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appreciation for the w onderfu l cooperation  exten d ed  to AFST(I) by the Prem ier G overnm ental R&D 
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Dr. R ugm ini S ankaran's m ajor con tr ib u tion s in clud e, d evelopm ent of a n u m b er o f an a ly tica l tech n iq u es  
and form ulation o f m icrobiological sta n d a rd s for foods, tech n o log ies for con ven ien ce  food s, p reservation  
and p ack agin g of traditional food s and the developm ent o f an  ecolog ical m eth od  for th e  ex ten s io n  o f shelf- 
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Dr. R ugm ini h a s  a lso  b een  an  exam iner for M .Sc. and Ph.D . can d id a tes at th e  U n iversities o f M ysore, 
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a befitting recognition  by th e D efen ce Services o f h er ach ievem en ts over th e  ten u re, startin g  from  a ju n io r  
position. Like in  ca se  of AFST(I), Dr. R ugm ini is  the first lady to hold  th e d irectorsh ip  o f n o t on ly  DFRL 
but also in th e  entire D efen ce R esearch  and D evelopm ent O rganisation. S h e is  a lso  an  ab le adm inistrator. 
She is  not new  to the AFST(I). S h e h a s  b een  its  m em ber sin ce  1969 , and had th e  privilege o f serving  
as its  V ice-P resident (Hq), during 1 9 8 2 -8 3 . S h e w a s P resident, A sso cia tio n  o f M icrobiologists (India) during  
1993-94 . U nder her able stew ard sh ip , the AMI con d u cted  an  International C onference 'M icon-94', at the  
DFRL in M ysore, w h ich  w as attend ed  by over 8 5 0  d elegates from India and abroad. The "Proceedings" 
of th is  conference h a s  b een  p u b lish ed  in  S eptem ber 1995 a s  a book  entitled  'M icrobes for B etter  Living'.

The ach ievem en ts of Dr. R ugm ini ca n  be an  excellen t gu id ing factor to m any. S h e co m es  from  a 
large fam ily o f agricu ltu rists and is  one of the brilliant m em b ers am on g four b roth ers an d  four s is ter s , 
all of w hom  hold high ranking p ositio n s in  the society . Dr. R ugm ini is  b le ssed  w ith  tw o eq u ally  brilliant 
and talented  d au gh ters. C handrakanta , th e elder one, is  an  e lectron ics and com m u n ica tion  en gineer, w ho  
m arried a m edica l p rofession a l and tea ch es  in  a polytechn ic in  Kerala. C h and rak an ta w a s  recen tly  in  
Canada u n der Indo-C anadian  E xch an ge Program m e. Sarita, the you n ger on e, h a s  h igh  acad em ic  
background, being th e Gold M edallist in  M.A. (Econom ics). After a short teach in g  job  in  M ysore U niversity, 
Sarita w a s trained in  jou rn alism  at th e  B en n ett and C olem an School, appointed  a s  S u b -ed itor-cum -R ep orter  
of E conom ics T im es in  B angalore and th en  given an  in d ep en den t charge o f Reporter o f E con om ic T im es  
in Mysore.

Dr. R ugm ini h a s  m an y  h ob b ies, w hich  in clud e reading, gardening, cook in g an d  so c ia l service for 
upliftm ent o f the under-previledged  w om en. She w a s the U niversity ch am p ion  in  h ard -cou rt ten n is , had  
participated in  dram as and also  appeared on  D oordarshan  a s  an  O u tstan d in g  W om an P rofessional.

On b eh a lf of AFST(I) and read ers of th is  jou rn al and also  on  m y ow n behalf, it is  m y  privilege to 
w elcom e and felicitate Dr. R ugm ini S an k aran  and a lso  the n ew  C entral E xecutive C om m ittee m em b ers  
(as specified  in  th is  is su e  of th e  journal). I w ish  all su c c e s s  to th is  ded icated  tea m  in  foster in g  further  
allround growth of AFST(I) an d  its  activ ities.
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O fficiating Editor 
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Non-thermal Methods for Preservation of Fruits and 
Vegetables : A Critical Appraisal

D.S. KHURDIYA
D ivision  o f  F ru its an d  H orticultural T echnology,

Ind ian  A gricultural R esearch  In stitu te ,
New D elh i - 110  0 1 2 , India.

F ru its  a n d  v e g e ta b le s  a re  h ig h ly  p e r ish a b le . H en c e , th e s e  m u s t  b e  sa v ed  from  s p o ila g e  a n d  d ete r io r a tiv e  c h a n g e s  
s o o n  a fter  th e  h a r v e s t . T h e  a v o id a b le  lo s s e s  c a n  b e  r e d u c e d  b y  p o s t-h a r v e s t  m a n a g e m e n t . P ro p er s to r a g e  o f  fr e sh  
p r o d u c e  a n d  p r e se r v a t io n  c a n  a d d  to  th e  v a lu e  o f  th e  p r o c e s s e d  p r o d u c ts  a n d  a ls o  m a d e  t h e s e  a v a ila b le  th r o u g h o u t  
th e  y ea r . T h is  rev iew  c r it ic a lly  a n a ly s e s  th e  n o n -th e r m a l m e th o d s  fo r  p r e se r v a tio n  o f  fr u its  a n d  v e g e ta b le s , w ith  s p e c ia l  
re feren ce  to  th e ir  a d v a n ta g e s  a n d  lim ita t io n s .
K e y w o r d s  : F ru it  a n d  v e g e ta b le  p r e se r v a tio n , N o n -th e r m a l m e th o d s , S to r a g e  o f  fr e sh  p r o d u c e . A d v a n ta g e s  a n d

lim ita t io n s .

F ruits and veg eta b les are h igh ly  p erish ab le  an d  
get easily  spoiled . The principal c a u se s  o f sp oilage  
In fruits and veg eta b les are th e  grow th  o f sp oilage  
m icroorganism s, th e actio n  o f n atu rally  occurring  
enzym es in  th e se  h orticu ltu ral p rod u ces, ch em ica l 
reactions, stru ctu ra l ch a n g es , a n d  con d itio n s o f  
storage o f th e  fru its an d  v eg eta b les (D esrosier  
1970). M oisture c o n ten t, tem p era tu re , oxygen  
c o n c e n tr a t io n , n u tr ie n t s  a v a ila b le , e x te n t  o f  
con tam in ation  w ith  sp oilage organ ism s, an d  th e  
p resen ce o f grow th in h ib itors are som e o f th e  
factors, w hich  control th e  typ e an d  exten t of 
m icrobial food sp oilage. U su a lly , th e  control o f on e  
or m ore of th ese  factors p reven ts m icrob ial spoilage. 
Fruit an d  vegetab le p reservation  in volves p revention  
of th e  above m en tion ed  u n d esirab le  ch a n g es  in  
fru its an d  veg eta b les , a n d  th e ir  p rod u cts. It 
en cou rages in ten sive  fruit an d  vegetab le  p rod u ction  
practices, w h ile  red u cin g  th e  lo s se s  d u e to  spoilage, 
and decay o f produce (D esrosier 1970). Together, 
th ese  in crease frui an d  vegetab le  availability, and  
eventually  low er their u n it c o sts . P rocessin g  ca n  
change fru its an d  v eg eta b les  in to  n ew  or m ore  
u sab le  form s, and m ak e th em  m ore con v en ien t to  
prepare.

There are tw o b a sic  p rin cip les in  preventing  
m icrobial sp oilage o f fru its an d  vegetab les. The first 
principle is  to  d estroy  th e  m icroorgan ism s in  th e  
fruits and veg eta b les, an d  p revent recon tam in ation  
by m icroorgan ism s from  ou tsid e  (C ruess 1958; 
Lopez 1969). T h is is  th e  b a s is  o f th e  can n in g  
technique, a sep tic  p ro cess in g  an d  packaging, w hile  
heat still is  th e  m o st com m on ly  u se d  treatm en t to  
destroy m icroorganism s. The seco n d  princip le is  to  
alter th e environm ent so  a s  to  prevent or retard
* Corresponding Author r

th e grow th o f u n d esirab le  o rg an ism s (D esrosier  
1970; G irdharilal et al. 1986). T he m o d e m  m eth o d s  
for p reservation  o f fru its  an d  veg eta b les, broadly  
c la ssified  b y  G irdharilal et al (1986), are p resen ted  
in  Table 1. The therm al p ro cess in g , ca n n in g  and  
asep tic  p ro cess in g  are h ow ever, ou t o f  th e  scop e

TABLE 1. CLASSIFICATION O F  M O D E R N  M E T H O D S O F  FRUIT  
A N D  V EG ETA BLE PR ESERVATIO N

P h y s ic a l  M e th o d s
a) T h erm a l p r o c e s s in g  P a s t e u r i z a t i o n ,  S t e r i l i z a t i o n ,

A se p tic  p r o c e s s in g  a n d  p a c k a g in g
b) S to r a g e  a t  lo w  R efr ig era tio n , F r e ez in g , D e h y d r o 

te m p e r a tu r e s  fr ee z in g

c) R em o va l o f  w a te r  
(e v a p o r a tio n  o r  
d eh y d ra tio n )

d) Irrad ia tion

e) O th e r  m e a n s
C h e m ic a l  M e th o d s
a) A d d itio n  o f  a cid
b) S a lt in g  o r  b r in in g

c) A d d itio n  o f  su g a r  a n d  
h e a tin

d) A d d itio n  o f  c h e m ic a l  
p r e se r v a t iv e s

F e r m e n t a t io n

S u n - d iy in g , D e h y d r a tio n , 
F re eze -d r y in g , C o n c e n tr a t io n

A p p lic a tio n  o f  U .V . o r  io n iz in g  
r a d ia tio n
C a r b o n a tio n , H ig h  p r e s s u r e , e tc

P ick led  v e g e ta b le s
V e g e ta b le /f r u it  p ic k le s , la c t ic  
a c id  fe r m e n ta t io n

F r u it p r e se r v e s , ja m s , J e llie s, 
m a r m a la d e s , c a n d ie s ,  e tc .
S o d iu m  b e n z o a te  (b e n z o ic  a cid ), 
P o t a s s iu m  m e ta b is u lp h ite  
(S u lp h u r  d io x id e)
A lc o h o lic  a n d  a c e to u s  
fe r m e n ta t io n -fr u it  w in e s , a p p le  
c id er , v in e g a r , e tc .

O th e r  M e th o d s  A  ju d ic io u s  c o m b in a t io n  o f  o n e
o r  m o re  th a n  o n e  m e th o d s  
m e n t io n e d  a b o v e  for sy n e r g is t ic  
p r e se r v a t io n

S o u r c e  : G ird h a rila l e t  a l  (1 9 8 6 )
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of th is  paper. In th is  review, a n  a ttem p t h a s  b een  
m ade to  con so lid a te  all th e  availab le literature and  
to analyze critically th e  ad v an ta ges an d  lim ita tion s  
of n on -th erm al m eth o d s for p reservation  o f fru its  
and vegetab les.
Refrigerated storage of fresh fruits and vegetables

F ruits and v eg eta b les rem ain  living en tities  
after h arvest, an d  th eir  m etab o lism  is  a  fu n ction  
of th e tem perature o f th e  en viron m en t (Sm ock and  
N eubert 1950). T h u s, low  tem p eratu res, n ear  th e  
freezing p oint o f  w ater, are effective in  red u cin g  the  
rate o f  resp iration , an d  th u s  co n stitu te  a sh ort-term  
preservation m ethod  of fruits an d  vegetab les. V arious  
pre-treatm ents, in c lu d in g  w a sh in g , u s e  o f w ax  
em u lsion s, pre-packaging, fun g icid es, and  controlled  
a s  w ell a s  m odified  atm osp h ere cou p led  w ith  
refrigeration further im prove the storage, an d  p ost  
-storage life o f  fru its  and v eg eta b les (Rao et al.
1982). The op tim u m  low  tem p eratu res for storage  
of fresh fru its an d  v eg eta b les h ave b een  specified  
by W right et al (1954), Ryall an d  L ipton (1972), 
and G irdharilal et al (1986).

F ruits, and vegetab les, w h ich  are to  b e  stored , 
sh ou ld  be free o f d ise a se s  a s  w ell a s  injury, and  
m u st b e o f proper m atu rity  for b e s t  storage life 
(D esrosier 1970). The fresh  prod u ce, after h arvest, 
is  pre-cooled, eith er b y  ap p lication  o f coo led  air 
blast, or b y  application of v a cu u m  or m ore com m only  
by hydro-cooling, to  a  specified  tem peratu re, prior 
to storage at an  appropriate refrigerated tem perature. 
Fruits are su scep tib le  to in creased  p eel injury, 
decay a s  w ell a s  lo s s  o f quality , an d  vita lity  after  
hydro-cooling. For exam p le, ap p les are pre-cooled  
in  the storage room s (Woodroof 1975a). The refrigera
ted storage ca n  in crease  th e  sh e lf  life o f fru its and  
vegetab les from  a few  d ays at am b ien t tem perature  
to about 3 5  w eek s at low  tem perature. E ach  
com m odity h a s  a sp ecified  op tim u m  refrigerated  
tem perature, ranging from  0  to 20°C  (Girdharilal 
et al. 1986). The read y-to-eat fruit s lic e s  ca n  be  
preserved for sh ort tim e b y  refrigeration. The apple, 
peach  s lices , p in eap p le ch u n k s , an d  c itru s sec t io n s  
can  be preserved  at low  tem p eratu res, an d  th e  sh e lf  
life can  b e  further im proved b y  adding ac id u lan ts, 
an tiox id ants, m icrobial in h ib itors, an d  sw eeten ers. 
The pH o f fruit is  red u ced  to 3 .5  b y  th e  addition  
of ascorbic acid  (0.05% ), w h ile  su lp h u r  dioxide  
prevents brow ning (W oodroof an d  Luh 1975).
Controlled atmosphere storage (CA)

It in volves a  sy stem  for hold in g  fresh  fruits, 
and veg eta b les in  a n  a tm osp h ere  th a t differs

su b sta n tia lly  from  norm al air in  resp ec t o f  th e  
proportion  o f n itrogen , oxygen  an d  carb o n  d ioxide  
(Lipton, 1975). T he co m p o sitio n  o f th e  a tm osp h ere  
m ay be altered  by restr icted  v en tin g  o f th e  storage  
room  or th e con ta iner, scru b b in g  th e  a tm osp h ere  
of carbon  d ioxide, oxygen  or b y  ad d in g  in d iv id u al 
g a se s  to the container, w hile red u cin g  the proportion  
o f  o th e r s  (Ryall an d  L ip ton  1 9 7 2 ). In tern a l 
atm osp h eres o f  fru its  an d  v eg eta b les  a lso  p lay  a 
vital role in  th e ir  storage u n d er  m od ified  or 
controlled  atm osphere (W illiam s an d  P atterson  1952; 
Peleg 1985). If th e  fru its are rem oved  rap idly from  
th e  orch ard s to  th e  storage room , coo led  quick ly , 
sea led , th e  oxygen  level is  red u ced  to a n  accep tab le  
level in  2 -3  d ays, an d  b u ilt up  o f  ca rb o n  dioxide  
is  lim ited, th e se  c a n  b e  p ro cessed  a s  d esired  (Dewey  
1965; J e w se n  1966). For fru its  a n d  v eg eta b les , n o  
o n e  m ix tu re  o f g a s e s  i s  su ita b le  u n d e r  all 
c ircu m sta n ces . For in sta n ce , cau liflow er is  injured  
during on e w eek 's storage at 5°C in  10% carb on  
dioxide, w h erea s broccoli rem ain s in  a n  excellen t  
con d ition  in  th a t a tm osp h ere. M any v eg eta b les  do 
w ell u n d er  a CA storage o f 2  to  3% oxygen  and  
5% carb on  dioxide (Ryall an d  L ipton 1972). D ew ey  
(1965) recom m en d ed  0°C , 3% oxygen , a n d  2.5%  
carbon dioxide, a s  CA storage con d ition  for "Delicious 
apple". CA storage d oes n o t p revent deterioration , 
b u t len g th en s the storage life from  a few  d ay s to  
a s  m u ch  a s  severa l m o n th s, d ep en d in g  u p o n  the  
item  involved (Ryall an d  L ipton 1972). Injury to  
fruit t is su e  m ay  b e  c a u se d  b y  a n  ab n orm ality  in  
m etab olism , in d u ced  b y  h igh  carb o n  d ioxide, an d  
low  oxygen  con cen tra tion s. S om e o f th e se  d isord ers  
are in  the form  o f b row ning o f th e  f le sh y  m esoca rp , 
t is su e  breakdow n, an d  th e  a ccu m u la tio n  o f certa in  
organic a c id s (Sm ock, 1966; S tew art an d  U ota, 
1971). Refrigerated storage, a short-term  preservation  
of fresh  fru its and veg eta b les, d ep en d s u p o n  u n 
in terrupted  pow er su p p ly , an d  is  m o stly  s itu a ted  
n ear th e  co n su m in g  cen tres , ra th er  th a n  th e  
grow ing areas. T h is is  b e c a u se  o f  th e  prevalent  
sy stem  of m arketing.

Low tem perature storage, an d  tran sp orta tion  
of tropical fru its u n d er  refrigerated co n d itio n s  h ave  
not ga ined  com m ercial p opularity  b e c a u se  o f ch illing  
injury or low  tem peratu re breakdow n. S u ch  fru its  
are ch aracterized  b y  poor co lou r, flavour, an d  ta s te  
du e to  im proper ripen ing after tran sfer  to  h igh  
tem perature (Rao et al. 1982). K rish n am u rth y  and  
J o sh i (1989) observed poor developm ent o f carotenoid  
in  m a n g o es, w h ich  did n o t sh o w  n orm a l ripening  
after storage at low  tem p era tu re  (7°C). Som e  
s tu d ie s  h ave a lso  b een  carried ou t on  storage of
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fresh fruits and v eg eta b les, b a sed  on  p rin cip les of 
evaporative cooling, b u t th e se  are a t in itia l sta ge  
of research  an d  d evelop m en t (Anon 1984; M ain! et 
al. 1984; Roy an d  K hurdiya 1986; H ab ib u n n isa , 
an d  N arasim ham  1988; K um ar a n d  N ath 1993). 
Therefore, it is  im p erative  to  acce lera te  th is  
technology, to  m ak e it com m ercia lly  viab le.

w Preservation by freezing
The b asic  principle o f  all rapid freezing m eth o d s  

is  the sp eed y  rem oval o f  h ea t from  fru its and  
vegetab les (C ruess, 1958; D esro sier  1970). T h ese  
m eth o d s in clu d e freezing in  cold  air b la st, d irect 
im m ersion  o f p rod u ce in  a  coo ling  m ed iu m , con tact  
w ith  refrigerated p la tes  in  a  freezing ch am b er, and  
b y freezing w ith  liquid  air, n itrogen  or carb on  
dioxide. Freezing in  still air is  th e  p oorest m ethod  
of all. By circu latin g  co ld  air, th e  freezing rate is  
greatly accelerated . Q u ick  freezing is  a  p ro cess  
w here tem perature o f th e  food p a s s e s  throu gh  th e  
zone of m ax im u m  ice  crysta l form ation  (0 to  -3 .0 °C )  
in  3 0  m in  or le s s  (D esrosier  1970), w h ich  ca n  be  
achieved  in  th e  follow ing w ays.

F r e e z in g  in  a i r  : There are tw o ty p es  o f air  
sy stem s for fruit an d  vegetab le  freezing (still air, 
and forced air). Still air freezing is  accom p lish ed  
by p lacing p ack aged  or lo ose  produce in  su itab le  
freezing room s. Still air freezing is  th e  ch ea p est and  
th e s lo w est m ethod , b y  w h ich , p rod u cts rem ain  in  
the freezing ch am b er u n til frozen. The len g th  of  
tim e required to  freeze th e  food is  d ep en d en t u p o n  
th e tem perature o f  th e  freezing ch am b er, th e  type  
of food b ein g  frozen, its  tem peratu re a s  it en ters  
the freezer, th e  type, s ize  an d  sh a p e  o f  th e  produce  
package, and th e  arran gem en t o f th e  p ack a ges in  
th e freezer (B achtel an d  K ulp, 1960). The freezing  
tim e for a g iven  p ack age o f  food c a n  b e d rastically  
reduced b y  in sta llin g  fa n s in  th e  freezing cham ber. 
Very cold  air b low n  at h igh  sp e e d s  r e su lts  in  m ore  
rapid freezing. For q u ick  freezing, cold  air b la st  in  
an  in su la ted  tu n n e l is  fu n ction a l (D esrosier 1970).

F r e e z in g  b y  in d i r e c t  c o n t a c t  w i t h  r e f r i g e r a n ts  : 
Fruits and veg eta b les m ay  b e frozen by p lacin g  
th ese  in  con tact w ith  a  m eta l su rface, w h ich  is  
cooled b y  a  refrigerant (B echtel an d  K ulp, 1960). 
The produce m ay  b e p ack ed  in  a  ca n , and  
im m ersed  in  a  refrigerant or p ack ed  in  a paper  
board box, p laced  in  co n ta c t w ith  a refrigerated  
m etal p late. The refrigerated m eta l p la tes  m ay  b e  
m oving in  th e  form  o f a  b e lt or m ay  rem ain  
stationary. The refrigerated brine m a y  b e  still or 
in  tu rb u len t m otion. A  5 cm  th ick  co n su m er  
package in  a com m ercially  con tact freezer ca n  be

frozen  in  a  h o u r  an d  a  h alf. T he sy stem  c a n  be  
b atch  type or co n tin u o u s  (D esrosier  1970). T h is  
m eth od  h a s  th e  lim ita tion  o f freezing regu lar size  
sq u are or rectan gu lar p a c k s  only.

D ir e c t  i m m e r s io n  f r e e z i n g  : It i s  a  very rapid  
m eth od  o f freezing. In th is  m eth o d , th e  prepared  
fru its an d  v eg eta b les  are d irectly  im m ersed  in  a  
liqu id  refrigerant su c h  a s  su g a r  so lu tio n , and  
so d iu m  chloride so lu tio n , resp ectively . L iquids are 
good  h ea t co n d u cto rs , a s  com p ared  to  air or g a se s . 
The produce c a n  b e  frozen  qu ick ly , an d  th e  con tact  
is  in tim ate b etw een  th e  food, an d  refrigerant. High  
h eat exchange rates ca n  b e obtained , u s in g  turbulent 
flow  tech n iq u es . Fruit a n d  vegetab le  p iece s  or 
p a ck a g es c a n  b e frozen  in  liqu id  b a th , sp ray s, and  
fog sy stem . Individual fru its  an d  v eg eta b les  c a n  be  
frozen in  a  m atter  o f m in u te s , u s in g  su itab le  
so lu tio n , an d  b rin e, an d  a t su ita b le  tem p era tu res  
(D esrosier 1970).

C r y o g e n ic  f r e e z i n g  : C ryogenic m ed ia , viz., liquid  
nitrogen , liquid  carb on  d ioxide, an d  h alogen ated  
h ydrocarbon  c a n  a lso  b e  u se d  for d irect im m ersion  
freezing. Solid  carb on  d ioxid e ca n  b e  u se d  by  
m ix in g  w ith  v e g e ta b le  p ie c e s ,  a n d  d u r in g  
tran sp ortation . T he th erm al sh o c k  d u e  to  v igorou s  
b oiling occu rs, w h e n  fruit is  d irectly  d ipped  into  
th e  liquid  n itrogen  (H oldsw orth 1983). A  cyclic  dip  
of full m an go  s lic e s  in  liqu id  n itrog en  (-196°C ), for
8 -2 3  m in  till com p lete  frozen, w a s  developed  b y  
V ila sch a n d ra n  et al (1985). T he q u ality  o f  frozen  
s lic e s  w a s  a s  good  a s  th e  fresh  s lic e s . G enerally, 
freezing is  th e  b etter  m eth o d  to  p reserve th e  ta ste , 
texture, and  nutritional v a lu e  o f fru its and vegetab les  
a s  com p ared  to  o th er  p reserv a tio n  m eth o d s. 
C on sequ en tly , ever-in creasin g  q u a n titie s  o f  food are 
b ein g  frozen  th ro u gh ou t th e  w orld . In order to  
ob ta in  h igh  quality  frozen  food s, h igh  quality  raw  
m aterials are n ecessary , and p rocessin g , distribution, 
an d  storage m u st  b e  carefu lly  con tro lled . Q uality  
c a n  n ot b e ga in ed , b u t it certa in ly  c a n  be lost 
(George 1993).

F reezing s to p s  m icro b ia l activ ity . E nzym e  
activ ity is  on ly  retarded  a t freezing tem p eratu res. 
E n zym es con tro l is  th e  e a s ie s t  b y  d estroyin g  th em  
b y  b la n ch in g  prior to  freezing, an d  storage (M undt 
et al. 1960; S p litts to e sser  et al. 1961). To obtain  
th e  b est  perform ance o f frozen  fru its an d  vegetab les, 
storage tem peratures sh ou ld  b e  m ain ta in ed  con stan t, 
an d  n ot h igh er th a n  -1 7 .8 °C . R ep eated  freezing, 
an d  thaw ing are d etrim en tal to  th e  q u ality  o f frozen  
p rod u cts. F ru its an d  v eg eta b les  are b etter  preserved  
at -2 3 .3 °C  an d  b e s t  a t -3 4 .4 °C . The produce is  
sign ifican tly  altered, if  stored  at h igher tem peratures
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(Farley 1958). D ifferent fru its h ave different storage  
lives at -1 8 °C  (Girdharilal et al. 1986). C on stan t  
tem peratu res help  to m in im ize rec iy sta lliza tion , a  
m ajor c a u se  o f q u ality  lo s s  d u rin g  th e  storage o f  
frozen  p r o d u c ts . A  m ajor  c a u s e  o f  p rod u ct  
degradation is  the am o u n t o f un frozen  w ater  
p resen t in  th e  frozen  m atrix  (George 1993). T he  
unfrozen w ater is  k n ow n  to  b e  reactive, particu larly  
during storage, rendering th e  p rod u ct su scep tib le  
to deteriorative, an d  en zym atic  reaction s, thereb y  
lim iting its  frozen sh e lf  life (Reid 1983). The m ore  
by the stab le  sta te , th e  b etter  is  th e  reten tio n  of 
quality in  th e  frozen food (D esrosier 1970).

D ehydration  (sublim ation) is  a  critica l factor to  
be con sidered , w h en  freezing u n p ack aged  food s by  
either still or b la st air m ethod . P ackaging foods, 
prior to  freezing, h a s  ob v iou s a d v an ta ges in  
controlling th is  dehydration, w h ich  irreversibly alters  
the colour, texture, flavour, an d  nutritive va lu e  of 
frozen fru its an d  vegetab les. H ow ever, it h a s  th e  
disadvantage o f in su la tin g  th e  produce. P ackaging  
protects th e frozen fru its an d  veg eta b les from  
oxidation  an d  d estru ctio n  o f m a n y  n u tr ien ts , 
including v itam in s. However, in  veg eta b les su c h  a s  
p eas, lim a b ea n s , corn s, d iced  carrots, th e  freezing  
p reced es p ack agin g (D esrosier 1970). G eorge (1993) 
h a s  critically review ed th e  freezing p rocess, w h ich  
also  in c lu d es  "Superchill System " an d  th e  cryo- 
m ech an ica l sy s te m s  u se d  in  food in d u str ies. The  
latter process offers th e advantages of both  cryogenic, 
and m ech an ica l sy s te m s , i.e ., th e  flexibility, an d  th e  
lower u n it-co st factors, respectively . T he u ltra-rapid  
freezing is  on ly p o ssib le  w ith  th e  u se  o f cryogenic  
freezers (H oldsw orth 1983). H owever, th e  econ om ic  
con sid era tion s have lim ited  th e  u se  o f cryogenic  
tech n iq u es a s  the so le  m ech a n ism  o f freezing. 
M echanical tech n iq u es  (air b la st  or con tact freezing) 
are, therefore, often  w idely  u se d  (George 1993).
Preservation by drying and dehydration

The m ain  objective o f drying is  rem oval o f free 
w ater (lowering o f w ater activ ity below  0 .7) from  
fr u its  a n d  v e g e ta b le s  to  th e  e x te n t , w h ere  
m icroorganism s do n ot survive, an d  reproduce  
(D e sr o s ie r  1 9 7 0 ;  S o m o g y i a n d  L u h  1 9 7 5 ) . 
S im u ltan eou sly , the total so lid s, viz., su ga rs, organic  
acid s, e tc ., are con cen trated , exerting osm otic  
p ressu re to  in h ib it th e  m icroorgan ism s. T h u s, 
reduction  in  w ater con ten t, an d  packaging, con tro ls  
the b iological, an d  ch em ica l forces, respectively , 
w hich  act u p o n  fru its an d  veg eta b les, facilitating  
preservation  o f th e se  p er ish ab les. (D esrosier 1970). 
F ruits and veg eta b les after se lec tio n  are g iven

an yon e or m a n y  p re-d iy in g  trea tm en ts , v iz ., sorting  
an d  grading, w a sh in g , p eeling , c u tt in g  in to  h a lves, 
w ed ges, s lic e s , cu b e s , n u g g e ts , e tc ., m a k in g  pu lp , 
ju ic e s  or co n cen tra tes , b la n ch in g , su lp h u r in g  or 
su lp h ita tio n  (Som ogyi an d  L uh 1975).

B lan ch in g  in  boilin g  w a ter  or u n d er  s te a m  will 
stop  all life p ro cesse s , a n d  d estro y  m icroorgan ism s.
It w ill a lso  in activate en zy m es th a t w o u ld  ca u se  t  
d isco lou ra tion , an d  ch a n g e s  in  flavour, an d  aroma; 
fix  green  colour, an d  rem ove certa in  h a rsh  flavour  
com m o n  in  veg eta b les (G irdharilal et al. 1986). 
B lan ch in g  tim es vary. In gen era l, 1 to  3  m in  are 
ad eq u ate  for leafy vegetab les; 2 to  8  m in  for p eas, 
b ea n s , and  corns; an d  3  to  6  m in  for p otatoes, 
carrots, and  sim ilar  v eg eta b les  (D esrosier  1970). 
S u lp h u r  dioxide is  u sed  for its  an tio x id a n t and  
preservative ch aracters. In ad d ition  to  p reven tin g  
enzym atic brow ning, su lp h u r  d iox id e treatm en t  
red u ces d estru ction  o f caro ten e , an d  a sco rb ic  acid  
(Som ogyi an d  Luh 1975). Loading p er  sq u are  feet 
of tray m ay  range le s s  th a n  a  h a lf  kg to  1.5 kg, 
an d  dried e ith er in  th e  s u n  or in  a dehydrator  
(C ruess 1958). F ru its are dried to  15 to 25% , and  
m o st veg eta b les to  4%, w h ile  m o st o f  th e ir  p ow ders  
to 2 to  3% m oistu re  co n ten t (D esrosier  1970).

S u n - d r y i n g  : In su n -d iy in g , th e  so u n d  sem i-  
ripe fru its, after p re-treatm en t, are lo ad ed  on  trays, 
transferred  to  th e  su n -d ry in g  yard , an d  allow ed  to  
dry, u n til th e  fru its are ab o u t tw o th ird s  dry. T h en  
th e trays are sta ck ed  in  th e  sh a d e  to  allow  th e  
la ter s ta g e s  o f drying, w h ich  p ro ceed s slow ly. 
A pricots, n ecta r in es, p ea ch es , p ears, an d  g ra p es  
are som e fru its th a t are su n -d r ied  (S a lu n k h e et al. 
1976). A m ong veg eta b les, cu cu m b ers, p o ta to es , 
k a ir ,  s a n g r i ,  e tc ., are a lso  su n -d r ied  in  rural areas. 
Inform ation o n  d e ta ils  o f  su n -d ry in g  o f va r io u s  
fru its is  available (Mrak a n d  P h aff 1949; C ru ess
1958). Lower cap ita l in v estm en t is  required  to  ap p ly  
th is  s im p le  m eth od . S in ce  su n -d ry in g  d ep en d s on  
un con tro llab le  factors, p rod u ction  o f un iform , an d  
high  q u ality  prod u ct is  n o t exp ected . S om e over- 
drying, con tam in a tion  b y  d u st  a s  w ell a s  dirt, an d  
in sec t in festa tio n  o f th e  f in ish ed  p rod u ct are 
u su a lly  tolerated . The m o st  ob v iou s d isad van tage  
of th is  tech n iq u e is  its  com p lete  d ep en d en ce  u p o n  
th e s u n  light. It is  a  slow  p ro cess , u n su ita b le  for 
producing h igh  q u ality  p rod u cts. G enerally , it w ill 
n ot allow  th e  fruit p rod u cts to  dry b elow  15-20%  
m oistu re  level. The resu ltin g  p rod u ct w ill have a 
lim ited  sh e lf  life (Som ogyi an d  L uh 1975).

Incorporating so m e im p rovem en t in  th e  s u n 
drying techn iqu e, a h ot b ox  p ro cess , w h ich  im proved
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the product q u ality  b y  red u cin g  con tam in a tion  b y  
d u st, in sect in festa tion , an d  an im al or h u m a n  
interference w a s  developed  in  Syria (Szulm ayer  
1971a,b). It red u ced  th e  drying tim e to  h a lf  th e  
u su a l tim e, an d  th e  fin ish ed  p rod u ct h ad  m ore  
appealing ap p earan ce an d  b etter  flavour th a n  th a t  
dried in  th e  con ven tion a l w ay. S zu lm ayer (1971a ,b ) 
h a s  also describ ed  a n  indirect so lar  drying p rocess, 
in  w hich  the p roduct is  exp o sed  to h ea ted  air rather  
th a n  to the direct su n . U se  o f h o t air red u ces  
relative h u m id ity  o f th e  air, th ereb y  lead in g  to  
drying at a reason ab le  rate. S olar drier w ith  c h t m n i  
effect h a s  a lso  b een  cla im ed  to  im prove th e  quality  
of th e  fin ish ed  p rod u cts (Pawar et al. 1988; 
K hurdiya and Roy 1986).

D e h y d r a t i o n  : It in volves ap p lication  o f artificial 
heat to  vapourize w ater, an d  th e sy stem  o f rem oving  
w ater vapour after its  sep ara tion  from  fruit and  
v eg eta b le  t i s s u e s  (S o m og y i a n d  L uh 1 9 7 5 ). 
D ehydration  o f fru its  an d  v eg eta b les  c a n  b e  
performed in  va r io u s w a y s (Table 2), a s  describ ed  
by C ru ess (1958), D esro sier  (1970), A n on  (1971), 
Van A rsdal et al (1973), an d  S a lu n k h e  et al (1976). 
Post-drying trea tm en ts in c lu d e sw eatin g , screen in g , 
in spection , ’flaking' p rocess, an d  pack agin g  (Roberts 
and F aulkner 1965). In sw ea tin g  p rocess, th e  
dehydrated fru its are h eld  in  b in s  or b o x es  for 
equalization  o f m oistu re  (Som ogyi an d  Luh 1975).

M erits a n d  d em er its  o f  su n -d iy in g , an d  
dehydration o f fru its an d  veg eta b les h ave b een  
described  in  d eta il b y  C ru ess (1958) an d  D esrosier  
(1970). Dried an d  dehydrated  fru its an d  veg eta b les  
are m ore con cen trated  th a n  th o se  ob tained  by an y  
other preserved  form. T h ey are le s s  co stly  to  
produce, involve a m in im u m  o f lab ou r requirem ent, 
p rocessin g  eq u ip m en t is  lim ited, dried product 
storage req u irem en ts are at a m in im u m , and  
distribution  c o s ts  are red u ced  (W oodroof an d  Luh  
1975; V on  L oesecke, 1955).
Preservation by ionizing radiation

T he u tiliz a t io n  o f  io n iz in g  ra d ia t io n  for  
stab ilization  o f food s offers a  m eth o d  o f cold  
sterilization, w h erein  food s are preserved  w ith ou t  
m arked ch an ge in  th eir  n atu ral ch aracter  (D esrosier  
1970). It h a s  ab ou t s ix  d istin ct area s o f ap p lication  
for radiation p rocessin g  o f food s, th e  im portant 
b e in g  th e  p rese r v a tio n  w ith o u t  re fr igera tion , 
prolonging storage life o f fresh  fru its an d  vegetab les, 
and d isinfestation o f packaged  foods. Food irradiation  
co n s is ts  o f exp osin g  th e  food to  ion izin g radiation , 
em an atin g  from radioactive iso to p es  “ Co an d  I37C s 
or from  electrical m a ch in es , gen era tin g  e lectron s or

TABLE 2 . D EH YDRATIO N PR O C E D U R E
C r o s s  f lo w  d r y in g
i) C a b in e t  d ry in g F r u its  a n d  v e g e ta b le s
li) T u n n e l d ry in g F r u its  a n d  v e g e ta b le s
iii) P n e u m a tic  d ry in g C o o k e d  p o ta to e s
iv) C o n t in u o u s  c o n v e y e r  

d ry in g
F r u its  a n d  v e g e ta b le s

T h r o u g h  f lo w  d r y in g
i) K iln  d ry in g A p p le s
ii) T ow er  d ry in g F r u it s  a n d  v e g e ta b le s
iii) B e lt  tr o u g h  d ry in g V e g e ta b le s
iv) B in  d ry in g V e g e ta b le s
v) F lu id iz ed  b e d  d ry in g V e g e ta b le s
D r u m  d r y in g F r u i t  a n d  v e g e t a b l e  p u r e e s , 

p a s te , s lu d g e
S p r a y  d r y in g  
P u f f  d r y in g

F r u it  a n d  v e g e ta b le  J u ic e s

1) E x p lo s iv e  p u f f  d ry in g F r u its  a n d  v e g e ta b le s
ii) V a c u u m  p u ff  d ry in g F r u its  a n d  v e g e ta b le  J u ic e s
F r e e z e  d r y in g F r u its  a n d  v e g e ta b le s
A c c e le r a t e d  f r e e z e  d r y in g F r u its  a n d  v e g e ta b le s
F o a m  m a t  d r y in g F ru it j u ic e s
M ic r o w a v e  d r y in g F r u its  a n d  v e g e ta b le s
D e h y d r o  f r e e z in g F r u its  a n d  v e g e ta b le s
O s m o t ic  d r y in g F r u its  a n d  v e g e ta b le s
S o u r c e s  : C r u e ss  (1 9 5 8 ); D e s r o s ie r  (1 9 7 0 ); A n o n  (1 9 7 1 ); V an  
A rsd e l e t  a l (1 9 7 3 ); S a lu n k h e  e t  a l  (1 9 7 6 ).

X -rays. T h is  exp osu re  r e su lts  in  preserv ing  effects  
d u e to th e  applied  irrad iation  d o se  (G rünewald  
1984). The lim ita tion s o f th e  ap p licab ility  o f th is  
tech n iq u e are o n  g ro u n d s o f  m icrob ia l safety , 
w h o le so m en ess , p h ysica l prop erties, an d  econom y.

A ccording to  G rünew ald  (1984), a h igh  d ose  
of above 10 kG y is  em p loyed  in  com m ercial 
sterilization , w h ich  len d s  to  a p articu lar food w ith  
sh e lf  stab ility . A  m ed iu m  d o se  is  con sid ered  to  be  
b etw een  1 and 10 kG y, an d  is  gen era lly  u sed  for 
th e  red u ction  o f m icrob ial load , an d  e lim in atio n  of 
p ath ogen ic  m icro org an ism s or for th e  exten d ed  
sh e lf  life. O f cou rse , th e se  tw o effects are obtained  
b y  on e irradiation o f th e  product. A  low  d o se  is  
con sid ered  to  be below  1 kGy. In sect d isin festa tio n , 
d elayed  se n e sc e n c e  a n d  rip en in g , an d  sp rou t 
in h ib ition  are th e  ap p lica tion s th a t fall in to  th e  low  
d ose  category. In th is  d o se  ran ge, irradiation  
req u ire s  le s s  en erg y  th a n  o th e r  tr e a tm e n ts . 
Irradiation at 2 .5  kG y red u ced  th e  lo s s e s  to  1%, 
a s  c o m p a r e d  w ith  15%  fo r  n o n - ir r a d ia te d  
straw berries, w h en  kep t at 5°C for 12 d ay s (Kiss
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1982). M ango, d ipped  in  w ater at 55°C for 5  m in , 
and irradiated w ith  th e  d ose  o f 7 .5  kG y, h ad  an  
extended  sh e lf  life o f  m ore th a n  4  w eek s at 10°C. 
T h is treatm en t a lso  controlled  th e  m an go  w eevil 
( S t e m o c h e t u s  m a g n i f e r a e ) ,  b u t  th e  flavour got 
reduced  (G rünewald 1984).

B acterial sp o res  are m ore res is ta n t to  th e  
germ icidal action  o f ion izing rad iation  th a n  are  
vegetative cells . E n zym es are m ore res is ta n t to  th e  
effects of ion izing rad iation  in  n atu ra l su b stra te s  
th an  in  pure so lu tio n s. T he rad iation  ster ilization  
can  bring ab o u t a rapid deterioration  o f food  
su b stan ces, u n le ss  enzym es are controlled. C onstant 
oxygen ten sio n , tem peratu re above freezing point, 
and upto ab ou t 20°C  h ave little effect o n  irradiation  
(D esrosier 1970). F m its  an d  veg eta b les, after h eat  
inactivation  of en zym es, and  proper pack agin g  had  
storage ife o f 2 to 5  y ea rs  at 0°C (D esrosier an d  
R osen stock  1960). F ru its and veg eta b les m u st  be  
clean ed , w ell cu red , an d  free from  d ise a se s  and  
b ru ises, before b ein g  con sid ered  for irradiation  
(Grünewald 1984). F ru its, w h ich  are sligh tly  le s s  
th an  fully rip en ed  n eed  be p rocessed , a s  th e  
radiation treatm en t w ill on ly tem porarily thw art 
norm al ripening p ro cesses  (B u m s and D esrosier  
1956).

W eight lo s s  d u e to d ehydration  ca n  n ot be  
prevented b y  irradiation, b u t on ly  b y  packaging, 
w hich  a lso  p reven ts con tam in a tion  b y  air-borne  
m icroorganism s or accid en ta l con tam in a tion  (Tripp 
and Crowley, 1957). C an s, g la s s  con ta in ers, and  
p olyeth y len e p o u c h e s , w h ich  are r e s is ta n t  to  
irradiation u p to  10 kG y, ca n  b e  u sed  for food  
packaging (G rünewald 1984). M axie et al (1971) 
have reported in feasib ility  o f  irradiating fresh  fm its  
and vegetab les b e ca u se  o f m an y  u n d esirab le  side  
effects ca u sed  b y  h igh  d o se  of irradiation required  
for certain  p u rp o ses. H owever, th e  first com m ercial 
food irradiation facility w a s  esta b lish ed  in  Florida  
(USA) in  1992 . It is  b e in g  su c c e ss fu lly  u se d  for 
treating straw berries, grape fruits, tom atoes, on ion s, 
and oran ges for su p er  m ark ets in  F lorida, and  
Illinois (Ahm ed an d  Loaharanu 1994).

C onsum er a ccep tan ce  o f irradiated food s will 
probably d ep en d  on  th ou gh tfu l con sid era tion  o f at 
least three im portant areas : sa fety  for con su m p tion , 
sen sory  q u alities an d  va lu e  in clu d in g  c o sts . Ionizing  
radiation is  a  n eed -b ased  techn ology , an d  it ca n  
not b e generalized  to  all typ es o f food s w ith  one  
dose. It req u ires h igh  cap ita l cost. Its su c c e ss fu l 
ap plication  d ep en d s u p o n  th e  proper p ack agin g and  
h andling (Tripp an d  Crowley, 1957). There is  n o  
d etection  m eth o d  to  d istin g u ish  irradiated food

from th e  unirradiated one. It is , therefore, im perative  
to have proper regulation  in  its  application, esp ecia lly  
u n d er th e  G overnm ent control, an d  in sp ectio n . The  
great ad van tage o f th is  tech n o log y  is  in  p reven tin g  
th e  food-borne p a th ogen s, provided recon tam in ation  
is  ch eck ed  b y  proper p ack agin g , a n d  control. It is  
a lso  very u se fu l a s  a  su p p lem en t, a n d  com p lem en t  
w ith  o th er  m eth o d s  o f p reserva tion  (P ersonal 
com m u n ica tion  w ith  Dr. P au l T h om a s, BARC, 
Bom bay).
Preservation with carbon dioxide

C arbon d ioxide h a s  b e e n  fo u n d  to  have  
preservative p roperties at h igh er p ressu re  th a n  
norm ally en cou n tered  in  th e  a tm osp h ere  (D esrosier  
1970). C arbon dioxide is  cu rren tly  b e in g  u se d  in  
controlling th e  m atu ration , an d  storage q u ality  of 
fresh  fru its (D esrosier 1 9 7 0 , Ryall a n d  Lipton
1972), a s  d isc u sse d  earlier. A erobic m o u ld s , and  
y e a s ts  require oxygen  for th e ir  grow th , an d  b ecom e  
inactive in  th e  p resen ce  o f h ig h  lev e ls  o f  carb on  
dioxide. T he preservative actio n  in cr e a se s  in  lin e  
w ith  th e  n u m b er o f v o lu m es o f carb o n ation  u sed  
(C ruess 1958). C arbonation  is  th e  p ro cess  of 
d isso lv in g  carb on  dioxide in  a  b everage so  th a t it 
gives off th e  g a s  in  fine b u b b les , w h e n  served , and  
h a s  th e  p u n g en t ta s te  c h a r a c te r is tic  to  th e  
carb on ated  beverage.

J u ic e s  ca n  b e carb on ated  d irectly  or th ey  c a n  
be stored  a s  su c h  or in  th e  form  o f co n cen tra tes  
for carb on ation , w h en ever  n ecessa ry . In E urope, 
apple ju ic e  is  preserved  in  b u lk  in  g la ss lin e d  ta n k s  
b y  first germ proof filtration, an d  th e n  im p regn ation  
w ith  carb on  dioxide a t ab o u t 10 0  to  1 1 0  p s i  
p ressu re  (C ru ess 1958). C arbonated  b evera ges keep  
w ell for ab ou t a w eek  w ith o u t th e  ad d ition  o f an y  
preservative. It is , how ever, n e c e ssa r y  to  add  
0.005%  so d iu m  b en zoa te  to th e  fin ish ed  p rod u ct, 
if th e  b everages are to b e  k ep t for lon ger p eriod s  
(Girdharilal et al. 1986).

In u s in g  th e  syru p , ab o u t 4 5  m l o f  syru p  is  
added  to  each  2 0 0  m l so d a  w ater b ottle . C arbonated  
w ater at 3 0  to  4 0  p s i p ressu re  is  ad d ed  to  fill th e  
bottle. The b o ttles  are sea led  w ith  crow n  c a p s  at 
on ce, p laced  in  a p asteu rizer , an d  h ea ted  to  66°C  
for 3 0  m in  (C ruess 1958). At p resen t, sy n th e tic  
carb on ated  beverages th a t h ave b een  m ark eted  in  
India h ave p ractica lly  very little  or n o  nutritive  
va lu e  (Girdharilal et al. 1986). If fru it ju ic e s  are 
carb on ated , th e  nutritive va lu e  o f th e s e  b everages  
cou ld  b e in crea sed  con sid era b ly  (K hurdiya 1990). 
T h is m eth o d  h a s  th e  lim ita tion  o f u s in g  only th e  
clear fruit ju ic e s  (U n p ub lish ed  data).
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Preservation by pressure

It h a s  b een  reported b y  C ru ess (1958) th a t  
grape ju ice  in  active ferm entation  cou ld  b e  sterilized  
by su b jectin g it to  a p ressu re  o f 7 5 ,0 0 0  p si for 
3 0  m in , and by a p ressu re  o f 3 0 ,0 0 0  p s i applied  
for a som ew h at longer tim e. A pple ju ic e  w a s  
sterilized b y  su b jectin g  it to  6 0 ,0 0 0  to  8 0 ,0 0 0  p s i  
in  3 0  m in , and actively  ferm enting su g a r  so lu tio n  
w a s sterilized b y  6 0 ,0 0 0  p s i in  3 0  m in . T he fruit 
ju ic e s  preserved by th is  m eth od  w ere com parable  
to th e fresh fruit in  flavour an d  general quality.

In th ese  exp erim ents, a  sm all co llap sib le  tin  
tu b e w a s filled w ith  fruit ju ic e  or oth er liquid, and  
th e tub e w a s  sea led . The tu b e  w a s  th en  p laced  in  
a lead cylinder, w h ich  in  turn , w a s  p laced  in  a  
heavy-w alled  stee l cylinder into w h ich  w ater or oil 
w a s forced b y  hydraulic p ressu re . The m eth od  of 
preservation b y  p ressu re  is  gen era lly  b ein g  u sed  
at laboratory level on ly  for th e  fruit ju ic e s , an d  h a s  
not b een  utilized  com m ercia lly  so  far. It m ay  h ave  
an added ad vantage th a t it will avoid the n eed  of 
high tem perature, an d  ch em ica ls , b u t its  effects on  
nutritional a sp ect h ave to  b e  stu d ied  in  detail.
Preservation by pickling

The preservation  o f fru its, an d  v eg eta b les in  
com m on sa lt or in  v in egar is  ca lled  pickling. S p ices  
and edible oil m ay  b e  added  to  th e  product. Raw  
m ango, lim e, turn ip , cab b age, cauliflow er, k a ir ,  e tc ., 
are preserved in  the form  o f p ick les, w h ich  have  
b ecom e popular in  severa l cou n tr ies . P ickling is  
done (i) b y  curing or ferm entation  w ith  dry sa ltin g  
or ferm en tatio n  in  b r in e , or sa ltin g  w ith o u t  
ferm entation; an d  (ii) b y  fin ish in g , an d  p ack in g  
(Girdharilal et al. 1986). In dry sa ltin g , for every  
100 k g prepared veg eta b les, 3  kg sa lt  is  u se d  in  
alternate layers in  th e  keg or barrel. After 3 /4 t h  
filling, the m a ss  is  covered  w ith  w ood en  board  
under som e w eigh t. B rine is  form ed in  ab out 2 4  
h. Ferm entation  is  u su a lly  com p leted  in  8 to  10 
days at 27 -32°C , b u t it m ay  tak e 2 -4  w eek s in  cold  
w eather. V egetab les su c h  a s  cu cu m b er , w h ich  do  
not con ta in  su ffic ien t ju ic e  to form  brine w ith  dry 
salt, are ferm ented  in  b rin e (Girdharilal et al. 1986).

L a c t i c  a c i d  f e r m e n t a t i o n  : The ad d ition  of sa lt  
perm its th e  n atu ra lly  p resen t lactic  acid  bacteria  
to grow, thereby rapidly prod u cin g su ffic ien t acid  
to su p p lem en t th e  actio n  o f sa lt  (D esrosier 1970). 
In th is process, the ferm entable carbohydrate reserve  
is  converted in to  acid , w h o se  level in  cu cu m b er  
ran ges from  0 .8  to 1.5%, ex p ressed  a s  lactic  acid. 
In th e  com m ercial p rod u ction  o f ferm ented  sa lted  
cu cu m b ers, th e  sa lt con cen tration  is  m ain ta in ed  at

8  to  10% during th e  first w eek , an d  thereafter  u n til 
16% sa lt con cen tra tion  is  ob ta in ed  in  so lu tion . The  
ferm entation  is  com p leted  w ith in  4  to  6  w eek s, a s  
evidenced by th e  ch an ge in  th e  t is su e  characteristics. 
The sa lt  s to ck  is  fresh en ed  tw ice  in  w arm  w ater  
(43-45°C ) for 10 to 14 h . T he fresh en ed  sa lt  s to ck  
is  p ack ed  in  co n su m er  u n its  w ith  w ea k  vinegar  
(2.5%  acidity) to prepare so u r  p ick le. P ack in g  is  
d on e in  sw eet, sp iced  v in egar  for sw eet p ick le and  
in  dill herb for dill p ick le. S p ice s  are ad d ed  to  th e  
acidified  brine (D esrosier 1970).

S au erk rau t is  a n o th er  la ctic  ac id  ferm ented  
product m ad e from  cab b age (C ru ess 1958; D esrosier  
1970; G irdharilal et al. 1986; P ed erson  an d  A lbury  
1954). The sh red d ed  cab b age is  m ix ed  w ith  sa lt  
an d  on  a n  average 1.5 to  2.0%  la ctic  acid  is  
p roduced , a s  ferm en tation  m ay  b e  com p lete  in  a 
little over a w eek . A bout o n e -h a lf  a s  m u ch  acid  
is  produced , a s  there is  su g a r  p resen t in  th e  
cab b age. In India, oil p ick les  are h igh ly  popular. 
C auliflower, lim e, m an go, tu rn ip , b am b oo , jack fru it, 
k a ir ,  k a r o n d a ,  e tc ., are u se d  to  m a k e  oil p ick les. 
Raw m ateria l (whole or cu t  in to  d esired  p ieces) is  
w a sh ed , th en  m ixed  w ith  sp ic e s  su c h  a s  ch illi 
p ow der, tu rm eric  p ow d er, c u m in , card a m om , 
c in n am on , clove, b la ck  pepper, fenu greek , n igella , 
fen n el, ginger, on ion , m u sta rd  seed , m eth i, etc. 
M ustard  or g in gelly  oil is  gen era lly  u se d  (Khurdiya 
an d  V erm a 1 9 6 9  a,b; H aw are an d  R ao 1979; 
G irdharilal et al. 1986).

P ick les are good  ap p etizers. T h ey add to  the  
p alatab ility  o f a m eal, an d  aid in  d ig estio n  by  
stim u la tin g  th e  flow  o f ga str ic  ju ic e . P ick les w ith  
la c tic  fe r m e n ta tio n , w h e n  c o n s u m e d , im p art 
in testin a l ton e  an d  red u ce  p u trefactive a g e n ts /  
p ro cesse s  in  th e  colon . T h ese  food s h ave a laxative  
effect on  m an y  h u m a n  su b jec ts . V ery little  sc ien tific  
data are, how ever, availab le regarding th eir  nutritive  
va lu e. D ifferent k in d s o f p ick les  co n ta in  varying  
a m o u n ts  o f  n u tr ien ts , d ep en d in g  u p o n  th e  raw  
m ateria ls u sed , an d  th e  m eth o d  o f preparation  
follow ed (Girdharilal et al. 1986). T he stab ilized  
pick les con ta in  other n u tr ien ts in  ad eq u ate am ou n ts, 
w h en  com pared  w ith  original p erish ab le  t is su e  
(D esrosier 1970). In som e in s ta n c e s , n u tr ien t levels  
are in creased  d u e to  th e  p resen ce  o f y ea sts . 
F resh en ed  sa lt s to c k  o f cu cu m b er s  reta in ed  100%  
ca lc iu m  and iron (Fellers 1960).

The m ain  problem  in  p ick les  i s  th e  sp oilage  
b y  eith er y e a s ts  or m o u ld s , s in c e  b o th  ca n  grow  
in  th e  p resen ce  o f acid . T h u s, a n  anaerobic  
environm ent c a n  control th e se  m icroorganism s, 
w h ich  c a n  b e  provided b y  p u ttin g  extra layer of
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oil over th e  fru its an d  veg eta b les In oil p ick le, and  
brine or v in egar layer in  p ick les p ack ed  w ith  b rin e  
or vinegar. A s acid ity  is  n o t favourable for th e  
growth of putrefactive bacteria, fruits, and  vegetab les  
are n o t generally  sp oiled  b y  them . T he p rin cip les  
of m aking th e  con d itio n s m o st unfavourable for th e  
growth and m u ltip lica tion  o f m icroorgan ism s h ave  
b een  relied u p o n  in  pickling. T h u s, th e  lactic  acid  
ferm entation  is  d ep en d en t on  p rod u ction  o f  p ick led  
fruits and veg eta b les, to  su p p r e ss  u n d esirab le  
m icro b ia l a c t iv ity , a n d  c r e a te  a  fa v o u r a b le  
environm ent for th e  desired ferm entation  (Girdharilal 
et al. 1986). H en ce, u n d er  properly controlled  
con d ition s, th e  sa lted  ferm ented  cu cu m b er , so  
called  sa lt  stock , m ay  b e  h eld  for severa l years, 
a s  the sa lt  p rotects th e  fruit p ick les aga in st  
m icrobial spoilage (Kanekar et al. 1989).
Preservation by sugar and acid

The fru its are p reserved  in  th e  form  of ja m s, 
je llie s , p reserves, m arm alad es, an d  ca n d ies  by  
relying u p o n  th e  h igh  so lid s-h ig h  acid  principle  
(D esrosier 1970). It i s  a n  im portant u tiliza tion  
avenue of fruits, w h ich , thou gh  otherw ise of excellent 
qualities, do n ot h ave a n  appeal to  th e  eye. S u ch  
fruits do n o t en ter  u su a l fresh  m arket ch a n n e ls . 
In addition  to th e  p lea sin g  ta s te  o f  su c h  preserved  
fruits, th ey  p o s s e s s  su b sta n tia l nutritive va lue. 
J a m s, je llie s , preserves, m arm alad es, an d  fruit 
b u tters are p rod u cts from  fru its w ith  ad d ed  su gar, 
after con cen tratin g  b y  evaporation  to  a  p oint, w here  
m icrobial spoilage c a n  n ot occur. M ould grow th o n  
the su rface of fruit p reserves is  controlled  b y  
exclu sion  o f oxygen , i.e ., covering w ith  paraffin. 
M odem  practice rep laces th e  paraffin  w ith  v a cu u m -  
sea led  con ta in ers, w h ich  bring th e  m oistu re  lo s se s , 
m ould growth, and oxidation u n der control (Desrosier  
1970).

J e llie s  and ja m s  are sem i-so lid  m a s s e s  m ad e  
from not le s s  th a n  4 5  p arts b y  w eigh t o f fruit j u ic e /  
pulp ingredient to  55  p arts b y  w eigh t o f  su gar. The  
su b strate  is  con cen trated  to  n o t le s s  th a n  6 5  or 
68% solub le  so lid s  in  je llie s  an d  ja m s, resp ectively  
(D esrosier 1970; G irdharilal et al. 1986). If th e  
sm all con ta in ers are c lea n ed  prior to  u se , th e  h ea t  
of the boiling je lly  is  u su a lly  su ffic ien t to  elim inate  
spoilage m icroorgan ism s (C ru ess 1958). Narrow  
lim its o f operation  for su c c e ss fu l je lly  m an u factu re , 
a s  d escribed  b y  D esro sier  (1970), in c lu d e  optim um  
con cen tration  o f p ectin  1.0%, su ga r 67.5%  and pH  
va lu e o f 3 .2 . M arm alade, a  jelly -lik e  product, is  
m ade from  c itru s  ju ic e , an d  peel, a lon g  w ith  su gar. 
It is  co n cen tra ted  to  ach ieve th e  gel stru ctu re.

A  ja m  h a s  sim ilar  d efin ition  a s  a  je lly , w ith  
th e  excep tion  th a t it in c lu d es  fru it ingredient, 
rather th a n  th e  fruit ju ice  or extract. Fruit p reserves  
[ m u r a b b a ) ,  can d ied , an d  g lazed  fru its  are prepared  
sim ilarly. T he w h o le  or prick ed  p ie c e s  are b lan ch ed , 
an d  slow ly im pregnated  w ith  sy ru p s  o f progressively  
in crea sin g  su g a r  co n cen tra tio n s, u n til th e  su gar  
con cen tration  in  th e  t is su e  is  h ig h  en o u g h  to  
p revent th e  grow th o f sp o ilage m icroorgan ism s. 
Fruit is  rem oved from  syru p , w a sh e d , dried, 
p ack aged  an d  m ark eted  a s  ca n d ied  fruit. S u ch  
can d ied  fru its are d ipped  in to  syru p  a n d  again  
dried, to ob ta in  g lazed  fruit. T h e d e ta ils  o f m eth o d s  
of th eir  preparation  are d escrib ed  b y  C ru ess  (1958), 
D esro sier  (1970), an d  G irdharilal e t  a l (1986).
Preservation by chem ical additives

There are severa l ch em ica l ad d itives, w h ich  are 
d efin ed  a s  n o n -n u tr itiv e  s u b s ta n c e s  th a t  are  
in ten tion ally  added  in  sm all q u a n titie s  to  food, to  
im prove its  ap p earan ce, flavour, tex tu re  or storage  
properties. The additives c a n  contribute su b stan tia lly  
in  th e  p reservation  o f fru its  an d  v eg eta b les . T he  
p reservatives are a lso  u se d  to  su p p lem en t th e  
e f fe c t iv e n e s s  o f  tr a d it io n a l m e th o d s  o f  food  
preservation . D esro sier  (1970) h a s  d escrib ed  th e  
leg itim a te  a n d  u n d e s ir a b le  u s e s  o f  c h e m ic a l  
additives. T h ese are su m m arized  b elo w  :

(a) The ch em ica l preservatives are ad van tageou s  
in  m ain ta in in g  th e  n u tr ition a l quality , en h a n c in g  
th e  k eep in g  quality, m ak in g  fru its  a n d  v eg eta b les  
attractive, an d  h elp in g  in  th eir  p rocessin g , (b) T he  
u se  o f a  ch em ica l p reserva tive°is  n o t in  th e  b e s t  
in terest o f th e  con su m er. It d isg u ise s  th e  fau lty  
p r o cess in g  or h a n d lin g  te c h n iq u e s , c a u s e s  a 
su b sta n tia l red u ction  o f th e  n u tritive  v a lu e , an d  
d eceiv es th e  con su m er. D esired  p reserva tion  effect 
w ith ch em ica ls ca n  b e obtained  b y  good econom ically  
feasib le , m an u factu rin g  p ractices, (c) C ertain  fruit 
an d  vegetab le p rod u cts, viz., sq u a sh e s , cord ia ls, 
s y r u p s ,  k e t c h u p ,  s a u c e s ,  n e e d  c h e m ic a l  
p reservatives, for a  fairly lon g  period after op en in g  
th e  sea l o f  th e  bottle . P asteu riza tio n  m a y  c a u se  
cook ed  flavour in  th e se  p rod u cts an d  (d) T he  
preservative u se d  sh o u ld  n o t b e  in ju r iou s to  h ea lth . 
It sh o u ld  b e  n on-irritant, an d  ea sy  to  d etect a s  w ell 
a s  estim ate.

The preservative is  an y  su b sta n c e , w h ich  is  
cap ab le o f in h ib iting , retarding or arrestin g  th e  
p ro cess  o f ferm entation , ac id ifica tio n  or other  
d ecom p osition  o f  food. It d o es  n o t in c lu d e  com m on  
sa lt, su gar , acetic  acid  or v in egar, a lcoh ol, sp ices , 
essen tia l oil, etc . S in ce  th e  p reserva tion  pow er of
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chem ical p reservatives is  governed  b y  acid ity  o f  th e  
product, th ese  are on ly  recom m en d ed  for p reserving  
acid products, w h o se  pH is  4 .5  or below  (W oodroof 
1975a). T hey sh o u ld  n ot b e  ad d ed  in  pow der or 
crystal form. The b e s t  m eth o d  is  to d isso lve  th e  
preservative in  a  sm all q u an tity  o f w ater, an d  th en  
m ix  w ith th e product. S afety  in  u s in g  a n  additive  
is  a n  all im portant con sid era tion . The am o u n t of 
an  authorized  additive u se d  in  a  fruit or vegetab le  
sh ou ld  be m in im u m , n ecessa ry  to  p roduce th e  
desired  effect (Girdharilal et al. 1986). Tw o ch em ica l 
preservatives, perm itted for u se  in  fruit an d  vegetable  
p roducts b y  Fruit P rod u cts Order (1955), are briefly  
described  below  :

S o d i u m  b e n z o a t e  : It is  a sa lt  o f  b en zo ic  acid , 
w hich  is  practically ta ste le ss , an d  odourless. Benzoic  
acid, th e effective agen t, is  sp aring ly  so lu b le  in  
w ater (Girdharilal et al. 1986). S od iu m  b en zoate  is  
170 tim es m ore so lu b le  th a n  b en zoic acid  and  
hence preferred. Sod iu m  benzoate is  added prom ptly, 
a s  the ju ice  or pulp  co m es  ou t from  th e  p ress. E ven  
a few h ou rs d elay m ay  perm it ferm entation  to  
begin. A n am o u n t o f 0.1%  so d iu m  b en zoa te  is  
u su ally  su fficient to p reserve a p rod u ct, w h ich  h a s  
b een  properly prepared, an d  ad ju sted  to pH 4 .5  
or below  (Sm ith e t al. 1962; W oodroof 1975b). It 
is  com m only u sed  in  preserving apple cider, fou n ta in  
syrup, p ick les, re lish es , oth er acid  food s and  
esp ecia lly  in  th e  p rod u cts, w h ich  con ta in  w ater  
so lu b le  p lan t p ig m en ts  su c h  a s  a n th o cy a n in  
(D esrosier 1970; G irdharilal et al. 1986). B enzoic  
acid is  m ore effective a g a in st y e a s ts  th a n  m ou ld s. 
However, a b en zo a te -res ista n t y e a st  w a s  iso lated  
from spoiled  m an go pu lp  (Ethiraj an d  S u resh
1988). It d o e s  n o t s to p  la c tic  an d  v in eg a r  
ferm entation. A  com b in ation  treatm en t w ith  m ild  
h ea tin g  or ca rb o n  d io x id e  is  co m p lem en ta ry  
(D esrosier 1970). B en zo ates in  fruit ju ic e  at a  
con cen tration  of 0.1%  m ay  b e  n oticeab le , an d  ca n  
im part a d isagreeab le p eppery or b u rn in g  taste .

S u l p h u r  d i o x i d e  : It is  availab le in  g a s , liquid, 
and solid state. G enerally, p o tassiu m  m etab isu lp h ite, 
a dry ch em ica l, i s  u sed . It is , how ever, d ecom p osed  
by w ea k  acid s like citric, tartaric, m alic  and  
carbolic acid s, to  form  p o ta ss iu m  sa lt, an d  su lp h u r  
d io x id e , w h ic h  is  lib e r a te d  from  p o ta s s iu m  
su lp h u rou s acid  w ith  w ater, w h en  added to th e  
fruit ju ice  or sq u a sh . Free su lp h u ro u s  acid  is  m ore  
effective (120  tim es) th a n  com b in ed  su lp h u ro u s  
acid. The u n d isso c ia ted  su lp h u r o u s  acid  m olecu le  
prevents th e m u ltip lica tion  o f y e a s ts , w h ile  the  
su lp h u ro u s acid  ion  in h ib its  th e  grow th o f bacteria. 
Pure su cro se  d o es  n o t com b in e w ith  su lp h u ro u s

acid  m olecu le . G lu cose , a ld eh y d es, k e to n es , p ectin  
an d  break d ow n  p rod u cts o f  p ectin , etc ., w h ich  are 
found in  fruit ju ices , h ave the properties o f com bining  
w ith  su lp h u r  dioxide w ith  th e  resu lt th a t the  
e f fe c t iv e n e s s  o f  s u lp h u r  d io x id e  i s  r ed u ced  
(Girdharilal et al. 1986).

B eing  m ore effective a g a in st m o u ld s  th a n  
y e a sts , su lp h u r  dioxide h a s  fou n d  w id e u s e  in  th e  
ferm entation  in d u str ies . S u lp h u r  d ioxide in  dried  
fru its an d  veg eta b les n o t on ly  p ro tects  certain  
n u tr ien ts, an d  con tro ls  d isco loration , b u t a lso  is  
eq u ally  effective in  con tro llin g  m icrob ial a n d  in sec t  
activ ities (Ough e t al. 1960). S u lp h u r  d ioxide is  
largely e lim inated  b y  b oilin g  or h ea tin g , w h en  the  
su lp h u red  food is  reco n stitu ted . It c a n  n o t b e u sed  
in  th e  c a se  o f so m e o f th e  n a tu ra lly  colou red  ju ic e s  
like p h a l s a ,  J a m u n ,  p om egran ate , straw berry pulp , 
e tc ., on  a c c o u n t o f i t s  b le a c h in g  a c tio n  on  
an th ocyan in . It c a n  n o t a lso  b e  u se d  in  p rod u cts, 
w h ich  are to  b e  p ack ed  in  tin  co n ta in ers, b eca u se  
it n ot on ly a c ts  on  t in  co n ta in er  ca u s in g  p in h o les, 
b u t a lso  form s hydrogen  su lp h id e , w h ich  h a s  an  
u n p lea sa n t sm ell an d  a lso  form s a  b la ck  com p ou n d  
w ith  th e  iron o f th e  b a se  p la te  o f  th e  t in  con ta in er  
(Girdharilal et al. 1986).

Q u attru cci an d  M asci (1992) h ave reported  the  
n u trition al a sp e c ts  o f  food p reservatives. S u lp h u r  
dioxide, u su a lly  c la ss ified  a s  a n  antim icrob ial 
agen t, is  a lso  u se d  in  con tro llin g  en zym atic  and  
n on -en zym atic  brow ning, p reven tin g  ox idation , and  
m odifying protein  textu re. Its  u s e  h a s  a lso  b een  
p roposed  for th e  d estru ctio n  o f  a fla tox in  (Doyle and  
M arty 1978; Y agen et al. 1989). B e c a u se  o f th ese  
versatile  properties an d  c h e a p n e ss , su lp h u r  d ioxide, 
su lp h ite  and b isu lp h ite s  are largely u se d  b y  th e  
food in d u stry , in  th e  p rod u ction  o f w in e, beer, 
dehydrated  fru its an d  v eg eta b les , fruit j a m s  a s  w ell 
a s  ju ic e s  (Q uattrucci an d  M asci 1992). F atal c a s e s  
of con gen ita l su lp h ite  o x id ase  d efic ien cy  h ave b een  
reported b y  Irreverre et al (1967). T he resu ltan t  
com p o u n d s, h yd ro xysu lp h on a te  o f  reaction  w ith  
red u cin g  su g a rs , p rod u ce g a stro in testin a l effects  
s im ila r  to  th o s e  p ro d u ced  b y  th e  s u lp h ite s  
th em se lv es  an d  do n ot ap p ear to  in d u ce  further  
n u trition al d isord ers (B u rrou gh s an d  S p ark s 1973  
a,b). In dehydrated  fru its a n d  v eg eta b les  stored  at  
room  tem peratu re, lo s s  o f th ia m in e  after 2 8  d ays  
storage ranged  from  2 6  to  38%  o f th e  to ta l con ten t  
(Q uattrucci an d  M asci 1992). In th e  p resen ce  of  
m a n g a n ese , oxygen  an d  g lycine at th e  pH o f food  
sy s te m s , su lp h u r  d ioxide c a ta ly se s  to  c a u se  a very  
rapid d estru ctio n  o f p -caroten e (Peiser and Yang 
1979). In sp ite  o f so  m a n y  od d s a g a in st ch em ica l
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ad d itives, s tee p in g  p reserva tion  o f  fru its  and  
vegetab les w ith  p erm issib le  ch em ica l preservatives, 
h a s  con siderab le  scop e for ad option  in  India  
(Siddappa 1980; M udahar an d  B h atia  1983; S eth i
1991).
Preservation by ferm entation

F erm entation  is  a  p ro cess  o f  anaerob ic, or 
partia l an a erob ic , ox id a tio n  o f  ca rb o h yd rates. 
P u trefactio n  is  th e  a n a erob ic  d eg ra d a tio n  o f  
protein aceou s m ateria ls. The m icroorgan ism s u sed  
in  ferm entation, produce en zym es, w h ich  control 
chem ical reaction s in  ferm entation . T he factors  
w hich  control th e  ferm entation  p ro cess  in c lu d e pH, 
source of energy, availability o f oxygen, tem perature, 
and sod iu m  chloride. A n in d u stria l type o f a lcoholic, 
an d  a ce tic  ferm en ta tio n  h a s  b e e n  d escr ib ed  
(D esrosier 1970) an d  briefly d isc u sse d  below  :

A lc o h o l ic  f e r m e n t a t i o n  : F resh  fruit ju ic e  is  
inoculated  b y  alcohol producing y e a s ts  o f w hich  
S a c c h a r o m y c e s  e l l i p s o i d e u s  is  th e  b est  exam ple. 
The active starter is  added to ju ic e  approxim ately  
10% by volum e. T he con version  o f su g a r  to  a lcohol 
sh ou ld  b e com p leted  in  tw o w ee k s  or le s s  at an  
o p t im u m  t e m p e r a tu r e  o f  2 4 - 2 7 ° C . W h e n  
ferm entation  is  com plete, g a s  evo lu tion  c e a se s , and  
th e ju ice  ta s te s  dry or free o f su gar. A t th is  tim e, 
th e barrels sh ou ld  b e  filled com p letely  to  prevent 
the growth of w in e flow ers o n  th e  exp osed  surface. 
The su p ern a ta n t is  s ip h on ed  ou t, an d  after aging, 
it can  be u sed  either a s  a n  alcoh olic  beverage or 
for vinegar m an u factu re.

E xcept for aeration  during in itia l s ta ge , the air 
is  not n ecessa ry  during a lcoh olic  ferm entation . The 
alcoholic ferm entation  sh o u ld  b e con d u cted  in  
con tainers in  w h ich  th e  ju ic e  is  n o t u n d u ly  exp osed  
to air, for w hich  the b u n gh ole  or m o u th  o f a large  
bottle w ith  cotton  plug, or a n  air trap, is  satisfactory. 
The con ta iner m u st  n ot b e sea led  air tight a s  it 
m ay b u rst, d u e  to  th e p ressu re  o f th e  g a s  produced . 
Room for frothing a lso  m u st  b e allow ed. W ine is  
th e product of a n  a lcoholic  ferm entation  o f ju ice  
of sou n d , ripe grapes. Dry w in es  are th o se  containing  
little u nferm entab le su gar. A ging o f w in es  im proves  
the flavour and b o u q u et, d u e to  ox id ation  and  
form ation o f esters. Aged w in es  m ay  b e  p o lish ed  
by filtration to give a clear, b right ap p earan ce prior 
to bottling.

A c e t i c  f e r m e n t a t i o n  : To produce vinegar, the  
su g a r  is  transferred  first into a lcoh ol b y  y ea st, and  
th en  a lcoh ol in to  acetic  acid  b y  vinegar bacteria. 
A cetic acid  r e su lts  from  oxid ation  o f a lcohol by  
vinegar bacteria  in  th e  p resen ce  o f oxygen. A

su itab le  starter  of A c e t o b a c t e r  a c e t t  is  ad d ed  to th e  
alcoholic  ju ic e  in  a  v in egar gen erator. The b est  
m ea n s  o f p reventing th e  grow th  o f u n d esirab le  
org an ism s is  to ad d  stron g, u n p a steu r ized  m oth er  
vinegar to the ferm ented  ju ice . V in egar bacteria  
grow in  th e  liquid, an d  o n  th e  su rfa ce  exp o sed  to  
th e air. The rate o f con v ersion  o f a lco h o l to acetic  
acid  d ep en d s o n  a ctiv ities  o f  th e  o rg a n ism s, am ou nt  
of a lcoh ol p resen t, tem peratu re, an d  su rfa ce  area  
e x p o se d  p er  u n it  v o lu m e . A t a fa v o u r a b le  
tem perature o f 27°C , th e  lim itin g  factor  m a y  b e  the  
su rface area exp osed . T he tim e required  for th e  
slow  barrel type p ro cess  is  ab o u t th ree  m o n th s  or 
m ore. In large sca le  generator, w h ere su rfa ce  area  
exp osed  to  air is  large, th e  tim e for ferm en tation  
is  sh orten ed  to  few  h ou rs. A cetic  acid  ferm en tation  
occu rs m o st rapidly, w h en  ferm en ted  ju ic e s  con ta in  
6  to 8% alcoh ol (D esrosier 1970).

In acetic  acid  ferm en tation , 10 0  p arts  of 
alcohol sh o u ld  yield  13 0  p arts  o f  acetic  acid. 
A ctually, b e ca u se  o f evaporation  lo s s e s  a n d  other  
c a u se s , le s s  th a n  120  p arts o f acetic  acid  are 
obtained . H ence, if  on e sta r ts  w ith  10 0  p arts of 
su gar, it is  p o ssib le  to  ob ta in  5 0  to  5 5  p arts  of  
acetic  acid , u n d er  very favou rab le con d itio n s. 
Therefore, to  produce a v in egar  o f lega lly  fixed  
m in im u m  acid  co n ten t o f 4 g / 10 0  m l, it i s  n e c essa ry  
to  u se  a ju ice , con ta in in g  at lea st  8% of su g a r  
(D esrosier 1970). F erm ented  p rod u cts c a n  b e m ad e  
from  cu lled  ap p les (Barwal 1991), m a n g o  p rocessin g  
w a ste  (Ethiraj and S u resh  1992), m ix ed  fruit ju ic e  
of dam aged  gu ava an d  b a n a n a  (B hatt et al. 1987). 
T h u s, it is  evid ent th a t u n m ark eta b le  fru its  c a n  
b e ga in fu lly  em ployed  for th e  p rod u ction  o f w in e, 
an d  vinegar.
Conclusion

The fru its an d  veg eta b les ca n  b e  p reserved  b y  
treatin g w ith  ch em ica ls , an d  stor in g  a t refrigerated  
tem p eratu res, in  ad d ition  to th e  frozen  form s. 
R efrigerated  sto ra g e  is  th e  o n ly  d e p e n d a b le  
alternative to  p rocessin g  for p reserva tion  o f th e  
fresh  produce. A  sh ort d u ration  p reserva tion  by  
evaporative coo ling  h a s  a  great sco p e  in  fu tu re. 
Indirect so lar  drying, an d  low  h u m id ity  w ith  
m oderate air tem peratu re d eh yd ration  h a s  great 
p rosp ects  for b etter  re ten tio n  o f original co lou r, and  
flavour o f th e  produce. T h ese p reserva tion  m eth o d s  
add va lu e  to  the f in ish ed  p rod u ct, w h ich  is  
w h o lesom e, n u tr itio u s, an d  availab le  rou n d  the  
year. A  ju d ic io u s  com b in a tion  o f  th e se  m eth o d s can  
red u ce the co st  o f p rod u ction  an d  ven d in g .
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D esro s ier  NW , R o s e n s to k  HM (1 9 6 0 )  R a d ia tio n  T e c h n o lo g y  in  
F ood , A g r ic u ltu re  a n d  B io lo g y . T h e  AVI P u b lish in g  C o Inc, 
W estp ort, C o n n e c t ic u t

D ew ey  DI (1 9 6 5 ) C o n tro lle d  A tm o sp h e r e  C lin ic . M ic h ig a n  S ta te  
U n iv ersity , L a n sin g , M ic h ig a n

D oy le  MP, M arty EH  (1 9 7 8 ) B is u lf it e s  d e g r a d e  a fla to x in  : E ffect  
o f  c itr ic  a c id  a n d  m e th a n o l a n d  p o s s ib le  m e c h a n is m  o f  
d eg ra d a tio n . J  F ood  P ro t 4 1 : 8 9 1 - 8 9 6

E thiraj S , S u r e s h  E R  (1 9 8 8 ) Pichia m em branaejaciem  : A  b e n z o a te  
r e s is ta n t  y e a s t  from  sp o ile d  m a n g o  p u lp . J  F oo d  S c i T e c h n o l  
2 5 : 6 3 -6 6

E th iraj S , S u r e s h  E R  (1 9 9 2 ) S tu d ie s  o n  th e  u til iz a t io n  o f  m a n g o  
p r o c e ss in g  w a s te s  for p r o d u c tio n  o f  v in eg a r . J  F ood  S c i  
T ec h n o l 2 9 : 4 8 -5 0

F arley  J F  (1 9 5 8 ) A  s tu d y  o f  th e  d e g r e e  o f  fr ee z in g  o f  food . M .S . 
D isse r ta t io n , P u r d u e  U n iv ers ity , L afay ette , I n d ia n a

F ellers  C R  (1 9 6 0 ) E ffec ts  o f  fe r m e n ta t io n s . In  : H arris R S, 
L o e se ck e  H V  (eds) N u tr itio n a l E v a lu a tio n  o f  F ood  P r o c e ss in g .  
J o h n  W iley  a n d  S o n s , N ew  Y ork, pp  1 6 1 -1 7 2

G eorge RM (1 9 9 3 ) F re ez in g  p r o c e s s e s  u s e d  in  th e  food  in d u str y . 
T re n d s  F ood  S c i T e c h n o l 4 : 1 3 4 - 1 3 8

G ird h arila l, S id d a p p a  G S , T a n d o n  GL (1 9 8 6 )  P re se rv a tio n  o f  
F ru its  a n d  V eg etab les. In d ia n  C o u n c il o f  A gricu ltu ra l R esea rch , 
N ew  D elh i

G r ü n ew a ld  T  (1 9 8 4 )  F o o d  p r e se r v a t io n . In  : L a n n u n z ia ta  MF, 
L egg J O  (eds) I so to p e s  a n d  R a d ia tio n  in  A g r ic u ltu ra l S c ie n c e s .  
V ol 2 . A c a d e m ic  P r e ss , L o n d o n , p p  2 7 1 - 3 0 1

H a b ib u n n is a  EA, N a r a s im h a m  P (1 9 8 8 )  E x te n s io n  o f  th e  s to r a g e  
life  o f  th e  fu n g ic id a l w a x e d  d ip  tr e a te d  a p p le s , a n d  o r a n g e s  
u n d e r  e v a p o r a tiv e  c o o lin g  s to r a g e  c o n d it io n s . J  F ood  S c i  
T e c h n o l 2 5 : 7 5 - 7 7

H a w a re  SK , R ao BY (1 9 7 9 )  K aronda (Carissa carandas)  p ic k le  
in  o il. In d ia n  F ood  P a c k e r  3 3 ( 5 ) :2 5 -2 6

H o ld sw o rth  S D  (1 9 8 3 )  T h e  P r e se r v a t io n  o f  F ru it  a n d  V eg eta b le  
F oo d  P ro d u c ts . M a cM illa n  P r e ss , L o n d o n

Irreverre F, M u d d  S J , H e ize r  W D , L a s te r  L  (1 9 6 7 )  S u lp h ite  
o x id a s e  d e f ic ie n c y . S t u d ie s  o f  a  p a t ie n t  w ith  m e n ta l  
re ta rd a tio n , d is lo c a te d  o c u la r  le n s e s  a n d  a b n o r m a l u r in a ry  
e x c r e t io n  o f  S -s u lp h o -L -c y s t in e , s u lp h ite  a n d  th io s u lp h a te .  
B io  M ed 1: 1 8 7 -2 1 6

J e w s e n  W P (1 9 6 6 ) C o n tro lled  a tm o s p h e r e  g e n e r a to r s  for fr e sh  
fr u it a n d  p r o d u c e  s to r a g e . T r a n s  A m  S o c  A gric E n g n  8 :4 4 9 -  
4 5 4

K a n e k a r  P, S a m a lk  S , J o s h i  N , P r a d h a n  L, G o d b o le  SH  (1 9 8 9 )  
R ole  o f  s a lt , o il a n d  n a t iv e  a c id ity  in  th e  p r e se r v a t io n  o f  
m a n g o  p ic k le  a g a in s t  m ic r o b ia l sp o ila g e . J  F o o d  S c i  T e c h n o l  
2 6 :1 -3

K h u nd iya  D S  (1 9 9 0 )  A  s tu d y  o n  fr u it  ju ic e  b a s e d  c a r b o n a te d  
d r in k . In d ia n  F oo d  P a c k e r  4 4  (6) : 4 5 - 5 0

K h u rd iy a  D S , R oy  S K  (1 9 8 6 )  S o la r  d r y in g  o f  fr u its  a n d  
v e g e ta b le s . In d ia n  F o o d  P a c k er  4 0 (4 ) : 2 8 - 3 9

K h u rd iy a  D S , V er m a  S S  (1 9 6 9 a )  A cc e p ta b ility  o f  ka ir  p ic k le s  
m a d e  in  v a r io u s  s ty le s . I. E ffec t o f  m a tu r ity  o f  fr u it  a n d  
c r u s h in g  o f  fr u it  o n  th e  o r g a n o le p t ic  q u a lity  o f  ka ir  p ick le . 
In d ia n  F ood  P a c k e r  2 3 (3 ): 1 -3

K h u rd iy a  D S , V er m a  S S  (1 9 6 9 b ) A cc e p ta b ility  o f  ka ir  p ic k le s  
m a d e  in  v a r io u s  s ty le s .  II. E ffect o f  le v e l o f  s p ic in g  o n  th e  
o r g a n o le p tic  q u a lity  o f  ka ir  p ic k le . In d ia n  F o o d  P a c k e r  2 3
(5): 1-2

K iss  I (1 9 8 2 ) F oo d  Irra d ia tio n . N e w s  L etter  6 (2 ) :1 3 -1 6
K r ish n a m u r th y  S , J o s h i  S S  (1 9 8 9 ) S tu d ie s  o n  lo w  te m p e r a tu r e  

s to r a g e  o f  A lphonso  m a n g o . J  F o o d  S c i  T e c h n o l 2 6 : 1 7 7 - 1 7 8
K u m ar S , N a th  V  (1 9 9 3 ) S to r a g e  s ta b ility  o f  A onla  fr u its -A  

co m p a r a tiv e  s tu d y  o f  z e r o -e n e r g y  c o o l c h a m b e r  v e r s u s  ro o m  
te m p e r a tu r e . J  F oo d  S c i  T e c h n o l 3 0 : 2 0 2 - 3 0 3

L ip ton  W J (1 9 7 5 ) C o n tro lle d  a tm o s p h e r e s  for fr e sh  v e g e ta b le s  
a n d  fr u its -  W h y a n d  W h en . In  : H a ard  N F, S a lu n k h e  DK  
(eds) P r o c e e d in g s  o f  s y m p o s iu m  o n  P o s t-h a r v e s t  B io lo g y  a n d  
H a n d lin g  o f  F ru its  a n d  V e g e ta b le s . T h e  AVI P u b lish in g  C o  
In c , W estp o rt, C o n n e c t ic u t , p p  1 3 0 -1 4 3

L opez A (1 9 6 9 )  A  C o m p le te  C o u r se  in  C a n n in g , 9 t h  e d n . T h e  
C a n n in g  T ra d e, B a ltim o re , M a ry la n d

M ain i S B , A n a n d  J C , R a je sh  K, C h a n d a n  S S , V a s is h th a  SC  
(1 9 8 4 )  E v a p o r a tiv e  c o o lin g  s y s te m  for s to r a g e  o f  p o ta to e s .  
In d ia n  J  A gric S c i 5 4 : 1 9 3 - 1 9 5

M a xie  E C , S o m m e r  N F, M itch e ll FG  (1 9 7 1 )  In fe a s ib ility  o f  
ir ra d ia tin g  fr e sh  fr u its  a n d  v e g e ta b le s . H o rt S c i  6 : 2 0 2 - 2 0 4

M rak EM , P h a ff H J  (1 9 4 9 )  S u n -d r y in g  o f  F r u its , C ir c u la r  N o. 
3 1 2 .  C a lifo rn ia  A g r ic u ltu ra l E x p e r im e n ts  S ta t io n , B erk eley , 
C a lif

M u d a h a r  G S , B h a t ia  B S  (1 9 8 3 )  S te e p in g  p r e se r v a t io n  o f  fru its . 
J  F oo d  S c i T e c h n o l 2 0 : 7 7 -7 9
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M u n d t G J, O rv in  J ,  M cC arty  IE (1 9 6 0 )  F a c to r s  a ffe c t in g  th e  

b la n c h in g  o f  g r e e n  b e a n s . F ood  T e c h n o l 1 4 :3 0 9 -3 1 1  
O u g h  C S , R o e ss le r  E B , A m er in e  MA (1 9 6 0 )  E ffe c ts  o f  s u lp h u r  

d io x id e , te m p era tu r e , t im e , a n d  c lo s u r e s  o n  th e  q u a lity  o f  
b o ttle d  d ry  w h ite  ta b le  w in e s .  F oo d  T e c h n o l 1 4 :3 5 2 -3 5 6

P aw ar VN, S in g h  NI, D e v  DK, K u lk a m i D N . In g le  UM  (1 9 8 8 )  
S o la r  d ry in g  o f  w h ite  o n io n  f la k e s . In d ia n  F oo d  P a c k er  
42(1): 1 5 -2 8

P ed er so n  C S , A lb u ry  MN (1 9 5 4 ) T h e  In f lu e n c e  o f  s a l t  a n d  
te m p era tu r e  o n  th e  m ic ro flo r a  o f  s a u e r k r a u t  fe r m e n ta tio n . 
F ood  T e c h n o l 8 :1 -5

P eiser  C D , Y a n g  S F  (1 9 7 9 ) S u lp h ite -m e d ia te d  d e s tr u c t io n  o f  
b e ta -c a r o te n e . J  A gric F oo d  C h e m  2 7 : 4 4 6 - 4 4 9  

P eleg  K (1 9 8 5 ) P ro d u c e  H a n d lin g , P a c k a g in g  a n d  D is tr ib u t io n .
T h e  AVI P u b lish in g  C o In c , W e stp o rt, C o n n e c t ic u t  

Q u a ttr u c c i E , M a sc i V  (1 9 9 2 )  N u tr itio n a l a s p e c t  o f  food  
p re se rv a tiv es . F oo d  A dd C o n t 9 : 5 1 5 - 5 2 5  

R ao MRR, B h a tta c h a r y a  KR, S h a n k a r  J V  (1 9 8 2 )  R  & D  a t  th e  
CFTRI. C en tra l F oo d  T e c h n o lo g ic a l R e s e a r c h  In s titu te , M ysore  

R eid D S  (1 9 8 3 ) F u n d a m e n ta l p h y s ic o -c h e m ic a l a s p e c ts  o f  
freezin g . F oo d  T e c h n o l 3 7 (4 ) : 1 1 0 -1 1 5  

R ob erts  RL, F a u lk n e r  R E  (1 9 6 5 ) F la k e d  c o m e s t ib le s  a n d  p r o c e ss  
for p rep a r in g  s a m e . U S  P a te n t 3  1 7 4  8 6 9

R oy SK , K h u rd iy a  D S  (1 9 8 6 ) S tu d ie s  o n  e v a p o r a tiv e  c o o le d  zero -  
en e rg y  in p u t  co o l c h a m b e r s  for th e  s to r a g e  o f  h o r tic u ltu r a l  
p ro d u c e . In d ia n  F ood  P a c k e r  4 0 (6 ) : 2 6 -3 1  

R yall Al, L ip ton - W J (1 9 7 2 ) H a n d lin g , T r a n sp o r ta tio n , a n d  
S to ra g e  o f  F ru its , a n d  V e g e ta b le s , V ol 1. T h e  AVI P u b lish in g  
C o Inc, W estp o rt, C o n n e c t ic u t

S a lu n k h e  D K  (ed) (1 9 7 6 ) S to r a g e , P r o c e s s in g  a n d  N u tr itio n a l 
Q u a lity  o f  F ru its  a n d  V e g e ta b le s . CRC P r e ss  Inc, O h io  

S a lu n k h e  D K , D o JY , B o lin  H R  (1 9 7 6 ) D e v e lo p m e n ts  in  
te ch n o lo g y  a n d  n u tr itiv e  v a lu e  o f  d eh y d r a ted  fru its , v e g e ta b le s  
a n d  th e ir  p r o d u c ts . In  : S a lu n k h e  D K  (ed) S to r a g e , P r o c e ss in g  
a n d  N u tr itio n a l Q u a lity  o f  F ru its  a n d  V e g e ta b le s . CRC P r e ss  
Inc, O h io , p p  3 9 - 7 8

S e th i V  (1 9 9 1 ) P re se rv a tio n  o f  ra w  m a n g o  s l ic e s  (var. 'N eelum ') 
for u s e  in  p ic k le  a n d  c h u tn e y . J  F oo d  S c i T e c h n o l 2 8 :5 4 -  
5 6

S id d a p p a  G S  (1 9 8 0 ) P r o c e ss in g , p r e se r v a t io n  a n d  tr a n sp o r t o f  
fru its  a n d  v e g e ta b le s . J  F oo d  S c i T e c h n o l 1 7 :3 3 -3 7

S m ith  E S , B o w e n  J F , M acG regor D R  (1 9 6 2 ) Y e a s t  g ro w th  a s  
a ffected  b y  s o d iu m  b e n z o a te , p o t a s s iu m  s o r b a te  a n d  v ita m in  
K -5. F ood  T e c h n o l 1 6 :9 3 -9 5

S m o c k  RM, N eu b er t AM (1 9 5 0 )  A p p le s  a n d  A p p le  P ro d u c ts . 
In te r sc ie n c e  P u b lish e r s , N ew  Y ork

S m o c k  RM (1 9 6 6 ) R e c e n t a d v a n c e s  in  co n tr o lle d  a tm o sp h e r e  
s to r a g e  o f  fr u its . H ort S c i 1 :1 3 -1 5

S o m o g y i LP, L u h  B S  (1 9 7 5 )  D e h y d r a tio n  o f  fr u its . In  : W o o d ro o f  
J G , L u h  B S  (eds) C o m m e r c ia l F r u it  P r o c e s s in g . T h e  AVI 
P u b lish in g  C o In c , W e stp o rt, C o n n e c t i c u t  p p  3 7 4 - 4 2 9

S p lit t s t o e s s e r  D F , W e tte rg re en  W P, P e d e r so n  C S  (1 9 6 1 )  C on tro l 
o f  m ic r o o r g a n ism s  d u r in g  p r e p a r a tio n  o f  v e g e ta b le s  for 
freezin g . F oo d  T e c h n o l 1 5 : 3 3 2 - 3 3 4

S te w a r t  JK , U o ta  M (1 9 7 1 )  C a r b o n  In ju ry  a n d  m a r k e t  q u a lity  
o f  le t tu c e  h e ld  in  c o n tr o lle d  a tm o sp h e r e . J  A m  S o c  H ort S e i  
9 6 : 2 7 -3 0

S z u lm a y e r  W  (1 9 7 1 a )  F ro m  s u n -d r y in g  to  s o la r  d e h y d r a t io n . I. 
M e th o d s  a n d  e q u ip m e n t . F oo d  T e c h n o l A u s t  2 3 (9 )  : 4 4 0 -  
4 4 1 ,  4 4 3

S z u lm a y e r  W  (1 9 7 1 b ) F ro m  s u n -d r y in g  to  s o la r  d e h y d r a t io n . II 
S o la r  d ry in g  in  A u str a lia . F o o d  T e c h n o l A u s t  2 3 (1 0 ):  4 9 4 -
4 9 5

T ripp  G E , C ro w ley  J P  (1 9 5 7 ) E ffec t o f  r a d ia t io n  e n e r g y  o n  flex ib le  
c o n ta in e r s . A ctiv itie s  R ep o rt 9 , N o. 2 , 1 1 2 -1 2 2 , Q u a r te r  
M a ster  F oo d  a n d  C o n ta in e r  I n s t itu te , C h ic a g o , I llin o is

V a n  A rsd e l W B . C op ley  M J, M o rg an  A l (1 9 7 3 )  F o o d  D e h y d r a tio n , 
2 n d  e d n . T h e  AVI P u b lish in g  C o  In c , W e stp o rt , C o n n e c t ic u t

V ila sc h a n d r a n  T , R oy SK , J a in  A P (1 9 8 5 )  C r y o g e n ic  fr e e z in g  o f  
m a n g o  s l ic e s . In  : P r o c e e d in g s  o f  N a t io n a l S y m p o s iu m  o n  
Q u ic k  F ro zen  F o o d s-P r e se n t S ta tu s  a n d  P r o sp e c ts . A sso c ia t io n  
o f  F oo d  S c ie n t is t s  a n d  T e c h n o lo g is t s  (India), D e lh i C h a p te r , 
D elh i, p p  9 7 - 9 9

V o n  L o e se c k e  H W  (1 9 5 5 ) D ry in g  a n d  D e h y d r a tio n  o f  F o o d s . 
R ein h o ld  P u b lish in g  C o r p o r a tio n , N ew  Y ork

W illia m s MW, P a tte r so n  M E (1 9 6 2 )  In te r n a l a tm o s p h e r e  o f  
B a r tle tt  p e a r s  s to r a g e  in  c o n tr o l a tm o sp h e r e . P roc A m  S o c  
H o rtic  S c i  8 1 : 1 2 9 - 1 3 6

W o o d r o o f J G  (1 9 7 5 a ) F o o d  h a r v e s t in g , h a n d lin g  a n d  s to r in g . 
W o o d r o o f J G , L u h  B S  (eds) C o m m e r c ia l F ru it P r o c e ss in g . 
T h e  AVI P u b lish in g  C o In c , W e stp o r t , C o n n e c t ic u t , p p  3 2 -  
7 7

W o o d r o o f J G  (1 9 7 5 b ) O th e r  m e th o d s  o f  fr u it  p r o c e s s in g . In  : 
W o o d ro o f J G , L u h  B S  (eds) C o m m e r c ia l F r u it  P r o c e s s in g . 
T h e  AVI P u b lish in g  C o Inc, W e stp o r t , C o n n e c t ic u t , p p  4 4 7 -
4 9 6

W righ t RC, R o se  D H , W h ite m a n  TM (1 9 5 4 )  T h e  C o m m e r c ia l  
S to r a g e  o f  F r u its , V e g e ta b le s , a n d  F lo r is t  a n d  N u rsery  
S to c k s . A g r ic u ltu r e  H a n d b o o k  6 6 ,  U S  D e p a r tm e n t  o f  
A g r ic u ltu re , B e ltsv ille , M D

Y a g e n  B , H u tc h in s  LE, C ox  RH , H a g ler  J r  W M , H a m ilto n  PB  
(1 9 8 9 ) A fla to x in  B IS  : R ev ised  s tr u c tu r e  for th e  s o d iu m  
s u lp h o n a te  fo rm ed  b y  d e s tr u c t io n  o f  a ila to x in  Bj w ith  s o d iu m  
b is u lp h ite . J  F ood  P rot 5 2 : 5 7 4 - 5 7 7

R eceived  2 6  F e b r u a r y  1 9 9 4 ;  r e v i s e d  3  O c to b e r  1 9 9 4 ;  a c c e p t e d  5  O c t o b e r  1 9 9 4
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Effect of Treatments on Phytate Phosphorus, Iron 
Bioavailability, Tannins and in vitro Protein 

Digestibility of Grain Sorghum
POONAM AGRAWAL* AND UNNATI CHITNIS

F ood s an d  N utrition, D ep artm en t o f H om e S c ien ce ,
C .S. Azad U niversity o f A gricu lture and T echnology,

K an p u r-208 0 0 2 , India.
E ffect o f  d iffer en t tr e a tm e n ts  o n  th e  p h y ta te  p h o s p h o r u s , Iron b io a v a ila b ility , ta n n in s  a n d  in vitro  p r o te in  d ig e s t ib il ity  

w a s  a s s e s s e d .  It w a s  fo u n d  th a t  s o a k in g  in  w a te r  (1 6  h) a n d  g e r m in a t io n  (7 2  h) o f  p r e -s o a k e d  g r a in s  w e r e  e ffe c tiv e  
in  in c r e a s in g  th e  ir o n  b io a v a ila b ility  u p to  126% . A  n e g a t iv e  co r r e la t io n  (r =  - 0 .4 2 ,  p  < 0 .0 1 )  e x is te d  b e tw e e n  p h y ta te  
p h o s p h o r u s  c o n te n t , a n d  th e  ir o n  b io a v a ila b ility  w ith  r e s p e c t  to  th e s e  tw o  tr e a tm e n ts . In  fo u r  o f  th e  e ig h t  v a r ie t ie s  
te s ted , ta n n in s  w e r e  n o t  d e te c te d . A  s ig n if ic a n t  p o s it iv e  c o r re la t io n  (r = 0 .9 9 ,  p < 0 .0 1 )  w a s  o b se r v e d  b e tw e e n  ta n n in s  
a n d  cr u d e  p r o te in  c o n te n t s .  A  s u b s ta n t ia l  d e c r e a s e  w a s  o b se r v e d  in  th e  ta n n in  c o n te n t  o f  th e  tr e a te d  s o r g h u m  g r a in s ,  
w ith  a  c o r r e sp o n d in g  in c r e a s e  in  th e  in vitro p ro te in  d ig e s tib ility , e x c e p t in g  b o r ic  a c id  tr e a tm e n t . A  s ig n if ic a n t  n e g a t iv e  
co r re la tio n  e x is te d  b e tw e e n  ta n n in  a n d  in vitro p ro te in  d ig e s tib ility . S te e p in g  th e  g r a in s  in  0 .2  N h y d r o c h lo r ic  a c id ,
0 .0 5  N s o d iu m  b ic a r b o n a te  o r  g e r m in a t io n  in c r e a s e d  th e  in vitro p ro te in  d ig e s tib il ity  c o m p a r a b le  to  v a r ie t ie s , c o n ta in in g  
n o  ta n n in s .
K e y w o r d s  : Iron  b io a v a ila b ility , P h y ta te  p h o s p h o r u s . S o r g h u m , N u tr itio n a l im p r o v e m e n t, In  vitro pro tein  d ig e s t ib il ity .  

G er m in a tio n .

Sorghum  (S o r g h u m  b ic o lo r  L M oench), popularly  
referred a s  J o w a r  In som e p arts o f India, is  cu ltivated  
in  all s ix  co n tin en ts  (Wall an d  R o ss  1970). It is  
a drought res ista n t crop  an d  therefore, ca n  give 
dependable, an d  sta b le  y ie ld  in  b oth  k h a r i f  an d  r a b i  
sea so n s. India a c co u n ts  for ab o u t 16% of th e  world  
sorghum  p rod u ction  (S a lu n k h e et al. 1984).

The nutritive va lu e  o f  sorgh u m  grain  is  reported  
to b e lower th a n  th a t o f m aize an d  barley  (Wall 
and R oss 1970). T he p resen ce  o f an tin u trition al 
factors, su ch  a s  p h y ta tes  an d  ta n n in s , affects its  
nutritional quality  (Prasad Rao an d  H ou se 1972 , 
S alun k h e et al. 19 8 4 , C h avan  et al. 1980). P hytate  
is  p resen t in  sorg h u m  in  appreciab le a m o u n ts  
m ainly in  seed  coa t, an d  germ  o f se e d s  a s  phytic  
acid (Kadam and C h avan  1984). It is  reported to  
form com p lexes w ith  m u ltiva len t ca tio n s  in clu d in g  
iron, thereby d ecreasin g  th e ir  b ioavailab ility  (O'Dell
1969). Further, it is  reported to  in teract w ith  
proteins, thereby form ing in so lu b le  com p lexes, m an y  
of w hich  are u n ava ilab le  to  th e  h u m a n  sy stem  
under norm al p h ysio log ica l con d itio n s (Pawar et al.
1986). N utritional quality  o f th e  gra in s is  expected  
to im prove, once th e  an tin u trition al factors are 
red u ced  or  e lim in a te d . H e n c e , th e  p r e s e n t  
investigation  w a s  u n d ertak en  to  stu d y  th e  effect of 
various treatm en ts on  ph ytate p h osp h oru s, tan n in s, 
iron bioavailability an d  i n  v i t r o  protein  d igestib ility  
of grain  sorghum .
* Corresponding Author

Materials and Methods
G rain sa m p les  o f  s ix  va r ie ties  o f  sorg h u m  ('SU 

52', ’SU  45', ’SPV 34 6 ', ’SPV 96 ', 'CSH 9' 'CSH 6') 
o b ta in ed  from  G e n e tic s  a n d  P la n t  B reed in g  
D ep artm en t, R a ja sth an  C ollege o f A gricu lture, 
U daipur, w ere se lec ted  to  s tu d y  th e  effect of  
tr e a tm e n ts  on  p h y ta te  p h o sp h o r u s  an d  iron  
bioavailability . F our o f th e se  va r ie ties  w ere found  
to  h ave no ta n n in s . H en ce, for s tu d ie s  on  ta n n in s  
an d  i n  v i t r o  protein  d igestib ility , tw o m ore varieties  
'6449' (an im proved cu ltivar from  USA) an d  'Kakri 
lo ca l’ (a loca l variety), ob ta in ed  from  th e  sam e  
sou rce , w ere a lso  a s se s se d .

After in itia l screen in g  ex p erim en ts, a) soak in g  
th e se e d s  in  d istilled  w ater, 2 :5  (w /v) ratio  at room  
tem perature for 16 h  (T,), b) germ in ation  for 72  
h  o f p re-soak ed  gra in s (T2), c) so a k in g  in  0 .0 5  N 
so d iu m  b icarbon ate for 4 8  h  (T3), d) so a k in g  in  0 .2  
N hydrochloric acid  for 4 8  h  (T4), an d  e) soa k in g  
in  2% boric acid  for 4 8  h , follow ed b y  re-soak in g  
in  w ater for 16 h  (Ts) w ere carried  o u t for s tu d ie s  
on  p h ytate p h o sp h o ru s an d  iron  b ioavailab ility  
effects. For s tu d ie s  o n  ta n n in s  an d  i n  v i t r o  protein  
d igestib ility  effects, th e  T3, T4 an d  Ts w ere retained , 
b ased  on  prelim inary screen ing. In addition, steep ing  
in  0 .0 0 5  N so d iu m  hydroxide for 4 8  h  (T6) an d  in  
2% boric acid  for 4 8  h  (T7) w a s  a lso  in clud ed . 
T reatm en ts Tj an d  T2 w ere in c lu d ed  for th e ir  effects  
on  i n  v i t r o  p rotein  d igestib ility . After a stip u lated  
tim e, th e  gra in s w ere w a sh ed  to  m ak e th em  free
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of th e  ch em ica ls , oven-dried  a t 105°C (AOAC 1965), 
and pow dered u s in g  a W illey type grinding m ill.

Phytate p h o sp h o ru s con ten t w a s  estim ated , 
u sin g  th e  m eth od  o f P each  an d  Tracy (1955), 
ionizable iron b y  a -a  dipyridyl m eth od  (AOAC 1965), 
iron bioavailab ility  b y  th e  procedure, su g g ested  by  
N arasinga Rao an d  Prabhavath i (1978), ta n n in  
con ten t by van illin  hydrochloric acid  m eth od  (B u m s  
1 9 7 1 ) , n it r o g e n  c o n t e n t  b y  t h e  s ta n d a r d  
m icroK jeldahl procedure (AOAC 1965) an d  in v i t r o  
protein d igestib ility  b y  th e  m eth od  g iven  b y  S in gh  
and J a m b u n a th a n  (1981). The data  w ere su b jected  
to a n a ly sis  o f variance. C orrelation coeffic ien ts  
b etw een  variou s related  param eters w ere a lso  
calcu lated  (Downie an d  H eath  1970).
Results and Discussion

The ph ytate p h o sp h o ru s co n ten ts , exp ressed  
a s  m g per 100 g , ranged  from  8 1 .2  (’C SH -6j to
128 .8  ('SPV-96') for u n trea ted  sa m p les  (Table 1). 
Earlier, W ang et al (1959) reported a range o f 160-  
4 3 0 , a s  aga in st th e  va lu e  o f 1 7 2 -4 0 7  m g /1 0 0  g  
(diy wt) o f w h o le  grain  sorg h u m  (D oherty et al.
1982), w hile G opalan  et al (1991) d ocu m en ted  a  
valu e o f 172. The figu res in  th e  p resen t stu d y , w h en  
calcu lated  on  dry w eight b a s is , are som ew h at low er  
th an  th o se  c ited  above, an d  c a n  b e  attr ib uted  to 
varietal d ifferences. C ultivar d ep en d en t varia tion s  
in  th e  phytate p h o sp h o ru s lev els  are a lso  evident 
from th e  literature (D oherty et al. 1982; W ang et 
al. 1959), an d  are a lso  sign ifican t (p < 0 .0 1 ) in  th is  
study.

T h e  t r e a t m e n t s  d e c r e a s e d  t h e  p h y ta te  
p h o sp h o ru s co n ten ts  o f all so rg h u m  cu ltivars  
(Table 1). V ariety 'CSH 6' w a s  m o st  resp on siv e  to 
the trea tm en ts. R egard less o f var ie ties , treating  
w ith  h ydrochloric acid  (T4) w a s  m o st  effective in  
low ering th e  p h ytate  p h o sp h o ru s  co n ten t, p ossib ly  
b eca u se  p h ytate  g e ts  d isso lved  in  a q u e o u s  so lu tio n s  
at low er pH v a lu es  (Pawar an d  Parlikar 19 90 ), and  
is  th u s  elim in ated . G erm ination  o f p re-soak ed  
gra in s (T2) a lso  sh ow ed  th e  effects, w h ich  are 
sta tistica lly  com parable to  th o se  o f  T4. T h e p h ytase  
activity is  k n ow n  to  a lso  in crea se  in  g ra in s  during  
soak in g  an d  germ in ation  (Pawar an d  Parlikar 1990). 
In v iew  o f th e  ad d ed  n u tr itio n a l a d v a n ta g es  
a sso c ia ted  w ith  germ in ation , T2 m a y  b e  preferred  
over T4 in  w h ich  hydrochloric acid  is  to b e u sed .

S oakin g  in  w ater w a s  reported  to  b e  effective  
in  d ecreasin g  th e  p h ytate  p h o sp h o ru s  co n ten t a lso  
in  pearl m illet (Pawar an d  Parlikar 1990). H ow ever, 
the d ecrease reported w a s  m u ch  low er (14.8% ,
15 h  soak in g , 28°C) th a n  th a t ob served  in  our s tu  
dy for sorg h u m  (about 57% , 16 h  soa k in g , 37°C). 
A  part o f th is  variation  m ay  b e d u e to  d ifferen ces  
in  soak in g  tem p eratu res, w h ile  so m e  va r ia tio n s are 
also  exp ected  d u e  to d ifferen ces in  th e  seed  
stru ctu re of th e  crops. A  com b in ed  effect of 
d eh ullin g  an d  soa k in g  in  0 .2  N h yd rochloric acid  
h a s  b een  reported to  be m u ch  m ore effective in  
pearl m illet th a n  soa k in g  a lon e (Pawar an d  Parlikar  
1990), w hile in  sorgh um , d eh u llin g  a lon e is  reported  
to  rem ove 40-50%  of p h ytate  p h o sp h o ru s  (D oherty

TABLE 1. PHYTATE P H O SP H O R U S C O N TE N T  ( m g /1 0 0  g) A N D  PHYTATE ( g /1 0 0  g) O F  DIFFERENTIALLY T R E A T E D  SO R G H U M  
VARIETIES*

T r e a tm e n ts
V ariety

C on tro l T , T a TA3 t 4 T s

V ariety**
m e a n

'SU 4 5 ' 1 1 2 . 0

3 .5 2
4 7 .6  (5 7 .5 0 )  

0 .9 5
2 2 .4  (8 0 .0 0 )  

0 .8 5
5 0 .4  (4 9 .4 0 )  

1 .4 2
9 .8  (9 1 .4 2 )  

0 .2 2
2 8 .0  (7 5 .0 0 )  

0 . 6 8
4 5 .0 0 ”

’SU  52' 1 0 6 .4
3 .4 0

3 6 .4  (6 5 .7 9 )  
0 .9 0

1 6 .8  (8 4 .2 1 )  
0 .7 0

4 2 .0  (6 0 .5 3 )  
1 .5 0

5 .6  (9 4 .7 4 )  
0 .2 0

2 4 .0  (7 7 .4 4 )  
0 . 8 0

3 8 .5 3 ”

'SPV 9 6 ’ 1 2 8 .8
3 .8 8

5 8 .8  (5 4 .3 5 )  
1 .3 6

4 2 .0  (6 7 .3 9 )  
1 .0 0

6 4 .4  (4 9 .8 4 )  
1 .6 3

2 8 .0  (7 8 .2 6 )  
0 .5 0

5 4 .6  (5 7 .6 1 )  
1 .0 4

6 2 .7 7 *

'SPV 3 4 6 ' 1 2 6 .0
3 .6 0

5 6 .0  (5 5 .5 6 )  
1 .1 0

3 5 .0  (7 2 .2 0 )  
0 .8 0

6 1 .6  (5 1 .1 0 )  
1 .3 6

2 1 .0  (8 3 .3 4 )  
0 .4 5

4 2 .0  (6 6 .6 7 )  
0 . 6 8

5 6 .9 4 *

’C SH  6 ’ 8 1 .2
2 .1 0

3 6 .4  (5 5 .1 7 )  
0 .8 0

1 5 .4  (8 1 .0 3 )  
0 .3 7

4 4 .8  (4 4 .8 3 )  
0 .9 2

8 .4  (8 9 .6 5 )  
0 .2 0

2 2 .9  (7 2 .4 1 )  
0 . 6 2

3 4 .7 6 ”

’C SH  9 ’ 9 4 .4
2 .8 0

4 2 .0  (5 4 .5 4 )  
0 .7 5

2 2 .4  (7 5 .7 6 )  
0 .4 5

5 0 .4  (4 5 .4 5 )  
0 . 8 5

1 4 .0  (8 4 .8 5 )  
0 . 3 5

3 0 .8  (6 6 .6 7 )  
0 .7 1

4 2 .0 0 ”

“ T reat
M ean

1 0 7 .8
3 .2 1

4 6 . 2 0 ’ (7 6 .7 7 )  
0 .9 8

2 5 .6 7 a,3 (5 7 .1 5 )  
0 .7 0

5 2 .2 7 ’ (5 0 .1 9 )  
1 .2 8

1 4 .4 4 3 (8 7 .0 4 )  
0 . 3 2

3 3 .6 3 a (6 9 .3 0 )  
0 . 7 6

•M e a n s  o f  tw o  in d e p e n d e n t  e s t im a t io n s .  D a ta  in  p a r e n t h e s e s  in d ic a t e  p e r  c e n t  d e c r e a s e  a s  c o m p a r e d  to  t h e  u n p r o c e s s e d .  
** S ig n if ic a n t  a t  1% le v e l. C D  for c o m p a r is o n  o f  a n y  tw o  m e a n s  (variety  o r  tr ea tm e n t) is  1 1 .7 8 . M e a n s  w ith  s a m e  s u p e r s c r ip t  a re  a t  par. 

F ig u r e s  in  b o ld  r e p r e se n t  p h y ta te  c o n te n t .
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et al. 1982). In th e  p resen t stu d y , soa k in g  in  0 .2  
N hydrochloric acid , w ith o u t d eh u llin g , resu lted  in  
about 87% rem oval o f p h ytate  p h o sp h oru s in  ca se  
of sorghum . A ddition  o f so d iu m  b icarbon ate in  
dough for preparation  o f w h ea t bread  c a u se d  on ly  
m inor rem oval of p h ytate , w h ich  w a s  attr ibuted  to  
low  phytate h yd ro lysis (Khan et al. 1986). S im ilar  
resu lts  are observed  in  th is  s tu d y  for sorgh u m  
grains.

The ionizable iron co n ten ts  o f  con tro ls  at >̂H
7 .5  varied from  1 .0 -2 .0  m g / 100  g  (Table 2). 
T reatm ents T ,, T2 an d  T 5 in crea sed  th e  ion izable  
iron, w hile trea tm en ts T3 an d  T4 d ecreased  it. All 
the treatm ents, w h ich  im proved th e  ion izab le iron, 
w ere also  h ighly  effective in  rem oving ph ytate  
p h o s p h o r u s , e x c e p t  fo r  t r e a tm e n t  T 4 w ith  
hydrochloric acid . T h is treatm en t d ecreased  p hytate  
p h osp h oru s, b u t did n o t lead  to  corresp on ding  
increase in  th e  ion izab le iron, w h ich  m ay  be  
b ecau se  of lea ch in g  at acid ic pH. T he ion izable iron  
w a s tak en  into a cco u n t for determ in ing th e  Iron 
bioavailability.

The iron b ioavailab ility v a lu es  o f variou s control 
and treated sorgh u m  cu ltivars are p resen ted  in  
Table 2. T h ese v a lu es  for control sa m p les  ranged  
from 0 .9 4  '(SU-52') to  1 .42  m g  (’C SH -9’) per
100 g, w ith  a n  average o f 1.2 2 . S om e o f the v a lu es  
reported earlier for sorg h u m  are 0 .6 3  (M urthy et 
al. 1985), and  1 .07  m g / 100  g  (A nnapurani and  
M urthy 1985). E rdm an an d  F orb es (1977) observed  
that dietary levels o f 1% or m ore o f p hytic  acid  
could  interfere w ith  m in era l availability. In th is

stu d y , p h ytate  c o n ten ts  o f  all th e  va r ie ties  w ere  
h ig h er  th a n  1% (Table 1), a n d  w ere red u ced  to le s s  
th a n  1% after trea tm en ts, excep t for treatm en t T3, 
w h ich  did n o t im prove th e  iron  b ioavailability . 
E xcept for trea tm en ts T3 an d  T4, all o th er treatm en ts  
in creased  the iron b ioavailab ility , w h ich  ranged  
from  1 .42  to  3 .3  m g / 10 0  g . A  n on -sign ifica n t  
corre la tio n  o f  - 0 .2 2  e x is te d  b e tw e e n  p h y ta te  
p h o sp h o ru s an d  iron b ioavailab ility . H ow ever, w ith  
resp ect to  trea tm en ts  T t an d  T2, th e  correlation  
(-0 .42 ) w a s  sign ifican t (p<0.01).

W hile d ifferen ces am on g va r ie ties  w ere n o n 
sign ifican t, th e  trea tm en ts  sig n ifican tly  differed  
(p < 0 .0 1 )  in  in f lu e n c in g  ir o n  b io a v a ila b ility .  
Irrespective o f varieties, trea tm en t T, (soaking), T2 
(germ ination) an d  T5 (boric acid) w ere fou n d  to  be  
the three m o st effective trea tm en ts  for im proving  
iron bioavailab ility  from  so rg h u m  gra in s. H owever, 
during th e  treatm en t Ts, b oron  m a y  be absorbed  
b y  th e  gra in s, an d  th is  m ay  b e  h a za rd o u s to  h ea lth  
(W indholz 1976).

T a n n in  c o n te n t ,  e x p r e s s e d  a s  c a te c h in  
equivalent, ranged  from  0 .0 0  to  8 .0 0  g / 1 0 0  g 
sa m p les  for con tro ls  (Table 3). In literatu re, a 
sim ilar range o f 0 .0 3 3  to  10 .2  h a s  b een  reported  
(Arora and Luthra 19 7 4 , S a lu n k h e  et al. 1984). 
S u ch  a w ide varia tion  su g g e s ts  th a t, b e s id es  
gen o ty p es, th e  en viron m en ta l factors su c h  a s  rain  
d u rin g  gra in  d evelop m en t m a y  re su lt  in  th e  
a ccu m u la tion  of p h en o lic  co m p o u n d s  (Sa lu n k he et 
al. 1984). In th is  stu d y , ta n n in s  w ere n o t d etected  
in  varieties 'CSH 6', 'CSH 9 ’, ’SPY 3 4 6 ’ an d  'SPY

TABLE 2 . E F FE C T  O F  TREATM ENTS O N  IONIZABLE IRON AND IRON BIOAVAILABILITY ( m g / 1 0 0  g) O F  SO R G H U M  VARIETIES
T r e a tm e n ts

V ariety  V arie ty
C on tro l T , T a T t 4 T s m e a n

'SU 4 5 ' 1 .1 8 2 .1 3  (8 0 .5 1 ) 1 .8 9  (6 0 .1 7 ) 0 .3 4  ( -7 1 .1 9 ) 1 .1 8  (0 .0 0 ) 1 .6 5  (3 9 .8 3 ) 1 .3 9
1 .5 3 .5 3 .0 1 .5 1 .5 2 . 5

’S U  5 2 ' 0 .9 4 1 .4 8  (5 7 .4 5 ) 2 .1 3  (1 2 6 .6 0 ) 0 .9 4  (0 .0 0 ) 0 .9 5  (1 .0 6 ) 3 .3 0  (2 5 1 .0 6 ) 1 .6 2
1 .0 2 .0 3 .5 1 .0 1 .0 6 . 0

'SPV 9 6 ' 1 .1 8 1 .6 5  (3 9 .8 3 ) 1 .4 2  (2 0 .3 4 ) 1 .1 8  (0 .0 0 ) 0 .9 5  ( -1 9 .4 9 ) 1 .4 2  (2 0 .3 4 ) 1 .3 0
1 .5 2 .5 2 .0 1 .5 1 .0 2 .0

'SPV 3 4 6 ' 1 .41 2 .1 3  (5 1 .0 6 ) 1 .6 5  (1 7 .0 2 ) 1 .1 8  ( -1 6 .3 1 ) 0 .9 5  ( -3 2 .6 2 ) 1 .6 5  (1 7 .0 2 ) 1 .4 9
2 .0 3 .5 2 .5 1 .5 1 .0 2 .5

'CSH 6' 1 .1 8 1 .8 9  (6 0 .1 7 ) 2 .3 6  (1 0 0 .0 0 ) 1 .2 9  (9 .3 2 ) 1 .1 8  (0 .0 0 ) 1 .4 2  (2 0 .3 4 ) 1 .5 5
1 .5 3 .0 4 .0 1 .8 1 .5 2 .0

’C SH  9' 1 .4 2 1 .8 9  (3 9 .4 7 ) 1 .8 9  (3 9 .4 7 ) 1 .1 8  ( -1 6 .9 0 ) 0 .7 1  ( -5 0 .0 0 ) 1 .3 6  ( -4 .2 3 ) 1 .4 1
2 .0 3 .0 3 .0 1 .5 0 .5 4 .0

“ T reat 1 .22* 1.86* (5 2 .4 6 ) 1 .89* (5 4 .9 2 ) 1 .0 2 b ( -1 6 .3 9 ) 0 .9 9 "  (1 8 .8 5 ) 1 .97*  (6 1 .4 8 )
M ean 1 .5 8 2 .9 2 3 .0 1 .4 7 1 .0 8 3 . 1 7

•M e a n s  o f  tw o  in d e p e n d e n t  e s t i m a t i o n s .  D a t a  in  p a r e n t h e s e s  in d ic a t e  p e r  c e n t  d e c r e a s e  a s  c o m p a r e d  to  t h e  c o n t r o l s . .  
** S ig n if ic a n t  a t  1% leve l. C D  for c o m p a r is o n  o f  a n y  tw o tr e a m e n ts  m e a n s  is  0 .6 7 ,  M e a n s  w ith  s a m e  s u p e r s c r ip t  a re  a t  p ar. F ig u r es  
in  b o ld  r e p r e se n t io n iz a b le  iron  a t  pH  7 .5 .
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TABLE 3 . E F F E C T  O F  TREATM ENTS O N  TANNIN AND C R U D E  PROTEIN C O N TE N T  O F  GRAIN SO R G H U M +

T a n n in  (g /1 0 0 g )
♦ Variety

C on tro l
T3 t 4

T r e a tm e n t
t 5 T , t 7

V ariety*
M ean

'SU 4 5 ’ 2 .0 1 .0 1 .0 1 .0 0 .0 0 .0 0 . 8 4 1
'SU 52' 4 .0 2 .0 2 .0 0 .0 0 .0 0 .0 1.34*
'6 4 49 ' 7 .0 3 .0 3 .0 2 .5 3 .0 4 .0 3 .7 9 2
'Kakri
loca l

8 .0 4 .5 4 .0 3 .5 4 .0 5 .0 4 .8 4 *

•T reat
M ean

5 .2 5 » 2 .6 0 * 2 .5 0 * 1.75* 1.75* 2 .2 5 * •T reat
M ean

+ M e a n s  o f  tw o  In d e p e n d e n t e s t im a t io n s  
• S ig n ific a n t a t  1% leve l
C D  for c o m p a r iso n  o f  a n y  tw o  v a r ie ta l m e a n s  is  1 .3 3  
C D  for c o m p a r iso n  o f  a n y  tw o  tr e a tm e n t m e a n s  is  1 .6 3  
♦ Varieties 'SPV 9 6 ', 'SPV  3 4 6 ', 'CSH  6' a n d  'C SH  9 ’ c o n ta in e d  n o  ta n n in

% C ru d e  P ro te in s
V ariety*

C on tro l
t 3 t 4

T r e a tm e n t
t 5 t 7

M ean

4 .8 1 4 .0 3 3 .7 6 4 .4 6 4 .2 9 4 .6 9 4 .3 4 1
8 .2 3 7 .1 8 7 .0 9 7 .8 8 7 .4 4 8 .0 5 7 .6 5 *
1 1 .9 4 1 0 .6 8 1 0 .5 0 1 1 .3 8 1 1 .1 1 1 1 .5 5 1 1 .1 9 s
1 2 .6 9 1 1 .2 0 1 1 .0 2 1 1 .9 0 1 1 .8 1 1 2 .2 5 11 .81*

9 .4 2 * 8 .2 7 c 8.09-= 8 .90*» 8.66»* 9.13*»

+ M e a n s  o f  tw o  in d e p e n d e n t  e s t im a t io n s  
* S ig n if ic a n t  a t  1% le v e l
C D  for c o m p a r is o n  o f  a n y  tw o  tr e a tm e n t  m e a n s  is  0 .6 3  
C D  for c o m p a r is o n  o f  a n y  tw o  v a r ie ty  m e a n s  i s  0 .5 2  
M e a n s  w ith  s a m e  s u p e r sc r ip t  a r e  a t  p a r

96 '. F or h y b rid  v a r ie ty  R a d h a k r ish n a n  an d  
Sivaprasad  (1980) a lso  recorded  sim ilar  va lu e  of 
0.06%  tan n in .

The five trea tm en ts se lec ted  (treatm ent T3 to 
T7) decreased  th e  ta n n in  con ten t in  all th e  varieties  
tested  (Table 3), in  so m e c a s e s  the red u ction  
achieved  b ein g  100% . Earlier, a  d ecrease  o f 75-80%  
in  tan n in  con ten t o f sorg h u m  w a s  reported after 
soak in g in  0 .0 5  N sod iu m  hydroxide for 2 4  h  at 
room  tem perature (C havan et al. 1976), w h ereas, 
in  the p resen t stu d y , th is  treatm en t resu lted  in  
charring o f th e  sa m p les . H owever, soa k in g  in  
0 .0 0 5  N so d iu m  hydroxide for 4 8  h  at room  
tem perature low ered th e  ta n n in s  on  a n  average b y  
76.76% . Soaking in  0 .2  N hydrochloric acid  resu lted  
in  rem oving ab out 55% tan n in . S im ilar ob servation  
w a s m ad e o n  pearl m illet (Panwal an d  Pa w ar 1989; 
Pawar and Parlikar 1990).

The d ecrease in  ta n n in  con ten t o f sorgh u m  
cultivars a s  a  resu lt o f different treatm en t w a s  
significant (p<0.01), an d  th e  five trea tm en ts w ere  
equally effective. T he varieties a lso  differed m arkedly

(p<0.01) in  their  resp o n se  to  th e  trea tm en ts. O n  
th e  w h ole, 'SU 45' w a s  m o st  resp on siv e .

The p ercen tage cru d e p rotein  c o n te n ts  (Table
3) of th e  con tro ls ranged  from  4 .8 1  ('SU 45') to  
1 2 .6 9  ('Kakri local'). T he v a lu e s  are w ith in  th e  
range o f 4 .4  to  2 1 .0 , a s  reported  in  literatu re (Arora 
an d  Luthra 1974; S a lu n k h e  e t al. 1984). T he  
trea tm en ts sligh tly  red u ced  th e  p rote in  level, w h ich  
m ay b e  attr ibuted  to  lea ch in g  o f so m e  so lu b le  
fraction s in  th e  soa k in g  so lu tio n . A  h igh  p ositive  
correlation  o f 0 .9 9  (p<0.01) w a s  ob served  b etw een  
ta n n in  an d  protein  con ten t o f th e  con tro l gra in s.

The p er cen t in v i t r o  p rotein  d igestib ility  v a lu es  
of tan n in - con ta in in g  sorg h u m  cu ltiva rs varied  from
2 7 .5 8  ('Kakri local') to  5 1 .9 8  (’SU  4 5 ’), w ith  an  
average o f 4 0 .3 1 , w h ile  for th o se  w ith o u t ta n n in  
varieties, th e  v a lu e s  ranged  from  6 6 .4  ('CSH 6') to
8 4 .5 8  ('SPV 346'). w ith  a  m ea n  va lu e  o f 7 4 .6 0  (Table
4 ) . The d ifference in  th e  i n  v i t r o  p rotein  d igestib ility  
of th e  varfettes, w ith  or w ith o u t ta n n in , w a s  
sign ifican t p <0 .05). M alossin i et al (1989) reported  
th e  v a lu es  to  be 12 .2  an d  6 9 .3  for th e  h igh  an d

TABLE 4 . IN VITRO PROTEIN DIGESTIBILITY O F  DIFFERENTIALLY TREATED SO R G H U M  VARIETIES*
No ta n n in  IVPD T a n n in  IVPD o f  ta n n in  c o n ta in in g  v a r ie t ie s
v a r ie ty  c o n ta in in g  ---------------------------------------------------------------------------------------------------------------------------------------------- V ar ie ty

v a r ie t ie s C on tro l T, Ta T*3 t4 t5 Te t7 Am e a n
'SPV 96 ' 7 2 .3 1 'SU  45 ' 5 1 .9 8 9 3 .6 7 9 5 .8 6 8 1 .3 9 8 1 .3 8 4 9 .1 0 7 1 .3 3 4 2 .6 4 7 0 .9 2 2
•SPV 3 4 6 ' 8 4 .5 8 'SU  5 2 ' 5 0 .5 1 6 2 .5 0 6 9 .2 8 6 3 .9 3 7 0 .9 4 4 1 .6 2 6 4 .6 5 4 8 .9 4 5 9 .0 5 2
'CSH 6 ’ 6 6 .4 0 '6 4 4 9 ' 3 1 .1 6 4 3 .1 7 4 1 .9 6 4 7 .0 9 5 0 .0 0 2 8 .8 2 3 7 .4 4 2 8 .8 2 3 8 .5 2 1
'CSH 9 ’ 7 5 .0 9 'Kakri loca l' 2 7 .5 8 4 4 .2 5 4 1 .9 7 4 2 .9 5 5 1 .6 4 2 5 .7 1 3 7 .0 0 2 6 . 7 8 3 7 .2 3 1
M ean 7 4 .6 0 T rea t 4 0 .3 1 » 6 0 .8 9 * 6 2 .2 7 “ 5 8 .8 4 * 6 3 .4 9 * 3 6 .3 1 » 5 2 .6 1 * 3 6 .7 9 »

•M ea n
xM ean s o f  tw o  in d e p e n d e n t  e s t im a t io n s , e x p r e s s e d  a s  p e r c e n ta g e  o f  c r u d e  p ro te in . * S ig n if ic a n t  a t  1% le v e l. C D  for c o m p a r is o n  o f  a n y  
tw o v a r ie ty  m e a n s  i s  1 0 .1 3 , C D  for c o m p a r is o n  o f  a n y  tw o tr e a tm e n t m e a n s  is  1 4 .3 2 . IVPD : In  vitro p r o te in  d ig e s t ib il ity .
M ea n s w ith  s a m e  s u p e r sc r ip t  a r e  a t  p a r



457
low  ta n n in  va r ie ties  o f  sorgh u m , resp ectively . A  
range o f 4 9 .6  to  9 5 .6  h a s  b e e n  recorded for 
sorgh um , in clu d in g  th e  va rieties  w ith  an d  w ith ou t  
ta n n in  (Arora an d  Luthra 1974), w h ich  corresp on d s  
w ell w ith  th e  v a lu es  ob ta in ed  in  th e  p resen t stu d y .

The effect o f  trea tm en ts  o n  in  v i t r o  protein  
d ig estib ility  h a s  b e e n  p re se n te d  in  T able 4 . 
T reatm ents T. an d  T? involv ing boric acid , d id  not  
im prove th e  i n  v i t r o  p rotein  d igestib ility , an d  
rem ained  sta tistica lly  com p arab le to  th e  control 
grain s. P ossib ly , b oron  w a s  ab sorb ed  during th e  
treatm en ts b y  gra in s, an d  w a s  involved  in  som e  
com p lex  form ation, th ereb y  ad versely  affecting  
protein  digestib ility. H ow ever, trea tm en ts  T3 an d  T4, 
involving sod iu m  b icarb on ate  a n d  hydrochloric  
acid , con siderab ly  in crea sed  th e  d igestib ility , and  
treatm ent T6 w a s  a lso  com parable. P aw ar an d  
Parlikar (1990) ob served  in crea se  in  th e  i n  v i tr o  
protein d igestib ility  o f  pearl m illet, a s  a  resu lt of  
steep in g  (15 h) in  0 .2  N h ydrochloric acid . Positive  
effects o f sod iu m  b icarb on ate  su p p lem en ta tio n  in  
overcom ing n u trition al ad versity  o f  ta n n in s  h ave  
also  b een  reported (B anda-N yirenda an d  V ohra  
1990). In th e  p resen t stu d y , soa k in g  (T,) and  
germ ination (T2) w ere ineffective in  reducing tan n in s. 
T h is finding is  in  con cu rren ce  w ith  th a t reported  
b y M alossin i et a l (1989) for sorgh u m . T h ese  
tr e a tm e n ts , n e v e r t h e le s s ,  c a u s e d  s ig n if ic a n t  
im provem ent in  th e  i n  v i t r o  p rotein  d igestib ility  
(p<0.01). T h is ob servation  is  su p ported  b y  th e  
findings o f B h ise  et al (1988). In crem en ts in  i n  v i tr o  
protein d igestib ility  w ith o u t red u ction  in  tan n in  
m ay be attr ibuted  to  sign ifican t red u ction  (PcO.Ol) 
in  th e  p h ytate p h o sp h o ru s  co n ten t (Pawar and  
Parlikar 1990).

T reatm en ts T ,, T2, T3 an d  T4 sign ifican tly  
im proved th e  i n  v i t r o  p rote in  d igestib ility , a s  
com pared to  control, an d  th ese  four trea tm en ts  
produced com parable effects. O ne w ay  a n a ly sis  of 
varian ce  in d ica ted  th a t  a fter  trea tm e n ts , th e  
digestib ility  of tan n in -co n ta in in g  varieties b ecam e  
com parable to  th a t o f  th e  n o  ta n n in  varieties  
(p<0.05). A  sign ifican t n egative  correlation  (r= -0 .58 , 
p<0.05) w a s  ob served  b etw een  ta n n in  an d  th e  in  
v i tr o  protein  d igestib ility , w h ich  is  su p p orted  b y  th e  
findings o f M ariam i et al (1988), an d  M alossin i et 
al (1988).

It m ay  b e  co n c lu d ed  th a t ta n n in  con ten t of 
sorgh u m  cou ld  ea sily  b e  red u ced  by soa k in g  in  
acid ic  or alkaline so lu tio n , thereb y  im proving th e  
i n  v i t r o  protein  d igestib ility . F urther, steep in g  in  
w ater for 16 h  at room  tem peratu re or germ in ation

of pre-soaked  grains for 72  h  Im proves the nutritional 
quality o f sorg h u m  gra in s, b o th  in  term s o f iron  
an d  protein  bioavailability .
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Kernel Infection and Aflatoxin Production in Peanut [Arachis hypogaea L.) by Aspergillus flavus  in  
Presence of Geocarposphere Bacteria

H.K. CHOURASIA1
D ep artm en t o f P lant P athology, A labam a A gricultural E xperim ent S ta tion ,

A u b u rn  U niversity, A labam a - 3 6 8 4 9 -5 4 0 9 , USA.
R o o ts  a n d  p o d s  o f  f ie ld -g r o w n  p e a n u t  w e r e  sa m p le d  a t  th r e e  s ta g e s  o f  d e v e lo p m e n t a n d  a  to ta l o f  e ig h t  m ic ro flo r a  

w er e  is o la te d  from  th e  g e o c a r p o sp h e r e . Aspergillus J la vus  w a s  g ro w n  o n  p e a n u t  e x tr a c t  a g a r , a n d  o n  v ia b le  p e a n u t  
k er n e ls , e i th e r  in  p u r e  c u ltu r e  o r  in  d u a l  c u ltu r e  w ith  e ith e r  o f  Bacillus megaterium , B. laterosporus, Cellulom onas 
cartae, Flavobacterium, odo ra tum  Phyllobacterium rubiacearum  P seudom onas aurojaciens  a n d  X antho m ona s maltophila. 
A fla to x in  p r o d u c tio n  b y  A. J lavus, i t s  g ro w th  a n d  in te r a c t io n s  w ith  o th e r  m ic r o o r g a n ism s  w e r e  s tu d ie d  a t  th r e e  w a te r  
a c tiv it ie s  (0 .9 8 , 0 .9 5  a n d  0 .9 0  a j  a n d  th r e e  te m p e r a tu r e s  (3 0 , 2 5  a n d  2 0°C ). A lm o st  a ll b a c te r ia  s t im u la te d  g ro w th  
a n d  a fla to x in  p r o d u c tio n  b y  A . J la vus  o n  p e a n u t  k e r n e ls , e s p e c ia lly  a t  3 0 “C a n d  0 .9 5  a n d  0 .9 8  a w. N o a f la to x in  w a s  
p ro d u c ed  a t  2 0°C  a n d  0 .9 0  a w. F. odoratum  sh o w e d  in h ib it io n  o f  a fla to x in  b io s y n th e s is  b y  A. J lavus, a s  co m p a r e d  
to  c u ltu r e s  o f  A. J la vus  a lo n e . T h e  m o rp h o lo g ic a l in te r a c t io n s  a m o n g  A . Jla vus  a n d  o th e r  b a c te r ia  w e r e  a ls o  e x a m in e d  
o n  p e a n u t  e x tr a c t  a g a r  u n d e r  s im ila r  c o n tr o lle d  c o n d it io n s .
K e y w o r d s  : A spergillus J lavus, A fla to x in s , P e a n u t , G e o c a r p o sp h e r e  b a c te r ia .

P ean u ts ( A r a c h is  h y p o g a e a  L.) are frequently  
invaded by tox igen ic  A s p e r g i l l u s  J l a v u s  Link an d  A .  
p a r a s i t i c u s  S peare, prior to h arvest, esp ecia lly  in  
hot, dry con d itio n s (D iener 1989). In recen t p ast, 
a w ide range o f ch em ica ls  an d  b io -a g en ts  h ave b een  
tested  again st pre- an d  p ost-h arv est afla toxin  
con tam in ation  o f p ea n u t k ern e ls  (M ixon et al. 
1984). However, p au city  o f p oten tia l b io-com p etitive  
agen ts is  strik ing (Kloepper an d  B ow en  1991), 
particularly am ong geocarp osp h ere (zone around  
the su b terran ean  pod) bacteria . B a sed  on  th e  
resu lts  o f previous stu d y , w h ich  d em on stra ted  that  
geocarposphere b acteria  differed from  rh izosph ere  
bacteria (Joffe 1969; K loepper an d  B ow en  1991), 
it w a s h yp oth esized  th a t geocarp osph ere bacteria  
w ould  b e ideal ca n d id a te s  for p rotectin g  th e  
developing p ea n u t p o d s a g a in st afla toxigen ic fungi.

E n viron m en ta l co n d itio n s, esp ec ia lly  w ater  
activ ity (aw, tem p era tu re , an d  co m p o sitio n  o f  
intergranular air (M agan an d  Lacey 1984) h ave  
b e e n  s h o w n  to  in f lu e n c e  s u c c e s s i o n  o f  
m ic ro o rg a n ism s o n  a g r ic u ltu r a l c o m m o d itie s . 
C om ponents o f  th is  m icroflora in teraction , m a y  b e  
resp on sib le for tran sien t or p erm an en t ch a n g es  
w ith in  the p op u la tion  (Garren an d  Porter 1970; 
W ilson et al. 1985). C on sequ en tly , th e  in teractin g  
organism s m ay  b e  in h ib ited  or stim u la ted , on  
contact or a t a d istan ce , or u n affected . S tu d ies  on  
the production  o f a fla toxin  b y  A .  J l a v u s  h ave m o stly

‘P resent A ddress : Plant Pathology Division, Central Institu te o j  
M edicinal a nd  Aromatic Plants, P.O. CIMAP Lucknow -226 015, 
India.

b een  b y  pu re cu ltu re  tech n iq u e  (M ehan et al. 1991). 
F urtherm ore, m o st s tu d ie s  h ave u se d  liqu id  m ed ia  
(D iener and D avis 1966), or au toclaved  (non-viable) 
k ernel (F on seca  et al. 1983; E lam in  et al. 1988), 
an d  on ly  rarely h a s  v iab le  k ern el b een  u se d  (Diener
1989).

The objective o f th e  p resen t s tu d y  w a s  to
(i) iso la te  geocarp osp h ere m icroflora from  p ean u t  
p od s w ith  sp ecia l reference to  A .  J l a v u s  an d  bacteria,
(ii) s tu d y  their grow th , an d  in tera ctio n s on  p ean u t  
extract agar an d  v iab le  p ea n u t k ern e ls , an d  (iii) th e  
production  o f afla toxins by A .  J l a v u s  o n  v iable p ean u t 
k ern els e ith er a lon e or in  a sso c ia tio n  w ith  different 
b acteria  u n d er  con tro lled  c o n d itio n s  o f w ater  
activ ities (0 .9 0 , 0 .9 5  an d  0 .9 8  a j  an d  tem p era tu res  
(2 0 ,2 5  and 30°C).
Materials and Methods

S a m p l i n g  p r o c e d u r e s ,  i s o l a t i o n  o f  m ic r o j lo r a  
a n d  m ic r o b ia l  c u l t u r e s  : E igh t m icroflora, viz., 
A s p e r g i l l u s  J l a v u s ,  B a c i l l u s  m e g a t e r i u m ,  B .  
l a t e r o s p o r u s ,  P s e u d o m o n a s  a u r o j a c i e n s ,  
X a n t h o m o n a s  m a l t o p h i l a ,  C e l l u l o m o n a s  c a r t a e ,  
F l a v o b a c t e r i u m  o d o r a t u m  a n d  P h y l l o b a c t e r i u m  
r u b i a c e a r u m  w ere ob ta in ed  from  geo carp osp h ere of 
p ea n u t cv  'Florunner', ta k en  from  p ea n u t research  
p lo ts  a t th e  A labam a A gricu ltural E xperim ent 
S ta tion , A u b u rn  U niversity , USA. T he sam p lin g  
d a tes  rep resen tin g  different s ta g e s  o f p h ysio log ica l 
m atu rity  (Boote 1982) w ere u se d  an d  in c lu d ed  (a) 
J u n e  13, R3 sta ge  (sw elling o f peg); (b) J u ly  5 , R5 
stage (full s ize  pod  w ith  v isib le  se e d  cotyledon); and
(c) J u ly  2 6 , R 7 sta g e  (testa  co lou ration  on  seed).
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Six replicate p la n ts  w ere se lec ted  at ran d om  from  
throu gh ou t th e  field  trial (covering 10 .5  hectares) 
on  each  sam p lin g  date. S ix  rep licate light san d y  
and red san d y  loam  so il sa m p les  w ere a lso  tak en  
from n on -p lan ted  buffer z o n e s  ad jacen t to  th e  p lots.

Three ind iv idual p od s an d  three su b -sa m p le s  
of roots w ere rem oved from  each  replicate p lan t in  
the laboratory. E ach  rep licate so il sam p le  w a s  
m ixed prior to rem oving three su b -sa m p le s . The  
su b -sa m p les  o f p od s, roo ts an d  so il w ere w eighed , 
placed  into 10 m l o f 0 .2  M p h o sp h a te  buffer (pH
7.0) individually, an d  agitated  for 1 h  at 150  rpm  
on a n  orbital sh ak er. After ag itation , root an d  pod  
sam p les w ere m acerated  w ith  a  ster ile  m ortar and  
p estle , seria lly  d ilu ted  in  p h osp h ate  buffer to  
10“*, and p lated  w ith  a n  au tom ated  p la tin g sy stem  
(Spiral S ystem sln c; B eth esd a , M aryland) on to  te st  
m edia. B acterial p op u la tio n s w ere estim ated  b y  
plating on  5% TSA (Bacto tiy p to n e  17 g, B acto  
soytone, 3  g , B acto  d extrose 2 .5  g, so d iu m  chloride  
5 g, d ip o tassiu m  p h osp h ate  2 .5  g, B acto  agar 2 0  g, 
and d istilled  w ater 11, and  PAF (Bacto p ep ton e 10 g, 
proteose p ep tone 10 g, p o ta ss iu m  p h o sp h a te  1.5 g, 
m agn esiu m  su lp h a te  1.5 g, B acto  agar 15 g, and  
distilled  w ater 11 m edia . A s p e r g i l l u s  J l a u u s  w a s  
quantified b y  p la tin g o n  M 35 1  B m ed iu m  (Griffin 
and Garren 1974).

P lates for bacteria  w ere in cu b ated  at 28°C  for 
2 4 -9 6  h , an d  co lon ies w ere en u m erated  u s in g  a 
laser  colony cou n ter  w ith  b acteria l en u m eration  
softw are (Spiral S y stem  In stru m en ts, B eth esd a , 
Maryland). P la tes for fungi w ere in cu b ated  u p to  7  
days at 25°C , and A .  J l a v u s  w a s  identified  u n der  
a Nikon stereom icroscope.

I n o c u lu m  p r e p a r a t i o n  : A .  J l a v u s  w a s  grow n on  
potato-dextrose-agar (Difco), an d  stored  at 4°C. 
Spores w ere h arvested  b y  flu sh in g  5 d ays old 
cu ltu res in  a sterile 0 .01%  so lu tio n  o f Triton X- 
100. The spore con cen tration  w a s  stan dard ized  to  
3 x 1 0 s sp o r e s /m l b y  u s in g  a n  im proved N eu b auer  
h em ocytom eter (BDH Ltd., D agen h am , England) 
w ith su itab le  d ilu tions.

All b acteria u n der stu d y  w ere grown on  n utrient  
agar (beef extract 10 g, p ep ton e 10 g, sod iu m  
chloride 5 g, agar 12 g, d istilled  w ater 11 an d  pH
7.5) s lo p es  at 28°C. T he ce lls  w ere h arvested  in  
sterile d istilled  w ater, an d  sh a k en  to  ob ta in  a  
h om ogen eou s su sp en sio n . The cell con cen tration  
w a s determ ined  b y  d ilu tion  p la tin g o n  n u trient  
agar, in cu b atin g  for u p to  72  h  a t 28°C . R outinely, 
a su sp e n s io n  o f 10s c e l ls /m l w a s  u se d  a s  the  
in ocu lu m .

C u l t i v a t i o n  o n  p e a n u t  e x t r a c t  a g a r  : O rganism s  
w ere in o cu lated  in d iv id u ally  or in  p a irs  o n  p ean u t  
extract agar a d ju sted  to  0 .9 0 , 0 .9 5  an d  0 .9 8  aw 
w ith  glycerol (D iener an d  D a v is  1969). W h en  grown  
ind ividually, org an ism s w ere in o cu la ted  at the  
cen tre o f each  petri d ish . For d u a l cu ltu re , the  
org an ism s w ere in o cu la ted  1 .7 5  cm  from  the  
cen tres, an d  d iam etrica lly  op p osite  to  o n e  another  
(Joh n son  an d  Curl 1972). A .  J l a v u s  c u ltu r e s  were 
in ocu lated  w ith  sp o res  su sp e n d e d  in  0 .1%  w ater  
agar, w h ile  c e lls  o f ea ch  b acter iu m  w ere transferred  
directly w ith  ster ile  in o cu la tin g  n eed le s . B eca u se  of  
fa ster  grow th, each  b acter iu m  w a s  in o cu la ted  2  
d ays after A. J l a v u s  in o cu la tion . A fter in ocu lation , 
p la tes  o f th e  sa m e aw w ere sta ck ed , sea led  in  
m icro p o ro u s p o lyp rop y len e  b a g s , a n d  p u t in  
con trolled -en v iron m en t ca b in e ts  a d ju sted  to  9 0 , 95  
or 98%  relative h u m id ity  an d  a t 2 0 , 2 5  or 30°C . 
The d iam eters o f A .  J l a v u s  co lo n ies  w ere m ea su red  
daily from  2 to  10 d a y s after in o cu la tion . G row th  
o f  e a c h  b a c te r iu m  w a s  s e m i- q u a n t i t a t iv e ly  
determ ined  b y  d ilu tio n  p late co u n tin g . C olony  
d iam eters in  ca se  o f d u a l cu ltu res, th e  g a p s  
b etw een  th e  co lo n ies  w ere m ea su red  d aily  from  2 
to  3  d ays after in o cu la tion  for u p to  15 days. 
M icrobial in teraction s o n  p ea n u t extract agar w ere  
cla ssified  b y  th e  m eth od  o f J o h n s o n  a n d  Curl
(1972). T reatm en ts w ere rep licated  th ree  tim es.

T r e a t m e n t  o f  p e a n u t  k e r n e l s  : S o u n d , m atu re  
p ean u t k ern els  w ere su rfa ce-d is in fested  b y  ag itatin g  
in  20%  h o u seh o ld  b lea ch  (Clorox; active ingredient  
5.25%  NaOCl, Clorox Co., O akland, California) at 
15 0  rpm  o n  an  orbital sh a k er  for 1 h , follow ed b y  
four to  five r in se s  in  ster ile  w ater, an d  drying at 
25°C  for 1 h  in  op en  petri d ish e s  in  a  la m in ar flow  
hood. After sterilization , 1 kg o f p ea n u t w a s  p laced  
in  each  o f three 1 litre sterilized  fla sk s . T he w ater  
con ten t o f  th e  p ea n u t w a s  d eterm in ed , an d  aw w a s  
ad ju sted  by th e  p rocedure reco m m en d ed  b y  P ixton  
an d  W arburton (1971). T he aw o f p ea n u t sa m p les  
w a s  first determ ined  b y  u s in g  a n  e lectron ic  dew  
point m eter (Protim eter DP 680) a t 25°C , an d  th en  
con d ition ed  at 50°C  for u p  to  14 d ay s to  0 .9 0 , 0 .9 5  
an d  0 .9 8  aw b y  adding ster ile  w ater.

M ic r o b ia l  c u l t u r e  in  p e a n u t  k e r n e l s  : Su rface-  
sterilized p ean u t (50 g) at th e  required a„ w a s  p laced  
in  a sterile  5 0 0  m l b eak er, an d  im m ed iately  
in ocu lated  w ith  e ith er 1 m l o f A. J l a v u s  spore  
su sp e n s io n  or, for d u al cu ltu re , w ith  0 .5  m l of A. 

J l a v u s  an d  0 .5  m l o f e ith er  B. m e g a t e r i u m ,  B .  
l a t e r o s p o r u s ,  P . a u r o f a c i e n s ,  X .m a l t o p h i l a ,  C . c a r ta e ,
F . o d o r a t u m  or P. r u b i a c e a r u m .  A n  ad ju stab le  pipette  
(Gilson Co; Inc; W orthington, Ohio) w ith  a  d isp osable
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tip w a s  u se d  for in o cu la tion . T he in o cu la ted  
su b strate  w a s  stirred  briefly w ith  a ster ile  g la s s  rod, 
and th en  carefu lly  transferred  to  a m icrop orou s film  
b ag (Cuero et al. 1985). T he b a g s  w ere in cu b ated  
in  the controlled-environm ent ca b in ets  at 2 0 , 25  
or 30°C and 9 0 , 9 5  an d  98%  relative h u m id ity , 
w ith  daily sh ak in g . Growth o f  A .  J l a v u s  (portion of 
th e  kernel covered) an d  b acteria  (c e lls /g  p ean u t  
kernel) w ere a s se s se d  daily  from  3  to 12 d ay s of 
incubation.

A J la to x in  e x t r a c t i o n  a n d  q u a n t i f i c a t i o n  : At th e  
end  of each  experim ent, afla tox in  w a s  extracted  
from  50  g p ean u t b y  reversed  p h a se  h igh  p ressu re  
liquid  chrom atography (W aters A sso c ia tes  Inc., 
Milford, M a ssach u setts) b y  th e  m eth od  o f S tu b b le
field and Shotw ell (1977). The m obile p h ase  con sisted  
of HPLC grade aceton itrile  : tetrahydrofuran: w ater  
(10:6:84, v /v /v ) ,  ad ju sted  to  pH 3 .9  w ith  acetic  
acid. The flow rate w a s  2  m l/m in . D etection  w a s  
by fluorescence in  a m odel 4 7 0  flu orescen ce detector  
(excitation at 3 6 0  run an d  em iss io n  at 4 1 8  nm ). 
Q uantification o f p eak  area w a s  d on e u s in g  B a selin e  
softw are (M illennium  2 0 1 0 , M illipore C orporation, 
M assach u setts). S tan d ard s o f a fla toxin  B ,, B2, G, 
and G2 (Sigm a C hem ical C o., St. Louis, M issouri) 
were ru n  throu gh  th e  com p lete  derivatization  
procedures.

Results
G r o w t h  o f  s i n g l e  o r g a n i s m  o n  a g a r  : A .  J l a v u s  

grew  w ell at 30°C  an d  0 .9 5  or 0 .9 8  aw o n  p ean u t  
extract agar, b u t grew  m u ch  slow ly  a t 0 .9 0  aw 
(Table 1). A m ong all b acter ia  iso la ted , m ax im u m  
grow th w a s  fou n d  in  c a se  o f B .  m e g a t e r i u m  at 25°C  
an d  0 .9 5  aw, followed b y  the grow th of B . la t e r o s p o r u s ,
P . a u r o f a c i e n s ,  P . r u b i a c e a r u m  a n d  F  o d o r a t u m  at 
th e  sa m e tem peratu re an d  aw v a lu es . X .  m a l t o p h i l a  
w a s  th e  only b acteriu m , w h ich  sh o w ed  th e  h ig h est  
grow th a t 30°C  an d  0 .9 5  aw. T here w a s  n o  grow th  
of bacteria  at 20°C  an d  0 .9 0  a ^

I n t e r a c t i o n s  o n  a g a r  : A .  J l a v u s  in h ib ited  B .  
m e g a t e r i u m ,  P . a u r o f a c i e n s ,  X .  m a l t o p h i l a  a n d  P. 
r u b i a c e a r u m  on  co n ta ct at 30°C  an d  0 .9 5  aw in  
p ea n u t extract agar (Table 1). H ow ever, at 25°C  an d
O. 9 5  aw, th e  reverse w a s  tru e  a n d  B .  m e g a t e r i u m
P . a u r o f a c i e n s ,  X .  m a l t o p h i l a  a n d  P. r u b i a c e a r u m  
inh ib ited  A .  J l a v u s  at a  d ista n ce . A t 25°C  an d  0 .9 5  
aw, B .  l a t e r o s p o r u s  an d  F . o d o r a t u m  in h ib ited  A .  

f a v u s  an d  con tin u ed  to  grow . A t 0 .9 0  a,,, there w a s  
in su ffic ien t grow th at a ll tem p era tu res  to  determ ine  
m icrobial in teraction s.

G r o w t h  o f  s i n g l e  o r g a n i s m  i n  p e a n u t  k e r n e l  : 
All org an ism s grew  o n  p ea n u t at all aw v a lu e s  and  
tem peratu res. M axim um  cell y ie ld  o f B .  m e g a t e r i u m

TABLE 1. EVALUATION O F  GROW TH A N D  INTERACTIONS O F  ASPERGILLUS F L A W S  A N D  BACTERIA AT D IF F E R E N T  Aw V A L U E S AND  
T E M PER A TU RES O N  PEAN U T EXTRACT AGAR

O rgan ism (s) G row th* a n d  in te r a c t io n s ’1 a t  te m p e r a tu r e  a n d  a ,, o f
2 0°C 25°C 30°C

0 .9 8  0 .9 5 0 .9 0 0 .9 8  0 .9 5 0 .9 0 0 .9 8 0 .9 5 0 .9 0
Aspergillus J lavus 5 0 .0 6 5 .0 1 9 .0 6 8 .0 7 5 .0 2 2 .0 8 0 .0 8 5 .0 2 6 .0
Bacillus m egaterium 2 .0 2 .9 NG 2 .4 3 .5 0 .5 2 .7 3 .0 0 .4
B. laterosporus 0 .9 2 .0 NG 2 .0 3 .2 1 .0 1 .7 2 .9 0 .5
Pseudom onas aurofaciens 1 .5 2 .6 NG 2 .5 3 .2 1 .0 1 .8 3 .0 0 .8
X anthom onas maltophila 0 .6 2 .5 NG 1.9 2 .5 0 .4 2 .2 3 .3 0 .5
Cellulomonas cartae 0 .4 1 .7 NG 1 .5 3 .0 0 .5 1 .0 2 .5 0 .2
Flavobacterium odoratum 1 .6 2 .4 NG 1 .4 2 .5 0 .2 1 .0 2 .2 NG
Phyllobacterium rubiacearum 1 .2 2 .5 NG 1 .8 3 .2 0 .4 0 .8 2 .7 0 .3
A. J la vu s/B . m egaterium 3 .0 2 .0 _C 2 .0 4 .0* - 2 .0 4 .0* -

A. J la vu s/B . laterosporus 3 .0 5 .0 4 - 2 .0 5 .0-’ - 2 .0 3 .0 -

A. Jla vus/P . aurofaciens 2 .0 2 .0 - 3 .0 4 .0* - 3 .0 4 .0 ' -

A. J la vu s/X . maltophila 2 .0 2 .0 - 2 .0 4 .0* - 3 .0 4 .0 * -
A. Jla vus/C . cartae 2 .0 1 .0 - 3 .0 3 .0 - 1 .0 2 .0 -
A. Jla vus/F . odoratum 2 .0 2 .0 - 2 .0 5 .0* - 2 .0 3 .0 -

A. J lavus/P . rubiacearum 3 .0 3 .0 - 2 .0 4 .0* - 1 .0 4.0= -

•For A. Jlavus, g ro w th  w a s  d e te r m in e d  b y  m e a s u r in g  c o lo n y  d ia m e te r s  (m illim eters); for d iffe r e n t b a c te r ia , g r o w th  w a s  s e m i-q u a n tita t iv e ly  
d eterm in ed  b y  d ilu t io n  p la te  c o u n t in g  (1 0 7 o r g a n is m s  p e r  m l); N G  : N o g ro w th . ’’C la s s if ic a t io n s  - 1 : M u tu a l in te r m in g lin g ; 2  : m u tu a l  
in h ib it io n  o n  co n ta c t , a n d  s p a c e  b e tw e e n  tw o  c o lo n ie s  i s  sm a ll; 3 :m u tu a l in h ib it io n  a t  a  d is ta n c e ;  4: in h ib it io n  o f  o n e  o r g a n is m  o n  
c o n ta c t  a n d  th e  a n ta g o n is t  c o n t in u e s  to  gro w  u n c h a n g e d  o r  a t  a  r e d u c e d  ra te  th r o u g h  th e  c o lo n y  o f  th e  in h ib ite d  o r g a n ism ; 5: in h ib it io n  
o f  o n e  o r g a n ism  a t  a  d is ta n c e , a n d  th e  a n ta g o n is t  c o n t in u e s  to  gro w  th r o u g h  th e  r e su lt in g  c le a r  z o n e  a t  a n  u n c h a n g e d  o r  r e d u c e d  rate. 
'M icrob ia l in te r a c t io n s  w er e  n o t  s tu d ie d  a t  0 .9 0  a ,  b e c a u s e  o f  in s u f f ic ie n t  g ro w th . '’B a c te r iu m  d o m in a n t . 'A . J la vu s  d o m in a n t
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B. l a t e r o s p o r u s  an d  P. r u b i a c e a r u m  w a s  at 25°C  an d  
0 .9 5  to 0 .9 8  aw. Growth o f A .  J l a v u s  a t 30°C  an d  
0 .9 8  aw w a s  u su a lly  evid ent after 2 to  3  d ays, b u t  
growth w a s evident after 5 d ays at 25°C  an d  0 .9 5  
aw. However, a t 25°C  an d  0 .9 0  aw an d  at all aw 
v a lu es at 20°C , little or n o  v isib le  grow th occurred  
in  12 d ays (data n ot p resented).

M ic r o b ia l  i n t e r a c t i o n s  o n  k e r n e l : In  d u a l cu ltu re  
w ith A .  J l a v u s ,  B .  m e g a t e r i u m ,  B .  l a t e r o s p o r u s ,  P . 
a u r o f a c i e n s ,  X .  m a l t o p h i l a ,  C . c a r ta e ,  F . o d o r a t u m  
and P. r u b i a c e a r u m  grew  m oderately  w ell over th e  
w hole aw range a t all tem p eratu res (Table 2). 
A bundant m yceliu m  w a s  form ed, w h en  A .  J l a v u s  
in teracted w ith  B .  m e g a t e r i u m ,  B .  l a t e r o s p o r u s ,  C . 
c a r ta e  an d  P. r u b i a c e a r u m  at 25°C and 30°C  a s  w ell 
a s  0 .9 5  an d  0 .9 8  aw. H ow ever, th e  grow th o f A .  
J l a v u s  d ecreased  a t 25°C  an d  30°C  a s  w ell a s  0 .9 0
aw

A j l a t o x i n  p r o d u c t i o n  i n  p e a n u t  k e r n e l s  : M ean  
aflatoxin prod u ction  b y  a s in g le  cu ltu re  o f A .  J l a v u s  
in  sterilized p ean u t k ern els  is  sh o w n  in  Table 2. 
M axim um  aflatoxin  (1 0 5 0  g g /k g ) w a s  p rod u ced  at

30°C  an d  0 .9 8  a ,̂, w h ile  in  co n tra st, a t 20°C  and  
0 .9 8  an d  0 .9 5  aw, on ly sm all a m o u n ts  w ere form ed, 
an d  n on e w a s p rod u ced  at 20°C  a n d  0 .9 0  aw.

W hen A .  J l a v u s  w a s grow n w ith  different bacteria  
in  d u a l cu ltu re  o n  p ea n u t, a fla to x in  production  
in creased  in  ca se  o f all b acter ia  u n d er  exp erim enta l 
con d itio n s, except in  c a se  o f  F . o d o r a t u m ,  as  
com pared  to A .  J l a v u s  in  a  s in g le  cu ltu re  (Table 
2). T he h ig h est a fla tox in  p rod u ction  w a s  noticed , 
w h en  A. J l a v u s  an d  B .  m e g a t e r i u m  w ere grown  
togeth er at 30°C  (2 1 7 5  g g /k g ) , 25°C  (2 0 0 5  gg /k g )  
an d  0 .9 8  aw, thereb y am o u n tin g  to  a  two-fold  
in crease  over th e  sin g le  cu ltu re . A  10-fold  in crease  
in  afla toxin  level w a s  fou n d  at 30°C  (1 0 0 5  g g /k g ,  
25°C  (1 0 7 5  g g /k g ), an d  0 .9 0  a,, w ith  th e  sam e  
b acteriu m . Sim ilarly, a n  in crea sed  level o f a fla toxin  
p rod u ction  w a s  observed  in  d u a l cu ltu re  w ith  B .  
l a t e r o s p o r u s ,  P . a u r o f a c i e n s ,  C . c a r ta e ,  X .  m a l t o p h i l a  
an d  P. r u b i a c e a r u m  at 30°C  an d  0 .9 8  aw, 0 .9 5  and  
0 .9 0  aw, follow ed b y  25°C  an d  20°C , an d  at th e  
sam e aw v a lu es . P roduction  w a s  s ligh tly  different 
w ith  B. l a t e r o s p o r u s ,  a s  th e  level o f  aflatoxin

TABLE 2 . GROW TH A N D  AFLATOXIN PRO D U C TIO N  BY A. FLAVUS IN SING LE A N D  DUAL CU LTU R E WITH D IF F E R E N T  BACTER IA  IN 
STERILIZED PEAN U T K ER NELS

O rg a n lsm (s) G row th* a n d  a fla to x in  p r o d u c tio n 11 (p g /k g ) a t  te m p e r a tu r e  a n d  a w o f
20°C 25°C 3 0°C

0 .9 8 0 .9 5 0 .9 0 0 .9 8 0 .9 5 0 .9 0 0 .9 8 0 .9 5 0 .9 0
A. J la v u s / 3 3 2 5 5 3 5 4 2
B. megaterium 3 3 2 5 5 2 3 4 4
A. J la vu s / 4 3 3 5 4 2 4 5 3
B. laterosporus 3 3 2 4 5 3 4 3 2
A. J la vu s / 4 2 2 4 3 3 2 3 4
P. aurofaciens 3 3 3 3 4 2 3 3 2
A. J la v u s / 4 3 4 4 4 3 4 2 3
X. maltophila 2 3 2 3 4 2 3 5 4
A. ß a v u s / 4 4 2 4 4 3 5 4 3
C. cartae 3 3 2 4 4 3 3 3 2
A. J la vu s / 3 3 3 4 3 4 4 3 4
F. odoratum 2 3 2 3 4 3 2 3 2
A. J la v u s / 2 2 3 4 4 3 5 4 2
P. rubiacearum 3 3 2 5 5 4 3 3 3
A. Jlavus 2 7 0 .0 1 0 0 .5 NAC 1 0 1 0 .0 7 0 0 .6 1 0 5 .2 1 0 5 0 .0 9 4 0 .0 1 0 0 .5
A. J la vu s/B . m egaterium 5 5 0 .5 3 5 0 .2 NA 2 0 0 5 .0 1 5 0 0 .2 1 0 7 5 .0 2 1 7 5 .0 1 5 5 0 .5 1 0 0 5 .0
A. J la vu s /B . laterosporus 4 5 0 .2 2 0 7 .7 NA 1 7 0 0 .5 1 2 0 2 .0 4 0 7 .2 1 9 0 0 .7 1 0 0 4 .2 8 0 0 .5
A. Jla vus/P . aurofaciens 4 2 0 .5 2 1 7 .2 NA 1 5 0 5 .0 9 0 9 .9 5 0 5 .0 1 6 0 6 .7 9 9 9 .0 8 1 5 .0
A. J la vu s /X . maltophila 3 5 0 .2 1 8 9 .0 NA 1 0 5 0 .5 5 .5 2 0 0 .0 1 2 0 2 .9 1 1 1 1 .0 7 4 0 .5
A. f la v u s /C . cartae 4 0 0 .6 1 7 5 .0 NA 1 3 0 0 .2 9 9 0 .0 3 5 0 .0 1 5 0 0 .0 1 2 0 2 .5 8 5 0 .0
A. fla v u s /F . odoratum 2 5 0 .0 8 9 .2 NA 8 5 0 .0 5 0 5 .5 9 0 .2 9 1 7 .2 7 0 5 .3 4 0 0 .5
A. fla v u s /P . rubiacearum 2 8 5 .0 7 5 .5 NA 1 0 8 0 .0 8 0 2 .0 1 1 5 .0 1 1 0 2 .0 1 0 9 0 .2 8 5 0 .0
•D a ta  o n  g ro w th  o f  in d iv id u a l o r g a n is m  a re  n o t  p r e se n te d  b u t  d e sc r ib e d  In th e  text; C la s s if ic a t io n s  for A . J la vu s  (p o r tio n  o f  th e  k ern e l 
covered ) - 1: v er y  little; 2; o n e -fo u rth ; 3: o n e -h a lf; 4: th r e e -fo u r th s ; 5: w h o le  o f  k e r n e l co v e r e d . G ro w th  o f  b a c te r iu m  w a s  a s s e s s e d  by  
d ilu t io n  p la tin g ; C e lls  p er  g ra m  o f  p e a n u t  k e r n e l-1:10*; 2 :1 0 s; 3 : 103; 4 :1 0 4; 5 :1 0 5. bM ean  le v e l o f  s ix  r e p lic a te s . cN ot d e te c ta b le  a m o u n t.
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produced at 25°C  an d  0 .9 5  aw (120 2  p g /k g ) w a s  
greater th a n  the am o u n t o f a ila tox in  produced  at 
30°C and 0 .9 5  aw.
Discussion

The p resen t r e su lts  in d icate  th a t a lm ost all 
geocarposphere b acter ia , excep t F l a v o b a c t e r i u m  
o d o r a tu m ,  stim u lated  th e  overall level o f  a ila tox in  
production  b y  A . J l a u u s ,  w h en  grow n in  d u a l cu ltu re  
o n  s te r iliz e d  p e a n u t  k e r n e ls  u n d e r  c e r ta in  
environm ental con d itio n s. T he p resen ce  o f B. 
m e g a t e r i u m  s ig n i f ic a n t ly  in c r e a s e d  a i la to x in  
production, a s  com pared  to  th a t b y  cu ltu res  o f  A .  
f l a v u s  alone. D esp ite  a  m arked  in flu en ce  o n  tota l 
ailatoxin  production , all te s t  bacteria  sh ifted  th e  
relative rates o f a ila tox in s B ,, G ,, B2 an d  G2.

Growth o f A .  f l a v u s  in  th e  p ea n u t extract agar 
and p ean u t k ern els  sh ow ed  a sp ecific  p attern  of  
sen sitiv ity  to  the sev en  te s t  b acteria , w h ich  m ight 
have resu lted  d u e to  sp ecific  difference in  th e  
nature of th e  vo latile  b acteria l m etab o lites  produced  
and also  from  en vironm ental ch a n g es  su c h  a s  
alterations in  th e  lev els  o f oxygen  or carb on  dioxide. 
F ries (19 7 3 ) s u g g e s te d  th a t  v o la tile  org an ic  
com p oun d s m ay  exert a n  effect on  a fu n g u s  b y  
in fluencing sp ecific  m etab olic  p ro cesses , rather  
than  b y  gro ss in h ib ition  o f m etab olism , grow th and  
developm ent. He p rop osed  th a t vo latile com p o u n d s  
could act, in  sm all am ou n ts, a s  m etabolic regulators, 
by d irecting th e  m eta b o lism  th ro u gh  sp ecific  
pathw ays. T h is su g g estio n  cou ld  b e  o f sp ec ia l 
im portance, if  th e  a ccu m u la tion  of fu n gal secon d ary  
m etabolites su c h  a s  m yco to x in s, on  a  particu lar  
su b s tr a te s , c o u ld  b e  in f lu e n c e d  b y  v o la tile  
m etabolites from  a n  a sso c ia ted  bacteria l flora.

The p resen t r e su lts , w ith  p ea n u t a s  th e  
su b strate , su g g est th a t th e  m etab olic  activ ity o f all 
te st bacteria altered th e  su b stra te , en h an cin g  th e  
growth o f A .  f l a v u s  or its  ab ility  to produce a ila tox in  
or both. It is  p ossib le  th a t B .  m e g a te r i u m ,  B .  
l a t e r o s p o r u s ,  P , a u r o f a c i e n s ,  X .  m a l t o p h i l a ,  C . c a r t a e  
and P. r u b i a c e a r u m ,  u n d e r  ou r exp er im en ta l 
con d ition s, cou ld  h ave en zym atically  ch an ged  th e  
su b stra tes , m ak in g  th em  m ore favourable for 
ailatoxin  b io sy n th esis . S im ilarly, co m p o u n d s from  
th ese  organ ism s cou ld  h ave b een  released , lead in g  
to en h an ced  grow th or en h a n ced  tox in  p rod u ction  
or both. It is  a lso  p o ssib le  th a t th ese  s ix  bacteria  
got attached to the h yp h ae o f A .  f l a v u s ,  an d  travelled  
w ith hyphae into th e  t is su e , thereb y altering not 
only th e  su b strate , b u t a lso  th e  fu n gal w all- 
m em brane stru ctu re, ch an g in g  its  d iffusib ility  or

in creasin g  th e  rate at w h ich  m eta b o lite s , su c h  a s  
th e  a ila tox in s, c a n  lea k  th ro u gh  th e  m em brane.

R esu lts o f d u al cu ltu re te s t s  w ith  F la v o b a c t e r iu m  
o d o r a t u m  o n  p e a n u t  su b s tr a te  sh o w e d  le a s t  
p rod u ction  o f a ila tox in  b y  A .  f l a v u s ,  a s  com pared  
to  th a t b y  cu ltu res  o f A. f l a v u s  a lon e. S tu d ie s  w ith  
A. f l a v u s  an d  F l a v o b a c t e r i u m  a u r a n t i a c u m  (M ehan  
et al. 1991) an d  A. p a r a s i t i c u s  w ith  S a c c h a r o m y c e s  
c e r e v i s i a e  (W eckbach an d  M arth 1977) in  liquid  
cu ltu re  a lso  sh o w ed  a d ec r e a se  in  a ila to x in  
production . C iegler e t  al (1966) screen ed  1000  
m icroorgan ism s for th eir  ab ility  to  in h ib it a ila tox in  
p roduction , an d  fou n d  th a t  on ly  F l a v o b a c t e r i u m  
a u r a n t i a c u m  rem oved a ila tox in  from  a n u tr ien t  
solution . The m ech an ism  p roposed  w a s  th a t aflatoxin  
w a s degraded b y  in tact a n d  fragm en ted  m yceliu m  
(M asim ango et al. 1978).

The preferential a sso c ia tio n  o f fungi an d  bacteria  
w ith  early d evelop m en t s ta g e s  o f  th e  pod  in d ica tes  
th a t so m e m icro org an ism s are w ell ad ap ted  for 
co lon iza tion  o f th e  g eo carp o sp h ere , a n d  th ese  
m icroorgan ism s cou ld  b e  o f grea t m icrob iolog ical 
sign ifican ce.
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p rep a rative  h ig h  p r e ssu r e  liq u id  c h r o m a to g r a p h y  o f  a f la to x in s . 
J  A ss o  O ff A n a l C h e m  6 0 : 7 8 4 - 7 9 0  

W e ck b a ch  LS, M arth E H  (1 9 77 ) A flatox in  p ro d u c tio n  b y  Aspergillus 
parasiticus  in  a  c o m p e t itiv e  e n v ir o n m e n t  M y c o p a th o l 6 2 :3 9 -  
4 5

W ilso n  DM , J a y  E , H ill RA (1 9 8 5 )  M icro flora  c h a n g e s  in  p e a n u t s  
(g ro u n d n u ts ) s to r e d  u n d e r  m o d ified  a tm o s p h e r e s . J  S to re d  
P rod R es 2 1 : 4 7 -5 2

R e c e i v e d  4  A p r i l  1 9 9 4 ;  r e v i s e d  6  J u l y  1 9 9 5 ;  a c c e p t e d  5  S e p t e m b e r  1 9 9 5
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Chemical Determ ination of Nutritional and Antinutritional
Properties in Tribal Pulses

V.R. MOHAN1 AND K. JANARDHANAN*
S eed  P hysio logy an d  B ioch em istry  Laboratory,
D ep artm en t o f B otany, B h arath iar U niversity,

C oim batore - 6 4 1  0 4 6 , India.
W ild u n d e r-ex p lo ite d  e d ib le  le g u m e  s e e d s , C assia  obtus (folia and  th r ee  g er m p la sm  o f  A brus precatorlus  w er e  in v e s tig a te d  

for th e ir  p ro x im a te  c o m p o s it io n , m in e r a ls , s e e d  p r o te in  fr a c tio n s , a m in o  a c id  p r o file s , fa tty  a c id  c o m p o s it io n  a n d  c e r ta in  
a n tin u tr itio n a l s u b s ta n c e s .  T h e s e  c o n ta in e d  c r u d e  p r o te in s  (1 6 .1  to  22 .8% ), fa t (8 .8  to  12.7% ) a n d  c a r b o h y d r a te s  (5 5 .1  
to  65 .8% ). T h e  s e e d  p r o te in  fr a c tio n a tio n  re v ea led  th a t  b o th  a lb u m in s  a n d  g lo b u lin s  c o n s t itu te d  p r e d o m in a n t  p r o te in  
fr a c tio n s. T h e  d a ta  o n  a m in o  a c id  p ro file s  s h o w e d  th a t  th e  m e th io n in e  c o n te n t  r a n g e d  fr o m  1 .7  to  2 .5 %  in  A. precatorius. 
T h e s e e d  p r o te in s  o f  C. obtusifo lia  w e r e  fo u n d  to  b e  d e f ic ie n t  in  ly s in e , c y s t in e , m e th io n in e  a n d  p h e n y la la n in e . T h e  
u n sa tu r a te d  fa tty  a c id s  a c c o u n te d  for m o re  th a n  60%  o f  th e  lip id s  in  A. precatorius, w h e r e a s  in  C. obtusifo lia  th e y  
a c c o u n te d  for 46% . T h e  m in e r a l c o m p o s it io n  sh o w e d  th a t  p o t a s s iu m  fo rm ed  th e  m o s t  p r e d o m in a n t  m in e r a l in  a l l  th e  
s a m p le s . A m o n g  th e  le v e ls  o f  th e  a n t in u tr it io n a l fa c to r s  In v e s tig a te d , to ta l free  p h e n o ls , ta n n in s  a n d  L -D O P A  w e r e  
n o t  p a r ticu la r ly  h ig h . O n ly  th e  g lo b u lin  fr a c tio n  o f  A . precatorius  s e e d  p r o te in s  e x h ib ite d  s tr o n g  a g g lu t in a t io n  w ith  
th e  e r y th r o c y te s  from  th e  b lo o d  g r o u p s  B  a n d  O. In C. obtusifolia, th e  g lo b u lin s  e x h ib ite d  s tr o n g  a g g lu t in a t io n  a g a in s t  
th e  e r y th r o c y te s  o f  h u m a n  b lo o d  g r o u p  A  o n ly .
K e y w o r d s  : T rib a l p u ls e s ,  A brus precatorius, C assia  obtusifolia. C h e m ic a l c o m p o s it io n , A n tin u tr it io n a l fa c to r s .

The tribal p u lse s , A b r u s  p r e c a t o r i u s  L. an d  
C a s s i a  o b t u s i f o l i a  L. grow  in  a lm ost all p arts o f  th e  
tropical zo n es  (Hooker 1973). D uring extrem e food  
scarcity, boiled  se e d s  o f  A .  p r e c a t o r i u s  are k n ow n  
to b e eaten  b y  o n g e s  ab origin es o f A n d am an s  
(Bhargava 1990), an d  K a t k h a r i s  o f P u n e D istrict, 
M aharashtra, India (G unjatkar an d  V artak 1982). 
Sim ilarly, the roasted  s e e d s  o f C. o b tu s i f o l i a  are 
eaten  b y  th e  tribal peop le  living in  th e  h illy  region  
of P une D istrict, M aharashtra (G unjatkar and  
Vartak 1982). C hem ical com p o sition  an d  n u trien t  
evaluation  w ere carried ou t o n  th e  se e d s  o f A .  
p r e c a to r i u s  in  a n  earlier in vestigation . (Rajaram  
and J a n a rd h a n a n  1992). For th e  p resen t stu d y , 
three different a c c e ss io n s  o f th e  sa m e tribal p u lse , 
w ere collected  from  different agroclim atic region s, 
viz., Ayyanarkoil F orest, K alakad W ildlife S an ctu a ry  
and M undanthurai. W ildlife S an ctu ary . T he tribal 
p u ls e ,  C. o b t u s i f o l i a ,  w a s  c o l l e c t e d  fro m  
M undanthurai W ildlife S an ctu ary , Tam il N adu, 
S o u th  In d ia .T h e n u tr ie n t  an d  a n tin u tr it io n a l  
properties o f th ese  tw o tribal p u lse s  h ave b een  
investigated  and th e  r e su lts  are reported  in  th is  
paper.
Materials and Methods

The m atu re se e d s  o f three germ p lasm  o f tribal 
p u lse , A b r u s  p r e c a t o r i u s ,  an d  oth er tribal p u lse . 
C a s s i a  o b tu s i fo l ia ,  w ere co llected  from  different 
agroclim atic reg ion s in  India, a s  m en tion ed  above.
* Corresponding Author. 'P resent a d d re ss  : P.G. D epartm ent o f  

Botany, V.O.C. College, Tuticorin, 6 28  008, India,

The m oistu re  co n ten t w a s  d eterm in ed  b y  drying 50  
tran sverse ly  cu t se e d s  in  a n  ov en  at 80°C  for 2 4  h. 
T he oven-dried  an d  air-dried s e e d s  w ere pow dered  
sep ara tely  in  a  W illey m ill (Scientific equ ipm ent  
w orks, D elh i, India) to  6 0  m e sh  size . T otal n itrogen  
w a s determ ined b y  m icrokjeldahl m eth od  (H um phries  
(1956), an d  th e  cru d e protein  co n ten t w a s  calcu lated  
b y  m u ltip ly in g  th e  n itrogen  co n ten t b y  6 .2 5 . The  
co n ten ts  o f e th er  extracts, cru d e fibre an d  a sh  w ere  
determ ined  b y  AOAC (1970) p roced u re. N itrogen- 
free extractive w a s  ca lcu la ted  b y  d ifference. T he  
en ergy  v a lu es  o f th e  s e e d s  w ere determ in ed  by th e  
m eth od  o f O b so m e an d  V oogt (197 8). S od iu m , 
p o ta ss iu m , ca lc iu m , m a g n es iu m , z in c , m a n g a n ese , 
iron an d  cop p er c o n te n ts  w ere e stim a ted  b y  u sin g  
P erk in -E lm er , M o d e l-5 0 0 0  a to m ic  a b so r p tio n  
sp ectrop h otom eter follow ing th e  m eth o d  o f Issac  
an d  J o h n so n  (1975). P h o sp h o ru s co n ten t w a s  
estim ated  colorim etrically  (D ick m an  a n d  B ray 1940)  
from  triple acid  d igested  sa m p les . T he tota l p rote in s  
w ere extracted  b y  th e  m eth o d  o f Rajaram  and  
J a n a rd h a n a n  (1990), an d  estim a ted  after co ld  20%  
TCA p recip itation  a s  p er th e  m eth o d  o f L ow iy et 
al (1951).

The seed  p rotein  fraction s, a lb u m in s an d  
g lob u lin s, w ere extracted  follow ing th e  m eth o d  of 
M urray (1 9 7 9 ) . F rom  th e  rem a in in g  p e lle ts , 
p ro lam in s an d  g lu te lin e s  w ere a lso  extracted  
(Rajaram  a n d  J a n a rd h a n a n  1990). T he above  
m en tion ed  p rotein  fraction s w ere estim a ted  for 
protein  con ten t b y  th e  m eth o d  o f Lowry et al (1951). 
T he fractionated  to ta l se e d  p rote in s w ere acid
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hydrolyzed w ith  6 N  hydrochloric acid  at 110°C for 
2 4  h  in  v a c u o  (Laurena e t al. 1991). After flash  
evaporation, th e  dried resid u e w a s  d isso lved  in  
citrate buffer (pH 2.2). K now n a liq u ots w ere analyzed  
in  LK B-Biochrom e au tom ated  am in o acid  analyzer, 
M odel-4151, A lpha p lu s  (Rajaram and J a n a rd h a n a n
1990). All th e  am ino a c id s recovered  are p resen ted  
a s g lO  g*1 proteins.

The tota l lip id s from  the seed  flou rs w ere  
extracted according to  th e  m eth od  o f Folch  et al
(1957). F atty acid  m ethy l esters  w ere prepared from  
th e parental lip id s by th e  m eth od  o f M etcalfe et 
al (1966). F atty acid  a n a ly s is  w a s  perform ed b y  g a s  
chrom atography (Shim adzu M odel RIA), u s in g  a 
flam e ion isation  detector (M ohan an d  J a n a rd h a n a n
1993).

The antinutritional factors like total free p h en o ls  
(Bray and T h om e 1974), ta n n in s  (B u m s 1971), and  
n o n - p r o t e in  a m in o  a c id ,  L -D O P A  ( 3 ,4 -  
d ih y d r o x y p h e n y la la n in e )  (B r a in  1 9 7 6 )  w e r e  
quantified. The haem agglutinating activity of album in  
and g lobulin  fraction s o f s eed  p rote in s (Liener 1976) 
w a s a lso  assa yed .
Results and Discussion

The ch em ica l com p osition  o f germ p lasm  se e d s  
of A .  p r e c a t o r i u s  an d  C . o b tu s i fo l ia ,  are sh o w n  in  
Table 1. The crude protein  con ten t o f th e  germ plasm

of A .  p r e c a t o r i u s  is  s ligh tly  h igher, w h e n  com pared  
w ith  certa in  le s s  k n ow n  p u lse  cro p s (A m ubode and  
F etuga 1984; U k h u n  an d  Ifebigh 1988). Sim ilarly, 
germ p lasm  o f A .  p r e c a t o r i u s  co n ta in ed  h ig h er  lipids  
th a n  th o se  in  oth er tw o tribal p u lse s . A c a c i a  c a t e c h u  
and P a r k in s o n i a  a c u l e a t a  (Rajaram an d  Ja n ard h an an  
1991a). In con trast, cru d e p ro te in s an d  lip id s are 
higher in  C. o b t u s i f o l i a  th a n  in  th e  com m on ly  
c u lt iv a te d  le g u m e s  lik e  C i c e r  a r i e t i n u m  (Luz 
F ernandez an d  Berry 1988); C a j a n u s  c q j a n  (O shodi 
an d  E kperigin  1989); tribal p u ls e s  lik e , V ig n a  
u m b e l l a t a  (Rajaram an d  J a n a rd h a n a n  1990) and  
E n t a d a  p h a s e o l o i d e s  (M ohan an d  J a n a rd h a n a n
1993). D u e  to  th e  lipid rich  n atu re , th e  s e e d s  of 
A. p r e c a t o r i u s  from  all th e  germ p lasm  and C. 
o b t u s i f o l i a  registered  h igh  food en ergy  v a lu e s  th a n  
th o se  o f P h a s e o l u s  v u l g a r i s ,  P . l i m e n s i s ,  V ig n a  
u n g u i c u l a t a ,  C ic e r  a r i e t i n u m ,  P i s u m  s a t i v u m ,  a n d  
L e n s  c u l in a r i s  (M einers et al. 1976a).

F ood  le g u m e s  h a v e  b e e n  r e c o g n iz e d  a s  
im portant so u r c e s  o f severa l m in era ls  in  Indian  
d iets  (G opalan et a l.1 9 7 8 ). All th e  in vestigated  
germ p lasm  o f A .  p r e c a t o r i u s  co n ta in ed  h ig h er  levels  
of sod iu m , p o ta ss iu m  an d  ca lc iu m , w h e n  com p ared  
w ith  oth er leg u m es, P h a s e o l u s  v u l g a r i s ,  P . l i m e n s i s ,  
V ig n a  u n g u i c u l a t a ,  C ic e r  a r i e t i n u m ,  P i s u m  s a t i v u m  
and L e n s  c u l i n a r i s  (M einers et al. 1976b). 
In C. o b t u s i f o l i a  se ed s , th e  m in era ls  like p o ta ss iu m .

TABLE 1. CHEM ICAL COM POSITION O F  T H E  S E E D S  O F ABRUS PRECATORIUS A N D  CASSIA OBTUSIFOUA1
A . precatorius A . precatorius A . precatorius C. obtusifo lia

(A yyan ark oil (K alakad  W ild life (M u n d a n th u r a i W ild life
F orest) S a n c tu a r y ) S a n c tu a r y )

P ro x im a te  c o m p o s it io n
(g 1 0 0  g“1 s e e d  flour)

M o istu re 8 .0  ±  0 .1 7 .7  ± 0 .0 8 .3  ±  0 .1 7 .9  ±  0 .0
C ru d e p ro te in s 1 6 .2  ±  0 .1 1 6 .1  ± 0 .1 1 8 .1  ±  0 .2 2 2 .8  ±  0 .2
C ru d e lip id s 8 .2  ±  0 .0 9 .4  ± 0 .1 9 .2  ±  0 .1 1 2 .7  ±  0 .1
C ru d e fibre 6 .2  ±  0 .2 5 .8  ± 0 .1 6 .1  ±  0 .0 4 .5  ±  0 .1
A sh 3 .0  ±  0 .0 3 .1  ± 0 .0 4 .2  ±  0 .0 4 .9  ±  0 .1
N itrogen  free e x tr a c tiv e s  (NFE) 6 5 .8 6 5 .6 6 2 .3 5 5 .1
•C alorific  v a lu e  (R eal 1 0 0  g -1 DM) 4 0 7 4 1 2 4 0 5 4 2 5 .5

M in eral c o m p o s it io n
(m g 1 0 0  g -1 s e e d  flour)

S o d iu m 2 2 .9  ±  0 .2 2 2 .8  ± 0 .3 2 3 .0  ±  0 .4 6 8 . 5  ±  0 .1
P o ta s s iu m 1 6 0 8 .7  ±  0 .5 1 9 7 1 .8  ± 0 .9 1 8 2 8 .2  ±  1 .2 2 1 7 1 .6  ±  4 .1
C a lc iu m 2 4 3 .5  ±  0 .3 2 4 3 .7  ± 0 .1 2 4 4 .3  ±  0 .5 5 2 1 .2  ±  0 .6
M a g n e siu m 6 2 . 6  ±  0 .1 6 2 .4  ± 0 .2 6 2 .8  ±  0 .2 8 1 3 .0  ±  1 .0
P h o sp h o r u s 1 7 3 .9  ±  0 .3 1 8 4 .2  ± 0 .5 1 9 6 .3  ±  0 .3 3 3 6 .6  +  0 .5
Iron 2 .8  ±  0 .1 2 .8  ± 0 .1 3 .1  ±  0 .1 3 .5  ±  0 .1
C op p er 0 .9  ±  0 .0 0 .9  ± 0 .0 0 .9  ±  0 .0 1 .0  ±  0 .1
Z in c 1 .3  ±  0 .0 1 .5  ± 0 .0 1.1 ±  0 .0 1 .3  ±  0 .1
M a n g a n e se 0 .2  ±  0 .0 0 .2  ± 0 .0 0 .2  ±  0 .0 1 .3  ±  0 .1
'V a lu es  a re  m e a n s  o f  tr ip lica te  d e te r m in a t io n s . • C a lc u la te d  ±  D e n o te s  s ta n d a r d error.
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TABLE 2 . AMINO ACID ( g / 1 0 0  g  p ro te in ) P R O FILE S O F  A C ID -H Y D R O LYZED , (PURIFIED) TOTAL S E E D  P R O T E IN S O F  ADRUS 
PRECATORIUS A N D  C ASSIA OBTUSIFOUA

A . precatorius  
(A yyan ark oil 

F orest)

A . precatorius  
(K a lak ad  W ild life  

S a n c tu a r y )

A . precatorius  
(M u n d a n th u r a i  

W ild life  S a n c tu a r y )

C. obtusifo lia W H O /F A O  (1 9 7 3 )  
P ro v is io n a l  

p a tte r n
G lu ta m ic  a c id 1 5 .0 1 5 .0 1 4 .3 1 5 .3 -
A sp a rtic  acid 1 0 .0 1 2 .0 1 2 .5 1 2 .5 -
S e r in e 2 .7 3 .3 3 .0 5 .1 -
T h re o n in e 3 .0 2 .5 2 .6 3 .6 4 .0
P ro lin e 4 .0 3 .3 3 .2 4 .1 -
A la n in e 6 .0 6 .1 5 .8 5 .7 -
G ly c in e 5 .7 5 .4 5 .3 4 .2 -
V a lin e 7 .1 7 .9 7 .5 4 .2 5 .0
C iy s t in e T ra ce T ra ce T ra ce T r a c e !
M e th io n in e 1 .7 2 .5 2 .2 T r a c e  J 3 .5
Iso le u c in e 5 .6 4 .4 5 .0 8 .4 4 .0
L eu cin e 8 .4 9 .5 9 .7 8 .7 7 .0
T yro sin e 2 .0 2 .2 1 .6 2 .2 1
P h e n y la la n in e 4 .5 4 .7 4 .8 4 -7  j 6 .0
L ysin e 5 .8 6 .1 6 .3 4 .1 5 .5
H istid in e 1 .0 1 .2 1.1 1 .2 -
T ry p to p h a n ND N D N D 1 .0 -
A rg in in e
ND  - N ot d e te c te d

6 .3 6 .0 5 .9 5 .2 “

calcium , m ag n esiu m  an d  p h o sp h o ru s, are h igher  
th a n  th o se  in  oth er leg u m es (M einers et al. 1976b).

In A .  p r e c a to r i u s ,  th e  tota l (true) protein  con ten t  
in  th e germ p lasm  ranged  b etw een  1 3 .6  an d  14.2% , 
w h ereas in  C . o b tu s i fo l ia ,  it w a s  20.5% . The a lb u m in  
protein  fraction s in  all th e  three a c c e ss io n s  o f A .  
p r e c a to r i u s  w ere in  th e  range o f  3 7 .7  to 39.1% ; 
w h ereas in  C . o b t u s i f o l i a  it w a s  33.1% . Sim ilarly, 
the g lobulin  protein  fraction s in  all th e  three  
a cce ss io n s  o f A .  p r e c a t o r i u s  ran ged  from  4 4 .8  to  
45.8% , w h erea s in  C. o b tu s i fo l ia ,  it w a s  49.9% . The  
seed  protein  fraction ation  data  revealed  th a t both  
album ins and g lob u lin s con stitu ted  th e predom inant 
protein fractions a s  in  oth er tribal p u lse s , P h a s e o l u s  
l u n a t u s  (V ijayakum ari e t al. 1993) an d  X y l i a  
x y l o c a r p a  (Siddhuraju et al. 1994).

The in vestigated  germ p lasm  seed  p rote in s o f

A .  p r e c a t o r i u s  w ere rich  in  m o st  o f  th e  e ssen tia l 
am ino a c id s (Table 2), excep t for th reo n in e  and  
cystin e , a s  com pared  to  th o se  o f W H O /FAO  (1973) 
p rovision al p attern . In C . o b t u s i f o l i a ,  th e  seed  
p ro te in s  are lim itin g  in  c y s t in e , m e th io n in e , 
p h en y la lan in e  an d  ly sin e . T he co n cen tra tio n s o f th e  
oth er e sse n tia l am ino acid s, i .e ., iso leu c in e , leu cin e , 
th reon in e an d  va lin e  w ere h ig h er  th a n  th e  W H O / 
FAO (1973) p rov ision al p attern .

F atty ac id s, like p alm itic , o leic  an d  linoleic, 
w ere th e  m ajor fatty  a c id s  o f  lip id s o f  all th e  
germ p lasm  o f A .  p r e c a t o r i u s  an d  C. o b t u s i f o l i a  (Table
3). The lev els  o f  pa lm itic  an d  lino leic  a c id s  w ere  
h igh er th a n  th o se  in  cu ltiva ted  leg u m es  like V ig n a  
r a d i a t a  an d  V; m u n g o  (S a lu n k h e et al. 1982).

Food leg u m es  are im p ortan t so u r c e s  o f  dietary  
p rote in s in  th e  d evelop ing co u n tr ies , b u t their

TABLE 3 . FATTY ACID CO M POSITIO N O F  T H E  S E E D  LIPIDS O F  ABRU S PRECATORIUS A N D  CASSLA OBTUSIFOUA1

F a tty  a c id  
%

A . precatorius  
(A yyan ark oil 

F orest)

A . precatorius 
(K alakad  W ild life  

S a n c tu a r y )

A . precatorius  
(M u n d a n th u r a i W ild life  

S a n c tu a r y )

C . obtusifolia

P alm itic  a cid (C 16:0) 1 8 .2 2 1 .4 2 3 .2 3 4 .4
S te a r ic  a c id (C 18:0) 1 1 .3 4 .6 3 .5 1 5 .1
O le ic a cid (C 1 8 :1) 3 6 .7 3 9 .3 4 0 .2 1 9 .6
L in o le ic  a cid (C l 8 :2) 2 3 .6 3 0 .2 2 6 .3 2 6 .4
L in o len ic  a c id (C 18:3) 8 .3 3 .1 6 .3 4 .5
O th e rs  (u n id en tified ) 1 .8 1.4 0 .5 -
'All v a lu e s  are m e a n s  o f  tw o d e te r m in a t io n s .
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C o m p o n e n t

TABLE 4 . ANTI NUTRITIONAL FACTO R S O F  ABRU S PRECATORIUS A N D  CASSIA OBTUSIFOUA
A. precatorius A. precatorius A . precatorius C. obtusifo lia
(A yyan ark oil (K a lak ad  W ild life (M u n d a n th u r a i W ild life

F orest) S a n c tu a r y ) S a n c tu a r y )
T ota l free p h e n o ls  (%) 0 .7 *  ±  0 .0 0 .8*  ± 0 .1  0 .7 *  ±  0 .0 0 .5 *  ±  0 .0
T a p n ln s  (%) 0 .3 *  ± 0 .0 0 .3*  ± 0 .0  0 .3 *  ±  0 .0 0 .2 *  ±  0 .0
L-DOPA (%) 0 .1 *  ±  0 .0 0 .2*  ± 0 .0  0 .5 *  ±  0 .0 3 .7 *  ±  0 .1
P h y to h a e m a g g lu tin a tin g  a ctiv ity ’’
N am e o f  th e
p ro te in
fraction

E ry th ro c y tes  
from  th e  h u m a n  
b lo o d  g ro u p

H a e m a g g lu tin a tin g  a c it lv ity

A lb u m in s A - - +
A lb u m in s B + - - +
A lb u m in s O + - - +
G lo b u lin s A - - ++
G lo b u lin s B ++ ++ ++ +
G lo b u lin s O ++ ++ ++ +
a. M ean  o f  tr ip lica te  d e te r m in a t io n  e x p r e s s e d  o n d ry  w e ig h t  b a s is ,  b . V a lu e s  o f  tw o in d e p e n d e n t  e x p e r im e n ts . -  N o c lu m p in g , p e lle t
d is p e r s e s  ea s ily . + S o m e  c lu m p in g  p e lle t  d is p e r s e s  p a r tia lly . ++ No d is p e r s io n  o f  p e lle t . ±  D e n o te s  s ta n d a r d  error.

acceptability  an d  u tiliza tion  h ave b een  lim ited  d u e  
to th e p resen ce  o f relatively h igh  con cen tra tion s of 
certain  an tin u trition al factors (N ow ack il98 0 ). The 
an tinutritional factors, like tota l free p h en o ls  and  
ta n n in s  w ere p resen t in  all th e  three germ p lasm  
se ed s  o f A .  p r e c a t o r i u s  an d  C. o b t u s i j o l i a  (Table 4), 
b u t their  con cen tra tion s w ere low er a s  com pared  
to  th o se  in  other p u lse s  co n su m ed  b y  tribals, su ch  
a s  A c a c i a  c a t e c h u  (Rajaram and Ja n ard h an an  1991a) 
and V ig n a  u m b e l l a t a  (Rajaram an d  J a n a rd h a n a n  
1990).

The con ten t o f  th e  n on -p ro tein  am in o acid , L- 
DOPA, w a s  fou n d  to  b e lower, w h e n  com pared  w ith  
the p u lse s  reported earlier from  our laboratory  
(Janardhanan  and L ak sh m an an  1985; Rajaram  
a n d  J a n a r d h a n a n  1 9 9 1 b ;  A r u lm o z h i a n d  
J a n a r d h a n a n  1 9 9 2 ;  M a ry  J o s e p h i n e  a n d  
Jan ard h an an  1992). T he p h ytoh aem agglu tin a tin g  
activity o f  a lb u m in s o f all th e  sa m p les  in vestigated  
in  th e  p resen t s tu d y  gen erally  appeared  to  b e  w eak  
against th e  erythrocytes o f th e  h u m a n  b lood  grou p s  
A,B and O. N on eth eless, th e  phytohaem agglutinating  
activity o f  g lob u lin s o f  a ll th e  germ p lasm  o f A .  
p r e c a to r i u s  exh ib ited  stron g  agg lu tin a tion  w ith  the  
erythrocytes from  th e  b lood  gro u p s B  and O, 
w h ereas the g lob u lin s o f  C. o b t u s i f o l i a  exh ib ited  
strong agglutin ation  ag a in st th e  erythrocytes of 
h u m an  b lood  group A  only.

It m ay  con clu d ed  th a t b oth  th e  tribal p u lses , 
A .  p r e c a t o r i u s  an d  C. o b t u s i f o l i a  are u se fu l a s  good  
so u rces  o f  p rotein s, lip id s, energy, so m e e ssen tia l 
am ino acid s, fatty a c id s an d  so m e m in era ls. All th e  
an tin u trition al factors reported, excep t L-DOPA,

are h ea t lab ile  an d  h en ce  th e  p rotein  q u ality  m ay  
b e en h a n ced  by w et or dry th erm ic trea tm en ts. In 
a n  earlier stu d y , it h a s  b een  d em on stra ted  th a t th e  
L-DOPA con ten t ca n  b e  sig n ifican tly  red u ced  by  
repeated  soa k in g  an d  boilin g  o f th e  s e e d s  in  w ater  
(Jab ad h as 1980). Therefore, it m a y  b e  p o ss ib le  to  
red u ce  th e  activ ity  o f  all th e  a n tin u tr itio n a l  
su b sta n c e s  in  b oth  th e  p u lse s .
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S t o r a g e  P r o p e r t i e s  o f  W h o l e  E g g  P o w d e r  
I n c o r p o r a t e d  B i s c u i t

T.S. SATYANARAYANA RAO*1, M.N. RAMANUJA, N. ASHOK AND H.S. VTBHAKAR
D efen ce Food R esearch  Laboratory, M ysore - 5 7 0  O i l ,  India.

Protein-rich biscuits containing spray dried egg powder and flavours were packed in paper-aluminium (0.012 
mm) foil polyethylene laminate pouches, biaxially oriented polypropylene and metallised polyester, for evaluating storage 
life at different temperatures. The changes in moisture, peroxide value, free fatty acids and TBA values during storage 
at different temperatures in different packaging materials were insignificant, as compared to those in freshly made 
biscuits. The biscuits with vanillin plus orange and vanillin plus pineapple flavours were found to be more stable 
at different temperatures, and were highly acceptable for a period of 6 months at 37°C, ambient temperature (19- 
26°C) and at 4°C, as compared to those with orange flavour alone. Among packaging materials used, paper-aluminium 
foil polyethylene laminate pouch packed samples were more stable and acceptable, when compared to other packaging 
materials like metallised polyester and biaxially oriented polypropylene. The combinations of the above flavours were 
found to efficiently mask the egg flavour in the biscuits.
K e y w o rd s  : Protein-rich biscuits, Whole egg powder, Packaging materials, Flavours, Storage temperature, Acceptability.

E xten sive s tu d ie s  h ave b een  carried on  the  
enrichm ent of cerea l-b a sed  food s b y  p lan t p rotein s  
(C handrashekara et al. 1962; K won et al. 1976; 
Rajput et al. 1988; D iw an  et al. 1982; P rabhakaran  
and S rin ivasan  1971; H aridasa Rao and Surpalekar  
1976) and an im al p rote in s (Chari an d  S rin ivasan  
1980; S en  et al. 1969). H owever, protein  enrichm ent  
of w h ea t-b ased  sn a ck  food s, su c h  a s  b isc u its  and  
crackers, h a s  n o t received  m u ch  attention . In 
recent yea rs, th e  co n su m p tio n  o f b isc u its  h a s  
in creased  in  m o st o f  th e  cou n tr ies , a s  th ese  serve  
a s  im portant so u rces  o f n u tr ien ts  (Ranhotra et al. 
1980). B iscu it is  a lso  on e  o f th e  versa tile  sn a ck  
food item s u sed  b y  Arm ed F orces and is  eq u ally  
liked by ch ildren  an d  ad u lts.

Protein calorie m aln u trition  is  w idely  prevalent 
am ongst th e  low er in com e p op u la tion  in  India. 
C onventional b isc u its  con ta in  low  lev els  o f th e  
proteins o f poor quality (Rajor et al. 1989). T ow nsend  
and B u ch a n a n  (1967) h ave developed  a h igh  
protein m ilk  b iscu it, w h ich  h ad  n ot on ly  a long  
shelf-life, b u t a lso  facilitated  ea sy  tran sp ort, storage  
and d istribution , thereb y lead in g  to  its  u se  a s  an  
em ergency food at th e  tim e o f n atu ral d isasters. 
Egg p rotein s p o s s e s s  all th e  d esirab le  nu trition al 
and fu n ction a l p roperties (Satyan arayana Rao et al.
1987), an d  therefore, is  u se d  in  th e  form  o f a  variety  
of food p rod u cts, su c h  a s  om elette , egg sa lad , 
scram bled  egg an d  boiled  egg (Satyan arayana Rao 
et al. 1995). Arm ed F orces are en titled  to  two e g g s /  
p er so n / day, an d  tran sp orta tion  o f fresh  eggs to  
rem ote an d  far-off p la ces is  n ot logistica lly  feasib le

* C o r re sp o n d in g  A u th o r  'P re se n t a d d r e s s :  5 9 / D 5 ,  A R K A , 2 n d  
M a in , Y a d a v a g ir i ,  M y  s o r e -5 7 0  0 2 0 , In d ia

(Satyanarayana Rao an d  S h arm a 1987), an d  h en ce  
th e  A rm ed F o rces  h a v e  b e e n  p rov id ed  w ith  
con ven ien t p rod u cts su c h  a s  egg pow der, om elette  
m ix  (Jayaram an et al. 1976), an d  scram b led  egg  
m ix  (Satyanarayana Rao an d  S h arm a 1987), in  lieu  
of fresh  egg. T h ese  m ix es  require furth er preparation  
before con su m p tio n , an d  th u s  add on  th e  c o s t  o f  
th e final product. In order to  overcom e th e se  
lim ita tion s, egg in  th e  form  o f egg p ow der c a n  be  
incorporated  in to  b isc u its  for u s e  a s  a sn a c k  food.

T h e  p r e s e n t  p a p e r  r e p o r t s  r e s u l t s  o f  
incorporation  o f w h ole egg pow der for obta in ing  
protein-rich  b isc u its  an d  eva lu a tio n  o f  d ifferent 
pack agin g  m ateria ls  for ach iev in g  lon ger  sh e lf  life. 
R esu lts  o f  s tu d ie s  o n  th e  in corporation  o f food  
flavours in  su ch  b isc u its  to  m a sk  th e  egg flavour  
and, in  turn , im prove th e  organ olep tic  q u a litie s  of 
th e  b isc u its  are a lso  reported.
Materials and Methods

M a te r i a l s  : R efined w h ea t flour ( m a i d a )  w a s  
ob ta in ed  from  In tern ation a l S ch o o l o f  M illing  
T echnology, C entral Food T ech n olog ica l R esearch  
I n s t i t u t e ,  M y so r e . C o m m e r c ia l ly  a v a i la b le  
hydrogenated  fat { v a n a s p a tC ) ,  ca n e  su g a r  an d  spray- 
dried m ilk  pow der w ere p rocured  from  loca l m arket. 
W hole egg pow der w a s  prepared , after d esu garin g  
of th e  egg m elan ge from  a n  in itia l level o f  4 0 0  m g  
to  2 0  m g % su g a r  b y  u s in g  b ak er’s  w et y e a s t  at 
6 0 0  m g % (Satyan arayana Rao an d  M urali 1985). 
The d esu gared  m elan ge w a s  p a steu r ized  at 64°C  
for 3  m in , ch illed  to  4°C an d  dried in  a  sp ray  drier 
(M odel Z ahn-R avo-R apid , U n iv ersa l L aboratoiy, 
Germ any) (Satyan arayana R ao et al. 1987). D ouble  
actin g  b ak in g  pow der, am m o n iu m  b icarbon ate,
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sod iu m  b icarbonate, van illin  an d  orange a s  w ell a s  
pineapple flavours w ere o f stan d ard  quality. Paper- 
a lu m in iu m  (0 .0 1 2  m m ) fo il-p o lyeth y len e  (PFP) 
lam inate, b iaxia lly  oriented  polypropylene (BOPP) 
(35g) and m eta llised  p o lyester  (MP) (12g) w ere from  
reputed  m an u factu rers.

P r e p a r a t io n  o f  b i s c u i t  : R ecipe (1 0 0  g  based) 
u sed  for th e  preparation  o f protein -rich  b iscu it  
in clu d ed  m a t d a  5 0 .5 , pow dered  su g a r  2 4 .2 , 
hydrogenated fat 1 2 .1 , m ilk  pow der 1.8 , b ak in g  
pow der 0 .1 8  am m on iu m  b icarbon ate  0 .6 , so d iu m  
bicarbonate 0 .3 , w hole egg  pow der 1 0 .0 , van illin  
0 .0 3 , and  p ineapple or orange flavour 0 .0 3 . D istilled  
w ater u sed  w a s  1 2 -1 6  m l d ep en d in g  o n  m oistu re  
levels o f other in gredien ts.

Crystal su ga r  w a s  pulverized  in  a h am m er m ill 
(Kamas, Sailing, Sw itzerland) to  p a s s  throu gh  B S  
100 m esh  sieve, an d  stored  in  a m oistu re-p roof 
container. Before u se , hydrogenated  fat and flavours  
w ere cream ed in  a m ixer (Hobart, M odel No. 50 ,
U.K.) for 2 -3  m in . Egg pow der, m ilk  pow der and  
baking pow der w ere added to th e  m a i d a  and  b lended  
w e ll. S o d iu m  b ic a r b o n a t e  a n d  a m m o n iu m  
bicarbonate w ere d isso lved  in  w ater, w h ich  w a s  
u sed  for d ough  m aking . T he w h o le  co n ten ts  w ere  
m ixed in  the sa m e m ixer for 2 -3  m in . The d ough  
w a s sh eeted  o n  a sp ecia lly  m ad e a lu m in iu m  
platform , u s in g  a w o od en  rolling p in  to  ob ta in  a 
uniform  th ic k n e ss  o f  3  m m . T he sh ee t w a s  cu t into  
circular p ieces o f  5 .0  cm  d iam  w ith  round  cu tter, 
and 4 0  p ieces  w ere eq u ally  d istr ib u ted  on  an  
alum in ium  tray o f 4 0  x  16 Cm size . The trays w ere  
loaded in  b ak in g  oven  (APV Ltd. B aker P arkins, 
A ustralia), w ith  a rotating b a se , for b ak in g  at 205°C  
for 7-8  m in .

B iscu its , so  ob ta ined , w ere coo led  to  room  
tem perature (19-26°C ), p ack ed  (10 b iscu its /p a c k )  
in  PFP, BOPP a s  w ell a s  MP p o u ch es , and  stored  
in  air tight con ta in ers u n til u sed . M oisture, total 
fat, tota l p rotein s (N x  6 .7 5 ), free fatty acid s, 
■ peroxide va lu e , tota l a sh , acid  in so lu b le  a sh  and  
crude fibre w ere d eterm in ed  a s  per AOAC (1970) 
m ethod s. Thiobarbituric acid  va lu e  w a s  determ ined  
a s  per th e  m eth od  o f Kwon an d  Norgaard (1966), 
and exp ressed  a s  m g o f m a lo n a ld eh y d e /k g  sam p le. 
Total an d  red u cin g  su g a rs  w ere determ ined  b y  th e  
m ethod s d escribed  b y  R an gan n a (1986). Colour, 
te x tu r e , a p p e a r a n c e , t a s t e  a n d  th e  o v era ll  
acceptability  o f th e  p roduct w ere eva lu ated  b y  a 
ta ste  p an el (8 ju d g es), an d  exp ressed  a s  sco res  on  
a 9  point H edonic sca le  (Satyan arayana Rao 1979).

M oisture sorption  iso th erm  ch aracter istics w ere

determ ined  at am b ien t tem p eratu re (19-26°C ) b y  
exp o sin g  w eigh ed  q u a n tities  o f th e  sa m p le s  in  th e  
g la s s  petri d ish e s  to  relative h u m id ity , ranging from  
0  to 97% , b y  u s in g  appropriate sa tu ra ted  sa lt  
so lu tio n s (Rockland 1960). S a m p les  w ere periodically  
w eigh ed , till th ey  atta in ed  a  c o n sta n t w eigh t or 
sh ow ed  s ig n s  o f fu n ga l grow th.

The p ack ed  sa m p les  w ere sto red  at 37°C , 
am b ien t tem perature (19-26°C ), a n d  con tro l (4°C) 
for 6  m o n th s. T h ese  w ere an a lyzed  in itia lly  an d  at 
a n  interval o f  2  m o n th s  for c h a n g e s  in  p h y sico 
ch em ica l and organoleptic properties.
Results and D iscussion

S t a n d a r d i z a t i o n  o f  c o m p o s i t i o n  : T he ch em ica l 
com p o sition  o f p rotein -rich  b is c u its  e .g ., 10% sp ray  
dried w h ole  egg pow der, 3 .50%  m oistu re , 0.85%  
tota l a sh  and 0.09%  acid  in so lu b le  a sh  w ere w ith in  
th e  lim its  prescribed  for protein -r ich  b is c u its  b y  BIS
(1974). H ow ever, th e  to ta l fat (19.5% ), su g a r  and  
p rote in s (19.5% ) w ere a t h ig h er  lev els , a s  com pared  
to  oth er b isc u its , d u e to  u se  o f h igh er lev e ls  o f  egg 
pow der u sed  in  th e  recipe. T h e cru d e fibre and  
carb oh yd rates w ere 0 .1 3  a n d  56.6% , respectively . 
The b isc u its  gave a  s ligh tly  b itter  ta s te , attributed  
to  egg pow der, if  th e  su g a r  co n cen tra tio n  is  not 
higher. D u e to  th e  in crea sed  fat, p ro te in s and  
carb oh yd rates, th e  to ta l calorific v a lu e  o f th e  
b isc u its  in crea sed  to  4 8 0  K cal. T he b isc u its  had  
5 .8 -6 .0  cm  average diam , 1 .0 -1 .5  cm  th ic k n e ss  and
9 .5 -1 0 .0  g w eight.

M oisture iso th erm  ch a ra cter istics  o f  protein-

RELATIVE HUMIDITY 7.
Fig. 1. Sorption isotherm for egg powder based protein 
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rich b iscu its  are p resen ted  in  Fig. 1. The protein- 
rich b isc u its  h ad  3.27%  in itia l m o istu re  con ten t, 
w hich  equilibrated at 30%  RH. It is  evident that 
the b isc u its  p ick  up  m oistu re  rapidly above 30%  
RH, thereb y in d icating  th a t th e  p roduct is  h ighly  
hygroscopic, and  req u ires im m ed iate packaging.

Table 1 g ives th e  ch a n g es  in  m o istu re  con ten t  
of differently flavoured protein-rich  b isc u its , w h en  
packed in  different pack agin g  m ater ia ls  an d  stored  
at variou s tem peratu res. It is  se e n  th a t b isc u its  had  
different in itia l m o istu re  co n ten ts , ranging from  
3 .2 7  to  3.70% , except for 2.15%  in  on e o f the  
b atch es, m ain ly  d u e to th e  b a tch -w ise  variation, 
and a lso  th e  different so u rces  o f m a i d a  u se d  for  
the preparation o f b iscu its . T he b isc u its  p ack ed  in  
MP or BOPP h ad  h igh er m oistu re  co n ten ts , th a n  
th o se  packed  in  PFP at th e  end  o f 6  m o n th s  storage  
at 37°C . A  sligh t in crea se  in  m oistu re  w a s  n oted  
at am bient tem perature, an d  at 4°C in  ca se  o f  
flavoured b iscu its . T h is sh o w s  th a t MP an d  BOPP 
are not good barriers to  m oistu re , thereb y rendering  
u n su ita b le  for storin g  b isc u its  for m ore th a n  4  
m on th s. PFP w a s  fou n d  to  be a b etter  barrier for 
m oistu re and efficient in  im proving th e  sh e lf  life 
of b isc u its  to  6  m o n th s  at all tem peratu res. 
Moreover, th e  m oistu re  co n ten t h a s  n ot exceeded  
m ore th a n  6%, th e  lim it prescribed  b y  BIS (1974), 
at an y tim e during th e  entire storage period.

C h anges in  peroxide v a lu es  o f b isc u its , packed  
in  different pack agin g  m ateria ls, and  stored  at 
different tem p eratu res are a lso  p resen ted  in  th e  
sam e Table. The peroxide v a lu es  in crea sed  in  
sam p les p ack ed  in  BOPP an d  MP after 4  m o n th s  
storage at 37°C . A  further in crea se  w a s  n oticed  in  
the sa m p les  packed  in  PFP, MP an d  BOPP in  all 
th e flavoured b iscu its . T he form ation  o f peroxide  
at am bient tem perature w a s  n ot h igher in  ca se  of 
all the p ack agin g m ateria ls, probably d u e to  
m oderate storage tem peratu re, an d  p resen ce  of 
an tio x id a n ts lik e  le c ith in  in  th e  egg pow der  
(Satyanarayana Rao 1979). A  sim ilar trend  w a s  a lso  
observed in  differently flavoured  b isc u its , w h ich  
were p ack ed  in  different p ack agin g  m ateria ls and  
stored a t 4°C.

Free fatty acid  co n ten ts  o f d ifferently flavoured  
b iscu its , w h ich  w ere p ack ed  in  different p ackaging  
m ateria ls, and  stored  at d ifferent tem p eratu res are 
also  p resen ted  in  Table 1. The free fatty acid  
co n ten ts  w ere fou n d  to  in crea se  in  orange-flavoured  
b iscu its  at 37°C , w h en  p ack ed  in  MP, PFP and  
BOPP. T he sa m p les  stored  at am b ien t tem perature  
in  different p ack agin g  m ateria ls  recorded a lower

free fatty acid  va lu e  at th e  en d  o f 6  m o n th s  storage  
period, w ith  th e  u s e  o f all th e  flavou rin g co m p o u n d s  
an d  th eir  com b in ation s. T he form ation  o f free fatty  
a c id s is, th u s , in d ep en d en t o f  d ifferent p ack agin g  
m ateria ls an d  storage tem p era tu res.

The effect o f  p ack agin g  m a ter ia ls  o n  the  
ch a n g es  in  th iobarb ituric acid  v a lu e s  are a lso  given  
in  Table 1. The form ation  o f th iob arb itu ric  acid  w as  
h ig h est in  B O PP-packed m ateria l a t th e  en d  of 6  
m o n th s  storage at 37°C , b u t th e  level w a s  le s s  th a n  
th e  v a lu es  reported earlier (Thakur an d  A rya 1990; 
S atyanarayan a Rao et al. 1 9 9 0  a , b; 1991) at 
am b ient tem p eratu res. In co n tra st, form ation  of 
th iobarb ituric acid  w a s  le s s  in  all o th er  pack agin g  
m ateria ls and control (4°C) sa m p les . T he MP an d  
BOPP p ack agin g  m ateria ls  recorded  h ig h er  v a lu e s  
at 37°C  at the en d  4  an d  6  m o n th s  storage. T he  
sa m p les  stored  in  PFP sh ow ed  th e  le a s t  in crea se  
at all th e  storage periods. T h ese  v a lu e s  w ere a lso  
low er in  b isc u its  stored  at am b ient tem p eratu re and  
4°C (control) during th e  entire storage period, and  
w ith  th e u se  o f all flavouring com p o u n d s. S u ch  
in crease w a s  a lso  reported b y  T h ak u r an d  Arya
(1990). T he ex ten ts  o f  c h a n g es  w ere a lm o st sim ilar  
in  all pack agin g  m ater ia ls  an d  a lso  d u rin g  th e  
entire storage period. T h is sh o w s  th a t  paper- 
alu m in iu m -fo il p o lyethy len e la m in ate  p o u ch  h a s  got 
low er oxygen  perm eability , w h e n  com p ared  to  
com m ercially  u se d  MP or BOPP. T h ou gh  th e  PFP 
p ack agin g m ateria l is  s ligh tly  co stlier  th a n  th e  
oth er tw o p ack agin g  m ateria ls, it m a y  prove co st-  
com petitive, w h en  con sid ered  in  term s o f  lon ger  
k eep in g  q u ality  o f th e  b iscu its .

The ch a n g es  in  organoleptic q u ality  o f  flavoured  
protein-rich  b iscu its , w h en  p ack ed  in  different 
p a ck a g in g  m a te r ia ls , a n d  s to red  a t d ifferen t  
tem p eratu res, are sh o w n  in  T able 2 . T he in itia l 
overall acceptab ility  score  o n  a 9  p o in t H edonic  
p oint sca le  w a s  ab o u t 7 .4  ± 0 .7

The colour, arom a, ta s te  an d  textu re  are the  
im portant ch a ra cter istics  for accep tab ility , an d  a lso  
th e se  are good  in d ica tors for th e  ad verse  p h y s ico 
ch em ica l ch a n g es  during storage (Satyan arayana  
Rao 1979). It w a s  ob served  th a t th e  PFP - p ack ed  
sa m p les  reta in ed  n early  th e  sa m e  score  d u rin g  th e  
entire storage at 37°C . C ontrol sa m p les  (4°C) 
sh ow ed  b etter  r e su lts  th a n  th e  o th ers  at tw o  
tem p eratu res stu d ied . The sa m p le s  stored  in  MP 
and BOPP sh ow ed  low er accep tab ility  d u rin g  storage  
at 37°C  at th e en d  o f  6  m o n th s, w ith  resp ect to 
colour, texture an d  overall accep tab ility , th o u gh  the  
levels w ere w ith in  th e  a ccep ta b le  lim it o f  6  (Fryd
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TABLE 1. CHANGES IN MOISTURE, PEROXIDE VALUE, FREE FATTY ACIDS AND TBA CONTENT OF EGG POWDER BASED PROTEIN 

RICH BISCUITS CONTAINING DIFFERENT FLAVOURS AND STORED IN DIFFERENT PACKAGING MATERIALS AND AT 
DIFFERENT TEMPERATURES

Flavour/s Initial Packaging 37°C Ambient temp,. Control
moisture, 
g/100  g

materials 19°-26°C 4°C
2 m 4 m 6 m 2 m 4 m 6 m 2m 4 m 6 m

Moisture
Orange 3.27 PFP 3.20 3.86 4.19 3.64 3.87 4.04 3.18 3.76 3.87

MP 3.61 4.56 5.80 4.54 4.64 4.92 3.48 3.80 3.90
BOPP 4.15 5.06 6.67 4.90 5.64 5.93 3.56 3.94 4.06

Orange 3.62 PFP 3.66 4.02 4.55 4.11 4.31 4.46 3.20 4.04 4.11
+ MP 4.07 4.74 5.49 4.50 5.10 5.57 3.84 4.07 4.15

Vanillin BOPP 4.11 5.72 6.99 4.78 5.13 5.66 3.68 4.22 4.35
Vanillin 2.15 PFP 2.33 4.29 3.79 2.34 3.63 5.17 2.29 2.02 2.74

+ MP 4.07 4.57 5.36 3.45 4.63 4.99 2.41 3.19 3.29
Pneapple BOPP 3.68 4.89 5.69 4.94 5.25 5.52 3.42 3.92 4.13

Peroxide Value
Orange 0.75 PFP 2.07 3.15 5.37 1.61 2.31 3.27 1.27 1.42 1.51

MP 2.36 4.70 6.37 2.11 2.70 3.68 1.01 1.57 1.88
BOPP 2.04 4.24 6.68 1.77 2.60 3.79 1.22 1.45 1.53

Orange 0.79 PFP 2.16 3.28 5.26 1.72 2.18 3.28 1.40 1.89 2.06
+ MP 2.28 4.52 6.87 1.90 2.42 3.44 1.03 1.39 1.60

Vanillin BOPP 2.17 4.17 6.72 2.15 2.94 3.62 1.19 1.50 1.95
Vanillin 0.77 PFP 3.14 6.94 7.79 2.02 4.71 5.21 1.74 1.94 2.14

+ MP 2.08 4.45 6.71 1.80 2.44 3.30 0.98 1.13 1.43
Pneapple BOPP 1.96 4.66 6.61 1.76 2.85 3.97 1.25 1.39 1.39

Free fatty Acids
Orange 4.04 PFP 0.11 0.14 0.14 0.06 0.08 0.11 0.05 0.07 0.09

MP 0.07 0.13 0.15 0.06 0.08 0.10 0.08 0.08 0.10
BOPP 0.07 0.12 0.14 0.06 0.06 0.08 0.07 0.09 0.10

Orange 0.04 PFP J 0.12 0.16 0.16 0.07 0.09 0.11 0.06 0.08 0.10
+ MP 0.07 0.15 0.19 0.07 0.09 0.11 0.09 0.09 0.11

Panillin BOPP 0.09 0.13 0.15 0.07 0.09 0.13 0.07 0.10 0.12
Vanillin 0.04 PFP 0.05 0.08 0.09 0.06 0.07 0.07 0.07 0.08 0.08

+ 0.05 MP 0.07 0.17 0.17 0.04 0.10 0.15 0.05 0.07 0.10
Pineapple BOPP 0.05 0.18 0.17 0.06 0.07 0.15 0.03 0.05 0.07

TBA
Orange 0.13 PFP 0.22 0.27 0.33 0.15 0.17 0.19 0.13 0.14 0.15

MP 0.25 0.32 0.39 0.16 0.18 0.20 0.14 0.16 0.17
BOPP 0.29 0.35 0.45 0.17 0.20 0.21 0.15 0.17 0.20

Orange 0.15 PFP 0.22 0.27 0.29 0.16 0.18 0.19 0.15 0.16 0.17
+ MP 0.27 0.32 0.41 0.18 0.19 0.21 0.17 0.18 0.18

Vanillin BOPP 0.31 0.36 0.48 0.17 0.22 0.26 0.18 0.20 0.20
Vanillin 0.16 PFP 0.23 0.26 0.28 0.21 0.23 0.24 0.16 0.18 0.19

+ 0.17 MP 0.29 0.32 0.38 0.19 0.21 0.22 0.17 0.18 0.19
Pineapple BOPP 0.30 0.36 0.44 0.20 0.23 0.29 0 .i8 0.19 0.20

PFP : Paper aluminium foil (0.012 mm) polyethylene laminate pouch. MP : Metallised polyester (12 p); MP : ; BOPP : Biaxially oriented 
polypropylene (35 pi); m : Month.
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TABLE 2. CHANGES IN ORGANOLEPTIC QUALITY OF PROTEIN RICH BISCUITS PREPARED WITH DIFFERENT FLAVOURS, PACKED 

IN DIFFERENT PACKAGING MATERIALS AND STORED AT DIFFERENT TEMPERATURES
Packaging
material

Organoleptic
quality

37°C Ambient temp., 
19°-26°C

Control 
4° C

2 m  4 m  6 m  2 m  4 m
Vanillin + Pineapple

6 m 2 m 4 m 6  m

Colour 7.1 ± 1.4 7.3 ± 0.7 -HN 1.1 7.4± 0.5 7.3 ± 1.1 7 .6± 0.5 7.5±  0.5 7.6 ± 0.8 7.4 ± 0.9
Aroma 7.2 ± 1.4 7.2 ± 1.0 7.6 ± 0.9 7.5 ± 1.0 7.6 ± 0.7 7.7± 0.7 7.7 ± 0.8 8.1 ± 0.8 7.5 ± 1.4

PFP Taste 7.2 ± 1.4 7.1 ± 1.1 7.4 ± 1.2 7.2 ± 1.4 7.6 ± 0.7 7.7 ± 0.7 7.5 ± 0.5 8.1 ± 0.8 7.3 ± 1.4
Texture 7.3 ± 0.7 7.0 ± 1.3 7.4± 0.9 7.0 ± 1.2 7.5 ± 0.9 7.5± 0.7 7.5 ± 0.5 8.0 ± 0.9 7.4 + 0.9
OAA 7.2 ± 1.0 7.3 ± 1.1 7.5± 1.0 7.2 ± 1.1 7.5 ± 0.8 7.8± 0.6 7.5 ± 0.8 8.1 ± 0.8 7.6 ± 1.1
Colour 7.0 ± 0.8 7.1 ± 0.8 6.5± 1.1 6.9 ± 0.9 7.1 ± 0.3 7.2 ± 0.4 7.8 ± 0.7 7.0 ± 0.7 7.1 ± 0.8
Aroma 7.2 ± 0.6 7.2 ± 1.0 7.2 ± 0.9 7.6 ± 0.7 7.4 ± 0.5 7.4 ± 0.7 7.5 ± 0.8 7.3 ± 0.7 7.8 ± 0.5

MP Taste 7.0 ± 0.8 7.2 ± 0.7 7.0 ± 0.8 7.0 ± 1.1 7.2 ± 0.8 6.9 ± 0.8 7.4 ± 0.7 7.6 ± 0.5 7.6 ± 0.5
(35 p) Texture 7.0 ± 1.1 7.0 ± 1.1 6.4 ± 1.0 7.0 ± 0.8 6.6 ± 1.0 6.8 ± 1.0 7.1 ± 1.4 7.5 ± 0.5 7.0 ± 0.9

OAA 7.0 ± 0.7 7.3 ± 0.9 6.8± 1.0 7.0 ± 1.1 7.3 ± 0.8 7.1 ± 0.8 7.4 ± 0.9 7.5 ± 0.5 7.5 ± 0.5
Colour 7.1 ± 0.6 7.0 ± 0.7 7.2 ± 1.0 7.1 ± 0.6 7.4 ± 0.5 7.3 ± 0.7 6.9 ± 1.1 7.0 ± 0.7 7.1 ± 0.8
Aroma 7.3 ± 0.7 7.6 ± 0.5 7 .1±0.9 7.3 ± 0.7 7.6 ± 0.5 7.5 ± 1.1 7.5 ± 0.5 6.9 ± 0.7 7.6 ± 0.5

BOPP Taste 7.6 ± 0.7 7.3 ± 0.5 7.0 ± 0.8 7.3 ± 0.7 7.2 ± 0.9 7.5 ± 0.9 7.3 ± 0.7 7.2 ± 0.6 7.5 ± 0.5
(12 p) Texture 7.3 ± 0.5 7.1 ± 0.6 6.7± 0.7 6.8± 0.9 6.8 ± 0.8 6.8 ± 1.1 7.1 ± 0.7 7.1 ± 0.6 7.1 ± 0.6

OAA 7.5 ± 0.9 7.5± 0.5 6.9 ± 0.7 7.1 ± 0.9 7.2 ± 0.9 7.2 ± 0.8 7.1 ± 0.9 7.1 ± 0.9 7.6 ± 0.7
Orange

Colour 7.7 ± 0.5 7.4 ± 0.8 6.8 ± 0.9 7.0 ± 0.5 7.3 ± 0.5 7.2 ± 0.6 7.4 ± 0.5 7.0 ± 0.5 7.4 ± 0.5
Aroma 7.6 ± 0.5 7.4— 0.7 6.8 ± 0.9 7.6 ± 0.7 7.1 ± 0.6 7.1 ± 0.6 7.5— 0.5 6.9 ± 0.7 7.3 ± 0.5

PFP Taste 7.4 ± 0.7 7.2 ± 0.8 6.8 ± 0.8 7.4 ± 0.5 7.2 ± 0.6 7.4 ± 0.7 7.6 ± 0.5 7.2 ± 0.5 7.4 ± 0.5
(0.012 mm) Texture 7.6 ± 0.5 7.3 + 1.0 6.8± 1.0 7.1 ± 0.7 7.1 + 0.7 7.2 ± 0.6 7 .6 ± 0.5 6.9 ± 0.3 7.5 ± 0.5

OAA 7.5 ± 0.7 7.2 ± 0.6 6.8± 0.8 7.4 ± 0.7 7.2 ± 0.6 7.2± 0.8 7.6 ± 0.5 7.0 ± 0.7 7.3 ± 0.5
Colour 7.1 ± 0.9 7.1 ± 0.6 7.2 ± 0.6 7.0 ± 0.9 7.2 ± 0.4 7.0 ± 0.7 7.5±  0.5 7.2 ± 0.4 6.8 ± 1.0
Aroma 7.0 ± 0.9 6.9 ± 1.1 7.0 ± 0.7 7.1 ± 1.0 7.0 ± 0.7 6.9 ± 0.8 7.1 ± 0.8 7.1 ± 0.7 6.8 ± 0.7

MP Taste 7.1 ± 0.7 6.8± 1.2 7.1 ± 0.7 7.3 ± 1.0 7.0 ± 0.7 6.8± 0.7 7.1 ± 0.8 7.1 ± 0.6 6.6 ± 1.1
(35 p) Texture 7.1 ± 0.7 7.2 ± 1.0 6.5± 0.9 7.0 ± 1.1 6.6 ± 0.8 6.4 ± 0.7 7.4 ± 0.7 7.2 ± 0.6 7.0 ± 0.8

OAA 7.0 ± 0.9 6.8± 1.0 7.0 ± 0.8 7.4 ± 1.0 7.1 ± 0.7 7.0 ± 0.9 7.3 ± 0.7 7.2 ± 0.6 6.8 ± 1.2
Colour 7.1 ± 0.4 7.2 ± 0.4 7.3 ± 1.1 7.2 ± 0.8 7.2 ± 0.6 7.2 ± 1.0 7 .6 ± 0.5 7.2 ± 0.8 7.1 ± 0.6
Aroma 6.6 ± 0.9 7.6 ± 0.7 7.0 ± 0.9 6.9 ± 0.7 6.8 ± 0.9 7.1 ± 0.2 6.7 ± 1.2 7.3 ± 0,8 7.0 ± 0.5

BOPP Taste 6.8 ± 0.7 7.2 ± 0.6 6.8± 0.8 7.0 ± 0.7 6.7 ± 1.0 7.1 ± 0.9 7.6 ± 0.7 7.1 ± 0.7 7.0 ± 0.5
(12 p) Texture 7.1 ± 0.6 7.1 ± 0.6 6.6 ± 0.8 6.9 ± 0.7 6.8 ± 0.8 6.7± 1.1 7.4 ± 0.7 7.2 ± 0.6 7.0 ± 0.5

OAA 7.0 ± 0.8 7.4 ± 0.7 6.8 ± 0.8 6.8 ± 0.6 7.0 ± 0.8 6.8± 0.8 7.3 ± 0.7 7.3 ± 0.7 7.0 ± 0.8
Orange + Vanillin

Colour 7.2 ± 1.0 7.4 ± 0.8 7.4 ± 0.5 7.5 ± 0.5 7.1 ± 0.6 7.6 ± 0.5 6.8 ± 0.9 7.4 ± 0.5 7.4 ± 0.5
Aroma 7.1 ± 0.9 7.4 ± 0.8 6.9 ± 0.7 7.4 ± 0.5 7.3 ± 0.5 7.2 ± 0.8 7.3 ± 0.9 7.1 ± 0.9 7.5 ± 0.5

PFP Taste 6.9 ± 1.2 7.4± 0.8 7.2 ± 0.6 7.5 ± 0.5 7.4 ± 0.7 7.6 ± 0.5 7.1 ± 0.6 7.2 ± 0.8 7.4 ± 0.5
(0.012 mm) Texture 7.3 ± 0.5 7.4± 0.8 6.8 ± 0.9 7.3 + 0.8 7.0 ± 0.7 7.0 ± 0.7 7.5±  0.8 7.0 ± 0.5 7.5 ± 0.5

OAA 7.0 ± 1.2 7.4± 0.7 7.1 ± 0.6 7.5± 0.5 7.5 ± 0.5 7.3 ± 0.7 7.0 ± 0.5 7.2 ± 0.8 7.6 ± 0.5
Colour 7.3 ± 1.0 7.3 ± 0.5 7.4 ± 0.7 7.3 ± 0.7 7.5 ± 0.5 7.3 ± 0.5 7 .3 ± 1.2 7.1 ± 1.2 7.1 + 0.6
Aroma 7.2 ± 0.8 7.3 ± 0.9 6.9 ± 0.7 7.0± 0.7 7.1 ± 0.7 6.8 ± 1.0 7.4 ± 0.7 7.0 ± 0.7 6.9 ± 0.4

MP Taste 7.4 ± 0.7 7.0 ± 1.0 6.9 ± 0.6 7.2 ± 0.8 7.0 ± 0.5 6.4 ± 0.7 7.3 ± 0.9 6.9 ± 0.6 7.0 ± 0.5
(35 p) Texture 7.2 ± 0.6 7.0± 1.0 6.9 ± 0.6 7.2 ± 0.8 7.0 ± 0.5 6.4 ± 0.7 7.3 ± 0.9 6.9 ± 0.6 7.0 ± 0.5

OAA 7.3 ± 0.7 7.1 ± 1.1 6.9 ± 0.6 7.1 ± 0.6 7.2 ± 0.6 6.6 ± 0.9 7.3 ± 0.7 7.1 ± 0.6 6.8 ± 0.7
Colour 7.3 ± 0.5 7.1 ± 0.3 7.5± 0.5 7.2 ± 0.6 7.4 ± 0.8 7.2± 0.8 7.3 ± 0.7 6.8 ± 0.8 7.1 ± 0.6
Aroma 7.1 ± 0.4 7.0 ± 0.5 7.2 ± 0.8 6.8± 0.4 7.2 ± 0.8 7.0 ± 0.9 7 .2 ± 1.0 6.8 ± 0.8 7.0 ± 0.5

BOPP Taste 7.4 ± 0.5 7.0 ± 0.5 6.8± 0.8 7.1 ± 0.7 6.9 ± 0.9 7.0 ± 1.1 7.4 ± 0.8 6.9 ± 0.9 7.1 + 0.6
(12 p) Texture 7.1 ± 0.6 7.1 ± 0.3 6.7± 0.7 6.9 ± 0.6 6.8 ± 1.0 6.7± 1.1 7.2 ± 0.6 7.1 ± 0.6 6.6 ± 0.7

OAA 7.4 ± 0.5 7.0 ± 0.5 6.8± 0.8 7.1 ± 0.6 7.1 ± 0.6 6.8± 0.6 6.9 ± 0.6 6.8 ± 0.9 7.0 ± 0.8
Initial score 7.410.7; OAA - Overall acceptability
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and H an son  1944). H ow ever, th e se  sa m p les  did n ot  
sh ow  a n y  off flavour or ta s te  d u rin g  storage. It Is 
Interesting to  n ote  th a t  th e  b isc u its  con ta in in g  
vanillin  + p in eap p le flavour w ere h ig h ly  acceptab le , 
during s ix  m o n th s  storage a t b oth  am b ien t and  
control tem p eratu res. T he PFP - p ack ed  sa m p les  
retained h ig h est co lou r, arom a, ta s te  an d  texture, 
thereby in d icating  th a t th e  b isc u its  p ack ed  in  PFP 
w ere h ighly acceptab le.

Table 2 a lso  in d ica tes  th e  c h a n g es  in  colour, 
arom a, ta ste , texture an d  overall accep tab ility  of  
protein-rich  b isc u its , w ith  orange flavour, and  
packed  in  different p ack agin g  m ateria ls  a s  w ell a s  
stored at d ifferent tem p era tu res. T he sa m p les  
packed in  PFP p ack agin g  m ateria l h ad  a  low er score  
at th e end  o f 6  m o n th s  storage w ith  resp ect to  
c o lo u r , a r o m a , t a s t e ,  t e x t u r e  a n d  o v e r a ll  
acceptability, a s  com pared  to  th e b isc u its  con ta in in g  
vanillin  + p in eap p le . T he d ata  in d ica te  th a t th e  u se  
of on ly  one flavour d o es  n o t h elp  to  m a sk  th e  egg 
flavour entirely. T he reten tion  o f co lou r, arom a, 
texture, ta ste  an d  overall accep tab ility  in  th e  
product w ith  resp ect to  p ack agin g  m ateria ls are in  
the order o f PFP, MP an d  BOPP, b oth  at am bient 
tem perature a n d  4°C. H ow ever, th e  p an el ju d g e s  
cou ld  not identify a n y  egg flavour in  an y  o f th ese  
b iscu its  during th e  co u rse  o f s tu d y .

To m a sk  th e  egg flavou r an d  a lso  to  h ave a 
m ore accep tab le  p rod u ct, a n o th er  com b in ation  of 
flavour, i.e ., orange + van illin  w a s  incorporated  in  
th e b iscu its , and  storage s tu d ie s  w ere perform ed. 
T his com b in ation  o f flavou rs gave a lm ost th e sam e  
resu lts  a s  th o se  o f van illin + p in eap p le  (Table 2), 
w h en  p ack ed  in  PFP an d  stored  a t 37°C  for 6  
m on th s. In c a se  o f  sa m p le s  p ack ed  in  MP and  
BOPP, th e  acceptab ility  ch a ra cter istics  w ere sligh tly  
lower, b u t n o  adverse c o m m en ts  w ere m ad e by the  
ju d g es. The varia tion s ob served  m ay  b e  due to  
varied re sp o n ses  b y  th e  ju d g es . T he sa m p les  
packed in  PFP an d  stored  at am b ient tem peratu re  
and 4°C w ere w ell w ith in  th e  accep tab le  range, w ith  
resp ect to  th e ir  colour, arom a, ta ste , tex tu re  and  
overall acceptab ility  u p  to  a period o f  6  m o n th s  
storage. The sa m p les  p ack ed  in  BOPP an d  MP 
sh ow ed  a le s se r  degree o f a ccep ta n ce  at th e  end  
of 6  m o n th s storage at am b ien t tem peratu re. There  
were n ot m u ch  c h a n g es  in  all th e  sa m p les  p ack ed  
in  PFP, MP an d  BOPP a t 4°C for a  period o f 6  
m on th s.
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C o m p a r i s o n  o f  t h e  E f f e c t  o f  G a m m a  I r r a d i a t i o n ,  
H e a t - r a d i a t i o n  C o m b i n a t i o n ,  a n d  S u l p h u r  D i o x i d e  

G e n e r a t i n g  P a d s  o n  D e c a y  a n d  Q u a l i t y  o f  G r a p e s

PAUL THOMAS*, BRIJ BHUSHAN AND M.R. JOSHI
Food T ech n ology D ivision ,

B h ab h a  A tom ic R esearch  C entre, B om bay - 4 0 0  0 8 5 , India.
Effect of gamma Irradiation, heat-radiation combination and in-package sulphur dioxide fumigation on fungal 

decay, and quality of seedless grape cultivars, Thompson', 'Sonaka' and Tas-A-Ganesh' was evaluated under different 
storage regimes. Irradiation at 2 kGy or a combination of hot water dip (50°C, 5 min), plus irradiation (1 kGy) showed 
less spoilage due to R h iz o p u s  spp. and B o tr y t ts  spp. in grapes packaged in tissue paper lined boxes and stored at 
4°, 15° and 25°C. Storage in polyethylene lined boxes increased the fungal rot. In-package sulphur dioxide generating 
pad was most effective for control of decay in polyethylene lined boxes stored at 10° and 20°C, but caused berry 
bleaching. Irradiation at 2.5 or 3.5 kGy controlled decay at 10°C, but not so effectively at 20°C. Organoleptic quality, 
berry firmness, and soluble solids were not affected by irradiation, but decreases in titratable acids and ascorbic acid 
were recorded. Packaging in polyethylene lined boxes retained berry turgidity, while slight shrivelling occurred in tissue 
paper lined boxes. The results indicate that gamma irradiation has potential as an alternative to sulphur dioxide 
fumigation for decay control during shipping and storage.
Keywords : Gamma irradiation. Sulphur dioxide fumigation, Hot water dip, Seedless grapes, Packaging, Fungal rot, 

Storage regimes.

P roduction an d  export o f  Indian  tab le  grap es  
have rapidly exp an ded  in  recen t yea rs  (M uchrikar 
1992; C hadha 1992; A n on  1993). India's export of 
fresh grap es w a s  4 7 3 8  MT in  1 9 8 8 -8 9 , w h ich  
increased  to  1 1 1 5 0  MT in  1 9 9 2 -9 3 , resu ltin g  in  an  
increase o f export earn in gs from  6 .4  to  21  crore 
ru p ees (Anon 1993).

Grey m ou ld , c a u sed  b y  B o t y r t i s  c in e r e a ,  is  the  
m ost im portant rot, ca u s in g  lo s se s  in  th e  p o st
harvest storage an d  m ark etin g o f grap es, w h ereas  
under th e  tropical am b ien t con d itio n s, con siderab le  
lo sse s  a lso  occu r d u e to  rots c a u se d  b y  R h i z o p u s ,  
sp p ., P e n ic i l l iu m  spp . an d  A s p e r g i l l u s  spp . (Thom as
1986). F ast coo ling o f th e  produce an d  in  p ack age  
su lp h u r dioxide gen era tin g  p a d s  (Ladania and  
D hillon  1989; S a n d h u  an d  R andhaw a 1992) are 
u sed  for control o f fu n gal rot, particu larly  in  export 
m arketing, w h en  grap es are to  b e  ocean -tran sp orted  
for extended  p eriods (Arve 1992; C h adh a 1992).

R ecently, som e cou n tr ies , in c lu d in g  th e  U .S A  
have exp ressed  con cern  ab o u t su lp h u r  dioxide  
resid u e in  tab le  grap es. In th e  U .S .A , th e  generally  
regarded a s  safe  (GRAS) s ta tu s  o f su lp h a tin g  a g en ts  
for u se  on  fresh  an d  frozen  food s h a s  b een  revoked  
(Anon 1986a), an d  a 10 |ig /g  to lerance for fum igated  
table grap es h a s  b een  e sta b lish ed  (Anon 1986b). 
A lso, th e  u se  o f m eth y l brom ide, a s  a  fum igan t for 
quarantine treatm en t a g a in st in sec t p e s ts  in  fru its  
entering in ternational trade, is  to  b e p h ased  out

* Corresponding Author

d u e to its  lis tin g  a s  a n  ozon e d ep letin g  agent 
(M arcotte 1993). T he en v iron m en ta l protection  
agen cy  (EPA) o f th e  U .SA .. h a s  a lso  d ecid ed  to  b an  
m eth y l brom ide b y  y ea r  2 0 0 0  (M arcotte 1993). 
Therefore, there is  a  n eed  for d evelop ing n o n 
ch em ica l a ltern atives to  con tro l fu n g a l rot an d  for 
qu arantin e p u rp o ses.

R esu lts  o f a com parative s tu d y  on  th e  efficacy  
o f su lp h u r  d ioxide gen era tin g  p a d s an d  gam m a  
irradiation, eith er a lon e or in  co m b in a tio n  w ith  hot 
w ater dip, for th e  control o f  p o st-h a rv est fu n gal rot 
in  tab le grap es are reported  in  th e  p resen t paper.
Materials and Methods

Three se e d le s s  grap es cu ltiva rs, T h om p son', 
'Sonaka' and T as-A -G an esh ' grow n  in  P u n e d istrict, 
M aharashtra S ta te  an d  h arv ested  at com m ercial 
m aturity , w ere su p p lied  b y  M ah arash tra  Grape 
G row ers A sso c ia tio n , P u ne. P rod u ce p ack ed  in  2 
or 4  kg cardboard ca r to n s w ere received  in  th e  
laboratory w ith in  2 4  to  3 6  h  o f h arvest.

I r r a d i a t i o n  : G rapes in  2  k g  ca r to n s, lined  w ith  
p olyethylen e (1 5 0  gauge), w ere irrad iated  in  th e  
sa m e p ack a ges w ith o u t fu rth er h an d lin g . G rapes  
received in  4  kg carton s, lin ed  w ith  t is s u e  paper, 
w ere repacked  in  10"xl0"xl0"  s ized  ca r to n s th a t  
c a n  fit into th e  a lu m in iu m  b o x e s  for irradiation. 
Follow ing irradiation, th e y  w ere tran sferred  in to  th e  
original ca r to n s for storage. Irradiation w a s  carried  
ou t in  a co b a lt-6 0  p ack age irradiator (Atomic 
E nergy o f C anada Lim ited, Ottawa) at a  d ose  rate
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of 0 .0 5  k G y /m in  (P adw al-D esal et al. 1973). 
D osim etry w a s  perform ed b y  Fricke's d osim eter  
(Fricke an d  Hart 1966). The ratio o f  m ax im u m  to 
m in im u m  d ose  received in  th e  co n ta in er  b ox  w a s
1.3.

Sulphur dioxide generating pads : U vas quality  
grape guard  (IMAL LTD A.Av. B u ln es  9 8 , San tiago , 
Chile) w a s  u se d  for in -pack age su lp h u r  dioxide  
fum igation. The tw o str ip s o f grape guard, contain ing  
anhydrous sod iu m  b isu lp h ite a s  an  active ingredient, 
were p laced  on  top o f ea ch  2 kg b ox  w ith  
polyethylene lin ing. The p o lyeth y len e lin ers w ere  
th en  folded on  the top o f th e  grap es a n d  th e  b o x es  
closed .

Hot water dip : G rape b u n c h e s  w ere p laced  
in sid e a large perforated s ta in le s s  s tee l con ta iner, 
and im m ersed  for 5 m in  in  w ater m ain ta in ed  at 
50±1°C in  a ja ck etted  op en  stea m  kettle . The  
b u n ch es w ere drained  an d  d ipped  in  30%  a q u eo u s  
ethanol, and  air-dried overnight at 28°C . A q u eou s  
ethanol dip w a s g iven  to facilitate rapid an d  proper 
drying of th e  b u n c h e s  (Brodrick 1982).

Texture measurements : In d iv id u a l berry  
firm n ess w a s  m easu red  b y  tw o m eth o d s, nam ely  
co m p ress io n  te s t  (n o n -d estru c tiv e ), a n d  sk in  
p u n ctu re  te s t  (destru ctive), u s in g  a n  In stron  
U niversal testin g  m ach in e , tab le m od el (Instron  
Engineering C orporation, 2 5 0 0  W ash in gton  Street, 
C anton, M a ssa ch u se tts , U .S.A.). T he com p ressio n  
test m easu red  th e  res ista n ce  force o f a  berry, w h en  
subjected  to  vertica l com p ressio n  for a con stan t  
d istan ce (5 mm) by a m eta l d isc  fixed to  th e  m oving  
cross head  (Bourne et al. 1966). T he sk in  p u n ctu re  
test m easu red  th e  force required to  p u n ctu re  th e  
sk in  b y  a 7 m m  diam  probe fixed to  th e  m oving  
cross h ead  (Bourne et al. 1966). T he In stron  w a s  
calibrated each  day o f th e  te st , and  id en tica l c ro ss  
head sp eed  se ttin g  of 2 c m /m in  an d  ch art sp eed  
of 5 c m /m in  w ere em ployed  every tim e. E ach  of  
th e te s ts  w a s  perform ed on  10 sep ara te  berries 
picked at random .

Decay evaluation: Infected an d  d ecayed  berries  
were sep arated  an d  so u n d  b erries w eigh ed  at each  
observation  period an d  exp ressed  a s  p ercen tage of  
in itial w eight o f  th e  stored  produce.

Organoleptic evaluation : A  p an el o f  10 ju d g e s  
w a s em ployed. Scoring w a s  d on e on  a H edonic sca le  
of 1-9 (Jellinek  1985). A  score  o f 5 an d  above w a s  
con sidered  a s  accep tab le  quality.

Chemical analysis : Total so lu b le  so lid s  w ere  
determ ined  u s in g  a h an d  refractom eter (range 0 -  
32° Brix, N ation al In stru m en t Co., Inc. Baltim ore,

M aryland, U.S.A.). T itratable acid ity  w a s  determ ined  
b y titrating th e  aliquot to  pH 8 .1  w ith  0 .1  N sod iu m  
hydroxide an d  exp ressed  a s  p ercen ta ge  tartaric  
acid . A scorb ic acid  w a s  d eterm in ed  b y  v isu a l 
titration , u s in g  2 ,6 -d ich loro p h en o l in d o p h en o l dye 
(AOAC 1980).
Results and D iscussion

L o sses  d u e to  fu n ga l rot, occu rrin g u n d er  
different storage regim es in  3  se e d le ss  grape cu ltivars  
su b jected  to  gam m a irradiation  a t a  d o se  o f 2  kG y 
an d  a com b in ation  o f irrad iation  (1 kGy) p lu s  hot 
w ater dip (50°C, 5 m in), are sh o w n  in  Table 1. B oth  
th e  trea tm en ts w ere eq u ally  effective in  red u cin g  
fun gal rot during storage, p articu larly  at 25° and  
15°C. A lthough  the d ifferen ces b e tw een  u n trea ted  
an d  treated  sa m p les  stored  at 4°C w ere n o t a s  
m arked a s  at th e h igh er storage tem p era tu res, th e  
p ercen ta ges o f  so u n d  b erries after 6 7  d ay s storage  
w ere h igh er in  treated  lo ts , w h erea s  fu n g a l rot at 
15° an d  25°C  w a s  m o stly  ca u sed  b y  Rhizopus sp p ., 
Botrytis rot p red om in ated  a t 4°C (T hom as 1986). 
The efficacy o f low  d ose  irrad iation  in  com b in ation  
w ith  h ot w ater dip treatm en t on  th e  con tro l of 
fun gal rot corroborates sim ilar  fin d in gs b y  other  
w orkers (Padw al-D esai et al. 1973; B rodrick  1982).

The ch a n g es  in  textu re a n d  oth er quality  
param eters in  cv T hom pson', su b jected  to  irradiation  
an d  com b in ation  treatm en t are sh o w n  in  T able 2. 
A  r ed u c tio n  in  th e  f ir m n e ss  o f b err ies  w a s  
discern ib le . T h ose  su b jected  to  th e  com b in a tion  
treatm en t sh ow ed  com paratively  low er f irm n ess  
v a lu es , th a n  th o se  irradiated at 2  kG y. D ifferen ces  
in  so lu b le  so lid s  an d  titra tab le a c id s  w ere not 
apparent b etw een  different trea tm en ts. H ow ever, 
slightly low er co n ten ts o f ascorbic acid  w ere recorded  
in  irradiated an d  com b in a tion -treated  sa m p les , a s  
com pared  to  control. S im ilar r e su lts  w ere recorded  
in  'Sonaka' an d  T a s-A -G an esh ' (data n o t show n), 
th o u gh  sligh t shrivelling o f b erries w a s  n o ted  in  
th e se  two cu ltivars, particu larly  in  com b in ation -  
treated  sa m p les  stored  for exten d ed  p eriod s at 4°C. 
T h is cou ld  b e d u e to  in crea sed  tran sp ira tio n  lo s s  
in  b ox es lined  w ith  t is su e  paper. B oth  irradiated  
an d  com b in ation -treated  b erries w ere accep tab le  to  
a ta ste  p an el, an d  an y  c h a n g es  attr ib u tab le  to  th e  
trea tm en ts w ere n ot d etected  (Table 1).

S in ce  h o t w ater im m ersion  involved  ad d itiona l 
h an d lin g  an d  drying op era tion s, th u s  lim itin g  its  
com m ercial potentia l, a  seco n d  se r ie s  o f exp erim ents  
w ere u n d er ta k en  to  ev a lu a te  th e  e ffica cy  of  
irradiation at h igh er d ose  lev e ls  in  com p a rison  to  
th e  stan dard  in -package su lp h u r  dioxide fum igation,
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TABLE 1. EFFECT OF GAMMA IRRADIATION AND COMBINATION OF HOT WATER DIP AND IRRADIATION ON DECAY AND QUALITY 

OF GRAPES UNDER DIFFERENT STORAGE REGIMES
Cultivar/
Treatment

Sound berries after storage, % Organoleptic score *
25°C
Days

11 15 18

15°C
Days

25 30

4°C
Days

67

Appearance Odour Taste Texture

Thompson’
Control 86 0 90 87 78 87 6.28 ± 1.89 6.57 ± 1.27 7.00 ± 1.15 6.28 ±1.11
Heat + 1 kGy 94 85 98 87 84 91 7.00 ± 1.00 6.85 ±1 .21 7.00 ± 0.57 7.00 ± 1.00
2 kGy 

'Sonaka'
91 50 98 94 87 88 6.70 ± 1.49 6.85 ± 0.89 7.30 ± 0.95 6.85 ± 1.06

Control 65 0 85 80 75 82 7.20 ± 1 .1 4 7.30 ± 0.94 7.50 ± 0.97 7.20 ±0 .91
Heat + 1 kGy 92 50 95 92 92 95 6.80 ± 1.22 6.90 ± 1.10 6.40 ± 0.96 6.60 ± 0.84
2 kGy 90 50 95 90 85 96 6.80 ± 1.03 7.10 ± 0.73 7.10 ± 0.73 7.10 ± 0 .73

Tas-A-Ganesh'
Control 77 30 90 74 70 91 8.00 ± 0.81 7.80 ± 0.98 7.50 ± 0.79 7.60 ± 1.12
Heat + 1 kGy 95 25 98 90 90 96 7.70 ± 0.75 7.30 ± 0.98 7.50 ± 0.90 7.70 ±0.91
2 kGy 92 50 95 91 85 94 7.61 ± 0 .8 6 7.20 ± 0.83 7.30 ± 0.62 7.10 ± 0 .77

Each value represents mean of 4 to 6 boxes, each containing 2 kg of grapes. Boxes were lined with tissue paper.
* Grapes stored at 4°C for 67 days were used.

u sin g  su lp h u r  dioxide gen era tin g  p ad s. U ntreated  
grapes stored  at 20°C  sh ow ed  com p lete  sp oilage  
after 13 d ays d u e to R h i z o p u s  rot, w h ich  cou ld  be  
attributed to  th e  h igh  h u m id ity , an d  m oistu re  
con d en sation  in sid e  th e  p olyethy len e lin ed  carton s  
and con seq u en t favouring o f rapid grow th o f th e  
fu n gu s (Table 3). Irradiation, dep en ding on  th e  d ose, 
reduced th e  rotting in  ’Sonaka' b u t n ot in  T as-A - 
G an esh ', w h erea s  su lp h u r  d iox id e fu m ig a tio n  
effectively controlled  th e  fun gal rot u n d er  th ese  
conditions. At 10°C, lo s se s  were m inim al in  untreated  
grapes during th e  first m on th , b u t a rapid r ise  in  
fungal rot occurred  during exten d ed  storage. B oth

su lp h u r  dioxide gen eratin g  p a d s an d  irradiation  
effectively controlled  fu n ga l rot du rin g  th e  first 
m o n th . H ow ever, su lp h u r  d io x id e  fu m ig a tio n  
provided b etter  d ecay  con tro l d uring  extended  
storage.

T h ese  r e su lts  in d ica ted  th a t th e  u s e  o f su lp h u r  
dioxide gen era tin g  p a d s w a s  m ore effective th a n  
gam m a irradiation  in  con tro llin g  fu n gal rot in  
grap es stored  in  b o x es  w ith  p olyeth y len e  lin ers  
during exten d ed  storage at 10° a n d  20°C  (Table 3). 
H owever, m ore th a n  75%  of th e  b erries sh ow ed  
su lp h u r  dioxide injury, a s  ev id en ced  b y  b lea ch in g  
of th e  p ed icel-en d  half. T h is  cou ld  b e  attributed

TABLE 2. PHYSICO-CHEMICAL CHANGES IN THOMPSON' SEEDLESS GRAPES DURING STORAGE
Treatment Compression Total soluble Titratable Ascorbic

force. solids, acidity, % acid,
kg % tartaric acid mg%

Initial 1.05 ±0.17 20.5 ±1.49 3.37± 0.13 3.56 ±0.13
After 13 days at 25°C

Control 0.94 ±0.24 20.4 ±0.9 3.37 ±0.13 2.90 ±0.03
Heat + 1 kGy 0.86 ±0.15 19.8 ±1.9 3.30 ±0.10 2.53±0.01
2 kGy 0.95 ±0.17 20.2 ±1.1 3.39 ±0.14 2.06±0.06

After 34 days at 15°C
Control 1.04±0.18 19.8 ±1.1 2.66 ±0.11 3.50 ±0.07
Heat + 1 kGy 0.86 ±0.16 19.6 ±1.8 2.92 ±0.15 1.41±0.06
2 kGy 0.94 ±0.10 18.2 ±1.6 2.40 ±0.06 2.07±0.06

After 60  days at 4°C
Control 0.89 ±0.14 20.6 ±0.88 2.43 ±0.06 1.02± 0.13
Heat + 1 kGy 1.04 ±0.26 20.8 ±1.32 2.44 ±0.03 0.72±0.08
2 kGy 1.22 ±0.31 20.4 ±1.33 2.51 ±0.06 0.73±0,03
Each value represents the mean of 3 replicates except compression force which is the mean of 10 replicates.
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TABLE 3. EFFECT OF SULPHUR DIOXIDE GENERATING PAD 

AND GAMMA IRRADIATION ON DECAY OF GRAPES
Cultivar and Percentage of healthy berries after storage
treatment ------------------------------------------------------------------—20°C 10°C

13 days 14 days 33 days 48 days
'Sonaka'
Control 0 98 97 80
Sulphur dioxide 
generating pad* 95 100 99 99
2.5 kGy 57 99 98 91
3.5 kGy 

Tas-A-Ganesh’
72 99 97 89

Control 0 96 90 66
Sulphur dioxide 
generating pad* 94 98 97 92
2.5 kGy 0 98 93 61
3.5 kGy 20 99 94 55

Each value represents mean of percent healthy berries in 4 to 6 
polyethylene lined boxes.
* Over 75% berries exhibited bleaching due to sulphur dioxide 
injury.
to th e con d en sa tio n  o f m oistu re  in  th e  p olyethy len e  
lined b ox es an d  th e  form ation  o f su lp h u ro u s  acid  
(Jooste 1987). B leach in g  o f b erries by su lp h u r  
dioxide h a s  b een  reported, w h en  su lp h u r  dioxide  
generating p a d s w ere u se d  in  cardboard  b o x es  lined  
w ith  u n v en ted  p o ly e th y len e  (M u ston en  1992). 
Polyethylene lin ers  w ere n e cessa ry  to  prevent 
excessiv  m oistu re  lo s s  during exten d ed  storage and  
to facilitate th e  re lea se  o f su lp h u r  dioxide (Morris 
et al. 1992).

T he p h y s ic o -c h e m ic a l c h a n g e s  in  g ra p es  
subjected  to  h igher d o se s  o f  gam m a irradiation are

given  in  Table 4 . A  red u ction  in  berry firm n ess, 
a s  m easu red  b y  sk in  p u n ctu re  te s t , w a s  recorded  
in  irra d ia ted  s a m p le s , b u t  t h e  c h a n g e s  in  
com p ressio n  force w ere m in im a l in  com p a rison  to  
control. It h a s  b een  reported  th a t co m p ress io n  test  
is  a  m ore p recise  in d ica tor th a n  sk in  p u n ctu re  test  
for m ea su r in g  textu ra l c h a n g e s  in  B ell p ep pers  
(H am pshire et al. 1987). P resen t d ata  su g g e s t  that 
irradiation m ay  n ot s ign ifican tly  affect th e  berries' 
cap acity  to  w ith sta n d  m ech a n ica l s tr e s s  during  
h an d lin g  an d  sh ip p in g . T h is  a lso  reflected  in  the  
ta ste  p an el a s se s sm e n t  (Table 1), w h ich  in d ica ted  
a n  inability  to  d etect a n y  c h a n g e s  in  th e  tex tu res  
o f irradiated grap es. T otal so lu b le  so lid s  and  
ascorb ic acid  lev els  did n o t sh o w  m ark ed  ch a n g es , 
th ou gh  titratable acid ity  v a lu e s  w ere com paratively  
low er in  irradiated sa m p les . T extu ral an d  other  
quality  p aram eters o f  su lp h u r  d ioxide fum igated  
sam p les w ere not determ ined, s in ce  b erries exhibited  
u n accep ta b le  b leach in g . H ow ever, th e  ex te n s io n  of 
th e green  co lou r o f th e  ra ch is  w a s  b etter  in  su lp h u r  
dioxide fum igated sam p les, a s  com pared  to  irradiated  
grapes. Practically, n o  sh rivelling  w a s  n o ted  in  
b erries stored  in  th e  p olyeth y len e lined  b oxes.

In the p resen t s tu d ie s , gra p es w ere irradiated  
at a m b ien t tem p era tu re  (25 -27 °C ), a n d  th e n  
transferred  to  low er storage tem p era tu res. T h is  
r e su lte d  in  free w a ter  a c c u m u la t io n  in  th e  
p o ly e th y le n e  l in e d  b o x e s  d u e  to  m o is tu r e  
con d en sa tio n , w h ich  provided op tim al co n d itio n s  
for grow th an d  proliferation  o f  su rviv in g  fu n gal 
p op u la tion s. T he effect o f  p re-coo lin g  o f  gra p es  
c lo ser  to  th e  fin a l h o ld in g  tem p era tu re , an d

TABLE 4. PHYSICO-CHEMICAL CHANGES IN 2.5 AND 3.5 kGy IRRADIATED GRAPES DURING STORAGE
Cultivar 
and storage 
regime

Firmness value, kg Total
soluble
solids,

%

Titratable 
acidity, 

% tartaric 
acid

Ascorbic 
acid, 

mg %Treatment Skin
penetration

force
Compression

force
'Sonaka' Control - 1.99 ± 0.34 20.2 ± 0.96 0.54 ± 0.01 1.88± 0.09

1 day after 2.5 kGy - 1.47 ± 0.23 20.3 ± 0.84 0.44 ± 0.01 2.13± 0.04
Irradiation 3.5 kGy - 1.24 ± 0.23 19.5 ± 1.20 0.45 ± 0.01 2.22± 0.04

After 56 Control 1.17± 0.14 1.59 ± 0.48 18.6 ± 1.41 0.51 ± 0.01 1.76+ 0.11
days at 2.5 kGy 1.76± 0.08 1.40 ± 0.33 19.5 ± 1.10 0.45 ± 0.02 1.53± 0.03
10°C 3.5 kGy 0.77± 0.07 1.27 ± 0.27 19.7 ± 0.71 0.42 ± 0.01 1.52± 0.03

Tas-A-Ganesh' Control - 1.50 ± 0.25 16.7 ± 0.75 0.50 ± 0.02 1.95± 0.14
1 day after 2.5 kGy - 1.17 ± 0.25 16.5 ± 1.70 0.45 ± 0.01 1.82± 0.10
Irradiation 3.5 kGy - 1.10 ± 0.26 17.4 ± 2.07 0.42 ± 0.01 1.76± 0.14

After 56 Control 1.17± 0.10 1.06 ± 0.21 16.2 ± 2.58 0.51 ± 0.01 0.85+ 0.02
days at 2.5 kGy 0.74± 0.09 1.29 ± 0.26 16.5 ± 1.58 0 .4 1± 0.02 0.92± 0.05
10°C 3.5 kGy 0.75± 0.08 1.18± 0.27 17.9 ± 1.56 0.40 ± 0.01 0.94± 0.07

Firmness values represent mean of 10 Independent determinations and values for chemical parameters are mean of 3 replicates.
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Irradiating at th e  sa m e tem peratu re n e e d s  to b e  
stu d ied  for b etter  con tro l o f  fu n gal rot during  
extended refrigerated storage.

It is  con clu d ed  th a t in -p ack age su lp h u r  dioxide  
generating p a d s provide th e  m o st effective and  
ch eap er m e a n s  o f con tro llin g  fu n gal d ecay  in  
grapes. However, con sid erin g  th e  p ossib ility  o f berry  
bleaching, w h ich  ca n  ad versely  affect m arketability , 
irradiation h a s  p oten tia l a s  alternative to su lp h u r  
d ioxid e fu m ig a tio n . W ith  p rop er p o st-h a r v e st  
m an agem en t p ractices, its  efficacy ca n  b e  further  
im proved. M oreover, irradiation  c a n  a lso  rep lace  
m eth y l b rom ide fu m ig a tio n  a s  a q u a ra n tin e  
treatm ent, a s  d o se s  required  for th is  p u rp ose are 
below  1 kG y (Thom as 1986).
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L a n g o s t i l l a  ( P l e u r o n c o d e s  p l a n i p e s ) ,  S t i m p s o n :  M i n e r a l  
C o n t e n t  U n d e r  D i f f e r e n t  P r e s e r v a t i o n  P r o c e d u r e s

M .I. CASTRO-GONZALEZ*1 C.M .C. CALVO1, L .R . SANCHEZARM AS1,
R .F . PEREZGIL1 AND D. AURIOLES-GAMBOA2

d e p a r t m e n t  N utrición  A nim al, In stitu to  N acional de la N utrición  "Salvador Zubiran".
V asco  de Q uiroga 15 Tlalpan, 14 00 0 . M exico DF.

2 D ep artam ento R ecu rso s M arinos, Centro de In vetigaciones B io lóg icas de  
B .C .S . A.P. 128, La Paz, Baja California Sur, 2 3 0 0 0 , M exico.

After freezing, pressing, boiling, boiling-pressing, sun-drying and oven-drying procedures, minerals such as zinc, 
copper, sodium, potassium, calcium, iron and manganese were quantified in red crab (P le u r o n c o d e s  p la n ip e s )  meal. 
The results indicated that each treatment affected the content of the majority of the minerals studied, excepting 
phosphorus, copper, zinc and iron. Calcium and potassium were showing a major statistical significant variation. The 
oven-drying method preserved the quantities of most of the minerals, and it can be used in a wide range without 
affecting the mineral content, specially for use of this marine resource in animal feeding, and for ration formulation 
with a slight margin of error.
Keywords : P le u r o n c o d e s  p la n ip e s , Red crab, Langostilla, Minerals, Preservation procedures

Langostilla (P le u r o n c o d e s  p l a n i p e s ), a m em ber  
of the C rustacea decap oda kn ow n  a lso  a s  pelagic  
red crab, form s part o f ab u n d an t (662 k g /h a )  
fish eries in  th e  G ulf of California, and  th e  W estern  
coa st of Baja California (Allsopp 1985; B lackburn  
1969; G uzm an and A urioles 1991; H endricks 1985). 
Pelagic red crab b elo n g s to a group o f sm all lo b ster
like crabs, w hich  have ab d om en  an d  tail f in s  w ell 
adapted for sw im m ing, w h ile  their lon g  first pair  
of legs are arm ed w ith  p in cers (chelipeds) (Kato
1974). It h a s  b een  qualified a s  a potentia lly  
im portant m arine resou rce for in d u str ies  su c h  a s  
food, d yes, p h arm aceu tica ls, co sm etics , etc. (Castro 
1993; G uzm an an d  A urioles 1991; J im en ez  1978; 
K am icki 1981; R ocha et al. 1988; Sp in elli 1974; 
W ilkie 1972). G iven th e  great au tolytic  activ ity of 
th is  organism , sim p le  alternative tech n o log ies cou ld  
prolong its  u se fu l life w ith ou t altering it s tch em ica l 
com position , a s  h a s  b een  stu d ied  b y  C astro (1993) 
and G arcia-Carreno (1992).

M ost o f th e  sc ien tific  p u b lica tio n s on  ch em ica l 
com position  o f red crab, reported h igh  a sh  con ten t  
(35%). Therefore, m ineral co n ten t sh ou ld  serve to 
quantify the quality.

Langostilla w a s  collected  on  board the R /V  "EL 
PUMA", on the W estern  co a st o f S ou th  Baja 
California, M exico, during S eptem ber 1990 . S am p les  
were obtained  from  one catch , u s in g  a stern  
trawling equipm ent. The n et u sed  w a s  the sam e  
a s  th a t for typ ical shrim p fish ery  co llection . C atch  
w a s com p osed  o f ad u lt 10 cm  long red crab s (150
* Corresponding A uthor

kg), m a les  an d  fem ales. O nce th e  ca tch  w a s  
d isch arged  o n  board, la n gostilla  w a s  sep ara ted  
from the oth er fa u n istic  sp ec ie s , w eigh ed  and  
m ixed, getting 120 kg o f red crab free o f organic  
m ateria ls. S am p les w ere random ly obtained , w ash ed  
w ith se a  w ater, drained, an d  d ivided in to  four lo ts  
(30 kg each).

Four p reservation  m eth o d s w ere em ployed  on  
board, in  an  attem pt to  red u ce  b acter ia l activity, a s  
w ell a s  th e  enzym ic reaction  tim e. In c a se  o f freezing  
th e  sa m p les  w ere k ep t in  p erfectly  c lo sed  p la stic  
b ags, and  p laced  at -20°C  in  a freezer room  (Alvarez 
1992; B ren n an  et al. 1979). In c a se  o f p ressin g , to  
red u ce b od y w ater con ten t, an d  vo lu m e for overland  
sh ip p in g , a m a n u a l s ta in le s s  s tee l p r ess  w a s  u sed , 
and the sa m p les  w ere frozen at -20C . B o ilin g  
in activates en zym es or d estro ys en zy m e-su b stra te  
com p lexes, an d  avoids d ecom p osition  reactio n s, and

L a n g o s t i l l a  (IPeuroncodes p lan ipes ) s t i m p s o n .
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p a th o g en s p ro lifera tion  (B ren n a n  et al. 1979; 
Guerrero 1992), For b oilin g  treatm ent, a  s ta in le s s  
stee l con ta in er w ith  s e a  w ater w a s  h ea ted  to 9 0  C 
over a gas stove, an d  a m eta l stra in er  con ta in in g  
langostilla  w a s  su b m erged  in  it for 5 m in . W ater w a s  
drained, and red crab w a s  p laced  in  p la stic  b ag s for 
im m ediate freezing. T he treatm ent involving boilin g
pressing, com bined  th e  ind iv idual effects o f  both  
th ese  operations, w ith  great su c c e s s .

Once the sa m p les  w ere u n load ed , th ey  w ere  
thaw ed at room  tem peratu re, and  su n -d ried  for two  
days or oven-dried at 6 0  C for 2 4  h , to  obtain  
product w ith  10% m oistu re  con ten t. F inally , th e  
sam p les w ere ground, u s in g  a cru sh in g , and  
grinding m ill, to a particle s ize  o f  0 .5  m m .

M ineral con ten t w a s  determ ined  according to  
AOAC (1990) an a lytica l p roced u res, an d  after w et 
digesting a s  per AOAC (1984). F inal so lu tio n s w ere  
read by atom ic absorption  spectrophotom etry (Perkin 
Elm er Model 23 80 ). The in stru m en t settin g , and  
other experim ental con d itio n s w ere in  accord an ce  

.w ith the m an u factu rer's sp ecifica tio n s. The resu lts  
of each  d eterm ination  w ere su b jected  to  a n  ANOVA 
w ith a random  b lock  d esig n  (Steel and  Torrie,
1988). The T ukey te st  w ith  a s ign ifican ce level of 
P <0.05 w a s em ployed  for com p arison  am on g m e a n s  
(Steel and  Torrie 1988).

A sh content varied sta tistica lly  (P<0.05), ranging  
betw een  3 2 .0  an d  38.4% , w ith  th e  oven-dried  
sam p les, sh ow in g a greater variation . The p ressed  
sam p les gave th e h ig h est a sh  lev els  in d ep en d en t  
of the drying m ethod . A sh  in  th e  b o iled -p ressed  
sam p les w a s low est. The frozen -su n - dried, boiling- 
p ressin g-su n- dried, and boiling-pressing-oven-dried  
sam p les were very sim ilar  (P<0.05). T able 1 sh o w s  
the resu lts  o f th e m o st im portant m in era ls in  
la n gostilla . C a lc iu m  c o n te n t  sh o w ed  g rea te st  
variations (P<0.05), th e  v a lu es  ranging from  0 .9 7

to 1 .70  g / 1 0 0  g. P h osp h o ru s c o n ten ts  varied  
b etw een  1 .1 5 -1 .3 3  g / 1 0 0  g. M an gan ese v a lu es  w ere  
b etw een  0.CT2 an d  0 .0 2 4  g / 1 0 0  g for frozen -su n - 
dried, and p ressin g-oven  dried sam p les, respectively. 
Copper co n ten ts  w ere a lm ost eq u al in  three o f th e  
su n -d ried  sam p les. R egard less o f  th e  d iy in g  m ethod , 
boiled , and frozen  sa m p les  sh ow ed  n o  sta tistica l 
difference in  copper co n ten ts . Z inc v a lu es  sh ow ed  
sligh t s ta tistica l varia tion s. N ev erth eless , all the  
oven-dried  sa m p les  h ad  greater  n u m erica l v a lu es  
of z in c  w ith frozen-oven-dried  h av in g  th e  h ig h est  
v a lu es  (P<0.05).

Sod iu m  con ten t ran ged  from  2 .5 6  to  4 .1 3  g /  
100 g, w ith  n o  d ifference (P<0.05) am ongfrozeng- 
oven-dried, frozen -su n -d ried , p r e ss in g -su n  dried, 
b o ilin g -p ress in g -su n  dried trea tm en ts, an d  the  
boiling-oven-dried , b o ilin g-p ressin g-oven -d ried , and  
b oilin g-su n -d ried  group. In th e  c a se  o f p o ta ss iu m , 
there w ere d ifferen ces (P<0.05) in  all th e  su n -d ried  
sam p les , w ith  v a lu es  frozen  from  0 .6 5  to  1 .4 0  g /  
10 0  w ith  th e  oven  dried sa m p les  n ot differing  
sign ificantly . M agn esiu m  c o n ten ts  w ere low er in  
frozen -su n -d ried , an d  b o ilin g -p ress in g -su n -d r ied  
sa m p les , an d  no d ifferen ces (P<0.05) w ere found  
in  p ressed  or b oiled  sa m p les  w ith  different d iy in g  
tech n iq u es. Iron v a lu es  h ad  g rea test n u m erica l 
varia tion s (P<0.05), w ith  v a lu e s  b etw een  0 .0 5  and
1 .36  g /1 0 0  g, excep t for frozen-oven-dried , and  
p ressin g-oven-d ried  sa m p les , w h ich  d id  n ot sh ow  
an y  sign ifican t difference (P<0.05) am on g them .

B iede et al (1980), reported  th a t b lu e  crab  m eat  
su b jected  to the k ey  sy stem  p ro cess , w h ich  involves  
halving b la n ch ed  crabs, sq u eez in g  m eat from  the  
sh ell, and  cook in g th e  extracted  m eat at 100”C in  
w ater or by steam , h ad  low er c o n te n ts  o f so lu b le  
m in era ls (sod ium , p o ta ss iu m , ca lc iu m , copper, 
m a g n ese  and zinc) in  com p a rison  w ith  h an d -p ick ed  
crab m eat, probably b e c a u se  o f th e  a m o u n t of w ater

TABLE 1. ASH AND MINERAL CONTENTS IN LANGOSTILLA (P le u r o n c o d e s  p la n ip e s )  SUBJECTED TO EIGHT PRESERVATION 
PROCEDURES (g/100g dry basis)

Preservation procedures ASH Ca P Mn Cu 
Oven-drying

Zn Na K Mg Fe

Freezing 33.7* 1.25* 1.25*b 0.019* 0.034* 0.185* 3.22* 1.17* 1.51* 1.09»
Pressing 36.8b 1.70b 1.33* 0.024b 0.023b 0.275b 2.56d 1.04b 1.77b 1.36»
Boiling 35.7' 1.08c 1.27*b 0 .0 14“1 0.045' 0.062' 4.21' 1.1 l*b 1.54* 0.05b
Freezing-pressing. 33.8* 1.36d 1.17b 0.019* 0.043' 

Sun-drying
0.031' 3.90bc 1.10*b 1.76b 0,07b

Freezing 34.3d 0.97' 1.15b 0 .0 12d 0.036* 0.033' 3.23* 0.65' 1.19' 0.58ab
Pressing 38.3' 1.38d 1.23*b 0.019* 0.034* 0.029' 3.54*b 1.40d 1.64*b 0.08b
Boiling 33.8* 1.23* 1.32* 0.018*' 0.045' 0.027' 4.13' 1.18* 1.66*b 0.09b
Freezing-pressing. 32.0f 1.15rf 1.26*b 0 .0 14“1 0.029*b 0.022' 3.43* 0.87' 1.23' 0.06b

abcdef Means with the same letter do not differ significantly at 0.05 level
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u sed  for th e extraction . T h is s tu d y  sh ow ed  th a t  
m ost m in era ls in  sa m p les  treated  b y  freezing, 
p ressin g, b o ilin g-p ressin g  w ere h igher in  oven-dried  
sam p les th a n  in  the su n -d r ied  o n es , w h ich  m ight 
b e due to  th e lo ss  of m in era ls during su n -d ryin g  
w hich took  longer tim e to  dry th a n  oven-drying. 
In boiling sam p les, all m in era ls, exceptin g  ca lciu m , 
were not sta tistica lly  different for b oth  typ es of  
drying m eth od s. Lopez et a l., (1981) have reported  
that the boiled , steam ed , an d  p asteu rized  crab  
m eats are excellen t so u rces  o f copper, p h osp h oru s, 
sod iu m  and zin c and good so u rces  o f  ca lc iu m , iron, 
m a g n es iu m  an d  p o ta ss iu m . M in era ls in  th e  
intercellular liquid are p resen t a s  sod iu m , p otassiu m , 
c a lc iu m  a n d  p h o s p h o r u s , fo rm in g  in s o lu b le  
com pounds like carbonates and p h osp h ates (calcium  
p h osp h ate  or pyrophosphate), w h ich  are integral 
parts of the exo sk eleton  (Dali an d  M oriarty 1983; 
R ainbow  1988). M inerals w ith  le s s  sta tis tic a l 
difference am ong trea tm en ts w ere p h op h oru s, zinc, 
iron and copper. King et al (1990) h ave reported  
that sh elfish , d u n g en ess  crab ( C a n c e r  m a g is t e r ) ,  and  
pink  sh rim p s (Pandalus borialis an d  P. jordanij are 
good sou rces of zinc, m an gan ese and iron. Sundarrao  
et al (1991) reported sign ifican t con cen tra tion s of 
copper and zin c in  m u d  crab s ( S c y ü a  s e r r a ta )  
captured in  P apua, New G uinea. Iron con cen tration s  
in  cru sta cea n s are extrem ely variable an d  h igh  iron  
con cen tration s often have b een  a sso c ia ted  w ith  
sed im en t particles in  th e gu t or e lsew h ere in  the  
body (Rainbow 1988). In sp ite  of th e  fact, th a t there  
were sta tistica l d ifferences am on g treatm en ts, it 
can  be con clu d ed  th a t th e  p reservation  p roced u res  
stu d ied  ca n  be u sed  in  a w id e range w ith out  
affecting the m in era l co n ten t, sp ecia lly  w h en  one  
w ish es to u se  th is  m arine resou rce in  an im al 
feeding, for ration  form ulation  w ith  a sligh t m argin  
of error.

The au th ors exp ress their gratitu d e to  the  
COÑACYT for partial financing , an d  to  th e  C aptain, 
and the crew  o f th e R /V  "EL PUMA" (which b elon gs  
to the UNAM) for h elp  during th e  EP 9 0 0 9  
oceanographic cam paign .
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P r e p a r a t i o n  o f  A c c e p t a b l e  T r a d i t i o n a l  D e h y d r a t e d  L e n t i l
S o u p  a t  S m a l l  S c a l e

KHALIL I. ER E IFE J
F acu lty  of A griculture,

Jo rd an  U niversity o f  S c ien ce  and T echnology, P.O. B ox 3 0 3 0 , Irbid, Jord an .
A process for the preparation of an acceptable, and nutritious traditional lentil soup cubes has been developed. 

The process consists of cleaning, dehulling, frying onion cuts with olive oil, addition of salt, lentil splits and water, 
cooking, moulding, and drying. Results showed that lentil cultivars ('Jor-1', 'Jor-2, 'Jor-3' and 'Balady’) produced 
acceptable soup cubes. The variety ’Jor-l’ was superior to commericial soup with respect to protein content and energy 
value.
K e y w o r d s  : Lentil processing, Dehydrated soup cubes, Chemical composition, Minerals, Organoleptic evaluation, 

Acceptability.
Food leg u m es, su ch  a s  len til h ave m ad e a 

significant contribution  to  h u m an  d iets s in ce  ancient  
tim es (Bhatty 1988). Lentil provides m ore th a n  
double th e  am o u n ts o f  d ietary p rotein s th a n  cerea ls  
can  su p p ly  (B hatty 1988). Lentil is  grow n on  2 .5  
m illion h a  in  th e  w orld an d  the Indian  S u b 
co n tin en t a lon e  p ro d u ces  38%  o f th e  w orld  
production  (B hatty 1988). Jord an  produced  3 3 8 9  
m etric to n n es  on  7 3 7 2 .3  h a  in  1992  (Anon 1993). 
U se o f len til in  dehydrated  form  for preparation  of 
lentil sou p  can  offer a u n iq u e opportun ity  for its  
consum ption , providing varieties, an d  va lu e addition  
apart from  p rotecting it from  in sec t dam age. 
Therefore, a p ro cess for th e  preparation  o f sou p  
cu b es h a s  b een  developed  from  four len til varieties, 
and their ch aracter istics stu d ied .

W hole, and  so u n d  se e d s  o f  ’B alady lan d race’, 
and three new ly developed len til cu ltivars (’J o r - l ’, 
’Jo r-2 ’ an d  ’J o r -3 ’) w ere u sed . The p ro cess  flow  
chart for preparing trad itional dehydrated  lentil 
sou p  cu b es  is  sh ow n  in  Fig. 1. The prod u ct w as  
stored in  g la ss  jars, u n til th e  tim e o f an a lysis. A  
com m ercial len til so u p  pow der (lentil flour, sa lt, 
w heat flour, potato  starch , vegetab le  oil, on ion, 
flavours, sp ices , N a-benzoate, an d  citric acid) w as  
bought from  Irbid su p erm ark ets for u s e  a s  a  
reference standard .

P r o x im a t e  a n d  m i n e r a l  a n a l y s i s :  M oisture, 
proteins (N X  6 .2 5 ), fat, a sh , an d  fibre w ere  
determ ined according to  AOAC (1984) proced u res, 
w hile carbohydrates w ere ca lcu la ted  b y  difference. 
E nergy v a lu es  w ere ca lcu la ted  b y  m u ltip ly in g  
proteins, fat, and carb oh yd rates b y  factors o f 4 , 
9  and 4 , respectively  (Khan et al. 1986). C alcium , 
s o d iu m , p o t a s s iu m , iro n , z in c , m a n g a n e s e ,  
m ag n esiu m , copper co n ten ts  o f th e  dehydrated
* Corresponding A uthor

Lentil seeds
i

Cleaning impurities
i

Dehulling —> Hulls
i

Frying onions (15 g) with olive oil (20g) 
for 2 min

I
Adding lentil splits (200 g), NaCl (8g) 
and deionized water (500 ml)

i
Cooking for 45 min

i
Moulding Into aluminium frames (1x1x0.05 cm)

i
Drying at 75 C°, using air-forccd oven

i
Removal from frames

i
Dehydrated traditional lentil cubes
Fig. 1. Process flow chart for producing dehydrated lentil 

soup cubes.
len til so u p s  w ere determ ined  (Leece an d  Short 
1967) b y  atom ic ab sorp tion  sp ectro p h o to m eter  
(Model SP 9, Pye U n icam  Ltd. C am bridge, E ngland). 
P h osp h oru s w a s  determ ined  accord in g  to  W atanabe  
an d  O lsen  (1965), u s in g  w et d ig estio n  m ethod .

C o o k in g  c h a r a c te r i s t i c s :  The cook ing param eters  
(g /1 0 0  seed , m l / 100 seed , sp ecific  gravity, and  
w ater ab sorption  %) w ere d on e o n  th e  seed s  
according to Sh arm a et al (1989). In crease  (%) in  
cook ed  w et, an d  vo lu m e w ere d on e for th e  so u p s  
w ith  their  in gred ien ts, th e  % in crea se  in  cooked
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w eight over th e  in itia l w eigh t w a s  recorded a s  
percentage (Sharm a et al. 1989).

S o u p  e v a l u a t i o n  : The trad itional dehydrated  
so u p s  were eva lu ated  for accep tab ility  by 29  
untrained  p a n elists  for ap p earan ce, flavour, texture, 
and taste . E ach quality trait w a s  given  a n u m erica l 
va lu e on a 10-p oin t H edonic sca le , 10 b ein g  liked  
the m ost (Faridi an d  R u b en th a ler  1984).

S t a t i s t i c a l  a n a l y s i s  : The data  w ere sta tistica lly  
analyzed according to S tee l an d  Torrie (1980). The  
lea st significant d ifference am on g th e  m ea n s  w a s  
calcu lated . D ata o n  organoleptic eva lu ation  w ere

analyzed  accord ing to BSI (1975).
D ata on  proxim ate a n a ly s is  are given  in  Table 

1. The dehydrated  len til so u p s  varied  sign ifican tly  
in  their ch em ica l com p osition . S ou p  from  'Jor-1' 
w a s  th e  h ig h est in  protein  co n ten t (29.2% ), w h ereas  
th e  com m ercial so u p  pow der h ad  th e  low est va lu e  
(18.3%). It w a s expected  th a t th e  'landrace' ('Balady'), 
an d  the cu ltivars w ill h ave h ig h er  fat co n ten t th a n  
th e com m ercial sam p le , b e c a u se  olive oil is  added  
to  th e  prepared so u p s , b u t th is  w ill n o t b e  true  
for the a sh  con ten t, a s  sa lt  is  part o f  th e  com m ercial 
sou p . Fibre con ten t w a s h ig h est in  th e  com m ercial

TABLE 1. PROXIMATE ANALYSIS, ENERGY VALUES, MINERAL CONTENT, MEAN SENSORY SCORES, COOKING CHARACTERISTICS 
OF DEHYDRATED LENTIL SOUP AND PHYSICAL PROPERTIES OF A LANDRACE AND THREE LENTIL CULTIVARS.“

'Balady' 'Jor-1'
Type of soup

'Jor-2' 'Jor-3' Commercial

Proteins 27.6“ 29.2*
Proximate analysis, %

28.3b 26.8d 18.3“
Fat 11.1“ 11.2“ 9.3b 11.5“ 2.1“
Ash 5.2° 3.6d 7.3b 3.6d 16.5“
Fibre 1.6d 1.5d 2.7b 2.3“ 3.1“
Carbohydrates 54.4" 54.5° 52.4d 55.8b 60.0“

Energy value 428.4b 435.5“
Energy value, K cal/100 g

406.8“ 434.2“ 332. l d

Ca 125.0» 71.2C
Mineral content, (mg/lOOg)

76.6bo 86.8b 121.1“
Na 1067.0C 605.4d 1300.0b 6 1 7 .0 1 1649.0“
K 2496.0“ 2 1 19.0b 2017.0“ 1813.0d 1286.0
Fe 6.0“ 5.6» 6.0“ 4.9“ 3.5d
Zn 3.9“ 3.4“ 3.9“ 3.5b 1.9d
Mg 83.4“ 64.9d 66.6“ 68.5b 55.8“
Mn 0.9 1.0 1.0 1.1 0.9
Cu 0.9 0.8 1.0 0.8 0.4
P 439.5b 432.9b 470.3“ 433.3b 253.0“

Increased cooked 86.3“b 88.2“b
Cooked soup mix

85.5b 90.0ab 90.7“
volume (%) 
Increased cooked 310.0“b 308.3“b 301.3b 3 1 1.5“b 318.7“
weight (%) 

Appearance 6.8b 6.8b
Sensory scores

7.0b 6.7b 8.5“
Flavour 6.6b 6.4b 7.0b , 6.7b 8.5“
Texture 6.7bc 6.6bc 7.2b 6.5“ 8.1“
Taste 7.2“ 7.0“ 7.2“ 7.0“ 7.4“

Seed weight (g /100) 3.8° 4.5b
Lentil seeds

5.0“ 4.7b ND
Seed volume (m l/100) 3.0b 03 bo 4 .0“ 4.0“ ND
Specific gravity (g/ml) 1.3“ 1.2“ 1.2“ 1.2“ 0.8b
Water absorption (%) 92.8d 95.6d 99.2“ 96.7b ND
a Values are average of three determinations on dry basis. Means within rows having different superscripts are significantly different 

according to least significant difference (LSD) at P< 0.05
ND : Not determined.
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TABLE 2. ANALYSIS OF VARIANCE OF TASTE PANEL SCORES 

FOR THE CHARACTERISTICS OF THE DEHYDRATED 
LENTIL SOUPS.

Source of Degrees of Mean square of scores_
variation freedom

(n-1)
Appearance Flavour Texture Taste

Soup 4 17.71 6.99 12.53 0.77
(0.00Ò) (0.002) (0.000)

Judges 28 4.30 2.82 3.02 2.92
(0.000) (0.012) (0.023) (0.068)

Error 112 1.378 1.515 1.735 1.933
P values are in parenthesis
sou p  (3.1%), probably b e ca u se  it w a s  prepared from  
u ndecorticated  len tils. The varia tion s w ere reflected  
on  carbohydrates, and  energy va lu es. 'Balady', and  
cultivare so u p s  h ad  th e  low est energy v a lu es , th e  
range w a s from  4 0 6 .8  ('Jor-2') to  4 3 5 .5  K ca l/1 0 0 g  
('Jor-1'), w ith  th e com m ercial h av in g  th e  low est  
va lu e (332 .1  K ca l/10 0g ).

M ineral co n ten ts  varied sign ifican tly  except for 
m an gan ese, and  cop p er (Table 1). S o u p s  prepared  
from  'B a la d y ', a n d  c u l t iv a r s  h a d  h ig h e r  
con cen tration s o f p o tassiu m , iron, zinc, m agn esiu m , 
and p h osp h oru s th a n  th o se  in  com m ercial pow der  
soup . On th e  contrary, the com m ercial sou p  had  
the h ig h est levels of sod iu m , an d  ca lc iu m , b eca u se  
NaCl w a s a m ajor ingredient.

Table 1 sh o w s th e  cook in g  ch ara cter istics  of 
th e so u p s. There w ere sign ificant va ria tion s in  seed  
w eight, seed  vo lu m e, seed  specific  gravity, w ater  
uptake, in creased  cooked  vo lu m e, an d  in creased  
cooked w eight. The in creased  cook ed  vo lu m e % 
ranged from 8 5 .5  ('Jor-2j to 90.7%  (com m ercial), 
the v a lu es b ein g  com parable to  th ose  reported on  
lentil stra in s grow n in  India (Sharm a et al. 1989). 
The in creased  cook ed  w eigh ts ranged  from  3 0 1 .3  
('Jor-2j to  318.7%  (com m ercial soup), th e se  v a lu es  
being h igher th a n  th o se  reported previously (Sharm a  
et al. 1989), probably due to gen etic  variation.

'Balady', 'Jor-l', 'Jor-2' and 'Jor-3' so u p s  h ad  
sim ilar acceptab le ap p earan ce, an d  flavour, b u t the  
com m ercial so u p  scored  h igher for ap p earan ce d u e  
to its  pow der form. The flavour of th e  com m ercial

sou p  scored slightly h igher th a n  th e o th ers, probably  
d u e to  th e  u n coo k ed  len til sm ell. It w a s  m ore 
acceptab le th a n  th e  n ew  d iy  so u p  cu b e s , b u t all 
th ese  so u p s  h ad  th e  sa m e ta ste . T he organoleptic  
scores o f th e  quality ch ara cter istics  o f  th e  traditional 
dehydrated  so u p  v er su s  th e  com m ercia l so u p  were 
above the m in im u m  accep tab le  sc o res  o f  five (Table 
1). A n a lysis o f variance (Table 2) o f th e  te s t  panel 
sco res  for each  quality  tra its o f  th e  d ifferent sou p s, 
revealed th a t there w ere va r ia tio n s, in  ap p earan ce, 
flavour, an d  texture, th o u g h  th e  ta s te  w a s  the  
sam e.

The au th or is  in d eb ted  to th e  D ea n sh ip  of 
R esearch  at Jord an  U niversity  o f  S c ien ce  and  
T echnology for fin an cin g  th e  project (Grant # 3 1 /  
91).
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P h y s i c o - C h e m i c a l  P r o p e r t i e s  o f  F r u i t s  o f  F o u r  O p e n  
P o l l i n a t e d  T o m a t o  ( L y c o p e r s i c o n  e s c u l e n t u m  M i l l )  C u l t i v a r s  

G r o w n  U n d e r  R a i n f e d  C o n d i t i o n s  i n  J o r d a n

RIDA A . SH IBLI, KHALIL I. ER E IFE J*, MOHAMMED A . AJLO UNI AND ALTAF H U SSA IN
F acu lty  of A griculture,

Jord an  U niversity o f S c ien ce  and T echnology, P.O. B ox 3 0 3 0 , Irbid, Jord an .
Fruits of open pollinated tomato cultivars ('Pello', 'E. Mich', 'Paldt' and 'Riogrande') were evaluated for physical 

characters, chemical composition, and mineral contents. Results indicated that the physical properties were comparable 
to other tomato cultivars, except for the size of the tomato fruits, which was smaller than other cultivars, but the 
pulps were as high as 92.4% ('Riogrande'). Data on the chemical composition varied among cultivars, and were comparable 
with other varieties except for the % total soluble solids, which ranged from 8.0 ('Pello') to 8.8% ('Pakit'). Results 
of mineral analysis showed that all minerals were comparable with other varieties except for K content, which was 
very high, ranging from 567.2 ('Pello') to 801.0 m g /100 g ('Pakit'). The open pollinated tomatoes can be used to replace 
the imported seeds.
Keywords : Tomato, Cultivars, Physical properties, Chemical composition, Minerals.

C onsum er's preference for fresh  tom atoes is  
in fluenced m ostly  b y  its  appearance, colour, sen sory  
quality, and nu trition al va lu e  (Frenkel an d  J e n
1989). Tom ato is  a  lead in g  crop in  Jord an  and th e  
total an n u al production  in  1992 w a s 6 2 1 .3  th ou san d  
m etric to n n es  (Anon 1993). Several in vestigators  
have screen ed  tom ato cu ltivars, an d  hybrids from  
different genetic resou rces, w hich  exhibited im m en se  
range of variation  in  fruit quality  (Ibarbia and  
Lam beth 1971), p h ysica l p roperties (Suw w an and  
Abubaker 1986), ch em ica l com p o sition  (Abubaker 
1984), fruit size  (Em ery an d  M unger 1970), the  
sh ap e (Abubaker 1984), sp ecific  gravity o f the  
tom ato fruits (Suw w an an d  A bubaker 1986), acid ity  
(Abubaker 1984), pH (Shib li and  S u w w an  1987), 
total so lub le  so lid s  (Young et al. 1993), ability to 
develop se ed s  (Abubaker 1984), th e  n u m b er of 
locu les per fruit (Suw w an an d  A bubaker 1986), and  
presence or a b sen ce  of s e e d s  (Joh n son  and Hall 
1954).

H ow ever, a s  n ew  g e n e t ic  r e so u r c e s  are  
con tin u ou sly  produced , a n ew  fo cu s on  op en  
pollinated cu ltivars h a s  b een  adopted  in  th e  cou n try  
in  order to reduce th e  c o s t  o f cu ltivation , u sin g  
im ported seed s. The p u rp ose o f th is  s tu d y  w a s to 
evaluate the p h ysico -ch em ica l properties of four  
open pollinated  tom ato cu ltivars grow n u n d er  
rainfed con d ition s.

S eed s of four op en  p ollin ated  tom ato cu ltivars  
('Pello', 'E. Mich', 'Pakit', 'Riogrande') were germ inated  
in  polystyrene trays in  a 1:1 peat: perlite m ixture. 
S eed lin gs (35 days old) w ere p lan ted  throu gh  b lack
* Corresponding Author

p lastic  m u lch  on  M arch 2 0 , 19 93 . P lastic  m u lch  
w a s spread  (at a circle o f 1 m  diam) arou n d  th e  
p lant on e w eek  before p lantin g . P lastic  m u lch  w a s  
m ad e in  a slop e arou n d  th e  p lan t to  allow  th e  rain  
to flow to  th e  root zon e o f th e  p lant. The field  w a s  
treated  tw o m o n th s  before p la n tin g  w ith  2 0  to n n e s /  
ha sh eep  m an u re. A  com p o u n d  fertilizer (Mikafoze, 
18 nitrogen: 18 p h o sp h o ru s  : 6  p o ta ss iu m  + 0 .1 5  
zin c oxide, 0  15 boric oxide, 0 .1 5  cop p er oxide, 1.05  
m ag n esiu m  oxide) w a s  s id e -d ressed  at a  rate o f  25  
g /b e d  at p lanting. P lan ts w ere irrigated w ith  two  
litres o f w ater at th e  tim e o f p lantin g , an d  repeated  
after three w eek s. E ach  cu ltivar w a s  rep licated  four  
tim es (10  p la n ts  per replicate) in  a  random ized  
com p lete b lock  d esig n  (RCBD). P la n ts  w ere sprayed  
o n ce  w ith  th e  in s e c t ic id e  la n a te  (m eth om yl:
S-m ethyl-N -[ (m ethylcarbom y) oxy] tljioacetim idate)  
one w eek  before th e  first h arvest. T he field  received  
a tota l of 2 1 0  m m  rainfall.

The h arvest s e a so n  w a s  com m en ced  on  J u n e , 
1993 , an d  term in ated  o n  A ug. 1, 1993 . At the p eak  
o f th e  h arv est s e a s o n  (in th e  m id  h arvest), 
rep resen tative co m p o site  sa m p le s  o f  red-ripe fru its  
w ere co llected , a n d  k ep t in  n y lon  b a g s eith er in  
a refrigerator or a freezer u n til th e  tim e o f an a lysis .

P h y s i c a l  p r o p e r t i e s :  T om ato fru its w ere w a sh ed  
thoroughly , dried at room  tem p eratu re, and  the  
average w eight o f in d iv id u al (25 fruit) w a s  recorded  
per each  rep licate. F ru its w ere cu t  op en , and the  
average d iam eter (in cm) w a s  m ea su red . The fruit 
sh a p e  w a s determ ined  b y  m ea su r in g  th e  ratio of  
m inor, an d  m ajor a x es  (A bubaker 1984). The fruit 
vo lu m e (size) w a s  determ ined  b y  w ater d isp lacem ent  
m ethod . The sp ecific  gravity w a s  determ ined  on
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representative sa m p les  o f ten  fru its per replicate, 
u sin g  the platform  sca le  m eth od  (M ohsenin  1970). 
Fruits w ere cu t open , an d  the n u m b er o f lo cu les  
cou n ted . The th ick n ess  o f pericarp w a s  m easu red  
u sin g  a vernier calliper.

The tom ato fru its w ere b la n ch ed  for 3  m in  at 
100°C to rem ove th e  p eels , w hich  w ere w eigh ed , and  
percent peel w a s ca lcu la ted . The average pulp  
w eight w a s recorded after se e d s , an d  p ee ls  w ere  
rem oved. J u ice  w a s  prepared by b len d in g  tom ato  
on a W aring b len d er for 3  m in , th e  m acerate  w a s  
p assed  through  a d ou b le layer ch e e se  c loth  (40  
m esh), th e resu ltin g  ju ic e  w a s  w eigh ed , and ju ice  
percentage w a s  recorded. The ju ice  w a s  filtered  
through W hatm an filter paper No. 5 4 1 , and the pH 
of the filtrate w a s  m easu red . The titratable acid ity  
w as determ ined  by titrating an  aliquot o f th e  seru m  
w ith 0 .1  N NaOH to  pH 8 .3  (Shibli 1986). Abbe 
stage refractom eter w a s  u sed  to determ ine the total 
solub le so lid s at room  tem perature.

C h e m ic a l  a n a l y s i s :  M oisture, p rotein s (N x  
6 .25 ), cru d e fibre, cru d e fat, an d  a sh  w ere 
determ ined according to  AOAC (1984) procedures. 
Total carbohydrates w ere ca lcu la ted  by d ifference, 
and reducing su ga rs w ere determ ined  by Lane- 
Eynon m ethod  (AOAC 1984). The titratable acid ity  
w as ca lcu la ted  a s m g citric acid  m on ohyd rate per  
100 m l serum .

M in e r a l  a n a l y s i s :  A sh  w a s  analyzed  for ca lciu m , 
sod ium , p o ta ss iu m , z in c, copper, iron, m a n g a n ese , 
an d  m a g n e s iu m  c o n te n ts , u s in g  a n  a to m ic  
absorption  sp ectrop h otom eter (M odel S p 9, Pye 
U nicam , England) (Ereifej an d  S h ib li 1993). E ach  
sam ple (3g) w a s  d igested  in  a K jeldhal flask  w ith  
a m ixture of nitric, su lp h u ric , an d  perchloric ac id s  
(10:1:4), u n til all th e  organic m atter  w a s  oxidized, 
the resu lting clear liquid  w as filtered through  
W hatm an filter paper No. 4 2 , m ad e up  to know n  
volum e w ith  distilled deionized water, and  introduced  
to the atom ic ab sorption  spectrophotom eter. The  
final vo lum e of ca lc iu m , an d  m ag n esiu m  con ta in ed  
1 percent lan th an u m  oxide to overcom e interferences 
m ain ly by p h osp h ates. P h osp h oru s w a s  determ ined  
according to the m eth od  d escribed  by W atanabe  
and O lsen  (1965), u s in g  a CECIL CE 10 20  
spectrophotom eter.

S t a t i s t i c a l  a n a l y s i s :  T he data  w ere analyzed  
according to S teel and Torrie (1980). M eans w ere  
separated  according to lea st  sign ifican t difference  
(LSD), u s in g  MSTATC program  (M ichigan S ta te  
University).

The p h ysica l properties o f tom ato fruits obtained

from  'Pello', 'E. Mich', 'Pakit', an d  'Riogrande 
tom ato cu ltivars are sh o w n  in  T able 1. T he fruit 
w eight v a lu es  w ere low er th a n  th o se  o f to m a to  fruit 
reported b y  Ibarbia and L am beth  (197 1). Their 
diam eters w ere a lso  sm all, an d  th e  s iz e s  o f the  
fr u its  v a r ied  b e c a u s e  o f  g e n e t ic  p r o p e r tie s ,  
environm ental, an d  cu ltu ra l p ractices (S u w w an  and  
H am ayel 1982). There w ere no sign ifican t d ifferences  
in  p eel p ercen tage. S eed s, an d  n u m b er  o f  lo cu les  
per fruit varied sign ificantly .

Pericarp th ic k n e ss  w a s  th e  sa m e  (0 .6  cm) in  
all cu ltivars. J u ice  con ten t did n o t vary s ta tistica lly  
w hile th e  sp ecific  gravity of th e  fru its ran ged  from  
0 .9 6  (’R iograndej to 1.0  g /m l ('Pello' an d  'E. M ichj.

Ibarbia and L am beth (1971) reported  th a t  
tom ato fruit w e igh ts varied  am on g cu ltivars, and  
d ecreased  w ith  the sea so n . T he average fruit w eight 
in  th e p resen t c a se  w a s  low er th a n  th e  lo w est va lu e  
reported b y  Ibarbia an d  L am beth  (1971), probably, 
low  rainfall con trib u ted  to  low er fruit w eigh t. Fruit 
sh ap e  is  ch aracter istic  o f th e  tom ato  cu ltivars  
according to K asrawi et al (1981).

The cu ltivars in vestigated  sh o w ed  h igh  pulp , 
an d  ju ice  %, low  p eel an d  pericarp  th ic k n e ss  a s  
sh ow n  in Table 1. D ifferent tom ato  cu ltiva rs differ 
in  their ten d en cy  to develop se e d  in  their  lo cu les  
according to  D em p sey  an d  B o yn to n  (196 5), and  
J o h n so n  and H all (1954).

D ata  on  the ch em ica l co m p o sitio n  o f th e  
tom ato fru its are sh o w n  in T able 1. T here w ere no  
sign ifican t d ifferen ces in  p rote in s, cru d e  fat, and  
fibre co n ten ts . There w ere s ta tis tic a l va r ia tio n s in  
a sh , an d  carbohydrate co n ten ts . T he red u cin g  
su gar, an d  v itam in  C c o n te n ts  did n o t vary  
significantly. T itratable acid ity , an d  tota l so lu b le  
so lid s  sh ow ed  no sign ifican t d ifferen ces. D ata  on  
protein s, fat, an d  carb oh yd rates w ere com p arab le  
to  v a lu es  reported on  raw to m a to es  (Anon 1975), 
b u t fibre con ten t w a s  fou n d  to  b e s ligh tly  lower 
th a n  th a t reported (Anon 1975) on  raw  tom atoes. 
On the oth er h an d , a sh  c o n te n ts  w ere sligh tly  
higher th a n  th o se  reported p rev iou sly  (Frenkel and  
J e n  1989).

The red u cin g  su g a rs  (Table 1) rep resen t a lm ost  
50%  of th e  TSS% of th e  tom atoes, an d  th is  is  in  
agreem ent w ith  th e v a lu e s  reported  b y  G oose et al 
(1964). The v a lu es  of v ita m in  C c o n te n ts  per fruit, 
w ere com parable w ith  th o se  reported  p reviou sly  
(Anon 1975; F renkel an d  J e n  1989). T h e titratable  
acidity, an d  pH (Table 1) w ere com p a rab le  w ith  data  
reported p reviou sly  (A bubaker 1984; S h ib li 1986; 
Y oung et al. 1993).
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TABLE 1. PHYSICAL PROPERTIES, CHEMICAL COMPOSITION AND MINERAL CONTENTS OF RIPE FRUITS OF FOUR TOMATO 

CULTIVARS GROWN UNDER RAINFED CONDITIONS1
Tomato cultivar

'Pello' 'E. Mich'
Physical properties

’Pakit’ 'Riogrande'

Fruit weight (g) 19.4b* 19.0b 24.5*b 29.7»
Diameter (cm) 4 lab 4. l*b 3.8b 4.7*
Shape oblate oblate spherical oblate
Colour red red red red
Size (cm3) 19.2b 18.9b 25.0»b 31.0»
Sp. g (g/ml) 1.0* 1.0* 0.97» 0.96»
Locules/fruit 2.2»b 2.3* 2. l “b 2.0b
Peel % 9.6a 10.0* 9.6* 7.6*
Pulp % 90.4a 89.9* 90.4* 92.4»
Seed/fruit 56.9a 58.8* 54.9* 35.0»
Pericarp thickness (mm) 0.6a 0.6* 0.6* 0.6»
Juice % 61.8a 61.4*

Chemical com position
65.3» 66.1»

Proteins % (N X 6.25) 1.9a 1.9* 2.1» 1.0»
Fat % 0.1a 0.1* 0.1» 0.1»
Fibre % 0.7a 0.6* 0.5* 0.7»
Ash % 0.8b 0.8b 0.9» 0.8b
Carbohydrates % 6.5a 6.7» 6.4* 6.5»
Reducing sugars % 3.5a 3.4* 3.1» 3.8»
Vit. C. m g /100 g 6.0* 7.9* 10.4» 11.5»
TA % 0.3* 0.3* 0.3* 0.3*
TSS % 8.0* 8.2* 8.8» 8.4»
pH (juice) 4. l b 4. l b

Minerals, mg/lOOg
4. l b 4.3»

Ca 6.9* 9.6* 8.2* 7.2»
Na 23. lb 36.2* 28.5*b 29.9»b
K 567.2* 608.3* 801.0* 730.3»
Zn 0.2b 0.2b 0.3* 0.2b
Mn 0.1* 0.2* 0.1» 0.1»
Mg 12.3* 13.8* 13.3» 11.8»
Fe 1.4* 1.8* 1.6* 1.7»
Cu 0.1* 0.1* 0.1* 0.1»
P 70.6* 46.5» 56.8» 55.8»
a : All values are based on 90% moisture content.
* Numbers within rows having same superscripts are significantly not different according to the least significant difference (LSD) at 

PcO.05.

The m ineral c o n ten ts  o f th e  tom ato  fru its are 
presented  in  Table 1. C alcium , an d  sod iu m  co n ten ts  
were in  agreem ent w ith  data  reported b y  Frenkel 
and J e n  (1989), except for 'E. Mich' cu ltivar, w hich  
w as sligh tly  h igher th a n  th e  m ax im u m  va lu e  
rep orted  p r e v io u s ly . P o ta s s iu m  c o n te n t  w a s  
noticeably very h igh , an d  even  h igher th a n  the  
range reported p reviou sly  (Frenkel and J e n  1989), 
probably due to u p tak e o f p o ta ss iu m  from rich soil. 
Zinc, m an g an ese , copper, an d  m ag n esiu m  co n ten ts  
w ere in  the ran ges ag reported by F renkel an d  J e n  
(1989) for th ese  m in era ls. Iron, an d  p h o sp h o ru s  
co n ten ts  were h igher th a n  th e  ran g es reported

(Frenkel and J e n  1989). T he va ria tio n s o f m ineral 
co n ten ts  m igh t b e  d u e to  en viron m en t, an d  cu ltu ral 
p ractices con d ition s.

T h is project w a s  fu n d ed  b y  th e  D ea n sh ip  of 
R esearch (J.U.S.T), project No. 2 5 /9 2 ,  w h o se  support 
is  gratefu lly  acknow ledged .
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E v a l u a t i o n  o f  L a m i n a t e d  a n d  C o - e x t r u d e d  F i l m s  f o r  P a c k i n g
P o t a b l e  W a t e r

S . NADANASABAPATHY*, A .N . SRIV ATSA AND R . SANKARAN
D efen ce Food R esearch  Laboratory, M ysore-570  Oi l ,  India.

Laminated, and co-extruded plastic films such as paper/aluminium foil/Iow density polyethylene, polyester/ 
aluminium foil/low density polyethylene, metallised polyester high-low density polyethylene have been evaluated for 
their suitability to pack potable water. Potable water packed in polyester/aluminium foil/low density polyethylene showed 
a minimum increase in total solids and total hardness, both of which were within the permissible limits. No plastic 
odour or taste was observed in the water sample packed, and a shelf life of 12 months was achieved.
Keywords : Laminated films, Co-extruded films, Potable water, Open top sanitary cans, Shelf life.

In recent yea rs, th e  fo cu s  in  p ack agin g h a s  
b een  on  th e  developm ent of m u ltilayer polym eric  
film s for a variety o f ap p lication s w ith in  th e  food  
industry (H otchkiss 1982). In stitu tion al, an d  food  
service u sers  have sh o w n  k een  in terest in  food  
products packaged  in  flexible p o u ch es , b e ca u se  of 
lower c o sts , and  added  con ven ien ce  (Erickson
1990). Storage, su p p ly , an d  d istr ib u tion  o f potab le  
water are e ssen tia l for b oth  civ ilian , and D efen ce  
services. At p resen t, potab le w ater is  com m ercially  
availab le in  b low  m o u ld ed  sem i-r ig id  p la st ic  
containers, m ain ly  for th e  u se  b y  to u r ists, and  
travellers. However, n o t m u ch  scien tific  data  are 
available in  th is  regard. In D efen ce serv ices, potable  
w ater is  being su p p lied  in  m eta l jerry ca n s , fabric- 
b ased  c h a g u l s ,  and  in  op en  top san itary  ca n s, 
during operational con d itio n s. The d isad van tage of 
u sin g  m etal c a n s  is  its  w eight, an d  im partm ent of 
m eta llic  ta s te , w h ich  r e s tr ic ts  th e  s h e lf  life 
significantly (Brooks 1964).

Furtherm ore, un it p ack agin g  o f potable w ater  
in flexible p ack agin g m ateria ls is  fou n d  essen tia l 
during off-shore responsib ilities, and special m iss io n s  
u n dertaken  b y  m aritim e serv ices (Anon 1985). 
Therefore, a ttem p ts w ere m ad e earlier to  eva lu ate  
the sh e lf  life o f potab le w ater p ack ed  in  sem i-rigid  
poly vinyl ch loride, an d  h igh  d en sity  p olyethylen e  
con ta iners (Anon 1977; S atyanarayan a Rao et al.
1993).

However, the su itab ility  o f in d igen ou sly  available 
lam inated, an d  co-extru d ed  flexible film s to  p ack  
potable w ater h a s  n ot b een  yet reported. H ence, 
th is  stu d y  w a s  u n dertak en  to d eterm ine th e effect 
of storage tim e, and tem perature o n  various physical, 
ch em ical, m icrobiological, sen so ry  q u ality  of potable  
w ater packaged in  lam in ated , and co-extruded  
film s, in  com p arison  to control sa m p les  co n sistin g
* Corresponding Author

of w ater, p ack ed  in  g la s s  b o ttles . T he p ack agin g  
m ateria ls u sed  are d escrib ed  in  T able 1.

T he p h y s ic o -m e c h a n ic a l p rop erties  o f  th e  
pack agin g  m ateria ls w ere determ in ed  a s  per ASTM
(1982) proced u res.

W a t e r  s a m p l e  : Local su p p ly  o f drinking w ater  
w a s u sed . A s th e  pH of th e  w ater w a s  above 8 .4 0 , 
it w a s  ad ju sted  to 6 .5 0  b y  adding citric ac id -sod iu m  
citrate buffer. The w ater w a s  p asteu rized  at 80°C  
for 5 m in . A pproxim ately, 150  m l w ater in  th e  ratio 
of 1 m l/ s q  cm  su rface co n ta c t area w a s  filled  in  
the above p ack agin g  m ateria ls , an d  stored  at 
am b ient (26°-32°C , 65% RH), an d  accelerated  hot 
h u m id  (37°C, 90%  RH) con d itio n s. C ontrol sa m p les  
w ere stored  in  a refrigerator m ain ta in ed  at 5°C, till 
th e en d  o f th e  experim ent. D u ring  storage, w ater  
sam p le  w a s  analyzed  for pH, to ta l so lid s , total 
h a rd n ess  (total alkalinity), ch loride, an d  su b sta n c e s  
c a u sin g  od ours, and  ta s te s  a s  per APHA (1965) 
m eth o d s. M icrobiological exa m in atio n  w a s  carried  
ou t a s  describ ed  b y  E n glan d  and W ales (1958). 
S e n so iy  eva lu ation  w a s  carried ou t on  a 9 - point 
H edonic sca le  by a p an el o f  7 tra in ed  p erson n el 
(Piggot 1988).

P h y s ic o -m e c h a n ic a l c h a r a c te r is t ic s  o f  th e  
pack agin g  m ateria ls are sh o w n  in  T able 2. On  
storage, th ese  properties did not ch an g e significantly. 
C h an ges in  th e  p h ysico -ch em ica l, an d  sen so ry  
properties o f  th e  p ack ed  w a ter  sa m p le s  are sh ow n  
in  Table 3 . In all the p ack agin g  m ateria ls, th e  
con tact layer w a s  p olyethy len e. BIS (1982) h a s  
listed  variou s c o n stitu en ts  of p o lyethy len e in  contact 
w ith  food stuffs, p h a rm a ceu tica ls , an d  drinking  
w ater. T he sta b ility , an d  m ig ra tion  o f th e se  
co n stitu e n ts  are d ep en d en t on  storage tim e, and  
con d itio n s (Labuza 1988).

At 37°C . an d  90%  RH, all param eters were 
fou n d  to b e h ig h er  in  all te s t  m ateria ls. On storage.
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TABLE 1. SPECIFICATIONS OF THE PACKAGING MATERIALS USED FOR PACKING OF POTABLE WATER
Abbreviation Composition Type and dimension of the pack.

PFP Paper (100 gsm)/aluminium foil (20p)/low density 
polyethylene (37.5p)

Rectangular, 7 X 5 X 9  cm
PET/Al. foil/ 
LDPE

Polyester (12p)/aluminium foil (20p)/ 
low density polyethylene (37.5p)

Pillow pouch, 15 X 20 cm
MPP Metallised polyester/high-low density polyethylene, 

total thickness lOOp
Pillow pouch, 15 X 20 cm

HDLD High density polyethylene/low density polyethylene, 
total thickness 100 p

Pillow pouch, 15 X 20 cm

Glass bottle Borosil Straight side, wide mouth, 
16 oz capacity

there w a s a sm all b u t d istin ct in crease  in  pH of 
the w ater sam p le, an d  ch a n g es  in  pH va lu e  o f the  
sam p les stored  in  different p ack agin g m ateria ls  
were in  the order: PFP > HDLD > MPP >PET/A1. 
foil/LDPE. Sim ilarly, to ta l so lid s  of th e  stored  w ater  
sam p les h ad  in creased  in  all the te st  m ateria ls, and  
the in crease follow ed th e  order: PFP > MPP > 
HDLD> PET/A1. foil/L D PE . It h a s  b een  reported  
that th e in creased  in  pH, and tota l so lid s  w ere due  
to m igration  of polym eric res id u es , non-polym eric  
ad d itives, an d  ad h esiv e  co m p o u n d s from  th e  
packaging m ateria ls (Crom pton 1979). Therefore, 
m igration  of c o n s t itu e n ts  from  th e  p ack agin g  
m ateria ls is  reported a s  to ta l so lid s  a s  described  
by BIS (1986). A lso, during storage, to ta l h a rd n ess  
of th e  stored  w ater sa m p les  in creased  in  th e  order 
sim ilar to th a t o f th e  to ta l so lid s  (Table 3). T h is
TABLE 2. PHYSICO-MECHANICAL CHARACTERISTICS OF THE 

FILMS

Properties

Tensile strength, MD
KN/M TD

Elongation, % MD
TD

Bursting strength, 
kg/cm

Tearing strength, g MD
TD

Seal strength, MD
k g /10 mm TD

Oxygen transmission 
rate (flat sheet), 
ml/M2/2 4  h at 27°C 
Water vapour 
transmission rate 
(flat sheet), 
g/M2/2 4  h at 37°C 
and 90% RH

Packaging films
Paper/ PET

Al. foil/ Al. foil/ MPP HDLD
LDPE LDPE
2.14 3.25 2.76 2.01
1.26 2.90 2.42 1.88
6.30 9.50 7.70 8.90
3.80 7.50 4.90 5.40
2.10 2.80 1.90 1.30

50 20.60 26.00 22.00
55 25.50 23.00 26.00

0.78 1.10 1.26 1.66
0.36 1.20 1.48 1.77
0.10 0.25 0.20 1.10

to to to to
0.90 0.75 0.80 1.40

0.40 0.10 3.10
< 0.10 to to to

0.70 0.30 3.30

MD = Machine direction, I'D = Transverse direction

m ay be attr ibuted  to  th e  m igration  o f n on -po lym eric  
additives. Initial ch loride con ten t o f th e  w ater  
sam p le  w a s  6 0  m g/1, and it did n o t ch an g e  
sign ifican tly  after th e  storage.

The w ater sam p le p ack ed  in  PFP h ad  p icked  
up an  objectionable p la stic  odour, an d  ta s te , after 
8 m o n th s  of storage, thereb y ren d erin g th e  w ater  
u n accep tab le . O n further storage, th e  in ten sity  of 
th e  p la stic  odour, an d  ta s te  furth er in crea sed . In 
MPP, a sim ilar  b eh av iou r w a s  ob served  after 10 
m o n th s of storage. In HDLD a lso , th is  b eh av iou r  
w a s observed  in  th e  sa m p les  stored  at 37°C  and  
90%  RH. M igration of polym eric ad d itives m a y  have  
con trib u ted  to the d evelop m en t of p la stic  odour, 
and taste , a s  described b y  Shepherd  (1982). However, 
n o su c h  p la stic  odour, an d  ta ste  w ere ob served  in  
w ater sa m p les  p ack ed  in  PET/A1. fo il/L D P E  and  
stored  at am b ient, and  acce lerated  con d itio n s. The  
probable reaso n  m ay  be th e  grade o f low  d en sity  
p olyethylen e u se d  for la m in atio n  in  PET/A1. fo il/ 
LDPE, w h ich  w a s  different from  th e  grade of low  
d en sity  p o lyeth y len e u se d  in  oth er p ack agin g  
m ateria ls.

A b sen ce  of m icroorgan ism s, su c h  a s  faeca l 
s tr e p to c o c c i ,  C l o s t r i d iu m  p e r f r i n g e n s ,  coliform  and E .  
c o l i ,  in d ic a te d  th a t  th e  w a te r  sa m p le  w a s  
m icrobiologically acceptab le . At th e  en d  of 12 
m o n th s storage u n d er  am b ient con d ition , w ater  
stored  in  PET/A1. foil/L D P E  scored  th e  sen so ry  
rating of 7 .2 , w h erea s th a t in  HDLD, MPP a n d  PFP 
scored  3 .4 , 3 .4  and 2 .8 , respectively . At 37°C  and  
90%  RH, th e  sen so ry  rating w a s  7 .0  for th e  sam p le  
stored  in  PET/Al. foil/L D P E , a s  a g a in st 3 .8 , 3 .8  
an d  2 .1  for th e  sa m p les  stored  in  MPP, HDLD and  
PFP, respectively. T h u s, th e  w ater sa m p le  packed  
in  PET/Al. foil/L D P E , an d  stored  for a period of 
12 m o n th s  at a m b ien t co n d it io n  w a s  fou n d  
acceptab le. No sign ifican t c h a n g e s  w ere observed  
during 12 m o n th s storage in  th e  w a ter  stored  in  
g la ss  b o ttles  at 5°C, w h ich  served  a s  con tro l for 
com parison .
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TABLE 3. CHANGES IN THE PHYSICO-CHEMICAL CHARACTERISTICS OF THE POTABLE WATER.
Packaging
material

Storage
condition

Storage
period,
months

Quality changes Odour
and
tastePH •Total 

solids 
m g /1

•Total 
hardness, 

mg/1 0aCO3
cSensory

score

Initial value 0 6.50 465 ± 1 18.6 ± 0.2 9.0 ± 0.2 A
Paper/Al. foil/LDPE Ambient 3 6.54 478 ± 1 19.4 ± 0.2 8.2 ± 0.2 A

6 6.62 478 ± 1 20.6 + 0.2 7.6 ± 0.2 A
9 6.67 504 ± 1 21.2 ± 0.3 4.0 ± 0.2 NA

12 6.71 524 ± 2 21.5 ± 0.2 2.8 ± 0.3 NA
37°C 3 6.58 480 ± 1 19.8 ± 0.2 8.0 ± 0.2 A
and 6 6.66 488 ± 2 21.1 ± 0.4 7.4 ± 0.3 A
90 % RH 9 6.74 516 ± 1 21.8 ± 0.4 4.2 ± 0.2 NA

12 6.80 536 ± 1 22.4 ± 0.1 2.1 ± 0.2 NA
PET/ Al. foil/LDPE Ambient 3 6.51 468 ± 1 18.8 + 0.1 8.8 ± 0.2 A

6 6.58 472 ± 2 19.1 ± 0.1 8.4 ± 0.3 A
9 6.63 482 ± 2 20.2 ± 0.2 7.6 ± 0.3 A

12 6.67 490 ± 2 20.5 ± 0.2 7.2 ± 0.3 A
37°C 3 6.54 470 ± 1 19.2 ± 0.1 8.2 ± 0.2 A
and 6 6.61 475 ± 1 19.6 ± 0.2 8.2 ± 0.2 A
90 % RH 9 6.66 487 + 1 20.6 ± 0.3 7.4 ± 0.3 A

12 6.70 496 ± 2 20.9 ± 0.1 7.0 ± 0.3 A
MPP Ambient 3 6.52 470 ± 1 19.2 ± 0.1 8.4 ±  0.4 A

6 6.60 480 ± 2 19.5 ± 0.2 7.8 ± 0.3 A
9 6.65 484 ± 2 20.8 ± 0.2 6.4 ± 0.3 A

12 6.69 508 ± 1 21.2 + 0.2 3.4 + 0.2 NA
37°C 3 6.55 472 ± 1 19.5 ± 0.3 8.2 ± 0.3 A
and 6 6.64 485 ± 2 20.6 ± 0.1 7.6 ± 0.4 A
90 % RH 9 6.70 498 ± 2 21.0 ± 0.1 4.4 ± 0.2 NA

12 6.73 524 ± 1 21.6 ± 0.2 3.8 + 0.4 NA
HDLD Ambient 3 6.53 468 ± 1 19.0 ±  0.1 7.8 ± 0.3 A

6 6.61 476 ± 2 19.4 ± 0.1 6.6 ± 0.2 A
9 6.67 485 ± 1 20.4 ± 0.2 6.2 + 0.3 A

12 6.70 496 ± 2 21.0 ± 0.2 3.4 ± 0.4 NA
37°C 3 6.56 474 ± 2 19.4 ± 0.2 7.4 ± 0.3 A
and 6 6.65 488 ± 1 19.9 ± 0.2 6.2 ± 0.2 A
90 % RH 9 6.71 504 + 2 20.9 ± 0.1 4.2 ± 0.3 NA

12 6.74 514 ± 1 21.4 ± 0.2 3.8 ± 0.4 NA
a, b, c = Mean ± SD; A = Acceptable ;: NA = Non-acceptable

It m ay  b e con clu d ed  th a t PET/A1. foil/L D PE  
sh ow s m in im u m  in crea se  in  tota l so lid s, an d  total 
h ard n ess during 12 m o n th s  storage. T h ese  v a lu es  
are w ith in  the p erm issib le  lim its prescribed  by  
ICMR (1975) an d  WHO (1971). F urther, it d oes not 
contribute an y  objectionable p la stic  odour, and  
ta ste  to the w ater sam p le. T he ea sy  availability, and  
reasonable co st m ak e th is  lam in ate , a  su itab le  
alternative to op en  top san itary  c a n s  for u n it  
packaging o f potable w ater.

References
Anon (1977) Activities Report-Food Research Projects in the 

United Kingdom Having a Defence Aspect, Ministry of 
Agriculture, Fisheries and Food, London

Anon (1985) New ideas for military meals point up package 
change. Packaging 30:64-66

APHA (1965) Standard Methods for the Examination of Water 
and Waste Water, 12 edn. American Public Health Association, 
New York

ASTM (1982) Standard Methods for Testing Packaging Materials 
D643, D689 D774 and D828, American Society for Testing 
Materials, Philadelphia, PA, USA



496
BIS (1982) Positive List of Constituents of Polyethylene in 

Contact with Foodstuffs, Pharmaceuticals, and Drinking 
Water, IS: 10141. Bureau of Indian Standards, New Delhi

BIS (1986) Method of Analysis for the Determination of Specific 
and/or Overall Migration of Constituents of Plastic Materials 
and Articles, IS:9845. Bureau of Indian Standards, New 
Delhi

Brooks PF (1964) Canned water for the services. Food Tr Rev 
34:54-56

Crompton TR (1979) Additive Migration from Plastic into Food. 
Pergamon Press, New York

England G, Wales S (1958) The bacteriological examination of 
water supplies. J Hyg (Lond) 56:377-380

Erickson G (1982) Hungers for packaging innovations. Packaging 
35:34-37

Hotchkiss JH (1982) New trends in food packaging. J Assoc 
Food Drug Off 46:44-50

ICMR (1975) Manual of Standards of Quality for Drinking Water 
Supply. Special Report Scries No.44, 1st edn. Indian Council 
of Medical Research, New Delhi

Labuza TP (1988) Packaging interaction studies. Cereal Food 
Wld 33:872-876

Piggot JR (1988) Sensory Analysis of Food, 2nd edn. Elsevier 
Applied Science, London

Satyanarayana Rao TS, Sankaran R, Rama Rao MV (1993) 
Studies on the safety of water stored in high density 
polyethylene water bottles. J Food Sci Technol 30:293-296

Shepherd MT (1982) Trace contamination of foods by migration 
from plastic packaging-A Review. Food Chem 8:129-136

WHO (1971) International Standards for Drinking Water, 3rd 
edn. World Health Organisation, Geneva

R e c e iv e d .  2 0  J u n e  1 9 9 4 ;  r e v i s e d  2 0  J u l y  1 9 9 5 ;  a c c e p t e d  5  S e p t e m b e r  1 9 9 5



J. Food Set Technol, 1995, Vol 32, No. 6, 497-500
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Effects of processing, such as dehulling, sprouting, soaking, cooking, roasting, and autoclaving, on total phenols, 

and chemical constituents in pigeonpea (C a ja n u s  ca jan} and climbing bean (V ig n a  u m b e lla ta ) , cultivated in Nigeria, 
were investigated. All the processing methods reduced the levels of total phenols in both the legumes to varying extents. 
Cooking of soaked, and dehulled seeds had the most pronounced lowering effect on the total phenolic contents, of 
pigeonpea, and climing bean, by 49 and 50%, respectively. Sprouting of the legume seeds increased the protein content, 
and significantly reduced the carbohydrate contents (P<0.05). These processing methods altered the composition of 
both the legumes, without effecting any change in carbohydrates.
Keywords : Processing, Total phenols, Proximate composition, Pigeonpea, Climbing bean.

Pigeonpea, and clim bin g b ea n  are n u trition ally  
im portant leg u m es a s  so u rces  o f  p rote in s to poor  
com m u n ities in  m a n y  tropical, an d  su b -trop ica l 
regions of th e  world (Sa lu n k he et al. 1982; S ingh  
1984). In Nigeria, p igeonpea, an d  clim bing b ea n  are 
con su m ed  after soak in g , an d  cook in g  or roasting  
(Igbedioh 19 93  u n p u b lish ed  data). T hey are eaten  
w ith sa u ce  or m ixed  w ith  o th er foods, along w ith  
sp ices, and con d im en ts.

Legum es con ta in  an tin u trition al factors su c h  
a s p olyp h enols (Sa lu n k he et al. 1982). Phenolic  
com p ou n d s are m o stly  p resen t in  th e  seed  coa t of 
grain legu m es (Singh an d  J a m b u n a th a n  1981), and  
inhibit th e activity o f  d igestive a s  w ell a s  hydrolytic  
e n z y m e s , s u c h  a s  a lp h a -a m y la s e ,  t r y p s in ,  
chym otrypsin, and  lip ase  (Sa lu n k he et al. 1982). 
P olyp h en ols a lso  d ecrea se  th e  d ig estib ility  of 
carbohydrates, and  th e availab ility  of v itam in s, and  
m inerals (Rao an d  D eo sth a le  1982), an d  interact 
w ith proteins to m ak e th em  in so lu b le  (Singh 1984). 
Available in form ation in d ica tes  th a t th e  levels of 
polyphenols in  leg u m es ca n  b e red u ced  b y  sim p le  
p rocessin g  m eth o d s, su c h  a s  soak in g , deh ullin g , 
and roasting. (Rao an d  D eo sth a le  1982; D esh p an d e  
and Cheryan 1983; Jo od  et al. 1987).

T his com m u n ica tion  rep orts th e  r e su lts  o f an  
investigation  on  th e  effect o f com b in ed  p rocessin g  
m e th o d s  lik e  s o a k in g , d e h u l l in g , r o a s t in g ,  
germ ination , an d  au toclav in g , o n  p olyp h enolic  
con ten ts, and  ch em ica l co n st itu e n ts  of p igeonpea, 
an d  clim bing bean .
* C o rre sp o n d in g  A u th o r

The seed  sa m p les  o f p igeon p ea  (C a j a n u s  c a ja n ) ,  
and clim bing b ea n  ( V ig n a  u m b e l la ta )  w ere p u rch ased  
at th e  M akurdi loca l m ark et, an d  divided in to  eight 
lo ts  for different p ro cess in g  treatm en ts.

S o a k i n g  a n d  s o a k i n g  p l u s  d e h u l l i n g  : H ealthy  
se e d s  (3 kg), free from  d u st, and  o th er  foreign  
m ateria ls, w ere soa k ed  in  5 v o lu m es (w /v) of tap  
w ater for 2 4 h , w a sh ed  tw ice  w ith  ord in a iy  water, 
an d  th en  w ith  d istilled  w ater. T h oroughly  w a sh ed  
se e d s  w ere dried to  a co n sta n t w eigh t in  a h ot air 
oven  at 70°C. In a n  an oth er  exp erim ent, part of 
th e soa k ed  se e d s  w ere m a n u a lly  d eh u lled  to rem ove  
th e seed  coat, an d  dried a s  above.

C o o k in g  : Dry se e d s  (100  g) w ere boiled  in  3  
v o lu m es (w /v) of d istilled  w ater in  a b eak er, u n til 
soft, a s  ju d g ed  b y  p ress in g  th em  b etw een  the  
th u m b , an d  the fingers. The cook ed  se e d s  were 
dried a s  above.

G e r m in a t io n  : The soa k ed  se e d s  (500  g) w ere 
p laced  in  sterile  petri d ish e s , lined  w ith  w et filter 
paper, and  w ere allow ed to germ in ate for 3 d ays  
at 32°C  w ith  frequent w atering. T he sp rou ted  se ed s  
w ere dried a s  above.

A u t o c l a v i n g  : The se e d s  (500  g) w ere autoclaved  
at a tem perature of 121°C  for 15 m in , an d  further  
p rocessed  a s  above.

R o a s t i n g  : U n d am aged , an d  h ea lth y  s e e d s  (500  
each), free from  d u st, an d  oth er foreign m ateria ls, 
w ere roasted  ind ividually, in  a n  a lu m in iu m  pot at 
a tem perature of 160°5C for a period o f 15, 3 0  and  
4 5  m in .

C h e m i c a l  a n a l y s i s  : Total p h en o ls  w ere analyzed
497



498
u sin g  th e  P ru ssian  b lu e  m eth od  o f B u d in i et al
(1980). P roteins, fat, m oistu re , a sh , an d  crude  
fibres w ere determ ined  accord ing to  AOAC (1984) 
m ethod s.

Soaking of p igeonpea, an d  clim bin g b ean  in  
tap w ater reduced  th e  tota l p h en o l co n ten ts  (P<0.05) 
in  both  leg u m es (Table 1). T h ese d ecrea ses  in  th e  
phenolic co n ten ts  m ay  be d u e to  th e  lea ch in g  of 
the p olyp h enols in to  the soak in g  w ater (Jood et al.
1987). S ignificant d ecrea ses  in  the p olyp h enol du e  
to soak in g  in  w ater o f ch ick p ea , an d  b lackgram  
(Jood et al. 1987), m u n g  b ea n  (Barroga et al. 1985) 
d iy  b ea n  (D eshpande and C h eiy a n  1983) and  
w inged b ean  (Sathe an d  S a lu n k h e  1981; King and  
P u w astein  1984) have b een  reported. The d ecline  
in  the phenolic  con ten t o f  th e  p igeon p ea  (30%), and  
clim bing b ea n  (37%), d u e to d eh u llin g  o f the soak ed  
seed s, su g g ests  the location  of th e  significant 
proportions o f th e  tota l p h en o ls  in  th e seed  coat. 
Rao and D eosth a le  (1982) a lso  reported 90%  decline  
in  polyphenol in p igeonpea u p on  dehulling. Similarly, 
O gun et al (1989) observed  th a t all th e  tota l p h en o ls  
in  cow p eas w ere located  in  th e seed  coat, a s  no  
d etectab le total p h en o ls  w ere fou n d  in  d ehulled  
cow peas.
TABLE 1. EFFECTS OF SOAKING, DEHULLING, COOKING.

GERMINATION, AUTOCLAVING AND ROASTING ON 
TOTAL PHENOLS OF PIGEONPEA AND CLIMBING
BEAN 

Seed treatments Total phenols in mg catechin g !
Pigeon pea Climbing bean

Unsoaked, control 1.04 ± 0.05 1.09 ± 0.30
Soaked, 24 h 0.08 ± 0.04 (23) 0.76 + 0.02 (30)
Soaked and dehulled 0.71 ± 0.01 (32) 0.69 ± 0.02 (27)
Cooked unsoaked 0.62 ± 0.02 (40) 0.62 ± 0.04 (43)
Cooked soaked 0.59 ± 0.01 (43) 0.58 ± 0.01 (47)
Soaked, dehulled and 
cooked

0.53 ± 0.03 (49) 0.54 + 0.01 (50)

Sprouted, soaked 0.97 ± 0.02 (7) 0.91 ± 0.01 (07)
Soaked, dehulled and 
sprouted

0.89 ± 0.03 (14) 0.87 ± 0.01 (30)

Sprouted cooked 0.71 ± 0.02 (32) 0.74 ± 0.02 (32)
Unsoaked and autoclaved 0.92 ± 0.04 (11) 0.93 ± 0.02 (15)
Soaked and autoclaved 0.89 ± 0.03 (14) 0.90 ± 0 .0 1  (15)
Soaked, dehulled and 
autoclaved
Unsoaked and roasted

0.78 + 0.02 (25) 0.83 ± 0.02 (24)

15 min 0.76 ± 0.03 (27) 0.76 ± 0.2 (02)
30 min 0.68 + 0.02 (36) 0.71 ± 0.1 (35)
45 min 0.65 ± 0.03 (50) 0.54 ± 0.2 (0)

Values are means ± S.D. of four determinations expressed as 
mg/catechnin g-1 sample. Figures in parenthesis represent loss 
in polyphenol content expressed as percentage of control values.

C ooking, w ith o u t prior soak in g , a lso  b rou ght  
ab out a d ecrease  in  th e  p h en o lic  c o n ten ts  of both  
the leg u m es, probably d u e  to  th e  lea ch in g  of th e  
p h en o ls  in to  th e  w ater during coo k in g  a n d  ch an g es  
in  ch em ica l reactiv ity (Jood et al. 1987). It w a s  also  
reported th a t cook ing red u ced  th e  p olyp h enolic  
co n ten ts  o f  cow p eas (Sathe an d  S a lu n k h e  1981) 
an d  m u n g  b ea n s  (Barroga et al. 1985). T he relatively  
higher effect o f cook in g on  th e  p h en o lic  co n ten ts  
of soa k ed  seed s , over the u n so a k ed  se e d s , in  the  
two leg u m es m a y  b e  due to th e  fact th a t soak in g  
cou ld  have perm itted  th e  in itia l lo s s e s  o f  som e of 
the p olyp h enols, an d  th e  rem ain in g  a m o u n t w a s  
further rem oved, w h en  th e  soa k ed  se e d s  w ere  
cooked. C om paratively, th e se  lo s se s  in  p h enolic  
co n ten ts  w ere sligh tly  h ig h er  in  th e  c lim b in g  b ea n  
th a n  in  p igeonpea.

F actors su c h  a s  lea ch in g  o f p o lyp h en o ls  into  
the so a k  w ater (Jood et al. 1987), an d  th e  action  
of p olyphenol ox id ase in  ca u s in g  enzym ic h yd ro lysis  
(S u b b u lak sh m i et al. 1976; Rao an d  D eo sth a le
1982) m ay  h ave b een  resp on sib le  for th e  lo s s e s  of 
p h en o ls during germ ination (Table 1). Com paratively, 
th e  lo s se s  in  p o lyp h en o ls in  the tw o leg u m es  on  
sp rou tin g  w ere equal to th o se  in  soa k in g  p lu s  
d eh ullin g  treatm ent. R oastin g, an d  au toclav in g  
involved th e  ap p lication  o f h ea t, an d  th e  resu lts  
sh ow ed  th a t the p o lyp h en o ls  in  th e  tw o leg u m es  
d ecreased  b y  17 to  39%  du e to  th e se  treatm en ts. 
The r e su lts  in d icate  th a t roastin g  o f soa k ed , and  
d eh u lled  se e d s  resu lted  in  greater lo s s  o f the  
p h en o ls , follow ed b y  roastin g  o f soa k ed  se e d s , and  
roastin g  o f u n so a k ed  se e d s  in  b oth  th e  leg u m es  
(Table 1). A sim ilar p attern  w a s  ob served  for th e  
autoclaved  seed s . (Table 1). H ow ever, roa stin g  had  
a greater low ering effect on  th e  to ta l p h enol 
co n ten ts  th a n  au toclavin g, an d  th is  effect w a s  tim e  
d ep en den t. The reaso n  for th e  greater lo s s  on  
autoclav in g  is  due to the com b in ed  effect o f h igh  
tem perature, and  th e  lea ch in g  ou t o f p h en o lic  
com p o u n d s during the prelim inary p ro cess  of 
s o a k in g  a n d / o r  s o a k in g  a n d  d e h u l l in g .  
Com paratively, slightly greater lo s se s  o f tota l p h en o ls  
w ere observed in  th e  clim bing b e a n  th a n  in  
pigeonpea.

The reaso n  for the observed  red u ction  in  
protein  con ten t in  th e  roasted  leg u m es  is  difficult 
to explain . H owever, C heftel (1979) reported  that  
roasting o f p rotein s resu lted  in  d estru ctio n  of 
am ino a c id s su c h  a s  m eth io n in e , ly s in e , and  
cyste in e . T h ese are b rok en  dow n in to  fraction s of 
various m olecu lar w eigh ts (Cheftel 1979). In addition, 
severe h ea tin g  o f m o ist food s w ith  low  carbohydrate
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TABLE 2. EFFECTS OF PROCESSING ON PROXIMATE COMPOSITION OF PIGEONPEA AND CLIMBING BEAN.
Seed treatments Proteins, % Ash, % Fat, % 

Pigeonpeas
Moisture, % Crude fibre, % Carbohydrates, %

Raw 20.30 ± 0.14 3.5 ± 0.08 1.5 ± 0 .11 12.0 ± 0.03 4.4 ± 0.16 58.00 ± 0.03
Sprouted
Roasted

21.40 ± 0.14 ( 5) 3.0 ± 0.29 (14) 0.6 ± 0.9 (60) 50.0 ± 3.65 (76) 4.6 ± 0 .1 4  ( 5) 21.00 ± 0.10 (64)

15 min 10.56 ± 0.10 (48) 3.3 ± 0.29 (0) 1.0 ± .02 (17) 10.0 ± 0.02 (17) 2.0 ±0 .08 (55) 74.49 ± 0.34 (18)
30 min 9.75 ± 0.25 (52) 3.0 ± 0.29 (12) 0.8 ± . 14 (33) 30.0 ± 1.24 (75) 2.0 ± 0.80 (55) 83.05 ± 0.34 (32)
45 min 8.50 ± 0.22 (58) 3.0 ± 0.22 (12) 0.6 ± .09 (50) 2.5 ± 0.29 (79) 2.0 ± 0 .1 2  (55) 85.22 ± 0.52 (36)

Autoclaved 12.90 ± 0.04 (36) 3.0 ± 0.14 (14) 0.8 ± .14 (46) 
Climbing bean

11.0 ± 0 .1 4  ( 8) 4.0 ± 0.11 ( 9) 68.03 ± 1.15 (17)

Raw 18.50 ± 0.22 2.5 ± 0.14 13.5 ± 0.33 13.5 ± 0.24 4.0 ± 0.16 60.20 ± 0.49
Sprouted
Roasted

19.20 ± 0.48 (4) 2.0 ± 0.08 (20) 0.6 ± 0 .1 9  (50) 55.0 ± 0.34* (75) 4.2 ± 0 .2 1  ( 5) 19.00 ± 0.23*(68)

15 min 14.41 ± 0.40 (24) 1.3 ± 0 .1 7  ( 8) 1.0 ± 0.16 (17) 10.0 ± 0.22 (26) 2.5 ± 0.33 (37) 73.43 ± 1.15 (14)
30 min 12.20 ± 0.41 (35) 2.4 ± 0.16 ( 4) 2.4 ± 0.16 (17) 3.0 ± 0.22 (78) 2.1 ± 0.26 (47) 81.05 ± 5.32 (27)
45 min 10.00 ± 0.22 (46) 2.2 ± 0.14 (12) 0.8 ± 0 .1 4  (33) 2.5 ± 0.29 (81) 2.0 ± 0.26 (50) 84.30 ± 0.24 (31)

Autoclaved 14.00 ± 0.21 (24) 2.0 ± 0.14 (20) 1.0 ± 0.25 (23) 10.0 ± 0.21 (26) 3.5 ± 0.22 (13) 79.50 ± 0.42 (32)
Values are means ± S.D. for four independent determinations. Figures in parenthesis represent loss ( - ) or increase ( +) in constituents 
expressed as percentage of control values. ‘Significant at 5% level of probability.

content m ay ca u se  a m arked d estru ction  o f cyste in e, 
together w ith a d ecrease in  the availability o f m an y  
am ino acids, (Evans an d  B u tts  1949). T his p rocess  
is called d esu lp h urization . Sim ilarly, th e red u ction s  
in fat, and m oistu re con ten t, u p on  roasting , could  
have b een  due to con version  o f fa ts to fatty acid s, 
and glycerol w hich  w a s  further hydrolyzed to  
acetate (King and P u w astein  1987). The lo s s  in  
m oisture w as ca u sed  by th e ap plication  of h igh  
tem perature, w hich  resu lted  in  vapourization  of 
w ater in  th e legu m e seed s .

The breakage, an d  su b seq u en t release  o f som e  
of th e carbohydrates, h itherto  b on d ed , (Ngoddy and  
Ihekoronye 1985) are probably resp on sib le  for th e  
observed in crease in  th e  carbohydrate co n ten ts  of 
both the leg u m es during roastin g  (Table 2).

The slight in crease  in  th e  protein  con ten t, on  
sprouting o f tw o leg u m es (P>0.05), m ay  b e du e to 
the sy n th esis  o f n ew  p rote in s (King and P u w astein
1987), w hile the red u ction  in  fat m ay  have b een  
due to the breakdow n o f fat by b eta-oxid ation  (King 
and P u w astein  1987). The sign ifican t in crease in  
the m oisture con ten t o f  th e  sp rou ted  leg u m es is  
probably d u e to im bib ition  o f w ater by th e  seed  
m icrophyle on  soak in g  in  w ater prior to sprouting. 
A utoclaving at 121°C for 15 m in  d ecreased  both  
the protein, an d  fat c o n ten ts  o f p igeonpea, and  
clim bing bean , the v a lu es  b ein g  sim ilar  to th o se  
in  roasted  se e d s  at 160°C (for 15 -4 5  m in), s in ce  
the two p rocesses involved ap p lication  of h igh  
tem perature.

Soaking, and d eh ullin g  prior to cook ing o f the

leg u m es before co n su m p tio n  are su g g ested  a s  a 
m ea n s  o f rem oving th e  larger a m o u n ts  o f  total 
p h en o ls  in  th e  tw o leg u m es  in vestigated .

The au th ors th a n k  Dr. M.A. A k p ap u n am , Prof. 
I. O nyido an d  Mr. O nyeje for p erm iss io n  to u se  
facilities, and Mrs. C.U. Inyang for th e  gift o f the  
stan dard  catech in .
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Raw, and roasted chickpea as well as peanut were analyzed for proximate principles, methionine, available lysine, 

and trypsin inhibitor activity. The results indicated that roasting decreased available lysine and trypsin inhibitor activity 
considerably, and improved true digestibility, relative nitrogen utilization, and protein efficiency ratio values. Biological 
value of both chickpea, and peanut decreased significantly (P<0.05) on roasting, but the decrease in net protein utilisation 
was not significant.
Keywords : Chickpea, Peanut, Protein quality, Roasting, Available lysine.

Legum es enjoy the d istin ction  o f b ein g  protein- 
rich foods, and  form  a n  im portant co n stitu en t of 
the d iets of the peop le living in  d evelop ing cou n tr ies  
(Rao an d  S a str y  1 9 9 1 ). G rain  le g u m e s  are  
appropriate su p p lem en ts  to cereals,* du e to their  
high lysin e co n ten ts  (H ulse 1991). In addition  to  
con su m p tion  o f boiled  leg u m es, th e  roasted  leg u m es  
also  form pop u lar sn a ck  item s, w h ich  are liked by  
all (Khan 1991; K adam  and C havan  1991). R oasting  
gives a cru n ch y  form  to  th e  gra in s, an d  m a k es  
them  easy  to m astica te , and  reason ab ly  p alatab le  
(Khan 1991). R oastin g  m igh t affect th e  n u tritional 
quality of grain d u e to  h igh  tem perature treatm ent. 
The p resen t stu d y  reports the effect o f  roasting  on  
protein quality o f  ch ick p ea , and p ean u t.

Sam ples o f  ch ick p ea, and p ean u t w ere procured  
from local m arket. C hickpea w a s  roasted  in  san d  
at 220-280°C for 2 -2 .5  m in . P ea n u ts  w ere roasted  
in  san d  along w ith  p od s at sa m e tem perature for
4 -5  m in. Raw sa m p les  w ere u sed  a s  su ch , w hile  
roasted  sa m p les  w ere d eh u sk ed . Raw, and roasted  
p ea n u ts  w ere defatted  in  locally  u sed  oil extractors  
at sm all sca le , w here cru sh in g  is  d on e to extract
oil. The sa m p les  w ere fin ely  ground, u s in g  tecator  
cyclotech  1093  sam p le m ill, and  sieved  throu gh  60  
m esh .

Sam ples w ere analyzed for proxim ate principles, 
u sin g  AOAC (1985) m eth o d s. M eth ionine w a s  
estim ated  according to  H orn et al (1946), after 
hydrolysis of fat-free sa m p les  w ith  6  N hydrochloric  
acid. Available ly sin e w a s  determ ined  b y  th e  m ethod  
of B ooth (1971). A ntitryptic activ ity w a s  estim ated  
by m easu rin g  the rate of h yd ro lysis o f  c a se in  by  
reading the ab sorb an ce o f th e  sp lit p rod u cts at 2 8 0  
nm , b ased  on  th e  m odified  m eth od  o f K akade et 
al (1972). All sa m p les  w ere analyzed  in  duplicate.

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

The d iets for rat feed in g  exp erim en ts w ere 
prepared at 10% protein  level, u s in g  ch ick p ea , and  
p ean u t a s  protein  so u rces . C rude fibre, an d  fat 
w ere ad ju sted  to 5 an d  10%, resp ectively , b y  adding  
n on -nu tritive  ce llu lo se , an d  refined  g ro u n d n u t oil. 
V itam in  m ixture (C hapm an et al. 1959) and  
m ineral m ixtu re (Hawk an d  O ser 1965) w ere added  
at 1 and 4% levels, resp ectively , an d  c o m  starch  
w a s  u sed  to m ak e it 100  g. T he in g red ien ts w ere 
thoroughly m ixed, and sieved for uniform  distribution  
of ingredients. S k im m ed m ilk  pow der w a s  u sed  a s  
a reference protein . The d ie ts  w ere fed  to  2 4  d ays  
old m ale a lb ino 'W istar’ rats (average w eigh t 2 9 .2  
g), and  protein  efficiency ratio a s  w ell a s  n itrogen  
u tilization  w ere ca lcu la ted , a s  d escr ib ed  by E van s  
an d  W itty (1978). R elative n itrogen  u tiliza tion  w as  
ca lcu la ted , u s in g  sk im  m ilk  a s  stan dard . True 
d igestib ility , b io log ica l v a lu e , an d  n e t protein  
u tilization  w ere estim ated  (Evans an d  W itty 1978) 
from  th e  sa m e d ie ts  fed to ad u lt W istar' ra ts  of 
3 5 0  g  average w eight. A  n on -p ro te in  group w a s  a lso  
ru n  to ca lcu la te  en d og en o u s lo s se s . C arcass m ethod  
a s  describ ed  b y  E van s an d  W itty (1978), w a s  
follow ed for the d eterm in ation  o f n et protein  
utilization. The data w ere tested  for their significance  
u sin g  t-te s t  (W alter 1955).

The resu lts  revealed th a t p ro te in s, fat, and  
fibre co n ten ts  o f ch ick p ea  (Table 1) w ere com parable  
to the v a lu es  reported b y  S in gh  an d  J a m b u n a th a n
(1981). Trypsin  inh ib itor activ ity  o f ch ick p ea  w a s  
a lso  w ith in  th e  range of 3 7 .4 -6 0 .4  T IU /m g  proteins  
a s  reported b y  th e se  au th ors. T aking fat extraction  
of p ean u t in to  con sid era tion , protein , an d  fibre 
co n ten ts  o f th e  defatted  sa m p le s  w ere w ith in  th e  
range o f literature v a lu es  (G opalan et a l.19 80 ). 
R oastin g  o f b oth  th e  leg u m es  did n o t affect 
m eth ion in e  co n ten t (Table 1). K apoor an d  G upta
(1977) h av e  sh o w n  th a t ro a sted  so y  protein
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TABLE 1. E F F E C T  O F  ROASTING ON CHEM ICAL C O N STITU EN TS AND PR O TEIN  QUALITY O F  C H IC K PEA  AND PEAN UT
P a ra m e te rs C h ic k p e a P e a n u t , d e fa t te d S k im

R aw R o as ted R aw R o a s te d m ilk
g ra in s d e h u s k e d g ra in s d e h u s k e d

M o is tu re , % 9 .6 7 6 .3 6 3 .2 0 2 .9 8 -
P ro te in s , % 1 9 .3 5 2 2 .0 1 3 7 .8 2 3 9 .3 2 •
C ru d e  fa t, % 5 .2 7 5 .8 8 3 .4 0 3 .3 1 -
C ru d e  fibre, % 3 .9 2 3 .8 6 5 .2 6 5 .9 1 -
M eth io n in e , g / 1 6  g N 1 .36 1 .26 1 .10 0 .9 9 -
A vailable ly s in e , g / 1 6  g N 5 .8 4 9 .6 4 3 .3 7 2 .5 9 -
T ry p sin  in h ib ito r 4 3 .0 0 9 .2 1 3 8 .0 9 8 .2 9 -
ac tiv ity , T IU /m g  p ro te in s
P ro te in  effic iency 1.71 1 .94 1 .60 2 .0 4 3 .0 0
ra tio ± 0 .3 4 ± 0 .1 8 ± 0 .1 6 ± 0 .2 9 ± 0 .2 8
R ela tiv e  n itro g e n 7 2 .6 0 7 8 .8 4 6 7 .8 2 7 4 .2 0 100
u tiliz a tio n ± 16 .3 2 ± 18 .1 2 ± 9 .1 2 ± 1 5 .4 0
T ru e  d ig es tib ility 8 5 .1 6 90.80** 7 9 .9 1 87 .99** 9 1 .5 0

± 4 .6 7 ± 3 .3 0 ± 1 .47 ± 1 .98 ± 2 .0 9
B iological v a lu e 6 6 .5 2 57 .8 7 * 6 0 .9 8 5 1 .5 9 * 7 6 .6 4

± 10 .4 9 ± 7 .9 9 + 7 .5 7 ± 1 2 .5 0 ± 6 .5 1
N et p ro te in 5 6 .5 6 5 3 .4 3 4 8 .7 5 4 3 .2 5 6 9 .3 0
u tiliz a tio n ± 8 .6 5 ± 7 .3 9 ± 6 .1 7 ± 1 0 .6 7 + 5 .0 9
All s a m p le s  w e re  a n a ly z e d  in  d u p lic a te .  V a lu e s  fo r p ro te in  q u a lity  p a ra m e te r s  a re m e a n  ± SD  fo r 8  r a t s  in  e a c h  g ro u p .
* S ig n ific an tly  d iffe re n t fro m  c o r re s p o n d in g  ra w  g ra in s  a t  5%  level. 
** S ig n ific an tly  d if fe re n t fro m  c o r re s p o n d in g  ra w  g ra in s  a t  1% level.

concentrate did not affect its methionine content, 
in contrast to slight decrease in methionine of 
roasting of faba beans as reported by Rani and Hira
(1993). Available lysine contents of raw chickpea, 
and peanut were comparable to the earlier reports 
(Rama Rao 1974; Jam bunathan 1991), and 
decreased considerably on roasting. Losses of 
available lysine during heat treatments in chickpea, 
and peanut have also been reported by Rama Rao
(1974), and of faba beans by Rani and Hira (1993). 
Trypsin inhibitor activity on roasting has been 
reduced to almost one fifth of the original value 
(Table 1). Destruction of trypsin inhibitor activity 
in chickpea by heat has also been reported by 
Weder and Link (1993).

Protein efficiency ratio, and relative nitrogen 
utilization values increased on roasting of chickpea, 
and peanut, but the effect was statistically significant 
(P<0.05) only for peanut (Table 1). Protein efficiency 
ratio values of 1.75 for raw groundnut, and 1.66 
for raw B e n g a l g r a m  have been reported by Rama 
Rao (1974). A slightly higher value of 83.27 for 
relative nitrogen utilization of chickpea flour has 
been reported by Zamora and Fields (1979). Increase 
in protein efficiency ratio on roasting could be due 
to the fact that lysine, which was adversely affected 
by heat, may not be the limiting amino acid (Hulse
1991). In contrast, methionine, which is limiting 
amino acid in legumes (Zamora and Fields 1979),

was not affected by heat. In addition, reduction in 
antinutritional factors in roasted products could 
have enhanced the nutritional quality. Kaur and  ̂
Hira (1988) reported that trypsin inhibitor activity 
was negatively correlated with protein efficiency 
ratio. Improvement in protein efficiency ratio, and 
relative nitrogen utilization of faba beans on roasting 
have also been reported by Rani and Hira (1993).

The digestibility of chickpea, and peanut 
increased significantly (PcO.Ol) on roasting, because 
high temperature had destroyed the antinutritional 
factors, which otherwise would have hindered the 
protein absorption of raw diets (Hulse 1991). An 
increase in digestibility of roasted faba beans, 
compared to raw faba beans, has also been 
reported by Rani and Hira (1993). The biological 
value of legumes decreased significantly (P<0.05) on 
roasting, and biological value of raw peanut was 
comparable to the range reported by Jambunathan
(1991). Geervani and Theophilus (1980) have  ̂
reported that the moist heat is more efficient in 
enhancing the biological value, than the dry heat.
A decrease in biological value of chickpea from 60.8 
to 56.8 on heating was also reported by B uss and 
Goddard (1948). The net protein utilization of 
legumes decreased on roasting, but the differences 
were not significant. A decrease in net protein 
utilization of soybean from 58.3 to 44.0% has also 
been reported by Kapoor and Gupta (1977).
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It may be concluded that roasting improves the 

digestibility of legumes, and does not adversely 
affect the net protein utilization. Thus, it can be 
used to combat protein energy malnutrition in 
young children.
References
AOAC (1985) O fficial M e th o d s  o f  A n a ly s is , 1 4 th  e d n . A sso c ia tio n  

o f  Official A n a ly tica l C h e m is ts ,  W a sh in g to n , DC
B o o th  VH (1971) P ro b le m s  in  d e te rm in a t io n  o f  F D N B -av a ilab le  

ly sin e . J  S c i F oo d  A g ile  2 2 :6 5 8 -6 6 4  
B u s s  LW, G o d d a rd  V R  (1948) E ffec t o f  h e a t  o n  n u tr i t iv e  v a lu e  

o f  p e a n u ts :  P ro te in  q u a lity . F o o d  R es 1 3 :5 0 6 -5 1 0  
C h a p m a n  DG, C a stillo  P, C a m p b e ll  J A  (1959) E v a lu a tio n  p ro te in  

in  foods. A m e th o d  fo r d e te rm in a t io n  o f  p ro te in  effic iency  
ra tio . C a n  J  B io ch e m  P h y sio l 3 7 :6 7 9 -6 8 6  

E v a n s  F, W itty  R  (1978) A n  a s s e s s m e n t  o f  m e th o d s  u s e d  to 
d e te rm in e  p ro te in  q u a lity . W ld R ev N u tr  D ie te t t3 2 : l - 2 6

G e erv an i P, T h e o p h ilu s  F  (1980 ) E ffec t o f  h o m e  p ro c e s s in g  o n  
p ro te in  q u a lity  o f  se le c te d  le g u m e s . J  F oo d  S c i 4 5 :7 0 7 -7 1 0  

G o p a la n  C, R a m a s a s tr i  BV, B a la s u b r a m a n ia n  SC  (1980) N u tritiv e  
V a lu e  o f  In d ia n  F o o d s. N a tio n a l In s t i tu te  o f  N u tritio n , 
H y d e ra b a d

H aw k PB O s e r  BL (1965) H a w k 's  P h y sio lo g ica l C h e m is try . M e 
G ra w  H ill, NY, 4 th  E d n  p i 3 7 3  

H o rn  M J, J o n e s  DB, B lu m  A E  (1946 ) C o lo r im e tr ic  d e te rm in a tio n  
o f  m e th io n in e  in  p ro te in s  a n d  fo o d s. J  B iol C h e m  1 6 6 :4 5 8 - 
4 6 2

H u lse  J H  (1991) N a tu re ,  c o m p o s itio n , a n d  u t i l i s a t io n  o f  g ra in  
leg u m es. In: J a m b u n a t h a n  R  (ed). U se s  o f  T ro p ic a l G ra in  
L egum es, P ro c e e d in g s  o f  C o n s u l ta n t  M eetin g , M a rc h  2 7 -3 0 ,
1989. In te rn a tio n a l  C ro p  R e s e a rc h  I n s t i tu te  for S e m i-a r id  

T ro p ics , P a ta n c h e ru ,  In d ia , p p  1 1 -3 0
J a m b u n a th a n  R  (1991) G r o u n d n u t  q u a li ty  c h a ra c te r is t ic s .  In  

J a m b u n a th a n  R  (ed). U se s  o f  T ro p ic a l G ra in  L eg u m es. 
P ro ce ed in g s  o f  C o n s u l ta n t  M eetin g , M a rc h  2 7 -3 0 , 1989 , 
In te rn a tio n a l  C ro p  R e s e a rc h  I n s t i tu te  fo r S e m i-a rid  T ro p ic s , 
P a ta n c h e ru , In d ia , p p  2 6 7 -2 7 5  

K a d am  SS , C h a v a n  J K  (1991 ) U ti l is a tio n  o f  g r o u n d n u t  in  In d ia , 
a n d  sco p e  fo r novel, a n d  a l te rn a tiv e  u s e s .  In : J a m b u n a t h a n  
R  (ed). U se s  o f  T ro p ic a l G ra in  L eg u m es . P ro c e e d in g s  o f 
C o n s u l ta n t  M eetin g , M a rc h  2 7 -3 0 , 1989, I n te rn a t io n a l  C ro p  
R e se a rc h  In s t i tu te  fo r  S e m i-a r id  T ro p ic s , P a ta n c h e r u ,  In d ia , 
p p  2 7 7 -2 8 6

K a k a d e  ML, S im s o n s  NR, L ie n e r  IE, L a m b a r t  J W  (1972) 
B io c h e m ic a l a n d  n u t r i t io n a l  a s s e s s m e n t  o f  d iffe re n t v a rie tie s  
o f  so y b e a n s . J  A gric F oo d  C h e m  2 0 :8 7 -9 1

K a p o o r AC, G u p ta  VP (1977) N o te  o n  e ffec t o f  ro a s t in g  o n  th e  
n u t r i t io n a l  q u a li ty  o f  so y  p ro te in .  In d ia n  J  A gric S ci 4 7 :3 6 5 -  
3 6 7

K a u r  RD, H ira  CK (1988) S u p p le m e n ta ry  effec t o f  'AestivurrC w h e a t  
[Triticum aestivum  L.) B e n g a lg ra m  [Cicer arietinum L.) a n d  
so y a  b e a n  (Gycine max L.) o n  p ro te in  q u a l i ty  o f  D u ru m ' 
w h e a t  [Triticum durum  D eaf). J  S c i F o o d  A gric 4 6 :2 0 1 -2 0 9

K h a n  MA (1991) U til is a tio n  o f  c h ic k p e a  a n d  g r o u n d n u t  in  
P a k is ta n ,  In: J a m b u n a t h a n  R  (ed), U se s  o f  T ro p ic a l G ra in  
L eg u m es. P ro c e e d in g s  o f  C o n s u l ta n t  M eetin g , M a rc h  2 7 -3 0 , 
1 9 8 9 , In te rn a t io n a l  C ro p  R e s e a rc h  I n s t i tu te  fo r  S e m i-a rid  
T ro p ic s , P a ta n c h e ru ,  In d ia , p p  9 5 -1 0

R a m a  R ao G (1974) E ffec t o f  h e a t  o n  p ro te in s  o f  g r o u n d n u t ,  
a n d  Bengalgram (Cicer arietinum). In d ia n  J  N u tr  D ie te t 
1 1 :2 6 8 -2 7 3

R a n i N, H ira  CK (1993) E ffec t o f  v a r io u s  t r e a tm e n ts  o n  
n u t r i t io n a l  q u a li ty  o f  f a b a  b e a n s  [Vicia faba ). J  F oo d  S c i 
T e c h n o l 3 0 :4 1 3 -4 1 6

R ao  NP, S a s tr y  J G  (1991) L e g u m e  c o n s u m p t io n  a n d  i ts  
im p lic a tio n s  o n  th e  n u t r i t io n a l  s t a t u s  o f  p o p u la t io n  in  In d ia . 
In: J a m b u n a t h a n  R  (ed). U s e s  o f  T ro p ic a l G ra in  L eg u m es. 
P ro c e e d in g s  o f  C o n s u l ta n t  M eetin g , M a rc h  2 7 -3 0 , 1989, 
In te rn a t io n a l  C ro p  R e s e a rc h  I n s t i tu te  fo r S e m i-a r id  T ro p ics , 
P a ta n c h e ru ,  In d ia , p p 3 7 -4 6

S in g h  U, J a m b u n a t h a n  R  (1981) S tu d ie s  o n  desi a n d  kabuli 
c h ic k p e a  [Cicer arietinum L.) c u lt iv a rs :  L evels o f  p ro te a s e  
in h ib ito rs ,  lev e ls  o f  p o ly p h e n o lic  c o m p o u n d s ,  a n d  in vitro 
p ro te in  d ig e s tib ility . J  F o o d  S c i 4 6 :1 3 6 4 -1 3 6 7

W a lte r  T F  (1955) E x p e r im e n ta l  D e sig n : T h e o ry  a n d  A p p lica tio n . 
O x fo rd  a n d  IBM P u b lis h in g  C o ., N ew  D e lh i

W e d e r  JK P , L in k  I (1993) E ffec t o f  t r e a tm e n ts  o n  leg u m e  
in h ib i to r  a c tiv ity  a g a in s t  h u m a n  p r o te in a s e s .  In : Poel AFB, 
V a n d e r , H u is m a n  J ,  S a in i  MS (eds) R e c e n t A d v a n c e s  o f  
R e s e a rc h  in  A n t in u tr i t io n a l  F a c to r s  in  L e g u m e  S e e d s . 
P ro c e e d in g s  o f  S e c o n d  In te r n a t io n a l  W o rk sh o p -D e c  1-3, 
1993 , In te rn a t io n a l  A g r ic u ltu ra l C e n tre , W a g e n in g c n . T h e  
N e th e r la n d s , p p  4 8 1 -4 8 5

Z a m o ra  AF, F ie ld s  M L (1979 ) N u trit iv e  q u a l i ty  o f  fe rm e n te d  
c o w p e a s  a n d  c h ic k p e a s .  J  F oo d  S c i 4 4 :2 3 6 -2 3 9

R e c e i v e d .  1  J u l y  1 9 9 4 ;  r e v i s e d  2 6  J u n e  1 9 9 5 ;  a c c e p t e d  6  S e p t e m b e r  1 9 9 5



J. Food Sci. Technol, 1995, Vol. 32, No. 6, 504-506

An Orange Juice-borne Diarrhoeal Outbreak due to  
Enterotoxigenic E sch erich ia  co li
B.R. SINGH*1 S.B. KULSHRESHTHA AND K.N. KAPOOR

Division of Veterinary Public Health 
Indian Veterinary Research Institute, Izatnagar, 243 122, India.

D u rin g  d ia r rh o e a l  o u tb re a k  a t  F a r id p u r  in  B a re illy  D is tr ic t  in  J u n e  1992 , th e  p a t ie n ts  w e re  in te rv ie w e d  a n d  
s a m p le s  o f  o ra n g e  ju ic e ,  s u g a r c a n e  ju ic e ,  a n d  w a te r  w e re  c o llec ted  a s  th e  s u s p e c te d  v e h ic le , a lo n g  w ith  s to o l  s a m p le s  
o f  th e  p a t ie n ts .  E n te ro to x ig e n ic  Escherichia coli, a n d  e n te ro to x ig e n ic  Klebsiella pneumoniae s u b  sp . aerogenes w e re  is o la te d  
fro m  a ll ju ic e  s a m p le s ,  b u t  n o t  fro m  th e  w a te r  s a m p le s .  F ro m  a ll th e  p a t ie n ts  w ith  c h o le ra - lik e  s y n d ro m e , e n te ro to x ig e n ic
E.colL w e re  is o la te d  fro m  th e i r  s to o l s a m p le s .  All th e  e n te ro to x ig e n ic  E. coli is o la te s  fro m  p a t ie n ts ,  a n d  o n e  o f  th e  
o ra n g e  ju ic e  s a m p le s  h a d  th e  s a m e  a n tib io g ra m , sh o w in g  r e s is ta n c e  to  c o trim o x az o le , c a rb e n ic i l l in  d o x y cy c lin e , 
s tre p to m y c in e , te tra c y c lin e , a n d  s u lp h o n a m id e s  a s  w ell a s  s e n s itiv ity  to n e o m y c in , g e n ta m ic in , n i t ro fu ra d e n to in ,  
po ly m y x in  B, n a lid ix ic  a c id  a n d  k a n a m y c in . All is o la te s  o f  E. coli re m a in e d  u n ty p a b le  w ith  a v a ila b le  sp e c if ic  O -a n tise ra , 
ex c e p t fo r o n e  is o la te d  fro m  s u g a r c a n e  ju ic e ,  w h ic h  b e lo n g e d  to  0 :1 3 4  se ro ty p e . I so la tio n  o f  e n te ro to x iic  E. colt f ro m  
o ra n g e  ju ic e  s a m p le  is  o f  p u b lic  h e a l th  s ig n ifican ce .
K e y w o rd s  : Escherichia coli 0 :1 3 4 , Klebsiella pneumoniae s u b  s p  .aerogenes, M u ltip le  d r u g  r e s i s ta n c e ,  D ia r rh o e a , O ra n g e  

ju ic e .  E n te ro to x ig e n ic  E. coli.
Food and waterborne outbreaks of cholera, and 

cholera-like diseases are common in Indian sub
continent (NICD 1986, 1988; Banerjee 1991), and 
a variety of foods and drinks has been incriminated 
in such outbreaks (Pal 1991; Mittal et al. 1991; 
Baird Parker 1992; Singh 1994; Sandhu 1994; 
Singh et al. 1995). Major causes of the diarrhoeal 
outbreaks were diarrhoeal strains of E s c h e r i c h i a  
c o l i ,  V i b r i o  c h o l e r a e ,  S a l m o n e l l a ,  V. p a r a h a e m o l y t i c u s ,  
B a c i l l u s  c e r e u s ,  S h i g e l l a ,  and some other members 
of enterobacteriaceae (Jay 1987; Tauxe et al. 1987; 
Sandhu 1994; Singh 1994). Recently, some studies 
have shown that the contamination of salad, juice, 
fruits, and vegetables is due to unsanitary 
cultivation, and marketing practices (Geldreich and 
Bordner 1971; Khan et al. 1992). This study on 
a diarrhoeal outbreak is an additional proof of 
contamination of drinks due to unhygienic practices 
by the vendors.

In an outbreak of diarrhoea at Faridpur 
(Bareilly District) in June 1992, many people 
suffered from diarrhoea, out of which, six patients 
were hospitalised, and interrogated for details of 
the foods/drinks consumed within last 48 h. All 
of them reported consumption of orange juice as 
well as sugar cane juice from a nearby juice shop 
about 18-32 h before they fell ill, i.e., about 
42 h before investigation. Many of the other 
residents were also questioned about illness in the 
locality. Among them, 18, 24 and 8 reported that-
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Veterinary Microbiology, College o f Veterinary Sciences, 
G.B. Pant University of Agriculture and Technology, Pantnagar 
263 145, India.

they had consumed orange juice, sugarcane juice, 
and both juices, respectively. Only those, who 
consumed either orange juice or both juices, 
reported 1-3 purging or mild laxative effect after 
an average of 24 h incubation period, but they all 
recovered naturally. There were 4 roadside vendors 
in the locality, among whom 2 were selling orange 
juice, and the other 2 sugar-cane juice. Dust 
blowing with each passing vehicle on the road was 
usual, and one of the orange juice shops was just 
6  m away from the garbage heap.

The orange juice, sugarcane juice, ice, and 
water samples were collected aseptically in sterilized 
water sampling bottles from each vendor, along 
with water samples from houses of diarrhoeal 
patients, and hospital. In addition, stool samples 
from all the six hospitalised diarrhoeal patients 
were also collected. All the samples were brought 
to the laboratoiy in ice box and processed for 
isolation, and identification of enteropathogenic 
bacteria namely, E .  c o l i ,  S a l m o n e l l a ,  S h i g e l l a ,  B .  
c e r e u s ,  S t a p h y l o c o c c u s  a u r e u s ,  V i b r i o  c h o l e r a e  a n d  
A e r o m o n a s .  Media used included eosine methylene- 
blue agar (Hi-Media), brilliant green agar (Hi- 
Media), S a l m o n e l l a  s h i g e l l a  agar (Hi-Media), B a c i l l u s  
c e r e u s  agar with antibiotic supplem ent (Hi-Media), 
Baird-Parker agar (Hi-Media) with 10% fresh egg- 
yolk, thiosulphate citrate bile salt sucrose agar (Hi- 
Media), and xylose lysine desoxycholate agar (Hi- 
Media), respectively. The coliform count of orange 
juice, sugarcane juice, and water samples, and the 
aerobic plate counts for microbes in juices were 
also determined using MacConkey broth purple (Hi- 
Media), and plate count agar (Hi-Media) media,
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TABLE 1: T H E  R ESU L TS O F  ISOLATION O F  EN TERO TO X IG EN IC  M ICR OO RG ANISM S ALONG W ITH T H E IR  ANTIBIOGRAM  FROM  

DIARRHOEAL PATIENTS AND DRINKS.
T ype o f  s a m p le s R a n g e  o f  S P C /m l R a n g e  o f  co lifo rm E n te ro p a th o g e n s E n te ro to x ig e n ic ity A n tib io tic  r e s is ta n c e
(No o f  s a m p le s  

ex am in ed )
s a m p le c o u n t / 1 0 0  m l 

s a m p le
is o la te d  

(No o f  iso la tes)
r e s u l t s  (m e a n  v a lu e s )  
RLILT V PFT  M FPT  
(index) (m m ) (index)

p a t te r n

S to o l fro m  p a t ie n ts  
(6)

NT NT E. coli UT 
(6)

1 .8  2 0  2 .2 C O ,C N ,D O ,S T ,T T ,S

O ra n g e  Ju ice  
(2)

2 x lO s-5 .5 x 1 0 s 4 x l 0 5- 3 x l0 s E. coli U T (1)
E. coli U T (1) 
Klebsiella
pneumoniae s u b  s p  
aerogenes (2)

1 .8  2 0  2 .2  
0 .9  10  1 .2 8  
1 .2  15  1 .4 0

C O ,C N ,D O ,S T ,T T ,S  
ST , TT,
AM, TT, NF, C O ,

S u g a rc a n e  ju ic e  
(2)

1 .2 x l0 s-2 .0 x 1 0 s 2 .1 x l 0 6- 2 .3 x l0 s E. coli U T (1)
E. coli 0:13*4 (1) 
K. pneumoniae 
s u b  s p  aerogenes 
(2)

1 .0  12 1 .3 0  
0 .7  9  1 .2 4
1.1 13 1 .28

ST,TT,
CN, ST , TT, N F 
AM, TT, NF, CO,

Ice
ID

3 .6 x lO a 1.8X 101 Nil NT NT NT NT

W ate r
(10)

2 .2 x l 0 2- 1 .8 x l0 2 0 Nil NT N T NT NT

SPC  : a r ro b ic  s t a n d a r d  p la te ,  NT : N o t a e a ly s e d  o r  te s te d , UT: re m a in e d  u n ty p e d , RLILT : R a b b it  ile a l lo o p  t e s t  (m in im u m  p o s itiv e  in d e x  
is  0 .5 ), VPFT: r a b b i t  s k in  t e s t  fo r  v a so p e rm e a b il i ty  fa c to r  (m in u m u m  z o n e  o f  b lu e in g  to b e  c o n s id e re d  p o s itiv e  is  7 m m ), M FPT: M o u se  
foot p a d  te s t  (m in im u m  in d e x  fo r  p o s itiv e  t e s t  is  1 .24), C O : c o trim o x az o le , CN: c a rb e n ic ill in ;  D O : D o x y cy clin e , S T  : S tre p to m y c in , 
TT  : T etry cy clin e , S  : C o m p o u n d  s u lp h o n a m id e s ,  N F  : N itro fu ra d e n to in , AM : A m pic illin .

respectively (ICMSF 1975; Cruickshank et al. 1975). 
Serotyping of E .  c o l i  isolates was performed by 
standard tube agglutination method of Sojka (1965).

The enterotoxigenicity of the bacterial isolates 
was assessed in cell-free culture supernatant with 
rabbit ileal loop test (De and Chatterjee 1953), 
rabbit skin test (Evans et al. 1973), and mouse foot 
pad test (Singh et al. 1992). The antibiotic sensitivity 
of the bacterial isolates was determined with 
standard disc method (WHO 1961), using standard 
10 meg discs of streptomycin, and gentamicin; 30 
meg discs of neomycin, carbenicillin, nalidixic acid, 
tetracycline, doxycycline and kanamycin; 25 meg 
discs of cotrimoxazole; 300  meg d iscs of 
nitrofuradentoin; 50 meg discs of compound 
sulphonamides; and 300 I.U. discs of polymyxin 
B sulphate.

E s c h e r i c h i a  c o l i  strains were isolated from 4 
juice, and 6 stool samples. However, they were not 
all alike in their enterotoxigenicity, and antibiogram 
(Table 1). Out of 10 isolates of E .  c o l i ,  6 isolates 
from stool samples, and one isolate from orange 
juice were having similar drug resistance pattern, 
equivocal response in bioassay models for enterotoxi
genicity tests, and remained untyped. It could be 
concluded that they were alike due to similarity 
in their biochemical characteristics, antibiogram, 
and enterotoxigenicity potential. Hence, orange juice 
could be responsible for the diarrhoeal outbreak.

E s c h e r i c h i a  c o l i  strains were also isolated from 
an other orange juice, and two sugarcane juice 
samples. Out of these 3 isolates of E .  c o l i ,  two had 
similar biochemical characteristics, and antibiogram, 
but with dissimilar enterotoxigenicity (Table 1). 
T hese a lso  rem ained  u ntyped . A w eakly  
enterotoxigenic E .  c o l i  0:134, isolated from a 
sugarcane juice sample, was resistant to four 
drugs, and was biotypically unique in fermenting 
both sucrose, and adonitol. Rest of the isolates of
E .  c o l i  could not ferment both of these sugars.

Enterotoxigenic K .  p n e u m o n i a e  sub sp. 
a e r o g e n e s  was isolated from sugarcane juice, and 
orange juice samples (Table 1). All the four isolates 
of K l e b s i e l l a  were resistant to ampicillin, tetracycline, 
nitrofuradentoin and co-trimoxazole.

In recent years, K l e b s i e l l a  has been shown to 
produce enterotoxin, which is serologically similar 
to E. c o l i  (Singh and Kulshreshtha 1992), and is 
also a good recipient of R factors (Orskov 1984). 
These two characteristics together may play a 
substantial role in emergence of multiple drug 
resistant epidemic strains. The K l e b s i e l l a  is a well 
known opportunistic pathogen, and nosocomial 
outbreaks have frequently been reported (Holmes 
and Gross 1990). Orange ju ice containing  
enterotoxigenic, and multiple drug resistant 
K l e b s i e l l a  strain might have played an important 
role to cause the disease in hospitalised individuals,
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who consumed the orange juice as a healthy drink. 
However, further investigations are necessary to 
prove this point.

It is evident from the results (Table 1) that 
microbiological qualities of all the juice samples 
were unsatisfactory with 1.2 x 106 to 5.5 x 106 
SPC/ml, and 4 x 105 to 3 x 106 coliform count/ 
100 ml. It showed a chance of taking infective 
(10-6-1010 organisms) dose of E .  c o l i  (Jay 1987), 
through a glass of sugarcane juice or orange juice. 
But, diarrhoeal illness is usually not common and 
in the present case, it may be due to varying 
pathogenic potential of coliforms, particularly the 
enterotoxigenic E .  c o l i

Thanks are due to the Chief Medical Officer, 
Bareilly; Medical Officer, Faridpur; technical and 
supporting staff of foodbome infections, and 
intoxications laboratory of the institute; Head, 
Division of Veterinary Public Health; and Director 
for facilities, assistance, and help.
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Sag w a s  p re p a re d  u s in g  bathu, c a r ro t ,  r a d is h ,  a n d  s p in a c h  leav es . T h e  s u p p le m e n ta ry  e ffec t o f  th e s e  sags o n  
th e  p ro te in  q u a lity  o f  w h e a t  chapati w a s  e v a lu a te d  b y  p ro te in  efficiency ra tio , a n d  ch em ica l sc o re  m e th o d s . Sags s u p p le m e n te d  
w ith  w h e a t  chapati in  th e  ra t io  o f  (1:4) im p ro v ed  th e  p ro te in  effic ien cy  ra t io  o f  w h e a t  chapati A m o n g  th e  e x p e r im e n ta l  
d ie ts , p ro te in  e ffic ien cy  ra tio , p la s m a  p ro te in s ,  to ta l  liv e r w e ig h t, a n d  liv e r n i tro g e n  w e re  m a x im u m , w h e n  w h e a t  chapati 
w a s s u p p le m e n te d  w ith  bathu sag. T h e  c h e m ic a l s c o re s  o f  ly s in e , a n d  t r y p to p h a n  in  c a s e  o f  w h e a t  chapati im p ro v ed  
fro m  3 7  to  5 7  a n d  8 1 -8 7 , re sp ec tiv e ly , w h e n  s u p p le m e n te d  w ith  th e s e  sags.
K e y w o rd s  : W h e a t  chapati. P ro te in  q u a lity , C h e m ic a l sc o re , L iver n itro g e n , P la s m a  p ro te in ,  P ro te in  e ffic ien cy  ra tio ,

Bathu, C a r ro t  lea v es , R a d is h  leav es .

Wheat has been a staple food of large segment 
of world population (Swaminathan 1968). About 80- 
90% of wheat consumption in India is in the form 
of c h a p a t i s  (Austin and Ram 1971). Wheat contains 
about 14% proteins (Pant 1970), but is deficient 
in lysine, an essential amino acid (Sidhu et al.
1970). Leafy vegetables such as beet, knol khol, 
turnip, mustard, raya and spinach, contain 23 to 
32% proteins on dry matter basis, and are well 
balanced with respect to essential amino acids, viz., 
isoleucine, leucine, and lysine (Sawhney and Kawatra 
1986; Sehgal 1975). The high supplementary value 
of mustard, Chinese cabbage, beet, and knol khol 
leaves to wheat c h a p a t i  has been reported (Jagtinder 
1985; Sawhney and Kawatra 1986). Fenugreek 
supplemented diets were shown to result in better 
calcium, and nitrogen retention, which was more 
than adequate to meet the daily requirement of 
young women, as compared to basal diet (Mann 
et al. 1991). B a t h u ,  carrot, and radish leaves contain 
21 to 47% proteins on dry matter basis, and are 
rich, and inexpensive sources of iron, calcium, (f- 
carotene, and ascorbic acid (Gopalan et al. 1989). 
The supplementaiy value of these greens to cereals 
has not been studied so far. The present investigation 
was, therefore, undertaken to study the supple
m e n ta l value of these leaves to wheat c h a p a t i

B a t h u ,  radish leaves, spinach, and wheat flour 
were purchased from local market. Carrot leaves 
were collected from the field of Doraha village in 
Ludhiana district.

P r e p a r a t i o n  o f  s a m p l e  : Three different recipes 
were developed, using these leaves, and spinach
* Corresponding Author

s a g  was used as a standard. These recipes, i.e., 
a) b a t h u  s a g  (100%), b) carrot, and spinach s a g  
(2:1) and c) radish, and spinach s a g  (2:1), as well 
as with spinach s a g ,  were prepared using standard 
methods (Luthra et al. 1993). Radish and carrot 
leaves were used in combination with spinach 
leaves, due to lower acceptability of 100% leaves 
by penelists. The ingredients used were green 
leaves 200 g; onion and tomato 50 g each; garlic, 
ginger, and green chillies 10 g each; maize flour 
20 g; ghee 25 g; and seasonings according to taste. 
Standard s a g  recipes, and wheat c h a p a t i s  were 
cooked in bulk, dried at 55°C to 6.5% final moisture 
in cabinet drier, and ground to fine flour in a Willey 
mill. Wheat c h a p a t i  and dried s a g  powders were 
mixed in a ratio of 4:1 for the animal experiments, 
and amino acid analysis.

A n i m a l  e x p e r i m e n t  : Six diets containing 10% 
proteins were prepared, and these included a 
c h a p a t i  diet, four diets of c h a p a t i  and individual 
s a g  combinations, and a reference diet of skim milk 
(Table 1). Diets contained 1% vitamin (Raghuramulu 
et al. 1983), and 4% mineral (Raghuramulu et al.
1983) mixtures. The diets were fed a d  l i b i t u m  to 
weanling albino rats, caged individually (seven 
rats/group). The weights at the beginning of the 
experiment, daily record of food intake, and animal 
weights at weekly intervals were recorded. Protein 
efficiency ratio was calculated by the method of 
Chapman et al (1959). At the end of the experiment, 
the animals, were anesthetised, blood was collected 
from aorta, centrifuged for plasma separation, and 
stored at-4°C. Livers were removed, cleaned, weighed, 
and stored in frozen state. Protein intake was 
calculated from food consumed (Chapman et al.
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TABLE 1. CO M PO SITIO N  O F  T E S T  D IE T S ( g /1 0 0  g)
In g re d ie n ts  _______________________________________ D ie ts

S k im  m ilk W h e a t W h e a t W h e a t W h e a t W h e a t
chapati chapati chapati chapati chapati

+ + s p in a c h + s p in a c h + s p in a c h
bathu sag c a r r o t  sag r a d i s h  sag sag

W h e a t chapati p o w d er - 8 3 .3 0 6 8 .5 0 7 0 .0 0 6 9 .0 0 7 0 .0 0
L eaf p o w d er - - 17 .12 1 7 .5 0 1 7 .2 5 1 7 .5 0
C ellu lo se 5 .0 0 3 .5 0 3 .0 3 2 .3 8 3 .0 3 2 .8 0
G r o u n d n u t  oil 1 0 .0 0 8 .2 0 2 .9 5 4 .7 5 3 .0 7 2 .8 0
S k im  m ilk 3 3 .3 0 - - - - -

E a c h  d ie t c o n ta in e d  1 a n d  4  g  v i ta m in  a n d  s a l t  m ix tu re s ,  re sp ec tiv e ly , p e r  100 g  d ie t. S ta r c h  w a s  a d d e d  in  a ll  th e  c a s e s  (e x c e p t in  w h e a t  
chapatl d ie t  g roup ) to  m a k e  u p  th e  w e ig h t o f  th e  d ie t  to  100 g.

1959). Faeces were collected on last three days, and 
analysed for nitrogen by macro Kjeldhal method 
(AOAC 1985). Apparent protein digestibility (%) was 
calculated from food, and faecal nitrogen (Hawk 
and Oser 1965).

C h e m i c a l  a n a l y s i s  : Wheat c h a p a t l  and its four 
combinations with s a g s  (4:1, diy weight basis) were 
analyzed for lysine by the method of Carpenter 
(1960), as modified by Booth (1971). For the 
determination of tryptophan, the method of Concon
(1975) was followed. Methionine was estimated by 
the colorimetric method of Horn et al (1946), while 
cystine was estimated in the acid hydrolysate by 
the method of Liddell and Saville (1959). Chemical 
scores were calculated using the provisional amino 
acid scoring pattern of FAO/WHO (1973). Plasma 
protein was estimated by biuret method of Robinson 
and Hogden (1940). Liver nitrogen, and faecal

nitrogen were estimated by macro Kjeldhal method 
(AOAC 1985).

S t a t i s t i c a l  a n a l y s i s  : The analysis of variance 
technique (Walter 1955) was applied to test the 
significance of differences between various groups, 
and critical difference was calculated.

Supplementation of wheat c h a p a t i  with different 
s a g s  improved the protein efficiency ratio of wheat 
c h a p a t i  from 1.04 to 1.38 (Table 2), highest being 
in b a t h u  s a g  supplemented group, and lowest in 
mixed radish s a g  supplemented group. Garcha et 
al (1971) showed increases in protein efficiency 
ratio values of wheat flour from 0.89 to 1.22 in 
mustard, and 1.24 in spinach supplemented diet. 
Sawhney and Kawatra (1986) reported that protein 
efficiency ratio of wheat c h a p a t i  improved from 1.21 
to 1.65, when supplemented with beet leaves in 
the ratio of 4:1. However, the PER of radish s a g

TABLE 2 . PROTEIN E FFIC IEN C Y  RATIO, APPARENT DIGESTIBILITY LIVER W EIGH T, LIVER NITRO GEN AND C H EM IC A L S C O R E S  O F 
RATS F E D  D IFFE R E N T  D IE T S

P a ra m e te rs S k im W h e a t W h e a t
m ilk chapati chapati

bathu sag
P ro te in  effic iency 2 .8 3 1 .04 1.38
ra tio  (PER) ± 0 .2 6 ± 0 .0 4 ± 0 .0 2
P la sm a  p ro te in s* , 4 .8 3 .5 4 .6
g /1 0 0  ml
A p p a re n t 8 8 .1 0 8 1 .5 5 8 2 .2 8
d ig estib ility , % ± 0 .9 5 + 0 .8 3 ± 0 .9 9
T o ta l liver 2 .3 8 1.41 1 .90
w eigh t, g ± 0 .2 3 ± 0 .0 5 ± 0 .11
T o ta l liver 6 5 .0 2 2 8 .2 2 3 8 .2 0
n itro g e n , g ± 7 .8 6 ± 1 .6 4 ± 4 .0 4
C h e m ic a l  s c o r e s
L ysine - 3 7 5 7
T ry p to p h a n - 81 7 7
C y s tin e - 91 7 4
M eth io n in e - 4 9 4 3
* A n a ly s is  o f  p la s m a  p ro te in  w a s  d o n e  fro m  p o o led  s a m p le s .

D ie ts
W h e a t 
chapati 
+ s p in a c h  
c a r r o t  sag

W h e a t 
chapati 
+ s p in a c h  
r a d is h  sag

W h e a t 
chapati 
+ s p in a c h  
sag

F  v a lu e s C D  v a lu e s

1.19 0 .9 7 1 .15 8 .9 0 .8 9
±0.01 ± 0 .0 4 ± 0 .0 7

4 .4 3 .0 4 .3 - -

8 2 .1 4 8 1 .5 1 8 1 .5 5 1 8 .3 6 2 .2 8
± 0 .2 0 ± 0 .3 3 ± 0 .5 3

1 .55 1 .37 1 .53 9 .8 0 .4 4
± 0 .1 7 ± 0 .0 4 ±0.1  1
4 2 .3 0 2 7 .6 7 3 7 .2 6 1 1 .2 5 1 4 .1 4
± 3 .1 7 ± 2 .3 6 ± 1 .1 8

4 0 3 6 4 3 _ _

8 7 8 5 8 2 - -
7 4 7 4 7 5 - -
4 6 5 2 4 8 _



509
fed group was found to be less than that of wheat 
c h a p a t i  because of the lower lysine content of 
radish leaves, than that of wheat c h a p a t i  The 
difference in protein efficiency ratio values within 
the experimental diets were non-significant, whereas 
there were significant differences (P<0.05) in protein 
efficiency ratio values of all the experimental diets 
as compared to control (skim milk) diet. Plasma 
protein content was also highest in case of b a t h u  
s a g  supplemented group. Sawhney and Kawatra 
(1986) reported an increase in plasma protein 
concentration from 4.66 to 6.10 g /1 00  ml, when 
wheat c h a p a t i  was supplemented with beet leaves 
s a g  in the ratio of 4:1.

Apparent protein digestibility % of wheat c h a p a t i  
improved, when supplemented with b a t h u  s a g  in 
the ratio of 4:1. There were non-significant 
differences among experimental diets. The total 
liver weights of the rats fed different experimental 
diets ranged from 1.37±0.04 to 1.90±0.11. There 
were significant increases in liver weights of the 
rats of b a t h u  group, as compared to those fed wheat 
c h a p a t i  alone. The liver nitrogen was highest in 
case of mixed carrot s a g .  There was a significant 
improvement in total liver nitrogen of b a t h u ,  and 
carrot s a g  fed group, as compared to the rats fed 
wheat c h a p a t i

With supplementation of b a t h u  s a g ,  the 
chemical scores of wheat c h a p a t i  for lysine content 
improved from 37-57, but mixed radish s a g  did not 
show any improvement (Table 2). Scores for 
tryptophan were found to be maximum, when 
wheat c h a p a t i  was supplemented with carrot-spinach 
s a g .  Chemical scores of cystine, and methionine 
in case of wheat c h a p a t i  did not show any 
improvement. This may be due to higher cystine, 
and methionine contents of wheat c h a p a t i  as 
compared to s a g  recipes. Among all green leafy 
preparations, the supplementary effect of b a t h u  
leaves to wheat c h a p a t i  was maximum in terms of 
protein quality parameters, followed by that in case 
of carrot leaves supplemented c h a p a t i
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Some Physico-chem ical Properties o f Tanzanian Com m ercial
A ca cia  Gums (Gum Arabic)
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T h e  p ro p e r t ie s  o f  T a n z a n ia n  c o m m e rc ia l Acacia g u m s  w e re  c o m p a re d  w ith  c o m m e rc ia l Acacia g u m  s a m p le s  fro m  

S u d a n .  T h e  so lu b ility , a n d  a v e ra g e  in s o lu b le  gel c o n te n ts  (cold w a te r  in s o lu b le  gel, a n d  h o t  w a te r  in s o lu b le  gel) o f  
T a n z a n ia n  e x p o r t  g ra d e  Acacia£ g u m s  w e re  s im ila r  to  th o s e  o f  S u d a n e s e  Acacia g u m s , b u t  w e re  n o t  s im ila r  to  S u d a n e s e  
tahl g u m  a s  h a d  b e e n  p re v io u s ly  a s s e r te d .  H ow ever, th e  a s h , a lk a lin e  e a r th  m e ta l  c o n te n ts  w e re  lo w er t h a n  th o s e  
o f  S u d a n e s e  g u m  a ra b ic .  T h e  a v e ra g e  v isc o s ity  o f T a n z a n ia n  e x p o r t g ra d e  Acacia g u m s  w a s  a p p ro x im a te ly  o n e  h a l f  
t h a t  o f  S u d a n e s e  g u m  a ra b ic  a t  c o n c e n tra t io n  o f  100  g/1.
K ey w o rd s : C o m m e rc ia l Acacia g u m s , S o lu b ility , V isco sity , A lk a lin e  e a r th  m e ta ls .

At least 900 species of the genus A c a c i a  have 
been identified (Glicksman 1983), out of which only 
a few produce gum of commercial importance. 
Commercial A c a c i a  gum (gum arabic) from Sudan 
is derived mainly from A c a c i a  S e n e g a l .  A c a c i a  s e y a l  
is known to produce a somewhat lower quality gum, 
which commands a lower price (Adamson and Bell 
1974). The properties of A r a c i a  gums vary widely 
depending on the species, geographical location, 
and age of plant (Phillips et al. 1980). Gum arabic 
is more soluble in water, as compared to other tree 
exudate gums (e.g. karaya gum), and it is possible 
to prepare solutions of up to 55% concentration 
(Glicksman 1983). Tanzania is known to have the 
capacity of producing more than 2000 tonnes of 
A c a c i a  gums per annum (Annual Trade Reports 
1921-86). However, the current output has declined 
to below 500 tonnes per annum. The precise reason 
for this decline is not clear. Potentiometric titrimetiy 
(Mhinzi and Mosha 1993) has shown that the bulk 
of the commercial product is derived mainly from 
A c a c i a  d r e p a n o l o b i u m .  It has been suggested 
(Adamson and Bell 1974) that Tanzanian commercial 
gum arabic is less soluble, and is similar to t a h l  
gum. The present communication reports the 
physico-chemical properties of Tanzanian and 
Sudanese commercial A c a c i a  gums.

O r i g i n  o f  s a m p l e s  : The Tanzanian commercial 
gum arabic samples were bought directly from 
traders in the gum producing regions (Dodoma, 
Singida and Tabora). The Sudanese cleaned, and 
sifted grade samples were supplied by Messrs. 
Arthur Branwell & Co. Ltd., London.

S a m p l e  p r e p a r a t i o n  : The samples were milled 
to pass through a 2 mm sieve, spread out in trays 
for seven days to allow them to equilibrate with
* Corresponding A uthor

atmospheric moisture, and then stored in the air
tight containers.

E x p e r i m e n t a l  p r o c e d u r e  : Moisture content, 
insoluble matter, and ash were determined by 
standard methods (British pharmacopoeia 1980). 
Cold water insoluble gel content was determined 
as the insoluble fraction, when a gum sample was 
stirred in cold deionized water for two hours, whilst 
hot water insoluble gel was the fraction, which was 
insoluble in hot deionized water at 92-95°C. Calcium, 
and magnesium contents were determined by an 
atomic absorption spectrophotometer, whereas 
viscosity was determined at 30*C, using Ubbleholde 
suspended level capillary viscometers. The optical 
density was determined, using a Griffin Model 40 
colorimeter.

In general, the solubility of Tanzanian export 
grade (grade-1) gum arabic is comparable to 
Sudanese gum arabic (Table 1). The average cold 
water insoluble gel, and hot water insoluble gel for 
Tanzanian export grade A c a c i a  gums are very similar 
to those for Sudanese gum arabic. The insoluble 
gel fraction is very small, as compared to A l b i z i a  
z y g i a  gum, which contains 80% cold water soluble 
fraction, and 20% insoluble gel (Ashton et al. 1975) 
or K h a y a  g r a n d f o l i o l a  gum, which contains a cold 
water insoluble gel of about 70% (Aslam et al. 
1978a). Some tree exudate gums (e.g., gum karaya, 
gum tragacanth) are water-swellable, rather than 
water-soluble, and absorb water to form viscous 
dispersions at low concentrations (Glicksman 1983). 
The present study shows that the solubility of 
Tanzanian commercial gum arabic is very similar 
to that of Sudanese gum arabic, and superior to 
t a h l  gum. Thus, the average insoluble gel content 
of Tanzanian export grade A c a c i a  gums (v i d e  s u p r a )  
is about 20% (one fifth) that of Sudanese t a h l  grade

5 1 0
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TABLE 1. SO M E  PH Y SICO -C H EM ICA L P R O PE R T IE S O F  TANZANIAN AND SU D A N E SE  ACACIA G U M S
S a m p le G ra d e M o is tu re , A sh , In s o lu b le CW IG, HW IG, C a lc iu m , M a g n e s iu m , O p tic a l V isco sity

%  (w /w ) %  (w /w ) m a tte r , % (w /w ) %  (w /w ) g / 1 0 0  g g / 1 0 0  g d e n s ity (cen tipo ise),
%  (w /w ) 1 0 0  g /1 150  g /1

T a n za n ia n
T1 1 14 .3 1.9 0 .1 0 .2 0 .2 0 .7 2 0 .0 9 0 .1 2 3 .3 8 8 .4 8
T2 1 14 .4 2 .0 0.1 0 .2 0 .2 0 .5 5 0 .1 0 0 .1 6 3 .8 6 9 .1 6
T 3 1 1 4 .4 1.4 0.1 0 .2 0 .2 - - 0 .1 4 2 .5 6 7 .6 2
T 4 1 14 .2 1.8 0 .1 0 .2 0.1 - - 0 .1 0 3 .4 4 7 .8 6
T 5 1 1 3 .8 1.9 0 .2 0 .4 0 .4 0 .5 1 0 .1 3 0 .0 6 4 .0 7 9 .8 5
T 6 1 13 .9 1.5 0 .2 0 .4 0 .3 0 .5 2 0 .0 7 0 .0 5 3 .4 8 8 .4 8
T 7 2 1 2 .6 2 .5 1.2 0 .8 0 .6 - - 0 .2 8 3 .8 0 9 .2 9
T 8 2 13 .6 2 .2 0 .6 2 .0 1.9 - - 0 .1 9 6 .7 0 1 5 .6 6
S u d a n e s e
S I C le a n e d 13 .8 3 .7 0 .6 0 .2 0 .1 0 .7 5 0 .2 5 0 .0 6 7 .3 0 1 4 .6 2
S 2 C le a n e d

a n d  s ifted 14.1 3 .3 0 .2 0 .2 0.1 - - 0 .0 8 6 .8 0 1 4 .0 0
S 3 TahL 14 .9 5 .3 - 1.1 1.0 1 .25 0 .1 7 0 .4 1 9 .0 0 2 0 .5 7
CW IG C old w a te r  in s o lu b le  gel. HW IG = H o t w a te r  in s o lu b le  gel.

gum (Table 1). The precise reason for the formation 
of vaiying amounts of insoluble gel by gums from 
A c a c i a  is still unclear. However, the gel fraction haS| 
been shown (Anderson and Dea 1968) to possess 
a higher molecular weight than the soluble fraction.

The average viscosity of Tanzanian commercial 
gum arabic is lower than that of Sudanese gum 
arabic at the same concentration (Fig. 1). The 
ability of forming less viscous solutions even at high 
concentrations makes gum arabic an excellent 
stabilizing, and emulsifying agent, when incorporated 
with large amounts of insoluble materials (Glicksman
1983). The viscosity of Tanzanian grade 1 gum 
arabic is reproducible, and does not vary greatly 
from batch to batch (Table 1), as has been observed 
in gum g h a t t i  (Jefferies et al. 1977). It has been 
suggested that the low viscosity of A c a c i a  gums 
may be attributed to the complex, highly branched 
nature of the A c a c i a  gum molecules, which are 
closely packed rather than linear (Glicksman 1983).

In agreement with previous reports (Mhinzi 
and Mosha 1993; Artaud et al. 1977), the results 
in Table 1 show a higher proportion of calcium, 
as compared to magnesium, for each sample. 
However, the average alkaline earth metal content 
in Tanzanian commercial gum arabic is lower than 
that in Sudanese gum arabic. These results also 
show lower levels of calcium, and magnesium in 
Tanzanian commercial gum arabic, as compared to 
previously reported data for A c a c i a  gums (Artaud 
et al. 1977). The addition of calcium ions is known 
to enhance the viscosity of aqueous solutions of 
K h a y a  g r a n d i f o l i o l a  gum (Aslam et al. 1978a,b). Fig. 1: T h e  v isc o s ity  o f  T a n z a n ia n  a n d  S u d a n e s e  c o m m erc ia l 

A c ac ia  g u m s  a t  30°C .



However, this has not been conclusively established 
for A c a c i a  gums.

In conclusion, the results presented in this 
communication show that some properties of 
Tanzanian export grade commercial gum arabic are 
comparable to those of Sudanese gum arabic and 
can compete in various industrial applications.

The authors thank NORAD for financial support 
and the British Council for provision of a Landrover 
for sample collection.
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Vitamin C C ontents of Processed Vegetables
S.B. TAPADIA, A.B. ARYA* AND P. ROHINI DEVI
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V ita m in  C c o n te n ts  o f  fo u r  g re e n  leafy  v e g e tab le s , viz., ambat chuka (Rumex vesicarius), c o r ia n d e r  lea v es  (Coriandrum 
sativum), fe n u g re e k  lea v es  (Trigonella-foenumgraecum), a n d  s p in a c h  (Spinacia oleracea) a s  w e ll a s  th r e e  n o n -le a fy  
v eg e tab les , viz., b r in ja l  (Solarium melongena), c lu s te rb e a n  (Cyamopsis tetragonoloba) a n d  tinda (Citrullus vulgaris) w e re  
e s tim a te d , a f te r  s u b je c tin g  to  d iffe re n t p ro c e ss in g  te c h n iq u e s , s u c h  a s  c u ttin g , w a sh in g , w a s h in g  a f te r  a n d  b e fo re  c u t t in g  
a n d  c o o k in g  w ith  a n d  w ith o u t  th e  u s e  o f  th e  lid. M ax im u m  v ita m in  C c o n te n t  w a s  re c o rd e d  in  c o r ia n d e r  leav es , follow ed 
by  fe n u g re e k  leav es , s p in a c h , ambat chuka, c lu s te rb e a n , tinda a n d  b rin ja l. V ita m in  C  c o n te n t  w a s  s ig n if ic a n tly  h ig h  
in  th e  v e g e ta b le s  p ro c e ss e d  w ith o u t  s ta lk , e x c e p t for fe n u g re e k  leaves, w h ic h  sh o w e d  m o re  v i ta m in  C, w h e n  u s e d  
w ith  s ta lk . C o o k in g  w ith o u t  lid, a n d  w a s h in g  a f te r  c u t t in g  sh o w e d  s ig n if ic a n t lo s s e s  o f  v i ta m in  C.
K e y w o rd s  : V ita m in  C , Leafy v e g e ta b le s , N on-leafy  v eg e tab le s , C u ttin g , W a sh in g , C ooking .

Vegetables are often subjected to different 
processings at household or industrial processing 
levels. Losses of vitamins and minerals during 
processing can occur either due to oxidation or by 
dissolving into water (Vail et al. 1978). Water 
soluble vitamin C gets destroyed easily during 
washing, and cooking (Bord Bury and Singh 1986; 
Khader 1988). The present study aims at determining 
the losses of vitamin C during household processings 
of vegetables.

Commonly consumed and locally available four 
green leafy vegetables, viz., a m b a t  c h u k a  ( R u m e x  
v e s i c a r i u s ) , coriander leaves ( C o r i a n d r u m  s a l i v u m ) ,  
fenugreek leaves ( T r i g o n e l l a  J o e n u m g r a e c u m )  and 
spinach ( S p i n a c i a  o l e r a c e a ) ,  in addition to three 
other vegetables, viz., brinjal ( S o l a n u m  m e l o n g e n a ) ,  
cluster bean ( C y a m p o s i s  t e t r a g o n o l o b a )  and t i n d a  
( C i t r u l l u s  v u l g a r i s )  were selected for the study.

Two variations in processing of each vegetable 
were used, based on its parts. Leafy vegetables and 
brinjal with stalk, cluster bean with rib and t i n d a  
with peel were classified under variation I (W .̂ Leafy 
vegetables and brinjal without stalk, cluster bean 
without rib and t i n d a  without peel were placed 
under variation II (W2).

The details of the processing techniques as 
used in the study are as follows :

a) V e g e t a b l e  a s  s u c h  ( P J  : All the vegetables 
were used without application of any processing 
technique except in case of brinjal and t i n d a ,  which 
were cut into pieces of 5 cm (length size).

b) C u t t i n g  ( P J  : Vegetables were cut into pieces 
of 2.5 x 2.5cm size, using stainless steel knife.

c) W a s h i n g  (P 3 )  : The selected sample was 
washed in 10 ml tap water.
* Corresponding Author

d) W a s h i n g  a f t e r  c u t t i n g  (P 4 )  : Vegetables were 
first cut, and then washed in 10 ml tap water.

e) W a s h i n g  b e f o r e  c u t t i n g  (P 5 )  : Vegetables were 
first washed in 10 ml tap water, and then cut.

f) C o o k i n g  w i t h  t h e  u s e  o f  t h e  l i d  ( P J  : Leafy 
vegetables were cooked with the use of lid in 10 ml 
water for 2 min and other vegetables for 3-8 min.

g) C o o k i n g  w i t h o u t  t h e  u s e  o f  t h e  l i d  ( P 7 )  : 
Vegetables w’ere cooked as above, but without using 
the lid.

The sample size used for application of 
processing techniques was 2 g. Same quantity was 
used for estimation of vitamin C by 2-6 dichloro- 
indophenol method (Raghuramlu et al. 1983) in 
triplicate. The data were statistically analyzed by 
employing analysis of variance (Panse and Sukhatme 
1976).

Among leafy vegetables, coriander leaves showed 
relatively high vitamin C content, followed by 
fenugreek leaves, spinach and a m b a t  c h u k a ,  while 
cluster bean contained maximum vitamin C, followed 
by t i n d a  and brinjal.

The selected destalked leafy vegetables showed 
significantly higher vitamin C, as against vegetables 
with stalk, except for fenugreek leaves. In case of 
other vegetables, significantly greater values of 
vitamin C were recorded for brinjal with stalk, 
cluster bean with rib and t i n d a  with peel, when 
compared with brinjal without stalk, clusterbean 
without rib and t i n d a  without peel (Table 1). 
Significantly higher vitamin C in destalked leafy 
vegetables (i.e., only leaves) could be suggestive of 
higher concentrations of vitamin C in leaves. While 
the reduction in vitamin C of other destalked 
vegetables may be due to oxidation of vitamin C 
during peeling, cutting and removing the stalk.
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TABLE 1. VITAMIN C CO N TEN T O F  SE L E C T E D  V E G ETA B LES ( m g /100  g) DU RIN G P R O C E S S IN G  

V eg e tab les  V a r ia t io n s  P ro c e ss in g  te c h n iq u e s
W j w 2 P2 P3 P 4 Ps Ps P7

L ea fy  v e g e ta b le s
Ambat chuka (v.) 12 .9 2 0 .6 2 8 .8 2 1 .4 2 4 .5 10 .9 1 7 .4 1 0 .6 4 .3
C o r ia n d e r  leav es (v2) 7 7 .9 8 8 .6 1 0 0 .3 8 9 .7 9 1 .8 8 6 .4 8 8 .0 6 4 .1 6 2 .9
F e n u g re e k  lea v es 7 0 .3 6 0 .4 9 1 .5 8 4 .4 8 7 .7 4 8 .2 8 2 .1 3 6 .1 2 7 .9
S p in a c h (V4) 19 .3 2 5 .4 3 4 .4 2 2 .4 3 0 .9 1 5 .9 2 4 .8 17.1 1 1 .2

O th er  v e g e ta b le s
B rin ja l (Vs) 1 0 .6 6 .7 1 5 .6 11 .2 13.1 6 .6 1 0 .4 3 .0 0 .6
C lu s te r  b e a n (Ve) 2 4 .9 1 8 .8 3 6 .2 2 6 .7 3 2 .2 1 6 .7 2 1 .7 10.1 8 .8
Tinda (V7) 1 0 .5 10.1 18.9 1 4 .6 17 .0 7 .5 9 .8 3 .7 0 .9

S o u rc e S E  ± C D  a t  5%
Leafy v e g e ta b le s V 0 .1 8 0 .5 2

W 0 .1 3 0 .3 7
V x  W 0 .2 6 0 .7 3
P 0 .2 4 0 .6 9
V x  P 0 .4 9 1 .38

O th e r  v e g e ta b le s V 0 .1 6 0 .4 6
W 0 .1 3 0 .3 8
V x  W 0 .2 3 0 .6 5
P 0 .2 5 0 .7 0
V x  P 0 .4 3 1 .22

The losses of vitamin C due to peeling, washing 
and cooking were also reported by Oteng et al
(1987).

Maximum retention of vitamin C was observed, 
when vegetables were washed, followed by cutting 
operation. Loss of vitamin C was higher, when the 
vegetables were cooked without using the lid. 
Cooking without the use of the lid resulted in 
maximum loss of vitamin C in all the vegetables, 
followed by the processing, involving washing after 
cutting and just cutting. This might be because of 
the increased activity of ascorbic acid oxidizing 
enzymes due to heating, which leads to destruction 
of ascorbic acid and leaching of the vitamin C in 
washing water. Similar results were obtained by 
Padma et al (1982), Bord Buiy and Singh (1986), 
Khader (1988) and Oteng et al (1987).

The processing techniques, when coupled with 
leafy vegetable variation, showed that variation Wj 
had significantly low vitamin C content in case of 
all the processing techniques, when compared with 
variation W2 (Table 2). However, cooking without 
the use of lid had no significant effect on vitamin 
C, when combined with variations. In other 
vegetables, it was found that the coupling of 
variation W2 with all processing techniques, the 
content of vitamin C was significantly less, as 
compared to that in case of variation Wj. This might

be because of discarded outer skin, stalk or rib 
of the vegetables. The results are in line with those 
of Vail et al (1978).

The interactive effects between vegetable 
variations and processing techniques indicated that 
the vitamin C was lowered significantly in destalked 
a m b a t  c h u k a ,  coriander leaves and spinach, when 
subjected to processings other than those in 
vegetables as such, except in case of fenugreek 
leaves with stalk. All other vegetables failed to 
retain vitamin C significantly, when subjected to 
processing techniques. The loss of vitamin C in the 
following decreasing order: cooking > cutting and 
washing > cutting > washing.

It can be concluded that maximum loss of 
vitamin C occurred in the process of cooking, 
followed by the combined process of washing and 
cutting.
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TABLE 2 . E FFE C T  O F  INTERACTION B ETW EEN  VEGETABLES, VEGETABLE VARIATIONS AND PR O C E SSIN G  T E C H N IQ U E S ON VITAMIN

C CO N TEN T ( m g / 1 0 0  g)
V a ria tio n s  P ro c e ss in g  te c h n iq u e s

P . P 2 P 3 P< P 5 P 6 P 7 M ean
L ea fy  v e g e ta b le s

w , 6 1 .9 5 3 .3 5 6 .3 3 5 .7 5 1 .8 3 1 .0 2 6 .2 4 2 .2
W , 6 5 .7 5 5 .6 6 1 .1 4 2 .0 5 4 .3 3 2 .6 2 6 .9 4 8 .8
v , w , 2 3 .1 15 .3 1 8 .8 7.1 13.1 8 .5 4 .6 13 .0
v ,w 2 3 4 .5 2 7 .6 3 0 .3 1 4 .6 2 1 .7 1 1 .7 3 .9 2 0 .6
v 2w , 9 6 .6 8 4 .4 8 6 .8 8 0 .6 8 4 .4 5 9 .3 5 3 .7 7 8 .0
V w  V2TV2 1 0 4 .0 9 4 .9 9 6 .8 9 2 .1 9 1 .9 7 2 .1 6 3 .9 8 8 .0
V wV 3 9 7 .2 9 0 .3 9 3 .1 4 1 .8 8 9 .3 4 3 .1 3 8 .1 7 0 .4
v 3w 2 8 5 .8 7 8 .4 8 2 .2 5 4 .5 7 5 .8 2 9 .1 1 7 .5 6 0 .3
v 4w , 3 0 .5 2 3 .1 2 6 .6 13.1 2 0 .2 13.1 8 .5 19 .3
v< w 2 3 8 .4 2 1 .7 3 5 .2 18 .8 2 9 .4 2 1 .0 13 .9 2 5 .4

O th er  v e g e ta b le s
w , 2 5 .6 1 8 .0 2 2 .3 15.1 1 5 .0 6 .2 4 .7 15 .3
w 2 2 1 .6 1 6 .0 19.1 9 .4 1 2 .8 4 .5 3 .0 11 .9
v 5w , 18.1 13.1 15 .3 9 .2 12 .4 4 .6 1.2 1 0 .6
V wV 5 VV2 13.1 9 .2 10 .9 3 .9 8 .3 1.4 0 .0 6 .7
V w  V6VV1 4 1 .9 3 1 .8 37 .1 18 .8 2 2 .4 13 .8 9 .4 2 4 .1
V wV 6 VV 2 3 0 .0 2 1 .9 2 7 .3 14.6 2 0 .9 9 .4 7.1 1 8 .8
V w 2 1 .6 15 .5 1 8 .8 9 .5 1 1 .7 4 .6 1.1 1 0 .5
V wV 7 VV 2 16.1 13.1 15 .6 5 .5 7 .8 2 .6 0 .8 10.1

S o u rc e S E  ± C D  a t  5%
Leafy v e g e tab le s P x  W 0 .3 5 0 .9 5

V x  P x  W 0 .7 0 1 .9 5
O th e r  v e g e tab le s P x  W 0 .3 5 0 .9 9

V x  P x  W 0 .6 2 1 .72

P a d m a  CN, S h a s h ik a la  P, G ir ija b a i (1982) A sco rb ic  a c id  in  
v e g e tab le s  - E ffect o f  co o k in g  a n d  o v e r  co o k in g . In d ia n  J  
H om e S c i 1 4 :1 5 -1 7

P a n s e  VG, S u k h a tm e  PV (1 9 7 6 ) S ta t i s t ic a l  M e th o d s  fo r 
A g ric u ltu ra l W o rk e rs , 3 rd  e d n . In d ia n  C o u n c il  o f A g ric u ltu ra l 
R esea rch , N ew  D elh i

R a g h u ra m u lu  N, M a d h a v a n  NK, K a ly a n a s u n d a r a m  S  (1983) A 
M a n u a l o f L a b o ra to ry  T e c h n iq u e s . N a tio n a l  I n s t i tu te  o f  
N u tritio n , H y d e ra b a d

V ail G E , P h illip s  JA , R u s t  LO, G risw o ld , RM, J u s t i n  MM (1978) 
F o o d s ,7 th  e d n . H o u g h to n  M iffin C o. B o s to n

R e c e i v e d  1 9  A p r i l  1 9 9 4 ;  r e v i s e d  3  J u l y  1 9 9 5 ;  a c c e p t e d  1 2  S e p t e m b e r  1 9 9 5



J. Food Sei. Technol, 1995, Vol 32, No. 6, 516-518
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Made from Maize
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A t th e  e a r ly  s ta g e s  o f  sekete  f e rm e n ta tio n , Leuconostoc mesenteroides, Streptococcus s p p .,  Pediococcus cerevisiae 

a n d  Saccharomyces s p p . w e re  d o m in a n t.  Lactobacillus delbruecki, Bacillus subtilis a n d  Saccharomyces s p p .  w e re  is o la te d  
a f te r  2 4  h  fe rm e n ta t io n . Lact brevis a n d  Propionibacterium sp p . d o m in a te d  th e  f e rm e n ta t io n  o f  sekete  a f te r  4 8  h . D u r in g  
th e  fe rm e n ta t io n  p ro c e s s ,  th e  pH  o f  th e  g ra in s  d e c re a s e d  fro m  5.1 to  4 .3  a n d  th e  t i t r a ta b le  a c id ity  in c re a s e d  fro m  
0 .1 %  (0 h) to  0 .4 %  (48 h). Iro n , p h o s p h o ru s ,  p o ta s s iu m , s o d iu m  a n d  c a lc iu m  in c re a s e d  in itia lly  a n d  th e n  d e c re a s e d  
a s  fe rm e n ta t io n  p ro g re s s e d . T o ta l s u g a r s  d e c re a s e d  fro m  0 .3  to  0 .1  m g /g , w h ile  th e  a lc o h o l c o n te n t  o f  sekete  in c re a s e d  
fro m  0  to 4 .0 %  a f te r  4 8  h  fe rm e n ta tio n .
K e y w o rd s  : F e rm e n ta t io n , Sekete, M aize, M icrob io log ica l a n d  c h e m ic a l c h a n g e s .

In Nigeria, fermented maize products are used 
widely for breakfast, and as weaning foods for 
babies (Akinrele 1970). Traditionally, s e k e t e ,  a 
fermented beverage from maize is produced by 
steeping maize in water, followed by draining and 
air-diying in a broken clay pot lined with banana 
leaves. The grains are moistened for 3 to 5 days 
for germination and the malted grains are ground 
in mortar. The coarse particles obtained are mixed 
with water (1:2) in a clay pot, which is later brought 
to boil. The liquid so obtained is cooled, filtered, 
reheated for about 15 min, and then bottled as 
s e k e t e  (Sawyerr 1988). With many indigenous 
fermented foods from the tropics being products of 
great antiquity (Stanton 1985), and with the paucity 
of data on s e k e t e ,  the changes that take place 
during fermentation of this alcoholic cereal beverage 
are described.

Maize grains were obtained from the Institute 
of Agricultural Research and Training, Ibadan, 
Nigeria. Production of s e k e t e  was carried out in the 
laboratory as per the process flow chart shown in 
Fig. 1. For the identification of organisms isolated 
during fermentation of s e k e t e ,  the following 
phenotypic tests were done, viz., Gram staining, 
growth characteristics on culture media, motility, 
catalase and carbohydrate fermentation tests (ICMSF
1978). Thereafter, bacteria were identified according 
to the methods recommended by Krieg and Holt 
(1984), while yeasts were identified using the 
m ethods of Davenport (1987). During the 
fermentation of s e k e t e ,  proteins, fat crude fibre, 
ash, alcohol, diy matter, mineral and moisture 
contents were determined by using AOAC (1975)
* Corresponding Author

M aize g ra in s
i
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si “

B oiling
I  "

F iltra tio n
s i -

C o n c e n tr a t io n
I  "

C ooling
I

Sekete
Fig. 1. P ro c e ss  flow  c h a r t  fo r  th e  la b o ra to ry  p r o d u c t io n  o f 

sekete
methods. Total sugars were determined as described 
by Dubois et al (1956), and pH of the fermenting 
beverage was measured every 12 h.

While B .  s u b t i l i s ,  L a c t .  d e l b r u e c k i i  and 
S a c c h a r o m y c e s  spp. were isolated after 24 h 
fermentation, L e u c .  m e s e n t e r o i d e s ,  P e d .  c e r e v i s i a e  
and S t r e p t o c o c c u s  spp. were isolated at the beginning 
of fermentation (Table 1). Thereafter, L a c t .  b r e v i s  
and P r o p i o n i b a c t e r i u m  spp. dom inated  the

■ > 2 4  h  

•>  7 2  h

->  4 8  h

1 5 0  p m  sieve

>  3 0  m in .

y  7 5  p m  siev e

>  3 0  m in .

5 1 6
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TABLE 1. M ICROBIAL S U C C E S S IO N  DURING FERM ENTATION 
O F  Sekete

12

F e rm e n ta t io n  
p e rio d , h

0

2 4

4 8

A ero b ic  b a c te r ia

L. mesenteroides 
P. cerevisiae 
Streptococcus sp p . 
Lact, delbrueckü 
B. subtäis 
Lact brevis 
Propionibacterium s p p .

Yeasts

Saccharomyces sp p . 

Saccharomyces sp p .

fermentation of s e k e t e .  The presence of lactic acid 
bacteria during fermentation of s e k e t e  is not a 
specific case, as these bacteria are reported to be 
present in other foods also. For example, L a c t .  b r e v i s  
and L a c t .  f e r m e n t u m  have been found during the 
fermentation of sauerkraut, pickles and sour dough 
bread made from iye (Spicher 1960). Yeasts and 
lactic acid bacteria have been reported in d o s a  
fermentation (Soni et al. 1986). Prior to malting, 
A s p e r g i l l u s  n i g e r ,  A .  j l a v u s  and R h i z o p u s  spp. were 
isolated from the maize grains used for the 
production of s e k e t e .  Microbial populations increased 
during the fermentation of s e k e t e  (Fig. 2). While the 
presence of A .  J l a v u s  is not desirable because of 
its association with the production of toxic 
metabolites, nonetheless, A .  J l a v u s ,  A .  n i g e r  and 
R h i z o p u s  spp. have also been isolated during 
fermentation of Oriental b u n g k i l  (Rahayu et al. 
1986). During fermentation of s e k e t e ,  there were 
changes in the pH and titrable acidity levels (Fig. 2). 
These changes were probably due to the high level 
of acid produced during the fermentation process.

Total sugar content of the fermenting mass 
increased within the first hours, but it decreased 
towards the end of fermentation (Fig. 3). This 
decrease could be attributed to the utilization of
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Fig. 2  A cid ity  (V), pH  (O) a n d  g ro w th  ( • )  p r o f i le s  d u r i i  
f e rm e n ta t io n  o f  sekete.

TABLE 2. B IO C H E M IC A L  C H A N G E S  D U R IN G  T H E  
FERM ENTATION O F  Sekete

P a ra m e te r F e rm e n tin g  m a ize F e rm e n te d Sekete
m a s s

0  h 2 4  h 4 8  h

D ry m a t te r ,% 30 .9* 3 0 .9 3 0 .9 20.1
P ro te in s , % 0 .4 0 .4 0 .9 1.1
A sh , % 1.4 1.4 3 .6 3 .6
C a lc iu m , p p m 4 0 0 .0 1 0 0 .0 0 .0 0 .0
S o d iu m , p p m 4 0 0 .0 4 0 0 .0 4 0 0 .0 5 0 0 .0
P o ta s s iu m , p p m 5 0 0 .0 5 0 0 .0 5 0 0 .0 3 0 0 .0
Iro n , p p m 6 0 .0 9 0 .0 6 0 .0 6 0 .0
P h o s p h o ru s , p p m 3 6 0 .0 4 5 0 .0 0 .0 0 .0

* M ean  o f  5  re p lic a te s

Time (h)
Fig. 3  A lcohol (a) a n d  to ta l  s u g a r  R  p ro files  d u r in g  fe rm e n ta tio n  

o f  sekete.

the sugars by the fermenting microflora of s e k e t e ,  
as microorganisms are known to depend on reducing 
sugars for their metabolic processes. Increase in 
the protein content of s e k e t e  during production 
(Table 2) might be due to synthesis of enzymes and 
other proteins by the fermenting microflora of 
s e k e t e .  However, decreases in the mineral content 
of s e k e t e  during the fermentation process (Table 2), 
could be attributed to the utilization of these 
minerals for cell synthesis by the fermenting 
microflora.
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Control of Fish Quality. J .J . Connell. 4th
edition. 1995. Fishing News Books. Blackwell
Science Ltd., Osney Head, Oxford OX 2 OEL.
U.K. pp. 192, Price UK £  2 5 /-
Quality of fisheiy products, unlike other food 

items, is difficult to define because of such diverse 
variations in fish species including Crustacea and 
molluscs, their habitats and sensitivities to 
environmental conditions. Fish, from catch to 
consumption, is also prone to contamination by a 
variety of microorganisms, which affect their quality 
during handling and storage. Fishery products over 
the past few decades have become a major item 
of international trade. The items include fresh, 
frozen, cooked, dried items marketed whole, as 
fillets, or parts, breaded, minced, salted, pickled 
or smoked. Therefore, increasing attempts are being 
made to define quality standards of fisheiy products 
with respect to freshness, microbial safety and 
environmental pollution. The present book is an 
attempt to present in a non-technical language, a 
balanced view of the different aspects of quality of 
fish and fishery products and the measures, which 
can be taken to regulate them. The book is 
generally aimed at conventional products such as, 
frozen and fresh fish, while special products such 
as, minces, fish oils, protein concentrates etc. are 
outside the scope of the book.

The first and second chapters deal with the 
quality terminology such as, quality assurance and 
quality control. This is followed by description of 
intrinsic qualities with respect to species, size, sex, 
composition, parasites, natural toxicity, and 
environmental contamination. Chapters 3 and 4 
discuss the various ways in which quality 
deterioration takes place in fish products. 
Suggestions for proper icing, freezing, smoking, 
canning, salting, drying etc., have also been provided. 
Chapter 5, although deals with the important topic 
of food safety, is only a three page text with two 
tables, indicating incidence and severity of risks 
from different products and causes. Microbial 
aspects of fish quality including incidence of 
different pathogens and their control are surveyed 
in Chapter 6. In addition, some passing mention 
to nutritive value, additives, yields, and packaging 
and labelling are also given. Methods of quality 
evaluation are briefly covered in Chapter 7 such 
as, chemical, microbiological and instrumental 
methods. Some information is provided on quality 
assurance, HACCP and regulatory inspections in

chapter 8. Brief coverage of official inspection 
requirements in certain countries (Chapter 8), and 
standards (Chapter 9) are likely to be interesting 
to the industry, particularly the 'model purchase 
specification’ and 'scoring system for assessing 
freshness' of some fish species (Appendix I). Chapter 
10 is on 'Code of Practice'. The fish exporter may 
also be interested in the United States standards 
for grades of whole or dressed fish (Appendix 4), 
and the recommended microbiological limits for 
seafoods (Appendix 5).

The book can serve as a handbook to fish 
processors, exporters and regulatory inspectors 
concerned with the quality, and safety aspects of 
major fishery products. Researchers, specialists 
and students interested in specific details may have 
to look for other sources for in-depth informations. 
Many of these sources are given at the end of the 
book.

V . VENUGOPAL  
BH ABH A ATOM IC R E SE A R C H  CENTRE  

BOM BAY - 4 0 0  0 8 5

Meat and Meat Products - Technology, Chemistry 
and Microbiology. Volume-3, Food Products 
Series, by Alan H. Varnam and Jane P. 
Sutherland; Published by Chapman & Hall, 
2-6 Boundary Row, London 8E18HN, U.K. 
Printed in Great Britain by St. Edmundsbury 
Press, Bury St. Edmunds, Suffolk. 1995  
pp, 430, Price £ 2 4 .9 9 /-  
This book is in a paper back, and has been 

printed on a permanent acid-free paper. It consists 
of 430 pages, divided into nine chapters, further 
reading and index. It covers all the three basic 
disciplines-Technology, Chemistry and Microbiology, 
without whose knowledge it is very difficult to 
understand and appreciate the science of Meat and 
Meat Products. A special feature of this book is 
"Exercises" at the end of each chapter, which will 
help the reader to transform from an acquirer of 
knowledge to a user. Most of these exercises are 
based on real situations and are brain storming.

Chapter 1, which is 'Introduction' deals with 
importance of meat in human diet and nutrition, 
animal and birds exported for meat production; 
composition and quality attributes of meat; structure 
and functions of muscle; lipid, water, colour and 
flavour of meat as well as pathogens, which can 
be transmitted through meat. Chapter 2 deals with 
"Conversion of Muscle into Meat" covering various 
aspects, starting with pre-slaughter treatments;
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slaughter techniques; electrical stim ulation; 
processing of meat; relationship between technology 
and post-mortem changes; biochemical changes 
during maturation, spoilage, grading, quality control 
and quality assurance. Uncooked, comminuted and 
reformed meat products have been discussed in 
chapter 3. It covers the selection of ingredients for 
various types of comminuted and reformed products; 
variation in processing; chemical and physical 
changes during comminution and structure of 
comminuted meat products, their spoilage and role 
of preservatives.

Chapters 4, 5, 6 and 7 cover various cured, 
cooked type meat products. Chapter 7, however, 
exclusively deals with fermented sausages. Chapter 
4 discusses various curing techniques; cured and 
smoked meats; chemistry of curing; risk of 
nitrosamine formation; effect of sodium chloride in 
meat structure; microbial spoilage as well as public 
health hazards associated with cured meats. The 
cooked meat and meat products have been described 
in chapter 5. It also discusses the industrial scale 
cooking and post-cooking handling of meat and 
meat products. The details for cooked cured meat 
products, which form a major chunk of cured 
meats have been given in Chapter 6. It discusses 
technology, chemistry and microbiology of cooked 
cured meat products. Under technology, different 
types of cooked cured meats e.g., ham, bacon, 
poultry, tongues etc. have been discussed. It also 
contains manufacture processes; quality assurance 
and control; nature of cured meat pigments; role 
of nitrate, in inhibiting the development of warmed- 
over flavour as well as public health and spoilage 
aspects of these products. The nature of various 
types of fermented sausages, their manufacturing 
technology, role of lactic acid bacteria during 
fermentation; quality assurance and control; 
chemical changes occurring during fermentation; 
their nature of flavour and aroma as well as the 
spoilage, and microbiological hazards associated 
with fermented sausages form a part of chapter 7.

Frozen, dried and intermediate meats and 
meat products have been covered in chapter 8 and
9. Chapter 8 gives various types of frozen meat and 
meat products; basic principles of freezing, 
precautions and special requirements during freezing 
and frozen storage of meats. It also illustrates effect 
of freezing and structure of meat and chemical 
changes during frozen storage. The topics of chapter 
9 are various types of dried and intermediate meats 
and meat products; formulation of intermediate 
moisture meats; manufacture of meat extracts and

use of dried meat, and meat extracts in other foods. 
Microbiology, an important aspect of dried meats, 
intermediate moisture meats and meat extracts has 
also been discussed in this chapter.

The references which may be consulted for 
enhancing the knowledge from various chapters 
have been mentioned in further reading (pp 413- 
416). This is a feature, unique to this book. Subject 
index has been given on pages 417-430. This book 
is a valuable addition to the variety of books 
available on meat and meat products. It has been 
written in a simple and understandable script. It 
gives a full comprehensive understanding of meat 
science for under-graduate as well as post- graduate 
students of Meat Science and Technology, and 
those entering the meat industry.

A M RIND ER SING H  BAWA 
GURU NANAK D E V  UNIVERSITY, 

AM R IT SA R  - 1 4 3  0 0 5

Toxicological Evaluation of Certain Veterinary 
Drug Residues in Food. WHO Food Additives 
Series : 34-Prepared by the Forty third 
M eeting o f the Joint FAO/WHO Expert 
Committee on Food Additives (JECFA), IPCS, 
International Programme on Chemical Safety, 
World Health Organization, Geneva, 1995. 
pp 153. Price in developing countries 
Sw fr. 3 1 .5 0 /-.
The Monographs contained in this volume were 

prepared by the forty third joint FAO/WHO expert 
committee on Food Additives (JECFA), which met 
in Geneva, Switzerland, during 15-24 November, 
1994. These monographs summarize the safety 
data on selected veterinary drug residues reviewed 
by the committee. Draft for individual drug has 
been prepared separately by experts of the field. 
The monographs on each drug are presented in a 
general format covering explanation of the drug, 
biological data viz., biochemical aspects, toxicological 
studies, observation on hum ans followed by 
comments, evaluation and references spread over 
3 sections. The data reviewed include b-adrenceptor 
blocking agents-carazolol, antimicrobial agents - 
dihydrostreptomycin, streptomycin, spiramycin and 
tranquilizing agent - azaperone.

Studies on carazolol is the extension of the 
38th meeting and in this report, additional 
information concerning to pharmacological no effect 
levels on humans is reported and ADI (Acceptable 
Daily Intake) values confirmed. Detailed studies are 
reported on antimicrobial drugs. Biochemical effects 
on different animal species are documented.
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Toxicological studies have been well explained, and 
includes acute toxicity, short term toxicity, long 
term toxicity/carcinogenicity studies, and special 
studies on embiyo toxicity/tartogenicity, genotoxicity, 
ototoxicity and microbiological effects in different 
animal species. For many of the drugs, reproductive 
toxicity, immune response, renal toxicity and local 
toxicity are also reported. Microbiological effect on 
dairy starter culture is reported for dihydro
streptomycin. Many tables giving details about 
toxicity effects are presented on each drug. MIC 
(Minimum inhibitory concentration) of many drugs 
on different bacterial species is also presented. ADI 
values for individual drug have been presented, 
giving details about calculation. For azaperone, 
further information has been presented with 
additional data, as per the recommendations of the 
38th meeting.

Annexures have been included in the 
monographs, Annexure I presents reports and other 
documents resulting from previous meeting of the 
joint FAO/WHO expert committee on Food Additives, 
Annexure II details about abbreviations used in 
monograph. Annexure III gives the list of members 
present at Geneva 1994 meeting. Recommendations 
on these compounds in terms of ADI and MRL 
(Maximum residue levels) are presented in Annexure 
IV. This has additional recommendation for one 
more drug dexamethasone (Glucodorticosteriod), 
but the details have not been reported in this 
monograph. Acorrigend pertaining to monograph 
has also been shown in Annexure V.

The data summarised in this monograph serve 
as basis for ADI and MRL for the veterinary drug 
residues in foods. This volume and others in WHO 
Food additive series contain information, that is 
useful to those who practise and manufacture 
veterinary drugs, government and food regulatory 
personnel, toxicological laboratories and research 
workers.

The get up, printing and presentation of the 
monograph are good and the book is recommended 
for institutions working on biological action of 
drugs and chemicals, and their residues in food.

N. SHARM A
INDIAN VETERINARY R E SE A R C H  INSTITUTE, 

IZATNAGAR - 2 4 3  1 2 2 , U .P .

Analysing Food for Nutrition Labeling and 
Hazardous Contam inants - Food Science  
and Technology S er ies /6 5  : Edited by Ike
J. Jeon and William G. Ikins : Published by 
Marcel Dekker Inc, 270 , Madison Avenue, 
New York, NY 10016, 1995, pp 496,
Price : $ 16 5 .0 0
The Nutrition Labeling and Education Act of 

1990 (NLEA1 was signed into a law during November 
8 , 1990. This far reaching legislation, made the 
labeling of nearly all foods with 'Nutrition facts' 
mandatory. Accordingly, the United States Food 
and Drug Administration (FDA) issued regulations 
on nutrition lebeling during January 1993. However, 
a number of needs remain. Of these, the most 
crucial need is sensitive and validated analytical 
methods. This aspect has been documented in the 
FDA proposal, and FDA explicitly acknowledged 
concern over the availability of analytical methods 
for complex carbohydrates, sugars and protein 
quality. Without accurate and reliable analytical 
methods, compliance with the NLEA would be 
impossible as would enforcement. To address the 
needs, the book entitled 'Analysing Food for Nutrition 
Labeling and Hazardous Contaminants' is invaluable 
in covering validated analytical methods and 
discussions. The subject matter is covered in two 
parts. Part I deals with analytical methods relating 
to nutrition labeling of dietaiy components and the 
second part on the analysis of hazardous 
contaminants like mycotoxins, pesticides, toxic 
compounds derived from lipids, toxins formed as 
a result of cooking or processing of food and 
naturally occurring hazards in foods.

Each chapter of this book is devoted to giving 
the reader more insight into the merits and 
demerits of analytical methods, available for a 
particular dietary component. The validated 
analytical methods and other sophisticated sensitive 
methods available for total fpt, fatty acids, 
cholesterol, carbohydrates and sugars, soluble, 
insoluble and total dietaiy fibres, proteins and 
amino acids, minerals and vitamins are discussed 
in-depth, and the importance of each dietaiy 
component has been explained in detail with 
definition, classification and structural formulae 
wherever required in different chapters, preceded 
by the first chapter on Current Regulatoiy Status 
of Nutrition Labeling by Prof. Ike J. Jeon, giving 
an account of the extensive renovation of the 'Food 
Label' since 1974. The status of new nutrition 
labeling is mandatoiy and food manufacturers 
must comply with the FDA requirements by May
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1994. The mandatory and voluntary dietary 
components required for 'Nutrition Facts' are listed 
along with standard nutrition label formats. Serving 
size as defined by FDA, presentation of nutrition 
information, analytical methods to be specified or 
not, health claims are discussed appropriately.

In the second part of the book, mycotoxin 
analysis with an informative introduction followed 
by sampling, extraction, clean-up method, selection 
of analytical method for separation and quantification 
including the latest methods like GC/MS, MS/LC 
and biological and immunochemical methods using 
Certified Reference Materials are discussed in 
detail, with a big list of references numbering 367.

Pesticide residue analysis in food is a large 
research area. While the market for pesticides will 
continue to grow, at the same time, there is an 
increased concern about the effects of pesticides 
on health  and environm ent, n ecessita tin g  
development of sensitive analytical methods. The 
chapter on "Pesticides" provides an overview of 
analytical methods for the major classes of pesticide 
residues, keeping in view the maximum residue 
limits for certain food items set by FAO/WHO 
Codex Alimentarius Commission. The classes of 
pesticides covered in this chapter are based on 
sim ilarities in chem ical stru c tu res , v iz., 
benzimitazoles, carbamate insecticides, halogenated 
hydrocarbon p estic id es , organoph osph ate  
insecticides, pyrethrin insecticides, alkyl phenolic 
acid h erb icides, triazine h erb ic id es and  
miscellaneous pesticides like ivermectin and urea 
herbicides. Recent progress in the analysis of lipid' 
oxidation products, viz., malondialdehyde, 4- 
hydroxyalkenals, ch o lestero l ox id es and 
cyclopropenoid fatty acids are reviewed in this 
chapter entitled "Toxic compounds derived from 
lipids" with an emphasis on chromatography for 
specific determination, and mass spectrometry for 
identification and confirmation.

Toxins formed during cooking or processing of 
foods, viz., N-nitrosamines, non-volatile N-nitroso 
compounds and polycyclic aromatic hydrocarbons 
are discussed, giving the latest information on 
health implications and sophisticated analytical 
methods for their detection, and determination.

The last chapter on "Naturally occurring health 
hazards in foods" describes shellfish poisons, fish 
poisons, toxic glycosides in food (cyanogenic 
glycosides), glycoalkaloids, and toxic plant phenolics 
(safrole, gossypol, coumarins). The sensitive  
analytical methods available for the determination

of these compounds are reviewed.
This comprehensive book provides an up-to- 

date information on the various analytical procedures 
for all mandatory/optional dietary components and 
hazardous contaminants in foods, and serves as 
an invaluable asset to food scientists, manufacturers, 
regulatory agencies and libraries.

M .N . KRISH NAM URTHY  
CENTRAL FO O D TECHNOLOGICAL R E SE A R C H  INSTITUTE

M YSORE - 5 7 0  0 1 3

The E n v iro n m en ta l H ea lth  C riter ia  159
Glyphosate, by Dr. H. M ensink and Dr. P.
J a n sse n : P u b lish ed  b y  WHO. 1 9 9 4 ,
pp 177. Price : Sw. fr. 1 8 .9 0 /-
The committee constituted to offer suggestions 

to implement as the International Programme on 
Clinical Safety (IPCS) has brought out another 
noteworthy publication as 159 Environmental Health 
Criteria on Glyphosate.

The first chapter of the book gives an excellent 
resume of all the information that has been 
included in the book. The second chapter gives a 
description of the structure of glyphosate, and its 
physical and chemical properties. There is also a 
detailed Table (1), listing the commercial formulations 
and another equally informative Table (2), giving 
the sampling, preparation and analysis of glyphosate.

The third chapter deals with the sources of 
human and environmental exposure, and its use 
as a post-emergent, systemic and non-selective 
herbicide. There is a paucity of data on world 
production of glyphosate and its occurrence in 
environmental biota. There is also no information 
available on estimates of daily human exposure 
through food and drinking water.

The fourth chapter on "Environmental transport, 
distribution and transformation" provides valuable 
information on the transport of glyphosate through 
water, absorption by soil, its biodegration and 
dissipation from plants. Fig. 3 of this chapter gives 
a simple outline of the degradation pathway of 
glyphosate in soil. The chapter concludes with an 
account on bioaccumulation, which is rather low 
in view of its high water solubility and ionic 
character.

The fifth chapter has a detailed Table, giving 
maximum concentrations of glyphosate in air, water 
and soil from various countries with appropriate 
references. This chapter carries veiy  useful 
information on estimates of glyphosate in individuals, 
who are occupationally exposed during manufacture
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or use. This is followed by an account on kinetics 
and metabolism of glyphosate in laboratory animals 
and humans (sixth chapter). The pharmacokinetics 
studies have been conducted in various species 
namely, rats, rabbits, hens, goats and monkeys. 
The absorption from the gastrointestinal tract, 
following oral route is about 30-36 of the dose. This 
compound is not metabolised, and 99% of it is 
cleared from the body after 168 hours.

The seventh chapter which deals with the 
effect of glyphosate on laboratory animals and its 
behaviour in some i n  v i t r o  test systems gives a very 
exhaustive account of the effect of glyphosate in 
short term and long term feeding studies in 
animals. The important observations on acute 
toxicity studies conducted by different groups in 
various animal species have been focussed in 
Tables 10 and 11 of this chapter. Overall, glyphosate 
had exhibited low level of acute toxic effect in 
experimental anim als after oral or dermal 
administration. The long term toxicity conducted in 
mice and rats showed adverse effect at relatively 
high dose levels. This chapter concludes with data 
on teratogenicity reproductive toxicity and 
mutagenicity. The data do not indicate glyphosate 
to be a mutagen, carcinogen or teratogen. Table 
15 depicts the mutagenicity data from various test 
systems, ranging from i n  v i t r o  bacterial mutagenicity 
to i n  v i v o  mammalian tests.

The eighth chapter gives a brief account of the 
effect of glyphosate on humans. The effect of one 
of the glyphosate formulations namely "Round Up" 
on human is mentioned in this chapter. The effect 
has been categorized as asymptomatic, mild, 
moderate and severe. These observations are mostly 
from cases of intentional and accidental exposure. 
Three studies in human volunteers, pertaining to 
irr ita tion /sen sitiza tio n  su ggested  that th is  
formulation namely "Round up" had no adverse 
effect. The levels of exposure in humans appear 
to be far below the doses that were used in animal 
experimentation to produce any toxic effect.

The ninth chapter has been categorized as (a) 
laboratoiy studies and (b) field studies. Extensive 
investigations have been conducted using microbes, 
aquatic and terrestrial organisms. This chapter

carries Table 17, enumerating studies on aquatic 
microbes and glyphosate and Table 18, giving 
details of the studies related to glyphosate, and 
some aquatic animal kingdom species like molluscs, 
echinoderms, crustaceans, fishes etc. Table 19 is 
on similar lines as 17 and 18, except that data 
on glyphosate formulations have been compiled 
here. Tables 20 and 21 highlight important points 
related to chronic toxicity of glyphosate and its 
formulations in aquatic organisms. The last Table 
of this chapter (Table 22) projects some interesting 
information on the chronic toxicity of glyphosate 
and its formulations in birds. Glyphosate or its 
formulations are only slightly toxic to aquatic 
microbes or some of the marine lives and birds.

The ten;h chapter of this monograph pertains 
to evaluation of human health hazards, and effects 
on the environment following exposure to glyphosate. 
The chapter begins with some information on short 
and long term studies on glyphosate in animals 
exposed through diet. According to the available 
information, occupational exposure in humans is 
low. No adverse effect has been reported. Figure 
4 of this chapter outlines the methodology for 
deriving estim ated  environm ental exposure  
concentration and their effects. The effects of 
glyphosate exposure in different organisms with 
emphasis on possible hazard effects accompanied 
by estimated exposure levels and toxic doses have 
been tabulated excellently in Tables 25 and 26. 
This chapter is followed by suggestions for future 
areas of research on glyphosate. The monograph 
concludes with an impressive list of more than 
three hundred references.

Dr. H. Mensink, Dr. P. Janssen, Dr. M. Gilbert 
and Dr. P.G. Jenlins, of the task group on 
environmental health criteria for glyphosate, who 
met at the Institute of Terrestrial Ecology, UK, 
deserve sincere appreciation for their significant 
contribution in the preparation and publication of 
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en erg y  a c c o u n t in g  d ia g ra m  fo r u s e  in p r e p a r a t io n  o f  l iq u o r 153, 154

in d u s try 3 4 2 , 3 4 3 C lim b in g  b e a n  (Vigna umbellata] 4 9 7
en erg y  c o s t  a n a ly s is 3 4 3 effec ts  o f  p ro c e s s in g  o n  p ro x im a te  c o m p o s it io n 4 9 9

C a p s ic u m 139 p ro c e s s in g  m e th o d s 4 9 7
p e s tic id e  re s id u e s 139 C o m m e rc ia l Acacia g u m s  (G u m  A rab ic ) o f  T a n z a n ia 5 1 0

C a r ro t  lea v es  (Daucus carota) 5 0 7 C o n c e n tr a te d  b u ffa lo  m ilk 166
its  p o te n tia l  o f  im p ro v in g  p ro te in  q u a li ty c h e m ic a l c o m p o s itio n  o f  paneer m a n u f a c tu re d
o f  w h e a t  chapati 5 0 8 fro m 167

C a rro t  p ro c e ss in g  w a s te 119 e ffec t o f  RO in  p ro c e s s in g  in  d if fe re n t  q u a l i ty
c itr ic  ac id  p ro d u c tio n  b y  s u b m e rg e d a t t r ib u t e s  o f  paneer 167
fe rm e n ta tio n 119 in  th e  m a n u f a c tu re  o f  paneer 167
lac tic  ac id  p ro d u c tio n 120 re v e rs e  o s m o s is 166
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rh eo lo g ica l p ro p e r t ie s  o f  paneer 167

C o n v e n ie n c e  foods 3 8 8
m in e ra l  c o m p o s itio n  3 8 7
s a m p le  p r e p a r a t io n  3 8 6

C o p p e r  2 1 3
In vitro b in d in g  v a lu e s  a s  In f lu e n c e d  b y  p la n t  
f ib re s  2 1 4 , 2 1 5

C o m  s n a c k s  2 8 9
in c id e n c e  a n d  d e te c tio n  o f  a f la to x in s  a n d  
m o u ld  flo ra  in  2 9 1 ,2 9 3

C ow  m ilk  2 3 6
i ts  u s e  in  th e  p r e p a r a t io n  o f  c h e e s e  2 3 6

C ow pea (Vigna catjung) 31
effect o f  p ro c e s s in g  o n  fu n c tio n a l  p ro p e r t ie s  31
p ro c e ss in g  t r e a tm e n ts  31

C o w p ea f lo u r  (Vigna catjung) 3 1 ,1 4 4 ,1 4 7
fu n c tio n a l  p ro p e r t ie s  3 4
p ro x im a te  c o m p o s itio n  3 3

C re a m  s ty le  c o rn  3 4 3
c a n n in g  3 4 3

C ru c ife r  s e e d s  3 4 5
effect o f  m ic ro f lo ra  o n  oil q u a li ty  3 4 5
effect o f  s e e d  m ic ro o rg a n is m s  o n  fa tty  ac id  
c o m p o s itio n  3 4 7
effect o f  s e e d  m ic ro o rg a n is m s  o n  o il a n d  
p ro te in  c o n te n ts  3 4 8
in te n s i ty  o f  d iffe re n t s e e d  m ic ro o rg a n is m s  
iso la te d  3 4 6

D esc rip tiv e  a n a ly s is  3 6 2
fla v o u r  p ro file  3 6 3
s c o r in g  3 6 4
te x tu re  p ro file  3 6 3

D evelop ing  o il p a lm  f ru it  2 2
d iacy lg ly céro l c o n te n t  2 3 ,2 4
fa tty  ac id  c o m p o s itio n  2 4
glyco lip id  c o n te n t  2 3 ,2 4
lip id  p ro file  2 5
m o n o ac e ty lg ly c ero l c o n te n t  2 3 ,2 4
p h o sp h o lip id  c o n te n t  23 , 2 4
p h y s ic a l p a ra m e te r s  23 , 2 4

D ich lo ro  d ip h e n y l tr ic h lo ro e th a n e  4 2 0
i ts  re s id u e s  in  b o v in e  m ilk  a n d  b a b y  m ilk  
p o w d er 421

D ie ta ry  f ib re s  6 2
fro m  o u te r  d ry  s k in  o f  g a rlic  a n d  o n io n  6 3
h y p o c h o le s te ro le m ic  e ffec t 6 2

h y p o lip id e m ic  effect 6 2
p ro x im a te  c o m p o s itio n  a n d  w a te r  h o ld in g  
c a p a c ity  6 2

E g g s ,h a rd -c o o k e d  4 6
c h a n g e s  in  m ic ro b ia l c o u n ts  d u r in g  s to ra g e  a t  
re fr ig e ra te d  te m p e r a tu r e  4 8
c h a n g e s  in  m o is tu re  c o n te n t ,  w e ig h t lo ss , pH  
a n d  P -c a ro te n e  d u r in g  s to ra g e  a t  re f r ig e ra te d  
t e m p e r a tu r e  4 7

c h a n g e s  in  m o is tu re  c o n te n t  w i th  o r  w i th o u t  
c o a tin g  d u r in g  s to ra g e  a t  a m b ie n t  a n d  re f r ig e ra te d
te m p e r a tu r e  4 7 ,4 8
c o a te d  w ith  p a ra ff in  o il w ith  o r  w i th o u t  
b e n z o ic  a c id  4 7
o rg a n o le p tic  q u a li t ie s  4 7
p ro c e s s in g  4 6
s ta n d a rd iz a t io n  o f  p a ra m e te r s  to  e n h a n c e  
s h e l f  life 4 6

E n r ic h m e n t  b r o th s  2 9 5
th e i r  s u ita b il i ty  fo r reco v e ry  o f  Vibrio 
parahaemoiyticus 2 9 5

E n te ro to x ig e n ic  Klebsiella pneumoniae s u b  sp .
aerogenes 5 0 4
is o la tio n  fro m  o ra n g e  ju ic e  5 0 5

E n te ro to x ig e n ic ity  221
o f  is o la te s  fro m  fo o d s  o f  a n im a l  o r ig in  2 2 2

E n to le te r  2 5 6
i ts  e ffic ien cy  to  b r e a k  w e a k e r  in fe s te d  w h e a t  
g ra in s  2 5 6

E n te ro to x ig e n ic  Escherichia coli 5 0 4
is o la tio n  fro m  o ra n g e  ju ic e  5 0 5

Escherichia coli 4 0 9
a n tib io g ra m  s tu d ie s  4 1 0
b io ty p in g  o f  is o la te s  411
in  m ilk , m e a t  a n d  m e a t  p r o d u c ts  4 0 9
iso la tio n , c h a ra c te r iz a t io n  a n d  s e ro ty p in g  4 1 0 ,4 1 1  
z o o n o tic  s ig n if ic a n c e  4 1 1

E s te r  g u m  ( s u b s t i tu te  fo r  b r o m in a te d  v e g e ta b le  oil) 2 4 0  
d e te c tio n  a n d  d e te rm in a t io n  241
p a p e r  c h ro m a tic  m e th o d  fo r d e te c t io n  2 4 0
U V -sp e c tra l d e te rm in a t io n  241

E th a n o lic  f e rm e n ta t io n  o f  g lu c o s e  2 5 3
effec t o f  e q u im o la r  n i tro g e n  o f  a m m o n iu m  
s u lp h a te  a n d  u r e a  2 5 4

F a b a  b e a n  (Vicia Jaba  L.) p u ffe d  w ith  s a n d  9 4
b io t n u m b e r  9 4
fo u r ie r  n u m b e r  9 5
p h y s ic a l  a n d  th e rm a l  p ro p e r t ie s  9 5 ,9 6
s u r fa c e  h e a t  t r a n s f e r  co -e ffic ie n t 9 4 ,9 6
th e rm a l  c o n d u c tiv ity  9 5
tw o d im e n s io n a l  u n s te a d y  s t a t e  9 5

F is h  m in c e  3 1 5
effec t o f  p re -p ro c e s s  s to ra g e  in  ice  o n  th e  
c h e m ic a l  c h a r a c te r i s t ic s  3 1 5

F is h  s la b  13
d iffu s io n  m o d e ls  16
d ry in g  c h a r a c te r i s tc s  13
d ry in g  r a te  c u rv e s  a t  d if fe re n t  a i r  v e lo c itie s  
a n d  re la tiv e  h u m id i t ie s  15

F is h  v is c e ra  115
effect o f  m o la s s e s  o n  th e  v o lu m e  o f  f e rm e n t in g  
m a s s  116
effec t o f  m o la s s e s  o n  pH  a n d  a c id ity  117
effec t o f  s a l t  o n  pH  118
effec t o f  s a l t  o n  v o lu m e  o f  f e rm e n tin g  m a s s  117
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e n s ilin g  115
fro m  tro p ic a l f re s h w a te r  115

F ish , frozen  2 2 2
o c c u rre n c e  o f  salmonella s e ro v a r s  in  2 2 2

F is h e s  1
w o rld  p ro d u c tio n  2

F le s h  foods 181
b io c h e m ic a l m e th o d s  to  d e te rm in e  sp o ila g e  1 8 1 ,1 8 8  

F oo d  a d u lte r a t io n  3 6 8
p e rc e p tio n  o f  food a n a ly s t s  3 6 8
su rv ey  m e th o d o lo g y  3 6 8

F o o d  c o lo u rs  3 7 4
in  ch illi p o w d er 3 7 4
in  namkins (sw eets) 3 7 4
in  sa v o u ry  3 7 4
in  tu rm e r ic  p o w d e r  3 7 4

F oo d  q u a lity  su rv e illa n c e  o n  c o lo u rs  in  e a ta b le s  3 7 3
overa ll u s e  p a t t e r n  o f  in d iv id u a l c o lo u rs  3 7 5
u s a g e  p a t te r n  o f c o lo u rs  3 7 4
u s e  o f  n o n -p e rm itte d  c o lo u rs  3 7 4
u s e  o f p e rm itte d  c o lo u rs  3 7 4

F ried  q u a il  156
effect o f  p o ly p h o s p h a te  c h ill in g  a n d  p a c k a g in g  
o n  q u a lity  157
p h y sic o -c h e m ic a l p a ra m e te r s  157
se n so ry  q u a lity  157

FYuits a n d  v e g e ta b le s  4 4 1
c la ss if ic a tio n  o f  m o d e m  m e th o d s  441
co n tro lled  a tm o s p h e r e  s to ra g e  4 4 2
n o n - th e rm a l m e th o d s  fo r p re s e rv a t io n  4 4 1
p re s e rv a tio n  b y  p r e s s u r e  4 4 7
p re s e rv a tio n  b y  c h e m ic a l  a d d it iv e s  4 4 8
p re s e rv a tio n  b y  d ry in g  a n d  d e h y d ra t io n  4 4 4
p re s e rv a tio n  b y  fe rm e n ta t io n  4 5 0
p re s e rv a tio n  b y  fre ez in g  4 4 3
p re s e rv a tio n  b y  p ic k lin g  4 4 7
p re s e rv a tio n  b y  s u g a r  a n d  a c id  4 4 8
p re s e rv a tio n  b y  io n iz in g  r a d ia t io n  4 4 5
p re s e rv a tio n  w ith  c a rb o n  d io x id e  4 4 6
re fr ig e ra te d  s to ra g e  4 4 2

G a rlic  6 2 ,6 3
o u te r  d ry  s k in  o f  6 3

G e o c a rp o sp h e re  b a c te r ia  4 5 9
iso la tio n  o f  m ic ro f lo ra  a n d  m ic ro b ia l c u l tu r e  4 5 9

G in g e r e x tra c t  2 2 4
effect o n  e le c tro p h o re tic  p a t t e r n  o f  b u ffa lo  
m u sc le  p ro te in s  2 2 5

G lu c o se  2 5 3
e th a n o lic  fe rm e n ta t io n  2 5 3

G lu ta m ic  a c id  fe rm e n ta t io n  4 0 6
b y  Brevibacterium D S M  2 0 4 1 1  4 0 7

G ly cem ic in d e x  4 1 3
G lycero l m o n o s te a ra te  241

in  FITS b e v e ra g e s  a n d  c o n c e n t r a te s  241
G re e n g ra m  dhal 132
G ra p e s , s e e d le ss  4 7 7

c h e m ic a l  a n a ly s is  4 7 8
d e c a y  e v a lu a tio n  4 7 8
effec t o f  g a m m a  ir ra d ia t io n ,  h e a t - r a d ia t io n  a n d  
s u lp h u r  d io x id e  o n  d e c a y  a n d  q u a li ty  4 7 9
effect o f  s u lp h u r  d io x id e  g e n e ra t in g  p a d s  4 8 0
h o t  w a te r  d ip  4 7 8
ir ra d ia t io n  4 7 7
o rg a n o le p tic  e v a lu a tio n  4 7 8
p h y s ic 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  4 7 9 ,4 8 0
te x tu re  m e a s u re m e n t  4 7 8

G r o u n d n u t  p o d  s h e l ls  142
effec t o f  p r e - t r e a tm e n t  o n  th e  p r o d u c t io n  o f  
b io m a s s  a n d  p ro te in  y ie ld  b y  Plentoras s p  142

Gulabjamun 3 0 3
effec t o f  a d d e d  matda  o n  c h e m ic a l  c h a n g e s  a n d  
b ro w n in g  in d e x  3 0 3
m e a s u re m e n t  o f  b ro w n in g  3 0 2

Hawaljar- a  f e rm e n te d  s o y b e a n  p r o d u c t  2 1 9
H e x a c h lo ro c y c lo h e x a n e  4 2 0

i t s  r e s id u e s  in  b o v in e  m ilk  a n d  b a b y  m ilk  
p o w d e r  4 2 1

H ig h  p ro te in  b r e a d  169
n u tr i t io n a l  q u a l i t ie s  170
o rg a n o le p tic  p ro p e r t ie s  170
s u b s t i tu te d  w ith  p u ffed  Bengalgram f lo u r  169

In d ia n  c o m m e rc ia l w h e a t  f lo u r  3 8
effec t o f  d o u g h  pH  o n  r e s p o n s e  o f  im p ro v e rs  
a n d  b re a d  q u a lify  3 9
effect o f  im p ro v e rs  o n  q u a l i ty  o f  b r e a d  3 9
effec t o f  im p ro v e rs  o n  rh e o lo g ic a l p ro p e r t ie s  3 8
effec t o f  in g re d ie n ts  o n  r e s p o n s e  o f  im p ro v e rs  3 9
effec t o f  pH  o n  th e  rh e o lo g ic a l p ro p e r t ie s  
a n d  b a k in g  q u a li ty  3 7
effec t o f  p ro c e s s in g  c o n d it io n s  o n  th e  q u a li ty  
o f  b re a d  3 9
fa c to rs  in f lu e n c in g  th e  r e s p o n s e  o f  im p ro v e rs  3 7
o rg a n o le p tic  e v a lu a tio n  4 0
q u a li ty  c h a r a c te r i s t ic s  3 6
r e s p o n s e  o f  im p ro v e rs  in  d if fe re n t  v a r ie t ie s  
o f  b re a d  4 0
r e s p o n s e  o f  im p ro v e rs  o n  th e  q u a li ty  o f  b re a d  
a s  a ffec te d  b y  fa t  a n d  s u g a r  3 8

In d ia n  g re e n  r o b u s t a  coffee 104
c a ffe o y l- try p to p h a n  p e a k s  106
c h lo ro g e n ic  a c id  a n d  ca ffe in e  c o n te n t s  1 0 4 ,1 0 7 ,1 0 8  
c o m m e rc ia l g ra d e s  o f  w e t a n d  d ry  p r o c e s s e d  104
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  105

In d ia n  s p ic e s  4 0 3
fa tty  ac id  p ro file  4 0 4

In s e c tic id e  r e s id u e s  4 2 0
in  b o v in e  m ilk  a n d  c o m m e rc ia l b a b y  m ilk  
p o w d e r  421

I n s ta n t  kadhi 2 0 6
effec t o f  p a c k a g in g  m a te r ia ls  o n  DV, FFA,
TBA, c a ro te n o id s ,  m o is tu re  a n d  s e n s o iy  s c o re s
a t  d if fe re n t te m p e r a tu r e s  2 0 8 , 2 0 9
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effect o f  w a te r  a c tiv ity  2 0 7
p re p a ra t io n  2 0 6

In vitro p ro te in  d ig e s tib ility  4 5 3
o f  s o rg h u m  g ra in s  4 5 7

Iro n  2 1 3
In vitro b in d in g  v a lu e s  a s  in f lu e n c e d  b y  p la n t  
f ib re s  2 1 4 ,2 1 5

Iso la te d  ed ib le  c o m p o n e n t 9
fish  p ro te in  c o n c e n tra te s  a n d  h y d ro ly s a te s  9

Iro n  b io a v a ila b ility  4 5 3
o f  s o rg h u m  g ra in  4 5 5

J a p a n e s e  q u a il  2 3 3
c a rc a s s  a n d  m e a t  y ie ld s  o f  h o t  a n d  co ld  
d c b o n d e d  q u a i l  2 3 4
effect o f  d e b o n in g  m e th o d  a n d  h o ld in g  tim e  
o n  th e  p h y s ic o -c h e m ic a l a n d  s e n s o ry  q u a li t ie s  2 3 5  

Kabuli chana (Cicer arietirmm L) 150
m o is tu re  d e p e n d e n t  p h y s ic a l  p ro p e r t ie s  151
re g re s s io n  e q u a t io n s  151
s p a t ia l  d im e n s io n s  151
s p h e r ic ity  a n d  r o u n d n e s s  151
v a r ia t io n  o f  p h y s ic a l  p ro p e r t ie s  152

Kalakand. 301
Khoa 301

K h o a -b a se d  p ro d u c ts  3 0 4
K in now  ju ic e  3 3 2

a b s o r b a n t  X A D -16 t r e a tm e n t  3 3 2
d e b it te r in g  te c h n iq u e s  3 3 2
effect o f  im m o b ilized  A. globijormis 3 3 6
effect o f  d e b it te r in g  te c h n iq u e s  o n  p h y s ic o 
c h e m 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 3 3
lim o n in  a n d  n a r in g in  c o n te n ts  3 3 4

L actic  a c id  2 2 4
effect o n  e le c tro p h o re tic  p a t t e r n  o f  b u ffa lo  
m u s c le  p ro te in s  2 2 5

L a m in a te d  a n d  c o -e x tru d e d  film s fo r p a c k in g
p o ta b le  w a te r  4 9 3
p h y s ic o -m e c h a n ic a l c h a r a c te r i s t ic s  4 9 4
sp e c if ic a tio n s  for u s e  fo r p a c k in g  p o ta b le  w a te r  4 9 4  

L an g o stilla  (Pleuronocodes planipes) - S t im p s o n  4 8 2
a s h  a n d  m in e ra l  c o n te n ts  u n d e r  d iffe re n t 
p re s e rv a tio n  p ro c e d u re s  4 8 3

Leafy v eg e tab le s , u n c o n v e n tio n a l  4 2 9
fro m  th e  K o n k a n  re g io n  o f  M a h a r a s h t r a  4 2 9
p ro x im a te  c o m p o s itio n  4 3 0

Lasioderma senricome 2 4 9
effect o f  g a m m a  r a d ia t io n  o n  p o s t-e m b ry o n ic  
d e v e lo p m e n t o f  eg g s  2 5 0
ra d ia t io n  se n s itiv ity  o f  la rv a l s ta g e s  2 5 0 ,2 5 1

L eg u m es 4 4
reco v ery  o f  fo rtified  p h o s p h in e  4 4 ,4 5

L entil c u lt iv a rs  a n d  'L a n d ra c e ' 2 7
c h e m ic a l a n a ly s is  2 7
c o o k ab ility  2 8
c o ty le d o n s  2 9
e m b ry o s  2 9

e n e rg y  v a lu e s  2 8
m in e ra l  a n a ly s is  2 7 , 2 8
o f  J o r d a n  2 7
p h y s ic a l  m e a s u re m e n ts  2 7 , 2 8
p ro x im a te  c o m p o s itio n  2 8
se e d  c o a ts  31
th o u s a n d  k e rn e l  w e ig h t 2 8

L en til s o u p  c u b e s , d e h y d ra te d  4 8 6
a n a ly s is  o f  v a r ia n c e  o f  s e n s o ry  s c o re s  4 8 8
p h y s ic a l  p ro p e r t ie s  4 8 7
p ro c e s s  flow  s h e e t  fo r  p re p a r a t io n  4 8 6
p ro x im a te  c o m p o s itio n  a n d  s e n s o ry  s c o r e s  4 8 7

Lycopersicon esculentum M ill - (Tom ato) 4 8 9
M ang o  v in e g a r  2 1 6

effect o f  re c y c lin g  o n  m a n g o  p u lp  f e r m e n ta t io n  2 1 7  
p r e p a r a t io n  b y  im m o b ilis e d  c e lls  o f  

Acetobacter aceti 2 1 6
M ang o ju ic e  3 4 2

c a n n in g  3 4 2
M ang o p u r e e  3 9 1

lo s s  o f  m o is tu r e  a n d  S O a d u r in g  a i r - c a b in e t-  
d ry in g  3 9 2 ,3 9 3

M ang o v a r ie t ie s  3 2 3
e v a lu a tio n  fo r th e i r  s u i ta b i l i ty  fo r c a n n e d  
m a n g o  ju ic e  3 2 3

M a rk e t p ra w n s  135
d is t r ib u t io n  o f  salmonella c u l tu r e s  136

M ea t o f  m a le  b u ffa lo  c a lv e s  3 2 0
effect o f  lo c a tio n  o f  m u s c le ,  level o f  n u t r i t io n  
a n d  a g e  o n  p ro x im a te  c o m p o s itio n  3 2 1

M ea t p r o d u c ts  183
b io s e n s o r  s y s te m  fo r d e te rm in in g  h y p o x a n th in e  
ra t io  186
c a rb o n y l v a lu e  185
d e te rm in a t io n  o f  H a n d  K v a lu e s  186
d e te rm in a t io n  o f  n u c le o tid e s  185
d ia m in e s  a n d  n o n -v o la tile  a m in e s  c o n te n t  184
free fa t ty  a c id  c o n te n ts  185
h is ta m in e  c o n te n t  183
p e ro x id e  v a lu e  185
ra n c id ity  te s t  o f  2 - th io b a r b i tu r ic  a c id  184
ty ra m in e  c o n te n t  184

M eso p h ile s  2 9 0
M ilk a n d  m ilk  p r o d u c ts  2 2 2

o c c u r re n c e  o f  Salmonella s e ro v a r s  2 2 2
M ilk c a k e  3 0 1

effec t o f  a d d e d  s u g a r  o n  b ro w n in g  in d e x  3 0 4
M ilk pera  301

effec t o f  a d d e d  s u g a r  o n  b ro w n in g  in d e x  3 0 4
M ill atta  7 5

p h y s ic a l  a n d  c h e m ic a l  c h a r a c te r i s t ic s  7 5
M ixed f ru it  j a m  3 4 4

c a n n in g  3 4 4
M otorized  p e e le r , c o n t in u o u s  6 5

c o n c a v e  w h e e ls  6 5
d e v e lo p m e n t 6 5
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for p e e lin g  ra w  m a n g o e s 6 6 a n a ly tic a l  m e th o d s 18
g u id e  d r u m 6 6 c h a n g e s  in  p ro p e r t ie s  d u r in g  a g e in g 1 8 ,1 9
p e rfo rm a n c e 6 6 d e s c r ip t io n  o f  e x p e r im e n ta l  s a m p le s 4 0 0
pow er t r a n s m is s io n 6 5 in s o lu b le  a m y lo s e  o f  rice 2 0

M u sh ro o m  2 7 8 , 2 8 4 m e c h a n is m  o f  r ice  a g e in g 2 0
effect o f  freez in g  r a te 2 7 9 P e a n u t  k e rn e ls 4 5 9
effect o f  freez in g  r a te  o n  a r o m a  r e te n t io n 2 8 0 a f la to x in  e x tra c t io n  a n d  q u a n t i f ic a t io n 461
effect o f  fro zen  s to ra g e  t im e  o n  a r o m a  re te n tio n 281 m ic ro b ia l c u l tu r e s 4 6 0
frozen  a n d  fre eze -d rie d  p r o d u c ts  2 7 9 ,2 8 0 ,2 8 1 t r e a tm e n t 4 6 0
v o la tile  re te n tio n  a n a ly s is 2 7 9 P e a n u t  (Arachis hypogaea) 501

M ycoflora 2 8 9 effec t o f  ro a s t in g  o n  p ro te in  q u a li ty 5 0 2
in c id e n c e  in  c o m  s n a c k s 291 P e a rl m ille t 193

N itro g en  s o u rc e s 2 5 2 c h e m ic a l c o m p o s itio n  a n d  p ro c e s s in g
th e ir  effect o n  e th a n o lic  f e rm e n ta t io n  o f  g lu c o se 2 5 3 c h a r a c te r is t ic s 196

O k ra 139 c o rre la t io n  a m o n g  d if fe re n t c h a r a c te r i s t ic s 197
p e s tic id e  re s id u e s 139 d iffe re n t c u lt iv a rs 195

O n io n s  6 2 , 6 3 , 189 m illing , p o p p in g  a n d  m a lt in g  c h a r a c te r i s t ic s 1 9 4 ,1 9 5
c h a n g e s  in  a l l in a s e  sp ec if ic  ac tiv ity 191 p h y s ic o -c h e m ic a l p ro p e r t ie s  1 9 3 ,1 9 4 ,1 9 5
c h a n g e s  in  d ia m e te r s ,  f re s h  a n d  d ry  w e ig h ts 190 P ec tin 381
c h a n g e s  in  e n z y m a tic  a n d  n o n -e n z y m a tic c h e m ic a l d e te rm in a t io n  a n d  c o m p o s it io n 3 8 2 ,3 8 3
c h a n g e s 190 e x tra c tio n  fro m  s u g a r - b e a t  p u lp 381
c h a n g e s  in  s u lp h u r  c o n te n t 191 m o le c u la r  w e ig h t d e te r m in a t io n 3 8 2
c h a ra c te r is t ic s  d u r in g  p u lp  d e v e lo p m e n t 189 v is c o m e try  d e te rm in a t io n 3 8 2
o u te r  d ry  s k in 6 3 P e s tic id e  re s id u e s 138
p u n g e n c y  a n d  f la v o u r  p ro p e r t ie s 190 in  a p p le s 138
s tu d ie s  o n  g ro w th , p u n g e n c y  a n d  f la v o u r in  c a p s ic u m 139

O n io n  a n d  g a rlic  s k in  fib re s 6 4 in  o k ra 139
b ile  a c id  a b o rp tio n 6 4 in  to m a to e s 139

O ra n g e  ju ic e -b o rn e  d ia r rh o e a l  o u tb re a k 5 0 4 m a x im u m  r e s id u e  l im its 139
O y s te r  m u s h ro o m 2 8 4 P h o sp in e  r e s id u e s 4 2

c h a n g e s  in  b io c h e m ic a l q u a l i t ie s  o f  flu id ized d e te rm in a t io n  in  le g u m e s  b y  a  s p e c tro p h o to m e tr ic
b e d  d r ie d  s a m p le s  d u r in g  s to ra g e 2 8 7 m e th o d 4 3
d e h y d ra tio n  m e th o d s 2 8 4 p r e p a r a t io n  o f  a  s t a n d a r d  g ra p h 4 2
d e v e lo p m e n t o f  f lu id ize d  b e d  d r ie r 2 8 5 p ro c e d u re s  fo r d e te rm in a t io n 4 2 ,4 3
d ry in g  c h a r a c te r is t ic s  u n d e r  s o la r  d ry in g 2 8 7 reco v ery  fro m  le g u m e s 4 3 ,4 4
d ry in g  c h a r a c te r i s t ic s  u n d e r  s u n -d ry in g 2 8 6 P h o to a c o u s tic  ce ll 5 4
effect o f  d ry in g  c o n d it io n s  o n  q u a li ty 2 8 6 a n  ex p lo d e d  v iew  fo r p o w d e re d  s a m p le s 5 4
flu id ized b e d  d ry in g 2 8 5 ,2 8 6 P h o to a c o u s tic  s ig n a ls 5 8
n a tu ra l  c o n v e c tio n  s o la r  c a b in e t  d ry e r 2 8 5 P h o to a c o u s tic  s p e c tro m e te r 5 3
q u a lity  p a ra m e te r s  o f  s o la r  c a b in e t  d r ie d s c h e m a tic  d ia g ra m 5 4
sa m p le s 2 8 8 P h o to a c o u s tic  s p e c tro s c o p ic  m e th o d 5 4 -5 6
s o la r  c a b in e t  d ry in g  2 8 5 , 2 8 7 for m o is tu re e  a n a ly s is  in  s k im  m ilk  p o w d e r 5 6

P ac k ag in g  m a te r ia ls 4 7 3 P h y ta te  p h o s p h o r u s 4 5 3
u s e d  fo r p a c k a g in g  p ro te in - r ic h  b is c u i ts 4 7 3 in  s o r g h u m  g ra in 4 5 6

Paneer 166 P h o to a c o u s tic  s p e c t r u m 5 4
rh eo lo g ica l p ro p e rt ie s 167 o f  e m p ty  ce ll 5 5
se n so ry  q u a lity 167 o f  p h o to a c o u s tic  ce ll lo a d e d  w ith  th e  c a rb o n

Papad 147 b la c k 5 4
p h y sic a l c h a r a c te r i s t ic s 147 o f  s k im m e d  m ilk  p o w d e r 5 5
p re p a ra t io n  u s in g  c o w p e a  f lo u r 144 P h y llo p la n e  b a c te r ia 119
p ro x im a te  c o m p o s itio n 148 th e i r  fe rm e n ta t io n  p ro s p e c ts  in  t r a d i t io n a l
q u a lity  v a r ia b le s 148 Hawaijar 2 2 0
se n so ry  q u a lity 148 P ig eo n  p e a  (Ccyanus cajan) 1 2 2 ,4 9 7

P arb o iled  rice 1 7 ,4 0 0 d e te rm in a t io n  o f  c o o k in g  tim e 123
a lk a li r e a c tio n  te s t  to  d is t in g u is h  o p e n -s te a m , effec ts  o f  p ro c e s s in g  o n  to ta l  p h e n o ls  a n d
p re s s u re - s te a m  a n d  d ry  h e a t  s a m p le s 4 0 0 p ro x im a te  c o m p o s itio n 4 9 8
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in f lu e n c e  od  s a l t  s o lu t io n  a n d  e n z y m e  
p r e - t r e a tm e n ts  123
q u ic k -c o o k in g  dhal 122
p ro c e ss in g  m e th o d s  4 9 7
s e n s o ry  e v a lu a tio n  a n d  s ta t is t ic a l  a n a ly s is  124

P in k  p e rc h  (Nemipterus japonlcus) 3 1 5
a n a ly tic a l  m e th o d s  3 1 5
c h a n g e s  in  n o n -p ro te in  n i tro g e n  a n d  to ta l  
p la te  c o u n ts  3 1 7
c h a n g e s  in  w a te r  s o lu b le  p ro te in s  a n d  s a l t  so lu b le  
p ro te in s  3 2 6
fro zen  s to ra g e  3 1 6
p ro c e ss in g  3 1 5
s e n s o ry  e v a lu a tio n  a n d  s ta t i s t ic a l  a n a ly s is  3 1 5 , 3 1 8  

P la n t fib res  2 1 3
In vitro b in d in g  v a lu e s  o f  m in e ra ls  2 1 4
re s id u e s  fro m  p u ls e s ,  c e re a ls  a n d  v e g e ta b le s  2 1 3

Pieurotus sp . 141
P o ly sa c c h a rid e  g u m s  241

in  RTS b e v e ra g e s  a n d  c o n c e n t r a te  241
P o rk  3 2 6

h e a te d  (cooked) a n t ig e n s  3 2 7
im m u n o -c h e m ic a l d e te c t io n  u s in g  th e rm o s ta b le  
m u s c le  a n t ig e n s  3 2 7
im m u n o  d ifu s io n  te s t  in v o lv in g  c o u n te r 
e le c tro p h o re s is  a n d  im m u n o  e le c tro p h o re s is  3 2 7
m ixed  a n t ig e n s  3 2 7
n a tiv e  a n d  co o k ed  a n t ig e n s  3 2 8
p ro d u c tio n  o f  a n tib o d ie s  3 2 7

P o ta b le  w a te r  4 9 3
c h a n g e s  in  p h y s ic o -c h e m ic a l p ro p e r t ie s  a n d  
s e n s o ry  q u a li t ie s  4 9 5
p a c k in g  in  la m in a te d  a n d  c o -e x tru d e d  film s 4 9 3

P o ta s s iu m  b ro m a te  3 7 , 3 9
a s  im p ro v e r  to  c o m m e rc ia l In d ia n  w h e a t  f lo u rs  3 7
effect o n  q u a li ty  o f  v a r ie ty  b r e a d s  4 0

P o ta to  f lo u r 71
fro m  s ix  v a r ie t ie s  71
p h y s ic a l c h a r a c te r i s t ic s  7 3
s c a n n in g  e le c tro n  m ic ro sc o p y  7 2

P o u ltry  m e a t  2 2 2
o c c u r re n c e  o f salmonella s e ro v a r s  in  2 2 2

P ow er o p e ra te d  v ib ra to ry  a i r  s c r e e n  g ra in  c le a n e r  2 2 5
S pecific  g ra v ity  s e p a r a to r  2 5 8

its  effic iency  to  s e p a r a te  w h e a t  g ra in s  fro m  
im p u rit ie s  2 5 7

P ra w n s  2 9 5
s a m p le  co llec tio n , p re p a ra t io n ,  e n r ic h m e n t  a n d  
iso la tio n  2 9 5

P ro te in -r ic h  b is c u i ts  4 7 0
c h a n g e s  in  c h e m ic a l p ro p e r t ie s  d u r in g  s to ra g e  4 7 3
p re p a ra t io n  4 7 1
s e n s o ry  q u a li ty  4 7 4
s o rp t io n  is o th e r m  471
s ta n d a rd iz a t io n  o f c o m p o s itio n  471

P u ls e s  81
c o m p a r is o n  o f  d e h u ll in g  m e th o d s  8 8
d e h u ll in g  lo s s e s  89
d e h u ll in g  p r e - t r e a tm e n ts  8 5
effec t o f  d e h u ll in g  o n  c o o k in g  t im e  9 0
effec t o f  d e h u ll in g  o n  n u t r i e n t  lo s s e s  9 0
m e th o d s  o f  d e h u ll in g  8 1 ,8 2
se e d  c h a r a c te r i s t ic s  8 6 ,8 7
tr a d i t io n a l  m e th o d s  83
v a r ie ta l  d iffe re n c e s  in  d e h u l l in g  q u a li ty  9 0

Q u a il  m e a t  233
R a d is h  le a v e s  (Raphanus sativus) 5 0 7

i t s  p o te n t ia l  o f  im p ro v in g  p ro te in  q u a l i ty  o f  
w h e a t  chapatt 5 0 8

R a p e se e d  4 2 6
effect o f  e n z y m a tic  p r e - t r e a tm e n t  o n  d e h u l l in g  4 2 7  

R a p e se e d  (Brassica campestris V a r  'to r ia  p ro te in
is o la te s  162
effec t o f  d iffe re n t s a l t s  o n  s o lu b ili ty  164
effec t o f  pH  a n d  s o d iu m  c h lo r id e  o n  
e m u ls ify in g  a c tiv ity  163
effec t o f  pH  a n d  s o d iu m  c h lo r id e  o n  e m u ls io n  
s ta b il i ty  164
effect o f  pH  a n d  s o d iu m  c h lo r id e  o n  fo a m in g  
c a p a c ity  163
e ffec t o f  pH  o n  th e  s o lu b ili ty  162
fu n c tio n a l  p ro p e r t ie s  163

Rasogolla 109
e v a lu a tio n  o f  y ie ld , te x tu re  a n d  c o o k in g  t im e  109 , 111 

R efined  w h e a t  f lo u r  (Maida) 301
effec t o n  b ro w n in g  in d e x  in  m ilk  a n d  
gulabjamun 3 0 3
effect o n  th e  e x te n t  o f  b ro w n in g  in  m ilk  a n d  
fch o a -b ased  s w e e ts  3 0 2

R ice b r a n  4 1 6
a c id  a n d  h e a t  s ta b iliz e d  f lo u rs  4 1 8
d e fa tte d  f lo u rs  4 1 8
fra c tio n a tio n  b y  s e q u e n t ia l  e x tra c t io n  4 1 7
p ro te in  effic ien cy  ra t io  4 1 8
p ro x im a te  c o m p o s itio n  a n d  p ro te in  q u a l i ty  4 1 7
u n t r e a te d  f lo u rs  4 1 7

S a c c h a r in  2 6 7
c a rc in o g e n e s is  2 7 4
c h e m is try  a n d  p r o d u c t io n  2 6 8
c u r r e n t  s t a t u s  2 6 7
d is t r ib u t io n  2 6 9
effec t o n  m a m m a lia n  ce ll c u l tu r e s  2 7 2
effec t o n  g a s t r o in te s t in a l  m e ta b o lis m  271
effec t o n  th e  m e ta b o lis m  o f  x e n o b io tic s  2 7 0 ,2 7 1
In vitro t e s t s  2 7 2
In vivo t e s t s  2 7 3
m e ta b o lis m  2 7 0
m u ta g e n e s is  271
p h a rm a c o k in e t ic s  2 6 9
sa fe ty  a s s e s s m e n t  2 6 8 , 2 6 9
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s t r u c tu r e  2 6 7
s tu d ie s  In  a n im a ls  2 7 4
s tu d ie s  in  h u m a n s  2 7 5
tox ico log ical t e s t s  2 6 9

Saccharomyces cevevisiae 2 1 6
k in e tic s  o f  m a n g o  f e rm e n ta t io n  2 1 6
u s e  in  th e  p r e p a r a t io n  o f  m a n g o  v in e g a r  2 1 6

Salmonella infantis 135
o c c u r re n c e  in  m a rk e t  p r a w n s  135

Salmonella newport 135
o c c u rre n c e  In  m a rk e t  p r a w n s  135

Salmonella s e ro v a rs  221
o c c u rre n c e  o n  d is t r ib u t io n  in  fo o d s  o f  a n im a l 
o rig in  2 2 2

Sandlge 144
p re p a ra t io n  u s in g  c o w p e a  f lo u r  144
p ro x im a te  c o m p o s itio n  145
se n s o ry  q u a lity  145

S c re e n  g ra in  c le a n e r  2 5 7
S ea fo o d s  181

b io c h em ica l c h a n g e s  181
io d in e  c o n te n t  183
lac tic  a c id  c o n te n t  183
to ta l v o la tile  a c id s  c o n te n t  182
to ta l v o la tile  b a s ic  n i tro g e n  fTVBN) c o n te n t  182
tr im e th y la m in e  c o n te n t  182
vo la tile  re d u c in g  s u b s ta n c e s  c o n te n t  182

S e k e te  - A fe rm e n te d  b e v e ra g e  m a d e  fro m  m a iz e  5 1 6
p ro c e ss in g  d e ta i ls  fo r i ts  p r o d u c t io n  5 1 6
m icro b io lo g ica l a n d  b io c h e m ic a l c h a n g e s  
d u r in g  fe rm e n ta t io n  5 1 7

S e n so ry  q u a lity  o f  fo o d s  3 5 7
a p p lic a tio n  o f  s e n s o ry  e v a lu a tio n  3 5 8
d e fin itio n  a n d  im p o r ta n c e  o f  s e n s o ry  e v a lu a tio n  3 5 7  
m e th o d s  fo r d e te rm in a t io n  3 5 7
p a n e l s e le c tio n  fo r s e n s o ry  e v a lu a tio n  3 5 9 , 3 6 0

S e n so ry  te s ts  361
d is c r im in a tiv e  m e th o d  361
d u a l  s ta n d a r d  te s t  3 6 2
d u o -tr io  te s t  361
m u ltip le  s ta n d a r d s  t e s t s  3 6 2
p a ire d  c o m p a r is o n  t e s t  3 6 1 , 3 6 4
tr ia n g le  t e s t  3 6 2
ty p e s  o f  a c c e p ta n c e  te s t in g  3 6 5

S h r im p s  3 1 0
c h a n g e s  in  a m in e  p ro file s  d u r in g  ice  s to ra g e  3 1 2
c h a n g e s  in  a m in e  p ro file s  d u r in g  re f r ig e ra te d  
s to ra g e  3 1 3
c h a n g e s  in  a m in e  p ro file s  d u r in g  s to ra g e  a t  
a m b ie n t  te m p e r a tu r e s  3 1 3
m icro b io lo g ica l a n d  s e n s o ry  q u a li ty  c h a n g e s  
s to re d  a t  d iffe re n t te m p e r a tu r e s  311
ra p id  q u a li ty  a s s e s s m e n t  d u r in g  s to ra g e  b y  
m o n ito r in g  a m in e s  3 1 0
TLC- s c a n n in g  p a t t e r n  o f  a m in e s  fo rm ed  3 1 2

S ing le  cell p ro te in  141
S k im  m ilk  p o w d e r  5 3

p h o to a c o u s tic  s tu d y  o f  m o is tu re  c o n te n t  5 4 ,5 5 ,5 6  
S o d iu m  ch lo rid e  2 2 4 , 2 4 3

a s  a  c u r in g  a g e n t  fo r  k illin g  Yersinia 
enterocolitica 2 4 4

i t s  e ffec t o n  e le c tro p h o e tic  p a t t e r n  o f  b u ffa lo
m u s c le  p ro te in  2 2 5

S o m e  le s s e r  k n o w n  tro p ic a l le g u m e s  o f  A frica  3 4 9
is o la t io n  a n d  c h a r a c te r iz a t io n  p ro te in  s u b - u n i t s  3 4 9
m o le c u la r  w e ig h ts  o f  p ro te in  e x t r a c ts  a n d  
s u b - u n i t s  in  p ro te in  f ra c t io n s  3 5 0

S o rg h u m  2 1 1 ,4 5 3
effec t o f  s to ra g e  o n  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  2 1 2
effec t o f  s to ra g e  o n  p o p p in g  q u a li ty  2 1 2
effec t o f  s to ra g e  o n  s e n s o ry  s c o re s  2 1 2

S o rg h u m  (Sorghum bicolor L.) 4 5 3
effec t o f  t r e a tm e n t  o n  in  vitro p ro te in  
d ig e s tib ility  4 5 6
effec t o f  t r e a tm e n t  o n  i r o n  b io -a v a ila b ili ty  4 5 5
effect o f  t r e a tm e n t  o n  p h y ta te  p h o s p h o r u s  4 5 6
effec t o f  t r e a tm e n t  o n  t a n n in s  4 5 5

S o y b e a n  (Glycine max. L.) 2 1 9
S o y m ilk  2 3 6

i t s  u s e  in  th e  p r e p a r a t io n  o f  c h e e s e  2 3 6
S p e c tro p h o to m e tr ic  m e th o d  4 2

for th e  d e te rm in a t io n  o f  p h o s p h in e  r e s id u e s  
in  le g u m e s  4 2

S p e n t  h e n  'W h ite  Leg H o rn ' m e a t  3 3 6
c h e m ic a l  a n d  h is to lo g ic a l c h a n g e s  c a u s e d  b y  
p r e s s u r e  a n d  e n z y m e  t r e a tm e n ts  3 3 7
c o lla g e n  s o lu b ili ty  3 3 7
e le c tro n  m ic ro g ra p h s  a f te r  p r e s s u r e  a n d  
e n z y m e  t r e a tm e n ts  3 3 7 , 3 3 8
p ro te in  e x tra c ta b il i ty  3 3 7
s a rc o m e re  le n g th  3 3 7
te n d e r iz a t io n  3 3 6

S p e n t  h e n  m e a t  5 0
c h e m ic a l  c o m p o s itio n  51
co o k in g  lo s s  5 1 , 5 2
o rg a n o le p tic  e v a lu a tio n  51
sy n e rg e tic  e ffec t o f  p r e s s u r e  a n d  e n z y m e  

t r e a tm e n t  fo r te n d e r iz a t io n  5 0
Stegobium paniceum  2 4 9

ra d ia t io n  se n s itiv ity  o f  la rv e l s ta g e s  2 5 0
S u g a r -b e e t  p u lp  381

in tr in s ic  v is c o s ity -m o le c u la r  w e ig h t r e la t io n s h ip  
o f  p e c tin  s o lu t io n s  3 8 2
p e c t in  e x tra c t io n  381

S u lp h u r  191
c h a n g e s  in  o n io n s  d u r in g  b u lb  d e v e lo p m e n t 191

Tandoori d o u g h  7 4
effec t o f  s a l t  o n  rh e o lo g ic a l c h a r a c te r i s t ic s  7 6

Tandoori ro t i  7 4
q u a li ty  a t t r ib u t e s  7 5
v a r ia t io n  in  q u a li ty  c h a r a c te r i s t ic s  7 4

T a n n in s  4 5 3
o f  s o r g h u m  g ra in s  4 5 5

T e x tu re d  so y a  p ro te in  2 0 2
c h a n g e s  in  n u tr i t iv e  v a lu e  a n d  s e n s o ry  s c o re s  
d u r in g  s to ra g e  2 0 4
c h e m ic a l a n a ly s is  2 0 2
n u tr i t io n a l  a n d  a n t in u t r i t io n a l  p ro p e r t ie s  2 0 3
s e n s o ry  e v a lu a tio n  2 0 3
s to ra g e  s ta b il i ty  s tu d ie s  2 0 2 , 2 0 4
p ro te in  q u a li ty  a n d  s to ra g e  s ta b i l i ty  2 0 2
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comparison with weight loss methods 130
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Tribal pulses 465
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chemical composition 466
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availability 2
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flavouring processes 4
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metal levels 388
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haemolytic spectrum of isolates 297
recovery from different enrichment broths 296

recovery from prawn caught off Bombay coast 295
tests for enteropathogenicity 296
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chemical analysis 132
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preparation 132
on in  v itro  digestibility of protein 133,134
on in vitro digestibility of starch 133,134
on phytic acid 133
on polyphenols 133,134

Wadian - a food system 32
analytical methods 32
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overall sensory score 35
functional properties 32,33,34
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preparation 32
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sensory properties 32,33,34

Weaning foods 395
based on rice bran protein concentrate 395
effect of temperature and solids : water 
ratio on viscosity 397,398
physico-chemical properties 396
protein-efficiency ratio 396,397
proximate composition 396
water aborption capacities 397

Wheat c h a p a t i  507
improvement of protein quality 507

Wheat malt 98
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effect of moisture content of green malt 
during kilning 100
influence of malting condition on amino 
acid composition 101
physico-chemical characteristics 98
scanning electron microscopy 102
steeping characteristics 99
viscosity 102
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Wheat, infested 255
separation technology in bulk storage 256

X a n th o m o n a s  sp 219
colony forming units (cfu) phylloplane of 
fig leaves 219

Y e n s in ia  e n te ro c o li tic a  243
effect of different concentrations of sodium  
chloride on its growth 244

Zinc 213
In  vitro  binding values as influenced 
by plant fibre 214, 215

Z y m o m o n a s  m obilLs 252
effect of different nitrogen sources on 
ethanolic fermentation of glucose 253
in fermentation of glucose 253
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A F S T (I) A N N O U N C E M E N T S
ASSOCIATION OF FOOD SCIENTISTS AND TECHNOLOGISTS (INDIA)

Central Food Technological Research Institute Campus, Mysore - 570 013, India. 
Invites Nominations for Fellows of AFST (I) for the year 1995

The Association has pleasure in inviting nominations to
be conferred as "Fellow of Association of Food Scientists and
Technologists (India)" (FAFST) to honour 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.

3. The title of Fellow has so far been awarded to 36 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.
The nomination duly proposed and accepted by the 
nominee shall be sent to the Hon. Executive Secretary, 
AFST(I) by 31st March 1996.

S election  o f Fellow s
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 o f CEC in th is matter will be final.

Privilege o f 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 t is  copies of one of the publications of 

AFST(I).
5. To fill any office of the AFST(I) 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.
C essation o f  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 Hen. Executive Secretary, AFSTfl), which will be 
placed before the CEC for acceptance.

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

Conferring as Fellow s
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 
AFST(I).

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 1996.

The envelope containing the nomination along with the 
bio-data and contributions (6 copies) should be superscribed 
'Nomination for Fellow AFST(I)’.

P.C.S. NAMBIAR 
HON. EXECUTIVE SECRETARY6.
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ASSOCIATION OF FOOD SCIENTISTS 
AND TECHNOLOGISTS (INDIA) 

CFTRI CAMPUS, MYSORE - 570 013 
Nomination Form For Fellows

We, th e follow ing m em b ers of AFST(I) w ish  to propose

Full name and academic distinction

FULL NAME 
DATE OF BIRTH 
AREAS OF SPECIALIZATION 
ACADEMIC QUALIFICATIONS

for election  a s  th e  Fellow  o f AFST(I).
We ap p en d  below, th e  sta tem en t o f h is /h e r  c la im s for e lection  a s  Fellow  an d  certify th a t in  our 

opinion  h e /s h e  is  fu lly  qualified  for th a t d istin ction .
We a lso  certify th a t h e /s h e  h a s  b een  inform ed o f the ob ligation s attach ed  to  th e  fe llo w sh ip s of 

the AFST(I) and is  agreeab le to  ab ide b y  th em , if elected .
S ta tem en t o f th e  p rop oser (not to  exceed  100  words) se ttin g  out th e  discovery, in ven tion  or other  

contribution  to new er p r o c e sse s /p r o d u c ts  or th e  in d u stria l developm ent of th e  k n ow led ge m a d e  b y  the  
nom inee.

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

(S ign atu res o f su p p orters from  their  p erso n a l/g en era l know ledge)
(1)
(2)
(3)

I agree for th e  above n om in a tion -

(Name & Signature)

Note : (1) S ix  co p ies  o f  th e  n om in ee's b io-d ata  an d  lis t  o f  im portant sc ien tific  p u b lica tio n s n ot exceed in g  
10 p ag es an d  one se t  o f reprin ts or su p porting  d o cu m en ts  n ot exceed in g  2 0  p a g es  sh a ll be  
attach ed  to  th is  form.

(2) A dditional in form ation  th a t w ould  be of a ss is ta n ce  in  con sid erin g  th e  n o m in a tio n  m ay  be  
su p p lied  in  a sep ara te  sh eet.

(3) L ast date for receip t o f  n om in ation  at th e  AFST-office is  3 1 st March 1996.
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A SSO C IA T IO N  O F  FO O D  S C IE N T IS T S  
A N D  T E C H N O L O G IST S (IND IA ) 

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

I N V I T E S

NOMINATIONS FOR AFST (I) AWARDS 
FOR 1 99 5

N om inations for th e  follow ing aw ard s o f th e  AFST(I) for th e  year  19 95  are invited . All n o m in a tio n s  
w ould be sen t b y  R egistered  P ost, so  a s  to reach H onoraiy  E xecutive Secretary, A sso c ia tio n  o f F ood S c ien tis ts  
and T ech n olog ists (India), CFTRI C am p us, M ysore - 5 7 0  0 1 3 , before 3 1 st March 1996.

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

(i) O nly Indian n a tio n a ls  w ith  ou tsta n d in g  ach ievem en t in  th e  field  o f F ood S c ien ce  an d  T ech n ology  
will be con sid ered  for th e  award.

(ii) The n om in ee sh o u ld  h ave con trib u ted  sign ifican tly  to th e  en rich m en t o f F ood  S c ien ce  and  
T echnology, an d  th e  developm ent o f agro-b ased  food an d  a llied  in d u str ie s  in  India.

(iii) The n om in a tion s du ly  proposed  by a m em b er o f th e  A sso c ia tio n  m u st  b e a cco m p an ied  b y  the  
bio-data o f the n om in ee, h igh ligh tin g the w ork done by h im /h e r  for w h ich  h e / s h e  is  to b e  
con sidered  for th e  award.

(iv) The aw ardee w ill be se lec ted  by an  expert p an el co n stitu ted  b y  th e  C entral E xecu tive  C om m ittee  
of th e  A ssociation .

(v) Central E xecu tive C om m ittee M em bers o f AFST(I) are n ot eligib le to  ap p ly  for th e  aw ard during  
their tenu re.

The envelope con ta in in g  the n om in ation s, along w ith  b io -d ata  an d  co n tr ib u tio n s (six cop ies) sh ou ld
be su p erscribed  "Nomination for Prof. V. Subrahmanyan Industrial A chievem ent Award - 1995."

LALJEE GODHOO SMARAK NIDHI AWARD
The gu id elin es for th e  aw ard are :

(i) The R & D g ro u p /p erso n  eligible for the award sh o u ld  h ave con tr ib u ted  s ig n ifican tly  in  the  
area of Food S cien ce  an d  T echnology in  recent years, w ith  a good s ta n d in g  in  h is /h e r  field  
of sp ecia lization .

(ii) The nom inee(s) sh ou ld  be d u ly  sp on sored  b y  th e  H ead o f th e  resp ective  S cien tific  In stitu tion  
and th e  ap plication  for th is  award sh ou ld  h ighligh t com p lete  d eta ils  o f  th e  co n tr ib u tio n s m ad e  
by the n o m in ees  and their sign ificance.

(iii) The n om in ation  d u ly  p roposed  by a m em ber o f the A sso c ia tio n  m u st  b e a cco m p an ied  b y  th e  
b io-d ata  o f th e  n om inee.

(iv) C entral E xecutive C om m ittee M em bers of AFST(I) are not eligib le to  ap p ly  for th e  aw ard during  
their tenu re.

The envelope con ta in in g  th e  n om in a tion s a lon g  w ith  b io -d ata  an d  con tr ib u tion s (six cop ies)sh o u ld  be 
superscribed "Nomination for Laljee Godhoo Smarak Nidhi Award 1995".
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BEST STUDENT AWARD
The aw ard is  to b e  given  to  a stu d en t h av in g a d istin gu ish ed  acad em ic record an d  u n d ergo in g  the  

final year cou rse  in  Food S cien ce  an d  T echnology in  a n y  recogn ised  U n iversity  in  India.T he a im  o f the  
award is  to recogn ise th e  b est  ta len t in  th e  field and to en cou rage exce llen ce  am o n gst th e  s tu d e n t com m u n ity .

The g u id e lin es for th e  aw ard are :
(i) The ap p lican t m u st  b e  a n  Indian  national.

(ii) H e /s h e  m u s t  b e  a stu d en t o f  on e o f th e  follow ing co u r se s  :
(a) M .Sc. (Food S c ie n c e s /F o o d  Technology)
(b) B .T ech ., B .S c. (Tech), B .S c. (Chem .Tech) w ith  Food T ech n ology sp ecia liza tion .

(iii) H e /S h e  sh o u ld  n ot h av e  com p leted  2 5  years of age on  3 1 s t  D ecem b er 19 95 .
H eads of th e D ep artm en t o f Food S cien ce  and T echnology in  va rio u s U n iversities m a y  sp o n so r  the  

nam e o f one stu d en t from  ea ch  in stitu tio n , su p ported  b y  th e  can d id ate 's b io -d a ta ,d eta ils  s ta r tin g  from  
high sch oo l onw ards, in clu d in g  date o f  birth an d  p ost-grad u ate  perform ance to  d ate  (six cop ies).

The envelope con ta in in g  th e n om in a tion  sh ou ld  be su p erscrib ed  "Nomination for Best S tudent Award 
1995".

YOUNG SCIENTIST AWARD
T h is award is  aim ed  a t stim u la tin g  d istin gu ish ed  scien tific  and tech n o log ica l research  in  th e  field  

of Food S cien ce  an d  T ech n ology  am on gst y o u n g  sc ie n tis ts  in  their early life.
The gu id elin es for the aw ard are :
(1) The can d id ate  sh o u ld  fu rn ish  evid ence o f either;

(a) O riginal sc ien tific  research  of h igh  quality, prim arily b y  w ay  o f p u b lish ed  research  p ap ers  
and (especially  if the p ap ers are u n d er  jo in t auth orsh ip ) th e  can d id a te 's  ow n con tr ib u tion  
to the work.

OR
(b) T echnological con tr ib u tion s o f a  h igh  order, a s  reflected by a cco m p lish m en ts  in  p ro cess  d esig n  

etc., su b sta n tia ted  w ith  d ocu m en tary  evidence.
The ap plication  along w ith  d eta ils  o f con tr ib u tion s and b io -d ata  (six copies) m ay  b e  se n t  b y  registered  

post w ith  th e envelope su p erscrib ed  "Nominations for Young Scientist Award 1995".
BEST PAPER AWARD

T his award is  to b e  g iven  b y  th e  AFST(I) E d u cationa l an d  P ublication  T rust to  th e  au th or(s), w ho  
have contributed  to th e b est  paper to the J o u r n a l  o f  F o o d  S c i e n c e  a n d  T e c h n o l o g y  p u b lish ed  in  1995 . 
A panel o f experts, co n stitu ted  b y  th e  C entral E xecutive C om m ittee, w ill scru tin ize  th e  is s u e  an d  se lec t  
the b est paper for th e award.

P.C.S. NAMBIAR 
HON. EXECUTIVE SECRETARY
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....to  m eet the ever g ro w in g  firce com petition  
and dem anding con su m er....

A t F o o d  In g re d ie n t S pecialities - W e have 
ach ieved  a q u a n tu m  leap and  p ro fess io n a l 
ex p ertise  and  are  co m m itte d  to  p ro v id in g  
f lavou rs  o f  h igh  fu n c tio n a lity  an d  excellen t 
ta s te  a ttr ib u te s  to  p ro ce ssed  fo o d s . W e are 
c o n tin u o u s ly  c a p tu r in g  n a tu re s  ex perience . 
T h is  is a c o n tin u in g  c o m m itm e n t to  w o rk  
c lo se ly  w ith  u se r in d u s try  to  b r in g  a b o u t the

b e st in to  p ro cessed  fo o d  p ro d u c ts , v iz ., - Soft 
d r in k s , F ru it  an d  vegetab le  p ro d u c ts ,  b a k e ry  
p ro d u c ts ,  c o n fe c tio n e ry , D a iry  p ro d u c ts  
in c lu d in g  ice c ream s, snack  fo o d s  an d  o th e rs . 
W e are co m m itte d  to  c o n s is ta n t q u a lity , 
re sp o n s iv e  service an d  o n - t im e  d e livery .

E x p erien ce  th e  ex p ertise  ....

F I L
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