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The m i c r o b io lo g i c a l  content and the therma l  p r o ­

c e s s e s  in use fo r  s ix  l o c a l l y  canned veget ab l es ,  B am ba r a  

Beans in sauce ,  Garden eggs  in B r i n e ,  Okro in b r in e ,

Whole Tomato in tomato ju ice  and Pep p er  puree  were  stu­

died to es tab l i sh  causes  of sp o i l age  in the canned products, .  

P r e l i m i n a r y  can examinat ion and m i c r o b io lo g i ca l  

ana lys is  of the canned p roducts  showed that both leakage  

and u nd er pr oc es s in g  oc cu r r ed  w idely  in the p ro ducts .  

Leakage  occur red  ch ie f l y  as a r es u l t  of im pr op er  double  

seaming operat ion^.  It was shown that the seaming process**  

es in use at the f a c t o r i e s  tended to produce cans with l oose  

double seams  ( i . e 0 l a r g e  F r e e  Space and smal l  % Over laps ) , ,  

Side seam de fec ts  (due mainly to inadequate so ld e r in g )  were  

also cons idered  s i gni f i cant  as a cause of leakage,.



A pr o ce d ur e  fo r  p re d ic t ing  when l eakage  was l i ke l y  

to occur  in the p roducts  was evo lved based  on Fr e e  Space  

mea sur eme nts ;  and it was cons idere d  that F r e e  Space  

measurem en ts  could be used in the f a c t o r i e s  to prevent  

the occu r r en ce  of leakage,,

Heat p r o c e s s e s  in use at the F a ct o r i e s  were  e v a lu a ­

ted and compared  with recog n iz ed  p r o c e s s in g  s tandards  fo r  

l ow acid foo ds .  It was found that the heat ing p r o c e s s e s  

in use were  not adequate to prevent  a r e s i d u a l  populat ion  

of thermophi l i c  sp ore s  o ccu r r in g  in the end p roducts  and 

al so  to p revent  the occu r r en ce  of C los t r id ium botul inium  

spores in the products, ,

Whi l e  this was shown to cont ribute  to the high i n c i ­

dence of sp o i l age  due to und e r pr oc es s i n g  the products  

were  a l so  a potential  health hazard  to cons um ers .

Some of the thermophi l i c  sp ore s  i so l a ted  f rom the 

products  inc luded B a c i l l u s  po lymyxa .  B a c i l l u s  s t e a r o -  

th erm ophi lus  and C los t r id ium  therm osaccharo ly t i cum .

The i so l a t ion  of r e l a t i v e l y  l ow heat r e s i s t an t  sp ores  

of B a c i l l u s  ce reus  and C los t r id ium  hi stolyt icum f rom the



products  sugges ted a l i k e l y  occu r r en ce  of high p r e p r o c e ­

s sing b a c t e r i a l  contaminat ion.  Invest i ga t ion  conducted on 

the raw  vegetab le  p roducts  p r i o r  to heat p r o ce s s in g  showed  

that de lays  which oc cu r r ed  between the cl eaning of the v e g e ­

tab les  and the heating p r o c e s s  could res u l t  in a 10 -  100 

fo ld in c re as e  of the in i t ia l  b a c t e r i a l  load in the raw  v e g e ­

tab les  .

Whi l e  this could lead to p r e - p r o c e s s i n g  s p o i l a ge ,  a 

re s i d u a l  spore populat ion could al so  remain  in the end p r o ­

duct a f ter  the heat p r o c e s s in g .

Based  on the r es u l t s  obtained f rom the m i c r o b i o ­

l o g ic a l  ana lys i s  and heat p r o ce s s  evaluat ion new heating  

p r o c e s s e s  were  def ined fo r  use in the f a c t o r i e s  to prevent  

the occu r r en ce  of u nd e r pr oc es s i n g .

Fur ther  work is  however  needed on the re l a t i v e  

heat res i s ta n ce  of thermophi l i c  sp ores  i so l a ted  from  

t rop ic a l  p ro ducts .  Thi s  information could be used to 

define minimum p r o ce s s in g  s tandards  fo r  t rop i ca l  based  

pr o d u c t s .
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1 LITERATURE REVIEW

1.1 THE DEVELOPMENT OF THE CANNING INDUSTRY IN GHANA

1.1 1 HISTORY

Canned foods were  int roduced when Ghana was a B r i ­

t ish Co lony .  With the in c re a s e  in the ir  consumption the 

Government  was p rompted to es t ab l i s h  three Fru i t  and 

Veg et ab l e  p r o ce s s in g  f a c t o r i e s  to produce canned sub s t i tu ­

tes f o r  these imported p r o d u c t s . (7) The Canne r ies  were  

l oca ted in d i f f e re nt  a r ea s  of the count ry and wer e  intended  

to p r o ce s s  exc es s  f r u i t s  and v eg eta b l es  p roduced in these  

r eg io n s ,  ( i . e .  Nsawam Cannery  in the Sout h -E as t e rn  reg io n ,  

Wenchi  Cannery  in the Brong  Ahafo reg ion and P aw l i g u  in 

the Upper  R e g i o n . )  (1) .

Subsequent to these f a c t o r i e s  other Ca nne r ie s  were  e s ­

tab l i shed  through both Governmenta l  as we l l  as p r iva te  i n i ­

t i a t i v es .  New Canning F a c to r i e s  were  constructed which 

deal t  in vegetab le  and c i t rus  j u i c e s .  F i sh ,  Meat and D i a ry  

p ro d u c t s .

The p r i m a r y  ra t iona le  behind the es tab l i shment  of these  

Canning Indust r i e s  was i mp or t - s ubs t i tu t ion ;  i . e .  to produce  

l o ca l l y  some of the p roducts  imported into the country (7) .



Ko Amoah (2)  has shown that when this f o r ms  the b a s i s  of 

any i nd us t r i a l i za t io n  p r o g r a m m e ,  the development of indus ­

t r i e s  becomes  s low and stuntedo Indust r i a l  p roducts  are  

usua l l y  l ow  qua l i ty and p roduct ion e f f i c i e ncy  is also ve ry  

lowo

It is  postula ted  that these c h a r a c t e r i s t i c s  of import  

subst i tut ion ind us t r i e s  are the res u l t  of the need to import  

techno logy  (2)„ Unl ike c l a s s i c a l  Canning and Food p r o c e s ­

sing in Eu ro pe ,  which developed f rom kitchen p r o c e s s e s  

into modern soph i st i ca ted  techno log ica l  p r o c e s s e s ,  the 

canning industry  in Ghana and other  po s tco lon ia l  count r ies  

acqu i red this  t echnical  knowledge through importation ( 2 ) c

From the outset t h e r e f o r e ,  the Canning Industry  and 

other  p r o c e s s in g  ind us t r i e s  were  bese t  by a number of ve ry  

pe cu l i a r  problems, ,  The p r o c e s s in g  methods in use were  not 

wel l  understood and i n d u s t r i a l i s t s  became r i g i d l y  stuck to 

set p r o c e s s e s .  A highly  advanced p r o c e s s in g  technology  

became  es tab l i she d  over  a r e l a t i v e ly  p r i m i t i ve  a g r i c u l t u r a l  

technology,,  Such imba lance  causedraw  ma te r i a l  p ro b le ms  

( 1 ) ,  and consequently  poor  qua l i ty  p roducts  (8) .  Because  

p ro ce s s in g  technologyu&s imported a u x i l l i a r y  indus t r i e s  and 

se rv iceswere  usua l l y  absent;  this al so  int roducedproblem s 

of inab i l i ty  to maintain and r e p a i r  equipment.



Impo r t - su bs t i t u t i on  i ndu st r i e s  al so  encounter  p e r ­

sonnel p ro b le m s  due to inadequate f a c i l i t i e s  to t rain the 

req u i s i te  type of p r o c e s s o r s  (8 ) .  These  condit ions lead  

to g e ne ra l  underdeve lopment of ( p r o c e s s i n g  industries* ,

1 .1 .  2 L E V E L  OF P R O D U C T I O N ,  C A NN E D FRUITS
AND V E G E T A B L E S

The annual output of canned f r u i t s  and v eg eta b l es  has  

been es t imated  at 700, 000 kg fo r  f ru i t  p roducts  and 80, 000 

kg fo r  veg etab le  products (8 ) ,  at the p resen t  averag e  output 

of l e s s  than 35% of the maximum output capac ity .

An ef f ect  of importa t ion of techno logy  is high equ ip ­

ment maintenance and operat ing  cost (1) ;  whi le this a f fect s  

output capac ity (10) ,  im pr op er  appl i ca t ion of techno logy  al so  

contr ibutes  to low product ion .

With res pec t  to vegetab le  p r o c e s s i n g ,  high spoi lage  

ra t es  of between 10 -  15% (10) have been re c o r d e d .  Such,  

l o s s e s  in product ion have g e n e r a l l y  induced changes in 

product ion emphas i s  f rom canned ve ge tab le s  to high acid  

products  l ike c i t rus  and pini ieapple ju i ce s  which,  apart  

f rom the ac id i ty  being natural ly  p r e s e r v a t i v e ,  r e q u i r e s  l e s s

3



s tr ingent  p r o c e s s in g  s up erv i s i on  (10) .

F i g u r e s  fo r  the pe r iod  f rom 1972-1974 i l l u s t r a te  the 

l ack  of development in canned veg etab le  product ion and the 

p r o g r e s s  in the product ion of high acid p rod uct s .  Ci t rus  

ju i ce p roduct ion in c re a s e d  f rom 324, 000 kg.  to 500, 000 kg.  

between the pe r io d  of 1972-74 and pineapp le  p roducts  f rom  

15,512 kg.  to 26,404 kg.  within the same period,,

In cont r as t ,  Garden E ggs  product ion stood at 2064. 2 kg.  

in 1972, 3396 kg.  in 1973 and 3946. 5 kg.  in 1974. The p r o ­

duction of whole tomato s ta r ted  of f  at 9, 326 kg.  in 1973 

dropped to 3, 842 kg by 1974 and f i n a l l y ,  to 108. 96 kg by  

1975. The f i g u r e s  fo r  Okro and P ap pe r  products show s i m i ­

l a r  drops  in product ion*

Export  o r d e r s  have recent l y  been r ec e i ve d  fo r  some  

of these vegetab le  p roducts  ( e sp e c ia l l y  Garden E g g s ) (1 0 ) ;  

a market  for  these vegetab le  p roducts  al so  ex i s ts  in i n s t i ­

tutional  ca te r i ng .  The f a l l  in product ion is more due to 

product ion p rob lem s  than to i n a va i l ab i l i t y  of marke ts .

1 . 1 . 3  METHODS IN PRODUCTION
VEGETABLE PROCESSING

A cons idera t ion  of the methods in use in the vegetab le  

p ro ce s s in g  f a c t o r i e s  would reve a l  some of the p ro b le ms



that f ace  these p r o c e s s in g  in du s t r i e s .

1 .1 . 3  1 RAW MATERIAL SUPPLY

The r a w  m a t e r i a l s  used in these f a c t o r i e s  are suppl i ed  

f rom a wide v a r i e t y  of f a r m s  d i f f e r in g  in the ir  l eve l  of o r g a ­

ni zat ion and f a r m ing  methods .  In most ca se s  f a r m e r s  are  

not able to meet  the spec i f i ca t i on s  of the f ac to r i es  (1 0).

Thi s  s i tuat ion i l l u s t r a t e s  the c l a s s i c a l  case  of a high p r o ­

cess ing  techno logy  imposed on a near  med ieva l  a g r i c u l tu ra l  

technology,,

In addition to this v a r i a b i l i t y  in raw  m a t e r i a l s  supply ,  

most f a c t o r i e s  do not p o s s e s s  adequate Qual i ty  Cont rol  f a c i ­

l i t i e s  to deal  with incoming raw m a t e r i a l s  and make r e q u i ­

site p r o c e s s in g  ad justments .

A recent  surve y  of Indust r i e s  in Ghana(8)  r ev e a l e d  that  

none of the f ru i t  and vegetab le  i ndu st r i e s  undertook m i c r o ­

b i o l o g ic a l  examinat ion of m a t e r i a l s .  P r o c e s s i n g  methods  

are t he re f o re  not ta i l o re d  to suit the p a r t i c u l a r  incoming  

r a w  m a t e r i a l .  L a r g e  spoi l age  ra t es  and p roducts  of poor  

qua l i ty  thus r esu l t .

1 . 1 . 3  2 PROCESSING

Table  ( 1 .1 )  su m m a r iz e s  the product ion p r o c e s s e s  in use

5



fo r  f i ve  Canned V eg e t ab le s  examined in the p r esent  work;  

B a m b a r a  Beans in tomato sauce ,  Garden Eggs  in b r ine ,  

Pepp er  P u r e e ,  Okro in sauce and Whole Tomato in tomato  

j u i c e .

A compa r i so n  of the methods in use in these indus t r i e s  

with conventional  p r o c e s s e s  of European and A mer i can  manu­

f a c t u r e r s  (13,  17) show g e ne ra l  s i m i l a r i t i e s  in p r o c e s s e s .  

How ev er ,  when unit by unit p r o c e s s e s  are co ns i der ed ,  the 

de fec ts  and d i f f e r en ce s  in the Ghanaian methods become  

app a r e n t .

CLEANING AND SORTING

Fe male  wo rk e rs  so rt  the p i l e s  of r aw  m a t e r i a l s  into 

buckets of wate r .  The wate r  used is f rom ne arby  tap water  

so u r c e s .  Duckwor th (13) sugges t s  the use of c l ean running  

w at e r ,  p r e f e r a b l y  in l a rg e  quant it ie s  f o r  c l ean ing .  Many  

other authors  have sugges ted chemica l  t r eatment  of wash  

water  (6,  13, 17, 29) with an appropr ia te  ch em ica l .  To 

prevent  recontaminat ion ,  the wash wate r  must be changed  

r e g u l a r i l y .

The p r esent  method in use at the f a c t o r i e s  encourages  

recontaminat ion of the raw  m a t e r i a l s ;  although r e g u l a r



changes in wash wate r  are advised this is r a r e l y  the case  

in p r a c t i c e ,  due to l ack  of adequate su p erv i s i o n .

BLANCHING AND HOT FILLING 

The methods fo r  b lanching v a r y  f rom product  to p r o ­

duct; f rom hot wate r  sca ld ing to steam b lanch ing .  With  

res pe c t  to sof t  v eg eta b l es  l ike tomato only hot wate r  s c a l ­

ding are undertaken ,  whi le f o r  Garden Eggs  and Ba m ba ra  

beans steam b lanch ing is  used.

As a r es u l t  of l ow  l eve l  p roduct ion in compar i son  with 

the capac i ty  of the f a c t o r i e s ,  l a r g e  b r ea k s  and bott lenecks  

appear in the p r o c e s s .  Thus p roducts  are held in holding  

conta iners  awai ting f i l l in g  into cans or in cans fo r  4-7  

hours  be fo re  r e t o r t in g .  In between p r o c e s s e s ,  work ers  

may l eave fo r  lunch b rea ks  whi le the p roducts  are f l ef t  

and the f i l l in g  or pulping s tage .  These delays wi l l  r e su l t  

in high in i t i a l  m i c r o b io lo g i c a l  load (26, 29, 59) and p r e ­

p r o ce s s in g  spoi l age  might occur .

HEAT PROCESSING 

Heat p r o ce s s in g  of foods is  usua l l y  undertaken with 

spec ia l  r e f e r en ce  to m i c r o - o r g a n i s m s  in the food that are



ei ther  sp o i l age  agents or food po isoning agents (59) .

When the pH is  g r e a t e r  than 4 .5 ,  heat p r o c e s s e s  are often 

des igned to des t roy  the sp ores  of C lo s t r id iu m bo tu l inum; 

and where the food is  prone to contamination f rom f l a t -  

sour  thermophi l e s  more  s tr ingent  heat p r o c e s s e s  might be 

appl i ed (26) .

In the p r o c e s s in g  of the vegetab le  p roducts  these points  

are not cons i der ed .  Table  ( 1 .1 )  shows the v a r io us  heat  

pr o c e s s e s  g iven to the veg etab le  p r oducts .  The heat p r o ­

ce s s e s  fo l l o w  a g e ne ra l  pattern ;  p roducts  in 8z cans ( B a m -  

b a r a ,  Pepp er  pur ee )  are re to r ted  at 120°C fo r  30 mins ,  

while p roducts  in A2^ and A1 cans are re to r ted  at 110°C  

f o r  45 mins and 30 mins r e s p e c t iv e ly .  The g e ne ra l  pa t ­

tern suggest s  that p r o c e s s e s  are not def ined to suit  s p e c i ­

f ic p roducts .  ( e . g .  P ep pe r  puree is a highly  v i scous  p r o ­

duct compared to B a m b a r a  beans  in tomato sauce : -  these  

two p roducts  are re to r te d  under  s i m i l a r  cond it ions )  under  

the c i rcum st anc es  some of the f o r m e r  w i l l  p r o bab ly  be 

u n de rpr ocess ed .

Heat p r o c e s s e s  are al so  def ined by t r i a l  and e r r o r  (10)  

and depending upon the rate of spoi l age  in the p revious



Bam bara  in 
T o m a to  Sauc

O kro in 
e Sauce

Garden E ggs 
in B rin e

P ep p er Pu ree T o m a to  in T om ato  
Ju ice

B lanching S team  
1 5 - 2 0  (M in s )

S team  
15-20 (m in s )

S team  
1 5-20 (m in s )

S team  
15-20 (m in s )

Hot W a te r  
Sca ld ing

Can T  ype 
&

D im ension

8z (211 x 304) 

A2/£(401 x 41 1)

A  3 (21 1 x. 40C ) A1(21 1 x  400) 

A 2 ^  (401 x 41 1)

8z (211 x 304) 

A23£ (401 x 41 1)

\2J* (401 x 4111)

F il l in g
(F i l l in g  M ed­
ium )

Hot F i l l in g  
2'4%  S a lt  + 2% 
Su gar in 

T o m a to  Ju ice

Hot F i l ­
lin g  (S a m e  as 
fo r  B am bara

Hot F i l l in g  
2%  B rin e

Hot F il l in g Hot F il l in g  
T o m a to  Ju ice

P ro c es s in g  

T  em p era ta re
8z (ca n s ) -  120° 

A 2 ^ (c a n s )-110°C
3 A 1 can -
:  11 o°c

A 1 cans -1 1 0 °  
A2^ " -  1 fl 0 °C

C 8z cans -  120°C 
A2J£ "  -  1 10°C

A 2 ^  cans -  110°C

P ro c es s in g
T im e s

8z cans -30  m i 
A 2^  11 -  45 m in

ns A1 cans -  
s 30 m ins

A1 cans -  30 
min*

A2/£ 11 -  45 m i

J

8z cans -  30 m ins 

ns A 23̂  " -  45 m ins

A 23̂  cans -  30 m ins



sea s o nTs p roducts  the heating t imes  and t em pe ra t u re s  may  

be i nc re as ed  or maintained,.

The p resen t  p r o c e s s in g  methods are t he re f o re  not 

based  on any sc ient i f i c  inves t i ga t ion ;  l a r g e  spoi l age  ra tes  

occur (8) whi le  p roducts  al so  p resen t  a health hazard  to 

consumers  0



COOLI NG

Af t e r  r e t o r t i n g ,  the steam is  shut of f  and cold tap 

water  run into the r e to r t  (10) .  The cool ing p r o c e s s  is  

thus begun and af ter  sometime the wate r  is  d ra ined  off  

and the cans d r i ed .

The cans are u su a l l y  l e f t  overnight  fo r  the internal  

re s i d u a l  heat to dry the cans (10) .

Two ma j o r  points are usua l l y  of in t e res t  when can 

cool ing  is  cons i der ed ;  the nature of the cool ing water

and the rate  of cool ing (17, 26, 29, 96).

Due to expans ion dur ing heat ing ,  the double seam co m ­

ponents are usua l l y  l oose  (17, 59) .  With in i t i a l  cool ing

and steam condensat ion ins ide  the can a pa r t i a l  vacuum 

develops  ins ide the can and a suction e f fect  may be p r o ­

duced.  Many w o rk e rs  have sugges ted a continuous sp ray  

of wate r  ins tead of a wate r  bath as used in the p resen t  

s ituat ion (17, 26, 59) .  There  is  l e s s  opportuni ty  fo r  

suction of cool ing  wate r  into the cans when a sp ray  is used.

W here  the cool ing wate r  bath is  used a chemica l l y  

t reated wate r  i s  sug ges ted .  The object  is  to reduce  the



m i c r o b io lo g i c a l  l oad  in the wate r  and t he re f o re  p revent  

p o s t - p r o c e s s i n g  sp o i l age  f rom leakage  (26) .  The p resent  

Ghanaian cool ing p r o c e s s e s  use the wate r  bath cool ing  

sys tem and an unt reated cool ing  wate r .  This  combination  

would in c re a s e  l e a k e r  sp o i l age  in the f ina l  p roduct s ,

A continuous running wate r  is  sugges ted fo r  cool ing  

(26, 59) because the cool ing p r o c e s s  must be rap id  and 

e f f e c t i ve .  A p ro longed  cool ing  p r o c e s s  could p rov ide  

enough heat l ag  fo r  the development of f l at  sour ing  B a c i l l i  

s pores  that might  remain  af ter  the p r o c e s s in g .

The cool ing  p r o c e s s  is  not adequate because  the te m ­

p e ra t ure  of the cool ing water  soon r i s e s  in the re t o r t  and 

the whole cool ing  p r o ce s s  takes up a much longer  t i m e 0

STORAGE TEST

A f t e r  the dry ing  and the l a b e l l i n g  p r o c e s s  the canned  

products  are s to red fo r  pe r io ds  between two weeks  to one 

month. Cans that develop s we l l s  are d i sc a rd ed  whi le  

those that do not develop sw e l l  are r e l e a s e d  fo r  market ing .

Though this method s c re en s  out most  of the l e a k e r s ,  

spoi l age  through u nd er pr oc ess in g  or f l at  sour ing  remain  

undetecta b le .
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1.1.4 CONCLUSION AND OBJECTIVE OF PRESENT WORK

This r ev i ew  has attempted to highl i ght  some of the 

p ro c e s s in g  techno log ica l  p ro b le m s  that face  the vegetab le  

canning indust ry .  The indust ry  was imported into the 

country and did not a r i s e  f rom the exi s t ing  ba s ic  t echnical  

knowledge.  Thi s  has led to a number of de fec ts  in the g e n e ­

r a l  operat ion  of the canning indust ry  (8) .

Apar t  f rom l ack  of p r o p er  understanding and ap p l i ca ­

tion of the p r i n c ip le s  of canning and food p r o c e s s i n g ,  other  

a u x i l l i a r y  i ndu st r i e s  l ike ag r i c u l tu re  are not wel l  de ve ­

loped to supply  the re q u i s i t e  qua l i ty  of r aw  v eg et ab le s .

The industry  t he re f o re  incurs  l a r g e  sp o i l age  ra t es  in their  

products  with res u l t in g  stunting of growth of the indust ry .

The objec t  of the p r esent  study under  the theme 

" T h e r m o b a c t e r io lo g y  of some Ghanaian Canned Fo o ds "  is 

to find solut ions to some of the technical  p ro b l em s  that 

f ace  the vegetab le  p r o ce s s in g  indus t ry ,  and al so  highl i ghts  

the fo l l ow ing  :

a) Causes  and Sources  of Spo i l age

b)  O rga n i s ms  that are of ma j o r  importance as s po i ­

lage  agents in the vegetab le  p roducts .



c) The study a l so  eva luates  the ex is t ing  heat p r o -  

c e s s e s  and attempts to def ine new p r o c e s s e s  for  

the products investigated, ,

The p r ese nt  work should p rov ide  a p r a c t i c a l  guide for  

vegetab le  p r o c e s s o r s  and other food p r o c e s s o r s  and give  

in fo rmat ion  about some of the im p l i ca t ions  of the methods  

they are using.

It is  hoped that the study would help promote bet ter  

growth and development of the food indust ry  in Ghana,



1. 2 ORGANISMS OF GREATEST IMPORTANCE 
IN CANNED FOOD

1.2.1 INTRODUCTION

It is  now wel l  r ecog n iz ed  that m i c r o - o r g a n i s m s  are  

the m a j o r  causes  of sp o i l age  in canned foods (6, 29, 59).

Thi s  was not the case  p r i o r  to the pub l i ca t ions of Rus se l  

(38) and P r es co t t  and Underwood (4, 50),  when canning was  

con s idered  more of an art than a sc i en t i f i c a l l y  c o n t r o l l a ­

b le  p r o c e s s .  The work of Ru sse l  on "G as eo u s  f e r m e n t a ­

t ions in the Canning Indust ry "  and that of P r e s c o t t  and 

Underwood on " M i c r o - o r g a n i s m s  and s te r i l i z a t i o n  P r o c e s ­

ses  in the Canning Ind ust ry "  s ta r ted  in q u i r i e s  into the m i ­

c r o b i o lo g i c a l  b as i s  of canned food spo i l a ge .

V a i l l a r d  (18) exam ined  many p r e s e r v e d  meats and 

canned veget ab l es  and found v i ab l e  m i c r o - o r g a n i s m s  in 

70-80% of the cans .  The o rga n i sm s  he i so l a ted  are p r es en t ly  

cons idered  to be main ly  m em be rs  of the B a c i l l a c e a e  f a mi ly .  

McClung (52) r epor ted  that the importance of thermophi l ic  

ba c t e r i a  in the sp o i l age  of canned foods was es tab l i she d  in 

1912 and many other wo rk e rs  inc luding Dickson (30), E sty and 

Meyer  (28) worked on C lo s t r id iu m Botul i  num and other

-  15 -



assoc ia ted  anaerob ic  C lo s t r i d i a  (5f 40, 52).

By the end of the 1st W o r ld  Wa r  m i c r o o r g a n i s m s  had 

been fu l l y  im p l i ca ted  in canned food spoilage,,

The work of Esty  and Meyer  (28) showed that the 

s pores  of C l o s t r id iu m  Botul inum Type A were  the most  

heat r es i s t an t  food po i soning  organisms.  Minimum heat  

p r o c e s s in g  s tandards  were  t he re f o re  def ined based  on the 

heat r es i s t an ce  of this  o rg an i sm (26) .

S eve ra l  other w o rk e rs  (37, 52, 54, 55, 56) undertook  

fu r ther  invest i ga t ion  into the m ic r o b io lo gy  of canned foods  

and i so l a ted  m i c r o - o r g a n i s m s  with heat r e s i s t a n c e s  f a r  

g r e a t e r  than C l .  botul inum (Tab le  102 ) 0 Most  of these o r ­

gan i s ms  ident i f i ed  were  m em be rs  of the g e n e ra  B ac i l l u s  and 

Clos t r i d i um  and inc luded C l .  the rmos acc ha ro ly t i cu m and B 0 

< t ea rot he rm op h i lu s .

Cameron  and Esty (58)  sugges ted a c l a s s i f i c a t i o n  of 

foods based  on the ir  d i f f e r en t  ac idi ty  ra n g e s .  They c l a s s i ­

f ied food into 4 g ro ups .

1. Low  acid foods pH >  5.0

2. Medium or s e m i - a c i d  foods pH 5 .0 -  4.5

3. Acid foods pH 4 .5 -  3.7

4. High acid foods p H ^ 3 . 7



L a t e r  w o rk e rs  inc luding B e r r y  (32) and F a v i l l e  (33)  r e ­

cogn ized that be low  pH 4 .5  the food po isoning o rgan i sm  

Cl .  botul inum could not g r o w ,  oJhile be low pH 4 .0  the 

growth of most  thermophi l i c  f l a t  sour  m i c r o - o r g a n i s m s  

except B a c i l l u s  coagulans  was inhibited,,  They suggested  

a new c l a s s i f i c a t i o n  of food based on three acidi ty  ranges®

a) Low acid food p H > 4 . 5

b)  Ac id  food pH 4 .0  -  4 05

c)  High acid food pH<.4o 0 

This  c l a s s i f i c a t i o n  is  used in this work .

( Table 102)



Table 1,2

Comparative Heat resistance of Bacteria (26)

Bacteria Groups
Approximate 

Heat resistance

Low Acid Foods (pH >4.5)
Thermophile s: -

Flat Sour (B. stearothermophilus) 
Gaseous-spoilage group (Cl. thermosacch-

D250°F 
40 0 -  5„ 0

arolyticum) 
Sulphide stinkers (C1Q nigrificans)

3„0 -  4o0 
2o0 -  3.0

Mesophiles:
Putrefactive anaerobes

Cl0 botulinum Types A and B 
Cl. SDorofenes (including p. A 3679)

OolO -  0.20 
0.10 "1„5

Acid Foods (pH 4.0 «  4.5)
Thermophile s: -

B. coa f̂ulans (facultative mesoDhile  ̂
Mesophiles:-*

Bo polymyxa and B0 macerans 
Butvric anaerobes fCl« oasteurianum*

0.01 -  0o 07

D212°F 
OolO -  0o50 
0o10 -  0o 50

High Acid Foods (pH <  40 00)

Mesophilic non~sporeforming bacteria
Lactobacillus so. Leuconostoc sp. and 

yeasts and moulds

D150°F 

0o50 -  1.00



1 . 2 . 2  CLASSIFICATION OF SPORE FORMING

BACTERIA

It is o b se rv a b le  f rom tab le  (1 . 2 )  that the non-  

sporula ting b a c t e r i a  have the l owest  heat r e s i s t a n c e s ,  

with D 250 between 0.50 and 1 .0 ,  whi le the sporu la t ing  

f o r ms  have high D va lues  (D 250 between 0.1 and 5 . 0 ) .  The 

ab i l i ty  of b a c t e r i a l  s por es  to withstand ext rem es  of t e m ­

pera t ure  make them the m a j o r  spoi l age  o rga n i s ms  in heat  

p ro ce s s ed  foods .

Stumbo (26) has d ivided the s p o r e - f o r m i n g  ba c t e r i a  

into 3 main g ro ups .

a) Ob l i ga te  ae robe s

b)  Facul ta t ive  anaerobes

c)  Ob l i ga te  anaerobes

1 .2 .  2.1 OBLIGATE AEROBES

A c l as s i f i c a t i o n  of ae rob ic  s p o r e - f o r m i n g  ba c t e r i a  

presen ted  by Gordon and c o - w o r k e r s  showed that these o r ­

gan i sms  were  memb er s  of the B ac i l l u s  genus .  They include  

Bo s u b t i l i s . B .  meg ate r i um ,  B.  badius  and B.  f i r m u s .

The ro l e  of these o rg an i s m s  in the spoi l age  of canned food 

is l imi ted ,  s ince modern day canning p rac t i ce  en sures  an



adequate vacuum in the top of cans (17) .  Ho we ver ,  when 

they occur in l a r g e  numbers  in the food b e f o r e  reto r t ing ,  

they might cause p r e - p r o c e s s i n g  spoi l age  (29, 139) .

The heat r e s i s t a n c e s  of these b ac t e r i a  are r e l a t i v e ly  

l e s s  than those of the other  s po re ^or mers  and in l ow  acid  

and acid ve ge tab le s  p r e s e r v e d  e x c lu s i v e ly  by heat,  the 

sp ore s  of these o rg an i s m s  are rap id ly  de s t royed .  The  

ae rob ic  s p o r e - f o r m e r s  are however  important  in canned  

cured meat  and other  such p roducts  that are g iven r e l a t i v e ­

l y  mi ld heat p r o c e s s e s  (59)„

Owing to the ir  oxygen req u i r em ent s  and low heat r e s i s ­

t ances ,  when these sporu la t ing  types occur in the end p r o ­

ducts of heat p r o c e s s e s ,  a high p r e p r o c e s s i n g  contamination  

and g r o s s  u n d e r - p r o c e s s i n g  are suspected (22, 26, 29).

1 . 2 . 2 . 2  FACULTATIVE ANAEROBES

The s p o r e - f o r m i n g  f acu l ta t ive  anaerobes  impl i ca ted  in 

the spoi l age  of canned foods are memb er s  of the genus B a c i ­

l l u s .  These o rg an i s m s  are wide ly  d i s tr i buted  in s o i l s  (6)  

and they r e a d i ly  contaminate vegetab le  p rod uct s .

Cameron  and B ig e l o w  (61) r epo r t ed  that the obl igate  

therm op hi l e s ,  B.  ste arothe r m ophilu s and B„ coagulans were

20



more heat r es i s t an t  than the other  f acu lta t i ve anaero bes .  

The high heat r es i s t an ce  of the sp ores  and the ir  ab i l i ty  

to p ropagate  in l ow oxygen tensions  make them idea l l y  

suited fo r  g rowth in both p r e - p r o c e s s e d  and p o s t - p r o c e s ­

sed food m a t e r i a l .

Work  undertaken on South A me r i can  low -a c id  v e g e t a ­

b le  p roducts  p r e s e r v e d  by high tempera ture  (60) found 

Bo s te a ro thermophi lus  and B.  coagulans  as the most  i m ­

portant  sp o i l age  m i c r o o r g a n i s m s .  S i m i l a r  work done by 

Patterno  and Gopes  (141) in the Ph i l l i p in es  on canned v e g e ­

tab le s  identi f i ed  these f a cu l ta t i ve l y  anaerob ic  s p o r & f o r -  

mers  as the chief  sp o i l age  o rg a n i s m s .  Kim and Goep fe rt  

(40) i so l a ted  B„ ce reu s  f rom some mcldly p r o c e s s e d  v e g e ­

table p r oducts .

These high heat r es i s t an t  f acu l ta t i ve  anaerobes  

occur in u nd e rp roc es sed  canned p roducts  and the ir  p r e ­

sence has been used in the d iagnos i s  of u nd er pro ce ss i ng  

(31, 42) .

1 . 2 . 2 . 3  OB LI G A T E  AN AE RO B E S

The s p o r e - f o r m i n g  ob l i ga te  anaerobes  are made  

up of two g r o u p s ,  thermophi l ic  C lo s t r i d i a  and mesoph i l i c
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Clostridia (69 26t 77).  Co l in and Lyne (6) have tabulated  

some of these food spoi l age  C lo s t r i d i a  as

1) Ther mop hi l e s

a) C los t r i d i um  n ig r i f i c an s
b)  C los t r i d iu m  thermos  accharolyt icum
c)  C los t r i d i um  pu t re fac iens

2) Mesoph i l e s

a) C lo s t r id iu m  botulinum
b)  C los t r id ium  welchi i

Stumbo (26) al so  inc ludes  C lo s t r id iu m  p u t r i f i c i u m ,  C l o s t r i  

dium histolyticum..  C los t r i d i um  sporogenes  as proteolytic or 

put re fac t ive  meso ph i l e s  that have al so  been found in c a n -  

ned foods .

McClung (52) worked with C los t r i d i um  t h e rm o s ac c h a -  

ro lyt i cum and found it incapab le  of g rowth at 30 °C ,  but  

it had an optimum growth tempe ra tu re  around 55 °C .  C l o s -  

t r id ium n ig r i f i ca n s  is  a l so  cons ide red  another food s p o i l ­

age ob l i gate  thermophi l e  (105) .

Among the meso ph i l i c  C los t r id ium  sp ec ies  the tox in -  

producing  C los t r i d iu m botul inum is  the most  important  

food spoi l age  o rgan i sm f rom the publ ic  health point of v i ew .  

This pathogen p roduces  the botul inum exotoxin (69) .  It is



however  only capab le  of g rowth in food with pH g r e a t e r  

than 40 6 (26, 6) and in the absence of competi t ion f rom  

other  m i c r o o r g a n i s m s  (42, 144) .

The C los t r i d iu m  spec ies  are wide ly  d i s t r i buted  in 

so i l s  (29,  68, 81) and animal  intes t ines  (6) ,  they r e a d i ly  

contaminate animal  and veg etab le  mat ter  and have been 

assoc ia ted  with the sp o i l age  of canned meat (77) and v e g e ­

tab le p roducts  (68) .

The sp o i l age  of canned foods  by C l .  t h e r m o s a c c h a r o ly -  

ticum is  accompan ied by the product ion of l a r g e  quanti ties  

of gas  which p roduces  s we l l s  on the ends of the cans (22) ,  

McClung (52) named this C los t r i d i um  sp ec ies  C l .  t h e r m o s a -  

ccharo lyt icum because  it was able to f e rment  c a r b o h y d r a ­

tes to produce l a r g e  quant it ie s  of g a s .  The other  fo r m s  of 

thermophi l i c  C l os t r i d i a^  C l a put re fac iens  and C l .  n i g r i -  

f ic an s are f e eb ly  s acchar  olyt i c but produce hydrogen sulp  

Side. They have been te rmed  sulphur  s t inkers  (59) .  CQmp-  

be l l  (51)  i so l a ted  a type sp ec ies  f rom canned food which he 

termed S p i r ov i b r i o  de su l fu r i c  an s . Thi s  o rg an i sm has been  

found to be ident ica l  with the o r i g in a l  C l .  n i g r i f i c an s  

isolated by Werkman  and W e av er  (144) .



The hydrogen sulphide p roduced is often so lub le  in 

the food product  and the can may remain  f l at  (31) ,  the 

contents might however  become b lack  due to the i n t e r a c ­

tion of H 2S with the i ron  of the can.

Hersom and Hul land (59) state that such spoi lage  

types are co m pa ra t iv e ly  r a r e .

Work  done in No rw ay  i so l a ted  46 s t ra ins  of put re fac t ive  

b a c t e r i a  f rom canned f i sh  and meat and 80% of the i so l a tes  

were  found to be C l » sp orogenes .

With r e g a r d  to heat r e s i s t a n c e ,  the anaerob ic  C l o s ­

t r id i a  have quite high heat r es i s t an ce  ( table 2); e s pe c i a l l y  

the thermophi l i c  types .  C los t r id ium  t h e r m o s a c c h a r o l y t i *  

cum has a D 2 5 0 °F v a *ue 3.0tb 4o 0.

Beevens et al (71) and Esty and Meyer  (28) de te rmined  

the heat r e s i s t a n c e s  of the va r i an ts  of C lo s t r id iu m bo tu l i ­

num types A and B.  The p r esent  minimum heat p r o c e s s e s  

have been based  on the ir  va lues  of the heat r es i s t an ce  fo r  this 

organism,,  G i l l e s p i e  (137) undertook extens ive work on the 

heat re s i s t a n c e s  of thermophi l i c  anaerobes  and found the ir  

heat r e s i s t a n c e  higher  than most f acul ta t i ve anaerobes except



B. s t e a r o th er m o p h i lu s .

When these o rgan i sms occur  in canned foods they usua l l y  

develop a f ter  p r o c e s s in g  when the cans are in anaerobic  

condit ions (2 2 )0 Th e i r  p re s en ce  in cans is  usu a l l y  taken 

to indicate u nd er pr oc ess in g  (6, 22)„



1 .2 .3  IDENTIFICATION OF THE BACILLUS AND
CLOSTRIDIUM SPECIES

In the B e r g e y Ts Manual  (105) ,  the s p o r e - f o r m i n g  b a c ­

t e r i a ,  B a c i l l u s  and C los t r i d i um  are c l a s s i f i e d  in the f am i l y  

Bac i l l a c e a e .  Keys to the identi f i ca t ion of the memb er s  of 

these ge ne ra  have also been p rov id ed  and^based upon these ,  

other w o rk e rs  have recommended  s im p l i f i e d  model s  f o r  the 

i dent i f i ca t ion of these o rg an i s m s .

Cowan and Steel  (150) ,  howeve r ,  c r i t i c i z e  these c l a s s i -  

f i c a t o r y  schemes  which d i v i d e  higher  ranks  of o rgan i sms  

into two or more kinds of a l o w er  rank.  They recogn ize  

tJiat the d i f f e r en t  kinds of b a c t e r i a  are not separa ted  by 

sharp d iv i s ions  but by s l i ght  and subt le d i f f e r e n c e s ,  and 

suggest  that a p rag mat ic  c l a s s i f i c a t i o n  be bui lt  f rom the 

b as a l  units ( s p e c i e s )  (150) .  T ab l es  (1.3 and 1 .4 )  are  

d iagnost i c t ab les  which contain tes ts  they have r ec om me n­

ded fo r  the ident i f i ca t ion of the ge ne ra  B a c i l l u s  and 

Clos t r id ium  respect ive ly , ,

Other wo rk e rs  have al so  de sc r ib e d  schemes  fo r  id en ­

ti fy ing the mem be rs  of the B ac i l l a c e a e  f a m i ly .  Wo l f  and 

Baker  (12S) have p rov id ed  set s of t es ts  a r ran ge d  in se r i e s



T  able 1 .3

P P 10 1 3 tt t c -  ? '
p r

2nd Diagnostic Tab le fo r  Bacillus (re f: Cowan & S tee l) 105

T  ests 
Gram reaction 
M orphological group 
Motil ity 
Growth at 65°C 
Anaerobic growth in 

glucose broth 
C itrate utilization 
Gelatin hydrolysis 
Casein hydrolysis 
Starch hydrolysis 
Glucose (acid) 
Arabinose (acid) 
Mannitol (acid ) 
Indole 
V -P
N itrate reduction
Urease
LV

r 3 ^S  ?  s  E 2C ^  f c
s s  c  I

_ Q 3  C D  C O  f f l  CO

a I  8

1 1

E
co m*

E
i

C 0 C D C 0 C 0 C D  C D C O C D C D C D

«- I  $3 4  S
(fl t w
CD CD Key to Table

1 1or2 2 2 
+ + + +

V  V  V  V  

2 2 2 2 
+ + + +

+ -  
+ -  
d -  
+ -

- d - d - -
+ + + + + +
+ + + + - +
- + + - + -

ng + + + + +
ng d - - + -
ng - - + d +

- + - - d

+ d - d d +

+ 80% -  100% 
strains positive 
d 79 -  21% 
strains positive

-  0 - 20%  

strains positive 
NG :-  no growth 
V  variable



Tab le 1 .4 2nd Diagnostic Table fo r  Identification of Clostridium  Species

£0
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E
3

</)
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<D V3n L3 0

0 3 3 O

E
2a
8

Ref: Cowan &
Steel (150)

'M otil ity 
• Spore
M icrooerophil ic 
Gelatin hydrolysis 
Meat digestion 
Serum 11 
M ilk
Glucose (afcid) 
Lactose (acid ) 
Sucrose (acid ) 
Salicin (acid) 
Indole
Nitrate reduction
H2S
LV
Haemolysis
U reese

E *
I I
I  fc 
a. s— c 

JJ—ZL

U)

e J3  o  <0
l i e
*  °  £ 0 0) !t=
13 3 *

0 ^ 0 o o
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0 b
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0 0 £ r a
c N

r £ JS <*_

0 O 6 O _ o
+

co co
+

T o
+

so
+

+ + + +■ + 
so so so T r  Co

+ + + + + _ +  _ + + 
Co c/so c/so so T o  T o  so T r  T r  so

AG Cagc 
+ +

ac ac 
+ +
+
+

+

a (c ) age gc -  
+ + + + 
+  +  -  -

+ + 
+ + 
+ + 
D CD 
+ +

+
+
+

CD
+

+
+
D -  
+ +

+
+
+

Z  D 
+

-  d -
-  Z  a (c )
-  -  +

-  -  +

-  -  +

+
d
+
+
d
+

-  + -  -  + + _ 
-  + + + 
-  + + + - - - -  + 
+  + + + + + + -
+ + + + -  -  -  -
+ + + -  - -  + -  + 
d -  + + d

K E Y :- (O = ova l) r  = round c =  central, S = subterminal

A  = acid, C = clot D = digestion Z = some strains give soft clot



which l ead to the ident i f i ca t ion of the spec ies  of the 

Ba c i l l u s  genuso They have al so  sugges ted the appl i cation  

of s e r o l o g ic a l  technique in the identi f i ca t ion of this genus.



1. 3 PRINCIPLES OF HEAT PROCESSING

1.3.1 CAUSE OF DEATH

The l e thal  e f f ect  of heat on m i c r o - o r g a n i s m s  is  only 

p a r t i a l l y  understood ,  however  some use fu l  conc lus ions  on 

this subject  have been made,  and upon these have been based  

the p r i n c ip le s  of heat p r o c e s s in g .

A bacter ium is cons idered  to be dead when it f a i l s  to 

reproduce  under su i tab le  condit ions fo r  r eproduct ion  (155) .  

This  def ini t ion fo r  the death of a bac te r ium has envinced  

some pert inent  ob jec t ions ;  ( e . g .  Ne lson  (153 and 154) found 

out that the s ur v iv a l  of heat t reated m i c r o - o r g a n i s m s  de ­

pended on the r e c o v e ry  medium ) but it has pe rs i s t e d  in 

usage because no other def ini t ion has been sugges ted (26) .

B a c t e r i a l  sp ores  and vegetat ive  ce l l s  show s tr ik ing  

d i f f e re nc es  in heat r e s i s t a n c e .  Vege ta t ive  ce l l s  of b a c ­

t e r i a ,  yeas ts  and moulds  are des t royed almost  ins t ant a -  

ueously at 100°C ( 21 2 °F )  (14, 60, 168) but the sp ores  of 

some ba c t e r i a  r eq u i r e  p ro longed  exposure  to heat be f o re  

they are k i l l ed .  (86,  136) .

It has been suggested by V ir tanen (156) that the heat
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re s i s t an ce  of b a c t e r i a l  spores  could be l inked with enzyme  

stabi l ity, ,  Thi s  postulate  was suppor ted by Fr i ed man  and 

Henry (157) who a s c r i be d  the r e l a t i v e l y  high heat r es i s t an ce  

of b a c t e r i a l  s por es  to the f act  that a l a r g e  p ro por t ion  of the 

water  content of the b a c t e r i a l  sp ore s  was not av a i l ab l e  f o r  

protein coagulation, ,  Fur t he r  work by M u r r e l  and Scott (158, 

159) al so  showed that heat r es i s t an ce  depended upon the water  

act ivi ty  of the sp ores  and that when the wate r  ac tiv ity of b a c ­

t e r i a l  sp ores  were  eq u i l i b ra ted  to between 0.2 to 0 .4 ,  s p e ­

c i es  to spec ies  d i f f e r en ce s  in heat r es i s ta n ce  d i sap pe are d .

Other wo rk e rs  have imp l i ca ted  d i f f e r en t  mechan isms  

in the death of b a c t e r i a l  c e l l s ;  these include the d e cre as e  

of R . N . A .  and D . N . A .  in the c e l l s .  (161, 162, 163, 164) .

In spite of the intensive  work undertaken in this  f ie ld  

the sp ec i f i c  mechani sm fo r  the cause of death of a b ac t e r i a l  

ce l l  s t i l l  cannot be adequate ly  e x p la i n e d .  (166, 168) .

1 . 3 . 2 .  ORDER OF DEATH

The death of b a c t e r i a ,  when exposed to heat ,  f o l l ow s  

a l oga r i t hmi c  o r d e r ,  ( i . e .  equal  p e r c e n t a g e s  of
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the surv iv ing  ce l l s  die in each s uc ce ss i ve  unit of t ime) .  

This conc lusion was reached by B ig e l o w  (24) a f ter  he had 

plotted therma l  death curves  on s e m i - l o g a r i t h m i c  paper .

V ar i o u s  w o rk e rs  suppor ted B ige l ow *s  c l a im .  Watkins  

and Wins tow  (168) made extens ive  invest i ga t ions  of the 

heat re s i s t a n c e s  of both vegetat ive  ce l l s  and sp ores  of 

b a c t e r i a  and concluded that the o rd er  of death of both 

vegetat ive ce l l s  and sp ore s  were  l o ga r i t hm ic .  Y e s a r  and 

Cameron  (169) demonstrated  that,  when it was po ss ib l e  to 

f r ac t ionate  a g iven ce l l  suspens ion with va ry ing  spec i f i c  

g r a v i t y ,  the d i f f e rent  f r a c t i ons  exhibited va ry ing therma l  

death t imes .  Thi s  led to the conc lusion that the non-  

l oga r i t hm ic  o rd er  of death repo r ted  by Anderson (172) ,  

Cameron and B oh re r  (173) could have been due more  to 

non homogenei ty  of the suspens ions  they used in their  

dete rminat ions .

Rahn (170) exp la ins  the l o g - o r d e r  of death with the 

postulat ion that the l oss  of r eproduct ion  is due to the 

denaturat ion of a s ingle gene r es po ns ib l e  f o r  r e p r o d u c ­

tion.  The s i gn i f i cance  of this explanat ion is that the 

o rd er  of death could be cons idered  a un i mo lecu la r  or a
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f i r s t - o r d e r  b i m o l ec u la r  chemica l  r eact ion*

E x p r e s s e d  mathemat ica l l y

-dc = KC ................. (1)
dt

The in teg ra t ion of (1)  g i ves
2.303 Co

t -  ________ log .............  (2) where  Co is
k c

the in i t i a l  b a c t e r i a  populat ion and C is  the number of s u r ­

v iving ce l l s  a f ter  t ime t„

When the log of number  of su rv iv ing  ce l l s  is  plotted  

agains t  time a s ur v i va l  curve ( F i g .  1 .1 )  is obta ined,  which 

can be r ep re sen ted  by t = ( log a -  log b)  . . . . ( 3 )

where a, r ep r e se n t s  the in i t ia l  number  of ce l l s  and b # r e ­

p rese nt s  the number  of ce l l s  su rv iv ing  a f ter  t ime t of 

he a t ing .

The concept of *D v a l u e ’ (Dec ima l  reduction t ime)  

was int roduced by Katzin and co - w o r k er s  (171) who def ined  

" D 11 as the time req u i re d  to des t roy  90% of the ce l l s  (F i g .  

1 .1 ) .  When " D "  is subst ituted into equation (3)  it y ie lds

t = D ( log a -  log b )  ................. (4)

The above equation has been used in ca l cu la t ing  p r o ce s s in g

t imes (26) f o r  va r io us  canned foods .

-  33 -
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Fig. 1.1

SURVIVOR CJURVE



1 . 3 . 3 .  HEAT PENETRATION

When food in cans is  subjected to heat p r o ce s s in g  

there is  a lways a heating lag between the cent re of the 

can and the heating medium (42) ,  which has to be c o n s i ­

de red  in p r o ce s s  eva luat ion (59) .

Von Ecklund (188) has de sc r ib e d  va r i ous  methods  

using thermocoup les  and t he rm is to r  p ro bes  fo r  heat pene ­

t rat ion m ea su rem en ts .  The p ro bes  are usua l l y  p laced at 

the point of s l owest  heating l ag  in the can,  Thi s  point has 

been found to be dependent upon the mode of heating of the 

contents of the can (42) .  Jackson and Olson (189) employed  

vary ing  concent ra t ions  of bentonite and s imula ted the con ­

s is tency of foods in o rd er  to de te rmine  the point of s l o w ­

est heating l ag  in cans .  A 5% bentonite solut ion was found  

to heat by conduction whi le a 1% solut ion heated by con ­

vect ion,  It is  now recog n iz ed  that canned foods heat by 
tKt

one ofLfol l owing modes  of heating (42) .

(a)  Conduction pack -  heating is  by conduction and the 

point of s l owest  heating l ag  is  the geome tr i c  centre .

(b)  Convect ion pack -  heating is by convection and the 

appropr ia te  posi t ion fo r  the probe  is  § ins ,  above the 

bottom of the can on the long itudina l  axi s f o r  sma l l  cans



and 1§ ins .  above the bottom fo r  l a r g e  cans ( l a r g e r  than a 

No.  10 can) .

(c )  Broken  C ur ves  (heat ing is  by convect ion fo l l owed  

by conduction)^ -  the ap propr ia te  posi t ion of the p robe  is  

approx imate ly  midway  between the geome tr i c  cent re  and 

that f o r  the s lowest  heating point f o r  a convection pack (42) .

1 .3 .4  HEAT PROCESS EVALUATION

Bigelow and co-workers (191) in 1920 d e sc r i be d  a " Ge n er a l  

Method"  fo r  eva luat ing the l e tha l i ty  of heat p r o c e s s e s .

The i r  method es s en t i a l l y  in teg rated  the lethal  e f fect  of  

the time -  t empe ra tu re  re l a t ions  taken f rom the point in 

the container  with the g r e a t e s t  t emper a tu re  l ag  dur ing heat ­

ing and cool ing  (192) .

F ig ur e  1 .1a  shows heat penet rat ion data i l l u s t r a t i n g  

a typ ica l  t em pera ture/t ime  re l a t ion  at the geome tr i c  centre  

of a canned p roduct .  A cc or d ing  to the Ge nera l  Method (191)  

each tempe ra ture  point on the heat penet rat ion curve (F ig .  

1 .1 a )  po s s e s s e d  a s te r i l i z i n g  va lue o r  a le thal  r ate  equal  

to the r e c ip r o c a l  of the number  of minutes req u i r ed  to d e s ­

troy some given percentage  of spores  of a m i c r o -o r g a n i s m  

at this t empe ra ture  (191 and 192). F i g .  1 .2 shows a thermal

-  36 ~
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F ig . 1,1a

A  HEAT PENETRATION CURVE (R e f. Stumbo. 861
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F ig  1 .2

A  L E T H A L IT Y  CURVE (R e f. Stumbo 26)



death curve (TD cu rv e )  f rom which the lethal  rate values  

can be es t imated (185) ,  A plot of l ethal  rate va lues  against  

time g ive s  a l e tha l i ty  curve ( F i g 02).  The a re a  under such 

a curve is  used in es t imat ing  the p r o c e s s in g  va lue (185) .

Ol in B a l l  (181) p rov id ed  an improvement of the 

" G en er a l  Method"  by int roduc ing a f o r m u la  fo r  determining  

the lethal  r ate va lue .

-  39 -

in which

T = any l e thal  t empera ture

Z = number  of d e g r ee s  Fahrenhe it  r eq u i re d  fo r  the 

therma l  death curve to t r a v e r s e  one log c y c l e B " Z "  cha­

r a c t e r i z e s  an o rgan i sm with res pec t  to its r e l a t i v e  r e s i s ­

tance to d i f f e rent  te m p e r a t u re s .  Ba l l  al so  int roduced the 

concept of F va lue ,  which r ep re sente d  the equiva lent  of 

the ent ire heat p r o ce s s  in minutes  of p r o ce s s in g  at 250°F .

The F va lue is  obtained by de te rmining  the a re a  under  

the l e tha l i ty  curve ( F i g .  1 .2 )  and subst i tut ing Into the 

f o rmula
F = mA

10nd sugges ted by Stumbo (26)
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Stumbo (185) al so  int roduced mathematica l  methods  

f o r  eva luat ing heat p r o c e s s e s  in canned foods .  These me** 

thods were  found to be more  accurate and a l so  evaluated  

the e f fec t  of the heat p r o ce s s  in the whole can ins tead of 

the point of the s lowest  heat ing l a g .



a .

2. MATERIALS AND METHODS

2 . 1 SELECTION AND EXAMINATION OF CANS

2 , 1 , 1  Sampling and Selection of Cans

Indust r i a l  Canning p r ac t i c e  usua l l y  aims at high 

l e v e l s  of product ion coupled with minimum spoi l age  ra tes ;  

in o rd er  to study de fec ts  in can popu lat ions  there  is the 

need to dev ise  adequate sampl ing p ro ce d ur e s  that would  

br ing  out the v a r io us  ab nor ma l i t i e s  in the cans .

Ta b le s  2„1 and 20 2 show model  sampl ing schemes  

drawn up by the Indian Standards  Inst itut ion (11) and the 

Nationa l  C a n n e r ' s A s s o c i a t i o n  (59) r e s pe c t iv e ly *  In the 

Indian Standards  the number  of cans to be se l ected  is  

based on the re to r t  s ize whi le  f o r  the Nat iona l  Ca nn e r ’ s 

Ass oc i a t i on  it is  based on the rate of sp o i l age .

Table 2C1 SCALES OF SAMPLING ( Indian Standards Institution (7))

No, of Cans in 
Retortt Lot

NOo of Packing Cases 
To be Selected

No. of Cans to 
be selected

Up to 200 3 6
201 300 4 8
301 500 5 10
501 800 6 12
801 1300 7 14
1301 3200 8 16
3200 and above 10 20



K2.

Table 2.2 NATIONAL ASSOCIATION OF CANNERS 
SCALE OF SAMPLING (59)

% Number of  Cans Required

Spoilage
‘ P r oba b i l i ty  0.95 ‘ P r oba b i l i ty  0.9 9

0.5 597 919

1 298 458
2 148 228
3 99 151
4 74 113
5 58 90
6 48 74
7 41 64

8 36 55
9 32 49

10 28 44

11 26 40
12 24 36
13 22 33

14 20 31
15 18 28

16 17 26

17 16 25

18 15 23
19 14 22

20 13 21
25 10 16

* P r o b a b il it y  th a t a t  l e a s t  one can in  th e in cubated  sample 
w i l l  show s p o ila g e .



Pr oc ed u r e  :

P r e l i m i n a r y  inves t i ga t ions  made at the f a c t o r i e s  

rev e a l e d  that the r e t o r t s  in use would hold between 300 -  

500 cans (10) and al so  that the pe rcentage  spoi l age  rate  

in the veg etab le  p roducts  was about 10%. Based  on f i g ur e s  

given in the Indian Standards  Institution tab le ,  the number  

of ca r tons  to be picked were  f i ve  ( table 1) f rom which 28 

cans were  to be se l ected  (Nat ional  Ca nn e r ' s  Assoc ia t ion  

t a b l e ) .

The f i ve  ca r tons were  sel ected  by a r ran g ing  them In 

a sys tematic  o rd er  and remov ing  each 15th packing case .  

Then,  6 cans were  drawn out randomly  f rom each packing  

ca se .
Thi s  se l ect ion  p r o c e s s  was continued fo r  3 months  

af ter  which 350 cans were  se l ec ted  fo r  examinat ion.

2 .1 .2  Ifieubation of Cans

The object  of incubation of canned samples  be fo r e  

ana lys i s  is to in c re as e  the number  of spoi l age o rgan i sms  

in the can so that detect ion of m i c r o o r g a n i s m s  becomes  

e a s i e r .

It has been repor ted  that sublethal  exposures  to heat
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may cause dormancy of s por es  and al so  that at such tem­

pe ra t u r e s  thermophi l i c  b a c t e r i a  tend to undergo rap id  

a u t o - s t e r i l i z a t i o n  (59) .  The t ime and tempe ra ture  of in ­

cubation hence become c r i t i c a l .

Ha l f  the cans in the ea r ly  s tages  of spoi l age  ( i . e .  

f l a t  -  soft  swe l l :  r e f e r  to sect ion 2 . 1 . 3 )  were  incubated  

at 37°C fo r  7 days .  The other  hal f  were  incubated at 

55°C fo r  4 days .

B e fo r e  incubation the cans were  examined and c l a s ­

s i f i ed  as f l a t ,  f l i p p e r ,  s p r i n g e r ,  soft swel l  or  ha rd swel l  

( r e f e r  to sect ion 2 . 1 . 3 ) ,  and examined again a f ter  inc uba ­

tion fo r  changes  in can-end con format ion .

2 .1 ,3  Exte rna l  Examination of Cans  

Pr oc ed u r e  :

The fo l l ow ing  g e ne ra l  in fo rmat ion  wQS re c or de d  :

a) Name and nature of product

b)  Container  size

c)  Date p roduced .

2 . 1 . 3 . 1  Leaked Contents

A l a b o r a t o r y  l ens  (x 5 magn i f i ca t ion )  was used in 

examining l eakage  of the can contents by invest i ga t ing  the



p r e s e n c e  of b l ack rotten food ma te r i a l  around the seams .  

The cans were  then washed with water  and rubbed with 

f ine a b r a s i ve  be fo re  fu r the r  examinat ion.

2 . 1 . 3 . 2  Condi tion of Can Ends

The ends of the cans were  examined v i s u a l l y  and 

tac tua l l y  with the thumb fo r  the fo l l ow ing  condit ions :

a)  FI a t ; no evidence of a s w e l l ,  can ends appear  

concave (down) .

b)  F l i p p e r : appears  f l a t  but when it is  brought  down 

sh arp ly  on a f l a t  su r f ace  one end w i l l  f l ip  out; 

when l i ght ly  p r e s s e d ,  this end w i l l  f l ip  back in.

c)  Spr ing er  : one end f l a t  and the other  pe rmanent ly  

bu lged;  when p r e s s u r e  is  appl i ed to the bu lged  

end it w i l l  f l ip  in,  and the other end wi l l  f l ip  out.

d) Soft s w e l l : both ends are bu lged but not t i ght ly :  

they y ie ld  to thumb p r e s s u r e .

e)  Hard s w e l l : both ends are bulged t i ght ly  and p e r ­

manently;  they wi l l  not y ie ld r e a d i ly  to thumb 

p r e s s u r e .

These  condit ions were  obse rv ed  and r ec ord ed  as ex ­

terna l  condit ions of the cans .
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Us ing  the l a b o r a t o r y  lens  rus t s  on the body of the cans  

were  examined ;  when rust  was extens ive  an attempt was  

made to f ind the p r e s l e n c e  of p in ho les .  Thi s  was checked  

by f inding whether  the rust  appeared both on the ins ide  as 

wel l  as outs ide of the can.

Condition of the Double Seam

The double seam was v i s u a l l y  and tac tua l l y  inspected  

f o r  the fo l l ow ing  g r o s s  de fec ts  :

1) Sk idders :  this is  a f o rm of imcomple te  seam fo rmat ion ,

resu l t ing  f rom a chuck s l ip dur ing the second seaming o p e -  

r ation.

Fig  2.1 (A S K IP P E R )
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2) Knocked down F l a n g e : this is another g r o s s  defect  of q

double seam,  a mis locked  seam res u l t in g  f rom ei ther  a 

damaged body f l ange  or a mushroomed body f l ange .

Thi s  condit ion is  shown in a d iag ram ( F i g . 2 .2 )

( F i g . 2 .2 )  (K NOCKED DOWN F L A N G E )

47.
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(3) F a l s e  seam:  this  i s  another  fo rm of mis locked  seam

which can be detected by touch. Thi s  f o rm of f a l s e  seam 

can be seen much more e a s i l y  a f ter  cutting the double  

seam at that point with a pa i r  of cut t e r s .

( F i g . 2 .3 )  FA LSE  SEAM
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Other Defects

Other fo r m s  of de fec ts  which are important  opera t ive  

s ites  of l eakage  l ike F r a c t u re d  or P e r f o r a t e d  p l a t es fother  

than at the d roop )  were  looked fo r  and r e c or de d .

2 .1 .4  Seam Examination

Thedouble seam was examined fo r  Compactness  which 

enco mpa ss es .

1) pe rcent  Overlap

2) Seam T ightness  (194) .

2 . 1 . 4 . 1  Determinat ion  of F r ee  Space

The Meta l  Box Company (194) de f ines F r e e  Space as 

Fr e e  Space = Seam thickness -  2 (tb + 3 te)  

where t^ = Body  P la te  thickness  

te = End P l a te  th ickness .

Seam thickness was measured  using the Seam thick ­

ness  dial  guage (Metal  Box Company) ,  which minimizes  

human e r r o r  compared  to s im i l a r  measurements  by a hand 

m i c r o m e t e r .  The rea d in gs  were  taken in 6 p l a ce s  on both 

ends of the can and the averag e  usedas r ep re senta t i ve  seam 

thickness  fo r  the can.
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The end plate and body pla te  thickness were  d e t e r ­

mined by cutting t r i a n g u l a r  p i ec es  ( s ides  about 1 inch)  

f rom the end p la tes  and body p la tes  of the cans ,  and m e a s u r ­

ing the thickness at the apex of the t r i a n g u l a r  p i ece  with 

a sp ec ia l  di a l  guage (Metal  Box Company) .  F r e e  Space was  

then ca lcula ted  f rom these r e s u l t s ;  or  a l t e r nat ive l y  by op ­

e ra ting a s l i de  ru le  p rov id ed  fo r  ca l cu la t ing  Fr e e  Space  

(Metal  Box Company ) .

2 . 1 . 4 . 2  Dete rminat ion  of % Over l ap

The o f f i c i a l  method of the Metal  Box Company (194)  

which employs a Seam Examination Kit was used in d e t e r ­

mining the % O ver l a p .  The double seam was s ys t em at ic a ­

l l y  torn down into its va r i ous  components and the Seam 

Length,  Hook Lengths and P la te  thicknesses  de te rmined with 

a hand m ic r o m e t e r .  These  d imens ions  were  subst i tuted  

into the recommended  % Over l ap  fo r m u la  (194) .

Pe rcentage  fo rm u la  = X  + Y»1 . I t e - L x l O O  

L -  ( 2.2  te + 1.1 tb )

where  x = body hook length  

Y = End hook length  

L = Seam length  
te = End pla te  thickness  
tfc = Body plate thickness



A l t e r n a t i v e ly  a t ab le  p ro v ided  by the Metal  Box Co m ­

pany (194) was used in de te rmining  the % O ver l a p .

2 . 1 . 4 . 3  Internal  Droop

The droop is  the double seam fo rmat ion at the 

point of the side seam (59) .  F i g .  2.5 i l l u s t r a t e s  the 

internal  droop;  this was measur ed  on the End hook using

a hand m i c r o m e t e r .  It is  r e c o m m e n ­

ded that the in te rna l  droop should not dip be low hal f  

way down the §snd hook length (22) .

2 . 1 . 4 . 4  Hook De fec ts  and Side Seam De fec ts

A f t e r  t ea r ing  down the double Seam ( 2 . 1 . 4 . 2 )  the

Bodyj  and End Hooks ( F i g .  2 .4 )  were  examined fo r  w r in k ­

l e s ,  p l eat s  and puckers  and g rad ed  accord ingly .  The 

system of g rad ing  was to g ive  a num er ica l  value to the 

de fec ts  as to the depth of extension (dip)  of the Hook.  

F i g u r e s  (2.6  and 2 .7 )  are i l l u s t r a t i o n s  of wrinkles^ pl eat s  

and puckers  and the ra t ings  g iven to them.

The side seam was a l so  examined fo r  weakness and 

de fec t ive  s o l d e r in g .  V i s u a l  examinat ion was undertaken  

on the lap joint f o r  s igns of l eakage ;  this was usua l l y





F ig  2.6

\AJP1NKI.ES ON END HOOK
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Smooth to 12% 0
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Fig  2.7

p l e a t  a n d  p u c k e r  o n  e n d  h o o k

P U C K E R P L E A T
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indicated by the p re s en ce  of sulphite staining at the point  

of leakage, ,  A f t e r  the double seam had been s tr ipped  

apar t ,  the lap joint was then separa ted  to re ve a l  the 

s o ld e r .  Thi s  was done by l e v e r i n g  s t ra i ght  the body  

hook with a s c r e w  d r i v e r ,  and by g r ipp ing  the body c lose  

to the edge with p l i e r s ,  the lap was pul led apar t .  The 

ease  of separa t ion  was an indicat ion of de f i c i ency  in 

so ld e r i n g .  A 3 inch (5 x magn i f i ca t ion )  l a b o r a t o r y  Hand 

lens  was used to examine the so ld e r  f o r  channel s and p o r e s .



2. MATERIALS AND METHOD

2.2 PRELIMINARY MICROBIOLOGICAL EXAMINATION

The aim of this sect ion was to sc reen  the can contents  

f o r  any v i ab l e  m i c r o o r ga n i s m  and to make p r e l i m i n a r y  p r e ­

sumptive attempts to identi fy  the i so l a ted  o rg a n i s m s .  The 

media  employed in the i so l a t ion  were non - se l e c t iv e  and 

the methods were  o ri entated towards  i so l a t ing  heat r e s i s ­

tant spor&forming  b a c t e r i a .

20 2. 1 Method of Opening Can 

Procedure:

A f t e r  the p r e l im i n a r y  examinat ion (Section 2 . 1 . 3 )  the 

exte rna l  pa r t s  of the can were  sc rubbed with soap and wate r ,  

then im m er s ed  in 1.5% (W/V )  phenol solut ion fo r  1 hour .  

A f t e r  r emova l  f rom the ant isept i c bath the ex t e r i o r  of the 

can was sc rubbed  with s te r i l e  cotton wool  dipped in 95% 

ethanol .  The top of the can was covered  with a s te r i l e  

petr i  d i sh,  unti l  opened.  P r i o r  to opening,  the top of the 

can was s t e r i l i z e d  with 95% ethanol and f l amed .  The p r e ­

s sure  o r  vacuum in the can was determined using a p r e ­

s sure  gauge with a detachable p i e rc ing  unit (Ame r ic an  Can
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Company Vacuum Gauge,  RAO -  2607A) .  The p ie rc ing  

unit had been kept s t e r i l e  by im m er s in g  in 1.5% phenol  

solut ion fo r  1 hour and s to r ing in 95% ethanol .

The p r e s s u r e  was de te rmined by p i e r c in g  the top of the 

can with the gauge .  The puncture was covered  with a 

s te r i l e  pe tr i  d i sh.  Us ing a s te r i l e  can opener  a t r i a n ­

g u la r  cut with base  ap prox im ate ly  2.5 cm and s ides  3.4 

cm was opened on top of the can.

The en la rged  opening was covered  with a s te r i l e  

pe t r i  dish until  s amples  were  taken f rom the can.  The 

can number  and the p r e s s u r e  were  rec or de d .

2 .2 .2  Sampl ing of Can Contents

L a r g e  sam ples  were  taken at a time in o rd er  to i n ­

c r e as e  the chances of r e c o v e r y  of o rg an i s m s .  W e r n z i r l  

(5) in his "B  acte r i o l o g i c  al examinat ion of canned food s "  

took out samples  of about 50 gm at a t ime.

P r o c e d u r e : (a)  Pepper  Puree

°fSix portionsj_225 ml of each broth medium (Section

2 . 2 . 5 )  were  p r ep ar ed  in 500 ml conica l  f l a sks  and s t e r i ­

l i s ed  in^steam re t o r t  (120°C fo r  15 m i n s „). About 20 -  25 

gm of the puree were  wi thdrawn as ep t i c a l l y  f rom the can
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and inj ioculated into the tubes of broth med ia .  The tubes

were  incubated at 37 °C,  45°C and 5 5 ° ^  both ae r o b i c a l l y

and an ae ro b i ca l l y  f o r  48 hours .

(b)  Garden Eggs in Brine. Okro in Sauce. Bambara Beans 
in Sauce and Whole Tomatoes in Tomato Juice

These canned p roducts  were  shaken fo r  2 - 3  minutes  

to d is tr i bute  the veg etab le  p iec es  in the so lut ions .  The p r o ­

cedure fo r  taking out samples  was as d e s c r i b e d  fo r  pepper  

puree .

2 .2 .3  Fur ther  Isol at ion

Fo r  al l  the broths  used in the p r e l im i n a r y  i so la t ion  

p r o c e s s ,  two cor res pon d ing  aga r  p la tes  were  p r ep ar ed  by 

adding plain aga r  to the b r o t h s .  A f t e r  48 hours  incubation,

1 ml samples  were  taken f rom the broths  and spread  on the 

agar  p l a t es .  The p la tes  were  incubated fo r  24 hours  and 

the number of co lon ies  were  de sc r ib e d  and counted.

2 .2 .4  Incubation P ro c e d u r e s

A er ob ic  incubation was undertaken in t he rm os ta t i ca l l y  

cont ro l led incubators  (B a i r d  and Tat lock )  and waterbaths  

(G r i f f i n  200 s e r i e s )  at 37 °C ,  45°C and 55 °C .  A g a r  s u r ­

f aces  were  found to dry out in the dry ai r  incubators  e s ­

p e c i a l l y  at high tem pe r a t u re s .  Thi s  was prevented by
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enc los ing  the pe t r i  d ishes  or s lants  in c losed  containers  

containing some wate r .

A na er ob i c  incubat ion was undertaken at the va r ious  

t em pe ra t ure s  (as above)  in anaerob ic  j a r s  (B a i r d  and 

Tat lock  Ltd .  London) .  The use of the anaerob ic  j a r  has 

been de sc r ib e d  by W i l l i s  (78) .

2 .2 .5  Medium Preparation and Usage

Sixmedia were  tested fo r  su i t ab i l i t y  f o r  use in the 

p r e l im i n a r y  i so l a t ion  of m i c r o o r g a n i s m s  f rom the canned  

p r o d u c t s .

These were

a) Nutr ient  A ga r /B r ot h

b)  Nutr ient  A ga r/ br o th  -f 1% yeas t  ext rac t

c)  Dext ro se  -  Tryptone yeas t  ex t rac t  b r o t h /Ag ar

d) Cooked meat b r o t h /A g ar

e)  Th io g ly co l l  ate medium b rot h/ Agar

f )  Malt  ex t rac t  b ro t h/ Agar

a) Nutr ient  b r o t h / A g a r : -  The Merck  brand was used.

b )  Dextrose -  Tryptone yeast extract broth/Agar : -  The fo rm u la  d e s ­

c r i bed  by Hersom and Hul land (59) and the Indian Standards  

Institution was used;  this has been p resented  in Appendix  

(1. 1).



c)  Cooked Meat medium: -  Thi s  medium has been r e c o m ­

mended by the Society of A m er ic an  b a c t e r i o lo g i s t s  (117)

fo r  i so l a t ing  C lo s t r id iu m  s p o r e s .  The "Oxo id "  brand of the 

medium was used,

d) Thioglycollate medium broth/Agar: -  The "Oxoid  b r an d"  of this

medium was used.

2. 2. 5.1 Procedure for Selecting Suitable Medium

Broths  were  p r ep ar ed  fo r  al l  the six med ia  and were  

inocula ted with appropr ia te  samples  taken f rom the products  

under study.

a) Garden E ggs  in Br ine

b)  B am bar a  beans  in sauce

c)  Okro in sauce

d) P epp er  puree

e)  Tomato (Who le )

A f t e r  2 days of growth in the broths  1 ml samples  

were  taken f rom the broths  and inoculated on to agar  pl ates  

p r ep ar ed  f rom the six med ia .  The amount of growth was  

de sc r ib e d  as scant ,  modera te ly  p r o fuse  and ve r y  p ro fuse ;  

and the number  of o rga n i s ms  on each agar  plate was r e ­

co rded .  The medium that showed the l a r g e s t  number  of
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o rga n i s ms  was the most su i tab le .  Sui tab i l i ty  was fu r ther

tested by o bse rv i ng  the growth of known C los t r id ium  and

B ac i l l u s  sp ec ies  on the se l ec ted  medium.

2. 3 I D E N T I F I C A T I O N  OF M I C R O ­
ORGANISMS

M i c r o - o r g a n i s m s  i so l a ted  f rom cans suspected of 

u n d e r -p r o c e s s i n g  were  pu r i f i e d  and ident i f i ed  to the spec ies  

l e v e l 0 F i g .  2.8 shows the fo rmat  used fo r  r e c or d i ng  the 

var io us  c h a r a c t e r i s t i c s  of the o rg an i s m s .

One d i f f i cu l ty  assoc ia ted  with the identi f i ca t ion of 

o rga n i sm s  e s p e c i a l l y  the B ac i l l u s  group has been changes  

in morpho l og ica l  c h a r a c t e r i s t i c s  with the aging of the c u l ­

tures  (118) .  As  much as p o s s i b l e ,  al l  studies  were  conducted  

under s im i l a r  condit ions .  Young cul tu res  were  used fo r  most  

of the s tudies  and g r e a t e r  emphasi s  was p laced on b i o c h e ­

mica l  t ests  (150) than on morp ho log ic a l  t e s t s .  When not 

in use the cul tu res  were  s to red at 4°C on agar  s l opes .

2 .3 .1  Mi c ro sco py

For  the m i c r o sc op i c a l  s tudies  a Le it z  W e l tz a r  ( model  

5705044) mi c ro sco pe  was used.  A l l  the obse rvat io ns  were  

made under oil  i mm ers ion  lens  using X20 eyep iece l e ns es .
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2.3.2 Method of Staining

The recommended p r o ce d ur e s  fo r  the Simple Stain 

and the Gram Stain (117, 150, 196) were  used in al l  c a se s .

For  the Spore stain the Schae f f e r  and Fulton (24)  

method fo r  s ta ining the endospore  was used.  The fo r mul a  

and method has been shown in Appendix 102.

2.3<,3<, M o rph o l og ica l  Studies

The fo l l ow ing  c h a r a c t e r i s t i c s  of  the bacter i al  ve g et a ­

tive ce l l s  and s por es  were  o b se r ve d  under the mic ro scope :

a) Form and a r ran gement  of ce l l s

b )  Moti l ity

c)  S ize of vegeta t ive  ce l l s  and spores

d) Condit ion of sporang ia

e)  Endospore  shape and position,,

Mot i l i ty :  -  The "hanging d r o p "  method was used to 

study moti l i ty  and ob se rvat ion  was made as rap id ly  as 

p o ss i b l e  under  reduced  i l l uminat ion f rom broth med ia ,

2 , 3 . 3 , 1  Condition of Sporangia and Position of Endospore

These c h a r a c t e r i s t i c s  were  used in d i f f e rent ia t ing  

the B ac i l l u s  genus into g roups  1, 2 and 3 (150 ) .  The 

shape of the s por es  was de sc r ib e d  as c y l i n d e r i c a l j o v a l  or 

el l ipsoidal  or s p h e r i c a l ,  whi le  the posi t ion of the spores



was d e sc r i b e d  as cent ra l  or  t e r m in a l .  Fo l l ow ing  the su g ­

gest ion of Cowan and Steel  (150) no di st inct ion was made  

between te rm ina l  and subte rmina l  pos i t ions of the sp or e s .  

The condition of the b a c i l l a r y  body bear ing  the s por es  was  

al so obse rve d  and re c or de d  as swol l en or not swo l l en ,

2 ,3 ,4  B ioch emi ca l  Tes ts

The sets of biochemical tests used in d i f f e rent ia t ing  the i s o ­

l ated B a c i l l a c e a e  o rg an i s m s  were  mainly  those suggested  

by Cowan and Steel  (150) ,  These authors  have p rov ided  

s tandard ized  p r o ce d ur e s  f o r  p r e p a r i n g  the med ia  and also  

c la im re p r o d u c i b i l i t y  of these b i o c h e m ic a l  t e s t s .

Resu l t s  were  recorded  as po s i t i ve  ( + v e ) p a r t i a l l y  

posi t ive  (d)  and negative  ( - v e ) ,  When there  was doubt 

<}
as to^par tiatyposit ive r e s u l t ,  the exper iment  was repeated .  

From the r es u l t s  of the four  tubes it was decided to ass ign  

+ ve ,  d or - ve  to the reac t ion .

2, 3, 4,1 Methyl Red and Voges -  Proskauer Test (MR -  VP)

These test s were  conducted in p a r a l l e l  using the 

same culture tube,  detect ing the product ion of acid and 

ac ety lm ethy lca rb ino l .



The M R - V P  medium (150) was inocula ted with the test  

organ ism and incubated at 37°C fo r  2 days .  2 d rops  of 

the methy lred solut ion were  added and the mixture s w i r l e d  

round,  A red co lour  was re c or de d  as pos it i ve  fo r  acid p r o -  

duction,  o range  co lour  fo r  pa r t i a l  acid product ion (d) and 

yel l ow  as negat ive .  Fo r  the Vog es  -  P r o s k a u e r  test  ( VP )  

0.6 ml (X-naphthol solut ion and 0.2 ml KOH were  added to 

the tube af ter  the m et h y l - r ed  tes t .  A posi t ive  react ion  was  

indicated by a deep red co lo ur ,

2 . 30 4 . 2 Indole P roduct ion

The test  cul tu re  was g rown in Nutr ient  broth containing  

1% yeast  ext rac t  and Dext rose  -  Tryptone yeas t  ext rac t  

broth (Appendix 1 .1 )  f o r  48 hours .  0o5 ml of Ko vac ’ s r e ­

agent (109, 117) was added to the culture and shaken we l l ,  

then o bs e rv ed  fo r  development  of red co lo ur ,  indicat ing  

indole product ion .

A culture of E_. co l i  was used as a po s i t i ve  s tan­

dard fo r  com par i son .

20 3. 4. 3 Ni t ra te  Reduction

The reduction of n i trate is  usua l l y  shown by the d i s ­

appearance of ni trate f rom the medium or the appearance of



ni trate b reakdown products  (n i t r i t e ,  hypon it r it e ,  hydro xy -  

l a m in e ) .  The exper iment  is in two p a r t s .  The f i r s t  is  

f o r  n i t r i t e ,  i f  the test  is  negative then there is a test  f or  

ni trate content.

P r o c e d u r e :

The ni trate broth (150) was inocula ted with the test  

org an i sm and incubated fo r  5 days af ter  which I ml of 

ni trate test  r eagent  A (Appendix 1 .3 )  f o l l owed  by test  

reagent  B (Appendix 1 .3 )  were  added.  The development  

of red co lour  indicated that ni trate had been reduced .  To 

tubes that did not show red ,  zinc powder  (5g/ml of cul tu re )  

was added; the absence of r ed  co lour  af ter  the addition of 

zinc was taken to indicate that there was no ni t rate r e d u c ­

t ion,  whi le the p re sen ce  of r ed  colour  showed that the 

ni trate p roduced had been fu r t he r  broken down.

2. 3. 4 . 4 Starch Hydro ly s i s

Starch agar  (Appendix 1 .4 )  was inoculated with the 

test  o rgan i sm and incubated at 30°C fo r  2-5 days according  

to the rate of g rowth of the test  o rg an i s m .  (Some org an i sms  

spread  ve r y  fa st  on the medium.  When the whole medium 

i s  covered  by the g ro wing  o rgan i sm it becomes di f f i cu lt
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to d i sc e rn  between the blue b l ack  medium and the hydro lysed  

med ium ).

The cul tu re  was then f l ooded with L u g o l rs iodine (150) . 

Where  the s ta rch had not been hydro lysed the medium ap~
q

peared  b lu e ; hy dro ly s i s ,  was indicated byj_clear co lo u r l es s  

zone ( somet imes  l i ght  b r ow n is h ) .

2 . 3 . 4 . 5  Casein Hydro ly s i s

Case in  aga r  (mi lk aga r )  p lates (150)  were  inoculated  

with the test  o rg an i s m ,  incubated at 37°C and obse rved  

da i ly  up to the four teenth day fo r  a c l e a r  z o n e ( h y d r o l y s i s ) 

around the ba c t e r i  at colonie s . The tes ts  were  conducted 

in dupl i ca te .

2. 3 .4 .  6 Ur ea se  Act iv i ty

U r e a se  ac t iv i ty  was tested in Chri s tensen*  s medium 

(117) .  Steel  (150) has suggested that N e s s l e r rs r eagent  

may be added to show the p r ese nce  of ammonia.

P r o c e d u r e :

S lopes  of Ch r i s tensen*s  medium ( 1 T 7) were  inoculated  

heavi ly and incubated at 30°C fo r  5 days .  Observat ion  for  

appearance of red co lour  were  made af ter  the 4th hour



and da i l y  f o r  f i ve  days .  P os i t i v e  and negative cont ro ls  

were p r ep ar ed  f rom Pr oteus  V u l g a r i s  and E „ Colio The 

test s were  conducted in dup l i ca tes .

2 „ 3 .4 .7  Gas From Carboh yd ra te s

Standard ized  methods with medium containing ammonia  

as sole n it rogen source  (117, 104, 196) were  used to test  

f o r  Gas product ion f rom ca r boh yd r a te s .  Gas production  

was shown by gas co l lec t ion  in inverted Durham tubes  

and acid product ion f rom changes in colour  of B r o m o c r e -  

sol  dye„

2 . 3 . 4 o8 C i t ra te  Ut i l izat ion

K o s e r ' s  c i t ra te  medium (109) was used in this t est .  
oi

Vaughnet j (̂l 98) showed that the p re sen ce  of agar  in the 

medium inva l ida ted the test,, Spec ia l  ca re  was taken to 

exclude med ia f rom the loops  when inoculum was being  

taken f rom a l i ght  suspens ion in sa l ine  bu f f e r .

P r o c e d u r e :

3 l oop fu l s  of ba c t e r i a l  cu lture were  taken f rom s lopes  

and d i sp er se d  into 0o5 ml sa l ine  solut ion.  K o s e r ’ s medium  

was inoculated with the bac te r i a l  sa l ine  suspens ion .  The



cu lture was incubated at 37°C and obse rve d  da i l y  f o r  7 

days .  Tu rb id i ty  indicated a posi t i ve  reac t ion .  The p o s i ­

t ives  were  again con f i rmed  by subcu lture into Koser * s  

medium •

2 . 3 . 4 . 9  Ge lat in  L ique fac t ion

The gelat in aga r  (Appendix 1 .5 )  was inoculated and 

incubated at 37°C fo r  14 days .  A f te r  ev e r y  2-3 days the 

cu lture was cooled fo r  two hours  in a r e f r i g e r a t o r  and o b ­

se rved  fo r  l i que fa c t i on .  An uninoculated tube se rved  as 

a negat ive cont ro l  f o r  compa r i son .

2 „3 .4 .1 0  Lec i tho v i t e l l i n  A ga r  ( LV  A g a r )

Tfye LoVo agar  (Appendix 1 »6)  was inocula ted and ob ­

se rved  fo r  g rowth and opalescence  within the medium and 

p e a r ly  l a ye r  f o rmat ion  around the colonies, .  The p la tes  

were then f l ooded with CuS04 ( a g ) o The reagent  was a l lowed  

to dry in an incubator  f o r  20 mins .  The appearance of 

g r e e n i s h - b lu e  hues meant f r ee  fatty acid had been fo rmed

Q
in those a r e a s .  The development  of opalescence  andypearly  

l a ye r  const ituted posi t ive  rea c t i on s .



2. M A T E R I A L S  AND METHODS

2.4 Estimation of Bacterial Numbers

The b a c t e r i a l  numbers  in the r a w  ma te r i a l  ( ve ge tab le s )  

p r i o r  to heat p r o ce s s in g  and the growth rate of some m i c r o ­

o rga n i s ms  in the vegetab le  products were  s tudied.

The p rob lem was approached in two pa r t s .

a) Obtaining the total  ae rob ic  counts in the raw  

ve ge tab le s  and inves t i gat ing  the e f f ect  of b l a n ­

ching on the m i c r o or ga n i s m  populat ion.

b)  Inves t i ga t ion  of de l ays  in the p r o c e s s e s  be fo re  r e ­

tor t ing to f ind out the ir  e f f ect  on the b a c t e r i a l  po ­

pulation p r i o r  to heat p r o ce s s in g .

In the L i t e r a t u r e  Rev iew  (Sect ion 1 . 1 . 3 . 1 )  it was o b ­

se rved  that the raw m a t e r i a l s  that came to the f a c t o r i e s  

var i e d  w idely  according to season of p roduct ion ,  l oca l i ty  

and f a rming  methods.  To obtain r ep re senta t i ve  data of 

the b a c t e r i a l  numbers  would mean many seasons  of v i s i t s  

to the f a c t o r i e s .  The task was beyond the scope and time  

of the p resen t  work.

It is  conceded that the p resent  data fo r  ba c t e r i a l  num­

b er s  are insu f f i c i ent  on which to base  b road  ge ne ra l i sa t io ns  

However  they would fu rn i s h  indicat ions as to the kind of
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b a c t e r i a l  popu lat ions  to be deal t  with at these factori es, ,

2„401 Sampl ing of Raw M a te r i a l s

Samples  were  taken f rom the raw  mat e r i a l  ( vegetab le )  

p i l e s  at the f a c t o ry  p r e m i s e s  and at the purchas ing  depot  

on route to the factory, ,  At the f a c t o ry  the vegeta b l es  were  

stacked in wooden b o xes ,  where they were  s to red  overnight ,  

in open a i r ,  b e f o r e  the next da y ' s  processing, ,

Five  of  the c r a te s  were  se l ec ted  randomly  f rom the 

packs and about a k i l og ram  of v eg eta b l es  were  taken f rom  

each of the f i ve  se l ected  c r a t e s .  The f i ve  one k i l og ram  

samples  were  then pooled together  to make one sample .  

Three of such samples  were  se l ected  f rom each vegetable  

p i l e  on three  d i f f e r en t  occas ions  of v i s i t s  to the f actor i es , ,  

The samples  were  s to red  in c l ean polythene bags  

under r e f r i g e r a t e d  condit ions until  examined.

2 o 4 • 2 Total Aerobic Count (Preblanching)

M a t e r i a l s : S te r i l e  b l ender

0.1% peptone water  ( for  di lut ion)

D ex t ro se  -  T ryptone Yeas t  Ext r ac t  A ga r

(Appendix 1 .1 )



P r o c e d u r e :

50gms o of each test  sample was ground in the s te r i l e

b l ender  with 450 ml of 0„1% peptone solut ion to make a

**51 : 10 di lut ion*  Fur the r  d i lut ions  up to 10 were  made and 

the total  ae rob ic  count in the o r i g in a l  sample  was determined  

by pour  p l a t ing.

2 . 4 . 3 ,  Total Aerobic Count (Post -  Blanching)

The ve ge tab le s  were  b lanched in a steam b lanch er  at 

atmospher ic  p r e s s u r e  fo r  15 mins and the total  ae robic  

counts de te rmined on 50 gm samples  as de sc r ib e d  above  

(2 • 4 o 2) •

20 4 0 4 Bacterial Growth in the Vegetables 

Products:

An ob se rvat ion  made at the f a c t o r i e s  was that due to 

the batch nature of the methods in use at the f a c t o r i e s ,  

there was a de lay  of between 4-7 hours in -be t we en  blanching  

and re to r t i ng  during the p r o c e s s in g  of the v e g et ab l es .  The 

ef fect  of this  de lay  on the raw  ma te r i a l  ( ve ge ta b le s )  was  

inve s t i ga ted .

2.4.4<>1 Preparation of Vegetable Growth Media

Fo r  Pepp er  and Garden E g g s ,  canned purees  were opened 

and lOOgm samples  taken in 250 ml w ide -mouthed conical  f l a s k s B



The f l a s k s  were  p lugged with cotton -woo l  and then s t e r i ­

l i zed  at 121°C fo r  30 mins .

For  the Okro and Bambara^  the canned products (Okro  

in sauce and B a m b a r a  in sauce )  were  mashed in b l e n d e rs ,  

and 100 gm of the mash were  put into wide mouthed 250 ml .  

conical  f l a s k s  and s te r i l i z e d  at 121°C fo r  30 mins .

E xt r ac ts  of the above v eg eta b l es  were  al so  p r ep ar ed  

by di lut ing the veg eta b l e  puree s  with twice the volume of 

water  and s t ra in ing  with a cheese cloth.  The ex t rac ts  were  

then added toj_base nutr i ent  broth at 10% and 20% l e v e l s .

The rate of sporu la t ion  and growth of the two o rg an i sms  

B-acil lus po lymyxa  and C los t r i d i um  hi stolyt icum were  then 

studied in these p r e p a r e d  med ia .

2. 4. 4. 2 Preparation of Inoculum and Determination of Growth 
Rate on Vegetable Extracts

Cu l tures  of the test o rg an i s m s  (B.  polymjxa and C l o s ­

tr id ium h i s t o l y t i cu m ) were  grown in De x t ro s e - T r y p t o n e  

Yea s t  ex t rac t  broth fo r  24 hours ,  and then t r a n s fe r r e d  

into the exper imenta l  medium (vegetable  ex t r ac t s ) .  A 14-  

18 hoursold cu lture resu l t ing  f rom the t r a n s fe r  was used  

as inoculum.
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200ml<> of the vegetab le  ext rac ts  were  taken in 250 

mlo E r l enraeyer  f l a s k s  and inoculated with 2 ml .  of a 12 «  

18 hoursold cul tu re  p r ep ar ed  as above.

At the time of inocu la tion (0 h r . )  and at sel ected time  

in t e r va l s  extending over  a 16 to 24 hour pe r iod  two s am ­

p les  of the g rowth medium were  as ep t i c a l l y  wi thdrawn f rom  

the f l a s k  and used fo r  es t imated growth.

Growth was es t imated f rom v iab le  ce l l counts using  

Dext ro se  -  T ryptone -  Yea s t  ex t rac t  a g a r Q Dupl icate  

p la tes  were  incubated up to 48 hours  at the optimum te m ­

pe ra t ure  of the o rg a n i s m s .  The log of v i ab le  ce l l  counts  

pe r  m i l l i i iE t r e  of medium was plotted agains t  t ime in hours .  

S lopes  of the cur ves  at the exponential  phase were  c a l c u l a ­

ted.  Genera t ion t imes  were  de te rmined f rom such s lope  

va lues  (15) .

2 . 4 . 4 . 3  Preparation of Inoculum and Growth Rate 
Determination: Vegetable Medium

Cul tu res  of the test  o rga n i s ms  (B .  po lymxya .  C l o s t r i ­

dium His tolyt i cum were  grown in b ro ths  fo r  24 hours  after  

which s e r i a l  d i lut ions  were  made up to 10~6 with s te r i l e  

0.1% peptone wa te r .
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The number  of o rg an i sm in the 10~6 di lut ion was  

dete rmined .  Thi s  was done by pour pl at ing 1 ml of the 

d i lut ion.  The dete rminat ion  was undertaken on three d i f ­

f e rent  days to es tab l i s h  the ave rage  number  of o rgan i sms  

in the 10 ® d i lut ion of 24 hour growth of the test  o rgan i sms  

1 ml of this di lut ion was taken and used to inoculate  

the s te r i l e  veg etab le  medium (2#4 « 4 . 1 ) .

Us ing a s t e r i l e  s t i r r i n g  rod ,  the inoculum was wel l  

d i s tr i buted  in the vegetab le  medium.

The cu l tu res  were  then incubated at 30°C.

A f t e r  4 hours of incubat ion about 1 gm of the culture  

was as ep t i c a l l y  r emoved f rom the cu lture and di luted in 9

mis  of 0.1% peptone wate r .  Fur ther  d i lut ions  were made  

-4up to 10 and 1 ml of each di lut ion was pour  plated on Dex  

t rose  Tryptone yeas t  ex t rac t  ag a r .  S i m i l a r  1 gm samples  

were  taken af ter  the 8th and 24th hours ,  di luted and pour  

plated in a s i m i l a r  way.

Counts were  taken fo r  the di lut ions which had between  

30-300 co lo n ies .

For  each vegetab le  medium the p ro ce s s  was repeated .



~ 75 -

2. MATERIALS AND METHODS

2.5 Heat P r o c e s s  Evaluat ion

The heat p r o c e s s e s  g iven to the canned veget ab l es  were  

eva luated by de te rmining  the rate of heat penet rat ion into 

the p rod uct s ,  under the re t o r t ing  condit ions as employed  

at the f a c t o r i e s .

In sect ion I ( L i t e r a t u r e  Rev iew )  the re t o r t ing  cond i -  

tions at the f a c t o r i e s  were  tabulated and the heat p r o c e s ­

ses  were  g iven as t ime of heating at g iven re to r t  t e m p e r a ­

tu re s .  These re t o r t ing  condit ions were  examined in this  

sect ion.

2 . 5 01 Equipment Used for the Heat Penetration Test

The dete rminat ion of heat penet rat ion was c a r r i e d  out 

in a l a b o r a t o r y  since it was not p o ss i b l e  to conduct the 

exper iment  in the f a c t o ry  r e t o r t s ,  where  the true reto r t ing  

condit ions would have been obta ined.  The use of the l a b o r a ­

tory  re t o r t s  would however  int roduce some unavoidable e r ­

r o r s  in the heat penetrat ion  r e s u l t s .

A manual ly  opera ted  re to r t  with a s ide outlet f o r  cable  

l eads  f rom therm is to r  p ro bes  was used in heating the ca n ­

ned p r o d u c t s .



The temper a tu re  changes at the cent re of the canned  

products  with heat ing ,  were  re c or de d  using a Grants M i ­

niature r e c o r d e r .  The r e c o r d e r  is b a s i c a l l y  a Wheatstone  

B r id ge  which moni tors  changes in the res i s t an ce  of a t h e r ­

mi s to r  p robe  inse r ted  at the cent re of the canned p r o du ct s 0 

The r e c o r d e r  has a t imed moving char t  on which is  r ecorde d  

the tempe ra tu re  changes at one minute i n t e r v a l s ,  and is 

powered  by an ex te rna l  battery,,

2 .5 *2  Heat Penet ra t ion  Tes t

A 6 mm (d iam ete r )  hole was d r i l l e d  on the side of each 

of three cans at points r ecommended  fo r  conduction,  con­

vect ion and "b roken  cu r ve "  packs .  For  each vegetab le  p r o ­

duct three such cans were  p r e p a r e d .  A sui tab le  therm is to r  

probe  was then inse r t ed  into each hole (when inse r ted  the 

tip of the probe  must f a l l  in l ine with the cent ral  axi s of 

the can) .  To p revent  l eakage  the p ro bes  were secured  by 

nuts and ru bbe r  ga ske ts .

The v eg eta b l es  were  cl eaned in wate r ,  steam blanched

and then f i l l e d  into the cans with the appropr ia te  f i l l i n g  

medium (Tab le  1 . 1 ) .  The probe  end was fu r t he r  embedded
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in the ve ge tab le s  in o rd er  to moni tor  the rate of heat  

penet rat ion into the vegeta b le *  A head space of \ ins ,  

was l e f t  on the top of the cans .  The cans were  seamed  

and then p laced  in the cent re of the re t o r t .

For  each of the p roducts  examined an exper imenta l  

test  run was conducted using three cans ,  each with t h e r ­

mis to r  probe  in one of the three posi t ions recommended  

(25) f o r  conduction,  convect ion and "b roken  cu r ve "  packs  

in o rd er  to de te rmine  the mode of heating of the vegetab le  

product .

Retor t ing was undertaken at the sp ec i f i ed re to r t  tern-
an

pe ra t ure  (Section I L i t e r a t u r e  Rev iew )  andj^attempt was  

made to attain the re t o r t  t empe ra ture  as quickly  as p o s ­

s i b l e ,  The r e to r t  t empe ra ture  was maintained within + 1°C  

range .

When the product  attained the maximum temperature  the 

cool ing p r o c e s s  was s ta r ted .  Thi s  was accompl i shed by 

s imul taneously  stopping the steam supply and opening the 

cold wate r  tap.

The fo l l ow ing  data were  r ec ord ed  :

(a)  P roduct  Type
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(b)  Container  s ize

(c)  Pos i t ion  of the rm is t o r  probe

(d) T ime  steam was turned on

(e)  T ime r e to r t  t em pe ra t ure  reached the p r o ce s s in g

t emperature

( f)  T ime the cool ing p r o c e s s  was s ta rted

(g)  Te mp er at u re  of coo l ing  water  at the s ta r t  of the

coo l ing p r o c e s s  .
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79.
3 o RESULTS AND DISCUSSION

3 o 1 PRELIMINARY MICROBIOLOGICAL EXAMINATION

3 , 1 , 1 Introduction

The norma l  sp o i l age  m i c r o o r g a n i s m s  found in heat p r o ­

ce ssed  canned foods  are those types whose heat r es i s t an t  

sp ores  are p r es en t  in the food mat e r i a l  in suf f ic ient  num­

b e r s  to r e s i s t  the heat p r o c e s s .  In und e rp ro c es se d  canned  

prod uct s ,  the sp ore s  of the B ac i l l a c e a e  f a m i ly ,  the B a c i l ­

lus and C l o s t r id iu m groups  are usua l l y  found (26, 28, 59 )e 

Whenever  these o rga n i sm s  have been i so l a ted  f rom cans  

whose phys ica l  condit ions and seam c h a r a c t e r i s t i c s  e x ­

cluded the l i ke l y  occu r r en ce  of l e ak a g e ,  under proce ss i ng  

has been suspected (22,  26 )0 In cont ras t ,  cans are p u r p o r ­

ted to have leaked when low heat r es i s t an t ,  non - s poru la t ing  

f o rm s  are i so l a ted  f rom the food contents (6, 22).

Thi s  c r i t e r i o n  was used fo r  detect ing when u nde r ­

p r o ce s s in g  or l eakage  had oc cu r r ed  af ter  both the p h y s i ­

cal  condit ions and the contents of the cans had been e x a ­

mined.

The m i c r o b io lo g i c a l  examinat ion was o ri entated towards  

i so l a t ing  Gram po s i t i v e ,  sp or e - fo rm in g  memb er s  of the



B a c i l l a c e a e  f a m i ly ,  whi le  phys ical  examinat ion of the cans  

concentrated on g r o s s  defects i . e .  sfe.am compactness  ( F re e  

Space and % O v e r l a p ) ,  s ide seam de fec ts ,  and End hook 

and body hook de fec ts  (194) .  The methods fo r  examining and 

grad ing  these de fec ts  have been dealt  with in Section 2.1 

in this work .  The med ia  se l ec ted fo r  this p r e l im i n a r y  m i ­

c r o b i o lo g i c a l  examinat ion were  al so  o ri entated towards  i s o ­

lat ing sporula t ing B a c i l l a c e a e  f o r m s .

3 .1 .2  Select ion of Media

Hersom and Hul land (59) ,  the Indian Standards  Ins t i tu­

tion (11) and other  wo rk e rs  (6, 117) have al l  sugges ted the 

su i ta b i l i ty  of Dext ro se  -  T ryptone yeas t  ex t rac t  b r o th /Ag ar  

f o r  i so l a t ing  and studying o rga n i s ms  f rom canned foods .  

Nutr ient  agar  with 1% Yeas t  ex t rac t  has al so  been r e c o m ­

mended fo r  routine m i c r o b io lo g i c a l  i so l a t ion  and identifi** 

cation work (117) ,  and is purpor ted  to be useful  even for  

f a s t id io us  o rg a n i s m s .  These two med ia  were  tested with 

f our  others to se lec t  the most sui tab le  med ia  fo r  this work .  

These med ia  have been l i s ted  in 2 .2 . 5 .

The r es u l t s  f o r  this p r e l im i n a r y  test havebeen shown 

in t ab les  3.1 and 3 .2 .  From the r esu l t s  it can be seen that
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Table 3.1

MEDIUM SELECTION

M E D I U M No. OF TYPES 
OF

ORGANISM

PRODUCT TYPE

37°C 45°C b5°C

Nutrient  b/A p la in Pr 2 1 0
Nutr ient  + 1% yeast  Extract V.P 3 3 2 BAMBARA
Dextrose-Tryptone yeast  Extr. V.P 3 2 2 BEANS
Cooked Meat Medium Sc 1 1 1 IN
Thiog lyco l l a te  b/A No 2 1 0 SAUCE
Malt Extract  b/A No growth 0 0 0

Nutrient  b/A p la in Pr 1 2 0
Nutrient  b/A + 1% yeast Pr 3 2 1 OKRO IN
Dextrose-Tryptone yeast  Extr . V.P 3 3 0
Cooked meat b/A No 2 2 1 TOMATO
Thi o g l y co l l i c  acid b/A Sc 1 1 0
Malt Extract  b/A Sc 1 0 0 SAUCE

Sc = Scanty, Pr = Profuse,  V = very B/A = broth and agar .
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T a b l e  3 . 2

MEDIUM SELECTION

M E D I U M No. OF TYPES 
OF

ORGANISM

PRODUCT TYPE

37SCc 4 5°C 55°C

Nutr ient  broth/Agar Sc 2 1 0 GARDEN EGGS
Nutr ient  agar + 1% yeast E xt r . Pr 3 2 1
Dextrose-Tryptone yeast  " Pr 3 2 1 IN
Cooked meat broth/Agar V.Pr 3 2 0
Thiog lyco l l a te  broth/Agar Sc 1 0 0 BRINE
Malt Extract  b/A Sc 1 1 0

Nutr ient  b/A (p l ain ) No growth 0 0 0
Nutr ient  b/A + 1% yeast Pr 3 3 1
Dextrose-Tryptone Yeast Extr. V.P. 3 2 1 PEPPER
Cooked meat medium Pr 2 2 1
T h i o g l y co l l i c  ac id  b/A Sc 2 1 0 PUREE
Malt ext rac t  b/A No growth 0 0 0

Sc = Scanty, Pr = P ro fu se , V = very B/A = b roth  and agar. Mo = moderate



the D e x t r o s e -T r y p t o n e  yeas t  Ext rac t  medium,  the Nut rient  

bro th /Ag ar  with 1% yeas t  ex t rac t  and the Cooked meat media  

were most suited fo r  i so l a t ing  o rg an i s m s  f rom the canned 

ve ge tab le s  o

The f i r s t  two med ia  D e x t ro s e - T r y p t o n e  yeas t  Ext rac t  

medium ( D . T . Y . E . )  and Nutr ient  b r o t h /Ag ar  with 1% yeast  

extrac t  were  used in al l  the p r o ce d ur e s  because of the s i m ­

p l i c i ty  in the ir  p r e p a r a t i o n s .

30lo3 I so la t ion of Micro-organi sms

Ta b le s  (3.3  -  3 .10)  are detai l ed  summa r ie s  of the 

r es u l t s  of the p r e l i m i n a r y  m i c r o b io lo g i ca l  inves t i ga t ions  

conducted on the v a r io us  canned vegetab le  products ex a m i ­

ned in this work;  ( B a m ba r a  Beans  in tomato sauce ,  25 cans ,  

Garden Eggs  in brine^ 25 cans ,  Pepp er  puree^27 cans and 

Okro in sauce^ 27 cans .  The r esu l t s  of the phys ical  ex a m i ­

nation (can seam eva luat ion )  have also been included in the 

t able s «,

Be low  is  shown the v a r io us  abbrev ia t ions  used in 

the tab le s  :
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Seam Characteristics

Flat - FL

Hard Swell - H.S.

Soft Swell - S. S.

Flipper - Fr

Springer - Sp

Intact ~ IN

Weak - W

Channels CH

Normal - N

Internal Content Examination

Objectionable - Ob

Normal - N

Stale S„T.

1 coccitype, 2 cocci Types -  IC, 2C

1 rod type, 2 rod types -  IR, 2R

Leaker -  L

Sound -  S

Underprocessed -  U

3.1.3.1 Bambara in Sauce Tables (3„3« 3„4)

7 out of the 25 cans examined (28%) were  not s te r i l e  

(Cans 1 , 5 , 7 , 9 , 1 2 , 1 8 , 2 1 )  and out of the seven cans ,  l e a k ­

age was cons idere d  to have occur red  in f i ve of them
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Table 3.3 BAMBABA IN TOMATO SAUCE

TYPE OF ORGANISM

Can

No.

Odour Taste Pres­
sure  
I n s . 
Hg

Isolated
Under
Aerobic

Condition
1u

QJ
W

-Prd
U

Isola ted
Under
Anaerobic
Conditions

4n3
HO

d)
wrdrH
(T3+JfdCJ

Suspected
Spoilage
Type

1 ob ob 5.7 2C, IR IR L
2 N N -1 .3 S
3 N N -2.6 S
4 N N 0 + + S
5 ST ST 0.5 2R ; + + U
6 N N -3.6 S
7 N ST 4.1 2R,2C + L
8 N N 0 S
9 ST ST 3.4 1C, 1R 1R, 1C L

10 N N 0 S
11 N N 0.7 S
12 N ST 0 2R + + 1R + + U
13 N N -4.9 S
14 N N -1.6 S
15 N N -2 . 5 S
16 N N -3 .7 S
17 N N -2 .5 s
18 ST ob 5.3 L
19 N N 0 S
20 N N -1 .0 S
21 N ST -1.0 2C, 1R + + IR + '+ S
22 N N -1 .5 S
23 N N -4 . 3 S
24 N N -2.0 S
25 N N -1 .5 S
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PHYSICAL EXAMINATION 

BAMBARA IN TOMATO SAUCE

Tab le  3.4

Can No. End P la te  
Swel l

Hook
Defects
(Grade)

Pressure  
( Ins.Hg)

Free
Space

%
Over­
lap

Side Seam 
Defects

1 SS N 5.7 15.6 31 W,CH
2 FL I -1 . 3 7.1 62 IN
3 FL N -2.6 6.3 63 IN
4 FL N 0 5.8 66 IN
5 FL N 0.5 4.0 66 IN
6 FL I -3.6 9.4 53 IN
7 HS I 4.1 14.9 34 IN
8 FL N 0 8.2 63 P
9 SS N 3.4 13.5 44 IN

10 FL N -0.5 2.9 70 CH
11 FR N 0.7 10.1 54 IN
12 FL 2 0 9.4 53 IN
13 HS N 4.9 13.9 33 IN
14 FL N -1 .6 10.1 54 IN
15 FL -2.5 8.0 56 IN
16 FL I -3 .7 7.8 58 W
17 FL N -2.5 5.2 71 IN
18 HS N 5.3 15.9 39 WP
19 FL N 0 10.2 50 P
20 FL N -1.0 11.5 45 IN
21 SP 3 1.0 13.5 38 IN
22 FL N -1 .5 12.9 42 IN
23 FL I -4 .3 10.6 53 IN
24 FL N -2 .0 12.4 40 W
25 FL N -1 .6 11.3 32 IN



(Cans 1 , 7 , 9 , 1 8 , 2 1 ) .  When spoi l age  occ ur red  through l e a k ­

age the content usu a l l y  had ob jec tionab le  odours and tas tes ,  

and high in te rna l  p r e s s u r e s  ( 1 , 7 , 9 , 1 8 )  which showed v i s i b ly  

as s we l l s  on the ends of the cans (Tab le  3 .4 ) .  The interna l  

p r e s s u r e s  of cans suspected of leakage ranged between 0 - 5 . 7  

ins„ Hg.  With the exception of can 21 which had f l at  ends 

al l  the other cans had in ternal  p r e s s u r e s  g r e a t e r  than 3„4 

ins .  Hg,  and the ends were  e i ther  Soft s we l l s  or  Hard s w e l l s .  

This ob se rvat ion  sugges ts  that cans with pronounced swe l l s  

are usua l l y  l e a k e r s .  The m i c r o b io lo g i c a l  examinat ion of 

these l e a k e r s  showed heterogenous f l o r a  of cocci  as wel l  

as rod fo rm s  ( t ables  3 . 3 ) .  The p r e s e n c e  of such he te r o ­

genous mixtures  of cocc i  and rod fo rm s  was cons idered  to 

be indicat ive  of l e ak ag e .  The condit ions of the seams  often 

conf i rmed these obse rva t io ns  ( table 3 . 4 ) .  The ma j o r  causes  

of leakage in this product  were  seam lo ose n ess  ( l a rg e  f r ee  

space and sma l l  % o v er l a p )  Cans 1 ,7 ,1 8  and 21, and weak

side seams ;  cans 1, 7, 18 ,9 ,  21).  Hook defects in the cans
in

examined were  low g rade  de fec ts  ( table 3 .4 )  and exceptj^can 

21, which was g raded  3, hook defects were  ge n e ra l l y  co n s i ­

de red  to have neg l i g ib l e  inf luence on l eakag e .



The p re se n ce  of v i ab l e  o rga n i s ms  in 2 cans (cans 5 and 

12) was suspected of o ccu r r in g  through underprocess ingo  

The seams  of these cans remained  hermetic  ( table 3 .4 )  and 

did not p o s s e s s  any g r o s s  defect ;  whi le  the in ternal  m i c r o ­

b i o l o g ic a l  f l o r a  were  p r a c t i c a l l y  homogenous.

The in ternal  p r e s s u r e  of these cans were  0.5 and 0 ins ,

Hg r e s p e c t iv e ly .

One of the o rg an i s m s  i so l a ted  f rom can 12 was suspected  

of being a C l o s t r id iu m spec ies  on the b as i s  of its morpho logy,  

pos it i ve  Gram react ion  and negative  ca ta l ase  reac t ion .

3 ,1 , 3 .  2 Garden E ggs  in Br ine (T able 3,5 and 3 ,6 )

A h igher  number  of u nd e rp roc es sed  cans were  recor de d  

with this product  than fo r  B am bar a  Beans ;  16% of the total  

number of cans examined (4 out of 25 cans )  were  suspected  

of u nd e r p r o c e s s i n g .  These  were  cans 2 , 6 ,1 7 ,2 0  ( tables

3 .5 ) .

The ma j o r  c r i t e r io n  used in deciding on whether  u nd er ­

p r o ce s s in g  had oc cu r r ed  was the homogenei ty  of mi c r o b i a l  

f l o r a  (B a c i l l a c e a e  group jand hermetic  and intact double and 

side se am s .  A l l  the o rg an i s m s  found in these cans (Tab l es

3 .5 )  were  f l a t - s o u r i n g  B ac i l l u s  group of o rga n i sm s  (p o s i ­

t ive Gram react ion ,  posi t i ve  ca ta l ase  reac t ion  and capab i l i ty
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GARDEN EGGS IN BRINE

T ab le  3.5

TYPE OF ORGANISM

Can
No.

O
do

ur

T
as

te

P
re

ss
u

re
 

in
s.

H
g

1
I s o l a t io n  
Under c 
Aerobic jj 

. Conditions „■ o

01 01 
(0 r—1 
id -p
U

Is o la t ion
Under
Anaerobic
Conditions G

ra
m

C
at

al
as

e

1 N N -3 .2
2 N N -1.0 1R +ve +ve
3 ob 5T 4.1 2R,2C IR +ve f-ve
4 N N -2.0
5 N N -1 .5
6 N 3T 0 2R +v +ve IR +ve fve
7 N N -4 .1
8 N N - 3 .2
9 N N -2 .6

10 ob ob 5.6 2C IR, 1C
11 ST ST 0 1R,1C 1R +ve fve

12 N N -3 .9
13 N N -2 .5
14 ST ST 1.1 1C
15 N N -1 .5
16 N N -2 .4
17 N N 0.6 2R +ve +ve 1R +ve +ve

18 N N -1.4
19 N N -2 .6
20 N ST 1.0 1R +ve +ve 1R +ve .+ve

21 N N -4 .1
22 N N -5.2
23 N N -2 .7
24 N N -1 .3
25 N N -1.7 w

w
w

w
w

c
w

w
c

w
w

p
m

tn
 

Su
sp

en
de

d
S

p
o

il
at

e 
1 T

yp
e
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Table 3.6 ' PHYSICAL EXAMINATION

GARDEN EGGS IN BRINE (Al )

Can No.

-

End P late  
Swell

Hook
Defects
(Grade)

Pressure  
Ins * Hg

Free
Space

%
Over­
lap

Side Seam 
Defects

1 FL N -3.2 10.3 54 IN
2 FL N -1 .0 4.6 63 IN
3 SS N 4.1 12.0 31 IN

44 FL N -2.0 8.3 48 IN
5 FL 2 -1 .5 8.4 57 W
6 FL N 0 7.3 59 P
7 FL N -4 .1 7.7 56 IN
8 FL 1 -3.2 7.5 52 IN
9 FL 1 -2.6 9.2 49 IN

10 HS N 5.6 10.8 32 W,CH
11 FL 4 0 15.1 40 IN
12 FL 1 -3.9 5.9 48 IN
13 FL N -2.5 12.1 51 IN
14 FR N 1.1 12.4 27 W
15 FL N -1.5 8.7 60 IN
16 FL N -2.4 9 .8 56 IN
17 FR 1 0.6 6.5 59 IN
18 FL 1 -1 .4 6.1 55 IN
19 FL N -2 .6 10.6 47 IN
20 FR 1 1.0 7.4 55 IN
21 FL N - 4 .1 9.3 46 W
22 FL 2 -5.2 7.2 49 IN
23 FL N -2.7 5.4 52 IN
24 FL N -1.3 8.1 57 IN
25 FL 7 -1.7 10.5 44 CH



to fo rm s p o r e s ) ,  and the in ternal  p r e s s u r e s  of the cans 

ranged between - 1 0 0 to l o0 ins Hg.  The cans the re fo re  

showed f l at  ends and spo i l age  was evident only af ter  open­

ing the cans .

Cans 3, 10, 11, 14 ( T ab le s  3 .5 )  were  suspected of 

being l e a k e r s ;  Cans 3 and 10 had high in ternal  p r e s s u r e s ,  

soft  and hard sw e l l s  r e s p e c t iv e ly .  The in ternal  contents  

were  c h a r a c t e r i s e d  by ob jec t ionab le  odours and tas te .

M i c r o b i o l o g i c a l  examinat ion rev e a l e d  a heterogenous  

mixture  of no n - sp o ru la t in g  fo rm s  with sporu lat ing  fo r m s .  

A ga i n ,  the m a j o r  causes  of leakage were  seam de fec ts .  

Cans 3, 10, 11 and 14 ( t ab les  3.6 )  had loose  seams  

( l a r g e  F r e e  Space and sma l l  % Ov er l a p )  and cans 3, 5, 10, 

14, 21, 25 were  found with faul ty  side seam s ,  suggest ing  

the importance of s ide seam defects as a cause of l eakage .

Hook de fec ts  were  not of any r e a l  s i gn i f i cance  as a 

cause of l e ak ag e .  H ow ev er ,  the hook defect  of g rade  4 in 

can 11 could have cont ributed to l eakage ;  al l  others  had 

l ow g rade  hook de fec ts .

3. 1» 3S 3 Okro in Tomato Sauce Tables (3. 7 and 3. 8)

9% of the total  number  of cans examined were  suspec ­

ted of u nd er pr oc es s in g  (can 17, 19 and 20 )o Sporulat ing

91.
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T a b l e  3 . 7  OKRO IN  SAUCE

TYPE OF ORGANISM

Can No

O
do

ur

T
as

te

P
re

ss
u

re
 

In
s

. 
H

g.
I s o l a ted
Under

AsrgB ic
Condition

G
ra

m

C
a

ta
la

se

I s o la ted
Under

Anaero&ic
Condition G

ra
m

C
at

al
as

e

S
u

sp
ec

te
d

S
p

o
il

ag
e

Ty
pe

1 N N 0 S
2 ob ob 6.4 2C, 1R 1R +ve +ve L
3 N N -1 .4 S4 N ST 0 S
5 N N -2 .6 S6 N N -1.3 S
7 N N -1.8 S
8 N N -3 .2 S
9 N N -4 .2 S

10 ob ob +5.7 3C, 1R 1R +ve +ve L
11 ST N 0 2C L
12 N N -5 .2 S
13 N N -4 .1 S
14 N N -1.6 S
15 N N -2 .3 S
16 N N -2 .0 S
17 ob ST + 3.2 1R +ve +ve 1R +ve -ve U
18 N N -2.5 S
19 N ST 1.1 2R +ve +ve U
20 N ST 1.4 2R 2R +ve +ve U
21 N 21 3.2 1R, 1C 1C L
22 N N 0 S
23 N N -3 .1 S
24 N N -4 .5 s
25 N N -0.5 s
26 N N -5.0 s
27 N N -4 .2 s



Can
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
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3.8 PHYSICAL EXAMINATION

OKRO IN BRINE (Al)

End P la te  
Swell

Hook
Defects
(Grade)

Pressure  
Ins .  Hg. Overlap

Free
Space

Side
Seam
Defects

FL
HS
FL
FL
FL
FL
FL
FL
FL
SS
FL
FL
FL
FL
FL
FL
SP
FL
FL
FR
SS
FL
FL
FL
FL
FL
FL

N
4
N
1
1
N
N
2
N
4 
N 
N

N
1

5 
N 
N 
N 
5 
1 
1 
N 
2 
N 
N

0
6.4 

- 1.4
0

- 2 . 6
- 1 .3
- 1.8
- 3 .2
-4 . 1

5.7
0

-5 .2  
- 4 . 1  
- 1.6 
- 2 -3  
- 2 . 0  
+ 3.2 
- 2.5  

1.1
1.4 
3.2 
0

-3 .2
-4.5
-0.5
-5.0
-4.2

53 
27 
58 
56 
62
49
54 
56
42
27 
58
50 
68
49 
52
50
58
43
51
55
28 
49 
60
59 
51 
59 
47

12.5
5.4
4.6
4.4
8.4 
6 . 2
4.8
9.1

12.5
5.3
4.2
2.4
7.7
8.3
7.3
5.4 

10 .2
7.9
6.4 

14.0
5.6
8 . 8
3.2
7.5
6.9
8.3

IN
CH
IN
IN
IN
W
IN
IN
IN
IN
W,P
IN
IN
IN
CH
IN
IN
W,CH
IN
P
IN
IN
IN
IN
IN
IN
IN



Q
rod fo rm s  which al so  showedyposi ti ve Gram react ion  

( B a c i l l a c e a e  f a m i ly )  were  i so l a ted  f rom these cans .  The 

pre sen ce  of he rmet ic  and intact seams  ( t ables  30 8 ) con ­

f i rm ed  u nd e r pr oc es s i n g .

A l l  the un de r pr oc es se d  cans had low internal  p r e s s u r e  

except can 17 which had an in ternal  p r e s s u r e  of 3.2 ins Hg; 

the o rg an i sm i so la ted  f rom this can was a Gram pos i t i ve ,  

ca t a l a se -n eg at i ve  s po r e - f o r m in g  rod;  sugges t ing  a gas  p r o ­

ducing C los t r id ium sp ec ies  as the sp o i l age  o rg an i s m .  Apart  

f rom this can whose ends were  f l i p p e r s ,  al l  the other cans  

suspected of und e rpr oc es s i n g  had f lat  ends ,  hinting again  

that the ma j o r  spoi l age  o rga n i s ms  in the und e rpr ocess ed  

cans were  the f l a t - s o u r i n g  non -gas  p roducing  B ac i l l ac e ae  

f orm s o

14.8% of the 27 cans examined were  suspected of being

le a k e r s ;  these were  cans 2, 10, 11 and 21. A l l  the cans

except  can 1 1  had high in ternal  p r e s s u r e  ranging between

3.2 -  6.4 ins .  Hg,  and which mani fes ted as obvious end

sw e l l s .  This  con f i rms  the obse rvat ion  that in a populat ion

of c a n s , l e a k e r s  could be r ea d i ly  sel ected  f rom sound and

und e rp ro c es se d  cans by the appearance of the swOlleri can 

ends o

94.



The ma j o r  cause of leakage was l oose  double seams .  

Cans 2S 10, 21 ( table 3 . 8 ) .  A high percentage  of the cans ,  

2 2 . 2 %, a l so  had weak side seams ;  and of this lot 6 6 » 6 % 

were  suspected l e a k e r s .  Thi s  obse rvat ion  again shows that 

s ide seam de fec ts  are important  sources  of l eakage  in these  

veg etab le  p r oducts .

Hook de fec ts  were  more  s ign i f i cant  in this product  

than in B a m b a r a  or Garden E g g s .  Cans 2 and 10 had defects  

with g r ad e  4 and Can 21 had a g rade  5 hook de fec t .  Defects  

at such g r a d e s  could cause l eakage  (194) .



3 e 1 e 3 • 4 Pepper  Pure e  (Tables 3.9 and 3 . 10 ) ,

For  pepper  9 out of the 27 cans examined (33.3%)  were  

found to contain v i ab l e  o rg a n i s m s ,  6 out of the 9 u nst e r i l e  

cans were  d iagnosed as l e a k e r s  and the remain ing  three  as 

und e rp ro c es se d  cans .  The l e a k e r s ,  cans 6 , 7, 11, 19, 20 

and 23 ( table 3 .9 )  had higher  in ternal  p r e s s u r e s ,  f rom 0 - 5 .3  

ins .  Hg; which showed as soft s w e l l s  or  hard s w e l l s .  O r g a ­

ni sms  i so l a ted  f rom these l e a k e r s  were  a mixture  of cocci  

and rod fo r ms  and the ir  ac t iv i ty  in the cans p roduced o b je c ­

t ionab le  odours and tas tes .

The ma j o r  source  of l eakage  was l oose  doub le  seams  

(high Fr ee  Space and sma l l  % o v e r l a p ) ,  cans 7, 11, 19 and 

23 ( table 3 .10 ) .  9 cans were  o bs e rv ed  with de fec t ive  side

seams  and in cans 20 and 6 this defect  appears  to be the sole  

cause of l e ak ag e .  Thi s  obse rv at ion  emphas izes  the i m p o r ­

tance of this defect  as a ma j o r  cause of l eakage .

Hook de fec ts  were  r e l a t i v e l y  ins i gn i f i cant  and except

fo r  can 6 which had a hook defect  of g r ad e  4, the g ra de s

obtained on the remain ing  cans were  cons idered  l ow and i n s i g ­

ni f icant  as sour ce s  of leakage,,

Cans 2, 10 and 15 were  suspected of und e rp ro c es s i n g .

The m ic r o o r g a n i s m s  i so l a ted  f rom these cans were  Gram

-  96 -
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Table 3.9 PEPPER PUREE

TYPE OF ORGANISM

Can
No.

O
do

ur

T
as

te

P
re

ss
u

re
 

In
s

. 
H

g I s o l a ted
Under

Aerobic
Conditions G

ra
m

C
at

al
as

e

A
C

I so la ted  
Under 
naerobic  
onditions G

ra
m

C
a

ta
la

se

S
u

sp
ec

te
d

S
p

o
il

ag
e

Ty
pe

1 N N - 1 . 2
1

S
2 N ST 0 1R +ve ■Hve +ve +ve U
3 N N -1.5 S
4 N N -3 .2 S
5 N N -2.7 S
6 ob ob 4.3 1R, 2C 1R L
7 ST ob 5.2 1R, 3C 2C L
8 N N -4 .2 S
9 N N - 1 . 6 S

10 N ST 0 1R +ve +ve 1R +ve +ve U
1 1 ob ob 5.3 3C 1 C, 1C, 1R L
12 N N - 2 . 0 S
13 N N -3 .2 S
14 N N - 1 . 0 S
15 N ST -4 . 1 2R U
16 N N -4.5 s
17 N N -3 .0 s
18 N N -2.5 s
19 ST ST 2.3 1R +ve +ve 2C,1R L
20 N N 0 2R, 1C 1R +ve +ve L
21 N N -2 .4 S
22 N N - 2 . 1 S
23 N N 1.5 L
24 N N 0 S
25 N N -2 .7 S
26 N N -3.7 s
27 N N -4 .0

-------
s
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PEPPER PUREE IN CANS A2%

T a b l e  3 . 1 0  PH Y S IC A L EXAMINATION

Can End Plate  
Swel l

Hook
Defect
(Grade)

Pressure  
I n s . Hg

%
Overlap

Free
Space

Side Seam 
Defect

1 FL N - 1 . 2 5.8 4.6 W
2 FL N 0 60 2.7 IN
3 FL 1 - 1 .5 49 9.2 IN
4 FL N -3 .2 54 8.4 IN
5 FL 1 -2.7 63 3.0 IN
6 SS 4 4.3 62 8 . 1 IN
7 HS 3 5.2 33 17.1 W,P
8 FL N -4.2 72 4.6 IN
9 FL N - 1 . 6 55 1 0 . 2 IN

10 FR N 0 57 6. 0 P
1 1 HS 2 5.3 34 15.0 P
1 2 FL 1 - 2 . 0 45 9.3 IN
13 FL N -3.2 58 5.9 IN
14 FL 1 - 1 . 0 69 5.1 IN
15 FL 2 - 4.1 59 6.3 IN
16 FL 1 -4 .5 67 1.9 IN
17 FL N -3.0 50 8.9 IN
18 FL N -2 .5 54 9.8 P
19 SP N 2.3 32 14 .9 IN
20 FL N 0 66 5.7 IN
21 FL N -2.4 58 7.9 W,CH
22 FL - 2 . 1 60 6.7 IN
23 FL 1 1.5 35 13.4 IN
24 FL 1 0 54 5.5 WP
25 FL N -2 .7 47 9.7 IN
26 FL 2 -3 .7 68 3.4 IN
27 FL N -4.0 51 6 . 2 IN
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p o s i t i v e ,  ca t a l a se  po s i t i ve  sporu la t ing  rod fo rms  of the 

B ac i l l u s  genus .  These o rga n i s ms  are usua l l y  f l a t - s o u r i n g  

org an i s m s  which f erment  ca rboh ydr a te s  without the p r o ­

duction of ga s .

The un de r pr oc es se d  cans had interna l  p r e s s u r e  be t ­

ween - 4 . 1  to 0„7 ins Hg# These  cans were  f l at  at the ends.
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3. 2 FREE SPACE AND LEAKER SPOILAGE

3.2.1 In t roduct ion :

An important  qua l i ty  c r i t e r io n  of a good and ef f ect ive  

double seam is  Seam Compactness  (194) .  The Meta l  Box  

Co.  (194) c l a s s i f i e s  seam lo ose n ess  as a g r o s s  de fec t ,  and 

such de fe c ts ,  when they occur in va r i a b ly  l ead to l eakag e .  

Seam compactness  is  es t imated by me asur ing  Fr ee  Space 

and Per ce nt  Ov er l ap  (194) .  The de f ini t ions fo r  these two 

pa ra m e t e r s  and methods fo r  their  de te rminat ion  were  d i s ­

cussed under Section 2.1 .

Based  on r es u l t s  of F r ee  Space and % Over lap  in 

tab les  (3,3 to 3 .10 ) ,  p lots  of F r e e  Space against  % O v e r ­

lap hayabeen constructed fo r  three types of can s i z e s ,

( 8z can = 211 x 400) )  (A1 cans = 211 x 400) and (A2§ cans

= 401 x 411) to f ind out whether  any co r r e l a t i o n  exi st  be t ­

ween the two p a r a m e t e r s ,

A l l  the p l o t s ,  F i g .  (3.1 to 3 ,3 )  indicated s traight  

i nve rse  re l a t ions h ips  between the % Over l ap  and Free  

Space;  i , e ,  l a rg e  F r e e  Space cor res pon de d  with smal l  % 

Ov e r l a p ,  Ken da l f s coe f f i c i ents  ( r )  (134) were  cal cu la ted  

f o r  the p lo t s ,  and fo r  the 8z cans ( r )  = - 0 , 8 4 ,  f o r  A1 cans
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( r )  = - 0 . 8 0  and fo r  A 2 § ( r )  = - 0 . 7 3 .  Tes t  of s i gn i f icance  

were  conducted fo r  the co e f f i c i e nt s ,  which showed that 

at the 5% s ign i f i cance  l e v e l ,  there  were  enough grounds
Q

for  assumingj^high co r r e l a t i o n  es tab l i shed  between Fr ee  

Space and % O ver l a p .

Fr e e  Space was t he re fo r e  used in this study as a 

m ea su re  of seam com pactness ,  both fo r  i ts  g r e a t e r  accu ­

racy  in l imi t ing  human e r r o r s  and the ease  and non de s t r u ct i ­

veness  in i ts  de te rminat ions .

A total  of 329 cans were  examined fo r  F r e e  Space,  

and this total  was made up of 113, 8z cans ,  114 A1 cans ,  

and 102 A2§ cans .  T ab l e  (3 . 11 )  s um ma r iz e s  the de ta i ls  

of the number examined and al so  inc ludes  the number  of 

each can type used fo r  m i c r o b io lo g i c a l  examinat ion.  The 

ave rage  f i g u r e s  fo r  the Body P late  and End P la te  thick ­

ne sse s  have al so  been included in this t ab l e .  These  f i gur es  

were  used to ca lcu la te  the Fr ee  Space and the Per cent  

Over l a p .
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Table 3.11 CAN EXAMINATIONm ;

Product Type NUMBER OF CANS EXAMINED Mean Mean

Free
Space

%
Over

lap

Micro­
b i o l o g i ­

ca l

Body
P la te

End
P late

Body Plate  
Thickness 
(0 . 0 0 1 )

End Plate  
Thickness 
( 0 . 0 0 1

Bambara 8z 64 25 25 1 2 1 2 1 0 . 1 9.5

Beans 32z 15 10 10 5 5 9.3 9.1

Pepper 8z 50 27 27 15 10 1 0 . 1 9.5

Puree 3 2z 37 15 15 7 8 9.3 9.1

Okro in  
Sauce Al 53 27 27 17 17 9.9 8.3

Garden Al 60 25 25 1 2 14 9.9 8.3

Eggs 32z 46 20 20 9 9 9.3 9.5

Whole
Tomato 32z 6 6 6 6 6 9.3 9.1

Total 329 155 155 83 81 - -

Can s i z e s :  8 z = 8 ounze cans Al = 16 ounze cans 32z (A2^) = 32 ounze cans



3.2*2  FREE SPACE AND LEAKER SPOILAGE

F i g u r e s  (3 .4  to 3 .6 )  i l l u s t r a te  the f r equency  d i s t r i but ions  

of the Fr ee  Space me asu red  fo r  8z ,  A1 and A2§ cans .  The de ­

ta i l ed r es u l t s  f rom which these polygons  were  ddrawn have 

been shown in Append ices  2 -4 .  The Append ices  al so  show the 

number of de fec t ive s  ( i . e .  cans that showed swe l l ed  ends )  r e ­

corded fo r  each c l as s  in t e r v a l ,  and those that showed f l at  ends 

These polygons  F ig  (1 - 3 )  were  analysed,  and the ir  s ta t i s ­

t i c s ,  Mean (x)  and Standard Deviat ion (S) f o r  the 8z cans d i s ­

tr ibution w er e ,  (x = 7 .6 ,  S. 3 .9 ) ;  f o r  the A1 cans d i s tr i but ion  

(x = 6 . 7, S = 3 . 2 ) ,  f o r  the A2^ cans ,  (x = 8 .2 ,  S = 3 .4 ) .

A ready  ob se rvat ion  that can be made f rom these d i s t r i ­

but ions is the ir  c lose  d i s tr i but ion around the ir  means and the 

tendency to skew towards  inc rea s i ng  F r e e s p a c e .  Thi s  o b s e r ­

vation becomes  much c l e a r e r  when a compa r i son  is  made b e t ­

ween these d i s t r i but ions  and the norma l  d is t r i but ion .

For  the norma l  d i s t r i b ut ion ,  the mean plus and minus one 

s tandard devia t ion ,  (x + S ) ,  accounts fo r  68.2% of the total  

area  under  the norma l  curve (143) .  In the case  of the 8z d i s ­

t r i bution (x + S) accounted fo r  74.4% of the total  a re a  whi le  

f o r  A l ,  and A2^ d i s t r i but ions  (x + S) accounted fo r  79.4% 

and 70.5% r e s p e c t i v e l y  of the total  a re a  under the
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d i s t r i but ions .  The re  is  t he re f o re  g r e a t e r  concentrat ion  

of the va lues  of  the F r e e  space around the ir  means than 

obtains  in the norma l  d i s t r i b ut ion .

The tendency to skew is  al so  i l l u s t r a te d  by a compa ­

r i so n  of the means obtained ,  with recommended Fr ee  Space  

va lues  fu rn i shed  by the Meta l  Box Company (194)e The 

averag e  Body plate thickness and End plate thickness  

( table 3 .11)  were  used to obtain cor res pon d ing  seam thick ­

nesses  f rom the tab les  p rov ided  by the Metal  Box Company  

(194) .  These were  fo r  the 8z cans 5 4 . 5S fo r  A l  can 48.5  

and fo r  A 2 j ,  49 .5 ,  ( given in 0 . 0 0 1 " ) .  Based on these ,  

co r r esp ond ing  Fr ee  Space va lues  were  ca l cu la ted  and com­

pared  with the mean Fr e e  Space obtained f rom the f requency  

po lygons .  The means of the Fr e e  Space d is t r i but ions  ex ­

ceeded the recommended Fr ee  Space by 1 .9 ,  2.8 and 4 .6  

f o r  the 8z ,  A l  and A2§ cans r e s p e c t iv e ly ,  thus i l l u s t r a t i n g  

this g e ne ra l  tendency of skewness  towards  i nc rea s i ng  Free  

Sp ace.
It can be concluded f rom the obse rvat ions  that the 

exi s t ing  seaming operat ions  tend to p roduce cans with a 

higher  p ropor t ion  of l oose  ends than norma l .

3 . 2 . 3 .  Use of Free Space To Predict Leakage

An attempt was made to apply F r ee  Space to p red ic t



when l eakage  would occ ur .  This  was done by using the 

propor t ion  of de fec t ive  cans r ec ord ed  at the f a c to r i e s  

( d e fec t ives  as indicated by the p re sen ce  of s we l l s  on the 

can ends )  of 11.2% fo r  A1 cans ,  9.7% fo r  A2^ cans and 8.4% 

f o r  8z cans (10) .  In this d i scu ss i on  the Fr e e  Space d i s t r i ­

but ions ( F i g .  3.4 to 3 .6 )  would be cons idered  Nor ma l  based  

on the sugges t ion  by Ratc l i f f e  (134) that when l a rg e  sample  

s i zes  (n) accompany  l a r g e  " p "  ( p roport ion  of de f f ec t ives  in 

the popu lat ion)  such d i s t r i but ions  could be cons idered  as 

approx imat ing  the N o r m a l  curve;  ( i . e .  the product  "np"  

must be g r e a t e r  than 6 ) .  In al l  the Fr ee  Space d i st r i but ions  

"n "  is g r e a t e r  than 1 0 0  and " p "  g r e a t e r  than 0e08; f o r  the 8z 

d i s t r i but ion  n = 113 and p = 0. 084, f o r  the A1 d i s tr i but ion  

n =114 and p = 0 .112,  whi le  f o r  the A 2 j  d i s tr i but ion  n = 104 

and p = 0. 097. The p roducts  "np "  in these case s  are g r e a t e r  

than 6 .

The d i s t r i but io ns  of F r ee  Space fo r  the v a r i o us  can 

types would t he re f o re  be cons idered  No rma l  in this d i s c u s ­

sion.

The B in omia l  Theorem (134) was used to ca lcula te  the 

l imi t s  within which the p ropor t ion of de fec tive  cans in any

-  I l l  -



randomly  se l ected  sample  of cans could rea so na b l y  be 

expected to f a l l ,  based on the known propor t ion  of d e f e c ­

t ives  in the can popu lat ion.

The l i m i t s  in this r es pec t  are def ined by a Standard  

E r r o r  of P ropor t ion  of De fec t ive  in a Sample ( S . E . )  

which is  ca l cula ted  by using the fo r mu la

S . E .  =./ pq ~  (134 )
n

and " q "
where  " p ' ^ a r e  the p ropor t ion  of de fec t ives  and p ropor t ion  

of sound cans r e s p e c t iv e ly  in the can populat ion and "n "  

is  the sample  s i ze .
q

Us ing the Fr ee  Space d i s tr i but ion  of 8z cans asj w o r k -

ing example (F ig  3 .4 ,  Appendix 2)

n = 1 1 1

p = 8.4% = 0.084

q = 91.6% = 0 . 9 1 6

the standard E r r o r  (S 0 E „ ) of sample  p ropor t ion of d e fe c t i ­

ves  fo r  this d i s tr i but ion  is ca l cula ted  as

8.4 x 91~T6~ = J  675 -  2 + 2 . 6 %
113

Since the d i s t r i but ions  have been assumed No r m a l ,

112.



-  113  -

the 2s (2 x Standard Dev iat ion )  could be used as marking  

the 95% Conf idence l im i t s  (134) .  This  means that in 95 

out of 100 c a s e s ,  when a sample  of s ize 113 is taken out 

of the 8z can popu lat ion,  the p ropor t ion of de fec t ives  in 

the sample  would l ie  within the l im i t s  of

8.4 + 2 .2 .6 % ,  i . e .  3.2% to 13.6%

In appendix (2)  the p r op or t ion  of de fec t ives  o bs e rv ed  in 

the 8z d i s tr i but ion  has been re c o r d e d ,  this is  equal  to 

6.2%.  Thi s  p ropor t ion  (6.2%)  f a l l s  within the l im i t s  c a l ­

culated fo r  the d i s t r i but ion .

S i m i l a r  l im i t s  have been ca lcula ted  fo r  the A1 and 

A 2 j  can d i s t r i but ions  (Tab le  3 .12,  rank 3) .  It can be 

seen that the sample de fec t ives  obse rv ed  in these d i s t r i ­

butions (Append ices  2 to 4 ) f a l l  wel l  within the l imi t s  

ca lcu la ted fo r  them.
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R e f e r r i n g  again to the 8z d i s t r i bu t ion ,  s ince the 

d i s t r i but ion  is cons id ere d  no rm a l ,  a norma l  curve could  

be f i tted over  the d is t r i but ion  (139) .  Fi g  (3 .7 )  i l l u s t r a te s  

such a f i tt ing of the No rm a l  curve over  the 8z d is t r i but ion .  

From the N o r m a l  Curve  Ta b le s  "Z  va l u e s "  of 2.15 and 1.56 

could be taken,  which cut off  an a re a  3.2% and 13.6% from  

the a r e a  under  the norma l  curv e .  3.2% and 13.6% are the 

l imi t s  ca l cu la ted  fo r  the 8Z d is t r i but ion  (Tab le  3 .12) .

On the Fr ee  Space d i s t r i but ion  these "Z  va l u e s "  are  

equivalent  to 15.9 and 13 .4.  These va lues  were  obtained  

by using the fo r m u la .

Z = X ( F r e e Space)  -  mean of d i s t r ibution (x)
S tandard deviat ion of d i s tr i but ion  (S) .

Thus the " Z  va l u e s "  of 2.15 and 1.56 which cut of 

3*2% and 13.6% off  the No rm a l  Curve  ( F i g . 3 .7 )  co r res pon d  to 

15.9 and 13.4 on the Fr e e  Space axi s ( F i g . 3 .7 ) .

From the Free  Space d i s tr i but ion  Appendix 2 the 

Fr ee  Space Va lues  of 15.9 and 13.4 f a l l  within the c l a ss  

i n t e rv a l s  of (15.1 - 1 6 . 5 )  and ( 1 2 . 1 - 1 3 . 5 )  r e s pe c t iv e ly .

The p ropor t ion  of de fec t ive  cans whose Free  Space equal l ed  

or exceeded 15.9 was es t imated;  f o r  the l imit  15 .9,  al l  the
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cans that equal l ed  or exceeded this value were  de fec tive  

(100% de fe c t iv e ) .  For  the l ower  l imi t  13 .4,  70.5% of the 

cans were  de fec t ive .  The mid -po int  of these two l imit s

13.4 and 15.9 is  14, 3. At this mid -po int  83.3% of the 

cans whose Fr e e  Space equal l ed  or exceeded this value  

( 14 .3 )  were  de fec t ive .

Us ing  this p r oced ure  it becomes  p o ss i b l e  to use F ree  

Space va lues  to p r ed ic t  when l eakage  would occur .  Thus  

f o r  any 8Z can with F r e e  Space equal  to or g r e a t e r  than 

15 .9 ,  there  is  100% chance that such a can would l eak.  If 

the Fr ee  Space is equal  to or g r e a t e r  than 14.3 there  is an 

83.3% chance that it would be de fec t iv e ,  whi le f o r  a can 

with Fr e e  Space equal  to or g r e a t e r  than 13 .6 ,  there is  

70„5% chance that it would be a l e ak er .

S i m i l a r  computat ions have been made fo r  the A l  and the 

A 2 j  d i s t r i b u t io ns ,  and these have been summar ized  in table  

( 3 . 12 ,  rank 7).  Thus fo r  an A l  can with Free  Space equal  

to or g r e a t e r  than 12 .9 ,  there  is  100% chance that it would 

be a l e ak er ;  i f  the F r ee  Space equal s  or is g r e a t e r  than 

11.8 there i s  87.7% chance that it would l eak;  whi le an A l  

can with Fr ee  Space equal  to or g r e a t e r  than 1101 would

116 .



T ab le  3.12 FREE SPACE AND LEAKAGE

CAN TYPE

8Z Al K2h

D e fe c t iv e s  in  Can 
P op ula t ion  %

8.4 11.2 9 .7

Standard E rror  o f  
Sample P rop ort ion  o f  
D e fe c t iv e s  (S .E .)

+ 2 .6 + 3.09 +2.9

95% Confidence  Limits 
f o r  Sample % D e fe c t iv e s

3 ,2  -  13.6 5.02 -  17.85 3.9  -  15.5

D e fe c t iv e s  in  Samples % 6 .2 12 .3 10.5

Z Values Corresponding 
To Lim its (Confidence  

Lim its)
2 .1 5 ,  1 .7 3 ,  1.56 1 .96 ,  1 .5 9 ,  1.36 2 .0 6 ,  1 .6 6 ,  13.6

X V aria te  (Free Space) 
Corresponding t o  Above 
Z Values

1 5 .9 ,  1 4 .3 ,  13.4 1 2 .9 ,  1 1 .8 ,  11.1 1 5 .9 ,  1 4 .3 ,  13.6

D e fe c t iv e s  Accounted f o r  
B X V a r ia te  %
(Free Space)

100 83 .3  70.6 100 87.7  71.4 100 66 .6 42.9



have a 7104% chance of being a l e a k e r .

In this manner  a p r o ce d ur e  can be evo lved to moni tor  

can seam s u i t ab i l i ty ,  and to prevent  l eakage  caused by d e -  

f ec t ive  double se am s .

In the above d i scu ss i on  it was assumed that the use 

of ave rag e  f i g u r e s  fo r  Body P la te  thickness and End Plate  

thickness ( table 3 .11)  does not int roduce e r r o r s  in the 

computat ion of F r e e  Space.  F r ee  Space was computed  

f rom the fo rm u la

Fr ee  Space = Seam thickness -  (2 tb + 3 te)

where  tb = Body P la te  thickness

te = End P la te  thickness .

Tab le  3.13 shows the number of cans used fo r  e s t i ­

mating the av e r ag e s  of Body P late  and End P la te  thickness .  

The extent of d i s pe r s io n  of the individual  va lues  of the 

P la te  thickness are a l so  g iven .  It can be seen that the 

plate thicknesses  are na r ro w ly  d is t r i buted  around their  

means (Standard deviat ion ranged between 0. 54 -  1. 04).

It was assumed the re f o r e  that the va r i a t io n  in the plate  

thickness was not l a r g e  enough to int roduce se r i ous  de v ia ­

tions in the ca l cu la t ion of F r ee  Space.
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Table  3.13

DISTRIBUTION OF BODY PLATE AND END PLATE THICKNESS

Type o f  
Can

T o ta l  No. o f  
Cans Examined 
Body P la te

T o ta l  No. o f  
Can 

Examined 
End P late

Average 
Body 
P late  
(Range) 
0 .001 
and 
Range

Average
End

Plate
Thick­
ness
0.001
and
Range

Standard
Deviation
Body
P late

Standard 
Deviat ion  
End 
P late

8Z 25 22 10.1
Range
(9 .9 -
11.5)

9 .5 
Range 
( 8 .9 -  
10.1)

0 .81 0.73

Al 29 31 9.9
Range
( 8 .8 -
10.6

8 .3
Range

( 8 .0 -
9 .3

1. 04 0.86

A2H 12 19 9.3
Range
(8 ,9 -
L0.2

9 .1
Range
( 8 .7 -
9 .8

0.54 0 .56



3. 3 IDENTIFICATION OF ORGANISMS ISOLATED
FROM UNDER PROCESSED CANS

3.3.1 Introduction:

Heat p r o c e s s e s  that are given to canned foods are

a lways des igned to des t roy  p a r t i c u la r  o rgan i sm s  in the

food that are s i gn i f i cant  e i ther  as food po isoning agents

or spoi l age  agents (26) .  For  p roducts  with pH g r e a t e r

than 4 ,5 the heat r es i s ta n t  C los t r id ium botul inum Type

A is  the o rg an i sm of g r e a t es t  concern (138)„ Cer ta in

thermophi l i c  sp ores  of the B ac i l l a c e a e  f a m i ly  are much

more heat r es i s ta n t  than C lo s t r id iu m Botul inum spores

(26, 28, 52) and these may cause spoi l age  in canned foods

when they occur  as v i ab le  o rg an i s m s  in the f in ished  p r o -

ducto

Any attempt t he re f o re  to def ine meaning ful  heat p r o ­

ce ss es  fo r  any canned product  would have to cons ider  the 

types of o rgan i sm that are s ign i f i cant  in the product  either  

as spoi l age  agents or food po isoning agento

For  this work 18 pure cul tu res  were  i so l a ted  f rom
qn

u nd e rp ro c es se d  cans (Section 301) andL.attempt was made 

to identi fy  these o rga n i s ms  to the spec ies  l e v e l ,  using a



combination of ce l l  mo rpho logy ,  g rowth ch a r a c t e r i s t i c s  

and b i oche mica l  tests,, F rom the P r e l i m i n a r y  m i c r o b i o ­

l o g i ca l  inves t i ga t ion  conducted e a r l i e r  in this work (Sec ­

tion 3 .1 )  it was shown that the B ac i l l u s  and C los t r id ium  

ge ne ra  were  the ma j o r  g roups  of o rg an i sm encountered in 

the un de r pr oc es se d  cans .  The p r esent  ident i f i ca t ion p r o ­

cedures  were  t he re f o re  s im p l i f i ed  to identi fy  these spec ies  

of o rg a n i s m s .

3 .3 .2  R E SULTS

3 . 3 . 2 . 1  B ac i l l u s  polymyxa

F ive  of the o rg an i s m s  were  ident i f i ed  as Bac i l l us  po ly ­

myxa.  They^ were  cul tu res  Gg and G ^  f rom Garden E gg s .

P10 and P2 f rom P epp er  Pure e  and b|  f rom B am ba r a  Beans .  

This o rgan i sm is  not a r e g u l a r  p r o ce s s ed  food contaminant,  

due to its l ow heat re si st anc e , £d 25 q r 0. 10 (26, 67)|. Its 

widesp rea d  occurence  in so i l s  and vegetab le  matter  ( 6 ) 

could expla in i ts  p re s en ce  in f r e s h ly  harves ted  v eg eta b l es .

The o rg an i sm was recog n iz ed  by i ts  pe cu l i a r  co lonial  

c h a r a c t e r i s t i c s ;  sp read ing t rans lucent  co lon ies  with lobate  

m a r g in s .  The o rgan i sm g r e w  p r o fu se ly  on nutrient agar  at 

both 31°C and at 37 °C .  In deep nutrient broth it exhibited



heavy g rowth both on sur f ace  and s u b - s u r f a c e  conf i rming  

its f acu l ta t i ve  anaerob ic  characte r i st i c s , ,

Most  of the B a c i l l u s  sp ec ies  produce f rom carbohydra tes  

acid without gas  with the exception of B polymyxa and B m a c e -  

r a n s . In ca rbohydra te  med ia  (G lucos e ,  manni tol ,  a rab inose  

in ammonium base  med ium)  some of the i so l a tes  p roduced gas ,  

and this was used as a p resumpt ive  test  f o r  ident ifying B „ 

polym y x a . Thi s  o rgan i sm was fu r ther  d i f f e rent ia ted  f rom the 

other gas  p roducing  B a c i l l u s ,  B _ I!l_aj?jy~ji_n_s_, by its ab i l i ty  to 

produce acety lm ethy lca rb ino l  (MR -  VP  t es t ) .  Other tests  

used in con f i rmin g  this o rg an i sm were  the ab i l i ty  to hy dro ­

l yse  s ta rch  and ge la t in ,  and the exhibit ion of u rea se  and n i ­

trate reduction ac t iv i t i e s .  The r esu l t s  of other  c h a r a c t e r i ­

zat ion tes ts  used in conf i rming this o rgan i sm has been sum­

mar i zed  in ( table 3.31 and 30 32)„

The identi f i cat ion of this o rgan i sm imp l i es  ce rtain  

pert inent  conc lus io ns .  The occur rence  of this r e l a t i v e ly  

l ow heat r es i s t an t  B ac i l l u s  spore in the p rod uct s ,  Garden  

E g g s ,  B am ba r a  B ean s ,  and Pepper  Pure e  suggest s  that these  

products  are g r o s s l y  u nd e r pr oc es se d .  F u r t h e rm o re ,  it 

could indicate that the o r i g ina l  B.  polymyxa load in the

122



food product  was high; b a c t e r i a l s p o r e s  die l o ga r i t h m i c a l l y  

when exposed to heat (137 ) s a r e s id ua l  populat ion could  

always  remain  when a g iven b a c t e r i a l  populat ion is  heated,  

e s p e c i a l l y  when the in i t i a l  load is  l a r g e c 

3„3.2o2 B a c i l l u s  Ste ar othe r m ophilu s

The occu r r en ce  of this o rgan i sm in spoi l ed  canned

foods has been wel l  documented (59, 85, 100) ,  as a f l a t -

souring  o rg an i s m ,  and its detect ion in foods usua l l y  i m ­

p l i e s  an ine f f ec t ive  cool ing  p r o ce s s  ( 6 , 140) .

oThree  cu l tu res  G 25  f rom Garden Eggs  P 1 5  f rom Pepper  

Pure e  and B 5 f rom B am bar a  beans were  ident i f i ed  as B a c i -  

l l us  ste ar otherm ophi lus  .

A ma j o r  c h a r a c t e r i s t i c  that was helpful  in sc reen ing  

out this o rg an i sm was its t empe ra ture  re l a t io ns h i ps .  Being  

an obl igate  thermophi l e ;  it g r e w  only at 55°C in a water  

bath and f a i l e d  to g r o w  at 45°C and 37 °C.  It was d i f f e r e n ­

t iated f rom other thermophi l e s  by its ab i l i ty  to g ro w  at 

65°C ,  by its p in-po int  no n - s pre ad ing  co lon ia l  c h a r a c t e r i s ­

t i cs  and its e l l i p s e - s h a p e d  spore .

The o rgan i sm was a f acu ltat i ve  anaerobe ,  g rowing  

wel l  on agar  s lants  incubated in anaerob ic  j a r s  and under
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fu l l y  ae rob ic  cond it ions ;  g rowth in deep g lucos e  broth  

was uni fo rm throughout the tube.

The o rg an i sm gave a negative  react ion  to the V o g e s -  

P r o s k a u e r  test  and the l ec i tho v i te l l in  test .

The remain ing  b i oche mica l  t est s used in conf i rming  

this o rg an i sm  have been sum mar ized  in tab les  3 .3 .1  and 

3 . 3 . 2 .  The s i g n i f i cance  of this o rg an i sm with res pect  to 

food p roducts  is  that its p r ese nc e  points to va r i ous  heating  

l ags  in the p r o c e s s i n g ,  ( i . e .  points on the p r o ce s s in g  l ine  

where p roducts  are mainta ined at t em pe ra t ure s  between  

47°C to 65°C fo r  a long timq). In p a r t i c u la r  when cool ing  

p r o c e s s e s  are not e f f ec t ive the product  may remain in 

this t emper a tu re  range fo r  a long t ime.

3 . 3 . 2 . 3  B a c i l l u s  Coagulans

This  is  another f l a t - s o u r i n g  o rgan ism whose o c c u r ­

rence in spoi led canned foods  has been wel l  documented  

(29,  32, 6 6 , 131) .  It was f i r s t  i so l a ted  f rom sour  milk  

and tomato p roducts  owing to its ab i l i ty  to g r o w  in pH 

5 .0 .  Thi s  c h a r a c t e r i s t i c  was used in making a p r e s u m p ­

tive d i f f e re nt ia t ion  of this thermophi le  f rom B.stearother- 

mophilus . After demonstrating that the organism grew at incubation tem­

pe ra t ure s .  . .
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of 55 -  60°C an attempt was made at g ro wing  it in acid 

glucose  b r o th ,  pH 5 .0 .

B coagu lans is  a f acul ta t i ve anaerobe and g ro ws  wel l  

in deep g lucos e  b roth ,  u n i fo rmly  throughout the tube.  The 

organ i sm appeared t r ans * lu ce nt  on agar  and g r e w  with d i f ­

f i cu l ty  on nutr ient  ag a r .  It had sma l l  f l at  co lonies  which  

adhered s t rong ly  to the a g a r .  Due to poor  g rowth on nu­

tr ient  aga r  al l  the cu l tu r a l  studies  were  made on D e x t r o s e -  

Tryptone Ye as t  ex t rac t  broth and ag ar .

Other  tes ts  used in fu r t he r  c l a s s i fy i n g  this o rgan ism  

were  the p r es en ce  of s ta rch—hydro lys ing  enzyme and its  

inab i l i ty  to reduce  nitrate, ,  The o rgan i sm could not use 

c it ra te  but p r od ucedacety lmethy lca rb ino l .

B coagulans  was i so l a ted  f rom Okro in tomato sauce ,  

culture 01 9  and B a m b a r a  Beans in sauce ,  culture B^^°

3 o 3 o 2 . 4 . B ac i l l u s  ce reus

The importance of this organism in foods has been growing since it 

was shown to be a potent ial  food po isoning o rgan i sm (142) .  

Work  done in C a l i f o r n i a  (197) fu r ther  con f i rmed  its v i r u l ­

ence and showed its wide o ccur ren ce  in va r i o us  foods .  The 

organ i sm is  a saprophyte and is  wide ly  d i s tr i buted  in soi l s
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and on vegetab le  mat ter  ( 6 ) .  It could there fo r e  occur  in 

vegetab le  p r o du ct s .  Under  sound manufactur ing p rac t i ce  

this o rg an i sm would not be of any re a l  impor tance  as ei ther  

a food po i soning  agent or as a spoi l age  agent owing to its  

ra the r  low heat r es i s ta n ce  (26) .  However  when low heat  

p r o c e s s e s  are g iven to the canned products a r es id u a l  popu­

lat ion of this  o rgan i sm could o cc u r ,  e s p e c i a l l y ,  i f  i ts  i n i ­

t i al  spore  load is high enough.

Thi s  o rg an i sm was i so l a ted  f rom al l  the products except  

B a m b a r a  Bean s ;  cul tu re  G 2 f rom Garden E g g s ,  P ^ 5 f rom  

P epper  Pu re e  and O2o f rom Okro.

A v e r y  d is tinct  c h a r a c t e r i s t i c  ( 6a 142) used in making  

an in i t i a l  se l ec t ion  of this o rg an i sm was the appearance of 

the colonies, ,  The co lon ies  had a tendency to sp read  over  

the agar  plate and appeared dry and parche d .  There  were  

white s i l v e r y  s t re aks  on the pa rched  s u r f ac e ,  and also the 

marg ins  of the co lonies  were  f i l amen tou s .

Fur t he r  t es ts  were  used to conf i rm this o rg an i sm as 

B _ c e r e u s 0 These showed posi t ive  growth in K o s e r rs medium 

and the ab i l i ty  to hydro lyse  case in and ge lat in and u rea .

The o rgan i sm g r e w  in anaerob ic  g lucose  broth without gas  

product ion at incubation tem pera tures  of 37°C and 30 °C.  It
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o atg re w  sp a r i n g ly ,  ho wev e r ,  at t empe ra ture  45 C and not/all  

at 5 5 Co

The s i g n i f i cance  of the i so l a t ion  of this o rgan i sm from  

the canned foods is that it shows that the food products are  

g r o s s l y  u n d e r p r oc es se d .  The occu r r ence  of this o rgan ism  

al so sugges t s  that the p roducts  might have had a high ini t ia l  

b ac t e r i a  populat ion in the raw mat er i a l  be f o re  p r o c e s s in g .

3o3 .2o5 .  Clostridium histolyticum and Clostridium 
therm os accharolyticum

Two cu l tu res  B * 2 anc* ° i 7 were  ident i f i ed  as C l o s t r i ­

dium h is to lyt icum and C los t r id ium  therm os accharolyt icum  

re s p e c t iv e ly .  These cul tu res  were  r ea d i ly  d i f f e rent ia ted  

f rom the B ac i l l u s  sp ec ies  by the ir  negative ca ta l ase  r e a c ­

tion and the d is tinct  swe l l ing  of their  sp orang ia  at the s u b ­

te rmi na l  to te rmi na l  posi t ion.  Spores of both o rgan i sm s  

were sphe r i c a l  and this t he re f o re  p resented  in i t i a l  d i f f i ­

culty in the ir  i dent i f i ca t ion.

However  the ir  r ange of g rowth tempera ture  and oxygen  

requ i rements  s e r ved  to es tab l i sh  the d i f f e rent ia t ion .  Cl .  

thermos  accharo lyt i cum was de f ini te ly  an aerob ic ,  C l .  h i s -  

tolyticum grew at t em pe ra t ure s  as l ow as 30°C.



Test with l i tmus mi lk showed s trong coagulat ion with 

gas p roduct ion fo r  Cl .  the rmos accharo lyt i cum while no gas ,  

and l i t t le  coagu la t ion  was obtained with Cl .  h i s t o l y t i cu m.  

Other  tes ts  used in conf i rming the identity of the o r ­

gan i sms  where  h y dr o ly s i s  of blood agar  the indole test  

and ca rboh ydra te  fermentat ions® The r esu l t s  have been  

s umm ar ize d  in tab les  3 .3 .1  and 3 . 3 . 2 .

The o cc u r r en ce  of C l .  the rmos  accharo lyt i cum was not 

unexpected,  being a r e g u l a r  food spoi l age  o rgan ism (52) .

Its sp ore s  are heat r es i s t an t ,  su rp a sse d  only by sp ores  of 

B.  ste ar othe r m ophi lu s (26). Spo i l age  due to this o rgan ism  

produced ob jec t ionab le  odours  and hard s w e l l s .

It is  an obl igate  thermophi le  and its i so l a t ion  indicates  

"heating l a g s "  dur ing p r o c e s s in g .

Cl .  h i stoly ti cum is  a r e l a t i v e ly  l ow  heat r es i s tant  

o rgan i sm (26) ;  i ts p r ese nc e  in the canned foods suggest s  

u nd e r pr oc es s i n g .

3 . 3 . 2 . 6 . B a c i l l u s  macerans

This o rgan i sm is  w idely  d i s tr i buted  in so i l s  and is  

found on decompos ing  vegetab le  mat e r i a l  (29, 139) .
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Two cu l tu res  0 J 9 and G 2q were  identi f i ed  as B ac i l l us  

macerans. and were  i so l a ted  f rom Garden Eggs  and Okro p r o ­

ducts .

The o rgan i sm g r e w  wel l  on nutrient agar  in thin near  

t rans pa ren t  sp read ing  co l on ies .  One ma jo r  b iochemica l  

test used in d i s ce r n in g  between this o rgan i sm and others  

of the mo rph o l og i ca l  group 2 B ac i l l u s  types was its ab i l i ty  

to produce gas  f rom the f e rmentation of a rab inose  in an 

ammonium n it rogen base  med ium.  Fur ther  d i f f erent ia t ion  

was then made between this o rgan ism and B.  po lymyxa by 

the test  f o r  ac e ty lmethy lca rb ino l  product ion;  (MR - V P  tes t ) .

B .  ma cerans  unl ike B .  po lymyxa was not able to produce  

acety lmet hy lca r b ino l .

A f te r  this p r e l i m i n a r y  d i f f e rent ia t ion  other  test s were  

undertaken on this o rgan i sm to conf i rm it as B.  m ac era n s .  

These tes ts  inc luded the indole tes t ,  test f o r  the u rea se  en­

zyme system and the ab i l i ty  to use c i t rate  in K o s e r ' s  medium.

The o rgan i sm i s  a r e l a t i v e ly  l ow heat r es i s t an t  o rgan ism  

d 212 = “  °*> 5 (26)  o Its occur rence  in the canned p r o ­

ducts again emphas izes  the l ow heat p ro ce s s  given to these  

vegetab le  p roducts .
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Table 3. 3. 2 CELL M ORTHO LO GICAL CHARACTERISTICS

Product Type Culture
Number Form Arrange­

ment
M o ti li ty Size (U) Sporangium

Condition
Endospore 
Shape/Wal 1

Endospore
Position

rTorphological
Group

c . Rods Chains - 0. 9 /4 .0 N . Swol len O val I/T h in Central 1

Garden Eggs G 6
" + 0. 9 /2 . 3 D. Swollen O va l/T h ick Sub-Terminal 2

c 25 Single + 0 6 /2 . 1 "  3 " Racket/Thick Central 2
in g 27 Chains + 0 7 /1 .8 Swol len O va l/T h ick •• 2

G 20 Single + 0. 5 /4 /0 E llipse/Th ick Sub-Terminal 2
Brine

G i
+ 0 .4 /4 . 9 N . Swollen C y lind erica l Sub Technical 1

PlO Chai ns + 1 .0 /2 . 5 Swollen O va l/T h ick Central 2
Pepper

pi»
Filamenta us - 0. 9 /4 . 0 N . Swollen O va l/T h in " 1

" f s Single + 0 7 /2 . 2 D. Swollen E llipse/Th ick " 2

P2 Chains + 0 .9 /2 .  6 O va l/T h ick 11 2

O KRO °19 Palisode + 0. 6 /3 . 8 Swollen O v a l/T h ic k Sub-Terminal 2
Chains - 0. 8 /4 . 2 S. Swollen O v a l/T h in Sub-Terminal 1

°20 " - 1 .0 /5 . 2 N . " O v a l/T h in Central 1

Bambara < Single 0 6 /3 . 0 D. Swollen Racket/Thin Central 2

Beans * 1 2
" + 0 8 /4  9 N  Swollen O v a l/T h in Sub-Terminal 1

»5
1

Chains + 0. 9 /3 . 0 Swollen O va l/T h ick 2



Do Table 3 .3 .  1 B IO C H E M IC A L  TESTS

Product Type
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cn 

•- 4) -Q 
2 8 4J 3

<  o
1

GARDEN 2 

EGGS
3

IN
4

BRINE 5 

6

G2 + + - + + - -  + - + d +

G i + + - + + - d - + - + +

G 25 + + + - d +

G|7 + + - d + - + - _ + - + +

°2 0 + - - + -  | - |  - + +

G6 + + - - _ 1 +

1
PEPPER

2
3

PUREE

4

p10 + + + - - - + - d +
p i
15 + + + + + - d +

P15 + + + + +
, . .

+

P 2 + + - + + - d - *  + z + +
+

1
OKRO

IN
TOMATO 3 

SAUCE 4

°19 + + + - + - + +

°19 + + d - - - - + c

°20 + + + - - + + +

°17 + + d +

BAMBARA 1 

IN 2 

SAUCE 3

4

■ ; + + + + + -

+ + - - - - - -

B5
+ + - + + - + - - + - + +

B12 + - * - + - - - - - +

whi le f o r  P ep pe r  a 

gram was obta ined.



3.4 NUMBERS AND GROWTH OF BACTERIA

3.4.1 Introduction:

In sect ion 3.3 some r e l a t i v e ly  l ow heat r es i s tant  

m i c r o o r g a n i s m s  including B.  polymyxa were  shown to 

occur  in the end p roducts  of the canned ve g et ab le s .  The 

pre s en ce  of such o rg an i s m s  in the products suggested  

a)  A high p r e - r e t o r t i n g  b a c t e r i a l  contamination  

or b)  G r o s s  u nd e r pr oc es s i n g .

In this sect ion the p r e - r e t o r t i n g  b a c t e r i a l  contami ­

nation in the raw  mate r i a l  p roducts  is  s tudied,  f o l lowed  

by a study of the g rowth c h a r a c t e r i s t i c s  of some of the 

m i c r o o r g a n i s m s  in vegetab le  ex t rac ts  and p roducts .  The 

e f fect  of p r e - p r o c e s s i n g  condit ions on b a c t e r i a l  numbers  

is a l so  cons i der ed  in this sect ion.

3 .4 .2  Tota l  counts on Raw M a te r i a l s

Tab l e  3.16 showathe r es u l t s  of total  ae rob ic  counts  

conducted on two v eg et ab l es ,  Garden Eggs  and Pepp er .

For  Garden Eggs  the total  v i ab le  count fo r  pos t -b l anch

2 3samples  ranged  f rom 4 .2  x 10 to 3.1 x 10 per  g ram

2 3whi le  f o r  P epp er  a r ange of 8.4 x 10 to 4.4 x 10 per  

gram was obta ined.



T able 3 .16 TOTAL VIABLE COUNT ON RAW MATERIALS

TOTAL VIABLE COUNT PRE-BLANCH TOTAL VIABLE COUNT POST-BLANCH

VEGETABLE MATERIAL Di lut ion Colony No. o f  Orga­ Di lut ion Colony No. of  Orga­
Count nisms Count nism *

10-4 10-5 per/gm 10-3 10-4 per/gm

Sample 1 85 _ 1.70 x 103 24 4.2 x 102
GARDEN

Sample 2 172 2 1 3.82 x 104 91 - 2 . 2 2  x 1 0 3
EGGS

Sample 3 “ 1 1 0 2 . 2 0  x 1 0 4 133 18 3.12 x 103

Sample 1 247 33 5.76 x 104 117 9 2.07 x 103

PEPPER Sample 2 70 - 1.40 x 104 42 - 8.4 x 102

Sample 3 243 29 5.31 x 104 170 27 4.4 x 103



A compa r i son  of these r es u l t s  with those repor ted  by 

G e l dr i ch  and c o « w o r k e r s  (35) on veg etab les  cu lt ivated in a 

t emperate  c l imate  sugges t s  that whi le  the total  counts on 

the p reb l anc h  samples  are compa rab le  in b a c t e r i a l  l o a d s 

the count on po s t - b l a nc h  samples  or the spore  count is 

higher  than obtains  on vegeta b l es  harves ted  in temperate  

c l im a t es .  The r e s u l t s  of work repo r t ed  by Jay (29) Norman  

(175) and Johston (151) on the m ic r o b i o lo gy  of t emperate  

vegetat ion a l so  lead to the above conc lusion.

These r e s u l t s  thus sugges t  that Ghana ' s  vegetab le  p r o ­

ce ss ing  indus t r i e s  might be deal ing with raw ma t e r i a l s  that 

contain high l e v e l s  of ba c t e r i a l  spor es ;  and that h igher  heat 

p r o c e s s e s  might be needed to prevent  the occur rence  of  

u nd e r pr oc es s i n g .

3 .4 .3  RATE OF GROWTH OF MICROORGANISMS IN 
VEGETABLE EXTRACTS

The g rowth rate constants and the genera t ion  t imes of 

Clos t r id ium  hi stolyt icum and B.  po lymyxa in ex trac ts  of 

the v egeta b l es  were  compared  with the g rowth in nutr ient  

medium,  to asce r ta in  whether  the vegetab le  ex t rac ts  are  

inh ib i to ry  to the g rowth of b a c t e r i a .
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Tab l e  3.17 is a summ ary  of the growth rate cons ­

tants and genera t ion  t imes of C l .  hi stolyt i cum and B . 

po lymyxa in 10% and 20% ex t r ac t s .  The g raphs  f rom which 

these va lues  were  ca l cula ted  have been shown in Appendices  

5-11 .

The p re sen ce  of 10% ext rac ts  in nutrient broths  reduced  

the genera t ion  t ime of B .  po lymyxa  f rom 72.0 mins to 

52. 8 , 57. 0 and 39.0 mins fo r  Garden E g g s ,  Pepp er  and 

B am ba r a  r e s p e c t iv e ly .  At 20% l e v e l s ,  the genera t ion  

t imes  were  48. 6 , 63. 0 and 16.8 fo r  Garden E g g s ,  Pepper  

a d B am bar a  r e s p e c t iv e ly .  For  Cl .  hi stolyt i cum the g e n e ­

rat ion t imes in nutr ient  broth containing vegetable  ext rac ts  

were  l ikew ise  l e s s  than in pl a in nutrient ag a r .

The r e s u l t s  sugges t  that the vegetab le  ex t rac ts  are  

not inh ibi tory to the growth of b ac t e r i a .



Table 3 .1 7  GROWTH RATE IN VEGETABLE EXTRACTS

Clostridium
Histolyticum

Bac i l lus
Polymyxa

Product Medium
Composi­
t ion

Growth
Rate
Con­
stant

Generation
Time

(Mins)

Growth
Rate
Con­
stant

Generation
Time
(Min)

GREEN

EGGS

Nutrient
Broth

1 0 %
Extract

0 . 2 1  

0 .24

85.8

73.2

0 .25 

0 .34

72.0

52.8

2 0%
Extract 0.31 58.2 0 .37 48.6

Nutr ient
Broth

0 . 2 0 90 .0 0 .26 71.4

PEPPER 1 0 %
Extract 0 .30 60.0 0.32 57 .0

2 0%
Extract 0 .32 57.0 0.29 63 .0

BAMBARA

Nutrient
Broth

1 0 %
Extract

0 . 2 0  

0 .37

90 .0 

48.6

0.24

0.46

73.2 

39 .0

2 0%
Extract 0.42 42 .6 1.05 16 .8
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HATES OF M U L T I P L I C A T I O N  OF B A C TE RI A  
IN V E G E T A B L E  PRODU CTS

Samples of vegetab le  puree s  were  s t e r i l i z e d  and ino­

culated with p r e p a r e d  cul tu res  of B„ po lymyxa and C l . 

hi s t o l y t i cu m 0 The samples  were  incubated at room tem­

pe ra t ur e  fo r  24 h r s .  and the total  count taken at the 4th,  

6th,  8th and 20 hour .  The objec t  of the test  was to find 

out the rate of mu lt ip l i ca t ion  of ba c t e r i a  in the vegetable  

pr o d u c t s .

A p r e l i m i n a r y  determinat ion of the total  number  of 

bac t e r i a  in 1 ml  of 10~ 6 d i lut ions of 24 hour cu l tu res  of 

the test o rg an i sm showed that the number  was between 2 0 -  

50 o rg an i s m s .

Tab l e  3.18 is  a summary  of the r es u l t s  of the e x p e r i ­

ment.  By the 6th hour the populat ion of B.  polymyxa had 

i nc re as ed  f rom log 1.7 to log 2 .24,  l o g . 2. 73 and 2.78 in 

Garden egg ,  Pepp er  and B a m b a r a  p u r e e s .  The l a r g e s t  i n ­

inc re as e  in numbers  (about 1 0 0  fo ld i n c r e a s e )  was recor de d  

in B am bar a  puree  with C l .  h i s to ly t icum. l og .  1.7 to 3.18.

In Section 1 .1 .3  ( L i te r a t u re  R e v i ew ) ,  it was shown that 

delays of 3 to 7 hours occur red  between b lanching and



T a b l e  3 . 1 8 RATE OF MULTIPLICATION IN VEGETABLE PRODUCTS

LOGARITHM OF NUMBERS OF ORGANISM PER GRAM
( I N I T I A L CONCENTRATION 1 . 3 - 1 7)

PRODUCT
TYPE

TIME HOURS 4 6 8 20

GARDEN
Q

B. p ( l ymyxa 1 .99 2 . 24 2 . 4 5 3 . 9 1
EGGS C l .  h i s t o l y t i c u m 1 . 8 7 2 . 5 3 2 . 92 4 . 2 1

PEPPER B. p o l y m y x a 2 . 01 2 . 7 3 3 . 1 2 5 .18

C l . h i s t o l y t i c u m 1 .24 2 . 0 0 2 .48 3 . 7 8

OKRO B. p o l y m y x a 1 . 56 1 .85 2 .4 8 3 . 94

C l .  h i s t o l y t i c u m 2 . 12 2 . 6 5 3 . 05 4 . 20

BAMBARA B . p o l y m y x a 2 . 2 1 2 . 7 8 2 . 9 4 4 . 72

C 1.  h i s t o l y t i c u m 1 .92 2 . 31 3 . 18 5 . 1 3
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re to r t i ng  during p r o c e s s in g  of  the v eg et ab l es .  The resu l t s
q

of the above exper iment  indicate that aboutjJL 0 ~1 00 fold  

in c re a s e  in bac te r i a tpopu la t ion  would res u l t  f rom such 

d e la y s .  Thi s  would imply  that a s e v e r e r  heating p ro ce s s  

might be needed to p revent  un de rp ro c es s in g .



3.5 EVALUATION OF HEAT PROCESSES

3*5,1 Introduction

The r esu l t s  of the m ic r o b io lo g i c a l  invest i ga t ion  d i s ­

cussed in Section 3,1 to 30 4 sugges ted that some of the can ­

ned v eg eta b l es  studied in this work were  spoi led as a r esul t  

of underprocess ingo

The p r esent  invest i ga t ion sought to f ind fu r ther  ju s t i ­

f i ca t ion  fo r  the above conc lusion by examining the ex is t ing  

heat p r o c e s s e s  in use at the f a c t o r i e s .  The heating t imes  

and t em pe ra t ure s  are shown in Table  3,19 ( f o r  fu r ther  i n ­

fo rmat ion see Table  1.1 in the L i t e r a t u r e  Rev iew )

Tab le  3.19 HEATING TIMES AND TEMPERATURES

140.

PRODUCT CAN TYPE
PROCESSING

TIME TEMPERATURE

Okro and Garden Eggs Al 30 mins 230°F

Pepper Puree and 
Garden Eggs A2j 45 mins 230°F

Whole Tomatoes A2i 30 mins 230°F

Pepper Puree 
Garden Eggs Puree 
Bambara Beans

8Z 30 mins 250°F



The rate of heat penet rat ion into the canned products  

under  these re to r t i ng  condit ions were  invest i ga ted .

3 .5 .2  Resu l t s

F i g u r e s  (3.8  -  3 .14)  depict  t empera ture/t ime  r e l a ­

t i onships  at the point of s l owe st  heating l ag  in the cans,  

dur ing p r o c e s s in g  at the stated re t o r t  t empe ra t ure s  and 

time s .

3 , 5 . 2 . 1 .  ga rde n  Eggs  -  A l  Cans fF ig  3.8)

At the re to r t  t empe ra ture  of 230°F ( 11 0 °C ) ,  32.5 mins

were  r eq u i r e d  for  the cent re of the product  to attain the

maximum tempe ratu re  of 109°C .  Since this p roduct  is

heated only fo r  30 mins there  is  v i r tu a l l y  no ef f ec t ive

heating at this  maximum tem pe ra tu re .  The graph shows

that a f ter  the thi rt ieth minute the tempe ra ture  of the s lo w ­

est  heating point would have b a r e ly  reached 109°C.  This  

re s u l t  suggeststhat  this product  is inadequate ly  p r o c e s s e d .

3 . 5 . 2 . 2 Garden Eggs  -  A*  C a ns fF ig  3.9 )

The come-up time was 42.5 mins and the maximum  

otemperature  attained was 109 C .  Since the product  is  

heated only fo r  45 mins at the f a c t o r i e s ,  this product  is 

heated e f f e c t iv e l y  at the maximum temperature  fo r  only

2. 5  mi ns .

141.
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H E A T  P E N E T R A T IO N  : G A R D E N  E G G S  IN A1 C A N
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T IM E  IN M IN U T E S
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3 . 5 . 2 . 3  Okro -  A l  Cans (F ig  3,10)

At the r e to r t  t empe ra ture  of 110°C the come-up time 

to the maximum tempe ratu re  of 109°C was 24 mins .  Since  

the total  p r o c e s s in g  time at the f a c t o r i e s  is 30 m i n s ,  the 

product  is  heated fo r  only 6 mins at the maximum t e m p e r a ­

tu re .

3 . 5 . 2 . 4  P epp er  Pu re e  -  A2? Cans (Fig  3.11)

The come-up  time fo r  this product  was 120 mins and

the maximum temper atu re  attained at the geome tr i c  centre  

was 106°C ,  Since the heating p r o ce s s  in the f a c t o r i e s  is

stopped at the 60th minute;  there is no e f f ect ive  heating at 

the maximum tem pe ra tu re .  From the g raph ,  by the 60th 

minute the temper a tu re  of the ge om et r i c  cent re was only 

8 8 ° C .  The l etha l  r ate  equiva lent  of this t empera ture  

using (Z = 18) is  l e s s  than 0.001.  This  product  is e v i ­

dent ly under p r o c e s s e d ,

3 , 5 . 2 , 5 .  B am ba r a  Beans -  8Z Cans (Fig  3.12)

The come-up  t ime fo r  this product  was 12 mins ,  and 

by the end of this time the product  had attained the te m ­

pe ra t ure  of the re t o r t .  At the f a c t o r i e s  the product  is 

heated fo r  30 mins at 120°C ,  Thi s  product  is  there fo re  

heated e f f e c t iv e l y  at the maximum temperature  fo r  18 mins .
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l i t

Fig 3.10

H EAT PENETRATION : QKRO IN A l CAN

TIM E IN M INUTES
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Rig 3.13

HEAT PENETRATIO N ; BAM BARA IN 8Z CAN
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HEAT PENETRATIO N  : WHOLE TO M ATO  IN A2^ CAN
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F ig  3.14

HEAT PENETRATIO N : PE PPER  PUREE IN 8Z CAN

TI ME IN M INUTES



3 • 5 • 2 o 6 Whole Tomato -  A 2 j  Cans ;  (F i g  3013)

At the re to r t  t emper a tu re  of 230°C (110°C)  the s lowest  

heating point in the can took 34 mins to attain the maximum  

tem pe ra t ure  of 1 0 9 ° C o The graph al so  shows that the c o m e-  

up time exceeded the f a c t o r i e s 7 p ro ce s s in g  time by 4 mins .  

This  sugges t s  that the p roduct  is  not p r o ce s s ed  adequately  

at the f a c t o r i e s .

3 .5 .3  F Q Va lue s  of the Heat P r o c e s s e s

The F 0 Va lu es  of the heating p r o c e s s e s ,  F igs  3.8 to 

3.14 were  es t imated .  Thi s  was done by const ruct ing l e th a ­

l i ty  cur ves  fo r  the v a r io us  p r oducts .  F i g .  3.15 i l l u s t r a te s  

a le tha l i ty  curve const ructed  with data from the heat pene ­

t rat ion curve fo r  Okro in an A l  can; F i g .  3 .10 .  The p r o ­

cedure fo r  drawing a Schultz and Olson (193) co ordinate  

paper  has been de sc r ib e d  by Stumbo (26) .

On this curve the come-up time to the maximum tem­

pe ra t ur e  of 109°C which is  22 mins ( F i g .  3 .10 )  is shown 

by a - b ,  From Fig 3 .19,  canned Okro is  p r o ce s s ed  for  30 

mins ,  the re fo re  fo r  8 mins the product  is maintained at 

109°C ; this  holding pe r iod  i s  shown by b b - c .  The port ion  

c - d  r ep re sent s  the cool ing  pe r iod .

-  1 5 1  -
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L E T H A L IT Y  CURVES ; OKRO IN A1 CANS

F ig  3 .15



S i m i la r  l e thal i ty  curves  were  constructed fo r  the 

other p roducts ;  these have been shown in Appendices 12 ~

14.

3 . 5 . 3 .2 Ca lcula t ion of F„ Va lve s

The a r ea s  (A)  under  the l e thal i ty  curves  were  dete rmined  

by In teg ra t ion ,  using S impson ' s  Approx imat ion  ru le  (139)0 

Tab l e  (3 .17 )  shows the summary  of a re as  ca l cu lated  for  al l  

the l e tha l i ty  cu r v e s .  These a re as  were  subst i tuted into 

the equation

F o = m ^  (Ref .  Stumbo /26/ )

-  153  -

= thenumber of minutes  r ep re sen ted  by 
1 inch on the time sca le ;

= the a r e a  under the Le tha l i ty  curve in 

square  inches;

= the number of "Z unit"  changes that were

made to change the number  of the top l ine  

f rom 250°F to the de s i r ed  number;

= the number  of inches f rom the bottom line  

to the top l ine .

The r esu l t s  f o r  the F Q va lues  have been summar ized  in 

table 3 .20 ) .  The tab le  al so  contains the ave rage  f i g ur e s

of the pHs fo r  the vegetab le  p roducts .

in which

m

A

n
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P r o d u c t  T y p e Can T y p e A v e r  ag e 
PH

Com e-Up 
T im e  
(m in s )

A re a  U n d er 
L e t h a l i t y  
C u r v e  

S q . i n s .

P r o c e s s  in g  
T im e  

(F / M in )

GARDEN

EGGS

A l

A2*s
5 .6

3 2 .5  

42 .5

5 . 78 

9 . 09

0 . 78

1 . 24

PEPPER

PUREE

8 3
4 .8

41

1 2 0 .0

- = 0 .0  

0 .0

BAMBARA A 2*s - -

BEANS 8 3 4 .0 15 .7 6 18 . 9

OKRO IN  

SAUCE

A l
5 .1

24 . 0 7 .5 4 1 .0 3

WHOLE
TOMATO A2% 3 .7 3 4 .0 1 . 71 0 . 26



From the pH r e s u l t s ,  the vegetab le  products can be 

cons ide re d  l ow acid foods;  the o rgan ism Clost r idum botu -  

l inum can t he re f o re  g r o w  and produce toxin in these p r o ­

ducts,,

Stumbo (26) has ca lcu la ted  that f o r  such low acid foods  

a minimum heat p r o c e s s  of F Q = 2.52 is r e q u i re d  to e l i m i ­

nate C los t r id ium botul inum sp or e s .

A compa r i so n  of the F q va lues  obtained f rom the l e th a ­

l i ty cur ves  ( table 3 .20 )  indicate that most of the ve g et a ­

b le  p roducts  are inadequate ly  p r o c e s s e d .  For  Garden  

E ggs  in A l  cans the F Q value was only 0.78 whi le the same  

product  in A 2 j  and 8Z cans had no F Q value;  Okro in A l  cans  

had an F Q of 1 .03.

These r es u l t s  t he re f o re  suppor t the r esu l t s  of the m i ­

c r o b i o lo g i c a l  examinat ion,  (Sect ions 3 „ l s 3 .2 ,  3 .3 )  which 

showed that these veg etab le  p roducts  are u n de rpr ocess ed .

The F q va lues  obtained fo r  the products are l e s s  than the 

minimum req u i re d  to prevent  the occur r ence  of botul inum 

po i son ing .

Some of the thermophi l i c  m i c r o or ga n i s m s  i so l a ted  from  

the canned p roducts  (Section 3 .3 )  are much more heat r e ­

s is tant  than Cl .  botul inum.  To prevent  spoi l age  from

-  165  -
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such thermophi l i c  o rg an i s m s  Stumbo (26)  has ca lcu la ted  

a s e v e r e r  heat p r o c e s s  fo r  them (F = 19).  It can be seen  

that the F Q va lues  obtained fo r  these products are f a r  

l e s s  than req u i re d  to p revent  spoi l age  f rom th e rm o p h i l e s .
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4. CO NC L US IO N

4.1 CONCLUSIONS FROM THE EXPERIMENTAL WORK

It was shown in the L i t e r a t u r e  Rev iew  that as a 

r es u l t  of im pr op er  appl i ca tion of p r o ce s s in g  technology  

high sp o i l age  ra tes  oc cu r r ed  in the canned vegetab le  p r o ­

ducts and indus t r i e s  operated at low e f f i c i e ncy .  The 

causes  of sp o i l age  in 5 canned vegetab le  products ( B a m ­

b a r a  in Tomato Sauce,  Okro in Sauce,  Garden Eggs  in 

B r i n e ,  Pepp er  Pure e  and Whole Tomato in tomato ju ice )  

were t he re fo r e  studied in this work.

L e a k e r  spoi l age  was shown to be a ma jo r  source  of 

spo i l age  in the canned veg etab les  and it oc cur red  as a 

r es u l t  of defect s in mainly the Double Seams and Side 

Seams .  The de fec ts  in Double Seams were  a s s es se d  by 

dete rmining  Seam Compactness ;  ( i . e .  F r ee  Space and 

Per ce nt  O v e r l a p ) .  How ev er ,  owing to an in i t i a l l y  high 

negative  co r r e l a t i o n  obtained between Free  Space and 

P erc en t  O v e r l a p ,  F r e e  Space was used as a sole  measure  

of Seam Compac tnes s ,  and fo r  the ease  and n o n - d e s t r u c ­

t i veness  in its de te rminat ion .



It was concluded f rom the analys is  of F r ee  Space d i s ­

t r ibut ions  that the Seaming Opera tion in use at the f a c t o r i e s  

tended to p roduce cans with l oose  double seams  ( i . e .  L a rg e  

Fr e e  Space)  which consequently  led to l eakag e .

Fr e e  Space was al so  appl i ed to p red ic t  when leakage  

would o ccu r .  In this r es pec t  F r e e  Space l im i t s  were  s ta ­

t i s t i c a l l y  de f ined based  on the rate of spoi l age r ec ord ed  

at the f a c t o r i e s ;  and the p r o bab i l i t y  that leakage would 

occur  in cans with Fr e e  Space within these l imi t s  were  

ca lc u la te d .  It was demonstrated  that,  fo r  example ,  an A l  

(16 ounce )  can with Fr ee  Space equal  to or g r e a t e r  than 

11.8 there  was 87.7% chance of l eak ing ;  whi le  there  was  

70.1% chance that it would l eak  of its F r e e  Space was equal  

to or exceeded 11 .1 .  It was cons idered  that the use of 

Fr ee  Space in this  manner  would a f fo rd means fo r  check ­

ing de fec t ive  double seams  and hence p revent  l eakage  in 

the f a c t o r i e s .  Since the de te rminat ion of F ree  Space was  

n o n - de s t ru ct iv e ,  the Fr ee  Space of the cans could be moni ­

tored and kept within sound l im i t s  in o rder  to prevent  the 

occu r r en ce  of l e ak er  spoi l age  in the p roducts .

-  1 5 8  -



Defect ive  side seams  were  also shown to be important  

as causes  of l e ak a g e ,  and an average  of 2 0 % of the cans  

examined had de fec t ive  s ide se am s ,  The p ro b l em s  of the 

lap jo ints were  mainly  inadequate s o ld e r  which resu l ted  in 

channel s and pores  in the j o in t s .  The channels  and pores  

consequent ly  became opera t ive  s it es  f o r  l e aka ge .  Hook 

defec ts  were  however  demonstrated  to be ins i gn i f i cant  as 

causes  of leakage,,

A high in i t i a l  b a c t e r i a l  load in the raw m at e r i a l s  be fo r e  

re to r t i ng  was con s idered  to be one of the causes  of unde r ­

p r o c e s s i n g .  The r es u l t s  showed that veg etab les  produced  

in the t rop i cs  may contain a higher  spore load compared  

with those p roduced  in tempera te  count r i es .  It was also

shown that de lays  that oc cur red  on the p r o c e s s in g  l ines  
Q

could re s u l t  i n |_10 -  1 0 0  fo ld in c re as e  in the in i t i a l  b a c ­

te r i a l  popul a t ion0 The conc lus ions  suggest  that s e v e r e r  

heat p r o c e s s e s  might be needed in o rd er  to p revent  under ­

p r o c e s s in g  of the vegetab le  p roducts .

The r es u l t s  of the heat p r o c e s s  eva luat ion conf i rmed  

the inadequacy  of the heat p r o c e s s e s  in use at the f a c t o r i e s *  

A l l  the F 0 va lues  were  l e s s  than F = 2.52 which is  the min i ­

mum heat p rocess  req u i re d  to des t roy  Cl .  botul inum spores

159.



in canned foods*  For  the p revent ion of spoi l age f rom t h e r ­

mophi l i c  s p o r e s ,  a higher  heat p r o ce s s  F 0 = 19.00 has 

been sugges ted (26) ,  it is apparent  there fo r e  that apart  

f rom the heat p r o c e s s e s  being inadequate to prevent  s p o i l ­

age,  the vegetab le  products are a potential  health hazard  

to co ns u mers .

M i c r o b i o lo g i c a l  examinat ion of the canned veg etab les  

r e ve a l e d  the p r es en ce  of v i ab le  o rga n i sm s  in the p roducts .

A p r e l i m i n a r y  identi f i ca t ion indicated that these spoi lage  

org an i s m s  were  mainly memb er s  of the spore fo rming  B a c i ­

l l ac ea e  f a m i ly .

Or ga n i sm s  ident i f i ed  included

a) B ac i l l u s  po lymyxa

b) Bacillus stearothermophilus

c ) B ac i l l u s  coagulans

d ) B a c i l l u s  ce reus

e ) B ac i l l u s  macerans

f ) C los t r id ium  therm os accharolyt icum

g) C los t r id ium hi stolyt icum

The pre sen ce  of these s p o r e - f o r m i n g  o rga n i s ms  in h e r ­

met ica l l y  sea led  cans was cons idered  to suggest  that the heat



p r o c e s s e s  g iven to the v eg eta b l es  were  not adequate enough 

to des t roy  these spoi l age  microorgan i sms , ,  G ro ss  und er -  

pr o c e s s in g  was fu r t he r  conf i rmed by the occ ur rence  of 

re l a t i v e  l ow  heat r es i s t an t  sp ores  of Bac i l lus  po lymyxa .  

B ac i l l u s  ce reus  and C los t r id ium h i s to ly t i cum .

The B ac i l l u s  sp ec ies  B.  po ly m yx a , B „ s te a ro the rm op hi -  

lus and B„ Coagu lans  were  found to be the most common  

spo i l age  o rg an i s m s  in the vegetab le  products, ,

These conc lus ions sugges t  there fo r e  an urgent  need 

f o r  the int roduct ion of new heat p r o c e s s e s  to rep la ce  ex i st ing  

ones and the inst itut ion of mea su r es  to prevent  the growth  

and mult ip l ica tion of m i c r o - o r g a n i s m s  in the p r e - r e t o r t i n g  

food m a t e r i a l s  in o rd er  to prevent  l o ss e s  due to spoi l age  

of the canned p roducts  and to protec t  the health of con sumers .

4. 2 PROCESS  I M P R O V E M E N T S

Following the above conc lus ions  new heat p r o c e s s e s  

have been def ined based  on r es u l t s  of this work ,  to help 

the vegetab le  p r o ce s s in g  indus t r i e s  improve their  p r o c e s ­

sing conditions,.

Us ing the r esu l t s  of Section 3„402f the average  

maximum number  of o rga n i s ms  in the raw  vegeta b l es  was

l 6 l .
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ca lcu la ted  as 2, 000 sp or e s/ g ra m  and since most of the 

s por es  identi f i ed  were  mesoph i l i c  s p o r e - f o r m e r s  (Section  

3 . 3 . 2 )  they were  ass igned  an ave rage  D va lue of 2.

Thi s  in fo rmat ion  was then used to ca lcula te  the mi n i ­

mum heat p r o ce s s  ( F Q) r e q u i re d  to prevent  10~5 (26) i n c i ­

dence of sp o i l age  in the canned vegetab le  p roducts .  F 0 in 

this r es pe c t  was taken as F Q = D 2 5 0  ( *0£ a ~ k) where a 

and b a r e  the in i t i a l  and f inal  concentrat ions  of ba c te r i a l  

s por es  in a g iven volume of food ma te r i a l  (26) .  The mi n i ­

mum F Q value  thus ca l cula ted  equal l ed  F Q = 21.

To attain this marg in  of safety ( i . e .  One contaminated  

— 5can in 10 cans )  the vegetab le  products must be p ro ce s s ed  

at the fo l l ow ing  :

1. Garden Eggs  with br ine  in A l  can;

30 -  40 minutes  at 250°F

2. Garden Eggs  with b r ine  in A 2 j  can;

45-48 minutes  at 250°F

3. B am ba r a  Beans with Sauce in 8Z can;

28 -  30 minute at 250°F

4. Whole Tomato with tomato ju ice  in A2^ can;

32 -  35 minutes at 250°F .



5* Okro with sauce in A l  can 

42-44 minutes  at 250°F

6 . Pepp er  puree in 8Z can 

52-55 minutes  at 250°F

7. Pepp er  puree  in 32Z can 

85-90 minutes  at 250°F .

4 .3  SUGGESTION FOR FUTURE INVESTIGATION

F u rt he r  work on thermophi l i c  sp ore s  i so l a ted  under  

t rop i ca l  condit ions may be needed to def ine more  meaning­

ful  heat p r o c e s s e s  to suit  t rop i ca l  therma l  processes . ,  

In formation on the l e v e l s  of C los t r id ium  botul inum and 

a l l i ed  thermophi l e s  could be used in def ining minimum  

heat p r o c e s s  ( e . g .  F Q = 2 .52,  the p r ese nt  minimum heat 

p r o ce s s  fo r  l ow acid canned foods was es tab l i shed  based  

on the l e v e l s  of C l .  botul inum in tempera te  raw materials). 

The therma l  r es i s t an ce  of these sp ores  would al so  be 

req u i re d  fo r  s im i l a r  purpo se .



POSTCRIPT

It had not been p o ss i b l e  to conduct a more com­

preh en s iv e  study of the m i c r o b ia l  l e v e l s  in al l  the raw  

veg et ab le s  inves t i ga ted  in the p r esent  work .

It was indicated in Section 1 . 1 . 4  of the L i t e r a t u r e  

Rev iew  that the main ob jec tive of the work was to study  

the end p roducts  of the f ru i t  and vegetab le  indiistr ies in 

the country and to f ind out the causes  of spoi l age  in their 

prod uct s .  As  the work  p r o g r e s s e d ,  it became obvious  

that one of the causes  of u nd er pr oc ess in g  was a high 

l eve l  p r e - p r o c e s s i n g  b a c t e r i a l  contamination in the raw  

veg etab le  s .

It was however  not p o ss i b l e  to conduct a com prehen ­

s ive study of the m i c r o b ia l  l e v e l s  in the raw  vegetables  b e ­

cause of three l im i ta t ions  to the p resent  work.

(1) The three  main f ru i t  and vegetab le  f a c t o r i e s  

whose p roducts  were  invest i ga ted  are s ituated in d i f f e rent  

a r ea s  of the count ry,  far from each other .

(2)  The raw  ve ge tab le s  which they use are purchased  

at depots which have been spread throughout the country.  

The ve ge tab le s  are harves ted  s ea so na l ly  and are the re fo re  

pr o c e s s e d  only dur ing the se  short  pe r io ds  in the ye ar .



(3) The p r a c t i c a l  aspects of the p resent  work  

were  supposed to be comple ted within one ye ar .

Under  these c i rcum st anc es  it was not poss ib l e  

to obtain rep re se nt a t iv e  samples  of the raw  veget ab l es  

f o r  an a ly s i s ,  within the pe r io d  of the p resen t  p r o je c t .

Fur t he r  work is  however  continuing at the Ghana  

Standards  B oa rd  L a b o r a t o r i e s  to obtain the req u i r ed  

in fo rmat ion  on the m i c r o b ia l  l e ve l s  in the raw  v eg et a ­

b l e s .



MEDIA FORMULATIONS & COMPOSITION .

1.1 Dextrose -  Tryptone Yeast Extract

Agar

Dextrose -  5 gm.

Tryptone -  10 gm.

Yeast Extract ,  -  1 gm.

Dipotassium phosphate 1.25 gm.

D i s t i l l e d  water -  1000 gm.

1.2 N i t r i t e  Test Reagents 

Solut ion A

0.8% su l phan i l i c  ac id in  5 N facet i c  acid.

1.3 Starch Agar

Potato starch -  10 gm.

D i s t i l l e d  water  -  50 gm.

Nut rient  agar  -  1000 ml.

1.4 Le c i t h o v i t e l l i n  agar  (LV agar)

Egg yolk (4 eggs)

NaCl 0.85% solut ion 1000 ml.

Beat the yolk in sa l ine  solut ion and f i l t e r  with  

k isse lguhr  through a bac te r i a - p ro o f  f i l t e r .  Add 100 ml.  

thi s  so lu t ion to 900 ml. o f  nutr i ent  agar .

Appendix I



Appendix 2 8Z CANS FREQUENCY DISTRIBUTION 
OF FREE SPACE

Class In te rva l  
(Free Space)

Class Mid 
Points

Frequency Cans With 
F lat  Ends

Cans With 
Swel led End

0.1
1.6
3.1
4.6
6.1
7.6 
9.1

10.6 
12.1 
13.6 
15.1 
16.5 
18 . 1

1.5
3.0
4.5
6 . 0
7.5 
9.0

10 .5 
12.0
13.5
15.0
16.5
18.0
19.5

Totals

Percentages

0.75
2.25
3.75
5 .25
6 .75 
8 .25
9.75

11.25
12.75 
14 .25
15.75
17.25
18.75

6
5
7

20
23
21
10
5
7
4
2
2
1

113

100%

6
5
7

20
23
21
10

5
6 
3

106

93.8% 6 . 2 %



Appendix 3 :

Al  CANS, FREQUENCY DISTRIBUTION

Class Inte rva l s  
(Free Space)

Class  Mid 
Points (x)

Frequency Cans With 
F la t  Ends

Cans With 
Swelled Ends

0 -  1.5 0 .75 4 4 _
1.5 -  3.0 2.25 5 5 -

3.1 -  4.5 3.75 19 19 -

4.6 = -  6.0 5.25 2 1 20 1
6.1 -  7.5 6 .75 23 23 -

7.6 -  9.0 8 .25 17 16 1
9.1 -10.5 9 .75 1 1 9 2

1 0 .6  - 1 2 .0 11.25 7 4 3
12.1 -13.5 12.75 3 - 3
13.6 -15.0 14 .25 3 - 3
15.1 -  16.5 15.7 5 1 “ 1

Total 114 100 14

Percentage 10 0 % 87.7% 12.3%
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Appendix 4: A2% CANS, FREQUENCY DISTRIBUTION 
OF FREE SPACE

Class  Inte rva l  
(Free Space)

Class Mid 
Point (x)

Frequency Cans With 
F l a t  End

Cans With 
Swel led Ends

0
1.6
3.1
4.6
6.1
7.6

1.5
3.0
4.5
6 . 0
7.5 
9.0

9.1 -10.5  
10.6  - 12.0
12.1 -13.5
13.6 -15.0
15.1 -16.5
16.6 -18.0

Tota l

Percentage

0.75
2.25 
3.75
5.25 
6 .75
8 .25
9 .75

11.25
12.75 
14 .25
15.75
17.25

0
5

11
16
20
14
13
10
7
5
2
1

104

100%

0
5

11
16
20
13
10

93 11

89 .5% 10.5%

1
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Appendix 5

RA TE  OF GROWTH BAC ILLU S PO LYM YXA
IN (yARQEN EGGS EX TR ACT

9 .
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o 4 R 12 16 20

TIM E IN HOURS

Key  to Appendices 5 - 1 0

........  Nutrient Broth
_  M «• -f 10% Extract
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Appendix 6

R A TE  OF GROWTH BAC ILLU S POLYM YXA
IN PE PPE R  EX TR AC T
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Appendix 7

OF GROW TH B AC ILLU S PO LYM YXA 
IN BAM BARA MIL.K~ “
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A ppendix 8

RA TE  OF GROWTH CLOSTRIDIUM H ISTOLVTin. iim
IN BAM BARA M ILK
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Appendix 9

R A TE  OF GROWTH CLOSTRIDIUM HISTOI Y T im  ia/>
IN PE PPE R  EXTRACT

9

TIM E (HOURS)



Appendix 10

RATE  OF GROWTH CLO STRIDIUM HISTOI v n n
IN GARDEN E R fiq

T IM E (HOURS)
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Appendix 12

L E T H A L IT Y  CURVE : GARDEN EGGS IN A1 CAN
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L E T H A L IT Y  CURVE : WHOLE TOM ATO IN A2%  CAN

Appendix 13

TIM E IN M INUTES
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L E T H A L IT Y  CURVE ; GARDEN EGGS IN A2^ CAN
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