


Drying and Storing Peanuts 

CSIRO Division of Food Preservation, Ryde, N.S.W. 

In L962 about 15,000 tons of peanuts (ground-nuts) mere harvested in Australia, and 
annual production seemed likely to increase. Accordingly, more rdiable means of 
drying the product to a suitable moisture level seemed desirable than the traditional 
field drykg in stoolrs and wind-rows. T i e  following article by Dr. 0. Myklestad pro- 
vides an degant example of how snch a problem lends itself to systematic investiga- 
tion along scientific and engineering lines. his a result of this preliminary study, 
drying equipment was constructed that allowed maximum utilization of both the natlrral 
drying environment and artificial drying means, thereby resulting h ~naxiinunm economy. 

T IHE PEANUT, Arrrchis Ii~~pogcrerr, thought 
to be a native plant of Brazil (Robbias 

1931), is today grown extensively in Africa, 
the Americas, the Far East, the Near East, 
and Europe, the total annual world produc- 
tion being about 15 rnillioil tons. About 
25 thousand tons per year are now grown in 
Australia, whose main centres of production 
are Kiagaroy, Rockhampton, and Athertoil, 
all in Queeasland. 

Peanuts after harvesting are generally dried 
in the field, threshed, and stored in tall silos. 
Field drying poses a number of problems for 
the preservation, storage, and marlceting of 
this perishable crop, particularly during rainy 
harvests, when losses are very high and quality 
tends to be inferior. These are some of the 
reasons why artificial drying is now being 
considered seriously in the more-developed 
countries. 

Resistance of the Peanut to Hest 
Transfer and Drying 

Because of lack of homogeneity of its 
structure, the peanut offers more resistance 
to the transfer of heat and moisture during 
the drying process than do the majority of 
agricultural products. Its total resistance is 
composed partly of three bouildary layer 
resistances, comprising the resistance at the 
interface of the outside shell surface and the 
surrounding air, that at the inside shell 
surface and the internal air, and that at the 
kernel surface and the internal air. There are 

ductivities through the shell, through the 
internal air gap, and through the kernel. 
The thermal conductivity of the air gap is 
low, as also are those of the shell and the 
lcernel, for the shell consists mainly of 
heinicellulose and fibres (Radhakrishna- 
murthy and Srinivasall 1961), and the lcernel 
contains a large proportioil of fats and 
proteins (Milner 1962), all of which are good 
insulators. 

also three other resistances that are inversely Tlze Peanut Mclrketitzg Board's silos for the bulk storage 
proportional, respectively, to thermal con- of dry peanuts at Kingaroy, Qld. 
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An interesting feature of the peanut shell 
is its white inner surface, which provides 
protectioil against solar radiation immedi- 
ately after harvesting. Some time after 
maturity, however, this surface gradually 
becomes darker and so loses its effectiveness 
as a radiant shield. 

Sorption Isotherms 

Sorption isotherms indicate to which 
~noisture content materials will dry when 
exposed to air at co~lstallt temperature and 
various relative humidities (R.H.). Isotherms 
at 25°C for Virginia-type peanuts and their 
co~nposite parts have been determined by 

Stooks are conically shaped heaps of the 
I 

harvested peanut plants and, when properly I 

made, protect the crop against ground 
dampness, rain, and strong sunshine. Gener- 
ally carried out manually, stooking is no 
longer profitable in a number of mechai~ized 
countries, mainly because qualified farm 
labour is becoming very expensive for this 
time-consuming operation. Mechanization 
of the stoolcing operation has been attempted, 
and semi-automatic stookers are in operation 
in Australia, but these machnes are compli- 
cated and difficult to operate, and have not 
found wide application in the local peanut- 
growing industry. I 

ICaron and I-Iillery (1949) and Mylclestad 
(1965), who have between them established 
equilibrium moistures of this type of peanut 
over the range 11-997; R.H. This informa- 
tioil is particularly useful for predicting the 
success of field drying, since it may, for 
example, be coacluded that during the final 
stage of successf~~l drying (reduction of peanut 
moisture co~ltellt to 9-12%) the air humidity 
should be maintained at a value not exceed- 
ing 75qb R.K. 

DRVlNG METHODS 
Field Drying 

Most of the peanuts grown in Australia 
are dried in stooks or wind-romls on the open 
field. 

~\lrrchrrtricnl harvester 
piclcitrg rrp artd thrrshirlg the 
partl~~ fielcl-dried pea/t~it 
CrOjJ. 

Drying in wind-rows lends itself readily 
to mechailized harvestiilg equipment, how- 
ever, and is more suitable for large-scale 
productioil of peanuts. This method is 
tl~erefore generally preferred in developed 
countries, in spite of the poor protection 
afforded against damp weather or excessive 
sunshine. 

The damage to peanuts being dried in the 
field, particularly during wet harvests, ranges 
from dark brown or black discoloratioll of 
the shell to destructio~l of both shell and 
lternel. This degradation of the nut is not 
co~lfilled to the field, but may continue 
during storage in bins or silos where, given 
favourable conditions, dorma~lt spores of 
fi~ngi may also be activated. 
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Fig. l.-Flow diagrmli ir~dicntim~g the seqlrence of 
operatio~~s j70ti1 plnl~t i~~g lvl~en ariificinl dryir~g is used. 

The development of f ~ ~ n g i  on stored grains 
and other produce causes a special post- 
harvest problem when it is associated with 
the production of dangerous toxins (Burnside 
et al. 1957; Forgacs and Car11 1962). There 
was thus considerable concern when it was 
reported recently (Diener et al. 1963) that 
aflatoxin was observed in stored peanuts 
contaminated with the fungus Aspergillus 
Jicnius. Mycotoxin was earlier known to be 
produced by Pelzicilli~mz rubr~irn (Burnside 
et al. 1957) but at a technical meeting in 
Washington, D.C., in April 1965, sponsored 
by the National Peanut Council, it was 
reported to be produced also by Aspergillus 
parasiticus, Penicilliunz islar~clicun~, P. yuberu- 
Ium, and P. rubrum. 

Artificial Drying 
l 

Artificial drying of peanuts is generally 
I carried out by exposing the crop (in bag or 

in bulk) to a current of warm air. While 
this drying method requires facilities for 
heating and moving air, it is expected that 
capital and operational costs may be offset 
by increased yield and by improved quality 
of the peanuts processed, mainly because 
growers would be able to collect their crop 
from the field about one week after harvest 
instead of, as in particularly bad seasons, 
several weeks to months later. The accom- 
panying flow-sheet diagram (Fig. 1) indicates 
how artificial drying may be employed in 
the entire production schedule. 

The drying requirements of peanuts in the 
main growing area of Queensland (Kingaroy) 

were first investigated by the Division of 
Food Preservation (Myklestad 1965) in 1963, 
when pilot-plant experiments were carried 
out under varions conditions which made it 
possible to establish design specifications and 
economy of full-scale machinery. The pre- 
liminary findings of 1963 were confirmed in 
1964, when performance tests of a semi- 
industrial bin dryer (Fig. 2) capable of 
processing 7 tons of wet material per day 
were carried out using air heated to about 
100°F. 

Observations made during the testing of 
this 8-ft-tall bin dryer were that: 
@ Temperatures at various levels in the 
central axis differed considerably during the 
first half of the drying period, but the total 
maximum difference during the second half 
of the drying period was 10 degF and at the 
end of 24 hr was only 3 degF. 
@Moisture contents of the peanuts at 
various levels of the load varied according 
to a similar pattern, and at the end of 24 hr 
the maximnm moisture difference measured 
between any two points was about 3%. 

Chemical Changes 

It  is reasonable to ask if intensive artificial 
drying of peanuts would cut short a necessary 
open-air maturing period, and thus adversely 
affect the quality of the product. This 
question was looked into by Piclcett and 
Holley (1960), who discussed the possibility 
of chemical changes in peanuts dried undei- 

Fig. 2.-A semi-industrial bin dryer for peanuts. 
A Dryer B Perforatedfloor C Support 
D Air dlrct E Aerator F Fan 
G Fan motor H Heat excl~ar~ger K Exhalrst 
L Oil burner M Samplimlg points 
T A  Temp, of ~tmosphere Tw Temp. of ~varnz air 



various conditions. No consistent cha~lge in 
anlino acids, for example, was detected 
whether drying was carried out ia wind-rows 
or artificially at 120°F or 160°F. The 
amount of p h y t i ~ l  a reserve of phosphorus 
-was found to increase as the peanut 
matured, but it ren~ai~led unchanged durillg 
artificial drying at 140°F. The amount of 
sugar does not seem to be affected by the 
method of drying, the apparent increase in 
sweetness of the dried nuts being due to 
increased sugar collcentratioil as a result of 
water removal. 

Constant values of the iodine iliilnbers 
indicated 110 manifest changes in double 
bonds on unsaturated oils when peanuts 
were dried at various temperatures, but it was 
found that when drying was carried out at 
temperatures above 100°F, oxidation of the 
oil was retarded. This fact may be talcell 
advantage of for peanuts intended for oil 
production, where delaying the onset of 
rancidity is of importance. Since high- 
temperature drying causes off-flavours and 
affects viability, it is not recomnlended for 
peanuts intended for eating or replanting. 

STORAGE O F  PEANUTS 

The main requirements for preservatioll of 
peanuts during prolo~lged storage are properly 
dried peatluts and controlled conditions 
(temperature and l~uniidity) of the storage 

After tl~reshit~g, the pemllrts 
are t~.orrsferredjiorn the 
tl~resl~er's brrlk bill to a field 
biti, for trotisport to the 
dy ing  bitts, it~//ich are 
/ocatedir~ o cet7trnl positio~~ 
oil the  fort?^. 

space. The difficulty of storing poorly dried 
peanuts, indicated above, will first be dis- 
cussed in some detail. 

Physical Aspects 
Before peanuts are admitted to silos at the 

storage depots, analyses of moisture contents 
of ralldotn samples from individual loads are 
carried out. Because of the limited number 
of samples which inay possibly be checked, 
wet spots within loads could pass undetected, 
and if allowed into storage silos these wet 
peanuts would form centres of infestation. 

Slow aeration of silos has been suggested 
to overcome this problem, but this is not 
the complete answer. A seas011 for this is 
that wet peanuts pack more densely, collect 
dirt and debris more readily, and consequently 
offer greater resistance to air flow tha11 do 
other portions of the load. This results in the 
anomalous situation that wet spots, which 
would require more efficient drying, actually 
get less aeration thall the rest of the load. 

Biological Aspects 
Even uilifornlly dried peanuts are subject 

to storage damage, which may start in iso- 
lated colo~lies of insects and microbes and 
be aggravated as the colonies enlarge. 

I17sects.-A number of serious insect pests, 
such as Cadra ccr~itellrr (Wallter), 0r.yzcreyliil~w 
inercator. (Fauvel), Plorlia i~1ter.pur7ctella (Hiib- 
ner), and Triboli~rm castaneunz (Herbst), 



have been reported froin S o ~ t h  Africa 
(Lochner 1963) and froin Queensland (Champ 
1965) to infect peanuts. Respiration of the 
insects is accompa:lied by the evolutioil of 

l carbon dioxide, water vapour, and heat, 
which creates an upward motioil of warm, 
water-laden air. The \varill air gradually 
cools during its ascent in the silo, and if its 
temperature falls to its dew point, water 
starts to co~ldeilse from it onto tile peanuts. 
Water so colldeilsed in the higher regions of 
the silo activates dorinailt spores present 
there, so that, before long, mould colo~lies 
develop in this region. 

Microor~anisms.-Even in the absence of 
insects, colonies of f~lilgi and yeasts Inay 
develop in localized regions where environ- 
rneiltal coilditioils stimulate the activation 
of spores. Thus during prolo~lged periods 
of kg11 humidity mould is frequently ob- 
served in stored peanuts in the top layer of 
the load, this layer being in direct contact 
with atmospheric air. 

Other locatiolls likely to stimulate mould 
growth are colder sections of the silo walls, 
because air in the neighbourhood of these 
regions acquires a higher relative humidity 
through being cooled. 

Collsiderable attention has been given 
to the possibility of changes in constituents 
during the storage of peanuts. Stailsbury 
and Guthrie (1947) experimented with the 
storage of unshelled peanuts maintailled at 
various temperatures in closed containers and 
carried out analyses for total nitrogen, 

sugars, oil content, iodine number and free 
fatty acid co~lcelltration of the oil, and 
protein solubility. At the end of 2 years of 
storage at temperatures below 1°C no change 
in these collstituents was f o ~ ~ n d .  At room 
temperature (25-28°C) a slight increase in 
free fatty acid co~lcentration was observed. 

Studies of diene conjugation of the oil in 
peanuts duriilg storage at various tempera- 
tures have been carried out by spectrophoto- 
metric techlliques by Polls et al. (1948), who 
measured exti~lctioll coefficiellts at wave 
lengths of 227-234 mp. At the end of a 
storage trial lasting for over 4 years, it was 
observed that exti~lctioil coefficie~lts had 
average values of 0.33, 0.45, and 1.09 at 
storage temperatures of - 18"C, 1°C, and 
27"C, respectively. These indicate that diene 
conjugatioil call be coilsiderably retarded in 
peanuts stored at temperatures below 0°C. 

CONCLUSIONS AND 
RECOMMENDATIONS 

Field drying of peanuts should be limited 
to  the initial drying stage, when the crop 
loses water readily and evaporative cooling 
prevents overheating due to the sun's rays. 

Drying to an even moistme content 
(9-12%) is part of the answer to successful 
storage of peanuts. Provisio~l for hygienic 
storage facilities and control of storage 
atmosphere are other prerequisites. 

Finally, in spite of these precautions i t  
inight be necessary to apply insecticides, 
a large number of which are marketed to suit 
i~ldividual needs. 
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Principles and Practice of 
@l @ Heat Sterarlzatioa in Canning" 

By P. W. Board 
CSIRO Division of Food Preservation, Ryde, N.S.W 

In an earlier articlef- Mr. Board disct~ssed some of the problems and techniques 
of sterilizing canned foods. In the present article attention is focused on a 
number or" practical aspects of thermal processing that are often overlooked. 
Readers seeking a more comprehensive discussion may refer 10 Circular 7-F (19653 
published by the Division of Food Preservation and obtainable from its librarian. 

OODS when packed into cans by con- 
ventional filling and can-closing opera- 

tions contain viable microorganisms, and 
unless special preve~itive measures are talten, 
these inay multiply during storage and spoil 
the product. The unit process known in the 

'F Based on a talk given by the author at the Winter 
School held at Hawkesbury Agricultural College, 
Richmond, N.S.W., August 5-9, 1966. 

-i. BOARD, P.W. (1963).-I-Ieat penetration and rapid 
heating techniques with canned foods. CSIRO Fd 
Preserv. Q.  23, 33-7. 

itldustry as 'cooking', 'retorting', or 'thernlal 
processing' is designed essentially to inactivate 
contami~lati~lg organisn~s inside the call and 
so bring the cailned food to a condition of 
'cornnzercial sterility'. 

Con~mercial sterility diKers from total 
sterility in that in the fornler some organ- 
isms may survive the heat treatnlent but are 
unable to grow or spoil the product because 
of the conditions that exist in the can - for 
instance, the presence of a growth-inhibiting 
substailce or the absence of substances 
essential to growth. 

CSIRO Fd Preserv. Q.-Vol. 26 Nos. 2-4 (1966) 



Failure to apply a thermal process suffi- 
l ciently severe to produce commercial sterility 

in a call of food increases the risk of spoilage 
I 

caused by surviving organisms. Such spoil- 
age is frequently accompanied by the pro- 
dnction of gas that causes the can to swell 
and eveiltually burst. However, more im- 

I portant than the risk of losses due to swelling 
of the call and spoilage of the food is the 
health hazard to consumers when canned 
foods are inadequately sterilized. For 
example, in under-processed canned foods 
survival of the orgallism Clostridiurn botu- 
li~nnn may result in containiilatioil of the 
food with a toxin that is lethal to humans. 
Spores of this species of bacillus do not 
produce the toxin themselves, but they have 
high heat resistance, and ~ulder favourable 
conditions (which frequently coincide with 
those in a sealed can) the surviving spores 
may develop into the vegetative form that 
produces the toxin. 

It is worth noting that toxin productio~l 
of this ltind inay occur in a can even though 
110 swelliilg of the call is evident, and even 
though the food may show no obvious signs 
of contamination. 

SEVERITY OF Sf ERlbiZg$S$lON 
PROCESSES 

There are several factors to be coilsidered in 
determi~liilg the severity of the sterilizatioil 
processes required. 

The influence of p H  
A measure of the hydrogen ion activity of 

the componeilts of a food is its pH, and this is 
perhaps the most important single criterion 
for determining how severe the heat treatment 
must be to ensure commercial sterility of the 
food. 'Acid' foods (i.e. with pH less than 
4.5) include most fruit and some tomato 
prod~~cts, and these products call be sterilized 
by bringing the temperatnre of the slowest- 
heating point within the can to about 200°F 
before cooling. Solnewhat lower tempera- 
tures are adequate for highly acid foods such 
as passionfruit juice. 

Because rates of iilactivatioil of micro- 
organisms are greater at low pH, and because 
the concelltratioil of hydrogen ions in acid 
foods is high enough to prevent the growth 
of any heat-resistant orgallisms that do 
survive the heat treatment, such foods may 

be given a relatively mild thermal process 
of the type just mentioned, sometimes called 
a pasteurizing process. 

'Low-acid' foods snch as vegetables, meats, 
and fish are those having a pH greater than 
4..5 and require Inore severe heat treatment 
than the acid foods. They are usually 
processed at 240 or 250°F to inactivate heat- 
resistant sporiilg organisms. The processing 
time is calculated to give conlnlercial sterility 
with as little damage as possible to the pro- 
duct through overcooltiag. Suitable time- 
temperature sclledules for the process are 
determined by the rate of heating and cooliilg 
of the slowest-heating point within the can, 
and by the resistance of likely spoilage 
organisms to inactivation by heat. 

Heat Resistance of Spoilage Organisms 
The calculation of retort processiilg 

schedules for low-acid foods is usually based 
on the heat resistance of a large population 
of spores of Clostridiunz bot~rlinurn. This 
species is not the most heat-resistant of 
potential spoilage organisms, but for the 
reason previously lneiltioiled is the lnost 
dailgerous from the point of view of public 
health. Eecause of this danger, a large but 
ill-defined safety factor is embodied in the 
calcnlatioil of retort processiilg schedules. 

It is convenieilt to thinlt of the heat re- 
sistance of microorganisms in terms of the 
time req~~ired to just inactivate all of a known 
populatioil of spores at a given temperature, 
it being assumed that the population in- 
stantly attains this temperature and is held 
there for the required time before being cooled 
iilstantly to a non-lethal temperature. 

Figure 1 shows the relation between 
temperatnre and the time taken to inactivate 
a suspensioil of abont a thousaild million 
spores of Cl. botulinum. The figure shows 
that the time taken to inactivate the spore 
population decreases marltedly as the tem- 
peratnre increases. If the populatioil of 
spores were lower than that stated above, 
the corresponding line in Figure 1 would be 
parallel to, but beneath, the line shown, 
indicating that the smaller population could 
be inactivated by a less severe process. 

A process sufficient to inactivate a large 
population of Cl. botulilz~rrn spores is usually 
severe enough to inactivate organisms that 
are even yore  heat-resistant, provided their 



aumber is small. Hence it is essential when Thermal Ci~araeteristics of the Can 
using a thermal processing schedule based 011 Since the rate of inactivation of organisms 
Cl. botulir~um to maintain high standards of increases with temperature, and because in 
sanitation and to use raw materials having a practice the contents of a call do not instantly 
low bacterial couat. These safeguards will attain retort temperature or cool instantly, 
ensure that the thermal process used will also the temperature attained by the slowest- 
adequately control ally more heat-resistant heating point in the can must be known before 
organisms that may be present in the food. a safe schedule for the retort process call be 

decided upon. The rate at which heat 
penetrates to the slowest-heating point in the 
can under given processing conditions varies 
with the size of can and the nature of the 
product. The most convenient way of 
determining the temperature history of a can 
during processing is by means of suitably 
located thermocouples (Board 1963, 1965). 

Figure 2 shows typical heat penetration 
curves for 303 X 406 and 603 X 700 cans of 
French (green) beans and cream-style corn. 
For beans, the can temperature quickly 
rises to the region where contaminating 
orgallisms are rapidly inactivated. In con- 
trast, the cans of cream-style corn show only 
a slow rise in temperature: even after pro- 
longed heating of the larger 603 X 700 can, 
its temperature remaias within the region 
where the rate of inactivation is slow. 

EMPERATURE (OF) 

fel~?pei.atlrre for. Clostridiuill botulinum. 

The severity of a thermal process is TIME (MIN) 

collveniently measured in terms of F. values. 
The F. value of a retorting process is defined Fig. 2.-Te~nperflfr~re at slonlesf hentir~gyoir~t in COIIS of 

as the time ill at 250°F that produces green ben~ls arlrl crear~~-stj~le corn cl~1ri17g processil~g nt 

an equivalent illactivatillg effect to the par- 240°F. 

ticular retort process. As an example, data 
from Figure 1 show that processes of either 
10 mill at 240°F or 36 inin at 230°F are Several methods that take into accoullt the 
equivalent in inactivatillg effect to one of temperature history of a product are avail- 
2 .8 min at 250°F; accordingly, each process able for calculatillg the total inactivating 
has an F0 value of 2 .8 min. Here again it is effect, or F0 value, of the retort process. 
assumed that in each case the conteilts of the Retort processes for most low-acid caililed 
cans i~lstantly attain the specified tempera- foods have F. values ill the range 4 8  min, 
ture, that these tenlperatures are maiiltained but more severe processes may be needed if 
for the tiines stated, and that cooling is the products are likely to be heavily con- 
instantaneous. taminated with heat-resistant organisms. 
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PRACTICAL ASPECTS O F  
RETORT! N G  

Canneries ellcountering spoilage in canned 
foods often send samples of the cans to the 
laboratories of the Division of Food Preser- 
vation for examination. Sometimes the 
spoilage is caused by contamination after 
processing, tl~rough lealcs in the can seams. 
Occasionally, spoilage is caused by the use of 
processes that do not impart to the particular 
product an adequate level of sterility. But 
just as frequently the cans spoil because of 
incorrect application of processes that would 
be adequate if accepted retorting practices 
were followed. 

Table I 
Effect of Initial Temperature and Paclting 
Conditions on Processing Time a t  240°F for 

303 x 406 Cans of Some Low-acid Foods* 

Product 
Initial Tenlp. Time 

("F) (~nin) 

Green beans in brine, green 70 21 
or wax, whole or cut 120 20 

Asparagus, white spears 70 25 
processed with tips down 120 23 

Asparagus, white spears 70 27 
processed with tips up 120 26 

* Data from National Canners' Association (1962). 

As already indicated, correct processing 
conditions for a given product in any given 
size of can are expressed in terms of time of 
processing at a specified temperature. The 
actual duration of a satisfactory process 
varies with the initial telnperature of the 
product, and for some products, such as 
asparagus, packing conditions are also im- 
portant. Table 1 shows some typical data 
where these factors are taken into account. 
In each example cited, the duration of pro- 
cessing is timed from the moment when the 
retort reaches operating temperature, and 
the initial temperature given is that of the 
coldest can in the retort at the beginning of 
the process. 

DESIGN AND UTlklZATION O F  
EQUIPMENT 

Unsatisfactorv design and installation of 
U 

processing equipment Inay be the cause of 
inefficient processing. For instance, steam- 
heated cookers operated at atmospheric 
pressure are frequently used for processing 
acid foods, and these cookers are sometimes 
designed with an inlet port at a point some 
distance below the outlet point. Such an 
arrangemellt may, by its chimney-lilte action, 
induce a draught of air into the machine and 
so cause the loss of large volumes of steam 
from the ~ulit  and consequellt under-pro- 
cessing of the cans. 

Two other examples of unsatisfactory 
performance due to faulty cooker design may 
be cited. One was encountered during an 
i~lvestigation by the Divisioil of Food 
Preservation into the spoilage of canned 
pears. In this case it was found that the 
temperature in an older type of reel cooker 
was only about 190°F, despite the fact that 
clouds of steamy vapour were issuing froin 
the can discharge port. The other example 
is provided by a similar but smaller com- 
mercial machine, in which steam entered the 
cooker through a series of jets spaced along 
a pipe r~ulning the length of the unit. These 
jets so directed the steam across the interior 
of the cooker that a vortex formed and 
sucked air into one end of the cooker, a 
mixtme of air and steam being discharged 
from the other end. In both instances cited, 
under-processing was frequent until approp- 
riate modifications in design eliminated the 
chimney effect in the first machine and vortex 
formation in the second. 

Precise specifications are available for the 
installatio~l of cannery retorts (National 
Canners' Association 1955, 1962), but many 
retorts in commercial operation in Australia 
fall short of these specifications. It  is essea- 
tial that the steam supply system should have 
sufficie~lt capacity to displace air from a 
retort within a few minutes and bring the 
retort to operating pressure within the next 
few minutes. An inadequate steam supply 
causes 'venting' and 'come-up' operations 
to be unduly slow and hence reduces retort 
output; moreover, the cans are exposed to 
steam for, u~lnecessarily long times under 



coilditiotis which make only a small and bypass is subsequently closed. (Detailed 
I 

indefinite contribution towards inactivating specifications for installation of retorts have 
I 

heat-resistant microorganisins that may be been published by the National Canners' 
present within the can. Association and other organizations and 

lnay be found in several of the references 
instrumentation appended to this article.) 1 

Retorts should be fitted with a mercury- 
in-glass therinoineter of Limited range, say 
170-270°F. This type of thermometer should 
be regarded as the primary reference instru- 
ment, and although Inany retorts are fitted 
with dial thermometers operating on the 
Bourdon gauge principle, these should not 
be regarded as a substitute for the Inercury- 
in-glass thermometer. The mercury-in-glass 
therinoineter used as reference instrument 
should be checked for accuracy at least once 
a year. 

Table 2 
Effect of3 degF Errors in Retort Temperature on 
F, Value of Heating Phase of Typical Processes 

for 303 X 406 Cans 

Initial Process Retort 
Product Temp. Time Teinp. Fo 

("F) (min) ("F) (min) 

A A 

Efficient Venting of Retorts 
Many of the spoiled cans subnlitted by 

industry for examination in the laboratories 
of this Division have been found to be 
under-processed as a result of inadequate 
venting of the retorts. Venting is an operation 
that aims to displace all air in a retort by 
steam before the retort is brought to operat- 
ing teniperature and pressure. 

Specifications for vent design and venting 
procedures have been set out in detail by the 
National Canners' Association (1962) and 
others (Reed 1948; Bock 1957). One essential 
requirelnent is that vents should be as remote 
as possible froin the steam inlet, thus ensuring 
that the steam travels across the retort before 
finally escaping through the vent valve, which 
should be f~llly open. The volume of steam 
flowing through the retort must be sufficient 
to enable steam to swirl across all parts of 

120 20 237 2 , 0  the retort and around all cans in tlqe retort Green beans 
240 .0 baskets, thereby sweeping out all air. 

Retort baskets and spacers should be 243 4.7 
designed with due regard to the danger of 

140 95 237 3 .2  their impeding the free flow of steain in a 
240 4 .4  retort and thus increasing the risk of faulty 
243 6 .2  venting. For satisfactory venting, the vent 

must not be closed, nor inust pressure be 
allowed to build up in the retort in any other 
way, until all air has been removed. Air left 

a survey of retort thermometers ill in a retort tends to forin an insulating layer 
two calllleries it was foulld that some therlno- ar0~1"d the cans, particularly those near the 
lneters were as as 3 deg F ill error. centre of the retort baskets, and the cans 
Table 2 shows the such an error has on therefore receive less heat than lnay be needed 
F,, values of typical retort processes, these for the attainment of coinmercial sterility. 
data applying to the heating phase of the Any lack of agreement between the tem- 
retort process only. Complete instruments- perature actually indicated and that expected 
tion to control separately the operations of froin the observed pressure in a retort in- 
venting, come-up, processing, and cooling dicates inadequate venting, although the 
is seldom warranted, but retorts should be presence of air in a retort may not always be 
fitted with automatic temperature colltrollers detected in tlGs way. Teniperatures of less 
and recorders. The steam supply to the retort than 200°F have been found in inadequately 
should include a bypass system that allows vented colmercial retorts when the pressure 
the retort to be rapidly vented and brought was 10 lb/sq in, a pressure which for saturated 
almost to operating temperature with high- steam corresponds to approxilnately 240°F. 
pressore steal11 while pernlitting steal11 of Cans processed under these conditions spoiled 
lower pressure to be supplied to the steam and the canneries concerned suffered heavy 
valve of the automatic controller when the losses. 
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Although cannery retorts should be fitted 
with bleeders or pet-cocks (usually about in. 
in diameter), these are sometimes erroneously 
regarded as if they were substitutes for vents. 
Bleeders should be left open during venting 
and also d~lrillg the come-up period and 
while processing. Their f~~nction is to main- 
tain movement in the steam inside the retort 
and to permit the relnoval of traces of air 
that may enter the retort with the steam. 

Stacking and Loading of Cans 
In our visits to canneries we have some- 

times seen calls stacked in columns in retort 
baskets (that is, one can directly above 
another). Stacking in this manner lnay 
restrict or prevent free access of steam to the 
ends of the cans, and so cause uuder- 
processing. 

A more satisfactory method of stacking 
cans is to arrange them so that one layer is 
offset relative to the layer beneath, thereby 
ensuring that all surfaces are accessible to 
the steam. This point is particularly impor- 
tant with squat cans, for a large part of the 
heat entering such cans enters through the 
ends. Similar considerations apply to the 
paclcing of rectangular cans in retorts. 

Instances have been investigated where 
cans have been found to be swelled when 
removed from the retort immediately after 
processing and cooling. This condition may 
arise when there is a considerable delay 
between closing the cans and commencillg 
thermal processing. Cans are sometimes held 
LIP for long periods before they are processed, 
and might during this time be lcept at tem- 
peratures that permit active growth within 
them of viable organisms capable of produc- 
ing gases, thus causing the cans to swell. 
The delay between closing and retorting 
should not be greater than 1 hour, and care 
must be taken to ensure that the occasional 
basket-load of cans is not pushed aside and 
forgotten sonlewhere between the closer and 
cook-room. It  is a wise precaution also to 
mark each basket-load of cans with a heat- 
sensitive material, such as autoclave tape, the 
appearance of which will indicate whether 

the baslcet has or has not been heat-pro- 
cessed. In this way the risk of unprocessed 
cans being sent to the warehouse is mini- 
mized. Cans of unknown status found out- 
side retort baskets in the cannery or co-ok- 
room should be destroyed. 

Cooling 
As quickly as possible after processing, 

cans should be cooled to an average tem- 
perature of the contents of 100°F. I t  must be 
emphasized that the average temperature is 
not the centre temperature, which, in solid 
foods particularly, will be much greater than 
100°F when the desired average temperature 
is reached. At an average temperat~~re of 
100°F there is sufficie~lt residual heat in the 
product to dry the outside of the can and so 
prevent rusting. In addition, the risk of 
stack-burning and of spoilage of the product 
from the growth of thermophilic organisms 
that have survived the retort process is 
minimized. 

Many of the practical points discussed 
above are illustrated in a set of slides pre- 
pared by the National Canners' Associatioil 
for training retort operators. The Division 
of Food Preservation has a set of these slides 
whch may be borrowed from the librarian 
by interested people in the food industry. 
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I Pesticides on Apples and Pears 
The Problem of Spray Residues 

By E. G. Hall 
CSIRO Division of Food Preservation, Ryde, N.S.W. 

The successful prosecution of the continuing chemical warfare against plant 
pests and crop disorders involves frequent and efficient application of insec- 
ticides and fungicides, acaricides and nematocides, and weedicides and growth 
regulators to soils or crops. Without at least some of these aids there would 
frequently be no worth-while crop to harvest, but at all times special care is 
required to ensure that man himself does not become a victim of the treatment. 

T HROUGH the large-scale cultivation of 
food plants and fodder crops, man's 

prillcipal food resources are being rendered 
increasingly vill~lerable to attack by insect 
pests and disease. I11 consequence, poisoilous 
chemicals are being used on an ever-increasing 
scale in order to protect crops and food 
supplies. This in turn has increased the need 
for special precautions to ensure that no 
dangerous residues are left on the produce. 

The use of pesticides is today essential to 
fruit production, and the big increase in the 
production of apples and pears since World 
War I1 has been due largely to the lnuch 
better control of pests and diseases. This has 
been accomplished through selective use of 
the wide variety of complex organic iasecti- 
cides and fungicides produced by the modern 
agricultural chemicals i~ldustry over the last 
two or t h e e  decades. 

Before the War only a few simple materials 
were in general use for spraying fruit on the 
tree. Lead arsenate was used to combat 
codling moth and other chewing insects, 
nicotine sulphate was used for aphids, 
petroleun~ oils and sulphur preparations were 
used for mites (red spider), and Bordeaux 
mixture and lime-sulphur were used for black 
spot, mildew, and other f~lngus diseases. 
These materials have now been almost en- 
tirely replaced by organic chemicals. Though 
very much more effective than the prepara- 
tions used earlier, the new chemicals are 
frequently less specific in their action, and 
are as likely to kill useful insects that prey 
on more harmful species as to kill the para- 
sites against which they are directed. 

Many modern pesticides are also poten- 
tially more dangerous to users in the field and 
to consumers of harvested fruit than were 
the earlier preparations. The use of these 
modern materials is thus fraught with risks 
which must be understood as clearly as their 
great advantages. Precautions must always 
be taken to prevent operators from being 
exposed to the pesticides. Also, while proper 
care must clearly be taken to avoid the 
application of pesticide formulations and the 
like in amouilts that could injure the trees 
or the fruit, it is equally desirable that they 
leave no unsightly or dangerous residues on 
the produce at harvest. 

SPRAY RESIDUES O N  P O M E  FRUITS 
The problem of spray residues on apples 
and pears is a continuiilg one. I11 order 
to ellsure the effectiveness of spraying as a 
means of colltrollillg pests or disease, the 
crop must in the first instance be adequately 
covered by the active ingredient. Moreover, 
while the crop develops and matures in the 
field this cover must be adequately main- 
tained, generally by periodic renewal. Each 
spray application must therefore be thorough, 
and several applications, spaced throughout 
a season, are generally necessary. I~levitably 
the fulfilment of these requirements results 
in spray residu~s 011 or in the fruit at harvest 
time. 

011 harvested fruit the presence of spray 
residues that are readily visible call give 
rise to problems even when the residues are 
not toxic. Spray formulations, particularly 
those based on wettable powders, frequently 
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include inert filler or carrier materials as well 
as wetting or emulsifying agents. Such inert 
additives commonly form a considerable 
part, and sometimes most, of the visible 
residue. When a residue is visible it not only 
detracts from the appearance of the fruit 
but, more serious, invites a more rigorous 
examination of samples by health anthorities, 
so that there is an increased liltelihood of a 
coilsignment being impounded pending a 
full analysis. The serious distmbance to nor- 
mal trade that follows when a consignment 
is i~npounded for this reason is particularly 
unfortu~late if the analysis of the residue 
shows that it is in fact harmless. 

In contrast, situations may arise where 
residnes of certain materials may be present 
in amounts that exceed accepted safety levels 
even though the residues Inay not be visible. 
These clearly constitute a dangerous health 
hazard. Certain pesticidal chemicals, such as 
demeton and those comprising conlpounds 
of mercury, may present an even more diffi- 
cult problem in that they can be absorbed 
to a significant degree by the skin of the fruit, 
and even penetrate into the flesh, without 
being apparent on the surface of the fruit at 
harvest. 

TQXiCifY OF PESTICIDES 
Pesticides vary greatly in toxicity. Some are 
highly poisonous to a wide range of living 
things, includiilg man, while others are much 
less poisonous to higher forms of life, though 
effective against particular pests or disease 
microorganisms. Some chemicals are initially 
poisonous, b ~ ~ t  are rapidly broken down to 
less toxic or even harmless snbstances after 
they have been applied by spray. When 
correctly used, these are safe. Other toxic 
chemicals, however, such as aldrin and 
dieldrin, persist in their original form for 
very long periods and must be used with 
great caution on edible crops. 

Authorities all over the world are con- 
cerned about possible undesirable side effects 
resulting from the widespread and prolonged 
use of pesticides. There is already some 
evidence that wild life has suffered lethal 
effects, and there are serious misgivings 
about the possible consequences to all forms 
of animal life exposed for long periods to 
even very sinall amounts of many pesticidal 
chemicals now in common use. Some of 
these problems have been highlighted in 

Rachel Carson's book 'Silent Spring', first 
published in 1962. Research into the long- 
term effects of the use of pesticides is there- 
fore being greatly expanded. 

For the adequate protection of our food 
supplies we must perforce continue to be 
heavily dependent 011 the use of pesticides 
in the foreseeable future. Scientists, govern- 
ments, manufacturers, sellers, and users of 
pesticides and the like are therefore under a 
strong obligation to see that health risks are 
reduced as much as possible, that the 
public is made fully aware of what rislts are 
involved, and that stringent precautions are 
taken at all times. 

DEFBNBNG SAFE TOLERANCE 

A major part of the responsibility for safe- 
guarding human health has been accepted by 
health and food authorities in inany countries, 
and these authorities are continually check- 
ing the amounts of pesticides left on fruits, 
vegetables, and other food crops after 
harvest. Based on rapidly accumulating 
knowledge of toxicity tolerances of humans 
to foreign chemicals in foods, and of what 
constitute safe amounts, levels are being 
defined and, as far as possible, enforced. 
This is an enorlnous task, enforceinent 
particularly being extremely difficult. 

To provide a clear understanding of the 
basis for setting residue tolerances, the 
Plant Production and Protection Division 
of the Food and Agriculture Organization 
of the United Nations has defined the 
relevant terms as follows : 

Residue.-A pesticide che~nical, its derivatives and 
adjnvants in or on a plant or animal. Residues are 
expressed as parts per nlillion (p.p.n~.)* based on the 
fresh weight of the sample. 

Food Factor.-The average fraction of the total 
diet made up by the food or class of foods under 
discussion. 

Acceptable Daily Intake.-The daily dosage of a 
chemical which, during an entire lifetime, appears to 
be without appreciable risl< on the basis of all the 
facts known at the time. 'Without appreciable risk' 
is taken to mean the practical certainty that injury 

* The meaning of parts per million can be illus- 
trated by a particular example, such as l oz of salt in 
62,500 lb of sugar, this proportion corresponding to 
1 p.p.m. 



will not result even after a lifetime of exposure. The 
acceptable daily intake is expressed in milligrarnrnes 
of the chemical, as it appears in the food, per kilo- 
gran-une of body weight (~ng/kg/day). 

Pernlissible Level.-The permissible concentration 
of a residue in or on a food when first offered for 
consumption, calculated from the 'acceptable daily 
intake', the 'food factor', and the average daily food 
consunlption per kilogranlnle of body weight. The 
pernlissible level is expressed in p.p.m. of the fresh 
weight of the food. 

Tolerance.-The permitted concentration of a 
residue in or on a food, derived by taking into account 
both the range of residues actually remaining when 
the food is first offered for consumption (following 
good agricultural practice) and the permissible level. 
The tolerance is also expressed in p.p.m. It  is never 
greater than the permissible level for the food in 
question and is usually smaller. 

It can be seen that a high safety factor is an 
integral part of the setting of tolerances for 
residues of pesticides in food. 

Most countries now have regulations 
governing the maximum amounts of spray 
residues permitted on fruit and are enforcillg 
them more strictly. The Food and Drug 
Administration of the United States has 
established tolerances for residues of most 
of the colnmon pesticides used oil most 
crops. These vary from 0 to 100 p.p.m. 
fresh weight, according to the relative 
toxicity of the chemical concerned. For 
example, the tolerance for parathion, a 
potent organic phosphorus insecticide, is 
1 p.p.m., while that for the fungicide captan 
is 100 p.p.m. 

Because of their high toxicity and danger 
to  consumers the use of some very effective 
pesticides on food crops is not recommended 
at all. Thus, though mercury in its com- 
pounds is a potent fungicide, it is also a 
potent persistent poison and accordingly 
mercury has in the U.S.A. a 'zero' tolerance. 
I11 Australia the recommended tolerance for 
mercury is now 0.01 p.p.m. 

lian Agricultural Council, and the Commoa- 
wealth Departlne~its of Custonis and of 
Primary Industry, and through State Depart- 
ments of Health and of Agriculture. Manu- 
facturers and distributors of pesticides, and 
CSIRO also, are playing their part. 

A11 Apple and Pear Spray Residue Com- 
mittee was set up in 1957 by the Australian 
Agricultural Council through the Standing 
Committee on Agriculture. Its continuing 
task is to examine levels of residues in apples 
and pears, particularly in relation to export, 
and, as necessary, to develop adequate 
methods of analysis; to develop satisfactory 
methods for the removal of residues from 
these fruits; and to advise generally on the 
problem. Funds for the research directed by 
the Committee are provided by the Com- 
monwealth Treasury. While the work is 
largely concerned with safeguarding the 
export industry by advising on ways and 
means of preventing colltami~lation of fruit 
with spray residues whose presence would 
interfere with the marketing of Australian 
apples and pears overseas, the Australian 
consumer is also being protected. 

The investigations are being carried out 
by several bodies in close cooperation. The 
New South Wales Department of Agri- 
culture is responsible for the greater part 
of the analytical work and chemical investi- 
gations, including the checking and develop- 
ment of methods for the accurate analysis 
of residues. The Department of Custon~s 
and Excise exalnines samples of export 
apples and pears from all States, analysing 
them especially for lead arsenate, DDT, and 
mercury. The CSIRO Division of Food 
Preservation has been charged primarily 
with undertaking investigations aillied at 
developing simple, effective methods for the 
removal of residues without harm to the 
fruit. Other State Departments of Agri- 
culture cooperate as required, and the 
Comlnonwealth Department of Primary In- 
dustry, being responsible for inspectioil of all 
export fruit, is actively concenied in all 
aspects of the investigations. 

AUSTRALIIAN I NVESTBGWTEBNS ON C S ~ ~ O  Investigations on Residue 
SPRAY RESlDUES Removal 

In Australia there is now considerable The renloval of spray residues has been 
activity relating to spray residues on crops, a problen~ for a long time. The first experi- 
particularly through the National Health ments in Australia were carried out about 
and Medical Research Council, the Austra- 30 years ago, following the setting of toler- 



ance limits for lead arsenate on fruit exposed 
for sale. At that time lead arsenate was 
universally used to control codling moth in 
apples and pears. The residues on the fruit 
at harvest were frequently heavy and were 
incompletely removed by brushing, so that 
commonly in the stem and calyx cavities 
there remained anlounts in excess of the 
tolerance. 

It  was found that washing the fruit in 
a bath of dilute hydrochloric acid effectively 
removed lead arsenate residues. However, 
the treatment was not fully satisfactory, 
because the skin of the apples was frequently 
injured by soluble arsenic compounds ac- 
cumulating in the wash water, and because 
varieties with an open calyx, such as the 
variety Cleopatra and some types of Delicious, 
were damaged through penetration of the 
washrng solution into the core. 

U 

In recent years the use of lead arsenate 
has greatly declined, but pesticidal residues 
in general have become Inore of a problem, 
so that methods of removal are being studied 
niore widely. 

Dry Brushing.-Most apples are brushed 
before they are packed, and brushing units 
for cleanillg and polishng the fruit are now 
part of the equipment in most packing sheds. 
The Committee prompted studies 011 the 
effectiveness of dry brushing in removing 
residues from apples, aiid these studies have 
revealed that no brushing units currelltly 
available in Australia are capable of re~noving 
residrres from the stem and calyx cavities. 

As brushing is a simple operation which 
greatly improves the appearance of the fruit, 
it has a pernianent place in preparing apples 
for market. Pears, however, have a more 
tender skin and cannot usnally be brushed 
with safety. Spray residues on pears thus 
constitute a more diffic~rlt removal problem. 
The Committee is currently investigating the 
design of brushes and brushing units, with 
the obiect of improving their efficiencv. It  is 
likely tha t  bru;hing with improved-equip- 
rnellt will be satisfactory for light powdery 
residues such as those from carbaryl (Sevin) 
and dicofol (Kelthane), both widely used. 

Wasl~irzg and Wet Br~is11ing.-The alterna- 
tive to dry brushing is washing, either alone 
or combined with brushing. Because of the 
difficulty of dry brushing the calyx and stem 
cavities, and because certain residues are 
resistant to dry brushing, some form of 

washing may be necessary. It  has been 
established that the mere spraying, rinsing, 
or soaking of the fruit with or in solutions of 
acid, alltali, or detergents, even when these 
are heated, will remove only certain residues. 
Using a specially designed experimental 
spray-type washing machine, the need for 
an acid wash to remove lead arsenate has 
been confirmed. A double wash, first in 
acid and then in alkali, more effectively 
removed residues of a number of pesticides, 
such as thirain (TMTD), demeton (Systox), 
captan, and dinocap (Karathaae). For 
residues of ziram and carbaryl two successive 
alkaline washes were most effective. 

It  was further shown that the best means 
for removing most lcinds of residues was wet 
brushing. Wet brushing involved either 
passing the fruit over revolving brushes 
under sprays of an acid, alltaline, or detergent 
solution, or soaking it in the solution and 
then brushing it under sprays of clean water. 
(In any washing procedure the fruit must 
finally be rinsed with clean water.) 

Development of a cheap aiid efficient wet- 
brushillg unit is under consideration. Though 
washing is more expensive than dry brushing, 
and more suited to larger sheds, it would in 
fact fit in well with the new methods of gently 
emptying apples from bulk bins by floating 
them out in a tank of water. Some form of 
washing will probably be necessary to meet 
the developing demand for completely clean 
fruit. 

Chemical analyses have revealed that 
treatments which removed visible residues 
also as a rule effectively removed the active 
pesticide. However, even the best treatments 
were ineffective in removing DDT, mercury 
compounds, or dicofol, all of which are 
partly translocated into the skin and flesh 
and so cannot be more than partly removed 
by washing. Residues of dicofol have never- 
theless all been well below the tolerance and 
so do not co~lstitute a serious problem. 

Analytical Bnvestigations 
N.S. W. Department of Agriculture.-Satis- 

factory determinations of spray residues 
require precise and extremely sensitive meth- 
ods of analysis, and highly skilled analysts. 
Because of the chemical complexity of many 
of the pesticides and the need for the accurate 
determination of very small amounts of the 
compounds concerned, it has been necessary 



to test thoroughly, and in some illstances to 
modify, the recomnleilded methods of analy- 
sis. Even with modern laboratory instru- 
ments some of the methods are very involved 
and time-consuming. This is especially true 
for rnercury, which must be precisely deter- 
mined in amounts of only 1 part in 100 
million. As a result of chemical research, 
satisfactory methods of analysis are now 
available for most of the pesticides commollly 
used on apples and pears. Investigatioils to 
develop simpler and more sensitive methods 
of analysis for all important pesticides are 
continuing. 

When present investigations were com- 
menced by the N.S.W. Depart~nent of Agri- 
culture there was practically no information 
on the levels of pesticide residues, other than 
lead arsenate, on and in Australian apples 
and pears at harvest and after storage. 
Accordingly, surveys were carried out of 
residual levels attained after various  lumbers 
of spray applications had been made on fruit 
in different districts. These studies included 
residues from experimental applications in 
excess of normal use. The surveys revealed 
the very satisfactory position that residues of 
17 of the total of 20 different pesticides 
studied did not in ally illstance exceed official 
tolerances established by the United States 
Food and Drug Administration. In fact, the 
residues at harvest were generally well below 
the allowable safe limits. 

The three pesticides that gave excess 
residues were lead arsenate, DDT, and the 
orgallic mercury compound phenyl mercuric 
chloride (PMC). Residues of the first two 
only occasionally exceeded their tolerances. 
Residues of mercury constitute a serious 
problem, as any detectable amonnt must be 
regarded as a health risk. Mercury is a 
powerful culnulative poison and rnercury 
compounds are readily translocated into the 

l 
flesh of fruits and do not gradually decom- 
pose as do most organic pesticides. Although 
snercurials are extremely effective f~~ngicides, 
their use on food crops must be closely restric- 
ted in the interests of the safety of consumers. 

The results to date from Inany analyses 
indicate that mercury compounds may be 
safe only when used on apple and pear trees 
after the crop has been harvested (as an 
eradicant spray for black spot) but the evi- 
dence strongly suggests that they should not 
be used on the growing crop at any stage. 

I 

Mercury residues are receiving major atten- I 
tion in the current research programme. I 

Depcrrtnzent of Czrstoms nnd Excise.-For 
some years the Department of Custolns and 
Excise has been analysing random samples of 
export apples and pears for lead and arsenic. 
Over the last few years only a very snlall pro- 
portion of the 100 or so samples analysed 
each season has exceeded the British tolerance 
of 3 p.p.m. for lead and 1 p.p.m. for arsenic. 

l 

In 1964 and 1965 many samples were also 
analysed for DDT and mercury. I11 all 
samples, DDT residues, when present, were 
well below the British tolerance of 5 p.p.m. 
Small alnounts of mercury were present in I 

some samples but in no illstallce was the 
Australian tolerance of 0 . 1  p.p.m. exceeded. 

Through its subcommittee on pesticide 
residues in foods the National Health and 
Medical Research Council is exercising a 
close watch on pesticide residue problems. 
Its primary task is to advise on the safety of 
pesticides and to recommend safe maximum 
levels for residues of such as are permitted. 
In the light of the new information now 
available the whole questioil of the safety of 
mercury residues is being re-examined. 

PRECAUTIONS SN USING 
PESTlClBES 

Toxicity may either be acute, with a quick 
and drastic effect from a single exposure, or 
chronic, with slowly developing insidious 
effects from repeated small doses or low-level 
exposure. In using sprays the possible toxic 
effects of the solvent, wetting agent, or diluent 
m ~ ~ s t  also be considered. Pesticides may be 
absorbed directly through the sltin, or by 
inhalation, or through being ingested with 
food or drink. Organic phosphates are very 
readily absorbed in all three ways. Accord- 
ingly, the more toxic ones, of which parathion 
is the most dangerous, must be used with 
special care. So~ne precautions for users are 
indicated below : 

@ Treat all pesticides as dangerous. 

CB Read labels carefully and follow instruc- 
tions exactly. 

e Do not allow pesticides to drift to other 
crops or to cause contaminatioil of water 
supplies. 



a Immediately returil unused stoclts to a 
locked store. 

e Wash out thoroughly and safely dispose of 
all used containers, e.g. by buriliilg or 
burying. 

Wear protective clothing as advised on the 
labels. 

e Immediately the spraying job is completed, 
thoroughly wash exposed parts of the body 
with soap and water. 

e Never eat or smoke before washing hands 
and face. 

e Never apply sprays later than the recom- 
inended safe periods before harvest. 

Precautions for Consumers 
If there is any sign of foreign material on 

the surface of the fruit (or vegetables), always 
thorougl~ly wash or wipe them before they 
are eaten or coolced. 

THE FUTURE 
While production of more and more food 
becomes more and more urgent, we shall 
continue to depend primarily on chemical 
methods to control pests and disease. There- 
fore more research and increased vigilance 
are needed to protect people from pesticide 

residues on food crops. All must play a part, 
but research worlters and manufacturers 
must seek safer and more effective chemicals 
and improved formulatio~ls and methods of 
application, so as to keep to a minimum the 
amounts applied. Greater care must be 
exercised in using pesticides, and simple and 
effective removal methods must be developed 
and used. There must be an expanded, 
continuing monitoring of levels of toxic 
chemicals in all our foods. Efforts to develop 
alternative methods of pest and disease 
control, such as biological control, irradia- 
tion, and breeding for resistance, must be 
increased. 

I t  is clear, then, that the work initiated by 
the Apple and Pear Spray Residue Com- 
mittee must contillue and be expanded. It  is 
equally clear that as a result of the investiga- 
tions already carried out, the consumer can 
be assured that Australian apples and pears 
are wholesome and safe to eat. They must be 
lcept so. 

FURTHER READING 

'New Perspectives in Insect Control'-Pro- 
ceedings of a symposium on pest control 
held by the Australian Academy of Science, 
April 30, 1965. Aztstralim Jourr~nl of Scierlce, 
1965, 28, 217-47. 

'Silent Spring.' Rachel Carson. (Houghton 
Mifflin 1962; Penguin Books 1965.) 

A Small Freeze Dryer for Industry 
By J. D. Mellor 

CSIRO Division of Food Preservation, Ryde, N.S.W. 

THERE IS nowadays an increasing demand stored and transported without refrigeration, 
for a suitable freeze-drying unit that can be they can also be rehydrated readily. Hence 
used in the laboratory and in the pharma- freeze-dried foods can i~lstantly be prepared 
ceutical and food industries for the preserva- for coolcing when required. 
tion of labile products, especially those of To meet the physical requirements of 
biological origin. Freeze dryers are used to freeze drying and to provide a conveniently 
dry frozen products by converting the ice sized unit for developmental work on freeze- 
within the products directly into vapour under dried products in laboratories and factories 
vacuum and eliminating it from the system. throughout Australia, officers of the Division 
The advantages of freeze drying, particularly of Food Preservation recently designed a 
for solid foods, are .considerable; for besides portable freeze dryer suitable for cominercial 
the fact that freeze-dried products can be manufacture. The unit, one commercial 
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Fig. 1.-The self-co~~fai~iedfieeze-clrj~i~~g ~ r ~ i i f  

model of which is being used successfully in 
a phar~nacological laboratory, and another 
in a food research laboratory in Queensland, 
incorporates self-contained facilities for re- 
frigeration, heating, and vacuum pumpiag, 
and can freeze-dry 15 lb of frozen product at 
each batch. 

The freeze dryer (Fig. 1) co~~sists of an 
insulated cylindrical drying chamber 16 in. 
int. diam. by 24 in., mounted horizontally 
on top of a cabinet (2 ft 8 in. long, 3 ft 6 in. 
wide, and 2 ft high) which can be moved 
about on rubber-tyred swivel castors. One 
end of the chamber has a flanged opening, 
to which is fitted a swing cover similarly 
flanged but with a self-retaining 0-ring 
vacuum seal. The cover also has a viewing 
window. 

Heating and cooling systems, essential for 
the freeze-drying process, are located inside 
the chamber (Fig. 2). The heating system 
consists of a bank of four blackened radiant 
heaters (22 in. long, 10 in. wide) in the central 
region of the chamber. These are electrically 
heated. T h e e  perforated metal trays to hold 
the product slide between the heaters, which 
are spaced 28 in. apart. The cooling system 
consists of 32 ft of 2-in.-diam, cooling coil 
running along the length of the chamber ia  
zig-zag fashion, with the nearest surface of 

the coil 4 in. from the inside wall. The space 
between the heating and cooling systems is 
shielded in such a way as to reduce heat 
exchange between heaters and coil while 
still allowing water vapour to pass through it. 

The vacuum pump and mechanical re- 
frigeration compressor are housed in the 
cabinet beneath the chamber, and pipe-lines 
from them run to the cooli~~g coil through 
special seals in the back of the chamber. The 
vacuum pump is a single-stage air-ballasted 
type with a displacement of 5 c11 ft/lnin (which 
gives a pressure of 0 . 2  mmHg), and the 
refrigeration compressor is a 19-hp (R502 
refrigerant) single-stage unit with sufficient 
capacity to reduce the coil temperatnre to 
- 40°F under fill1 load. 

Temperature of the heaters is controlled 
by 1nea11s of a transistorized electronic 
device, and the vacuum pressure is measured 
by a Pirani gauge. The instruments and 
controls are all panel-mounted, and the 
electrical leads to the back of the chamber are 
con~~ected to demountable electrical lead-in 
seals. 

The freeze-drying unit is being manu- 
factured by Cutler Refrigeration Pty. Ltd., 
of Sydney. 

Fig. 2.-Ztiterior view of ilze fieeze-dryiiig cl~ainber 
lvheiz flze slvil~g cover. is opened. (Plioto: courtesy 
Depmiment of Plzari~zncology, U~~iversii j~ of Sydney.) 



Prevention of Non-enzymic Browning 
By D. L. hgles 

CSlRO Division of Food Preservation, Ryde, N.S.W. 

The prevention or inhibition of undesirable colour and flavour development associated 
with 'browning' reactions that occur during the processing of many foods is of great 
technical importance in the food processing industry. In this article Dr. Ingles, who 
has been engaged for a number of years on a detailed study of the complex chemical 
reactions involved in the browning of foods, indicates some of the underlying reasons 
for the remarkable inhibitory action of sulphur dioxide on this type of browning. 

B ROWNING is a common accompalliment 
of many organic reactions that are 

promoted by heat or dehydration, and is of 
particular importance when such reactions 
occur in foods. 

Browningmay be undesirable in some foods 
and advantageous in others. For instance, the 
yellowiilg of a sugar syrup when it is heated 
or concentrated may detract from the appear- 
ance of a food product in which it is used, 
but in the production of caramel a brown 
colour, and the associated changes in flavour 
that accompany the browning, are actually 
desired. One type of browning, arising from 
the action of enzymes, occurs more or less 
spolltaileously on cut surfaces of many fresh 
fruits (bananas, apples, etc.). It  can, like 
non-enzymic browning, be inhibited by 
exposing the fruit to sulphur dioxide, but 
the chemical reactions involved, in both 
the development and the inhbition of this 
type of browning, differ from those associated 
with non-enzymic browning. It  is with non- 
enzymic browning reactions and their pre- 
vention that t h s  article is concerned. 

Non-enzymic browning in foods is the 
consequence of complex chemical reactions 
in which sugars and their derivatives play an 
important part. Sugars readily brown when 
they are heated, more so when acids or 
allcalis are present. Browning occurs even 
more rapidly when sugars are heated with 
amines or amino acids (a reaction known as 
the Maillard reaction). Consequently, when 
amino acids and sugars are both present in a 
system, as they are in many foods, several 
kinds of non-enzymic browning reactions can 
occur simultaneously during heating, or even 
storage, of the food. 

CSIRO Fd Preserv. Q.-Vol. 26 Nos. 2-4 (1966) 

lNHlBlflON OF BROWNING BY 
S U L P H U R  DIOXIDE 

When browning detracts from the quality of 
a food and is therefore not desired, it is 
common practice to prevent its development 
by the use of sulphur dioxide, as in the 
sulphuring of portions and slices of fruit 
(apples, apricots, etc.) that are to be dried. In 
some instances s u l p l ~ ~ ~ r  dioxide may be 
applied to a food in the form of one of its 
salts (e.g. bisulphite), which is added in 
limited quantity before processiilg or pro- 
longed storage. 

Two reviews on the use of sulphur dioxide 
as a browning inhibitor appeared in 1954 
(Joslyn and Bravermall 1954; Gehman and 
Osman 1954). Although these were concerned 
mainly with methods of utilizing sulphur 
dioxide for the purpose mentioned, they 
drew attention to two main basic problems : 

e The mechanism whereby sulphur dioxide 
exerts its protective action in foods. 

@ The fate of the sulphur dioxide in a 
stored food (since the sulphur dioxide 
gradually disappears and is 'lost' as storage 
time is prolonged). 

Despite the variety and complexity of non- 
enzymic browlling reactions in different food 
systems and the different reactive inter- 
mediates that Inay be formed during process- 
ing or storage, sulphur dioxide appears to 
be an effective inhbitor of this type of brown- 
ing. Clearly, in order to understand why 
t h s  should be so, and in order to provide 
satisfactory answers to the questions posed 
above, much had to be learned about the 



nature of the chemical changes talting place 
during browning reactions. In particular, 
information was required about reactions 
that can occur between sulphur dioxide, or 
its salts, and sugars or sugar derivatives, so 
that sulphur dioxide could be usefully applied 
to particular food systems in which browning 
was not desired. Such reactions have been 
studied at the CSIRO Division of Food 
Preservatiorl for a number of years, and in 
what follows an attempt will be made to 
outline some of the conclusions arising from 
this and related work. 

REACTION O F  SULPHUR DIOXIDE 
WBTE SUGARS 

Sulphur dioxide is a highly reactive sub- 
stance, whether in the form of the free gas, 
in combination with water (i.e. as sulphurous 
acid), or in the form of its salts. Besides being 
a powerful reducing agent (which accoullts 
for its bleaching properties), it is capable of 
forming addition compounds with aldehydes 
and ketones, and under appropriate condi- 
tions can bring about sulphation or sulphona- 
tion of unsaturated compounds. The course 
of the reactions which it undergoes with a 
given substance frequently depends on the 
pH of the system, and so it is with sugars. 

Reactions at pH 4.0 

At pH 4.0 sulphur dioxide in solutioil 
exists mainly in the form of the bisulphite 
ion, which determines the types of reaction 
that can occur with sugars under these 
conditions. Some of these reactions are 
considered below. 

Formation of Bis~rlyl~ite Addition Cor71potnids 
with Alclose S~rgars.-Braverma~ (1953) was 
the first to isolate a crystallille glucose-sodium 
hisulphite addition compo~uld, though there 
was already much indirect evidence suggesting 
the existence of snch compounds. Later, it 
was shown (Ingles 19590) that aldose sugars 
such as glucose, galactose, mannose, xylose, 
and arabinose reacted readily with potassinm 
bisulphite to yield crystalline addition com- 
pounds. The reaction may be written : 

RCHO + KHSOs + RCH <!gIc 
where R represe~lts the aldose residue. This 
reaction is reversible, and dissociatioll of the 

addition compound is favoured u~lder allca- 
line conditions. 

Reaction of aldose sugars with amine 
bisulphites (Ingles 19596) also gave crystal- 
line bisulphite addition compo~~~ lds .  Two 
types of compound (I and 11, as represented 
below) were formed. 

OH RNH 
V S03H,NHrR \/ S03H,NHzR 

CH0 HC I-IC 

I 
HCOEI 

I 
HCOI-I 

I 
HCOH 

I I 
HOCH & I-IOCII 

I 
HOCH 

I 
HCOH 

I 
HCOH 

I 
HCOH 

I 
HCOH 

I 
HCOH 

I 
HCOH 

I 
CH.rOH 

I 
CHaOl-I 

I 
CHzOH 

(1) (11) 

D-glucose Amine bisulphite addition compounds 

Formulae of Addition Con?po~lr?ds.-Bisul- 
phite addition compounds have also been 
isolated (Ingles 19610) from glucosone, 
glycerosone, reductone, 3-deoxy-glucosone, 
and dehydroascorbic acid, which are sugar 
co~llpounds that have been implicated in 
various browllillg systems (I-lodge 1953). 
These addition compounds were found to be 
unstable in alltali but relatively stable in 
cold acidic solution (Ingles 1959~). The 
sulphur dioxide coiltailled in them could 
be recovered during the Monies-Williams 
sulphur dioxide estimation (Shipton 1954.), 
and would not therefore be 'lost' in the 
analytical sense. 

Disyroportior~atiorz Reactions of S~rlyhur 
Dioxide.-The term 'disproportio~~atio~~' is 
used to connote mutual interactioil between 
the molecules of a particular compo~uld suc11 
that the end products are dissimilar but 
lnutually related (e.g. oxidant and reductant 
arising from self-oxidation of a molecular 
species). Under the influence of light or 
heat, sulphur dioxide undergoes a slow dis- 
proportionation reaction which results in the 
oxidation of some of the sulphur dioxide to 
sulphate, with simultaneous reduction of an 
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Fig. l(a).-Forrr~atior~ of srrlphate and s~rlphrrr f ion~  the Fig. l(b).-Formatiorz of sulphate m ~ d  sulphur fionz the 
renctior~ of ghrcose ( I  nzole), sodirrrn bisrrlphite (4  moles), renctioi~ of fkrrctose (1 mole), sodirmz bissrlphite (4 

nrzd ivnter (25 g1100 g solids). moles), nt~d wafer (25 g1100 g solids). 

equivalent quantity of sulphur dioxide to 
elemental sulph~lr. T h s  kind of reaction was 
studied by Toland (1960), who observed that 
sulphur-containing compounds in one state 
of oxidation catalysed the disproportionation 
of similar compounds in another state of 
oxidation. Thus sulphides and thiosulphates 
catalyse the disproportionation of bisulphites. 

Reducing sugars are also effective pro- 
nloters of the disproportionation of bisul- 
phites, as has been found by workers iater- 
ested in the sulphite process for paper pulp 
manufacture. Thus Hagglund, Johnson, and 

Urban (1930) reported that when sugars were 
heated with bisulphites at 140°C considerable 
disproportionation of sulphite occurred. This 
reaction was studied at lower temperatures by 
the author (Ingles 1960n) and found to occur 
at significant rates even at 25°C. The effects 
of glucose and fructose in promoting dis- 
proportionation of bisulphite to sulphate and 
sulphur are shown in Figure 1, and the effects 
of a number of browning intermediates in 
Table 1. 

Sugars that promote the disproportionation 
reaction are themselves affected, being both 

Table I 
Yields of Sulpliate and Sulphur per mole of Reducing Sugar a t  50, 37, and 95°C 

Reaction ~llixture: Reducing sugar (0.01 mole), sodiunl bis~ilphite (0.04 mole), and water (25 g1100 g solids) 

Compound Oxidized 

Glucose 

l-glycino-fructose 



oxidized and sulphated duriilg the reaction. 
For instance, from the reaction of glucose and 
bisulphite both gluconic acid and gl~~cose-6- 
sulphate were isolated and identified (Ingles 
1960b). Indeed, it was possible to account 
quailtitatively for all the bisulphite and sugar 
reaction prodncts formed when glucose was 
boiled with sodium bisulphite (Table 2). 

Table 2 
Products of Reaction of Glucose (0.1 mole) ,  
Sodium Bisulphite (0.1 mole) ,  and W a t e r  

(25 g/100 g solids) at 100°C for 8 hr 

(moles) (moles) 

Glucose Sulphur 0.025 
recovered 0.064 Sulphur dioxide evolved 0.009 

Sulphur dioxide released 
Gluconic on cold alkaline 

acid 0.008 hydrolysis 0.009 
Sulphate (inorganic) 0.039 

Glucose-6- Sulphate (as glucose-6- 
sulphate 0.019 sulphate) 0.019 

Fig. .-Rate oj' loss of' srrlphite rrpo1z heating gl~rcose 
( I  mole) n~rd sodirui~ srrlphite ( I  nzole) nt IOO°C ill 
water.. Crrrve I ,  fiee srrlphite; crrrlJe 2, fiee nrrd 

con~hir~ed srrlphite. 

Total 0.091 O'lol When a similar mixture of glucose and 

Percentage sulphite is caused to react at pH 6.5, fission 
recovery of the sugar molecule does not take place, 

(mole basis) 91 101 although here also a sulphonic acid is 
obtained. This sulphonic acid, which is 
represented by (V) below, was thought to 
arise either through substitution in 3-deoxy- 

Reactions at and above pH 6.0 
At pH 6.0 or higher, disproportionation of 

sulph~lr dioxide occurs only to a slight extent. 
At these pH values one is concerned mainly 
with the reactions of the sulphite ion, since 
at pH 6.5 the sulphite ion occurs in equi- 
molecular proportions with the bisulphite 
ion, and at pH 9 .6  it is in great excess. 

Foilnntiorz of S~ilylzorzic Acid Deiivntives.- 
When glucose and s~llphite are heated at 
pH 9 6 ,  a substantial loss of sulphur dioxide 
as sulphite still occ~~rs  (Fig. 2), even though 
negligible amounts of sulphate and sulphtlr 
are formed. However, it was found that 
P-sulphopropionic acid could be isolated 
from the products of the reaction (Ingles 
1961b). Clearly, this could result only froin 
sulphonation and fission of the sugar mole- 
cules. Although the loss of free sulpl-ute 
under these conditions is thus acco~ulted for, 
the detailed mechanism of the reaction 
resulting in the formation of the sulphonic 
acid is still not clear. 

I I 
C=O C-OH 

I 
C=O 

I 
C=O 

I I I 
CH2 CH 

I 
CH2 

I 
CH 

I I I II 
CHOH F+ CHOH H ~ s ~ ~  CHSOQH H,SO, CH 

I I + I  
CHOH CHOH CHOH 

+- I 
CHOH 

I I 
CHzOH CHzOH 

I 
CHzOH 

I 
CHzOH 

(111) (m (V) (W) 

glucose (111) or through addition to the 
unsatnrated osone (VI); both of the mechan- 
isms proposed (Ingles 1962) have since been 
verified by Anet and Ingles (1964) and 
Lindberg, Tanaka, and Theander (1964). 
The two reactions are of especial interest 
because the compounds (111) and (VI) have 



both been isolated as intermediates from 
browllillg systems. 

The reaction of browning intermediates 
with bisulphites in the manner described 
above provides a clear explanation of why 
these intermediates are precluded from taking 
a further part in the browning reactions. The 
sulphonic acid derivatives formed are very 
stable compounds. They do not release their 
combined su lph~~s  dioxide in either acid or 
alkaline systems, nor do they release it in the 
Monier-Williams distillatioll used for the 
estimation of combined sulphur dioxide. For 
practical purposes, therefore, the sulphur 
dioxide bound in the form of sulphonic acids 
during storage of a sulphured food can be 
regarded as 'lost', and the intermediates, also, 
are inactivated. 

MECHANISM OF INHBBITION BY 
SULPHUR DIOXIDE 

It  remains now only to summarize the 
reactions of sulpht~r dioxide with sugars and 
to point out their implications for the 
inhibition of browning reactions. 

When sulphur dioxide is added to a food at 
about p13 4.0, bisulphite addition compou~lds 
are formed rapidly. The sulphur dioxide in 
these addition compounds is not lost in the 
analytical sense because it can be readily 
recovered and estimated; also, because it is 
still available in the system, it provides a 
latent reservoir of sulphur dioxide in the food. 
However, on storage of the food, or after it is 
heated, the available sulphur dioxide is 
diminished, because ~ulder these conditions of 
pH the sulphur dioxide call undergo dispro- 
portio~lation to sulphate and free sulphur. 
Concurrently, the sugars may undergo oxi- 
dation and s~~lphation (i.e. formation of 
sulphate esters, not sulphonatioll). 

In foods with hgher PI-I values than those 
coilsidered above, losses of available s~~lphur  
dioxide also occur, but for a different reason. 
These losses are due to the binding of sulphur 
dioxide in the form of sulphonic acid groups 
attached to sugar molecnles or their deriva- 
tives. The types of sulphonic acids formed, 
and the mechallisms of their formation, have 
already been indicated above. 

With regard to the 11011-enzymic browning 
of foods, the important point is that through 
the formation of stable derivatives from 
highly reactive intermediates the normal 
sequence of browning reactions is interrupted. 

Sulphur dioxide, sulphites, and bisulphites 
thus exert their inhibitory effect by breaking 
the chain of chemical reactions that leads to 
the formation of brown pigments. 

Although much more has yet to be learned 
of the fate of individual sugars and inter- 
mediates in a given food system, and of the 
details of the reaction mechallisms involved 
in browning and its inhibition, it is apparent 
that enough is now known about these to 
provide broad solutions of the two problems 
posed at the beginning of this article. Perhaps 
with f~lrther advancement of our knowledge 
it may be possible to devise more efficient 
means for the colltrol of non-enzymic 
browning in foods. 
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Iangluence of Blanching Time on the Storage Life 
of Frozen Peas 

By J. H. Last and 9. Shipton 

CSIRO Division of Food Preservation, Ryde, N.S.W. 

IT HAS LONG BEEN ICNOWN that lnost 
vegetables, prior to freezing, require blanch- 
ing in hot water or steam to prevent the 
development of off-flavours dming storage at 
0°F (Haslacher 1928; Birdseye 1934; Tressler 
and Evers 1957). 

Adequacy of bla~lchillg has llorlnally been 
determined by tests for residual activity of 
the enzymes catalase and peroxidase. A 
variety of methods have been developed for 
this purpose (Joslyn 1949; Walker and 
Shipton 1962), but different methods often 
give divergent results and, in addition, are 
subject to iilterfereilce by reactions iilvolviilg 
non-enzyinic componeilts of the vegetable , 
tissue. The ultimate standard against which 
the residual enzyme tests mast be judged is, 
of course, the reteiltioil of orgailoleptic 
quality and colour by the frozen product 
dming storage. 

Since an entirely acceptable quantitative 
relatioilship between residual enzyme activity 
and storage life of frozen peas has not yet 
been established, one might co~lsider the 
alternative of standardizing the blanchilg 
time. ICertesz (1933) foulld that a blailchillg 
time of about 20 sec in boiling water was 
adequate for quality retention by size 3 peas. 
Joslyil (1949), quoting unpublished data of 
Joslyil and Bedford, reported that the 
flavour of peas was equally well retained when 
they were blailched for 30 or 60 sec, whereas 
blanching for 2 or 3 mill had a deleterious 
effect. 

These findiags suggested to us that it 

would be usef~~l  to establish the minimum 
time necessary for the blanching of peas, 
as well as to ascertain to what extent this 
value could be exceeded without causiilg 
impairment of quality. Accordingly, un- 
graded commercially vined peas were washed 
and cleaned, blanched in boiling water for 
15, 30, or 60 sec, frozen, and subseque~ltly 
stored at 0°F. For use as coiltrol samples in 
the tasting tests, an additio~ial quantity of 
peas was blanched for 60 sec and stored at 
- 35°F. 

Samples for orga~loleptic assessment of 
quality were removed after storage periods 
of 0, 4., 8, 16, and 24 months. Twice on 
each such occasion separate groups of 
samples were presented in raildom order to a 
taste panel of 16 members. The tasters 
were aslced to score the peas 011 a 10-point 
scale for colour, sltin texture, cotyledon 
texture, and flavour. 

The mean taste test scores are given in the 
table. The oilly significant effect of blanching 
time was the developmeilt of off-flavour and 
slight colour deterioratioii in the sainples 
blanched for 15 sec. 

The results indicate that when boiling 
water is used, a blanching time of 30 sec is 
adequate for the retention of quality in 
frozeii peas during storage at O°F, and that 
this time call be extended to 60 sec without 
adverse effects. Under commercial pro- 
duction co~lditio~ls the longer blanch would 
be preferable, since it provides a greater 
safety margin. 
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Mean Tasting Test Scores* 

Characteristic Blanch Time Storage Time (months) 
Assessed (sec) o 4 8 16 24 

Colour 

Flavour 

Skin texture 

Cotyledon texture 15 4.9 4.4 4.7 4.0 4.4 
30 5.1 5.0 4.8 4.7 4.4 
60 5.0 5.1 4.9 4.3 4.9 

* Characteristics were assessed on a 10-point scale, 0 (lowest score) to 10 (highest score). 

References of cannery peas by heat. Canner 76(11), 7-8. 
BIRDSEYE, C. (1934).-U.S. Pat. 1,955,484 (April 17). TRESSLER, D. K., and EVERS, C. F. (1953.-'The 
HASLACHER, A. B. (1928).-U.S. Pat. 1,668,903 Freezing Preservation of Foods.' Vol. 1, P. 398. 

(May 8). (Avi Publishing Co. : Westport, Conn.) 
JOSLYN, M. A. (1949).-Enzyme activity in frozen WALKER, G. C., and SHIPTON, J. (1962)-Tests for 

vegetable tissue. Adv. Enzymol. 9, 613-52. adequacy of blanch for frozen vegetables. CSIRO 
KERTESZ, Z. I. (l933).-Inactivating the respiration Fd Preserv. Q. 22, 96-8. 

Notes 

BETINNING PROBLEMS IN CANNED 
FOODS-THE ROLE O F  NITRATE 

At a Technical Day organized by the ComitC 
International Permanent de la Conserve 
(C.I.P.C.) in Parma on September 28, 1965, 
it was reported that the illcidence of certain 
types of rapid detinning in canned foods 
appears to have increased over the past 
3 to 5 years. Nearly all of the outbreaks have 
been in paclts of tomatoes, tomato products, 
carrots, green beans, or sweet potatbes, which 
have extensively detinned their containers 
within 3 to 8 lnonths after canning, a rate 
5 to 10 times as rapid as norlnally expected. 
Characteristically the detinniilg is scattered 
widely throughout the pack; it seldom falls 
into a recognizable pattern within individual 

cannery operations, but it sometimes seems 
to be associated with a geographical area. 

Many foods contain oxidizing agents or 
depolarizers that corrode till by direct 
chemical attack without evolution of hydro- 
gen. When sufficient quantities of these 
substances are present, detinnillg may pro- 
ceed at a rapid rate without loss of vacuum, 
and only when virtually all of the tin in the 
col~tainer has been dissolved does the un- 
protected steel begin to corrode very rapidly, 
with a vigorous evolution of hydrogen. A 
strong nletallic flavour may quiclcly develop in 
the contents, and the container fails owing to 
the formation of a hydrogen swell. 

Unusually high levels of inorganic nitrate 
have been suspected as a possible cause of 



detinning in canned foods more acid than 
abont pH 5 .4  (Strodtz and He11l.y 1954). The 
nitrate may come from vegetables as a result 
of fertilizer treatments, or from some natural 
waters, or from cured ineat ingredients in 
formulated packs. 

Unfortunately, nitrate is chemically re- 
duced during the course of the detinning 
action, and little or no nitrate may remain 
in a detiilned container even though it may 
have been the agent responsible for the 
corrosion. Ammonia may result as one of the 
products of the reduction. 

American Experience 
Considerable presumptive evidence existed 

that inorganic nitrates were intimately con- 
nected with many of the detinning problems 
encountered in recent years in America. The 
problem was recognized as a matter of in- 
dustry-wide concern, and a research pro- 
gramme under the general guidailce of 
technical men from the tinplate producers, 
the can manufacturers, and the cailning 
industry was undertalcell by the National 
Canners' Associatio~l in cooperation with 
seven universities. 

The primary object of the first year's work 
was to determine whether or not accumulated 
nitrates in edible plant tissues could shorten 
the shelf lives of the canned products. An 
experimental progranlme was designed to 
investigate three different levels of applica- 
tion of nitrate fertilizers to four vegetables: 
tomatoes, green beans, carrots, and spinach. 
Throughout the storage period, changes in 
nitrate and ammonia content in the canned 
products were followed, while the extent of 
corrosioil was deter~nined by analysis for tin. 
Reporting to the C.I.P.C., R. P. Farrow and 
I. I. Somers, of the National Canners' 
Association, said that on the basis of the 
first few results available it would be pre- 
mature to nlalce other than casual observa- 
tions. The universities were not successful in 
accumulating nitrates in the experimental 
vegetable packs in every instance, but when 
success was achieved internal can corrosion 
appeared to be correlated with the level of 
inorganic nitrate initially present. 

South African Experience 
In South Africa a specific problem of rapid 

detinning in tomato paste has been en- 
countered. Until 1960 tomato paste pro- 

ducers obtained a shelf life of 24-30 months 
in plain calls made from hot-dipped tinplate 
(1.25 lb/base box). In 1962, however, about 
20% of Transvaal production became hydro- 
gen swells within 6 months, while in the Cape 
Province shelf life remained normal. 

Factors previously reported to promote 
detinning in tomato paste were nitrate, heat 
damage due to delayed cooling, high storage 
temperature, and cold breaking of the toma- 
toes. South African investigators first ex- 
amined the possible sigiliGcance of these 
factors in relation to their problem, but 
decided that none appeared to be responsible 
for a reduction in the shelf life of plain cans. 
Moreover, poor shelf life could not be shown 
to be due to abnormal properties of the tin- 
plate, and rapid failure was as liable to occur 
in cans made from 1 -25-lb hot-dipped tin- 
plate as in those of l-lb electrolytic tinplate. 

Loolung round for other possible explana- 
tions of the detinning problem, they found 
that in the Cape Province, where toinatoes 
were railed to the factories and coi~verted 
into paste at least 36 hr after picking, no 
detinning proble~n had arisen. In the 
Transvaal, paste produced from tomatoes 
grown in Gelds adjacent to the factory gave 
rise to rapid detinuing, while paste produced 
from the same tomatoes processed 48 hr after 
picking at a factory some distance away did 
not. Moreover, a f~~r the r  detailed study of 
the detinniilg problem in one factory showed 
that the percentage of hydrogen swells 
developing in each day's psoduction depended 
upon the relative proportioils of tomatoes 
received each day by road from local farmers 
and by rail from distant growers. Loolting 
back, it was realized that there had been no 
detiniliilg problem when there were no 
tomato paste canning factories in the growing 
areas. At that time all tomatoes were pro- 
cessed a day or two after picking. 

In an accouilt to the C.I.P.C. of investi- 
gations involving tin dissolntioil experiments, 
G. G. Knock, of the Metal Box Company of 
South Africa, stated that juices prepared 
from Roina toinatoes held for periods up to 
72 hr after picking became progressively less 
active in dissolving tin. 

During the maturation of Roma toinatoes 
there are changes in consisteacy, pH, and 
malic to citric acid ratio, and the nitrate 
content drops by as mnch as 30%. While 
the drop in nitrate content is probably a 



sig~lifica~lt factor, it is believed that the 
ii~terrelationship of these variables is of major 
inlportailce in regulating the rate of detinning, 
and that the ratio of malic to citric acid 
inilue~lces the anodic relationship of till to 
iron. Fnrther experimental work is being 
undertaken in the hope of elucidatiag the 
~necha~lism of this detinniilg reaction. 

was outlined for the estimation of till based 
011 spectrophotometric readings at 485 mp 
on the tin-dithiol complex. 

Although spectrophotoinetric readings at 
485 mp will give satisfactory results, higher 
sensitivity is obtained at 530 mp. Accord- 
ingly, the latter wavelength is now recom- 
mended for routine use. 

Japanese Experience 
From Japan there has appeared a report 

confirming the harmful effect of nitrate in 
accelerating deti~l~li~lg in canned foods. Ail 
orange drink in plain cans was suspected to 
be the cause of food poiso~ling and was 
found to co~ltai~l 400-500 p.p.m. of tin 
shortly after processing. Analysis of the 
well water used in preparing the drink 
revealed the presence of nitrate (7-25 p.p.m. 
nitrate N). Canning trials with varions levels 
of added nitrate led worlcers at the Toyo 
Institute of Food Technology to recommend 
that water for addition to canned foods 
should contain not more than 1 p.p.m. 
nitrate N (Horio, Iwamoto, and Oda 1966). 

Another curious effect of nitrate is to 
produce a petroleum-like taint in cailned 
foods sweetened with sodium cyclamate. 
The odorons substance was identified as 
cyclohexelle formed by reductioll of cycla- 
mate by nitrite, which in turn was produced 
by reductioil of nitrate in contact with tin- 
plate (Sawayama et al. 1966). 
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DETERMBNATiON OF YBN BY 
T H E  DITWBOL METHOD 

In an article that appeared in a previous 
issue of this Quarterly*, an analytical method 

* BOARD, P. W., and ELBOURNE, R. G. P. (1964).- 
The laboratory exanlinntion of canned foods. XXI. 
New methods of determining tin and iron. CSlRO Fd 
Preserv. Q. 24, 53-6. 

PECTIC SUBSTANCES IN FRUBTS 
AND VEGETABLES 

The author of t h s  i~lformative booklet* was 
formerly in charge of the biochemical 
department of the Institute for Research on 
Storage and Processing of Horticultural 
Produce (I.B.V.T.), Wageningen, The Nether- 
lands, where much of his work was devoted 
to research on pectins. I-Ie is now Professor 
of Food Science at the Uiliversity of Stellen- 
bosch, South Africa. 

The booklet is a valuable up-to-date review, 
and the subject is covered very thoroughly in 
only 125 pages of text (excluding list of 
contents, literat~~re references, and index). 
Much of the author's own work is incl~tded, 
but each topic is treated critically, with due 
regard for differing views of other workers. 
The value of the review is increased consider- 
ably by the inclusion of 538 literature 
references. 

Chapter l is co~lceriled with the noruen- 
clatme and structure of pectic substances. 
The author discusses thoroughly the problem 
of the structure of protopectin, defined as the 
water-insol~tble parent pectic substances in 
plants from which sol~tble.pectic substances 
can be produced. Chapter 2, covering some 
important characteristics of pectic snbstauces, 
deals with coagulation, swelling, solubiliza- 
tion, and related pheaomena, and concludes 
with some notes on oxidative degradation. 
Jellying pheilome~la are adequately con- 
sidered, in separate sections for high- and 
low-methoxyl pectins. The stability of pectic 
substances in acid solution (below pH 4) and 
in low-acid (pH 4-7) and allcaline solutio~ls 

* Pectic substances in fresh and preserved fruits 
and vegetables. By J. J. Doesburg. I.B.V.T. Com- 
mun. No. 25 (1966). Institute for Research on Stor- 
age and Processing of Hortic~~ltural Produce, Wage- 
ningen, The Netherlands. 152 pages; 56 figs. Price 
$US3.00 (Europe Dfl.10.-). 



is disc~~ssed, and recent work on the trans- 
elimination reaction at high pH is included. 
Chapter 3 deals with the detection, detennina- 
tion, and characterization of pectic substances, 
the major alterllative methods of chemical 
determinatioil and also the determination of 
jellying properties being considered. Chapter 
4 is conceriled with pectic enzymes, i.e. 
depolymeriziilg enzymes and pectinesterases, 
and their use and prodnction. 

Chapter 5 covers pectic substances in living 
fruits, which include stored intact fruits, and 
in this chapter the 1.elation of pectic sub- 
stances to firmness, the changes occurri~lg 
during development and ripening, and their 
relation to enzymes are discussed, as well as 
the effect of ionizing radiations. Chapter 6 

covers applications of direct interest to the 
food tecl~aologist, namely: the influence of 
pectic substailces on textnre and firmness of 
preserved prodncts containing parenchyma 
tissues; preservation with sulphur dioxide 
and by freezing; pickling; the influence of 
heating; the fisming of heat-processed and 
frozen products; rel~ydration of dehydrated 
products; jellying power of fruits; the use 
and inactivatioll of pectic enzymes in fruit 
juices; and raw materials for pectin pro- 
duction. 

The booklet is well illnstrated with photo- 
graphs, diagrams, and graphs, has a good 
index, and is printed clearly on paper of good 
quality. 

F. E. H. 

FialaaaciaI Contributions, n 965-66 
THE ANNUAL BUDGET for the Division New South Wales Department of Agricultnre 
of Food Preservation is now close to 1% Fruit storage investigations 
millioil dollars. I11 the year ended J~lne 30, The Rice Marketing Board for the State of New 
1966, it amounted to $1,208,200, of which South Wales 
$1,049,100 was provided by the Corn- Illvestigations on thedryillgofricegrain 
mollwealth Treasury. The balance was in 
the nature of colltributions for specific re- Financial support has also been forth- 

searches from the following Government coming from international sources : the U.S. 
departments alld bodies within Department of Agriculture has continued to 
Australia. contribute to the cost of investigations on 

the chemical struct~~re of ovalbumill and 
Australian Meat Research Committee 
Research on the quality, processing, storage, and 

transport of beef 
Ausbalian Apple and Pear Board 
Apple and pear storage investigations 
Australian Dried Fruits Association 
Investigations on dried tree fruits 
Australian Egg Board 
Investigations on packaging of egg pulp 
Australian Meat Board 
Investigations on the mechanical skinning of sheep 
Department of Primary Industry 
Fruit fly sterilization investigations* 
Metropolitan Meat Industry Board, Sydney 
Muscle biochemistry investigations 

* Central funds made up of contributions from the 
Commonwealth, Queensland, New South Wales, 
Victoria, and the citrus industry in New South Wales 
and Queensland. 

S-ovalbumin, and 011 cyclopropenoid com- 
pounds. The presence of the latter in poultry 
feed has adverse effects on hens and causes 
disorders ia  stored shell eggs. 

In addition to the above the Australian 
food industry and its associated industries, 
such as packaging, have contributed the 
highly creditable total of $21,887, which is a 
record. These val~~able contributions have 
enabled the Division to carry out a number of 
specialized investigations for the food in- 
dustry, and to purchase equipment for its 
work. The Division is also grateful for the 
assistallce rendered by industry in providing 
facilities for experiments. 

I t  is pleasing to find a growing number of 
companies and organizations willing to 
support the Division, and it is with sincere 
pleasure and gratitude that we aclcnowledge 
our indebsedness in these pages. 



Contributors to General Donations Account, 1965-66 

Abattoir Construction & Engineering Co. Pty. Ltd. 
Ainsworth Consolidated Industries Pty. Ltd. 
Andersons Sausages Pty. Ltd. 
W. Angliss & Co. (Aust.) Pty. Ltd. 
William Arnott Pty. Ltd. 
Associated Products & Distribution Pty. Ltd. 
Australian Cellophane (Pty.) Ltd. 
Australian Cream Tartar 
Australian Consolidated Industries Ltd. 
Australian Dried Fruits Association (Young District 

Branch) 
Australian Fibreboard Containers Manufacturers' 

Association 
Australian Paper Manufacturers Ltd. 
Australian Sisalkraft Pty. Ltd. 
James Barnes Pty. Ltd. 
Batlow Packing House Co-operative Ltd. 

, 

Bender & Co. Pty. Ltd. 
Lewis Berger & Sons (N.S.W.) Pty. Ltd. 
Berri Co-operative Packing Union Ltd. 
Berri Fruit Juices Co-operative Ltd. 
Big Sister Foods Ltd. 
Blue Moon Fruit Co-operative Ltd. 
Buderim Ginger Growers' Co-operative Association 
Campbell's Soups (Aust.) Pty. Ltd. 
Cascade Cordials Pty. Ltd. 
Chilton Thompson & Co. Pty. Ltd. 
Coca-Cola Export Corporation 
Committee of Direction of Fruit Marketing 
Conkey & Sons Ltd. 
Containers Linlited 
Sidney Cooke (Printing Inks) Pty. Ltd. 
Cottee's Limited 
Craig Mostyn & Co. Pty. Ltd. 
Cygnet Canning Co. Ltd. 
Dark's Ice & Cold Storage Ltd. 
Darling Downs Co-operative Bacon Association Ltd. 
Davis Gelatine (Aust.) Pty. Ltd. 
Gordon Edge11 Pty. Ltd. 
T. N. Ellis Pty. Ltd. 
Elmer Products Pty. Ltd. 
F.M.C. (Aust.) Linlited 
Fountain Bingo Products Ltd. 
Fremantle Cold Storage Co. Pty. Ltd. 
Frig-Mobile of Aust. Pty. Ltd. 
J. Gadsden Pty. Ltd. 
W. G. Goetz & Sons Ltd. 
Golden Circle C a ~ e r y  
Gordon Brothers Pty. Ltd. 
W. R. Grace Aust. Pty. Ltd. 
W. Gregg & Co. Ltd. 
Griffith Co-operative Cannery Ltd. 

GrifFith Producers Co-operative Co. Ltd. 
G~itneracha Fruitgrowers Co-op. Ltd. 
John Heine & Son Pty. Ltd. 
H. J. Heinz Company Aust. Ltd. 
Hunter Valley Co-operative Dairy Co. Ltd. 
H. Jones & Co. (Sydney) Pty. Ltd. 
Jusfrate Linlited 
ICyabranl Preserving Co. Ltd. 
Leeton Co-operative Cannery Ltd. 
Henry Lewis & Sons Pty. Ltd. 
Marrickville Margarine Pty. Ltd. 
Mayfair Hams & Bacon Co. 
P. Methven & Sons Pty. Ltd. 
Nest16 Company (Aust.) Ltd. 
Northern Pear Growers Association Ltd. 
Nugan (Griffith) Pty. Ltd. 
Orange Fruitgrowers Co-operative Cool Stores Ltd. 
Harry Peck & Co. (Aust.) Pty. Ltd. 
W. C. Penfold & Co. Pty. Ltd. 
Pepsi-Cola Co. of Australia Pty. Ltd. 
Pick-Me-Up Food Products 
Pict Ltd. 
Tom Piper Ltd. 
Plaistowe & Co. Ltd. 
Thomas Playfair Pty. Ltd. 
Producers Cold Storage Linuted 
Queensland Cold Storage Co-operative Federation 

Ltd. 
Reckitt & Colrnan Pty. Ltd. 
Riverland F r ~ ~ i t  Products Co-operative Ltd. 
Roche Products Pty. Ltd. 
Safcol Pty. Ltd. 
Schweppes (Aust.) Ltd. ' 

Scotts Provisions (Holdings) Ltd. 
Shepparton Preserving Co. Ltd. 
Sidac-Rayophane (Aust.) Pty. Ltd. 
Alfred Snashall Pty. Ltd. 
Sou'west Frozen Food Packers Ltd. 
Swift Australian Co. (Pty.) Ltd. 
Taraxale Brewing Co. Pty. Ltd. 
Ta~tbmans Industries Ltd. 
Tooheys Limited 
Unilever Australia Pty. Ltd. 
United Fruit Company Pty. Ltd. 
Vegetable Oils Pty. Ltd. 
F. J. Walker Limited 
Western Australian Ice & Cold Storage Association 
White Wings Pty. Ltd. 
Winn Food Products Pty. Ltd. 
Wrightcel Ltd. 
Arthur Yates & Co. Pty. Ltd. 
Zest Man11f5cturing Co. Pty. Ltd. 



O P E N  DAYS 

A series of open days was held at the North 
Rydelaboratories of the Division onTh~lrsday, 
Friday, and Saturday, August 4-6. On the 
first day nearly 600 visitors from the food and 
related industries, from governine~lt depart- 
ments and institutions, and from the univer- 
sities inspected the laboratories and the 
scientific and food processing equipme~lt used 
in the Division's research and investigations. 
On the secoild day 280 secondary school 
children were taken on conducted tours, 
and Saturday afteriloon was given over to 
members of staff and their relatives and 
friends. An illustrated brochure on the work 
of the Division was produced for the occasion. 

Many visitors stated that they found the 
exhibits very interesting and informative. 
One large laboratory had been set aside 
excl~~sively for exhibiting samples, diagrams, 
and special testing equipment used in meat 
research being conducted at the Division's 
branch laboratory at Cannon Hill, Brisbane, 
as well as at North Ryde. 

Among other exhibits were specimens of 
freeze-dried strawberries, prawns, mush- 
rooms, and even beefsteaks. These and 
similar foods can now be freeze-dried much 
more rapidly (e.g. up to 30% less time than 
formerly) by utilizing the new 'cyclic' freeze- 
drying process invented by Mr. J. Mellor of 
the Division and now the subject of a CSIRO 
patent application (see page 37). 

In the post-harvest physiology section, 
exhibits showed how experiments on bananas 
were being carried out to study the bio- 
chemistry of ripening processes. Working 
in association with officers of the fresh 
fruits and vegetables section, the post- 
harvest physiology group has recently estab- 
lished that the onset of ripening in bananas 
can be delayed by as much as 6 months if the 
composition of the storage atmosphere is 
suitably controlled, and that such bananas 
can subsequently be induced to ripen nor- 
mally when required to do so. 

On display dirrirrg tlre Division's recent Operz Days at 
Nortlz Ryde ivas apparatus rrsed irz the vai'iolrs stages of 
a metl~od developed by the Division for corzcentratirrg 
rnirzrtte qzlnntities of volatile j7avoui.s fiom peas (50 Icg 
of stored, ~rnblancl~edpeas yields 0 . 5  m1 of higl~ly con- 
ceirtrated Jlnvour arid off-~4avorn essence). 

Tl~e photograph slzoivs Dr. F. Whitfield toppirzg zip a 
liqltid-air cool-trap rtsed to corlder~se arz irzitially crrrde 
Ji.actiorz being distilled fionz a maslz of 6 kg of peas 

subjected to i'eflllxing under r'ed~rcedpressui'e. 



H O N O U R  F O R  C H I E F  who is a graduate of the Universities of 
Dr. J. R. Vickery, Chief of the Division, Khartoum and Strathclyde, holds a United 
received the 1966 Australian Award of the Nations Fellowship. He is seeking exper- 
Australian Section of the Institute of Food ience in food technology, especially tech- 
Technologists. The award is for meritorious niq~les for drying foods. 
contributions to the advanceme~lt of food 
technology in Australia. 

Dr. J. R. Vickeiy, Cl~ief of the Division. 

Dr. Vickery was also chosen by the Food 
Group of the Society of Chemical Industry, 
London, to deliver the first Internatioilal 
Lecture to this Group on September 21. Dr. 
Vickery left Australia on August 16 to attend 
the Second Inter~latioilal Congress of Food 
Science and Technology, whch was held 
from August 22 to August 27 in Warsaw. 

OVERSEAS VISITS BY STAFF 
It is highly desirable that from time to time 1 
research workers should have the opportunity I 
of attending international conferences and 
meeting or even working for short periods 
with overseas scieiltists engaged in their 
special field of research. Several members of 
the staff of the Division have been overseas 
recently. 

Mr. J. J. Macfarlane left Sydney at the 
beginning of June to attend an International 
Symposium on Food Irradiation at ICarlsruhe, 
Germany. During an eight-week visit to 
continental Europe, Britain, Canada, and the 
United States, he visited many ceiltres carry- l 

i ~ l g  out investigations on the irradiation of 
4 

foods. 
I 

Dr. F. Grau, the Seilior Bacteriologist at 
the Divisioa's Meat Research Laboratory at 
Cannon Hill, left Sydney in mid June on a 
3 months' overseas trip to visit meat labora- 
tories in Enrope, Britain, the U.S.A., and 
New Zealand. He attended the Summer Con- 
ference of the Society of Applied Bacterio- 
logy at Durham (England), a Botulillum 
Symposium and the Iilternatio~lal Micro- 
biological Co~lgress in Moscow, and the 
twelfth meeting of European Meat Research 
Workers at Sandifjord (Norway). 

Under the auspices of the U.S.D.A. PL4.80 
grant, Dr. A. R. Johnson, leader of the 
Animal Products Section, visited laboratories 

GUEST W O R K E R S  and research iil~stitutes overseas. He also 
Dr. Mary Clegg, a lectLlrer ill food science attended the Seventh Internatioilal Congress 
from the University of Strathclyde, Glasgow, of Nutrition in Germany, the Thirteenth 
has exchanged positio~ls with Mr. I<. A. World P o ~ l l t r ~  Congress in Moscow, the 
Harper, of the Food Technology Sectioil at Second Interllational Congress of Food 
North Ryde, for a period of olle year. Dr. Sciellce and Techaology in Warsaw, and an 
Clegg, who arrived in Sydney 011 September International Symposium 011 Gas Chromato- 
23, 1966, is undertaking research on chemical graphy alld a S ~ l n ~ o s i ~ l m  011 Gel Filtration, 
problems in the processing of foods. both of which were held in Italy. Finally he 

attended a Symposium on 'Recent Advances 
Mr. B. B. Mohamed, of the Suda~lese in Tracer Methodology' in U.S.A., and read 

Department of Agriculture, IChartoum, took a paper to a meeting of the American Oil 
up duty in the Division on October 4, 1966, Chemists Society which was held in Phila- 
for a period of 6 months. Mr. Mohamed, delphia, Mass., from October 3 to October 7. 
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Other members of the Division's staff who speaker for the Fifth Iilterilatio~lal Freeze 
attended the Second Iilter~lational Congress Drying Course, a 10-day comse held in Lyon 
of Food Science and Techilology (these being and Dijon in Inid July and sponsored jointly 
overseas either on recreatio~l or study leave by the I~llter~latioilal Institute of Refrigeration 
at the time) were Dr. O. Myklestad, Mrs. W. and the I~lterilatioilal Associatioil of Bio- 
Szulmayer, Mr. J. D. Mellor, and Mr. K. A. logical Societies. 

Mr. I<. A. I-Iarper left Sydney towards the 
I 

Mr. J. D. Mellor del~vered two papers at end of June to spend about a year on research 
the Second I~lternational Congress of Food at the Department of Food Science, Univer- 
Science ill Warsaw in August, and visited sity of Strathclyde, Glasgow. He visited 
firms and research establishl~lellts in Britain, laboratories in Budapest and Prague to 
U.S.A., Germany, Italy, and France before observe research on anthocyanias, and 
retur~liilg to Australia in September. Mr. attended the Second I~zternatioilal Coilgress 
Mellor had been invited to France as a guest of Food Science in Warsaw. 

Recent Publications of the Division 

Copies of these papers are available from HALL, E. G., and CELLIER, K. M. (1966).-Investiga- 
the Librarian, Divisioil of Food Preservation, tions on the cool storage of Granny Slnith and 
Box 43, P.O., Ryde, N.S.W. (Telephone Delicious apples grown in New South Wales. 

I. Effects of storage teilperature and fi~tit  size. 

Binding of chloran~pl~emcol by ribosomes from HUELIN, F. E., and MURRAY, K. E. (1966).-Alpha- 
chloroplasrs. Brochen~. Diophys. Res. Con7rnrrn. 23, farnesene m the natural coatlng of apples. Nntrrre, 

Lo?~rl. 210, 1260. 

CASSENS, R. G., and NEWBOLD, R. P. (1966).-Effects KAESS, G. (1966).-Bildung von Eiskristallen in 
of temperature on post-illortem metabolisin in beef Muskelgewebe. Kdltetecl~?~ik 18, 111-13. 
nluscle. J. Sci. Fd Agric. 17, 254-6. MCBEAN, D. McG. (1966).-Recoilmendation for 

CHANDLER, B. V., ~(EFFORD, J. F., and LENZ, F. prevention of white centres in dried apricots. 
(1966).-Absence of bitterness in Navel oranges 3 pp. (Aust. Dried Fruits Ass.: Melbourne.) 
froin rooted cuttings. Nntrrre, Lonrl. 210, 868-9. W. A. (1966).-~andling and proces- 

CHANDLER, B. V., and KEFFORD, J. F. (1966).- sing frozen crab meat. Awt. Fish. Nelvsl. 25(5), 
Chemical assay of linlonin, the bitter principle of 234 ,  29-30. 
oranges. J. Sci. Fd Agric. 17, 193-7. MONTGOMERY, W. A. (1966).-Processing and can- 

DAVENPORT, J. B. (1966).-Structure of conlplex ning abalone. Alrst. Fish. Ne~vsl. 25(6), 23-5. 
phospholipids. Nature, Lond. 210, 198. SCOTT, K. J., and ROBERTS, E. A. (1966).-Poly- 

GIOVANELLI, J. (1966).-Oxalyl-coei~zy~ne A synthe- ethylene bags to delay ripening of bananas during 
tase from pea seeds. Biochim. biopl7ys. Act0 118, transport and stolage. Aust. J. exp. Agric. Ani~n. 
12443. Hrrsb. 6,  197-9. 

HALL, E. G. (1966)-Biological aspects of the WHITFIELD, F. B., and SHIPTON, J. (1966).-A pro- 
refrigerated storage of food. Arcst. Refiig. Air cedure for concentration of flavour volatiles from 
Coizdit. Heat. 20, 42-3, 46-7, 49-50, 78. frozen peas. Cl~emy Ind. 1966, 1038. 

HALL, E. G. (1966).-Precooling of fruits and vege- WHITFIELD, F. B., and SHIPTON, J. (1966).-Volatile 
tables: a review. Fd Teclznol. Arrst. 18, 322-3, 325, carbonyis in stored unblanched frozen peas. J. Fd 
327, 328, 331, 442-3, 445, 447, 449, 451. Sci. 31, 328-31. 
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