.2 Meat and Animal Science

** 7.2.1 Livestock Production (4)

7.2.2 Growth, Composition and Evaluation of Meat

Animals (5)

7.2.3 Advanced Meat Animal Evaluation Lab. (1)
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*** 7.2.4

* 7.2.5

* 7.2.6

7.2.7

* 7.2.8

* 7.2.9

* 7.2.10

** 7.2.11

7.2.12

7.2.13

7.2.14

7.2.15

** 7.2.16

7.2.17

7.2.18

7.2.19

7. 2. 20

**** 7.2.21

**** 7.2.22

***** 7.2.23

7.2.24

7.2.25

7.2.26

7.2.27

** 7.2.28

*** 7.2.29

7.2.30

Physiology of Domestic and Laboratory animals (4)

Introduction to Meat Science and Technology (4)

Principals of Animal Nutrition (3)

Feed Ingredients and Ration Formulation (3)

Regulatory and Quality Standards (1)

Food Sanitation t1)

Quality Control (1)

Principles of Animal Breeding (3)

Livestock and Meat Distribution (3)

Sheep production (3)

Beef Cattle Production (3)

Swine Production (3)

Reproductive Physiology (3)

Seminar (1)

Meat Animal Breeding and Selection (3)

Muscle Biology Microtechniques (2}

Commercial Meat Processing (2)

Statistics in Design and Analysis

of Animal Experiments (3)

Biometrical Genetics related to Breeding

Plans (3)

Bio-energetics (2)

Seminar (1) - Research problems

Contemporary Topics in Muscle Biology

and Meat Science (3)

Advanced Reproductive Physiology (3)

Muscle Biology (2)

Ruminology

Seminar (1) Animal Breeding

Seminar (1) Reproductive Physiology

Meat Science Course same as courses in

* Food Science ^

** Dairy Science

*** Veterinary Science

**** Genetics

***** Nutrition Science.
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The team work between the Departments of Meat and Animal Science,

Food Science, Dairy Science, Veterinary Science, Genetics, Micro-

biology and Nutrition Science, is evident from these details.

These courses taught in American Universities are well proven

through the years to produce young scientists with sufficient

scientific and technological background to be able to perform the

essential and vital,practical and scientific duties in research,

development, teaching, training, quality control, regulatory sei—

vices, promotional services, advisory services, grading services,

merchandizing, management, marketing, HRI trade, retail and whole-

sale trades, livestock trade, Food service industry and many simi-

lar positions.

NATIONAL DIPLOMA IN FOOD TECHNOLOGY AND IN MEAT HYGIENE

At the Technikon a two year course, in Food Technology is taught.

One ninth of the course comprises a subject Meat Science. A

course in Meat Hygiene for a National Diploma contains more sub-

ject matter regarding the manufacturing of the product as well as

ante and post mortem inspection.

TECHNIKON: National Diploma

1. Food technology;

Meat science - one ninth of course:

Nature and classification of meat

Meat industry, Beef, pork, lamb

Sausages, Frozen meat.

2. Meat hygiene:

2.1 Meat preservation, Packaging, Products,

Sausage manufacturing, By products

2.2 Muscles, Ante mortem and post mort < inspection,

Eating quality, Nutritional value, Ageing, Abnormal meat.
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Students in Food Technology do have to complete several courses in

Biochemistry, Microbiology and Food Technology and they usually

adapt easily to the quality control laboratories of food factories

as well as to the processing areas. There is a large demand for

these general Food Technologists in all sectors of the Food Indus-

try.

A very specific need for a two year course in Meat Science or Meat

Technology has however been clearly identified to fill an existing

vacuum in the retail, wholesale and processing meat industry in

South Africa. In England the following course is offered by the

British Meat Institute:

BRITISH MEAT INSTITUTE

CURRICULUM

AFFILIATE {LOWER LEVEL)

Compulsory - The Meat Industry

Calculations, communications &

documentation.

Meat Science

Optional (One of) Abattoir

Manufacturing Plant

Retail Shop

Supermarket

Wholesale

Practical Same as optional selected above

ASSOCIATE (HIGHER LEVEL)

Compulsory The Meat Industry

Business Organisation

Meat Technology

Anatomy & Physiology
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Optional (One of) - Abattoir

Manufacturing Plant

Retail Shop

Supermarket

Wholesale

Also one of Accounts

Chemistry

Microbiology

Meat Hygiene & Inspection

Practical Both the optional subject

selected.

MEMBERSHIP (HIGHEST LEVEL)

Compulsory - The Meat Industry

Principles of Management

Meat Technology

Optional (Two of) - Meat Marketing & Distribution

Administration

Food Chemistry & Microbiology

Meat Hygiene

Meat Processing & Manufacturing

Meat Factory & Abattoir

operations

Food Engineering

MEAT CUTTERS AND PACKERS

At the Technical College a fulltime ten week course as well as two

evening courses in butchering are offered. The evening courses

consist of two hours per week for ten weeks. A refresher course

for country butchers over a ten day period may also be followed.

Three private companies have also established meat training schools

where varying levels of information regarding the fresh meat trade

are present in the courses.
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A need for a standardized meat cutting and butchery course has been

identified by the Meat Board and efforts to establish a centre for

this kind of training is now underway.

ABATTOIR OPERATIONS

At the new Pretoria abattoir a new training centre for slaughtermen,

is being erected. It will also serve as a centre for practical

training of meat inspectors and veterinarians in their Meat Hygiene

courses.

The meat industry in South Africa is hampered severly in its pro-

gress and development due to the absolute vacuum existing for the

training of Meat Scientists and Meat Technologists trained at

Universities and Colleges.

I would suggest therefor, Mr Chairman, that a complete university

course in Animal and Meat Science and/or in Food and Meat Science

be offered at undergraduate level, with the specific recommendation

that well qualified lecturers who had been trained in the US or in

Europe be appointed to teach the muscle biochemistry and Meat tech-

nology portions of the course.

As for the training of technologists I would suggest that industry

should get together to identify and quantify their needs for trained

technologists for their factories, retail outlets, food service

undertakings and then as a group approach the Department of Educa-

tion with the request of instituting a National Diploma in Meat

Science and/or Meat Technology. The Dairy Industry has done this

and contact with them in this regard could be of benefit.

RESEARCH PROGRAMME FOR SERVING THE MEAT INDUSTRY OF SOUTH AFRICA

A dynamic research programme should serve the entire meat industry

which entails 71 000 producers, 8 000 middlemen (abattoirs, offal

dealers, wholesalers, packers, manufacturers, retailers, super-

markets) ,and 24 million consumers. The total package of consumer

needs regarding price, consistency, quality and service should
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always be the yardstick when plans of action for teaching, research

and extension are discussed and formalised.

Today you have heard and ^Laerved in several papers presented, as

well as in the many posters displayed in the corridor, the details

of the current meat research philosophy and programme especially

of this Institute. We believe in a holistic approach in which all

the links in the meat production chain from conception to consump-

tion are interdependent and co-responsible for effective change and

progress. Eight specific areas of research have been identified

which should form part of a total package for meat research.

1. Production system and carcass type evaluation.

Evaluation of all species meat producing animals is regarded as

a priority in the programme. This is very closely associated

with wholesale and retail marketing trends, needs and problems

which are to be investigated. Animal production and meat mar-

keting systems should be fully synchronized.

2. Influence of the environment on meat quality.

Handling of slaughter stock on the farm, prior to, during and

after transport are aspects demanding attention. The meat from

exhausted animals has a poor shelf-life and poor packaging and

processing characteristics. Especially young bulls and young

boars are affected in stress situations which results in abnor-

mal meat called dark, firm and dry (DFD). The method and

efficiency of stunning slaughter stock should receive attention

because of its influence on meat quality.

3. Carcass storage.

Chilling methods and rates from a cost saving, mass saving,

efficiency, carcass and meat point of view are widely investi-

gated in many countries of the world. The effectiveness

cryogenics versus mechanical methods needs clarification. Rapid

chilling of beef", mutton and lamb carcasses without prior

electrical stimulation to prevent cold shortening has a dramatic
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negative effect on meat tenderness. The effect of E.S. on a

number of other quality aspects in fresh and processed meat has

to be clarified. The S.A. Abattoir Corporation of South Africa

have done a wonderful job of running the service abattoirs in

controlled areas and supplying well chilled clean carcasses,

which had been electrically stimulated to industry.

4. Handling of pre-rigor meat.

With the advent of electrical stimulation hot boning of meat

especially for processing purposes becomes very attractive in

terms of prevention of mass loss after vaccum packaging, im-

provement of processing qualities and energy saving due to less

chilling space and shorter chilling time required. Microbiolo-

gical and technological characteristics should however receive

early attention from scientists and industry.

5. Meat packaging and shelf-life.

A need for expertise in the nature and characteristics of

packing material, packaging methods, refrigerated display of

packages of fresh and cured meats and the interrelationship and

practical effects of these materials and techniques on meat

quality, is obvious and clearly identified when judged by en-

quiries from and observations in industry. Vacuum packaging

of bone-in and boneless cuts of fresh meat has come to stay

and offers tremendous advantages for improving efficiency in

industry. Effectiveness of chilling, freezing, holding rooms

and cabinets need thorough investigation to ensure full under-

standing regarding their effective operation and aim and how

this may be achieved.

6. Meat manufacturing: Processing technology.

Even though the gross turnover of processed meat in South Africa

is appreciably lower than that of fresh and frozen meat, it is

the processing industry with its high degree of technological

dependence, which requires the greatest degree of training,

research and extension input. The preservation and improvement
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in the quality of the primary product, as well as the mixing,

blending, emulsification, processing and manufacturing of meat

products requires a high degree of technical knowledge and

skill. Processing characteristics of meat are again determined

to a large extent by its source, that is the animal and the way

it and its carcass and meat were handled.

7. The optimal utilization of the entire slaughter animal depends

largely upon the processing of the "fifth quarter", that is the

hide or skin, head, trotters, organs, empty digestive tract as

well as the blood (32% of the life mass of the animal).

8. Meat hygiene and shelf-life.

Meat contaminated with pathogens is not fit for human consump-

tion. Meat hygiene in terms of the animal, carcass, fresh

meat, frozen meat, processed meat and cooked meat, should fea-

ture prominently in all research programmes. Spoilage organisms

is costing the industry large amount of money due to losses with

short shelf-life meat and deterioration in colour, waterbinding

capacity and palatability. Prevention is better than cure,

therefore meat should be kept clean after slaughter and chilled

optimally and then kept cold throughout the distribution chain.

To summarize - meat research in South Africa should attempt to find

the most suitable methods of optimally utilising the yield from

meat producing animals, and by which the inherent quality may be

maintained or improved in order to ensure that the producer, marke-

ting trade, processer and consumer may obtain the largest possible

benefit from the meat trade.

In a techno-economic survey conducted by the CSIR in 1978 it was

concluded that industry were aware of certain of their problems,

and that a Government institute should be responsible for meat re-

search. A team of experts should also be based there to convey the

appropriate information from the literature or which had been gene-

rated by scientists, to the industry - they should act as consul-
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tants, advisors and in an extension capacity. Surveys should iden-

tify industry problems, factory machinery and processes should be

monitored and tested, technical advice on a personal, written or

published basis should be included in the service. The survey

identified twenty different potential research topics of which ten

were related to processing (binding, SABS standards, fat separation,

seams, pouches, nitrites, extenders, soya proteins, colour stabili-

ty and dairy products as substitutes); five to the optimal utili-

sation of the fifth quarter; two to hygiene and the others to

organoleptic quality, freezing and hot boning.

The holistic approach of the ADSRI has been accepted by the Meat

Board, with the eight priority areas as identified, to be pursued

in a research programme. The result of this view by the Board was

the decision to finance a complete meat research centre here at

ADSRI - the plans of the facilities to be erected during 1983 are

on display in the corridor of this building. For this the Institute

is extremely grateful to the Meat Board. The amount of R1,1 million

voted in 1979 is however not sufficient to complete the complex

with the present building costs. A further R500 000 is needed for

this purpose. This is a great pity because it will not complete a

research service to be rendered to the meat industry of South

Africa.

The Government is also fully aware of the desperate situation re-

garding the shortage of trained and particularly skilled and ex-

perienced scientists in the Agricultural sector. The position can

be improved through a process of active vocational differentiation,

adopting a policy of importing skilled scientists on contract or as

research fellows and sending our own scientist abroad on a regular

basis to benefit from the vast scientific resources available at

international research institutes such as those in England, Germany,

France, Holland, Scandinavia, USA, Australia and New Zealand.

MEAT ADVISORY AND QUALITY CONTROL SERVICE

On recent overseas visits to many countries of the world it was
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found that the greatest challenge facing the meat scientists of the

world is to convey existing scientific and technological knowledge

to industry and then to support and convince the industry that this

information can be tremendously cost effective - calculation of a

30% improvement was recently calculated by the Meat and Livestock

Commission in England - hence to the benefit of primary and secon-

dary industry as well as the consumer.

An advisory group of experts should be situated where research is

performed with the facilities to test newly developed technologies

of the research group and then to introduce this to industry.

Their task may be summarised in four categories:

1. Existing scinetific information should be translated into "in-

dustrial language" and presented in concise information leaf-

lets and booklets such as: Ageing of beef; lamb carcass

quality; Colour changes in meat; Nitrite in meat, Dark cut-

ting beef, meat grading; retail cuts; electrical stimulation

- its effect on the product; handling of livestock; hygiene

in the meat retail trade; transport of carcasses and cuts;

vacuum packaging; hot boning; curing; pH of meat; meat

tenderness and many others.

2. These meat extension specialists should also be conducting sur-

veys of the problems and practices of industry on a regular

basis this should form the main line of communication between

practice and science.

3. The advisors should scrutinise the world literature very close-

ly, and should have facilities available or should use the

practical situation in industry to test new technologies deve-

loped overseas or those developed in local laboratories.

4. Symposia, open days, study groups, information visits to indus-

try, radio and television programmes regarding topical subjects

for the trade should be arranged on a regular basis.
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Groups of this kind are active at INRA in France, at the Agricul-

tural Institute in France, at Scandinavian research institutes, in

the USA, New Zealand and Australia, with remarkable effect. In-

dustry in South Africa is genuinely interested to learn, very often

not aware of its own problems and lack of knowledge.

A food industry as technologically involved and dependent, such as

the meat industry cannot survive or progress if not soundly suppor-

ted by the three pillars of research, training and extension. To

this end Government is presently spending only a quarter million

rand in a meat trade with a gross production of R1 688 426 million

- an effective spending of 0,0156%.

The needs of the meat trade are training, research and extension

and requires substantial financial support from all sectors of the

trade to be cost-effective.
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THE INFLUENCE OF COMPENSATORY GROWTH ON

!• 5fLJCTEp_ .MEAT _QUAUTY_ _F_A_CTORS_

Three groups of cattle were fed on a high (Group I ) , medium (Group II) and low
(Group III) nutritional level for a period of 21 weeks. The respective growth
rates of the three groups were 1.0; 0.7 and 0.3 kg/day. All the carcasses in
this trial were electrically stimulated directly post mortem.

Selected meat quality factors of the prime rib cut
(M. longissimus thoracisf of the three groups

Meat quality factors

Shear force . N/25 mm 4

Cooking loss , %

Myoglobin cc«ttent,ugFe/g dry
matter
Collagen solubility, %

Group

1

95

23,7

52,0

26,8

II

87

25,9

44,2

23,8

III

85

28.8

50,5

25,9

Significance of
difference

NS

NS

NS

NS

NS — No significant difference

Shear force — Measurement of meat tenderness

Meat quality factors studied, were not influenced by nutritional level.
Tenderness results differ from previous findings reported in the literature,
most probably because electrical stimulation excluded the differential effect
of chilling , hence cold shortening, on the smaller (restricted Groups II and II I)
as compared to the larger (h igh Group I ) carcasses.
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THE INFLUENCE OF COMPENSATORY GROWTH ON I

After the restricted feeding period of 21 weeks , both the medium (Group II) and low(Grouplll)

nutritional groups were changed to the high nutritional level of the control group(Group I)

and allowed to grow to a final slaughter mass of 440 kg.

Meat and hide composition of the three nutritional groups after 21 weeks

and at a final slaughter mass of 440 kg

Com DO si tion

MEAT: Prime rib

Moisture, %

Protein , %
F«». %
Ash, %

HIDE:

Moisture , %
Protein, %
F a t , %
A s h . %

1

63,8
15,5
19,2

1,2

63,7
28,4

7,0
0,6

21
GrouD

II

67,6
16,9
14,0
1,0

65,9
29,1
4,6
0,6

weeks

III

71,2
17,0
10,0
1,0

67,8
29,9
1,5°
0,6

SD

X X

NS

X X

NS

X X

NS
X X

NS

440 kg
Grouo

I

52,7
15,9
30,7

0,9

63,6
30,1

6,3
0,6

II

59,9
15,4
26,0

0,9

65,4
29,8

5,3
0,6

III

52,3
13,9
33,0

0,7

64,6
27,2

7,4
0,5

SD

NS

NS
NS

NS

NS

NS

NS

NS

SD ~ Significance of difference
xx — Significant at P< 0,01
NS — No significant difference

Although there was a significant difference in meat and hide composition at 21
weeks , the animals showed no differr.tce in these traits at the final slaughter
mass of 440 kg .

The hide fat content ( 1 , 5 % ) of the low nutritional group after 21 weeks was s ig -
nificantly lower than the hide fat content of the groups slaughtered at the b e -
ginning of the (rial < 4 . 3 % ) . It seems that some of the hide fat was- mobilized
in an attempt to compensate for the low energy available in the low nutr i -
tional group during the restricted period of 21 weeks.
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THE INFLUENCE OF COMPENSATORY GROWTH ON

CARCASS MEAT AND HIDE QUALITY

J.F. de Bruyn

1 & 2)

INTRODUCTION

South Africa is mainly an extensive meat production country. Only

37% of all the meat being marketed in South Africa originates from

feedlots. However, in contrast with the feedlots, cattle produced

under extensive ranching conditions are periodically exposed to

restricted feeding periods (winter or drought) followed by periods

of adequate feeding (summer). A number of researchers have already

shown that farm animals exposed to a period of restricted feeding

have at their disposal a mechanism to compensate for the handicap

in growth during a period of adequate feeding (Connell, Wheeler &

Tom, 1948; Hill, 1967 &. Drennan, 1979). This mechanism of recove-

ry is known as compensatory growth (Bahman, 1955).

PURPOSE

The influence of compensatory growth on meat and hide quality is

not well known and as far as carcass quality, with special reference

to carcass composition, is concerned many discrepancies exist.

The main goal of this trial was to determine the influence of com-

pensatory growth on carcass, meat and hide quality, with the first

two as determining factors on the market readiness of cattle.

PROCEDURES

In this trail three groups of cattle were held on a high (Group I),

medium (Group II) and low (Group III) nutritional level for a

period of 21 weeks. Five cattle from each group were slaughtered

at this point while the remaining cattle from Groups II and III

were changed to the high nutritional level of the control Group

(Group I) and allowed to grow to a final slaughter mass of 440 kg.
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At each slaughter point, the animals being slaughtered, were elec-

trically stimulated directly post mortem following which all the

carcasses were surveyed for specific carcass, meat and hide quality

factors. Three animals from each group were slaughtered at the

beginning of the trial.

RESULTS AND DISCUSSION

After the restricted feeding period of 21 weeks no significant dif-

ferences were found in the selected meat quality factors of the

three nutritional groups (Table - Poster 1). A definite nutritional

effect was obvious on meat and hide composition (Table - Poster 2)

and also carcass composition in a direct relationship to the nutri-

tional level being fed. Compensatory effects on meat, hide and

carcass composition was, however, complete and no difference was

found between the three groups at the final slaughter mass of

440 kg. It seems that the diet of the low and medium nutritional

levels contained sufficient nutrients for the normal development of

the factors that contribute to meat quality while electrical stimu-

lation also played an important part in meat tenderness by excluding

the differential effect of cold shortening on the smaller (restric-

ted Groups II and III) as compared to the larger {high Group I)

carcasses. As far as meat, carcass and hide composition is con-

cerned a definite increase in fat synthesis occurred during compen-

satory growth.

CONCLUSIONS

1. Meat quality was not influencedby nutritional level -

due to the application of electrical stimulation which

eliminated all non-biological influences on meat quality.

2. The finding that the same slaughter mass eliminated the

effects of different nutritional levels on carcass composites

also concern compensatory growth. This is also true for hide

composition and the hide fat depot is most probably the latest

maturing fat depot in the animal body.
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THE INFLUENCE OF BREED ON BEEF CARCASS GRADING

fat of a Supar A

to achiava thla.baaf

to ba slaughtered at

Tha gufctoMns tor thtefcnaaa of

carcaaa la between 3 and 7mm. In

cattle of dWferent maturity typaa

different liva maaaaa.

J v and rarra— ma

Braad typa

Haraford

Afrikaner

Brahman

Bonamara

Friaaland

BWHIMHW

Haraford «Afrikanar

Brahman « Af rikanar

simmentejer * Afrikaner

Oelbvieh » Afrikanar

Lhnouelne * Afrikanar

Chianhw * Afrikanar

Charolalaa « Afrikanar

Bkmda'DAcquMaina«Afr.

Normande * Afrikanar

•eaa of at
Live mai

3mm Fat

264

260

328

342

342

364

394

310

322

302

296

260

328

346

354

364

M<kO>

7mm Fat

364

364

414

464
4*

+

406

436

450

464

464

464
4-

Q prada iypjr
Careaaa maat(kg)

3mm Fat

150

148

196

207

168

230

236

185

194

180

175

162

196

210

213

230

7mm Fat

218

230

250

300

+
+
+

245

263

275

300

300

300

+
+

In tarma of tha praaant baaf grading regulations for Supar A

a wlda varlaty of maturity typaa all conform to tha fatnaaa

requirements for tha grade, but at different live maaaaa.
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THE INFLUENCE OF BEEF BREED ON CARCASS COMPOSITION

AND MEAT QUALITY

R.T. Naude

(?O4te./L4 J & U)

Many new breeds have been introduced into beef breeding systems in

South Africa during the past two decades.

PURPOSE

In order to recommend a specific breed type for a given system and

to prescribe stage of slaughter to achieve the target grade of

Super A or Prime B, detailed carcass and meat evaluation studies

have to be undertaken. In this way characteristics of the various

breed types, especially in terms of maturity type, can be esta-

blished enabling the animal and meat scientists to advise produ-

cers in this regard.

PROCEDURE

In a lcng term breed and breed type evaluation programme, jointly

undertaken by the Free State Agricultural Region and the Animal and

Dairy Science Research Institute the male progeny of 39 different

pure- and crossbred type of beef cattle were evaluated for growth,

carcass characteristics and meat quality. The pure breeds were

Afrikaner, Bonsmara, Brahman, Charolaise, Hereford and Simmentaler.

The latter four sire breeds were also crossed with Afrikaner dams

(4) and Bonsmara dams (4). In addition to these Afrikaner cows

were mated to Gelbvie, Normande, Limousine, Blonde d" Acquitaine

and Chianina. Four halfbred types (all with Afrikaner dams and

Brahman, Charolaise, Hereford and Simmentaler sires) were bred to

bulls of the four sire breeds, hence all the progeny were 3/4

exotic and 1/4 Afrikaner. All the male calves were castrated and

individually fed a high concentrate ration from weaning age. Con-

trols were slaughtered at weaning (210 days). Experimental animals
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T
were slaughtered at live masses of 340, 380 and 440 kg. Detailed

carcass and meat quality evaluation was then performed at the

ADSRI, Irene.

RESULTS

In the table results are presented at weaning and 340 kg, 380 kg

and 440 kg live mass. The dams were purebred Afrikaner and Bons-

mara as well as halfbreds which had Afrikaner dams and sires of the

four sire breeds Brahman, Charolaise, Hereford and Simmentaler -

six dam types per sire breed. The late maturing Charolais progeny

had the highest growth rate, leanest carcasses and most tender meat

Hereford progeny were the most efficient feed utilizers, had very

tender meat, but were the earliest maturing animals, the fattest

and with the lowest carcass cutability at a given live mass.

CARCASS AND MEAT CHARACTERISTICS: MEAN VALUES OF STEERS

SLAUGHTERED AT FOUR DIFFERENT STAGES

Sire Breed

Characterist ic

Brahman Charolaise Hereford Sirnnentaler

1. Growth rate (g/day)

2. Feed efficiency (kg/kg)

3. Dressing percentage

4. Fat in carcass (%)

5. Fat thickness (mm)

6. Expensive meat (%)

7. Meat toughness

(N/25 mm)

(Number of animals)

962

7,4

59,8

20,0

5,1

43,4

110,5

1 120
6,7

59,4

16,5

4,1

44,3

88,5

1 049
5,9

58,6

22,6

6,3

42,6

89,1

1 106
6,9

58,1

18,0

4,3

43,8

113,4

88 77 86 92

4. Fat content of primerib cut.

5. Subcutaneous at 10th rib.

6. Thickflank rump, silverside, topside, sirloin, wingrib,

primerib.

-142-



7. Wingrib oven roasted to 80°C : high values = tough and low

values tender (Warner Bratzler shear force).

Brahman progeny had the lowest rate of gain, required the most

food to gain in live mass but had the highest dressing percentage.

The meat from Simmentaler and Brahman sired steers was least tender,

A very close inverse relationship between carcass fatness and sale-

able meat yield was observed in all animals (Also see poster no. 3),

Carcass grading is largely determined by.carcass fat cover - there-

fore early maturing types have to be slaughtered earlier and at

lighter live masses than late maturing types to conform to the

required range of 3 to 7 mm of fat over the 10th rib area to grade

Super A (See poster no. 4). Carcass masses of these types 6f

cattle will range between 150 to more than 300 kg in order to grade

Super A. __

CONCLUSIONS

A wide variety of maturity types of beef cattle will conform to the

requirements for the highest commercial carcass grade - but at

greatly different carcass masses. Average daily gains as well as

feed efficiency in the feed lab may be deciding factors when feed

margins are economically important. In breeding and selection pro-

grammes a very important quality parameter to be considered is the

tenderness of meat - indications from these results are that cer-

tain breeds are significantly superior to others in this respect.

A balanced approach in the production and marketing of cattle is a

long term investment which always pays dividends.
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THE USE OF MEAT AND CARCASS CHARACTERISTICS IN A ( 5
GRADING SYSTEM

AOE/TENDERNESS. Collagen solubility in muscles of young steers was higher
than in those of older ones ( 2 1 % vi 17%). Therefore, carcasses with tenderer meat
are now being classified into different age classes than those with tougher meat.

FINISH * FLESHING/MEAT YIELD. Saleable meat yield (muscle+inlermuscular fat)
(SMY J was more related to the finish ( r» - 0,70 ) than to the fleshing ( r = - 0,17) of
carcasses.

FINISH
m (Contributes f0° /o to ettima-

tion of SMY)

SMY(%) rs

FLESHING
_ (Contributes 11 % to ••lima-

tion of SMY)

SMY (%)

Poor Fair Fairly Good Fair FairlvGood Very
good good good

Therefore, carcasses are now being classified into fatness classes.

From these results, a beef carcass grading system was devised with due considera-
tion to requirements of producers, traders, and consumers.

PRINCIPLES0 OF SOUTH AFRICAN BEEF CARCASS GRADING SYSTEM

GRADES

Super A
A 1
A 2

Prime B
B 1
B 2

3
4

T ? ) C

C 2

FATNESS

3,4
2
5 ,6

CONFORMATION b

3-5
2-5 i
2-5

No specifications
No specifications

a * Bruiting, secondary malt characteristic*, internal and oily fat or* alto considered.
b - Carcatte* with flat conformation aro being excluded from grade* Super A. Prime B.

and TopC Emaciated carcasses can be graded only as 3 or 4.
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THE USE OF MEAT AND CARCASS CHARACTERISTICS

IN A GRADING SYSTEM

H.G. Klingbiel & R.T. Naude

5)

INTRODUCTION

The main object of a carcass grading system is to group carcasses

with similar characteristics into a specific grade. The carcasses

and the meat of different grades should therefore have different

characteristics. Since the effectiveness of the grading system to

achieve this was questioned, an investigation was undertaken to

objectively determine carcass and meat quality characteristics of

carcasses in different grades and to relate them to factors invol-

ved in grading, i.e. age, finish and conformation. Such objective

information would the be used in the formulation of revised grading

regulations.

PROCEDURE

A survey on 1 542 beef carcasses revealed large variation in car-

cass mass, length and fat thickness between as well as within

grades. A sample of 76 steer carcasses, representing those typi-

cally found in different grades and age classes were subsequently

selected. The four major carcass tissues: subcutaneous fat,

muscle and intermuscular fat (saleable meat), bone and kidney, kid-

ney knob and channel fat, were determined by dissection. Certain

meat quality characteristics such as meat tenderness and muscle

collagen solubility were also determined.

RESULTS AND DISCUSSION

A taste panel found that the meat of young steers were significant-

ly more tender than those of older steers. Concomitantly the

collagen solubility (21%) in loin muscles of the youngest steers

was found to be significantly higher than in muscles of the older
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steers (17%). The higher percentage solubility of collagen is in-

dicative of more tender meat. Very small differences were found

in soluble meat yield of carcasses from different grades. Subcu-

taneous fat percentage generally was higher in carcasses of the

higher than those of the lower grades. Generally bone percentage

was lower in carcasses of the higher than those of the lower grades.

Two of the major factors involved in grading - finish and fleshing

- were correlated with the saleable meat yield (SMY). SMY was more

closely related to the finish (r = -0,70) than to the fleshing

(r = 0,17) of carcasses. Carcasses with a poor finish had a SMY

of 80,3% and those with a good finish 76,3%. The differences in

SMY were much smaller between carcasses with different levels of

fleshing. SMY was 78,9% in carcasses with a fair fleshing and

77,9% in those with a very good conformation (fleshing). The im-

portance of finish on SMY was further accentuated through multiple

regression analysis: fatness contributed 80% to the estimation of

SMY, fleshing only 11%. In the development of the new grading re-

gulations, due consideration was given to the results of these

investigations.

CONCLUSIONS

Due to the differences in tenderness and collagen solubility of

meat from animals with different ages, carcasses of younger animals

are now being classified into different age classes than those of

older animals. Within age class, carcasses are being classified

into different fatness classes due to the influence of carcass fat

on the yield of saleable meat. Conformation is considered to a

lesser extent than previously. Carcasses with an emaciated or flat

conformation are excluded from the so-called "higher" grades within

age class.

Apart from the characteristics studied in this investigation,

provision is also made for other grading factors such as bruises,

secondary male characteristics, internal and oily fat. Grade names

are applied with distinctive marking colours on carcass surfaces.

The names present a common language to be used by producers, traders
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and consumers. In the A-age group (youngest) grade names are

Super A, A1 and A2. In the B-age group (older) the grade names are

Prime B, B1 and B2 and in the C-age group (oldest) the grade names

are Top C, C1 and C2.
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AN OBJECTIVE METHOD OF RETAIL PRICING (1)

(A survey of retail maat pricat in Pretoria and WRwatararand araa)

SUPER BEEF RETAIL CUTS MASS'/ « PRICE<c/kg) - CENTS
(Sapt.'33)

w 1 Bolo

1*'Shin

3 Nack

4 Prima Rib

S Chuck

6 Briakat

* 7 Thin Flank

8 Wing Rib

9 Sirloin

*1O Rump

• l l Sllvaraida

* 1 3 Thick Flank

* 1 3 Filtot

* 1 4 Topaida

\ Fat

Kidnay

Bona

Avaraga ratall

cuta

8,60

6,14

7,76

3.37

9,63

13,47

7,33

3,87

S.ii

5,48

7,37

4,33

1,61

3.08

3,34

0,3$

7,18

prlca of tha

463

306

377

400

3S3

336

369

396

491

676

SSI

S47

776

350

4S

303

43

carcaaa

39,83

19,61

31,41

13,09

33,86

41,90

37,01

11,37

3S.09

37,04

40,06

33,69

13,49

44.44

1,08

1.03

3,03

• 396.0S
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AN OBJECTIVE METHOD OF RETAIL PRICING (2)

(A aurvay of rataH maat prlcaa in Pratorla and Wltwatararand araa)

SUPER LAMB RETAIL CUTS MASS 2 X PRICE (c/kg) * <%NT3

SUPER PORK

1 Nack 5,27

2 Rank A Rib 11,41

3 BraaatAShank 14,33

4 Tfctekrlb 20,14

5 Rlbchop 7,71

4 Loinchop 5,34

7 Chumpchop 7,44

5 Lag 15,43

Kidney 0,54

Kidney Fat 2,95

404

405

33^0

44,90

534

357

553

500

343

42^5

92,15

Avaraga rataH priea of tha carcaaa

1 Haad 9,92
2 8hankATrottar 3,33

3 BaNy 11,37

4Braatt 11,57

5 Thick Rib 14,49

4 Rlbchop 10,34

7 1 ^tlmd^AhA^ V AA

bommop '^w
• Chumpchop 4,04

9 Lag(FHtot) 9,45
10 LegCShank) 9,35

Kidney 0,42
Kidney Fat 1,73

Average retail price of the

42

217

351

343

397

445

451

4.17

7,4*

39,91

42^00

4 M 7

47^40

33,37

34,19

34,15

254

354,57
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AN OBJECTIVE METHOD OF RETAIL MEAT PRICING

G.G. Bruwer

6 & 7)

At the insistence of the Advisory Committee for beef-, mutton and

goat meat, an investigation was launched into the grading system

(May 1972) of beef, lamb, mutton and pork. To obtain the opinion

of the retailer, producer and consumer, regarding carcass grade on

price structure, a meat price survey was initiated.

In this meat price survey 60 butcheries/supermarkets were consulted

of which 40 were in the Witwatersrand area and 20 in the Pretoria

area. The following primary data were collected at each centre:

a) Retail prices of the forequarter, hindquarter and retail cuts

of beef, lamb, mutton and pork.

b) Wholesale prices of the carcass, forequarter and hindquarter.

c) Source of purchase, i.e. abattoir or wholesale.

d) Carcass grade and mass.

A weighted average price per kilogram for each cut was calculated

for the two areas combined. To determine the proportion of cuts

574 carcasses were dissected into retail cuts. The average price

per cut was then multiplied by the carcass proportion of each indi-

j vidual cut. This value represents the monetory contribution of

each cut to the mean retail price of the entire carcass.

Figure one shows the average retail price of the carcass for super

beef and some retail cuts. The average retail price of beef indi-

cates an increase of 220% from March 1979 to September 1982. The

fillet, prime rib and brisket showed increases of 207, 233 and 213%

respectively over the same period.
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In figure 2 it is shown that the average retail price of the car-

cass for super lamb and super pork has increased 149% and 155%

respectively for the period March 1980 to September 1982.

Meat prices were usually at a peak at the year ending (December)

because of a greater demand and lesser supply
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Figure 1: The average retail price (c/kg) of expensive (Fillet), less expensive (Prime Rib) and cheap (Brisket)
cuts as well as for the carcass of Super beef (March 1979 - September 1982)
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Figure 2: The average retail price (c/kg) of Super lamb and Super pork carcasses (March 1980 - September 1982)
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TNE INFLUENCE OF COLLAGEN SOLUBILITY ON MEAT TENDERNESS

Collagen is the main protein of connoctivo tissue. The solubility off connective

tissue in muscle has a marked effect on meat tenderness.

1 ' Afrikaner

* . . . • Friatkmd

s ta i* »• »«
Afe (mentht)

C«JI«g«n Mlubilify of bull

botofW. f/7c«p* brmchll)

13

11

• Afrikaner

. • Friadand

I 1 • '

A9*(menth»)
a o a «

Fi9-2 Shear fere* of bull belo

<M.triemp9 braehit)

CONCLUSIONS:

I)Collagen solubility in muscles of bulls decreased markedly between birth and

16 months of age with tougher meat as result.

2) Muscles of Afrikaner cattle had a higher collagen solubility at slaughter mass

and wer« therefore more tender.

3) Toughness of meat increased with age of animals, mainly because of e

d*cr«as« in collagen solubility.



THE INFLUENCE OF COLLAGEN SOLUBILITY ON MEAT TENDERNESS

R.L. Boccard, D.E. Cronje & M.C. Smit

8)

INTRODUCTION

Systematic information regarding changes occurring during the growth

of slaughter stock is not well established with regard to meat ten-

derness. In view of this lack of information, an attempt was made

to study the main biological stages of growth in the lifespan of

the meat producing animal. Meat tenderness changes distinctly due

to the age or growth of the animal and is also influenced by the

breed and sex thereof.

Collagen is the main protein of connective tissue. The total and

soluble collagen, relating to meat tenderness, were determined.

RESULTS AND DISCUSSION

1. Collagen content in muscles

a) The variation of collagen content in the muscles of bulls

due to age of animals:

The collagen content of bulls was higher at birth than at

all other stages. This can be explained by the earlier

development of connective tissue proteins than contractile

proteins in muscles. The increase in collagen content

between 8 and 12 months of age was concomitant with a mar-

ked sexual development of young bulls.

The evaluation of muscle collagen of bulls was not the same

in the two breeds. At birth the content was higher in

Friesland than in Afrikaner bulls, and after 8 months of

age the situation was reversed, with the result that Afri-

kaner bulls usually had a higher collagen content in their
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I
muscles than Frieslands.

b) Variation in collagen content in the muscles of bulls and

steers due to breed of cattle:

The data for bulls and steers during the marketing age

period of 12 to 24 months indicates the statistically sig-

nificantly higher collagen content in four of the five

muscles of Afrikaner cattle as compared with those of

Frieslands.

2. Solubility of muscle collagen

a) Variation in muscle collagen solubility due to age of

animal:

A marked decrease in the solubility of muscle collagen was

observed in all muscles studied in bulls of both breeds

between birth and 8 months of age. The ageing of collagen

occurred at a higher rate in Friesland than in Afrikaner

bulls.

b) Variation in muscle collagen solubility due to breed of

animal:

The solubility of muscle collagen was higher in three of

the five muscles of Afrikaner as compared with Friesland

bulls and steers between 12 and 24 months of age. The

finding that muscles of Afrikaner cattle had a higher con-

tent, as well as solubility of collagen, points to this

sexually later maturing breed as compared with the Fries-

lands.

c) Variation in muscle collagen solubility due to sex of

animal:

The solubility of muscle collagen was markedly lower in

steers of 12 months of age than in bulls of the same age.

The higher solubility at 12 months of age in bulls compared

with steers can be ascribed to the different amounts and
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7
nature of collagen formed in the muscles of the two sexes.

In steers it was observed that no change in muscle collagen •

solubility occurred between 12 and 24 months of age. This

was in contrast with the sharp decrease over the same age

period in bulls. Both sexes attained the same degree of

muscle collagen solubility at 20 months of age.

2. Shear force values of muscles

a) Variation in shear force values of muscles of bulls due to

age of animal:

In the muscles with a low content of collagen, such as the

/*). 4e.mLme.mb/ian04u4 (SM) and /*?. -Long.L4 4Lm.u4 th.0Jiac.L4 (LT)

an increase in toughness was observed between 8 and 16

months of age and subsequently a decrease in solubility up

to 24 months of age. The initial phase of increase can be

explained by a decrease in solubility and an increase in

the content of collagen in the SM, but the subsequent de-

crease in toughness cannot be clearly explained from fin-

dings obtained in this experiment. In the case of high

collagen content muscles such as the ft. pe.cto/iaX.L4 piofiundu4

(PP) and M* Zn.Lce.p4 b/iackLL (TB), the increase in shear

force values follows the pattern of the development of col-

lagen insolubilisation but not to the same extend as the

changes in collagen content of the muscles.

b) Variation in shear force values of muscles of Afrikaner and

Friesland cattle due to sex of animal:

The combined influence of the higher content, as well as the

higher solubility of collagen in the collagen rich muscles

of bulls compared with steers most probably resulted in sta-

tistically non-significant differences in the two sexes when

this particular method of meat preparation was applied. It

would therefore have been necessary to have used different

methods of cooking (in terms of time and heat intensity) in

order to have revealed the influence of the nature of the

different proteins of muscle on its resistance to shearing.
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The higher shear force value of the collagen poor LT of

bulls as compared with that of steers could most probably

be due to a more rapid rate of chilling resulting in a

greater degree of cold shortening in leaner bull than fat-

ter steer carcasses occurring at chill temperatures of 0

to 2°C.

c) Variation in shear force values of muscles of both sexes

between the ages of 12 and 24 months due to breed of

animal:

The muscles of Afrikaner cattle contained a higher amount

of collagen which was, however, more soluble than that of

Frieslands, which resulted in lower shear force values for

Afrikaner muscles. Therefore in this particular situation

shear force values seem to have been influenced to a larger

extent by the solubility than by the content of muscle

collagen.

CONCLUSIONS

The eating quality of meat derived from the muscles of meat produ-

cing animals is closely associated with their growth and develop-

ment .

In order to assure that the highest possible degree of tenderness

is obtained in the meat of young bulls, particularly in the case of

Frieslands which are often used for bull beef production, these

animals should be slaughtered as soon after 12 months of age as

possible. The breed of beef cattle has been found to have an im-

portant influence on the physiologically controlled muscle charac-

teristics associated with meat quality. Geneticists should there-

fore be cognisant of the genetic origin of meat quality in bree-

ding programmes and should seriously attempt to incorporate such

characteristics as selection traits. The producer, on the other

hand, in ordar to market his animals at the stage of optimal car-

cass and meat quality, should also be aware of the inherent biolo-

gical differences of beef animals, even though these characteris-
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tics could be changed or improved by applying certain technological

treatments.
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PIGMENT CONTENT (MYOGLOBIN) IN MUSCLES OF

AFRIKANER AND FRIESLAND BULLS AND STEERS

OF DIFFERENT AGES

The first quality characteristic that attracts the housewife is the cherry-red
colour of fresh meat. Pigment content plays an important role in the
appearance of meat.
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Fig.l Muscle pigment of bull topside

(*f. semimembranosus)
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Age( months)
Fig. 2 Muscle pigment of 5 muscles of

Frieslands

CONCLUSIONS:

1) Muscle pigment content increased with age in all animals.

2),Muscle pigment content was higher in Afrikaner than in Friesland
muscles and therefore its meat would have a darker colour.

3)There was no significant difference in pigment content between
muscles of bulls and steers at these young ages.
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PIGMENT CONTENT (MYOGLOBIN) IN MUSCLES OF AFRIKANER AND

FRIESLAND BULLS AND STEERS OF DIFFERENT AGES

R.L. Boccard, D.E. Cronje & M.C. Smit

9)

INTRODUCTION

Colour probably is the most frequently used criterion for judging

shelflife and acceptability of fresh meat. Pigment content plays

an important role in the appearance of meat.

RESULTS AND DISCUSSION

a) Variation in pigment content of muscles of bulls between birth

and 24 months of age due to breed of the animal.

In four of the five muscles studied a higher pigment content

was determined for Afrikaner than for Friesland bulls. No dif-

ferences were observed at birth between the two breeds, but the

rate of increase was more rapid during the first year of life

of Afrikaner bulls compared with Frieslands. As from 16 months

onwards a marked increase in muscle pigment concentration was

observed in Friesland bulls.

b) Variation in the muscle pigment content of muscles of bulls of

both breeds due to age of animal.

A systematic increase in the muscle pigment was measured in all

five muscles of animals studied during the growth period from

birth to 24 months.

c) Variation in the pigment content of the muscles of Afrikaner and

Friesland cattle aged between 12 and 24 months due to sex of the

animal.

Apart from the finding that the ft. <4emi.£endlno<4u<4 (ST) of bulls

had a higher pigment content than that of steers, no further
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significant differences were observed between the muscles of

the two sexes.

CONCLUSIONS

Muscle pigment content,as measured over a period from birth to 24

months,increased with age in all animals. The pigment content of

the five muscles studied was very similar at birth but increase in

myoglobin content was not the same for the different muscles. In

most of the muscles a higher pigment content was found in the

Afrikaner than in the Friesland bulxs.

No differences in myoglobin content were observed at birth between

the two breeds, but the rate of increase was more rapid during the

first year of life of Afrikaner bulls when compared with Frieslands.

Therefore the meat of the Afrikaner would have a darker colour.

From 16 months onwards there was a marked increase in the muscle

pigment content of Friesland bulls so that at 24 months the content

was practically equal for the two breeds.

There was no significant difference in the pigment content between

muscles of bulls and steers at the early ages and the same pattern

was followed to maturity.
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THE EFFECT OF MUSCLE CHH.UNU RATE ON BEEF TENDERNESS ( l 6 )

-ow chiWng tamparaturaa will cauaa pra rigor muactoa to "cold ahortan

ind toughan whan not alactrteally atlmulatad.MuacIa tamparaturaa balow

lO'C within K> hours post mortam cauaaa toughanlng.

250 kg carcot***

- - - - 1 1 O kg carcaMM y~ ^9O

170

ISO

130

\ - w critical
» S tougnnot*
l r ' (11ON)

O 2 4 6 • 1O

Shear fere*
< N / # >» mm)
of sirloin

110

5O

ChMBng tomporatur* *C

I.Tha mors rapidly muaclaa ar« chiliad altar alaughtar tha toughar tha

maat.

2.Muaclaa In amail carcaaaaa chid mora rapidly than thoaa in larga

carcaaaaa, hanca toughan mora aavaraly whan rapidly chiHad.

3.C0M ahortanlng and unaccaptabla toughnaaa (110 N) can ba pravantad

by alactrical athnulatfon or by chilling small carcassas (110kg) at

tamparaturaa not lowar than 7*C mndi larga carcasssa not lowar than 3'C.

4.Raptd chfWng of all carcaasas is howavar assantial to ansura good

shall Ufa of maat.
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THE EFFECT OF MUSCLE CHILLING RATE ON BEEF TENDERNESS

R.T. Naude & A.J.J. van Rensburg

10)

Rapid post slaughter chilling of beef carcasses ensures optimal

shelf life of hygienically handled meat. When muscles are chilled

to a temperature of less than 10°C within 10 hours post mortem,

"cold shortening" will occur, resulting in extremely tough meat.

This is particularly noticeable with inherently tender meat from

young animals (highly soluble connective tissue). Electrical sti-

mulation of muscles immediately post-slaughter, will however prevent

muscle contraction due to cold shortening hence prevent toughening

of tender meat. (See posters 12 and 13).

PURPOSE

In order to understand more fully the effect of different rates of

chilling due to variation in carcass size and chilling temperatures,

on meat shear force values (toughness), a large scale experiment

with beef carcasses was undertaken.

PROCEDURE

Crossbred Afrikanertype steers were fed in feedlots from weaning

age (7 months) to a live mass estimated to yield either 110 or

250 kg carcasses, representing the normal range of cattle slaugh-

tered in the A-age category (no permanent incisor teeth). After

slaughter carcasses were chilled for 20 hours at 5 different tem-

peratures : 0, 3, 5, 7 and 9°C - 5 carcasses of each mass group at

each temperature. During a second day all carcasses were chilled

at 0°C. Steaks, 2,5 cm thick, were cooked in plastic bags for one

hour at 80°C and 3 cores with a diameter of 1,9 mm were sheared at

two positions with a Warner Bratzler shear meter. Steaks were cut

from the sirloin (/*).
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RESULTS

In the graph in Poster number 10 the effect of low temperatures on

pre-rigor muscles is clearly illustrated. The lower the chilling

temperature of a particular size of carcass the lower the muscle

temperature was found to be at 10 hours post-mortem. The smaller

the carcass size when chilled at a particular temperature the lower

the muscle temperature at 10 hours post-mortem. The ATP content of

muscles 10 hours post-mortem is still sufficiently high to enable

muscles to contract when stimulated at temperatures lower than 10°C.

It was shown, however, that the lower the muscle temperature, hence

the highter the rate of chilling, the more severe the cold shorte-

ning effect. Taste panel assessment showed that meat in these

tests with shear force values of less than 110 Newton was still of

acceptable tenderness. Small carcasses chilled at temperatures

lower than 7°C yielded unacceptable tough meat and large carcasses

should not be chilled at temperatures lower than 3°C to ensure

acceptably tender meat. Chilling rate of pre-rigor muscles is

therefore inversely related to tenderness of meat. However, the

higher the initial chilling rate of carcasses the lower will be the

meat temperature at the time of carcass dispatch. If these low

temperatures are maintained during transport of carcasses, from

abattoir to wholesaler to retailer to display cabinet, optimal shelf

life of the consumer's packages may be expected.

Rapidly chilled meat is, however, always unacceptably tough due to

cold shortening. This may, however, be prevented by electrical sti-

mulation and tenderness further improved by ageing (Posters 10, 11,

12 and 13).

CONCLUSIONS

In order to ensure the highest possible quality of fresh beef steaks,

young animals should be slaughtered, carcasses then electrically

stimulated and rapidly chilled and finally aged for one week. Care-

fully cooked steaks of this description will ensure the highest

possible consumer's satisfaction.
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BEEF CARCASS CHILLING, SUSPENSION AND MEAT TENDERNESS

SARCOMERES ARE THE CONTRACTILE UNITS OF VOLUNTARY MUSCLE
THE MEAT IS TOUGH IF THE MUSCLE IS IN A CONTRACTED STATE WHEN RIGOR
MORTIS SETS IN.

THE MEAT IS TENDER IF THE MUSCLE IS IN A RELAXED OR EXTENDED STATE
WHEN RIGOR MORTIS SETS IN.

FIGURE: THE EFFECT OF MODE OF SUSPENSION AND CHILLING TEMPERATURE

ON SHEAR FORCE AND SARCOMERE LENGTH OF PRIME RIB (A. long.JL*
AlmuA tho«.acL**) [2 DAYS POST MORTEM AND 60°C COOKING
TEMPERATURE]

HockPelvis

2,6

Initial chilling temperature (°C)

• • SHEAR FORCE - HOCK

• • SHEAR FORCE - PELVIS

• • SARCOMERE LENGTH - HOCK

• - — • SARCOMERE LENGTH - PELVIS
CONCLUSIONS:
(i) A HIGHER CHILLING TEMPERATURE RESULTS IN LONGER SARCOMERE

LENGTHS, LESS COLD SHORTENING AND THUS MORE TENDER MEAT,

(n) PELVIS MODE OF SUSPENSION IMPROVES THE TENDERNESS OF SOME
MUSCLES•
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THE EFFECT OF CHILLING TEMPERATURES AND MODE OF SUSPENSION OF

BEEF CARCASSES ON SARCOMERE LENGTH AND MEAT TENDERNESS

J.H. Dreyer, A.J.J. van Rensbur-g, R.T. Naude,

P.J. Gouws and Suzette Stiemie

11)

INTRODUCTION

Two types of meat toughness are recognized - protein toughness and

connective tissue toughness. No manner of pre-cooking treatment

(bar chemical treatment) will alleviate connective tissue toughness.

Protein toughness can be avoided to a major extent by certain post-

slaughter precautions.

A few words on the mechanism of muscle structure and function to

fill in the picture. Connective tissue covers the intact muscle on

the outside, divides the muscle into bundles and circles the indi-

vidual muscle fibres, thus serving as a soft skeleton or means of

support for the whole structure.

The skeletal muscles, which post rigor is the meat we eat, are con-

structed of muscle fibres or myofibres, which are discernable by

eye. In turn these fibres are microscopically seen to consist of

myofibrils which are once again sub-divided into myofilaments.

Sarcomeres, or the contractile units of voluntary muscles, are ele-

ments on the myofibrils. These sarcomeres are seen as striations

under the microscope and consist of two proteins, actin and myosin,

arranged as parallel rods but not in register. When the muscle

contracts these two proteins slide over each other, overlapping in

the process. When the muscle relaxes they are withdrawn and cease

to overlap. The whole process if affected by intricate biochemical

processes interacting at molecular level. A cold stimulus, as in

a cold room, on the skinned carcass will cause the muscles to
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contract and the sarcomeres to shorten. When the temperature drops

drastically while muscles are in a state of rigor mortis, the actin

and myosin will bind irreversibly to form a tough protein, acto-

myosin and the greater the overlap, the larger the quantity of this

protein formed. This situation constitutes the condition of cold

shortening, resulting in tough meat even in carcasses of very young

animals which should have been tender. The young and small are as

a matter of course more prone to cold shortening than the huge and

fat covered carcasses.

OBJECTIVE

This study was directed towards the assessment of the effects of a

series of initial chilling temperatures on the sarcomere length and

meat tenderness on two carcass mass groups. Also, the effect of

two modes of suspension, hock and pelvic, were investigated.

PROCEDURE

Young beef animals were divided into two groups for the purpose of

this trial and fed ad -Li.b. They were taken to an expected pre-

slaughter carcass mass of 120 and 240 kg respectively. Carcasses

were split into sides - one group serving as controls were hock

hanged and the others suspended by the pelvic bone (Figure on pos-

ter).

Sides were divided into groups and subjected to five chilling tem-

peratures (0°, 3°, 5°, 7° and 9°C). The two muscles used for the

determinations were the eye muscle of the back {M. longri.4/ii.m.u.4

tko/iac-L/i) and the scotch fillet (fit. -4 emi.tendi.no * uj) of the buttock.

Sarcomere counts were made at 1000 x magnification and shear force

values determined after the meat was cooked in plastic bags at tem-

peratures of 60° and 80°C in a waterbath.

RESULTS AND DISCUSSION

Muscles from carcasses of 120 kg had a greater chilling rate re-

sponse and as a result had a higher shear force value (tougher) and
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shorter sarcomeres (tougher) than the 240 kg carcasses.

The mode of suspension had a definite effect on meat tenderness in

that the samples tested in the pelvic suspended carcasses had a

lower shear force value (more tender) and longer sarcomeres (more

tender).

CONCLUSIONS

The pelvic mode of suspension can perhaps be recommended for fully

integrated meat plants but not for plants where carcasses have to

be transported away for processing.

It can be stated that the optional initial chilling temperatures

for light carcasses (120 kg) were between 7° and 9°C whereas for

heavier carcasses (240 kg) between 3° and 7°C would be more suita-

ble.

Careful monitoring of chilling temperatures whereby carcasses are

hung can prevent unnecessary toughening of the meat which should

be a boon to housewives.
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THE PREVENTION OF TOUGHNESS IN MEAT BY ELECTRICAL

STIMULATION

With the application of electrical stimulation of carcasses immediately

post mortem, available muscle energy reserves are depleted. Muscles

contract as a reaction to the cold stimulus at the commencement of chil-

ling. As a result of electrical stimulation,insufficient energy is available

for muscle contraction. Rigor mortis consequently develops while the

muscles are less contracted, resulting in more tender meat.

Effects of electrical stimulation at 400V and 500V on beef carcasses

(140-240kg, 0-4teeth) for 120 seconds,30 minutes post mortem.

pHvalue 2 hours post
stimulation

Shear force value 2 days
post mortem (kg/013mm)

Shear force value 10 days
post mortem (kg/jB 13mm)

Control

6,52

8,46

5,61

400V

5,71

6,96

333

% diffe-
rence

14

22

46

Control

6,86

8,21

4,63

500V

5,60

5,14

3,30

%diffe-
rence

23

6 0

40

Conclusions:

i. Electrical stimulation at 400V and 500V is effective in preventing

cold shortening, and thus the toughening of meat.

ii. Electrical stimulation at 500V is even more effective than at 400V.

Hi. Ageing significantly improves tenderness, even after the application

of electrical stimulation.
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THE PREVENTION OF TOUGHENING IN MEAT BY ELECTRICAL STIMULATION

P.H. Heinze

12)

INTRODUCTION

When hot carcasses are subjected to cold (i.e. chilling at O°C)

immediately after slaughter, the muscles of the carcass undergo the

process of cold-shortening. During this process muscles contract

as a result of a cold stimulus. Because of the lasting nature of

this stimulus, the muscles remain contracted until most of the

available muscle energy is exhausted. Rigor mortin consequently

sets in while the muscles are contracted. The effect of this pheno-

menon is that meat from these carcasses are less tender than meat

from carcasses in which rigor mortis sets in while the muscles are

relaxed.

A method to prevent cold-shortening is to remove most of the avail-

able muscle energy reserves before the commencement of chilling.

A method devised to deplete the muscle energy reserves immediately

post slaughter, is electrical stimulation. The muscles of the car-

cass contract with the application of electrical stimulation and

there-by utilizing the available muscle energy. After electrical

stimulation enough muscle energy is still available to encourage

muscle relaxation. Thus rigor mortis sets in while the muscles

are relaxed, and this results in more tender meat.

PROCEDURE

Some pilot experiments were conducted at various abattoirs using

various voltages, duration of stimulation as well as at different

times post-mortem. Although most of the experiments were conducted

on beef, one was also done on sheep.
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The pH-values in the eye muscle of the wing ribs (ft.

tko/iaclA) were determined two hours post-stimulation with a pH-meter

with a combined glass electrode. A pH value of 6,00 or less two

hours post-stimulation indicates an effective stimulation. Shear

force measurements two and ten days post-mortem were also carried

out on sample cores from steaks cooked in a plastic bag for 60 min.

at 70°C from the experiment in which carcasses were stimulated 30

minutes post-mortem.

RESULTS

Experiments 1 and 2

Electrical stimulation of beef carcasses 30 minutes post-mortem at

400V and 500V for 120 seconds.

pH value 2
post-mortem

Shear force
post-mortem
(kg/013mm)

Shear force
post-mortem
(kg/013mm)

hours

2 days

10 days

Con-
trol

6

8

5

,52

46

61

400V

5

6

3

,71

,96

,83

% Diffe-
rence

14

22

46

Con-
trol

6

8

4

,86

,21

,63

500V

5

5

3

,60

,14

,30

% Diffe-
rence

23

60

40

Although both voltages employed had a significant effect on the pre-

vention of the toughening effect of cold shortening, stimulation at

500V had even a greater effect . Nevertheless, the results indicate

that even with the application of electrical stimulation, ageing

improved the tenderness of the meat even further.

Experiments 3 and 4

Electrical stimulation of beef carcasses 10 minutes post-mortem at

500V for 66 seconds and electrical stimulation of beef carcasses

post-mortem at 30V for 60 seconds (i.e. 40 seconds of effective

stimulation: 2 seconds stimulation followed by a one second resting
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t
period).

pH-value 2 hours
post-stimulation

Con-
trol

6,72

500V

5,84

% Diffe-
rence

15

Con-
trol

6,73

30V

6,60

% Diffe-
rence

2

Electrical stimulation at 500V was effective as indicated by the

pH-value of less than 6,00 two hours post-stimulation. Although

electrical stimulation at 30V had a depressing effect on the pH-

value two hours post-stimulation, the procedure, followed was not

effective in lowering the pH to less than 6,00 within two hours

after stimulation, thus showing up a non-effective stimulation.

Experiments 5 and 6

Electrical stimulation of sheep carcasses 24 seconds post-mortem at

500V and 800V for 57 seconds.

pH-value 2 hours
post-mortem

Con-
trol

6,79

500V

6,03

% Diffe-
rence

13

Con-
trol

6,77

30V

5,94

% Diffe-
rence

14

Although both voltages had a significant effect on the pH-values

2 hours post-mortem, stimulation at a voltage of 800V was more ef-

fective .

CONCLUSION

The results of these experiments indicate that electrical stimula-

tion prevents cold shortening, and thus the toughening of meat.

With the ageing of stimulated meat, the meat still improves in ten-

derness. Attention must however be drawn to the fact that effective

stimulation prevents cold shortening, and thus prevents contraction

toughening of meat, but has no effect on the toughening effect of
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connective tissue. Older animals will still be tougher than younger

animals due to the decrease in the solubility of ageing collagen.
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PROCEDURES USED IN MEAT PACKAGING STUDIES

13, & 20 to 26)

In all the different meat packaging studies there were several va-

riables and parameters that were common to all, except as noted in

posters. There were:

ANIMALS Feedlotted

CARCASSES 1. Grade - Generally Super A

2. Processing - 3 days post mortem

3. Stimulation - 500V 23 Hz for 2 minutes

CUTS USED 1. "T"-bone without fillet 15mm thick

2. Tenderized steaks from topsides

3. Topside steaks

4. Rump steaks

5. Bolo

6. Silverside

DISPLAY Open top 2m display cabinets

1. Temperatures

0°C and 5°C at upper meat surface

2. Lighting

1050 lux on meat surface for 24 hours
daily

3. Packaging

Styrofoam overwrapped with PVC

4. Time displayed

0; 2; 3 or 5 days

5. Rotation of package in cabinet

2 times daily - back to front
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EVALUATIONS : 1. Sensory panels

(a) Visual: (acceptability, discolora-

tion, color score); (b) Organoleptic:

(tenderness, flavour and juiciness)

2. Microbial

(a) TPC; (b) Total psychrotrophic

counts; (c) Anaerobic counts and (d)

Lactic acid bacteria.

3. Physical measures

(a) pH; (b) Packaged steak weight loss

during display; (c) Shear value; (d)

Carver press; (e) Cooking weight loss.
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ELECTRICAL STIMULATION AND MEAT QUALITY

Electrical stimulation (ES) was studied as a feasible and inexpensive

method of preventing cold shortening and thereby improving

tenderness of rapidly chilled carcasses.
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CONTROL
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CONT

INSTRON VALUES COLOUR PANEL

Tenderness of sirloin steaks was evaluated by a trained sensory panel and

the matron fhear mater.Using a five point scale the panel judged the

ES meat more tender than the controls.ES meat also required less

shear force (25N) tnan control steaks.

ES cuts retained the fresh meat colour better during display. The mean

discolouration score for ES meat was 12,5 * lower than for control cuts.

Thus ES prevents cold shortening and enhances the colour stability of

beef.
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ELECTRICAL STIMULATION AND MEAT QUALITY

G.L. Nortje, Ansie Laubscher, Linda Naude, Wilma Oosthuizen,

Erika Jordaan, R.T. Naude and H.D. Naumann

13)

Cold shortening is a muscle phenomenon with negative effects on

meat quality which must be addressed. Cold shortening results when

a carcass is rapidly chilled as required by current hygiene regu-

lations. Consequently, carcass temperatures decrease to less than

11cr; while the pH-value is still higher than 6,2. This results in

tougher meat due to severe muscle contraction. Electrical stimu-

lation (ES) immediately post slaughter is a feasible and inexpen-

sive method of preventing cold shortening of rapidly chilled lean

carcasses.

OBJECTIVES AND PROCEDURES

The influence of ES on tenderness was studied in an experiment

where the right side of each of eight animals were stimulated while

the left sides served as controls. An electrical current of 500V,

15Hz was sent through the carcass for 2 minutes immediately follo-

wing stunning and bleeding. The stimulated as well as non-stimula-

ted sides were then processed into T-bone steaks and displayed for

0, 3 and 5 days.

RESULTS AND DISCUSSION

The quality characteristics that were influenced by ES, were mainly

tenderness and colour. Tenderness of sirloin steaks were evaluated

by a 4 member trained sensory panel. Using a five point scale where

number 1 represents very tender and number 5 very tough meat. The

ES steaks were judged ± one point more tender than control steaks

which is statistically significant on a five point scale. According

to shear force values ES meat required 25 N less shear force than

control meat, and was therefore much more tender.
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f
ES steaks retained the fresh meat colour better during display.

Judged by a six member sensory panel the ES steaks were 12,5% less

discoloured than the control steaks.

CONCLUSIONS

Thus ES prevented cold shortening under circumstances where lean

carcasses were rapidly chilled. Nevertheless it should be kept in

mind that the final eating quality of the meat depends on the capa-

bility and the know how regarding the preparation of meat by the

housewife.
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INFLUENCE OF ANilAL STRESS ON BEEF QUALITY

Tha occunanoaof dark, firm and dry (DFD) maat in retail outlets to dua to pre-

slaughter straaa of tha animal. DFD-maat may be rejected by the consumer

and/or will have a poor ahelf life.
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STRESS CONTROL STRESS CONTROL

Meat from stressed steers had a higher mean pH-value than meat from non-

stressed animals .The higher pH- value is the main cause of dark, firm and dry

meat, and enhances the growth of spoilage organisms. This meat had a higher

colour score (dark) at the beginning of display and deteriorated fasther

during display than controls.

This study confirms that DFD-beef has a darker colour.lt is therefore

recommended not to utilize DFD beef in the retail trade.
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T
INFLUENCE OF ANIMAL STRESS ON BEEF QUALITY

G.L. Nortje, Ansie Laubscher, Linda Naude, Wilma Oosthuizen,

Erika Jordaan, R.T. Naude and H.D. Naumann

1k)

Animal stress is frequently encountered in animals when they are

exhausted during transportation and handling prior to slaughter.

This stress frequently results in carcasses with a dark, firm and

dry appearance (DFD). Because of its dark colour and otherwise

unattractive appearance, it is subject to consumer rejection at the

retail counter.

OBJECTIVES AND PROCEDURES

DFD-meat was compared to normal meat in a recent experiment to study

the effect of stress on meat quality. Observations were made on

four sides of two animals at a time and were repeated for four times

thus a total of eight animals. One of the two animals was stres-

sed each time by chasing it for approximately 30 minutes three times

daily for two days prior to slaughter as well as one time just be-

fore slaughter. Control animals were slaughtered under normal con-

ditions. The right sides of both the stressed and control carcas-

ses were electrically stimulated (ES). Thus the overall comparison

was between a stressed non-ES and stressed ES; a control non-ES and

a control ES side and between control and stressed animals. After a

24 hour chilling period, T-bone steaks were cut and packaged in

deep (73 D) and shallow (73 S) fomolite trays and overwrapped with

PVC-film (polyvinilchloride). Packaged steaks were displayed for

0, 3 or 5 days.

The influence of stress on meat quality was monitored by observing

pH-values, steak weight losses, microbiological counts, steak colour,

acceptability, discolouration, taste, shear force, water holding

capacity and cooking loss.
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RESULTS AND DISCUSSION

Steaks from normally handled animals had a mean final pH-value of

5,6 while the mean pH for meat from stressed animals was 5,9

(Poster no. 14). Some non-stressed animals were very stress-suscep-

tible and had DFD meat with a high pH. The significant differences

in pH-values effectively demonstrated colour differences between

DFD and normal meat. A five member panel was involved with initial

colour score evaluations and colour was judged against a 8-point

scale colour chart, where 1 represents a very light colour (pale),

4 the characteristic cherry red fresh meat colour and 8 an extreme-

ly ciark red colour. The meat from the stressed animals had a

higher colour score (dark) of 1 point on the scale than the control

meat and was more unacceptable to the panel. Colour acceptability

was evaluated by a six member panel against an eight point scale

where 1 represented an extremely unacceptable colour and 8 and ex-

tremely acceptable colour. The meat from stressed animals was more

unacceptable to the panel than the meat from control animals. Con-

sumers usually discriminate against dark coloured meat in retail

displays. The higher pH in DFD-meat contributes to the dark, firm

and dry characteristics of the meat and also enhances the growth of

organisms which results in a shorter shelf life. A taste panel of

four members did not detect significant differences in flavour,

juiciness and tenderness.

CONCLUSIONS

This study confirms that meat from stressed animals is inferior to

normal meat in acceptability and attractiveness. It is therefore

recommended not to utilize DFD-meat in the retail trade, but to use

it in the restaurant and manufacturing trade.
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THE OCCURRENCE OF DFD MEAT AT A COMMERCIAL

BACON FACTORY

Dark,firm and dry (DFD) meat develops when exhausted animals are

slaughtered. Meat from these animals has a dark colour and is firm and

dry to the touch. The final pH value of this type of meat is high

(pH>6,0). It also has a short shelf life, even when cured. Sex, mode of

transport, resting time and backfat thickness are factors which may

influence the occurrence of DFD meat.

The influence of some factors on the occurrence of DFD meat at a

commercial bacon factory.

1. Total

2.Sex i Boars
ii Sows and gilts

3.Mode of transport i Road
ii Train

4. Resting time i 5 48h
ii >48h

5. Backfat thickness i < 11mm
ii 11-20mm
iii 21-30 mir
iv >30mm

n

3477

1241
2236

2224
1253

3147
330

8
1703
1654

112

'/- DFD(pH>6,0)

30,2

43,1
23,0

33,6
24,2

29,0
12,1

50,0
33,5
27,3
21,4

These results confirm that tex, mode of transport, resting time and

backfat thickness play a part in the occurrence of DFD meat.
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THE OCCURRENCE OF DFD MEAT AT A COMMERCIAL BACON FACTORY

P.H. Heinze

15)

INTRODUCTION

Dark,firm and dry (DFD) meat developes when exhausted animals are

slaughtered. Meat from these animals has a final pH-value higher

than 6,00 in relation to the normal final pH-value of 5,5 of animals

slaughtered after being well fed and rested. DFD meat has a dark

colour, against which consumers tend to discriminate. The meat is

also firm and sticky to the touch. This type of meat has a very

good water holding capacity, but this also leads to the poor pene-

tration of brine during curing. The meat has also a very low resi-

dual glucose content with the result that the degradation of protein

by bacteria starts shortly after slaughter. This promotes a shorter

shelf life and subsequent financial losses.

PROCEDURE

A survey was conducted to determine the occurrence of DFD meat at a

commercial bacon factory, and also to determine some of the factors

contributing to this problem. The factors examined were sex, mccie

of transport, transport distance, day of slaughter, resting time, and

backfat thickness. pH values were determined in the eye muscle

(ft. J.on.g.i./i4i.m.u.4 lumbo/iuml at the first lumbar vertebra. Backfat

thickness was also determined at the first lumbar vertebra. In the

survey 3 477, pork carcasses were used, consisting of 1 241 boars

and 2 236 sows and gilts.

RESULTS

Of the total number of pig carcasses evaluated, 30,2% had a final

pH-value of 6,00 or above, while 43,1% of the boars and 23,0% of

the sows and gilts had pH-values of 6,00 and above.
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Transport by road had a more adverse effect on the final pH-value

than transport by train. Of the road transported pigs, 33,6% had

a final pH-value of 6,00 or above in comparison to 24,2% of the

train transported pigs. However, it must be borne in mind that the

average number of kilometers travelled by road was 81 km in compari-

son to the 291 km travelled by train.

Transport by road over a distance of more than 50 km had a more

adverse effect on the final pH-value than a distance of less than

51 km. Only 23,2% of the carcasses of pigs transported less than

51 km by road had a DFD character, while 36,2% of the carcasses of

pigs transported for more than 50 km by road had a DFD character.

The reverse was found with transport by train. Thirty five percent

of the pigs developed DFD characteristics after travelling less

than 101 km while only 23,6% of the pigs travelling more than 100

km developed DFD characteristics.

The day of slaughter also had a significant effect on the percentage

carcasses with a final pH-value of 6,00 and above. While 18,9% of

the pigs slaughtered on Mondays had final pH-values of 6,00 or

above, the percentage for the rest of the week varied between 29,9%

and 33,4%. This phenomenon must, however, be seen in conjunction

with the resting times. Pigs delivered on Fridays and Saturdays

were only slaughtered on Mondays and thus had the longest rest

period. During the rest of the week pigs were slaughtered the day

following delivery. During week-ends the pigs also received rations

and could so replenish their glycogen reserves. The factory-area

was also very quiet over week-ends as no animals were slaughtered.

After a resting time of more than 48 hours, only 12,1% of the cai—

casses had a final pH-value of 6,00 or above in comparison to 32,1%

for shorter resting times.

Backfat thickness also had an influence on the final pH-value. With

a backfat thickness between 11 and 20 mm, 33,5% of the carcasses

had a final pH-value of 6,00 or above, 27,3% with a backfat thick-

ness between 21 and 30 mm and 21,4% with a backfat thickness of
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more than 30 mm. These results indicate that a tendency exists in

that pigs with lower a backfat thickness tend to have higher final

pH-values.

CONCLUSION

The results of this survey indicate that the factors evaluated

during the survey, do play a part in the occurrence of DFD meat,

and should therefore be borne in mind in trying to alleviate or

even prevent the problem of DFD meat.
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J
PALE, SOFT, EXUDATIVE (PSE) PORK

PSE meat is caused by preslaughter stress of pigs. Animals resistant to stress are
however affected less severely. Susceptible animals are identified by the halothane
test.

1. * HALOTHANE POSITIVE BOARS (°'o)

Testing centre

Irene
Cedara
Elsenburg

Landrace

1978/79

11.2
8,2

23,6

1980/81

15,2
12,2
12,2

Large

1978/79

0,0
0,0
1.1

White

1980/81

1.1
1.2
0,3

('Positive reactors art excluded from the breeding herd)

2. The PSE condition d eve lopes in approximately 3 0 % of all pigs slaughtered in
South Africa (Survey, 1974).

3. Non genetic causes such as method of stunning have a marked influence on pork
quality.

Stunning method % pHj < 6,0 (PSE) *

Captive bolt pistol 80
Carbon dioxide (65 % ) 20
Electrical (90 volts) 0
Sticking and bleeding 30
Hammer 20

( *pH, in M. longiSSt'mUS lumborum 45min. postmortem)

4. Cooked ham yield is severely affected in PSE meat.

Parameter Normal PSE

pH-j in ham muscles 6,89 5,89

Light reflectance 31,9 (normal) 44,1 (pale)
Processing loss ( % ) 1.3 7,9

In a bacon factory slaughtering 500 pigs per day,this represents a loss of
t R 100 000 per year.
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PALE. SOFT, EXUDATIVE (PSE) PORK

R.T. Naude, J.F.G. Klingbiel & P.A.A. Rossouw

16)

Pre-slaughter stress in pigs shortly before slaughter, causes ab-

normal muscle contraction resulting in rapid post-mortem biochemical

changes in the muscles - anaerobic glycolysis. Certain pigs exposed

to pre-slaughter environmental stress, do however react more severe-

ly (genetically stress susceptible) than others (stress resistant).

Both groups, depending on the degree of stress, may however develop

muscle symptoms known as pale, soft, exudative (PSE) meat.

A rapid post-mortem glycolysis, hence an increase in lactic acid

content (low pH) of pig muscles, while the meat temperature is still

in excess of 30°C, will cause the undesireable phenomenon of pale,

soft, exudative pork. Under these conditions sarcoplasmic proteins

coagulate, masking the myoglobin pigment or inherent colour of the

meat. These proteins are also precipitated on the myofibrillar

proteins causing a greater degree of light reflection - the nett

result being a paler colour of the meat. The rapid rate of lactic

acid formation also causes hydrolysis of the muscle fibre endomy-

sium, surrounding the fibre. The hydrolysate then accumulates along

with the sarcoplasmic fluid in the intercellular spaces of the

muscle as a gelatinous oedema. As a result of the above changes the

muscle loses its firm texture and becomes soft and flabby and muscle

fluids exude from the meat when cut or processed. These fluids con-

tain cell plasm as well as hydrolysed collagen which are both meat

proteins.

PURPOSE

In view of the practical importance of PSE meat, surveys and experi-

ments were conducted in South Africa in order to ascertain the ex-

tent of the problem as well as its technological, hence financial

implications in the meat industry in South Africa.
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PROCEDURE

1. In a countrywide survey at bacon factories and service abattoirs

the pH-j -values (45 minutes post-mortem) of certain muscles

ffil. J.on.g.4.44jjnu.4 do/i^i. - sirloin and fll. 4&mimembJian.o4u.4 - ham)

were determined in order to estimate the occurrence of PSE

carcasses - those with pH-)-values of - 6,0.

2. In experiments at the ADSRI the environmental stress factors,

which had been identified in the survey to affect meat quality,

were studied in more detail - such as pre-slaughter handling,

method of stunning as well as stunning procedure. Some of the

muscle parameters studied were, rate of post-mortem glycolysis,

colour, drip loss and cooking loss.

•

3. In a bacon factory technological factors such as cooked ham

yield of PSE and normal hams were studied.

4. In the pig improvement scheme of the ADSRI the halothane test

is applied to young boars in performance testing. Pigs which

are genetically homosygously positive for the stress syndrome,

are identified with this test and are than excluded from bree-

ding herds - a slaughter clause in the rules of the pig improve-

ment scheme prescribes this procedure.

RESULTS

1. The survey of three bacon factories and three service abattoirs

revealed that PSE muscles were present in 8, 6, 5,0 and 28,6%

of the carcasses at factories and in 12,9; 17,5 and 71,9% of

those at abattoirs. At five slaughter operations electrical

stunning was done, but in the case of the last abattoir with

71,9% PSE the captive bolt pistol was used to stun pigs. In a

further survey of 449 bacon factories and abattoirs, it was

found that 316 (70,4%) of these use the captive bolt for stun-

ning - they do,however,slaughter only 26,3% of the pigs in the

country. Electrical stunning is applied to 68,6% of all pigs

slaughtered. Using these figures in conjunction with those of
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the first survey, it was calculated that almost 30% of all pigs

slaughtered in the country could be expected to develop PSE

characteristics post-slaughter.

2. In the experiments performed at the ADSRI it was found the

electrical stunning (90V) caused the least stress in stress

resistant pigs being slaughtered 80%) and captive bolt stunning

the most (80%). Carbon dioxide (65% CO2 ) stunning resulted in

20% PSE, stunning with a blow of a hammer on the skull in 20% and

sticking and bleeding without stunning is 30%. Electrical

stunning is therefore recommended for all pig abattoirs. More

recent information from the Netherlands indicate that high vol-

tage stunning yields even better results than low voltage stun-

ning as applied in South Africa.

When certain pre-slaughter handling practices of pigs found at

bacon factories, were stimulated at the ADSRI, it was found

that the rate of post-mortem muscle glycolysis was increased

significantly resulting in paler meat with a much higher cooking

loss. Chasing, prodding, beating and shouting to get pigs to

move forward in crushes towards the stunning pens, were amongst

the factors found to excite and stress pigs. Injudicious appli-

cation of the electrical stunner, not only on the head but

over the back and hams of animals as was found in practice, did

cause a more rapid post-mortem glycolysis of the final proces-

sed products.

3. PSE and normal hams were selected in a bacon factory 45 minutes

post-mortem by measuring the pH of loin and ham muscles.

Twelve of the gammons in each group were deboned, skinned and

trimmed and then pumped with brine, cured and finally cooked

in a pear-shaped mould. After cooling the extraneous gelatine

was removed and it was found that PSE hams yielded 6,6% less

consumable product than normal hams and had a significantly

paler colour.
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4. Most of the pigs used in the experiments at the ADSRI as well

as at the bacon factory were crossbreds between Landrace and

Large White types and could be expected to be fairly stress

resistant. Had they been more stress susceptible the financial

implications would have been even more serious. A very effec-

tive test to identify homozygous positive stress susceptible

pig~ early in life (6 weeks old), was developed by the Dutch -

the halothane test. The anaesthetic (5%) is applied for a few

minutes to test the physical muscular reaction of the piglet as

well as the change in heart rate, body temperature and respira-

tion rate. Stretching of limbs and elevation of the physiologi-

cal parameters identifies stress susceptible piglets, which are

then eliminated from breeding herds. The occurrence of posi-

tive reactors during the past four years at three testing cen-

tres among the Landrace breed was between 8,2 and 23,6% and for

Large White pigs tested it was between 0,0 and 1,2%. Carriers

of this phenomenon are however not identified because they are

heterozygous and may only be found in test matings.

CONCLUSIONS

Environmental stress of pigs immediately pre-slaughter causes rapid

post-mortem changes of muscles resulting in poor waterbinding capa-

city and poor yields of the cooked product as well as a pale colour.

This can be effectively prevented by careful and calm handling of

slaughter pigs. Stress susceptible pigs react more severely to

environmental stress than resistant ones - the former can be iden-

tified and eliminated by the halothane test. In a bacon factory

slaughtering 500 pigs per day, a loss of R100 000 per year may be

incurred if environmental and genetic stress of pigs are not given

due attention in production and breeding programmes.
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BACTERIOLOGICAL STATUS OF BEEF CARCASSES AT ABATTOIR

AT RETAILER

AND

BACTERIA/CM

1800

1400

100G

600

200

i

Laavinq Arrival at
abattoir retailer

Total surface bacterial count on carcasses.

When carcasses left the abattoir the total surface bacterial count was 200

per cm2 and the mean prime rib temperature of the carcasses was 4.4°C

This bacterial level was quite acceptable. After being transported and handled

by meat wholesalers, the carcasses arrived at the retailer with a mean

bacterial count of 1650 per cm2 This was an unacceptable bacterial count

increase from the abattoir to the retailer The temperatures also increased

Thus, there was a large amount of mishandling and temperature violation

between the abattoir and the retailer
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I
SANITARY CONDITIONS AND TEMPERATURES IN ( 1 8 ,

MEAT RETAIL OPERATIONS
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Surface bacterial counts temperatures

In a survey at seven retail outlets the mean bacterial count was 6 300 cm2 on five surfaces

in the cold truck and the mean air temperature was 14°C at arrival. In the cold room a

mean count for two surfaces was 3 300 organisms per cm2. The variation In temperature

was between - 3,7°C and 2,6°C. In the cutting area before production started (8h00),

the mean bacterial count on hands, equipment and working surfaces was 1 SOO per cm2

and at 12h00 the count had Increased to 6 500 per cm2. The mean temperature in the

cutting area ranged between 16°C to 19°C.

Poor sanitary conditions andiiigh temperatures encourage bacterial growth and thus

shorten the shelflife of the meat.
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THE INFLUENCE OF BACTERIA AND TEMPERATURES ON MEAT QUALITY

FROM THE ABATTOIR THROUGH TO THE DISPLAY CABINET

AT THE RETAILER

G.L. Nortje, Ansie Laubscher, Linda Naude,

Wilma Oosthuizen, Erika Jordaan and R.T. Naude

(foAtan.4 17 & 18)

Until recently there was a severe lack of knowledge regarding the

red meat trade in South Africa - especially concerning the influence

of bacteria and temperature on meat quality. Investigations were

started by running surveys at a bacon factory and a local abattoir

to establish the influence of the dressing procedure on the bacte-

rial population of carcass surfaces.

PROCEDURES AND RESULTS

In the study executed at the City Deep abattoir it was determined

what influence the dressing procedure had on the magnitude of bac-

terial counts. The mean bacterial counts were determined periodi-

cally along the slaughter line at the following four positions:

after slaying; after evisceration and inspection; after final

washing and grading of the carcasses and after chilling at 3 to 5°C

for 18 to 24h.

Results of this survey showed that despite mean initial counts of

450 to 770 per cm2 , intermediate handling and the subsequent con-

tamination that took place along the dressing line, the final chil-

ling process rendered carcasses with acceptable bacterial levels of

less than 200 organisms per cm2 . These carcasses left the abattoir

with a mean temperature (1 cm sub surface) of 4,4°C (poster no. 19).

The ideal carcass surface temperature before transportation should

be 0°C.
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Due to the difficulty of following a specific carcass through the

local distribution chain, including transport from the abattoir,

intermediate handling at wholesalers and transport to the retailer,

an alternative study was undertaken. This complementary study was

carried cut at various retailers in the Johannesburg - Pretoria

area. Temperatures and microbial status of carcasses arriving at

the retailers were monitored (poster 19). Care was taken to include

only retailers, getting carcasses from City Deep. It was found

that the carcasses arrived at the retailers with a bacterial count

of 1700 per cm2 and a higher surface temperature (Poster no. 20).

After 24 hours in the retailer's cold room the bacterial numbers

stayed almost the same. These results could be partially the

effect of the high cold truck temperatures and improper operating

hygiene encountered in handling the meat between abattoir and re-

tailer.

At seven retail outlets, the bacterial counts on five surfaces in

the cold truck were monitored upon arrival. The mean bacterial

count on hooks, walls, floors and the workers' clothes and hands

were 6300 per cm2- The lowest air temperature was 14°C and ranged

as high as 17,5°C.

Sanitary conditions and temperatures in the meat retail operations

were also evaluated (Poster no. 18). Inside the cold rooms the

walls and floors were microbiologically examined twice daily and

air temperatures were recorded over a 24 hour period by a thermo-

hydrograph. The meat bacterial count for these two surface areas

was 3300 organisms per cm2 (Poster no. 20). Although the microbial

evaluations took place at 8h00 before production started and at

12h00, a cleaning pattern could not be established and can be an

indication of inadequate management regarding cleaning procedures.

The mean air temperature inside the cold rooms varied between -3,7

and 2,6°C. This represents a range of 6,3°C among seven retail

outlets. Since the ideal cold room temperature is 0°C - 1°C, this

variation was excessive.
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In the cutting areas the hands of workers, equipment and working

surfaces were microbiologically monitored before production started

(8h00) and at 12h00 to represent the in-work situation. Tempera-

tures were again recorded over 24 hour periods.

The count on clean surfaces should be less than 50 organisms per

cm2 and on surfaces during processing the counts should not exceed

1000 organisms per cm2 . The lowest mean count on equipment at one

particular retailer was 660 organisms per cm2 - more than 10 times

greater than ideal. The mean count on clean surfaces in the cut-

ting area, for the seven retail outlets, was 1500 organisms per cm2.

The mean count at 12h00 was 6500 organisms per cm2 (Poster no. 20).

Thus, the counts exceed the proposed guide lines. The lowest air

temperature recorded in the cutting area was 16°C with a mean of

17,5°C for seven retailers.

The survey was followed through by evaluating the final product in

the display cabinet. In the case of three retailers, topside mince

had extremely high counts up to 10 000 000 per gram. These high

counts could be traced back to equipment in the cutting area. In

all cases the mincer had extremely high counts. It was apparent

that this piece of equipment and others were not cleaned regularly.

This observation illustrated the necessity of and/or properly strict

production hygiene in cutting areas.

CONCLUSIONS

These data are evidence that a large amount of mishandling and tem-

perature violation occurred between the abattoir and the retailer as

well as in the retail operations. Furthermore it is evident that

poor sanitary conditions and high temperatures encourage bacterial

growth and thus the deterioration of the meat. Therefore it is of

utmost importance to keep a perishable product like meat clean and

cold. This can only be achieved by maintaining the cold chain and

by proper management.
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INCIDENCE OF DARK COLOURED MEAT IN THE RETAIL

MEAT TRADE

Meat
retailer

1

2

3
4

5

6

7

Packages in
survey

324

99

60
56

229

184

98

MEAN:

*

Dark coloured
packages

(%)

91.0

79.8
85.0
57.1

49.8
65.2

89.8

74.2

Dark coloured

packages due

to oxidation (%)

88 .9 * * *

61,1

95.0
88,9

100.0

100.0

833

87.6

*(See colour chart: colour > 6)

* * * eg 88.9%of 91,0% **(Not DFD)

In a survey of seven meat retailers in the Pretoria-Witwatersrand

area the colour of the meat displayed in the cabinets was

monitored. Most of the dark coloured meat was due to oxidation.

Oxidation of the meat pigment, myoglobin, takes place as a normal

reaction to form brown metmyoglobin. The speed of this reaction

is enchanced by factors such as temperatures above 0°C and

bacterial growth.

The high incidence of oxidised meat was the result of improper

management including

1 violation of the cold-chain and

2 inadequate hygiene practices.
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INCIDENCE OF DARK COLOURED MEAT IN THE RETAIL MEAT TRADE

G.L. Nortje, Ansie Laubscher, Linda Naude,

Wilma Oosthuizen & Erika Jordaan

19)

Colour is one of the most important factors when a consumer buys

meat. During a survey of seven meat retailers in the Pretoria -

Witwatersrand area the colour of all the beef cuts displayed in

the cabinets was monitored for four days in succession. All the

beef cuts that were available at a given time were included to

observe the amount of dark coloured meat for each of thirteen beef

cuts.

PROCEDURES AND RESULTS

Colour was evaluated by comparing beef cuts in the display cabinet

to a colour chart with an eight point colour scale. On this scale

1 represents a very light colour (pale), 4 the characteristic

cherry red fresh meat colour and 8 an extremely dark red colour.

Beef cuts with a colour score of 6 and higher were considered as

dark coloured. Only one retailer had less than 50% dark coloured

meat during the four day observation period, while another retailer

had as many as 91% dark coloured beef cuts. A number of dark

coloured T-bone steaks (/f. long.JLA4i.m.u./i J^umbo/ium.) and rump steak

(M. g.Zuteu-6 mzdi.u.4) were randomly selected at each retailer in

order to get an overall impression of the DFD-situation in the re-

tail trade. The colour of these cuts were compared to the colour

chart and pH-values were measured in order to detect the occurrence

of high pH meat - that is meat with a pH > 5,9 and a dark, firm and

dry appearance which is characteristic of animals that were exhaus-

ted during transportation and handling prior to slaughter. These

measurements indicated that this dark coloured meat in the display

cabinets was due to the oxidation of the meat-pigment to form brown

metmyoglobin. This discolouration was probably a result of product
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environment problems of temperature and sanitation control.

CONCLUSIONS

A solution for part of this problem would be to keep meat, cold

room and display cabinets' temperatures down to - 0°C and the

cutting areas at 10°C. The overall hygiene should also be improved.

It is important to make sure that the meat is sold before it dis-

colours to a point beyond consumer acceptance.

These results stress the vital role of efficient management.
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SHOULD THE LESS TENDER CUTS BE AGED?

An experiment was conducted to determine the effect of

cold storage tirrre on tenderizing of less tender primal cuts.

Physical measurements of tenderness (Shear force) were

conducted on 100 bolo and silverside vacuumpacked samples

after three, seven and twenty-one days in cold storage

(0 ±1 C ). Samples were braised to an internal endpoint

temperature of 80 C.

S. I v e r i . d e (S )

B o l o ( B )

3 d a y s

7 d a ys

21 d a ys

G

Z

w

O

o

E
£

o
z

3 7 21

Tim* (days )

The bolo was significantly more tender than the silverside.

Lengthening of cold storage time from three to twenty-one

days did not significantly influence tenderness of these cuts.

Thus ageing of less tender primal cuts has little beneficial

effect on tenderness.
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SHOULD THE LESS TENDER CUTS BE AGED?

Inge Grobler

20)

INTRODUCTION

When meat is held after the development of rigor mortis, a gradual

tenderization takes place. Tenderness of beef increases with the

extension of the holding period up to an optimum time.

There has been a recent trend toward vacuum packaging beef cuts in

order to extend the storage life. Although vacuum packaging is not

really an aging process/>e>i *& , considerable tenderization of

tender cuts occurs in the vacuum bag as the meat moves through noi—

mal distribution channels.

Usually only sirloins and rib cuts of high quality beef are aged.

These cuts are already relatively tender and the tenderness increa-

ses during the aging period due to changes in the myofibrils. The

result is additional tenderness and improved flavour.

Less tender cuts of meat in a carcass usually contain more connec-

tive tissue than tender cuts. Connective tissue is not tenderized

during the aging process, hence cuts with a high content of connec-

tive tissue tenderize much less during ripening than the inherently

tender cuts with a low content of connective tissue. Cuts therefore

with a high ratio of myofibrillar proteins, which do tenderize du-

ring aging, to connective tissue proteins, which do not tenderize

during aging, benefit substantially by holding meat at 0°C for

several days after slaughter. With the reverse ratio of the said

proteins the tenderization of the lower miofibrillar content is to

a large extent masked by the tough connective tissue.

A further characteristic of connective tissue which influences the

toughness of meat, is its solubility. The connective tissue in the
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nuscles of young animals are more soluble, hence more tender, than

that of older animals. This phenomenon, however, does not play a

role during the aging process.

PURPOSE

Due to the relatively low cost of certain less tender cuts of meat

in comparison with more tender pieces, this project, therefore was

designed to determine if less tender primal cuts will become more

tender during aging when vacuum packaged.

PROCEDURE

The bolo and silverside were cut into three pieces, seventy-two

hours post-slaughter and vacuum-packed. The cuts were either not

aged or aged seven or twenty-one days and then frozen at -40°C.

The vacuum-packed bolo and silverside cuts were thawed at 5°C for

24 hours before braising. The preliminary masses and other data

were recorded and the oven preheated to 160°C. A thermo-couple was

inserted into the centre of the pot-roast and the cuts were put in-

to a casserole on a rack and 125 ml distilled water was added. The

casserole was covered and placed in the oven. The meat was cooked

to an internal endpoint temperature of 80°C. The cooking losses

were determined.

Tenderness was evaluated by the Instron shear force instrument

fitted with a Warner Bratzler shearing device.

RESULTS AND DISCUSSION

The bolo was significantly more tender than the silverside.

Lengthening of cold storage time from three to twenty-one days did

not significantly influence tenderness of these cuts.

CONCLUSIONS

Vacuum packaging of primal cuts offers some advantages over tradi-
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tional methods of supply - for instance in preventing excessive

moisture loss during storage. It was found however that it is not

necessary from a tenderness point of view to age less tender cuts

further before it is sold to the consumer.



THE EFFECT OF DISPLAY CABINET NIGHT COVER ON (21]
MEAT TEMPERATURE

Night, lights off, cabinet open

FrMttafcafefMt

O*fr*tl cycl* tack *f cabiml

Night, lights off, night cover on
Pranf • ! C I W I M I

Oafrwt cycle l«ck«f cabin*

IS • • 4S «• » 19* ISS I H I M IS* I»S SIS SSS MS IBS 17C

Tim* (minulst)

THE USE OF A NIGHT COVER RESULTED IN:

A. Least meat surface* temperature variation due to location in display cabinet,

• • Lowest mean meat surface temperature except during defrost and

C. Highest meat surface temperature during defrost.

CONCLUSION: Night covers result in substantially lower average temperat*
when market is closed* The temperature environment in a display cabinet with
night covers closely approaches the temperature environment of a walk-in
cooler. The more uniform temperature is conducive to a longer shelf life of
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ENERGY SAVINGS WITH NIGHT COVER

Tim figure bafow Illuatrataa tha affact of thraa laat conditiona upon dis-
play cailnat fttfat air tamparatura during a dafroat eycla.

AIR TEMPERATURES OF DISPLAY CABINET DURING DEFROST CYCLE

Night, light* «ff. cabin* •»•»
— • — Day. light* *n. cabin* «p*n

rim f«ll*wlnfl dmtttt cycle

IS M 45 60
Tim* (rninut**)

90 I0S 120

Tfw foNowfng or* apparent upon perusal of tliit figure t

1. Cewprener running time (oewnslope of graph) is approximately twice as long imme-
diately following defrost under day-time conditions as night-time conditions.

2. Compressor running time with the night cover on is substantially less than when the
caWnots are open at night*

9, Maximum Inlet air temperature during defrost is approximately equal for each of
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NIGHT COVER TESTS

H.D. Naumann

21 & 22)

PURPOSE

To determine the impact of night covers (Econo-Cover) installed on

a display cabinet (Tyler model STP8) upon prepackaged meat surface

temperature during night operation.

PROCEDURE

Sirlion steaks, 1,50 cm thick, which had been prepackaged in 73S

styrofoam trays and overwrapped in PVC film were placed in the dis-

play cabinet as indicated in Figure 1. Thermocouples were inserted

in the upper surface of each steak.

Also, thermocouples monitored the temperature of cabinet inlet air,

cabinet return air and ambient room air. Dummy packages were placed

elsewhere in the cabinet to assure normal air flow. The display

shelves were in the intermediate height position.

Temperature was monitored during the three operating conditions

listed below:

1. Day-time, lights on (1050 lux), cabinet open.

2. Night-time, lights off, cabinet open.

3. Night-time, lights off, night cover on.

Selected data from a Honeywell multipoint temperature recorder have

been plotted into several graphs to highlight the results of this

test.
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RESULTS

Meat surface temperature: Surface temperature of meat packages

under the test conditions are illustrated in Poster 21. The follo-

wing summarize these figures:

1. During the day, there was a 4 to 6°C difference in meat surface

temperature from the front to the rear of the cabinet. Packages

closer to the front were always at a higher temperature.

2. This temperature spread was even greater during day-time defrost.

3. Defrost cycles caused an appreciable increase in meat surface

temperature.

4. The temperature spread was less when the display lights were off.

5. Use of a night cover resulted in:

a) the least meat surface temperature variation due to location

in cabinet,

b) lowest mean meat product temperature except during defrost

and

c) highest meat surface temperature during defrost.

Compressor running time: An analysis of the temperature record for

an eight hour period, including defrost cycle, resulted in a calcu-

lated compressor running time for each of the test conditions.

These data are summarized in Table 1.

Compressor running time at night was approximately 50 per cent less

(149 minutes versus 285 minutes) when a night cover was used. Pre-

dictably, running time in the day-time with the display lights

turned on is substantially greater than at night.
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Display cabinet air temperature: Poster 22 illustrates the effect

of the three test conditions upon the inlet air temperature during

a defrost cycle. The following are apparent upon perusal of this

figure:

1. Compressor running time (downslope of graph) was approximately

twice as long immediately f >llowing defrost under day-time con-

ditions as night-time conditions.

2. Compressor running time with the night cover was substantially

less than when the cabinet was open at night.

3. Maximum inlet air temperature during defrost was approximately

equal for each of the cabinet conditions.

CONCLUSIONS

These data support the conclusion that night covers result in sub-

stantially lower average meat surface temperature and an apprecia-

ble reduction in compressor running time. Technologically, the

temperature environment in a display cabinet with night covers is

conducive to longer shelf life and approaches the temperature en-

vironment normally found in a walk-in cooler - except for the re-

latively brief defrost cycle in the display cabinet.

These conclusions would suggest that an economic evaluation of the

merit of night covers would be appropriate.

TABLE 1: Compressor running time of display cabinet for eight hour

(480 minutes) test periods.

Cabinet Condition Compressor Running Time
(Minutes) (Per cent)

Day-time, Lights on (1050 Lux),
No cover 374 78

Night-time, Lights off,
No cover 285 59

Night-time, Lights off,
Night cover on. 149 31
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FIGURE 1: Thermocouple (TO Locations in Display cabinet

during Night cover test
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THE IMPORTANCE OF DISPLAY TEMPERATURE

FOR PREPACKAGED MEAT
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Lower meat surface temperature slows bacterial multiplication and, thus,

extends the shetflife of prepackaged meat.

Meat surface temperature is influenced mainly by (i)the surrounding air and

by (ii)the amount of lighting in the display area. Thus, it is critical to

monitor temperature at the meat surface because that is where bacteria

grow that cause meat discolouration.

Meat must be kept as near O'C as possible and as clean as possible

throughout the cold chain to assure maximum shelflife and optimum

quality to the consumer.

-210-



THE IMPORTANCE OF DISPLAY TEMPERATURE FOR

PREPACKAGED MEAT

G.L. Nortje, Ansie Laubscher, Linda Naude, Wilma Oosthuizen,

Erika Jordaan, R.T. Naude and H.D. Naumann

23)

Temperature has, without doubt, the greatest effect on the growth

rate of bacteria on meat. It is also true that the principal factor

affecting both the colour and shelf life of wrapped meat on display,

is its temperature. The lower the temperature, the slower the

growth rates, i.e. growth rates are slowed by cooling. In addition,

the duration of the lag phase increases at lower temperatures.

Given a particular number of bacteria on meat, the temperature of

storage will greatly influence the time to spoilage.

OBJECTIVES AND PROCEDURES

The influence of temperature on the colour and shelf life of wrap-

ped meat on display was studied in several experiments. In each

case "T-bone" steaks were PVC wrapped and displayed at either 0°C

or 5°C. Thermostats were set as described in poster no. 24 for 0

and 5°C respectively. For the purpose of this poster (No. 23) the

data of several experiments were pooled and mean values are presen-

ted. The colour of the steaks was evaluated by a 6 member trained

panel for acceptability and discolouration on each day of display.

RESULTS

According to figures presented in poster no. 23 the data showed that

lower meat surface temperatures slows bacterial multiplication and

thus, extends the shelf life of prepackaged meat. Meat surface

temperature is influenced mainly by (i) the surrounding air and by

(ii) the amount and source of lighting in the display area. Thus,

it is critical to monitor temperature at the meat surface because

that is where the bacteria grow that cause meat to discolour. It

-211-



was found that at 0°C after 5 days of display, the meat was less

than 50% discoloured, while at 5°C it was nearly 75% discoloured.

CONCLUSIONS

This study illustrated the importance of display temperature for

prepackaged fresh meat. The results obtained showed some agreement

with those of Malton in a similar study conducted at the M.R.I, in

England in 1980. In his study a comparison between equivalent meat

cuts stored at 0°C and 5°C, showed that at the higher temperature

the rate of bacterial growth was doubled and the rate of loss of

acceptable colour was four times that attained at the lower tempera-

ture. In this study however microbial growth at the same display

temperature was seventeen times higher at 5°C, while the rate of

discolouration was 42% and 65% at 0° and 5°C after 5 days of display

respectively. Thus meat must be kept as near to 0°C as possible

and as clean as possible throughout the production chain to ensure

maximum shelf life and optimum quality to the consumer.
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DISPLAY CABINET FUNCTIONS

2.Tha influence of stacking on maat colour.

The load-limit as indicated in display cabinets, is fraquantly ignored

in the retail meat trade This result* in the violation of the cold

chain In top layers of meat packages. The influence of stacking on

meat colour was determined by displaying meat in single and

multiple layers (6 deep) within the load-limit for 0 , 2 and 3 days.
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The single layers and the top packages of the multiple layers

were judged by a trained sensory penal as less acceptable and

more discoloured. The siogls and top packages were more exposed

to temperature fluctuations due to the refrigeration cycling of

cabinets and to radiation-heat from the lightning source. The bottom

packages of the multiple layers were more colour stable, since

their temperatures were preserved by the cold insulation effect

of packages on top

Thus It should be kept in mind that, although no serious disadvantage

results from etacking within the load-limit, serious losses could occur

when this limit is exceeded.
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DISPLAY CABINET FUNCTIONING

3. THE INFLUENCE OF STACKING ON MEAT TEMPERATURE.

PACKAGES WERE STACKED 6 DEEP (LOAD LIMIT) AND 8 DEEP (4CM ABOVE
LOAD LIMIT), TEMPERATURES WERE MONITORED AT THE SURFACE OF THE
TOP AND THE BOTTOM PACKAGES IN POSITIONS A10, CIO AND F10. (SEE
PART 1 FOR MORE DETAIL),
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CONCLUSIONS; 1, BOTTOM PACKAGES AT THE REAR OF CASE WERE FROZEN
AFTER 24 HOURS DISPLAY.

2, REAR TOP PACKAGES (NEAR INLET AIR) WERE FROZEN
SHORTLY AFTER BEING PLACED IN DISPLAY.

3, TEMPERATURE GRADIENT IN WIDTH OF CABINET FOR TOP
PACKAGES (I) WAS 6°C HIGHER THAN FOR BOTTOM
PACKAGES (il).

4, PACKAGES ABOVE THE LOAD L I M I T WERE 3 TO 9°C

HOTTER THAN TOP PACKAGES WITHIN THE LOAD L I M I T .

5, PACKAGE ROTATION IS MORE NECESSARY THAN FOR

SINGLE LAYERS.

6, STACKING OF MEAT PACKAGES SHOULD BE WITHIN THE LOAD LIMIT.
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DISPLAY CABINET FUNCTIONING

G.L. Nortje, Ansie Laubscher, Linda Naude, Wilma Oosthuizen,

Erika Jordaan, R.T. Naude and H.D. Naumann

(?O4t<LJlA 2k to 26)

Display cabinets are more and more used in the retail meat trade,

especially in supermarkets where it is the main way of displaying

meat to the customer. In a recent survey it was found that tempe-

rature fluctuations occurred from as low as -12,5°C to as hot as

11°C over a 24 hour period and that there weren't any cabinets

working at a mean temperature of 0°C - the ideal temperature for

displaying meat. The functioning of display cabinets was investi-

gated to establish whether the temperature violations that took

place, was the sole result of inferior management and whether the

cabinet design could also play a part.

PROCEDURES

Thermocouples connected to a multipoint recorder were used to deter-

mine the temperature gradient inside a 2 metre single deck display

cabinet generally used in South Africa. Eleven 73S trays were used

in the length of the cabinet and six in the width. In this way the

cabinet was divided in eleven columns (1 - 11) and six rows (A - F).

The thermostat was set to an average temperature of 0°C in the B

row of the cabinet. The display shelves were positioned in the mid-

dle slots and the fluorescent illumination was 1050 lux at the dis-

played meat surface.

RESULTS

I. Single layer steak packages were used to determine temperatures

at different position in the cabinet. (Poster no. 24). Ther-

mocouples were positioned in the 6th column in rows A and C; in

the 7th column in rows A, C and F as well as in column 11 in

rows A, B and F. Column 6 represents the position exactly in
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front of the dial thermometer. Temperatures were constantly

registered for 48 hours to include the complete temperature

fluctuations that occur during normal cycling of the compres-

sors, thus including chilling and defrost intervals. It was

found that there was a 5°C difference between columns 6 and 7,

and shows the disadvantage of having a thermometer positioned

in the air outlet. In contrast, the difference between columns

7 and 11 in the length of the cabinet was only 2°C, and there-

fore there wasn't any significant temperature gradient observed.

Unfortunately the mean gradient between rows A and F was 6°C

and thus illustrated the inefficient functioning of the case

along its width.

During defrost, when the temperature was the highest the mean

difference was 2°C in the length of the case, thus no signifi-

cant temperature gradient in the length of the cabinet (columns)

In the width of the case the difference was 5°C and thus 1°C

lower than during chilling. The fact that during defrost the

temperature of packages at the rear were higher than those in

front, could be attributed to hot air coming fror. the defrost

heating elements at the rear of the case.

CONCLUSION
*

This study illustrated the necessity of the rotation of packages,

especially along the width of the case as well as the inadequacy of

the design and functioning of the presently available cabinets in

industry.

RESULTS

II. In a further study the influence of the stacking of meat trays

on meat temperature were evaluated (Poster no. 26). Trays

were stacked six deep and the temperatures were monitored

after 24 hours display at the surface of the top and bottom

packages in positions A10, C10 and F10 in the case. As was

expected a percentage of the bottom packages were frozen during
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normal chilling, especially those at the rear, near the cold

air inlet of the case. The rear top packages was at the ideal

0°C, while the middle and front top packages had temperatures

of respectively 6,5°C and 6,0°C. The temperature gradient

from rear to front was 1,5°C for bottom packages and 6°C for

top packages. Where the load limit was exceeded, e.g. stacked

eight packages deep, the temperature of the front top package

was 9°C, thus a 3°C difference between the top package of the

six deep and the top package of the eight deep stack.

CONCLUSIONS

This illustrates the problems associated with the stacking of meat

trays and the necessity for package rotation from front to rear.

Furthermore the stacking of meat packages should be kept within the

load limit.

RESULTS

III. In a subsequent study single meat tray layers and the top and

bottom packages of multiple meat tray layers were judged by a

trained sensory panel, according to colour acceptability and

discolouration (Poster no. 25). Colour acceptability was

evaluated by means of an eight point scale where 1 represents

and extremely acceptable colour and 8 and extremely unaccep-

table colour. The percentage discolouration was calculated as

the discoloured portion of the steak. The single layers and

the top packages of the multiple layers were judged as less

acceptable and more discoloured. These packages were more

exposed to temperature fluctuations due to the refrigeration

cycling of cabinets and to radiation-heat from the lighting

source. The bottom packages of the multiple layers were

more colour stable, since their temperatures were preserved

by the cold insulation effect of packages on top.
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CONCLUSIONS

Thus, it should be kept in mind that, although no serious disadvan-

tage according to meat colour results from stacking within the

load-limit, serious losses could occur when this limit is exceeded.

Two packages above the load-limit resulted in a 3°C temperature

increase (poster no. 26) and could be even more detrimental to meat

colour.
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INFLUENCE OF PACKAGING MATERIAL ON BROWNING OF A SHELF STABLE MEAT PRODUCT

1. Experimental sausage products were manufactured to obtain shelf stability at

37°C for 3 months. Microbiological shelf stability was achieved by the appli=

cation of chemical-physical parameters, including a (0,938), pH (5,6) and
w

vacuum packaging.
2. Products, vacuum packed in nylon/polyethylene bags (A), showed chemical

changes (browning), during the storage period. Since oxygen was thought
to be the major factor responsible for acceleration of the browning reaction
the influence of other packaging materials, with lower oxygen permeability
rates, was investigated.

3. Best results were obtained with a four-layered polyester/al foil/polyester/
polypropylene copolymer pouch (B), with an oxygen transmission rate < 0,2
ml.m 2 ,24h~ .atm"" (as compared to 60,6 for the nylon/polyethylene bags).

\. Browning reaction was monitored during storage at 45UC. Samples were tryp=
tical ly digested, and the concentration of the water-soluble pigment was
measured in terms of absorbancy at 420 nm.

j . An arbitrary chosen absorbancy value of 0,35 was taken as maximum acceptable
limited. This value was exceeded within 5 weeks in A, as compared to 9 weeks

in B.

FIG. 1 Effect of packaging material on the rate of discolouration
of shelf stable sausages stored at 45°C

0,8
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A = Nylon/polyethylene bags
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INFLUENCE OF PACKAGING MATERIAL ON BROWNING OF A

SHELF STABLE MEAT PRODUCT

A.J. Viljoen and W.H. Holzapfel, Department of Microbiology

and Plant Pathology, University of Pretoria

27)

INTRODUCTION

Chemical stability during storage is one of the most important fac-

tors concerning the shelf life of a shelf stable meat product. In

this respect, the conditions of storage are the most important fac-

tors affecting shelf life. Chemical changes that may occur during

storage in this specific type of product, are oxidation of lipids,

denaturation of the proteins and a chemical browning reaction. This

reaction between proteins and reducing sugars, more commonly known

as the Maillard reaction, occurs during storage, specifically at

high temperatures, and causes a major colour change in the product,

together with a significant lowering of the nutritive value of the

product.

Packages with different oxygen permeabilities were used in an expe-

riment in order to establish whether oxygen is the major factor in-

volved in the browning reaction during storage.

MATERIALS AND METHODS

Shelf stable meat products (a = 0,938) were manufactured and packed

in two different types of packages, each with a different oxygen

permeability. The one type consisted of a nylon/polyethelene, lami-

nate having an oxygen transmission rate of 60,6 ml m~ .24h~

atm ~ y. while the other package was a foui—layered polyester/A1-

foil/polyester/polypropylene copolymer pouch, with a corresponding

oxygen transmission value of less than 0,2.
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The browning reaction was monitored during storage in terms of the

pigment concentration as revealed by absorbancy readings at 420 nm

in a spectrophotometer.

The products were examined simultaneously on a weekly basis during

storage at 45°C. Samples were tryptically digested by adding 2 mi

of a 10% (m/v) trypsin solution to 30 mi of "sluch" obtained by

blending 10 g of the product with 50 mi of a 0,1N phosphate buffer

solution (pH = 7,8). After incubation for 1h at 37°C, 2 m€ of a 50%

TCA-solution was added and the samples were filtered through a

Whatman No. 6 filter paper. The filtrate contained the water-

soluble pigments, the concentration of which could be determined as

absorbancy values at 420 nm.

RESULTS AND CONCLUSIONS

1. As can be seen from figure 1, a definite difference in absorban-

cy was found for the two different packaging materials. Product

A (the nylon/polyester bag) showed much more discoloration than

product B (Alfoil pouch) after the same time of storage.

2. In a parallel experiment the possible effect of light was eli-

minated by covering product A in tin foil. No significant

changes in results were found.

It appears therefore that the oxygen permeability of the packa-

ging material could be a vital factor controlling the storage

life of shelf stable products.

3. Shelf life can be doubled in terms of the browning reaction by

using packaging materials with extremely low oxygen transmission

rates.

4. Although 45°C might be a very high temperature for the storage

of meat products (because of the other possible detrimental

changes), the browning reaction can be accelerateed to such an

extent that changes that would occur in up to nine months under
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normal conditions of storage (25°C) may now be obtained within

three months or less.
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RAPID METHODS FOR DETERMINATION OF BACTERIOLOGICAL QUALITY OF

FRESH MEAT
TABLE 1: COMPARISON OF DIFFERENT RAPID HETHODS FOR THE DETERMINATION OF FRESH

HEAT QUALITY
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RAPID METHODS FOR DETERMINATION OF BACTERIOLOGICAL QUALITY

OF FRESH MEAT

W.H. Holzapfel, Department of Microbiology

and Plant Pathology, University of Pretoria

28)

INTRODUCTION

The spoilage of fresh meat in general is a result of metabolic acti-

vities by typical meat deterioration bacteria. When bacterial

numbers exceed 106 per cm (or gram), unfavourable organoleptic

changes become detectable to the consumer (Pierson e.t al. , 1970).

Traditionally the hygienic quality of fresh meat is determined in

terms of the total number (population) of viable bacteria. These

results become available after at least 48h of incubation. In

view of the relatively limited shelf life of fresh, and especially

minced, meat at refrigeration temperatures, this traditional ap-

proach seems very unpractical for present day practices and espe-

cially for centralised institutions.

High bacterial populations can be measured indirectly as a result

of the chemical or physical changes they cause and also by the

direct determination of certain cell constituents like ATP. Chemi-

cal and physical methods can be applied for measurement of these

changes within a relatively short period of time (ca. 1 n).

EXPERIMENTAL

Materials: Ground beef of varying qualities was purchased at dif-

ferent retail outlets. Unless otherwise stated 1:10 dilutions were

made by homogenising 20g of meat aseptically in 180 mt "*/4 strenght

Ringer solution, using a Colworth model 400 Stomacher.
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Methods:

Bacteriological -

Aerobic Bacterial plate counts (APC) were determined on St. 1 Agar

Medium (Merck) after incubation at 30° for 48n. Enterobacteriaceae

numbers were counted on DHL agar (Merck) after 24n at 30°C, and

additional colonies appearing at room temperature within the next

24n were counted as "pseudomonads".

Chemical and physical -

The extract release volume (ERV) was determined according to Jay

(1964). The pH- determination with a combined calomel electrode
i

was performed on the ERV- filtrate as well as on the rs" th Ringer

dilution. The HC1 titration method was applied according to Shelef

& Jay (1970). A formol titration method was modified for meat

(Holzapfel 1980). Determination of (NHn+) was performed with a

NHi,+ specific ion electrode, after deproteinisation of the meat sus-

pension with a 20% trichloroacetic acid solution. Resazurin reduc-

tion rate was measured according to Baltzer (1969). A "somase"

milk method was modified to determine the concentration of prokary-

otic ATP in a meat suspension, using a "LUMAC" ATP biometer.

RESULTS AND CONCLUSIONS

1. Since no other objective method for evaluation of meat quality

has been standardised yet, all physical and chemical results

were compared with bacteriological results.

2. Generally low relationships were found to exist between total

APC on the one hand, and results for HC1 titration, pH, ERV,

formol/- titration, (NHK +) and reduction rate of resazurin on

the other hand. However, criteria like formol titration values

and (NHi,+ ) showed good correlation with each other, and were

also related to meat deterioration (determined sensorically)

during the first week of psychrophilic spoilage.

3. The ERV appear to be extremely unreliable as criterium of both
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fresh meat spoilage and bacterial population.

A clear relationship to progressive deterioration could only be

achieved in shelf life experiments with axenically prepared

minced beef.

4. A close relationship seems to exist between the prokaryotic ATP

concentration and the total bacterial population of fresh meat

(see Fig. 1). Determination of bacterial ATP is a relatively

rapid (ca. 1h) method; the reliability is dependent upon the

care with which the modified "Somase"- method is applied and

the sensitivity of the ATP- bioluminescense meter used for this

purpose.

5. Different kinds of changes in meat are monitored by the above-

mentioned rapid methods. In addition to bacterial load, these

changes depend on several intrinsic and extrinsic factors.

6. The application of any specific rapid method will depend upon

several criteria, the most important of which are summarised in

Table 1 .

7. In general, the best methods for monitoring fresh meat spoilage,

appear to be (NH..+ ) formol titration value, H2 S- production and

colour change.

8. Bacterial load can be monitored effectively in terms of

prokaryotic ATP concentration, utilising a somewhat sophisti-

cated procedure.
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BACTERIOLOGY AND SHELF LIFE EXTENSION OF VACUUM PACKED

GROUND BEEF
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BACTERIOLOGY AND SHELF LIFE EXTENSION OF VACUUM

PACKED GROUND BEEF

W.H. Holzapfel and A. von Holy, Department of Microbiology

and Plant Pathology, University of Pretoria

29)

INTRODUCTION

The limited shelf life of ground beef, even under refrigeration, is

a well established fact. This puts severe limitations on all as-

pects of handling and storage of this product, both to the distribu-

tor and the consumer. In view of modern trends towards centrali-

sation, even in the fresh meat sector, it has become vitally impor-

tant to find methods and ways of protecting fresh meat from rapid

microbiological deterioration during storage and handling.

Aerobic, Gram-negative bacteria, belonging to the genus P^e.udom.a/>,

have been identified by several workers as the major spoilage bac-

teria of fresh meat. The general application of vacuum packaging,

therefore, receives strong consideration as a means of extending

the shelf life of fresh meat.

The purpose of this investigation was to establish whether vacuum

packaging, in combination with other factors, could contribute to

any sign ificant•increase in shelf life. Another point of interest

was the expected shift in the type of dominant bacterial population,

resulting from a change in ecological parameters.

MATERIALS AND METHODS

Two separate series of experiments were conducted. In preliminary

investigations, ground beef samples were stored at 4°C after the

following packaging treatments:
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A

B

C

D

E

F

aerobic

anaerobic (vacuum packed in nylon/polyethylene bags)

anaerobic + C02

anaerobic + 0,1% ascorbic acid

anaerobic + 1,0% ascorbic acid

anaerobic + 2,0% glucose

These samples were analysed at different stages during storage at

4°C for twenty days.

In a second series of experiments, the keeping quality and microbio-

logy of aerobically packed ground beef (treat 1) was compared with

that of three other treatments, i.e.:

treat 2 : vacuum packed

treat 3 : vacuum packed + 0,5% ascorbic acid

treat 4 : aerobically packed + 0,2% commercial "colour retainer"

Samples were stored at 0° and 7°C for a period of up to 17 days.

Total numbers of aerobic bacteria were determined on St. I agar

(Merck). Representative colonies were isolated and identified

according to traditional principles (making use of Bergey's Manual

of Determinative Bacteriology).

RESULTS AND CONCLUSIONS

1. In the first series of experiments pronounced differences in

microbiological quality was found between the aerobic packaged

samples on the one hand, and all vacuum treatments, on the

other hand.

a. Aerobic samples were practically spoiled within three days

at 4°C (total aerobic population exceeded 107/g).

b. Vacuum packaging as such (B) did not differ significantly

during the first half of the storage period from the other

combination treatments (C to F). However, the 1 million

level was exceeded after ten days, and the 10 million level
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after 14 days in B.

c. The use of C02 in combination with vacuum packaging does

not seem to improve shelf life any more than was achieved

by the use of ascorbic acid or even glucose.

d. Vacuum packaging in general caused a pH reduction, at least

during the first part of the storage period. A more pro-

nounced pH reduction was effected by the addition of ascor-

bic acid. These conditions created a more favourable en-

vironment for the growth of lactic acid bacteria, thus ex-

plaining the domination of the population by this group in

vacuum packaged samples.

2. In a second series of experiments, results differed significant-

ly between all four treatments. In terms of total bacterial

numbers as well as the dominating group(s) of bacteria, best

results were achieved with vacuum packaging combined with the

addition of 0,5% ascorbic acid.

3. Dramatic microbial population "shifts" could be detected as a

result of the four different treatments in the second series of

experiments (see Table 1). The dominating groups for the diffe-

rent treatments were:

treat 1 : P/ie.udomoaa-4 spp.

treat 2 : LactobacLJ.J.u4 spp.

treat 3 : Lactobacl<U.u.4 spp. and f4e.ud0m.0n.aA spp.

treat 4 : Yeasts
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RADURISATION OF BROILERS FOR SHELF LIFE EXTENSION l30j

Radurisation is ideally suited as a method for the shelf life extension

of refrigerated chicken carcasses. It renderes it not only biological

safe for much longer, but is also organolepticallyaccepted. An added

advantage is that radurisation eliminates potential food pathogenic

bacteria like Saimonzttn in the chicken carcasses. The shelf life

extension is dose dependent but the optimum dose is about 5 kGy.
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Figure 1: Total microbial counts in radurised chicken carcasses.

-233-



RADURISATION OF BROILERS FOR SHELF LIFE EXTENSION

H.E. Bok, W.H. Holzapfel and H.J. van der Linde,

NUCOR, Private Bag X256, 0001 PRETORIA

30)

INTRODUCTION

Different methods can be applied for prolonging the storage life of

fresh broilers. These include freezing, refrigeration, dehydration,

anaerobic packaging and radurisation. The latter offers interesting

possibilities, especially when used in combination with the other

methods. Fresh broilers have a limited shelf life in the unfrozen

state. Since consumers prefer to purchase fresh broilers in the

unfrozen state, shelf life Extension by methods like radurisation

may offer considerably more ^flexibility to the wholesaler, retailer

and consumer. .,

In addition to its limited shelf life, poultry has been identified

by several workers as a major carrier of SaJ.mone-l.ia and other food

pathogens. However, these pathogens are in general relatively sen-

sitive to low dose radiation treatments (D1f)-values range from 0,35

to 0,7 kGy).

The objective of this investigation was to determine the influence

of different irradiation doses and storage conditions on the micro-

biological shelf life and organoleptic quality of fresh broilers.

MATERIALS AND METHODS •

Fresh broilers were packed in polyethylene bags, and radurised in

^ C o source to the following doses: 3, 4, 5 and 7 kGy at 0°C. Non-

radurised samples were kept as controls. Samples were stored at

three different temperatures (2°, 4° and 8°C), and evaluated micro-

biologically and organoleptically at regular intervals for up to

30 days. Total plate counts were determined on St. I agar (Merck)
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(30°C/48h). VRB was used for counting coliform numbers after incu-

bation at 37°C/24h.

RESULTS AND CONCLUSIONS

1. If a total count of 106 organisms/g is taken as spoilage point,

a shelf life extension of ca. 10 days was attained for the

3 kGy radurised broilers.

2. As illustrated in Fig. 1, the shelf life extension was dose

dependent. At 5 kGy a microbiological shelf life of up to 30

days was achieved at 4°C. This effect is, to some part at

least, a result of an increased lag phase and reduction in num-

bers, caused by correspondingly higher intensities of treatment.

3. No coliforms could be detected in any radurised sample for the

full storage period, with the techniques that were applied.

4. A taste panel could detect no detrimental effect by radurisation

on the organoleptic quality of broilers used in this experiment.

5. Specific advantages of food radurisation are:

(a) the unique possibility of treatment application after

packaging;

(b) low costs of this process;

(c) low energy required in comparison with conventional heating

and freezing methods;

(d) simultaneous elimination of all major food pathogens.
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SHELF LIFE EXTENSION OF GROUND BEEF BY RADURISATION

Material: Ground beef purchased at retail outlets
Treatment: Aerobically as well as vacuum packed samples fog each treatment;

radurisation treatment at 1. 3 and 5 kGy in a ouCo source;
control = 0 kGy. (1 kGy = 0,1 Mrad)

Storage temperature: 4°C
Arbitrary standard chosen: 107 organisms/g (in terms of "aerobic plate count")

TABLE 1 Shelf life of radurised ground beef at 4°C (with an APC of log 7/g
as arbitrary standard)

TREATMENT

Control (0 kGy)
1 kGy (aerobic)
1 kGy (vacuum)
3 kGy (aerobic)
3 kGy (vacuum)
5 kGy (aerobic)
5 kGy (vacuum)

TIME LAPSE (DAYS) BEFORE LIMIT IS REACHED

before purchase
3
5
8
35
21

>35

FIG.1 Aerobic plate counts (APC) of radurised ground beef during storage at 4°C

storage time (days)
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SHELF LIFE EXTENSION OF GROUND BEEF BY RADURISATION

W.H. Holzapfel and J.G. Niemand,

University of Pretoria, and Nucor, Pretoria

31)

INTRODUCTION

The limited shelf life of fresh, and especially minced meat necessi-

tates the use of preservation principles to prevent its spoilage.

However, the use of refrigeration temperatures around 0°C, only

retards psychrotrophic bacterial spoilage to a limited extent. Io-

nising radiation (radurisation) has been investigated in several

countries as a means of preservation and hygienisation of fresh meat.

Although radurisation (i.e. low dose radiation) does not necessarily

kill off all meat spoilage bacteria, this process may be used for

extending the bacteriological keeping quality of fresh meat. The

purpose of our investigations was to determine:

(a) the effects of different radiation doses on the total aerobic

bacterial population of fresh meat;

(b) the effects on shelf life extension of combining low tempera-

ture storage (4°C) and vacuum packaging with radiation, and

(c) to which extent shelf life of ground beef can be extended by

radurisation.

MATERIALS AND METHODS

Microbiological analyses were performed after homogenising 20g of

each meat sample in 180 m€ of physiological saline, in a Colworth

Model 400 Stomacher. Total numbers of aerobic bacteria ("aerobic

plate count") were counted on Blood agar (Difco) after incubation at

30°C/48n. Standard I- agar (Merck) was used for determination of

psychrotrophic bacteria; plates were incubated at 7°C for up to
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10 days, whilst lactic acid bacteria were determined on Lactobacil-

lus selective agar (Merck) at 30°C for four days.-

Ground beef samples were purchased at retail outlets. They were

packed either aerobically, or under vacuum in polyethylene-polyester*-

laminated pouches. Irradiations were carried out in a °^Co source,

and all samples (including the controls) stored at 4°C. Analyses

were performed at regular intervals for up to 21 days, and there-

after at 28 and 35 days.

RESULTS AND CONCLUSIONS

1. Ground beef samples proximated log ?/g at the time of purchase.

The arbitrary chosen standard (107/g) was thus practically

reached at the initial stage of the experiments, before raduri-

sation.

2. A ten-fold reduction in bacterial numbers was achieved with a

1 kGy dose; treatments at 3 kGy and 4 kGy gave reductions of

approximately 10 000-fold and 100 000-fold respectively.

3. As a result of radurisation, an increased lag-phase was observed

in the growth of the surviving bacterial population (Fig. 1).

This lag-phase was further extended as a result of:

(a) higher dose treatments and

(b) vacuum packaging.

4. The additional advance gained from vacuum packaging was, to some

extent at least, a result from the suppression of the typical,

aerobic meat spoilage bacteria. This fact was supported by the

results, showing the lactic acid bacteria to dominate the total

bacterial population in all vacuum packaged samples.

5. Aerobic samples, treated with 1 kGy and 3 kGy doses, were ovei—

grown with molds within 1 week. This can be explained by:
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i

i
1 (a) the higher resistance of fungus spores (as compared to
I bacteria) at these treatment levels
1 (b) the resulting lack of bacterial competition (as compared

: to the control), and

i (c) the favourable conditions created for the molds in the

aerobic packaging.

6. If 10 million bacteria per gram is taken as standard, the shelf

life at 4°C of all radurised samples was increased with at least

three days, ranging up to 35 days for vacuum packaged samples

(Table 1 ).

7. For practical purposes, radiation treatment at 3 kGy appears

, co be a feasible method for extending the shelf life of vacuum
i

packaged ground beef, with at least 3 weeks at 4°C.
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Foremost in pre-packaging
Overseas research, ongoing development with local industry and research
institutes, and our own extensive technical research and development facilities,
enable us to provide the best available pre-packaging material and expertise to the
meat and poultry industry.
Fo-Mo-Pak foodtrays
Expanded polystyrene is the most popular choice of pre-packaging trays throughout
the western world. It is the most cost effective and hygienic solution to perishable
merchandising. Bakke was the first in South Africa to produce these trays. Over 20
years of co-operation with the meat, poultry, confectionery and produce industries
has resulted in our having the widest range of over 50 tray sizes.

Fo-Mo-Pad absorption pads
As the direct result of recent overseas and local research in co-operation with the
Animal and Dairy Science Research Institute, we have developed a range of plain
and poly-lined absorption pads to ensure the best presentation of your product.
They are available in hygienic and convenient dispensing packs.
Fo-Mo-Pak dispenser
A Fo-Mo-Pak dispensing rack mounted on cutting and packing tables requires no
additional space. It will save labour, reduce wastage, assist with stock control and
keep your trays clean and off the floor.
This system is used throughout the United States meat retailing industry.

bokkc
First and Foremost in retail pre-packaging


