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M e th o d s  fo r  P r e p r o c e s s in g
A  C r it ic a l

a n d  F r e e z in g  o f  S h r im p s  : 
E v a lu a t io n

M. CHANDRASEKARAN
Centre for B iotechnology,

C och in  U niversity o f S cien ce  an d  T echnology, C och in  - 6 8 2  0 2 2 , India.
Shrimps, widely accepted as safe health food, rank first in the international seafood trade. Increasing demand 

for shrimps has led to shrimp farming for enhancing production throughout the world. Shrimps, unlike other foods, 
undergo rapid spoilage and thereby lead to wastage of raw material, unless processed adequately. Freezing, the method 
largely used to preserve shrimps, usually involves a long time gap between capture and processing. This necessitates 
adequate and efficient preprocessing measures to preserve freshness till processing. In the present review, the various 
methods of preprocessing viz., cleaning, beheading, peeling, cooking, icing, dip treatment in preservative solutions as 
well as additives, dressing of shrimps are presented and evaluated for their merits and demerits. The methods of 
freezing such as conventional contact freezing, quick freezing, slow freezing, brine-immersion freezing, cryogenic freezing 
and individual quick freezing are also dealt with critically.

Keywords : Shrimps, Preprocessing, Beheading, Peeling, Icing, Preservative, Freezing, Individual quick 
freezing, Methodology evaluation.

Am ong th e  sea foo d s, w h ich  are con sidered  a s  
the safest, in  th e  con text o f in creasin g  h ealth  
co n sc io u sn ess  in  the m o d e m  world, sh rim p s rank  
first in  the f ish e iy  trade. S h rim p s, w h ich  are m ain ly  
high quality p rotein s w ith  ind iv idual am ino a c id s  
in  am ou n ts and proportions a s  required for h u m an  
n u tritio n , c o n s t itu te  20%  o f th e  to ta l s a le s  
(C handrasekaran 1993). T he grow ing d em an d s for 
sh rim p s have resu lted  in  their p rod u ction  through  
shrim p farm ing in  a lm ost in  all co u n tr ies  esp ecia lly  
in A sia, by em ploying traditional, ex ten sive , sem i- 
in tensive and in ten sive  m eth o d s o f shrim p cu lture. 
Although about 100  sp ec ie s  o f sh rim p s are reported  
from a q u atic  e n v iro n m en ts , o n ly  a few  are  
com m ercially im portant (Table 1).

TABLE 1. SHRIMPS OF COMMERCIAL IMPORTANCE
Penaeid Non-Penaeid

P e n a e u s  in d ic u s M e la p e n a e u s
d o b s o n i

A c e te s  in d ic u s

P. m o n o d o n M. a f f in is P a la e m o n  in d ic u s
P. s e m is u lc a tu s M . m o n o c e ro s M a c ro b ra c h i u m  

m s e n b e r y i i
P. m e r q u ie n s is M. e n s i s H ip p o ly s m a la

e n s ir o s tr is
P. c h ir æ n s is M . b e n n e t ta e
P. p e n c il la tu s M . b r e v ic o m is
P. ja p o n ic u s M . jo y n e r i
P. la tisu lc a tu s M . s te b b in g i
P. m a r g in a tu s M. m a c le a y i
P. u n c ta P a r a p e n a e o p s is  s ty l i fe r a
P. s ty l iro s tr is P. h a r d w ic k i i
P. v a n n a m e s P. s c u lp til is
P. a ze tic u s S o lo n o c e r a  in d ic a

G enerally, sh rim p  fish ery  is  a  day fish ery  and  
sh r im p s are cau g h t all a lon g  th e  co a stlin e  and th e  
m agn itu d e of c a tch es  varies from  region  to region  
(Kurian an d  S eb a stia n  1976). C a tch es m ad e by  
b oth  cou n try  b o a ts  an d  traw lers from  different 
lo ca tion s are tran sp orted  to p ro cess in g  cen ter s  for 
appropriate p reservation  an d  m ark etin g (G ovindan  
1985).

S h r im p s, b e in g  p r o te in a c e o u s  in  n a tu re ,  
undergo rapid sp o ilage (V elankar and G ovindan
1959) and h en ce  require im m ed iate an d  ad eq u ate  
preventive m ea su res  to  avoid  w a sta g e  o f raw  
m ateria ls du e to sp oilage (Pillai et al. 1985). They  
are preserved  for co n su m p tio n  b y  ad optin g  an y  one  
of th e follow ing m eth o d s v iz., su n -d ry in g , p ickling, 
sm oking , ca n n in g  an d  freezing (C handrasekaran  
1985). A m ong th e se , freezing is  ex ten sive ly  u sed  
a s  th e  m ethod  o f p reservation  (G ovindan 1985) and  
frozen sh rim p s dom inate th e  seafood  export in  
sev era l d ev e lo p in g  c o u n tr ie s , in c lu d in g  India  
(C handrasekaran 1993).

S in ce  sh rim p s occu p y  a n  en v io u s p osition  as  
"Breathing Dollar" am on g th e  food item s in  the  
econ om ic front, b e s id e s  b ein g  con sid ered  a s  h ealth  
food, an  attem pt is  m ad e in  th is  review  to  p resen t 
th e  va rio u s m eth o d s em ployed  for p rep rocessin g  to 
safeguard  fre sh n ess  o f the sh r im p s, in  addition  to 
th e  freezin g  te c h n iq u e s  ad o p ted  for e ffic ien t  
preservation for en su rin g  quality in  the final product.
W hat are  sh r im p s?

The term  "prawn" u sed  in  India is  identical 
w ith  th e term  "shrimp" u se d  in  W estern  cou n tr ies  
(Kurian and S eb a stia n  1976). The stan dard ization
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of term s w a s th e  su b ject o f d isc u ss io n  at th e  
"Prawn S ym p osiu m  of th e  Indo-Pacific F ish eries  
C ouncil” h eld  at Tokyo in  1995 . The d ecision  
arrived at w a s th a t th e  word "Prawn" sh o u ld  be  
applied to the P e n a e i d s ,  P a n d a e i d s  an d  P a l a e m o n i d s  
and "Shrimps" to th e  sm aller  sp e c ie s  b elong in g  to  
other fam ilies (Kurian an d  S eb a stia n  1976). In th e  
present paper, th e  term  "Shrimps" is  applied  to  
indicate all the p raw n s and sh rim p s, a s  th e  
preprocessing an d  freezing m eth o d s for th em  are 
sam e.

CaptureI
I

Transformation to 
processing centersI

Peeling ------ >  Washing ■ <------ CookingI
Chilling

Cooking ------ Grading ■ <-----------  Peeling

1

Washing

1

Packing

1
Freezing

Fig. 1. Various stages of preprocessing shrimps before freezing.

P r e p r o c e ss in g  o f  sh r im p s
N e e d  f o r  p r e p r o c e s s i n g  : S h rim p s, u n lik e  other  

cru sta cea n s  an d  fin  f ish es , die v e iy  so o n  o n  cap tu re  
(Velankar and G ovindan  1959), thereb y  lea d in g  to 
early deterioration , c a u sed  b y  th e  co m m en sa l  
m icroflora, a n d /o r  th e co n ta m in a tin g  m icroflora  
from  th e  deck , slim e or oxid ized  in testin a l c o n ten ts  
o f fish  ca u g h t along w ith  th e  sh rim p  (Fieger and  
N ovak 1961). A ccording to  T h atch er a n d  Clark  
(1968), fish  is  con sid ered  to  h ave a sh ort p oten tia l 
sh elf-life  or m ay  even  to  b e  at in c ip ien t sp oilage, 
w h en  it h arb ours m ore th a n  x  106 m icroorgan ism s  
per g or cm 2. C h and rasek aran  (1985) ob served  th a t  
fresh  P e n a e u s  i n d i c u s  carried a co m m en sa l bacteria l 
load  of x  107/ g  an d  sp oiled  rapidly w ith in  4 -8  h  
at am bient tem perature (28-30°C ), b e s id e s  recording  
high deterioration  in  th e  proxim ate co m p o n en ts , 
w h en  n ot iced  or p rep rocessed .

B acterial sp oilage an d  m e la n o s is  (blackening) 
are th e  two m ajor c a u se s  for th e  en o rm o u s w a ste  
of sh rim p s at th e  s ite  o f co llection  an d  before th ey  
are received at th e  freezing p la n ts  (V elankar et al. 
1961). Further, th e  cép h a lo th o rax  o f sh rim p s, 
c o n ta in in g  th e  d ig e s t iv e  s y s t e m , u n d e r g o e s  
im m ediate sp oilage and resu lts  in  lo o sen in g  a s  w ell 
a s  b lack en in g  o f h ea d s . T h ese  u n d esirab le  factors  
w h ich  lead  to raw m ateria l w a sta ge , e n u n c ia te  the  
n eed  for adopting effective an d  proper p rep rocessin g  
m ea su res  for the m a in ten a n ce  o f fr e sh n e ss  in  th e  
cap tu red  sh rim p s in  term s o f organ olep tic  and  
b iochem ical quality , u n til efficient p reserva tion  is  
effected.

The variou s s te p s  follow ed from  th e  tim e of 
cap tu re  to  freezin g  d u rin g  p r e p r o c e ss in g  are 
p resen ted  in Fig. 1.

S o r t in g  : A  sh rim p  trawl co n ta in s  a n  a sso rtm en t  
of shrim p, fish , crab s an d  often  m u d  or debris. 
S om e sh rim p s are killed  im m ed iately  after entering  
th e trawl and get b ad ly  d am aged , if large q u an tities  
of fish  are a lso  cau gh t. Before p rep rocessin g , the  
sh rim p s, w h ich  are fresh , are sep ara ted  from  the  
trash  and clean ed  w ith  a je t  of se a  w ater to  rem ove  
dirt, m u d  and debris ad h erin g  to th eir  b od y (Cobb 
et al. 1977).

P e e l in g  o f  p r a w n s  : B eh eadin g , p eelin g  an d  
deveining are prim ary p ro cesses  in  the p rep rocessin g  
stage. T h ese p ro cesse s  are carried  ou t in  in terior  
villages near the lan d in g  p la ces , if freezing factories  
are located  at d istan t p la ces , or in  th e  freezing  
factories, if th ese  are located  n ea rb y  (Pillai et al. 
1961). T h ese op eration s are carried  ou t rapidly, 
s in c e  th e  y ie ld , q u a lity , w h o le s o m e n e s s  and
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shelf-life o f the p roduct are affected in  th e  ab sen ce  
of th ese  p rocessin g  step s.

In h an d  p eeling , sh r im p s are b eh ead ed  an d  the  
sh ell (exoskeleton) on  th e  shrim p is  rem oved  
w ithout lo s s  or d am age to  th e  m eat. A  cu t or  
incision , along th e  entire len gth  o f th e  m id -dorsal 
line, ex p o ses th e  d igestive tract, w h ich  ca n  be  
pulled  out by h an d  (G ovindan 1970).

M achine p eelin g  o f sh rim p s, w h ich  is  a lso  
p ractised , offers so m e  a d v a n ta g es  lik e  rap id  
m ovem ent of product, sh orter  exp osu re  to  am bient  
tem perature, and if  con d u cted  in  h ygien ic m anner, 
reduced level o f con tam in a tion  (Reddy 1975). All 
parts o f the au tom atic  p eelin g  eq u ip m en t are to  
be periodically m onitored  th rou gh ou t th e  p rocessin g  
day, sin ce  b ad ly  ad ju sted  p eeling  m a ch in es  reduce  
yield and m ay c a u se  d am age to  th e  sh rim p s. S h e lls  
leaving th e  m ach in e  are ch eck ed  for in com plete  
rem oval o f m eat an d  th e  p resen ce  o f u n sh e lled  or 
broken p ieces o f  sh rim p s. After sh ellin g  an d  before  
packing, the p eeled  shrim p is  exam in ed  for left- 
out p ieces o f sh e lls , an ten n a e , en tra ils, an d  other  
parts o f exosk eleton , before w a sh in g  thorou gh ly  
and chilling, preferably b y  a sp ray  o f cold  potab le  
w ater or w eak  brine so lu tio n  (C hakraborty an d  Iyer
1971). To save tim e an d  im prove th e  peeling  
operation, prototype m ech an ized  p eelin g  ta b les  
have b een  developed  (C hakraborty an d  Iyer 1971). 
In th is  m ethod , b acteria l con tam in a tion  w a s  m u ch  
le ss , com pared to th a t in  th e  con ven tion al m ethod  
of h an d  p eeling (Chakraborty and Iyer 1971).

Y anagim oto et al (1982) h ave su g g ested  an  
agitation m ethod  for th e  sep ara tio n  o f h ead  and  
viscera of shrim p. A lth ough  severa l p eeling m eth o d s  
like m ach ine peeling (Chakraborty an d  Iyer 1971), 
enzym e (Reddy 1971) an d  ch em ica l p eeling (Reddy
1975) have b een  developed , h an d  p eelin g  is  still 
considered  to b e th e b est  m eth od  in  India, p erh ap s  
b ecau se  th e  yield  is  h igher, th e  m eth od  is  ch eap er  
and labour is  easily  availab le (Althaf A likhan  1986). 
A skilled worker ca n  p eel 2 .5  to 3  kg of w hole  
shrim p in an  h ou r w ith  a n  average y ield  o f 46%  
raw m eat from  w h o le  shrim p, w h ile  a sin gle  
m achine can  perform  th e  job  o f p eelin g  a s  m u ch  
shrim p a s  th a t b y  16 w orkers (Dellino 1986).

A ccording to H olm es and M cC leskey (1947), 
peeled shrim p h a s  two ad van tages over th e  unpeeled  
product. Firstly, it is  m ore econ om ical from  th e  
point of view  of storage sp a ce , b e c a u se  the sh e lls  
are elim inated, an d  seco n d ly  co n su m er  ap p eal is  
increased  a s a resu lt o f it s  "total ready condition". 
V elankar and G ovindan (1959) d em on strated  that

darkening o f sh rim p s, w h ich  is  a  m ajor com m ercial 
problem , cou ld  b e  m in im ized  b y  b eh ead in g . Fieger 
(1950) observed  red u ction  o f b acteria l co u n ts  to  
75%  on  rem oval o f h ead . A ccord ing to  V elankar et 
al (1961), p eeled  sh r im p s k eep  b etter  th a n  w h ole  
sh r im p s an d  h e a d le s s  sh rim p s. Probably, th e  
d ifferen ce in  k eep in g  q u a lity  Is d u e  to  th e  
cép h alo th orax  an d  th e  exo sk e le ton , w h ich  are th e  
so u rces  o f  su rface an d  gu t sp oilage, s in ce  th e  
p eeled  sh rim p s keep  b etter  th a n  th e  h e a d le ss-sh e ll 
on  sh rim p s (Velankar et al. 1961).

M any o f th e  p eelin g  sh e d s , w h ich  are scattered  
along th e  coa sta l area, are su b -sta n d a rd  in  d esign  
a s  w ell a s  co n stru ctio n  an d  la ck  p rim a iy  facilities  
like potable w ater su p p ly  a s  w ell a s  hygien ic  
con d itio n s (G ovindan 1972). In a n o th er  p ro cess  
called  "Hut peeling", th e  p raw n s are p eeled  at hom e  
b y  th e  p eelers an d  th e  raw  m ater ia ls  su ffer  m u ch  
c o n ta m in a t io n  o f  th e  m e a t  w ith  s a n d  a n d  
m icroorgan ism s (G ovindan 1966). In th is  type of 
h an d  peeling, there is  every p ossib ility  for th e  
tran sfer o f con tam in a tin g  b acter ia  o f p u b lic  h ea lth  
sign ifican ce and oth er b acteria  from  th e  p erson n el 
to  sh rim p s, if  str ict h yg ien ic  m e a su r e s  are not 
p ractised . It is  a lso  reported th a t th e  lea ch in g  of 
to ta l vo latile n itrogen , n on -p ro te in  n itrogen  and  
a -am in o  n itrogen  c o n st itu e n ts  are likely  to  b e  m ore  
in  ca se  o f p eeled  an d  d evein ed  m ateria l b eca u se  
of th e  fact th a t larger f le sh  su rfa ce  is  in  con tact  
w ith  th e  ice an d  w ater (Pillai et al. 1961).
D r e ss in g  o f  p raw n s

The raw m ateria ls are u su a lly  prepared  in  an y  
on e of th e  follow ing s ty le s  for freezing (G ovindan
1970).

W h o le - h e a d ,  o n  : S h rim p s, a s  a  w h ole, are 
d ressed  w ith o u t rem oving th e  h ead  (céphalothorax  
or exosk eleton -sh ell). T h is sty le  is  in  dem an d  in  
so m e ov erseas m ark ets an d  ob v iou sly , th is  type is  
m ean t for rep rocessin g  in to  sp ecia lity  p rod u cts  
(C handrasekaran  1985).

H e a d l e s s - s h e U - o n / r a w  h e a d l e s s  (H L) : The h ead s  
of th e  p raw n s alon e are rem oved leaving  th e  entire  
sh e lls  an d  ta ils  in tact. T he in testin e  is  p u lled  out 
a s  far a s  p o ssib le  from  th e  severed  h ead  portion. 
O nly larger size  grad es o f fresh  sh r im p s are 
gen erally  u tilized  in  th is  m eth o d . T h is type fe tch es  
th e  m ax im u m  price, a s  re ten tio n  o f flavour and  
n u tr ien ts  is  m ax im u m  d u e to  th e  p rotection  offered 
b y  th e  sh e ll (G ovindan 1985).

P e e l e d  a n d  u n d e v e i n e d  (PU D ) : H ead, sh ell and  
ta il are rem oved, b u t th e  in testin e  is  retained . Sm all
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size sh rim p s alone are u se d  for th is  type (U nnithan  
et al 1975).

P e e l e d  a n d  d e v e i n e d  ( P D ) : H ead, sh ell, tail and  
the vein  (intestine) p a ss in g  throu gh  th e  dorsa l sid e  
of the abdom en are com p letely  rem oved and th e  
edible m eat a lon e is  u sed . T h is m eth od  is  u sed , 
w h en  the sh rim p s are sligh tly  sta le , is  ind icated  
by th e  fading of th e  fresh  colou r o f th e  sh e ll, b lack  
sp ot form ation, etc ., an d  w h en  th e  size  is  sm aller  
(U nnithan et al. 1975; G ovindan 1985).

F a n - t a i l / b u t t e r f l y  : T h is is  a sp ecia l type w here  
th e head , sh e ll and  vein  are rem oved, reta in in g  th e  
la st segm en t an d  tail. In som e c a se s , th e  m eat  
portion is  dorsally  sp lit an d  sp read  ou t before 
freezing. M edium  sized  sh rim p s are u su a lly  u sed  
for th is  type o f d ressin g  (G ovindan 1985).

C o o k e d ,  p e e l e d  a n d  d e v e i n e d  (C PD ) : After 
blanching, a s described above, the individual praw ns  
are peeled and deveined , an d  only th e  ed ib le m eat 
is used . O nly th e  sm all s ize  grad es are d ressed  by  
th is  m ethod  (G ovindan an d  Perigreen 1972).

P e e le d ,  d e v e i n e d  a n d  c o o k e d  (P D C ) : S h rim p s  
are peeled, d eveined  and b la n ch ed  a s  d escribed  
above (G ovindan an d  Perigreen 1972).

C le a n in g  : The sh rim p s, prepared in  variou s  
sty les  a s  describ ed  above, are rep eated ly  w a sh ed  
w ith potable w ater con ta in in g  1 ppm  o f available  
chlorine and le s s  th a n  100 b a cter ia /m l. The slim e  
and extran eou s m atter, su c h  a s  p ieces  o f sh e ll and  
vein s, are got rid of scru p u lou sly , before draining  
the w ater (G ovindan 1985).

S i z e  g r a d i n g  : The sh r im p s are graded  into  
various s izes  (G ovindan 1985), d esign ated  by th e  
num ber of ind iv iduals required to w eigh  4 5  g either  
m an u ally  or w ith  th e  h elp  o f a grading m ach in e  
(Govindan 1985). D ifferent s ize  grad es like 0 -1 0 ,
10 -15 , 16 -2 0 , 2 1 -3 0 , 3 1 -5 0 , 5 1 -7 0 , 7 1 -9 0 , 91 -  
1 1 0 ,1 1 0  -up  and at tim es 13 0-u p  are em ployed  in  
h ea d less  sh ell-on , peeled  an d  deveined  an d  fan-tail 
types. The la st two or three s ize  grad es are m et 
w ith in  P&D only. Still sm aller  o n es  are u se d  in  CP, 
PUD and CPD typ es, grad es b ein g  d esign ated  a s  
2 0 0 -3 0 0 , 3 0 0 -5 0 0  etc ., (G ovindan 1985).
R efr ig era tio n

In tropical cou n tries like India, w here the  
am bient tem perature in  m an y  m o n th s  is  con d u cive  
to q u ick  spoilage, th e  b est  approach  to  retard it 
is  to red u ce th e  environm ental tem perature.

I c in g  : The s im p lest of all th e  refrigeration  
tech n iq u es is  to  m ix  th e  shrim p w ith  ice (Velankar 
and G ovindan 1959). Ice low ers th e  tem p eratu res

of the sh r im p s an d  d oes n o t allow  m o st  of the  
m esop h illic  bacteria  to grow, w h ile  retard ing the  
proliferation o f the p sy ch ro p h iles  an d  controlling  
th e  en zym atic and oxidative ch a n g e s  to  a large  
exten t (G ovindan 1962).

In th e  m atter o f icin g  o f sh rim p  in  India, the  
a m o u n t o f ice , req u ired  to  b rin g  d ow n  th e  
tem perature o f a p articu lar q u an tity  o f sh rim p  from  
a n  am b ient tem peratu re o f 30°C  to  a b o u t 0°C , is  
40%  o f th e  w eigh t o f th e  fish  /sh r im p , a ssu m in g  
th a t there are in sid e  lo s s e s  o f  th e  coo lin g  cap a city  
(G o v in d a n  1 9 8 5 ) . B u t , in  a c t u a l  p r a c t ic e ,  
con siderab le  q u an tities  o f ice are required  to  cool 
dow n th e tem perature o f th e  con ta in er, an d  to 
co m p e n sa te  for th e  h e a t  ab so rb ed  from  th e  
su rrou n d in g  atm osp h ere. H en ce, th e  proportion  of 
ice required to  bring dow n th e  tem p eratu re of th e  
shrim p to n ear  ab ou t 0°C itse lf  w ork s ou t to  60%  
of the w eight of the sh r im p s, an d  furth er q u a n tities  
are required to  m ain ta in  th is  tem perature d epending  
u p on  th e storage period, in su la tio n  ch a ra cter istics  
o f th e  co n ta in er , a m b ien t tem p era tu re , e tc ., 
(G ovindan 1985).

M ethod o f icing d eterm in es th e  efficien cy  of 
cooling (Pillai et al. 1961). A  c lo se  co n ta c t o f ice  
w ith  p raw n s im parts coo ling  o f the latter. T he b est  
w ay to ach ieve th is , is  to  p a ck  th e  sh r im p s and  
ice  in  a lternate layers in  th e  con ta in er, w ith  th e  
bottom  an d  top  ice layers. T he to ta l h e ig h t o f  the  
shrim p -ice  m ixture, so  stored , sh o u ld  n o t exceed  
one m eter, a s  o th erw ise , th e  sh r im p s in  th e  low er  
layers w ill get cru sh ed  d u e to  th e  w eigh t. C rushed  
ice and th in  layers o f sh r im p s w ou ld  effect in tim ate  
con tact an d  rapid cooling (G ovindan 1966). From  
th e point of v iew  o f efficiency o f coo ling , flake ice  
is  preferred to cru sh ed  b lock  ice , a s  it m a k es b etter  
con tact w ith  th e sh r im p s w ith o u t b ru is in g  their  
b od ies b y  the sh arp  c o m e r s  o f th e  b rok en  lu m p s  
of th e latter, m e lts  m ore quick ly , an d  is  a lso  
econ om ical (W aterm an 1966).

A ccording to V elankar an d  G ovindan  (1959), 
exten sive  u se  o f ice for p reserving p raw n s is  
n e c e s sa iy  n ot on ly for providing good  q u ality  raw  
m aterial for the p rocessin g  p la n ts  en gaged  in  th e  
export trade, b u t a lso  for in crea sin g  co n su m p tio n  
in  th e  d om estic  m arket. P illai et al (1961) h ave  
in d icated  th a t icing o f th e  p raw n s a t th e  p eelin g  
site  h e lp s in  th e  transport from  th e  p ee lin g  cen ters  
to th e  factories, w h ich  so m etim es e x ce ed s  2 4  h. In 
their  opinion , th e  s u c c e s s  o f  ic in g  largely d ep en d s  
on  th e  am ou n t o f ice u sed  an d  h ow  it i s  applied.

The com paratively long sh elf-life  o f iced  shrim p
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from tropical w aters h a s  b een  reported b y  Carroll 
et al (1968). C an n  (1977), in  h is  review o n  tropical 
shrim p, ind icated  th a t p en aeid  shrim p from  th e  
G ulf o f T hailand rem ained  in  accep tab le  con d ition  
for 12-16  d ays in  ice, w h erea s non -trop ical sh rim p s  
su ch  a s  P a n d a l u s  sp  an d  N e p h r o p s  sp  w ere tota lly  
spoiled after 8 -1 0  d ays. T he difference is  again  
attributed to th e b acteria l flora on  th e shrim p, 
w hich is  not active at 0°C, in  th e  ca se  o f tropical 
c a tc h e s , an d  litt le  sp o ila g e  o c c u r s , u n til a 
psychrophilic flora develops.

A ccording to  Cobb et al (1973), th e  activ ities  
of t issu e  en zym es an d  m icroorgan ism s ca n  b e  kept 
to a m in im u m , if sh r im p s are h an d led  on-board  
under san itary con d itio n s, and  are iced  prom ptly  
and properly. M elting ice p ossib ly  w a sh e s  aw ay  
som e bacteria l load o n  the external su rfa ces o f  iced  
shrim ps (Green 1949; V elankar et al. 1961; A fsar
1980). M athen and T h om as (1988) observed  that 
w hole p raw ns stored  in  ice u p to  2 d ays gave the  
m axim um  yield  w ith o u t lo s s  of n u tr ien ts, w h ile  at 
the sam e tim e m ak in g  th e  peeling p rocess easier.

Several d isad v an ta ges are a lso  observed  in  the  
iced storage of sh rim p s. V elankar an d  G ovindan  
(1959) have n oted  ch a n g es  in  th e  flavour and  
palatability o f p raw n s during ice storage. T hey h ave  
su ggested  th a t deteriorative ch a n g es  occurring in  
ice storage are related  to the d u ration  o f storage, 
and are a lso  in flu en ced  b y  th e  treatm en t received  
by the sh rim p s before icing, an d  the environm ent 
from w hich th ey  are cau gh t. L eaching o f w ater- 
solub le p rotein s an d  oth er n itrogen ou s extractives, 
especially  am ino acid s, b y  m eltin g  ice (G ovindan  
1962; S u sam m a et al. 1962), red u ction s in  n o n ­
protein n itrogen  an d  protein  n itrogen  (W ilaichon et 
al. 1977) are a lso  reported. The rate o f ch an ge of 
nitrogen lo s s  in  sh r im p s stored  in  ice in crea ses  in  
the order of w h ole , h ea d le ss  sh e ll-on , an d  P and  
D sh rim p s (Anon 1966). L each ing lo s s e s  are 
m inim um , w h en  th e  sh r im p s are stored  in  round  
condition, m ore in  h e a d le s s  and m o st in  p eeled  and  
deveined s ta te s  (Velankar an d  G ovindan 1959; 
Pillai et al. 1965). L eaching a lso  in crea ses  w ith  
decreasing size o f th e sh rim p s in  all c a se s , indicating  
that th e su rface area o f th e  exp osed  flesh  p lays  
a very im portant role in  th e p h en o m en on  (G ovindan  
1985). The effect o f lea ch in g  is  m ore p ron oun ced  
in shrim ps due to  their  sm all s ize  an d  com paratively  
higher co n ten ts  o f w ater-extractab le c o n stitu en ts  
(Velankar et al. 1961). The a m o u n ts  o f m ateria ls  
leached  out d epend  u p on  th e  q u an tity  of w ater  
form ed in  th e  m elting o f ice, d u ration  of holding

in  ice, to ta l su rfa ce  area exp o sed  to ice, etc., 
(G ovindan 1985).

Ice h a s  b een  proved to  b e  a m ajor so u rce  of  
con tam in ation , d ep en d in g  on  th e  n a tu re  o f w ater  
u sed  for its  m an u factu re  (G ovindan 1966), an d  it 
is  reported to  con trib u te  to  th e  in crea se  in  th e  
bacteria l load  a s  w ell a s  faeca l org an ism s (Iyer and  
C h aud h u ry 1966). P raw n s su b jected  to  delayed  
icing sh ow ed  a n  in crea se  in  tota l b acteria l cou n t, 
till it reached  the p ro cess in g  hall, followed by  
red u ction s after p eelin g  an d  freezing (Althaf A likhan
1986). B acterial con tam in a tion  o f ice  a lso  occu rs  
d u e to the saw  d u st, g u n n y  b ag s, e tc ., w h ich  are 
u sed  to  cover it during tran sp orta tion  (G ovindan
1966). O ther so u rces  in c lu d e th e  su r fa ces  w ith  
w h ich  it co m es in to  co n ta ct, like factory floors, 
m etal tu b e s  etc ., (G op alak rish nan  an d  C h audhury
1965). H ence, ice h a s  to  b e  m an u factu red  from  
potab le w ater an d  sh o u ld  b e  carefu lly  h an d led  to 
prevent further con tam in a tion . Ice, left over from  
on e fish in g  trip, is  a lso  n ot recom m en d ed  for u se  
o n  s u b s e q u e n t  tr ip s  (G o v in d a n  1 9 6 6 ) . Ice  
m an u factu red  and h an d led  w ith o u t ob serv in g  th ese  
p r e c a u t io n s  h a s  b e e n  fo u n d  to  b e  h ig h ly  
con tam in ated  w ith  bacteria  (U n n ith an  e t al. 1975; 
G ovindan 1985).
U se  o f  c h il le d  s e a  w a te r

The principle em ployed  h ere  is  to  h o ld  th e  fish  
or praw n in  n atu ral or artificial sea -w a ter  cooled  
to -1°C (W oolrich and N ovak 1977). In th e  early  
sta ge  of developm ent o f th is  p ro cess , coo lin g  o f th e  
brine or sea-w ater  w a s  effected  b y  ad d in g  b lo ck s  
of ice (Singh 1978). O f co u rse , th is  m eth o d  had  
the d isad van tage o f d ilu tin g  th e  b rin e, b e s id es  th e  
p rob lem s involved in  carrying large q u an tities  o f ice  
required for a  w h ole  fish in g  trip a s  w ell a s  
additional labour and sp a ce  req u irem en ts (Govindan  
1985). Now, m ech an ica l refrigeration is  em ployed  
for cooling the brine, an d  th e  tem peratu re is  
m ain ta in ed  sligh tly  above th e  freezing p oint of the  
fresh  sh rim p s, w h ich  oth erw ise u n d erg o es  a p rocess  
of slow  freezing w ith  accom p an yin g  p rob lem s, like 
d en aturation  o f the p rotein s, e tc ., (B an k s et al.
1977).

T o m e s  (1972) found  th a t th e  ex c lu sio n  o f air 
b y k eep in g  the shrim p com p lete ly  su b m erged  in  3% 
brine or se a  w ater at 0°C in h ib ited  th e  form ation  
of b la ck  sp o ts . F urther, h e  a lso  observed  that 
ch lorin ation  o f ch illed  se a  w a ter  an d  b eh ead in g  of 
shrim p im parted b etter  p reservative effect in  sp ite  
of d eterioration  in  texture. B arnet et al (1978) found  
th a t h old ing shrim p (P a n d a l u s  sp) in  brine - C 0 2
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m ixture Inhibited bacteria l an d  enzym atic ch a n g es, 
and exten d ed  shelf-life o f shrim p by 3  days, 
com pared to iced sa m p les . A fsar (1980) observed  
that th e  bacteria l co u n ts  in  ch illed  sea  w ater  
shrim p w ere low er th a n  th o se  of iced  shrim p, w h en  
sh rim p s w ere stored  in  th e  ratio o f 1:5 b etw een  
shrim p an d  ch illed  se a  w ater, prepared by ch illin g  
two parts of s e a  w ater w ith  on e part of ice. T h is  
m ay b e  d u e to the low er tem perature atta in ed  in  
chilled se a  w ater (Spencer an d  B a in es  1964), and  
also  th e  anaerob ic environm ent in  ch illed  se a  w ater, 
w hich  inh ib ited  th e  grow th of obligate aerob es  
(Shew an 1977). There w a s  n o  b la ck  sp ot form ation  
in  both  ch illed  s e a  w ater-stored  sh rim p s and  
sh rim p s in  3.5%  NaCl in  b oth  "headless and h ead -  
on" sty les  upto a period o f 3 0  d ays (Afsar 1980).

Refrigerated se a  w ater (chilled se a  water) is  
m u ch  m ore efficient, com pared  to ice, in  effecting  
rapid cooling. It a lso  im parts a  thorou gh  and  
intim ate con tact o f  th e  cooling m ed iu m  w ith  th e  
shrim ps. M oreover, w hatever h e ig h ts  th e  ta n k s m ay  
be filled, th e  p raw ns do not get p ressed  or cru sh ed  
(Govindan 1985). There is  a b etter  control of  
tem perature in  th is  storage, a s  it is  generally  
m aintained  at 1°C. T his e lim in ates th e difficult ta sk  
of icing, and there is  con siderab le  sav in g  o f  labour, 
and ice storage sp a ce  on  board (G ovindan 1985). 
However, there is  som e d isad van tage too. The  
system  a ccu m u la tes h eavy  bacteria l load , esp ecia lly  
if th e exterior o f praw n is  n ot scru p u lo u sly  c lean ed  
before storage in  th e  tank. So, frequent ch a n g es  
of sea  w ater are n eed ed . T h is tech n iq u e is  not 
com m ercially practised  in  India th o u gh  w idely u sed  
abroad (Govindan 1985).
U se o f  d ry  ic e  a n d  liq u id  n itr o g e n

Dry ice (solid carbon  dioxide) and liquid  
nitrogen  are con sid ered  u se fu l for preservation  of 
free sh rim p s (B anks et al. 1977). D iy  ice h a s  a 
sublim ation  tem perature of -78°C and liquid nitrogen  
h a s  a boiling point -196°C  (B anks et al. 1977; 
Govindan 1985). A s th ese  tem peratures are extrem ely  
low, th ey  are n ot b rou ght in  d irect con tact w ith  
the praw n, in  order to avoid th e  b lem ish  called  
"freezer bum " ca u sed  on  th e la tter (G ovindan  
1985). Dry ice  is  generally  h eld  in  perforated trays  
su sp en d ed  from  th e  roof of th e  veh icle  or in su la ted  
cham ber, an d  liquid n itrogen  is  allow ed to  fall in  
fine sp ray from  above. B oth  g a se s  b ein g  heavier  
th an  air at their low tem peratu res, flow  dow n th e  
load o f sh rim p s, thereb y cooling th em  in  th e  
p rocess. B eing o f inert n atu re, th ese  cooling ag en ts  
also h elp  in  k eep in g  d ow n  oxidative reac tio n s in

m ea ts  c a u sed  b y  atm osp h eric  air. S in ce  b o th  the  
a g en ts  are costly , com pared  to  o th er  tech n iq u es , 
th ese  are n ot u sed  in  India, th o u g h  ad opted  by  
developed  cou n tr ies  (G ovindan 1985).
U se  o f  p r e se r v a tiv e s

In sp ite  o f ad eq u ate  ic in g  o f p raw n s an d  u se  
of ch illed  se a  w ater storage, there is  a  stea d y  
in crease  in  th e b acteria l c o u n ts  a n d  co n seq u en t  
sp oilage (Fatim a S h aik m a h a m u d  an d  M agar 1965). 
T h is  led  to  a d d it io n a l p r o c e s s e s  o f  e ith e r  
incorporation  o f p reservatives in  th e  ice  itse lf  
during m an u factu re or a dip o f sh r im p s in  so lu tio n s  
prepared u sin g  p reservatives, m ain ly  to  retard th e  
rate  o f  m u lt ip lic a tio n  o f  b a c te r ia , e s p e c ia lly  
p sych rop h iles (Fatim a S h a ik m a h a m u d  an d  M agar 
1965; G ovindan 1985).
In co rp o ra tio n  o f  a n t ib io t ic s

A n t ib io t ic s ,  s u c h  a s  p e n ic i l l in  (F a tim a  
S h a ik m a h a m u d  an d  M agar 1965) a u reo m y cin  
(Farber 1954; G ovindan 1985), terram ycin  and  
t e t r a c y c l in e  (A fsa r  1 9 8 0 ;  G o v in d a n  1 9 8 5 ) ,  
ch lo ro te tra cy c lin e  (S u ren d ran  a n d  Iyer 1971)  
oxytetracycline (G ovindan 1985) w ere recom m en d ed  
b y tech n o lo g ists  for in crea sin g  th e  shelf-life  of 
s h r im p s  d u r in g  r e f r ig e r a te d  s t o r a g e  a n d  
tran sp ortation  e ith er b y  incorporation  in  ice or a s  
a dip treatm ent before storage in  ice. T he principle  
involved in  th eir  u se  is  th a t th ey  d estroy  th e  
m icroorgan ism s th a t c a u se  sp o ilage (Surendran  
an d  Iyer 1971; S in gh  1978). O f la te, th e  u se  o f  
an tib io tics is  con sid ered  n ot on ly  u n w a n ted , b u t  
u n d esirab le  for severa l r ea so n s  (G ovindan 1985). 
H ygienic h an d lin g , thorou gh  c lea n in g  o f th e  fish  
w ith  potable w ater ch lorin ated  to  a level o f 5  ppm  
of available ch lorin e, an d  u se  o f ice  prepared  from  
w ater o f the sam e quality are sufficient b y  th em selves  
to  im part reason ab le  sh elf-life  to  th e  sh rim p s. 
A ntib iotics are costly  an d  h en ce  in crea se  th e  co st  
of fish . A ntib iotics are n o t u n iversa lly  accep ted  a s  
food preservatives (G ovindan 1985). It is  feared th a t  
in d isc r im in a te  u s e  o f  a n t ib io t ic s  a n d  th e ir  
con seq u en t in gestion  b y  h u m a n  w ou ld  low er n atu ral 
resista n ce , an d  kill u se fu l b acteria l flora in  th e  
h u m a n  gu t (C handrasekaran  1985). M oreover, it is  
difficult to d isp erse  an tib io tics  un iform ly in  w ater  
an d  ice (G ovindan 1985).
U se  o f  c h e m ic a ls

Several ch em ica ls  su c h  a s  EDTA, b en zo ic  acid, 
p olyp h osp h ates, ascorb ic acid , so d iu m  chloride, 
etc ., are u se d  in  sh rim p  p ro cess in g  in d u stry  either
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by incorporation in  ice  or a s  dip treatm en t of 
shrim ps. T his h a s  b een  th e  su b ject o f s tu d y  for 
at least five d ecad es, ow ing to  th e lack  o f efficiency  
of icing m ethod  in  th e  p revention  o f m icrobial 
proliferation, and co n seq u en t sp oilage esp ecia lly  by  
psychrophiles (Fatim a S h aik m ah am u d  an d  M agar 
1965; S ingh  1978; A fsar 1980; G ovindan 1985).

Afsar (1980) con d u cted  a deta iled  stu d y  o n  the  
u se  o f parab en  and EDTA-incorporated ice  in  
extending th e  sh elf-life  o f  sh r im p s. To avoid  
separation  o f p arab en  during ice form ation, 0.02%  
carboxy m ethyl ce llu lo se  w a s added to  th e  prepared  
paraben so lu tio n  (0.05%  final con cen tration  in  
potable water), an d  kep t at -20°C  for 4 8  h  to  get 
paraben ice. T h is ice w h en  m ixed  w ith  sh r im p s at 
1:1 ratio exten d ed  the shelf-life probably d u e to th e  
profound effect o f  p araben  on  bacteria l grow th  
during the log p h ase  a s  reported b y  Shiralkar
(1971). In con trast, EDTA ice, prepared u sin g  1.0%  
of EDTA, sh ow ed  little effect on  the bacteria l 
cou n ts, com pared  to  p arab en  ice (Afsar 1980). 
According to V an  C leem put et al (1980), th e  norm al 
practice o f in creasin g  sh elf-life  o f cooked  an d  p eeled  
shrim ps is  th e  ad d ition  o f ben zoic  acid . Su ren dran  
et al (1985) reported th a t sh r im p s stored  in  ice at 
a ratio of 1:1, follow ing a dip in  1% so lu tio n  of 
sod iu m  sa lt o f  EDTA for 10 m in ., en h an ced  th e  
shelf-life by at lea st  8 d ay s over th e  un treated  
control. EDTA, absorbed  b y  the m u sc le  o f praw n  
during dip in  sod iu m  sa lt of EDTA so lu tio n  is  not 
com pletely rem oved during their ice storage o f 25  
days.

According to  F ieger et al (1956), if  th e  sh rim p s  
have to b e kept in  w h o lesom e con d ition , the u se  
of ch em ica l in h ib itors, su ch  a s  sod iu m  b isu lp h ite  
is n ecessary  for prevention  of th e  m ela n osis . 
Effective control o f m e la n o s is  is  p o ssib le  by a dip 
in 1.25% so lu tio n  o f so d iu m  m etab isu lp h ite , for 1 
m in before icing, or in l%  ascorb ic  acid; w h en  u sin g  
sod iu m  m etasu lp h ite , it is  im portant to note that 
a shorter d u ration  o f dip is  ineffective, w hile a 
longer dip p rod u ces d isco loration  (Fieger et al.
1956). O gawa (1987) su g g ested  th a t red u cin g  
su b sta n ces  su ch  a s  su lp h id e , ascorb ic acid  and  
cystein e are u sefu l in  th e  control o f b la ck sp o t in  
shrim p, b eca u se  o f their  ability to  im m ediately  
reduce 0 -q u in on e, an d  retard m ela n in  form ation  in  
frozen shrim ps.

Peeled and d eveined  p raw ns, frozen an d  glazed  
with a 2.5%  so lu tio n  o f sod iu m  alginate con ta in in g  
p h osp h ates of sod iu m  an d  ca lc iu m , an d  citric acid  
were found b etter in  frozen storage w ith  respect

to  bacterio log ica l an d  ch em ica l ch aracteristics, 
com pared  w ith  control sa m p les  g lazed  w ith  w ater  
alon e (Pillai et al. 1965). P o lyp h osp h ates are 
com m on ly u sed  to  in crea se  th e  w ater-h old in g  
cap a city  o f m ea t (M athen 1972). The role of 
p olyphosphates in  altering the w ater-holding capacity  
of flesh  h a s  b een  attr ibuted  to  v a r io u s factors su ch  
a s  pH, ion ic stren g th  ch a n g e s  an d  sp ecific  ion  
in d u ced  effects (H am n 1971). A ccording to M athen  
(1968), e ffectiven ess o f p h o sp h a te  d ecreased  in  th e  
o r d e r s o d iu m  tr ip o ly p h o sp h a te , so d iu m  p y ro ­
p h osp h ate, sod iu m  h exam etap h osp h ate , and  soditim  
dihydrogen  p h osp h ate . The la s t  tw o w ere ineffective. 
He observed th a t, in  sp ite  o f red u ction  in  thaw  
d ip ,th e organoleptic q u ality  o f  th e  thaw ed  a s  w ell 
a s  cook ed  product w a s  u n sa tisfa cto ry , d isco loration  
b ein g  th e  m ajor defect. He furth er n o ted  th a t a 
so lu tio n  o f 12% sod iu m  trip o lyp h osp h ate  an d  8.6%  
so d iu m  dihydrogen  p h o sp h a te  or 2% citric acid  in  
w ater, w h en  u sed  for dip treatm en t, red u ced  th e  
d rip  lo s s ,  im p ro ved  th e  c o o k in g  y ie ld  a n d  
organoleptic quality , w ith o u t ad versely  affecting th e  
b ioch em ical ch ara cter istics . In an o th er  m ethod , 
developed for red u cin g  co o k  drip lo s s  from  praw n  
m eat, th e  w ell w a sh ed  m ea t is  drained  for 3 -5  m in ., 
th en  m ixed  w ell w ith  a so lu tio n  o f 12% sod iu m  
tr ip o ly p h o s p h a te , 4% p o t a s s iu m  d ih y d r o g e n  
p h osp h ate  and 16% so d iu m  ch lorid e, at th e rate 
of 9 0  m l so lu t io n /k g  shrim p m ea t (M athen 1972). 
The treated shrim p is  cook ed  for 4 5  sec . in  a boiling  
so lu tio n  o f 5% sod iu m  ch loride. The cook ed  m eat 
is  coo led  im m ed iately  in  ice-co ld  w ater, drained  and  
th en  p ack ed  a s  u su a l. The m eth o d  w a s  tried  
com m ercially  an d  fou n d  to b e  h igh ly  effective  
(M athen 1972).

M athen  and Pillai (1970) c la im ed  th a t the  
treatm ent w ith  12% so d iu m  p olyp h osp h ate  and  
n eu tra liza tio n  w ith  4% p o ta ss iu m  d ih yd rogen  
p h osp h ate  is  effective in  p reventing drip lo s s  in  
frozen praw ns. T he m eth od  is  n ot on ly  costly , b u t  
the treatm ent w ith  h igh  con cen tration , extraction  
of p o lyp h osp h ate  is  a lso  su p p o sed  to  encou rage  
p rocessin g  o f sp oiled  raw  m ateria ls, a s  the th ick  
slurry m a sk s  th e  original ch a ra cter istic s  o f th e  
shrim p to  a great exten t. Export in sp ec tio n  agen cy  
of India h a s , therefore, d iscou raged  th e  u se  of 
p olyp h osp h ates in  freezing o f sh rim p s. H ebber
(1979) observed th a t sh r im p s, frozen after dip 
treatm ent w ith  p reservatives like 0.2%  sod iu m  
citrate, 1% propylene glycol, a  m ixtu re o f  0.35%  
sod iu m  ascorb ate  an d  citric acid  at 2:5:1 ratio, 2% 
glycol, 1% sod iu m  b icarbon ate sin g ly  an d  along  
w ith  7% NaCl an d  0.5%  S 0 2 a s  pre-dip treatm ent
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sep arately  sh ow ed  th a t sod iu m  b icarbon ate w a s  
m ost effective in  red u cin g  drip an d  w eigh t lo s se s . 
Shrim ps h ad  accep tab le  ta ste  an d  texture even  
after s ix  m o n th s o f frozen storage (Hebber 1979). 
M oreover, p retrea tm en t w ith  so d iu m  ch lorid e  
increased  the effectiven ess o f sod iu m  b icarbon ate  
and g lycerol (H ebber 1979). S u lp h u r  d iox id e  
pretreatm ent in creased  th e  effectiven ess o f  sod iu m  
citrate, glycerol an d  sod iu m  b icarbon ate (Hebber
1979).

H an sen  (1969) su g g ested  th a t th e m ateria l to  
be frozen, m ay  b e p asteu rized  by im m ersing in  a 
current of w ater at 80°C (176°F) for a few  m in u tes  
before packaging, an d  ch illin g rapidly in  cold  w ater  
before freezing. T h is a s su r e s  th e yield  quality of 
the m eat. L oosening o f h ead  from  tail cou ld  b e  
controlled by a dip treatm ent in  0.2%  so lu tio n  of 
sod iu m  m etab isu lp h ite  (food grade quality) for 2 
m in., a s  su g g ested  b y  CIFT (1984).
F reez in g

A lthough freezing o f fish  is  kn ow n  s in ce  1865  
in  USA, th e m ethod  did n ot a ssu m e  im portance, 
until the developm ent o f the m ech an ica l refrigeration  
sy stem s, w h ich  cou ld  su b jec t refr igeran ts to  
com p ression , exp a n sion  and evaporation  (E nochian  
and Woolrich 1977). A m m onia refrigeration m ach in es  
were u sed  in  USA in  18 8 0 , and freezing o f fish  
b ecam e an  im portant in d u stry  b y  th e  en d  o f th e  
19th cen tu ry  (E n och ian  and W oolrich 1977). 
However, th is  m eth od  p icked  up only from  the m id- 
1950s' in  India, an d  is  now  th e  m o st w idely  
followed sin gle  m eth od  o f preservation  o f shrim p  
(Govindan 1972).

F r e e z e r s  u s e d  : V arious typ es of freezers are 
u sed  for freezing. T h ese in clu d e horizontal p late  
freezer, vertical con tact p late freezer, tu n n e l/a ir  
b last freezer an d  sh e lf  freezer (B anks et al. 1977). 
A m ong th ese , horizontal p late freezer, air b la st  
freezer and flu idized bed  freezer are u sed  for 
freezing of sh rim p s (B an k s et al. 1977; G ovindan  
1985). In horizontal p late freezer, w hich  ta k es  
m inim um  tim e for freezing (about 3  h .), th e  p la tes  
are cooled to -40°C  b y  th e  refrigerant (Freon 12). 
T h is is  particularly su itab le  for freezing sh rim p s in  
trays in  th e form of rectan gu lar b lo ck s (G ovindan  
1972; 1985). The tu n n e l/a ir  b la st freezer c o n s is ts  
of an  in su la ted  tu n n e l into w h ich  th e  m aterial to  
be frozen is  arranged o n  trolleys, and  th e  air at 
a tem perature o f -3 5 °C  to -40°C  is  b low n at sp eed s  
ranging from  5 to  7  m e te r s /s e c . (G ovindan 1985). 
In th is  freezer, freezing is  slow , and it tak es 5 h . 
In the flu id ized  b ed  freezer, th e  m aterial to be

frozen is  fed in  sm all ind iv idual p ie c e s  o n  to  a 
conveyor m oving in sid e a c lo sed  in su la ted  tu n n el, 
an d  cooled  air a t h igh  velocity  is  b lo w n  from  b elow  
(B anks et al. 1977). The m ateria l m o v es  in  a 
flu id ized  m an n er a lm ost floating in  th e  coo led  air 
an d  freezing is  very rapid. T h is  freezer is  su itab le  
for individually quick  frozen (IQF) sh rim p s (G ovindan  
1985).

C o n v e n t i o n a l  m e t h o d  : In com m ercia l practice, 
sh rim p s are frozen in  different form s : W hole, 
h e a d le ss  shell-on; p eeled  and deveined; cook ed  and  
peeled; p eeled  and cooked; p eeled , d eveined  and  
cooked  (G ovindan 1972). The d ressed  sh r im p s are  
w a sh ed , drained  an d  frozen  in  trays at -3 5 °C  to 
-4 0 °C  in  con tact-p la te  fr e e z e r s /tu n n e l freezers. 
Later, it is  dipped in  ice w ater to  give a th in  coa tin g  
of ice (glazing), w rapped in  p o ly th en e paper, and  
packed  in  w axed  d u p lex  carton s (G ovindan 1972). 
The shelf-life o f b lock  frozen g lazed  p raw n s at- 20°C  
will v a iy  from  2 4  to 4 0  w eek s, d ep en d in g  u p o n  th e  
sp ec ie s  an d  type o f p ack  (H ebber 1979).

D uring freezing, w h en  th e  tim e ta k en  for 
gettin g  over the critical tem peratu re ran ge o f  0  to  
-5 °C  is  3 0  m in . or le s s , it is  con sid ered  a s  q u ick  
freezing, an d  w h en  th e  tim e is  h igher th a n  3 0  m in , 
the p ro cess  is  con sid ered  a s  s lo w  freezing (B an k s  
et al. 1977). Q uick  freezing is  preferred, a s  it r e su lts  
in v e iy  sm all ice crysta ls, and  y ie ld s  a p roduct o f  
b etter  quality  (B anks et al. 1977), w h erea s, in  slow  
freezing, large crysta ls  are form ed, ru p tu rin g  th e  
cell w a lls  an d  c a u s in g  larger drip lo s se s , w h en  th e  
frozen product is  thaw ed  (Althaf Ali K han 1986). 
The seafood  in d u stry  em p loys th e  co n tact-p la te  
freezers an d  b elt freezers (tunnel) for q u ick  freezing  
of sh rim p s (G ovindan 1985).

B r i n e  f r e e z i n g  (i m m e r s i o n  f r e e z i n g )  : It is  u sed  
for freezing sh r im p s on  board fish in g  v e sse ls . In 
th is  m ethod , there is  a n  in tim ate co n ta c t b etw een  
th e  su rface of p raw ns and freezing m ed iu m , thereb y  
en su rin g  efficient an d  q u ick  h ea t tran sfer  (B anks  
et al. 1977). The sh rim p s are u su a lly  b eh ead ed  to  
red u ce th e b u lk , w a sh ed  w ith  s e a  w ater an d  frozen  
in  sm all b a tch es  b y  im m ersion  in  ag itated  ch illed  
sod iu m  chloride brine at -1 5 °C . O nce frozen, th e  
m ateria l is  transferred to th e  v e sse l's  cold  storage. 
The excessive  sa lt p en etra tion  occu rrin g during  
brine freezing cou ld  be red u ced  b y  u s in g  a m ix tu re  
o f g lu co se  syru p  an d  sa lts  a s  th e  freezing m ed iu m  
(B anks et al. 1977). The g lu c o se -sa lt  freezing  
so lu tio n  will give a protective g laze to  th e  frozen  
product, and  th e  frozen  m ateria l w ill n o t stick  
togeth er (B anks et al. 1977).
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Carton freezing : In carton freezing, which is 

now employed widely, the prepared material with 
added glaze water is arranged in duplex cartons 
of the required size with a polythene film lining, 
placed in trays and loaded into the freezer (Govindan
1970). In th is case, the reglazing is  not necessary  
(Govindan 1970). Further, th is m ethod elim inates 
hum an handling of the frozen blocks, which  
otherw ise m ight lead  to probable m icrobial 
contamination of the product (Govindan 1970).

Cryogenic freezing : In myogenic freezing (Banks 
et al. 1977), the material is  frozen with liquefied 
gases at extremely low tem peratures such  a s  liquid 
nitrogen (-196°C), liquid air (-194 .2°C), and liquid 
carbon dioxide (-71°C). The liquid is  carefully 
sprayed in required quantities on the material 
passing on a conveyor belt. Liquid nitrogen frozen 
prawns are reported to be biochemically and  
organoleptically superior to conventional plate 
freezer, up to 59 days at-18°C. (Chakraborty and  
Chaudhury 1987).

J et freezing : A process called "jet freezing" h as  
been developed to effect quick freezing and stop 
bacterial and enzymic actions so that the taste of 
frozen shrimps will be very close to that of natural 
ones (Althaf Ali Khan 1986). In this process, 
cryogenic nitrogen (-320°F) is circulated in a multi- 
zoned freezer at a speed of 7000  ft./m in . The 
cooling vapours penetrate quickly and efficiently 
and freeze the product to the core in a few m inutes. 
Large ice crystals produced by slow freezing are 
absent (Althaf Ali Khan 1986).

In spite of th e. superiority of freezing, as 
compared to other methods of long term preservation, 
it almost invariably produces som e detrimental 
effect like drip loss, toughness, protein changes, 
short weight, etc., (Govindan 1972). The severity 
of these effects depends on the product, the nature 
of the raw material and freezing technique (Govindan
1972). Defects in frozen shrim ps cannot be detected, 
until thawing has taken place, whereas unfrozen  
products can be assessed  rapidly at any stage 
(Merritt 1987).

Frozen prawns lose weight due to drip loss on 
thawing. The weight loss in 2 w eeks m ay vary from 
7 to 12% in peeled and deveined, 5 to 7% in 
headless and about 7% in cooked and peeled 
prawns normally (Unnithan et al. 1976). Usually, 
the weight loss is  com pensated by the addition of 
excess quantity of the material in  the range of
10-15% (Geetha 1984). Drip loss is  undesirable for 
several reasons. Large quantities of drip loss make

the appearance to prawns unattractive (Unnithan 
et al. 1975). Since the thaw drip is  usually  
discarded, the large portions of soluble proteins, 
m inerals and flavour com ponents, dissolved in the 
liquid phase, are lost (Unnithan et al. 1975). The 
tissu e of thawed prawn that h as lost considerable 
drip, becom es dry, woody, fibrous and tough in  
texture (CIFT 1984).

Loosening of head in  frozen whole shrim ps is  
another com m on defect observed, and careful 
handling of whole shrim ps from the stage of 
hauling is  an essential step to reduce th is defect 
(CIFT 1984). Shrim ps subjected to slow  freezing 
showed continuous darkening during frozen storage, 
but drastically discolorized on thawing (Ogawa
1987). Another defect noticed w ithin frozen shrim ps 
and detectable only in the frozen state, is the 
presence of white patches due to dehydration, 
referred to as "freezer bum" (Govindan 1970).

Individual quick freezin g  (IQF) : It is defined by  
the International Institute of Refrigeration as the 
freezing of individually separated food un its of sm all 
sizes such  as berries, peas, shrimp etc. IQF 
products represent quality, and are usually attractive 
to the custom ers (Nicholson and Johnston  1993). 
IQF can be achieved with air b last, contact, 
im m ersion/spray freezers, and som e recent examples 
are com binations of these m ethods (Nicholson and 
Johnston 1993). All types of dressed shrim ps used  
in the convention m ethod of freezing are individually 
quick frozen. There is good dem and for individually 
quick frozen prawns in international m arkets 
(Nicholson and Johnston  1993). Disadvantage of 
th is m ethod is  that it n ecessita tes  accurate 
m easurem ent of the correct freezing time for each  
product, since even 1 min. excess process time for 
a product, which freezes in 10 min. results in a 
considerable loss in throughput and extra energy 
use. Further, it is  very difficult to glaze IQF 
shrim ps, and the chances of desiccation are more, 
w hen packed w ithout glazing. During storage and 
transportation too, u tm ost care h as to be taken to 
m aintain the proper temperature, otherwise the 
material will get partially thawed, and will stick  
together, forming a lump (Nicholson and Johnston
1993).
F a c t o r s  i n f l u e n c i n g  q u a l i t y

Quality of final product, ready for consum ption, 
depends largely on the nature of handling and type 
of processing exercised from the time of capture 
of shrim ps to freezing and storage (Velankar and 
Govindan 1959). In th is long process, several
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factors, such  as biochem ical, bacteriological and 
environmental, directly and indirectly, influence the 
overall quality of shrim ps in  spite of the types of 
preprocessing and processing m ethods employed 
(Velankar and Govindan 1959; Velankar 1965). 
Shrimps contain greater am ounts of free amino 
acids than fish, which facilitate rapid bacterial, 
growth and result in quicker spoilage (Pillai et al. 
1965). The head portion which holds the digestive 
system , undergoes rapid autolysis in shrimps, 
compared to fishes. Hence, shrim ps spoil within 4- 
6 h. immediately after catch (Velankar 1965; 
Chandrasekaran 1985).

Shrimps, in their natural environment, ca n y  
a com m ensal bacterial load, the com position of 
which m ay be governed by such  factors, as their 
feeding and living habits, the geography of the area, 
the seasons, and the temperature and quality of 
the water in which they exist (Cobb et al. 1973; 
Chandrasekaran 1985). The bacterial loads on  
catches of shrimps, therefore, va iy  considerably 
and quality and w holesom eness of the catch will 
depend on the num bers and types of bacteria 
present and on how they are controlled during 
processing and marketing (Cann 1977). Among the 
commensal flora, species of Vibrio and Pseudom onas 
dominate in fresh and dressed prawns at 28±2°C  
and at 2-4°C, respectively (Chandrasekaran 1985).

Primaiy contam ination of shrim ps is  attributed 
to the m ud, debris, feed and nature of water in 
the environment (Cobb et al. 1973). Secondary 
contamination of heterotrophic spoilage bacteria 
and bacteria of public health significanqe are 
contributed by the gear, boat deck, shrimp holds, 
wooden boxes and bamboo baskets used for storing 
shrimps on board (Gopalakrishnan and Chaudhury 
1965; Cann 1977). The latter harbour heavy bacterial 
load, un less properly cleaned and disinfected after 
each operation (Gopalakrishnan and Chaudhury 
1965; Govindan 1985). Beheading and peeling 
processes, where hands of personnel are involved, 
are potential stages of contam ination of bacteria 
of public health significance. Bacterial load of the 
water used for the preparation of ice and washing  
of dressed prawns and other utensils govern the 
level of con tam in ation  (G opalakrishnan and  
Chaudhury 1965). Nature of ice (flake ice, crushed  
ice, cube ice, etc., and the quantity used, method 
of application and duration of delay in icing 
influence proliferation of contaminating flora, nature 
of deterioration and development of m elanosis 
(Govindan 1985). Frozen shrim ps, that were iced 
immediately after catch, showed m inim um  am ounts

of drip and weight losses, compared with those iced 
after 2 h and thereafter (Hebber 1979). Duration  
period of transportation of shrim ps held in  ice from 
landing or peeling centers to freezing factories, also 
influences the keeping quality of frozen shrim ps, 
as the temperature of the containers, m elting of 
ice and re-addition of ice during transportation  
directly affect the freshness of shrim ps (Pillai et al. 
1965). Further, filth, flies, ants, droppings of 
rodents, hair and other debris, associated  with  
frozen shrim ps during cold storage, also influence 
the final quality of the shrim ps m arketed (Govindan 
1966; 1970).

The quality of shrim ps is  a ssessed  in  term s 
of bacterial load, total volatile b a ses  (TVB), total 
volatile nitrogen (TVN), am m onia (NH), total volatile 
su b stan ces (TBR), trim ethylam ine (TMA), a-am ino  
acid nitrogen, water extractable nitrogen, volatile 
acid num ber (VAN), indole, hydrogen sulphide, 
hypoxanthine, orthophosphate, pH, weight, m oisture 
content and organoleptic scores (Chandrasekaran  
1985).
C o n c l u s i o n

Significant progress has been m ade over the 
y e a r s  in  d ev e lo p in g  su ita b le  m e th o d s  for 
preprocessing and freezing of shrim ps. However, in  
the present context of increased aw areness and 
demand for shrim ps in the developed and developing 
countries, the m ethods practised to m aintain  
freshness in the product in India are not adequate. 
Especially, in the wake of the need to m eet the 
more rigid and striingent concepts of hazard 
analysis critical control points (HACCP) and ISO 
9000, the standard the stipulated for seafood in 
the international market, it is  imperative to evolve 
and adopt efficient and fool-proof m ethods that can  
ensure freshness in the frozen shrim ps.
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E f f e c t  o f  D i v a l e n t  M e t a l  I o n s  a n d  T e m p e r a t u r e  o n  t h e  
P r o p e r t i e s  o f  P r o t e i n s  f r o m  P r a w n  ( M e t a p e n a e u s  d o b s o n i )

B .A .  S H A M A S U N D E R  A N D  V .  P R A K A S H *
Department of Protein Technology,

Central Food Technological Research Institute, M ysore-570 013 , India.
E ffec t o f  d iv a le n t  m e ta l  io n s , i.e ., c a lc iu m  a n d  m a g n e s iu m  c h lo r id e s  a t  1% level, a n d  e x p o s u re  a t  95°C  fo r d if fe re n t 

d u r a t io n s  o n  th e  p ro p e r t ie s  o f  p ro te in s  fro m  p ra w n  d u r in g  fro zen  s to ra g e , h a v e  b e e n  in v e s tig a te d . T h e  e x tra c ta b le  
n i tro g e n  d e c re a s e d  b y  3 3 %  in  m a g n e s iu m  c h lo r id e  t r e a te d  s a m p le  a t  th e  e n d  o f  150  d a y s  o f  s to ra g e . F lu o re s c e n c e  
e m iss io n  s p e c t r a  sh o w e d  a  b lu e  s h if t  b y  2  n m  in  c a lc iu m  c h lo r id e  t re a te d  s a m p le , th e re b y  re v e a lin g  a n  a g g re g a tio n  
p ro c e ss . S e d im e n ta t io n  v e lo c ity  p a t te r n  a n d  gel f il tra tio n  p ro file  a ls o  in d ic a te d  a g g re g a tio n  p ro c e s s .  V isc o s ity  a t  ze ro  
p ro te in  c o n c e n tra t io n  in d ic a te d  n o  m a jo r  c h a n g e  a s  a  r e s u l t  o f  s to ra g e . T h e rm a l d e n a tu r a t io n  p ro file  sh o w e d  6 6  ±  1°C 
tr a n s i t io n  t e m p e r a tu r e  o f  to ta l  p ro te in  fro m  n a tiv e  to  d e n a tu r e d  s ta te s ,  w ith  s to ra g e  a t  -1 8 ° C  fo r 6 0  d a y s . T h e  e ffec t 
o f  h e a t  for d iffe re n t p e r io d s  o n  th e  e x tra c te d  p ro te in s  in d ic a te d  c o m p le te  d is s o c ia t io n , a s  re v e a le d  b y  s e d im e n ta t io n  
ve loc ity  a n d  p o ly a c ry la m id e  gel e le c tro p h o re s is .
K ey w o rd s : P ra w n  p ro te in s ,  D iv a le n t m e ta l  io n s , P h y s ic o -c h e m ic a l p ro p e rtie s , In vitro h e a tin g .

In the food processing industry, divalent metal 
ions have played a major role, especially, in  
maintaining the texture of certain vegetables and 
fruits during processing (Meyer 1960). Similar 
treatments using divalent metal ions were attempted 
by a number of workers, to understand the storage 
stability of fish as well as the effect of these metal 
ions on the fish proteins (Snow 1950; Sikorski et 
al. 1976; Nakayama et al. 1986; Saeki et al. 1986; 
Yoshioka and Arai 1986; Shomer et al. 1987).

The stru ctu re  of protein  d ecid es m any  
properties, both in solution , and interaction  
behaviour with other m olecules (Tanford 1962). 
Changes such a s  pH, temperature, ionic strength, 
nature of buffer ions and protein concentration  
result in shifting equilibrium  from native to 
denatured states and vice versa  (Kauzmann 1959). 
Such an equilibrium process also gives information 
on the stability of protein over a range of 
temperature, both in native state as well as in 
partly dissociated and denatured sta tes due to 
ligand binding (Wyman 1964). Hence, monitoring 
of such  a process of denaturation, through  
temperature increm ents of protein solution, can  
give an insight into the m echanism  of interaction 
of protein with other constituents in solution. The 
effect of divalent m etal ions, in the form of calcium  
and m agnesium  chlorides independently, as a pre- 
freezing dip treatment of prawns, on the prawn 
proteins has been studied from the view point of 
drip loss, nitrogen extractability, and physico­
chemical properties during frozen storage.

* Corresponding Author

M a t e r i a l s  a n d  M e t h o d s
Treatment w ith  divalent m etal ions : Peeled and 

deveined prawns (M etapenaeus dobsoni) were dipped 
in 1% calcium  chloride (C aC l^ H .p ) solution for 
5 min. The volume of calcium  chloride solution w as 
twice the quantity of peeled and deveined prawn. 
The solution w as drained, excess fluid removed 
from the prawns by gentle squeezing, the prawns 
were packed in polyethylene bags, and frozen. In 
case of m agnesium  chloride (MgCl2.6H20 ), the 
concentration of the salt in dip solution, dip time 
and other conditions for treatm ent were the sam e 
as in calcium  chloride treatment.

As a control batch for all the above, peeled  
and deveined prawns were dipped in distilled water 
for 5 min, using 2:1 ratio of water to prawn. 
Further processing w as the sam e as described  
earlier (Sham asunder and Prakash 1994 b). The 
frequency of the withdrawal of frozen sam ples 
varied for different analyses, ranging from 0 to 150 
days with three sampling.

Thermal denaturation curves : The proteins 
from untreated and treated prawns were extracted 
in 0 .03  M phosphate buffer (pH 7.8) containing  
1 M sodium  chloride and the concentration of 
protein w as determ ined a s  described earlier 
(Sham asunder and Prakash 1994 b). A known 
protein  con cen tra tio n  o f th is  so lu t io n  w as  
equilibrated to 25°C in special therm al melting 
cuvettes and melting curve w as followed at 287  
nm  in the temperature range of 25-95°C  at 1°C 
interval, using Gilford Response II Spectrophotometer 
(Cleveland, Ohio). The curves were sm oothened  
using software supplied with instrum ent and melting
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Fig. 1 A . E ffec t o f  s to ra g e  p e rio d  o f  p ra w n s  fro zen  a n d  s to re d  
a t  -18°C  o n  th e  a m o u n t  o f  d r ip  c o llec ted  d u r in g  th e  
p ro c e ss  o f  th a w in g  a n d  e x p re s s e d  a s  p e rc e n ta g e  o f  d r ip  
lo ss  b a s e d  o n  fro zen  w e ig h t o f  p ra w n , a .  P ra w n s  d ip p e d  
in  1% C aC lj s o lu tio n  fo r 5  m in . b e fo re  freezin g , fro zen  
a n d  s to re d  a t  -18°C . b .  P ra w n s  d ip p e d  In  1% MgCl^ 
s o lu tio n  for 5  m in . b e fo re  freez in g , fro zen  a n d  s to re d  
a t  - 18°C.

B . E ffect o f  s to ra g e  p e rio d  o n  th e  n i tro g e n  so lu b ili ty  p rofile  
o f  p ra w n s  s to re d  a t  -18°C . a .  P ra w n s  d ip p e d  in  1% 
C aC lj s o lu tio n  fo r 5  m in . b e fo re  freez in g , fro zen  a n d  
s to re d  a t  -18°C . b . P ra w n s  d ip p e d  in  1% MgCl^ s o lu tio n  
for 5  m in . b e fo re  freez in g , f ro zen  a n d  s to re d  a t  -18°C .

temperature w as obtained. The other methodologies 
followed for parameters such  as gel filtration, 
fluorescence, nitrogen extractability and drip loss  
were as described elsewhere (Sham asunder and 
Prakash 1994 a, b, c, d).

R e s u l t s  a n d  D i s c u s s i o n
Drip loss : Per cent drip lo sses, a s  a function  

of storage period of prawns in  the presence of both 
calcium  and m agnesium  chlorides, are reported in 
Fig. 1A. It increased from an initial value of 10% 
to a value of 26% in calcium  chloride treated 
prawns during the frozen storage stu d ies (150 
days). However, in case of m agnesium  chloride 
treated prawns, the value w as higher throughout 
the storage period, as compared to calcium  chloride

F ig .2  E ffec t o f  s to ra g e  p e rio d  o f  f ro zen  p r a w n s  a t  -1 8 °C  o n  
th e  f lu o re s c e n c e  e m is s io n  s p e c t r a  in  th e  r a n g e  o f  3 0 0 -  
4 0 0  n m  o f  to ta l  p ro te in s  e x tra c te d  fro m  u n t r e a te d ,  C aC la 
t r e a te d  a n d  MgC 12 t r e a te d  p ra w n s .

A . C aC l2 tr e a te d  p r a w n s  a .  F r e s h  u n t r e a te d ;  b .  4 5  d a y s  
s to ra g e  a n d  c .  128  d a y s  s to ra g e

B . MgCl2 t r e a te d  p ra w n s  a .  F r e s h  u n t r e a te d  b .  5 0  d a y s  
s to ra g e  a n d  c .  135  d a y s  s to ra g e . In  o r d e r  to  c o m p a re  
th e  f lu o re sc e n c e  e m is s io n  s p e c t r a  (q u a lita tiv e ly ) th e  
o r d in a te s  a r e  s h if te d  s u c h  t h a t  th e re  is  n o  o v e rla p p in g  
o f  in d iv id u a l s p e c tru m . T h e  V  a x is  h e n c e  is  s h o w n  in  
a r b i t r a r y  u n i t s .
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treated prawns, and the drip loss w as 31% at 148 
days. The control sam ple showed a drip loss of 
18.5% during the sam e period (Sham asunder and 
Prakash 1994 c), thereby indicating that the loss  
is higher in presence of sa lts than in control. 
Calcium or m agnesium  sa lts are known to affect 
the solubility, association- dissociation phenom enon  
and can denature proteins in a few cases (Jencks 
1969; Von Hippel and Hamabata 1973). Hence, 
further investigations were carried out to see the  
effect of these sa lts on the physico-chem ical 
properties of prawn proteins.

Nitrogen solubility : Nitrogen solubility profile 
as a function of storage period is shown in Fig.IB. 
It decreased with increase in storage period in the  
presence of both calcium  and m agnesium  chlorides. 
Such trend w as also reported by Jencks (1969). 
The decrease in nitrogen solubility w as nearly two­
fold upto 150 storage days, as a result of aggregation 
of proteins, which is m ediated by salt linkage by 
calcium or m agnesium  ion (Jencks 1969). If such  
a process of aggregation sh ou ld  occur, the  
fluorescence changes should be seen  especially in 
the em ission maxima of these proteins.

Fig.3 E ffect o f  s to ra g e  p e rio d  a t  -18°C  o n  gel f i l tra tio n  profile  
in  S e p h a ro s e  4B  gel o f  th e  p ro te in s  e x tra c te d  fro m  p ra w n  
d ip p e d  in  1% C aC lj s o lu tio n  fo r 5  m in  b e fo re  freezin g . 
T h e  'X' a x is  r e p r e s e n ts  th e  ra tio  o f  e lu t io n  v o lu m e  (VJ 
o f e a c h  fra c tio n  o f  vo id  (V J o f  c o lu m n . T h e  a b s o rb a n c e  
o f  th e  f ra c tio n s  w e re  m o n ito re d  a t  2 7 5 n m  a . U n tre a te d  
fre sh  s a m p le  a t  0  d ay ; b . S a m p le  s to re d  fo r 4 5  d a y s  
a n d  c .  S a m p le  s to re d  fo r 1 3 5  d a y s .

F ig .4  E ffec t o f  s to ra g e  p e rio d  a t  -18°C  o n  ge l f i l tra tio n  profile  
in  S e p h a ro s e  4 B  ge l o f  th e  p ro te in s  e x tra c te d  fro m  p ra w n  
d ip p e d  in  1% MgCl^ s o lu t io n  fo r 5  m in  b e fo re  freezing . 
T h e  n o ta t io n s  fo r  a x e s  a r e  a s  in  F ig u re  3. a .  U n tre a te d  
f re sh  s a m p le  a t  0  d a y ; b .  S a m p le  s to re d  fo r 5 5  d a y s  
a n d  c .  S a m p le  s to re d  fo r 1 4 5  d a y s .

Fluorescence spectra: Representative fluorescence 
em ission spectra of fresh, treated with calcium  
chloride at 1% level and stored at -18°C are shown  
in Fig. 2A. The fluorescence em ission m axim um  of 
the fresh untreated sam ple, w as 335  nm  (Fig. 2A). 
In the presence of calcium  chloride after 45 days 
of storage.the em ission m axim um  w as blue shifted 
to 333 nm, while it w as at 330  nm  at 128 days 
of storage, indicating that the tryptophanyl residues 
in the protein are now in a more non-polar 
environment or in a lower dielectric constant 
m edium , as compared to control protein. This can  
happen only, if there is an aggregation of protein, 
wherein the exposed residues of tryptophan are 
entrapped in the associated m olecule resulting in 
su ch  ch an ges (Chebbrert et al. 1991). The 
fluorescence em ission m axim a of proteins, extracted 
from m agnesium  chloride treated prawns, suggest 
that the process of aggregation h as not occurred, 
since the spectrum  w as identical with that of the 
untreated sam ple, even after 135 days of storage 
(Fig. 2 Be).



4 5 6

a b

Fig. 5. E ffect o f  s to ra g e  p e rio d  o n  r e p re s e n ta t iv e  s e d im e n ta t io n  
v e lo c ity  p a t te r n  o f  C aC l2 a n d  M gC la t r e a te d  p ra w n  to ta l 
p ro te in s  e x tra c te d  in  p h o s p h a te  b u ffe r  (0 .03M , pH  7 .8) 
c o n ta in in g  1M N aC l. T h e  s e d im e n ta t io n  p ro c e e d s  fro m  
left to  r ig h t. T h e  p h o to g ra p h s  w e re  ta k e n  6 0  m in . a f te r  
r e a c h in g  tw o th i r d s  m a x im u m  s p e e d  a t  a  b a r  a n g le  o f  
55°. a .  F re s h  u n t r e a te d  p ra w n , b .  F r e s h  p ra w n s  d ip p e d  
in  1% C aC lj s o lu tio n  fo r 5  m in  b e fo re  freez in g  a n d  s to re d  
a t  -18°C  for 6 5  d a y s  a n d  c .  F re s h  p ra w n s  d ip p e d  in  
1% MgCl2 s o lu tio n  fo r 5  m in  b e fo re  fre ez in g  a n d  s to re d  
a t  -18°C  fo r 6 5  d a y s .

Gel filtration : The gel filtration patterns of 
proteins extracted from both calcium and magnesium  
chloride treated prawns, a s  a function of storage 
period, are shown in Fig.3 and 4. It is  evident that 
both calcium and m agnesium  chlorides bring about 
changes in the association-dissociation of the protein. 
The peak eluting at Ve/V 0 of 2 .70  at 128 days of 
storage in the calcium  chloride treated sample, 
w hereas there w as a broad peak  of lower 
concentration in the m agnesium  chloride treated 
sample, as compared to untreated sam ple at the 
same period. This is in agreement with the results 
observed from fluorescence experiments. In calcium  
chloride treated sam ple, the peaks eluting at a
V ./V0 of 1.12 has increased in area, thereby 
suggesting that protein in prawn is  now aggregated 
in the presence of calcium  chloride during frozen 
storage. Even though there is a marginal increase 
in the area under the peak eluting at a V ./V 0 of
1.12 in case of m agnesium  chloride treated sample, 
the difference is not significant enough to draw any 
major conclusion.

Sedim entation velocity : Data on sedim entation  
velocity pattern of total proteins, extracted from 
prawns treated with calcium  and m agnesium  
chlorides at 65 days of frozen storage, are shown  
in Fig.5. Magnesium chloride treated sample showed 
9S and 6S com ponents. However, the pattern w as 
dominated by 6S com ponent, with m inim um  of 
oligomers of S values greater than 14S. In case  
of calcium chloride treated sam ple, it is  possible 
that the aggregated proteins are not soluble, as a 
result of w hich only the 6S  com ponent is  
predominantly present in the system . Protein 
m olecules in prawn, which associate especially with 
actin and myosin, can orient them selves into linear 
polymers, resulting in lower sedimentation coefficient

values (King 1966). Such an aggregation process 
is dominated by frictional coefficient rather than  
the size of the m olecule (Schachm an 1957).

Viscosity : The effect of calcium  and m agnesium  
chlorides on the viscosity profile of prawn protein 
is show n in Fig. 6A and B. During the period of 
storage, the viscosity value increased at the sam e 
concentration of protein over a period of 135 days, 
as shown by the increasing slope of the line both 
in calcium and m agnesium  chloride treated sam ples. 
The value, extrapolated to zero protein concentration  
indicates that there is  no gross change in shape  
factor of protein after treatm ent with these two sa lts  
and storage. However, because of the com plexity  
and nature of total proteins, it is  difficult to 
interpret such  results in heterogeneous proteins 
and caution has to be exercised in  interpreting 
such  results.

Thermal denaturation : Effect of temperature 
from 25° to 85°C on the absorbance at 287 ran 
of proteins from untreated prawns at four different 
concentrations is show n in Fig.7. This profile 
indicated two important results. The extent of 
denaturation, as show n by the plateau region, 
increased with increase in protein concentration, 
while the transition temperature (mid point of 
transition) did not vary with increase in protein 
concentration. The transition  tem perature of

F ig .6 . E ffec t o f  s to ra g e  p e rio d  o n  th e  a p p a r e n t  r e d u c e d  
v isc o s ity  o f  th e  p ro te in s  e x tra c te d  fro m  p r a w n s  d ip p e d  
in  1% M gCla o r  1% C aC l^ s o lu t io n  fo r 5  m in . b e fo re  
freez in g  a n d  s to re d  a t  -18°C  fo r d if fe re n t  p e r io d s  o f  tim e . 
A. M gClj d ip p e d  p ra w n s , a .  F r e s h  u n t r e a te d  b . 4 5  d a y s  
s to ra g e  a n d  c .  135  d a y s  s to ra g e .

B . CaCL, d ip p e d  p ra w n s  a . F r e s h  u n t r e a t e d  b .  4 5  d a y s  
s to ra g e  a n d  c .  1 3 5  d a y s  s to ra g e .
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Fig.7 . EiTcct o f  t e m p e r a tu r e  o n  th e  p ro te in s  e x tra c te d  from  
u n t r e a te d  p ra w n s  a s  a  fu n c tio n  o f  p ro te in  c o n c e n tra t io n . 
T h e  r ise  in  t e m p e r a tu r e  w a s  fro m  2 5 -9 0 °C  a t  1°C 
in c re m e n t o v e r  a  p e rio d  o f  4 8  m in . T h e  c o n c e n tra t io n  
o f  th e  p ro te in  s o lu tio n  w a s  a .  0 .3 5  m g /m l.  b . 0 .5 8  m g /  
1. c . 0 .7 8  m g /1  a n d  d .  1 .0 0  m g /m l.

untreated protein from native to denatured state, 
as measured at 287 nm  as a function of temperature, 
was 66°±1°C (Fig.8). With storage at -18°C for 60  
days, the transition temperature of untreated protein 
decreased to 57°C. These results confirm that the 
proteins are susceptible to thermal dénaturation  
during storage at -18°C, due to the changes in 
conformation and dissociation (Sham asunder and

Fig.8 . E ffect o f  t e m p e r a tu r e  o n  th e  p ro te in s  e x tra c te d  fro m  
u n t r e a te d  p ra w n  s to re d  fo r d if fe re n t p e r io d s  a t  -18°C . 
T h e  r ise  in  te m p e r a tu r e  w a s  fro m  2 5 -9 5 °C  a t  1°C 
In c re m e n t o v e r a  p e rio d  o f  4 8  m in . a .  6 0  d a y s ; b . 130  
d a y s  a n d  c .  170  d a y s .

Prakash 1994d).
Blanching o f  extracted, total proteins : The in 

vitro studies on blanching of extracted total proteins 
from prawn were investigated to understand the 
m echanism  of the heat denaturation of prawn of 
proteins. The various physico-chem ical properties 
of heated proteins were evaluated by sedim entation  
velocity and polyacrylamide gel electrophoresis 
(PAGE) experiments. Effect of blanching for 15, 30  
60 and 180 sec on the extracted total proteins from

À  b

Fig.9A . E ffec t o f  h e a t in g  fo r d if fe re n t p e r io d s  o f  t im e  o n  th e  
s e d im e n ta t io n  v e lo c ity  p a t t e r n  o f  to ta l  p ro te in s  e x tra c te d  
from  u n t r e a te d  p ra w n s . T h e  p ro te in  s o lu tio n  w a s  d ia ly se d  
v e rs u s  p h o s p h a te  b u f fe r  (0 .03M , pH  7 .8 ) a n d  u s e d  for 
s e d im e n ta t io n  v e lo c ity  e x p e r im e n t a f te r  h e a t in g  for 
d iffe re n t p e r io d s  o f  t im e  a t  95 °C . T h e  s e d im e n ta t io n  
p ro c e e d s  fro m  le ft to  r ig h t. T h e  p h o to g r a p h s  w e re  ta k e n  
6 0  m in  a f te r  r e a c h in g  tw o  th i r d  m a x im u m  s p e e d  a t  a  
b a r  a n g le  o f  55°. a . F r e s h  u n t r e a te d  (u n b la n c h e d -  
R c p ro d u c e d  fro m  S h a m a s u n d e r  a n d  P r a k a s h  1993b). 
P ro te in  s o lu tio n  w a s  h e a te d  a t  95°C  fo r b .  15 sec; 
c .  3 0  sec ; d . 6 0  sec  a n d  e .  180  sec .

D. E ffec t o f  h e a t in g  for d if fe re n t  p e r io d s  o f  tim e  o n  th e  
p o ly a c ry la m id e  gel e le c tro p h o re s is  p a t te r n  o f th e  to ta l 
p r o t e in s  e x t r a c t e d  f ro m  u n t r e a t e d  p r a w n s .  T h e  
c o n c e n tra t io n  o f th e  p ro te in  lo a d e d  w a s  5 0  m ic ro g ra m s , 
a . U n tre a te d ; b . 3 0  sec ; c .  6 0  se c  a n d  d . 120  sec .
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prawn on sedim entation velocity is  depicted in  
Fig. 9A. These results showed that the process of 
blanching induced dissociation in total proteins 
with concomitant decrease in high m olecular weight 
sedimenting com ponents, such  as 20S, 14S and 
11S.

The PAGE pattern of proteins extracted from 
prawns and heated to 90°C for 30 , 60  and 120 
sec is shown in Fig. 9B. The pattern showed a fast 
moving com ponent at all the three blanching  
periods as well as with constant loss of slow moving 
com ponents compared to untreated sam ple. Such  
dissociation of protein com ponents might involve 
disrupting the hydrophobic interaction between the 
aromatic amino acid residues (Jencks 1969).

These results suggest that the process of 
heating does favour dissociation of proteins as seen  
in sedim entation velocity experiments, gel filtration 
profile and PAGE pattern. However, the process of 
aggregation leads to precipitation of proteins, as a 
result of heating to different periods, and such  a 
process of aggregation can  be m ediated by  
hydrophobic interaction, which is entropically driven 
(Jencks 1969; Prakash and Nandi 1977; Prakash
1982). These results support the fact that the 
divalent metal ions, calcium  and m agnesium , at the 
same concentration, bring about different extents 
of association-dissociation in prawn proteins and 
is a salt-dependent phenom enon. The in vitro study  
of temperature effect suggests that the proteins 
aggregate at elevated temperature by entropically 
driven hydrophobic interaction, as show n by 
fluorescence stu d ies and resu lts  in polymer 
formation, as shown by sedim entation velocity 
experiments, ultimately leading to precipitation of 
proteins.
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P r o p e r t i e s  o f  t h e  P r o t e i n s  f r o m  D r i p  o f  F r o z e n  
P r a w n  ( M e t a p e n a e u s  d o b s o n i )

B .A .  S  H A M A S  U N D E R  A N D  V .  P R A K A S H *
Department of Protein Technology.

Central Food Technological Research Institute. M ysore-570 0 13 , India.
N a tu re  o f  p ro te in s  in  d r ip  e x u d a te  fro m  fro zen  p r a w n s  h a s  b e e n  in v e s tig a te d . T h e  to ta l  s o l id s  a n d  p r o te in s  in  

th e  d r ip  w e re  4 .2 5 ± 0 .2 0 %  a n d  4 .8 ± 0 .2 5 % , re sp ec tiv e ly . T h e  u ltra v io le t  a b s o rp t io n  s p e c t r a  d id  n o t  s h o w  a  d e fin e d  
m a x im u m . T h e  f lu o re s c e n c e  e x c ita t io n  m a x im u m  a n d  th e  e m is s io n  m a x im u m  w e re  a t  2 8 2  a n d  3 3 4  n m , re sp ec tiv e ly , 
w h ic h  c o u ld  b e  a t t r ib u t e d  to t r y p to p h a n  re s id u e s .  A m ino  a c id  c o m p o s itio n  o f  d r ip  in d ic a te d  t h a t  i t  is  r ic h  in  ly s in e , 
a s p a r t ic  a c id , g ly c in e , v a lin e  a n d  a ro m a tic  a m in o  a c id s .  S e d im e n ta t io n  v e lo c ity  p a t t e r n  sh o w e d  a  s in g le  b ro a d  p e a k  
w ith  S M,w  v a lu e  o f  2 .5  ±  0 .2 S , s u g g e s t in g  th e  p re s e n c e  o f  p re d o m in a n tly  low  m o le c u la r  w e ig h t p ro te in s .  G e l f i l tra tio n  
p ro file  sh o w e d  a  m a jo r  p e a k  e lu t in g  n e a r  th e  to ta l  v o lu m e  o f  th e  c o lu m n . S e v e ra l p ro te in s  in  th e  d r ip  h a d  a  m o le c u la r  
w e ig h t r a n g e  o f  1 1 ,0 0 0  to  2 4 ,0 0 0 , a s  s e e n  b y  S D S  - p o ly a c ry la m id e  gel e le c tro p h o re s is .  T h e  p ro te in s  o f  th e  d r ip  sh o w e d  
a g g re g a tio n  w ith  in c re a s e  in  f ro zen  s to ra g e  p e rio d  o f  p ra w n s  a t  -18°C .
K e y w o rd s  : D rip , P ra w n  p ro te in s ,  P h y s ic o -c h e m ic a l p ro p e rt ie s ,  A g g reg a tio n , F ro z e n  s to ra g e  o f  p ra w n s .

Process of freezing brings about crystallization  
of the free water present in m uscle (Bose 1969), 
and the distribution of these ice crystals depends 
upon the nature and conditions of the m uscle as  
well as the rate of freezing (Love 1960; Bose 1969). 
The freezing of water can bring about changes in  
an ordered water structure around the protein 
molecule (Kauzmann 1959). The process of water 
released from intracellular matrix during the process 
of thawing generates loss of fluids from the m uscle, 
which is predominantly seen  in large, if the method  
of freezing is not rapid and efficient (Love 1960). 
Such fluid is normally referred as ’drip’, while the 
loss of fluid is generally termed in literature and 
in prawn industry as 'drip loss'.

The drip loss in prawns is  a serious problem  
and accounts for 20-30%  of fluid loss during the  
process of freezing, storage at frozen temperature 
and subsequent thawing before use (Godavaribai 
et al. 1987). The nature of drip is  reported to be 
flavouring com ponents; nitrogenous m aterials like 
small peptides and free amino acids; proteins and 
nutrients such  as vitamins; and som e soluble  
carbohydrates (Bose 1969; Godavaribai et al. 1987). 
However, no detailed study is  available on the 
constituents of drip, especially, the proteins that 
are present in it.

Hence, a detailed study w as undertaken to 
understand the nature of proteins, their physico­
chem ical p rop erties su c h  a s  sed im en ta tio n  
behaviour, fluorescence em ission spectra, molecular 
weight, number of protein com ponents present in

* Corresponding Author

drip collected from prawn m uscle, a s  a result of 
varying periods of storage at -18°C. The results of 
th is investigation will have a bearing on the 
qualitative and quantitative lo sses of proteins of 
drip from frozen prawns. The data m ay help to 
develop a rationale to prevent drip loss.
M a t e r i a l s  a n d  M e t h o d s

The m ethodologies followed for procurement, 
processing and storage of prawns are a s  described  
elsewhere (Sham asunder and Prakash 1994b).

Amino acid an a lysis : It w as determined in LKB 
amino acid analyzer (Model 9-151 Alpha Plus, 
Upssala, Sweden), equipped with a programmer 
and integrator. The drip w as diluted with distilled  
water (1:1), lyophilized and used for am ino acid 
analysis. The sam ple preparation for amino acid 
analysis w as according to Moore and Stein (1963). 
The amino acid com position w as calculated from 
the readings of standards obtained from the 
integrator and expressed as percentage. Tryptophan 
in the protein extract w as estim ated by N- 
bromosuccinimide m ethod (Spande and Witkop
1967).

Total hydrophobietty : It w as calculated from 
the amino acid com position of the drip. The values  
of frequency of non-polar side chains (NPS), the 
ratio of the volum e occupied by polar residues to 
that occupied by non-polar residues (P), and 
average hydrophobicity (HQ) were based on Tanford’s 
free energies of transfer of am ino acid side chain  
from  an  organ ic  en v iro n m en t to  a q u eo u s  
environment, from the literature (Bigelow 1967).

The other m ethodologies, like fluorescence
459
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emission spectra, sedimentation velocity, gel filtration 
and polyaciylamide gel electrophoresis are as  
described elsewhere (Sham asunder and Prakash 
1994 a, b, c, d).
R e s u l t s  a n d  D i s c u s s i o n

Composition : The total solids in the drip were
4.25 ± 0.20% and the pH w as 7 .0  ± 0.1. The 
nitrogen content of drip w as 0 .7 6  g /1 0 0  g drip. 
Non-protein nitrogen constituted nearly 30% of the 
total nitrogen. The protein content of the drip w as 
nearly 4.8 ± 0.25%.

Fluorescence spectra  : Fluorescence excitation  
and em ission spectra of drip showed that the 
fluorescence excitation m axim um  is  at 282 nm  
(Fig.la) and the em ission m axim um  at 334  nm  
(Fig. lb). These results indicate that the drip 
proteins/peptides are rich in aromatic amino acids, 
especially tryptophanyl residues, and partly exposed 
to bulk solvent (Shifrin et al. 1971; Teale 1960).

Amino acid composition : The amino acid 
composition of drip is  show n in Table 1. The drip 
was rich in lysine, aspartic acid, glycine, valine and 
aromatic amino acids. From the amino acid 
composition, the hydrophobicity, NPS and P value 
were calculated. The average hydrophobicity of the 
drip proteins w as 1108 ± 9 0  ca l/resid u e. The 
frequency of non-polar side chain (NPS) and ratio 
of volume occupied by polar residues to that of non­
polar residues (P) were 0 .3110.05  and 1.04±0.08, 
respectively. The higher P value indicates more of 
polar amino residues (Bigelow 1967).

Sedimentation velocity : The sedim entation  
velocity pattern of drip (Fig.2) showed a single 
broad peak with S20,w value of 2.5+0.2, indicating 
the presence of a group of low m olecular weight 
proteins. The origin of these proteins could be

Fig. 1. F lu o re sc e n c e  e x c ita tio n  a n d  e m is s io n  s p e c t r a  o f  th e  d rip . 
T h e  c o n c e n tra t io n  o f th e  p ro te in  w a s  0 .1 0  y n g /m l. a .  
F lu o re sc e n c e  e x c ita tio n  s p e c t r u m  o f  d r ip  w a s  o b ta in e d  
b y  fix ing  th e  e m iss io n  m a x im u m  a t  3 3 4  n m . b . 
F lu o re s c e n c e  e m is s io n  s p e c t r u m  o f  th e  d r ip  fix ing th e  
e x c ita t io n  a t  2 8 2  n m . T h e  f lu o re s c e n c e  u n i t s  a r e  
e x p re s s e d  in  a r b i t r a r y  u n i t s .

Ci

F ig .2 . S e d im e n ta t io n  v e lo c ity  o f  d r ip  f ro m  f re s h  fro zen  p ra w n  
s to re d  for 15 d a y s  a t  -18°C . T h e  p ro te in  c o n c e n tra t io n  
w a s  lO m g /m l. S e d im e n ta t io n  v e lo c ity  p ro c e e d s  fro m  left 
to  r ig h t.  T h e  p h o to g ra p h  w a s  ta k e n  7 0  m in  a f te r  
r e a c h in g  tw o  th ird  m a x im u m  s p e e d  a t  a  b a r  a n g le  o f  
60°.

either from the dissociated proteins of prawn 
m uscle or the low m olecular weight group of 
proteins present in the prawn itself, which get 
solubilized and leached during the process of 
freezing, storage and thawing.

Gel filtration : The gel filtration profile of the

TABLE. 1. AM INO A C ID  C O M P O S IT IO N  O F  D R IP  F R O M
UNTREATED FR O ZEN PRAWN

A m ino  ac id g / 1 0 0  g  p ro te in *
L ysine 7 .4 2
H is tid in e 1 .8 8
A rg in in e 9 .6 6
A sp a rtic  a c id 1 1 .0 3
T h re o n in e 4 .5 8
S e r in e 4 .0 8
G lu ta m ic  a c id 1 2 .6 5
P ro lin e 7 .8 7
G ly cine 7 .7 2
A la n in e 5 .4 0
V a lin e 4 .9 5
M eth io n in e 1 .93
Iso lc u c in e 3 .9 1
L eu c in e 6 .7 5
T y ro s in e 3 .0 3
P h e n y la la n in e 6 .0 1
T ry p to p h a n “ 0 .4 7

* T ry p to p h a n  w a s  e s t im a te d  b y th e  m e th o d  o f  S p a n d e  a n d
W itk o p  (1967 ). * M ean  o f  th re e e s t im a t io n s .
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Fig.3A . G el f i l tra tio n  p a t t e r n  o f  d r ip  fro m  f re s h  p ra w n  s to re d  

fo r 15 d a y s  a t  -18°C , o n  S e p h a ro s e  4B  gel. T h e  d r ip  
o b ta in e d  fro m  th a w e d  fro zen  p ra w n  Is d ire c tly  lo a d ed  
o n to  th e  c o lu m n . T h e  p ro te in  c o n c e n tra t io n  w a s  3 0  m g. 
X  a x is  r e p r e s e n ts  th e  ra t io  e lu t io n  v o lu m e  (VJ to  void  
v o lu m e  (V J o f  th e  c o lu m n . T h e  a b s o r p t io n  o f  e a c h  
f ra c tio n  w a s  m o n ito re d  a t  2 7 5  n m . (Inse t) PA GE p a t te r n  
o f  th e  ab o v e  po o led  f ra c t io n  (a) a n d  (b).

drip on Sepharose-4B gel showed a major peak  
eluting at Ve/V 0 of 2 .8  and a minor peak eluting  
at Ve/V 0 of 2 .45 , a s  show n in Fig. 3A. The 
proteinaceous nature of the drip, w hich accounts 
for 70% of the nitrogenous material, w as confirmed 
by trichloroacetic acid precipitation of the drip. 
Dialysis of drip exhaustively versus phosphate  
buffer (0.03 M, pH 7.8) containing 1M sodium  
chloride and subsequent loading of drip on the 
Sepharose 4B gel colum n showed a single major 
protein fraction eluting at Ve/V 0 of 2 .40  (Fig.3B), 
indicating that the fraction eluting at Ve/V 0 of 2 .80  
(Fig.3A) w as m ostly free amino acids and sm all 
peptides, which get removed during dialysis. This 
w as further confirmed by the analysis of pooled 
fractions a and b (Fig. 3A, inset) by polyacrylamide 
gel electrophoresis (PAGE). The fraction eluting at 
Ve/V 0 of 2 .8  did not take up the protein stain in 
PAGE pattern (Fig.3A, inset b).

Electrophoresis : The PAGE, sodium  dodecyl 
sulphate - PAGE (SDS-PAGE) patterns of the drip 
are presented in Fig.4. The PAGE pattern (Fig.4a) 
showed two bands, while the SDS-PAGE showed  
four bands (Fig.4b) with m olecular w eights in the 
range of 11,000 to 24 ,400 , indicating that the drip

F ig .3B . G el f iltra tio n  p a t te r n  o f  d ia ly se d  d r ip  fro m  f re sh  u n t r e a te d  
p ra w n  s to re d  fo r 15 d a y s  a t  -1 8 °C , o n  S e p h a ro s e  4B  
gel, th e  d r ip  o b ta in e d  fro m  th a w e d  fro zen  p ra w n  w a s  
d ia ly se d  v e r s u s  E B  fo r 2 0  h r  a t  4°C  th e n  lo a d e d  to  th e  
a b o v e  c o lu m n . T h e  p ro te in  c o n c e n t r a t io n  w a s  2 5  m g.

consisted m ostly low m olecular weight proteins.

y s s .

1

a sinn
a b

F ig .4 . L ine  d ra w in g s  o f  PA G E p a t t e r n  o f  d r ip  fro m  f re sh  
u n t r e a te d  p ra w n s  s to re d  fo r 15  d a y s  a t  -18°C . a .  U n d e r  
n a tiv e  c o n d it io n s  in  p h o s p h a te  b u f fe r  0 .0 3  M, pH  7 .8  
c o n ta in in g  0 .1 %  2 -m e rc a p to e th a n o l.  5 0  m ic ro g ra m  o f  
p ro te in  w a s  lo a d e d  o n to  th e  gel. b .  S o d iu m  dod ecy l 
s u lp h a te -P A G E  o f  th e  d r ip  e q u il ib ra te d  to  a  fina l 
c o n c e n tra t io n  o f  0 .1 %  S D S  a n d  0 .1 %  2 -m e rc a p to e th a n o l.  
5 0  m ic ro g ra m  o f  p ro te in  w a s  lo a d ed  o n to  th e  gel.
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Fig.5. PAGE p a t te r n  o f  p ro te in s  o f  d r ip  o b ta in e d  fro m  f re sh  
p ra w n  s to re d  a t  -18°C  fo r d iffe re n t p e rio d s  o f  s to ra g e  
in  p h o s p h a te  b u ffe r  (0 .03M , pH  7 .8 ). T h e  p ro te in  
c o n c e n tra t io n  lo a d e d  in c a c h  gel is  4 5  m ic ro g ra m s , a .  
0  d a y  s to re d , b .  4 0  d a y s  s to re d , c .  160  d a y s  s to re d , 
d . 2 0 8  d a y s  s to re d  a n d  e .  2 6 0  d a y s  s to re d .

The PAGE pattern of drip, collected from prawn 
stored at -18°C for different periods of time, are 
shown in Fig. 5. There appeared to be an increase 
in the num ber of com ponents, especially the slow  
moving com ponents, with progressive storage at 
- 18°C. At 208 day of storage, two fast moving bands 
along with two slow moving bands were observed 
(Fig. 4). Such aggregation processes are also reported 
in fish m uscle (Connell 1959; Lowey and Holtzer 
1959; King 1966; B uttkus 1970). These results 
indicate that the dissociated proteins that are 
leached out from frozen prawns are low molecular 
weight proteins, in addition to the leaching of som e 
of the associated proteins at longer periods of 
storage at -18°C (Shamasunder and Prakash 1994 a, 
b, c, d).

The analysis of drip suggests that it is made 
up of 70% proteinaceous nitrogen. The drip showed 
fluorescence excitation maximum at 282 nm  and 
emission maximum at 334 nm, suggesting a higher 
proportion of tiyptophanyl residues. The drip w as 
found to be rich in aromatic amino acid residues 
as well as in arginine and lysine (Table 1). The 
various hydrophobicity parameters calculated from 
amino acid com position suggests that drip w as 
highly hydrophobic. The free amino acids, peptides

and other non-protein  n itrogen ou s m aterials  
constituted nearly 30% of nitrogen in drip, as has 
been seen before and after dialysis as well as in 
trichloroacetic acid precipitate of undialyzed sample, 
as compared to dialyzed sam ple. The drip con sists  
of a group of low m olecular weight proteins as  
evidenced from sedim entation velocity experim ents 
having S20,w value of 2 .5±0.2.

These results reveal that the drip is  com posed  
of low m olecular weight proteins, which undergo 
changes, a s  a result of frozen storage and can  
possibly be used  as an index for the storage 
behaviour of frozen prawns as well a s  to monitor 
deteriorative changes that take place during frozen 
storage.
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T h e rm a l r e s is ta n c e  (D V alue), s te r i l iz a t io n  v a lu e s  (F J  a n d  p ro c e s s  tim e  (Pt) h a v e  b e e n  d e te rm in e d  u s in g  Clostridium 

sporogenes fo r 4  ty p e s  o f  b e a n s ,  3  ty p e s  o f  g o u rd s ,  c u r r ie d  pathra  a n d  s tu f fe d  b r in ja l  in  oil. F0 v a lu e s  v e ry  n e a r  
to  o r  c o rre s p o n d in g  to  5  D, w h e re in  D  h a d  b e e n  d e te rm in e d  u s in g  *103 a n d  n o t  *10* s p o re s ,  r e n d e re d  th e  c a n n e d  
p ro d u c t  m ic ro b io lo g ica lly  sa fe . P t v a lu e s  c a lc u la te d  u s in g  D v a lu e s ,  fo u n d  b y  th e  m o d ified  f ra c t io n  n e g a tiv e  m e th o d , 
w ere  s ig n if ic a n tly  h ig h  (P<0.05), a s  c o m p a re d  to  th o s e  w ith o u t  m o d ific a tio n , b u t  n o t  F0 in  c a n n e d  v e g e ta b le s  in  b r in e . 
In  c u rr ie d  v e g e ta b le s , F 0 a s  w ell a s  P t v a lu e s  w e re  h ig h  (P<0.01). F o r  c a n n e d  v e g e ta b le s , in  w h ic h  h e a t  t r a n s f e r  w a s  
b y  c o n v e c tio n , a n d  in  c u rr ie d  v e g e ta b le s , in  w h ic h  h e a t  t r a n s f e r  w a s  b y  c o n d u c tio n , p ro c e s s  tim e  c a lc u la te d  b y  B a ll 's  
fo rm u la  m e th o d , u s in g  rev ised  fh /U :g  v a lu e s , w e re  s im ila r  to  th o s e  fo u n d  b y  im p ro v ed  g ra p h ic a l  m e th o d .
K e y w o rd s  : T h e rm a l p ro c e ss in g , Clostridium sporogenes, C a n n in g , L ow -acid  foods, C o m m e rc ia l s te r i l iz a t io n , B e a n s , 

G o u rd s , C u r r ie d  v e g e ta b le s .

Thermal process requirem ents for canned  
drumstick, okra, elephant yam , potato and orange 
segm ents have been discussed  earlier (Saikia and 
Ranganna 1992). Som e stu d ies  on acidified  
vegetables and fruits (Nath and Ranganna 1979; 
Azizi and Ranganna 1993), and also on tom atoes 
(Mudhar et al. 1986) have been made. Similar 
studies carried out with four types of beans, three 
types of gourds and two types of curried vegetables, 
which are canned in India to m eet the local and 
export requirements, are reported in the present 
paper.
M a t e r i a l s  a n d  M e t h o d s

Preparation o f vegetables : Fresh vegetables 
were purchased from market at Bulsar. Field bean  
(Dolichos lablab) and green pigeon pea (Cajanus 
cajarO, also called redgram or congo pea, were 
shelled. Broad bean (Vicia faba)  and cluster bean  
(Cyam opsis tetragonoloba) were trimmed. Bitter 
gourd (Momordica charantia, Linn) (Indian name: 
karela) w as cut into 1.0 cm  thick pieces, after 
trimming the ends. The two ends of ivy gourd 
(Coccinia cordifolia) (Indian names: kundri, tindora) 
and pointed gourd (Trichosanthes dioica) (Indian 
names: p a rva l parwar) were trimmed. The prepared 
materials were blanched for 3 m in in boiling water 
and used for canning.

Determination of thermal resistance (D) and °C 
required for the thermal resistance curve to traverse 
one log cycle (z-value). conversion of D-value
* Corresponding Author. Present Address : ‘Department o j  

Horticulture, Assam Agricultural University, Jorhat-785 013;
163, Ananthashram Road, Jayalakshmipuram, Mysore-570 012,
India.

corresponding to experimental z-value in term s of 
another or classical z-value of 10°C, m easurem ent 
of heat penetration into the canned products; 
process time (Pt) calculation, and inoculated pack  
studies were carried out as described earlier (Saikia 
and Ranganna 1992). The pH of the canned  
p rod u cts w as d eterm in ed  u s in g  T osh n iw al- 
Polym etron pH m eter  and  g la s s  electrod e, 
standardized using pH 4 .0  buffer and counter- 
checked with pH 7.0  buffer.

To prepare stuffed brinjal (Solarium melortgenaj, 
salt (2.2%), turmeric powder (0.2%), spice mixture 
(1.6%), potato (6.5%), coriander powder (1.5%), 
chilli powder (7.5%) and gram flour (6.5%) were 
added to heated refined oil (10%), mixed, cooked 
to a paste consistency, and cooled. After removal 
of stem  and calyx, sm all round-shaped brinjals 
(65.0%) were partially slit, and blanched for 3 min. 
Curry w as stuffed between the slits. The stuffed 
brinjal (420 g) w as filled into Al Tall (78 x  119 mm) 
cans, covered with 45 ml of oil, exhausted, sealed 
and processed. To prepare pathra, curry paste, 
prepared using powdered jaggery (7.0%), lentil flour 
(30.0%), green chilli (3.0%), salt (1.6%), spice 
mixture (0.4%) and water (27.0%), w as mixed with 
heated oil (1.0%). The paste w as sm eared on the 
dorsal side of colocasia leaves (30.0%). The smeared  
leaves were layered, rolled to m ake a bundle (75 
mm in diam), steam ed, stuffed into 78 x  119 mm  
cans (450 g /can ), exhausted, sealed and processed.

Stuffed brinjal w as blended with 3 parts, and 
canned pathra  with 4  parts of sterile water, for 
preparing spore s u s p e n s io n s  o f C lostridium  
sp o ro g en es  (P A -3679, ATCC 7955) and for 
determination of thermal resistance, as described
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earlier (Saikia and Ranganna 1992). Preliminary 
heat penetration stu d ies on  can n ed  curried  
vegetables indicated that the heat transfer w as by 
conduction, and the geometric center w as the cold 
point. Hence, therm ocouples were positioned at the  
geometric centre, in the subsequent heat penetration 
studies. Process calculations were made by the 
graphical method, and by Ball's formula method  
and its modifications, as in canned vegetables in 
brine (Saikia and Ranganna 1992).

Values of g for dilferent values of fh /U  were 
obtained by five procedures. Procedure I used  an  
algorithm developed by Vinters et al (1975) for the 
calculation, while procedure II depends upon  
modification of the algorithm of Vinters et al (1975) 
by Steele et al (1979) for z of 10°C, to account 
for the errors in original fh/U :g table of Ball and 
Olson (1957). Procedure III used algorithm of Kao 
et al (1981) for the calculation, so as to account 
for varying jc and z, while procedure IV is sam e 
as procedure HI, except that fh and fc were 
obtained from linear fit curves. The procedure V 
is also sam e as procedure III, but z of 10°C is used  
in place of experimental z. Procedures III, IV and 
V are similar to procedures A, B and C as described 
in the previous paper (Ranganna and Saikia 1992).

Statistical m ethods, followed for determining 
arithmetic m ean (x), standard deviation (a), coefficient 
of variability (cv). and paired t-test to compare the 
different m ethods of process calculation were those  
described by Ranganna (1986). Pt. found by improved

graphical method (IGM), w as used  as the baseline  
for comparing different formula m ethods by paired 
t-test. The m ean (x) between the two m ethods was 
calculated using the formula :

x  = (Lx of reference m ethod + Lx of test 
m ethod)/2N

od = standard deviation by difference 
N = num ber of observations

R e s u l t s  a n d  D i s c u s s i o n
pH  changes : On canning of vegetables in  

brine, the pH w as invariably lowered and the extent 
of decrease w as higher in commercial sam ples, due 
to the practice of addition of sm all quantity of citric 
acid during canning (see footnotes of Tables 1 
and 5). In curried stuffed brinjal, the pH increased, 
but it decreased in pathra.

D-ualue fo r  Cl. spbrogenes in p lan t m a teria ls: 
Graphical and formula m ethods of correction for 
heating lag made no significant difference in  the 
calculated D-values (t = 0 .05±0 .04  min). Hence, 
formula method w as used in effecting the correction. 
The overall m ean com e u p  time for the vegetables 
studied, including those reported earlier (Saikia and 
Ranganna 1992), w as 2 .68±0.48 m in (n=54), of 
which only 31.8±6.8%  contributed to lethality. The 
respective values for the curried vegetables were 
4.65±0.57 min and 39.1±3.3%. The death of bacteria, 
when subjected to m oist heat at lethal temperatures, 
is considered to be logarithmic, though exceptions 
have been reported (Cerf 1977). Berry and Bradshaw

TABLE. 1. EXPERIM ENTAL D AT 121 .1°C  AND z  VALUES O F  C l. s p o r o g e n e s  AND D IN T E R M S  O F  CLA SSICA L z  VALUE 
O F  10°C.

E x p e r im e n ta l E x p e r im e n ta l
M ed iu m

V e g e ta b le  i n  b r in e
B e a n s

PH* S p o r e s /
tu b e
(A)

D
m in

z
°C

D w h e n
z= 10°C
m in

S p o r e s /
tu b e
(A)

D
m in

z
°C

D w h e n
z= 10°C
m in

F ield  b e a n 6 .5 1 1 2 8 0 0 .6 2 9 .3 0 .6 8 118 5 1 .27 1 0 .9 1 .12
P igeon  p e a 6 .4 1 5 8 0 0 0 .6 5 9 .6 0 .6 8 16 5 0 0 .9 8 9 .8 1 .10
B ro ad  b e a n 6 .5 1 4 0 0 0 0 .7 2 10.1 0 .6 4 104 0 1 .22 1 0 .8 1 .0 6
C lu s te r  b e a n  
G o u rd s

5 .8 1 1 2 0 0 0 .6 0 9 .5 0 .6 8 13 8 0 0 .9 2 9 .9 1 .04

B itte r  g o u rd s 5 .8 1 1 2 0 0 0 .7 4 10 .0 0 .7 6 1 3 8 0 1.09 1 0 .4 1 .04
P o in ted  g o u rd 5 .6 1 1 2 0 0 0 .5 0 8 .8 0 .6 2 1 2 8 0 0 .7 8 9 .1 0 .9 0
Ivy g o u rd
C u r r ie d  v e g e ta b le s

4 .6 1 1 2 0 0 0 .3 9 8 .6 0 .5 0 1 1 8 5 0 .6 9 9 .4 0 .7 4

s tu ffe d  b r in ja l 4 .3 9 2 0 0 1 .23 1 1 .6 0 .9 6 9 2 0 2 .1 9 1 2 .3 1 .6 0
P a t h r a 5 .9 1 0 8 0 0 0 .6 8 1 0 .0 0 .7 0 108 0 1 .6 8 1 2 .2 1 .3 0
E x p e r im e n ta l D : c o rre c te d  v a lu e s ; c a lc u la te d  b y  th e  m e th o d  o f  S tu m b o  e t  a l  (1950 ). D c o r re s p o n d in g  to  10°C w a s  fo u n d  b y  
in te rc o n v e rs io n  v ia  p ro c e s s  c a lc u la t io n . C o r re la t io n  c o e ffic ien t (0 .9 7 3 1 -0 .9 9 8 8 )  o f  th e rm a l  r e s i s ta n c e  c u rv e s  w e re  h ig h ly  s ig n if ic a n t 
(P<0.01). *The pH  v a lu e  re p o r te d  is  fo r la b o ra to ry  m a d e  c a n n e d  p r o d u c t
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(1982) made a significant observation that the  
D-value of B. stearotherm ophilus increased by more 
than three-fold, as the spore concentration reduced  
to lx lO 3 or low er. To d eterm in e w h eth er  
Cl. sporogenes behaved as above in term s of 
D-values, the spore concentrations of -104 (termed 
A) and '103 (termed B) were m ade use of.

D and z  values In p lan t m aterial : Thermal 
resistance curves, drawn using the observed values, 
exhibited a high degree of correlation (P<0.01) 
(Table 1). In each group, the D-value decreased with 
pH, except in curried vegetables. The D-value w as 
highest for stuffed brinjal, due to the protective 
action of oil (Hersom and Hulland 1980), in spite 
of the inhibitory action of added spices. The value 
in curried pathra  w as lower, than that in stuffed 
brinjal, probably due to citric acid added in  
industrial processing.

The D-values found using a spore concentration  
of ~103 (B) were 1.5 to 2 .5  (mean value : 1.75±0.3) 
tim es higher than the values found u sin g  ~104 
spores (A). With an increase in the D-value, the 
z value also increased. For vegetables in brine, the 
z-value for spore concentration of A w as 9.4±0.5°C  
and that of B w as 10.3±0.65°C. The respective z- 
values with curried vegetables were 10.8±0.8°C and 
12.2±0.04°C. Malmborg (1983) explained the tailing 
of survival curves of bacteria - which occurred at 
conditions other than high cell counts and with 
short tim es an d /or low temperature - on the basis  
of the Casalori model in which the D-value increased  
with falling cell count.

In order to a ssess  the extent of increase in 
D in terms of one z, conversions were made via 
process calculation (Saikia and Ranganna 1992) in 
terms of classical z value of 10°C (Table 1). The 
converted D-values of B were 1.55±0.14 tim es 
higher than the values of A, but the extent of 
increase for Cl. sporogenes w as lower than that 
reported by Berry and Bradshaw (1982) for B. 
stearothermophilus. W hen the experimental z-value 
was lower than the classical z-value (10°C), the 
corresponding D-value, on conversion in terms of 
the classical z-value, w as higher, and vice versa, 
in the case of an experimental z-values m easured  
at a temperature higher than 10°C.

Improved general m ethod  (IGM) : Thermal 
resistance studies resulted in two D-values and two 
z-values for each vegetable (Table 1). Earlier, it w as 
shown that the F0 and Pt (operators processing  
time) corresponding to 5D2 of A and experimental 
z w as nearer to the statutory requirement of F0 of

3 .0  m in (Saikia and Ranganna 1992). The values 
evolved in th is way, or by two segm ent approach 
of Berry and Bradshaw (1982), i.e. F=D of A (log 
a-3.0)+D of B(3-log bx) did not render the canned  
product microbiologically safe from CL sporogenes. 
Two segm ent approach, intended to reduce the 
spore concentration to le ss  than  one, [i.e., F=D of 
A (log a -  log a j  + D of B (log ax-  log 1) or F=1D 
or A + 4D of B] yielded F0 and Pt values nearer 
to 5 D values of B, w hich were the highest. To 
ensure that the product is  microbiologically safe, 
process time corresponding to va lues nearer to or 
equal to 5 D of B is  required. The pattern w as 
similar for beans, and curried vegetables, with the 
exception of ivy gourd, in  w hich 5 D of A w as less  
than the statutory m inim um  of F0 of 3 .0  min, 
because of lower pH (4.5), w hich resulted in lower 
experimental D-values.

In som e instances, z-values were higher than  
10°C (Table 1). In such  cases, the resulting F0 and 
Pt were higher, w hen the process calculation w as 
m ade assum ing z  to be 10°C, thereby contributing 
further to the safety of thermal process. This is  
not so, when experimental z w as lower than 10°C. 
Calculations m ade assum ing z as 10°C, in  such  
cases, result in lower F0 value, which m ay increase  
chances of spoilage.

Calculation o f  D by  the m ethod o f  Stumbo
(1948): In the determ ination of D (designated as 
D2 in th is study). Stum bo et al (1950) have 
estimated the number of survivals using the equation 
of Halvorosan and Ziegler (1932). On the other 
hand, Stum bo (1948) considered the num ber of 
positive tubes, as the num ber of organism s surviving 
lethal heat, in the calculation of D-value (designated 
as D, in th is study). The D2 values were higher 
as compared to D t by 0 .028±0 .015  m in, when the 
spore concentration used  a s  A, and 0.050±0.03  
min, when the spore concentration w as B. F0-values, 
found by using D2, were insignificantly higher, than  
those found using D r However, the resulting 
differences in Pt values were significant (P<0.05)

TABLE 2 . E F F E C T  O F  M E TH O D  O F  CALCULATIONS O F  D ON 
F0 AND P t VALUES

V e g e ta b le s  In  b r in e  C u r r ie d  v e g e ta b le s
P t Fo P t

N 3 3 3 3 8 8
5 t± 0d 3 .9 ± 0 .2 1 9 .1 —0 ,6 5 .6 ± 0 .4 5 4 9 .3 1 0 .6
cv 0 .0 4 1 0 .0 2 9 0 .0 8 1 0 .0 1 7
t-v a lu e 1 .95NS 2 .4 1 * 3.86** 3.64**
• P < 0 .0 5 , *• P < 0 .0 1 , N S : n o t  s ig n if ic a n t
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TABLE 3 . HEAT PENETRATION PARA M ETERS O F  CANNED 
V E G E T A B L E S  IN  B R IN E  A N D  C U R R IE D  
V EGETABLES.

P a r t ic u la r s  IT C u t,  j h  fh  fc jc
°C m in  m in  m in

V e g e ta b le s  i n  b r in e  p r o c e s s e d  a t  1 1 5 .6 ° C
F ield  b e a n

E ye fit 6 7 6 0 .5 9 7 .0 0 1 2 .4 1 .1 4
L in e a r  fit 6 7 6 0 .6 3 6 .7 3 1 .05

Pigeon  p e a
E ye fit 5 7 3 0 .7 2 5 .4 0 6 .4 1 .00
L in e a r  fit 5 7 3 0 .6 9 5 .4 2 0 .9 7

B ro ad  b e a n
E ye fit 5 7 9 1 .60 5 .0 0 1 3 .5 1 .00
L in e a r  fit 5 7 9 1 .47 5 .0 0 1 .00

C lu s te r  b e a n
E ye fit 61 7 0 .4 7 6 .7 5 6 .0 1.21
L in ea r fit 61 7 0 .4 4 6 .5 1 1 .05

B itte r  g o u rd
E ye fit 61 S 0 .8 3 3 1 3 .1 0 7 .0 1 .23
L in ea r fit 61 6 0 .7 1 0 1 4 .2 2 1 .17

Ivy g o u rd
E ye fit 6 8 7 1 .1 8 6 5 .1 0 7 .7 1 .25
L in e a r  fit 6 8 7 1 .0 3 0 5 .2 5 1 .14

P o in ted  g o u rd
E ye fit 6 0 7 0 .5 2 6 .5 0 1 0 .5 1 .00
L in e a r  fit 6 0 7 0 .5 2 6 .3 8 1 .00

C u r r ie d  v e g e ta b le s  p r o c e s s e d  a t 1 2 1 °C
S tu ffed  b r in ja l

E ye fit 7 2 14 1 .4 8 3 9 .0 0 8 4 .5 1 .00
L in e a r  fit 7 2 14 1.41 3 9 .7 0 1 .0 0

Pathra
Eye fit 5 7 14 1.61 4 4 .5 0 8 8 .0 1 .06
L in ea r fit 5 7 14 1.61 4 4 .1 3 1 .03

* M e a s u re m e n t a n d  c a lc u la t io n  m a d e  in  °F  a n d  th e n  convert
to  °C. C oo lin g  w a te r  te m p e r a tu r e  : 2 9 -3 2 °C , L in e a r  fits  o f  th e  
h e a t  p e n e tra t io n  c u rv e s  w e re  h ig h ly  s ig n if ic a n t (r= 0 .9 8 2 4 - 
0 .9 9 8 8 ; P<0 .01).

(Table 2). In curried vegetables, differences in F0 
as well as Pt were highly significant (PcO.Ol). 
Hence, the method of Stum bo et al (1950) should  
be used in the calculation of D-value, and the 
values (i.e. D2) so found (Table 1) should be used  
in evolving the thermal process schedules.

Process calculation by form ula m ethod : The 
advantages and disadvantages of IGM have been  
discussed earlier (Saikia and Ranganna 1992). 
Formula method developed by Ball (1923) overcame 
these disadvantages to som e extent. Merson et al 
(1978) have examined the m ethod critically. In 
developing tables of fh /U :g for calculation by 
formula method. Ball and Olson (1957) assum ed  
(i) fc=fh, (ii) jc  = 1.41, (iii) no break in the sem i­

log plot of heating curves, and (iv) the retort come- 
up time w as sudden. Sem i-log plots of heat 
penetration data, obtained in th is and earlier 
studies, showed no breaks, in heating curves. 
However, there w as lag in  the retort com e-up time, 
but fc w as not equal to fh, and jc  w as le ss  than
1.41 (Table 3). In spite of these variations and other 
limitations. Ball's m ethod has been in u se  in the 
canning industry for the last 70  years, and is also  
approved by FDA (Lund 1984), as the fh /U :g values  
listed in the tables lie w ithin a very narrow range 
and th u s m inim ise the errors.

Values of g for different values of fh /U  were 
calculated by five different procedures. Sm ith and  
Tung (1982) have compared Ball's formula m ethod  
(Ball 1923; Ball and O lson  1957) and its  
m od ifica tion s for co n d u ctio n  h ea tin g  food s, 
considering z as 10°C, and num erical IGM as  
reference method. They found that the largest error 
occurred, w hen g (unaccom plished temperature 
difference in the can) w as large and the height to 
diam ratio w as close to unity. In the present and 
earlier (Saikia and Ranganna 1992) studies, the 
heat penetration data collected under actual 
commercial processing conditions at intervals of 1 
m in showed that the heating w as by convection for 
11 canned vegetables in brine, and by conduction  
in the 2 curried vegetables.

Canned vegetables - heat transfer by convection: 
The height to diam ratio of A l Tall (78x119 mm) 
cans w as 1.53 and the m axim um  fh /U  w as 1.32, 
corresponding to the g-value of 0 .85 . For the  
statutory requirement of F0 of 3 .0  min, Pt calculated  
by procedures I and II of Ball's formula method, 
were not significantly different from the values  
found by IGM (Table 4). Similar w as the trend, 
w hen F0 w as greater than 3 .0  m in. In contrast, Pt 
calculated for F0 of 3 .0  m in by the m ethods, 
involving the use of eye fit curve (procedure III) or 
linear fit curve (procedure IV), were significantly  
higher than the values found by IGM. Pt, calculated  
assum ing z as 10°C by procedure V, w as highly 
significant (PcO.Ol), as compared to the value found 
by IGM.

Curried vegetables - heat transfer by  conduction: 
In can s with a height to diam ratio of 1.53. the  
m axim um  fh w as 4 4 .5  m in in pa th ra  at retort 
temperature (RT) of 121°C. W hen F0 w as 3 .0  min, 
the fh /U  value w as 14.83, and the corresponding  
g w as 10.32, which w as the m axim um  value noted  
in the present studies. The process time calculated  
by procedure I w as significantly lower (PcO.Ol), but
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TABLE 4. SIGNIFICANCE O F  D IF F E R E N C E  B ET W EE N  P R O C E S S  TIM E F O R  A1 TALL CANS A S CALCULATED BY FORM ULA 

M ETH O D S W ITH GRAPHICAL M E TH O D S
P ro c e ss  tim e , m in

SI.
No. F cm in

IGM IGM T e s t p ro c e d u re R e s u l ts  o fc o m p a r is o n
P ro c e d u re N x l a x l a 2N x l a cv t-v a lu e

c a lc u la te d
V e g e ta b le s  in b r in e ;  c o n v e c t io n h e a t i n g

1 3 .0 I 4 1 9 .0  1  3 .3 0 1 9 .0 4 1  3 .0 4 8 1 9 .2 0 1 0 .6 4 0 .0 3 3 (-) l.o»«
2 3 .0 II 5 1 7 .8  1  3 .8 0 1 8 .5 0 1  3 .6 0 10 1 8 .1 0 1 0 .7 0 0 .0 3 8 H 1 .9 4 NS
3 3 .0 III 11 15 .9  1  3 .3 7 1 6 .6 5 1  3 .2 4 2 2 1 6 .2 7 1 0 .7 1 0 .0 4 3 (-) 2 .68*
4 3 .0 IV 11 15 .9  1  3 .3 7 1 6 .6 7 1  3 .2 7 2 2 1 6 .2 8 1 0 .7 4 0 .0 4 5 (-) 3.88**
5 3 .6 + 0 .7 5 I 9 2 3 .0  1  4 .9 0 2 3 .3 0 1  5 .1 0 18 2 3 .2 0 1 0 .5 6 0 .0 2 4 1 .2 7 NS
6 3 .7 ± 0 .0 7 II 15 2 1 .3  1  5 .1 0 2 1 .8 0 1  5 .2 0 3 0 2 1 .5 0 1 0 .7 8 0 .0 3 6 1 .8 7 NS
7 4 .1 ± 1 .1 6 V 2 9 2 0 .1  1  5 .6 0 2 0 .8 0 1  5 .6 0 5 8 2 0 .4 0 1 0 .9 3 0 .0 4 8 (-) 2.86**

C u r r ie d  v e g e ta b le s ;  c o n d u c t i o n  h e a t i n g
8 5 .9 1 1 .5 I 8 4 7 .8  1  5 .9 0 4 6 .9 0 1  6 .1 0 16 4 7 .3 0  1 0 .8 3 0 .0 1 8 2.65**
9 5 .9 1 1 .6 II 8 4 7 .8  1  5 .9 0 4 8 .6 0 1  6 .2 0 16 4 8 .2 0  1 0 .8 7 0 .0 1 8 H 2 .8 4 *
10 6 .5 1 2 .7 5 V 10 5 0 .8  1  6 .3 0 5 1 .8 0 1  7 .0 0 2 0 5 1 .3 0 1 1 .08 0 .0 2 1 3.75**
* S ig n ific a n t a t  0 .0 5 , *• s ig n if ic a n t  a t  0 .0 1 , N S  : N o t s ig n if ic a n t, A n a ly s is  in c lu d e s d a t a  o f  v e g e ta b le s  in  b r in e  re p o r te d  ea rli
(S aik ia  a n d  R a n g a n n a  1992), b e s id e s  th e  s e v e n  v e g e ta b le s  re p o r te d  in  th is  p a p e r .

it was higher in case of procedure V (PcO.Ol), and 
there was no difference in process time in case of 
procedure II. Irrespective of these differences, the 
mean (x) of the values between the IGM and the 
test procedure, as also standard deviation by- 
difference (CTd) and coefficient of variation, indicated 
that the procedure II is  not likely to cause gross 
under-processing- nor will procedure III cause gross 
over-processing - within the lim its of th is study.

Inoculated pack  stu d ies : Based on limited
TABLE 5. pH  O F  FR E SH  VEGETABLE AND CANNED PR O D U C T 

AND R EC O M M E N D ED  F 0 AND P t VALUES O F  
VARIOUS V E G ETA B LES F O R  7 8 X 1 1 9  MM (301X 411) 
CANS.

V e g e ta b le C a n n e d
p ro d u c t*

m in
P ro c e ss in g  
tim e , m in

V e g e ta b le s  i n  b r in e
Field  b e a n 6 .5 6 .0 5 .0 2 2 .3
P igeon p e a 6 .4 5 .7 4 .6 18 .5
B ro ad  b e a n 6 .5 5 .3 5.1 2 1 .3
C lu s te r  b e a n 5 .8 4 .3 5.1 2 3 .0
B itte r  g o u rd 5 .8 4.1 3 .8 2 6 .0
Ivy g o u rd 4 .6 4 .6 3 .7 16 .0
P o in ted  g o u rd 5 .6 4 .8 4 .5 19 .0

C u r r ie d  v e g e ta b le s
S tu ffed  b r in ja l 4 .3 4.7** 5 .8 4 5 .0
Pathra 5 .0 5 .3 6 .5 5 7 .0
* T h e  pH re p o rte d  is  for c o m m e rc ia l p r o d u c t  ** pH  o f  v e g e ta b le
p o rtio n  in  th e  c a n n e d  p ro d u c t .  P ro c e ss in g  o f  v e g e ta b le s  in  b r in e  
a n d  cu rried  v eg e tab les  w a s  d o n e  a t  115 .6° a n d  121°C, respectively .

laboratory studies, the F0 and process time found 
adequate, a s  also the pH of the fresh and canned  
products are given in  Table 5. The F0 values found 
adequate are either nearer to or equal to 5 D of 
B. It is  em phasized that the requirement m ay vary 
under commercial processing conditions.
C o n c l u s i o n s

The m ethod of Stum bo et al (1950) is  
recom m ended for ca lcu la tin g  D -va lu es. The 
concentration of heat resistant spores in the 
prepared material is likely to be only a few per g 
of product, or container. Since D and z values are 
higher with '1 0 3 spore concentration, the thermal 
process evolved, u sin g  the valu es so found, 
represents the conditions prevailing in the canned  
product, and adds to the microbiological safety of 
the processed product. This is also borne out by 
the inoculated pack studies. F0 and Pt values, 
calculated by Ball's formula m ethod, using fh/U :g  
values revised by Steele et al (1979), are not 
significantly different from the values found by 
IGM.
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S t u d i e s  o n  R h e o l o g i c a l  P r o p e r t i e s  o f  R i c e - S o y a  C r a c k e r s
M .V .  P R I N C E ,  P . K .  C H A T O P A D H Y A Y *  A N D  R . K ,  M U K H E R J E E

Post-harvest Technology Centre, Agriculture Engineering Department,
Indian Institute of Technology, Kharagpur-721 302 , India.

R ic e -b a se d  s o y a  c r a c k e r s  w e re  m a d e  w ith  d iffe re n t lev e ls  o f  s o y a  f lo u rs , a n d  th e  rh e o lo g ic a l p ro p e r t ie s  o f  th e  
p a s te , d o u g h  a n d  c ra c k e r s  w e re  d e te rm in e d . A d e fin ite  r e la t io n s h ip  co u ld  b e  e s ta b l is h e d  b e tw e e n  th e  rh eo lo g ica l 
p a ra m e te r s  o f  th e  f in is h e d  p r o d u c t  a n d  i ts  d o u g h . S o y a  a t  2 0 -3 0 %  level in  th e  m ix  w a s  fo u n d  to  b e  o p t im u m  fro m  
th e  te x tu ra l  p o in t  o f  v iew  o f  th e  fin a l p ro d u c t ,  d o u g h  rheo lo g y , s e n s o ry  q u a lity  a n d  p a s te  a s  w ell a s  p r o d u c t  rh eo lo g y .
K e y w o rd s  : R ice -so y a  c ra c k e r ,  D o u g h  rheo lo gy , D o u g h  w o rk ab ility , P a s te  rheo lo g y , P ro d u c t  rh eo lo g y , S e n s o ry  q u a lity .

Several in vestigators have indicated  the  
possibility of using rice-legume m ixes for the 
production of snack  foods, including rice-soya 
crackers of good quality, in term s of nutritional 
value and consum er acceptability (Baker and Hin 
1984; Chauhan and Bains 1985; Bhole 1992), 
apart from a variety of supplem entary foods based  
on rice-pulse for infants (Naikare and Mabesa 1993; 
Sw am inathan 1980) and rice legum e foods  
(Sowbhagya et al. 1991) A blend of rice and soya 
not only reduces the cost, but also gives a product 
of better quality (Bhole 1992); it is also used for 
the preparation of weaning foods (Malleshi et al.
1986). However, the important physico-chem ical 
and m echanical properties of raw m aterials and of 
the m ixes: and products have not received due 
attention. This paper presents the results of a study  
conducted on rice-soya crackers, with the object 
of optimizing the proportion of rice and soya flour 
mix, based on the rheological properties of doughs. 
Also, a relationship w as sought to be established  
between dough and product rheology, in order to 
obtain a better textured product. In addition, 
sensoiy  evaluation w as conducted to supplem ent 
the findings of the objective evaluation.
M a t e r i a l s  a n d  M e t h o d s

Milled, raw rice flour (Cv. "IR36") and full-fat 
soya flour (Cv. "Bragg"), having particles size 1 0 0 p, 
and moisture contents of 12.6 and 8% (db) 
respectively, were used. The amylograph peak  
viscosity, cooked paste viscosity, cooled paste 
viscosity and apparent gelatinization temperature 
were determined for 0, 10, 20, 30  and 35 or 40% 
soya flour in the mix, by the m ethod of Halick and 
Kelly (1959), using a Brabender visco-amylograph. 
The plastic limit and liquid limit for the different 
rice-soya m ixes were determined, using the crack 
test and the Cassagrande liquid limit in apparatus,
* Corresponding Author

in accordance with ISI (1970). The plasticity index, 
flow index, toughness index and consistency index 
were calculated, using the following eq u a tio n s:

P la s tic ity  in d e x  = L iq u id  lim it -  P la s tic  lim it,
w r  w a

F low  in d e x  = ------------
N2/N ,

where Wj and W2 are the m oisture contents in % 
(db), corresponding to N, and N2 drops.

P la s tic ity  in d e x
T o u g h n e s s  in d e x  = --------------------------

F low  in d e x
L iq u id  lim it -  N a tu r a l  m o is tu r e  c o n te n t

C o n s is te n c y  in d e x  = ---------------------------------------------------------------------
P la s tic ity  in d e x  o f  d o u g h

The tensile loads required to cau se rupture of 
dough sheets, of length 10 cm, width 2 cm  and 
th ickness 0.1 cm, made with different proportions 
of flour in the mix, and with an  average m oisture 
content of 68% (db), were determined according 
to M ohsenin (1970), using an Instron universal 
testing m achine (model 1101), with a chart to 
cross-head speed ratio of 10:1.

Rice-soya crackers were m ade with 0  (control), 
10, 20, 3 0  and 35  or 40% soya flour in the mix, 
by adopting the process outlined by Li and Luh
(1980). The crackers with average dim ensions of 
2 x 1 .5 x 0 .  l e m  (length x  width x  thickness) were 
analyzed for hardness and fracturability, using the 
Instron universal testin g  m ach ine, a s  above 
(Mohsenin 1970). Crispness w as m easured by the 
steepness of the force-deformation curve. To test 
th is property, rice-soya crackers, with different 
proportions of soya flour in the mix, were m ounted  
over a ring of 2 cm dia; a pin of 0 .625  cm  dia 
w as used to punch the chip. Also, the area under 
force-deformation curve is a m easure of work done 
during the test, which characterizes the crunchiness 
of the cracker. Sensoiy  evaluation of the rice-soya 
crackers, containing different levels of soya flour 
in the mix, w as conducted on the basis of a
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composite scoring test, by a 7-member test panel 
(ISI 1971).
R e s u l t s  a n d  D i s c u s s i o n

R esu lts  of am ylographic p aste  v isco sity  
characteristics of rice-soya flour m ixes and tensile 
load on dough sheets of rice-soya dough m ixes are 
presented in F ig .l. It is  observed that the  
amylographic peak viscosity, cooked paste viscosity  
as well as final cooled paste viscosity showed a 
decreasing trend with the increase in soya level in 
the mix, possibly due to the decreased starch  
content of the mix, as the quantity of soya 
increased. The reduction w as particularly sharp, 
when the soya level increased from 10 to 30%. In 
fact, no peaks were observed for 40  and 100% soya 
mixes, which resulted in little or no starch in the 
mix. It w as observed that the apparent gelatinization 
temperature tended to increase, albeit only slightly, 
from a value of 60°C for 0% soya (only rice) to 
62.25°C for 40% soya in the mix. This small 
increase might be due to a possible effect of the 
presence of non-starch material (soya) in the mix, 
on the apparent gelatinization temperature of the 
starch.

Tensile tests of the dough sheet of different 
dough mixes showed an increasing trend in tensile 
load with increase in the level of soya in the mix

Fig. 1. R e la t io n sh ip  b e tw e e n  s o y a  level in  th e  m ix  w ith  
a m y lo g ra p h  v isc o s ity  a n d  te n s ile  lo ad . -0 —0- : p e a k  
v isco s ity ; -A—A- : c o o k e d  p a s te  v isco s ity ; -Q— O -  ; coo led  
p a s te  v isco s ity ; ; te n s i le  load .

F ig .2 . R e la tio n sh ip  b e tw e e n  so y a  level in  m ix  w ith  in d ic e s  for 
flow, p la s tic i ty , to u g h n e s s  a n d  c o n s is te n c y . -0—0- : flow 
in d ex ; -A—A- ; p la s tic i ty  in d e x ; -x—x- : to u g h n e s s  in d e x , 

: c o n s is te n c y  in d e x .

(Fig.l). This w as probably due to an increase in 
the protein content in the mix, due to higher 
proportion of soya. Between 10 and 20% soya in  
the mix, the tensile load of the dough sheet w as 
reduced by 35.1%, in contrast to 8% betw een 30  
and 35% soya in the mix. Thus, the tensile strength  
of the dough sheet declined sharply beyond 30%  
soya in the mix.

The variations in the indices for flow, plasticity, 
toughness and consistency are show n in Fig.2. 
Flow index values were higher for 20  to 30% soya 
in the mix; but they declined on either side of this 
range, for which no possible explanation can be 
offered at present; therefore, a further thorough 
study is needed. However, the values for plasticity  
index increased with increase in soya level and the 
m axim um  value w as recorded for 20  to 30% soya 
in the mix. Toughness index exhibited a som ewhat 
erratic trend with sharp decline, w hen the mix 
contained 20 to 30% soya. The reasons for th is 
irregular trend are not fully clear, since toughness  
index is inversely related to the flow index, which  
itself had som e irregular trend with reference to 
proportions of soya in the mix. The consistency  
index exhibited a more reasonable behaviour, with 
a decreasing trend upto 20% soya in  the mix; it 
became constant thereafter. B ecause of limited 
experimental data, it is difficult to identify the 
p rec ise  so y a  level in  th e  m ix  for dou gh
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TABLE 1. H A RD N ESS, FRACTURABILITY, C R IS P N E S S  AND 

CRU N C H IN ESS VALUES FO R  RICE-SOYA CRACKERS 
WITH D IFFE R EN T  PR O PO R TIO N S

Level o f  s o y a  in  m ix , %

10 2 0 3 0 3 5
H a rd n e s s , g 5 1 9 0 .0 4 7 2 0 .5 3 0 6 2 .0 2 2 9 0 .0
F ra c tu ra ility .g 2 0 0 0 .0 1 9 2 6 .0 1 9 1 1 .6 1 2 7 2 .0
C ris p n e ss 2 6 3 0 .0 2 4 6 0 .0 2 1 3 4 .0 2 0 6 8 .0
C ru n c h in e s s 9 8 .5 2 4 3 .8 4 9 1 .7 5 1 1 .5

evaluation of the prepared rice-soya crackers 
(Table 2) supported the findings of the objective 
evaluation of their textural attributes.

Considering the workability of the dough, as 
affected by the dough rheology and textural 
attributes of the cracker, i.e., product rheology, and 
its substantiation by the sen so iy  data, especially 
overall acceptability of the product, as m uch as 
30% soya in the mix used for m aking rice-soya 
crackers w as considered to be suitable.

characterization. Nevertheless, 20  to 30% soya in 
the mix would seem  to be a desirable proportion 
for better workability of the dough, in view of the 
lower toughness and consistency indices, as well 
as relatively high flow and plasticity indices, 
measured at these levels of soya in the mix.

The force-deformation analyses, and punch  
tests of the prepared rice-soya cracker showed that 
the hardness, fracturability and crispness values
TABLE 2. M EA N  S E N S O R Y  S C O R E S  F O R  T E X T U R A L  

ATTRIB UTES O F  R IC E-SO Y A  C R A C K ER S WITH 
D IFFE R EN T  PR O PO R TIO N S O F  SOYA FLOU R IN 
T H E  MIX

M ean  s e n s o ry  sc o re
T e x tu ra l ------------------------------------------------
a t t r ib u te  Level o f  so y a  in  m ix , %

2 0 3 0 3 5
H a rd n e s s 1 5 .8 5 1 4 .8 5 1 2 .0 0
F ra c tu ra b ili ty 1 5 .2 8 15 .1 4 1 2 .5 7
C ris p n e ss 1 5 .8 5 1 5 .0 0 9 .4 2
C ru n c h in e s s 11.71 1 4 .2 8 1 5 .2 8
O verall a c c e p ta b ili ty 1 4 .4 2 1 6 .0 0 1 5 .2 0
M ax im u m  sc o re  : 2 0 . EITect o f  s o y a  level s ig n if ic a n t a t  1%, C D  
a t  5%  :3 .4 8 , a t  1% : 5 .0 0 5 , fo r in d iv id u a l a t t r ib u te s .

decreased, but crunchiness increased, a s  the 
percentage of soya in the mix increased (Table 1). 
These trends remained sharp upto 30% soya in the 
mLx, and then slowed down. Thus, a relationship 
seem s to exist between the rheological parameters 
of the finished product and its dough. The sensory

R e f e r e n c e s
B a k e r  J ,  H in  YS (1984) H ig h -p ro te in  r ic e -s o y a  b r e a k f a s t  ce re a l. 

J  F oo d  P ro c e ss  P re s e r  8(3-4): 1 6 3 -1 7 4
B h o le  SN (1992) S tu d ie s  o n  th e  d e v e lo p m e n t o f  c e re a l-p u ls e s  

b a s e d  c o n v e n ie n c e  food. P h .D . T h e s is , In d ia n  In s t i tu te  o f  
T ech n o lo g y , K h a ra g p u r

C h a u h a n  G S , B a in s  G S  (1985 ) E ffe c t o f  g r a n u la r i ty  o n  th e  
c h a r a c te r i s t ic s  o f  e x tru d e d  r ic e  s n a c k .  J  F oo d  T e c h n o l 
2 0 :3 0 5 -3 0 9

H a lic k  J V , K elly V J  (1 9 5 9 ) G e la t in iz a t io n  a n d  p a s t in g  
c h a ra c te r is t ic s  o f rice  v a rie tie s  a s  re la te d  to  co o k in g  b e h a v io u r. 
C e re a l C h c m  3 6 :9 1 -9 8

ISI (1970) M e th o d s  o f  T e s ts  fo r S o ils : D e te rm in a t io n  o f  L iquid  
a n d  P la s tic  L im its, IS :2 7 2 0  (P a rt V) - 1 97 0 . In d ia n  S ta n d a r d s  
I n s t i tu t io n , New D elh i

ISI (1971) G u id e  for S e n s o ry  E v a lu a tio n  o f  F o o d s, IS :6 2 7 3  (P art 
II) - 1971 . In d ia n  S ta n d a r d s  I n s t i tu t io n ,  N ew  D elh i

Li OF, L u h  B S  (1980) R ice S n a c k  F o o d s . In :L u h  B S  (ed) R ice: 
P ro d u c tio n  a n d  U tiliz a tio n . AVI P u b l is h in g  C o ., C o n n e c tic u t ,  
p p  6 9 0 -7 1 1

M a llc s h i NG R a g h a v e n d ra  R ao  SN , S r e e d h a r a m u r th y  S, 
D c s ik a c h a r  IIS R  (1986) D e v e lo p m e n t o f  w e a n in g  foods b a s e d  
o n  s o m e  t r a d it io n a l  te c h n o lo g ie s . J  F o o d  S c i T e c h n o l 2 3 :3 1 5 -  
3 1 8

N a ik a re  SM . M a b c sa  RC (1993 ) P ro c e s s in g  o f  s u p p le m e n ta ry  
food p re p a re d  fro m  r ic e -m u n g o -s c s a m e -c a r ro t  b le n d s .  J  F ood 
S ci T e c h n o l 3 0 :4 5 1 -4 5 3

M o h s c n s in  NN (1970) P h y sic a l P ro p e r t ie s  o f  P la n t  a n d  A n im al 
M a te r ia ls , Vol 1 S t r u c tu re ,  P h y s ic a l C h a r a c te r i s t ic s  a n d  
M ech an ic a l P ro p e rtie s . G o rd o n  a n d  B re a c h  S c ie n c e  P u b lish e rs , 
New Y ork

S o w b h a g y a  CM , P a g a r ia  LK, B h a t ta c h a r y a  KR (1991 ). EITect o f  
v a rie ty  p a rb o ilin g  a n d  a g in g  o f  r ic e  o n  th e  te x tu re  o f  idlL 
J  F oo d  S c i T e c h n o l 2 8 :2 7 4 -2 7 9

S w a m in a th a n  M (1980) D e v e lo p m e n t o f  s u p p le m e n ta ry  foods 
a n d  th e ir  u s e f u ln e s s  in  a p p lie d  n u t r i t io n  p ro g ra m m e s . J  
F ood S ci T e c h n o l 1 7 :7 8 -8 2

R eceived 20  February 1993; revised  15 February 1994; accepted  11 March 1994



J. Food Set Technol, 1994, Vol 31, No. 6, 472-475
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a s  a n  A n t i m i c r o b i a l  A g e n t

N .Y .  P H A D K E 1, A . S .  G H O L A P 2, K .  R A M A K R I S H N A N 1 A N D  G .  S U B B U L A K S H M I 1 *
‘Department of Post Graduate Studies and Research in Home Science,

SNDT Women's University, Bom bay-400 049, India.
2Food Technology and Enzyme Engineering Division,
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E s s e n tia l  oil w a s  e x tra c te d  fro m  th e  ro o ts  o f  Decalepis hamiltonii, u s in g  a  m o d ified  s im u l ta n e o u s  d is t i l la t io n  a n d  

e x tra c tio n  te c h n iq u e . T h e  e s s e n t ia l  oil in h ib ite d  Escherichia coli, Salmonella typhi a n d  Saccharomyces uvarum a t  m in im a l 
c o n c e n tra t io n  o f  3 0  m g  in  c a s e  o f  108 n o s  o f  m ic ro o rg a n is m s /5  m l o f  b ro th . It p re v e n te d  m ic ro b ia l g ro w th  in  khoa 
a n d  to m a to  p u re e  for 7  a n d  21  d a y s , a t  re f r ig e ra te d  te m p e ra tu re ,  w h e n  u s e d  a t  c o n c e n tra t io n s  o f  0 .1 6  g / 1 0 0  g  a n d
0 .0 8  g / 1 0 0  m l, re sp ec tiv e ly . T h e  m a jo r  a n tim ic ro b ia l  c o m p o n e n t o f e s s e n t ia l  oil w a s  id e n tif ie d  a s  2 -h y d ro x y -4 -m e th o x y  
b c n z a ld c h y d e .
K e y w o rd s  : Decalepis hamiltonii. V a n illin , A n tim ic ro b ia l ac tiv ity , 2 -h y d ro x y -4 -m e th o x y  b e n z a ld e h y d e , khoa. T o m a to  p u r e e

Decalepis hamiltonii (family Asclepiadaceae) is 
a root largely used in South India for pickling, along 
with curds or lime juice (CSIR 1952). It is markedly 
fleshy and has a strong aroma. The fresh root 
tastes sweet, and produces a tingling sensation on 
tongue. The volatile aroma constituents of the root 
are considered to p ossess antimicrobial properties 
(Murti and Sheshadri 1942). A remarkable decrease 
in microbial count of chilli pickle h as been reported, 
when the roots are either added to the pickle, or 
kept in its vicinity (Bhaskaran 1992). The present 
study was, therefore, undertaken to isolate and 
identify the root volatile constituents, with a view  
to study their antimicrobial effect. Effect of vanillin 
(a structural analog of 4-o-m ethyl resorcylicalde- 
hyde), one of the commonly used food flavourings 
(Beuchat and Golden 1989), was also investigated  
for comparison.
M a t e r i a l s  a n d  M e t h o d s

Roots of Decalepis hamiltonii were procured 
from the market in Madras (Tamil Nadu) and 
transported to Bombay. The roots were 4-5 days 
old upon arrival. They were cleaned in free flowing 
water for 10 min, wiped, peeled, and the non-edible 
portion removed. The fleshy, edible portion w as cut 
into small pieces, using a sta in less steel knife. The 
peeling and cutting w as done in a cold room (0- 
4°C) and the cut portion was stored at -4°C . for 
use within a month. All the solvents (diethyl ether, 
petroleum ether, hexane, ethyl acetate, carbon  
tetrachloride) used were of analytical grade, and 
they were used only after distillation.

In each batch, 200  g of fresh root w as used
* Corresponding Author

for isolation of the essential oil. After adding 500  
ml of distilled water, the roots were subjected to 
a sim ultaneous distillation-extraction technique for 
2 h, in the laboratory- modified Nickerson and 
Likens apparatus (Nickerson and Likens 1966) 
constructed with a provision for passing steam  
through the sample. Peroxide-free diethyl ether w as 
used  as an extracting solvent. S im ultaneous  
condensation of the steam  distillate and the 
immiscible extracting solvent w as carried out by 
chilled water (4°C) circulation. The solvent w as then  
removed by passing a slow stream  of nitrogen gas 
to obtain the essential oil. A total of 12 sam ples 
were analysed, to determine the yield of essential 
oil, based on fresh weight of the root.

For TLC separation, silica gel G, spread 0 .25  
mm thick on 20 x 20 cm  glass plates (Mangold and  
Malins 1960), w as activated at 110°C for 90  min. 
One hundred mg of essential oil in ether (10%, w /v) 
solution as well as vanillin (10%, w /v) in  ether were 
spotted on the plate and developed using petroleum  
ether (BP 60-80°C) : diethyl ether at 80:20 (v/v) 
ratio as a solvent system . The plates were removed 
after the solvent front had travelled approximately 
16 cms. A preliminary odour assessm ent of separated 
com ponents w as done directly on the plate, after 
complete removal of solvent by flushing the plate 
with a slow stream  of nitrogen. The spots were 
visualized for nature and intensity by exposing the 
plates to iodine vapour in a g lass chamber. For 
isolation of the major com ponent of the essentia l 
oil, preparative TLC w as done and the sam ple (80 
mg) in ether w as applied in a band form on a 0 .7  
mm thick plate, before developing in the above 
solvent system . The developed plates were air-dried
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for 15 min, and exposed to iodine vapour to 
visualize the bands. The band representing the 
major fraction (F̂  0.623) w as marked with a pin. 
The contents in the marked area were scraped off 
wiih a stain less steel spatula, and added directly 
into a wide-mouth miniature colum n (8 cm  x  0.8  
cm OD), fitted with grease-free stopcock and a 
small filter bed (1.5-2.0 cm  in length) of celite 545  
(BDH Chemicals, Poole, England) over a cotton  
plug. The colum n w as previously flushed with 
diethyl ether, and the filter bed w as always kept 
under diethyl ether (Gholap et al. 1971).

The eluted compound w as recovered, after 
removing the solvent by passing a slow stream  of 
nitrogen gas and studied further for identification 
purposes. Gas liquid chromatographic (GLC) analysis 
of the essential oil, and of the TLC separated major 
fraction, was performed in a gas chromatograph 
(GC-15A, Shimadzu, Kyoto, Japan), fitted with 
flame ionization detector, and a colum n of sta in less  
steel (0.625 cm o .d x  180 cm) packed with 10% 
carbowax 20 M (Field Instrum ents, Surrey, UK) and 
supported on acid w ash chromosorb W (60-80  
mesh). The colum n temperature w as programmed 
at 140-210°C, at the rate of 4°C /m in. Initial hold 
was for 5 min, and final temperature hold w as for 
15 min. Injector and detector tem peratures were 
maintained at 220°C. Nitrogen at a rate of 40  m l/  
min was used as carrier gas. Peak areas were 
determined through integration, by peak area 
normalisation, using Chromatopac data system  (C- 
R6A, Shimadzu, Kyoto, Japan).

For high performance thin layer chromatography 
(HPTLC), the essential oil, TLC separated major 
fraction and standard vanillin (BDH Chemicals, 
Poole, England) in ether (1% solution) were 
individually applied at 2 pi quantities by Linnomat 
IV (CAMAG, Muttenz, Switzerland) on 1 0 x 1 0  cm  
HPTLC silica gel 60 F2S4 precoated plate (E. Merck, 
Darmstadt, Germany). The application w as made 
by spray-on technique, in the form of a band, at 
a deliveiy speed of 10 sec /p l. A nitrogen pressure 
of 2 psi w as m aintained. The chromatogram w as 
developed in CAMAG twin trough (lO x  10 cm) with 
hexane:ethyl acetate (85:15, v/v) as solvent system . 
Development w as completed, w hen the solvent front 
had travelled 6 cm. The plate w as dried in air for 
5 min, and then subjected to densitometric analysis, 
in the UV range of 200-400  nm, using a CAMAG 
TLC Scanner II with LABDATA system  and CATS 
evaluation software, volum e 3 .15  (CAMAG, Muttenz, 
Switzerland). The instrum ent w as kept in reflectance 
mode with deuterium lamp, m onochromator band

width 30  nm , slit dim ensions of 0 .3 x 4  mm , and 
scanning speed of 4 m m /sec  for recording respective 
spectra. Further densitom etric evaluation of all 
sam ples w as done at 2 90  nm  in the sam e scanner.

Proton m agnetic resonance spectra of the 
major fraction separated by TLC were recorded on  
a PMR spectrophotom eter (A 60  A, Varian, USA), 
u sin g  carbon  tetrach lorid e a s so lv en t, and  
tetram ethylsilane as an internal standard.

For studying the effect of the essentia l oil on 
microorganism s, a saline su sp en sion  of a 2 4 -h 
growth w as m ade on an agar slant. Different 
quantities of essentia l oil were added to test tubes  
containing 5 m l of sterile nutrient broth. One ml 
of culture suspension  (cell density 0 .3  x  108/m l) w as 
added to each of these tubes, while the inoculated  
tube, devoid of the essentia l oil, served as control. 
The tubes were incubated at 37°C for 48  h, and 
the number of survivals in each tube w as determined 
by pour plate m ethod, using plate count agar (FAO
1979). The m icroorganism s studied were Escherichia 
coli (ATCC 10148), Salm onella typhi (NCTC 786), 
Saccharom yces uuarum  (NCIM 3220) and Bacillus 
cereus (local isolate). Effect of vanillin w as also 
determined as per the above procedure. The cultures 
were m aintained by sub-culturing on nutrient agar 
slants at m onthly intervals. Except for S. uuarum, 
all other cultures were obtained from the Haffkine 
Institute, Bombay.

Khoa w as prepared from whole m ilk in the 
traditional m anner, under hygienic conditions. 
Different quantities of the essentia l oil were weighed  
and transferred to sterile petri plates. Approximately 
25 g of khoa  w as added to each plate and the entire 
content w as m ixed aseptically. A control devoid of 
essential oil w as m aintained. All the plates were 
wrapped in alum inium  foil and stored in a 
refrigerator for 7 days. Total plate count (TPC) w as  
done at the end of 7 days by pour plate method  
using plate count agar incubated at 37°C.

Tomato puree w as prepared from ripe tom atoes, 
under hygienic conditions, and it w as boiled for 10 
min. No salt or sp ices were added, but co m  flour, 
at a level of 0.1%, w as added in order to avoid 
separation of solids from the ju ice  during the boiling 
process. Fifty ml of puree w as transferred to each  
of the sterile bottles; then, different quantities of 
the essential oil were added and m ixed thoroughly; 
the opening of the bottle w as covered with aluminium  
foil. A pair of controls, devoid of the essential oil, 
w as m aintained. All the bottles were stored in a 
refrigerator for 3  w eeks. Aerobic and m ould /yeast
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TABLE 1. COM PARATIVE E F F E C T  O F  ESSENTIAL OIL AND VANILLIN ON VARIOUS M IC R O O R G A N ISM S 
T o ta l p la te  c o u n t  a s  co lo n y  fo rm in g  u n i t s / m l  b ro th

E s s e n t ia l  oil, m g /5 m l b ro th  ________V a n illin , m g /5  m l b r o th
O rg a n ism C o n tro l 3 0 4 0 5 0 3 0 4 0 5 0
E. coli 1 .35  x 108 ND ND ND 3  x  10s 3  x  10s 3  x  10s
S. uuarum 3 .5 0  x 10s ND ND ND ND ND ND
S. typhi 2 .6 5  x 10s ND ND ND 1 .1 6  x  10s ND ND
D. cereus 4 .8 0  x 107 7 .5 x 1 0 s 8 .2  x 10s 2 .5  x 107 3  x 107 1.8  x  107 1 .93  x  107

ND : No su rv iv o r  d e te c te d

counts were done at the beginning and end of 3 
weeks storage, using the pour plate method. 
Incubation temperatures were 37°C for aerobic, and 
27°C for yeast and m ould counts. All the plate 
counts were analyzed by standard m ethods (FAO
1979).
R e s u l t s  a n d  D i s c u s s i o n

The yield of essential oil of Decalepis hamiltonii 
varied, depending on freshness of the root (0.54% 
from fresh root, as compared to 0.13%  from heat- 
treated and air-dehydrated roots). Thus, som e loss  
of volatile com ponents occurred during heat and 
air dehydration treatment. However, the essential 
oil in all the cases gave characteristic odour of 
vanillin. The essential oil got resolved into a few 
minor com ponents, apart from a major one at Rj
0.623. Amongst the solvent system s used, petroleum  
ether : diethyl ether (80:20, v /v) w as found to be 
the best. On TLC separation, the root essential oil 
was devoid of any com ponent corresponding to the 
Rj value of vanillin. This indicates the possible 
existence of a structural variation between the TLC- 
separated, major fraction of the essential oil of 
Decalepis hamiltonii and standard vanillin.

GLC analysis of whole oil and the TLC- 
separated major fraction showed a similar pattern  
of separation, but with an appreciable difference 
in the relative proportions. The relatively lower 
content of the major fraction could be attributed 
to its loss during isolation. A similar separation of 
steam-distilled oil of Decalepis hamiltonii on GLC 
(OV 1 column) has been reported (Divakaran et al. 
1985). In densitom etric evaluation of HPTLC 
chromatograms, 3 peaks, at migration distances of 
10.1, 43.2 , 56.8 mm, were observed, both in the 
essential oil and in TLC-separated major fractions. 
Standard vanillin gave a peak at migration distance
18.9 mm, and so, its presence in the essential oil 
of Decalepis hamiltonii w as ruled out. This w as also 
observed in the analytical TLC study.

UV spectra of the essential oil of the TLC-

separated major fraction, and of vanillin showed  
similar absorption m axim a at 281 and 314  nm. 
This suggests the presence of a phenolic group in 
the m olecule, and a close similarity in structure 
between the TLC-separated major fraction and 
vanillin. The presence of phenolic and aldehyde 
functional groups w as further confirmed by NMR 
studies. An NMR signal at 5 3 .9 , corresponding to 
singlet of 3 H, indicated the presence of a m ethoxy  
group, while a downfield singlet of 1 H at 5 9.7  
showed the presence of an aldehyde group. Presence 
of an aromatic ring w as indicated by a singlet of 
1 H at 8 6 .3 , and doublets of 1 H at 8 6 .6  and 
8 7.4. Data suggest that the aromatic ring is 
substituted at 2 of its 6 positions. The NMR data 
were comparable to those of standard 2 hydroxy-
4-m ethoxy benzaldehyde described in  the literature 
(Pouchart 1983).

Comparative effect of essentia l oil and vanillin  
on microorganisms is illustrated in Table 1. The 
essential oil w as inhibitory to S. uvanxm, E. colt, 
and S. typhi at concentration: of 30  mg for 10®nos 
of organisms. Vanillin was effective against S. uvam m  
at sam e concentration; but a concentration of 40  
mg w as needed for inhibitory action on S. typhi. 
Vanillin w as not effective against E. colt Neither 
the essential oil nor vanillin w as effective against 
B. cereus. The essential oil w as found to restrict 
microbial growth at the concentration of 0 .1 6  g /

TABLE 2 . E F F E C T  O F  T H E  ESSEN TIA L O IL  O N  M IC R O ­
BIOLOGICAL QUALITY O F  KIIOA AND TOM ATO 
P U R E E  ST O R E D  IN A R EFR IG E R A T O R  F O R  7  AND 
21 DAYS.

Khoa
E s s e n tia l  oil ---------------------
u s e d , m g  'Pota] p la te

c o u n t,  e f u /g  
a t  7  d a y s

0  (contro l) 1 .0  x  10s
3 0  6 .2  x 10"
4 0  ND
ND : No su rv iv o r  d e te c te d

T o m a to  p u re e

T o ta l p la te  
c o u n t,  c f u /m l  

a t  21  d a y s
2 .3 2  x  107 
1 .5 0  x  10s 

ND

Y e a s t + 
m o u ld , e f u /m l  

a t  21 d a y s
3 .0  x  107 
2 .6  x 10s 

ND
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100 g khoa and 0 .08  g /1 0 0  ml tomato puree. The 
microbial counts were nil in refrigerated khoa  and 
tomato puree sam ples, after 1 and 3 weeks, 
respectively (Table 2.)

Thus, the present study h as resulted in 
standardizing the extraction procedure for isolation  
of essen tia l oil of D ecalep is ham iltonii and  
identification of its major com ponent. The extracted 
essential oil is a promising antimicrobial agent. 
Further experim ents are needed to study the 
specificity of the eifect on particular groups of 
microorganisms.
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P r o t e a s e  S e c r e t i o n  b y  R e s t i n g  C e l l s  o f  A e r o m o n a s  
h y d r o p h i l a  a s  a  P o s s i b l e  M o d e  o f  S u r v i v a l  i n  F l e s h  F o o d s

S . N .  D O K E ,  S . B .  W A R R I E R ,  M . D .  A L U R * .  V .  V E N U G O P A L  A N D  P . M .  N A I R
Food Technology and Enzyme Engineering Division,

Bhabha Atomic Research Centre, Trombay, Bom bay-400 085 , India.
W a sh e d , re s t in g  c e lls  o f  Aeromonas hydrophila s e c re te d  p ro te a s e  in  th e  a b s e n c e  o f  n u t r i e n t s .  T h e  a m o u n t  o f  p ro te a s e  
s e c re tio n , m e a s u re d  in  te rm s  o f  ty ro s in e  re le a se , w a s  fo u n d  to  b e  d e p e n d e n t  o n  th e  level o f  in i t ia l  ce ll n u m b e r s .
T h e  p ro te a s e  s e c re t io n  w a s  in h ib ite d  b y  c h lo ra m p h e n ic o l, th e re b y  s u g g e s tin g  de novo s y n th e s is  o f  th e  e n z y m e . T h e  
e n z y m e  s e c re t io n  w a s  e n h a n c e d  b y  m y o sin , a n d  m o re  s ig n if ic a n tly , b y  t iy p s in - t r e a te d  m y o sin . T h e  r e s u l t s  s u g g e s t  
th a t  th e  m a jo r  s t r u c tu r a l  p ro te in s  o f  m u s c le  c a n  in f lu e n c e  p ro te a s e  s e c re t io n  b y  th e  b a c te r iu m . U s in g  p r o te a s e  in h ib ito rs ,  
th e  p ro te a s e s  s e c re te d  b y  A. hydrophila w e re  c h a ra c te r iz e d  a s  s e r in e  a n d  m e ta l lo -p ro te in a s c s .
K e y w o rd s  : Aeromonas hydrophila. R e s tin g  ce lls . P ro te a se  se c re tio n , S u rv iv a l m o d e , M u sc le  foods.

Muscle foods, during post-mortem, are exposed  
to contamination by a variety of microorganisms 
(Gupta et al. 1983; Thampuran and Mahadeva Iyer
1989). The structural proteins of m uscle, consisting  
of myosin, actin and other regulatory proteins are 
not permeable to bacterial cells (Gill and Penny
1977). Utilization of large m uscle proteins for 
microbial growth is facilitated by the hydrolytic 
action of proteases secreted by the organism s 
(Thomas et al. 1987). However, secretion of these  
enzymes during the exponential state of bacterial 
growth is minimal (Glenn 1976). Thus, it is likely 
that, the free amino acid pool in the m uscle is  
rapidly depleted during early stages of bacterial 
growth, and the cells reach a state of nutrient 
limitation. Thereafter, further breakdown of complex 
proteins will require secretion of proteases by these  
cells.

Aeromonas hydrophila, is  a bacterium of 
public health significance. It has been isolated from 
unirradiated spoiling mackerel (Alur and Lewis
1980). During studies on the spoilage potential of 
some contam inant bacteria, isolated from Indian 
mackerel, it h as been observed that A. hydrophila  
brings about faster spoilage of fish protein (Alur 
et al. 1989). It is of significance to note that growth 
of A hydrophila and spoilage of fish protein occur 
within 6-8 h (Alur et al. 1989; Paturkar et al. 1992). 
The growth curves of A. hydrophila. along with 
protease secre tio n  in  n itrogen  fraction s of 
proteinaceous foods have been reported earlier, 
(Alur et al. 1988). It has also been recognized as  
a widely prevalent bacterium  in several m uscle  
foods (Palumbo et al. 1985). Its pathogenicity has  
also been demonstrated (Buchnan and Palumbo 
1985). A detailed study on protease secretion by
* Corresponding Author

resting cells of A. hydrophila  is  desirable to 
understand the role of its survival in flesh foods, 
and to develop appropriate m ethods for preventing 
spoilage of flesh foods.

The present work was, therefore, undertaken  
to study protease secretion by starving cells of 
Aerom onas hydrophila  and the influence of m yosin  
on the enzyme secretion. No attem pt w as m ade to 
investigate the pathogenicity of A. hydrophila  in th is  
study, which w as confined to establishing the 
degradative ability of the bacterium.
M a t e r i a l s  a n d  M e t h o d s

Aerom onas hydrophila  used  in th is study w as 
isolated from Indian mackerel (Rastrelliger kanagurta) 
(Alur et al. 1988). It w as grown in 0.8% (w/v) Difco 
nutrient broth (200 ml) on a rotaiy shaker for 18 
h, before centrifugation at 6 ,0 0 0  rpm at 0°C for 
30  min, to harvest the cells. The cell pellet w as  
w ashed thrice with 0.01 M phosphate buffer (pH 
7.2) and resuspended in  the sam e buffer at a 
turbidity equivalent to an absorption of 4 0 0  units  
in a Klett-Summerson photocolorimeter, using red 
filter.

The cell suspension  (10 ml) w as incubated on 
a rotaiy shaker at 25°C. Aliquots (3 m l cell 
suspension) were withdrawn at regular intervals, 
centrifuged at 6 ,000  rpm for 15 m in at 0°C, and  
the supernatants were used  for protease assay, 
using haemoglobin (Difco) as the substrate. The 
assay system , containing 15 mg substrate in  0.1  
M phosphate buffer, (pH 7.5) and cell supernatant, 
w as incubated at 50°C for 30  min, and the tyrosine 
liberated w as estimated as described earlier (Pansare 
et al. 1985). One unit of activity w as expressed as  
p mole tyrosine liberated per ml culture supernatant, 
during the incubation period, under the assay  
conditions.
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Myosin from white m uscle of Indian mackerel 

was isolated according to the procedure of Shenouda 
and Piggot (1974). The fish m uscle (30 g) w as 
homogenized in ice-cold 0.01 M phosphate buffer 
(pH 7.5), containing 0.01 M pyrophosphate, 0 .4  M 
KC1 and 0 .0 0 1  M p -m ercap toeth an o l. The 
homogenate w as centrifuged at 1 0 ,1 2 0 x g  for 15 
m in at 0°C. The supernatant w as diluted to 800  
ml, using chilled, distilled water. The precipitate 
was collected by centrifugation at 1 0 ,1 2 0 x g  for 15 
min at 0°C. The residue w as dissolved in 0 .4  M 
KC1 (100 ml), and the protein content of the m yosin  
preparation, as m easured by the m ethod described  
by Lowry et al (1951), w as found to be 8 m g/m l. 
The myosin w as dialyzed overnight at 0°C against
0.4  M NaCl, prior to use.
R e s u l t s  a n d  D i s c u s s i o n

Survival of resting cells of A. hydrophila, during 
prolonged incubation at room temperature on a 
rotary shaker, showed no decline in the first 6 h, 
but did show 50% cell inactivation after 24 h.

Fig. 1 depicts the data on tyrosine release as  
a function of initial cell density of the bacterium  
incubated in phosphate buffer. It is of interest to 
note that the cell density played a significant role 
in tyrosine release. All the system s exhibited cell 
density of 108 ce lls /m l after 18 h incubation. In 
order to obtain optimum protease activity of cells, 
cell suspensions (1010 cells/m l) were used for further 
study.

Fig.2 show s secretion of protease by w ashed

Fig. 1. T y ro s in e  re le a se d  a s  a  fu n c tio n  o f  ce ll n u m b e r s  s e e d e d  
in  b u ffe r.

F ig .2 . S e c re tio n  o f  p r o te a s e  b y  r e s t in g  c e lls  o f  A. hydrophila. 
— O —  : 1 m l, — • —  : 2  m l, — A—  : 6  m l, —x — : 8  m l, 
— A —  : 10 m l.

cell suspension  of A. hydrophila. The cells secreted  
the enzyme in the absence of any carbon and

F ig .3 . E ffec t o f  c h lo ra m p h e n ic o l  o n  p r o te a s e  se c re tio n  b y  A.
hydrophila. A v o lu m e  o f  10 m l ce ll s u s p e n s io n  w a s  u s e d . 
C h lo ra m p h e n ic o l  c o n c e n tra t io n s  — O—  : 0  fig, — A—  : 
100  pg, — A —  : 1 0 0 0  pg.
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n itro g en  s o u r c e s .  W ith in c r e a se  in  c e ll  
concentrations, higher am ounts of the enzyme were 
secreted. Since resting cells secreted protease in 
the absence of nutrients, it w as of interest to 
examine whether the protease w as synthesized de  
novo during starvation. This w as examined by 
measuring the enzyme secretion in the presence of 
chloramphenicol. The secretion w as found to be 
inhibited by chloramphenicol at 100 and 1,000 pg/ 
ml level, suggesting d e  novo synthesis of the enzyme 
by the cells (Fig. 3).

The influence of m yosin on protease secretion  
by the resting cells is show n in Fig.4. The cells 
secreted appreciable am ounts of protease in the 
presence of increasing concentration of myosin. It 
is likely that the low am ounts of protease secreted  
by the resting cells could hydrolyze large m uscle  
protein, and the resulting hydrolytic products could  
act as a substrate that triggers the protease 
synthesis. This w as examined by determining the 
effect of hydrolyzed m yosin on the enzyme secretion. 
Myosin (8 m g/m l) w as treated with 100 pg trypsin  
in 0.01 M phosphate buffer, pH 7.5, at 50°C for 
2 h. After the treatment, trypsin w as heat-inactivated

F ig .4 . E ffec t o f  m y o s in  c o n c e n tra t io n  o n  p r o te a s e  s e c re t io n  b y  
A. hydrophila. — O—  : No m y o sin , — • —  : 8  m g  p r o te in /  
m l, — A—  : 16 m g  p r o te in /m l ,  — ▲ —  : 3 2  m g  p r o te in /  
m l, — x —  : 6 4  m g  p r o te in /m l .

TABLE 1. E F F E C T  O F  HYDROLYZED M YOSIN ON PR O T E A SE  
SE C R E T IO N

P ro te a s e  a c tiv ity  (p. m o le  ty ro s in e  
r e le a s e d /m l  c u l tu re  s u p e r n a t a n t

In c u b a t io n  —
p e rio d , h No m y o sin N o n -h y d ro ly z ed

m y o s in
T ry p s in -h y d ro ly z e d

m y o s in
2 0 .1 0 0 .5 0 0 .7 4
4 0 .2 0 0 .7 5 1 .0 3
5 0 .2 5 0 .8 7 1 .2 0

P ro te a s e  ac tiv ity  w a s  m e a s u re d  u s in g  1 m l ce ll s u s p e n s io n  o f  
A. hydrophila in  a  to ta l  v o lu m e  o f  10 m l c o n ta in in g  8  m g  t ry p s in  
h y d ro ly zed  o r  n o n -h y d ro ly z e d  m y o sin .

at 100°C, in a boiling water bath. The effect of 
hydrolyzed m yosin on enzyme secretion is given in  
Table 1. It is evident that the protease secretion  
w as enhanced in the presence of hydrolyzed m yosin, 
as compared with unhydrolyzed m yosin.

Further, the proteases elaborated by A. 
hydrophila  were characterized by using specific 
p rotease  in h ib itors (Table 2). P h en ylm eth y l 
sulfonylfluoxide (PMSF) and ethylene diamine tetra- 
acetic acid (EDTA), both at 2 mM concentrations, 
inhibited protease synthesis in resting cells of A. 
hydrophila to the extent of 50  and 90%, respectively. 
Thus, the proteinases of A. hydrophila  could be 
assigned to the categories of serine and m etallo­
proteinases.

The results suggest a m echanism  for survival 
of A. hydrophila  in m uscle foods. The process may 
have two stages. Firstly, initial synthesis and 
secretion of protease by the cells, during nutrient 
limitation conditions; and, secondly, the m yosin- 
dependent induction of the enzyme synthesis. The 
initial growth is  probably at the expense of low 
m o le c u la r  w e ig h t c o m p o n e n ts  p r e s e n t  in  
sarcoplasm ic (soluble) fractions of the m uscle. 
These have been shown to be required for supporting 
in itia l grow th  of sp o ila g e  an d  p a th o g en ic  
microorganisms (Yada and Skura 1981; Dainty et

TABLE 2 . E F F E C T  O F  IN H IB IT O R S ON S E C R E T IO N  O F  
PR O T E A SE S BY AEROMONAS HYDROPHILA DURING 
INCUBATION

P ro te a s e  a c tiv ity  m o le /m g  p r o te in /h )
In c u b a t io n  ------------------— ----------------------------------------------------------------
a t  RT, h  In h ib ito r  (2 mM ) u s e d

C o n tro l P e p s ta t in PCM B P M S F EDTA
3 2 ,0 5 9 1 ,8 1 9 2 ,1 9 6 1 ,1 6 9 2 7 4
6 2 ,4 0 2 2 ,4 6 3 2 ,3 0 0 1 ,4 0 7 2 7 4
2 4 2 ,6 7 0 2 ,6 1 0 2 ,8 9 8 5 7 2 5 7 2
PC M B : P a r a c h lo r o m e r c u r ib e n z o a te ,  P M S F : P h e n y lm e th y l -  
su lfo n y lf lu o rid e , EDTA : E th y lè n e d ia m in e  te t r a c e t ic  a c id , RT: 
R oom  te m p e ra tu re .
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al. 1983). Subsequently, it com es under nutrition  
limitation stage. Bacterial cells under nutrient 
limitations have been show n to initiate a rapid 
programme of metabolic adjustm ents, termed as 
stringent response (Cozzone 1981). It is here that 
the second stage com es into picture and the 
bacterium is able to survive. The synthesis of 
protease under nutrition lim itations h as also been  
observed in Bacillus subtilis, wherein m utants are 
known to have higher levels of protease (Kadrekar 
and Rama Sarma, 1990; May and Elliott 1968). 
Such enzyme synthesis in Vibrio alginolyticus under 
in d u ctio n  by p ep to n e  w a s re la ted  to  th e  
accumulation of stable mRNA (Reid et al. 1980). 
A similar protease synthesis in Erwinia chrysantheml 
was reported to be produced by hydrolyzed casein  
and not by unhydrolyzed casein  (Wandersman et 
al. 1986). M yosin-dependent secretion of protease 
by the bacterium has also been harnessed in our 
laboratory, to prepare protein hydrolysate from 
waste fish (Venugopal et al. 1988).

Involvement of protease in allowing the growth 
of microorganisms in m uscle foods has been well 
recognized (Gill and Penny 1977). Bacterial 
penetration of m uscle is known to be favoured by 
extracellular proteases (Thomas et al. 1987). Such  
bacterial penetration of m uscle could be enhanced  
by secretion of multiple forms of proteases, and also 
by low substrate specificities of the secreted  
proteases. In these respects, it is worthwhile noting 
that A. hydrophila  h as been recognized to secrete 
two proteinases and one am ino-peptidase (Pansare 
et al. 1985). These proteinases could act on several 
proteins having m axim um  activities on myofibrillar 
proteins (Pansare et al. 1985). Consequently, these  
properties could facilitate proliferation of A. 
hydrophila and could explain its survival in several 
muscle foods (Palumbo et al. 1985).
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C o m p o s i t i o n  a n d  N u t r i t i v e  V a l u e  o f  S u n - d r i e d
P u n t i u s  s o p h o r e

C h .  S A R O J N A L I N F  A N D  W .  V I S H W A N A T H
Department of Life Sciences, Manipur University,

Canchipur - 795 003, Imphal, Manipur, India.
P ro x im a te  c o m p o s itio n  a n d  d ig e s tib ility  o f  s u n -d r ie d  Puntius sophore, a  lo w -c o st v a r ie ty  o f  s u n - d r ie d  f ish , u s e d  

in  a  t r a d it io n a l  fe rm e n te d  fish  p re p a ra t io n  (Ngari) in  M a n ip u r , w e re  e v a lu a te d . S u n -d r ie d  Puntius c o n ta in e d  (%) m o is tu re  
18.1 , p ro te in s  4 5 .0 , lip id s  1 8 .5  a n d  a s h  11 .0 . In vitro d ig e s tib ility  o f  p ro te in  b y  p e p s in  w a s  4 4 .1 %  in  2  h , a s  a g a in s t  
5 5 .7 %  b y  p e p s in  + t ry p s in  in  2 4  h . N itro g en  In ta k e , n itro g e n  o u tp u t ,  a n d  d ig e s tib ility  in  fe e d in g  t r ia l s  o n  la b o ra to ry  
r a t s  w e re  8 .8 , 2 .3  a n d  8 2 .0 , a s  c o m p a re d  to  th e  v a lu e s  o f  7 .7 , 0 .7  a n d  9 2 .7 , re sp ec tiv e ly , for re fe re n c e  c a s e in . T h e  
b io lo g ica l v a lu e , food c o n v e rs io n  ra tio , a n d  p ro te in  effic ien cy  ra t io  w e re  9 6 .8 , 3 .1  a n d  2 .0 , a s  a g a in s t  th e  re s p e c tiv e  
v a lu e s  o f 9 7 .1 , 3 .7  a n d  2 .7  fo r  re fe re n c e  c a s e in . T h e  a -a m in o  n itro g e n  o f Puntius w a s  3 2 .6  m g /g  to ta l  n i tro g e n . T h e  
to ta l v o la tile  b a s ic  n i tro g e n  v a lu e , th io b a rb itu r ic  a c id  n u m b e r  a n d  p e ro x id e  v a lu e  w e re  w ith in  th e  a c c e p ta b le  l im its .
K e y w o rd s  : Puntius sophore, S u n -d r ie d  fish , P ro x im a te  c o m p o s itio n , P ro te in  d ig e s tib ility , B io log ical v a lu e , P ro te in

effic ien cy  ra tio , T h io b a rb itu r ic  a c id  n u m b e r .

The m ost important contribution of fishes to 
hum an diet is the supply of m uch required protein 
of good quality (Valanju and Sohonie 1957; Mooijani 
and Vasantha 1973). Small sized fishes are not 
preferred due to their lower m eat content and bony  
nature (Sarojnalini and Vishwanath 1988). However, 
such low valued fishes offer m inerals in their m ost 
edible forms and in more abundance than the large 
sized fishes do (Higashi 1962). In Manipur (India), 
the consum ption of fresh Puntius is not common, 
mainly due to its poor taste (Sarojnalini and 
Vishwanath 1988). However, sun-dried Puntius is 
used in the preparation of a fermented fish paste 
'Ngari' for hum an consum ption (Sarojnalini and 
Vishwanath 1988).

Some reports have been published in India on 
the digestibility and nutritive value for fishes and 
their improvement (Sawant and Magar 1961; CSIR 
1962; Rao et al. 1965; Rege et al. 1986; Ammu 
et al. 1986; Das et al. 1979). Though little work 
has been done on the nutritive value of sm all-sized  
fish, there are a few reports on the nutritive value 
of small sized fishes of Manipur (Vishwanath and 
Sarojnalini 1989; Bijen et al. 1990). In the present 
paper, proximate com position and nutritive value 
of sun-dried Puntius sophore are reported.
M a t e r i a l s  a n d  M e t h o d s

Sun-dried Puntius sophore (6.5 - 7.5 cm in 
length) w as purchased from the local market. The 
fishes were defatted by chloroform-methanol mixture 
as per the standard methodology (Folch et al.
1957). Pepsin and trypsin were from Loba Chemie.
* Corresponding Author

Proximate an alysis : Total nitrogen, m oisture, 
and lipid contents were estim ated in sun-dried  
sam ple, following the standard m ethods (AOAC
1975). Total ash content w as estim ated by igniting 
the sample a t 550°C in a muffle furnace (AOAC
1960). Protein values were calculated by multiplying 
the nitrogen values by 6 .25  for fishes and by 5.7  
for wheat (Osborne and Voogt 1978).

In vitro digestibility : Defatted sam ples and  
0.2% pepsin solution were prepared according to 
AOAC (1975). Six conical flasks were taken, and 
1 g of powdered, defatted sam ple, and 150 m l of 
pepsin solution were added to each flask. The flasks 
were then incubated at 40  ± 1°C for 2 h with 
constant shaking in a metabolic shaker (80 rpm). 
At the end of 2 h, the contents of 3 flasks were 
filtered. To each of the remaining 3  flasks, 0 .3  g 
of tiypsin  w as added, after adjusting the pH of 
the suspension  to 8.2. Incubation w as continued  
at 45°C for a further 22 h. and then the suspensions  
were centrifuged at 5000  rpm for 20 min. Digestible 
protein in pepsin digest and com bined pepsin and 
tiypsin  digest were expressed a s % total proteins 
of the sample. For com parison, experim ents were 
carried out using standard casein  under the sam e  
conditions.

Alpha-amino nitrogen : Alpha-am ino nitrogen  
w as estim ated by formol titration as per Sorensen's 
method (AOAC 1984). The aliquots, after 2 and 24  
h of enzyme hydrolysis, were used  for a-am ino  
nitrogen determination.

Feeding experim ents : W eanling m ale albino 
rats (21 days old), weighing 25-30  g, were selected  
for in vivo digestibility studies, protein efficiency
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ratio (PER), food conversion  ratio (FCR) and biological 
valu e (BV) of the su n -d ried  P u n t i u s .  For feeding  
pu rposes, food prepared from  su n -d ried  P u n t i u s  
(test diet) w as u sed  alon g  w ith  th e  control diet, and  
the protein-free diet. All the d iets  con ta in ed  10% 
protein, except for th e  protein-free diet. Control diet 
contained  vitam in-free c a se in  (ICN p h arm aceutica ls, 
Ohio), w hile lipid-free fish  pow der w a s  added to  the  
te st diet, so  a s  to  provide 10% tota l protein  (N x  
6.25). The protein-free diet con ta in ed  (g) ce llu lo se  
5, su crose 2 0 , starch  65 , an d  refined grou n dn u t 
oil 5 in  a 100  g final diet. The o th er in gred ien ts  
include 9 g o f refined grou n d n u t oil in  control and  
test d iets. All the d iets  con ta in ed  4  g o f a sa lt  
m ixture (AOAC 1960) an d  1 g o f a v itam in  m ixture  
(AOAC 1960). W heat flour w a s  added to m ake up  
the w eight to 100%, w herever required (Bijen et al.
1990). The final protein  co n ten t o f th e diet, w hich  
also included  protein  from  w h eat flour, w a s 17.8% . 
Urine and faecal sa m p les  w ere collected  ev e iy  day  
a s described b y  A m m u et al (1986).

Protein efficiency ratio (PER) w a s  ob tained  by  
dividing w eight ga in  by protein  in tak e (ISI 1982). 
Absorbed n itrogen  (absorbed N) w a s  ca lcu la ted  by  
subtracting m etab olic  n itrogen  (m etabolic N) from  
nitrogen intake (N intake) (ISI 1962). The va lu e of 
food conversion  ratio (FCR) w a s obtained  by dividing  
food intake b y  w eigh t ga in  (ISI 1982) and biological 
va lu e w as th e ratio o f retained  n itrogen  (retained  
N) to absorbed N (ISI 1982).

T e s t s  f o r  s p o i l a g e  : N on-protein  n itrogen  (NPN) 
w as determ ined b y  precip itating all protein  by  
treating w ith TCA. R esid u e w a s  tak en  for protein- 
nitrogen estim ation  (C utting 1962). T he va lu e of 
protein N w a s  su b tracted  from total N to obtain  
non-protein  N. W ater-so lub le n itrogen  (WSN) w a s  
determ ined b y  difference b etw een  tota l n itrogen  and  
insoluble nitrogen. S am p le w a s  hom ogen ized  2 
tim es with d istilled  w ater an d  th en  centrifuged. 
R esidue w a s  tak en  for n itrogen  estim ation , w hich  
gives the va lu e of in so lu b le  n itrogen. Total volatile  
b asic n itrogen (TVBN) w a s  estim ated  b y  u sin g  TCA 
extract in  a C onw ay ap p aratu s, follow ing th e  
m ethod of Morris (1959). T hiobarbituric acid  (TBA) 
num ber w a s estim ated  by th e  m eth od  o f S in h u b ar  
and Yu (1958). Free fatty  acid  w a s  analyzed  
following the m eth od  o f M orris (1959). Oil w a s  
extracted w ith  ethyl eth er  an d  d issolved  in  95%  
neutral alcohol, follow ed b y  titration  w ith  0 .1  N 
NaOH. The va lu e w a s  exp ressed  a s  % o f oleic acid. 
Peroxide va lu e w a s  estim ated , follow ing th e  m ethod  
of Morris (1959).

Results and D iscussion
P r o x i m a t e  c o m p o s i t i o n  : S u n -d r ied  P u n t i u s  

s o p h o r e  con ta in ed  (%) m oistu re  18.1 ± 0 .1 , lip ids
18 .5  ± 0 .0 1 , p rotein s 4 5 .0  ± 0 . 1  an d  a sh  1 1 .0  ± 
0 .2 , a s  aga in st th e  levels o f  1 4 .0  ± 0 .2 2 , 0 .8  ± 0 .0 4 , 
10 .3  ± 0 .2 1  an d  0 .7  ± 0 .0 2 , resp ectively , in  w h eat 
flour. It is  em p h asized  th a t th e  lip id s, p ro te in s and  
a sh  are m an y  tim es h ig h er  in  su n -d r ied  P u n t i u s ,  
a s  com pared  to  th o se  in  w h ea t flour. A bout 16 
tim es m ore a sh  in  su n -d r ied  P u n t i u s  is  d u e to  its  
higher b on y c o n s isten cy  an d  sca ly  ch aracteristics. 
H igher lip ids and protein  c o n ten ts  are o f im portance  
from  nu trition al p oint o f  v iew , a s  th ey  co n stitu te  
a ch eap er sou rce  o f th ese  n u tr ien ts  for th e  ever 
increasin g  p op u la tion  in  th e  cou n try.

S p o i l a g e  s t a t u s  o f  s u n - d r i e d  P u n tiu s  : V arious  
te s t s  perform ed gave va lu ab le  in sig h t In th e  spoilage  
s ta tu s  o f p rotein s an d  lip id s o f  su n -d r ied  P u n t i u s .  
The TVBN o f su n -d ried  P u n t i u s  w a s  4 .6  m g /g . The  
su n -d ried  P u n t i u s ,  therefore, ca n n o t b e c la ssified  
a s  sp oiled  fish , a s  a n y  p rod u ct w ith  le s s  th a n  10 
m g T V B N /g is  con sid ered  to  b e  fresh , according  
to Morris (1959). S im ilar is  th e  c a se  for TBA 
num ber. A ccording to S in h u b er  an d  Yu (1958), a 
p rocessed  product hav in g  u p to  3  TBA n u m b er is  
regarded a s  b ein g  in  good con d ition . In th e  p resen t  
ca se , TBA n u m b er o f su n -d ried  P u n t i u s  is  0 .5 0 7  
m g / 10 00  g m ateria l, w h ich  is  w ith in  th e  acceptab le  
lim it. T anigu ch i (1988) reported th a t th e  peroxide 
va lu e  of lip id s in  f ish es  in crea sed  during drying, 
an d  a lso  d epended  o n  sm ok in g  tim e. The low  
peroxide va lu e o f the su n -d r ied  P u n t i u s  (4 .2 0  
m illim o les/g ) sh o w s th a t su n -d iy in g  did n o t ca u se  
m u ch  oxidation  of th e  lip ids. T he levels o f  free fatty  
acid (as oleic acid), w a ter-so lu b le  n itrogen  an d  n o n ­
protein  n itrogen  in  su n -d r ied  P u n t i u s  w ere 4 2 .8 6  
m g /g , 3 .26%  an d  2.60% , respectively . The data, 
th u s , in d icate m in im u m  sp o ilage of p rote in s and  
lip ids in  su n -d ried  P u n t i u s  s o p h o r e .

In vitro a n d  in  vivo d i g e s t i b i l i t i e s  : The  
digestib ility  v a lu es  of fish  sa m p les  w ere 7 4 .1  ± 0 .2  
and 8 5 .7  ± 0 .0 1 , resp ectively , w h en  treated  w ith  
p ep sin  a lon e for 2 h an d  p ep sin  + tryp sin  m ixture  
for 2 4  h. In ca se  o f ca se in , th e  corresp on ding  v a lu es  
w ere 8 8 .0  ± 0 .7  and 9 8 .0  ± 0 .3 3 , respectively. The  
com paratively low er d igestib ility  o f P u n t i u s  protein , 
a s  com pared  to  th a t o f  ca se in , m ay  be due to  the  
u se  of th e  w hole o f th e su n -d r ied  P u n t i u s  b od y in  
th e  d igestib ility  exp erim en ts, w h ich  w ere perform ed  
in  s ix  rep licates. A s h a s  b een  p oin ted  out earlier, 
the su n -d ried  P u n t i u s  h a s  le s s  flesh  and lots of 
sc a le s  a s  w ell a s  b o n es . T he in  v i t r o  d igestib ility
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TABLE 1. DATA ON NUTRITIONAL CHARACTERISTICS OF
THE SUN-DRIED P U N T IU S S O P H O R E  IN
COMPARISON WITH CASEIN.

Attribute Value
Casein Sun-dried

Alpha-amino nitrogen release, % ND
P u n tiu s  s o p h o re  

3.26
Pepsin alone for 2 h 88.00 74.13
Pepsin + trypsin for 24 h 98.03 85.74

Digestibility data
Total nitrogen in diet g 7.67 8.76
Nitrogen in excreta, g 0.72 2.25
Apparent digestibility, % 90.61 74.32
True digestibility, % 92.69 82.08

Food intake, g 416.10 322.17
Nitrogen balance ND ND

Nitrogen retained, g 6.95 6.51
Nitrogen absorbed, g 7.16 6.72

In  v iv o  protein digestion, % 92.69 82.08
Food conversion ratio, g 3.73 3.10
Biological value, % 97.06 96.75

will be m u ch  higher, if th e  flesh  portion  o f the su n -  
dried P u n t i u s  is  u sed  in  the experim ent. There were 
som e differences in  th e  liberation  of a lp ha-am in o  
nitrogen during p ep sin  and p ep sin  + trypsin  
digestions. The release  o f a lp h a-am in o n itrogen  w a s  
greater in  ca se  o f p ep sin  + tryp sin  d igestion  for 
24  h, a s  com pared to th e  d igestion  b y  p ep sin  alone  
for 2 h (Table 1). S im ilar r e su lts  have a lso  b een  
reported in  th e  E om bay fish  b y  V alanju and  
Sohonie (1957).

The trend s of th e  in  v i v o  d igestib ility  v a lu es  
of sun-dried  P u n t i u s  w ere sim ilar  to  th o se  of th e  
in  v i tro  d igestib ility  s tu d ie s  (Table 1). The low er  
in  v iv o  d igestib ility  of the fish  sam p le m ay  be  
attributed to inadequate con tact of d igestive enzym es  
in the gu t of rats, d u e to the p resen ce  of sca le s  
and b o n es  in  th e  fish  con su m ed .

N u tr i t i o n a l  c h a r a c t e r i s t i c s  : The data p resen ted

in Table 1 revealed  low er ap p aren t an d  true  
d igestib ilities of su n -d r ied  P u n t i u s ,  a s  com p ared  to 
th o se  of ca se in . The tota l n itrogen  in  d iet w a s  lower, 
w hile th e n itrogen  excreted  w a s  h ig h er  in  ca se  of 
sun-dried  P u n t iu s .  Sim ilarly, th e  food intake, nitrogen  
retained , n itrogen  ab sorb ed  w ere low er in  ca se  of 
su n -d ried  P u n t i u s ,  a s  com p ared  to  th o se  for case in  
diet (Table 1). C on seq u en tly , th e  food con version  
ratio and b iological va lu e  w ere a lso  s ligh tly  lower 
in  ca se  o f su n -d ried  P u n t i u s .  T h ese  d ifferen ces are, 
probably, due to th e  fact th a t th e  relative proportion  
of dietary n itrogen , en terin g  in to  grow th and  
m ain ten an ce  of th e  rats, d ep en d s u p o n  th e  am ou n t  
an d  nutritive quality  o f d ietary p ro te in s (B arnes et 
al. 1946).

The com parative w eigh t ga in  an d  protein  intake  
by rats fed on  a ca se in , or on  a su n -d r ied  P u n t i u s  
diet (Table 2) sh ow ed  a m ore or le s s  eq u al w eight 
gain  at 4 -d ay  in tervals, in  th e  c a se  o f th e  c a se in  
diet, b u t it w a s o f irregular n atu re in  th e  ca se  of 
su n -d ried  P u n t i u s .  H ow ever, th e  tota l w eigh t ga in  
after 28  d ays feeding w a s  sligh tly  h igh er in  ca se  
of su n -d ried  P u n t i u s .  S im ilar tren d s w ere a lso  
observed  in  th e protein  efficiency ratios. In con trast, 
the protein  in take from  fish -b a sed  d iet w a s  greater  
th a n  th a t from  ca se in  diet, an d  resu lted  in  a total 
protein  in take of 5 8 .6  ± 5 .5  an d  4 1 .6  ± 0 .9 9  for 
fish -b a sed  an d  ca se in  d iets , respectively .

The protein  efficiency ratio s after 2 8  d ays of 
feeding w ere 2 .5  ± 0 .5  an d  2 .0  ± 0 .3 9  for c a se in  
and fish-teased d iets, respectively (Table 2). According  
to Indian  S tan d ard s S p ecifica tio n s, protein-rich  
con cen trated  n u trien t su p p lem en tary  food s sh o u ld  
have a protein  efficiency ratio o f  2 .0  (ISI 1962). 
T h u s, th e su n -d ried  P u n t i u s  ca n  b e con sid ered  a s  
a food, w hich  m eets  th is  sp ecification .

The growth rates o f  rats fed on  c a se in  an d  fish- 
b a sed  d iets are rep resen ted  in  Fig. 1. It sh o w s  that 
the growth rate of the rats fed on  f ish -b a sed  d iets

TABLE 2. PROTEIN INTAKE AND WEIGHT GAIN BY THE RATS DURING 28 DAYS OF EXPERIMENT AND PROTEIN EFFICIENCY RATIO
Days Casein Sun-dried P u n t iu s  s o p h o r e

Weight gain Protein intake PER Weight gain Protein intake PER
1-4 14.0 ± 0.64 3.7 ± 0.37 3.9 ± 0.81 6.5 ± 2.12 5.5 ± 0.41 1.2 ± 0.47
5-8 13.3 ± 1.21 4.1 ± 0.67 3.2 ± 0.39 23.0 ± 4.24 6.8 ± 0.21 3.4 ± 0.52

9-12 16.3 ± 2.13 5.1 ± 0.09 3.2 ± 0.07 11.0 ± 7.07 7.7 ± 0.21 1.4 ± 0.88
13-16 12.7 ± 1.57 5.2 ± 0.06 2.0 ± 0.16 21.0 ± 4.24 8.7 ± 0.71 2.40 ± 0.29
17-20 16.0 ± 0.00 6.3 ± 0.35 2.6 ± 0.23 13.0 ± 4.24 9.6 + 1.17 1.3 ± 0.28
21-24 18.0 ± 0.91 7.4 ± 0.91 2.4 ± 0.18 22.0 ± 16.97 9.6 ± 1.97 2.2 ± 1.32
25-28 21.3 ± 1.31 8.8 ± 1.04 2.4 ± 0.38 18.0 ± 2.82 10.78 ± 2.04 1.7 ± 0.05

1-28 111.7 ± 3.91 41.6 ± 0.99 2.5 ± 0.50 114.5 ± 32.2 58.63 ± 5.50 2.0 ± 0.39
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Fig. 1. Growth rate of male albino rats fed with casein and 
sun-dried P u n tiu s  s o p h o r e  diets.
O : Casein, •  : P u n tiu s  so p h o re .

are slightly h igher th a n  th a t of ra ts on  a ca se in  
diet. T his is  in  sp ite of th e  com paratively lower 
protein efficiency ratio in  ca se  o f fish -b ased  diet, 
in com parison  to ca se in  diet (Table 2). T h ese  resu lts  
sh ow  that the p rocessed , sm all-s ized  P u n t i u s  h a s  
a nutritive va lu e th a t is  h igher th an , or com parable  
to, that of the case in .
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B i o c h e m i c a l  C h a n g e s  D u r i n g  P r o d u c t i o n  o f  O g i r i -  
A  F e r m e n t e d  F o o d  C o n d i m e n t  f r o m  C a s t o r  S e e d s

( R i c i n u s  c o m m u n i s )
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‘D ep artm en t of Applied M icrobiology and Brew ing,

E n u gu  S ta te  U niversity  o f  S c ien ce  and T echnology, P.M .B. 0 1 6 6 0 , E n u gu , N igeria.
d e p a r tm e n t  of Applied M icrobiology,

N nam di Azikiwe U niversity, Aw ka, Nigeria.
The changes in the chemical constituents of castor seeds, as a result of cooking for 6 h, as well as during 

ogirl production by fermentation, were investigated. Most of the constituents of castor seeds such as crude proteins, 
free fatty acids, total acidity, and some mineral elements were unaffected by cooking. Cooking decreased alpha-amylase 
and protease activities. Alpha-amylase activity and the levels of reducing sugars decreased during primary fermentation, 
but increased during secondary fermentation. Protease activity increased with fermentation time, while lipase activity 
was minimal.
Keywords : Ogiri, Fermentation, Castor seeds, Food condiment, Food constituents, Biochemical changes.

Ferm ented food s are e ssen tia l p arts  o f  d iets  
in  all parts o f th e  world, esp ecia lly  S ou th  E ast A sia, 
the near E ast an d  p arts o f  Africa an d  India (Barber 
et al. 1988; M atta et al. 1991). S u ch  food s in clud e  
dairy p rod u cts, b ak ed  cerea l p rod u cts, a lcoholic  
beverages, ferm ented o ilseed s an d  b e a n s  (Barber et 
al. 1988; Son i and S a n d h u  1990; Potty et al. 1978). 
In Nigeria, o ilseed s, esp ecia lly  African lo cu st b ean  
seed s (P a r k ia  sp), and  African oil b ean  seed , 
( P e n ta c le tu r a  m a c r o p h y l la ) ,  are ferm ented  to produce  

' iru, a sou p  condim ent, and  u g b a ,  w hich  is  con su m ed  
as a sn a ck  (Ogbadu and O kagbue 1988), b e s id es  
og ir i-o k ipL , a ferm ented  food from  P r o s o p is  se ed s  
(Odibo et al. 1992). T he m icrob iolog ical and  
toxicological a sp ec ts  of ferm entation  o f castor  se ed s  
( R ic in u s  c o m m u n i s )  for o g ir i  p rod u ction  h ave b een  
stu d ied  (Odunfa 1985a; Barber et al. 1988).

C astor se e d s  con ta in  approxim ately 50% oil, 
18% p rotein s (Anosike and E gw uatu  1981). T he oil 
from the castor  b ea n  is  a glyceride, w ith  a u n iq u e  
com p osition  in  com p arison  w ith  th e  oth er com m on  
vegetable oils, a s  its  fatty ac id s c o n s ist  o f about  
90% ricinoleic ac id s (H argreaves and O wen 1947). 
Som e stu d ies  have a lso  b een  done on  th e  p rocessed  
protein fractions, b u t th ese  w ere fou n d  to b e toxic  
even to rats (Saroj D u a  et al. 1987). The toxicity  
of ricin is  elim inated , w h en  a w ater so lu tio n  of the  
ricin is  boiled  (Spies et al. 1962). G iven en ou gh  
tim e, the toxicity d im in ish es  w ith  an  in crease in  
the extent o f  d en aturation  (Levy an d  B engalia  
1950). A lthough castor  m eal is  c la ssified  a s  an  
in ed ib le  o ils e e d  m e a l, b e c a u s e  o f i t s  to x ic

* Corresponding Author

c o n stitu en ts  (Levy and B en galia  1950), th e  seed  
product, o g ir i, is  u sed  a s  sea so n in g  agen t in  so u p s  
after b ein g  detoxified  by b o ilin g  an d  ferm entation  
(O dunfa 1985a).

In th e p resen t stu d y , r e su lts  on  th e  b iochem ical 
ch a n g es  in  the food c o n stitu e n ts  an d  enzym e  
activ ities of castor  seed s , d u rin g  ferm en tation  are 
reported.
Materials and Methods

C astor se e d s  (1 kg) w ere d eh u lled  b y  lightly  
breaking the sh e lls  w ith  a ’ s to n e  to ex p o se  th e  
coty led on s. U n h ea lth y  co ty led on s w ere d iscarded , 
w hile se lec ted  good  gra d es w ere w a sh e d  in  w ater. 
The clean ed  se e d s  w ere b oiled  in  w ater for 6  h , 
after w hich  the se e d s  w ere w rapped  in  p la n ta in  
lea ves in  sm all p a ck s o f 50  g each . T he p a ck s  of 
boiled  se ed s  w ere p laced  in  c a la b a sh e s  (dried 
gourds), lined  an d  covered  w ith  p la n ta in  lea v es  and  
left to ferm ent for 4  d ay s at room  tem peratu re  
(19 ± 1°C). T h is step  is  term ed prim ary ferm entation.

At th e  end  o f p r im a iy  ferm en tation , th e  
ferm ented  se e d s  w ere u n w rapp ed  an d  m a sh ed  into  
a p aste , u s in g  a w ood en  p estle  an d  m ortar. A sh  
from  palm  frond (0.1%  o f w eigh t o f ca sto r  seed  
paste) w a s  added, th e  m ixtu re re-w rapped in  fresh  
w a sh ed  p lan ta in  leaves, and  ferm ented  furth er at 
room  tem perature for 3  d ays. T h is ferm en tation  
p h a se  is  referred to  a s  secon d ary  ferm entation . 
S am p les w ere rem oved at 2 4  h  in terva ls d u rin g  the  
p rim aiy  and secon d ary  ferm en ta tio n s an d  kept 
frozen u n til an a lysis .

A n a l y s e s  : G r o u n d  c o o k e d , u n c o o k e d ,
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unferm ented, prim ary ferm ented  ca sto r  seed s , and  
secondary ferm ented  p a s te s  w ere analyzed . G round  
sam ple (5 g), w a s  w eigh ed  in to  a 100  m l con ica l 
flask  and 50  m l eth an ol-w ater  m ixtu re (50:50 , v /v )  
w a s added (O dunfa 1985b). The su sp e n s io n  w a s  
th en  w ash ed  w ith  5 m l petro leu m  eth er  to extract 
the oil, centrifuged  at 5 0 0 0  rpm , an d  the clear  
su p ernatan t u sed  for a n a ly sis . Fat, cru d e proteins, 
m oisture, pH, free fatty ac id s, total titrable acidity, 
total so lid s, organic m atter, cru d e fibre, elem en ta l 
com p o sition , to ta l a sh , ca rb o h y d ra tes , io d in e  
num ber, peroxide va lu e , sap on ifica tion  va lu e, acid  
value, and organic acid  con ten t o f all the sa m p les  
were determ ined b y  AOAC (1980) m ethod s. D uplicate  
d eterm inations w ere m ad e for each  sam p le.

The te st  for ricin  toxicity, a s  ou tlin ed  b y  Rhee
(1987), w a s  adopted  for th e  determ in ation  o f ricin  
content in  th e  sa m p les. R ed b lood  co rp u sc les  w ere  
prepared and fixed accord ing to the m eth od  of B ing  
et al (1967). The w a sh ed , p acked , red blood ce lls  
were ch illed  to 4°C in  a n  ice b ath . G lutaraldehyde  
(15%) w a s d ilu ted  to 1% (w /v) w ith  a so lu tio n  
contain ing 1 v o lu m es o f 0 .1 5  M so d iu m  p h osp h ate  
(pH 8.2), 9 v o lu m es o f 0 .1 5  M so d iu m  chloride, 
and 5 vo lu m es of d istilled  w ater. The glu taraldehyde  
sa lt so lu tion  w a s  ch illed  to 4°C and u sed  to d ilute  
the packed red b lood  ce lls  to 1 - 2% (v/v). The  
m ixture o f ce lls  an d  glu tarald eh yd e w a s  in cu b ated  
at 4°C for 3  m in . w ith  occa sio n a l gen tle  m ixing. 
The fixed ce lls  w ere co llected  b y  cen trifu gation  at 
3 0 0 0  rpm  at room  tem peratu re an d  w a sh ed  five 
tim es w ith  d istilled  w ater. The ce lls  w ere su sp en d ed  
to a final con cen tration  o f 30%  in  d istilled  water. 
M ethiolate w a s added  to a final con cen tration  of 
1: 10 ,000  (w/v) and cells  stored at 4°C. A gglutination  
te st w as carried out on  th e  sa m p les  an d  th e rate  
of agglutination  of b lood  ce lls  w a s  n oted  (Rhee
1987).

The total free su g a rs  w ere determ ined  by the  
dinitrosalicylic reagent m eth od  (Sum m er and Howell 
1935). The optical d en sity  w a s  m easu red  w ith  Pye 
U nicam  SP6 2 5 0  sp ectrop h otom eter  at 6 0 0  nm . The  
total su gar con cen tration  w a s  determ ined  from  a 
standard  m alto se  curve. For a lp h a -a m yla se  a ssa y , 
the enzym e w a s  extracted  from  the sa m p les  by  
grinding a 3  g sa m p le  in  2 0  m l o f 0.1%  acetate  
buffer, contain ing 0.2%  ca lc iu m  chloride (Hargreaves 
and Owen 1947). T he su sp e n s io n  w a s  centrifuged  
at 5 0 0 0  rpm for 5 m in  (O dunfa 1985b). A lpha- 
am ylase a ssa y  p rocedure d escrib ed  by B em field
(1955) w as u sed . The optical d en sity  o f th e resu ltan t  
so lu tion  w a s m easu red  at 5 4 0  n m  u s in g  an  SP6  
2 0 0  spectrophotom eter. T he b lan k  w a s sim ilarly

treated , excep t th a t d in itrosa licy lic  acid  w a s  added  
before adding the sta rch  so lu tio n . The am o u n t of 
red u cin g  su g a rs  form ed w a s  ca lcu la ted  from  a  
stan dard  curve prepared w ith  k n ow n  con cen tra tion s  
of m altose .

For p rotease  a ssa y , th e  extractin g  buffer u sed  
w a s 0 .1  M tris-hydroch loric acid  buffer (pH 7.0) 
con ta in in g  5 mM ca lc iu m  ch loride. The a ssa y  
m ethod  w a s  th a t o f  Y ong an d  W ood (1977). The  
optical d en sity  o f th e  filtrate w a s  m ea su red  at 2 7 5  
nm . E nzym e activ ity  w a s  ex p ressed  in  term s o f an  
arbitrary u n it ca lled  a n  X s u n it  an d  defined  a s  an  
enzym e, in  th e  form  o f 0 .15%  so lu tio n , w hich  
produced  a filtrate w ith  an  op tica l d en sity  o f 0 .5 0 0 ,  
an d  w h en  m easu red  in  a 10 m m  p ath  len gth  cell,
TABLE 1. CHEMICAL CHANGES O F UNCOOKED AND COOKED 

CASTOR SEEDS*
Parameter Uncooked Cooked

seeds seeds**
Moisture, % wet weight 5.42 42.40
PH 5.68 6.30
Total acidity {as acetic acid), % 0.48 0.48
Free fatty acids (as oleic acid), % 1.08 0.56
Crude fibre, % 17.55 15.02
Crude proteins, % 23.10 23.45
Ash, % 3.41 3.02
Fat, % 61.87 65.61
Carbohydrates, % 11.62 7.92
Organic matter, % 96.59 96.98
Total solids, % 94.58 57.60
Iodine number 146.26 232.58
Peroxide value 2.15 1.11
Saponification number 7.01 336.06
Calorific value, K cal/g 6.85 7.12
Acid value 2.15 1.11
Alpha-amylase activity, unit/g 6.23 2.51
Protease activity, unit/g 225.08 122.70
Lipase activity (as oleic acid), 

mM/g ND 0.16
Ricin, titre 1000.00 22.00
Total sugars, mg/g 52.50 51.88
Magnesium, pg/100 g 3.29 5.40
Calcium, pg/100 g 7.71 9.54
Zinc, pg/100 g 1.62 2.67
Lead, pg/100 g ND 1.08
Copper, pg/100 g 10.83 10.80
Iron, pg/100 g 11.87 19.16
Potassium, m g /100 g 0.57 0.65
Sodium, m g /100 g 0.09 0.12
Phosphorus, m g /100 g 5.55 4.56
Oxalic acid - -
Lactic acid - tr
* Mean of duplicate samples. ** Castor seeds were cooked
6 h. ND : Not detected, -  : absent, tr: trace.
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TABLE.2. EFFECT OF FERMENTATION TIME ON THE CHEMICAL COMPOSITION OF CASTOR SEED AND PASTE DURING PRIMARY 
AND SECONDARY FERMENTATIONS*

Primary fermentation •• time, days Secondary fermentation *** time, days
1 2 3 4 5 6 7

Crude fibre, % 21.07 23.32 23.05 23.50 30.25 30.36 24.59
Crude proteins, % 21.17 20.21 20.04 20.91 19.08 17.85 17.15
Moisture, % 38.64 36.22 41.48 41.34 42.80 44.10 43.60
Ash, % 3.39 3.17 3.52 3.68 4.02 4.11 4.30
Carbohydrates, % 18.98 17.84 16.77 14.87 18.28 19.10 20.98
Fat, % 56.46 58.63 59.67 60.54 58.62 58.94 51.57
Organic matter, % 96.61 96.68 96.48 96.32 95.98 95.89 95.70
Total solids, % 61.36 63.78 58.52 58.66 57.20 55.90 50.40
Iodine number 208.10 189.10 154.50 125.00 151.66 162.15 179.58
Saponification number 294.10 350.60 308.60 245.40 105.19 100.05 98.18
Acid value 1.35 1.51 1.67 1.83 5.09 7.80 9.07
Magnesium, jag/100 g 5.10 4.58 5.35 5.30 5.45 5.56 5.52
Calcium, jig /100 g 2.23 1.43 1.78 1.97 12.87 13.17 13.10
Zinc Jig/ 10O g 2.50 2.41 2.63 2.62 2.69 2.75 2.72
Lead, Jig/100 g 6.24 4.03 3.50 3.39 7.69 8.28 7.27
Copper, jig /100 g 11.37 7.56 8.36 5.88 11.51 11.93 8.27
Iron |ig /100 g 17.92 17.62 18.87 18.86 19.60 20.12 19.83
Potassium, m g /100 g 0.54 0.49 0.55 0.55 0.68 0.72 0.79
Sodium, m g /100 g 0.09 0.08 0.09 0.09 0.15 0.14 0.14
Total acidity (as acetic acid), % 0.60 0.66 0.66 0.54 0.72 1.54 0.72
pH 6.40 7.10 7.40 7.65 7.90 8.20 7.40
Free fatty acids (as oleic acid), % 0.68 0.76 0.84 0.92 2.56 3.92 4.56
Ricin, titre 22.00 22.00 22.00 11.00 11.00 11.00 -
Calorific value, K cal/g 6.53 7.00 7.17 7.95 7.47 7.04 7.25
Phosphorus, mg/g 4.77 3.99 4.18 4.16 5.44 4.56 4.99
Lactic acid tr tr + + + + +
Oxalic acid + + + + + + +
* Mean of two determinations. ** Primary fermentation is a period, when the boiled castor seeds were fermented. •*• Secondary
fermentation is a period, when the fermented seeds were ground to a paste and fermented further. -  : Absent, + : Present,
tr : trace.

had a strength  o f 3 6  x  5 u n it s /g  (O dunfa 1985b). 
For lipase a ssa y , th e  extractin g buffer w a s  0 .1  M 
sod iu m  aceta te-acetic  acid m ixtu re (pH 5.5). The  
extract (5 ml) w a s  added  to a reaction  m ixture  
con ta in in g  olive oil (1 ml), so d iu m  tau roch olate  
(0 .4  g), ca lc iu m  ch loride (1 ml) an d  0 .1  M so lu tio n  
of acetate buffer (6 m l). The m ixtu re w a s  in cu b ated  
at 35°C for 1 h. The reaction  w a s term inated  b y  
adding 4 0  m l ab so lu te  alcohol. The m ixtu re w a s  
th en  titrated w ith  0 .0 2  M p o ta ss iu m  hydroxide  
u sin g  p h en o lp h th a le in  a s  an  indicator. The b lan k  
w as a m ixtu re of th e  a s sa y  m ed iu m  and 5 m l 
distilled w ater. The difference b etw een  th e titres of 
the b lan k  and th a t of th e reaction  m ixtu re gave  
th e am ou nt o f alkali required to  n eu tra lize the  
liberated fatty ac id s, an d  is  exp ressed  a s  oleic acid. 
The u n it o f  th e  enzym e is  that am ou n t o f enzym e  
w hich  lib era tes 1 .0  m g o f oleic acid  per m in  
(Odunfa 1985b).

Results and D iscussion
The ch em ica l co m p o sitio n  o f u n coo k ed  and  

cook ed  castor  se e d s  is  sh o w n  in  T able 1. The tota l 
acid ity , cru d e p rotein s, a sh  an d  organic m atter  
con ten t o f  cooked  an d  u n coo k ed  c a sto r  s e e d s  w ere  
a lm ost th e  sa m e. C ooking d ecreased  th e  free fatty  
acid  co n ten t of ca sto r  s e e d s  b y  ab o u t 50% . T he  
alp h a -a m yla se  an d  p rotease  a ctiv ities  d ecrea sed  in  
th e  cook ed  sam p les , probably a s  a resu lt  o f  h eat  
d en aturation . T he ricin  co n ten t d ecreased  from  a 
titre o f 1 0 0 0  in  th e u n co o k ed  sa m p le  to  a titre of 
2 2 , after cook ing for 6  h . T h is r esu lt  is  in  co n tra st  
to the reports of S p ies  et al (1962) an d  J e n k in s  
(1962), w hich indicated that ricin  and other allergenic  
p rotein s w ere destroyed  b y  h ea tin g  at 100°C  for 
1 h at pH 6 .2 .

The effect o f ferm en tation  on  th e  co m p o sitio n  
of castor  se e d s  an d  p a ste  is  sh o w n  in  T able 2.
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Crude protein level d ecreased  a s  ferm entation  tim e  
increased. A p ossib le  reaso n  for protein  lo s s  cou ld  
be the high am ou n t o f am m on ia  given  off during  
the ferm entation  (H argreaves and O w en 1947). It 
could  also  be due to the h yd ro lysis of th e  protein  
b y p r o t e a s e s  p r o d u c e d  b y  th e  fe r m e n t in g  
m icroorgan ism s (A nosike an d  E gw u atu  1981; 
O yenuga 1968). Even th ou gh  oil (up to 50%) is  
the m ajor com p on en t o f castor  se ed s  (Table 1), 
lipase activity In o g ir i  ferm entation  w a s  m in im al 
(Fig. 1). This w as also observed in  m elon  ferm entation  
(Hargreaves and O w en 1947). The low  lip ase  activity  
is desirable, s in ce  fatty a c id s produced  m ight ca u se  
d e v e lo p m e n t  o f  r a n c id i ty  a n d  c o n s e q u e n t  
objectionable od our and ta ste . The p resen ce  of  
organic acid s in  the end p roduct (og iri) is  desirable, 
since im parting of good flavours during ferm entation  
h a s  been  attributed  to th e  p resen ce  of th ese  organic  
acids (Akinrele 1964; B anigo and M uller 1972). The  
increase in  the level o f ca lc iu m  during ferm entation  
m ight be du e to th e  a sh  added at th e end  of  
primary ferm entation. T he red u cin g  su ga r levels  
show ed a rem arkable flu ctu atio n  w ith  ferm entation  
tim e (Fig. 1). The in itial d ecrease in  the su g a r  level 
m ight be due to the in itia l p op u la tion  of bacteria,

FERMENTATION TIME (DAYS)
Fig. 1 Biochemical changes during o g r i fermentation

0 —0  ! Reducing sugar, • —•  : Alpha-amylase, 
O— O  : Protease, ■ —■  : Lipase.

w hich  preferentially u tilized  th e  red u cin g  su g a rs  in  
th e ca sto r  seed  (O dunfa 1983). After ex h a u stio n  of 
th e su ga rs, th e  in itia l p op u la tio n  w a s  probably  
su cceed ed  b y  am ylolytic m icroorgan ism s, w hich  
hydrolyzed starch  in  th e  ca sto r  seed , thereby  
in creasin g  th e  su g a r  level. A lp h a-am ylase  and  
p rotease  activ ities  in crea sed  w ith  in crea se  in  
ferm entation  tim e (Fig. 1), a s  a  resu lt of the  
probable p resen ce  of am ylo lytic an d  proteolytic  
m icroorgan ism s in  the ferm entin g castor  s e e d s  and  
p aste . R icin titre w a s co n sta n t during th e  first 3  
d ays of prim ary ferm entation , b u t it d ecreased  to 
h a lf o f the va lu e, a s  ferm entation  p rogressed  and  
d isa p p ea red  co m p le te ly  o n  th e  f in a l d ay  of  
ferm entation.

The in crease  in  th e  level o f  th e  m ineral 
e le m e n ts  o f  o g ir i  is  n u tr it io n a lly  im p o rta n t, 
con siderin g  th e  level o f  th e se  m in era ls  in  other 
traditional African foods (Oke an d  U m oh 1975). 
However, the actu a l am o u n t o f the m in era l e lem en ts  
available to th e  co n su m er  m igh t b e lim ited , b eca u se  
of the p resen ce  o f oxalic acid  in  th e  ferm enting  
castor  seed , and th e  c o n seq u en t form ation  of 
com p lexes w ith  som e o f th e se  m in era l e lem en ts  
(Table 2). The pH of th e  ferm entin g  ca sto r  seed  
b ecam e alkaline, probably d u e to th e  am in es  and  
am m on ia (Table 1), n orm ally  p rod u ced  during the  
hyd ro lysis o f p rotein s (O dunfa 1981).

From th e foregoing d isc u ss io n , it ca n  be 
con clu d ed  th a t ca sto r  se e d  ferm entation  resu lted  
in  th e  p rod u ction  o f o g ir i  w ith  h igh  nu trition al 
quality. It is  im portant th a t ferm en tation  sh ou ld  
bring ab ou t a tota l e lim in ation  o f ricin  toxicity  in  
the o g ir i  product.
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Semi-quantitative purification of the three most antigenic proteins of soybean seeds, e.g., glycinin, (i-conglyclnin 

and a-conglycinin, was studied. In first step, fractions were pre-purified by successive precipitations of respective proteins 
at an appropriate isoelectric point and/or ionic strength. Then, glycinin, P-conglycinin and a-conglycinin fractions were 
isolated by gel filtration. The procedure was carried out on a semi-preparative scale, and used to purify about 2 g 
glycinin and 1 g each of p-conglycinin and a-conglycinin, from 1 kg of defatted soybean flour. Purity of glycinin, fi- 
conglycinin and a-conglycinin fractions was checked by sodium dodecylsulphate polyacrylamide gel electrophoresis and 
immunoblots. Contaminants detected in both glycinin (9%) and a-conglycinin (4%) fractions, but the p-conglycinin obtained was pure.
Keywords : Soybean proteins, Purification, Successive precipitation, Gel filtration, SDS-PAGE, Immunoblotting.

Som e o f th e p rote in s from  soy b ea n  are involved  
in digestive in to leran ce (Barratt et al. 1978). Som e  
stu d ies  have a lso  b een  d on e on  th e electrophoretic  
and solub ility  ch ara cter istics  o f  p rotein s from  
soybean  varieties (Gupta et al. 1982). Furtherm ore, 
two m ajor g lobulins, glycinin  and p-conglycinin, have  
been  sh ow n  to b e an tigen ic  in  so m e an im al sp ec ie s  
(Barratt et a l. 19 78 ; S is s o n s  e t al. 19 8 2 ). 
a-conglycin in , a lso  called  K unitz tryp sin  inh ib itor  
(C atsim poolas and E k en sta m  1969; K osh iyam a et 
al. 1981a), cou ld  en h an ce  T lym phocyte proliferation  
(Richard et al. 1989). T h ese  p rotein s differ in  their  
p h ysico-ch em ica l properties. G lycinin  is  a polym eric  
globulin  of 3 5 0 -3 8 0  kD a w ith  a n  isoelectric  point 
(pi) of 6 .4 . It is  form ed b y  th e  a sso c ia tio n  o f 6  acidic  
(20-22 kDa) an d  6  b a s ic  (3 5 -4 0  kDa) p olyp ep tides  
(Badley et al. 1975). P recipitating at a  p i of 4 .8 , 
p-conglycinin  h a s  a polym eric stru ctu re. It co n ta in s  
two su b -u n its  called  a  (72 kDa) an d  P (52 kDa) 
(Medeiros 1985). a -con g lycin in  is  a m onom eric  
protein o f 20 .1  kD a w ith  a pi o f 4 .5  (C atsim poolas  
and E k en stam  1969; K osh iyam a et al. 1981b).

B ased  o n  th ese  p h ysico -ch em ica l d ifferences, 
various p rocesses for iso latin g  proteins from soyb ean  
flour have b een  developed , and effect o f urea on  
th ese  proteins h a s  a lso  b een  d ocu m en ted  (Wolf 
et al. 1962; T h an h  an d  S h ib asa k i 1976; W inters 
et al. 1990; Sood et al. 1991). S m all q u an tities of

* C o rre sp o n d in g  A u th o r . 1P r e s e n t  a d d r e s s  : D e p a r tm e n t  o f  G e n e ra l  
S u r g e ry  R e s e a r c h  C a ro lin c e s  M e d ic a l C e n te r , P .O . B o x  3 9 8 6 1  
C h a rlo tte . N .C . 9 8 9 3 9 -9 8 6 1 , U SA

h ighly  purified  m ateria l w ere ob ta in ed  b y  efficient 
te c h n iq u e s  lik e  e le c tr o p h o r e s is , s e d im e n ta tio n  
gradient and HPLC (Wolf et al. 1992). S tu d yin g  
biological an d  im m u n ologica l p rop erties o f  soy b ean  
protein  in  v i t r o  an d  in  v i t r o  req u ires large a m o u n ts  
of h ighly  purified  protein  m ateria l. T h ese  h ave b een  
gen erally  prod u ced , b a sed  on  p i an d  ion ic  strength  
properties o f  g lycin in  (Thanh an d  S h ib a sa k i 1976), 
P -conglycin in  (Thanh and S h ib a sa k i 1978; W inters 
et al. 1990) and a -con g lyc in in  (K oshiyam a et al. 
1981b).

A  quantitative p ro cess , u s in g  io n  exch an ge  
ch rom atography (G ueguen  et al. 1984), h a s  b een  
developed  for th e  m ajor p ro te in s o f p ea  viz., 
le g u m in  a n d  v ic il in , w h ic h  are  c o n s id e r e d  
h om ologou s to  so y b ea n  g lyc in in  an d  con glycin in , 
resp ectively  (G ueguen  1983). T h is m eth o d  w a s  
adapted  to  produce im m u n olog ica lly  pure glycinin , 
P -conglycinin  an d  a -con g lyc in in  at g levels. S in ce  
ion -exch an ge ch rom atograp h y w a s  u n sa tis fa c to iy  
(D D reau , u n p u b lish ed  ob servation s; J  G ueguen , 
person al com m u n ication ), a s im p le  an d  q u antitative  
p rocess, w h ich  a sso c ia ted  ion ic an d  am m on iu m  
su lp h a te  p recip itation  a s  w ell a s  a ge l filtration  
step , w a s u sed  to prepare so y b ea n  p rotein s in  the  
p resen t stu d y . Purity w a s a s s e s s e d  by SDS-PAG E  
electrop h oresis, follow ed b y  sca n n in g  d en sitom etry , 
or im m unoblotting.
Materials and Methods

P r e - p u r i f i c a t io n  : A n extract o f  d efatted  so y  flour  
(Protein T ech n olog ies In ternational, St. Louis, MO,
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USA) w a s prepared in  c itrate-p h osp h ate  b u ller  
(0.16 M, pH 7.2). F irst, th e  three soy b ean  protein  
fractions w ere obtained  by su c c e ss iv e  precip itations  
at their pi v a lu es  o f 6 .4 , 4 .8 . and  4 .5 , respectively  
(N ielsen 1985). P elleted  p -co n g ly cin in  and a- 
conglycin in  w ere resu sp en d ed  in c itrate-p h osp h ate  
buffer and stored  at 4°C. G lycinin  (pi 6 .4), w hich  
precip itates at low  tem peratu re, w a s stored  at 12°C. 
G lycinin and p-conglycin in  fraction s w ere further  
purified, u sin g  am m on iu m  su lp h a te  b etw een  55- 
65 and 85-95%  satu ration , respectively  (G ueguen
1983). P ellets were resolubilised  in  citrate-p h osp h ate  
buffer, and th en  d esa lted  on  a D S K 150 un it  
(Pharm acia, U p p sala , Sw eden). After freeze-drying, 
fractions w ere resu sp en d ed  in  c itrate-p h osp h ate  
buffer before th e gel filtration  step .

G e l f i l t r a l i o n  : T h ese p rotein s w ere further  
purified by gel filtration on  ACA 3 4  Ultrogel 
( 1 0 0 x 1 0  cm , 101, Pharm acia). A so lu tio n  of the  
proteins (300 m l, 6 0 0  mg) w a s  loaded  onto th e  
colum n and the e lu tion  w a s  perform ed at a flow  
rate of 3 0 0  m l/h . Protein e lu tion  w a s m onitored  
by UV ab sorban ce at 2 8 0  nm . F ractions of 150 m l 
were collected  and th o se  corresp on ding to purified  
proteins w ere pooled, d esa lted  on  trisacryl GF 0 5  
( 4 0 x 1 0  cm , Pharm acia) an d  th en  freeze-dried.

S o d i u m  d o d e c y l s u l p h a t e  p o l y a c r y l a m i d e  g e l  
e l e c t r o p h o r e s i s  (S D S -P A G E ) : Protein  fractions w ere  
analyzed u sin g  SDS-PAGE (4% stack , 12% slabs)  
under reducing con d itio n s (D ithiotreitol 0 .1  M; 
Sigm a, St Louis, MO, USA) in  a m in i-P rotean  II 
cell (Bio-Rad Laboratories, R ichm ond, CA, USA). 
Five pg protein  of each  fraction  w a s  applied on  the  
gel, and electrop h oresis w a s  carried out in  a tris- 
glycin buffer (0.1 M, pH 8) Laem m li 1970). After 
m igration, protein  fraction s w ere sta in ed  by a 
m ixture o f acetic  acid , m eth a n ol, w ater (1:3:6) 
so lu tion , con ta in in g  6 0  p g /m l brillant b lu e G 2 5 0  
(Serva, H eidelberg , G erm any). T he g e ls  w ere  
desta ined  for 2 h in  a so lu tio n  of acetic  acid (5%). 
Protein b an d s were a lso  sta in ed  u sin g  silver a s  
described elsew here (Rabilloud 1992).

D e n s i l o m e t r i c  a n a l y s i s  : D ensitom etric  a n a ly sis  
w as con d u cted  on  th e B io-im age sy stem  (Millipore 
C o rp o ra tio n , B e d fo r d , MA, U SA ), fo llo w in g  
m anufacturer's recom m en d ation s. The m olecu lar  
weight (MW) o f each  b an d  w a s estim ated  by  
com parison  w ith  stan dard  p rotein s (Sigma) and  
quantitated by m easuring its optical density. Fraction  
purity w a s determ ined  b y  eva lu atin g the proportion  
of co n ta m in a n ts  in th e  m ixture.

I m m u n o b l o t t i n g  .'Antisera against purified proteins

w ere raised  in  rabbit, follow ing th e im m u n iza tion  
protocol of K ilshaw  and S is so n s  (1979). SDS-PAG E  
electrop h oresis of the purified m ater ia ls  w a s  ach ieved  
a s  describ ed  above. After m igration , g e ls  w ere  
equilibrated  an d  b lo tted  on to  a n itro ce llu lo se  
m em brane (N+Hybond; A m ersh am  International, 
B u ck in gh am sh ire , England) (Towbin et al. 1979), 
u s in g  sem i-d ry  te c h n iq u e  (P h arm acia). T h en , 
m em b ran es w ere sa tu ra ted  w ith  m ilk  (5% w /v )  in  
Tris-HCl 10 mM , NaCl 15 0  mM, pH 8  an d  in cu b ated  
w ith  a m ixture o f sp ecific  rabbit an tib od ies, prepared  
aga in st w hole soy b ea n  protein  extracts  a s  w ell a s  
purified fraction s o f g lycin in , a -co n g ly c in in  an d  p- 
con glycin in , prepared at an a lytica l level (Tukur et al.
1993). Indeed, d etection  of so m e purified  p rote in s like  
a-con g lycin in  w a s im p o ssib le  by u s in g  p olyclon al 
an tisera  raised  aga in st u n pu rified  so y b ea n  extracts. 
T h is m ay  in d icate its  low  im m u n ogen icity , w h en  
injected a s  a protein  m ixture. Specific  b a n d s  w ere  
d etected  by in clu d in g  the m em b ran es in  a so lu tio n  of 
anti-rabbit im m u n og lob u lin  p erox id ase con ju gate  
(Sigma) in tris-m ilk  buffer. R evelation  w a s  d on e u s in g  
d iam inobenzid ine (Sigma) a s  p erox id ase su b stra te .
Results and Discussion

T hough su cc e ss fu lly  u sed  for p ea  g lo b u lin s  
sep aration  (G ueguen  et al. 1984), io n -ex ch a n ge  
chrom atography w a s  u n sa tisfa cto ry  for soy b ean  
protein  purification  (D D reau , u n p u b lish ed  data; J  
G ueguen , p erson al com m u n ica tion ). Indeed , no  
clear peak  w as obtained on chrom atographic profiles, 
w h en  tested  at va rio u s co n d itio n s  o f pH , u sin g  
anion ic Q -sep h arose  (pH range 6-8) or ca tio n ic  S- 
sep h arose (pH range 2-4) co lu m n s (data not show n). 
A ggregates of g lycinin  and p -con glycin in  a s  w ell a s  
u n con tro lled  ad sorption  o f p -con glycin in  su ga r  
resid u es  on  the co lu m n  b ea d s  m ay  co n stitu te  th e  
m ajor rea so n s for n o n -sep a ra tio n  o f the soy b ean  
p rotein s in  ion exch an ge ch rom atography (G ueguen
1983). T ech n iq u es like chrom atography, b a sed  on  
lectin  affinity or reverse p h a se  HPLC (Wolf et al.
1992), seem  to b e able to p rod u ce on ly  partially  
purified glycinin  or p-conglycin in . The am m on iu m  
su lp h a te  precip itation  preceded  b y  a p recip itation  
w ith  Mg2* h a s  b een  u sed  for iso la tio n  o f partially  
purified 11S and 7S  fraction s, an d  o f pure 2 S  
fraction of soy b ean  (Rao and Rao 1977). M oreover, 
am m on iu m  su lp h a te  p recip itation , a sso c ia te d  w ith  
a gel filtration step , allow ed th e sep a ra tio n  o f pure  
P -conglycinin  (W inters et al. 1990).

P r o te in  p u r i f i c a t i o n  : A s sh o w n  b y  gel filtration  
ch rom atogram s (Figs, la ,  b , c), n e ith er  isoe lectr ic  
pH nor ion ic stren gth  p recip ita tion s w ere ab le to
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Fig. 1. Gel filtration and electrophoretic patterns of glycinin (la, 
Id), p-conglycinin (lb, le) and a-conglycinin (lc, 10 
fractions. Gel nitration was carried out on ACA34 gel 
(100 x 10 cm) eluted with citrate-phosphate buiTer (0.1 
M, pH 7.2) at the flow rate of 300 ml/h. Protein 
absorbance was monitored at 280 nm (la, lb, lc). 
Fractions of 150 ml were collected. Peak fractions were 
pooled and analyzed under reducing conditions on 
Coomassie blue stained SDS-PAGE gels (Id, le, If).

p ro v id e  p u r if ie d  g ly c in in ,  p -c o n g ly c in in  or  
a-conglycin in , s in ce  the m ain  p eak  w a s a lw ays  
surrounded by several m in or p eak s. D ata on  th e  
SDS-PAGE p attern s, ob ta ined  for each  fraction  
(Figs. Id. e, f). in d icated  th a t the ex c lu sio n  vo lum e  
(A) contained  m ain ly  g lycin in  (Fig. Id), p -conglycin in  
(Fig. le) and a-con g lycin in  (Fig. If). P eak  D (Figs. 
Id, e, 1) resu lted  from  the stron g ab sorb an ce of 
residual am m on iu m  sa lts  at 2 8 0  n m , an d  con ta ined  
no protein  of m olecu lar w eight h igher th a n  10 kDa.

In Fig. la ,  th e g lycin in  fraction , w h ich  w a s the  
shoulder o f the exclu d ed  p eak  (peak B), w a s  
contam inated  by p -conglycin in  (Fig. Id). The gel 
filtration profile of the p-conglycin in  fraction (Fig. lb) 
illu stra ted  th e  h e te r o g e n e ity  o f  p -co n g ly c in in  
m onom er asso cia tio n . T h is fraction  seem ed  to

M W  ( k D a )
_  6 6
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-  36
-  29
-  24

a  -  2 0 . 1

-  14.2

A  It (  I)

Fig.2. Silver staining of the gel after SDS-PAGE of defatted 
soybean flour extract (lane A), glycinin (lane B), 
P-conglycinin (lane C) and a-conglycinin (lane D) fractions 
under reducing conditions.

con ta in  two different p rotein s. H ow ever, sim ilar  
su b u n its  (a: 72  kD a, a: 69 k D a, P: 52  kDa) w ere 
detected  in  b oth  p arts o f  th is  p ea k  (Peaks B-C, 
F ig .le ) . The a -con g lycin in  p eak  (C, Fig. lc ) w as  
elu ted  ju s t  before am m o n iu m  sa lts  an d  buffer. T h is  
p eak  con ta in ed  on ly  on e c o n stitu en t o f  2 0 .1  kD a  
(Fig. If), corresp on ding  to  a -con g lyc in in  m on om er  
(K oshiyam a et al. 1981a ,b ).

P u r i t y  o f  g ly c in in ,  p - c o n g ly c in in  a n d  a - c o n g ly c in in  
f r a c t i o n s  : Purity o f th ese  three p rote in s is  u su a lly  
ch eck ed  by e lectrop h oretica l a n a ly s is  (W inters et al. 
1990; Arrese et a l., 1991) an d  im m u n ological 
tech n iq u es  (Moreira et al. 1981; Iw abuchi and  
Y am au ch i 1987). T h ese tech n iq u es  h ave b ecom e  
m ore accu rate  an d  sen sitiv e  over th e  la st  tw en ty  
yea rs (Stott 1989; R abilloud 1992), so  a s  to  enable  
the n otion  of protein  p urity  to evolve. Here the  
purity of glycin in , p -con glycin in  an d  a -con g lyc in in  
w a s further analyzed  b y  silver sta in in g  o f g e ls  
(Fig. 2). T he P- an d  a -con g lyc in in  fraction s (lan es  
C,D) appeared  free o f g lycin in  co n ta m in a n ts . In th e  
glycin in  fraction  (lane B), th e  m a in  con tam in a n t  
h ad  a m olecu lar w eigh t corresp on d in g  to  th e  p 
su b u n it  o f p -conglycin in  (52 kD a). O ther m inor  
b a n d s w ere p resen t in  g lyc in in  and a-con glycin in  
fraction s in  w h ich  a t lea st  tw o b a n d s  w ere detected  
(M W <15kD a). A  d e n s ito m e tr ic  a n a ly s is  w a s  
perform ed on  th is  SDS-PAG E gel to estim ate
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TABLE 1. ESTIMATED CONTRIBUTION (%) OF CONTAMINANTS 

IN PURIFIED FRACTIONS GLYCININ, P-CONGLYCININ 
AND a-CONGLYCININ

Contaminant
Glycinin (3-Conglycinln a-Conglycinln

Glycinin - 0 0
P-conglyclnln 4 - 0
a-conglyclnin 2 0 -
Other bands 3 0 4
Estimated purity, % 91 100 96
After SDS-PAGE under reducing conditions, protein bands were 
revealed using silver staining. Percentage of contaminants In 
each purified fraction was determined using optical densitometry

con tam in atin g  b a n d s  (Table 1.). T aking in to  acco u n t  
the sta in ed  b a n d s  corresp o n d in g  to  th e  MW of the  
su b -u n its  o f  glycin in , p -conglycin in  or a-con glycin in , 
the p urity  of th ese  fraction s w a s  eva lu ated  to be  
9 1 , 100 an d  96% , resp ective ly  (Table 1).

B a s ic  p o ly p e p tid e s  o f  g ly c in in  w ere  n o t  
recognized  b y  th e  an tib od y prepared  a g a in st w hole  
and purified  so y b ea n  p ro te in s in  th e  purified  
fraction b y  im m u n ob lo t, th ereb y  su g g estin g  ep itope  
m od ifica tion s during th e  p ro cess  u se d  (lane 2, 
F ig . 3 ) . O th e r w is e ,  r e s u l t s  o b t a in e d  b y

M W  ( k D a )

29 
“  24

« |  -  2 0 . 1

_ 14.2

A  B  C  D
Flg.3 Western blot of a gel after SDS-PAGE migration of 

defatted soybean flour extract (lane A), glycinin (lane B), 
P-conglycinin (lane C) and a-conglycinin (lane D) fractions 
under reducing conditions. Separated proteins were 
lmmunodetected, using a mixture of polyclonal antibodies 
prepared against whole soybean extracts, glycinin, 
P-conglyclnin and a-conglycinin.

6 6
45
36

im m u n o b lo ttin g  con firm ed  SD S-PA G E  a n a ly s is  
(Fig. 3). T h is in d ica tes  th a t th e  p ro cess , and  
esp ecia lly  p recip itation  s te p s , m ay  m odify  som e  
an tigen ic  s ite s , a s  p rev iou sly  sh o w n  (G ueguen  
1983). H ow ever, p -con glycin in , a -co n g ly c in in  and  
acid ic  g ly c in in  s u b -u n it s  w ere reco g n ized  by  
an tib od ies p rod u ced  ag a in st th e  resp ective  native  
p rotein , su g g e stin g  th a t th e ir  im m u n orea ctive  
ep itop es w ere n o t in flu en ced  b y  th e  p u rification  
procedure. No cro ss  reaction  o f th e  p -con glycin in  
fraction  w a s  fou n d  here b y  im m u n ob lo ttin g , in  
agreem en t w ith  W inters et al (1990).

P r o d u c t i o n  o f  p u r e  g l y c i n i n ,  p - c o n g ly c in i n  a n d  
a - c o n g ly c in i n  : A  h igh  yie ld  o f im m u n olog ica lly  pure  
P-conglycin in  w a s  ach ieved  by th e  p ro cess  describ ed  
here, w h ilst th e  oth er so y b ea n  fraction s (glycinin  
an d  a-conglycin in ) w ere con tam in a ted  at lea st  by  
th e  52  k D a s u b -u n it  o f  P -co n g ly c in in . T h is  
co n stitu te s  the m ain  difficulty to b e  overcom e, 
before one ca n  arrive at a fu lly-au tom ated  separation  
procedure. N everth eless, th e  p ro cess  w a s  found  to 
b e th e  m o st efficient for p u rification  o f g lycin in . P- 
con g lycin in  an d  a -con g lycin in  from  cu ltivars, or 
soy b ea n  m ix tu res, in  large- a m o u n ts , a s  already  
m en tion ed  (Thanh an d  S h ib a sa k i 1976; W inters et 
al. 1990). T h ese  a m o u n ts  w ere low, com pared  to 
th e  purification  o f pea g lob u lin s, partly  b eca u se  of 
protein  aggregation. T h is la tter p h en o m en on  is  a 
com p lex  on e, an d  d ep en d s o n  ion ic stren gth , pH, 
protein  con cen tration  an d  tem peratu re (G ueguen  
1983).

N ow -a-days, electrophoretic  p ro c e sse s  (Righetti 
et al. 1989), u se d  for purifying an im al p rotein s  
in clud in g  h u m a n  grow th h orm one (Ettori et al.
1992), do not seem  to  b e  u se fu l for p lant protein  
sep aration , partly b e ca u se  o f th eir  h igher m olecu lar  
w eight, an d  b e ca u se  o f the com p lex  in teraction s  
am ong them . W e are now  in ten d in g  to im prove the  
purity o f g lycin in  and a -con g lycin in  b y  rem oving  
P-conglycinin, u s in g  a ConA affinity chrom atography  
(Kitam ura et al. 1974) or sp ecific  an tib od ies.
Conclusion

U sin g the p ro cess  d escrib ed  h ere, it w a s  
p ossib le  to prepare ab ou t 2 g o f  purified g lycin in  
(91%) and 1 g each  o f P -conglycin in  (100%) and  
a-con g lycin in  (96%) from  1 kg o f d efatted  soy b ean  
flour. O nly p-conglycin in  seem ed  to  b e  h igh ly  pure, 
a s  a s se s se d  b y  SDS-PAG E and im m u n ob lottin g . It 
is  felt th a t th e  p recip itation  m eth od , a sso c ia ted  
w ith  affinity chrom atography, w ill provide a  rapid  
an d  con ven ien t w ay to iso la te  so y b ea n  protein
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quantitatively, w ith out sign ifican t con tam in ation , 
and will lead to sign ifican t ad v an ces in  th e  stu d y  
of the biological properties o f  th ese  three soy b ean  
proteins, esp ecia lly  in  th e  ga stro in testin a l tract.
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S t o r a g e  S t u d i e s  o n  S u j i  i n  D i f f e r e n t  P a c k a g e s

R .K . UPADHYAY, M. THANGARAJ* AND P .K . JAISW AL
Central A gm ark Laboratory,

North A m bazari Road, N agpur- 4 4 0  0 1 0 , India.
Effect of storage of su ji , packed in low density polyethylene, high density polyethylene, high molecular-high density 

polyethylene, polypropylene, cloth and jute bags, under accelerated environment (38°C and 90% RII) on moisture, total 
ash, acid insoluble ash, gluten and alcoholic acidity has been studied. Moisture and alcoholic acidity increased, while 
gluten decreased on storage. The changes in total ash and acid insoluble ash were not significant during the storage 
period. The rates of increase in moisture and alcoholic acidity as well as rates of decrease of gluten were high in 
s u j i  stored in Jute/cloth bags, as compared to those in other packages. Among the plastic packages, low density 
polyethylene gave the least protection, while polypropylene gave the maximum protection against spoilage of s u j i  during 
storage. Microscopic observations showed mould growth after 15 days storage of s u j i  in cloth and jute packages, but 
only after 30 days of storage in other packages. The onset of insect infestation in s u j i  was observed after 45 days in cloth and jute packages, whereas there was no indication of infestation even after 60 days in other packages. 
The organoleptic acceptability remained unchanged for 40 days in case of s u j i  stored in plastic packages, and for 
20 days in case of Jute/cloth packages.
Keywords : S u ji, Packing materials, Storage, Chemical changes, Mould growth, Insect infestation.

S u j i ,  or sem olin a , is  a  w h eat product w hich  
is w idely con su m ed  in  a variety  o f p reparations  
su ch  a s  sa v o u iy , u p p u m a ,  sw eet d ish es , etc. S u j i  
is h ighly prone to in festa tion . The in fested  sa m p les  
m ay sh o w  d e fe c ts  su c h  a s  ca k e  form ation , 
developm ent of m u sty  flavour, d isco loration  and  
in festation  (Peleg and B agley 1983; K en t-Jon es and  
Am os 1967). T hese u ltim ately  affect th e organoleptic  
and baking qu alities o f  s u j i  (Arya et al. 1971). 
Factors su ch  a s  the type o f in sec t in festa tion , 
m ould  attack , ab sorption  o f m o istu re , h eat and  
dynam ic s tre ss , n eed  to b e  tak en  care of, w hile  
m aking se lectio n  o f p ackaging m aterial (Newatia
1986). Storage s tu d ie s  on  s u j i  u s in g  high d en sity  
polyethylene (HDPE) a s  p ack in g  m aterial have b een  
reported b y  K um ar an d  A n an d asw am y (1977), b u t 
no work h a s  b een  d on e on  com parative su itab ility  
of various p ack agin g m ateria ls for p ack agin g and  
storing o f s u j i ,  and  the ch a n g es  in  ch em ica l 
ch aracteristics on  storage, u n d er  sim u la ted  field  
con d itio n s, a lth o u g h  so m e s tu d ie s  h ave b een  
reported on  th e pack agin g  and storage o f a t t a  
(Premavalli, et al. 1972; K am esw ara Rao and  
M alathi 1969). H ence, th e  p resen t s tu d y  w a s  
undertaken .

Fresh and c lea n  sa m p les  o f s u j i  w ere obtained  
from a local flour m ill. Preform ed p ack a ges m ade  
of 100 p low -d ensity  p olyethy len e (LDPE), 100 p 
h igh -d en sity  polyethylene (HDPE), 100  p high- 
m olecular, h igh -d en sity  p olyethy len e (HMHDPE), 
100 p polypropylene (PP), co tto n  c lo th , and  ju te  
cloth w ere ob tained  from  th e  local m arket in  th e  
form  o f  p o u c h e s / b a g s  o f  1 2 x 1 6  e m s  to
* Corresponding Author

accom m od ate 4 0 0  g sam p le . J u te  an d  co tto n  b a g s  
w ere th read -stitch ed , w h ile  oth er p a ck a g es  w ere  
h eat-sea led , after filling. Im m ed iately  after filling, 
18 rep licates of p ack a ges w ere stored  at 38±1°C  
and 9 0  ± 2%  RH in  a controlled  h u m id ity  cab inet 
for 2 m on th s. Initially, and  after e v e iy  w eek , the  
sa m p les  w ere analyzed  for m oistu re , to ta l a sh , acid  
in so lu b le  a sh , g lu ten  an d  a lcoh olic  ac id ity  (ISI
1968). The sa m p les  w ere a lso  m icro scop ica lly  
exam in ed , (Harrigan an d  M cC ance 1976) a t regular  
in tervals, for m ou ld  grow th an d  in sec t  in festa tio n  
(ISI 1971a). The stored  s u j i  sa m p le s , a s  su c h  in  
raw  form , w er e  e v a lu a te d  for  o r g a n o le p t ic  
acceptab ility  (ISI 1971b) at an  interval o f 7 d ays  
b y a p an el of ju d g e s  an d  th e  d ata  ob ta in ed  w ere 
su b jected  to s ta tistica l a n a ly s is  (ISI 1971c).

The fresh  sa m p les , at th e  tim e of packaging, 
sh ow ed  (%) m oistu re  12, to ta l a sh  0 .5 , acid  
in so lu b le  a sh  0 .0 2 9 , g lu ten  8 .1 3  and alcoh olic  
acid ity 0 .0 6 9 . The sa m p les  w ere free from  m ould  
grow th an d  in sec t in festa tion . T he ch a n g e s  in  total 
a sh  an d  acid in so lu b le  a sh  on  storage o f s u j i  (data  
n ot show n), w ere n ot (P>0.9) sig n ifican t in  all the  
p ack agin g m ateria ls.

The in crea se  in  m oistu re  co n ten t o f  s u j i ,  in  ju te  
and cloth  p ack ages w a s com paratively h igher (Fig. 1) 
an d  cou ld  be attr ibuted  to  their poor barrier  
property. In ju te  and co tton  p ack a ges, th e  m oistu re  
con ten t of s u j i  w a s  13 .6  an d  13.7% , resp ective ly  
on  22 n d  day, an d  cro ssed  th e  lim it o f 13.5%  se t  
u n d er th e sta n d a rd s (Agmark 1987). T he m ain  
draw back o f th e ju te  and co tto n  b a g s  is  th e  ea sy  
a c c e ss  to  m oistu re  at periphery, thereb y lead in g  to 
excessive  accu m u la tion  o f m o istu re  in  s u j i  n ear  the
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Fig. 1. Changes in moisture content of s u j i  in different packing 
materials, and stored at 38 tF ’C and 9G±2% RH 
A : LDPE, V : HDPE O : HMHDPE, X : PP. □ : Cloth,
■  : Jute.

peripheral portion. In oth er p ack a ges, th is  m oistu re  
lim it w as crossed  after 3 8  d ays, except in  ca se  of 
LDPE p ackages. The varia tion  in  m oistu re  o f s u j i  
stored in  LDPE, HDPE, HMHDPE, an d  PP p ack ages, 
on an y particu lar d ay (Fig. 1), is  attr ibuted  to 
variations in  th e  m oistu re  vap ou r perm eability  rates  
o f  th e  p a c k in g  m a t e r ia l s  (K u m a r a n d  
B alasu b rah m anyam  1988), a s  the g a u g es  of all of 
th ese  pack ing m ateria ls w ere th e  sam e. A m ong th e  
plastic pack in g m ateria ls, the rate o f m oistu re  
absorption  by s u j i  w a s  m in im u m  in  PP b a g s and  
m axim um  in  LDPE b ags.

The g lu ten  con ten t of s u j i ,  d id n ot ch an g e to 
a significant exten t (P>0.05) in  all ty p es  o f p ack ages, 
w h en  the m oistu re con ten t o f s u j i  w a s  le s s  th a n  
13% (Fig.2) After 15 d ays, th e  rate o f red u ction  in  
glu ten  on  storage w a s  greater in  s u j i  sa m p les  stored  
in cloth  and ju te  b ag s, w h erea s the rate of 
reduction in creased  after 3 0  d ays of storage in  ca se  
of LDPE, HDPE an d  HMHDPE p ack ages. The 
decrease in  g lu ten  con ten t of s u j i  w a s  m in im u m  
in  PP bags, w h ich  ca n  b e  correlated  to  m in im u m  
ingress of m oistu re throu gh  PP b ag s, a s  com pared  
to other packaging m ateria ls. T he red u ction  in  
gluten  of s u j i  h a s  b een  attr ibuted  to excessive  
absorption  of m o istu re  an d  in sec t  in festa tio n

(Arya et al. 1971). O n th e  3 0 th  an d  6 0 th  days, 
the g lu ten  co n ten ts  o f  s u j i  w ere 7 .9 7  an d  7.69% , 
respectively, w h en  stored  in  LDPE b a g s, b u t th ese  
w ere 8 .0 5  an d  7.86% , resp ectively  in  ca se  o f PP 
b a g s (Fig. 2). T h is is  b e c a u se  o f  p oor barrier 
properties o f  LDPE, a s  com p ared  to  th o se  o f PP 
for in g ress o f m oistu re .

In general, th e  a lcoholic  acid ity  o f s u j i  in creased  
w ith  tim e, th e  rate o f  in crea se  b ein g  h ig h er  in  j u t e /  
cloth  p ack ages, follow ed b y  LDPE p a ck a g es  (Fig. 3). 
There w a s  n o  sign ifican t varia tion  (P>0.2) am ong  
HDPE, HMHDPE an d  PP p ack a ges, w ith  resp ect to  
in crease in  a lcoholic  acid ity  o f  s u j i  sa m p les . On 
storage, th e  rate o f in crea se  in  a lcoh olic  acid ity  of 
s u j i  w a s  higher, after th e  m o istu re  co n ten t o f s u j i  
reached  13%, w h ich  corresp on d ed  to  3 0  an d  15 
d ays o f storage o f s u j i  in  p la stic  an d  c lo th /ju te  
p ack ages, respectively  (Fig.3). T h u s, a lcoh olic  acidity  
of s u j i  cou ld  be correlated  w ith  its  m o istu re  con ten t. 
In ca se  o f h igher in g ress  o f  m o istu re  b y  s u j i ,  the  
in crease  in  its  a lcoh olic  acid ity  will a lso  b e  h igher  
u p on  storage (Leelavathi et al. 1984). T h is  is  
evidenced  by com paratively  low  a lcoh olic  acid ity  in  
s u j i  stored  in  PP, w h ich  h a s  th e  lo w est w ater  
vap ou r p erm eability  rate am o n gst all packaging  
m ateria ls u sed  in  th is  stu d y .

Fig. 2. Changes in gluten content of s u j i  packed in different 
packing materials, and stored at 38 ±1°C and 90±2% 
RH A : LDPE, V : HDPE O : HMHDPE, X : PP, □ : Cloth, 
■  : Jute.
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Fig. 3. Changes In alcoholic acidity of s u / i  packed in different 
packing materials, and stored at 38 ±1°C and 90±2% 
RH A : LDPE, V : HDPE O : HMHDPE, X : PP, □ : Cloth, 
■  : Jute.

The m icroscop ic ob servation s o f s u j i  revealed  
m ould grow th, after storage o f ab o u t 15 d ay s in  
cloth  and ju te  p ack ages. In LDPE, HDPE, HMHDPE 
and PP p ack ages, th e  m ou ld  grow th w a s  observed  
in the s u j i  sa m p les  stored  for 4 5  days. Early o n se t  
of m ould grow th in  s u j i  stored  in  c lo th  an d  ju te  
packages is  attributed  to ex cess iv e  in g ress of 
m oistu re in  s u j i  an d  poor p rotection  afforded by  
the p ack agin g m ateria ls a g a in st m ou ld  attack . The  
on set o f in sec t in festa tion  in  s u j i  w a s  observed after

4 5  d ays o f storage in  c lo th  an d  ju te  b ag s. In ca se  
of p lastic  p ack ages, there w a s  n o  s ig n  o f in sec t  
in festa tion  even  after 6 0  d ay s o f storage. T he co lou r  
of s u j i  in  LDPE, HDPE, HMHDPE an d  PP p a ck a g es  
rem ained  u n ch a n g ed  d u rin g  th e  en tire  period of 
storage. H owever, there w a s  a  sligh t ch an g e  from  
its  norm al co lou r at th e  p er ip h e iy , after storage  
period o f 3 0  d ays in  c lo th /ju te  p ack a ges. D a ta  on  
th e  organoleptic q u a lities  sh ow ed  th a t th e  q u ality  
of s u j i  rem ained  u n ch a n g ed  for 4 0  d ay s in  p la stic  
p ack ages. In con trast, th e q u ality  o f s u j i  in  c lo th  
an d  ju te  p ack a ges started  d eteriorating after 2 0  
d ays o f storage, a s  d eterm in ed  b y  th e  c h a n g e s  in  
ta ste  an d  developm ent o f m u sty  flavour.

It is  con clu d ed  th a t th e  su /i stored  in  Jute b a g s  
offers th e  lea st  res ista n ce  to sp oilage, an d  th e  ju te  
b ags provide ab out 15 d ays o f sh elf-life . In con trast, 
p lastic  p ack ages, o f th e aforesa id  sp ec ifica tio n s, 
u su a lly , give a sh elf-life  o f ab o u t on e m on th  to  
stored  s u j i .  A m ong th e  p lastic  p ack a ges, LDPE gave  
the lea st  p rotection  and PP gave th e  m ax im u m  
protection , aga in st th e  sp oilage o f s u j i
References
Agmark (1987) Agricultural Produce (Grading and Marking Act, 

Marketing Series 193). Su/i and M a id a  Grading and Marking 
Rules. Central Agmark Laboratory, Nagpur 

Arya SS, Mohan MS, Nath H (1971) Studies on packaging and 
storage of a t ta  (wheat flour) under tropical conditions. J Food 
Sci Technol 8:134-139

Harrigan WF, McCance ME (1976) Laboratory Methods in Food 
and Dairy Microbiology. Academic Press Inc., London 

ISI (1968) Specification for s u j i  or r a w a , IS:1010-1968. Bureau 
of Indian Standards, New Delhi 

TSI (1971a) Methods of Analysis for Detection of Insect and 
Rodent Contamination in Grains and Milled Products, 
IS:6261-1971. Bureau of Indian Standards, New Delhi 

ISI (1971b) Guide for Sensory Evaluation of Food, 1S:6273, Part 
II - 1971. Bureau of Indian Standards, New Delhi 

ISI (1971c) Statistical Test of Significance, IS:620O-1971. Bureau 
of Indian Standards, New Delhi 

Kameswara Rao G, Malathi MA (1969) A note on storage studies 
of Indian wheat flour (alia). J Food Sci Technol 6:129-130 

Kent-Jones DW, Amos AJ (1967) Modern Cereal Chemistry. Food 
Trade Press Limited, London

Kumar KR Anandaswamy B (1977) Packaging studies of a t ta  
and su/i in unit packages. Indian Miller 7:7-15 

Kumar KR Balasubrahmanyam N (1988) Plastics in food 
packaging. In:Vaidya AP (ed) Plastics in Packaging. Indian 
Institute of Packaging, Bombay, pp 347-370 

Leelavathi K, Haridas Rao P, Indrani D, Shurpalekar SR (1984) 
Physico-chemical changes in whole wheat flour and resultant 
a t ta  during storage. J Food Sci Technol 21:68-71 

Nawatia S (1986) HDPE in flour packaging. In:Vaida AP (ed) 
Packaging of Food Products. Indian Institute of Packaging, Bombay, pp 151-154

Pelcg M, Bagley EB (1983) Physical Properties of Foods. AVI 
Publishing Co. Inc., Westport, Connecticut 

Premavalli KS, Leela RK, Arya SS, Parihar DB, Nath H, (1972) 
Studies on packaging and storage of wheat flour (a tta ) under 
tropical conditions. I. J Food Sci Technol 9:27-31 

Premavalli KS, Leela RK, Arya SS, Parihar DB, Nath H, (1973) 
Studies on packaging and storage of wheat flour (atta) under 
tropical conditions. II. J Food Sci Technol 10:27-30

R e c e i v e d  1 7  A p r i l  1 9 9 3 ;  r e v i s e d  2 8  F e b r u a r y  1 9 9 4 ;  a c c e p t e d  11 M a r c h  1 9 9 4



J. Food S el Technol, 1994, Vol 31, No. 6, 497-499

A n t i f e r t i l i t y  a n d  C a n n i b a l i s t i c  P r o p e r t i e s  o f  S o m e  
M y c o t o x i n s  i n  A l b i n o  R a t s

D .N . CHOUDHARY*, G .R. SAHAY AND J .N . SINGH
B ioscien ce  R esearch  Centre

Tej N arayan B anaili C ollege, B h ag alp u r-81 2  0 0 7 , India.
Effect of oral administration of aflatoxin B, (AF-B,), sterigmatocystln and kojlc acid at 10, 10, and 50 jig dose 

per anlmal/day, respectively, on reproductive performance of male albino rats was studied. None of these toxins interfered 
with spermatogenesis, but antl-implantational effect was observed in females, mated by the males treated with 
sterigmatocystln and kojic acid. A significant loss of viability among the litters and cannibalism in mothers, 2-3 days after littering, was observed.
Keywords : Aflatoxin B,, Sterigmatocystln, Kojic acid, Spermatogenesis, Anti-implantation, Cannibalism.

The m ycotox in s are a group  o f tox in s th a t  
p o sse ss  m u ltip le b io log ica l properties (Krishna et 
al. 1992). D om estic  an d  farm  an im als are generally  
exp o sed  to  th e  r isk  o f  m y c o to x in s  th ro u g h  
consum ption  o f m ouldy, or m ycotoxin-contam inated , 
feed (Krishna et al. 1992). Several w orkers have  
stu d ied  th e  effects o f a fla tox in s on  grow th and  
reproduction in  laboratory an im ais. After feeding of 
aflatoxin, progressive d egen eration  of germ inal c e lls  
in rat (Jayaraj et al. 1968), in tra-uterin e resorption  
in  pregnant rats (Panda et al. 19 70 , 1975) and  
can n ib a listic  b eh av iou r in  m oth er  alb ino rats  
(Shankaram urti et al. 1972) h ave b een  reported. 
Sterigm atocystin  h a s  a lso  b een  fou n d  to  p o s se s s  
toxic properties (Sh reem ann arayan  et al. 1989). 
Recently, an ti-im p lan ta tio n a l/a b ortifa c ien t effects  
of som e m ycotoxin s in  alb ino rats h ave a lso  b een  
reported (C h au d h aiy  et al. 1992). The p resen t 
c o m m u n ic a t io n  r e p o r ts  th e  e f fe c t s  o f  ora l 
adm inistration  o f a fla toxin  B ,, ster igm atocystin  an d  
kojic acid on  reproductive organ s an d  fertility of 
m ale albino rats.

M ycotoxins (aflatoxin, sterigm atocystin  and kojic 
acid) were procured from S igm a C hem ical C om pany, 
St. Louis, U .S .A  M ale ('Sprague Dawley' strain) rats  
(150 -2 00  g b ody weight) o f proven fertility w ere  
orally adm inistered  w ith  a su sp e n s io n  o f m ycotoxin  
in propylene glycol at a d ose  of 1 0 p g /r a t /d a y  
(aflatoxin B , and sterigm atocystin ) an d  5 0  p g /r a t /  
day (kojic acid) for 21 d ays, ind ividually in  each  
group. A sep arate  group o f rats, ta k en  a s  control, 
received the so lu tio n  o f propylene glycol a lon e for 
the sam e period. Fertility perform ance o f the  
individual rat w a s  stu d ied  from  day 16 to  day 21 
of treatm ent. E ach  m ale  w a s  caged  sep arately  w ith  
two coeval fem ales o f  proven  fertility. P resen ce  o f
* Corresponding Author

sp erm s in  the vagina l sm ea r  in d ica ted  th a t th e  
fem ales h ad  m ated  to  th e  p articu lar m ale  an d  day  
of m atin g  w a s  ta k en  to b e  d ay  1 o f  pregnancy . 
Laparotom y w a s  done on  d ay  8  o f p regn ancy , to  
exam in e an d  record corpora lu tea  an d  im p lan ta tion  
s ite s . Litter w a s  exam in ed  an d  litter s ize  recorded  
at term . T eratogenic effects, or d eath  o f y o u n g  on es, 
if any, an d  th e  b eh av iou r o f m o th ers  w ere a lso  
recorded.

M ale ra ts  w ere sacrificed  o n  d ay  2 2  an d  t is s u e s  
w ere collected  an d  w eigh ed  o n  a torsio n  b alan ce. 
Serial section s o f te st is  w ere prepared for m icroscopic  
exam in ation . F ru ctose  co n ten t in  coa gu la tin g  gland  
(CG) and acid  p h o sp h a ta se  activ ity  in  ventral 
p rostate (VP) w ere estim ated  b y  th e  m eth od  adopted  
by M ann (1964) and S igm a (1963), respectively. 
Sperm atozoa collected  from  ca p u t, corp u s and  
ca u d a  ep id idym is, an d  v a s  w ere exam in ed  u n d er  
a m icroscop e, an d  their n u m b er, m orphology and  
m ortality  w ere recorded (Singh et al. 1969). The  
data w ere analyzed  s ta tistica lly  u s in g  S tu d en t's  
t -te s t  (Raghavarao 1983).

B o d y  a n d  o r g a n  w e i g h t s  : T h e s e  w ere  
sign ificantly  d ecreased  in  c a se  o f oral ad m inistration  
of aflatoxin  B , an d  kojic acid , w h ich  m ay  b e  due  
to  su p p ress io n  o f grow th h orm on e (Table 1). D ecline  
in  w eight o f th e  p itu itary  g lan d  in  m a les  treated  
w ith  a fla tox in  B , fu rth er  su p p o r ts  su c h  a 
rela tion sh ip . A flatoxin  B t a lso  d ecrea sed  th e  w eight 
of ep id idym is. S ter ig m a to c y stin . c a u se d  sign ifican t 
d ecrease in  th e  w eigh t o f th e  te s t is  an d  th e  sem in a l 
vesic le , w h erea s kojic acid  sig n ifican tly  red u ced  th e  
w eigh t o f te s t is  and  ep id id ym is. T he d ecrease  in  
o r g a n  w e ig h t  c o u ld  b e  a t t r ib u t e d  to  lo w  
gonadotrophic activity (C h ou d h aiy  e t  al. 1990).

M e ta b o l i c  c h a n g e s  : A  s ig n ifican t red u ction  in  
th e  fructose  con ten t o f  coa gu la tin g  g lan d  and acid
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TABLE 1. CHANGES IN GENITAL ORGANS AND PITUITARI ES OF MALE ALBINO RATS AFTER ORAL ADMINISTRATION OF SOME 

MYCOTOXINS.
Weight of organs, m g /100 g body weight

Treatment, Change in Fructose, Acid
(No. of body weight. Testis Epididymis Semina] Pituitary pg/100 mg phosphatase
animals) vesicle un it/h /m g

g CG VP
Control, (7) 14.45 1374.13 553.56 286.45 3.49 25.47 155.52

±1.36 ±12.32 ±16.23 ±14.34 ±0.21 ±1.96 ±12.50
Aflatoxin B, 8.42b 1385.68"® 472.70» 256.92"® 2.74* 13.27* 83.45»
10pg/rat/ ±1.39 ±16.62 ±17.04 ±12.41 ±0.19 ±2.33 ±16.53
day. (7) ,

Sterigmatocystin 16.50"® 1313.32* 515.91"® 148.59* 3.46"® 10.79* 115.39*
10pg/rat/day, (8) ±1.50 ±22.10 ±35.13 ±16.88 ±0.25 ±2.68 ±13.45
Kojic acid 8.87b 1334.40* 482.79» 349.82"® 3.45"® 23.55"® 172.46"®
50 pg/rat/day, (8) ±1.17 ±13.37 ±15.52 ±43.52 ±0.19 ±1.34 ±07.68
NS = Not significant; a (P<0.05); b (P<0.01) and c (P<0.001). CG = Coagulating gland, VP = Ventral prostate.

p h osp h atase  activity in  ventral p rostate occurred  
after oral ad m in istra tio n  o f a fla toxin  B , an d  
sterigm atocystin  in  th e  m ales. D eclin e in  acid  
p h osp h atase  activity in  ventral p rostate , and  in  th e  
fructose con ten t in  coagu la tin g  glan d  of m ale  rats  
treated with aflatoxin B 1 and sterigm atocystin , m ight  
be due to a d ecline in  en d o g en o u s androgen  
production (C houdhary et al. 1991), w h ich , in  turn , 
is induced  b y  anti-gonadotrophic effect o f th e  
toxins.

S p e r m a t o g e n e s i s  : A ll th e  sp erm a to g en ic  
elem en ts, in clud in g sp erm s, w ere p resen t in  norm al 
fash ion , thereby in d icating no adverse effect b y  an y  
of the m ycotoxins. Sim ilarly, n o  adverse effect on  
density, m orphology an d  m ortality  of sp erm atozoa, 
collected  from  cap u t, co rp u s an d  cau d a  ep id idym is  
and va s o f the extract-fed  rats, w ere observed.

F e r t i l i t y  p e r f o r m a n c e  t e s t  : Fem ale rats, m ated  
by m ales treated w ith  ster igm atocystin  and kojic 
acid, sh ow ed  sign ifican t red u ction  in  im p lan tation  
s ite s  and litter size. L oss of viab ility  am on g th e  litter  
on secon d  or third day of p ost-d elivery and  
can n ib a listic  b eh av iou r of th e  m oth ers w ere a lso

noticed . T h is m ay  b e d u e to  e ith er  in h ib ition  of 
im p lan tation  or in creased  resorp tion  o f fo e tu se s  
(Sharm a et al. 1986), or d u e to  th e  p resen ce  of 
som e toxic com p o n en ts (C houdhary et al. 1992). 
It is  evident from  Table 2 , th a t d eclin e  in  litter s ize  
is  prim arily d u e to d ecline in  im p la n ta tio n  s ite s , 
w hich  m ay  be d u e to th e direct effect o f toxin  
reach ing th e  fem ale gen ita l tract w ith  th e  sem en  
(C houdhary et al. 1990). Late delivery b y  th e  
fem a le s  trea ted  w ith  s te r ig m a to c y stin  fu rth er  
su p p o rts th e fact. L oss o f v iab ility  am on g th e  litter  
in d ic a te d  th e  to x ic  e f fe c t  o f  a f la to x in  B ,.  
ster igm atocystin  an d  kojic acid.

C a n n i b a l i s m  : T he fem ale rats, w h ich  w ere  
m ated  b y  m a les  treated  w ith  aflatoxin  Bj an d  kojic 
acid , started  eatin g  their litter, 2  d ays after delivery’ 
(Table 2). T h is can n ib a listic  b eh av iou r m ay  b e  d u e  
to d istu rb an ce in  th e  ch em ica l in teraction  o f th e  
m oth ers w ith  their litter (Sh ank aram u rti et al.
1972). S in ce  th e  m oth ers in  the control group  did  
n ot sh ow  can n ib a lism  (Table 2), th e  p ossib ility  of 
an y  nu trition al deficiency is  ru led  out.

A u th ors are gratefu l to th e  Principal. T .N .B .
TABLE 2 MATING PERFORMANCE TEST OF MALE RATS TREATED WITH MYCOTOXINS

Treatment No. of 
breeders

No. of No. of 
mated 

females
Corpora

lutea
sites

Implan­
tation
sites

Litter size Other
trendsfui males Total Dead Viable

Glycol, control 7 6 8 10.26 ± 2.82 7.87 ± 0.95 5.94 ± 0.84 - 5.94 ± 0.84
Aflatoxin B1 7 6 9 9.22"s± 0.68 6 .12"®± 0.88 4.95"®± 0.75 1.77» ± 0.54 3.14* ± 0.34 Cannibalism 

in mothers, and 
death oflitters

Sterigmatocystin 8 5 7 6.28"®± 0.72 4.71» ± 0.43 3.14» ± 0.47 0.85"®± 0.56 2.89» ± 0.47 Late delivery 
death oflitters

Kojic acid 8 6 8 8.25"® ± 0.81 4.62* ± 0.74 3.62* ± 0.45 1.85» ± 0.46 1.79» ± 0.79 Cannibalism
in mothers, 
death oflitters

NS = Not significant; a (P<0.05); b (PcO.Ol); and c (P<0.001)
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C h a n g e s  i n  S o l u b l e  S u g a r s  a n d  O t h e r  C o n s t i t u e n t s  o f  
B a m b o o  S h o o t s  i n  S o i b u m  F e r m e n t a t i o n
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Fermentation of two species of edible bamboo shoots for the production of S o ib u m  was followed for the change 
in individual soluble sugars, pH, lactic acid, titratable acid and activities of amylase as well as invertase. Among 
the soluble sugars, only glucose was found to be the most preferentially utilized. Except for xylose, none of soluble 
sugars was completely utilized during fermentation of B a m b u s a  tu ld a . The levels of amylase and Invertase were found 
to fluctuate widely. Formation of lactic and titratable acids during fermentation caused a drop in the pH of the 
fermenting mash.
Keywords : Traditional fermentation, Edible bamboo shoot fermentation, S o ib u m , Changes during fermentation.

Traditional p rocessin g  of fresh  ed ib le bam boo  
sh o o ts  by natural ferm entation  for prod u cin g an  
in d igen ou s food, s o ib u m ,  is  p op u lar in  M anipur. 
(P r a v a b a ti D e v i a n d  S in g h  1 9 8 6 ) .  T h e  
m icroorganism s involved in  th is  ferm entation  w ere  
identified to be lactic  acid bacteria  and y e a sts , 
under the ex isting  anaerobic con d ition  (Giri and  
J a n m e ja y  1 9 8 7 ) . T h e  im p r o v e d  tr a d it io n a l  
ferm entation tim e is  a s  long a s  3 0  days. The  
ferm entation tim e of s o i b u m  cou ld  be reduced  
considerably by efficient con version  of bam boo  
co n stitu en ts  into su ga rs. T he ch a n g es  in  the su ga rs  
have b een  stu d ied  during lactic  acid  ferm entation  
of other p lant m ateria ls (O dunfa 1983; K otzekidou  
and R oukas 1987). The p resen t stu d y  reports the  
data on the ch a n g es  in  ind iv idual so lu b le  su ga rs, 
lactic and titratable acid s, pH, activ ities of am ylase  
and invertase during the s o i b u m  ferm entation.

The edible su ccu len t bam b oo sh o o ts  (about 2 0  
cm  in diam  and 15 cm  height) of th e  sp ec ies  
B a m b u s a  t u l d a  and  D e n d r o c a l a m u s  g i g a n t e u s  w ere  
collected  during th e rainy sea so n . The ou ter  hard  
layers w ere rem oved m an u a lly  an d  d iscarded . The  
bam boo sh o o ts  w ere cu t in to  th in  s lices , m ixed  
thoroughly, and  ferm ented  individually, so  a s to 
im itate a traditional m ethodology , b y  p ack in g th e  
slices com pactly in  sterile  p o lythen e b ags. The b ags  
were clo sed  to prevent en try  o f air, p laced  in  5 0 0  
m l cap acity  b eak ers for ferm entation  at room  
tem perature (26±4°C). A su ffic ien t n u m b er of b ags  
w as run for each  sp ec ies . S am p les w ere rem oved  
in triplicate at the end  of 0 , 2 , 5 , 15 and 3 0  d ays  
for im m ediate determ ination  o f pH, titratable acid  
(Szarvas and S tia szn y  1977), and lactic  acid (Barker
* Corresponding Author

1957). A ssa y s  o f am y la se  an d  in v erta se  in  th e se  
m a sh e s  w ere con d u cted  b y  follow ing th e  m eth o d s  
d escrib ed  b y  M ah ad evan  an d  S rid h ar (1982). 
Identification and determ ination  o f indiv idual so lub le  
su g a rs  (Lewis and Sm ith  1969) w ere co n d u cted  on  
0 , 2 , 15 and 3 0  d ays old sa m p les . The activ ities  
of am ylase  an d  in vertase w ere estim a ted  at pH 3 .5  
an d  6 . Each o f th e resu lts  is  p resen ted  a s  a m ea n  
of three rep licate m a sh es .

D ata in  Table 1 sh ow  th a t th e  ferm entation  
rate w a s  h igher during th e  first 15 d ays, a s  
evidenced  b y  the ch a n g es  in  v a r io u s  p aram eters. 
The rate, how ever, slow ed  d ow n  in  th e  further  
ferm entation period. The levels of lactic an d  titratable  
acid s in creased  grad u ally  during th e  entire period  
(30 days) of ferm entation . At 3 0  d ays, th e  pH w a s  
low est and lactic  acid  con cen tra tion  w a s  h ig h est. 
T h u s, it m ay be inferred th a t th e  p rep aration  of 
s o i b u m  in volves lactic  acid  ferm entation . Earlier  
w ork (Giri 1988) co n firm s th is  in feren ce  a s  
L e u c o n o s t o c  m e s e n t e r o i d e s  w a s fou n d  to be dom inant 
in  th e  in itia l period of ferm entation; thereafter, it 
w a s replaced  by L a c t o b a c i l l u s  c o m e f o r m i s .  It w a s  
further noted  th a t lactic acid  b acteria , su c h  a s  
L a c t o b a c i l l u s  b r e v i s  a n d  S t r e p t o c o c c u s  l a c t i s ,  
con tin u ed  to d om inate  in  th e  ferm en tation  m ed iu m , 
during th e  su b seq u en t period, in  sp ite  o f  th e  
appearance of y e a s ts  b elon g in g  to  th e  gen era  
C a n d i d a ,  D e b a r o m y c e s ,  H a n s e n i a s p o r a ,  H e n s e n u l a ,  
P ic h ia ,  S a c c h a r o m y c e s  an d  T o r u l o p s i s  (Giri 1988).

D ata  in d icated  th a t a  variety  o f so lu b le  su g a rs  
w ere form ed during th e  co u rse  o f ferm en tation  
(Table 1). T h ese  in clud ed  su cro se , g a la cto se , g lu co se  
an d  e ith er m a n n o se  or a ra b in ose , or b oth . All of 
th ese  so lu b le  su g a rs  w ere u tilized  to  different 
d egrees b y  th e cu ltu res  during th e  co u rse  of

5 0 0
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TABLE 1. CHANGES IN INDIVIDUAL SOLUBLE SUGARS, pH, LACTIC ACID, TITRATABLE ACID AND ACTIVITIES OF AMYLASES 
AND INVERTASES DURING THE FERMENTATION OF S O IB U M

Fermenta- Soluble sugars, m g /100 gtion time,
days Ra Su Ga G1 Ma

0 33 152 143 323 295
2 32 51 56 107 86

15 8 15 6 41 6
30 6 16 8 54 9

0 170 151 128 383 288
2 109 115 86 100 129

15 52 44 75 108 72
30 15 13 18 23 20

Amylase activity
Ar

Invertase activity
Ri Xy pH LA

%
TA
%

at pH at pH
3 5 6 3 5 6

B . t u l d a  fermentation
218 105 5.1 0 0 5.9 6.9 7.6 3.6 8.0 4.6

67 22 4.1 0.1 0.4 0.3 1.2 1.9 1.2 0.4 0.7
U 3 3.7 0.6 0.9 0.4 1.0 0.9 7.4 0.7 0.3
5 1 3.7 0.7 1.0 0.9 1.5 3.4 6.3 1.2 0.7

D .g i g a n t e u s  fermentation
235 139 4.9 0 0 2.1 5.9 7.3 2.6 4.1 2.7
115 129 4.7 0.1 0.3 0.1 1.2 1.2 2.2 0.6 0.7
46 52 3.7 0.7 1.2 0.3 0.6 0.8 1.8 1.3 0.9
18 16 3.6 0.9 1.2 0.3 1.2 3.0 2.6 1.1 0.7

Ra : Rafllnose, Su : Sucrose, Ga : Galactose, G1 : Glucose, Ma : Mannose, Ar : Arabinose, Ri : Ribose, Xy : Xylose, LA : Lactic acid, TA : 
Titratable acid (expressed as lactic acid equivalent). Activities of amylases and invertascs are expressed as mg glucose liberted/100 g m ash/ 
24 h. All the values are means of triplicate determinations.

ferm entation. However, n on e  o f th ese  so lu b le  su ga rs  
w as utilized com p letely  during th e  3 0  d ays of 
s o i b u m  ferm entation. It is  in terestin g  to n ote  that  
the utilization  of so lu b le  su g a rs  w a s h igh er in  ca se  
of ferm entation  o f B . t u l d a ,  a s  com pared  to th a t  
of D . g i g a n t e u s .  The resid u a l so lu b le  su g a rs  in  ca se  
of B . t u l d a  ferm entation  w ere le s s  th a n  100  m g /  
100 g ferm enting m ash . A m ong th e  so lu b le  su ga rs, 
fructose cou ld  n ot b e  d etected  in  th e  p resen t  
stu d ies, probably b e ca u se  it w a s  u tilized  a s  so o n  
a s it w a s form ed d u e to  action  o f in vertase on  
su crose.

C om paratively fa ster  d egradation  o f all the  
so lu b le  su g a r s  s tu d ie d  in  c a s e  o f B .  t u l d a  
ferm entation, a s  com p ared  to th a t o f D . g i g a n t e u s ,  
in d icates that th e  m icroorgan ism s involved in  th e  
former have greater ab ilities to produce th e en zym es  
for degradation o f th ese  su ga rs. B am boo sh o o ts  are 
know n to con ta in  starch , xy lan , arab in ogalactan  
and galactan  (M aekawa 1975; M aekaw a and Kitao
1973). The growth of L e u c o n o s t o c  m e s e n t e r o i d e s  in  
the earlier p h a se  of s o i b u m  ferm entation  h a s  a lso  
b een  observed to b e a sso c ia ted  w ith  b io sy n th es is  
of dextran  (Giri 1988). Low p h enolic  con ten t of  
B . t u ld a ,  a s  com pared to  th a t in  D . g i g a n t e u s  (Giri
1988), m ight a lso  b e  resp on sib le  for th e h igher  
utilization o f the so lu b le  su g a rs  in  the ferm entation  
of the former.

D ata on  the activ ities o f  a m y la ses  at different 
pH v a lu es sh ow ed  th a t th e  op tim u m  con d ition  for 
the enzym e p resen t in  p lant m aterial at 0  h is at 
pH 6. Sim ilarly, th e am y la ses, elaborated  b y  the  
cu ltu res during th e  co u rse  o f ferm entation , have

their optim a at pH 5 to 6  at 15 d ays, in  ca se  
B . t u l d a  and D . g i g a n t e u s  ferm en tation s. In one  
ca se , am y la ses, w ith  pH op tim a at 3 , b ecam e  
co n sp icu o u s  in  both  ferm entations. O n th e  contrary, 
the optim a for in v erta ses w ere at pH 5 at 0  h 
ferm entation  of b oth  th e  b am b oo sh o o ts . H owever, 
the optim a for in v erta ses elab orated  b y  the cu ltu res  
w ere a t pH 3  from  seco n d  day on w ard s. The  
involvem ent o f a m y la ses  an d  in v erta se s  in  th e  
biochem ical ch an g es ca u sed  during th e  ferm entation  
of s o i b u m  ca n  be inferred from  va rio u s fa c ts  su ch  
a s  a) activ ities o f  th e se  en zy m es w ere greater in  
B . t u l d a  m a sh es , w h o se  resp ective  su g a rs  were 
r a p id ly  u t i l iz e d  a s  c o m p a r e d  to  t h o s e  in
D . g i g a n t e u s  ferm entation; b) a ctiv ities  o f th ese  
en zym es w ere greater in  3 0 -d a y  m a sh e s , w h ich  
con ta in ed  le sse r  so lu b le  su g a rs , a s  com p ared  to 
m a sh e s  ferm ented  for sh orter  periods; c) am y la ses  
w ith  optim a at pH 3  appeared  during th e  cou rse  
of ferm entation; and d) extracellu lar  prod u ction  of 
th ese  en zym es b y  the m icrobial cu ltu res  involved  
in  the ferm entation  h a s  b een  reported  b y  other  
w orkers (B u ch an an  and G ibbons 1974; S ills  and  
Stew art 1982).

High con cen tra tion s o f m o st o f  th e  resid u al 
so lu b le  su g a rs  even  at th e  en d  o f 3 0  days  
ferm entation  o f s o i b u m  in d icate  th e  p ossib ility  of 
red u cin g  ferm entation  tim e b y  ad d in g  resp ective  
en zym es to the m a sh  at 0  h  or d u rin g  th e  co u rse  
of ferm entation. The p resen ce  o f  h igher resid u al 
su g a rs  a lso  in d ica tes  th e  n eed  to su b ject the  
ferm ented  s o i b u m  to  drying, or e lse  spoilage  
m icroorgan ism s m ay  grow in  th e  m oist-ferm ented  
product during storage.
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The extraction of proteins from the defatted rapeseed meal (RSM) was carried out using water, salt, alkali and 

alcohol. Alkali was the most effective in the extraction of proteins, whereas the protein content of the residues left 
after extraction ranged from 9.3 to 28.0 g /100 g meal, and was found to be maximum, when extraction was done 
with alcohol. The residues were analyzed for amino acid composition and evaluated for nitrogen supplement value, 
using C a n d id a  c u r v a ta  The variability in yeast biomass production on substrates containing RSM digests, might be 
due to differences in the protein content.
Keywords : Defatted rapeseed meal, Protein isolation, Amino acid composition. Efficiency of methods, C a n d id a  c u r v a ta  

Biomass production.
R apeseed  m eal (RSM), ob tained  in  th e p rocess  

of oil extraction of the se e d s , is  con sidered  to be  
a good quality feed d u e to its  high protein  con ten t  
(Bell and W illiam  1953). H owever, its  u se  a s  
potential an im al feed h a s  b een  h indered  by the  
problem s asso c ia ted  w ith  palatability , d igestib ility  
and toxicity (S osu lsk i 1981; Garg et al. 1982). 
Trials have b een  carried ou t to im prove th e  
r a p e s e e d  p r o te in  b y  f e r m e n t in g  it  w ith  
m icroorganism s (Phillipchuk and J a c k so n  1979; 
Garg et al. 1983 , 1985). The s tu d ies , carried out 
with RSM a s  the protein  sou rce, esta b lish ed  that 
the m eal w a s  deficient in  certain  am ino acid s, 
w hich interfered w ith norm al m etab o lism  (Leslie 
and S u m m ers 1975). The p resen t s tu d y  d ea ls w ith  
the com parative a sse s sm e n t  o f the efficiency of 
different so lven ts for protein  iso la tion , an d  the u se  
of residual m eal to su p port th e  grow th of C a n d i d a  
c u r v a ta .

The seed s  of B r a s s i c a  c a m p e s t r i s  (var. Toria') 
were pulverized into a fine pow der an d  defatted by  
Soxhlet extraction  (AOAC 1975) u sin g  petroleum  
ether (BP 60-80°C ). The a n a ly ses  of defatted RSM  
for m oistu re, crude protein s, cru d e fibre and ash  
con ten ts were carried ou t b y  stan d ard  m eth o d s  
(AOAC 1975). Protein iso la tes  w ere prepared by  
individually stirring 5 0  g RSM in 7 0 0  m l o f d istilled  
water, sa lt (10% NaCl), alkali (0.1 N NaOH) and  
alcohol (70%) for 1 h at 25±1°C . The su sp e n s io n s  
were centrifuged at 1 6 ,0 0 0  rpm  (4°C) for 2 0  m in  
and filtered through W hatm an No. 1 filter paper. 
The resid u es left over w ere d esign ated  a s  RWE, 
RSE, RAE and RAlcE, respectively. N itrogen w a s

• C o rre sp o n d in g  A u th o r . ‘P r e s e n t  A d d r e s s  : D e p a r tm e n t  o f  
M o lecu lar  B io lo g y  a n d  B io c h e m is tr y , G u ru  N a n a k  D e v  U n iv e rs ity . 
A m r its a r -1 4 3  0 0 5 , I n d ia

determ ined  by m icro-K jeldahl m eth o d  (AOAC 1975) 
an d  th e v a lu es  w ere con verted  to  cru d e proteins.

R apeseed m eal and the resid u es w ere hydrolyzed  
by 6  N HC1 an d  au toclaved  at 0 .7 5 2  k g /sq . cm  
for 3 0  m in  (Phillipchuk an d  J a c k so n  1979). The 
acid h yd ro lysa tes w ere ice-coo led , filtered, and their  
pH w a s ad ju sted  to 5 .5  w ith  20%  NaOH. The acid  
d ig ests  o f RSM (RSM-HA) and th e  r e s id u es  (20 m l/  
flask) w ere au toclaved  at 1 .0 5 4  k g /sq . cm  for 30  
m in. The fla sk s  con ta in in g  different d ig e sts  w ere  
inoculated  uniform ly with C. c u r v a t a  cell su sp en sio n s  
(1 5 x 1 0 s c e lls /m l) , in  tr ip lica tes, an d  in cu b ated  at 
25±1°C  o n  rotary sh ak er  (220  o sc /m in ). The growth  
w a s recorded by m easu rin g  the ab so rb a n ce  at 6 7 0  
n m  at 2 4  h interval.

The RSM d ig ests  con ta in in g  p ro te in s (15 mg) 
and 6  N HC1 (10 ml) w ere au toclaved  at 1 .0 5 4  k g /
sq . cm  for 3 0  m in. After coo lin g  an d  filtration, the  
co n ten ts  were dried, an d  su b seq u en tly  d isso lved  in  
0 .2  N citrate buffer (pH 2 .2), for the determ in ation  
of am ino acid  com p o sition  (Sp ackm an  et al. 1958) 
on  an  au tom atic  am ino acid  an alyzer (AAA-881).

R apeseed  m eal u sed  in  th e  p resen t s tu d y  had  
the follow ing com p osition  (%); cru d e proteins, 
3 1 .9 9 ; cru d e fibre (cellu lose), 14 .89; a sh  (m inerals), 
3 .8 5 ; and m oistu re, 4 .8 5 . The protein  c o n ten ts  of 
water, sa lt, alkali an d  alcoh ol iso la te s  w ere 14 .63 , 
19 .25 , 2 3 .4 8  an d  4.23% , resp ectively , an d  of th e  
respective res id u es  w ere 16 .75 , 1 3 .0 3 , 9 .3 0  and  
28.00% . P roteins w ere extracted  em ploying polar 
and n on -po lar so lven ts. It w a s  ob served  th a t th e  
protein  extractab ility  w a s  in  th e  order of alkali > 
sa lt > w ater > alcohol. High extraction  in  th e  polar  
so lven ts could  be accou n ted  for b y  the predom inance  
of hydrophilic am ino acid s. S ix teen  different am ino  
acid s w ere identified  in  th e  h yd ro lysa tes of RSM
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TABLE 1. AMINO ACID (m g/100 mg protein) COMPOSITION OF 
ACID DIGESTS OF RSM RESIDUES LEFT OVER 
AFTER PROTEIN ISOLATION

Amino acid
(m g/100 mg 
protein)

RSM-HA RWE RSE RAE RAlcE

Lysine 3.77 4.43 2.01 9.84 12.16
Histidine 13.42 - 18.26 2.60 6.33
Arginine 5.05 4.10 1.22 6.58 0.26
Aspartic acid 12.19 9.59 4.20 2.73 0.55
Threonine 0.57 0.22 0.18 11.49 0.56
Serine 16.37 18.18 5.73 8.33 9.25
Glutamic acid 11.08 10.87 5.57 4.52 7.80
Proline 0.10 10.38 5.09 6.40 9.98
Glycine 6.85 10.28 15.29 8.34 1.50
Alanine 6.44 8.33 12.31 19.18 6.17
Cysteine - 0.23 - - -
Valine 0.08 2.15 0.58 2.51 2.16
Methionine 0.11 1.33 0.70 4.22 0.75
Isoleucine 1.14 1.94 0.41 2.45 0.05
Leucine 13.22 4.62 3.24 2.68 7.95
Tyrosine 3.61 2.96 1.11 4.14 0.66
Phenylalanine 4.26 2.03 5.86 9.96 0.14
Values are based on actual recoveries and are average of 
duplicate estimations. RSM-HA: Hydrochloric acid digest; RWE: 
Residue water extract; RSE: Residue salt extract; RAE: Residue 
alkali extract; RAlcE : Residue alcohol extract.

and In the res id u es  (Table 1). C ysteine w a s  p resen t 
only in  RWE. The am ino acid  com p osition  of RSM  
is com parable to th a t reported b y  S harm a and  
Ingalls (1974).

C a n d i d a  c ú r v a l a  w a s  grow n on  d ig ests  of RSM  
and th e  res id u es  to a s s e s s  their  ability to support 
the growth. The RSM-HA sh ow ed  m ax im u m  cell 
growth after 2 4  h in cu b ation , w h ile  y ea st b io m a ss  
production on  RAlcE w a s com parable to  th a t of 
RSM-HA after 4 8  h  in cu b ation  (Fig. 1). The growth  
ceased  after 2 4  h  in cu b atio n  o n  all d igests. 
M axim um  grow th on  RSM-HA m ight b e due to  
sufficient levels of certain  growth prom oting am ino  
acids, su ch  as , h istid in e, serin e, iso leu cin e, tyrosine, 
aspartic acid  and glu tam ic acid. T he levels of 
iso leu cin e and tyrosine w ere extrem ely low, w hile  
lysine, h istid in e and ser in e  w ere m ore in  RAlcE in  
com parison  to  RSM-HA d igest. The m eth ion in e  
content w a s  low  in  all RSM d ig ests  except for RAE. 
The poor growth on  different res id u es  o f RSM m ight 
be due to low  or in ad eq u ate  levels o f grow th  
prom oting am ino acid s. P h illip ch uk  and J a ck so n
(1979) reported th a t so m e  am ino acid s, w h en  
ab sen t in  the m ed iu m , w ere found  to be lim iting  
for y ea st growth. The p resen t data  in d icate th e  
variability in  y ea st b io m a ss  p rod u ction  d u e to  
differences in  the protein  co n ten ts  o f RSM d igests.

TIME ( hours)

Fig. 1. Growth of C a n d id a  c u n r a ta  on acid digests of rapeseed 
meal (RSM) and the residues left over after protein
isolation. O-----O : RSM-HA; A---- A : RSM-RWE;
x---- x ; RSM-RSE; □ -----□  : RSM-RAE; O----- O : RSM-
RAlcE.
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Addition of 4% vital gluten and 0.15% disodium phosphate was found to be beneficial for getting good quality flat breads from sprouted wheats. Good quality noodles could also be prepared from moderately sprouted wheats with 

the addition of 2% vital gluten and 0.15% disodium phosphate. However, highly sprouted wheats, require extra addition of gluten to the flour to produce quality noodles.
Keywords : Sprouted wheat Cour, Vital gluten, Disodium phosphate, Flat bread, Noodles.

U ntim ely ra in s during th e  h arvestin g  and  
thresh ing period lead  to  field sp rou tin g  o f w heat  
grains and bring ab out exten sive  ch em ica l ch a n g es  
and increased  hydrolytic en zym es. For exam ple, 
the w ater ab sorption  cap a city  o f sp rou ted  flour  
d ecreases and it b eco m es ill-su ited  for b ak in g  (Waltl 
1977; Kulp et al. 1983; Sh arm a et al. 1988). The  
am ylolytic en zym es degrade th e starch  to  th e  exten t  
that dextrins are produced , w h ich  im part s tic k in e ss  
to the dough. In addition to alpha-am ylase, p roteases  
and SQlubilized carb oh yd rates are a lso  resp on sib le  
for deteriorated quality  o f  p rod u cts m ad e from  
sprouted w heat (Bean et al. 1974a). Sod iu m  chloride  
and trisod ium  p h osp h ate , gen erally  u sed  in  variou s  
noodle prod u cts, are k n ow n  to restore the quality  
of n oodles prepared from  sp rou ted  w h eat (B ean et 
al. 1974b). Therefore, to m ak e up  th e  lo s s  o f g lu ten  
in sprouted  flour, exp erim en ts w ere carried ou t to 
prepare flat bread  an d  n ood les, w ith  added g lu ten  
and d isodium  p h osp h ate  at different con cen tration s.

A com m ercial variety o f w h eat, 'W L-1562', w a s  
obtained from th e  D ep artm en t o f P lant B reeding of 
the University. S am p les o f w h eat (5 kg) w ere 
cleaned  m an u ally  to  rem ove im p u rities an d  given  
the sprouting treatm ent for 3 6  h , by first soak in g  
in sufficient w ater (10 1) for 10 h  in  a germ in ation  
cham ber at 30°C  and 80%  R H . The sp rou ted  w h eat 
grains w ere dried in  forced air c ircu lation  drier at 
30°C for 2 4  h, to ab out 14% m oistu re. The sou n d  
and sprouted  sa m p les  w ere con d ition ed  at the  
appropriate m oistu re  lev els  before m illing in  a  
Quadrum at Ju n ior Mill (Brabender, OHG, Germany). 
Flour proteins, fat, a sh , to ta l su g a rs  and m in era ls
* Corresponding Author

w ere determ ined  b y  stan d ard  AACC (1990) m eth od s.
R ecipe for preparing flat b read  c o n s is ts  o f (g) 

flour 100, com p ressed  y e a st  1, com m o n  sa lt  1, vital 
g lu ten  2 or 4 , a n h yd ro u s d iso d iu m  p h o sp h a te  0 .1 5  
an d  w ater 6 5  m l. M ixing, ferm en tation  an d  proofing  
tim es w ere 3 -4 , 4 5  an d  15 m in , respectively. 
S h eetin g  and cu ttin g  w ere d on e to  ob ta in  3  m m  
th ick  an d  15 cm  round  d iam  p ieces , for b ak ing  
at 300°C  for 3 -4  m in . For n o o d les , a  stiff  dough  
w a s m ad e u s in g  flour, g lu ten , w a ter  an d  d isod iu m  
p h osp h ate , in  th e  above m en tion ed  proportions. 
It w a s  th en  extru d ed  throu gh  a m a n u a lly  operated  
noodle m ak ing  m ach in e  (No. 5 , S m art and Co. 
Aligarh), fitted w ith  a s ieve hav in g  rou n d  h o les  
(diam  1 m m ). The d ough  stra n d s  w ere th e n  fried  
in  refined co tto n seed  oil at 180°C  for 5 sec , in  th e  
au tom atic  deep-fat-frier (th erm ostatica lly  controlled  
fryer, ITT, D elu xe-2 , USA).

D uring preparation , th e  flat b read  d o u g h s w ere  
eva lu ated  for d ough  h an d lin g  an d  puffing (Austin  
an d  Ram  1971). The co lou r o f th e  fresh ly  baked  
flat bread w a s  a lso  n o ted  v isu a lly . In ca se  of 
n ood les, th e  op tim u m  cook in g  tim e w a s  n oted  by  
cook in g  10 g n oo d les in  2 0 0  m l d istilled  w ater, till 
th e  d isap p earan ce o f w h ite  core, a s  ju d g ed  by  
sq u eezin g  b etw een  g la s s  p late. G ruel so lid  lo s se s  
w ere determ ined  by evaporating a n  a liq u ot o f the  
w ater in  w h ich  n oo d les w ere cook ed  to  optim um  
tim e. The pH o f th e  n o o d les w a s  estim a ted  by  
tak in g 10 g in  100  m l w ater. A  9  point h ed on ic  
sca le  w a s u sed  to organoleptically  eva lu ate  th e  flat 
bread and cook ed  n o o d les (Larm ond 1970). The 
d ata  from  d u plicate exp erim en ts w ere sta tistica lly  
analyzed  u sin g  th e  factors in  random ized  block

5 0 5



5 0 6

TABLE 1. EFFECT OF VITAL GLUTEN AND DISODIUM PHOSPHATE ON WATER ABSORPTION, 
ORGANOLEPTIC PROPERTIES OF FLAT BREAD.

Gluten, %

DOUGH HANDLING AND

Flour Characteristics Sound With di-sodium Sound With di-sodium Sound With di-so<
samples wheat phosphate, 0.15% wheat phosphate, 0.15% wheat phosphate.

Sound wheat Water absorption, % 65.0 65.0 67.0 67.5 69.0 69.5
(Falling Dough handling NS NS NS NS NS NS
number 483) Puffing F F F F F F

Colour, visual 
O rg a n o le p tic  q u a l i ty

CW CW CW CW CW CW

Colour 8.0 7.8 7.8 8.3 7.8 7.3
Texture 7.5 7.0 7.8 8.3 6.5 7.0
Flavour 7.8 7.0 7.5 8.3 7.0 7.3
Taste 7.8 6.8 7.5 8.0 6.8 7.3
Overall acceptability 7.8 7.1 7.1 8.2 7.0 7.3

Sprouted wheat Water absorption, % 58.0 58.0 59.0 59.5 59.5 60.0
(Falling Dough handling S SS SS NS NS NS
number 109) Puffing P F F F F F

Colour, visual 
O rg a n o le p tic  q u a l i ty

LB LB LB CW CW CW

Colour 6.3 6.3 6.3 7.0 7.0 7.3
Texture 5.3 5.3 5.3 6.8 6.5 7.0
Flavour 5.0 5.5 5.8 6.5 6.5 6.8
Taste 5.5 5.3 5.5 6.5 6.5 6.8
Overall acceptability 5.8 5.6 6.7 6.7 6.6 6.9

S : Sticky, SS : Slightly sticky, NS : Non-sticky, F : Full puffing, P : Partial puffing, CW : Creamish white, LB : Light brown,LSD : (0.05), Water absorption: 1.3, Colour : 0.7, Texture : 0.7, Flavour : 0.4, Taste : 0.3, Overall acceptability : 0.3
design, a s described  b y  S teel and Torrie (1960). However, flat b read s w ith added 2% glu te i

W ater absorption  in creased  sign ifican tly  w ith  
the addition o f g lu ten  (Table 1). W ith th e  addition  
of 4% glu ten , the w ater ab sorption  in creased  b y  
5 and 2% in ca se  o f flours from so u n d  an d  sp rou ted  
grains. There w a s  n o  difference in  the dough  
handling of flours from  so u n d  gra in s, w ith  or 
w ithout added glu ten . All th e  sa m p les  w ere n on -  
sticky and puffed full. The b read s w ere cream ish  
w hite in  colour, w ith  p leasin g  flavour. In th e  ca se  
of flour from sp rou ted  gra in s, the sam p le  w ith out  
an y added g lu ten  w a s stick y  to  h an d le . The 
s tick in ess  problem  w a s  overcom e w ith  th e  addition  
of d isod ium  p h osp h ate  an d  2% g lu ten  individually. 
The com bined  effect o f 2% or h igher g lu ten , along  
with d isod ium  p h osp h ate , proved extrem ely u se fu l 
and the dough beh aved  satisfactorily . Bread, m ade  
from flour o f sp rou ted  gra in s an d  w ith ou t an y  
addition, sh ow ed  partial puffing, w h erea s other  
breads puffed full. The colou r o f th e  flat bread w a s  
light brow n, up  tc 2% g lu ten  addition, an d  it 
im proved w ith  further ad dition  o f g lu ten , along w ith  
d isod ium  p h osp h ate  (Table 1).

O rganoleptically, all the flat b read s from  sou n d  
w h eat w ere h ig h ly  a ccep ta b le  to  co n su m e r s .

0.15%  d isod iu m  p h o sp h a te  rated su p erior  to th e  
others. Further addition  o f g lu ten  w a s  in  n o  w ay  
helpfu l in  in creasin g  th e sen so ry  sco res . In c a se  
of bread from  flour o f sp rou ted  gra in s, th e  ad dition  
of 4% glu ten , along w ith  0.15%  d isod iu m  p h osp h ate , 
scored  m axim u m , and th ese  b rea d s w ere liked  b y  
the p a n e lists  an d  w ere rated a s  norm al (Table 1).

N oodles, prepared from  th e  flour o f sp rou ted  
gra in s, h ad  low er w ater ab sorption , cook in g  tim e  
and total scores, a s  a g a in st th e  h igh er lo s s  o f so lid s  
in  cook ing w ater (Table 2). T he n o o d les, prepared  
from  flours o f the gra in s sp rou ted  for 3 6  h , w ere  
very stick y  and soggy, after cook ing. T he pH o f th e  
n oo d les w a s  n ot sign ifican tly  affected  w ith  th e  u se  
of flour from  sp rou ted  gra in s. H ow ever, ad d ition  of 
d isod iu m  p h osp h ate  in crea sed  th e  pH from  5 .4  to
6 .3  o f the n oo d les m ad e from  so u n d  gra in s and  
from 5 .2  to 6 .4  of th o se  m ad e from  flou rs of 
sp rou ted  w h eat gra in s. A ddition  o f v ita l g lu ten  
sign ifican tly  im proved all th e  a ttr ib u tes, w h ich  
otherw ise get deteriorated d u e to  th e  u se  o f  flour  
from  sp rou ted  grains. T h ese  d eteriorated  a ttr ib u tes  
w ere found to sh ow  im provem ent u p o n  ad d ition  of 
d iso d iu m  p h o s p h a te . G ood  q u a lity  n o o d le s .
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TABLE 2. EFFECT OF VITAL GLUTEN ON COOKING AND ORGANOLEPTIC SCORE OF NOODLES.

Gluten. %
0  2 4

Flour Characteristics Normal With di-sodium Normal With di-sodium Normal .With di-sodiumsamples phosphate phosphate phosphate

Sound wheat Water absorption, % 47.0 47.5 49.5 50.5 50.0 52.0(Falling Cooking time, min 2.55 2.6 3.4 4.2 4.6 5.4number 483) Gruel solid loss, % 11.2 10.5 10.0 9.8 9.2 9.0pH 5.4 6.3 5.5 6.4 5.4 6.6Total scores (9.0) 7.5 7.6 8.0 8.2 8.1 8.3
Sprouted wheat Water absorption, % 38.3 41.0 40.0 41.5 41.1 42.3(Falling Cooking time, min 2.1 3.4 2.9 3.7 4.2 4.7number 109) Gruel solid loss, % 12.0 11.4 10.8 10.6 9.9 6.6

PH 5.2 6.4 5.2 6.1 4.3 6.4
Toial scores (9.0) 5.5 6.2 6.7 7.1 7.4 7.7

LSD : (0.05), Water absorption : 0.5, Cooking time : 0.4, Gruel solid loss : 0.3, Total scores : 0.04, respectively; Disodium phosphate used 
was 0.15% in all the cases.

com parable to th o se  m ad e from  so u n d  gra in s, cou ld  
be produced from a m oderately  sp rou ted  (36 h) 
w heat, w ith the addition  o f 2% g lu ten  and 0.15%  
disodium  p h osp h ate .
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E n z y m e s  f o r  I m p r o v e d  E x t r a c t i o n  a n d  S t a b i l i z a t i o n  o f  
C o l o u r  a n d  F l a v o u r  o f  O r a n g e  J u i c e
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Treatment of orange pulp with peetinase at 45°C and a pulp to water ratio of 1:1, resulted In about 1.4-fold 
Increase in °Brix, as compared to that without addition of enzyme. Cellulase alone did not show any improvement, 
whereas, the combined effect of cellulase and peetinase improved the °Brix to 1.8-fold with synergistic effect, as compared 
to that without the use of enzyme. Glucose oxidase-peroxidase system was found to be effective for the chemical 
stability of the stored juice. Stabilization of flavour and colour indicated that both pH and total soluble solids were 
higher in the enzyme-treated juice stored at 5°C, as compared to those in controls, and these remained constant 
throughout the storage period. A higher loss of about 59% glucose in treated juice, compared to that of 18% in controls, 
led to less browning in enzyme-treated samples. Recoverable oil %, and thus the estimated d-limolene, decreased during 
storage, with corresponding reduction in the oxidation of d-limolenc. The loss of d-limolcne in control juice was higher 
than that in enzyme-treated samples.
Keywords : Orange juice, Enzymic extraction. Stabilization of colour and flavour, Peetinase, Cellulase, Browning, 

Glucose oxidase-peroxidase system, Storage.

E xtraction o f c itru s ju ice , sp ecia lly  orange  
ju ice , n eed s a sp ecific  extractor, w h ich  ca n  extract 
the pulp  (Braddock an d  K esterson  1979) and at 
the sam e tim e sep arate  th e p eel and th e  albedo. 
It is not econ om ical to  extract th e  w hole ju ice  from  
the pulp , a s  th is  w ill need  the u se  o f a h igh  
pressure screw  p ress (Albrigo an d  Carter 1977). 
Moreover, the u se  o f h igh  p ressu re  screw  p ress  
produces a low quality ju ice  (Braddock and K esterson
1979). It h a s  b een  reported th a t p ectin , p resen t in  
citru s ju ice , crea tes d ifficu lties in  th e p rocessin g  
of solub le so lid s  (M cKinnis et al. 1964; D oesb urg  
1965). Soft fruit pulp is  quite difficult to p ress  
(Braddock an d  K esterson  1976) an d  extraction  is  
better done w ith  th e u se  o f a p ectin olytic  enzym e  
(Braddock and K esterson  19 76 , 1979; S reek an tiah  
et al. 1968 , 1971). In fruit p rocessin g , p eetin ase  
is u su a lly  u sed  to rupture th e fruit stru ctu re for 
m axim ising ju ice  yield , d ecreasin g  ju ice  v iscosity  
and facilitating p ress in g  and filtration (Braddock  
and K esterson  19 76 , 1979). S im ilar techn ology  h a s  
b een  in  u se  for b lackcu rran t, straw berry and  
raspberry extraction  (Kulp 1975; K ertesz 1951).

Browning in  orange ju ic e  is  essen tia lly  ca u sed  
b y Maillard reaction  or ascorb ic acid  (E skin  et al.
1981). The effective w ay o f m in im isin g  brow ning  
reaction, apart from u s in g  su lp h u r  dioxide, is  by  
rem oving the reac tan ts involved. A s it is  not 
practicable to rem ove th e ascorb ic acid  and th e  
am ino acid s, rem oval of g lu co se  b y  g lu co se  ox id ase- 
peroxidase sy stem  is  a m ore p rom ising p rocess  
(R eynolds 1965; W oods and Sw inton  1991). The
* Corresponding A uthor

m o st im portant category o f flavour in gred ien ts in  
citru s fru its is  th e  e sse n tia l oil c o n s is t in g  of 
ald eh yd es, k eto n es, esters, a lco h o ls  an d  acid s  
(Kirchner an d  M iller 1957; V eld h u is et al. 1972). 
M any of th ese  are iso p ren o id s an d  the cyclic  
t e r p e n e  d - l im o le n e  ( 4 - i s o p r o p a n y l - l - m e t h y l  
c y c lo h ex a n e )  is  o n e  o f  th e  m o s t  a b u n d a n t  
c o n stitu en ts  (90-95% ) in  c itru s fruit (E sk in  et al.
1981). T ypes of co n ta in ers  ca n  a lso  effect sh elf-life  
of c itru s ju ice s . V itam in  an d  p o ssib ly  flavour  
stab ilities are poorer in  con tainers th a t are perm eable  
to  atm osp h eric  oxygen  (Tatum  et al. 1975). W ith  
a view  to im prove th e ju ic e  recovery an d  to red u ce  
d isco loration  due to brow ning, a s  w ell a s  off-flavour  
on  acco u n t of ox idation  o f d -lim olen e, th e  p resen t  
w ork on  eva lu ation  o f p o ten tia ls  o f  en zy m es w a s  
u n dertak en .

E n z y m i c  t r e a t m e n t s  : P e c t in a se -u ltr a z y m e  
(activity o f 5 .7  IU /m g  protein  w ith  17 m g p ro te in / 
m l), ce llu la se-ce llu la st (activity o f  1 ,5 0 0  IU /g  protein  
w ith  1.2 g p rotein /m l) and A .  n i g e r  g lu co se  ox id ase-  
N ovozym e 3 5 8  (activity o f 2 ,0 0 0  IU /m l, p lu s  added  
peroxidase) w ere ob ta ined  from  Novo In d u str ies, 
H olland. S e ed le ss  oran ges ( C i t r u s  s i n e n s i s  O sbeck) 
w ere thorou gh ly  w a sh ed , cu t, an d  th e  flavedo a s  
w ell a s  th e  a lbedo w ere d iscarded . T he p u lp  from  
the extractor (auto-juicer) w a s  d ilu ted  w ith  w ater  
in  the ratios o f 1:1 an d  1:2 (w /w ). E ach  d ilu tion  
w a s treated  individually for 1 h  w ith  p ee tin a se  (0 .32  
IU /3 0  g  pulp), ce llu la se  (3 I U /3 0  g  pulp) an d  w ith  
a m ixture o f b oth  a t d ifferent tem p era tu res. In 
su b seq u en t experim ent, 1:1 d iluted  ju ic e  w a s  treated  
at 45°C w ith  a m ixture of p ee tin a se  + c e llu la se  for 
1 ’n. The en zym atically  recovered ju ic e  w a s  divided
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into two parts, and  d ilu ted  w ith  w ater in  th e  ratio  
1:500. One h a lf w a s  treated  w ith  g lu co se  ox id ase- 
peroxidase system , w h ile  th e  oth er h a lf w a s  u sed  
a s an  un treated  control. B oth  sa m p les  w ere packed  
in  air- sea led  p lastic  b o ttles , an d  stored  at 5°C. 
D uring the storage period, regular te s t s  o f sa m p les  
were conducted .

A n a l y t i c a l  m e t h o d s  : Total so lu b le  so lid s  (TSS) 
were determ ined  b y  a  refractom eter an d  exp ressed  
a s °Brix. The °Brix differentials w ere th e  differences  
betw een  th e in itia l and  final (after 1 h) reading. 
For determ ination  o f g lu co se  con cen tration  (free of 
fructose), a n  au to  g lu co se  and L-lactate analyzer  
(Yellow Spring In stru m en t Co., O hio, m od el 20 00 )  
w as u sed . An im proved m eth od , developed  by Klim  
and Nagy (1988) w a s  u sed  for determ ining brow ning  
(UK 16A m odel, S h im ad zu , Japan). Brom ate titration  
m ethod (Scott et al. 1965), u s in g  d istilla tion  w ith  
iso p ro p a n o l, w a s  u s e d  for d e te r m in a tio n  o f  
recoverable oil an d  d-lim olene. S e n so iy  a n a ly sis  
w as con d u cted  b y  a sim p le  preference te st  (M ichael 
O’M ahony, 1986). M ost o f  the a s sa y s  w ere carried  
out in  d u plicates.
Use of enzym es in the extraction o f juice from 
the pulp

E f f e c t  o f  p e c t i n a s e  a n d  c e l l u l o s e  i n d i v i d u a l l y :  
The increase in  total solub le so lid s (°Brix differentials) 
of aq u eou s extract o f  p u lp  ju ice  at d ilu tio n s 1:1 
and 1:2, due to actio n  o f p ectin a se  at 3 5 , 4 0 , 45  
and 50°C, is  sh o w n  in  Fig. 1. D ata in d icate an  
increase in  °Brix differentials w ith  in crease  in  
tem perature u p  to 45°C  for all the en zym e  
treatm ents. B ut after 45°C , th e °Brix d ifferentials  
decreased  u n til it b ecam e zero, i.e ., n o  ch a n g es  at 
50°C. T h is sh o w s  th a t  th e  rate o f th erm a l 
deactivation o f th e  en zym es ex ceed s th e  catalytic  
rate after 45°C. Further, it is  fou n d  that th e  Juice  
dilution at th e  ratio o f 1:1 h a s  resu lted  in  a h igher  
increase in  so lu b le  so lid s, a s  com pared  to th a t of 
1:2 in  ca se  of all th e  en zym e treatm ents. At 1:1 
dilution o f ju ice , the in crea se  in  °Brix is  ab out 1.4- 
fold due to action  of p ec tin a se  at 45°C , a s  com pared  
to that o f control (w ithout enzym e). The in crease  
m ay be explained  b y  th e  fact th a t p ectin ase  
so lu b ilises pectic m ateria ls and w all m em b ran es of 
the ju ice  ce lls , thereb y resu ltin g  in  so ften in g  of 
t is su e s  in  ju ice  pu lp  (Braddock an d  K esterson , 
1976, 1979). The resu lts  in d icate  th a t ce llu la se  h a s  
no effect, w h en  it is  u sed  a lon e (Fig. 1).

E f f e c t  o f  c o m b i n e d  u s e  o f  p e c t i n a s e  a n d  
c e l l u l a s e :  Fig. 1 sh o w s th e  effect o f treatm ent of  
aq u eou s extract of pu lp  ju ic e  (at 1:1 and 1:2

Temp. (OC)
Fig. 1 The effect of individual and combined enzymes on °Biix 

differentials of the different dilutions on the Juice. Solid 
symbols : 1:1 ratio of juice dilution with water, Hollow 
symbols: 1:2 ratio of juice dilution with water, ■  and 
□  : Pectinase alone; ▲  and A : Cellulase alone, ♦  and 
0 : Mixture of pectinase and cellulase, O: Control, no 
enzyme.

dilutions) w ith  a m ixtu re o f  p ec tin a se  an d  ce llu la se  
(0 .32 and 3  I U /3 0  g p u lp , respectively) at different 
tem peratu res. It is  fou n d  th a t th e  com b ined  u se  
of th e  en zym es h a s  further im proved th e  °Brix 
differentials, and  sh ow ed  a s  h igh  a s  ab o u t 1.8-fold  
in crease in  °Brix, a s  com pared  to  th a t w ith o u t the  
addition  o f enzym e. S u ch  syn erg istic  effect o f th ese  
two en zym es w a s  a lso  reported b y  W olnak  (1972) 
in  the extraction  o f apple ju ice .
Use o f enzym es in stabilization o f colour and 
flavour

B oth  pH and °Brix v a lu es  w ere ob served  to 
rem ain  co n sta n t th ro u gh ou t th e  storage period of 
th e ju ice , w h eth er  treated  w ith  g lu co se  o x id a se /  
p erox id ase sy stem  or not.

E f f e c t  o f  b r o w n i n g  : R esu lts  sh o w  th a t the  
brow ning, m easu red  a s  ab so rb a n ce  at 4 2 0  nm , is  
linear w ith  storage tim e. N otable d ecrease  in  
brow ning is  observed  in  th e  en zym e-trea ted  ju ice , 
a s  com pared  to th a t in  th e  control. It is  kn ow n  
th a t g lu co se  ta k es  part in  th e  M aillard reaction  
(Eskin et al. 1981). W hen  th e  m ixtu re o f g lu cose  
ox id ase-p erox id ase w a s  ad d ed  to the ju ice , it 
catalyzed  both  ox id ation  o f g lu co se  to g lu con ic  acid
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Fig. 2. Effect of treatment of the juice with glucose oxidase/ 
peroxidase system on browning (A), recovery of oil (B). 
d-limolene (C), and glucose concentrations (D) during 
storage, Solid symbols; Control experiments, no enzyme, 
Hollow symbols : Enzyme treatment of juice with glucose 
oxidase/peroxidase system. ▲  and A : Browning, •  and 
O : Recovery of oil, ■  and □  : d-limolene, ♦  and 0 
: Glucose concentration.

and rem oval o f oxygen, thereb y slow in g  dow n th e  
Maillard reaction, w hich  fac ilita tes brow ning.

E f f e c t  o n  g l u c o s e  c o n t e n t  : C on cen tration s of 
g lu cose in  the ju ice  at different storage tim es are 
presented  in  F ig.2. The control sam p le  stored  at 
5°C exhibited a n  18% lo ss  o f g lu co se , w h ereas, the  
lo ss  in  g lu cose  o x id ase /p erox id ase-trea ted  ju ice  
w as about 59% , after tw o w eek s o f storage. S u ch  
greater lo s s  o f g lu cose , d u e  to its  ox idation  by  
g lu cose ox id ase-p erox id ase in  th e  enzym e-treated  
sam p les, is  resp on sib le  for low er brow ning.

E f f e c t  o n  e s s e n t i a l  o i l s  a n d  d - l im o l e n e  : R esu lts  
show  a decrease in  the am o u n t o f e ssen tia l o ils  
recorded in  both  enzym e-treated  and control ju ice  
(Fig.2). Recovery o f d -lim olene w a s  3 8  and 32%  for 
treated and u n trea ted  ju ice , respectively . The  
corresponding lo ss  of d -lim olene in  both  sam p le  is  
due to the fact that, u n der acid ic con d itio n s, it is  
oxidized to a-terp ineol (M atthew s an d  Braddock,
1987) w hich is  a n on -volatile  terpen e that c a u se s  
off-flavour (Lundahl et al. 1989). The stu d y  in d icates  
that g lu cose ox id ase w a s  effective in  reducing the  
oxidation of d-lim olene, and  to stab ilize th e  flavour  
of orange ju ice  to a certain  exten t, du e to rem oval 
of oxygen from ju ice .

S e n s o r y  e v a l u a t i o n  : R esu lts  draw n from a 
sim ple preference test in d icate  th a t the enzym e-  
treated ju ice  w a s  m ore attractive an d  preferred by  
all p a n e lists  b eca u se  it ta sted  better. T h is sh o w s

th at enzym e treatm ent is  effective in  p reserv in g  th e  
flavour an d  co lou r o f orange ju ice .

The au th o rs  are gratefu l to  M alayan  S u gar  
M anufacturing (MSM) C o., B erh ad  for fu n d in g  th is  
work. T h an k s are d u e to  Cik A A  A stim ar and  
M. A n is for typographical help .
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Protease was successfully isolated from the cotyledons of ripe cocoa beans (T h e o b r o m a  c a c a o  Linneaus) by a 
precipitation method, using 20 mM sodium phosphate buffer (pH 6.5) containing 1.5% polyvinylpyrrolidone and 
ammonium sulphate. Four fractions, that were proteolytically active against casein were isolated, using 0 - 20%, 20 
- 40%, 40 - 60% and 60 - 80% saturations of ammonium sulphate. Addition of Triton X-100 and sodium dodecyl 
sulphate did not enhance the efficiency of the isolation process.
Keywords : Cocoa beans, Protease isolation, Ammonium sulphate precipitation, Detergents, Polyvinylpyrrolidone.

Although th e role o f p ro teases in  the production  
of cocoa flavour and flavour p recu rsors h a s  long  
been  recogn ised  (Ziegleder and B ieh l et al. 1991), 
and the p resen ce o f th is  group of en zym es in  cocoa  
b ean s h a s  b een  detected  s in ce  1915  (Forsyth and  
Q u esnel 1963), a deta iled  in vestigation  on th ese  
enzym es in  cocoa b ea n s  h a s  never b een  carried out 
(Lehrian and P atterson  1983). A ctually, the ac id s  
and flavour produced during ferm entation  determ ine  
the overall quality  o f cocoa  b ea n s  (Sam ah et al.
1992). In fact, there w ere even  reports o f failure  
to detect p ro teases in  cocoa  b ea n s  (H olden 1959), 
even though  there w ere earlier reports o f su c c e s s  
(Forsyth et al. 1958). Isolation  of p rotease  from  
cocoa b ean  coty led on s ( T h e o b r o m a  c a c a o  L inneaus) 
is n ecessa iy  for con d u ctin g  s tu d ies  on  the properties 
of the enzym e. P revious w orkers h ave u sed  an  
acetone precipitation m eth od  for iso la tin g  p ro teases  
from cocoa b ea n s  (Forsyth et al. 1958; B ieh l et al.
1991). T h is stu d y  reports a n  iso la tion  o f protease  
from  c o c o a  b e a n s  b y  a m m o n iu m  s u lp h a te  
p r e c ip ita t io n  m e th o d , a lo n g  w ith  d a ta  o n  
determ ination o f su lp h a te  am m on iu m  su lp h ate  
saturation  ran ges, and  effect o f certa in  reagen ts on  
the efficiency o f th e iso la tion  procedure.

Ripe cocoa  p od s, 'PBC 128' variety, w ere 
harvested from the S im e D arby E state  in  M alacca, 
M alaysia, transported  in  d iy  carb on  dioxide to the  
University, and  stored  im m ediately  in  the freezer  
at -20°C . For extraction  o f cru d e en zym e, th e frozen  
cocoa p od s w ere thaw ed , sp lit op en  w ith a knife,
* Corresponding Author

the b ea n s  w ere tak en  out an d  their  m u cila ge  and  
testa  w ere rem oved carefu lly  u s in g  a knife. The  
b ea n s  w ere h om ogen ized  in  ch illed  2 0  m M  sod iu m  
p h osp h ate  buffer (pH 6.5; 1:2 w /v ) , u s in g  a
N ational M X -291N blender. T he so lu tio n  w a s  sieved  
throu gh  a clo th  stra in er an d  th e  resu ltin g  filtrate 
w a s centrifuged in  a B eck m an  J 2 -2 1 M /C  refrigerated  
centrifuge (4°C; 2 2 ,1 0 0  x  g; 3 0  m in). T he resu ltin g  
cru d e  ex tra ct w a s  fra c tio n a l p rec ip ita ted  by  
am m on iu m  su lp h a te  (Green an d  H u gh es 1955). The  
precip itate w a s  sep arated  b y  cen trifu gation , a s  
above, and resu sp en d ed  in  a m in im al vo lu m e of 
2 0  mM sod iu m  p h osp h ate  buffer (pH 6 .5 ), before 
d ia lysis  aga in st 2 0  mM so d iu m  p h o sp h a te  buffer  
(pH 6.5; 4°C). The d ia lysing  m ed iu m  w a s ch an ged  
tw ice every 2 4  h . T he cru d e extract, d ia lysed  and  
n on -d ia lysed  fraction s w ere a ssa y ed .

The ca se in  d igestion  m eth od  (Kunitz 1947) w a s  
u sed  to a ssa y  p rotease  activ ity. For th e  a ssa y , 0 .5  
m l enzym e so lu tio n  w a s  m ixed  w ith  1 m l ca se in  
so lu tio n  (0.5%), and in cu b ated  at 37°C  for 1 h . One 
m l trich loroacetic acid  (10%) w a s  ad d ed  and  
centrifuged  (1 ,7 0 0  x  g; 15 m in; 25°C) in  C lem en ts  
G S 150  b en ch  top centrifuge. The su p ern a ta n t w a s  
rem oved carefu lly  by a P asteu r  p ip ette  and its  
ab sorban ce at 2 8 0  n m  w a s  determ ined  in  a H itachi 
U -1 1 0 0  sp ectrop hotom eter. T he control so lu tio n  
w a s prepared in  the sam e w ay, b u t for the addition  
of 1 m l trich loroacetic acid  (10%) before in cu b ation . 
P rotease activity w a s  arbitrarily con sid ered  a s  the  
difference b etw een  ab sorb an ce  read in g s per m l of 
fraction , after an d  before in cu b a tio n . Protein
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c o n c e n t r a t io n  w a s  d e te r m in e d  b y  t h e  
spectrophotom etric m eth od  of Lowry et al (1951), 
u sin g  bovine seru m  a lb u m in  (BSA) a s  a standard .

Polyvinylpyrrolidone (PVP), at 1.5% (w /w , b ased  
on cocoa beans) w a s  added into the ch illed  2 0  mM  
sod iu m  p h osp h ate  buffer (pH 6.5), before th e  
m ixtu re w a s  h om o gen ized  (N ational M X -291N  
blender) for 3 0  sec . To determ ine th e  effect o f Triton  
X -100 (a n on -ion ic  com m ercial detergent) and  
so d iu m  d o d ecy l s u lp h a te  (SD S) (an  a n io n ic  
detergent), each  w a s  added  to th e  fraction to a final 
concentration  o f 0.1%  (v /v  or w /v ). A s Triton X- 
100 co n ta in s  a p h enyl group, w h ich  interferes w ith  
the spectrophotom etric m ea su rem en t at 2 8 0  n m  in  
the case in  d igestion  m ethod , 10% trich loroacetic  
acid w as added to 0.1%  (v/v) Triton X -1 0 0 , for u se  
as a control.

Three fractions w ere precip itated  b y  0  - 50%, 
50  - 70%, and 70  - 90%  sa tu ra tio n s of am m on iu m  
su lp h ate, b u t n on e o f th em  w a s  proteolytically  
active , p rob ab ly  d u e  to  in ter feren ce  b y  th e  
am m onium  su lp h ate , w hich  is  p resen t in  all th e  
fractions. A m m onium  su lp h a te  w a s  fou n d  to exhibit 
a reading at 2 8 0  nm . H owever, n on e of th e  three  
fractions w as proteolytically active even after dialysis.

E f f e c t  o f  P V P  : All the fraction s treated  b y  PVP 
were proteolytically inactive. H owever, th ese  sh ow ed  
proteolytic activity after d ia lysis  (Table 1). PVP, a 
phenolic arrester (Suelter 1985), rem oves ph enolic  
com p oun d s, norm ally p resen t in  large a m o u n ts  in  
plant t is s u e s  (Ziegleder and B iehl 1988). If not 
rem oved, th ese  co m p o u n d s or their  ox id ation  
products, cou ld  deactivate the p ro teases through  
the form ation of in so lu b le protein  com p lexes (Suelter  
1985; W hitaker 1972). The interference ca u sed  by  
am m onium  su lp h a te  w a s  elim inated  after d ia lysis  
and the protease activity o f the fraction s cou ld  b e  
detected. D ata in  Table 1 a lso  confirm ed th e  
su itab ility  of the ca se in  d igestion  m eth od  to detect 
proteolytic activity in  th e fractions. The control, 
contain ing a c a se in  so lu tio n , sh ow ed  n o  reading, 
thereby d em on stratin g th a t th is  m ethod  cou ld  be  
u sed  w ith confidence.

TADLE 1. PROTEASE ASSAY OF AMMONIUM SULPHATE 
PRECIPITATED FRACTIONS, WITH OR WITHOUT 
FRACTIONATION

Sample
Ammonium sulphate 
fractionation, %

0 - 50 
50 - 70 
70 - 90 

Control
Treated 0-50% fraction 

with Triton X-100 
with SDS

Protease activity, abs/m l

0.402 ± 0.006  
0.134 ± 0. 002 
0.012 ± 0 .002  
0

0.018 ± 0.002  
0.240 ± 0.004

E f f e c t  o f  d e t e r g e n t s  : B oth  th e  d eterg en ts  
reduced  proteolytic activity o f th e  fraction  ob tained  
b y 0  - 50%  am m on iu m  su lp h a te  precip itation  
(Table 1). Triton X -1 0 0  sh ow ed  a m ore p ron ou n ced  
effect, th a n  did SD S. Triton X -1 0 0  an d  S D S  are 
u sed  a s  so lu b iliz in g  a g en ts  o f p rote in s, an d  are 
som etim es em ployed  in  im proving iso la tio n  of 
en zym es (Suelter 1985).

The inhib itory effect o f T riton X -1 0 0  m ay  be  
d u e the p resen ce  of co n ta m in a n ts  th a t oxidize  
su lphydryl grou p s (Suelter 1985). T he r e su lts  a lso  
in d icate th a t the proteolytic property o f the 0  - 50%  
fraction m ay  be du e to a p rotease  th a t is  c la ssified  
a s  cyste in e  protease, w h ich  is  d ep en d en t o n  th e  
su lphydryl grou p s for its  activ ity (Lowe 1976). The  
reduction  (60%) of p rotease  activity b y  S D S , m ight 
b e due to its  ability to d en atu re p ro te in s (Suelter  
1985).

F r a c t io n a t io n  o f  c r u d e  e x t r a c t : T he cru d e extract 
w a s  f r a c t io n a t e d  w ith  0 -2 0 % , 2 0 -4 0 % ,
4 0 -6 0 %  a n d  6 0 -8 0 %  a m m o n iu m  s u lp h a t e  
con cen tration s. All th e fraction s w ere proteolytically  
active (Table 2). The 0-20%  fraction  h ad  th e h ig h est  
activity, w h ile  the low est activ ity w a s  fou n d  in  
60-80%  fraction. However, 60-80%  fraction exhibited  
th e  h ig h est specific  activity, w h ile  th e  sp ecific  
activity of the 0-20%  fraction  w a s  on ly  ab o u t half. 
The difference is  d u e  to th e  relatively h igh er  
con cen tration  o f protein  in  0-20%  fraction , w h ich  
is  about 4 .5  tim es o f th a t in  60-80%  fraction .

TABLE 2. PROTEASE ACTIVITY OF VARIOUS AMMONIUM SULPHATE PRECIPITATED FRACTIONS
Ammonium Sample Protease Protein Specificsulphate volume. activity, concentration, activityfractionation,

% ml abs/m l mg/ml
0 - 20 660 0.065 ± 0.002 2.267 ± 0.05 0.028 ± 0.001

20 - 40 460 0.056 ± 0.003 1.885 ± 0.04 0.029 ± 0.002
40 - 60 330 0.028 ± 0.001 1.470 ± 0.04 0.019 ± 0.001
60 - 80 192 0.027 ± 0.001 0.493 ± 0.06 0.054 ± 0.001
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The results of this study are in agreement with 
those reported by Forsyth et al (1958) and Biehl 
et al (1991). The fact that all the ammonium  
sulphate precipitated fractions are proteolytically 
active could imply the existence of more than one 
type of protease in cocoa beans. Similar implication 
could also be derived from the results of the work 
by Biehl et al (1991). However, Holden (1959) 
reported unsuccessful attem pts to detect protease 
in cocoa beans. The results of this study provide 
positive confirmation for the existence of proteases 
in cocoa beans.

The a u th o rs acknow ledge the fin an cia l 
assistance provided by the Ministry of Science, 
Technology and Environment of Malaysia (Project 
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E fficacy o f  0 .3 %  m a le ic  h y d ra z id e  a s  a  fo lia r s p ra y , a p p lie d  3 w e e k s  b e fo re  h a u lm  c u t t in g ,  w a s  s tu d ie d  in  fo u r  
c u lt iv a rs  o f  p o ta to e s  in  tw o  c ro p  s e a s o n s .  T h e  h a rv e s te d  p o ta to e s  w e re  s to re d  in  a n  evaporaL ively  co o led  p o ta to  s to re  
(15-29°C , RII 68 -9 0 % ) a n d  a t  ro o m  te m p e r a tu r e  (20 -36°C , RH 3 0 -7 2 % ) fro m  M arch  to M ay. M ale ic  h y d ra z id e  t r e a tm e n t  
s ig n ifican tly  r e d u c e d  th e  m e a n  n u m b e r  o f  s p ro u te d  tu b e r s  b y  2 7 %  u p to  10 w e e k s  o f s to ra g e ; s p r o u t  w e ig h t w a s  a ls o  
re d u c e d  b y  76%  a f te r  12 w e e k s  o f  s to ra g e . In te ra c tio n  b e tw e e n  m a le ic  h y d ra z id e  t r e a tm e n t  a n d  s to ra g e  e n v iro n m e n t  
w a s  s ig n ifican t.
K e y w o rd s  : P o ta to , M aleic  h y d ra z id e . F o lia r  s p ra y , E v ap o ra tiv e ly  co o led  p o ta to  s to ra g e , A m b ie n t te m p e r a tu r e  s to ra g e ,

S p ro u tin g , W eig h t lo ss .

Storage of potatoes under high temperature 
conditions is still prevalent in the plains of India, 
because of inadequate capacity of refrigerated 
stores. Consequently, there are excessive sprouting, 
weight loss and rottage of potatoes (Booth and 
Proctor 1972; Verma et al. 1974; Kaul et al. 1976; 
Burton and Wilson 1978). To overcome these 
problems, vapour heat treatm ent (Rama and  
Narasimham 1985) and the use of insulated, 
evaporatively cooled potato stores (ECPS) have been  
suggested (Mehta and Kaul 1987, 1988; Kaul and 
Mehta 1988). Evaporative cooling storage of potatoes, 
in small naturally ventilated cham bers, and zero- 
energy cool chambers, has also been found to be 
beneficial (Roy and Khurdiya 1983; Rama et al. 
1990; Rama and Narasimham 1991), side by side 
with chemical sprout inhibitor treatm ents (Rama 
and Narasimham 1987, 1989). Folication of maleic 
hydrazide (MH) on the standing crop has been  
reported to suppress sprouting in potatoes stored 
at high temperatures (Singh et al. 1959; Vliet and 
Schrilmer 1963; Ahmed et al. 1981; Badshah
1984); but no information is available on its 
efficacy, when the produce is  stored in ECPS. In 
the present study, efficacy of foliar application of 
MH on four potato cultivars has been evaluated, 
when the produce w as stored in ECPS and at room 
temperature (RT).

Treatment : Field trials were conducted in 
sandy loam soils at the Institute Farm. The 
experiments involved MH spray at two levels (0 and 
25  k g /h a )  on fou r  c u lt iv a r s  v iz ., 'Kufri 
Chandramukhi', 'Kufri Sindhuri', 'Kufri Badshah'
* Corresponding Author

and 'Kufri Jyoti', with four replications in plots of 
size of 16.5m 2. N, P and K were applied at 150, 
60 and 120 kg ha-1, respectively. Diethanolam ine  
salt of MH (Desprout, Micro Chem icals, India, 30% 
MH) in a 0.3% solution w as sprayed on the crop, 
three weeks before haulm  cutting, at the rate 25  
kg MH ha-1, an effective concentration, which leaves  
MH residues in tuber at the perm issible lim its 
(Sukumaran et al. 1979). The plants were irrigated 
1 0  tim es during growth, with such  a schedule that 
there w as no irrigation for 1 0  days before haulm  
cutting. The harvested tubers were heaped in the 
field for 15-20 days for curing, and then  the 
undam aged tubers within the weight range of 40- 
60 g were selected. Composite sam ples of potato 
were stored, treatm ent-wise, in an insulated 2 0 - 
tonne capacity ECPS, and at RT, in h essian  cloth 
bags of 2 0  kg for 1 2  weeks, starting from the first 
week of March.

Analytical a sp ec ts  : Temperature and relative 
humidity were recorded daily, while physiological 
weight loss, sprouting, rotting, and sprout weight 
were determined every two weeks. Loss in weight 
w as recorded from 2 0  marked tubers, and sprouting  
and rotting from bulk stored tubers. Tubers having 
at least one sprout longer than 0 .5  cm  were 
counted as sprouted. Tubers were desprouted and 
sprout weight (g kg“ 1 tuber weight) w as recorded 
in undisturbed separate lots, at each observation. 
Total losses were calculated as sum  of weight loss, 
sprout weight and rottage. Since the high order 
interaction MH x  Storage x Cultivars w as generally 
not significant, the sam e has been omitted. The 
data recorded during the period of storage were 
statistically analyzed in 2 x  2 x  4 factorial completely

514



515

TABLE 1. E F F E C T  O F  FOLIAR APPLICATION O F  MH AND STO R A G E ENVIRON M EN T ON ST O R A G E  ATTRIB UTES 
_______________________________________  S to ra g e  p e rio d , w eek s______________________________

A ttr ib u te 4 6 8 10 12
RT E C P S RT E C P S  R T . E C P S R T E C P S R T E C P S

S p r o u t in g ,  %
W ith o u t MH s p ra y 3 9 .3 0 3 6 .8 0 8 1 .3 0 4 7 .4 0  9 4 .6 0 9 2 .9 0 9 8 .1 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0
W ith  MH s p ra y 2 3 .9 0 1 7 .8 0 4 5 .9 0 3 4 .6 0  7 4 .7 0 6 0 .3 0 9 1 .1 0 8 0 .4 0 1 0 0 .0 0 1 0 0 .0 0

S p r o u t  w e ig h t ,  g  k g '1 t u b e r  w e ig h t
W ith o u t MH s p ra y 0 .6 2 0 .2 7 1 .64 2 .8 7  8 .7 2 7 .2 3 1 1 .4 3 13.01 1 2 .2 6 2 2 .2 1
W ith  MH s p ra y 0 .2 1 0 .2 0 0 .6 1 0 .4 2  2 .1 0 1.91 2 .9 4 2 .3 8 3 .2 8 4 .8 3

R o t t a g e ,  %
W ith o u t MH s p ra y ND ND ND ND ND ND 2 .2 0 0 .6 0 4 .1 0 0 .6 0
W ith  MH s p ra y ND ND ND ND ND ND 2 .0 0 0 .3 0 1 4 .1 0 1 .10

W e ig h t  lo s s ,  %
W ith o u t MH s p ra y 3 .4 7 1 .07 6 .1 7 2 .6 9  7 .7 8 5 .4 3 1 2 .1 8 6 .1 5 16 .21 1 1 .0 2
W ith  MH s p ra y 3 .2 1 1 .06 5 .7 4 2 .6 7  7 .2 8 4 .5 6 1 1 .9 7 5 .3 9 1 5 .8 6 9 .2 1

T o ta l  lo s s ,  %
W ith o u t MH s p ra y 3 .5 3 1.09 6 .3 3 2 .9 7  8 .6 5 6 .1 5 1 5 .5 2 8 .0 5 2 1 .4 4 1 3 .8 4
W ith  MH s p ra y 3 .2 3 1 .08 5 .8 0 2 .7 1  7 .4 9 4 .7 5 1 4 .2 6 5 .9 2 3 0 .2 8 10 .7 9
ND : Nil

randomized design (Gomez and Gomez 1984).
Storage environment : The daily maximum  

temperature inside the ECPS w as 6-9°C lower than  
the RT. The latter increased from 23 .7  to 38.2°C  
from March to May. The relative humidity in ECPS 
was initially high (81-85%) and decreased only a 
little as the outside temperature increased. RH in 
ECPS w as in the range of 81.5-93.7% , as compared 
to a wide variation of 34.6-85.5%  at RT.

Effect o f MH application : Maleic hydrazide foliar 
spraying  co n sid era b ly  d ecrea sed  th e  m ean  
percentage of sprouted tubers and the differences 
were significant at each sampling (Tables 1 and 2). 
R eduction in sp rou tin g  of tu b ers at h igh  
temperatures, due to the application of MH, has  
also been reported earlier (Matlob 1979; Ahmed et 
al. 1981; Badshah 1984). After 10 weeks, sprouting 
was 100% in both the MH treatm ents (data not 
given). Sprouting in ECPS w as low by 36 and 4.6%  
■ gt 6  and 10 w eeks storage. Similar w as the trend 
of sprout weight (Tables 1 and 2) and these results 
are in conformity with the results of Weis et al
(1980). Mean sprout weight after 12 weeks w as 
higher by 74% in the ECPS due to the effect of 
high relative humidity, which is known to be 
favourable for sprout growth (Kaul and Mehta
1988).

There was no rottage upto 8  weeks under both  
the storage conditions. MH treatment, howev er, 
increased the m ean rottage of tubers; this trend 
was similar to that reported by Singh et al (1959)

and Ezekiel et al (1984). Mean rottage of potatoes 
in the ECPS was, however, significantly le ss  than  
at RT (Tables 1 and 2). Weight lo ss of potatoes 
remained lower in MH treatment, but the differences 
were statistically non-significant. MH spray is  
reported to be effective in reducing weight loss, 
prim arily by restr ic tin g  th e  sp ro u t grow th
TABLE 2 . SUM M ARY O F  STATISTICAL DATA (CD AT 0 .0 5 ) 

S to ra g e  p e rio d , w e e k s

4 6 8 10 12
S p r o u t in g

MH 0 .3 4 0 .4 3 0 .4 2 0 .4 8 -
S to re s 0 .3 4 0 .4 2 0 .4 2 0 .4 8 -
MH x S to re s 0 .4 9 0 .5 9 0 .6 0 0 .6 8 -

S p r o u t  w e ig h t ,  g  k g '1 tu b e r w e ig h t
MH 0 .0 3 0 .2 0 0 .4 2 0 .5 5 0 .5 3
S to re s 0 .0 3 0 .2 0 0 .4 2 ND 0 .5 3
MH x  S to re s 0 .0 5 0 .2 9 0 .5 9 0 .7 7 1 .07

R o t t a g e ,  1%
MH ND ND ND 0 .1 4 0 .2 7
S to ra g e ND ND ND 0 .1 4 0 .2 7
MH x  S to re s ND ND ND 0 .2 0 0 .3 9

W e ig h t  lo s s ,  %
MH NS N S NS N S NS
S to re s 0 .2 5 0 .3 3 0 .3 7 0 .5 2 0 .7 9
MI I x S to re s 0 .3 5 0 .4 7 0 .5 3 0 .7 3 1 .12

T o ta l  lo s s . %
MH NS N S NS NS NS
S to re s 0 .2 7 0 .3 6 0 .3 8 0 .6 3 1.09
MH x S to re s 0 .4 0 0 .5 1 0 .5 5 0 .8 9 1.53

ND : Nil, N S  : N o n -s ig n ific a n t
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(Matlob 1979). Weight lo ss of potatoes in the ECPS 
w as significantly le ss  at each sampling. Mean total 
losses due to the combined effect of rottage, weight 
loss and sprout weight were not affected by the 
MH treatment. However, these were significantly 
reduced in the ECPS (Tables 1 and 2), probably 
due to lower temperature and high humidity.

The studies indicated that foliar application of 
maleic hydrazide, in com bination with improvised 
storage structures like ECPS, can effectively reduce 
the sprouting and weight loss of tubers, thereby 
resulting in reduced total lo sse s  under high  
temperature storage conditions In the tropics.

The authors are thankful to Mr. Jaspal Singh 
and Mr. Raj Kumar for the assistance rendered in 
the field and data analysis. Thanks are also due 
to Dr. J.P. Singh for criticism and suggestions.
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BOOK REVIEW J. Food S et Technol, 1994, Vol 31, No. 6, 517
Food Hydrocolloids - Structure, Properties and 

Functions : edited by Katsuyoshi Nishinari 
and Etsushiro Doi, published by P lenum 
Press, 233 , Spring S treet, New York,
N.Y.10013, 1993; pp 510, Price US $ 1 2 5 /-  
"Food Hydrocolloids" is a pot-pourri of papers 

presented at the International Conference at Tsukuba 
and organised by the Japanese Society of Food 
Hydrocolloids. The editors have presented 77 papers 
in this significant volum e of very useful information 
on a wide range of hydrocolloids and their functional 
properties and food applications.

The book begins with a block of 30  papers 
dealing with the structure, properties and functions 
of polysaccharide hydrocolloids derived from plants, 
seaweed and microbial sources.

The m ain objective of the editors is to bring 
together technical and industrial considerations 
with discussion of the underlying functionality of 
food hydrocolloids. Structure-property relationships 
are repeatedly em phasized for each c la ss of 
biopolymers.

Functional properties are described in a 
separate section of 19 papers, which include 
discussions on application of hydrocolloids to dairy 
products and surimi preparations and effect of 
pressure on gel formation.

Protein hydrocolloids are described in a series 
of 1 1  papers, where sol-gel formation with egg 
proteins, gelatin, collagen, rice and sesam e seed  
proteins are dealt with and the factors affecting the 
stability of these gels and em ulsions have been  
thoroughly discussed.

The emulsifying properties of proteins and 
stability of em ulsions are dealt with effectively in

a series of 6  papers. Interactions betw een different 
types of biopolymers and mixed polysaccharides on  
gel formation are described in  the next 6  papers.

The last block of 5 papers deals with the 
physiology and nutritive value of food hydrocolloids, 
dealing with dietary fibre and associated  changes 
in m etabolism  of experimental anim als.

This book is sure to have a wide appeal to 
food scientists concerned with food hydrocolloids. 
The scientist specializing in a narrow field will also  
not be disappointed, because of the breadth of 
information contained w ithin the covers of this 
book.

The book a ttem p ts to bring ab ou t an  
intermarriage betw een m olecular conformation, 
interactions, and functional properties of the m ain  
food hydrocolloids. Using th is information, one can  
develop safe and convenient foods of better quality 
with desired texture. The wealth of information 
provided show s how biopolymers - such  as starch 
and other polysaccharides; gelatin  and other 
proteins; and microbial polymers; can be used to 
provide different textures to thicken, gel, stabilize, 
emulsify, retain m oisture, prevent crystallization, 
form foams, etc.

The book will open new  v ista s  for the 
researchers in th is field and also serve as a 
standard text for all working in  the enchanting field 
of food hydrocolloids. The docum entation provided 
in the book at the end of each chapter would help 
to widen the horizons of knowledge in th is field.

P J .  DU BA SH  
UNIVERSITY" DEPAR TM EN T OF  

CHEM ICAL TECHNOLOGY, 
BOM BAY - 4 0 0  0 1 9
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AFST (I) ANNOUNCEMENTS
A S S O C I A T I O N  O F  F O O D  S C I E N T I S T S  A N D  T E C H N O L O G I S T S  (I N D IA )

Central Food Technological Research Institute Campus, Mysore - 57 0  013 , India.
Invites Nominations for Fellows of AFST (I) for the year 1994

The Association has pleasure in inviting nominations
from persons to be conferred as "Fellow of Association of
F o o d  S c i e n t i s t s  a n d  T e c h n o lo g i s t s  (India)" (FA F ST ) to  h o n o u r
those who have contributed significantly to the progress of
Food Science and Technology.
General
1. The awardee will be called as Fellow of Association of 

Food Scientists and Technologists (India) and in an 
abbreviated form will be termed as FAFST.

2. The total number of Fellow of the Association will not 
exceed 5% of the total membership, including regular 
and life members of the Association, in any given year or 
100, whichever is lower.
The title of Fellows has so far been awarded to 32 AFST(I) 
members and 6 non-members who have contributed to 
the progress of Food Science and Technology.

Eligibility
1. The aim is to honour persons of outstanding merit who 

have contributed significantly in the field of Food Science 
and Technology including R & D, Product/Project 
Development, Industry, Transfer of Technology and 
Marketing. The merit of contribution should be the main 
criterion.

2. Among the Fellows to be nominated every year, 70% will 
be from AFST(I) and remaining 30% may be from non­
members who have contributed significantly for the 
development of Food Science and Technology.

Nominations
1. The nomination for Fellow should be proposed by five 

AFST(I) members of good standing for a minimum of 5 
years or by 2 Fellows of the Association. This is 
applicable to AFST(I) members as well as non-members.

2. Any regular or life member of AFST(I), who has been 
continuously a member of the Association can sponsor 
the nomination for only one Fellow in a particular year.

3. The nomination shall be accompanied by acceptance of 
the person proposed.

4. The nomination shall be in the format given overleaf. A 
brief bio-data of the nominee, highlighting the Scientific 
or Technological achievements in the area of Food 
Science and Technology, supported by a list of 
publications not exceeding 10 important research papers 
or other supporting documents not exceeding 20 pages, 
must accompany the nominations.

5. Central Executive Committee Members of AFST(I) are 
not eligible to be nominated as Fellows.

6. The nomination duly proposed and accepted by the 
nominee shall be sent to the Hon. Executive Secretary, 
AFST(I) by 31st March 1995.

Selection of Fellows
The nominations received will be placed before an 
Expert Committee, appointed by the CEC for suitable 
recommendations to CEC each year. CEC by majority 
decision will finalise the names of Fellows for each year. 
The decision of CEC in this m atter will be final.

Privileges of a Fellow
The Fellow shall be entitled to the following rights :

1. The awardee will be entitled to add FAFST after his name 
as short title.

2. To be present and vote at all general body meetings.
3. To propose and recommend the candidates for Fellow of 

the Association.
4. To receive g r a tis  copies of one of the publications of 

AFST(I).
5. To fill any office of the AFSTfi) duly elected.
6. To be nominated to any committee of AFST(I).
7. To offer papers and communications to be presented 

before the meeting of the Association.
8. The title will remain for life time of the member.
Cessation of Fellow
1. Any Fellow may withdraw his/her title of the Association 

by signifying his/her wish to do so by a letter addressed 
to the Hon. Executive Secretary, AFST(I), which will be 
placed before the CEC for acceptance.

2. If the Association comes to know of anyactivity prejudicial 
to the interest and well being of the Association, the CEC 
will have the right to withdraw the title.

Conferring as Fellows
The Fellow will be conferred with a Citation at the time 

of AGBM or at any other suitable function of the Association.
The Association may invite some Fellows, nominated 

each year, to deliver special lectures in the area of their 
specialization either at the AGBM or any other function 
arranged by the AFSTfi).

Please forward your nominations duly filled as per the 
format given overleaf and mail it by Registered post to the 
Hon. Executive Secretary, AFST(I), CFTRI Campus, 
Mysore-570 013, before 31st March 1995.

The envelope containing the nomination along with the 
bio-data and contributions (5 copies) should be superscribed 
'Nomination for Fellow AFST(I)'.

K. UDAYA SANKAR 
HON. EXECUTIVE SECRETARY
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A S S O C IA T IO N  O F  FO O D  S C I E N T I S T S  
A N D  T E C H N O L O G IS T S  (INDIA) 

C F T R I  C A M P U S , M Y S O R E  - 5 7 0  0 1 3  

N o m in a tio n  F o r m  F o r  F e llo w s
We, the following m em bers of AFST(I) w ish to propose

Full name and academ ic d istinction
FULL NAME 
DATE OF BIRTH 
AREAS OF SPECIALIZATION 
ACADEMIC QUALIFICATIONS

for election as the Fellow of AFST(I).
We append below the statem ent of h is /h er  claim s for election a s  Fellow and certify that 

in our opinion h e /sh e  is  fully qualified for that distinction.
We also certify that h e /sh e  has been informed of the obligations attached to the fellowships 

of the AFST(I) and is agreeable to abide by them , if elected.
Statem ent of the proposer (not to exceed 100 words) setting out the discovery, invention  

or other contribution to newer processes/products or the industrial developm ent of the knowledge 
made by the nominee.

Proposer's name & signature Seconder's name & signature
Date : Date :
Station : Station :

(Signatures of supporters from their personal/general knowledge)
(1 )
(2 )
(3)

I agree for the above nom ination

(Name & Signature)

Note : (1) Five copies of the nom inee's bio-data and list of important scientific publications not 
exceeding 1 0  pages and one set of reprints or supporting docum ents not exceeding 2 0  
pages shall be attached to th is form.

(2) Additional information that would be of assistance in considering the nom ination m ay be 
supplied in a separate sheet.

(3) Last date for receipt of nom ination at the AFST-office is 3 1 st March 1995.
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A S S O C IA T IO N  O F  FO O D  S C I E N T I S T S  
A N D  T E C H N O L O G IS T S  (INDIA) 

C F T R I  C A M P U S ,
M Y S O R E  - 5 7 0  0 1 3 ,  IN D IA

I N V I T E S

N O M I N A T I O N S  F O R  A F S T  (I) A W A R D S  
F O R  1 9 9 4

Nominations for the following awards of the AFST(I) for the year 1994 are invited. All 
nom inations would be sent by Registered Post, so as to reach Honorary Executive Secretary. 
Association of Food Scientists and Technologists (India), CFTRI Campus, Mysore - 570 013, 
before 31st March 1995.

PROF. V. SUBRAHMANYAN INDUSTRIAL ACHIEVEMENT AWARD
The guidelines for the award are :

(i) Only Indian nationals with outstanding achievement in the field of Food Science 
and Technology will be considered for the award.

(ii) The nom inee should have contributed significantly to the enrichm ent of Food 
Science and Technology, and the development of agro-based food and allied 
industries in India.

(iii) The nom inations duly proposed by a member of the A ssociation m ust be 
accompanied by the bio-data of the nominee, highlighting the work done by h im / 
her for which h e /sh e  is to be considered for the award.

(iv) The awardee will be selected by an expert panel constituted by the Central 
Executive Committee of the Association.

(v) Central Executive Committee Members of AFST(I) are not eligible to apply for 
the award during their tenure.

The envelope containing the nom inations, along with bio-data and contributions (five
copies) should be superscribed "Nomination for Prof. V. Subrahmanyan Industrial
Achievem ent Award - 1994.

LALJEE GODHOO SMARAK NIDHI AWARD
The guidelines for the award are :
(i) The R & D group/person eligible for the award should have contributed  

significantly in the area of Food Science and Technology in recent years, with 
a good standing in h is /h er  field of specialization.

(ii) The nominee(s) should be duly sponsored by the Head of the respective Scientific 
Institution and the application for this award should highlight com plete details 
of the contributions made by the nom inees and their significance.

(iii) The nom ination duly proposed by a member of the A ssociation m ust be 
accompanied by the bio-data of the nominee.

(iv) Central Executive Committee Members of AFST(I) are not eligible to apply for the 
award during their tenure.

The envelope containing the nom inations along with bio-data and contributions (five 
copies) should be superscribed "Nomination for Laljee Godhoo Smarak Nidhi Award 1994".
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BEST STUDENT AWARD
This award is to be given to a student having a distinguished academ ic record and  

undergoing the final year course in Food Science and Technology in any recognised University 
in India. The aim of the award is to recognise the best talent in the field and to encourage 
excellence am ongst the student community.

The guidelines for the award are :
(i) The applicant m ust be an Indian national

(ii) H e/sh e m ust be a student of one of the following courses :
(a) M.Sc. (Food Sciences/F ood Technology)
(b) B.Tech., B.Sc. (Tech), B.Sc. (Chem.Tech) with Food Technology specialization.

(iii) H e/S h e should not have completed 25 years of age on 3 1 st Decem ber 1994.
Heads of the Department of Food Science and Technology in various Universities may  

sponsor the nam e of one student from each institution, supported by the candidate's bio-data, 
details starting from high school onwards, including date of birth and post-graduate performance 
to date (five copies).

The envelope containing the nom ination should be superscribed "Nomination for Best 
Student Award 1994".

YOUNG SCIENTIST AWARD
This award is aimed at stim ulating distinguished scientific and technological research in 

the field of Food Science and Technology am ongst young scientists in their early life.
The guidelines for the award are :
(1) The candidate should be an Indian national, below the age of 35  years on 3 1 st December 

1994, working in the area of Food Science and Technology.
(i) The candidate should furnish evidence of either;

(a) Original scientific research of high quality, primarily by way of published  
research papers and (especially if the papers are under joint authorship) the 
candidate’s  own contribution to the work.

OR
(b) Technological contributions of a high order, as reflected by accom plishm ents 

in process design etc., substantiated with docum entary evidence.
The application along with details of contributions and bio-data (five copies) m ay be sent 

by registered post with the envelope superscribed "Nomination for Young S cien tist Award 
1994".

BEST PAPER AWARD
This award is to be given by the AFST(I) Educational and Publication Trust to the author(s), 

who have contributed the best paper to the Journal o f Food Science a n d  Technology published  
in 1994. A panel of experts, constituted by the Central Executive Committee, will scrutinize 
the issu es and select the best paper for the award.

K. UDAYA SANKAR 
HON. EXECUTIVE SECRETARY



AFST(I) NEWS
S T R A T E G I E S  F O R  P A C K A G I N G  A N D  S T O R A G E  O F  F R E S H  A N D  

P R O C E S S E D  F R U I T S  A N D  V E G E T A B L E S  I N  2 1 st C E N T U R Y
SEMINAR HELD AT NEW DELHI ON SEPTEMBER 2 AND 3, 1994  

SUMMARY AND RECOMMENDATIONS
The National Sem inar on "Strategies for 

packaging and storage of fresh and processed fruits 
and vegetables in 2 1 st century" w as organized by 
the Delhi Chapter of the Association of Food 
Scientists and Technologists (India) at New Delhi 
during 2nd and 3rd Sept. 1994 with the following 
objectives :
(i) To examine the environment friendly and 

energy saving technologies in the area of 
packaging and storage

(ii) To dissem inate the results of R&D in the field 
of packaging and storage

(iii) To highlight technological advancem ent and 
attention required for future research and

(v) To p rovid e Im p etu s  to  d o m e stic  and  
international trade through upgradation of 
technology.
The seminar w as inaugurated by Shri R.P. 

Ratawal, Hon. Minister of Tourism and Social 
Welfare, Govt, of Delhi, on 2nd September at the 
India International Centre. The inaugural session  
was presided by Shri Gokul Patnaik, Chairman, 
APEDA, Dr. K.L. Chadha, DDG (Hort.), ICAR, 
delivered the keynote address and Shri C.K. Basu, 
Jt. Secretary, Ministry of Food Processing Industries 
gave a special address. Dr. Susanta K. Roy, 
National President of AFST (I) briefed the audience 
about the seminar. Prof. B.S. Bhatia, President, 
AFST (I) Delhi Chapter proposed the vote of thanks.

On the 2nd September, after the inauguration, 
two technical session s were held. The first technical 
session  on packaging of fresh and processed fruits 
and vegetables w as chaired by Dr. D.K. Uppal, 
Executive Director, NHB. Eight invited papers were 
presented. This w as followed by the session  on 
Storage of fresh and processed fruits and vegetables 
under the chairm an sh ip  of Dr. G.L. Kaul, 
Horticulture Commissioner, Government of India, 
in which six invited speakers delivered their talk.

The 2nd day sem inar w as held at the NRL, 
Auditorium of the IARI., New Delhi on 3rd September, 
1994 with the poster presentation under the 
chairm anship of Dr. M.K. Roy, Principal Scientist, 
NRL, LARI. There were 63 posters during the

session. After this, the 3rd sessio n  on Export 
marketing of fresh and processed fruits and  
vegetables w as held under the chairm anship of Shri 
Gokul Patnaik, Chairman, APEDA. Dr. V. Prakash, 
Director, CFTRI presented the lead paper. Three 
invited speakers also spoke in th is session .

The Plenary session  w as held at IARI., New 
Delhi, on the sam e day in the after noon under 
the chairmanship of Shri C.K. Basu, Joint Secretary, 
Ministry of Food Processing Industries, Govt, of 
India. Shri B asu in h is opening remarks expressed  
his happiness that a National Sem inar on th is  very 
important topic w as being organised at this juncture, 
when the Govt. Of India is laying great em phasis. 
He congratulated the AFST (I) for m aking su ch  a 
novel effort, which w as attended by more than 2 0 0  
scientists, technologists, processing and marketing 
experts. Shri B asu em phasized that it w as high  
time that scien tists should focus their attention on 
packaging and storage of these fresh perishable 
com m odities as well as their processed products, 
which are lacking at present, so that their efforts 
could make an impact in  the world market. Mr. 
Basu pointed out that in different fora, it is stated  
that 30-40%  of our horticulture produce perishes  
because of lack of post-harvest infrastructure and 
processing facilities. Mr. B asu, however, did not 
agree with these assertions, a s  these are not 
supported by exact data. He, therefore, urged the 
scientists to state only those which are backed up 
by data. He, however, admitted that there are losses  
due to imperfect post-harvest infrastructure for 
these perishable horticultural com m odities and 
urged the AFST on their own to study these exact 
lo sse s  and the requirem ents of post-harvest 
infrastructure facilities for the country. He further 
stressed the need of development of infrastructure 
facilities for better handling of these com m odities. 
Shri Basu pointed out that AFST (I) should act as  
a think tank so that the Govt, o f India can  refer 
the problems to the A ssociation and in return, the  
association can put forward suggestions for solving 
them. While praising CFTRI as a leading institute  
for providing research and training in different 
fields of Food Science and Technology, Shri B asu
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felt It Is high time that other institutes dealing in  
horticultural com m odities should come up for 
s ta n d a rd iz in g  th e  p a c k a g in g  an d  s to ra g e  
requirements of these perishable commodities. In 
this regard, he m entioned that IARI h as done 
enough ground work to m ake a good base for 
higher research work. This centre can be upgraded 
to become an advanced centre for imparting training 
in research and development. After h is brief speech, 
Shri Basu invited the chairm en of different session s  
to present the recom m endations of their sessions. 
Immediately after h is speech, a lively and fruitful 
d is c u s s io n  to o k  p la ce  a n d  th e  fo llo w in g  
recommendations emerged for consideration.
1. A scientific and system atic study should be 

made for assessing  the exact post-harvest 
losses at different stages of post-harvest delivery- 
system  of horticultural produce, including 
processing, w ith su ggestion s for suitable  
economically viable infrastructure facilities to 
overcome the problems.

2. Controlled and modified atmosphere techniques 
may be adopted for storage and packaging of 
fresh fruits and vegetables, both for internal 
and export markets.

3. The R&D efforts on the development of edible 
eco-friendly coating m aterials or films m ay be 
intensified to cope up with the developments 
in the advanced countries.

4. Alternate packaging m aterials like weight heat 
sterilizable g la ss  con ta in ers and flexible 
packaging materials like retortable pouches 
may be introduced for packing of processed  
products.

5. Modem packaging system  like aseptic packaging 
using suitable packaging m aterials may be 
adopted for RTS beverages and bulk packaging 
of fruit pulps/concentrates, without using any  
preservatives and refrigeration for economic 
benefit and better consum er health.

6 . All out efforts should be made to set up 
packing station and see that all fruits and 
vegetables after harvest should pass through 
the packing station before marketing, as  
followed in the advanced world.

7. Stress on quality m aintenance for fresh produce 
as well as processed products to m eet the 
stringent standard of importing country.

8 . Environmentally pure and pesticide-free fruits 
and vegetables are being sought after not only 
in western countries but also in India. However, 
their production and producing level are poor. 
It is suggested that Govt, of India and State 
Governments should  ban the u se  of biologically 
non-degradable pesticides like DDT, BHC, etc.

9. Due to higher application of pesticides during 
production of various crops, it is  essentia l to 
estim ate them  in various food products and 
suggest m ethods to bring down the levels of 
pesticides within the safe permitted limits.

10. In view of the Montreal protocol on phasing  
out the use of chem ical fum igants for the 
quarantine treatment of fruits and vegetables, 
APEDA should explore the possibility of using  
irradiation as an alternative.

11. A ll e ffo r ts  s h o u ld  b e  m a d e  for th e  
commercialization of irradiation-processing of 
onions and potatoes for reducing post-harvest 
losses.

12. The evaporative cool storage technology is  
recommended for adoption by farmers and  
traders for short and m edium  term storage of 
the horticultural produce at different handling 
levels, viz. farms, m andis, halting stations, etc.

13. Realizing the im portance of p ost-h arvest  
technology of horticultural crops, it w as  
suggested that an advanced centre on the lines 
of CFTRI on the specific field of horticultural 
crops m ay be created. It w as recom m ended  
that IARI with its available infrastructure and 
m ulti-disciplinaiy facilities should have an  
independent C entre/D ivision of Post-harvest 
Technology of Horticultural Crops, to m eet the 
requirements of the country in the area of 
research and training in  th is field.

14. It was em phasized that there should be close  
linkages with various organisations, so  that 
more collaborative work can  be taken up 
avoiding individualistic approach. In th is regard 
AFST (I) should take the leading role.

S .K . R O Y
INDIAN C O U N C IL O F  A G R IC U L T U R A L  R E S E A R C H

N E W  D E L H I-1 1 0  0 1 2
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A sim p le  th re e -s te p  s c re e n in g  te c h n iq u e  for s e le c tio n  o f  w ild  
fu n g a l iso la te  o f h ig h  p o te n c y  23  
f irs t- s te p  s c re e n in g  te c h n iq u e  2 3  
s e c o n d -s te p  s c re e n in g  te c h n iq u e  2 3  
th re e -s te p  s c re e n in g  te c h n iq u e  2 5 , 2 6  
th i rd - s te p  fin a l s e le c tio n  te c h n iq u e  2 4  

A erobic sp o re  fo rm e rs  151
in  m a rk e te d  ice c re a m  151 

Aeromorxas hydrophila 4 7 6
effect o f  c h lo ra m p h e n ic o l  4 7 7  
in f lu e n c e  o f m y o s in  4 7 8  
p ro te a s e  s e c re t io n  b y  re s t in g  c e lls  4 7 7  
su rv iv a l m o d e  in  m u s c le  foods 4 7 8  

A flatox in  B , 9 5 , 2 4 4 , 4 9 7
a n tife rti l i ty  a n d  c a n n ib a l is t ic  p ro p e r t ie s  4 9 8  
e s t im a t io n  by  th in  la y e r  c h ro m a to g ra p h y  9 5 , 2 4 4  
in  d e o ile d /o il  c a k e s ,  c a t t le  feed s  a n d  d a m a g e d  g ra in  2 4 5  
s p e rm a to g e n e s is  4 9 8  

A ila to x in s  3 2 7
in c id e n c e  in  g ro u n d n u t - b a s e d  s n a c k s  3 2 8  
c o n te n t  in  c a t t le  feed s  2 4 5  
c o n te n t  in  d e o ile d /o il  c a k e s  2 4 5  

A flatox in  B , c o n ta m in a t io n  3 6 2
bio lo g ica l c o n tro l in  d e v e lo p in g  p e a n u t  3 6 2  

A flatox in  e s t im a t io n  9 1 , 3 2 7
a d v a n ta g e s  a n d  lim ita t io n s  o f  im m u n o  a s s a y s  100 
c o m p a r is o n  o f  a s s a y  m e th o d s  9 6  
ELISA 100
e s tim a t io n  b y  f lu o ro d e n s ito m e try  9 7
e s tim a t io n  by  h ig h  p r e s s u r e  liq u id  c h ro m a to g ra p h y  9 7
e s tim a t io n  by  im m u n o  a s s a y  te c h n iq u e s  9 8
e s t im a t io n  by  s p e c tro p h o to m e try  9 6
e x tra c tio n  9 2
m e th o d s  o f  e s t im a t io n  91
p rin c ip le s  o f  e s t im a t io n  91
p u r if ic a tio n  9 3
q u ic k  s c re e n in g  te s t  100
ra d io  im m u n o  a s s a y  9 9
s a m p lin g  91
s te p s  in  m e th o d o lo g y  91 

A frican  y a m  b e a n  (Sphenostylis stenocarpa] 197 
Afzelian africana 3 0 7  
Almond, Pmmus amygdalus B a ts c h  3 3 5  

fa tly  ac id  c o m p o s itio n  3 3 6 , 3 3 7  
k e rn e l q u a li ty  3 3 5  
o le ic /lin o lc ic  a c id  ra tio  3 3 7  
p h o sp h o lip id  c o n te n ts  3 3 6  
s u b - tro p ic a l  v a r ie tie s  3 3 6  
to ta l lip id  c o n te n ts  3 3 6  

A lu m in a  gel 61
u s e  in  th e  e x tra c t io n  o f  c a ro te n e s  61 

A pple 142
b io c h e m ic a l a n d  e n z y m a tic  c h a n g e s  d u r in g  s to ra g e  143 

A rtificial c o lo u rs  6 6  
in  food p r o d u c ts  6 7
n o n -p e rm iite d  a n d  e x c e s s  t h a n  p e rm itte d  6 6  
s u rv e illa n c e  o n  c o n v e n ie n c e  foods in  C a lc u t t a  m a rk e ts  6 7  
tox ic  c o lo u rs  6 6  

Bacillus cereus 3 3 8
e n te ro to x ic ity  in  b r a in  h e a r t  in fu s io n  b r o th  3 3 9  
v a s c u la r  p e rm e a b ili ty  re a c tio n  3 4 0  

B a c te ria l p o p u la t io n  in  foods a n d  food p r o d u c ts  1 
a d e n o s in e  t r ip h o s p h a te  d e te c tio n  m e th o d  5

e le c tr ic a l im p e d a n c e  m e a s u re m e n t  6  
g a s  c h ro m a to g ra p h ic  m e th o d  6  
im m u n o lo g ic a l m e th o d s  (ELISA) 7  
l im u lu s  a m o c b o c y te  a s s a y  7 
m ic ro c o lo r im c tric  e s t im a t io n  6  
p o ly m e ra s e  c h a in  r e a c tio n  7 
ra d io m e tr ic  e s t im a t io n  o f  m ic ro o rg a n is m s  5  

B a m b a r r a  g r o u n d n u t  (Voandzeia subterranea) 197  
e ffec t o f  s o d iu m  c h lo r .d e  199 
e m u ls io n  p ro p e r t ie s  198 , 200 
fo a m in g  c a p a c ity  198  
fu n c tio n a l  p ro p e r t ie s  197 
g e la tio n  c a p a c ity  197, 198 
p ro te in  so lu b ili ty  198, 2 0 0  
p ro x im a te  c o m p o s itio n  198 
ra w  a n d  h e a t  p ro c e ss e d  f lo u rs  fro m  197  
w a te r  a n d  oil a b s o rp t io n  c a p a c ity  197 , 198 

B a u d o u in  te s t  4 3 3
for th e  d e te c tio n  o f  s e s a m e  oil 4 3 3  

B a v is tin  in  o n io n  3 4 2  
B e a n s  4 6 3  
Bengalgrnm 6 2

c a n o n ic a l  a n a ly s is  6 4
effec t o f  ro a s t in g  p ro c e s s  v a r ia b le s  o n  h a r d n e s s  6 3  

B e n to n ite , a c t iv a te d  61
u s e  in  th e  e x tra c t io n  o f  c a ro te n e s  61 

B isc u it  3 7 2
p h y s ic a l a n d  s e n s o ry  c h a r a c te r i s t ic s  3 7 4  
p re p a re d  fro m  ta m a r in d  k e rn e l  p o w d e r  3 7 3  

Bondakaledkal 3 2 8  
Brachystegia eurycoma 3 0 2 , 3 0 7  
B re a d  je lly  3 7 2

te x tu ra l  p ro p e r t ie s  3 7 2  
B ro ile r  r a b b i t  m e a t  2 5 5

effec t o f  ag e  a n d  s e x  o n  lip id  c o m p o s it io n  2 5 6 , 2 5 7  
fa tty  a c id  c o m p o s itio n  o f  n e u t r a l  lip id s  2 5 7  
fa tty  a c id  c o m p o s it io n  o f  p o la r  l ip id s  2 5 6  
lip id  p ro file s  a n d  fa tty  a c id  c o m p o s it io n  2 5 5 , 2 5 6 , 2 5 7  

B ro w n  r ice  4 1 6
p h y s ic a l c h a r a c te r i s t ic s  4 1 6  

B uffa lo  m ilk  2 7 9  
B uffa lo  m e a t  a n d  p a t t ie s  4 0 4

effec t o f  s a l t  a n d  its  b le n d  w ith  p o ly p h o s p h a te s  o n  th e
q u a li ty  u n d e r  h o t, ch ille d  a n d  fro z e n  c o n d it io n s  4 0 5
e x p e r im e n ta l  p o rto c o ls  4 0 4
fu n c tio n a l p ro p e rt ie s  4 0 6
p h y s ic o -c h e m ic a l p ro p e r t ie s  4 0 7
p ro c e ss in g  4 0 4

Callosobruchus chinensts L. 135 
c u l tu re  m a in te n a n c e  135
i ts  in fe s ta t io n  efTccts o n  g re e n g ra m  a n d  r e d g ra m

136 , 137 , 138
n u t r i t io n a l  q u a li ty  c h a n g e s  d u e  to  in fe s ta t io n  138 
p h y s ic a l a n d  c h e m ic a l c h a n g e s  d u e  to  in fe s ta t io n  138  

Candida curvala 5 0 3
g ro w th  o n  a c id  d ig e s ts  o f  re p e s e e d  m e a l  5 0 4  

C a n n e d  c o rn e d  b e e f  2 9 8
o rg a n o le p tic  e v a lu a tio n  301
p e n e tr a t io n  v a lu e  o f  g e la t in  a n d  th ic k e n in g  a g e n ts  3 0 0  
p ro x im a te  a n a ly s is  3 0 0
u s e  o f  n a tu r a l  th ic k e n in g  a g e n ts  a n d  g e la t in  2 9 9  

C a n n e d  v e g e ta b le s  4 6 6  
C a rb c n d a z im  r e s id u e s  in  o n io n s  3 4 3
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C a ro te n o id s  2 2 8

effect o f  a d d itiv e s  o n  s ta b ili ty  2 2 9
effect o f c o n ta in e rs  a n d  s to ra g e  p e rio d  o n  s ta b ili ty  2 2 9  
s ta b ility  s tu d ie s  d u r in g  s to ra g e  o f  m a n g o  p u lp  2 2 9  

C a s e in  d ie t 163 
C a rro t t i s s u e  2 3 6

d y n a m ic  o sc illa to ry  s h e a r  m e a s u re m e n ts  2 3 7  
effect o f  tu g o r  p r e s s u r e  o n  rh eo lo g ica l p ro p e r t ie s  2 3 7  

C a ta la se  153 
C a ttle  feed s 2 4 4

afla to x in  c o n te n t  2 4 5  
Chcpati d o u g h  2 0 2  

a n a ly s is  2 0 3
effect o f  in itia l feed  d im e n s io n s  2 0 4 , 2 0 5  
effect o f  key fa c to rs  o n  m e c h a n ic a l  s h e e tin g  

c h a ra c te r is t ic s  2 0 2
effect o f  o p tim a l in g re d ie n ts  o n  rh eo lo g ica l 

c h a ra c te r is t ic s  2 0 4 , 2 0 6
effect o f  in g re d ie n ts ,  ro lle r  c le a ra n c e  a n d  feed  d im e n s io n s  

o n  s h e e tin g  c h a r a c te r is t ic s  2 0 4 , 2 0 5  
p re p a ra t io n  2 0 2  
s h e e tin g  2 0 3  

Chapatis 114
effect o f  so y -fo r tific a tio n  o n  q u a li ty  c h a r a c te r i s t ic s  114 
n u tr i t io n a l  e v a lu a tio n  114, 116 
p ro x im a te  c o m p o s itio n  115  

C h ick e n  g izzard  p ick le  3 2
its  q u a lity  c h a n g e s  d u r in g  p ro c e s s in g  a n d  s to ra g e  3 3  
m ic rob io log ica l c h a n g e s  3 4  
p h y sic o -c h e m ic a l c h a n g e s  d u r in g  s to ra g e  3 4  
s c n s o iy  t r a i ts  34  

Chiwdi 110
effect o f  p u ffin g  o n  in vitro c a rb o h y d ra te  d ig e s tib ility  110 

C h lo ro iso p ro p y l p h e n y l c a rb a m a te  (CIPC) 130
its  effect o n  p ro c e s s in g  q u a li ty  o f  p o ta to e s  132, 133 , 134  

Clostridium sporogenes 4 6 4
c a lc u la tio n  by  S tu m b o  a n d  F o rm u la  m e th o d s  4 6 5 , 4 6 6  
D -v a lu es  in  p la n t  m a te r ia ls  4 6 4  

C lu s te r  b e a n s  (C y am o p sis  te trag o n o lo b a) 12 
c h a n g e s  in  p h y s ic o -c h e m ic a l p a ra m e te r s  12 
p o ly ac ry la m id e  gel e le c tro p h o re s is  p a t t e r n  13 

C ocoa b e a n s  511
effect o f  d e te rg e n ts  5 1 2
effect o f  p o ly v in y lp y rro lid o n e  5 1 2
p ro te a se  ac tiv ity  o f  v a r io u s  a m m o n iu m  s u lp h a te  p re c ip ita te d  
fra c tio n s  5 1 2
p ro te a se  a s s a y  b y  a m m o n iu m  s u lp h a te  p re c ip ita t io n  5 1 2  
p ro te a se  is o la tio n  u s in g  a  n e w  m e th o d  511  

Coffee p u lp  22 , 3 1 6
d e g ra d a tio n  o f  co ffe in  b y  Penicillium verrucosus 3 1 8  effect 
o f  a d d itio n a l in o rg a n ic  a n d  n itro g e n  s o u rc e s  3 1 8  
p ro d u c tio n  in  so lid  s t a t e  f e rm e n ta t io n  s y s te m  2 3  
so lid  s ta te  fe rm e n ta t io n  a s p e c ts  3 1 7  

C olifo rm s 151 
C o lo casia  c o rn s , 2 0 7  
C o m m o n  s a l t  s u b s t i tu te s  15

effect o n  a m y lo g ra p h  c h a r a c te r i s t ic s  o f  f lo u r 17 
effect o n  b re a d  q u a lity  18 
effect o n  th e  d o u g h  c h a r a c te r i s t ic s  16 

Congressbele 3 2 8
C o n v e n tio n a l m e th o d s  o f  e s t im a t io n  o f  b a c te r ia  in  food 3 

dye  re a c tio n  te s t  4  
m ic ro sco p ic  c o u n t  3
s ta t is t ic a l  e s t im a t io n  o f  m o s t  p ro b a b le  n u m b e r  4 

C ow pea (Vigna unguiculala L)
c h a n g e s  in  p h y s ic o -c h e m ic a l p a ra m e te r s  12 
p o ly ac ry la m id e  gel e le c tro p h o re s is  p a t te r n  13 

C u rrie d  v e g e ta b le s  4 6 3 , 4 6 6
h e a t  p e n e tra t io n  p a ra m e te r s  4 6 6

in o c u la te d  p a c k  s tu d ie s  4 6 7  
th e rm a l  p ro c e ss in g  r e q u ir e m e n ts  4 6 4  

Dahi, fe rm e n te d  m ilk  2 4 1
c o u n ts  o f  la c tic  a c id  b a c te r ia  in  m a rk e t  s a m p le s  241  
food b o rn e  p a th o g e n ic  b a c te r ia  2 4 2  
in h ib ito ry  a c tiv ity  o f  ly o p h ilized  c u l tu r e  f i l t ra te  2 4 2  
sp o ila g e  b a c te r ia  in  2 4 2  

D a m a g e d  g ra in s  2 4 5  
D a rk -g re e n  v e g e ta b le s  2 5 0  
Decalepsis hamiltordi 4 7 2

effec t o f  e s s e n t ia l  oil o n  m ic ro b io lo g ic a l q u a li ty  4 7 4  
e x tra c t io n  o f  e s s e n t ia l  o il 4 7 2  
i ts  e s s e n t ia l  oil a s  a n  a n tim ic ro b ia l  a g e n t  4 7 2  

D e fa tte d  ra p e s e c d  m e a l 5 0 3  
a m in o  a c id  c o m p o s it io n  5 0 4
m e th o d s  for is o la t io n  o f p ro te in s  a n d  th e i r  e ffic ien cy  5 0 3  
u s e  o f th e  re s id u e  fo r y e a s t  b io m a s s  p ro d u c t io n  5 0 3  

D e fa tte d  so y  f lo u r  117
p ro x im a te  c o m p o s itio n  1 1 7

D e h y d ra te d  p re c o o k e d  rice  a n d  Dengalgram d h a l  2 9 3  
effect o f  s p ic e s  o n  p e ro x id e  v a lu e  2 9 6  
e ffec t o f  v a r io u s  p ro c e s s in g  t r e a tm e n ts  o n  p e ro x id e  v a lu e  2 9 4  
effect o f  w a te r  a c tiv ity  o n  p e ro x id e  v a lu e  2 9 5  
fa c to rs  in f lu e n c in g  lip id  a u to o x id a t io n  2 9 4  
p re p a ra t io n  o f  d ry  m o d e l s y s te m s  2 9 3  
s ta r c h e s  a n d  p ro te in s  2 9 3  

D e o ile d /o il c a k e s  2 4 4  
a f la to x in  c o n te n t  2 4 5  
c a t t le  feed s  2 4 5  
d a m a g e d  g ra in s  2 4 5
fro m  g ro u n d n u ts ,  m u s ta r d ,  c o t to n s e e d  a n d  
s u n f lo w e r  se e d  2 4 5  

Detarium microcarpum 3 0 2 , 3 0 7  
Dhal d u s t  5 6

re la tiv e  d e n s i ty  o f  fu n g a l s p e c ie s  in  5 6  
Dhal m ill 5 5

d u s t  p o llu tio n  in  5 5  
D u s t  p o llu tio n  dhal m ill 5 5  

p a r tic le  s ize  o f  d u s t  5 6
q u a lita tiv e  a n d  q u a n t i ta t iv e  a n a ly s is  5 5 , 5 6  

ELISA 7 , 100
E d ib le  b a m b o o  s h o o t  fe rm e n ta t io n  5 0 0

c h a n g e s  in  s o lu b le  s u g a r s  a n d  o th e r  c o n s t i tu e n t s  501  
E d ib le  o ils  2 8 9

d e s ig n  o f  a p p a r a tu s  2 9 0
d ie le c tro p h o re tic  y ie ld  o f  o rg a n ic  im p u r i t ie s  2 9 1 , 2 9 2  
e ffec t o f  c love p o w d e r  o n  o x id a tiv e  r a n c id i ty  169 
in f lu e n c e  o f a n t io x id a n ts  169 
s e n s o ry  e v a lu a tio n  169
s e p a ra t io n  o f  p a r t ic u la te  im p u r i t ie s  b y  n o n -u n ifo rm  
elecLric field 2 8 9  

E d ib le  o y s te r , fro zen  168 
E ggs 153

k in e tic s  o f  g lu c o se  re m o v a l b y  egg  w h ite  m a tr ix  
fro m  egg 154
rem o v al o f  g lu c o se  fro m  153
r e u s e  o f  im m o b ilize d  e n z y m e  for d e s u g a r in g  154 

E n te ro to x in  3 3 8
effec t o f  pi I a n d  s u c ro s e  3 3 8  
p ro d u c tio n  b y  Bacillus cereus 3 3 8  

Escherichia coli 3 2 4
a n tib io tic  s e n s itiv ity  3 2 6
in c id e n c e  in  f ish e s  a n d  s e a fo o d s  3 2 5
iso la tio n , s e ro ty p in g , b io ty p in g  a n d  e n te ro to x ig e n ic ity  3 2 5  

E s tim a tio n  o f  a n a e ro b e s  in  foods 3 
F ee d  effic ien cy  ra t io  138

o f  in fe s te d  g re e n g ra m  a n d  r e d g ra m  138 
F is h  a n d  se a fo o d s  3 2 5

in c id e n c e  o f  Escherichia coli 3 2 6



5 2 6
F ish e s  (Heterotis niloticus and Chrysichthys nigrodigitatus) 4 0 7  

a n im a l feed in g  4 0 9
b io lo g ica l e v a lu a tio n  o f  th e  e ffec ts  o f  t r a d it io n a l  m e th o d s  o n  

p ro te in  q u a lity  4 0 9 , 4 1 0  
p ro te in  q u a lity  in d ic e s  4 1 0 , 4 1 1  

F la t b re a d  5 0 4
F reez e -d ried  b r e a k f a s t  a n d  d e s s e r t  foods 4 0  

c h a n g e s  in  th e  ro a s t in g  c h a r a c te r i s t ic s  3 8  
c h e m ic a l a n a ly s is  41 
m a n u f a c tu re  4 0  
m icro b io lo g ica l a n a ly s is  41 
o rg a n o le p tic  a n a ly s is  41 
re h y d ra tio n  c h a r a c te r i s t ic s  4 2  
shelf-life  s tu d ie s  a n d  s ta b ili ty  4 1 , 4 2  
th e ir  p o te n tia l  a s  s p a c e  fo o d s  4 3  

G a m m a  ir ra d ia t io n  o f o n io n s  3 4 1  
G lo b in  a g a r  4 1 8

m e so p h ilic  a n d  p s y c h ro p h ilic  b a c te r ia  b y  s u r fa c e  p la t in g  4 1 9  
G lo b in  p ro te in  4 1 8

c h e m ic a l c o m p o s itio n  a n d  a m in o  a c id  p ro file  4 1 9  
u s e  in  m ic ro b io lo g ica l m e d ia  for e n u m e ra t io n  o f  a e ro b ic  

v ia b le  ce ll c o u n ts  4 1 9  
G lu co se  o x id a se  153 
G lycerol 2 5 2

a s  a  w a te r  ac tiv ity  m o d ified  in  khoa 2 5 3  
effect o n  is o th e rm  p a ra m e te r s  o f  khoa 2 5 2  
effect o n  s e n s o ry  a n d  rh eo lo g ica l a t t r ib u t e s  o f  khoa 2 5 2  

G o u rd s  4 6 3  
G re e n  Bengalgram 49

b io c h em ica l c h a n g e s  d u r in g  s to ra g e  5 0  
b la n c h in g  49  
c a n n in g  4 9
o rg a n o le p tic  c h a n g e s  d u r in g  s to ra g e  5 0  

G ree n  field b e a n  s e e d s  (Dolichos lablab v a r  lignosus) 3 6 7  
d e e p -fa t-fry in g  3 6 8  
d e h y d ra tio n  s tu d ie s  3 6 7  
d ry in g  c h a r a c te r is t ic s  3 6 8  
h ig h  te m p e r a tu r e - s h o r t  tim e  d ry in g  3 6 7  
h o t  a i r  d ry in g  3 6 7  
p ro x im a te  c o m p o s itio n  3 7 0  
q u a lity  a t t r ib u t e s  3 6 9  
re h y d ra tio n  c h a r a c te r i s t ic s  3 6 9  
re h y d ra tio n  s tu d ie s  3 6 8  
s o la r  d ry in g  3 6 7  
s to ra g e  s tu d ie s  3 6 8  

G ree n  soy  c h e e s e  156 
c o m p o s itio n  158
effect o f  s u p p le m e n ta t io n  o n  c o a g u la t io n  tim e  in  w h ey  157  
lo s se s  o f  m ilk  c o m p o n e n ts  in  w h ey  157 
p re p a ra t io n  156 
soy m ilk  156 

G rc c n g ra m  135
a n im a l e x p e r im e n ts  136 
ch e m ic a l a n a ly s is  136
c o rre la tio n  m a tr ix  b e tw e e n  level o f  in fe s ta t io n  a n d  d iffe re n t 

p a ra m e te r s  138
effec ts  o n  d iffe re n t lev e ls  o f  Callosobruchus chinensis L. 
in fe s ta tio n  o n  p ro x im a te  c o m p o s itio n , m e th io n in e  a n d  u r ic  
a c id  135
p h y sic a l a n d  c h e m ic a l c h a n g e s  d u e  to  in fe s ta t io n  138 

G ro u n d n u t  s n a c k s  3 2 7  
G ro u n d n u t  toffee 3 2 8

in c id e n c e  a n d  levels o f  a f la to x in  3 2 8  
Gulab jam un  p r e p a ra t io n  2 7 9

c o m p o s itio n  a n d  m ic ro s tr u c tu re  2 8 0  
in s t ro n  te x tu re  p ro files  281
in te r r e la t io n s h ip s  a m o n g  in s t r o n  p a ra m e te r s  2 7 9  
re g re s s io n  e q u a t io n  for in s t r o n  te x tu re  p ro file  
s c a n n in g  e le c tro n  m ic ro g ra p h  2 8 3 , 2 8 4

H a m m e r  m ill 2 2 5
c o m p a ra tiv e  s tu d y  w ith  a n d  w ith o u t  p n e u m a t ic  s y s te m  2 2 7  

H e x a c h lo ro c y c lo h c x a n e  to x ic ity  4 3 0  
H o m e p ro c e s s e d  s u p p le m e n ta ry  fo o d s  122 

n u t r i t io n a l  e v a lu a tio n  123 
Ice  c r e a m  151

a n a ly s is  o f v a r ia n c e  o f  b a c te r ia l  p a r a m e te r s  1 5 2  
b a c te r io lo g ic a l q u a li ty  151 
m a rk e te d  in  T iru p a t i  151 
s ta n d a r d  p la te  c o u n ts  151 

In d ia n  foods 2 4 9
ra w  a n d  co o k ed  2 5 0  

In f r in g e m e n t o f  P.F.A . r u le s  6 6  
I ro n  122

c o rre la t io n  co effic ien t a n a ly s is  125 
in vitro a n d  in vivo b io a v a ila b ili ty  123 , 124  

Kachcha churpi - a  t r a d i t io n a l  m ilk  p r o d u c t  71 
c h e m ic a l-s e n s o ry  a t t r ib u t e s  re la t io n s h ip  71 
c o m p o s itio n a l a n d  s e n s o ry  c h a r a c te r i s t ic s  71 
m a n u f a c tu r in g  m e th o d s  71 
p ro x im a te  c o m p o s itio n  71 
s e n s o ry  s c o re s  72  

Kalakand 3 3 0 , 3 8 9
b io c h e m ic a l c h a r a c te r i s t ic s  331
effec t o f  p o ta s s iu m  s o r b a te  o n  m ic ro b io lo g ic a l q u a l i ty  d u r in g  

s to ra g e  3 6 3
effec t o f  p o ta s s iu m  s o r b a te  in  s e n s o ry  a n d  b io c h e m ic a l 

c h a r a c te r i s t ic s  d u r in g  s to ra g e  a t  d if fe re n t  te m p e r a tu r e s  
3 9 1 , 3 9 2

effect o f  s u g a r ,  m ilk  fa t  a n d  d if fe re n t c o a g u la n ts  o n  s e n s o ry  
c h a r a c te r i s t ic s  3 9 0  
m ic ro b ia l c o u n ts  331
o p tim iz a tio n  o f  th e  p ro c e s s  for m a n u f a c tu r e  3 8 9  
p r e p a ra t io n  3 9 0  
p ro x im a te  c o m p o s itio n  331  
s e n s o ry  q u a li t ie s  3 3 1  
te x tu ra l  p ro p e r t ie s  391 

Khoa 2 5 2
effec t o f  th e  e s s e n t ia l  o il o f  Decalepsis hamiltonii o n  4 7 4  
e v a lu a tio n  o f g ly cero l a s  a  w a te r  a c tiv ity  m o d ifie r  2 5 2  
s e n s o ry  a n d  rh eo lo g ica l e v a lu a t io n s  2 5 2  

Khoa p r e p a r a t io n  2 7 9  
K in n o w  f ru it  140

d is t r ib u t io n  p a t t e r n  o f  b i t te r in g  p r in c ip le s  in  141 
K in n o w  m a n d a r in  ju ic e  3 8 0  

a s c o rb ic  ac id  c o n te n ts  3 8 2  
c o m p o s itio n  o f  k in n o w  ju ic e  3 8 2  
e ffec t o f  H u n te r  c o lo u r  a n d  b i t t e r n e s s  3 8 3  
e ffec t o f  m e th o d s  o f  ju ic e  e x tra c t io n  o n  p o m a c e  a n d  p eel 

381
m e th o d s  o f  ju ic e  e x tra c t io n  3 8 0  
p h y s ic o -c h e m ic a l p ro p e r t ie s  3 8 1 , 3 8 2  
reco v ery  o f  ju ic e ,  p o m a c e  a n d  p e e l 3 8 1  

L ag e r b e e r  fro m  N ig eria  148
b o tt l in g  a n d  p a s te u r iz a t io n  149 
m a ltin g  a n d  m a s h in g  148 
p itc h in g  o f  w o rt 149 
p r im a ry  f e rm e n ta t io n  149 
s a c c h a r if ic a t io n  t e s t  149 

Lahi 110 
L im o n in  140

b it te r in g  p r in ip le  o f  k in n o w  f ru it  1 4 0  
d is t r ib u t io n  p a t t e r n  in  k in n o w  f ru i t  141 

L y co p en e  2 3 2
in  ju ic e  o f  to m a to  h y b r id s  2 3 2  

Macuna Jlagellipes 3 0 2 , 3 0 7
c o m p o s itio n  a n d  fu n c tio n a l  p ro p e r t ie s  3 0 2 , 3 0 7  
d e te rm in a t io n  o f  m o n o s a c c h a r id e  c o m p o s itio n  3 0 9  
e x tra c t io n  o f g u m s  3 0 7 , 3 0 8



527

flow b e h a v io u r  o f  g u m  e x tra c t  d is p e r s io n s  3 0 9  
m o n o s a c c h a r id e  c o m p o s itio n  3 0 9  

Maida 4 0 0  
M aize 6 2

c a n o n ic a l a n a ly s is  6 4
effect o f  ro a s t in g  p ro c e s s  v a r ia b le s  o n  h a r d n e s s  6 4  

M aize s e e d s  5 2
effect o f  fu n g a l in fe s ta t io n  5 3  
o n  d ry  w e ig h ts  52  
o n  lip ids  5 2  
o n  s ta r c h  53  

M aleic h y d ra z id e  5 1 3
effect o n  s to ra g e  a t t r ib u t e s  o f  p o ta to e s  5 1 4  

M ancozeb  (D ith a n e  M -45) r e s id u e s  2 1 5  
d e c o n ta m in a tio n  e x p e r im e n ts  2 1 6  
efficacy o f  d e c o n ta m in a t io n  p ro c e s s e s  2 1 7  
field e x p e r im e n ts  2 1 5  
p e rs is te n c e  in  v e g e ta b le s  2 1 6  
re s id u e  a n a ly s is  2 1 6  

M ango p u lp  fro m  d iffe re n t v a r ie tie s  2 3 0
effect o f  s to ra g e  p e rio d  o n  s ta b ili ty  o f  c a ro te n o id s  2 3 0  

M ang o-new  h y b rid s  3 8 5
ch em ica l c o m p o s itio n  o f c a n n e d  ju ic e  3 8 7  
c h e m ic a l c o m p o s itio n  o f  p u lp  3 8 5 , 3 8 7  
co m p a ra tiv e  s tu d ie s  a n d  d e s c r ip t io n  3 8 6  
p h y sic o -c h e m ic a l c h a r a c te r i s t ic s  a n d  p ro c e ss in g  q u a lity  3 8 5  
p re p a ra t io n  o f  ju ic e  a n d  c a n n in g  3 8 5  
se n so ry  q u a lity  o f  c a n n e d  ju ic e  3 8 7  

M eth io n in e  136, 137, 138
its  c o n te n ts  in  in fe s te d  g re e n g ra m  a n d  re d g ra m  136, 1 3 7  

M ilk fa t 181
a ld e h y d e  v a lu e  190
a n is id in e  v a lu e  190
a p p ra is a l  o f  m e th o d s  185
a u to o x id a tio n  187
c a rb o n y l c o m p o u n d s  189
ch em ica l m e th o d s  187
c h e m ilu m in e s c e n c e  191
c h ro m a to g ra p h ic  m e th o d s  185, 191
co lo rim e tric  m e th o d s  184
c o m p a ra tiv e  a s s e s s m e n t  192
e s tim a tio n  o f  FFA level 181
flu o rescen ce  191
iod in e  n u m b e r  190
K reis te s t  ( ra n c id ity  index) 190
lipo ly sis  181
m e th o d s  to e v a lu a te  d e te r io ra t io n  181 
m is c e lla n e o u s  m e th o d s  185 
p h y sic a l m e th o d s  191 
s p e c tro m e try  191
su rfa c e  te n s io n  m e a s u re m e n t  185 
th io b a rb itu r ic  a c id  (TBA) te x t  188 
ti tr im e tr ic  m e th o d s  182

M odified a tm o s p h e re  o f v e g e ta b le s  p a c k a g in g  2 6 7  
Murmura 110
M u s ta rd  (Brassica camperstris) lea v es  2 8 5  

b io av a ilab ility  o f  iro n  2 8 7
ch em ica l c o m p o s itio n  o f  ra w  a n d  co o k ed  lea v es  2 8 6  
effect o f  co o k in g  m e th o d s  a n d  m a tu r i ty  o n  b io a v a ila b ility  o f  

iro n  2 8 5  
Mysorepak 4 4

d ila ta tio n  s tu d ie s  4 5
effect o f  besan-s u g a r  ra tio  4 7
effect o f  c e re a l f lo u rs  a n d  s ta r c h e s  4 7
effect o f  in g re d ie n ts  a n d  p ro c e ss in g  c o n d it io n s  4 4
effect o f  m ix in g  tim e  4 6
effect o f  q u a n t i ty  o n  fa t 4 8
effect o f  s y ru p  s t r e n g th  4 5
effect o f  te m p e ra tu re  o f  a d d e d  fa t 4 6

effec t o f  ty p e  o f  fa t  4 7  
fa t  a b s o rp t io n  a n d  te x tu re  4 4  
p h y s ic o -c h e m ic a l a n a ly s is  4 5  
p re p a ra t io n  4 4
p ro c e s s  p a ra m e te r s  a n d  ro le  o f  in g re d ie n ts  4 5 -4 8  
s e n s o ry  e v a lu a tio n  4 5  
te x tu re  m e a s u re m e n t  4 5  

N a rin g in  140
b it tc r in g  p r in c ip le  o f  k in n o w  f ru it  140  
d is t r ib u t io n  p a t t e r n  in  k in n o w  f ru it  141 

N a tu ra l  ta n n in s  4 9
effec t o n  c a n n e d  g re e n  Bengalgram (C icer arietinum) 4 9  

N o n -p ro te in  n itro g e n  137
c o n te n ts  in  in fe s te d  g re e n g ra m  a n d  r e d g ra m  137 

N o o d les  5 0 4
Oil p a lm  (Elaeis guincensis) f ru i t  19 

a n a ly tic a l  m e th o d s  19
h is to c h e m ic a l c h a n g e s  in  m e s o c a rp  d u r in g  d e v e lo p m e n t 2 0  
h is to c h c m ic a l  m e th o d s  19 

O n io n  341
m a n a g e m e n t o f  s to ra g e  r o t  th r o u g h  g a m m a  ir ra d ia t io n  341  

O ra n g e  ju ic e  5 0 8
a n a ly tic a l  m e th o d s  5 0 9
effec t o f  b ro w n in g  5 0 9
effec t o n  e s s e n t ia l  o ils  5 1 0
effect o n  g lu c o se  c o n te n t  5 0 9
effect o f  p e c t in a s e  a n d  c c llu la s e  5 0 9
e n z y m a tic  e x tra c t io n  a n d  s ta b i l iz a t io n  o f  c o lo u r  a n d
fla v o u r  5 0 9
e n z y m ic  t r e a tm e n ts  5 0 8  
s e n s o ry  e v a lu a tio n  5 1 0  

P ad d y  104, 4 1 6
c o rre la tio n  co e ffic ien ts  a m o n g  m o rp h o lo g ic a l f e a tu re s  105 
p h y s ic a l c h a r a c te r is t ic s  4 1 6
re la t io n s h ip  o f h u s k  c o n te n t  w ith  g ra in  d im e n s io n  a n d  
w e ig h t 4 1 7
s t r u c tu r a l  a n d  m o rp h o lo g ic a l f e a tu re s  105 

P a lm  oil, c r u d e  6 0
reco v ery  o f  c a ro te n e s  fro m  6 0  
s p e c tr a l  a n a ly s is  61 

P a rb o iled  rice  1 6 2 ,2 1 9
a n im a l e x p e r im e n ts  162
c h a n g e s  in  m o is tu re  c o n te n t  d u r in g  p a rb o il in g  2 2 0  
c h a n g e s  in  s to ra g e  m y c o flo ra  a t  d if fe re n t s ta g e s  o f  

p ro c e s s in g  2 1 9
effec t o f  d iffe re n t d ie ts  o n  o rg a n  w e ig h ts  o f  r a t s  163 
e v a lu a tio n  o f  n u t r i t io n a l  q u a li ty  163 
fre q u e n c y  o f o c c u r re n c e  o f  s to ra g e  fu n g i 221  
p r e s s u r e  p a rb o ile d  rice  d ie t  163  
p ro c e ss in g  s ta g e s  a n d  r ic e  v a r ie t ie s  2 2 1 , 2 2 2 , 2 2 3  
p ro te in  e ffic ien cy  ra tio  163 
tra d itio n a lly  p a rb o ile d  r ice  d ie t  163  

P e a n u t  3 6 3
a fla to x in  a n a ly s is  o f  3 6 3
a fla to x in  c o n ta m in a t io n  b y  a n to x ig e n ic  s t r a in s  o f  Aspergillus 
Jlavus 3 6 2
a fla to x in  c o n te n t  o f  3 6 4  

P ea rl m ille t f lo u r  8 0
b o ilin g  w a te r -b la n c h in g  8 0
c h a n g e s  in  fa t ac id ify  a t  a m b ie n t  t e m p e r a tu r e  81  
d iffe re n t s e e d  t r e a tm e n ts  8 0  
d ilu te -a c id  s o a k in g  8 0  
d ry  h e a tin g  8 0  

P e a s  (Pisum sativum) 7 3
effec t o f  d iffe re n t p ro c e s s in g  a n d  c o o k in g  m e th o d s  o n  
s a p o n in  c o n te n t  7 4
effec t o f  d iffe re n t p ro c e s s in g  a n d  c o o k in g  m e th o d s  o n  t iy p s in  
in h ib ito r  ac tiv ity  7 5  
s a p o n in  c o n te n t  7 3
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try p s in  in h ib ito ry  a c tiv ity  7 4  
P c c tin a se  2 2

p ro d u c tio n  fro m  coffee p u lp  in  so lid  s t a te  fe rm e n ta t io n  
s y s te m  2 3  

P e c tin s  159
c o n te n ts  o f  f ru i ts  159
c h a ra c te r iz a t io n  fro m  s e le c te d  tro p ic a l f ru i ts  159 
p h y s ic a l p ro p e rt ie s  160  

Pcnicillium verrucosum 3 1 6
m e d iu m  in  so lid  s t a te  fe rm e n ta t io n  o f coffee p u lp  3 1 7  

P erox ide ac tiv ity
in  c lu s te r  b e a n s  (Cycunopsis tolragonolaba) a n d  co w p ea  
(Vigna unguiculata L.) 11 
iso en z y m e p a t t e r n s  13

P in k  p e rc h  m in c e  (Nemipierus Japonicus) 2 3 8  
f re s h n e s s  p a ra m e te r s  2 3 9
p ro te in  a n d  lip id  c h a n g e s  d u r in g  fro zen  s to ra g e  2 3 9  

Pizza s p r in t  m a c h in e  2 0 3  
Poha 110
P o ta to  v a rie tie s  130 , 4 2 8 , 5 1 4

a m b ie n t  te m p e ra tu re  s to ra g e  5 1 4  
b io c h em ica l c o m p o s itio n  4 2 8  
c h ip s  4 2 8  
c u ltiv a rs  130
effect o f  CIPC t r e a tm e n t  o n  p ro c e ss in g  q u a li ty  130 , 132, 133, 
134
effect o f fo liar a p p lic a tio n  o f m a le ic  h y d ra z id e  for im p ro v in g  
s to ra b ili ty  5 1 5
effect o f  g a m m a  ir ra d ia t io n  o n  p ro c e s s in g  q u a li ty  130, 132, 
133, 134
e s tim a t io n  o f  r e d u c in g  s u g a r s  131 
ev ap o ra tiv e ly  co o led  s to ra g e  5 1 4  
fry ing 130 
fry ing q u a lity  4 2 8  
in vitro in f il tra tio n  o f  s u g a r s  130 
se n s o ry  c h a ra c te r is t ic s  4 2 9  

P raw n  p ick le  165
b a c te rio lo g ica l c h a r a c te r is t ic s  a n d  t i t r a ta b le  a c id ity  166 
m ic ro o rg a n ism s  a s s o c ia te d  w ith  166 

P raw n  p ro te in s  4 5 3
a m in o  ac id  a n a ly s is  a n d  c o m p o s itio n  4 5 9 , 4 6 0  
b la n c h in g  o f  e x tra c te d  to ta l  p ro te in s  4 5 8  
d r ip  lo s s  4 5 4 , 4 5 9
effect o f  d iv a le n t m e ta l io n s  a n d  te m p e r a tu r e  4 5 3 , 4 5 7  
e le c tro p h o re tic  p a t te r n  4 6 1 , 4 6 2  
f lu o re scen ce  s p e c t r a  4 5 5 , 4 6 0  
gel f iltra tio n  p a t te r n  4 5 5 , 4 6 0  
n itro g e n  s o lu b ility  4 5 4  
p h y sic o -c h e m ic a l p ro p e r t ie s  4 5 4 , 4 5 9  
s e d im e n ta t io n  ve locity  4 5 6 , 4 6 0  
th e rm a l d e n a tu r a t io n  a n d  v isc o s ity  4 5 6  

P re p a ra tio n  o f  soy  p ro te in  is o la te s  117 
P ro te in  effic iency  ra tio  138

o f  in fe s ted  g re e n g ra m  a n d  re d g ra m  138 
P ro v ita m in  A 2 4 9

c o n te n t  o f  d a rk -g re e n  v e g e ta b le s  2 5 0  
c o n te n t  o f  y e llo w -o ran g e  v e g e ta b le s  2 5 0  
e s tim a t io n  b y  h ig h  p e rfo rm a n c e  liq u id  c h ro m a to g ra p h y  2 5 0  

Puffed  so y a  s n a c k
a c c e p ta b ility  a n d  n u tr i t iv e  v a lu e  3 7 8 , 3 7 9  
f la tu s  c o m p o n e n ts  in  ra w  a n d  p u ffed  so y  b e a n  3 7 9  
p h y sic o -c h e m ic a l a n a ly s is  3 7 8  
p re p a ra t io n  3 7 7

Puntáis sophore (su n -d rie d )  4 8 0  
a n im a l s tu d ie s  4 8 3  
n u tr i t io n a l  c h a r a c te r i s t ic s  4 8 2  
p ro te in  d ig e s tib ility  4 8 1
p ro x im a te  c o m p o s itio n  a n d  n u tr i t iv e  v a lu e  4 8 0 ,4 8 1  

Rabri 4 2 6

in d ig e n o u s  m ilk  p r o d u c ts  fro m  C a lc u t t a  m a r k e ts  4 2 6  
m a jo r  c o n s t i tu e n ts  a n d  m in e ra l  c o m p o s itio n  4 2 7  
q u a lity  c h a r a c te r i s t ic s  o f  4 2 6  

R ap id  m e th o d s  fo r d e te rm in in g  b a c te r io lo g ic a l 
q u a lity  o f  foods 1 

R aw  a n d  co o k ed  c a s s a v a  3 2 0
p ro d u c tio n  o f  a lp h a -a m y la s e  3 2 2  
p ro d u c tio n  o f  g lu c o a m y la se  3 2 2  
p ro te in  e n r ic h m e n t  3 2 2  

Rawa  311
d is in fe s ta t io n  3 1 2
effect o f  i r ra d ia t io n  o n  g e la tin iz a tio n  v isc o s ity  3 1 3  
g e la tin iz a tio n  v isc o s ity  3 1 2 , 3 1 3  
s e n s o ry  e v a lu a tio n  3 1 2 , 3 1 3
s tu d y  o n  e x te n s io n  o f  s h e lf  life b y  g a m m a  I r r a d ia t io n  3 1 1  
to ta l  b a c te r ia l  a n d  m o u ld  c o u n ts  3 1 4  

R e a d y -to -e a t p u ifed  rice  p ro d u c ts  110 
m ic ro sco p ic  s t r u c tu r e  112 

R e d g ra m  135
a n im a l e x p e r im e n ts  136 
c h e m ic a l a n a ly s is  136
c o rre la tio n  m a tr ix  b e tw e e n  level o f  in fe s ta t io n  a n d  d if fe re n t 

p a ra m e te r s  138 
e ffec ts  o f  in fe s ta t io n  138 

R evival o f  in ju re d  b a c te r ia  2 
Rhizopus s t r a in s  3 2 0

i ts  u s e  in  s u b m e rg e d  a n d  so lid  s t a te  f e rm e n ta t io n  o f  raw  
a n d  co o k ed  c a s s a v a  3 2 2  

R ice 104
effec t o f  c h a lk in c s s  o n  th e  h a r d n e s s  107 
in f lu e n c e  o f  h u s k  in te r lo c k in g  a n d  b r e a d th  o n  sh e lla b ili ly  

o f  p a d d y  106
re la t io n s h ip  o f  p o p p in g  e x p a n s io n  to  v a r io u s  g ra in  

c h a r a c te r is t ic s  o f  p a d d y  108 
te c h n o lo g ic a l q u a lity  104 

R ice b r a n  2 2 3
s to ra g e  m y c o flo ra  2 2 3  

R ice f lo u r  2 0 7  
R ice-so y a  c r a c k e r s  4 6 9

d o u g h  rh eo lo g y  a n d  w o rk a b ili ty  4 7 0  
p ro d u c t  rheo lo gy  4 7 1
re la t io n s h ip  b e tw e e n  so y a  lev els  in  m ix  4 7 0  
s e n s o ry  q u a li t ie s  471  
s tu d ie s  o n  rh eo lo g ica l p ro p e rt ie s  4 6 9  

S a m p le  p r e p a ra t io n  for a  re lia b le  d e te rm in a t io n  o f  th e  to ta l 
n u m b e r  o f  b a c te r ia  in  foods 1 

S a u s a g e s  3 3 3
fro m  go a t, b e e f  a n d  r a b b i t  3 3 3  
p h y s ic a l a s p e c ts  3 3 4  
p ro x im a te  c o m p o s itio n  3 3 4  
s e n s o ry  q u a li t ie s  3 3 4  

Sendha (ro ck  sa lt)  15 
S c a s a m e  oil 4 3 3

a d m ix tu re s  o f  re fin ed  a n d  c r u d e  o ils  4 3 4  
b u ty ro re fra c L o m e te r  re a d in g s , io d in e  v a lu e s  a n d  B c llic r 's  

tu rb id ity  te m p e r a tu r e s  4 3 4  
d e te c tio n  b y  B a u d o u in  te x t 

S c a sa m o l 4 3 3
re d  u n i t s  m e a s u re d  b y  s p e c tro p h o to m e try  4 3 4  

S c tt le a b le  d u s t  5 6  
Sevian 2 0 7

d e te rm in a tio n  o f  c h e m ic a l c o m p o s itio n  2 0 7 , 2 0 8  
h u m id ity  m o is tu re  e q u il ib r iu m  c u rv e  2 1 0  
m eL hods o f  p r e p a ra t io n  2 0 7  
s e n s o ry  e v a lu a tio n  2 0 8  
s o rp tio n - is o th e rm  s tu d ie s  2 0 7 , 2 0 9  

S h r im p s  (p raw n ) 4 4 1 , 4 5 3  
b e h e a d in g  4 4 3
fa c to rs  in f lu e n c in g  q u a li ty  4 4 9
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freezing  m e th o d s  4 4 8  
ic ing  4 4 4
m e th o d s  o f  p re p ro c e s s in g  a n d  freez in g  4 4 2 , 4 4 8  
o f  c o m m erc ia l im p o r ta n c e  4 4 1  
size  g ra d in g  4 4 4  
so r tin g  4 4 2
u s e  o f  a n tib io tic s  a n d  c h e m ic a ls  a s  p re s e rv a tiv e s  4 4 6  
u s e  o f c h illed  s e a  w a te r  4 4 5
u s e  o f d ry  ice a n d  liq u id  n i tro g e n  a s  p re s e rv a tiv e s  4 4 6  

Soji 4 0 0 , 4 9 4
c h a n g e s  in  a lc o h o lic  a c id ity  d u r in g  s to ra g e  4 9 6  
c h a n g e s  in  g lu te n  c o n te n t  d u r in g  s to ra g e  4 9 5  
s to ra g e  s tu d ie s  in  d if fe re n t p a c k in g  m a te r ia ls  4 9 5  

Solid s ta te  f e rm e n ta t io n  3 1 6 , 321  
o f  coffee p u lp  3 1 6  
o f  ra w s  a n d  co o k ed  c a s s a v a  321  

S o rg h u m  g ra in s  o f  N ig eria  148
d is tr ib u tio n  o f  fu n g a l s p e c ie s  149 
fu n g a l p o p u la t io n s  is o la te d  149 

S o y b ean  2 7 , 145, 3 9 5 , 4 2 3  
b u lk  d e n s ity  3 9 6  
c a n o n ic a l a n a ly s is  6 4  
co effic ien t o f  fric tio n  3 9 7
c o m p a ra tiv e  s tu d ie s  o n  fu n c tio n a l  p ro p e r t ie s  2 7  
co o k in g  c h a r a c te r is t ic s  4 2 4  
effect o f  N aC l o n  e m u ls if ic a tio n  c a p a c ity  3 0  
effect o f  N aCl o n  fo am  c a p a c ity  2 9
effect o f  p a r tic le  s ize , m o is tu re  c o n te n t ,  p r e s s u r e  a n d  

te m p e ra tu re  3 9 5
effect o f  pH  o n  e m u ls if ic a tio n  c a p a c ity  2 9  
effect o f  pH  o n  fo am  c a p a c ity  2 8
effect o f  ro a s t in g  p ro c e s s in g  v a r ia b le s  o n  h a r d n e s s  6 3  
f irm n ess  v a lu e s  o f  c o o k ed  s a m p le s  4 2 5  
f la tu s  c o m p o u n d s  in  ra w  a n d  p u ffed  so y b e a n  3 7 9  
m in e ra l c o n te n ts  146 
n ew  v a rie tie s  145
p a t te rn  o f c h a n g e s  d u r in g  co o k in g  4 2 4  
p h e n o l c o n te n ts  146
p h y sic a l a n d  th e rm a l  p ro p e r t ie s  3 9 6 , 3 9 7  
p h y sic a l c h a r a c te r is t ic s  a n d  c h e m ic a l c o m p o s itio n  146 
specific  c a k e  r e s is ta n c e  a n d  h e a t  3 9 7 , 3 9 8  
th e rm a l c o n d u c tiv ity  3 9 8  
v isco s ity  o f  soyoil 3 9 9  

Soy flo u r 2 2 5
effect o f  m a s s  c o n c e n tra t io n  o n  sp ec if ic  e n e rg y  
c o n su m p tio n  2 2 6
p n e u m a tic  c le a r in g  co n v ey in g  s y s te m  2 2 5  

S o y b ean  p ro te in s  4 8 9
d e n s ito m c tr ic  a n a ly s is  4 9 0
e s tim a te d  c o n tr ib u tio n  o f  c o n ta m in a n ts  in  p u rif ied  

f ra c tio n s  4 9 2  
gel f iltra tio n  4 9 0  
im m u n o b lo ttin g  4 9 0  
SD S-PA G E  e le c tro p h o re s is  4 9 0
s e m i-q u a n ti ta t iv e  p u r if ic a tio n  o f  g ly c in in , a -c o n g ly c in in  a n d  
p -co n g ly c in in  491 

Soy p ro te in  is o la te s  117
effect o f c o a g u la n t  p H s  119 
effect o f  c o a g u la n ts  118 
effect o f  d e fa ttin g  117 
p re p a ra t io n  117
p ro te in s  a n d  n itro g e n  s o lu b ili t ie s  120 
u re a s e  a n d  t ry p s in  in h ib i to r  a c tiv itie s  118  
yield 119

S o y a  a n d  turdhals 4 2 3  
Soibum f e rm e n ta tio n  501  
S p ices  6 8

a n tim ic ro b ia l ac tiv ity  o f  e s s e n t ia l  o ils  6 9  
e s s e n tia l  o ils  6 8 , 6 9

S p ic e s  a n d  c o n d im e n ts  (dried) 4 2 0
d is t r ib u t io n  o f  m o u ld s  a n d  b a c te r ia  4 2 1  

in  N ig erian  m a rk e t  4 2 0  
m ic ro b ia l c o u n ts  a n d  w a te r  a c tiv ity  4 2 1  

Spirulina plalensis 4 3 0
a n im a l  feed in g  e x p e r im e n ts  4 3 0  
b o d y  w e ig h ts  o f  r a t s  w ith  s u p p le m e n ta t io n  431  
i t s  u s e  a s  ra t io n a l  s u p p le m e n t  fo r  p ro te c tio n  a g a in s t  

h e x a c h lo ro c y c lo h e x a n e  to x ic ity  in  r a t s  4 3 0  
s c r u m  a n d  live r e n z y m e s  o f  r a t s  w ith  s u p p le m e n ta t io n  4 3 2  

S p ro u te d  w h e a t  f lo u r  5 0 5
effec t o f  v ita l g lu te n  a n d  d is o d iu m  p h o p h a te  o n  th e  q u a lity  
o f  f ia t b r e a d  5 0 5  

S ta p h y lo c o c c i 151
in  m a rk e te d  ice  c re a m  151 

S u b m e rg e d  f e rm e n ta t io n s  3 1 7  
u s e  o f RI\izopus s t r a in s  3 2 0  

S u n flo w e r oil 2 9 5
effec t o f  m a c e  a n d  tezpat o n  a u to o x id a t io n  in  r ice  a n d  
Bengalgram s ta r c h e s  2 9 5  

S u s p e n d e d  d u s t  5 6
T a m a r in d  (Tcuriarindus indica) k e rn e l  p o w d e r  3 7 2

effect o f  in c o rp o ra tio n  in  b is c u i t  a n d  je lly  3 7 3 , 3 7 4  
effect o f  in c o rp o ra tio n  in  b re a d  3 7 3  
effect o f  rh eo lo g y  a n d  s e n s o ry  c h a r a c te r i s t ic s  3 7 4  
s tu d ie s  o n  i ts  c h a r a c te r i s t ic s  3 7 2  

T o m a to e s  126
c h e m ic a l c o m p o s itio n  o f  ju ic e  127 
c h e m ic a l  c o m p o s itio n  o f  p u r e e  128  
c o m m e rc ia l c u l t iv a r s  125  
IIIIR  v a r ie tie s  o f  126 
p h y s ic o -c h e m ic a l c h a r a c te r i s t ic s  127  
p re p a ra t io n  o f  p u re e  127 
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