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INTRODUCTION 

B i t t e r g o u r d  o c c u p i e s  a p r o m i n e n t  p o s i t i o n  among t h e  

v e g e t a b l e s  grown i n  I n d i a .  I t  i s  b e l i e v e d  t o  h a v e  o r i g i n a t e d  i n  

t h e  t r o p i c a l  r e g i o n s  o f  t h e  Old World and  i s  w i d e l y  d i s t r i b u t e d  

i n  I n d i a ,  Ch ina ,  M a l a y s i a  and  T r o p i c a l  A f r i c a  (Shanmughavelu ,  

1 9 8 9 ) .  B i t t e r g o u r d  is  a v e g e t a b l e  o f  c h o i c e  t o  k e r a l i t e s  o n  

a c c o u n t  of i t s  h i g h  i r o n  c o n t e n t .  The i m p o r t a n c e  o f  b i t t e r g o u r d  

h a s  l o n g  b e e n  r e c o g n i s e d  d u e  t o  i t s  n u t r i t i v e  v a l u e  and 

m e d i c i n a l  p r o p e r t i e s .  The n u t r i t i v e  s t a t u s  of b i t t e r g o u r d  i s  a s  

f o l l o w s ,  83.2  g  m o i s t u r e ,  2 . 1  g  p r o t e i n ,  1 . 0  g  f a t ,  1 .49 g 

m i n e r a l s ,  1 . 7  g  f i b r e ,  10 .6  g  c a r b o h y d r a t e ,  60 K calories o f  

e n e r g y ,  23.0 mg c a l c i u m ,  38.0 mg p h o s p h o r u s ,  2.0 mg i r o n ,  1 2 6 m g  

c a r o t e n e ,  0.07 mg t h i a m i n e ,  0.09 mg r i b o f l a v i n ,  0 .5  mg n i a c i n  

and 88 .0  mg a s c o r b i c  a c i d  p e r  1 0 0  g  e d i b l e  p o r t i o n  (Gopa lan  

e t  a l . ,  1 9 8 2 ) .  F r u i t s  are  u s e d  as  a remedy f o r  d i a b e t e s  and  f o r  -- 
s k i n  and  l e v e r  t r o u b l e s  ( ~ a d k u r n i ;  1 9 5 4 ) .  I t  i s  a l so  r e p o r t e d  

t o  p o s s e s s  c o o l i n g ,  s t o m a c h i c ,  a p p e t i s i n g ,  c a r m i n a t i v e ,  

a n t i  p y r e  t i c  , a n t i h e l m i n t h i c ,  a p h r o d i s i a c  and  v e r m i f u g e  
b 

p r o p e r t i e s  ( B l a t t e r  --  e t  a l . ,  1935;  Chaudhury,  1 9 6 7 ) .  

The f r u i t s  c o n t a i n  two a l k a l o i d s  v i z . ,  momordicine  and  

c u c u r b i t a c i n e .  The f o r m e r  i s  more s p e c i f i c  t o  b i t t e r g o u r d  w h i l e  

t h e  l a t t e r  o c c u r  i n  o t h e r  g e n e r a  o f  c u c u r b i t a c e a e  (Anon, 1 9 6 2 ) .  



Although f r u i t s  are b i t t e r ,  t h e y  are  wholesome and 

es teemed as a  v e g e t a b l e  \;hen t e n d e r  or  p i c k l e d .  I t  can  a l s o  b e  

p r e s e r v e d  f o r  l a t e r  u s e  i n  t h e  form of d r i e d  sl ices.  Because o f  

t h e s e  u n i q u e  q u a l i t i e s  t h e r e  i s  a lways  a  consumer p r e f e r e n c e  f o r  

t h i s  v e g e t a b l e ,  moreover  b i t t e r g o u r d  i s  a l s o  e x p o r t e d  t o  f o r e i g n  

c o u n t r i e s  and s t ~ n d s  t h i r d  a f t e r  o n i o n  and  o k r a  (Anon, 1 9 9 2 ) .  

Major problem a s s o c i a t e d  w i t h  b i t t e r g o u r d  i s  t h e  h i g h l y  

p e r i s h a b l e  n a t u r e  of t h e  f r e s h  f r u i t s  r e s u l t i n g  i n  p roduce  l o s s  

i n  l a r g e  q u a n t i t i e s  d u r i n g  t r a n s i t  and m a r k e t i n g .  Any e f f o r t ,  

t h e r e f o r e ,  t o  r e d u c e  t h e  p o s t h a r v e s t  loss i n  b i t t e r g o u r d  i s  a s  

i m p o r t a n t  a s  t h e  improvement o f  t h e  p r o d u c t i o n  t e c h n o l o g y .  T h i s  

a l s o  w i l l  add t o  much needed f o r e i g n  exchange e a r n i n g s  by 

promot ing  e x p o r t s . '  

Crop n u t r i t i o n  i s  one  of t h e  p r e h a r v e s t  f a c t o r s  

i n f l u e n c i n g  t h e  qua1  i t y  and s t o r a g e  b e h a v i o u r  of f r u i t s  and 

v e g e t a b l e s  ( P a n t a s t i c o ,  1 9 7 5 ) .  N e g a t i v e  i n f l u e n c e  of e x c e s s i v e  

d o s e  of f e r t i l i z e r s  o n  t h e  s t o r a g e  l i f e  of p r o d u c e  h a s  become a  

m a t t e r  o f  s e r i o u s  c o n c e r n  t o  farmers, t r a d e r s  and consumers .  A t  

t h e  same t i m e  methods to  improve s h e l f  l i f e  of f r u i t s  and 

v e g e t a b l e s  t h r o u g h  v a r i o u s  methods l i k e  u s e  of growth  r e g u l a t i n g  

c h e m i c a l s  e i t h e r  b e f o r e  or  a f t e r  h a r v e s t  a r e  a l s o  b e i n g  t r i e d .  

The enhanced s t o r a g e  l i f e  of f r e s h  f r u i t s  and v e g e t a b l e s  a s  a  

r e s u l t  of a p p l i c a t i o n  of growth r e g u l a t o r s  and  o t h e r  c h e m i c a l s  

have been proved i n  many h o r t i c u l t u r a l  c r o p s .  But s u r h  t r i a l s  

are n o t  r e p o r t e d  i n  b i t t e r g o u r d .  



The o n l y  p r o c e s s e d  form of  b i t t e r g o u r d  i s  t h e  s u n d r i e d  

slices which i s  h o t  o i l  f r i e d  and consumed a s  a s i d e  d i s h  a l o n g  

w i t h  r ice mea l s .  No s t a n d a r d i s a t i o n  h a s  been  done  i n  t h i s  l i n e  

of p r o c e s s i n g  o f  b i t t e r g o u r d .  

Dur ing  t h e  p r e s e n t  i n v e s t i g a t i o n ,  i n f l u e n c e  o f  d i f f e r e n t  

p r e  and p o s t h a r v e s t  t r e a t m e n t s  on  t h e  s t o r a g e  l i f e  and q u a l i t y  

of f r e s h  b i t t e r g o u r d  (Momordica c h a r a n t i a  L . )  was s t u d i c d .  

F u r t h e r ,  s t a n d a r d i s a t i o n  of p r e s e n t  t e c h n o l o g y  of p r o c e s s i n g  of  

b i t t e r g o u r d  w a s  a l s o  done.  The o b j e c t i v e s  o f  t h e  i n v e s t i g a t i o n s  

w e r e :  

1. T o  s t u d y  t h e  e f f e c t  o f  o r g a n i c  and  i n o r g a n i c  s o u r c e s  of  

n i t r o g e n  on s h e l f  l i f e  of f r e s h  f r u i t s  of b i t t e r g o u r d .  

2. To s t u d y  t h e  e f f e c t  of p r e h a r v e s t  s p r a y s  o f  growth 

r e g u l a t o r s  on s h e l f  l i f e  o f  b i t t e r g o u r d  f r u i t s .  

3 .  To s t u d y  t h e  e f f e c t  o f  p o s t h a r v e s t  t r e a t m e n t s  on  s h e l f  l i f e  

of b i t t e r g o u r d  f r u i t s .  

4.  To s t a n d a r d i s e  d r y i n g  t e c h n i q u e ( s 1  s u i t a b l e  f o r  b i t t e r g o u r d .  

5. To s t u d y  t h e  s t o r a g e  b e h a v i o u r  of d e h y d r a t e d  b i t t e r g o u r d  i n  

selected packag ing .  





REXIEW OF LITERATURE 

S e v e r a l  methods have  been t r i e d  t o  improve t h e  s t o r a g e  

l i f e  o f  p e r i s h a b l e s .  Some o f  them a r e ,  u s i n g  t h e  most 

a p p r o p r i a t e  combina t ion  of  o r g a n i c  and i n o r g a n i c  s o u r c e s  of 

p l a n t  n u t r i e n t s ,  p r e  or  p o s t h a r v e s t  a p p l i c a t i o n  of d i f f e r e n t  

growth r e g u l a t j  ng c h e m i c a l s  and s t o r a g e  u n d e r  c o n t r o l l e d  

a t m o s p h e r i c  c o n d i t i o n s .  P r o c e s s i n g  i n t o  v a l u e  added p r o d u c t s  

w i t h  l o n g  s t o r a g e  l i f e  is t h e  o t h e r  method of  u t i l i z a t i o n  of 

f r e s h  p roduce .  Most of t h e  s t u d i e s  o n  t h e s e  a s p e c t s  were 

c o n c e n t r a t e d  on f r u i t  c r o p s  and so l i t e r a t u r e  on p o s t h a r v e s t  

t e c h n o l o g y  o f  v e g e t a b l e s  i s  c o m p a r a t i v e l y  1 i m i t e d .  The 

a v a i l a b l e  l i t e r a t u r e  i s  rev iewed h e r e  u n d e r  t h e  f o l l o w i n g  

t i t les :  

2 . 1  E f f e c t  of manures and f e r t i l i z e r s  on p o s t h a r v e s t  l i f e  and 

qua1 i t y  . 
2.2 E f f e c t  of growth  r e g u l a t o r s  o n  s t o r a g e  l i f e  and q u a l i t y .  

2.3 E f f e c t  o f  p r e t r e a t m e n t s  o n  t h e  q u a l i t y  o f  d e h y d r a t e d  

v e g e t a b l e s .  

2.4 Packag ing  of d e h y d r a t e d  p r o d u c t s .  

2.1 E f f e c t  of manures  and  fer t i l izers  o n  p o s t h a r v e s t  l i f e  and  

q u a l i t y  

2.1.1 S t o r a g e  l i f e  

R e p o r t s  a v a i l a b l e  p r o p o s e  d i v e r g i n g  r e s u l t s  w i t h  r e g a r d  



t o  t h e  e f f e c t  of f e r t i l i z e r s  on  t h e  s t o r a g e  l i f e  o f  f r u i t s  and 

v e g e t a b l e s .  

I n  tomato ,  l a c k  o f  p o t a s s i u m  produced  f i r m e r  f r u i t s  

which s o f t e n e d  m o r e  r a p i d l y  i n  s t o r a g e  (Beaumont and Chand le r ,  

1 9 3 3 ) .  Maiwald (1942)  conduc ted  e x p e r i m e n t s  t o  t e s t  t h e  e f f e c t  

of f e r t i l i z e r s  o n  t h e  s t o r a g e  l i f e  of p o t a t o e s ,  b e e t s  and o n i o n  

and o b t a i n e d  i n r o n s i s t e n t  r e s u l t s .  E l l i o t  ( 1 9 5 6 )  r e p o r t e d  t h a t  

t oma toes  grown i n  soil-less p l o t s  r e c e i v i n g  a l l  n u t r i e n t s  i n  t h e  

i n o r g a n i c  form were more n u t r i t i o u s ,  had less d i s e a ~ e  and k e p t  

b e t t e r  t h a n  t h e  tomatoes grown unde r  s t a n d a r d  c o n d i t i o n s .  

S ingh  and Kumar (1969)  found  t h a t  r o t t i n g ,  s p r o u t i n g  and 

-1 
we igh t  losses w e r e  h i g h e r  i n  o n i o n s  grown a t  112  kg N ha , 

whereas  k e e p i n g  q u a l i t y  was improved by h i g h e r  P l e v e l  

( 5 0  kg ha-'). Basoccu and L i u z z o  ( 1 9 7 0 )  c o n d u c t e d  t r i a l s  w i t h  

320 kg ha-' P205 and K 2 0  e a c h  t o  s t u d y  t h e i r  e f f e c t  on q u a l i t y  

and s t o r a g e  l i f e  o f  c e l e r y .  The r e s u l t s  d i d  n o t  i n d i c a t e  any 

s u i t a b l e  f e r t i l i z e r  fo rmula .  

Quresh i  -- e t  a l .  ( 1972)  found t h a t  s t o r a g e  l i f e  o f  t oma to  

w a s  r e d u c e d  by i n c r e a s i n g  d o s e s  of  N. I n  cabbage  a p p l i c a t i o n  of 

120  kg P205 t o g e t h e r  w i t h  240 kg K 2 0  ha - I  improved t h e  

s t o r a b i l i t y .  Syp ien  -- e t  - a l .  (1973)  o b s e r v e d  t h a t  P-dium l e v e l  of  

N (150  kg ha-') gave  maximum s t o r a g e  l i f e  i n  o n i o n .  I n  on ion ,  

N a p p l i c a t i o n  had n o  effect o n  k e e p i n g  q u a l i t y  d u r i n g  s t o r a g e  a t  



- l ° C  t o  +2OC, whereas  N a p p l i c a t i o n  i n c r e a s e d  s p r o u t i n g  d u r i n g  

s t o r a g e  a t  12  t o  14OC (Henr i cksen ,  1 9 8 4 ) .  

Bhatnagar  --  e t  a l .  ( 1 9 8 5 )  o b s e r v e d  t h a t  h i g h e r  l e v e l  o f  N 

(120  kg h a - l )  w i t h  l o w  i r r i g a t i o n  i n  t oma to  gave  f r u i t s  w i t h  

l o n g e s t  s h e l f  l i f e .  These  f r u i t s  kept  b e s t  f o r  a b o u t  1 0  days  a t  

room t e m p e r a t u r e  and 20 days  a t  5OC. J o s e p h  (1985)  s t u d i e d  t h e  

i n f l u e n c e  of ma jo r  n u t r i e n t s  on  t h e  s t o r a g e  l i f e  o f  o r i e n t a l  

p i c k l i n g  melon (Cucumis m e l o  v a r  conomon L . )  and r e p o r t e d  

i n c r e a s e d  d e g r e e  of  r o t t i n g  i n  t r e a t m e n t s  which r e c e i v e d  

i n o r g a n i c  form o f  N ,  P and K .  The o r g a n i c  f o r m  of manures 

showed a  d e f i n i t e  a d v a n t a g e  o v e r  i n o r g a n i c  f e r t i l i z e r s  i n  

r e s p e c t  o f  s t o r a g e  l i f e  o f  f r u i t s .  

Kato  - -  e t  a l .  ( 1987)  obse rved  i n c r e a s e d  r o t t i n g  of o n i o n  

b u l b s  s t o r e d  under  room c o n d i t i o n s  w i t h  i n c r e a s i n g  a p p l i c a t i o n  

o f  n i t r o g e n o u s  f e ~ t i l i z e r s .  Rao and S r i n i v a s  (1990)  found 

s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  s t o r a g e  b e h a v i o u r  o f  o n i o n  w i t h  

r e s p e c t  t o  b u l b  f i r m n e s s ,  t o t a l ,  s o l u b l e  s o l i d s  and s u g a r s  w i t h  

t h e  a p p l i c a t i o n  o f  g r a d e d  levels  of n i t r o g e n .  N i t r o g e n  

s i g n i f i c a n t l y  d e c r e a s e d  t h e  d r y  matter, i n c r e a s e d  t h e  a v e r a g e  

we igh t  and y i e l d  of t h e  b u l b ;  b u t  t h e r e  was n o  change  i n  we igh t  

loss  d u r i n g  s t o r a g e .  R o t t i n g  and s p r o u t i n g  were h i g h e r  (31.14 

p e r  c e n t  and 7.59 p e r  c e n t  a f t e r  6  months o f  s , t o r a g e )  w i t h  N 

200 kg ha-', which r educed  t h e  s t o r a b i l i t y .  S t o r a g e  loss  was 

56.65 p e r  c e n t  and 62 .1  p e r  c e n t  r e s p e c t i v e l y  w i t h  N 160  and 

200 kg ha - I  a f t e r  6  months o f  s t o r a g e .  



2.1.2 Q u a l i t y  

It was obse rved  t h a t  l e v e l s  of  N a p p l i e d  had l i t t l e  

effect o n '  a s c o r b i c  a c i d  c o n t e n t  of p e a s  (C7i lcox and f l o r r e l ,  

1948)  and tomato ( D a s t a n e  - e t  - a l . ,  1 9 6 3 ) .  However, a  r e d u c t i o n  

i n  a s c o r b i c  a c i d  under  h i g h  N l e v e l  w a s  r e p o r t e d  by Anisimov ' 
(1953)  i n  o n i o n  t o p s ,  cress l e a v e s  and p e a  l e a v e s .  S ingh  (1957)  

found t h a t  a p p l i c a t i o n  of s u l p h a t e  of ammonia a l o n e  or i n  

combina t ion  w i t h  FYbl t o  o n i o n  d i d  n o t  a f f e c t  s t o r a g e  q u a l i t y .  

Schremer and Warner ( 1 9 5 7 )  r e p o r t e d  t h a t  i n  v e g e t a b l e s  N had 

n e g a t i v e  effect  w h i l e  K had pronounced p o s i t i v e  e f f e c t  and P  d i d  

n o t  a f f e c t  v i t a m i n  C c o n t e n t .  I n  i r r i g a t e d  cucumber NPK 

a p p l i c a t i o n  improved d r y  matter and  v i t a m i n  C c o n t e n t s  

( B o l o t a s k i s h ,  1969)  . 

High rates of N i n c r e a s e d  a s c o r b i c  a c i d  c o n t e n t  i n  

cabbages  ( L a r g s k i j ,  1 9 6 9 ) .  However h e  d i d  n o t  o b s e r v e  any 

effect of N on t h e  ascorbic a c i d  c o n t e n t  i n  c u c u r b i t s .  

Gnanakumari and Sa tyana rayana  (1971)  s t u d i e d  t h e  e f f e c t  of 

graded  l e v e l s  of NPK f e r t i l i z e r s  on t h e  c o m p o s i t i o n  of  b r i n j a l  

v a r .  Pusa  P u r p l e  Long. V i t amin  C c o n t e n t  was maximum i n  t h e  

f r u i t s  from t h e  t r e a t m e n t  t h a t  r e c e i v e d  a l l  t h e  ma jo r  t h r e e  

- 1 n u t r i e n t s  a t  t h e  r a t e  of 280 kg h a  . I n  cucumber N r a t e s  above  

60 kg ha - I  i n h i b i t e d  a s c o r b i c  a c i d  a c c u m u l a t i o n ,  whereas  h i g h e r  

P rates enhanced it ( ~ a r g s k i i ,  1 9 7 1 ) .  ~ c c o r d i n g  t o  Roy and S e t h  

(1971)  v i t a m i n  C c o n t e n t  of r a d i s h  i n c r e a s e d  s i g n i f i c a n t l y  w i t h  

t h e  a p p l i c a t i o n  of  f e r t i l i z e r s .  P  and K l e v e l s  had a  



s i g n i f i c a n t  p o s i t i v e  e f f e c t  w h e r e a s  effect of N was i n s i g n i -  

f i c a n t .  Sharma and Mann ( 1 9 7 1 )  r e p o r t e d  a n  i n c r e a s e  i n  a s c o r b i c  

a c i d  c o n t e n t  o f  tomato f r u i t s  by t h e  a p p l i c a t i o n  o f  n i t r o g e n o u ~  

and p h o s p h a t i c  f e r t i l i z e r s .  Lachover  ( 1 9 7 2 )  found  t h a t  

a p p l i c a t i o n  o f  K g r e a t l y  i n c r e a s e d  y i e l d  and q u a l i t y  i n  p o t t e d  

tomato p l a n t s .  

Tseng  ( 1 9 7 2 )  o b s e r v e d  t h a t  s t o r a g e  q u a l i t y  o f  o n i o n  b u l b  

v7as improved by p o t a s s i c  f e r t i l i z e r s .  I n  carrot ,  f e r t i l i z e r s  

had o n l y  a s l i g h t  e f f e c t  on t h e  n u t r i t i o n a l  v a l u e  o f  t h e  r o o t s  

(Adr i anov ,  1 9 7 3 ) .  Summaris ing a  t h r e e  y e a r s  m a n u r i a l  t r i a l  i n  

l e e k ,  Kolota (1973 )  r e p o r t e d  t h a t  N and P r e d u c e d  t h e  l e e k  

v i t a m i n  C c o n t e n t  whe rea s  K i n c r e a s e d  it. S y p i e n  - e t  gl-. ( 1 9 7 3 )  

r e p o r t e d  b e s t  b u l b  q u a l i t y  i n  o n i o n  w i t h  t h e  a p p l i c a t i o n  of  

150  kg  N ha-' b e f o r e  sowing.  

I n  a t w e l v e  y e a r  e x p e r i m e n t  w i t h  v e g e t a b l e s  d u r i n g  

1960-1972 , Schuphan ( 1974  ) o b s e r v e d  t h a t  o r g a n i c a l  l y  grown 

s p i n a c h ,  celeriac, Savoy cabbage ,  carrots  and  l e t t u c e  had h i g h  

d r y m d t e r ,  r e l a t i v e  p r o t e i n ,  a s c o r b i c  a c i d ,  t o t a l  s u g a r s ,  K t  C a t  

P and Fe  c o n t e n + s ,  l o w e r  n i t r a t e ,  f r e e  amino a c i d s  and  sodium 

c o n t e n t s .  To lkynbaev  ( 1 9 7 4 )  r e c o r d e d  t h a t  tomatoes grown w i t h  

t h e  a p p l i c a t i o n  o f  20 t FYM and 120  kg  N ,  150  kg P 0 and (60  kg K O  
2  5 2 

ha-' p roduced  f r u i t s  w i t h  t h e  h i g h e s t  c o n t e n t  o f  a s c o r b i c  a c i d  

(26.5  mg/100 g ) .  When t h e  N c o n t e n t  was r a i s e d  f rom 120  k g  t o  

180  kg  h a - l ,  t h e  a s c o r b i c  a c i d  was d e c r e a s e d  by 2.6 mg. 



Randhawa and B h a i l  ( 1 9 7 6 )  found  t h a t  i n c r e a s e d  N a p p l i -  

c a t i o n  s i g n i f i c a r l t l y  i n c r e a s e d  t h e  a s c o r b i c  a c i d  c o n t e n t  i n  

c a u l i f l o w e r .  I n  cucumber v i t a m i n  C c o n t e n t  rose w i t h  i n c r e a s i n g  

NPK rates . (Krynska et g . ,  1 9 7 6 ) .  Accord ing  t o  F e h e r  (1979)  

i n c r e a s i n g  K l e v e l  had a f a v o u r a b l e  e f f e c t  on toma to  f r u i t  

q u a l i t y  i n  terms of r e f r a c t i v e  i n d e x ,  s u g a r  and  a c i d  c o n t e n t s  

whereas  v i t a m i n  C c o n t e n t  w a s  n o t  a f f e c t e d  by n u t r i e n t  l e v e l s .  

R e s u l t s  o f  a leaf a n a l y s i s  i n  t oma to  by Genechev -- e t  a l .  (1979)  

showed t h a t  h i g h  N and Ca l e v e l s  promoted c h l o r o p h y l l  a  

c h l o r o p h y l l  b  and c a r o t e n o i d  a c c u m u l a t i o n  whereas  h i g h  P and S 

reduced  them. P a n d i t a  and Bha tnaga r  ( 1 9 8 1 )  o b s e r v e d  t h a t ,  t h e  

T.S.S. j u i c e  and a s c o r b i c  a c i d  c o n t e n t  were h i g h e r  i n  tomato  

-1 f r u i t s  f rom p l a n t s  r e c e i v e d  120 kg N and 90 kg P205 ha . Bubiez 

et  &. (1981)  op ined  t h a t  i n  caps icum f r u i t s  h i g h e s t  c o n t e n t  of - 
a s c o r b i c  a c i d  and  c a p s a i c i n  were i n  p l a n t s  t h a t  r e c e i v e d  K o a t t h e  

2 

ra te  of  180  kg ha-'. I n  s p i n a c h  grown on s a n d y  loam s o i l ,  t h e  

h i g h e s t  y i e l d  and  a s c o r b i c  acid c o n t e n t  were  i n  r e s p o n s e  t o  t h e  

a p p l i c a t i o n  o f  a  h i g h e r  d o s e  o f  90 kg ha-' N and 20 t ha-' FYM 

(Kansa l  et &. 1 9 8 1 ) .  S h i n o h a r a  and S u z u k i  (1981)  o p i n e d  t h a t  

ascorbic acid and  s u g a r  c o n t e n t  o f  s p i n a c h  l e a v e s  w e r e  h i g h e r  i n  

p l a n t s  grown i n  q u a r t e r  s t r e n g t h  of s t a n d a r d  n u t r i e n t  s o l u t i o n s .  

Subb iah  and  Ramanathan (1982)  found  t h a t  added N enhanced c r u d e  

p r o t e i n  and c a r o t e n e  c o n t e n t s  w h i l e  it d e c r e a s e d  t h e  a s c o r b i c  

a c i d  c o n t e n t  i n  amaranthus .  Added K had no  marked effect on 

c a r o t e n e  and  ascorbic a c i d  c o n t e n t .  



Joseph  (1985)  r e p o r t e d  t h a t  i n  o r i e n t a l  p i . ck l ing  melon 

maximum v i t a m i n  C c o n t e n t  was found  i n  f r u i t s  t h a t  r e c e i v e d  t h e  

s t a n d a r d  d o s e  of major n u t r i e n t s  in t h e  i n o r g a n i c  form.  Irres- 

p e c t i v e  of fe r t i l i se r  t r e a t m e n t s  v i t a m i n  C c o n t e n t  o f  t h e  f r u i t s  

d e c r e a s e d  c o n s t a n t l y  w i t h  i n c r e a s i n g  p e r i o d s  o f  s t o r a g e .  Maximum 

T.S.S. of  3.54O Bx was r e c o r d e d  i n  t h e  t r e a t m e n t  which r e c e i v e d  

t h e  h i g h e s t  d o s e  o f  major n u t r i e n t s  c o m p l e t e l y  t h r o u g h  i n o r g a n i c  

form. T.S.S. i n c r e a s e d  d u r i n g  s t o r a g e  u p t o  t h r e e  months and 

t h e n  s l i g h t l y  d e c l i n e d .  I n  r a d i s h ,  root a s c o r b i c  a c i d  c o n t e n t  

was h i g h e s t  a t  t h e  l o w e s t  N and h i g h e s t  P r a t e s  ( J o s h i  and 

P a t i l ,  1 9 8 8 ) .  

Zhang - e t  &. (1988)  found t h a t ,  t h e  combined u s e  o f  N 

w i t h  p h o s p h a t i c  and  p o t a s s i c  f e r t i l i z e r s  or w i t h  soybean  meals  

s u p p l i e d  t h e  n u t r i e n t s  i n  b a l a n c e d  manner t o  t o m a t o  and r e s u l t e d  

i n  b e t t e r  f r u i t  q u a l i t y  r a t h e r  t h a n  t h e  a p p l i c a t i o n  o f  n i t r o -  

genous f e r t i l i z e r s  a l o n e .  Accord ing  t o  Abusa leha  and Shanmuga- 

v e l u  (1988)  combina t ion  o f  o r g a n i c  and  i n o r g a n i c  f e r t i l i z e r s  a t  

h i g h e r  l e v e l s  i n c r e a s e d  t h e  a s c o r b i c  a c i d  c o n t e n t  o f  o k r a .  The 

f r u i t s  of t h e  p l a c t s  a p p l i e d  w i t h  i n o r g a n i c  form a l o n e  r e c o r d e d  

t h e  lowest a s c o r b i c  a c i d  c o n t e n t  compared w i t h  p l a n t s  s u p p l i e d  

w i t h  o r g a n i c  form o f  manures S h a n t h i  and B a l a k r i s h n a n  (1989)  

r e p o r t e d  h i g h e r  a s c o r b i c  a c i d  c o n t e n t  (10.37 mg/100 g ) ,  

t o t a l  s u g a r s  (4 .93  p e r  c e n t )  and T.S.S. (14 .62  p e r  c e n t )  i n  

o n i o n  p l a n t s  t h a t - r e c e i v e d  N 90 kg h a - l .  



2.2 E f f e c t  of growth r e g u l a t o r s  on q u a l i t y  and s t o r a g e  l i f e  

2.2.1 G i b b e r e l l i c  a c i d  ( G A )  

G i b b e r e l l i n s  have been recogn i sed  a s  a n a t u r a l  growth 

s u b s t a n c e  i n  h i g h e r  p l a n t s  and it i s  g e n e r a l l y  ag reed  t h a t  t h e s e  

s u b s t a n c e s  a r e  l i k e l y  t o  p l a y  d i r e c t  o r  i n d i r e c t  r o l e s  i n  a lmos t  

eve ry  p h y s i o l o g i c a l  p r o c e s s  of p l a n t s .  A s i g n i f i c a n t  i n c r e a s e  

i n  t h e  a s c o r b i c  a c i d  c o n t e n t  of  tomato f r u i t s  was r e p o r t e d  wi th  

GA sp ray  a t  50 ppm ( S r i v a s t a v a  and S r i v a s t a v a ,  1964) .  S i m i l a r  

r e s u l t s  w e r e  r e p o r t e d  by Oza and Rangnekar (1969) i n  tomato. 

They a l s o  observed t h a t  GA a p p l i e d  a t  f r u i t  s e t t i n g  s t a g e  

r e s u l t e d  i n  accumula t ion  of s i g n i f i c a n t l y  more a s c o r b i c  a c i d  

t h a n  when a p p l i e d  a t  t h e  bud and f l o w e r i n g  s t a g e s .  

I n  f r u i t s  of  E a r l y  Pak No.7 and A c e  v a r i e t i e s  of tomato, 

p o s t h a r v e s t  d i p  t r e a t m e n t  of  GA (10  t o  100 ppm) r e t a r d e d  

r i p e n i n g  and extended s t o r a g e  l i f e  (Kader -- e t  a l . ,  1 9 6 6 ) .  Dos ta l  

and Leopold (1967)  found t h a t  mature  g r e e n  f r u i t s  of tomato when 

dipped i n t o  s o l u t i o n s  o f  M GA r e t a r d e d  t h e  development of  

r e d  c o l o u r  and de layed  t h e  rise i n  c a r o t e n o i d  l e v e l .  

Ch lo rophy l l  c o n t e n t  remained h igh  when GA was a p p l i e d  a t  M 

and GApreven ted  any r ise  i n  lycopene c o n t e n t .  Tagmazjan (1968) 

r e p o r t e d  t h a t  t h e  cucumber p l a n t s  t r e a t e d  w i t h  0.002 p e r  c e n t  GA 

t o g e t h e r  w i t h  NPK f e r t i l i s a t i o n  showed less s u g a r  and v i t amin  C 

c o n t e n t  and enhanced f lower ing .  Con t ra ry  t o  t h i s ,  g i b b e r e l l i n  

de layed  t h e  appearance  of female  flowers and reduced t h e i r  

number i n  g l a s s  house cucumber (Stambera and Zeman, 1969) .  



Chauhan and Singh (1970)  obse rved  t h a t  f o l i a r  s p r a y i n g  

of  GAlSppmattwo and t h r e e  weeks a f t e r  t r a n s p l a n t i n g  produced an  

e a r l y  and h i g h  y i e l d  w i t h  good q u a l i t y  cabbage.  GA a c c e l e r a t e d  

r i p e n i n g  i n  tomato  f r u i t s  by two and t h r e e  weeks i n  p l a n t s  grown 

a t  h i g h  t e m p e r a t u r e  reg ime (35°C day  and 25OC n i g h t )  and normal 

t e m p e r a t u r e  reg ime (22OC day and 18OC) r e s p e c t i v e l y  (Abda l l a  and 

Verkerk ,  1 9 7 0 ) .  

Herregods (1971)  r e p o r t e d  t h a t  s p r a y i n g  b r u s s e l  s p r o u t s  

and l e e k s  o n e  week b e f o r e  h a r v e s t  w i t h  GA 100 ppm ex tended  t h e i r  

s h e l f  l i f e  u p t o  9 t o  I 9  d a y s  from seven  days .  They a l s o  

r e p o r t e d  t h a t  p r e h a r v e s t  s p r a y  and p o s t h a r v e s t  immersion with OA 

d e l a y e d  c o l o u r a t i o n  a t  14OC by e i g h t  and two d a y s  r e s p e c t i v e l y  

i n  tomato.  GA r educed  t h e  l e a f  c h l o r o p h y l l  c o n t e n t  i n  cucumber 

p l a n t s  ( S e d l o v s k i i ,  1 9 7 2 ) .  

I r u l a p p a n  (1972)  s t u d i e d  t h e  e f f e c t  o f  d i f f e r e n t  growth 

r e g u l a t o r s  i n  tomato  and r e p o r t e d  t h a t  GA 200 ppm i n c r e a s e d  t h e  

a s c o r b i c  a c i d  c o n t e n t  o f  f r u i t s  by 27 p e r  c e n t .  F r u i t s  t r e a t e d  

w i t h  GA (100/200 ppm) s t a r t e d  t o  show symptoms o f  s p o i l a g e  on  

t w e l f t h  day and t h e s e  f r u i t s  l o s t  t h e i r  l u s t r e ,  market  

appea rance  and w e r e  s p o i l e d  mainly due t o  s h r i n k a g e  o n l y  on 

f o u r t e e n t h  day ,  a s  compared t o  e i g h t  .days i n  c o n t r o l  a t  room 

t e m p e r a t u r e .  Under c o l d  s t o r a g e  c o n d i t i o n  GA t r e a t e d  f r u i t s  had 

30 t o  35 days  s t o r a g e  l i f e  whereas c o n t r o l  had a c c e p t a b i l i t y  

o n l y  u p t o  20 t o  30 days .  It  was a lso found t h a t  GA i n c r e a s e d  

t h e  c h l o r o p h y l l  c o n t e n t  o f  f r u i t s  by 20 p e r  c e n t .  



P o s t h a r v e s t  d i p  t r e a t m e n t  of o k r a  v a r .  Pusa  Sawani w i t h  

GA a t  100 o r  250 ppm and s u b s e q u e n t  p o l y t h e n e  packag ing  and 

s t o r i n g  a t  room t e m p e r a t u r e  g a v e  n i n e  days  s t o r a g e  l i f e  (S ingh  

and Dhankar, 1 9 8 0 ) .  I n  tomato GA 5  ppm a s  s e e d l i n g  t r e a t m e n t  

enhanced t h e  q u a l i t y  of f r u i t s  (Mohan and S i n h a ,  1.988). 

2.2.2 Cycocel  (CCC) 

D i c h l o r o  e t h y l  t r i m e t h y l  ammonium c h l  o r i d e  an ana logue  

of c h o l i n e  i s  a l s o  known a s  ch lo rmequa t  or c h l o r o c h o l i n e  

c h l o r i d e  which i s  a b b r e v i a t e d  as  CCC. The a c t i o n  of CCC i s  

a p p a r e n t l y  a n t a g o n i s t i c  t o  t h a t  o f  g i b b e r e l l i n e s  i .e., t h i s  

compound s h o r t e n s  s t e m  e l o n g a t i o n .  

A b d a l l a  and Verkerk  (1970)  obse rved  t h a t  CCC t r e a t e d  

toma to  p l a n t s  had d a r k  g r e e n  l e a v e s .  CCC i n h i b i t e d  c h l o r o p h y l l  

d e g r a d a t i o n  and c a r o t e n o i d  f o r m a t i o n  i n  r i p e n i n g  tomato  and r e d  

peppe r  f r u i t s  (Kamienska and Chrominski ,  1971)  . I r u l a p p a n  

(1972)  r e p o r t e d  t h a t  t h e  s h e l f  l i f e  of toma to  was doubled  

by p o s t h a r v e s t  d i p s  i n  CCC. 

I n  a n  expe r imen t  CCC improved toma to  f r u i t  q u a l i t y  a t  

500 t o  1500 ppm (Metwally et G . ,  1 9 7 9 ) .  P o s t h a r v e s t  d i p  

t r e a t m e n t  of o k r a  f r u i t s  i n  100  pprn CCC gave  t h r e e  d a y s  s h e l f  

l i f e  a t  room t e m p e r a t u r e  and 12  d a y s  a t  10°C (S ingh  - e t  -- a l . ,  

1979) .  Chlormequat 2000 ppm t r e a t m e n t  gave  t h e  b e s t  o v e r a l l  

f r u i t  q u a l i t y  i n  toma to  (Fonseca  - e t  -- al . ,  1 9 8 0 ) .  



I n  a  s t u d y  Grape Var P e r l e t t e  were g iven  p r e h a r v e s t  d i p  

t r e a t m e n t  wi th  CCC and i t  was observed t h a t  w i t h  2000 ppm CCC 

p h y s i o l o g i c a l  loss i n  weight  was on ly  6.11 p e r  c e n t  a f t e r  35 

days  i n  c o l d  s t o r a g e .  Th i s  t r e a t m e n t  a l s o  c o n t r o l l e d  b e r r y  r o t  

and b e r r y  s h a t t e r  d u r i n g  s t o r a g e  (Kalhon and D h i l l o n ,  1 9 8 0 ) .  

2 .2 .3  Male ic  hydraz ide  ( M H )  

Male ic  hydraz ide  ( M H )  i s  a p l a n t  growth r e g u l a t o r  which 

h a s  wide p r a c t i c a l  u t i l i t y .  Sciioene and Hoffman (1949) was t h e  

f i r s t  t o  r e p o r t  t h e  i n h i b i t o r y  e f f e c t  of MH on  p l a n t  growth. 

The g r e a t e s t  p r a c t i c a l  u s e  of  MH l i e s  i n  i t s  p r o p e r t y  t o  

prolong t h e  s t o r a g e  l i f e  o f  many food c r o p s .  T h i s  p r o p e r t y  of 

t h e  chemical  has  e x t e n s i v e l y  been s t u d i e d  and r e p o r t e d  by many 

workers .  Zukel (1950)  r e p o r t e d  t h e  i n h i b i t o r y  e f f e c t  of MH on 

p o t a t o  t u b e r s  under  s t o r a g e .  H e  found t h a t  h igh  c o n c e n t r a t i o n  

of  MH u p t o  0 . 3  p e r  c e n t  i n h i b i t e d  s p r o u t i n g  of t u b e r s  a t  room 

t e m p e r a t u r e  f o r  o v e r  f ive  months. I n  t h e  f o l l o w i n g  y e a r s  

s e v e r a l  workers  produced ev idence  o n  t h e  e f f e c t i v e n e s s  of t h i s  

chemical  i n  i n h i b i t i n g  t h e  s p r o u t i n g  of  p o t a t o  t u b e r s  i n  

s t o r a g e .  Kennedy and Smith ( 1951 and 195 3 )  o b t a i n e d  c o n s i d e r a b l e  

r e d u c t i o n  i n  s p r o u t i n g  o f  t u b e r s  when t h e  v i n e s  w e r e  sprayed 

wi th  MH, s i x  t o  t e n  weeks b e f o r e  harves. t .  Chaudhary and 

Bhatnagar (1954) i n  t h e i r  s t u d i e s  i n  r a d i s h  found t h a t  wa te r  

ho ld ing  c a p a c i t y  of  r o o t s  was i n c r e a s e d  by t r e a t i n g  t h e  c r o p  

wi th  MHI t h e r e b y  improving t h e i r  keep ing  q u a l i t y .  



R a k i t i n  e t  a l .  ( 1973)  r e p o r t e d  improved s t o r a b i l i t y  of - - 
o n i o n  b u l b s  by p r e h a r v e s t  a p p l i c a t i o n  o f  30 p e r  c e n t  MI]-D or  40 

to  80 p e r  c e n t  IIH-Na p r e p a r a t i o n s .  These t r e a t m e n t s  i n h i b i t e d  

b u l b  s p r o u t i n g  and b u l b  w a t e r  loss d u r i n g  s t o r a g e .  Being 

n o n t o x i c  t o  man, sodium s a l t  o f  MH was recommended. 

I n  c a r r o t s  p r e h a r v e s t  s p r a y i n g  o f  PIH or p o s t h a r v e s t  

immersion i n  s o l u t i o n s  of  MH i n h i b i t e d  b o t h  s p r o u t i n g  an:. 

r o o t i n g  d u r i n g  s t o r a g e  a t  O°C, compared w i t h  w a t e r  d ipped  o r  

u n t r e a t e d  c o n t r o l  (Rahrnan and  I s e n b e r g ,  1 9 7 4 ) .  R e s p i r a t i o n  r a t e  

of MH t r e a t e d  p l a n t s  w e r e  l o w e r ,  e s p e c i a l l y  a t  h i g h  t e m p e r a t u r e ,  

d e s p i t e  t h e  a b s e n c e  o f  v i s i b l e  s p r o u t i n g  ( T u c k e r ,  1 9 7 4 ) .  

Omar and Ara fa  (1979)  found t h a t  MH a t  2500 and 5000 ppm 

i n h i b i t e d  s p r o u t i n g  o f  g a r l i c  i n  s t o r a g e  u p t o  300 d a y s  i n  b o t h  

s e a s o n s .  These t r e a t m e n t s  r educed  b u l b  we igh t  loss d u r i n g  

s t o r a g e .  I n  t h r e e  y e a r s  t r i a l  w i t h  t h e  o n i o n  c v .  S t u t t g a r t  

G i a n t ,  t h e  p l a n t s  w e r e  t r e a t e d  w i t h  MH a t  0.35 t o  0.7 p e r  c e n t ,  

1 5  t o  1 8  d a y s  b e f o r e  h a r v e s t .  The l e a s t  s p r o u t i n g  d u r i n g  

s t o r a g e  w a s  i n  o n i o n  t r e a t e d  w i t h  MH a t  0.43 p e r  c e n t .  With 

t h i s  t r e a t m e n t  s t o r a g e  losses were 1 1 . 5  p e r  c e n t  a f t e r  330 d a y s  

whereas  i n  c o n t r o l  l o s s e s  amounted t o  21.6 p e r  c e n t  ( I o r d a c h e s c u  

and M i h a i l e s c u ,  1 9 8 0 ) .  

Kaynas and E r t a n  (1983)  o b s e r v e d  t h a t  MH a t  500, 1000 

and 2500 ppm a s  b o t h  p r e  and p o s t h a r v e s t  a p p l i c a t i o n  was 

e f f e c t i v e  i n  e x t e n d i n g  t h e  s t o r a g e  l i f e  by p r e v e n t i n g  s p r o u t i n g  



i n  o n i o n  b u l b s .  I n  o n i o n ,  c h o l i n i c  s a l t  o f  E1H a t  0 . 2  t o  0 .4  

p e r  c e n t  a p p l i e d  20 d a y s  b e f o r e  h a r v e s t  r e d u c e d  s t o r a g e  lossec: 

by 32.5 t o  45.9 p e r  cerit ( R o j a n c o v s c h i  and E l i h a i ? ? s c u ,  1 9 8 4 ) .  

S i n c l a i r  ( 1 9 8 5 )  r e p o r t e d  t h a t  s p r a y i n g  o f  p o t a s s i u m  s a l t  o f  E4H 

a t  t h e  r a t e  o f  1 4  1 ha- I  t h r e e  weeks b e f o r e  h a r v e s t ,  r e d u c e d  t h e  

i n c i d e n c e  o f  clove r o t t i n g  i n  g a r l i c  from 3 3  pe r  c e n t  i n  

c o n t r o l  t o  f i v e  p e r  c e n t .  Ploreover s p r o u t i n g  o f  c l o v e s  were 

c o m p l e t e l y  c o n t r o l l e d  compared t o  52 p e r  c e n t  i n  c o n t r o l .  

I n  t r i a l s  w i t h  n u t r i e n t s ,  s p a c i n g  and MH i n  o n i o n ,  

S h a n t h i  and B a l a k r i s h n a n  ( 1 9 8 3 )  c o n c l u d e d  t h a t  t i  l o w e s t  

s t o r a g e  losses i n  terns o f  s p r o u t i n g ,  r o t t i n g ,  r o o t i n g  and 

w e i g h t  loss were o b t a i n e d  by M M  a t  2000 ppm. They a l s o  r e p o r t e d  

t h a t  F.lH t r e a t m e n t  improved q u a l i t y  p a r a m e t e r s  l i k e  TSS, t o t a l  

s u g a r s ,  a s c o r b i c  a c i d ,  v o l a t i l e  o i l  anr1 s u l  phwr c o n t e n t .  

S i m i l a r  r e s u l t s  were o b t a i n e d  by Kulwal - e t  - a l .  ( 1 9 8 9 ) .  I n  

p o t a t o  c r o p  a lso r e d u c t i o n  i n  s t o r a g e  loss  was r e p o r t e d  by ElH 

t r e a t m e n t .  The t u b e r s  o f  c r o p  s p r a y e d  w i t h  0 .3  p e r  c e n t  I l l1  two 

weeks b e f o r e  h a r v e s t i n g  had s i g n i f i c a n t l y  less s p r o u t i n g  t h a n  

t h o s e  o f  u n t r e a t e d  c o n t r o l  u n d e r  b o t h  low t e m p e r a t u r e  and a t  

room t e m p e r a t u r e  (Kau l  and Clehta, 1 9 9 1 ) .  

2.2.4 Ca lc ium c h l o r i d e  ( C a C 1 2 )  

The i m p o r t a n c e  o f  c a l c i u m  i n  t h e  r e g u l a t i o n  of  f r u i t  

r i p e n i n g  and  v e g e t a b l e  m a t u r a t i o n  i s  well e s t a b l i s h e d  

(Fe rguson ,  1984;  Poov iah ,  1 9 8 6 ) .  Ca l c ium have  been shown t o  



i n h i b i t  s p e c i f i c  a s p e c t s  of  abnormal  s e n e s c e n c e  i n  numerous 

f r u i t s  and v e g e t a b l e s  (Poov iah ,  1 9 8 6 ) .  T h e r e  has been e x t e n s i v e  

r e s e a r c h  o n  t h e  u s e  of c a l c i u m  t o  d e l a y  r i p e n i n g  o f  v a r i o u s  

f r u i t s .  However, l i t t l e  a t t e n t i o n  h a s  been g i v e n  on t h e  e f f e c t  

of c a l c i u m  o n  t h e  s t o r a g e  l i f e  o f  v e g e t a b l e s  and 'pract i .ca1- ly  no  

work on b i t t e r g o u r d  i s  r e p o r t e d .  

W i l l s  - e t  - a l .  ( 1977)  r e p o r t e d  a d e l a y  i n  r i p e n i n g  of 

toma to  f r u i t s  by vacuum i n f i l t e r a t i n c j  g r e e n  toma to  f r l l i t s  w i t h  

B t o y p e r  c e n t  CaC12 s o l u t i o n  a t .  50 t o  550 mg Hg. They observed. 

t h z t  t h e  normal  Ca c o n t e n t  of 11 mg/100 g f r e s h  we igh t  had t o  

be i n c r e a s e d  t o  40 mg/100 g f r e s h  we igh t  for r i p e n i n g  t o  be  

a p p r e c i a b l y  d e l a y e d .  

Calcium h a s  been a s s o c i a t e d  w i t h  many d e f i c i e n c y  

d i s o r d e r s  and  some o f  t h e s e  d i s o r d e r s  s u c h  a s  blossom end rot  of 

t oma toes  c a n  b e  r e a d i l y  e l i m i n a t e d  by t h e  a p p l i c a t i o n  of c a l c i u m  

s a l t s  t o  f r u i t s ,  e i t h e r  a s  p r e h a r v e s t  s p r a y s  or a s  p o s t h a r v e s t  

d i p p i n g  a t  sub -a tmosphe r i c  p r e s s u r e s  ( W i l l s  - e t  - a l . ,  1 9 8 9 ) .  

Calcium b i n d s  w i t h  p e c t i c  s u b s t a n c e s  i n  t h e  m i d d l e  lamella and 

w i t h  membranes g e n e r a l l y  and may s t r e n g t h e n  t h e  s t r u c t u r a l  

components of cel l  w a l l .  Calcium h a s  been shown t o  a f f e c t  t h e  

a c t i v i t y  o f  many enzyme s y s t e m s  and m e t a b o l i c  s equence  i n  p l a n t  

t i s s u e s .  The a d d i t i o n  of c a l c i u m  to i n t a c t  f r u i t  or f r u i t  

slices g e n e r a l l y  s u p p r e s s e s  r e s p i r a t i o n ,  depend ing  on  t h e  
* 

c o n c e n t r a t i o n  used .  Calcium is needed for t h e  a c t i v i t y  of  



e x o p o l y g a l a c t u r o n a s e ,  k i n a s e s  and r a n g e  of o t h e r  enzymes. The 

a b i l i t y  o f  c a l c i u m  t o  r e g u l a t e  t h e s e  v a r i o u s  s y s t e m s  h a s  l e d  t o  

t h e  s p e c u l a t i - n  t h a t  C a  may have a  role i n  t h e  i n i t i a t i o n  of 

normal  f r u i t  r i p e n i n g  p r o c e s s  ( W i l l s  -- e t  a l . ,  1 9 8 9 ) .  

2.3 E f f e c t  of p r e t r e a t m e n t  on  t h e  q u a l i t y  of d e h y d r a t e d  

v e g e t a b l e s  

2 .3 .1  E f f e c t  o f  b l a n c h i n g  on q u a l i t y  

B l a n c h i n g  can  c a u s e  an  i n c r e a s e d  c r y s t a l l i n i t y  of t h e  

c e l l u l o s e  i n  t h e  p r o d u c t .  B lanch ing  or  s c a l d i n g  o f  v e g e t a b l e s  

f o r  a  few minu te s  i n  b o i l i n g  w a t e r  or s t e a m  s e r v e  a s  an 

a d d i t i o n a l  c l e a n i n g  o p e r a t i o n .  By t h i s  t h e  p r o p e r t i e s  of t h e  

f i n a l  p r o d u c t  a r e  improved and i n a c t i v a t i o n  o f  enzymes t a k e s  

p l a c e  (Sa lunkhe  -- e t  a l . ,  1 9 7 6 ) .  

B lanch ing  t i m e  o f  d i f f e r e n t  v e g e t a b l e  i n  d i f f e r e n t  

b l a n c h i n g  media w e r e  d e t e r m i n e d  by Tandon and Virmani  ( 1 9 4 9 ) .  

They r e p o r t e d  t h a t ,  f o r  b i t t e r g o u r d ,  b l a n c h i n g  i n  b o i l i n g  w a t e r  

w i l l  i n a c t i v a t e  c a t a l a s e  and p e r o x i d a s e  enzymes. When w a t e r  a t  

200°F w a s  used  f o r  b l a n c h i n g ,  t h r e e  m i n u t e s  b l a n c h i n g  was 

needed.  Kuppuswamy and R a o  (1970)  conduc ted  s t u d i e s  o n  

d e h y d r a t i o n  o f  g r e e n  p e a s  and r e v e a l e d . t h a t  b l a n c h i n g  t i m e  v a r y  

w i t h  t y p e  o f  b l a n c h i n g .  A f o u r  minu te  b l a n c h i n g  i n  water 

c o n t a i n i n g  p r e s e r v a t i v e s  had a f a v o u r a b l e  effect from t h e  p o i n t  

of v iew of r e d u c t i o n  i n  c o o k i n g  t i m e .  But  f u r t l l e r  i n c r e a s e  i n  

t i m e  made t h e  p r o d u c t  mushy a f t e r  r e c o n s t i t u t i o n .  I n  steam 

b l a n c h i n g  t h r e e  m i n u t e s  w a s  found  t o  be t h e  o p t i m a l  t i m e .  



Ratna tunga  et g .  (1978 ) r e p o r t e d  t h a t  s p i n a c h  b l anched  

by h o t  g a s  r e t a i n e d  34 mg p e r  c e n t  a s c o r b i c  a c i d  a s  compared t o  

21 mg p e r  c e n t  by h o t  water b l a n c h i n g .  Luhadiya and K u l k a r n i  

(1978)  s t u d i e d  t h e  effect of p r e t r e a t m e n t s  o n  t h e  q u a l i t y  of  

dehydra t ed  c h i l l i e s  and found t h a t  d r y i n g  t i m e  q e c r e a s e d  from 

1 2  h  i n  unblanched  t o  1 0  h  i n  b l anched  sample .  Unblanched 

c h i l l i e s  were y e l l o w i s h  g r e e n  whereas  b l anched  p r o d u c t  were 

brownish  g r e e n .  Both d e h y d r a t i o n  r a t i o  and r e h y d r a t i o n  r a t i o  

were i n c r e a s e d  by b l a n c h i n g .  C h l o r o p h y l l  c o n t e n t  was a lso  more 

i n  b lanched  c h i l l i e s  ( 5 3  t o  6 5  mg/lOO g )  t h a n  i n  unblanched  

p r o d u c t  ( 4 3  t o  62 mg/100 g ) .  Q u a l i t y  o f  r e h y d r a t e d  p r o d u c t  was 

a l s o  b e t t e r i n  t h e  b l a n c h e d  sample .  

P a t i l  - -  e t  a l .  (1978)  s t u d i e d  t h e  e f f e c t  of b l a n c h i n g  on  

t h e  q u a l i t y  of  d e h y d r a t e d  f e n u g r e e k .  They o b s e r v e d  t h a t  s amples  

t r e a t e d  w i t h  p r e s e r v a t i v e s  p o t a s s i u m  m e t a b i s u l p h i t e  ( K M S )  

magnesium o x i d e  (MgO) and b l a n c h e d  i n  b o i l i n g  water f o r  two 

m i n u t e s  showed more r e t e n t i o n  o f  g r e e n  c o l o u r ,  a s c o r b i c  a c i d  and 

c a r o t e n e s .  When h o t  water a t  80°C was used  f o r  b l a n c h i n g  t h e  

t i m e  r e q u i r e d  f o r  b l a n c h i n g  was o n e  t o  f i v e  m i n u t e s .  By 

i n c r e a s i n g  t h e  t e m p e r a t u r e  o f  b l a n c h i n g  water t o  90°C and 100°C, 

t h e  t i m e  of b l a n c h i n g  w a s  r e d u c e d  t o  t h r e e  and t w o  m i n u t e s  

r e s p e c t i v e l y .  They a l s o  r e p o r t e d  ' t h a t  w i t h  i n c r e a s e  i n  

t e m p e r a t u r e  o f  b l a n c h i n g  w a t e r ,  t h e  p e r c e n t a g e  loss  o f  

c h l o r o p h y l l  and  a s c o r b i c  a c i d  showed a n  i n c r e a s i n g  t r e n d .  



Chaudhary and  Roy (1979)  c a r r i e d  o u t  d e h y d r a t i o n  s t u d i e s  

i n  f e n u g r e e k  leaf .  Dehydra t ion  of f e n u g r e e k  was c a r r i e d  o u t  

w i t h o u t  b l a n c h i n g  and  a f t e r  b l a n c h i n g  i n  b o i l i n g  w a t e r  and a l s o  

b l a n c h i n g  i n  0.2 p e r  c e n t  K M S  s o l u t i o n .  They found  t h a t  t h e r e  

were c o n s i d e r a b l e  losses i n  t o t a l  c h l o r o p h y l l  and  p s c o r b i c  a c i d  

d u r i n g  d e h y d r a t i o n .  R e t e n t i o n  of  c h l o r o p h y l l  was c o n s i d e r a b l y  

improved by b l a n c h i n g  t o  62.2 1;er c e n t  f r o m  3 3 . 8  p e r  c e n t  i n  

unblanched .  T h i s  was f u r t h e r  improved by b l a n c h i n g  i n  s u l p h i t e  

s o l u t i o n  t o  70.6 p e r  c e n t .  But  a s c o r b i c  a c i d  r e t e n t i o n  wac more 

i n  unblanched  sample  (69.8 p e r  c e n t )  compared t o  s imp ly  b l anched  

sample  ( 4 3 . 3  p e r  c e n t ) .  The a s c o r b i c  acid c o n t e n t  i n  s u l p h i t e  

t r e a t e d  sample  was 56.5 p e r  c e n t  which w a s  a b o u t  1 5  p e r  c e n t  

more t h a n  t h a t  i n  t h e  h o t  water b l anched  sample.  B e t t e r  

d e h y d r a t e d  o k r a  w a s  p roduced  by b l a n c h i n g  i n  b o i l i n g  s o l u t i o n  o f  

0 .1  p e r  c e n t  s u l p h u r  d i o x i d e  for  t h r e e  m i n u t e s  (Krutman, 1 9 8 1 ) .  

Akpapunam (1984)  found  t h a t  l e a f y  v e g e t a b l e s  b l a n c h e d  i n  w a t e r  

a t  98OC r e t a i n e d  more amount of a s c o r b i c  a c i d .  I n  d e h y d r a t e d  

pumpkin a s c o r b i c  a c i d  losses w e r e  more i n  c o n t r o l  t h a n  i n  

b l anched  and  s u l p h i t e d  samples  (Pawar et &., 1 9 8 5 ) .  

Goyal  and Mathew (1990)  s t u d i e d  t h e  e f f e c t s  of d i f f e r e n t  

d r y i n g  methods w i t h  o r  w i t h o u t  b l a n c h i n g  on  t h e  q u a l i t y  o f  d r i e d  

c a u l i f l o w e r  i n c l u d i n g  a s c o r b i c  a c i d  c o n t e n t  and  i r o n .  R e s u l t s  

showed t h a t  b l a n c h i n g  fo l lowed by d r y i n g  r e d u c e d  t h e  d r y i n g  

t i m e ,  p roduced  b e s t  o r g a n o l e p t i c  p r o p e r t i e s  and caused  n u t r i e n t  

losses. CFTRI (1990)  r e p o r t e d  t h e  d r y i n g  p r o c e d u r e  f o r  



b i t t e r g o u r d  a s  removing b o t h   end^ w i t h  steel k n i f e  and  c u t  i n t o  

6  mm t h i c k  slices and b l a n c h i n g  i n  b o i l i n g  w a t e r  fo r  8 minutes -  

T h e  recommended d r y i n g  t e m p e r a t u r e  was 60°C. Dur ing  d e h y d r a t i o n  

of b i t t e r g o u r d ,  unblanched  samples  r e t a i n e d  o n l y  13.75 mg 

chlorophy11/100 g whereas  h o t  water b l anched  s a m p l e s  r e t a i n e d  

1 9 . 1  mg of chlorophy11/100 g  o f  sample  (Kumar 5 &., 1991). 

2.3.2 E f f e c t  of s u l p h i t i n g  o n  q u a l i t y  

P r e p a r a t i o n  o f  sample  f o r  d e h y d r a t i o n  i n v o l v e s  a  v a r i e t y  

of p r e t r e a t m e n t s ,  hence  t h e  c h a n c e  for  loss of n u t r i e n t s  d u r i n g  

d e h y d r a t i o n  and s u b s e q u e n t  s t o r a g e  i s  more. The e x t e n t  o f  

n u t r i e n t  loss and  deve lopment  of f o r e i g n  f l a v o u r  can  b e  

c o n t r o l l e d  by e x e r c i s i n g  care i n  p r e p a r i n g  t h e  m a t e r i a l  and  by 

a d o p t i n g  s u i t a b l e  t e c h n i q u e s  t o  p r e v e n t  t h e  u n d e s i r a b l e  changes .  

S i n c e  v e g e t a b l e s  c o n t a i n  s i g n i f i c a n t  q u a n t i t i e s  of v i t a m i n s  and 

m i n e r a l s ,  some loss  of t h e s e  are i n e v i t a b l e  d u r i n g  d r y i n g .  

Su lphur  d i o x i d e  ( S O 2 )  b e i n g  a r e d u c i n g  a g e n t  p r o t e c t s  oxygen 

s e n s i t i v e  v i t a m i n s  l i k e  v i t a m i n  A and ascorbic a c i d .  Sa lunkhe  

e t  &. (1976)  r e p o r t e d  t h a t  t h e  p r e s e n c e  o f  SO2 enhances  t h e  - 
r e t e n t i o n  of v i t a m i n  C t o  t h e  e x t e n t  of 50 p e r  c e n t  i n  t h e  d r i e d  

p r o d u c t .  P a t i l  -- e t  a l .  (1978)  found  t h a t  u s e  of b l a n c h i n g  l i q u i d  

w i t h o u t  any c h e m j c a l s  c a u s e d  s e v e r e .  loss  o f  n u t r i e n t s  i n  

f enugreek .  I n  t h i s  t y p e  of b l a n c h i n g  34 p e r  c e n t  c h l o r o p h y l l  

and 60 p e r  c e n t  ascorbic a c i d  w e r e  l os t ,  w h i l e  b l a n c h i n g  i n  

water c o n t a i n i n g  0.5 p e r  c e n t  KMS, 0 . 1  p e r  c e n t  MgO and 



0.1 p e r  c e n t  N a H C 0 3  r e t a i n e d  more g reen  c o l o u r  and a s c o r b i c  

a c i d ,  I n  t h e  l a t t e r  t r e a t m e n t  t h e  l o s s  of  c h l o r o p h y l l  and 

a s c o r b i c  a c i d  was o n l y  24 and 48 p e r  c e n t  r e s p e c t i v e l y .  I n  

c o n t r a s t  t o  t h e s e  r e s u l t s ,  s u l p h u r  d i o x i d e  t r e a t m e n t  r e s u l t e d  i n  

poor r e t e n t i o n  of c h l o r o p h y l l  i n  bo th  b lanched  and unblanched 

g r e e n  c h i l l i e s  (Luhadiya and K u l k a r n i ,  1 9 7 8 ) .  Chaudhary and Roy 

(1979)  obse rved  t h a t  s u l p h i t e  t r e a t e d  and d r i e d  f enugreek  p i e c e s  

of o n e  i n c h  s i z e  r e t a i n e d  70.6 p e r  c e n t  c h l o r o p h y l l  and 56.5 p e r  

c e n t  a s c o r b i c  a c i d  whereas h o t  w a t e r  b l anched  samples  r e t a i n e d  

o n l y  56 and 4 3  p e r  c e n t  of c h l o r o p h y l l  and a s c o r b i c  a c i d  

r e s p e c t i v e l y .  Krutman (1981)  r e p o r t e d  t h a t  o k r a  b lanched i n  

b o i l i n g  s o l u t i o n s  of  0 .1  p e r  c e n t  SO2 f o r  t h r e e  minu tes  gave 

b e s t  r e s u l t s  i n  t e r m s  o f  s e n s o r y  q u a l i t y ,  c o l o u r  and a s c o r b i c  

a c i d .  

I t  w a s  r e p o r t e d  t h a t  i n  mushroom SO2 b e s i d e s  a c t i n g  a s  a 

p r e s e r v a t i v e  a l s o  a l l o w s  f o r  h i g h e r  t e m p e r a t u r e  of  d e h y d r a t i o n .  

Mushroom po lypheno lase  a c t i v i t y  w a s  c o m p l e t e l y  suppressed  a t  

2000 ppm SO2. The c o l o u r  and f l a v o u r  o f  s u l p h i t e d  mushrooms 

were s u p e r i o r  t o  s team blanched mushrooms (Deshpande and 

Tamhane, 1 9 8 1 ) .  s i m i l a r  r e s u l t s  were r e p o r t e d  by Mudahar and 

Bain (1982) .  They found t h a t  A g a r i c u s  b i s p o r u s  mushroom 

blanched i n  water c o n t a i n i n g  0.5 p e r  c e h t  sodium m e t a b i s u l p h i t e  

and 0.2 p e r  c e n t  c i t r i c  a c i d  and d e h y d r a t e d  p r o d u c t  had 

s a t i s f a c t o r y  c o l o u r ,  s h e l f  l i f e  and c u l i n a r y  p r o p e r t i e s .  



S e t h i  and Anand (1982)  p r e p a r e d  i n t e r m e d i a t e  m o i s t u r e  

c a r r o t  p r e s e r v e  and found  t h a t  slices t r e a t e d  w i t h  500 ppm 

s u l p h u r  d i o x i d e  and 0.45 p e r  c e n t  p o t a s s i u m  s o r b a t e  remained 

f r e e  from m i c r o b i o l o g i c a l  s p o i l a g e  a t  39.2 p e r  c e n t  m o i s t u r e  

l e v e l .  During t h e  p r e p a r a t i o n  of d r i e d  pumpkin, s u l p h i t a t i o n  

he lped  i n  p r e v e n t i n g  t h e  loss o f  a s c o r b i c  a c i d  (Pawar --  e t  a l . ,  

1 9 8 5 ) .  S u l p h i t a t i o n  t r e a t m e n t  w i t h  0.25 p e r  c e n t  p o t a s s i u m  

m e t a b i s u l p h i t e  f o r  f i v e  m i n u t e s  l e d  to  c o m p l e t e  p r e v e n t i o n  of 

p i n k  d i s c o l o u r a t i o n  of  o n i o n  f l a k e s  d r i e d  i n  s o l a r  d r i e r s .  The 

d u r a t i o n  of d e h y d r a t i o n  was less f o r  s u l p h i t e d  slices t h a n  f o r  

c o n t r o l  samples .  R e t e n t i o n  o f  a s c o r b i c  a c i d  was more i n  

s u l p h i t e d  samples  t h a n  i n  t h e  c o n t r o l .  S u l p h i t e d  sampl s  showed 

less browning d u r i n g  s t o r a g e  t h a n  t h e  u n t r e a t e d  c o n t r o l  (Pawar 

e t  a l . ,  1 9 8 8 ) .  -- 

2.3.3 E f f e c t  of o t h e r  p r e t r e a t m e n t ~  o n  q u a l i t y  

Kuppuswamy and  Rao (1970)  r e p o r t e d  t h a t  s o a k i n g  i n  t w o  

p e r  c e n t  sodium c i t r a t e  had a v e r y  f a v o u r a b l e  e f f e c t  on 

r e t e n t i o n  o f  n a t u r a l  c o l o u r  and r e d u c t i o n  i n  t h e  c o o k i n g  t i m e  i n  

d e h y d r a t e d  g r e e n  p e a s .  C h i l l i e s  p r i c k e d ,  b l anched  and t r e a t e d  

w i t h  t w o  per c e n t  sodium c a r b o n a t e  had p o o r e r  r e t e n t i o n  of  

c h l o r o p h y l l  whereas  t h o s e  t r e a t e d  wi th '  t w o  p e r  c e n t  sodium 

h y d r o x i d e  f o r  1 0  t o  20 m i n u t e s ,  washed f rom e x c e s s  a l k a l i  and 

d e h y d r a t e d  gave  t h e  b e s t  p r o d u c t .  T h i s  p r o d u c t  p o s s e s s e d  

c h a r a c t e r i s t i c  g r e e n  c o l o u r  w i t h  almost 9 1  p e r  c e n t  c h l o r o p h y l l  



r e t e n t i o n  and had an a t t r a t i v e  s h i n y  appearance  wi thou t  

w r i n k l i n g  on  t h e  pods. The p roduc t  had a  h igh  r e h y d r a t i o n  r a t i o  

of 7.2. 

An i n v e s t i g a t i o n  was c a r r i e d  o u t  for p r e p a r a t i o n  of 

i n t e r m e d i a t e  m o i s t u r e  okra  by Thora t  & g .  (1988)'  and it was 

found t h a t  t h e  sample t r e a t e d  w i t h  7.5 p e r  c e n t  b r i n e  was 

s u p e r i o r  f o r  good c h l o r o p h y l l  r e t e n t i o n ,  r e h y d r a t i o n  r a t i o  and 

o r g a n o l e p t i c  q u a l i t y .  I n t e r m e d i a t e  m o i s t u r e  mushroom of 

m o i s t u r e  c o n t e n t  abou t  20 and 4 0  p e r  c e n t  and s a l t  c o n t e n t  abou t  

8  t o  10 p e r  c e n t  have been s u c c e s s f u l l y  p repared  by s t e e p i n g  

o v e r n i g h t  i n  1 0  per  c e n t  b r i n e  c o n t a i n i n g  0.2 p e r  c e n t  c i t r i c  

a c i d  (Bha t i a  and Mudahar, 1982) .  

2.3.4 E f f e c t s  of d r y i n g  methods on  q u a l i t y  

Vegetables  can  b e  s u n d r i e d ,  dehydra ted  o r  p rocessed  by a  

combinat ion o f  t h e s e  methods. Sundrying c a u s e s  l a r g e  l o s s e s  i n  

c a r o t e n e  and a s c o r b i c  a c i d .  

I n  onion a r t i f i c i a l  d r y i n g  reduced m i c r o b i a l  i n f e s t a t i o n  

(Grone, 1971) .  Sehgal  - e t  a. (1975)  e v a l u a t e d  t h e  e f f e c t  of 

sundrying on t h e  n u t r i t i v e  v a l u e  of t h r e e  g r e e n  l e a f y  v e g e t a b l e s  

v i z . ,  mustard,  ' r a y a '  and sp inach .  The p r o t e i n  c o n t e n t  i n  t h e s e  

l e a f  v e g e t a b l e s  i n c r e a s e d  from t h r e e  t o  a b o u t  32 p e r  c e n t  which 

was due t o  l o s s  of mois tu re .  The loss of  a s c o r b i c  a c i d  and 

c a r o t e n e  c o n t e n t s  of sundr ied  l e a v e s  v a r i e d  from 34.4 t o  63.5 
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p e r  c e n t  and 48.0 t o  89.8 p e r  c e n t  r e s p e c t i v e l y .  The ash  

pe rcen tage  of dehydra ted  samples were 20.7, 21.3 and 25.9 i n  

r a y a ,  sp inach  and mustard r e s p e c t i v e l y .  

P a t i l  gg g .  (1978) .compared sundr ied  fenugreek w i t h  

machine d r i e d  p roduc t .  I t  w a s  r e v e a l e d  t h a t  s u n d r i e d  p roduc t  

had s e v e r e  l o s s e s  of n u t r i e n t  than  c a b i n e t  d r i e d  p roduc t .  By 

g i v i n g  t h e  p r e t r e a t m e n t  of b lanch ing  i n  b o i l i n g  w a t e r  c o n t a i n i n g  

0.5 p e r  c e n t  KMS, 0.1 p e r  c e n t  MgO and 0.1 p e r  c e n t  NaHC03, l o s s  

of c h l o r o p h y l l  was t e n  p e r  c e n t . i n  s u n d r i e d  and 7.25 p e r  c e n t  i n  

c a b i n e t  d r i e d .  The l o s s  of  a s c o r b i c  a c i d  was 15.21 and 12.91 

p e r  c e n t  r e s p e c t i v e l y  i n  s u n d r i e d  and dehydra ted  p roduc t .  Maeda 

and Salunkhe (1981) compared d i f f e r e n t  d r y i n g  methods v i z .  , 

sundrying and d r y i n g  i n  conven t iona l  enc losed  s o l a r  d r i e r s ,  f o r  

Af r i can  sp inach ,  cowpea, sweet p o t a t o  and c a s s a v a  l e a v e s .  The 

s t u d y  showed t h a t  maximum r e t e n t i o n  of  t h e  two v i t a m i n s  A and C 

were o b t a i n e d  by d r y i n g  t h e  v e g e t a b l e s  i n  e n c l o s e d  s o l a r  d r i e r s .  

Direct sundry ing  r e s u l t e d  i n  marg ina l  r e t e n t i o n  of  t h e  v i t amins .  

Pawar - e t  g .  (1985)  conducted dehydra t ion  s t u d i e s  i n  

pumpkin and r e p o r t e d  t h a t  losses of  a s c o r b i c  a c i d ,  c a r o t e n o i d s  

and r e d u c i n g  s u g a r s  w e r e  more i n  s h r e d s  d r i e d  under sun t h a n  

c a b i n e t  d r i e d  samples.  A f t e r  s t o r a g e  of  t h r e e  months, l o s s  of 

a s c o r b i c  a c i d  was maximuin i n  s u n d r i e d  c o n t r o l  samples t h a n  i n  

t h e  c a b i n e t  d r i e d  blanched and s u l p h i t e d  samples.  Rehydra t ion  

r a t i o  was a l s o  more i n  c a b i n e t  d r i e d  samples t h a n  i n  sundr ied .  



Ramana et 3. (1988)  compared t h e  effect of  d e h y d r a t i o n  methods 

on  t h e  c o l o u r  of dehydra ted  fenugreek  and mustard  l e a v e s .  They 

r e p o r t e d  t h a t  s u n d r i e d  samples showed c o n s i d e r a b l e  change i n  hue 

a s  w e l l  a s  c h l o r o p h y l l  c o n t e n t  when compared t o  t h e  s o l a r  

c a b i n e t  d r i e d  and t r a y  d r i e d  samples.  

A comparison of d r y i n g  i n  s o l a r  d r i e r s  wi th  t h a t  i n  

mechanical  and open a i r  d r y i n g  i n  onion i n d i c a t e d  t h a t  t h e  

d r y i n g  r a t e  was f a s t e r  i n  mechanica l  c a b i n e t  d r i e r .  S o l a r  d r i e d  

samples r e t a i n e d  s l i g h t l y  less a s c o r b i c  a c i d  t h a n  mechan ica l ly  

d r i e d .  Ascorbic  a c i d  c o n t e n t  i n  open a i r  d r i e d  sample  v a r y  from 

1.95 t o  3.1 mg/100 g ,  whereas t h a t  i n  mechanical  c a b i n e t  d r i e d  

sample was 2.78 t o  4 .6  mg/100 g .  S o l a r  c a b i n e t  d r i e d  s a n p l e s  

showed h i g h e r  s c o r e s  f o r  c o l o u r ,  f l a v o u r ,  t e x t u r e  and o v e r a l l  

a c c e p t a b i l i t y  t h a n  t h e  dehydra ted  samples  (Pawar - e t  &. , 1988) .  

Jayaraman -- e t  a l .  (1991)  r e p o r t e d  a  s i g n i f i c a n t  loss of  pigments  

and development of  r a n c i d  odour due t o  l i p i d  o x i d a t i o n  i n  d i r e c t  

sundrying of carrots and g reen  peas .  While i n d i r e c t  sundry ing  

i n s i d e  a  c a b i n e t  minimised t h e s e  changes and gave p r o d u c t s  

comparable t o  a r t i f i c i a l l y  d r i e d .  

2.4 Packaging o f  dehydra ted  p r o d u c t s  

The hygroscop ic  n a t u r e  of  l o w  m o i s t u r e  food makes it 

i m p e r a t i v e  t h a t  s p e c i a l  p r e c a u t i o n  must b e  t a k e n  a g a i n s t  

m o i s t u r e  a b s o r p t i o n .  The low m o i s t u r e  p r o d u c t s  must b e  packaged 

a s  soon as  p o s s i b l e  a f t e r  removal from t h e  dehydra to r .  For 



packaging,  s e a l e d  c o n t a i n e r s  must be  used t o  p r e v e n t  a b s o r p t i o n  

of  mois tu re  and subsequent  loss of q u a l i t y  d u r i n g  extended 

s t o r a g e .  ~ o o d i n g  and Duckworth (1958 ) r e p o r t e d  t h a t  inpackage  

d e s s i c a t i o n  c l e a r l y  provided p r o t e c t i o n  a g a i n s t  browning and 

d e t e r i o r a t i o n  i n  f l a v o u r  and t e x t u r e  of dehydra.ted cabbage. 

There was t h r e e  t o  f o u r  f o l d  i n c r e a s e  i n  s t o r a g e  l i f e  by us ing  

inpackage d e s s i c a n t s .  D e s s i c a t i o n  reduced t h e  r a t e  of d e t e r i o -  

r a t i o n  of f l a v o u r ,  t e x t u r e ,  a s c o r b i c  a c i d  c o n t e n t  and c o l o u r .  

Balasubramanyam and Anandaswamy (1979)  s t u d i e d  t h e  

packaging requ i rements  f o r  f r i e d  p o t a t o  c h i p s  and found t h a t  

p o t a t o  c h i p s  had 15  days s t o r a g e  l i f e  i n  100 gauge h igh  d e n s i t y  

po lye thy lene ,  20 0 gauge low d e n s i t y  p o l y e t h y l e n e  and cel lo /po ly  

l amina te .  

Kal ra  (1981) s t u d i e d  t h e  s t o r a g e  problems of s o l a r  

dehydra ted  peas .  The dehydra ted  peas  were s t o r e d  i n  h igh  

d e n s i t y  ( H D )  po lye thy lene ,  b l a c k  p o l y e t h y l e n e  and b u t t e r  paper  

pouches a t  ambient t e m p e r a t u r e  ( 2 3  t o  36OC). The i n i t i a l  

m o i s t u r e  of  f o u r  t o  f i v e  p e r  c e n t  changed v e r y  l i t t l e  i n  b u t t e r  

paper  b u t  v a r i e d  i n  t h e  o t h e r  two. Most of  t h e  samples  i n  HD 

p o l y e t h y l e n e  and b l a c k  p o l y e t h y l e n e  were s p o i l e d  w i t h i n  two 

months o f  s t o r a g e  whi le  b u t t e r  paper  bags proved more s u i t a b l e .  

Kaur and Singh (1981) r e p o r t e d  t h a t  h i g h  d e n s i t y  p o l y e t h y l e n e  

bags of 500 gauge w e r e  b e s t  compared t o  aluminium f o i l  laminated  

po lye thy lene  bags f o r  t h e  s t o r a g e  of dehydra ted  c a u l i f l o w e r .  



I n t e r m e d i a t e  m o i s t u r e  mushroom w i t h  20 p e r  c e n t  m o i s t u r e  

c o n t e n t  packed i n  300 gauge p o l y e t h y l e n e  pouches t  w i t h  an  o u t e r  

c a r d  board  c o v e r  had a s h e l f  l i f e  o f  a b o u t  t h r e e  months a t  37OC 

and 42 t o  74 p e r  c e n t  r e l a t i v e  humidi ty  ( B h a t i a  and Mudahar, 

1982) .  Gvozdenovic & &. (1983)  r e p o r t e d  t h a t  optimum q u a l i t y  

r e t e n t i o n  of  tomato  powder was a c h i e v e d  w i t h  a pape r /  

polye thylene/a luminium f o i l / p o l y e t h y l e n e  l a m i n a t e .  T h i s  

packaging  r e t a i n e d  t h e  n u t r i e n t  c o n t e n t s  i n  a b e t t e r  way. 

Thora t  - e t  - a l .  (1988)  r e p o r t e d  40 d a y s  s h e l f  l i f e  f o r  

i n t e r m e d i a t e  m o i s t u r e  o k r a  packed i n  l o w  d e n s i t y  p o l y e t h y l e n e  

bags.  Dehydrated coconu t  chu tney  had t h r e e  months s t o r a g e  l i f e  

a t  37OC and 6 months a t  ambient  t e m p e r a t u r e  when packed i n  

f l e x i b l e  pouches (Rao & g.  , 1991) .  C o l o c a s s i a  s n a c k  p r o d u c t  

w a s  a c c e p t a b l e  o n l y  u p t o  30 days  s t o r a g e  a t  30 t o  3S°C and RH 30 

t o  65  p e r  c e n t ,  when packed i n  120 gauge  p o l y p r o p y l e n e  pouches.  

The p r o d u c t  s t o r e d  b e t t e r  i n  f r i c t i o n  t o p  t i n s  (Manan et &., 

1991) .  P r e m a v a l l i  et &. ( 1991) r e p o r t e d  t h a t  po tas s ium s o r b a t e  

t r e a t e d  c a r r o t  and pumpki halwa remain s t a b l e  u p t o  one and two 

months i n  po lypropy lene  pouches and t h r e e  and s i x  months i n  

aluminium f o i l  p o l y e t h y l e n e  l a m i n a t e  puches  r e s p e c t i v e l y .  
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MATERIALS AND METHODS 

I n v e s t i g a t i o n s  on some a s p e c t s  of  p o s t h a r v e s t  technology 

of b i t t e r g o u r d  (Momordica c h a r a n t i a  L.) were conducted i n  t h e  

Department of P r o c e s s i n g  Technology, C o l l e g e  of  H o r t i c u l t u r e ,  

V e l l a n i k k a r a ,  T h r i s s u r  , Kera la ,  f som June  19 91 t o  September 

1992. The a r e a  en joys  warm humid c l i m a t e  th roughou t  t h e  y e a r  

wi th  l i t t l e  f l u c t u a t i o n  i n  d a i l y  t empera tu re .  The a r e a  i s  

s i t u a t e d  a t  l o 0  32'N l a t i t u d e ,  76O E l o n g i t u d e  and a t  an 

a l t i t u d e  of 40 m above MSL. 

B i t t e r g o u r d  i s  a  v e g e t a b l e  of c h o i c e  t o  t h e  peop le  of 

Kera la .  Though b i t t e r  i n  t a s t e  it is g e n e r a l l y  l i k e d  by a l l  age  

groups of  t h e  f a m i l y .  The  f r e s h  f r u i t s  o f  b i t t e r g o u r d  i s  h i g h l y  

p e r i s h a b l e  because  o f  i t s  high m o i s t u r e  c o n t e n t ,  s o f t  and s p i n y  
s 

r i n d  w i t h  corky parenchymatous i n n e r  t i s s u e s .  Hence, i n  t h e  

p r e s e n t  s t u d y  a n  e f f o r t  was made t o  enhance t h e  s t o r a g e  l i f e  of 

f r e s h  b i t t e r g o u r d  through modif ied c u l t u r a l  management and a l s o  

through t h e  a p p l i c a t i o n  of  some chemica l s .  

I n  a d d i t i o n  t o  t h e  use  as a f r e s h  v e g e t a b l e  f o r  c u r r y  

p r e p a r a t i o n s ,  b i t t e r g o u r d  is a l s o  used i n  t h e  s u n d r i e d  form, t o  

b e  consumed as an  o i l  f r i e d  wafe r  (Kondaaom) a l o n g  wi th  meals.  

However, s c i e n t i f i c  d e h y d r a t i o n  t e c h n i q u e  of b i t t e r g o u r d  has  n o t  

been s t a n d a r d i s e d  s o  f a r  w i t h  r e s p e c t  t o  t h e  e a t i n g  h a b i t s  o f  



K e r a l i t e s .  Thus t h e  s t u d y  a l s o  i n c l u d e d  compar i son  of  some 

d e h y d r a t i o n  p r o c e d u r e s  w i t h  s u n d r y i n g  so t h a t  a  s u i t a b l e  method 

c a n  b e  deve loped  f o r  commercial  d e h y d r a t i o n  o f  b i t t e r g o u r d .  The 

d e h y d r a t e d  samples  were s u b s e q u e n t l y  s u b j e c t e d  t o  d i - f f e r e n t  

packag ing  env i ronmen t s  t o  s t u d y  t h e  s u i t a b i l i t y  o f  packages  and 

the package-product  i n t e r a c t i o n .  

The s t u d y  was d i v i d e d  i n t o  f i v e  e x p e r i m e n t s  a s  g i v e n  

below: 

1. E f f e c t  of o r g a n i c  and i n o r g a n i c  s o u r c e s  o f  n i t r o g e n  on s h e l f  

1 i f  e of f r e s h  b i t t e r g o u r d  f r u i t s  . 

2.  E f f e c t  o f  p r e h a r v e s t  s p r a y s  on t h e  s h e l f  l i f e  o f  f r u i t s  

of  b i t t e r g o u r d .  

3 .  E f f e c t  of  p o s t h a r v e s t  t r e a t m e n t s  :on .the - , s h e l f  l i f e  o f  

f r u i t s  o f  b i t t e r g o u r d .  

4 .  S t a n d a r d i s a t i o n  o f  d r y i n g  t e c h n i q u e  f o r  b i t t e r g o u r d .  

5. Comparison of  d i f f e r e n t  p a c k a g i n g  materials for  s t o r a g e  of  

d e h y d r a t e d  b i t t e r g o u r d .  

F i e l d  e x p e r i m e n t s  w e r e  conduc ted  i n  t h e  e x p e r i m e n t a l  

p l o t s  o f  Department  of  O l e r i c u l t u r e .  Chemical  . a n a l y s e s  w e r e  

done i n  t h e  a n a l y t i c a l  l a b o r a t o r y  a t t a c h e d  t o  t h e  Department  of  

P r o c e s s i n g  Technology.  P r o c e s s  s t a n d a r d i s a t i o n  was done  i n  t h e  

P r o c e s s i n g  u n i t  o f  Department  o f  P r o c e s s i n g  Technology.  



3.1 S o i l  

S o i l  of  t h e  exper imenta l  a r e a  i s  a w e l l  d r a i n e d  sandy 

loam s o i l  w i t h  t o t a l  n i t r o g e n ,  a v a i l a b l e  phosphorus and 

potass ium c o n t e n t  a s  0.186 p e r  cent', 5.08 ppm and 201.66 ppm 

r e s p e c t i v e l y .  This  s o i  1 comes under h igh  f e r t i l i t y  c l a s s .  

3.2 Cropping h i s t o r y  

The l a n d  used f o r  c u l t i v a t i o n  was p r i m a r i l y  under  rubber  

p l a n t a t i o n .  A f t e r  t h e  f e l l i n g  o f  rubber  trees, it was kep t  a s  

f a l l o w  f o r  f i v e  y e a r s  u p t o  t h e  y e a r  o f  r a i s i n g  t h e  c rop .  

3 . 3  Experiment 1 - E f f e c t  of o r g a n i c  and i n o r g a n i c  s o u r c e s  of  

n i t r o g e n  on s h e l f  l i f e  of f r e s h  b i t t e r g o u r d  f r u i t s  

3.3.1 Season and weather  c o n d i t i o n s  

The experiment  was conducted d u r i n g  t h e  p e r i o d  from 

August t o  December 1991. D e t a i l s  of t h e  m e t e o r o l o g i c a l  

o b s e r v a t i o n  f o r  t h i s  p e r i o d  a r e  p r e s e n t e d  i n  Appendix I .  

2.3.2 V a r i e t i e s  

B i t t e r g o u r d  v a r i e t i e s  P r i y a  and MC-84 developed by 

K e r a l a  A g r i c u l t u r a l  U n i v e r s i t y  were used f o r  t h e  s t u d y .  F r u i t s  

of P r i y a  a r e  d a r k  g r e e n  co loured  w i t h  w h i t e  , t i n g e  a t  t h e  t i p .  

Average l e n g t h  o f  t h e  f r u i t  i s  36 c m  and g i r t h  a t  t h e  c e n t r e  i s  

1 3  an. I n d i v i d u a l  f r u i t s  weigh 220 t o  230 g. F r u i t s  a r e  s p i n y .  







F r u i t s  o f  MC-84 have a  s h a d e  o f  v e r y  l i g h t  g r e e n .  Average 

l e n g t h  of  t h e  f r u i t  i s  30 c m  and g i r t h  a t  t h e  c e n t r e  i s  1 7  c m .  

Weight  o f  i n d i v i d u a l  f r u i t  i s  260 t o  270 CJ. and f r u i t s  a r e  s p i n y  

w i t h o u t  r i d g e s  ( P l a t e  1) .  

3 . 3 . 3  Manures and f e r t i l i s e r s  

Farm y a r d  manure was usc l a n i c  s o u r c e  o f  

n u t r i e n t s .  Urea ,  Factomphos,  Superpnospnace  and M u r i a t e  o f  

p o t a s h  were used a s  i n o r g a n i c  s o u r c e .  N u t r i e n t  c o n t e n t  o f  t h t  

manures and f e r t i l i s e r s  u: 

3.3.4 Layout  

The expe r imen t  was l a  

ven i n  Appendix 11. 

~t i n  f a c t o r i a l  randomised  

b lock  d e s i g n  w i t h  t h r e e  r e p l i c a t i o n s .  T o t a l  number o f  t r e a t m e n t  

p l o t s  w e r e  30 w i t h  f o u r  p i t s  p e r  p l o t .  Each p i t  had t w o  p l a n t s .  

Spac ing  g i v e n  was 2  m x 2  m.  N e t  p l o t  s i z e  o f  t h e  e x p e r i m e n t  

2 2  was 1 6  m and g r o s s  p l o t  s i z e  was 48 m . 

3.3.5 T r e a t m e n t s  

The t r e a t m e n t s  o f  t h i s  e x p e r i m e n t  were a s  f o l l o w s :  

T1 - KAU Package  o f  p r a c t i c e  snda t ions  ( K A U ,  1989)  

Crop was r a i s e d  a s  p e r  ye of p r a c t i c e s  recorn. 

mended by K e r a l a  A g r i c u l t u r a l  U n i v e r s i t y .  The p l a n t !  

we re  s u p p l i e d  w i t h  20 t FYM and 70:25:25 kg NPK ha-' 

t h r o u g h  f e r t i l i s e r s .  



3.3.6.2 ~ p p l i c a t i o n  o f  manures  and  f e r t i l i s e r s  

Manures and f e r t i l i s e r s  w e r e  a p p l i e d  t o  t h e  p l o t s  i n  

a c c o r d a n c e  w i t h  t h e  t r e a t m e n t s .  Farm y a r d  manure w e r e  a p p l i e d  

a t  t h e  t i m e  o f  f i l l i n g  o f  p i t s .  F u l l  d o s e  o f  phospho rus  and 

p o t a s s i u m  and h a l f  t h e  d o s e  o f  n i t r o g e n  were  a p p l i e d  a s  b a s a l  

d r e s s i n g .  The r e m a i n i n g  d o s e  o f  n i t r o g e n  w a s  a p p l i e d  i n  two 

e q u a l  s p l i t  d o s e s .  One s p l i t  w a s  a p p l i e d  a t  t h e  t i m e  o f  v i n i n g  

( t w o  t o  t h r e e  weeks ,  a f t e r  g e r m i n a t i o n )  and  t h e  n e x t  s p l i t  a t  

t h e  t i m e  of f u l l  b looming ( s e v e n  t o  e i g h t  weeks a f t e r  

g e r m i n a t i o n )  . 

3.3.6 .3  Sowing 

Seeds  p r e s o a k e d  i n  w a t e r  f o r  1 2  h  w e r e  sown i n  p i t s  a t  

t h e  r a t e  of  f i v e  s e e d s  p e r  p i t .  When t h e  s e e d s  g e r m i n a t e d ,  two 

h e a l t h y  s e e d l i n g s  were r e t a i n e d  p e r  p i t  and  t h e  e x c e s s  s e e d l i n g s  

were  t h i n n e d  o u t .  

3.3.6.4 O t h e r  c u l t u r a l  p r a c t i c e s  

I n  o r d e r  t o  c o n t r o l  f r u i t  f l y  a t t a c k  a b a i t  c o n t a i n i n g  

j a g g e r y  ( 1 0  9/11 and M a l a t h i o n  ( 0 . 2  p e r  c e n t )  w a s  u sed .  Coconut 

s h e l l s  h a l f  f i l l e d  w i t h  t h e  swee t ened  i n s e c t i c i d e  s o l u t i o n  w e r e  

hung on  t h e  f r a m e s  f rom t h e  s t a r t  of f l o w e r i n g  onwards  t o  

a t t r a c t  f r u i t  f l i e s .  



Dimethoa te  0 . 0 5  p e r  c e n t  was spr3*7-A n t  f o r t n i g h t l y  

i n t e r v a l s  t o  p r e v e n t  t h e  a t t a c k  o f  j a s s i c  -1 t h e  o n s e t  of 

f l o w e r i n g .  

I r r i g a t i o n  was g i v e n  on a l t e r n a t e  d a y s  f rom t h e  second 

h a l f  of November till t h e  end of December. P l a n t s  were t r a i l e d  

on c i r c u l a r  i r o n  f r ames  of 0 .75  m d i a m e t e r  and 1 . 8  m h e i g h t .  

F i e l d  was a lways  k e p t  c l e a n .  

3.3.6.5 H a r v e s t i n g  

nductc A t e s t  h a r v e s t  c o  :d showed t h a t  f r u i t s  a t t a i n e d  

v e g e t a b l e  m a t u r i t y  by a b o u t  f o u r t e e n  t o  f i f t e e n  d a y s  ( . P l a t e  2 ) .  

Fou r t een  t o  f i f t e e n  d a y s  o l d  f r u i t s  were h a r v e s t e d  a t  t h r e e  d a y s  

i n t e r v a l .  The h a r v e s t e d  e r e  used  f o r  subsequen t  

a n a l y s e s  and s t o r a g e  s t u d i e s -  

f r u i  

3 . 3 . 7  O b s e r v a t i o n s  

The f o l l o w i n g  o b s e r v a t i o n s  were r e c o r d e d  from t h e  

expe r imen t .  

1. Days t o  f i r s t  f e m a l e  f l o w e r  open ing  

Number o f  d a y s  f o r  t h e  i n g  ,of f i r s t  f e m a l e  f l o w e r  

w e r e  coun ted  f rom t h e  d a t e  of sowing onwards.  

2. Number of h a r v e s t s  







3 .  F r u i t s  p e r  p l o t  

4.  Y i e l d  p e r  p l o t  ( k g )  

5. F r u i t  l e n g t h  ( c m )  

Average l e n g t h  of  a  sample c o n s i s t i n g  of  t e n  f r u i t s  

were t a k e n .  

6 .  F r u i t  g i r t h  ( c m )  

G i r t h  a t  t h e  c e n t r e  o f  t h ~  f r u i t  was measured.  A 

r e p r e s e n t a t i v e  s ample  c o n s i s t i n g  o f  t e n  f r u i t s  w e r e  s e l e c t e d  

f o r  t a k i n g  o b s e r v a t i o n s .  

7. Q u a l i t a t i v e  c h a r a c t e r s  

F r e s h l y  h a r v e s t e d  f r u i t s  w e r e  a n a l y s e d  f o r  t h e  

f o l l o w i n g  qua1 i t y  components .  

a .  M o i s t u r e  

M o i s t u r e  c o n t e n t  was e s t i m a t e d  g r a v i m e t r i c a l l y  by d r y i n g  

t h e  sample  i n  a  h o t  a i r  oven  a t  70°C f o r  1 8  t o  20 h.  Drying was 

r e p e a t e d  till t h e  sample  a t t a i n e d  c o n s t a n t  w e i g h t .  M o i s t u r e  

c o n t e n t  was e x p r e s s e d  i n  p e r c e n t a q e  (Ranganna,  1977)  . 

b. Ash 

Ash c o n t e n t  of  t h e  sample  was es. !d by a s h i n g  t h e  

sample i n  a m u f f l e  f u r n a c e  a t  420°C and  e: ;ed i n  p e r c e n t a g e  

(Ranganna, 1 9 7 7 ) .  



c. A s c o r b i c  a c i d  

A s c o r b i c  a c i d  c o n t e n t  o f  t h e  f r u i t  was e s t i m a t e d  

v o l u m e t r i c a l  l y  by t i t r a t i o n  w i t h  2,6-dichlorophenol-indophenol 

d y e  ( A . O . A . C . ,  1 9 6 0 ) .  The v a l u e  w a s  e x p r e s s ~ d  a s  m q  of  a s c o r b i c  

a c i d  p e r  1 0 0  g of f r u i t .  

d .  T o t a l  p h e n o l  

T o t a l  p h e n o l  c o n t e n t  o f  t h e  f r u i t  j u i c e  was d e t e r m i n e d  

by d e v e l o p i n g  c o l o u r  u s i n g  Fo l  i n  C i o c a l t e a u  r e a g e n t .  I n t e n s i t y  

o f  t h e  c o l o u r  d e v e l o p e d  was measured  u s i n g  a S p e c t r o p h o t o m e t e r  

a t  6 5 0  nm (Bray  and  Thorpe ,  1 9 5 4 ) .  

e. I r o n  

I r o n  c o n t e n t  o f  t h e  s amp le  was d e t e r m i n e d  by c o n v e r t i n g  

t h e  i r o n  t o  f e r r i c  fo rm u s i n g  o x i d i s i n g  a g e n t  p o t a s s i u m  

p e r s u l p h a t e  and t r e a t i n g  t h e r e a f t e r  w i t h  p o t a s s i u m  t h i o c y a n a t e .  

The r e d  c o l o u r  d e v e l o p e d  was measured  a t  480 nm i n  a 

S p e c t r o p h o t o m e t e r  (Ranganna,  1 9 7 7 ) .  

f .  C h l o r o p h y l l  

C h l o r o p h y l l  c o n t e n t  f  t h e  f r u i t  w a s  e s t i m a t e d  

s p e c t r o p h o t o m e t r i c a l l y .  Ace tone  e x t r a c t  o f  t h e  s amp le  was 

p r e p a r e d  and c o l o u r  o f  z x t r a c t  was found  o u t  by measu r ing  

t h e  a b s o r b a n c e  of t h e  s o l u u o n  a t  645 and  663  nm i n  a S p e c t r o -  

p h o t o m e t e r  (A.O.A.C. ,  1 9 6 0 ) .  



g .  NPK l e v e l  of e x p e r i m e n t a l  p l o t s  and  FYM 

Ni t rogen  c o n t e n t  was e s t i m a t e d  by M i c r o k j e l d h a l  

d i g e s t i o n  method. A v a i l a b l e  phosphorus  c o n t e n t  was de t e rmined  

by c h l o r o s t a n n o u s  molybdophosphoric  b l u e  c o l o u r  method. 

Exchangeable  potass j .vm c o n t e n t  was d e t e r m i n e d  f l a m e  photome- 

t r i c a l l y  ( J a c k s o n ,  1958 ) . 

8.  I n c i d e n c e  o f  s p o i l a g e  

F r u i t s  were s t o r e d  a t  t e m p e r a t u r e .  F r u i t s  showing 

yel1.owing w e r e  d i s c a r d e d  ar l o i l a g e  w a s  c a l c u l a t e d  and 

e x p r e s s e d  i n  p e r c e n t a g e .  P h y s i o l o g i c a l  loss  o f  we igh t  was a l s o  

c a l c u l a t e d  a t  i n t e r v a l s  o f  48 h and e x p r e s s e d  a s  p e r c e n t a g e .  . 

Mould growth appea red  on t h e  f r u i t s  w e r e  s e p a r a t e d  and t h e  

f u n g u s  was i d e n t i f i e d  by m i c r o s c o p i c  e x a m i n a t i o n .  

9. Co lou r  o f  f r e s h  f r u i t s ,  and f r u i t  m a l f o r m a t i o n  

Co lou r  o f  t h e  f r u i t s  and t h e  change  o f  c o l o u r  o f  t h e  

f r u i t s  w e r e  r e c o r d e d  based  on  a  score c h a r t  p r e p a r e d  ( P l a t e  3 ) .  

Details o f  t h e  score c h a r t  a&. g i v e n  below.  

C h a r a c t e r i s t i c  Score 

Green c o l o u r ,  f r e s h  and f i r m  w i t h o u t  any 

symptoms of s h r i n k a g e  

Green w i t h  s h r i v e l l e d  a p p e a r a n c e  



Characteristic S c o r e  

S l i g h t  y e l l o w i n g  s t a r t i n g  f rom t h e  f r u i t  t i p  2  

50 p e r  c e n t  y e l l o w i n g  3 

Whole f r u i t s  t u r n i n g  yell.01.q~ r i n d  remaind f i r m  4 

Whole b u t  y e l l o w ,  s o f t  and decayed  5 

Malformed f r u i t s  w e r e  s e p a r a t e d  t h r o u g h  v i s u a l  

a s s e s s m e n t  and e x p r e s s e d  a s  p e r c e n t a g e .  

3 .4  Exper iment  2  - E f f e c t  of p r e h a r v e s t  s p r a y s  o n  t h e  

s h e l f  l i f e  of f r u i t s  o f  b i t t e r g o u r d  

3 .4 .1  Season  and w e a t h e r  c o n d i t i o n s  

The e x p e r i m e n t  was conduc ted  d u r l n g  c h e  p e r i o d  f rom May 

t o  September  1992.  D e t a i l s  of t h e  m e t e o r o l o g i ~ a l .  o b s e r v a t i o n s  

f o r  t h i s  p e r i o d  a r e  p r e s e n t e d  i n  Appendix I .  

3.4.2 V a r i e t y  

The b i t t e r g o u r d  v a r i e t y  MC-84 was  u s e d  f o r  t h e  s t u d y .  

3 . 4 . 3  Manures and f e r t i l i s e r s  

Farm y a r d  manure,  Factomphos and Muri-a te  o f  p o t a s h  w e r e  

u sed  t o  s u p p l y  t h e  n u t r i e n t s  a s  p e r  KAU recommendat ion ,  i . e . ,  

- .L 20 t FYM and 70:25:25 kg NPK k3 ( K A U ,  1 9 8 9 ) .  







3 . 4 . 4  L a y o u t  

The e x p e r i m e n t  was l a i d  o u t  i n  r a n d o m i s e d  b l o c k  d e s i g n  

w i t h  s e v e n  t rea  t m ~ n t s  and  f o u r  r e n l i c . ?  t j - o n s  . T h e r e  were f ol.lr 

p i t s  p e r  p l o t .  

3 .4 .5  F i e l d  o p e r a t i o n s  

The f i e l d  was p r e p a  

recommenda t ion .  F i v e  s e e d  

t o  r e t a i n  two  h e a l t h y  p l a n  

o f  weeds ,  p e s t s  and d  

m e a s u r e s .  P l a n t s  w e r e  t r n :  i l e d  c 

as  p e r  KAU p a c k a q e  o f  p r a c t i c e s  

2 sown p e r  p i t  a n d  l a t e r  t h i n n e d  

e a c h  p i t .  F i e l d  was  k e p t  f r e e  

2 s  t h r o u g h  p r o p e r  p r o p h y l a t i c  

)n j r o n  f r a m e s .  

3.4.6 T r e a t m e n t s  

F o l l o w i n g  s p r a y  t r  n t s  were g i v e n  t w i c e  d u r i n g  t h e  

f l o w e r i n g  p h a s e .  

T1 - GA 200 ppm 

T2 - GA 300 ppm 

T3 - CCC 250 ppm 

T4 - CCC 500 ppm 

T5 - Maleic h y d r ,  

T6 - M a l e i c  h y d r  

T, - C o n t r o l  

a z i d e  

a z i d e  

500 PPm . 

1.000 ppm 



W h i l e  p r e p a r i n g  t h e  g r o w t h  r e c j u l a t o r s  f i r s t  a s t o c k  

s o l u t i o n  of 1 0 , 0 0 0  ppm was p r e p a r e d  a n d  t h e n  d i l u t e d  t o  t h e  

r e q u i r e d  c o n c e n t r a t i o n .  R e q u i r e d  q u a n t i t y  o f  g r o w t h  r e g u l a t o r s  

were d i s s o l v e d  i n  e t h y l  a l c o h o l  t o  a v o i d  p r e c i p i t a t i o n  a n d  t h e  

volume was made u p  w i t h  d i s t i l l e d  w a t e r .  B e f o r e  s p r a y i n g  t w o  t o  

t h r e e  d r o p s  o f  T e e p o l  bras a d d e d  t o  t h e  s o l u t i o n  t o  i n c r e a s e  t h -  

a d h e s i v e n e s s .  F i r s t  s p r a y  w a s  g i v e n  1.0 d a y s  a f t e r  f i r s t  f r u i t  

set and 15  d a y s  t h e r e a f t e r ,  t h e  s e c o n d  s p r a y  was g i v e n .  

3 .4 .7  Marves t i n 9  

F r u i t s  were h a r v e s t e d  a s  d e s c r i b e d  u n d e r  3 . 3 . 6 . 5 .  

3 .4 .8  O b s e r v a t i o n s  

A l l  t h e  o b s e r v a t i o n s  d e s c r i b e d  u n d e r  3 . 3 - 7  trere r e c o r d e d  

i n  t h i s  e x p e r i m e n t ,  e x c e p t  d a y s  f o r  f i r s t  f e m a l e  flopre 

a p p e a r a n c e .  

3.5 E x p e r i m e n t  3 - E f f e c t  of p o s t h a r v e s t  t r e a t m e n t s  o n  

t h e  s h e l f  l i f e  of f r u i t s  o f  b i t t e r g o u r d  

3.5.1 V a r i e t y  

F r u i t s  o f  b i t t e r g o u r d  v a r i e t y  P r i y a  was u s e d  f o r  t h e  

s t u d y  . 







T4 - Dip t r e a t m e n t s  o f  20 m i n u t e s  i n  GA 50 ppm and  s u b s e q u e n t  

s t o r a g e  i n  open c o n d i t i o n .  

T5 - Dip t r e a t m e n t  f o r  20 m i n u t e s  i n  4 p e r  c e n t  c a l c i u m  

c h l o r i d e  and  subsequen t  storage i n  open c o n d i t i o n .  

T6 - C o n t r o l  - The h a r v e s t e d  f r u i t s  w e r e  s t o r e d  i n  open 

c o n d i t i o n  

1. Change of c o l o u r  o f  b i t t e r g o u r d  u n d e r  s t o r a g e  

Co lou r  change  w a s  r e c o r d e d  a s  ment ioned  i n  3.3.7.9. 

2. I n c i d e n c e  o f  s p o i l a g e  of f r e s h  f r u i t s  unde r  s t o r a g e  a t  

i n t e r v a l  of 48 h o u r s  

The d i s c o l o u r e d  f r u i t s  were removed and  s p o i l a g e  

p e r c e n t a g e  w a s  c a l c u l a t e d .  

Funga l  g rowth  t h a t  deve loped  on  t h e  f r u i t s  w e r e  i s o l a t e d  

and  i d e n t i f i e d  by m i c r o s c o p i c  o b s e r v a t i o n .  

3 .  P h y s i o l o g i c a l  loss  i n  w e i g h t  d u r i n g  s t o r a g e  

The f r e s h  w e i g h t  of  t h e  f r u i t s  u sed  and subsequen t  

we igh t  loss  d u r i n g  s t o r a g e  were found  o u t  a t  i n t e r v a l s  o f  48 h. 



3.6 Experiment  4 - S t a n d a r d i s a t i o n  o f  d r y i n g  t e c h n i q u e  for 

b i t t e r g o u r d  

3.6.1 V a r i e t y  

Two weeks o l d  f r u i t s  o f  b i t t e r g o u r d  v a r i e t y  P r i y a  were 

used f o r  t h e  s t u d y .  

3.6.2 Season 

The exper imen t  was conducted  d u r i n g  November and 

December 1991. M e t e o r o l o g i c a l  d a t a  f o r  t h e  p e r i o d  i s  g i v e n  i n  

Appendix I. 

3.6.3 Layout 

The exper imen t  was c a r r i e d  o u t  under  l a b o r a t o r y  

c o n d i t i o n .  S t a t i s t i c a l  d e s i g n  o f  t h e  e x p e r i m e n t  w a s  comple te ly  

randomised d e s i g n  w i t h  9  t r e a t m e n t s  and 3  r e p l i c a t i o n s .  

3.6.4 Trea tmen t s  

T1 - Sundrying  

F r e s h l y  h a r v e s t e d  b i t t e r g o u r d  f r u i t s  a f t e r  washing 

w e r e  c u t  i n t o  slices of  1 c m  t h i c k n e s s .  S l i c e s  were 

s u n d r i e d  by s p r e a d i n g  i n  aluminium t r a y s  t o  a m o i s t u r e  

c o n t e n t  of  8 + 1 p e r  c e n t .  T r a y s  were k e p t  i n  sun  from 

8.00 a m  t o  4.00 pm. 



T2 - Sundry ing  as i n  T a f t e r  b l a n c h i n g  t h e  sl ices i n  b o i l i n g  1 
water 

The sl ices were t i e d  l o o s e l y  i n  a n y l o n  n e t  and 

b l anched  i n  b o i l i n g  w a t e r  f o r  3 m i n u t e s .  A f t e r  b l a n c h i n g  

sample  w a s  d r i e d  i n  sun  by s p r e a d i n g  i n  a lvminium t r a y s  

t o  a  m o i s t u r e  c o n t e n t  of  8 2 1 p e r  c e n t .  

T3 - Sundry ing  a s  i n  T1 a f t e r  b l a n c h i n g  i n  s t e a m  

The sample  a f t e r  s l i c i n g  was b l anched  i n  s t e a m  

produced i n  a p r e s s u r e  c o o k e r  for  3  m i n u t e s .  The 

b l anched  sample  w e r e  s u n d r i e d  t o  a  m o i s t u r e  c o n t e n t  of  

8 + 1 p e r  c e n t .  

T4 - Dehydra t ion  a t  c o n s t a n t  t e m p e r a t u r e  i n  a  c a b i n e t  d r i e r  

F r e s h l y  s l i c e d  s a m p l e s  were s p r e a d  i n  p e r f o r a t e d  

aluminium t r a y s  and k e p t  i n  a c a b i n e t  d r i e r  a t  60 + 2OC 

f o r  1 4  h.  

T5 - Dehydra t ion  a t  c o n s t a n t  t e m p e r a t u r e  i n  c a b i n e t  d r i e r .  

a f te r  b l a n c h i n g  a s  i n  T2 

The samples  were h o t  water b l a n c h e d  a s  e x p l a i n e d  i n  

T2 and  t h e n  d r i ed  i n  a c a b i n e t  d i i e r  a t  60 ?: 2OC f o r  1 4  h.  

T6 - Dehydra t ion  a t  c o n s t a n t  t e m p e r a t u r e  i n  a  c a b i n e t  d r i e r  

a f te r  b l a n c h i n g  a s  i n  T j  

The samples  w e r e  steam b lanched  and t h e n  dr ied  i n  a 

c a b i n e t  d r i e r  a t  60 + 2OC f o r  1 4  h.  - 



T7 - S u l p h i t i n g  and  d e h y d r a t i o n  

f 
The p r e p a r e d  samples  were b l a n c h e d  i n  b b i l i n g  water 

f o r  3 m i n u t e s  and  a l l o w e d  t o  cool t o  room t e m p e r a t u r e  and 

s u b s e q u e n t l y  soaked  i n  w a t e r  c o n t a i n i n g  0 . 1  p e r  c e n t  

p o t a s s i u m  m e t a b i s u l p h i t e  (KMS) f o r  1 0  m i n u t e s  and t h e n  

d r i e d  i n  a c a b i n , e t  d r i e r  a t  60 t 2OC f o r  14  h .  

T8 - S t e e p i n g  i n  5 p e r  c e n t  sodium c h l o r i d e  and  d r y i n g  

The p r e p a r e d  slices w e r e  b l a n c h e d  i n  b o i l i n g  water 

fo r  3 m i n u t e s ,  a l l owed  t o  cool t o  room t e m p e r a t u r e  and 

s u b s e q u e n t l y  soaked  i n  water c o n t a i n i n g  5 p e r  c e n t  sodium 

c h l o r i d e  ( b r i n e )  f o r  4  m i n u t e s  and t h e n  d r i e d  i n  a  

c a b i n e t  d r i e r  a t  60°C f o r  1 4  h.  

I n t e r m e d i a t e  m o i s t u r e  b i t t e r g o u r d  (IM b i t t e r g o u r d )  
* 

The s l i c e d  s a m p l e s  w e r e  b l anched  f o r  3 m i n u t e s  i n  

b o i l i n g  water. A f t e r  c o o l i n g  t o  room t e m p e r a t u r e ,  t h e y  

were d i p p e d  o v e r - n i g h t  i n  1 0  per c e n t  b r i n e  c o n t a i n i n g  

0.2 p e r  c e n t  p o t a s s i u m  m e t a b i s u l p h i t e  (KMS) and 0.2 p e r  

c e n t  c i t r i c  a c i d .  A f t e r  d r a i n i n g ,  slices w e r e  d r i e d  i n  a  

c a b i n e t  d r i e r  a t  a n  i n i t i a l  t e m p e r a t u r e  of 80°C for  one  

hour  and s u b s e q u e n t l y  a t  60 f ' ~ O C  for 1 0  h  t o  a f i n a l  

m o i s t u r e  c o n t e n t  of 30 p e r  c e n t  ( B h a t i a  and Mudahar, 

1 9 8 2 ) .  



3.6.5 Observa t ions  

The f o l l o w i n g  o b s e r v a t i o n s  w e r e  r ecorded  from t h e  s t u d y .  

1. Q u a l i t y  a n a l y s i s  

A l l  t h e  q u a l i t y  pa ramete r s  l i s t e d  under experiment  1 

were determined i n  t h i s  s t u d y  a l s o .  

2. Dehydrat ion r a t i o  

The p repared  slices w e r e  weighed b e f o r e  d r y i n g .  A f t e r  

t h e  comple t ion  of d r y i n g  a l s o  weight  was found o u t .  From t h e s e  

dehydra t ion  r a t i o  was c a l c u l a t e d .  

3 .  Inc idence  of  s p o i l a g e  on  d r i e d  b i t t e r g o u r d  

S p o i l a g e  a s  evidenced by mould growth, change i n  

t e x t u r e ,  were r e c o r d e d  and e x p r e s s e d  a s  percen tage .  

4. Rehydra t ion  s t u d i e s  

Rehydra t ion  r a t i o  of dehydra ted  samples were determined 

by r e h y d r a t i n g  t h e  samples f o r  1 0  minu tes  i n  b o i l i n g  water .  

From t h e  weight  of  dehydra ted  sample and cor respond ing  weight  of  

t h e  r e h y d r a t e d  sample r e h y d r a t i o n  r a t i o  was c a l c u l a t e d  (Anon, 

1944) .  



3.7 Experiment 5 - Comparison of d i f f e r e n t  packaging m a t e r i a l s  

for  s t o r a g e  of dehydra ted  b i t t e r g o u r d  

Based on t h e  r e s u l t s  o f  t h e  exper iment  4, f o l l o w i n g  f o u r  

t r e a t m e n t s  w e r e  s e l e c t e d  f o r  s t o r a g e  s t u d i e s .  

T1 - Sundrying f r e s h l y  s l i c e d  f r u i t s .  

T4 - Dehydrat ion a t  60°C for 14  + 1 h i n  a  c a b i n e r  d r i e r .  

T8 - Blanching i n  b o i l i n g  w a t e r  c o n t a i n i n g  5 p e r  c e n t  sodium 

c h l o r i d e  f o r  f o u r  minutes  and d r y i n g  i n  a c a b i n e t  d r i e r  

a t  60°C f o r  14 f 1 h. 

Tg - I n t e r m e d i a t e  m o i s t u r e  b i t t e r g o u r d .  

3 .7 .1  Layout 

The exper iment  was c a r r i e d  o u t  under  l a b o r a t o r y  

c o n d i t i o n .  Da i ly  mean t e m p e r a t u r e  and r e l a t i v e  humidity d u r i n g  

t h e  s t o r a g e  t r i a l  i s  g iven  i n  Appendix I. S t a t i s t i c a l  d e s i g n  

f o r  t h e  exper iment  was comple te ly  randomised d e s i g n  w i t h  t e n  

t r e a t m e n t s  i n  t h r e e  r e p l i c a t i o n s .  T o t a l  number of exper imenta l  . 

u n i t s  w e r e  30 i n  e a c h  c a s e .  

3.7.2 Trea tments  

T1 - Packaging i n  low d e n s i t y  p o l y e t h y l e n e  (LDPE) bags of 

150 gauge t h i c k n e s s  

T2 - Packaging i n  LDPE bags o f  300 gauge t h i c k n e s s  



Tj 
- Packaging i n  LDPE bags  of 450 gauge t h i c k n e s s  

T4 - Packaging i n  LDPE bags of  600 gauge t h i c k n e s s  

T5 
- Packaging i n  b l a c k  po ly thene  bags of 150 gauge t h i c k n e s s  

T6 - Packaging i n  polypropylene  bags of  100 gauge t h i c k n e s s  

T7 - Packaging i h  LDPE bags of 150 gauge t h i c k n e s s  wi th  

inpackage  d e s i c c a n t s .  

S i l i c a g e l  was used f o r  t h i s  purpose .  F ive  g s i l i c a g e l  

was k e p t  i n  s e p a r a t e  c l o t h  bag i n s i d e  t h e  packages.  

T8 - Packaging i n  opaque p l a s t i c  c o n t a i n e r s  

Tg - Packaging i n  t r a n s p a r e n t  j a r s  

- Open a i r  s t o r a g e  P1o . 

3 . 7 . 3  Observa t ions  

1. Sensory e v a l u a t i o n  

Four c h a r a c t e r s  v i z .  , C O ~ O U ~ ~  t e x t u r e ,  o v e r a l l  

appearance and consumer a c c e p t a b i l i t y  w e r e  e v a l u a t e d  based on 

t h e  5 p o i n t  hedonic  scale g i v e n  below: 

a .  S c o r e  c h a r t  f o r  c o l o u r  

Description 

A. Green 

B. L i g h t  g reen  

C. Brownish g r e e n  

D. L i g h t  brown 

E. Burnt  appearance  

Score 

1 

2 

3  

4 

5 



b. S c o r e  c h a r t  for  t e x t u r e  

D e s c r i p t i o n  

A. Very c r i s p  

B. Modera te ly  c r i ~ p  

C. N e i t h e r  c r i s p  n o r  s o f t  

D. S o f t  

E.  Very s o f t  

Score 

c. S c o r e  c h a r t  f o r  o v e r a l l  appea rance  

D e s c r i p t i o n  Score 

A. L i k e  v e r y  much 1 

B. L ike  modera te ly  2 

C. N e i t h e r  l i k e  n o r  d i s l i k e  3 

D. D i s l i k e  s l i g h t l y  4 

E.  D i s l i k e  v e r y  much 5 

d. Consumer a c c e p t a b i l i t y  ' 

D e s c r i p t i o n  Score 

A. Accep tab le  f u l l y  

B. Accep tab le  somewhat 

C. N e i t h e r  a c c e p t a b l e  n o r  3 
u n a c c e p t a b l e  

D.  Unacceptable  somewhat 4 

E. N o t  a c c e p t a b l e  5 



S c o r i n g  was done by a  p a n e l  of  judges  c o n s i s t i n g  of 

t w e l v e  s e m i t r a i n e d  pe r sons .  Consumer a c c e p t a b i l i t y  was s c o r e d  

a f t e r  packaging  t h e  dehydra ted  b i t t e r g o u r d  a s  mentioned i n  

Sensory e v a l u a t i o n  was a r r a n g e d  a t  monthly i n t e r v a l s .  

F i r s t  a t  t h e  t i m e  o f  s t o r i n g  and t h e n  a t  t h e  end of e a c h  month 

till t h e  end of t h e  s t u d y .  

3 .8  S t a t i s t i c a l  a n a l y s i s  

The d a t a  i n  d i f f e r e n t  a s p e c t s  of  growth and q u a l i t y  of 

b i t t e r g o u r d  w e r e  s u b j e c t e d  t o  t h e  s t a t i s t d c a l  a n a l y s i s  sugges ted  

by Panse and Sukhatme ( 1 9 5 4 ) .  The mean v a l u e  were worked out 

f o r  d i f f e r e n t  pa ramete r s  and a n a l y s e d  by a n a l y s i s  of  v a r i a n c e  

t e c h n i q u e .  C r i t i c a l  d i f f e r e n c e  were  c a l c u l a t e d  for t h e  

comparison o f  t r e a t m e n t s .  The d a t a  o b t a i n e d  i n  t h e  i n d i v i d u a l  

scores f o r  c o l o u r ,  t e x t u r e ,  o v e r a l l  appea rance  and consumer 

a c c e p t a b i l i t y  were a n a l y s e d  by Friedman two way a n a l y s i s  of 

v a r i a n c e  t e c h n i q u e  and Kruske l  Wallis one  way a n a l y s i s  of 

v a r i a n c e  ( S e i g a l ,  1956)  . 



RESULTS 

R e s u l t s  of  t h e  f i v e  exper iments  conducted a r e  

p r e s e n t e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  

4.1 E f f e c t  of o r g a n i c  and i n o r g a n i c  s o u r c e s  o f  n i t r o g e n  on 

s h e l f  l i f e  o f  f r e s h  b i t t e r g o u r d  f r u i t s  

4.1.1 Days t o  f i r s t  female  f l o w e r  opening 

Observa t ions  on  t h e  days  t o  f i r s t  female  f lower  

opening showed t h a t  t r e a t m e n t s  w e r e  on p a r .  There  was no 

s i g n i f i c a n t  d i f f e r e n c e  between v a r i e t i e s  a l s o  ( T a b l e  1) . 

4.1.2 Number of  h a r v e s t s  

There  was no s i g n i f i c a n t  d i f f e r e n c e  among t h e  

t r e a t m e n t s  on  t h e  number of  h a r v e s t s  ( T a b l e  1). The t w o  

v a r i e t i e s  w e r e  a l s o  on p a r  w i t h  each  o t h e r .  

4.1.3 F r u i t s  p e r  p i o t  

Number of f r u i t s  o b t a i n e d  f r o m  each t r e a t m e n t  a r e  

p r e s e n t e d  i n  Table  1. Treatments  and v a r i e t i e s  d i d  n o t  d i f f e r  

s i g n i f i c a n t l y .  The i n t e r a c t i o n  between v a r i e t i e s  and 

t r e a t m e n t s  w e r e  a l s o  n o t  s i g n i f i c a n t .  



Table 1. ~f lunence - of  the sources and quantity of ni t rogen on t h e  days f o r  f i r s t  female flower opening, number of haiwmts. and 
f r u i t s  per p l o t  

mnber of  days f o r  f i r s t  female 
fl-r ouenina 

W e r  of ha rves t s  N u b -  of f r u i t s  pe r  p l o t  

Treatments ...................................... -----------------C----------------- ........................................ 
v1 v2 nean v1 v2 "1 V2 Mean Mean 

CD f o r  

Treatments (TI 

Varieties (V) 

T x V N S  N S  N S  - 
T1 - 20 t PYM, 70r25r25 kg NPK through f e r t i l i m e r s .  

T2 - 20 t P m ,  7 0  kg N through P m ,  and 25.25 kg NPK through f e r t i l i s c r s  

T3 - 30 t PYn, 70825r25 kg NPK through f e r t i l i s e r s  

T4 - 20 t P m ,  35r25r25 kg NPK through f e r t i l i 8 e r s  

T5 - 20 t P m ,  140r25r25 kg NPK through f e r t i l i s e r a  

V1 - Priya 

T~ - nc-84 



Table  2. I n f l u e n c e  of  s o u r c e s  and q u a n t i t y o f  n i t r o g e n  on y i e l d  p e r  p l o t ,  f r u i t  l e n g t h  and 
f r u i t  g i r t h  

Y i e l d  p e r  p l o t  ( k g )  F r u i t  l e n g t h  (an) F r u i t  g i r t h  (an) 
Treatinent s ......................... ......................... ---------------_-__--,----.--- 

v2 Mean v2 Mean v2 Mean 

___________________------_-------------_-__------------------------------------.---------------- 

CD f o r  

Trea tments  ( T I  

v a r i e t i e s  ( V  

T x V  

* S i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l  



4.1.4 Yie ld  p e r  p l o t  

Data on t h e  y i e l d  a r e  p r e s e n t e d  i n  Tab le  2 .  R e s u l t s  

i n d i c a t e d  t h a t  t r e a t m e n t s  and v a r i e t i e s  d i d  n o t  d i f f e r  

s i g n i f i c a n t l y  w i t h  r e s p e c t  t o  y i e l d .  The i n t e r a c t i o n  between 

v a r i e t i e s  and t r e a t m e n t s  f o r  y i e l d  a l s o  were n o t  s i g n i f i c a n t .  

4.1.5 F r u i t  l e n g t h  

Data on f r u i t  l e n g t h  a r e  p r e s e n t e d  i n  Tab le  2.  The 

t r e a t m e n t s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  wi th  r e s p e c t  t o  t h e  

l e n g t h  of t h e  b i t t e r g o u r d  h a r v e s t e d .  

There was s i g n i f i c a n t  d i f f e r e n c e  between v a r i e t i e s .  

The f r u i t s  were l o n g e r  i n  P r i y a  than  i n  MC-84 ( P l a t e  1). 

There was no s i g n i f i c a n t  i n t e r a c t i o n  between v a r i e t i e s  and 

t r e a t m e n t s  f o r  t h i s  c h a r a c t e r .  

4.1.6 F r u i t  g i r t h  
* 

A s  i n  f r u i t  l e n g t h ,  g i r t h  of  f r u i t  was also no t  

i n f l u e n c e d  by t h e  t r e a t m e n t s  ( T a b l e  2 )  . However, v a r i e t i e s  

d i f f e r e d  s i g n i f i c a n t l y  f o r  f r u i t  g i r t h  w i t h  MC-84 having a 

mean f r u i t  g i r t h  of 16.9 c m  a s  compared . t o  P r i y a  wi th  13.9 cm. 

The i n t e r a c t i o n  between v a r i e t i e s  and t r e a t m e n t s  showed n o  

s i g n i f i c a n t  d i f f e r e n c e  i n  t h i s  c a s e .  



Table 3. Influence of source8 and quant i ty  of n i t rogen on t h e  moisture, t o t a l  amh, ascorbic  ac id ,  t o t a l  phenol and i r o n  content  

Moisture ( $ 1  Tota l  a s h  ( t )  Ascorbic aci<400 g) mtal phenol (-/lo0 g )  I ron  content  (mg/lOO g )  
mca-ntg ....................... ....................... ....................... ....................... ........................ 

v1 J"' . Mean v1 v2 mean V1 V2 nean Vl V2 Mean V1 V2 Mean 

CD f o r  

Treatments (TI 

V a r i e t i e s  (V 1 

T x V  

-- 

Sign i f i can t  a t  5 per cen t  l e v e l  



Phenol c o n t e n t  was n o t  s i g n i f i c a n t l y  a f f e c t e d  by t h e  

t r e a t m e n t s  (Tab le  3 ) .  However d i f f e r e n c e  between v a r i e t i e s  

was s i g n i f i c a n t .  MC-84 r e c o r d e d  a  phenol  c o n t e n t  of 1 2 . 7  mg 

p e r  c e n t  a s  compared t o  8 .1  mg p e r  c e n t  f o r  P r i y a .  The 

v a r i e t y  x t r e a t m e n t  i n t e r a c t i o n  was n o t  s i g n i f i c a n t .  

The t r e a t m e n t s  showed s i g n i f i c a n t  e f f e c t  on t h e  i r o n  

c o n t e n t  of f r u i t s  ( T a b l e  3 ) .  I r o n  c o n t e n t  was h i g h e s t  i n  T2 

(20  t FYM,  70 kg N through FYM and 25:25 kg P  and K )  which was 

on p a r  w i t h  T1 (KAU recommendation),  T3 (30  t FYM, 70:25:25 kg 

N P K )  and T4 ( 2 0  t FYM, 35:25:25 kg NPK). The lowes t  c o n t e n t  

of i r o n  was recorded  i n  T5 ( 2 0  t FYM, 140:25:25 kg NPK through 

f e r t i l i s e r s )  which was on p a r  w i t h  T1, T j  and T4.  D i f f e r e n c e  

between v a r i e t i e s  was a l s o  s i g n i f i c a n t .  P r i y a  had h i g h e r  i r o n  

c o n t e n t  t h a n  MC-84. The i n t e r a c t i o n  between v a r i e t i e s  and 

t r e a t m e n t s  was n o t  s i g n i f i c a n t .  

Ch lo rophy l l  a ,  c h l o r o p h y l l  b,  and t o t a l  c h l o r o p h y l l  

c o n t e n t  of t h e  f r e s h  b i t t e r g o u r d  f r u i t s  a r e  p r e s e n t e d  i n  

Table 4 .  The t r e a t m e n t s  showed no  s i g n i f i c a n t  e f f e c t  on  t o t a l  

c h l o r o p h y l l  c o n t e n t .  There was s i g n i f i c a n t  d i f f e r e n c e  i n  

c h l o r o p h y l l  a  and c h l o r o p h y l l  b  c o n t e n t s  between t h e  t w o  

v a r i e t i e s .  I n  bo th  c a s e s  P r i y a  r e c o r d e d  h i g h e r  v a l u e s  f o r  

c h l o r o p h y l l  a and b  c o n t e n t  of 0.08 mg p e r  c e n t  and 0.101 mg 

per c e n t  a g a i n s t  t h e  c o r r e s p o n d i n g  v a l u e s  of  0.05 mg p e r  c e n t  

and 0.057 mg p e r  c e n t  i n  t h e  case of  MC-84. The v a r i e t y  x 

t r e a t m e n t  i n t e r a c t i o n  was n o t  s i g n i f i c a n t  f o r  t h i s  c h a r a c t e r .  



Table  4 .  I n f l u e n c e  of s o u r c e s  and q u a n t i t y  of n i t r o g e n  on t h e  c h l o r o p h y l l  c o n t e n t  (mg/100 g )  

Ch lo rophy l l  a  C h l o r o p h y l l  b T o t a l  c h l o r o p h y l l  
Treatrfients ........................ ......................... ----------------- ---,----.---- 

v1 v2 v1 v2 Mean Mean v2 Mean 

CD f o r  

Treatments  (TI N S  

V a r i e t i e s  ( V )  0.0092" 

T x V  NS 

* S i g n i f i c a n t  a t  5 P e r  cent l e v e l  



4.1.8 I n c i d e n c e  o f  s p o i l a g e  

S p o i l a g e  w a s  recorded based  on we igh t  loss d u r i n g  

s t o r a g e  ( T a b l e  5 )  and a l s o  o n  t h e  r o t t i n g  p e r c e n t a g e  of f r u i t s  

( T a b l e  6 ) .  O r g a n i c  and i n o r g a n i c  s o u r c e s  had a  s i g n i f i c a n t  

i n f l u e n c e  o n  t h e  s h e l f  l i f e  of  b i t t e r g o u r d  ( T a b l e  5 ) .  The 

gourds  f r o m  T2 ( 2 0  t FYMt 70 kg N t h r o u g h  FYMt 2 5 ~ 2 5  kg P and 

K t h r o u g h  fer t i l isers)  hadt(Yongest A s h e l f  l i f e  o f  5 .5  d a y s .  

T h i s  t r e a t m e n t  was on p a r  w i t h  T3 ( 3 0  t FYM. 70:25:25 kg NPK . 
t h rough  f e r t i l i s e r s )  and T4 ( 2 0  t FYM and 35:25:25 kg NPK 

t h r o u g h  ' f e r t i l i s e r s ) .  S h o r t e s t  s h e l f  l i f e  of  2.4 d a y s  were 

o b s e r v e d  i n  T1 (KAU recommendat ion)  which was o n  p a r  w i t h  T 5  

(20  t FYM, 140:25:25 kg NPK t h r o u g h  fer t i l i sers) .  TI and T5 

were s i g n i f i c a n t l y  i n f e r i o r  t o  T2, T3 and  T4. The re  w a s  n o  

s t a t i s t i c a l  d i f f e r e n c e  between v a r i e t i e s  for t h e i r  s h e l f  l i f e .  

The i n t e r a c t i o n  be tween  t r e a t m e n t s  and  v a r i e t i e s  w a s  a lso  n o t  

s i g n i f i c a n t .  

T r e a t m e n t s  showed s i g n i f i c a n t  v a r i a t i o n  w i t h  r e s p e c t  

t o  w e i g h t  loss d u r i n g  s t o r a g e  ( T a b l e  5)  . I n  t h e  s t o r a g e  

p e r i o d  u p t o  48 h  minimum w e i g h t  loss  was r e c o r d e d  by T4. 

Maximum w e i g h t  loss w a s  o b s e r v e d  i n  T5 which w a s  o n  p a r  w i t h  

T1, T2 and  Tj.  When t h e  s t o r a g e  p e r i o d  f r o m  48 t o  96 h  w e r e  

c o n s i d e r e d  T4 a g a i n  r e c o r d e d  lowest w e i g h t  loss  which w a s  on  

p a r  w i t h  Tg. The t r e a t m e n t  T5 s u s t a i n e d  maximum w e i g h t  loss ,  

which w a s  s i g n i f i c a n t l y  i n f e r i o r  t o  a l l  t h e  , o t h e r  t r e a t m e n t s .  



Table 5. I n f l w n a a  of saprces a& quant i ty  of ni t rogen on t h e  shel f  life and w i g h t  10.8 of i n s i t e  during e to rage  

Shelf  l i f e  weight lo.. ( t )  M i g h t  10.8 ( t )  Cumulative w i g h t  l o s s  ( t )  
(days) 0 to 48 hours 48 to 96 hour8 After  96 hours 

Troatm8nt. ............................ ........................... --------r------------------- ............................. 
v1 'f2 v1 v2 "1 v2 v1 v2 Mean Mean Mean Mean 

CD f o r  

Treatment. (T) 0.792. 2.394. 1.302. 3.554. 

US us PlS NS Var i e t i e s  (V ) 

T x V  US NS 1.8415. 5.025. 

+ Signif icant  at 5 per cen t  l e v e l  

V1 - Priya V2 - MC-84 



Treatments  TI, T2 and T3 were on  p a r .  There was no  

s i g n i f i c a n t  d i f f e r e n c e  between v a r i e t i e s .  However, t h e  

v a r i e t y  x t r e a t m e n t  i n t e r a c t i o n  w a s  s i g n i f i c a n t .  L o w e s t  

weight  l o s s  was - recorded  i n  t h e  combinat ion  T4V2 (20  t FYM, 

35:25:25 kg NPK i n  MC-84) .  T h i s  was on p a r  w i t h  T V (30  t . 3 1  

FYM and 70:25:25 kg NPK i n  Priya). 

When cumula t ive  weight  l o s s  u p t o  4 days  was t aken  i n t o  

accoun t ,  t h e  t r e a t m e n t s  showed s i g n i f i c a n t  d i f f e r e n c e  (Tab le  

5 ) .  T4 recorded  lowes t  weight  l o s s  which was on p a r  w i t h  T3. 

T5 r ecorded  h i g h e s t  weight  l o s s  which was on p a r  w i t h  TI. 

Here a g a i n  v a r i e t y  x t r e a t m e n t  i n t e r a c t i o n  was s i g n i f i c a n t .  

T4V2 r e c o r d e d  minimum weight  l o s s  which was on p a r  w i t h  T3V1. 

Maximum weight  l o s s  was i n  T5V2, which was on p a r  w i t h  TIV1. 

Data on r o t t i n g  p e r c e n t a g e  are p r e s e n t e d  i n  Table  6. 

R o t t i n g  p e r c e n t a g e  d i f f e r e d  s i g n i f i c a n t l y  up to  4 days of 

s t o r a g e .  R o t t i n g  p e r c e n t a g e  was lowest i n  T4 a f t e r  t w o  days  

which was on p a r  w i t h  T2 and T3. Maximum r o t t i n g  a f t e r  t w o  

days  of s t o r a g e  was recorded  i n  T which was on  p a r  w i t h  T5. 1 

When s t o r a g e  p e r i o d  u p t o  4 days  was cons ide red  t h e  lowes t  

r o t t i n g  p e r c e n t a g e  was i n  T4, which was on p a r  w i t h  Tg. 

R o t t i n g  w a s  maximum i n  T fo l lowed -by T1. On comple t ion  of 5 

s i x  days  i n  s t o r a g e  t h e  s p o i l a g e  was n e a r l y  100 p e r  c e n t  i n  

a l l  t h e  t r e a t m e n t s .  There was no s i g n i f i c a n t  i n t e r a c t i o n  

between v a r i e t i e s  and t r e a t m e n t s  f o r  t h i s  c h a r a c t e r .  



Table 6 .  Inf luence of sources  and quanti ty  of n i t rogen  on t h e  r o t t i n g  percentage of 
bi t tergourd f r u i t s  during s torage  

Rotting (per  c e n t )  .................................................................................. 
Treatments A f t e r  2 days After  4 days A f t e r  6 days ........................ ......................... ........................... 

Mean v1 v2 
Mean v2 Mean 

CD f o r  

Treatments ( T )  

V a r i e t i e s  (V) 

T x V  

* S i g n i f i c a n t  a t  5 per  cen t  l e v e l  



R o t t i n g  seemed t o  b e  c l o s e l y  a s s o c i a t e d  w i t h  t h e  

e s t a b l  i shmen t  o f  m i c r o b i a l  g rowth  i n  f r u i t s  . Symptoms of  

r o t t i n g  was c l o s e l y  f o l l o w e d  by a p p e a r a n c e  of f u n g a l  mass 

which was i d e n t i f i e d  a s  Fusar ium Spp. The e x t e n t  of  damage by 

t h e  microorganism w b s l -  n o t  a s s e s s e d ,  as it was ' beyond t h e  

s c o p e  o f  t h e  p r e s e n t  s t u d y .  

4.1.9 Change o f  c o l o u r  d u r i n g  s t o r a g e  

Data  oh t h e  change  i n  c o l o u r  o f  b i t t e r g o u r d  f r u i t s  

d u r i n g  s t o r a g e  a r e  p r e s e n t e d  i n  T a b l e  7. P e r u s a l  o f  t h e  d a t a  

showed a g r a d u a l  d e g r a d a t i o n  i n  g r e e n  c o l o u r  w i t h  i n c r e a s e  i n  

d u r a t i o n  o f  s t o r a g e .  F r u i t s  i n  a l l  t h e  t r e a t m e n t s  were fresh 

and g r e e n  o n  t h e  day  o f  h a r v e s t  w i t h  t h e  score of z e r o .  A s  

t h e  s t o r a g e  p e r i o d  i n c r e a s e d ,  g r e e n  c o l o u r  o f  t h e  f r u i t  f a d e d  

and t h e  scores a t t r i b u t e d  w e r e  s u b j e c t e d  t o  Friedman two way 

a n a l y s i s ,  which showed t h a t  t h e  t r e a t m e n t s  d i f f e r e d  

s i g n i f i c a n t l y  w i t h  r e s p e c t  t o  change  i n  c o l o u r .  T h i s  change 

was s l o w e s t  i n  T4V2 ( 2 0  t FYM and 35:25:25 kg NPK t h r o u g h  

f e r t i l i s e r s  i n  MC-84) f o l l o w e d  by TIVl (KAU recommendation i n  

P r i y a )  . The d i s a p p e a r a n c e  o f  t h e  g r e e n  c o l o u r  was f a s t e r  i n  

T5V2 ( 2 0  t FYM and 140:25:25 kg NPK i n  MC-84). 

4.2 E f f e c t  of p r e h a r v e s t  s p r a y s  o n  t h e  s h e l f  l i f e  of 

f r u i t s  of b i t t e r g o u r d  

4.2.1 Number o f  h a r v e s t s  

Data  on t h e  number o f  h a r v e s t s  p r e s e n t e d  i n  T a b l e  8 

showed t h a t  t r e a t m e n t s  had n o  effect o n  t h e  number o f  harves t s .  



Tab le  7. Colour  change  of b i t t e r g o u r d  f r u i t s  d u r i n g  s t o r a g e  as 
i n f l u e n c e d  by d i f f e r e n t  s o u r c e s  and q u a n t i t y  of 
n i t r o g e n  

Co lour  score a f t e r  
T r e a t m e n t s  ....................................... T o t a l  

0  day 2 days  4 days  6 days  s c o r e  

Score  

V1 - P r i y a  

V2 - MC-84 

Score :  0 - Green c o l o u r ,  f r e s h  and f i r m  w i t h o u t  any symptoms o f  
s h r i n k a g e  

1 - Green w i t h  s h r i v e l l e d  a p p e a r a n c e  

2 - S l i g h t  y e l l o w i n g  s t a r t i n g  f rom t h e  f r u i t  t i p  

3 - 50 p e r  c e n t  y e l l o w i n g  

4 - Whole b u t  y e l l o w ,  s o f t  and decayed 



4.2.2 F r u i t s  p e r  p l o t  

Data p r e s e n t e d  i n  Tab le  8 i n d i c a t e d  t h a t  t h e r e  was 

s i g n i f i c a n t  v a r i a t i o n  between t r e a t m e n t s  on t h e  number of 

f r u i t s  h a r v e s t e d .  Maximum number of f r u i t s  w e r e  o b t a i n e d  from 

T7 ( c o n t r o l )  which was o n  p a r  w i t h  T1 (GA 200 ppm). T2 (GA 

300 ppm) and Tj (CCC 250 ppm) . Minimum number of  f r u i t s  were 

ob ta ined  from T6 (MH 1000 ppm) which w a s  on  p a r  w i t h  T4 (CCC 

4 .2 .3  Y i e l d  p e r  p l o t  

Data on y i e l d  recorded  i n  each  t r e a t m e n t  a r e  p r e s e n t e d  

i n  Table  8. The t r e a t m e n t s  had s i g n i f i c a n t  e f f e c t  on y i e l d .  

Maximum y i e l d  w a s  r ecorded  i n  T2 (GA 300 ppm). T h i s  t r e a t m e n t  

was on p a r  w i t h  T1 (GA 200 ppm) . Y i e l d  was minimum i n  T 4 

(CCC 500 ppm). 

4.2.4 F r u i t  l e n g t h  

P r e h a r v e s t  a p p l i c a t i o n  of g'rowth r e g u l a t o r s  showed a 

s i g n i f i c a n t  i n f l u e n c e  on  f r u i t  l e n g t h  ( T a b l e  8) . APpl ica t ion  

of  GA bo th  a t  200 pprn (TI)  and 300 pprn (T2)  i n c r e a s e d  t h e  

l e n g t h  s i g n i f i c a n t l y  . These t r e a t m e n t s  w e r e  s u p e r i o r  t o  a l l  

o t h e r  t r e a t m e n t s .  MH a t  1000 pprn (T6) produced t h e  s h o r t e s t  

f r u i t s .  T h i s  w a s  on p a r  w i t h  a l l  t h e  o t h e r  t r e a t m e n t s  e x c e p t  

T and T2. 1 



T a b l e  8. E f f e c t  of p r e h a r v e s t  a p p l i c a t i o n  of g r o w t h  r e g u l a t o r s  
o n  t h e  number of h a r v e s t ,  f r u i t s  p e r  p l o t ,  y i e l d  p e r  
p l o t ,  f r u i t  l e n g t h  a n d  f r u i t  g i r t h  

Number F r u i t s  Y i e l d  F r u i t  F r u i t  
T r e a t m e n t s  of Per P e r  l e n g t h  g i r t h  

h a r v e s t s  p l o t  p l o t  
(kg) (cm) ( a )  ................................................................ 

T1 - GA 200 ppm 9.00 6 2 . 0 0 ~  15.32' 1 8  .65b 1 6  .43bC 

T2 - G A  300 ppm 8 . 2 5  62 .  7 s b  1 6 .  82C 1 9 .  43b 17.15' 

T3 - CCC 250 ppm 7.50 6 2 . 0 0 ~  1 2 . 0 9 ~  1 5  .23a  1 4 . 4 0 ~  

T5 - MH 500 ppm 7 .75  ~ 6 . 2 3 ~  10.71ab 1 5 . 7 ~ ~  1 4 . 4 0 ~  

T6 - MH 1 0 0 0  ppm 7.75 5 4 . 7 ~ ~  1 0 . 6 3 ~ ~  1 4 . 4 2 ~  1 4 .  38a 

T7 - C o n t r o l  8 . 2 5  6 3 . 7 ~ ~  1 1 . 9 5 ~ ~  1 5 . 8 6 ~  1 5 .  38b 

* S i g n i f i c a n t  a t  5  per c e n t  l e v e l  



4.2.5 F r u i t  g i r t h  

G i r t h  of t h e  f r u i t s  a s  i n f l u e n c e d  by p r e h a r v e s t  

a p p l i c a t i o n  o f  growth r e g u l a t o r s  are p r e s e n t e d  i n  T a b l e  8.  

O b s e r v a t i o n s  showed s i g n i f i c a n t  e f f e c t s  on f r u i t  g i r t h .  A s  

f o r  f r u i t  l ength ,  GA i n c r e a s e d  f r u i t  g i r t h  also.  Maximum g i r t h  

was r e c o r d e d  i n  T2 (300 ppm G A ) .  T h i s  was f o l l o w e d  by TI, 

which r e c e i v e d  200 ppm GA. F r u i t s  f r o m  c o n t r o l  (T7)  were on  

p a r  w i t h  T1. L o w e s t  f r u i t  g i r t h  w a s  recorded i n  T4 (500  ppm 

CCC) . 

4.2.6 Q u a l i t a t i v e  c h a r a c t e r s  

Data  o n  t h e  q u a l i t y  components  as i n f l u e n c e d  by 

p r e h a r v e s t  a p p l i c a t i o n  o f  growth r e g u l a t o r s  are p r e s e n t e d  i n  

T a b l e  9. 

P e r u s a l  of d a t a  i n  T a b l e  9 showed t h a t  maximum 

moisture c o n t e n t  w a s  i n  T3 (CCC 250 ppm) which w a s  

s i g n i f i c a n t l y  h i g h e r  t o  a l l  o t h e r  t r e a t m e n t s  e x c e p t  T7 

( c o n t r o l ) .  M o i s t u r e  c o n t e n t  was lowest i n  T6 (MH 500 ppm) . 

The i n f l u e n c e  of growth  r e g u l a t o r s  were n o t  s i g n i -  

f i c a n t  fo r  t h e  a s h  c o n t e n t  of t h e  f r u i t s  ( T a b l e  9 ) .  

Maximum a s c o r b i c  a c i d  c o n t e n t  was r e c o r d e d  i n  T (GA 1 
200 ppm) which w a s  s i g n i f i c a n t l y  s u p e r i o r  t o  a l l .  o t h e r  

t r e a t m e n t s .  I t  w a s  f o l l o w e d  by T6 (MH 1000 pprn). T6, T2 



Table 9. E f fec t  of preharves t  app l i ca t ion  of growth regu la to r s  on t h e  moisture ,  t o t a l  ash,  
a scorb ic  a c i d ,  ch lorophyl l ,  t o t a l  p h a ~ o l  and i r o n  content  of b i t t e rgourd  f r u i t s  . 

Moisture Total  Ascorbic Chloro- Chloro- Total  Tota l  I r o n  
Treatments a sh  ac i d  phyl l  ~ h ~ l l  chloro- phenol 

( %  ( %  (mg/lOO g )  a  b  phy l l  (mg/lOOg) (mg/lOOg) ............................................................................................... 

*Signi f icant  a t  5 per  cen t  l e v e l  



(GA 300 ppm) and Tg (CCC 250 ppm) w e r e  o n  p a r  w i t h  e a c h  o t h e r .  

Lowest a s c o r b i c  a c i d  c o n t e n t  w a s  r e c o r d e d  i n  T7 ( c o n t r o l ) ,  

which w a s  o n  p a r  w i t h  T4 (CCC 500 pprn). 

T h e r e  was no  s i g n i f i c a n t  v a r i a t i o n  between t r e a t m e n t s  

o n  t h e  c h l o r o p h y l l ,  pheno l  and  i r o n  c o n t e n t s  of f r u i t s  

( T a b l e  9 ) .  

4.2.7 I n c i d e n c e  of s p o i l a g e  

I n c i d e n c e  of  s p o i l a g e  w a s  measured based  on r o t t i n g  

p e r c e n t a g e  o f  f r u i t s  and  w e i g h t  loss d u r i n g  s t o r a g e .  Data  on 

t h e s e  a s p e c t s  a r e  p r e s e n t e d  i n . T a b l e  1 0 .  

Data on  t h e  s h e l f  l i f e  of f r u i t s  ( T a b l e  1 0 )  showed 

s i g n i f i c a n t  v a r i a t i o n  among t r e a t m e n t s .  S h e l f  l i f e  w a s  

maximum i n  T5 (MH 500 ppm), f o l l o w e d  by TI (GA 200  ppm) and 

T4 (CCC 500 pprn). S h e l f  l i f e  w a s  lowest i n  c o n t r o l  ( T 7 ) .  

R o t t i n g  p e r c e n t a g e  of f r u i t s  r e c o r d e d  a t  t w o  d a y s  

i n t e r v a l  are p r e s e n t e d  i n  T a b l e  1 0 .  Dur ing  t h e  first t w o  

d a y s ,  r o t t i n g  was lowest i n  T1 (GA 200 ppm),  f o l l o w e d  by T5 

(MH 1000 ppm). R o t t i n g  p e r c e n t a g e  was maximum i n  c o n t r o l  

With i n c r e a s e  i n  t h e  s t o r a g e  p e r i o d  r o t t i n g  p e r c e n t a g e  

also i n c r e a s e d  i n  a l l  t h e  t r e a t m e n t s .  A f t e r  4 d a y s  of s t o r a g e  

r o t t i n g  p e r c e n t a g e  was lowest i n  T1, which was followed by T5. 



Table 10. Shelf  l i f e ,  weight l o s s ,  f r u i t  malformation and r o t t i n g  percen tage  of b i t t e r g o u r d  
f r u i t s  a s  i n f luenced  by p reha rves t  a p p l i c a t i o n  of growth r e g u l a t o r s  

Shelf  Weight l o s s  du r ing  s t o r a g e  ( $ 1  F r u i t  Rot t ing  ( % )  of f r u i t s  ............................... Treatments l i f e  m a l -  ............................. 
0-2 days 2-4 days Cumulative format ion  2 days 4  days 6 days 

( %  

*- S i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l  



Maximum r o t t i n g  was recorded i n  c o n t r o l .  When t h e  s t o r a g e  

p e r i o d  i n c r e a s e d  t o  6 days, r o t t i n g  p e r c e n t a g e  w a s  more t h a n  

95 p e r  c e n t  i n  a l l  t h e  t r e a t m e n t s .  

Weight loss d u r i n g  ' t h e  s t o r a g e  of f r u i t s  were n o t  

s i g n i f i c a n t  e i t h e r  for  t h e  first two d a y s  or t h e  n e x t  t w o  d a y s  

( T a b l e  1 0 ) .  The p a t t e r n  of s p o i l a g e  w a s  un i fo rm i n  a l l  

t r e a t m e n t s  and  w a s  similar t o  t h a t  i n  t h e  p r e v i o u s  expe r imen t .  

4.2.8 Co lou r  of f r u i t  and f r u i t  m a l f o r m a t i o n  

Change i n  c o l o u r  d u r i n g  s t o r a g e  a s  i n f l u e n c e d  by 

p r e h a r v e s t  a p p l i c a t i o n  o f  g rowth  r e g u l a t o r s  a r e  p r e s e n t e d  i n  

P l a t e s  6 ,  7 ,  8 ,  9 ,  1 0  and 11 and i t s  c o l o u r  score i n  T a b l e  11. 

The t r e a t m e n t s  d i f f e r e d  s i g n i f i c a n t l y .  S l o w e s t  change i n  

c o l o u r  w a s  r e c o r d e d  i n  T5 (MH 500 ppm). T h i s  was f o l l o w e d  by 

T6 ( M H  1000 ppm). Change i n  c o l o u r  was f a s t e r  i n  c o n t r o l  (T7)  

f o l l o w e d  by T1 ( G A  250 ppm) . 

Data on f r u i t  ma l fo rma t ion  are p r e s e n t e d  i n  T a b l e  10.  

The t r e a t m e n t s  d i f f e r e d  s i g n i f i c a n t l y .  I n  c o n t r o l  ( T 7 )  n o  

f r u i t  ma l fo rma t ion  was r e c o r d e d .  I n  T1 ( G A  200 ppm) and T2 

(GA 300 ppm) f r u i t  ma l fo rma t ion  was less t h a n  o n e  p e r  c e n t .  

Whereas T6 (MH 1000  ppm) r e c o r d e d  maximum f r u i t  ma l fo rma t ion  

which w a s  s i g n i f i c a n t l y  i n f e r i o r  t o  a l l  o t h e r  t r e a t m e n t s .  



P l a t e  6 Effec t  of preharvest  growth regula tor  sprays on 

s to rage  l i f e  of b i t te rgourd  - On t h e  day of 

harves t  

P l a t e  7 Effec t  of preharvest  growth regu la to r  sprays on 

s to rage  l i f e  of b i t te rgourd  - !t'wo days a f t e r  

harves t  









4 . 3  E f f e c t  of p o s t h a r v e s t  t r e a t m e n t s  o n  t h e  s h e l f  

l i f e  of f r u i t s  of b i t t e r g o u r d  

4 .3 .1  I n c i d e n c e  o f  s p o i l a g e  o f  f r e s h  f r u i t s  u n d e r  s t o r a g e  a t  

48 h o u r s  i n t e r v a l  

S p o i l a g e  o f  f r u i t s  are e x p r e s s e d  based  on r o t t i n g  of 

t h e  f r u i t s  and t h e  d a t a  on t h e  r o t t i n g  and s t o r a g e  l i f e  a r e  

p r e s e n t e d  i n  T a b l e  1 2 .  P o s t h a r v e s t  t r e a t m e n t  of  f r u i t s  had 

s i g n i f i c a n t  i n f l u e n c e  on t h e  s t o r a g e  l i f e  of b i t t e r g o u r d .  

Maximum s t o r a g e  l i f e  was r e c o r d e d  i n  T2 ( f r u i t  d i p p e d  i n  

4000 ppm CCC f o r  one  m i n u t e  and s t o r e d  i n  r e f r i g e r a t o r ) .  T h i s  

t r e a t m e n t  was s i g n i f i c a n t l y  s u p e r i o r  t o  a l l  t h e  o t h e r  

t r e a t m e n t s .  Both i n  T1 (CCC 4000 ppm t r e a t m e n t  and 

subsequen t  s t o r a g e  i n  open c o n d i t i o n )  and T3 ( s t o r e d  i n  

v i l l a g e  model c o o l i n g  chamber ) ,  s t o r a g e  l i f e  was on p a r .  

Lowest s h e l f  l i f e  was r e c o r d e d  i n  T6 ( c o n t r o l )  which was on  

p a r  w i t h  T4 (GA 50 ppm) and  T5 (CaCl* 4 p e r  c e n t ) .  

Mean v a l u e  f o r  r o t t i n g  p e r c e n t a g e  ( T a b l e  1 2 )  . v a r i e d  

s i g n i f i c a n t l y  d u r i n g  f i r s t  t w o  d a y s .  Lowest v a l u e  was 

r e c o r d e d  i n  T2 and  t h e  h i g h e s t  i n  T6. When t h e  d u r a t i o n  of  

s t o r a g e  i n c r e a s e d  t o  f o u r  d a y s ,  r o t t i n g  p e r c e n t a g e  a l s o  

i n c r e a s e d  i n  a l l  t h e  t r e a t m e n t s .  Lowest r o t t i n g  p e r c e n t a g e  

was r e c o r d e d  i n  T2. The c o n t r o l  ( T 6 )  r e c o r d e d  h i g h e s t  v a l u e  

f o r  r o t t i n g .  T1 and T4 w e r e  o n  p a r  w i t h  e a c h  o t h e r .  Even 

a f t e r  6  d a y s  o n l y  18 .35  p e r c e n t a g e  o f  r o t t i n g  was o b s e r v e d  i n  



T a b l e  1 2 ,  E f f e c t  of p o s t h a r v e s t  t r e a t m e n t  of g r o w t h  regula tors  a n d  c a l c i u m  c h l o r i d e  o n  t h e  
w e i g h t  loss ,  r o t t i n g  p e r c e n t a g e  a n d  s t o r a g e  i i f  e of b i t t e r g o u r d  f r u i t s  

W e i g h t  loss  d u r i n g  storage ( % )  R o t t i n g  ( % )  S h e l f  
T r e a t m e n t s  ___________________------------ ___________________-------------- l i f e  

. 0-2 d a y s  2-4 d a y s  C u m u l a t i v e  2 d a y s  4 d a y s  6 d a y s  ( d a y )  ............................................................................................... 
T1 - CCC 4000 ppm 

T2 - CCC 4000  ppm + 5.  48a 4.2ga 1 0 . 0 2 ~  l . O l a  4.98-a 1 8 . 3 S a  7.50' 
Ref r i g e r a t i o n  

T3 - Vi l l age  m o d e l  ~ . 3 4 ~  , 4.  45a 9 . 4 ~ ~  1 5 . 7 5  d 5 5 . 5 5  b 86.23b 3 .75b  
c o o l i n g  c h a m b e r  

T4 - ,  GA 5 0  ppm 

T6 - C o n t r o l  2 1  .21bC 1 9  .50ab 30 .  71b  25 .  75f  90.45' 98.25d 2 . 5 0 ~  

CD 1 4 . 8 3 *  6.36* 20 .59* 5.29* 1 0 . 4 7 *  5.99* 1 .21*  

-- 

* S i g n i f i c a n t  a t  5 p e r  c e n t  l eve l  

Room t e m p e r a t u r e  d u r i n g  t h e  e x p e r i m e n t  

Maximum t e m p e r a t u r e  - 31.4OC 

Minimum temperature - 22.8OC 



T2. But d u r i n g  t h e  same p e r i o d  98.25 p e r  c e n t  r o t t i n g  was 

obse rved  i n  t h e  u n t r e a t e d  c o n t r o l .  T r e a t m e n t s  Tl and T4 were 

o n  p a r  w i t h  e a c h  o t h e r  a f t e r  s i x  d a y s  o f  s t o r a g e .  

Fungal  growth a p p e a r e d  on t h e  f r u i t s  were i d e n t i f i e d  

a s  Fusar ium s p .  I n  T2 f u n g a l  g rowth  was n o t  s e e n  even  a f t e r  

e i g h t  d a y s  o f  s t o r a g e .  

4.3.2 Co lou r  change  o f  f r u i t s  d u r i n g  s t o r a g e  

The c u m u l a t i v e  s c o r e s  o b t a i n e d  f o r  t h e  d e t e r i o r a t i o n  

of c o l o u r  d u r i n g  s t o r a g e  i s  p r e s e n t e d  i n  T a b l e  13 .  The d a t a  

showed t h a t  maximum r e t e n t i o n  of g r e e n  c o l o u r  was i n  T2 (CCC 

4000 ppm + r e f r i g e r a t i o n ) .  I n  a l l  t h e  o t h e r  t r e a t m e n t s  y e l l o w  

c o l o u r  i n d i c a t i n g  advanced s e n e s c e n c e  m a n i f e s t e d  a f t e r  a  

p e r i o d  of f o u r  d a y s .  

4.3.3 P h y s i o l o g i c a l  10s s i n  we igh t  

Data on  t h e  l o s s  i n  w e i g h t  of f r u i t s  as e x p r e s s e d  i n  

p e r c e n t a g e  a t  48 h i n t e r v a l  are p r e s e n t e d  i n  T a b l e  1 2 .  A f t e r  

48 h of s t o r a g e ,  we igh t  loss  w a s  minimum i n  f r u i t s  s t o r e d  i n  

c o o l i n g  chamber ( T 3 ) ,  which w a s  o n  p a r  w i t h  T2 (CCC 4000 ppm 

and r e f r i g e r a t e d  s t o r a g e ) .  I n  a l l  t h e  o t h e r  t r e a t m e n t s  w e i g h t  

loss was more t h a n  1 0  per c e n t .  Weight loss  w a s  maximum i n  

T5 ( C a C 1 2  4  p e r  c e n t ) .  During t h e  n e x t  48 h we igh t  loss was 

lower compared t o  t h e  f i r s t  48 h.  Dur ing  t h i s  p e r i o d  also 



Table 13. Colour change of b i t t e rgourd  f r u i t s  a s  inf luenced by pos tharves t  t reatment  with 
c i~emicals  

Treatments 
Days a f t e r  ha rves t  ( s c o r e )  ........................................................ Tota l  

0 2 4 6 8 

T1 - CCC 4000 ppm 

T2 - CCC 4000 ppm + 
Refr igera t ion  

T j  - Vil lage  model 
cooling chamber 0 

T4 - GA SO ppm 

T5 - CaC12 I p e r  c e n t  0  2 4 5 5 1 6  

T6 - Control 0 2 4 4 5 15 

x2 = 3 (Not s i g n i f i c a n t )  



lowest we igh t  loss was r e c o r d e d  i n  T  which w a s  on p a r  w i t h  
2  

T3. H i g h e s t  v a l u e  was r e c o r d e d  i n  T  
5 ' When t h e  c u m u l a t i v e  

we igh t  loss  was t a k e n  i n t o  a c c o u n t  it was lowest i n  Tj which 

a g a i n  was o n  p a r  w i t h  T2. H i g h e s t  v a l u e  was r e c o r d e d  i n  T5,  

which w a s  o n  p a r  w i t h  a l l  o t h e r  t r e a t m e n t s  e x c e p t  T2 and Tj. 

4.4 S t a n d a r d i s a t i o n  of d r y i n g  t e c h n i q u e  for  b i t t e r g o u r d  

4.4.1 Q u a l i t y  

The i n f l u e n c e  o f  d r y i n g  methods o n  t h e  q u a l i t y  

c h a r a c t e r s  a r e  p r e s e n t e d  i n  T a b l e  14 .  

Dehydra t ion  methods had s i q n i f i c a n t  i n f l u e n c e  o n  t h e  

f i n a l  m o i s t u r e  c o n t e n t  of d r i e d  sample  ( T a b l e  1 4 ) .  Minimum 

m o i s t u r e  c o n t e n t  was r e c o r d e d  i n  T8 ( s t e e p e d  i n  5 p e r  c e n t  

b r i n e  and d e h y d r a t e d ) ,  which was on p a r  w i t h  T ( h o t  water 5 

b lanched  and d e h y d r a t e d  ) and T4 ( d e h y d r a t e d )  . ~ e h y d r a  t i o n  w a s  

s t o p p e d  a t  30 p e r  c e n t  m o i s t u r e  l e v e l  i n  i n t e r m e d i a t e  m o i s t u r e  

b i t t e r g o u r d  ( T g )  p u r p o s i v e l y .  

P e r u s a l  o f  d a t a  i n  T a b l e  14  i n d i c a t e s  t h a t  t o t a l  a s h  

c o n t e n t  of t h e  p r e p a r e d  sample  v a r i e d  s i g n i f i c a n t l y  among 

t r e a t m e n t s .  Maximum a s h  c o n t e n t  of 11.13 per c e n t  w a s  

r e c o r d e d  i n  t h e  s u l p h i t e d  sample  ( T ~ ) .  Ash c o n t e n t  was 

minimum i n  Tg ( i n t e r m e d i a t e  m o i s t u r e  b i t t e r g o u r d )  f o l l o w e d  by 

T6 ( s t e a m  b lanched  and d e h y d r a t e d )  . 



Data on a s c o r b i c  a c i d  c o n t e n t  are p r e s e n t e d  i n  

T a b l e  1 4 .  H ighes t  a s c o r b i c  a c i d  c o n t e n t  was r e c o r d e d  i n  Tg 

( i n t e r m e d i a t e  m o i s t u r e  s ample )  which was s i g n i f i c a n t l y  

s u p e r i o r  t o  a l l  o t h e r  t r e a t m e n t s .  T h i s  w a s  followed by T4 

( d e h y d r a t e d )  and  T1 ( s u n d r i e d )  . L o w e s t  ascorbic. a c i d  c o n t e n t  

was r e c o r d e d  i n  T8 ( b r i n e  t r e a t e d  and d e h y d r a t e d ) .  T8 was on  

p a r  w i t h  T2 ( h o t  w a t e r  b l anched  and  s u n d r i e d ) ,  T, ( s u l p h i t e d )  

and T5 ( h o t  water b l anched  and d e h y d r a t e d )  . 

T h e r e  was s i g n i f i c a n t  d i f f e r e n c e s  i n  c h l o r o p h y l l  a ,  

c h l o r o p h y l l  b  and t o t a l  c h l o r o p h y l l  c o n t e n t  of d i f f e r e n t  

t r e a t m e n t s .  C h l o r o p h y l l  a w a s  maximum i n  T4 ( d e h y d r a t e d  ) 
t 

which w a s  o n  p a r  w i t h  T6 ( s t e a m  b l a n c h e d  and d e h y d r a t e d ) .  

Minimum c o n t e n t  o f  c h l o r o p h y l l  a was recorded i n  i n t e r m e d i a t e  

m o i s t u r e  b i t t e r g o u r d .  S i m i l a r  t o  c h l o r o p h y l l  a ,  c h l o r o p h y l l  b 

c o n t e n t  w a s  a lso  maximum i n  T4. I n  a d d i t i o n  t o  T4, s u l p h i t e d  

sample  (T7)  a l s o  r e c o r d e d  h i g h e r  c h l o r o p h y l l  b. T h i s  was 

f o l l o w e d  by T6. B r i n e  t r e a t e d  sample  ( T 8 )  had minimum 

c h l o r o p h y l l  b. Maximum t o t a l  c h l o r o p h y l l  w a s  i n  T4 ,  which 

a g a i n  was on p a r  w i t h  T7. T o t a l  c h l o r o p h y l l  c o n t e n t  was 

minimum i n  T8. 

Data  i n  T a b l e  14  showed t h a t  pheno l  c o n t e n t  w a s  

minimum i n  T2 ( h o t  water b l anched  and  s u n d r i e d )  which was 

s i g n i f i c a n t l y  lower compared t o  o t h e r  t r e a t m e n t s .  Maximum 

pheno l  c o n t e n t  w a s  r e c o r d e d  i n  T4 ( d e h y d r a t e d ) .  



I r o n  c o n t e n t  of d i f f e r e n t  sample  v a r i e d  s i g n i f i c a n t l y  

among t r e a t m e n t s  ( T a b l e  1 4 ) .  Maximum i r o n  c o n t e n t  was 

r e c o r d e d  i n  b r i n e  t r e a t e d  sample  ( T 8 ) ,  which w a s  f o l l o w e d  by 

T2 ( h o t  water b l anched  and s u n d r i e d ) .  These t w o  t r e a t m e n t s  

w e r e  on  p a r  w i t h  e a c h  o t h e r .  I r o n  c o n t e n t  was .  lowest (8 .00  

m/100 g )  i n  d e h y d r a t e d  sample  T4. However, t h i s  was on p a r  

w i t h  Tg. 

4.4.2 Dehydra t ion  r a t i o  

H i g h e s t  d e h y d r a t i o n  r a t i o  o f  5 . 3 : l  was r e c o r d e d  i n  

i n t e r m e d i a t e  m o i s t u r e  b i t t e r g o u r d  (Tg ) which was s i g n i f i c a n t l y  

s u p e r i o r  t o  a l l  o t h e r  t r e a t m e n t s  ( T a b l e  1 5 ) .  T h i s  was 

f o l l o w e d  by T2 ( h o t  w a t e r  b l anched  and  s u n d r i e d )  . T2 was on  

p a r  w i t h  a l l  t h e  o t h e r  t r e a t m e n t s  e x c e p t  Tg, T5 ( h o t  w a t e r  

b l anched  and d e h y d r a t e d )  and T8 ( b r i n e  t r e a t e d ) .  T8 was 

r e c o r d e d  lowest d e h y d r a t i o n  r a t io .  

4.4.3 R e h y d r a t i o n  s t u d i e s  

Maximum r e h y d r a t i o n  r a t i o  of 1 :5 .1  ( T a b l e  1 5 )  was 

r e c o r d e d  i n  T1 ( s u n d r i e d )  which was f o l l o w e d  by 1:5.03 i n  T8 

( b r i n e  t r e a t e d  s a m p l e ) .  These  t r e a t m e n t s  were on  p a r  w i t h  

e a c h  o t h e r  and  a l so  w i t h  T4 ( d e h y d r a t e d )  and  T ( s u l p h i t e d ) .  7 

R e h y d r a t i o n  r a t i o  w a s  lowest i n  Tg ( i n t e r m e d i a t e  m o i s t u r e  

s a m p l e ) .  



Table  15. I n f l u e n c e  of  d r y i n g  methods on d e h y d r a t i o n  r a t i o  and 

r e h y d r a t i o n  r a t i o  of d r i e d  b i t t e r g o u r d  

Treatments  Dehydrat ion r a t i o  Rehydra t ion  r a t i o  
---__-_____________--------------------------.----,--------- ------ 

* S i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l  



4.4.4 Colour,  t e x t u r e  and o v e r a l l  appearance  

Scores  ob ta ined  f o r  C O ~ O U ~ ~  t e x t u r e  and o v e r a l l  

appearance  a r e  p r e s e n t e d  i n  Tab le  16. 

Lowest s c o r e  f o r  c o l o u r ,  based on v i s u a l  s c o r i n g  was 

ob ta ined  i n  T4 ( d e h y d r a t e d )  c l o s e l y  fo l lowed  by T7 ( s u l p h i t e d ) .  

Maximum score for c o l o u r  was i n  T6 ( s t e a m  blanched and 

d e h y d r a t e d ) ,  which i n d i c a t e  t h e  poor  c o l o u r  of  t h e  p roduc t .  

Lowest s c o r e  f o r  t e x t u r e  i n d i c a t i n g  i t s  s u p e r i o r i t y  

was i n  T ( s u l p h i t e d )  c l o s e l y  fo l lowed by T8 ( b r i n e  t r e a t e d ) .  7  

While r a n k i n g  for t e x t u r e  Tg (IM b i t t e r g o u r d )  was n o t  t a k e n  

i n t o  accoun t  a s  t h i s  p r o d u c t  had a  t e x t u r e  s i m i l a r  t o  f r e s h  

p roduc t .  Maximum s c o r e  f o r  t e x t u r e  was i n  s u n d r i e d  sample 

( T I ) ,  which showed a poor c r i s p .  T7 and T8 were very  c r i s p .  

Highes t  p r e f e r e n c e  a s  i n d i c a t e d  by lowes t  s c o r e  was 

o b t a i n e d  i n  T4 ( d e h y d r a t e d )  fo l lowed by Tg ( i n t e r m e d i a t e  

mois tu re  b i t t e r g o u r d ) ,  T8 ( b r i n e  t r e a t e d )  and T1 ( s u n d r i e d )  . 
T5 ( h o t  w a t e r  b lanched)  and T7 ( s u l p h i t e d )  had an  o v e r a l l  

i n f e r i o r  appearance .  

4.5 Comparison o f  d i f f e r e n t  packaging materials for s t o r a g e  

o f  dehydra ted  b i t t e r g o u r d  

Out of t h e  n i n e  p r o c e s s e s  t r i e d  f o r  d r y i n g  o f  

b i t t e r g o u r d ,  f o u r  t r e a t m e n t s  v i z .  , *1 ( sundr ied)  , T4 



Table  16 .  Sensory e v a l u a t i o n  o f  dehydra ted  b i t t e r g o u r d  based on 
c o l o u r ,  t e x t u r e  and o v e r a l l  appearance  ( s c o r e )  

S c o r e  o b t a i n e d  f o r  
Trea tments  .......................................... 

Colour T e x t u r e  O v e r a l l  
' appearance  ................................................................ 

- - - - - - - - - -- 

H i s  t h e  s t a t i s t i c  computed a s  p e r  Kruskel-Wall is  one way 

a n a l y s i s  o f  v a r i a n c e .  

Hedonic s c a l e  f o r  

a .  Colour : 1. Green, 2. L i g h t  g reen ,  3 .  Brownish g reen ,  
4 .  L i g h t  brown, 5. Burnt  appearance  

b. T e x t u r e  : 1. Very crbp, 2. Mod.erately c r i s p ,  3 .  N e i t h e r  
c r i s p  n o r  s o f t ,  4. S o f t ,  5. Very s o f t  

c. O v e r a l l  : 1. Like  ve ry  much, 2.  L ike  modera te ly ,  3 .  
appearance  N e i t h e r  l i k e  n o r e  d i s l i k e ,  4.  D i s l i k e  s l i g h t l y  

5. D i s l i k e  v e r y  much. 



( d e h y d r a t e d ) ,  T8 ( b r i n e  t r e a t e d  and d e h y d r a t e d )  and Tg 

(IM b i t t e r g o u r d )  were s e l e c t e d  f o r  t h e  packaging and s t o r a g e  

s t u d i e s  based on t h e  o v e r a l l  merits of each p r o c e s s .  These 

f o u r  p r o d u c t s  were packed and s t o r e d  under  n i n e  d i f f e r e n t  

packaging m a t e r i a l s / c o n t a i n e r s  a l o n g  w i t h  a n  unpacked c o n t r o l .  

The sensory  q u a l i t i e s  l i k e  c o l o u r ,  t e x t u r e ,  o v e r a l l  appearance  

and consumer a c c e p t a b i l i t y  w e r e  e v a l u a t e d  a t  t h e  commencement 

of  s t o r a g e  and t h e r e a f t e r  a t  monthly i n t e r v a l s  f o r  a  p e r i o d  of 

t h r e e  months. The o b j e c t i v e  o f  t h e  exper iment  was t o  f i n d  o u t  

t h e  c h e a p e s t  packaging system f o r  both  marke t ing  and household 

s t o r a g e  t h a t  w i l l  r e t a i n  t h e  sensory  q u a l i t i e s  s a t i s f a c t o r i l y  

o v e r  t h e  s t o r a g e  p e r i o d .  The r e s u l t s  o f  t h e  experiment  a r e  

p r e s e n t e d  below. 

4.5.1 Sensory q u a l i t i e s  of t h e  dehydra ted  p r o d u c t s  d u r i n g  

s t o r a g e  

The s t a t i s t i c a l  a n a l y s i s  o f  t h e  s e n s o r y  q u a l i t y  a s  p e r  

Cruskel  W a l l i s  one  way a n a l y s i s  showed t h e r e  was s i g n i f i c a n t  

v a r i a t i o n s  between packages on c o l o u r  , t e x t u r e ,  o v e r a l l  

appearance and consumer a c c e p t a b i l i t y .  

The r e s u l t s  of  t h e  s e n s o r y  e v a l u a t i o n  a t  t h e  commence- 

ment of t h e  s t u d y  a r e  p r e s e n t e d  i n  Tab le  17 .  There was no  

s i g n i f i c a n t  v a r i a t i o n  between t r e a t m e n t s  on t h e  c o l o u r  and 

o v e r a l l  appearance  whereas s i g n i f i c a n t  v a r i a t i o n  was observed 

between t r e a t m e n t s  w i t h  r e s p e c t  t o  t e x t u r e .  The dehydra ted  



Table  17. Sensory q u a l i t y  of dehydra ted  b i t t e r g o u r d  a t  t h e  
commencement of s t o r a g e  ( score) 

Score  o b t a i n e d  f o r  
Trea tments  ................................... 

Colour ~ e x t u r e  O v e r a l l  
appearance  ................................................................ 

T1 - Sundried 

T4 - Dehydrated 2.83 1.67 2.10 

T8 - Brine  t r e a t e d  
and dehydra ted  

Tg - I M  b i t t e r g o u r d  3.10 -- 2  .oo 

H - Kruskel-Wall ies  s t a t i s t i c  

Hedonic s c a l e  f o r  

a .  Colour : 1. Green, 2. L i g h t  g r e e n ,  3 .  Brownish g reen ,  
4 .  L i g h t  brown, 5. Burnt  appearance  

b. T e x t u r e  : 1. Very c r i s p ,  2.  Moderately c r i s p ,  3 .  N e i t h e r  
c r i s p  n o r  s o f t ,  4. S o f t ,  5. Very s o f t .  

c. O v e r a l l  : 1. Like ve ry  much, 2. Like modera te ly ,  3. 
appearance  N e i t h e r  l i k e  n o r  d i s l i k e ,  4.  D i s l i k e  s l i g h t l y ,  

@ 5. D i s l i k e  v e r y  much 



(T4)  and b r i n e  t r e a t e d  + dehydra ted  (T8) samples  w e r e  c r i s p  

i n  t e x t u r e  w h i l e  t h e  i n t e r m e d i a t e  m o i s t u r e  p roduc t  was s o f t .  

R e s u l t s  o f  t h e  consumer a c c e p t a b i l i t y  of  t h e  p roduc t s  

i n  d i f f e r e n t  packages a r e  p r e s e n t e d  i n  Tab le  18.  . I n  a l l  t h e  

t r e a t m e n t s  t h e r e  was s i g n i f i c a n t  v a r i a t i o n  between packaging on 

t h e  consumer a c c e p t a b i l i t y .  The t r e a t m e n t  T4 (600 gauge LDPE) 

was r a t e d  a s  t h e  b e s t  f o r  t h e  s u n d r i e d  p roduc t .  The t r e a t m e n t  

Tg ( t r a n s p a r e n t  p l a s t i c  j a r )  was e q u a l l y  a c c e p t a b l e .  I n  t h e  

c a s e  of dehydra ted  p roduc t  b e s t  consumer a c c e p t a b i l i t y  was f o r  

t h e  t r e a t m e n t  T4 (600 gauge LDPE) , fo l lowed  by T2 (300 gauge 

LDPE). I n  t h e  b r i n e  t r e a t e d  and c a b i n e t  d r i e d  p r o d u c t ,  

consumer a c c e p t a b i l i t y  was best i n  T4, which was f o l l o w d  by 

Tg (450 gauge LDPE).  valuation o f  t h e  I M  b i t t e r g o u r d  under 

d i f f e r e n t  packages r e v e a l e d  t h a t  T4 w a s  adjudged a s  t h e  b e s t  

packaging m a t e r i a l .  

The unpacked samples k e p t  a s  c o n t r o l  developed mould 

growth on t h e  n i n e t h  day f o r  dehydra ted ,  b r i n e  t r e a t e d  and 

sundr ied  samples ,  whereas t h e  I M  b i t t e r g o u r d  developed 

symptoms of  s p o i l a g e  a t  a l a t e r  s t a g e  i .e . ,  a f t e r  15 days .  

S p o i l a g e  was mainly  due t o  t h e  growth o f  P e n i c i l l i u m  s p .  

The r e s u l t s  o f  t h e  sensory  e v a l u a t i o n  f o r  c o l o u r  of 

t h e  packaged p r o d u c t s  conducted d u r i n g  one t o  t h r e e  monthsof 

s t o r a g e  a r e  p r e s e n t e d  i n  Table  19.  The d a t a  r e v e a l e d  t h a t  t h e  



Table  18. Consumer a c c e p t a b i l i t y  o f  b r i n e  t r e a t e d  and i n t e r m e d i a t e  mois ture  b i t t e r g o u r d  du r ing  
s t o r a g e  (score) 

Br ine  t r e a t e d  and dehydrated In t e rmed ia t e  m o i s t u r e  .................................. .................................. 
Treatments A t  t h e  One Two Three  A t  t h e  One Two Three 

s tar t  of month months months s tar t  of month , months months 
s t o r a g e  a f t e r  a f t e r  a f t e r  s t o r a g e  a f t e r  a f t e r  a f t e r  

s t o r a g e  s t o r a g e  s t o r a g e  s t o r a g e  s t o r a g e  s t o r a g e  ............................................................................................... 

T1 - 150 gauge LDPE 1.83 2.83 3.00 3.42 2.67 2.67 2.25 3.00 

T2 - 300 gauge LDPE 1.93 3.33 3.67 3.25 1.92 2.50 2.08 3 .OO 

T3 - 450 gauge LDPE 1.75 2.58 3.00 3.12 2.58 2.92 2.00 2.92 

T4 - 600 gauge LDPE 

T5 - Black po ly thene  3.33 3.42 4.00 3.75 3.25 4.5G 3.58 3.92 

T6 - 100 gauge PP 

T, - 150 gauge LDPE + I P D  3.10 

T8 - Opaque c o n t a i n e r  

T9 - Transparen t  c o n t a i n e r  2.83 

TlO- Open 

H* 70.67 226.96 32.23 70.76 259.25 62.07 NS 27.60 

H - Kruskel-Wall ies S t a t i s t i c  - Sample s p o i l e d  
4 

LDPE - Low d e n s i t y  p o l s t h y l e n e ;  IPD - Inpackage d e s i c c a n t ;  PP - Polypropylene 

S c i r e :  1. Acceptable  f u l l y ,  2. Acceptable somewhat, 3. N e i t h e r  a c c e p t a b l e  nor  unacceptab le ,  01) 
00 

4. Unacceptable somewhat, 5. Not a c c e p t a b l e  



T a b l e  18 .  Consumer a c c e p t a b i l i t y  o f  t h e  s u n d r i e d  and  d e h y d r a t e d  b i t t e r g o u r d  d u r i n g  storage 
( score) 

- 

S u n d r i e d  D e h y d r a t e d  .................................. .................................. 
T r e a t m e n t s  A t  t h e  O n e  Two T h r e e  A t  t h e  One ' Two T h r e e  

s tar t  of month months months s tar t  of months  months  months  
storage a f te r  af ter  a f t e r  storage a f te r  a f t e r  a f t e r  

storage storage s t o r a g e ,  s t o r a g e  s t o r a g e  s t o r a g e  ................................................................................................ 
, 

T1 - 150  gauge  LDPE 2.67 3.00 3 .08 3.16 2 .10 2.67 3 .07 . 3.33 

T2 - 300 gauge  LDPE 2.42 2.75 2.83 3 . O O  1 . 92  2.25 2.58 3.0'8 

T3 - 450 g a u g e  LDPE 2.83 2.17 2.25 2.67 1 . 7 5  2.25 2.50 2.92 

T4 - 600 g a u g e  LDPE 1 .58  1 . 8 3  2.08 2.67 1 . 1 3  1 .50  1 . 5 8  2.58 

T5 - B l a c k  p o l y t h e n e  2.85 3.58 3.75 3.67 3 .17  3 .83 3 .92  4 .17 

T6 - 1 0 0  gauge PP 2.33 2.58 2.92 3.08 2.33 2.33 2.42 2.92 

T7 - 150  gauge LDPE + IPD 2.67 4.17 4.25 4 .33 3.50 3.67 3 .33 3 .67 

T8 - Opaque jar 2.83 3.67 3.25 3 .75  2.75 2.83 4.25 3 .67 

Tg - T r a n s p a r e n t  jar 1 . 5 8  4.00 4.00 4.00 3 .42  4.00 4.00 3 .75  

TlO-- C o n t r o l  3.00 - - - 3.75 - - - 
H -. 51.56 62.00 NS 15 .40  52.50 78.04 61.54 N S  

* K r u s k e l - W a l l i e s  s t a t i s t i c  - Samples  s p o i l e d  



Table 19. Colour of sundr ied ,  dehydrated,  b r i n e  t r e a t e d  and i n t e r m e d i a t e  m o i s t u r e  b i t t e r g o u r d  d u r i n g  s t o r a g e  ( s c o r e )  

-- - 

Sundried Dehydrated B r i n e  t r e a t e d  I n t e r m e d i a t e  m o i s t u r e  
Treatments .......................... .......................... .......................... ........................ 

A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  
one two t h r e e  one two t h r e e  one two t h r e e  one two t h r e e  

month month months month months months month months' months month months months .................................................................................................................................... 
T~ - 150 gauge LDPE 3.67 3.83 3.80 3.00 3.17 3.25 2.75 2.83 3.00 2.00 2.17 2.67 

T~ - 300 gauge LDPE 3.64 3.67 3.58 2.75 2.75 3.00 3.33 3.42 3.50 2.00 2.08 2.58 

T4 - 600 gauge LDPE 2.75 3.00 3.25 2.17 2.10 2.25 3.75 3.83 3.75 2.25 2.33 2.42 

T~ - Black polythene 3.33 3.58 3.50 1.83 2.10 2.42 3.92 4.00 4.08 2.12 2.33 2.42 

T~ - 100 gauge PP 3.33 3.58 3.67 1.75 1.92 2.25 2.75 2.92 3.17 2.10 2.17 2.50 

T7 - 150 gauge LDPE + 3.50 3.67 3.75 1.83 2.25 2.42 3.42 3.58 3.58 2.25 2.42 2.58 
IPD 

T~ - Opaque j a r  

Tg - Transparent  j a r  2.83 3.50 3.50 2.17 1.92 2.25 2.75 3.00 3.08 2.25 3.08 . 3.08 

T 1 ~  - ~ o n t r o l  - - - - - - - - - - - - 

:--l. . .-. hrra, 2. ~ i g h t  green, 3. Brownish .gtmen, 4. L i g h t  brown, .5-. -Burnt - 8ppearmce 



t r e a t m e n t  T4 was main ta in ing  i t s  s u p e r i o r i t y  a s  t h e  b e s t  

package throughout  t h e  s t o r a g e  p e r i o d .  T h i s  t r e n d  was shown 

by t h e  sundr ied  and c a b i n e t  d r i e d  p r o d u c t s ,  whereas b e s t  

c o l o u r  w a s  i n  T6 (po lypropy lene)  and T8 ( t r a n s p a r e n t  

c o n t a i n e r )  f o r  t h e  b r i n e  t r e a t e d ,  T1 (150 gauge LOPE), T2 (300 

gauge LDPE) and T6 (po lypropy lene  package)  f o r  t h e  I M  

b i t t e r g o u r d .  This  t r e n d  of  p r e f e r e n c e  w i t h  r e s p e c t  t o  c o l o u r  

remained same th roughou t  t h e  s t o r a g e  p e r i o d  of  t h r e e  months. 

With r e s p e c t  t o  t h e  t e x t u r e  o f  t h e  p roduc t  ( T a b l e  20)  

a f t e r  one month of s t o r a g e  t h e  t r e a t m e n t s  T5,  T4 and T7 

( polypropylene  w i t h  inpackage  d e s i c c a n t )  w e r e  s u p e r i o r  i n  t h e  

sundr ied  p r o d u c t ,  whereas t r e a t m e n t s  T g t  T6, T7 and Tg were 

s u p e r i o r  i n  t h e  dehydra ted  p roduc t .  I n  t h e  c a s e  of b r i n e  

t r e a t e d  p r o d u c t ,  t r e a t m e n t s  T4, T8 and Tg were t h e  b e s t ,  

whereas i n  t h e  I M  b i t t e r g o u r d  T,.., T6, T7 and Tg were adjudged 

a s  t h e  s u p e r i o r  packages.  A t  t h e  end of t w o  months of  s t o r a g e  

t h e  t r e a t m e n t s  T4, T6 and T5 w e r e  ad judged a s  s u p e r i o r  i n  t h e  

sundr ied  p r o d u c t  whereas i n  t h e  dehydra ted  p roduc t s ,  

t r e a t m e n t s  T7, T6 and T were s u p e r i o r .  The b e t t e r  t r e a t m e n t s  5 

a t  t h e  end of two months of s t o r a g e  i n  t h e  b r i n e  t r e a t e d  

p roduc t  was same a s  f o r  t h e  f i r s t  month of s t o r a g e  i .e. ,  
T4,  

i 

T8 and Tg. I n  t h e  c a s e  of I M  b i t t e r g o u r d ,  T6,  T7 and Tg were 

t h e  s u p e r i o r  t r e a t m e n t  a f t e r  t w o  months s t o r a g e  f o r  t e x t u r e .  

A t  t h e  end of  t h e  s t u d y  i .el  a f t e r  t h r e e  months of s t o r a g e  i n  



Table 20. Tex ture  of sundr ied ,  dehydra ted ,  b r i n e  t r e a t e d  and i n t e r m e d i a t e  m o i s t u r e  b i t t e r q o u r d  d u r i n g  s t o r a g e  ( s c o r e )  

Sundried Dehydrated Br ine  t r e a t e d  I n t e r m a d i a t e  m o i s t u r e  
Treatments ........................... ......................... .......................... ........................... 

A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  ' A f t e r  A f t e r  A f t e r  
one two t h r e e  one two t h r e e  one two t h r e e  one two t h r e e  

month months months month months months month months months month months months .................................................................................................................................... 
Tl - 150 gauge LDPE 3.00 

T2 - 30 0 gauge LDPE 2.58 

T3 - 450 gauge LDPE 2.42 

T4 - 600 gauge W P E  2 .OO 

T5 - Black po ly thene  1.92 

T6 - 100 gauge PP 2.92 

T7 - 150 gauge LDPE + 2-00 
IPD 

T8 - Cpaque jar 3.33 3.33 3.50 2.58 2.75 2.67 1.00 1.17 2.67 4.00 4.00 4.33 
c 

Tg - Transparen t  j a r  3-25 3.33 3.50 1.00 1.25 2.17 1.00 1.17 3.92 4.50 2.75 3.67 

I  ruske el-wallias statistic - Sample s p o i l e d  

SccPer 1. Very c r i s p r  2. Moderately c r i s p ,  3. N e i t h e r  c r i s p  n o r  a o f t ,  4. S o f t ,  5. Vary s o f t  

1 
- - - 



t h e  case of s u n d r i e d  p r o d u c t  t h e  t r e a t m e n t s  t h a t  w e r e  r a t e d  a s  

s u p e r i o r  were T4, T7 and  T5 whereas  i n  t h e  d e h y d r a t e d ,  it was 

T7, T4 and  T5. I n  t h e  b r i n e  t r e a t e d  p r o d u c t s  a t  t h e  end  o f  

t h r e e  months storage t h e  p r o d u c t s  ad judged  a s  best were t h o s e  

packaged i n  T7. T4 and T5. I n  t h e  case of I M  b i t t e r g o u r d  t h e  

s a m e . t r e n d  of p r e f e r e n c e  a t  t h e  end of t w o  months s t o r a g e .  

A s  f a r  a s  t h e  o v e r a l l  a p p e a r a n c e  of t h e  packaged 

p r o d u c t s  ( T a b l e  2 1 )  a t  t h e  end of t h e  f i r s t  month o f  s t o r a g e  

i n  t h e  s u n d r i e d  sample  t r e a t m e n t s  T4, T8 and  T5 were r a t e d  

s u p e r i o r  and  for t h e  d e h y d r a t e d  sample .  t r e a t m e n t s  T2, T 3 r  T6 

and T7 were found t o  b e  p r e f e r r e d  o n e s .  Out  o f  t h e  b r i n e  

t r e a t e d  samples ,  t r e a t m e n t s  T8, T6, and  T4 w e r e  s e l e c t e d  as  

t h e  b e t t e r  packages  a t  t h e  end  o f  f i r s t  mon th ' s  s t o r a g e  

whereas  i n  t h e  case of I M  b i t t e r g o u r d  T T7 and  T1 were r a t e d  6 ' 
as s u p e r i o r  o n e s .  A t  t h e  end  of t h e  second  month i n  t h e  

s u n d r i e d  p r o d u c t  T4, T j  and T8 were p r e f e r r e d  by t h e  p a n e l  of 

judges ,  whe reas  i n  t h e  d e h y d r a t e d  sample t h e  same t r e n d  a s  f o r  

t h e  first month w a s  shown. I n  t h e  case o f  b r i n e  t r e a t e d  

samples  t h e  packages  found s u p e r i o r  a t  t h e  end  of second month 

s t o r a g e  were T4, T6 and T1. O f  t h i s  T4 and  T6 were p r e f e r r e d  

i n  t h e  t h i r d  month also. I n  t h e  case of t h e  I M  b i t t e r g o u r d  

t h e  r e s u l t s  f o l l o w e d  a s imilar  t r e n d  as  t h a t  f o r  t h e  f irst  

month 's  s t o r a g e .  The package  s e l e c t e d  a t  t h e  end  of t h e  

s t o r a g e  s t u d y  i n  t h e  s u n d r i e d  samples  w e r e  T4, T8 and T6, 



Table  21. O v e r a l l  appmnrance o f  t h e  mundried, dehydra ted ,  b r i n e  t raa td  and i n t e r m e d i a t e  moisture produc t  d u r i n g  r t o r a g e  ( s c o r e )  

Sundried Dehydrated B r i n e  t r e a t e d  I n t e f m e d i a t e  m o i s t u r e  .......................... .......................... .......................... ........................... 
Treatmentr  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  A f t e r  

one  two t h r e e  one  two t h r e e  one  t w o  t h r e e  o n e  two t h r e e  
month months months month months months month month6 months month months months 

T1 - 150 gauge LDPE 2.50 2.58 2.75 2.75 3.50 3.58 2.50 2.58 3.58 2.75 3.00 3.08' 

T2 - 300 gauge LDPE 2.42 2.60 2.83 1.50 1.67 2.25 3.00 3.25 3.25 3.83 3.92 3 .OO 

T3 - 450 gauge LDPE 2.33 2.42 2.83 1.92 1.83 2.33 3.33 3.25 3.42 3.10 3.33 2.92 

T4 - 600 gauge LDPE 1.67 1.92 2.25 2.75 2.58 2.33 2.17 2.15 2.00 4.10 4.25 2.83 

T5 - Black po ly thene  2.50 2.58 2.75 2.33 2.58 4.08 3.33 3.50 4.33 3.33 3.25 3.83 

T6 - 100 gauge PP 2.42 2.60 2 . i ~  2.00 2.17 2.42 2.00 2.25 2.83 2.33 2.50 3.50 

T 7 - 1 5 0 g a u g e e P E +  3.67 . 3.75 3.83 2.00 2.50 3.58 3.00 3.25 3.35 2.50 2.83 3.33 
IPD 

T8 - Opaque jar 2.33 2.50 2.67 2.67 2.83 2.75 2.00 2.75 3.17 3.42 3.75 3.83 

Tg - T r a n s p a r e n t  j a r  2.50 2.58 2.75 2.33 2.92 2.92 3.25 3.50 3.50 3.67 3.83 3.83 

H* 32.85 31.41 14.32 18.61 12.99 16.88 10.25 14.42 NS NS NS 

I t rus te l -Wal l i es  s t a t i s t i c  - Sample s p o i l e d  

Score: 1. Like  v e r y  much, 2. Like moderately,  3. N e i t h e r  l i k e  nor d i s l i k e .  4. D i s l i k e  s l i g h t l y ,  5. D i s l i k e  v e r y  much 



whereas i n  t h e  c a s e  of dehydra ted  sample t h e  p r e f e r r e d  package 

were T2. T3 and T4. A t  t h e  end of t h r e e  months of  s t o r a g e  i n  

t h e  b r i n e  t r e a t e d  s a n p l e  p r e f e r e n c e  went f o r  t h e  packages T4, 

T6 and T8. I n  t h e  c a s e  of I M  b i t t e r g o u r d  t h e  t r e a t m e n t s  t h a t  

r e t a i n e d  maximum o v e r a l l  appearance  w e r e  i n  t h e  packages T 4 ' 
T3 and T2. 

Sensory e v a l u a t i o n  o f  t h e  consumer a c c e p t a b i l i t y  

(Tab le  1 8 )  a t  t h e  end of o n e  month's s t o r a g e  f o r  t h e  sundr ied  

product  was i n  f a v o u r  of packages T4, T3 and T6 and f o r  t h e  

dehydra ted  p r o d u c t s  it was i n  f a v o u r  of T4, T2 and T 3'  I n  t h e  

b r i n e  t r e a t e d  p r o d u c t s  t h e  b e t t e r  packages were T4, T3 and T1 

and f o r  t h e  I M  b i t t e r g o u r d  t h e  c h o i c e  was i n  f a v o u r  of  T4, T6 

and T2. At t h e  end of t h e  t w o  months of s t o r a g e  i n  t h e  

s u n d r i e d  sample t h e  packages s e l e c t e d  w e r e  T4r Tg and T2. I n  

t h e  c a s e  of dehydra ted  sample t h e  packages s e l e c t e d  were T4. 

Tj and T6. The c h o i c e  of packages i n  t h e  c a s e  of b r i n e  

t r e a t e d  p r o d u c t s  were i n  favour  o f  T Tg and T1 and i n  t h e  4 ' 
c a s e  of t h e  I M  b i t t e r g o u r d  t h e  packages p r e f e r r e d  were T4, T3 

and T2. At t h e  end of  t h e  s t o r a g e  s t u d y  i n  t h e  s u n d r i e d  

sample t h e  p r e f e r e n c e  w e r e  t h e  same as for  t h e  second month 

whereas i n  t h e  dehydra ted  sample t h e  o r d e r  o f  p r e f e r e n c e  w a s  

T4 ' Tj and T6. I n  t h e  b r i n e  t r e a t e d  samples a t  t h e  end o f  t h e  

s t o r a g e  s t u d y  t h e  packages s e l e c t e d  w e r e  same a s  t h o s e  

selected a t  t h e  end of t h e  second months s t o r a g e .  S i m i l a r  



Table 22. Weight gain of dried bittergourd a s  inf luenced by d i f f e r e n t  packages ( g )  

Sundried Dehydrated Brine treated Intermediate moimture 
Treatments ............................. .............................. ............................. --,--------------------------- 

After  After  After  Af ter  After Af ter  ' A f t e r  A f t e r  Af ter  A f t e r  . After  Af t a r  
1 w n t h  2 monttrs 3 months 1 month 2 months 3 months 1 m n t h  2 man* 3 months 1 month 2 months 3 Illon- 



t r e n d  fo l lowed i n  t h e  case of t h e  i n t e r m e d i a t e  m o i s t u r e  

p roduc t  a l s o .  

4 . 5 . 2  Weight g a i n  of t h e  packaged p r o d u c t  d u r i n g  s t o r a g e  

There was a  g a i n  i n  weight  by t h e  d i f f e r e n t  packages 

when recorded  a t  monthly i n t e r v a l s .  The d a t a  a r e  p r e s e n t e d  i n  

Tab le  22 .  The r e s u l t s  d i d  n o t  show any s i g n i f i c a n t  v a r i a t i o n  

w i t h  r e s p e c t  t o  weight  g a i n  a s  compared t o  t h e  o r i g i n a l  weight  

of t h e  sample a t  t h e  commencement of  s t o r a g e .  





DISCUSSION 

F r u i t s  and v e g e t a b l e s  a r e  h i g h l y  p e r i s h a b l e .  P o s t h a r v e s t  

l o s s e s  amount t o  20  t o  30 p e r  c e n t  of  t h e  h a r v e s t e d  produce.  

B i t t e r g o u r d  i s  an i m p o r t a n t  c u c u r b i t a c e o u s  v e g e t a b l e  of  Kera la  

S t a t e .  I t  i s  consumed i n  t h e  f r e s h , '  p i c k l e d  and dehydra ted  

forms. I t  is  a l s o  expor ted  t o  f o r e i g n  c o u n t r i e s  i n  t h e  f r e s h  

form. A s t u d y  was conducted on b i t t e r g o u r d  t o  unders tand  t h e  

e f f e c t  of d i f f e r e n t  s o u r c e s  and q u a n t i t y  of  n i t r o g e n  on t h e  

p o s t h a r v e s t  behaviour  of  t h e  v e g e t a b l e .  Another o b j e c t  of t h e  

s t u d y  was t o  a s s e s s  t h e  e f f e c t  of p r e  and p o s t h a r v e s t  

a p p l i c a t i o n  o f  some chemica l s  on t h e  s h e l f  l i f e  o f  b i t t e r g o u r d .  

E f f o r t s  w e r e  a l s o  made t o  s t a n d a r d i s e  a  t e c h n i q u e  of  d e h y d r a t i o n  

f o r  b i t t e r g o u r d  and t o  f i n d  o u t  a  s u i t a b l e  packaging m a t e r i a l  

f o r  t h e  p roduc t .  The r e s u l t s  o b t a i n e d  from t h e  f i v e  exper iments  

a r e  d i s c u s s e d  i n  t h i s  c h a p t e r .  

5.1 E f f e c t  of o r g a n i c  and i n o r g a n i c  s o u r c e s  of n i t r o g e n  on t h e  

s h e l f  l i f e  of b i t t e r g o u r d  f r u i t s  

E a r l i e r  work h a s  r e v e a l e d  t h a t  o r g a n i c  manuring has  a  

p o s i t i v e  e f f e c t  on t h e  s h e l f  l i f e  of p e r i s h a b l e  commodities 

(Joseph,  1985) .  Excess ive  a p p l i c a t i o n  o f  N a l s o  was r e p o r t e d  t o  

r educe  t h e  s h e l f  l i f e .  Hence an  exper iment  was l a i d  o u t  w i t h  

f i v e  t r e a t m e n t s  compris ing  d i f f e r e n t  d o s e s  o f  o r g a n i c  manure and 

n i t r o g e n o u s  f e r t i l i s e r s  w i t h  two v a r i e t i e s  o f  b i t t e r g o u r d  v i z . ,  



MC 84 and P r i y a ,  t o  i n v e s t i g a t e  f u r t h e r  i n t o  t h e  above  

a s sumpt ions .  The r e s u l t s  o f  t h e  expe r imen t  a r e  d i s c u s s e d  below.  

The t r e a t m e n t s  d i d  n o t  a f f e c t  t h e  d a y s  f o r  t h e  

a p p e a r a n c e  of f i rs t  female f l o w e r r  number o f  h a r v e s t s ,  f r u i t s  

p e r  p l o t ,  f r u i t  l e n g t h ,  f r u i t  g i r t h ,  y i e l d  p e r  p l o t ,  m o i s t u r e  

c o n t e n t  of f r u i t s ,  c h l o r o p h y l l  c o n t e n t  and  pheno l  c o n t e n t .  T h i s  

shows t h a t  n e i t h e r  t h e  s o u r c e  n o r  t h e  q u a n t i t y  of n i t r o g e n  had 

any s i g n i f i c a n t  e f f e c t  on t h e  e x p r e s s i o n  of t h e s e  t r a i t s .  

S i m i l a r  f i n d i n g s  have been  r e p o r t e d  i n  b i t t e r g o u r d  by Thomas 

(1984)  who observed  t h a t  l e v e l s  o f  fer t i l iser  had no  e f f e c t  on  

g i r t h  of  f r u i t  and d a y s  f o r  f l o w e r i n g .  I n  cowpea a l so  Chandran 

(198L') had r e p o r t e d  t h a t  n e i t h e r  t h e  l e v e l  o f  NPK n o r  t h e i r  

i n t e r a c t i o n  had any e f f e c t  o n  d a y s  t o  f i r s t  f l o w e r i n g  and 

f l o w e r i n g  p e r i o d .  

The r e a s o n  f o r  t h e  f a i l u r e  o f  t h e  r e s p o n s e  t o  h i g h e r  

l e v e l s  of i n o r g a n i c  N and  FYM may b e  d u e  t o  t h e  i n i t i a l l y  h i g h  

s t a t u s  o f  so i l  o f  e x p e r i m e n t a l  p l o t  w i t h  r e s p e c t  t o  N and K .  ' 

The a v a i l a b l e  n u t r i e n t s  of t h e  e x p e r i m e n t a l  p l o t  t o g e t h e r  w i t h  

t h e  added FYM and f e r t i l i s e r s  even  a t  h a l f  t h e  recommended d o s e  

of N migh t  have been  s u f f i c i e n t  f o r  no rma l  c r o p  p r o d u c t i o n .  I t  

i s  a lso wor th  men t ion ing  h e r e  t h a t  t h e  e x p e r i m e n t a l  p l o t s  w e r e  

almost l i k e  a v i r g i n  l a n d  a s  it was l y i n g  fallow for  a b o u t  f i v e  

y e a r s  p r i o r  t o  r a i s i n g  t h i s  c r o p .  



Even i n  t h e  above  background t h e  t r e a t m e n t s  s i g n i f i -  

c a n t l y  i n f l u e n c e d  q u a l i t y  c h a r a c t e r s  s u c h  a s  a s c o r b i c  a c i d ,  i r o n  

c o n t e n t ,  s h e l f  l i f e  of f r u i t s  and c o l o u r  change  duri .ng s t o r a g e .  

Sharma and  S ingh  (1989)  have r e p o r t e d  t h a t  a p r o p e r  s u p p l y  of  N 

and P i s  needed f o r  new growth and  better s u p p l y  o f  photo-  

s y n t h a t e s  which p r o v i d e s  a b e t t e r  f r ame  work f o r  enhanced 

f l o w e r i n g ,  f r u i t i n g  and better f r u i t  q u a l i t y .  A s  f a r  a s  
Y 

a s c o r b i c  a c i d  c o n t e n t  of f r u i t  w a s  c o n c e r n e d  t h e  h i g h e s t  l e v e l  

was found i n  T1 (KAU recommendat ion)  and  t h e  lowest i n  T4 ( 2 0  t 

FYM and 35:25:25 kg,  NPK t h r o u g h  fe r t i l i sers ) .  Wilcox and 

Morre l  ( 1 9 4 8 ) ,  Sharma and Mann (1971)  have  a l s o  r e p o r t e d  s i m i l a r  

t r e n d s  i n  t h e  a s c o r b i c  a c i d  c o n t e n t  o f  t o m a t o  f r u i t s .  

Anisimov (1953)  r e p o r t e d  t h a t  moderate l e v e l s  o f  N 

i n c r e a s e d  v i t a m i n  C c o n t e n t  of o n i o n  t o p s  and pea  l e a v e s  whereas  

e x c e s s i v e  d o s e s  d e p r e s s e d  it. J o s e p h  (1985)  o b s e r v e d  h i g h e r  

ascorbic a c i d  c o n t e n t  i n  o r i e n t a l  p i c k l i n g  melon f r u i t s  r a i s e d  

by a d o p t i n g  KAU recommendat ions  of NPK doses i n  t h e  

i n o r g a n i c  form unde r  V e l  l a n i k k a r a  c o n d i t i o n s .  Another  r e p o r t  by 

S t a n i l o v a ;  c'q 1 9 7 2 )  s a y s  t h a t  a p r o p e r  c o m b i n a t i o n  of N,  P and K 

p roduced  good q u a l i t y  i n  terms of a s c o r b i c  a c i d  c o n t e n t  i n  

Sp inach .  The h i g h e r  ascorbic a c i d  c o n t e n t  i n  r e s p o n s e  t o  

i n c r e a s e  of N t o  a modera t e  l e v e l  may b e  due  t o  t h e  i n c r e a s e d  

a c t i v i t y  of ascorbic acid o x i d a s e  enzyme (Kocchar ,  1970;  S ingh  

and Dhankar, 1 9 8 9 ) .  T h i s  t r e n d  p o i n t s  t o  t h e  fact  t h a t  an  

optimum combina t ion  of  a l l  n u t r i e n t s  may b e  needed for t h e  



c o n t e n t  i n  T4 may b e  due t o  t h e  reduced a v a i l a b i l i t y  of N ,  which 

might have slowed down t h e  m e t a b o l i c  p r o c e s s  of  a s c o r b i c  a c i d  

s y n t h e s i s  i n  t h e  p l a n t  system, consequen t ly  r e d u c i n g  i t s  

c o n t e n t .  

With r e s p e c t  t o  t h e  i r o n  c o n t e n t  of t h e  b i t t e r g o u r d  

f r u i t s  maximum amount was n o t i c e d  i n  T2 which r e c e i v e d  N through 

FYM a lone .  S i m i l a r  f i n d i n g s h a s  been r e p o r t e d  by Schuphan (1974) 

who observed t h a t  o r g a n i c a l l y  grown s p i n a c h ,  c e l e r i a c ,  Savoy 

cabbage, c a r r o t s  and l e t t u c e  had h i g h e r  i r o n  c o n t e n t .  

The s h e l f  l i f e  of  t h e  h a r v e s t e d  f r u i t s  i n  t h e  s t u d y  were 

a s s e s s e d  based on t h e  i n c i d e n c e  of s p o i l a g e ,  and a l s o  on t h e  

p h y s i o l o g i c a l  l o s s  i n  weight .  I t  was observed t h a t  l o n g e r  

s h e l f  1 i f e w a s i n T a n d  T3 which r e c e i v e d  t h e  maximum q u a n t i t y  of 
2 

o r g a n i c  manure a s  compared t o  o t h e r  t r e a t m e n t s .  Moreover i n  T2 ,  

N w a s  s u p p l i e d  s o l e l y  through FYM. The p o s i t i v e  effect of FYM 

on  t h e  s h e l f  l i f e  of  o r i e n t a l  p i c k l i n g  melon h a s  been r e p o r t e d  

by Joseph  (1985) .  I n  t h e  case of r o t t i n g  p e r c e n t a g e  a l s o  b e t t e r  

t r e a t m e n t s  w e r e  T2, T3 and Tq which r e c e i v e d  lesser amounts of 

i n o r g a n i c  N. S h a n t h i  and Ba lakr i shnan  (1989) have r e p o r t e d  t h a t  

i n c r e a s e d  dosages  of N improves t h e  e f f i c i e n c y  of metabolism. 

I n  t h e  p r e s e n t  s t u d y  t h e  i n c r e a s e d  m e t a b o l i c  e f f i c i e n c y  due t o  N 

a p p l i c a t i o n  might  have r e s u l t e d  i n  a  f a s t e r  senescence  p r o c e s s  

r e s u l t i n g  i n  a n  e a r l y  s p o i l a g e .  The same r e a s o n  can  b e  



a t t r i b u t e d  t o  t h e  i n c r e a s e d  p h y s i o l o g i c a l  l o s s  i n  weight  of 

f r u i t s  from t h e  t r e a t m e n t s  r e c e i v i n g  h i g h e r  amounts of  n i t r o g e n  

i n  t h e  i n o r g a n i c  form. S i m i l a r  r e s u l t s  w e r e  r e p o r t e d  by 

Q u e r e s h i w 1 9 7 2 )  i n  tomato, Kato e t  a l .  (1987)  and Rao and - - 
S r i n i v a s a n  (1990) i n  on ion ,  

Change i n  c o l o u r  of  t h e  f r u i t s  a f t e r  h a r v e s t  a s  r ecorded  

by v i s u a l  s c o r i n g  was s l o w e s t  i n  T q V 2  which r e c e i v e d  20 t FYM 

and 35:25:25 kg NPK through f e r t i l i s e r s  i n  v a r i e t y  MC-84. The 

p o i n t s  d i s c u s s e d  above ho ld  v a l i d  for t h e  s lower  c o l o u r  change 

due t o  reduced m e t a b o l i c  a c t i v i t y  i n  a  lower  dose  t r e a t m e n t  of  

i n o r g a n i c  N. The r e a s o n  for t h e  c o l o u r  d i f f e r e n c e  between t h e  

two v a r i e t i e s  P r i y a  and MC-84 is  more g e n o t y p i c  i n  n a t u r e  a s  

P r i y a  i s  d a r k  g reen  and MC-84 l i g h t  g r e e n .  Hence t h e  c o l o u r  

l o s s  was a p p a r e n t  e a r l i e r  i n  MC-84 a s  t h e  i n i t i a l  i n t e n s i t y  of  

green c o l o u r  was less. 

The two v a r i e t i e s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  on t h e  

c h a r a c t e r s  v i z .  , days  f o r  f l o w e r i n g ,  number of  h a r v e s t s ,  f r u i t s  

p e r  p l o t ,  y i e l d  p e r  p l o t ,  m o i s t u r e  c o n t e n t  of f r u i t s ,  a s c o r b i c  

a c i d  c o n t e n t  of f r u i t s  and s h e l f  l i f e .  . T h i s  i n d i c a t e s  t h a t  t h e  

two v a r i e t i e s  a r e  s i m i l a r  f o r  many of  t h e  v e g e t a t i v e ,  y i e l d  

q u a l i t y  and p o s t h a r v e s t  pa ramete r s .  T h i s  is suppor ted  by t h e  

f a c t  t h a t  P r i y a  and MC-84 were grouped t o g e t h e r  i n  a d ive rgence  

s t u d y  i n v o l v i n g  50 genotypes  o f  b i t t e r g o u r d  (Vahab, 1989) .  



The two v a r i e t i e s  d i f f e r e d  s i g n i f i c a n t l y  i n  f r u i t  

l e n g t h ,  f r u i t  g i r t h ,  c h l o r o p h y l l ,  pheno l ,  a s h ,  and i r o n  c o n t e n t .  

Probably t h e s e  a r e  p e c u l i a r i t i e s  due t o  t h e  g e n e t i c  set up of 

t h e  t w o  v a r i e t i e s  which make them d i s t i n c t l y  d i f f e r e n t  from e a c h  

o t h e r .  

5.2 E f f e c t  of p r e h a r v e s t  s p r a y s  on t h e  s h e l f  l i f e  of 

f r u i t s  of b i t t e r g o u r d  

R e s u l t s  o b t a i n e d  due t o  two p r e h a r v e s t  s p r a y s  wi th  GA 

(200 and 300 ppm), CCC: (250 and 500 ppm) and MH (500 and 

1000 ppm) g iven a t  an i n t e r v a l  of  15  days  from t h e  f r u i t  se t  d i d  

n o t  a f f e c t  s i g n i f i c a n t l y  t h e  number of h a r v e s t ,  number of f r u i t s  

p e r  p l o t ,  a s h ,  c h l o r o p h y l l ,  phenol  and i r o n  c o n t e n t  of t h e  

f r u i t .  S i n c e  b i t t e r g o u r d  i s  a  monoecious c r o p ,  t h e  growth 

r e g u l a t o r  s p r a y s  a t  a  p o s t  f l o w e r i n g  s t a g e  probably  might n o t  

have a f f e c t e d  t h e  number of female  f l o w e r s  which u l t i m a t e l y  

de te rmines  t h e  number o f  h a r v e s t  and t h e  number of  f r u i t s  p e r  

p l o t .  

Genera l  t i m e  of  a p p l i c a t i o n  o f  growth r e g u l a t o r s  f o r  t h e  

modi f i ca t ion  of  s e x  e x p r e s s i o n  i n  c u c u r b i t s  i s  i n  t h e  two o r  

f o u r  l e a f  s t a g e  o f  s e e d l i n g .  No r e p o r t s  a r e  a v a i l a b l e  a s  t o  t h e  

i n f l u e n c e  of GA, MH and CCC on  t h e  a s h ,  phenol  and i r o n  c o n t e n t  

of  b i t t e r g o u r d ,  though t h e s e  growth r e g u l a t o r s  have s p e c i f i c  

i n f l u e n c e  on t h e  growth and development o f  b i t t e r g o u r d  f r u i t s .  

The c o n c e n t r a t i o n  and mode of  a p p l i c a t i o n  of t h e  abovc h r e e  



growth r e g u l a t o r s  probably  was n o t  e f f e c t i v e  t o  b r i n g  any 

s i g n i f i c a n t  change i n  t h e  a s h ,  phenol  and i r o n  c o n t e n t s .  Kurup 

(1969)  and Abdalla  and Verkerk (1970)  have r e p o r t e d  i n c r e a s e d  

c h l o r o p h y l l  c o n t e n t  due t o  CCC a p p l i c a t i o n  i n  t h e  l e a v e s  of 

p o t a t o  and tomato r e s p e c t i v e l y .  However, i n  t h e  . p r e s e n t  s t u d y  

t h e r e  was no s i g n i f i c a n t  r e sponse  i n  c h l o r o p h y l l  c o n t e n t  of  t h e  

gourds.  T h i s  may b e  due t o  t h e  s p e c i f i c i t y  of  t h e  growth 

r e g u l a t o r  on t h e  metabolism o f  d i f f e r e n t  c r o p s .  T h i s  i n d i c a t e s  

t h a t  d e t a i l e d  s t u d i e s  a r e  r e q u i r e d  w i t h  d i f f e r e n t  c o n c e n t r a t i o n s  

of growth r e g u l a t o r s  t o  see whether  it can improve t h e  

c h l o r o p h y l l  c o n t e n t  s o  t h a t  appearance  of t h e  f r e s h  a s  w e l l  a s  

dehydra ted  b i t t e r g o u r d  i s  b e t t e r .  

P r e h a r v e s t  growth r e g u l a t o r  s p r a y s  s i g n i f i c a n t l y  

i n f l u e n c e d  t h e  f r u i t  l e n g t h ,  f r u i t  g i r t h ,  y i e l d  p e r  p l o t ,  

m o i s t u r e ,  a s c o r b i c  a c i d  c o n t e n t  and s h e l f  l i f e  of f r u i t s .  

Maximum f r u i t  l e n g t h ,  f r u i t  g i r t h  and y i e l d  p e r  p l o t  

were recorded  i n  T2 (GA 300 ppm) which was on p a r  w i t h  T (GA 
1 

200 ppm). T h i s  r e s p o n s e  of GA may b e  due t o  i t s  s p e c i f i c  

i n f l u e n c e  on t h e  ce l l  d i v i s i o n  and ce l l  e l o n g a t i o n  (Leopold and 

Kriedmann, 1975; Bidwel l ,  1979) . The o t h e r  growth r e g u l a t o r s  

used i n  t h i s  exper iment ,  (CCC and MH) w e r e  growth r e t a r d a n t s  

which might  have suppressed  t h e  growth of p l a n t s .  Thus growth 

promoting a c t i v i t y  of  GA was more h i g h l i g h t e d .  S i m i l a r  f i n d i n g s  

w e r e  r e p o r t e d  i n  tomato by I r u l a p p a n  (1972) .  



High m o i s t u r e  c o n t e n t  i n  CCC t r e a t e d  f r u i t s  can  be  

a t t r i b u t e d  t o  t h e  a n t i t r a n s p i r a n t  a c t i v i t y  of  t h e  growth 

r e g u l a t o r .  (Usha and P e t e r ,  1988) .  Ravidas  (1990)  h a s  r e p o r t e d  a  

s i m i l a r  e f f e c t  w i t h  CCC 500 ppm t r e a t m e n t s  on s p i k e s  of 

g l a d i o l u s .  

Maximum a s c o r b i c  a c i d  c o n t e n t  w a s  r e c o r d e d  i n  T1 ( G A  

200  ppm). Many workers  have r e p o r t e d  t h e  i n f l u e n c e  o f  GA i n  

i n c r e a s i n g  t h e  a s c o r b i c  a c i d  c o n t e n t - S r i v a s t a v a  and S r i v a s t a v a  

( 1 9 6 4 ) ,  Oza and Rangnekar ( 1 9 6 9 ) ,  I r u l a p p a n  (1972)  i n  tomato  and 

Khader (1989)  i n  mango. GA promotes  c e l l  d i v i s i o n  which 

i n c r e a s e s  t h e  number o f  ascorbic a c i d  molecu les  which 

c u m u l a t i v e l y  amounts t o  i n c r e a s e d  a s c o r b i c  a c i d  c o n t e n t .  MH 

1000 ppm a l s o  had a  s i g n i f i c a n t  p o s i t i v e  e f f e c t  i n  t h e  a s c o r b i c  

a c i d  c o n t e n t  o f  b i t t e r g o u r d .  S i m i l a r  f i n d i n g s  have been 

r e p o r t e d  by S h a n t h i  and B a l a k r i s h n a n  (1989)  i n  o n i o n .  

Growth r e g u l a t o r s  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  s h e l f  

l i f e  o f  b i t t e r g o u r d  f r u i t s .  Maximum s h e l f  l i f e  w a s  r e c o r d e d  i n  

T5 (MH 500 ppm), and a l l  o t h e r  t r e a t m e n t s  e x c e p t  T, ( c o n t r o l )  

w e r e  o n  p a r  w i t h  t h i s  t r e a t m e n t .  Enhanced s h e l f  l i f e  of  c r o p  

produce  by t r e a t m e n t  w i t h  MH i s  w e l l  e s t a b l i s h e d  a s  e v i d e n t  f rom 

t h e  r e p o r t s  o f  Zukel ( 1 9 5 0 ) ,  Kennedy ahd Smith (1951)  i n  p o t a t o ,  

Rakitin@_dl1972) and S h a n t h i  and B a l a k r i s h n a n  (1989)  i n  onion .  

Sen and Sen (1968)  have r e p o r t e d  t h a t  MH t r e a t m e n t  r e s u l t s  i n  a  

d i s t u r b e d  c a r b o h y d r a t e  and m i n e r a l  metabol ism.  T h i s  t o g e t h e r  



w i t h  t h e  i n c r e a s e d  water h o l d i n g  c a p a c i t y  as a  r e s u l t  o f  MH 

t r e a t m e n t  r e s u l t e d  i n  i n c r e a s e d  s h e l f  l i f e .  R e s u l t s  a l s o  

r e v e a l e d  t h a t  lowest we igh t  l o s s  and lowest r o t t i n g  p e r c e n t a g e  

o c c u r r e d  i n  MH t r e a t e d  f r u i t s .  These effects c u m u l a t i v e l y  

r e s u l t e d  i n  t h e  maximum s t o r a g e  l i f e  for  MH t r e a t e d .  f r u i t s .  

The enhancement of  s h e l f  l i f e  d u e  t o  GA t r e a t m e n t  might  

b e  due t o  t h e  r e t a r d e d  s e n e s c e n c e  p r o c e s s .  GA t r e a t m e n t  might  

have suppressed  e t h y l e n e  accumula t ion  i n  f r u i t  t i s s u e  ( D i l l e y ,  

1969; Khader,  1 9 8 9 ) .  Ripening  p r o c e s s  i n  f r u i t s  does  n o t  

g e n e r a l l y  g e t  i n i t i a t e d  u n t i l  e t h y l e n e  l e v e l  h a s  r eached  a  

c r i t i c a l  s t a g e  - ( B u r g  and Burg, 1 9 6 2 ) .  I n  t h i s  expe r imen t  GA 

t r e a t m e n t  might  have r e t a r d e d  b iochemica l  change r e s u l t i n g  i n  

e t h y l e n e  p r o d u c t i o n  o r  t h e  r i p e n i n g  p r o c e s s .  The ex tended  s h e l f  

l i f e  due  t o  CCC t r e a t m e n t  might  b e  a t t r i b u t e d  t o  t h e  i n h i b i t o r y  

e f f e c t  o f  CCC o n  c h l o r o p h y l l  d e g r a d a t i o n  and c a r o t e n o i d  

f o r m a t i o n  (Kamienskaand Chrominski ,  1 9 7 1 ) .  They have a l s o  

r e p o r t e d  t h a t  CCC and g i b b e r e l l i n  may i n t e r f e r e  w i t h  t h e  a c t i o n  

o f  e t h y l e n e .  

A 1  Juboory  - e t  - a l .  (1990)  have r e p o r t e d  t h a t  i n  g r a p e s  

p r e h a r v e s t  t r e a t m e n t s  o f  CCC r e s u l t e d  i n  t h e  b e s t  o v e r  a l l  

keeping  q u a l i t y  as  compared t o  GA, I A A  and e thephon a p p l i c a t i o n .  

Malformation was more i n  f r u i t s  t r e a t e d  w i t h  MH 1000 ppm and CCC 

500ppm.- T h i s  i n d i c a t e s  t h a t  t h e  c o n c e n t r a t i o n  were p r o b a b l y  

' h i g h e r  t h a n  t h e  t o l e r a n c e  l i m i t s  o f  b i t t e r g o u r d  v a r i e t y  MC-84. 



R o t t i n g  p e r  c e n t  of t h e  b i t t e r g o u r d  f r u i t s  were l o w e s t  

when GA 200 ppm and  MH 500 ppm was a p p l i e d .  MH m i g h t  have  

i n h i b i t e d  t h e  g rowth  and  m u l t i p l i c a t i o n  o f  p a t h o g e n s  r e s p o n s i b l e  

f o r  r o t t i n g  a s  r e p o r t e d  i n  o n i o n  by Nawaz - e t  &. 

( 1 9 8 8 ) ,  S h a n t h i  and  B a l a k r i s h n a n  ( 1 9 8 9 ) .  We igh t .  l o s s  d u r i n g  

s t o r a g e  w a s  l o w e s t  i n  MN 1000  pprn f o l l o w e d  by MH 500 ppm. T h i s  

r e f l e c t s  t h e  i n c r e a s e d  water h o l d i n g  c a p a c i t y  of MM t r e a t e d  

f r u i t s .  R e s u l t s  i n  t h i s  l i n e  have  b e e n  r e p o r t e d  i n  o n i o n  by 

R a k i t i n  -- e t  a l .  ( 1 9 7 3 ) ,  Nawaz -- e t  a l .  ( 1 9 8 8 )  and  i n  g a r l i c  by O m a r  

and  A r a f a  ( 1 9 7 9 ) .  

The i n f l u e n c e  of MH and CCC o n  t h e  b e t t e r  r e t e n t i o n  o f  

g r e e n  c o l o u r  was i n  l i n e  w i t h  t h e  r e p o r t s  o f  Date & - - M*y(1959) 

and Garg -- e t  a l .  ( 1 9 7 6 )  i n  mango who o p i n e d  t h a t  deve lopmen t  o f  

y e l l o w  c o l o u r  w a s  r e t a r d e d  by MH and  CCC t r e a t m e n t .  

5.3 E f f e c t  of p o s t h a r v e s t  bw!&w&'.ou~ b e  s h e l f  l i f e  of f r u i t s  

of b i t t e r g o u r d  

P o s t h a r v e s t  d i p  t r e a t m e n t s  we re  g i v e n  t o  b i t t e r g o u r d  

f r u i t s  w i t h  CCC (4000  pprn), GA ( 5 0  ppm) a n d  CaC12 ( 4  p e r  c e n t ) .  

Maximum s t o r a g e  l i f e  o f  7.5 d a y s  w a s  r e c o r d e d  f o r  t h e  f r u i t s  

d i p p e d  i n  4000 pprn CCC and  k e p t  i n  a r e f r i g e r a t o r .  T h i s  w a s  

s i g n i f i c a n t l y  s u p e r i o r  t o  t h e  open  s t o r a g e  o f  b i t t e r g o u r d  f r u i t s  

d i p p e d  i n  4000 pprn CCC. The a d v a n t a g e  of l o w  t e m p e r a t u r e  i n  t h e  

s t o r a g e  o f  f r u i t s  and v e g e t a b l e s  i s  a c o m m e r c i a l l y  e x p l o i t e d  

t e c h n o l o g y  ( W i l l s  - -  e t  a l .  , 1989)  . However u n d e r  open c o n d i t i o n s  



t h e  d i p  t r e a t m e n t s  w i t h  CaC12, CCC o r  GA d i d  n o t  produce any 

e x t e n s i o n  of  s t o r a g e  l i f e  of  economic r e l e v a n c e .  Howeverr t h e  

v i l l a g e  model c o o l i n g  chamber where e v a p o r a t i v e  c o o l i n g  of wa te r  

i s  employed t o  p rov ide  a  c o o l  mic roc l ima te  has  r e s u l t e d  i n  a  

s t o r a g e  l i f e  equa l  t o  CCC 4000 ppm t r e a t m e n t  i n  open c o n d i t i o n .  

T h i s  r e s u l t  has some economic r e l e v a n c e  e s p e c i a l l y  i n  v i l l a g e s  

which a r e  n o t  e l e c t r i f i e d .  I n  t h e  c a s e  of t h e  v i l l a g e  model 

c o o l i n g  chamber, wi thou t  any v a l u e  a d d i t i o n  t r e a t m e n t  t o  t h e  

b i t t e r g o u r d  f r u i t s r  w e  can expec t  a  s t o r a g e  l i f e  of  a b o u t  3.75 

days a s  compared t o  2 .5  days  i n  t h e  open c o n d i t i o n .  There was a  

r e d u c t i o n  of 4OC i n s i d e  t h e  c o o l i n g  chamber than  t h e  maximum 

mean t e m p e r a t u r e  of t h e  o u t e r  environment ,  which e x p l a i n s  t h e  

i n c r e a s e d  s t o r a g e  l i f e .  

The weight  l o s s  d u r i n g  s t o r a g e  s t a t i s t i c a l l y  on p a r  i n  

t h e  r e f r i g e r a t e d  s t o r a g e  and v i l l a g e  model c o o l i n g  chamber. 

Th i s  may be  due t o  t h e  reduced r a t e  of r e s p i r a t i o n  and o t h e r  

me tabo l i c  p r o c e s s e s  and a l s o  due t o  t h e  reduced w a t e r  loss due 

t o  a  more humid o u t e r  environment  ( W i l l s  e t  a l . ,  1 9 8 9 ) .  I n  t h e  -- 
open s t o r a g e  minimum weight  loss was observed i n  CCC 4000 ppm 

t r e a t e d  f r u i t s ,  t h e  r e a s o n s  of which a r e  d i s c u s s e d  a l r e a d y  i n  

t h e  p rev ious  s e c t i o n  of  t h i s  c h a p t e r .  S i m i l a r  f i n d i n g s  were 
1 

r e p o r t e d  by Kalhon and D h i l l e n  (19801, who e x p l a i n e d  t h a t  t h e  

dec reased  weight  l o s s  was due t o  b e t t e r  c u t i n i s a t i o n  of f r u i t s .  

R o t t i n g  p e r c e n t a g e  was s t u d i e d  w i t h  r e s p e c t  t o  s t o r a g e  
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l i f e  u p t o  6 days.  It was found t h a t  r e f r i g e r a t e d  s t o r a g e  was 

s i g n i f i c a n t l y  s u p e r i o r  t o  a l l  t h e  o t h e r  t r e a t m e n t s .  The reason  

f o r  t h i s  is t h e  reduced m i c r o b i a l  a c t i v i t y  a t  l o w e r  t e m p e r a t u r e s .  

Among t h e  ' o t h e r  t r e a t m e n t s  CCC 4000 ppmr GA 50 ppm and s t o r a g e  

i n  v i l l a g e  model c o o l i n g  chamber w e r e  on  p a r  w i t h  each  o t h e r .  

The e f f e c t  of GA and CCC i n  d e l a y i n g  t h e  senescence  p r o c e s s  

might  be t h e  r e a s o n  for t h e  reduced r a t e  of  r o t t i n g  (Khader,  

1989; Kamienska and Chrominski,  1971) t  whereas i n  t h e  v i l l a g e  

model c o o l i n g  chamber it might b e  due t o  t h e  t e m p e r a t u r e  

r e d u c t i o n .  

The p a t t e r n  o f  c o l o u r  change was s i m i l a r  f o r  t h e  

p r e h a r v e s t  s p r a y  t r e a t m e n t s  . Here a g a i n  r e f r i g e r a t e d  s t o r a g e  

proved i t s  e f f e c t i v e n e s s  a s  a means for  e x t e n d i n g  s h e l f  l i f e  of  

f r e s h  v e g e t a b l e s  by d e l a y i n g  t h e  d e g r a d a t i o n  of g reen  c o l o u r .  

I n  t h e  p r e s e n t  s t u d y  CaC12 d i p  t r e a t m e n t  d i d  n o t  

i n f l u e n c e  t h e  s t o r a g e  l i f e ,  p h y s i o l o g i c a l  l o s s  i n  weight  and 

r o t t i n g  p e r c e n t a g e  o f  t h e  b i t t e r g o u r d  f r u i t s  s i g n i f i c a n t l y .  I n  

a l l  t h e s e  t h r e e  c a s e s  it was on  p a r  w i t h  t h e  c o n t r o l .  However, 

t h i s  r e s u l t  does  n o t  conf i rm t o  t h e  earlier r e p o r t s  on 

b e n e f i c i a l  e f f e c t s  of  CaC12. Singh - e t  &. (1987)  r e p o r t e d  

t h a t  t h e  t reatmentof  11 p e r  c e n t  CaC12 prolonged t h e  s t o r a g e  l i f e  

of  mango f r u i t s  by d e l a y i n g  t h e  o n s e t  of senescence  under 

s t o r a g e .  El-Hammady a. (1987) r e p o r t e d  t h a t  CaC12 a t  

c o n c e n t r a t i o n  o v e r  one  p e r  c e n t  and u p t o  f i v e  per c e n t  minimised 



t h e  v a l u e s  of  f r u i t  de layed ,  f r u i t  s o f t e n i n g  and prolonged s h e l f  

l i f e  i n  a p p l e .  

N a y i t a l  -- e t  a l .  (1990) a l s o  r e p o r t e d  b e n e f i c i a l  e f f e c t  of 

CaC12 i n  p ro long ing  t h e  s h e l f  l i f e  of  a p p l e s .  The r e a s o n  f o r  

t h e  non s i g n i f i c a n t  r e sponse  of p o s t h a r v e s t  t r e a t m e n t  of  CaC12 

cannot  b e  p r o p e r l y  e x p l a i n e d  w i t h  t h e  i n f o r m a t i o n  o b t a i n e d  from 

t h e  s t u d y .  I n  v e g e t a b l e  s t u d i e s  on t h i s  l i n e  i s  r a t h e r  l i m i t e d .  

More d e t a i l e d  s t u d i e s  wi th  d i f f e r e n t  c o n c e n t r a t i o n s  and 

t r e a t m e n t  t i m e  w i t h  CaC12 i n v o l v i n g  more v a r i e t i e s  of 

b i t t e r g o u r d  have t o  be t a k e n  up f o r  u n d e r s t a n d i n g  t h e  effect of 

CaC12 on t h e  s h e l f  l i f e  of  b i t t e r g o u r d .  

5.4 S t a n d a r d i s a t i o n  o f  d r y i n g  t e c h n i q u e  fo r  b i t t e r g o u r d  

I n  t h i s  exper iment  n i n e  t e c h n i q u e s  w e r e  t r i e d  f o r  d r y i n g  

b i t t e r g o u r d .  Out of  t h e  n i n e  t r e a t m e n t s ,  t h r e e  were s u b j e c t e d  

t o  sundrying,  and t h e  rest s i x  was dehydra ted  i n  a  c a b i n e t  

d r i e r .  Of t h e s e  s i x  d e h y d r a t i o n  t r e a t m e n t s  one  w a s  t o  

s t a n d a r d i s e  a n  i n t e r m e d i a t e  m o i s t u r e  b i t t e r g o u r d .  Hence f o r  t h e  

purpose  o f  a more r e a l i s t i c  comparison t h e s e  n i n e  t r e a t m e n t s  a r e  

c o n s i d e r e d  as t h r e e  subgroups a s  mentioned above. The d i f f e r e n t  

d r y i n g  methods t r i e d  showed s i g n i f i c a n t  i n f l u e n c e  on t h e  f i n a l  

m o i s t u r e ,  a s c o r b i c  a c i d ,  c h l o r o p h y l l ,  phenol ,  i r o n  and to ta l  ash 

c o n t e n t  , d e h y d r a t i o n  r a t i o  and r e h y d r a t i o n  rat io.  



The f i n a l  m o i s t u r e  c o n t e n t  showed s i g n i f i c a n t  v a r i a t i o n  

among t h e  n i n e  t r e a t m e n t s .  The i n t e r m e d i a t e  m o i s t u r e  b i t t e r -  

gourd a s  . t h e  name i n d i c a t e s  was p u r p o s i v e l y  p repared  w i t h  a  

m o i s t u r e  c o n t e n t  of 30 p e r  c e n t  and e v i d e n t l y  t h i s  was s i g n i f i -  

c a n t l y  d i f f e r e n t  from t h e  o t h e r  p r o d u c t s  w i t h  r e s p e c t  t o  

m o i s t u r e  c o n t e n t .  But t h i s  was a  r e s u l t  of t h e  change i n  t h e  

p r o c e s s  i .e .  d r y i n g  i n  t h e  c a b i n e t  d r i e r  f o r  one  h  a t  80°C 

fo l lowed by 10 h  a t  60°C whereas i n  t h e  o t h e r  d e h y d r a t i o n  t r e a t -  

ments t h e  p r o c e s s  was d r y i n g  a t  6 0 ° C  f o r  14  h. The development 

of  i n t e r m e d i a t e  m o i s t u r e  food i s  of r e c e n t  o r i g i n  s o  a s  t o  

develop p r o d u c t s  w i t h  l o w  d e h y d r a t i o n  r a t i o  and n e a r  n a t u r a l  

t e x t u r e  of  t h e  f r e s h  v e g e t a b l e  b u t  a t  t h e  same t i m e  w i t h  s t o r a g e  

s t a b i l i t y  (Salunkhe -- e t  a l . ,  1976) .  The dehydra ted  samples were 

g iven  f o u r  p r e t r e a t m e n t ~  and it was observed t h a t  t h e  t r e a t m e n t s  

had s i g n i f i c a n t  i n f l u e n c e  on t h e  f i n a l  m o i s t u r e  c o n t e n t  of  t h e  

sample when s u b j e c t e d  t o  a  uniform d e h y d r a t i o n  p r o c e s s .  I n  t h e  

t h r e e  t r e a t m e n t s  k e p t  f o r  sundry ing  t h e r e  was no s i g n i f i c a n t  

d i f f e r e n c e  wi th  r e s p e c t  t o  m o i s t u r e  c o n t e n t .  T h i s  means t h a t  

s team b lanch ing  and h o t  w a t e r  blanchin'g d i d  n o t  a c c e l a r a t e  t h e  

d r y i n g  p roces .  Blanching i s  g e n e r a l l y  c o n s i d e r e d  a s  a  p r e t r e a t -  

ment t h a t  a c c e l a r a t e s  t h e  d r y i n g  p r o c e s s  (Pawar - -  e t  a l . ,  1985) .  

I n  t h e  p r e s e n t  s t u d y  a l s o  there w a s  a  r e d u c t i o n  i n  t h e  f i n a l  

m o i s t u r e  c o n t e n t  i n  t h e  h o t  w a t e r  and steam blanched samples 

though t h e y  were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  T h i s  may b e  due 

t o  t h e  sof t  t e x t u r e d  s u c c u l e n t  n a t u r e  of b i t t e r g o u r d  whose 



t i s s u e s  a r e  weak enough t o  l o o s e  m o i s t u r e  a s  r a p i d l y  even 

w i t h o u t  b lanch ing  t r e a t m e n t s .  Among t h e  dehydra ted  samples t h e  

lowest m o i s t u r e  c o n t e n t  was n o t i c e d  i n  t h e  b r i n e  t r e a t e d  p roduc t  

which was on p a r  wi th  t h e  dehydrat,ed p r o d u c t  wi thou t  any 

p r e t r e a t m e n t  s . T h i s  i n d i c a t e s  t h a t  b r i n e  soak ing  helped 

e x c l u s i o n  of wa te r  from t i s s u e  probably  due t o  t h e  osmot ic  

p r o c e s s  d u r i n g  soak ing  (Vehgani and Chundawat, 1 9 8 6 ) .  The 

p a t t e r n  of  m o i s t u r e  loss was similar i n  t h e  h o t  w a t e r  blanched 

and dehydra ted  ( T ~ )  p roduc t .  The s t eam blanched and dehydra ted  

(T6)  and s u l p h i t e d  (T7)  p r o d u c t s  were more comparable w i t h  t h a t  

of t h e  s u n d r i e d  p roduc t .  T h i s  can  be e x p l a i n e d  on  t h e  ground 

t h a t  s team b lanch ing  was n o t  a s  e f f i c i e n t  a s  h o t  w a t e r  b lanch ing  

and probably  t h e  osmotic p r e s s u r e  of 0.1 p e r  c e n t  KMS s o l u t i o n  

was lesser t h a n  t h a t  of  5 p e r  c e n t  NaC1 ,  u l t i m a t e l y  r e s u l t i n g  i n  

a h i g h e r  m o i s t u r e  c o n t e n t  i n  t h e  p roduc t .  

Ascorb ic  a c i d  c o n t e n t  of  t h e  d r i e d  samples were s i g n i f i -  

c a n t l y  i n f l u e n c e d  by t h e  method of d r y i n g  a s  w e l l  a s  t h e  

p r e t r e a t m e n t s  g iven .  Highest ascorbic acid c o n t e n t  was recorded  i n  

T9 ( i n t e r m e d i a t e  moisture b i t t e r g o u r d )  . The o t h e r  t r e a t m e n t s  

w i t h  h i g h e r  r e t e n t i o n  of  a s c o r b i c  a c i d  was T4 ( d e h y d r a t e d )  and 

T1 ( s u n d r i e d )  . The maximum r e t e n t i o n  of a s c o r b i c  a c i d  i n  t h e  
1 ! 

i n t e r m e d i a t e  m o i s t u r e  p roduc t  w a s  expec ted  a s  t h e  p r o c e s s e s  

invo lved  w a s  minimum a s  compared to  o t h e r  t r e a t m e n t s .  Ascorbic 

a c i d  be ing  a w a t e r  s o l u b l e  v i t a m i n ,  t r e a t m e n t s  l i k e  h o t  wa te r ,  

s team b lanch ing ,  soak ing  i n  KMS and b r i n e  s o l u t i o n s  cause  i t s  



l e a c h i n g  l o s s .  I n  a d e t a i l e d  rev iew on t h e  e f f e c t  of  p r o c e s s i n g  

on v i t amins  and m i n e r a l s  i n  f r u i t s  and v e g e t a b l e s  Ratnatunga 

e t  g.  (1.978) have r e p o r t e d  t h a t  a s c o r b i c  a c i d  l o s s  i s  an - 
unavoidable e v e n t  i n  p r o c e s s i n g  s i n c e  it i s  h i g h l y  s o l u b l e  i n  

wa te r  and e a s i l y  e x t r a c t e d  from t i s s u e s .  They have a l s o  s t a t e d  

t h a t  r e t e n t i o n  of  a s c o r b i c  a c i d  i s  t a k e n  a s  a n  index  of  q u a l i t y  

d e t e r i o r a t i o n  and n u t r i t i v e  v a l u e .  Chaudhary and Roy (1979)  

have r e p o r t e d  t h a t  i n  fenugreek t h e  r e t e n t i o n  of  a s c o r b i c  a c i d  

was 41.8, 29.4, 18.1,  24.3 mg/100 g  i n  t h e  f r e s h ,  unblanched,  

blanched and s u l p h i t e  t r e a t e d  samples  r e s p e c t i v e l y .  Reviewing 

t h e  r e a s o n s  f o r  t h e  l o s s  of  c o l o u r  and v i t a m i n s  on d e h y d r a t i o n  

of  v e g e t a b l e s ,  Ranganathan and Dubash (1981)  s t a t e d  t h a t  

a s c o r b i c  a c i d  is  t h e  m o s t  d i f f i c u l t  of  v i t a m i n s  t o  p r e s e r v e  

d u r i n g  b lanch ing  and d e h y d r a t i o n .  Pawar & g .  (1985)  r e p o r t e d  

t h a t  i n  pumpkin s u l p h i t i n g  reduced t h e  loss of  a s c o r b i c  a c i d  

c o n t e n t ,  when s u l p h i t i n g  was done p r i o r  t o  b lanch ing .  So 

s u l p h i t i n g  p r i o r  t o  b lanch ing  reduces  t h e  l o s s  of  a s c o r b i c  a c i d  

through h e a t ,  l i g h t  and o x i d a t i o n .  However, i n  t h e  p r e s e n t  

s t u d y  s u l p h i t i n g  was done a f t e r  b lanch ing  and hence t h e  

t r e a t m e n t  c o u l d  n o t  h e l p  r e t a i n  t h e  i n i t i a l  q u a n t i t y  o f  a s c o r b i c  

a c i d ,  a  p a r t  of  which was a l r e a d y  l o s t  th rough  l e a c h i n g  i n  t h e  

b lanch ing  p r o c e s s .  F u r t h e r  d e t a i l e d  s t u d i e s  a r e  r e q u i r e d  o n  t h e  

s p e c i f i c  effect of b lanch ing  b e f o r e  and a f t e r  s u l p h i t i n g  wi th  

r e s p e c t  t o  t h e  r e t e n t i o n  of a s c o r b i c  a c i d  and t h e  p r e s e r v a t i v e  

p r o p e r t y  of  SO2. Among t h e  dehydraeion t r e a t m e n t s  b i t t e r g o u r d  



sample w i t h o u t  any p r e t r e a t m e n t  r e t a i n e d  t h e  maximum amount of 

a s c o r b i c  a c i d .  T h i s  was fo l lowed by t h e  s team blanched sample 

and t h e  o t h e r  t r e a t m e n t s  w e r e  on p a r .  The f a c t o r s  c a u s i n g  

l e a c h i n g  of  a s c o r b i c  a c i d  was n o t  a l lowed t o  a c t  i n  t h e  

dehydra t ion  t r e a t m e n t  by e l i m i n a t i n g  t h e  p r e t r e a t m e n t  s which 

r e s u l t e d  i n  t h e  maximum r e t e n t i o n  of  a s c o r b i c  a c i d .  Ratnatunga 

e t  &. (1978)  have r e p o r t e d  t h a t  steam b l a n c h i n g  caused s m a l l e r  - 
l o s s e s  of v i t a m i n s  t h a n  h o t  water b lanch ing  a s  l e a c h i n g  i s  

minimised. T h i s  e x p l a i n s  t h e  b e t t e r  r e t e n t i o n  of a s c o r b i c  a c i d  

i n  steam blanched samples i n  t h e  p r e s e n t  s t u d y .  T h i s  . a l s o  

e x p l a i n s  t h e  r e a s o n s  f o r  t h e  b e t t e r  ' r e t e n t i o n  o f  a s c o r b i c  a c i d  - 

i n  t h e  sundr ied  samples p r e t r e a t e d  w i t h  s team b lanch ing  a s  

compared t o  h o t  water  b lanch ing  o f  samples .  

A s  f a r  a s  t h e  r e t e n t i o n  of phenol  is concerr?ed maximum 

r e t e n t i o n  w a s  i n  t h e  dehydra ted  sample ( T 4 )  and minimum was 

observed i n  T2 ( h o t  wa te r  blanched and s u n d r i e d )  . T h i s  r e v e a l s  

t h a t  phenols  a r e  a l s o  s u b j e c t  t o  loss d u r i n g  t h e  p r e t r e a t m e n t s  

and p r o c e s s e s  employed f o r  d e h y d r a t i o n .  Salunkhe -- e t  a l .  (1976) 

have r e p o r t e d  t h a t  t h e  phenol  c o n t e n t  of t h e  f r e s h  m a t e r i a l  is  

c o n t r i b u t i n g  t o  t h e  browning of t h e  . f i n a l  p roduc t .  I n  t h e  

dehydra ted  samples b e t t e r  c o l o u r  r e t e n t i o n  was observed i n  t h e  

samples w i t h  h i g h e r  r e t e n t i o n  of phenol .  Thus t h e  p r e s e n t  s t u d y  

i n d i c a t e s  t h a t  phenol  r e t e n t i o n  d u r i n g  t h e  d e h y d r a t i o n  p r o c e s s  

may h e l p  t o  r e t a i n  t h e  g reen  c o l o u r  of  t h e  f i n a l '  p roduc t  i n  a  

b e t t e r  way. 



The d r y i n g  prolckeses s i g n i f i c a n t l y  i n f l u e n c e d  t h e  

r e t e n t i o n  of  i r o n  i n  t h e  f i n a l  p roduc t .  R e t e n t i o n  of  i r o n  i n  

p r o c e s s i n g  of  b i t t e r g o u r d  i s  i m p o r t a n t  because  it i s  c o n s i d e r e d  

a s  an  i m p o r t a n t  v e g e t a b l e  due to  i t s  i r o n  c o n t e n t  which i s  

e s s e n t i a l  f o r  t h e  maintenance of  haemoglobin l e v e l  i n  blood.  

Hence i n  p r o d u c t  development w i t h  b i t t e r g o u r d  r e t e n t i o n  o f  i r o n  

c o n t e n t  forms an  i m p o r t a n t  c o n s i d e r a t i o n .  I n  t h e  p r e s e n t  s t u d y  

it was observed t h a t  t h e  b r i n e  t r e a t e d  sample r e t a i n e d  t h e  

maximum amount o f  i r o n  i n  t h e  p roduc t .  T h i s  was on p a r  w i t h  t h e  

h o t  water  blanched + s u n d r i e d  (TZ)  and h o t  water  blanched + 
dehydra ted  ( T 5 ) .  I r o n  c o n t e n t  was mir~imum i n  t h e  dehydra ted  

sample w i t h o u t  any p r e t r e a t m e n t .  T h i s  i n d i c a t e s  t h a t  t h e  

p r e t r e a t m e n t s  d i d  n o t  i n f l u e n c e  loss of  i r o n  from t h e  sample. 

Tap wa te r  was used f o r  t h e  h o t  w a t e r ,  s team,  s u l p h i t i n g  and 

b r i n e  p r e p a r a t i o n  i n  t h e  p r e s e n t  s tudy .  May be t h e r e  was some 

amount o f  i r o n  p r e s e n t  a s  a n  i m p u r i t y  i n  t h e  t a p  w a t e r  and t h e  

NaC1  used f o r  t h e  exper iment ,  t h a t  might  have i n f l u e n c e d  t h e  

f i n a l  i r o n  c o n t e n t  of  t h e  p roduc t .  Th i s  a s p e c t  needs f u r t h e r  

d e t a i l e d  s t u d i e s .  However, it i s  worth ment ioning h e r e  t h a t  i n  

t h e  t r a d i t i o n a l  d r y i n g  method fo l lowed  by t h e  peop le  o f  South 

I n d i a  t h e  b i t t e r g o u r d  r i n g s  are soaked i n  b r i n e  p r i o r  t o  

sundrying.  May bet t h e  c a p a c i t y  of t h e  b r i n e  t o  r e t a i n  t h e  i r o n  

p r e s e n t  i n  t h e  b i t t e r g o u r d  was n d t i c e d  by o u r  f o r e - f a t h e r s .  The 

i n t e r m e d i a t e  m o i s t u r e  p r o d u c t  i n  t h e  p r e s e n t  s t u d y  had lesser 

i r o n  compared t o  o t h e r  dehydra ted  p roduc t .  T h i s  was mainly due 



t o  t h e  i n c r e a s e d  amount o f  m o i s t u r e  forming major  p o r t i o n  o f  t h e  

f i n a l  p roduc t .  

The a s h  c o n t e n t  of t h e  dehydra ted  samples i s  a n  

i n d i c a t i o n  of t h e  minera l  c o n t e n t  of  t h e  p roduc t .  I n  t h e  

p r e s e n t  i n v e s t i g a t i o n  maximum amount of t o t a l  a s h  was n o t i c e d  i n  

t h e  s u n d r i e d  and i n  T, ( s u l p h i t e d  and d e h y d r a t e d )  samples.  The 

minimum, amount of t o t a l  a s h  was n o t i c e d  i n  t h e  I M  b i t t e r g o u r d  

and a l s o  i n  T6 ( s t eam blanched and d e h y d r a t e d ) .  The lower t o t a l  

a s h  c o n t e n t  of I M  b i t t e r g o u r d  was due t o  t h e  h i g h e r  amount of 

m o i s t u r e  p r e s e n t  i n  t h e  f i n a l  p roduc t .  The t o t a l  a s h  c o n t e n t  

was g e n e r a l l y  lower i n  a l l  t h e  d e h y d r a t i o n  t r e a t m e n t s .  This  

i n d i c a t e s  t h a t  a  h i g h e r  t o t a l  a s h  c o n t e n t  i s  r e l a t e d  wi th  a  

lower  p r o c e s s  t empera tu re .  I n  t h e  s u l p h i t e d  samples t h e  t o t a l  

a s h  c o n t e n t  was h igh.  KMS i t s e l f  might  have  c o n t r i b u t e d  t o  t h e  

t o t a l  a s h  c o n t e n t  of  t h e  produce  t o  c a u s e  t h i s  e f f e c t .  S i m i l a r  

f i n d i n g s  were r e p o r t e d  by Vehgani and Chundawat (1986) .  

There  w a s  s i g n i f i c a n t  v a r i a t i o n  i n  c h l o r o p h y l l  c o n t e n t  

of d i f f e r e n t  p r o d u c t s .  Maximum c h l o r o p h y l l  was r e c o r d e d  i n  t h e  

dehydra ted  sample ( T 4 )  and minimum. c o n t e n t  was i n  t h e  b r i n e  

t r e a t e d  and t h e  I M  b i t t e r g o u r d  (Tg). Reason f o r  t h e  poor 

r e t e n t i o n  of c h l o r o p h y l l  i n  I M  b i t t e r g o u r d  may be due  t o  t h e  

p r e t r e a t m e n t s  of  b lanch ing  and subsequen t  s u l p h i t i n g .  The 

b lanch ing  t r e a t m e n t  might  have caused t h e  c o n v e r s i o n  of some o f  

t h e  c h l o r o p h y l l  t o  phaeophytin r e s u l t i n g  i n  l o s s  of g reen  



c o l o u r .  S i m i l a r  f i n d i n g s  have been r e p o r t e d  by Ka l ra  (1990) .  

S u l p h i t e  t r e a t m e n t  also r e c o r d e d  compara t ive ly  less c h l o r o p h y l l .  

S i m i l a r  f i n d i n g s  have been r e p o r t e d  by Kumar --  e t  a l .  (1991)  i n  
. !  

b i t t e r g o u r d .  

I n  t h e  p r e s e n t  s t u d y  s u l p h i t i n g  was done a f t e r  h o t  w a t e r  

b lanching.  I n  h o t  water  b lanch ing  t r e a t m e n t  a l o n e  c h l o r o p h y l l  

r e d u c t i o n  h a s  been recorded .  Hence s u l p h i t i n g  a s  such d i d  n o t  

s i g n i f i c a n t l y  i n f l u e n c e  c h l o r o p h y l l  d e g r a d a t i o n  i n  dehydra ted  

p roduc t .  

Data on t h e  d e h y d r a t i o n  r a t io  r e v e a l e d  t h a t  t h e  I M  

b i t t e r g o u r d  (Tg) was s i g n i f i c a n t l y  s u p e r i o r  t o  a l l  o t h e r  

t r e a t m e n t s  w i t h  r e s p e c t  t o  t h e  recovery  of  f i n a l  p roduc t .  Th i s  

i s  obvious a s  it c o n t a i n s  30 p e r  c e n t  m o i s t u r e  i n  t h e  f i n a l  

p roduc t  a s  compared t o  4 t o  8 p e r  c e n t  m o i s t u r e  i n  o t h e r  

t r e a t m e n t s .  Among t h e  o t h e r  t r e a t m e n t s  t h e r e  was no  s i g n i f i c a n t  

d i f f e r e n c e  between t h e  d e h y d r a t i o n  ratios.  T h i s  i n d i c a t e s  t h a t  

any s u i t a b l e  method of d r y i n g  can  b e  employed where t h e  v a l u e  

a d d i t i o n  due  t o  t h e  v a r i o u s  p r o c e s s e s  become t h e  d e c i d i n g  f a c t o r  

r a t h e r  t h a n  t h e  p r o c e s s  a s  f a r  as t h e  d e h y d r a t i o n  r a t i o  i s  

concerned.  The I M  b i t t e r g o u r d  p roves  i t s  s u p e r i o r i t y  w i t h  

r e s p e c t  t o  d e h y d r a t i o n  r a t i o  a l s o  and t h e r e f o r e  h o l d s  p o t e n t i a l  

a s  a  s t r o n g  c o m p e t i t o r  t o  t h e  t r a d i t i o n a l  dehydra ted  m a t e r i a l  

and a l s o  t o  some e x t e n t  t o  t h e  f r e s h  v e g e t a b l e s  i n  t h e  coming 

y e a r s  provided a  s u i t a b l e  packaging t e c h n i q u e  i s  s t a n d a r d i s e d  



f o r  t h e  same. Between t h e  sundry ing  and d e h y d r a t i o n  t r e a t m e n t s ;  

t h e  f i n a l  d e c i s i o n  of  c h o i c e  h a s  t o  be  on t h e  o v e r a l l  m e r i t s  of 

t h e  long d u r a t i o n  of  d r y i n g ,  r equ i rement  of open space ,  

a v a i l a b i l i t y  of  l a b o u r ,  s u i t a b i l i t y  of  weather  i n  sundrying a s  

a g a i n s t  h igh  c a p i t a l  inves tment ,  s a v i n g  of t i m e  and space ,  

freedom from r i s k  of weather  f l u c t u a t i o n  i n  c a s e  i n  t h e  

dehydra t ion  t r e a t m e n t s .  However, p rov ided  t h e  c a p i t a l  cost of 

s e t t i n g  up t h e  d e h y d r a t i o n  u n i t  is  made a v a i l a b l e  t h e  c h o i c e  

goes i n  f avour  of t h e  same a s  t h e  q u a l i t y  f a c t o r s  a r e  w e l l  

w i t h i n  t h e  c o n t r o l  of  t h e  manufac tu re r  r a t h e r  t h a n  when he  goes 

f o r  t h e  sundry ing  p r o c e s s .  

Rehydra t ion  o f  t h e  d r i e d  p r o d u c t s  ( P l a t e  1 2 )  were 

conducted t o  a s s e s s  t h e  a b i l i t y  o f  t h e  p r o d u c t  t o  r e c o n s t i t u t e  

t o  t h e  o r i g i n a l  form of  t h e  f r e s h  m q t e r i a l  s o  t h a t  t h e  p roduc t  

can  be recommended f o r  u s e  i n  c u r r y  p r e p a r a t i o n s .  The r e s u l t s  

i n d i c a t e d  t h a t  t h e  r e h y d r a t i o n  r a t i o  was more i n  s u n d r i e d ,  b r i n e  

t r e a t e d  and dehydra ted  samples.  The minimum r e h y d r a t i o n  r a t i o  

was observed i n  t h e  steam blanched t r e a t m e n t s ,  b e s i d e s  t h e  IM 

product .  Hence it can b e  concluded t h a t  a s  f a r  a s  r e h y d r a t i o n  

requi rement  i s  concerned b r i n e  , t r e a t m e n t  can  b e  sugges ted  a s  a 

p r e t r e a t m e n t  provided t h e  sa l ty  taste is a c c e p t a b l e .  Steam 

b lanch ing  w i l l  work o u t  a s  a  c o s t l i e r  process of  v a l u e  a d d i t i o n  

a s  compared t o  h o t  water  b lanch ing  and b r i n e  t r e a t m e n t  and t h e  

r e s u l t s  w i t h  r e s p e c t  t o  t h e  r e h y d r a t i o n  r a t i o  a l s o  i n d i c a t e s  

t h a t  it is n ~ t  very  d e s i r a b l e . '  V a r i a t i o n  i n  t h e  r e h y d r a t i o n  





r a t i o  between t h e  d i f f e r e n t  p r o c e s s e s  might  b e  due  t o  i t s  effect  

on t h e  d i s r u p t i o n  of  c e l l u l a r  s t r u c t u r e  of t h e  slices a s  

r e p o r t e d  by T e o t i a  -- e t  a l .  (1987) i n  mango. 

For t h e  purposes  of e v a l u a t i o n  of sensory  q u a l i t i e s  

s u i t a b l e  Hedonic s c a l e s  w e r e  fo rmula ted  f o r  s c o r i n g  w i t h  

p o s i t i v e  s c o r e s  showing u n d e s i r a b l e  c h a r a c t e r s  i n  t h e  ascend ing  

o r d e r .  Hence t h e  p roduc t  w i t h  minimum s c o r e  can b e  r a t e d  a s  

b e s t .  The appearance  of  t h e  produce  a f t e r  d i f f e r e n t  

p r e t r e a t m e n t s  and a f t e r  t h e  comple t ion  of  d r y i n g  a r e  p r e s e n t e d  

i n  P l a t e s  1 3  and 14.  The r e s u l t s  r e v e a l e d  t h a t  T4 was t h e  b e s t  

t r e a t m e n t  w i t h  r e s p e c t  t o  c o l o u r  and o v e r a l l  appearance  and T7 

r ecorded  t h e  lowes t  s c o r e  f o r  t e x t u r e .  With r e s p e c t  t o  c o l o u r  

r e t e n t i o n  t h e  b e t t e r  t r e a t m e n t s  were T1, T2. T, and T8 i .e . ,  
I 

s u n d r i e d  h o t  water  blanched + s u n d r i e d ,  s u l p h i t e d  + dehydra ted ,  

b r i n e  t r e a t e d  and dehydra ted .  The c o l o u r  r e t e n t i o n  may b e  an  

i n d i c a t i o n  of  t h e  lesser browning t a k i n g  p l a c e  d u r i n g  d r y i n g .  

Phenols  a r e  found t o  c o n t r i b u t e  t o  t h e  browning p r o c e s s  d u r i n g  

d r y i n g  (Salunkhe,  1976) .  I n  t h e  p r e s e n t  s t u d y  wherever  c o l o u r  

r e t e n t i o n  was adjudged b e t t e r ,  r e t e n t i o n  of  phenol  c o n t e n t  was 

h igher .  T h i s  i n d i c a t e s  t h a t  t h e  p r o c e s s  employed i n  such c a s e s  

d i d  n o t  f a v o u r  convers ion  of  phenol  t o  'brown pigmented polymers 

r e s u l t i n g  i n  t h e  da rken ing  of  t h e  p r o d u c t .  High t e m p e r a t u r e  

p r o c e s s e s  a r e  r e p o r t e d  t o  f a v o u r  browning and enhanced 

c h l o r o p h y l l  d e g r a d a t i o n  ( K a l r a ,  1990) . I n  t h i s  exper iment  a l s o  

b e t t e r  c o l o u r  r e t e n t i o n  w a s  r ecorded  i n  t r e a t m e n t s  r e c e i v i n g  





lower p r o c e s s  t e m p e r a t u r e  l i k e  sundry ing ,  d e h y d r a t i o n  wi thou t  

steam o r  h o t  water b lanch ing .  A s  f a r  a s ,  t h e  I M  b i t t e r g o u r d  is 

concerned t h e  p r o d u c t  had a l i g h t  c o l o u r ,  p robab ly  due t o  t h e  

b l e a c h i n g  a c t i o n  of K M S  a s  t h e  f r e s h  slices w e r e  s u b j e c t e d  t o  

o v e r n i g h t  s t e e p i n g  i n  0.2 p e r  c e n t  KMS. 

A s  f a r  a s  t e x t u r e  of d r i e d  p roduc t  is  concerned T, 

( s u l p h i t e d  and d e h y d r a t e d )  r e s u l t e d  i n  a  p r o d u c t  w i t h  d e s i r a b l e  

t e x t u r e .  T h i s  probably  may b e  due  t o  t h e  combined e f f e c t  of 

s u l p h i t i n g  and d e h y d r a t i o n  p r o c e s s .  Here s u n d r i e d  p r o d u c t s  were 

of poor t e x t u r e .  P r i m a r i l y  t h i s  may b e  due t o  t h e  h i g h e r  

rnoisture c o n t e n t  o f  t h e  p roduc t  r e s u l t i n g  i n  a  s l i g h t l y  f l a c c i d  

t e x t u r e .  Bes ides  t h e  s l i g h t  v a r i a t i o n  i n  t h e  m o i s t u r e  c o n t e n t  

between slices i n  s u n d r i e d  p r o d u c t  a s  compared t o .  t h e  dehydra ted  

p roduc t  a l s o  might  have c o n t r i b u t e d  t o  t h e  poor  t e x t u r e .  

The o v e r a l l  appearance  w a s  adjudged b e s t  f o r  t r e a t m e n t  

T4 ( d e h y d r a t e d ) .  T h i s  i n d i c a t e s  t h a t  where t h e  m a t e r i a l  

a a b j e c t e d  t o  a minimum p r o c e s s  it r e s u l t e d  i n  a  b e t t e r  p roduc t  

w i t h  d e s i r a b l e  appearance.  The p r e t r e a t m e n t s  namely h o t  wa te r /  

s team b lanch ing ,  b r i n e  and K M S  soak ing  d i d  n o t  c o n t r i b u t e  

c c n s i d e r a b l y  t o  t h e  o v e r a l l  appearance .  Hence i n c l u s i o n  o f  such 

p r e t r e a t m e n t s  a r i s e s  o n l y  i f  such  t r e a t m e n t s  have any s p e c i f i c  

c o n t r i b u t i o n  t o  t h e  d e h y d r a t i o n / r e h y d r a t i o n  r a t i o ,  s t o r a g e  

s t a b i l i t y  and r e t e n t i o n  of  t h e  n u t r i t i v e  q u a l i t y .  The I M  



b i t t e r g o u r d  w a s  r a t e d . s e c o n d  w i t h  r e s p e c t  t o  o v e r a l l  appearance  

o f  t h e  p roduc t .  Once a g a i n  t h e  I M  b i t t e r g o u r d  h a s  r e v e a l e d  i t s  

p o t e n t i a l  . a s  a v a l u e  added p roduc t  of  b i t t e r g o u r d  f o r  t h e  

consumer market .  

5 . 4 . 1  Economics of  d e h y d r a t i o n  

I n  each c a s e  of  p roduc t  development ,  t h e  v a l u e  a d d i t i o n  

on account  of v a r i o u s  t r e a t m e n t s  were worked o u t  ( T a b l e  2 3 ) .  I n  

p roduc t  development,  t h e  a d o p t i o n  of  t h e  technology o c c u r s  on ly  

i f  it i s  economical ly  v i a b l e  d e s p i t e  t h e  q u a l i t y  of t h e  end 

p roduc t .  Hence t h e  a n a l y s i s  of  v a l u e  a d d i t i o n  due t o  s t a n d a r d i -  

s a t i o n  of dehydra t ion  t e c h n i q u e  becomes impor tan t .  For t h e  

purpose ,  e f f o r t  was made, t o  work o u t  t h e  t o t a l  c o s t  of 

p roduc t ion  o f  v a r i o u s  p r o d u c t s .  The raw m a t e r i a l  c o s t  of f r e s h  

b i t t e r g o u r d  was cons ide red  a s  Rs.3.06 p e r  kg based on t h e  

i n v e s t i g a t i o n  on c o s t  of  c u l t i v a t i o n  of  b i t t e r g o u r d  conducted a t  

t h e  Department o f  A g r i c u l t u r a l  Economics, Co l l ege  of 

H o r t i c u l t u r e  ( Sandhya, 1992) . The f o l l o w i n g  assumpt ions  were 

also c o n s i d e r e d  f o r  working o u t  t h e  to ta l  v a l u e  a d d i t i o n .  

1. Labour c o s t  was f i x e d  as  4 0  per c e n t  o f  t o t a l  i n p u t  c o s t  f o r  

sundrying t r e a t m e n t s  and 20 p e r  c e n t  f o r  o t h e r  dehydra t ion  

t r e a t m e n t s  . 



Table 23. Economics of drying techniques i n  bi t tergourd 

Treatments Raw Blanching Sulphi t ing  / C o s t  o f  Labour Total  cost per  kg of 
material Rs.0.2/kg brine  e l e c t r i c a l  charges d r i e d  product 

treatment energy 



2. The c a p a c i t y  o f  t h e  d e h y d r a t o r  was 24 kg of f r e s h  

b i t t e r g o u r d  slices per  b a t c h ,  and t h e  d r y i n g  d u r a t i o n  of 

14 h  consumed 28 KW u n i t s  o f  e l e c t r i c a l  energy.  

3. The c o s t  of  c i t r i c  a c i d  was t a k e n  a s  Rs.238/- p e r  kg and 

c o s t  of KMS was t aken  a s  Rs.14.0/- p e r  kg which was t h e  

p r e v a l e n t  market p r i c e  a t  t h e  t i m e  of  exper imenta t ion .  

4. The raw m a t e r i a l  requi rement  f o r  one kg of p roduc t  w a s  

worked o u t  based on  t h e  d e h y d r a t i o n  r a t i o  i n  e a c h  c a s e .  

5. For b lanch ing  t r e a t m e n t s  t h e  cost of s team b lanch ing  was 

c o n s i d e r e d  a s  t w i c e  a s  t h a t  of  h o t  water  b lanch ing .  

6 .  The c a p i t a l  c o s t s  a s  c o s t  of  c a b i n e t  d r i e r ,  and o t h e r  i t e m s  

have n'ot been c o n s i d e r e d  i n  working o u t  t h e  v a l u e  a d d i t i o n .  

The cumula t ive  t o t a l  of v a l u e  a d d i t i o n  i n  t h e  v a r i o u s  

t r e a t m e n t s  a s  g iven  i n  Tab le  23 r e v e a l s  t h a t  t h e  minimum v a l u e -  

a d d i t i o n  occur red  i n  t h e  I M  b i t t e r g o u r d  i . e . ,  Rs.33.14 p e r  kg of 

p roduc t  fo l lowed by Tl ( s u n d r i e d )  and T2 ( h o t  water blanched + 
s u n d r i e d )  wi th  a  p roduc t  cost o f  ~s.53.12/-a.nd Rs.53.8-er kg 

r e s p e c t i v e l y .  The t r e a t m e n t  T4 ( dehydra ted  ) r e c o r d e ?  a  c o s t  of 

R s .  55.99/-per kg. Maximum v a l u e  a d d i t i o n  RS. 63.5!/-per kg was 

n o t e d  i n  T8 ( b r i n e  t r e a t e d ) .  The lowest v a l u e  a d d i t i o n  i n  I M  

b i t t e r g o u r d  i s  obvious  s i n c e  t h e  d e h y d r a t i o n  p r o c e s s  i s  on ly  

p a r t i a l  a s  compared t o  t h e  o t h e r  t r e a t m e n t s .  Among t h e  other 



5.5 Comparison of d i f f e r e n t  packaging materials for s t o r a g e  of 

dehydra ted  b i t t e r g o u r d  

b he m o i s t u r e  c o n t e n t  of dehydra ted  food u s u a l l y  l i es  i n  

t h e  range  of 5 to  10 p e r  c e n t .  Such foods  a r e  ext remely  

hygroscopic  and on c o n t a c t  wi th .  an  a tmosphere  of h igh  RH, it 

w i l l  a b s o r b  m o i s t u r e  q u i c k l y  ( P r u t h i ,  1978) . This  n e c e s s i t a t e s  

t h e  dehydra ted  p roduc t  t o  b e  k e p t  i n  i s o l a t i o n  a s  e f f i c i e n t l y  a s  

p o s s i b l e  from t h e  atmosphere t o  p r e v e n t  m 6 i s t u r e  up take .  The 

s h e l f  l i f e  of a  dehydra ted  food,  l i k e  any o t h e r  food p r o d u c t ,  

depends upon a  number of f a c t o r s  and some of t h e s e  a r e  

i n f l u e n c e d  by packaging.  These f a c t o r s  a r e  (1) m o i s t u r e  up take ,  

( 2 )  oxygen, ( 3 )  f l a v o u r  con tamina t ion  and ( 4 )  mechanical  damage. 

The maintenance of t h e  low m o i s t u r e  l e v e l  i s  of two f o l d  

importance.  F i r s t l y ,  t h e  major d e t e r i o r a t i v e  chemical  r e a c t i o n  

i n  dehydra ted  food ( n o t a b l y  non enzymat ic  browning ) i s  r e t a r d e d  

a t  v e r y  low m o i s t u r e  l e v e l s .  Secondly,  t h e  fundamental  f u n c t i o n  

of d r y i n g  a s  a  method of food p r e s e r v a t i o n  is t o  i n h i b i t  t h e  

growth of microorganisms through t h e .  r e d u c t i o n  of m o i s t u r e  

l e v e l .  B a t  i n  an u n s a t i s f a c t o r y  package it i s  p o s s i b l e  t h a t  

d u r i n g  s t o r a g e ,  m o i s t u r e  c o n t e n t  i n c r e a s e s  t o  such an  extend 

t h a t  microorganisms can a g a i n  e s t a b l i s h  and grow on t h e  

dehydra ted  food (Murth i ,  1982) .  

Packaging of food is  u s u a l l y  u t i l i t a r i a n  and p r o t e c t i v e  

i n  f u n c t i o n  and t h e  pr imary  a b j e c t  o f  a  food packer  is  t o  



p r e s e r v e  t h e  f l a v o u r  and to keep t h e  p r o d u c t  i n  good c o n d i t i o n  

u n t i l  it r e a c h e s  t h e  . consumer. The journey from primary 

producer  t o  u l t i m a t e  consumer is  o f t e n  long .  I n  n u t s h e l l ,  t h e  

package should f u l f i l  t w o  i m p o r t a n t  f u n c t i o n s ,  (1) it must se l l  

i t s  c o n t e n t s  as w e l l  a s  ( 2 )  p r o t e c t  them. Tlie p r o t e c t i v e  

f u n c t i o n  i n c l u d e s  c o m p a t a b i l i t y  w i t h  t h e  p r o d u c t ,  p r o t e c t i o n  

a g a i n s t  c l i m a t i c  c o n d i t i o n s ,  microorganismsr i n s e c t ,  f i l t h  and 

f l a v o u r  ga in  or loss ( P r u t h i ,  1978) .  

S t u d i e s  on  t h e  packaging and s t o r a g e  behaviour  of 

dehydra ted  b i t t e r g o u r d  p r o d u c t s  w a s  under taken  t o  g a t h e r  some 

p r e l i m i n a r y  i n f o r m a t i o n  abou t  t h e  facts mentioned above. Four 

d i f f e r e n t  dehydra ted  p r o d u c t s  and n i n e  packages w e r e  employed t o  

obse rve  t h e  s t o r a g e  behaviour  of  t h e s e  p r o d u c t s  w i t h  r e s p e c t  t o  

c e r t a i n  sensory  q u a l i t i e s  v i z . ,  c o l o u r ,  t e x t u r e ,  o v e r a l l  

appearance  and consumer a c c e p t a b i l i t y  and a l s o  m o i s t u r e  up take .  

The samples  w e r e  s u b j e c t e d  t o  Hedonic scale s c o r i n g  by a 

pane l  of s e m i t r a i n e d  judges a t  monthly i n t e r v a l s  and t h e  

cumula t ive  s c o r e s  of  t h e  p a n e l  was used for a r r i v i n g  a t  t h e  b e s t  

package. Every t i m e  t h e  mean scores f o r  each t r e a t m e n t  was 

worked o u t  and s u b j e c t e d  t o  s ta t i s t ica l  a n a l y s i s  which r e v e a l e d  

t h a t  t h e  p r e f e r e n c e s  f o r  packages d i f f e r e d  s i g n i f i c a n t l y  f o r  t h e  

v a r i o u s  a t t r i b u t e s  s t u d i e d .  A t  t h e  t i m e  o f  commencement of t h e  

s t u d y  t h e  i n i t i a l  s c o r i n g  of  t h e  p r o d u c t s  r e v e a l e d  t h a t  t h e  



t r e a t m e n t s  T4 (600 gauge t D P E  packaging)  fo l lowed  by T2 (300 

gauge LDPE packaging)  and T6 (po lypropy lene)  i n  t h a t  o r d e r  was 

p r e f e r r e d  by t h e  pane l  for a l l  t h e  c h a r a c t e r s  s t u d i e d .  The 

. p r e f e r e n c e  f o r  T4 may b e  due t o  t h e  r e l a t i v e l y  t h i c k e r  n a t u r e  of  

t h e  po ly thene  s h e e t  used for  making th.- package which produced 

an a lmos t  r i g i d  and s a f e  appearance  a b o u t  t h e  package ( P l a t e 1 5 ) .  

The t r e a t m e n t  T2 where p o l y t h e n e  packages o f  h a l f  t h e  t h i c k n e s s  

of T4 was used,  was adjudged a s  t h e  second b e s t  because  of 

s i m i l a r  q u a l i t i e s  a s  T4.  The t h i r d  b e s t  t r e a t m e n t  T6 made o u t  

of 100 gauge polypropylene  s h e e t  was f l e x i b l e  b u t  had a g l o s s y  

appearance and s i l k y  f e e l  w i t h  good t r a n s p a r e n c y  r e s u l t e d  i n  a 

compara t ive ly  h i g h e r  l e v e l  of p r e f e r e n c e  by t h e  judging p a n e l .  

A t  t h e  end of  t h e  f i r s t  month o f  s t o r a g e  t h e  maximum 

p r e f e r e n c e  was f o r  T4 c l o s e l y  fo l lowed by T6 and T j .  A t  end of  

f i r s t  month's s t o r a g e  o n l y  d i f f e r e n c e  i n  p r e f e r e n c e  was w i t h  

r e s p e c t  t o  t h e  T3 i n  p l a c e  of  T2 which was p r e f e r r e d  a t  t h e  t i m e  

of i n i t i a l  s t o r a g e .  Th i s  i s  j u s t i f i c a b l e  because  of t h e  

t h i c k e r  n a t u r e  of t h e  po ly thene  f i l m  used f o r  making t h e  

package. 

A t  t h e  end of  two months o f  s t o r a g e  t h e  same t r e n d  was 
. 1 

fo l lowed w i t h  t h e  d i f f e r e n c e  t h a t  t h e  p r e f e r e n c e  for  T4 and T6 

w e r e  e q u a l ,  c l o s e l y  fo l lowed  by T3. 

A t  t h e  end of  t h e  t h r e e  months o f  s t o r a g e  t h e  t r e a t m e n t  

T~ aga in  s t o o d  f irst  w i t h  T6 and T3 hav ing  equa l  p r e f e r e n c e .  





When t h e  c u m u l a t i v e  t o t a l  o f  t h e  p r e f e r e n c e  o v e r  t h e  e n t i r e  

s t o r a g e  p e r i o d  was c o n s i d e r e d  t h e  t r e a t m e n t  T4 r e t a i n e d  t h e  

f i rst  p o s i t i o n  f o l l o w e d  by T6 and Tj.  I t  i s  wor th  m e n t i o n i n g  

h e r e  t h a t  even  though  t h e  t h i c k n e s s  of f i l m  o f  T6 and T1 a r e  

a l m o s t  similar t h e  p r e f e r e n c e  was . d e f e n i t e l y  i n  f a v o u r  o f  T  6 '  

i n d i c a t i n g  t h a t  t h e  g l o s s y  a p p e a r a n c e  and t h e  s i l k y  feel of t h e  

p o l y p r o p y l e n e  f i l m  has  a  d e f i n i t e  i n f l u e n c e  o n  t h e  consumer 

p r e f e r e n c e .  P e l e g  (1985)  h a s  r e p o r t e d  t h e s e  r e l a t i v e  a d v a n t a g e  

of p o l y p r o p y l e n e  a s  compared t o  p o l y e t h y l e n e .  

The p r e f e r e n c e  f o r  t h e  t r e a t m e n t s  T8 (opaque  p l a s t i c  

c o n t a i n e r )  and T5 ( b l a c k  p o l y t h e n e )  w e r e  g e n e r a l l y  low 

t h r o u g h o u t  t h e  s t u d y .  T h i s  u n d e r l i n e  t h e  r e l e v a n c e  of  t r a n s -  

p a r e n c y  of t h e  p a c k a g i n g  f i l m  for  t h e  consumer a c c e p t a n c e  of  

packaged p r o d u c t .  I n  t h e  p r e s e n t  s t u d y  t h e  t r e a t m e n t s  T8 

(opaque  p l a s t i c  j a r )  and Tg ( t r a n s p a r e n t  p l a s t i c  j a r )  were 

d e l i b e r a t e l y  i n c l u d e d  t o  a s s e s s  t h e  r e l a t i v e  p r e f e r e n c e  between 

t h e s e  two so as t o  recommend a  s u i t a b l e  c o n t a i n e r  f o r  househo ld  

u s e  w i t h  r e p e a t e d  o p e n i n g  and c l o s i n g  f a c i l i t y .  The p r e f e r e n c e  

was c l e a r l y  i n  f a v o u r  o f  t h e  t r e a t m e n t  Tg i . e .  t h e  t r a n s p a r e n t  

p l a s t i c  j a r ,  i n d i c a t i n g  t h a t  even  for household  s t o r a g e  t h e  

p r e f e r e n c e  i s  fo r  a t r a n s p a r e n t  c o n t a i n e r  t h a t  d i s c l o s e s  i t s  

i n t e r n a l  c o n t e n t s  w i t h o u t  h a v i n g  t o  open t h e  c o n t a i n e r .  

The t r e a t m e n t  T2 had an  a d d i t i o n a l  p r o v i s i o n  of an  

i n p a c k a g e  d e s i c c a n t  ( s i l i c a g e l  ) c l o t h  bag k e p t  i n s i d e  t h e  



Table 2 4 .  Economics of d i f f e r e n t  packaging methods f o r  d r i e d  b i t t e rgourd  

Dehydrated product (Rs.1 Sundried product (Re.) Brine t r e a t e d  product ( R s  . ) Intermediate  bi t tergourt i (Rs 
Treatments ............................. ............................. ........................... .............................. 

Cost of Cost of To ta l  Cost of Cost of Total  Cost of Cost Of Total  Cost of Cost 9f To ta l  
packaue labour  c o s t  package labour c o s t  package labour c o s t  package labour  c o s t  

* 5 per  cen t  of t h e  c o s t  of product + package i s  taken a s  t h e  c o s t  of f i l l i n g  and s e a l i n g  ( l abour )  

Cost of sundried Rs.53.12; Cost of dehydrated R s  .55 .99;  C o s t  of b r i n e  t r e a t e d  R s  .63.52; Cost of 1MB ' - Rs.33.10 



T6 ( p o l y p r o p y l e n e )  was t h e  ch e a p e s .  t p a c k a g i n g  m a t e r i a l  i n  t h e  

p r e s e n t  s t u d y .  It  may b e  considered h e r e  t h a t  T was ad judged  
4  

a s  t h e  b e s - t  packag ing  a t  t h e  ( t h r e  t h s  s t o r a g e .  But 

c o s t  w i s e  it h a s  r e c o r d e d  maximum i n  t h e  p r e s e n t  c a s e .  When t h e  

m o i s t u r e  t r a n s m i s s i o n  p o t e n t i a l  of  t h e  package  , a s  g i v e n  i n  

TaSle 2 2  i s  c o n s i d e r e d ,  it i s  c l e a r  t h a t  t h e  w e i g h t  g a i n  due  t o  

r , l o i s tu re  u p t a k e  was n o t  s i g n i f i c a n t  between t h e  n i n e  t r e a t m e n t s  

a f t e r  a  p e r i o d  of  t h r e e  months of  s t o r a g e .  Under such  a  

c i r c u m s t a n c e  t h e r e  i s  n o  n e c e s s i t y  f o r  c h o o s i n g  600 gauge LDPE 

whereas  it can  b e  e a s i l y  s u b s t i t u t e d  by t h e  p o l y p r o p y l e n e  which 

w i l l  make a  d i f f e r e n c e  o f  Rs.5.02 i n  t h e  t of 1 kg packaged 

p r o d u c t .  I f  a t  a l l  LDPE i s  t o  b e  used  f o r  packag ing  t h e  same 

e f f e c t  c a n  b e  o b t a i n e d  by t r e a t m e n t s  TI, T2 and T i . e . ,  150 ,  3 

300 and 450 gauge f i l m  which w e r e  a l s o  t h e  c h e a p e r  packag ing  

a l t e r n a t i v e s .  T h i s  s t u d y  c l e a r l y  r e v e a l e d  t h a t  c o s t  of  

packaging  can  b e  a n  i m p o r t a n t  m a r k e t i n g  c o n s i d e r a t i o n  f o r  

dehydra t ed  f o o d s .  Eventhough t r e a t m e n t  T5 ( b l a c k  p o l y t h e n e )  was 

also a c h e a p e r  packag ing ,  i t s  consumer a c c e p t a b i l i t y  was v e r v  

poor  ( T a b l e  1 8 ) .  



P l a t e  1 6  Comparison of c o n v ~  la1 a  

products  of dehydrated b i t t e rgourd  

tandar d i sed  

Plate 17 Comparison of convent ional  and s tandard ised  

products  of dehydrated b i t t e r g o u r d  







SUMMARY 

Š he p r e s e n t  s tudy  on " E f f e c t  of p r e  and p o s t h a r v e s t  

t r e a t m e n t s  on s t o r a g e  l i f e  and q u a l i t y  of f r e s h  and d r i e d  

b i t t e r g o u r d  (Momordica c h a r a n t i a  L .  was conducted i n  t h e  

v e g e t a b l e  r e s e a r c h  p l o t s  of Department of O l e r i c u l t u r e  and 

Process ing  Uni t  of  Department o f  P r o c e s s i n g  Technology, Kera la  

A g r i c u l t u r a l  U n i v e r s i t y ,  V e l l a n i k k a r a  d u r i n g  June ,  19 91 t o  

September , 19 92. The s t u d y  c o n s i s t e d  of  t h e  f o l l o w i n g  

exper iments .  

1. E f f e c t  of o r g a n i c  and i n o r g a n i c  s o u r c e s  of n i t r o g e n  on t h e  

s h e l f  l i f e  of f r e s h  b i t t e r g o u r d  f r u i t s .  

2. E f f e c t  of  p r e h a r v e s t  s p r a y s  on t h e  s h e l f  l i f e  of  f r u i t s  of  

b i t t e r g o u r d .  

3.  E f f e c t  of p o s t h a r v e s t  t r e a t m e n t s  on t h e  s h e l f  l i f e  of  f r u i t s  

of  b i t t e r g o u r d .  

4. S t a n d a r d i s a t i o n  of  d r y i n g  t e c h n i q u e ( s )  f o r  b i t t e r g o u r d .  

5. Comparison of d i f f e r e n t  packaging m a t e r i a l s  f o r  s t o r a g e  of 

dehydra ted  b i t t e r g o u r d .  

The exper iment  on t h e  e f f e c t  o f  s o u r c e s  and q u a n t i t i e s  

o f  n i t r o g e n  o n  t h e  s t o r a g e  l i f e  of  b i t t e r g o u r d  r e v e a l e d  t h a t  t h e  

t r e a t m e n t s  s i g n i f i c a n t l y  i n f l u e n c e d  a s c o r b i c  a c i d ,  i r o n  c o n t e n t ,  



s h e l f  l i f e  and t h e  change of c o l o u r  of f r u i t s  d u r i n g  s t o r a g e .  

Ascorbic  a c i d  c o n t e n t  was maximum when KAU recommedations were 

fo l lowed and s h e l f  l i f e  and c o l o u r  r e t e n t i o n  was s u p e r i o r  i n  t h e  

t r e a t m e n t s  w i t h  h i g h e r  d o s e  of  o r g a n i c  manure. 

P r e h a r v e s t  growth r e g u l a t o r  s p r a y s  w i t h  GA (200 and 

300 ppm), CCC (250 and 500 ppm) and MH (500 and 1000 ppm) 

s i g n i f i c a n t l y  i n f l u e n c e d  f r u i t  l e n g t h ,  f r u i t  g i r t h ,  y i e l d  p e r  

p l o t ,  m o i s t u r e  c o n t e n t ,  a s c o r b i c  a c i d  c o n t e n t  and s h e l f  l i f e  o f  

f r u i t s .  GA 300 pprn gave maximum f r u i t  l e n g t h ,  g i r t h  and y i e l d  

p e r  p l o t .  Mois tu re  r e t e n t i o n  was maximum i n  CCC 250 pprn t r e a t e d  

f r u i t s .  Maximum a s c o r b i c  a c i d  c o n t e n t  was o b t a i n e d  w i t h  GA 

200 ppm. B e t t e r  s h e l f  l i f e  w a s  e x h i b i t e d  by s p r a y s  of MH 

500 ppm. Maximum c o l o u r  r e t e n t i o n  w a s  r e c o r d e d  i n  MH 500 ppm. 

F r u i t  malformat ion  was maximum i n  MH 1000 ppm. 

P o s t h a r v e s t  d i p  t r e a t m e n t  w i t h  CCC, GA and CaC12, and 

s t o r i n g  i n  v i l l a g e  model c o o l i n g  chamber and r e f r i g e r a t o r s  

i n d i c a t e d  maximum s t o r a g e  l i f e  f o r  CCC t r e a t e d  r e f r i g e r a t e d  

f r u i t s .  The micro environment  i n s i d e  t h e  v i l l a g e  model c o o l i n g  

chamber r e g i s t e r e d  a  r e d u c t i o n  of 3OC i n  t h e  maximum t e m p e r a t u r e  

a s  compared t o  t h e  o u t s i d e  environment .  The r e f r i g e r a t e d  

s t o r a g e  and v i l l a g e  model c o o l i n g  chamber r e g i s t e r e d  minimum 

weight  loss o f  t h e  s t o r e d  b i t t e r g o u r d .  

Out of  t h e  n i n e  d e h y d r a t i o n  t r e a t m e n t s  t r i e d  i n  

b i t t e r g o u r d ,  f o u r  methods w e r e  found promis ing  v i z . ,  sundry ing ,  



dehydra t ion  i n  a  c a b i n e t  d r i e r ,  t r e a t m e n t  w i t h  4 p e r  c e n t  

b r i n e  + dehydra t ion  and i n t e r m e d i a t e  m o i s t u r e  b i t t e r g o u r d .  

Drying t r e a t m e n t s  s i g n i f i c a n t l y  i n f l u e n c e d  a s c o r b i c  a c i d ,  t o t a l  

a s h r  c h l o r o p h y l l  and phenol c o n t e n t  of  b i t t e r g o u r d .  Ascorbic  

a c i d  c o n t e n t  was maximum i n  i n t e r m e d i a t e  m o i s t u r e  b i t t e r g o u r d .  

T o t a l  a s h  c o n t e n t  was h i g h e s t  i n  KMS t r e a t e d  sample. I r o n  

c o n t e n t  was maximum i n  b r i n e  t r e a t e d  and dehydra ted  b i t t e r g o u r d  

r i n g s .  Ch lo rophy l l  r e t e n t i o n  and phenol  c o n t e n t  was h i g h e s t  i n  

samples dehydra ted  wi thou t  any p r e t r e a t m e n t s .  Maximum 

d e h y d r a t i o n  r a t i o  was recorded  i n  i n t e r m e d i a t e  m o i s t u r e  

b i t t e r g o u r d .  Rehydra t ion  r a t i o  was better i n  s u n d r i e d  sample 

wi thou t  any p r e t r e a t m e n t  and i n  b r i n e  t r e a t e d  and c a b i n e t  d r i e d  

sample. Sensory e v a l u a t i o n  of c o l o u r  showed b e s t  p r e f e r e n c e  f o r  

dehydra ted  sample and when s c o r e s  for t e x t u r e  were cons ide red  

s u l p h i t e d  + dehydra ted  and b r i n e  t r e a t e d  + dehydra ted  were 

p r e f e r r e d  by t h e  p a n e l  of judges.  O v e r a l l  appearance  was b e s t  

i n  dehydra ted  samples wi thou t  any p r e t r e a t m e n t  fo l lowed by 

i n t e r m e d i a t e  m o i s t u r e  b i t t e r g o u r d !  and b r i n e  t r e a t e d  + 
dehydra ted  b i t t e r g o u r d .  When t h e  v a l u e  a d d i t i o n  by t h e  

d i f f e r e n t  d e h y d r a t i o n  t e c h n i q u e s  was worked o u t ,  it w a s  found 

t h a t  lowest v a l u e  a d d i t i o n  'was f o r  i n t e r m e d i a t e  m o i s t u r e  

b i t t e r g o u r d  followed by s u n d r i e d  p roduc t .  

The s t o r a g e  s t u d y  of dehydra ted  packaged b i t t e r g o u r d  

packaged i n  d i f f e r e n t  t y p e s  of  packages r e v e a l e d  t h a t  600 gauge 

LDPE and 100 gauge po lypropy lene  packages w e r e  e f f i c i e n t  up to  



t h r e e  months of s t o r a g e .  When t h e  c o s t  of packaging was 

c o n s i d e r e d ,  polypropylene  100 gauge was found t o  b e  t h e  c h e a p e s t  

package for  dehydra ted  b i t t e r g o u r d .  For household u s e  

t r a n s p a r e n t  p l a s t i c  j a r s  w i t h  screw t y p e  l i d s  w e r e  found t o  b e  

e f f e c t i v e  f o r  t h e  s t o r a g e  of dehydra ted  b i t t e r g o u r d :  

The i n t e r m e d i a t e  m o i s t u r e  b i t t e r g o u r d  s t a n d a r d i s e d  i n  

t h e  p r e s e n t  s t u d y  was found t o  have a  h i g h e r  d e h y d r a t i o n  r a t i o ,  

s o f t  t e x t u r e  and o v e r a l l  appearance .  The p r o d u c t  was more o r  

less l i k e  t h e  f r e s h  v e g e t a b l e  e x c e p t  f o r  c o l o u r .  I t  was s t o r e d  

w e l l  f o r  a  p e r i o d  of t h r e e  months i n  t h e  c o n v e n t i o n a l  packaging 

systems u s i n g  po ly thene  f i l m s  and p l a s t i c  j a r s .  
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Appendix I 

Meteoro log ica l  d a t a  d u r i n g  t h e  exper imenta l  pe r iod  

Temperature ( O C )  R.B. R.F. Sunehine Wind 
Month Week hours  v e l o c i t y  .......................... 

number Maximum Minimum Mepn 9 (mm) (mean ) k m ~ h  
(mean 1 -----------------------------------------------------------------------------------------. 

3 2 29.5 23.1 26.30 89.0 65.2 2.3 3.1 
Augue t 33 27.8 22.0 24.90 89.5 
1991 3 4 29.1 22. 3 25.70 87.5 53.0 3.5 3.9 

35 30.4 23.3 26.85 80.0 12.5 '6 .5  4.4 

36 31.4 23.2 27.30 74.5 0.0 9.1 4.5 
September 3 7 31.6 24.6 28.10 77.5 4.0 ' 6.1 4.4 
1991 3 8 31.4 22.4 26.90 75.5 18.3 6.8 3.7 

3 3 31.7 24.0 27.85 80.0 8.0 6.5 3.8 

40 31.2 23.5 27.35 84.5 11.4 4.1 2.9 
41 30.6 23.2 26.90 83.0 97.3 4.3 3.2 

October 4 2 32.1 23.0 27.45 76.5 57.6 6.4 4.7 
1991 43 30.8 23.1 26.95 79.5 40.0 3.9 4 .O 

4 4 29.8 23.0 26.40 76.9 107.8 3.0 3.0 

4 5 
November 4 6 
1991 4 7 

48 

49 
December 50 
1991 5 1 

5 2 

June  
1992 

Soorcot Department of Agrometeorology, C o l l e g e  o f  H o r t i c u l t u r e ,  Ve l lan ikkara ,  T h r i s e u r  
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Appendix IV 

-tract of  ANOVA f o r  t h e  i n f l u e n c e  o f  p r e h a r v w t  a p p l i c a t i o n  of  growth r e g u l a t o r s  on t h e  y i e l d  a t t r i b u t e s ,  and q u a l i t a t i v e  
c h a r a c t e r s  

- - - 

M.S.. 
Source  of d.f ............................................................................................................... 
v a r i a t i o n  Number Number Y ie ld  F r u i t  F r u i t  Mo i s tu r e  Ash Asco rb i c  Chloro- Chloro-  T o t a l  

o f  o f  p e r  l e n g t h  g i r t h  c o n t e n t  c o n t e n t  a c i d  p h y l l  a p h y l l  b Chloro- 
h a r v e s t s  f r u i t s .  p l o t  (mg/lOOg) (mg/lOOg) .(mg/lOOg) p h y l l  

( k g )  (an) ' (-1 ( 8 )  ( 8 )  (814/10OQ) 

T rea tmen t s  6 0.651 61.036* 25.335* 13.96* 5.98. 9.409* 2.360 1303.58* 0.000200 0.00019 0.040360 

Rep l i c a  t i o n  3 0.785 3.653 1.647 6.02 0.540 0.035 0.86 39.26 0.000067 0.00045 0.000217 

E r r o r  . 18 0.S37 7.480 1.063 2.09 0.364 0.054 3.047 28.04 0.000180 0.00029 0.001989 

. M.S. 
Source  of d.f ................................................................................................................ 
varia t i o n  T o t a l  1 r o n  S h e l f  Weight  lo66 d u r i n g  . & + ~ r a g e  R o t t i n g  ' F r u i t  

pheno l  l i f e  ................................. ................................... malfor -  
(mg/100g) (mg/lOOg) (clays) A f t e r 4 8 h  A f t e r 9 6 h  Cumula- A f t e r  A f t e r  A f t e r  mat ion  

( a  ( % I  t i ve  48  h 9 6  h '144 h ( %  
l o s s ( % )  - ( a )  ( a )  ( a  1 .................................................................................................................................... 

Trea tmen t s  6 10.22 0.063 2.805* 7.065 11.95 11.167 646.38* 625.09* 17.83 91.73' 

. R e p l i c a t i o n  3 2.41 0.086 2.468 1 .623  10.396 15 .63  - 46.77 12.32 0.34 249.32 

E r r o r  1 8  4.47 0.05 0.5676 11.21 8.195 11.65 204.3 207.04 6.96 2.18 

- 

S t a t i s t i c a l  s i g n i f i c a n c e  at 5 p e r  c e n t  p r o b a b i l i t y  l e v e l  (P = 0.05) 



Appendix I1 

N u t r i e n t  c o n t e n t  o f  t h e  s o i l  of t h e  e x p e r i m e n t a l  p l o t  and  o f  t h e  
manures and  fer t i l isers  a p p l i e d  

Material N 
'2'5 K2° 

Farm y a r d  manure  1 .5% 

Urea 45.0% 

S u p e r p h o s p h a t e  -- 

M u r i a t e  o f  p o t a s h  -- 

S o i l  0 .186% 5.08 ppm 201.66 ppm 



U n t t a c t  of AMRA f o r  the effect of o rgan i c  and Inorgania wuraa  and quantities of n i t rogen  on days  to f i r s t  f u l m  floumr 0-9, I 

number oi hrrwt8. nolkr aC f ~ u l t 8 ~  f a t  length. f z u i t  g i r th  .ad q u a l i t a t i v e  chuacterm I 

i 
n.s. 

---P---------------- -- So~rc08 of d.f - - 
variation D8ys t o  the mnbu mmbu Yield -it ?rul t  noishue Ash Ascorbic TO+&?' Orlo- 

opening of of  o f  par l e n g t h  g i t t h  c o n t e n t  con t en t  a c i d  chlro-  p h y l l  a 
f h t  female  h a r v e s t s  f a t 8  p l o t  

f louer 
(WlOOg)  

oop) (-1 (an) ( t )  rr 1 (ms/ioog) ( q / i o o g )  

Rep l i c a t i on  2 3.433 0.700 24.233 7.045 0.598 0.295 0.665 2.97 14.690 0.006 0.001 

Fac to r  T 1 0.533 2.133 45.623 2.070 161.172. 69.312. 4.720 3.20 384.234 0.046. 0.0090 

Fac tor  V 4 4.283 0.383 11.883 5.038 5.396 1.840 0.656 5.61 1163.644. 0.003 0.00l 

E r ro r  8 1.915 0 . 6 6 3 .  15.826 2.321 3.654 0.757 1.888 3.95 388.818 0 003 0.000 -------------------------------------------------------------------------------------------------- 

n.s. 
Sources of d,f ...................................................................................................... 
variation Chlora- T o t a l  I r o n  Shelf  Weight 10.8 d y r i n g  s t o r a g e  Rot t ing  

p h y l l  b p h a o l  i f  ................................... .................................... 
(mg/100g) (mq/lOOg) (mg/lOOg) (days)  A f t e r  48 h A f t e r  96 h ~ u w l a t i v e  A f t e r  48 h Af t e r  96 h Af t e r  144 h 

(%)  ( t )  loss ( 8 )  ( %  1 (8 1 ( 0 )  ................................................................................................................................... 
Rep l i ca t i on  2 0.002 6.940 0.019 0.075 23.130 11.819 83.279 774.666 37.813 2.044 

Fac to r  T 1 0.014. 147.566. 0.682. 0.008 21.421 1.640 4.989 211.630 15.265 461.070 

Fac tor  V 4 0.002 40.505 0.102 14.508. 23.427. 8.311. 65.994' 1878.364. 1121.734' 51.367 

T x V  4 0.002 14.503 0.187. 0.508 5.360 11.622. 49.345' 733.175 162.480 45.632 

E r ro r  8 0.001 22.135 0.049 0.853 7.788 2.305 487.3% 249.052 71.503 17.167 

-- - -  - 

S t a t i s t i c a l  s i g n i f i c a n c e  a t  5 per c e n t  p r o b a b i l i t y  l e v e l  (P = 0.05) 
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Appendix IV 

Abs t rac t  of ANOVA f o r  t h e  in f luence  of p reharves t  a p p l i c a t i o n  of growth r e g u l a t o r s  on t h e  y i e l d  a t t r i b u t e s ,  and q u a l i t a t i v e  
c h a r a c t e r s  

M.S.. 
Source of d.f ............................................................................................................... 
v a r i a t i o n  Number Nlnaber Yield F r u i t  F r u i t  Moisture Ash Ascorbic Chloro- Chloro- T o t a l  

of of per length  g i r t h  con ten t  c o n t e n t  a c i d  phy l l  a p h y l l  b Chloro- 
h a r v e s t s  f r u i t s  p l o t  (mg/loog) (mg/lOog) .(mg/lOOg) p h y l l  

(kg)  (cm) '(an) ( 8 )  ( % )  ( ~ / l O o g )  

Treatments 6 0.651 61.036* 25.335* 13.96' 5.98* 9.409' 2.360 1303.58* 0.000200 0.00019 0.000360 

Replica t i o n  3 0.785 3.653 1.647 6.02 0.540 0.035 0.86 39.26 0.000067 0.00045 0.000217 

Er ro r  . 18 0. $37 7..480 1.063 2.09 0.364 0.054 3.047 28.04 0.000180 0.00029 0.001989 

.................................................................................................................................... 

. M.S. 
source  of d.f ------------------------------------------------.------.-------------------------------------------------------- 
v a r i a t i o n  T o t a l  I r o n  Shelf  Weight loss dur ing .btOrage Rot t ing  . F r u i t  

phenol l i f e  ................................ ................................... malfor- 
(mg/lOog) (mg/lOOg) (days)  A f t e r 4 8 h  A f t e r 9 6 h  Cumula- A f t e r  A f t e r  A f t e r  mation 

( % I  ( % I  t i v e  48 h 96 h '144 h ( 8  1 
l o s s ( % )  ( 8 )  ( 8  1 ( t  1 .................................................................................................................................... 

Treatments 6 10.22 0.063 2.805* 7.065 11.95 11.167 646.38' 625.09, 17.83 91.73. 

Repl ica  t i o n  3 2.41 0.086 2.468 1.623 10.396 15.63 - 46.77 12.32 0.34 249.32 

Er ro r  18 4.47 0.05 0.5676 11.21 8.195 11.65 204.3 6.96 2.18 207.04 

S t a t i s t i c a l  s i g n i f i c a n c e  a t  5 per c e n t  p r o b a b i l i t y  l e v e l  (P = 0.05) 



Appendix V 

Abs t rac t  of ANOVA f o r  t h e  i n f l u e n c e  of pos tharves t  a p p l i c a t i o n  of g rowth  r e g u l a t o r s  and 
calcium c h l o r i d e  on t h e  s h e l f  l i f e ,  weight l o s s  and r o t t i n g  percentage of  

b i t t e r g o u r d  f r u i t s  dur ing  s t o r a g e  

Source 

- - -  

M.S. .......................................................................... 
Weight l o s s  ( % )  Rot t ing  (%') 

Shelf  .............................. ................................ 
1 i f  e . ~ f t e r "  2-4 1-4 Af t e r  A f t e r  A f t e r  

2 days days days  2  days 4 days  6 days 

Er ro r  18 0.5 99.58 18.310 192.05 12.720 51.57 16.26 

* S t a t i s t i c a l  s i g n i f i c a n c e  a t  5  p e r  c e n t  p r o b a b i l i t y  l e v e l  



Appendix VI -- - - 

' -tract of I W W A  f o r  thm influon- of drying methods on qua l i t a t i ve  characters,  dehydration and 
rehydration r a t i o  of bittergourd f r u i t s  

M.S. 
Source d.f. ......................................................................................................... 

Moisture h Ascorbic Chloro- Chloro- Total Total  I ron Dehydration Rehydration 
acid . phyll  a phyll  b chloro- phenol (mg/lOw) r a t i o  r a t i o  

(8 1 (8 )  (w/100g) (mg/100g) (mg/100g) phyll (mg/lOOg) . 
(mg/lOOg) 

S t a t i s t i c a l  s ignif icance a t  5 per cent  probabil i ty  l eve l  ( P = 0.05 



Appendix YfI 

Abmtract of ANOVA for the weight gain of dried product during storage *n different packages 

-- 

Sundried Dehydrated Brine -ted 
--------;---------------- ------------------ ----..--- IN bit- . --- - 

Source d.f  Weight gain after  m i g h t  gain aft& Weight gain a f t u  ..................... ---------------------- ----------- Waight 0.in a f t ~  -- ----------- 
Che - mt.. One T w  Three Oae Ttm Thr- m e  mm T h e e  

mnth mnths months month ronths months mnth . o n t h s  -8 mnth wnths months 
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s t u d y  on 'Effect of p r e  and p o s t h a r v e s t  

t r e a t m e n t s  on s t o r a g e  l i f e  and q u a l i t y  of f r e s h  and d r i e d  

b i t t e r g o u r d  (Momordica c h a r a n t h  L.)" was conducted  i n  t h e  

r e s e a r c h  p l o t s  of Department of O l e r i c u l t u r e  and Process ing  Unit  

of  Department of P r o c e s s i n g  Technology, K e r a l a  A g r i c u l t u r a l  

U n i v e r s i t y ,  Ve l l an ikkara ,  d u r i n g  June  1991 t o  September 1992. 

The s t u d y  r e v e a l e d  t h a t  FYM s i g n i f i c a n t l y  i n c r e a s e d  t h e  s t o r a g e  

l i f e  of b i t t e r g o u r d  f r u i t s .  Q u a l i t y  w i t h  r e s p e c t  t o  a s c o r b i c  . 

a c i d  and i r o n  c o n t e n t  were b e t t e r  i n  t r e a t m e n t s  T1 (20 t FYM and 

70:25:25 kg NPK ha-' through f e r t i l i s e r s ) ,  and Ta (30  t FYM and 

70:25:25 kg NPK ha-' through fertilisers) . 

The s t u d y  on t h e  e f f e c t  of p r e h a r v e s t  s p r a y s  of  cjrowth 

r e g u l a t o r s  r e v e a l e d  t h a t  MH 500 2pm enhanced s t o r a g e  - l ife of 

b i t t e r g o u r d .  GA 200 and 300 ppm was found t o  improve y i e l d  and 

q u a l i t y  i n  terms of a s c o r b i c  a c i d  c o n t e n t .  

R e f r i g e r a t i o n  a f t e r  t r e a t i n g  t h e f r u i t s  w i t h  CCC4000 ppm 

w a s  found s u p e r i o r  t o  a l l  o t h e r  t r e a t m e n t s  wi th  r e s p e c t  t o  

s h e l f  l i f e  of b i t t e r g o u r d .  Fresh  v e g e t a b l e  s t o r e d  i n  v i l l a g e  

model c o o l i n g  chamber had more storage l i f e  compared to  open a i r  

s t o r a g e .  



Study of dehydra t ion  t echn iques  i n  b i t t e r g o u r d  r e v e a l e d  

t h a t  sundrying,  dehydra t ion  i n  c a b i n e t  d r i e r ,  b r i n e  t r e a t m e n t  

and dehydragion i n  c a b i n e t  d r i e r ,  and i n t e r m e d i a t e  m o i s t u r e  (IM) 

b i t t e r g o u r d  were promising.  I n  terms of  t e x t u r e  and o v e r a l l  

appearance I M  b i t t e r g o u r d  n e a r l y  r e t a i n e d  t h e  . f r e s h  f r u i t  

c h a r a c t e r i s  t ics with a  h igher  dehydra t ion  r a t i o .  

, S t o r a g e  s t u d y  of dehydra ted  b i t t e r g o u r d  showed t h a t  690 

gauge LDPE and 100 gauge polypropylene  were s u i t a b l e  

m a t e r i a l s .  Costwise, pol-ypropylene was cheaper  compared t o  

600 gauge LDPE. For household use  t r a n s p a r e n t  j a r s  w i t h  screw 

type  l i d  was p r e f e r a b l e .  I M  b i t t e r g o u r d  s t o r e d  w e l l  w i thou t  any 

apparent symptoms of s p o i l a g e  f o r  t h r e e  months i n  packaged 

c o n d i t i o n .  
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