
b FOOD PR%;S.ERVhTION QUPStTEWY. 

. . . . a 
~ a c t e r i a  i n  Canned Foods: . . . . 8 

The Food Value of Vegetables. . . . . 12 

~ o t e s  on t h e  Eeo~?omics of Drying PoZ,atoes and Onions. 15 

' The Storage of Apples. .. . . . . 17 

The Waxing of C i t ru s  F ru i t s .  a + . . 21 

,Equipment used fo r  Control of Microbial Spoilage i n  
F r u i t  Ju i ce s  . . .  . . . . . . 23 

Index t o  VoLume 1. 

Issued by 



2, 

PRESERVATION OF FISH. PART 2. - ---..- 

FRZEZXNG, -- .--,-- 
Although t h e  preservat ion of f ish by f reezing has been 

ot ised commercially f o r  many centur ies ,  u n t i l  r ecen t ly  there  has 
a strong pre judice  by the  consumer agains t  frozen f i s h ,  

nsive inves t iga t ions  during t h e  pas t  twenty years  have gone a 
way towards defining the nature  and causes of de t e r io r a t i on  i n  

~ z e n  f i s h  and thus l a i d  t h e  foundation f o r  improved methods of 
ndling this product. A t  t he  present  time, p a r t i c u l a r l y  i n  America, 
ere the  r e s u l t s  of research have been applied i n  c o m e r c i a l  practicg 

former prejudice has been broken down t o  such an ex t en t  t h a t  
ozen f i s h  a r e  often preferred  t o  t h e  f r e s h  f i s h  marlreted i n  t h e  
frozen condition, The marked improvement i n  q u a l i t y  of t h e  m z e n  

poduct has been brought about by c lo se  a t t e n t i o n  t o  fou r  e s s e n t i a l  

( a )  Freshness of f i s h  a t  time of freezing,  

(b)  Use of quick-freezing methods. 

( c )  Maintenance of  low temperatures dur ing 
frozen storage.  

(d )  Pro tec t ion  of the  frozen f ish  from drying, 

. 
I t  cannot be emphasfsed too s t rongly  t h a t  f reezing and 

rage of  f i sh  i n i t i a l l y  i n f e r i o r  i n  qua l i t y  w i l l  i n v i t e  a p r e j a b e  
ch may be d i f f i c u l t  t o  overcome. For the reasons out l ine& i n  ' 

t 1. of  this  s e r i e s  f i s h  d e t e r i o r a t e  very rapidly  when he ld  a t  
rdinary a i r  temperatures a f t e r  removal from t h e  waters S~ince t h e  
a te  of these  adverse changes is reduced with t h e  lowering of 
emperature, At& essent iaJ  t o  i c e  the f i s h  thorouffhly imned ia t eu  

afeer&@jiure. t o  h u i t  i n  t h a t  condit ion up t o  t h e  durnmencemen& 
Pf freesin& and t o  bepin f reezing a s  goon as-possible, 

Under i d e a l  conditions, as p r ac t i s ed  on many overseas re*+ 
.rated f i s h i n g  boats,  f reezing is commenced within 30 minutes of 
catching. The i ndus t ry  has  not yet  developed t o  th is  degree of 
efficiency i n  Aust ra l ia ,  where f i sh  f r e e z e r s  a r e  frequently dependent 
Upon the  markets f o r  t h e i r  supplies .  Although f r l h  obtained i n  th is  
way may b e  wel l  i ced  and cooled a t  the  time of purchase i t  i s  of ten  
d i f f i c u l t ,  except i n  the  case of obviously spoi led  mater ia l ,  t o  
obtain an es t imate  of t h e i r  treatment i n  the  v i t a l  per iod between 
catching and icing. An approximate idea  of t h e  time s ince  death aan 
be obtained from t h e  degree of firmness o r  s t i f f n e s s  of  t h e  f l e s h  
which is assoc ia tea  w i t h  t h e  s t a t e  of " r i go r  m 3 r t i s 1 ' ,  but i t  is 
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i'ole tha t  t he  onset of t h i s  condi t ion  may be independent of 
,,,ture as i n  the  case of mammalian muscle, With f ish he ld  
ce reaches i t s  peak wi th in  24 hours and then begins t o  

Bide with an accompanying reduct ion i n  firmness of t h e  muscle 
sues; a t  48 hours t h e  f i s h  a r e  genera l ly  e n t i r e l y  f r e e  from 

xced f ish should be f rozen before o r  during f u l l  -- r a r :  
pther s torage beyodd one day i n  i c e  favours the e a r l i e r  develop- 
nt i n  the  f l e s h  of "off1' odours and impaired t ex tu r e  during frozen 
orage with a consequent reduct ion  i n  p a l a t a b i l i t y  of t he  cooked 
oduct. I n  t h i s  laboratory,  f i s h  he ld  e igh t  days i n  i c e  p r i o r  t o  
@zing have re ta ined  s a t i s f a c t o r y  condit ion i n  f rozen s to rage  a t  

f o r  about t h r ee  months a s  compared with f i v e  months i n  t he  case  
i imi lar  f i sh  one day i n  i c e  before freezing,  the sho r t e r  l i f e  i n  
former being due main1 y t o  t h e  e a r l i e r  onset of r anc id i ty .  

rseas experiments have ind ica ted  t h a t  holding f i sh  a t  68 '~ .  f o r  
era1 hgurs before i c i n g  and subsequent f reez ing  reduced t h e  s torage 
e at  0 F. by one t o  two months. 

I n  t he  case  of f i s h  f r eez ing  p l an t s  receiving regu la r  
nsignments supplied from sea f i s h i n g  vessels, f reshness o f  the prod- 
t :be fore  f reez ing  i s  maintained by a conibination of cool ing  and 
ni tat ion.  A desc r ip t ion  of t h e  procedure adopted i n  t h e  Gloucester 
ant of t he  General Seafoods Go., U.S.A., i s  given by D.K. T r e s s l e r  

n llMunicipal Sanitat ion1' ,  A p r i l  1930. This p lan t  i s  equipped t o  
reeze about 9 mi l l ion  pounds of fish pr inc ipa l ly  haddock, annually,  

"The haddock brought aboard t he  f i s h i n g  v e s s e l  a re  first 
l i t  down t h e  abdomen from the g i l l s  t o  t h e  vent and .the v i sce ra  
nd g i l l s  removed. The g u t t e d  f i sh  a r e  then thoroughly r insed  i n  
tub of sea water, and placed i n  t he  fish-hold where they a r e  packed 

n small bins with a generous quant i ty  of crushed ice."  

"When t h e  f i s h i n g  vesse l  a r r i v e s  a t  t h e  p l a n t  $22 f i sh  a r e  
band. i n t o  one hundred-pound canvas baskets  anCl ho i s t ed  ou t  

then dumped i n t o  a wash t a rk  of running chlor ina ted  
of t h e  slime, i c e  and other  
L o f  handlinrr i s  i n f i n i , w  

king t h e  f i s h  from the  fish-hold 
n forking onto t h e  wharf and 
requent forking of f i sh  punches 

a c t e r i a  i n t o  t h e  deep areas  of 

"The f i s h  a r e  c a r r i e d  by an automatic conveyor from the  
ox, i n  one s i d e  of which i s  a 
i s h  a r e  placed i n  each box. 
he bottom of the  box, a f u r t h e r  
s h  and a f i n a l  l aye r  a f t e r  t h e  
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ing wi th  f i s h  i s  completed. The iced boxes of fio& a r e  
d i a t e l ~  hauled t o  a r e f r i ge ra t ed  room a t  about 37 P. a t  t h e  

oiving end of t h e  f i s h  f i l l e t i n g  plant  where they a re  held  some- 
os as long a s  forty-eight hours, never longer, awaiting f i l le t ing '!  

a tory  t o f i l l e t i n g ,  t h e  f i s h  a r e  e i t h e r  scaled, 
r ina ted  sea water and convcyed t o  the  cu t t ing  tablea ,  
l l e t s  a re  being packed they a r e  merely washed and 

t o  t h e  f i l l e t i n g  tables".  

"Fish t o  be scaled  a r e  dumped i n t o  t h e  hopper of a 
t h e  sca les  a r e  removed under a spray of sea  
then automatical ly conveyed through a washing 

h lo r ina ted  sea water i s  flowing and then t o  t h o  
r f i l l e t i n g .  F i l l e t s  t o  be skinned pass t o  t h e  
which is  operated under a spray o f  sea  water." 

" A l l  f i l l e t s  se lec ted  f o r  f reez ing  a re  passed i n t o  a 
ining machine where they a r e  i m e r s e d  f o r  about one minute i n  a 
l t  brine containing a small amount of sodium hypoohlorite. The 
incd f i l l e t s  a r e  placed i n  monel metal pans and conveyed t o  monel- 

oqped packing t a b l e s  where they a r e  weighed and individual ly  frade- 
arked, wrapped i n  moisture-yapour-proof t ransparent  ce l l u lo se  
im and packed i n  cold-waxed cartons i n  which they a r e  frozen," 

"SanStars control  measures. Although t h e  f l e s h  o f  l i v e  
ish i s  s t e r i l e ,  the  f i sh  when unloaded from a f i s h i n g  vesse l  a r e  
ighly in fec ted  and s p o i l  rapidly  unless  kept cold. During gu t t i ng  
r i a r  t o  packing i n  i c e  i n  the hold  of the  vesse l  bacter ia  from t h e  
ighly infected  d iges t ive  t r a c t  become spread over a l l  cut  su r faces  
nd the  in fec t ion  i s  c a r r i e d  from one f i s h  t o  another by water from 
he melting ice".  

"unless the  f i s h  a r e  thoroughly washed nearly f r e e  from 
nated water before they reach t h e  f i l l e t i n g  t ab le ,  
c t e r i a l  content  of the  d ip  used i n  br in ing t h e  
der  control ,  the  b a c t e r i a l  count pe r  u n i t  of  f i &  

i d l y  a s  the  f i s h  pass through t h e  f i l l e t i n g  and . I n  add i t ion  i t  i s  necessary t o  keep the  f loors ,  
a s  near ly  s t e r i l e  a s  possible by frequent washing 

chlor inated  sea  water." 

" In  t h i s  p lant  the  water used i n  washing f i s h  t ab l e s ,  
a water taken from the  outer  harbour and chlalL. 
p a r t s  per mi l l i on  on the suc t ion  s ide  of the 

f the  ch lor ine  i s  used up i n  oxidizing the  
t h e  water s o  t h a t  by the time t h e  water reaches 
tank i n  the  tower of t h e  fac to ry  t h e  f r e e  

i s  about f i v e  p a r t s  per mil l ion,  The pumps 
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operated coi?tinuously day azld night,  thus ensuring a f r e sh ly  
or,nated supply O f  nearly s t e r i l e  water a t  a l l  times. I n  passing 

.Om the l a rge  tank t o  the wash tank on the  receiving wharf and t h e  
veral machines on the  dress ing f l oo r ,  the  content of f r e e  chlorine '  

from f i v e  t o  one t o  th ree  p a r t s  per  million. Thorough washing 
igschlorinated sea water of t h i s  s t reng th  is s u f f i c i e n t  t o  reduce 
e a t l ~  the number of bac te r ia  on t h e  surface of t h e  f i sh  but has 
t t l e  ef fec t  on those beneath t h e  sca les ,  i n  the  cent re  of the  g i l l  
u,ters, and i n  the  f lesh.  

"This chlorinated water i s  used no t  only t o  wash t h e  f i s h  
g wharf and jus t  p r i o r  t o  f i l l e t i n g  but i s  also. 

ppayed on t h e  f i l l e t s  just before they enter  t h e  br in ing machine 
as t o  lessen contamination o f  t h e  brine,  The s a l t  brinr: i t s e l f  
t rea ted  hourly wi th  a measured quanti ty of sodium hypochlori te  

. tha t  i t  constant ly  conta ins  from one t o  th ree  p a r t s  por m i l l i o n  
ac t ive  chlorine,  

"The p lan t  i s  one which may be e a s i l y  cleaned and d i s -  
nfected. The f l o o r s  a r e  of g r ano l i t h i c '  concre te  and are  s loped 

frequent drains.  The wal ls  a r e  of t i l e  and t h e  ce i l i ngs  of con- 
rete, both being painted  with white enamel. The t r a y s  for holdirg 
e p a r t i a l l y  prepared f i sh  a r e  of monel metal and the  t ab les  have 
nel metal tops. Other equipment i s  constructed of corrosion- 

The monel pans o r  t r ays  i n  which t h e  f i l l e t s  
packing t a b l e s  a re  thoroughly scrubbed with a 
chlor ine  p e r  mi l l ion)  sodium hypochlori te  a t  
The f l o o r s  amd machines a r e  f requent ly  f lushed 

during working hours with chlor inated  sea water and a t  night  a r e  
sorubbed and washed with a s t rong hypochlori te  solut ion.  

"In order  t n  keep a ca re fu l  check and record of t h e  
quality of the  product of t h i s  modern plant ,  ca re fu l  records of t h e  
important points  i n  t h e  purchase and productipn of  each l o t  of 
f i l l e t s  a r e  kept. I n  addition, two samples t a k a  a t  random from 
each l o t  a r e  examined bac t e r io log i ca l l y  and t e s t e d  by cooking. 
A l l  of these  data a r e  recorded on Lot History Sheets which a r e  
examined by a responsible  member of  the laboratory organi sat  i o n  
before any por t ion  of  t h e  production covered by these  shee t s  i s  
released f o r  shipment. 

"The c lean l iness  and care wi th  which t h e  f ish  a r e  handled 
during preparat ion and packaging a r e  r e f l ec t ed  i n  t h e  qua l i ty  of the  
Product."' -- The d e t a i l s  .-given here-for t h i s  mode1.21ant mikht well  
be taken a s s u i d e  f o r  t h e  c o n s t ~ u c t i o n  of new p l a n t s  o r  the ----_I_ . r econs t ruz ion  o f o ' l ' - i i p % n ~ - ~ ~ ~ t ~ i a .  

&!i_ck-f reezina Methods. 
The advantages of rap id  over slow freezing a r e  t h a t  the  

frozen f i sh  a re  of b e t t e r  t ex tu re  and lo se  l e s s  muscle juice o r  
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I I  during thawing, but for 2'isl.i t h a t  a r e  t o  be held. i n  t he  frozen 
for long perio38, e.g, s t x  mcmths, t h e  factor:: of the i n i t i a l  

Mess of "ish and t he  teinperatures a t  which tihe frozen f i  sh a r e  
y more important, Nevertheless i t  has been 

I1 other  c0ad.i. ti.ons a r e  s i ini lar ,  a super io r  
ced by r a p i d  fz'eezing. From t h e  commercial stand- 
e igh t  of f i s h  which n,an be fro;;en i n  a given time i s  

t considerably l e s s  ac tual  space i s  required f o r  
a given quant i ty  of f i s h ,  

From 1aborc.tory experiments i t  has been demonstrated t h a t  
adverse e f f e c t s  of f reez ing  a r e  reduced t o  a minimum when t h e  
taken t o  pass through t he  + " c r i t i c a l  zone1[ of freezing,  31%. 

longer  than f i f t e e n  minutes, but t h a t  the  de te r io r - -  
as judged by ccmmercial standards i s  not very 

en t h i s  time i s  two o r  t h r ee  hours, 

I n  recent  years  many types  of r e f r i g e r a t i n g  p,an<s have 
r f reez ing  f i s h  wi th in  t h e  time l i m i t s  speci f ied ,  

e n e c e s s a ~ y  r a t e  of f reez ing is obtained and 
aged by contac t  w i t h  t h e  f reez ing  medium, t he r e  

ogica l  advantage of any p a r t i c u l a r  system over 

There may, however, be  d i f fe rences  i n  design which b r ing  
out c e r t a i n  advantages such a s  g r e a t e r  e f f i c iency  of cooling, 
creased f l e x i b i l i t y  of cperat ion, saving 2.a snace, and reduced 
preciation of p l an t ,  It may soinetimes be poss ib le  t o  make use  

existing equipment which can be adapted f o r  quick-freezing, 
ts  of a spec i a l  plant which may be used only 
should be borne i n  mind, howover, t h a t  a f l ex-  

zer  may be used f o r  o ther  products when f ish a r e  

Indus t r i a l  Research, 

-b When f i sh  a r e  placed i n  a f reez ing  medium, t h e i r  
emperature i s  reduced r e l a t i v e l y  rap id ly  u n t i l  t h e  f reez ing  po in t  of 
he f l e s h  i s  reached (approx, 31°F. ) a t  which s t a g e  t he r e  tends t o  be 
balance between t h e  heat of c r y s t a l l i z a t i o n  of i c e  and t h e  cooling 

ffect of t he  f reez ing  medium and t he  so-cal led l a t e n t  pe r iod  of 
Peezing i s  manifested. A s  an example, t he  time occupied i n  , th i s  
eriod of f reez ing  (between 31° and 23OF,) may be t e n  t imes a s  long 
6 that  taken f o r  t he  f i s h  t o  f a l l  from IOOF. t o  31°F, Af t e r  Pass- 
ng through t h i s  zone, t h e  f i s h  temperature f a l l s  more rap id ly  t o  
hat of t he  f reez ing  medium. 
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-i;h.'.ckness -.-.-.-+-. --- of ------ f i s h  f o r _ g u i c k - f r e e z i n a  -~-.-.-~.." ,--. ~,, ..- The 
s of Pis% which can be ~ u i c k - f r o z e n  w i l l  depend 
c t o r s  such e s  .the n a t u r e  and temperature  of t h e  
ium, i t s  r a t e  of movement over t h e  f i s h ,  and 

cover ings  such a s  moulds and wrapping or  packaging 
unwrapped f i l l e t s  o r  s i n g l e  f i s h  f r o z e n  under t h e  
o n d i t i o n s  the l i m i t i n g  th i ckness  w i l l  b e  approxi-  

ly 4 inches.  I n  commercial p r a c t i c e ,  b locks  of f i l l e t s  t o  be 
6, a r e  u s u a l l y  ha l f  t o  one inch  i n  th ickness .  

Some d a t a  on t h e  r a t e s  of f r e e z i n g  of f i s h  i n  a i r  have 
@ n t l y  been r epo r t ed  by workers a t  the Torry Research S t a t i o n ,  

( I )  Unwsapped f i l l e t s  o r  s i n g l e  f i s h  up t o  a  t h i c k n e s s  of 
f i v e  inches  were f rozen  i n  l e s s  t han  t h r e e  hours i n  
a i r  a t  minus 300F. moving a t  t e n  f e e t  p e r  second. 

(2) F i l l e t s  and s p l i t  h e r r i n g s  packed i n  ska l low me ta l  t r a y s  
(20" x 15" x I$") were f rozen  i n  f o u r  hours  i n  s t i l l  
a i r  a t  minus 22OF. By moving t h e  a i r  a t  f i f t e e n  f e e t  
pe r  cecond t h e  f r e e z i n g  t ime was reduced t o  one and a  
q u a r t e r  hours.  

I n  experiments a t  Homebush bloclcs of f i l l e t s  one inch  
thickness wrapped 2-n wa::ed paper  and packed i n  me ta l  moulds 
ersed i n  w e l l  s t i r r e d  b r i n e  a t  O O P . ,  were reduced t o  t he  tempera 

r e  of t h e  f r e e z i n g  meaium i n  about  t h i r t y f i v e  minutes ,  i nc lud ing  
fteen minutes i n  t h e  " c r i t i c a l  zone", 

P r e p a r a t i o n  of f i s h  f o r  f r eez ing .  F i s h  may be f r o z e n  
the  r o a  w i t h o u t  beheading,  s c a l i n g ,  o r  u t t i n g ,  b u t  a l t hough  

e  extent  of  d r y i n g  du r ing  f r e e z i n g  ( i n  a i r  7 and i n  subsequent  
l e s s  than i n  s i m i l a r  beheaded and g u t t e d  f i s h  - 
a t e r  a r e a  of exposed c u t  s u r f a c e s  - t h e  f i s h  

DPY more space i n  s to rage .  Torry r e s e a r c h  workers  advocate  
@zing of whole f i s h  when they  a re  in tended f o r  smoking a f t e r  

ozen s to rage .  

For  the  gene ra l  t r a d e ,  f i l l e t s  a r e  p r e f e r a b l e  t o  whole 
i s h  s i n c e  they  meet t he  reau i rements  of the consumer while t h e  
l iminat ion of waste p r i o r  t o  f r e e z i n g  e f f e c t s  marked economy i n  
reezing and i n  space  taken up i n  s to rage .  Half-pound b locks  a r e  
Sui tab le  s i z e  f o r  s a l e  t o  householders  whi le  f ive-pound b locks  

ill be more i n  demand f o r  s u p p l i e s  t o  i n s t i t u t i o n s ,  h o t e l s ,  c a fe s ,  

ion from Drying, 

F i l l e t s  may be packed i n  s u i t a b l e  mo i s tu re  vapour-proof 
rapping papers  b e f o r e  f r e e z i n g  and a l though  t h e r e  w i l l  b e  some 
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ncrease i n  f r e e z i n g  time, t h e  exte11.t of d ry ing  w i l l  -be g r e a t l y  
educed. I:I a d d i t i o n ,  t he  wraps a p p l i e d  b e f o r e  f r e e z i n g  w i l l  
dhere more c l o s e l y  t o  t h e  f r o z e n  b locks  than those  used a f t e r  

eezing and t h e r e  w i l l  be l e s s  t endency  f o r  t h e  f i s h  t o  dry 
ring subsequent s t o r a g e .  

During f r e e z i n g  i n  a i r ,  unv~rapped f i s h  w i l l  l o s e  from 
t o  t h r e e  p e r  c e n t ,  of t h e i r  weight and ,  according t o  Torry 

rkers ,  t h i s  l o s s  can be cons ide rab ly  reduced by f r e e z i n g  t h e  
sh i n  a  wet s t a t e  i n  which case  t he  &vapora t ion  w i l l  be mainly 

t he  w a t e r  adhe r ing  t o  t h e  f i s h .  

Th i s  s e r i e s  on t h e  p r e s e r v a t i o n  of f i s h  w i l l  b e  con- 
f u t u r e  i s s u e  w i t h  a n  a r t i c l e  on the  s t o r a g e  of f r o z e n  

---------------- 

BACTERIA IN CANNED FOODS. 

I n  its b a r e  e s s e n t i a l s  t he  commercial canning  of food 
depends on t h e  a p p l i c a t i o n  of h e a t  t o  a p o d u c t  which is  packed 
i n  a  s e a l e d  c o n t a i n e r  from which t h e  a i r  is p a r t i a l l y  excluded. 
The hea t  p r o c e s s  serve-s t o  d e s t r o y  micro-organisms. The exc lus ion  
o f  a i r  decreases  s t r a i n  i n  t h e  can d u r i n g  hea t ing  a t  h igh  tempera- 
t u r e s ,  and causes  c o l l a p s e  of the  can ends under o rd inary  c o n d i t i o n s  
o f  c l imate .  The co l l apsed  s t a t e  of t he  can is important  because it 
represents  t h e  only method of judging t h e  soundness of t he  c o n t e n t s  
without opening t h e  con ta ine r .  T h i s  method of judgment is accep ted  
because most ,  a l though  n o t  a l l ,  b a c t e r i a  which may grow i n  canned 
food$ produce gas which d e s t r o y s  t h e  vacuum and may e v e n t u a l l g  
dis tend and b u r s t  t h e  can. Fo r  t h i s  reason  any cans  l a c k i n g  a  
p a r t i a l  vacuum when cool  a r e  cons idered  u n f i t  f o r  consumption, 
even though o t h e r  causes  of l o s s  of vacuum a r e  known t o  e x i s t .  

Although c e r t a i n  canned foods  may on occasion be s p o i l e d  
by y e a s t s  and o t h e r  fung i ,  b a c t e r i a  a r e  t h e  most impor tan t  a g e n t s  
of spo i l age .  T h i ~  is due l a r g e l y  t o  t h e  g r e a t  r e s i s t a n c e  t o  h e a t  
which is i n h e r e n t  i n  t h e  s p o r e s  formed by some types  of b a c t e r i a .  
For t h i s  reason  b a c t e r i a  pnly w i l l  b e  d i scus sed  i n  t h i s  a r t i c l e .  

When the  con ten t s  o f  a can of food a r e  examined f o r  t h e  
Presence ( o r  absence)  of b a c t e r i a  one o f  t h e  t h r e e  fo l lowing  
condi t ions  w i l l  b e  found. 
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9. C 

The can c o n t a i n s  no l i v i n g  b a c t e r i a .  
9--------- 

The can con ten t s  t hen  a r e  s a i d  t o  be  " s t e r i l e w  i n  t h e  
, lu te  sense .  This c o n d i t i o n  ob ta ins  when t h e  hea t  p-ocess has 

adequate t o .  d e s t r o y  a l l  s p o r e s  and t h e  can has  been s e a l e d  i n  
anner which has Prevented subsequent contaminat ion,  The c o n t e n t s  

cans  w i l l  keep i n d e f i n i t e l y  from a  b a c t e r i o l o g i c a l  a s p e c t ,  
bough slow chemical changes may impair  t h e  qual9-kies of t h e  
uct a f t e r  very prolonged holding.  A r a r e r  c o n d i t i o n  is t o  f i n d  
o i l e d  can i n  which no l i v i n g  b a c t e r i a  can be found* This  may be , t o  the b a c t e r i a  r e s p o n s i b l e  f o r  the  spo i l age  having been 

strayed by an  accumulation of t h e i r  own end-products o r  by o t h e r  
uses. Cans, Of cohrse ,  may a l s o  be  s p o i l e d  by p u r e l y  chemical  

: reactions,  ea g i  hydrogen s ~ e l l s .  

2. The can c o n t a i n s  l i v i n g  b a c t e r i a  which do n o t  grow i n  
t h e  can. 

This cond i t i on  is known a s  ltcommercial s t e r i l i t y I f  and 
in general  is the  cond i t i on  which t h e  canner  aims t o  provide.  It 
i s  not necessary t o  provide s e v e r e  h e a t  p roces ses  t o  d e s t r o y  a l l  
bac te r ia  when less d r a s t i c  h e a t  p roces ses  a r e  s u f f i c i e n t  t o  d e s t r o y  
those which w i l l  grow i n  t h e  produc t  a s  packed. One of t h e  commonest 
examples of tLcommercial s t e r i l i t y t t  is the  occurrence of b a c t e r i a l  
spores i n  a c i d  products  such a s  c e r t a i n  f r u i t s  and f r u i t  j u i ce s .  
Such foods a r e  u s u a l l y  heated t o  t empera tures  l e s s  than 2 1 2 O ~ .  which 
a r e  s u f f i c i e n t  t o  d e s t r o y  those  non-spore-forming b a c t e r i a  which a r e  

z . able t o  grow i n  t h e  a c i d  product .  Another example is t h e  occurrence 
o f  the  m o r e s  of thermonhi l ic  b a c t e r i a  i n  some canned foods. 
~ h e r m o p h l l l i c  b a c t e r i a  grow only  a t  h igh  temperatures  and foods  

5 containing such s p o r e s  may b e  marketed w i t h  s a f e t y  i n  temperate  
c l imates .  However, where t h e  cans  a r e  exposed t o  t empera tures  
g rea t e r  than  11 0 t o  12OoF. t h e  thermophi l ic  b a c t e r i a  may grow and 
s p o i l  t he  produc$. Many o t h e r  f a c t o r s  a r e  o f ten  important  i n  
preventing t h e  growth of b a c t e r i a  i n  canned foods ,  bu t  t hey  cannot  
be d e t a i l e d  here. One c o n d i t i o n  of i n t e r e s t ,  a l t hough  f o r t u n a t e l y  
i t  is not s e r i o u s  from a  commercial p o i n t  of views is t h a t  of  
"dormancyt1 i n  spores .  This  occurs  when s p o r e s  remain a l i v e  b u t  
do not germinate i n  t h e  canned food u n t i l  l ong  p e r i o d s  have 
elapsed. They may then  germina te ,  and  s p o i l  t h e  can ,  I t  is only 
Very r a r e l y  t h a t  l i v i n g  s p o r e s  do no t  germinate du r ing  a  b r i e f  
incubat ion,  a l t hough  wdormancyli f o r  p e r i o d s  up t o  t h r e e  yea r s  has 
been repor ted .  

3. The can c o n t a i n s  l i v i n g  b a c t e r i a  which have grown and - 
=oiled t h e  con ten t s .  

I t  i s  obviously  d e s i r a b l e  t o  avo id  t h i s  c o n d i t i o n  and 
some of t h e  causes  and c o n t r o l  measures w i l l  b e  d e t a i l e d  i n  a  
l a t e r  a r t i c l e .  The b a c t e r i a  caus ing  s p o i l a g e  may have su rv ived  
the  h e a t  p roces s  o r  they may have gained e n t r y  a f t e r  p roces s ing  
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completed. The f irst  a l t e r n a t i v e  w i l l  u s u a l l y  be  a s s o c i a t e d  
occurrence of on ly  one type  of h e a t  r e s i s t a n t  o r  o therwise  
ed b a c t e r i a .  The second a l t e r n a t i v e  is i n d i c a t e d  by 'the 
e of mixed m-iscellaneous types  which may n o t  be r e s i s t a n t  
n d i t i o n  of p rocess ing*  For  p r o p e r l y  s e a l e d  cans  t h e  t y p e s  

of b a c t e r i a  which w i l l  s p o i l  canned food depend, very  l a r g e l y ,  on 
the  product .  I n  a l l .  cases  except t h e  " f l a t  sour" and l t su lph ide l l  
types ( s e e  below) the  b a c t e r i a  may produce gas which s w e l l s  t h e  can. 

l a )  Acid Products.  

I n  p roduc t s  wi th  an a c i d i t y  corresponding t o  a 
pH of l e s s  t han  about  4.5 any s p o i l a g e  b a c t e r i a  
w i l l  be found g e n e r a l l y  t o  be s p e c i e s  of Lacto- 
b a c i l l u s  o r  Leoconostoc. Nei ther  type forms spo res  
a n d h e r e f o r e  they a r e  des t royed  a t  t empera tures  
below 21Z°F. I n  t h e  event  of  t h e i r  s u r v i v a l ,  they 
may grow and produce gas i n  such a c i d  produc-ts. 
Spore-forming b a c t e r i a  may s u r v i v e  t h e  h e a t  p roces s ,  
bu t  do no t  cause  s p o i l a g e  i n  t h e s e  produc ts  under 
normal condi t ions .  

Non-acid Produc ts  . 
Yhen p roduc t s  have a f a i r l y  lovi a c i d i t y  a s  shown by 

pH 4.5 o r  g r e a t e r  t he  growth of spore-forming 
b a c t e r i a  may t a k e  p l ace .  Such produc ts  r e q u i r e  
g r e a t e r  hea t  p r o c e s s i n g  t o  d e s t r o y  t h e  spo res ,  and 
t h i s  i s  achieved l a r g e l y  by us ing  steam under 
p r e s s u r e  t o  2500F., o r  sometimes h ighe r ,  w i t h i n  
t h e  can. The h e a t  p rocess  r e q u i r e d  may be 
c a l c u l a t e d  when t h e  s u s c e p t i b i l i t y  of t h e  s p o r e s  t o  
hea t ,  and the  r a t e  of  hea t  p e n e t r a t i o n  i n t o  t h e  can 
c o n t e n t s  a r e  known. The p roces s  should  a t  l e a s t  be 
capable  of d e s t r o y i n g  t h e  spo res  o f  C los t r i d ium 
botulinum ( t h e  t o x i n  of which causes  b o t u l a  when 
t h i s  organism is known t o  grow i n  t h e  product .  

The fo l lowing  g e n e r a l  c l a s s e s  of s p o i l a g e  i n  non-acid 
Products may be recognized.  

U F l a t - s o u r  Spoi lage.  

A s  the  name imp l i e s  t h e  cans a r e  not swel led b u t  a s  t h e  
a c t e r i a  produce a c i d  t h e  con ten t s  may be soured. I n  c e r t a k n  
poducts of a semi-acid na tu re  t h e  i n c r e a s e  i n  a c i d i t y  may no t  be  
u f r i c i e n t  markedly t o  a f f e c t  t h e  f l a v o u r ,  a l t hough  t h e  i nc reased  
c i d i t y  is always r e a d i l y  d e t e c t e d  chemically.  This  type of s p o i l a  

i ch  is common i n  vege tab le  p roduc t s ,  is caused by h i g h l y  hea t -  
s i s t a n t  spore-forming b a c t e r i a  which a r e  f a c u l t a t i v e  anaerobes  
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( 2 )  Thermophi l l ic  Anaerobic Spoi lage.  

This  is o f t e n  known a s  tlT.A.ll s p o i l a g e  and owing t o  t h e  
production of gas t he  cans a r e  swel led  t o  va r ious  amounts. The 
f lavour and t e x t u r e  of t h e  p r o d u c t  may be damaged by the  b a o t e r i a  
which a r e  spore-forming and o b l i g a t e  anaerobes  (grow only i n  t he  
absence of a tmospher ic  oxy e n )  and which grow _od-y a t  e l e v a t e d  
temperatures (above I I O ~ F . ~ .  The s p o r e s  of t h e  organisms ape not  
qu i te  a s  h e a t - r e s i s  t a n t  a s  those  c a u s i n g  " f la t  sour l l  spo i l age ,  

( 3 )  Sulphide o r  I1Stinkert1 Spoi lage .  

This condi t ion  is  marked by t h e  presence of t h e  
malodorous gas hydrogen su lph lde .  A s  t h e  gas i s  s o l u b l e  i n  w a t e r  
the can does not swel l .  The can c o n t e n t s  a r e  a l s o  darkened w i t h  
t h i s  type of s p o i l a g e ,  which is  most common i n  vege tab le  packs.  
The organism i s  ano the r  o b l i g a t e  anaerobe which grows onlg a t  
e leva ted  temperatures  (above -f1O0P.) and i ts  spo res  a r e  no t  a s  hea t -  
r e s i s t a n t  a s  t h e  two p rev ious  types .  

(4) -- P u t r e f a c t i v e  Spoil-. 

This occurs  i n  a wide v a r i e t y  of p roduc t s ,  p a r t i c u l a r l y  
meats, and is marked by s w e l l i n g  of t h e  can and varying degrees  of 
p u t r e f a c t i o n  of t h e  c o n t e n t s ,  which may o r  may not  Be blackened.  
'The condi t ion  is caused by a number of organisms which however a r e  
a l l  o b l i g a t e  anaerobes and which grow b e s t  a t  temperatures  below 
1 1 0 ~ ~ .  The r e s i s t a n c e  of t h e  spo res  t o  hea t  v a r i e s  cons ide rab ly  
with d i f f e r e n t  organisms. A few s t r a i n s  produce s p o r e s  which a r e  . 
very r e s i s t a n t  t o  heat .  

(5) Swelled Cured ~ e a t s .  

grow only i n  t h e  presence of a i r ,  b u t  a r e  a b l e  t o  grow i n  i t s  
absence i n  t h e  presence of cured  meats and sugar .  The b a c t e r i a ,  
which u s u a l l y  grow b e s t  a t  t empera tu re s  less t h a n  120°F., produce 
spo res  which are not  p a r t i c u l a r l y  r e s i s t a n t  t o  hea t .  
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THE FOOD VALUE OF VEGETABLES. ------- ---. - ------ 
I n  an  a t t empt  t o  a l l e v i a t e  t he  gene ra l  food shor tage  

end, i n  p a r t j . c u l a r ,  -Lo make up f o r  t h e  sho r t age  of imported f r u i t s ,  
Great B r i t a i n  has i n s t i t u t e d  a "Grow more Yege$~bles"  campaign, 
hich has s t i m u l a t e d  i n t e r e s t  i n  t h e  nu.Lz~itive value of vege tab les .  
n a  r ecen t  symposium i n  London on t h i s  s u b j e c t  e x i s t i n g  s c i e n t i f i c  
nowledge was reviewed and c e r t a i n  f r e s h  in format ion  brought  
ornard. This a r t i c l e  is a summary of t h e  pape r s  p re sen ted  i n  t h a t  

The s u b j e e t  i s  of cons ide rab le  importance i n  t h i s  count ry  
a t  the p r e s e n t  t ime no t  only  because l a r g e r  q u a n t i t i e s  of f r e s h  and 
processed vege tab l e s  a r e  be ing  consumed by t h e  Defence S e r v i c e s  
but a l s o  because t h e  average  housewife has only vague i d e a s  a s  t o  
the r e l a t i v e  food v a l u e  of t h e  common vege tab les .  I t  may be noted 
that  t h e  p o t a t o ,  be ing  somewhat of a c l a s s  t o  i t s e l f ,  has  not  been 
jncluded i n  t h e  d i s c u s s i o n ,  

W i t h  t he  except ion  of legumes, e.g. peas ,  navy beanss 
h a r i c o t  beans ,  e t c . ,  vege t ab l e s  a r e  p r i m a r i l y  " p r o t e c t i v e  foodsu 
i . ec  t h e y  supply needed v i tamins  and minerals .  P r o t e i n s  and 
carbohydrates a r e  p r e s e n t  i n  s u c h  sma l l  amounts a s  t o  form only  
an i n s i g n i f i c a n t  p ropor t ion  of t h e  t o t a l  energy i n t a k e .  I n  t h e  
average d i e t ,  vege tab les  s u p p l y  only  about  3,5 p e r  cen t ,  of t h e  d a i l  
c a lo r i e  requirement.  I n  a  w i s e l y  planned d i e t  vege tab les  can 
supply a l l  t h e  vi tamin C ,  p robably  a l l  t h e  vi tamin A ,  a s u b s t a n t i a l  
proport ion o f  t h e  i r o n  and some of t h e  calcium needed f o r  good 
nu t r i t i on .  It i s  i n s t r u c t i v e  t o  rank  t h e  common vege tab l e s  i n  
order of n u t r i t i v e  value.  . The o rde r  of dec reas ing  c o n t e n t  of  
vitamin C is a s  fol lows:-  Brusse l s  s p r o u t s  ( b o i l e d ) ,  mustard and 
c ress ,  b r o s c o l i  ( b o i l e d ) ,  orange,  lemon, sp inach  ( b o i l e d ) ,  The 
c i t r u s  f r u i t s  a r e  included f o r  comparisono It is c a l c u l a t e d  t h a t  
4 ounces of b o i l e d  cabbage c o n t a i n s  a s  much vitamin C a s  3 p i n t  
O f  orange ju ice .  

I n  t h e  c a s e  of v i tamin  A ,  t h e  ranking  is b r o c c o l i  ( b o i l e d )  
wate rc ress ,  sp inach  ( b o i l e d ) ,  tomato,  l e t t u c e ,  mustard and c r e s s ,  
Brussels sp rou t s  ( b o i l e d ) ,  c a r r o t  ( b o i l e d ) .  I t  is appa ren t  t h a t  
the vege tab les  w i t h  d a r k  green  l e a v e s  a r e  t he  b e s t .  B r o c c o l i ,  
watercress ,  mustard and c r e s s  (vege tab l e s  n o t  commonly used i n  
A u s t r a l i a ) ,  B rus se l s  s p r o u t s  and sp inach  a r e  h igh  up on the  l i s t ,  
the s o u g h t - a f t e r  whi te -hear ted  cabbage is f u r t h e r  down. The 
tomato and c a r r o t  a r e  u se fu l  vege t ab l e s  b u t  a r e  n o t  h igh i n  

: vitamins. Onions, a spa ragus ,  c e l e r y ,  cucumber, marrow and pumpkin 
a r e  extremely low i n  n u t r i t i v e  value.  O f  t h e s e ,  onions and c e l e r y  
a r e  amongst the  canned foods used i n  Se rv i ce  r a t i o n s .  However, i t  
should b e  po in t ed  o u t  t h a t  t h e  value of a f o o d s t u f f  cannot  be  judged 
s o l e l y  on chemical a n a l y s i s .  Quest ions  o f  p a l a t a b i l i t y  a n d '  
a i g e s t i b i l i t y  must b e  cons idered .  Thus i n  o rde r  t o  render  c e r t a i n  
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a c r e  va?.a~zk:l.e .. it ';as Seen n e e e s s a ~ y  t o  inc lude  
S vege tab les  r,f l , > w  n u t r i t i v e  va lue  and such. 
S and ? i c k l e s ,  F o r  t h e  same reason acreage  has 
Great  Briia5.n f o r  grbming such m a t e r i a l s .  

o o  k i  ng.. 

of v i tamin C ,  ave rag ing  60 pe r  c e n t , ,  i n  green 
P e r  cen t .  i n  r o o t  vege t ab l e s ,  is  in sepa rab le  from 

he usual  methods of home-cooking vege tab l e s ;  l o s s e s  of o t h e r  
u t r i e n t s  a r e  not cons idered  s i i y ~ i f i c a n t ~  The l o s s  of  vi tamin C 

c h i e f l y  by l e a c h i n g  in-to t h e  cooking wa te r  and on ly  t o  a  s m a l l  
extent  by d e s t r u c t i o n ,  s o  t h a t  d r y  methods of cooking,  e ,g ,  bak ing  
and fpyi3g cause  r a t h e r  l e s s  l o s s  of vi tamin C t h a n  t h e  wet  methods. 
LOSS of l:itamin C i s  minimised b y  r a p i d  bo i l i .ng  i n  t h e  minimum 
amount of wa te r  and by avo id ing  overcookingt The prac t i . ce  of 
Ifkeeping hoti '  i s  d e f i n i t e l y  t o  b e  condemned a s  v i tamin  C is  r a p i d l y  
l o s t  from t h e  ho t ,  cooked p roduc t ,  This p o i n t  i s  p a r t i c u l a r l y  
important i n  r e l a t i o n  t o  cooking i n  i n s t i t u t i o n s  and p u b l i c  e a t i n g  
places and probably  1 n  m i l i t a r y  camps* There is no couc lus ive  
evidence t h a t  t h e  use  of e i t h e r  s a l t  o r  b i ca rbona te  of soda has any 
de le te r ious  in f luence  on the  n u t r i t f  ve va lue  of vege tab les ,  

The. EffeeSs rjf C a n n i x ,  --- -- 

Loss cf n u t r i t i v e  va lue  mag occur a t  t h r e e  s t a g e s  du r ing  
the manufacture of a  canned food., I n  t h e  p e r i c d  between p i ck ing  
o r  l i f t i n g  t h e  vege tab le  and a r r i v a l  a t  the  cannery' t h e  l o s s e s  are  
neg l ig ib le  i f  t he  vege tab l e s  a r e  used f r e s h ,  i n  t h i s  r e s p e c t ,  some 
canners have a  d i s t i n c t  advantage over the  domestic p u r c h a s e r ' i n  
obtaining t h e i r  m a t e r i a l s  f r e s h  from t h e  f i e l d ,  and the  eanned 
product may have a  h i g h e r  n u t r i t i v e  va lue  than  the  home-cooked. 
Shop-purchased vege tab les  have been found t o  con ta in  only about 
half 'she anount of v i tamin C i n  f r e s h  vege tab l e s*  

The g r e a t e s t  l o s s e s  i n  n u t r i t i v e  c o n s t i t u e n t s  occur 
during t h e  canning opera t ions .  During p re l imina ry  washing, o r  
soaking i n  t h e  c a s e  of d r i e d  legumes, t he  l o s s e s  are small., 
Blanching is  the  ope ra t ion  most open t o  c r i t i c i s m  b u t  i t  is 
necessary a s  a  c l e a n s i n g  ope ra t ion ,  t o  d e s t r o y  enzymes, t o  expe l  
occluded g a s e s ,  t o  cause t h e  vege tab l e s  t o  s h r i n k  and sometimes t o  
improve c o l o u r  and f l a v o u r .  Even a  t h r e e  minute  b l anch  may l e a c h  
out 20-40 p e r  cen t .  of  t he  s o l u b l e  c o n s t i t u e n t s .  The l o s s e s  d u r i n g  
Process ing,  a t  t h e  u s u a l  t empera tures  240-26O0F0, a r e  small.  There 
may be some l o s s  of v i tamin c and vi tamin B l ,  p a r t i c u l a r l y  i n  produc 
which a r e  processed f o r  l o n g  pe r iods  a t  high temperatures  e.g, baked 

During s t o r a g e  of th.e canned produc t  and i ts  p r e p a r a t i o n  
f o r  t h e  t a b l e  t h e r e  may b e  g r a d u a l  d e s t r u c t i o n  of some n u t r i e n t s ,  
e-g, vi iamin C,  owing t o  chemical  changes.. A more impor tan t  e f f e c t  
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weverP is  t h e  mig ra t ion  of s o l u b l e  c o n s t i t u e n t s  i n t o  t h e  l i q u o r  
i c h  is u s u a l l y  d i scarded .  The l o s s  may amount t o  45 p e r  cent .  
t need not Occur if t h e  l i q u o r  i s  used f o r  soup o r  gravy s tock .  

The combined e f f e c t  of a l l  s t a g e s  of t h e  journey from t h e  
f i e l d 9  through the  cannery, t o  t h e  d i n n e r  t a b l e  on i n d i v i d u a l  
, t r i en t s  may now b e  considered.  Vitamin A ,  i n  t he  form of i t s  
recursor c a r o t e n e ,  is p r o t e c t e d  by low s o l u b i l i t y  i n  wa te r  and high 
eat. s t a b i l i t y  and n e g l i g i b l e  l o s s  occurs i n  canned foods. The B 
itamins a r e  s o l u b l e  i n  wate r  and f a i r l y  r e a d i l y  des t royed  above 
1 2 0 ~ .  Losses t h e r e f o r e  occur by l e a c h i n g  du r ing  b l anch ing  and 

d e s t r u c t i o n  du r ing  process ing .  The t o t a l  l o s s e s  a r e  o f  t h e  same 
raer  a s  i n  home-cooked vege tab les  b u t ,  i n  any case ,  vege tab les  a r e  
0% an important  source  of t he  B vi tamins .  Vitamin C ,  b e i n g  r e a d i l y  
o l ~ b l e  i n  wate r  and e a s i l y  ox id ized ,  i s  s u b j e c t  t o  l o s s  by l e a c h i n g  
nd des t ruc t ion .  Heavy l o s s e s  may occur  du r ing  p r e p a r a t i o n  of t h e  
r o d ~ ~ t  if t h e  t i s s u e s  a r e  broken and an oxidase is p r e s e n t  
.go S l i c e d  beans showed 40 pe r  cen t ,  l o s s  i n  30 minutes ,  pee led  
urnip 30 p e r  cen t .  l o s s  i n  one hour. Peas  thsiee hours a f t e r  s h e l l i r  
nd. Brusse l s  s p r o u t s  two days a f t e r  t r i m m i n g  showed no l o s s .  
herefore,  vege t ab l e s  which a r e  pee l ed ,  s l i c e d ,  shredded,  c t c .  b e f o r e  
anning should  b e  blanched a s  r a p i d l y  a s  p o s s i b l e .  During b l anch ing  
large p r o p o r t i o n  of t h e  v i tamin  C may b e  l o s t  by l e a c h i n g  most o f  

hich occurs  i n  t h e  f i rs t  two minutes.  Vegetables of l a s g e  s u r f a c e  
area, e.g. peas  and l e a f y  vege tab l e s ,  show the g r e a t e s t  l o s s e s  
(25-50 p e r  c e n t . ) ,  r o o t  vege t ab l e s  only 10-20 p e r  cent .  Losses  
during p r o c e s s i n g  which may amount t o  10-30 p e r  cen t ,  a r e  l e s s e n e d  
by having minimum headspace and a good vacuum i n  t h e  cans. During 
storage t h e r e  may b e  a gradual  l o s s  o f  10-20 p e r  cent, ,  i n  6-9 months. 
The t o t a l  l o s s e s  of v i tamin  d i n  canning  may be 30-70 p e r  cent .  i n  
green vege tab l e s  and 20-50 pe r  cen t ,  i h  r o o t  vegetaBles c a l c u l a t e d  
on the  d r a i n e d  s o l i d s  b u t  should n o t  exbeed 40-50 p e r  cent .  i f  t h e  
l iquor  is used. The l o s s  of  m i n e r a l  constituents i s  of t he  same 
order a s  t h a t  of  v i tamin C, 

I n  conc lus ion  it might be s t a t e d  t h a t  no e e s e n t i a l  
n u t r i t i v e  f a c t o r  is  a b s e n t  from canned foods.  This  f a c t  is 
indicated b y  numerous f e e d i n g  t r i a l s  w i t h  animals.  There  is 
less  ev idence  r ega rd ing  human n u t r i t i o n  b u t  a French p o l a r  
expedit ion is  recorded a s  having l i v e d  i n  p e r f e c t  h e a l t h  f o r  
t h i r t een  months e n t i r e l y  on canned: foods.  Canned vege tab l e s  a r e  a t  
l e a s t  equa l  i n  n u t r i t i v e  va lue  t o  home-cooked vege tab les  end, i n  
general,  a r e  h ighe r  i n  vi tamin C. 

------------.,.--- 
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NOT$S --- ON THE ECONOMICS -------.- OF DRYING POTATOES AND ONIONS. 

a advantages of dehydrated f o o d s t u f f s  i n  wartime a r e  
e  improvement i n  keeping q u a l i t i e s  and $he sav ing  i n  
pace occupied i n  t r a n s p o r t i n g  the  product .  A f u r t h e r  
n t  f a c t o r  a t  t he  p r e s e n t  time is the  s av ing  i n  t i n -  

use  of dehydrated r a t h e r  than canned f r u i t s  and 
From t h e  n u t r i t i o n a l  a s p e c t s s  however, t h e  r e l a t i v e  

oport ions o f  f r e s h ,  canned and d r i e d  foods tu f f s  which should  be  
,luded i n  t he  a iet  w i l l  depend upon t h e i r  r e s p e c t i v e  food values .  

A s  t h e r e  has'bee.n no l a r g e  s c a l e  commercial p roduc t ion  
f a i r -dr ied  vege tab l e s  i n  A u s t r a l i a  t o  d a t e  no in format ion  is 
"ai lable  from commercial p r a c t i c e ,  b u t  e s t i m a t e s  sugges t  t h a t  
porn raw p o t a t o e s  a t  G5 p e r  ton , .  d r i e d  s l i c e d  p o t a t o  cou ld  b e  
repared on a l a r g e  s c a l e  f o r  1/36. p e r  lb .  f . ~ . b a ,  packed i n  
our-gallon t i n s ,  and from onions  at  E12 p e r  ton,  . d ? i e d  onion r i n g s  
t about 2/6d. p e r  l b .  packed. The fo l lowing  t a b l e  shows a  c m -  
ar ison between t h e  c o s t s ,  weights.,  t i n - p l a t e  used t o  s e c u r e  t h e  
quivalent  of one ton  of f r e s h  unpeeled p o t a t o e s  and onions i n ,  

say Malaya o r  Darwin, reckoning f r e i g h t  and handl ing c o s t s  a t  
$8 pe r  ton  and a l l owing  f o r  wastage of 20 p e r  cen t .  s h i p p i n g  and 
s to r ing  t h e  f r e s h  vege tab l e s  i n  t h e  t r o p i c s .  

F re sh  tons  92 can doz. neTyyi71 340 ib .  n e t  

30 oz.  cans  @ 8/- 11'3d. 
Weight packed -14 tons  1 t o n  420 lb .  
Shipping space 50 cu.f t .  50 c u . f t .  25 c u . f t .  
Cost f.0.b. £6. 2.5 
Freight ,  e t c .  GI 0 

c37 
SI  0 

Cost d e l i v e r e d  $1 6.25 a 7  s26 
Tinplate  used N i l  360 l b .  N i l  t o  90 lb. 

.- 

( i j  c o s t s  based  on po ta toes  a t  E5 p e r  ton.  
( i i  F resh  p o t a t o e s  shipped i n  bags  ( e x t r a  c o s t s  

and apace necessary  l f  c r a t e d ) .  
( i i i )  Dr ied  p o t a t o e s  can be packed i n  t i n s  o r  i n  

s i s a l k r a f t  l i ned  cases .  





THE STOiIAGE OF APPLES. --- 

I.ofi~cr;ion is a measure of t h e  a c t i v i t y  o f  t h e  l i f e  p roces ses  i n  
he f:uit and is t h e  most a c c u r a t e  measure of the  e f f e c t  of  temper- 

a tu re  and t r ea tmen t s  on t h e  s t o r a g e  l i f e  of f r u i t s .  The prrctcess o f  
respjra"uOn is  exothermic,  t h a t  is, h e a t  is given o f f .  Af t e r  the 
aenslbie  hea t  o r  i n i t i a l  hea t  due t o  t h e  temperature  of t h e  f r u i t  

Tne e f f i c i e n c y  of s t o r a g e  is measured by t h e  deg ree  t o  
which it sl-ows down t h e  l i f e  p roces ses ,  i ,e .  the  metabglism, 
and thus  d e l a y s  r i p e n i n g  wi thout  o therwise  i n j u r i n g  the  f r u i t ,  
After h a r v e s t i n g  t h e  l i f e  of  t h e  f r u i t  is s u s t a i n e d  on its own 
food r e se rves  and t h e r e  i s  thus  a g r a d u a l  l o s s  of  t h e s e  du r lng  
storage.  For every  I ~ O F ,  r educ t ion  i n  temperature  t h e  r a t e  of  
r ipening is slowed down t o  about  h a l f  and t h e  s t o r a g e  l i f e  is 
approximately doubled. The composit ion of t he  a 'bnonphe~e a l s o  
has an important  e f f e c t  on t h e  r a t e  of the  l i f e  p roces ses  of the 
f r u i t ,  U n t i l  r e c e n t l y  it was thought  t h a t  t h e  n e a r e r  t h e  composit ion 
of the atmosphere was t o  t h a t  of f r e s h  a i r  the  b e t t e r  it was f o r  
the f r u i t .  It has been found, however, l a r g e l y  a s  a resu1.L o f  t h e  

&kin Coatings.  

More r e c e n t  work has shown t h a t  t h i n  f i l m s  of p ~ o t e c t i v e  
m a t e r i a l s ,  a p p l i e d  by d ipp ing  t h e  f r u i t  i n  emulsions o r  soLut ions  
Of waxes and o i l s ,  c o n t r o l  t h e  composit ion o f  the  a tnosphe re  i n s i d e  



frui-t i % s e l f  and g r ea t l y  recluce t h e  l o s s  of viat-2. Thus t he  
l i f e  of the  f r u i t  i s  increased and i t s  conZ:ticn imprnved 

the great  r educ t ion  i n  shri,velli.ag. 

The e f f e c t  of s k i n  coating? L s  being in tens ive ly  s tudied  
the Food Preservat ion  Laboratories  a t  Hornebush a : ~ d w e  have demon- 

,kin coat ings would enable apples  t o  be held  much more success- 
1~ i n  cammon storage. 

cool - Storage of Apples, 

Maturity a t  Picking, --. 

The s t a g e  of maturity a t  which t h e  f r u i t  5s picked has an  
or tant  e r f ec t  on i t s  s torage  l i f e  and qua l i ty ,  Irmature f r u i t  

Prompt Storage. 

Prompt s torage  a f t e r  picking i s  essen- t la l  f o r  all.  those 
variet ies  which are  not  very su scep t i b l e  t o  s u p e r f i c i a l  scald. The 
l a t t e r  d isorder  can be considerably reduced by delay  before  storage. 
*he Only important N. S.W. va r i e ty  which need not be placed i n  s t o r e  
as soon as  poss ib le  i s  Granny Smith which is commonly delayed f o r  

I n  t h i s  connection, too,  picking t he  f r u i t  while 30t  should 
avoided and t h e  f r u i t  should  be cooled down overnight before 

eing placed i n  s tora .  Taking advantage o f  t he  coole.? night  t e m p e ~  
tures t o  reduce t he  s e n s i b l e  hea t  due t o  the  temperature 



m e r a t u r e  of Storage. 

Granny Smi t_h. 

Generally speaking;, t h e  best  temperature i s  33-34Op.but 
from our experiments f r u i t  which is  required t o  be s tored  u n t i l  t h e  
end of t h e  year  i s  b e t t e r  picked a l i t t l e  l a t e r  and s to red  a t  32'~; 
~f f r u i t  i s  picked a t  t h e  r i g h t  time a long delay  i s  genera l ly  
n o t  necessary t o  con t ro l  scald.  

Jonathan ,---A 

Theornost s a t i s f a c t o r y  schedule of temperaturgs f o r  
Jonathan i s  36-37 F. f o r  a per iod  of s ix weeks and then 32 F. f o r  the  
rest of t he  s torage  period. By t h i s  means a compromise between 
control of s o f t  sca ld  and contro l  of Jonathan spot  i s  aimed a t  and 
the maximum cool-storage l i f e  i s  obtained. 

For t h i s  var ie ty ,  a temperature of 32OF. i s  des i rable .  

If picked a t  r i gh t  maturi ty a temperature of 32OP. i s  
best, but  i f  immature t h i s  va r ie ty  is l i a b l e  t o  scald.  There i s  
less breakdown and mould a t  3p than a t  34 '~.  

Rome Beauty. --- 
If picked a t  r i g h t  maturi ty a temperature of 32 '~ .  g ives  

good r e s u l t s  a s  the re  i s  l e s s  mould and breakdown. 

Lonaon P i p ~ i n .  ----- 
If picked a t  r i g h t  maturi ty,  32OF. i s  s a t i s f ac to ry ;  

there i s  l e s s  mould and breakdourn. 



CO, 

Romes a t  times Ceve1c.j su; jerf ic ia l  sca7.d even 5.n %he 
merc i a1  p ick ing  and t h e r e  is  ge t i s r a l l y  sonewha$ msre s c a l d  a t  

than a t  34OF. T i t h  t he  las!; f i v e  varie ' ; ies,  s c a l d  i n  a i r  
e sat isfac. tc~:?91y c2n . t ro l led  Sy tlic u.se of 

Granny Smith.- immature f r u i t  - S u p e r f i c i a l  s c a l d ;  b i t t e r  
p i t ;  l e n t i c e T  S lo t ch ,  S u p e r f i c i a l  s c a l d  irforse 
a t  l o n e r  temperatures .  
pvermature f r u i t  - breakdown; l a t e  s c a l d ;  
co re  f l u s h ;  vrorse a t  h ighe r  temi2eratares, 

2onathan.- L s a t u r e  f r u i t  - b i t t e r  p i t ;  sometimes l e n t i c e l  
b l o t c h ;  occas iona l ly  s u p e r f i c i a l  s ca ld .  
mLture f r u i t  - more s o f t  s c a l d  and breakdov~n. - 

Jonathan s p o t  can develop i n  a l l  p ick ings  b u t  t h e r e  is 
Bually more i n  t h e  more mature frc?i.t and i n  f r u i t  of s m a l l e r  s i z e .  

There is g e n e r a l l y  more breakdown a t  t h e  l o n e r  t empera tures~  
nd most s o f t  s o a l d  a t  3 2 O ~ .  Jonathan s p o t  and mould i n c r e a s e  w i th  
ise i n  s t o r a g e  temperature .  

Del ic ious  - immature - b i t t e r  p i t  and sometimes s u p e ~ f i c i a l  
s c a l d .  B i t t e r  p i t  n o t  u s u a l l y  s e r i o u s .  
overmature - breakdown and o f t en  much mould; more - 
s c a l d  and l e s s  breakdown and mould a t  lower  
temperatures ;  De l i c ious  a l s o  l i a b l e  t o  mouldy co re  
which is i n c ~ e a s e d  a t  t h e  higher t empera tures .  

Democrat - Lmmature - s u p e r f i c i a l  s c a l d  - sometimes s e r i o u s ,  
b i t t e r  p i t  no t  ve ry  common, 
~ v e r m a t u r e  - breakdown seve re  i n  l a r g e  f r u i t  
o c c a s i o n a l l y  s o f t  s c a l d .  

Romes - immature - s u p e r f i c i a l  s c a l d ,  sometimes b i t ? e r  p i t  -- 
mL!.m?z breakdown and s o f t  s c a l d .  

London PiapLn- - Lmmature - b i t t e r  p i ? ;  some s u p e r f i c i a l  s c a l d  - breakdown 

A l l  v a r i e t i e s  a r e  l i a b l e  t o  r o t t i n g ,  b u t  s u s c e p t i b i l i t y  t o  
Otting i n c r e a s e s  w i th  m a t u r i t y  and a l s o  w i th  temperature.  

We have c o n s i s t e n t l y  observe& more mould i n  f r u i t  s t o r e d  
34O~. than a t  320F. p a r t i c u l a r l y  a f t e r  two weeks p o s t  s t o r a g e .  



- 

21. 

s picked soon a r t e r  r a i n  i t  i s  more susceptible t o  

From storage experiments with apples car r ied  out a t  
omebush over the  l a s t  two years i t  has been shown that  ro t t ing  

Inportant source of wastage i n  s tored apples and has 
responsible f o r  more than half the  tot  a1 wastage 
Rotting of apples follows i n j u r i e s  t o  the skin and 

ow experience shows that  i n  order t o  reduce wastage careful  
~ ~ a i n g  i s  just  as  important a s  i t  i s  with other f r u i t s .  

N O T E S .  

THE WAXING OF CITRUS FRUITS. 

In  America, ztitrus f r u i t s ,  par t icu lar ly  oranges, have 
een waxed on a la rge  sca le  f o r  some years and t h e  pract ice  is now 
ell established as one which i s  essent ia l  to  the success of the  
ndustry. By waxing i s  meant the coating of each f r u i t  with a very 

wax which may be applied by any of several methods. 
ay be passed through a heated chamber i n t o  which a fog 

molten wax is sprayed; this i s  known as t h e  "hot fog" process 
ered by patent r ights .  The f r u i t  may be passed through 

chamber i n t o  which a so lu t ion  of wax i n  a v o l a t i l e  solvent is 
prayed, or as  i n  the  "cold slab" method i t  may pass over revolving 
rushes which t r ans fe r  wax t o  the  f r u i t  from a s lab of wax held 
gainsf the  unaerside of the brushes. The other comonly used 
rocess consis ts  of dipping the f r u i t  i n  an aqueous emulsion of 

wax which, on drying, leaves a f i n e  f i l m  of wax on the f r u i t .  

A t  the  present time i n  America waxing is mainly c a r r i $ i  
out by the  cold s l ab  metbod a s  t h i s  i s  the  cheapest process. I n  
California a s lab of 120 B. melting point paraff in  wax, shaped t o  
fit the brushes is used i n  both winter and summer, The inclusion 
with the paraf f in  wax of a proportion of hard wax such as  carnauba 
88 is done i n  the  "hot fog" process and as  i s  usual i n  comnercial 

improves the l u s t r e  and l a s t i n g  qual i t ies  of the f i l m  on 

It is reported tha t ,  i n  operation i n  America, the  cold 
slab method is the l e a s t  e f f i c i en t  although the super ior iw of the  
fog and emulsion methods i s  not  apparent unless the f ru i t  is shipped 
t o  d i s tan t  markets, 

I n  Australia, a number of c i t r u s  processing sheds have 
waxing p lan ts  i n s t a l l e d  and almost a l l  the  waxed f r u i t  i s  t r ea ted  

the emulsion or the  cold s l a b  methods. The r e s u l t s  with the  
l a t t e r  method have not always been satisfactory,  the  general f a u l t  



tut the  pa ra f f in  wax' used has  been too  hard f o r  winter  time 

In  one shed i n  New South Wales t he  p l a n t  was a l t e r e d  

Considerable experimental work on t he  waxing of c i t r u s  
i t s  has been oa r r i ed  out i n  Aus t r a l i a  auring t h e  l a s t  few years  
i t  has been shown t h a t  waxing w i l l  considerably improve the 

&ition o f  t h e  f r u i t  by reducing t he  r a t e .  o f  shrinkage. This 
inkage i s  caused by t h e  evaporation of water from t h e  f r u i t  

i n  numerous t e s t s  which have been c a r r i e d  out some of commercial 

cording t o  t h e  method of prepara t ion  and t ha t ,  f o r  g r e a t e s t  
ficiency i n  re ta rd ing  evaporation, t he  a l k a l i n i t y  of t he  emulsi@n 
buld be kept a s  low as  possible .  

use of such a lka l i ne  detergents  g r ea t l y  increases  t h e  r a t e  of 
inkage of t h e  f r u i t  unless  a  wash i n  c lean water foZlows t h e  
al ine bath. When t h e  f r u i t  i s  so  t r e a t e d  t h e  use of some method 
waxing is p a r t i c u l a r l y  des i rab le ,  The e f f e c t  of some c i t r u s  

eaning prepara t ions  on t he  r a t e  of shrinlcage i s  very g rea t  and 
nnot be overcome e n t i r e l y  by subsequent waxing of t h e  f r u i t .  
wever, t he r e  i s  one commercial p repara t ion  ava i l ab le  which c leans  

f r u i t  very well  without inc reas ing  wil t ing.  

Ln the various . tests  c a r r i e d  out  no method o f  waxing has  

For t h e  con t ro l  o f  mould wastage i n  c i t r u s  f r u i t s ,  Clipping 
f r u i t  i n  a f i v e  per  cent  so lu t ion  of borax o r  i n  a  one quar ter  

one per  cent so lu t ion  of Sh i r l an  W.S. i s  rec'ommended. A s  borax 
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Thus a complete process which w i l l  c lean c i t r u s  f r u i t  
protect i t  from mould a t t a c k  and l o s s  of condit ion requires  
t ly,  passage of the  f r u i t  through a detergent solut ion,  which 
i d  be r insed off with water i f  a lkal ine ,  then treatment with a 
icide,  and f i n a l l y  waxing, 

Waxing i s  p a r t i c u l a r l y  u s e m  i n  the s torage  and cur ing 
lemons and grapef ru i t .  If t h e  f r u i t  i s  t r e a t e d  with a fungicide 
waxed a f t e r  picking? t h e  s to rage  l i f e  w i l l  be considerably 

olonged, normal curing w i l l  t ake  p lace  and t h e  f r u i t  w i l l  remain 
ight, a t t r a c t i v e ,  and f r e e  from se r ious  shrinkage even a f t e r  long 

The spoilage of unt rea ted  f r u i t  juices may occur by 
t c a l  change i n  which n a t u r a l l y  occurring constituents may be  
erted t o  unpalatable end-products. Ju ices  may a l so  s p o i l  
g to the  a c t i v i t y  of micro-organisms, t h e  most usual e f f ec t  
g the  production of alcohol  by fermentation. Biological  
i l i z a t i o n  involves t h e  i nac t i va t i on  of yeasts ,  moulds, and 
r organisms, e i t h e r  by des t ruc t ion  o r  by t h e  maintenance o f  

environment i n  which normal growth and reproductive processes 
e inhibited. The app l ica t ion  of heat  f o r  th i s  purpose i s  
own as pasteurizat ion.  thany other  methods of s t a b i l i z a t i o n  
e known, but  a l l  of them d i f f e r  from pas teur iza t ion  i n  t ha t  
ey aim a t  t o t a l  destruct ion,  whereas t h e  heat  process while 
oving l e t h a l  t o  yeas ts ,  penn i t s  t h e  surv iva l  of mould organisms. 
ocesses other  than pas teur iza t ion,  designed t o  el iminate 
crobial spoi lage  of  f r u i t  juices,  may there fore  be linlred under 
e general head of s t e r i l i z a t i o n .  

The method of pas teur iza t ibn  va r i e s  according t o  whether 
e juice i s  t o  be heat  t r e a t e d  i n  bulk, under continuous flow, o r  
the market ing container.  Bulk pas teur iza t ion  involves t h e  
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Wgienic l i n e r  as  recontzminat ion  is otherwise l i l re ly  t o  occur. 

Container or " in- the-bott le"  pas teur iza t ion  requ i res  a  
w'l.th a  f a l s e  s l a t t e d  f l o o r  below which i s  a  well  

eam c o i l ,  The ju ice - f i l l ed  b o t t l e s  a r e  placed 
1y on t he  f a l s e  bottom and heatecl t o  temperature a f t e r  

be gradually cooled by t he  in t roduct ion  of cold water 

Pas teur iza t ion  i n  bulk  and i n  t h e  s t a t ionary  con ta ine r  
nvolve lengthy periods during which t he  juice i s  a t  a n  e levated  
emperaturee A s  t h i s  t reatment  may i n j u r e  t h e  d e l i c a t e  aroma of 
uices from most f r u i t s ,  an accelera ted  process,  i n  which t h e  con- 
@iner i s  ro t a t ed  during heat ing,  has been evolved. The Thermo- 
o t o  machine i s  a  contlnuous feed type i n  which cans o r  b o t t l e s  
re rq ta ted  a t  an optimal r a t e  during t h e i r  t r ave l .  A t  t h e  same 
ime they a r e  sprayed from above with ho t  water, or, a l t e rna t i ve ly ,  
o ta l ly  immersed i n  the  heat ing  medium. The conta iners  pass from 
he heat ing t o  a  f u r t h e r  s ec t i on  where they a r e  rapidly  cooled by 
Otation under cold water sprays. The container  r o t a t i o n  method 

a  remarkable reduct ion i n  t i m e  of treatment, and, i n  fac t ,  
ay be considered as akin t o  a  f l a s h p a s t e u r i z a t i o n  process. 

The patent  Stero-Vac process pas teur izes  juice i n  a  can 
cap of spec i a l  Gesign, The contents  a r e  brought 

5y ateam in jec t ion ,  and i t  i s  s t a t e d  t h a t  the  amount 
by condensation i s  balanced by t h a t  l o s t  during 

The continuous flow method of f l a s h  pas teur iza t ion  
t i l i z e s  t h e  p r i n c i p l e  of h igh  temperatures and sho r t  times o f  
Xposure t o  heat  i n  con t ras t  with t he  comparatively low tempera- 

r times involved i n  bulk and container  processes,  
he purpose d i f f e r s  radicaxly i n  design according 
en t o  a p a r t i c u l a r  v i r tue ,  e.g,,  a c c e s s i b i l i t y  i n  

The Baurnann b e l l  pa s t eu r i ze r  i s  a  convenient form o f  
lash pa s t eu r i ze r  which can be r ead i l y  dismantled f o r  cleaning. 
h e  output va r i e s  from 25 t o  100 gal lons  per  hour, No provision 
s made f o r  cooling t o  b o t t l i n g  o r  canning temperature, 

Tubular pa s t eu r i ze r s  may consis t  of a  s i n g l e  water o r  
team-jacketted c o i l ,  o r  t h e  mul t i tubu la r  type i n  which a  s e r i e s  
f Pa ra l l e l  tubes pass  through a s i ng l e  heat ing  chamber, o r  a r e  
ndividually jacket ted by concentr ic  outer  tubes ,  A number o f  
ubular pas teur ize r s  d i f f e r i ng  i n  degree r a t h e r  than i n  kind is 
'Jailable commercially. 

A p l a t e  type  heat  exchanger of a t t r a c t i v e  performance 
manufactured by the  Aluminium Plan t  and Vessel Go., London,Englan 
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armed f oads ,, bac te r ia  i n  

ax, s~ tbs t i ' tu tes  f o r  t i n  
arrots,  canning 
asks fo r  storage of f r u i t  ju ices ,  

Colour i n  freshly-slaughtered beef,  

efrosting f rozen egg pulp, improved 






