


I9 

The Swiss Siissmost Industry 1 

BY 
D. MARTIN* 

Siissmost is the trade name applied in Switzerland to unfermented 
blended apple and pear juice. The Swiss have developed novel ancl 
highly efficient techniques and equipment for hallcUing this product. 
For practical purposes Siissmost may be regarded as pure apple juice, 
for the addition of pear juice is a matter of expediency rather than choice. 
Siissmost production began only about 30 years ago as a result of reduced 
demands for cicler and the schnapps distilled from it. In former times, 
small country factories or even the farmers themselves expressecl apple 
and pear juices, fermented the cider and awaited the visit of a touring 
distillery on wheels which distilled the schnapps on the spot. The decline 
of the old industry and the rise of the new is illustrated by the following 

1920 I943 I 
litres htres 1 

Schnapps procl~~ction . . . . IO,~ZO,OOO . 349,100 i 
Siissmost production . . . . ~,gjo,ooo jz,551,000 

Practically all the Siissmost is consumed within Switzerland, where 
l 

it is obviously more popular than aeratecl waters. I t  is sold in three 

(I) in draught from bars ancl clispensers in cafCs at  about 4cl. per 
glass of litre, 

(2) in returnable litre bottles for home collsumption at about 
IS. Gd. per bottle, 

(3) in 215 litre crown sealed bottles for hotel trade at about gcl. per 
bottle. 

While the greater proportion of Siissmost is clarified aerated juice 
held from the previous season, in larger centres there are sales of cloudy i 
juice sold straight from the presses cluring the crushing season. 

In addition to Siissmost there are still large sales of fermented juice, 
particularly in cafCs, where it is listed as " saft " or " nlost vergornen ". 

The trees which formerly provided the fruit for cider now provide 
the raw material for Siissmost. Unfortunately approximately half are 
pears, which are not as suitable as apples for unfermented juice. Pears 
are bought at half the price of apples, which in 1947 was about £10 per 
ton, but, as they recluce the quality of the juice, manufacturers would 
rather do without them. Cider varieties of apples are preferred, but as 
there are insufficient quantities of these, large quantities of cull table 
varieties are used. The final raw material for juice extraction has 
approxin~ately this composition : 50% table varieties of apples, 20% 
cider varieties of apples, ancl 30% pears. 

-~ - - 

* An officer of C.S.I.R.O. Division of Plant I~idustry 1i711o visitecl Switzerland 
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The optinlum size factory appears to have an intake of approxi- 
mately 200 toils of fruit per day. With a season of three months this gives 
a total production of 2,500,000 gallons, mrhich urould be divided into 
I ,ooo,ooo gallons for Siissmost , 500,ooo gallons for cicler, and I ,ooo,ooo 
gallons for vinegar and concentrate. 

The factories are reillarkably uniform in equipnlent and methocls 
and in a typical factory the flow is as follows : the fruit arrives in bulk 
in every imaginable type of vehicle from open rail cars and 10-ton lorries 
to small farm carts. I t  is cl~lmped into large concrete bins holding about 
50 tons. There are usnally enough of these to hold about two days' 
supply. The fruit runs by gravity out of ports in the sloping bottoms 
of these bins on to conveyors, and after washing is elevated to the mill 
for crushing. A remarkably efficient and quiet type of mill developed 
by the Biicher-Guyer organization is generally used. I t  converts 10 

tons of fruit per hour into an even polllace of fine consistency which is 
discharged directly to hydraulic rack-and-cloth presses or is pumped 
to receiving bins above the presses. 

Modern triple-bed presses, also developed by Biicher-Guyer, have 
greatly increased the efficiency of rack-and-cloth pressing. First the 
" cheese " of pomace is built up ; the bill of pomace is fitted with an 
automatic rotary valve which delivers a fixed charge on to the cloth every 
20 seconds, and in this time the two operators fold the cloth, put on the 
next rack and spread a new cloth. The bed on which the " cheese " is 
built is hydraulically operated, so that it is always at a convenient 
height. When the " cheese " is complete the press rotates 120°, bringing 
the cheese over the first ram, which expresses the juice at a moderate 
pressure. Then by a further rotation of 120" the cheese is brought over 
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a high pressure ram, which presses iC a second time. Finally a third 
i-otation 1-etunls it to the original position, where it is broken down and a 
neu7 cheese built up. These presses have a capacity of four to five tons 
per hour, and the juice yielcl is 80-87%. 

From the press the pice is pumped to tanks, where it is clarified 
by a combination of enzyme and gelatin treatment at  10" C. (50" F.).. 
This temperature represents a compromise between the slow action of 
the pectolyzing enzyme at the low temperatures prescribed by the original 
Schlor process anel the dangers of fernlentation in warm weather. Concrete 
tanks linecl with organic coatings are generally used for this process. 

After clarification is coillplete (it is strictly controlled by the works 
chemist, by means of viscosity determinations) the juice is filtered in 
at least two and usually three filtrations, generally through a bag or 
" shell " filter, then a plate filter and finally a pulp filter or a Seitz filter. 
Though most factories have centiif~~ges, they are not often used or are 
used merely to take the load off the first filtration. Filter aicl is added 
in one or even two of the filtrations. 

Because a standarclizecl product is desired the clarified juices from 
the different apple vai-ieties are stored, and then blended and bottled 
after the season is ovei-. The Boehi method of storage under carbon 
clioxide (CO,) pressure is general and there is a definite trend towai-ds a 
low temperature, low pressure storage and away from the high pressures 
which were necessary at  higher temperatures. The,storage tanks are 
made of al~uninium or of steel lined with an organic coating and the juice 
is helcl at  2" C. (36" F.), under CO, at  three atmospheres pressure. Most 
factories of this size have storage capacity up to ~,ooo,ooo gallons, ancl 
it is a most impressive sight to see a spotlessly clean storage chamber 
with i-o\~s of torpedo shaped tanks enamelled pale ci-eani, with gleaming 
silver-plated fittings. The CO, for storage is obtained fi-om the cider 
feitnentation. I t  is purified by passing over activated charcoal anel is 
stored in empty Boehi tanks. The juice is mixed with the requireel 
amount of CO, by illeails of a special inlpregnator made by Sulze~ 
Brothers. 

A novel alternative technique for bulk juice storage has recently 
beeu developed ill Switzerlancl (Liithi, 1949). The juice is frozen to 
snow on a drum-type continuous freezer designecl by the engineering 
firm of Escher-Wyss. The snow is piled in large refrigerated bins and 
held at  freezing temperatures. If this technique proves to be completely 
successf~~l it will probably make existing Boehi installations obsolete, 
since it is obviouslj~ much cheapei- than bulk liquicl storage under pressure. 

_Swiss technicians are quite convinced of the necessity for holding 
juice at  as low a temperature as possible to retain optimum quality, 
ancl they ti-y to make the periocl at high temperature as short as possible. 
Far this reason the juice is bottleci only as the market demands. 

The juice drawn fi-om the tanks is blended and Seitz filtered, and 
Nled into bottles. By reason of the low temperatures of filling there is 
a 1-esid~~al carbonatioi~ of 0.3%-0.5 % CO,, ~ l l i c l l  gives " life " and 
spailde to the liquid at  the temperature of consumption without excessive 
gassiness. About half of the manufacturers still use the cold sterile Seitz 
filling process, while the others use a low temperatme batch pasteurization 
in the bottle. 

In the cold sterile process the filling is done in a sealecl room which 
is washed down daily with SO, solution and kept sterile by pumping in 
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.itional Swiss technical opinion is firmly against high temperature pasteuriza- 
kunnel. ti011 even of the " flash " type. Dr. Liithi of the Wadenswil Research 
~d pass Station considers that a satisfactory schedule of pasteurization in the 
.hine is bottle is : 10-20 minutes coming up time, 20 minutes at 68-71' C. 

(155-160" F.) and 10-20 minutes coming down to 40" C. (100" F.). The 
effectiveness of this schedule is bound up with the extreme clarity of the 
juice and the CO, which remains after the Boehi storage. Some firms 
consicler even 70" C. (158" F.) too high and pasteurize successfully at  
68" C. (155" F.). Pasteurization is invariably carried out in a batch 
system by controlled temperature water sprays. 

The only use that high temperature flash pasteurization appears 
to have is in sterilizing juice before inoculating with standard yeast 
culture in maliing cider. 

All balanced factories make vinegar, juice concentrate and driecl 
pomace. The vinegar is made by the secondary fermentation of cider 
in the traclitional way but apparently concentration of the dilute vinegar 
by the Krause freezing method is widespread. Juice concentration is 
carried out in three-stage evaporators with convection circulation, and 
sometimes a fourth stage is added. Typical operating temperatures in 
the three stages are 63", 53" and 37" C. (r4j0, 127" and 99" F.). Swiss 
scientific opinion consiclers that juice concentration should be carried 
out at temperatures below 35" C. (95O F.). One very large plant at  
Marstetten was seen which had a two-stage concentrator with a capacity 
of 80,ooo litres (18,000 gallons) per 24 hours. The reconstituted product 
which is very satisfactory, and is used in Siissmost up to 20%, relieves 
the strain on juice storage capacity. Pear juice concentrate was used 

<<$@ @ during the war as a jam s~~bst i tote  to relieve the sugar shortage, bot there 
was evidence of more concentrator capacity than necessary for peacetime 
requirements. The Marvil factory has a concentrate storage capacity 
of more than one miUion gallons. An intei-esting feature of many con- 
centrators is the application of the heat pump principle, an economical 
procedure in Switzerland, where coal is dear and electric power is cheap. 

Apple pomace is dried in rotary direct oil-fired kilns. The product 
is bagged in paper bags or shipped in bulk in railway trucks, for the 
manufacture of pectin. Pear pomace, which has a low psctin value, 
is dried only for cattle feed or is often sold wet. 

The Swiss Siissmost industry therefore is a remarkably efficient 
and well-balanced one. The production of a fruit juice beverage which 
is consumed to the extent of more than 10 litres per head of the populatioil 
per year is a remarkable achievement. The standard of quality in 
Siissmost is very high and is maintained by rigid adherence to these 
fundamental principles : 

(I) careful clarification, 
(2) refrigerated bulk storage, 
(3) low temperature pasteurization, or cold sterile filling, 
(4) light carbonation. 
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Fruit Storage and Plant Physiological 
Research 

The nlost interesting feature of plant physiological and biochemical 
research relatecl to fruit and vegetable storage is that so little is being 
done. The amount of s~lcb research is small colnpared either with the 
number of proble~ns which face the practical man in the fruit and vegetable 
industry or with the amount of scientific research normally carried out 
in even the sinaller secondary industries. 

Why in this age when science is universally recogilized as the spear- 
head of progress and when so much money is available for research, 
especially in the physical and inedical sciences, should so little 
fundamental research be in progress in one of the largest sections of the 
food industry ? Sonle of the various reasons can be mentioned it is 
difficult to do goocl basic research in the biological sciences ; agriculture 
generally depends on traditional experience and seldom caLls urgently 
for new ideas and methods ; science, ~vllere used, is overwhelmed by the 
need for solving day-to-day problenls , it is generally accepted that crop 

@ @ *+A& failures or losses in storage can be expected and are beyond our control. 
We are resigned to our ignorance. We are resigned to the fact that we 
cannot manage our problems in agriculture-to which storage traditionally 
belongs-with the strict control comparable to that of a factory organiza- 
tion. We accept this sitnation and make little attempt to gain the 
ltnowledge necessary for control in agriculture comparable to that in 
secondary industry. Perhaps some of us, iinpressecl by the overwhelming 
emphasis on scientific research which results from the military importance 
of nuclear physics, iinagine that the alnount of worb in progress to examine 
the scientific bases of agricult~zre is on a coinparable scale. In fact, 
consideling the magnitude of the task because of the depths of our 
ignorance, attempts to obtain basic knowledge of plants-the theoretical 
side of agriculture-are minute compared with the colossal efforts that 
have collected the fundamental ltnowleclge on .\.rrl~icl~ the atomic bomb is 
based. 

Hortict~lture, ~vllich has regarded the behaviour of fruits and 
vegetables in storage as part of its province has, in various departments, 
both here and abroad, clone magnificent morlr: in testing and improving 
inethods for prolonging the storage life of various products. The problen~s 
which faced store operators in the early days have been largely rectified. 
It is now unusual, though 11ot by any means impossible (as witness last 
year's shipments to U.K.), to lose fruits through the development of 
brown heart due to high carbon dioxide accumulation, and seldom does 
citrus develop cold injury. While we have clefined the limits of xvllat ~ v e  

* The author of this article made an extensive tour in South Africa, Great 
Britain and North America in 1948, to observe ctevelopments in plant physiology 
and storage research. 
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can do with ce~tain stolage coi~c~itioi~s, we have often done so with on137 
the vaguest knowledge of why we have done certain things ; further, we 
are a long way from having the lrnowvledge of our material-these living 
plant parts, fruits and vegetables-which could lead to revol~~tionary 
improvements. For instance, it is a shrewd guess that the oiled wraps 
which prevent scald in apples, do so by the absorption of some volatile 
substance produced by the fruit itself ; this has not been coilclusively 
proved and we do not know what substance or substances may be 
responsible. This lack of knowledge has serious consequences, as we 
shall see, in relation to developing new methocls of scald control. 

How can we gain the knowledge that will make the difference between 
understanding what to do ancl p~oceeding by rule of thumb ? As in 
all scientific woi-k we need eilongh linowledge to predict and to control 
what would happen with alteration of conditions. Only such an approach 
is likely to provide any inajo~ improvement in methods ancl such know- 
ledge can be gained only by complete investigation of the physiology ancl 
biochemistry of plant tissues. I t  might be argued that the problems 
facing the fruit and vegetable inclustry in storage and transport do not 
lustify this thoroughiless of app~oach. Against this, while many 
probleills have been solved it must be recognizecl that those remaining 
seveiely limit possible impi-ovements. In addition to scald in apples, 
for instance, ihele is the problem of cold injury which forces us to hold 
cihus and other fruits at  compai-atively high temperatures at  which 
really long storage is inlpossible ; the true cause of this cold injury is 
q ~ ~ i t e  unknon~n. If some of these varieties could be taken to lower 
ternpeiatures without inci-easing susceptibility to colcl injury, an increase 
111 life could be expected. 4 s  many disorders of storage are being con- 
tiolied by the effective (if little understood) methods in practice, the end @ of storage life has been increasingly due to the ultimate development 
of il~oulds and rots, from infection present for most of the life of the fi-uit 
but developing only after the tissues have reached a certain age. Why 
ageing fruit is more susceptible to these diseases is still an almost 
unexplo~ed problem in the physiology of host and parasite. 

One could discuss other examples. In inost of these problems work 
is being done but is concerned with solving the practical difficulty ancl 
not finding the basic " ~ O T V S  " and " whys ". In other words, most of 
the xvoi-k consists of investigations of better conditions, the " hit or 
miss " method. We find that the whole time of the average plant I 
physiologist or hortic~~ltun-alist ~ilorking on storage goes into attempted 
solutions of practical problen~s. If he follows some of the physiological 
or biocheillical leads that his \vorl< turns up, he has usually to do so largely 
in his own time together with what little time he can snatch away from 
the practical side. Soine of this work is excellent and great improvements 
have come from it but we have reached the end of our tether and new 
clevelopmeilts will come only from increased basic knowledge. This has 
some interesting consequences. T h e ~ e  is ahnost a tendency to follow 
fashions in the research programme svllich is seeking the next and newest 
application. Thus when someone suggests that charcoal air purification 
may have beneficial effects on storage of apples, everyone else is dragged 
in to try it on the particular varieties important in his country or his 
clistrict. 

One of the most investigated problems in fruit storage at present 
is the production of volatile substances given off by apples. There are 
two reasons for inteiest in this work : first, its relation to scald, a worlcl- 
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wide problem ; and second, the effect of volatile substances on ripening. 
I t  has been known for a long time that the ethylene given off by fruits 
themselves or applied artificially results in the acceleration of ripening 
changes : other volatiles may affect the rate of ripening but this has not 
been clearly established. The stimulus for much of the recent work on 
volatiles came from the claims of Smock ancl Southwick (1948) and later 
of Van Doren (1948). These worl<ers have claimed that air purification 
with activated charcoal will nlabe a noticeable diffei-ence to the concen- 
tration of volatile substances in the store and this will (I) decrease the 
odours in storage, (2) lengthen the storage life by delaying ripening, 
and (3) decrease scald. Following these claims, the technique has been 
used by investigators in Britain (Fidler) and in the United States 
(Gerhardt) ; the practical trials have defined the useful~~ess of this 
technique. I t  certainly does reduce odours and is therefore useful in 
mixed storage. It seems to give some slight prolongation of the storage 
life of apples but this is of cloubtful value in relation to the cost of instal- 
lation. The possibility of effectively reducing scald by this treatment 
in the absence of oiled wraps seeins very doubtf~~l. 

The result of these investigatiolls and those that precede them is 
that they have raised nlore problems of a physiological nature than 
they have solved. In spite of much time spent on methods to coiltrol 
scald, very little work is being clone on the causes of volatile productioil 
and the relation of these various volatiles to scald and ripening. Soine 
work on volatile pi-oductioll and its relation to carbon dioxide in gas 
storage has been carried out by Griffiths and Potter (1949) and the total 
production of ethylene and non-ethylene volatiles has been studied by 
Fidler (1950) and by Gerhardt (1950) The biochemistry of volatile 

@ production by the fruit, however, has been almost a closed boolc. With 
the characterizing of the individual substances by Thompson (1950) in 
this Division work can begin in earnest. On the whole, hoxvever, the 
iinpressioil gained from surveying the volatile production problem is 
that there has been much work on its control inadequately supportecl by 
investigations of its fundamental nature. 

A similar story is apparent in the work on ripening ailcl its relation 
to the climacteric-that sharp rise in respiration rate-which accompanies 
ripening in so many fruits. In the years befol-e the war, followiilg the 
pioneer work of F. F. Blackman, teams of English investigators uncler 
Kicld and West providecl much information about the physiological 
changes in respiration which accompanied ripening and maturity. In 
spite of this knowledge gained during that period and the uses to which 
it was put (e.g. in gas storage) the mechanism of this change in respiration 
rate has never been explained. There is very little work now in progress 
which is directed to lead to an explanation of this phenomenon which is 
clearly of paramount inlpoi-tance in the process of normal ripening. 
Further, biochemical knowledge and technique in general have extendecl 
sufficiently to enable their application to this type of problem in plant 
material, and to give reasonable hope of an explanation of the 
phenomenon. 

The relation of mould to the termillation of storage life would suggest 
I that if research institutions interested in storage research were taking a 

long-range view, the problem of host-parasite relations would be one of 
the major activities ; this was of course true of some of the D.S.I.R. 
work in Englancl prior to the war, but practically nothing has been done 
elsewhere to extend this work. Some 1vork of the sort required-studies 
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of the physiology of the host and the fu~gos-has now begun under the 
auspices of this Division, but practically no workers elsewhere are studying 
the basis of this relationship in fruits or vegetables. 

The problems of cold injury and low temperature breakdown have 
received very scant physiological study. We do not understand the 
causes of these injuries, which occur at  teinperatures often well above the 
freezing points. There ai-e some interesting suggestions arising froill the 
applied worli. W. H. Smith (1947) has sho\vi~, for instance, that in 
plums the bad effects of pi-oloilged exposure to low temperature can be 
overcome by a short exposure to higher temperatures. Again E. M. 
Harvey (personal communication) has shown that a marked increase in 
respiration rate follo~vs the exposure of oranges for a short time to low 
temperatures ~vhich would subsequently lead to cold injury. The 
physiological bases of observations such as these are almost entirely 
uilexplored ancl little opportunity occurs at present for cleterinining first 
how this phenonlenon affects the cells, and second 1101~ this knowledge 
might open the way for an iinprovenlent ill practical methocls of handling 
cold susceptible fi-uits to taking advantage of extending storage life at  
lower telnperatui-es ~v1:llile eliminating injury. 

Undoubtedly the best theoretical solution to storage problems would 
be to grow fruit of good keeping quality. Some hint that improvements 
in this way inay be possible is available to us. In citrus ancl apples, for 
instance, marked differences in keeping quality can be demonstrated. 
Differeilces associated ~vith climatic zones are well known, but n7ithin 
any one region marlied differences are also apparent. I t  seems unlikely 
that these clifferences are associated with genetical differences beca~zse 
of the method of propagatioil of fruit trees, bnt they may be associated 
with cultural practices including differences in soil, manurial treatment, 
etc. While a number of experiments have been carried out to determine Q 
the differences between fertilizer treatments, we are not yet in a position 
to describe in physiological terms how good and poor keeping fruits 
differ from each other. The problem is further illustrated by the work 
of Carne and Martin* (unpublished) on Tasmaniall varieties of apples. 
It has been sho\vn that smaller fruits aIe much less susceptible to low 
temperature brealiclown than larger fruits from the same tree, and 
further that, in fruits of a given size class, those from a light crop tree 
are very much more susceptible than fruits of the same size from a heavy 
crop. I t  is easy to see that the desirable aim woulcl be the production 
of fruit of larger sizes with the keeping quality of the fruit of the smaller 
sizes. Before that can be done we need to know what their physiological 
clifferences are, and f~zrther, how these cliffereilces arise during the growth 
of the fruit on the tree. The onljr work along these lines was that of 
Hulme and Smith, carried out before the war : similar work has recently 
been repeated in this Division. Perhaps ilothing more is necessary to 
emphasize the important point that is of general application ill all storage 
physiology : \ire inust not only understand the physiology of the organ 
to be stored, but also the physiology of the plant as a whole. 

How far can we say that problems of the kind outlined are being 
investigated ? Illustratiilg this first by Australian experimental work, 
we can say that there is no plant physiologist or plant biochemist in this 
country whose work is primarily directed to studying the physiology of 
any of the major horticultural crops, and the only plant physiological 

* At the  time of this investigation both workers were Officers of the  Division 
of Plant Industry. C.S.I.R.O. 
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work carried out ill relatioil to storage ainouilts to about half the work of 
the fruit storage section of this Division ancl a fraction of that carriecl 
out by Mr. D. Martin, an officer of the Division of Plant Industry. Some- 
thing has been said to indicate that the position is not much better 
overseas. I t  is usual to meet plant physiologists by training, who, 
after their appointments to positions in storage research, have found it 
necessary to spe11d all their time " trouble shooting ", finding quick 
answers to practical problems in ~vl~ich they can allnost forget their 
phj7siological training. - - 

This is an age of apparent scientific miracles-miracles because they 
are entirely revolutionary and seem to come quickly and suddenly. 
But these are not fast overnight discoveries : the atom bomb depended 
far less on the work of the Manhattan project than it did on the advances 

I in theoretical and expel-imental physics of the preceding 50 years. Our 
t miracles in scientific control of agriculture and agricultural products 

will be delayed until we make a proper attack on the basic sciences of 
plant physiology ailcl biochemistry. 
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The Preservation of Beef by Freezing : 
Co-operative Investigations 

BY 
A. HOWARD and J. R. I ICI~ERY 

The export from Austialia of frozen beef q~~ar ters  coillinenced nearly 
70 years ago and rapidly grew into a flourishing trade, chiefly with the 
United ICingdom, ~vllich has amounted to an average of about ~oo,ooo 
tons per annum during the past 20 years. After the year 1934, about 
30 per cent. of the quarter beef exports were for~~ra~ded in the chilled 
condition, but, being a highly perishable pi-od~lct, export of chilled beef 
ceased on the outbreak of war in 1939. The trade in chilled beef has not 
been resumed since then, resunlption being unlikely as long as meat 
rationing persists in the United I<ingdom ; equitable clistribution under 
rationing can only be effected by means of the less perishable frozen 
meat. 

I t  seems likely that, for many years to come, the bulk of Australia's 
exports of beef will be shipped in the frozen condition, and New Zealancl's 
considerable beef exports \vill probably be treated similarly. @? !&?I 

The Need for Scientific Investigations 
In view of the probable contin~~ed export of large quantities of 

frozen beef, considerable thought has been given cluriiig the last two years 
to waj~s by which the quality of the meat presented to the consumers 
overseas coulcl be improved. The most important defect in frozen beef 
is the appearance of the thawecl inaterial when it reaches the consumers. 
Freezing of beef muscle causes a breakdown which results in the 
appearance at all cut surfaces after tlla~ving of an unsightly viscous red 
fluid, known as " drip ". Another defect, by no means substantiatecl, 
is the alleged poorer eating quality of frozen beef as conlpal-ecl with 
similar fresh meat. 

As satisfactory reineclies for the defects in frozen beef would benefit 
both producers and consumers, the British ancl New Zealand Departments 
of Scientific and Industrial Research, the British Ministry of Food and 
the Cominonwrealth Scientific and Inclustrial Research Organization 
co-operated during 1948 ancl 1949 in discussions designed to define the 
problems ancl to devise means nrllereby they could be studied. 

The Research Scheme 
The four bodies entered into an agreement to carry out joint research 

\vork on an agreed programme in this field. 
The main centre for the investigations will be the C.S.I.R.O. Division 

of Food Preservation laboratory at Brisbane, to which, if possible, trained 
investigators from Englancl and New Zealand will be seconded to work 
for periods. 
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The research workers at the laboratories of the British D.S.I.R. and 
the Ministry of Food will assist through studies on the fundamental 
aspects, through the testing of techniques and through the detailed 
examinations of experimental shipments of beef from Australia and New 
Zealand. 

As facilities become available, investigations will be commellced 
in Ne~v Zealand. 

The plan for the co-operative expel-imellts includes fundamental 
investigations related to the theory of freezing, and the influence on the 
quality of thawed beef of such factors as initial quality, rate of freezing, 
cluration of frozen storage ancl thawing techniques. 

The applied investigations will be conducted through storage experi- 
ments in the laboratory ancl by experimental shipments of precisely 
known history. In all such experiments chilled beef mill be used 
as the final reference stanclarcl. 

A start was made last year to asselllble and train the research teams 
in England and Australia. Some progress has already been made on the 
development and stanclal-clization of techniques ; tu7o experimental 
shipments of frozen beef have been forwrarded from Australia to England 
for detailed examinatiosi. 4 souncl basis for future islvestigations can 
be built on the outstanding results on the physiology of muscles of small 
aninlals obtained at the Low Temperatme Research Station, Ca~ilbridge. 
This work has demonstratecl the profouncl effect of the " physiological 
state " of the muscles at the time of cleath upon their subsequent reactions 
to freezing ancl fi-ozen storage. 

I t  should be emphasized that while the co-operative investigations 
on frozen beef will occupy a considerable palt of the resources of the 
C.S.I.R.O. Brisbane laborato~y, there is no intention of abando~lillg the 
studies on chilled beef which were interrupted by the war. Indeed, 
several long-term chemical and bacteriological investigations having an 
important bearing on the sto~age of chillecl beef are being actively pursuecl. 
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Testing of Glass Container Closure 
Liners 

Closures for glass containers commonly contain liners consisting of 
wads of cork composition, paperboard or felt, faced with metal or plastic 
foil or coated paper. The facing is intended to prevent penetration of 
the contents of the containers into the wad with subsequent likelihood 
of corrosion of metal caps, and leakage of the contents as liquid or as 
vapour. The nlechanisnl of leakage through closures directly and by 
vapour transmissioi~ is discussed by Wheaton (1948). 

Essential properties therefore in closure liners are : 
(a)  restricted permeability to liquids and to water vapour ancl other 

volatiles, 
(b) resistance to the clleinical action of the contents of the container, 
(c) accurate confoi-mity ~vith the glass finish to prevent direct 

leakage, but not actual adhesion to the glass, and obviouslg7 
(d) absence of tainting and toxic properties. 
The range of materials currently used in closure liners is reviewed 

by Cowen (1949). 
This Division was requested by a closure illanufacturer to test three 

proprietary facing papers (coded A, B and C) for their suitability in 
closure liners. All three papers were coated with synthetic resin contitlgs 
based on vinyl resins. 

The results of these experhnents are set out in some detail because 
it is felt that the inetl~ocls of testing used may be of some value to food 
tecl~nologists ~vho encounter similar problems. 

Test Procedures 
Cork wacls faced with the papers under test were inserteel in 3 j 111111. 

tinplate screw caps which were applied to 3% oz. bottles contai~lillg a 
series of test materials representing the classes of products for ~vl~ich 
closures were required, namely liquid foods, pharmaceuticals, and 
alcoholic liquors. The five test materials : mustard pickles, cod-liver 
oil emulsion, whisky, gin and port wine, also provided a range of chemical 
coinposition so that the closures nrei-e tested in contact with aqueous 
media coiltailling respectively acids, oils and alcollol . 

The bottles were approximately half filled and were placed on their 
sides, so that portion of the closure liner was in contact with the liquid 
contents. Some samples were storecl at rooin temperature and the 
others at 100" F. 

Three samples of each paper with each test product were withdraxvn 
for examination after three months, six months and twelve months at 
100" F., and after six months ancl twelve months at room temperature. 
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Visual examinations were made for penetration of the liner and the wad 
and corrosion of the tinplate cap. In addition weight losses were 
determined as a measure of vapour or liquid leakage. 

Results 
~l[z~s tard  Pickles. All three papers were stained bright yellow by 

the turmeric pigment in the pickles. After three months at  100" F., 
rusting of the tinplate caps was evident in closures faced with papers 
A and B, and the cork wads were blackened, probably by iron " tannates " 
formed as a result of corrosion ; closures faced with paper C were in good 
conclition. After six months at  100" F. closures A and B had rusted to 
the pokt  of perforation. Closure C was still satisfactory, but it dicl shoiv 
lusting after twelve months at 100" F. 

Cod-liver Oil Enzz~lsion. I11 closures A and B the papers were 
swollen and cliscoloured after three m o ~ ~ t l ~ s  at  IOO" F., the cork wad had 
absoi-becl oil, and the cap was slightly rusty. These conditions became 
accentuated during subsequent storage. Closme C showed only slight 
evidence of oil absorption. 

Whisky, Gilz a d  Port W i n e .  These three products were similar 
in their effects on the closures tested. Papers A and B were soft and 
discoloured after three months at  100" F., the cork wads mere blackened, 
and the caps rusted. Closures C reinai~led in satisfactory conclition after 
twelve nlonths at 100" F. ; a loss of gloss from the surface was the 
only defect. 

With all the test products the condition of the closures after twelve 
nlonths at room temperature was similar to that after three ~nonths (@ at 1000 F. 

FJ7eiglzt Losses. Percentage weight losses after three months at  
100" F. and after twelve months at  room temperature (R.T.) are tabulated 
below. Again closure C provecl superior to closures A and B in sealing 
properties. 

Percewtflge Loss ~ I L  Weight in Stounge. 

/ Closure A. 
I 

Product. i 
1 loo0 F. R.T. I 

P~ckles . . 5 1 5 
Emulsio~l I4 
TYhisliy . . 1 2; 1 21 
Gin . . I 12 11 
Wine . . I  6 1 10 

I 

I Closure B. 
, 
1 Closure C. 

i I 

Conclusions 
The test procedures outlinecl gave a useful assessment of the relative 

merits of facing papers for use in closure liners. For accelerated testing 
a period of three months at 100" F. may be regarded as approximately 
equivalent to twelve months at room temperature, both with respect to 
the cletermination of weight losses through leakage and the assessment 
of the general performance of closures. 
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Notices Recent 
Staf f  of the Division of food Preservation 
(I) A Keview of Fish Preservation Investigations in Australia. By 

W. A. Einpey. A~~stralian Fisheries Handboolc edited by I. G. 
MacInnes (1950). - 

This article will be found in Chapter S (processing), pages S7 to go, 
under the headii~g of Reseal-ch. 

(2) Investigations on the Stability and Determinatioil of Dehydro- 
ascorbic Acid. By F. E. Huelin. Aust. J. Sci. Res. B 2 : 
346-354 (1949). 

The rate of destruction of dehyclroascorbic acid (which is the oxidized 
for111 of vitamill C) has beell studied over a wide range of temperature 
(0"-100" C.) and pH (0-7)  The result for each set of conditions is 
expressecl as the time required for destruction of half the original dehyclro- 
ascorbic acid. The data can be used to predict the retention of dehydro- 
ascorbic acid in stored ancl processecl foods. Borate has been show11 to 
accelerate the clestruction. 

An improved methocl for deterininiilg dehydroascoi-bic acid is given. 
The result obtained bj7 the usual procedure (reduction to ascorbic acid 
ancl titration with indopl~enol) is corrected by subtracting a blank,wl~ich 
is obtained after rapid destruction of dehydroascorbic acid at pH 5 . 3  
in the pi-esence of borate. 

Copies of this paper are available from the Librarian, Division of 
Food Preservation. 
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PREVENTION OF MOULD WASTAGE IN FRUIT CAKE 

A number of inanufacturers have sought advice on the prevention 
of inould wastage in fruit cake. 

The experience of the Division of Food Preservation is summarized 
below. I t  began when the Division assisted the Australian Army to 
develop a cake that could be successfully transported to tropical areas. 

The main factor controlling the stability of fruit cakes against inould 
attack is the equilibrium relative humidity (ERH), which is a property 
related to the moisture coiltent of the cake. The ERH and the moisture 
content are determined by the composition of the mix and the baking 
schedule. 

The Australian Ai-my Service Corps drew up a specification for fruit 
cake along the following lines : 

Fo~))zzJa .  
Margarine . . . . . . . . 
Sugar . . . . . . . . . . 
Egg pulp . . . . . . . . 
Flour . . . . . . . . . . 
Sultailas . . . . . . . . . . 
Peel . . . . . . . . . . 
Baking powder (2 : I) . . . . 
Lemon essence . . . . . . 
Colour . . . . . . . . . . 

20 lb. (13.1%) 
20 Ib. (13.1%) 
20 lb. (13 -1%) 

25 lb. (16.3%) 
Go lb. (39.2%) 
8 lb. (5.7%) 
I oz. 
I fl. oz. 
As required 

Total . . . . . . . . 153 lb. to yield approx. 
140 lb. of baked cake 

Iqg~edien t s .  
The dried fruit should be cleailed ancl washed, ancl allowed to stand 

24 hours before use. 
No water or inilk should be added to the mix. 
The use of artificial crystallized cherries should be avoided. 

Scali?zg. 
The cake mixture should be scaled at 6 lb. g oz. to yielcl a cake 

weighing 6 lb. when baked and cooled. I t  was the experience of Army 
bakers that it was easier to control the amount and ~uliforinity of the 
weight loss in 6 lb. cakes than in cakes of larger size. 

Baking .  
The characteristics of individual baker's ovens vary so widely that 

it is not possible to make useful recommendatioils regarding baking time 
and temperature. The baking schedule is best controlled in terms of 
weight loss, vr~hich represents water loss. Fruit cakes s h o ~ ~ l d  be well 
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baked for a time sufficiently long to give the weight loss noted above 
(approx. 8.5%). I t  is also important to ensure that the weight loss is 
nnifolm throughout the cakes in a batch. 

Exteilsive tests on cakes prepared by the Arnly, according to the 
specified conditions, indicated that cakes having an ERH less than 74% 
and a moisture contellt less than 23% should remain free from mould 
spoilage for at least six months. Cakes having these properties are 
completely palatable, although they may be a little drier than the 
optimum. According to the results of our examinations of cake samples 
dulillg recent months, local baliers are able to produce cakes showing 
ERH's arouncl73X and inoisture colltellts around ~ I O / ~ ,  while some have 
lecorded ERH 69% and nloisture 20%. 

i\ianufacturers are aclvised, before exporting fruit cake, to have 
sanlples of the calie analysed for equilibrium relative humidity and 
moisture content by a colnpetent analyst. 

I 

il 
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Reviews 
TIinegav P v o d ~ c t s .  By S. V. Poultney. London : Chapman and Hall, 

1949. 126 pp. I5 plates. Local price, 1916. 
Food preservation by piclding, depending upon inhibition of inicrobial 

spoilage in the presence of salt, acids, herbs and spices, is one of the most 
ancient of the culinary arts. Even today picldes and sauces are manu- 
factured with more art and less science than most processed foods. The 
literature on the subject is scanty and mainly American in origin and 
outlook. 

The series of articles on " Vinegar Products " which Mr. S V. 
Poultney contributed to the British journal " Food" during 1948-49, 
was a welcome addition to published iilformation on pickling technology. 
These articles have now been brought together in a book which should be 
favourably received by Australian food manufacturers. 

The main feature of the book is a collection of recipes covering a 
wide range of products-spiced vinegars, pickles, sauces, relishes, chutneys 
and salad dressings. The attendant iilformation on procedures and the 
use of equipment is practical and very readable, and the illustrations of 
British food machinery are well chosen. The author has not attempted 
to present basic scientific principles, but he has established a common 
basis for keeping quality in the various products formulated, in terms 
of the acidity of the aqueous phase. 

J.F.K. 

World Fisheries Abstracts. A bimonthly review of technical literature 
on fisheries and related industries. 

The first issue of this periodical has lately been received in Sydney. 
I t  is published by the Food and Agriculture Organization of the United 
Nations, and is truly international in character. It includes summaries 
written by experts of all the important articles from about 140 journals 
published all over the world in many languages. None of us has time, 
opportunity nor the knowledge of languages to read all these articles in 
the original. Here we h d ,  for example, summaries of an article in 
Flemish from a Belgian journal describing new aluminium boxes and 
other packaging techniques for fish, a Russian article on unloading fish 
by means of a suction hose, and an American article on " Rakes Literally 
Wired for Sound to Locate Underwater Clam Beds ". Articles on fish 
from the biological point of view are not included, and in the first issue 
less than a quarter deal with fishing boats and gear and the majority 
deal with methods for handling and preserving fish. 

The format of this journal, copied from " Commercial Fisheries 
Abstracts " of the United States Fish and Wildlife Service, is 
revolutionary. On the outside it looks like any ordinary booklet, but 
when opened each page is seen to consist of three cards (of standard 
library size) to be cut out and filed to make a permanent index for quick 
reference. They are printed by photo-lithography, which permits the 
reproduction of diagrams and pictures on the back of the cards. The: 



type is small bnt clear and the paper is of good quality and seems stiff 
enough for -use as cards. 

The editors have provided three alterilative headings on each card 
for use in filing. Most readers will, no doubt, prefer to illalie an 
encyclopxdia by filing then1 under alphabetical heaclings, such as : 

Biochen~istry 

Pharl~~aceutical products 
Canned Fish 
Canned Fish- 

Libral-ies clevotecl entirely to fisheries will probably file iilsteacl by 
the code nunlbers of the United States Fish ancl 1Vilcllife Service given 
on each card, a i d  libraries interested in a wicler field ~vill prefer the 
Universal Deciillal Classjficatioil numbers which are also given on the 

With the first issue of the jonrnal, " Handbook for Worlcl Fisheries 
Abstracts " is sent to subscribers. I t  esplaiils the tllree filing systenls 
employecl ancl gives an outline of each. The list of Uiliversal Decimal 
Classification code iluimbers for fisheries technology provides the first 
English eclition of several parts of the U.D.C. tables, and will be welcomed 
11~' libi-ariails who haye beell struggling n~itll Frencl-1, German or abridged 
editions. Until non- thei-e has beell no good list of subject lleacliilgs in 
English for use ill libraries on fisileries. The list incluclecl in this 
Hai~dbook will not be favoured by all librarians, as i t  departs froin the 
principle of specific entry and recommencls, for example : 

REDUCTION OF FISHERY PRODUCTS.-&fethods and Equipment.- 
Soloe~it extmctio.~r. 

F ~ s ~ ~ ~ ~ . - ~ i s c e l l a n e o u s  Salt 15'ater Tiishes.-Bavrnc~~dns 
~vl~ei-e one illigllt expect to find such iilforillatioi~ u~lcler SOLVEKT 
EXTR.-\CTIOS ancl B;\RRACUDAS. However, many illclesers prefer this 
type of classified arrangement and the use of the list, xvith its full cross 
references, would give ~selcome uniformity in libraries on the subject. 

" 1T:orlcl Fisheries Abstracts " is published in English, French and 
Spanish editions a t  84.00 a year. This subscription may be paid in 
Australian currencj7 to the local agent, H. -1. Goclclarcl Pty.  Ltd., z j j a  
George Street, Sydney. 


