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TIN IN CANNED FOODS.

ITS OCCURRENCE AND SIGNIFICANCE.

BY
H. A, McKgwzz.

Tew investigations have been made to defermine the extent to which tinp
oveurs. natorally in foods, However, Bertrand and Cuirea, in an examination
of heef, horse and mutton tissue, found from 0.5 to 4 parts of tin per million
of fresh material except in the skin (6 to 9.5 p.p.m.), in the tongue (12 to
16,5 p.pm.), and in the tongue mueous (18.6 {0 26 p.p.m.}. Misk found amounts
varying from 5.9 parts per million in the brain to 137 parts per million in the
liver and spleen The presence of tin has been demoustrated spectrographically
jn human blood and organs by Dutoit and Zbinden, in fish by Newell and
MeCollum, and in milk by Zbinden.

Since the large-seale use of tinplate containers for foods became widespread,
attention has been focussed upon the contamination of such foods with tin.
Hehnes in 1880 and Blyth in 1883 reported (in the Analyst) on the tin content
of canned foods, but the first anthoritative survey appears to have been published
in 1908 by Buchanan and Schryver. This report gave figures for the tin content
of gertain meat and vegetahles packed in plain cans, most of Which had been
stored for six or seven years. Goss later (1917) published figures for the

! distribution of tin in several types of canmed fruits and vegetables.

Tnstances of considerable contamination of canmed foods have been reported
on many occasions, Dyer and Taylor (1981) found thirty-five samples of cheese
to confain 43 to 786 parts of tin per million, and that seven of these had 314
to 786 p.p.m. Williams (1985) found thirteen out of sixty-nine samples of cheese
o contain 286 to 958 paris of tin per million. Morgan and Rawlings have cited
a number of cases of high tin comtent. For instance, the London public
analyst in 1936 found 428 to 678 parts of tin per million in canned spinach, and
700 p.p.m. in canned apricots, and another analyst in 1835 found two samples of
gild containing about 700 p.p.m.

It is of interest to note that if the tin were completely stripped from a
No. 21 can made from nominal 1.5 1b. tinplate, the theoretical tin content .of
the pack would be 1,200 p.p.m.

Adam and Horner in 1937 pointed out that figures like the above do not
represent the amount of tin normally present in canned foods. Over ten years
they determined tin in thirteen hundred samples. Truits in plain cans, with the
exception of rhubarb, rarely exceeded 100 to 150 p.p.m. TUsing methods of
lacquering and storing of cans employed at that time, they found thaf, for
periods up to two years, the tin content was rarely found to exceed 40 p.p.m. and
generally was between 10 and 30 p.p.m. The effect of factors such as temperature,
time of storage, type of lacquer, state of ripeness, and hydrogen-ion concentration
was examined. This work has been generally supported by work earried out
since, but occasionally high tin contents are still reported, and these are usually
for plain cans where the product should have been packed in a lacquered can.

A snrvey of the tin contents of a series of canned foods marketed in
Anstralia has heen made by Lynch and Kefford (1939). Horner (1941) has
examined the tin content of condensed milk.

-
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Tin adversely affects the colour of foods containing anthocyanin pigments,
such as cherries, berries, beetroot and plums, One effect is the formation of
tin salts of the pigments which causes a bluish or brownish discolouration.
During further storage the reducing systems within the can reduce the pigments
to leuco {(colourless) .forms and eventually the product may be completely
bleached. Omn the other hand, this reducing or bleaching action is important in
maintaining the colour in other products, such as pears, pineapples and grape-
fruit. These products if packed in lacquered cans sometimes become brownish
and unattractive during storage. In plain cans a bright, natural colour is
usually maintained. The flavour of canned foods is sometimes affected by the
tin present and this is particularly true of fruit juices. It has been found that
the storage stability of fats is affected by the presence of tin.

Scott and Stewart have found that tin hag a specific inhibiting action on the
_ growth of Clostridium botulinum. In some foodstuffs inhibiting concentrations
are built up in the first few days after canning, so that no growth occurs in
inpculated cans. Whilst this effect is unlikely to enter significantly into the
fixing of heat process times, it is important in interpreting the results of
inoculated test packs in plam cans,

White and Unger and Bodlander were among the fivrst workers on the
pharmacology of tin salts. Animal tests have been carried out by Lehman,
Salant, Rieger and Treuhardt, by Flinn and Inouye, and by Salant. Salant
fed cats for long periods with tin as tartrate or chloride. With 10 mgs. daily
per kilogram body weight for twenty-three days and 20 mgs. for three months
he observed no harmful effects, but further feeding during two and a half
months of from 30 to 50 mpgs. per kilogramme daily caused loss of weight.
Fixcretion was mainly through the intestine.

Schryver studied the effect of tin on the hwman organism by carrying oulb
feeding tests om himself. He took 1 grain of tin, as sodium stannous tartrate,
daily for a week, followed by 2 gr. the second week and 8 gr. the third week.
There was no evidence of vetention of tin during the fivst week, but about 2 gr.
were retained during the third week with no ill effects.

Tt has been shown that tin combines with proteins becoming insoluble.
Bigelow found that the longer food had been -canned, the larger the amount of
insoluble tin, and he considered that results for the toxiecity of tin based on the
use of soluble salts could mot be used as a criterion of the toxicity of canned
food containing tin in an insoluble form. Goss showed that with proteins of
low tin content w small mnount resisted pepiic or trypiic digestion, this residue
containing nearly all the tin. In the case of canned foods this interference
would not appreciably affect the food value, but probably the tin protein complex
would not be decomposed in the digestive process to exert foxic action. The
possibility of complications owing to bacterial action in the stomach and
intestines is 1aahsed Schwartze and Clarke fed four men with canmed pumpkm
and asparagus for five days, during which time they received from 2 to 2.7
gms. (80 o 40 gl) It was shown microchemically that tin was absent in
ftwelve of sixteen urines and in no case was more than 0.4 mgs. impure tin oxide
separated.

The work of Lehman and Salant indicates that eais can tolerate 20 mgs.
of tin per kilograinme without loss in weight or the appearance of toxic symptoms.
Rough calenlation shows the corresponding dose for man o be of the order of
5 graing daily. Thus it would appear that amounis of tin exceeding that likely
to be derived from foods wounld have no ill effects and be largely unabsorbed
from the intestine. However, there is some indication that with prolonged
ingestion there may be some absmphon and retention in the body. It is
considered that doses considerably in excess of 5 grains would be requirved 1o
produce symptoms of chronie poisoning.

e — .
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These are stated to be metallic taste, vomiting, diayrhoea and pain in the
stomach, Other symptoms said to have been observed sometimes are head
pains, depression of the heart and difficulty with respiration. Kayser reported
poisoning following the consumption of preserved eels found to' contain 1,800
ppm. Loff and Metealfe found sympioms of irritant poisoning in four men
who ate canned cherries containing approximately 3,500 parts of tin per million
and it was calculated that the dose was from 1.8 to 4.7 graing of tin. Gunther
claimed that 2.3 grains of tin could eause symptoms of poisoning. Mann claimed
that 2.7 grains of tin per oz. (6,400 p.pam.) ag tin oxalate from canned rhubarb
caused griping pains and nausea.

The above provides some evidence that acute tin poisoning may be caused
by amounts of tin which, under unusual eircumstances may he present in canned
foods. However, some or all of these earlier cases of poisoning reported may
be bacterial in origin. Cousidering the very high consumption of canned foods
very few cases have been reported particularly in recent years, There would
seear to be less than a half-dozen ecases of alleged chponic poisoning in the
hterature. There is a remote possibility that continued ingestion of tin may
canse glight symptoms which would be difficult to dlagnose correctly. Thus the
toxicity of tin is not definitely established.

Buchanan, following Schryver’s investigation, considered that there was
no need to fear any ill-effects from cousumption of amounts less than 285
parts per million (2 gv. per 1b.). It i3 generally recognised that this limit is
very reasonable. The Fmuglish and Australian legal limit is 285 parts per
million and the American figure (800 p.pon.) is very similar. Present canning
technology allows the ftin content of most foods to be kept well below this figure.
Therefore, at the- present time the balance of evidence shows that mo harm
results from the consumption of minute amounts of tin in canned foods.

-

Last of Literaiure Cited,
on page 8.

*11030—C



8

Literature Cited.
Adam, W, B., and Horner, G, (1937). J. Soc. Chem, Ind. Lond, 56, 329T.
Back, 8. (1933). Fbod Manufacture 8, 381%
Bertrand, G., and Cuirea, V. (1931). C.R. Acad. Seci. Paris 192, 780.
Bigelow (1916)., Indusir. Eng. Chem. 8, 513.

Buchanan, G. 8., and Schryver, S. G. (1908). Rept. No. 7 of Inspector
of Foods, G.B.

(1580G9). Analyst, 34, 121,
(1909). C.A. 8, 2320,

Dutoit, P., and Zbinden, C. (1929). C.R. Acad. Sci. Paris 188, 1638,
&1930). Ibid. 190, 172.

Dyer, B, and Tayloy, G, (1931). Analyst 56, 251.
Flinn and Inouye (1928). J. Am. Med. Assoc. p. 1010,

Goss (1917). J. Biol.: Chem. 30, 53.
Industr, Eng. Chem. 9, 144,

Gunther (1899)., Z. Unters. Nahr. U. Genussm, 2, 917.
Horner, G. (1941). Aunalyst 66, 464,

Joslyn, M. A. (1941). Industr. Eng. Chem. 33, 308.
Kayser (1890). Becknrts. Jahresh.

Lynch, L. J., and Kefford, . . (19389). J. Coun. Sci. Industr. Res. Aust.
12, 303.

Luff, A P., and Metcalfe, E. B. (1890). Brit. Med. J. 1, 833.
Mann, D. (1922), Forensic Med. and Toxicol

Migk (1942). CR. Acad. Seci, Paris, 176, 138.

Morgan, R. T., and Rawlings, H. W. (1943). Food 12, 144%,

Newell and MceCollum (1981). U.S. Dept. Com. Bur. Fisheries Tnvest. Rept.
(1932). (LA, 26, 1356,

Salant (1920). J. Ind. Hyg. 2, T2.

Salant, Rieger, Trenthardt (1914). J. Biol. Chem 17, 265.
(1918). 34, 468.

Schiwaibold, J., Borchers, W., and Nagel, G. (1940). Biochem. Z, 306, 113.

Schwartze and Clarke (1927). J. Pharm. and Exp. Ther. Proc. 31, 224.

Scott, W. J.,, and Stewart, D. F. (1944), J. Coun. Sei. Industr. Res.
Aust. 17, 16.

White (1880). Axch, f. exp, Path. u. Phavm, 13, 53.
Williams, H. A. (1035). Amnalyst 60, 684,
Zbinden, €. (1931). Lait, 11, 114.

- . -
*General review.

&

-~



;  MICRO-ORGANISMS IN DEHYDRATED PRODUCTS.

By
W. J. Scorr.

All dehydrated products contain living micro-organisms, often in substantial
wmmbers, However, the water contents attained on manufacinre are wlways
sufficiently low to preclude the possibility of any growth by bacteria or fungi.
The lower limits of water contents permitting mounld growth are in eguilibrium
with relative humnidities of 65-75 per cent., the corresponding levels for bacterial
growth being from 90-95 per cent. Dehydrated products will have equilibrium
humidities of 50 per cent. or less, most samples being within the range 10
to 30 per cent. When packed in suitable coutainers, therefore, there iz no
possibility of the storage life being limited by the growth of micro-organisms.
Nevertheless, the microbial conteni of dried foods is not without significance
for the following reasoms. Firstly, the product should not contain organisms
.or their toxing which are likely to be harmiul to man, and, secondly, the
product should not contain organmisms in numbers sufficient to lead to rapid
gpoilage during recounstitution at ordinary temperatures,

" Some of the factors influencing the numbers and types of micro-organisms
in the product are given helow.

1. Condition of Raw Materials,

These should be of good coundition and free from dangerons organisms or
-their toxins.

2. Conditions of Manufacture.

All ireatments prior to the actual drying operations showld ensuvre the
maximumn removal of soil-borne contamination where it exists. For vegetables
in particnlar this means thorough washing with adeguate guantities of clean
water. Hguipment should be maintained in a state of cleanliness which will
add the least possible contamination to the produci. Frequent washing and
treatiment with lot water will be necessary, and also attention to equipment
to prevent accumulation of the prodwet in any “pockets” in which miero-
organismg might thrive. Contamination of the product by human contacts
iz especially to be aveoided as it is this type of comtamination whieh ig likely
t0 be the most dangerons. Wherever possible the washed product should bhe
handled with suitable equipment, and not with bare hands. Facilities should
be provided for all employees to wash theilr hands each time they enter the
factory.

In addition to the eclimination and exclusion of contamination it is
important that no opportunity exists for significant growth of micro-organisms
during agny stage of the process, Affer pre-treatments by heat, ther material
should be spread in thin layers or on trays as soon as possible, where it may
be held for periods of about two hours without risk of dangerous growth ov
toxin formation. Considerably longer delays may be dangerous unless the
material iy kept below 60° F.-

For batch processes conditiong should be such as will prevent growih of
miero-organisms during the actual drying operation. In order to reduce risks
of bacterial proliferation the products should rapidly attain a temperature of
125° I, or higher. Uneven or excessively slow drying might lead to serious
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contamination in portions of the material vemaining moist for long periods..
Where drying is instantancous, as is spray drying, there will be some reductiom

of micro-organisms, the magnitude of the change depending on drying conditions,.

the types of organisms and the product.

3. Storage Conditions.

During storage there is a fairly steady veduction in numbers of micro-
organisms at a rate which is a function of the temperature, A temperatures:
Jess than 50° T, changes occur slowly, but fairly rapid destruction occurs at
tenperatures shove 853° F., at which femperatures substantial changes may
oceur within a few days. BEstimates of the microbial coutents of foodstutls
should therefore be made as soon as possible afier manufacture, or, when delay
is unavoidable, after storage at cool temperatures.




11

TOMATO VARIETIES FOR. CANNING. -

By
Vicror M, Lgwis,

INTRODUCTION.

Sizteen varieties of tomatoes from a irial at the Irrigation Research Station,
Griffith, were canned at the Griffith Cannery. Before canning the fruit of each
wariety were divided into three stages of maturity, as follows:—

A series—mature,

B series—mature,

fully colourved fruit, slightly soft to the touch.
fully coloured fruit, but still guite firm.

O series—fruit still showing just a tinge of green on the shoulders.

A tecord of the colour of each series was obtained by spinning a sample of
about twenty finit on a disc and comparing the composite colour with the
standard colours in Maerz and Paul’s “Dietionary of Colour.”

The varieties Involved were:—

1. Bonnimar.

Clrosse

S A

=
e

Lisse.

Indiana Baltimore,
Rutgers.

. Pan Ameriean.
Pearson.

Pearson 29-17.
Pearson 32-5.
Pennheart.

11. Stemless Penn Orange.
12. Riverside,

14, Stokesdale.

15. Tatinter.

16. Tatura

Dwarf Globe,

18. Washstate. -
21. Bounty. -

Examination of Canned Tomafoes.

Method of Point Scoring Used.

Each can tested was examined for drained weight, and texture, colour and

Havour of the contenis,
«considerations.

A possible of 10 points was awarded to each of these
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Drained Weight—The drained weight was expressed as a perceniage of the
nett weight, and the following point score used:—

% drained wt. Seore.
55 1
575

60 ’
625 ;
85 *
873 ?
70 ‘
725 !

D] |
775 ’
" 10

Tezture—The scove for texture was based approximately on the percentage
of whole tomsatoes in the can, but consideration was mlso taken of the firmmess
of the fruit.

Colour—The score used for colour was:—

Very good ]
Good 3
Good-Fair T
Fair 6
Fair—Poor 5
Poor 4
VYery poor 3

Plavour—The flavour of the different samples of fruit was judged by &
panel of five tasters. There was very marked divergence of opinion over
individual samples, comments frequently ranging from good to poor. Agreement
was far more pronounced with samples of poor, than with those of good or
£25 fiavour. The score used was the same as that adopted for colour.

A Series. B

Tn drained weight and texture the A series fruit scored badly. The average
texture was poor to fair, the fruit being generally soft and the cans containing
a large proportion of broken tomatoes. In colour, however, they were much
better than either of the other series. Although the average score for flavour*
was slightly higher than that of the B series, there were a fair number of
poor flavoured samples due no doubt o the inclusion of over-ripe fruit in the cans..

B .Series.

Tn most respects these samples were infermediate between the A and O
gerics. The texture was satisfactory, though not as good as that of the C
series and the colour, with a few esceptions, was fair to good, The flavour
on the average was slightly poorer than the A series, bub was somewhat more
wniform throunghout the samples.

R ]
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¢ Series,

The fruit in the C series had a good texture and gave high drained weight
figures, but were poor in both colour and flavour.

Discussion of Stage of Maturity Resulis,

With the point score system adopted, where equal points are awarded for
drained weight, texture, colour and flavour, there was very little difference in
the average total secores for the three series. Emphasis should be vplaced,
therefore, more on mamt'ammg a satlsfactmy score in all four fﬂctcus than
obtaining a high score in one and a low one in another.

From the point of view of texture and drained weight, it would probably
be nnowise to ean tomatoes which are more mature than those of the B series,
while from the point of view of colonr and flavour it would sekm essential
that the fruit be fully eoloured. Care should be taken not to include overmature
fruit in the cans as these lead to very mnoticeable off flavours.

Discussien of Individual Varieties.

Riverside—A good canning variety, very good in texture witli good colour
and flavour.

Tatura Dwarf (Hlobe.—-A good canming variety, good textme colonr and
Havour,

Talinfer—A good canning variety, probably preferable to Tatura Dwarf
Globe, owing to its firmer texture.

Butgers—Very good colour and flavour, but rather poor in texture.
Stokesdale—Good colour and flavour and satisfactory texture.
Pearson—CGood texture, satisfactory colour and flavour.

Pearson 32-5—Very similar to Pearson but slightly poorer in colour.
Pearson 29-17—Inferior in texture to Pearson. -

Washstate.—Good texture and flavour, but notably poor in colour.

Pennheart—A small sample only of this variety was awvailable, but it
appeared to be good in colour, flavour and texture.

Grosse lisse—-Satisfactory colour, flavour and texture.
Bonnimar.—Notably good flavour, and gatisfactory colour and texture.

Stemless Penn-Orange—Good texture and flavour, but colour probably
unaceeptable for cauning.

Bounty—Rather poor in texture, fair in colour and flavour.
Pan Aeriean.—Colour, flavour and texture fair only.

Indiane Ballimore—FPoor in texture and flavour.

Table of Summary of Results
on page 14.




Summary oF REsuLrs.

WEIGHTED

TOTAL .
(2A - 4B -+ C) x 100
‘ 730

14

54
55
50
58
51
56
58
80

57
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81
556
50

57
47
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NOTES ON THE DEHYDRATION OF APRICOTS, PEACHES |

AND PEARS.

By .
S. A. Trour and B, G. Harn®, ' :

INTRODUCTION.

Tree fruits have been preserved successfully by drying and the process has
usually been carried out by individual growers in Australia over a period of
many years, During the war the production of evaporated apples has heen
greatly increased in Tasmania, where there is available a large surplus of
apples formerly exported overseas and to the mainland States. The production
figures for dried tree fruits in Australia are shown in the following table:—

Average Production (tons).

1936-37 to .

194041 * 184344,
Apples 5356 3,500 {approx.)
Apricots 1,611 871
Figs ... 61
Peaches 488 4797
Pears ... 304 437
Plums ... 53
Prunes.,, 2,679 3,1877 (good season}
Nectarines .., 48 24+

* Production EBulletin 36, page 30. Ausbralian Commonweslth Bureau Census and
Btatistics, 1944.

1 Report of New South Wales Dried Frait Board.

There has been no appreciable increase, however, in the production of
other dried tree fruits during the war in spite of increased demiand by the
Services and the public; the production of dried fruits other than apples hag
remained constant at about 5,000 tons, with prunes comprising about half of
this quantity. Under war-time conditions of stromg demand and higher prices
for fresh and canned fruit there has been no inducement to dry good quality
fruit, : : : :

Even before the war the drying of peaches, pears and apricots was confined
frequently to lower quality fruit unsuitable for the fresh market or for cannery
use. Thus these dried fruits have come to be regarded as low-priced, low-guality
substitutes for the canned article and their drying has remained relatively

undeveloped and unimportant. I

However, investigational work commenced in America and -developed

 further. both overseas and in our laboratories has shown that, by the use of

new methods of artificial dehydration, stone fruits can be dried fo give a product
superior to the usual sun-dried article. The imethods give some promise of
producing fruit which may be able successfully o compete on a price-quality
basis with canued fruit. Tt is believed that by a proper co-ordination of

* An officer of the New South Wales Deparbment of Agriculture.
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canning and dehydeation greater quantities of peaches, pears and apricots.
could bLe processed with more profit to the grower and more satisfaction to the:
CORSOINET.

Sun Drying.

Peaches, pears and apricots are usually dried by exposure to the sun in the-
inland growing areas where the conditions are hot and dry. Pre-treatment of
the fruit varies, but usually consists of washing, cutting, pitting, trimming,.
traying and sulphuring for various periods with fumes of burning sulphur. The:
trays ave then spread in the sun and the time of drying may vary from a few
days to a few weeks according to the wvariety of the fruit and the weather
conditions. In the event of rainy weather the trays have to be stacked and.
covered, and if conditions remain unfavourable the drying has to be completed.
in a dehydrator (if available}, otherwise the fruit will be lust. The drying
yard is usually located pear the preparation shed and in general I acre of’
yard is required to dry the crop from 20 acres of orchard. The sun-dried.
product is gemerally of good eolour and tramslucent in appearance, but often
containg a considerable amount of dirk from the drying yard. Insect infestation.
may develop during the later stages of sun drying, necessitating fumigation
before packing for storage.

By modern standards for food handling, sun-dried fruit is unsatisfactory,.
being often dirty, sometimes umattractive in appearance and variable in quality..
The product can be considerably improved by hot water washing and drying:
in a dehydrator, with resulphuring if necessary.

Dehydration.

Artificial drying or dehydration in which temperature, air flow and humidity
are controlled in a heated drying tunnel results in a more uniform, hygienie-
and higher quality product and one with a higher vitamin content than
corresponding sun-dried fruit. Beeause of rapid dvying relatively few drying-
trave are needed, there i8 a saving in iabour, weather hazards bécome of no-
importance and fruit can be dried successfully in any climate.

However, on the negative side snccessful debhydration requires greater
uniformity of raw material and more careful control than sun drying. It
could be comparatively costly especially if the dehydration plant is used only
during a short frnit season, but by combining the dehydration of stene fruits,.
pears, apples and, if possible, vegetables later in the year, it should bhe possible
to keep operating costs within reasonable limits.

ITn America, where the commercial dehydration of stome fruits is becoming:
well established, it is accepted that dehydration will gradually replace sun.
dvying by reason of the superiority of the dehydrated product.

Colour Differences Betwéen Sun Dried and Dehydrated Fruit.

Accepted trade standards for colour and texture in dried stone fruits ave:
based on the sun dried arficle, and dehydrated fruit in terms of these standards
will usually be inferior to the best sun-dried fruit, but better than the average.
However, on the basis of colour and iexture after cooking, the dehydrated
product will compare more favourably with eanned fruit than will the sun dried..

Sun-dried apricots bave an atiractive deep colour and a glossy, translucent
appearance, whereas the dehydvated fruit is usually paler and somewhat dull
and opaque. Tt has been shown experimentally that exposure of the freshly-
sulphured fruit to sunlight or to artificially-produced ultra violet light for a
short period beforg drying will satisfactorily deepen the colour. However,
blanching befere snlphuring so improvez the colour that such treatments beecome
unnecessary,
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The Importance of Blanching Before Dehydration:

Experiments in America and a¢ this laboratory, which have been confirmed
by commercial experience, have shown that blanching the cut fruit in live
steam  al a temperature of 200-212°F. before sulphuring will enable the
production of & dehydrated article superior fo the sun dried in texture,
reconstitution and palatability. The colour of apricots may not be as deep
as the sun dried, but the colour of blanched dehydrated peaches will he very
much deeper. The colour of blanched dehydrated pears resembles the sun-dried
product. Blanching inactivates by hegt certain enzymes responsible for the
browning of cut fruits and, by parfially breaking down the structure of the
fruit tissues, reduwces considerably the drying time. In the cases of apricots.
the absorption and retention of sulphur dioxide is inercased by blanching, thus
enabling & great reduction in sulphuring time. Blanched fruif reconstitutes.
gquicker than unblanched.

Method of Blanching.

The trays of freshly-cut fruit ave steamed in a batch-type cabinet blancher
or else i a continuous tunnel blancher until the fruit has a semi-cooked and
translucent appearance. This ean be best judged by cutting a few fruits, and
#f all excopt @ small area in the centrc of the fruit has a cooked appearance,
blanching will be satistactory. If blanching is continued heyond this stage
the froit will bleed during sulphuring and slab during drying. Such slabbed
fruit rveconstitutes badly and should be graded out from first quality packs.

After drying, properly blanched fruit will be translucent in appearance and
of an atiractive uniform colour, whereas under-blanched fruit will he more'
or less opaque and wneven in colour. '

The period of blanching will naturally vary with the temperature, the type,
maturity and size of the fruit. The blanching time will decrease with increasing
maturity, and small fruits require a shorter time than large fruit. Thus to
ensure uniform results the fruit should be graded for size before preparation
commences. However, if the fruit is sliced, grading for size is unnecessary and
a more aniform produet is obtained. '

The approximate blanching times at 212°F. for halves of average size and
canning-ripe maturity are as follow:—apricots, 2-8 minutes; pears and peaches;
8-10 minutes, _

' ‘ Maturity of Fruit,

Selection of good quality fruit of uniform maturity and at the canning
ripe stage is essential for dehydration, as inferior fruit increases the costs of’
preparation and yields a product of poor colour, flavour and texture. Under-
ripe fruit should not be used, as blanching fixes the greenish colour of such
fruit, giving the dried product an unattractive greyish-green appearance. Soft
ripe fruit should mot be used, as it will break down during blanching and
sulphnring with escessive bleeding.

Sulphuring.

Blanched fruit only requires sulphuring for a short period, usually”of I
to 2 hours’ duration, and approximately 8 pounds of sulphur are required for
one ton of prepared fruit. Blanching increases the sulphur dioxide retention
by apricots, but not by peaches and pears. However, even with unblanched fruit
a short sulphuring ig sufficient for debydration, because the loss of sulphur
dioxide during the rapid dehydration is very much less than during the slow
st drying.

Tn large-scale experiments earried out this season both freestone and cling-
stone peaches sulphured for 11 hours at 8 Ib. per fon, and then dehydrated, had
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hags usually used for hard vegetables, and kmown as “Chapman” sacks, are
pgenerally unsatisfactory as storage containers because of the difficulty of providing
ventilation. Open mesh onion bags are more satisfactory and are fo be

preferred when the use of bags js unavoidable. Such bags can be used success-
fully for hard vegetables.

Stacking of Bags.

Where large quantities of hard vegetables are to be stored in bags, the
‘bags should be stacked in pillars formed by laying pairs of bags crosswise up
to a height of not more than six bags. The bottom bags should be laid on a
false floor of slats on 2 x 4 inch bearers and the individual stacks. or pillars
.should be separated by an air space of 3 to 4 inches. Another good way to stack
bagged produce, iwhich has the additional advantage of providing vertieal
ventilating shafts, is shown in the accompanying sketch, which illustrates two
alternate layers in a stack, With this method it is not usually necessary to
leave a space between each individual stack or pillar.

Handling frem Cool Storage.

If produce is taken straight from cool storage to atmospheric conditions
Auring warm or damp weather, there is frequently a considerable condensation
on the cool sarface of the material. - Such “sweating” is very undesirable and
should be avoided wherever possible; it is more marked the higher the atmospheric
humidity. Unless such wet produce dvies out quickly it iz very liable to rotiing
and breakdown. Sweating can be avoided by allowing the produce to wavm up
gradually by holding at an intermediate temperature of 45-50°F, for one to three
days. If this is not practieable, the packages should be ventilated as thoroughly
as possible on removal from cool storage and the vegetables disposed of without
delay. Sweating will not be harmful if the vegetables are to be processed within
twenty-four hours of removal from cool storage.

Inspect Frequently.

During stovage the vegetables should be cavefully inspected at frequent
‘intervals and removed at the first appearance of undue deterioration such as
decay, sprouting or shrivelling. It never pays to keep deteriorated produce
‘in storage or to store produce initially of inferior guality or damaged in any
“¥ay.

Tt shouid be remembered that the storage periods given below only apply -

under good conditions and with good vegetables. Often, in actual practice,
vegetables will Irave to be removed from storage after shorter periods, hence
the warning that they should be inspected frequently. It is foolish to place
-2 consignment in storage, and expect it to keep for four months and then fail
to carry out an inspection until it has been in store for four months (or more).
“Unless frequent inspections arve made during storage avoidable losses will oecur.

The reguirements for successful storage of the vegetables of importance
“for processing are outlined below.

i
i
e
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Potatoes.

Cool Storage~—Potatoes are best stored at a temperature of 42-45°K. with
a relative humidity of 90 per cent. At lower temperatures the potatoes develop
sugar and, besides becoming too sweet, are then liable to secorch during drying.
_At high temperatures sprouting becomes troublesomae and shrivelling is increased.
Potatoes should be hLeld at a temperature of about 60°F. with a fairly high
humidisy for the first ten to fourteen days. This initial “curing” results. in less
rotting and less shrivelling. Under these conditions potatocs should keep satis-
factorily in cold storage for periods up to six months. The bags should be
.stacked in the storage room on a false floor and spaced so as to sHow good
.cireulation of air through the stack. ’

Common Storage.—Potatoes ean be successfully stored in sheds through the
-winter months in cool districts if certain precautions are taken to keep the
shed temperature as low as possible and to provide ventilation. The storage
shed should be in the coolest spot available;, sueh as on a southern hillside,
.and should be sheltered from the sun. The buildings must have ventilating
.doors low down in the walls and high up in the roof. These would be cloged
.on all except cold days and would be opened at might to take {ull advantage
of the cool night air which will circulate through the shed and cool the potatoes.
T{ best results are to be obtained the shed should be insulated to reduce heaiing
-during the day. The insulation should be waterproofed on the inside. A cheap
and satisfactory insulating is oblained by fastening wire netting 6 to 12 inches
ont from the walls and tightly packing the space with straw. To prevent
«condensate drip the ceiling should be insulated move than the walls. The
potatoes should be stacked on a false floor and should be kept six inches clear
«of the walls, They may be stored in bulk in bins instead of in bags if the
bins arve built clear of the walls and if vertical ventilating shafts are placed in
the middie of the bin from the floor up. These shafts are build by nailing
«eighteen-inch lengths of two-inch boarvds spaced ome ineh apart to four-by-two
dneh studs.

Pitting or Clamp Storage—Although extensively practised overseas wheve
the winters are more severe, clamp storage is of limited vse in Australia bheeause
3t is difficult to keep the temperature of the potatoes low enough and it is difficult
to ventilate them properly. Sprouting and rotting arve often scrivus troubles,
especially if the clamps are not properly constructed. Ilowever, clamping may
be useful as a cheap method of storage during the winter months in the coldest
parts of the country. Actually the storage is rarely underground because of
difficulties of ventilation and drainage; therefore the process is not strictly
pitting and ghould be veferred to as elamyp storage.

A dry, well-drained spot should be selected on sloping ground. Twoe poles
are placed on the surface, parallel and four feet apart. Straw or brush is placed
-on the-ground between them and the potatoes piled in on the straw to make a
conical heap or, if large quantities are being stored, the potatoes should be
heaped in a well-ridged row. The potatoes are then thickly thatched with
straight straw, wheat or rye straw being much hetter than oat or barley straw;
teeds can also be used. The thatching is then covered with heaten-down sods
of earth, the sodding being done from the bottom up to within nine iwches of
the top, which should be covered with a straw ridge. The provision of additional
ventilation by the use of piping coming through the fop is desirable to reduce
the risks due to excess moisture. Finally a drain nine inches wide and nine
inches deep is cut around the clamp. Potatoes must be well dried before

clamping, as éXcess moisture causes cxcessive rotting. If weather permits it

is as well to leave the potatoes with only the straw covering for a forinight or
80 to remove some of the moisture. Potatoes in clamps should keep satisfactory
for three to four months; that is, until the spring in cool highland aveas.
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(feneral—Potatoes should be stored in the dark, as light causes a greening
of the ekin, and even partial exposure to light may cause a yellowing of the
flesh. ‘They shounld not be lified uwntil fully mature and should be tlmrouchly
dry before being placed in storage.

Treshly-dug potatoes can be held satisfactorily for several weeks at ordinary
shed temperatures even in warmer areas provided that the stack is well ventilated.
If it is noticed that the potatoes are shrivelling too much they may be sprinkled

with water as required, but this precantion would only be necessary in warm,
dry weather.

(lertain varieties may be unsatisfactory for processing if they are cold-
stored for long periods. This applies particularly to the Brownell variety for
dehydration.

Carreis and Parsnips.

Cool Slorege—Carrots and parsnips are best stored at a temperature of
82-34°F, with a humidity of 90-95 per cent. Under these conditions they will
keep for four to five months. The roois should be carvefully havvested as the
skin of the carrot particularly is tender and easily injured. The tops should
be eut off close. For eool storage the roots should be washed in clean, running
water, dried and placed in crates or hoxes. Owing to the difficulty of providing
adequate ventilation there is too nruch sweating in bags. If plenty of clean
water is not available, carrots and parsnips are better not washed unless they
have been dug from heavy soil and arve very dirty.

Clommon Storage—-If unwashed and handled carefully, carrots and parsnips:
can be common stored for two to three months without undue loss in the manner
described for potatoes. If shrivelling is noticeable the bags should be sprayed
oceasionally with water and covered with damp bags. However, if the roots
are too damp, or sweat due to inadequate ventilation, rotting may be serious.

) General—Wherever possible, only ecarvois from new ground should be
stored. Watery Soft Rot caused by the fungus Seclerotinia selerofiorum has
been found to be responsible for much of the rotting of stored carvots. This
disease originates in the field. Where carvois have been grown on the same
eground for some time the roots will be considerably infected with this fungus
which will cause considerable voiting if the roots are subsequently stored or if
they are tramsported long distances with insufficient ventilatiom.

Short varieties of earrots, such as Chantenay, keep better than long varieties,
principally because shrinkage is less. Under warm, dry conditions the vate of
shrivelling of carrots and parsnips ean be very rapid.

Clarrots particularly rvequire good ventilation during storage as they
give off moisture and earbon dioxide in considerable quantities.

Freshly-cut carrots and parsmips can be held satisfactorily for two or

three weeks at ovdinary shed temperatures, even In warimer areas, provided that

the stack iz well ventilated and that, when necessary, plecautmns are taken to

1educe shrivelling,

Cabbages.

(fool Storage—Cabbages are best stored at a temperature of 32°F. and =
relative humidity of 90-95 per cent. If humidity eomrtrol is available the humidity
:should be kept at about 75 per cent. for the first few days to allow rapid drying
out of the outer leaves, which then act as a better protection for the head.
Under these conditiomns, if carefully handled, late varieties should keep for
about three months, whereas earlier varieties will keep: for enly four to six weeks.

D
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Common Sterage— Late varieties of cabbage can be common-stored without

«excessive loss for several weeks during the winter months in the colder areas.

General—Cabbages for storage should be carefully selected and carefully
handled. Only sound, mature, firm heads shonld be used; they should be cut
g0 as to leave an inch or so of stalk after trimming off loose ounter leaves.
However, several good wrapper leaves should be left to protect the head. ©On
removal from storage the heads shonld be trimmed again to remove loose and
.damaged leaves. Uood ventilation during storvage is essential, and, 1o achleve
this, the cabbages should be in crates or in small slatted bins; they shoutd not
be stored in bags which do not allow sufficient ventilation. Condengation of
moisture on the heads must be prevented in order to avoid serious rofting and
rapid yellowing of the leaves, which is serious if there is any “sweating” during
-siorage.

Onions. -

Cool Storage.—The hest conditions for the storage of onions are a
temperature of 32°F. and a relative humidity of 70-75 per cent. A relatively
low humidity is necessary to prevent undue root growth and decay. Therefore,
.onions should not be stored with other produce. Under these conditions sproufing
is checked and root growth vetarded. The Ausfralian Brown and Brown Globe
-varieties will keep for six to seven months and the mid-season varieties, such as
Brown Spanish, Hunter River Brown and Hunter River White, should keep
~well for four months, while the early varieties are not suitable for cool storage

-for move than two months.

Common Storage.—Late brown onions will keep for four to fivo months in
.common storage in the cooler districts during the winter and early spring months,
sand the mid-season varieties should keep for two to three months, provided that
‘the onions are properly handled and provided that the storage shed is dry and
well ventilated.

General—Oniong for storage should be well matured, that is, they should
‘not be pulled until the tops become brown and fall over. For storage to be
-successful, onions must be “cured” after harvesting to drvy out thoroughiy the
.outer seales of the bulb. -A satisfactory procedure is to dry off the onions for
‘three or four days in windrows in the field and then top them, leaving about an
inch of stalk. The final euring is then carried out in slatfed crates under
cover so that air circulates freely through the onions. This will require a period
of about three to four wecks. After curing, the oniocns should be well sorted
and any thick-necked, double or injured specimens removed for immediate
-marketing.

Onions for storage should he packed in crates, boxes or in open mesh bags,
-which must be stacked so as to provide very good air cireulation. Best results
are obtained when the onions are stored in an insulated storage shed and when
full advantage is taken of the cool mnight air to keep the femperature of the
onions as low as possible. The principal trouble in common storage is sprouting,
which is kept in check at low temperatures and develops most rapidly at GO°F.
Unless the storage atmosphere is kept dry root growth will also be serious, and
wuless the onions are well cured and sorted before sforage rotting may cause
«oonsiderable losses,

Silver Beet.

Silver beet is very perishable and can only be held satisfactorily in cool
storage. It should be stored at 32° F. and a relative humidity of 90-93 per
cent., under which econditions it sbould keep fairly well for two weeks if guite
fresh when placed in store. Silver beet should be stored in crates and requires
-very good ventilation to avoid “sweating” during storage.
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Beetroot.

The best storage conditions for bectroot are a temperature of 32°F. and a
relative humidity of 95 per cent. Beetroot tends to shrivel badly, therefore the-
humidity must be kept as high as possible. Under these conditions good roots.
will keep for three to four months. They can be common stored for a few
weeks in the colder distriets, but will not hold in good econdition for more than
a week or two under warmer conditions, mainly because of excessive shrivelling..

Before going into storage beetroot should be topped by twisting off the tops.
two or three inches above the crown and well sorted to remove all diseased or
injured specimens. They should be handled very cavefully and stored in slatted.
crates ar boxes; bags ave unsatisfactory and storage in large bulk should be:
avoided.

Swede Turnips

Cool Storage—Swede turnips store well and will keep for five to six months:
al a tempesature of 32°F. and a humidity of 90-95 per cent.

Commeon Storage.—Swedeg should keep for 1three months in common storage
during the winter and early spring in cooler areas, and under ecommon storage
can be satisfactorily handled in the same manner as potatoes.

General.—Harvesting should be done carefully; the tops should be cut.
closely, but trimming should be reduced to a minimum. All diseased or damaged
roots should be graded-out before storage. Although they may be stored in bags,.
better vesults are obtained by the nse of craies or boxes. Wilting during
storage may be kept in check by occasionally applying a fine spraying of water.
Sprouting is kept in check in cool storage, but in commeon storage sprouting
and wilting are the prineipal troubles. If the storage temperature is much more
than 45°F. the development of sprouting and wiliing will reduce the storage
life to about two months.

Under warmer conditions, such as in Sydney during the winter, swedes
will hold satisfactorily for about six weeks provided that they ave stored in a:
cool, well-ventilated spot and that steps are taken to reduce wilting. -

Peas and Green Beans.

These perishable vegetables wre similar in their storage - requircments..
Holding without refrigeration is possible for a day or two, but even then there
is a serious loss of quality, especially sugar from peas, which is particularly
undesirable for processing, If peas or beans must be held more than a day
after picking they should be placed in cool storage. They should be stored at
82°F. with a relative humidity of 90-95 per cent. TUnder these eonditions they
will keep well for one to thrvee weeks. For best results they must be young
and tender, sound and dry and stored in well-ventilated boxes or crates; the
tropical fruit case is a very satisfactory conmtainer provided that they ave firmly

but not tightly filled. These vegetables are liable to sweat in storage, there- .

fore the usé of bags is not desirable. Diseased material should not be stored-

Green Corn (Sweet Corn).

(Green corn is very perishable and should be processed within a few hours
of harvesting. Even if the cobs are held ai ordinary temperatures until the
next day, there will be a serious loss of quality. It can be held at 32°F. with
a relative humidity of 85-95 per cent. for only one week with safety and should!
be stored in well-ventilated crates.

"
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Tomaloes.

In order to obtain maximum colour and flavour tomatoes for processing are
nsually not picked until they are eoloured and firm ripe. If they have to be
transported a considerable distance they must be picked less coloured in erder
to avoid damage in transit, but it must be remembered that the more coloured
they are when picked the better will be the quality when ripe. . For longest
storage tomatoes should be picked when “mature green” and stored at 55°F.
with a zelative humidity of 85 per cent. The “mature green” stage is reached
when the greem skin shows a whitish tinge and a pink colour starts to show
in the flesh; if picked less mature they will not ripen properly. Under these
conditions they will keep for three to six weecks, depending on the quality of
the fruit, the season of the year and probably on the variety, Limited experience
indicates that auntbmn-grown tomatoes store better than those maturing earlier
in the season. Coloured fruit is best held at 45°F., at which temperatuwre it
should keep for two weeks. Ripe fruit may be held for a few days at 32°F,
but should be processed within a few hours of removal.
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VEGETABLE DEHYDRATION.

We have received recently from the United States Toriff Commission a [
report No. § of their War Changes in Industry Series dealing with Dehydraied:
Vegetubles, issued in September, 1944, The following abstract is faken from
its summary on pages 1-3:—

“Dhiring the present war expansion in the dehydrated-vegetable industry,
one of the so-called “war babies,” has been at a phenomenal rate, production
having increased by mearly 4,000 per cent. When the war ends, however,
conditions responsible for most of this expansion will no longer exisi and.
a rapid decline will be inevitable. This report traces the development of”
the industry from its beginning to the present time and attempts to
answer g number of questious conceruing its ahility to survive in peacetime.

From its beginning the dchydration of vegetables bas been primarily
a war measure; its lListory in the United States goes back to the Civilk
‘War, when soldiers’ rations contained small quantities of dried vegetables.
Dehydrated vegetables reappeaved, each time on a larger scale, in the
Alaskan zold rush, the Spanish-American War, and the Boer War. Ii
was during World War 1, however, that the saving in storage and transpor-
tation made possible by dehydration was firsily vrealised. The greatest
progress was achieved in Germany; there 60 per cent. of the ariny’s vege-
table ration consisted of dehydrated vegetables, The United Staies also-
heeame interested in dehydrated vegetables, but they never constituted an
important part of the food supplies of its armed forces during the Fivst:
World War, and only about nine million pounds were shipped overseas.

By the end of the First World War, however, the dehydrated-vegetable )

industry in the United States had reached a greater development than ever ]
before; sbout thirty plants, having a capacity of twelve million pounds.
annually, were then in operation. But all the plants were working on army
contracts, and when these werve cancelled the industry was not able to
survive except in a very small way. Consumer vesponse to dehydrated
vegetables was poor, partly because there had been uo civilian consumption
during the war and partly because the products were not put out in
sufficiently attractive form. Turthermore, the companies engaged on war
contracts did not have sufficient resonrces to tide them over a period of
depression or to ealty on an expensive campaign of advertising and research.
Later on the industry made some rvecovery. By 1940 a number of firms
were in operation, specialising principally in dehydrated soups and in
powdered vegetables for use as condiments; in Germany the industry had
a similar experience during the period between the two wars.

World War IT brought the realisation that supply and shipping problems ' r
would be vastly greater than in World War I, and that, in addition, there |
would be a shortage of tin for containers for canned foods. Consequently
there was an immediate expansion of the dehydrated-vegetables industry.
Since the last war considerable progress had been made in methods of
drying, packaging and storage. So far as manufacturing facilities were
concerned, however, practically an entirely new industry bad to be created.

o

Revival of dehydration of vegetables has taken place in Axis-controlled
Furope, especially in Germany, where the output probably exceeds that of
the United States.

Tittle post-war demand for dehydrated vegetables for the military estab-
lishment or of feeding the liberated countries need be expected. As after
the last war, the future of the industry will depend principally on the
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domestic civilian market. The situation, however, will be so different that
the prediction that future experience will be similar to past experience-
is hardly justified. Techmical methods and the quality of the produet will
be far superior to those after the last war, and there will be a well-established.
market for dehydrated soups and powdered vegetables resting upon a pre-war
foundation. Prices of dehydrated soups in the refail markets already:
compare favourably with the eanned. The trade is unanimous in predicting:
n ereat future for this particular phase of the dehydrated-vegetable industry.
Despite the rise of the frozen-food industry as a new competitor in the-
ficld, some of the most experienced processors nevertheless go so far as t«
predict a great future for dehydrated vegetables in gemeral, possibly as.
oreat as that for cammed and frozen vegetables. They believe, however,.
that the road ahead will be long and hard, calling for costly advertising
campaigns and further improvement and diversification of the product..
Most of the present manufacturers and distributors of dehydrated vegetables
believe that very soon after the war is over 90 per cent. of the processors
who have been depending upon war contracts alone will be forced out of’
business.

Dismantling of the plants and disposition of the equipment are not
considered insurmountable problems., In view of the probability that theve:
will be a shortage of all kinds of equipment after the war, and as the
dehydration of a large number of other products besides vegetables requires:
dehydrating machinery, it is expected that no unusual difficulties will be
encountered in disposing of such machinery or of the preparatory equipment
—which is the same ag thbat used in the eanning and quick-freezing plants’”






