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During 1958, Dr. Vickery spent five months in the United Kingdom advising the British Govern- 
ment on the need to establish a Meat Research Centre. In the course of his investigations, he 
was able to obtain an intimate picture of many aspects of the British meat industry. This article 
reproduces a talk which Dr. Viclrery gave to the New South Wales Country Meat-Works 

Association at Dubbo in April 1960. 

PRODUCTION far exceeds that in Australia. being about 

Meat production has been rising steadily in 
both countries during the past 10 years but 
the United Kingdom still produces the greater 
quantity-about 1,700,000 tons in 1958, 
against about 1,470,000 tons in Australia 
during the same year. The extent to which 
the U.K. has increased its production is 
clearly shown by the fact that in 1939, local 
production in the U.K. was only 50 per cent. 
of total consumption; today it is 67 per cent. 

You may well ask how this high produc- 
tion is maintained and increased in such a 
small country, only one-thirtieth the size of 
Australia. For beef and mutton it is based 
primarily on first-class grassland farming, 
with supplements of conceiltrates in the win- 
ter months. Let me say, however, that I 
doubt whether this high production could be 
maintained without substantial government 
subsidies. These include subsidies on ferti- 
lizers, about £8 per head on beef-type 
calves, and guaranteed prices on fat-stock at 
the time of slaughter. At present this guar- 
antee for beef cattle amounts to about 330s. 
(Australian) per 100 1b dressed weight. 

Beef production in Australia and the 
United Kingdom is similar in quantity at 
about 860,000 tons per annum. In pig meats, 
however, production in the United ICingdom 

600,000 tons per year, as cdmpaGd with 
Australia's 100,000 tons. On the other hand, 
Australia produces about 475,000 tons of 
mutton and lamb con~pared with only 
220,000 tons in the United Kingdom. 

You may be interested to have an indica- 
tion of the trends in production in each form 
of meat in the United Kingdom. Beef pro- 
duction has been increasing, and will pro- 
bably continue to increase, at an average rate 
of about 6 per cent. each year, so that, in the 
absence of increased individual consumption 
of meat, the market for imported beef from 
Australia, New Zealand, and the Argentine 
will steadily diminish. 

The production of lamb and mutton is 
increasing, but only very slowly, and British 
production is unlikely, for a number of years, 
to bring about any contraction in the amounts 
imported from New Zealand and Australia. 

The production of pig ineats is almost 
stationary in the United Kingdom, but this is 
unlikely to affect Australia because we now 
export very little pork, bacon, and ham. 

QUALITY 
I t  is sometimes thought that the general qual- 
ity of British beef is far superior to Australian. 
I t  is true that the top 6 or 7 per cent. of British 



beef is much superior to the top-quality Aus- 
tralian beef. Nevertheless, a large proportion 
of British production, like Australian, is dis- 
appointingly plain, although British beef has 
some advantage in that it is generally killed 
at a rather lower age. This position is not sus- 

! prising when it is realized that about 75 per 
! cent. of British beef is bred on dairy farms. 

While most beef from the dairy herds is 
typical of its origin, there is an iacreasing 

Y output of good beef arising fro111 the crossing 
of beef bulls with dairy cows other than Jer- 
seys and Guernseys. 

Apart from a much higher average quality 
in British wether mutton I did not observe 

i any appreciable differences in the general run 
of quality in Australian and British lamb and 
mutton carcasses. 1 In Britain, a system of graduated subsidies 
operates for pig carcasses, and it is heavily 

1 weighted in favour of high-quality pigs of the 
desired weights. Bacon carcasses are graded on 
the basis of length between shoulder and loin 
and thickness of back fat. This has made the 
British farmer verv conscious of the financial 
benefits to be deri;ed from good breeding and 
feeding practices. The result is to be seen in a 
relatively high proportion of good-quality 
carcasses going through the bacon factories. 
The proportion of over-fat carcasses is cer- 
tainly much less in the United ICingdom than 
in Australia. 

SLAUGHTERHOUSES 
There are 110 less than 4500 slaughterhouses 
in England and Wales, but fewer than 100 in 
Scotland, where much more stringent regu- 
lations governing operation and hygiene have 
been in force for many years. These slaughter- 
houses range in size froin a small, simple shed 
behind the retail shop to large abattoirs, 
several of which approach in size the State 
Abattoir at Homebush. While some of these 
small slaughterhouses, killing say 20 cattle 
and 50 "smalls" each week, are excellently 

In the slaugl~terhouses of nlediunl and large 
size, the methods vary widely. Where the 
premises are coilducted by a single operator, 
the methods of slaughter, dressing, and 
handlillg are somewhat siinila~ to those in 
Australia, except that the chain system for 
lamb and mutton is only rarely used, indi- 
vidual slaughtering, as prevailed here many 
years ago, being the rule. 

Local governillent authorities operate a 
large ilumber of slaughterhouses in the 
United ICingdom. A few are leased, by com- 
petitive tender, to operators who carry out . 
all slaughtering and dressing for wholesale 
butchers at fees fured by the local govern- 
ment. The majority, however, are directly 
controlled by the local councils themselves. 
One or more fully equipped slaughter bays 
are leased to individual wholesale butchers 
who provide their own labour. The work of 
the local councils is usually limited to the pro- 
vision of general facilities and services of an 
engineeriilg and meat inspection character. 

STOCK-HOLDING PENS 

Good stock-holding pens or lairages, as they 
are called in the United Kingdom, are pleas- 
ing features of most British slaughterl~ouses 
of all sizes. Apart from the usual open-air 
pens, there is always a liberal provision of 
covered, semi-dark pens each having a thick 
bedding of straw. For pigs, particularly, this 
generous provision of warm, comfortable 
pens is a feature which materially assists in the 
maintenance of good meat quality in the car- 
casses. It  has been amply denlonstrated in 
many scientific studies that quietness, com- 
fort, and rest before slaughter are conducive 
to good-quality pig meat. Admittedly, the 
provision of good, covered pens is almost 
essential for protection of stock during the 
cold British winters. Nevertheless, it is a 
feature which might well be copied in many 
meatworks in the colder areas of Australia. 

designed and operated, the less said about thk 
majority of the small places the better. In SLAUGHTER 

contrast, they serve only to emphasize the In the United Kingdom, public opinion is 
wisdom of the Australian Cornmollwealth insistent on the use of so-called humane 
and State authorities, as well as the Scottish methods of slaughter, and these are compul- 
authorities, in insisting on high standards of sory. Since it is by no means certain that o m  
construction, operation, and hygiene." present methods of slaughter will always be 

*Following the recent proclamation of a British Slaughterhouses Act, major improvements are 
now being enforced in England and Wales. 



tolerated in Australia, you may be interested 
in some alternative, humane methods. 

In  the U.K., the captive bolt pistol is always 
used for the slaughter of cattle. I cannot see 
any advantage, however, from a huinane 
point of view, in this inethod over the usual 
Australian method of kllocking with a heavy 
hammer. 

Almost invariably in the U.K., pigs and 
calves are stunned electrically and are stuck 
and bled about 20-30 seconds later. This 
electrical stunning is done by ineans of tongs 
with two electrodes which are clanlped 
firmly on either side of the head, and an elec- 
tric current of 70-90 volts applied. Whde this 
method of slaughter appears to be quick and 
effective, there are frequent conlplai~lts that 
i t  results in a good deal of "blood-splash" in 
certain ~nuscles and in the lungs. The Danish 
Meat Research Institute has done a great deal 
of careful investigation on slaughtering 
methods for pigs. Their results confirm these 
conlplaints about "blood-splash" arisingfrom 
electrical stunning. The Danish Institute has 
investigated various ~llodifications of elec- 
trical stunning, but so far i t  has not devised a 
method which eliminates "blood-splash". 

The use of carbon dioxide anaesthesia for 
pig slaughter is becoining widespread in 
Europe and I saw it in operation in Northern 
Ireland and in Denmark. The pigs are con- 
veyed by an endless metal-belt conveyor into 
a pit containing 60-65 per cent. carbon dioxide, 
and each pig taltes about 30 seconds to pass 
through the pit. The carbon dioxide anaes- 
thetizes the pigs in about 12-20 seconds. 
After emerging from the pit, the carcasses are 
hoisted and stuck in the usual way. Stunning 
by carbon dioxide certainly eliminates "blood- 
splash" and the Danes have clearly proved 
that, in bacon pigs, it results in carcasses 
better adapted to curing than either ordinary 
sticking or electrical stunning and sticking. 
I t  nlust be emphasized, however, that carbon 
dioxide stunning is probably uneconomic if 
the killing rate is less than 75 per I~our, and 
that, of course, means a big daily throughput. 

While I have not seen or heard of the car- 
bon dioxide stunning method being used for 
sheep and lambs it is possible that it may be 
equally effective on these animals. 

DRESSING OF CARCASSES 
While poor butchering and dressing opera- 
tions are seen in the United Kiilgdoln as well 

as in Australia, the general standards are 
lligher in the United Kingdom, perhaps be- 
cause the butchers' operations are ~uo re  
leisurely. Generally, the output per man- 
hour is lower than in Australia and this is 
probably due also to the deficiency of labour- 
saving equipment in many British slaughter- 
houses. 

In  the splitting of beef carcasses into sides, 
I did not see a circular saw being used. 011 

the other hand, electric, reciprocating saws 
are widely used, and they do an excellent job 
even on bulls. They are very slow, however, 
and, in their present form they would not be 
acceptable in most Australian meatworks. 

TREATMENT OF OFFALS 
In ~llost British slaughterhouses, edible offals 
are dressed and prepared in adjacent spaces, 
using methods si~nilar to those in Australia. 

I t  is very rare, however, for a slaughter- 
house, even a very large one, to have its own 
treatinent plant for inedible offals. The sys- 
tem almost universally adopted in the U.K. is 
for the inedible offals to be transported to 
privately-owned central treatment plants. 
These serve slaughterhouses, ranging from 5 
to 100 in nuinber, situated in a radius of 25 
nliles or so. I11 view of the large number of 
slnall slaughterhouses in the U.IC., this sys- 
tem of centralized offal-treatment plants is 
probably the most ecollo~llical that can be 
devised, particularly as they also process the 
scraps and fat from retail shops. These 
plants are generally well planned and 
equipped, and several have nluch larger out- 
puts of tallows, meat meals, and fertilizers 
than our largest meatworks. 

CHILLING 
A ~ninority of British slaughterhouses are 
equipped with chilling rooms for initial cool- 
ing and for holding. Still fewer are equipped 
with rooms for the freezing of meat. In  
many municipal abattoirs which have chilling 
rooms, use of these facilities is not obligatory; 
in fact, a special charge is often made for 
their use. As a result, only a portion of the 
meat slaughtered in these nlunicipal abat- 
toirs is chilled before passing out to the 
trade. This neglect of chillillg is perhaps 
understalldable because in the winter lnollths 
the at~nospheric temperatures generally range 
from 30-45"F, and hanging of hot meat in a 
ventilated space ge~~erally effects adequate 



cooling even in sides of beef. But, of course, 
in hot sunlnler weather losses in beef due to 
bone taint are sometimes severe where no 
artificial cooling is available. 

While there may still be a few small meat- 
works in Australia having few or no chilling 
facilities at, or near, the premises, such places 
are beconling rare. Nevertheless, it is doubt- 
ful whether chilling techlliqnes used in the 
average Australian meatworks are always as 
efficient as they might be. At the same time, 
it is also pertineilt to inquire whether 
slaughterhonses in the United Kingdom 
really do save money by not prechilling the 
meat. 

We might first set out the mail1 purpose of 
chilling of ineat : 

a To cool the carcass or sides from body 
teinperature (100-103°F) to a tempera- 
ture where microbial growth is very slo-7- 
say below 45°F. 
To effect setting of the meat, so that it call 
be readily cut up without distortion or slip 
of meat over the bone. 
The prin~ary objects of avoidiilg microbial 

spoilage and of getting adequate setting 
should be effected : 
e With minimunl weight losses, and 
e Without depreciating the general quality 

and appearance of the meat. 

Of all the classes of meat, sides of beef 
present the most difficulties in effective chill- 
ing. My remarks will therefore concentrate 
on beef, and a brief discussion about mutton 
and lamb carcasses will be given later. 

Even under the fastest chilling conditions, 
I the deepest areas of the buttock and shoulder 

of beef sides remain at temperatures above 
80°F for some hours after slaughter. If these 

I areas are infected with bacteria, the organ- 
isms will grow vigorously at these compara- 
tively high teinperatures and continue to 
grow steadily until temperatures below 55°F 
are reached. In order to avoid bacterial 
spoilage of the deeper parts of beef sides, it 

I is therefore essential to cool rapidly. General 
experience indicates that for a side of average 
weight, say 300 Ib, the temperature of the 
deepest part (in the buttock) should be 
reduced below 60°F in 18 hours. 

In order to maintain these fast rates of 
cooling, it is essential to maintain air tein- 

peratures as close as possible to the freezing 
point of the meat-viz. 30°F. In fact, it is 
quite safe to keep the air teinperature as low 
as 26°F for an hour or two after the beef is 
placed in the chillers, but it must be raised to 
30-31°F rather quickly thereafter to avoid 
freezing of the thillller parts such as neclts and 
thin flanks. 

Fast rates of air flow over the beef are also 
essential for fast cl~illing. For a given rate of 
changes of air per hour, different systems of 
forced air distribution give widely different 
speeds of air flow over the beef. I t  is therefore 
iillpossible to specify a desirable, miniinum 
number of air changes per hour without 
reference to the systein employed. Even with 
the best systein it should, however, not be 
less than 80 changes per hour. 

Minimizing Weight Loss 
Perhaps the most ilnportant advantage of 

very fast chilling is the reduced weight losses 
that it call give. Weight losses lower than 
1 per cent. in the h s t  18 hours are quite pos- 
sible in well-designed systems, whereas slow 
cooling may give weight losses up to 2 per 
cent. in the same period. In general, the 
faster the rate of cooling, the lower will be 
the weight losses which occur. 

On week days, Tuesday to Fridays, ineat- 
works operators will nornlally remove the 
sides of beef after they have been in the chill- 
ing rooms for about 18 hours. Friday's kill, 
however, normally renlaiils in the chilling 
rooins until early Monday morning, that is, 
for a period of about 66 hours. If the condi- 
tions of chilling which are best for the first 
18 hours are maintained over the week-end, 
then excessive weight losses may occur. To 
avoid these excessive weight losses, it is 
necessary on Saturday ~norning to reduce the 
forced air flow by reducing the fan speed, 
perhaps to as low as one-third of the maxi- 
mum speed. At the same time, the air tem- 
perature should still be kept to about 
30-31°F. During the first 16-18 hours, the 
level of relative humidity of the air does not 
have much effect on the weight losses. 
Thereafter it becomes increasingly important. 
For week-end operations, therefore, the 
refrigeration system employed should be such 
that the relative hunlidity of the air around 
the meat should be higher than 90 per cent. 
from Saturday to Monday morning. 



Under the best conditions, it is possible to 
keep weight losses below 1.5-1.6 per cent. 
during the week-end. With uilsatisfactory 
cooling systems, we have found weight losses 
as high as 2.7 per cent. during this period. 

Turning now to the econolnic aspects of 
weight losses, it is safe to say that in many 
meatworks in Australia, the weight losses 
from chilled beef are at least per cent. 
higher than they should be. If a meatworks 
prepares 10,000 tons of beef each year, tlfis 
represents an avoidable loss of about £16,000 
a year at current prices. Quite a lot of im- 
provements in clfilling roonls can be effected 
for this s u ~ n  of money. 

Let us now consider what happens so often 
in the U.K., without artificial cooling of beef. 
Under these conditions, the weight losses will 
be about 1 per cent. higher thah would be 
experienced if fast, artificial chilling were 
used. With beef at 2s. 6d. per lb. (the average 
price of fresh beef sides ill England), this 
represents an avoidable loss of nearly +d. per 
lb. Rulliling costs and interest and redemp- 
tion charges on capital used to install good 
chillers will certainly be less than +d. per lb. 
of meat chilled. The English butcher there- 
fore does not stand to gain anything finan- 
cially by continuing to scorn the use of arti- 
ficial cooling; indeed, he stands to lose 
heavily if spoilage becomes severe during the 
warm sunlmer weather. 

be seriously depressed if there is a major loss 
of bloom. 

A further important point to be made in 
the chilling of mutton and lamb is that their 
chilling requiremellts (if excessive weight 
losses are to be avoided) differ considerably 
from beef. Separate chilling roonls for these 
two classes of meat are therefore almost 
essential. 

MARKETING 

The saine trends towards the retailing of Ineat 
in the chilled, prepackaged form are current 
ill the United ICingdom as in Australia. I t  
Inay be thought, therefore, that there will be 
an increasing market for ineat which has been 
prepared for retail sale, prepackaged and 
frozen, and then exported in the frozen state 
to the United ICiagdom. While export trade 
in these packaged frozen retail cuts nlay start 
in the next few years, there is so far little 
e~lcouragement for it. The British housewife 
is still prejudiced against frozen meat, and 
when she buys prepackaged meat she now 
demands meat which is not, or has not been, 
frozen. 

On the other hand, the outlook for the 
export to the U.K. of frozen, boneless, whole- 
sale cuts of beef is particularly bright. There 
is an increasing demand by caterers for this 
type of beef, and the delnand is certain to 
grow if the present high standards of pre- 
paration and packaging are maintained. 
There is one a s ~ e c t  which will need to be 

Turning briefly to the chilling of mutton 
and lamb, it is found that with fairly fast 
chilling conditions, cooling of carcasses of 
about 35-40 lb weight is completed in 8-10 
hours. In  order to avoid excessive weight 
losses, it becomes iinportant therefore to 
reduce the drying power of the air a long time 
before the carcasses are relnoved fro~ll the 
chillers. If chilling starts at  noon, for in- 
stance, cooling Inay be completed by 9 p.m. 
In the period of 9 hours between this time and 
removal at 6 am. ,  the rate of air flow nlust be 
substantially reduced and conditions adjusted 
so that the relative humidity of the air is 
greater than 90 per cent. Careful adjustment 
of these chilling conditions is i~nportant not 
only by their direct effect on weight losses, but 
also because excessive rates of weight loss 
have a most deleterious effect 011 the bloom of 
lamb and light mutton carcasses. The whole- 
sale price obtainable for lamb carcasses may 

studied carefull< viz. the size of cartons. I t  
is most desirable to ainl at a rate of freezing 
in the air-blast tunnels which will give a turn- 
over in 24 hours. I n  order to freeze these I 

cartons in less than 24 hours, there is a 
definite limitation on the size of the cartons 
(and therefore on the weight of the contents). 
Using inethods of freezing which are coin- , 
mercially feasible, i t  is impossible to freeze ia  
24 hours cartoils whose thickness exceed 5 to 
6 inches. I know that some British ilnporters 
denland a proportioil of packs co~ltaining up 
to 105 lb of Ineat and that such packs are 
often 8: inches in thickness. Unless the meat- 
works call profitably operate several tunnels, 
these excessively large packages greatly retard 
the general rate of turnover during freezing. 
Every endeavour should be made, therefore, 
to limit the size and contents of the cartons 
so that the thickness does not exceed about 
53 inches. 



The Uti ization of App 
By V. L. S .  Charley 

Beecham Foods Ltd., Coleford, Glos., England 

Dr. Charley, who has a world-wide reputation for his scientific work on fruit juice production, 
I 
1 has summarized here papers read by C. P. Norbury, A. Pollard, G. Borgstrom, and R. P. 

Walrod at a joint meeting of the Food Group of the Society of Chemical Industry, Common- 
wealth Fruit Council, and National Farmers' Union, held in London in June 1959. This paper, 
published originally in the Jozrr~zal of the Scie~zce ofFood and Agricdtzri.e,* gives a good picture 
of apple processing in Europe and North America and is likely to be of considerable interest in 
Australia. Reprinted here by kind permission of the author and the Society of Chemical Industry. 

INTRODUCTION 
It  has long been a commo~lplace to remark 
that the various apple-growing areas of the 
world are subject to a series of gluts and 
shortages, which, although they follow no 
definite pattern, unfailillgly present the grower 
with acute problems in the overall ecoilolnic 
disposal of the fruit which he has grown. 
The National Farmers' Union has paid dis- 
tressingly regular attention to this problem, 
with particular reference to the utilization of 
low-grade, or cull, fruit during the past 20 
years, and the considerable increase in ton- 
nage of apples expected to accrue from new 
plantations in the next few years has aecessi- 
tated a new attack 011 the problem. The food 
manufacturers of Great Britain could well 

I pay attel~tion to the efforts of other countries 
to utilize their apple crops economically, in 
view of the considerable surpluses which may 
be thrown on the market. 

l 

THE RAW MATERIAL 
The unfortunate feature, from a processing 
point of view, of the chemical composition 
of apple tissue is its water content of about 
84 per cent. The storage of apple products 

* CHARLEY, V. L. S. (1960).-J. Sci. Fd. Agric. 11: 
177-80. 

without removal of ally water is econonlically 
unsound, and herein lies the main problem 
in apple utilization, namely, the removal of 
water without simultaneous reduction in 
quality of the final product. The 10-12 per 
cent. of soluble sugars is composed mainly of 
fructose, glucose, and sucrose; cellulose and 
pectic substances in the cell walls contribute 
to the texture of the flesh, and affect the vis- 
cosity of products derived from the fruit. 
Dried products being rendered hygroscopic 
by sugars and hydrophilic colloids, the 
presence of these materials has some dis- 
advantages, but the moisture-retaining pro- 
perties of some apple products call have 
advantages in the coilditioning of mixed 
products. (During the last war, for example, 
concentrated apple juice was used as an in- 
gredient in bread to retard staling.) Other 
constituents of the apple are organic acids, 
polyphenols, amino acids, vitamins, enzymes, 
and volatile components responsible for the 
aroma of the apples. 

A number of specialized uses for apple 
materials have been devised from time to 
time. The author, with Dr. Pollard and a 
colleague, prepared inalic acid (or calcium 
malate) at the Long Ashton Research Station 
at the beginning of the last war as a source of 
~nollohydroxy dibasic acid, which was needed 



for the treatment of copper pipes previous to 
their being dipped in shellac. This process 
was iinportant at the time, but other sources 
of inalic acid are ilow available, and it is 
unlikely that the surplus apple problein will 
be solved by the application of specialized 
processes of linlited application. I t  is by the 
widespread utilization of apples in  products 
which can be purchased by the whole range 
of the purcl~asing public that large tonnages 
of fruit will be taken off the fresh fruit marltet. 

APPLE d UBCE 

The apple products utilized in Europe are 
chiefly the juice and concentrate, which are 
sold in very large quantities both at honle and 
abroad. Concentrate is particularly valuable 
for conserving the juice from a heavy glut 
crop over a period of 2 or 3 years until a 
period of shortage returns. Mention should 
be nlade of the ferinented products produced 
from the apple in Europe, such as cider, cider 
brandy (Calvados), and industrial alcohol. 
In  general, however, these products are pro- 
duced froin the genuine cider apple with 
bitter-sweet characteristics, and the surplus 
apple problein does not really extend to this 
type of fruit. 

In addition to these juice products, the 
Contiilental couiltries make a wide variety 
of apple pulps, jams, jellies, confectionery 
bases (either apple or blended with other 
fruits), pectins of various setting values, and, 
of course, animal feeding stuffs from the fruit 
residues after the pectin has been extracted. 

There would seein to be little doubt that 
the United ICingdom is behind the rest of 
Europe in its utilization of apples, but there 
are signs of an awaltening consciousness on 
the part of some food manufacturers of the 
value of inany of the English varieties of 
apples as raw materials for a wide variety of 
attractive foodstuffs. 

A new techilique for the preparation of 
spray-dried powders, the Birs process, is being 
successfully applied on the Continent, and 
since it includes a method of returning the 
volatile colnponents to the dried powder, the 
ultimate product appears to be highly pro- 
mising. 

The apple juice developments on the Con- 
tinent were much publicized before the war, 
and since 1948 the production figures have 

leapt upwards both in Germany and Switzer- 
land. In recent years variations in technique 
have been introduced on the North Ainerican 
continent, and these will be referred to later. 

Probably the nlost iinportallt scientific 
contribution made to apple juice processiilg 
since the Bohl pressure system of storage was 
introduced, is the latest procedure for the 
separation and fractionation of the volatiles 
from the juice. This process, in earlier years, 
had been attempted at the saine vacuuin as 
was used for the nlain stage of the evaporating 
process. Unfortunately, the condensation of 
the volatiles in this case was extremely in- 
efficient. The latest process involves the 
removal of the volatiles at atmospheric pres- 
sure, with a consequent increase in efficiency 
in the recovery of the fractionated volatiles. 
These inaterials can be concentrated up to a 
figure many thousands of tiines greater than 
their concentration in natural juice, and even 
at a collcentration of 150-fold are extremely 
stable at temperatures below 10°C for several 
months, and at 0°C for 2 or 3 years. 

UTlLBZATlOM BN U.S.A. 
In the U.S.A., apparently no less than 35 per 
cent. of the total apple crop of approxinlately 
2,000,000 tons is utilized in the manufacturing 
of various categories of foodstuffs. The 
utilization pattern, expressed as percentage of 
the total fruit processed ill the years 1954-56, 
was as follows: 

Sauce and baby food 33 
Juice 26 
Slices 16 
Dried 10 
Frozen 7 .5  
Vinegar 7 . 5  

Canned Products 
The inost inlportant Ainerican canned 

apple product is sauce, which is produced 
with chunks or as a puree. The production 
of the former type of sauce calls for a most 
careful choice of fruit in order to get the high- 
est yield of caniled product per ton of original 
fruit. An iinportant item in this search for 
efficiency is a peeling nlethod involving the 
least loss of fruit tissue, and flame peeling or 
the use of electric furnaces is being seriously 
attempted to this end. Although these nleth- 
ods co~npletely char the outer layers of the 
epidermis, this nlaterial can be removed by 



a combination of abrasion, brushing, or 
washing. 

Dehydro-canning is a valuable new type of 
process in which the apple pieces are soaked 
in a solution of salt with fruit acid, washed 
clean from these additives, and dried to 
35-70 per cent. of water before canning (see 
U.S.Pat. 2,784,059). 

Pie fillings are produced on a very large 
scale from a variety of fruits, but with the 
apple product predominating. A suitable 
recipe for such a product would be as fol- 
lows : 

Apples 30 Ib Nutmeg + oz 
Water 12 Ib Cinnamon + oz 
Sugar 6 Ib Lemon purCe 12 oz 
Starch 1 lb 

Frozen Products 
The second world war placed a new 

elnphasis on the freezing of foodstuffs. 111 
the United States apples ranked third to 
strawberries and cherries among individual 
fruits preserved by freezing. The apple pie is 
the most favoured dessert in America, and 
ready-made frozen pie fillings have been on 
the nlarlcet for some years. The frozen fruit 
pie i~ldustry is a major section of the frozen 
prepared foods market, and apple pies are 
again the clear leaders in this line of food- 
stuffs. 

Apple Juice 
Although apple juice falls far behind citrus, 

tomato, and pineapple products, its pro- 
duction in America utilizes a very large ton- 
nage of apples. The product is often trans- 
ported in bulk from the apple-growing 
areas to States where supplies are not so 
readily available. The apple has shown itself 
to be a most accommodating product in that 
it can be blended in a most satisfactory 
fashion with other fruits (cherry, cranberry, 
lime, and apricot) without diminishing to any 
marked extent the characteristic flavour of 
the other constituent of the blend. 

Dehydrated Products 
Very large tonnages of apples are dehy- 

drated in the United States each year. Such 
apple products should have a lnoisture con- 
tent not exceeding 3 per cent., whereas dried 
or evaporated apples may have a water 
content of about 27 per cent. Apple flour, 
produced by grinding dehydrated apples, is 

prepared in limited quantities for therapeutic 
uses, mainly in the treatment of diarrhoeas. 
Other forms of powders have been produced 
experi~nentally by the puff-drying of concen- 
trates in vacuum. Such powdered products 
store without deterioration for at least 1 year 
at 73°F and for 6 ~nonths at 100°F when 
packed in 4-02 cans with a desiccant. These 
experimental powders were prepared from 
blended concentrates of 75-80" Brix, dried 
in a vacuum shelf-dryer, and ground to 10- 
mesh size. Each can coiltains 95 g of powder, 
and an envelope of tough paper containing 
9 g of pelleted calciuin oxide as a desiccant. 

Apple chips and apple crisps have both 
been produced on a small scale. The first- 
mentioned are sinall pieces of apple tissue 
oven-dried and packed in bags. The crisps 
are fat-dried and are inore fluffy. No major 
effort has yet been made to introduce them 
on a wide scale to the American public. 

I t  is possible to renlove half the available 
water in apple slices before freezing, and thus 
to reduce transport costs without deteriora- 
tion of the quality of the reconstituted slices. 
The product is Jcnown as dehydro-frozen 
apple slices, and the institutioilal market has 
been purchasing more and more of this pro- 
duct recently. 

PROCESSING IN CANADA 
I11 the Okanagan Valley (British Colun~bia) 
there are a number of factories respo~lsible 
for processing the whole of the surplus fruit 
produced by the apple growers. 

The products may- be grouped, according 
to their economic return to the grower, as 
follows : 

e High return products 
e Medium retur~l products 
a Low return products 

High Return Products 
This group includes those products which 

could be expected to give a yield to the 
grower equal to, or better than, their cost of 
production. Such products are canned 
apples, apple sauce, and froze11 apples. The 
solid-pack canned apples are largely used by 
institutions, and a very large quantity is made 
each year. Apple sauce continues to gain in 
popularity due, probably, to a steady im- 
provemeilt in quality occasio~led by better 
processing techniques and more careful 



selection of raw material. For apple sauce 
it is essential to make a careful choice of the 
correct apple in order to achieve the correct 
sugarlacid balance. 

Canned ready-to-use pie fillings have been 
available to the Canadian housewife for 
several years, but have often been subject to 
rapid deterioration in storage, due primarily 
to unsuitability of the ingredients. The Food 
Products Laboratory at the Suinmerlaild 
Research Station, under Mr. F. E. Atkinson, 
recently developed a variety of pie fillings 
with a fruit content of 70-80 per cent. in 
which the problems of stability were largely 
overcome. These methods have been suc- 
cessf~~lly adapted to coinmercial production. 
The possibility of exploiting pie fillings made 
from apples with other fruits is very much in 
mind, and consumer research work is con- 
stantly in progress to assess the value of 
various experimental products. 

The Canadian consumer has shown definite 
preference for apple pies which carry whole 
pieces of fruit. One of the problenls encoun- 
tered in the manufacture of apple pie iilling 
is that of retaining whole segments of fruit 
through the processes of blanching, mixing 
with other ingredients, cooking, filling, pro- 
cessing, cooling, and ultimately baking by the 
housewife. The difficulty appeared to origi- 
nate at the point of blanching, where cell 
rupture was thought to be caused by expan- 
sion of intercellular gases during rapid 
heating. 

While the use of vacuum in the pretreat- 
ment of apples for canning is not entirely new, 
the particular apparatus which was developed 
in British Columbia to solve the foregoing 
problem is original in Inany respects. The 
unit consists of four stainless steel pressure- 
vacuum chanlbers which operate indepen- 
dently, but which are serviced by a common 
feed and common discharge. The treatment 
is actually a batch process, but by rotating 
the operation through four units the result 
is a co~ltinuous flow of material through the 
production line. The four challlbers are 
filled in sequence with prepared apple sec- 
tions. When a chamber is full the vessel is 
closed and the process taken over bv a cvclo- 

sures reach equilibrium within the chamber. 
At this point steain is introduced and the 
vacuum cut. By this method desired tem- 
peratmes for enzyme inactivatioil are more 
quickly reached. The vacuum-blanched apples 
are then discharged into a surge hopper, 
from which a co~lstant flow into the produc- 
tion line is nlaintained by means of a syntron 
vibrator. The end bells of the chambers, 
both top and bottom, are activated by pneu- 
matic pistons. In 1958 one of the largest pro- 
cessors in Nova Scotia installed a six- 
chamber unit of the British Columbia design. 

Medium Return Products 

Products in this group normally retmn to 
the grower only half the cost of production. 
These products include dehydrated apples, 
two types of apple juice, apple juice blends, 
frozen concentrates, and cider. The dehydra- 
tion process has been developed in Canada 
by the use of a contiiluous method of curing 
dried apples. A large drum 8 ft in diameter 
and 20 ft long rotates at 3 rev/hr. The dried 
fruit is conveyed directly into the drum 
through a port in the centre of one end. 
Concurrently, a simple pick-up device feeds 
the cured product directly on to a conveyor 
feeding the packing line which enlerges from 
a similar port in the discharge end. This 
labour-saving method of continuous curing 
has an additional advantage of facilitating 
the illtroduction of sulphur dioxide. A blan- 
ket of the gas call be readily maintained at 
high concentratiolls in the drum from a 
metered external supply, and is readily 
absorbed by the constantly moving fruit to 
concentrations as high as 2000 p.p.m. 

The Canadian workers at Summerland were 
responsible for the initial iiltroduction of the 
opalescent apple juice by means of the addi- 
tion of ascorbic acid. T h s  product retains an 
extremely fresh apple character. A whole 
range of blends of apple with lime, apricot, 
and other juices has been prepared, and the 
apricot product has found wide consumer 
acceptance in a relatively short time. In 
exactly the same way, baby food juice blends 
can be produced. . < 

matic control. A ~ l ~ s  first draws a vacuum of The Canadiall growers have also produced, 
27.5 in. for a preset period of time, which in association with the Sunlmerland Research 
may be varied for the variety and maturity of Station, a very attractive type of light, 
the fruit. 111 6-9 inin intercellular gas pres- sparkling cider from their surplus fruits, and 



it seems likely that, with suitable publicity, 
this product will make a substantial contri- 
bution to the utilization of their surplus 
apples. 

Low Return Products 
fi Products in this group are the least 

attractive from an economic point of view. 

i Dried pomace can be produced from the 

iB residue left after the juice has been pressed 
from the milled fruit. Again, apple juice con- 

\l 

centrate is made, particularly in Nova Scotia, 
with special plant designed to evaporate the 
juice with a minimum of caramelization in a 
plant in which the heating time is approxi- 
mately 45 sec. 

Apple pectin can be prepared from the 
pomace, and a range of apple confections 
made from such pectin helps to provide an 
outlet for a raw material produced from a 
by-product of the apple juice factories. 

Financia Support for t he  Division 
THE WORK of the Division of Food Preserva- 
tion during the year ending June 30, 1960, 
was aided, as in past years, by contributions 
from Government bodies and private indus- 
try. The Commonwealth Treasury provided 
£272,000 and contributio~ls from Govern- 
ment Departments and statutory bodies 
amounted to £17,500. The contributors and 
the purposes for which their funds were used 

@ are set out below. 
Departnzent of tlze Arlny.-Meat dehydration 

investigations. 
Department of Primary Irzdustry.-Steriliza- 

tion of fruit fly in citrus fruit and investi- 
gations on spray residues on fruit. 

N.S. W. Department of Agriculture.-Fruit 
storage investigations. 

Metropolitan Meat Industry Board, Sydney.- 
Muscle biocl~emistry investigations. 

Australian Meat Board.-Meat research and 
muscle biochemistry investigations. 

Queensland Meat Industry Board.-Meat re- 
search. 

Australian Egg Board.-Egg investigations. 
Egg Producers' Council.-Investigation into 

the deterioration of egg quality during mar- 
keting. 

Apple ancl Pew Board.-Apple and pear stor- 
age investigations. 
With the aid of contributions froin the 

above sources, fresh researches were initiated 
and other valuable investigatiolls continued. 
A n~unber of coiltributors have been support- 
ing the Division for many years and their 
welcome assistallce has helped the Divisioa 
with its long-term research. 

The Division has been delighted to receive 
over the years numerous contributions from 
private industry. In the financial year ending 
June 30, 1960, contributiolls amounting to 
over £2000 were received from the following: 

Cygnet Co-operative Canning Society, 
Tasmania. 

J. Gadsden Pty. Ltd. 
Gordon Edge11 & Sons Ltd. 
Green's Products Ltd. 
W. Gregg & Co. Ltd., New Zealand. 
Harry Peck & Co. (Aust.) Pty. Ltd. 
Jones Bros., Griffith, N.S.W. 
Kia-Ora Industries (Vic.) Pty. Ltd. 
Leeton Co-operative Cannery Ltd. 
Lewis Berger & Sons (Aust.) Pty. Ltd. 

I 

I 

Matthews Thompson Pty. Ltd. 
Raleigh Preserving Co. Pty. Ltd. 
Taubmans Industrial Coatings Pty. Ltd. 
Tom Piper Ltd. 

1 
l 

The Division would also like to place on I 

record its thanks to Mr. L. Sampson of 
Orange, N.S.W., for a generous donation of 
fruit which was used in investigations on 
storage and to many others for placing facilities 
in factories and on farms at the disposal of its 
research teams. 

As in past years, donations from the food 
industry have been devoted for the lnost part 
to the purchase of laboratory and other 
equipment needed by the research staff. In 
the 1959/60 financial year, orders amounting 
to nearly £3500 were placed for apparatus 
required for research in bacteriology, plant 
physiology, and food processing. 



To Meat Dehydration 
By A. R. Prater 

Division of Food Preservation, C.S.I.R.O., Homebush, N.S.W. 

T HE preservation of meat by drying has 
been practised for hundreds of years by 

nomadic, pastoral, and pioneering peoples, 
and sun-dried meat has become an inlportant 
article of commerce in certain regions with 
warm dry seasons, notably Central and South 
America. However, since traditioilal methods 
of preparing dried meat are dependent for 
success on suitable climatic conditions, 
alternative methods of meat dehydration 
have been or are being developed by the ineat 
packaging industry. The present article aims 
to provide a general account of various 
aspects of meat dehydration tecl~nology and 
to indicate sonle of the principles iilvolved. 

ADVANTAGES OF DEHYDRATION 
The main advantages of drying as a 
inethod of preservation are the savings ill 
weight and space and consequently packing 
materials which it effects. These savings are 
increased if the dried food is compressed 
after drying. For example, 157 cu.ft. of 
space is required for the carriage of 1 ton of 
meat solids as canned corned beef, and only 

SELECTING A DRYING PROCESS 

In selecting a method for drying meat the fol- 
lowing factors should be taken into account: 
Type of meat to be dried (e.g. beef, mutton, 

whale meat). 
Special characteristics of the raw nlaterial 

(e.g. storage stability of fat). 
Quality desired in the finished product. (Is 

it for human or aniinal consuin~tion? 
Have special regulations to be cokplied 
with?) 

Ease of preparation for eating. (Is the meat 
raw or precooked?) \ 

Form of the meat (powder, mince, slices, 61, 
chunks, chops). 

Desired shelf life. 
Type of pack. 
Econoinics of the process (e.g. capital avail- 

able for plant). 
Availability of steam, water, electricity. 

refrigeration, and other services at the site, 
Whetller a batch or continuous process is 

required. 
75 cu.ft. for comwessed dried meat. c he SU N-DRYING ' I 

resulting saving i n  tinplate is approximately Since sun-dried meats reconstitute slowly and two thirds. A 40-lb carcass yields approxi- their flavour a,ld texture do not closely 
24 Ib of boned meaty from which resemble those of freshly cooked meat, they 12 lb of minced cooked meat is obtained. are an acquired taste. The traditional This in turn, after dehydratioll, yields 6 lb of methods still used to charqd (nerque, dried mince which can be compressed to half 

its volume for packing in a 6-lb can. The or jerked meat), biltong, and peinmican have 

reduction of the mass and volume of meat by been described by Sharp (1953).* 

dehydration is illustrated in Figure l, which Charqui 
shows a 40-lb mutton carcass before boning, This form of sun-dried lneat is an important 
the boned meat and the equivalellt article of conlmerce in Central and South 
volume of water and dried meat, and finally ~ ~ ~ ~ ~ i ~ ~ .  ~~~~h sides of beef are boned by 
the dried meat compressed into a 6-lb can. highly skilled butchers to forln three long 
Long storage life without costly refrigeration, sheets of meat whch are cut into strips of 
and transportation on non-refrigerated ships 
are additional important advantages of dried * SHARP, J. G. (1953).-Dehydrated meat. Spec. 
meat. Rep. Fd. Invest. Bd., Lond. No. 57. 



Fig. l .-Red~rction of ~veigl~t arldspnce of n 40-Ib nirrtton carcass on de/zj~drntio?~ slzolvillg cnrcnss, meat ar~d bones, 
extl.ncted )vater aud dried meat, and tlze5filml pack in a 6-Ib beef can. 

ulliform thickness. They are hung up for an 
hour to cool and then submerged for about ail 
hour in saturated brine. After reilloval from 
the pickle the strips are drained, covered with 
coarse salt, and piled to a height of 4-5 ft. 
The pile is remade on the second day with 
extra salt, and again on the third and fourth 
day, without extra salt. The strips are then 
dried on wooden racks, disposed north 
and south to get maximum sun. The meat is 
exposed oil the racks for periods of only an 
hour or two at  first, to prevent melting of the 
fat, and is then piled under a tarpaulin. 
Alternate hanging (for longer periods) and 
piling Inay be carried out five to seven times, 
according to weather conltions, until the 
ineat has lost about 40 per cent. of its ohgiilal 

( weight, and is ready for baling as coillpact 
bloclts in burlap sacks. 

shade in open sheds, until sufficieiltly dry for 
storage. 

Whereas charqui is a very fatty product 
(25-35 per cent. fatty tissue), biltong is lean; 
a typical sample would have 7.5 per cent. fat 
and 21 per cent. water. 

Pemmican 
This product was origilially prepared by 

the North American Indians and consists of 
sun-dried strips of lean meat pouilded to a 
fine 111eal and mixed with rendered fat. 

DEHYDRATION 
Drying processes other than sun-drying are 
termed dehydration. Meat ]nay be dehy- 
drated by several methods : 
e By a curreilt of heated air 
e Under reduced pressure, with radiant or 

conducted heat 
Biltsng ca By contact with heated surfaces. 
Lean meat from the legs or loins of beef and 
game carcasses is cut into long strips, which Heated Air 
are lightly cured. The curing ~iiixture (38 Precooked miace, but not raw lniilce or 
parts salt, 1 part saltpetre, 9 parts uilrefined pieces of meat more than half an inch ill 
sugar) is sprinkled over the meat, which is left diameter, call be dried satisfactorily by this 
to cure for 24 hours and then hung up in the method. 



Fig. 2.-The Pl.octor corrtiizuolcs conveyor r/e/rj~drntor. 
(Cozotes~~ Proctor nrrd Sch~vnrtz Itre., Pl~ilndelphin.) 

The air-dryer in its siliiplest form consists 
of a fan, a heater with thermostat, a tray to 
hold the meat, and appropriate ductworlc to 
direct the hot air over the meat (termed 
"cross-draught" drying) or up through the 
meat (termed "updraught" or "throug11- 
draught" drying). 

For small-scale experinlental work a dryer 
of the through-draught type can be made 
fronl a 44-gallon drum. The top of the drum 
is cut out and replaced with a circular wire- 
bottom meat tray about 6 in. deep. The top 
of the tray is flanged so that it may be hung 
ins~de the drum, and a rubber seal inserted at 
the contact surfaces to nlininlize air losses. 
The hot air, supplied by a thern~ostatically 
controlled heater and fan, is led into the drum 
through a duct near the bottom. The tem- 
perature of the air should be about 155°F 
and the pressure sufficient almost to lift the 
meat layer. 

Co~nnlercial dehydrators operating on the 
same principle were used in Australia during 
World War I1 to produce dried meat for the 
Armed Forces and civilians, and cornprised 
a primary dryer (drying to 20 per cent. mois- 
ture) and a secondary dryer. The efficiency 
of these dryers can be improved by providing 
for partial recirculation of the air, but the 
moisture content of the air must be closely 
watched. The recirculation principle is 
embodied in the secondary dryers which in 

Australian practice were used to reduce the 
moisture content from 20 to 4 per cent. 

Cross-draught tunnel dryers, such as are 
used in vegetable dehydration plants, have 
been used to air dry mince meat. However, 
it is generally considered that through- 
draught drying is faster. Two-stage through- 
draught belt dryers have been developed for 
continuous large-scale production (1000 lb 
of dried meat per hour). These dryers have 
proved satisfactory and are capable of pro- 
ducing a very uniform product. The dryer 
consists of a number of sections, each section 
having its own fan and heater. Figure 2 
shows the delivery end of such a dryer. An- 
other type of continuous through-draught 
dryer is the roto-louvre. The unit consists of a 
steel drum with an inner cylindrical shell 
colnposed of overlapping louvre plates. The 
wet meat is fed into the inner shell and, as the 
unit rotates, the meat travels to the discharge 
end down a slight incline. Hot air is blown 
into the space between the cylinders and is 
forced up through the louvre openings and 
through the meat. More recently the belt- 
trough dryer has been developed and has 
been proved capable of drying granular pro- 
ducts in a much shorter time than the more 
conventional type of dryer. Figure 3 sliom~s a 

a 
battery of these in operation in a Californian 
plant. The trough is 10 ft  long by 4 ft wide. 

I t  should be stressed that, quite irrespec- 
tive of the type of air dryer selected, careful 
design and lnanufacture by experts is most 
important; large suns  of money can be 
wasted by faulty design and manufacture. 

D r y i n g  under  Reduced Pressure I 

Generally spealting, the lower the tempera- 
ture of drying the better the quality of the 
product. Vacuum niethods result in a 
greater vapour pressure differential (i.e. 
greater drying power) than with air-drying 
methods, giving faster drying and lower 
moisture content. However, they are more 
expensive than air-drying methods, and more 
difficult to convert from a batch to a con- 
tinuous process. 

Only precooked niince can be dried satis- 
factorily by air-drying, but vacuum niethods 
make possible the drying of raw and cooked 
chunks. Another advantage of vacuum 
methods is that the fat content of the meat 
does not affect the drying time to the same 



extent as in air drying. A decision to use 
reduced pressure in drying will depend on the 
forin and quality of the product required, 
and the existence of a market for a higher- 
priced product. 

Freeze-drying.-A product of reasonable 
quality can be produced by vacuum drying 
of raw chunks of meat at te~nperatures up to 
160°F. However, an excellent product nlay 
be obtained by a process termed "fseeze- 
drying". In this process the meat is frozen 
and the water is distilled off on to refrigerated 
surfaces ~naintai~led at a very low teinpera- 
ture. The pressure in the vessel must be low 
(less thall 1  inn^ of n~ercury), and only 
enough heat is supplied to drive off the water 
without thawing the meat. Drying times are 
long and the cost of productioll is consider- 
ably higher than with more conventional 
methods. 

Drying times and costs of freeze-drying can 
be reduced, without a big sacrifice in quality, 
by i~nproving heat transfer to the product by 
ineans of heated pressure plates or heated 
plates with spikes. A method has been 
developed in the United Kingdom (termed 
the "vacuum contact-plate process7') where- 
by the meat is dried between heated pressure 
plates. Figure 4 shows such a plant in opera- 
tion. In  Canada the problem has been 
attacked in a slightly different way. Spikes 
are attached to the top and bottom plates and 
these are pressed into the meat before freez- 
ing. Costs of production of material by these 
two accelerated freeze-drying methods are 
not yet available, but it is reasonable to 
assume that they would lie between those of 
conventional methods and of normal freeze- 
drying. 
New Zealand Vacuum Method.-A vacuum 
method which does not involve refrigeration 
during drying, but uses fat as the heat transfer 
medium, has been developed in New Zealand. 
Frozen chunks of meat are dropped into 
molte~i fat in a vacuum vessel, and the pres- 
sure lowered to 2-3 mm of mercury. Heat is 
supplied to the fat in an  external heat 
exchanger and the vapour from the meat is 
passed through a water condenser. Drying is 
conlpleted in 2-3 hours, and the excess fat is 
then removed in a basket centrifuge. By this 
method it is possible to dry raw chunks 
rapidly, but the quality of the product is 
inferior to that of freeze-dried material. 

Contact Drying 
These methods usually result in rapid 

dehydration, but the danger of scorching is 
great, and the texture and flavour are gen- 
erally inferior to that of material dried by 
other methods. Roller drying depends on 
exposing a very thin layer of material to con- 
tact with the surface of steam-heated rollers 
at a high temperature for a short time. Meat 
which has been reduced to a paste by long 
boiling or pressure cooking can be dried 
satisfactorily in this way. This type of pro- 
duct is often used in soup powders where the 
meat only forms a small proportion of the 
total. Figure 5 shows a roller dryer in 
operation. 

AIR-DRIED MlNCE 
Air drying of mince is probably the lnost 
widely used method of dehydrating meat. 

The meat is boned, cut into pieces (approx. 
3-in. cubes), and cookedin boiling water (or in 
live steam at atmospheric pressure) for a 
period of 45 minutes, then strained off and 
minced. The fat is separated from the cook- 
ing liquor in a gravity separator and the 
Liquor concentrated from about 3 per cent. 
solids to 24 per cent. solids and spread 
evenly over the minced cooked meat just 
before drying. The nlince is dried at a tem- 
perature of 155°F to a moisture content of 

Fig. 3.-Belt-frolcgh dr:~jer.s in rise in a cor1iniercial 
11egetn61e del~j~dratior~ plnr~t. This drjler ~vns de~eloped 
in the U.S. Depnrfrner~f of Agricrilf~ue's Wesfer?~ Ufili- 
zotiorl Research arid Developr~ier~f Dhisiol~ in Alba~~jl ,  
Crrl[fo~nia. 



Fig. 4.-Large-sccrle vacrr~irn cor~tact-plate cabiiref. 
(Corwtesjl ~Mitl is tq~ of Agric~dtiwe, Fisheries arrd Food, 
U. K.) 

approximately 20 per cent. and the final stage 
of drying (to approxinlately 4 per cent. mois- 
ture) is carried out at an air temperature of 
135°F. 

A poorer quality dried ~nince nlay be pro- 
duced by pressure cooking the meat on the 
bone for 1$2 hours at a pressure of 15-20 
Ib/sq.in., and picking out the bones after 
cooking. Other details would be the same as 
for air-dried mince. This process Inay prove 
useful in the production of pet food, for 
which there is quite a demand. 

HYGIENE 
The importance of hygiene in dried meat 
production cannot be over-emphasized. High 
standards of slaughtering and meat inspection 
rmst be strictly nzni~ztninecl. Great care must 
be taken to prevent the use of raw meat 
showing the slightest sign of attack by bac- 
teria or ~noulds. Also, scrupulous care must 
be taken with the regular cleani~lg and sterili- 
zation of all equipment used. Meat left in a 
mincer, for example, is often a source of con- 
tami~~at ion of the next batch. Raw or cooked 
meat must not be allowed to stand at room 
temperature for any length of time; if it can- 

not be processed at once it should be critically 
examined iinnlediately before use. This also 
applies to cooking liquors before and after 
concentration. 

Routine bacterial counts should be carried 
out on the product. A count of 10,000 
organis~ns per gran1 of dried meat, deter- 
mined under specified conditions, has been 
accepted as the maximum pernlissible. A 
nulnber greater than this indicates that plant 
hygiene is below standard, and that produc- 
tion should be stopped and an investigation 
made of the plant and process. The count 
referred to is a total count only: it does not 
give information on the type of organis~ns 
present or their possible effects on the con- 
sumer. More detailed tests are required for 
this purpose. , 

STORAGE 
There is a popular nliscollception that, pro- 
vided insect attack is eliminated. dried foods 
are very durable. With few exdeptions, this 
is not the case, and lnost dried foods, in- 
cluding meat, are perishable. Pacltaging 
must be studied carefully, therefore, if a 
reasonably long storage life is to be obtained. 

Types of Deterioration 
The types of deteriorative change which 

Inay take place in dried meat during storage, 
can be grouped under three headings: 

I 

e Microbial Attack.-It should be noted that 
attack by bacteria, yeasts, and mould is 
inhibited at certain levels of moisture con- 
tent, which in dried meat is expressed as a 
percentage of total weight, as grams water I 

per 100 grams dry fat-free solids, or in terms 
of relative hunlidity. A safe working maxi- 
mum for dried meat of normal composition 
would be a relative humidity of 63 per cent., 
corresponding to an equilibrium ~noisture 
content of 14.3 grams of water per 100 grams 
of dry fat-free solids. This is equivalent to 
8.75 per cent, moisture with dried meat of 8 

30 per cent. fat, and to 7 .5  per cent. moisture 
with dried Ineat of 40 per cent. fat content. 
I n  any drying process care must be taken to 
ensure that the meat is dried to a figure 
lower than the safe nloisture content, to 
allow for uptake of moisture from the air 
during handling. Uptake of moisture from 
the air by the product is prevented by packing 
in a moistme-proof container. 
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e Changes in Fat Fractions.-Two types of 
chemical change may occur in the fat fraction, 
namely, hydrolysis leading to liberation of 
free fatty acids, and oxidation (by oxygen 
from the air) leading to rancidity. At ilorrnal 
moisture coilteilts hydrolysis is generally not 
a problem, and rancidity, which is more 
likely to occur in pork than in beef or inutton 
fat, is controlled by exclusioi~ of air froin the 
pack (gas packing) and/or by illcorporation 
of antioxidants. If the use of antioxidants is 
contemplated, the regulations under the local 
Pure Foods Act should be examined. 

Changes in the Protein Fraction (lean 
meat).-Exclusion of oxygen by gas or 
vacuum packing retards development of 
certain off-flavours, but others, termed 
"browning changes", develop in gas-packed 
material. Browning changes can be retarded, 
but are not serious unless a particularly long 
shelf life is required. 

Packing Methods 
Rigid containers are not only the best 

moisture and gas barriers but, by their 
rigidity, protect the contents against damage 
during handling. Gas packing or vacuuin 
packing in rigid containers is simpler and 
more satisfactory than in substitute contain- 
ers. However, satisfactory gas or vacuuin 
packs may be made with substitute contain- 
ers, provided the coiltaiiler material has a 
good gas barker. Gas packing iilvolves re- 

moval of air from the pack and its replace- 
ment with an inert gas such as nitrogen. 
Vacuunl packing should be equally effective, 
provided the oxygen is removed to the extent 
of at least 98 per cent. and the container is 
capable of withstanding a pressure of 1 
atmosphere. 

h - d r i e d  mince can be coinpressed into 
rigid blocks of approximately half the volume 
of the original ineat without sekous damage 
to its texture. The meat may be colllpressed 
directly into cans, or blocked first and the 
blocks transferred to cans of suitable size. 
Alternatively, the blocks inay be wrapped or , 
placed in bags and paclsed in cardboard car- 
tons. Blocking of the meat not only results 
in considerable saving in space and tinplate, 
but most of the air is excluded during the 
operation and the storage life is almost equal 
to that of gas- or vacuum-packed material. 

Effect of Temperature on Shelf Life 
The shelf life of dried meat will depend on 

a number of factors such. as the quality of the 
raw material, the process used for prepara- 
tion, whether the material is precooked or 
not, the type of pack, and the temperature of 
storage. At the end of the shelf Life off- 
flavour develops to a degree that makes the 
meat unsuitable for table use, but it may be 
used in some manufactured products in 
which meat forms only a small proportion 
of the total constituents. 



Increasi~lg the tenlperature of storage lar testing of the dried meat will be necessary. 
reduces the shelf life. The magnitude of this These tests should include water uptake on 
effect will vary with the type of dried meat reconstitution, determillations of fat and 
under consideration, but air-dried mutton moisture, bacteriological counts, and pala- 
mince may be cited as an example. Air packs tability tests. 
of air-dried muttoil mince may have a storage 
life of approxiillately 10 months at 77"F, and The palatability tests are carried out by 
13 years at 3z0F, The correspondillg figures reconstituting and coohllg a  mall quantity 
for bloclcs would be 2 years, and greater than of the dried meat under standardized condi- 
2+ years, while for'llitrogell packs the figures tions, and submitting it to a small panel of 
would be 2+ years and greater 3 years, trained tasters drawn, if possible, from the 

staff of the establishment. The panel should 
QUALlTY C O N T R O L  look for good meat flavour, little or no off- 

To ensure consistent high-quality production flavour, &d good texture. The latter should 
close supervision of the processing and regu- include particle size, tenderness, and juiciness. 

Contamination of Smolted Foods with Arsenic 
THE INCREASING USE of preservatives con- 
taining arsenic for the treatment of sawn 
timber has raised a serious problem in rela- 
tion to the curing of bacon and fish by smoke 
preservation. Whilst it may be only occa- 
sionally that timber so treated would be used 
for smoke curing of meat and fish, the risk 
of arsenic contanlination from such a 
source is always present, and should not be 
overlooked. 

There are at least two well-known brands 
of water-soluble~wood preservatives in use in 
Australia which contain arsenic. These pro- 
ducts also contain copper sulphate and pot- 
assium dichromate, the latter conlpollent 
assisting in " ~ n g "  the copper and arsenic 
salts in the wood. Application is by pressure 
impregnation at 200-250 lb/sq.in., using cold 
solutions, and although the water-soluble 
wood preservatives may contain up to 11 per 
cent. arsenic pentoxide (As20,.2H,O), k a -  
tion of the preservative is generally good, so 
that direct contamination of crated food pro- 
ducts by the leaching out of arsenical salts 
from the timber is extremely unlikely. 

Contamination of smoke-cured fish and 
bacon with arsenical compounds volatilized 
from impregnated timber and present in the 
smoke derived from the wood has been shown 
by studies undertaken in New Zealand to be 
a distinct toxicity hazard. Thus Watson 
(1958n) has demonstrated in controlled pilot- 
scale burning trials on sawdust derived from 
wood treated with a 1 per cent. (approx.) 
solution of a commercial wood preservative 

that 8.6 per cent. of the arsellic present in the 
treated timber (0.233 per cent. arsenic con- 
tent) was volatilized in the smoke box. 
Similar studies (Watson 1958b) using wood 
shavings containing 0.388 per cent. arsenic 
showed that over 22 per cent. of the arsenic 
was evolved under the particular conditions 
employed. Both bacon and fish absorbed 
significant quantities of arsenic from the 
sllloke during the curing process. The maxi- 
mum quantities of arsenic found in the cured 
bacon were within the range 1.3-2.3 p.p.m., 
but for blue cod-with a natural arsenic con- 
tent of 0.5-1.5 p.p.n~.-it was concluded 
that the figure might reach 25 p.p.m. after 
curing. 

These data indicate that there is a real 
toxicity hazard associated with the use of 
arsenic-treated timber for smoke curing, and 
such material should not be used either alone 
or in admixture with other shavings. 

A C K N O W L E D G M E N T S  
We are indebted to the Division of Wood 
Technology, Forestry Commission of New 
South Wales, for information relating to 
the use of wood-preserving arsenicals in 
Australia. 
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TITLE OF THE DlVlSlON 

Readers of the Food Preservatiorz Quwtel'lj, 
will have noticed that the title of the Divisioil 
has been shortened by the omissioil of the 
word "Transport". The word was intended 
to convey that the Division's field of work 
included the transport o f f o o ~ l ,  but neither lay 
nor scientific personnel invariablv inter~reted 

Two members of the research staff of the 
Plant Physiology Unit resigned in the latter 
half of 1960: Dr. H. S. McKee transferred 
to the C.S.I.R.O. Divisioil of Plant I~ldustry 
at Canberra, and Dr. M. D. Hatch joined the 
staff of the David North Plant Research 
Centre, established by the Colonial Sugar 
Refilling Co. Ltd. at  Indooroopilly, Qld. 

it this way. 'with the introductioil of the 
shorter title it is expected that the Divisional FOOD SCIENCE C O N  FE WEN CE 
telephonist will no longer be asked for in- New food research laboratories for the corn- formatioil on omnibus time-tables ! 

'  nonw wealth Scientific and I~ldustrial Research 

PLANT PHYSIOLOGY U NIT 

For the first time since the inception of the 
Division's Plant Physiology Unit at the 
Botany School, University of Sydney, there 
has been a change in its leadership. Dr. F. V. 
Mercer, Associate Professor of Botany at 
the University of Sydney, has been one of the 
two joint leaders since June 1952, but Dr. 
R.  N. Robertsoa, now a member of the 
C.S.I.R.O. Executive, has been succeeded by 
Dr. D. D. Davies. Dr. Davies was formerly 
Reader ill Biochemistry at the Uiliversity of 
London, where he graduated BSc. in 1950 
and Ph.D. in 1954, and distinguished himself 
by his researches in plant biochemistry. 
Dr. Davies joined the Division in Eilglaild in 
September 1960 and arrived ill Sydney early 
in October. 

Dr. J. F. Turner, a senior member of the 
Unit's staff, is spendiilg a period of 10 
months with Professor Martin Gibbs in the 
Department of Biochemistry at Cornell 
University, Ithaca, New York, where he has 
been accorded the rank and status of Visiting 
Professor. Dr. Turner is acconlpanied by his 
wife, Dr. Donella Turner, who is also a mem- 
ber of the staff of the Plant Physiology Unit. 
At the conclusion of Dr Turner's term at 
Cornell, he and his wife are returiling to 
Australia via the United Itingdoin and 
Europe. I n  August 1961 they are visiting 
Moscow to attend the Internatioilal Coilgress 
of Biochemistry, where Dr. J. F. Turner is 
PI-esenting a paper. 

Organization, Australia, are being opened at 
North Ryde, near Sydney, on September 18, 
1961, and to mark the occasioil a food 
science coilfere~lce is being held there from 
September 19 to 22. 

The coilfere~lce will take the form of three 
syn~posia, each introduced by a distiilguished 
food scientist, and two general discussio~ls 
led by panels of scientists. 

The tentative progranline is as follows: 

September 18 
3.15 p.111. Official openiilg of new head- 

quarters and laboratories for the 
C.S.I.R.O. Division of Food 
Preservation. 

Septen~ber 19 
9.30 a.m. Ope~ling of food science con- 

feience.- 
9.50 a.m. Symposium-Chemical aspects 

of food processing. 
2.30 p.111. Inspection of North Ryde re- 

search laboratories. 
6.00 p.m. Reception. 

September 20 
9.30 a.m. Symposium-Factors affecting 

meat quality. 
9.30 a.m. Symposium (Parallel session)- 

Contributed papers on chemical 
aspects of food processing. 

2.00 p.m. Panel discussioi~-Public health 
aspects of handling and process- 
ing of foods. 



September 21 
9.30 a.m. Synlposiuin-Food preservation 

and the organization of plant 
and animal tissues. 

9.30 a.m. Symposium (Parallel session)- 
Contributed papers 011 cl~emical 
aspects of food processing. 

3.45 p.m. Unveiling of memorial to the 
late Mr. E. W. Hicks, former 
leader of the Physics Section in 
the Division. 

September 22 
9.30 a.m. Panel discussion-Trends in 

food research. 
12.30 p.m. Closing of Conference. 

The Conference is open to scientists, tech- 
uologists, and managerial staff froin the food 
industry and food research laboratories, and 
the organizers are most anxious to encourage 
participation by research workers from as 
many countries as possible. A number of 
twenty-minute papers are to be delivered in 
each syinposiuin. Research papers on the 
chemical aspects of food would be welcollle: 
titles should reach the Division by April 1. 
Persons proposing to attend the conference 
are invited to write for registration forms and 
further infornlation to  : 

The Chief, 
Division of Food Preservation, 
C.S.I.R.O., 
Private Bag, Post Office, Homebush, 
New South Wales, Australia. 

P UBL!CATl ONS BY STAFF 
Conduction Errors in Thermocouples Used for 
Heat Penetration Measurements in Foods 
which Neat by Conduction. N. D. Cowell, 
H. L. Evans, E. W. Hicks, and J. D. Mellor. 
Food Tech. 13 : 425-9 (1959). 

Errors are introduced into heat penetration 
nleasurements in cans of conduction-heating 
foodstuffs by the conduction of heat down 
the thermocouple wires used for teinperature 
measurement. These errors are largest in the 
early stages of heating and cooling and may 
cause important errors in the evaluation of 
the lethal value of the cooling phase of the 
sterilizing process. Experimental work on 
model systems has shown that the theoretical 
equation developed by Jaeger may be used 

to calculate the errors involved. To minimize 
the errors, only fine thern~ocouple wires 
should be used and copper wires should be 
replaced as a thermocouple material by 
a metal of lower therinal conductivity, e.g. 
nichrome. 

Chemical Changes during Growth and Storage 
of the Avocado Fruit. J. B. Davenport and 
S. C. Ellis. Amt .  J. Biol. Sci. 12: 445-54 
(1959). 

Studies of the avocado fruit were under- 
taken prinlarily to follow the pattern of fatty 
acid synthesis during 6 months' development 
on the tree, and during storage at 20°C of 
the fully grown fruit, and to relate this ,fat 
production to other chemical changes in the 
flesh of the fruit. 

Reduction of Bisulphite to Elemental Sulphur 
by Reducing Sugars. D.  L. Ingles. Cl~em. 
& lild 1959 : 1045-6. 

This paper discusses the interaction of 
sugars and sulphur dioxide which may occur 
in sulphured dried fruits. 

Respiration of Washington Navel and 
Valencia Oranges. S. A. Trout," F. E. 
Huelin, and G. B. Tindale.? C.S.I.R.O. 
Aust. Div. Food Pres. Tech. Pap. No. 14 
(1960). 
The respiratory drift of Washington Navel 

and Valencia oranges from three coastal and 
four inland irrigated districts was measured 
after harvesting. I n  inost cases a climacteric 
rise occurred as the oranges approached 
commercial maturity. Oranges affected by 
cold injury tended to give irregular curves. 
The significance of these results is discussed. 

* Now Director of Horticulture and of Food 
Preservation Research Laboratory, Department of 
Agriculture and Stock, Queensland. 

mepartment of Agriculture, Victoria. 

Copies of the papers nlentioned above 
may be obtained from the Librarian, 
Division of Food Preservation, Private 
Bag, P.O., Homebush, New South 
Wales. Telephone : 76-843 1, 76-0274. 


