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REVIEW J .  F o o d  S e i  T e c h n o L ,  1 9 9 3 ,  V o l  3 0 ,  N o . 6 ,  3 9 1 - 4 0 2

Methods for Concentration of Fruit Ju ic e s  
A  Critical Evaluation

R . S . R A M T E K E *, N . I. SENGH, M . N . R E K H A  A N D  W . E . EE PESO N
D e p a r tm e n t o f  F ru it a n d  V e g e ta b le  T e c h n o lo g y ,

C en tra l F o o d  T e c h n o lo g ic a l R e se a r c h  I n s t itu te , M y s o r e -5 7 0  0 1 3 ,  In d ia .
Concentration of fruit juices, a major unit operation in fruit processing industry, is of critical importance as 

it determines the quality of the final product. Few commercially feasible methods include vacuum evaporation, freeze 
- concentration and membrane processes such as osmosis, reverse osmosis and ultrafiltration. Even though considerable 
developments have taken place in all these concentration methods, evaporation is still the most developed and widely 
followed me.hod. With the numerous types of evaporators available today, the selection of suitable evaporator for 
individual frjit juice concentration is an important step. Different criteria such as heat sensitivity, fouling and viscosity, 
which aid in selection of evaporator, have been discussed. Aroma recovery has become an integral part of fruit juice 
concentration process. Various commercial aroma recovery equipments are described and the comparative evaluation 
of different concentration processes is delineated.
Keywords : Fruit juice concentration, Frceze-concentration, Reverse osmosis, Ultrafiltration, Evaporative concentration,

Aroma recovery.

F ru it ju ic e  c o n c e n tr a t e s  a re  v a lu a b le  s e m i
f in ish e d  p r o d u c ts  for u s e  in  th e  p r o d u c tio n  o f fru it  
ju ic e s ,  fru it ju ic e  b e v e r a g e s  a n d  fru it ju ic e  p o w d e r s  
(S u lc  1 9 8 4 ). T h e  m o s t  c o m m o n  a n d  c o n v e n ie n t  
m o d e in  w h ic h  fr u its  are p r o c e s s e d  a n d  p r e se r v e d , 
is  th e  form  o f  fru it j u i c e s / p u l p s  ( p u r e e s ) .  H ow ever , 
p r e se r v a t io n  o f  s in g le  s tr e n g th  j u ic e s  i s  n o t  
ec o n o m ic a l, s in c e  th e  w a te r  c o n t e n t  o f  fru it j u ic e s  
is  v ery  h ig h  (a b o u t 7 5  to  90% ) (Y oun g 1 9 7 5 ).  
C o n c e n tr a tio n  o f  fru it j u ic e s  n o t  o n ly  p r o v id e s  
m icro b io lo g ica l s ta b ility , b u t  a ls o  p e r m its  e c o n o m y  
in  p a c k a g in g , tr a n sp o r ta t io n  a n d  d is tr ib u tio n  o f  th e  
f in ish e d  p r o d u c t d u e  to  r e d u c t io n  in  b u lk  b y  w e ig h t  
a n d  v o lu m e  (L ab u za  1 9 7 0 ).

F ru it ju ic e  c o n c e n tr a t io n  c a n  b e  d e sc r ib e d  a s  
a se p a r a tio n  p r o c e s s  a n d  fo r m s o n e  o f  th e  b a s ic  
u n it o p e r a t io n s  o f  fru it te c h n o lo g y . In  c o n c e n tr a t io n  
p r o c e s s e s ,  th e  s o l id s  c o n t e n t  i s  in c r e a s e d  u p to  6 5  
to  75%  so  th a t th e  f in a l p r o d u c t i s  s t ill  in  liq u id  
form  (S u lc  1 9 8 4 ). D u r in g  th e  la s t  s ix ty  y e a r s ,  
sev era l m e th o d s  for c o n c e n tr a t io n  o f  liq u id  f lu id s  
h a v e  b e e n  d e v e lo p ed . A m o n g  th e s e ,  ev a p o ra tiv e  
c o n c e n tr a t io n , fr e e z e -c o n c e n tr a t io n  a n d  m e m b r a n e  
c o n c e n t r a t io n  ( r e v e r s e  o s m o s i s )  h a v e  f o u n d  
co m m e r c ia l a p p lic a t io n  for d ifferen t fru it j u ic e s  
(T h ijsse n  1 9 75 ; B o m b e n  e t  al. 1 9 7 3 ; V a n  P e lt 1 9 84 ;  
S u lc  1 9 8 4 ). T h e  m e th o d s  for c o n c e n tr a t io n  o f  fru it  
ju ic e s  are  cr itic a lly  e v a lu a te d  in  th e  p r e s e n t  rev iew .
F r e e z e - c o n c e n t r a t io n

F r e e z e -c o n c e n tr a t io n  o f  fru it j u ic e s  i s  a  co ld , 
g e n t le  a n d  se le c t iv e  c o n c e n tr a t io n  p r o c e d u r e , in
* C o rre sp o n d in g  A u th o r

w h ic h  tw o  d is t in c t iv e  s t e p s ,  v iz . ic e  c r y s ta lliz a t io n  
a n d  ice  s e p a r a t io n  fro m  c o n c e n tr a te  p h a s e  are  
in v o lv ed  (D e s h p a n d e  e t  a l. 1 9 8 4 ). In  th e  fir s t  s ta g e ,  
fru it ju ic e  i s  s u p e r -c o o le d  b e lo w  its  fr e e z in g  p o in t  
to  a llo w  w a te r  to  s e p a r a te  a s  ic e  c r y s ta ls .  In  th e  
s e c o n d  s ta g e , th e  ice  c r y s ta ls  a re  s e p a r a te d  from  
th e  c o n c e n tr a te d  fru it j u ic e s .  S e v e r a l fa c to r s  a ffect  
th e  ic e -c r y s ta l  s e p a r a t io n  e ffic ie n c y , th e  fo rem o st  
b e in g  th e  v is c o s ity  o f  th e  s lu r r y  a n d  th e  ic e -c r y s ta l  
d ia m  (V an P elt 1 9 8 1 ). A  ty p ic a l fr e e z e -c o n c e n tr a t io n  
s y s t e m  c o n s i s t s  o f  tw o  m a in  c o m p o n e n ts  v iz . a) 
c r y s ta lliz e r , b) s e p a r a t io n  d e v ice .
C r y s t a l l i z a t io n  in  f r e e z e - c o n c e n t r a t io n

D i r e c t  c o n t a c t  c r y s t a l l i z e r  : It c o o ls  th e  in c o m in g  
feed  d u e  to  c o n ta c t  w ith  th e  re fr ig era n t a n d  h a s  
a d v a n ta g e s  o v er  in d ir e c t  c o n t a c t  c r y s ta lliz e r . For  
e x a m p le , it e l im in a te s  c o o lin g  w a ll, w h ic h  r e d u c e s  
th e  ra te  o f  h e a t  tr a n s fe r  a n d  c o n s e q u e n t ly  th e  u s e  
o f  e x p e n s iv e  s c r a p e d  s u r fa c e  h e a t  e x c h a n g e r , a n d  
a ls o  lo w e r s  th e  p o w er  c o n s u m p t io n  (T h ijs se n  1 9 7 5 ). 
T h is , h o w ev er , r e q u ir e s  o p e r a t io n  o f  th e  c r y s ta lliz e r  
u n d e r  h ig h  v a c u u m , a n d  c o m p r e s s in g  large  v o lu m e s  
o f  v a p o u r  a t  lo w  p r e s s u r e s .  B e s id e s ,  th e  d irec t  
c o n ta c t  c r y s ta lliz e r s  a re  m o s t ly  u s e d  for n o n -fo o d  
a p p lic a t io n s , s in c e  it i s  n o t  d e s ir a b le  to  a llo w  
m ix in g  o f  th e  re fr ig era n t w ith  th e  fo o d  p r o d u c t.

I n d i r e c t  c o n t a c t  c r y s t a l l i z e r s  : T h e s e  h a v e  fo u n d  
w id e  a p p lic a t io n s  in  fo o d  in d u s tr y  (M u ller  1 967 ;  
T h ijs s e n  1 9 7 5 ). T h e s e  c a n  b e  d iv id ed  in to  tw o  
c la s s e s ,  b a s e d  o n  th e  ty p e  o f  th e  in d ir e c t  h e a t  
tr a n s fe r  m e th o d  in v o lv e d  v iz . ,  in te r n a l ly  a n d  
e x te r n a lly  c o o le d  c r y s ta l liz e r s  (D e s h p a n d e  e t al.
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1 9 8 4 ). In  th e  in te r n a lly  c o o le d  c r y s ta lliz e r s , th e  h e a t  
o f  c r y s ta lliz a tio n  is  re m o v e d  th r o u g h  th e  w a ll o f  
crysta llizer . T h e ex tern a lly  c o o le d  c ry sta llizers  op era te  
o n  th e  a d ia b a tic  p r in c ip le , in  w h ic h  h e a t  i s  rem o v ed  
from  o u ts id e  th e  c r y s ta l g ro w th  s e c t io n .

I n te r n a lly  c o o le d  c r y s ta l l iz e r s  a re  fu r th e r  
c la s s if ie d  in to  (1) c r y s ta lliz e r s  p r o d u c in g  a  so lid ified  
or a lm o st  so lid ified  s u s p e n s io n  a n d  (2) c r y s ta lliz e r s  
p r o d u c in g  p u m p a b le  s lu r r ie s ,  i .e . ,  s u s p e n s io n  
cry sta lliz e r  (M uller 1 9 6 7 ).

E x te r n a lly  c o o le d  c r y s ta lliz e r s  c a n  b e  s u b 
d iv id ed  in to  th r e e  ty p e s . T h e  fir st  ty p e  in v o lv e s  
s u p e r - c o o l in g  o f  t h e  f e e d  s t r e a m  to  a v o id  
h e te r o g e n e o u s  c r y s ta lliz a t io n  w ith in  th e  c r y sta llizer . 
To m in im is e  th e  c h a n g e  o f  p r im a ry  n u c le a t io n  a n d  
c r y s ta lliz a tio n  in  th e  h e a t  e x c h a n g e , w h ic h  m a y  
c a u s e  a c o m p le te  b lo c k a g e  o f  th e  liq u id  p a th , th e  
w a ll o f  th e  h e a t  e x c h a n g e r  c o n ta c t in g  th e  p r o c e s s  
liq u id  m u s t  b e  h ig h ly  p o lish e d  (D e s h p a n d e  e t  al. 
1 9 8 4 ). In th e  s e c o n d  ty p e  o f  c r y s ta lliz e r , th e  en tir e  
feed  is  r e c ir c u la te d  from  th e  c r y s ta lliz e r  to  th e  h e a t  
e x c h a n g e r . T h e  r e s id e n c e  t im e  o f  th e  c r y s ta ls  in  
th e  h e a t  e x c h a n g e r  is  g e n e r a lly  sh o r t , a s  c o m p a r e d  
to  th a t  in  th e  c r y sta llizer . T h e  lo n g e r  r e s id e n c e  t im e  
in  th e  c r y sta lliz e r  a llo w s  p r o p er  c r y s ta l g ro w th  
(T h ijsse n  1 9 7 5 ). T h e  th ird  ty p e  o f  cr y sta lliz e r , in  
w h ic h  n u c le a t io n  a n d  c r y s ta l g ro w th  s e c t io n s  are  
se p a r a te d , th e  h e a t  f lu x  th r o u g h  th e  w a ll  o f  sc r a p e d  
h e a t  e x c h a n g e r  is  v ery  h ig h . T h is  r e s u lt s  in  a  v ery  
stro n g  n u c le a t io n  w h ic h , in  tu rn , l im its  th e  r e s id e n c e  
tim e  to  o n ly  a  few  s e c o n d s  (V an P elt 1 9 8 1 ). 
T h e s lu r r y  c o n ta in in g  th e  sm a ll  ic e -c r y s ta ls  is  th e n  
fed  c o n t in u o u s ly  to  a  r ip e n in g  c r y s ta lliz e r . R ip e n in g  
is  b a s e d  o n  th e  fa c t th a t  th e  m e a n  b u lk  te m p e r a tu r e  
o f  th e  l iq u id  s e t t l e s  to  th e  v a lu e s  b e tw e e n  
th e  e x tr e m e  v a lu e s  o f  t h e  v a r io u s  m e l t in g  
te m p e r a tu r e s  o f  th e  c r y s ta ls  a n d  n u c le i , w h e n  th e  
s m a lle r  ic e d  c r y s ta ls  are m ix e d  in  th e  s u s p e n s io n  
(V an P elt 1 9 8 1 ). T h is  r e s u lt s  in  a  d r iv in g  fo rce  for  
th e  g ro w th  o f  larger  c r y s ta ls  a n d  for th e  m e lt in g  
o f sm a lle r  c r y s ta ls . T h e  r ip e n in g  c r y s ta lliz e r  h a s  
b e e n  d e v e lo p ed  to  a  c o m m e r c ia l s c a le  (G ren co
19 72 ).
I c e - c o n c e n t r a t e  s e p a r a t io n  d e v i c e s

T h e  c o m m e r ic a l  a p p l i c a b i l i t y  o f  f r e e z e -  
c o n c e n tr a t io n  large ly  d e p e n d s  o n  th e  e f fe c t iv e n e s s  
o f ic e -c o n c e n tr a te  se p a r a t io n . T h e  se p a r a t io n  c a n  
b e  p erfo rm ed  e ith e r  b a tc h -w is e  or c o n t in u o u s ly  in  
p r e s s e s ,  filter in g  c e n tr ifu g e s , w a s h  c o lu m n s  or  
c o m b in a tio n  o f  th e s e  d e v ic e s  (T h ijsse n  1 9 74 ).

F ilter  p r e s s e s  h a v e  p rov ed  le s s  e ffe c tiv e  for  
c r y s ta l se p a r a t io n . T h e  lo s s  o f  d is so lv e d  s o lid s  is

p r im a rily  d e te r m in e d  b y  th e  a m o u n t  o f  l iq u id  th a t  
r e m a in s  o c c lu d e d  in  th e  c o m p r e s s e d  ic e  c a k e s .  At 
a  p r e s s u r e  o f  u p to  10  k g / c m 2, a b o u t  0 .6  k g  liq u id  
r e m a in s  o c c lu d e d  p e r  k g  ic e  (K u iv e n h o v e n  1 9 6 6 ). 
D iss o lv e d  s o l id s  c a n n o t  b e  e a s i ly  r e m o v e d  b y  w a s h  
p r o c e s s  e v e n  a fter  g r in d in g  th e  c a k e .

C e n tr ifu g e s  c a n  p rov id e  fo r c e s  u p to  1 0 0 0  X g ,  
b y  w h ic h  th e  ic e -c r y s ta ls  are  s e p a r a te d  fro m  th e  
c o n c e n tr a te  d u e  to  d iffe r e n c e  in  d e n s i ty  b e tw e e n  
l iq u id  a n d  so lid  p h a s e s .  L o s s e s  o f  c o n c e n tr a te  
d e p e n d  o n  th e  c o n te n t  o f  dry  s o l id s  a n d  c o n c e n tr a te  
v is c o s ity  (D e s h p a n d e  e t  a l. 1 9 8 4 ). A  c o r r e la t io n  
b e tw e e n  l o s s  o f  c o n c e n tr a t e  a n d  c e n tr ifu g in g  
a c c e le r a t io n  h a s  b e e n  s tu d ie d  b y  P a n k o v ic  a n d  G erl 
(1 9 6 2 ) . A  s e r io u s  d is a d v a n ta g e  o f  c e n tr ifu g e s  i s  th e  
a ro m a  lo s s ,  s in c e  th e y  m u s t  b e  o p e r a te d  w ith  a  
g a s  h e a d s p a c e  in to  w h ic h  th e  v o la t i le s  c a n  e s c a p e  
(B o m b en  e t  a l. 1 9 7 3 ).

W a sh  c o lu m n s  p ro v id e  a  p e r fe c t  s e p a r a t io n  o f  
ic e  a n d  liq u id  w ith o u t  a n y  d ilu t io n . B e c a u s e  th e  
w a s h  c o lu m n s  a re  c lo s e d  a n d  o p e r a te  w ith o u t  a  
h e a d s p a c e , a r o m a  lo s s e s  are  v ir tu a lly  zer o  (T h ijs se n
1 9 7 4 ). F or ic e -c o n c e n tr a te  s e p a r a t io n , th e  s lu r r y  is  
fo rced  th r o u g h  o n e  e n d  o f  th e  c o lu m n , w h e r e  th e  
ic e  c r y s ta ls  are  s e p a r a te d  fro m  th e  c o n c e n tr a te  b y  
c r e a t in g  a  c o u n te r -c u r r e n t  m o t io n  b e tw e e n  m e lt in g  
c r y s ta ls  a n d  c r y s ta lliz in g  liq u id . S e v e r a l w a s h  
c o lu m n s  tr ied  for liq u id  fo o d s  h a v e  b e e n  d e sc r ib e d  
in  th e  lite r a tu r e  (V o s tm a n  a n d  T h ij s s e n  1 9 7 2 ;  
T h ijs s e n  1 9 7 4 , 1 9 7 5 ).

T h e  m o s t  e c o n o m ic a l  m e th o d  for ic e  s e p a r a t io n  
c o u ld  b e  th e  c o m b in a t io n  o f  a  p r e s s  a n d  w a s h  
c o lu m n  (T h ijsse n  1 9 7 5 ). T h e  c o n c e n tr a te d  s lu r r y  
le a v in g  th e  c r y s ta lliz e r  i s  p a r tly  s e p a r a te d  in  a  
p r e s s . T h e  ice  c a k e , s t i ll  c o n ta in in g  a b o u t  40%  
o c c lu d e d  c o n c e n tr a te , i s  th e r e u p o n  d is p e r s e d  in  
th e  fe e d  to  th e  s y s t e m . T h e  d i lu te d  ic e  i s  th e n  
c o m p le te ly  s e p a r a te d  in  a  w a s h  c o lu m n , a n d  th e  
l iq u id  s e p a r a te d  from  th e  ic e  i s  fed  b a c k  to  th e  
c r y sta llizer .
R e c e n t  d e v e lo p m e n t s  a n d  p r e s e n t  s t a t u s

M ost o f th e  r e c e n t  d e v e lo p m e n ts  h a v e  b e e n  
a im e d  a t o v e r c o m in g  th e  d r a w b a c k s  o f  s in g le  s ta g e  
fr e e z e -c o n c e n tr a tio n  m e th o d . T h e  s in g le  s ta g e  freeze-  
c o n c e n tr a t io n  m e th o d  c o n s i s t s  o f  o n e  c r y s ta l liz a t io n  
a n d  o n e  s e p a r a t io n  s te p . D u e  to  t h is ,  s e p a r a t io n  
o f  ice  c r y s ta ls  b e c o m e s  d ifficu lt , a s  a  r e su lt  o f  
in c r e a s e d  v is c o s ity  o f  th e  e n d  c o n c e n tr a te . O n  th e  
o th e r  h a n d , in  th e  m u lt i - s ta g e  fr e e z e -c o n c e n tr a t io n  
p r o c e s s , th e  ic e -c r y s ta ls  a re  s e p a r a te d  o u t  a t th e  
e n d  o f  e a c h  c y c le  a n d  th e  r e m a in in g  c o n c e n tr a te  
is  fed  to  th e  s u c c e e d in g  c r y s ta l liz in g  c o m p a r tm e n ts
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(D e sh p a n d e  e t al. 1 9 8 4 ). T h u s , in  a  c o n t in u o u s  
o p era tio n , th e  ic e -c r y s ta ls  a re  s e p a r a te d  a t d ifferen t  
le v e ls  o f  c o n c e n tr a t io n  a n d  v is c o s ity . T h e  m a jo r  
a d v a n ta g es  o f  m u lt i-s ta g e  fr e e z e -c o n c e n tr a tio n  p la n t, 
over s in g le  s ta g e  c o n c e n tr a t io n  p la n t , in c lu d e  low er  
en erg y  c o n s u m p t io n  (ap p rox . 37%  lo w e r  for c o 
cu rren t a n d  47%  lo w er  for c o u n te r -c u r r e n t  sy s te m s) ,  
a n d  a p p r o x im a te ly  5 0 -7 0 %  lo w e r  o p e r a t in g  c o s t  
(V an P elt 1 9 8 1 ).

D u e  to  se v e r a l a d v a n ta g e s , fr e e z e -c o n c e n tr a t io n  
is  w id e ly  in v e s t ig a te d  for c o n c e n tr a t in g  v a r io u s  fru it  
ju ic e s  (D a u m a s  a n d  M iss ir ia n  1 9 8 6 ; B r a d d o c k  a n d  
M arcy 1 9 8 5 ). O n e  o f  th e  o b v io u s  a d v a n ta g e s  o f  
fr e e z e -c o n c e n tr a tio n  o v er  ev a p o r a tiv e  m e th o d s  i s  
th a t th e  en e r g y  n e e d e d  to  free ze  a  u n it  o f  w a te r  
is  m u c h  le s s .  T h e  lo w  p r o c e s s  te m p e r a tu r e  a lso  
p r ev en ts  u n d e s ir a b le  c h e m ic a l  a n d  b io c h e m ic a l  
r e a c tio n s , t h u s  c o lo u r  c h a n g e s ,  n o n -e n z y m a tic  
b ro w n in g  a n d  v ita m in  lo s s e s  w o u ld  b e  m in im u m .  
S in c e  th e  en tir e  p r o c e s s  i s  o p e r a te d  a t or b e lo w  
th e  freez in g  te m p e r a tu r e  o f  w a te r , a n d  v a c u u m  
tr e a tm e n t i s  n o t  r eq u ired , th e  lo s s e s  o f  low  b o ilin g  
flavou r a n d  a r o m a tic  e s t e r s  are  a lm o s t  c o m p le te ly  
av o id ed  (D e sh p a n d e  e t  a l. 1 9 8 4 ). It h a s  b e e n  s h o w n  
th a t  th e  fla v o u r  o f  fr e e z e -c o n c e n tr a te d  fru it j u ic e s  
is  b e tte r  th a n  th o s e  c o n c e n tr a te d  b y  e v a p o r a tio n  
(A skar e t  a l. 1 9 8 1 ; B r a d d o c k  a n d  M arcy  1 9 8 5 , 
1 9 87 ).

A lth o u g h  fr e e z e -c o n c e n tr a t io n  h a s  b e e n  s h o w n  
to  b e  a su p er io r  p r o c e s s , a s  c o m p a r e d  to  ev a p o ra tio n , 
it h a s  b e e n  s e ld o m  u s e d  o n  c o m m e r c ia l s c a le ,  
b e c a u s e  o f  c e r ta in  d r a w b a c k s  (D e sh p a n d e  e t  al. 
1 9 84 ). O ne o f  th e  m a jo r  p r o b le m s  is  th e  lo s s  o f  
so lu b le  s o lid s  o f  th e  j u ic e  in  th e  s e p a r a te d  ice  
(M uller 1 9 6 7 ). T h is  p r o b lem , h o w ev er , h a s  b e e n  
s ig n if ic a n tly  o v erco m e  b y  th e  d e v e lo p m e n t o f  w a s h  
c o lu m n  for th e  e ff ic ie n t  s e p a r a t io n  o f  c o n c e n tr a te  
from  th e  ic e -c r y s ta ls  (T h ijsse n  1 9 7 5 ). A n o th e r  m a jo r

p r o b le m  r e m a in in g  to  b e  so lv e d , is , th a t  th e  f in a l  
c o n c e n tr a t io n  o f  c o n c e n tr a te d  j u ic e  o b ta in e d  b y  
fr e e z e -c o n c e n tr a t io n  is  a s  lo w  a s  4 0 -5 5 %  dry  
m a tte r . T h is  p r o b le m  is  d u e  to  th e  s t e e p  in c r e a s e  
in  v is c o s ity  o f  ic e -c o n c e n tr a te d  m ix tu r e  a t  th e  low  
o p e r a t in g  te m p e r a tu r e  (D e s h p a n d e  e t  a l. 1 9 8 4 ). 
J u ic e  c o n t e n t s  s u c h  a s  p e c t in s ,  p r o te in s  a n d  o th e r  
c o llo id a l s u b s t a n c e s  a ls o  in c r e a s e  th e  v is c o s i t y  a n d  
reta rd  w a te r  c r y s ta lliz a t io n . B e c a u s e  o f  th is ,  th e  
ju ic e  i s  re q u ir e d  to  b e  d e p e c t in iz e d  a n d  filtered , 
p rior  to  fr e e z e -c o n c e n tr a t io n . D e v e lo p m e n t  o f  m u l t i 
s ta g e  fr e e z e -c o n c e n tr a t io n  s y s t e m s  c a n  o v e r c o m e  
t h is  p r o b le m  to  a  g r e a t  e x te n t  (D e s h p a n d e  e t  al. 
1 9 8 4 ).
M e m b r a n e  c o n c e n t r a t io n

R ev erse  o s m o s is  (RO) a n d  u ltr a filtr a tio n  (UF) 
are th e  m o s t  v e r s a t i le  s e p a r a t io n  p r o c e s s e s  in  th e  
food  in d u str y . RO is  e s s e n t ia l ly  a  c o n c e n tr a t io n  
p r o c e s s ,  in  w h ic h  w a te r  is  s e p a r a te d  fro m  lo w  
m o le c u la r  w e ig h t  s o lu t e s .  U F  is  a  c la r if ic a t io n  or  
fr a c tio n a tio n  p r o c e s s ,  in  w h ic h  sm a lle r  s o lu t e s  are  
tr a n sp o r te d  a c r o s s  th e  m e m b r a n e  a lo n g  w ith  w a te r  
a n d  th e  m e m b r a n e  r e ta in s  o n ly  la r g e  m o le c u le s  
(e .g ., p r o te in s  a n d  c o llo id s ) , d e p e n d in g  o n  th e  p ore  
s iz e  o f  th e  m e m b r a n e . M icro filtra tio n  (MF) i s  y e t  
a n o th e r  m e m b r a n e  p r o c e s s ,  w h ic h  i s  m a in ly  u s e d  
for c la r if ic a tio n  p u r p o s e s  d u e  to  la r g e  m e m b r a n e  
p o re  s iz e .

T h e  m e c h a n is m  o f  s e p a r a t io n  in  R O  i s  c o m p le x  
a n d  c a n n o t  b e  e x p la in e d  b y  m o le c u la r  s iz e  o n ly . 
T h e  p r e fe r e n tia l s o r p t io n -c a p i l la iy  flo w  (PSC F) 
m e c h a n is m  is  th e  m o s t  lo g ic a l a n d  p r o b a b le  
e x p la n a tio n , in  w h ic h  th e  m e c h a n is m  ta k e s  in to  
a c c o u n t  b o th  c a p illa r y  flo w  m o d e l a n d  s o lu t io n  
d iffu s io n  m o d e l m e c h a n is m  (Pal a n d  C h e r y a n  1 9 8 7 ). 
T h e  c h a r a c te r is t ic s  o f  v a r io u s  m e m b r a n e  p r o c e s s e s  
are ta b u la te d  in  T a b le  1.

TABLE 1. SALIENT FEATURES OF VARIOUS MEMBRANE PROCESSES (Cheryan 1991; Pal and Cheryan 1987; Ben et al. 1990)
Parameters Ultrafiltration Microfiltration Reverse osmosis
Membrane pore size, mm 1-50 100-2000 0.5-2
Operating pressure, atmos 1-15 0.3-2.0 15-75
Permeate Water and small molecules Water and dissolved solutes Water
Reténtate Most organic compounds 

over 1000 molecular weight 
including, pyrogen, viruses, 
bacteria and colloids.

Large suspended particles, 
some emulsions, most 
bacteria.

Ions and most organic 
compounds above 200 
molecular weight

Application Clarification and chill-proofing 
of clear fruit juices

Removal of yeast from wine, 
sterilization of liquids, 
removal of fat and 
casein from cheese whey.

Concentration of fruit juices 
desalination of water
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M e m b r a n e  m a t e r i a l s  a n d  t y p e s  : T h e  p r o c e s s  

o f m e m b r a n e  te c h n o lo g y  b e c a m e  p r a c tic a l o n ly  w ith  
th e  d e v e lo p m e n t o f  s u ita b le  m e m b r a n e s . M ost  
co m m e r c ia l RO m e m b r a n e s  a re  u s u a l ly  m a d e  from  
c e llu lo se  a c e ta te  (CA) c a s t  o n  a sy m m e tr ic  film  
(S ou rira jan  1 9 7 8 ). CA m e m b r a n e s  g iv e  e x c e lle n t  
p e rfo rm a n ce  w ith  r e s p e c t  to  h ig h  p e r m e a te  flow  a n d  
h igh  re je c tio n  o f  s m a ll  m o le c u le s  or  io n s , th o u g h  
th e s e  m e m b r a n e s  h a v e  lim ite d  te m p e r a tu r e  a n d  pH  
to lera n ce . T h e s e  are s u s c e p t ib le  to  m ic r o b ia l a n d  
en z y m a tic  a tta c k . H ow ever , t h e s e  d is a d v a n ta g e s  
h a v e  b e e n  overcom e b y  d e v e lo p in g  n e w  n o n -c e llu lo s ic  
m e m b r a n e s . T h e s e  m e m b r a n e s  are  m o s t  r e s is ta n t  
to  h e a t  a n d  c h e m ic a l  a t ta c k  (M a rsh a ll 1 9 8 5 ) a n d  
h e n c e  are  m o re  w id e ly  a p p lic a b le  in  in d u s tr ia l  
p r o c e ss in g . A  r e c e n t d e v e lo p m e n t in  RO m e m b r a n e s  
is  th e  th in -f ilm e d  c o m p o s ite  (TFC) m e m b r a n e s ,  
w h ich  are  m a d e  o f  p o ly a m id e  (PA) fa m ily  (Pal a n d  
C h ery an  1 9 8 7 ). T h is  m e m b r a n e  c o n s i s t s  o f  a  very  
th in  b a rr ier  la y er  (w h ich  a f fe c ts  se p a r a tio n ) o n  top  
o f  a  m o re  p o r o u s  m e m b r a n e  su p p o r t in g  la y er  
(u su a lly  p o ly s u lp h o n e  or  p o ly e th y le n e ) .  T h e s e  
m e m b r a n e s  g iv e  b e tte r  p e r fo r m a n c e  w ith  reg a rd  to  
tem p era tu r e  a n d  pH  s ta b ility  a n d  c le a n a b ility , b u t  
h a v e  a lm o s t  zer o  c h lo r in e  r e s is ta n c e  (C h e iy a n  
19 91 ; S h e w  a n d  W illey  1 9 8 4 ). PA m e m b r a n e s  are  
a lso  k n o w n  to  h a v e  a  lo n g e r  u s e fu l  life th a n  CA  
m e m b r a n e s . T h e  im p o r ta n t m e m b r a n e s  u s e d  in  th e  
se p a r a tio n  p r o c e s s e s  a n d  th e ir  o p e r a t in g  c a p a c ity  
are l is te d  in  T a b le  2 .
TABLE 2. COMMON MEMBRANES USED IN SEPARATION 

PROCESSES (Marshall 1985; Sourirajan 1978; Pal 
and Cheryan 1987; Cheryan 1991; Shew and Wiley
1984)

Maximum
Membrane type Application pH range temperature, 

°C tolerance
Acrylic copolymer MF NA 88
Cellulose acetate MF.UF.RO 3.5 - 10.0 75
Ceramic MF 1.0 - 13.0 140
Mixed cellulose MF.UF.RO 4.0 - 8.5 120

esters
Nylon MF NA NA
Polyamide MF.UF.RO 2.0 - 12.0 NA
Polycarbonate MF.UF NA NA
Polyester MF.UF NA 150
Polyimide U7 NA NA
Polypropylene MF 1.0 - 14.0 130
Polysulphone m f .u f .ro 1.0 - 14.0 130
PTFE MF 1.0 - 14.0 140
Note ; Maximum temperature and pH may be limited by other 

materials of construction and varies with each device.
NA : Not available; ME : Microfiltration: UF : Ultrafiltration; 
RO ; Reverse Osmosis.

MF m e m b r a n e s  are  a v a ila b le  in  n a tu r a l  a n d  
s y n th e t ic  p o ly m e r s  (p o ly p r o p y le n e , p o ly c a r b o n a te s ,  
p o ly s u lp h o n e , p o ly v in y l c h lo r id e , c e l lu lo s e  e s te r s )  
a n d  in o r g a n ic  m a te r ia ls  (a lu m in a , z ir c o n ia /c a r b o n  
c o m p o s ite s ,  c a r b o n /c a r b o n  c o m p o s i t e s ,  s t a in le s s  
s t e e l  a n d  s i l i c a ) .  T h e  c e r a m ic  m e m b r a n e s  
h a v e  in c r e a s in g ly  fo u n d  p o te n t ia l  a p p lic a t io n s ,  
p a r tic u la r ly  in  b io te c h n o lo g y  in d u s tr y  (C h e iy a n
1 9 9 1 ).

F o o d  in d u s tr y  is  m o r e  c o n c e r n e d  w ith  th e  
c o n c e n tr a t io n  w ith o u t  p h a s e  c h a n g e  o r  th e r m a l  
d a m a g e  a s  w e ll a s  u n d u e  l o s s  o f  s o l id s ,  a n d  w ith  
c o n s id e r a b le  a m o u n t  o f  a r o m a  r e te n t io n  a t  a  c o s t  
c o m p e t it iv e n e s s  w ith  e v a p o r a tio n . A s  RO m e e t s  
th e s e  cr iter ia , it h a s  fo u n d  in c r e a s in g  a p p lic a t io n  
for c o n c e n tr a t in g  fo o d  l iq u id s  p a r t ic u la r ly  m ilk  a n d  
fru it j u ic e s  (M a tsu u r a  e t  a l. 1 9 7 4 ).

U F in  food  in d u s tr y  i s  e s p e c ia l ly  u s e f u l  for 
v a r io u s  p u r p o s e s  s u c h  a s  c la r if ic a tio n , fr a c tio n a tio n ,  
w a s te  tr e a tm e n t a n d  rec o v er y  o f  v a lu a b le  p r o d u c ts  
from  p la n t e f f lu e n ts  (M a c k in to sh  1 9 8 3 ) . T h e  U F  h a s  
fo u n d  a p p lic a t io n  in  fru it j u ic e  c la r if ic a t io n  p r ior  
to  th e  c o n c e n tr a t io n  (B e r e z o v sk y  1 9 8 5 ; B r a d fo rd  et 
al. 1 9 8 6 ; M o sla n g  1 9 8 4 ).
A p p l ic a t io n  o f  R O  in  f r u it  j u i c e  c o n c e n t r a t io n

F ru it j u ic e s  are p r e s e n t ly  c o n c e n tr a te d  u s in g  
m u lt i-s ta g e  v a c u u m  e v a p o r a to r s  (S u lc  1 9 8 4 ) . T h is  
c a u s e s  o x id a t io n  o f  c o m p o u n d s  in  th e  j u ic e  a n d  
l o s s  o f  v o la tile  c o m p o n e n ts .  M oreover , th e  p r o c e s s  
i s  h ig h  e n e r g y - in t e n s iv e .  T h e  a p p l ic a t io n  o f  
m e m b r a n e  p r o c e s s e s  lik e  d irec t o s m o s is  a n d  r e v e r se  
o s m o s i s  i s  t h e  e m e r g i n g  m e t h o d o l o g y  to  
c o n c e n tr a t e  fr u it  j u ic e s .  U n lik e  c o n c e n t r a t io n  
p r o c e s s e s  b a s e d  o n  e v a p o r a t io n ,  f r e e z in g  or  
s u b lim a t io n , m e m b r a n e  c o n c e n t r a t io n  r e q u ir e s  
s ig n if ic a n tly  l e s s  e n e r g y  2 0 - 3 0  B t u / lb  o f  w a te r  
rem o v ed  (R obe 1 9 8 3 ). M oreover, it p r o v id e s  g e n t le  
t r e a t m e n t  fo r  r e t a in in g  f la v o u r  a n d  a r o m a  
c o m p o n e n ts  (K oseog lu  e t  a l .  1 9 9 0 ). T h e  a d v a n ta g e s  
o f  m e m b r a n e  c o n c e n tr a t io n  o v er  th e  c u r r e n t  m u lt i 
s ta g e  v a c c u m  ev a p o ra to r  p r o c e s s  for j u ic e  p r o c e s s in g  
in c lu d e  lo w e r  e n e r g y  c o n s u m p t io n ,  in c r e a s e d  
a ro m a  a n d  f la v o u r  r e te n t io n , r e d u c t io n  in  c a p ita l  
e q u ip m e n t c o s t ,  lo w e r  th e r m a l d a m a g e  to  p r o d u c t  
q u a lity , r e d u c e d  tr a n sp o r t  c o s t  a n d  s im p lic ity  
o f  o p e r a t io n  (M erson  e t  al. 1 9 8 0 ). S u c h  m e m b r a n e  
p r o c e s s in g  o p e r a t io n s  w ill  b e c o m e  m o r e  a n d  
m o r e  a ttr a c tiv e  a s  m e m b r a n e  te c h n o lo g y  e x p a n d s  
a n d  th e  c o s t  o f  e n e r g y  in c r e a s e s  (D e s h p a n d e  e t  al.
1 9 8 2 ) . T a b le  3  g iv e s  s o m e  o f  t h e  o p e r a t in g  
p a r a m e te r s  for th e  p r e -c o n c e n tr a t io n  o f  fru it ju ic e s  
b y  RO.
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TABLE 3. CONCENTRATION OF FRUIT JUICES BY REVERSE OSMOSIS

Fruit Juice Parameter
° Brix Acidity, PH Density, Operating pressure, Reference% g cm 3 mPa

Orange Feed 11.98 0.89 - _ 6.0 Braddock et al. (1988)Cone 25.26 1.86 - - -
Lemon Feed 7.70 4.60 - - 6.0 Braddock et al. (1988)

Cone 22.52 13.30 - - -
Grape fruit Feed 8.68 0.90 - - 6.0 Braddock et al. (1988)Cone 25.06 2.66 - - -
Peach Feed 11.00 2.80 4.3 1.046 6.0 Demeczky et al. (1981)Cone 30.70 7.70 4.1 1.122 -
Strawberry Feed 7.00 9.10 3.5 1.059 6.0 Demeczky et al. (1981)Cone 28.70 33.90 3.3 1.133 -
Apple Feed 11.50 6.90 3.4 1.043 6.0 Demeczky et al. (1981)Cone 31.60 13.80 3.3 1.140 -
Pine apple Feed 11.45 - 3.7 1.046 7.0 Matsuura et al. (1975)Cone 21.65 - - 1.089 -
Grape Feed 15.40 - 3.2 1.063 7.0 Matsuura et al. (1975)Cone 25.70 - - 1.107 -
Tomato Feed 5.40 3.50 - - 6.0 Demeczky et al. (1981)Cone 29.00 20.40 - - -

RO te c h n iq u e  c a n  e ith e r  b e  e m p lo y e d  a s  a  p r e 
trea tm en t s te p  tc  p r o c e s s  a  feed  ju ic e  for ev a p o ra tio n , 
h o ld in g  th e  r e s u lt in g  p r o d u c t  in  s to r a g e , or  
tr a n sp o r tin g  it for fu r th e r  p r o c e s s in g  (S h e w  a n d  
W iley  1 9 8 3 ). R O -e v a p o r a tio n  p r o c e s s  h a s  th e  
a d v a n ta g e  o f  r e d u c in g  e n e r g y  c o n s u m p t io n  a n d  
in c r e a s in g  p r o d u c tio n  c a p a c ity . U s e  o f  r ev er se  
o s m o s is  in  p r e -c o n c e n tr a t io n  o f  a p p le  ju ic e  (S h e w  
a n d  W iley  1 9 84 ; C h u a  e t  a l 1 9 8 7 ; C h o u  e t a l.
1 9 9 1 ), o ra n g e  ju ic e  (M o h a m ed  a n d  A h m e d  1 9 81 ;  
C h e iy a n  1 9 9 1 ), p in e a p p le  ju ic e  (B o w d en  a n d  I s a a c s
1 9 8 9 )  , a n d  g ra p e  fru it (B ra d d o ck  e t  a l .  1 9 8 8 ), h a s  
b e e n  rep orted .
R e c e n t  d e v e lo p m e n t s  a n d  p r e s e n t  s t a t u s

T h e s u c c e s s  o f  m e m b r a n e  te c h n o lo g y  in  th e  
fru it ju ic e  c o n c e n tr a t io n  d e p e n d s  o n  th e  d e v e lo p m en t  
o f su ita b le  m e m b r a n e s  a n d  m e m b r a n e  m o d u le s  
th a t  c a n  r e ta in  f la v o u r  c o m p o n e n ts .  A m o n g  th e  
m e m b r a n e s  d e v e lo p e d  d u r in g  th e  la s t  d e c a d e , th in  
film  c o m p o s ite  (TFC) m e m b r a n e s  o f  p o ly a m id e  
fa m ily  h a v e  a  h ig h e r  f lu x  ra te , c o n c e n tr a t io n  r a n g e  
a n d  r e te n tio n  o f  f la v o u r  c o m p o n e n ts ,  th a n  th o s e  
w ith  c e l lu lo se  a c e ta te  (CA) m e m b r a n e s  (S h e w  a n d  
W iley 1 9 83 ; C h u a  e t  a l. 1 9 8 7 ; C h e r y a n  1 9 9 1 ). 
F o u lin g  i s  a  s e r io u s  p r o b le m  in  m e m b r a n e  
c o n c e n tr a t io n  o f  fru it ju ic e ,  th e r e b y  req u ir in g  
freq u e n t c le a n in g . D ifferen t ty p e s  o f m e m b r a n e  
c le a n in g  m e th o d s  h a v e  b e e n  d e v e lo p e d  (B en  et al.
1 9 9 0 )  . C le a n in g  tim e  o f  p e c t in -fo u le d  m e m b r a n e  
c o u ld  n o w  b e  r e d u c e d  to  2  m in  in s te a d  o f  6 0  m in

b y  u s in g  0 .0 0 3 %  p o ly e th y le n e  o x id e  in  0 .5 %  s o d iu m  
h y d r o x id e  s o lu t io n  (T zen g  a n d  Z a ll 1 9 9 0 ). Low  
s o lid s  c o n t e n t  a c h ie v e d  b y  c o n v e n t io n a l  R O  i s  th e  
o th e r  d r a w b a c k  in  m e m b r a n e  c o n c e n tr a t io n  o f  fru it  
j u ic e s  (S h e w  a n d  W iley  1 9 8 3 ) . T o  o v e r c o m e  th is  
l im ita tio n , a  n u m b e r  o f  t e c h n iq u e s /p r o c e s s e s  h a v e  
b e e n  d e v e lo p e d . T h e  rem o v a l o f  s u s p e n d e d  s o lid s  
b y  U F  p r io r  to  RO c o n c e n tr a t io n  a llo w s  for  
c o n c e n tr a t io n  o f  o r a n g e  j u ic e  to  le v e ls  a b o v e  4 2 °  
B r ix  (C ro ss  1 9 8 8 ). A  n e w  p r o c e s s  c a lle d  "Fresh  
note" p r o c e s s  h a s  a ls o  b e e n  d e v e lo p e d  b y  S e p tr a  
s y s te m . T h is  p r o c e s s  c a n  b e  u s e d  to  c o n c e n tr a te  
fru it j u ic e s  to  4 5 - 5 5 °  B r ix  o n  c o m m e r c ia l  s c a le  a n d  
u p to  7 0 °  B r ix  o n  p ilo t p la n t  s c a le  (W alk er 1 9 9 0 ).

A p p lic a tio n  o f  d ir e c t o s m o s is  (DO) in  fru it ju ic e  
c o n c e n tr a t io n  i s  a ttr a c t in g  in te r e s t  in  th e  r e c e n t  
y e a r s . C lo u d y  a n d  p u lp y  fru it j u ic e s  c o u ld  b e  
c o n c e n tr a te d  to  4 2 °  B r ix , w ith o u t  th e  n e e d  for p r e 
filter in g , n e e d  for u s in g  h ig h  te m p e r a tu r e  o r  h ig h  
p r e s su r e  a n d  w ith  a  m in im u m  m e m b r a n e  fo u lin g  
(B ea u d ry  a n d  L am p i 1 9 9 0 ). T h e s e  d e v e lo p m e n ts  
h a v e  e n a b le d  th e  RO p r o c e s s e s  to  e m e r g e  a s  a  
c o m m e r c ia l r ea lity  for th e  c o n c e n tr a t io n  o f  fru it 
j u i c e s .  B e t t e r  p r o d u c t  q u a l i t y ,  l e s s  e n e r g y  
c o n s u m p t io n , s m a lle r  in s ta l la t io n , lo w e r  o p e r a t in g  
c o s t  a n d  e n v ir o n m e n ta l a d v a n ta g e  a r e  th e  k e y  
p r o p e r tie s  o f  m e m b r a n e  te c h n o lo g y  (M erso n  e t  al
1 9 8 0 ). T h e s e  s u p p o r t  th e  p e n e tr a t io n  o f  th is  
te c h n o lo g y  in to  th e  food  p r o c e s s in g  a r e a  o n  a  g lo b a l  
sc a le .

» «4 e ■ s
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T h e fir st  fr u ii  ju ic e  c o n c e n tr a te , p r o d u c e d  
th r o u g h  v a c u u m  e v a p o r a tio n , d a t e s  fro m  th e  
b e g in n in g  o f  th e  1 9 2 0 's  (S u lc  1 9 8 4 ). E v a p o r a tio n  
is  p rob a b ly  th e  o ld e s t  m e th o d  o f  c o n c e n tr a t io n  a n d  
e v e n  to d a y , it i s  c o n s id e r e d  to  b e  th e  b e s t  d e v e lo p ed , 
e c o n o m ic a lly  th e  m o s t  fa v o u r a b le  a n d  w id e ly  u s e d  
m e th o d  for th e  c o n c e n tr a t io n  o f l iq u id  fo o d s . T h e  
d ifferen t a s p e c t s  o f  e v a p o r a tio n  m e th o d s  u s e d  in  
th e  food  in d u s tr y  are  d i s c u s s e d  b y  v a r io u s  w o r k e r s  
(A rm erding 1 9 6 6 ; M a n n h e im  a n d  P a s s y  1 9 7 4 ; K arel
1 9 7 5 ). T h e  e s s e n t ia l  f e a tu r e s  o f  s o m e  o f  th e  
e v a p o ra to rs  a re  g iv e n  in  T a b le  4 .

E v a p o r a t i v e  c o n c e n t r a t i o n

TABLE 4. CHARACTERISTICS OF COMMERCIALLY 
AVAILABLE EVAPORATORS USED IN FRUIT JUICE 
INDUSTRY (Mannheim and Passy 1974; Khalil 
1990; Ramtcke 1987)

Evaporator
type

No. of stages/ 
passes

Viscosity 
limits. Cp

Residence
time

Vacuum pan Single stage - one to 
several h

Tubular (climbing) Recirculation 100 0.5 -  1 h
Tubular (climbing) Single stage 

& one pass 100 About 1 min
Tubular (falling) Single stage 

& one pass 200 About 1 min
Tubular (falling) Five stages 

& single pass 200 About 4 min
Plate Three stages 

& single pass 300-400 About 4 min
Agitated film Single stage 20,000 20-30 sec
Centrifugal One stage 40,000 1-10 sec

S e l e c t i o n  o f  s u i t a b l e  e v a p o r a t o r  : T h e  c h o ic e  o f  
a p rop er  e v a p o ra to r  for c o n c e n tr a t in g  a  g iv e n  
m a te r ia l is  d e te r m in e d  b y  m a n y  fa c to r s , w h ic h  
m u s t  b e  c a r e fu lly  w e ig h e d  to  e n s u r e  th a t  th e  
p r o c e s s  r e q u ir e m e n ts  a n d  c a p ita l  c o s t s  a re  m e t.  
T h e se  fa c to r s  in c lu d e  p r o p e r tie s  o f  fe e d  m a te r ia l, 
q u a lity  r e q u ir e m e n ts  o f  th e  p r o d u c t, o p e r a t in g  
c o n d it io n s  a n d  o p e r a t in g  e c o n o m y  (M eh ra 1 9 8 6 ).

F ru it j u ic e s  are p r o d u c e d  a s  p u lp y , c lo u d y  a n d  
c le a r  j u ic e s  w h ic h  h a v e  c o n s id e r a b le  d iffe r e n c e s  in  
th e ir  p h y s ic o -c h e m ic a l  c h a r a c te r is t ic s ,  s u s p e n d e d  
s o lid  c o n t e n t ,  p e c t in  c o n c e n t r a t io n ,  th e r m a l  
p r o p er tie s  a n d  rh e o lo g ic a l p r o p e r tie s  a re  o f  p r im a iy  
im p o rta n c e  in  d e s ig n in g  e v a p o ra to r  a n d  o p tim iz in g  
th e  o p e r a t in g  a n d  p r o c e s s in g  c o m p o n e n ts  s u c h  a s  
p u m p s , p ip e s , h e a te r s ,  e v a p o r a to r s  e tc . ,  (K halil
1 9 9 0 ).

T h erm al p r o p erties  o f  fru it ju ic e s  in c lu d e  sp ec ific  
h e a t , e n th a lp y , th e r m a l c o n d u c tiv ity  a n d  b o ilin g  
p o in t  w h ic h  h a v e  b e e n  rev iew ed  in  th e  lite r a tu r e

H e a t s e n s it iv i ty  o f  th e  p r o d u c t  i s  o f  p a r t ic u la r  
im p o r ta n c e  in  s e le c t in g  th e  e v a p o r a to r , a s  it a ffe c ts  
th e  q u a lity  o f  th e  c o n c e n tr a te  (S u lc  1 9 8 4 ) . H eat  
d a m a g e  o f  th e  p r o d u c t i s  p r o p o r tio n a l to  th e  
r e s id e n c e  tim e  in  th e  e v a p o r a to r  h e a t in g  s u r fa c e .  
T h erefore , ev a p o r a to r  h a v in g  s h o r t  r e s id e n c e  t im e  
i s  b e tte r  s u it e d  for  h e a t - s e n s i t iv e  j u ic e s .  E x a m p le s  
o f  t h e s e  e v a p o r a t o r s  a r e  T A S T E  (T h e r m a lly  
a c c e le r a te d  sh o r t  t im e  e v a p o ra to rs) (C h e n  e t a l.
1 9 7 9 ) a n d  c e n tr ifu g a l ev a p o r a to r  (M a n n h e im  a n d  
P a s s y  1 9 7 4 ). T h ijs s e n  a n d  V a n  O y en  (1 9 7 7 )  h a v e  
c o m p a r e d  th e  se v e r ity  o f  h e a t  p r o c e s s in g  in  d iffe ren t  
c o n c e n tr a t io n  p r o c e s s e s  a n d  s u g g e s t e d  th a t  o r a n g e  
j u ic e  c a n  b e  sa fe ly  c o n c e n tr a te d  in  fa llin g  film  
e v a p o ra to r  u p to  tw o  e ffe c t. R a m te k e  a n d  E ip e s o n
(1 9 9 1 ) s h o w e d  th a t  th e  a r o m a  lo s s  a n d  in te n s ity  
o f  b r o w n in g  w ere  m a x im u m  in  fo rced  c ir c u la t io n  
ev a p o ra to r , fo llo w ed  b y  p la te  e v a p o r a to r  a n d  fa llin g  
film  e v a p o ra to r  in  c a s e  o f  p in e a p p le  j u ic e .

R h e o lo g ic a l p r o p er ty  o f  a  fo o d  m a te r ia l  i s  a n  
im p o r ta n t p h y s ic a l  p r o p er ty , w h ic h  i s  n o r m a lly  
a s s o c ia te d  w ith  th e  q u a lity  o f  th e  p r o d u c t . T h e  
r e la t io n sh ip  b e tw e e n  th e  p h y s ic o -c h e m ic a l  s tr u c tu r e  
a n d  th e  rh e o lo g ic a l b e h a v io u r  o f  th e  fru it p r o d u c ts  
h a v e  b e e n  rep o r ted  (C o ste ll a n d  D u r a n  1 9 8 3 ) . M o st  
o f  th e  c le a r  fru it ju ic e s ,  w h ic h  h a v e  b e e n  d e p e c t in ise d  
a n d  filtered , b e h a v e  a s  N e w to n ia n  f lu id s , w h ile  
c lo u d y  a n d  p u lp y  j u ic e s  e x h ib it  n o n -N e w to n ia n  
b e h a v io u r  (S a r v a co s  1 9 70 ). T h e  N e w to n ia n  b e h a v io u r  
o f  c la r ified  a p p le , g r a p e , p e a r  a n d  filte r e d  le m o n  
a s  w e ll a s  o r a n g e  j u ic e s  h a v e  b e e n  r e p o r te d  (R ao  
e t  a l. 1 9 8 4 ; R ao  1 9 8 6 ; Ib arz a n d  P a g o n  1 9 8 7 ). 
U n d e p e c t in is e d  c o n c e n tr a t e s  o f  a p p le  j u ic e ,  p a s s io n  
fru it j u ic e ,  o r a n g e  j u ic e  a n d  fru it p u r e e s  h a v e  b e e n  
rep orted  to  s h o w  n o n -N e w to n ia n  b e h a v io u r  (S a r v a co s  
1 9 7 0 ; R ao  1 9 8 6 ).

F o u lin g , th e  d e p o s it io n  o f  b u r n t  la y e r  o f  
o rg a n ic  m a tte r  o n  th e  h o t  s u r fa c e  o f  th e  e v a p o ra to r ,  
i s  a  se v e r e  p r o b le m  d u r in g  c o n c e n tr a t io n  o f  fru it  
j u i c e s ,  p a r t ic u la r ly  p u lp y  a n d  c lo u d y  j u i c e s  
(M a n n h e im  a n d  P a s s y  1 9 7 4 ) .  H e a t  s e n s i t iv e  
c o m p o u n d s  in  th e  feed  m a te r ia l g e t  d e s tr u c te d  a n d  
c a u s e  fo u lin g . A m o n g  th e  o p e r a t in g  v a r ia b le s  w h ic h  
a ffec t th e  fo u lin g  ra te , th e  te m p e r a tu r e  o f  h e a t in g  
s u r fa c e s  is  th e  m a jo r  c o n tr ib u to r  (C a r lso n  a n d  
M org a n  1 9 6 2 ). E v a p o r a tio n  o f  c lo u d y  a p p le  ju ic e  
a t a  te m p e r a tu r e  h ig h e r  th a n  6 5 .6 ° C  c a u s e s  
c o n s id e r a b le  fo u lin g . F lo w  d ir e c t io n  o f  f lu id  w a s  
a ls o  fo u n d  to  a ffec t th e  fo u lin g  (S a r v a c o s  1 9 7 4 ). 
R is in g  film  ev a p o r a to r  c a u s e s  l e s s  fo u lin g  th a n  
fa llin g  film  ev a p o r a to r  d u e  to  im p r o p e r  d is tr ib u tio n

(Choi and Okas 1983; Ziegler and Rizvi 1985).
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o f th e  liq u id  in  th e  la tter , w h ic h  r e s u lt s  in  lo c a l  
h o t  sp o t  a n d  sc a lin g . A g ita te d  th in  film  a n d  ro ta ry  
co il ev a p o ra to rs  c a n  a ls o  m in im iz e  fo u lin g  a n d  s c a le  
form ation .
C o n c e n t r a t io n  o f  c la r i f ie d  a n d  c lo u d y  f r u it  
j u ic e s

D ep ec tin ized , c lar ified  a n d  filtered  j u ic e s  c o n ta in  
o n ly  w a te r  s o lu b le  s o l id s  s u c h  a s  s u g a r s ,  o rg a n ic  
a c id s , v ita m in s , p ig m e n ts ,  m in e r a ls  a n d  fla v o u r  
v o la tile s . C o n c e n tr a tio n  o f  s u c h  j u ic e s  c a n  b e  
a c h ie v e d  w ith o u t  a n y  m a jo r  te c h n o lo g ic a l  p r o b le m s,  
s in c e  th e  in c r e a s e  in  v is c o s i ty  d u r in g  e v a p o r a tio n  
is  n o t  g rea t (S u lc  1 9 8 4 ). T h e  c h e m ic a l  c o m p o s it io n  
o f c lo u d y  j u ic e s  i s  a lm o s t  s im ila r  to  th a t  o f  c le a r  
ju ic e s ,  b u t th e y  a ls o  c o n ta in  v a r ia b le  a m o u n ts  o f  
s u s p e n d e d  p a r t ic le s  c o m p r is in g  m a in ly  o f  p e c t ic  
s u b s t a n c e s ,  c e l lu lo s e  a n d  h e m ic e llu lo s e . T h e se  
ex h ib it  m u c h  h ig h e r  v is c o s i t ie s ,  in  c o m p a r is o n  to  
c le a r  j u ic e s  (K halil 1 9 9 0 ) . C lo u d y  j u ic e s  a re , 
th erefore , d iff icu lt  to  c o n c e n tr a te  in  fa llin g  film  a n d  
p la te  e v a p o r a :o r s , w ith o u t  th e  r isk  o f  th e r m a l  
d a m a g e . F o r  c o n c e n t r a t io n  o f  c lo u d y  j u ic e s ,  
c e n tr ifu g a l  e v a p o r a to r s  o r  a g ita te d  t h in  film  
ev a p o ra to rs  are  w e ll s u ite d . A  tw o  s ta g e  fa llin g  film  
or p la te  e v a p o ra to r  for p r e -e v a p o r a tio n  a n d  a  th in  
film  ev a p o ra to r  for  f in a l c o n c e n tr a t io n , c o u ld  avo id  
t h e s e  p r o b le m s . A lte r n a t iv e ly , e x p a n d in g  flo w  
ev a p o ra to r  for p r e -c o n c e n tr a t io n  a n d  c e n tr ifu g a l  
ev a p o ra to r  for  f in is h in g  c o u ld  a ls o  b e  u s e d  (S u lc  
1984).
C o n c e n t r a t io n  o f  p u lp y  j u i c e s

D u e  to  th e ir  h ig h  c o n t e n t s  o f  s u s p e n d e d  p u lp  
p a r tic le s , p u lp y  fru it j u ic e s  form  a  v e iy  v is c o u s  
a n d  s t ic k y  fru it m a s s  d u r in g  c o n c e n tr a t io n , th e r e b y  
r e s u lt in g  in  fo u lin g  a n d  r e d u c e d  e v a p o r a tio n  
ra te . T h e c o n c e n tr a te d  p r o d u c t  m a y , th ere fo re , 
u n d e rg o  th e r m a l d a m a g e  r e s u lt in g  in  c h a n g e s  in  
q u a lity  c h a r a c te r is t ic s ,  p a r t ic u la r ly  c o lo u r  a n d  
flavou r. P u lp y  fru it j u ic e s  a lm o s t  b e h a v e  a s  
n o n -N e w to n ia n  p s e u d o p la s t i c  f lu id s  a n d  th e  
a p p a ren t v is c o s ity  o f  th e s e  f lu id s  d e c r e a s e s  w ith  
in c r e a s in g  s h e a r  ra te  (S a r v a c o s  1 9 7 4 ). T h erefore , 
ev a p o ra to rs  h a v in g  p r o p er  a g ita t io n  a re  s u ite d  
for c o n c e n tr a t io n  o f  p u lp y  j u ic e s  (C a r lso n  e t al. 
1967).
S e r u m  c o n c e n t r a t io n  p r o c e s s

It is  a n  a lte r n a te  m e th o d  for c o n c e n tr a t io n  o f  
p u lp y  fru it j u ic e s .  In  t h is  m e th o d , th e  fru it ju ic e  
is  c e n tr ifu g ed  to  s e p a r a te  th e  s o lid  p h a s e  (pulp) 
a n d  th e  liq u id  p h a s e  (seru m ) i s  th e n  c o n c e n tr a te d

in  a n  ev a p o ra to r  b e fo re  m ix in g  w ith  th e  p u lp  (S u lc  
1 9 8 4 ). It h a s  b e e n  re p o r te d  th a t  th e  q u a lity  o f  
h ig h e r  °B rix  m a n g o  c o n c e n tr a te , o b ta in e d  b y  s e r u m  
c o n c e n tr a t io n  p r o c e d u r e , w a s  m u c h  b e tte r  t h a n  
th a t  o b ta in e d  b y  c o n v e n t io n a l  m e t h o d s  (A skar  
e t  a l. 1 9 8 1 ; E l-S a m a h y  e t  a l .  1 9 8 2 ).
E v a p o r a t io n  e c o n o m y

E c o n o m ic  a s p e c t s  a re  th e  im p o r ta n t  fa c to r s  
w h ic h  n e e d  to  b e  c o n s id e r e d  in  s e le c t in g  a n  
ev a p o ra to r  fo r  j u ic e  c o n c e n tr a t io n . In  a d d it io n  to  
th e  c a p ita l c o s t ,  o p e r a t in g  c o s t  is  th e  m a jo r  fa c to r  
in  o v era ll e c o n o m y  o f  e v a p o r a tiv e  c o n c e n tr a t io n .  
E n erg y  c o n s u m p tio n  in  d iffe ren t ty p e s  o f  ev a p o ra to rs  
fo r  th e  c o n c e n tr a t io n  o f  fr u it  j u ic e s  h a v e  b e e n  
rep o r ted  (C h en  e t  al. 1 9 7 9 ; F ilh o  e t  a l. 1 9 8 4 ). 
H e a tin g  s t e a m  a n d  c o o lin g  w a te r  r e q u ir e m e n ts  
in  fru it ju ic e  e v a p o r a tio n  a r e  th e  m a jo r  fa c to r s  
d e term in in g  o p era tin g  c o s t  (S u lc  1 9 8 4 ). C o n su m p tio n  
o f  s t e a m  a n d  w a te r  c a n  b e  r e d u c e d  in  fru it  ju ic e  
c o n c e n tr a t io n  b y  u s in g  m u lt i-e f fe c t  ev a p o ra to r .  
T h e o r e t ic a l ly ,  h e a t in g  s t e a m  r e q u ir e m e n t  i s  
r e d u c e d  in  d irec t p r o p o r tio n  to  th e  n u m b e r  o f  
e v a p o r a tio n  b o d ie s . S e v e r a l e v a p o r a to r s  w ith  2 -9  
e f fe c ts  h a v e  b e e n  e m p lo y e d  in  fo o d  in d u s tr y  
(H a i ls to r m  1 9 8 3 ;  R a o  1 9 8 9 ) .  H o w e v e r , t h e  
o p tim u m  n u m b e r  o f  e ffe c ts  i s  l im ite d  b y  t h e  h ig h e r  
c o n s tr u c t io n  a n d  o p e r a t in g  c o s t s .  W h ile  th e  c o s t s  
o f  s te a m  a n d  w a te r  c o n s u m p t io n  d e c r e a s e  w ith  
i n c r e a s in g  n u m b e r  o f  e f f e c t s ,  c a p i t a l  c o s t s  
in c r e a s e  c o n t in u o u s ly .  A s  a  c o n s e q u e n c e  o f  
th a t , fo u r  e ffe c ts  w ere  fo u n d  to  b e  o p t im u m  (S u lc  
1 9 8 4 ).

S te a m  c o n s u m p t io n  c a n  b e  fu r th e r  r e d u c e d  b y  
v a p o u r  c o m p r e s s i o n  ( P e n n ik  1 9 8 6 ) .  V a p o u r  
c o m p r e s s io n  c a n  b e  a c h ie v e d  e ith e r  th e r m a lly  
th r o u g h  s te a m  e je c to r  or  m e c h a n ic a lly  th r o u g h  
e le c tr ic  m o to r , c o m b u s t io n  e n g in e  or  s t e a m  tu rb in e . 
T a b le  5  g iv e s  th e  sp e c if ic  c o n s u m p t io n  o f  s te a m  
a n d  c o o lin g  w a te r  in  m u lt i - s ta g e  e v a p o r a to r s  w ith  
a n d  w ith o u t  v a p o u r  c o m p r e s s io n  (S u lc  1 9 84 ).

TABLE 5. STEAM AND COOLING WATER CONSUMPTION IN 
EVAPORATORS (Sulc 1984; Khalil 1990)
Steam/cooling water (kg/kg water evaporated)

No. of Steam Water
stages -vc +VC -vc +VC

1 1 . 1 0 0.55 18 1 0
2 0.65 0.40 1 0 7
3 0.45 0.32 7 5
4 0.35 0.27 5 4

+vc = With vapour compression 
-vc = Without vapour compression
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A r o m a  l o s s  a n d  r e s t o r a t io n

D u r in g  ev a p o ra tiv e  c o n c e n tr a t io n  o f fru it j u ic e s ,  
th e  v o la tile  a ro m a  o f  th e  fru it j u ic e s  are  p a r tia lly  
or c o m p le te ly  lo s t  a lo n g  w ith  w a te r  v a p o u r , th e r e b y  
im p a ir in g  th e  f la v o u r  q u a lity  o f  th e  c o n c e n tr a te  
(B om b en  e t  a l. 1 9 7 3 ).

F or f la v o u r  e n h a n c e m e n t ,  th e  fr u it  j u ic e  
c o n c e n tr a t e s  a re  m ix e d  w ith  f r e s h  j u i c e s  to  
c o m p e n sa te  th e  lo s s  o f  fla v o u r  d u r in g  c o n c e n tr a t io n . 
T h is  p r in c ip le  h a s  b e e n  u s e d  in  c u t -b a c k  te c h n iq u e .  
In  t h i s  m e t h o d ,  w h ic h  i s  w id e ly  u s e d  in  
c itr u s  in d u s tr y , th e  ju ic e  is  c o n c e n tr a te d  to  6 2 °  
B rix  a n d  th e n  it is  d ilu te d  to  4 2 °  B r ix  w ith  
fre sh  ju ic e  (M a n n h e im  a n d  P a s s y  1 9 7 4 ). H ow ever , 
t h i s  m e t h o d  i s  n o t  s u i t a b l e ,  w h e n  h ig h ly  
c o n c e n tr a te d  j u ic e s  are  req u ired . In o rd er  to  
o v erco m e th e  d r a w b a c k  o f  a r o m a  lo s s ,  p a r t ic u la r ly  
in  ev a p o ra tiv e  c o n c e n tr a t io n  o f  fru it j u ic e s ,  a  
te c h n iq u e  c a lle d  a ro m a  rec o v er y  is  w id e ly  p r a c t is e d  
to d a y . (B o m b en  e t  a l. 1 9 7 3 ).

F ru it a r o m a s  a re  fo u n d  to  b e  a  c o m p le x  
m ix tu r e  o f  o r g a n ic  c o m p o u n d s  h a v in g  d iv erse  
m o l e c u l a r  s t r u c t u r e s ,  b o i l i n g  p o i n t s  a n d  
so lu b il it ie s  (B o m b en  e t  a l 1 9 7 3 ). E s te r s , a ld e h y d e s ,  
k e t o n e s ,  h y d r o c a r b o n s  a n d  a c i d s  a r e  t h e  
e x a m p le s  o f  fru it a ro m a . O ver th e  la s t  th r e e  
d e c a d e s , se v e r a l m e th o d s  a n d  t e c h n iq u e s  h a v e  
b e e n  d e v e lo p e d  for iso la t io n  a n d  id e n tif ic a t io n  o f  
fru it a r o m a  c o m p o u n d s  (Id ste in  a n d  S c h r e ie r  
1 9 85 ; E n g e l a n d  T r e s se l  1 9 8 3 ). S e v e r a l a u th o r s  
h a v e  r e v ie w e d  t h e  a r o m a  c o m p o s i t i o n  o f  
fru its  (R a m tek e e t  a l .  1 9 8 1 ; M orton  a n d  M acL eod
19 90 ).
D y n a m ic s  o f  a r o m a  s e p a r a t io n

B e c a u s e  o f  th e  c o m p le x ity  o f  fru it a ro m a  
v o la tile s , th e y  b e h a v e  d ifferen tly  d u r in g  e v a p o r a tio n  
(B om b en  e t  al. 1 9 7 3 ). F or e a c h  ty p e  o f  fru it ju ic e ,  
a sp e c if ic  d e g r ee  o f  fru it ju ic e  e v a p o r a tio n  is  
req u ired  in  o rd er  to  rec o v er  a lm o s t  a ll th e  a ro m a  
(S u lc  1 9 8 4 ). T h e  a m o u n t o f  w a te r  th a t  m u s t  b e  
ev a p o ra ted , in  o rd er  to  r e c o v e r  th e  d e s ir e d  d eg ree  
o f  a r o m a  s e p a r a t io n , i s  th e  f ir s t  a n d  b a s ic  
in fo rm a tio n  req u ired  for a  s u c c e s s f u l  a ro m a  recovery  
p la n t. S u c h  s tu d ie s  h a v e  b e e n  ca rr ied  o u t  for m a n y  
te m p e r a te  fru it j u ic e s  (S u lc  1 9 7 0 , 1 9 80 ) a n d
tro p ica l fru it j u ic e s  lik e  b a n a n a , p in e a p p le , g u a v a  
a n d  m a n g o  (R a m tek e 1 9 8 7 ; R a m tek e  e t  a l . 1 9 9 0 a ;  
K h alil 1 9 9 0 ). F ig. 1 s h o w s  th e  d y n a m ic s  o f  a ro m a  
s e p a r a t io n  from  s o m e  tro p ica l fru it j u ic e s .  T a b le  6  
g iv e s  th e  v a r ia t io n  in  th e  e ffe c tiv e  re la tive  v o la t il it ie s  
a n d  % e v a p o r a tio n  req u ired  to  r ec o v er  90%  o f  to ta l  
a ro m a  o f  fru it j u ic e s /p u lp s .

Fig. 1. Dynamics of total aroma separation from some 
tropical fruits 1. Banana juice 2. Mango (T o tapuriJ  
pulp 3. Pine apple juice 4. guava juice (Ramteke 1987; 
Khalil 1990).

TABLE 6. RELATIVE EFFECTIVE VOLATILITY (e) AND % 
EVAPORATION FOR SOME FRUIT JUICES

Fruit juices/
pulps % Evaporation* e Reference
Apple 10 81.00 Bomben et al. (1973)
Plum 32 5.97 Sulc (1984)
Grape (C oncord) 73 3.33 Bomben ct al. (1973)
Strawberry 82 1.34 Sulc (1984)
Banana 20 10.32 Khalil (1990)
Mango (A lp h o n s o , 
T o tap u ri) 67 4.43 Ramteke et al. (1987)
Guava 68 4.24 Ramteke et al. (1987)
Pine apple 85 1.59 Ramteke et al. (1987)
* For 90% aroma separation
A r o m a  r e c o v e r y  p r o c e s s

In th e  a ro m a  r e c o v e r y  p r o c e s s ,  t h e  v o la tile  
a ro m a  c o m p o u n d s  a re  tr a n sfe r r e d  fro m  fru it  ju ic e  
to  a n o th e r  p h a s e . T h is  s e c o n d  p h a s e  c a n  b e  a  g a s  
(e v a p o r a tiv e , g a s  s tr ip p in g ) , a  l iq u id  (s o lv e n t  
e x tra c tio n ) or  a so lid  (a d so rp tio n ) (B o m b e n  e t  a l .
1 9 7 3 ). In  th e  s e c o n d  s te p  o f  th e  p r o c e s s ,  th e  
se p a r a te d  a ro m a  is  c o n c e n tr a te d  to  a r o m a -r ic h  
s o lu t io n ,  w h ic h  c a n  b e  a d d e d  b a c k  to  th e  
c o n c e n tr a te d  ju ic e . M o st o f  th e  a r o m a  rec o v er y  
s y s t e m s  w o rk  o n  e v a p o r a t io n -d is t i l la t io n  p r in c ip le  
(B o m b en  et a l 1 9 7 3 ). F ig .2  s h o w s  th e  g e n e r a l  flow  
d ia g ra m  o f  a ro m a  rec o v er y  p r o c e s s .
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C O N C E N T R A T E D  J U I C E  
( for  f u r t h e r  c o n c e n t r a t i o n )

Fig. 2. Flow diagram of aroma recovery by evaporation-distillation process.

A t p r e se n t , th r e e  s y s t e m s  o f  a ro m a  rec o v er y  
p r o c e s s  a re  a v a ila b le , w h ic h  d iffer in  o p e r a t in g  
p r e ssu r e  v iz ., s y s t e m s  o p e r a t in g  a t a tm o sp h e r ic  
p r e ssu r e  or  u n d e r  v a c u u m  a n d  c o m b in a t io n  o f  
b o th . A ro m a  rec o v er y  s y s t e m s  o p e r a t in g  u n d e r  
a tm o sp h e r ic  p r e s s u r e  a re  la r g e ly  r e s tr ic te d  to  a p p le  
ju ic e  a n d  fru it j u ic e s ,  w h ic h  req u ire  lo w  d e g r ee  o f  
ju ic e  ev a p o r a tio n  (15 -20% ) for a ro m a  s tr ip p in g  (S u lc  
19 84 ). A ro m a  recov ery  u n d e r  v a c u u m  is  p a r t ic u la r ly  
su ita b le  for fru it j u ic e s  c o n ta in in g  p o o r ly  v o la tile  
a rom a c o m p o u n d s , s in c e  th e y  n e e d  m o r e  p e r c e n ta g e  
o f w a ter  e v a p o r a tio n  for c o m p le te  a r o m a  s e p a r a t io n ,  
w h ic h  u n d e r  a tm o s p h e r ic  c o n d it io n s  le a d s  to  
th erm al d a m a g e . M oreover, th e  a zeo tro p ic  b e h a v io u r s  
o f so m e  a ro m a  c o m p o u n d s  a re  c h a n g e d  u n d e r  
low  p r e s s u r e s  so  th a t  th e y  c o u ld  b e  rec o v er ed  a t  
th e  to p  o f th e  r e c tif ic a tio n  c o lu m n  (S u lc  1 9 8 4 ). 
S e v e r a l  a r o m a  r e c o v e r y  s y s t e m s  o p e r a t in g  
u n d e r  r e d u c e d  p r e s s u r e  h a v e  b e e n  d e v e lo p e d . T h e  
W e ste r n  U t i l iz a t io n  R e s e a r c h  V a c u u m  A r o m a  
C o lu m n  (WURVAC) p r o c e s s  (W olford e t  a l. 1 9 6 8 ), 
Y u g o s la v ia n  d e s ig n  b y  J e d in s t o v o  (S u lc  1 9 8 4 )  
a n d  v a c u u m  s tr ip p in g  s y s t e m s  are  s o m e  o f  th e  
e x a m p le s .

H ow ever, a t lo w  p r e s s u r e s ,  h ig h ly  v o la tile  
a rom a c o m p o u n d s  a re  lo s t  th r o u g h  v a c u u m  p u m p . 
To o v erco m e th is  p r o b lem , e x p e n s iv e  g a s  w a s h in g  
a n d  c o n d e n sa t io n  s y s t e m s  h a v e  to  b e  in c lu d e d  in  
th e  sy s te m . F u rth er , s u c h  s y s t e m s  req u ired  large  
rec tif ica tio n  c o lu m n s  h a v in g  18  to  2 0  th e o r e t ic a l  
p la te s  o f  s ie v e  or  b u b b le  p la te s  (S u lc  1 9 8 4 ).

In o rd er  to  c o m p r o m ise  b e tw e e n  a ro m a  y ie ld  
a n d  q u a lity  o n  o n e  h a n d , a n d  e c o n o m y  o n  th e

o th e r , m a n y  p r e s e n t  d a y  a r o m a  r e c o v e r y  s y s t e m s  
are d e s ig n e d  h a v in g  a  c o m b in a t io n  o f  v a c u u m  
e v a p o r a tio n  a n d  a tm o sp h e r ic  or  n e a r  a tm o sp h e r ic  
re c tif ic a tio n . C o m b in e d  a r o m a  r e c o v e r y  p la n t s  are  
m a in ly  u s e d  for th e  tr e a tm e n t  o f  b erry , c i t r u s  a n d  
p in e a p p le  fr u its , w h e r e  a r e la t iv e ly  h ig h  d e g r ee  o f  
ju ic e  e v a p o r a tio n  i s  req u ired  fo r  th e  rec o v er y  o f  
p o o r ly  v o la tile  a r o m a  c o m p o n e n ts  (S u lc  1 9 8 4 ).
P r o p e r t ie s  o f  a r o m a  c o n c e n t r a t e s

C o m m erc ia lly , a r o m a  c o n c e n t r a t e s  o f  2 0 0 - fo ld  
s tr e n g th  are p r e p a r e d  for b le n d in g  w ith  th e  fru it  
ju ic e  c o n c e n tr a te s . T h e  q u a lity  o f  a ro m a  c o n c e n tr a te s  
is  a ffec ted  b y  th e  p r o c e s s  p a r a m e te r s  s u c h  a s  
p r e s su r e , r e f lu x  ra tio  a n d  c o n d e n s e r  te m p e r a tu r e  
(R a m tek e e t a l 1 9 9 0 b , 1 9 9 3 ; P e le g  a n d  M a n n h e im
1 9 7 3 ). A ro m a  c o n c e n tr a t e s  h a v e  b e e n  fo u n d  to  b e  
u n s ta b le  u n d e r  a m b ie n t  c o n d it io n s  a n d  h e n c e  h a v e  
to  b e  c o ld -s to r e d . T h e  s to r a g e  s ta b il ity  o f  a ro m a  
c o n c e n tr a te s  from  a p p le , o r a n g e , b a n a n a , g u a v a ,  
m a n g o  a n d  c a s h e w  a p p le  h a v e  b e e n  rep o rted  
(R a m tek e  1 9 8 7 ; K h a lil 1 9 9 0 ), In  c e r ta in  c a s e s ,  
a ro m a  c o n c e n tr a te  m ix e d  w ith  fru it ju ic e  c o n c e n tr a te  
s h o w e d  b e tte r  s ta b il ity  th a n  w h e n  th e  a ro m a  
c o n c e n tr a te  w a s  s to r e d  s e p a r a te ly  (R a m tek e  e t al
1 9 9 1 ).
C o m p a r a t i v e  e v a l u a t i o n  o f  c o n c e n t r a t i o n  
p r o c e s s e s

E c o n o m ic  a s p e c t s  o f  c o n c e n tr a t io n  p r o c e s s  
p la y  a n  im p o r ta n t ro le  in  th e  s e le c t io n  o f  p rop er  
m e th o d  o f  c o n c e n tr a t io n  i .e . ,  free ze  c o n c e n tr a t io n ,  
r e v e r se  o s m o s is  or  e v a p o r a tio n  (R e n sh a w  et al 
1 9 8 2 ; S a p a k ie  a n d  R e n sh a w  1 9 8 4 ).
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C o n c e n tr a tio n  c o s t s  in c lu d e  la b o u r , c a p ita l,  
m a in te n a n c e , u t il i t ie s , n o n -s e le c t iv e  p r o d u c t lo s s  
a n d  o th e r  c o s t  a s p e c t s .  L ab ou r c o s t s  v a ry  d e p e n d in g  
o n  th e  d e g r ee  o f  a u to m a tio n  a n d  c a p a c ity  o f  
p r o c e s s in g  u n it  (T h ijsse n  a n d  V a n  O y en  1 9 7 7 ). 
C a p ita l c o s t s  a re  d ir e c tly  r e la te d  to  th e  in s ta l le d  
c o s t  o f c o n c e n tr a t ic n  p r o c e s s  a n d  are  in v e r se ly  
p r o p o rtio n a l to  th e  n u m b e r  o f  p r o d u c tio n  h o u r s  p e r  
y e a r  a n d  to  th e  c a p a c ity  o f  c o n c e n tr a t io n  p r o c e s s .

D ifferen t w o r k e r s  (T h ijs se n  a n d  V a n  O y en  
19 77 ; R e n sh a w  et a l. 1 9 8 2 ; R o b e  1 9 8 3 ; M a rsh a ll
1985) h a v e  c o m p a r e d  th e  c o s t  o f  w a te r  rem o v a l in  
v a r io u s  c o n c e n tr a t io n  p r o c e s s e s .  A c c o r d in g  to  
T h ijs s e n  a n d  V a n  O y en  (1 9 7 7 ) , e v e n  th o u g h  th e  
c o s t  o f w a te r  rem o v a l c a n  b e  r e d u c e d  to  0 .1 6  (s te a m  
eq u iv a len t), it is  m u c h  h ig h e r  t h a n  t h o s e  for freeze  
c o n c e n tr a t io n  a n d  r e v e r se  o s m o s i s  (T ab le  7). 
H ow ever, w ith  a ro m a  rec o v er y  a n d  m u lt i-e ffe c t  
e v a p o ra tio n , th e  c o s t  b e c o m e s  c o m p a r a b le  to  e ith e r  
fr e e z e -c o n c e n tr a t io n  or  re v e r se  o s m o s is .

TABLE 7. ENERGY CONSUMPTION OF VARIOUS 
CONCENTRATION PROCESSES (Thijssen and Van 
Oyen 1977; Renshaw et al. 1982; Marshall 1985)

Process Steam equivalents
without aroma With aroma

Evaporator
recovery recovery

One effect evaporator 1 .20-  1.28 1 .25- 1.32
Two effects falling film 
evaporator with thermal 
compression 0.36 0.53
Three effects falling film 
evaporator with thermal 
compression 0.29 0.50
Four effects falling film 
evaporator with thermal 
compression 0.18 0.45

Freeze-concentration - 0 .2 5 -0 .5 0
Reverse osmosis 0.0 1 - 0.02 0.48
Ultrafiltration 0.0 1 - 0.02 -

A p p l ic a b i l i ty  t o  c o n c e n t r a t io n  o f  v e g e t a b le  j u i c e s
In th e  r e c e n t y e a r s , v e g e ta b le  j u ic e s  s u c h  a s  

ca rro t a n d  b e e t-r o o t , h a v e  a t ta in e d  c o m m e r c ia l  
im p o r ta n c e . T h e s e  j u ic e s  c a n  b e  s u c c e s s f u l ly  
c o n c e n tr a te d  in  a n y  ty p e  o f  e v a p o r a to r s , s in c e  th e y  
do n o t  c o n ta in  h ig h  le v e ls  o f  p e c t in  o r  s u s p e n d e d  
p a r tic le s . T h e s e  j u ic e s  h a v e  a ls o  b e e n  in v e s t ig a te d  
for c o n c e n tr a t io n  b y  r e v e r se  o s m o s i s  m e th o d  
(D em eo zk y  e t a l .  1 9 8 1 ).
O v e r v ie w s

C o n c e n tr a tio n  b y  v a c u u m  e v a p o r a tio n  s t ill  
r e m a in s  th e  b e s t  o p tio n  for  c o n c e n tr a t in g  m o s t  o f

th e  fru it  j u ic e s .  F r e e z e -c o n c e n tr a t io n  h a s  th e  
a d v a n ta g e  o f  b e in g  th e  m e th o d  c a u s in g  le a s t  
th e r m a l d a m a g e  to  th e  p r o d u c t  a s  w e ll  a s  r e te n t io n  
o f  a r o m a  c o n s t i tu e n t s .  W ith  th e  d e v e lo p m e n t  o f  
im p ro v ed  w a s h  c o lu m n s  a s  w e ll  a s  m u lt i-e ffe c t  
fr e e z e -c o n c e n tr a t io n  s y s t e m , fr e e z e -c o n c e n tr a t io n  is  
e m e r g in g  a s  a  lo w  e n e r g y  in te n s iv e  p r o c e s s  for h e a t  
s e n s it iv e  j u ic e s .  R e v e r se  o s m o s is  i s  th e  l e a s t  e n e r g y  
c o n s u m in g  p r o c e s s  a v a ila b le . W ith  th e  d e v e lo p m e n t  
o f  v e r sa t ile  m e m b r a n e  s y s t e m s ,  t h i s  m e th o d  is  
e m e r g in g  fa s t  a s  a  c o m m e r c ia l  m e th o d  for p r e 
c o n c e n tr a t io n  o f  fru it j u ic e s  a n d  in  s o m e  c a s e s  for  
p r e p a r in g  c o n c e n tr a t e s  o f  h ig h  d e g r e e  B r ix .
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Microbiological Studies on the Production of 
Dehydrated Convenience Foods : A  Case Stu d y  

on M ultiprocess, M ulticom ponent Assem bled  
Product : A v ia l  Mix

B . B H A G IR A T H I, D . V IJA Y A  RAO* A N D  K . A . S R IH A R I
D e fe n c e  F o od  R e se a r c h  L ab oratory , M ysore  - 5 7 0  O i l ,  In d ia .

Dehydrated A v ia l  Mix, assembled with 14 individually and differently processed ingredients, had upto 106, 105 
and 104/g  SPC coliforms, yeasts and moulds, respectively. No E . coli, S a lm o n e l la  or S ta p h y lo c o c c u s  a u r e u s  were 
present, but C itro b a c ter , P ro te u s  and K le b s ie lla  were encountered in all samples tested. The nature and source of 
contamination were traced to 7 ingredients. To facilitate ready identification of such important ingredients, a quality 
grid was constructed. The causes of high levels of survivors in dried ingredients were found to be the absence of 
pasteurization of d a h i  and coconut homogenate, the long soaking of blanched beans and cauliflower in sugar solution, 
improper handling of blanched green chillies and insufficient treatment of spices. After effecting the remedial measures, 
the overall microbial load on the assembled a v ia l mix was reduced by 2-3, 2-5, 3-5 and 2-4 log numbers for SPC, 
coliforms, faecal coliforms and yeasts plus moulds, respectively.
Keywords : A v ia l mix, Dehydrated vegetable curry, Microbiological quality, Production microbiology, HACCP, Multiproccss 

product

T h e p r e s e n c e  o f  v ia b le  m ic r o o r g a n ism s  in  d r ied  
fo o d s  i s  th e  n e t  r e s u lt  o f  m ic r o b ia l c o n ta m in a t io n  
o f th e  raw  m a te r ia ls , th e  e ffe c t o f  p r o c e s s in g  
p a r a m e te r s  o n  th e s e  m ic r o o r g a n ism s , th e  ty p e  o f  
h a n d lin g , a n d  h y g ie n e  e x e r c is e d  in  m a n u fa c tu r e  
(B ryan 1 9 7 4 ). F o o d s  c o n ta in in g  v e g e ta b le s ,  c e r e a ls  
a n d  s p ic e s  are n a tu r a lly  c o n ta m in a te d  w ith  a  
v a r ie ty  o f  m ic r o o r g a n ism s , w h ile  o th e r  c o m p o n e n ts  
s u c h  a s  m ilk  a n d  m ilk  p r o d u c ts  c o n ta in  b o th  
sp o ila g e  a n d  p a th o g e n ic  m ic r o o r g a n ism s  (H ob b s  
a n d  G ilbert 1 9 7 8 ). W h e n  th e s e  m a te r ia ls  a re  
dried  in  th e  p r o c e s s in g  o f  c o n v e n ie n c e  fo o d s , th e  
tim e  a n d  te m p e r a tu r e  o f  d ry in g  are k e p t a s  sh o r t , 
a n d  a s  low  a s  fe a s ib le  in  o rd er  to  m in im iz e  
a lte r a tio n s  in  th e  o r g a n o le p tic  p r o p e r tie s . S u c h  
tr e a tm e n ts  are , th ere fo re , n o t  le th a l  to  a ll m ic r o b ia l  
fo rm s (G ib b s 1 9 8 6 ), a n d  b a c te r ia l s p o r e s  a s  w e ll  
a s  v e g e ta tiv e  c e l ls  su rv iv e . F u r th e r  c o n ta m in a t io n  
is  in tr o d u c e d  in to  t h e s e  d r ied  fo o d s  d u r in g  
m a n u fa c tu r e , s to r a g e  a n d  d is t r ib u t io n .  D r ied  
v e g e ta b le s  a n d  s p ic e s  h a v e  b e e n  rep o r ted  to  c o n ta in  
v a r ia b le  n u m b e r s  o f  v e g e ta tiv e  a n d  sp o r e  fo rm in g  
o r g a n is m s , in c lu d in g  p a th o g e n s  a n d  to x ig e n ic  
m o u ld s  (V a u g h a n  1 9 5 1 ; F la n n ig a n  a n d  H u i 1 9 76 ;  
K r ish n a sw a m y  e t  a l. 1 9 7 1 ; P a fu m i 1 9 8 6 ; G e e th a  
a n d  K u lk a r n i  1 9 8 7 ;  A n t a r  1 9 8 8 ;  S t e h l i  
et a l. 1 9 8 8 ). P e r ish a b ility  o f  d e h y d r a te d  fo o d s ,  
in  sp ite  o f  th e  p r e s e n c e  o f  a  large  n u m b e r  o f  
sp o ila g e  o r g a n ism s , is  p r e v e n te d  n a tu r a lly , b e c a u s e

* Corresponding Auilior

o f  th e ir  lo w  m o is tu r e  c o n t e n t  (F razier  a n d  W e s fh o ff
1 9 7 8 ).

D u r in g  th e  d e v e lo p m e n t o f  a  q u ic k  c o o k in g  
d e h y d r a te d  v e g e ta b le  c u r r y  ty p e  d is h  k n o w n  a s  
' a v i a l  m ix ' in  S o u th  In d ia , h ig h  te m p e r a tu r e  sh o r t  
t im e  p n e u m a tic  d ry in g , sp r a y -d r y in g , a n d  h o t  a ir  
c a b in e t  d ry in g  w e r e  u s e d .  M icro b io lo g ica l a n a ly s e s  
o f  s o m e  ea r ly  b a t c h e s  r e v e a le d  th e  p r e s e n c e  o f  
r a th e r  h ig h  c o n c e n tr a t io n s  o f  a e r o b ic  b a c te r ia ,  
co lifo r m s, fa e c a l c o lifo r m s  a n d  y e a s t s  p lu s  m o u ld s .  
S t u d ie s  w ere  c a rr ied  o u t  to  id e n tify  th e  s o u r c e  a n d  
r e a s o n s  o f  s u c h  c o n ta m in a t io n  in  th e  f in a l p r o d u c t.  
In th is  p a p er , th e  r e s u lt s  o f  th e  m ic r o b io lo g ic a l  
in v e s t ig a t io n s  o n  a v i a l  m ix , b e fo r e  a n d  a fter  ta k in g  
r e m e d ia l m e a s u r e s ,  a re  rep o r ted .
M a te r ia ls  a n d  M e t h o d s

I n g r e d i e n t s  - p r o c e s s i n g  a n d  p r e p a r a t i o n  : A v i a l  
m ix  w a s  m a d e  from  1 4  d e h y d r a te d  in g r e d ie n ts  
(v e g e ta b le s , c o c o n u t , d a h i  (cu rd s) a n d  s p ic e s  a n d  
c o n d im e n ts ) ,  w h ic h  w e r e  v a r io u s ly  p r o c e s s e d  
(J a y a r m a n  e t al. 1 9 8 2 , 1 9 9 1 ). T h e  g e n e r a l  s e q u e n c e  
o f  o p e r a t io n s  in v o lv ed  in  th e  p r e p a r a tio n  o f  a v i a l  
m ix  is  r e p r e s e n te d  d ia g r a m m a tic a lly  in  F ig . l .  T h e  
a v i a l  m ix  c o n t a in s  v e g e ta b le  p o r t io n  a n d  g ra v y  m ix , 
p a c k e d  se p a r a te ly  in  th e  p r o p o r tio n  4 5 :5 5 .  F or  
r e c o n s t itu t io n , th e  v e g e ta b le s  w e r e  f ir s t  s im m e r e d  
in  b o ilin g  w a te r  fo r  1 0  m in  in  1 :3 -4  p r o p o rtio n , 
th e n  th e  g ra v y  p o w d e r  w a s  a d d e d  a n d  fu r th e r  
s im m e r e d  for 5  m in .
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Fig. 1. Flow diagram of the manufacture of A v ia l mix : A multicomponent, multiproccss preparation and assembly operation.

S a m p l e  t r e a t m e n t  f o r  m i c r o b i o l o g i c a l  a n a l y s i s  : 
T en  g  o f e a ch  food sa m p le  w ere  a se p tic a lly  m a c era ted  
for 5  m in  w ith  a  g la s s  m o r ta r  a n d  p e s t le  u s in g  
9 0  m l o f  0 .1 %  p e p to n e  w a ter . T h e  s u s p e n s io n  w a s  
k ep t a t ro o m  te m p e r a tu r e  for 1 h  a n d  d e c im a l  
d ilu t io n s  w ere  m a d e  u s in g  th e  s a m e  d ilu e n t . A ll 
a n a ly s e s  w ere  p e rfo rm ed  u s in g  m e d ia  a n d  m e th o d s  
d e sc r ib e d  b y  H a r r ig a n  a n d  M c C a n c e  (1 9 7 6 ) .  
B a cter io lo g ica l m e d ia  c o m p o n e n ts  w ere  th e  p r o d u c ts  
o f H iM ed ia , In d ia .

E n u m e r a t i o n  o j  m e s o p h i l i c  a e r o b i c  a n d  a n a e r o b i c  
b a c t e r i a  : C o lo n y  fo rm in g  u n it s  (CFU) w ere  e s t im a te d  
b y  p la tin g  se r ia l d i lu t io n s  o n  p la te  c o u n t  a g ar , a n d  
in c u b a tin g  a t 3 0 °C  for 4 8  h . C o lifo rm s w ere  
e s t im a te d  b y  p la tin g  o n  v io le t  r e d -b ile -a g a r  p la te s ,  
a n d  in c u b a tin g  a t 3 7 °C  for 18  h . F a e c a l c o lifo r m s  
w ere e s t im a te d  b y  u s in g  a  th r e e  tu b e  r e p lic a tio n  
o f EC b ro th  in  a  m o s t  p r o b a b le  n u m b e r  (MPN) 
s e r ie s  (S p e c k  1 9 7 6 ). A liq u o ts  (1 m l) from  e a c h  
d ilu tio n  w ere  in o c u la te d  in to  tu b e s  o f  EC b r o th ,  
a n d  in c u b a te d  a t 4 4 .5  ± 0 .2 °C  for  2 4  h . P r e su m p tiv e  
p o s itiv e  tu b e s  w ere  te s t e d  b y  s tr e a k in g  o n  e o s in e -  
m e th y le n e  b lu e -a g a r  (EM B), a n d  in c u b a t in g  a t 3 7 °C  
for 2 4  h . A  m in im u m  o f  five c o lo n ie s  a p p e a r in g  o n  
EM B a g a r  w ere  e x a m in e d  b y  th e  IMViC t e s t s  
(H arrigan a n d  M cC a n ce  1 9 7 6 ), fo llo w ed  b y  th e  API- 
2 0 E  g a lle r y  t e s t  (API S y s te m , F ra n ce ), to  d e te r m in e  
th e  c o n s t i tu e n t  g e n e r a . T h e  M PN o f  fa e c a l c o lifo r m s  
w a s  c o m p u te d  from  th e  ta b le s  (H arrigan  a n d  
M cC a n ce  1 9 7 6 ).

A liq u o ts  from  s e r ia l d i lu t io n s  w e r e  p la te d  o n  
a c id ifed  p o ta to -d e x tr o se -a g a r , w h ic h  w a s  in c u b a te d  
a t 2 5 °C  for 3 - 5  d a y s . A ll c o lo n ie s  a p p e a r in g  o n  
c o u n ta b le  p la te s  w e r e  c o u n te d  fo r  y e a s t s  a n d  
m o u ld s . S a m p le  d ilu t io n s  w e r e  s u r fa c e -p la te d  o n  
B a ird  P a rk er  a g a r  for e n u m e r a t io n  o f  S . a u r e u s  
in c u b a te d  a t 3 7 °C  for 4 8  h . T y p ic a l c o lo n ie s  w ere  
c o u n te d , a n d  te s te d  for c o a g u la s e  r e a c t io n  (H arrigan  
a n d  M cC a n c e  1 9 7 6 ). S a m p le  d i lu t io n s  w e r e  p la te d  
o n  eg g -y o lk  free tr y p to s e - s u lp h ite - c y c lo s e r in e  a g a r  
(S p e c k  1 9 7 6 ), a n d  in c u b a te d  a n a e r o b ic a lly  a t 3 7 °C  
for 1 8 -2 4  h  u n d e r  H 2 g a s  fo r  e n u m e r a t io n  o f  
C l o s t r i d i u m  p e r j r i n g e n s .

S a m p le s  (2 5  g) w ere  tr a n sfe r r e d  to  2 2 5  m l 
la c to se  b r o th , a n d  in c u b a te d  a t 3 7 °C  fo r  2 4  h  for  
iso la t io n  a n d  id e n tif ic a t io n  o f  S a l m o n e l l a .  O n e  m l 
o f  th e  p r e -e n r ic h m e n t c u ltu r e s  w a s  tr a n s fe r r e d  in to  
e a c h  tu b e  c o n ta in in g  10  m l te tr a - th io n a te , a n d  
s e le n ite  b r o th s  a n d  in c u b a te d  a t  3 7 °C  for 2 4  h . 
G row th , from  b o th  th e  b r o th s , w a s  s tr e a k e d  in to  
b r illia n t g r e e n -a g a r  a s  w e ll a s  b is m u t h  s u lp h it e  - 
a g a r  for in c u b a t io n  a t 3 7 °C  for 1 8 -2 4  h . F ive  
c o lo n ie s  from  th e s e  p la te s  w ere  fu r th e r  te s te d  
o n  tr ip le  s u g a r - ir o n  m e d iu m  a n d  K o h n 's  2 - tu b e  
m e d iu m . C o lo n ie s  te s t in g  p o s it iv e  a t t h is  s ta g e  w ere  
d e s ig n a te d  a s  p r e su m p tiv e  p o s it iv e  S a l m o n e l l a .  
S in c e  n o n e  o f  th e  c o lo n ie s  t e s t e d  g a v e  ty p ic a l  
S a l m o n e l l a  r e a c t io n s , n o  fu r th e r  s e r o lo g ic a l  t e s t s  
w ere  ca rr ied  o u t.
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R e s u l t s  a n d  D i s c u s s io n  '
T h e r e s u lt s  p e r ta in in g  to  in d ic a to r  o r g a n is m s  

a n d  p a th o g e n s  in  five  p ilo t s c a le  (2 5  kg) p r o d u c tio n  
b a tc h e s  in d ic a te d  th e  r a n g e  o f  1 .3  x  1 0 s to  7 .9  x  
10«, 4 .4  x  1 0 3 to  6  x  1 0 5, 3 .8  x  1 0 3 to  1 .2  x  1 0 s 
a n d  1.1 x  1 0 3 to  2 .8  x  1 0 4 for SP C , co lifo r m s, fa e c a l  
co lifo rm s a n d  y e a s t s  a n d  m o u ld s , r e sp e c tiv e ly . 
C l o s t r i d i a  w ere  p r e s e n t  in  lo w  n u m b e r s  (u p to  1 5 /  
g), w h ile  S. a u r e u s  a n d  S a l m o n e l l a  w ere  n o t  d e tec ted . 
A n a ly s is  o f  th e  fa e c a l c o lifo r m s  rev e a le d  th a t  E . c o l i  
w a s  p r e se n t  in  o n ly  o n e  s a m p le , th e  r e s t  w ere  
K l e b s i e l l a  sp p . a n d  E n t e r o b a c t e r  s p p . In  a  
d e h y d ra ted  p r o d u c t, th e  p r e s e n c e  o f  h ig h  n u m b e r s  
o f a ero b ic  m e so p h ilic  b a c te r ia  a n d  fa e c a l c o lifo r m s  
re flec ts  p r o c e s s  fa ilu re , p o o r  h y g ie n e  or b o th . T o  
in v e s t ig a te  th is ,  th e  v e g e ta b le  p a r t a n d  th e  g ra v y  
m ix  w ere  s e p a r a te ly  a n a ly se d  in  th e  dry, a n d  
r e c o n s t itu te d  form . It w a s  fo u n d  th a t  c o lifo r m s  a n d  
fa eca l c o lifo rm s a n d  y e a s t s  a n d  m o u ld s  w ere  h ig h e r  
in  th e  gravy  m ix  b y  1 -2  lo g  c y c le s  th a n  in  th e

TABLE 1. RESIDUAL MICROFLORA AFTER RECONSTITUTION 
COOKING OF THE TWO MAJOR COMPONENTS OF 
A VIAL MIX

Product Sample
Viable counts, g 1

SPC Coliforms Faecal Yeasts and 
coliforms moulds

TABLE 2. MICROBIAL QUALITY OF INDIVIDUAL DRIED 
VEGETABLES AND SOME OF THE COMPONENTS 
OF GRAVY MIX USED IN THE ASSEMBLY OF 
AVIAL MIX

Microorganisms, g 1
Dehydration/

process SPC Coliforms Faecal Yeasts and
Component coliforms moulds

Dried vegetables
Potato HTST 4.5 x 102
Yam " 2.6 x 102
Peas " 2.3 x IO3
Carrot " 3.0 x IO3
French
beans Cabinet 2.8 x IO6
Cauli

flower •• 5.7 x 10s
Green
chilli „ 4.8 x 10e

Curry
leaves •• 2.2 x IO4

D a h i Spray
Gravy mix

drying 8.2 x 107
Coconut Cabinet 5.6 x 104
Turmeric Powder 8.4 x 10s
Cumin Powder 6.3 x 105
Salt Comm

ercial 2.5 x 105
Com

flour .. 2.1 x 102

0 0 20
0 0 5

1.3 xlO2 0 50
0 0 55

2.1 x 104 4.0 x 103 25
8.2 x 102 4.0 x 101 10

1.6 x 104 6.2 x 103 4.1 x 103

2.6 x 101 1.1 x 101 5
com ponents

0 0 80
7.2 x 103 6.4 x 103 6.6 x 103

0 0 80
0 0 1.1 x 104

0 0 2.0 x 104

0 0 50
Vegetable Dry 1.6 x 10= 2.4 x 103 6.1 x 103 2.Ox 103mix Rcconsti-

tu ted 20 0 0 0

Gravy Dry 2.0 x 105 5.1 x 105 4.6 x 10s 3.1 x 104mix Reconsri-
tuted 8.9 x 103 2.5 x 103 6.3 x 103 2.4 x 102

v e g e ta b le m ix (T ab le 1) . H e a t a p p lie d d u r in g
r e c o n s t itu t io n  a p p a r e n tly  w a s  a b le  to  r e d u c e  th e  
m icro ilo ra  in  th e  la t te r  to  n e g lig ib le  le v e ls , b u t  n o t  
th a t  o f  gravy  m ix . T h e  r e d u c t io n  in  v ia b le  c o u n t s  
in  th e  g ra v y  o c c u r r e d  u p to  2  log  c y c le s ,  th e r e b y  
lea v in g  c o n s id e r a b le  r e s id u a l flora. T h e  h ig h  c o u n t s  
in  th e  d r ied  g ra v y  m ix  c o u ld  a ls o  h a v e  b e e n  d er iv ed  
from  s p ic e s  a n d  th e  g e n e r a l m ic r o b ia l q u a lity  o f  
th e s e  p r o d u c ts  h a s  b e e n  fo u n d  to  b e  poor. E arlier  
s tu d ie s  b y  o th e r  w o r k e r s  in d ic a te  th a t  th e  s p ic e s  
h a v e  a  g o o d  le a d  o f  m ic r o o r g a n ism s . (G eeth a  a n d  
K u lk a r n i  1 9 8 7 ;  T h a n g a m a n i  e t  a l  1 9 7 5 ;  
S u b b u la k s h m i e t a l. 1 9 9 1 )

To fu r th e r  lo c a liz e  th e  s o u r c e  o f  c o n ta m in a t io n  
in  th e  tw o m a jo r  c o m p o n e n ts ,  e a c h  in g r e d ie n t w a s  
a n a ly z e d  b e fo r e  a s s e m b l in g .  T h e  d a t a  a r e  
su m m a r iz e d  in  T a b le  2 . B e a n s , ca u lif lo w e r , g r e e n  
c h illi, d a h i  a n d  s p ic e s  c o n ta in e d  1 0 5/ g  a n d  m o re  
o f  SP C . B e a n s  a n d  g r e e n  c h illi  c a rr ied  th e  h ig h e s t

n u m b e r  o f  co lifo rm s, fo llo w ed  b y  c o c o n u t , ca u liflo w e r  
a n d  p e a s . F a e c a l c o lifo r m s  w e r e  fo u n d  in  fo u r  
v e g e t a b le s  a n d  c o c o n u t ,  w h i le  m o u ld s  w e r e  
e n c o u n te r e d  in  c u m in , g r e e n  c h ill i ,  c o c o n u t  a n d  
sa lt . H T ST p n e u m a tic  d r ied  v e g e ta b le s  h a d  low er  
SPC  a n d  n o  c o lifo r m s  (e x c e p t for p e a s ) , w h e n  
c o m p a r e d  to  o th e r  c o m p o n e n ts .  T h e  lim it for SPC  
fo r  c e r ta in  d e h y d r a te d  v e g e t a b le s  i s  1 x  1 0 5/ g  
(A u str a lia n  D e fe n c e  F o rce  F o o d  S p e c if ic a t io n  1 9 7 9 ), 
b u t  t h e s e  d o  n o t  in c lu d e  th e  v e g e ta b le s  u s e d  in  
a v i a l  m ix . H igh  in c id e n c e  o f  m o u ld s  in  re ta il  
s a m p le s  o f  d iffe ren t d r ied  v e g e ta b le  p r o d u c ts  w ere  
rep o r ted  b y  U d a g a w a  e t  a l. (1 9 8 4 ) .

B o th  c o lifo r m s  a n d  fa e c a l  c o lifo r m s  a s  w e ll a s  
m o u ld s  su r v iv e d  b o th  b la n c h in g  a n d  d e h y d r a tio n .  
H ow ever, n e ith e r  E. c o l i  n o r  S a l m o n e l l a  w ere  d e te c te d  
in  th e  s a m p le s ,  th o u g h  C i t r o b a c l e r ,  P r o t e u s  a n d  
K l e b s i e l l a  w ere  fo u n d  in  a ll fa e c a l co lifo r m  p o s it iv e  
s a m p le s .  T h e s e  o r g a n is m s  a r e  k n o w n  to  b e  
o p p o r tu n is t ic  p a th o g e n s  (D oy le  1 9 8 6 ) , a n d  w ere  
o b se r v e d  to  su r v iv e  a fter  r e h y d r a tio n  o f  th e  gravy  
m ix .

T o id en tify  in g r e d ie n ts  in v o lv e d  in  e le v a t in g  th e  
m ic r o b ia l lo a d  o f  th e  f in a l m ix , a  r e a d y  re fe ren c e  
grid  for q u a lity  c h e c k  w a s  c o n s tr u c te d  (T able 3).
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TABLE 3. A REFERENCE GRID TO IDENTIFY THE ROLE OF 
EACH COMPONENT IN THE FINAL MIX

Category
Grade A B C

I Cumin Carrot, yam, 
corn flour

Potato
2 Turmeric, green Cauliflower, Peas, coconut

chillies salt powder
3 Curry leaves Beans Curry powder

Category : Quantity, g% of each component in final mix 
A : < 1 (low); B : 2-9 (medium) C : > 10 (Large)

Grade : Microbial contamination contributed by each 
component towards microbial load per g of final mix
1 : SPC 102 and coliforms 0-10 (low);
2 : SPC 103 -  104 and coliforms < 103 (medium);
3 : SPC > 104 and coliforms > 103 (high)

T h o se  g ra d ed  1, ir r e sp e c tiv e  o f  th e  q u a n t it ie s  in  
w h ic h  th e y  w ere  a d d e d  to  th e  m ix , w e r e  p o ta to , 
carro t, y a m  a n d  c u m in , b e c a u s e  o f  lo w  c o n tr ib u tio n  
to  m icro b ia l lo a d . T h o s e  g r a d e d  3  c o n tr ib u te d  th e  
m a x im u m  n u m b e r  o f  o r g a n is m s  to  th e  f in a l m ix .

D a ta  p r e s e n te d  in  T a b le  4  s h o w  th a t  w a s h in g  
o f F ren ch  b e a n s  d id  n o t  e lim in a te  th e  in h e r e n t  
su r fa c e  m icro flora , b u t  b la n c h in g  d id  p erfo rm  th is  
ta sk . H ow ever , a fter  a  lo n g  s o a k in g  tr e a tm e n t (1 6  h

TABLE 4. MICROBIAL CONCENTRATION IN ON LINE 
SAMPLES' TAKEN DURING PROCESSING OF 
FRENCH BEANS AND CAULIFLOWER

Type of sample SPC
Microorganisms, g 1 

Coliforms Faecal Yeasts and

Fresh, cut beans 8.2 x IO4 5.4 x IO3
coliforms 
2.0 x IO1

moulds
75

Blanched 55 0 0 0
Fresh soak solution 65 0 0 15
Beans, soaked

16 h/4°C 5.9 x IO6 2.6 x IO5 2.1 x IO4 15
Beans, dried 6.6 x IO6 6.2 x IO4 4.0 x IO2 70
Spent soak solution 4.1 x IO7 1.6 x IO6 3.1 x IO5 15
Cauliflower blanched 95 0 0 0

soaked
(16 h/4°C) 4.4 x IO6 3.7 x IO4 3.0 x IO4 10

dried 7.8 x IO4 9.1 x IO3 5.2 x IO1 5

a t 4°C), a n  in c r e a s e  in  5 -6  log  c y c le s  o c c u r r e d  in  
th e  r e s id u a l flora . A s  a  r e s u lt , th e  s p e n t  s o lu t io n  
a lso  c o n ta in e d  v ery  la r g e  n u m b e r s  o f  b o th  SPC  a n d  
co lifo rm s. It m a y  b e  p o s s ib le  th a t  s u c r o s e  in  th is  
s o lu t io n  se r v e d  n o t  o n ly  a s  a  r ich  r e s u s c ita t io n  
m e d iu m  for th o s e  o r g a n is m s  s u b le th a lly  in ju red  
a fter  b la n c h in g , b u t  a ls o  p r o m o te d  g ro w th  a n d  
m u lt ip lic a t io n  a s  rep o r ted  b y  v a n  S c h o th o r s t  e t  a l .
(1 9 7 9 ).

D a ta  in  T a b le  5  s h o w  th a t  d e h y d r a t io n  a ffec ted  
th e  SPC  in  a  m u c h  l e s s  d r a m a tic  w a y  t h a n  it d id

TABLE 5. MICROBIOLOGICAL EXAMINATION OF D A H I, 
COCONUT, CHILLI AND SPICES AT THE 
PREPARATORY STAGES

Microorganisms, g '1
Product Preparation

SPC Coliforms Faecal Yeasts and

D a h i Fresh 8.2 x IO7 7.2 x 106
coliforms 
9.6 x IO6

moulds 
5.2 x IO3

Dried 7.4 x 10s 0 0 70
Coconut Fresh 4.2 x 10s 1.2 x 105 4.1 x IO3 1.1 x IO2

Homo
genised 5.1 x 106 1.2 x 10e 5.0 x IO3 2.0 x IO2

Dried 6.2 x 104 4.5 x IO3 2.1 x IO3 80
Green Blanched 4.1 x 102 4.3 x IO2 1.1 x IO2 15
chilli Sliced 4.8 x 107 1.6 x IO4 1.3 x IO3 4.1 x IO3

Dried 6.1 x 106 3.0 x IO4 5.0 x IO3 2.1 x IO3
Curry

leaves
Steam
blanched 3.2 x 105 4.3 x IO3 2.1 x IO2 10
Dried 8.2 x 10s 1.0 x IO1 l.Ox IO1 5

th e  co lifo rm s, a n d  fa e c a l c o lifo r m s  p r e s e n t  in  d a h i .  
C o lifo rm s b e c a m e  m o r e  s u s c e p t ib le  to  d iy in g  a t th e  
a c id ic  pH  (4 .2) o f  d a h l  A fter  th e  h o m o g e n iz a t io n  
o f  fr e sh  c o c o n u t , o n e  lo g  in c r e a s e  in  S P C  a n d  
c o lifo r m s  w a s  s e e n . A fter  d e h y d r a t io n , o n ly  u p to  
2  a n d  3  log  r e d u c t io n  o c c u r r e d  in  t h e s e  b a c te r ia ,  
t h u s  le a v in g  s u b s t a n t ia l  n u m b e r s  o f  m ix e d  flora  a s  
w e ll a s  co lifo rm s. T h e  b la n c h e d  g r e e n  c h il l ie s  h a v e  
lo w  SPC  a n d  c o lifo r m s  a s  a c q u ir e d  m ic r o o r g a n ism s  
in  la r g e  n u m b e r s  (1 0 7/g )  a fr e s h  a fte r  b e in g  s lic e d .  
C o c o n u t a n d  g r e e n  c h il l ie s  are  tw o  e x a m p le s ,  w h e r e  
h a n d lin g  c o u ld  in tr o d u c e  a d d it io n a l c o n ta m in a t io n ,  
a n d  w h e r e  h y g ie n e  a n d  s a n i t a iy  c o n tr o l w o u ld  b e  
n e c e s s a iy  a s  cr itica l c o n tr o ls . C u r iy  le a v e s  a p p ea red  
to  r e ta in  a ll th e ir  p o s t - b la n c h in g  f lo r a  a fte r  
d e h y d r a tio n , w ith  r e d u c t io n s  s e e n  in  b o th  c o lifo r m s  
a n d  fa e c a l c o lifo r m s.

R e m e d ia l m e a s u r e s  a t im p o r ta n t  p o in t s  (Fig. T. 
C , to  C 5) w ere  in c o r p o r a te d  d u r in g  p r o c e s s in g  in  
a n  effort to  b r in g  a n  o v era ll im p r o v e m e n t in  th e  
m ic r o b ia l q u a lity  o f  a u i a l  m ix . D a h i  a n d  c o c o n u t  
h o m o g e n a te  w ere  p a s te u r iz e d  b e fo r e  d e h y d r a t io n .  
B la n c h e d  b e a n s  a n d  c a u lif lo w e r  r e c e iv e d  a  sh o r te r  
s o a k  p e r io d  in  a  h ig h e r  s tr e n g th  s o lu t io n . G reen  
c h il l ie s  w ere  s lic e d  b e fo re  b la n c h in g  a n d  s p ic e  
p o w d e r  w a s  d r y -r o a s te d . T h a t t h e s e  m e a s u r e s  w ere  
e s s e n t i a l  a n d  u s e f u l  w a s  p r o v e n  b y  t h e  
m ic r o b io lo g ic a l e x a m in a t io n  o f  s u b s e q u e n t  b a tc h e s  
sh o w in g  a  r e d u c t io n  o f  2  to  3 , 2  to  5 , 3  to  5  a n d  
2 to  4  lo g  n u m b e r s  in  th e  le v e ls  o f  S P C , c o lifo r m s .  
fa e c a l c o lifo r m s  a n d  y e a s t s  p lu s  m o u ld s  in  t h e  f in a l 
a s s e m b le d  m ix . T h e  m a x im u m  c o u n t s  in  r e s p e c t  
o f  th e s e  g r o u p s  o f  o r g a n is m s  n o w  w e r e  7 .1  x  1 0 3, 
2 0 , 1 a n d  2 0  p e r  g , r e sp e c t iv e ly .

T h is  in v e s t ig a t io n  h a s  d e m o n s tr a te d  th a t  th e  
H ACCP c o n c e p t  a s  o u t l in e d  b y  B a u m a n  (1 9 7 4 )
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c o u ld  b e  a p p lied  in fo rm a lly  to  ev o lv e  a  p r ev en tiv e  
s y s te m  o f  c o n tro l w ith  reg a rd  to  m ic r o b io lo g ic a l  
h a z a r d s , a n d  m in im iz e  q u a lity  d e fe c ts  in  th e  
p r o d u c tio n  o f  food . T h e  m e th o d  o f  a s s ig n in g  
in g r e d ie n ts  sp e c if ic  p o s i t io n s  in  th e  q u a lity  grid  
h e lp s  to  id e n tity  p r o b le m  c a u s in g  m a te r ia ls  for  
w h ich  sp e c ific  c o n tr o ls  m a y  b e  s u c c e s s fu l ly  a d o p te d  
in  a  p r a c tic a l a n d  e c o n o m ic  w a y .
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Developm ent o f a Process for Coconut Cream
on Com m ercial Scale

C . A R U M U G H A N *, C . B A L A C H A N D R A N  A N D  A . S U N D A R E S A N
F o o d  S c ie n c e  a n d  B io c h e m is tr y ,

R e g io n a l R e s e a r c h  L a b ora tory , T h ir u v a n a n th a p u r a m  - 6 9 5  0 1 9 ,  In d ia .
A demonstration plant for production of coconut cream, envisaging utilisation of coconut residue and shell, has 

been developed to process 1000 nuts per 8 h. Its operation and machinery are described. The canned coconut cream 
is superior in terms of quality parameters of comparable products marketed abroad.
Keywords : Demonstration plant. Coconut cream, Pasteurization, Milk extraction, Heat penetration, Product composition.

W ith  a  to ta l p r o d u c tio n  o f  9 2 0 0  m ill io n  n u t s  
d u rin g  1 9 8 9 -9 0 ,  In d ia  is  th e  th ir d  la r g e s t  p r o d u c e r  
o f c o c o n u t  in  th e  w o r ld  (G eorge e t  a l .  1 9 9 1 ). 
C o c o n u t c u ltu r e  a n d  p r o c e s s in g  p la y  a  d o m in a n t  
role in  th e  a g r ic u ltu r a l e c o n o m y  o f  th e  S o u th e r n  
S ta te s . M ore t h a n  50%  o f  th e  n u t s  a re  c o n s u m e d  
a s  raw  in  th e  h o u s e h o ld  s e c to r  a n d  s o m e  in  th e  
form  o f  r e a d y  - to -e a t  s w e e t  m e a t s  u s in g  s u g a r  or  
ja g g e r y  (S a ty a n a r a y a n a  R ao  e t  a l. 1 9 9 0  a ,b ). N ew er  
p r o d u c ts  s u c h  a s  p r o c e s s e d  c o c o n u t  m ilk , c o c o n u t  
w a te r  a n d  m a n y  o th e r  fo o d  p r o d u c ts  in c lu d in g  
in fa n t fo o d s  h a v e  b e e n  d e v e lo p e d  a n d  m a r k e te d  
a b ro a d  (T im m in s a n d  K ram er 1 9 7 7 ; L u p k e  1 9 7 9 ;  
H u s in  a n d  H a s s a n  1 9 7 8 ; G o n c a lv e s  a n d  T e ix e ira  
N eto  1 9 82 ; H a g e n m a ie r  1 9 7 7 ; P r a s a n n a  e t  a l.
1 9 6 9 ). H ow ever , n o  s e r io u s  R  & D  e ffo r ts  a re  m a d e  
in  In d ia  a n d , th ere fo re , c o c o n u t  e c o n o m y  d e p e n d s  
m a in ly  o n  a  s in g le  c o m m e r c ia l p r o d u c t, i. e. 
c o c o n u t  oil. P r o c e s s e d  c o c o n u t  c r e a m  i s  o n e  o f  th e  
p r o d u c ts  th a t  h a s  g o o d  m a r k e t p o te n tia l. A n  
im p roved  p r o c e s s  for s h e l f  s ta b le  c o c o n u t  c r e a m  
h a s  b e e n  d e v e lo p e d  a n d  a  d e m o n s tr a t io n  p la n t  w a s  
e s ta b lish e d  a t  K och i. T h is  p a p e r  r e la te s  to  th e  
d e ta ils  o f  th e  e q u ip m e n ts , o p t im ise d  u n it  o p e r a t io n s  
e tc ., o f  th e  d e m o n s tr a t io n  p la n t  o f  a  c a p a c ity  to  
p r o c e s s  1 0 0 0  c o c o n u t s /8  h .
M a te r ia ls  a n d  M e th o d s

W ell r ip e n e d  fr e sh  n u t s ,  h u s k e d  a n d  a g e d  for  
a  w eek , w ere  sp lit  m a n u a lly . S p e c ia lly  m a d e  sc o o p in g  
k n iv e s  w ere  e m p lo y e d  for m a n u a l  d e sh e llin g . T h e  
k e rn e l w a s  w a s h e d  w ith  w a te r  c o n ta in in g  1 0 0  p p m  
H20 2 in  S .S . ta n k  o f  5 0 0  1 c a p a c ity . F o r  b la n c h in g ,  
th e s e  w ere  im m e r se d  in  h o t  w a te r  a t 8 0 °C  for 10  
m in  in  a  S .S . ta n k  o f  5 0 0  1 c a p a c ity , f itted  w ith  
o p e n  s te a m  c o ils  for s t e a m  sp a r g in g  to  h e a t  w a te r  
to  b o ilin g  te m p e r a tu r e . P rior to  m ilk  e x tr a c tio n , th e

* C o r re sp o n d in g  A u th o r

w e t k e r n e l w a s  s u b je c te d  to  s iz e  r e d u c t io n  u s in g  
h a m m e r  m ill (B a tlib o i E n g in e e r s , B a n g a lo r e ) . T h e  
o p tim u m  p a r t ic le  s iz e  o b ta in e d  b y  u s in g  6  m m  s ie v e  
in  a  h a m m e r  m ill w a s  a rr iv ed  a t , a s  a  r e s u lt  o f  
lab o ra to ry , a n d  p ilo t p la n t  tr ia ls . It h a s  a  th r o u g h 
p u t  o f  5 0 0  k g  k e m e l / h  a n d  w a s  p r o v id e d  w ith  a  
c h a m b e r  to  c o lle c t  w e t  g r a t in g s .

T h e  w e t  g r a tin g  w a s  fed  in to  a  S .S . s c r e w  p r e s s  
s p e c ia l ly  d e s ig n e d  a n d  fa b r ic a te d  fo r  m a x im u m  
m ilk  e x tr a c t io n  o n  c o m m e r c ia l s c a le ,  b a s e d  o n  th e  
d a ta  w ith  r e sp e c t  to  s iz e  o f  th e  g r a tin g s , p e r fo r m a n c e  
o f  o th e r  e x tr a c t io n  e q u ip m e n ts ,  p r e s s u r e , a n d  o th e r  
p h y s ic a l req u ir e m e n ts . It h a s  a  p r o g r e ss iv e ly  ta p e r in g  
w o rm  sc r e w , h o u s e d  in  a  p e r fo r a te d  c a g e , l in e d  w ith  
2  m m  S .S . s ie v e . T h e  d r iv e  c o n s i s t e d  o f  7 .5  HP  
m o to r  a n d  a  r e d u c t io n  g ea r . T h e  c o m p r e s s io n  ra tio  
w a s  12 a n d  th e  b a c k  p r e s s u r e  w a s  a d ju s te d  b y  
c o n tr o llin g  th e  e x it  s lit .  T h e  m ilk  i s  e x p e lle d  
th r o u g h  th e  p e r fo r a tio n  o n  th e  c a g e  a n d  c o lle c te d  
in  th e  r e c e p tio n  c h a m b e r  a t  th e  b o tto m . T h e  
r e s id u e  from  th e  s c r e w  p r e s s  w a s  m ix e d  w ith  h o t  
w a te r  for th e  f in a l m ilk  e x tr a c t io n , u s in g  a  h a n d  
d r iv en  g e a r e d  r e s id u e  m ix e r . It i s  a  S .S . v e s s e l  o f  
3 0 0  1 c a p a c ity , p r o v id e d  w ith  b a f f le s  a n d  sc r a p e r .  
T h e c y c le  o f  e x tr a c t io n  o p t im is e d  h e r e , w a s  first  
tw o  p a s s e s  w ith o u t  w a te r  a n d  th e  th ir d  w ith  w a te r  
e q u a l to  h a lf  th e  w e ig h t  o f  th e  r e s id u e . U n d e r  th e s e  
c o n d it io n s , a b o u t  70%  o f  th e  s o lu b le  s o l id s  o f  th e  
c o c o n u t  g r a t in g s  c a n  b e  e x tr a c te d .

F i l t r a t i o n  : T h e  m ilk  o b ta in e d  w a s  f iltered  u s in g  
a v ib ra to ry  s ie v e  (J. T. J a g t ia n i ,  B o m b a y ). T h e  s ie v e  
(6 0  m e s h , 24" dia) is  s u b je c te d  to  g y r a to r y  m o t io n  
b y  a n  e le c tr ic  m o to r  o f  2  HP.

A d d i t i v e  m i x i n g  : A d d it iv e s  w h ic h  c o n s i s t e d  o f  
T w e e n -8 0 , c a s e in ,  g u a r  g u m , CM C s o d iu m  s a lt  o f  
h ig h  v is c o s ity  a n d  s u g a r  w ere  d is p e r s e d  in  h o t  
w a te r  in  a  1 0 0  1 c a p a c ity  s t e a m  ja c k e t te d  S .S .  
k e tt le , th e  p o o le d  m ilk  w a s  a d d e d , h e a t e d  to  8 0 °C
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a n d  e m u ls if ie d  in  a  p o r ta b le  in d u s tr ia l  m ix e r  (R em i 
E n g in eer in g , B a n g a lo re). T h e  c re a m  w a s  p a s te u r iz e d ,  
u s in g  a  p la te  h e a t  e x c h a n g e r  s y s t e m , s p e c ia l ly  
d e s ig n e d  for th e  p a s te u r iz a t io n  o f  c o c o n u t  c r e a m  
(92°C  for 2 0  m in ). T h is  s y s t e m  h a s  a  p la te  a n d  
fram e h e a t  e x c h a n g e r  m a d e  o f  S .S . h o ld in g  ta n k  
o f  2 0 0  1 a n d  h o t  w a te r  ta n k . T h e  c r e a m  is  c h a r g e d  
in to  th e  h o ld in g  ta n k , a n d  c ir c u la te d  th r o u g h  th e  
p r o d u c t c h a n n e l  o f  th e  h e a t  e x c h a n g e r  a n d  h o t  
w a ter  a t 9 5 °C  i s  c ir c u la te d  th r o u g h  th e  h e a t in g  
m e d iu m  c h a n n e l  w ith  th e  a id  o f  2  H P p u m p s . T h e  
cre a m  w a s  h o t- f il le d  in  p la in  t in  c a n s  u s in g  a  
v o lu m etr ic  fillin g  m a c h in e  (J. T. J a g t ia n i, B o m b a y). 
T h e c a n s  w ith  lo o s e ly  p la c e d  lid s  w ere  p a s s e d  
th ro u g h  a  c o n t in u o u s  e x h a u s t  b o x  (G ard n er's C orp ., 
N ew  D elh i). T h e e x h a u s te d  c a n s  w ere  s e a le d  u s in g  
a  s ta n d a r d  in d u s tr ia l s e a le r  o f  th e  c a p a c ity  3 0 0 -  
4 0 0  c a n s /h .  A  ro ta ry  r e to r t (F a b r ica ted  b y  P la n ts  
(India) L td., C o c h in  - a s  p e r  o u r  d e s ig n ) c o n s is t in g  
o f a h o r izo n ta l c y lin d r ic a l v e s s e l  w ith  r o ta tin g  in n e r  
d ru m  a n d  a s ta t io n a r y  o u te r  s h e l l  w a s  u s e d  for  
c a n  reto rtin g . T h e  in n e r  d r u m  is  p rov id ed  w ith  6 6 0  
s lo t s  to  h o ld  th e  s ta n d a r d  3 0 1  x  2 0 4  s iz e  c a n s .  
T h e c e n tr a l sh a ft  to  th e  in n e r  d r u m  is  c o n n e c te d  
to  a  g ea red  m o to r  to  r o ta te  a t 1 rp m . S te a m  is  
p a s s e d  in to  th e  reto rt to  m a in ta in  a  p r e s su r e  o f  
1 5 -3 0  p s i. W h ile  th e  in n e r  d r u m  is  in  r o ta tio n ,  
h o ld in g  th e  c r e a m  filled  c a n s ,  a c o n t in u o u s  m ix in g  
o f  th e  c r e a m  is  a c h ie v e d , fa c ilita t in g  fa s te r  h e a t  
p e n e tr a t io n , a n d  u n ifo rm  h e a t in g . T h e  ro ta ry  retort 
w a s  d e s ig n e d , a n d  fa b r ic a te d  s p e c ia l ly  for c o c o n u t  
cre a m  s ter iliza tio n .

R e s i d u e  d r y i n g  : T h e  r e s id u e  w a s  d r ied  to  a  
m o is tu r e  c o n te n t  o f  3%  b y  u s in g  a  th r o u g h  flow  
e lec tr ica l d ryer  (P rem ier E n g in e e r in g  C o ., C o ch in ). 
F ifty  k g  o f th e  r e s id u e  c o u ld  b e  d r ied  in  1 h . A  
b o iler  (L axm i B o ile r s , B o m b a y ), w ith  a n  e v a p o r a tio n  
c a p a c ity  o f  3 0 0  k g / h  a n d  fu e lle d  b y  c o c o n u t  s h e l l  
s u p p le m e n te d  w ith  firew o o d , w a s  u s e d . T o ta l  
c o n n e c te d  lo a d  for th e  p la n t  is  6 5  KW, w h ile  th e  
e s t im a te d  w a te r  r e q u ir e m e n t for 8  h  sh ift  is  a b o u t
1 0 ,0 0 0  1. T h e  d e m o n s tr a t io n  p la n t  h a s  a  to ta l a rea  
o f 2 ,5 0 0  sq . ft., d iv id ed  in to  b o ile r  h o u s e ,  w o rk  a rea  
a n d  p r o c e s s in g  a rea . It p r o c e s s e s  1 0 0 0  c o c o n u ts  
in  8 - 1 0  h  to  y ie ld  a b o u t  2 5 0  k g  c o c o n u t  c r e a m , 
a n d  5 0  k g  c o c o n u t  p o w d er.

A n a l y t i c a l  m e t h o d s  : M icro b io lo g ica l a n a ly s is  o f  
sa m p le s  w a s  c a rr ied  o u t  a s  p e r  s ta n d a r d  p r o c e d u r e  
(R a n g a n n a  1 9 8 6 ). T o ta l s o l id s ,  fa t, p r o te in , s u g a r s ,  
m in e r a ls  a n d  g u m s  w ere  e s t im a te d  a s  p e r  B IS  
(1 9 6 1 ) m e th o d s .

R e s u l t s  a n d  D i s c u s s io n
Y i e l d  o f  k e r n e l  : A b o u t  5 0  tr ia ls  (2 0 0 - 4 0 0

c o c o n u t  b a tc h  s iz e ) w ere  c o n d u c te d . N o rm a lly , th e  
w e ig h ts  o f  c o c o n u ts  o f  th e  c o m m e r c ia l  v a r ie t ie s  in  
In d ia , r a n g e  fro m  4 0 0 - 6 0 0  g  w ith  a  m e a n  v a lu e  
o f  5 0 0  g. T h e  a v e r a g e  y ie ld s  r e c o r d e d  w e r e  5 0  k g  
fr e sh  m e a t , 2 0  k g  w a te r  a n d  3 0  k g  s h e l l  fro m  1 0 0  
k g  d e h u s k e d  c o c o n u t , c o n s is t e n t ly  w ith  n a rro w  
l im its  o f  v a r ia tio n . T h e  o v era ll a v e r a g e  ± S D  v a lu e  
for  d e h u s k e d  c o c o n u t , s h e l l ,  w a te r  a n d  k e r n e l fo r  
th e  s e le c te d  tr ia ls  (6  tr ia ls  c o m p r is in g  1 8 9 0  n u ts )  
w ere  1 7 3  ± 2 0 , 5 2  ±  6 .2 ,  3 5  ± 4 .2  a n d  8 7  ± 9 .6 ,  
r e sp e c tiv e ly . T h e  a v e r a g e  w e ig h t  (8 0 0  g) rep o r ted  
for m a jo r  c o c o n u t  g ro w in g  c o u n tr ie s  lik e  P h ilip p in e s ,  
I n d o n e s ia  a n d  Sri L a n k a  i s  m u c h  h ig h e r  t h a n  th a t  
o f  In d ia n  v a r ie t ie s , p ro b a b ly  d u e  to  v a r ie ta l v a r ia tio n s  
(W ood roof 1 9 7 9 ).

M i l k  e x t r a c t i o n  : T h e  s e q u e n t ia l  o p e r a t io n s  for  
th e  c o c o n u t  c r e a m  p r o c e s s  i s  p r e s e n te d  in  th e  flow  
c h a r t  (Fig. 1). A tte m p ts  to  m e c h a n is e  b r e a k in g  a n d  
d e sh e llin g  d id  n o t  y ie ld  d e s ir a b le  r e s u lt s .  T h e  
p r o c e s s  o f  rem o v a l o f  b r o w n  t e s t a  (c a lle d  p arin g) 
is  a la b o u r  in te n s iv e  o p e r a t io n , w h ic h  a ls o  r e d u c e s  
th e  w e ig h t o f  th e  k e r n e l b y  1 0 -1 5 %  (C h ild  1 9 7 4 ). 
E a rlier  p r o c e s s e s  for c o c o n u t  c r e a m  in c lu d e  p a r in g  
a s  a n  im p o r ta n t s te p  to  o b ta in  w h ite  m ilk  
(W ood roof 1 9 7 9 ). T h e  c o lo u r  o f  th e  m ilk  w a s  n o t  
a ffec ted  w ith  or  w ith o u t  p a r in g  (A r u m u g h a n  e t  al. 
1 9 8 4 ). T h erefore , th e  s te p  o f  p a r in g  h a s  b e e n  
a v o id ed  to  n o t  o n ly  s a v e  la b o u r  b u t  a ls o  in c r e a s e  
th e  m ilk  y ie ld . T h e  w a s h in g  o f  k e r n e l in  w a te r  w ith  
1 0 0  p p m  H 20 2, fo llo w ed  b y  b la n c h in g  fo r  1 0  m in  
a t 8 0 °C , w a s  in te n d e d  to  r e d u c e  th e  in it ia l  lo a d  
o f  m icro flora . T h e  b la n c h in g  s t e p  i s  re p o r te d  to  
r e d u c e  e n z y m e s  lik e  l ip a s e s  (K r ish n a m u r th y  a n d  
C h a n d r a se k h a r a  1 9 7 9 ) th a t  m a y  c a u s e  u n d e s ir a b le  
fla vo u r. S iz e  r e d u c t io n  o f  th e  k e r n e l in to  s m a ll  
p a r t ic le s  i s  a n  e s s e n t ia l  s te p  for s u b s e q u e n t  m ilk  
e x tr a c tio n .

S t a b i l i z a t i o n  o f  e m u l s i o n  : E x te n s iv e  s tu d ie s
in c o r p o r a tin g  p e r m itte d  e m u ls if ie r s  a n d  s ta b iliz e r s ,  
fo llo w ed  b y  e m u ls if ic a t io n , w ere  c o n d u c te d  to  arrive  
at o p tim u m  le v e ls  (A r u m u g h a n  e t a l. 1 9 8 7 ) . T h e  
pH  o f  th e  a d d it iv e  m ix tu r e  w h ic h  c o n s is t e d  o f  
T w e e n -8 0 , c a s e in , g u a r  g u m , CM C a n d  s u g a r  w a s  
a d ju s te d  for  c o m p le te  d i s s o lu t io n  o f  v a r io u s  
in g r e d ie n ts  a n d  th e n  o n ly  th is  w a s  a d d e d  to  th e  
p o o le d  m ilk  p r ior  to  e m u ls if ic a t io n .

P r e s e r v a t i o n  : A  p r e -h e a t  tr e a tm e n t  u s in g  p la te  
h e a t  e x c h a n g e r  for 2 0  m in  a t 9 2 °C  w a s  fo u n d  to  
r e d u c e  th e  p o p u la t io n  o f  sp o ila g e  o r g a n is m s  to  a
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Fig. 1. Flow sheet showing the various steps involved in the produc tion of processed coconut cream.
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TABLE 1. MICROBIOLOGICAL ANALYSIS OF SAMPLES 

DURING VARIOUS STAGES OF PROCESSING*
Sample collected Total count/mi

Coconut-kemel wash water 10s -  103
Water after blanching 103 -  104
Crushed gratings 104
Milk extract (First) 104 -  10s
Additives 0 - 1 0
Milk + additives 10s
Milk after strirring and homogenization 10s -  106
During pasteurization
Pasteurized sample in bottle (which showed 
spoilage in 7-10 cays) collected on the day

101 -  103

of preparation
* B a c illu s  were present in all the samples.

103

M icrococcus and P ro te u s  were encountered in coconut-kemel 
wash water (before and after blanching) and crushed gratings, 
respectively.

g rea t e x te n t (T able 1). A s  p a s te u r iz a t io n  a lo n e  w a s  
fo u n d  to  b e  in a d e q u a te , th e  c o c o n u t  c r e a m  w a s  
s u b je c te d  to  fu r th e r  tr e a tm e n ts  s u c h  a s  e x h a u s t in g  
a n d  reto rtin g . B a s e d  o n  h e a t  p e n e tr a t io n  s tu d ie s ,  
a tim e -te m p e r a tu r e  p rofile  o f  3 5  m in  a t 15  p s i  w a s  
arrived  a t fo r  s te r i l iz a t io n  in  a  s ta t io n a r y  retort. 
T h o u g h  th is  h e a t  tr e a tm e n t w a s  fo u n d  to  g iv e  a  
ster ile  p r o d u c t, th e  p r o d u c t q u a lity  su ffe r e d  from  
b row n in g , c u r d lin g  a n d  o ff-flavou r. C o c o n u t p r o te in s  
h a v e  b e e n  s h o w n  to  b e  h ig h ly  s e n s i t iv e  to  
te m p e r a tu r e  (S a m s o n  1 9 7 1 ) a n d  pH  (B a la c h a n d r a n  
a n d  A r u m u g h a n  1 9 9 2 ) .  E x p o s u r e  to  h ig h  
tem p era tu r e  for lo n g  t im e  r e s u lte d  in  d é n a tu r a t io n  
a n d  p r e c ip ita tio n  o f  p r o te in s . T h e  p r o c e s s  o f  
d é n a tu r a tio n  w a s  a c c e le r a te d  in  th e  a c id ic  a n d  
b a s ic  reg io n s . In  th e  p r o c e s s  for c o c o n u t  c r e a m , 
t h e s e  p r o b le m s  h a v e  b e e n  o v e r c o m e  b y  th e  
in co rp o ra tio n  o f  a d d it iv e s  a n d  a d o p tio n  o f  ro ta ry  
retort. W h ile  th e  a d d it iv e s  m in im iz e d  th e  im p a c t o f  
h e a t  tr e a tm e n t , m ix in g  o f  th e  c r e a m  d u r in g  
ste r iliz a tio n  fa c ilita te d  fa s te r  a n d  u n ifo r m  h e a t  
p e n e tr a t io n , a n d  r e d u c t io n  in  th e  t im e  o f  h e a t  
trea tm e n t. U n d er  th e s e  c o n d it io n s , s te r il iz a t io n  a t  
15 p s i  for 2 0  m in  w a s  fo u n d  to  g iv e  a  p r o d u c t free  
from  cu r d lin g  a n d  b r o w n in g . T h e  e f fe c t iv e n e s s  o f  
ster iliza tio n  w a s  fu r th e r  co n firm e d  b y  m icro b io lo g ica l  
a n a ly s is  for m s s o p h il ic  a e r o b e s , m e s o p h il ic  sp o r e  
f o r m e r s .  B a c i l l u s  s t e a r o t h e r m o p h i l l u s ,  t o t a l  
a n a e r o b e s  a n d  p r e s u m p t iv e  c o l ifo r m s . T h e s e  
o r g a n ism s  w ere  fo u n d  to  b e  a b s e n t  in  th e  p r o d u c t.

T h e a v a ila b le  r e p o r ts  for th e  c o c o n u t  cre a m  
p r o c e s s  from  th e  P h ilip p in e s  (T im m in s a n d  K ram er
1 9 7 7 ), M a la y sia  a n d  T h a ila n d  (H a g en m a ie r  1 9 7 7 )  
in v o lv ed  se v e r e  h e a t  tr e a tm e n t to  im p a rt p r o d u c t  
s ter ility . F or e x a m p le , th e  P h ilip p in e  p r o c e s s  h a s

a d o p te d  a u to c la v in g  o f  th e  c a n s  fo r  4 5 - 7 0  m in . 
In  th e  c a s e  o f  M a la y s ia n  a n d  T h a ila n d  p r o c e s s e s ,  
th e  m ilk  i s  s u b je c te d  to  h e a t  tr e a tm e n t  in  o p e n  
s t e a m  k e t t le s  a t 8 0 °C  fo r  4  h , fo llo w e d  b y  a d d it io n  
o f  s o d iu m  m e ta b is u lp h ite  b e fo r e  p a c k in g . T h e s e  
r e s u lte d  in  th e  b r o w n in g , c u r d lin g  a n d  p h a s e  
se p a r a t io n  o f  th e  p r o d u c t. T h e  a n a ly t ic a l  d a ta  o f  
c o c o n u t  c r e a m  p r o c e s s e d  a t  RRL(T) a n d  tw o  
c o m m e r c ia l b r a n d s  fro m  M a la y s ia  a n d  S in g a p o r e  
are p r e s e n te d  in  T a b le  2 . T h e  p r o c e s s  r e p o r te d  h e r e  
h a s  o v erco m e  t h e s e  q u a lity  d e fe c ts  b y  a d o p tin g  
s u i t a b le  a d d i t iv e s  c o u p le d  w i t h  s t e r i l i z a t io n  
c o n d it io n s , a s  a lr e a d y  d e sc r ib e d . F u r th e r , th is  
p r o c e s s  a ls o  a v o id e d  p r e se r v a t iv e , w h ic h  u s u a lly  
im p a r te d  u n d e s ir a b le  f la v o u r  a n d  ta s te .

TABLE 2. ANALYTICAL DATA OF COCONUT CREAM 
PROCESSED AT RRL (T) AND OF TWO 
COMMERCIAL BRANDS FROM MALAYSIA AND
SINGAPORE* 

RRL JT)
From

Malaysia 155 g
From

Singapore 170g
Colour White Dirty white Dirty white
Texture Smooth Curdled Curdled
Flavour Coconut

like
Slight burnt 
flavour

Synthetic 
coconut flavour

Appearance Homogeneous Two phases Two phases
Consistency Creamy Watery Watery
Total solids % 
Solids non

37 21.2 15.6
fat, % (SNF) 12 7.2 4.1
Fat, % 25 14.0 11.0
Protein, % 4.5 0.3 0.5
Sugars, % 5.5 2.9 2.0
Minerals, % 1.8 0.7 0.6
Added gums, % 0.4 2.5 1.5
* Procured from the Middle East

C o m p o s i t i o n  a n d  m a t e r i a l  b a l a n c e  : T h e  
c o m p o s it io n  o f  th e  c a n n e d  c o c o n u t  c r e a m  a n d  
c o c o n u t  p o w d e r  b y  t h is  p r o c e s s  a n d  th e  m a te r ia l  
b a la n c e  d a ta  a re  s h o w n  in  T a b le  3  a n d  F ig . 1. T h e  
c o c o n u t  p o w d er  w a s  c o n v e r te d  in to  r e a d y - to -u s e  
food  fo r m u la t io n s  s u c h  a s  c u r r y  or c h u t n e y  p o w d e r  
w ith  a c c e p ta b le  q u a lity  a t tr ib u te s . T h is  fu r th e r

TABLE 3. COMPOSITION OF THE COCONUT CREAM, 
COCONUT RESIDUE AFTER MILK EXTRACTION 
AND DESICCATED COCONUT

Coconut cream Residue
(wt %) (wt %)

Moisture 65.0 3.0
Fat 23.0 45.0
Protein 4.5 8.0
Sugars 5.5 9.0
Fibre - 15.0
Minerals 1.0 1.5
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a d d s  to  th e  e c o n o m ic  v ia b ility  o f  t h is  p r o c e s s .  T h e  
c o c o n u t  w a te r  i s  y e t  a n o th e r  b y p r o d u c t  th a t  c a n  
b e  c o n v e r te d  in to  c o c o n u t  v in e g a r , th e r e b y  a d d in g  
v a lu e  to  a  w a s te  p r o d u c t. F u r th e r  fo r m u la tio n  o f  
th e  c o c o n u t  p o w d e r  c o u ld  g iv e  1 0 0  k g  r e a d y - to -u s e  
c h u tn e y  or  cu r r y  p o w d er . T h e  s h e l l  (1 5 0  kg) is  u s e d  
a s  a  b o ile r  fu e l a t p r e se n t . H ow ever , it c a n  b e  
p rofitab ly  u s e d  for m a k in g  s h e l l  p o w d e r  o r  a c tiv a te d  
ca rb on .

T h e d e m o n s tr a t io n  p la n t  w a s  e s ta b l is h e d  a t a  
c o s t  o f  R s. 2 5  la k h s , a n d  th e  c a n n e d  p r o d u c t  w a s  
te s t  m a r k e te d  a t m e tr o p o lita n  a n d  o th e r  c it ie s .  T h e  
fe e d b a c k  o b ta in e d  from  th is  p r o g r a m m e  s u g g e s te d  
th a t th e  p r o d u c t w a s  a c c e p ta b le  in  a ll h o u s e h o ld  
d ie ta r ies  a n d  ca te r in g  e s ta b lish m e n ts , w h e r e  c o c o n u t  
is  u se d .

Technology transfer fo r  commercialisation : T h e  
p r o c e s s  h a s  b e e n  tr a n sfe r r e d  for c o m m e r c ia l  
p r o d u c tio n  to  a  p r iv a te  c o m p a n y . T h e  p r o p o se d  
co m m e r c ia l p la n t  w ill h a v e  a  c a p a c ity  to  p r o c e s s
10 ,0 0 0  fr e sh  c o c o n u t s  p e r  d a y , w h ic h  w o u ld  y ie ld  
2 5 0 0  k g  c o c o n u t  c r e a m  a n d  5 0 0  k g  d ry  c o c o n u t  
pow d er. E c o n o m ic  v ia b ility  for th e  c o m m e r c ia l p la n t  
h a s  a ls o  b e e n  w o rk e d  o u t  for th e  d e ta ile d  p roject  
rep ort. T h e  to ta l c o s t  o f  th is  p r o jec t i s  R s. 1 5 0  la k h s  
o f w h ic h  R s. 9 0  la k h s  a c c o u n t  fo r  c a p ita l c o s t . T h e  
p roject b r e a k s  e v e n  a t 40%  c a p a c ity  w ith  a  p a y  
b a c k  p er io d  o f  4  y e a r s  fo r  th e  te r m  lo a n . T h e  
c o m m e r c ia l p la n t  i s  p r o p o se d  to  b e  lo c a te d  in  
T rich u r  d is tr ic t  o f  K era la  S ta te .
A c k n o w le d g e m e n t

T h e a u th o r s  w ish  to  e x p r e s s  th e ir  s in c e r e  
th a n k s  to  C o c o n u t D e v e lo p m e n t B o a rd  fo r  th e  
fin a n c ia l su p p o r t  for d e v e lo p m e n t a n d  e s ta b lish m e n t  
o f th e  d e m o n s tr a t io n  p la n t  for c o c o n u t  c re a m . 
T h e  k e e n  i n t e r e s t  a n d  s u p p o r t  g iv e n  fo r  
th is  w o rk  b y  D r. A. D . D a m o d a r a n , D irecto r , RRL, 
T h ir u v a n a n th a p u r a m , i s  g r a te fu lly  a c k n o w le d g e d .
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E f f e c t  o f  V a r i o u s  T r e a t m e n t s  o n  N u t r i t i o n a l  Q u a l i t y  o f
F a b a  B e a n s  ( V £ c £ a  f a b a )

NEERJA RANI AND CHARANJEET K. HIRA*
D epartm ent o f F oods and N utrition,

Punjab A gricultural U niversity, L udhiana - 141 0 0 4 , India.
Pressure-cooked, roasted, sprouted, dehusked and raw faba beans were analysed for protein, amino acids, minerals 

and anti-nutritional factors. The results indicated that pressure-cooking resulted in maximum loss of methionine, cystine 
and tryptophan (P < 0.01). Faba beans were found to be good source of minerals, namely, calcium, phosphorus and 
zinc. Pressure-cooked beans had the least amounts of phenols (2.6 g%), phytin-phosphorus (0.15 g%) and trypsin 
inhibitor activity (28.2 TIU/mg protein), while dehusked beans had the lowest tannin content (0.63 g%). Protein quality, 
in terms of net protein ratio, protein efficiency ratio and apparent digestibility, was maximum for dehusked beans, 
followed by pressure-cooking.
Keywords : Faba beans, Protein quality, Minerals, Phytate, Trypsin inhibitor activity, Tannins.

Faba b ea n s  (V ic ia  f a b a )  are good so u rces  of 
proteins (Uhlig et al. 1980) an d  exce llen t so u rces  
of calcium , p h osp h oru s an d  other e ssen tia l m in era ls  
(Eden 1969). The tem perature d ep en d en ce  o f th e  
soak ing and cook ing rates of faba b e a n s  h a s  b een  
stu d ied  (Bera et al 1990). The biological va lu e (BV) 
of faba b ea n s is, how ever, lim ited by an ti-nu trition a l 
factors, in clud in g  proteolytic enzym e inh ib itors, 
tan n in s, phytic acid  an d  its  derivatives (Ruml et 
al 1982) V arious trea tm en ts are k n ow n  to destroy  
the an ti-nu trition a l factors in  different leg u m es  
(Sosulsk i and Y oungs 1979). The p resen t stu d y  w a s  
u n dertaken  to determ ine th e  n u trition al quality  in  
term s o f protein s, am ino acid s, m in era ls, anti- 
nutritional factors an d  p rotein  quality p aram eters  
of faba b ean s, after va r io u s treatm ents.
Materials and Methods

Faba b ea n s  (’dark seed' variety) w ere procured  
from the D epartm ent o f A gronom y o f th e  U niversity. 
Faba b ean s w ere grow n in  19 87  at the U niversity  
Farm s at Ludhiana. The sa m p les  for a n a ly sis  and  
feeding p u rp o ses w ere w ithdraw n from  the sam e  
stock. The b ea n s  w ere c lea n ed , freed o f ex tran eo u s  
su b sta n ces , an d  divided into 5 p arts for different 
treatm ents. Four p arts w ere treated, i.e . p ressu re-  
cooked, roasted , sp rou ted  an d  d eh u sk ed , w h ereas  
the fifth part w as u sed  a s  raw  sam ple.

P r e s s u r e - c o o k i n g  : T he b ea n s  w ere soak ed  in  
tap w ater for 12 h and p ressu re-co ok ed  for 4 0  m in  
at 15 lb s psi. After cook ing, th e e x c e ss  w ater w a s  
strained, the gra in s w ere spread  on  a filter paper  
for soak ing e x c e ss  w ater, and  su n -d ried . F inal 
drying w as done in  h ot air oven  at 6 0  ± 2°C.
* C o rre sp o n d in g  A u th o r

R o a s t i n g  : T he sa m p le  w a s  roa sted  in  san d  
in an  iron p an  at ab o u t 250°C  for approxim ately  
2 m in.

S p r o u t i n g  : The b e a n s  w ere so a k ed  in  w ater  
overnight, th en  tied  in  a w et m u s lin  c lo th , kept 
in a dark  p lace, allow ed to  germ in ate  for 3 6  h at 
40°C an d  then , dried at 6 0  ± 2°C in  a n  hot air 
oven.

D e h u s k i n g  : D e h u sk in g  w a s  d o n e  u s in g  
trad itional m ethod . T he b e a n s  w ere so a k ed  in  w ater  
overnight an d  then , dried at 60°C .

T h ese  w ere coarse  grou n d , u s in g  hand-grinder, 
to sp lit th e gra in s. The h u s k  an d  g ra in s w ere  
sep ara ted  by w innow ing.

In all the c a se s , th e  raw  a n d  treated  b ea n s  
were ground to a fine pow der in  a n  e lectric  grinder, 
and stored  in  air-tight con ta in ers.

C h e m i c a l  a n a l y s i s  : T he p roxim ate a n a ly ses ,
i.e. m oistu re, a sh , ether extract an d  cru d e fibre, 
w ere carried out, a s  per AOAC (1985) m eth od s. 
A vailable ly sin e w a s  determ in ed  b y  th e  m eth od  of 
C arpenter (1960), a s  m odified  b y  B ooth  (1971). For 
the d eterm ination  o f tryp top han , th e  m eth o d  of  
C oncon  (1975) w a s follow ed.

M ethionine w a s estim ated , u s in g  colorim etric  
m eth od  of H orn et al (194 6), w h ile  cy stin e  w as  
estim ated  from acid  h yd ro lysa te  b y  th e  m eth o d  of 
Liddell and  Saville (1959). C alcium  w a s  estim ated  
by AOAC (1985) m eth od  an d  p h o sp h o ru s  w as  
determ ined  by the m icro -m eth od  o f F ish er  (1971). 
Trace e lem en ts, n am ely  iron, copper, z in c  and  
m an gan ese , w ere estim ated , u sin g  atom ic absorption  
sp ectrom eter (GBC S cien tific  E q u ip m en t Pvt. Ltd., 
Victoria, A ustralia). Ion isab le iron w a s  estim ated  by  
the m ethod  of Prabhavati and  Rao (1979).

4 1 3
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A n ti-nu trition al factors v iz ., ta n n in s  and total 
phenols, w ere estim ated  u sin g  th e  standard  m ethod s  
(AOAC 1985). The m odified  m eth od  o f S n ook
(1938), a s  d escribed  by Tara an d  B a in s  (1971), w a s  
followed for th e  estim ation  o f p h ytin -p h osp h oru s. 
Trypsin inhib itor activity w a s  determ ined  b y  th e  
m ethod o f Roy and Rao (1971).

A n i m a l  e x p e r i m e n t s  : T he an im al experim ent 
w as carried out to eva lu ate  th e  protein  quality  of 
both raw and treated  b ea n s. T he d ie ts  w ere 
prepared at 10% protein  level. Crude fibre and fat 
were adjusted  to 5 an d  10%, respectively , b y  adding  
non-nutritive ce llu lo se  an d  refined grou n d n u t oil. 
All the d iets w ere ad eq u ately  su p p lied  w ith  v ita m in s  
and m inerals, thorou gh ly  m ixed  an d  sieved  for 
uniform  d istrib u tion  of in gredien ts. S k im m ed m ilk  
powder w a s  u sed  a s  a reference protein , and  a  
protein-free group w a s  a lso  run. The d ie ts  w ere fed  
a d  l ib i tu m  to 2 4  d ays old m ale  alb ino rats, caged  
individually. The average w eight of each  group  
(eight ra ts/g rou p ), a t th e  b eg in n in g  of experim ent, 
w a s 2 8 .9  g. D aily records o f food in take were 
m ain tain ed  and a n im als w ere w eigh ed  at w eekly  
intervals, over a period of 4  w eek s. The protein  
quality p aram eters w ere stu d ied  b y  the m eth o d s  
a s  described  b y  E v an s an d  W itty (1978).

Net protein  ratio (NPR) w a s  ca lcu la ted  from  th e  
w eight ga in  o f the te st  group, w eight lo s s  of th e  
non-protein  group and protein  co n su m ed  b y  th e  
test group. Protein efficiency ratio (PER) w a s  
calcu lated  from  th e  tota l w eight ga in  of th e rats

an d  tota l protein  co n su m ed . A pparent protein  
d igestib ility  w a s  ca lcu la ted  from  food n itrogen  and  
faecal nitrogen. Sim ilarly, relative n itrogen  utilization  
(RNU) w a s  ca lcu la ted  from  th e  w eigh t g a in  o f the  
te st  group and in itia l a s  w ell a s  fin a l w eigh t of 
protein-free group and tota l n itrog en  in tak e. The 
resu lts  w ere sta tistica lly  a n a ly sed  b y  th e  a n a ly sis  
of variance (Walter 1955), for testin g  th e sign ifican ce.
Results and Discussion

The crude protein  co n ten t in  raw  faba b ea n s  
w a s fou n d  to  b e  25.8%  (Table 1), and  w a s  in  
agreem ent w ith  th e  va lu e  o f 25-31%  (D aniel 1982). 
The r e su lts  in d icated  th a t v a r io u s trea tm en ts , i.e .. 
sprouting, roasting, pressu re-cook in g and d eh u sk in g , 
h ad  no sign ifican t effect on  th e protein  co n ten t of 
th e  faba b ean s.

V arious trea tm en ts resu lted  in  a d ifferent effect 
on  each  am ino acid  (Table 1). P ressu re-co ok in g  
resu lted  in  m ax im u m  lo s s  o f m eth io n in e , cy stin e  
an d  tryptophan  (P < 0 .0 1 ). S u ch  lo s s  o f m eth ion in e  
during rye bread m ak in g  h a s  b een  reported  b y  
E ggum  and D uggal (1977), an d  a lso  during c h a p a t i  
m ak ing by Kaur and Hira (1988). In th e  p resen t  
stu d y , th e  lo s s  of m eth ion in e  cou ld  b e  attr ib uted  
to  longer cook in g  tim e and th e  lea ch in g  effects. 
M axim um  lo ss  of available ly sin e  w a s  ob served  on  
roasting  an d  p ressu re-co ok in g  (P < 0 .0 1 ), follow ed  
b y sp rou tin g  and d eh u sk in g , resp ectively . G eervani 
and T h eoph ilu s (1980) h ave sh o w n  th a t th e available  
ly sin e  of roasted  leg u m es w a s  le s s  th a n  th a t of 
boiled  an d  p ressu re-co ok ed  leg u m es.

TABLE 1. PROTEIN, AMINO ACID AND MINERAL CONTENTS OF RAW AND TREATED FABA BEANS
Treatments

Constituent Raw Roasted Sprouted Pressure-cooked Dehusked F-ratio C.D. 1%
Proteins, g/100 g

Crude protein 25.8 ± 1.05 25.8 ± 0.87 25.5 ± 0.36 24.4 ± 1.03 24.5 ± 0.44 1.51 2.55
Amino acids, g /1 6 g  N - ■

Methionine 0.5 ± 0.02 0.4 ± 0.02 0.4 ± 0.03 0.3 ± 0.02 0.4 ± 0.02 18** 0.082
Cystine 1.3 ± 0.02 1.2 ± 0.03 1.3 ± 0.02 1.2 ± 0.03 1.3 ± 0.03 9.88** 0.081
Tryptophan 1.1 ± 0.03 0.8 ± 0.02 0.9 ± 0.02 0.6 ± 0.04 0.9 ± 0.03 80.48** 0.100
Available lysine 6.0 ± 0.40 4.6 ± 0.03 5.3 ± 0.01 4.8 ± 0.01 5.6 ± 0.02 19.58** 0.580

Minerals, mg/100 g
Calcium 180 ± 19.60 176 ± 12.20 163 + 18.00 175 ± 8.20 160 ± 6.50 1.25 44.00
Phosphorus 424 ± 19.60 417 ± 12.30 401 ± 15.50 325 ± 20.40 423 ± 20.40 10.88** 56.85
Iron 4.0 ± 0.73 3.9 ± 0.03 2.9 ± 0.65 2.6 ± 0.48 3.7 ± 0.57 2.53 1.76
Ionisable Iron 1.7 ± 0.41 1.6 ± 0.50 1.8 ± 0.37 1.1 ± 0.12 1.5 ± 0.35 0.99 1.17
Copper 0.7 ± 0.01 0.7 ± 0.26 0.6 ± 0.33 0.6 ± 0.15 0.7 ± 0.04 24.40** 0.64
Manganese 1.1 + 0.08 1.1 ± 0.09 1.0 ± 0.02 1.1 ± 0.03 0.9 ± 0.01 27.27** 0.06
Zinc 5.7 ± 1.22 5.6 ± 0.98 5.4 ± 1.55 5.0 ± 1.30 5.7 ± 1.37 9.11** 4.13
** P < 0.01, Values are mean ± S.D of quintuplicate samples on dry weight basis
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The m ineral com p osition  of b e a n s  is  sh o w n  in  

Table 1. C alcium  and p h o sp h o ru s c o n ten ts  of raw  
faba b ea n s were found  to  b e 180  an d  4 2 4  m g /  
100 g  dry m atter, resp ectively . Sp rou tin g and  
d eh u sk in g  resu lted  in  sign ifican t (P < 0 .01 ) lo s s  
of calcium , w hile roastin g  and p ressu re-co ok in g  (P 
< 0 .01) resu lted  in  a sign ifican t lo s s  o f p h osp h oru s. 
R eduction in  p h o sp h o ru s con ten t m igh t b e due to 
leaching of m in era ls in  cook in g w ater. Sim ilar  
resu lts  on  p ressu re-co ok in g  o f three p u lse s  have  
been  reported by M einers et al (1976).

A sign ifican t red u ction  (P < 0 .05 ) in  iron  
content of the b ea n s  w a s  observed  on  p ressu re-  
cooking. The ion isab le iron o f raw, roasted , sprouted, 
pressure-cooked  and d eh u sk ed  b e a n s  co n stitu ted  
42 , 41 , 62 , 42  and 41% of th e total iron, respectively. 
An increase in  io n isab le  iron w a s observed  on  
sprouting, w h ich  m igh t b e  due to release  of iron  
from p ro te in -b o u n d  c o m b in a tio n s  (S ingh  an d  
B aneijee  1953). S ta tistica lly  sign ifican t (P < 0 .01) 
d ecreases in  copper, m a n g a n ese  and zinc w ere  
found upon  different trea tm en ts an d  m ight be d u e  
to leach in g effect during cooking. Sim ilarly, Rao 
and D eosthaie. (1983) h ad  reported sign ificant  
d ecreases in  iron, copper an d  zin c co n ten ts  during  
cooking.

V arious treatm en ts resu lted  in a lo s s  o f  the  
phenolic com p o u n d s (Table 2). Earlier s tu d ie s  a lso  
ind icated th a t n itrogen  so lu b ility  in creased  both  
below and above th e  isoelectric  pH o f 4 .4  and  
higher sa lt con cen tration  red u ced  the n itrogen  
solub ility  (S h ash i G aur et al. 1992). P ressu re-  
cooking resu lted  in  a m ax im u m  lo ss  (66%), followed  
by sp rou tin g (38%), d eh u llin g  (29%) an d  roastin g  
(27%) (Table 2). A drastic  red u ction  (P < 0 .0 5 ) on

p ressu re-cook in g  m igh t b e d u e  to  d estru ction  of 
p h en o ls  at h igh  tem peratu re an d  som e lea ch in g  of 
the com p o n en t in  cook in g  w ater. All th e  trea tm en ts  
resu lted  in  a sign ifican t lo s s  o f ta n n in s  (P < 0 .05). 
M axim um  red u ction  (P < 0 .0 1 ) w a s  observed  on  
d eh ullin g (47%), followed by p ressu re-co ok in g  (30%), 
roasting (22%) an d  sp rou tin g  (15%), respectively. 
The p h y tin -p h osp h oru s co n ten t o f  raw , roasted , 
sp rou ted , p ressu re-co ok ed  an d  d eh u sk ed  b ea n s  
co n stitu ted  ab ou t 5 6 , 52 , 5 1 , 4 6  an d  5 4  % of 
tota l p h o sp h oru s, resp ectively . R ed u ction  (P <
0 .0 1 ) in  p h ytin  p h o sp h o ru s  on  p ressu re-co ok in g  
m ight b e due to  in crea se  in  p h y ta se  activity  
(Belavady an d  B anerjee 1953).

A  s ta tistica lly  n on -sign ifica n t d ifference in  
trypsin  inh ib itor activ ity (TLA) of, faba b ea n s , due  
to different trea tm en ts, w a s  observed. B u t p ressu re-  
cooking resu lted  in  a s ign ifican t (P < 0 .0 5 ) and  
m axim u m  d estru ction  (29%) in  tryp sin  inhib itor  
activity, w hich  m igh t b e  d u e  to  in activation  of  
tryp sin  inh ib itor b y  lon g  tim e h ea t treatm ent. 
W ilson  et al. (1972) h ad  reported  th e  d estru ction  
of trypsin  inh ib itor activ ity o f th e  faba b e a n s  by  
cooking at 1 10°C for 4 0  m in .

A s in d icated  in  T able 2 , NPR an d  RNU of 
variou s d iets  ranged  from  1 .43  to  2 .4 0  an d  8 .6 9  
to 1 2 .1 8  for raw an d  d eh u sk ed  b e a n s  d iets, 
respectively. T he v a lu es  w ere, how ever, low er th an  
the resp ective v a lu es  of 4 .5 4  an d  2 1 .1 3  for stan dard  
sk im  m ilk  diet. T he m ax im u m  v a lu e s  of NPR and  
RNU of d eh u sk ed  b ea n s  d iet m igh t b e  d u e to lo ss  
of an ti-n u trition a l factors in  th e rem oved h u sk . The 
in crease in  both  th ese  p aram eters o n  roastin g  and  
p ressu re-cook in g  m igh t b e d u e  to  d estru ctio n  of 
an ti-nu trition a l factors o n  h ea t treatm en t. All th e

TABLE 2. ANTI-NUTRITIONAL FACTORS AND PROTEIN QUALITY PARAMETERS OF RAW AND TREATED FABA BEANS
Treatments

Parameter Raw Roasted Sprouted Pressure-cooked Dehusked F-ratio C.D.
5% 1%

Phenols, g/lOOg 6.8 ± 1.50 4.9 ± 1.80 4.1 ± 1.28 2.6 ± 1.06 4.8 ± 1.72 3.24 -
Tannins, g/lOOg 1.2 ± 0.25 0.9 ± 0.21 1.0 ± 0.06 0.8 ± 0.04 0.6 ± 0.20 4.15* 0.32 0.45
Phytin P, m g /100 g 238 ± 20.13 216 ± 13.81 210 ± 23.12 151 ± 18.75 229 ± 20.21 1.66 -
Trypsin inhibitor 

activity, TIU/mg 
protein 39.5 ± 8.05 361 ± 5.20 35.1 ± 4.80 28.2 ± 3.50 32.3 ± 4.67 1.80

NPR 1.4 ± 0.78 2.0 ± 0.34 1.6 ± 0.82 1.9 + 0.77 2.4 ± 0.62 0.97 -
RNU1 8.7 ± 1.14 11.7 ± 1.79 9.3 ± 1.57 11.1 ± 1.26 12.2 ± 1.22 5.07** 3.16 4.27
PER 0.5 ± 0.16 1.2 ± 0.34 0.7 ± 0.26 1.2 ± 0.19 1.3 ± 0.23 4.44** 0.39 0.53
Apparent 

digestibility, % 73.6 + 8.47 79.2 + 4.63 76.5 + 4.56 75.7 + 9.16 82.5 + 6.72 1.23 -  -

1 RNU was calculated from initial (28.9 g) and final wt (25.6 g) of protein-free group. 
• P < 0.05, *• P < 0.01
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tr e a tm e n ts  (Table 2), e x c e p t  for sp r o u t in g ,  
significantly (P < 0 .0 1 ) im proved th e  PER o f the  
faba b ea n s. PER (1.16) o f p ressu re-co ok ed  b ea n s  
w as sign ificantly  h igher a s  com pared  to th a t o f  the  
raw b ea n s  (0.50). The b en eficia l effect o f heat  
p rocessin g  m ight be du e to  d estru ction  o f the  
tiyp tic  activity and th e  grow th in h ib itors p resen t  
in  legu m es. M axim um  PER o f 1 .29  w a s  observed  
in  group on  d eh u sk ed  b ea n s  d iet, w h ich  m ight be  
due to the rem oval o f an ti-n u trition a l factors in  the  
h u sk . Protein efficiency ratio o f all d ie ts , how ever, 
w a s lower (P < 0 .01) th a n  th a t o f the reference  
diet (3.00).

The apparent protein  d igestib ility  o f  the raw  
faba b ea n s (73.6% ) w a s com parable to th e literature  
va lu e o f 76%, a s  reported by G riffilhe (1979) and  
M oseley and G riffilhe (1979). V ariou s treatm en ts  
did not resu lt in  an y  sign ifican t ch an g e  in  % 
digestibility. However, it w a s th e  h ig h est (82.5% ) 
for the d eh u sk ed  b ea n s  diet. T he d igestib ility  of  
roasted , sp rou ted  and p ressu re-co ok ed  b e a n s  m ight 
have in creased , due to lo s s  of anti-tryptic activity  
during th ese  treatm ents.
Conclusions

Faba b ea n s  are a good sou rce  of proteins, 
am ino acid s (nam ely, cystin e , tryptophan  and  
available lysine) and a lso  o f m in era ls  (nam ely, 
calcium , p h osp h oru s and zinc). A m ong variou s  
treatm ents, d eh usk ing and pressure-cooking resulted  
in  m axim u m  d estru ction  o f an ti-n u trition a l factors  
and also  in  th e h ig h est v a lu es  for NPR, RNU and  
PER. So, th ese  treatm en ts, am on g th o se  stu d ied  
in  the p resen t c a se , c a n  b e con sid ered  a s  the b est  
treatm ents for the faba b ea n s.
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O p t i m i z a t i o n  o f  P r o c e s s  P a r a m e t e r s  f o r  P r o d u c t i o n  o f  
C h h a n a  f r o m  L o w  F a t  C o w  M i l k

M. J. JONKMAN1 AND H. DAS*
D airy an d  Food E ngineering D iscip lin e, D ep artm en t o f A gricu ltural E ngineering,

Indian  In stitu te  of T echnology, K haragpur - 72 1  3 0 2 , India.
Heat treatment of milk prior to acidification, coagulation temperature, acidity of milk-acid mixture and residence 

time of the coagulum before separation, were studied for obtaining an optimum combination of these parameters for 
maximum recovery of milk solids and yield of c h h a n a  from low fat cow milk. The c h h a n a  with good texture and 
the maximum recovery of 48.2% milk solids could be obtained at 70°C coagulation temperature, 0.522% acidity (expressed 
as lactic acid) and 8 min residence time. The yield was 11.5% of the milk and this amounted to about 90% of the 
maximum yield. The combination of parameters that resulted in maximum yield gave c h h a n a  with granular body, 
which is not suitable for making sweetmeats. The degree of heat treatment required for the maximum recovery of 
milk solids could result in 99.95% dénaturation of whey proteins.
Keywords : C h h a n a , Heat treatment prior to acidification, Whey protein dénaturation, Milk solid recovery, Yield,

Optimization, Low fat cow milk.

C h h a n a ,  a n  in d ig en ou s m ilk  product, obtained  
by acid coagu lation  o f h ot m ilk  and drainage of 
w hey, is  u sed  a s a  b a se  in  the preparation  o f a 
variety of sw ee ts  like r a s o g o l la ,  r a s m a l a l  s a n d e s h ,  
etc. Cow m ilk  is  gen erally  preferred, s in ce  it y ie ld s  
a soft-bodied  and sm oo th -tex tu red  product, w hich  
is h ighly desirable in  the preparation  o f good  
quality sw eets  and k n ead in g  p lays an  im portant 
role in the preparation  of sw e e ts  (Tarafdar et al. 
1988; De and Ray 1954; S on i et al. 1980). It h a s  
b een  estim ated  th a t ab o u t 4% of th e  total m ilk  
production in India in  19 90  w a s converted  into  
approxim ately 3 0 ,9 0 0  m illion  kg of c h h a n a  (M athur
1991). The popularity of c h h a n a  - b a sed  sw ee ts  is  
increasing day b y  day. To m eet the grow ing dem and, 
a need  ex ists  for stan d ard izin g  and optim izing the  
p rocess for large sca le  p rod u ction  o f c h h a n a .

The p rocess for recovery o f m ilk  so lid s in the  
preparation of c h h a n a  w a s  sh ow n  to be in flu en ced  
by a nu m ber of factors, su c h  a s  h eat treatm ent  
of m ilk  prior to acid ification  (x,), coagu lation  
tem perature (x^l. acid ity  of the m ilk -acid  m ixture  
(x3) and the resid en ce  tim e (x4) o f the coagu lu m  
prior to sep aration , b e s id es  h om ogen ization  and  
levels of fat (Jagtap an d  S h u k la  1973). T h ese  
stu d ies (De and Ray 1954; S on i et a l. 1980; S en  
1985. 1986; Iyer 1978; S in gh  an d  Ray 1977; S en  
and Rajorhia 1986), how ever, involved the in flu en ce  
of only one or two factors at one tim e. Therefore, 
the presen t stu d y  w a s  u n d ertak en  to obtain  the  
optim um  com b in ation  of th e  four variab les for the  
m axim um  recovery o f m ilk  so lid s  an d  yield  of
* C o rre sp o n d in g  A u th o r . 'Present address : Haarwcg 77,

6709 PR Wageningcn, The Netherlands

c h h a n a .  A low  fat m ilk  h a s  b een  u se d  a s  raw  
m aterial so  a s  to provide a v en u es  for u tiliza tion  and  
p rocessin g  o f su c h  m ilk.
Materials and Methods

T y p e  a n d  c o m p o s i t io n  o f  m i l k  : D aily  in  th e  
evening, m ilk from one particu lar cross-b red  ('Jersey' 
x  'Haryana') cow  w a s  co llected  from  a local farm. 
It w a s  stored  in  refrigerator during th e  n ight for 
its  u se  on th e  n ex t day.

P r e p a r a t io n  o f  ch h an a; At a tim e, 2 0 0  g m ilk  
w a s h eated  to 95°C  in  a m icrow ave oven  an d  cooled  
to three coagu la tion  tem p eratu res, viz., 7 0 , 8 0  and  
90°C. Tim e of h ea tin g  an d  the tem p era tu res of the  
m ilk  during cooling , at a n  interval o f  4 5  sec . w ere  
recorded. Citric acid  (50 g) o f  three stre n g th s  (1,
1.5 an d  2%) w a s  h ea ted  to th e  coa gu la tion  
tem perature, before adding to the m ilk. The m ixture  
w a s stirred, till the  ap p earan ce of c lea r  w h ey  and  
held at the coagu la tion  tem perature (± 2°C) for three  
resid en ce  tim es, viz., 2 , 5  an d  8  m in . The c h h a n a  
w a s stra in ed  throu gh  a m u slin  c lo th , tied  up in  
a b u n d le  and h u n g  up  for 2 0  m in  to drain  out 
th e w h ey  an d  to coo l it to room  tem perature.

C h e m i c a l  a n a l y s i s  : The tota l so lid s  in  m ilk  and  
w h ey w ere determ ined  b y  oven  drying at 100  ± 5°C 
for 4 .5  h. The fat con ten t in  m ilk  w a s  determ ined  
by G erber m eth od  (ISI 1970). The titra tab le acid ity  
of m ilk  w a s  m ea su red  b y  th e m eth o d  recom m en d ed  
by AOAC (1975). The % m oistu re  co n ten t o f  c h h a n a  
w a s determ ined  b y  m e a n s  of a n  infrared m oistu re  
b alan ce.

The recovery o f m ilk  so lid s  (yt) w a s  calcu lated  
from the follow ing eq u ation  :
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SCWC -  (100 -  SJ WC [bwt /((100 -  b) W, + (100 -  S J  W J
y , = ---------------------------------------------------------------------... (1 )

w  sn m

W here, Sc is  th e so lid s  co n ten t in  c h h a n a  (%): 
Wc is  the w eight o f  c h h a n a  (kg); Wm is  th e  w eight 
of m ilk  (kg); b is  th e  strength  o f citric acid  so lu tio n  
(%) and S m is  th e  solid  co n ten ts  in  m ilk  (%).

The yield  o f c h h a n a  w a s  ca lcu la ted  from
y 2 =  w c/ w m . . .  (2 )
A n a l y s i s  o f  d a t a :  R egression  eq u a tio n s relating  

to the recovery of m ilk  so lid s  (y,) an d  yield  o f  
c h h a n a  (y2) w ith  th e four factors, viz. th e  h ea t  
treatm ent prior to acid ification  (x,), the  coagu la tion  
tem perature (x j, the acid ity of th e m ilk-acid  m ixture  
(Xg) and the resid en ce tim e of the m ilk-acid  coagulum  
prior to sep ara tio n  (x4), w ere developed . The  
eq u ation s w ere sim plified  b y  e lim in atin g  few of th e  
coefficients through  sta tistica l te s ts  of sign ifican ce  
(Myers 1971).
Results and Discussion

The data  on  m ilk  a n a ly sis  in d icated  th a t the  
total solid  con ten t in  m ilk  ranged  from  9 .9 4  to  
10.76%  (average 10.27% ), w h ile  the average fat 
con ten t w a s 2.65% . The titratable acid ity o f  the  
m ilk w as 0 .1 3  % lactic  acid , an d  it show ed  
negligible (± 0 .0 0 5  %) variation.

Som e o f the im portant facts, w h ich  have  
governed the levels o f va rio u s factors se lec ted  and  
the p rocess m ethod ology  adopted , are of vital 
nature in  u n derstan d in g  the data and their an a lysis, 
a s reported in  the p resen t paper. T h ese  are briefly  
described  below  :

H e a t  t r e a t m e n t  o f  m i l k  : The h ea t treatm en t of 
m ilk, prior to acid ification, c a u s e s  d én atu ra tion  of 
w hey p rotein s and red u ction  in  collo idal ca lc iu m  
p h osp h ate  so lu b ility  (W alstra and J e n n e s  1983). 
S tu d ies have sh ow n  that a m ax im u m  of 90°C  
tem perature is  su ffic ien t for com p lete  d én aturation  
of w hey p rotein s (Burton 1988). By acid ification, 
denatured  w h ey p rotein s an d  in so lu b le  ca lc iu m  
p h osp h ate  get precip itated , along w ith  th e  ca se in  
m icelles. A high acid ity  of th e m ilk  acid  m ixture  
is  u n desirab le, b eca u se  the acid so lu b ilizes a part 
of the colloidal ca lc iu m  p h osp h ate , an d  red u ces the  
yield of c h h a n a ,  thereby lead in g  to low  recoveiy  of 
m ilk solid s. It a lso  resu lts  in  gran u lar texture, 
m aking the c h h a n a  unfit for preparation of r a s o g o l la .  
A  low  acid ification  tem perature o f 7 0  - 85°C h a s  
b een  found  to in crease m oistu re  retention  and

thereb y th e y ield  o f c h h a n a  (De an d  R ay 1954; S en  
1986; Iyer 1978). T h ese  s tu d ie s  su g g e st  th a t m ilk  
is  required to  be h ea ted  an d  th e n  coo led  before  
acid ification. H ence, th e  m ilk  w a s  h ea ted  to  95°C, 
an d  the acid ification  w a s  d on e after coo lin g  it to 
(i.e., x^) 7 0 , 8 0  an d  90°C .

The exten t o f th e  h ea t treatm en t o f m ilk , prior 
to acid ification, w a s  rep resen ted  in  tw o w ays. The  
first involved the u se  o f th e  area (x la) u n d er  th e  
tem perature, T versu s tim e t plot. A s th e  dénaturation  
of w h ey  p rote in s b eco m es n o ticea b le  above 60°C  
(W alstra and J e n n e s  1983), th e  area u n d er  th e  plot 
above T = 60°C  on ly  w a s  ca lcu la ted . T h u s  :

x u  = 1 /3 6 0 0  J  Tdt ... (3)
t,

w here, x la is  th e h ea t treatm en t p aram eter o f m ilk  
(°C . h); t, is  the tim e (sec), w h en  m ilk  h a s  atta in ed  
60°C , and t2 is  th e  tim e, w h en  m ilk  is  allow ed  to 
reach  coagu la tion  tem peratu re.

The seco n d  w ay w a s  b a sed  on  th e  degree of 
w h ey  protein  d én atu ra tion  (x lb). If c0 an d  c  are the  
initial and final va lu es of w h ey  protein concentrations, 
and s in ce  th e w h ey  protein  d én atu ra tion  fo llow s  
first order reaction  k in etics , it ca n  b e  sh o w n  th a t  
x lb = log (c0/c )  = k* t /2 .3 0 3  ... (4)
w here, k* is  th e  w h ey  p rotein  d én atu ra tion  rate  
co n sta n t (sec ') and  t is  the tim e o f h ea t treatm en t  
(sec) (W alstra an d  J e n n e s  1983; B u rton  1988).

M any factors affect th e  va lu e  o f k*. n otab ly  the  
tem perature, T. W ithin  a sm all tem p eratu re range, 
a plot o f k* v er su s  l/(T + 2 7 3 ) g ives a stra ig h t line. 
The reaction  k in etics  o f w h ey  p ro te in s h av e  sh o w n  
m arked ch a n g es  at tem p era tu res 9 0 -1 0 0 °C , a s  th e  
rea c tio n  ra te s  are m u c h  le s s  d e p e n d e n t o n  
tem p eratu res in  th e  range above 100°C , th a n  on  
th o se  below  90°C. From  d ecim al red u ction  tim e, 
data of B urton  (1988) for a  - lactog lob u lin , th e  
largest fraction  of w h ey  protein  in  m ilk , th e  
follow ing eq u ation s w ere ob ta ined  : 
log k* = 3 9 .2 2  -  1 4 7 5 4 /(T  + 273) 6 0  < T < 90°C  ... (5) 
logk *  = 3 .4 3  -  1 7 6 0 /(T  + 273) 9 0 < T < 3 0 ° C  ... (6)

B y m e a n s  of th ese  eq u a tio n s, a p lo t of k* 
v er su s  t w a s m ade from  th e T v e r su s  t plot. From  
eqn. (2), it ca n  b e se e n  th a t the area u n d er  th e  
k* v er su s  t p lot rep resen ts  2 .3 0 3  log(c0/c ) .

A c i d i t y  o f  m i l k - a c id  m i x t u r e  : T he acid ity  of
th e m ilk -acid  m ixtu re, Xg w a s  ca lcu la ted  from  

C + b ( M ,/M ) W /Wm v 1' a' a ' m
* 3  =

1  +  w  / wa' m
. . .  (7)
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w here Xg is  th e acid ity  o f m ilk -acid  m ixture, 
exp ressed  a s  eq u ivalen t % lactic  acid; Cm is  th e  
acidity of m ilk  (% lactic  acid); Wm is  th e  w eight 
of m ilk  (kg); b is  th e  stren gth  o f citric acid  so lu tio n  
(%); M, is  the m olecu lar w eigh t o f lactic acid  
(90 g /m ole); Ma is  th e eq u ivalen t w eigh t o f citric  
acid (64 g /m o le ) an d  Wa is  th e w eight of acid  
so lu tion  (kg).

De (1980) reported th a t 2 - 2 . 5 g  of citric  
a c id /k g  m ilk  (bWa/W m = 0 .2 - 0 .2 5 )  w a s  n eed ed  for 
coagulation . He a lso  m en tion ed  th a t op tim u m  
strength o f th e  acid  so lu tio n , b sh o u ld  b e  b etw een

For a large sca le  m a n u fa ctu re  o f c h h a n a ,  a 
co n tin u o u s  p ro cess  is  e ssen tia l. In  co n tin u o u s  
p rocess, delayed stra in ing , how ever, is  n ot desirable. 
In th is  stu d y , th e v a lu es  for th e  res id en ce  tim e x 4 
w ere 2 , 5 an d  8  m in.

Y i e l d  a n d  r e c o v e r y  o j  m i l k  s o l i d s  : T able 1 sh o w s  
th e  v a lu es  of y ,, y2 and (1 0 0  -  S J , a s  affected  by  
the v a lu es  o f x la, x lb, x^  Xg an d  x 4. D u ring  th e  
experim ent, th e va lu e  o f x la w a s  fou n d  to  vary from  
1 .3 7 0  to  5 .779 °C .h  an d  th e  v a lu e  o f x lb from  1 .808  
to 6 .3 1 9 . The recovery o f m ilk  so lid s  varied  from
0 .4 1 8 0  to 0 .4 8 1 9  kg so lid s  in  c h h a n a /k g  so lid s

TABLE 1. VALUES OF y,, y /, y2, y2' AND (100 -  S J AS AFFECTED BY VALUES OF x„. xlb, x2, X3 AND x„.
Degree of heat Coag. Acididity of Res. time, Recovery of milk Yield of c h h a n a Moisture

treatment temp, milk-acid x4 (min) solids content of
area T- t log (c0/c) x, (°C) mixture, actual y , predicted, actual ya predicted c h h a n n a
plot, xu of whey X3 (% lactic yv y2- 100 - s c

(°C-h) protein, x lb acid) (kg/kg) (kg/kg) (kg/kg) (kg/kg) (%)
5.779 4.462 70 0.381 2 0.433 0.442 0.105 0 .1 0 2 57.73
5.117 3.713 70 0.381 5 0.448 0.454 0.111 0.109 58.71
5.050 4.430 70 0.381 8 0.454 0.459 0.107 0.109 56.67
2.821 3.029 80 0.381 2 0.454 0.446 0.105 0 .1 1 0 55.33
3.748 4.430 80 0.381 5 0.448 0.448 0.107 0.107 55.65
3.756 4.642 80 0.381 8 0.464 0.459 0.106 0 .1 1 0 54.70
1.817 2.817 90 0.381 2 0.443 0.438 0.102 0.101 54.12
1.929 2.913 90 0.381 5 0.453 0.444 0.106 0.101 54.74
1.972 3.062 90 0.381 8 0.451 0.455 0.104 0 .1 0 2 54.31
5.188 4.853 70 0.522 2 0.464 0.450 0.105 0.101 54.51
5.206 4.430 70 0.522 5 0.467 0.459 0.112 0.109 56.99
4.260 3.290 70 0.522 8 0.482 0.480 0.115 0.114 54.76
3.496 4.823 80 0.522 2 0.436 0.445 0.094 0.103 52.71
3.896 4.832 80 0.522 5 0.447 0.449 0.107 0.105 57.49
4.941 6.319 80 0.522 8 0.455 0.456 0.105 0.105 55.94
1.585 2.475 90 0.522 2 0.418 0.428 0.093 0.093 51.70
1.370 1.808 90 0.522 5 0.432 0.432 0.090 0.091 48.31
1.564 2.215 90 0.522 8 0.437 0.444 0.090 0.094 51.70
5.165 4.365 70 0.663 2 0.473 0.465 0.111 0.111 57.33
4.983 4.300 70 0.663 5 0.462 0.471 0.107 0.119 56.92
5.100 4.430 70 0.663 8 0.482 0.481 0.127 0.127 61.84
3.064 3.420 80 0.663 2 0.438 0.448 0.114 0.107 61.04
3.825 4.169 80 0.663 5 0.444 0.452 0.111 0.112 59.73
3.183 3.436 80 0.663 8 0.471 0.465 0.127 0.118 62.65
2.180 2.671 90 0.663 2 0.431 0.421 0.090 0.089 52.64
1.671 2.264 90 0.663 5 0.424 0.425 0.091 0.091 53.85
1.725 2.443 90 0.663 8 0.445 0.437 0.092 0.095 51.95

1 and 2%. From  th ese  data , w e find the m axim u m  
value of Wa/W m a s  0 .2 5 . The cow  m ilk  had  an  
acidity o f 0.13%  lactic  acid  (Cm = 0 .13 ). In the  
p resent experim ent, three levels o f  citric acid  
strength  (b = 1, 1.5 an d  2) w ere u sed  an d  th ese  
resu lted  in  the com p u ted  v a lu es  of Xg from  eqn. 
(5) a s  0 .3 8 1  (b = 1), 0 .5 2 2  (b = 1.5) an d  0 .6 6 3  (b = 2)

R e s i d e n c e  t i m e  o f  m i l k - a c id  m i x t u r e  : S tu d ies  
have b een  carried out on  im m ediate and delayed  
stra in in g (Rajorhia and S en  1988; C h and an  1992).

in  m ilk. The yield  o f c h h a n a  varied  from  0 .0 9 0 0  
to 0 .1 2 7 4  and its  m oistu re  co n ten t from  4 8 .3 1  to 
62.35% .

S in ce 99.9%  w h ey  p rotein  d én atu ra tion  
corresp on d s to x lb= 3 , for all v a lu e s  o f x lb < 3 , the  
y, w a s  low  (0 .4 1 8 0  to 0 .4 5 2 8 ) , an d  the va lu e  of 
y2 w a s a lso  low (0 .0 9 0 0  to 0 .1 0 5 6 ) .

The recovery o f m ilk  so lid s  and th e  yield  in  
th is  s tu d y  w ere low  com pared  to th o se  reported by
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S en  and Rajorhia (1986). T hey sta ted  th a t th e  yield  
(y2) varied from  0 .1 6  to  0 .1 8  for c h h a n a  con ta in in g  
49  to 58% m oistu re . T hey ob ta ined  th e  recovery  
of m ilk  so lid s y l from  0 .5 8  to  0 .5 9 . T he low  v a lu es  
of y 1 (from 0 .4 4 8  to 0 .4 8 2 ) and y2 (from 0 .0 9 0  to
0 .1 2 7 ), reported in  the p resen t stu d y , w ere due to  
th e low  fat con ten t o f  th e  m ilk. T am bat et al (1992) 
found th a t th e  recovery o f m ilk  so lid s  a s  w ell a s  
th e yield  d ecreased  w ith  d ecrease  in  th e  fat level 
of m ilk. For m ilk  w ith  3.0%  fat, th ey  ob tained  a 
recoveiy  o f m ilk  so lid s  o f 0 .1 2 6  and a y ield  o f 0 .5 0 4  
. T hese data  com pare w ell w ith  th o se  of the p resen t  
stu d ies, s in ce  the m ilk  w h ich  w a s  u sed  in  th e  
p resen t c a se  h ad  2.7%  fat.

The reaso n  for th e  low  yield  and recovery of  
m ilk  so lid s  m igh t be d u e to le s s  n u m b er of fat 
glob u les in  th e  m ilk, w h ich  cou ld  not trap sufficient  
am ou nt o f m ilk  protein  throu gh  their a sso c ia tio n  
w ith the fat g lob u le m em b ran e. S in ce  the s ize  of 
the coagu lated  p rotein  a sso c ia ted  w ith  th e  fat 
glob u les is  norm ally larger th a n  th o se  o f coagu lated  
ca se in  m icelles, h igher recovery of protein  from  
m ilk is  p ossib le , on ly  w h en  the fat con ten t o f th e  
m ilk  is  large. The sm all s ize  of th e  coagu lated  
ca se in  m icelles, in  th e  ab sen ce  o f th e  fat g lob u les, 
cou ld  p a s s  throu gh  th e  stra iner, w h ich  w a s  u sed  
for th e recovery o f c h h a n a .  A  part o f th e  protein s, 
therefore, cou ld  n ot be sep arated  from  the w hey, 
w hich  led  to  a low  yield  an d  low  recovery o f m ilk  
solid s.

S e c o n d  o rd er  r e g r e s s io n  e q u a t io n s , for  
prediction of th e  recovery o f m ilk  so lid s  y \  and  yield  
y'2, w ere fitted w ith  the v a lu es  of x lb, x2, Xg and  
x4. The eq u ation s are : 
y', = 0 .4 4 9 2  -  0 .0 5 0 2  x lb + 0 .5 5 5 3  x 3

+ 0 .5 9 4 2  . lO"3 x lb Xg -  0 . 6 8 0 8 . 1 0  2 XgXg
+ 0 .2 8 3 1  . lO 3 x42 ... (8)

Correlation coefficient R = 0 .8 9 7  
y'2 = - 0 .2 0 4 8  + 0 .8 7 8 5 .  lO ^ X g -0 .4 1 3 8  . 1 0 2x 4

-  0 .1 5 9 1 .1 0  2 x lb2 + 0 .0 1 3 0  x [b Xg
+ 0 . 7 8 1 3 . 10“3 x lb x 4 -  0 . 5 1 4 0 . 10-* x /
-  0 . 2 6 1 5 . 1 0 2 Xg Xg + 0 . 4 9 8 1 . 1 0 2 Xg x 4
+ 0 .1 4 0 2  Xg2 ... (9)

Correlation coefficient R = 0 .9 0 0
The predicted v a lu es  for y ' x and  y'2 are sh ow n  

in  Table 1. It ca n  b e  se e n  th a t th e  recoveiy  o f m ilk  
so lid s an d  the yield  in creased  w ith  in crea se  in  the  
resid en ce tim e (x4).

At 0 .5 2 2  acidity, 70°C coagu la tion  tem perature  
and 8  m in  resid en ce  tim e, th e reco veiy  o f m ilk

so lid s  w a s  h ig h est (0 .4 819 ). At th is  acid ity , th e  
c h h a n a  coagu la ted  at 7 0  an d  80°C  w a s  fou n d  to 
have good texture. C oagu latin g at 70°C  an d  0 .6 6 3  
acid ity resu lted  in  h ig h est y ie ld  (0 .1 2 7 4 ), b u t th e  
c h h a n a  w a s  h av in g gran u lar  textu re . T he texture  
of th e  c h h a n a  at th e  acid ity  o f  0 .3 8 1 , w a s  good, 
b u t th e  reco veiy  o f m ilk  so lid s  (0 .4 3 2 9  to  0 .4 6 4 8 )  
an d  the y ield  (0 .1 0 2 0  to  0 .1 1 2 9 )  w ere low.

From  th e  econ om ica l p o in t o f view , th e  h ea t  
treatm ent of m ilk , prior to  acid ification , an d  th e  
resid en ce  tim e o f m ilk -acid  coa gu lu m , prior to  
sep aration , sh o u ld  be a s  sh ort a s  p o ssib le , w h ile  
th e  coa gu la tion  tem peratu re sh o u ld  be a s  h igh  a s  
p o ssib le , and  th e  am o u n t o f acid  u se d  sh o u ld  b e  
a s  low  a s  p ossib le .

B ased  on  th ese  con sid era tion s, it m ay  b e  
con clu d ed  th a t th e  coa gu la tion  tem p eratu re sh o u ld  
be 70°C, th e  acid ity 0 .5 2 2  an d  th e  res id en ce  tim e  
8 m in  for c h h a n a  of good  quality  an d  th e  m ax im u m  
recovery o f m ilk  so lid s. At th e se  co n d itio n s, th e  
yield  (0 .1151) of c h h a n a  w a s  ab o u t 90%  of th e  
m axim u m  yield  (0 .1 2 7 4 ). T he d egree o f h ea t  
treatm en t of m ilk  for th is  op tim u m  p oin t w a s  
4 .2 6 °C .h  a n d  th e  log  c y c le  c h a n g e  in  th e  
denaturation  o f w h ey  protein  w a s  3 .2 9 . The m oistu re  
con ten t o f th e  c h h a n a  w a s  54 .76% , w h ich  lies  
w ith in  th e lim its o f P revention  o f F ood A d u lteration  
R u les (PFAR 1955) sp ecified  for c h h a n a .
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T h e r m a l  P r o c e s s i n g  o f  A c i d i f i e d  V e g e t a b l e s

ASLAN AZIZI1 AND S. RANGANNA 2*
C entral Food T echnological R esearch  In stitu te ,

M ysore-570 0 1 3 , India.
Effect of lowering the pH, either by adding acid or lactic fermentation, on thermal process requirements for canned 

vegetables was investigated. Malic acid was preferred for acidification of canned vegetables. Addition of acid to covering 
brine was preferable to the blanching in acid solution, as the acidification was uniform, and it reduced the extent 
of discolouration. Acidification by lactic fermentation, using 2% boiling hot brine to cover the prepared vegetable, reduced 
the pH to 3.8 in 3 days. Fermentation is initiated by the species of L e u c o n o s to c  and L a c to b a c i l lu s  followed by P e d io c o c c u s  
and S tre p to c o c c u s , Process time, based on a sterilisation value of F®̂  = 3.5 min, was adequate to render the canned 
acidified vegetables (pH < 4.0) microbiologically safe. The process time required for 77.8 x 119.1 mm and 103 .2 x 
119.1 mm cans, having initial temperature of "65°C, was 15 min or less in boiling water. Colour of the lactic fermented 
canned products was superior to canned vegetables acidified with malic acid. Both had texture similar to that of 
the freshly cooked vegetables. Products acidified by fermentation had minimal sour taste.
Keywords : Acidified vegetables, Fermented vegetables, Canning, Thermal processing, Microbial changes, Storage 

studies.

Therm al p rocess req u irem en ts for low -acid  
foods (pH > 4 .6 ) , esp ecia lly  veg eta b les, are severe  
due to th e  p ossib ility  o f grow th o f toxigen ic  
C lo s t r id iu m  b o t u l i n u m  and other h ea t resistan t  
spore - form ing bacteria . In earlier s tu d ie s , the  
therm al p rocess sch ed u le s  for okra, potato, yam  
and dru m stick  are reported (Saikia and R anganna,
1992). A cidification, either b y  addition  o f acid  or 
by ferm entation, to low er the pH a s  w ell a s  p rocess  
requirem ents, m od ifies flavour and c h e la te s  trace 
m eta ls (Anon 1980 , 1990; Kozup an d  S istru n k
1982).

B la n c h in g  in  ac id  s o lu t io n  o f pH < 2 .0 ,  
im m ersing of b la n ch ed  vegetab le in  acid  so lu tio n  
or addition  of acid to ind iv idual con ta in ers, are 
som e of th e  direct acid ad dition  m eth o d s  for 
lowering the pH of th e  veg eta b les (Anon 1980). In 
the ca se  of cow pea, b la n ch in g  is  done in  h ot w ater  
in order to get a good quality  product by destroying  
certain  en zym es(R am esh  an d  N ath 1990). Citric, 
m alic, tartaric, lactic an d  acetic  a c id s are generally  
used , w hile p h osp h oric , adipic, fum aric a c id s and  
glu con o-d elta -lactose  (GDL) a lso  find sp ecific  u se s  
in the acid ification  o f food s (Anon 1990). 'Salad Bar 
Fresh' p rocess, developed recently, involves the  
addition  o f an  in gred ien t hav in g  trade m ark  
'PHM-1' to th e ca n s. T h is h a s  b een  reported to  
reduce tim e a s  w ell a s  tem perature o f p rocessin g , 
and yield p rod u cts w h ich  are sim ilar to freshly  
cooked vegetab les, w ith  resp ect to colour, texture  
and flavour (Anon 1986).
* C o r re sp o n d in g  A u th o r . P r e s e n t  a d d r e s s  : 1 No.2, Agricultural 

Engineering Research Institute, Agricultural Research 
Organisation, Evin, Tehran, I. R. Iran. 1 63, Ashram Road, 
Jayalakshmipuram, Mysore - 570 012.

Lactic acid  ferm entation  a lso  low ers th e  pH  
and, con seq u en tly  ren d ers the food r e s is ta n t to 
path ogen ic and sp oilage m icro org an ism s a s  w ell a s  
in h ib its the grow th of sp o res  (Anon 1980; A n d erson  
et al. 1990). A n u m b er of veg eta b les are preserved  
by brining and ferm entation. Cabbage and cu cu m b er  
ferm entation  are, by far, th e  m o st ex ten sive ly  
stu d ied . Okra b eco m es soft and  m u sh y  on  therm al 
p rocessin g  and h en ce , is  acidified, e ith er by ad d ition  
of acid or by lactic  ferm en tation  before can n in g . 
L a c t o b a c i l l u s  c e l l o b i o s u s ,  iso la ted  from  okra and  
w h en  u sed  a s  in ocu lu m , red u ces  th e  pH to  le s s  
th a n  4 .5  after 2 4  h , an d  ren d ers th e  su rfa ce  of 
can n ed  okra le s s  m u c ila g en o u s  an d  le s s  s lo u g h in g  
(Kotzekido and R ou k as 1987a). L. p l a n t a r u m ,  L . 
b r e v i s  and  P e d io c o c c u s  c e r e v i s i a e  h ave a lso  b een  
u sed  a s  start cu ltu res  in  th e  ferm en tation  of 
different veg eta b les (Flem ing an d  M cFeeters 1981). 
Toxigenic a m in es (1 to  5 m g /k g ), form ed during  
ferm entation , w ere con sid erab ly  low er th a n  the  
p o iso n o u s level (A nderson 1988).

In recent years, there is  a  ren ew ed  in terest to 
reduce the therm al p ro cess  req u irem en ts of low- 
acid  (pH > 4 .6) veg eta b les during ca n n in g , either  
by addition  o f acid (Kozup an d  S is tru n k  1982; 
K otzekidou an d  R o u k a s 1987a) or b y  la ctic  
f e r m e n t a t io n  (K o zu p  a n d  S i s t r u n k  1 9 8 2 ;  
K otzekidou an d  R ou kas 19 87 a , b; E d eza  and  
S a n ch ez  1989; A n d erson  et al. 1990). Tim e and  
tem perature con d itio n s, w h ich  w ere m ad e u se  of 
in  therm al preservation  b y  th e au th ors, w ere found  
to vary con siderab ly , an d  th e  b a s is  for th is  h a s  
n ot b een  in vestigated . S tu d ie s  o n  evolv ing therm al 
sch ed u le s  for can n ed  v eg eta b les, acid ified  with

4 2 2
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acid s or by ferm entation , form  th e  su b ject m atter  
of th is  paper.
Materials and Methods

A c i d i f i c a t i o n  u s i n g  a c i d s  : F resh  vegetab les,
p u rch ased  from the local m arket, w ere w a sh ed  and  
used . The outer green  lea v es  o f cab b age w ere  
rem oved, cored, and sh red ded . Carrots w ere p eeled  
and sliced  to 1 cm  th ic k n e ss  size . The stem  of 
cauliflow er w as rem oved an d  the cu rd s broken  into  
pieces. The green  b e a n s  w ere sn ip p ed  and cu t into  
sm all p ieces o f 5 cm  len gth . G reen p ea s  w ere  
shelled . The two ed g es  o f the ivy gourd (K u n d r i ,  
T in d o r a )  were trim m ed. P otatoes w ere peeled , eyes  
trim m ed and cu t in to  h alves.

Prepared vegetab les and brine (1%) were blended  
in  the ratio of 2:1 in  a b lender, an d  th e b lend  w a s  
acidified with 10% so lu tio n  o f the acid , to determ ine  
the quantity of acid required to get th e desired  pH.

For acid ification, th e  prepared v eg eta b les were 
blanched  in  3% so lu tio n s o f lactic , m alic , su cc in ic , 
citric and fum aric a c id s a s  a lso  g lu con o-d elta -  
lactone (GDL). e ith er for 15 m in  at 70°C a s  
reco m m en d ed  in  th e  c a n n in g  o f ca u liflo w er  
(Hoogzand and D oesburg 1961) or in  boiling so lu tion  
for 3  m in , filled ( 5 0 0 g) in to A 2 ‘/ 2 (103 .2  x
119.1 mm) plain can s, covered w ith  2% sa lt so lu tion , 
exh au sted , sea led  an d  p rocessed  in  boiling w ater  
for 15 m in.

A c id i f i c a t io n  b y  f e r m e n t a t i o n  : T he prepared  
green b ean s, cauliflow er, p eas, carrot and ivy gourd  
in equal proportions or individually w ere filled (1.5  
kg) into 5 litre ja rs  and covered w ith  hot (97°C), 
boiled and cooled  (45°C), or cold  (25°C) brine of 
2 to 6% con cen tration s, con ta in in g  0 .4  to 0.8%  
acetic acid  or w ith out th e  acid. The con ta in ers w ere  
covered w ith n ylon  (200  gauge) film an d  tied  w ith  
thread. U se of hot brine w ith  acetic acid  is  
som ew hat akin  to the m eth od  follow ed in Iran to 
preserve vegetab les in  th e  au tu m n  for u se  in  the  
winter.

Lactic acid  bacteria  w ere iso la ted  from the  
ferm enting veg eta b les at 12, 2 4  and 4 8  h intervals, 
u sin g  MRS broth and agar, (NCA 1968), a s  well 
a s L a c to b a c i l l u s - S t r e p to c o c c u s  d ifferential m edium  
(LSDM) (HiMedia 1989). Isolation  of pure cu ltu res  
w a s done by seria l d ilu tion , p lating and repeated  
streaking of single colon ies. For b iochem ical s tu d ies , 
12 h old cu ltu res o f  indiv idual iso la te s  w ere purified  
by centrifugation. Identification  procedure followed  
w a s according to Sharpe (1979) and K andler and  
W eiss (1986).

After ferm entation , the b rin e w a s  drained , the  
ferm ented  vegetab le  r in sed  in  w ater, filled (250  g) 
in to  7 7 .8  x  119 .1  m  or (5 0 0  g) in to  1 0 3 .2  x  119.1  
m m  ca n s , covered  w ith  boilin g  1% b rin e, an d  th e  
c a n s  w ere ex h a u sted , sea led  an d  p ro cessed  a s  
before.

T h e r m a l  p r o c e s s  e v a l u a t i o n  : H eat p en etration  
s tu d ie s , u s in g  E ck lu n d  p lu g  in  n ee d le  typ e  
th erm ocou p les and m a n u a lly  operated  L eeds and  
N orthrup potentiom eter, in d ica ted  th a t th e  h eatin g  
w a s by con vection  an d  th e  cold  p o in t w a s  at about 
l / 1 0 t h  th e  h eigh t o f  th e  can . H eat p en etration  
data, collected  at in terva ls o f 1 m in  w ith  6  c a n s  
for each  run, w a s u se d  for ca lcu la tin g  th e  p ro cess  
tim e required b y  eq u al tim e interval m ethod  
(P atashnik  1953) to in activate  th e  C l. p a s t e u r i a n u m  
or h ea t resistan t en zym es.

I n o c u l a t e d  p a c k  s t u d i e s  : C an s filled w ith  
veg eta b les w ere in ocu lated  w ith  sp ores o f B a c i l l u s  
l i c h e n i f o r m i s  (7 ,5 0 ,0 0 0  sp o r e s /c a n )  a n d /o r  C l. 
s p o r o g e n e s  (2 ,4 0 ,0 0 0  sp o r e s /c a n ). T h ese  cu ltu res  
w ere iso lated  from  ca n n ed  m an go  p u lp  o f pH 4 .3  
(Azizi and  R an gan n a 1993). The v eg eta b les  w ere  
th en  covered w ith  brine, c a n s  sea led  and co n ten ts  
m ixed. The in ocu lated  c a n s  w ere p rocessed  a s  
d e s c r ib e d  a b o v e  a n d  in c u b a t e d  a t 3 7 °C . 
U n inocu lated  c a n s  w ere u sed  a s  control.

S t o r a g e  s t u d y  : The ca n n ed  p ro d u cts  w ere  
stored  at room  tem peratu re an d  exam in ed  at 
in tervals of 3  m o n th s. T exture w a s  m ea su red  in  
Instron  texturom eter, u s in g  K ram er sh ea r  cell 
(2 8 3 0  -  018) and p lu n ger a ssem b ly  (2 8 3 0  -  010).
Results and D iscussion

V egetab les b la n ch ed  in  acid  so lu tio n  for 15 
m in  at 70°C, a s  recom m en d ed  for cauliflow er  
(H oogzand an d  D oesb u rg  1961), or in  boiling  
so lu tio n  for 3  m in , did n ot en su re  acid ification  of 
the interior parts, b u t c a u se d  d isco lou ra tion . The 
brow n colou r w a s n earer to th e  c u t  su rface. H ence, 
acid ification  by ad dition  o f acid  to th e  covering  
brine w a s exam ined . C on cen tra tion  o f acid  required  
to red u ce the pH o f th e  vegetab le  to  4 .0  or le s s  
ranged from 0 .0 6  to 0.55% , d ep en d in g  on  the acid  
and the vegetab le (Table 1). S en sory  eva lu ation  by  
ranking test (R anganna 1986) in d ica ted  that, am ong  
the ac id s stu d ied , m alic  acid  w a s  th e  b est  acid u lan t  
for can n ed  v eg eta b les in  b rin e, w h ile  m alic  acid  or 
GDL m ad e no difference for curried  vegetab les.

The exploratory s tu d ie s  carried  o u t u s in g  2 to 
6% brine, w ith  added acetic  acid  (0 .3 9  to 0.78% ) 
or w ith out acid  at d ilferent tem p eratu res, ind icated



TABLE 1. AMOUNT OF ACID REQUIRED TO REDUCE THE pH OF VEGETABLE BRINE BLEND (2:1)
Lactic acid Glucono-delta-lactone Malic acid Succinic acid Citric acid Fumarie acid
% PH % PH % PH % PH % PH % PH

Carrot 0.15 3.8 0.22 3.8 0.10 3.9 0.22 3.7 0.13 3.8 0.28 4.1Cauliflower 0.03 3.5 0.42 3.5 0.17 3.7 0.19 3.9 0.18 3.8 0.31 4.0Green beans 0.22 4.0 0.16 3.6 0.12 3.8 0.27 3.9 0.01 3.7 0.32 3.7Ivy gourd 0.19 3.5 0.16 3.7 0.06 3.8 0.12 3.7 0.07 3.7 0.22 3.8Peas 0.28 4.1 0.55 3.9 0.25 3.8 0.40 3.7 0.27 3.9 0.29 4.0Potato 0.30 3.7 0.43 3.5 0.17 3.5 0.19 3.6 0.18 3.7 0.31 3.8

that ferm entation  occurred, w h en  2% brine at 97°C  
w a s  u s e d  for co v er in g  th e  v e g e ta b le s . T he  
tem perature h ad  d ecreased  to  55  -  58°C o n  con tact  
w ith veg eta b les w ith in  ab ou t 3 0  m in . The u se  of  
hot brine probably destroyed  som e of the h eat  
sen sitive  u n d esirab le  m icroorgan ism s and expelled  
cellu lar  g a se s  from  v eg eta b les . T h is favoured  
anaerobic ferm entation, en h an ced  th e  stab ility  of 
ascorbic acid  a s  w ell a s  n atu ral co lou r o f the  
vegetab les (S tein k rau s 1983), an d  inh ib ited  the  
activity of en zym es. In the p resen ce  of hot brine, 
the w axy layer on  th e  ou ter su rface o f the fresh  
vegetables got d issolved , thereby ca u sin g  the natural 
colour to becom e bright. The ferm entation  rendered  
the vegetab les tran slu cen t, texture rem ained  firm, 
and the vegetab les a s  w ell a s  brine acquired the  
typical lactic ferm ented  ta ste , b u t the brine w a s  
opaque in  appearance. The ferm ented  vegetab les, 
produced u sin g  h ot brine, w ere b etter th a n  th o se  
involving the u se  o f cold  brine.

V igorous ferm entation  w a s fou n d  to se t  in  
w ith in  16 h of brining, th e pH red u ced  at th e end  
of 2 4  h  to 4 .1  -  4 .2 , and  at th e en d  o f 9 0  h to
3 .6  -  3 .8 . There w a s n o  ch an ge in  the pH b etw een  
4 8  and 72  h. C on sequ en tly , th is  period cou ld  be  
considered  m ore a s  a period of equilibration . After 
24  h, the pH w a s  lower, w h en  b oiling brine w a s  
u sed  a s  com pared  to cold brine, b u t th e  brine had  
not p enetrated  into the interior o f vegetab les, 
particularly in  th o se  w ith  a hard  texture, su ch  a s  
carrot and cauliflow er. H ence, ferm entation  for a 
m inim um  of 3  days w a s con sid ered  n ecessary .

M ic r o b ia l  c h a n g e s  d u r i n g  f e r m e n t a t i o n  : The 
m icrobial flora o f ferm enting veg eta b les co n sisted  
of cocci and rods. The cocci in  the first 12 h  
con sisted  o f L e u c o n o s t o c  m e s e n t e r o i d e s .  L . c r e m o r is  
and L. o e n o s ,  w h ich  have th e  ability to w ith stan d  
60°C for 3 0  m in . T h ese produced  g a s  and acid , 
thereby contributing to anaerobic con d ition s, b esid es  
lo w e r in g  t h e  p H . A n o th e r  s p e c i e s ,  th e  
hom oferm entative L a c t o b a c i l l u s  d e l b r u e c k i i  su b  sp . 
la c t i s ,  produced  lactic  acid  during th is  period. 
B esid es  th ese  m icroorgan ism s, during the first

2 4  h , th e  flora co n s isted  o f P e d i o c o c c u s  a c id i la c t ia ,  
P . d a m n o s u s  an d  L a c t o b a c i l l u s  p l a n t a r u m .  At th e  
en d  o f 4 8  h . S t r e p t o c o c c u s  l a c t i s  an d  S. r a b b in o la c t i s ,  
w h ich  produced  on ly  acid , d om inated . T he r e su lts  
sh o w  th a t, w h en  hot brine w a s  u se d , ferm en tation  
w a s  in itia ted  by L e u c o n o s t o c ,  w h ich  p rod u ced  C 0 2 
an d  created  anaerob ic co n d itio n s. T h is  organ ism , 
a s  w ell a s  acid  p rod u cin g  lactob acilli, w ere follow ed  
b y ped iococci b etw een  12 an d  2 4  h . S trep tococci 
com e in to  th e p icture on ly  after th is  period. All 
th ese  m icroorgan ism s con tr ib u ted  to th e  low ering  
of th e  pH to ab out 3 .8  at th e  en d  o f 3  d ay s of 
ferm entation.

p H  o f  c a n n e d  p r o d u c t : The veg eta b les ferm ented  
for 2 4 , 4 8 , 72  and 9 6  h , o n  r in sin g  an d  ca n n in g  
in  fresh  1% brine, h ad  pH of 4 .5 , 4 .3 , 4 .0  and
3 .6  to  3 .8 , respectively. T he pH o f th e  v eg eta b les, 
ca n n ed  after 2 4 h  o f ferm entation , w a s  c lo se  to  4 .5 , 
an d  even  after 4 8  h o f ferm en tation , it w a s  ju s t
4 .3 . A s th ese  pH lev els  are favou rab le  for the  
grow th B . c o a g u l a n s  an d  B .  l i c h e n i f o r m i s  (Azizi and  
R an gann a 1993) a ferm entation  period  o f 72  or 96  
h is  recom m en d ed , a s  it w ill lead  to  a pH o f 4 .0  
or le s s  in  the can n ed  p rod u cts.

T h e r m a l  p r o c e s s  r e q u i r e m e n t s  f o r  c a n n e d  
p r o d u c t s  : N ational C an n ers A sso c ia tio n  (NCA 1986) 
recom m en d ed  ster ilisa tion  F®393 v a lu e  eq u iva len t to
0 .1  m in  at pH 3 .9  or le s s  to 2 0  m in  at pH  
4 .4 -4 .5 . F®393 o f 2 0  m in  is  eq u iva len t to  3 .5  m in  
at 100°C. T hough th e acid ified  v eg eta b les  had  
pH < 4 .0 ,  F ^  o f 3 .5  m in  form ed th e  b a s is  for 
p ro cess eva lu ation  in  th is  stu d y , to accom m od ate  
for varia tion s in  fill w eigh t o f vegetab le , n e t  w eigh t, 
pH and a lso  to im part cook ed  ta s te  to th e  can n ed  
product. T h is F va lu e is  ad eq u ate  to d estroy  C l. 
p a s t e u r i a n u m  (D 100 = 0 .1  to  0 .5  m in  at pH 4 .2  to 
4.5) an d  n on -sp o re  form ing y e a s ts  an d  m o u ld s  
(D65 = 0 .5  to 1.0 m in) (Stum bo 1973).

The graphical in terp ola tion  cu rv es  are g iven  in  
Figs. 1 and 2. The tim e required  in  boilin g  w ater  
ranged  from  12 to 15 m in , excep t w h e n  the in itial 
tem perature w a s  h igh  (Table 2).
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Fig. 1. Graphical interpolation of curves of sterilization values (i.e. F8,^) vs process time for vegetables acidified by fermentation 
and canned in brine in 77.8 x 119.1 mm cans.
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Fig. 2. Graphical interpolation curves of sterilization values vs processing time for fermented vegetables (O----- O)) and vegetables
acidified with added acid (O------O) and canned in brine in 401 x 411 (103.2 x 119.1 mm) cans.

P eas, French b ea n s, ivy gourd, cauliflow er and  
carrot w ere found  to su p port th e grow th o f B .  
l ic h e n i fo r m is ,  w h ich  e lev a tes th e  pH, thereby  
resu lting in  con d ition s favourable for the grow th  
of h eat resistan t C l o s t r i d ia  (Azizi an d  R anganna
1993). The D 100 ranged  from  2.1  to 2 .8  in  the  
vegetab les in vestigated  (Table 3). P rocess tim e to  
achieve ster ilisa tion  va lu e, corresp on ding  to 5D of
B . l ic h e n i fo r m is ,  w ould  be con sid erab ly  h igher th a n  
the sterilisa tion  va lu e  o f = 3 .5  m in . The  
redeem ing feature is  th a t the organ ism  grow s only  
at pH 4 .2  and above. H ence, if the can n ed  product

is  acidifed to  pH 4 .0 , w ith  a sa fe ty  m arg in  o f 0 .2  
u n its  or even  low er pH, the p o ssib ility  o f  sp oilage  
b y th is  organ ism  is  foresta lled .

I n o c u l a t e d  p a c k  s t u d i e s  : No sp o ilag e  occurred  
in  c a n s  acidified to  pH < 4 .0 , in o cu lated  w ith  sp ores  
of B .  l i c h e n i f o r m i s  a n d /o r  C l. s p o r o g e n e s  and  
p rocessed  F 8̂  = 3 .0  or 3 .5  m in , b u t th is  w a s  not 
ad eq u ate for u n acid ified  ca n n ed  veg eta b les, an d  all 
su c h  c a n s  spoiled .

C h a n g e s  d u r i n g  s t o r a g e  o f  t h e  v e g e t a b l e s  
a c i d i f i e d  u s i n g  a c i d  : W hen exam in ed , so o n  after
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TABLE 2 . THERMAL PROCESS REQUIREMENTS AT 97°C FOR CANNED ACIDIFIED VEGETABLES IN BRINE

Acidification
PH IT

77.8 x 119.1 mm cans 
Processing time (min) 

corresponding to F“  of IT
103.2 x 119.1 mm cans 
Processing time (min) 
corresponding F?¿ of

°C 3.5 min 5 min °C 3.5 min 5.0 min
Acidification using malic acid

Cabbage 3.7 ND ND 93 9 13
Carrot 3.9 ND ND 64 15 18
Cauliflower 4.0 ND ND 65 15 18
French beans 4.1 ND ND 65 12 16
Peas 4.0 ND ND 80 12 15
Ivy gourd 3.8 ND ND 67 13 16

Acidification by fermentation
Cabbage 3.6 ND ND 63 13 15
Carrot 3.8 60 14.0 16.5 66 16 20
Cauliflower 3.8 64 15.0 17.5 66 13 16
French beams 3.8 65 12.5 16.0 66 14 17
Green peas 3.9 65 13.5 17.0 73 12 15
Ivy gourd 3.6 88 12.0 14.8 66 13 16

IT : Initial temperature at cold point of the can at the start of processing time
ND : Not determined. Acidity in the finished product ranged from 0.4 to 0.6%.

TABLE 3. THERMAL RESISTANCE (D) OF B . U C H E N IF O R M IS  
IN NEUTRAL PHOSPHATE BUFFER AND
VEGETABLES

Product PH Dioovalue
(min)

Natural phosphate buffer 7.0 3.1 ± 0.20
4.2 2.5 ± 0.08

Peas 4.5 2.5 ± 0.10
French beans 4.2 2.2 ± 0.20

2.6 ± 0.20
Ivy gourd 4.2 2.2 ± 0.20

4.5 2.3 ± 0.30
Cauliflower 4.2 2.1 ± 0.90

4.5 2.8 ± 0.40
Carrot 4.2 2.2 ± 0.20

4.5 2.5 ± 0.20

canning or after storage for 9  m o n th s, th e  vegetab les  
were negative to h eat resistan t enzym es like catalase, 
peroxidase and p olyp h enoloxid ase (R anganna 1986)

A m ong the vegetab les stu d ied , th e  green  colour  
of b ea n s, ivy gourd an d  p ea s  turn ed  yellow ish  
brow n during p rocessin g  m ain ly  due to chlorophyll 
destruction . T h is ch an ge w as further in ten sified  
during storage. The n atu ral cream y colou r of 
acidified, can n ed  cauliflow er tu rn ed  to light p ink  
at th e  end  of 3 m o n th s of storage and th en  to  
brow n on  further storage. The p in k  d isco lou ra tion  
in  cauliflow er h a s  b een  attributed  to p olym erisation  
of leu co an th o yan in s p resen t in  a p seu d o -b a se  form  
(flavom -4-ol), w hich  is  in ten sified  further by th e  
acid (Setty an d  R an gann a 1972). H owever, carrot 
retained  th e n atu ral co lou r over the prolonged  
storage.

The texture o f can n ed  acidified veg eta b les w a s  
superior to can n ed  unacid ified  veg eta b les p rocessed

u n d er p ressu re , an d  resem b led  m ore c lo se ly  to 
fresh  cooked  product, w h en  exa m in ed  at th e  end  
o f 9 m o n th s storage (Table 4). M ere b la n ch in g  of 
th e  fresh  veg eta b les, a step  in  th e  con v en tio n a l 
can n in g  an d  in  th e ca n n in g  o f v eg e ta b les  acidified  
u sin g  acid , con sid erab ly  red u ced  th e  firm n ess, a s  
se e n  from  th e  m in im u m  force required  to  b eg in  
extru sion  (KN/kg) an d  th e  to ta l w ork  d on e (K J/ 
kg). P rocessin g  o f the acidified  v eg eta b les  in  boiling  
w ater did n ot affect th e  textu re further, w h erea s  
p r o c e ss in g  u n d e r  10  p s ig  p r e s su r e  (control) 
con sid erab ly  affected  th e  texture.

Acidifed veg eta b les h a d  p ercep tib le so u r  ta ste . 
In th e  preparation  of curried  v eg e ta b le s  in  India, 
a c id u la n ts  like tom atoes, lim e ju ice , tam arind  
extract or u nripe m an go  pow der (called  a m c h u r )  are 
added. H ence, sligh t so u r  ta s te  sh o u ld  n ot alter  
the acceptab ility  m u ch .

S to r a g e  c h a n g e s  o f  c a n n e d  v e g e t a b l e s  a c i d i f i e d  
b y  f e r m e n t a t i o n  : Irrespective o f th e  co lou r  o f fresh  
vegetab les, th e ferm ented  p rod u ct, on  can n in g , 
appeared  bright an d  reta in ed  th e  n a tu ra l colour  
better. The ch an ge in  co lou r d u rin g  storage even  
u p to  2 yea rs w a s m in im al. S in ce  la ctic  acid  w a s  
form ed i n  s i t u  from  su ga r b y  ferm en tation , the  
degradation  o f ch lorophyll in  green  v eg eta b les  w a s  
m inim al. H ence th e  co lou r o f th e  ca n n ed  product 
w a s d u ll green, b u t n ot brow n, a s  in  th e  ca se  of 
veg eta b les acidified b y  acid . C auliflow er did not 
turn  p in k  an d  the carrot w a s  b right yellow .

The v a lu es  o f  texture p rop erties o f  th e  can n ed  
ferm ented  vegetab les, after storage for 9 m on th s, 
w ere low er th a n  th o se  o f th e  fresh  vegetab le , but
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TABLE 4. VALUES OF pH AND TEXTURE OF FRESH, 
BLANCHED AND CANNED VEGETABLES AFTER 
STORAGE AT 37°C FOR 9 MONTHS

Texture values
Attribute

Carrot

PH Peak force 
kN/kg

Work done 
kJ/kg

1. Fresh 5.20 96.86 12.00
2. Blanched ND 12.16 2.36
3. Acidified 4.00 11.69 2.28
4. Fermented 3.50 30.11 5.98
5. Control 4.85 1.52 0.42
F ratio 312.98 181.14
S.E.
Cauliflower

1.81 0.29
1. Fresh 6.20 47.25 8.74
2. Blanched ND 23.52 4.13
3. Acidified 4.50 15.96 2.70
4. Fermented 3.60 30.44 5.12
5. Control 5.00 1.04 0.34F ratio 81.39 53.09
S.E.
French beans

1.60 0.36
1. Fresh 5.70 53.46 10.08
2. Blanched ND 36.24 6.43
3. Acidified 4.30 27.50 5.15
4. Fermented 3.50 46.56 7.20
5. Control 
Ivy gourd

5.00 7.31 2.34
1. Fresh 4.60 53.29 10.28
2. Blanched ND 39.17 7.20
3. Acidified 3.80 22.20 3.70
4. Fermented 3.60 31.31 4.64
5. Control 4.50 2.38 0.43
F ratio 184.00 168.84
S.E.
Green peas

1.26 0.26
1 Acidified 3.90 20.60 4.54
2. Control 5.00 7.16 1.28
Blanched : Blanched before canning, Acidified : Canned product 
acidified with malic acid. Fermented : Fermented vegetable 
canned, Control : Processed at 116°C for 25 min, F ratio : P 
< 0.001, df : 14 ir. the case of carrot and cauliflower, and 12 
in ivy gourd, ND : Not determined.

higher th an  th o se  o f b la n ch ed  vegetable. T h is  
probably is  d u e to ex c lu sio n  o f b la n ch in g  in  the  
can n in g  of ferm ented  veg eta b les (Table 4). The 
overall quality of the can n ed  ferm ented  vegetable  
w as far superior to the p roduct can n ed  u sin g  m alic  
acid or by con ven tion al m ethod  w ith out acid , either  
im m ediately after can n in g  or after prolonged storage. 
W hen m ade into curry, th e  lactic ferm ented  note  
or sou r taste  w a s  not d istin gu ish ab le , a s  reported  
by the panel m em b ers to w hom  the can n ed  
ferm ented vegetab les h ad  b een  given  for preparing  
the curried product, in  their h o m es for evalu ation  
purposes.
Conclusion

V egetables acidifed w ith  m alic acid , or by lactic  
fe r m e n ta t io n , u s in g  2% b o ilin g  b r in e  (th e

tem perature d ecreasin g  to  55°C on  co n ta ct w ith  
prepared m aterial) for 3 -4  d ays, to low er th e  pH 
to 3 .6 -3 .8 , red u ced  th e  p ro cess in g  tem peratu re by  
15-20°C  an d  a lso  th e  tim e. T he resu ltin g  can n ed  
product is  m icrob iologically  sa fe , an d  sim ilar  in  
texture to fresh cook ed  vegetab le . T he so u r  tinge  
in  ta ste  is  n ot d iscern ib le , w h en  m ad e in to  curry.
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Storage studies.

Rigid con ta in ers have p layed  a very sign ificant 
role over several yea rs in  food p rocessin g  and build  
up of con su m er  a ccep tan ce  a s  w ell a s  con fid en ce  
in preserved foods. In India, m an u factu rin g  u n its  
depend heavily on  im ported raw m ateria ls for 
fabrication of food ca n s , thereby n ecess ita tin g  the  
import of 3 0 0 ,0 0 0  to n s  of tin  p late per an n u m , 
valued  at Rs. 3 0 0  crores (TIFAC 1991). T h is h a s  
resu lted  in  co n stra in ts  w ith  regard to the grow th  
of the can  m an u factu rin g  an d  food p rocessin g  
in d u stries. A lternate m ateria ls for m an u factu rin g  
rigid con ta iners, in  lieu  o f tin  con ta in ers, have long  
been  explored in  various parts o f the world (Leymarie
1972). The m o st attractive an d  viable alternate  
m aterial in  India is  a lu m in iu m  and its  alloys. 
A lum inium  is  ab u n d an tly  availab le in  the co u n tiy , 
a s India p o s s e s s e s  8% o f the world's b au xite  
reserves (Kothari 1986). In addition , a lu m in iu m  is  
very light, a s  it w eigh s 1 /3  th a t of stee l. The  
corrosion resistan ce  o f a lu m in iu m  is  excellen t, a s  
com pared to that of the con ven tion a l low carbon  
steel, and it a lso  p o s s e s s e s  good  m ech an ica l 
properties. A lum in ium , w h en  pure, is  soft a s  w ell 
a s ductile  and is  cap ab le  o f  a tta in in g  high ten sile  
strength  b y  cold w orking, h eat treating and alloying.

A lum inium , in  th e form o f foil, is  already being  
u sed  exten sively  a s  an  excellen t p ack agin g m aterial 
for p rocessed  and fast food s in  large catering  
in st itu t io n s  (S a ty an ara ya n a  Rao et al. 1990; 
P adm anabha Reddy and K han 1993). In the form  
of collapsib le tu b es  an d  rigid con ta in ers, it fin d s  
u se  in  va r io u s se c to r s  like p h a rm a ce u tica ls , 
beverages, dairy an d  co sm etic  in d u str ies  (Neider
1986). However, its  u se  in  the form of rigid 
con tainers for can n in g  p rocessed  foods, other th a n  
the beverages, is  h ighly lim ited. T hough the energy
* C o rre sp o n d in g  A u th o r

con su m p tion  for extractin g  th e  a lu m in iu m  is  h igh, 
its  e x ce llen t  recy c la b ility  m a k e s  it n o t on ly  
environm ent friendly, b u t a lso  econ om ica lly  viable. 
S in ce  arm ed forces in  India is  th e  sin g le  largest 
c o n su m e r  o f p r o c e s se d  fo o d s , r e se a r c h  an d  
developm ent of tw o p iece  a lu m in iu m  c a n s , u sin g  
in d ig en ou s m ateria ls w a s  u n d ertak en  (Jayaram an  
et al. 1988). Earlier w ork  carried o u t w ith  ca n s, 
fabricated ou t of 99 .5%  p u re a lu m in iu m , h a s  
sh o w n  th a t th e  m eta l w a s  too soft, an d  did not 
p o sse s s  ad eq u ate m ech a n ica l stren g th  for therm al 
p rocessin g  (Srivatsa et al. 1990). T herefore, an  alloy  
of a lu m in iu m  (3004) w a s  se lec ted  in  th e  presen t  
stu d ies . C an s an d  lid s w ere fabricated  out of th e  
sam e alloy. T h is paper reports th e  d ata  on  the  
fabrication  of a lu m in iu m  c a n s  u s in g  AA 3 3 0 4  
sh e e ts  and their efficacy for ca n n in g  o f eight 
different Indian p rocessed  foods.
Materials and Methods

A l u m i n i u m  c a n s  : Two p iece  rou n d  a lu m in iu m  
c a n s  w ere fabricated u s in g  a lu m in iu m  s h e e ts  of AA 
3 0 0 4  alloy, equ ivalent to 4S , (Mn 1.25% , Mg 0.95%  
and rest a lum in ium ) b y  draw n, redraw n an d  ironed  
(D&I) p rocess, at the p rem ises  o f a con verting firm. 
The fin ish ed  c a n s  had  a n  u ltim ate w all th ick n ess  
of 0 .3 3  m m . T he lid s w ere a lso  o f th e  sam e  
th ick n ess  and m ade out o f th e  sa m e alloy. C ans  
of three different d im en sio n s, fabricated  an d  u sed  
in the p resen t stu d ie s , are a s  p er  th e  follow ing  
d e ta i ls :

D im en sion  (mm) 
8 3  x  50  
8 3  x  8 0  
130 x  5 0

C ap acity  (ml) 
2 1 0  
4 0 0  
4 5 0

L a c q u e r i n g  o f  t h e  c a n s  : L acquering o f th e  ca n s  
and the lid s w a s  carried ou t at th e p lace of the
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converting firm, u s in g  ep oxy-ph en olic  res in s , by  
spraying it w ith  an  au tom atic  gu n , im m ediately  
after fab r ica tio n . T he r e s in s  u se d  w ere th e  
conventional typ es already in  u se  for tin  con tainers. 
The quantity o f lacquer w a s  ad ju sted  to provide 
nine con cen tration s, ranging from 0 .0 1 4  to 0 .2 5 5  g /  
2 5  sq .cm .

P r e p a r a t io n  o f  f o o d s  : U p m a ,  th e  savou ry  
sem olina pudding , co n ta in s  w h eat sem olin a , sa lt, 
hydrogenated  oil an d  sp ices . For its  preparation, 
roasted  sem olin a  w a s  cook ed  in  w ater con ta in in g  
hydrogenated  oil and sp ices . S o o j i  h a l w a .  th e  sw eet  
sem olin a  pudding , co n ta in s  w h eat sem olin a , su gar, 
hydrogenated oil and cardam om . For its  preparation, 
roasted  w h eat sem olin a  w a s  cooked  in  su ga r syrup  
con ta in in g  cardam om . A l u  c h o la y ,  the  ch ick p ea  and  
other vegetab les gravy, con ta in  ch ick p ea , potato, 
tom ato, hydrogenated  oil, sa lt  and  sp ices . Soaked  
ch ickpea an d  fried potato  w ere cook ed  in  w ater  
contain ing other in gred ien ts for its  preparation. 
A v ia l ,  the  vegetab le s tew  in curd  gravy, co n ta in s  
vegetab les (ash  gourd, yam , b ea n s , carrot, potato), 
cocon u t, curd and sp ices . M ixed v eg eta b les w ere  
cooked in  coco n u t an d  cu rd  m ixtu re for its  
preparation. B ea n s in  sa u c e  c o n s is ts  o f  b ea n s  in  
tom ato puree. For its  preparation, soak ed  b ea n s  
were cooked in  tom ato p u r e e .  K h e e r ,  the  sem i solid  
sw eet b len d  of cooked  rice and m ilk, co n ta in s  rice, 
m ilk, su ga r  an d  cardam om . For its  preparation , rice 
w as cooked in m ilk  con ta in in g  su gar and cardam om . 
F ish  curry (fish gravy) co n ta in s  fresh  w ater fish , 
tom ato, on ion , sa lt an d  hydrogenated  oil. F ish  
w as cooked  in  w ater con ta in in g  hydrogenated  oil, 
tom ato, on ion  and sp ic e s  for its  preparation. 
V egetable p u l a u  (savoury cooked  rice an d  vegetables) 
c o n sists  of rice, v eg eta b les (potato, greenp eas), 
hydrogenated oil, sa lt and sp ices. For its  preparation, 
rice w a s cooked  in  w ater con ta in in g  vegetab les, 
hydrogenated oil, sa lt an d  sp ices. All th ese  Indian  
foods were prepared in  th e laboratory a s  per  
con ven tion al m eth o d s. Som e o f the in gred ien ts  
required trim m ing, c lean in g , b lan ch in g , b len d in g  
and pre-cooking.

C a n n i n g  : The required q u an tities  o f foods
were filled in  different s izes  o f  ca n s , the c a n s  
exh au sted  and double seam ed , u sin g  sp ecia lly  
designed  rollers an d  b a se  p la tes (H ersom  and  
H ulland 1980). The con ven tion al ca n  sea m ers w ere 
fitted w ith  the a tta ch m en ts  and u sed  for h erm etic  
sealing.

T h e r m a l  p r o c e s s i n g  o f  f o o d s  : H eat p rocessin g  
of the foods w a s  carried out in stea m  retorts. The

retorts w ere eq u ip p ed  w ith  fac ility  for u s in g  
com p ressed  air for over-head  p ressu re  an d  a high  
p ressu re  w ater circu latin g  p u m p  for coo lin g  u n der  
p ressu re  (G hosh et al. 1980). T he tem peratu re of 
the product w a s  co n tin u o u sly  recorded  d u rin g  heat 
p rocessin g , throu gh  th e  co p p er-co n sta n t th erm o
co u p les , w h ich  w ere p laced  in  th e  geom etric  cen tres  
of th e ca n s. The c a n s  w ere p laced  at different 
lo ca tion s in  th e retort. T he tem p era tu res w ere  
ca lcu la ted  from the therm o-electro-m otive-force at 
regular tim e in tervals. The F0 va lu e  w a s  ca lcu la ted  
from th e data on  tem p eratu res an d  tim e. T he c a n s  
w ere h eated  in itia lly , till their  in s id e  tem peratu re  
reached  that o f  th e  retort. S u b seq u en tly , th e  
p ressu re  o f th e s tea m  w a s ra ised , in  s ta g e s , from  
5 lb s to 15 lb s /sq .in . gauge pressu re. The p rocessin g  
w a s carried ou t to ach ieve a F ^ , in  th e  range o f
6 .0  to  7 .0 , to ach ieve com m ercia l ster ility  (G hosh  
et al. 1980). T he coo ling  w a s  perform ed u n der  
p ressu re  w ith  the h elp  o f com p ressed  air an d  water. 
The cooled  c a n s  w ere w iped  d iy  and exa m in ed  for 
an y  v isu a l defect. In addition , cu t-o u t  exam in ation  
w a s carried out.

S t o r a g e  s t u d i e s  : The c a n s  w ere stored  at room  
tem perature (1 9 °~  30°C) and 5°C for 9  m o n th s. The 
c a n s  stored  at 5°C served  a s  control. The foods  
w ere an a lysed  at an  interval of 0 , 3 , 6  an d  9 
m o n th s for m oistu re , tota l fat, acid ity , peroxide  
va lu e  (PV) and free fatty a c id s (FFA) a s  p er stan d ard  
m eth o d s (AOAC 1990). M icrobiological a n a ly se s  
w ere also  carried ou t for different typ es o f org an ism s  
(Harrigan and M cC ance 1976). The c a n s  w ere  
in cu b ated  at 37°C  and 55°C for 7 d ays. S tan dard  
Plate C ount (SPC) w a s  d eterm in ed  u s in g  d extrose  
tryptone-agar after in cubation  for 4 8  h  at 30°C. Yeast 
an d  m o u ld s w ere estim ated  w ith  th e  h elp  of 
acidified p otato-dextrose-agar, after in cu b a tio n  at 
30°C for 4 -5  days. S a l m o n e l l a  an d  S h i g e l l a  were 
tested  by streak in g th e en rich ed  sa m p le  w ith  
se len ite -cy stin e  broth at 37°C  for 2 4  h , 4 8  h and  
72  h. Spore form ers w ere d eterm in ed  after killing  
th e vegetative ce lls  b y  k eep in g  th e sa m p le  in  boiling  
w ater b ath  for 15 to  2 0  m in  an d  su b seq u en tly  
in ocu latin g  an d  in cu b atin g  at 37°C  an d  55°C  for 
4 8  h  (Harrigan an d  M cC ance 1976). S en sory  
eva lu ation  of the product w a s  carried  ou t b y  a test  
p an el of 10 trained  su b jec ts , b a sed  o n  a n in e  point 
H edonic sca le .

T r a n s p o r t a t i o n  : T ran sp ortation  s tu d ie s  were 
carried out by pack in g the c a n s  in  5 p ly-corrugated  
carton s, m ad e out of 1 1 0 /1 3 0  g sm  virgin  kraft 
paper. T he ca rto n s w ere c lo sed  w ith  th e  h elp  of
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clo th , b ound  w ith  5 .0  cm  w ide gu m  tape, and w ere  
m ounted  on  a horizonta l su rface. A frequency  
sw eep o f 3  Hz w a s  u se d  from  0  to 100 Hz at 
intervals o f one m in.

D a ta  a n a l y s e s  : All th e a n a ly ses  w ere carried  
out in  duplicate. The data were an a lysed  statistically  
to find out stan dard  deviations.
Results and D iscussion

The b a s is  for se lec tio n  o f th e  alloy and the  
lacquering com p ou n d  is  w orth m en tion in g . The  
a llo y  u s e d , n a m e ly  a lu m in iu m -m a n g a n e s e -  
m a g n es iu m  (AA 3 0 0 4  ser ie s ) , w a s  th e  b e s t  
com prom ise in  term s o f co st, h ea t resistan ce  and  
m ech an ica l strength , a s  com pared  to a lu m in iu m -  
silican -m agn esiu m  (AA 6000) or a lu m in iu m -zin c- 
m agn esiu m  (AA 7000). It w a s a lso  found that 3 0 0 4  
alloy w as easily  available w ith in  the country. The  
alloy obtained  in  the sh e e t  form, ca n  be easily  
drawn and redraw n an d  th e c a n s  of th e required  
s izes obtained. Epoxy p h en o lic  lacquer, a lso  know n  
a s  gold lacquer, w a s ch o sen  b eca u se  of its  exten sive

0 .0 1 4 0  to 0 .0 5 5 5  g / 2 5  sq .cm  w ere eva lu ated . It 
w a s found  th a t a m in im u m  of 0 .0 4 3 8  g / 2 5  sq .cm  
w a s e ssen tia l for effective corrosion  res ista n ce  and  
ad eq u ate p rotection  to th e  va r io u s p rod u cts. At 
low er levels, there w a s  p eeling , an d  the lacquering  
w a s in adeq u ate. Lacquering h igher th a n  0 .0 4 3 8  g /  
2 5  sq . cm  did not offer an y  ad d itiona l advantage.

In order to s tu d y  th e su itab ility  o f  th e  ca n  and  
the lacquering, eight different foods w ere investigated. 
T h ese food s w ere c h o se n , a s  th ese  rep resen t acid , 
sem i-acid  and n on -acid  foods, an d  a lso  for their  
variation  in  h om ogen eity  like so lid , sem i-so lid  and  
solid  in  gravy (Table 1). C on seq u en tly , th e  periods  
of h eatin g  to ach ieve com m ercia l ster ility  a lso  
varied. S in ce  a lu m in iu m  c a n s  required sp ecia l 
p recau tion s, th e p rocessin g  w a s  carried out in  a 
m odified retort, u s in g  com p ressed  air for p ressu re  
com p en sation . T h is en su red  the sea m  integrity, and  
also  protected  th e  w a lls  from  an y d am age, during  
therm al p rocessin g . The p h ysica l ex a m in a tio n s of 
the ca n s  im m ed iately  after p ro cess in g  did not 
exhibit an y  m ech a n ica l dam age. T he w all th ick n ess

TABLE 1. TYPES OF FOODS STUDIED, THEIR CHARACTERISTICS AND THERMAL PROCESSING
Indian food Acid * Heat processing Fo Can sizeproducts Ingredients PH type Homogeneity Temp Time Value used

(°C) (min) (mm)
U p m a Semolina, hydrogenated oil, 4.70 Semi-acid Cooked moist 120 7 6.10 83 x 50salt, peas and spices solid 10 6.34 83 x 80
S o o ji h a lw a Semolina, sugar, hydrogenated 6.25 Non-acid Cooked moist 119 8 6.14 83 x 50oil and cardamom solid 10 6.37 83 x 80
A lu  c h o la y Chickpea, potato, onion, 5.70 Semi-acid Cooked solid 119 6 6.14 83 x 50tomato, hydrogenated oil 

and spices
in liquid gravy 10 6.58 83 x 80

A u ia l Vegetables, coconut, curd 3.80 Acid Cooked solid 119 6 6.11 83 x 50and spices in liquid gravy 10 6.30 83 x 80
Beans in R a im a  (beans), tomato sauce 3.80 Acid Cooked solid 118 10 6.47 83 x 80sauce and spices in solid gravy
K h e e r Rice, milk, sugar and 

cardamom
7.00 Non-acid Semi-solid 120 5 6.16 83 x 80

Fish curry Fish, tomato, hydrogenated 5.40 Semi-acid Cooked solid 120 10 6.89 83 x 80
oil and spices in gravy

Vegetable Rice, vegetables, hydrogenated 6.20 Non-acid Cooked moist 120 10 6.69 83 x 80
p u la v oil, salt and spices solid
* Heat processing was carried out at 15 lbs/sq. in gauge pressure
u se  in au toclaved  c a n s  and excellen t corrosion  
resistan ce. W hite vinyl r e s in s  w ere not se lec ted  in  
th ese  stu d ies , b eca u se  o f the difficulty in  procuring  
them  from in d ig en ou s so u rces . R epetitive spraying  
of the lacquer, w ith  th e  help  o f a m oving spray  
g u n  w a s found to be sim p le  and cou ld  be readily  
adopted, w ith sligh t m od ifica tion s to the spraying  
head.

D ata on  the efficacy o f lacquering gave u sefu l 
resu lts  w h en  the c a n s  w ith  coa tin gs varying from

of 0 .3 3  m m  w a s, th u s , ad eq u ate  an d  w a s  able to 
w ith stan d  th e  p rocessin g  cy c les . The cu t out 
exa m in atio n s revealed good  sea m in g  integrity and  
satisfactory  h ook in g  o f th e lid s  to  th e  b od y of th e  
ca n s. The lacq u er did not im part a n y  foreign odour, 
w h ich  w a s  confirm ed b y  u s in g  s o o j i  h a l w a ,  w ith out  
an y  stron g flavouring agent. T h u s, th e  AA 3 0 0 4  
alloy m et all the req u irem en ts su ccessfu lly .

Storage s tu d ie s  w ere carried ou t, b y  storin g the  
product at room  tem peratu re (19°C -  30°C) and
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TABLE 2. STORAGE STUDIES ON THE CANNED PRODUCTS STORED AT RT (19° -  30°C)
Product Storage

period, months
Moisture,

%
Total fat

%
Acidity,

%
FFA,

% oleic acid
U p m a 0 53.9 ± 0.1 13.8 ± 0.6 0.21 ± 0.01 0.96 ± 0.04

3 53.6 ± 0.4 14.9 ± 0.0 0.24 ± 0.01 1.29 ± 0.03
6 54.0 ± 0.1 14.9 ± 0.1 0.23 ± 0.01 1.29 ± 0.02
9 53.9 ± 0.1 15.0 ± 0.0 0.24 ± 0.01 1.55 ± 0.02

S o o ji h a lw a 0 34.5 ± 0.2 10.8 ± 0.2 ND 0.24 ± 0.01
3 34.5 ± 0.2 10.5 ± 0.1 ND 0.38 ± 0.04
6 35.1 ± 0.1 10.2 ± 0.2 ND 1.18 ± 0.02
9 35.0 ± 0.0 10.5 ± 0.1 ND 1.42 ± 0.02

A lu  c h o la y 0 71.3 ± 0.6 11.5 ± 0.2 ND 1.38 ± 0.02
3 73.4 ± 0.8 10.9 ± 0.1 ND 1.41 ± 0.01
6 73.8 ± 0.4 10.6 ± 0.2 ND 1.61 + 0.02
9 74.5 ± 0.5 10.9 ± 0.1 ND 1.90 ± 0.02

A v ia l 0 86.5 ± 0.0 ND 0.38 ± 0.01 ND
3 85.6 ± 0.6 ND 0.58 ± 0.02 1.41 ± 0.01
6 85.0 ± 0.1 ND 0.61 ± 0.01 1.42 ± 0.02
9 85.0 ± 0.0 ND 0.56 ± 0.02 1.61 ± 0.01

Beans in sauce 0 79.5 ± 0.2 ND 0.82 ± 0.02 ND
3 79.1 ± 0.4 ND 0.96 + 0.02 ND
6 80.1 ± 0.6 ND 1.15 ± 0.01 ND
9 80.0 ±  0.1 ND 1.20 ± 0.02 ND

Kheer 0 64.8 ± 0.4 ND ND 1.12 ± 0.01
3 64.5 ± 0.3 ND ND 1.80 ± 0.02
6 64.4 ± 0.2 ND ND 1.90 ± 0.02
9 64.4 ± 0.2 ND ND 4.40 ± 0.02

Fish curry 0 72.8 ± 0.4 20.2 ± 0.4 0.44 ± 0.01 ND
3 73.5 ± 0.3 20.0 ± 0.2 0.65 ± 0.01 ND
6 74.0 ± 0.4 19.0 + 0.4 0.78 ± 0.02 ND
9 74.0 ± 0.2 19.0 ± 0.4 0.78 ± 0.02 ND

Vegetable pulav 0 66.2 + 0.2 7.4 ± 0.4 ND ND
3 66.0 ± 0.4 7.0 ± 0.2 ND 0.82 ± 0.04
6 65.2 ± 0.2 6.9 ± 0.2 ND 2.40 ± 0.02
9 65.0 ± 0.0 6.8 ± 0.1 ND 2.60 ± 0.02

Mean ± SD. ND = Not detected
Peroxide values were nil for all the samples

com pared to th ose  stored at 5°C. R esu lts  of ch em ica l 
an a lysis  of the stored  p rod u cts (Tables 2 an d  3) 
did not sh ow  an y sign ifican t ch an ge. S in ce  fat u sed  
in the preparation w a s hydrogenated oil, no oxidative  
rancidity, in  term s of peroxide va lu e, cou ld  be  
detected . However, the resu lts  did not follow an y  
definite p attern s, probably due to the h eterogen eou s  
natu re o f the p rod u cts and difficulty in  uniform  
filling esp ecia lly  in  case  of a l u  c h o la y  an d  a v i a l

The m icrobiological a n a ly s is  revealed  th a t the  
p rod u cts rem ained  ster ile  during th e  entire period  
of storage. For exam ple, the c o u n ts  o f SPC, y e a s ts  
and m ou ld s, coliform s. S a l m o n e l l a ,  S h i g e l l a  and  
other sp o res  a s  w ell a s  an a ero b es  w ere negative  
for all the sa m p les, w h en  exa m in ed  a t th e  end  of 
0 , 3 , 6  and 9 m o n th s o f storage at RT (19° -  30°C) 
and 5°C. The p rod u cts w ere fou n d  to b e acceptab le  
by a ta ste  p an el on  a n in e  p oint H ed on ic scale.
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TABLE 3. STORAGE STUDIES ON THE CANNED PRODUCTS STORED AT 5°C
Product Storage Moisture, Total fat. Acidity, FFA,

period, months % % % % oleic acid
U p m a 0 53.9 ± 0.08 13.8 ± 0.18 0.21 ± 0.18 0.96 ± 0.04

3 54.0 ± 0.00 13.7 + 0.26 0.22 ± 0.00 0.98 ± 0.02
6 54.0 ± 0.00 14.0 ± 0.00 0.22 ± 0.00 1.00 ± 0.00
9 53.8 ± 0.18 13.9 ± 0.08 0.21 ± 0.18 0.99 + 0.01

S o o ji h a lw a 0 34.5 ± 0.44 10.8 + 0.26 ND 0.24 ± 0.01
3 34.0 ± 0.00 10.9 ± 0.35 ND 0.26 ± 0.01
6 33.5 ± 0.44 10.5 ± 0.00 ND 0.25 ± 0.00
9 34.6 ± 0.53 10.8 ± 0.26 ND 0.24 ± 0.01

A lu  c h o la y 0 71.3 ± 0.18 11.5 ± 0.44 ND 1.38 ± 0.02
3 72.0 ± 0.44 11.0 ± 0.00 ND 1.37 ± 0.01
6 72.0 ± 0.44 11.4 ± 0.35 ND 1.38 ± 0.02
9 71.8 ± 0.26 10.9 ± 0.08 ND 1.38 ± 0.02

A v ia l 0 86.5 ± 0.44 ND 0.38 ± 0.02 ND
3 86.0 + 0.00 ND 0.40 ± 0.00 . ND
6 86.0 + 0.00 ND 0.50 ± 0.36 ND
9 86.0 ± 0.00 ND 0.39 + 0.01 ND

Beans in sauce 0 79.5 ± 0.44 ND 0.82 ± 0.26 ND
3 79.9 ± 0.09 ND 1.10 ± 0.02 ND
6 80.0 ± 0.00 ND 0.96 ± 0.02 1.10 + 0.02
9 80.0 ± 0.00 ND 1.15 ± 0.09 1.10 ± 0.02

K h e e r 0 64.8 ± 0.18 ND ND 1.12 ± 0.02
3 65.0 ± 0.00 ND ND 1.10 + 0.00
6 64.4 ± 0.44 ND ND 1.30 ± 0.18
9 65.0 ± 0.00 ND ND 1.20 ± 0.18

Fish curry 0 72.8 ± 0.18 20.2 ± 0.18 0.44 ± 0.01 ND
3 73.0 ± 0.00 20.0 + 0.00 0.45 ± 0.00 ND
6 72.5 ± 0.44 21.0 ± 0.88 0.39 ± 0.05 ND
9 73.0 ± 0.00 20.5 ± 0.44 0.42 ± 0.03 ND

Vegetable p u la v 0 66.2 ± 0.18 7.4 ± 0.00 ND ND
3 66.0 ± 0.00 7.4 ± 0.00 ND ND
6 65.8 ± 0.18 7.0 + 0.35 ND ND
9 66.0 ± 0.00 7.5 ± 0.44 ND ND

Mean ± SD. ND = Not detected 
Peroxide values were nil for all the samples

W ith a view  to e sta b lish  th e  transport w o rth in ess  
of the can s, w ith resp ect to the m ech an ica l strength , 
sim u lated  tran sp ortation  s tu d ie s  w ere con d u cted . 
The c a n s  did not su ffer  a n y  v isib le  dam age, th u s  
estab lish in g  the stren gth  of the alloy. T h u s, th e  
alu m in iu m  ca n s , draw n ou t o f Al-M g-M n alloy ca n  
easily m eet the transport requ irem ents,under norm al 
con d ition s.

Therefore, it m ay  b e  se e n  th a t tw o p iece  
alu m in iu m  ca n s, w ith  th e  in h eren t ad v an ta ges of  
recyclability, ab sen ce  o f lead  soldering an d  ea sy

availability of raw m ateria ls  for fabrication , offer 
v a st p oten tia l for ca n n in g  o f a variety  o f Indian  
foods.
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P r e p a r a t i o n  a n d  E v a l u a t i o n  o f  S a n d  P e a r  V e r m o u t h

B. L. ATTRI, B. B. LAL AND V. K. JOSHI*
D epartm ent o f P osth arvest T echnology,

Dr. Y. S. Parm ar U niversity of H orticulture and Forestry, N auni, S o lan , HP - 17 3  2 3 0 , India.
Dry and sweet vermouths with variable alcohol levels were prepared from sand pear base wine. Higher levels 

of total phenols, aldehydes and esters were observed in the vermouths due to the addition of extracts of herbs/spices 
to the base 'vine and these improved the sensory attributes of the final product. Sweet vermouth having 15% alcohol 
was considered as the most acceptable product.
Keywords : Vermouth, Sand pear. Proximate composition, Wine, Sensory evaluation.

V erm outh , a w in e to w h ich  extract of sp ice s  
and herbs is  added to en h a n ce  th e flavour, is  
traditionally prepared from th e  grap es (Pilone 1954; 
Amerine et al. 1980). Further, tech n iq u es  for the  
preparation o f m an go an d  p lum  verm o u th s of 
c o m m e r c ia lly  a c c e p ta b le  q u a lity  h a v e  b e e n  
standardized (Onkarayya 1985; J o sh i et al. 1991). 
Several varieties o f m an g oes w ere a lso  screen ed  for 
w ine m aking (K ulkam i et al. 1980). S an d  pear  
[ P y r u s  p y r i f o l ia  L.), w h ich  is  in  a b u n d an ce in  
H im achal P radesh , w a s  u sed  in  the preparation  of 
perry - a low a lcoholic  drink  (Azad et al. 1985). 
D ue to the b land  flavour o f sa n d  pear ju ice , in  
the p resent stu d y , an  attem p t w a s  m ad e to prepare 
and evaluate sa n d  pear verm outh .

The m u st w a s prepared b y  su b jectin g  san d  
pear fruits to w a sh in g , grading, ju ic e  extraction  by  
b ask et p ress, follow ed by filtering, h ea tin g  to 85°C  
for 10 m in. and su b seq u en t cooling. T h is w a s  
am eliorated to total so lu b le  so lid s  (TSS) of 24°B , 
to w hich w ere added 0.5%  of p ectin ol enzym e, 0.1%  
of d iam m onium  hydrogen  p h osp h ate  (DAHP) and  
p otassiu m  m etab isu lph ite (KMS) at 100 ppm  su lp h u r  
dioxide level. Ferm entation  of th e m u st  w as carried  
out at 22  ± 1°C u s in g  an  active cu ltu re of 
S a c c h a r o m y c e s  c e r e v i s i a e  var. e l l i p s o i d e u s  at 5% 
level. O nce the va lu e of T SS b ecam e stab le , it w as  
sip h on ed /ra ck ed , filtered and su b seq u en tly , allowed  
for m atu ration  for a period of 6  m o n th s at room  
tem perature. From  the b a se  w ine, a portion w as  
distilled  for brandy preparation  accord ing to th e  
standard  m ethod  (Amerine et al. 1980).

Extract of se lec ted  sp ic e s  an d  h erb s w a s  
prepared according to the m eth od  of A m erine et 
al (1980) and w a s u sed  in  verm ou th  preparation  
by different trea tm en ts at 10% level, on  the b a s is  
of earlier trials carried out to find th e  optim um
* Corresponding Author

levels o f  sp ic e /h e r b a l extract to b e  u sed . T h ese  
com p rised  o f b lack  pepper (P ip e r  n i g r u m  L.) 0 .7 5  g; 
coriander (C o r i a n d e r  s a t i v u m  L.) 0 .7 0  g; cu m in  
(C u m i n u m  c y m i n u m  L.) 0 .5 0  g; c love (S y z y g i u m  
a r o m a t i c u m  L.) 0 .2 5  g; large card am om  (A m o m u m  
s u b u l a l i m  Roxb.) 0 .5 0  g; saffron  (C r o c u s  s a t i v u s
L.) 0 .0 1  g; fenu greek  (T r i g o n e l l a  f o e n u m g r e c c u m  L.) 
0 .5 0  g; n u tm eg  (M y r i s t i c a  f r a g r a n s  H outt.) 0 .2 5  g; 
c in n am o n  (C i n n a m o m u m  z e y l a n i c u m  Beryn.) 0 .5 0  
g; poppy seed  ( P a p a v e r  s o m n i f e r u m  L.) 1 .00  g; 
ginger (Z in g ib e r  o j f i c i n a l e  R ose.) 1 .0 0  g; w oodfordia  
{ W o o d fo r d ia J lo r ib u n d a )  0 .2 5  g; a sp a ragu s ( A s p a r a g u s  
sp.) 0 .1 0  g; w ith a n ia  ( W i t h a n i a  s o m n i f e r a )  0 .2 0  g; 
a d h a to d a  (A d h a t o d a  sp ) 0 .2 5  g; r o se m a r y  
( R o s m a r i n u s  o j j i c in a l i s )  0 .1 0 g ;  p er litre. In the  
preparation  of verm ou th , a lcoh ol level o f  th e  b a se  
w ine w a s raised  to 15-19%  w ith  sa n d  p ear brandy  
(65% alcohol; v /v ) follow ed by ad d ition  o f h erb a l/ 
sp ice  extract. The T SS  w a s  ra ised  b y  5% with  
ad dition  of su g a r  syru p  (70°B) in  c a se  o f sw eet  
verm outh  only. S u lp h u r  d ioxid e at 5 0  ppm  w a s  a lso  
added prior to bottling, and  later kept for m aturation  
for a period of 3  m o n th s  at room  tem perature.

The p rod u cts w ere a n a ly sed  for th e  following: 
TSS u sin g  h an d  refractom eter; co lou r w ith  a 
Lovibond tin tom eter (R anganna 1986); pH in a 
digital pH meter; acid ity b y  titration; vo latile  acidity, 
alcohol, total p h en o ls , a ld eh y d es, e s te r s , su g a rs  
and ascorbic acid according to th e stan dard  m ethod s  
(Pilone et al. 1972; C ap uti et al. 1968; A m erine  
an d  O ugh 1974; S in gleton  and R o ssi 1965; Libraty 
1961; AO AC 19 8 0 ). T h e s a m p le s  w ere  a lso  
en u m era ted  for s ta n d a rd  p la te  c o u n ts  (SPC) 
(Harrigan and M cC ance 1966).

S en sory  a n a ly sis  o f the p rod u cts w a s  carried  
ou t by gettin g  sco res  for in d iv id u al a ttr ib u tes w ith  
the help  o f trained  p an el o f ju d g es . The data  
ob ta ined  for the p h ysico -ch em ica l ch ara cter istics  
w ere an a lysed  b y  com p lete ly  ran d o m ised  block
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d esign  (CRD) an d  th a t o f sen so ry  eva lu ation  by  
random ised  b lo ck  d esig n  (RBD) (C ochran and Cox 
1963; M ahony 1985).

The p h ysico -ch em ica l ch ara cter istics  o f sa n d  
pear b ase  w ine (Table 1) w ere com parable to th o se  
of other sim ilar w in es  (Amerine et al. 1980) and  
p o sse ssed  the req u irem en ts a s  a  b a se  w ine for the  
preparation o f verm outh . The r e su lts  p resen ted  in

p h en o ls  (244  -  2 7 7  m g/1) an d  e s te r s  (215  -  2 8 6  
m g/1) in  verm ou th  over th a t o f b a se  w in e  and it 
w a s  invariably m ore in  sw eeter  p rod u cts. T hese  
higher v a lu es  in  verm ou th  m ay  be attr ib u ted  to the  
addition  o f extract of h e r b s / sp ic e s  an d  partly to  
m atu ration  p rocess, an  ob servation  m ad e in  an  
earlier s tu d y  (Amerine et al. 1954).

The different p rod u cts, w h en  a n a ly sed  for SPC,
TABLE 1. PHYSICO-CHEMICAL CHARACTERISTICS OF SAND PEAR VERMOUTH WITH DIFFERENT ETHANOL LEVELS.

Characteristics Dry vermouth 
Ethanol levels (%)

11 15 19
Total soluble solids, °B 8.50 9.50 10.40
Titratable acidity, % MA 0.44 0.43 0.45
Sediment, % 0.30 0.92 1.38
pH 3.89 3.97 3.72
Optical density, 440 nm 
Colour units

0.70 0.64 0.52

Red 3.00 3.0 2.0
Yellow 10.00 10.0 10.0
Blue 0.01 0.1 0.0

Reducing sugars, % Not detected
Total sugars, % Not detected
Volatile acidity, %AA 0.04 0.04 0.03
Ascorbic acid, m g /100 ml 5.50 5.40 5.60
Total phenols, m g /1 277 274 260
Aldehydes, m g /1 126 130 135
Esters, m g /1 201 215 248
ND = Not Detected NS = Not significant
Table 1, sh o w s th a t sa n d  pear verm ou th  having  
11, 15 and 19% alcoh ol levels, did n ot exhibit any  
m arked differences w h en  an a lysed  for variou s  
param eters a s  d escribed  earlier. S w eet verm ou th  
had a higher TSS of 13-15°B  a s  against d iy  verm outh  
(8.5 -  10.4°B). A sligh t d ecrease  in  the titratable  
acidity w a s observed  in  verm ou th  (0 .431  -  0.448% ) 
from th at of b a se  w ine, w h ich  m ay  be due to th e  
p rocess of m atu ration  a n d /o r  ad dition  of brandy. 
Sedim ent w a s fou n d  to  in crea se  w ith  in crease in  
a lc o h o l le v e l a n d  s w e e t  p r o d u c ts  sh o w e d  
com paratively m ore sed im en t th a n  th a t by th e dry 
on es, ind icating occu rren ce of precip itation  during  
m aturation  p rocess. The co lou r v a lu es  rem ained  
the sam e, thereby in d icating  n o  interference from  
the addition of herbal extract.

W ith reference to b ioch em ica l ch ara cter istics  
(Table 1), reducing an d  tota l su g a rs  were not 
detected  in  sa n d  pear w in e and dry verm outh . The 
volatile acidity (%AA), recorded  in  the range o f 0 .0 3 4  
to 0 .0 4 5 , w ere w ith in  th e  legal lim its sp ecified  for 
w ine (Amerine et al. 1980). There w a s  an  in crease  
in  th e con ten t of a ld eh yd es (126  -  137 m g/1), total

Sweet vermouth Sand pear n a

Ethanol levels (%) base wine (p = 0.05)
11 15 19

13.00 13.00 15.00 8.10 0.17
0.44 0.44 0.47 0.48 0.01
0.60 1.22 1.53 - 0.01
3.95 3.95 3.68 3.99 0.05
0.60 0.58 0.49 0.64 0.02

3.0 3.0 2.0 3.0 NS
10.0 10.0 10.0 10.0 NS
0.0 0.1 0.0 0.01 NS
3.90 4.17 4.58 ND 0.09
4.14 4.35 4.68 ND 0.08
0.05 0.04 0.04 0.04 0.003
5.50 5.50 5.60 6.60 0.28

266 264 244 226 3.4
129 133 137 104 1.04
235 268 286 198 0.92

sh ow ed  no m icrobial co u n ts . T h is m ay  b e attr ibuted  
to  th e  low pH and p resen ce  of KMS in  th e  p rod u cts.

C onsidering th e  sen so ry  param eters like arom a, 
ta ste  and overall quality , th e  sw eet v erm o u th s w ere
TABLE 2. SENSORY ANALYSIS OF SAND PEAR VERMOUTH 

OF DIFFERENT TREATMENTS
Treatments Sensory attributes

Colour Body Aroma Taste Astrin- Overall 
& appea- gency quality

ranee
Sand pear vermouth (ethanol 11%)

Dry vermouth 12.8 15.3 12.3 12.3 12.8 11.5
Sweet vermouth 14.1 14.0 14.8 16.0 15.3 15.0

Sand pear vermouth (ethanol 15%)
Dry vermouth 15.8 15.5 14.6 12.0 13.8 12.3
Sweet vermouth 13.9 12.8 15.1 16.6 14.6 16.5

Sand pear vermouth (ethanol 19%)
Diy vermouth 14.5 15.8 12.3 10.6 11.8 11.0
Sweet vermouth 16.0 12.8 16.3 15.3 15.6 15.4

Sand pear base wine
Sand pear wine 15.8 11.6 13.1 15.3 14.1 14.0
C. D. (P = 0.05) 3.2 3.2 3.2 3.2 NS 3.2
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preferred (Table 2). The sw eet verm ou th  w ith  15% 
alcohol w as scored  a s  th e m o st accep tab le  product. 
The p resent stu d y  su g g e s ts  the p ossib ility  of 
preparing verm outh  w ith  good colour, arom a and  
ta ste  from san d  pear b a se  w ine.
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O c c u r r e n c e  o f  E n t e r o t o x i g e n i c  S a l m o n e l l a  
S e r o t y p e s  i n  S e a f o o d s

BHOJ RAJ SINGH* AND S. B. KULSHRESTHA
FAO/W HO C ollaborating Centre for R esearch  and Training in  V eter in a iy  Public H ealth , 

Indian V eterinary R esearch  In stitu te , Izatnagar - 2 4 3  122, India.
Nine samples, comprising 2 prawns and 7 fishes collected from Calcutta market, were positive for the presence 

of S a lm o n e lla . A total of 17 isolates belonging to five serotypes namely S .I  4 ,12:b:- (monophasic) (7); S. p a r a t y p h i  B 
var j a v a  (7); S. j a v i a n a  (1); S. ty p h im u r iu m  (1); and S .I  9 ,12:r:l, 5 (1) were isolated. Serotypes S .I  4,12:b:- (monophasic) 
and S .I, 9,12:r:l, 5 were isolated from fish and seafoods. Sodium desoxycholate (0.3%) treatment of S a lm o n e l la  cultures 
was found effective to release cnterotoxin from all the 17 isolates, as determined by mouse foot pad test (MFPT) and 
vasopermcability factor test (VPFT).
Keywords : S a lm o n e lla , Serotypes, Enterotoxigenicity, Seafoods, Sodium desoxycholate.

F o o d b o m e sa lm o n e llo s is  h a s  b een  w id ely  
reported (Sayler et al. 1976; Majorri et al. 1977; 
R oum ani et al. 1981; B ach hil and J a isw a l 1988; 
Rao 1983). A n u m b er of S a l m o n e l l a  serotyp es  
resp on sib le for food b om e in fection  have a lso  b een  
iso lated  (Fraiser and Koburger 1984; Gerigk, 1985; 
Iyer et al. 1986; S in gh  et al. 1992). D iarrhoea h a s  
been  th e com m on  sym ptom  in a m ajority of 
sa lm on ellosis  ou tb reak s. D u e to cell-w all b ou n d  
nature of en terotoxin s (Parker 1984) and the sp eica l 
tech n iq u es n eed ed  to release  enterotoxin  (H ouston  
et al. 1981; H a m e et al. 1990), on ly  a few  
S a l m o n e l l a  iso la te s  h av e  b e e n  proved  to  be  
enterotoxigenic. C onsidering th e im portance o f  
foodbom e sa lm on ello sis , an  attem pt w a s  m ade in  
the p resen t stu d y  to find ou t the occu rren ce of  
S a l m o n e l l a  serotyp es in  a few  se lec ted  sea fo o d s and  
test for their enterotoxigenicity.

S w ab s w ere prepared from th e slim e of s k in /  
gills of sa m p les  com prising o f 13 sea fish  and 6  sea  
praw ns, collected  from th e  m ark ets of C alcutta. 
Sw abs w ere im m ediately  transferred in to  Cary and  
Blair (Difco) transport m ed ia  v ia ls  and brou ght to 
laboratory u n d er  ice. The sa m p les  w ere p rocessed  
for iso lation  o f S a l m o n e l l a  a s  per the procedure  
recom m ended b y  th e  International C om m ission  on  
M icrobiological S p ecifica tion s for F oods (ICMSF
1978). Serotyping of S a l m o n e l l a  iso la tes  w a s done  
a s described  by E dw ards and Ew ing (1972).

Cell-free cu ltu re filtrates (CFCF) o f S a l m o n e l l a  
iso la tes were prepared a s  d escribed  b y  S ingh  et al.
(1992) for testin g  o f en terotoxigen icity  b y  grow ing  
the cu ltu res  in  brain  heart in fu sion  (BHI) broth for 
18 h at 37°C . H alf o f the in cu b ated  cu ltu re  w as, 
th en  treated w ith  0.3%  sod iu m  d esoxych olate  for
* Corresponding Author

3 0  m in . The BHI broth  cu ltu res, b oth  treated  and  
u n treated , w ere centrifuged  at 5 0 0 0  rpm  for 3 0  m in  
at 4°C an d  su p ern a ta n ts  w ere sterilized  throu gh  
m em brane filters (0 .45  pm). F iltrates w ere stored  
at 4°C u n til further u se . E nterotoxigen icity  o f the  
S a l m o n e l l a  C F C F s w a s  d e t e r m in e d  b y  
vasop erm eab ility  factor te st  (VPFT) (Sanderfur and  
P eterson  1976) an d  m o u se  foot p ad  te st  (MFPT) 
(Singh et al. 1992).

S a l m o n e l l a  serotyp es, iso la ted  from  sa m p les  
of m arine praw n an d  fish , are p resen ted  in  Table
1. M ost o f the seafood  sa m p les  w ere con tam in a ted

TABLE 1. SEROTYPES OF S A L M O N E L L A  ISOLATED FROM 
SEAFOODS

Type of Number of samples Serotypes
seafood (Exam (Positive for

ined) S a lm o n e lla )
Marine prawn 6 2 S. p a r a t y p h i  B var j a v a  (1) 

S .I . 4,12,b:-(2)
Marine fish 13 7 S. p a r a t y p h i  B var j a v a  (6) 

S. j a u i a n a  (1)
5.1. 4 ,12,b:-(5)
5.1. 9 ,12,r: 1,5 (1)
S. ty p h im u r iu m  (1)

Figures in parenthesis indicate the number of seafood samples 
contaminated with the serotype of S a lm o n e l la .

w ith m ore th a n  one serotyp e, excep t a praw n and  
a fish  w hich  w ere con tam in a ted  on ly  w ith  S I  4 , 
12:b:- and S. j a u i a n a ,  respectively .

R esu lts  o f enterotoxigen icity  te s t s  (Table 2) 
sh ow  that S . j a v i a n a  an d  S . I  9 ,1 2 , r : l ,5  w ere non- 
enterotoxigen ic, w hile four S. p a r a t y p h i  B  var j a v a ,  
three S . I  4 ,1 2 , b:- an d  on e S. t y p h i m u r i u m  iso la tes  
w ere enterotoxigen ic in  th e  a b sen ce  o f treatm ent  
w ith 0.3%  sod iu m  d esoxych olate. After th e treatm ent 
o f  S a l m o n e l l a  c u l t u r e s  w ith  0 .3 %  s o d iu m  
d esoxych olate  for 3 0  m in , all th e  iso la te s  gave
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TABLE 2. ENTEROTOXICITY OF S A L M O N E L L A  ISOLATES
Serotypes Cell-free culture filtrates

Untreated Treated*
MFPT VI’FT MFPT VPFT

(Isolates positive)
S. p a r a ty p h i  B var. j a v a  (7) 4 4 7 7
S. I. 4 ,12,b:-(7) 3 2 7 7
S. J a u ia n a  (1) Nil Nil 1 1
S. ty p h im u r iu m  (1) 1 1 1 1
S. I. 9,12,r: 1,5 1 Nil 1 1

* Treatment of cultures with 0.3% sodium desoxycholate. 
Figures in parenthesis are the number of isolates tested. 
MFPT = Mouse foot pad test.
VPFT = Vasopermcability factor test.

positive reaction for enterotoxicity tests with VPFT 
and MFPT.

Salmonellosis is considered as one of the most 
significant diseases because of its  persisten t 
prevalence even in developed countries. The 
causative agent has been isolated from various 
countries including India (Fraiser and Koburger 
1984; Parker 1984; Singh et al. 1992). Isolation 
of Salmonellae from seafoods are of public health 
significance as S. paratyphi B, an im portant hum an 
pathogen, has been isolated from 7 sam ples out 
of 19 tested. Further, 7 isolates of S.I. 4,12:b:- 
(monophasic) and one S.I. 9 ,12 ,r:l, 5 have been 
reported from seafoods in India. It poses a serious 
threat to fish consum ers. Salmonella jauiana  has 
also been reported in India from fish in Calcutta 
area. Salmonella typhimurium, a well known zoonotic 
enterotoxigenic and foodbome Salmonella (Parker 
1984) has also been recorded in this study. 
Further, the treatm ent of Salmonella cultures with 
0.3% sodium desoxycholate produced reproducible 
results with regard to release of enterotoxin, an 
observation of significance from the point of public 
health aspects.

Authors are thankful to the Director, J t. 
Director (Academic) and Head, Division of Veterinary

Public Health, Indian Veterinary Research Institute, 
Izatnagar, for providing facilities to carry out the 
present work. A uthors are also thankful to 
Director, Central Research Institute, Kasauli, and 
In-charge, National Salmonella Centre (Veterinary), 
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P r e p a r a t i o n  a n d  S t o r a g e  S t a b i l i t y  o f  P i c k l e d  P o u l t r y  E g g s

V. V. KULKARNI*1, K. B. NAGAL2, Y. P. THAKUR1 AND N. K. MANUJA1
‘D epartm ent o f A nim al B reed ing and G en etics, 2 D epartm ent of V eterinary M icrobiology,

College o f V eterinary an d  A nim al S c ien ces , H. P. K. V., P alam pur - 17 6  0 6 2 , India.
Poultry eggs, pickled in vinegar and stored upto 3 months at ambient and refrigeration temperatures, were rated 

moderately acceptable to very acceptable during the entire storage. Standard bacterial plate counts were below 10s 
in samples stored at ambient temperature and negligible in refrigerated samples. Yeast and mould counts were absent 
in both samples, while pH remained unchanged. The cost of production of pickled eggs packed in HDPE bags was 
approximately Rs. 25 /20  eggs.
Keywords : Poultry eggs, Pickling, Vinegar, Storage, Microbial changes, Sensory evaluation.

Pickling of food item s h a s  b een  a practice s in ce  
long, a s  a  m ea n s  of p reservation  and im parting  
desirable ta ste  an d  flavour to th e food. Several 
recip es of vegetab le p ick le in  oil or in  v in egar are 
in  practice in  different parts o f th e cou n try  (Singh  
and B ano 1977; R aikhy an d  B aw a 1992). P ro cesses  
have b een  developed for p ick ling  ch ick en  eggs, 
u sin g  organic a c id u lan ts w ith  or w ith o u t com m on  
salt, su gar and sp ic e s  (Acton an d  J o h n so n  1973; 
Ball and Saffores 1973; E ssa ry  an d  G eorgiades  
1982; S tad elm an  et al. 1982). In India, m o st of the  
work h a s  b een  done on  p ick ling o f quail eggs and  
their keep ing quality  in  variou s p ack agin g  m ateria ls  
(Panda et al. 1979; S ingh  an d  Panda 1989; S in gh  
et al. 1989 , Srivastava an d  Panda 1976). Increased  
production  of poultry eggs in  th e  cou n try  offers a 
good scop e for u tiliza tion  o f p ick led  pou ltry  eggs. 
The p resen t stu d y  w a s u n d ertak en  to  stan dard ize  
the procedure for preparation  o f p ick led  poultry  
eggs in  vinegar, togeth er w ith  oth er ad d itives and  
a sse ssm e n t of its  storage stab ility  u n d er  am bient 
and refrigerated con d ition s.

F resh  poultry eggs w ere h eld  for 2 4  h at 
am bient tem perature and th en  cook ed  in  sim m ering  
w ater con ta in in g  2% (w/v) com m on  sa lt for 10 m in. 
The eggs w ere cooled  in  co ld  w ater, peeled  and  
w ashed. The in gred ien ts u sed  for p ick ling 3 0  eggs  
con sisted  of w hite v inegar 5 0 0  m l, w ater 5 0 0  m l, 
com m on sa lt 8 0  g sp ice  m ixture 2 5  g g in ger and  
garlic 45  g. The form ulation  o f sp ice  m ixture  
con sisted  o f a n ise  10, red ch illi 20 , cardam om  10, 
caraw ay 10, c in n am o n  10, clove 2 .5 , cu m in  20 , 
black  pepper 7 .5  and turm eric 10 parts. V inegar  
and w ater w ere boiled  first an d  th e n  sa lt, sp ice s  
and ginger - garlic m ixture w ere added one after 
another. Pickle so lu tio n  w a s boiled  for 10 m in  w ith  
co n tin u o u s ag itation  an d  poured  hot (75°C) over
* Corresponding Author

th e  p eeled  eggs in  h igh  d en sity  p la stic  ja r s , cap p ed  
and sea so n ed  at am b ien t (25°C) tem peratu re for 48
h. For storage s tu d ie s , 4  p ick led  eg g s  w ere p ack ed  
in  h igh  d en sity  p olyeth y len e  (HDPE) b a g s  and  
stored  at am b ient (25°C, RH 60%) an d  refrigeration  
(6°C, RH 80%) tem p eratu res.

The sa m p les  w ere a n a ly sed  for pH , stan d ard  
plate co u n ts , y e a st  an d  m ou ld , w h ile  organoleptic  
eva lu ation  w a s  carried ou t at fortn ightly  in terva ls  
u pto three m o n th s. M icrobial a n a ly s is  w a s  d on e a s  
per Nordic M eth od isk  (1970) an d  C ow an an d  S teel
(1970). O rganoleptic eva lu atio n  w a s  co n d u cted  by  
a group of s ix  sem i-tra in ed  p a n e lis ts  draw n from  
th e  p rofession a l sta ff o f  th e  In stitu te . T he p an el 
rated each  sam p le  at ran d om  u s in g  e igh t point  
H edonic sca le  for colour, ap p earan ce , flavour, 
texture and overall accep tab lility  (8 = extrem ely  
accep tab le , 1 = extrem ely  u n accep tab le). S a ltin e ss  
an d  so u r n e ss  (acidic taste) w ere rated  o n  four p oint 
sca le , w ith  a score o f 4  b ein g  liked very m u ch  and  
1 b ein g  d islik ed  very m u ch . R efrigerated sa m p les  
w ere allow ed to a tta in  room  tem p eratu re prior to  
organoleptic evaluation .

The pH of fresh ly  b oiled  egg w a s  5 .8  an d  it 
red u ced  to 4 .1  after 4 8  h o f  s e a so n in g  a t am b ient 
tem perature, an d  th en  rem ain ed  m ore or le s s  
co n sta n t for 3  m o n th s  at am b ien t or refrigeration  
tem peratu res, agreeing w ith  earlier fin d in gs in  
pickled  quail egg s (Singh et al. 1989). S tandard  
p la te  c o u n ts  in  s a m p le s  sto red  a t a m b ien t  
tem perature w ere b elow  10s, b u t a lm ost negligib le  
in  refrigerated sa m p les . Y east an d  m ou ld  w ere  
a b sen t in  b oth  the c a se s . S im ilar low er aerobic  
plate co u n ts  w ere observed  in  quail egg s b y  Singh  
an d  Panda (1989) an d  S in gh  et al (19 9 8 ), d u e to 
th e inhib itory effect of low  pH o f th e  p rod u ct on  
m u ltip lica tion  o f bacteria  (Acton an d  J o h n so n  
1973; Levine and Fellers 1940). M icrobial quality

4 4 0



441

TADLE 1. ORGANOLEPTIC EVALUATION SCORES OF TUE PICKLED EGGS
Storage _____________________________________________________ Attributes____________________________________________________
period, Appearance Flavour Texture Soum ess/saltiness Overall acceptablility
Days A B A B A B A B A B
0 6.2 ± 0.3 - 6.4 ± 0.2 - 6.8 + 0.3 - 3.7 ± 0.4 - 6.3 ± 0.2 -

15 6.2 ± 0.2 6.2 ± 0.2 6.0 ± 0.0 5.8 + 0.2 6.2 ± 0.2 6.2 ± 0.2 3.0 ± 0.0 3.8 ± 0.2 6.2 ± 0.2 6.6 ± 0.2
30 6.0 ± 0.0 6.0 ± 0.0 6.2 ± 0.2 6.0 + 0.4 6.4 ± 0.2 6.2 ± 0.2 3.2 ± 0.2 3.0 ± 0.0 6.4 ± 0.2 6.2 ± 0.2
45 6.1 ± 0.3 6.5 ± 0.3 6.0 ± 0.2 6.0 ± 0.0 6.4 ± 0.2 6.0 ± 0.0 3.1 ± 0.1 3.2 ± 0.2 5.9 ± 0.1 6.5 ± 0.2
60 6.5 ± 0.3 6.0 ± 0.2 6.2 ± 0.4 7.0 ± 0.0 6.2 ± 0.4 6.6 ± 0.2 3.4 ± 0.2 3.4 ± 0.2 6.2 ± 0.4 6.8 ± 0.0
75 6.5 ± 0.2 6.7 ± 0.2 6.3 ± 0.1 6.4 ± 0.1 6.5 ± 0.2 6.6 ± 0.2 3.5 ± 0.2 3.5 ± 0.2 6.5 ± 0.3 6.8 ± 0.0
90 6.1 ± 0.1 6.7 ± 0.2 6.0 ± 0.2 6.2 ± 0.5 6.3 ± 0.2 6.5 ± 0.2 3.1 + 0.1 3.3 ± 0.2 6.1 ± 0.1 6.7 ± 0.2

A : Ambient condition (25°C, 60% RII), B : Refrigeration (6°C, 80% RH)
Each value is a mean of 6 observations. The standard error ranged between 0-0.5 in all the cases.

of pickled eggs w a s  m ore d ep en d en t on  th e  acid  
strength of p ick ling m ed iu m  th a n  th e storage  
tem perature.

Sensory scores of p ickled eggs stored at am bient 
an d  refrigerated  te m p era tu res  d id  n o t d iffer  
sign ifican tly  cu r in g  the entire storage period. 
S a m p les  w ere m o d era te ly  a cce p ta b le  to very  
acceptable (Table 1). However, refrigerated sa m p les  
were m ore preferred by th e p a n e lis ts  th a n  the other  
sam p les. T hese resu lts  su g g est th a t p ick led  poultry  
eggs can  be safely  preserved for 3  m o n th s in HDPE 
film  p o u c h e s  a t a m b ie n t  a n d  re fr ig e r a tio n  
tem peratures. C ost o f prod u ction  of p ick led  p o u ltiy  
eggs, packed  in  HDPE b ag s, w a s  around Rs. 2 5 /  
2 0  eggs. T h is total c o s t  in c lu d es  co st of eggs, 
Rs. 20; HDPE b ags, Rs. 0 .15 ; sp ice s . Re. 1.00; 
vinegar, Rs. 2 .60 ; and fu e., Rs. 1 .25.
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T r e a t m e n t s  a n d  S t o r a g e  C o n d i t i o n s
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During storage of honey for 4 months, the total soluble solids increased from 81.5% to 82.26 %, whereas acidity 

increased from 2.47 to 3.05 m.e./lOO g, and pH declined from 4.1 to 3.7 after storage of 6 months. Heating at 60°C, 
addition of potassium metabisulphite (80 ppm) and temperature of storage (room temperature, 5°C and 40°C) did not 
affect the total soluble solids, pH and acidity of honey. The standard plate counts were the highest (6.5 x lO2 
CFU/g) in unheated fresh honey and lowest (4.45 x 102 CFU/g) in honey subjected to heating and stored at 5°C. 
The standard pla:e counts of the honey samples declined with storage.
Keywords : Honey, Storage temperature, Total soluble solids, Acidity, pH, Standard plate counts.

H oney, a d elic iou s and v isco u s  food, is  prepared  
by b ees  from th e n ectar o f flow ers. India p rod u ces  
about 7 7 5 9  m etric to n n es  o f apiary h on ey  an n u ally , 
valued  at Rs. 2 3 3  m illion s (Rs. 3 0 /k g ) . The ou tp ut 
of h on ey  from H im achal P radesh  is  ab out 150  
m etric to n n es  (Goyal and G upta 1992). The h on ey  
rem ains on  the m arket sh e lf  for ab out a year. In 
order to en su re  lucrative p rices, the h on ey  sh ou ld  
retain its  liquid form an d  attractive appearance, 
b esid es  being free from ferm entation. H eating is  
u sed  to control th e deteriorative ch a n g es, b u t it 
m ay im pair th e sen so ry  q u alities of the product. 
F erm entation  is  a m ajor draw back, w h ich  adversely  
affects the sa le  va lu e o f honey. A know ledge o f the  
types of m icroorgan ism s found  in  h on ey  is  desirable  
from the view  point o f m in im isin g  c h a n c e s  of 
ferm entation. Som e s tu d ie s  have b een  d on e earlier  
on the com p osition  o f A p i s  d o r a s t a  h on ey  collected  
from different loca lities (M ann et al. 1970). In our  
earlier work (G upta et al. 1992), it w a s  observed  
that th e storage of h on ey  at 40°C  resu lted  in  
deterioration of colour, th ou gh  gran u lation  w a s  
prevented. Sim ilarly, the ad d ition  o f p o ta ss iu m  
m e ta b isu lp h ite  red u ced  th e  e x ten t o f  co lo u r  
darkening, w hile the h on ey  stored  at 5°C w a s  found  
to be th e  b est in  term s o f s e n s o iy  q ualities. The  
effects of different treatm en ts an d  storage periods  
on th e total so lu b le  so lid s  (TSS), acidity, pH and  
stan d ard  p late c o u n ts  are d escr ib ed  in  th is  
com m unication .

The preparation o f h on ey  sa m p les  for the 
exp erim ents an d  the d eta ils  o f trea tm en ts were the  
sam e a s  d escribed  in  an  earlier paper (Gupta et 
al. 1992). The TSS o f h on ey  w a s  determ ined  by
* Corresponding Author

refractom eter, w h ile  acid ity  w a s  m e a su red  by  
titrating h on ey  so lu tio n  a g a in st s ta n d a rd  so d iu m  
hydroxide (D ean s 1963). The pH w a s  m ea su red  
u sin g  pH m eter. T he stan d ard  p la te  c o u n ts  (SPC) 
w ere determ ined  by p ou r p la te  tech n iq u e  u sin g  
plate co u n t agar (Harrigan an d  M cC ance 1966). The 
data w ere an a lysed  sta tistica lly .

The in itial TSS o f h on ey  (81.5% ) in creased  
sign ifican tly  (P < 0 .05) to 82 .26%  after storage of 
4 m o n th s, and  the su b seq u en t storage for n ext 2; 
m o n th s sh ow ed  no sign ifican t ch an g e . H eatin g or 
addition  of p o ta ss iu m  m eta b isu lp h ite  a lso  did not 
sign ifican tly  affect the TSS o f h on ey . T he acid ity  
of h on ey  in creased  sign ifican tly  (P < 0 .0 5 ) from  2 .4 7  
to 2 .7 2 , 2 .9 2  an d  3 .9 5  m .e ./lO O  g after 2 , 4  and  
6  m o n th s of storage, resp ectively . T he in crea se  in  
acid ity during storage m igh t b e  d u e  to  th e  m icrob ial 
action  on  su g a rs  an d  co n seq u en t p rod u ction  of 
acid s. W hite et al (1962) a lso  ob served  a sign ifican t 
in crease in  acid ity  during storage o f 10 typ es of 
h on ey  for 2 yea rs at room  tem perature. Interestingly, 
W ootton et al. (1976) fou n d  a n  in crea se  in  acid ity  
of four typ es o f h on ey , b u t d ecrease  in  tw o typ es  
of honey , w h en  stored  at 50°C for 4 4  d ays. It, th u s, 
se e m s that the ch a n g es  in  acid ity  o f h o n ey  during  
storage are d ep en d en t on  th e  type o f h on ey , 
esp ecia lly  u n d er different storage con d itio n s. The 
pH of the h on ey  d ecreased  from  4 .1  to  3 .7  during  
storage, and  is  c o n s isten t  w ith  th e  in crea se  in  
acidity.

The stan d ard  p late co u n ts  (SPC) w ere 6 .5  x  
102 C F U /g  of the u n h ea ted  h o n ey  at th e sta rt of 
experim ent (Table 1). A ccording to W hite (1975), the  
y ea st co u n t o f h on ey  m ay  range from  10 to 1 0 ,0 0 0 /  
g, the greatest n u m b er u su a lly  b ein g  a sso c ia ted
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TABLE 1. EFFECT OF DIFFERENT TREATMENTS AND 

STORAGE PERIODS ON THE STANDARD PLATE 
COUNT (CFU X 10Vg) OF HONEY

Storage period, months
Treatments 2 4 6

Room temp. (7 - 30°C)
Unheated 6.10 6.02 6.00
Unheated, KMS treated 5.97 5.85 5.80
Heated 4.80 4.70 4.65

5°C
Unheated 5.95 6.00 5.60
Unheated, KMS treated 5.84 5.70 5.45
Heated 4.75 4.60 4.45

40°C
Unheated 6.00 5.90 5.70
Unheated, KMS treated 6.00 5.80 5.65
Heated 4.90 4.85 4.70
The initial standard plate counts were 6.50, 5.95 and 4.95 
CFU x 102/g  in unheated; unheated, KMS treated; and heated 
honey samples
w ith h igh est m oistu re  con ten t. It is  w ell know n  
that, in  addition  to osm op hilic  y e a sts , a n u m b er  
of bacteria can  a lso  survive in  h on ey  for variable  
periods (M itamura et al. 1979; B u tta  et al. 1983). 
H eating o f h on ey  at 60°C for 3 0  m in  resu lted  in  
reduction  of stan d ard  p late c o u n ts  a s  com pared  to  
th ose in  u n h ea ted  an d  th e  h on ey  w ith  p o ta ss iu m  
m etab isu lp h ite. U n h eated  h on ey  w ith  p o ta ss iu m  
m etabisu lph ite sh ow ed  low er stan dard  p late cou n ts. 
The n u m ber of CFU in  different treatm en ts ranged  
betw een  4 .4 5  and 6 .5  X  102. The h ig h est stan dard  
plate co u n ts  w ere in  th e u n h ea ted  h on ey  and the  
least in  the h eated  h on ey  stored  for 6  m o n th s at 
5°C. There w a s a d ecrease  in  th e stan dard  plate  
co u n ts  of h on ey  during storage. The p resen ce of

m ic r o b e s  in  h o n e y  a p p a r e n t ly  w a s  d u e  to  
con tam in ation  during its  extraction , b u t h igh  solub le  
so lid s  m igh t have prevented  their  m u ltip lica tion . 
D esp ite  th e p resen ce  o f m icro b es in  h on ey  of 
variou s trea tm en ts, there w a s  n o  ap p arent sp oilage  
m an ifesta tion s in  an y  o f the h o n ey  sa m p les , thereby  
su g g estin g  th a t th e h o n ey  co u ld  b e  stored  for a 
period of 6  m o n th s  w ith o u t sp o ilage, in  sp ite  of 
high  in itial stan d ard  p late co u n ts .
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C u l t i v a t i o n  o f  P l e u r o t u s  p l a t y p u s  a n d  P l e u r o t u s
s a j o r - c a j u  i n  X m p h a l
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Cultivation of P le u r o tu s  p la t y p u s  and P. s a jo r -c a ju  was studied using three different agricultural and forest residues 

in Imphal, Manipur, along with the characterization of the fungal aerospora of the growing room. Both the mushrooms 
gave maximum yield on hot water treated paddy straw with a biological efficiency of 70 and 60%, respectively. It 
was followed by cold water treated paddy straw, saw-dust and pine needles in the descending order. The concentration 
of the fungal spores inside the growing room was maximum (15 x 105 and 12 x 105 spores/m3 of air during the 
fruiting and post-harvest period of the mushroom, respectively).
Keywords : P le u ro tu s , Cultivation, Agricultural and forest residues, Aerospora of growing room, Treatment of substrate.

M anipur, b ein g  a n  agrarian S ta te , d ep en d s  
largely on  agricu ltu re  for its  so c io -eco n o m ic  
developm ent. Large q u an tities o f  different agro
w a stes  and forest b yp rod u cts are available in  the  
State. H owever, only sm all a m o u n ts  o f th ese  are 
u sed  a s cattle  feed an d  at tim es, create d isp osa l 
problem s. In m an y  c a se s , th ese  are e ith er burnt 
or allowed to rot, thereb y resu ltin g  in  environm ental 
pollution. Higher fungi, includ ing m u sh room s, utilize  
lign ocellu loses a s  food for their grow th through  
enzym atic d egradation  (Lu et al. 1988). The yield  
of cu ltivated  m u sh ro o m s w a s  found  to be c lo se ly  
related to th e  type o f th e  su b stra te , su b stra te  
treatm ent, en viron m en tal con d itio n s and degree of 
d isea ses  of m u sh ro o m s (B ah u k han di an d  M unjal 
1989; B ano et a l. 1987; B lock  et al 1958; 
Rajarathnam  et al. 1983). W eed fun gi an d  other  
m icroorganism s a lso  p lay an  im portant role in  
attacking eith er th e  crop itse lf  or com p ete  for sp ace  
and n u trition  (B ah u k han di and M unjal 1989; B ano  
et al. 1987; B lock  et a l. 1958). T h is h a s  b een  
overcom e b y  treatin g th e  su b stra te s  w ith  h ot w ater  
or ch em ica ls (Pandey and Tewari 1989; Rajarathnam  
et al. 1983). S p ecies of P le u r o tu s  and other cultivated  
m u sh room s are reported to release  th o u sa n d s  of 
sp ores in  th e grow ing room  (Lacey 1974), w hich  
have a profound effect on  the h ea lth  of w orkers  
cau sin g  allergy an d  oth er respiratory a ilm en ts  
(Gandy 1955; K onco 1969; Lacey 1974 . Sym ington  
et al. 1981).

Nutritional and toxicological a sp ects  o f p l e u r o t u s  
spp have a lso  b een  stu d ied  b y  va rio u s w orkers  
(Mukta S ingh  et al. 1991; G upta an d  M ajum dar
1991). The p resen t in vestigation  w a s  u n dertak en  
to stu d y  the effect o f su b stra te  like paddy straw ,
* Corresponding Author

p ine n eed les  and broad leaved  sa w d u st o n  yield  
of P le u r o t u s  p l a t y p u s  (Cooke an d  M asses) S acc. 
and P. s a jo r - c a j u  (Fr.) S ing. The aerosp ora of th e  
grow ing room  w a s a lso  ch aracterized . B es id es , 
m icrobial p o llu ta n ts o f p addy straw  are a lso  know n  
to h ave a n  ad verse effect o n  grow th  (Sath e and  
D ighe 1991)

Pure cu ltu res  of P l e u r o t u s  p l a t y p u s  an d  P. 
s a jo r - c a j u  w ere ob ta ined  from  In d ian  C ou n cil of 
A gricultural R esearch  C om plex for North E astern  
R egion, B arapani, M eghalaya an d  w ere m ain ta in ed  
on potato-dextrose-agar. W heat gra in  sp a w n  w a s  
prepared for in ocu lation  o f th e  different su b str a te s  
(M artinez an d  G u zm an  1987). T h ree different 
su b stra te s , su ch  a s  paddy straw , p in e n eed le s  and  
broad leaved  sa w d u st w ere u sed . The p ad d y straw  
an d  p ine n eed les  w ere ch op p ed  in to  3 -5  cm  length  
size , and  steep ed  either in  cold  w a ter  overn ight or 
hot w ater (80-90°C ) for 2 0  m in . After coo lin g  and  
rem oval of e x c e ss  w ater, th e  su b stra te  (5 0 0  g  on  
dry w eight b asis) and 100 g gra in  sp a w n  w ere  
m ixed thoroughly, and filled in  tran sp aren t polythene  
b ags of 3 5  x  5 0  cm  size. T he op en  e n d s  of the  
b ag s were c lo sed  secu rely  w ith  ru b ber b a n d s  and  
in cu b ated  in  a w arm  room  (20 - 25°C). However, 
th e sa w d u st w a s m ixed  w ith  rice b ran  (10%). C a C 0 3 
(0.2%) an d  w ater (65-70% ) before p asteu r iza tio n  by  
steam in g  for 3 0  m in  o n  three c o n secu tiv e  days. 
After cooling, h o les  w ere m ad e w ith  ster ile  g la ss  
rod for in ocu lation  w ith  sp a w n  gra in  an d  in cu b ated  
a s  in  th e  first ca se . Three rep lica tion s w ere tak en  
for each  treatm ent. The m ycelia l ru n  w a s  com p leted  
w ith in  12 -1 5  d ays in  th e c a se  o f p ad d y  straw  and  
p in e-n eed le  su b stra te . H owever, it took  1 8 - 2 0  
d ays for sa w d u st su b stra te . All th e  b a g s  w ere cu t 
open, w h en  th e m ycelia l ru n  w a s  com p leted  and
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all the optim um  cu ltu ral p ractices for fruiting w ere  
followed (Goswam i et al. 1987). The fresh  w eight 
of m u sh room s w a s recorded u pto third flu sh es , and  
the biological efficiency o f each  treatm ent w a s  
calcu lated .

The air spora o f the grow ing room  (3 m  x  2 .7  m  
x  4 .8  m) having a door an d  w indow  w a s  stu d ied  
u sin g  a rotorod air sam p ler  (Tilak 1982). The  
sam pler w a s located  at 6 0  cm  above th e ground  
level and  operated for 5 m in  to avoid overcrow ding  
of the sp ores in  th e sam p ler during sp aw n  ru n nin g  
stage, fruiting stage an d  p ost-h arvestin g  period. 
The trapped fungal sp o res  w ere identified  d epending  
on their  m orp h olog ica l ch a ra cters  an d  v isu a l  
identification b y  com p arin g  w ith  reference s lid e s  
(Gregory 1961). The sam p ler b ein g  volum etric, th e  
num ber of s p o r e s /m 3 o f air w a s  ca lcu la ted  by  
m ultip lying the tota l n u m b er o f sp o res  by a 
con stan t factor o f 5 in  all the c a se s .

The data on  the y ield  o f P. p l a t y p u s  and  P. 
s a jo r - c a ju  on  p addy straw , p ine n eed les  and sa w 
d u st (Table 1) sh ow ed  th a t P. s a jo r - c a j u  perform ed
TABLE 1. YIELD OF P LE U R O T U S P L A T Y P U S  AND P. S A J O R -  

C A JU  ON DIFFERENT SUBSTRATES.
Mean yield of fresh mushroom,

Substrate Treatment g /500 g dry substrate 
P. p la t y p u s  P. sa jo r -c a ju

Paddy straw Hot water 
Cold water

330 (66.0) 
250 (50.0)

350 (70.0) 
290 (58.0)

Pine needles Hot water 
Cold water

144 (28.8) 
194 (45.0)

150 (30.0) 
106 (21.2)

Sawdust Steaming 140 (48.0) 250 (50.0)
Figures in parenthesis indicate biological efficiency of each 
treatment.
better than  P. p l a t y p u s  in  all th e treatm ents. H ighest 
yield of 70% w a s  ob tained  in  ca se  of P .s a jo r - c a ju  
cultivated  on paddy straw  treated  w ith  h ot water. 
T hus, the p resen t fin d in gs are in conform ity w ith  
the findings of p revious w orkers (B ah u k han di and  
M unjal 1989; B ano et al. 1987; B lock  et al. 1958; 
Rajarathnam  et al. 1983). T h ese  w orkers recorded  
the h igh est yield  of P. s a jo r - c a j u  an d  P. J l a b e l l a t u s  
on hot w ater treated  p addy straw.

Table 2 sh o w s the indoor air spora o f P le u r o t u s  
growing room during sp aw n  ru n nin g, fruiting and  
p ost-h arvest sta g es . D uring th e  sp a w n  ru n nin g  
stage, the m ost d om inant fungal sp o res  w ere th o se  
of penicilli an d  aspergilli. The drastic  in crease in  
the m icrobial p op u la tion  during fruiting and post 
harvesting sta g es  m ay  be du e to liberation of 
th o u sa n d s of sp ores by P le u r o t u s  sp ec ie s  (Lacey
1974). The sp ores of P le u r o t u s  sp ec ie s  w ere reported  
to have high penetrating pow er deep in sid e the

TABLE 2. AIR SPORA OF P L E U R O T U S  GROWING ROOM
(SPORES/M3 AIR)

Spore type Spawn running Fruiting After harvest
Aspergilli/Penicilli 195 215 230
B is p o r a  sp. 5 000 000
C h a e to m iu m  sp. 000 15 5
C la d o s p o r iu m 20 10 5
C u n n in g h a m e lla  sp. 20 30 15
C u r v u la r ia  sp. 45 40 50
D id y m o s p h a e r ia  sp. 10 000 5
E x o s p o r iu m  sp. 15 5 5
Fusiform types 45 40 40
H y s te r iu m  sp. 5 000 OOO
L o p h io s to m a  sp. 15 5 5
M y r o th e c iu m  sp. 5 OOO 000
M e m n o rd e lla  sp. 5 000 000
P e s ta lo tio p s is  sp. 15 5 5
P le u r o tu s  sp. 000 15 x 105 12 x 105
P h a e o tr ic h o n is  sp. 15 5 000
P r in g sh e im ia  sp. 5 000 000
S p o r id e s m iu m  sp. 5 000 000
Smut spores 5 000 000
T h e ila v io p s is  sp. 25 15 5
T o ru la  sp. 20 5 000
T rip lo a  sp. 15 000 000
T ic h o c la d iu m  sp. 15 5 000
Algal mycelium 20 5 10
Mycelium fragments 5 15 25Mites 5 5 5Unidentified types 20 10 5
Total 555 1500430 1200420
h u m a n  s y s t e m , th e r e b y  e n c o u r a g in g  m a n y  
resp iratory d ise a se s  (Lacey 1974). It is , therefore, 
su g g ested  to m ak e efforts to  develop  sp o re less  
stra in s  o f  th ese  cu ltivated  fu n g i so  th a t the h azard s  
ca u sed  by their sp ores m ay  b e red u ced .

The au th ors are th a n k fu l to  th e  H ead of 
D epartm ent o f Life S c ien ces , M anipur U niversity, 
for facilities.
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O c c u r r e n c e  o f  S a l m o n e l l a  i n  E g g s  a n d  M e a t

RAJESH KHURANA AND ASHWANI KUMAR*
D ep artm en t of V eterinary Public H ealth  an d  E pidem iology,

C h a u d h a iy  C haran S in gh  H aryana A gricu ltural U niversity, H isar-12 5  0 0 4 , India.
Samples of poultiy meat (9%), egg shell (4.9%) and egg yolk (0.9%) were found to contain S a lm o n e l la  serotypes 

viz., S a lm o n e l la  ty p h im u r iu m , S . in fa n tis , S .  n e w p o r t, S . te n n e s s e e ,  S . b a r e i lly  and S. g a l l in a r u m . Samples of sheep meat 
and edible organs of sheep and poultry were free from S a lm o n e l la . Gentamicin was most effective against S a lm o n e l la  
cultures.
Keywords : S a lm o n e l la  serotypes, Egg shell, Egg yolk. Antibiotics, Poultry and sheep meat.

The wide d istrib u tion  o f S a l m o n e l l a  in  livestock  
and poultry m a k es the m eat and eggs a s  one of  
the major veh icles of tran sm ission  of th ese  organ ism s  
to m an  (Paturkar et al. 1992; Rao 1983; B ach hil 
and Ja isw al 1988). In a stu d y  of 61  ou tb reak s of 
S a lm o n e l la  food p oison in g , eggs an d  egg p rod u cts  
accou n ted  for 2 3 , ch ick en  and turk ey for 16, b ee f  
and pork for 8 and oth er foods for 14 ou tb reak s  
(Steele and G alton  1967). S ta tu s  of S a l m o n e l l a  
infection, a s  tran sm itted  through food, is  ob scu re  
in India, bu t their p resen ce  is  certa in  in  ou tb reak s  
of gastroenteritis d u e to co n su m p tio n  of m ilk  and  
m ilk products (M athur 1959; Agarwal et al. 1970). 
In the p resen t stu d y , a n  attem p t w a s m ad e to  
determ ine the exten t o f involvem ent o f S a l m o n e l l a  
in  p o u ltiy  eggs, m eat o f poultry a s  w ell a s  sh eep  
and th e antib iotic sen sitiv ity  te st on  iso lated  
serotypes of S a lm o n e l la .  S u ch  data  ca n  identify the  
antib iotics su itab le  for th e control o f  m e a t /e g g  
borne sa lm on ellosis .

Six h undred  and n in e  sa m p les , com p risin g  100  
of poultry m eat, 101 of edible organ s (liver and  
heart) of p ou ltiy  a s  w ell a s  102 each  o f sh eep  m eat, 
edible organs (liver an d  kidney) o f sh eep  and  
poultry eggs, w ere co llected  from  local m ark ets, 
sla u g h terh o u ses and va rio u s poultry farm s. O uter  
su rfaces o f sh e ll an d  yo lk  o f each  egg w ere tested  
a s two different sam p les . The sa m p les  o f ed ib le  
organs were con stitu ted  b y  m in cin g  equal q u an tities  
of organs. The sa m p les  o f eggs and m eat w ere  
p rocessed  a s  per th e  p roced u res o f AAVLD (1976) 
and L eusden  et al (1982), respectively, u s in g  
tetrathionate broth a s  en rich m en t an d  brilliant 
green-agar (BGA) a s  se lective  m edia . S u sp ected  
colon ies o f S a l m o n e l l a  on  BGA w ere purified and  
identified (Cowan 1977). B ioch em ica lly  identified  
iso la tes of S a lm o n e l l a  w ere serotyped  at N ational
* Corresponding Author

S a l m o n e l l a  a n d  E s c h e r i c h i a  C en tre , K a sa u li. 
A ntib iotic sen s it iv ity  p a ttern s  o f iso la te s  w ere  
determ ined  by th e in v i t r o  s in g le  d isc  d iffu sion  
tech n iq u e (Bauer et al. 1966) u s in g  n u tr ien t agar. 
The an tib io tics  te sted  w ere, p en ic illin  (10  u n its), 
am picillin  (10 pg), c loxacillin  (1 jig), strep tom ycin  
(10 pg). n eom ycin  (30  pg), g en ta m ic in  (10  pg), 
oxytetracycline (30  pg), ch lo ram p h en ico l (30 pg), 
e r y th r o m y c in  (1 5  p g ), l in c o m y c in  (2 p g), 
polym yxin-B  (300  u n its), n a lid ix ic  acid  (30  pg), 
nitrofuranto in  (300  pg), furazolid on e (3 0 0  pg), 
cephalorid ine (30  pg) an d  cotrim oxazole  (25 pg). 
R esu lts  w ere in terpreted  a s  p er zo n e  s ize  sta n d a rd s  
given  by m a n u fa ctu rers (HiM edia L aboratories).

Five o f th e  102 (4.9%) sa m p le s  o f  egg sh e ll, 
on e of the 102 (0.98% ) o f egg y o lk  an d  9  o f th e  
100 (9%) o f pou ltry  m ea t w ere fou n d  p ositive  for 
S a l m o n e l l a ,  w h ile  all th e  sa m p le s  o f  sh e e p  m eat 
(102), edible organ s o f sh eep  (102) a s  w ell a s  
poultry  (101) w ere free from  S a l m o n e l l a .  T h ese  
iso la tes  o f S a l m o n e l l a  b e lon ged  to  s ix  sero typ es  
(Table 1). A ntib iotic su scep tib ility  te s t  o n  11 iso la te s  
of S a l m o n e l l a  [S . i n f a n t i s  (4), S .  b a r e i l l y  (3 ) a n d  S .  
n e w p o r t  (4)] revealed  th a t all w ere sen s it iv e  to 
gen tam ic in , ch lo ram p h en ico l, strep tom y cin  and  
cotrim oxazole, b u t w ere r e s is ta n t to  erythrom ycin , 
cep h alorid in e, p en icillin  an d  am picillin . H ow ever,
TABLE 1. S A L M O N E L L A  SEROTYPES ISOLATED FROM EGGS 

AND POULTRY MEAT
Sample type Serotypes isolated Antigenic stru
Egg shell S. in fa n t is  (3) 6,7:r: 1,5

S. n e w p o r t  (1) 6,8:e,h: 1,2
S. t e n n e s s e e  (1) 6 ,7 :zm:-

Egg yolk S. in fa n t is  (1) 6,7:n 1,5
Poultry meat S. n e w p o r t  (3) 6,8:e,h: 1,2

S. b a r e i l ly  (3) 6,7:y:l,5
S. ty p h im u r iu m  (2) 4 ,5 ,12:i: 1,2
S. g a l l in a r u m  (1) 9,12 : -

'igures in parenthesis indicate the number of isolates.
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the sen sitiv ity  to oxytetracycline, n itrofurantoin , 
n alid ix ic ac id , p o lym yx in -B , fu ra zo lid on e an d  
n eom ycin  w a s variable. O nly one o f the tw o iso la tes  
of S. t y p h i m u r i u m  se lec ted  w a s  sen sitiv e  to  
gentam icin, furazolidone, nitrofurantoin and nalidixic  
acid, w hile th e  oth er w a s  res is ta n t to all an tib io tics  
tested . S . t e n n e s s e e  w a s  sen sitiv e  to n itrofuranto in , 
c h lo r a m p h e n ic o l ,  g e n t a m ic in ,  f u r a z o l id o n e ,  
streptom ycin  and coirim oxazole, w hile S. g a l l i n a r u m  
w a s sen sitive  to n itrofurantoin , n alid ix ic acid, 
gen tam icin , po lym yxin -B , ch lo ra m p h en ica l and  
furazolidone. The iso la tes  o f  S. t e n n e s s e e  an d  S. 
g a l l i n a r u m  w ere, how ever, res ista n t to rem ain ing  
an tib io tics u sed  in  th is  stu d y.

In the p resen t in vestigation , 5  o f the 102  
(4.9%) sa m p les  of egg sh e ll w ere S a l m o n e l l a  positive  
and the iso la tes  of S a l m o n e l l a  w ere serotyped  a s
S. i n f a n t i s ,  S .  n e w p o r t  and  S. t e n n e s s e e  (Table 1). 
Isolation o f S. n e w p o r t  an d  S. i n f a n t i s  from sh e lls  
of eggs h ave b een  reported earlier b y  D 'A oust et 
al (1980) and A lboudi et al (1989), b u t iso lation  
of S. t e n n e s s e e  from  egg sh e ll s e e m s  to b e the  
first report. However, T am asikova an d  Kovacova
(1985) isolated th is  serotype from dried egg products. 
One h u nd red  o f th e 101 egg yo lk  sa m p les  w ere  
found to b e free from  S a lm o n e l la .  H owever, th e  
iso lation  of S. i n f a n t i s  from  yo lk  of one egg is  in  
agreem ent w ith  the earlier finding of D 'A oust et al
(1980). S. e n t e r i t i d i s  from  h en s' egg co n ten ts  h a s  
also  b een  iso lated  earlier (H um phrey et al. 1991).

The iso lation  of S. g a l l i n a r u m ,  S .  n e w p o r t ,  S .  
b a r e i l l y  and  S. t y p h i m u r i u m  from  the poultry m eat  
h a s  b een  reported earlier (Panda 1973; S ax en a  et 
al. 1983). E xcept S. g a l l i n a r u m  th e se  serotyp es  
of S a lm o n e l l a  are am on g th e  ten  m o st frequently  
iso lated  serotyp es from h u m a n  so u rces  in  India. 
C onsum ption  o f u n cook ed  or in ad eq u ately  cooked  
m eat of poultry m ay, therefore, b e an  im portant 
vehicle of S a l m o n e l l a  in fection  to h u m a n  b ein gs.

Fourteen of the 15 (93.3%) stra in s of S a lm o n e l l a  
isolated from eg g s /m ea t were sen sitive to gentam icin . 
M any w ere resistan t to n itrofurantoin  (33.3% ), 
oxytetracyclin e (86.6% ), cep h a lo r id in e  (93.3% ), 
am picillin (100%) and erythrom ycin (100%), w h ereas

only 3  of th e 15 (20%) s tra in s  w ere res is ta n t to 
ch loram p h enico l, strep tom y cin  an d  cotrim oxazole. 
G e n ta m ic in  m a y  b e  th e  d ru g  o f  c h o ic e  in  
con ta in m en t o f m e a t /e g g  b orn e sa lm o n e llo s is .

The help rendered by Director, C entral R esearch  
Institute, K asauli, for serotyping of S a l m o n e l l a  stra in s  
is  gratefu lly  acknow ledged .
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T e x t u r e  P r o f i l e  A n a l y s i s  o f  T o f u  a n d  M i l k  P a n e e r  
B e f o r e  a n d  A f t e r  D e e p - F a t - F r y i n g

ALOK PANT, G. S. CHAUHAN*, N. S. VERMA, B . K. KUMBHAR AND DHEER SINGH
D epartm ent of Food S cien ce  and T echnology  

G. B. Pant U niversity o f  A griculture and T echnology, P an tn a ga r-2 63  145 , India.
A comparative study was carried out on to fu  and milk p a n e e r  by employing Instran - 6021. T o fu  exhibited significantly 

higher springiness than milk p a n e e r . However, fried to fu  exhibited significantly higher hardness, springiness and 
chewiness but significantly lower cohesiveness than fried milk p a n e e r .  The springiness of to fu  and milk p a n e e r  remained 
more or less unaffected by frying, while the other characteristics increased significantly upon frying.
Keywords : T o fu . Milk p a n e e r ,  Springiness, Hardness, Chewiness, Texture profile. Deep-fat-frying.

Texture profile a n a ly s is  is com m on ly  u sed  a s  
an objective m ethod  of food texture determ ination . 
It yields m any textural param eters su ch  a s  hard n ess, 
c o h e s iv e n e s s ,  s p r in g in e s s ,  g u m m in e s s  a n d  
c h e w in e s s  for th e  p ro d u c t. In th e  p r e se n t  
investigation, th e  texture profile a n a ly sis  of t o fu  and  
m ilk p a n e e r ,  before and after deep -fat-fiy in g, w a s  
studied.

'PK-942' variety o f soy b ean  and cow  m ilk  w ere  
procured, respectively, from  the D epartm ent of 
Plant Breeding an d  th e  L ivestock  R esearch  C entre  
of the University. For m ak in g  p a n e e r ,  buffalo m ilk  
w a s also  u sed  b y  earlier w orkers (B h attach a iya  et. 
al. 1971; S ach d eva  and S in gh  1987). For preparing  
to fu , w hole so y b ea n s w ere soa k ed  in  tap w ater (1:3 
w /v) for 8 h , the b ea n s  w ere w a sh ed  with tap w ater  
(3-4 tim es) an d  extracted  w ith h ot w ater (85-90°C , 
1:10 ratio o f  b ea n  to water) for 2 -3  m in  in  a 
blender. The slurry w a s filtered through  a double  
layered ch eese  c loth  an d  the so y  m ilk  th u s  obtained  
w as boiled for 5 m in. It w a s cooled  to 85°C and  
coagulated for 5 m in  u sin g  ca lc iu m  chloride so lu tion  
(10%, w /v ). The coagu lu m  w a s  transferred to a 
perforated w ood en  b ox , lined  w ith  a double layered  
ch eese  cloth , and p ressed  for 5 m in  in itially w ith  
a w eight of 2 kg, follow ed by a w eight of 8 kg for 
another 5 m in. T o fu  w a s th en  rem oved from  the  
w ooden b ox  and cooled  by d ipping in  cold  w ater  
(4°C) for 10 -2 0  m in. For preparation o f m ilk  p a n e e r ,  
the cow  m ilk  w a s boiled  for 1 m in , coo led  to 75°C  
and coagulated  u sin g  citric acid so lu tio n  (10%, 
w /v). The rest of the s te p s  w ere sam e a s  in  ca se  
of to fu .

Soybean, t o f u  and m ilk  p a n e e r ,  raw a s  w ell a s  
fried, were an a lysed  for m oistu re , protein , fat and  
ash  con ten ts by AOAC (1975) m ethods. Carbohydrate

con ten t w a s  ca lcu la ted  b y  difference. T exture profile 
a n a ly sis  o f t o f u  and  m ilk  p a n e e r  w a s  carried out 
u sin g  Instron  U niversal T estin g  M achine (Instron  
Ltd., U. K.) em ploying the m eth od  o f B ou rn e (1978). 
The Instron cro ssh ea d  w a s  cycled  at a com p ressio n  
sp eed  o f 1 m m /s e c  and a return  sp eed  o f 16 .67  
m m /s e c , w ith  a stroke len g th  o f 7 .5  m m . The 
m axim u m  c lea ran ce  b etw een  th e  m oving c r o ss 
h ead  and sta tion ary  horizonta l b ed  p la te  of th e  
m ach in e  w a s 10 m m , w h ile  the m in im u m  clearan ce  
w a s 2 .5  m m , thereb y resu ltin g  in  75%  com p ression . 
Twelve cu b ica l sa m p les  (each sid e  10 mm ) w ere  
tak en  out from  t o f u  and  m ilk  p a n e e r  u s in g  a die. 
H alf o f them  w ere deep-fat-fried  in  refined  vegetab le  
oil (hydrogenated fat) (185°C , 4  m in).

E ach sam ple w a s  com p ressed  tw ice to give a first 
and secon d  b ite at room  tem peratu re. The different 
textural p aram eters, viz., h a rd n ess , co h es iv en ess , 
sp rin g in ess, g u m m in ess  and ch ew in ess  w ere derived  
from  the texture profile cu rves (B ourne 1978). The 
data w ere an a lysed  s ta tistica lly  on  a com p letely  
random ized  d esig n  u s in g  a n a ly s is  of variance  
te c h n iq u e  (S n ed eco r  an d  C o ch ra n  1 9 6 8 ), to  
determ ine the sign ifican ce  o f th e  d ifferences.

Table 1 sh o w s th e  proxim ate com p o sition  of 
soy b ean  t o f u  an d  m ilk  p a n e e r .  From  th e resu lts ,
TABLE 1. PROXIMATE COMPOSITION (DRY WEIGHT BASIS) 

OF SOYBEAN T O F U  AND MILK P A N E E R .
Sample Moisture

%
Total solids

%
Protein

%
Fat
%

Ash
%

Soybean 10.2 89.6 43.9 23.0 6.5
Unfried to fu 74.2 35.8 57.8 24.0 4.0
Fried to fu  
Unfricd milk

54.6 45.4 47.4 36.9 ND
p a n e e r  

Fried milk
61.5 38.5 42.8 42.2 2.8

p a n e e r 37.2 62.8 40.6 50.7 ND
Average of three determinations. ND = Not determinedCorresponding Author
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it ca n  be seen  th a t t o f u  con ta in ed  h igh er protein , 
ash  and carb oh yd rates an d  m u ch  low er fat, th a n  
m ilk p a n e e r .  T h is sh o w s th a t t o f u  is  m ore su itab le  
than  m ilk  p a n e e r  for th o se  suffering from  cardiac  
d isea ses.

D eep-fat-fiy ing of t o f u  an d  m ilk  p a n e e r  resu lted  
in  e x p u ls io n  o f 2 6 .5  a n d  3 9 .4 %  m o is tu r e , 
respectively, w ith  a s im u lta n eo u s  in crease  in  total 
so lid s con ten t. After frying, fat con ten t in  t o f u  
increased  by 170.6% , w h erea s in  m ilk  p a n e e r  it 
increased  by only 95.8% . T h is im plied  that th e  
absorption  o f fat by m ilk  p a n e e r  w a s  le s s  th an  that  
by t o fu  u p on  d eep-fat-fiy ing, b u t th e  total fat 
con ten t of fried m ilk  p a n e e r  w a s h igher th a n  that  
of fried to fu .  The sam e trend h a s  b een  reported by  
N aseem  (1982). T h is m ight b e attr ibuted  to th e  
differences in  the fat b in d in g  cap a city  o f th e two  
proteins, an d  a lso  in  th e  exp u lsion  o f m oistu re  
during deep-fat-frying. Increase in  protein  con ten t  
w a s prim arily b e ca u se  o f exp u lsion  o f  m oistu re  
from t o fu  an d  m ilk  p a n e e r  during deep-fat-frying.

Unfried t o f u  exh ib ited  sligh tly  low er h a rd n ess , 
greater co h esiv en ess , sp r in g in e ss  an d  ch ew in ess , 
than  m ilk  p a n e e r  (Table 2). H owever, the d ifferences
TABLE 2. TEXTURE PROFILE ANALYSIS OF UNFRIED AND 

FRIED T O F U  AND COW MILK P A N E E R
Characteristics’

Hardness, Cohcsi- Spring- Gumm- Chewiness,
Sample Newton vencss

A2/A1
incss
cm

iness
Newton

Newton
cm

Milk p a n e e r 3.7* 0.4* 5.5* 1.4* 7.7“
T o fu
Fried milk

3.4* 0.4* 6.4b 1.4* 8.9*
p a n e e r 10.4b 0.6b 5.6* 5.6b 32.6b

Fried T o fu 13.2' 0.5C 6.4b 6.3b 40.4'
C.D. at 1% 2.11 0.05 0.55 1.13 7.58
1 Average of 6 determinations
Exponent letters differing within a column, means significant 
differences (p < 0.01)

w ere sign ifican t (p < 0 .0 1 ) for th e  sp r in g in e ss  only. 
T h ese ob servation s are in  a g reem en t w ith  th o se  
reported in  literature (Sreedharan 1990). In con trast, 
fried t o f u  sh ow ed  sig n ifican tly  (p < 0 .0 1 )  h igher  
h ard n ess, sp rin giness and ch ew in ess. T he differences  
in  the g u m m in ess  o f unfried m ilk  p a n e e r  and  to fu  
w ere n on -sign ifica n t an d  rem ain ed  n on -sign ifica n t  
even  after frying. H ow ever, c o h e s iv e n e ss  o f fried 
m ilk  p a n e e r  w a s  sign ifican tly  (p < 0 .0 1 ) h ig h er  th a n  
th a t o f to fu .  The sp r in g in e ss  o f t o f u  an d  m ilk  
p a n e e r  rem ained  m ore or le s s  u n affected  b y  frying, 
w hile the other ch aracteristics in creased  sign ifican lty  
(p < 0 .0 1 ). H owever, S reed h aran  (1990) reported  
th a t the sp r in g in ess  o f m ilk  p rotein  an d  so y  protein  
g e ts  d ecreased  u p o n  frying. T h ese  d ifferen ces w ith  
resp ect to sp r in g in ess , ob served  in  th e  p resen t  
in vestigation , m ay  b e ascrib ed  to  th e  d ifferen ces in  
the factors, su ch  a s  variety and p rocessin g  con d ition s  
of to fu .  The % in crease  in  h a rd n ess , g u m m in ess  
and ch ew in ess  u p o n  frying, w a s  m ore p ron ou n ced  
in  t o f u  th a n  in  m ilk  p a n e e r .  H ow ever, th e  op p osite  
w a s true for co h es iv en ess . It w a s  ob served  that 
ch ew in ess  o f th e sam p le  is  d irectly  proportional to  
the 'g u m m in ess.
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P r o c e s s i n g  o f  S u p p l e m e n t a r y  F o o d  P r e p a r e d  f r o m  
R i c e  -  M u n g o  -  S e s a m e  -  C a r r o t  B l e n d s

S. M. NAIKARE** 1 AND R. C. MABESA
In stitu te  of Food S cien ce  and T echnology,

U niversity  of The P h ilip pines, Los B a n o s, L aguna, 4 0 3 1 , P h ilip p ines.
A supplementary food gruel for infants and children, consisting of flours of processed brown rice, germinated 

m u n g o , sesame and carrot blend at 50:50:5:5 ratio, exhibited 17.3% protein, 65.5% carbohydrates, 4.9% fat, 2.5% 
minerals, 346 pg/100 g p-carotene and 518 Kcal energy per 100 g. The preparation was most acceptable in terms 
of sensory quality attributes. The protein efficiency ratio was 1.4 times higher than its raw counterpart. The dietary 
bulk was found to be reduced and the nutrient density of gruels increased.
Keywords : Supplementary food, Children and infants, Brown rice. Germinated m u n g o , Sesame, Carrot, Dietary bulk, 

Nutritive quality.

To m eet th e recom m en d ed  dietary a llow an ces  
(RDA) of in fan ts and p re-sch o o l ch ildren , a low  cost  
su p p lem en ta iy  food cou ld  be p rocessed  dom estically  
by em ploying a sim p le  an d  in ex p en sive  p rocessin g  
technology, provided th e  c o n stitu en ts  are se lected  
appropriately (FAO 1971). In India, severa l typ es  
of su p plem en tary food s have b een  developed  b ased  
on  groundnut, soya  an d  B e n g a l g r a m  flou rs (Pereira 
e t a l. 19 68 ; C h a n d r a se k h a r a  e t a l. 19 6 6 ;  
S w am in ath an  1980). G erm inated  m u n g o  h a s  good  
digestib le p rotein s and low  an ti-n u trition a l factors, 
w hile the brow n rice is  n u trition ally  superior and  
le s s  exp en sive th a n  th e  p o lish ed  rice (Ju liano
1985). S esam e se e d s  provide good e ssen tia l fatty  
acid s and p lea san t arom a, w h ile  the carrot is  a 
rich sou rce of pro-vitam in  A  (Florentino 1990a). 
C om bination o f th ese  raw  m ateria ls cou ld  provide 
an  excellent n u tr itio u s su p p lem en tary  food and  
m ay becom e u se fu l in  im proving th e  n utritional 
sta tu s  of the m aln ou rish ed  p op u lation . T he p resen t  
investigation, therefore, w a s  u n d ertak en  w ith  the  
objectives to p rocess th e se  co m p o n en ts in  a sim ple  
m anner, eva luate th e ch em ica l com p o sition  o f th e  
resu ltan t flours, d eterm ine th e  m o st acceptab le  
level of the flour-blend form ulation  an d  stu d y  its  
nutritional quality.

S eed s of paddy ( O r g z a  s a t i v a  L.) cu ltivar "IR 
74' and m u n g o  (P h a s e o l u s  a u r e u s  R.) cu ltivar 'Pagasa 
7' w ere obtained  from  th e College Laguna, w hile  
th e other c o n stitu en ts  w ere procured from Los 
B a n o s public m arket. The gra in s w ere c lean ed , 
packed in  the p olyethy len e b ags an d  stored  in  
refrigerator.
* C o rre sp o n d in g  A u th o r .
1 P r e s e n t  a d d r e s s  : Rice Milling Centre, College of Agriculture, 

Pune - 411 005, India.

P r o c e s s i n g  o f  p a d d y  : D eh u llin g  o f p ad d y w as  
d on e in  a n  h u ller  rice m ill (Taiwan In d ustries), th e  
brow n rice w a s  c lea n ed , roa sted  in  a n  iron sk illet 
at 80 -90°C  over low  fire for 5 - 6  m in , coo led  to  
room  tem perature an d  pow dered  in  a sp in -m ill 
(Taiwan Industries) to y ield  a fine flou r o f 6 0  m esh .

P r o c e s s i n g  o f  m u n go  : For germ in ation  of 
m u n g o ,  the se ed s  w ere soak ed  in  1% sod iu m  chloride 
so lu tio n  for 10 m in , floated s e e d s  (lighter, im m ature, 
infested) w ere d iscarded , w h ile  the im m ersed  se ed s  
w ere rem oved an d  w a sh ed  tw ice thoroughly . T h ese  
w ere soak ed  in  lu k ew arm  (50°C) w a ter  (1:3 w /v )  
for about 5 -6  h , till the cotyled on s b ecam e sufficiently  
m o ist an d  soft b y  im bib ition  o f w ater. T he e x ce ss  
w ater w a s  drained , the s e e d s  w ere tied  in  a ch e e se  
clo th  and k ep t in  a c lo sed  co n ta in er  for 18 - 2 0  h 
at room  tem perature (32.5°C) for germ in ation . The 
len gth  of sp rou t w a s  recorded , th e  sp ro u ts  (2 m m  
long) w ere w a sh ed  thorou gh ly , drained  an d  dried  
in  a forced draft d iy er  at 5 0  - 55°C for 1 0 - 1 2  h. 
The sp rou ts w ere c lea n ed  to rem ove h u lls  by  
w innow ing. R oastin g  w a s  d on e in  a n  iron sk illet  
at 8 0  - 90°C , over fire for 8 - 1 0  m in , an d  cooled  
to  room  tem perature. G rinding o f s e e d s  w a s  carried  
ou t in  a sp in -m ill (Taiwan Industries) to ob ta in  fine  
flour o f ab ou t 6 0  m esh .

P r o c e s s in g  o f  s e s a m e  s e e d s :  Soaking, polish ing, 
roastin g  an d  flour m ak in g  w ere d on e accord in g to  
the stan dard  m eth o d s (Florentino 1 9 9 0  b). The  
se e d s  w ere p u lverised  into flour ju s t  before u se .

P r o c e s s i n g  o f  c a r r o t : C arrots w ere w a sh ed  and  
top s a s  w ell a s  root h a irs w ere rem oved. T h ese  w ere  
peeled , grated in to  sh red s im m ed ia te ly  in  a food  
p rocessor  (Sanyo, Ja p an ), s tea m -b la n ch ed  for 1 - 
2 m in , dried a s  above at 5 0  - 55°C  for 6 - 8  h till 
dry an d  crisp  (14% m oistu re  con ten t) an d  cooled
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to room  tem perature. The sa m p les  w ere pu lverised  
into fine flour (60 m esh ) u s in g  the sp in  m ill.

P r e p a r a t io n  o f  f l o u r - b l e n d s  a n d  g r u e l s  : The  
flour b len d s o f rice and m u n g o  w ere prepared at 
the ratio o f 100:0 , 8 0 :2 0 , 6 0 :4 0 , 50 :5 0 , 40 :6 0 , 
20 :8 0  and 0 :1 0 0 . To each  o f the b len d  w a s added  
5 g each  of se sa m e  an d  carrot flou rs. The gru els  
were prepared b y  m ix ing 100 g flour-blend sam p le, 
3 5 0  m l hot w ater, 5 0  g su ga r  an d  little flavour, 
to a sm ooth  p a ste  co n sisten cy .

The proxim ate a n a ly sis  o f the sa m p les  w a s  
carried out u s in g  stan d ard  m eth o d s (AOAC 1984) 
and energy va lu e w a s  d eterm ined  accord ing to th e  
m eth o d s of the Food and N utrition R esearch  
Institute (Florentino 1990  a). The s e n s o iy  evaluation  
of the gru els w a s  carried out b y  a trained  panel 
of ju d g es, u s in g  a 7-p o in t H edonic sca le  (M abesa  
et al. 1984). The protein  efficiency ratio o f th e  
form ulation w a s  determ ined  by stan dard  m eth o d s  
(Marero et al. 1988).

The p rocessed  brow n rice w a s  n u trition ally  
superior to  m illed  rice a s  ev id enced  b y  th e  h igher  
levels of proteins, fat an d  m in era ls (Table 1). The  
yield of brow n rice w a s  sign ifican tly  h igher an d  th e
TABLE 1. NUTRITIVE VALUE OF PROCESSED RICE, M UNGO, 

SESAME, CARROT AND GRUEL (Values per 100 g*)
Nutrient Brown Milled Germi Sesame Carrot Gruel

rice rice nated flour flour formulation

Crude

(BR) (MR) m u n g o
flour
(GM)

(S) (C) BR:GM:S:C
50:50:5:5

protein 7.8 6.8 25.6 18.1 1.2 17.30
Crude fat 
Carbohy

2.5 0.4 2.1 52.2 0.5 4.91
drates

Dietary
73.0 77.8 58.2 13.2 10.2 65.50

fibre
Minerals

0.9 0.4 2.5 6.3 0.8 1.01

(ash) 1.4 0.6 3.2 4.8 1.1 2.54
Moisture
Energy

14.4 14.0 8.4 5.4 56.2 8.74
Kcal 345.7 341.6 354.1 595.0 48.4 518.39

* Means of two determinations. Pro-vitamin A in gruel formulation 
was 345.6 pg./lOO g. BR = Brown rice; GM = Germinated 
m u n g o ; C = Carrot

price-estim ate w a s  low er a s  com pared  to th e m illed  
rice. A s regards th e  op tim u m  soak in g  tim e, th e  
m u n g o  s e e d s  soa k ed  in  h ot w ater (50°C, 1:3 w /v )  
for 6  h  h ad  led  to su ffic ien tly  so ften  coty led on s, 
than  the u su a l soak in g  m eth od  for 1 2 - 1 4  h. A s  
reported earlier, th e  soa k in g  tim e o f le s s  th a n  6  
h, h ad  resu lted  :n u n even  germ ination , w hile  
b e y o n d  o p tim u m  p er io d , th e  s e e d s  s ta r te d  
deteriorating (Sa lu n k he et al. 1985). Increased

tem perature o f soa k in g  w ater is  k n ow n  to reduce  
th e soa k in g  tim e b y  im proving im b ib ition  rate 
(Marero et al. 1991). The earlier rep orts on  n u trient  
lo s se s  sta ted  th a t th e  lo s s e s  w ere m in im al, w h en  
gra in s soa k ed  at 50°C , w h erea s  th e  u s e  o f  w ater  
at 60°C sh ow ed  poor germ in ation  an d  3  to  4  tim es  
m ore n u trient lo s s e s  (Kon 1979). T he exp erim enta l 
resu lts  on  germ in ation  o f m u n g o  s e e d s  in d icated  
th a t th e  germ in ation  period o f 18 - 2 0  h  w a s  found  
to b e idea l for th e  grow th o f em b iy o  to  2 - 3  cm  
length . G erm ination h a s  b een  reported  to  im prove  
th e  nu trition al q u ality  o f leg u m es  b y  in crea sin g  
v ita m in s con ten t an d  red u cin g  th e  a n ti-n u tr ition a l 
factors (Marero et al. 1991). The p ro cessed  se sa m e  
flour sh ow ed  h igh er levels o f fat an d  p ro te in s, a s  
w ell a s  im parted p lea san t arom a; h en ce  is  u sed  
w idely in  b aby food form u lation s. The p rocessed  
carrot flour exh ib ited  h igher lev els  (6 9 1 2  p g /lO O g)  
of pro-vitam in  A  ((5-carotene). D efic ien cy  d isorders  
of v itam in  A are reported to  c a u se  n ig h t b lin d n ess , 
particu larly in  ch ildren . Carrot offers to  be the  
ch ea p est sou rce  o f pro-vitam in  A  to  a llev iate  the  
disorder.

A m ong the va rio u s gru el form u la tio n s tested , 
the 50 :50:5:5  (brown r ic e : germ in ated  m u n g o  : 
s e s a m e : carrot) b len d  w a s  rated  a s  th e  m ost  
acceptab le form ulation , in  term s o f sen so ry  quality  
attr ib u tes (Table 2). It exh ib ited  sig n ifican tly  h igher  
levels of p rotein s, m in era ls  and en ergy  v a lu e , th a n
TABLE 2. SENSORY QUALITY ATTRIBUTES OF GRUELS 

PREPARED FROM DIFFERENT FLOUR-BLENDS.
Flour blend, g* Sensory quality attributes**

Brown Germinated Taste Appear Consist Overall
rice m u n g o ance ency accepta

bility
100 0 6.0 6.2 6.2 6.1
80 2 0 6.0 6.2 6.0 6.1
60 40 6.0 6.4 6.2 6.2
50 50 6.8 6.8 6.8 6.8
40 60 5.6 6.2 6.0 5.9
20 80 4.8 5.8 5.5 5.3
0 100 4.4 5.4 4.4 4.7

S E 0.3 0.2 0.3 0.30
C D at 5% 1.0 0.7 1.1 0.95
* Sesame and carrot were added each at 5 g levels to the blend. 
** Means of ten independent experiments.
the recom m en d ed  d ietary a llo w a n ces (Florentino  
1990a). The gru els prepared w ere in ten d ed  to  
su p p lem en t a ch ild 's m a in  d iet. H en ce, it m u st  
su p p ly  on e-th ird  o f th e  reco m m en d ed  dietary  
a llow an ces of n u tr ien t req u irem en ts o f  th e  child. 
The vo lu m e w a s  ju s t  en o u g h  to  c o n su m e  w ean in g  
food in  one sittin g  (Marero et al. 1988). The PER



of th e m ost acceptab le form ulation  w a s  observed  
to b e 2 .4 , w hich  w a s sign ifican tly  h igher th a n  the  
valu e of 2 .1 0 , w hich  is  th e  requirem ent specified  
b y the Protein A dvisory G roup o f FAO (1971), and
1.4 tim es h igher th a n  its  raw counterpart.

S u ch  a low co st su p p lem en tary  food, prepared  
from locally available food crop s, w a s  fou n d  to be  
highly n u tritiou s, in exp en sive, easily  p rocessed  at 
hom e-sca le  level, w ith  red u ced  d ietary b u lk  and  
increased  n utrient d en sity  a s  w ell a s  ideal for the  
nutritionally vu lnerab le  p op u lation . H ence, it could  
be exten sively  u sed  for su p p lem en tary  feeding  
program m es to alleviate th e  m aln utrition  problem s.
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E f f e c t  o f  P a r t i a l  a n d  F u l l  S u b s t i t u t i o n  o f  B e n g a l g r a m  a n d  
B l a c k g r a m  D h a l s  w i t h  R i c e b e a n  o n  E s s e n t i a l  A m i n o  

A c i d s  a n d  M i n e r a l  C o n t e n t s  o f  V a d a  a n d  P a k o r a

MANDEEP KAUR AND URMIL MEHTA*
D epartm ent o f F oods and N utrition,

Punjab A gricultural U niversity, L udhiana - 141 0 0 4 , India.
Blends of ricebean with blackgram d h a l  and B e n g a lg r a m  flour improved the organoleptic quality of v a d a  and 

p a k o r a . The crude fibre, calcium, iron, zinc and copper contents increased significantly (P < 0.01), whereas methionine, 
cystine, tryptophan and available lysine contents decreased significantly (P < 0.01) in supplemented v a d a .  The crude 
fibre and calcium contents increased significantly (P < 0.01), whereas methionine and cystine contents decreased 
significantly (P < 0.01) in supplemented p a k o r a .
Keywords : V a d a , P a k o ra , Proximate composition, Minerals, Amino Acids, Ricebean incorporation.

R icebean (V ig n a  u m b e l l a t a ) .  a native o f S ou th  
and S o u th -E a st A sia , is  cu ltivated  by th e  tribals  
in  various eth n ic  grou p s in  the E astern  and North- 
E astern  region s an d  to som e exten t in  S ou th  India  
(Singh et al. 1989;. R icebean  is  adopted  to high  
tem perature and h u m id ity  a s  w ell a s  to h eavy  so ils . 
S eed s are large an d  100  gra in s w eigh in g  5 g. It 
m atu res in  ab ou t 1 2 5 -1 3 5  d ay s an d  is  harvested  
in the la st w eek  o f Novem ber. Average yield  is  170  
k g /h a . As a n u tr itio u s p u lse , it co n ta in s  ab out 20%  
protein in  gra in s, h a s  good cook in g  quality, fine  
taste  and is  free from  hard gra in s ( k o k r u )  (Singh  
et al. 1989). Earlier, som e s tu d ie s  have b een  carried  
out on  the n u trition al quality  o f riceb ean  (Singh  
et al. 1985; Hira et al. 1988). It is  a lso  a good  
sou rce of ca lc iu m , p h o sp h o ru s an d  m eth ion in e  
(Malhotra et al. 1988). C on sequ en tly , r iceb ean s can  
be an  efficient su b stitu te , e ither partly or fully, to 
traditionally u se d  leg u m es in  the preparation  of 
foods. A s th e inform ation  on  the u tiliza tion  of 
ricebean an d  the effect on  nutritive q u ality  o f th e  
resu ltan t food item s are lim ited, th e  p resen t work  
w as undertaken . The scop e w a s  con fin ed  to  two  
m ost popular sn a ck  foods (v a d a  and  p a k o r a ), w hile  
the n u tritional a sp ect w a s  restricted  to proxim ate  
an a lysis, m ineral an d  essen tia l am ino acid  co n ten ts  
and energy v a lu es  o f the resu ltan t sn a ck  foods.

R icebean 'RBL-1' w a s procured from  th e  Plant 
B reed in g  D ep a rtm en t o f  P u n jab  A g ricu ltu ra l 
U niversity, w hile B e n g a l g r a m  flour and blackgram  
d h a l  w ere p u rch ased  from the local m arket. Coarsely  
ground ricebean  gra in s w ere soa k ed  overnight to  
rem ove the ou ter  covering. After drying in su n lig h t  
for 3 -4  days, r icebean  w a s  ground to flour. R icebean
* Corresponding Author

flour w ith  h u sk  an d  its  v a r io u s co m b in a tio n s w ith  
blackgram  d h a l  in  the ratio o f  0 :1 0 0 , 5 0 :5 0 , 75 :2 5  
and 100:0  w ere u sed  for the p rep aration  o f v a d a .  
B oth  the d h a l s  w ere soa k ed  overn ight an d  ground  
to coarse  p aste  Ip e e th Q ,  w h ich  w a s  k ep t a t room  
tem perature for 4  h  for ferm entation . T he m ixture  
w a s  b ea ten  for 7 -1 0  m in . C hopped on ion , garlic, 
ginger, coriander leaves, green  ch illie s  an d  sa lt  w ere  
added to the m ixture. V a d a s  w ere sh a p ed  like  
d o u g h n u ts  (0.5 inch  th ic k n e ss  an d  2 in ch  diam) 
an d  fried for 1 m in  in  oil h ea ted  at 190°C . For 
p a k o r a ,  r iceb ean  w ith o u t h u s k  w a s  m ixed  w ith  
B e n g a l g r a m  flour and sp in a ch  lea v es  in  th e  ratio  
of 0 :7 5 :2 5 , 75 :0 :2 5  an d  3 7 .5 :3 7 .5 :2 5 . B e n g a l g r a m  
flour and riceb ean  flour w ere m ixed  w ith  w a ter  and  
the m ixtu re w a s  b ea ten  for 5 -7  m in . C hopped  
onion , sp in a ch , coriander lea ves, green  ch illie s  and  
sa lt w ere added to  th e  m ixtu re an d  again  b ea ten  
well. P a k o r a s  (0 .5  in ch  th ic k n e ss  an d  2 in ch  in  
diam) were fried in  h ea ted  oil at 190°C .

The cook ed  sa m p les  w ere served  to  a panel 
of ten  ju d g e s  for organoleptic ev a lu a tio n  u s in g  a 
score card. The prepared p rod u cts w ere dried at 
60°C , ground to fine pow der in  a n  e lectric  grinder, 
placed  in  p olythen e b a g s  an d  sto red  in  air tight 
con ta in ers. B oth  raw and cook ed  sa m p le s  w ere 
an a lysed  for proxim ate com p o sito n  (AOAC 1985). 
E nergy va lu e  w a s  d eterm in ed  u s in g  B a llistic  bom b  
calorim eter (G allenkam p). S tan dard  m eth o d s  w ere  
em ployed for th e determ ination  o f ly sin e, tryptophan, 
m eth ion in e an d  cystin e  (C arpenter 1960; C oncon  
1975; Horn an d  B lu m  1946; Liddell an d  Saville
1959). C alcium , iron, zinc and cop p er w ere estim ated  
u sin g  V arian atom ic ab sorp tion  sp ectro p h o to m eter  
(GBC m odel), a s  per th e  m eth o d  o f Piper (1950).
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S tatistica l a n a lysis  o f data  w a s  done by a n a ly sis  
of variance.

V a d a s  prepared from  riceb ean  w ere quite  
com parable to th o se  prepared from  blackgram  d h a l .  
M ean scores for co lou r an d  ap p earan ce o f riceb ean  
v a d a s  were sign ifican tly  (p < 0 .0 1 ) low er a s  
com pared to v a d a s  prepared from  blackgram  d h a l  
M ean scores for variou s p aram eters o f  organoleptic  
evaluation  o f p a k o r a s  w ere n on -sign ifican t. The 
resu lts o f proxim ate com p o sition  o f raw an d  cooked  
sam p les are g iven  in  T able 1 an d  th e m in era l and  
am ino acid com p osition  in  Table 2.

In su p p lem en ted  v a d a ,  th e  average cru d e fibre 
con ten t in crea sed  b y  204.8% . T he average ca lc iu m  
con ten t o f su p p lem en ted  v a d a  in creased  significantly  
(p < 0 .01 ) b y  78.2% , iron co n ten t b y  47.9%  and  
zin c con ten t b y  10.0% . T he average m eth ion in e  
con ten t of su p plem en ted  v a d a  d ecreased  significantly  
(p < 0 .0 1 ) b y  21.3% , cy stin e  co n ten t b y  8.9% , 
tryptophan  con ten t b y  13.0%  an d  availab le ly sin e  
con ten t b y  13.5% .

In riceb ean  su p p lem en ted  p a k o r a ,  th e  average  
fibre co n ten t in creased  b y  58.7% . P a k o r a  prepared  
from  riceb ean  flour w ith o u t h u s k  h ad  alm ost

TABLE 1. PROXIMATE COMPOSITION (% DRY MATTER BASIS) OF RAW INGREDIENTS AND RECIPES.
Moisture Crude protein Ether extract Ash Crude fibre Energy, Kcal

I n g r e d i e n t s
Ricebean flour with husk (RBFWH) 10.8 19.8 1.4 3.9 4.7 396.0Ricebean flour without husk (RBFWII) 9.8 17.5 1.0 1.6 2.8 391.0
B e n g a lg r a m  flour (BGF) 10.6 19.4 5.3 2.7 1.5 398.0Blackgram d h a l 9.9 20.6 1.8 2.4 1.2 396.0

V a d a
Blackgram 15.5 20.1 23.9 2.4 1.2 689.9Blackgram + RBFWH + (50:50) 16.3 19.8 22.5 2.4 2.8 677.0Blackgram + RBFWII + (25:75) 16.9 19.5 19.5 2.5 3.7 655.1RBFWH 17.5 19.0 18.7 2.5 4.3 636.8

P a k o r a
BGF + leafy vegetable (75:25) 16.0 14.5 22.3 3.0 1.2 660.5RBFWH + leafy vegetable (75:25) 15.5 13.1 16.8 2.3 2.1 627.4BGF + RBFWH + leafy vegetable

(37.5:37.5:25) 15.6 13.8 18.7 2.6 1.7 639.3

TABLE 2. MINERAL (mg/100 g) AND AMINO ACID COMPOSITION (g /16 g N) OF RAW INGREDIENTS AND RECIPES

I n g r e d i e n t s
Ricebean (lour with husk (RBFWH)

Calcium Iron Zinc Copper Methionine Cystine Tryptophan Available lj
336.7 4.8 3.4 0.9 1.0 1.1 0.9 5.3Ricebean Flour without husk (RBFWH) 162.3 4.8 3.2 0.6 1.0 1.1 0.8 4.9

B e n g a lg ra m  flour (BGF) 57.3 7.9 3.0 0.9 1.3 1.1 0.9 5.9Blackgram d h a l 149.2 3.8 3.0 0.9 1.4 1.3 1.1 6.1
V a d a

Blackgram 138.0 4.5 2.9 0.9 1.3 1.1 0.9 4.8Blackgram + RBFWH + (50:50) 209.2 5.4 3.1 0.9 1.1 1.1 0.8 4.3Blackgram + RBFWH + (25:75) 245.8 6.6 3.2 0.9 1.0 1.0 0.8 4.1RBFWH 282.6 7.8 3.3 0.9 0.9 1.0 0.7 4.0
P a k o r a

BGF + leafy vegetable (75:25) 60.2 8.3 3.0 0.9 1.2 1.0 1.0 4.1
RBFWH + leafy vegetable (75:25) 138.5 6.7 3.1 0.6 1.0 1.0 0.9 4.0
BGF + RBFWH + leaf vegetable

(37.5:37.5:25) 98.9 7.5 3.0 0.8 1.2 1.0 0.9 4.1

R icebean con ta in ed  good  am o u n t o f protein  
19.8% , crude fibre 4.7% , availab le ly sin e  5 .3  g / 1 6 g  
N, ca lc iu m  3 3 6 .7  m g /1 0 0  g, z in c 3 .4  m g /1 0 0  g 
and copper 0 .9  m g /1 0 0  g (Tables 1 and 2). S im ilar  
findings have b een  reported b y  S in gh  an d  M isra
(1980) and M alhotra et al (1988). The m illing of 
ricebean  into flour resu lted  in  sign ifican t decrease  
(p < 0 .01) in  crude protein  11.6% , crude fibre 
39.8% , available ly sin e  6.9% , ca lc iu m  51.8%  and  
copper 38.5% .

double the am o u n t o f ca lc iu m , a s  com p ared  to 
p a k o r a  prepared from  B e n g a l g r a m  flour alone. In 
su p p lem en ted  p a k o r a ,  th e  average m eth ion in e  an d  
tr y p to p h a n  c o n t e n t s  d e c r e a s e d  s ig n i f ic a n t ly  
(p < 0 .0 1 ) by 10.7%  an d  10.7% , a s  th e  level of  
riceb ean  flour in  th e b len d  w a s  in creased .

T h u s, riceb ean , b ein g  a ch eap  crop , cou ld  be  
su itab ly  su p p lem en ted  w ith  B e n g a l g r a m  flour and  
blackgram  d h a L  Moreover, due to le s s  fat absorption, 
it ca n  replace th e  c o stly  b lackgram  d h a l  and
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B e n g a l g r a m  flour in  th e  preparation o f v a d a  and  
p a k o r a .

The au th ors th a n k  Dr. B h u p in d er  S ingh , 
D epartm ent o f P lant B reeding, Punjab A gricultural 
University, L udhiana, for providing th e r icebean  
sam p les for investigation .
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A p r i c o t - S o y  F r u i t - b a x :  A  N e w  P r o t e i n - e n r i c h e d  P r o d u c t

S. K. CHAUHAN*, V. K. JOSHI AND B. B. LAL
D epartm ent of P ost-h arvest T echnology,

Dr. Y. S. Parm ar U niversity  o f H orticulture an d  Forestry, N auni, S o lan - 17 3  2 3 0 , India.
Fruit-bar, prepared by dehydration of apricot pulp supplemented with soy slurry, had increased protein and 

fat, decreased titratable acidity and ascorbic acid contents. Product having 70% apricot pulp and 30% soy slurry 
with 15.3% moisture, 7.8% protein and 16.5 m g /100 g ascorbic acid was found to be the best in sensory qualities. 
The product had good flavour (no beany flavour), texture and taste. No trypsin inhibitor activity was detected in the 
apricot-soy fruit-bar.
Keywords : Fruit-bar, Apricot, Soybean, Protein, Sensory qualities, Trypsin inhibitor.

Stone fruits, like p lum  ( P r u n u s  s a l i c ia n a ) ,  
p ea ch  ( P r u n u s  p e r s i c a )  an d  a p r ico t ( P r u n u s  
a r m e n ia c a ) ,  co n stitu te  ab o u t 20%  of the tota l fruit 
production in  H im achal P radesh  (Anon 1988). Out 
of th ese  fruits, apricot is  n e ith er  com m ercially  
preserved at p resen t, n or  h a s  a longer storage life. 
Owing to  its  perish ab le  n atu re an d  a sh ort h arvest 
sea so n , a g lu t in  th e  m arket is  created , resu ltin g  
in  unrem unerative p rices to the grow ers and  
considerable w a sta ge . It cou ld  b e can n ed , frozen, 
dried and m ade into ju ic e  w ith  p ectinolytic en zym es  
(Joshi et al. 1991; S h arm a et al 1992). It cou ld  
also be u sed  in  sa u c e  an d  con fection ery  (W oodroof 
and Luh 1975).

Soybean  is  a ch eap  an d  exce llen t sou rce of 
quality protein (40-42% ) and fat (18-20% ) and h o ld s  
a great prom ise for p rotein -enrich ed  p rod u cts, 
esp ecia lly  th e  fru its w h ich  norm ally la ck  protein  
and fat. Fruit-bar or fru it-s lab s or fru it-lea th er are 
the term s u sed  for th e  p rod u cts prepared by  
dehydration o f fruit p u lp s. A lth ough  s tu d y  on  
dehydration o f m an go pu lp  for th e  preparation  of 
fruit-bar h a s  b een  reported (Rao and Roy 1980). 
no report on  soy -b a sed  apricot fruit-bar is  available. 
Trials were, therefore, u n d ertak en  to develop and  
evaluate the ap ricot-soy  fruit-bar.

Apricot fruit ('New C astle j  and  soy b ean s (Yellow  
Braggj were procured  from  the U niversity ca m p u s. 
Solan. Apricot pu lp  w a s  prepared b y  ad d in g w ater  
(100 m l/k g  o f fruit), follow ed by cook in g for 5 -7  
m in  u n der p ressu re  an d  p a ss in g  through  a pulper. 
Soy flour w a s  m ixed  w ith  w ater (1:5) in  a b lender, 
followed by h eatin g  to b oiling (5 m in) an d  p a ss in g  
through a p u lper to  m ak e so y  slurry.

Different com b in a tion s o f ap ricot-soy  fruit-bar, 
viz. 100:00 (T,), 8 0 :2 0  (T2), 7 0 :3 0  (T3), 6 0 :4 0  (T4)
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an d  5 0 :5 0  (T5) w ere m ad e b y  m ix in g  th e  p u lp  w ith  
slurry and the tota l so lu b le  so lid s  (TSS) w ere raised  
to 30° Brix by th e  ad d ition  o f su g a r  syrup(70% ). 
S u lp h u r  dioxide w a s  a lso  ad d ed  to  th e  ap ricot-soy  
m ixture at 5 0  ppm  level. T he ap ricot-soy  m ixture  
of resp ective trea tm en ts  w a s  sp read  o n  trays (45 
x  3 0  cm) for dehydration  at 6 5  ± 1°C in  a m ech an ica l 
cab in et dryer for 14 h . T he m ix  w a s  sp read  at a 
level o f 2 0 0  g into a layer o f 2 .0  m m  th ick n ess , 
follow ed b y  ad d ition  o f 2 n d , 3rd , 4 th  layer, after 
com p lete drying o f ea ch  layer. The p rod u ct, after 
drying, w a s  p ack ed  in  p o lyeth y len e sh e e t  for further  
stu d ies .

The apricot p u lp , so y  slu rry  an d  ap ricot-soy  
fruit-bar w ere an a lysed  for proxim ate com p osition  
accord ing to the sta n d a rd  m eth o d s  (AOAC 1975). 
Protein con ten t o f p ro d u cts  w a s  determ in ed  by  
m icro-K jeldahl m eth od  (R anganna 1986), fa ts  by  
cold  extraction  m eth od  (Folch et al. 1957) and  
ascorb ic acid b y  titra tion  m eth od . The trypsin  
inh ib itor activ ity  w a s  estim ated  b y  m eth od  of 
K akade et al (1974). All th e  d eterm in ation s w ere  
m ad e in  trip licate an d  m e a n s  are reported.

The accep tab ility  of ap ricot-soy  fruit-bar w a s  
a sse s se d  b y  a p an el o f 10 ju d g es . E v a lu a tion s w ere  
carried ou t on  a 9 -p o in t H edonic sca le  an d  the data  
w ere an a lysed  for a n ly s is  o f  variance (RBD) (Amerine 
et al. 1965).

C om parison  o f p h ysico -ch em ica l ch ara cter istics  
of so y  slurry an d  apricot p u lp  (Table 1) sh o w s that 
so y  slurry is  a good  sou rce  o f p rotein  an d  fat, w hile  
apricot pu lp  h a s  m ore ascorb ic  acid . Table 2 clearly  
sh o w s th a t su p p lem en ta tio n  o f apricot p u lp  w ith  
soy  slurry, for fruit-bar m ak in g , ch an g ed  the  
p h ysico -ch em ica l an d  n u trition al ch a ra cter istics  of 
the product. The protein  an d  fat c o n ten ts  o f the  
product w ere fou n d  to  in crea se  con sid erab ly  by 
b len d in g  w ith  so y  slurry, b e c a u se  o f h igh  protein
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TABLE 1. PHYSICO-CHEMICAL COMPOSITION OF APRICOT 

PULP AND SOY SLURRY.
Constituents Apricot pulp Soy slurry (1:5)

Moisture content, % 85.1 ± 1.4 89.2 ± 1.4
Protein, % 0.6 ± 0.0 7.2 ± 0.6
Fat, % 0.2 ± 0.0 3.5 ± 0.2
Vitamin C, m g /100 g 6.5 ± 0.3 Nil
Crude fibre, % 1.0 ± 0.1 0.9 ± 0.0
Total ash, % 0.4 ± 0.0 1.2 ± 0.0
Trypsin inhibitor activity, % Nil 0.6 ± 0.0
Acidity, % as CA 1.3 ± 0.0 Nil
pH 3.4 ± 0.1 6.8 ± 0.2
Total soluble solids,

° Brix 12.0 ± 0.2 10.0 ± 0.3
Values reported are means ± S. D.

TABLE 2. PHYSICO-CHEMICAL, NUTRITIONAL AND SENSORY 
CHARACTERISTICS OF APRICOT-SOY FRUIT-BAR

Treatment
Characteristics T, t3 T< t5
Yield, % 41.8 41.8 40.6 40.0 39.5
Final moisture,% 16.8 16.4 15.8 15.0 14.0
Acidity, % as CA 2.9 2.6 2.3 2.2 1.7
Protein, % 0.9 7.0 7.8 9.6 12.2
Fat, % 0.4 2.2 3.3 4.2 5.2
Vitamin C, mg/lOOg 26.3 19.1 17.5 15.9 14.2
Total sugar, % 55.5 57.4 58.1 57.1 57.1
Reducing sugars,% 33.0 33.2 30.3 29.4 28.5
Trypsin inhibitor

activity, % 0.0 0.0 0.0 0.2 0.4
Calories (Kcal/100g) 
contributed by :
Protein 3.6 28.0 31.5 38.5 49.0
Fat 3.7 19.4 29.7 37.7 46.8
Carbohydrates 249.7 258.8 261.6 257.1 257.1

Total calorific value 
Mean sensory scores

257.0 306.2 322.8 333.3 352.9 
CD (P < 0.05)

Colour 8.0 8.0 7.0 6.0 4.5 0.38
Flavour 8.0 7.0 7.0 6.0 5.0 0.44
Texture 7.0 7.0 7.0 6.0 5.5 0.64
Taste 7.0 7.0 8.0 6.0 5.2 0.56
Overall acceptability 7.5 7.0 8.0 6.0 5.0 0.35

and fat co n ten ts  o f so y b ea n s (Table 1). A s per the  
recom m en d ation s of ICMR, an  ideal food sh o u ld  
su p ply  0 .7 -2 .0  g p ro te in /k g  to a d u lts  an d  1.2 -
2 .0  g p r o te in /k g  to  ch ild ren . M oreover, th e  
contribution  of fat to th e  total ca lor ies  sh ou ld  not 
exceed  30%  i.e. le s s  th a n  8 0  g /d a y  (G opalan et 
al. 1989). A s per th ese  recom m en d ation s, th e

ap ricot-soy  fruit-bar cou ld  b e  ca lled  a s  a protein- 
en rich ed  product to m eet th e  p rotein  req u irem en ts  
of ad u lts  and ch ildren . T he con tr ib u tion  m ad e by  
th e  fat to th e  to ta l ca lor ies is , h ow ever, le s s  th a n  
th e  recom m en d ed  level. A lth ou gh  th ere  w a s  a sligh t  
d ecrease in  ascorb ic acid  co n ten t d u e  to b len d in g  
of soy  slurry w ith  apricot, it is  s till su ffic ien t in  
quan tity  to be n u trition ally  ad eq u ate  to  m eet th e  
req u irem en ts. W ith in crea sed  q u a n tities  o f  so y  
slurry, a  d ecrease  in  titratab le acid ity  w a s  noted , 
an d  th is  cou ld  h ave b een  resp on sib le  for th e  
im provem ent o f a c id -su g a r  b len d  o f th e  final 
product. A m ong th e  va r io u s co m b in a tio n s, th e  b e s t  
treatm ent T3 (apricot pu lp  to  so y  s lu r iy  ratio 70:30)  
w a s  equally  com parable to  th e  con tro l T4 (apricot 
pulp  to so y  slurry ratio 100:00). From  th e  r e su lts  
of the p resen t stu d ie s , it ca n  b e  con c lu d ed  that  
the p h y s ico -ch em ica l, n u tr itio n a l an d  sen so ry  
ch aracteristics o f apricot fruit-bar cou ld  b e  im proved  
by b len d in g  th e  apricot p u lp  w ith  soy b ean .
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E f f e c t  o f  P a r b o i l i n g  o n  G r a i n  D i m e n s i o n s  o f  R i c e

C.M . SOWBHAGYA, S . ZAKIUDDIN ALI* AND B . S . RAM ESH
C ereal S cien ce  an d  T echnology D epartm ent,

C entral Food T echnological R esearch  In stitu te , M ysore-570  0 1 3 , India.
Parboiling brought about significant changes in the grain dimensions in rice, the extent varying with the type 

of parboiling. Roasted-parboiled and pressure-parboiled rices had significantly greater length (L), breadth (B), L/B ratio, 
but lower thickness as compared to raw rice, and to that produced by normal steam-parboiling. Ridges on lateral 
regions of grain in raw rice seem to smoothen out in case of norma] parboiling, but get pronounced in case of other 
methods.
Keywords : Rice grain dimensions, Parboiling, Parboiled rice, Rice-photomicrograph, Effect of parboiling methods.

Parboiling is  an  im portant pre-m illing p ro cess  
for paddy, w hich  b rin gs ab ou t profound ch a n g es  
in various properties of rice, in clu d in g  ch a n g es  in  
grain d im en sio n s (Kurien et al. 1964; R aghavendra  
Rao and J u lia n o  1970; B h attach arya  an d  Ali 1985; 
Pillaiyar 1988; Sow bhagya an d  Ali 1991). The latter  
resu lts  in  a bolder ap p earan ce w h ich  b eco m es  
noticeable, particu larly after cook in g  (Sow bhagya  
and Ali 1991). T h is h a s  a d irect in flu en ce o n  the  
c o n s u m e r  a p p e a l a n d  i t s  a c c e p t a n c e .  T h e  
observations, how ever, are con fin ed  "to norm al 
parboiled rice. In recent tim es, so m e n ew  p ro cesses  
for parboiling, viz., p ressu re-p arb o ilin g  (Ali and  
B h attach ary a  19 8 2 ), an d  dry h e a t  (roasting) 
parboiling (Ali and  B h attach arya  1980) have b een  
reported. Parboiled rice ob ta ined  from  th e  latter  
m ethod w a s  reported to have a rather flat 
appearance, w ith  som ew h at p ron oun ced  ridges (Ali 
and B hattacharya 1980). D ifferent m eth o d s of 
parboiling, therefore, seem  to affect th e grain  
d im en sion s in  different w ays. A lthough individual 
preferences m ay  ex ist am on g different se c t io n s  of 
con su m ers, finer rice is  norm ally preferred. A stu d y  
on the effect o f different parboiling p ro cesses  on  
the grain d im en sio n s an d  a few  other related  
properties h a s  b een , therefore, carried ou t and the  
resu lts  are reported in  th is  com m u n ica tion .

Seven  varieties, w ith  different len g th s  (4 .2 3  ±
0 .0 3  to 7 .6 0  -  0 .0 8  mm ) and different sh a p e s  (i.e. 
length to b readth  ratio of 2 .0 9  to 3 .27 ) w ere  
obtained from a nearby agricultural research  station . 
A bout 5 0 0  g paddy w a s  u sed  for the preparation  
of each of the different typ es o f parboiled rices. 
Normal parboiled (N-PB) rice w as prepared by  
soak ing paddy in  w arm  w ater overnight, draining  
and steam in g  at atm osp h eric  p ressu re  for 2 0  m in , 
according to the m eth od  of B h attach arya  and
* Corresponding Author

Indudhara S w am y (1967). P ressu re  parboiled  (P-PB) 
rice w a s  prepared a s  per th e  m eth o d  o f Ali and  
B h attach arya  (1982) b y  soa k in g  p addy in  w ater for 
3 0  m in  at am b ien t tem peratu re, d rain ing and  
steam in g  at 2 .5  k g /c m 2 p ressu re  for 2 0  m in. 
R oasted  parboiled  (R-PB) rice w a s  prepared, a s  
d escrib ed  b y  Ali and  B h attach ary a  (1980) by  
roasting  fully  soak ed  (warm  w ater, overnight) paddy  
in  sa n d  at 250°C  in  an  e lectric  roaster. All paddy  
sa m p les  w ere dried, sh e lled  in  a laboratory McGill 
sh eller  an d  m illed  in  a McGill m iller No. 1, u n der  
stan dard  con d itio n s, to y ie ld  8-10%  degree of 
p olish . O nly w h ole g ra in s w ere u se d  for the  
m ea su rem en ts  o f  th e gra in  d im en sio n s. All th e  rice  
sa m p les  w ere exp osed  togeth er to  air at am bient 
con d itio n s (about 30°C , 65%  RH), for ab ou t a w eek  
to atta in  a sim ilar m oistu re con ten t (about 11% w.b).

All m ea su rem en ts  w ere done in  trip licate, for 
brow n and m illed  rices. H u nd red -grain  w eigh t w a s  
determ ined  after random  sam p lin g  an d  cou n tin g  
gra in s m an u ally . D egree o f p o lish  w a s  determ ined , 
b ased  on  the difference o f brow n an d  m illed  rice 
w eigh ts. G rain len gth  an d  b readth  w ere m easu red  
by arranging 2 0  gra in s en d -to -en d  le n g th -w ise /  
b read th-w ise  a g a in st a  m eta llic  sca le , respectively. 
T h ick n ess  w a s  m ea su red  in  2 0  in d iv id u al gra in s  
u sin g  the th ick n ess  gau ge w ith  an  accu ra cy  o f 0 .0 1  
m m . P hotom icrography o f brow n rice (w ithout 
so ften in g )  w a s  d o n e  b y  c u tt in g  th e  g r a in s  
tran sversely , approxim ately  in  th e  m id d le  o f  th e  
len gth , into 2 p ieces  b y  a sh arp  knife to  reveal a 
sm ooth  tran sverse  cu t  su rface. The c u t  gra in  w a s  
fixed w ith  ad h esive  on  to  a th ick  b la ck  paper, 
leaving th e  cu t su rface exp o sed . T he photograph  
w a s taken  in  a C arl-Z eiss J e n a  m icroscop e (Amplival 
pol. u) by projecting in cid en t light at a n  an g le of 
ab ou t 30° to th e cu t su rface, w h ich  w a s  norm al 
to the cam era len s.
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The data  w ere sta tistica lly  an a lysed  a s  4  x  2 
x  7 factoria l d esig n  accord in g  to  com p lete ly  
random ised  d esign  (Steel an d  Torrie 1960) w ith  two  
rep licates. The rela tion sh ip  b etw een  th e  effects of 
p rocessin g  m eth o d s, m illing, variety, an d  their  
in flu en ces on  th e d im en sion a l p aram eters w a s  
investigated  by a n a ly sis  of variance appropriate to  
the 4 x 2 x 7  factorial d esign , w ith  m ea n  sep ara tion  
by D u n can 's m u ltip le  range test.

R esu lts  of s ta tistica l a n a ly s is  on  th e  p h ysica l 
properties of rice are sh o w n  in Table 1. The data

individual d im en sio n s, there w a s  a sligh t d ecrease  
in  th e len gth  and b read th , an d  an  in crea se  in  the  
th ick n ess  of N-PB, a s  com p ared  to raw  rice. 
C onversely , the len g th  an d  b read th  in crea sed  
slightly , b u t th ic k n e ss  d ecreased  in  ca se  o f P-PB  
and R-PB. There w ere a lso  c h a n g es  in  th e peripheral 
con tou r arou n d  th e  sh ort a x e s  o f  th e  gra in  
th ro u gh ou t th e len g th , w h ich  w a s  v is ib le  by  
d isap p earan ce o f the la tera l ridges in  c a se  o f N- 
PB, b u t it got p ron ou n ced  in  c a se  o f P-PB an d  R- 
PB.The p h otom icrograph s of the tran sverse  s e c t io n s

TABLE 1. STATISTICAL ANALYSIS OF THE PHYSICAL PROPERTIES#
Main factors 100-grain Length Breadth Thickness L/B lO W/L

weight (g) (mm) (mm) (mm) (mg)
Processing method (P) NS *** *** *** *** ***

Raw 1.65“ 5.58*b 2.33“b 1.73* 2.40ab 30. l*b
N-PB 1 .68* 5.42* 2.26b 1.76* 2.29* 31.0*
P-PB 1.68* 5.70b 2.35*b 1.74* 2.44b 29.4b
R-PB 1.68* 5.87' 2.37* 1.68b 2.47b 29. lb

Rice form (R) • •• *** **• *** * ***
Brown rice 1.78 5.89 2.37 1.73 2.43 30.6
Milled rice 1.66 5.50 2.28 1.69 2.37 29.4

Varieties (V) **• • *• *** *** **•
’Badshabhog' 0.89" 4.23* 1.99* 1.47* 2. 12* 21. 1*
’Co25' 1.35b 4.68b 2.31b 1.71' 2.02* 29. l b
'Mahsuri' 1.32b 5.26' 2.09* 1.56*b 2.51b 25.2'
'Sukanandi' 2.01' 5.86d 2.63' 1.90d 2.09“ 36.3d
'NlOB' 1.63d 5.70d 2.32b 1.64bc 2.46b 28.5b
'Jaya' 2.35' 6.45' 2.58' 1.84d 2.50b 36.5d
'SR26B' 2.54f 7.60f 2.32b 1.86d 3.27' 33.4'

Interactions
(P) x (R) * *** NS * *** NS
(P) x (V) *** *** ** • *** ***
(R) x (V) *** *** NS NS NS NS
(P) x (R) x (V) * *•* NS NS NS •

SEm (55di) ± 0.021 ± 0.046 ± 0.035 ± 0.033 ± 0.036 ± 0.037
# All mean values, NS, *, **, *** indicate Not significant, significant at 5%, 1% and 0.1% levels, respectively. Means of the same 
column for each of the main factors followed by different letters dificr significantly (p = 0.01) according to Duncan's new multiple 
range test, except for 100-grain weight (processing method) and L/B ratio (form of rice) which are tested at p = 0.05. N-PB, P- 
PB and R-PB = normal-pressure - and roasted-parboiled rice.

for brow n and m illed  rices, in  d u plicate, have b een  
taken  into con sid era tion , and pooled  m ea n s  have  
b een  com pared. There w a s  good variation  in  the  
grain d im en sion s and sh ap e of the varieties selected . 
The L /B  ratio for P-PB (2.44) an d  R-PB (2.47) w a s  
higher, w hile th a t for N-PB (2.40) w a s  lower, a s  
com pared to th e  raw  rice (2.28). The degree of  
fin en ess or c o a rsen ess  of rice grain  is  w ell exp ressed  
by its  w e ig h t/u n it  length  (Sow bhagya et al. 1984). 
The sm aller the va lu e, th e  finer w a s  the variety  
and v ic e  v e r s a .  The va lu e  of 10 W /L  w a s  sligh tly  
higher (31.0) in  the ca se  of N-PB, b u t low er in  th e  
case  of P-PB (29.4) an d  R-PB (29.1), a s  com pared  
to raw rice (30.1), thereb y in d icating th a t th e rice  
ten d s to becom e coarser by norm al steam -parboiling  
m ethod , w hile it ten d s  to b ecom e finer u p on  
roasting-parboiling and pressu re-p arb oiling . A s for

of raw an d  variou sly  parboiled  r ices  are sh o w n  
in Fig. 1. The norm al parboiled  rice sh ow ed

R A W  N PB P PB R P B
Fig. 1. Photomicrograph of the transverse cut surface of SR26B' 

and 'Mahsuri' raw and parboiled rices (N-PB, P-PB and 
R-PB = normal-, pressure- and roasted- parboiled rice).
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r o u n d in g  o f  t h e  p e r ip h e r a l  c o n t o u r  a n d  
disappearance of the lateral ridges a long the short 
axes, w hich  m a k es th e  grain  look  rou n d ish  a s  
com pared to raw rice. T h ese  ob servation s support 
the data on  breadth  an d  th ick n ess  d ifferences  
(Table 1), and  additionally  provide inform ation on  
the v isua l d ifferences in  th e  grain  su rface. Table  
1 also sh o w s th a t all th e  m ain  effects w ere  
significant (p = 0 .05 ) at lea st  for the param eters, 
that were con sidered , excep t for 100 grain  w eight.

A nalysis of variance (Table 1) h a s  sh ow n  th a t  
the tw o-factor in teraction  viz., p rocessin g  m ethod  
and varieties, w ere h ighly  sign ifican t (p = 0 .001 )  
for the param eters, len gth  an d  L /B  ratio. The two 
-factor in teraction  o f rice form and variety an d  th e  
three-factor interaction  in clud in g p rocessin g  m ethod  
w ith  th e  above w ere a lso  h ig h ly  s ig n ifica n t  
(p = 0 .001 ) for length .

From the above resu lts , it cou ld  b e  con clu d ed  
that grain length  is  sign ifican tly  in flu en ced  by the  
processin g m ethod , irrespective o f th e size and  
sh ap e of th e grain. T he d ifferences in  p h ysica l 
prop erties, a m o n g st d ifferen t p arb o iled  r ice s , 
although sm all, w ere sign ifican t. In view of the fact 
that R-PB rice h ad  a finer ap p earan ce a s  com pared  
to N-PB rice, it m ay  h ave a b etter  co n su m er  appeal. 
Further, it h a s  b een  sh o w n  (Sow bhagya and Ali

1991) th a t R-PB rice co o k s  fa ster  th a n  th e  N-PB  
rice, w hich  is  an  additional ad van tage in  sav in g  
tim e and energy for cook ing.
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S t u d i e s  o n  t h e  D e v e l o p m e n t  o f  C a s h e w n u t  B u r f i

T. S . SATYANARAYANA RAO*, T. HEMAPRAKASH REDD Y1 AND K. S . JAYARAM AN
D efen ce Food R esearch  Laboratory, M ysore-570 O i l ,  India.

Method of preparation, preservation and packing of cashewnut b u r fi has been described. Formulation for preparation 
and preservation of cashewnut b u i f i  was standardised with incorporated preservatives like butylated hydroxy anisole 
and sorbic acid. The b u r ß  had a shell-life of 3 months at 37°C and 6 months at ambient temperature, with added 
preservatives and when packed in polypropylene and paper-aluminium-foil-polyethylene laminate pouches.
Keywords : Traditional Indian sweets, Cashewnut b u rß . Preservatives. Packaging materials, Storage, Shelf-life.

A m ong th e  va rio u s typ es of Ind ian  sw eets , 
cash ew n u t ( A n a c a r d i u m  o c c i d e n ta l e .  L .)  b u r j i  (a 
delicacy cu linary con ta in in g  su gar/jaggery , cocon u t, 
fat, m ilk  so lid s  an d  cash ew n u t) is  one of the  
popular sw eets  in  India and other developed a s  w ell 
a s  developing cou n tr ies . T h is m ay  be b eca u se  of  
good taste , flavour and colou r of the product. There 
are m any oth er ca sh ew n u t-b a se d  sw eets , su ch  a s  
cash ew  h a lw a ,  ca sh ew  sw eet m ilk ,  ca sh ew n u t c h i k k i  
and su ga r or sa lt-co a ted  ca sh ew n u t. T h ou gh  
cash ew n u t p rod u cts are costlier  th a n  other sw eets , 
their dem and is  h igh , b eca u se  of the d istin ct  
flavour and taste . H owever, th e  shelf-life is  very  
short in  all the c a s e s  (Date et al. 1955). It is  th e  
experience of sw eet-m a k ers th a t the p rod u cts cou ld  
not be stored  for m ore th a n  10 -1 5  d ay s u n d er  
normal condition, due to discolouration, developm ent 
of rancid odour and fat bloom . Of la te, b eca u se  
of increase in export of sw e e ts  from India to Middle 
E ast, the p rob lem s of preservation , p ack in g  and  
storage to en su re  longer shelf-life, h ave a ssu m ed  
greater im portance (Venkatesh et al. 1983). Moreover, 
ready-to-eat traditional Indian  sw ee ts  p lay an  
im portant role in  defence services. In addition, 
there is  a great d em an d  in developed and developing  
cou n tries for Indian  sw eets  b ased  on  m ilk  and  
c a sh e w n u t . A n  in v e s t ig a t io n  w a s , th ere fo re , 
undertaken  to stu d y  the effect o f an ti-ox id an t and  
preservatives on  the shelf-life o f  ca sh ew n u t b u r f i  
during storage.

R a w  m a t e r i a l s  ; F resh  ca sh ew n u ts , w h ite in  
colour and round  in  sh a p e , w ere procured from  
local m arket. Spray dried w hole m ilk  pow der, can e  
sugar, v a n a s p a t i  (hydrogenated fat) an d  cardam om  
of good  q u ality  w ere p rocu red  from  rep u ted  
m an u factu rers or m ark eters. A n a lytica l grade
* C o r re sp o n d in g  A u th o r
' P r e s e n t a d d r e s s  : Department of Nutrition and Food

Science, College of Arts and Science, Drexcl University, 
Philadelphia, USA

b u ty lated  hydroxy an iso le  (BHA), p o ta ss iu m  sorb a te  
and citric acid were from Loba C hem ie-IndoA ustranal 
Co. B om bay.

P r e p a r a t io n  a n d  p a c k i n g  o f  C a s h w e n u t  b u r f i  : 
The required q u an tity  o f c a sh e w n u ts  w ere c lea n ed  
to rem ove ou ter sk in /e x tr a n e o u s  m atter , if any, and  
soak ed  in tw ice th e q u an tity  of cold  w ater for ab out  
1 h. It w as, th en , ground in to  p a ste  in  W aring  
blender, w ith addition  o f sm all q u an tity  o f water, 
(th is form ed 11% of the tota l w ater q u an tity  
required for the product). C ane su g a r  w a s  d isso lved  
in  rem ain ing w ater an d  h ea ted  to m ak e hot syru p . 
The w hole m ilk  pow der and v a n a s p a t i  w ere k n ead ed  
w ell, before ad d in g  to  b u r f i  C ard am om  w a s  
pow dered, after rem oving th e  sk in . T he su g a r  syrup  
w a s brought to 80° Brix, th e  c a sh ew n u t p a ste  w as  
th en  added and cooked  to 85 ° Brix. At th is  s ta ge , 
th e m ilk  pow der an d  v a n a s p a t i  p a ste  w ere added  
an d  th e  cook in g  co n tin u ed  to  g e t 82 ° Brix. 
Cardam om  powder, BHA (0.02% ), citric acid  (0.004% ) 
and p o ta ss iu m  sorb ate (0.168% ) w ere added  at th is  
sta ge  (Sa lyan arayan a Rao et al. 1990). T he m a ss  
w a s, th en , poured on  a lu m in iu m  m old s, p ressed , 
cooled  and cu t in to 10 x  10 cm  p ieces , ea ch  p iece  
w eigh in g ab out 5 0  g . E ach  c a sh ew n u t b u r f i  w a s  
first sea led  in polypropylene (75 p) p ou ch  an d  th en  
p ack ed  in  p ap er-a lu m in iu m  foil (0 .0 2  m m ) - 
p olyethylen e lam in ate p ou ch .

A n a l y t i c a l  m e t h o d s  : Free fatty  a c id s (FFA), 
peroxide va lu e (PV), m o istu re , p rote in s, tota l fat, 
a sh  an d  fibre w ere d eterm in ed  a s  p er AOAC (1960) 
m eth o d s. The total and  red u cin g  su g a r s  w ere 
estim ated  by the m eth od  o f F olin  W u (1920). 
T hiobarbituric acid (TBA) va lu e w a s  a ssa y ed  a s  per  
the m eth od  o f Kwon an d  Norgaard (1966) and  
exp ressed  a s  m g of m alon ald eh y d e (M A)/kg sam p le . 
Sorbic acid w as estim ated  a s  described  by V idyasagar  
and Arya (1983). The n on -en zy m atic  brow ning  
(NEB) w a s determ ined  a s  per th e  m eth o d  o f  K annur  
et al (1973). A 10 g o f b u i f i  w a s  pow dered  and
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m ixed well in  100  m l of d istilled  w ater in  a m ixi. 
The pH of th is  s lu n y  w a s  m easu red  u sin g  a pH 
m eter (Model LI-120, E lico, H yderabad). Colour, 
texture, ta ste , ap p earan ce an d  overall acceptab ility  
were evalu ated  b y  a ta s te  p an el, co n s istin g  of 8 
ju d g es  and exp ressed  a s  sco res  on  a 9 point  
H edonic sca le .

M oisture sorp tion  iso th erm  ch aracteristic  w a s  
determ ined at am bient tem perature b y  exp osin g  
w eighed q u a n tise s  o f th e sa m p les  in  th e  g la s s  petri 
d ish es to relative h u m id ity  (RH) ranging from 0  to  
97%, u sin g  appropriate sa tu ra ted  sa lt  so lu tio n s  
(Rockland 1960). The sa m p les  w ere periodically  
w eighed, till they atta in ed  a co n sta n t w eigh t or 
show ed sign  o f fungal grow th.

S to r a g e  c o n d i t i o n s  : All the packed  sa m p les  
were stored at 37°C  for 3  m o n th s, in  addition  to  
am bient tem perature (19 - 27°C) and control (4°C) 
for 6  m on th s. T h ese  w ere an laysed  every m on th  
upto 3  m o n th s at 37°C  and every 2 m o n th s  at 
am bient tem perature and at 4°C.

S t a n d a r d i z a t i o n  o f  r e c ip e  : Several recip es  
contain ing different q u an tities  o f ca sh ew n u t, su gar, 
m ilk pow der an d  v a n a s p a t i  w ere in vestigated  and  
standardized throu gh  a p an el of 8 ju d g es . The  
stan dard ized  b u r f i  h ad  a co m p o sitio n  of (%) 
cash ew n u t 2 2 .1 , w hole m ilk  pow der 11 .0 5 , su ga r  
4 4 .2 , v a n a s p a t i  11 .0 5 , cardam om  pow der 0 .5 5  and  
w ater 11 .05 .

M oisture sorption  iso th erm  ch aracteristic  of 
cash ew n u t b u r f i  is  p resen ted  in  Fig. 1. It can  be  
seen  that the b u r f i ,  w ith  an  in itial m o istu re  con ten t  
of 9.3%  (dry w eight b asis), eq u ilibrates to a RH of 
79%i. S in ce th is  equilibrium  relative h u m id ity  (ERH) 
is c lose to 80% , w h ich  perm its the grow th of m ost  
com m on m ou ld s (Fennam a 1975), the product is  
likely to becom e su scep tib le  to m ould  grow th. T his  
w as also  observed  in  earlier exp erim ents. For

RELATIVE HUMIDITY
Fig. 1. Sorption isotherm for cashewnut b u r ji

exam ple, th e  control sam p le , prepared w ith out  
p o ta ss iu m  sorb ate an d  BHA, b ecam e u n accep ta b le  
du e to m ould  grow th an d  rancid  flavour. Any  
red u ction  in  m oistu re  level below  9.5%  (dry w eight 
b asis) m ad e the product hard  in  textu re, thereby  
affecting its  acceptab ility . The data  in d ica te  the  
n eed  for u sin g  antim ycotic  p reserva tives su c h  a s  
sorbic acid and BHA and proper p ack agin g  o f the  
product, for en su r in g  ad eq u ate  sh elf-life . T h ese  
p reservatives are perm itted  for u se  in  food p rod u cts  
(PFA 1954).

Table 1 g ives p h ysico -ch em ica l an d  organoleptic  
ch a n g es  during storage at d ifferent tem p eratu res

TABLE 1. PHYSICO-CHEMICAL AND ORGANOLEPTIC CHANGES IN CASHEWNUT B U R F I TREATED WITH POTASSIUM SORBATE 
AND BHA DURING STORAGE AT DIFFERENT TEMPERATURES

Storage period, Storage temp., Moisture, PV, milli cq. of FFA, % oleic TBA, mg malo- NEB, OD at Score
months °C % 02/kg fat acid on fat basis naldehyde/kg sample 420 nm

0 _ 8.48 1.45 1.26 0.06 0.01 8.0
1 37 8.49 2.85 1.34 0.06 0.02 7.2
2 37 8.49 4.33 1.37 0.07 0.02 7.3
3 37 8.53 5.66 1.58 0.09 0.03 7.2
2 19-27 8.46 2.94 1.32 0.06 0.02 7.3
4 19-27 8.38 3.52 1.33 0.07 0.02 7.1
6 19-27 8.53 4.54 1.28 0.08 0.02 6.8
2 4 8.48 1.44 1.29 0.06 0.01 7.7
4 4 8.51 1.48 1.29 0.06 0.01 7.6
6 4 8.42 1.54 1.26 0.06 0.01 7.6

All values are averages of duplicate determinations. pH was in the range of 6.48 to 6.55. Potassium sorbate was 0.12 -  0.13% 
in all cases
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in  ca sh ew n u t b u r f i  con ta in in g  0.02%  BHA, 0.004%  
citric acid an d  0 .168%  p o ta ss iu m  sorb ate, (0.15%  
sorbic acid) (Satyanarayana Rao et al. 1990). The  
ca sh ew n u t b u r f i  had  a n  in itia l m o istu re  con ten t of 
8.48%  and it h a s  n ot sh o w n  m u ch  ch an g e during  
storage at all th e tem p eratu res tested  up to a period  
of 6  m on th s. The in itial PV (1 .4 5  m eq  o f 0 2/k g  
of fat) in creased  to 5 .6 6  and 4 .5 4  at 37°C  at 3  
m on th s and at am b ient tem perature at 6  m o n th s  
storage period, respectively. The FFA co n ten t, 
exp ressed  a s  oleic acid , w a s  1.26%  in itia lly  and  
increased  to 1.58%  at 37°C  at 3  m o n th s, w h ereas  
the va lu es  at am b ient tem perature an d  the control 
sam p les rem ained  u n ch a n ged  u p to  th e  en d  of 6  
m on th s storage. S im ilar r e su lts  w ere a lso  n oted  in  
c o c o n u t  b u r f i  a n d  d e h y d r a t e d  c h u t n e y  
(Satyanarayana Rao et al. 19 90 , 1991). A slight 
change in  TBA va lu e  from  0 .0 6  to 0 .0 9  for 3  m o n th s  
at 37°C and 0 .0 8  m g for 6  m o n th s  at am bient  
tem perature w ere n oticed . There w ere n o  ch a n g es  
in pH v a lu es  an d  sorbic acid  level th rou gh ou t the  
storage period. Sim ilarly, there w a s  n o  sign ificant  
change in NEB (OD 0 .0 1 5  to 0 .0 3 5  an d  0 .0 2 5 ) at 
37°C for 3  m o n th s and at am b ien t tem perature for 
6 m on th s, respectively.

The v isu a l colour, ta ste  and texture of all th e  
sam p les were rated a s very good b y  th e p a n e lists  
up to th e  en d  o f s ix  m on th  storage period. It is
TABLE 2. CHEMICAL COMPOSITION OF CASHEWNUT B U R F I
Parameter (%)
Moisture 8.50Fat 24.10
Crude protein, N x 6.25 8.70
Ash 1.13
Acid insoluble ash 0.02
Crude fibre 0.80
Carbohydrates, by difference 56.77
Energy, K Cal/100g 480
Average of duplicate determinations

se e n  from T able 2 th a t the en ergy  v a lu e , a s  
ca lcu la ted  on  the b a s is  o f  th e  co m p o sitio n  (1 0 0  g), 
h a s  con trib u ted  4 8 0  K cal co n ta in in g  24%  fat, 8.7%  
p rotein s and 56.8%  carb oh yd rates (by difference).

The a u th o rs  th a n k  Dr. (Mrs.) R. S an k aran , 
Director, an d  Dr. T. R. S h arm a, F orm er D irector, 
(presently. A dvisor, Life S c ien ces), D efen ce  Food  
R esearch  Laboratory, M ysore, for th eir  va lu ab le  
su g g estio n s.
References
AOAC (1960) Official Methods of Analysis, 19th ed. Association 

of Official Analytical Chemists, Washington DC 
Date WB, Bhatia DS, Subrahmanyan V (1955) Indian sweets- 

problems in their preservation. J Food Sci Technol 4 : 259- 
260

Fcnnama (1975) Water activity and food preservation. In: Karel 
M (ed) Principles of Food Science, Part II, Marcel Dekker 
Inc, New York, pp 237-261

Folin Wu (1920) Determination of glucose in blood. J Biol Chem 
67:357-360

Kannur SB, Ramanuja MN, Parihar DB (1973) Studies on the 
browning of heat processed c h a p a t i e s  and allied products 
in relation to their chemical constituents. J Food Sci Technol 
10:64-68

Kwon TW, Norgaard MJ (1966) Observations on the reactivity 
of 2-thio-barbituric acid reactive substance in dried whole 
egg powder. J Food Sci 31:223-225  

Rockland LB (1960) Saturated salt solutions for static control 
of relative humidity between 5°C and 40°C. Analyt Chem 
32:1375-1376

PFA (1954) Prevention of Food Adulteration Act. Central Law 
Agency, 1 1, University Road, Allahabad 

Satyanarayana Rao TS, Kaverappa NM, Jayaraman KS (1990) 
Development of shelf stable ready-to-eat Indian sweet-meats 
based on jaggery and coconut. J  Food Sci Technol 27 : 355- 
358

Satyanarayana Rao TS, Kaverappa NM, Hemaprakash Reddy T 
(1991) Dehydrated coconut chutney. J Food Sci Technol 28: 
73-75

Venkatcsh KVL, Dhanaraj, S, Mahadcvaiah B, Ananthakrishna 
SM, Mahadeviah M, Anandaswamy B, Govindarajan VS, Sen 
DP (1983) Effect of packaging of quality of s o h a n  h a lw a  
during storage. Indian Food Packer 237:167-171 

Vidyasagar K, Arya SS (1983) Stability of sorbic acid in oils 
and fats. J Agric Food Chem 31:1262-1264

R e c e iv e d .  1 5  F e b r u a r y  1 9 9 3 ;  r e v i s e d  1 9  M a y  1 9 9 3 ;  a c c e p t e d  2 2  M a y  1 9 9 3



J. Food S et Technol, 1993, Vol 30, No.6, 465-467

E f f e c t  o f  F r e e z i n g ,  T h a w i n g  a n d  F r o z e n  S t o r a g e  o n  
M i c r o b i a l  P r o f i l e s  o f  B u f f a l o  M e a t

K. SYED ZIAUDDIN* 1*, D. N . RAO, B . S . RAM ESH AND B . L. AMLA
A nim al P rod u cts T echnology D epartm ent,

C entral Food T echnological R esearch  In stitu te , M ysore-570  0 1 3 , India.
Studies were carried out on microbial profiles of buffalo meat frozen by plate-freezing and blast-freezing, while 

thawed at room temperature, chill temperature, in microwave oven and under running water. The results revealed 
a reduction in microbial count during frozen storage. Coliforms were highly sensitive, whereas S ta p h y lo c o c c i  and moulds 
were resistant to frozen storage. Micrococci were most predominant, followed by staphylococci, pseudomonas and bacilli 
at the end of three months of storage period. P en ic ill iu m  was the predominant mould during frozen storage of meat.
Keywords : Freezing, Thawing, Frozen storage, Bacteria, Moulds, Sensitivity, Buffalo meat.

Preservation o f m eat b y  freezing and frozen- 
storage m ain ta in s  the ch ara cter istics  a lm ost sim ilar  
to fresh m eat by p reventing th e  m icrobial grow th, 
and th is  m ethod  is  ex ten sive ly  u sed  for the m eat  
products in ten ded  for lon g  storage an d  export. The  
quality of buffalo m eat and the ch ara cter istics  of 
skeletal and  offal m eat, have b een  w ell d ocu m en ted  
(Krishnan and Sh arm a 1991; K ondiah et al. 1986). 
A variety  o f m eat p ro d u cts  su c h  a s  p a t t i e s  
(A njaneyulu  an d  S h a rm a  19 91 ) k a b a b s  an d  
croquettes have a lso  b een  prepared and su ccessfu lly  
tested . Buffalo m eat h a s  a good p oten tia l for export 
to m iddle E ast co u n tr ies  b e c a u se  India h a s  the  
World's largest p op u la tion  (70  m illions) o f b u ffa loes  
(FAO 1983). M ethods of freezing and m icrobiology  
of frozen m eat have b een  reported (Jul 1984; Lowry 
and Gill 1985). It w a s sh o w n  th a t gram -positive  
organism s w ere m ore res ista n t to freezing th a n  
gram -negative bacteria . H ow ever, data  on  m icrobial 
profiles of frozen-storaged  buffalo m eat are sca n ty  
and therefore, th e p resen t s tu d ie s  w ere u n dertak en .

Buffalo ca rc a sse s , so o n  after s lau gh ter, w ere 
chilled  at 4  ± 1°C (RH 85-95% ) for 2 4  h  and  
deboned. C u ts o f  5 0 0 -6 0 0  g from  b i c e p s  f e m o r i s  
m u sc le s  w ere m ad e an d  p ack ed  in  p olythen e  
p ou ch es o f m ed iu m  d en sity  (200  gau ge, 4 -5  cm  
th ick ness). S im ilarly, u n it p ack s of m in ced  m eat  
were prepared. T he p a ck s of c u ts  and m in ced  m eat  
were subjected  to freezing, eith er in  a p late-freezer  
(Foster plate freezer), or in  a b last-freezer (Bitzer 
b last freezer), u n til th e in tern al tem perature of  
-30°C w as ach ieved  in m eat. T he m eat p a ck s w ere  
stored at - 15 ± 3°C in  a deep-freezer for three  
m on th s. S am pling for m icrobiological a n a ly sis  w a s
* C o rre sp o n d in g  A u th o r .
1 P re se n t a d d r e s s :  Department of Meat Seience,

Veterinary College, Hebbal, Bangalore - 560 024.

done at m on th ly  interval, after su b jectin g  th e  m eat  
p ack s to different th aw in g  m eth o d s, v iz ., (a) ru n nin g  
w ater (27 ± 1°C for 5 0  m in), (b) room  tem perature  
(26 ± 2°C for 180  m in), (c) ch ill tem p eratu re (4 ± 
1°C for 8 h) an d  (d) m icrow ave oven  (2 1 0  w  for 
10 m in). M icrobiological a n a ly s is  w a s  d on e a s  per  
the stan d ard  m eth o d s (T hatcher an d  C lark 1978; 
B u ch a n a n  and G ibbons 1974). M oulds w ere iso lated  
a s  per the stan d ard  proced u re (King et al. 1984). 
The resu lts  w ere an a lysed  b y  a n a ly s is  o f  variance  
tech n iq u e (Steel and  Torrie 1980), an d  D u n ca n 's  
n ew  m u ltip le range te s t  (D u n can  1960).

The data on  m icrob iolog ical c h a n g e s  during  
different storage p eriod s o f m eat c u ts  an d  m in ced  
m eat p ack s frozen, an d  stored  at - 15 ± 3°C for 
three m o n th s are p resen ted  in  Table 1.

T o ta l  p l a t e  c o u n t s  : T he m eth o d s  o f freezing, 
thaw ing an d  storage period h av e a m ark ed  (P < 
0 .01 ) in flu en ce o n  tota l p la te  co u n ts . S am p les  
thaw ed  at room  tem peratu re sh ow ed  greater total 
co u n ts , and  th o se  th aw ed  in  m icrow ave oven  
in d icated  low er co u n ts . M icrow aves, p erh ap s, m ay  
exert som e le th a l effect on  m icrob es. A gradual 
d ecrease in  tota l c o u n ts  w a s  a lso  n o ticed  b oth  in  
c u ts  an d  m in ced  m ea t (Table 1).

P s y c h r o t r o p h s  : A  h igh ly  s ig n ifican t (P < 0 .01 )  
difference w a s  se e n  b etw een  freezing an d  thaw ing  
m e th o d s  a n d  s to ra g e  p er io d s. T h e c o u n t  of 
psychrotrophs in  b la st/p la te -fro zen  c u ts  an d  m inced  
m eat thaw ed  u n d er  ru n n in g  w ater w a s  greater th a n  
the co u n ts  recorded in  su c h  sa m p les , thaw ed  by  
oth er three m eth o d s (Table 1). S a m p les th aw ed  by  
m icrow ave m eth od  sh ow ed  le s s  cou n t. A  grad u al 
d ecrease in  p sych rotrop h s w a s  n oticed  during  
storage period, w h ich  w a s  s ta tistica lly  sign ificant 
(P < 0 .01 ).
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TABLE 1. MICROBIAL COUNTS OF MEAT CUTS AND MINCED MEAT FROZEN AND THAWED BY DIFFERENT METHODS

Storage _________________Plate-freezing__________________  _________________ Blast-freezing
period, _______________ Thawing method________________  Thawing method

Sample months Running Room Chill. Micro- Means Running Room Chill. Micro Meanswater temp. temp. wave water temp. temp. wave
Total plate count, log /g

Meat cuts 1 3.5 4.1 3.7 2.8 3.5* 3.6 4.0 3.9 3.3 3.7*
2 2.3 3.1 3.0 1.9 2.6* 2.8 3.2 3.1 2.9 3.0*
3 2.4 2.9 2.6 1.9 2.4* 2.4 2.9 2.9 2.8 2.8*
Mean 2.7“ 3.4b 3.1e 2.2d 2.9* 3.4* 3.3b 3.0* -

Minced meat 1 3.5 4.0 4.1 3.1 3.7* 3.6 3.9 3.9 3.0 3.6*
2 3.2 3.4 3.0 2.8 3.1* 2.9 2.6 2.9 3.1 2.9*
3 2.5 3.0 2.9 2.9 2.8* 2.7 2.7 3.0 3.0 2.9*
Mean 3.1* 3.5b 3.3b 2.9* 3.0* 3.1* 3.3b 3.0* SEm (115df)

Psychrotrophs, log /g
Meat cuts 1 3.0 3.0 2.7 1.8 2.6* 2.9 3.1 2.9 2.6 2.9*

2 2.7 2.1 2.0 1.1 2.0* 2.6 2.7 2.1 2.1 2.4*
3 2.0 2.0 1.8 1.0 1.7* 2.3 2.6 2.1 2.2 2.3*
Mean 2.6* 2.4b 2.2e 1.3d 2.9 2.8 2.8 2.6 2.8*

Minced meat 1 3.0 3.0 3.5 2.1 2.9* 2.9 2.8 2.8 2.6 2.8*
2 2.6 2.7 3.0 1.9 2.5* 2.0 2.4 2.3 2.4 2.3*
3 2.4 2.6 3.0 2.1 2.5* 2.1 2.2 2.1 2.5 2.2*
Mean 2.7* 2.8* 3.2b 2.0e 2.4* 2.5*b 2.4e 2.5b SEm (115df)

Staphylococci, log/g
Meat cuts 1 3.0 3.0 2.8 2.0 2.7* 2.9 3.1 3.0 2.8 2.9*

2 2.9 2.6 2.6 1.8 2.5* 2.6 2.9 2.7 2.6 2.7*
3 2.7 2.5 2.7 1.9 2.4* 2.7 2.8 2.8 2.5 2.7*
Mean 2.8* 2.7b 2.7b 1.9b 2.7*b 2.9* 2.8bc 2.6» -

Minced meat 1 2.7 2.8 2.7 2.4 2.7* 2.8 2.7 3.0 2.6 2.8*
2 2.5 2.9 2.5 2.2 2.5* 2.6 2.4 2.7 2.3 2.5*
3 2.5 2.7 2.6 2.3 2.5* 2.7 2.5 2.8 2.5 2.6*
Mean 2.6* 2.8b 2.6* 2.3e 2.7* 2.5b 2.5* 2.5b SEm (115df)

Coliforms, log/g
Meat cuts 1 0.9* 0.9* 0.8* 0.8* 0.9 1 .0* 1 .0* 1 .0» 0.8* 0.9
Minced meat 1 0.6* 1 .2h 0.9*b 0.9*b 0.9 1 . 1* 1 .2* 1 .0* 0.6b 1.0

(level of significance P < 0.05) SEm (35df)
Moulds, log/g

Meat cuts 1 1.3 1.6 1.8 1.3 1.5* 1.6 1.7 1.5 1.5 1.6*
2 1.2 1.4 1.4 1.1 1.3* 1.4 1.5 1.5 1.5 1.5*
3 1.2 1.5 1.3 1.1 1.3* 1.4 1.5 1.4 1.5 1.4*
Mean 1.2* 1 .6b 1.5b 1 .2* 1.5* 1.5* 1.5* 1.5» -

Minced meat 1 1.6 1.5 1.6 1.1 1.5* 1.6 1.9 1.5 1.6 1.7*
2 1.5 1.5 1.5 1.1 1.4* 1.5 1.6 1.5 1.6 1.5*
Mean 1 .6* 1.5* 1.5* l . l b 1.5* 1.7” 1.5» 1.5* SEm (115df)

The data were analysed acco rding to 2 x 4 x 3 factorial design with six replicates. Significance of interactions are at
(P < 0.05). Means of same row and column followed by different letters (x y, z and a, b, c, d, respectively) differ significantly 
(P < 0.01).____________________________________________________________________________________________________________________

S t a p h y l o c o c c i : M icrowave thaw ing sh ow ed  le s s  
stap hylococci in  c u ts  an d  m in ced  m eat, w hile  
m axim um  n u m b er of th ese  bacteria  w a s  se e n  in  
sam p les thaw ed  u n d er  ru n n in g  w ater and at room  
tem perature. The grow th of stap h y lococci w a s  
reduced after a m on th , an d  rem ained  alm ost 
con stan t during seco n d  an d  third m o n th s of 
storage (Table 1).

C o l i fo r m s  : No sign ifican t (P > 0 .05 ) difference 
b etw een  the m eth o d s o f freezing and thaw ing a s  
w ell a s  in  c u ts  and m in ced  m eat, frozen and thaw ed

by different m eth o d s, w a s  ob served  (Table 1). 
H owever, a sign ifican t (P < 0 .0 5 ) d ifference b etw een  
rep licates of c u ts  an d  m in ced  m eat w a s  observed. 
Coliform s appeared  to b e h ighly  sen s it iv e  to  frozen  
storage, a s  in d icated  b y  th eir  a b sen ce  in  m eat  
sa m p les  stored  for seco n d  an d  third m o n th s.

M o u l d s  : H ighly s ign ifican t (P < 0 .0 1 ) difference  
w a s observed  d u e to  in flu en ce  o f m eth o d  of 
freezing, thaw ing an d  storage period in  b oth  m eat 
c u ts  and m in ced  m eat. A red u ction  in  their  co u n ts  
in  c u ts  and m in ced  m ea t sa m p le s  w a s  observed
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during secon d  and third m on th s of storage. However, 
th is  red u ction  w a s  m arginal, in d ica tin g  th a t the  
m ou ld s are sligh tly  res is ta n t to frozen storage.

R eduction in  m icrobial co u n ts  on  frozen storage, 
observed in  th e  p resen t stu d y , w a s  in  agreem ent 
w ith the fin d in gs o f earlier w orkers (H aines 1938; 
Stille 1950; Ray and S p eck  1973). T h ese au th ors  
have m ade exten sive  s tu d ie s  on  pure cu ltu re  in  
frozen su sp e n s io n  an d  reported d eclin e in  m icrobial 
num ber during frozen storage. C hristophersen  (1968) 
and Lowry an d  Gill (1985) con clu d ed  th a t lo s s  o f  
viability o f bacteria l c e lls  during frozen storage is  
far slow er th a n  th a t observed  at th e  start of 
freezing. The rate o f  lo s s  d ecreased  w ith  tim e, u n til 
cell n u m b ers b ecam e stab le .

T y p e s  o f  m i c r o o r g a n i s m s  a s s o c i a t e d  w i t h  m e a t  
s t o r e d  a t  - 1 5  ±  3 ° C  f o r  t h r e e  m o n t h s  : M icrococci 
were found to be p red om in ant in  frozen storage of 
m eat, followed by S t a p h y l o c o c c u s ,  P s e u d o m o n a s  
and B a c i l l u s  in  b oth  p la te-an d  b last-frozen  sa m p les  
(Table 2), a s  a g a in st the literature report on
TABLE 2. TYPES OF MICROORGANISMS ASSOCIATED WITH 

MEAT STORED FOR 3 MONTHS AT-15±3°C AND 
THEIR PERCENTAGE

Microorganisms Plate-frozen Blast-frozen
Bacteria

M icrococcus 56 52
S ta p h y lo c o c c u s 32 33
P s e u d o m o n a s 10 12
B a c illu s 2 3

Moulds
P e n ic illiu m 75 74
A sp e r g i l lu s 11 13
R h iz o p u s 8 7
M u co r 6 6

dom inance o f M o r a x e l la ,  follow ed b y  S t a p h y l o c o c c u s ,  
M ic r o c o c c u s  an d  E n te r o c o c c u s  (Kraft et al. 1979). 
In the p resen t s tu d ie s , M o r e x e l la  an d  E n te r o c o c c u s  
were negligible. W ith regard to m o u ld s in  frozen  
storage, P e n ic iR iu m  w ere p red om in ant follow ed by  
A s p e r g i l l u s ,  R h i z o p u s  and  M u c o r  (Table 2). Gill and  
Lowry (1982) a lso  iso la ted  different typ es o f m o u ld s
i.e ., C la d o s p o r iu m ,  P e n ic i l l i u m  C h r y s o s p o r i u m ,  M u c o r  
and T h a m n i d i u m  sp ec ie s  in  frozen storage m eat. 
The reason  for the p resen ce  o f different typ es of  
bacteria and m o u ld s ca n  be attributable to th e

su rface con tam in a tion  o f th e  c a r c a sse s  during  
p rocessin g , h an d lin g  an d  cu ttin g  o f m eat in  the  
local sla u g h ter  u n its . T h u s, th e  fin d in gs w ou ld  be  
u s e f u l  in  u n d e r s t a n d in g  t h e  g r o w th  o f  
m icroorganism s in  m eat, particu larly during freezing, 
thaw ing an d  frozen storage.

The au th o rs  are th a n k fu l to  A rea C o-ordinator  
of A nim al P rod u cts T ech n ology  D ep artm en t, CFTRI, 
M ysore, for th e  facilities.
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E f f e c t  o f  C o m b i n a t i o n s  o f  N i t r o g e n ,  P h o s p h o r u s  a n d  
P o t a s s i u m  F e r t i l i z e r s  o n  t h e  Q u a l i t y  o f  

F r e s h  a n d  C a n n e d  M a n g o e s

R. V. SINGH, J. D. TEWARI* AND B. B, S. CHAUHAN
G overnm ent Fruit P reservation an d  C anning In stitu te ,

18-B , A sh ok  Marg, L u ck n ow -226  0 0 1 , India.
Effect of combinations of nitrogen, phosphorus and potassium fertilizers on the fresh and canning quality of 

D a s h e h r i  and L a n g r a  mango varieties was studied. The physical characters, like weight, size and firmness as well 
as the quality of fresh fruits, in terms of chemical parameters, were appreciably affected by the combination of fertilizer 
applied. Similar was the case with respect to physico-chemical parameters of canned mangoes. The canned samples 
of D a s h e h r i  mango from different combinations of fertilizers judged superior to the control lot, in respect of overall 
organoleptic quality.
Keywords : Fertilizer combinations, Fresh mangoes, Canned mangoes, D a s h e h r i, L a n g r a  (B a n a ra s i) , Storage studies.

It is  w ell recogn ised  th a t the quality o f fruit 
and vegetable crop s is  in flu en ced  by ap p lication  of 
various fertilizers. A  n u m b er of reports are available  
on the effect of v ariou s a ttr ib u tes on  th e p rocessin g  
qualities a s  w ell a s  th e  varietal su itab ility  for 
can n in g  m a n g o es (Bose 1958; N an ju n d sw am y et al.
1966). The vo la tiles in  th e  m a n g o es  p lay a very  
im portant role in  flavour an d  ta ste  (Kapur 1983; 
Golap and Bandyopadhyay 1975). There are however, 
no reports available on  th e  rela tion sh ip  b etw een  
application o f n itrog en -p h osp h oru s-p otassiu m  (NPK) 
fertilizer and can n in g  quality  o f m an go. H ence, an  
experim ent w a s  d esign ed  to investigate  the exten t  
to w hich the can n in g  quality of D a s h e h r i  and L a n g r a  
( B a n a r a s i )  varieties of m an go cou ld  be in flu en ced  
by NPK fertilizers.

Trees ch o sen  for procuring fru its o f th ese  two 
varieties of m a n g o es w ere part of a m an u ria l 
ex p er im en t c o n d u c te d  a t G o v ern m en t F ru it  
Preservation R esearch  S tation , B asti. The trees  
were 15 years old an d  had received  uniform  
cu ltural practices. E ight trees  o f each  variety were 
u sed  in  each  replication . The two levels o f each  
fertilizer, com b ined  in  th e  factorial d esig n  o f  
treatm ents w ere NO, NI (2 lb N /tree), PO, PI (1.5  
lb P20 5/tree) and KO. K1 (2 lb K20 /tr e e ) , w ere applied  
a s  single d ose  during th e m on th  o f O ctober, w ith  
the la st irrigation. N. P. and  K w ere applied in  the  
form of am m on iu m  su lp h ate , su p er  p h osp h ate  and  
p otassiu m  su lp h a te , respectively . The trial in cluded  
8 treatm ents and w a s  con d u cted  in  a con fou n d ed  
d esign  w ith  two rep lication s, w ith  varieties a s  th e  
m ain  treatm en ts and fertilizer trea tm en ts a s  s u b 
plots. F ru its required for p rocessin g  w ere harvested
* C o r re sp o n d in g  A u th o r

random ly at the desired  s ta g e  o f p h ysio log ica l 
m aturity  (sp. gr. ran g es b etw een  1.01 and 1.02), 
w ith  sim ilar  size an d  colou r grade, an d  stored  for 
5 d ays at room  tem peratu re (29 to 3 5 .2 °C , R. H.
6 6 .5  to 69.30% ) to reach  th e d esired  r ip e n e ss  for 
can n in g . T he properly ripe m a n g o es  w ere w a sh ed , 
peeled  an d  w ere cu t in to  su itab le  s iz e s  (6 .2 5  cm  
- 7 .5  cm). The s lic e s  w ere ca n n ed  in  stan d ard  No. 
A 2 ' / 2 in ternally  p lain  ca n s , w ith  approxim ately  
4 2 5  g o f s l ic e s /c a n  in  40° Brix su g a r  syru p , 
con ta in in g  0.25%  citric acid , w ith  a h ea d sp a ce  of 
ab ou t 0 .6 5  cm . All th irty  tw o filled c a n s  w ere  
ex h a u sted  at 8 2 .22 °C  for 6 -8  m in . C entre o f the  
c a n s  w ere required a tem peratu re o f 7 9 .44 °C . C an s  
were sea led  and p asteu rized  for 18 m in  in  b oiling  
w ater, coo led  in  ru n n in g  w ater an d  stored  at room  
tem perature (1 6 .5 -3 8 .6 °C , R.H. 69-79% ).

C utout exam in ation  w a s m ad e after th e  storage  
for one w eek  a s  w ell a s  four m o n th s  an d  th e  can n ed  
m a n g o es w ere eva lu ated  for colour, tex tu re, ta ste  
an d  general ap p earan ce b y  a p an el o f four ju d g e s  
E stim atio n s of su gar, tota l acid ity  an d  asco rb ic  acid  
w ere  m a d e  a s  p er  AOAC (1 9 6 5 )  m e th o d s .  
Ten fruit sa m p les  w ere a lso  u sed  to  determ ine  
p h y s ico -ch em ica l a ttr ib u te s  prior to  c a n n in g . 
P ressu re te st w a s done w ith  a M a g n ess Taylor 
p ressu re  tester , fitted w ith  a p lu n ger  o f 1 2 .4 /3 9 .5  
cm  diam .

The sta tistica l a n a ly sis  of the d ata , con cern in g  
different p h ysico -ch em ica l ch a ra cter istic s  o f the  
m an go fru its, in d icated  th a t th e  ap p lication  o f NPK 
in flu en ced  the fresh  a s  w ell a s  ca n n in g  q u alities  
of both  varieties o f  th e  m an g oes. H ow ever, som e  
treatm ent com b in ation s did not sh o w  an y  sign ifican t 
difference in  variou s p h y sico -ch em ica l ch aracters.
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TABLE 1. PHYSICO-CHEMICAL CHARACTERISTICS OF FRESH MANGO PRIOR TO CANNING

Parameter T, T, T3 t 4 Ts T6 t 7 T*8 C.D. at 5% (NPK)
Pressure test, lb D 17.3 15.4 16.0 17.0 14.6 14.2 15.5 16.5 0.223

L 4.5 6.0 5.5 6 .5 4.4 5.2 4.6 6.5 0.223Average weight, g D 125.0 123.7 126.2 122.5 130.0 122.0 127.5 123.0 0.699
L 195.2 196.2 191.2 195.0 191.2 190.0 182.5 190.0 0.699Pulp, % D 7.1 6.5 6.6 6.5 6.2 6.8 6.1 6.1 0.254
L 13.0 12.8 12.3 13.2 13.3 13.1 12.7 12.9 0.254Slices, % D 60.5 61.0 60.5 61.0 60.5 60.0 61.3 61.5 0.529
L 55.7 55.9 58.0 54.0 55.0 55.5 56.8 56.0 0.529Ascorbic acid, m g /100 g D 14.4 16.2 15.3 15.3 15.6 14.7 17.4 15.3 0.404
L 1 12.5 113.2 122.3 126.3 106.2 128.7 96.3 119.7 0.404Acidity, % (citric acid) D 0.18 0.16 0.19 0.16 0.17 0.16 0.19 0.16 0.018L 0.22 0.21 0.21 0.21 0.21 0.20 0.29 0.29 0.018Total sugars, % D 16.33 16.14 16.23 16.86 16.0 17.71 17.75 15.99 0.157
L 15.24 15.55 15.45 1513 14.14 13.94 14.33 14.50 0.157Organoleptic rating D 82.0 82.5 85.0 86.0 79.5 74.5 83.0 76.0 0.401
L 84.0 68.0 78.0 78.5 69.5 75.5 78.0 84.5 0.401

D = D a sh e h r i, L = Ix m g ra , 
T6 = Nl, PI, KO; T? = Nl, T, = NO, 

PO, Kl; Ta
PO, KO; T2 

= Nl, PI,
= NO, PI, 
Kl

KO; T3 = NO, PO, iii-''5 NO, PI, Kb t5 = N l, PO, KO;

Q u a l i t y  o f  f r e s h  f r u i t s  : D ata  in  Table 1 in d icate  
th e  s ig n if ic a n t  e f fe c t  o f  d if fe r e n t  fe r t il iz e r  
com b ination s on  fruit w eigh t, p ressu re , pu lp  and  
slice % in both  varieties. The variety L a n g r a  had  
higher pulp con ten t a s  com pared  to D a s h e h r i  
irrespective o f fertilizer treatm en ts. However, on  the  
contrary, the % slice  in  variety D a s h e h r i  w a s  h igher  
than  L a n g r a .  T h is cou ld  b e a ss ig n ed  to its  uniform  
width along the len gth  an d  lack  o f s to n e  b u lging  
in the centre. T h ese  ob serv ation s are in  agreem ent 
w ith the fin d in gs o f A d su le  an d  Roy (1974).

Sim ilarly, data  in  Table 1 in d icate th a t the  
application o f different fertilizer com b in a tion s bring  
about sign ifican t effect on  th e quality o f fru its of 
both the varieties, in  term s of ascorb ic acid , acidity, 
su gar con ten t and organoleptic quality . The am ou nt

of v itam in  C in variety  L a n g r a  w a s  con sid erab ly  
higher than  D a s h e h r i  D ata  o n  ch em ica l com p osition  
of both  the varieties are w ith in  th e  range reported  
by Teotia et al. (1968).

C a n n e d  m a n g o e s  : T he cu t-o u t  exam in ation  
an d  th e ch a n g es  occurring in  ch em ica l co n st itu e n ts  
of the can n ed  sa m p les  during storage are p resen ted  
in  T ables 2 an d  3 . It w a s  fou n d  th a t v a cu u m  
d ecreased  w ith  the a d v an cem en t o f storage period. 
The fall in  the v a cu u m  during storage m ay  be  
a ssig n ed  to th e p rod u ction  o f h yd rogen  d u e to 
Maillard reaction (Meyer 1961) an d  corrosion  (C ruess
1958). The drained  w eight o f  the s lic e s  sta tistica lly  
in creased  d u e to the ab sorp tion  o f su g a r  in  th e  
slices  during storage. T hese findings are in  agreem ent 
w ith th e ob servation s o f A d su le  an d  Roy (1974).

TABLE 2. CUT-OUT EXAMINATION OF CANNED MANGO SLICES AT ROOM TEMPERATURE
Treat
ments

Storage
period,

Vacuum,
inch

Headspace,
cm

Drained 
weight, g

Organoleptic 
rating, % Internal condition

month D L D L D L D L D L
T. 0 14.5 14.2 0.5 0.5 554.0 640.0 70.0 77.0 N N

4 14.0 12.2 0.6 0.7 581.5 661.5 68.0 69.0 + + +
t2 0 14.5 14.0 0.5 0.5 552.5 608.2 73.0 66.0 N N

4 13.5 12.0 0.7 0.6 580.0 656.0 71.0 65.0 + + + +
T3 0 13.5 13.5 0.5 0.4 559.5 649.5 78.0 76.0 N N

4 12.0 12.5 0.6 0.6 585.0 668.5 74.0 73.0 + ++
t4 0 14.0 14.0 0.5 0.4 556.0 645.0 74.0 77.0 N N

4 13.0 13.0 0.6 0.5 586.0 680.0 73.0 75.0 + ++
Ts 0 13.5 13.0 0.5 0.5 557.5 607.2 72.0 65.0 N N

4 12.0 12.0 0.6 0.6 685.5 626.5 70.0 56.0 + +++
t6 0 13.5 14.0 0.5 0.4 555.0 603.0 74.0 75.0 N N

4 12.5 12.0 0.6 0.6 590.5 651.0 73.0 73.0 + +++
t7 0 14.0 14.5 0.6 0.5 563.5 640.0 74.0 75.0 N N

4 13.0 13.0 0.7 0.6 572.5 650.0 72.0 73.0 + + +
T 0 14.0 14.5 0.6 0.5 583.5 645.5 75.0 83.0 N N

4 13.0 13.0 0.7 0.6 586.0 659.5 74.0 74.0 + ++
C.D. at 5% (NPK) 0.274 0.274 NS NS 1.541 1.541 2.332 2.332
D = D a sh e h r i. L = L a n g ra , N = Normal, + = internal appearance - shining, slight feathering, ++ = Light feathering, faint staining, 
+++ = Light feathering, moderate staining, T,. T2, T3, T4, T5, T6, T7, Ts as per Table-1.
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TABLE 3. CHANGES OCCURRING IN CHEMICAL CONSTITUENTS OF CANNED MANGO SLICES DURING STORAGE AT ROOM 
TEMPERATURE

Treat
ments

Storage.
month

Acidity, % 
(citric acid) Ascorbic acid, 

m g /100g Reducing sugars,
%

Total sugars,
%

D L D L D L D L
T; 0 0.12 0.19 11.2 100.6 8.01 12.25 19.24 22.75

4 0.07 0.12 9.8 87.9 10.45 13.40 23.10 24.88
X, 0 0.13 0.18 12.8 100.8 8.55 11.90 20.40 23.05

4 0.07 0.14 11.0 91.5 10.87 12.80 23.47 25.40
T3 0 0.14 0.19 13.2 109.5 8.72 1 1.70 20.87 22.55

4 0.09 0.15 11.4 97.3 9.95 13.00 23.65 25.10
T4 0 0.13 0.18 12.8 112.5 8.11 12.37 20.36 22.76

4 0.08 0.14 12.5 98.5 10.24 14.10 23.34 25.85
T5 0 0.12 0.18 12.4 96.2 9.66 12.20 21.61 23.35

4 0.08 0.15 10.7 84.5 10.75 13.15 23.60 25.65
T6 0 0.14 0.18 12.5 112.0 9.82 11.75 22.35 22.85

4 0.08 0.13 9.9 98.4 10.65 12.95 23.66 24.95
T7 0 0.14 0.16 12.4 87.2 9.06 12.15 21.94 22.85

4 0.06 0.12 10.2 73.5 11.25 13.50 24.45 25.90
T 0 0.14 0.18 13.5 107.5 9.38 11.65 21.28 23.05

4 0.08 0.12 11.5 95.0 1 1.65 12.90 24.08 25.58
C.D. at 5% (NPK) NS NS 0.283 0.283 0.099 0.099 0.144 0.144
D = D a s h e h r i, L = L a n g ra , T,, T2 T T T1» 13’ 14? 15’ T T Ti 6, ±7, i8 as per Table-1.

However, data in  Table 2 indicate that the application  
of different fertilizer com b in a tion s did n ot produce  
significant effect o n  in crea sin g  h ead sp ace . The 
overall organoleptic eva lu ation s of ca n n ed  sa m p les  
of both  varieties ap p ear to b e appreciably affected  
by the ap plication  of variou s fertilizers. T he sa m p les  
of variety L a n g r a , w h ich  received  the com bined  
treatm ent w ith NPK fertilizers, scored h igh est (85.0%) 
ju s t  after can n in g . H owever, th e sa m p les  of th is  
variety, treated w ith  N an d  P alone, w ere n oted  to 
be com paratively poor (65% and 66%) for the sam e  
corresponding period. M oreover, th e  sa m p les  of  
v a r ie ty  D a s h e h r i ,  fro m  d if fe r e n t  f e r t i l iz e r  
com b ination s, w ere ju d g ed  to b e su p erior to control 
lot, w ith  resp ect to  overall organoleptic quality. 
Proebsting et al (1957) found  th a t the quality  of  
can n ed  p ea ch es  im proved a s  th e d osage o f n itrogen  
w a s in creased  u p to  a certa in  lim it.

It is  apparent from  Table 3  th a t there w a s '  
significant effect o f  different fertilizer com b in a tion s  
on th e ch a n g es  in  th e  ch em ica l com p osition  of  
can n ed  m a n g o es during storage. B oth  varieties  
show ed  appreciable d ifference in  their  ch em ica l 
characters, irrespective o f th e  fertilizer treatm en ts. 
The variety L a n g r a  had  h igher am ou n t o f ascorb ic  
acid, as com pared to D a s h e h r i  A scorbic acid content 
con tin u ed  to d ecrease  during storage. T he lo s s  in  
ascorbic acid during storage m ay  be d u e to 
d estru ction  by h ea tin g  an d  p rocessin g  (Lai and  
Pruthi 1955). R educing an d  tota l su g a rs  sh ow ed  
significant in crea ses  during storage and w ere h igher  
in  L a n g r a  th a n  in  D a s h e h r i  T h is m a y  b e ascribed

to h igher am ou n t o f acid ity in  L a n g r a ,  w h ich  m igh t  
have accelerated  the h yd ro lysis. T h ese  ob serv ation s  
are in  conform ity w ith  th e  fin d in gs o f A d su le  and  
Roy (1974). A cidity p ercen tage ten d ed  to d ecrease  
during storage. The fall in  acid  co n ten t m igh t b e  
attributed  to its  lea ch in g  o u t in  th e  coverin g syrup. 
However, the effect of NPK o n  acid ity  w a s  n o n 
sign ificant.
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C e r e a l s  in  B r e a d m a k i n g  : A  M olecular C olloidal 

Approach : by A nn-C harlotte E lia sso n  and Kare 
Larsson (Eds), M arcel D ekker, Inc., New York, 
1993, pp : 3 9 2 , Price : $  135

T his book is  th e  fifty-fifth vo lu m e in  the ser ies  
of m onographs, text b oo k s an d  reference b o o k s in  
Food S cien ce and T echnology. It d escr ib es the  
breadm aking tech n o logy  at a  m olecu lar  level, b ased  
on surface an d  collo idal sc ien ce . The approach  h a s  
not so  far, b een  tried and for the first tim e throw s  
lig h t in  a c o m p r e h e n s iv e  m a n n e r , o n  th e  
fundam ental a sp ec ts  o f know ledge in  breadm aking.

C hapter 1 d ea ls  w ith  b a sic  co n cep ts  o f su rface  
and colloid ch em istry , d escrib in g  very briefly the  
interfaces, su rface active m olecu les, in terfaces of 
solids, the electric double layer, m on om olecu lar  
film s at the a ir /w a ter  an d  o il/w a ter  in terfaces, self-  
assem b ly  of lipid m o lecu les  in  w ater, w ater and  
hydration force, colloidal a sp ec ts  of proteins, colloidal 
stru ctu res, flow properties and p orou s stru ctu res. 
Here, an  attem pt h a s  b een  m ad e to in troduce the  
reader to the fu n d am en tal a sp e c ts  to enable h im  
to un derstan d  the b readm aking through su rface  
and colloid sc ien ce .

The m ain  co m p o n en ts  o f w h eat flour n am ely  
l ip id s ,  p r o t e in s ,  s t a r c h  a n d  n o n - s t a r c h  
p olysacch arid es in flu en ce th e m ix ing and bak in g  
ch ara cteristics. In ch a p ter  2 , th e ir  stru ctu re , 
interaction w ith  w ater an d  p h ysica l properties are 
described. Further, there is  a vivid exp lan ation  on  
com position , rheological properties and sign ifican ce  
in baking of the com p o n en ts from  w heat flour.

The in teraction s b etw een  com p o n en ts of w h eat 
flour in  aq u eo u s environm ent on  th e m olecu lar and  
colloidal levels are dealt in  ch ap ter 3 . Protein-lipid  
in teraction at the a ir /w a ter  in terface, protein- 
starch interactions in fluencing dough m ixing, baking  
and staling, m olecu lar in teraction s b etw een  am ylose  
or am ylopectin  an d  protein , in teraction s b etw een  
protein and starch  gra n u les, an d  starch-lip id  
in teractions affecting th e  starch  p roperties and  
am ylose /am ylop ectin -lip id  com p lexes are detailed .

C hapters 4  an d  5 con ta in  d escrip tion  on  
properties o f lipids, p rotein s, starch  an d  n on -starch  
p olysaccharides from se lec ted  cerea ls  like rye, 
barley, oats, rice an d  m aize a s  com pared  to w h eat, 
the structure of w h eat kernel, th e m illing p rocess  
of w heat and com p osition  o f flour.

C hapter 6  d ea ls  w ith  th e w h eat flour dough  
from the point of view  of collo idal and su rface  
chem istry. The w h eat flour d ou gh , w hich  is an  
interm ediate stage in  breadm aking, h a s  its properties

related  to m ach in ab ility  an d  final p roduct quality. 
The h ighly com p lex  collo idal sy stem  o f w h eat flour  
d ough  derives its  p rop erties from  th e  com p o n en ts  
of flour and th e  added in gred ien ts. T here is  a vivid 
d escrip tion  o f th e co n tin u o u s  g lu ten  p h a se  w ith  
resp ect to m ix ing an d  d ough  d evelop m en t, oxidation  
and red u ction , m ix ing req u irem en ts an d  in flu en ce  
of added in gred ien ts. Y east an d  ferm entation , 
in c lu sio n  o f air ce lls , m ix in g  a tm osp h ere and  
oxidation  are exp lained  u n d er  d isp ersed  g a s  p h ase . 
In addition, the v isco -e la stic  b eh av iou r o f dough  
and g lu ten , the in flu en ce o f s tarch  on  th e  rheological 
b eh aviou r of g lu ten  an d  stru ctu re  o f d ou gh  are 
described .

The p h ysica l an d  ch em ica l ch a n g e s  th a t take  
place during b ak in g  o f bread  are d isc u sse d  in  
ch ap ter 7. The effect of h ea t in  in crea sin g  the  
volu m e o f bread in  th e  oven , resu ltin g  in  oven  
sp rin g is  exp lained  in  term s o f h ea t an d  m a ss  
tr a n sfe r , p r o d u c tio n , s o lu b i lity  a n d  th erm a l 
exp a n sion  of ga s. F urther, in flu en ce  of h ea t on  flour  
com p o n en ts and g a s  h old in g  cap a city  is  detailed . 
Finally, bread stru ctu re , b ak in g  b eh av iou r o f w hole  
w h eat flour an d  n on -w h eat cerea ls  an d  sta lin g  of 
bread are d isc u sse d  briefly.

The au th ors deserve com p lim en ts for p resenting  
clearly and vividly, in  a n  ea sily  u n d erstan d ab le  
m anner, the fu n d am en ta l a sp ec ts  o f  b readm aking , 
u tilisin g  the su rface an d  collo id  sc ien ce  a s  b ase. 
The book u n d er  review, is  a n  exce llen t text book  
for advanced  s tu d ie s  in  cerea l techn ology . It is  of 
im m en se  utility  to  th e  tea ch ers , resea rch ers and  
s tu d en ts  a sso c ia ted  in  the field o f w h ea t technology. 
The literature cited  at the end  o f each  ch ap ter is  
u sefu l. T h is b ook  ca n  be a va lu ab le  a s se t  to th e  
libraries catering to th e  n e e d s  o f food sc ie n t is ts  and  
tech n o log ists .

G. VENKATESWARA RAO 
CENTRAL FOOD TECHNOLOGICAL RESEARCH INSTITUTE

MYSORE - 570 013

T h e  T e c h n o l o g y  o f  V i t a m i n s  in  F o o d  : E dited  b y  P. 
Berry O ttaw ay, p u b lish ed  b y  B lack ie A cad em ic  
and P rofession a l (C hapm an & Hall), W ester  
C leddens Road, B ishop briggs, G lasgow , G 64  
2N J, U.K., 1993; pp ix  + 2 7 0 . Price : £  65

T his b ook  is  prim arily w ritten  for p erson s  
involved in  product an d  p ro cess  d evelopm ent, 
quality control an d  a n a ly s is  o f v ita m in s. The text 
of th e  b ook  ru n s into 9  ch ap ters. C hapter 1 d ea ls  
w ith  b io c h e m ic a l fu n c t io n s  o f v ita m in s  and  
in trod u ces their fu n ctio n s in  th e b ody to th e  reader.
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T his ch ap ter h a s  b een  well w ritten  an d  provides  
inform ation in  a co n c ise  form. C hapter 2 g ives  
inform ation ab ou t v itam in  con ten t of n atu ral foods. 
It is  an  excellen t com p ilation  of the availab le data. 
A n attem p t h a s  a lso  b een  m ad e to  provide  
background inform ation ab ou t v itam in s. C hapter 3  
describes nu trition al a sp ec ts  of v itam in s. The  
inform ation on  deficiency sym p tom s h a s  b een  
provided in  a cu rsory  m an n er. It w ou ld  have b een  
desirable, if th e sam e w a s  given in  a com p reh en sive  
form. Further, th is  ch ap ter w a s  th e  appropriate  
place to provide detailed  inform ation  o n  RDA, 
toxicities and safe lim its. The au th or h a s  rather  
d iscu ssed  only their con cep tu a l a sp ec ts . A ccording  
to the title, ch ap ter 4  sh o u ld  have provided  
inform ation on m an facturin g p ro cesse s  o f  different 
vitam ins. Instead , syn th etic  rou tes of different 
vitam in s have b een  narrated. C hapter 5 a im s to 
d is c u s s  s ta b ilt iy  o f  v ita m in s  u n d er  d ifferent  
p rocessin g  con d ition s. The au th or sh ou ld  have  
provided specific  inform ation ab o u t th e  effect of 
different p rocessin g  con d itio n s on  v itam in  lo sse s .

For exam ple, th e effect of h ea tin g  sh ou ld  have  
b een  d iscu ssed  in  term s of tim e and tem perature  
of exposures; b u t the inform ation h a s  b een  provided  
in  general term s. In addition, the in form ation on  
storage effect is  lim ited. Fortification of food w ith  
vitam in s h a s  b een  d escribed  in  two ch ap ters. 
Chapter 6 d iscu sse s  fortification o f different products  
with v itam in s, w h ereas ch ap ter 9 d is c u s se s  general 
asp ects  o f food fortification. In fact, both  th ese  
chapters sh ou ld  h ave b een  com b ined  to provide 
relevant in form ation in  a com p act form. C hapter  
7 d isc u sse s  u se  of v itam in s a s  additives. The 
in form ation  on  th is  a sp e c t  a b o u t co m m o n ly  
con su m ed  foods h a s  b een  provided. C hapter 8 
describes analytica l m eth o d s u sed  in  d eterm ination  
of vitam ins. The coverage of different m eth o d s is  
satisfactory. However, on ly  b asic  a sp ec ts  have been  
d iscu ssed . Therefore, th is  b ook  can n o t serve a s  
a practical m an u a l for v itam in  d eterm in ation s a s  
claim ed.

There are rep etition s in  the book. The v itam in  
con ten t of food s h a s  b een  given  at two p la ces  (i.e., 
Tables 2 .1 6  and 7.2). T he stab ility  of v ita m in s h a s  
also b een  d iscu ssed  u n d er ch ap ter 9 (p 2 3 9 -2 4 0 ), 
w hereas ch ap ter 5 h a s  b een  devoted  to th is  a sp ect  
only. In fact, th e m o st appropriate p lace for Table
9.2  w as u n d er ch ap ter 5. B es id es  th is , there are 
som e in co n sisten c ies  in  th e  text of the book. At 
m an y p laces, th e resu lts  o f the stu d y  have b een  
d iscu ssed  w ithout citing the sou rce (s). A research er/ 
read er  h a s , th erefo re , b e e n  d ep rived  o f a n  
opportunity of co n su ltin g  the original stu d y , if there  
is a need . The inform ation on  bakery p rod u cts h a s  
b een  d iscu ssed  u n d er fru its an d  vegetab les (Page

472
104). H owever, it m ay  b e u se fu l to th o se  w h o are 
in terested  to get general in form ation  ab o u t v itam in s, 
their occu rren ce and a n a ly sis .

B. K. MITAL
G. B. PANT UNIVERSITY OF AGRICULTURE,

PANTNAGAR
T r ic h lo r fo n  : E nvironm ental H ealth  Criteria 132, 

W orld H ealth  O rg a n isa tio n , G en eva , 1 9 9 2 . 
P u blish ed  u n d er  th e  jo in t sp o n so rh ip  o f th e  
U nited  N ation s E nvironm ent Program m e, th e  
International Labour O rganisation  an d  the W orld 
H ea lth  O r g a n isa t io n  - (IPCS - I n te r n a t io n a l  
Program m e on  C hem ical Safety).
Price : SW fr 22  for developed  co u n tr ies ,

SW fr 1 5 .4 0  for develop ing co u n tr ies .
Trichlorfon is an  organ op h osp h oru s in sectic id er  

w hich  is u sed  for th e  control o f p e s ts  o f agricu ltu ral 
crops and a lso  for th e  control o f p a ra s ite s  in  
d om estic  an im als an d  h u m a n  b e in g s . T he m ajor 
route o f m etab olism  is  the p rod u ction  o f d h ich lorvos  
w h o se  ch o lin estera se  activ ity is  ab ou t 100  tim es  
m ore th a n  th a t of trichlorfon. T h is p u b lica tio n  g ives  
elaborate, vivid and lu cid  d eta ils  on  th e  va r io u s  
toxicological a sp e c ts  of trichlorfon.

The ch em ica l and p h ysica l prop erties an d  the  
analytica l p roced u res for estim ation  of trich lorfon  
are w ell exp lained . The so u rces  o f h u m a n  and  
e n v ir o n m e n ta l  e x p o s u r e  a n d  t h e  r o u te  o f  
tran sp oration  and d istr ib u tion  o f th is  ch em ica l in  
the en viron m en tal co m p o n en ts  viz. air, w ater and  
soil, h ave b een  deta iled  togeth er w ith  th e m etab olic  
pathw ays.

The exp osu re o f trichlorfon to  h u m a n  b e in g s  
b y w ay of con tam in ation  o f air, w ater, so il and  
through th ese  rou tes to food com m o d ities  h ave  
b een  w ell exp lained  w ith  su ffic ien t data  o n  the  
resid u es  in  different crop s w ith  relevant references. 
The m etabolic  p ath w ays, th e b io tran sform ation  and  
the execretory rou tes of trichlorfon h ave b een  
scien tifica lly  brought ou t w ith  in  v i t r o  an d  in  v iv o  
stu d ies .

The toxicity stu d ies  on  th e n on-target organ ism s  
in  th e  e n v ir o n m e n t ,  t h e  c a r c in o g e n ic i t y ,  
teratogen icity  an d  n eu rotoxicity  o f trich lorfon  are 
referred to descriptively in  th e  ch ap ters, w ith  the  
acu te  p oison in g  sym p tom s an d  the treatm en t of the  
p oison in g.

The report w ill be of great im p ortan ce to 
tox ico log ists, research ers and en v iron m en ta lists  for 
the effective and proper u n d ersta n d in g , o f the  
in sectic id e , trichlorfon.

A. VISALAKSHI 
COLLEGE OF AGRICULTURE 

VELLAYANI - 695 522

J. Food Sci. Technol, 1993, Vol 30, No.6
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AFST (I) NEWS
A n n u al G e n e ra l B o d y  M eetin g -1992

The 2 8 th  A n n u al G eneral B ody M eeting of the  
A ssociation  w a s  h eld  o n  11th S eptem ber, 19 93  at 
Kalamandir, M ysore, u n d er  th e C hairm ansh ip  of 
Dr. A. M. N an ju n d asw am y, the ou tgo in g President.

The P resident w elcom ed  the m em b ers and  
specially thanked  all the m em b ers for the su ccess fu l  
com pletion o f III In tern ation al Food C onvention  
(IFCON-93) and Food E xpo-93 .

The P roceed ings of th e  previou s AGBM an d  the  
Secretary's report for 1 9 9 2 -9 3  w ere read by the  
Hon. Exec. Secretary, After brief d iscu ss io n , the  
reports w ere approved. T reasurer's report w a s read  
by the Treasurer and w a s  approved.

H ighlights of the AGBM w ere a) p resen ta tion  
of brief activ ities carried ou t by each  C hapter by  
their representatives, b) op en in g of a n ew  ch ap ter  
at Ja ip u r from th is  year an d  c) the in crease  in  th e  
m em bership  of th e A sso cia tio n  at th e end  o f th e  
year 1992 to 2 6 0 0 .
AFST (I) Fellows

The A ssociation  h on ou red  the following p erson s  
by conferring th e  title 'Fellow' for their sign ificant 
contributions in  the field of Food S cien ce and  
Technology.

1. Dr. M. L. S h an k aran arayan a , S cien tist, 
CFTRI, M ysore

2. Dr. C. P. A n an th ak rish n an , Retd. D irector, 
NDRI, B angalore

3. Dr. T. S. S atyan arayan a Rao, S cien tist, 
DFRL, M ysore

4. Dr. P. J. D u b ash , Reader (Food Technology), 
UDCT, B om bay

AFST (I) Awards for the year 1992
AFST (I) aw ards w ere p resen ted  to the following  

p erson s in  recogn ition  of their  m eritoriou s work in  
the field of Food S c ien ce  and T echnology.

1. D r. V. S u b r a h m a n y a n  I n d u s t r ia l  
A chievem ent Award w a s  aw arded to Mr. 
R am esh  J , C h au h an , Parle (Exports) Pvt. 
Ltd., Bom bay.

2 . Dr. (Ms) T. N. Prabha, S c ien tist, P lant Cell 
B iotechnology D epartm ent, CFTRI, M ysore, 
h a s  b een  aw arded "Laljee G odhoo S m arak  
N idhi Award".

3 . The Y oung S c ien tis t  Aw ard w a s  p resen ted  
to Mr. H. S. S a tish , S c ie n t is t , Food  
Packaging an d  D istr ib u tion  E ngineering  
D ep artm en t, CFTRI, M ysore.

4 . The B est Paper Award w a s  p resen ted  to 
Dr. K. S. Ja ya ram a n  and Dr. P. S. Raju, 
S c ien tis ts , DFRL, M ysore for th e ir  research  
paper entitled  "Developm ent an d  eva lu ation  
of a p erm an gan ate b a sed  e th y len e  scru b ber  
for exten d in g  th e shelf-life  of fresh  fruits  
an d  vegetables" , P u b lish ed  in  J o u rn a l of 
Food S cien ce  and T ech n ology  Vol. 29 , 
No. 2 , pp. 7 7 -8 3 , 1992 .

5. Mr. N. B h ask a r, C ollege of F ish eries, 
M athsyanagar, M angalore, received the B est  
S tu d en t Award.

Publication o f Journals
The two rep u ted  b im o n th ly  jo u rn a ls  n am ely  

"Journal o f Food S c ien ce  and Technology" and  
"Indian Food Industry", p u b lish ed  b y  AFST(I), have  
en tered  their 3 0 th  and 12th Y ears o f p u blication , 
respectively. O riginal research  p ap ers an d  feature  
artic les are b ein g  received from  R & D w orkers from  
cou n tr ies  like, UK, USA, E urope, J a p a n  an d  Africa 
for p u blication  in  th ese  jo u rn a ls . The circu lation  
of each  of th ese  jo u rn a ls  reach ed  2 0 0 0  co p ies  per  
is su e  in  the year 1992 .

Dr. B. K. L onsane, S c ien tist, M icrobiology and  
B ioengineering D ep artm en t, CFTRI, M ysore, and  
Mr. S. P. Pillai, H ead, T ech n ology  T ransfer and  
M arketing D ep artm en t, CFTRI, M ysore, are doing  
yeo m en  serv ices a s  ed itors in  bringing ou t th ese  
jou rn als.
AFST(I) Education and Publication Trust

The T rust m et tw ice during the y ea r  1992 . The  
T rust offered S ch o la rsh ip s  to  four s tu d e n ts  in  the  
field of Food S cien ce  and T echnology.
Office-bearers o f AFST(I) for the year 1993-94
P resident : Dr. S. K. Roy (New Delhi)
P ast-P resid en t : Dr. A. M. N an ju n d asw am y

(Mysore)
V ice-P resident (HQ) : Dr. T. S. S atyanarayan a Rao,

(DFRL, Mysore)
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V ice-P residents : Dr. D. S. C hadha (New Delhi) Hon. J o in t

(Chapters) Dr. S. R  M arathe (Bangalore) 
Dr. S. R. Padwal Desai (Bombay)

Secretary : Dr. K. U daya S an k ar  
(CFTRI, M ysore)

Hon. E xecutive
Mr. B. Raghuramiah (Madras) H on. T reasurer : Mr. Ftajeshwar S. M atche  

(CFTRI, M ysore)
Secretary : Mr. G. A. K rishna  

(CFTRI, Mysore)
Editor, JFST : Dr. B. K. L on san e  

(CFTRI, M ysore)
Past Hon. Exec. C hief Editor, IFI : Mr. S. P. Pillai

Secretary : Dr. M. N. K rishnam urthy  
(CFTRI, Mysore)

(CFTFU, M ysore)

IFCON
The Third International Food Convention 

(IFCON-93) was inaugurated on 7th September 1993 
at Kalamandir, Mysore. The five day Convention and 
Food Expo, was jointly organised by the Association of 
Food Scientists and Technologists (India) and Central 
Food Technological Research Institute, Mysore. The 
co-sponsors were: Ministry of Food Processing Indus
tries, Government of India, New Delhi; Government of 
Karnataka, Bangalore; Defence Research and Devel
opment Organisation, New Delhi; and NEPC Agro 
Foods Limited, Madras.

The IFCON-93 was inaugurated by Sri Tarun 
Gogoi, Hon. Minister of State for Food Processing 
Industries, and presided over by Sri P.R. 
Kumaramangalam, Hon. Minister of State for Science

- 1993
and Technology, Govt, of India. Sri H. Viswanath, 
Hon. Minister of Kannada and Culture, Govt, of 
Karnataka read the inaugural address on behalf of the 
Chief Minister of Karnataka, Sri Veerappa Moily.

The IFCON-93 souvenir was released by Sri 
Tarun Gogoi and the Abstracts volume of Poster Ses
sion by Sri Viswanath. The Convention was attended 
by more than 1500 delegates.

Several Scientists and Research Scholars 
received awards on this occasion.

The Food Expo was inaugurated by Sri Tarun 
Gogoi, Hon. Minister of State for Food Processing 
Industries, Government of India, New Delhi. Around 
75 Industries participated in the Expo.
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Invites Nominations for Fellows of AFST (I) for the year 1993
T h e  A s s o c ia t io n  h a s  p le a s u r e  in  in v it in g  n o m in a t io n s  

fro m  p e r s o n s  to  b e  c o n fe r re d  a s  "F ellow  o f  A s s o c ia t io n  o f  
F oo d  S c ie n tis ts  a n d  T e c h n o lo g is ts  (India)" (FAFST) to  h o n o u r  
th o s e  w h o  h a v e  c o n t r ib u te d  s ig n if ic a n tly  to  th e  p ro g re s s  o f  
F o o d  S c ie n c e  a n d  T e c h n o lo g y .
G e n e r a l
1. T h e  a w a rd e e  w ill b e  c a l le d  a s  F e llo w  o f  A s s o c ia t io n  o f  

F o o d  S c ie n t i s t s  a n d  T e c h n o lo g is ts  (Ind ia) a n d  in  a n  
a b b re v ia te d  fo rm  w ill b e  te r m e d  a s  FA FST.

2. T h e  to ta l  n u m b e r  o f  F e llo w s  o f  th e  A s s o c ia t io n  w ill n o t  
e x c e e d  5%  o f  to ta l  m e m b e r s h ip ,  in c lu d in g  r e g u la r  a n d  
life m e m b e r s  o f  th e  A s s o c ia t io n ,  in  a n y  g iv en  y e a r  o r  
100, w h ic h e v e r  is  low er.
T h e  t i tle  o f  F e llo w s h a s  s o  f a r  b e e n  a w a r d e d  to  3 0  

AFST(I) m e m b e rs  a n d  6  n o n - m e m b e r s  w h o  h a v e  c o n t r ib u te d  
to  th e  p ro g re s s  o f  F o o d  S c ie n c e  a n d  T e c h n o lo g y .
E l ig ib i l i ty
1. T h e  a im  is  to  h o n o u r  p e r s o n s  o f  o u t s t a n d in g  m e r i t  w h o  

h a v e  c o n t r ib u te d  s ig n if ic a n tly  in  th e  fie ld  o f  F o o d  
S c ie n c e  a n d  T e c h n o lo g y , in c lu d in g  R  & D  P r o d u c t /  
P ro je c t D e v e lo p m e n t, I n d u s t r y ,  T r a n s f e r  o fT e c h n o lo g y  
a n d  M a rk e tin g . T h e  m e r i t  o f  c o n t r ib u t io n  s h o u ld  b e  th e  
m a in  c r i te r io n .

2 . A m o n g  th e  F e llo w s  to  b e  n o m in a te d  e v e ry  y e a r , 7 0 %  
w ill b e  f ro m  AFST(I) a n d  r e m a in in g  3 0 %  m a y  b e  fro m  
n o n -m e m b e rs  w h o  h a v e  c o n t r ib u te d  s ig n if ic a n tly  fo r 
th e  d e v e lo p m e n t o f  F o o d  S c ie n c e  a n d  T ech n o lo g y .

N o m in a t io n s
1. T h e  n o m in a t io n  fo r F e llo w  s h o u ld  b e  p ro p o s e d  b y  five 

AFST(I) m e m b e r s  o f  g o o d  s t a n d in g  fo r  a  m in im u m  o f  5  
y e a r s  o r  b y  2  F e llo w s o f  th e  A s s o c ia t io n . T h is  is  
a p p lic a b le  to  AFST(I) m e m b e r s  a s  w ell a s  n o n -m e m b e rs .

2. A n y  r e g u la r  o r  life m e m b e r  o f  AFST(I), w h o  h a s  b e e n  
c o n t in u o u s ly  a  m e m b e r  o f  th e  A s s o c ia t io n  c a n  s p o n s o r  
th e  n o m in a t io n  fo r o n ly  o n e  F e llo w  in  a  p a r t i c u la r  y e a r .

3 . T h e  n o m in a t io n  s h a l l  b e  a c c o m p a n ie d  b y  a c c e p ta n c e  
o f  th e  p e r s o n  p ro p o s e d .

4 . T h e  n o m in a t io n  s h a l l  b e  in  th e  fo rm a t g iv en . A b r ie f  
b io - d a ta  o f  th e  n o m in e e ,  h ig h l ig h t in g  th e  S c ie n tif ic  o r  
T ec h n o lo g ic a l a c h ie v e m e n ts  in  th e  a r e a  o f  F o o d  S c ie n c e  
a n d  T ech n o lo g y , s u p p o r te d  b y  a  l is t  o f  p u b l ic a t io n s  n o t  
e x c e e d in g  10 im p o r ta n t  r e s e a r c h  p a p e r s  o r  o th e r  
s u p p o r t in g  d o c u m e n ts  n o t  e x c e e d in g  2 0  p a g e s ,  m u s t  
a c c o m p a n y  th e  n o m in a t io n s .

5. C e n tr a l  E x e c u tiv e  C o m m itte e  M e m b e rs  o f  AFST(I) a r e  
n o t  e lig ib le  to  b e  n o m in a te d  a s  F ello w s.

6 . T h e  n o m in a t io n  d u ly  p ro p o s e d  a n d  a c c e p te d  b y  th e  
n o m in e e  s h a l l  b e  s e n t  to  th e  H o n . E x e c u tiv e  S e c re ta ry ,  
AFST(I) b y  1 s t  M a r c h  1 9 9 4 .

S e l e c t i o n  o f  F e l lo w s
T h e  n o m in a t io n s  re c e iv e d  w ill b e  p la c e d  b e fo re  a n  

E x p e r t  C o m m itte e , a p p o in te d  b y  th e  C E C  fo r  s u i ta b le  
r e c o m m e n d a t io n s  to  C E C  e a c h  y e a r .  C E C  b y  m a jo r i ty  
d e c is io n  w ill f in a lis e  th e  n a m e s  o f  F e llo w s  fo r  e a c h  y e a r .  T h e  
d e c i s i o n  o f  C E C  i n  t h i s  m a t t e r  w i l l  b e  f in a l .
P r iv i l e g e s  o f  a  F e l lo w

T h e  F e llo w  s h a l l  b e  e n t i t le d  to  th e  fo llo w in g  r ig h ts  :
1 T h e  a w a rd e e  w ill b e  e n t i t le d  to  a d d  F A F S T  a f t e r  h is  

n a m e  a s  s h o r t  title .
2 . T o  b e  p r e s e n t  a n d  v o te  a t  a ll g e n e r a l  b o d y  m e e tin g s .
3 . T o  p ro p o s e  a n d  r e c o m m e n d  th e  c a n d id a te s  fo r F ellow  

o f  th e  A s s o c ia t io n
4 . To rece iv e  g r a tis  c o p ie s  o f  o n e  o f  th e  p u b l ic a t io n s  o f  

AFST(I).
5. T o  fill a n y  office o f  th e  AFST(I) d u ly  e le c te d .
6 . To b e  n o m in a te d  to  a n y  c o m m it te e  o f  AFST(I).
7 . T o  o ffer p a p e r s  a n d  c o m m u n ic a t io n s  to  b e  p e r s e n te d  

b e fo re  th e  m e e t in g  o f  th e  A s s o c ia t io n .
C e s s a t i o n  o f  F e l lo w
1. A n y  F ello w  m a y  w ith d ra w  h i s / h e r  t i t le  o f  th e  A s s o c ia tio n  

b y  s ig n ify in g  h i s / h e r  w is h  to  d o  so  b y  a  le t t e r  a d d r e s s e d  
to  th e  H o n . E x e c u tiv e  S e c re ta r y ,  AFST(I), w h ic h  w ill b e  
p la c e d  b e fo re  th e  C E C  fo r  a c c e p ta n c e .

2 . T h e  tit le  w ill r e m a in  fo r  life t im e  o f  th e  m e m b e r .
3 . If  th e  A s s o c ia t io n  c o m e s  to  k n o w  o f  a n y  a c t iv i ty  

p r e ju d ic ia l  to  th e  i n t e r e s t  a n d  w e ll b e in g  o f  th e  
A s s o c ia t io n ,  th e  C E C  w ill h a v e  th e  r ig h t  to  w ith d r a w  
th e  title .

C o n f e r r in g  a s  F e l lo w s
T h e  F e llo w  will b e  c o n fe r re d  w ith  a  C i ta t io n  a t  th e  t im e  

o f  A G BM  o r a l  a n y  o th e r  s u i ta b le  f u n c t io n  o f  t h e  A s s o c ia t io n .
T h e  A s s o c ia t io n  m a y  in v ite  s o m e  F e llo w s , n o m in a te d  

e a c h  y e a r ,  to  d e liv e r  s p e c ia l  l e c tu r e s  in  th e  a r e a  o f  th e i r  
s p e c ia l is a t io n  e i th e r  a t  th e  A G B M  o r  a n y  o t h e r  fu n c t io n  
a r r a n g e d  b y  th e  AFST(l).

P le a se  fo rw a rd  y o u r  n o m in a t io n s  d u ly  filled  a s  p e r  th e  
fo rm a t  g iv en  a n d  m a il  it  b y  R e g is te re d  p o s t  to  th e  H o n . 
E x e c u t i v e  S e c r e t a r y ,  A F S T ( I ) ,  C F T R I  C a m p u s ,  
M y s o re -5 7 0  0 1 3 , b e fo re  1 s t  M a r c h  1 9 9 4 .

T h e  e n v e lo p e  c o n ta in in g  th e  n o m in a t io n  a lo n g  w ith  th e  
b io - d a ta  a n d  c o n t r ib u t io n s  (5 co p ies) s h o u ld  b e  s u p e r s c r ib e d  
'N o m in a tio n  fo r F e llo w  A FST(I)'.

S d / -  G . A . K R IS H N A
H O N . E X E C U T IV E  SEC RETA R Y
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Nomination Form For Fellows
We, the follow ing m em b ers o f AFST(I) w ish  to propose

ASSOCIATION OF FOOD SCIENTISTS & TECHNOLOGISTS (INDIA)
CFTRI CAM PUS, M Y S O R E -570  0 1 3 .

Full n am e and acad em ic d istin ction

FULL NAME 
DATE OF BIRTH 
AREAS OF SPECIALIZATION 
ACADEMIC QUALIFICATIONS

for election  a s  th e  Fellow  of AFST(I). We ap p en d  below  the sta tem en t of h is /h e r  c la im s for e lec tio n  a s  
Fellow and certify th a t in  ou r op in ion  h e /s h e  is  fully qualified for that d istin ction . W e a lso  certify  that 
h e /s h e  h a s  b een  inform ed o f th e  ob ligation s attach in g  the fellow sh ip s of th e  AFST(I) and is  agreeab le 
to abide by th em , if elected .

S ta tem en t o f th e p roposer (not to exceed  100 words) se ttin g  out th e d isco ve iy , in ven tion  or other  
contribution  to new er or p ro c e ss /p r o d u c ts  or th e  in d u stria l developm ent o f the k n ow led ge m ad e b y  the  
candidate.

Seconder's n am e & sign atu re  Proposer's n am e & sign atu re
D ate : D ate :
Station  : S ta tion  :

(S ignature of su p p orters from  p erso n a l/g en era l know ledge)
(1) (2) (3)

I agree for th e above n om in ation

(Name & Signature)

Note : (1) Five cop ies of the can d id ate's b io-d ata  and list of im portant sc ien tific  p u b lica tio n s not 
exceed in g  10 p a g es  and one se t o f  reprints or su p porting  d o cu m en ts  n ot exceed in g  2 0  p ag es  
sh a ll b e attach ed  to th is  form.

(2) A dditional inform ation th a t w ould  b e o f a ss is ta n c e  in  con sid erin g  th e  n om in a tion  m a y  be  
su p p lied  in a sep arate  sh eet.
Last date for receip t o f  n om in ation  at th e  office is  1st March 1994.(3)
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INVITES

NOMINATIONS FOR AFST (I) AWARDS FOR 1 9 9 3

N om inations for th e  follow ing aw ard s o f the AFST(I) for th e  year 19 93  are invited . All n o m in a tio n s  
sh ou ld  be sen t by R egistered  P ost, so  a s  to reach  H onorary E xecutive S ecretary, A sso c ia tio n  o f Food  
S cien tists  and T ech n olog ists (India), CFTRI C am p us, M ysore - 5 7 0  0 1 3 , before 1st March 1994.

PROF. V. SUBRAHMANYAN INDUSTRIAL ACHIEVEMENT AWARD
The gu id elin es for th e aw ard are :

(i) O nly Indian  n a tio n a ls  w ith  o u tsta n d in g  ach ievem en t in  the field o f Food S c ien ce  an d  T echnology  
will be con sid ered  for the award.

(ii) The n om in ee  sh o u ld  have con trib u ted  sign ifican tly  to the en rich m en t o f F ood S cien ce  and  
T echnology, an d  th e d evelopm ent o f agro-based  food an d  allied  in d u str ie s  in  India.

(iii) The n om in ation  du ly proposed  b y  a m em ber o f the A sso cia tio n  m u st  be acco m p an ied  b y  the  
b io-d ata  o f the can d id ate , h igh ligh tin g the work done by h im /h e r  for w h ich  h e / s h e  is  to be  
con sid ered  for th e  award.

(iv) The aw ardee will be se lec ted  by an  expert p an el con stitu ted  by th e C entral E xecu tive  C om m ittee  
of th e  A ssociation .

(v) Central E xecutive C om m ittee M em bers of AFST(I) are n ot eligib le to apply for th e  aw ard during  
their tenure.

The envelope con ta in in g  the n om in a tion s, along w ith  b io -d ata  and con tr ib u tion s (five cop ies) sh ou ld  
be su p erscrib ed  "Nom ination for Prof. V. S u b rah m an yan  Industria l A ch ievem en t Award - 1993".

LALJEE GODHOO SMARAK NIDHI AWARD
The gu id e lin es for the aw ard are :

(i) The R & D g ro u p /p erso n  eligible for the aw ard sh ou ld  have con trib u ted  sign ifican tly  in  the  
area of Food S cien ce  and T echnology in  recent years, w ith a good sta n d in g  in  h is /h e r  field  
of sp ecia liza tion .

(ii) The nom inee(s) sh o u ld  be d u ly  sp on sored  by the H ead o f the resp ective S cien tific  In stitu tion  
an d  the ap p lication  for th is  award sh o u ld  h ighlight com p lete d eta ils  o f the co n tr ib u tio n s m ade  
by the can d id a tes an d  their sign ificance.

(iii) The n om ination  duly proposed  by a m em ber o f the A sso cia tio n  m u st  b e  acco m p an ied  by the  
b io-d ata  of the n om inee.

(iv) Central E xecutive C om m ittee M em bers of AFST(I) are not eligible to apply for th e  aw ard during  
their tenure.

The envelope con ta in in g  the n om in a tion s along w ith  b io -d ata  an d  con tr ib u tion s (five cop ies) sh ou ld  
be superscribed  "Nom ination for Laljee G odhoo Sm arak N idhi A w ard -1993".

A S S O C I A T I O N  O F  F O O D  S C I E N T I S T S  &  T E C H N O L O G I S T S  ( I N D I A )

C F T R I C a m p u s ,  M y s o r e  - 5 7 0  0 1 3 ,  I n d ia
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BEST STUDENT AWARD
T his award is  to  be given  to a stu d en t hav in g  a d istin gu ish ed  acad em ic record an d  u n d ergo in g  the  

final year cou rse  in  Food S cien ce  an d  T echnology in  an y  recogn ised  U niversity in  India. T he aim  o f the  
award is  to recogn ise  th e  b est  ta len t in  th e  field and to en cou rage exce llen ce  am o n gst th e  s tu d en t com m u n ity .

The g u id e lin es for th e aw ard are :
(i) The ap p lican t m u st  b e a n  Indian  n ationa l

(ii) H e /S h e  m u st  b e a stu d en t o f one o f the follow ing co u rse s  :
(a) M .Sc. (Food S c ie n c e s /F o o d  Technology)
(b) B .T ech ., B .S c. (Tech), B .S c. (Chem .Tech) w ith  F ood T ech n ology sp ecia liza tion .

(iii) H e /S h e  sh o u ld  n ot h ave com p leted  2 5  years of age on  3 1 s t  D ecem b er 19 93 .
H eads o f the D ep artm en t o f Food S cien ce  and T echnology in  va rio u s U n iversities m ay  sp o n so r  
the n am e of one stu d en t from  each  in stitu tio n , su p ported  b y  th e  can d id a te 's  b io -d a ta , d eta ils  
startin g  from  h igh  sch o o l onw ards, in clud in g  date of b irth an d  p ost-g rad u ate  perform ance to  
date (five cop ies).

The envelope con ta in in g  the n om in ation  sh ou ld  b e su p erscrib ed  "Nom ination for B est S tu d en t Award 
- 1993".

YOUNG SCIENTIST AWARD
T his award is  a im ed  at stim u la tin g  d istin gu ish ed  scien tific  an d  tech n olog ica l research  in  th e  field  

of Food S cien ce  an d  T echnology am on gst y o u n g  sc ie n tis ts  in their early life.
The gu id e lin es for the aw ard are :

(1) The can d id ate  sh o u ld  be a n  Indian  n ational, below  the age of 3 5  yea rs on  3 1 s t  D ecem b er 1993 , 
w orking in  the area o f Food S cien ce  and Technology.
(i) The can d id ate  sh o u ld  furn ish  evid ence o f either;

(a) O riginal sc ien tific  research  o f h igh  quality, prim arily b y  w ay  o f p u b lish ed  research  
p ap ers an d  (especially  if th e  p ap ers are u n d er  jo in t auth orsh ip ) th e  can d id a te 's  ow n  
con trib u tion  to th e  work.

OR
(b) T echnological con tr ib u tion s of a h igh  order, a s  reflected  b y  a cco m p lish m en ts  in  p ro cess  

d esign  etc ., su b sta n tia ted  w ith  d o cu m en ta iy  evidence.
The application  along w ith  d eta ils  o f con tr ib u tion s and b io-d ata  (five copies) m ay  be s e n t  b y  registered  

post w ith  th e  envelope su p erscr ib ed  "Nom ination for Y oung S c ien tist Award 1993".

BEST PAPER AWARD
T his award is  to be given  by th e  AFST(I) E d u cationa l and P ublication  T rust to th e  au th or(s), w ho  

have con trib u ted  the b est paper to th e  Jo u rn a l o f Food S cien ce  and T ech n ology p u b lish ed  in  19 93 . A  
panel of experts, co n stitu ted  by th e  C entral E xecutive C om m ittee, will scru tin ize  th e is s u e s  an d  se lec t  
the b est  paper for th e  award.
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