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SIGNALS O F  SENESCENCE & N  

lSOLATED FLOWERS A.ND LEAVES 

T HE aging phenoinena at the cellular and 
subcellular levels are of general bio- 

logical interest. If senescence is viewed as a 
contiil~~ous change in cellular organization 
and function, it seellls pertineilt to study 
~lletabolic patterns in early phases of develop- 
ment as well as ia later stages of maturation. 

Iilformatioil obtained from plant materials 
which are particularly suitable for experi- 
illeiltatioil may serve as background for 
studies with orga~lisllls in general. 

* This article is based on the opening lecture given 
by the author, as a guest speaker, to a synlposium on 
"Food Preservation and the Organization of Plant and 
Animal Tissues" at the Food Science Conference held 
in September 1961 at North Ryde, N.S.W. 

Trailsforn~ations through the stages of cell 
division, expansion, and senesceilce are tele- 
scoped illto a relatively short period in flow- 
ers. In rose petals the upsurge in metabolic 
activity was found by Siegelman, Chow, and 
Biale (1958) to accompany development and 
maturation. The respiratory peak was reached 
when the flower was fully opened. The stimu- 
lating effect of low coilcentrations of dinitro- 
phenol (DNP), which was most pronounced 
in the early stage of petal unfolding, wailed 
with the advance of ~naturatioll and senes- 
cence. The results from inhibitor studies sug- 
gested that during the stage of f ~ ~ l l  petal 
expansion the terillinal oxidase was princi- 
pally a metal enzyme. Similarly, in the peri- 
allth segments of Magnolia grandzjlora a 
rapid rise in oxygen uptake was observed 
(Griesel and Biale 1958) after bud opening. 
The peak in respiratioil correspollded with 
the stage of full bloom. Shortly after pollell 



shedding the sta~lle~ls began to drop and the 
peria1lt11 segme~lts started browsing, indicat- 
ing onset of senescence. Respiratory activity 
dropped ~ilarkedly during the breakdow~i 
stage. In the aroids the peak in respiratio~i of 
the spadix and the appendix occurred (James 
and Beevers 1950; van Herk 1937) whe11 these 
structures reached their inaximu~il size. 
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The cliillacteric has been coilsidered as the I 

"beginning of the end" in the life of fruit. 
Marked decline ill resistance to fungal and 
bacter~al iilvasio~ls is a feature of the post- 
cli~llacteric stage. Associated with the climac- 
teric are the colour trailsitioils and the 
chemical cl~aages that characterize tlie ripen- 
ing process either oil or off the tree. Solubili- ) 
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Fig. 1.-The respirntoiy rrpsrrr-ge irr relntior~ to sellesrelrce. Dntn for- these crrr-ves were 
obtnil~ed ns follo~i~s; for ~ilng~rolicr fi'on~ Griesel rr11r1 Binle (1958), for- noocado f i 'o~i~  

Binle (1960a), arid for cl1er.r:,~-lnrrr-elfi.o117 Jn111es (1953). 

I11 contrast to floral structures, fruits do not 
exhibit a respiratory upsurge during the stage 
of rapid cell enlargement. In illost species in 
which tlie rise, k ~ l o w ~ l  as the "climacteric", 
has been observed it was recorded oilly at the 
end of the stage of cell maturation. The cli- 
macteric delineates tlie phases of cell division, ~ expansion, and matitratioil froill breakdo~vii, 
aiid it is therefore considered (Biale 19600, 
1960b) as tlie signal of senescence in fruits 
exhibiting the climacteric. Normally, follow- 
ing com~uercial harvest: the respiratory 
activity declines to a pre-climacteric mini- 
inuln which is characteristic of a particular 
species under a prescribed set of external 
conditions. The magnitude at the peak is also 
species specific. 

I 
zatioii of pectic substances with or without 
tlie splitting of the polygalacturo~lide chaiii 
is perhaps one of the most unique cliernica! 
reactions linked closely to senesceilce in 
fruits. Several i~lvestigators co~isidered enzp- 
inatic activities such as polygalacturo~lase and 
malic decarboxylase as signals of tlie cliniac- 
teric. Shifts in the metabolic pathways were 
also implicated. However, in some of these 
cases tlie physico-clieiiiical alteratio~is ia tlie 
tissue and the appearance or disappeara~lce 
of iilhibitors in the course of ho~llogellizatioll 
might be respoilsible for the observed differ- 
ence. Of relevaiice in this cotl~iection is the 
observatio~l by Young (1960) on the localiza- 
tion of leitcoai~tl~ocyai~ii~s in latex cells in ripe 
bananas as coinpared to their widespread 



distributio~l throughout the tissue ia pre- 
climacteric material. Since these substailces 
bind wit11 proteins, the lack of activity has 
been illterpreted erro~leously as an iildicatioil 
for the absence of certain eilzymes during the 
green stage. 

The cli~llacteric signal for senesceilce has 
been established in a great variety of fruits. 
However, there are several species for which 
either the evidence is iasufficient or the iadi- 
cations for a non-climacteric pattern pre- 
domillate (Biale 19600, 1960b). In the 
orailge and the lemon, for example, a con- 
tinuous and steady decline in the rate of 
oxygen uptake or carbon dioxide evolution 
was noted throughout the stages of matura- 
tion and senescence. I11 these fruits no 
marked che~nical tra~lsformatio~ls are associ- 
ated with ripening. The intensity of respira- 
tion varies for the different species and varie- 
ties within the cli~nacteric as well as non- 
cli~nacteric fruits. The rate is 110 doubt 
affected by a combination of factors which 
include eilzyrnatic protein content, availa- 
bility of catalytic organic acids, phosphate 
acceptors, and endogenous uncoupling agents. 

A respiratory hump was observed (Jaines 
1953) also in completelv expanded leaves 
after' a period of acfive photo~y~~t l~es i s .  The 
rise was associated with a chailge from green 
to yellow colour cl~aracteristic of senesceilce 
and with depletion of protein nitrogen. Since 
the studies were coilducted on material de- 
tached fro111 the plant, the process  night be 
viewed as a starvation phenome~~on, u~llilte 
the situation in fruits which are provided 
a~nply with respiratory substrate. Typical 
curves for upsurge ill respiratio~l as a prelude 
to seilescence are showil in Figure 1 for a 
flower, a fruit, and a leaf. 

EXTERNAL WEGUbATiON O F  

SENESCENCE 

The climacteric-exhibitiilg fruits lend them- 
selves particularly well to experime~lts de- 
signed to prolong or accelerate the aging 
process. The pre-climacteric n~ i~ l i~nu in  and 
cli~nacteric peak values as well as the duratio~l 
of the rise inay be used as indices of responses 
induced by changes in external conditioils. 
The eilvironme~ltal factors most widely used 

(Biale 1960n, 1960b; Pratt 1961) are tempera- 
ture, oxygen and carbon dioxide tension, and 
inetabolicall~~ active gases such as ethylene. 

Both low and high teinperatures induce 
chailges leading to accelerated senescence. 
Climacteric-exhibiting fruits grown in tropi- 
cal and ia subtropical regioils of the world 
such as avocado, banana, and cherimoya 
(Anonn che~.inzolicr Mill.) are particularly 
sensitive to temperature extremes. In most 
varieties of the ba~laila physiological dis- 
orders and. ab~lor~na l  ripetling result from 
tenlperatures below 12°C and above 27°C. 
The cli~nacteric of the avocado at 5°C and at  
30°C is suppressed to the extent of causing 
undesirable quality. However, by loweriilg 
tenlperature within the physiological range 
the onset of the cli~nacteric rise is postponed, 
the duratio~l of the rise is prolonged, and the 
peak values are lowered. By inducing quan- 
titative rather than qualitative changes senes- 
cence in fruits is regulated. 

Similar co~lsiderations apply to the oxygen 
factor. At the lower extreme of the oxygen 
scale aaaerobic co~lditio~ls are induced in the 
fleshy organ and qualitative changes in meta- 
bolism ensue. Thus an acceleratioil in senes- 
cence results either fro111 the toxic products 
of ferrnelltative reactions or from the low 
rates of for~natioil of phosphorylated com- 
pounds essential for lnaiiltellailce of cellular 
organization. The response to anaerobiosis 
varies for different fruits. In the avocado the 
cliillacteric is con~pletely suppressed and a 
sharp decline it1 carbon dioxide evolution 
ensues. In the orange and lemon, on the 
other hand, fermentative carbon dioxide pro- 
duction is ~naiiltained for a considerable 
time. The objective in prolo~lgiilg the life of 
the fruit is to find that level of oxygen tension 
at wllicl~ both respiration and fernle~ltation 
rates are at a minimum. This threshold value 
appears to be in the vicinity of 5% oxygen 
for a ilumber of fruits investigated. The 
effects of oxygen were found to be interrelated 
with temperature. As limiting temperatures 
are reached, the benefits accruing from 
decreased oxygen are iniaimized. 

Further retardation of-the onset of senes- 
cence has been achieved through1 the enrich- 
inent of the atinosphere with carbon dioxide 
at relatively low levels of oxygen. Tlle addi- 
tion of 5 to 10% carbon dioxide to 2.5, 5, or 



10% oxygen resulted in a shift of the time of carbon dioxide might be caused by the forina- 
o~lset of the cli~nacteric rise, a decrease in tion of the catalytic acids required for the 
slope of the rise, and a lowering of peak Euactioning of the Icrebs cycle. When low 
values coinpared to air or corresponding concentrations of ethylene were added to the 
oxygen levels without added carbon dioxide. carbon dioxide atillospheres an additio~lal 
Tlie precise conditio~ls respo~lsible for pro- stilnulatio~l of respiratio~l was noted, but the 
lollgi~lg the life of the fruit vary for different lnag~litude was lower than in a colliparable 
species and in some cases for different varie- mixture of air and ethyle~le without carbon 
ties within the sallie species. If levels higher dioxide. The iilference from available resrtlts 
than 10% carbon dioxide were used, the was that the sti~nulatio~l of respiration in 
benefits due to suppressio~l of ~netabolic le~nons by ethylene is brought about by a 
activity were counteracted by gas-induceci different mechanism from the stimulatio~l by 
inj~~ries.  The level of oxygen used in coin- carbon dioxide. 

AVOCADO 
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Fig. 2.-Effects of esierrlnl cnrborl dioxide ori the respirntory drift nssocinted ~ ~ ~ i i l i  
serlescerlce. 111 n l l  cnses i l ie cnrbori rliosicie level ~ v n s  104/o. Bnsed or1 &m f ior i i  Binle 

( I  960b). 

bination with carbon dioxide is also critical. The effects of ethylene on senescence have 
I11 lemons, for instance, respiration was re- been studied for the past four decades with 
tarded and storage life lengthened when 10°i, particular emphasis on coinnlercial fruits and 
carbon dioxide was added to 5% oxygen, but vegetables. EVli~lute quantities of this gas 
not wheil the sallie level of carbon dioxide stimulated the rate of respiration and accel- 
was co~nbined with 2196 oxygen (air). I11 the erated ripening. I11 fruits with the clinlacteric 
latter situation a carbon dioxide stinlulated pattern, ethylene was effective only if applied 
respiration was noted. In Figure 2 the during the pre-climacteric phase and was 
observed carbon dioxide effects on three respo~lsible for haste~liilg the time of the 
species are shown. In order to explain this onset of the rise without altering the shape of 
unexpected response of lemons, fruit were the curve and without changing the chemical 
placed for a short time in an atinosphere con- composition. Moreover, the response was 
tailling lC0,. The radioactivity was incor- esseiltially the same within a coilcentratio~l 
porated rapidly into malic, citric, and aspar- range of 0 . 1  to 1000 p.p.m. On the other 
tic acids. Co~lceivably these three acids hand, in the non-cliinacteric fruits the rate of 
could be formed by well-lcnown single-step respiration clepended on conce~ltratio~l and 
reactions from oxalacetate. Tlie observed the stilnulation could be induced ally time 
carbon dioxide fixation offered, therefore, after harvest. I11 both classes ethylene has- 
support for the hypotliesis that the rise in tened in a very pronounced way the degrada- 
respiration by lelno~ls in atmospheres high in tive processes characteristic of senescelice. 

60 



BNTERNAL SIGNALS OF 

SENESCENCE 

The role of ethylene as the endogenous 
triggering substailce for the onset of tlle cli- 
macteric rise has been a subject of lively 
controversy. The proponents (Pratt 1961) of 
ethylene as the causal agent indicate the strik- 
ing parallel between ethylene productioil and 
oxygen cons~ulnption, the high co~lceiltratioils 
within the tissue co~npared to the external 
environment, and the responses brought 
about by ininute quantities of the applied gas. 

TABLE I 

Ethylene Production in Relation to Respiration* 

l i 
l 
I 

Fruit Temp. j Ethylene 
I ("C) ([A /kg-hr)l 

Avocado 
Apple 
Banana 
Cherilnoya 

Orange , 
Passion- I 

fruit 
Peach 
Pear 
Pineapple 

Respira- 
tion 

(1111 CO,/ 
kg-hr) 

156 
13 
80 

129 
6 
8 

* For more detailed information refer to Biale 

I (19600). 
I 

The opponents (Biale 19606) point to the 
great variability in the ethylene-carbon 
dioxide ratio for the ethylene-producing 
fruits (Table l), to the divergence between 

, the two processes in response to changes in 
temperature and oxygen, and to the lag ill 
ethylene formation coinpared to the respira- 
tory rise in some cases. The introductioil of 

I precise gas chroinatograpl~y coupled with 
sampling of internal atinospheres might 
throw new light on this problem. Thus far 
the new ~nethodology has resulted in a con- 
troversy (Burg and Burg 1961) as to whether a 

subcellular particle is the seat of ethylene 
formation. Up to now it has been established 
that ethylene production is an aerobic pro- 
cess, though the precursor inay be formed 
anaerobically. 

Whether ethylene is or is not the native 
triggering agent, the mode of its action 
requires fiurther clarification. Does it stimu- 
late respiration by uncoupling oxidation from 
phosphorylation, does it alter the permea- 
bility characteristics of the cell, or does it act 
on some specific enzymes? These questions 
are tied up with the more general considera- 
tion as to whether senescence or the prelude 
to senescence should be looked upon as a 
purely degradative phase in the life of the 
organism or as a phase in which synthesis is 
tied U13 and actually required for brealtdown. 
In order to answer these questioils some 
insight into metabolic changes accompanying 
the climacteric was needed. Experime~ltal 
attempts along tics line were made with the 
avocado fruit at the cellular and subcellular 
level. 

The question arose whether the increased 
rate of oxidatioil during the clinlacteric is the 
result of lifting a phosphorylative liiniting 
coadition. If ADP is present in low concen- 
trations and the system is tightly coupled, one 
inay bring about uncoupling by the use of 
2,4dinitrophenol (DNP); In fact, this is the 
situatio~l when slices of avocado tissue froin 
pre-climacteric fruit are presented with 10-4 
or 1 0 - 5 ~  DNP. The effect of DNP decreases 
with the progress of the cliinacteric with 
eventual coinplete lack of response at the 
peak. 

The following two hypotheses were ad- 
vanced to explain these findings: (ri) an endo- 
genous ~ulcoupling substance formed with the 
climacteric rise exerts an effect similar to that 
of DNP, (b) increase in energy-requiring 
activities during the cliinacteric brings about 
a greater turnover of ATP and malces avail- 
able pllosphate acceptor. If hypothesis (U )  

is correct, one would expect the phosphory- 
lative activities to be lower in ripe than in 
green avocados. Experiments (Young, Eie- 
leski, and Biale 1961) with 32P have shown, 
however, that the rate of uptake of phosphate 
and the rate of incorporation into organic 
esters are actually higher in cliinacteric peak 



fruit. DNP lowered the rate of i~icorporatio~i 
illto nucleotides and liexosepliospliates during 
both stages. Tlie phospkorylati\le capacity of 
ripe tissue was deiiionstrated also iu the 
mitocl~o~idrial  fraction. Tlie cytoplas~iiic par- 
ticles of tlie avocado fruit are capable of 
oxidizi~ig pyruvate as well as other acids of 
the ICrebs cycle, of oxidizing and reducing 
D N P  and cytoclirome c, and of passing 
electrons to cytocliroiiie oxidase, the ter- 
niiiial enzyme in respiration. 

The pliospl~or~rlative efficiency in tlie 11iito- 
cliondrial system of tlie avocado fruit was 
measured by P/O values, that is by micro- 
~lloles of phosphorus esterified for each 1iiic1-o- 
atom of oxygen talceii up as a result of oxida- 
tion of Icrebs cycle acids. It \vas found that 
this ratio illcreased in the course of fruit 
ripening. Until additional data are obtained 
on respiratory control, judgment has to be 
reserved 011 tlie nature of the coupling sys- 
tern at the peak of the climacteric co~ilpared 
to tlie pre-climacteric stage. 

Tlie phospliorplative processes in mito- 
chondria, the esterificatio~i rates by tissue 
slices, and the net formation of 111-oteins and 
some ellzyllles suggest that senescence or the 
period i~iimediately prececiing it is character- 
ized by synthetic activities. Tlie occiu-rence 
of degradative reactio~ls is not excli~ded and 
Gequeiitly presents the obvious symptoms. 
111 senesce~it tissue it is possible to observe 
~ilarked clia~lges in permeability resulting in 
liquid-logging of intercel!ular spaces, leakage 
of cell contents, decrease in time required for 
plasmolysis, aiid rise in apparent free space. 
The loss of integrity by membranes was 
ascribed by Saclier (1 959) to insufficient levels 
of auxia. Conceivably, the entire vesicular 
network and not only the plasliia membrane is 
subject to cha~ige wit11 aging. Little is kno\vii 
about the changes in structure and function 
of tlie various co~npoiieilts of the cell. It has 
been pointed out by Varner (1961) that a 
decline in metabolism might be tlie result of 

breakdown in co~iimu~iicatioii between nu- 
cleus and cytoplasm. There is certainly a 
need for more I<nowledge about tlie levels of 
enzymes, aucleotides, and other cofactors 
as related to senescence. 
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Chilling I ury in 
Stored Fruits and Vegetables 

By F. E. Wuelin 

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

Adapted from a paper entitled "Chilling Injury in Plants" given at 
the Food Science Conference held in September 3961 at North Ryde. 

T HE value of cool storage for fruits and 
vegetables stems from the fact that low 

temperatures delay ripening and fungal rot- 
ting. The maxinlum delay is obtained by 
storing at as low a tenlperature as possible. 
However, the risk of freezing injury prevents 
the use of temperatures below 28-32"F, the 
lowest practicable temperature depending on 
the fruit and the adequacy of temperatul-e 
control. Above the freezing range chilling 
injury still occurs in many fruits and vege- 
tables, and to avoid it even higher storage 
temperatures must be used. Chilling injury 
associated with breakdown and discoloration 
of iilternal and surface tissues or with abnormal 
ripening occurs in tropical fruits, citrus, plums, 
peaches, some varieties of apples, tomatoes, 
cucumbers, and sweet potatoes. Pitting or 
storage spot of citrus, woolliness of peaches, 
soft or deep scald of apples, and internal 
browning of apples are common examples. 
As chilling injury limits the use of low tem- 
peratures for many fruits and vegetables, and 
therefore reduces their life in cool storage, 
its nature and cause need investigation. 

Molisch (1894) suggested the term "chilling 
injury" for cold injury in the absence of 
freezing, and subsequently lnany whole plants 
were tested by Mobius (1907), Sellschop and 
Salmon (1928), and Seible (1939). The times 
to show visible injury at 34-41'1; varied from 
only 1-2 nlinutes to as long as 3 weeks. For 
stored fruits the most thorough studies of the 
development of low-temperature disorders 
for various times and temperatures are those 
of van der Plank and Davies (1937), who 
showed that in the range of temperature for 
chilling injury a disorder develops more 
quickly at higher te~nperatures but ultimately 
reaches a higher level at the lower end of the 
range. They regarded the later slow develop- 

~nent of pitting in grapefruit as due to an 
increase of susceptibility during storage. 

It  often appears that the clin~acteric, or 
phase of most rapid ripening changes, is the 
period of inaxinlunl susceptibility to chilling 
injury. If the temperatme is too low for nor- 
mal ripening it causes abnormal cl~anges, 
ranging from abnormal texture to serious 
brealtdown and discoloration. 

Trout and Hall (reported by Huelin 1942) 
have also shown that chilling injury in 
oranges can include "latent" injury which 
develops into visible rind disorders after 
removal to higher temperatures. In contrast 
Smith (1954, 1958) showed that chilling 
injury may so~netimes be prevented by hold- 
ing the fruit for a few days at higher tem- 
peratures at a critical period during storage. 

Pitting or sforage spot 017 a Was/7ii7gto~z Navel orange. 



~ ~ ~ ~ u m a b l y  this treatment enables the chilling utilization of an intermediate product is 
changes to be reversed before going too far. slowed down more than its production, the 

The visible disorders, which involve death concentration of this product could increase 
and brealtdown of cells, appear in the last until it injured the cells and finally caused 
stage of ch~lling injury. Attempts have been death and breakdown. This reasoning has 
made to detect microscopic and chemical been 'presented mathen~atically by Plank 
changes at earlier stages. Lewis (1956) (1941, 1943). Alternatively, it is suggested 
observed that the protoplasmic streaming of that the low tenlperature affects the integrity 
living cells can cease within two minutes' of subcellular structures by freezing their 
exposure to low temperatures. Lieberman lipid components. The latter theory fits 
et al. (1958) found that one week's chilling better some forms of chilling injury where 
of sweet potatoes at 45°F was sufficient to the transition from no injury to very serious 
double the loss of potassium froin cut slices, injury taltes place, like freezing, in a narrow 
but that more than five weelts were required temperature range. In the case of soft or 
to cause a marked decline in the oxygen deep scald of apples the range is only 4°F. 
uptake of the subcellular particles lcnown as It is clear that investigation of the nature 

and cause of chillirig injury has only begun, 
and that we have not yet been able to associ- 
ate it with definite intermediate products of 
metabolism or with any observed change of 
physical state. Nor have we followed the 
course of chilling injury fro111 the first detect- 
able changes to visible disorders in ally 
detail. Light and electron n~icroscopy, bio- 
physics, and biochenlistry will probably all 
contribute to further understanding of the 
harmful effects of low temperatures on fresh 
fruits and vegetables. 
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Ripening of Bananas 
By E. G. Hall 

Divisioil of Food Preservation, C.S.I.R.O., North Ryde, N.S.W. 

NE of the earliest projects uildertaken by 
the then Couilcil for Scientific and 

Industrial Research was a study of methods 
of handling bailanas grown in northern New 
South Wales and Queensland, so that recom- 
~nendatioils could be 111ade to ellsure that 
fruit reached coilsunless in the southern 
States at an optiinui~l stage of ripeness. 

In 1927 the Manager of the Queeilslaild 
Corninittee for the Direction of Fruit Mar- 
keting, who had made a study of banaila 
inarketiilg in the U.S.A., reported that heavy 
losses then being experienced in the Aus- 
traliail iildustry more than justified the carry- 
ing out of iiivestigatioi~s based on procedures 
which had been adopted in the U.S.A. 

A circular issued by the C.S.I.R. Divisioil 
of Food Preservation and Transport (Anon. 
1934, revised 1941) and an earlier report 
(Young et al. 1932) covering the investiga- 
tions which resulted made a number of basic 
recommeildatio~ls for the transport and 
ripeiling of bananas which still hold good. 

Enquiries made after two recent explosioils 
in banana ripening rooms showed consider- 
able igllorance of the basic pheilomena of 
banana ripening. In this circulnstance it 
appears worth while to restate the general 
principles of banana ripening and to make 
certain recomn~eildations in the light of 
recent developments. 

Principles of Ripening 

Bailanas should be harvested while still 
hard and green and firm enough to stand 
handling and transport. With such fruit the 
pillp contains about 70% of water by weight 
while the remaiilder is almost entirely starch. 
As ripening takes place the fruit softens and 
becomes yellow, the starch turns into soluble 
sugar, the astringent taililins are oxidized, 
there is ail illcrease in acidity in the skin and 
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pulp, and a marked illcrease in respiration 
with various volatile substances liberated 
which give the fruit its characteristic aroma 
and flavour. 

The rate at which these changes occur 
depends mainly on the maturity of the fruit 
when picked and the temperature at which it 
is stored, although other factors are also in- 
volved. One factor having a coilsiderable 
influence on the ripeiling of banailas is the 
presence in the storage atmosphere of traces 
of certain gases such as ethylene, propylene, 
and acetylene. 

Although the exact rnechailism of the 
"trigger action" of these gases ia sti~nulatii~g 
ripening is still not fully understood, it is 
ltnow~l that very small ainounts of ethylene 
call promote uiliformity of ripening and 
accelerate the maturation of slow ripening 
fruit. 

Added ethylene has little or no effect on 
fruit once it commences to ripen and is pro- 
ducing ethylene naturally. Since ripening 
ba~~anas  produce ethylene naturally, it is 
undesirable to store together fruit of mixed 
maturity. Bananas, in comlon with other 
fruits, produce carbon dioxide gas at a rela- 
tively fast rate during ripening. Unless this is 
removed by proper veiltilatioil of the store, 
ripei~ing will be delayed. Ventilatioil is also 
necessary to supply oxygeil and to control 
humidity. 

Proper ripeiling thus calls for coiltrol of 
temperature, humidity, and carboil dioxide 
co~lceiltration as well as the use of a ripeiling 
sti~ltulalor. 

Temperature 

During winter the best temperature for 
ripening rooms is 66°F. Below that tem- 
perature ripelliilg is slow and the fruit is 
liable to be hard in texture and deficient in 



flavour. At higher temperatures the flavour 
of winter fruit is poor and quality may 
deteriorate very rapidly. In the summer 
lnonths keeping the temperature in the range 
of 66-70°F usually proves satisfactory. If 
teinperature is allowed to go above 70°F a 
good colour Inay result but the flavour suf- 
fers and the fruit has a shorter life. Above 
75°F a co~lditioil knowil as "boiling", in 
which the fruit softens while the skin is still 
green, usually develops. 

Thermostats controlling the heating and/or 
cooling units should be placed in the air 
stream above the stack of fruit, preferably in 
the centre of the roon~.  When ripelii~lg fruit 
it is the temperature in t l ~ e  cases which is of 
pri~nary importance. This should never be 
allowed to exceed 75°F. Case te~nperatures 
should be obtained by placing the bulb of the 
thermometer in the centre of the case and 
waiting sufficiently long to get an accurate 
reading. Since therinometers are not always 
accurate they need checking periodically with 
a standard thermoineter ltnown to be correct. 
The build-up of an excessive case tempera- 
ture can often be prevented by the speeding 
up of the fans. In this collllection it should 
be remembered that changes in case tempera- 
ture may lag considerably behind roo~n  tern- 
peratures. 

Humidity 

An 80-85% wet-bulb reading is satisfac- 
tory until fruit colouring begins, when the 
humidity should be reduced to 70% by ven- 
tilation or, in summer, by co~ldensi~lg mois- 
ture on refrigerator coils. Too low a humid- 

ity at an early stage of fruit ripening results 
in a poor slcin colour, often with a somewhat 
wilted appearance. The eating quality of the 
fruit Inay suffer. With a high humidity, after 
active ripening is in progress, the skin 
becomes soft and fragile with an increase in 
the incidence of "black end" and the ulcer- 
like lesions caused by fungi (anthracnose). 

With the ainount of water vapour given off 
by the ripening fruit, artificial raising of the 
humidity should not be necessary in winter, 
when refrigeration is not nor~nally used. In  
summer the drying effect of refrigerator coils 
may, on occasion, necessitate raising the 
ripening room humidity through evaporating 
water by heat or by misting, using as a con- 
trol a simple industrial type of humidistat 
operating independently of the temperature 
control. 

In well-constructed roo~ns (the design and 
construction of most   nod ern rooms appear 
quite satisfactory) with ample refrigeration 
coil surface and no open vents, there should 
be no difficulty in ~naintaining the required 
humidity level. Humidities may run a little 
higher with gas than with electric heaters. If 
humidity is persistently low the trouble is 
likely to be due to poor insulation or too 
small a refrigeration unit. 

Wet-  and Dry-bulb Thermometers 

The wet- and dry-bulb thermometer must 
be placed where it is exposed to air move- 
ment or the readings obtained will not be 
representative of the actual conditions. The 
covering of the wet bulb must be ltept clean 
and the water supply for the wick should be 

Cnrtolls corltnit~it~g bnrlnrln 
linrlrls, opeil stacked six higl~ 
ill n riperling roorl?. 



regularly repleilished with distilled or rain Ripening of Hands 
water. In recent trials (1961-62) with which 1' 
U s e  of Ethylene research workers of the C.S.I.R.O. Division 

of Food Preservation were associated, waxed 
To start the ripening process the ethylene of placed ill fibre ripened 

should ~lormally be added as soon as the fruit better thall sillgle fruits in stalldard wooden 
is placed in the ripellillg room and should be The fruit in hallas suffered less mech- 
replellished twice daily, or Illore frequently anical damage alld had a lollger shelf life, and 
if the room leaks, until vei1tilatioll is coin- there was a lnuch developmellt of 
menced. Should the fruit be hot on arrival "black It was foulld that the tempera- 
it should be cooled to 70°F before gassing is ture of the fruit in the cartoll (paclced with 
started. I11 winter use 1 part in 10,000 and in 42 lb of fruit) followed the air temperature 
s 1 m e r  1 Part ill 20,0°0 of the elllPtY volume more closely tllall did sillgle fruits ill the 
of the room. It  has become the custo~n to centre of a case colltaillillg 75-80 lb. 
use gas, where to Cartolls co~ltainillg llallds should be open 
ripen It  proves effective because of stacked, preferably  lot nlore tllall 5 or 6 car- 
its content of aroulld 3% ethylene. Modern tons high. -j-he use of racks facilitates 
towll gas, however, nlay colltain a collsider- stowage. Because of greater collvelliellce in 
able ~ r o ~ o r t i o l l  of refill er^ gas alld have a retailing alld ecollolny ill pacltillg, cluster 
cOncelltration propylene pacltjllg is likely to prove popular. This sys- 
double that of coal gas. If this is the case a tem is already ill successful colllmercial 
cO1lcelltratioll 1/2000 is needed ill Brisbane alld lllarltetillg hands or clllsters 
lieu of the 1/1000 originally recommended. is lilcely to be adopted elsewhere wlletl cir- 
Since town gas in concelltratiolls of more than permit. Bulged pressure packs 
5% is as recellt fatal acci- should llot be used because of the dallger of 
dents ullEortunately demonstrated, the use of seriously damaging fruit. 
town gas, or acetylene, is 110 longer recom- 
mended. Pure ethylene gas is readily avail- Stages of Ripeness 
able in small cylinders, with a suitable meter- The followillg terms, which for the most 
ing device, from Commonwealth Industrial part are self-explanatory, are in fairly com- 
Gases Ltd. at a reasollable price. At cur- 111011 use in the ripening of bananas: hard 
rent cost of 2s. 3d. per cu. ft. ethylene treat- green, sprullg (green but showing a definite 
merit should not exceed 1.2d. per 80 Ib box flexibility), colour show, half colour, green 
of fruit. tip, full colour, full ripe, flecked (well 

developed brown to black skill spots), and 
Heating deteriorating (pulp soft). 

Because of the risk involved, even with ail o t h e r  Fruits 
automatic cut-off of supply should the flame Fruits other thall ballallas, for exalllple 
go out, the use of gas for room heating is no papaws, mangoes, tomatoes, melons, and 
lollger recolnlnellded* Instead we advocate pears, call be artificially ripelled by the use of 
the insulated safety electric strip etllylene. Higher temperatures than those used 
heaters, which should be placed in the with ballanas (up to g50F) seem to be desir- 
delivery air stream. The provisio~l of explo- able with papaws to millilfize the develop- 
sion ports, essential where town gas is in use, lllent of ripe rots. use of is 
is still desirable with electric heating even allnost esselltial to obtaill a unifornl ripenillg 
when ethylene is used for ripe~ling. of hoileydew melons, and the conditio~ls 

Cold Fruit recolnnleilded for ballalanas have proved very 

When fruit arrives at the ripeiling roolll at satisfactory. 

a case temperature lower than 55°F the room References 
temperature should be raised slowly, with ANON. (1934, 1941).-Com111ercial lipening of 
gentle ventilation, over a period of 12 to 24 hr bananas. Coun. Sci. Industr. Res. Aust. Div. Food 
until it reaches 66°F. When that temperature Pres. Circ. No. l-P. 
is attained in the cases the ventilation vents YOUNG, W. J., BAGSTER, L. S., HICKS, E. W., and 
should be closed and the first addition of HUELIN, F. E. (1932).-Coun. Sci. Industr. Res. 
ethylene made. Aust. Bull. No. 64. 
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By D. McG. McBean 

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

LTHOUGH potatoes forin an important are having a marked impact on present-day 
item of the Australian diet, the average potato marketing in the U.S.A. and Europe. 

ailnual consumption per person has been "Instant", a prefix which has caught the 
dropping steadily. Why are we eating fewer ilnaginatioil of the consunling public, especi- 
potatoes? Firstly, as our population tends to ally in the U.S.A., call be truly applied to 
becoine inore urbanized its diet tends to inodern potato preparatioils which can be 
becoine lighter and inore varied. Partly to prepared for eating within a fraction of a 
blame, too, inay be the largely lnistaken lnillute inerely by the use of a hot reconstitut- 
belief that potatoes are unduly fattelling and ing liquid and a ininilnum of effort to stir. 
lack the protective llutrients found in other I t  is significailt that during the past five 
vegetables. Of even greater iinportance Inay years, consuinptioll per head of potatoes in 
be their bulkiness (they contain 80% water), the U.S.A. has increased for the first time in 
which nlakes thein inconvenieilt to store in 50 years. The reasoil undoubtedly lies with 
modern homes, and the time taken up in their the convenience of processed potatoes, which 
preparation, especially in the tedious job of are being inarketed now in steadily increasing 
peeling. A detailed study of the dehydration quantities. In 1961 more than 407; of the 
of potatoes was made during the years of the 12,000,000 tons of potatoes produced in the 
1939-4.5 war. Techniques have been devel- U.S.A. were factory processed. This com- 
oped, especially during the past decade, which pares with a mere 2% which were processed, 

largely in the forin of potato crisps, in 1940. 
During 1960, lnore than 600,000 tons were 

* This article is based on a lecture given at the 12th dried while 1,000,000 tons were frozen. It is 
Annual Convention of the Australian Section of the worthy of record that in 1961 the total pro- 
Institute of Food Technologists held at Terrigal, duction of potatoes ill Australia was 450,QOO 
N.S.W., in May 1962. tolls. 
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Judged by the rapidity with which products 
such as instant coffee are gaining in popu- 
larity in Australia it would seem the time is 
opportune for merchandizing potatoes as an 
instant product. 

Efforts to dry inashed potatoes in a forin 
capable of rapid reconstitution are by no 
ineans new and references are to be found 
to techniques tried well over a h~ulndred years 
ago. Some of the early attempts differed only 
111 minor detail froln others made during 
the period 1912-48, when cooltecl inashei 
potatoes were extruded on to a heated sur- 
face to produce dried shreds. In 1949-50 a 
similar product, resembling thin-bore spag- 
hetti, was produced on a pilot scale in the 
U.S.A. but it was never marketed. Attempts 
made to dry mashed potatoes in conventioilal 
or adapted co~nnlercial spray driers have 
resulted in damage to the potato starch cells 
by the atomizer heads. A nunlber of tech- 
niques involving freezing as an essential part 
of processing were tested by different workers. 
Following their coolting the potatoes were 
mashed and frozen. After being thawed 
slowly the mash was pressed so as to give a 
cake with 40-45% moisture suitable for dry- I) \ ing in conventioi~al driers. 

YEAR 

Fig. 1 .- Ut~ited States pr'od~rction of clel~j~rlratedpotato. 

111 a nu~nber of multi-stage drying tech- 
niques the coolted mashed potato was dried, 
often to about 40-4.5% moisture, and left for 
several hours to equilibrate and granulate. 
The resultant criul~nbly material was then fur- 
ther dried to the required ~noisture level. 

Other methods of obtaini~lg a inoist 
crumbly ~naterial suitable for final drying 
were those of Volpertas (1937, 1939), Rivoche 
(1948), and Rendle (1943), in whicl~ dried 
inashed potato powder was added to a wet 
mash until the resultant mixture had 40-45% 
moisture. Solvent extraction of water has also 
been tried but because of the difficulty of 
reinoving the final traces of solvent, usually 
ethyl alcohol, the technique has never passed 
the laboratory stage. 

Fronl a wealth of experimental data there 
emerges the basic fact that to be successful a 
process must avoid damage to the individual 
cells of the potatoes, since if starch granules 
are released the reconstituted prod~ulct is 
gluey. Of the two processes adopted for the 
present large-scale production of dried potato 
in the U.S.A. and elsewhere, the "add-back" 
or granule technique which has been men- 
tioned is the older. The more recent, the 
flake process, gives a dried product with an 
appearance rese~nbling soap flakes. 

Grapls~le Technique 

Tubers for processing, which may be 
freshly dug or stored, are washed thorougl~ly 
prior to being lightly peeled, usually in an 
abrasive peeler. After slicing into pieces 
about 2 in. thick the potato is steam-coolted 
at atmospheric pressure for 30-40 ~ n i n  and 
mashed while still hot. The "add-back" of 
dry granules is made sirn~~ltaneously with 
lnashing by a mild shearing and pressing 
action so as to minimize damage to starch 
cells. When the required moistme content is 
obtained the mixture is air cooled on a fine 
mesh vibratory screen. The mixture, piled 
to a depth of 6-9 in., is then left to granulate 
on rubber belts for about an hour. Granula- 
tion probably results from an equilibration of 
water, a toughening of cell walls, and a 
retrogradation of starch. Cell agglomeration, 
which tends to be self-perpetuating and takes 
place with the formation of lumps, is coun- 
tered by gentle mixing. At this stage enough 
sodiu~n inetabisulphite to give 200 p.p.m. of 
sulplrur dioxide in the final product is added, 
as well as an antioxidant such as butylated 
hydroxyanisole (B.1I.A.). The crumbly mass, 
now ready for final drying, is fed to a dehy- 
drator by a ribbon ~nixer and vibratory feed. 
After drying, the product is screened to Ire- 
move any lumps or pieces of skin. 



Grallules passing through a 60 mesh are the particles to remain in the air stream is 
suitable for retail pacltaging while the 6 sec but the larger particles remain in the hot 
coarser granules, usually in the 40-60 nlesh air co~lsiderably longer. The used air con- 
range, are reserved for use in the "add-back" taining inoisture is exhausted and not recir- 
process. culated. On leaving the air stream the par- 

ticles have a inoisture coateilt of 10-12%. 
They are dried to 4-644, usually on a fluid- 
ized bed drier, by hot air which is blow11 up 
through a ceramic plate having nlany 400 
mesh holes. This air streanl inoves the par- 

Although the basic ideas for the grailule 
technique stem from British patents it was 
developed colninercially in California by the 
U.S. Departmeilt of Agriculture Western 
Utilization Branch working in collaboration 
with several inajor food processing concerns. 

Flalce Technique 

Roller driers had been in use in the U.S.A. 
for at least half a century for the production 
of potato flour and starch. 

l 

Cording et al. (1954), of the U.S. Depart- 
ment of Agriculture Eastern Utilization and 
Developnlent Division, were the first to 
report a successf~~l d run~  or roller flake pro- 
cess for mashed potatoes. 111 1959 this pro- 
cess received the first Iildustrial Award made 
by the Institute of Food Technologists. For 
the flake process potatoes are washed as for 
the granule process but peel has to be 
removed thoroughly for there is no subse- 
quent sieving. Contour peeling by lye or I 

steam under pressure is practised to iniilimize 
weight loss. After peeling and thorough I 
washing the potatoes are lightly sulphited to I 
prevent enzynlic browning and are then sliced 1 

as in the granule process. Pre-cooking for l 

20 nlin at 160°F results in swelling but not 
pig, 2,-Ali-l$r drier for air-snspellsiojl drJ,itlg of bursting of the starch cells. Pre-cooking 

potato grnrrl~les. allows the use of potatoes of a wider range of 
quality than in the granule technique, for 
which a good-quality n~ealy potato is essen- 
tial. 

The drier of the pneumatic type operates 
in a similar fashion to an inverted spray drier. After pre-cool<ing, the slices are cooled for 
Particles are introduced into an air stream about 20 m111 in cold water at about 50°F, so 
inoving at 1500-2000 ft/min and heated to as to retrograde the starch. The slices are 
about 300°F. Higher air speeds will result in then steam-cooked sufficieiltly to allow easy 
abrasion damage. As the particles dry they ricing or mashing. The riciilg equipment 
are carried upwards by the air streanl to einployed usually consists of a helical screw 
strike a deflector from which they fall to an which forces the potato through slots with 
allilular collectillg ring. The average time for insufficient pressure to burst the starch cells. 
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At this stage a mixture of sulphites and an 
antioxidant is metered into the mash. Mono- 
glyceride may be added as an emulsifier and a 
small amount of dried skim milk solids may 
be used to improve texture. The mix is 
applied to the drier by applicator rolls which 
lnai~ltaill a co~lti~luous dense film on the dry- 
ing surface of the drum. Ally small lumps are 
ironed out by a "TeflonY'-covered steel roll 
set 7/1000 in. from the heated surface. A 
doctor knife removes the dried sheet from the 
drying surface of the drum, which is main- 
tained at a temperature of about 300°F by 
pressure steam. The dried sheet is broken 
into +-in. flakes by a slitting roll. The desired 
moisture content of 4-6% is obtained by a 
single pass over the dr~un .  Drying time is 
15-20 sec. 

reduciilg sugars and amino acids combiile to  
give dark pigmentation, and the oxidation of 
the slllall amouilt of fatty constitueilt occur- 
ring in the product, giving a prolloullced off- 
flavour. Both these deteriorative changes de- 
pend upoil time and temperature, the rate 
of change illcreasiilg with length of time and . 

rise of temperature. The problenl of packag- 
ing must be considered in the light of market- 
ing factors, length of time before coasump- 
tion, and storage temperature. In  addition 
to the use of sulphur dioxide and an anti- 
oxidailt in processing, the rellloval of oxygen 
from the package may be beneficial. The 
replacemeilt of air by inert gases, such as 
nitrogen or carbon dioxide, should present 
no special difficulty with modern automatic 
packaging facilities. 

Fig. 3.-Flolv-slzeet of potnto flolce ~nnr~ntfnctltre. I 

Packaging and S t ~ r a g e  Comparison of Processes 

Paclcaging is one of the lllost costly aspects 
of producing dried potato mash. Both gran- 
ules and flakes absorb illoisture very readily, 
and unfortunately a high moisture content 
means a short storage life. Water-vapour- 
proof packaging must be used, which limits 
selectio~l to metal cans or a suitable lalniilate 
containing a metal layer. Deteriorative 
changes which may take place after processing 
include the "browi~ing" reaction, whereby 

The inail1 poiilts of compariso~l worthy of 
co~lsideratioll by the would-be commercial 
processor include the following: 

@The quality of potato used is more 
critical in grallule than in flake production. 
Separation by specific gravity has been 
recotnlnended to remove potatoes of low 
specific gravity before grailule processing. 
Apart from ally effect on the quality of the 



fislal product, potatoes of low specific gravity 
will, of course, give a lower yield of dried 
mash. 

@ Costs are lower for grailule productioll 
in so far as peeliilg need not be very thorough 
because pieces of skin can be sieved out after 
initial drying. There is, however, sollle evi- 
dence that fragments of sltiil can confer an 
earthy flavour on the product. 

@ Pre-cooking and cooliilg of potatoes in 
flake productioil are a necessary, but costly, 
technique. In the granule process the "add- 
back" and coslditiollislg procedure is likewise 
expensive in time. Although comparative 
fignres are not available, single-stage drum 
drying of fialtes must be a cheaper ineans of 
~noisture reinoval than the multi-stage pro- 
cedure necessary for granule prod~iction. 

B Packaging and dis t r ib~~tio~l  costs are less 
for grailules thail for flakes since the paclting 
density of the foriner is about three tiines the 
latter. Fro111 the retail aspect, however, the 
bulkier pack of the flakes may prove more 
attractive to those housewives who tend to 
buy on container size rather than on weight. 

Future Beveiopments 

The director of research and developslleilt 
of a major U.S. manufacturer has colnplaiiled 
that since his company started illailufacturiilg 
granules five or six seasons ago there have 
been coilstant costly inajor changes ill pro- 
cessing techniques. The aiin of the U.S.D.A. 
Western Utilizatioil and Research Brailch 
iilvestigators has been to develop a grallule 
tecl~nique to avoid "add-back". A statement 
published recei~tly implies that a successful 
techilique is being developed which calls for 
partial drying on a heated druin prior to a 
final drying in a stream of hot air. I11 October 
1961 scientists of the U.S.D.A. Eastern 
'Jtilization Research and Developillent Div- 
ision described a process for producing 
flakelets with a packing density of 46-50 
lb/cu. ft. (against 15 Ib/cu. ft. for flakes and 
50-55 lb/cu. ft. for granules). This techilique 
is the same as for flakes up to the ricing stage, 
when about 93Oh is d r ~ ~ i ~ i  dried to about loo/, 

moisture. The remailling 7% of the illash is 
cooled and added back to the flakes. Paddles 
the11 coillpact and lailliilate the mixture, 
which is fed to a vibratory drier. Air heated 
to aro~uld 260°F is led though the bed of 
flaltelets from below and dries the lailliilate 
to 4 6 %  inoisture in about 30 sec. The dried 
flaltelets then go on to a vibratory cooler and 
are sifted to reinove powder before packing. 
It will be seen that through the iilgeiluity of 
the food techilologist we have an "add-back" 
process using preliilliilary drum drying to cut 
processil~g costs and a drum-drying process 
eillployillg "add-back" and vibratory drying 
to give a denser packing material. 

Probably it is still too early to forecast the 
technique illost Likely to be adopted in the 
future, but one thing which seeins certain is 
that a bright future exists for marltetiilg 
instant potato in Australia. Because of this, 
the processing of the product appears to merit 
the serious atteiltioil of food manufacturers. 
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Packaging Prunes 
in Flexible Film Pouches 

By E. G. Davis 
Division o f  Food Preservation, C.S.I.R.O., Nor th  Ryde,  N.S.W. 

{ A T the request of the Australian Dried 
Fruits Association, research worlters in 

the C.S.I.R.O. Division of Food Preservation 
have studied the packaging of high moisture 
content prunes in flexible film pouches. 
Their aim was to develop a process to ensure 
microbial stability of the prunes after pack- 
aging, and to assess the perfor~nance of 
various pouch ~naterials during processing 
and storage. This article reports the per- 
for~nance, under differing processing and 
storage conditions, of pouches inade from a 
range of film materials. 

In one experiment, prunes were filled into 
pouches at a temperature of approximately 

\ 180°F and sterilization depended upo~l the 
/ ? * 

L+ - residual heat of the pack. 
With materials of adequate resistance to 

steam temperatmes, sterilization of the filled 
and heat-sealed pouches by direct heat treat- 
ment in live steam was possible. This was 
done in a second experiment in which the 
prunes were filled hot and the closed pouches 
given an additional heat treatment in live 
steam. The latter process should permit 
lower filling temperatures and reduce the 
likelihood of subsequent microbial spoilage. 
The use of steam, however, inlposes limits on 
the choice of packaging materials, as a num- 
ber of those cominonly used break down at 
temperatures approaching 212°F. 

Experimental 

Materials.-Details of the film materials 
tested and the number of pouches included 
ill the tests are given in Table 1. 

Preparation of Test Packs.-In Experi- 
ment 1, 80 Ib of dried prunes of an initial 
moisture coiltent of 18 .4% were divided into 
four batches, each of which was heated 10 mill 
in boiling water, drained, and check weighed 
(12 oz) into 301 X 41 1 plain tinplate cans. 
The filled calls were passed through live 

the prunes were made in triplicate, for each 
experiment, after the boiling water treatment, 
after the heat process in live steam, and with 
several of the treatments at the end of the 
storage period. 

Water vapour permeability determinations 
on the film samples were made using the stan- 
dard TAPPI metl~od.:~ 

* TAPPI Standards. "Water vapour permeability 
o f  paper and paperboard." Method T448/M49. 

steam in an exhaust tuinlel for 10 inin prior 
to transferriilg their contents illto i?lm 
pouches made froin various materials. The 
pouches were heat-sealed, after the re~noval 
of excess air, and placed in single layers on 
woodell platforms to cool at room tempera- 
ture. 

In Experilneilt 2, 50 lb of the saine dried 
prunes were divided into four batches. Each 
batch was heated 13 nlin in boiling water, 
drained, and check weighed (12 oz) into film 
pouches. The filled pouches, heat-sealed 
after the removal of excess air, were pasteur- 
ized in live steam for 9 inill at atmospheric 
pressure in an exhaust tunnel, and cooled as 
described in Experiment 1. 

Storage and Examination.-Paclts from 
each treatment in Experiine~lt 1 were divided 
into three groups which were stored at 100°F 
and 90% R.H., 100°F and 15-25% R.H., and 
77°F and 3545% R.H. Six poucl~es of 
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each treatment in Experiment 2 were stored 
at 100°F and 20% R.H. and 77°F and 

I: 
35545% R.H. 

Two pouches from treatments E and F in 
Experiment 1 and three from the renlainiilg 

l 
I/ 

treatinents at each storage condition in both 11 
experiments were weighed immediately before I 

storage and also at intervals of 1 wk over a 
total storage period of 9 wk. At the same 
time all ponches were examined for general 
appearance and evidence of film breakdown. 

Determillations of the ~noisture content of 



TABLE I 

Details of Film Materials Tested 

Type of Material 
' ( X  0.001in.) / 

coated with polyethylene (0 '0015 in.) 
300 MSAT "Cellophane" extrusion coated with 1 . 5  
polyethylene (batch 2) 

Results and Discussion In the present studies, the mean moisture 

High inoisture conteilt prunes are generally coiltents of the prunes after the boiling water 

packed with 33-35% moisture. At this level treatmeilts were 29.9% in Experinlent l and 
the equilibrium relative humidity (E.R.H.) is 32.9% in Experiment 2. The nleail inoisture 

approxilllately 85%. ulltil prulles COntellt of Prunes given an additional steanl 

were marlceted ill Australia ill large tillplate treatment of 10 inin in tinplate calls (Experi- 
containers, and thus were not susceptible to lneilt 1) rose to 33.2%, and that of the prunes 

moisture loss. Tile use of flexible fillll subjected to a 9-min steain treatineilt after 
taillers for sinall retail packs illtroduces the sealillg ''ln pouches (Experiment 2) rose 
problem of drying out during storage. For to 34'7%. 
rete~ltion of acceptable quality the inoisture The nleall rates of lnoisture challge during 
coiltent of prunes sllould not fall below storage, the mean moisture conteilts after 
28-30% durillg distribution alld storage. 9 wk storage, and the water vapour permea- 
Thus, for a 12-oz of prulles with a bility of the pouch inaterials from both 
~noisture content of 33% at the time of pack- experimellts are set out in Table 2. 
iag, the inaxiinum rate of inoisture loss Experi~zelzt l.-Storage of the test paclts 
which may be tolerated, over a 6 months' from Experinlent 1 at 100°F and 90% R.H. 
storage period, is 0 .9  g/wk. resulted in an increase in moisture in all treat- 
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inents, but a moisture loss was observed 
during storage at lower relative humidities. 
Under all storage conditions, the moisture 
changes in treatment B were higher than those 
in the other treatinents. The water vapour 
permeability of the material in treatment B 
was also higher than in treatments A, C, 
and F. 

The rates of moisture change in treatment 
F were lower than in the other treatments at 
all storage conditions. Treatment D showed 
a slightly higller rate of moisture change than 
all treatments except B. 

With the exception of treatment B, all 
packs stored at 77°F and 35-45% R.H. were 
satisfactory so far as moisture loss was con- 
cerned. Under the inore severe conditions, 
100°F and 15-25% R.H., all treatinents with 
the possible exception of treatment F showed 
~noisture loss rates greater than 0 .9  g/wk. 

After 9 wk storage at both 77°F and 
35-45% R.H. and 100°F and 15-25% R.H., 
the moisture contents of prunes froln treat- 
inent A were within the minimuin limits of 
28-30%, but those of treatment B were low. 

After 9 wk at 77°F and 3545% R.H. the 
nloisture content of the prunes ill treatment 
D was satisfactory, but it was below the mini- 
inum limit (28-30%) after 9 wk at 100°F and 
15-25% R.H. 

The general appearance of the Mm mate- 
rials in all treatmeilts was satisfactory at the 
end of the storage period at low relative 
humidities. At 100°F and 90% R.H. there 
was evidence of loss of print from pouches in 
treatments C and D, but the renlaining treat- 
inents were satisfactory. 

E,uyelainzent 2.-All treatments in Experi- 
ment 2 showed a moisture loss during storage 
at both 77"F, 35-45% R.H., and 100°F, 
20% R.H., the losses at 100°F being higher 
than those at 77°F. Packs in treatment J lost 
moisture inore rapidly than in the remaining 
treatinents under both storage conditions. 
At 77"F, 3545% R.H., treatment J was the 
only one allowing excessive moisture loss, 
i.e. greater than 0.9 g/wk. The water 
vapour permeability of treatment J was also 
higher than in the remaining treatinents. 

TABLE 2 

Observations on Film Materials and Pest Packs 

Treat- 
ment 
Code 

Experiment 
A 
B 
C 
D 
E 
F 

! Moisture Loss and Moisture Content under Specified l j Storage Conditions 

I Water Vapour Pouch 1 77"F, 1 0 O o  OWF, 100°F? 
of / Area 1 3545% R.H. 1 15-25% R.H. 20% R.H. 90% R.H. 

(g/100 iu2, 24 hr 
at 100°F, 90% R.H.) 1 Moisture Moisture Moisture Moisture Moisture Moisture 

1 
0.617 (0.0022 in.) 84 Oi34 31.7 i 1 . 8  29.0 i 0.34 
6.8(0.0010in.) 
0.452 
- 

0.286 
Experiment 2 

G 0.515 (0.0021 in.) 1 64 ' 0.29* 
H 10.42o(o-oo2oin.) 1 84 1 0 . 1 6  

* Moisture losses calculated for a pouch area of 84 

75 

- 

32.6 1 i 
I 
J 
K 
L 

1 .S* 
0.97 i . 
2 . 5  i 

84 1 2 .5  

0.827 (0.0026 in.) , ' 0 . 5 4  
1.65 (0.0016 in.) 80 1 .O* 
0.520 1 0.32" 
- ) 75 j 0.45* 

- ! i - i 

84 
84 
84 
84 

0.55 
0.73 
0.34 
0.16 

25.5 j 8 . 2  
2 . 5  

29.7 3 .3  

16.3 

26.7 
- 

- 

1 . 5  
0.45 
0.67 
0.36 
0.29 

2 . 2  
0.95 



The general appearance of packages after 
the steam process and at the end of the stor- 
age period was satisfactory except for treat- 
ment L, which showed definite evidence of 
film breakdown after the steal11 process. This 
breakdown, however, appeared to be confined 
to a thiil outside coating of the pouches, pos- 
sibly the lacquer coatiilg on the "Cello- 
phane". No evidence of internal pressure 
build-up or heat-seal rupture was observed. 

The test coilditions 100°F and 15-25O; R.H. 
used i11 both experiments represent severe 
storage coilditio~ls unliltely to be encoun- 
tered for extended periods during coin~nercial 
distribution and storage. Packaged prunes 
would probably be bulk packed in cartoas, 
and this should decrease the lnoisture loss 
from individual pouches compared with the 
losses observed from the open stacked test 
packs. 

Conclusion 
These results indicate that film pouches 

made from plasticized polyviilyl chloride 

(0.002 in.) or llyloll I1 (0.0016 in.) materials 
were u~~satisfactory for the packaging of high 
moisture content prunes. Nylon 11 (0.0024 
in.), intermediate-density polyethyleile (0.002 
in.), polyethyleile (0.0015 in.) extruded on 
polyethyleile terephthalate (0.0005 in.), and 
polypropylene (0.002 in.) materials s h o ~ ~ l d  ~ 
prove satisfactory under norlnal conditioils 
of storage for the pacltaging of prunes steri- ~ 
Lized either by hot filling or processing in 
stearn at atmospheric pressure. Materials 
such as polyethylelle (0.0015 in. and 0.00175 
in.) suitably extruded or adhesive lamiilated . , 

to moisture-proof "Cellophane" should give ~ 
satisfactory protection to high moisture con- I 
tent prunes sterilized by hot filling, but should 
not be subjected to processes iilvolving high 
steain temperatures. 

Acltnov~ledgrnents 
l 

The author is indebted to Mr. D. McBean 
and his staff for their valuable assistance, par- 
ticularly in the preparatioll of the test packs 
and ~nojsture content determinations. , 

Spin Processing 
of Canned Foods 

A MAJOR proble~n in the heat steriliza- 
tion of cailned food, using orthodox 

methods, is the slow rate of the transfer of 
heat through the product, especially when it 
is of a viscous natme. Ui~less special pre- 
cautions are taken the outer layers of the 
food, which heat faster than the inner, 
become overcoolted, thus causing undesirable 
changes in the colour, texture, flavour, and 
even llutritive value. 

These undesirable effects inay be avoided 
by illcreasing the rate of heating through agi- 
tation of the call contents during processing. 
Research worlcers in the Divisioil of Food 
Preservatio~l have developed a spin cooker 
which rotates the calls on an i~lcliiled belt as 
they are heated by steain at atinospheric pres- 
sure. The length of time the can contents 

Operatitlg n pressure spit1 cooker. 



remain at processing temperatures is further 
reduced by accelerated cooling, achieved by 
rotating the cans under sprays of water. 
Experience has shown that in addition to 
being beneficial with viscous foods, spill pro- 
cessing maintains the quality of heat-sensitive 
products such as citrus, passion-fruit, and 
tomato juices, and is excelle~lt for fruits, such 
as freestone peaches a ~ l d  apricots, which 
easily become over-softened by cooking. 

Industry has been slow to take advantage 
of this type of processing, probably in the 
main owing to lack of availability of toll- 

tinuous process com~nercial equipment. To 
demonstrate the commercial possibilities of 
this method of processing the Division has 
called tenders for a continuous spin cooker- 
cooler capable of processing 301 X 411 cans 
of a product such as orange juice with an 
output of 24 per minute. 

Scaling this equipment to haildle commer- 
cial rates should not prove difficult and it is 
hoped that the successful tenderer with 
experience in construction of the prototype 
will be willing to produce commercial-size 
units for industry. 

With low acid foods, such as meats and 
vegetables, which require higher sterilizing 
temperatures, the erlgilleering aspects of agi- 
tating cans under steam pressure have posed 
a number of problems. Valuable i~lformation 
regarding pressure spin processing 1x1s been 
obtained with experimental equipment built 
to C.S.I.R.O. specifications. The develop- 
ment of suitable equipment for continuous 
spin pressure cooking on a com~nercial scale 
is likely to lead to the productio~l of new lines 
of canned products which cannot be pro- 
cessed by orthodox techniques without serious 
deterioration in quality. 

D. J. C. Cooling calls in an atinospkeric spill coolcer'. 



NEW F.A.O. MARKETING GBllDE 

ON POULTRY PRODUCE 

In  1958 the Food and Agriculture Organiza- 
tion of the United Natioils started publicatioil 
of a valuable series of marketing guides* "to 
proinote a better u~lderstandiilg of agricrrl- 
tural marketing, to secure a wider apprecia- 
tion of its significance, and to indicate ways of 
iinproviilg existing practices". The first of the 
series, "Marketing Problems and Improve- 
llle~lt Programs", which provided an excellent 
survey of agricultural inarketiilg practices 
tbroilgbout the world, was followed by 
others, "Marketing Fruit and Vegetables" 
and "Marketing Livestock and Meat", in 
~vhich i~lternational authorities collaborated 
with the writer of the first guide, Dr. J. C. 
Abbott, Chief of Marketing Branch of the 
F.A.O. Ecoao~nic A~lalysis Division, to pro- 
duce well-written, con~prehensive, and author- 
itative treatises. 

111 the latest guide, "Marketing Eggs and 
Poultry", Professor G. F.  Stewart, the well- 
kilowil U.S. food scientist and editor, has 
joined Dr. Abbott in produciag a very read- 
able and in all ways excellent booklet which 
should be in the hailds of both porrltry pro- 
ducer and trader as well as others coilceriled 
with poultry marketing. The authors, after 
stressing the need in ~llost co~ultries for mar- 

Iocal conditions, go on to cover quality of 
eggs and poultry meat, and their handling, 
packaging, transport, and storage. Further 
sections, dealing wit11 nlarketing services, 
orgaaizations, and pricing and sales policies, 
show the authors' wide knowledge of these 
subjects and keen colnprehensioil of the many 
problelns involved. Although the guide deals 
primarily with marketing, the part of the 
producer is not overlooked. Seasoilal cbailges 
in egg and poultry meat prices, it is pointed 
out, reflect mainly variatioils in output. Pro- 
ducers, it is claimed, could do much by care- 
ful planning to ensure that their ~naxi ln~i l l  
productioil coincides with seasoilal price 
peaks and inarket delllands wl~ich are influ- 
enced by observances such as Christinas 
and Easter, resultiiig in higher coilsu~llptioil 
of poultry products. On the subject of storage 
to avoid seasoilal gluts the autllors state there 
is a tendency to underestimate the difficulties 
in the cold storage of poultry produce and it 
is stressed that refrigeratioil is a complex and 
highly techilical business in terms of both 
equipillellt and efficient operation. 

Appendices to the guide give usef~rl inform- 
ation on egg grades and specificatioils for egg 
and poultry meat containers. The carefirlly 
compiled bibliography, althoilgh coveriilg 
predominantly U.S. publications, is excelleilt 
in its coverage of pertineat literature. 

keting ~n~provement  prograinines suited to 1-1. E. 

* F.A.O. Marketing Guide No. 1, "Marlteting 
Problenls and Inlprovement Progranls". (12s. 6d. 
sterling.) 

CAN H U N G E R  BE AVERTED? 

F.A.O. Marketing Guide No. 2, "Marketing Fruit 
and Vegetables". (10s. sterling.) 

F.A.O. Marketing Guide No. 3, "Marketing Live- 
stock and Meat". (10s. sterling.) 

F.A.O. Marketing Guide No. 4, "Marketing Eggs 
and Poultry". (10s. sterling.) 

Obtainable in Australia through Melbourne Uni- 
versity Press, 369 Lonsdale Street, Melbourne, C.l, 
Vic. 

At its meeting in 1960 the CouilciI of the 
British Associatio~l for the Adva~lceille~lt of 
Science invited a group of distinguished 
scientists to investigate the part science could 
play in relieving the present shortages of food 
in a number of uilderdeveloped cou~ltries and 
in averting the catastrophic suffering which 
would be inevitable sbould world populatioil 
outstrip its ability to produce food. 



The resultiag study covered populatioil 
growth, food requirements, land resources, 
potentialities for i~lcreasiilg food production, 
and associated ecoilomic problems. 

The investigators' broad coilclusioil was 
that the present knowledge, if properly 
applied, could prevent hunger for at least 
half a century. The complexity of the prob- 
lem of applying kilowledge was aclcaowledged 
and no claiin was made that progress would 
be easy or inexpensive. 

World food productioll appears to be in- 
creasing slightly faster than the populatioil 
but the chief increases are in the developed 
countries where the population rise is gen- 
erally lower thail in uslderdeveloped ones. 
Probably the quickest way of increasing total 
world food productioil would be to step up 
the output from good agricultural land, much 
of which is in the well developed couatries, 
where the techi~ological requirements for 
ii~creased productioil are at hand. 

Valuable in the short term, such a develop- 
ineilt would be uillilcely to offer a perillaileilt @ solution, and it is acknowledged that in the 
long run the required action inust come from 
the underdeveloped cousltries themselves. 

Food productioll in underdeveloped coun- 
tries is largely a matter of individual enter- 
prise and, except for plailtatioil crops such as 
tea, coffee, and cocoa, is usually avoided by 
big b~lsiiless concerns. Hence the greater part 
of the food in uilderdeveloped countries is 
produced by peasants with little or no forinal 
educatioil albeit often with a good deal of 
empirical skill but usually reluctaslt to change 
established  neth hods and customs. 

Tbe first step in tackling aa  overwhelining 
problem such as world huilger is to analyse 
and define it. 

The Food and Agriculture Orgailizatioil 
of the United Nations is respoilsible for col- 
lecting, analysing, and disseiniilatiilg basic 
i~lforinatioil on agriculture and food. Where 
it sees the need it coilveiles iilterilational 
ineetiizgs. One such meeting was held in 
Thailaild in June 1960 when discussioll took 
place under the followiilg headings: appraisal 
of the food and nutrition situatioa, establish- 

lneilt of food collsuinptio~l targets, nutri- 
tional ilnprovelnent through food policies 
and plans, and orga~lizatioll and co-ordina- 
tion. 

An i~lterestiilg record of this nleetislg ap- 
pears in a recent publicatioi~. * 

The techuical officers atteslding tlle ineetiilg 
collcluded tliat, althougl~ a lack of calories 
was not a inajor defect in the area, the 
average diet was, in general, ill balanced and 
lacking in protective foods. 

It was coilsidered the inajor obstacle in 
developing sound food and ilutritioll policies 
in the region was an illadequacy of natioilal 
nutritioa orgailizatioils and a scarcity of well- 
trained 11utritio11 workers ~lecessary to pro- 
vide leadership and guidance. It was advo- 
cated that each cousltry should have at least 
one Nutritioil Centre which should be pro- 
perly staffed and equipped. 

It was einphasized that the probleins of 
nutrition, recogilized as many-sided, would 
have to be approached from the points of 
view of health, agriculture, education, eco- 
nomics, and social welfare. While the fore- 
inost difficulty, seen in most co~ui~tries, was the 
low level of iilcoille of the inass of the popu- 
lation, which restricted their purchase of 
foods of the right quality, it was felt there 
was coilsiderable scope for teachiilg people 
through the medi~uil of 110111e ecoiloinics to 
inalce better use of tlieir resources. 

It was reconlillended that the report of the 
meeting should be brought to the atteiltioil 
of an F.A.O./E.C.A.F.E. group of experts in 
selected aspects of agricultural pla~l~liilg ill 
Asia and the Far East and that, before a 
regional ineetiilg was conveaed, intensive 
case studies and pilot projects should be 
orgailized to clarify methodology and the 
implesneiltiilg of developllleilt projects. An 
iinportaslt recoinilleildatioil was that ilutrition 
research should be suppleilleilted by studies 
aimed at the improveineilt of food processillg 
methods. 

* "Nutrition in Food Policy and Planning in Asia 
and the Far East." F.A.O. Nutritional Meeting 
Report Series No. 28, Rome, Italy 1960. 



66COIEVSES O F  AGE" 
This year lllarks the 21st aililiversary of the 
Food Preserl)rrtiorz Qunrterlj). On iiltroduciiig 
its first issue in 1941, for circulatio~l "to those 
l~ersoas respoilsible for the coiltrol of pro- 
cesses in the field of food preservation", the 
Editor expressed the hope that the jourilal 
would contribute to the solution of the prob- 
lems the11 coilfro~ltiilg the Australia11 food 
industry-which were to be greatly accentu- 
ated by the developlllellt of the war in the 
Pacific-and would play a part ill ilnproviilg 
the kilowledge of food technologists. 

On perusing the early issues of the journal, 
which in those days was mimeographed, the 
practical nature of the wide range of subjects 
covered is evident. The last issue for 1942 
recorded an extensive reorgailizatioil of the 
activities of the Divisioil illade to meet the 
worselliilg war situation. The subsequeat 
issues reflected the seriousiless of the inter- 
ilatio~lal situation, and showed an i~lcreasing 
recogliitioil of the value of science applied to 
the war effort. As the years passed the coil- 
tents of the journal indicated the steadily 
growing i~lfluence of the Divisioil ill the 
Australian food industry. With the end of 
hostilities in 1945 came the a~inouncement 
that illvestigatiolls on food processillg were 
to be retained as a periiialie~lt feature of the 
Division's activities, and research on the 
physics, chemistry, and microbiology of food 
and on plant physiology was to be resumed. 

Of special interest was a colll~neillorative 
issue of the journal in 1948, illarltiilg the 
teilth ailaiversary of the establishment of the 
Central Laboratories at Hoinebusli, which 
reviewed progress during the preceding 
decade. It  is illterestiilg to coinpare this 
review (now out of print) with a silililar one 
for 1956-60 which appeared in the Q~rarterly 
in Septeinber 1961 and to note the progress 
which had been made. More fresh in the 
reader's illilid will be the descriptioil of the 
Division's new laboratories at North Ryde 
and of the Food Scieiice Conference organ- 
ized to coininemorate their official opeilillg 
(C.S.I.R.O. Food Preservatiol2 Qlrarterly 
December 1961). 

The present coiltents of the Food Preservn- 
tioll Quarterlj) reflect the food industry's need 
for up-to-date techi~ological knowledge and 
for the scientific facts uilderlyiilg it. 

In meeting this need the journal has to 
cater for a very different class of reader from 
that of 21 years ago. The present-day food 
technologist is far better trained and iilforined 
than his pre-war counterpart. The editors of 
the Food Preserl~atioi~ Qucr1.ter.1~) feel that they 
have coiltributecl in some sinall liieasure to 
the improved status of food techilologists and 
hope that the journal, on attaiiliilg its niajor- 
ity, will coiltiilue to be of service to illeinbers 
of the food industry under the changed cir- 
cumstances which now exist. 
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VlSlTORS held discussions on re sear cl^ proble~ils with 

111 July the C.S.I.R.O. Division of Food 
Preservatioil was honoured by a visit from 
Dr. V. Subrahmanyan, Director of the Cen- 
tral Food Technological Research Institute, 
Mysore, one of the laboratories of the Indian 
Council for Scientific and Industrial Research. 

Dr. V. SuDml~rnnr~~~m~ 

Dr. Subrahmanyan, who recently received 
the Babcock-Hart Award of the Institute of 
Food Techllologists for his efforts to improve 
the nutrition of the Indian people, made full 
use of his short stay in Australia to visit food 
processing plants and to study the research 
activities of the C.S.I.R.O. Divisions of Food 
Preservatioa, Protein Chemistry, and Dairy 
Research, the Bread Research Institute of 
Australia, the Department of Food Tech- 
nology in the University of New Soutll Wales, 
and the Food Preservation Research Labora- 
tory of the Queensland Departnlent of Agri- 
culture and Stock, Brisbane. 

Professor Harry Beevers, of the Depart- 
nlent of Plant Physiology at Purdue Uni- 
versity, Lafayette, Indiana, U.S.A., was a 
guest worker at the Division's Plant Physio- 
logy Unit at Sydney University from June to 
August. He delivered advanced lectures to 
University students, conducted seminars, and 

plant physiologists and bioci~emists. Pro- 
fessor Beevers spent three weeks visiting 
universities and Divisions of C.S.I.R.O. in 
other capital cities. 

Dr. J. C. Fidler of the Ditton Laboratory of 
the United Kingdorn Agricultural Research 
Council is visiting Australia for three weeks 
fro111 September 20, 1962. Dr. Fidler is a 
leading authority on the storage of fruit and 
vegetables and is at present Chairnlan of the 
Technical Board of the International Institute 
of Refrigeration. Dr. Fidler will visit fruit- 
growing areas in most States of the Common- 
wealth and will discuss research on fruit 
storage with officers of C.S.I.R.O. and the 
State Departnlents of Agriculture. 

OVERSEAS VISlTS 

Mr. E. G. Hall, Principal Research Officer, 
left by air for the United ICiagdom on May 25 
to inspect a nulnber of experinlental ship- 
ments of apples and pears carried out with 
the cooperation of the Shipowners' Refriger- 
ated Cargo Research Association and the 
several State Departnlents of Agriculture. 
Fillailcial support for Mr. Hall's overseas 
visit was given by the Apple and Pear Board, 
the Fibreboard Developlnent Council, and 
the Fruit Shippers' Committee. The ship- 
nlellts were made to obtain infornlation on 
the conditions obtaining on shipboard whe~l  
fruit ill various types of fibreboard containers 
and bulk bins was stowed in different types 
of cargo space. Temperature records during 
shipment were kept by nleans of equipment 
read by the ships' engineers, and in the case 
of one ship illore detailed data were obtzined 
by Mr. R. Scrine of the Shipowners' Refrige- 
rated Cargo Research Association. Out-turn 
011 arrival was examined by Mr. Hall, with 
the assistance of officers of the Australian 
Department of Primary Industry and from 



the Covent Garden Laboratory of the United 
Kingdom Agricultural Research Council. 

Four members of the Division who attended 
the first International Congress on Food 
Science and Technology held at the Inlperial 
College of Science and Technology, London, 
England, from September 18 to 21, 1962, 
presented papers, some on behalf of their col- 
leagues in the Division. The staff inembers 

I were Dr. J. R. Vickery, Mr. J. F. ICefford, 
Dr. J. H. B. Christian, aiid Dr. D.  L. Ingles. 

Dr. J. R. Vickery, Chief of Division, 
attended the meeting of European Meat 
Research Workers in Moscow, U.S.S.R., 
from August 20 to 27, and subsequently 
visited food research laboratories in Europe 
to study current work on meat and fish. 
While in the United Kingdoin for the Inter- 
national Congress on Food Science and Tech- 
nology, Dr. Vickery also attended an inter- 
national symposiuin on Food Regulations in 
relation to International Trade, where prob- 
lems associated with food additives came 
under discussion. Dr. Vickery will return to 
Australia at the beginning of November after 

@ visiting en route many food research centres 
in the United Kingdom, Canada, and the 
United States. 

Mr. J. F. ICefford, Senior Principal Re- 
search Officer, left Sydney on June 7, 1962, 
to attend the 22nd Annual Meeting of the 
Institute of Food Technologists at Miaini 
Beach, Florida, U.S.A., fro111 June 10 to 14., 
where he took part by invitation in a sym- 
posium on citrus products. Mr. Kefford 
visited research laboratories in various parts 
of the United States ~ultil the end of July 
when he continued lus studies of caniling 
and fruit juices on the continent of Europe 
and in the United ICingdom. Mr. ICefford 
returns to Australia at the end of September 
after attending the International Congress on 
Food Science and Technology. 

nlicrobiology laboratories in the United 
States, Canada, and the United ICingdoni, 
and in addition to attending the Inter- 
natio~lal Congress on Food Science and 
Technology in London, he will deliver lec- 
tures at an Advanced Course on Biochem- 
istry and Biophysics in Food Research at 
Cambridge, England. Dr. Christian will 
revisit the U.S.A. in the course of his return 
to Australia, where he is expected to arrive 
at the end of October. 

Dr. D. L. Ingles, Senior Research Officer, 
is leaving Purdue Uaiversity, Lafayette, 
Indiana, U.S.A., where he has held a post- 
doctoral fellowslip, on September 1, to visit 
laboratories in the United States, the United 
Kingdom, aiid Europe, and to attend the 
International Food Science Conference in 
London. He will return to Australia by ship. 

HICKS MEMORIAL PRIZE 

Miss Jeanette Barr, who became an Associate 
of the Sydney Technical College in June 1962 
on coinpletion of a Diploma Course in 
Applied Biology, has been awarded the Hicks 
Meillorial Prize for 1962. The award is given 
annually to the Technical Assistant in the 
Divisioil who obtains the most outstanding 
results on graduation. 

Miss Jenrlrlette Bnrr 
Dr. J. H. B. Christian, Principal Research 

Officer, left Sydney on August 15 to attend 
the Eighth International Congress of Micro- 
biology at Montreal, Canada, from August Miss Barr, who is proceeding to ail 
20 to 24. In the following week he led a sym- Honours B.Sc. degree at  the University of 
posiuni at a Conference on the Microbio- New South Wales, obtained a credit in experi- 
logical Quality of Foods at Franconia, New niental biology and distiilctioils in micro- 
Hampshire, U.S.A. Dr. Christian is to visit biology and biochemistry. 



IN 1961-62, the Commonwealth Treasury 
financed the activities of the Division of Food 
Preservation to the extent of &363,000: made 
up as follows: 

f 
Salaries, and paynlents in the nature of 

salary 256,862 
Equip~nent (including special grant of E7400 

for 1961-62) 33,718 
Consun~able supplies, food supplies, ser- 

vices, travel, general maintenance, etc. 72,420 

Coilsiderable ainounts were contributed 
also by Goverllinent Departments, statutory 
bodies, and private industry in support of 
specific investigatioas. 111 1961-62, the fol- 
louliag such coiltributiolls were received: 

L 
Australian Meat Board 
Meat investigations at Cannon Hill, Qld. 500 
Metropolitan Meat Industry Board, Syduey 
Muscle biochenlistry investigations 500 
Queensland Meat Industry Board 
Investigations at Meat Research Laboratory, 

Cannon Hill, Qld. I275 
Department of Primary Itidustry 
Fr~l i t  fly sterilization investigations on citrus 

fruits, and investigation 011 removal of 
spray residues from fruit 5200 

N.S.W. Department of Agriculture 
Fruit storage investigations 2200 
Australia11 Apple and Pear Board 
Apple and pear storage investigations 500 
Ar~stralia~i Dried Fruits Association 
Investigations on dried tree fruits and 011 

mould attack on prunes 500 
Australian Egg Board 
Investigations on storage disorders in eggs 750 
Council of Egg Marketing Authorities of 
.4ustralia 
S~irvey on egg quality during marlceting 1500 
Broken Hill Pty. Co. Ltd. 
Tinplate corrosion investigatio~~s 6000 

Three Australian organizations-the Apple 
aiid Pear Board, the Fibreboard Develop- 
i l~ent Coui~ci l~ and the Fruit Shippers' Com- 
mittee-combined to illalte a coiltributioll 
which enabled the Divisioil to send a senior 
officer to Eilglaild to report on the ship trans- 
port of apples and pears in fibreboard con- 
tainers and bulk bins. 

SubstailtiaI contributioi~s towards the cost 
of overseas travel by other officers accom- 
panied invitatioils to participate in scieiitific 
coi~fereilces and lecture courses. 

I11 addition to do~iatiolls for specific pur- 
poses, the Divisioii has received maay gei~eral 
dollatiolls froin the Australiail food industry. 
These donations, first solicited in 1956, had 
amouated to &25,000 by June 30, 1962, of 
which amount nearly £4000 was obtaiiled in 
1961-62. It is with great pleasure that the 
Division places on record its sincere apprecia- 
tion of the generous support afforded its 
activities during the fiilallcial year 1961-62 
by the following donors: 
A. Boake, Roberts 8 Co. (Australia) Pty. Ltd. 
Co~nnlittee of Direction of Fruit Marlteting 
Corona Essence Pty. Ltd. 
Dewey and Almy Pty. Ltd. 
F. J. Wallcer Ltd. 
Gordon Edge11 8 Soi~s  Ltd. 
Green's Products Liniited 
Harry Peck 8 Co. (Aust.) Pty. Limited 
FIolbroolcs Pty. Limited 
James Barnes Pty. Limited 
John Darling & Sons Pty. Ltd. 
Matthews Thompson Co. Ltd. 
Orange Fruitgro\vers' Co-operative Cool Stores Ltd. 
P. Methven & Sons Pty. Ltd. 
Port Huon Fruitgroa~ers' Co-operative Association 
Ltd. 
Port Nuon Juices Pty. Ltd. 
Raleigh Preserving Co. Pty. Ltd. 
Rosella Preserving & Manufacturing Co. Ltd. 
Sardilc Engineering Pty. Ltd. 
Taub~llans Iiidustrial Coatings Pty. Ltd. 
Unilever Australia Pty. Ltd 


