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For millions in Karnataka 
three letters mean good health

K M F
F o r  y e a r s ,  t h o u s a n d s  o f f a m i l i e s  a ll o v e r  t h e  S t a t e ,  h a v e  b e e n  w a k in g  u p  to  t h e  w h o l e s o m e  g o o d n e s s  
o f K M F  r i a n d i n i  M ilk . T h e  h e a l t h y  s t a r t  to  e v e r y  d a y  K M F  r i a n d i n i  M ilk  - in 1 /2  Itr. a n d  1 Itr. s a c h e t s  
- is  e a s i l y  a v a i l a b l e  in e v e r y  a r e a .  A n  e x c e l l e n t  n e t w o r k  o f  K M F  A g e n t s  e n s u r e  t h a t  e v e r y  t i m e  y o u  
n e e d  K M F  n a n d i n i  M ilk  - y o u  g e t  it. Q u ic k ly .
K M F  a l s c  o f f e r s  y o u  n a n d i n i  S t e r i l i z e d  F l a v o u r e d  M ilk  a n d  M il to n e .  A  p r o t e i n - r i c h  r e f r e s h i n g  d r in k .  
B o th  t h e s e  h a v e  a  s h e l f - l i f e  o f  3  m o n t h s  ( w i th o u t  r e f r i g e r a t i o n )  a n d  c o s t  j u s t  R s .  5  p e r  b o t t l e .

Plus so much more!
K M F 's  r a n g e  o f  h i g h  q u a l i t y  p r o d u c t s  i n c l u d e :  G h e e ,  S k i m  M ilk  P o w d e r  a n d  W h o l e  M ilk  P o w d e r .

P u r e ,  h e a l t h y  a n d  h y g i e n i c  p r o d u c t s .
The KMF Products Represent the Hall-Mark of Developments in Milk Science and Technology

© K M F
K a r n a t a k a  M i l k  F e d e r a t i o n
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F R O O T I A P P Y P I N G O

M a n u f a c t u r e d  b y  :
A B T  I N D U S T R I E S  L T D .

and
M a r k e t e d  b y  :

S A K T H I  B E V E R A G E S  L T D .

The retention  of N atural T aste and F lavour in 
th ese  P rod u cts is  the Hall-M ark of D evelopm en ts  
in Food S cien ce  and Technology.

W e  T a k e  P r i d e  I n  O u r  E x c e l l e n t  A c h i e v e m e n t .



AFST (I) EDUCATION AND 
PUBLICATION TRUST (REGD)

Objectives :
* To prom ote th e follow ing activ ities in  the area of Food  

S cien ce , Food T echnology, Food E n gin eerin g an d  
U tilization /T rea tm en t o f Food In d ustry B y p r o d u cts / 
W astes:
* R esearch  and d evelopm ent activ ities.
* Im proved p u blication  o f inform ation.
* Popularisation am ong stu d en ts, p rofessionals and  

general public.
* P u blication  of literature and text b ooks.

* O ther m ajor activ ities in  th e  above sp ecified  su b ject  
areas include:
* To recognize exce llen ce  in  R&D,
* To provide ad eq u ate p u blicity  an d  su p p o rt to  

train ing program m es,
* To arrange sem in ars, sym p osia , sp ec ia l lec tu res  

b y em in en t sc ien tis ts ,
* To in stitu te  and aw ard sch o la rsh ip s  an d  

fe llow sh ip s to deserving s tu d en ts .

For S c h o la r sh ip s / F ellow sh ip s, G rants, Seed  F u nd  
for B ook  P u blication  an d  other particu lars, p lea se  contact: 

Ex-officio Secretary
AFST (I) Education & Publication Trust 

AFST (I) Office, CFTRI Campus, 
Mysore-570 013, India.

*  DISCOUNT SALES * 
BACK-ISSUES OF 

’ JO U R N A L  O F  FO O D  S C IE N C E
A N D

TEC H N O LO G Y ”
Few  cop ies o f som e of the b a c k -is su e s  o f th e  

'Journal of Food S cien ce  an d  Technology' are 
available at D isco u n t R ates.

For further d eta ils, p lea se  con tact : 
Honorary Secretary, AFST (I), 

CFTRI Campus, M ysore-570 013, India.



ASSOCIATION OF FOOD SCIENTISTS AND 
TECHNOLOGISTS (INDIA), MYSORE-570 013

Telephone : 21747, Telex 0846-241 FTRI IN, Cable : FOODSEARCH, MYSORE.
Fax : 21747, 27697, 24475 (Country code : 91. Mysore code: 821)

* Affiliated to the Institute of Food Technologists, Chicago, Illinois, U.S.A.
* The Association is a professional and educational organization of Food Scientists and Technologists, with its head

quarters at Mysore.
* The chapters of the Association are located at Bangalore, Bhopal, Bombay, Calcutta, Delhi, Hisar, Hyderabad, 

Jabalpur, Jaipur, Jammu, Kanpur, Kama], Kharagpur, Ludhiana, Madras, Manipur, Nagpur, Pantnagar, Parbhani, 
Pune and Thiruvananthapurnm.

Objectives:
* Advancement of all the aspects of Science and Technology, relating to production, processing and distribution 

of food, with the ultimate objective to serve humanity through better food.
* Promotion of research, development and training in the Science, Technology and Enginecmg of Food.
* To provide a forum for exchange, discussion and dissemination of knowledge and current developments, especially 

among Food Scientists and Technologists as well as the Public and Society at large.
Major Activities:

* Publication of 'Journal of Food Science and Technology, (bi-monthly) and 'Indian Food Industry' (bi-monthly).
* Holding Symposia/Conventions on different aspects of Food Science, Technology and Engineering.
* Arranging Lectures and Seminars for the benefit of Members and the Public.

Membership:
* Membership is open to graduates and diploma holders in Food Science, Technology and Engineering as well as 

to those engaged in these professional activities.
* Types of membership include Life Member, Life Member (Resident Abroad), Corporate Member, Full Member, 

Member (Resident Abroad), Affiliate Member, Student Member and Student Member (Abroad).
* Each member will receive a free copy of the 'Journal of Food Science and Technology' or 'Indian Food Industry,' 

as per the option exercised.

C E N T R A L  E X E C U T I V E  C O U N C I L  ( C E C )  O F  T H E  A F S T  ( I )
P r e s i d e n t :

Susanta K. Roy
Indian Council of Agricultural
Research, New Delhi

P r e s i d e n t - D e s i g n a t e :
P. Narasimham
Central Food Technological
Research Institute, Mysore

I m m e d i a t e  P a s t -  P r e s i d e n t :
A.M. Nanjundaswamy
11 B, Cokulam, III Cross,
Mysore

V i c e - P r e s i d e n t  ( H .9):
T.S. Satyanarayana Rao 
Defence Food Research 
Laboratory, Mysore

V i c e - P r e s i d e n t s  ( C h a p t e r s ) :
D.C. Chadha 
B -l/2 5  Ashok Vihar,
New Delhi
S.R. Marathe 
Fragrance, 52, 1 Cross,
R. T. Nagar, Bangalore

S. R. Padwal-Desai
Bhabha Atomic Research Centre, 
Trombay, Bombay

B. Raghuramaiah
Food Ingredient Specialities
Pvt. Ltd., Madras

E x e c u t i v e  S e c r e t a r y :
G.A. Krishna
Central Food Technological 
Research Institute, Mysore

I m m e d i a t e  P a s t - S e c r e t a r y :
M.N. Krishnamurthy 
Central Food Technological 
Research Institute, Mysore

J o i n t  S e c r e t a r y :
K. Udaya Sankar 
Central Food Technological 
Research Institute, Mysore

T r e a s u r e r :
R. S. Matche
Central Food Technological 
Research Institute, Mysore 

E d i t o r ,  J .  F o o d  S c i .  T e c h n o l . :
B.K. Lonsane
Central Food Technological 
Research Institute, Mysore

C h i e f  E d i t o r ,  I n d .  F o o d  I n d u s . :
S. P. Pillai
Central Food Technological 
Research Institute, Mysore

For M em bership  an d  S u b scrip tion  to th e  J o u rn a ls  and other p articu lars, k ind ly contact:
The Honorary Executive Secretary 

Association o f Food Scientists and Technologists (India)
Central Food Technological Research Institute Campus, M ysore-570 013, India.



P R E S I D E N T  A F S T  ( I )
F O R  1 9 9 3 - 1 9 9 4

D r. S u s a n t a  K. R oy, P r in c ip a l  S c i e n t i s t /P r o je c t  C o o r d in a to r ,  
(P o s t - h a r v e s t  T ech n o lo g y ), I n d ia n  A g r ic u l tu r a l  R e s e a r c h  I n s t i tu te ,  
N ew  D e lh i - 1 1 0  0 1 2 , In d ia ,  h a s  b e e n  e le c te d  b y  th e  m e m b e r s  o f  th e  
A s s o c ia t io n ,  w ith  a  th u m p in g  m a jo r i ty , fo r  th e  H o n o r a r y  P o s t  o f  th e  
P r e s id e n t  o f  A s s o c ia t io n  o f  F o o d  S c ie n t i s t s  a n d  T e c h n o lo g is ts  (In d ia ), 
M y so re , fo r  th e  p e r io d  1 9 9 3 -9 4 . A c co rd in g ly , h e  h a s  t a k e n  th e  h e lm s  
o f  th e  A s s o c ia t io n  in to  h i s  h a n d s  f ro m  S e p te m b e r  12 , 1 9 9 3  a t  th e  
g r a n d  f u n c t io n  h e ld  a t  th e  e n d  o f  1FC O N -93. O n  b e h a l f  o f  th e  
A s s o c ia t io n  a n d  a s  a  m e m b e r  o f  e a r l i e r  a n d  p r e s e n t  C e n t r a l  E x e c u tiv e  
C o u n c il  o f  th e  A s s o c ia t io n ,  I h a v e  th e  p riv ileg e  to  b r ie f ly  in t r o d u c e  
h im  to  th e  r e a d e r s  o f  th e  J o u r n a l  o f  F o o d  S c ie n c e  a n d  T e c h n o lo g y , 

b o m  o n  O c to b e r  16 , 1 9 3 9  in  C a lc u t t a ,  h a d  h i s  B a c h e lo r 's  D e g re e  
in  A g r ic u l tu re  fro m  C a lc u t t a  U n iv e rs ity , C a lc u t ta ,  in  1 9 6 8 , a n d  M a s te r 's  D e g re e  in  F o o d  
T e c h n o lo g y  (A ssoc. C FT R I, M ysore) in  1 9 6 3 . H e  w o rk e d  o n  " S to ra g e  & P ro c e s s in g  o f  B a e l  
F ru it"  fo r  h i s  P h .D  d e g re e , w h ile  a t  LARI a n d  s u b m i t te d  h i s  t h e s i s  to  B id h a n  C h a n d r a  K r is h l  
V isw a v id y a la y a , K a ly a n i, in  1 9 7 5 . S u b s e q u e n t ly ,  h e  u n d e r w e n t  a d v a n c e d  t r a in in g  o n  P o s t 
h a r v e s t  T e c h n o lo g y  o f  F r u i t s ,  V e g e ta b le s  a n d  R o o t C ro p s  a t  t h e  T ro p ic a l P r o d u c ts  I n s t i tu te ,  
L o n d o n , in  1 9 8 0 . H e  w a s  a t  th e  U n ite d  S ta t e s  D e p a r tm e n t  o f  A g r ic u l tu re ,  W a s h in g to n ,  D .C ., 
in  1 9 9 0  to  rece iv e  t r a in in g  in  th e  M a n a g e m e n t  o f  A g r ic u l tu ra l  R e s e a rc h .

H e  h a s  a  d is t in g u is h e d  r e c o rd  o f  s e rv in g  in  o r g a n iz a t io n s  o f  h ig h  r e p u te .  H e  h a s  w o rk e d  
in  th e  R e s e a rc h  D e p a r tm e n t  o f  th e  M e ta l B o x  C o ., C a lc u t t a ,  a n d  th e n  h e  m o v e d  to  th e  I n s t i t u t e  
o f  C a te r in g  T e c h n o lo g y  a n d  A p p lie d  N u tr i t io n ,  C a lc u t ta ,  fo r  te a c h in g  a n d  r e s e a r c h  a s s ig n m e n t  
o f  th e  d u r a t .o n  o f  a b o u t  3  1 / 2  y e a r s .  F o r  th e  p a s t  2 5  y e a r s ,  h e  h a s  b e e n  w o rk in g  a t  LARI, 
N ew  D e lh i, in  v a r io u s  c a p a c i t ie s ,  v iz ., A s s i s ta n t  P ro fe s so r , S e n io r  S c ie n t i s t ,  P r in c ip a l  S c i e n t i s t /  
P ro je c t C o o r d in a to r  a n d  H e a d  o f  P H T  U n it. T h u s ,  h e  h a s  o v e r  3 0  y e a r s  o f  r e s e a r c h  a n d  t e a c h in g  
e x p e r ie n c e  ir. th e  fie ld  o f  F o o d  S c ie n c e  a n d  T e c h n o lo g y  in  g e n e ra l ,  a n d  P o s t - h a r v e s t  T e c h n o lo g y  
o f  F r u i t s  a n d  V e g e ta b le s , in  p a r t i c u la r .  D u r in g  th i s  p e r io d , d e v o te d  to  S c ie n c e  a n d  T e c h n o lo g y  
o f  F o o d , h e  h a s  p u b l i s h e d  o v e r  1 2 0  p a p e r s  in  N a t io n a l  a n d  I n te r n a t io n a l  j o u r n a l s  o f  h ig h  
r e p u te .  H e  h a s  a l r e a d y  g u id e d  12 P h .D . a n d  tw o  M .S c. s t u d e n t s ,  a n d  is  c u r r e n t ly  g u id in g  
th r e e  P h .D . s t u d e n t s .

D r. S u s a n t a  R oy  h a s  w id e ly  t r a v e lle d  a b ro a d ;  U .K. in  1 9 8 0  a n d  U S A  in  1 9 8 6  a n d  1 9 9 0 . 
T h e  f i r s t  v is i t  to  U SA , a s  a  M e m b e r  o f  a  M a n a g e m e n t  T e a m , w a s  u s e f u l  in  in te r a c t in g  w ith  
v a r io u s  U n iv e rs i t ie s  a n d  I n s t i t u t io n s  in  th e  U .S .A . In  S e p te m b e r  1 9 8 9 , h e  w a s  in v ite d  to  a t t e n d  
th e  T h ird  I n te r n a t io n a l  M a n g o  S y m p o s iu m  a t  D a rw in , A u s t r a l ia .  In  O c to b e r  1 9 8 9 , h e  v is i te d  
S in g a p o re  to  t a k e  s to c k  o f  th e  r e c e n t  d e v e lo p m e n ts  in  P o s t - h a r v e s t  T e c h n o lo g y  o f  F r u i t s ,  
V e g e ta b le s  a n d  F lo w ers .

D r. S u s a n t a  R oy  h a s  b e e n  th e  r e c ip ie n t  o f  th r e e  p r e s t ig io u s  a w a r d s  : a) K e jriw a l A w a rd  
g iv en  b y  A1FPA, b) N .N. M o h a n  M e m o ria l A w ard  g iv en  b y  A IFPA  a n d  c) L a ljee  G o d h o o  S m a r a k  
N id h i A w a rd  g iv en  b y  th e  A s s o c ia t io n  o f  F o o d  S c ie n t i s t s  a n d  T e c h n o lo g is ts  (In d ia ). A lso , h e  
is  a  m e m b e r  o f  th e  S c ie n tif ic  P a n e l  o f  P H T  o f  ICAR, S u b -c o m m it te e  o f  B IS  a n d  E d i to r ia l  
B o a rd s  o f  'J o u r n a l  o f  F o o d  S c ie n c e  a n d  T e c h n o lo g y ’ a s  w e ll a s  'In d ia n  F o o d  P a c k e r '.  H e  h a s  
s e rv e d  a s  a r .  E x te r n a l  E x a m in e r  o f  P h .D . o f  m a n y  U n iv e rs i t ie s  a n d  a s  a  S e le c t io n  C o m m it te e  
m e m b e r  o f  m a n y  U n iv e rs i t ie s  a n d  R e s e a r c h  I n s t i tu t io n s  a s  w e ll a s  th e  U n io n  P u b l ic  S e rv ic e  
C o m m is s io n .

O n  b e h a l f  o f  A F S T  (I), i t  is  m y  h o n o u r  to  w e lc o m e  D r. S u s a n t a  R o y  a n d  th e  n e w ly  
e le c te d  C e n t r a l  E x e c u tiv e  C o u n c il  M e m b e rs  (a s  sp e c if ie d  o n  th e  e a r l ie r  p ag e). I w is h  a ll s u c c e s s  
to  t h i s  ta le n te d  a n d  d e d ic a te d  te a m  in  ta k in g  A F S T  (I) to  g r e a te r  h e ig h ts .

D r. S u s a n t a  Roy,

B .K . L o n s a n e
E d ito r ,

J .  F o o d  S c i .  T e c h n o l
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Methods for Determining Bacterial Populations in Foods 
and Food Products : A Critical Evaluation

K. S. MANJA* AND R. SANKARAN
D efen ce Food R esearch  Laboratory, M ysore - 5 7 0  O i l ,  India.

Bacterial population in food may cause foodbome infections on consumption or spoilage of food, if stored under 
adverse environmental conditions. Therefore, it is of paramount importance to estimate their population in foods. There 
are several methods for determining the bacterial population in foods, each one having its own advantages and 
disadvantages. Rapid method to estimate microbial load in food and food products assumes critical importance from 
the view point of requirement of food industry and the consumers. This review critically analyses the methods for 
estimating bacterial populations in foods and discusses the rapid methods for food quality. The advantages and 
limitations of the methods are also delineated.
Keywords : Bacteriological population. Rapid methods, Estimation of microbes. Food quality. Shelf-life, Advantages 

and limitations of the methods.

Introduction
Safe m icrobiological quality  o f food s refers to 

the state o f food and food p rod u cts, w hich  are free 
from p athogen ic bacteria  and have low er thresh o ld  
num ber o f th o se  bacteria  w hich  are un likely  to  
cau se spoilage of food at a given storage tem perature  
(Elliott and M ichener 1961). W hile th e  d etection  of 
pathogenic bacteria  in  food h e lp s  in  controlling  
foodbom e in fection s, th e  estim ation  of level of  
bacterial con tam in a tion  in  food a llow s a sse s s in g  
the shelf-life of food an d  m od e o f storage. The  
former is  im portant from  h ea lth  p oint o f view  and  
the latter from th e econ om ic p oint o f v iew , b eca u se  
the spoilage of food in  a food p rocessin g  factory  
resu lts in  great econ om ic lo s s  (Veeraraju and  
Rangarao 1990; H ays an d  R eister 1952). M any  
factors con trib u te to th e bacteria l load  o f food and  
food p rod u cts (Jay 19 74 , 1987). B acteriological 
quality of raw m ateria ls, p rocessin g  en viron m en ts, 
packaging co n d itio n s  an d  su b se q u e n t  sto rag e  
environm ent are k n ow n  to sign ifican tly  in flu en ce  
the bacteriological quality  o f fin ish ed  p rod u cts  
(Sabbir and S an k aran  1990).

The in ternal p arts o f th e  h ea lth y  p la n ts  and  
anim als are ster ile  (Jay 1987) an d  th e  bacteria  in  
the p rocessed  food, therefore, are n ot in h eren t to 
the source o f food b u t to th e  extern al environm ent 
that con trib u tes m icroorgan ism s to the foods. It 
becom es im perative to som ew h at com p rom ise w ith  
the external en viron m en t, esp ecia lly  on  econ om ic  
con sideration s. M oreover, it is  v irtu ally  im p ossib le  
to p rocess th e  food s to ster ile  p rod u cts w ith ou t  
altering the organoleptic ch a n g es  in  m an y  ca se s . 
A nearly sterile food often  g e ts  con tam in ated  during

p o st-p ro ce ss in g  s te p s , s u c h  a s  tran sp orta tion , 
storage and h an d ling . It is , therefore, for th ese  
rea so n s th a t a certa in  n u m b er  o f m icroorgan ism s  
are p erm issib le  in  th e  food s (M cCoy 1961; Ingram  
1961; Tom pkin 1983), a s  th ey  are u n lik e ly  to ca u se  
h ea lth  hazard  an d  sp oilage. The tota l n u m b er  of 
viab le bacteria  in  th e  food is  a lso  an  ad eq u ate  index  
of th e  bacterio logical q u ality  o f  raw m ateria l u sed , 
c lea n lin ess  in  th e  food p ro cess in g  area in  th e  p lant  
an d  th e storage co n d itio n s  (Silliker 1963). The food  
p rocessin g  in d u str ies  h ave to  keep  th e  n u m b er of 
m icroorgan ism s at or b elow  th e  p erm issib le  levels, 
u n d er m o st econ om ic p ro cess  o f  production .

A large n u m b er of m eth o d s  for estim ation  of  
m icro o rg a n ism s in  fo o d s h a v e  b e e n  reported  
(Pishaw ikar et al. 1992; D a esch e l an d  Eid 1992), 
b u t have n ot b een  eva lu ated  for th eir  com parative  
reliability. M ethods for d etectio n  an d  en u m eration  
of fo o d b o m e  b a c ter ia l p a th o g e n s  h a v e  b e e n  
exten sive ly  review ed recen tly , a lon g  w ith  eva lu ation  
of their  reliability, a d v an ta ges an d  lim ita tion s  
(Varadaraj 1993). S u ch  a critica l eva lu a tio n  h a s  not 
b een  m ad e of th e  m eth o d s for estim a tin g  bacteria l 
p op u la tio n s in  foods. T he p resen t review , therefore, 
attem p ts to evalu ate availab le m eth o d s  to  a s s e s s  
the bacterio log ica l criteria for foods.
Sample preparation

For a reliable d eterm in ation  o f th e  tota l n u m b er  
of bacteria  in  th e  given  food sam p le , it :s necessary' 
to  h om ogenize the sam p le  and th is  s tep  is  called  
a s  sam p le  preparation  (Jay an d  M argitic 1979). 
E a r lie r  w o r k e r s  u s e d  W a r in g  b le n d e r  for  
h om ogen ization  o f  food sa m p les  (E m sw iler et al.
1977). T h is procedure is  ad eq u ate  for d istributing
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the bacteria th rou gh ou t th e sam p le , b u t the h eat 
g en era ted  d u r in g  th e  b le n d in g  o p e r a tio n  is  
detrim ental to th e injured and v iab le bacteria l ce lls  
(Jay and M argitic 1979). To alleviate th is  problem , 
Sharpe and J a c k so n  (1972) have d evised  le s s  
destructive h om ogen iza tion  sy stem , w h ich  is  called  
a s stom acher. T h is sy stem  in volves the p ou n d in g  
of the sam p le by two p ed d les in  th e bag. T he food  
sam p les in  th e  b ag get sh eared  w ith  m ech an ica l 
pressure, thereby uniform ly d istributing the bacteria  
throughout th e  sam p le. It can  h an d le  th e  sam p le  
size of 4 0  to 4 0 0  m l. It h a s  several ad v an ta ges over 
the W aring b lender. For exam p le, th e  d isp osa b le  
sterile p la stic  p o u ch es  en su re  con tam in ation -free  
sam ple preparation. S tom ach er  d oes not transm it  
heat to th e sam p le and it h a s  a v e iy  low  n o ise  
level. Further, th e  prepared sam p le ca n  be stored  
in  the refrigerator. A nother sign ifican t ad vantage of 
sam ple preparation b y  sto m ach er  is  th e  m in im u m  
release of reducing ag en ts from  m eat sa m p les. 
B lending procedure re lea ses  a large am ou n t of 
reducing su b sta n c e s  an d  su c h  a sam p le  g ives fa lse  
dye red u ction  te st  d u e to n on -m icrob ia l reducing  
agen ts (Holley et al. 1977). J a y  and M argitic (1979) 
have sh ow n  th a t the sam p le  prepared by b len d in g  
and in  sto m ach er  sh ow ed  th e  sa m e n u m b er of  
bacteria in  th e  sam p le.
Revival o f injured bacteria

D uring th e  p rocessin g  of food, th e  b acteria  
presen t are su b jected  to en viron m en ta l s tr e sse s , 
su ch  a s  h ea t during therm al p rocessin g  an d  cold  
during freezing. Som e o f th e  ce lls  do survive even  
after th ese  s tr e sse s , b u t get m etab olica lly  injured  
(Tomlins et al. 1971). T h ese  bacteria  m ay  not 
m ultip ly in  th e  se lectiv e  m ed ia , th o u gh  the norm al 
cells can  (Hartsell 1951). C onsequently , the p resen ce  
of m etabolically  injured ce lls  and  their  recovery  
h a s  great sign ifican ce in  estim atin g  th e  path ogen ic  
a s  w ell a s  sp oilage bacteria  in  th e food sam p les.

R ecovery  o f  S t a p h y l o c o c c u s  a u r e u s  from  
p asteurized  m ilk  on  a m ed iu m  con ta in in g  7% NaCl 
will b e le s s  th a n  th a t on  an  en rich ed  m ed iu m  like 
tiyp ticase-soy -a gar  (H urst et al. 1973). T h is is  
m ainly due to  th e  inability  of injured bacteria  to  
w ith stan d  h igh  sa lt con cen tra tion s an d  m u ltip ly  
(Flowers et al. 1977). O ther trea tm en ts su ch  a s  
irradiation, freeze-d iy in g , sa lting , p resen ce  o f m etal 
io n s a s  w ell a s  an tib io tics a lso  lead to th e  m etabolic  
injury of bacteria  (Tom lins et al. 1971). H artsell 
(1951) h a s  s tr e sse d  th a t the u se  of se lective  m edia  
for recovery o f b acteria  from  th e  food p rod u cts  
sh ou ld  be d on e w ith  cau tio n , d u e to  th e p resen ce

o f injured bacteria  in  th e  sam p le . H ighly n u tritive  
m ed ia  cou ld  recover m ore sa lm o n ella e  from  frozen  
food th a n  th e  selective  m ed ia  like M acC onkey an d  
violet red-b ile-agar (H artsell 1951). M etabolica lly  
injured bacteria  h ave p rolonged  lag p h a se  o f grow th  
and are sen sitive  to  a n u m b er  o f se lectiv e  a g e n ts  
u se d  in  th e  m ed ia  (M cDonald et al. 1983). Pyruvate  
i s  k n o w n  to  in c r e a se  th e  reco v ery  ra te  o f  
m etab olica lly  injured S t a p h y l o c o c c u s  a u r e u s  an d
E . c o l i  from  food p rod u cts (H urst et al. 1976: 
M cD onald et al. 1983).

S u b leth a lly  injured S t a p h y l o c o c c u s  a u r e u s  are  
kn ow n  to lo se  th eir  NaCl to leran ce an d  ca n n o t grow  
on  m ed ia  w ith  h igher co n cen tra tio n s o f NaCl, b u t  
ca n  regain  NaCl to leran ce after restorin g  o f th e  
m em b ran e fu n ctio n s (Flowers et al. 1977). T he  
la tter ca n  b e ach ieved  by grow ing su c h  ce lls  in  
a m ore n u tr itio u s m ed ia  (H urst et al. 1976). M ilk 
im parts m ax im u m  p rotection  from  h ea t an d  freeze  
injury an d  th e  co m p o n en ts  in  th e  m ilk  w h ich  
provide su ch  ad eq u ate sh ie ld  are p h o sp h a te , la c to se  
and ca se in  (J a n ssen  an d  B u sta  1973). R ecovery of 
injured bacteria  ca n  a lso  b e d on e b y  em ploying  
tryp tose-soy- broth  (Indolo an d  Ordal 1966). B aird- 
Parker m ed iu m  is  fou n d  to  b e  th e  b e s t  for th e  
recovery o f S t a p h y l o c o c c u s  a u r e u s  from  food  
p rod u cts (AOAC 1984). C ata lase  is  a lso  k n o w n  to  
in crease  th e  recovery o f injured o rg an ism s s u c h  a s  
E. co li. S a lm o n e l la ,  P s e u d o m o n a s  a n d  S t a p h y l o c o c c u s  
a u r e u s  (Martin et al. 1976).

H eat injured E. c o l i  ca n  be recovered  by  
em ploying 3 , 3 -th io-d i-p rop ion ic  acid  (M cD onald et 
al. 1983). R adiation  injury red u ces  th e  recovery of  
m icroorgan ism s from  food s, so  a lso  th e  in jury  
ca u sed  b y  hypochlorite  (Tomlin et al. 1971). S p ec ia l 
plating tech n iq u es  are k n ow n  to  e n h a n ce  th e  
recovery of m icroorgan ism s (Sp eck  et al. 1975). For  
exam ple, a bottom  layer o f try p to se-so y -a g a r  is  
su rface-p la ted  w ith  sam p le  an d  in cu b a ted  for 2 h  
at 25°C for recovery o f the s tr e sse d  m icro org an ism s. 
Over su c h  agar su rface, a layer o f v io let red -b ile  
-agar is  th en  poured  (Ordal et al. 1976). In th is  
m eth od , the injured coliform s get recovered  easily . 
T h e  t e c h n iq u e  c a n  b e  a d o p t e d  to  o t h e r  
m icroorgan ism s em ploying different se lectiv e  m ed ia  
(Speck  et al. 1975).

Peroxides get a ccu m u la ted  in  th e  m etab o lica lly  
injured ce lls  a s  the ce lls  are u n ab le  to  degrade th e  
toxic p eroxides (M cDonald et al. 1983). C a ta la se  
an d  pyruvate h elp  in  th e  d egrad ation  o f toxic  
p eroxides and sp eed  up  th e  recovery p ro c e ss  
(Martin et al. 1976). U se o f ca lc iu m  p ecta te  gel.
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in place of agar, a lso  h e lp s  in  th e  recovery of 
injured b acteria from  food sa m p les  (Fung and  
Chain 1991). M ethoxyl p ectin  is  sen sitiv e  to m eta l 
ion s and g ets  gellified  at room  tem peratu re u p on  
exposure to m eta l ion s. C alcium  chloride is  u sed  
as a harden ing agen t for m ethoxy l p ectin  due to  
the form ation of ca lc iu m  p ectate . By th is  p rocess, 
the heat sh o ck  due to m olten  agar ca n  b e elim inated  
(Fung and C hain  1991). F urther, th is  procedure  
can  be u sed  in  field con d itio n s w ith  m in im u m  
laboratory facilities b y  em ploying ster ile  in gredien ts.
Estimation of anaerobes in foods

A naerobes vary in  oxygen sen sitiv ity  and include  
those, w hich  ca n  grow at low  levels o f oxygen  a s  
well as th e m eth a n e  b acteria , w h ich  do not grow  
above the redox p oten tia l of Eh - 3 3 0  mV. (H ungate
1969). For strict an aerob es, the cu ltiva tion  sh ou ld  
be carried out u n d er  th e  co n tin u o u s  flow of C 0 2, 
which is  p a ssed  throu gh  a preh eated  cop p er filings  
colum n to rem ove th e  traces o f oxygen  (Pierson et 
al. 1974). For in term ediate group o f organ ism s, th e  
anaerobic jar , w ith  90%  hydrogen  and 10% C 0 2 
together w ith  cold  cata lyst, ca n  b e u sed  (Barach  
et al. 1975). T races o f  oxygen  p resen t in  th e  ja r  
react w ith H2 ;o produce w ater (C ruickshank  1965). 
Alternately, th e  liquid  m ed ia  con ta in in g  red u cin g  
agen ts and sea led  w ith  m ineral oil ca n  be u sed  
(Hungate 1969). Before in oculation , d issolved  oxygen  
in the broth is  rem oved b y  k eep in g  the broth in  
the boiling w ater for 2 0  m in  (Barach et al. 1975).

The food artic les likely to su p port the growth  
of Clostridia are th e  tin n ed  m eat p rod u cts, w hich  
have low  redox potentia l. Raw m eat h a s  Eh of 
-130  m V and the p resen ce  of su lp h yd ril grou p s  
further help  to m ain ta in  th e low  Eh (Lawrie 1966). 
Som e of the ca n n ed  p rod u cts w ith  Eh in  th e  range  
of -18  to 4 3 8  m V (M onville an d  C onw ay 1982) 
support th e  growth o f m an y  an aerob es, b u t th e  
pasteurized m ilk  w ith  redox p oten tia l of + 2 3 0  to 
+290 mV d oes not perm it th e grow th of an aerob es. 
The sen sitiv ity  o f Clostridia to oxygen  varies to a 
large extent an d  th e  fau lty  p rocessin g  and storage  
of food m ay perm it rapid m u ltip lica tion  of Clostridia 
w ithout spore form ation (B arnes and Ingram  1956). 
For the iso lation  o f C lo s tr id ia ,  th e  u se  o f reinforced  
clostridial m ed iu m  is  m ost ideal and th e  grow th  
should  be observed only after two d ays of in cu b ation  
for sp ores (E em es 1985). M oreover, the viability of 
the sp ores h a s  to b e reconfirm ed after heat  
treatm ent b y  su b cu ltu re  on  a su itab le  m ed ia  u n der  
anaerobic con d ition s (B e m e s l9 8 5 ) .

Spore-form ing an aerob es are com m on  in low

an d  m ed iu m  acid  ca n n ed  food s, w h ich  m ay  ca u se  
spoilage. C l o s t r i d iu m  t h e r m o s a c c h a r o l y t i c u m  is  the  
typical organ ism  having stron g sacch aroly tic  activity, 
thereb y lead in g  to g a se o u s  sw ell d u e  to  C 0 2 and  
H 2 (Jay 1987). In tropical cou n tr ies , th e se  organ ism s  
are th e  real threat in  food p ro cess in g  u n its . CL  
n ig r i f i c a n s ,  an o th er  therm op hilic  H2S producing  
Clostridia, lea d s to 'su lp h u r stinker' sp oilage of 
can n ed  food s w ith  or w ith o u t c a n  b u lg e  (Schm itt
1966). T he b lack en in g  o f th e  p rod u ct ta k es  p lace  
d u e to reaction  o f H2S  w ith  iron  sa lts . M esophilic  
tox in  prod u cin g C l o s t r i d i u m  b o t u l i n u m  is  often  
e n c o u n te r e d  in  c a n n e d  fo o d s  (S m ith  19 7 7 ). 
D estru ction  o f th e  spore o f th is  organ ism  is  ta k en  
a s  an  in d ex  o f su c c e ss fu l p ro cess in g  o f low  and  
m ed iu m  acid  food s (Thatcher et al. 1962). O ther  
p u tr e fa c t iv e  o r g a n ism s  in  c a n n e d  fo o d  are
C. p u t r i f i c u m ,  C . b i j e r m e n t a n s ,  a n d  C . s p o r o g e n e s .  
F a c u lt a t iv e  a n a e r o b e s  s u c h  a s  B a c i l l u s  
t h e r m o a c i d u r a n s  a n d  B .  p o l y m y x a  a lso  ca u se  
sp oilage of acid  food s (H ays an d  R eister  1952). 
S om e o f th ese  org an ism s m ay  su rvive h ea tin g  in  
tom ato ju ic e  at a pH 4 .5  for 2 0  m in  or m ore (Fields
1970).
Conventional m ethods o f estim ation  of bacteria  
in food

A  n u m b e r  o f c o n v e n tio n a l m e th o d s  for  
estim atin g  th e total n u m b er o f bacteria  are available  
an d  th ese  in c lu d e (1) d irect co u n t b y  m icroscop y,
(2) total viab le c o u n ts , (3) s ta tistica l e s tim a tio n s  of 
m o st probable n u m b er o f sp ecific  b acteria  an d  (4) 
dye red u ction  te s t  b a sed  on  th e  ab ility  o f  viab le  
ce lls  to red u ce th e  dye. T he r e su lts  o f th ese  
p r o c e d u r e s  p r o v id e  a n  e x t e n t  o f  b a c te r ia l  
con tam in ation  in  th e  food sam p le .

M ic r o s c o p ic  c o u n t : T h is m ethod  h a s  a significant 
place in  dairy in d u stry  to a s s e s s  th e  m icrob ial load  
of raw  m ilk  (Marth 1978). A  k n ow n  q u an tity  o f the  
sam p le is  spread  over a pred eterm ined  area on  a 
m icroscop ic  slid e , fixed, defatted  an d  sta in ed . 
U nder oil im m ersion  objective, th e  n u m b er of 
bacteria  are en u m erated  (Jay 1987). D irect v isu a l 
co u n tin g  o f m icroorgan ism s in  th e  sam p le  u n d er  
m icroscop e g ives th e  tota l n u m b er  o f b acteria , both  
live and dead  (Pettipher 1983).

The m eth od  is  rapid, an d  econ o m ica l (Marth
1978). B u t th e  tech n iq u e is  cu m b ersom e, g ives  
fatigue to eyes, and  it is  not a ccu ra te , if th e  bacteria  
are p resen t in  c lu m p s (Pettipher 1983). T he direct 
co u n t es tim a tes  are a lso  h igh er due to th e  cou n tin g  
of dead  bacteria . The problem  o f fatigu e, due to  
co n tin u o u s  m icro scop ic  ob servation , h a s  b een
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overcom e b y  em ploying im age an a lyser  (Jaeggi et 
al. 1989). A good correlation  b etw een  th e m an u a l 
and im age an a lyser co u n ts  h a s  b een  reported, a s  
the an a lysis  of variance sh ow ed  equal resu lts . 
T h u s, the u se  of im age an a lyser w ould  greatly  
increase the sen sitiv ity  an d  reproducibility.

P ettipher (1983) and P ettipher et al (1985) have  
developed and evaluated  a rapid direct ep ifluorescent 
filtration tech n iq u e, w h ich  is  m o st ideal for liquid  
foods, like m ilk  and b everages. In th is  m ethod , the  
sam ple is filtered throu gh  p olycarbonate m em brane  
and the bacteria  trapped o n  th e  su rface o f the  
m em brane are sta in ed  w ith  flu orescen t dye. The  
m em b ra n e  is  o b serv ed  u n d e r  e p if lu o r e sc e n t  
m icroscope and th e  flu orescen t bacteria  a s w ell a s  
the c lu m p s are cou n ted . The sen sitiv ity  o f the  
m ethod can  be im proved by treating the sam p le  
w ith proteolytic en zym es and n on -ion ic  d etergen ts  
like Triton X -1 0 0  (Pettipher 1982). T he im proved  
m ethod g ives good agreem ent w ith  viab le cou n t  
techn iqu e, if the m icrobial load in  the sam p le falls  
in the range of 104-1 0 7 /m l (Pettipher 1983).

In sp ite  o f inability  to differentiate b etw een  the  
live and dead  bacteria , an d  difficulty in  cou n tin g , 
w h en  bacteria are in  c lu m p s, th e  rapidity o f th e  
m ethod is  th e  m ain  advantage. A m ong all th e  
m eth od s, d irect m icroscop ic  co u n tin g  is  the m ost  
rapid tech n iq u e to estim ate  th e  n u m b er o f bacteria  
in the food sam p le (Pettipher et al. 1985).

T o ta l  u ia b le  c o u n t s  : The n u m b er of viab le  
bacteria in  the food ca n  b e  estim ated  b y  pour p late  
m ethod (Marth 1978). In th is  m eth od , a  kn ow n  
am ount of h om ogenized  and seria lly  d ilu ted  food  
sam ple is  m ixed  w ith  m olten  agar, at 45°C  in  a 
petri d ish . Care sh o u ld  be tak en  to en su re  that  
the injured bacteria  are not k illed  in  m olten  agar, 
by not u sin g  the m ed iu m  at h igh er th a n  45°C. After 
setting, th e p late is  in cu b ated  at 37°C  and th e  
colon ies form ed are cou n ted . The d ilu tion  w hich  
gives 2 0 0  to 3 0 0  co lo n ies  per plate is  the m ost  
ideal for cou n tin g  and g ives accu rate  resu lt (Marth
1978). In an oth er m ethod , th e  kn ow n  quan tity  of 
diluted food sa m p le  is  su rface -p lated  to avoid the  
heat sh ock  of m olten  agar and th e  co lon ies formed  
are cou n ted  after in cu b atio n  (Jay 1987). The  
colon ies in  the su rfa ce-p la tin g  m ethod  are relatively  
larger in  size and h igher in  n u m b ers, th a n  th o se  
in the p ou r p la te m eth od  (C ruickshank  1965), due  
to d ifferences in  oxygen availability in  th ese  cu lturing  
m eth od s. In p ou r p late m ethod , the b acteria  
em bedded in sid e th e  agar do not develop w ell d u e  
to lim ited availab ility  of oxygen, a s  com pared  to

su rface co lo n ies  w h ich  are exp o sed  to h ig h er  
oxygen  con cen tration  (Angeloti and  F oster  1958). 
Further, th e  pour p late m eth o d  is  n ot idea l for 
frozen sa m p les  con ta in in g  p sych rotrop h s, w h ich  
are sen sitive  to h eat, an d  the m olten  agar m a y  kill 
sign ifican t p ercen tage of bacteria . For su c h  food  
sam p les , p ou r p late m eth o d  o f F u n g  an d  C h ain  
(1991) is  the ideal m eth od  to  recover m a x im u m  
n u m b er o f bacteria.
S t a t i s t i c a l  e s t i m a t i o n  o f  m o s t  p r o b a b l e  n u m b e r  o f  
b a c te r i a  : The tech n iq u e is  m o st o ften  u se d  for
m icrobiological a n a ly s is  o f  w ater (WHO 1961). It is  
a s ta tistica l m eth od  (Prescott et al. 1946), w h ich  
is not very p recise. T h is h a s  b een  d is c u s se d  
exten sive ly  by D u tk a (1973) to in d ica te  th a t coliform  
co u n t o f 1 0 /1 0 0  m l w ater actu a lly  m e a n s  th a t th e  
true va lu e  lies  b etw een  2 an d  2 3 . In a n o th er  s tu d y  
(Silliker et al. 1979), th e  estim a ted  va lu e  o f 10 w a s  
found to be 3 4 , w ith  th e  u p per lim it o f  6 0 . T he  
m ethod  involves th e d ilu tion  o f th e sa m p le  an d  
in ocu latin g  it in to  15 to 11 tu b e sy s te m s . T he  
n u m b er of org an ism s in  the original sa m p le  is  
ca lcu la ted  on  th e  b a s is  o f  ferm en ted  tu b e s , 
em ploying M cCrady's tab le (WHO 1961). It is  
sim p le , reproducibile, an d  th e  m eth od  is  o f ch o ice  
for faecal coliform  estim ation . S p ecific  o rg a n ism s  
ca n  b e iso lated  from  the ferm ented  tu b es . Its m ajor  
d isad van tages are the lack  of p recision , requ irem ent 
of large a m o u n ts  o f m ed ia  an d  g la ssw a res . In sp ite  
of th ese  draw b ack s, the m eth o d  is  m o st com m o n ly  
u sed  in  w ater bacterio logy (Manja et al. 1982; WHO
1961).

D y e  r e d u c t i o n  t e s t  : M icroorganism s h ave th e  
ability to red u ce th e  dye and th is  property  is  m a d e  
u se  of in  estim atin g  th e  b acteria  in  m ilk  (Garvie 
and R ow lands 1952). T he tim e required  to  red u ce  
the dye is  in versely  proportional to th e  n u m b er  of  
m icroorgan ism s in  th e  sam p le  (Holley et al. 1977). 
The m o st com m on ly  u sed  d yes are m eth y len e  b lu e  
an d  re sa zu r in  (G arvie a n d  R o w la n d s  1 9 5 2 ). 
S u p ern atan t o f the properly prepared food sa m p le  
is  added to m eth y len e  b lu e  so lu tio n  and th e  tim e  
tak en  to decolourize the dye is  ta k en  a s  a n  in d ex  
of con tam in a tion  (Saffle et al. 1961). In ca se  of 
resazu rin , the colou r tu rn s from  s la te  b lu e  to p in k  
or w h ite  (Garvie an d  R o w lan d s 1952). G ood  
correlation  b etw een  th e  tim e ta k en  to red u ce  th e  
d yes and the n u m b er of b acteria  p resen t in  th e  
sam p le  h a s  b een  reported (Garvie an d  R ow lan d s  
1952; Saffle et al. 1961).

E n d og en ou s red u cin g  s u b s ta n c e s  in  th e  raw  
m eat are kn ow n  to accelerate  th e  dye red u ction ,
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thereby giving th e  in creased  estim a te  o f m icrob es  
in the sam p le (Holley et al. 1977). The u se  of 
stom ach er for sam p le  preparation  greatly red u ces  
th is  problem , s in ce  th is  p ro cess  re lea ses  le s s  of 
reducing su b sta n c e s  (Sharpe and J a c k so n  1972). 
U sing dye red u ction  te st , D odsw orth  an d  K em pton
(1977) cou ld  d etect 107 b a c te r ia /g  raw m eat w ith in  
2 h. To a s s e s s  th e m icrobiological quality  of m ilk, 
dye reduction  te st  is  rou tin ely  u sed  in  daily- 
industry (Garvie an d  R ow lands 1952). The te s t  is  
sim ple, in exp en sive, rapid and on ly  th e viab le ce lls  
are capable of red u cin g  th e  dye (Safile et al. 1961). 
However, th e ability o f  the m icrob es to red u ce the  
dye varies con sid erab ly  (Jay 1987). The te st  m ay  
give fa lse positive resu lt, if th e  food sam p le co n ta in s  
non-m icrobial red u cin g  a g en ts  (Sharpe and J a ck so n
1972). In sp ite of th ese  draw backs, the dye reduction  
test h a s  its  ow n sign ifican ce in  the rapid an a lysis  
of food sam p les.
Rapid m ethods for determ ining bacteriological 
quality o f foods

The con ven tion al m eth o d s for m icrobiological 
an alysis of food s tak e long tim e to arrive at th e  
resu lts and require serv ices of a sk illed  tech n ic ian  
a s w ell a s  a large q u an tity  of m ed ia  and reagen ts. 
Several alternative and indirect tech n iq u es to  th is  
m ethod are available for estim atin g  m icrobial load  
of the food sa m p les , b a sed  on  b iop h ysica l and  
biochem ical p rin cip les. Som e o f th ese  m eth o d s  
detect m etabolic p rod u cts o f  m icroorgan ism s (Manja 
and Rao 1983), w h ile  o th ers rely on  sm all in crease  
in tem perature o f m ed ia  during m u ltip lica tion  of 
bacteria (Shabbir an d  S an k aran  1991) or a n  
increase in  electrica l im p ed an ce (Eden an d  E d en  
1984). However, for m an y  o f the sta tu tory  p u rp o ses, 
the conventional v iab le co u n t co n tin u e s  to be the  
reference m ethod .

A d e n o s i n e  t r i p h o s p h a t e  (A T P ) d e t e c t i o n  m e t h o d  : 
ATP is  u n iq u e to living sy stem  an d  its  d etection  
indirectly in d ica tes th e p resen ce  of living organism . 
The test is  b a sed  on  th e  principle th a t the ATP 
is n ecessary  to oxidize leuciferin  w ith  th e  h elp  of 
an enzym e called  leu ciferase  from  fire fly (K ennedy  
Jr and O blinger 1985; P atterson  et al. 1970) 
Oxidized leuciferin  em its light and th is  lu m in iscen ce  
is  d etected  b y  lu m in om eter. T he in ten sity  o f  
lu m in iscen ce is  proportional to th e  am ou n t of ATP 
present in  the sam p le  (Kimmich et al. 1975). The  
quantum  of ATP in  th e  sam p le  is  a n  in d ica tion  of 
m icrobial load (Sharpe et al. 1970). The sy stem  ca n  
be a u to m a ted  an d  th e  c o m p u te r  in ter fa ced  
lum inom eter c o n s is ts  of a  softw are, printer an d  an

a u to m a tic  sa m p le r  to  a n a ly se  sa m p le s  w ith  
sen sitiv ity  o f  one organ ism  in  2 0 0  m l, a s  the light 
produced  from  the reaction  p erm its th e  estim ation  
of ATP u pto 10 12g. T heoretically , it is  p o ssib le  to 
d etect a s low  a s  2 0 0  ce lls .

The p resen ce  o f n on m icrob ia l ATP p o se s  a 
problem  in  food sa m p les . T h is  prob lem  ca n  be  
overcom e b y  degrading nonm icrobial ATP b y  ATPase, 
before p rocessin g  (Thore et al. 1975). A lternately, 
th e  m icrob es ca n  b e  sep ara ted  from  th e  food  
sam p le  and the ATP is  estim ated  (Stannard  and  
W ood 1983). B u t th e  s u c c e s s  o f th is  m ethod  
d ep en d s on  th e  sep ara tio n  o f m icroorgan ism s from  
food, p resen ce  of n on m icrob ia l ATP an d  th e  tran sfer  
of extracted  ATP in to  th e  v ia l o f  th e  lu m in om eter  
(Stannard an d  W ood 1983). The p resen ce  o f ATP 
in h eren t to food is  th e  critica l factor in  th is  
procedure. Therefore, th e  s u c c e s s  o f ATP d etection  
for the estim ation  o f b acteria l load  d ep en d s strongly  
on the efficiency o f th e  p rocedure to  sep ara te  th e  
b acteria from  food or to d estroy  its  in trin sic  ATP, 
before th e a ssa y .

The m ethod ology  is  a s  follows: T he sam p le  is  
vaccum -filtered , an d  th e  filter m em b ran e entrapped  
w ith b acteria  is  p laced  into a cu vette . The cu vette , 
once p laced  in sid e  th e  lu m in om eter, th e  ATP 
releasin g  agent is  au tom a tica lly  ad d ed , follow ed by  
leuciferin  an d  leu ciferase  sy stem . T he light em itted  
is  m easu red  b y  p h oto-m u ltip lier  tu b e and converted  
by a com p u ter softw are sy stem  in to  a m icrobial 
load for printing on  a ch art p ap er (Thore et al.
1975). The L um ae b io cou n ter  is  rou tin ely  b ein g  
u sed  in  the w in e, d a ily  an d  m ea t in d u str ies .

R a d i o m e t r i c  e s t i m a t i o n  o f  m i c r o o r g a n i s m s  : 
M icroorganism s ca n  u tilise  14C lab elled  su b str a te s  
a n d  p ro d u ce  14C 0 2, w h ic h  c a n  b e  d e tec ted  
radiom etrically. T he tim e ta k en  to  d etect 14C 0 2 is  
inversely proportional to the n u m b er  o f org an ism s  
p resen t in  th e  sa m p le  (Lampi et al. 1974). H ead- 
sp a ce  14C 0 2 ca n  be regularly m on itored  an d  th e  
positive resu lts  can  b e  ob ta in ed  on  th e  sa m e day, 
if th e  sam p le is  h eav ily  con tam in a ted  (Rowly et al.
1978). T h is tech n iq u e h a s  b een  u se d  in  c lin ica l 
m icrobiology an d  h a s  great p o ten tia l in  food  
m icrobiology (B acharch  an d  B a ch arch  1974). In an  
exten sive  s tu d y  (Rowly et al. 1978) o n  food sa m p les , 
it w a s  observed  th a t 75%  of th em  w ere c la ssified  
a s  acceptab le or u n accep ta b le  w ith in  6  h  and the  
fa lse  positive resu lt w a s  ob served  in  le s s  th an  1% 
sam p les . S tew art et al (1980) h ave m odified  th is  
tech n iq u e for th e  d etectio n  o f radio-labelled  dulcitol. 
The production  o f 140 O 2 cou ld  b e  su p p ressed  by
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em ploying sa lm on ella  polyvalent 'H' an tiseru m . The 
specific su p p ress io n  o f 14C 0 2 p rod u ction  b y  an tisera  
is an  in d ication  o f S a l m o n e l l a  in  th e  sam p le. U se  
of radio-labelled  su b stra te s  for screen in g  th e  food  
sam p les for m icroorgan ism s is  u n lik ely  to c a u se  
an y radio-active con tam in ation  of food p rod u cts in  
the production  area (Prentice et al. 1989).

G a s  c h r o m a t o g r a p h i c  m e t h o d  : G a s
chrom atography (GC) h a s  great p oten tia l in  the  
detection  of m icroorgan ism s (Brooks 1983; B rooks  
et al. 1983), s in ce  it is  rapid an d  extrem ely sm all 
am ount of m ateria l is  required for an a lysis. B a ssette  
and C laydon (1967) have su cc e ss fu lly  u sed  GC for 
detection  o f m icroorgan ism s in  foods. A  rapid g a s  
chrom atographic m eth od  o f d etectio n  of S a l m o n e l l a  
h a s  recently  b een  reported (Manja an d  Kaul 1987). 
The test is  b ased  on  th e  d etection  o f e th an ol a s  
m etabolic product from the ferm entation of rham nose  
and specific su p p ress io n  o f e th an ol prod u ction  by  
preservative-free S a l m o n e l l a  polyvalent H an tiseru m  
in  parallel cu ltu res. D u lcito l ferm entation  h a s  b een  
u sed  (Rowely et al. 1978) for the d etection  of 
S a l m o n e l l a  in  foods, b ut m an y  stra in s  o f S a l m o n e l l a  
t y p h t  do not ferm ent it. H ence, rh am n ose  is  
considered superior to dulcitol. The u se  of antiserum  
in  th is  GC tech n iq u e is  a critical step , b eca u se  th e  
com m ercial an tisera  con ta in  creso l or m erth iolate  
a s preservatives, w h ich  are n on sp ecific  in h ib itors  
(Manja and K aul 1987). T he GC m eth od  h a s  a lso  
b een  extended  for the d etection  o f a  variety of other  
bacteria (Brooks et al. 1980; M anja 1988; M anja 
and Rao 1983; M anja an d  K aul 1987). Looking at 
the sen sitiv ity  o f th e eq u ip m en t an d  rapidity o f th e  
procedure, the g a s  chrom atography m ethod  ap p ears  
to have a p rom ising and p rom inent role in  food  
m icrobiology (Manja and K aul 1987).

E l e c t r i c a l  i m p e d a n c e  m e a s u r e m e n t  
M icroorganism s b reak  th e  large m o lecu les  into  
sm all io n s and ch an g e th e res ista n ce  of th e  
m edium  to electrical current (Silverm an and M unoz
1979). The tim e required to d etect the m easu rab le  
change in  the res ista n ce  is  proportional to th e  
num ber o f organ ism s p resen t. H ence, the ch an ge  
in th e electric res ista n ce  can  b e correlated  to th e  
m icrobial con cen tration  in  th e sam p le  (Eden and  
Eden 1984). The tim e required to reach  th e  
detectable im p ed an ce is  th e  fu n ction  of in itial 
con cen tration  o f m icroorgan ism s. T h is corresp on d s  
to the m icrobial concentration  of 107 -  lO V m l. B ased  
on th e  m eth o d s of E aster  and G ib son  (1985), an  
im pedance m eth od  for the d etection  o f S a l m o n e l l a  
w as com pared  w ith  th e  con ven tion a l m eth od  for 
m ilk pow der sa m p les  (Prentice et al. 1989). In th is

m ethod , in itia l grow th is  ob ta ined  o n  a n  en rich ed  
m ed ia , w h ich  is  fo llow ed  b y  th e  grow th  o n  
enrichm ent m edium  with selen ite and trim ethylam ine  
ox id e . Im p ed a n ce  m e a su r e m e n t  is  m a d e  o n  
en rich m en t m ed iu m  and th e  d etectio n  o f S a l m o n e l l a  
cou ld  b e  m ad e in  4 6  h.

The m ethod  ca n  be au tom ated  an d  12 0  sa m p les  
ca n  b e s im u lta n eo u sly  a n a ly sed  (E den an d  E d en  
1984). D uring th e  period o f in cu b ation , the com p u ter  
regu larly  sc r e e n s  th e  sa m p le s  for ch a n g e  in  
im p ed an ce and th e tim e to reach  th e  d etectio n  
th resh o ld  for im p ed an ce ch an g e , w h ich  is  sh o w n  
on  d isp lay  un it. A bility o f  th e  in stru m en t to  a n a ly se  
sam p les in  large num bers sim u ltan eously , con tin u ou s  
m o n ito r in g  o f  d a ta , a n d  m in im u m  s a m p le  
preparation, m a k es  th e  tech n iq u e  u n iq u e  (G nan  
and L eudecke 1982). Im pedim etric m eth o d s  h av e  
b een  em ployed  in  food m icrob iology for th e  rapid  
estim ation  o f tota l v iab le o rg an ism s (B ulte an d  
R euter 1984). H ardy et al (1977), w h ile  e stim a tin g  
the m icroorgan ism s in  frozen veg eta b les, reported  
th a t 105 m icro o rg a n ism s/g  veg eta b les co u ld  b e  
detected  in  4 .5  h. S horter d etectio n  tim e in d ica tes  
th a t the sam p le h a s  m ore th a n  10s org an ism s. M ain  
draw back o f th e  tech n iq u e  is  th e  co n stru ctio n  of 
ca lib ra tio n  curve for ea ch  typ e o f p rod u ct  
(F irstenbug-E den  an d  Z in d u lis  1984). O ptim ization  
of grow th con d itio n  is  a lso  critica l in  th is  m ethod . 
M oreover, th e  m ore th e  d ilu tion  o f th e  sam p le , th e  
m ore will be th e d ilu tion  o f tox ic  su b sta n c e s . T he  
tech n iq u e ca n  a lso  b e u sed  in  food m icrob iology  
for th e  rapid estim ation  o f m icro org an ism s in  
starter cu ltu res  for ferm en tation  an d  a lso  for th e  
a ssa y  of v ita m in s and an tib io tics  (F irstenberg-E den  
an d  Z ind u lis 1984).

M ic r o c o lo r im e tr ic  e s t i m a t i o n  : D u rin g  grow th of 
m icroorgan ism s, a sm all am o u n t o f h ea t th a t is  
produced  ca n  be m easu red  b y  u s in g  a h ig h ly  
sen sitiv e  m icrocolorim eter (Lampi et al. 1974). T he  
tech n iq u e is  b ased  on  th e correlation  o f th e  
resu ltin g  therm ogram  w ith  th e  a b so lu te  n u m b er  
of m icroorgan ism s (Forrest 1972). A fter e s ta b lish in g  
th e  re feren ce  th erm o gra m , it is  p o s s ib le  to  
extrapolate th e  data  w ith  th e  u n k n o w n  sam p le. 
M icroorganism s in  m ilk, m eat, m o la sse s  and can n ed  
food s w ere quantified  b y  u s in g  m icrocolorim etry  
(Gram an d  Soggard 1985). U sin g  therm al activ ity  
m onitor (LKB In stru m en ts), S h ab b ir  and S an k a ra n  
(1991) h ave estim ated  S t a p h y l o c o c c u s  grow th at 
d ifferen t c o n c e n tr a t io n s  o f  so r b ic  a c id . T h e  
in stru m en t c o n s is ts  o f  four sam p le  m ea su r in g  
cylinders, im m ersed  in  a co n sta n t w ater b ath . H eat  
gen erated  during m icrob ial grow th is  d etected  b y
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the therm opiles an d  converted  into electrical s ign a ls, 
w hich are am plified and recorded on  a p otentiom eter  
recorder or fed to  a com p u ter (Lampi et al. 1974).

I m m u n o l o g ic a l  m e t h o d s  : W ith h igh  sp ecificity  
and sensitivity of antigen-antibody reaction, im m u n o
chem ical tech n iq u es  rep resen t h igh ly  u sefu l tool for 
the routine m icrob iolog ical a n a ly s is  of food. The  
prom ising im m u n ologica l tech n iq u es  for bacteria l 
detection in  food are enzym e-linked  im m u n o-sorb en t  
a ssa y  (ELISA), ra d io - im m u n o -a ssa y  (RIA) an d  
reversed p a ssiv e  agglutin ation  a ssa y  (Rogem ond et 
al. 1991; M anja an d  Kaul 1990; V an  V u n ak is
1980). R everse p a ssiv e  agg lu tin a tion  te s t  involves  
the u se  o f p olystyrene la tex  or red b lood  ce lls , a s  
inert carrier o f  antibody. If th e  a n tig en s of th e  
bacteria are p resen t in  th e  food sam p le, th e coated  
particles get agglutin ated  (F in kelstein  an d  Y oung
1983). T h is m eth od  is  rapid, in exp en sive  an d  d oes  
not need  an y sp ec ia l sk ill (Hadfield et al. 1987; 
Manja and K aul 1990). L im itation o f th is  m ethod  
is that on ly one an tig en  ca n  b e  coated  at a tim e  
(Silverm an et al. 1968). W ith th e  im provem ent in  
the technology, it is  n ow  p o ssib le  to u se  coloured  
latex p articles and different a n tig en s ca n  be coated  
on different coloured  la tex  (Ibrahim and Fleet 
1985). D epending on  th e  co lou r o f th e  agglutination , 
it is  p ossib le  to sp ecify  th e  an tigen  p resen t in  the  
sam ple. M ixed colou r agglu tin a tion  in d ica tes th e  
presence of m ore th a n  on e an tig en  (Ibrahim and  
F leet 1985).

R adio-im m uno a ssa y  (RIA) is  b ased  on  the  
principle o f  com petitive b in d in g, in  w h ich  th e  
isotopically labelled  an tigen  co m p etes  for receptor  
binding s ite s  o n  th e  an tib od y w ith  un lab elled  
antigen p resen t in  th e  sa m p le  (Joh n son  et al.
1971). J o h n so n  et al (1973) u sed  RIA for th e  
detection of stap h y lococca l en terotoxins. RIA is  u sed  
more often for th e d etection  o f fu n gal tox in s, s in ce  
the quantity o f toxin  p resen t in  th e sam p le is  very  
sm all (El-Nakib et al. 1981) an d  th e  m eth od  is  
very sen sitive .

ELISA is  a n  en zym e a ssa y  in  w h ich  an tigen  
or antibody is  coa ted  on  a p olystyren e p late and  
allowed to react w ith  en zym e-tagged  an tib od y or 
antigen  for a ssa y in g  the b ou n d  enzym e, u s in g  a 
chrom ogenic su b stra te  (Clark and E ngvall 1980; 
Manja 1990). It is  b ein g  exten sive ly  u sed  for th e  
detection  of S a l m o n e l l a  in  foods (Rowly et al. 1978). 
The com m ercial k its  for the d etection  o f S a l m o n e l l a  
are a lso  b ein g  accep ted  for sta tu tory  p u rpose  
(Flowers et al. 1986). Im m unologica l a s sa y s  ca n  be  
the pow erful and u sefu l too ls  for th e  d etection  o f  
m ic r o o r g a n ism s  a n d  th e ir  b y p r o d u c ts . T h e

d isad van tage o f th e  m eth od  is  th a t it d oes not 
differentiate b etw een  th e  v iab le an d  n on -v iab le  
cells . B u t th e  tech n iq u e  is  rapid, accu ra te  and  
n eed s  le s s  reag en ts an d  fac ilities (Clark an d  Engvall
1980). T he se n s it iv ity  an d  sp ec if ic ity  o f  th e  
im m u n ologica l m eth o d s ca n  be furth er im proved by  
th e u se  o f m on o clon a l a n tib od ies an d  it is  p ossib le  
to com p lete  th e  a n a ly s is  w ith in  a period of 1 h  
(Meyer et al. 1984). Latex ag g lu tin a tio n  te s t s  are 
extrem ely sim p le an d  h ave great p o ten tia l in  food  
m icrobiology (F in kelstein  an d  Y oung 1983).

O bvious ad vantage o f im m u n olog ica l a s sa y  is  
th a t it can  b e  u se d  for large sca le  screen in g  o f food  
sa m p les  (Freed et al. 1982). F urther, it is  easier  
and faster  to d etect slow  grow ing org an ism s in  food  
b y im m u n ologica l m eth od  th a n  b y  th e  con ven tion al 
m eth o d s, sp ecia lly  in  th e  co ld -stored  food sa m p les  
having p sych rotrop h s (M anafi an d  S om m er 1992). 
W h e n  c o m p a r e d  to  c o n v e n t io n a l  m e t h o d s ,  
im m unological m eth o d s offer sim ilar d etection  lim its  
an d  con fid en ce lev els  (M eyer et al. 1984). Further, 
th e  sam p le preparation  is  sim p ler, requiring no  
elaborate extraction  p roced u res for m etab olites  or 
iso la tion  o f org an ism s (Stiller an d  F ey 1978). 
However, it b eco m es n ec e ssa r y  to  a n a ly se  a large 
n u m b er o f food sa m p les  to  find ou t th e  p resen ce  
of cross-reactin g  a n tig en s th a t m ay  interfere w ith  
th e  reaction .

L t m u l u s  a m o e b o c y t e  a s s a y  : T he en d otox in s of 
Gram negative b acteria  h ave th e  ab ility  to gellify  
th e  ly sa tes  of am o eb ocy tes o f  h o rsesh o e  crab  
(Jorgenson  and Sm ith  1973). In th is  te st , en d otoxin s  
are extracted  from  th e  b acteria  p resen t in  th e  food s  
b y m ixing th e  sam p le  w ith  pyrogen-free d istilled  
w ater. Serial d ilu tio n s o f th e  ex tra cts  are m ixed  
w ith  k n ow n  q u a n tities  o f  am oeb ocyte  ly sa te  and  
in cu b ated  at 37°C  for 1 h . F orm ation  o f c lo t is  the  
end  point o f en d otox in  p resen ce  an d  th e  titre is  
recorded a s  th e  reciprocal of th e  h ig h est d ilu tion  
form ing a c lear gel (Jay 1974). T he tech n iq u e  h a s  
a lso  b een  u se d  to  e s tim a te  th e  sh elf-life  o f  
p asteu rized  m ilk  (Byrne an d  B ish op  1990), b ased  
on th e  m icrobial load  p resen t in  the m ilk. In th is  
stu d y , th e lim u lu s am oeb ocyte  a s sa y  w a s  com pared  
w ith  d irect ep iflu o rescen t filter tec h n iq u e  for 
psychrotrophic b acteria  co u n t. E ach  m ilk  sam p le  
w a s  eva lu ated  before and after th e  in cu b atio n s, 
w hile m ilk  a lon e an d  m ilk  w ith  ben zalk o liu m  
chloride w ere em ployed . The tech n iq u e  cou ld  be  
u sefu l a s a rapid m eth od  o f sh elf-life  estim ation .

P o l y m e r a s e  c h a i n  r e a c t i o n  : The techn iqu e  
involves th e  rapid am plification  o f target DNA in  
v i tr o  and  id en tification  o f th e  am plified  DNA, u sin g
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su itab le  DNA probe (W em ars et al. 1991). DNA 
polym erase o f T h e r m u s  a q u a l i c u s  ca n  b e u sed  to 
am plify DNA fragm ents to m illion s in  3  to 4  h by  
heating and cooling cy c les  in  q u ick  su c c e ss io n . The  
techn iqu e h a s  b een  u sed  ex ten sive ly  for d etection  
of variety o f bacteria  in  food s (W em ars et al. 1991; 
Brooks et al. 1992). R ecently , n ew  u ser  friendly  
DNA probe a ssa y s  have b een  developed , w hich  
elim inate th e  u se  of radioactive p rob es (Groody 
1991). N on-radioactive DNA p rob es h ave a lso  
em erged for the safer  u se  o f DNA fragm en ts (Manja
1990) . The DNA of u n k n o w n  bacteria  p resen t in  
the food is  den atured  at 94°C  an d  hybridized w ith  
the prim ers at 37°C , in  the p resen ce  of therm ostable  
DNA polym erase and deoxyribonucleotide phosphate. 
Then at 75°C , polym erase sy n th e size s  th e  new  
com plem entary stran d  of DNA. In th e  repeated  
cycles of h eatin g  and cooling, double th e  am ou nt  
of DNA is  syn th esized  (Brooks et al. 1992). The  
tech n iq u e  is  m u ch  fa s te r  th a n  th e  n a tu ra l  
m u ltip lica tion  of bacteria , h en ce  th e advantage of 
the m ethod  for rapid d etection  o f bacteria  (Toranzos 
and Alvarez 1992). O ne great d isad van tage of th is  
m ethod, in  u s in g  it for foods, is  the p resen ce  of 
large am ou nt o f n on-m icrob ia l DNA, w h ich  m ight 
cross-react (Fits 1985). S in ce it u se s  the am plification  
principle, even  a sm all con tam in a tion  m ay  am plify. 
Further, the te s t  on ly d etects  th e  DNA and not 
n ecessarily  from  th e  living ce lls  (W em ars et al.
1991) . Now, the new ly sy n th esized  o ligonucleotide  
probes, cod ing for h ea t lab ile and h ea t stab le  
enterotoxins of E . coii, h ave b een  su ccessfu lly  
em ployed for th e  d etection  (W achm uth et al. 1991). 
P olym erase  c h a in  re a c tio n  a n d  DNA p ro b es  
revolution ise th e  d etection  m eth o d s for enteric  
pathogens.
C o n c lu s io n

In recent years, a  large n u m b er o f rapid  
m eth od s for m icrobial d etection  have em erged  and  
each one is  having its advantages and d isadvantages. 
T hese m eth o d s h ave n o t yet ta k en  over the  
conventional co lon y  co u n t m eth od  com pletely . The  
s ta tu to r y  food  m ic r o b io lo g is ts  a n d  a lso  th e  
conventional m icrob io log ists have n ot y e t realised  
the sign ificance o f th ese  rapid m eth o d s. T h is h a s  
b een  critically p u t forth b y  Sharpe (1979). He 
q u estion ed  th e o b se ss io n  of food m icrob io log ists for 
total co u n ts , w hich  h a s  retarded the developm ent  
of m ore ration al an d  realistic  tech n o log ies for the  
ch an gin g  n eed s  o f th e  con su m er. In the total cou n t  
m eth o d s, on e often  d eterm in es the c lu ster  of 
bacteria and it is  n ot a true viab le cou n t, b ut

c lu ster  co u n t of b acteria . It is  n ow  v ita lly  e s se n tia l  
to  u se  the new er an d  rapid m eth o d s  o f m icrob ial 
estim ation  in  food m icrobiology an d  follow  th e  
ch an g in g  tren d s in  sc ien ce . T h ese  m eth o d s  sh o u ld  
u ltim ately  rep lace th e p resen t d ay  lab ou r and  
reagent in ten sive  m icrobial e stim a tio n s.
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P e ro x id a se  a c tiv ity  a n d  p ro te in  c o n te n t  in  th e  c r u d e  a s  w ell a s  a c e to n e  p re c ip ita te  e x tra c ts ,  f ro m  c lu s t e r  b e a n  
a n d  co w p ea , d u r in g  e ig h t  s ta g e s  o f  d e v e lo p m e n t w e re  s tu d ie d , a lo n g  w ith  a v e ra g e  w e ig h t a n d  m o is tu r e  c o n te n t .  P e ro x id a s e  
ac tiv ity  in c re a s e d  u p to  th e  s ta g e  o f  m a tu r i ty ,  follow ed b y  a  la rg e  d e c lin e  till th e  s ta g e  o f  s e n e s c e n c e .  T h e  s o lu b le  
p ro te in s  f i r s t  d e c lin e d , th e n  s ta r te d  in c re a s in g  a n d  r e a c h e d  th e  p e a k  a t  th e  s e n e s c e n t  s ta g e . T h e  is o e n z y m e  p a t t e r n s  
o f  p e ro x id a se , d u r in g  d e v e lo p m e n t o f  b o th  th e  v e g e ta b le s , sh o w e d  v a ry in g  in te n s i t ie s .  C lu s te r  b e a n  p e ro x id a s e  p o s s e s s e d  
tw o iso en z y m e  b a n d s  th r o u g h o u t  th e  d e v e lo p m e n t a n d  th e  c o w p e a  sh o w e d  five b a n d s  in itia lly  a n d  a  s ix th  b a n d  a p p e a re d  
a t  m a tu r i ty  s ta g e .
K eyw ord s: P e ro x id a s e  ac tiv ity , Iso en zy m e  p a t te r n s ,  S o lu b le  p ro te in  c o n te n t ,  C lu s te r  b e a n ,  C o w p e a , D e v e lo p m e n t.

Many chem ical and p h ysica l ch an g es, occurring  
during th e ripening of fru its, are attr ibuted  to  
enzym e action  (Haard 1977). There is  a rapid  
increase in  th e  activ ity o f  severa l en zym es during  
m aturity and ripening of several fru its, su ch  a s  
m ango, apple, p each , pear and b a n a n a  (Mattoo et 
al. 1969; K unive 1969; F lurkey and J e n  1978; 
Ranadive an d  H aard 1972; H aard 1973). Further, 
isoenzym e p attern s o f so m e o f th e en zym es are 
reported to ch an g e during fruit m atu ration , w hile  
som e isoen zym es d isap p ear an d  som e o th ers appear  
at various s ta g es  o f  ripening, thereb y su g g estin g  
a role o f  iso en zy m es in  th e  ripening p ro cess  
(Bonisolli and G orin 1977; G orin an d  H eidem a
1976). C h an ges in  th e  isoen zym e p attern s of 
peroxidase en zym es h ave b een  reported to occur  
with the clim acteric rise in  pear (Ranadive and  
Haard 1972) an d  tom ato (Frenkel 1972). B oniso lli 
and Gorin (1977) h ave determ ined  th e  isoen zym e  
patterns o f peroxidase and correlated  the m ax im u m  
activities w ith ap p earan ce o f n ew  isoen zym es. G orin  
and H eidem a (1976), w h ile  stu d y in g  th e apple  
stored u n d er controlled  a tm osp h ere, h ave sh ow n  
tw o p e a k s  in  th e  iso e n z y m e  p a tte r n s , o n e  
corresponding to  c lim acteric an d  th e  other to the  
start of sen escen ce; one o f th e  enzym e fractions  
representing th e  p h a se  o f ripening only.

A lthough s tu d ie s  on  th e  p erox id ase enzym e  
activity, protein  con ten t an d  th e  role of isoen zym e  
p attern s during ripen ing in  fru its are reported, not 
m u ch  inform ation is  available on  th ese  factors in  
vegetab les during developm ent. It w a s, therefore, 
considered  w orthw hile to  stu d y  th ese  a sp ec ts  in  two
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vegetab les, c lu ster  b e a n  and cow p ea, w h ich  are 
kn ow n  to p o s s e s s  h igh  co n cen tra tio n s o f p erox id ase  
(R am anuja et al. 1988).
M a ter ia ls  an d  M eth o d s

C lu ster b ean  (C y a m o p s i s  te t r a g o n o lo b a }  and  
cow p ea ( V ig n a  u n g u i c u l a t a  L.) s e e d s  w ere procured  
from  local h orticu ltu re d ep artm ent. S o lv en ts  and  
ch em ica ls  u sed  w ere o f an a ly tica l grade. T he se e d s  
w ere so w n  in th e  p rem ises  of th e laboratory. The 
first p ick in g o f th e  b e a n s  w a s  d on e after 5 0  and  
7 0  d ays for c lu ster  b ea n  an d  cow p ea, respectively . 
T hey w ere h arvested  periodically , sta rtin g  from  the  
pod se ttin g  (initial) sta ge  u p to  th e  s e n e sc e n t  stage, 
w h ich  reached  after 130  and 140  d ay s in  c lu ster  
b ea n  and cow pea, resp ectively . B oth  th e  seed  
sa m p les  an d  cru d e a s  w ell a s  a ce to n e  precip itated  
extract were analyzed at eight sta g es  o f developm ent- 
pod se tt in g  (in itial), p od  se tt in g  (early), pod  
se tt in g  (late), p od  fill in g  (early), p od  fillin g  
(late), m atu re, overm ature an d  se n e sc e n c e .

The average w eight of ten  representative sam p les  
from  each  vegetab le w a s  recorded  after every  
h arvest. M oisture w a s  determ in ed  b y  th e  AOAC
(1960) m ethod . P rotein  con cen tra tio n  in  th e  extract 
w a s m easu red  b y  th e  m eth o d  o f Lowry et al (1951), 
u sin g  crystalline bovine seru m  alb um in  a s  standard . 
E xtraction  o f p erox id ase, a s sa y  o f en zym e activity  
an d  partial purification  o f cru d e en zym e extract 
w ere perform ed a s  reported  earlier (R am anuja et 
al. 1988).

P o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  : It w as  
carried ou t b y  the m eth od  o f D avis (1964), u sin g  
g la ss  tu b e  o f 5 m m  in n er d iam eter, w h ich  w a s filled 
to 8  cm  w ith  7.5%  polyacrylam ide in  0 .3 7 5  M Tris-
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HC1 buffer (pH 8.9) a s  the resolving gel (Gabriel
1971). T ris-glycine buffer (10 mM), at pH 8 .3 , w a s  
u sed  a s  th e  electrode buffer. The e lectrop h oresis  
w a s ru n  for 3  h  b y  applying a current o f 4  mA  
per tube. The g e ls  w ere sta in ed  for peroxidase  
activ ity by eq u ilib ratin g  w ith  0.5%  b en zid in e  
dihydrochloride in  10 m l glacial acetic  acid  in  te st  
tu b es for 3 0  m in  and th en  im m ersing in  a so lu tio n  
of 0.14%  hydrogen  peroxide for 10 -3 0  m in . The  
colour of the sta in ed  b an d s w a s  fixed and th e  clarity  
of b an d s w a s  Increased  b y  treatin g the g e ls  
su b seq u en tly  w ith  10% acetic  acid  for 10 m in , 
followed by storin g in  30%  a q u eo u s ethanol.
R e su lts  a n d  D is c u ss io n

C h a n g e s  i n  p h y s i c o - c h e m i c a l  p a r a m e t e r s  : 
Average w eigh t in  b oth  c lu ster  b ean  and cow pea  
increased  w ith  the ad van cem en t o f the stage of 
m aturity  (Table 1). H ow ever, a sm all d eclin e  
occurred, w h en  th e se  reached  the se n e sc e n t  stage. 
The m oistu re con ten t sh ow ed  a stea d y  d ecrease.

se ttin g  (initial) s ta g e  u p to  th e  s ta g e  o f m atu rity . 
T h is w a s follow ed b y  a large d eclin e , till th e  sta g e  
of sen escen ce . The in crease  w a s  fou n d  to  b e  ab out  
3  tim es in  b oth  the veg eta b les at the m atu re  sta g e , 
a s  com pared  to th e  pod se ttin g  (initial) s ta ge . The  
protein  con ten t o f the cru d e a s  w ell a s  a ce to n e  
precip itate extract from  c lu ster  b ea n  an d  cow p ea  
first declined , th en  sta rted  in crea sin g , an d  reach ed  
the p eak  at th e  se n e sc e n t  sta g e . It w a s  fou n d  to  
be ab out on e and a h a lf  t im es m ore at th e  m atu re  
stage a s  com pared  to th e  pod se ttin g  (initial) s ta ge . 
The p eak in g  of b oth  p erox id ase activ ity an d  tota l 
so lid s  con ten t at th e m atu re sta g e  in d ica ted  th e  
m ost active grow ing period. Ku et al (1970) h ave  
sh o w n  th a t tota l activ ity o f  p erox id ase  en zym e in  
tom ato in crea sed  from 1.1 to  8 .2  u n its  from  pre- 
to p ost-c lim acteric , w h erea s in  th e  p resen t stu d y , 
the activity of p erox id ase in  cru d e extract in crea sed  
from  4 2  to 133 u n it s /g  in  c lu s ter  b ea n  an d  from  
16 to 4 8  u n it s /g  in  cow p ea, from  p od  se tt in g  
(initial) to m atu re stage.

TABLE 1. C H A N G ES IN PER O X ID A SE ACTIVITY AND O T H E R  PARAM ETERS IN C L U S T E R  BEAN AND C O W PEA  DU RIN G 
DEVELOPM ENT.

C lu s te r  b e a n  _________________________________ C o w p e a _____________________
C ru d e e x tra c t A cetone' PPt- C ru d e  e x t r a c t A c e to n e  p p L

D ay o f S ta g e  o f P crox i- P crox i- P cro x i- P cro x i-
p ic k in g dev e lo p - M o is tu re , A v erage d a s e P ro te in , d a s e P ro te in , M o is tu re , A verage d a s e  P ro te in , d a s e P ro te in ,

m e n t % w t, g u /g m g / ml u /g m g /ml % w t, g U /g  m g / ml u /g m g / ml
10 Pod

s e t t in g
(in itial)

85.5 0 .6 42 .0 7.4 67 .0 3.0 84 .8 1.3 16.0 3 .5 28 .0 1.6

20 Pod
s e t t in g
(early)

84.2 0.9 45 .0 6.4 67 .0 2.9 84.1 2.8 21 .0  2 .5 30 .0 1.0

30 Pod
s e tt in g
(late)

83.2 1.3 60 .0 5.9 83 .0 2.6 78.1 3.3 2 8 .0  2 .5 38 .0 0 .7

40 Pod
filling
(early)

82.5 1.8 64 .0 5.4 94 .0 4.3 79.0 3.3 2 8 .0  4 .0 47 .0 1.5

50 Pod
filling
(late)

78.0 2.0 93 .0 9.1 152.0 7.4 76.1 4 .0 3 8 .0  5.3 76 .0 1.7

60 M a tu re 76.2 2.0 133.0 9.9 2 13 .0 7.4 64 .0 5.0 4 8 .0  5 .8 80 .0 1.9
70 O v er

m a tu re
74.0 1.8 100.0 10.0 150.0 8.0 62 .0 4 .5 3 7 .0  6 .2 62 .0 2.1

80 S e n e s 
c e n c e

74.0 1.5 60 .0 10.6 82 .0 8.5 62 .0 4 .0 2 5 .0  6 .2 47 .0 2.5

a s the b ea n s  developed  from  th e  pod se ttin g  (initial) 
stage to th e m atu re stage, an d  rem ained  at a 
con sta n t level o f  74% in  c lu ster  b ea n  and 62% in  
cow pea. The total so lid  con ten t, con seq u en tly , w a s  
in  th e  range o f 14 .5-26%  in  c lu ster  b ea n  and 15 .2-  
38%  in cow pea.

The p erox id ase activity, in  both  crude extract 
as w ell a s  aceton e  precip itate, in creased  from  pod

B a iley  an d  M cH argue (1 9 4 3 ) fo u n d  th a t  
p erox id ase activ ity in  tom ato  fru its  an d  lea v es  
in crea sed  w ith in creasin g  m atu rity  an d  d ecreased  
w ith th e  o n se t o f s e n e sc e n c e . S am e p attern  w a s  
a lso  observed  in  th e  p resen t stu d y . P rabha an d  
Patw ardhan (1986) have reported th a t the peroxidase  
activity m ay  serve a s  a n  in d ex  o f rip en in g  in  fru its. 
H aard (1977) h a s  reported a rise in  th e  activ ity  o f
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peroxidase during c lim acteric in  ripen ing flesh  of  
apples, b an an a , gra p es an d  pear. T he ob servation s  
in the p resen t in vestigation  o n  th e  p erox id ase  
activity, reach ing a p eak  at th e  tim e o f m aturity  
in  th ese  vegetab les, are in  agreem en t w ith  th e  above  
trend and su p p ort the above view s.

I s o e n z y m e  p a t t e r n  : F igs. 1 an d  2 sh o w  the  
isoenzym e p attern s d u rin g  d evelop m en t in  cow pea  
and c lu ster  b ean , resp ectively . C ow pea p erox id ase  
separated  into a m ax im u m  o f 6  isoen zym e b a n d s  
(Fig. 1). In cow pea, th e  fa ste st  m oving b an d  F of 
the isoen zym e pattern  d ecreased  in  in ten sity  at th e

Fig. 1. PAGE p a t t e r n  o f  c r u d e  c o w p e a  p e ro x id a s e  d u r in g  
d e v e lo p m e n t
1 - Pod s e t t in g  (in itia l) 2  - Pod s e t t in g  (early), 3  - P od  
s e t t in g  (late), 4  - P od  filling  (early), 5  - Pod filling  (late), 
6  - M a tu re , 7  - S e n e s c e n c e .

i  ri hi iv v  Vi vii

Fig. 2. PAGE p a t te r n  o f  c r u d e  c lu s te r  b e a n  p e ro x id a s e  d u r in g  
d e v e lo p m e n t
1 - Pod s e t t in g  (in itial) 2  - P od  s e t t in g  (early), 3  - P od  
s e t t in g  (late), 4  - P od  filling  (early), 5  - Pod filling  (late) 
6  - M a tu re , 7  - S e n e s c e n c e .

pod filling sta g e  an d  thereafter, th e  in ten sity  w a s  
co n s is te n t  th ro u gh ou t th e  d evelop m en t (F ig.l). 
T hough the b a n d s  B  an d  C got sm u d g ed  and  
diffused  in  th e  pod se ttin g  (initial) s ta g e , all th e  
other b a n d s w ere gen era lly  sh arp  an d  clear, during  
the developm ent an d  se n e sc e n t  sta g es . B a n d s  A  to  
C p ersisted  w ith  a lm o st sa m e  in ten sity  from  th e  
pod se ttin g  (initial) s ta g e  to th e  se n e sc e n t  stage. 
The b an d  D sh ow ed  h ig h er  in ten sity  after pod filling  
an d  its  in ten sity  rem ain ed  sa m e thereafter. One 
m ore b an d  o f low  in ten sity , i.e. b a n d  E, appeared  
at the m atu re sta g e  an d  rem ain ed  u p to  th e  
se n e sc e n t  stage.

In c lu ster  b ea n , th e  b a n d s  A  an d  B w ere se e n  
th rou gh ou t c o n s isten tly  (Fig. 2). It p o s se s se d  a 
m axim u m  of tw o b a n d s, right from  th e  pod settin g  
(initial) s ta g e  to th e  se n e sc e n t  sta g e . B u t, th e  
in ten sitie s  o f  th e  tw o b a n d s  varied  a s  th e  vegetab le  
developed. The h igh  in ten sity  b an d  red u ced  in  
in ten sity  gradually, w h ile  th e  low  in ten sity  band  
in creased  in  in ten sity , a s  th e  vegetab le  developed. 
The in ten sitie s  o f the b a n d s , how ever, red u ced  after  
m aturity and rem ained con stan t, u n til the sen escen t  
stage.

A ccording to P rabha a n d  P atw ard han  (1986), 
th e  en h a n ced  p erox id ase  activity, ob served  at th e  
clim acteric sta g e  in  p eel an d  p u lp  o f all th e  fru its  
stu d ied , cou ld  b e  a sso c ia ted  w ith  th e  ap p earan ce  
of n ew  isoen zym e b a n d s  a s  w ell a s  in ten sifica tion  
of th e  a lready ex istin g  o n es . S im ilar r e su lts  h ave  
b een  reported b y  F renkel (1972) in  c a se  o f pear, 
tom ato and b lu e  berry fru its  d u rin g  ripening. In 
th e presen t stu d y , one additional b an d  w a s  observed  
in  cow p ea at th e  s ta g e  o f m atu rity , thereb y  
su g g estin g  a role o f iso en zy m es in  th e  m aturity  
p rocess. In c lu ster  b ea n , d ecrease  in  p erox id ase  
activ ity after m atu rity  co in cid ed  w ith  red u ced  
in ten sity  o f th e  iso en zym e b a n d s . S im ilar r e su lts  
have b een  reported b y  B o n iso lli an d  G orin (1977) 
and G orin an d  H eidem a (1976) in  ap p les.

In cow p ea p erox id ase, in itia lly , there w ere five 
b a n d s  an d  th e  s ix th  b a n d  ap p eared  a t th e  m atu re  
sta ge , w h erea s in  c lu ster  b ea n  p erox id ase, there  
w ere only tw o b a n d s  an d  n o  ad d ition a l b an d  
a p p ea red  d u r in g  d e v e lo p m e n t, a lth o u g h  th e  
in ten sitie s  o f th e  b a n d s  varied  at different s ta g e s  
of developm ent.
A ck n o w le  d ge m e n t

The au th ors are th a n k fu l to Dr. (Mrs.) R ugm ini 
S an k aran , D irector, for co n sta n t en cou ragem en t.
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E ffec t o f  s u b s t i tu t in g  c o m m o n  s a l t  ( so d iu m  ch lo rid e ) w ith  sendha  (ro ck  sa lt)  o r  low  s o d iu m  c o n ta in in g  s a l t  m ix tu re s  
o n  th e  q u a li ty  o f  w h e a t  f lo u r  d o u g h  a n d  b re a d  w a s  s tu d ie d . In  g e n e ra l, th e  c o m m o n  s a l t  s u b s t i t u t e s  r e d u c e d  w a te r  
a b s o rp t io n  c a p a c ity ,  b u t  in c re a s e d  d o u g h  d e v e lo p m e n t tim e , s ta b ili ty , e x te n s ib ili ty , r e s i s ta n c e  to  e x te n s io n  a n d  s t if fn e s s  
o f  th e  d o u g h . T h e  e x te n t  o f  c h a n g e s  w ith  d iffe re n t c o m m o n  s a l t  s u b s t i tu te s  w a s  a lm o s t  s im ila r  a n d  c o m p a ra b le  to 
th e  d o u g h  m a d e  w ith  c o m m o n  s a l t .  In c o rp o ra tio n  o f  c o m m o n  s a l t  s u b s t i tu te s  im p ro v e d  th e  lo a f  v o lu m e , c r u s t  c o lo u r , 
a n d  c ru m b  c h a r a c te r i s t ic s  o f  th e  b r e a d  to  th e  s a m e  e x te n t  a s  th e  c o m m o n  s a l t .  H ow ever, o n ly  sendha  y ie ld e d  b r e a d  
w h ic h  h a d  c o m p a ra b le  t a s te  a n d  o v e ra ll q u a li ty  to  th a t  m a d e  w ith  c o m m o n  s a l t
K ey w o rd s : C o m m o n  s a l t  s u b s t i tu te s ,  Low s o d iu m  s a l ts ,  D o u g h  c h a r a c te r i s t i c s , 'B r e a d  q u a lity , Sendha (ro ck  sa lt)

C om m on sa lt (NaCl) is  an  e ssen tia l ingredient 
in bread and is  u sed  a s  a  flavour enhancer and dough  
stabilizer (Salovaara 1982). C on su m p tion  o f sod iu m  
chloride in  e x c e ss  h a s  b een  a sso c ia te d  w ith  
h y p erten s io n  in  c e r ta in  s e n s it iv e  in d iv id u a ls  
(Gillette 1985) an d  low  sod iu m  in tak e h a s  b een  
recom m ended for su c h  in d iv id u als (N dabiunze and  
Lahtinen 1989). S tu d ies  h ave b een  reported on  th e  
p ossib ilities o f  rep lacin g  part of com m on  sa lt  w ith  
p o ta ss iu m  or m a g n e s iu m  ch lo r id e  in  b read  
(Salovaara 1982; G uy 1986). T h ou gh  no ser io u s  
adverse effect w a s found on  the dough ch aracteristics  
or loaf quality , a sligh t astr in gen t m ou th feel w a s, 
however, felt w h en  50%  of com m on  sa lt w a s  
replaced w ith  p o ta ss iu m  or m a g n esiu m  chloride  
(Salovaara 1982; Stroh et al. 1985).

Several sa lt  su b stitu te s , su c h  a s  s e n d h a  (rock  
salt) or the b len d s o f different sa lts , con ta in in g  low  
am ounts o f sed iu m , are n ow  com m ercia lly  available  
in  India. T h is w ork w a s  carried ou t to  stu d y  th e  
effect of su c h  com m on  sa lt su b st itu te s  on  th e  
rheological and bread m aking qualities of com m ercial 
flour, m ade from  w h ea t grow n in  India.
M a ter ia ls  a n d  M e th o d s

A  com m ercially  availab le refined w h eat flour  
(m a id a ) w a s obtained  from  th e  local m arket. R eagent 
grade sod iu m  chloride, p o ta ss iu m  chloride, and  
m agn esiu m  chloride w ere ob tained  from  S. D. F ine  
C hem icals Ltd., B oisar. C om m ercially  available low  
sod ium  con ta in in g  sa lt  m ix tu re, com m on  sa lt and  
s e n d h a  w ere procured  from  th e  loca l m arket. One 
g of com m ercial low sod iu m  sa lt m ix tu re con ta in ed  
135 m g sod iu m  and 3 4 0  m g each  o f p o ta ss iu m
* Corresponding Author

an d  m ag n esiu m  carb o n ates. R ock  sa lt h ad  3 1 5  m g  
sod iu m  and 187 m g  p o ta ss iu m  per g. C om m on sa lt  
con ta in ed  4 0 0  m g so d iu m /g .

C h e m i c a l  c h a r a c t e r i s t i c s  : E s t im a t io n s  o f  
m oistu re , g lu ten , to ta l a sh , Z eleny sed im en ta tion  
va lu e, and  K en t-Jon es co lou r grade va lu e  o f  the  
flour w ere carried ou t accord in g  to  stan d ard  AACC
(1969) m eth o d s. D ou gh  ra isin g  cap a city  o f flour, 
con ta in in g  different sa lts , w a s  m ea su red  b y  ISI
(1972) m ethod.

R h e o lo g ic a l  c h a r a c t e r i s t i c s  ; Farinograph and  
exten sograp h  ch a ra cter istics  o f d ou gh , con ta in in g  
different sa lts , w ere a s s e s s e d  accord ing to stan dard  
m eth o d s (AACC 1969; V en k atesw ara  R ao and  
H aridas Rao 1993). T exture profile o f  th e  d ough  
w a s  a s se s se d  u s in g  G eneral F ood s T exturom eter  
(Tanaka 1975) u n d er  th e  follow ing co n d itio n s  ; 
v o lta g e  1 V, c le a r a n c e  2 m m . A m y lo grap h  
ch ara cter istics  o f flour w ere determ in ed  a s  per th e  
AACC (1969) procedure, u s in g  8 0  g  flour.

B a k i n g  c h a r a c t e r i s t i c s  : B rea d s w ere prepared  
by standard 'Remix’ baking test (Irvine and M cM ullan
1 9 6 0 ). F at (1%) w a s  a lso  in c lu d e d  in  th e  
fo im u la tio n s. B read s w ere a s s e s s e d  for lo a f vo lu m e  
b y rap eseed  d isp la cem en t m eth o d  (M alloock and  
C ook 1930). E v a lu a tion  o f c r u st  an d  crum b  
ch ara cter istics  w a s  carried  ou t b y  a p a n e l o f  s ix  
trained  ju d g es . All th e  te s t s  w ere carried  ou t in  
trip licate and average v a lu e s  are reported.

S t a t i s t i c a l  e v a l u a t i o n  : The data  w ere su b jected  
to  s ta tistica l a n a ly s is  b y  D u n ca n 's  n ew  m u ltip le  
range te st  (D u n can  1957).
R e s u l t s  a n d  D is c u s s io n

The flour u se d  in  th e  p resen t s tu d y  had the
15
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following quality ch ara cter istics  (exp ressed  on  14% 
m oisture b asis) : d iy  g lu ten  10.86% , sed im en ta tion  
va lu e 22  m l, tota l a sh  0.47%  and co lou r grade va lu e
3 .2 . R easonably  h igh  va lu e  of g lu ten  a s  w ell a s  
sed im en ta tion  va lu e and low  ash  con ten t in  flour, 
ind icated  its  su itab ility  for bread  m aking.

E f f e c t  o f  s a l t s  o n  t h e  d o u g h  r a i s i n g  c a p a c i t y  o f  
J l o u r  : Effect of different sa lts  on  the d ou gh  raising  
capacity  of flour is  sh ow n  in Table 1. At th e end
TABLE 1. E F F E C T  O F  SALTS ON D O U G H  RAISING CAPACITY 
T im e C o n tro l S a l t  u s e d
(min) (w ith o u t C o m m o n  KC1, 0 .5  N aC l C o m m e rc ia l Sendha 

sa lt)  s a lt ,  1% 1% + 0 .5  KC1 s a l t  m ix - 1%
tu r e ,  1%

D o u g h  v o lu m e , m l
0 145 145 145 145 145 145

15 170 160 155 165 170 170
3 0 2 1 5 195 2 0 0 2 0 0 2 1 0 2 0 5
4 5 2 7 0 2 3 5 2 5 0 2 5 0 2 6 0 2 6 0
6 0 2 8 5 2 5 5 2 7 5 2 6 5 2 7 5 2 7 0

%  D o u g h  
ra is in g 9 6 .6 7 5 .9 3 9 .7 8 2 .8 8 9 .7 8 6 .2
c a p a c ity
of 6 0  m in , com m on  sa lt h ad  a severe effect on  the  
dough ra isin g  cap acity  of flour, a s  it d ecreased  from  
96.6%  for control to 75.9% . KC1 an d  th e com m ercial 
sa lt m ixture h ad  the m in im al effects on  th e  dough  
raising capacity. Effect o f s e n d h a  w a s  sligh tly  m ore  
th an  th a t o f the above tw o co m p o u n d s. The  
d ecrease in  the d ough  raising cap a city  w ith  th e  
addition  o f sa lts  w a s  probably d u e  to their  
tou gh en in g  effect on  th e  d ough  (Hylnka 1962), 
w hich, in  turn , affected th e  ex p a n sio n  o f th e  dough.

E f f e c t  o f  s a l t s  o n  r h e o lo g ic a l  c h a r a c t e r i s t i c s  o f  
d o u g h  : The farinograph w ater ab so rp tio n  (FWA) 
of th e flour d ecreased  to different ex ten ts , w ith  th e  
addition  o f variou s sa lts  (Table 2). G reater effect 
w a s, how ever, fou n d  w ith  th e  u s e  o f com m o n  sa lt. 
At 2% level, com m o n  sa lt  d ecreased  th e  w ater  
ab sorption  from  5 9  to 56% . W hen  part o f th e  
com m on  sa lt w a s  rep laced  w ith  5 0  to 75%  o f eith er  
KC1 or MgClj, on ly a m arg in al d ecrea se  in  th e  FWA 
w a s observed. S im ilar r e su lts  w ere earlier reported  
by several other w orkers (Galal et al. 1978; Salovaara  
1982; G uy 1986). G alal et al. (1978) exp la in ed  th is  
effect o f  com m on  sa lt, b a sed  o n  th e  in crea se  in  
th e  am o u n t of free w ater in  th e  sy stem , th ereb y  
altering th e  g lu ten  stru ctu re  in  su c h  a w a y  th a t  
th e sa lt  occu p ied  th e  s ite s  w h ich  w ere on ce  
occu p ied  b y  th e b ou n d  w ater. A m ong th e  v a r io u s  
other sa lts , s e n d h a  h ad  th e  m in im a l effect o n  FWA, 
w hich  d ecreased  to 5 8 .0  from  59.0% .

All th e  sa lts , at 2% level, in crea sed  th e  
d evelop m en t tim e o f the d ou gh  (Table 2). M inim al 
effect w as, how ever, s e e n  w ith  th e  ad d ition  of 
MgClj. A ddition  of different sa lts , at 2% level, w ith  
th e exception  of MgCl2, in crea sed  th e  d ou gh  stab ility  
by a lm ost three-fold . S a lovaara  (1982) a lso  reported  
sim ilar effect on  farinograph ch a ra cter istics , w ith  
the addition  o f MgC^. A ddition  o f  sa lts  m ad e th e  
d ough  m ore e la stic . T h is  w a s  a lso  in d ica ted  b y  an  
in crease in  the b an d  w id th  o f th e  resp ective  
farinogram s.

E f fe c t  o f  s a l t s  o n  t h e  e x t e n s o g r a p h
TABLE 2 . E F F E C T  O F  D IF F E R E N T  SALTS ON T H E  FARINOGRAPH AND EXTEN SO G RA PH  C H A R A C TER ISTIC S O F  D O U G H

S a it  ty p e Level W a te r F a r in o g ra p h E x te n s o g ra p h
a b s o rp tio n , E la s tic ity , D o u g h S tab ility , M li,* R e s is ta n c e E x te n s l- R a tio

% BU d e v e lo p m e n t m in BU to  e x te n s io n , b ility , E lig u re
tim e , m in R  BU m m R /E

C o n tro l 0 5 9 .0 115 3 .0 5 .5 6 0 150 140 1 .0 7
C o m m o n  s a i t 0 .5 5 7 .8 130 3 .0 9 .0 4 0 - - -

1.0 5 7 .0 135 4 .0 11 .0 2 0 3 2 5 165 1 .9 7
1.5 5 6 .4 145 4 .0 14 .0 2 0 - - -
2 .0 5 6 .0 150 5 .0 15 .0 2 0 4 5 0 170 2 .6 5

C o m m e n ç a i 0 .5 5 8 .0 125 4 .0 7 .0 5 0 _ _ _

s a i t  m ix tu re 1.0 5 7 .6 125 5 .0 9 .0 4 0 4 4 0 160 2 .7 5
1.5 5 7 .2 130 5 .0 12 .0 3 0 - - -
2 .0 5 7 .0 140 6 .0 14 .0 3 0 7 7 5 170 4 .5 6

Sendha 1.0 5 8 .4 145 3 .5 9 .5 2 0 3 1 0 180 1 .7 0
2 .0 5 8 .0 160 4 .0 15 .0 4 0 3 2 5 2 2 0 1 .4 8

N aC l + KC1 0 .5 0  + 0 .5 0 5 8 .4 145 4 .0 13 .0 2 0 3 0 0 155 1 .94
N aC l + KC1 0 .2 5  + 0 .7 5 5 8 .2 135 4 .0 1 2 .0 2 0 2 9 0 160 1 .82
N aC l + M gC lj 0 .5 0  + 0 .5 0 5 7 .6 145 6 .0 10 .0 2 0 2 7 0 150 1 .8 0
NaCl + M gCl2 0 .2 5  + 0 .7 5 5 7 .2 135 5 .0 8 .0 10 2 6 0 160 1 .6 3
* M ixing to le ra n c e  in d e x
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ch aracteristics is  sh o w n  in  Table 2 . All th e  sa lts  
u sed  h ad  a greater effect on  th e  res ista n ce  to 
exten sion  o f th e  d ou gh , th a n  its  exten sib ility . 
C o m m ercia l s a l t  m ix tu r e  c a u s e d  m a x im u m  
resistan ce to  ex ten sio n , at b oth  th e  levels added. 
S e n d h a  h a d  m a x im u m  effect o n  th e  d ou gh  
extensib ility , in creasin g  it to 2 2 0  m m  from  140  
m m  at 2% level. B en n ett an d  Ew art (1965) and  
Tanaka et al (1967) h ave reported  in crea sed  
resistan ce a s  w ell a s  ex ten sib ility  o f d ou gh , w ith  
increase in  the con cen tration  o f th e  sa lts . Salovaara
(1982) observed d ecreased  res ista n ce , an d  in creased  
extensibility , w h en  NaCl w a s su b stitu ted , at 2 0  and  
40% levels, w ith  ch lorid es o f p o ta ss iu m , ca lc iu m  
and m agn esiu m .

Effect o f sa lts  on  th e  h a rd n ess , co h es iv en ess .
TABLE 3. E F F E C T  O F S A L T S O N  T E X T U R O M E T E R

C H A R A C TERISTICS O F D O UG H
S a lt ty p e  Level, H a rd n e s s , C o h e s iv e n c s s S tic k in e s s ,

% k g /V cm
C o n tro l 0 1 .10 0 .8 0 1 .75
C o m m o n  s a l t  0 .5 1.31 0 .8 7 1 .50

1.0 1 .4 0 0 .9 6 1 .20
2 .0 1 .5 5 0 .9 1 1 .00

C o m m erc ia l 0 .5 1.51 0 .8 5 1 .60
s a l t  m ix tu re  1 .0 1 .6 5 0 .8 7 1 .5 0

2 .0 1 .6 8 0 .8 0 1 .50
Sendha 1.0 1 .45 0 .8 7 1 .50

2 .0 1 .60 0 .7 8 1 .50
NaCl+KCl 0 .5 0  + 0 .5 0 1 .34 0 .9 0 1 .40
NaCl+KCl 0 .2 5  + 0 .7 5 1 .47 0 .8 7 1 .60
NaCl+M gCl2 0 .5 0  + 0 .5 0 1 .39 0 .9 2 1 .60
NaCl+M gCla 0 .2 5  + 0 .7 5 1 .45 0 .8 8 1 .70

an d  s tic k in e ss  o f d ou gh , a s  m ea su red  b y  u s in g  
G eneral F oods T exturom eter, is  sh o w n  in  Table 3. 
H ard n ess o f  th e  d ou gh  in crea sed  w ith  th e  addition  
of va rio u s sa lts . T h ese  v a lu e s  ranged  b etw een  1.3  
an d  1.7 k g /v , a s  com p ared  to  1.1 k g /v  for the  
control d ou gh  m ad e w ith o u t a n y  sa lt. D ough  
con ta in in g  th e com m ercial sa lt  m ix tu re h ad  the  
m ax im u m  effect, probably a s  a  resu lt o f  th e  
com b ined  actio n  o f severa l sa lts  p resen t in  th e  
m ixture. C o h esiv en ess  o f th e  d ou gh  in crea sed  
w herever com m on  sa lt  w a s  u se d . NaCl is  reported  
to d ecrease  th e  in term olecu lar an d  in tram olecu lar  
rep u ls io n s b y  in teractin g  w ith  ch arged  gro u p s on  
protein  m o lecu les , th ereb y  in crea sin g  th e  d ough  
co h es iv en ess  (B ennett an d  E w art 1965).

All th e  sa lts  red u ced  th e  s t ic k in e s s  o f d ough  
an d  com m on  sa lt sh ow ed  greater effect th a n  th e  
oth er sa lts . A s th e  lev els  o f sa lts  in crea sed , their  
effect on  s tic k in e ss  d ecreased , probably  d u e to th e  
p resen ce  o f m ore free w ater in  th e  d ou gh  system .

E J J e c t o f  s a l t s  o n  a m y l o g r a p h  c h a r a c t e r i s t i c s  o f  
f l o u r  : All th e  sa lts , in  gen era l, low ered  th e
g é la tin isa tio n  tem peratu re a n d  in crea sed  th e  peak  
v isco sity  of flour p aste . G éla tin isa tion  tem peratu re  
of the flour d ecreased  m argin ally  from  60°C  to 59°C, 
w h en  different sa lts  w ere u se d  at 2% level. A ddition  
of com m on  sa lt in crea sed  th e  p ea k  v isc o s ity  from  
2 8 3 0  AU to  3 0 1 0  AU, resp ective ly , w h ile  the  
com m on  sa lt su b st itu te s  c a u sed  greater  in crease. 
M axim um  in crease  in  p eak  v isco s ity  (3 3 3 0  AU) w a s

TABLE 4 . QUALITY O F  BREAD A S A F FE C T E D  BY D IFFE R E N T  SALTS

S a lt ty p e Level,
%

V o lu m e,
cc

S p ecific  
v o lu m e , c c /g

C ru s t
co lour*

C ell s t r u c tu r e  
a n d  t e x tu re  *

T as te*

C on tro l 0 4 6 5 3 .4 3 5 * 5 .6 2 5 * 5 .0 0 * 3 .7 5 *

C om m o n s a l t 0 .5 4 7 5 3 .5 9 0 B 7 .3 7 5 s 7 .5 0 s 5 .3 8 s
1 .0 4 8 0 3 .5 9 5 s 9 . 1 2 5 c 9 .2 5 c 8 .7 5 c
1 .5 4 6 5 3 .4 0 5 * 7 .6 2 5 s 7 .2 5 s 8 .3 8 c
2 .0 4 5 5 3 .3 9 2 * 5 .7 5 0 * 6 .5 0 s 5 .3 8 s

SEm 15 d f ± 0 .0 1 8 ± 0 .2 7 4 ± 0 .1 8 ± 0 .2 4

C o m m e rc ia l s a l t 0 .5 4 9 5 3 .7 0 5 s 7 .2 5 0 s 7 .0 0 * 7 .5 0 s
m ix tu re 1.0 4 9 0 3 .6 7 8 s 8 .8 7 5 c 8 .7 5 s 7 .8 3 s

1.5 4 8 0 3 .6 5 0 s 7 .2 5 0 s 7 .2 5 s 6 .3 8 °
2 .0 4 6 0 3 .4 2 0 * 6 .1 2 5 * 6 .2 5 ° 4 .7 5 E

S E m 15 d f ± 0 .0 2 2 ± 0 .1 6 1 ± 0 .1 7 ± 0 .2 0

N aC l + KC1 0 .5 0  + 0 .5 0 4 8 5 3 .6 1 0 s 8 .2 5 0 s 8 .5 0 s 7 .5 0 s
N aC l + KC1 0 .2 5  + 0 .7 5 4 8 5 3 .5 6 5 s 8 .2 5 0 s 8 .1 2 s 8 .2 5 c
N aC l + M gClj 0 .5 0  + 0 .5 0 5 0 0 3 .6 9 0 s 8 .3 7 5 s 8 .3 8 s 6 .5 0 s
N aCl + M gClj 0 .2 5  + 0 .7 5 5 0 0 3 .6 3 8 s 8 .2 5 0 s 8 .2 5 s 7 .2 5 s

Sendha 1 4 7 0 3 .5 8 0 s 9 . 1 15c 8 .7 5 ° 8 .7 5 c
S E m 15 d f ± 0 .0 2 0 ± 0 .1 8 0 ± 0 .1 9 ± 0 .2 0

N am es follow ed b y  d if fe re n t le t te r s  d iffe r  s ig n if ic a n tly  (p < 0 .0 5 ) 
•S en so ry  e v a lu a tio n  w a s  c a r r ie d  o u t  o n  a  9  p o in t  H e d o n ic  s c a le
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observed, w h en  MgCl2 w a s  added at 2% level. 
Increase in  p eak  v isco s ity  cou ld  b e  attr ib uted  to 
su p p ressed  enzym atic activ ity in  th e  p resen ce  of  
the sa lt (Galal et al. 1978).

E f f e c t  o f  s a l t s  o n  b r e a d  q u a l i t y  : B read  quality, 
a s affected by the va r io u s sa lts , is  p resen ted  in  
Table 4. A ddition  o f 1.0% of a n y  type o f sa lt  or 
sa lt m ix tu res sign ifican tly  im proved the loaf vo lum e, 
cru st colour, crum b grain , an d  texture o f the bread. 
However, the u s e  o f h igh er lev els  o f sa lts  (2.0%) 
yielded bread, w ith  harder texture and darker cru st  
colour.

The exten t o f im provem ent in  lo a f vo lu m e w a s  
sim ilar in  all b read s, m ad e w ith  different ty p es  of 
sa lts  or sa lt  m ix tu res. The cru st co lou r of the  
bread, m ade w ith  1.0% com m ercial sa lt m ixture or 
s e n d h a ,  w a s com parable to  th a t m ad e u s in g  1.0%  
com m on sa lt. However, on ly  th e  bread, m ad e w ith  
1% s e n d h a  had  com parable crum b ch ara cter istics  
as w ell a s  ta ste  to th o se  m ad e w ith  1.0% com m on  
salt. T h u s, com parable resu lts  w ere observed  in  
sp ite o f s e n d h a  con ta in in g  le s s  sod iu m  (315  m g /  
g) th an  com m on  sa lt  (400  m g /g ). P resen ce of 
higher levels o f p o ta ss iu m  chloride (more th a n  
2.5%) in  com m ercial sa lt m ixtu re or the sa lt  b lend  
c o n t a in in g  m a g n e s iu m  c h lo r id e ,  im p a r te d  
u n desirab le a fter-taste  to th e  bread.
C o n c lu s io n

C om m on sa lt is a n  e ssen tia l ingredient in  
bread form ulation , a s  it im parts d esirab le flavour  
to bread. In addition, it a lso  s tren g th en s the g lu ten  
proteins an d  con tro ls y e a st  activity. Therefore, 
su b stitu te s  o f NaCl n eed  to h ave th ese  attr ib utes, 
w ithout adversely affecting th e  bread  quality. The 
data sh ow ed  that s e n d h a  h ad  th ese  q u alities and  
h en ce cou ld  be satisfactorily  u sed  in  the preparation  
of low -sod iu m  breads.
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Histochem ical Changes in Mesocarp of Oil Palm 
[Elaeis guineensis) Fruit During Development
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Im m a tu re  m e s o c a rp  c e lls  o f  oil p a lm  f ru it  (12  w e e k s  a f te r  a n th e s is )  w e re  th in -w a lle d  a n d  o v a l- s h a p e d  w ith  

in te rc e l lu la r  s p a c e s ,  w h ile  m a tu r e  m e s o c a rp  c o n ta in e d  d e n se ly  p a c k e d  th ic k -w a lle d  p o ly g o n a l ce lls , filled  w ith  n u m e r o u s  
o il b o d ie s  (o leosom es), 2 4  w e e k s  a f te r  a n th e s is .  U n lik e  o ils e e d s , th e  oil p a lm  f ru i t  m e s o c a rp  c o n ta in s  fa t  a n d  f ib re s  
a s  th e  m a jo r  s to ra g e  a n d  s t r u c tu r a l  c o m p o n e n ts .  S t r u c tu r a l  c o m p o n e n ts  in c re a s e d  slow ly  d u r in g  th e  e a r ly  s ta g e s  o f  
f ru it  d e v e lo p m e n t (4 to  16 w eek s), follow ed b y  a  s te e p  in c re a s e  in  th e  m a tu r e  s ta g e s  (20  to  2 4  w e ek s). S im ila rly , 
th e  lip id  c o n te n t  in  th e  f re s h  m e s o c a rp  in c re a s e d  s te e p ly  fro m  7%  a t  1 6 th  w e e k  to  4 8 %  b y  2 4 th  w e e k  a f te r  a n th e s is .  
P ro te in s  a n d  s u g a r ,  th o u g h  m in o r  c o n s t i tu e n ts ,  a ls o  sh o w e d  a  p ro g re s s iv e  in c re a s e .
E e y w o rd s  : O il p a lm  fru it ,  Elaeis guineensis, H is to c h e m ic a l c h a n g e s ,  F r u i t  d e v e lo p m e n t, M e so c a rp  c o n s t i tu e n t s .

The oil palm  fruit is  a drupe w ith  a flesh y  
fibrous m esocarp  th a t en c lo se s  a hard  n u t. Of th e  
three varieties of oil p a lm , th e  T enera' variety h a s  
high m esocarp  co n ten t o f 6 0  to  95% , w ith  a sh e ll 
th ick n ess o f  0 .5  to 4 .0  m m . Oil palm  fruit ta k es  
about 6  m o n th s  for its  fu ll developm ent. W hile palm  
oil is  derived from  th e  m esocarp , th e  en d osp erm  
is the sou rce o f palm  k ernel oil, th e  ratio o f th ese  
two oils b ein g  approxim ately  9:1 in  th e  m atu re  
fruit (A rum ughan et al. 1989). It is  a lso  rich  in  
carotene, w h ich  is  retain ed  w ell during traditional 
process o f extraction , w ith o u t dam age (Jideani
1992). S tu d ies, reported so  far, on  oil palm  fruit 
developm ent have b een  confined to lipid b iosyn th esis, 
fatty acid com p osition  an d  lipid profiles, probably  
because the lipids are th e  m o st ab u n d an t con stitu en t  
of the fruit (Oo et al. 1986; Bafor an d  O sagie
1988). O ther c o n s t itu e n ts  su c h  a s  stru ctu ra l 
carbohydrates, p rote in s an d  o th er p h ysio log ica lly  
active en zym es have n o t b een  in vestigated , in  sp ite  
of their role in  b io g en es is  o f  lip id s. R ecently, 
h istoch em ica l an d  b ioch em ica l evid ence for th e  
lipid-lipase a sso c ia tio n  in  th e  developing m esocarp  
of oil palm  fruit h a s  b een  reported (M ohankum ar  
et al. 1990). T h is p ap er reports th e  h isto log ica l 
and quantitative ch a n g es  in  th e  stru ctu ra l and  
storage com p o n en ts o f m esocarp  of th e  developing  
oil palm  fruit.
M a te r ia ls  a n d  M e th o d s

Inflorescence o f T enera' oil p a lm s w a s random ly  
selected  at a n th e s is  an d  h an d -p o llin a ted  in  th e  
C en tral P la n ta tio n  C ro p s R e sea rch  In s t itu te
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P lantation  at Palode. For ea ch  d evelop ing sta ge  
(4 ,8 ,1 2 ,1 6  and 2 4  w eeks after an th esis), inflorescence  
of 5 p a lm s w a s  se lec ted  an d  th e  fruit sa m p le s  w ere  
collected  sep ara te ly  an d  pooled . T he ch em ica l 
a n a ly ses  w ere carried ou t in  d u p lica te  for each  
stage an d  th e average v a lu e s  w ere recorded.

H i s t o c h e m i c a l  m e t h o d s  : T he fru its  w ere
clea n ed , su rfa ce-ster ilised  (u sin g  0.5%  sod iu m  
hypochlorite) an d  w a sh ed  in  d istilled  w a ter  (Abigor 
et al. 1985). S m all p iece s  o f m esoca rp  t is su e  w ere  
cu t in to  th in  sec t io n s  o f 1 0 -1 5  p th ic k n e ss , u s in g  
a freezing m icrotom e. S u d a n  b la ck  s ta in in g  m ethod  
w a s adopted  for the d etectio n  o f lip id s (B ay liss and  
A dam s 1972). C oom assie  b rilliant b lu e  an d  periodic  
acid-Sch iiT s reagent w ere u se d  to  d etect protein  
and carb oh yd rates, resp ective ly  (Cawood et al. 
1978; H otch k iss  1948). L ignin w a s  located  by  
M aul's an d  acid  phloro g lu c in o l m eth o d s  (Faulkner  
an d  K im ins 1975).

A n a l y t i c a l  m e t h o d s  : M esocarp m oistu re  content, 
lip id s, p rotein s, su g a rs , lign in , p ectic  su b sta n c e s , 
h em icellu lose , an d  c e llu lo se  w ere estim a ted  at 
variou s s ta g es  of fruit d evelop m en t. M oisture w a s  
estim ated  b y  th e  oven-drying m eth o d  (Paquet and  
H au tfen n e 1987), w h ile  fresh  m esoca rp  w eigh t w a s  
recorded  b y  gravim etry. For lipid estim ation , fresh  
m esocarp  t is su e  w a s  h om ogen ized  an d  extracted  
w ith  ch loroform -m eth an ol, in  th e  ratio o f 2:1 (Folch  
et al. 1957). P rotein  w a s  estim ated  from  th e  dried  
an d  defatted  m esocarp  t is s u e  follow ing m icro- 
Kjeldahl m eth od . The fat-free dried m esoca rp  t is su e  
w a s  refluxed  in  80%  m eth a n o l an d  th e  m eth an ol 
extract w a s u se d  for th e  e stim a tio n  o f su ga rs. The 
su g a rs , stru ctu ra l carb oh yd rates an d  lign in  w ere  
estim ated  b y  the m eth o d s d escrib ed  b y  S ou th gate
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(197 6). P ec tic  s u b s ta n c e s ,  h e m ic e llu lo se  an d  
cellu lose  w ere estim ated  b y  gravim etry, follow ing  
the seq u en tia l extraction  tech n iq u es  (Sou th gate
1976).

For estim ation  o f lign in , fat-free dry m esocarp  
powder w as digested overnight in  pepsin-H Cl solution  
(0.5% in  0 .1  N HC1). T he m ixtu re w a s  filtered and  
the resid u e w a s  co llected . The resid u e  w a s  w a sh ed  
in  h ot w ater and th e n  seq u en tia lly  treated  w ith  
various con cen tra tion s o f H2S 0 4 (w /v) for 2 h  (5% 
at boiling tem peratu re, 72% at 20°C  an d  3% at 
boiling tem perature). The acid  m ixtu re w a s  filtered, 
u sin g  a w eigh ed  a sh le ss  filter p ap er an d  th e  resid u e  
w as w ash ed  thrice w ith  h ot water, dried and w eighed. 
The filter paper w a s  ign ited  and th e  a sh  w eighed . 
The lo s s  in  w eight w a s  ta k en  a s  lignin .
R e su lts  an d  D is c u ss io n

The m esocarp  o f m atu re oil p alm  fruit (24  
w eek s after an th esis) con ta in ed  48%  fat, 18% 
s tru c tu ra l c o n s t itu e n t s  (lign in , h e m ic e llu lo se ,  
cellu lose  an d  p ectic  su b sta n ces), 2% p rotein s, 1% 
solub le su g a rs  an d  30%  m oistu re  on  fresh  fruit 
b asis . T h u s, th e  m atu re oil palm  m esocarp  w a s  
b asica lly  a reservoir of lip id s and the su p porting  
structural co n stitu en ts . In con trast, m atu re oil palm  
s e e d s  h a v e  fa t an d  p r o te in s  a s  th e  m ajor  
co n stitu en ts , w ith  very little stru ctu ra l com p o n en ts  
(Hartley 1977).

H i s t o c h e m i c a l  a s p e c t s  : Oil palm  fruit tak es  
about 2 4  w eek s after a n th e s is  to reach  full m aturity  
(H artley 1 9 7 7 ). T h e fru it u n d e r g o e s  se v e r a l 
h is to 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 rin g  
developm ent. The p resen t s tu d ie s  in d icated  th a t th e  
m esocrap  ce lls  w ere th in -w alled  an d  oval-sh ap ed , 
w ith in tercellu lar sp a c e s  during early s ta g es  (12 
w eek s after an th esis). The m atu re m esocarp  (24  
w eek s after an th esis) con ta in ed  d en se ly  packed  
th ick-w alled  polygonal ce lls , filled w ith  n u m b er of  
oil b od ies (term ed a s  o leosom es), w h ich , in  turn , 
were d istrib u ted  in  a fib rou s m atrix. H istoch em ica l 
localisation  o f lip ids in d icated  th a t lipid co n stitu en ts  
of th e  m esocarp  started  appearing from  16 w eek s  
after a n th e s is  a s  fine d rop lets in  th e  m iddle  
m esocarp  ce lls , w ith  their d istr ib u tion  ad vancing  
to th e  ou ter  an d  in n er  m esocarp , a s  th e fruit 
developm ent p rogressed . In m atu re fruit (24 w eek s  
after an th esis), th e  lip id s w ere d istr ib u ted  uniform ly  
th rou gh ou t th e  m esocarp  ce lls  (h isto log ica l data  not 
presented). S ta in in g  for carb oh yd rates sh ow ed  that 
th ey  w ere con fin ed  to cell w all c o n st itu en ts , both  
in  early and m atu re  m esocarp  ce lls . H istoch em ica l 
stu d ies  sh ow ed  th a t th e  lign in  got con cen trated  in

th e  m esocarp  fibres, w h ich  are k n ow n  to  b e  
co n d u ctin g  s tra n d s  o f th e  fruit t is su e . It is  
em p h asized  th a t th e  h isto ch em ica l s tu d ie s  in  oil 
palm  fruit h ave n ot b een  reported  so  far, excep t  
for th e a sso c ia tio n  of lip a se  an d  lip id s, reported  
from  th is  laboratory (M ohankum ar et al. 1990).

C h a n g e s  i n  c h e m i c a l  c o n s t i t u e n t s  : T he
h istoch em ica l ob serv ation s w ere su p p o rted  w ith  
b ioch em ica l a n a ly s is  o f th e  m esoca rp  c o n s t itu e n ts  
in  th e  d evelop ing oil p alm  fruit (Fig. 1). T he fruit  
m esocarp  sh ow ed  p rogressive rate o f in crea se  from

Fig. 1. S to ra g e  c o n s t i tu e n t s  o f  oil p a lm  f ru i t  d u r in g  d e v e lo p m e n t 
(from  4  to 2 4  w e e k s  a f te r  a n th e s is )
— ■ —  : F r e s h  m e s o c a rp , < —  : M o is tu re ,  ▲ —
: P ro te in , — T —  : S u g a r s ,  — X —  : T o ta l  lip id s

8th  w eek  after a n th e s is , w ith  a  rapid  r ise  from  
16th w eek  after a n th es is . T he m o istu re  co n ten t  
a lso  sh ow ed  a sim ilar  trend , excep t th a t it s ta rted  
d ecreasin g  tow ards th e  end  o f th e  m atu ra tio n  tim e. 
The lipid con ten t w a s  n o t v e iy  s ig n ifica n t a t  early  
s ta g es  o f fruit d evelop m en t (4 to 12 w ee k s  after  
an th esis). H ow ever, it recorded  a s teep  in crea se  
from  16th  w eek , till th e  2 4 th  w eek  after a n th e s is  
(7 to 48% ). The gen era l p a ttern  o f lipid  sy n th e s is  
w a s, therefore, a  rapid p h a se  o f lipid  sy n th e s is  
w h ich  occurred  in  th e  la st  q uarter o f oil p a lm  fruit 
m atu ration . The m in or c o n s t itu e n ts  like p ro te in s  
an d  su g a rs  sh ow ed  a p rogressive in crea se  from  4 th  
to 2 4 th  w eek , on  par w ith  fru it m esocarp (F ig . 1).

The structural carbohydrates (com prising pectin , 
h em ice llu lose , ce llu lose) exh ib ited  a s lo w  rate o f
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increase during th e  early sta g es , follow ed by a steep  
rise; the trend b ein g  sim ilar  to  th o se  of other  
con stituen ts (Fig. 2). Lignin w a s the m ajor supporting  
con stitu en t, a s  sh o w n  b y  h isto ch em ica l sta in in g . 
The quantitative in crea se  in  th e  lign in  con ten t  
during fru it d ev e lo p m en t w a s  ob served . T he

Fig. 2. S to ra g e  c o n s t i tu e n t s  o f  oil p a lm  f ru it  d u r in g  d e v e lo p m e n t 
(from  4  to  2 4  w e e k s  a f te r  a n th e s is )
— • —  : L ig n in ,  — ■ —  : P e c t i c  s u b s t a n c e s ,
— T —  : H e m ic e llu lo se , — X—  : C e llu lo se , — T — : A sh

in teresting feature o f lign in  w a s  its  a lm ost exclu sive  
localization in  th e  con d u ctin g  stran d s.
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Production of Pectinase from Coffee Pulp in Solid 
State Fermentation System  : Selection of Wild 

Fungal Isolate of High Potency by a Simple 
Three-step Screening Technique

F . BOCCAS1, S . R O U SSO S1*, M. GUTIERREZ2, L. SERRANO2 a n d  G. G. VINIEGRA2
1ORSTOM, C entre M ontpellier, B iotechn ology  U nit, 9 1 1 , Av. A gropolis,

BP 5 0 4 5 , 3 4 0 3 2  M ontpellier, France.
2 D epartm ent o f B iotechn ology, A u ton om o u s M etropolitan U niversity ,

Iztapalapa C am p us, AP 5 5 -5 3 5 , CP 0 9 3 4 0 , M exico DF, M exico.
S c re e n in g  o f  2 4 8  c u l tu re s ,  is o la te d  fro m  M exico 's  coffee g ro w in g  a r e a s ,  w a s  c a r r ie d  o u t  to  s e le c t  p o te n t  c u l tu r e  

for p ro d u c t io n  o f p e c t in a s e  fro m  coffee p u lp  b y  so lid  s t a te  fe rm e n ta t io n . A p e c to ly tic  s t r a in  o f  Aspergillus niger CH 
4  w a s  u s e d  a s  re fe re n c e  to  e v a lu a te  th e  p o te n tia l  o f  th e  w ild  s t r a in s .  T h e  s c re e n in g  in vo lved  th r e e  s im p le  a n d  r a p id  
s te p s .  T h e  f irs t  s te p  invo lved  th e  q u a li ta t iv e  e v a lu a tio n  o f  p e c to ly tic  a c tiv itie s  o f  2 4 8  fu n g a l s t r a in s  o n  a  se le c tiv e  
so lid  a g a r  m e d iu m , w h ile  th e  s e c o n d  o n e  c o n s is te d  o f  th e  q u a n tif ic a t io n  o f  th e  p e c to ly tic  a c t iv i t ie s  o f  s e le c te d  13 is o la te s  
in  a  s u b m e rg e d  fe rm e n ta t io n  m e d iu m , w ith  p e c tin  a s  th e  so le  c a rb o n  s o u rc e . T h e  th ird  s te p  in v o lv ed  th e  a s s a y  o f  
fo u r  se le c te d  fu n g a l is o la te s  fo r th e i r  c a p a c ity  to  p ro d u c e  p e c tin a s e  fro m  coffee p u lp  b y  so lid  s t a t e  fe rm e n ta t io n .  
Aspergillus niger V 2 2  B  3 5 , a  w ild  s t r a in ,  w a s  fo u n d  to p ro d u c e  4  t im e s  m o re  p e c t in a s e  t h a n  th e  re fe re n c e  s t r a in .
K e y w o rd s  : C offee p u lp , S o lid  s t a te  fe rm e n ta t io n . W ild fu n g i, P e c tin a s e , S im p le  th r e e - s te p  s c r e e n in g  te c h n iq u e ,

Aspergillus niger.

W et p rocessin g  of coffee ch erries, involving  
solid  sta te  ferm entation  an d  th e  actio n  of pecto lytic  
m icroorganism s, h a s  b een  th e  preferred m ethod  
over th e dry m eth od  in  several cou n tr ies , a s  it lea d s  
to the final p roduct o f  b etter  quality . T he w et 
m ethod , how ever, lea d s to gen era tion  o f h u ge  
quantity o f coffee pulp , w h ich  p o se s  severe d isp osa l 
problem s. For exam ple, th e coffee p la n ta tio n s in  
M exico, C entral A m erica and C olum bia gen erate  
coffee pulp  to  the tu n e  of approxim ately  40%  of 
several m illion  to n n es  o f coffee ch erries p rocessed  
(Martinez - Carrera et al. 1989). The coffee pulp  
is  barely u sed  in  th ese  co u n tr ies  for w an t of 
practical an d  econ om ic av en u es. D u e  to  p resen ce  
of 23-27%  ferm entable su g a rs  on  dry w eigh t b a s is  
(Z uluaga-V asco 1989), th e  coffee pu lp  form s a  
m ajor sou rce of th e p ollu tion  o f rivers an d  la k es, 
located  near th e coffee p ro cess in g  s ite s , a s  w ell a s  
the environm ent.

D u e to its  rich organic m atter  co n ten t, the  
coffee pu lp  ca n  form  a n  excellen t su b stra te  for 
production  of va lu e-ad d ed  m icrob ial m etab o lites  by  
solid  sta te  ferm entation  (SSF) sy stem . M icrobial 
enzym es con stitu te  one o f th e  in d u stria lly  im portant 
groups of m icrobial m etab olites. In fact, one su ch  
m icrobial enzym e, i.e . p ectin a se , p la ys an  im portant 
role in  the p rocessin g  of coffee ch erries. In th e  w et 
ferm entation  m eth od  o f coffee ch erries, the n atu ral
* Corresponding Author

pecto lytic  m icroflora p resen t on  th e  ch err ies  are 
allow ed to grow  and m etab olize  for fac ilita tin g  
p ectin ase  production . T h is  en zym e, th en , h yd ro lyses  
the m u cilage, th a t en velop s th e  coffee b e a n  an d  
c o n s is ts  m ain ly  of p ectin s. The d egree o f h yd ro lysis  
of th is  pectic  envelope h a s  a n  u ltim ate  econ o m ica l 
im portance to th e  coffee p ro cess in g  in d u stry , d u e  
to its  sign ifican t role on  the y ie ld  an d  th e  q u ality  
of th e  end product. T he m o d e m  p ractice  is  to  u se  
externally  added  m icrobial p ec tin a se  for h yd ro lysing  
th e pectic  envelop of th e  coffee b ea n s . C on seq u en tly , 
a large q u an tity  o f m icrob ial p ec tin a se  is  co n su m e d  
b y th e  coffee p ro cess in g  in d u stry .

There w ill be a trem en d o u s ga in  to th e  in d u stry , 
if som e b y-p rod u ct from  coffee p ro cess in g  is  u se d  
a s  su b stra te  for m icrob ial p rod u ction  o f p ec tin a se . 
S u ch  a n  approach  will b e h ig h ly  econ o m ica l an d  
m ay lead  to co st  red u ction  o f th e  en d  p rod u ct. S u c h  
p ossib ility  m ay  a lso  prove u se fu l in  overcom ing th e  
p resen t  eco n o m ic  d ifficu ltie s  fa ced  b y  co ffee  
p rocessin g  industry . T he p resen ce  o f arou n d  6.5%  
p ectin  in  coffee p u lp  on  dry b a s is  (Pulgarin et al. 
1991) and its  m o ist  so lid  n a tu re  a llow s su c h  
p ossib ility , a s  p ec tin a se  is  a n  in d u cib le  en zym e, 
w h ich  requires p ectin  a s  a n  in d u cer  (Fogarty and  
Kelly 1983). The u se  o f coffee p u lp  a s  a  su b stra te  
for p ectin ase  p rod u ction  m ay  a lso  lead  to econ o m y  
in  the en zym e p rod u ction , a s  iso la ted  p ec tin  is  a 
rather costly  ch em ica l. In ad d ition , p e c tin a se s  a lso
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find exten sive  ap p lica tion s in  fruit p rocessin g  
in d u stries for clarification  o f fruit ju ic e s  and w in es, 
in  the m an u factu re of p ectin -free starch  an d  in  the  
curing of cocoa  an d  tob acco  (G hildyal et al. 1981; 
J o sh i et al. 1991). It h a s  b een  estim ated  th a t th e  
p ectin ase m arket for va r io u s k in d s o f in d u stria l 
p rocesses is  ab o u t 165 m illion  p o u n d s per a n n u m  
(Fogarty an d  Kelly 1983).

It is  worth m en tion in g  th a t S S F  sy stem  is  
preferred for p rod u ction  o f p ec tin a se s  due to a 
num ber of b en eficia l r ea so n s  (G hildyal et al. 1981). 
Production o f p ec tin a se  b y  S S F  o f w h ea t bran  h a s  
b een  stu d ied  ex ten sive ly  in  India (Ghildyal et al.
1981). It h a s  b een  earlier reported th a t th e  
p ectin ase productivity b y  S S F  is  m u ch  h igh er th a n  
that in  su b m erged  ferm entation  (SmF) p ro cess  
(Trejo-H em andez et al. 1991). T h ese  facts  ju stify  
the selection  of SSF  tech n iq u e in  the p resen t stu d ies.

S creen ing o f large n u m b er o f m icroorgan ism s  
is  an im portant step  in  se lec tin g  a h igh ly  p oten t 
culture for developing efficient ferm entation  p rocess. 
It, however, is  h ighly tim e-and resou rces- consum ing. 
A sim ple and rapid screen in g  m eth od  w ill b e of h igh  
utility. S in ce  n o  su c h  m eth od  is  availab le, th e  
present three-step  approach  h a s  b een  d esign ed  by  
u s  for screen in g  of p oten t pecto ly tic  cu ltu res.

The ob jectives o f th e  p resen t in vestigation s, 
therefore, w ere to te st  th e  p oten tia l o f  u s in g  coffee  
pulp for production  o f p ec tin a se  in  SS F  sy stem  and  
to evaluate th e efficiency o f th ree-step  approach  for 
rapid screen in g  o f w ild  fu n gal iso la te s  a s  w ell a s  
selection  o f th e  p oten t strain .
M a ter ia ls  a n d  M e th o d s

M ic r o o r g a n i s m s  : A  tota l o f  2 4 8  fun gal cu ltu res  
were iso lated  directly from  coffee p la n ts  and th e  
soil sam p les from  coffee p lan tation  area s in  M exico, 
a s reported elsew h ere (A quiahuatl et al. 1988). A  
pectolytic stra in  o f A s p e r g i l l u s  n i g e r  CH 4 , w h ich  
is u sed  a s  a reference cu ltu re , w a s  provided b y  
Dr Carlos H uitron, D ep artm en t B iotechn ologia , 
Instituto de In vestiga cio n es B iom ed icas, UNAM, 
Mexico, an d  it w a s  iso la ted  from  agave pu lp  (Saval 
et al. 1981). All th e se  cu ltu res  w ere m ain ta in ed  on  
p o ta to -d ex tro se -a g a r  (PDA) s la n t s  a t 4°C b y  
su b cu ltu rin g every a ltern ate m on th  in  th e  ORSTOM- 
UAM collection , ORSTOM, M ontpellier, France. For 
in oculu m  developm ent, th e  cu ltu res  w ere grow n  
on PDA s la n ts  a t 25°C  or 35°C  for 9 6  h  and the  
conidia were d isp ersed  in  0.01%  T w een 8 0  so lu tion . 
A ll th e  e x p e r im e n t s  w e r e  c a r r ie d  o u t  in  
quadruplicate.

F i r s t - s t e p  s c r e e n i n g  t e c h n i q u e  : A gar m ed iu m , 
d esig n a ted  a s  m ed iu m  I, w a s  u se d  an d  it con ta in ed  
(g/I) : p ectin  citrate 2 .0 , u rea  0 .0 5 , am m on iu m  
su lp h a te  0 .1 5 , agar 2 0 .0  an d  d istilled  w ater 1000 . 
T he pH o f the m ed iu m  w a s  a d ju sted  to 5 .5  and  
it w a s  au toclaved  at 121°C  for 15 m in  in  4  
E rlenm eyer f la sk s  o f 5 0 0  m l cap acity . T he m ed iu m  
w a s  allow ed to coo l to  ab ou t 55°C , p ou red  in  16 
m l q u an tity  in  sterilized  p etri d ish e s  an d  allow ed  
to  solid ify. The m ed iu m  in  p la te s  w a s  streak ed  w ith  
the te s t  cu ltu res  an d  th e  p la te s  w ere in cu b ated  at 
25°C  and 35°C  for 7 2  h.

At th e  en d  o f the in cu b atio n , th e  d iam  o f th e  
hydrolyzed zon e o f p ecta te  arou n d  th e  co lon y  w a s  
m easu red , a s  a n  in d icator o f th e  p ec tin a se  activity  
(Antier et al. 1992). T h is activ ity  w a s  m easu red  
throu gh  a coefficient ca lled  A'. It rep resen ts  % 
h igh er activity w ith  resp ect to  A .  n i g e r  CH 4  
(reference cu lture) and is  defined  a s  b elow  :

A' = (H i/C i -  H c /C c ) /H c /C c  
W here A' = coefficient o f  pecto lysis; H i = p ec to ly sis  
zon e d iam  o f w ild strain; Ci = grow th d iam  of wild  
strain; He = pecto ly tic  zo n e  d iam  o f A .  n ig e r  
CH 4; Cc = grow th d iam  o f A .  n ig e r  CH 4.

The A' va lu e  o f th e  reference stra in  w a s  tak en  
a s  zero. A s a confirm ative te s t  and a lso  to  d eterm ine  
the ap ical grow th, th e  se lec ted  iso la te s  (13 Nos) 
w ere grow n on  th e  agar m ed iu m  to  n o te  th e ir  ap ical 
grow th, in  com p a rison  w ith  th e  reference cu ltu re.

S e c o n d - s t e p  s e l e c t i o n  t e c h n i q u e  : A  liqu id  
m ed iu m , d esig n a ted  a s  m ed iu m  II, w a s  u sed . For 
its  preparation , 50%  o f p ectin  c itrate  so lu tio n  w a s  
p asteu rized  tw ice at 70°C for 3 0  m in . In addition, 
sto ck  so lu tio n  o f u rea  (5%) w a s  sterilized  b y  
m em b ran e filtration. B oth  th e so lu tio n s  w ere m ixed  
to con ta in  a final com p osition , c o n s ist in g  o f 2 0  g  
p ectin  citrate an d  0 .5  g u rea  in  11 m ed iu m . The 
pH of th e m ixtu re w a s  a d ju sted  to  5 .8  w ith  1 N 
NaOH. T he m ed iu m  w a s, th en , in o cu la ted  at a rate 
of 2  x  107 s p o r e s /m l m ed iu m , u s in g  th e  spore  
su sp e n s io n  from  fresh ly  grow n PDA s la n ts . The 
f la sk s  w ere in cu b ated  at 25°C  or 35°C  (depending  
u p on  the resu lts  o f th e first-step  screen in g  technique) 
for 4 0  h  on  rotary sh a k er  (220  rpm). At the end  
of in cu b ation  period, the cu ltu re  broth  w a s  filtered  
throu gh  W h atm an  No. 1 filter p ap er to  ob ta in  cell- 
free liquor for a ssa y  o f th e  en zym e b y  v isco sity  
red u ction  m eth od  (G hildyal et al. 1981). P ectin ase  
activity w a s d eterm in ed  b y  u s in g  18 m l of the  
cu ltu re  filtrate in  a Brookfield  R. V. rotational 
viscom eter  at 45°C  for 10 m in . The su b stra te  u sed  
w a s  1 m l o f 2% p ectin  so lu tio n  prepared in



24
0.1 M citrate-phosphate buffer (pH 5.5). One enzym e  
unit (U) w as defined a s  the am ou nt o f th e enzym e  
necessary  to reduce the initial v iscosity  b y  50%.

T h i r d - s t e p  f i n a l  s e l e c t io n  t e c h n i q u e  : Coffee pulp- 
b ased  solid  sta te  ferm entation  m ed iu m , d esign ated  
a s m ed iu m  III, w a s  u sed . It co n s isted  o f 3 4  g dry 
coffee pulp , 0 .8  g  urea, 3 .3  g  am m o n iu m  su lp h a te  
and 3 0  m l d istilled  water. T horoughly m ixed  m ed iu m  
w a s autoclaved  at 121°C for 2 0  m in . a s  d escribed  
elsew here (R aim bault an d  A lazard 1980). After 
cooling to am bient tem peratu re, it w a s  in ocu lated  
w ith th e sp ore su sp e n s io n  at a rate o f 2  x  107 
sp o r e s /g  dry coffee pulp . T he in o cu lated  m ed iu m  
w as packed  in  2 .0  cm  d iam  an d  15 cm  lon g  g la ss  
co lu m n  ferm en ters, w h ich  w ere p la ced  in  a 
tem perature controlled  w ater b ath  (R aim bault and  
Alazard 1980). H um idified air, at th e  rate of 60  m l/  
m in  w a s  p a sse d  th ro u gh  ea ch  co lu m n . T he  
ferm entation w a s carried out at 25°C or 35°C , b ased  
on th e  requirem ent o f th e  cu ltu re  u n d er  stu d y . For 
extraction  o f th e  en zym e from  m o ist  ferm ented  
solid s, 3 0  g portion  of th e  ferm ented  m ateria l w a s  
m ixed w ith  3 0  m l o f w ater and p ressed  in  hydraulic  
p ress for 2 m in  at 10 00  p s i (R ou ssos et al. 1992). 
The extract, th u s  obtained , w a s  filtered and u sed  
for enzym e a ssa y , a s  per the m eth od ology  d escribed  
above.

S t a t i s t i c a l  a n a l y s i s  : All the exp erim en ts w ere  
con d u cted  in  q u ad ru p licate an d  the sign ifican ce of 
data w a s tested  by th e  an a lysis  of variance (Snedecor  
and C ochran 1968).
R e su lts  a n d  D is c u ss io n

F u n g a l  i s o l a t e s  : W ork on  iso la tio n  of fungal 
cu ltu res for their ability to  grow on  coffee pu lp  w a s  
un dertak en  earlier, w ith  a view  to iso la te  w ild fungi 
capable of degrading organic m atter  and caffeine, 
w ith a a view  to red u ce th e  pollu tion  p oten tia l of 
the treated coffee pulp . A  novel iso la tio n  strategy  
w a s designed  for th is  p u rp o se  an d  is  d escribed  
elsew here (A quiahuatl et al. 1988). It resu lted  in  
iso lation  of 2 4 8  w ild fun gi an d  th e  s u c c e s s  of th e  
strategy can  b e ju d g ed  b y  th e  fact th a t it yielded  
a few cu ltu res  w h ich  w ere able to  com p letely  
degrade caffeine in  coffee pu lp  u n d er  SS F  tech n iq u e  
(Aquiahutal et al. 1938). M orphological stu d y  of 
th ese  2 4 8  iso la tes  perm itted  to group th em  in  ten  
different f ila m en to u s gen era  v iz., A c r e m o n i u m ,  
A s p e r g i l lu s ,  D r e c h s le r a ,  F u s a r iu m ,  G e o tr ic h u m , M u c o r ,  
P e n ic i l l iu m , R h i z o p u s ,  T r i c h o d e r m a  and  Z y g o m y c e t e s  
(R ou ssos et al. 1989). T h ese  iso la te s  h ave b een  
screen ed  in  th e  p resen t s tu d ie s  to se lec t  th e  potent  
fungi, cap ab le  o f  p rod u cin g  p ec tin a se  in  m oist  
coffee pulp  m ed iu m  in  SS F  sy stem .

R e s u l t  o f  f i r s t - s t e p  s c r e e n i n g  p r o g r a m m e  : D ata  
on th e grow th an d  en zym e p rod u ction  o f th e  
iso la te s  on  p ectin -co n ta in in g  agar m ed iu m  are 
su m m arized  in  Table 1. O ut o f 2 4 8  w ild  fu n gal 
iso la te s  screen ed , 5% did  n o t grow  (Ci = o) o n  th is  
selective  m ed iu m .T h is m ig h t b e  d u e  to  th e  a b sen ce  
of p ecto lytic  en zym e sy stem  in  th e se  iso la te s , w h ich  
otherw ise, is  e sse n tia l for grow th on  th is  m ed iu m , 
b e ca u se  o f the u s e  o f p ectin  citrate  a s  so le  carb o n
TABLE 1. SC R E E N IN G  O F  2 4 8  W ILD FUNGA L ISO L A T E S IN 

FIR S T -S T E P  S C R E E N IN G  T E C H N IQ U E  INVOLVING 
CULTURING O N  SE L E C T IV E  AGAR M E D IU M  IN 
PETRI D IS H E S

W ild fu n g a l is o la te s
A ttr ib u te N u m b e r A p p ro x im a te  %  o f  to ta l  

i s o la te s  s c re e n e d
G ro w th

C i = 0 12 5
H i/C i = 1 117 4 7
H i/C i > 1 1 19 4 8

C o effic ien t o f  
p e c to ly s is , A'

A' < 0 9 7 3 9
A’ = 0 9 4
A’ > 0 13 5

sou rce. F urther, 47%  of th e  to ta l s tra in s  screen ed  
w ere able to  grow  on  th is  se lec tiv e  m ed iu m , b u t  
th ey  did n ot p rod u ce an y  v isib le  p ec tin  h yd ro lysis  
zon e (H i/C i =1). S u ch  b eh av iou r is  a ttr ib u ted  to  
th e ability of th ese  iso la te s  to  u se  p ec tin  c itrate  
a s a so le  sou rce  o f carb on  to  p rod u ce  p ecto ly tic  
en zym es, albeit at extrem ely  poor levels. T he  
rem ain in g  is o la te s  (48%) grew  p ro fu se ly  an d  
produced  a clear zon e o f p ec to ly sis  (H i/C i > 1). 
A m ong th e se  good  pecto ly tic  en zym e p rod u cin g  
iso la tes , th e  coeffic ien t o f p ec to ly sis  (Aj v a lu e s  w ere  
< 0 , in  ca se  o f 9 7  iso la tes  (39%  of to ta l iso la te s  
screened). The va lu e  o f th ese  cu ltu r e s  for in d u str ia l 
exp loitation  w a s, therefore, ru led  o u t in  co m p a riso n  
w ith the reference cu ltu re. A  to ta l o f  9  iso la te s  
sh ow ed  the coefficien t o f  p ec to ly sis  v a lu e s , w h ich  
w ere eq u al to th o se  of th e reference stra in  (A' = 
0) and th ese  cu ltu res, therefore, do n o t offer an y  
advantage over th e reference cu ltu re . In con trast, 
13 iso la tes  sh ow ed  th e  coefficien t o f  p ec to ly sis  
v a lu es , w h ich  w ere > 0 , thereb y in d ica tin g  th eir  
b etter  p ecto lytic  ab ilities, a s  com p ared  to  th e  
reference cu ltu re.

It is , th u s , evident th a t th e  stra teg y  u se d  for 
f ir s t-s tep  screen in g  p rogram m e p roved  h ig h ly  
efficient, a s  it w a s  ab le to se lec t  a  group o f b etter  
enzym e p rod u cers, w h ich  am o u n ted  to m erely  5.2%  
of th e  tota l iso la tes , for furth er s tu d ie s . R est o f th e  
94.8%  iso la tes  w ere e lim in ated  b y  th e  stra tegy , 
b ased  on  their w orth , a s  com p ared  to th e  reference
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culture. The strategy  is  a lso  quicker, sim ple and  
m u ch  l e s s  la b o r io u s , a s  c o m p a r e d  to  th e  
conventional screen in g  m eth o d s.

The se lected  iso la te s  (13 Nos) w ere fou n d  to  
belong to two fun gal gen era  (Table 2); A s p e r g i l l u s  
(7 iso lates) an d  P e n i t i l l i u m  (6 iso lates). T h ese  
genera o f f ilam en tou s fun gi h ave b een  a lso  reported  
to produce pecto ly tic  en zym es (Fogarty and Kelly
TABLE 2 . GRO U PIN G  O F  13 ISOLATES, S E L E C T E D  A FTE R  

F IR ST -ST E P T E C H N IQ U E . AND T H E IR  APICAL 
GRO W TH  AS C O M PA R E D  W ITH R E F E R E N C E  
CU LTU R E (A. niger C II 4)

W ild fu n g a l io s la tc s A p ica l g ro w th  a s  c o m p a re d
S tr a in No. G e n u s /S p e c ie s to  re fe re n c e  c u l tu r e

V 16 A 2 5 Pénicillium sp In fe r io r
V 23 A 2 5 Pénicillium s p In fe r io r
V 3 4  A 2 5 Pénicillium sp In fe r io r
C 14 A 2 5 Pénicillium sp In fe r io r
c 16 A 25 Aspergillus niger S u p e r io r
V 12 A 3 5 Aspergillus niger E q u a l
V 2 2  B 3 5 Aspergillus niger E q u a l
V 3 2  B 3 5 Aspergülus niger E q u a l
c 15 C 2 5 Pénicillium sp In fe r io r
c 16 C 2 5 Aspergillus niger E q u a l
c 15 B 2 5 Penicälium sp In fe r io r
c 17 B 2 5 Aspergillus niger E q u a l
c 2 8  B 2 5 Aspergillus niger S u p e r io r

1983). W hen th e ap ica l grow th s o f th ese  se lected  
13 stra in s w ere com p ared  to th e  reference cu ltu re, 
it w a s found th a t on ly  tw o iso la te s  (A. n ig e r  
C 28  B 2 5  and C 16 A  25) co lon ised  th e  solid  
surface m ore rapidly an d  b etter  th a n  th a t b y  th e  
reference cu ltu re  (Table 2). T h ese  ch ara cter istics  
are of im portance in  in d u stria l ferm entation , a s  the  
econom y o f th e p ro cess  is  determ ined, to a large 
extent, b y  the b a tch  tim e.

R e s u l t s  o f  t h e  s e c o n d - s t e p  s e l e c t i o n  t e c h n i q u e :  
A total o f 13 stra in s, se lec ted  after first-step  
screening program m e, w ere further stu d ied  in  
liquid m ed iu m  con ta in in g  2% p ectin  citrate u n d er  
Sm F for specific  reaso n s. For exam ple, the v isco sity  
of the liquid m ed iu m  w ill d ecrease  sign ifican tly  
during growth of th e  se lec ted  cu ltu re, due to 
hydrolysis of pectin . S u ch  d ecrease in  v isco sity  by  
the selected  iso la tes  ca n  b e  com pared  w ith  th a t by  
the reference cu ltu re, w ith  a v iew  to se lec t  one or 
two cu ltu res, w h ich  are m o st potent. The resu lts  
of su ch  s tu d ie s  in d icated  th a t on ly  four iso la tes  
(three iso la tes  of A n ig e r  : C 16 C 2 5 , C 2 8  B 25 , 
V 22  B 3 5  and on e iso la te  o f P e n ic iR iu m  sp . : 
C 15 B 25) d isp layed  a sign ifican t d ecrease  in  
viscosity  of th e m ed iu m , th a n  th a t b y  th e reference  
culture (Table 3). A m ong th ese  four iso la tes, th e

TABLE 3 . ABILITY O F  T H E  S E L E C T E D  13 W ILD FUNGAL 
ISO LA TES T O  R E D U C E  T H E  V ISC O SITY  O F  LIQUID 
M EDIUM  IN SU B M E R G E D  FERM ENTATION DURING 
S E C O N D -S T E P  SE L EC T IO N  T E C H N IQ U E

G e n u s /S p e c ie s C o m p a ra tiv e
p e c to ly tic
ac tiv ity*

C o m p a ra tiv e  
d iffe re n c e  in  

f in a l pH**

C la s s i 
fication***

Aspergillus niger
V 2 2  B 3 5 + 1 ± 0 .1 7 0 .2 1
C  2 8  B 3 5 + 1 ± 0 . 1 5 0 .1 2
C 16 C 2 5 0  ± 0 .1 7 0 .2 3
V 17 B 2 5 0  ±  0 .1 4 0 .1 4
V 3 2  B 2 5 - 0 .5  ±  0 .1 7 0 6
V 12 A 3 5 - 6 .0  ±  0 .1 3 - 1 .0 10

Penicälium sp
C  15  B 2 5 0  ±  0 .1 4 0 .1 4
C  15 C 2 5 - 0 .5  ± 0 .1 4 0 5
C 16 A 2 5 - 1 .0  ±  0 .1 5 0 7
V 3 4  A 2 5 - 1.0 ±  0 .1 4 0 7
V 2 3  A 2 5 - 1 .5  ±  0 .1 5 - 0 .3 8
V 16 A 2 5 - 2 .0  ±  0 .1 5 - 0 .6 9
V 14 A 2 5 - 5 4 .0  ± 0 . 1 1 - 4 .0 11

* V a lu e s  re p o r te d  a r e  u n i t s  p ro d u c e d  b y  th e  s t r a in  u n d e r  s tu d ie s  
(-) u n i t s  p ro d u c e d  b y  th e  re fe re n c e  s t r a in .  ** V a lu e s  r e p r e s e n t  
th e  d iffe re n c e s  in  f in a l pH  o f  th e  s t r a in  u n d e r  s tu d ie s  (-) th a t  
b y  th e  re fe re n c e  s t r a in .  *** T h e  s t r a in s  a r e  c la s s if ie d  b a s e d  o n  
th e i r  p e rfo rm a n c e , a s  c o m p a re d  to  th e  re fe re n c e  s t r a in .  C la s s  
1 s t r a in  s c o re d  h ig h e s t  d iffe re n c e  a n d  th u s  is  m o s t  p o te n t .

greater red u ction  in  v isco s ity  w a s  g iven  by two  
stra in s  of A. n ig e r  i.e . V 2 2  B 3 5  an d  C 2 8  B 25  
(Table 3).

T hough th e  seco n d -step  se lec tio n  tech n iq u e  
allow s efficient an d  reliab le se lec tio n  o f tw o iso la te s  
(A. n i g e r  V  2 2  B 3 5  and C 2 8  B 35) a s  m o st  p oten t  
cu ltu res  am on g th e  w h ole o f  2 4 8  iso la te s  screen ed , 
all the four iso la tes, w h ich  gave sign ifican t d ecreases  
in  the v isco s ity  o f  the m ed iu m , a s  com p ared  to  th e  
reference cu ltu re, w ere se lec ted  for th ird  step  final 
se lec tio n  tech n iq u e. T h is w a s  d on e b y  k eep in g  in  
view , the recent report th a t th e  cu ltu res, w h ich  are 
the b est p rod u cers o f th e  m etab olite  in  Sm F  are 
u su a lly  not efficient, w h en  u se d  in  S S F  an d  v ic e  
v e r s a  (Sh ank aran an d  et al. 1992). It w a s, th u s, 
p ossib le  to elim inate m ore th a n  98%  of th e  2 4 8  
iso la tes  and zeroed  dow n on  se lec ted  four cu ltu re  
in  a m o st efficient w ay  a t th e  en d  o f seco n d -step  
screen in g , due to th e  screen in g  stra teg y  em ployed  
in  th e p resen t s tu d ies .

R e s u l t s  o f  t h i r d - s t e p  f m a l  s e l e c t i o n  t e c h n i q u e  : 
The data in  Table 4  give th e  com p arative p rod u ction  
of pecto lytic  en zym e at 7 2  h  in  coffee p u lp  m ed iu m  
u n d er SS F  tech n iq u e  b y  th e  four fila m en to u s fungi, 
se lec ted  after seco n d -step  se lec tio n  tech n iq u e. It is  
evident th a t all th e  four w ild fu n gal iso la tes  stu d ied  
w ere able to p rod u ce m ore pecto ly tic  enzym e th a n



26

TABLE 4 . ABILITY O F  F O U R  W ILD FUNGAL ISOLATES, 
S E L E C T E D  A F T E R  S E C O N D -S T E P  SE L EC T IO N  
T E C H N IQ U E , T O  P R O D U C E  PECTOLYTIC ENZYM E 
AT 7 2  h  IN C O F F E E  PULP M EDIUM  U N D E R  SO LID 
STATE FERM ENTATION, A S C O M PA R ED  TO T H E  
R E F E R E N C E  C U LTU R E (A. niger C H  4)

C u l tu re  P ec to ly tic  a c tiv ity  in
co ffee p u lp  m e d iu m  u n d e r  

S S F  a t  7 2  h

A. niger C H  4  (R efe rence  
Penicillium sp . C 15 B 2 5  
A. niger C 16 C 2 5  
A. niger C 2 8  B 2 5  
A. niger V 2 2  B 3 5

c u ltu re )  12 .1  ±  0 .3
14 .9  ±  0 .4  
2 0 .5  ±  0 .5  
4 3 .3  ± 1.1 
4 7 .7  ± 1.2

the reference cu ltu re (A. n ig e r  CH 4). The h ig h est  
enzym e p rod u ction  w a s sh o w n  b y  A .  n i g e r  V 22  
B 35 , followed by the stra in s  C 2 8  B 2 5  and C 
16 C 25 , in  d ecreasing order. The enzym e production  
by P e n ic iE iu m  sp . C 15 B 2 5  w a s  sligh tly  h igher  
than  th a t by the reference cu ltu re . The enzym e  
production  by A. n ig e r  V  2 2  B 3 5  w a s  ab out 4  tim es  
higher th a n  th a t b y  the reference cu ltu re. It, 
th erefore , h a s  m o s t  p o te n tia l for in d u s tr ia l  
exploitation.

The trend o f data  a llow s to infer th a t the three- 
step  screen in g  strategy  u se d  is  m o st su itab le  for 
screen ing a large n u m b er o f iso la te s  in  a sim ple, 
reliable an d  qu ick  m an n er. The iso la te  se lec ted  w a s  
su b seq u en tly  m u ta ted  to  ob ta in  p ectin a se  hyper  
producing m u ta n ts  (Antler et al. 1992), w h ich  is  
being profitably u sed  currently  in  the coffee curing  
industry (R ou ssos et al. 1989).
R e fe r e n c e s
A n tle r  P, M in ja re s  A, R o u s s o s  S , R a im b a u l t  M, V in ieg ra -  

G o n zalez  G  (1992) P e c tin a s e  h y p e rp ro d u c in g  m u ta n t s  o f  
Aspergillus niger C 2 8  B 3 5  for so lid  s t a t e  fe rm e n ta t io n  
o f coiTee p u lp . E n zy m e  M icrob  T e c h n o l 1 5 :2 5 4 -2 6 0  

A q u ia h u a tl  MA, R a im b u lt  M, R o u s s o s  S , T re jo  M R  (1988) C offee 
p u lp  d e to x if ic a tio n  b y  so lid  s t a t e  f e rm e n ta t io n  : Iso la tio n , 
id e n tif ic a tio n  a n d  p h y sio lo g ica l s tu d ie s .  In: R a im b a u lt  M (ed) 
P ro ce ed in g s  o f  th e  S e m in a r  o n  S o lid  S ta te  F e rm e n ta t io n , 
B io co n v e rs io n  o f  A g ro -in d u s tr ia l  R aw  M a te r ia ls , OR STO M , 
M on tp e llie r, F ra n c e , p p . 1 3 -2 6

F o g a rty  W M, Kelly C T  (1983) P ec tic  e n z y m e s . In  : F o g a r ty  W M 
(ed), M icro b ia l E n z y m e s  a n d  B io tech n o lo g y . A p p lied  S c ie n c e  
P u b lis h e r ,  L o n d o n , p p . 1 3 1 -1 8 2  

G h ild y a l NP, R a m a k r is h n a  SV, N irm a la  D evi, L o n s a n e  BK, 
A s th a n a  HN (1981) L arg e  s c a le  p ro d u c t io n  o f  p e c to ly tic  
e n z y m e  b y  so lid  s t a te  fe rm e n ta t io n . J  F o o d  S c i T e c h n o l 19 
: 2 4 8 -2 5 1

J o s h i  VK, C h a u h a n  SK, Lai B B  (1991 ) E x tr a c t io n  o f  J u ic e s  fro m  
p e a c h e s , p lu m s  a n d  a p r ic o ts  b y  p e c tin o ly tic  t r e a tm e n t .  
J  F o o d  S c i T e c h n o l 2 8  : 6 4 -6 5  

M a r tin e z -C a r re ra  D , M o ra le s  P, S o b a l M (19 8 9 ) P ro d u c t io n  d e  
h o n g o s  c o m e s tib le s  s o b re  p u l  p a  d e  c a fe  a  n iv e l c o m e rc ia l. 
In : R o u s so s  S , L in c o n a  F ra n c o  R, G u tie r re z  R o ja s  M (eds) 
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'K a litu r ' (b lack) s o y b e a n  v a r ie ty  w a s  e v a lu a te d  a n d  c o m p a re d  w ith  'B rag g ' v a r ie ty  fo r th e  fu n c t io n a l  p ro p e r t ie s  

o f  th e i r  m e a ls . W a te r  a b s o r p t io n  c a p a c it ie s  w e re  2 1 7  a n d  2 3 7  g / 1 0 0  g  o f  'K a litu r ' m e a l p ro te in s  a n d  i ts  h e a t  p ro c e s s e d  
m e a l, re sp ec tiv e ly . F a t  a b s o r p t io n  c a p a c it ie s  w e re  112  a n d  141 g  o i l / 100  g 'K a litu r ' a n d  its  h e a t  p r o c e s s e d  m e a l, 
re sp ec tiv e ly . F o a m in g  a n d  e m u ls if ic a t io n  c a p a c it ie s  w e re  m in im u m  a t  pH  4 .5  a n d  h ig h e r  a t  a lk a l in e  a n d  h ig h ly  a c id ic  
pH . F o a m  s ta b ili ty  in c re a s e d  w ith  in c re a s e  in  c o n c e n tra t io n  u p to  0 .4  M N aC l a n d  th e n  s ta r t e d  d e c re a s in g .  T h e  d a t a  
in d ic a te  h ig h  p o te n tia l  o f  'K a litu r ' m e a l p ro te in  fo r a p p lic a t io n  in  food sy s te m .
K e y w o rd s  : S o y b e a n , 'K a litu r ' m e a l p ro te in , F u n c tio n a l  p ro p e rt ie s ,  W a te r  a b s o rp tio n ,  F a t  a b s o rp t io n ,  F o a m in g  c a p a c ity , 

E m u ls if ic a tio n  p ro p e r t ie s ,  P o te n tia l  a p p lic a t io n  in  food sy s te m .

A stu d y  of fu n ction a l prop erties of protein  is  
essen tia l to determ ine the p oten tia l o f  an y  protein  
in  food sy stem  (K insella 1976). Lot of literature is  
available on  th e  a s se s sm e n t  o f fu n ction a l properties  
of yellow  soym eal an d  protein  con cen trate  a s  w ell 
a s iso late (H utton and C am pbell 1977; M cW atters 
and H olm es 1979), b u t in form ation  on  b lack  
soym eal protein  is  m eagre. 'Kalitur', b la ck  soy b ean  
variety, a p rod u ct o f agron om ic im p rovem en t  
program m e o n  b la ck  so y b ea n  (M ehta et al. 1982) 
in M adhya P radesh  (M.P.), is  extrem ely  p opular  
with cu ltivators o f th a t s ta te  and is  b ein g  grow n  
on 0 .8  m illion  h ecta res , ou t o f 1 .8  m illion  h ecta res  
of the total soy b ean  area (Agricultural S ta tistic s
1992). The ch em ica l com p osition  of th is  variety h a s  
been  determ ined  b y  va rio u s w orkers (N ilegaonkar  
and Agte 1989; G upta et al. 1982). At p resen t, the  
black  soyb ean  is  u tilized  for oil extraction  and  
defatted m eal is  exported a s  cattle  feed. In th e  
present stu d y, th e  fu n ction a l properties o f 'Kalitur' 
m eal (KM) w ere determ ined  and com pared  w ith  
those o f 'Bragg' (yellow) m eal (BM) to explore th e  
p ossib ilities of its  u se  in  food system . The fu n ction a l 
param eters stu d ied  w ere w ater an d  fat ab sorption  
capacities, foam ing an d  em u lsifica tion  properties.
M ateria ls a n d  M eth o d s

S o y b e a n  s o u r c e  a n d  p r o c e s s i n g  : 'Kalitur' and  
'Bragg' varieties, grow n u n d er id en tica l con d itio n s, 
were obtained  from  E xperim enta l F arm s o f th e  
University. D efatted  soym eal w a s  prepared by  
dehulling of so y b ea n s  u s in g  p late m ill. T he sp lits  
obtained w ere m ixed  w ith  10% w ater (w /v)., held
* Corresponding Author. 1 Present Address : Food Science and 

Technology, J. N. Krishi Vishwa Vidyalaya, Jabalpur, India.

for 2 4  h to  equilibrate and th e n  p a sse d  b etw een  
tw in  rollers to obtain  2 m m  th in  flak es. The flak es  
w ere dried at 27°C  in  a cu rren t o f air, th e  dried 
flak es w ere defatted  b y  rep eated  ex tractio n s (six  
tim es) w ith  so lven t h ex a n e  (60-80°C ) and th en  
pow dered to  p a s s  throu gh  7 0  m e sh  (BSS). H eat 
p rocessed  m eal w a s prepared b y  m ix in g  th e  defatted  
m eal w ith  d istilled  w ater (1:8 , w /v )  to  m a k e  slurry. 
T h is w a s  au toclaved  for 2 0  m in  at 1 k g /c m 2 to  
inactivate h ea t lab ile  in h ib itors a n d  su b seq u en tly  
freeze-dried after pow dering to  p a s s  th rou gh  70  
m esh  (BSS).

A n a l y t i c a l  a s p e c t s  : T he n itrogen  co n ten t o f th e  
m eal w a s determ ined  b y  m icroK jeldhal m eth o d  and  
a factor 6 .2 5  w a s  u se d  to  convert n itrog en  v a lu es  
to protein . The w ater ab sorp tion  ca p a c ity  (WAC) 
an d  fat ab sorption  cap a city  (FAC) w ere determ ined  
by th e  m eth o d s o f S o su lsk i et al (1976). WAC is  
exp ressed  a s  th e  am o u n t o f w ater reta in ed  by 100  
g m eal, w hile FAC is  d escr ib ed  a s  th e  am o u n t of 
oil b o u n d  b y  1 0 0  g m ea l. For d eterm in in g  
em u lsifica tion  cap a city  (EC), th e  m eth o d  o f B eu ch at  
et al (1974) w a s  u se d  an d  EC is  ex p ressed  a s  m l 
of oil em u lsified  b y  1 g o f  protein . T he am o u n t of 
p r o te in  u s e d  w a s  k e p t  c o n s t a n t  fo r  t h e s e  
m easu rem en ts. EC w a s  a lso  determ ined a s  a function  
of pH an d  NaCl co n cen tra tion s. For m ea su r in g  foam  
cap a city  (FC) an d  foam  sta b ility  (FS), 5 .0  g 
soym eal w a s  tak en  alon g  w ith  1 0 0  m l w ater in  a 
Bajaj electric b len d er an d  th e  su sp e n s io n  w a s  
w hipped  for 5 m in , before p ou rin g  in  2 5 0  m l 
m easu rin g  cylinder. T he vo lu m e o f th e  foam  w a s  
recorded after 3 0  sec . FC is  ex p ressed  a s  % volum e  
in crease, w hile th e  FS w a s  d eterm in ed  b y  m easu rin g  
th e FC at 5 , 10, 3 0  6 0 , 9 0  an d  120  m in. In
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addition, FC w a s  d eterm in ed  a s  a fu n ctio n  o f pH  
and ion ic strength .
R e su lts  a n d  D is c u ss io n

W a te r  a b s o r p t io n ,  c a p a c i t y  ( W A C ) : It w a s  found  
to be 2 1 7  and 23 1  g /1 0 0  g of 'Kalitur' an d  'Bragg' 
m eal proteins, resp ectively  (Table 1). If th e  w ater  
absorption  cap a c ities  w ere exp ressed  on  protein  
b a sis , the v a lu es  w ere 4 1 8  and 4 6 2  g / 1 0 0  g  
proteins, resp ectively  for KM and BM, thereby  
ind icating h igher WAC for BM th a n  KM. T he v a lu es  
obtained  are in  accord an ce w ith  th e  v a lu es  of 
soym eal (Lin et al. 1974; S o su lsk i an d  F lam ing

TABLE 1. W ATER AND FAT A B SO RPTION CAPA CITIES O F 
SOYBEAN MEAL

W a te r  a b s o rp t io n  F a t  a b s o rp tio n
S a m p le C ru d e c a p a c ity , g / 1 0 0  g c a p a c ity , g /1 0 0  g

p ro te in , F lo u r P ro te in F lo u r P ro te in
g / 1 0 0  g b a s is b a s is b a s is b a s is

’K a litu r ' m e a l 5 1 .8 2 1 7 4 1 8 112 2 1 6
'B ragg ' m e a l 5 0 .0 231 4 6 2 130 2 6 0
H e a t p ro c e ss e d  

'K a litu r ' m e a l 5 1 .8 2 3 7 4 5 7 141 2 7 2
H e a t p ro c e ss e d

'B ragg ' m e a l 5 0 .0 2 7 0  - 5 4 0 172 3 4 4

1977). H eat p rocessed  KM and BM gave h igher
va lu es of WAC, a s  com pared  to the m ea ls  (Table 1). 
T his is  in  agreem ent w ith  th e  finding of Wu and  
Inglett (1974). H igher WAC v a lu es  in  ca se  of h eat  
p rocessed  m eal m ay  b e d u e to d isso c ia tio n  of 
soyproteins into 11S and 7S  fractions (Wolf 1970), 
w hich  co n stitu tes  70%  o f tota l soyp rotein s. P erhaps, 
the su b u n its  o f  7S  an d  11S have m ore w ater
b inding s ites . The com p lex  carbohydrate in  th e  
m eal m ay a lso  p lay a role in  w ater absorption . 
D uring autoclaving, gelatin ization  o f starch  and  
sw elling of crude fibre m ay  occur, lead in g  to 
increased  w ater absorption . Fat ab sorption  v a lu es  
of KM and BM w ere fou n d  to be 112 an d  130  (Table 
1). The v a lu es  per 10 g protein  w ere 2 1 6  and 2 6 0  
for KM and BM, respectively. BM sh ow ed  b etter fat 
absorption th a n  KM. T h ese  v a lu es are in  accordance  
w ith the reported fat ab sorption  v a lu es  (Lin et al. 
1974; S o su lsk i an d  F lam ing 1977). G enerally, 
lipophillic p rotein s sh ow  su p erior b in d in g  of lipids, 
thereby im plying th a t th e  n on -p o lar am ino acid  
resid u es b ind  th e  paraffin ch a in s  of th e  fat (Kinsella
1976). H eat p rocessin g  in creased  th e  fat absorption  
cap acity  of both  KM and BM, th e  v a lu es  b ein g  141 
and 172, respectively. T h is in crease  cou ld  be due  
to d is so c ia t io n  an d  d en a tu ra tio n  o f p ro te in s  
occurring on  h eatin g .

E f f e c t  o f  p H  o n  f o a m  c a p a c i t y  (F C ) : A ll th e  
sa m p les  of soy b ean  gave a U sh a p e d  p attern  w ith  
th e low est (m inim um ) a t pH 4 .5  (Fig. 1). T he FC 
v a lu es  at m in im u m  w ere 132, 136 , 122 a n d  125  
for KM, BM an d  h ea t p ro cessed  sa m p le s  o f  KM, 
an d  BM, respectively. M in im um  vo lu m e in crea se , 
after w h ipp ing in  th e  isoe lectr ic  region , h a s  a lso  
b een  reported in  ca se  o f o th er  p ro te in s (H erm asson

Fig. 1. E ffect o f  pH  o n  fo am  c a p a c ity  o f  KM, BM  a n d  h e a t  
p ro c e s s e d  KM a n d  BM.

1975). M inim um  vo lu m e in crea se  at iso e lec tr ic  pH  
m ay be b e ca u se  o f low  so lu b ility  o f p rotein s. Low  
FC at isoelectric  point m ay  a lso  b e  d u e  to  stro n g  
in term olecu lar forces, w h ich  do n o t a llow  p rotein  
u n fold ing an d  sp read in g . In a lk aline ran ge, th e  FC 
v a lu es  w ere fou n d  to b e  h igh er th a n  th o se  in  th e  
acid ic range, probably d u e to  in crea sed  n e t ch arge  
on  the proteins. M axim um  foam in g o f n ative  
p rotein s h a s  b een  observed  at pH v a lu e s  b elo w  3 , 
b u t a lso  at v a lu es  w h ich  are c lo se  to th e  iso e lectr ic  
pH (K insella 1979). H ow ever, ex cep tio n s h ave b een  
reported in  fish  protein  co n cen tra te  (H erm asson
1975), soy b ean  (Eldridge et al. 1963), lea f  p rotein  
(Wang and K insella  1976) and gu a r p rotein  (Nath  
a n d  N a ra s in g a  R ao 1 9 8 1 ). H ea t p r o c e s s in g  
con siderab ly  low ered the FC v a lu e s  o f KM an d  BM .' 
At pH 2 .2 , the FC v a lu e s  w ere 15 0  a n d  155%  of 
u n h ea ted  KM an d  BM, resp ectively . At pH 10, h ea t  
p rocessed  KM and BM h ad  h igh er FC v a lu e s , th a n  
th o se  at acid ic pH. O ur d ata  com p ared  w ell w ith  
th o se  reported b y  N arayan an d  N arasin ga  Rao  
(1982), in  ca se  o f soy b ean  m ea l a s  reference  
protein.
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E f f e c t  o f  N a C l  o n  F C  : Fig. 2 sh o w s th e  effect 

of NaCl con cen tration , in  th e  range o f 0 -1  M NaCl, 
on the FC o f KM, BM an d  their  h ea t p rocessed  
m eals. In all th e  c a se s , th e  FC in creased  w ith  NaCl 
concentration  u p to  0 .4  M con cen tra tion  and th en  
decreased. The FC v a lu e s  o f  KM, BM and their h ea t

Fig. 2. E ffect o f  N aC l c o n c e n tra t io n  o n  FC o f  KM, BM a n d  h e a t
p ro c e s s e d  KM a n d  BM.
— O  —  : BM, — A —  : KM, —  0  —  : H e a t p ro c e sse d
BM, —  X —  : H e a t  p ro c e s s e d  KM

p ro cessed  m e a ls  w ere  1 5 0 , 1 5 5 , 1 3 0 , 1 3 4 ,
resp ectively . T he FC v a lu e s  a t 0 .4  M NaCl 
concentration  for KM, BM an d  th eir  h ea t p rocessed  
m eal w ere 174, 180 , 138, 142 , respectively . T h ese  
va lu es d ecreased  stea d ily  at m ore th a n  0 .6  M NaCl 
concentration . In th e se  m ea su rem en ts, the pH  
va lu es o f th e  d isp ersio n s w ere m ain ta in ed  at 6 .6 . 
It w as observed that the effect o f NaCl con cen tration s  
on FC v a lu es  w a s m ore evid ent in  BM th a n  in  the  
KM.

F o a m  s t a b i l i t y  (F S ) : FS o f th e  KM, BM and  
their h eat p rocessed  m ea ls  w ere determ ined  by  
m easuring the EC over a period o f tim e. FS w a s  
also stu d ied  a s  a fu n ction  of NaCl con cen tration  
(Fig. 3). For b oth  th e m ea ls , th e  FS  in creased  w ith  
increasing con cen tration  o f NaCl u p to  0 .4  M. Above 
th is  con cen tration , th e  FS  d ecreased . T he FS v a lu es  
for both  KM and BM did n ot ch an g e  appreciably  
beyond 3 0  m in . T h is red u ction  in  foam  va lu e  
ranged from 3 7 .5  to  47.5%  in  KM and 40-44%  in  
BM. In both  c a se s , FS d ecreased  stead ily  after 10 
min. However, th e FS o f BM in w ater and NaCl 
so lu tio n s w ere b etter  th a n  th o se  of KM. H eat 
p rocessin g  con sid erab ly  low ered th e FS. The foam  
value a lso  d ecreased  stea d ily  after 10 m in. It h a s  
b een  reported th a t FS is  related  to  d en aturation . 
In addition, th e native protein  h a s  given  h igher  
foam  stab ility  th a n  d en atu red  p rotein s (Y asum atsu  
et al. 1972).

E f f e c t  o f  p H  o n  e m u l s i f i c a t i o n  c a p a c i t y  (E C ) : 
Fig. 4  sh o w s th e  effect o f pH o n  th e  EC o f KM, 
BM an d  their h ea t p ro cessed  m ea ls . The EC v e r s u s  
pH profile o f  KM an d  BM sh ow ed  a U sh ap ed  
p attern  w ith  th e  lo w est s in g le  p o in t arou n d  pH 4 .5 . 
It is  sim ilar to  th e  sh a p e  o f FC v e r s u s  pH profile, 
thereb y sh ow in g  th a t th e  em u lsify in g  property w a s  
prim arily d u e to  d isso lved  p rotein s. BM sh ow ed  
h igh er EC v a lu e s  at a lk aline an d  acid ic pH , th a n

Fig. 4  E ffec t o f  pH  o n  e m u ls if ic a t io n  c a p a c i ty  o f  KM, BM a n d
h e a t  p ro c e s s e d  KM a n d  BM.
— A —  : BM, —  O  — : KM, — 0  —  : H e a t  p ro c e ss e d
KM, —  X —  : H e a t p ro c e s s e d  BM

the KM. The v a lu es exp ressed  a s  m l o f oil em u lsified / 
g protein  w ere 3 3  an d  4 5  for KM an d  BM, 
respectively. The EC o f BM w a s  b etter  th a n  th a t of 
KM, at all the pH v a lu es  stu d ied . T he EC v e r s u s  pH 
profile o f soy ilou r resem b led  to th o se  ob ta in ed  w ith  
c o t to n s e e d  p r o te in  (C ren w elge  e t  a l. 1 9 7 4 ), 
grou n d n u t protein  (R am anatham  et al. 1978), and  
su n flow er seed  protein  (R ahm a an d  N arasinga Rao
1981). H eat p ro cess in g  m ark ed ly  d ecreased  th e  EC 
of both  th e m ea ls  at all th e  pH v a lu e s  stu d ied . 
At pH 3, th e  EC o f h ea t p ro cessed  KM w a s  
5 5  m l/g  protein , a s  com p ared  to  th e  va lu e  of 
71 m l/g  protein  o f th e  raw m eal. S im ilarly, h eat  
p rocessed  BM h ad  EC o f 6 4  m l/g ,  a s  com pared  
to th a t of 8 5  m l/g  protein  o f  raw  m ea l a t pH 3. 
H eat p rocessin g  con sid era b ly  red u ced  th e  EC o f the  
m eal. M cW atters an d  H olm es (1979) h ave reported  
sim ilar resu lts  in  soy ilour. M oist h ea tin g  and its  
d u r a t io n  w a s  s t r e s s e d  to  b e  th e  p r im a ry  
d eterm in an ts in  th e  exten t o f  th e  red u ction  of 
n itrogen  so lu b ility  an d  co n seq u en tly  the EC.
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E J J e c t o f  N a C l  o n  E C  : Fig. 5 sh o w s th e  resu lts  
of EC v e r s u s  ion ic strength  (NaCl) o f KM, BM and  
heat p rocessed  KM an d  BM. T he m ea su rem en ts  
w ere m a d e  in  w a ter  c o n ta in in g  ap p ro p ria te

con cen tration  o f sa lt  at a  pH 6 .6 . In ca se  o f KM 
an d  BM, th e  NaCl con cen tra tion  u p to  0 .4  M h ad  
th e in crem en tal effect o f EC. B eyon d  th is  sa lt  
con cen tration , there w a s  p ractica lly  little  d ecrease

0  3 0  4 0  9 0  1 2 0

TIME ( mints-)

0  6 0 1 2 0  0  3  0  6 0  9 0

TIME (mints.) Tl ME ( mints-)
Fig. 3 . E ffec t o f  N aC l c o n c e n tra t io n  o n  FS  o f  KM (A), BM (B) a n d  h e a t  p ro c e s s e d  KM (C) a n d  B M  (D).
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in  the EC. At all NaCl co n cen tra tion s, th e BM had  
higher EC th a n  KM. In c a se  o f h ea t p rocessed  KM 
and BM, th e  ad dition  o f NaCl did n ot c a u se  an y  
appreciable ch an g e in  EC. T he n itrogen  so lub ility  
characteristics of proteins in  w ater and sa lt so lu tio n s  
differ and th is  m ay  reflect in  th e  EC a lso . EC is  
know n to in crease w ith  m od erate in crea se  in  sa lt  
concentration , b e ca u se  o f the sa ltin g -in  o f the  
proteins. At h igh er sa lt  con cen tration , the EC d oes  
not in crease, a s  there is  likely to  b e the sa ltin g -  
out of th e  proteins. S u ch  effects h ave b een  observed  
in lea f protein  co n cen tra tes  (Wang an d  K insella

Fig. 5 . E flcc t o f  N aC l c o n c e n tra t io n  o n  e m u ls if ic a tio n  c a p a c ity  
o f  KM, DM a n d  h e a t  p ro c e s s e d  KM a n d  BM.
— A —  : BM, —  O  —  : KM, — •  —  : H e a t p ro c e s s e d  
BM —X—  : H e a t p ro c e s s e d  KM

1976), grou n dn u t protein  (R am anatham  et al.
1978), and  gu ar p rote in s (Nath and N arasinga Rao 
1991).
C o n clu sio n

A pparently, n o  sign ifican t d ifferen ces w ere  
observed b etw een  th e  fu n ction a l p roperties o f  m eal 
proteins o f b lack  an d  yellow  soy b ean s. 'Bragg' 
(yellow) m eal protein  w a s  fou n d  to  be su p erior in  
all the fun ction a l properties stu d ied , in  com p arison  
to 'Kalitur' m eal protein . The la tter h ad  all th e  
desirable fu n ction a l p roperties to  b e  u se d  in  food  
system . Therefore, it is  co n clu d ed  th a t 'Kalitur' 
m eal protein  h ad  th e p oten tia l to  b e u sed  in  m eat, 
ice cream , bakery an d  oth er food p rod u cts, due to  
its com paratively good foam ing an d  em u lsifica tion  
properties.
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Quality of Chicken Gizzard Pickle During 
Processing and Storage

A. K. SACHDEV1*, RAM GOPAL2, S . S . VERM A1, K. N . KAPOOR3 AND S . B . K ULSH RESHTHA3
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V in e g a r-b a s e d  c h ic k e n  g iz za rd  p ic k le  w a s  p ro c e ss e d  th r o u g h  8  re p lic a te s . I ts  q u a li ty  w a s  e v a lu a te d ,  till 4 5  a n d  
7 5  d a y s  o f  a m b ie n t  s to ra g e  d u r in g  s u m m e r- r a in y  a n d  w in te r  s e a s o n s ,  re sp ec tiv e ly , a n d  c o m p a re d  w ith  re f r ig e ra te d  
s a m p le s .  M icro b ia l c o u n ts  o f  in g re d ie n ts  u s e d  in  p r e p a r a t io n  o f  th e  p ro d u c t  s u g g e s te d  th e  n e e d  fo r o v e n -d ry in g  th e  
c o n d im e n ts ,  s u c h  a s  re d  ch illi p o w d er, tu rm e r ic ,  c u m in , b la c k  p e p p e r , c a ra w a y , a n is e e d , c in n a m o n  a n d  c lo v e  b e fo re  
u s e . C h a n g e s  in  pH , s h e a r  fo rce, m o is tu re ,  c r u d e  p ro te in , e th e r  e x tra c t ,  th io b a rb i tu r ic  a c id  a n d  to ta l  p la te  c o u n ts  
in  th e  p ic k led  g iz z a rd s  w e re  f a s te r  d u r in g  s u m m e r- r a in y  s e a s o n . D a ta  s h o w  th a t  g iz za rd  p ic k le  c o u ld  b e  c o n s u m e d  
till 4 5  a n d  7 5  d a y s  o f  a m b ie n t  s to ra g e  in  s u m m e r- r a in y  a n d  w in te r  s e a s o n s ,  re sp e c tiv e ly , a n d  i ts  q u a li ty  is  c o m p a ra b le  
w ith  re fr ig e ra te d  s a m p le s .
K e y w o rd s  : C h ic k e n , G iz za rd , P ick le , S to ra g e  q u a lity , S e n s o ry  e v a lu a tio n , M icrob io log ica l q u a lity .

Gizzard co n stitu tes  nearly  3% of d ressed  w eight 
(Charonpong and C h en  1980), b u t is  n ot com m on ly  
con su m ed  b y  the elite society . C on sid erab le w ork  
h a s  b een  done (Aria 1977; C haronpong an d  C hen  
1980; Sharm a et al. 1986) o n  p rocessin g  and  
storage stab ility  o f gizzard p ick le u n d er  refrigeration. 
However, a  n eed  ex is ts  to  d eterm ine th e  q u ality  of 
ingredients u sed  in  th e preparation  o f gizzard pick le  
and the product itself, w h en  exp osed  to variable  
tropical en viron m en ts, during its  storage at am bient 
tem peratures. R esu lts  of su c h  a stu d y  are reported  
in th is  paper.
M a teria ls an d  M eth o d s

A total o f 8 trials, in clu d in g  5 in  su m m er-ra in y  
and 3  in  w inter se a so n s , w ere con d u cted . C hicken  
gizzards w ere collected  from pilot poultry p rocessin g  
plant of the In stitu te . After rem oving ad ip ose t is su e , 
gizzards w ere sliced  in to  sm all p ieces  and p ressu re  
cooked at 15 lb for 10 m in . R ecipe u sed  in  th is  
stu d y  con ta in ed  (g /k g  gizzards) tab le sa lt 90 , peeled  
garlic 3 2 , g inger 3 2 , cu m in  6 , red ch illi pow der 6, 
powdered an iseed  3 , caraw ay 3 , turm eric 3 , b lack  
pepper 2 , c in n am o n  2 an d  clove 2. In addition, 
refined m u sta rd  oil 10 m l, v in egar 195 m l and  
w ater 195 m l w ere u sed  per kg gizzard. S p ices  w ere  
fried and p u t in to  sim m ering  so lu tio n  of v inegar  
and water. T h is p ick le so lu tio n  w a s  allow ed to 
sim m er for 10 m in . Cooked g izzards w ere m ixed  
w ith th e  p ick le so lu tion . The p rod u ct w a s  allow ed  
to cool dow n and m atu re for 72  h  before u se . In 
two o f th e rep resen tative tria ls, raw gizzards,
* Corresponding Author

sp ice s , u te n s ils  an d  w ork ers involved  in  th e  
preparation  of v in egar-b ased  gizzard p ick le a n d  air  
sa m p les  in sid e p rocessin g  laboratory w ere exa m in ed  
for variou s m icrobiological p aram eters. P ickle m a d e  
in  each  trial w a s  su b jected  to  a m b ien t an d  
refrigerated (4 ± 1°C, 81%  RH) storage, in  g la s s  
ja r s  covered w ith  p la stic  lid, till 4 5  and 7 5  d ay s  
during su m m er-ra in y  (m id-M arch to  m id-O ctober) 
an d  w inter (m id-O ctober to m id-M arch) s e a so n s ,  
respectively.

D a ily  r e c o r d s  o f  m in im u m , m a x im u m  
tem p eratu res an d  relative h u m id ity  (RH) w ere  
m ain ta in ed  during th e  exp erim en ta l period. T hree  
sa m p les  of p ick led  g izzard s from  ea ch  group w ere  
analyzed  at zero day  an d  at fortn igh tly  in terva ls  
of storage for pH, m oistu re , cru d e p rotein , eth er  
extract (AOAC 1985) an d  th iob arb itu ric acid  v a lu e  
exp ressed  a s  m alon ald eh yd e, m g /k g  (T araladgis et 
al. 1960). S h ear force o f th e sa m p les  w a s  determ ined  
in  lb /in c h 2 by u s in g  W arner B ratzler sh e a r  p ress  
(Model 13 8 0 6 , G-R E lectrical Mfg. C o., K an sas  
6 6 5 0 2 , USA). T otal p la te  c o u n ts  (TPC) p er 10 g, 
u sin g  appropriate m ed iu m  an d  co n d itio n s, w ere  
determ ined  in  fresh  a s  w ell a s  stored  sa m p le s  a s  
per recom m en d ed  m eth o d s (ICMSF 1982). S en so ry  
eva lu a tio n s w ere m ad e in  all th e  gro u p s at th e  
aforesaid  s ta g e s  of storage b y  u s in g  10 - p o in t 
H edonic sca le  throu gh  m in im u m  of 7 exp erien ced  
p an elists . N utritional energy (c a lo r ie s /100  g) of  
gizzard p ick le w a s  ca lcu la ted  a s  per form u la u sed  
b y  S h ack eord  e t a l (1 9 8 9 ). A fter co n v ertin g  
p ercen tages in to arc s in e  v a lu es, data  w ere corrected
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for trial effects and sta tistica l an a lysis w as conducted  
(Snedecor and C ochran  1967).
R esu lts  an d  D is c u ss io n

Q u a l i t y  d u r i n g  s t o r a g e  : M ean s o f m icrobial 
cou n ts (Table 1), at va rio u s s ta g es  o f  preparing  
vin egar-b ased  ch ick en  gizzard p ick le, revealed  
su b stan tia l n u m b er and variety o f m icrob es in  raw  
gizzards. B ut, n o  v iab le b acteria  w ere observed  in  
cooked (15 lb / in c h 2, 10 m in) gizzards. A m ong  
ingredients, tab le sa lt, garlic, ginger, m u sta rd  oil 
and vinegar a lso  h ad  no v iab le bacteria . P resen ce  
of few y e a s ts  an d  m o u ld s w a s  noticed  in  turm eric.
TABLE 1. M EAN V A L U E S  O F  M IC R O B IA L  L O A D S  IN 

C O M PO N EN TS AND VIN EG A R -B A SED  GIZZARD 
PICKLE

S am p le P e r 10 g s a m p le
T o ta l p la te C o lifo rm s Y e a s t a n d

R aw  gizzard
c o u n t  

9 3  x  105 14 x  103
m o u ld  

2 3  x 102
T u rm eric - - 3 x  102
C u m in 5 2  x 10s 3 x  102 6 x 102
Red ch illi p o w d er 6 2  x  103 5  x  10a 3 x  102
C in n a m o n  a n d  

C loves 9 4  x  10s 7 2  x  IO2 7 x 102
B lack  p e p p e r 14 x  103 - -
C araw ay 31  x  106 5 4  x  IO5 12 x 102
A niseed 7  x  10“ - 10 x 102
K itchen  w o rk e rs  

Nails** NT + +
T hroat* NT - -

H a n d s - 1 1 4 .3 3 /c m 2 1 0 /c m 2 -
2 7 .8 / c m 2 6 / c m 2 -

J a r 3 .8 / c m 2 - -

S p o o n s 7 .8 / c m 2 3 5 /c m 2 -

U ten sils 3 5 5 /c m 2 1 1 9 /c m 2 1 5 /c m 2
V in e g a r-b a se d  

g izzard  p ick le - - 2 x 103

-  = O rg a n is m s  n o t fo u n d ; + = O rg a n is m s  p re s e n t , b u t  n o t
q u a n tif ie d ; NT = N ot te s te d ; ** = P a th o g e n ic o rg a n is m s
(Streptococci, Staphylococci, E. coli) iso la te d ; * = Streptococci a n d  
Staphylococci is o la te d ; N o ne o f  th e s e  m ic ro o rg a n is m s  w e re  
p re s e n t  in  co o k ed  g iz z a rd s , ta b le  s a l t ,  g a rlic , g in g er, v in e g a r  a n d  
m u s ta rd  oil.

In powdered cum in , red chilli, b lack  pepper, caraway, 
a n ise e d , c in n a m o n  an d  c lo v e , so m e  o f th e  
m icroorganism s w ere seen  (Table 1). T h is ind icated  
th a t u s e  o f  c o n d im e n ts  a s  s u c h  in  p ick le  
preparations m igh t c a u se  early sp oilage o f product. 
N evertheless, different s te p s  of p rocessin g  w ere able  
to reduce th ese  c o u n ts  to  a rem arkable exten t, w ith  
the resu lt, th a t gizzard p ick le h ad  n on e of th e  
path ogen s in clu d in g  E . c o l i  an d  S t r e p t o c o c c u s  . w ith  
a m eagre TPC. In v iew  o f th e se  findings, th e  
form ulation in gred ien ts n eed ed  d econ tam in ation , 
prior to their u se , in  su c h  a w ay th a t their in trin sic  
properties rem ained  u n ch a n ged . B a sed  on  su ch  
indication, sp ice s  a s  above w ere pow dered and

dried in  the h o t air oven  at 6 5  to  70°C  for 2 0  m in , 
w h ich  is  a w ell k n ow n  m eth od  o f giv ing h eat 
treatm ent to  co n d im en ts  for rem oving all p a th ogen s, 
except B a c i l l u s  or sp oru la tin g  group  o f organ ism s, 
before u se  in  oth er tria ls. S im ilarly, th e  u te n s ils  
w ere a lso  w a sh ed  w ith  boilin g  w ater prior to then- 
u se  an d  u tm o st h yg ien e w a s  m a in ta in ed  to  avert 
the r isk  of con tam in ation . H ow ever, th e  experim ent 
w a s  con fin ed  to  its  objective o f a s s e s s in g  quality  
of p ick led  gizzards an d  it w a s  n o t ex ten d ed  to  
verification  of w ell k n ow n  fa c ts  th ro u gh  eva lu ation  
of TPC in  h ea t treated  co n d im en ts  or u te n s ils . R isk  
of con tam in a tion  throu gh  h a n d lin g  w a s  averted by  
observing h ygien ic p ractices.

S to r a g e  q u a l i t y  c h a n g e s  : M ean m in im u m  and  
m a x im u m  a m b ien t tem p e r a tu r e s  a n d  relative  
h u m id ity  in  su m m er-ra in y  s e a so n  w ere 2 7 .3  ± 
1.9°C, 3 4 .2  ± 1.4°C, an d  6 3 .1  to  68.4% . T h ese  
v a lu es  in  w in ter s e a so n  w ere 1 6 .6  ± 1.3°C , 2 5 .6  
± 1.7°C an d  6 1 .2  to 71.2% .

Length o f storage c a u se d  gen era l r ise  in  pH  
an d  d ecline in  sh ea r  force v a lu es , b u t  sta tistica lly  
no sign ifican t effects o f  tem p eratu re , s e a so n s  or 
periods cou ld  b e  observed  (Tables 2 a n d  3). In som e  
other exp erim en ts on  storage o f gizzard p ick le, 
sim ilar tren d s h ave b een  reported  (Aria 1977).

M oisture con ten t of p ick led  g izzard s red u ced  
sign ifican tly  on  and after 3 0 th  day  o f am bient 
storage in  su m m er-ra in y  s e a s o n  (Table 2). H owever, 
su c h  ch a n g es  w ere ob served  o n  4 5 th  d ay in
TABLE 2 . MEAN O B SER VATION ON ST O R A G E  QUALITY O F  

VINEG AR - B A SED  GIZZARD PIC K LE IN SU M M E R - 
RAINY SE A SO N

T ra its S to ra g e  p e r io d s , d a y s
0 15 3 0 4 5

pH
R oom 4 .3 ± 0 .2 4 .5 + 0 .2 4 .4 1 0 .3 4 .8 + 0 .1
R efrig 4 .3 ± 0 .2 4 .6 1 0 .2 4 .5 1 0 .3 4 .6 1 0 .2

S h e a r  fo rce
R oom 3 .9 ± 0 .2 3 .9 1 0 .1 3 .8 1 0 .2 3 .7 1 0 .4
R efrig 3 .9 ± 0 .2 3 .5 1 0 .2 3 .4 + 0 .2 3 .6 1 0 .3

•M o is tu re
R oom 50 .5+ 0 .4 * 50 .5 + 0 .6 * 4 9 .2 1 0 .2 » 48 .5 + 0 .4 »
R efrig 50 .5+ 0 .4 * 50 .3 + 0 .3 * 4 9 .9 1 0 .2 * 4 8 .2 1 0 .3 »

•C ru d e
p ro te in

R oom 27 .8+ 0 .3 * 2 9 .0 iO .3 b 2 9 .5 1 0 .5 » 29 .9 + 0 .3 »
R efrig

• E th e r  e x tra c t
27 .8+ 0 .3 * 2 9 .8 i0 .2 b<: 2 9 .7 0 + 0 .2 » 3 0 .3 iO .2 c

R oom 17 .6± 1 .1 1 8 .0 1 1 .7 1 8 .8 1 1 .4 1 9 .7 1 1 .3
R efrig 1 7 .611 .1 18 .4+ 0 .1 1 9 .3 1 0 .9 1 9 .5 1 0 .9

T h io b a rb itu r ic
a c id

R oom 0 .310 .1* 1.0+0.2» 1.2+0.3» 2 .0 + 0 .5»
R efrig 0 .310 .1* 1 .110.3» 1.010.4*» 1.610.5»

• B a s e d  o n  a rc  s in e  v a lu e s ; F ig u re s  b e a r in g  s a m e  o r  n o  s u p e r 
s c r ip ts  d id  n o t  d iffe r  s ig n if ic a n tly  a m o n g  s to ra g e  p e rio d s .
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TABLE 3 . MEAN O B SER VATION S ON PH Y SICO -C H EM ICA L C H A N G ES DURING STO R A G E O F  VINEGAR - B A SE D  GIZZARD PIC K L E  
IN W IN TER  SE A SO N

T ra its  S to ra g e  p e rio d s , d a y s
0 15 3 0 4 5 6 0 7 5

PH
R oom 4 .8 ± 0 .1 4 7 .1 0 .1 4 .7 1 0 .3 4 .7 1 0 .1 4 .8 1 0 .4 4 .8 1 0 .0
R efrig 4 .8 ± 0 .1 4 .8 1 0 .1 4 .8 1 0 .1 4 .8 1 0 .2 4 .9 1 0 .2 5 .0 1 0 .0

S h e a r  force
R oom 4 .7 ± 0 .6 4 .0 1 0 .4 4 .5 1 0 .9 3 .9 1 0 .5 3 .9 1 0 .3 5 .2 1 0 .8
R efrig 4 .7 ± 0 .6 3 .5 1 0 .1 4 .2 1 0 .4 4 .3 1 0 .6 3 .6 1 0 .6 5 .2 1 0 .6

•M o istu re
R oom 5 0 .2 ± 0 .6 4 9 .9 1 0 .4 4 7 .9 1 1 .1 4 8 .7 1 0 .9 4 8 .9 1 0 .8 4 8 .2 1 0 .5
R efrig 5G .2± 0 .6 4 9 .8 1 0 .7 4 9 .3 1 0 .6 4 9 .5 1 0 .5 4 8 .9 1 0 .5 4 8 .6 1 0 .6

•C ru d e  p ro te in
R oom 28 .6± 0 .3* 2 8 .5 1 0 .7 “ 3 0 .4 iO .6 b 3 0 .6 1 0 .6 b 3 1 .9 i0 .5 b 3 1 .7 1 0 .4 »
R efrig 2S .6± 0 .3* 2 8 .4 1 0 .5 “ 28 .9+ 0 .7 * 3 0 . 110 .3 b 3 1 .1 i0 .3 bc 3 1 .910 .3»

•E th e r  e x tra c t
R oom 1S.4±0.9* 2 0 .3 1 0 .7 * 2 0 .6 1 0 .8 “ 2 1 .2 1 0 .4 “ 1 9 .2 i0 .4 b 2 0 .0 1 4 .4 “
R efrig 1 9 .4 ± 0 .9 1 9 .9 1 0 .4 2 1 .4 1 0 .5 2 0 .4 1 0 .2 2 0 .8 1 0 .3 1 9 .8 1 1 .0

T h io b a rb itu r ic  a c id
R oom 0 .7 1 0 .3 1 .3 1 0 .9 1.811.1 1 .5 1 0 .8 1 .5 1 0 .9 1 .9 1 0 .5
R efrig 0 .7 1 0 .3 1 .511 .1 1 .8 1 1 .0 2 .1 1 0 .8 2 .3 1 0 .7 1 .6 1 0 .6

• B a se d  o n  a r c  s in e  v a lu e s .  F ig u re s  b e a r in g  s a m e  o r  n o  s u p e r s c r ip ts  d id  n o t  d iffe r s ig n if ic a n tly  a m o n g  s to ra g e  p e r io d s .

refrigerated sam p les. D uring w inter, in  room -stored  
pickle a lso , a sign ifican t red u ction  in  m oistu re  
during storage h ad  b een  reported (Singh and Panda
1984).

S ignificant in crea se  in  cru d e protein  d u e to  
prolonged storage w a s  n oticed  in  b oth  th e  s e a so n s  
(Tables 2 and 3). Poultry m ea t p ick le stored  for 120  
days at room  tem perature con ta in ed  24.2%  protein  
against 24 .35%  in  fresh  sa m p les , thereb y in d icating  
that there w ere no ch a n g es  in  p rotein  v a lu es  on  
storage (C hatteijee et al. 1969). H owever, th e  
m oisture con ten t d eclined  sligh tly  from  53.2%  to  
52.3%  in  th is  product during storage.

P ercen t eth er  extract revea led  sig n ifica n t  
differences on ly  on  6 0 th  day  o f am b ient storage  
during w inter. For rest o f th e  shelf-life  in  either  
seaso n , sign ifican t ch a n g es  in  ether extract w ere  
observed (Tables 2 and 3). R ea son  for su ch  
significant ob servation s at 6 0 th  day during w inter  
sea so n  is  n ot clear. In a sep ara te  stu d y  on  oil-based  
gizzard p ick le involving different recipe and different 
p rocessin g  m ethodology , th e  in sign ifican t effects of 
storage on  eth er  extract v a lu es  in  h ot h u m id  and  
w inter s e a so n s  w ere observed  (Sachdev et al. 1992). 
Thiobarbituric acid  v a lu es  in crea sed  sign ifican tly  
during su m m er-ra in y  se a so n  (Table 2), b u t ch a n g es  
were in sign ifican t in  w in ter  (Table 3). H igher 
thiobarbituric acid  v a lu es  in  som e o f th e  refrigerated  
sa m p les  cou ld  n ot b e  a ss ig n ed  a n y  sp ecific  reason .

T otal p late c o u n ts  in  p ick led  g izzards sh ow ed  
(Table 4) com paratively  s lo w  rate o f m icrobial 
m u ltip lica tion  during w in ter a s  w ell a s  u n d er

refrigeration tem perature. In o il-b a sed  gizzard p ick le  
also , sim ilar  tren d s h av e  b een  reported  (S ach d ev  
et al. 1992). In b oth  th e  se a so n s , th e  m icrob iolog ical 
load  co u n ts , till th e  en d  o f exp erim en ta l p eriod s.
TABLE 4 . MEAN TOTAL PLATE C O U N T S IN V IN E G A R -B A SE D  

GIZZARD PICKLE
P erio d  o f  S to ra g e  c o n d it io n s

s to ra g e , d a y s  R oom  R e frig e ra tio n  R o o m  R e fr ig e ra tio n
S u m m e r - ra in y  s e a s o n  W in te r  s e a s o n

0 17.0X 103 1 7 .0 x 1 0 s 7 .0 x 1 0 s 7 .0 x 1 0 s
15 3 6 .0 x 1 0 3 9 .0 x 1 0 s 1 0 .0 x 1 0 s NT
3 0 7 4 .0 x 1 0 s 1 7 .5 x 1 0 s 8 1 .0 x 1 0 s 2 9 .0 x 1 0 s
4 5 2 1 .5 x 1 0 s 1 2 .0 x 1 0 s 1 6 .0 x 1 0 s 7 2 .0 x 1 0 s
6 0 NT NT 3 5 .0 x 1 0 s 8 .5 x 1 0 s
7 5 NT NT 7 .0 x 1 0 s 6 .0 x 1 0 s

NT = N ot te s te d

w ere w ell w ith in  th e  p erm issib le  lim its  (E lliott and  
M ichener 1961).

N u t r i t i o n a l  e n e r g y  : C a lcu la ted  calorific v a lu es  
in  fresh  and stored  p ick les ran ged  b etw een  2 4 8  and  
3 2 0 . Gizzard pickle stored for longer periods rendered  
m ore energy d u e to  com p aratively  le s s  m o istu re  
an d  h igher protein  a s  w ell a s  lip id  co n ten ts .

S e n s o r y  t r a i t s  : A  gen era l d eclin e  in  sen so ry  
ch ara cter istics  su c h  a s  co lou r, flavour, ju ic in e s s ,  
ten d ern ess , texture and overall accep tab ility  w a s  
recorded w ith  prolonged storage. M ean v a lu e s  for 
th e se  a ttr ib u tes in  sa m p les , sto red  at am b ien t an d  
refrigerated tem peratu res, ran ged  from  5 .9 7  ± 0 .4 9  • 
to 7 .1 2  ± 0 .4 4  over th e  entire storage period  o f 4 5  
d ays in  su m m er-ra in y  sea so n . T h ese  v a lu e s  w ere  
in  the range of 6 .1 3  ± 0 .0 9  to  7 .5 1  ± 0 .3 3  for th e  
product stored  in  w in ter  sea so n . B u t, th e  c h a n g e s



were Insignificant in  b oth  th e  s e a so n s  an d  storage  
conditions. T h u s, th e  gizzard p ick le w a s  quite  
acceptable, till th e  end  o f s tip u la ted  storage periods.

From the resu lts  ob tained  in  the p resen t stu d y  
on the sen so ry  eva lu ation , it m ay  be con clu d ed  
that v in egar-b ased  ch ick en  gizzard p ick le cou ld  be  
con su m ed  till 4 5  and 7 5  d ays o f am b ient storage  
in  su m m er-ra in y and w in ter  se a so n s , respectively. 
The resu lts  a lso  sh ow ed  th a t shelf-life o f th is  
product at room  tem perature w a s  com parable w ith  
that kept u n d er  refrigeration.
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S to ra g e  o f  w h e a t  a t  d iffe re n t te m p e r a tu r e s  sh o w e d  c o n s id e ra b le  d e te r io ra t io n  in  g ra in  q u a lity . T h e  d e te r io ra t io n  

w a s  m o re  in  w h e a t  s to re d  fo r 5  m o n th s  a t  50°C . S to ra g e  o f  w h e a t  a t  h ig h e r  te m p e r a tu r e  for lo n g e r  d u r a t io n  d e c r e a s e d  
b o th  th e  1 0 0 0  k e rn e l a n d  h e c to litre  w e ig h ts . D u ra tio n  o f  sLorage a lso  a d v e rse ly  a ffec te d  th e  m illin g  y ie ld . In c re a s e s  
In  c o lo u r  g ra d e  v a lu e  a n d  a s h  c o n te n t  in  f lo u r  w e re  o b se rv e d  w ith  in c re a s e s  in  s to ra g e  t e m p e r a tu r e  a n d  tim e . S to r in g  
o f  w h e a t  a t  h ig h e r  te m p e r a tu r e s  a ffec te d  th e  a - a m y la s e  a c tiv ity  a n d  th is  w a s  in d ic a te d  b y  a n  in c re a s e  in  fa llin g  n u m b e r  
a n d  a m y lo g ra p h  p e a k  v isc o s ity  v a lu e s .  R h eo lo g ica l s tu d ie s  sh o w e d  a  d e c re a s e  in  fa r in o g ra p h  w a te r  a b s o r p t io n  a n d  
a n  in c re a s e  in  r e s is ta n c e  to  e x te n s io n  in  w h e a t  s to re d  for 5  m o n th s  a t  50°C . B a k in g  t e s t s  re v e a le d  th a t ,  e v e n  th o u g h  
th e  q u a li ty  o f  b re a d  im p ro v e d  to  so m e  e x te n t  in  w h e a t  s to re d  a t  2 7  a n d  37°C , s to ra g e  o f  w h e a t  a t  50°C  c o n s id e ra b ly  
re d u c e d  th e  b r e a d  q u a lity .
K e y w o rd s  : W h e a t, H ig h  t e m p e r a tu r e  s to ra g e , B re a d  q u a lity , F u n c tio n a l  c h a ra c te r is t ic s ,  D e te r io ra t io n .

W heat grain  is  gen erally  h arvested  on ce  or 
tw ice during th e year an d  its  cu ltivation  is  restricted  
to specific  p arts o f th e  country. C onsiderab le tim e  
u su a lly  e la p ses  b etw een  procu rem en t o f w h eat and  
its su b seq u en t p rocessin g  b y  th e  cu stom er. D uring  
th is  period, w h eat is  stored  at different storage  
con d ition s, varying in  storage tem perature and  
hum idity. Storage tem perature and h u m id ity  have  
been  reported to bring ab ou t several ch a n g es  in  
the fu n ction a l ch ara cter istics  o f w h eat (A nderson  
and A lcock 1954; G la ss  et al. 1959; S aw an t 1985). 
In India, th e  am b ient tem perature varies from  a s  
low a s 4°C to a s  high a s  47°C , dep en ding on  the  
sea so n  and p lace. It h a s  a lso  b een  reported that  
th e  tem p eratu re o f th e  gra in  cou ld  in crea se  
su b stan tia lly  w h en  stored  in  s ilo s  or b in s , du e to  
the resp iration  p ro cess  (C h risten sen  an d  K aufm an
1969). However, a  few  s tu d ie s  have b een  reported  
on th e  storage o f w h ea t flour u n d er  tropical 
con d ition s (Leelavathi et al. 1984; Prem avalli et al.
1993).

The objective o f th is  s tu d y  w a s  to  d eterm ine  
various ch a n g es  th a t occu r in  th e  fun ction a l 
ch aracteristics of w h eat grain , w h en  stored  at h igh  
tem peratures. R eports available so  far deal w ith  
s to r a g e  o f  w h e a t  g r a in  a t r e la t iv e ly  lo w er  
tem peratures.
M ateria ls a n d  M eth o d s

S to r a g e  a n d  m i l l in g  s t u d i e s  : T en  kg lo ts  of  
clean ed  w h eat (procured from  local m arket) w a s  
fum igated  (ethylene dibrom ide 3 2  g /m 3), p ack ed  in
* Corresponding Author

air-tight tin  con ta in ers, an d  stored  in  in cu b a to rs  
m ain ta in ed  at 2 7 , 3 7  an d  50°C , resp ectively . W h eat 
sa m p les  w ere draw n after 1, 3  an d  5 m o n th s  o f  
sto ra g e  for a n a ly t ic a l p u r p o s e s . W h ea t w a s  
con d ition ed  to 15% m oistu re  for 2 4  h  an d  m illed  
in  a laboratory B u h ler  m ill (M odel M LU -202). Yield  
of stra ight ru n  flour w a s  ca lcu la ted  an d  exp ressed  
a s  % b a sed  o n  the y ield  o f to ta l product.

A n a l y t i c a l  m e t h o d s  : E stim a tio n s of m o istu re , 
glu ten , a sh , colour, sed im en ta tio n  v a lu e , fa llin g  
n u m ber, d iastatic  activity, a lcoh o lic  ac id ity  and  
hecto litre w eigh t w ere carried ou t accord in g  to  
stan d ard  AACC m eth o d s (1969). H ard n ess o f  w h ea t  
kernel w a s  m easu red  in  h a r d n e ss  te s te r  (KIYA 
S e isa k u sh o , Ltd., Tokyo, Jap an ) an d  average v a lu e  
of 10 k ern e ls  are reported. To d eterm in e th e  
germ in ation  cap acity , 100  se e d s , so a k ed  overn ight, 
w ere p laced  b etw een  dam p filter p ap ers in  a  petri 
d ish  and held  for 5 d ays a t room  tem p eratu re  
(27±2°C). S eed s w ith  norm al sh o o ts  w ere co u n ted  
an d  reported a s  % germ inated . D o u gh  ra isin g  
cap acity  o f .f lo u r s  w a s  d eterm in ed  b y  ISI (1972) 
m ethod . Farinograph, exten sograp h  an d  am ylograph  
ch ara cter istics  w ere d eterm in ed  accord in g  to  AACC
(1969) m eth o d s. A m ylogram s w ere eva lu a ted  for 
p eak  v isco sity  (P), v isco s ity  after 3 0  m in  h old in g  
at 95°C  (H), cold  p a ste  v isco s ity  (C), b reak d ow n  (P- 
H) an d  se tb a ck  v a lu es  (C-P) a s  per th e  m eth od  
describ ed  by B h a tta ch a iy a  a n d  S ow b h agya  (1979).

B a k i n g  c h a r a c t e r i s t i c s  ; B rea d s w ere m ad e  
according to 'Remix' bak ing te st  (Irvine an d  M cM ullan  
1960) and 2% sh orten in g  w a s  in c lu d ed  in  th e  
form ulations. V olum e o f b read s w a s  m ea su red  in  
loa f vo lu m e m eter u s in g  rap eseed  d isp la cem en t

36



37
m ethod (M alloock and C ook 1930). The cru st and  
crum b ch aracter istics o f b read s w ere eva lu ated  by  
a panel of s ix  sem i-tra in ed  ju d g es . All the te s ts  w ere 
carried out in  trip licate an d  the average v a lu es  have  
been  reported.
R esu lts  a n d  D is c u ss io n

C h a n g e s  in  t h e  p h y s i c a l  c h a r a c te r i s t i c s  : Storage 
of w heat at room  tem peratu re (27°C) h ad  m in im al 
effect on  its  m oistu re  co n ten t (Table 1). At h igher

C h a n g e  i n  t h e  m i l l i n g  y i e l d  : The m illin g  yield  
in creased  sligh tly  d u rin g  th e  first m on th  o f storage. 
H owever, a grad u al b u t s ligh t d eclin e  w a s  observed  
a s  th e storage p rogressed  further (Table 1). After 
5 m o n th s o f storage a t 2 7 , 3 7  and 50°C , the  
resp ective  flour y ield  d ecreased  to  6 7 .9 , 6 8 .9  and  
70.1% . G reater yield  a t h ig h er  storage tem peratu re  
m ay b e du e to h igh er b r ittlen ess  o f  th e  gra in s. T h is  
is  reflected in  h igh er a sh  co n ten t in  w h ea t stored  
at 50°C (Table 2). S h ellen b erger (1939) observed

TABLE 1. C H A N G ES IN PHYSICAL C l IARACTERISTICS AND MILLING YIELDS O F  GRAIN DU RIN G STO R A G E

In itia l  v a lu e  S to ra g e  te m p e r a tu r e .  °C
2 7  3 7  5 0

_______________________________  S to ra g e  p e rio d  (m o n th s)
1 3 5 1 3 5 1 3 5

M oistu re , % 1 1 .2 2 1 1 .1 6 1 1 .0 5 1 0 .7 0 1 0 .6 7 1 0 .0 9 9 .1 8 1 0 .3 0 9 .0 0 8 .5 5
H a rd n e ss , k g 1 0 .6 2 - 1 0 .5 5 8 .3 8 - 10 .2 2 6 .6 3 - 6 .8 8 5 .3 8
1000 k e rn e l w e ig h t, g 5 7 .2 0 5 6 .2 0 5 5 .8 0 5 4 .6 0 5 7 .0 0 5 5 .0 5 3 .1 0 5 4 .6 0 5 0 .1 0 4 6 .7 0
H ecto litre  w e ig h t, k g /H l 8 2 .5 0 8 2 .5 0 8 1 .5 0 8 1 .0 0 8 2 .0 0 8 1 .0 7 9 .5 0 8 0 .5 0 7 8 .5 0 7 4 .5 0
G e rm in a tio n  c a p a c ity , % 8 5 .0 0 8 3 .0 0 7 8 .0 0 7 0 .0 0 8 2 .0 0 7 6 .0 5 8 .0 0 5 2 .0 0 0 0
M illing y ie ld , % 7 0 .5 0 7 1 .1 0 6 9 .5 0 6 7 .9 0 7 2 .9 0 7 0 .0 6 8 .9 0 7 2 .2 0 7 1 .0 0 7 0 .1 0

tem peratures, greater m oistu re  lo s s  w a s  observed, 
and it con tin u ed  to  d ecrease  a s  the duration  of th e  
storage period in creased . T h is resu lted  in  th e  w heat  
grains to be brittle, a s  in d icated  by the gradual 
decrease in  th e  h a rd n ess  va lu e. Average grain  
h ard n ess in  w h eat, stored  at 2 7 , 3 7  an d  50°C, 
decreased  by 2 1 , 3 8  an d  49% , resp ectively , at th e  
end of 5 m o n th s  storage period. M oisture lo s s  in  
w heat grain  on  storage at h igh  tem perature w a s  
also reflected in  a d ecrease  in  1 0 0 0  kernel and  
hectolitre w eigh ts. S torage o f w h eat at 2 7  an d  37°C  
till 3  m o n th s did n ot h ave m u ch  effect on  its  
germ ination cap acity . H ow ever, th e  germ in ation  
capacity o f w heat red u ced  con siderab ly  by 5 m o n th s  
storage. On th e oth er h an d , w h eat com p letely  lost  
its germ ination cap acity  w ith in  3  m o n th s, w h en  
stored at 5 0 CC. G lass et al (1959) h ave a lso  
observed d ecrease in  gra in  viability  during 10 
m onth  storage period at 2 0  an d  30°C.

in sign ifican t ch an g e in  m illin g  y ield , till three and  
h a lf m o n th s, b u t reported  a n  in crea se  in  th e  yield  
from  6 0 .9  to 62.2%  after 6  m o n th s  o f storage. In 
con trast. G la ss  et al (1959) n oticed  n o  ch an g e  in  
flour yield  th rou gh ou t 10 m o n th s  storage at 2 0  and  
30°C .

C h a n g e s  in  t h e  p h y s i c o - c h e m i c a l  c h a r a c t e r i s t i c s : 
The g lu ten  con ten t did n ot ch a n g e  sign ifican tly  in  
sa m p les  stored  at 2 7  an d  37°C  even  after 5 m o n th s  
of storage, w h ile  it d isin tegra ted  after 3  m o n th s  in  
w h ea t stored  at 50°C  (Table 2). The q u ality  o f the  
g lu ten  protein , a s  in d icated  b y  sed im en ta tio n  va lu e, 
a lso  sh ow ed  an  in sig n ifican t ch an g e  d u rin g  storage  
at 2 7  an d  37°C , b u t b y  th e  en d  o f  5 m o n th s  
storage at 50°C , there w a s  a sign ifican t decrease  
in  th e  sed im en ta tion  va lu e . T he co lou r o f  flour  
m illed  from  stored  w h ea t sa m p le s  in crea sed  w ith  
storage tem perature an d  d u ration . The exten t of  
ch an g e in  colou r w a s  h igh er in  sa m p les  stored  at

TABLE 2. C HANGES IN T H E  PHYSICO-CHEM ICAL CHARACTERISTICS O F  W HEAT DURING STO R A G E AT D IFFE R E N T  TEM PER ATUR ES

Q u a lity  p a ra m e te r s In itia l v a lu e S to ra g e te m p e r a tu r e ,  °C
2 7 3 7

S to ra g e  p e rio d  (m o n th s)
5 0

1 3 5 1 3 5 1 3 5
G lu ten , % 1 0 .8 1 0 .6 1 0 .8 1 0 .8 1 0 .5 10 .4 1 0 .4 1 0 .3 - -
S e d im e n ta tio n  v a lu e , m l 2 5 2 5 2 5 2 2 .5 2 6 2 5 21 2 3 21 18
C o lo u r g ra d e  v a lu e 4 .1 4 .4 4 .7 5.1 4 .7 4 .9 6 .1 6 .9 7 .6 8 .9
D o u g h  ra is in g  c a p a c ity , % 145 148 120 121 145 100 9 6 102 5 6 4 6
F allin g  n u m b e r ,  sec . 5 4 6 5 5 2 5 2 2 5 8 5 5 7 2 5 8 0 6 2 1 7 0 3 7 0 5 7 4 5
D ia s ta tic  ac tiv ity ,

m g m a l to s e /10 g  I lo u r 3 4 8 3 6 0 3 5 0 3 0 2 3 4 4 3 0 2 2 6 7 3 0 0 2 8 2 2 5 7
A sh, % 0 .4 4 0 .4 5 0 .4 7 0 .5 1 0 .5 0 0 .4 8 0 .5 2 0 .5 1 0 .6 5 0 .7 2
A lcoholic ac id ity , %  H 2S 0 4 0 .0 2 5 0 .0 2 5 0 .0 4 9 0 .0 5 4 0 .0 2 5 0 .0 5 1 0 .0 6 7 0 .0 2 9 0 .0 6 9 0 .0 8 4
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50°C for 5 m o n th s. T h is cou ld  b e attr ibuted  to  
n on -enzym atic brow ning an d  th e  p resen ce  o f h igher  
am ou nt o f b ran  p artic les in  flour. T h is w a s  
su b stan tia ted  b y  sim ilar  ch a n g es  in  a sh  con ten t, 
w h ic h  in c r e a se d  from  0 .4 4  to  0 .7 2 % . T he  
deteriorative ch a n g es  in  w h ea t stored  at 50°C w ere 
also  reflected in  d ough  ra isin g  cap acity , w hich  
d ecreased  from  in itia l 145% to 102, 5 5 .5  an d  46%  
after 1, 3 , and  5 m o n th s  storage, respectively. 
Storage of w h eat a t 50°C h ad  m ore deteriorative 
effect on  dough  ra isin g  cap acity , th a n  th o se  stored  
at 2 7  an d  37°C .

Flour from  w h eat stored  at 27°C  h ad  m in im al 
effect on  am ylolytic activity. T h is w a s  in d icated  by  
both th e falling n u m b er an d  d ia sta tic  activity  
va lu es. S torage of w h eat at h igh er tem p eratu res  
affected th e  am ylase  activity, w h ich  w a s reflected  
in  an  in crease  in  the falling n u m b er va lu e  and  
d ecrease in  th e d ia sta tic  activity. The acid ity  
in creased  during storage, d ep en ding  o n  the period  
and tem perature. The acid ity  rose b y  118, 173 and  
241%  after 5 m o n th s storage at 2 7 , 3 7  an d  50°C, 
respectively. Shellenberger et al (1958) observed  3  
to 4  tim es in crease in  fat acid ity  during 1 year  
storage at 38°C.

C h a n g e  in  t h e  r h e o lo g ic a l  c h a r a c t e r i s t i c s  : 
Rheological s tu d ie s  on  stored  w h ea t sh ow ed  that  
the farinograph w ater ab sorption  (FWA) rem ained  
u n chan ged  till 1 m on th  storage at 2 7  an d  37°C  
(Table 3). Thereafter, it gradually  d ecreased , a s th e

th e  flour. S h ellen b erger et al (1958) h ave a lso  
reported h igher w ater ab sorp tion  ca p a c ity  for w h ea t  
stored  at 38°C , a s  com p ared  to  th a t stored  a t 4°C. 
H owever, S u d h a  Rao et al (1978), an d  S h ellen b erger
(1939) observed  in sig n ifican t in crea se  in  w a ter  
ab sorption  o f w h ea t m illed  after 6  m o n th s  o f  
storage at 27±3°C . F lour m illed  from  stored  w h ea t  
recorded  a n  in crea se  in  th e  d ou gh  d evelop m en t  
tim e and a d ecrease in  th e  m ix in g  to leran ce  in d ex  
and th e  exten t o f  ch an g e in crea sed  w ith  in crea se  
in  storage tem peratu re. At th e  en d  o f  storage  
period, the d ough  d evelop m en t tim e w a s  3 .5  m in . 
for w h eat stored  at 27°C , a s  com p ared  to  5 .0  m in  
observed  for th e  w h eat stored  at 50°C . T he sta b ility  
of flour im proved at h igher tem p era tu re  o f storage, 
th e in crease  b ein g  3-fo ld  at 50°C . S u d h a  Rao et 
al (1978) h ave a lso  reported sim ilar  ob serv ation s. 
E xtensograph  ch aracteristics sh ow ed  th a t res ista n ce  
to ex ten sio n  d ecreased  w ith  storage, b u t in crea sed  
w ith  tem peratu re o f storage. At th e  en d  o f 5 
m o n th s storage at 50°C , th e  in itia l r e s is ta n ce  to  
exten sion  of 8 5 0  BU  exceeded  10 00  BU , a s  com pared  
to th a t for sam p le  stored  a t 27°C . O n th e  o th er  
h an d , d ough  exten sib ility  in  w h ea t sto red  for 5 
m o n th s at 2 7 , 3 7  an d  50°C , in crea sed  b y  5 0 , 4 1 , 
and 32% , respectively.

C h a n g e s  i n  t h e  p a s t i n g  c h a r a c t e r i s t i c s  : 
A m ylograph  c h a r a c te r is tic s  sh o w e d  a g ra d u a l 
in crease in  p eak  v isco sity  w ith  in crea se  in  tem p era
ture an d  d u ration  o f storage, th ereb y  in d ica tin g  a

TABLE 3 . C H A N G ES IN T H E  R H EO LO G IC A L AND PASTING C H A R A C TERISTICS O F  W HEAT D U R IN G  ST O R A G E  AT D IF F E R E N T  
TEM PER A TU R ES.

C h a ra c te r is t ic s  In itia l  _____________________________________ S to ra g e  te m p e r a tu r e ,  °C_______________________
v a lu e  2 7  3 7  5 0

S to ra g e  p e rio d  (m o n th s)
1 3 5 1 3 5 1 3 5

FWA1, % 6 5 .8 6 5 .8 6 3 .8 6 2 .6 6 5 .8 6 4 .6 6 3 .8 6 6 .4 6 5 .0 6 4 .8
S tab ility , m in 4 .0 4 .0 4 .0 5 .0 5 .0 6 .0 6 .0 6 .5 8 .0 1 2 .0
DDT2, m in 3 .0 3 .5 3 .5 3 .5 3 3 .5 4 .0 4 .0 4 .0 4 .5
MTI3, BU
R e s is ta n c e  to  e x te n s io n

7 0 6 0 5 0 4 0 4 0 4 0 3 0 5 0 4 0 2 0

(R), BU 8 5 0 7 6 0 7 4 0 5 4 0 8 8 5 8 0 5 6 2 0 1 0 0 0 > 1 0 0 0 > 1 0 0 0
E x ten s ib ility  (E), m m 110 125 130 165 120 125 155 1 2 0 120 145
R atio  fig, R /E 7 .7 6 .1 5 .7 3 .3 8 .2 6 .4 4 .0 8 .3 - -

A rea, c m 2 121 132 139 124 145 142 146 158 - -

P ea k  v isco s ity  (P), AU 1 4 6 0 1 5 1 0 159 0 1 7 5 0 1 5 1 0 1 6 4 0 2 1 6 0 1 6 6 0 2 0 9 0 2 1 8 0
B re ak d o w n  (P-H )4-, AU 3 0 0 3 5 0 3 9 0 9 1 0 4 4 0 3 6 0 1 0 3 0 4 9 0 7 2 0 1 4 6 0
S e t b a c k  (C-P)5-, AU 6 8 0 6 6 0 6 4 0 5 3 0 5 2 0 4 6 0 2 9 0 5 5 0 2 9 0 2 5 0
1 FWA = F a r in o g ra p h  w a te r  a b s o rp tio n ,  2 D D T = D o u g h  d e v e lo p m e n t tim e , 3 MTI = M ix ing  to le ra n c e  in d e x ,
4 H = V isco sity  a f te r  3 0  m in  h o ld in g  a t  95°C 5-, C = C o ld  p a s te  v isco s ity .

storage period progressed . H owever, the red u ction  
in  w ater ab sorption  during storage w a s  m u ch  
sm aller in  w h ea t stored  at 50°C , probably du e to  
the p resen ce  o f h igher am ou n t o f b ran  particle in

red u ction  in  a -a m y la se  activ ity (Table 3). S torage  
m ad e th e  starch  p a ste  m ore fragile a s  in d ica ted  b y  
gradual in crease  in  b reak d ow n  va lu e  w ith  in crea se  
in  storage d u ration  an d  tem peratu re. In crease  in
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i n i t i a l  b r e a k d o w n  v a l u e  w a s  5  t i m e s  h i g h e r  i n  f l o u r  
s a m p l e  m i l l e d  a f t e r  5  m o n t h s  o f  s t o r a g e  a t  5 0 ° C .  
S e t  b a c k  v a l u e s  o f  f l o u r  p a s t e  f r o m  s t o r e d  w h e a t  
s h o w e d  g r a d u a l  d e c r e a s e ,  i n d i c a t i n g  l o w e r  
r é t r o g r a d a t i o n  o f  s t a r c h  w i t h  i n c r e a s e  i n  s t o r a g e  
d u r a t i o n  a n d  t e m p e r a t u r e .  W h e a t ,  m i l l e d  a f t e r  5  
m o n t h s  o f  s t o r a g e  a t  2 7 ,  3 7  a n d  5 0 ° C ,  r e c o r d e d  
2 2 ,  5 7  a n d  6 3 %  d e c r e a s e  i n  s e t  b a c k  v a l u e .  
H o w e v e r ,  t h e  s t o r a g e  d u r a t i o n  a n d  t e m p e r a t u r e  h a d  
i n s i g n i f i c a n t  e f f e c t  o n  o n s e t  o f  g é l a t i n i s a t i o n  
t e m p e r a t u r e .

C h a n g e s  in  th e  b a k in g  q u a lity  : F l o u r  o b t a i n e d  
f r o m  w h e a t  s t o r e d  a t  2 7  a n d  3 7 ° C  r e c o r d e d  5 . 5  
a n d  3 . 8 %  i m p r o v e m e n t  i n  t h e  s p e c i f i c  v o l u m e  o f  
b r e a d  (F ig .  1 ) . T h e  c r u m b  c h a r a c t e r i s t i c s  w e r e  n o t  
a f f e c t e d  s i g n i f i c a n t l y  o n  s t o r a g e  a t  2 7  a n d  3 7 ° C .

S T O R A G E  D U R A T IO N  ( M O N T H )
Fig. 1. C h a n g e s  in  sp ec if ic  v o lu m e  o f b re a d  m a d e  w ith  flour, 

m illed  fro m  s to re d  w h e a t .

S i m i l a r  r e s u l t s  w e r e  r e p o r t e d  b y  S u d h a  R a o  e t  a l
( 1 9 7 8 )  f o r  w h e a t  s t o r e d  f o r  4  m o n t h s  a t  2 7 ± 3 ° C .  
H o w e v e r ,  S h e l l e n b e r g e r  ( 1 9 3 9 )  o b s e r v e d  i n i t i a l  
i m p r o v e m e n t ,  f o l l o w e d  b y  g r a d u a l  d e c l i n e ,  i n  l o a f  
v o l u m e  d u r i n g  6  m o n t h s  s t o r a g e  a t  r o o m

t e m p e r a t u r e .  O n  t h e  o t h e r  h a n d .  G l a s s  e t  a l  ( 1 9 5 9 )  
n o t i c e d  m a r k e d  d e t e r i o r a t i o n  i n  f l o u r  q u a l i t y ,  
r e s u l t i n g  i n  d a r k  c r u m b  a n d  p o o r  d o u g h  h a n d l i n g  
c h a r a c t e r i s t i c s  i n  w h e a t  s t o r e d  f o r  1 0  m o n t h s  a t  
3 0 ° C ,  w h i l e  i t  w a s  s t a t e d  t h a t  t h e  c h a n g e  d e p e n d e d  
o n  t h e  i n i t i a l  m o i s t u r e  c o n t e n t  o f  w h e a t .  B r e a d s  
m a d e  f r o m  w h e a t  s t o r e d  a t  5 0 ° C  f o r  1 ,  3  a n d  5  
m o n t h s  s h o w e d  a  s i g n i f i c a n t  d e c l i n e  i n  s p e c i f i c  l o a f  
v o l u m e .  T h e  b r e a d s  m a d e  f r o m  s u c h  f l o u r s  h a d  p a l e  
c r u s t  c o l o u r  a n d  i n f e r i o r  c r u m b  w i t h  c o a r s e  g r a i n  
a n d  h a r d  t e x t u r e .
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d u r in g  s to ra g e . C e re a l C h e m  1 6 :6 7 6 -6 8 2  

S h e lle n b e rg e r  JA , M ille r D, F a r re l l  E P , M a x M iln e r (19 5 8 ) E ffec t 
o f  w h e a t  ag e  o n  s to ra g e  p ro p e r t ie s  o f  flo u r. F o o d  T e c h  
1 2 :2 1 3 -2 2 1

S u d h a  R ao V, V ak il UK, S r e e n iv a s a n  A  (1978 ) C o m p a ra tiv e  
s tu d ie s  o n  p h y s ic o -c h e m ic a l a n d  b a k in g  p ro p e r t ie s  o f  new ly  
h a rv e s te d  a n d  s to re d  In d ia n  v a r ie ty  o f  w h e a t .  J  S c i F oo d  
A gric 2 9 :1 5 5 -1 6 4

R e c e iv e d  3 1  M a rc h  1 9 9 2 ;  r e v i s e d  2 8  J u n e  1 9 9 3 ;  a c c e p te d  2 8  J u n e  1 9 9 3
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Manufacture of Freeze-dried Breakfast and Dessert Foods
D . V I J A Y A  R A O * , K . R A D H A K R I S H N A , K . J A Y A T H IL A K A N , T . S .  V A S U N D H A R A ,
B . B H A G IR A T H I, K . R .  G O P A L  R A O , K . A . S R I H A R I  A N D  M . S ID D A L IN G A S W A M Y

D e f e n c e  F o o d  R e s e a r c h  L a b o r a t o r y ,  M y s o r e  -  5 7 0  O i l ,  I n d i a .

Q u ic k ly  re h v d ra ta b le  a n d  n u t r i t io u s  b r e a k f a s t  a n d  d e s s e r t  foods h a v e  b e e n  d ev e lo p ed  u s in g  f re e z e -d ry in g . T h e  
fre eze -d rie d  w h e a t  p o rr id g e  (daiia ), r ic e  p u d d in g  [kheer] a n d  v a n illa  c u s ta r d  c o n ta in e d  1 1 .2 -1 2 .2 %  p r o te in  a n d  
p ro v id ed  4 2 8 , 4 4 7  a n d  4 0 3  K c a l /1 0 0  g, re sp ec tiv e ly . T h e s e  a r e  a ls o  r ic h  in  C a ’1 a n d  P 5 (3 0 6  to 3 2 5  m g / 1 0 0  g a n d  
3 1 6 .8  to  3 8 5  m g / 100 g, resp ec tiv e ly ). T h e s e  w e re  s ta b le  for 6 -9  m o n th s  a t  37°C , w h e n  p a c k e d  in  p a p e rfo il  - p o ly th e n e -  
la m in a te  flex ib le  p o u c h e s . T h e y  e x h ib ite d  a  re h y d ra tio n  ra t io  o f  1:3. Daiia a n d  kheer c o u ld  b e  r e h y d ra te d  s a t is fa c to r i ly  
a t  45°C , 70°C  a n d  in  b o ilin g  w a te r  in  2 0 , 10 a n d  5  m in , re sp ec tiv e ly . C u s ta r d  co u ld  b e  in s ta n t ly  r e h y d ra te d  a t  5°C 
a n d  45°C  o r  a t  h ig h e r  te m p e r a tu r e s ,  if  r e q u ire d .
K e y w o rd s :  F reez e -d ry in g , D e s s e r t  foods, Daiia, Kheer, M icro b ia l p rofile , C h e m ic a l c h a n g e s ,  S p a c e  foods.

M a n y  d i s a d v a n t a g e s  i n  d r y i n g  o f  f o o d s  c a n  b e  
e l i m i n a t e d  b y  a p p l i c a t i o n  o f  f r e e z e - d r y i n g  
( C h a n d r a s e k a r a n  a n d  K i n g  1 9 7 1 ;  P e t e r s o n  e t  a l .  
1 9 7 3 ;  S r i n i v a s  R a o  e t  a l .  1 9 6 6 ) .  F r e e z e - d i y i n g  i s  
a l s o  a p p l i e d  t o  a n i m a l  f o o d s  ( J a s m i n e  e t  a l .  1 9 7 0 ) .  
I n  a d d i t i o n ,  f r e e z e - d r i e d  f o o d s  c a n  b e  r e c o n s t i t u t e d  
i n  c h i l l e d  w a t e r  a s  w e l l  a s  i n  w a r m  o r  h o t  w a t e r ,  
t h e r e b y  e l i m i n a t i n g  t h e  n e e d  t o  b o i l  w a t e r .  K e e p i n g  
t h e s e  a d v a n t a g e s  i n  v i e w ,  a t t e m p t s  w e r e  m a d e  t o  
p r e p a r e  c o n v e n i e n c e  f o r m s  o f  v a r i o u s  t r a d i t i o n a l  
I n d i a n  f o o d s  f o r  D e f e n c e  u s e .  A m o n g  m a n y  f o o d s ,  
w h e a t  p o r r i d g e  {d a iia ),  r i c e  p u d d i n g  {kh eer)  a n d  
v a n i l l a  c u s t a r d  w e r e  s e l e c t e d  f o r  t h e i r  s a t i s f y i n g  
t a s t e ,  s w e e t n e s s ,  f i l l i n g  n a t u r e  a n d  f a m i l i a r i t y  t o  
m o s t  p e o p l e .  T h e r e f o r e ,  t h e  f r e e z e - d r i e d  v e r s i o n s  
o f  t h e s e  p r o d u c t s  w e r e  p r e p a r e d  a n d  a s s e s s e d  f o r  
t h e i r  q u a l i t y  a n d  s h e l f - l i f e  i n  t h e  p r e s e n t  s t u d y .

M a t e r i a l s  a n d  M e t h o d s
B r o k e n  w h e a t  ( 'B u l g a r ' ) ,  s h o r t  g r a i n e d  r i c e  

( 'B a n g a r s a n n a ' ) ,  v a n i l l a  f l a v o u r e d  c u s t a r d  p o w d e r  
a n d  w h i t e  f r e e - f l o w i n g  s u g a r  ( c o n f o r m i n g  t o  I S I  
s p e c i f i c a t i o n s )  w e r e  p u r c h a s e d  l o c a l l y .  P a s t e u r i z e d  
m i l k  ( s o l i d s -  n o n - f a t  8 % ,  f a t  3 % )  w a s  s k i m m e d  f r o m  
t o p ,  a f t e r  b o i l i n g  a n d  c o o l i n g ,  a n d  u s e d  i n  a l l  
p r e p a r a t i o n s .  H y d r o g e n a t e d  f a t ,  s a f f r o n  a n d  
c a r d a m o m  w e r e  p r o c u r e d  f r o m  t h e  l o c a l  r e t a i l  
s h o p s .  M i c r o b i o l o g i c a l  m e d i a  w e r e  f r e s h l y  p r e p a r e d  
f r o m  b a c t o g r a d e  c o m p o n e n t s  ( H i M e d i a  C o . ,  B o m b a y  
a n d  D i f c o  L t d . ,  U S A ) .  D e h y d r a t e d  m e d i a  ( D if c o )  
w e r e  u s e d  i n  t h e  d e t e c t i o n  o f  S a lm o n e lla .

W h e a t p o rr id g e  ( d a i i a )  : D a iia  o r  b r o k e n  w h e a t  
(1 k g )  w a s  r o a s t e d  i n  1 0 0  g  v e g e t a b l e  f a t  a t  1 1 0 ° C  
±  2 ° C  i n  a  s h a l l o w  p a n  a n d  t h e n  c o o k e d  i n  3  1 w a t e r  
a t  1 5  p s i  f o r  3 0  m i n .  M i l k  ( 1 0  1) w a s  a d d e d  t o
* Corresponding Author

t h e  s o f t e n e d  d a i ia  a n d  t h e  c o n t e n t s  w e r e  c o o k e d  
f o r  3 0  m i n  a t  b o i l i n g  t e m p e r a t u r e .  S u g a r  ( 1 . 2  k g )  
w a s  t h e n  a d d e d  a n d  t h e  m i x t u r e  w a s  f u r t h e r  
c o o k e d  f o r  1 5  m i n ,  f o l l o w e d  b y  t h e  a d d i t i o n  o f  2  
g  c a r d a m o m  p o w d e r .  I t  w a s ,  t h e n ,  c o o l e d  t o  r o o m  
t e m p e r a t u r e .

R ic e  p u d d m g  ( K h e e r )  ; R a w  w a s h e d  r i c e  (1  k g )  
w a s  s o a k e d  i n  w a t e r  a t  r o o m  t e m p e r a t u r e  f o r  1 5  
m i n .  A f t e r  d r a i n i n g ,  i t  w a s  b o i l e d  i n  1 0  1 m i l k  f o r  
3 0  m i n .  S u g a r  ( 1 . 2  k g )  w a s ,  t h e n ,  a d d e d  t o  t h e  
c o o k i n g  m i x t u r e  a n d  s t i r r e d  f o r  1 5  m i n .  S a f f r o n  
(1  g )  w a s  d i s s o l v e d  i n  a b o u t  2 5  m l  m i l k  a n d  t h e n  
a d d e d  t o  t h e  m i x t u r e ,  a f t e r  c o o l i n g  t o  6 0 ° C .  T h e  
w h o l e  m a s s  w a s  c o o l e d  t o  r o o m  t e m p e r a t u r e .

C u s ta r d  : M i l k  ( 2 0  1) a n d  s u g a r  ( 3 . 6  k g )  w e r e  
b o i l e d  t o g e t h e r  a n d  s l o w l y  t h i c k e n e d  b y  a d d i n g  c o m  
f l o u r  ( v a n i l l a - f l a v o u r e d ,  y e l l o w - c o l o u r e d ) , w h i c h  w a s  
d i s s o l v e d  e a r l i e r  a t  5 %  l e v e l  i n  c o l d  m i l k .  T h e  h o t  
c u s t a r d  w a s  p o u r e d  i n t o  d r y i n g  t r a y s  a n d  a l l o w e d  
t o  c o o l  t o  r o o m  t e m p e r a t u r e .

F r e e ze -d r y in g  : T h e  c o o l e d  f o o d s  w e r e  f r o z e n  
i n  a  b l a s t  f r e e z e r  ( H u l l  C o r p o r a t i o n ,  U S A ) .  D a iia  a n d  
k h e e r  w e r e  f r o z e n  t o  - 2 0 ° C  a n d  c u s t a r d  t o  - 3 0 ° C  
f o r  3  h  . T h e  f r o z e n  f o o d s  w e r e  c u t  i n t o  b i t s  a n d  
t h e r m o c o u p l e s  w e r e  i n s e r t e d .  T h e s e  t r a y s  w e r e ,  
t h e n ,  l o a d e d  i n t o  t h e  f r e e z e - d r i e r  ( H u l l  C o r p o r a t i o n ,  
U S A ,  M o d e l  3 0 F 4 0 )  a n d  r e f r o z e n  f o r  3 0  m i n .  T h e  
p r o d u c t s  w e r e  f r e e z e - d r i e d  u n d e r  a  p l a t e n  
t e m p e r a t u r e  o f  + 6 0 ° C  a n d  a  v a c u u m  o f  3 0 0  m i c r o n s  
f o r  1 6  h .

P a c k a g in g  : A l l  f o o d s  w e r e  p a c k e d  i n  5 0 - 7 0  g  
p o r t i o n s  i n  p a p e r  ( 4 5 G S M ) - a l u m i n i u m  f o i l  ( 4 0  p ) -  
p o l y e t h y l e n e  ( 3 7 . 5  p )  l a m i n a t e  ( P F P )  p o u c h e s .  A l l  
s a m p l e s  w e r e  s t o r e d  f o r  v a r i o u s  p e r i o d s  u p t o  9  
m o n t h s  a t  r o o m  t e m p e r a t u r e  ( R T  3 0 ° C  ±  2 ° C )  a n d  
3 7 ° C .

4 0
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R e h y d r a tio n  : D i f f e r e n t  q u a n t i t i e s  o f  c h i l l e d  
w a t e r  ( 5 - 1 0 ° C ) ,  t e p i d  w a t e r  ( 4 0 - 4 5 ° C ) ,  h o t  w a t e r  
( 7 0 ° C )  a n d  b o i l i n g  w a t e r  ( 9 8 ° C )  w e r e  a d d e d  t o  
w e i g h e d  s a m p l e s  i n  s t a i n l e s s  s t e e l  b o w l s  w i t h  l i d s .  
A p p r o p r i a t e  t e m p e r a t u r e s  w e r e  m a i n t a i n e d  f o r  t h e  
r e q u i r e d  p e r i o d  b y  p l a c i n g  t h e  c o v e r e d  b o w l s  i n  
t h e r m o s t a t i c a l l y  c o n t r o l l e d  o v e n  a t  p r e s e t  
t e m p e r a t u r e s .  R e h y d r a t i o n  q u a l i t y  w a s  j u d g e d  
o r g a n o l e p t i c a l l y .

C h e m ic a l a n a ly s i s  : T h e  s a m p l e s  w e r e  a n a l y s e d  
f o r  m o i s t u r e ,  p r o t e i n s ,  f a t ,  a s h  a n d  c a r b o h y d r a t e s  
a s  p e r  s t a n d a r d  p r o c e d u r e s  (A O A C  1 9 8 4 ;  R a n g a n n a
1 9 8 6 ) .  A n a l y s i s  f o r  C a * 2 , P 5, N a * 1. K * 1, C l 1. F e * 2 , 
Z n +2 a n d  P b +i w e r e  c a r r i e d  o u t  i n  a n  a t o m i c  
a b s o r p t i o n  s p e c t r o m e t e r  ( S h i m a d z u ,  m o d e l  A A  6 7 0 )  
a s  p e r  t h e  m e t h o d o l o g y  o f  O c k e r m a n  ( 1 9 7 8 ) .

S h elf-life  s tu d ie s  : S h e l f - l i f e  o f  s t o r e d  s a m p l e s  
w a s  o b s e r v e d  b y  d e t e r m i n i n g  c h e m i c a l  a n d  
o r g a n o l e p t i c  c h a n g e s .  I n i t i a l l y  a n d  t h e n  a f t e r  e v e r y  
3  m o n t h s ,  t h e  s t o r e d  s a m p l e s  ( p a c k e d  i n  P F P )  w e r e  
a n a l y s e d  f o r  f r e e  f a t t y  a c i d s  ( P e a r s o n  1 9 6 8 ) ,  p e r o x i d e  
v a l u e  (A O A C  1 9 8 4 )  a n d  t h i o b a r b i t u r i c  a c i d  c o n t e n t  
( T a r a l d g i s  e t  a l .  1 9 6 0 ) .

O rg a n o le p tic  a n a ly s is :  A l l  s t o r e d  s a m p l e s  w e r e  
s u b j e c t e d  t o  s e n s o r y  q u a l i t y  e v a l u a t i o n  b y  a  p a n e l  
o f  1 0  m e m b e r s  f o r  d e t e r m i n i n g  o v e r a l l  a c c e p t a b i l i t y  
o n  a  9  - p o i n t  H e d o n i c  s c a l e .  T h e  p r o d u c t s  r e c e i v i n g  
a n  o v e r a l l  s c o r e  o f  6  a n d  a b o v e  ( 9  f o r  e x c e l l e n t )  
w e r e  c o n s i d e r e d  a c c e p t a b l e .

M icrobiolog ical a n a ly s is  : M i c r o b i o l o g i c a l  q u a l i t y  
o f  t h e  f o o d s  w a s  d e t e r m i n e d  f r o m  r a n d o m  a n a l y s i s  
o f  s a m p l e s  o b t a i n e d  f r o m  5  p i l o t  s c a l e  p r o d u c t i o n  
b a t c h e s  o f  e a c h  f o o d .  T h e  t e s t  p r o c e d u r e s  w e r e  
t h o s e  s p e c i f i e d  f o r  s p a c e  q u a l i f i c a t i o n  o f  f o o d s  
(N A S A  1 9 8 5 ) .  S i x t y  g  s a m p l e s  ( i n  d u p l i c a t e )  w e r e  
m a c e r a t e d  i n  5 4 0  m l  s t e r i l e  t r y p t i c a s e - s o y - b r o t h .  
A  r e s u s c i t a t i o n  p e r i o d  o f  1 h  a t  r o o m  t e m p e r a t u r e  
w a s  g i v e n  t o  a l l  s a m p l e s .  S t e r i l e  0 . 1 %  p e p t o n e  
w a t e r  w a s  u s e d  a s  t h e  d i l u e n t .  T e s t s  f o r  s t a n d a r d  
p l a t e  c o u n t s ,  c o l i f o r m s ,  E sc h e r ic h ia  c o l t  y e a s t s  a n d  
m o u l d s .  S t a p h y l o c o c c u s  a u r e u s ,  C lo s t r i d iu m  
p e r fr in g e n s  a n d  S a lm o n e lla  w e r e  c a r r i e d  o u t  u s i n g  
t h e  f o o d  m a c e r a t e  a n d  i t s  d i l u t i o n s  ( N A S A  1 9 8 5 ) .

R e s u l t s  a n d  D i s c u s s i o n
T h e  p r o x i m a t e  c o m p o s i t i o n  o f  f r e e z e - d r i e d  d a lia ,  

k h e e r  a n d  c u s t a r d  i s  s h o w n  i n  T a b l e  1 . A l l  t h e  
f o o d s  h a v e ,  m o r e  o r  l e s s ,  t h e  s a m e  c o n t e n t  o f  
v a r i o u s  c o n s t i t u e n t s ,  w i t h  t h e  e x c e p t i o n  o f  f a t .  T h e  
m o i s t u r e  c o n t e n t  o f  a b o u t  2 %  i s  c o m m e n s u r a t e  
w i t h  o t h e r  f r e e z e - d r i e d  f o o d s ,  s u c h  a s  m a n g o  j u i c e  
( A m m u  e t  a l .  1 9 7 6 ) .  M o i s t u r e  l e s s e r  t h a n  t h i s  h a s  
b e e n  f o u n d  t o  a d v e r s e l y  a f f e c t  t h e  s t a b i l i t y  o f  f o o d s .

TABLE 1. P R O X IM A T E  C O M P O S IT IO N  A N D  E N E R G Y  
C O N TEN T ON T H R E E  F R E E Z E -D R IE D  PR O D U C TS

C o m p o sitio n
( g /1 0 0  g) 
M o is tu re  
P ro te in s  
F a t
C a rb o h y d ra te s

(total)
A sh  (total) 
E n e rg y  K cal * 402

Dalia
2.1 ± 0 .2  12.2 ± 0.39.3 ± 0.2 74.0 ± 0.7
2.4 ± 0.1 428

Kheer
2.5 ± 0.2 10.5 ± 0.4 13.0 ± 0.3 71.9 ± 0.9
2 .0  ± 0 .0  447

C u s ta rd

2.5 ± 0.1 
11.2 ± 0 .8  4.3 ± 0.2 79.8 ± 0.6
2 .2  ± 0.1 403

s u c h  a s  m e a t s ,  w h i c h  c o n t a i n  h i g h  p r o t e i n s  a n d  
f a t .  T h e s e  f o o d s  ( 1 0 - 1 2 %  p r o t e i n s )  w o u l d  p a r t i a l l y  
c o n t r i b u t e  t o w a r d s  t h e  m a i n t e n a n c e  l e v e l  o f  p r o t e i n  
o f  0 . 8 - 1 . 0  g / k g  b o d y  w e i g h t ,  a s  r e c o m m e n d e d  b y  
W H O  a n d  I C M R  ( S w a m i n a t h a n  1 9 8 1 ) .  F a t  c o n t e n t  
( 4 - 1 3 % )  i s  v e i y  m u c h  l o w e r  t h a n  t h a t  i n  o t h e r  
w h e a t  s e m o l i n a - b a s e d  d e s s e r t  a n d  b r e a k f a s t  
c o n v e n i e n c e  f o o d s ,  s u c h  a s  s o o ji  h a lw a  ( 2 6 %  f a t )  
a n d  u p m a  m ix  ( 3 4 %  f a t )  ( P r e m a v a l l i  e t  a l .  1 9 8 7 ;  
A r y a  a n d  T h a k u r  1 9 8 6 ) .  T h e s e  o t h e r  w h e a t  s e m o l i n a -  
b a s e d  f o o d s  c u r r e n t l y  f o r m  a  p a r t  o f  p a c k  r a t i o n s .  
I t  h a s  b e e n  r e p o r t e d  b y  t r o o p s  a n d  m o u n t a i n e e r s  
t h a t  t h e  f a t t y  f o o d s  c a u s e  n a u s e a  a n d  a v e r s i o n  t o  
e a t i n g  a t  h i g h  a l t i t u d e s  ( H a n n o n  e t  a l .  1 9 7 6 ) .  S i n c e  
t h e  t r o o p s  a n d  m o u n t a i n e e r s  a l s o  a p p e a r  t o  d e v e l o p  
a  c r a v i n g  f o r  s w e e t  f o o d s ,  t h e  t h r e e  f o o d  p r e p a r a t i o n s ,  
w i t h  t h e i r  s w e e t  t a s t e  a n d  l o w e r  f a t  c o n t e n t ,  w o u l d  
b e  m o r e  s u i t a b l e .  I n  a d d i t i o n ,  t h e  i n c r e a s e d  b o d y  
e n e r g y  e x p e n d i t u r e  a t  h i g h  a l t i t u d e s  c o u l d  b e  
c o m p e n s a t e d  b y  t h e  i n t a k e  o f  t h e s e  t h r e e  f o o d s ,  
w h i c h  h a v e  a  h i g h  c a r b o h y d r a t e  c o n t e n t  ( n e a r l y  7 2  
t o  8 0 % ) .  I n  a d d i t i o n ,  t h e s e  f o o d s  c a n  p r o v i d e  t h e  
b u l k  o f  t h e  e n e r g y  ( 6 4  t o  7 9 % ) ,  f r o m  t h e  t o t a l  
c a l c u l a t e d  v a l u e s  o f  4 2 8  [d a lia },  4 4 7  ( k h eer)  a n d
4 0 2  ( c u s t a r d )  K c a l / 1 0 0  g .  T h i s  i s  a n  a d d i t i o n a l  
d e s i r a b l e  f e a t u r e  o f  t h e s e  f o o d s  f o r  h i g h  a l t i t u d e s ,  
a s  t h e  e n e r g y  d e r i v e d  f r o m  f a t  s h o u l d  b e  f a r  l e s s  
t h a n  t h a t  f o r  t h e  c a r b o h y d r a t e  c o m p o n e n t s .

M in era l c o n te n t  : T h e  m i n e r a l  a n a l y s i s  o f  t h e  
t h r e e  p r o d u c t s  ( T a b l e  2 )  r e v e a l s  t h a t  t h e s e  p r o d u c t s  
w o u l d  p r o v i d e  n e a r l y  t w o - t h i r d s  o f  t h e  r e c o m m e n d e d  
d a i l y  a l l o w a n c e  (R D A )  f o r  C a 2+ f o r  I n d i a n  a d u l t  
m a l e s  ( I C M R  1 9 8 4 ) .  P h o s p h o r u s  c o n t e n t  w a s  a l s o  
s i m i l a r  t o  t h a t  o f  C a 2\  A m o n g  t h e  e l e c t r o l y t e s ,  
c o n c e n t r a t i o n  o f  N a +1 a n d  C l 1 i o n s  v a r i e d ;  d a l ia  
h a v i n g  t h e  m a x i m u m  N a +1 ( n e a r l y  t w o  a n d  f o u r  
t i m e s  t h a t  o f  c u s t a r d  a n d  k h e e r ,  r e s p e c t i v e l y )  a n d  
C l 1. T h e  l a t t e r  w a s  p r e s e n t  i n  v e i y  i n s i g n i f i c a n t  
l e v e l s  i n  t h e  o t h e r  t w o  p r o d u c t s .  F e ‘2 , C u * 2 a n d  Z n +2 
c o n t e n t s  w e r e  v e r y  l o w .  T h e r e f o r e ,  n o n e  o f  t h e s e  
c o u l d  b e  c o n s i d e r e d  s i g n i f i c a n t  i n  t e r m s  o f  t h e  R D A . 
T h e  c o n c e n t r a t i o n  o f  P b +2 ( 0 . 2 0  t o  0 . 2 7  m g / 1 0 0  g) 
w a s  w i t h i n  t h e  l o w e r  l i m i t  ( 2 - 5  p p m )  p r e s c r i b e d  b y
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TABLE 2. LEVELS O F  CALCIUM, PH O S P H O R U S , ELECTRO LY TES AND SO M E  TR A C E AND TOXIC  M ETALS P R E S E N T  IN T H R E E  
F R E E Z E -D R IE D  PR O D U C TS

Dalla
Kheer
C u s ta rd

Ca*2
3 0 6 ± 2 2
3 5 0 1 2 6
3 2 5 1 1 9

P 5
3 8 5 1 2 9
3 1 6 .8 1 1 6 .4
3 4 1 .4 1 1 2 .6

Na*1
202112
5 7 .3 1 4 .2
112112

M in era ls , m g / 100  g
K*> C l '1

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

F e+2
2 .1 7 1 0 .1 4
6 .7 5 1 0 .3 3
4 .9 8 1 0 .4 2

Zn*2
1 .5 5 1 0 .2 1
2 .0 6 1 0 .1 7
1 .8 5 1 0 .1 2

C u*2
0 .2 3 1 0 .0 0 4
0 .4 2 1 0 .0 0 6
0 .3 8 1 0 .0 0 8

Pb*2
0 .2010 .0 02
0 .2 7 1 0 .0 0 6
0 .2 4 1 0 .0 0 5

t h e  P r e v e n t i o n  o f  F o o d  A d u l t e r a t i o n  A c t  ( P F A  1 9 5 4 ,
1 9 8 9 )  f o r  v a r i o u s  f o o d s .

R e h y d r a tio n  c h a r a c te r is t ic s  : T h e  r e h y d r a t i o n  
c h a r a c t e r i s t i c s  o f  t h e  t h r e e  f o o d s  a r e  s h o w n  i n

M icro b io lo g ica l q u a l i ty  : T h e  d a t a  o n  t h e
m i c r o b i o l o g i c a l  q u a l i t y  o f  t h e  f o o d s  a r e  p r e s e n t e d  
i n  T a b l e  4 .  T h e  s a m p l e s  h a d  l o w  c o u n t s  o f  a e r o b i c  
b a c t e r i a ,  y e a s t s  a n d  m o u l d s .  S a lm o n e lla  w a s  a b s e n t

TABLE 3 . REHYDRATION C H A R A C TERISTICS O F  F R E E Z E -D R IE D  PR O D U C TS
P a ra m e te r

P h y sic a l a p p e a r a n c e  
b e fo re  re  h y d ra tio n  

R e h y d ra tlo n  tim e  (m ins) 
C o ld  w a te r  (5-10°C ) 
T ep id  w a te r  (40-50°C ] 
H o t w a te r  (70°C) 
B oiling  w a te r  

A p p e a ra n c e  a f te r  
re h y d ra tlo n

Dalia
C o a rs e  w h i t is h  lo o k in g  flaky 
p o w d er, free  flow ing

N ot re h y d ra ta b le  
20  
10
5 , s im m e rin g ,
C re a m y , th ic k , w ith  so f t 
g r a in s  o r  b ro k e n  w h e a t

Kheer
C o a rse , p a le  y e llo w ish  flaky  
p o w d er, free  flow ing

N ot re h y d ra ta b le  
20  
10
5 , s im m e rin g  
C re a m y , th ic k , w ith  so ft 
b ro k e n  g ra in s  o f  rice

C u s ta r d
O ra n g e  y e llo w ish , fin e  
p o w d e r , fre e  flow ing

2 , g e n tle  s t i r r in g
-do-
-do-
N ot d o n e
T h ic k , c re a m y , s m o o th , 
d o e s  n o t  s e t  in to  g e l

R e h y d ra tio n  ra t io  u s e d  w a s  1:3 in  a ll th e  c a s e s .

T a b l e  3 .  C u s t a r d  c o u l d  b e  r e a d i l y  w e t t e d ,  d i s p e r s e d  
a n d  g e n t l y  s t i r r e d  i n t o  a  s m o o t h  m a s s ,  b o t h  i n  c o l d  
a n d  h o t  w a t e r .  I n  c o n t r a s t ,  b o t h  d a l ia  a n d  k h e e r  
w e r e  s a t i s f a c t o r i l y  s o f t e n e d  a t  7 0 ° C  i n  1 0 - 1 5  m i n  
o r  b y  s i m m e r i n g  i n  b o i l i n g  w a t e r  f o r  5  m i n ,  w i t h  
a  r e h y d r a t i o n  r a t i o  o f  1 : 3 .  T h e  p r o d u c t s  l o o k e d  a n d  
t a s t e d  l i k e  t h e  f r e s h l y  m a d e  f o o d s ,  e x c e p t  f o r  
c u s t a r d ,  w h i c h  d i d  n o t  s e t  i n t o  a  g e l .  T h e  a b i l i t y  
t o  r e h y d r a t e  i n  w a t e r  a t  d i f f e r e n t  t e m p e r a t u r e s  i s  
a  d i s t i n c t  a d v a n t a g e  a n d  i m p a r t s  a  v e r s a t i l i t y  t o  
t h e  p r o d u c t s ,  w h i c h  i s  n o t  f o u n d  i n  o t h e r  d e h y d r a t e d  
p r o d u c t s .  T h u s ,  i t  m a k e s  t h e m  u s e f u l  i n  v a r i o u s  
s i t u a t i o n s ,  w h e r e  e i t h e r  o p e n  c o o k i n g  ( s u c h  a s  i n  
s p a c e c r a f t )  o r  c o o k i n g  a t  h i g h e r  t e m p e r a t u r e s  i s  
e i t h e r  n o t  p o s s i b l e  o r  n o t  p r a c t i c a l .

i n  a l l  f o o d s ,  w h e r e a s  c o l i f o r m s  r a n g e d  f r o m  0  t o  
5  g ' 1. T h e  q u a l i t y  o f  t h e  d r i e d  p r o d u c t s  r e p o r t e d

TABLE 4 . MINIMUM AND MAXIMUM VIABLE C O U N T S O F  
M ICR O O RG A N ISM S D E T E C T E D  IN T H E  F R E E Z E - 
D R IED  F O O D S  PR O D U C E D  O N  PILO T SC A LE

P ro d u c t  B a tc h e s  te s te d  M ic ro o rg a n ism s , g !
S P C Y e a s ts  a n d  m o u ld s

Dalia 5 1 1 5 -2 0 0 5 - 1 0
Kheer 5 2 0 -4 4 0 2 5
C u s ta r d 6 8 0 -2 5 0 0 - 2 0
C o lifo rm s w e re  a b s e n t  in  Dalia a n d  Kheer a s  a g a in s t  th e  c o u n t  
o f  0 - 5 '1 in  c u s ta r d .
P a th o g e n s  w e re  a b s e n t  in  a ll th e  c a s e s .

i n  t h i s  p a p e r  c o n f o r m s  t o  t h e  m i c r o b i o l o g i c a l  l i m i t s  
s p e c i f i e d  f o r  s p a c e  f o o d s  b y  N A S A  ( 1 9 8 5 ) ,  w h i c h

TABLE 5 . C H A N G ES IN FFA, PV, TBA VALUES AND OVERALL ACCEPTABILITY S C O R E S  O F  DALIA. KHEER AND C U STA R D  D U R IN G  
STO R A G E AT R T (32°C) AND 37°C .

P ro d u c t S to ra g e FFA, PV. TBA, O v e ra ll
p e rio d , % m .eq . < V M g M A /k g a c c e p ta b i l i ty
m o n th s O leic ac id kg- fa t s a m p le s c o re

32°C 37°C 32°C 37°C 32°C 37°C 32°C 37°CDalia 0 0 .6 2 ± 0 .0 2 0 .6 2 1 0 .0 2 8 .2 1 0 .4 8 .2 1 0 .4 1 4 .0 1 0 .3 1 4 .0 1 0 .3 8 .0 1 0 .8 8 .0 1 0 .8
3 0 .6 5 ± 0 .0 3 0 .7 2 1 0 .0 1 1 2 .6 1 0 .4 1 4 .5 1 0 .3 1 7 .1 1 0 .2 18 .3 + 0 .4 7 .9 1 1 .8 7 .5 1 0 .8
6 0 .7 0 1 0 .0 3 0 .7 5 1 0 .0 1 1 3 .6 1 0 .7 1 6 .7 1 0 .5 1 8 .3 1 0 .4 1 9 .0 1 0 .2 7 .5 1 0 .8 7 .1 1 0 .6
9 0 .7 4 1 0 .0 2 0 .8 2 + 0 .0 2 1 5 .1 1 0 .9 1 7 .5 1 0 .3 1 8 .3 1 0 .2 2 1 .2 1 0 .5 6 .2 1 1 .7 6 .1 1 1 .9Kheer 0 0 .6 5 1 0 .0 3 0 .6 5 + 0 .0 3 9 .5 1 0 .3 9 .5 1 0 .3 1 3 .0 1 0 .4 1 3 .0 + 0 .4 8 .0 1 0 .8 8 .0 1 0 .8
3 0 .7 5 1 0 .0 2 0 .8 2 + 0 .0 2 12 .2 + 0 .5 14 .3+ 0 .2 1 8 .0 1 0 .2 2 1 .2 1 0 .6 7 .4 1 0 .6 7 .1 1 0 .8
6 0 .8 0 1 0 .0 1 0 .8 5 1 0 .0 1 1 5 .5 1 0 .2 1 5 .5 1 0 .3 1 9 .1 1 0 .6 2 2 .0 1 0 .1 7 .1 1 0 .9 6 .6 1 1 .3
9 0 .8 3 1 0 .0 2 0 .8 7 1 0 .0 2 1 7 .0 1 0 .5 1 8 .9 1 0 .4 2 1 .0 1 0 .5 2 3 .0 1 0 .4 6 .9 1 0 .7 6 .3 1 0 .8

C u s ta rd 0 0 .4 9 1 0 .0 2 0 .4 9 1 0 .0 2 8 .0 1 0 .3 8 .0 1 0 .3 8 .4 1 0 .3 8 .4 1 0 .3 8 .2 1 0 .3 8 .2 1 0 .3
3 0 .5 9 1 0 .0 2 0 .6 1 1 0 .0 1 1 0 .5 1 0 .4 1 1 .2 1 0 .2 10 .3 + 0 .7 12 .1 + 0 .3 7 .9 1 1 .1 7 .7 1 0 .6
6 0 .6 0 1 0 .0 2 0 .6 5 + 0 .0 3 1 1 .5 1 0 .3 13 .0+ 0 .3 1 1 .0 1 0 .1 1 3 .010 .1 7 .2 1 0 .6 7 .2 1 1 .1
9 0 .6 3 1 0 .0 3 0 .7 1 1 0 .0 2 1 2 .7 1 0 .3 1 4 .2 1 0 .6 1 3 .0 1 0 .2 1 5 .2 1 0 .4 6 .8 1 0 .0 6 .3 1 0 .8
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a r e  S P C  <  1 0 0 0 0 / g ,  y e a s t s  a n d  m o u l d s  <  1 0 0 / g ,
E. coli a n d  p a t h o g e n s  -  a b s e n t .

S to r a g e  s ta b i l i t y  : T h e  s t a b i l i t y  o f  t h e  f o o d s  
s t o r e d  a t  d i f f e r e n t  t e m p e r a t u r e s  i s  s h o w n  i n  T a b l e
5 .  A t  R T ,  s l i g h t  i n c r e a s e s  i n  F F A ,  P V  a n d  T B A  w e r e  
d e t e c t e d  i n  a l l  t h e  f o o d s  o v e r  6  t o  9  m o n t h s .  T h e  
i n c r e a s e s  i n  P V  a n d  T B A  w e r e  m o r e  p r o n o u n c e d  
i n  d a lia  a n d  k h e e r  t h a n  i n  c u s t a r d ,  t h o u g h  t h e r e  
w e r e  n o  d i s c e r n i b l e  o i f - o d o u r s .  A  s i m i l a r  t r e n d  w a s  
o b s e r v e d  i n  s a m p l e s  s t o r e d  a t  3 7 ° C .  O r g a n o l e p t i c  
e v a l u a t i o n  r e v e a l e d  t h a t  t h e  p r o d u c t s  r e m a i n e d  
a c c e p t a b l e  ( s c o r e  o f  6  a n d  a b o v e )  t h r o u g h o u t  t h e  
s t o r a g e  p e r i o d  o f  9  m o n t h s .

I n  t h e  a c c e l e r a t e d  s t o r a g e  s t u d y ,  3  m o n t h s  a t  
3 7 ° C  a r e  e q u a t e d  t o  m o r e  t h a n  o n e  y e a r  a t  a m b i e n t  
r o o m  t e m p e r a t u r e  ( H a n s o n  1 9 6 1 ) .  F o r  s p a c e  f o o d s ,  
t h e  m a x i m u m  s t a b i l i t y  p e r i o d  w a s  r e q u i r e d  t o  b e  
3  m o n t h s  a t  3 7 ° C .  F o r  o t h e r  f o o d s  r e q u i r e d  b y  t h e  
I n d i a n  A r m e d  F o r c e s ,  i t  i s  a t  l e a s t  o n e  y e a r  a t  r o o m  
t e m p e r a t u r e ,  i . e . ,  3 0 °  ±  2 ° C .  T h e  d e m o n s t r a t e d  
s t o r a g e  l i f e  o f  t h e  p r e s e n t  f o o d s ,  t h e r e f o r e ,  m e e t s  
t h i s  c r i t e r i o n .  B a s e d  o n  t h e  d a t a  p r e s e n t e d  i n  t h i s  
s t u d y ,  f r e e z e - d r i e d  d a lia , k h e e r  a n d  c u s t a r d  w i l l  
m e e t  t h e  r e q u i r e m e n t s  o f  d e f e n c e  f o r c e s ,  e x p e d i t i o n s  
a n d  o t h e r  s i m i l a r  m i s s i o n s .
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o n  th e  fre e z e -d ry in g  o f  fo o d s. J  F o o d  S c i T e c h n o l 3 :9 8 -1 0 0  

S w a m in a th a n  M (1981 ) B io c h e m is try  fo r M ed ic a l S tu d e n ts .
G e c th a  B ook  H o u se  P u b l is h e rs ,  M ysore , In d ia  

T a ra ld g is  BG, W a tts  BM , Y o u n a th a n  MT, D u g a n  J r  L J  (1960) 
A d is t i l la t io n  m e th o d  fo r th e  q u a n t i ta t iv e  d e te r m in a t io n  o f  
m a lo n a ld e h y d e  in  r a n c id  fo o d s. J  A m e r O il C h e m  S oc 
3 7 :4 4 -4 8

R e c e iv e d  2 4  D e c e m b e r  1 9 9 2 ; r e v i s e d  5  J u ly  1 9 9 3 ;  a c c e p te d  1 2  J u ly  1 9 9 3
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Effect of Ingredients and Processing Conditions on Fat 
Absorption and Texture of Mysorepak

S .  Y E L L A  R E D D Y  A N D  J .  V . P R A B IIA K A R *
L i p i d  T e c h n o l o g y  D e p a r t m e n t ,

C e n t r a l  F o o d  T e c h n o l o g i c a l  R e s e a r c h  I n s t i t u t e ,  M y s o r e - 5 7 0  0 1 3 ,  I n d i a .

T h e  e ffec ts  o f  p ro c e s s  p a ra m e te r s  a n d  fu n c tio n a l  p ro p e r t ie s  o f  th e  in g re d ie n ts  o n  f a t  a b s o r p t io n  a n d  te x tu r e  o f  
Mysorepak w e re  s tu d ie d .  T h e  r e s u l t s  re v e a le d  t h a t  th e  p ro c e s s in g  c o n d it io n s ,  s u c h  a s  s y ru p  s t r e n g th ,  m ix in g  tim e  
a n d  te m p e r a tu r e  o f  th e  fa t  h a v e  c o n s id e ra b le  in f lu e n c e  o n  fa t  a b s o rp t io n  a n d  te x tu re  o f  Mysorepak. T h e  ty p e  o f  fa t  
s u i ta b le  to  im p a r t  th e  d e s ir a b le  te x tu re  w a s  fo u n d  to b e  a  m ix tu re  o f  h y d ro g e n a te d  fa t a n d  liq u id  oil. T h e  fa t  a b s o r p t io n  
b y  c e re a l f lo u rs , s u c h  a s  maida, r ice  a n d  c o m  s ta r c h ,  w a s  fo u n d  to  b e  le s s  th a n  t h a t  o f  besan (Bengalgram flour). 
R ice f lo u r  a n d  c o m  s t a r c h  w e re  n o t  w e ll s u i te d  fo r th e  p r e p a r a t io n  o f  Mysorepak. R efin ed  w h e a t  f lo u r  c o u ld  b e  u s e d  
in  th e  p re p a ra t io n ,  b u t  i t  im p a r te d  h a r d e r  te x tu re .  T h e  h a r d n e s s  o f  th e  p ro d u c t  w a s  fo u n d  to  b e  in v e rs e ly  p ro p o r t io n a l  
to  th e  q u a n t i ty  o f  fa t  in  th e  p ro d u c t .  Mysorepak, h a v in g  a  w id e  r a n g e  o f  te x tu ra l  p ro p e r t ie s  (h a rd n e s s ) ,  c o u ld  b e  
p re p a re d  b y  a l te r in g  p ro c e s s  p a ra m e te r s  a n d  re la tiv e  p ro p o r t io n s  o f  th e  in g re d ie n ts .  T h e  p r o d u c t  fo rm u la tio n  a n d  p ro c e s s  
p a ra m e te r s  to  o b ta in  Mysorepak h a v in g  u n ifo rm  te x tu re  a n d  fa t c o n te n t ,  h a v e  b e e n  sp ec if ied .
K e y w o rd s  : Mysorepak, Besan, T e x tu re , R efined  w h e a t  flou r. C o m  s ta r c h ,  W h e a t (lo u r, D ila to m e try , S e n s o ry  

e v a lu a tio n .

I n d i a  p r o d u c e s  a  v a r i e t y  o f  t r a d i t i o n a l  s w e e t s ,  
e a c h  h a v i n g  u n i q u e  s e n s o r y  a t t r i b u t e s .  T h e s e  s w e e t s  
a r e  a n  i n t e g r a l  p a r t  o f  t h e  I n d i a n  s o c i a l  f a b r i c  a n d  
a  m u s t  a t  s o c i a l  g a t h e r i n g s  a s  w e l l  a s  i n  a l l  f e s t i v e  
o c c a s i o n s .  T h o u g h  i t  i s  a n  a g e - o l d  s m a l l  s c a l e  
i n d u s t i y ,  t h e r e  i s  n o  s c i e n t i f i c  i n f o r m a t i o n  a v a i l a b l e  
o n  m a n y  o f  t h e s e  p r o d u c t s ,  w h i c h  w o u l d  h e l p  i n  
d e v e l o p i n g  t h i s  i n t o  l a r g e r  i n d u s t i y  o n  p a r  w i t h  
W e s t e r n  c o n f e c t i o n e r y .  T h o u g h  s c o r e s  o f  t r a d i t i o n a l  
s w e e t m e a t s  a r e  k n o w n ,  b a s i c a l l y ,  t h e y  a r e  p r e p a r e d  
u s i n g  o n l y  t h r e e  o r  f o u r  b a s e  m a t e r i a l s  s u c h  a s  
m i l k ,  c e r e a l  f l o u r s ,  w h e a t  a n d  l e g u m e s  p a r t i c u l a r l y  
B e n g a lg ra m  (C icer  a r ie iin u m ) a n d  f a t .  Y e t ,  t h e  
s w e e t m e a t  m a n u f a c t u r e r s ,  u s i n g  t h e i r  i n h e r i t e d  
a r t / s k i l l  a n d  e f f e c t i n g  s u b t l e  c h a n g e s  i n  p r o c e s s i n g  
c o n d i t i o n s ,  h a v e  b e e n  a b l e  t o  p r o v i d e  a  l a r g e  v a r i e t y  
o f  s w e e t m e a t s  i n  t h e  m a r k e t  p l a c e .  F o r  e x a m p l e ,  
t h e  p r o d u c t s  p r e p a r e d  u s i n g  B e n g a lg r a m  f l o u r  
(b esa n ),  s u c h  a s  la d d u , s o h n e  p a p d i  a n d  M y s o r e p a k .  
t h o u g h  h a v e  s i m i l a r  i n g r e d i e n t s ,  t h e  t e x t u r e s  o f  
t h e s e  p r o d u c t s  a r e  e n t i r e l y  d i f f e r e n t .  A  s t u d y  h a s  
a l s o  b e e n  d o n e  o n  M y s o r e p a k  b y  s u b s t i t u t i n g  s o y a  
f l o u r  ( S h a r r n a  e t  a l .  1 9 9 2 )  t o  t h e  e x t e n t  o f
2 5 - 1 0 0 % ,  w i t h o u t  s i g n i f i c a n t l y  a f f e c t i n g  t h e  t e x t u r a l  
p r o p e r t i e s .  I n  o r d e r  t o  p r o v i d e  s c i e n t i f i c  i n f o r m a t i o n  
t o  s o m e  o f  t h e s e  p r o d u c t s ,  M y s o r e p a k  w a s  c h o s e n  
f o r  t h e  s t u d y .  M y s o r e p a k  i s  o n e  o f  t h e  p o p u l a r  
s w e e t s  i n  t h e  c o u n t r y .  I t  i s  p r e p a r e d  f r o m  b e s a n ,  
s u g a r  a n d  f a t ,  f o r  s a l e  i n  r e c t a n g u l a r  b l o c k s . l t  h a s  
a  p o r o u s ,  h o n e y - c o m b  t e x t u r e  ( l i k e  c a k e ) ,  p r o p e r t y  
t o  c r u m b l e  r e a d i l y  i n  t h e  m o u t h  a n d  h a s  
c h a r a c t e r i s t i c  f l a v o u r .  I n  c o m m o n  w i t h  a n y
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t r a d i t i o n a l  s w e e t m e a t ,  t h e  q u a l i t y ,  e s p e c i a l l y  t h e  
t e x t u r e  a n d  f a t  c o n t e n t  o f  t h e  p r o d u c t ,  d i f f e r s  f r o m  
b a t c h  t o  b a t c h  a n d  f r o m  o n e  m a n u f a c t u r e r  t o  
a n o t h e r .  T h i s  i s  m a i n l y  d u e  t o  l a c k  o f  o p t i m i z a t i o n  
o f  p r o d u c t  f o r m u l a t i o n  a n d  p r o c e s s  p a r a m e t e r s .  
H e n c e ,  i n  t h e  p r e s e n t  p a p e r ,  r e s u l t s  o f  a  s t u d y  
o n  t h e  e f f e c t s  o f  v a r i o u s  p r o c e s s i n g  c o n d i t i o n s  a n d  
r o l e  o f  i n g r e d i e n t s  o n  f a t  a b s o r p t i o n  a n d  t e x t u r e  
o f  M y s o r e p a k  a r e  r e p o r t e d .

M a t e r i a l s  a n d  M e t h o d s
B e n g a lg ra m  d h a l  ( s p l i t ) ,  h y d r o g e n a t e d  v e g e t a b l e  

f a t  (v a n a s p a ti) ,  r e f i n e d  g r o u n d n u t  o i l  a n d  g h e e  
( b u t t e r  f a t )  w e r e  p u r c h a s e d  f r o m  t h e  l o c a l  m a r k e t .  
B e n g a lg r a m  d h a l  w a s  g r o u n d  i n  a  p l a t e  m i l l  a n d  
t h e  f l o u r  p a s s i n g  t h r o u g h  6 0  m e s h  ( IS  s i e v e )  w a s  
u s e d .  M a i z e  s t a r c h  w a s  p r o c u r e d  f r o m  M / s  L a k s h m i  
S t a r c h  L t d . ,  B a n g a l o r e .  P h u lw a r a  ( M a d h u c a  
b u ty r a c e a )  k e r n e l s  w e r e  p r o c u r e d  f r o m  K h a d i  a n d  
V i l l a g e  I n d u s t r i e s  C o m m i s s i o n ,  P i t h o r g a r h ,  U t t a r  
P r a d e s h .  F a t  w a s  e x t r a c t e d  f r o m  t h e  k e r n e l s  b y  
H a n d l e r  b a b y  e x p e l l e r  a n d  w a s  r e f i n e d  u s i n g  a l k a l i  
( A O C S  1 9 7 1 ) .

P r e p a r a t io n  o f  M y s o r e p a k  : T h e  f o l l o w i n g  
t r a d i t i o n a l  p r o c e d u r e  w a s  u s e d  t o  p r e p a r e  
M y s o r e p a k :  S u g a r ,  t a k e n  i n  a  S S  p a n ,  w a s
d i s s o l v e d  b y  h e a t i n g  i n  a  m i n i m u m  q u a n t i t y  o f  
w a t e r .  T h e  s y r u p  w a s  b o i l e d  t o  t h e  r e q u i r e d  
s t r e n g t h  ( 7 0 - 8 5 ° C  B r i x ) . T h e  s t r e n g t h  o f  s u g a r  s y r u p  
w a s  c h e c k e d  w i t h  a  h a n d  r e f r a c t o m e t e r .  W i t h  t h e  
p a n  s t i l l  o n  t h e  s t o v e ,  b e s a n  w a s  a d d e d  a n d  c o n t e n t s  
m i x e d  t h o r o u g h l y  ( 1 - 4  m i n )  w i t h  t h e  s y r u p ,  e n s u r i n g  
t h e  a b s e n c e  o f  l u m p s .  A t  t h i s  s t a g e ,  t h e  f a t ,  h e a t e d  
s e p a r a t e l y  ( 1 1 0 - 2 0 0 ° C ) ,  w a s  a d d e d  i n  s m a l l  p o r t i o n s ,
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w h i l e  s t i r r i n g  t h e  m a s s  c o n t i n u o u s l y .  A d d i t i o n  o f  
f a t  w a s  d i s c o n t i n u e d ,  w h e n  i t  s t a r t e d  s e p a r a t i n g  
o u t  f r o m  t h e  m a s s  a s  a  d i s t i n c t  p h a s e .  T h e  h o t  
m a s s  w a s  i m m e d i a t e l y  p o u r e d  o n  t o  a  t r a y ,  a l l o w e d  
t o  c o o l  a n d  c u t  i n t o  r e c t a n g u l a r  b l o c k s .

S tu d ie s  on  p r o c e s s  p a r a m e te r s  a n d  ro le  o f  
in g re d ie n ts  : T h e  e f f e c t  o f  s u g a r  s y r u p  s t r e n g t h
o n  f a t  a b s o r p t i o n  w a s  d e t e r m i n e d  a t  t h e  c o n s t a n t  
r a t i o  o f  b e s a n  t o  s u g a r  ( 6 0 : 1 0 0 )  a n d  2  m i n  m i x i n g  
t i m e .  T h e  f a t  ( 5 0 / 5 0  u a n a s p a i i / g r o u n d n u t  o i l)  w a s  
h e a t e d  t o  1 5 0 ° C ,  p r i o r  t o  i t s  a d d i t i o n  t o  t h e  h o t  
b e s a n - s y r u p  m a s s .  I n  t h e  n e x t  e x p e r i m e n t ,  t h e  
m i x i n g  t i m e  w a s  v a r i e d  f r o m  1 - 4  m i n  a t  6 0 : 1 8 0  
r a t i o  o f  b e s a n  t o  s u g a r ,  7 8 °  B r i x  s y r u p  s t r e n g t h  
a n d  t h e  u s e  o f  u a n a s p a i  i / g r o u n d n u t  o i l  ( 5 0 / 5 0 )  
h e a t e d  t o  1 5 0 ° C .  T h e  e f f e c t  o f  t e m p e r a t u r e  o f  t h e  
a d d e d  o i l  w a s  e v a l u a t e d  i n  t h e  r a n g e  o f  1 1 0  t o  
2 0 0 ° C ,  w h e n  o t h e r  p a r a m e t e r s  s u c h  a s  1 8 0 / 6 0  
v a n a s p a t i / g r o u n d n u t  o i l ,  7 0 °  B r i x  s y r u p  s t r e n g t h ,  
2  m i n  m i x i n g  t i m e  a n d  5 0 / 5 0  v a n a s p a t i / g r o u n d n u t  
o i l  w e r e  c o n s t a n t .  F o r  e v a l u a t i n g  t h e  e f f e c t  o f  
d i f f e r e n t  r a t i o s  o f  b e s a n  t o  s u g a r ,  t h e  o t h e r  
p a r a m e t e r s  w e r e  k e p t  c o n s t a n t ,  i . e . ,  2  m i n  m i x i n g  
t i m e ,  1 5 0 ° C  f a t  ( 5 0 / 5 0  v a n a s p a t i / g r o u n d n u t  o i l )  
t e m p e r a t u r e .  U n d e r  i d e n t i c a l  c o n d i t i o n s ,  ( 1 8 0 / 6 0  
s u g a r / b e s a n ,  7 8 °  B r i x  s y r u p  s t r e n g t h ,  2  m i n  m i x i n g  
t i m e  a n d  1 5 0 ° C  f a t  t e m p e r a t u r e ) ,  t h e  e f f e c t  o f  
v a r i o u s  t y p e s  o f  f a t s  ( g r o u n d n u t  o i l ,  v a n a s p a ti ,  
p h u lw a r a  b u t t e r ,  g h e e  a n d  5 0 / 5 0  v a n a s p a t i /  
g r o u n d n u t  o i l)  w a s  e v a l u a t e d .  T h e  e f f e c t  o f  d i f f e r e n t  
c e r e a l  f l o u r s / s t a r c h e s  w a s  e v a l u a t e d ,  w h e n  o t h e r  
p a r a m e t e r s  w e r e  c o n s t a n t  ( 1 8 6 / 6 0  s u g a r / f l o u r  o r  
s t a r c h ,  7 8 °  B r i x  s y r u p  s t r e n g t h ,  2  m i n  m i x i n g  t i m e  
a n d  1 5 0 ° C  f a t  ( 5 0 / 5 0  v a n a s p a t i / g r o u n d n u t  o i l)  
t e m p e r a t u r e .  I n  t h i s  e x p e r i m e n t ,  s u g a r  t o  m a id a  
r a t i o  w a s  a l s o  v a r i e d  t o  1 8 0 : 7 0  a n d  1 8 0 : 8 0 .  T h e  
e f f e c t  o f  t h e  q u a n t i t y  o f  f a t  w a s  e v a l u a t e d  a t  
c o n s t a n t  p a r a m e t e r s  o f  1 8 0 / 6 0  s u g a r / b e s a n  , 2  m i n  
m i x i n g  t i m e  a n d  1 5 0 ° C  f a t  ( 5 0 / 5 0  v a n a s p a t i /  
g r o u n d n u t  o i l)  t e m p e r a t u r e .

P h y s ic o -c h e m ic a l a n a ly s i s  : M o i s t u r e  c o n t e n t  
o f  t h e  s a m p l e s  w a s  d e t e r m i n e d  b y  d i y i n g  a t  1 1 0 ° C  
f o r  5  h ,  i n  a  h o t  a i r  o v e n  (A O A C  1 9 6 0 ) .  B u l k  d e n s i t y  
w a s  d e t e r m i n e d  b y  w a t e r  d i s p l a c e m e n t  a n d  a l s o  b y  
m e a s u r i n g  a l l  t h e  s i d e s  ( l e n g t h ,  b r e a d t h  a n d  
h e i g h t ) ,  w e i g h t  o f  t h e  r e c t a n g u l a r  p i e c e s  a n d  
e x p r e s s e d  a s  g / c c .  T h e  f a t  c o n t e n t  w a s  d e t e r m i n e d  
( A O C S  1 9 7 1 )  b y  S o x h l e t  e x t r a c t i o n  o f  d r i e d  s a m p l e s ,  
u s i n g  p e t r o l e u m  e t h e r  ( 4 0 - 6 0 ° C ) .

T e x tu re  m e a s u r e m e n t  : A n  I n s t r o n  U n i v e r s a l  
T e s t i n g  m a c h i n e  ( m o d e l  1 1 4 0 )  w a s  u s e d  f o r  
m e a s u r i n g  c o m p r e s s i o n  a n d  W B  s h e a r .  A  f l a t ,  
c y l i n d r i c a l  p l u n g e r  o f  2 5  c m 2 c r o s s  s e c t i o n  w a s  
u s e d  f o r  c o m p r e s s i o n .  S h e a r  w a s  m e a s u r e d  u s i n g

h o r i z o n t a l  b l a d e .  C r o s s  h e a d  s p e e d  i n  b o t h  c a s e s  
w a s  1 0  c m / m i n  a n d  c h a r t  s p e e d  w a s  2 0  c m / m i n .  
D e p e n d i n g  o n  t h e  h a r d n e s s  o f  t h e  p r o d u c t ,  t h e  f u l l  
s c a l e  l o a d  w a s  c h a n g e d  f r o m  1 0  k g  t o  6 0  k g  f o r  
c o m p r e s s i o n  a n d  5  k g  t o  5 0  k g  f o r  s h e a r .  T h e  
s a m p l e s  w e r e  c u t  i n t o  2 . 5  c m  c u b e s  f o r  m e a s u r i n g  
b o t h  c o m p r e s s i o n  a n d  s h e a r .  T h e  f i r s t  p e a k  w a s  
t a k e n  f o r  c a l c u l a t i o n .

D ila to m e tr y  : D i l a t a t i o n  s t u d i e s  w e r e  c a r r i e d  
o u t  a c c o r d i n g  t o  t h e  s t a n d a r d  p r o c e d u r e  a n d  t h e  
s o l i d  c o n t e n t s  w e r e  c a l c u l a t e d  f r o m  t h e  d i l a t a t i o n  
v a l u e s  ( B S  1 9 7 6 ) .

S e n s o r y  e v a lu a t io n  : T h e  s e n s o r y  q u a l i t y  o f  
M y s o r e p a k  w a s  e v a l u a t e d  b y  a  p a n e l  o f  1 5  m e m b e r s .  
T h e  h a r d n e s s ,  m e l t - i n - m o u t h ,  f l a v o u r  a n d  o v e r a l l  
a c c e p t a b i l i t y  o f  t h e  p r o d u c t  w e r e  a s s e s s e d  a n d  t h e  
o p i n i o n  o f  t h e  m a j o r i t y  w a s  t a k e n  f o r  q u a l i t y  
a s s e s s m e n t .

R e s u l t s  a n d  D i s c u s s i o n
T h e  c o m m e r c i a l  s a m p l e s  o f  M y s o r e p a k  h a v e  

a  f a t  c o n t e n t  v a r y i n g  f r o m  4 0 - 5 0 % ,  w h i l e  m o r e  
p o p u l a r  s a m p l e s  p o s s e s s  a  s t i l l  h i g h e r  f a t .  W i t h  t h i s  
i n  v i e w ,  a t t e n t i o n  w a s  p a i d  t o  t h e  q u a n t i t y  o f  f a t  
t a k e n  u p ,  w h e n  e i t h e r  t h e  b e s a n  : s u g a r  r a t i o  w a s  
v a r i e d  o r  t h e  p r o c e s s  p a r a m e t e r s  w e r e  c h a n g e d .

E f f e c t s  o f  p r o c e s s  p a r a m e t e r s
E ffe c t o f  s y r u p  s tr e n g th  : T h e  e f f e c t  o f  s y r u p  

s t r e n g t h  o n  f a t  a b s o r p t i o n  a t  a  c o n s t a n t  r a t i o  o f  
b e s a n  t o  s u g a r  a n d  w h e n  t h e  f a t  w a s  h e a t e d  t o  
1 5 0 ° C ,  p r i o r  t o  i t s  a d d i t i o n  t o  t h e  h o t  b e s a n  - s y r u p  
m a s s ,  w a s  e v a l u a t e d .  T h e  r e s u l t s  i n d i c a t e d  ( T a b l e  
1) t h a t ,  i n  g e n e r a l ,  t h e  f a t  a b s o r p t i o n  d e c r e a s e d  a n d  
h a r d n e s s  i n c r e a s e d  a s  t h e  s t r e n g t h  o f  s u g a r  s y r u p  
i n c r e a s e d ,  e s p e c i a l l y  a b o v e  7 8 °  B r i x .  H o w e v e r ,  t h e  
p o r o u s  t e x t u r e  w a s  n o t  a f f e c t e d  a s  i n d i c a t e d  b y  
b u l k  d e n s i t y .  T h e  m o i s t u r e  c o n t e n t  o f  t h e  s u g a r  
s y r u p - b e s a n  m a s s ,  p r i o r  t o  a d d i t i o n  o f  f a t ,  a l s o  
a p p e a r s  t o  p l a y  a n  i m p o r t a n t  r o l e  i n  f a t  a b s o r p t i o n .  
A s  t h e  m o i s t u r e  c o n t e n t  d e c r e a s e d  o r  t h e  s u g a r  
s y r u p  s t r e n g t h  i n c r e a s e d ,  t h e r e  w a s  a  d e c r e a s e  i n  
f a t  a b s o r p t i o n  ( T a b l e  1 ) . H o w e v e r ,  a t  l o w  s y r u p  
s t r e n g t h s  ( b e l o w  7 0 °  B r i x ) ,  t h e  b e s a n - s y r u p  m a s s  
a b s o r b e d  t h e  a d d e d  f a t  q u i c k l y  i n  t h e  i n i t i a l  s t a g e s ,  
b u t  d u r i n g  t h e  c o u r s e  o f  c o o k i n g  ( w h i c h  l a s t e d  f o r
8 - 1 0  m i n ) ,  a  l a r g e  a m o u n t  o f  t h e  a b s o r b e d  f a t  o o z e d  
o u t .  T h e  r e s u l t i n g  p r o d u c t  w a s  h a r d  a n d  d e v o i d  
o f  t h e  c h a r a c t e r i s t i c  t e x t u r e  o f  M y s o r e p a k .  T h e  
p r o d u c t s  p r e p a r e d  a t  s y r u p  s t r e n g t h s  o f  7 4 - 7 8 °  
B r i x  w e r e  f o u n d  t o  b e  g o o d  a n d  h a d  d e s i r a b l e  
s e n s o r y  a t t r i b u t e s ,  w h e r e a s  t h o s e  p r e p a r e d  w i t h  
8 0 °  B r i x  a n d  a b o v e  w e r e  h a r d  a n d  h a d  d r y  m o u t h  
f e e l  ( T a b l e  1).
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TABLE 1. E F F E C T  O F SU G A R  SY RU P STR EN G TH  O N  FAT A B S O R im O N  AND T EX TU R E O F MYSOREPAK
S y ru p F a t M o is tu re c o n te n t .  % In s tro n u n i t s ,  kg B u lk S e n s o ry
s tre n g th , 
° B rix

a b s o rp tio n ,
g /b a tc h *

Besan/ s y ru p  
m ix

P ro d u c t C o m p re s s io n S h e a r d e n s ity ,
g / c c

a t t r i b u t e s

6 7 162 ND ND 3 .8 ND ND ND
7 0 170 ND 2 .5 4 .9 ND ND ND
7 4 2 6 6 1 9 .8 1.9 1.2 0 .4 ND V ery  goo d
7 6 2 1 0 1 5 .5 •2.3 1.6 1.0 0 .7 8 G o o d
7 8 193 14 .9 2 .5 2 .7 1.4 0 .8 5 G o o d
8 0 155 5 .0 3 .0 3 .6 1.3 0 .8 5 H a rd
8 5 153 ND 2 .9 4 .4 2 .2 0 .8 3 N ot g o o d

* S u g a r: 180 g  ; besan : 6 0  g; M ix ing  tim e  : 2  m in . ; F a t  u s e d : u a n a s p a i i /g r o u n d n u t  oil (5 0 /5 0 ) - h e a te d  to  150°C ; ND : N o t d o n e

E ffec t o f  m ix in g  t im e  : T h e  r e s u l t s  i n  T a b l e  2  
i n d i c a t e  t h a t  l o n g e r  t h e  d u r a t i o n  o f  m i x i n g  o f  s u g a r  
s y r u p  a n d  b e s a n ,  l o w e r  w a s  t h e  f a t  a b s o r p t i o n .  T h i s  
c o u l d  b e  d u e  t o  d e c r e a s e  i n  m o i s t u r e  c o n t e n t  ( a s  
o b s e r v e d  i n  t h e  c a s e  o f  s u g a r  s y r u p )  w i t h  l o n g e r  
m i x i n g  t i m e  ( T a b l e  2 ) .  I t  w a s  r a t h e r  d i f f i c u l t  t o  
m a i n t a i n  m o i s t u r e  l e v e l  c o n s t a n t  u n d e r  t h e  
c o n d i t i o n s  u s e d .  T h e  p r o d u c t s  h a v i n g  l o w e r  f a t  
c o n t e n t ,  r e s u l t i n g  f r o m  l o n g e r  m i x i n g  t i m e  ( 3  m i n  
a n d  a b o v e ) ,  w e r e  f o u n d  t o  b e  h a r d e r  a n d  n o t  
a c c e p t a b l e  ( T a b l e  2 ) .

v i s c o s i t y  o f  t h e  s y s t e m ,  p o s s i b l y ,  c o n t r i b u t e s  t o  
g r e a t e r  e a s e  o f  p h y s i c a l  e n t r a p m e n t  o f  f a t / o i l .  
A l t e r n a t e l y ,  h i g h e r  t e m p e r a t u r e s ,  p e r h a p s ,  d e n a t u r e  
t h e  p r o t e i n s  o f  B e n g a lg ra m ,  e x p o s i n g  p o l a r  g r o u p s  
( h y d r o p h i l i c ) ,  t h a t  r e s u l t  i n  d e c r e a s e d  f a t  a b s o r p t i o n .  
A l s o ,  a s  t e m p e r a t u r e  o f  t h e  a d d e d  f a t  i n c r e a s e s ,  
m o i s t u r e  i s  r e m o v e d  a t  a  r a t e  f a s t e r  t h a n  i s  
d e s i r a b l e ,  t h e r e b y  d e s t r o y i n g  t h e  w a t e r - p r o t e i n ,  
w a t e r - s u g a r  s o l u t i o n  p r o p e r t i e s ,  w h i c h  a r e  i m p o r t a n t  
f o r  f a t  a b s o r p t i o n .  T h i s  w a s  c o n f i r m e d  b y  i n c r e a s i n g  
t h e  r a t e  o f  h e a t i n g ,  j u s t  b e f o r e  a d d i t i o n  o f  f a t .

TABLE 2. E F F E C T  O F MIXING TIM E O F SU G A R  SYRUP AND BESAN ON FAT ABSO RPTION AND TEX T U R E O F  MYSOREPAK
M ixing, F a t M o is tu re c o n te n t ,  % In s tro n u n i t s ,  kg B u lk S e n s o ry
tim e,
m in

a b s o rp tio n ,
g /b a tc h *

Besan/ s y ru p  
m ix

P ro d u c t C o m p re s s io n S h e a r d e n s ity ,
g / c c

a t t r i b u t e s

1 2 2 5 17 .0 2 .5 ND ND 0 .7 4 V ery  goo d
2 193 14.9 2 .5 2 .7 1.3 0 .8 5 G o o d
3 171 1 3 .6 2 .8 2 .4 1.5 0 .8 1 F a ir
4 134 5.1 1.9 8 .4 2 .4 0 .7 6 H a rd , n o t  g o o d

• S u g a r: 180 g; besan: 60  g; S y ru p  s t r e n g th  : 7 8 ° B rix ; T e m p e r a tu r e  o f  fa t  : 150°C ; F a t  u s e d :  u a n a s p a i i / g r o u n d n u t  o il ( 5 0 /5 0 ) ;  
ND : N ot d o n e

E ffec t o f  te m p e r a tu r e  o f  a d d e d  f a t : T h e  r e s u l t s  
i n  T a b l e  3  s h o w  a  d e f i n i t e  r e l a t i o n s h i p  b e t w e e n  
t e m p e r a t u r e  o f  t h e  a d d e d  f a t  a n d  i t s  a b s o r p t i o n .  
W i t h  t h e  m o i s t u r e  c o n t e n t  o f  t h e  m i x ,  m a i n t a i n e d  
c o n s t a n t ,  b e f o r e  a d d i t i o n  o f  f a t ,  t h e  f a t  a b s o r p t i o n  
d e c r e a s e d  w i t h  i n c r e a s e  i n  t e m p e r a t u r e  o f  t h e  
a d d e d  f a t  u p t o  2 0 0 ° C .  T h i s  c o u l d  b e  d u e  t o  m o r e  
t h a n  o n e  r e a s o n .  A t  l o w e r  t e m p e r a t u r e s ,  t h e  h i g h

w h i c h  r e s u l t e d  i n  l o w e r i n g  o f  f a t  a b s o r p t i o n .  H o w e v e r ,  
w h e n  t h e  t e m p e r a t u r e  o f  f a t  i s  v e r y  l o w  ( 1 0 0 ° C  a n d  
b e l o w ) ,  t h e  f a t  a b s o r p t i o n  w a s  s l o w  a n d  a l s o  i t  d i d  
n o t  h a v e  a n y  i n f l u e n c e  o n  f a t  u p t a k e .  T h e  f a t  
h e a t e d  t o  a b o u t  1 5 0 ° C  w a s  f o u n d  t o  b e  i d e a l .  I n  
g e n e r a l ,  t h e  p r o d u c t s  h a v i n g  h i g h e r  f a t  c o n t e n t  
w e r e  f o u n d  t o  h a v e  b e t t e r  s e n s o r y  a t t r i b u t e s .

TABLE 3. E F F E C T  O F  T EM PER A TU R E O F A D D ED  FAT ON ITS ABSORPTION AND T EX TU R E O F  MYSOREPAK
T e m p e ra - F a t %  fa t b a s e d M o is tu re , % In s tro n u n i t s ,  k g S e n s o ry
tu re  o f 
fa t, °C

a b s o rp tio n ,
g /b a tc h *

o n  d ry  wL o f  
p ro d u c t

Besan/ s y ru p P ro d u c t C o m p re s s io n S h e a r a t t r i b u t e s

110 2 0 7 4 6 ND ND ND ND ND
130 2 1 8 4 7 ND ND ND ND ND
150 193 4 4 14 .9 2 .5 2 .7 1.3 G o od
170 170 4 2 ND ND ND ND G o o d180 164 4 0 14 .5 2 .4 4 .0 1.6 H a rd
2 0 0 150 3 8 13 .9 2 .8 6 .0 1.9 H a rd e r

• S u g a r/besan  : 1 8 0 /6 0  g; S y ru p  s t r e n g th  : 7 8 °  B rix ; M ix ing  tim e  : 2  m in ; F a t  u s e d  : u a n a s p a i i / g r o u n d n u t  o il ( 5 0 /5 0 ) ;  
ND : N ot d o n e
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R o le  o f  I n g r e d i e n t s

E ffec t o f  b e s a n - s u g a r  ra tio  : T h e  r e s u l t s  i n  
T a b l e  4  s h o w  t h a t  i n c r e a s i n g  t h e  p r o p o r t i o n  o f  
b e s a n  t o  s u g a r  f r o m  5 0 : 1 8 0  t o  8 0 : 1 8 0  h a d  l i t t l e  
i n f l u e n c e  o n  f a t  a b s o r p t i o n .  H o w e v e r ,  w h e n  t h e  
p r o p o r t i o n  o f  b e s a n  w a s  r e d u c e d  t o  4 0 ,  t h e  f a t  
a b s o r p t i o n  w a s  l o w e r e d .  I t  i s  i n t e r e s t i n g  t o  n o t e  
t h a t  d e c r e a s i n g  t h e  p r o p o r t i o n  o f  s u g a r ,  l o w e r e d  t h e  
f a t  a b s o r p t i o n  ( T a b l e  4 ) .  W h e n  t h e  p r o p o r t i o n  o f  
b e s a n  t o  s u g a r  w a s  8 0 : 1 8 0 ,  i t  i m p a r t e d  f l o u r y  t a s t e  
t o  t h e  p r o d u c t  a n d  w a s  n o t  a c c e p t a b l e .  T h e  
p r o d u c t s  p r e p a r e d  u s i n g  l o w e r  b e s a n  r a t i o s  ( 4 0  a n d

a n d  p h u lw a r a  b u t t e r  w e r e  f o u n d  t o  i m p a r t  w a x y  
m o u t h f e e l ,  w h e r e a s ,  o i l  ( i . e . ,  g r o u n d n u t  o i l ) ,  t h o u g h  
i m p a r t e d  b e t t e r  a p p e a r a n c e ,  g a v e  o i l y  m o u t h f e e l .  
O n  t h e  o t h e r  h a n d ,  a  m i x t u r e  o f  v a n a s p a t i  a n d  
g r o u n d n u t  o i l  ( 5 0 / 5 0 )  o r  g h e e  w a s  f o u n d  t o  i m p a r t  
t h e  d e s i r a b l e  t e x t u r e  a n d  m o u t h f e e l  t o  M y s o r e p a k .  
T h e s e  r e s u l t s ,  t h e r e f o r e ,  r e v e a l e d  t h a t  a  f a t  h a v i n g  
a n  i n t e r m e d i a t e  s o l i d s  c o n t e n t ,  b e t w e e n  t h o s e  o f  
v a n a s p a t i  a n d  l i q u i d  o i l ,  w a s  s u i t a b l e  f o r  u s e  i n  
M y s o r e p a k  ( T a b l e  5 ) .

E ffe c ts  o f  c e r e a l  f lo u r s  a n d  s ta r c h e s  : T o  f i n d  
o u t  t h e  c o m p o n e n t s  r e s p o n s i b l e  f o r  f a t  a b s o r p t i o n

TABLE 4 . E F F E C T  O F  S U  G A R / BESAN RATIO ON FAT AB SO RPTIO N  AND T EX TU R E O F  MYSOREPAK
Besan/ F a t  a b so rb e d , Mi/sorepak S e n s o ry
su g a r , g p e r  1 0 0  g F a t, M o is tu re , In s l ro n u n i t s ,  kg a t t r i b u t e s

(w/w)
'a '

m ix
’a ’

% % C o m p re s s io n S h e a r

4 0 /1 8 0 5 8 .0 3 7 .5 2.1 6 .2 2 .4 L a c k s  f la v o u r
5 0 /1 8 0 7 8 .0 4 3 .6 2 .5 3.1 1.0 G o od
6 0 /1 8 0 8 0 .4 4 4 .3 2 .5 2 .7 1.4 V ery  good
7 0 /1 8 0 8 2 .0 ND 3 .6 3 .3 1.0 G o od
8 0 /1 8 0 8 7 .7 4 6 .5 ND ND ND F lo u ry  t a s t e
6 0 /1 5 0 7 9 .5 4 4 .0 4 .0 ND ND F a ir
6 0 /1 2 0 7 2 .2 4 1 .3 5.1 8 .3 2 .3 N o t a c c e p ta b le
6 0 /1 2 0 5 5 .5 3 5 .0 5 .7 S oft, like halwa
S tre n g th  o f  s u g a r  s y ru p  : 7 8 °  B rix , e x c e p t  fo r la s t  row , w h e re  it  w a s  5 5 ° B rlx; M ix ing  t im e  : 2  m in .;  
T e m p e ra tu re  o f  fa t  : 150°C ; F a t  u s e d  : u a n a s p a i i /g r o u n d n u t  o il (5 0 /5 0 ) ;  ND : N o t d o n e

l e s s )  w e r e  f o u n d  t o  b e  g r i t t y ,  w i t h  l a c k  o f  t h e  
c h a r a c t e r i s t i c  f l a v o u r  a n d  w e r e  n o t  a c c e p t a b l e  
( T a b l e  4 ) .  T h e  o p t i m u m  r a t i o  o f  b e s a n  t o  s u g a r  w a s  
f o u n d  t o  b e  6 0 - 7 0 : 1 8 0 .

E ffec t o f  t y p e  o f  f a t  : F a t s  h a v i n g  d i f f e r e n t
s o l i d s  c o n t e n t  a t  v a r i o u s  t e m p e r a t u r e s  w e r e  u s e d  
i n  t h e  p r e p a r a t i o n  o f  M y s o r e p a k  t o  a s s e s s  t h e i r  
s u i t a b i l i t y .  F o r  t h i s  p u r p o s e ,  h a r d  f a t s  s u c h  a s  
v a n a s p a t i  a n d  p h u lw a r a  b u t t e r ,  l i q u i d  o i l s  s u c h  
a s  g r o u n d n u t  o i l  a n d  a  f a t  h a v i n g  s o l i d s  c o n t e n t  
i n  b e t w e e n  t h e s e  t w o  w e r e  c h o s e n .  T h e  r e s u l t s  i n  
T a b l e  5  s h o w  t h a t  t h e  t y p e  o f  f a t  a p p e a r e d  t o  h a v e  
n o  i n f l u e n c e  o n  f a t  a b s o r p t i o n ,  b u t  a f f e c t e d  t h e  
t e x t u r e  t o  s o m e  e x t e n t .  H a r d  f a t s  s u c h  a s  v a n a s p a t i

a n d  t e x t u r e  o f  M y s o r e p a k , b e s a n  w a s  r e p l a c e d  b y  
c e r e a l  f l o u r s  s u c h  a s  r e f i n e d  w h e a t  f l o u r  (m a id a :), 
r i c e  f l o u r  a n d  c o m  s t a r c h .  T h e  r e s u l t s  i n  T a b l e  6  
s h o w  t h a t ,  u n d e r  c o m p a r a b l e  c o n d i t i o n s ,  m a id a  
a b s o r b e d  l e s s  f a t  a s  c o m p a r e d  t o  b e s a n .  T h i s  w a s  
n o t  i m p r o v e d  w i t h  i n c r e a s i n g  t h e  r a t i o  o f  m a id a  
( 2 5  t o  3 1 %  i n  f a t - f r e e  m i x )  i n  t h e  r e c i p e .  T h e  f a t  
a b s o r p t i o n  b y  r i c e  f l o u r  o r  c o m  s t a r c h  w a s  m u c h  
l o w e r  t h a n  t h a t  b y  m a id a .  T h e  o r d e r  o f  f a t  a b s o r p t i o n  
w a s  b e s a n  > m a id a  >  r i c e  f l o u r  >  c o m  s t a r c h .  A l s o ,  
i t  c a n  b e  s e e n  f r o m  T a b l e  6  t h a t  t h e  b u l k  d e n s i t y  
o f  t h e  p r o d u c t s  p r e p a r e d  w i t h  r i c e  f l o u r  o r  c o m  
s t a r c h  w a s  h i g h e r ,  w h e n  c o m p a r e d  t o  t h o s e  p r e p a r e d  
w i t h  b e s a n  o r  m a id a .  T h e s e  r e s u l t s  s u g g e s t  t h a t

TABLE 5 . E F F E C T  O F  TYPE O F  FAT ON T EX TU R E O F  MYSOREPAK
F a t  ty p e F a t  u p ta k e , %  fa t M o is tu re In s tro n u n i t s ,k g %  S o lid s  a t  °C S e n s o ry

g /b a tc h * o n  d iy c o n te n t , C o m p re - S h e a r 2 0 2 5 3 0 3 2 .5 3 5 3 7 a t t r i b u t e s
w t. b a s is % s s io n

G ro u n d n u t  Oil 195 4 4 .4 3 .7 1.4 0 .5 0 0 0 0 0 0 O ily  m o u th fe e l
Vanaspati
Vanaspati/

2 1 0 4 6 .4 3 .3 ND 2 .4 3 5 .0 2 5 .9 2 2 .0 1 7 .0 1 3 .0 8 .0 W ax y  m o u th fe e l

g ro u n d n u t  oil 
(5 0 /5 0 )

193 4 4 .3 2 .5 2 .7 1.3 1 2 .3 9 .0 5 .5 3 .2 1.6 ND V ery  goo d

Phulwara
b u t te r 184 4 3 .1 2 .9 ND ND ¡38.8 6 2 .6 3 8 .4 2 9 .0 1 0 .0 6 .7 W ax y  m o u th fe e l

Ghee 190 4 4 .0 1.7 ND ND V ery  good

* S u g a r /b e s a n  ; 1 8 0 /6 0  g; S y ru p  s t r e n g th  : 7 8 ° B rix ; M ix ing  tim e  : 2  m in .; T e m p e r a tu r e  o f  f a t  : 150°C ; ND : N o t d o n e
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TABLE 6 . E F F E C T S  O F  C ER EA L FL O U R S ON FAT A B SO RPTION AND T EX TU R E O F  MYSOREPAK
F lo u r F a t M o is tu re c o n te n t ,  % In s tro n u n i t s ,  kg B u lk F a t c o n te n L
type u p ta k e , Besan/ s y ru p P ro d u c t C o m p re s s io n S h e a r d e n s ity . % o n  d ry

g /b a tc h * m ix g /c c w t. b a s i s

Besan 1 9 3 1 4 .9 2 .5 2 .7 1 .4 0 .8 5 4 4 .3
Maida 1 4 3 1 3 .1 3 .0 1 5 .0 7 .9 ND 3 7 .0

1 3 2 1 0 .0 2 .7 1 7 .0 9 .8 ND 3 5 .2
M aida*0 121 ND 2 .7 4 2 .0 1 3 .7 0 .8 6 3 2 .4
M aida*** 1 1 8 ND 3 .6 3 8 .0 ND 0 .9 0 3 1 .0
R ice 8 8 8 .8 2 .5 3 0 .0 1 0 .5 1 .1 0 2 6 .8
C o m  s ta r c h  
Besan/ c o m

4 0 8 .6 2 .5 V ery h a r d 1. 10 1 4 .0

s ta r c h
(5 0 /1 0 ) 179 NA 2 .6 2 .3 1.2 0 .7 5 4 2 .4

(4 0 /2 0 ) 153 NA 2 .6 4 .3 2 .5 0 .7 6 3 8 .6

(3 0 /3 0 ) 122 NA 2 .4 1 6 .2 1 2 .4 0 .7 1 3 3 .7
• S u g a r / f lo u r : 1 8 0 /6 0  gi; *• 7 0  g maida p e r  b a tc h ;  *** 8 0  g maida p e r  b a tc h ; S y r u p  s t r e n g th  ; 7 8 °  B rix ;
M ixing tim e  : 2  m in ; T e m p e ra tu re  o f  fa t  : 150°C ; F a t  u s e d  ; vanaspati + g r o u n d n u t  oil (5 0 /5 0 ); 
NA : N ot a p p lic a b le ; ND : N ot d o n e

t h e  a m o u n t  o f  f a t  a b s o r p t i o n  a n d  t h e  t e x t u r e  w e r e ,  
p e r h a p s ,  r e l a t e d  t o  t h e  p r o t e i n  c o n t e n t  a n d  q u a l i t y  
o f  t h e  c e r e a l  f l o u r s .  T h u s ,  g r a d u a l l y  r e p l a c i n g  b e s a n  
w i t h  c o m  s t a r c h  ( T a b l e  6 )  r e s u l t e d  i n  l o w e r i n g  o f  
f a t  a b s o r p t i o n .  W i t h  c o m p a r a b l e  f a t  c o n t e n t ,  t h e  
p r o d u c t  p r e p a r e d  w i t h  m a id a  w a s  h a r d e r  t h a n  t h a t  
p r e p a r e d  w i t h  b e s a n  ( T a b l e s  6  a n d  7 ) .  L i k e w i s e ,  
t h e  p r o d u c t s  p r e p a r e d  w i t h  r i c e  f l o u r  o r  s t a r c h  w e r e  
r a t h e r  h a r d .  I t  h a s  b e e n  r e p o r t e d  t h a t  t h e  p r o t e i n s .

TABLE 7 . E F F E C T  O F  QUANTITY O F  FAT ON T EX TU R E O F  
MYSOREPAK

F a t  C o n te n t  M o is tu re  In s t ro n  u n i t s ,  k g  B u lk
g /b a tc h *  %  o n  d ry  c o n te n t ,  C o m p re -  S h e a r  d e n s ity ,
a b s o rb e d  w t. b a s is  %  s s io n  g /c c

106 3 0 .6 2 .4  2 7 .5 7 .4 0 .7 9
134 3 5 .8 1.9 8 .5 2 .6 0 .7 6
153 3 9 .0 2 .9 4 .6 2 .3 0 .8 3
164 4 0 .0 2 .4 4 .2 2 .0 ND
193 4 4 .3 2 .5 2 .8 1.4 0 .8 5
2 1 0 4 6 .6 2 .3 2 .0 1.0 0 .7 8
2 6 6 5 2 .0 1.9 1.4 0 .4 ND

* S u g a r /besan : 1 8 0 /6 0 g; M ix ing tim e  : 2 m in ;
T e m p e ra tu re  o f fa t  : 150°C;
F a t u s e d  : V a n o s p a t i /g ro u n d n u t  oil (5 0 /5 0 ): ND : N ot d o n e

h a v i n g  m o r e  l i p o p h i l i c  s i d e  c h a i n s ,  a r e  b e l i e v e d  t o  
b i n d  h y d r o c a r b o n  c h a i n s  o f  f a t / o i l ,  t h e r e b y  
c o n t r i b u t i n g  t o  i n c r e a s e d  f a t  a b s o r p t i o n  ( H u t t o n  
a n d  C a m p b e l l  1 9 8 1 ) .  T h u s ,  t h e  d i f f e r e n c e s  i n  f a t  
a b s o r p t i o n  c a p a c i t y  m a y  b e  d u e  t o  t h e  e x t e n t  o f  
l i p o p h i l i c  g r o u p s  p r e s e n t  i n  e a c h  i n g r e d i e n t  ( i .e , ,  
B e n g a lg ra m ,  r i c e ,  c o m ,  m a id a ,  e t c . ) .  T h i s  m a y  b e  
o f  s i g n i f i c a n c e  i n  p r e p a r a t i o n  o f  M y s o r e p a k  a l s o .

E ffe c t o f  q u a n ti ty  o f  f a t  : E x a m i n a t i o n  o f  t h e  
d a t a  i n  t h i s  s t u d y  i n d i c a t e d  t h a t  t h e r e  e x i s t e d  a  
d i r e c t  r e l a t i o n s h i p  b e t w e e n  t h e  f a t  c o n t e n t  a n d  
t e x t u r e  o f  M y s o r e p a k .  T h e  h a r d n e s s  o f  t h e  p r o d u c t  
i n c r e a s e d ,  a s  t h e  f a t  c o n t e n t  w a s  l o w e r e d  ( T a b l e  
7 ) .  H o w e v e r ,  t h e  p o r o u s  h o n e y - c o m b  t e x t u r e  w a s  
n o t  a f f e c t e d  b y  t h e  f a t  c o n t e n t  o f  t h e  p r o d u c t ,  a s  
r e v e a l e d  b y  b u l k  d e n s i t y  ( T a b l e  7 ) .

C o n c l u s i o n
F r o m  t h e s e  r e s u l t s ,  i t  c a n  b e  c o n c l u d e d  t h a t  

t h e  p r o c e s s  p a r a m e t e r s  a n d  t h e  r e l a t i v e  p r o p o r t i o n s  
o f  t h e  m a i n  i n g r e d i e n t s  p l a y  a n  i m p o r t a n t  r o l e  i n  
f a t  a b s o r p t i o n  a n d  t e x t u r e  o f  M y s o r e p a k .  B y  
c o n t r o l l i n g  t h e s e ,  M y s o r e p a k ,  h a v i n g  u n i f o r m  f a t  
c o n t e n t  a n d  t e x t u r e ,  c o u l d  b e  o b t a i n e d .

A c k n o w l e d g e m e n t
T h e  a u t h o r s  t h a n k  M r .  N a g i n  C h a n d  f o r  h e l p  

i n  t e x t u r e  m e a s u r e m e n t  a n d  t h e  D i r e c t o r  o f  t h e  
I n s t i t u t e  f o r  h i s  k e e n  i n t e r e s t  i n  t h e  w o r k .

R e f e r e n c e s
AOAC (1960) M e th o d s  o f  A n a ly s is , 9 th  e d . A s s o c ia t io n  o f  O fficial 

A n a ly tica l C h e m is ts ,  W a sh in g to n , DC 
A O C S (1971) O ffic ia l a n d  T e n ta t iv e  M e th o d s , 3 rd  e d . A m e r ic a n  

O il C h e m is ts  S o c ie ty , C h a m p a ig n , Illin o is  
B S  (1976) A n a ly s is  o f F a ts  a n d  F a t ty  O ils: P a r t  I. P h y s ic a l 

M e th o d s, D e te rm in a t io n  o f  D ila ta t io n  o f  F a ts ,  S e c tio n  1 .1 2 , 
M eth o d  2 , B S  : 6 8 4 . B r i t is h  S ta n d a r d s  In s t i tu t io n ,  L o n d o n  

H u tto n  CM, C a m p b e ll  AM (1981 ) W a te r  a n d  f a t  a b s o r p t io n  
In  : C h e r ry  J P  (ed) P ro te in  F u n c t io n a l i ty  in  F o o d s . A m e r ic a n  
C h e m ic a l S o c ie ty , W a sh in g to n , D C , p p  1 7 7 -2 0 0  

S h a r m a  P, C h a w h a n  G S , A w a s th i P, U s h a  M S (19 9 2 ) T e x tu re  
p ro file  a n d  c o n s u m e r  a c c e p ta b il i ty  o f  d e fa t te d  s o y llo u r  
s u b s t i tu te d  t r a d i t io n a l  fo o d s. J  F oo d  S c i T e c h n o l 2 9  : 3 2 2 -  
3 2 3

R e c e iv e d  1 3  D e c e m b e r  1 9 9 1 ;  r e v i s e d  1 3  J u ly  1 9 9 3 ; a c c e p te d  14  J u ly  1 9 9 3
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Effect of Natural Tannins on Canned Green Bengalgram (Cicer arietinum)
S U R J E E T  S I N G H , R A J N I S H  A W A S T H I  A N D  S H A S H I  P R A B H A  G U P T A

G o v e r n m e n t  F r u i t  P r e s e r v a t i o n  a n d  C a n n i n g  I n s t i t u t e ,  L u c k n o w  - 2 2 6  0 0 1 ,  I n d i a .

E ffec t o f  p ro c e s s  o p e ra t io n s  a n d  n a tu r a l  t a n n in s  o n  th e  q u a li ty  o f  c a n n e d  g re e n  Bengalgram in d ic a te d  t h a t  th e  
t a n n in s  fro m  g re e n  le a f  t i s s u e  o f  Bengalgram a r c  h ig h ly  s u i ta b le  a s  b la n c h in g  a n d  c o v e rin g  m e d iu m . It m a in ta in e d  
th e  c o lo u r  o f  th e  s e e d s  a n d  im p a r te d  a c c e p ta b il i ty  to  th e  p ro d u c t .
K e y w o rd s  : N a tu ra l  ta n n in s ,  B e n g a lg ra m  c a n n in g , B la n c h in g , C o v e rin g  m e d iu m .

B e n g a lg ra m , a  w e l l  k n o w n  m u l t i p u r p o s e  c r o p  
g r o w n  i n  I n d i a ,  c o n t a i n s  1 7 - 1 8 %  p r o t e i n  o f  g o o d  
d i g e s t i b i l i t y  a n d  a s s i m i l a t i o n  p r o p e r t i e s  ( S i n g h  e t  
a l .  1 9 8 1 ) .  T h e  r e g u l a r  i n t a k e  o f  a b o u t  4 0  g  g r e e n  
B e n g a lg ra m  h a s  b e e n  s h o w n  t o  r e d u c e  l o w  d e n s i t y  
l i p o p r o t e i n  c h c l e s t e r o l  q u i c k l y  ( C a r p e r  1 9 8 8 ) .  I t  w a s  
r e p o r t e d  t h a t  b o t h  p r o t e i n s  a n d  l i p i d s  i n  B e n g a lg ra m  
l o w e r e d  s e r u m  c h o l e s t e r o l ,  w h i l e  l i v e r  c h o l e s t e r o l  
w a s  l o w e r e d  b y  p r o t e i n  a n d  n o t  b y  l i p i d  f r a c t i o n  
( M u r t h y  a n d  U r s  1 9 8 5 ) .  P o t e n t i a l  a l s o  e x i s t s  f o r  
e x p o r t  o f  g r e e n  B e n g a lg r a m  t o  g u l f  c o u n t r i e s .  
H o w e v e r ,  n o  i n f o r m a t i o n  o n  t h e  c a n n i n g  t r i a l s  i s  
r e p o r t e d  t i l l  n o w .  L i k e  o t h e r  p r o t e i n - r i c h  g r e e n  
l e g u m e s ,  B e n g a l g r a m  s u f f e r s  f r o m  s e v e r e  
d i s c o l o u r a t i o n  a n d  h e a v y  l o s s e s  i n  n u t r i e n t s ,  a f t e r  
d r y i n g  a n d  d u r i n g  s t o r a g e .  T h e r e f o r e ,  t h e  e f f e c t s  o f  
p r o c e s s i n g  o p e r a t i o n s  a n d  n a t u r a l  t a n n i n s  o n  t h e  
q u a l i t y  o f  c a n n e d  g r e e n  B e n g a lg r a m  w e r e  a s s e s s e d .

U p r o o t e d  w h o l e  p l a n t s  o f  g r e e n  B e n g a lg ra m ,  w i t h  
t h e i r  l e a v e s  a n d  p o d s ,  a s  w e l l  a s  t h e  f r e s h  a n d  t e n d e r  
s p i n a c h  l e a v e s  w e r e  p r o c u r e d  f r o m  t h e  l o c a l  m a r k e t .  
G r e e n  B e n g a lg ra m  p o d s  w e r e  h a n d - p e e l e d  a n d  s o u n d ,  
u n i f o r m ,  s e m i - m a t u r e d  g r e e n  s e e d s  w e r e  s u b j e c t e d  
t o  d i f f e r e n t  b l a n c h i n g  a n d  c o v e r i n g  m e d i a ,  a s  p e r  
f o l l o w i n g  d e t a i l s :

(a )  b l a n c h i n g  i n  t a p  w a t e r  a n d  t h e  u s e  o f  b r i n e  
( 2 %  s a l t  +  4 %  s u g a r  s o l u t i o n )  a s  c o v e r i n g  m e d i u m  
(T j) ;  (b )  b l a n c h i n g  i n  s p i n a c h  e x t r a c t  ( 4 0 % ,  
w / v )  a n d  c o v e r i n g  w i t h  ( 4 0 %  g  w / v )  B e n g a lg ra m  
l e a f  e x t r a c t  (T 2); (c ) b l a n c h i n g  i n  s p i n a c h  e x t r a c t  
( 4 0 % ,  w / v )  a n d  c o v e r i n g  w i t h  b r i n e  s o l u t i o n  o f  t h e  
c o m p o s i t i o n  a s  d e s c r i b e d  i n  (a )  a b o v e  (T 3); a n d  (d ) 
b l a n c h i n g  i n  s p i n a c h  e x t r a c t  ( 4 0 % ,  w / v )  a n d  
c o v e r i n g  w i t h  ( 4 0 % ,  w / v )  s p i n a c h  l e a f  e x t r a c t  
(T 4). A f t e r  t h e  b l a n c h i n g  t r e a t m e n t s ,  t h e  s e e d s  w e r e  
f i l l e d  i n  c a n s  ( 4 7 0  g / c a n ) ,  c o v e r e d  w i t h  b r i n e  a s  
s p e c i f i e d  i n  T t t o  T 4, e x h a u s t e d  f o r  1 0  m i n  a t

* Corresponding Author

8 2 . 2 ° C ,  s e a l e d ,  s t e r i l i z e d  f o r  3 5  m i n  i n  a n  a u t o c l a v e  
a t  1 1 5 ° C ,  c o o l e d  u n d e r  t a p  w a t e r / f a n  t o  r o o m  
t e m p e r a t u r e  a n d  s t o r e d  a t  3 0  ±  1 0 ° C .

F r e s h  a n d  p r o c e s s e d  s a m p l e s  w e r e  a n a l y s e d  
f o r  t o t a l  s o l u b l e  s o l i d s  ( T S S ) ,  u s i n g  r e f r a c t o m e t e r  
a t  2 0 ° C ,  a n d  t h e  p H  w a s  m e a s u r e d .  A O A C  ( 1 9 8 4 )  
m e t h o d s  w e r e  f o l l o w e d  f o r  d e t e r m i n a t i o n  o f  t h e  
p r o x i m a t e  c o m p o s i t i o n .  T h e  p r o t e i n  w a s  e s t i m a t e d  
b y  t h e  m e t h o d  o f  K h a n n a  e t  a l  ( 1 9 6 9 ) ,  w h i l e  f r e e  
t y r o s i n e  a n d  p h o s p h o r u s  w e r e  m e a s u r e d  b y  t h e  
m e t h o d  o f  F o l i n  a n d  C i o c a l t e u  ( 1 9 2 7 )  a n d  F i s k e  a n d  
S u b b a r a o  ( 1 9 2 5 ) ,  r e s p e c t i v e l y .  E s t i m a t i o n  o f  
s o d i u m ,  p o t a s s i u m  a n d  c a l c i u m  w a s  a s  p e r  P i p e r  
( 1 9 6 6 ) .  D i r e c t  c u r r e n t  p l a s m a  e m i s s i o n  
s p e c t r o p h o t o m e t e r  w a s  u s e d  f o r  t h e  e s t i m a t i o n  o f  
i r o n ,  m a g n e s i u m  a n d  z i n c .  O r g a n o l e p t i c  e v a l u a t i o n  
w a s  c a r r i e d  o u t  b a s e d  o n  t h e  r e s p o n s e s  o f  a  p a n e l  
o f  f i v e  j u d g e s ,  u s i n g  n u m e r i c a l  s c o r e  m e t h o d  
( S w a m i n a t h a n  1 9 7 9 ) .

C u t - o u t  e x a m i n a t i o n  o f  t h e  c a n s  c o n t a i n i n g  
t r e a t e d  s a m p l e  s h o w e d  n o  s i g n i f i c a n t  d i f f e r e n c e  i n  
d r a i n e d  w e i g h t  ( 4 2 5 - 4 7 5  g ) .  V a c c u m  i n s i d e  t h e  c a n s  
v a r i e d  f r o m  1 5 - 1 8  l b s  a n d  h e a d s p a c e  r a n g e d  
b e t w e e n  0 . 2 3  a n d  0 . 2 8  i n c h .  A  s l i g h t  f a l l  i n  v a c c u m  
a n d  h e a d s p a c e  w a s  o b s e r v e d  d u r i n g  s t o r a g e ,  p e r h a p s  
d u e  t o  t h e  l i b e r a t i o n  o f  h y d r o g e n  g a s ,  a s  a  r e s u l t  
o f  M a i l l a r d  r e a c t i o n  a n d  c o r r o s i o n  ( C r u e s s  1 9 5 8 ) .  
A  g r a d u a l  i n c r e a s e  i n  p H  a n d  T S S  w a s  o b s e r v e d  
d u r i n g  s t o r a g e  ( T a b l e  1 ) . T h i s  m a y  b e  d u e  t o  p a r t i a l  
h y d r o l y s i s  o f  t h e  c o m p l e x  c a r b o h y d r a t e s ,  a c i d  
c o n t i t u e n t  o f  t h e  s e e d  p u l p  a n d  i n t e r a c t i o n  b e t w e e n  
t h e  o r g a n i c  c o n s t i t u e n t s  o f  t h e  p r o d u c t s .  A s c o r b i c  
a c i d  d e c r e a s e d  i n v a r i a b l y  i n  t h e  s a m p l e s  s u b j e c t e d  
t o  d i f f e r e n t  t r e a t m e n t s .  T h e  r e t e n t i o n  o f  a s c o r b i c  
a c i d  w a s  b e t t e r  i n  s a m p l e s  T 2, f o l l o w e d  b y  T 4, T 3 
a n d  T , .  T h e s e  l o s s e s  m i g h t  b e  d u e  t o  b l a n c h i n g  
i n  t h e  c o v e r i n g  m e d i u m  a n d  o x i d a t i o n  d u r i n g  
h e a t i n g .  A  s l i g h t  i n c r e a s e  i n  c a r b o h y d r a t e  w a s  
o b s e r v e d  i n  s a m p l e s  T ,  a n d  T 3 d u r i n g  s t o r a g e .
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TABLE 1. BIO CH EM ICAL C O M PO SITIO N  O F  CANNED G R E E N  BENGALGRAM DU RIN G STO R A G E

C o n s t i tu e n t
F re s h 3 0  d a y s

S to ra g e  p e rio d
6 0  d a y s

T , T , t 3 t 4 T , T , t 3 t 4
T o ta l so lu b le  so lid s  (°Brix) 8 11 9 10 9 12 11 12 11
pH 4 .5 4 .8 3 .8 4 .3 4 .2 4 .7 3 .7 4 .2 3 .9
A sco rb ic  a c id , m g / 100  g 12 4 8 4 .5 6 2 .5 6 2 3 .2
T a n n in , a s  %  ta n n ic  a c id 0 .4 2 0 .0 6 0 .6 2 0 .0 8 0 .5 3 0 .0 4 0 .6 7 0 .0 4 0 .5 6
P ro te in , m g /g 2 8 5 .7 194 2 4 5 2 0 8 2 2 4 192 2 4 4 2 0 7 2 2 3
T o ta l c a rb o h y d ra te s ,  m g /g 5 4 0 5 4 6 5 2 2 5 4 7 5 2 0 5 4 0 5 1 0 5 3 1 ' 5 0 0
T y ro s in e , g /g 2 .2 3 1 .96 2 .1 7 2 .0 3 2 .1 5 1 .8 5 2 .1 7 1.91 2 .0 4
C h lo ro p h y ll "a", p g /g 2 0 7 .2 150 180 162 172 142 175 156 168
C h lo ro p h y ll ”b", | i g /g 7 4 .3 4 2 5 5 4 8 51 3 0 5 2 4 5 4 5
S o d iu m , p p m 17 6 2 17 4 6 2 0 6 0 15 4 5 18
P o ta s s iu m , p p m 6 0 2 2 2 9 12 2 0 19 2 6 9 19
C a lc iu m , p p m 2 4 10 17 18 13 6 15 5 10
Z inc, p p m 2 6 2 0 2 0 16 19 14 18 10 14
M ag n es iu m , p p m 9 8 9 7 9 0 9 8 8 9 9 0 8 6 9 3 8 5
Iro n , p p m 9 0 100 8 5 7 7 7 9 105 8 4 7 5 7 7
P h o s p h o ru s , p p m 3 8 0 3 2 0 3 6 0 3 1 8 3 2 5 2 8 6 3 4 0 2 9 0 2 9 5

t h e r e b y  i n d i c a t i n g  e n d o s m o s i s  o f  s u g a r  o f  t h e  
c o v e r i n g  m e d i a .  T h e  d e c r e a s e  i n  t o t a l  c a r b o h y d r a t e s  
i n  T 2 a n d  T 4 m i g h t  b e  d u e  t o  d e g r a d a t i o n  o f  
c a r b o h y d r a t e s  b y  h e a t .  R e d u c t i o n  i n  t y r o s i n e  c o n t e n t  
w a s  o b s e r v e d  i n  a l l  t h e  s a m p l e s  d u r i n g  s t o r a g e ,  t h e  
l o s s  b e i n g  m a x i m u m  i n  s a m p l e  T r  a s  c o m p a r e d  
t o  f r e s h  g r a m  ( T a b l e  1 ). T h i s  c o u l d  b e  a s s i g n e d  
t o  c h e m i c a l  r e a c t i o n  o f  a m i n o  a c i d s  a n d  
c a r b o h y d r a t e s  i n  t h e  c a n n e d  g r e e n  B e n g a lg ra m .

D e c r e a s e s  i n  t a n n i n  c o n t e n t s  i n  T t a n d  T 3 , a s  
c o m p a r e d  t o  t h e  i n c r e a s e s  i n  T 2 a n d  T 4, w e r e  
o b s e r v e d  ( T a b l e  1 ) . T h e  m a x i m u m  t a n n i n  w a s  f o u n d  
i n  T 2 a n d  m i n i m u m  i n  T r  T h e  p r o b a b l e  r e a s o n  
f o r  t h e s e  c h a n g e s  i n  t a n n i n s  m a y  b e  a t t r i b u t e d  t o

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

O r g a n o l e p t i c  q u a l i t y  o f  t h e  c a n n e d  g r e e n  
B e n g a lg r a m  r e v e a l e d  t h a t  t h e  s a m p l e  T 2 , b l a n c h e d  
i n  4 0 %  s p i n a c h  l e a f  e x t r a c t  a n d  c o v e r e d  b y  g r e e n  
B e n g a lg r a m  l e a f  e x t r a c t ,  s c o r e d  s i g n i f i c a n t l y  h i g h  
a c c e p t a b i l i t y ,  p r o b a b l y  d u e  t o  s t a b i l i z a t i o n  o f  t h e  
c o l o u r  b y  t a n n i n -  p r o t e i n  c o m p l e x  ( T a b l e  2 ) .  T h e  
s a m p l e s  T ,  a n d  T 3 w e r e  u n a t t r a c t i v e  i n  a p p e a r a n c e ,  
t h e r e b y  m a k i n g  t h e  p r o d u c t  d i f f i c u l t  t o  m a r k e t .  
T h e s e  o b s e r v a t i o n s  a r e  f u r t h e r  s u p p o r t e d  b y  t h e  
i n c r e a s e  i n  t h e  v a l u e  o f  c h l o r o p h y l l  a n d  m i n i m u m

TABLE 2. ORGANOLEPTIC S C O R E  O F  CANN ED BENGALGRAM DURIN G STO R A G E
T re a tm e n t  s c o re s  a t  th e  s to ra g e  p e rio d  of

Q u a lity F re s h 3 0  d a y s 6 0  d a y s
T , t 3 TA 3 T , T a t 3 t 4 T , t 3 TA3 t 4

C o lo u r 6 0 8 5 6 8 7 5 5 4 8 2 6 0 7 0 5 0 7 5 5 5 6 5
F lav o u r 5 0 7 0 6 0 6 0 4 8 6 5 5 4 5 5 4 0 6 0 5 0 5 0
T a s te 8 6 7 0 8 0 7 0 8 0 6 7 7 5 6 5 7 5 6 0 7 0 6 0
T e x tu re  
A verage o f

5 5 7 0 7 0 7 2 5 2 6 8 6 5 6 7 5 0 6 5 6 0 6 5

to ta l sc o re 6 2 .7 7 3 .7 6 9 .5 6 9 .5 5 8 .5 7 0 .5 6 3 .5 6 4 .3 5 3 .8 6 5 .0 5 8 .8 6 0 .0

t h e  h y d r o l y s i s  o f  t a n n i n s  i n t o  s u g a r s ,  a c i d s  a n d  
o t h e r  c o m p o u n d s  ( S a l u n k h e  e t  a l .  1 9 6 8 ) .  A  d e c r e a s e  
i n  p r o t e i n  w a s  o b s e r v e d ,  e x c e p t  i n  s a m p l e  T r  T h e  
m a x i m u m  p r o t e i n  w a s  f o u n d  i n  s a m p l e  T  , p r o b a b l y  
d u e  t o  f o r m a t i o n  o f  t a n n i n - p r o t e i n  c o m p l e x ,  a n d  
t h e  p r e v e n t i o n  o f  d e n a t u r a t i o n  o f  t h e  p r o t e i n s .  T h e  
o b s e r v a t i o n s  a r e  i n  c o n f o r m i t y  w i t h  t h e  f i n d i n g s  o f  
L o p e z  a n d  W i l l i a m s  ( 1 9 8 5 ) .  C a l c i u m ,  m a g n e s i u m ,  
p h o s p h o r u s ,  p o t a s s i u m  a n d  z i n c  d e c r e a s e d  
s i g n i f i c a n t l y ,  p r o b a b l y  d u e  t o  t h e i r  l e a c h i n g  f r o m

l o s s e s  i n  t y r o s i n e  i n  s a m p l e s  T 2 a n d  T 4. T h e s e ,  i n  
t u r n ,  i n d i c a t e  m i n i m u m  d e g r e e  o f  d i s c o l o u r a t i o n s .

R e f e r e n c e s
AOAC (1984) O ffic ia l M e th o d s  o f  A n a ly s is , 1 4 th  e d . A s s o c ia tio n  

o f  O fficial A n a ly tic a l C h e m is ts ,  W a s h in g to n , DC 
C a r p e r  J  (1988) T h e  F oo d  P h a rm a c y . S im a n  a n d  S c h u s te l  L td ., 

L o n d o a
C ru e s s  WV (1958) C o m m e rc ia l F r u i t  a n d  V e g e ta b le  P ro d u c t ,  

3 rd  e d . M cG raw  H ill B o o k  C o m p a n y , In c ., N ew  Y o rk  
F is k e  CH, S u b b a r a o  Y (1925) T h e  c o lo r im e tr ic  d e te r m in a t io n  o f  

p h o s p h o ru s .  J  B iol C h e m  6 6 :3 7 5 - 4 0 0
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in  p ro te in . J  B iol C h e m  6 6 :7 3 -6 2 7  
K h a n n a  SK, M a tte  RL, V is w a n a th a n  PN, T iw ari C P, S a n w a l G G  
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Effect of Fungal Infestation on the Starch, Lipids and
Dry Weight of Maize Seeds

M . C . P A U L 1* A N D  R .R .  M IS I I R A 3
1 D e p a r t m e n t  o f  B o t a n y ,  S t .  E d m u n d ’s  C o l l e g e ,  S h i l l o n g  -  7 9 3  0 0 3 ,  I n d i a .

2 D e p a r t m e n t  o f  B o t a n y ,  S c h o o l  o f  L i f e  S c i e n c e s ,
N o r t h - E a s t e r n  H i l l  U n i v e r s i t y ,  S h i l l o n g  -  7 9 3  0 1 4 ,  I n d i a .

In fe s ta t io n  o f  th re e  v a r ie t ie s  o f  m a iz e  (Zea mays L.) b y  s ix  d o m in a n t  m a iz e  s e e d  fu n g i, viz. Alta maria altemala, 
Aspergillus Jlavus, Fusarium moniliforme, Penicillium expansum, Rhizopus nigricans a n d  Trichoderma viride, r e s u l te d  
in  th e  r e d u c t io n  in  d ry  w e ig h t, in c re a s e  in  fa t  a c id ity  a n d  d e p le tio n  o f  s ta r c h .  A. Jlavus in c re a s e d  fa t  a c id ity  in , 'L ocal 
W h ite ' v a r ie ty  a n d  'V ijay' (5 3 .5 %  a n d  69 .2% ) a n d  P, expansum  in  'V L -16' v a rie ty  (74.2% ), a f te r  3 0  d a y s  o f  in c u b a t io n .  
S ta r c h  d e p le tio n  w a s  fo u n d  to  b e  s lo w  d u r in g  th e  in itia l  p h a s e  o f  in c u b a tio n , b u t  b e c a m e  p ro n o u n c e d  a f te r  3 0  d a y s  
o f  in c u b a tio n . A. Jlavus sh o w e d  m a x im u m  d e p le tio n  o f  s t a r c h  (48.5% ) a n d  A. altem ata  th e  le a s t  (25 .3% ). H ig h e s t  
re d u c tio n  in  d ry  w e ig h t o f  th e  s e e d s  w a s  in  c a s e  o f  A. Jlavus.
K e y w o rd s  : M aize s e e d s , In fe s ta t io n , S ta rc h ,  L ip ids , D ry  w e ig h t, F u n g i, Aspergillus Jlavus.

T h e  r o l e  o f  f u n g i  i n  s e e d  d e t e r i o r a t i o n  h a s  b e e n  
s t u d i e d  b y  a  n u m b e r  o f  w o r k e r s  a l l  o v e r  t h e  w o r l d  
( G o o d m a n  a n d  C h r i s t e n s e n  1 9 5 2 ;  Q a s e m  a n d  
C h r i s t e n s e n  1 9 6 0 ;  L a l i t h a k u m a r i  e t  a l .  1 9 7 1 ;  
K r i s h n a  R e d d y  a n d  R e d d y  1 9 8 6 ) .  O n e  o f  t h e  c h a n g e s ,  
a s s o c i a t e d  w i t h  d e t e r i o r a t i o n  o f  s e e d ,  i n  g e n e r a l ,  
a n d  o f  o i l y  s e e d s ,  i n  p a r t i c u l a r ,  i s  i n c r e a s e  i n  t h e i r  
a c i d i t y  ( M i l n e r  a n d  G e d d e s  1 9 4 6 ) .  M i l n e r  e t  a l
( 1 9 4 7 )  r e p o r t e d  i n c r e a s e d  f a t  a c i d i t y  a n d  l o s s  o f  
g e r m i n a t i o n  i n  t h e  c a s e  o f  m o u l d e d  w h e a t .  S t a r c h  
d e p l e t i o n  w a s  r e p o r t e d  b y  V i d h y a s e k a r a n  a n d  
K a n d a s w a m y  ( 1 9 7 2 )  i n  m u n g  a n d  b y  B i l g r a m i  e t  
a l  ( 1 9 7 9 )  i n  p a d d y .  I n  t h i s  c o m m u n i c a t i o n ,  t h e  
e f f e c t  o f  a  f e w  d o m i n a n t  s e e d  f u n g i  o f  m a i z e  o n  t h e  
c h a n g e s  i n  d i y  w e i g h t ,  f a t t y  a c i d  a n d  s t a r c h  c o n t e n t s  
i s  r e p o r t e d .

S i x  d o m i n a n t  s e e d - b o r n e  f u n g i  o f  m a i z e ,  v i z . ,  
A lte rn a r ía  a lté r n a la , A s p e r g il lu s  J la v u s , F u sa r iu m  
m oniliform e, P en icillium  e x p a n su m , R h izo p u s  n ig r ica n s  
a n d  T rich o d erm a  v ir id e  w e r e  u s e d .  S p o r e  s u s p e n s i o n s  
o f  1 0  d a y s  o l d  c u l t u r e s  w e r e  p r e p a r e d  i n d i v i d u a l l y  
a n d  t h e  s u r f a c e - s t e r i l i s e d  s e e d s  o f  t h r e e  v a r i e t i e s  
o f  m a i z e ,  v i z . ,  'L o c a l  W h i t e ' ,  'V i j a y '  a n d  V L - 1 6 ’ w e r e  
i n f e s t e d  a s e p t i c a l l y .  T h e  t r e a t e d  s e e d s  w e r e  i n c u b a t e d  
a t  r o o m  t e m p e r a t u r e  f o r  1 0 ,  2 0  a n d  3 0  d a y s  i n  
a l t e r n a t i n g  c y c l e s  o f  1 2  h  l i g h t  (N U V ) a n d  
d a r k n e s s .  C o n t r o l  s e t  w a s  m a i n t a i n e d  b y  a d d i n g  
t h r e e  m l  s t e r i l e  d i s t i l l e d  w a t e r ,  i n s t e a d  o f  s p o r e  
s u s p e n s i o n .  Q u a n t i t a t i v e  e s t i m a t i o n s  w e r e  p e r f o r m e d  
o n  t h e  1 0 t h ,  2 0 t h  a n d  3 0 t h  d a y s  o f  i n c u b a t i o n .

A n a ly tic a l  m e th o d s  : D r y  w e i g h t  o f  1 0 0  s e e d s  
w a s  e s t i m a t e d  b y  w e i g h i n g  t h e  s e e d s ,  a f t e r  d r y i n g  
a t  1 0 0 ° C  f o r  2 4  h .  T h e  f r e e  f a t t y  a c i d  c o n t e n t  o f
* Corresponding Author

t h e  s e e d s  w a s  e s t i m a t e d  b y  t h e  s t a n d a r d  A O A C  
( 1 9 6 0 )  m e t h o d .  S t a r c h  c o n t e n t  o f  m a i z e  s e e d s  w a s  
e s t i m a t e d  b y  c o l o r i m e t r i c  m e t h o d  g i v e n  b y  S n e l l  e t  
a l  ( 1 9 6 1 ) .

D ry  w e ig h ts  : S l i g h t l y  c o n t i n u o u s  a n d  g r a d u a l  
f a l l  o f  d r y  w e i g h t ,  d u r i n g  t h e  i n c u b a t i o n  p e r i o d  i n  
b o t h  t r e a t e d  a n d  c o n t r o l  s a m p l e s ,  w a s  o b s e r v e d  
( T a b l e  1 ). H o w e v e r ,  t h e  l o s s  o f  d r y  w e i g h t  i n  t h e  
t r e a t e d  s a m p l e s  w a s  m o r e  p r o n o u n c e d .  A l l  t h e  
t h r e e  v a r i e t i e s  c o n t a m i n a t e d  w i t h  A . J la v u s  s h o w e d  
m a x i m u m  r e d u c t i o n  i n  d r y  w e i g h t ,  a f t e r  3 0  d a y s  
o f  i n c u b a t i o n  ( 1 5 . 9 4 %  -  1 7 . 2 3 % ) .  T h e  o t h e r  t e s t  
f u n g i  a l s o  r e d u c e d  t h e  d r y  w e i g h t s  o f  t h e  s e e d s  i n  
a l l  t h e  v a r i e t i e s .  S t a t i s t i c a l  a n a l y s i s  (A N O V A ) s h o w e d  
t h a t  t h e r e  w e r e  s i g n i f i c a n t  v a r i a t i o n s  i n  t h e  d r y  
w e i g h t s  o f  t h e  s e e d s  b e t w e e n  t h e  i n c u b a t i o n  p e r i o d s  
( F = 3 1 . 6 6 9 * * ,  2 3 . 4 6 6 * *  a n d  2 8 . 4 9 8 * *  f o r  ’L o c a l  
W h i t e ' ,  V i j a y '  a n d  'V L - 1 6 '  r e s p e c t i v e l y )  a s  w e l l  a s  
b e t w e e n  t h e  f u n g a l  s p e c i e s  ( F = 7 . 4 2 5 * * ,  5 . 9 5 5 * *  a n d  
6 . 0 5 2 * *  f o r  'L o c a l  W h i t e ' ,  V i j a y '  a n d  V L - 1 6 ' ,  
r e s p e c t i v e l y ) .  S e v e r a l  s e e d - b o r n e  f u n g i  a r e  r e p o r t e d  
t o  c a u s e  c o n s i d e r a b l e  l o s s e s  i n  t h e  s e e d  c o n t e n t s  
( G o o d m a n  a n d  C h r i s t e n s e n  1 9 5 2 ;  L a l i t h a k u m a r i  e t  
a l .  1 9 7 1 ;  V i d h y a s e k a r a n  e t  a l .  1 9 7 3 ) .  T h e  s p o i l a g e  
o f  s e e d s  i n  s t o r a g e  b e c o m e s  m o r e  p r o n o u n c e d  
u n d e r  i m p r o p e r  s t o r a g e  c o n d i t i o n s ,  w h i c h  p r o v i d e  
i d e a l  e n v i r o n m e n t  f o r  t h e  r a p i d  c o l o n i s a t i o n  o f  
s e e d s  b y  s t o r a g e  m i c r o o r g a n i s m s  ( C h r i s t e n s e n  a n d  
K a u f m a n  1 9 6 9 ) .  T h e  l o s s  o f  d i y  w e i g h t  m a y  b e  
a t t r i b u t e d  t o  s t a r c h  d e p l e t i o n  ( B i l g r a m i  e t  a l .  1 9 7 9 ;  
V i d h y a s e k a r a n  e t  a l  1 9 7 3 ) .

F a tty  a c id s  : B o t h  t h e  i n f e s t e d  a n d  c o n t r o l
s e e d s  e x h i b i t e d  i n c r e a s e s  i n  f a t t y  a c i d  c o n t e n t s ,  
w i t h  p r o g r e s s  o f  t i m e  ( T a b l e  1 ) . H o w e v e r ,  u n i n f e s t e d
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s e e d s  s h o w e d  n e g l i g i b l e  c h a n g e  i n  t h e  f a t t y  a c i d  
c o n t e n t .  D u r i n g  t h e  i n i t i a l  i n c u b a t i o n ,  t h e  r i s e  i n  
t h e  f a t  a c i d i t y  l e v e l  w a s  l e s s  p r o n o u n c e d  t h a n  t h a t  
i n  t h e  l a s t  p h a s e  o f  i n c u b a t i o n ,  i n  a l l  t h e  t h r e e  
v a r i e t i e s  o f  m a i z e .  A . J la v u s  c a u s e d  m a x i m u m

a l l  v a r i e t i e s  t e s t e d .  D u r i n g  t h e  i n i t i a l  p h a s e  o f  
i n c u b a t i o n ,  t h e  s t a r c h  d e p l e t i o n ,  i n  g e n e r a l ,  w a s  
s l o w ,  b u t  b e c a m e  p r o n o u n c e d  a f t e r  3 0  d a y s  o f  
i n c u b a t i o n  p e r i o d .  A . J la v u s  w a s  r e s p o n s i b l e  f o r  
m a i x m u m  d e p l e t i o n  o f  s t a r c h  a n d  A . a l t e m a ta  t h e

TABLE 1. E F F E C T  O F  FUNGAL INFESTATION ON T H E  DRY W EIG H T, FATTY ACID AND STARCH C O N T E N T S O F  M AIZE S E E D S

In c u b a t io n  p e rio d , d a y s
F u n g i 10 2 0 3 0

A B C A B C A B C
D ry  w e ig h t  o f  1 0 0  s e e d s . tA. altemata 15.1 18.1 2 0 .0 1 4 .6 1 7 .8 19 .8 1 4 .7 1 7 .3 19 .3AJlavus 14 .2 1 6 .8 19.1 1 3 .8 1 6 .2 18 .5 1 3 .3 1 5 .4 1 7 .4F.moniliforme 1 4 .8 1 7 .4 2 0 .4 14 .3 17 .3 19 .3 1 3 .8 1 6 .6 1 8 .7P.expansum 1 4 .6 17.1 19.2 14 .2 1 6 .8 18 .6 1 3 .7 16.1 1 7 .7

R. nigricans 15.1 1 7 .7 19.9 14 .4 16.1 19 .0 14.1 1 5 .5 18.1T. viride 1 4 .7 1 7 .6 19 .7 14.1 17 .3 19.1 1 3 .9 1 6 .3 1 8 .2
C on tro l 1 6 .0 1 8 .6 2 0 .6 15 .9 18 .5 2 0 .5 1 5 .8 1 8 .4 2 0 .4

F a t  a c id i t y . m g  K O H r e q u i r e d / 1 0 0 g  f lo u rA.altemata 1 5 .0 14 .5 1 9 .5 16 .5 17 .5 2 1 .0 1 8 .0 1 8 .5 2 3 .5AJlavus 1 7 .0 1 6 .0 2 1 .0 1 9 .0 2 0 .0 2 4 .5 2 1 .5 2 2 .0 2 9 .0F.moniliforme 1 5 .5 15 .5 2 0 .0 17 .0 17 .0 2 2 .0 1 8 .5 1 9 .0 2 4 .5P.expansum 1 6 .5 1 6 .0 2 2 .0 1 8 .0 1 9 .0 2 3 .5 2 0 .0 2 0 .5 3 0 .5R.nigricans 1 4 .5 1 5 .0 1 8 .5 1 5 .5 1 7 .5 2 0 .5 1 7 .5 1 9 .0 2 4 .0T. viride 1 5 .0 1 5 .5 1 9 .0 1 6 .5 1 8 .0 2 1 .5 1 8 .0 2 0 .5 2 3 .0
C o n tro l 14 .5 1 3 .5 1 8 .5 14 .5 1 4 .5 19 .0 1 5 .0 1 5 .0 2 0 .0

S ta r c h c o n t e n t , g / 1 0 0  g  f lo u r
A.altemata 3 0 .2 3 2 .4 2 5 .3 2 8 .4 2 9 .5 2 2 .2 2 4 .2 2 8 .5 1 9 .8
AJlavus 2 6 .3 2 9 .2 2 3 .7 2 3 .3 2 4 .6 2 0 .4 1 8 .1 1 8 .3 1 6 .3
F.moniliforme 2 9 .5 3 1 .7 2 4 .1 2 6 .2 2 8 .1 2 2 .6 2 0 .7 2 4 .2 1 8 .5
P.expansum 2 7 .6 3 0 .6 2 2 .6 2 4 .3 2 4 .5 1 9 .7 1 9 .6 2 0 .4 1 6 .6
R.nigricans 3 0 .4 3 2 .8 2 7 .1 2 7 .7 2 7 .3 2 0 .9 2 0 .3 2 1 .7 1 7 .1
T. viride 2 7 .6 3 1 .3 2 6 .4 2 5 .6 2 5 .3 2 0 .8 2 0 .5 1 8 .4 1 6 .9
C on tro l 3 2 .1 3 5 .1 2 8 .8 3 1 .5 3 4 .7 2 8 .3 3 1 .1 3 4 .3 2 7 .6

A : V arie ty  'L ocal W h ite ', B : V a rie ty  V ija y ', C : V a rie ty  'V L -16'.
C o n tro l v a lu e s  w e re  1 6 .0 , 1 8 .6  a n d  2 0 .7  g fo r d ry  w e ig h t o f  100 s e e d s ; 14 .0 , 1 3 .0  a n d  17 .5  fo r fa t  a c id i ty /1 0 0  g flo u r; a n d  3 2 .4 , 
3 5 .6  a n d  2 9 .5  g  s t a r c h / 100  g  flour, re sp e c tiv e ly , fo r A B a n d  C.

i n c r e a s e  i n  f a t  a c i d i t y  l e v e l  i n  t h e  v a r i e t i e s  'L o c a l  
W h i t e '  a n d  'V i j a y ' ,  w h e r e a s  P. e x p a n s u m  s h o w e d  
m a x i m u m  i n c r e a s e  i n  t h e  v a r i e t y  V L - 1 6 ' .  S t a t i s t i c a l  
a n a l y s i s  (A N O V A ) s h o w e d  t h a t  t h e r e  w a s  s i g n i f i c a n t  
v a r i a t i o n  i n  f a t  a c i d i t y  b e t w e e n  t h e  i n c u b a t i o n  
p e r i o d s  ( F  =  4 . 2 8 7 * ,  5 2 . 1 2 2 * *  a n d  2 8 . 3 8 8 * *  f o r
'L o c a l  W h i t e ' ,  V i j a y '  a n d  V L - 1 6 ' ,  r e s p e c t i v e l y ) .  
S i g n i f i c a n t  v a r i a t i o n s  b e t w e e n  t h e  f u n g a l  s p e c i e s  
w e r e  n o t i c e d  o n l y  i n  V i j a y '  a n d  V L - 1 6 '  (F  =  5 . 6 2 2 * *  
a n d  4 . 4 8 9 * * ,  r e s p e c t i v e l y ) .  I n c r e a s e  i n  f a t  a c i d i t y  
d u e  t o  f u n g a l  i n f e s t a t i o n  w a s  a l s o  r e p o r t e d  b y  
S a u e r  a n d  C h r i s t e n s e n  ( 1 9 6 8 )  i n  c o m ,  L a l i t h a k u m a r i  
e t  a l  ( 1 9 7 1 )  i n  g r o u n d n u t  o i l  a n d  C h a r y a  a n d  R e d d y
( 1 9 8 1 )  i n  m u n g .  A c c o r d i n g  t o  G o o d m a n  a n d  
C h r i s t e n s e n  ( 1 9 5 2 ) ,  f a t t y  a c i d s  w e r e  a  p r o d u c t  o f  
f u n g a l  l i p a s e  a c t i v i t y  u p o n  c o m  o i l  a n d  n o n e  o f  
t h e  f u n g i  c a u s e d  a n y  i n c r e a s e  i n  f a t t y  a c i d  i n  o i l -  
f r e e  c o m  m e a l .

S ta rc h  c o n te n t  : A l l  t h e  t e s t  f u n g i  w e r e
r e s p o n s i b l e  f o r  d e p l e t i o n  o f  s t a r c h  i n  t h e  s e e d s  o f

l e a s t .  V a r i a t i o n s  i n  s t a r c h  c o n t e n t s  w e r e  f o u n d  t o  
b e  s t a t i s t i c a l l y  s i g n i f i c a n t  b e t w e e n  t h e  i n c u b a t i o n  
p e r i o d s  ( F  =  3 5 . 1 5 * * ,  1 0 . 7 3 3 * *  a n d  3 9 . 3 4 6 * * )  i n  a l l  
t h e  v a r i e t i e s ,  w h i l e  v a r i a t i o n s  b e t w e e n  t h e  f u n g a l  
s p e c i e s  w e r e  s i g n i f i c a n t  o n l y  f o r  'L o c a l  W h i t e '  a n d  
V L - 1 6 '  ( F =  5 . 2 4 4 * *  a n d  5 . 0 1 8 * * ,  r e s p e c t i v e l y ) ,  b u t  
n o t  f o r  V i j a y '  ( F  =  2 . 2 5 3  N S ) .  S t a r c h  d e p l e t i o n  i n  
s e e d s  d u e  t o  f u n g a l  i n f e s t a t i o n  m a y  b e  a t t r i b u t e d  
t o  s t a r c h  h y d r o l y s i n g  e n z y m e s  o r  i t s  u t i l i s a t i o n  b y  
t h e  f u n g i  a s  r e s p i r a t o r y  s u b s t r a t e .  S i m i l a r  r e s u l t s  
h a v e  a l s o  b e e n  r e p o r t e d  b y  o t h e r  w o r k e r s  
( V i d h y a s e k a r a n  a n d  K a n d a s w a m y  1 9 7 2 ;  H a r r i s  
1 9 7 6 ;  B a k e r  1 9 6 5 ) .

R e f e r e n c e s
AOAC (1960) O fficial M e th o d s  o f  A n a ly s is . T h e  A s s o c ia tio n  o f  
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6 4 :2 0 1 -2 0 9
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Qualitative and Quantitative Analysis o f Dust Pollution
in Dhal mill

S .  K . J A I N 1, R .  K . J A I N 3 A N D  M . B .  B E R A 2*
1 D e p a r t m e n t  o f  A g r i c u l t u r a l  S t r u c t u r e  a n d  E n v i r o n m e n t  a n d  

3 D e p a r t m e n t  o f  C i v i l  E n g i n e e r i n g ,  G o v e r n m e n t  E n g i n e e r i n g  C o l l e g e ,  J a b a l p u r ,  I n d i a .
2 D e p a r t m e n t  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 ,  J .  N .  K r i s h i  V i s h w a  V i d y a l a y a ,  J a b a l p u r - 4 8 2  0 0 4 ,  I n d i a .

I n -p la n t  a i r  s a m p le s  o f  dhal m ills  w e re  a n a ly s e d  fo r th e ir  q u a n t i ty ,  c h e m ic a l  m a k e u p ,  p a r t ic le  s ize  a n d  fu n g a l  
profile . T h e  a v e ra g e  c o n c e n tra t io n  o f  s u s p e n d e d  a n d  s e t t le a b le  d u s t  w a s  0 .0 5 7  g /m 3 a n d  0 .0 6 5  k g / m 2/d a y .  T h e  a v e ra g e  
p a r tic le  size  o f  th e  s u s p e n d e d  d u s t  w a s  fo u n d  to  b e  3 .2  |i, w h ile  th e  m a jo r  p o r t io n  o f  th e  d u s t  w a s  c h e m ic a lly  o rg a n ic  
in  n a tu re .  Aspergillus a n d  Penicillium s p e c ie s  w e re  fo u n d  to  b e  a s s o c ia te d  w ith  th e  dhal d u s t .  I n - p la n t  a i r  s a m p le s  
o f  a ll th e  dhal m ills  w e re  fo u n d  to  b e  sev ere ly  p o llu te d . S e v e ra l p o llu tio n  c o n tro l  m e a s u r e s  a r e  s u g g e s te d .
K e y w o rd s  : A ir p o llu tio n , S e ttle a b le  d u s t ,  S u s p e n d e d  d u s t ,  Dhal m ill, P a r tic le  s ize , R e la tiv e  d e n s ity .

C o n t a m i n a t i o n  o f  c l e a n  a i r  b y  p a r t i c u l a t e  
m a t e r i a l  o c c u r s  t h r o u g h  a  n u m b e r  o f  s o u r c e s  s u c h  
a s  s o i l ,  w a t e r ,  r a w  m a t e r i a l  o f  b o t h  p l a n t  a n d  
a n i m a l  o r i g i n s  a n d  h u m a n  b e i n g s .  T h e  f o o d  a n d  
a g r i c u l t u r a l  i n d u s t r i e s  a r e  o n e  o f  t h e  m a j o r  
c o n t r i b u t o r s  o f  p a r t i c u l a t e  e m i s s i o n ,  b e c a u s e  o f  t h e  
l i g h t  w e i g h t  a n d  d r y  c o n d i t i o n  i n  w h i c h  v a r i o u s  u n i t  
o p e r a t i o n s ,  s u c h  a s  c l e a n i n g ,  s i e v i n g ,  g r i n d i n g  a n d  
d i y i n g  a r e  d o n e .  T h e  p a r t i c u l a t e  m a t t e r s ,  a l o n e  o r  
i n  c o m b i n a t i o n  w i t h  o t h e r  p o l l u t a n t s ,  c o n s t i t u t e  a  
s e r i o u s  h e a l t h  h a z a r d  ( W a r k  a n d  W a r n e r  1 9 8 2 ) .  T h e  
p a r t i c u l a t e  m a t t e r  e n t e r s  t h e  h u m a n  b o d y  m a i n l y  
v i a  t h e  r e s p i r a t o r y  s y s t e m ,  t h e r e b y  c a u s i n g  
r e s p i r a t o r y  d i s e a s e s .  L i t e r a t u r e  r e l a t e d  t o  t h e  
e n v i r o n m e n t a l  p o l l u t i o n ,  c a u s e d  b y  d i f f e r e n t  m i l l s  
i n  v / h i c h  f o o d g r a i n s  a r e  p r o c e s s e d ,  i s  r a t h e r  s c a n t y .  
Q u a l i t a t i v e  a n d  q u a n t i t a t i v e  a n a l y s e s  o f  a i r - b o r n e  
d u s t  s a m p l e s  o f  c o m  a n d  g r o u n d n u t  p r o c e s s i n g  
p l a n t s ,  w h e a t  f l o u r  m i l l  a n d  c o n v e n i e n c e  f o o d  
f a c t o r i e s  w e r e  f o u n d  t o  c o n t a i n  v a r i o u s  m i c r o f l o r a ,  
t h a t  m a y  c a u s e  o c c u p a t i o n a l  d i s e a s e s  ( D e v a s t h a l i  
1 9 7 8 ;  B u r g  a n d  S h o t w e l l  1 9 8 4 ;  S h a b b i r  a n d  
S a n k a r a n  1 9 9 1 ) .  N o  s y s t e m a t i c  s t u d y  h a s  s o  f a r  
b e e n  t a k e n  u p  t o  a s s e s s  t h e  l e v e l  o f  a i r  p o l l u t i o n  
i n  I n d i a n  d h a l  m i l l s .  B e f o r e  a n y  a p p r o p r i a t e  
r e c o m m e n d a t i o n s  a r e  m a d e  t o  t h e  r e g u l a t o r y  
a g e n c i e s  f o r  p o l l u t i o n  c o n t r o l  o r  t o  t h e  m a n u f a c t u r e r  
f o r  m o d i f i c a t i o n  a n d  a l t e r a t i o n  i n  m a c h i n e s  a n d  
s y s t e m s  t o  r e d u c e  p o l l u t i o n ,  i t  w a s  c o n s i d e r e d  
n e c e s s a r y  t o  u n d e r t a k e  a  s t u d y  t o  d e t e r m i n e  t h e  
c o n c e n t r a t i o n  o f  s u s p e n d e d  a n d  s e t t l e a b l e  d u s t  i n  
t h e  p l a n t  a t m o s p h e r e ,  a s  w e l l  a s  t o  a n a l y s e  t h e  
d u s t  f o r  c h e m i c a l  a n d  f u n g a l  p r o f i l e .

F i v e  d h a l  m i l l s ,  l o c a t e d  a r o u n d  J a b a l p u r ,  I n d i a ,  
w e r e  s e l e c t e d  a n d  s a m p l e s  w e r e  c o l l e c t e d  i n  t h e
* Corresponding Author

m o n t h s  o f  J u n e  a n d  J u l y ,  1 9 8 9 .  T h e  c o n c e n t r a t i o n s  
o f  t h e  s u s p e n d e d  d u s t  p a r t i c l e s  i n  t h e  i n - p l a n t  
a t m o s p h e r e  o f  t h e  d h a l  m i l l s  w e r e  d e t e r m i n e d  u s i n g  
a  h i g h  v o l u m e  s a m p l e  (A P M  4 1 0 ,  E n v i r o n t e c h ,  
D e l h i ,  I n d i a ) .  T h e  i n s t r u m e n t  w a s  p l a c e d  i n s i d e  t h e  
d h a l  m i l l  a n d  o p e r a t e d  f o r  2  h .  T h e  d u s t  w a s  
c o l l e c t e d  o n  a  p r e w e i g h e d  g l a s s  m i c r o f i b r e  f i l t e r  
p a p e r  ( G F / A ,  W h a t m a n ,  W i s c o n s i n ,  U S A ) .  T h e  
v o l u m e  o f  t h e  a i r  s a m p l e  w a s  m e a s u r e d  u s i n g  a  
m a n o m e t e r  a t t a c h e d  t o  t h e  i n s t r u m e n t .  T h e  
d i f f e r e n c e  i n  t h e  i n i t i a l  a n d  f i n a l  w e i g h t s  o f  t h e  f i l t e r  
p a p e r  w a s  u s e d  f o r  c a l c u l a t i n g  t h e  w e i g h t  o f  
s u s p e n d e d  d u s t .  T h e  c o n c e n t r a t i o n  o f  s u s p e n d e d  
d u s t  w a s  c a l c u l a t e d  a s  f o l l o w s  :

W  x  1 0 3 3S u s p e n d e d  p a r t i c u l a t e  m a t t e r  =  -----------------  g / m
V

w h e r e  V  =  v o l u m e  o f  a i r  s a m p l e  ( m 3) , a n d  
W  =  w e i g h t  o f  s u s p e n d e d  p a r t i c u l a t e  m a t t e r  (g ). 
T h e  c o n c e n t r a t i o n  o f  s e t t l e a b l e  d u s t  w a s  d e t e r m i n e d  
b y  f o l l o w i n g  t h e  m e t h o d  o f  K a t z  ( 1 9 7 7 )  a n d  e x p r e s s e d  
a s  k g / m 2 / d a y .  T h e  p a r t i c l e  s i z e  o f  t h e  d u s t  w a s  
d e t e r m i n e d  b y  m e a s u r i n g  t h e  i n d i v i d u a l  d i a m e t e r  
o f  t h e  p a r t i c l e  u n d e r  o p t i c a l  m i c r o s c o p e  ( 1 4  x  4 5  
m a g n i f i c a t i o n ) .  T h e  o r g a n i c  a n d  i n o r g a n i c  c o n t e n t s  
o f  t h e  d h a l  d u s t  w e r e  d e t e r m i n e d  b y  s t a n d a r d  
m e t h o d s  (A O A C  1 9 7 6 ) .  G l u c o s e  c o n t e n t  o f  t h e  d u s t  
w a s  d e t e r m i n e d  b y  f o l l o w i n g  t h e  m e t h o d  o f  C h o p r a  
a n d  K a n w a r  ( 1 9 7 6 ) .  T h e  m y c o f l o r a  o f  d u s t  w a s  
a n a l y s e d  i n  t r i p l i c a t e  o n  R o s e  B e n g a l - a g a r - m e d i u m  
( M a r t i n  1 9 5 0 ) ,  i n c u b a t e d  f o r  1 2 0  h  a t  3 0 ° C .  T h e  
f u n g i  w e r e  i d e n t i f i e d  u s i n g  s t a n d a r d  m e t h o d s  ( S u t t o n  
1 9 8 0 ;  T h o m  a n d  R a p p e r  1 9 8 5 ) .  T h e  %  r e l a t i v e  
d e n s i t y  o f  e a c h  f u n g a l  s p e c i e s  w a s  c a l c u l a t e d  a s  
d e s c r i b e d  b y  S h r i v a s t a v a  a n d  J a i n  ( 1 9 9 2 ) .

T h e  c o n c e n t r a t i o n s  o f  s e t t l e a b l e  a n d  s u s p e n d e d
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d u s t  i n  t h e  d h a l  m i l l s  a r e  p r e s e n t e d  i n  T a b l e  1 . 
T h e s e  c o n c e n t r a t i o n s  v a r i e d  f r o m  0 . 0 4  t o  0 . 0 8  k g /  
m 2/ d a y  a n d  0 . 0 3  t o  0 . 0 9  g / m 3, r e s p e c t i v e l y .  
S u s p e n d e d  d u s t  c o n c e n t r a t i o n s  o f  f i v e  m i l l s  w e r e  
m u c h  h i g h e r  t h a n  t h e  p r e s c r i b e d  l i m i t  ( 5 0 0  p g / m 3)

TABLE 1. QUANTITATIVE ANALYSIS O F  DUAL D U ST

Dhal m ills S u s p e n d e d S e tt lc a b le  O rg a n ic In o rg a n ic G lu c o se ,
dhal d u s t dhal d u s t m a tte r , m a t te r . m g /g
c o n c e n tra - c o n c e n tra - % %
tio n , g / m 3 tio n ,

k g /m ’ /d a y

A 0 .0 4 0 .0 4 9 1 .2 9 8 .7 1 0 .1 0
B 0 .0 9 0 .0 8 9 0 .3 0 9 .7 0 0 .0 7
C 0 .0 3 0 .0 4 8 7 .5 2 1 2 .4 8 0 .0 7
D 0 .0 4 0 .0 8 9 1 .7 4 8 .2 6 0 .0 8
E 0 .0 7 0 .0 8 9 0 .6 0 9 .4 0 0 .0 9

A verage 0 .0 5 0 .0 6 9 0 .2 9 8 .7 1 0 .0 8

s p e c i f i e d b y  t h e a i r  p r e v e n t i o n a n d  c o n t r o l  o f
p o l l u t i o n  a c t .  u n d e r  s e c t i o n  1 6 ( 2 ) (6 )  1 9 8 1 ( A n o n
1 9 8 2 ) .  S i m i l a r l y ,  t h e  o b s e r v e d  v a l u e s  w e r e  m u c h  
h i g h e r  t h a n  t h e  p r i m a r y  ( 7 5  p g / m 3) a n d  s e c o n d a r y  
( 6 0  p g / m 3) s t a n d a r d s  f i x e d  b y  E n v i r o n m e n t a l  
P r o t e c t i o n  A g e n c y  (E P A )  o f  t h e  U n i t e d  S t a t e s  o f  
A m e r i c a  ( A n o n  1 9 7 1 ) .

T h u s ,  s u c h  h i g h l y  p o l l u t e d  i n - p l a n t  a t m o s p h e r e  
m a y  c a u s e  s e v e r e  h e a l t h  p r o b l e m s ,  l e a d i n g  t o  
r e s p i r a t o r y  d i s e a s e s  a m o n g  t h e  w o r k e r s .

T h e  a v e r a g e  p a r t i c l e  s i z e  o f  t h e  d u s t  w a s  f o u n d  
t o  b e  3 . 2 0  p ,  w h i l e  t h e  r a n g e  o f  p a r t i c l e  s i z e  o f  
t h e  d h a l  m i l l  d u s t  w a s  2 . 9 4  t o  3 . 4 7  p .  P a r t i c u l a t e  
m a t t e r  l a r g e r  t h a n  5 0  p  s e t t l e d  q u i t e  e a s i l y  a n d  
c a u s e d  n o  p r o b l e m ,  e x c e p t  t h e  s o i l i n g .  H o w e v e r ,  t h e  
p a r t i c l e s  o f  0 . 5  t o  2 . 0  p  s i z e  d a m a g e d  t h e  r e s p i r a t o r y  
t r a c t  d u e  t o  a d h e s i o n  o f  t h e  p a r t i c l e s  i n  t h e  t r a c t  
( H u n t e r  1 9 7 5 ) .  T h e  i n o r g a n i c  a n d  o r g a n i c  m a t t e r  
i n  t h e  d u s t  v a r i e d  f r o m  8 . 2 6  t o  1 2 . 4 8  a n d  8 7 . 5 2  
t o  9 1 . 7 4 % ,  r e s p e c t i v e l y .  S i m i l a r l y ,  g l u c o s e  c o n t e n t  
o f  t h e  d u s t  v a r i e d  f r o m  0 . 0 7  t o  0 . 0 9  m g / g  ( T a b l e  
1).

D i f f e r e n t  t y p e s  o f  f u n g a l  s p e c i e s  i d e n t i f i e d  i n  
t h e  d h a l  d u s t  a r e  p r e s e n t e d  i n  T a b l e  2 .  S p e c i e s  
o f  A s p e r g il lu s , R iz o p u s  a n d  P e n ic illiu m  w e r e  
p r o m i n e n t  a n d  t h e s e  f u n g i  m a y  p r o d u c e  a l l e r g i c  
r e s p o n s e  i n  b o t h  t h e  u p p e r  a n d  l o w e r  r e s p i r a t o r y  
t r a c t s  a n d  c a u s e  b r o n c h o - p u l m o n a l - a s p e r g i l l o s i s  
( H u n t e r  1 9 7 5 ) .  C o l o n i e s  o f  A . J la v u s , A . n ig e r  a n d  
A . n id u la n s  w e r e  m o r e  i n  t h e  d h a l  d u s t  c o l l e c t e d  
i n  t h e  m o n t h  o f  J u l y  ( T a b l e  2 ) .  T h i s  m a y  b e  d u e  
t o  p r e v a i l i n g  r a i n y  s e a s o n .  T h e  c o m p o s i t i o n s  o f  a i r 
b o r n e  f u n g a l  p o p u l a t i o n  w e r e ,  m o r e  o r  l e s s ,  s a m e  
i n  t h e  i n - p l a n t  a t m o s p h e r e  o f  t h e  d h a l  m i l l  a n d  
t h e  o u t s i d e - p l a n t  a t m o s p h e r e  a n d  m o s t l y  c o n s i s t e d  
o f  c o m m o n l y  k n o w n  s p o i l a g e  o r g a n i s m .

TABLE 2 . MYCOFLORA O F  DUAL D U S T  C O L L E C T E D  IN T H E  
M ON TH S O F  J U N E  AND JU L Y , 1 9 8 9

F ungus R ela tiv e d e n s i ty o f  fu n g a l s p e c ie s ,  %
D u s t  fro m d e h u - D u s t  fro m o u ts id e

s k in g  u n i t o f  th e  d e h u s k in g
u n it

J u n e J u l y J u n e J u l y
A. Jlavus 5 2 .4 8 1 1 .7 6 6 8 .1 9 4 5 .2 1
A. niger 3 2 .5 8 5 4 .4 1 5 .4 5 2 7 .8 2
A. nidulans ND 1 6 .1 7 ND 1 7 .3 9
A. tamaril ND ND 9 .9 8 3 .4 7
A. versicolor ND 1 .4 7 ND ND
Rhizopus sp . 6 .7 8 7 .3 5 10 .9 1 2 .6 0
Actinomycètes ND 2 .9 4 ND 1 .7 3
Mucor sp. ND 1 .4 7 ND ND
Absidia sp. 8 .1 4 ND ND ND
Penicillium ND 4 .4 1 5 .4 5 1 .73

T h e  m a j o r  d u s t  p r o d u c i n g  u n i t  o p e r a t i o n s  i n  
t h e  d h a l  m i l l s  m i g h t  b e  t h e  c l e a n i n g  u n i t ,  t h e  
d e h u s k i n g  u n i t  a n d  t h e  p o l i s h i n g  u n i t .  T h e  a r e a  
i n v o l v i n g  t h e s e  u n i t  o p e r a t i o n s  a n d  t h e  m a c h i n e r y  
w e r e  n o t  w e l l  e n c l o s e d  a n d  c o n s e q u e n t l y ,  t h e  d u s t  
f r o m  t h e s e  u n i t  o p e r a t i o n s  e n t e r s  i n t o  t h e  a i r  a n d  
c a u s e s  a i r  p o l l u t i o n .  T h e  f o l l o w i n g  s a f e t y  m e a s u r e s  
m a y  p r o v e  h e l p f u l  i n  c o n t r o l l i n g  t h e  a i r  p o l l u t i o n  
i n  d h a l  m i l l :  a )  c h a n g e s  i n  t h e  d e s i g n  o f  t h e  
c l e a n i n g ,  d e h u s k i n g  a n d  p o l i s h i n g  u n i t s  s o  a s  t o  
r e s t r i c t  t h e  e s c a p e  o f  t h e  d u s t  i n  t h e  p l a n t  
a t m o s p h e r e  a n d  b )  p r o v i d i n g  a i r  c l e a n i n g  d e v i c e  i n  
t h e  a s p i r a t i o n  d u c t s .  T h u s ,  d u s t  l a d e n  a i r  w i l l  b e  
s u c k e d  b y  t h i s  s y s t e m  f o r  r e m o v a l  o f  d u s t  p a r t i c l e s  
f r o m  t h i s  p o l l u t e d  a i r  i n  t h e  s u b s e q u e n t  o p e r a t i o n s .  
T h e  r e s u l t i n g  c l e a n  a i r  c a n ,  t h e n ,  b e  d i s c h a r g e d  
i n t o  t h e  a t m o s p h e r e .  C o m p u l s o i y  u s e  o f  t h e  d u s t -  
p r o o f  m a s k s  b y  a l l  i n  t h e  d h a l  m i l l ,  s o  a s  t o  p r e v e n t  
i n h a l a t i o n  o f  d h a l  d u s t  i s  y e t  a n o t h e r  s a f e t y  m e a s u r e .  
I n  a d d i t i o n ,  t h e  o u t l e t  o f  d e h u s k e r  a n d  b o t t o m  
o f  r o l l e r  s h o u l d  b e  p r o v i d e d  w i t h  l e a k - p r o o f  
e n c l o s u r e .
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Development of Instant Dehydrated Wild 
Pomegranate Chutney

S .  K . C H A U H A N * . B .  B . L A L  A N D  R .  S H A R M A
D e p a r t m e n t  o f  P o s t - h a r v e s t  T e c h n o l o g y ,

U n i v e r s i t y  o f  H o r t i c u l t u r e  a n d  F o r e s t r y ,  N a u n i - S o l a n  -  1 7 3  2 3 0 ,  I n d i a .

T h e  m e th o d s  fo r p re p a r in g  I n s ta n t  w ild  p o m e g ra n a te  chutney w e re  e v a lu a te d  a n d  th e  p r o d u c ts  w e re  a n a ly z e d  
fo r p h y s ic o -c h e m ic a l a n d  n u t r i t io n a l  c h a ra c te r is t ic s .  T h e  p ro d u c t  (T3 c o m b in a tio n )  h a d  g o o d  a m o u n ts  o f  v i ta m in  C , 
s u g a r ,  a s h  a n d  fib re . It r e c o n s t i tu te d  w ell in  co ld  w a te r  a n d  p o s s e s s e d  a ll c h a r a c te r i s t ic s  o f  f re s h  chutney. T h e  p r o d u c t  
h a d  a  she lf-life  o f  m o re  th a n  6  m o n th s .
K e y w o rd s : W ild p o m e g ra n a te ,  I n s ta n t  d e h y d ra te d  chutney, Anardana, S e n s o ry  e v a lu a tio n . S to ra g e  s tu d ie s .

W i l d  p o m e g r a n a t e  (P u n ic a  g ra n a tu m ']  f r u i t s  a r e  
f o u n d  i n  a b u n d a n c e  i n  t h e  d e n s e  f o r e s t s  o f  t h e  h i l l y  
a r e a s  o f  H i m a c h a l  P r a d e s h ,  J a m m u  a n d  K a s h m i r  
a n d  o f  U t t a r  P r a d e s h .  T h e  f r u i t s  a r e  s o u r  d u e  t o  
h i g h  a c i d  c o n t e n t  a n d  a r e  c o n s i d e r e d  a s  s i g n i f i c a n t  
i m p o r t a n c e  i n  t h e s e  r e g i o n s .  B e i n g  p e r i s h a b l e  i n  
n a t u r e ,  t h e  f r u i t  i s  d r i e d  a n d  p r e s e r v e d .  I t s  d r i e d  
s e e d s ,  c a l l e d  a n a r d a n a ,  a r e  c o l l e c t e d  e v e r y  y e a r  
f r o m  t h e  h i l l s ,  s o l d  a t  v a r i o u s  p l a c e s  t h r o u g h o u t  
t h e  c o u n t r y  a n d  a l s o  e x p o r t e d ,  f o r  u s e  i n  v a r i o u s  
i n d u s t r i e s  l i k e  t a n n i n g ,  c o l o u r i n g  e t c .  ( A n o n  1 9 6 9 ) .  
A n a r d a n a  f e t c h e s  a  r e v e n u e  o f  t h o u s a n d s  o f  r u p e e s  
e v e r y  a n n u m .  O n e  o f  t h e  m o s t  i m p o r t a n t  c e n t r e s  
f o r  w i l d  p o m e g r a n a t e  i s  D a r l a g h a t ,  w h i c h  i s  l o c a t e d  
a b o u t  5 0  k m  f r o m  S h i m l a  i n  H i m a c h a l  P r a d e s h .  
T h e  w o r d  D a r l a g h a t  l i t e r a l l y  m e a n s  a  p a s s  o r  p l a c e  
o f  w i l d  p o m e g r a n a t e  t r e e s .  T h e  f r u i t  i s  h i g h l y  a c i d i c ,  
b u t  w i t h  l e s s e r  p i g m e n t s  a s  w e l l  a s  t o t a l  s o l u b l e  
s o l i d s .  I t  f o r m s  a  g o o d  s o u r c e  o f  n u t r i e n t s ,  s i m i l a r  
t o  o t h e r  c u l t i v a t e d  f r u i t s  a n d  a l s o  h a s  m a n y  
m e d i c i n a l  v a l u e s  ( P a r m a r  1 9 8 1 ) .

T h e  w i l d  f r u i t ,  d u e  t o  i t s  s p e c i f i c  c u l i n a r y  t a s t e  
a n d  f l a v o u r ,  h a s  g o o d  d e m a n d  i n  r u r a l  a s  w e l l  a s  
u r b a n  a r e a s .  D r i e d  p r o d u c t  i s  n o r m a l l y  p r e f e r r e d  
b e c a u s e  o f  r e d u c e d  m a s s ,  l e s s e r  p a c k a g i n g  a s  w e l l  
a s  t r a s p o r t a t i o n  e x p e n s e s  a n d  l o w e r  c o s t .  S e v e r a l  
f r u i t s  l i k e  a p p l e ,  b a m b o o ,  t o m a t o ,  c o c o n u t ,  a n d  
m a n g o  h a v e  b e e n  u s e d  f o r  p r e p a r i n g  d i f f e r e n t  t y p e s  
o f  c h u tn e y s  ( L a i  e t  a l .  1 9 6 7 ;  R a o  e t  a l .  1 9 9 1 ;  S e t h i  
1 9 9 1 ) .  H o w e v e r ,  t h e  w o r k  o n  a n a r d a n a  c h u tn e y  i s  
s c a r c e .  F r e s h  c h u tn e y  h a s  v e r y  s h o r t  s h e l f - l i f e ,  
u n l e s s  p r e s e r v e d  u n d e r  r e f r i g e r a t i o n .  T h e r e f o r e ,  t h e  
p r e s e n t  s t u d y  w a s  u n d e r t a k e n  f o r  t h e  p r e p a r a t i o n  
o f  i n s t a n t  a n a r d a n a  c h u tn e y  a n d  t h e  e v a l u a t i o n  o f  
i t s  s t o r a b i l i t y  a t  r o c m  t e m p e r a t u r e .

G o o d  q u a l i t y  w i l d  p o m e g r a n a t e  f r u i t ,  s u g a r ,  
g r e e n  c h i l l i e s ,  s a l t ,  l e a v e s  o f  m i n t  a n d  c o r i a n d e r  
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w e l l  a s  m i n t  l e a v e s  w e r e  r e m o v e d ,  w h i l e  t h e  o t h e r  
p o r t i o n s  w e r e  w a s h e d  i n  t a p  w a t e r .  A l l  t h e  
i n g r e d i e n t s ,  i n c l u d i n g  s a l t ,  w e r e  g r o u n d  i n  a n  
e l e c t r i c a l  b l e n d e r  f o r  3 - 5  m i n  t o  u n i f o r m  s l u r r y .  
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c h u tn e y  b y  a  p a n e l  o f  1 6  j u d g e s  f o r  s e n s o i y  q u a l i t y ,  
o n l y  f i v e  b e s t  c o m b i n a t i o n s  w e r e  s e l e c t e d  ( t h e s e  
g a v e  g o o d  o r  v e i y  g o o d  r a t i n g s )  f o r  f u r t h e r  
o p t i m i z a t i o n  o f  t h e  m e t h o d o l o g y  o f  c h u tn e y  
p r e p a r a t i o n  a n d  t h e  q u a n t i t i e s  o f  t h e  i n g r e d i e n t s .  
T h e s e  c o m b i n a t i o n s  c o n t a i n e d  2 5 0  g  w i l d  
p o m e g r a n a t e ,  5  g  c o r i a n d e r  l e a v e s  a n d  1 0  g  m i n t  
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b y  c o m p o s i t e  s c o r i n g  m e t h o d ,  u s i n g  H e d o n i c  s c a l e ,  
a n d  r e s u l t s  w e r e  s t a t i s t i c a l l y  a n a l y z e d  b y  r a n d o m i z e d  
b l o c k  d e s i g n  m e t h o d  ( O 'M o h a n y  1 9 8 6 ) .  F o r  
r e c o n s t i t u t i o n  o f  d e h y d r a t e d  c h u tn e y ,  c o l d  w a t e r  w a s  
a d d e d  i n  t h e  r a t i o  o f  2 : 1  a n d  m i x e d  w e l l  t o  g e t  t h e  
d e s i r e d  c o n s i s t e n c y  o f  t h e  f r e s h  ch u tn e y .

T a b l e  1 i n d i c a t e s  t h e  p h y s i c o - c h e m i c a l  
c h a r a c t e r i s t i c s  o f  f r e s h  f r u i t  a n d  d e h y d r a t e d  w i l d  
p o m e g r a n a t e  c h u tn e y s .  I t  i s  e v i d e n t  t h a t  t h e  c h u tn e y  
i s  a  g o o d  s o u r c e  o f  v i t a m i n  C ,  p r o t e i n ,  f a t  a n d  t o t a l  
s u g a r s .  T h e  d e h y d r a t e d  c h u tn e y  h a d  a n  i n i t i a l

D e c r e a s e  o f  v i t a m i n  C  w a s  m a r g i n a l l y  h i g h e r  a t  
3 7 ° C  t h a n  a t  r o o m  t e m p e r a t u r e .  T h e  o r g a n o l e p t i c  
s c o r e  w a s  r a t e d  v e r y  g o o d  (8 )  f o r  t h e  f r e s h  
d e h y d r a t e d  c h u tn e y .  T h e  s c o r e  d e c r e a s e d  t o  7  
( g o o d )  a f t e r  s t o r a g e  a t  R T  f o r  6  m o n t h s  a n d  t o  
6  a f t e r  s t o r a g e  a t  3 7 ° C  f o r  3  m o n t h s .  E x c e p t  f o r  
d e c r e a s e  t o  s c o r e  7  f o r  t h e  p r o d u c t  s t o r e d  a t  3 7 ° C  
f o r  2  m o n t h s ,  n o  c h a n g e  w a s  n o t e d  i n  s e n s o r y  
q u a l i t y  f o r  i n t e r m e d i a t e  s t o r a g e  p e r i o d s .  T h e  t r e n d s  
o f  t h e  r e s u l t s  a r e  s i m i l a r  t o  t h o s e  r e p o r t e d  b y  o t h e r  
w o r k e r s  ( L a i  e t  a l .  1 9 6 7 ;  R a o  e t  a l .  1 9 9 1 ) .  T h e

TABLE 1. PHYSICO -CH EM ICA L, NUTRITIONAL AND SE N SO R Y  C H A R A C TERISTICS O F  W ILD PO M EGRAN ATE, INSTANT W ILD 
POM EGRANATE CilUTENYS

C h a ra c te r is t ic s W ild G re e n C o m b in a tio n s
p o m e g ra n te c h illie s T , T a T*3 T« t 5Yield, % - - 5 6 .0 6 5 .0 6 8 .0 7 2 .0 7 9 .0

M oistu re , % 7 6 .8 8 3 .7 3 .0 3 .2 3 .5 6 .0 6 .2
A cidity a s  CA, % 4 .8 0 .3 8 .2 7 .4 6 .4 7 .3 7 .0
P ro te in  (N x  6 .2 5 ), % 1.8 3 .4 12 .3 11 .3 10 .3 9 .9 11 .2
A sh , % 0 .5 0 .7 6 .2 9 .6 1 2 .0 2 5 .0 3 0 .0
V itam in  C , m g /lO O g 2 0 .2 1 2 2 .5 8 .5 1 1 .4 1 3 .4 1 7 .0 19 .9
T o ta l s u g a rs ,  % 1 3 .8 2 .8 4 1 .6 4 3 .5 4 5 .6 5 5 .0 5 9 .5
F a t, % 0 .2 0 .3 2 .2 2 .3 2 .7 2 .7 2 .6
PH 2 .7 ND 2 .8 3 .2 3.1 3 .4 3 .5
R ed u c in g  s u g a r s ,  % 6 .8 ND 2 7 .7 3 3 .3 3 1 .7 3 5 .7 4 1 .6
S a lt, % NA NA 1 7.4 1 5 .6 12 .8 1 9 .0 1 5 .0
D e h y d ra tio n  ra tio NA NA 4 .1 :1 4 .0 :1 4 .0 :1 4 .1 :1 4 .5 :1
R ed y d ra tio n  ra tio NA NA 1:2 1:2 1:2 1:2 1:2
T o ta l ca lo rific  v a lu e , K c a l/lO O g 6 6 .0 3 0 .0 2 5 6 .2 2 6 1 .7 2 7 0 .2 3 1 3 .0 3 3 5 .9
M e a n  s e n s o r y  e v a lu a t i o n  ( R e c o n s t i t u t e d  chutneys) C D (P - 0 .0 5 )
C o lo u r NA 14.8 15 .3 1 6 .5 1 6 .0 1 5 .5 N .S
F lav o u r NA 1 6 .0 1 4 .7 16 .3 1 3 .7 14 .2 0 .5
T a s te NA 1 5 .7 1 5 .7 17 .2 1 4 .7 1 5 .5 N .S
C o n s is te n c y NA 15.3 15 .2 1 6 .8 1 6 .8 1 6 .5 N .S
O verall q u a lity NA 1 5 .0 15 .5 1 6 .7 1 5 .0 15 .2 N .S
M ax. s c o re  fo r e a c h  s e n s o ry  a t t r ib u t e  = 20 ; R a tin g  12 N o t a c c e p ta b le ,  1 2 -1 4  good , 1 4 -1 6  v e ry  g o o d  a n d  16 e x c e lle n t. 
NA = N ot a p p lic a b le ; ND = N ot d o n e ;
± SD  v a lu e s  fo r c o n s t i tu e n ts  w e re  0 .0 2 - 0 .8 3  for w ild  p o m e g ra n a te s  a n d  g re e n  c h illie s

m o i s t u r e  c o n t e n t  3 . 0 - 6 . 2 % .  A s  t h e  q u a n t i t y  o f  g r e e n  
c h i l l i e s  i n c r e a s e d ,  t h e  v i t a m i n  C ,  t o t a l  s u g a r s  a n d  
p H ,  a l s o  i n c r e a s e d ,  w h i l e  t h e  p r o t e i n  a n d  a c i d i t y  
d e c r e a s e d .  O n  t h e  b a s i s  o f  s e n s o r y  e v a l u a t i o n  
( T a b l e  1 ) , a l l  t h e  c o m b i n a t i o n s  a r e  s i m i l a r ,  t h e  
c o m b i n a t i o n  T 3 b e i n g  w i t h  m a x i m u m  s e n s o r y  s c o r e ,  
i n  r e s p e c t  o f  f l a v o u r ,  c o l o u r ,  t a s t e  a n d  c o n s i s t e n c y .  
T h e r e f o r e ,  c o m b i n a t i o n  T 3 w a s  s e l e c t e d  f o r  s t o r a g e  
b e h a v i o u r  a t  r o o m  t e m p e r a t u r e  a n d  3 7 ° C .

T h e  c o m b i n a t i o n  T 3 h a d  a n  i n i t i a l  m o i s t u r e  
c o n t e n t  3 . 5 % ,  a c i d i t y  a s  C A  6 . 5 % ,  p H  3 . 2  a n d  
v i t a m i n  C  1 3 . 4  m g / 1 0 0  g .  T h e s e  v a l u e s  r e m a i n e d  
m o r e  o r  l e s s  u n c h a n g e d  d u r i n g  t h e  s i x  m o n t h s  o f  
s t o r a g e  a t  3 7 ° C  a n d  r o o m  t e m p e r a t u r e ,  e x c e p t  f o r  
m i n o r  c h a n g e s  i n  v i t a m i n  C .  T h e  r e d u c t i o n  i n  
v i t a m i n  C  w a s  t o  1 1 . 6  m g  a f t e r  3  m o n t h s  a t  3 7 ° C  
a n d  1 1 . 9  m g  a f t e r  6  m o n t h s  a t  r o o m  t e m p e r a t u r e  
f r o m  t h e  i n i t i a l  v a l u e  o f  1 3 . 4  m g / 1 0 0  g  p r o d u c t .

d e h y d r a t e d  i n s t a n t  c h u tn e y  h a s  g o o d  p a l a t a b i l i t y  
a n d  s u f f i c i e n t  s t o r a g e  ( 6  m o n t h s )  l i f e  u n d e r  o r d i n a r y  
c o n d i t i o n s .
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Recovery of Carotenes from Crude Palm Oil
by Adsorption Method

B I N A  J .  D E S A I  A N D  P . J .  D U B A S H
F o o d s  a n d  F e r m e n t a t i o n  S e c t i o n ,

U n i v e r s i t y  D e p a r t m e n t  o f  C h e m i c a l  T e c h n o l o g y ,  M a t u n g a ,  B o m b a y  -  4 0 0  0 1 9 .  I n d i a .

A c id - tre a te d  b e n to n i te  a n d  a lu m in a  gel m ix tu re , a s  a d s o r b e n ts  in  v a ry in g  r a t io s ,  re c o v e re d  s ig n if ic a n t  a m o u n ts  
o f  c a ro te n o id s  fro m  c r u d e  p a lm  oil, w i th o u t  a ffec tin g  its  q u a lity . A s th e  c la y  level in c re a s e d ,  th e  a m o u n t  o f  r e s id u a l  
c a ro te n o id s  in  th e  p a lm  oil d e c re a s e d . T h e  m a x im u m  a d s o rp t io n  o f  7 9 %  c a ro te n o id s  w a s  p o s s ib le  a t  4 :1  r a t io  o f  b e n to n i te  
a n d  a lu m in a  gel.
K e y w o rd s  : P a lm  oil, C a ro te n o id s ,  B e n to n ite , A lu m in a  gel, A d so rp tio n , R ecovery .

P a l m  o i l  o w e s  I t s  d i s t i n c t i v e  o r a n g e  - r e d  c o l o u r  
t o  i t s  r e l a t i v e l y  h i g h  c o n t e n t  o f  c a r o t e n o i d s .  O f  a l l  
t h e  v e g e t a b l e  o i l s  t h a t  a r e  c o n s u m e d  w i d e l y ,  t h e  
p a l m  o i l  c o n t a i n s  t h e  h i g h e s t  k n o w n  c o n c e n t r a t i o n s  
( 5 0 0 - 1 6 0 0  p p m )  o f  a g r o  - d e r i v e d  c a r o t e n o i d s  ( A m e s  
e t  a l .  1 9 6 0 ;  J a c o b s b e r g  1 9 7 4 ;  G o h  e t  a l .  1 9 8 5 ;  T a n  
1 9 8 8 ;  A r u m u g h a n  e t  a l .  1 9 8 8 ) .  U n f o r t u n a t e l y ,  a l l  
t h e  c a r o t e n o i d s  o f  t h e  c r u d e  p a l m  o i l  a r e  d e s t r o y e d  
b y  t h e  p r e s e n t l y  u s e d  r e f i n i n g  p r o c e s s e s ,  w h i c h  
t r a d i t i o n a l l y  l e a d  t o  t h e  l i g h t  c o l o u r e d  t o  c o l o u r l e s s  
o i l ,  a s  p e r  t h e  d e m a n d  f r o m  m a j o r  c o n s u m e r s .  
H o w e v e r ,  i n  t h e  t r a d i t i o n a l  p r o c e s s  o f  e x t r a c t i o n ,  
w h e n  c o m p a r e d  t o  m e c h a n i s e d  p r o c e s s ,  p a l m  o i l  
r e t a i n s  a b o u t  3  t i m e s  m o r e  c a r o t e n e  ( J i d e a n i
1 9 9 2 ) .  I f  r e c o v e r e d ,  t h e  v a l u e  o f  t h e  c a r o t e n e  
c o n c e n t r a t e  w o u l d  b e  c l o s e  t o  t h a t  o f  t h e  o i l  i t s e l f ,  
e x c l u d i n g  t h e  p r o c e s s i n g  c o s t s .  C a r o t e n e  f i n d s  
i m p o r t a n t  u s e  i n  m a n u f a c t u r e  o f  v i t a m i n  A . H e n c e ,  
a n  a t t e m p t  w a s  m a d e  t o  r e c o v e r  c a r o t e n e s  f r o m  
c r u d e  p a l m  o i l  b y  a d s o r p t i o n  m e t h o d .

A l u m i n a  g e l  w a s  o b t a i n e d  b y  p r e p a r i n g  
g e l a t i n o u s  a l u m i n i u m  h y d r o x i d e  f r o m  a l u m i n i u m  
s u l p h a t e  ( M a m u r o  e t  a l .  1 9 8 6 a ) .  B e n t o n i t e  w a s  
a c i d i f i e d  w i t h  3  M  s u l p h u r i c  a c i d ,  f i l t e r e d  a n d  
w a s h e d  s e v e r a l  t i m e s  w i t h  d i s t i l l e d  w a t e r ,  u n t i l  t h e  
f i l t r a t e  w a s  a l m o s t  n e u t r a l  ( N k p a  e t  a l .  1 9 8 9 ) .  T h e  
w a s h e d  b e n t o n i t e  w a s  d r i e d  a t  1 4 0 ° C  o v e r n i g h t ,  
g r o u n d  t o  f i n e  p o w d e r  a n d  m i x e d  w i t h  a l u m i n a  g e l  
i n  d e s i r e d  p r o p o r t i o n s .

P r i o r  t o  a d s o r p t i o n  e x p e r i m e n t s ,  t h e  c r u d e  
p a l m  o i l  w a s  t r e a t e d  w i t h  2 %  b y  w e i g h t  o f  8 5 %  
p h o s p h o r i c  a c i d  f o r  1 h  a t  8 0 ° C  ( M a m u r o  e t  a l .  
1 9 8 6  a , c ) .  P r e t r e a t e d  p a l m  o i l  ( 2 0  g ) w a s  u s e d  a l o n g  
w i t h  2  g  a d s o r b e n t  f o r  e a c h  o f  t h e  a d s o r p t i o n  
e x p e r i m e n t s .  T h e  m i x t u r e  w a s  h e a t e d  a t  5 0 ° C  f o r  
1 h  i n  s h a k e r  w a t e r  b a t h  ( M a m u r o  e t  a l .  1 9 8 6 a ) .  

T h e  p r o c e d u r e  w a s  r e p e a t e d  t w i c e .  T h e  u p p e r  o i l
* Corresponding Author

l a y e r  w a s  s e p a r a t e d  b y  c e n t r i f u g a t i o n  a n d  I t s  
c a r o t e n o i d  c o n t e n t  w a s  d e t e r m i n e d .

T h e  a d s o r b e n t ,  s e p a r a t e d  f r o m  t h e  m i x t u r e  
a f t e r  t h e  a b o v e  t r e a t m e n t ,  w a s  w a s h e d  w i t h  p u r e  
h e x a n e  t o  r e m o v e  r e s i d u a l  o i l .  T h e n ,  t h e  c a r o t e n o i d s  
w e r e  r e m o v e d  b y  u s i n g  2 0 %  a c e t i c  a c i d  i n  9 5 %  
e t h a n o l  a t  8 0 ° C  f o r  3 0  m i n  ( M a m u r o  e t  a l .  1 9 8 6 a ) .  
C a r o t e n o i d s  w e r e ,  t h e n ,  e x t r a c t e d  i n  p e t r o l e u m  
e t h e r  f o r  s p e c t r a l  a n a l y s i s .  T h e  c a r o t e n e  c o n t e n t  
w a s  d e t e r m i n e d  b y  s p e c t r o p h o t o m e t r y  ( D a v i e s  1 9 7 6 ) .  
T o  a s c e r t a i n  a n y  c h a n g e  i n  o i l  d u e  t o  a d s o r p t i o n  
t r e a t m e n t ,  t h e  i o d i n e  v a l u e  o f  p a l m  o i l  w a s  
d e t e r m i n e d  b e f o r e  a n d  a f t e r  t h e  t r e a t m e n t  ( N k p a  
e t  a l .  1 9 8 9 ) .

D a t a  s h o w  t h a t  t h e  c a r o t e n o i d  c o n t e n t  d e c r e a s e s  
b y  1 5  -  1 6 %  o n  p r e t r e a t m e n t  o f  t h e  c r u d e  p a l m  
o i l  w i t h  p h o s p h o r i c  a c i d ,  t h e  l e v e l  o f  c a r o t e n e  i n  
p a l m  o i l  b e f o r e  a n d  a f t e r  s u c h  p r e t r e a t m e n t  b e i n g  
7 3 7  a n d  6 1 9  p p m ,  r e s p e c t i v e l y .  T w o  p o s s i b l e  
r e a s o n s  c a n  b e  a t t r i b u t e d  t o  t h i s .  O n e  i s  d e t e r i o r a t i o n  
a n d / o r  r e m o v a l  o f  t h e  c a r o t e n o i d s  d u r i n g  
p r e t r e a t m e n t ,  a n d  a n o t h e r  i s  t h e  r e m o v a l  o f  m i n o r  
c o m p o n e n t  ( s ) ,  o t h e r  t h a n  c a r o t e n e s ,  w h i c h  h a s  
s a m e  a d s o r p t i o n  b a n d s  c o v e r i n g  4 4 8  n m ,  a s  t h a t  
o f  t h e  c a r o t e n e .  T h e  l a t t e r  p o s s i b i l i t y  a p p e a r s  t o  b e  
m o s t  a p p l i c a b l e ,  s i n c e  t h e  s h o u l d e r  i n  t h e  v i c i n i t y  
o f  4 2 0  n m ,  w h i c h  a p p e a r s  i n  t h e  s p e c t r u m  o f  c r u d e  
p a l m  o i l  ( F i g s .  1 a n d  2 ) ,  c h a n g e s  i n t o  a  p e a k  a n d  
o r a n g e - r e d  c o l o u r  o f  t h e  o i l  t u r n s  d a r k  r e d  a f t e r  
p r e t r e a t m e n t .  M o r e o v e r ,  M a m u r o  e t  a l  ( 1 9 8 6 a )  h a v e  
a l s o  s h o w n  t h a t  t h e  p r e t r e a t m e n t  o f  o i l  w i t h  
p h o s p h o r i c  a c i d ,  f o l l o w e d  b y  w a s h i n g  t o  r e m o v e  
a c i d i t y ,  i m p r o v e s  t h e  r e c o v e r y  o f  c a r o t e n o i d s  o n  
a d s o r b e n t s .

T a b l e  1 s h o w s  t h e  a d s o r p t i o n  o f  c a r o t e n o i d s  
o n  b e n t o n i t e - a l u m i n a  m i x t u r e s  o f  v a r i o u s  
p r o p o r t i o n s .  T h e  b e n t o n i t e  -  a l u m i n a  r a t i o  o f  4 : 1  
w a s  f o u n d  t o  b e  t h e  o p t i m u m .  T h e  %  c a r o t e n o i d s

6 0



61
( 2  )

Fig. 1. S p e c tra l a n a ly s is  o f  1) c r u d e  p a lm  oil a n d  2) p a lm  oil 
a f te r  p re t r e a tm e n t .  S p e c t r u m  w a s  ta k e n  u s in g  p e tro le u m  
e th e r  (40-60) a s  so lv en t.

• (U

Fig. 2. S p e c tra l a n a ly s is  o f  1) reco v e red  c a ro te n e  c o n c e n tra te  
a n d  2) p a lm  oil a f te r  c a ro te n e  rem o v a l. S p e c tru m  w a s  
ta k e n  u s in g  p e tro le u m  e th e r  (40-60) a s  so lv en t.

a d s o r b e d  f r o m  p r e t r e a t e d  p a l m  o i l  w i t h  3 0 %  l e v e l  
o f  a d s o r b e n t  a r e  s h o w n  i n  t h e  s a m e  T a b l e .  T h e  
r e c o v e r y  o f  7 6 %  c a r o t e n o i d s  w a s  a c h i e v e d  f r o m  t h e  
p r e t r e a t e d  c r u d e  p a l m  o i l  b y  u s i n g  4 : 1  r a t i o  o f  
b e n t o n i t e  : a l u m i n a .  A l u m i n a  a l o n e  w a s  u n a b l e  t o  
a d s o r b  c a r o t e n o i d s ,  w h i l e  b e n t o n i t e  a l o n e  g a v e  4 5 %  
r e c o v e r y .

T h e  r e c o v e r y  o f  c a r o t e n o i d s  f r o m  c r u d e  p a l m  
o i l  b y  t h e  p r e s e n t  m e t h o d  w a s  f a r  s u p e r i o r  t o  t h a t  
r e p o r t e d  b y  o f f i e r  w o r k e r s .  F o r  e x a m p l e ,  N k p a  e t  
a l  ( 1 9 8 9 )  r e p o r t e d  6 2 %  a d s o r p t i o n  o f  c a r o t e n o i d s  
f r o m  c r u d e  p a l m  o i l  o n  b e n t o n i t e .  S i m i l a r  r e s u l t s  
w e r e  a l s o  r e p o r t e d  w i t h  t h e  u s e  o f  o t h e r  l o c a l  
N i g e r i a n  c l a y s .  M a m u r o  e t  a l  ( 1 9 8 6 b )  u s e d  t h e  
m i x t u r e  o f  a l u m i n a  g e h c l a y  a n d  t h e  h i g h e s t  r e c o v e r y  
o f  c a r o t e n o i d s  r e p o r t e d  w a s  4 1 %  f r o m  t h e  c r u d e  
p a l m  o i l .

TABLE 1. EXTRACTION AND RECOVERY OF CAROTENES FROM 
CRUDE PALM OIL BY USING ACTIVATED BENTONITE : 
ALUMINA GEL AS ADSORBENT IN VARYING RATIOS*.

A d so rb e n t C a ro te n e s C a ro te n e s C a r o te n e s  C a ro te n e  *
a d s o rb e d , a d s o rb e d , re le a s e d , reco v ery .

m g /g % m g /g %
a b s o r b e n t a d s o r b e n t

A lu m in a  gel 0 .0 0 - 0 .0 0 _

A ctiv a ted
b e n to n i te 1 .4 7 6 0 .0 0 0 .6 6 4 5 .0 0

A lu m in a  :
b e n to n i te  ra tio

1 : 1 1 .03 4 2 .0 0 0 .3 8 3 7 .0 0
1 : 2 1 .3 5 5 5 .0 0 0 .6 5 4 8 .0 0
1 : 3 1 .6 7 6 8 .0 0 1 .02 6 1 .0 0
1 : 4 1 .9 4 7 9 .0 0 1 .4 7 7 6 .0 0
1 : 5 1 .7 7 7 2 .0 0 1 .2 0 6 8 .0 0

• V a lu e s  a r e a v e ra g e  o f  th r e e  e x p e r im e n ts .
* C a ro te n e reco v e ry  is  1b a s e d  o n  th e  a m o u n ts o f  c a ro te n e
a d so rb e d .

T h e  i o d i n e  v a l u e s  o f  t h e  c r u d e  p a l m  o i l ,  b e f o r e  
a n d  a f t e r  r e c o v e r y  o f  c a r o t e n o i d s  a s  p e r  t h e  p r e s e n t  
m e t h o d ,  w e r e  5 2  a n d  5 5  m g / 1 0 0  m g ,  r e s p e c t i v e l y .  
S u c h  n e g l i g i b l e  d i f f e r e n c e s  i n  t h e  i o d i n e  v a l u e s ,  
t h u s ,  i n d i c a t e  t h a t  t h e  c a r o t e n o i d s  w e r e  r e m o v e d  
i n  t h e  p r e s e n t  p r o c e s s  w i t h o u t  d e t r i m e n t  t o  t h e  
q u a l i t y  o f  c r u d e  p a l m  o i l .  A f t e r  r e c o v e r y  o f  c a r o t e n e ,  
t h e  c r u d e  p a l m  o i l ,  t h u s ,  c a n  b e  r e f i n e d  t o  d e s i r e d  
l e v e l  f o r  m a r k e t i n g ,  w h i l e  t h e  r e c o v e r e d  c a r o t e n e  
c a n  b e  u s e d  g a i n f u l l y  f o r  a d d i t i o n a l  r e t u r n s .
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Effect of Roasting Process Variables on Hardness of Bengalgram, Maize and Soybean
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D e p a r t m e n t  o f  A g r i c u l t u r a l  E n g i n e e r i n g ,
I n d i a n  I n s t i t u t e  o f  T e c h n o l o g y ,  K h a r a g p u r  - 7 2 1  3 0 2 ,  I n d i a .

Bengalgrasn, m a iz e  a n d  s o y b e a n  g ra in s  w e re  ro a s te d  a t  12 ± 0 .5 %  in itia l  m o is tu re  c o n te n t  a n d  1 :4  g ra in - to -  
s a n d  ra tio  a t  180°, 2 1 5 °  a n d  2 50 °C  s a n d  te m p e r a tu r e  fo r 1.5, 2 .0  a n d  2 .5  m in  ro a s t in g  tim e , to  s tu d y  th e  e ffec t 
o n  h a r d n e s s  a f te r  ro a s t in g . S a n d  t e m p e r a tu r e  w a s  o b se rv e d  to b e  s ig n if ic a n t in  a ll th e  c a s e s .  In  g e n e ra l ,  th e  h a r d n e s s  
d e c re a s e d  w ith  ro a s t in g  tim e . T h e  o p tim u m  c o n d it io n s  for ro a s t in g  w e re  o b ta in e d  b y  th e  c a n o n ic a l  a n la y s is  o f  r e s p o n s e  
s u r fa c e  m e th o d o lo g y .
K e y w o rd s  : V a ria b ility  o f  h a r d n e s s  w ith  ro a s tin g . B e n g a lg ra m , M aize, S o y b e a n , R o a s tin g  tim e , R o a s tin g  te m p e r a tu r e .

R o a s t i n g  a n d  g r i n d i n g  p r o c e s s e s  r e n d e r  t h e  
g r a i n  d i g e s t i b l e ,  w i t h o u t  t h e  l o s s  o f  n u t r i t i o u s  
c o m p o n e n t s  ( K r a n t z  e t  a l .  1 9 8 3 )  a n d  h e n c e  s u c h  
g r a i n s  a r e  c o n s u m e d  t h r o u g h o u t  t h e  w o r l d .  T h e  
p u f f i n g  a n d  r o a s t i n g  a r e  a l m o s t  s i m i l a r  p r o c e s s e s ,  
b u t  t h e  v o l u m e  e x p a n s i o n  i n  p u f f i n g  i s  h i g h e r .  
S o m e  s u c h  g r a i n s  a r e  c o n s u m e d  i n  p o w d e r  f o r m  
( P r a s a d  a n d  S r i v a s t a v  1 9 8 4 ;  S r i v a s t a v  e t  a l .  1 9 8 9 )  
a n d  i n  s u c h  c a s e s ,  t h e  p u f f e d  g r a i n s  p o s e  
p r o b l e m s .  C o n s e q u e n t l y ,  t h e  r o a s t i n g  i s  c a r r i e d  o u t  
a t  s l i g h t l y  h i g h e r  i n i t i a l  m o i s t u r e  c o n t e n t  t o  r e d u c e  
t h e  p u f f i n g  o f  t h e  g r a i n s .  T h e  p r e p a r a t i o n  o f  r o a s t e d  
g r a i n  p o w d e r  i n v o l v e s  c o n d i t i o n i n g  ( m o i s t e n i n g  a n d  
r e s t i n g ) ,  r o a s t i n g ,  d e h u l l i n g  a n d  g r i n d i n g .  H o t  s a n d  
i s  c o m m o n l y  u s e d  f o r  r o a s t i n g .

H a r d n e s s  o f  f o o d g r a i n s  i s  o f  i n t e r e s t  f o r  c o n t r o l  
o f  m a n u f a c t u r i n g  o p e r a t i o n s .  G r a i n  h a r d n e s s  a f f e c t s  
t h e  p a r t i c l e  s i z e  o b t a i n e d  f r o m  m i l l i n g  a n d  s i e v i n g  
o p e r a t i o n s  a n d  e n e r g y  c o n s u m p t i o n  i n  m i l l i n g  
( S y m e s  1 9 6 9 ;  M o s s  e t  a l .  1 9 8 0 ;  T r a n  e t  a l .  1 9 8 1 ) .  
G r a i n  h a r d n e s s  i s  a f f e c t e d  b y  s i z e ,  d i r e c t i o n  o f  
a p p l i e d  f o r c e ,  m o i s t u r e  c o n t e n t  ( Z o e r b  a n d  H a l l  
1 9 6 0 ;  B i l a n s k i  1 9 6 6 ) ,  c h e m i c a l  c o m p o s i t i o n  ( B e n n e t t  
1 9 5 0 )  a n d  h e a t  t r e a t m e n t  ( A b d e l r a h m a n  a n d  
H o s e n e y  1 9 8 4 ) .  I n i t i a l  m o i s t u r e  c o n t e n t ,  s a n d  
t e m p e r a t u r e ,  t i m e  o f  r o a s t i n g  a n d  g r a i n - t o - s a n d  
r a t i o  a r e  t h e  c o m m o n l y  u s e d  h e a t  t r e a t m e n t  
p a r a m e ; e r s  t h a t  a r e  v a r i e d  t o  o b t a i n  t h e  d e s i r e d  
c h a r a c t e r i s t i c s  o f  t h e  r o a s t e d  g r a i n .  I n  t h i s  
c o m m u n i c a t i o n ,  t h e  e f f e c t  o f  s a n d  t e m p e r a t u r e  a n d  
t i m e  o f  r o a s t i n g  o n  t h e  h a r d n e s s  o f  r o a s t e d  
B e n g o lg v a m ,  m a i z e  a n d  s o y b e a n  i s  d i s c u s s e d .

B e n g a lg ra m ,  m a i z e  a n d  s o y b e a n  w e r e  p u r c h a s e d  
f r o m  l o c a l  m a r k e t ,  c l e a n e d  a n d  g r a d e d  b y  s i e v i n g

* Corresponding Author. 1 Present address : D e p a r tm e n t  o f  
D ia ry  T ech n o lo g y , S . G. I n s t i tu te  o f  D a iry  T ech n o lo g y , 
L o h iy a n a g a r , P a tn a  - 8 0 0  0 2 0 , In d ia

( B S  2 0  m e s h )  t o  o b t a i n  a p p r o x i m a t e l y  s a m e  g r a i n  
s i z e .  T h e  s p h e r i c i t y  ( M o h s e n i n  1 9 7 0 )  w a s  c a l c u l a t e d  
b y  m e a s u r i n g  t h e  l e n g t h ,  w i d t h  a n d  t h i c k n e s s  o f  
t h e  g r a i n s .  R o a s t i n g  w a s  c a r r i e d  o u t ,  a f t e r  a d j u s t i n g  
t h e  m o i s t u r e  c o n t e n t  o f  g r a i n s  t o  1 2 . 0  ±  0 . 5 % ,  b y  
s p r i n k l i n g  p r e d e t e r m i n e d  a m o u n t  o f  w a t e r  a n d  
s t o r i n g  t h e  g r a i n s  o v e r n i g h t  i n  m o i s t u r e - p r o o f  
c o n t a i n e r s .  T h e  g r a i n s  ( 2 5 0  g ) w e r e  r o a s t e d  a t  s a n d  
t e m p e r a t u r e s  o f  1 8 0 ,  2 1 5  a n d  2 5 0  ±  2 ° C  f o r  1 . 5 ,
2 . 0  a n d  2 . 5  m i n  i n  s a n d  ( s i z e  : <  3 5  m e s h  o r  0 . 4 1 7  
m m ) ,  a t  1 : 4  g r a i n - t o - s a n d  r a t i o  i n  a n  a l u m i n i u m  
v e s s e l  ( 3 6  c m  d i a m ,  1 5  c m  d e p t h ) ,  p l a c e d  o v e r  L P G  
g a s  b u r n e r .  T h e  c o n t e n t s  w e r e  m i x e d  w i t h  a  
s t a i n l e s s  s t e e l  l a d l e .  M e r c u r y  i n  g l a s s  t h e r m o m e t e r  
( 0 - 5 5 0 ° C )  a n d  s t o p - w a t c h  w e r e  u s e d  t o  m e a s u r e  
s a n d  t e m p e r a t u r e  a n d  t i m e  o f  r o a s t i n g ,  r e s p e c t i v e l y .  
T h e  g r a i n s  w e r e  s e p a r a t e d  f r o m  h o t  s a n d  u s i n g  a  
s i e v e  ( 3 5  m e s h  s i z e ) .

T h e  s p h e r i c i t i e s  o f  t h e  g r a i n s  w e r e  0 . 7 9  ( ± 0 . 0 2 )  
m m ,  0 . 8 1  ( ± 0 .0 5 )  m m  a n d  0 . 8 4  ( ± 0 . 0 2 )  m m ,  f o r  
B e n g a lg v a m ,  m a i z e  a n d  s o y b e a n ,  r e s p e c t i v e l y .  F o r  
t h e  m e a s u r e m e n t  o f  h a r d n e s s ,  t h e  r o a s t e d  g r a i n s  
w e r e  c o o l e d  t o  r o o m  t e m p e r a t u r e  i n  d e s i c c a t o r ,  
t r a n s f e r r e d  i n  a i r - t i g h t  c o n t a i n e r s  a n d  h a r d n e s s  
w a s  m e a s u r e d  ( i n  t r i p l i c a t e )  w i t h i n  2  t o  3  d a y s .  
T h e  g r a i n s  w e r e  p l a c e d  h o r i z o n t a l l y  o n  t h e  
c o m p r e s s i o n  l o a d  c e l l  o f  a n  I n s t r o n  u n i v e r s a l  
t e s t i n g  m a c h i n e  ( M o d e l  T M - M ,  I n s t r o n  C o r p o r a t i o n ,  
M a s s a c h u s e t t s ,  U S A ) ,  w h i c h  w a s  o p e r a t e d  u n d e r  
1 0 ,  2 0  k g  f u l l  l o a d  s c a l e ,  2 0  c m / m i n  c h a r t  s p e e d  
a n d  2  c m / m i n  c r o s s - h e a d  s p e e d .  T h e  h a r d n e s s  w a s  
n o t e d  a s  m a x i m u m  f o r c e  ( k g )  r e q u i r e d  t o  b r e a k  
t h e  s a m p l e .  V a r i a b i l i t i e s  o f  t h e  h a r d n e s s  v a l u e s  
w i t h  t h e  i n i t i a l  m o i s t u r e  c o n t e n t ,  s a n d  t e m p e r a t u r e ,  
t i m e  o f  r o a s t i n g  a n d  g r a i n - t o - s a n d  r a t i o  w e r e  
d e t e r m i n e d  b y  d e v e l o p i n g  a  q u a d r a t i c  r e s p o n s e  
s u r f a c e  m o d e l .  T h e  d a t a  w e r e  a n a l y s e d  b y  d e v e l o p i n g
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r e g r e s s i o n  e q u a t i o n s  a n d  t e s t i n g  t h e  s i g n i f i c a n c e  
( M y e r s  1 9 7 1 ) .

T h e  b r e a k i n g  s t r e n g t h  o f  r o a s t e d  B e n g a lg ra m ,  
m a i z e  a n d  s o y b e a n  ( T a b l e  1) w a s  f o u n d  t o  d e c r e a s e  
w i t h  i n c r e a s e  i n  h e a t  t r e a t m e n t  g i v e n .  T h e  b r e a k i n g

TABLE 1. E F F E C T  O F  R O A STIN G  ON T H E  B REAK ING 
STREN GTH

T e m p e ra tu re  o f T im e  o f B re a k in g  s t re n g th ,  kg
ro as tin g , °C ro a s tin g , Bengalgram M aize S o y b e a n

m in
180 1.5 14 .9 9 .0 5 .8

2 .0 8 .6 5 .3 5 .4
2 .5 9 .0 5 .6 3.1

2 1 5 1.5 1 0 .0 9 .6 8 .7
2 .0 6 .9 1 1 . 2 6 .0
2 .5 8 .5 10 .3 3 .4

2 5 0 1.5 3 .3 8 .0 2 .5
2 .0 7 .3 7.1 2.1
2 .5 5 .6 6 .8 1.6

A n alysis  o f  v a r ia n c e
S o u rc e  o f D eg ree  o f M ean s u m  o f s q u a r e
v a ria tio n freed  c o m Bengalgram M aize S o y b e a n

1 28 .6 * 23 .4 * 12.5*
1 1 8 .8 NS 2 .5 NS 13.2*

X» 1 0 .3 NS 23 .1 * 13.7*
* 1* 2 1 1 6 .8 NS 1,2 NS 0 .8 NS

1 1 .8NS 0 .3 NS 0 .2 NS
E rro r 5 3 .4 1.6 1.1

* S ig n ific a n t a t  5% ; ** S ig n if ic a n t a t  1% : N S  : N o t s ig n if ic a n t

s t r e n g t h  o f  B e n g a lg r a m  d e c r e a s e d  a t  1 8 0  a n d  2 1 5 ° C  
s a n d  t e m p e r a t u r e s  w i t h  r e s p e c t  t o  t i m e  ( u p t o  2 . 0  

m i n )  i n  p u f f e d  g r a i n s ,  d u e  t o  b u r s t i n g  o f  g r a i n s  
( D a s  a n d  S r i v a s t a v  1 9 8 9 )  a n d  i n a c t i v a t i o n  o f  t h e  
c o m p o u n d s  r e s p o n s i b l e  f o r  g r a i n  h a r d n e s s  
( A b d e l r a h m a n  a n d  H o s e n e y  1 9 8 4 ) .  F u r t h e r  i n c r e a s e  
i n  t i m e  o f  r o a s t i n g  r e s u l t e d  i n  s l i g h t  i n c r e a s e  i n  
t h e  h a r d n e s s ,  p o s s i b l y  d u e  t o  r e d u c t i o n  o f  g r a i n  
m o i s t u r e  t o  <  4 %  ( S r i v a s t a v  1 9 8 9 ) .  T h e  f o r m a t i o n  
o f  a  c o n t i n u o u s  p r o t e i n  m a t r i x ,  w h i c h  p h y s i c a l l y  
t r a p s  t h e  s t a r c h  g r a n u l e s ,  l e a d s  t o  d i f f i c u l t y  i n  
s e p a r a t i n g  s t a r c h  f r o m  p r o t e i n  a n d  m a k e s  t h e  g r a i n  
h a r d e r  ( S t e n v e r t  a n d  K i n g s w o o d  1 9 7 7 ;  M o s s  e t  a l .
1 9 8 0 ) .  T h i s  m a y  a l s o  b e  r e s p o n s i b l e  f o r  t h e  i n c r e a s e  
i n  h a r d n e s s .  I n  t h e  c a s e  o f  m a i z e ,  t h e  b r e a k i n g  
s t r e n g t h  i n c r e a s e d  i n  t h e  f i r s t  p a r t  a n d  t h e n  
d e c r e a s e d  a t  2 1 5 ° C  s a n d  t e m p e r a t u r e ,  w h e r e a s  t h e  
t r e n d  w a s  r e v e r s e  a t  1 8 0  a n d  2 5 0 ° C .  I t  m i g h t  b e  
d u e  t o  t h e  f a c t  t h a t  s u r f a c e  g e l a t i n i z a t i o n  o f  m a i z e  
s t a r c h  t o o k  p l a c e  i n i t i a l l y  a n d  f i s s u r e s  d e v e l o p e d  
o n  t h e  g r a i n ,  u p o n  f u r t h e r  h e a t i n g ,  r e s u l t i n g  i n  t h e  
r e d u c e d  h a r d n e s s .  T h e  b r e a k i n g  s t r e n g t h  o f  s o y b e a n  
d e c r e a s e d  w i t h  i n c r e a s e  i n  t i m e  o f  r o a s t i n g  ( T a b l e  
1). M o r e  o r  l e s s  t h e  s a m e  t r e n d  w a s  o b t a i n e d  w i t h

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

R e g r e s s i o n  e q u a t i o n s  f o r  t h e  h a r d n e s s  a f t e r  
r o a s t i n g  o f  B e n g a lg r a m  ( H b), m a i z e  ( H m) a n d  s o y b e a n  
( H J  w e r e  :
H b =  8 0 . 2 9  -  0 . 1 9 X ,  -  4 2 . 0 9 ^  -  0 . 0 0 0 3 X 2 , +

O . ^ X ^  +  3 . 8 0 X 22 (1 )
C o r r e l a t i o n  c o e f f i c i e n t  =  0 . 9 1  

H m =  - 9 8 . 5 0  +  1 . 1 4 X j  -  1 3 . 6 6 X 2 -  0 . 0 0 3 X 2 , +  
O .O S X ^  +  1 .4 0 X 2 2  (2)

C o r r e l a t i o n  c o e f f i c i e n t  =  0 . 9 0  
H g =  -  7 2 . 2 8  +  0 . 8 2 X ,  -  3 . 4 3 X 2  -  0 . 0 0 2 X 2 , +

0 . 0 3 X .X 2  -  1 .2 7 X 2 2 (3 )
C o r r e l a t i o n  c o e f f i c i e n t  =  0 . 9 5

A n a l y s i s  o f  v a r i a n c e  ( T a b l e  1) s h o w s  t h a t  t h e  
s a n d  t e m p e r a t u r e  h a d  a  s i g n i f i c a n t  e f f e c t  o n  t h e  
h a r d n e s s  o f  a l l  t h e  g r a i n s .  S r i v a s t a v  e t  a l  ( 1 9 9 2 )  
a l s o  o b s e r v e d  t h e  s a m e  e f f e c t  o f  s a n d  t e m p e r a t u r e  
o n  t h e  s e n s o r y  s c o r e s  o f  r o a s t e d  g r a i n  p o w d e r s ,  
p r e p a r e d  b y  f o l l o w i n g  t h e  s a m e  r o a s t i n g  p r o c e s s .  
T h e  h a r d n e s s  v a l u e s  c a n  b e  r e l a t e d  t o  s a n d  
t e m p e r a t u r e  (X j)  a n d  t i m e  o f  r o a s t i n g  (X 2) a s  H b 
=  W .  H m =  f 2 ( X , .  X * ,)  a n d  H  =  f 3 ( X , ,  X , .  X 2 ,) . 
r e s p e c t i v e l y ,  w h e r e  t h e  i n d e p e n d e n t  v a r i a b l e s  i n  
f u n c t i o n a l  r e l a t i o n s h i p s  a r e  p r e s e n t e d  i n  o r d e r  o f  
i m p o r t a n c e  d e p e n d i n g  o n  t h e i r  v a l u e s .  A f t e r  d e l e t i n g  
t h e  n o n - s i g n i f i c a n t  t e r m s ,  t h e  r e g r e s s i o n  e q u a t i o n s  
c o u l d  b e  r e d u c e d  a s  :
H b =  8 0 . 2 9  -  0 . 1 9 X ,  (4 )
H m =  - 9 8 . 5 0  +  1 . 1 4 X ,  -  0 . 0 0 3 X 2 , (5 )
H s =  - 7 2 . 2 8  +  0 . 8 2 X ,  -  3 . 4 3 X 2  -  0 . 0 0 2 X 2 , (6 )

T o  f i n d  t h e  o p t i m u m  c o n d i t i o n  o f  r o a s t i n g ,  t h e  
r e g r e s s i o n  e q u a t i o n s  w e r e  a n a l y s e d  t o  d e t e r m i n e  
c o r r e s p o n d i n g  1 , 2  a n d  3  s t a t i o n a r y  p o i n t s  ( M y e r s  
1 9 7 9 ;  K h u r i  a n d  C o r n e l l  1 9 8 7 )  a n d  t h e  c h a r a c t e r i 
s t i c s  o f  t h e  s t a t i o n a r y  p o i n t s  w e r e  e v a l u a t e d  b y  
w r i t i n g  t h e  f i t t e d  s u r f a c e  i n  c a n o n i c a l  f o r m ,  f o r  e a c h  
o f  t h e  g r a i n s ,  a s  : y  =  y o +  XjW j +  w h e r e ,  y o
i s  t h e  v a l u e  o f  h a r d n e s s  a t  s t a t i o n a r y  p o i n t ,  x t a n d  
X2 a r e  c h a r a c t e r i s t i c  r o o t s  o f  t h e  s y m m e t r i c  m a t r i x  
B  ( e l e m e n t s  o f  w h i c h  i s  e s t i m a t e d  a s  c o e f f i c i e n t s  
o f  t h e  s e c o n d  o r d e r  t e r m s ) ,  w h i l e  w ,  a n d  w 2 a r e  
t h e  c a n o n i c a l  v a r i a b l e s  ( l i n e a r  c o m b i n a t i o n s  o f  t h e  
o r i g i n a l  v a r i a b l e s  x f a n d  X2). T h e  s i g n  o f  x - v a l u e s  
d e t e r m i n e s  w h e t h e r  t h e  s t a t i o n a r y  p o i n t  i s  a  
m a x i m u m  ( a l l  ’- v e ’) ,  m i n i m u m  ( a l l  '+ v e ')  o r  s a d d l e  
( m i x e d  i . e .  o n e  '+ v e '  a n d  o t h e r  ' - v e ') ,  p o i n t s .  T h e  
c a n o n i c a l  e q u a t i o n s  f o r  r o a s t e d  B e n g a lg ra m ,  m a i z e  
a n d  s o y b e a n ,  r e s p e c t i v e l y ,  c a n  b e  w r i t t e n  a s  :
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y B =  8 . 2  +  3 . 8  x ? -  0 . 0 0 1  x? . . .  (7 )
y M =  9 . 9  +  1 . 4  x j -  0 . 0 0 3  x2 . . .  (8 )
y s  =  8 . 6  -  0 . 0 0 2  x? -  1 . 2 6 7  x? . . .  (9 )

F r o m  t h e  m a g n i t u d e  a n d  s i g n  o f  t h e  X - v a l u e s ,  
t h e  v a r i a b i l i t y  o f  t h e  h a r d n e s s  w i t h  r o a s t i n g  p r o c e s s  
v a r i a b l e s  c a n  b e  e x p l a i n e d  i n  a  b e t t e r  w a y .  I f  t h e  
s t a t i o n a i y  p o i n t  d o e s  n o t  l i e  i n  t h e  e x p e r i m e n t a l  
r a n g e  o f  i n d e p e n d e n t  v a r i a b l e s ,  t h e  a x e s  c a n  b e  
c h a n g e d  a l o n g  t h e  w ,  a n d / o r  w 2 d i r e c t i o n s  t o  g e t  
t h e  d e s i r e d  r e s p o n s e .

T h e  c a n o n i c a l  a n a l y s i s  a n d  t h e  v a l u e s  o f  t h e  
i n d e p e n d e n t  v a r i a b l e s ,  a l o n g  w i t h  c a l c u l a t e d  v a l u e s  
o f  h a r d n e s s  a t  t r a n s f o r m e d  a x e s  ( d i f f e r e n t  v a l u e s
o f  w , a n d  w 2), a r e  p r e s e n t e d  i n  T a b l e  2 .  I n  t h e  c a s e  
o f  B e n g a lg ra m  a n d  m a i z e ,  t h e  s t a t i o n a r y  p o i n t s  a r e  
f o u n d  t o  b e  s a d d l e  p o i n t s .  T h e  ^ - v a l u e s ,  i n  t h e

TABLE 2. CANONICAL ANALYSIS AND D ER IV ED  ROASTING
P R O C E S S  VARIABLES FO R  OPTIM UM  H A R D N ESS 
AT D IFFE R E N T  w , AND w , VALUES

B e n g a lg r a m
S ta tio n a ry  p o in ts 1 9 3 .4°C 2 .6  m in  E s tim a te d
X -values 3 .8 -0 .0 0 1  h a rd n e s s

w i W2 x ,
(°C)

x ,
(m in)

(Kg)

0 0 1 9 3 .4 2 .6 8 .2
1 0 1 9 3 .4 3 .6 1 2 .0
0 1 1 9 4 .4 2 .5 8 .2
0 10 2 0 3 .4 2 .4 8.1
0 15 2 0 8 .4 2 .3 7 .9
0 2 0 2 1 3 .4 2 .3 7 .7
0 2 5 2 1 8 .4 2 .2 7 .5
0 3 0 2 2 3 .4 2.1 7.1
0 5 0 2 4 3 .4 1.8 5 .2
0 6 0 2 5 3 .4

M a iz e

1.6 3 .9

S ta t io n a iy  p o in ts  
X -values

2 1 9 .1 °C
1.4

2 .4  m in  
-0 .0 0 3

0 0 2 1 9 .1 2 .4 9 .9
1 0 2 1 9 .1 3 .4 11 .3
0 1 2 2 0 .1 2 .4 9 .9
0 10 2 2 9 .1 2 .3 9 .6
0 15 2 3 4 .1 2 .3 9 .2
0 2 0 2 3 9 .1 2 .2 8 .7
0 2 5 2 4 4 .1 2.1 8 .0
0 3 0 2 4 9 .1 2.1 7 .2
0 31 2 5 0 .1

S o y b e a n

2.1 7 .0

S ta t io n a iy  p o in ts  
X -values

197 .9°C
-0 .0 0 2

0 .7  m in  
-1 .2 8 7

0 0 1 9 7 .9 0 .7 8 .5 6 9
0 1 1 9 7 .9 1.7 7 .3
0 2 1 9 7 .9 2 .7 3 .5
1 1 1 9 8 .9 1.7 7 .3
1 0 1 9 8 .9 0 .7 8 .5 6 7
2 0 1 9 9 .9 0 .7 8 .5 6 1

-1 -1 196 .9 -0 .4 7 .3
-1 0 1 9 6 .9 0 .6 8 .5 6 7
-2 0 1 9 5 .9 0 .6 8 .5 6 1

e q u a t i o n s  7  a n d  8 .  a r e  '+ v e '  a n d  m o r e  t h a n  t h e  
X2- v a l u e s .  T h i s  i m p l i e s  t h a t  t h e r e  w i l l  b e  a  r a p i d  
c h a n g e  i n  t h e  h a r d n e s s ,  i f  t h e  a x i s  a l o n g  t h e  w ,  
d i r e c t i o n  i s  c h a n g e d  ( i n  + v e  a n d  - v e  d i r e c t i o n s ) .  
I n  c a s e  o f  Bengdigram, i f  t h e  a x i s  i s  c h a n g e d  i n  
t h e  W j d i r e c t i o n  ( i . e . ,  t e m p e r a t u r e  a x i s ) ,  t h e  t i m e  
i n c r e a s e s  r a p i d l y  a n d  g o e s  b e y o n d  t h e  e x p e r i m e n t a l  
r a n g e  a n d  a l s o ,  r e s u l t s  i n  t h e  i n c r e a s e  i n  t h e  
h a r d n e s s  ( T a b l e  2 ) .  H e n c e ,  t h e  t e m p e r a t u r e  a x i s  
c a n n o t  b e  c h a n g e d  a t  a l l .  T o  g e t  t h e  d e s i r e d  h a r d n e s s  
w i t h i n  t h e  e x p e r i m e n t a l  r a n g e ,  o n l y  w 2 c a n  b e  
c h a n g e d .  T h e  m i n i m u m  h a r d n e s s  i s  d e s i r e d  i n  c a s e  
o f  r o a s t e d  g r a i n s ,  i f  t h e y  a r e  c o n s u m e d  a s  s u c h .  
S o ,  w e  c a n  s e l e c t  a n y  t e m p e r a t u r e  a n d  t i m e  
c o m b i n a t i o n  f o r  w ,  =  0  a n d  w 2 =  1 0 - 5 0  i n  t h e  c a s e  
o f  B e n g a lg r a m  a n d  w 2 =  1 0 - 3 0  i n  t h e  c a s e  o f  m a i z e .  
I n  t h e  c a s e  o f  s o y b e a n ,  t h e  s t a t i o n a r y  p o i n t  i s  o f  
m a x i m u m  r e s p o n s e ,  i . e . ,  h a r d n e s s  a s  b o t h  t h e  X- 
v a l u e s  a r e  ’- v e ' .  F r o m  t h e  d e v e l o p e d  c a n o n i c a l  
e q u a t i o n s ,  i t  i s  o b v i o u s  t h a t  a n y  d e v i a t i o n  f r o m  t h e  
s t a t i o n a r y  p o i n t  w i l l  r e d u c e  t h e  h a r d n e s s .  I t  i s  
e m p h a s i z e d  t h a t  t h e  s e n s o r y  q u a l i t i e s  o f  t h e  p r o d u c t  
m u s t  b e  t a k e n  i n t o  a c c o u n t ,  w h i l e  s e l e c t i n g  a n y  
t e m p e r a t u r e  a n d  t i m e  c o m b i n a t i o n  f o r  r o a s t i n g  o f  
g r a i n s .
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Surveillance on Artificial Colours in Food Products 
Marketed in Calcutta and Adjoining Areas

G . B IS W A S * , S .  S A R K A R  A N D  T .K . C H A T T E R J E E
C e n t r a l  F o o d  L a b o r a t o r y ,  C a l c u t t a  -  7 0 0  0 1 6 ,  I n d i a .

V a rio u s  ty p e s  o f  p re p a re d  fo o d s tu ffs  w e re  a n a ly s e d  fo r d e te c tio n  a n d  e s t im a t io n  o f  th e  a d d e d  s y n th e t ic  c o lo u r in g  
m a t te r s .  T h e  q u a n t i t ie s  o f  p e rm itte d  c o lo u r in g  m a t te r s  in  ja m , je lly , a n d  s w e e ts  w e re  fo u n d  to  b e  w ith in  th e  r a n g e  
o f  1 8 -2 2 0  p p m . O n ly  in  few  c a s e s  (6.6% ), th e  s t a tu to r y  lim it w a s  e x ceed ed . I n s ta n c e s  o f  u s e  o f  n o n -p e rm it te d  c o lo u rs  
a n d  c o lo u rs  a b o v e  p e rm is s ib le  lim its  w e re  h ig h e r  in  c a s e  o f  foods m a d e  b y  in t in c r a n t  v e n d o rs ,  u n o rg a n is e d  s e c to r s ,  
sm a ll  a n d  c o tta g e  s c a le  in d u s tr ie s .
K e y w o rd s  : N o n -p e rm itte d  c o lo u rs ,  E x c e ss  p e rm itte d  c o lo u rs , T oxic  c o lo u rs , In frin g e  P .F .A ., C o n v e n ie n c e  food.

N o n - p e r m i t t e d  c o l o u r s ,  e x c e s s i v e  a m o u n t s  o f  
p e r m i t t e d  c o l o u r s  ( P F A  1 9 9 2 )  a n d  i n c l u s i o n  o f  
c o l o u r  i n  t h o s e  f o o d s  w h i c h  a r e  n o t  p e r m i t t e d  t o  
c a r r y  c o l o u r ,  m a y  c o n s t i t u t e  s e r i o u s  p u b l i c  h e a l t h  
h a z a r d s  a n d  a l s o  i n f r i n g e  r e g u l a t o r y  p r o v i s i o n s ,  
b e s i d e s  b e i n g  t o x i c  ( K h a n n a  e t  a l .  1 9 7 3 ,  1 9 8 0 ) .  T h e  
p r e s e n t  s u r v e y  w a s  u n d e r t a k e n  t o  f i n d  o u t  t h e  
e x t e n t  o f  f r a u d u l e n t  u s e  o f  s y n t h e t i c  c o l o u r s  i n  a  
f e w  i t e m s  o f  f o o d  a r t i c l e s  ( c o n v e n i e n c e  f o o d ) ,  
w h e r e i n  o n l y  p e r m i t t e d  s y n t h e t i c  c o l o u r s  i n  
p r e s c r i b e d  l i m i t s  c a r .  b e  u s e d .

T h e  m o n i t o r i n g  h a s  b e e n  d o n e  f o r  p r o d u c t s  
m a n u f a c t u r e d  b y  o r g a n i s e d  a n d  u n o r g a n i s e d  s e c t o r s  
a n d  t h e  s a m p l e s  w e r e  c o l l e c t e d  f r o m  4 3 0  s h o p s  i n  
C e n t r a l  C a l c u t t a ,  s u b u r b a n  a r e a s  a n d  r a i l w a y  
s t a t i o n s  i n  C a l c u t t a ,  o v e r  a  p e r i o d  o f  o n e  y e a r .  
S a m p l e s  i n c l u d e d  f o o d  i t e m s  v i z . ,  c o n f e c t i o n e r y ,  
s n a c k s ,  s w e e t m e a t s ,  b e v e r a g e s ,  j a m ,  j e l l y  a n d  
s i m i l a r  p r o d u c t s .  T h e r e  w a s  n o  s t a t i s t i c a l  s a m p l i n g  
a s  s u c h .  T h e  s a m p l e  c o l l e c t i o n  i n v o l v e d  a  b i a s  i n  
t h a t  t h e  s u s p i c i o u s  s a m p l e s  ( t h o s e  s u s p e c t e d  o f  
h a v i n g  s t a t u t o r y  i n f r i n g e m e n t s )  w e r e  o n l y  l i f t e d ,  a s  
d o n e  b y  t h e  f o o d  i n s p e c t o r  f o r  s u r v e i l l a n c e  p u r p o s e s .

T h e  s t a n d a r d  m e t h o d s  o f  P e a r s o n  ( 1 9 9 0 )  a n d  
A P A  ( 1 9 6 0 )  w e r e  f o l l o w e d  f o r  d e t e c t i o n  a n d  e s t i m a t i o n  
o f  c o l o u r s  i n  t h e  s a m p l e s .  F o o d s ,  a s  e x a m i n e d  i n  
t h e  p r e s e n t  s t u d i e s ,  a r e  o f  d i f f e r e n t  t y p e s  a n d  h a v e  
d i v e r s e  c h e m i c a l  c o m p o s i t i o n .  D y e - b i n d i n g ,  b e i n g  a  
c o m p l e x  p r o c e s s  i n  f o o d  m a t r i x ,  s u i t a b l e  
m o d i f i c a t i o n s  w e r e  m a d e  f o r  i s o l a t i o n  o f  t h e  d y e s  
q u a n t i t a t i v e l y .  I n  t h e  p r e s e n t  m e t h o d ,  5 - 1 0  g  
s a m p l e  w a s  e x t r a c t e d  w i t h  p e t r o l e u m  e t h e r  t o  
r e c o v e r  f a t s  a n d  f a t  s o l u b l e  c o l o u r s .  T h e  l a t t e r ,  i f  
a n y ,  w a s  a n a l y s e d  b y  c o l o u r  r e a c t i o n s  a n d  
c h r o m a t o g r a p h y .  T h e  r e s i d u e  w a s  f u r t h e r  e x t r a c t e d  
e i t h e r  w i t h  7 0 %  a c e t o n e  o r  w a s  a c i d i f i e d  w i t h  1 m l  
o f  2  M  h y d r o c h l o r i c  a c i d  a n d  t r e a t e d  w i t h  5 0  m l  
o f  n - b u t a n o l  o r  i s o - a m y l  a l c o h o l ,  s h a k e n  o c c a s i o n a l l y
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o n  w a t e r  b a t h  ( s w e e t m e a t ,  i c e - c r e a m ,  c u s t a r d  
p o w d e r ) .  T h e  c o l o u r  f r o m  t h e  b u t a n o l  l a y e r  w a s  r e 
e x t r a c t e d  w i t h  1 %  a q u e o u s  a m m o n i a  s o l u t i o n .  
B u t a n o l  w a s  c o m p l e t e l y  r e m o v e d  b y  w a s h i n g  w i t h  
d i e t h y l  e t h e r  a n d  f i n a l l y  e x c e s s  a m m o n i a  a n d  e t h e r  
w e r e  r e m o v e d  b y  g e n t l e  w a r m i n g .  C o l o u r  e x t r a c t s ,  
t h u s  o b t a i n e d  b y  e i t h e r  o f  t h e  m e t h o d ,  w e r e  f u r t h e r  
c l a r i f i e d  b y  u s i n g  a c t i v e  a l u m i n a  ( B D H ,  s t a n d a r d i s e d  
a c c o r d i n g  t o  B r o c k m a n n )  c o l u m n .  E l u t e s  w e r e  u s e d  
f o r  s e p a r a t i o n s  a n d  i d e n t i f i c a t i o n  b y  p a p e r  
c h r o m a t o g r a p h y .  A b s o r b a n c e  v a l u e s  o f  t h e  c o l o u r  
s o l u t i o n s  i n  0 . 1  N  h y d r o c h l o r i c  a c i d  a n d  n e u t r a l  
0 . 0 2 %  a m m o n i u m  a c e t a t e  ( b l u e  a n d  g r e e n  c o l o u r s )  
w e r e  u s e d  f o r  q u a n t i t a t i v e  d e t e r m i n a t i o n s  a s  p e r  
I S I  ( 1 9 8 5 )  m e t h o d .

T h e  o b s e r v a t i o n s  a r e  s u m m a r i s e d  i n  T a b l e  1 . 
T h i s  s u r v e y  o n  4 4 5  s a m p l e s  o f  c o n v e n i e n c e  f o o d s  
o f  d i v e r s e  c o m p o s i t i o n  r e v e a l e d  t h a t  6 2 . 9 %  o f  t h e  
s a m p l e s  c o n t a i n e d  p e r m i t t e d  c o l o u r s  w i t h i n  
p r e s c r i b e d  l i m i t s  o f  P F A  ( 1 9 9 2 )  r u l e s ,  w h i l e  5 1 . 1 %  
o f  t h e  s a m p l e s  c o n t a i n e d  c o l o u r s  b e l o w  1 0 0  p p m .  
H o w e v e r ,  o n l y  1 3 . 1 %  s a m p l e s  c o n t a i n e d  n o n -  
p e r m i t t e d  c o l o u r s .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  
m a n u f a c t u r e r s  o f  t h e  f o o d s  w h o  a d m i x  c o l o u r  
a b o v e  t h e  p e r m i s s i b l e  l i m i t s ,  a r e  n o t  t h e  o r g a n i s e d  
m a n u f a c t u r e r s  o r  r e p u t e d  e s t a b l i s h m e n t s .  T h e  
s w e e t s  f r o m  s m a l l  s h o p s ,  i n  g e n e r a l ,  c o n t a i n e d  
c o l o u r s  a b o v e  t h e  p e r m i s s i b l e  l i m i t .  I n  c a s e  o f  
c o n f e c t i o n e r y  a n d  b e v e r a g e s  t o o ,  s a m p l e s  f r o m  
s o m e  s t r e e t  h a w k e r s  o r  s m a l l  s h o p s  w e r e  f o u n d  
t o  c o n t a i n  s u c h  u n d e s i r a b l e  q u a n t i t i e s  o f  t h e  
c o l o u r s .

S u n s e t  y e l l o w ,  t a r t r a z i n e ,  c a r m o i s i n e ,  b l u e  
F C F ,  p o n c e a u  4  R  a r e  t h e  i d e n t i f i e d  p e r m i t t e d  
s y n t h e t i c  c o l o u r s ,  p l a c e d  i n  a n  o r d e r  o f  d e c r e a s i n g  
f r e q u e n c y  o f  o c c u r r e n c e ,  i n  t h e  s a m p l e s  e x a m i n e d .  
A m a r a n t h  ( w h i c h  h a s  b e e n  d e l e t e d  f r o m  t h e  
p e r m i t t e d  l i s t  f r o m  A u g u s t  1 9 9 1  P F A  1 9 9 2 ) ,  o r a n g e  
I I ,  m e t a n i l  y e l l o w ,  r h o d a m i n  B ,  C o n g o  r e d ,  b l u e
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TABLE 1. SUMMARY O F  SU RV EY  O F  ARTIFICIAL C O LO U R S 
IN VARIOUS C O N V EN IEN C E FO O D S

Category Samples Samples Samples containing Range of 
analysed containing permitted colours permitted

n o n - W ithin Above co lour con-
p erm itted PFA PFA ce n tra tio n s .
co lours lim it lim it ppm

Toffees, 6 0 7 4 2 2 5 0  - 2 2 5
ch o co la te s , 
h a rd  bo iled
s u g a r
co n fec tio n ery

B isc u its 3 0 2 14 0 2 5  - 152
C ake, p a s try 5 0 2 3 5 5 4 5  - 2 2 7

a n d  like 
p ro d u c ts

F ried  s n a c k s 3 0 3 8 0 2 5  - 122
M ilk -based 5 0 8 3 4 1 4 5  - 2 2 0

sw ee ts  
Desan a n d 5 0 21 2 2 0 3 5  - 112

w h e a t-b a s e d
sw ee ts

R ead v -to -se rv e 4 0 3 3 0 0 15 - 135
b e v erag es

B everage 2 5 5 5 15 10 - 2 3 7
c o n c e n tra te s

Ice-can d y , ice- 6 0 8 3 8 10 3 5  - 2 3 5
c re a m  a n d  like
p ro d u c ts  

J a m  a n d  je lly 2 5 0 2 5 0 18 - 141
C u s ta rd  p o w d e r  2 5 0 2 5 2 5 3 0 0  - 7 3 0
a n d  like p ro d u c ts

V R S  a r e  t h e  i d e n t i f i e d  n o n - p e r m i t t e d  c o l o u r s  i n  t h e  
s a m p l e s  e x a m i n e d .  A n  u n i d e n t i f i e d  c h o c o l a t e  b r o w n  
c o l o u r  w a s  f o u n d  i n  f e w  h a r d  b o i l e d  c o n f e c t i o n e r y  
a n d  p a s t r y .  A  s u r v e y  o f  t h e  m a r k e t  f o r  a v a i l a b l e  
c o l o u r s  r e v e a l e d  t h a t  t h e  t o x i c  n o n - p e r m i t t e d  c o l o u r s  
i n  s m a l l  p a c k i n g s  w i t h  I S I  m a r k  ( t e x t i l e  c o l o u r s )  
a r e  a b u n d a n t l y  a v a i l a b l e  a n d  t h e s e  h a d  b e e n  u s e d  
b y  s o m e  v e n d o r s  a n d  m a n u f a c t u r e r s .

T h i s  s h o r t  t e r m  c o m p r e h e n s i v e  s u r v e y  r e v e a l e d  
t h e  f r e q u e n c y  o f  o c c u r r e n c e  o f  p e r m i t t e d  c o l o u r i n g  
m a t t e r s  a s  w e l l  a s  f r a u d u l e n t  u s e  o f  n o n - p e r m i t t e d  
d y e s  i n  s o m e  c o n v e n i e n c e  f o o d s  a v a i l a b l e  i n  a n d  
a r o u n d  C a l c u t t a .  T h e  r e s u l t s  m a y  b e  h e l p f u l  t o  
s p e c i f y  n e w  r a n g e  o f  p e r m i t t e d  c o l o u r s  u n d e r  t h e  
P F A  r u l e s .  U s e d  n o n - p e r m i t t e d  d y e s  l i k e  m e t a n i l  
y e l l o w ,  o r a n g e  I I  a n d  r h o d a m i n  B ,  a r e  r e p o r t e d  t o  
b e  c a r c i n o g e n i c  ( F S C  1 9 8 0 ) .  A  s y s t e m a t i c  a p p r o a c h  
t o  e v a l u a t e  t h e  f r e q u e n c y  o f  o c c u r r e n c e  o f  t o x i c  
n o n - p e r m i t t e d  c o l o u r s  a n d  p e r m i t t e d  c o l o u r s  i n  
e x c e s s i v e  a m o u n t s  i n  v a r i o u s  f o o d  p r o d u c t s  i n  I n d i a  
h a s  a l r e a d y  b e e n  u n d e r t a k e n  b y  I n d i a n  C o u n c i l  o f  
M e d i c a l  R e s e a r c h  a n d  D i r e c t o r - G e n e r a l  o f  H e a l t h  
S e r v i c e s .  I t  i s  f e l t  t h a t  p r o p e r  p r o g r a m m e  s h o u l d  
b e  u n d e r t a k e n  t o  e d u c a t e  t h e  p e o p l e  r e g a r d i n g  
t h e s e  l a w s  a n d  t h e  i l l - e f f e c t s  o f  u s i n g  n o n - p e r m i t t e d  
c o l o u r s  a s  w e l l  a s  p e r m i t t e d  c o l o u r s  a b o v e  t h e  
p e r m i s s i b l e  l i m i t s .

R e f e r e n c e s
APA (1960) S e p a r a t io n  a n d  Id e n tif ic a tio n  o f  F o o d  C o lo u rs  

P e rm itte d  in  F ood R e g u la tio n  -1 9 5 7 , A s s o c ia tio n  o f  P u b lic  
A n a ly s ts , L o n d o n

FSC  (1980) F in a l R e p o r t o f  th e  S c ie n tif ic  C o m m itte e : P ro p o se d  
S y s te m  o f  F oo d  S a fe ty  A s s e s s m e n t  F oo d  S a fe ty  C o u n c il, 
W a sh in g to n , DC

ISI (1985) ISI H a n d b o o k  o f  F oo d  A n a ly s is , P a r t-  XTV, In d ia n  
S ta n d a r d s  I n s t i tu t io n ,  N ew  D e lh i 

K h a n n a  SK, S in g h  G B , S in g h  S B  (1973 ) N o n -p e rm itte d  c o lo u rs  
in  food a n d  th e i r  to x ic ity . J  F o o d  S c i T e c h n o l 10: 3 3 -3 6  

K h a n n a  SK, S in g h  G B , K r is h n a m u r th y  C R  (1980) T ox icity  
p ro file s  o f  s o m e  c o m m o n ly  e n c o u n te r e d  food c o lo u rs .  J  F ood 
S c i T c c h n o l 17: 9 5 -1 0 3

P e a rs o n  D (1990) C o m p o s itio n  a n d  A n a ly s is  o f  F o o d s , 9 t h  ed , 
L o n g m an  S c ie n tif ic  T e c h n ic a l  G ro u p  (UK), L o n d o n  

PFA (1992) P re v e n tio n  o f  F oo d  A d u lte r a t io n  A c t 1 9 5 4 , 1 3 th  ed . 
E a s te r n  B ook  C o m p a n y , L u c k n o w

R e c e iv e d . 1 2  S e p te m b e r  1 9 9 2 ;  r e v i s e d  5  J u ly  1 9 9 3 ;  a c c e p te d  1 2  J u ly  1 9 9 3
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D i v i s i o n  o f  F r u i t s  a n d  H o r t i c u l t u r a l  T e c h n o l o g y ,
I n d i a n  A g r i c u l t u r a l  R e s e a r c h  I n s t i t u t e ,  N e w  D e l h i  -  1 1 0  0 1 2 ,  I n d i a .

E s s e n t ia l  o ils  fro m  s p ic e s  v iz ., g in g er, c u m in , ajowain, c o r ia n d e r ,  b a s i l ,  c love a n d  m u s t a r d  a s  w ell a s  e u g e n o l 
sh o w e d  v a r io u s  d e g re e s  o f  in h ib it io n  a g a in s t  Aspergillus niger, Saccharomyes cerevisiae, Mycoderma s p . ,  Lactobacillus 
acidophilus a n d  Bacillus cereus, a s  d e te rm in e d  b y  p a p e r  d is c  a g a r  d if fu s io n  m e th o d . Mycoderma s p .  w a s  th e  m o s t  
s u s c e p tib le ,  w h ile  Bacillus cereus w a s  m o s t  r e s i s t a n t  to w a rd s  a ll th e  sp ic e  e s s e n t ia l  o ils . G r e a te r  a n t im ic ro b ia l  a c tiv ity  
w a s  o b se rv e d  in  a l ly l- is o - th io c y a n a te  (volatile  oil o f  m u s ta rd ) ,  follow ed b y  oil o f  ajowain a n d  e u g e n o l, b o th  a t  a m b ie n t  
te m p e r a tu r e  a n d  37°C . T h e  o ils  fro m  o th e r  s p ic e s  w e re  le s s  effective.
K e y w o rd s  : S p ic e s , E s s e n t ia l  o ils . M ic ro o rg a n ism s , A n tim ic ro b ia l ac tiv ity

I n d i a  i s  k n o w n  f o r  i t s  p r o d u c t i o n  o f  s p i c e s .  
T h e s e  s p i c e s  a r e  g e n e r a l l y  u s e d  i n  a  p u l v e r i s e d  f o r m  
a s  c o n d i m e n t s  f o r  s e a s o n i n g  o r  g a r n i s h i n g  f o o d s  
a n d  b e v e r a g e s .  T h e s e  a r e  c o n s i d e r e d  t o  a c t  a s  
p r e s e r v a t i v e s ,  b e s i d e s  i m p r o v i n g  t e x t u r e  a n d  f l a v o u r  
o f  f o o d s  ( A y r e s  e t  a l .  1 9 8 0 ) .  S p i c e s  a r e  a l s o  u s e d  
i n  t h e  I n d i a n  s y s t e m  o f  m e d i c i n e  f o r  c h e c k i n g  a  
v a r i e t y  o f  i n t e s t i n a l  d i s o r d e r s  ( K r i s h n a m u r t h y  a n d  
S r e e n i v a s a m u r t h y  1 9 5 6 ) .  T h e  a r o m a t i c  a n d  p u n g e n t  
p r i n c i p l e s  i n  s p i c e s  a r e  d u e  t o  v o l a t i l e  o i l s  a n d  
o l e o r e s i n s  ( P r u t h i  1 9 8 0 ) .  T h e  p r e s e r v a t i v e  q u a l i t y  
o f  s p i c e s  w a s  a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  s o m e  
a c t i v e  a n t i m i c r o b i a l  p r i n c i p l e s  c o n t a i n e d  i n  t h e s e  
o i l s  ( S r e e n i v a s a m u r t h y  a n d  K r i s h n a m u r t h y  1 9 5 9 ) .  
S o m e  o f  t h e  s p i c e s ,  e i t h e r  i n  t h e  f o r m  o f  p o w d e r s ,  
e x t r a c t s  o r  o i l  ( S r e e n i v a s a m u r t h y  e t  a l .  1 9 6 0 ;  
S a l e e m  a n d  A l - D e l a i m y  1 9 8 2 ;  S e t h i  a n d  A n a n d
1 9 8 4 )  a r e  k n o w n  t o  c o n t r o l  m i c r o b i a l  s p o i l a g e  i n  
f o o d s .  T h e  i n f o r m a t i o n  o n  t h e  a n t i m i c r o b i a l  a c t i v i t i e s  
o f  t h e  s p i c e  e s s e n t i a l  o i l s  i s  r e s t r i c t e d  t o  m e r e l y  
a  f e w  s p i c e s .  ( W e b  a n d  T a n n e r  1 9 4 5 ;  A n d e r s o n  e t  
a l .  1 9 5 3 ;  C o n n e r  a n d  B e a c h u t  1 9 8 4 ) .  I n  t h e  p r e s e n t  
s t u d y ,  a n  a t t e m p t  w a s  m a d e  t o  f i n d  o u t  t h e  
a n t i m i c r o b i a l  p o t e n c y  o f  s e l e c t e d  s p i c e  e s s e n t i a l  o i l s  
a g a i n s t  a  f e w  i m p o r t a n t  m i c r o o r g a n i s m s  o f  s p o i l a g e  
a n d  h e a l t h  s i g n i f i c a n c e .

S p i c e  e s s e n t i a l  o i l s  o f  c u m i n  ( C u m in u m  
cym in u m ), a jo w a in  (T r a c h y s p e r m u m  a m m i  ), g i n g e r  
[Z in g iber o jjic in a le ), c o r i a n d e r  [C o r ia n d ru m  sa tiv u m ),  
b a s i l  ( O c im u m  b a s il ic u m )  a n d  c l o v e  [E u g e n ia  
c a r y o p h y llu s ) w e r e  o b t a i n e d  f r o m  t h e  N a t i o n a l  
B u r e a u  o f  P l a n t  G e n e t i c  R e s o u r c e s ,  N e w  D e l h i .  
A l l y l - i s o - t h i o c y a n a t e  ( v o l a t i l e  o i l  o f  m u s t a r d )  a n d  
e u g e n o l  ( M a y f a i r  a n d  C r o y d o n  C o . ,  E n g l a n d )  w e r e  
o b t a i n e d  f r o m  t h e  D i v i s i o n  o f  F r u i t s  a n d  H o r t i c u l t u r a l  
T e c h n o l o g y  o f  t h e  I n s t i t u t e .

L a c to b a c i l lu s  a c id o p h i lu s .  B a c i l lu s  c e r e u s ,  
S a c c h a r o m y c e s  c e r e v is ia e ,  M y c o d e r m a  s p .  a n d
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A s p e r g il lu s  n ig e r  w e r e  u s e d  a s  t e s t  o r g a n i s m s  t o  
s t u d y  t h e  a n t i m i c r o b i a l  a c t i v i t y  o f  t h e  s p i c e  e s s e n t i a l  
o i l s .  M y c o d e r m a  s p . ,  B . c e r e u s  a n d  L . a c id o p h ilu s  
a r e  f r o m  t h e  c o l l e c t i o n  m a i n t a i n e d  i n  t h e  I n s t i t u t e .  
T h e s e  h a v e  b e e n  i s o l a t e d  f r o m  s p o i l e d  f r u i t s  a n d  
v e g e t a b l e  p r o d u c t s .  A .  n ig e r  w a s  o b t a i n e d  f r o m  
N a t i o n a l  T y p e  C u l t u r e  C o l l e c t i o n s  o f  t h e  D i v i s i o n  
o f  M y c o l o g y  a n d  P l a n t  P a t h o l o g y  o f  t h e  I n s t i t u t e .  
S .  c e r e v is ia e  w a s  o b t a i n e d  f r o m  H a r y a n a  A g r i c u l t u r a l  
U n i v e r s i t y ,  H i s a r .  T h e s e  c u l t u r e s  w e r e  m a i n t a i n e d  
a t  4 ° C  b y  s u b c u l t u r i n g  e v e r y  t w o  m o n t h s .

B e f o r e  u s e ,  s p i c e  e s s e n t i a l  o i l s  w e r e  t e s t e d  f o r  
t h e  p r e s e n c e  o f  m i c r o o r g a n i s m s .  T h i s  t e s t  f o r  
s t e r i l i t y  c o n s i s t e d  o f  i n o c u l a t i n g  e a c h  s p i c e  o i l  
( p u r e )  ( a b o u t  0 . 1  m l )  o n  p o t a t o - d e x t r o s e - a g a r ,  
m y c o p h i l - a g a r ,  l a c t o b a c i l l u s - a g a r  a n d  n u t r i e n t - a g a r  
s l a n t s  ( S e e l e y  a n d  V a n D e m a r k  1 9 7 0 ;  A m o n k a r  e t  
a l .  1 9 7 8 ) ,  i n c u b a t i o n  a t  3 7 ° C  a n d  r o o m  t e m p e r a t u r e  
( 2 5 - 3 0 ° C )  f o r  3 - 4  d a y s .  A n t i m i c r o b i a l  a c t i v i t y  w a s  
t e s t e d  b y  f i l t e r  p a p e r  d i s c  d i f f u s i o n  m e t h o d  a s  
d e s c r i b e d  b y  L a h a r i y a  a n d  R a o  ( 1 9 7 9 ) .  T e s t  
o r g a n i s m s  ( l x  1 0 s  c e l l s  o r  s p o r e s / m l )  w e r e  i n o c u l a t e d  
i n t o  t h e  s p e c i f i c  p l a t i n g  a g a r  m e d i a  ( H i  M e d i a ,  
B o m b a y )  a t  6 %  ( v / v )  l e v e l  a n d  p o u r e d  i n t o  s t e r i l e  
p e t r i  p l a t e s  c o n t a i n i n g  1 5  m l  a g a r  m e d i u m .  T h e  
p l a t i n g  m e d i a  u s e d  w e r e  l a c t o b a c i l l u s - a g a r  f o r  L . 
a c id o p h ilu s ,  n u t r i e n t - a g a r  f o r  B . c e r e u s ,  m y c o p h i l  
- a g a r  ( g l u c o s e - y e a s t  e x t r a c t - a g a r )  f o r  A .  n ig e r  a n d  
p o t a t o - d e x t r o s e - a g a r  f o r  b o t h  S .  c e r e v i s ia e  a n d  
M y c o d e r m a  s p .  A n  a p p r o p r i a t e  n u m b e r  o f  s m a l l  
s t e r i l e  d i s c s  o f  f i l t e r  p a p e r  ( 3 - 4  m m  d i a )  w e r e  d i p p e d  
i n  s p i c e  e s s e n t i a l  o i l s  ( p u r e )  f o r  p l a c i n g  o n  t h e  
i n o c u l a t e d  m e d i u m .  I n  c a s e  o f  c o n t r o l  p l a t e s ,  t h e  
d i s c s  w e r e  d i p p e d  i n  s t e r i l e  w a t e r .  O n e  s e t  o f  p l a t e s  
w a s  i n c u b a t e d  a t  r o o m  t e m p e r a t u r e  ( 2 5 - 3 0 ° C )  a n d  
t h e  o t h e r  a t  3 7 ° C  f o r  7  d a y s .  T h e  o b s e r v a t i o n s  f o r  
g r o w t h  o r  i n h i b i t i o n  w e r e  r e c o r d e d  a t  a n  i n t e r v a l  
o f  2 4  h  u p t o  7  d a y s .  T h e  p r e s e n c e  o f  d e f i n i t e  z o n e  
( h i g h e r  t h a n  3  m m )  o f  i n h i b i t i o n ,  s u r r o u n d i n g  t h e
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p a p e r  d i s c s ,  w a s  t a k e n  a s  a n  i n d i c a t o r  o f  t h e  
a n t i m i c r o b i a l  a c t i v i t y .  T h e  d i a m e t e r  o f  t h e  z o n e  w a s  
m e a s u r e d  i n  m m .  A l l  t h e  t e s t s  w e r e  c o n d u c t e d  i n  
d u p l i c a t e .

I t  i s  e v i d e n t  f r o m  t h e  d a t a  ( T a b l e  1) t h a t  a l l  
t h e  s p i c e  e s s e n t i a l  o i l s  s h o w e d  v a r y i n g  i n h i b i t i o n s  
o f  t h e  t e s t  o r g a n i s m s .  T h e  s p i c e  e s s e n t i a l  o i l s .

s u s c e p t i b l e  t o  t h e  a n t i m i c r o b i a l  e f f e c t  o f  a  g i v e n  
o i l  ( C o n n e r  a n d  B e a c h u t  1 9 8 4 ) .

M y c o d e r m a  h a s  b e e n  f o u n d  t o  b e  o n e  o f  t h e  
m i c r o o r g a n i s m s  r e s p o n s i b l e  f o r  s p o i l a g e  o f  l a c t i c  
f e r m e n t e d  f r u i t s  a n d  v e g e t a b l e s  d u r i n g  t h e  s t o r a g e  
s t u d i e s  ( M i k k i  1 9 7 1 ;  S e t h i  a n d  A n a n d  1 9 8 4 ) .  S o m e  
o f  t h e  l a c t o b a c i l l i  a r e  a l s o  r e s p o n s i b l e  f o r  t h e

TABLE 1. ANTIM ICROBIAL ACTIVITY O F  S P IC E  ESSEN TIA L O ILS AND EU G E N O L  AT 37°C  AND R O O M  T EM PE R A T U R E  (25-30°C )

S p ice T e s t  o rg a n is m s
oil A. niger lì. cereus L. acidophilus Mycoderma sp . S . cerevisiae

RT 37°C RT 37°C R T 37°C  
(zone  o f  in h ib itio n * ,

RT
m m )

37°C RT 37°C

Ajowain 
M u sta rd  (Ally

8 0 8 0 8 6 NS N S 8 0 8 0 6 4

-iso -th io cy n a te ) 6 8 8 0 8 0 8 0 8 0 8 0 8 0 8 0 8 0
B asil 8 9 9 7 5 5 NS N S 6 7
C o ria n d e r 0 NS NS NS 5 4 9 8 0 N S
C u m in N S 4 8 7 4 5 11 10 4 5
Clove 10 10 6 7 14 1 10 11 2 0 18
G in ger 0 10 NS NS 4 NS NS NS 0 NS
E u g en o l 8 0 8 0 8 7 16 15 16 16 3 0 2 8

* In h ib itio n  z o n e  d o e s  n o t  in c lu d e  th e  d ia m e te r  o f  th e  f ilte r  p a p e r  d is c s .  NS in d ic a te s  1 to  3  m m  z o n e  o f  in h ib i t io n  (n o n -s ig n if ic a n t)

w h i c h  e x h i b i t e d  h i g h e s t  a n t i m i c r o b i a l  a c t i v i t y ,  w e r e  
a l l y l - i s o - t h i o c y a n a t e  ( m u s t a r d  v o l a t i l e  o i l ) ,  e u g e n o l  
a n d  o i l s  f r o m  a jo w a in  a n d  c l o v e .  T h e  o i l s  o f  g i n g e r ,  
b a s i l ,  c u m i n  a n d  c o r i a n d e r  w e r e  l e s s  e f f e c t i v e  
a g a i n s t  t h e  t e s t  o r g a n i s m s .  S u r e s h  e t  a l  ( 1 9 9 2 )  
f o u n d  t h a t  e u g e n o l  p o s s e s s e d  i n h i b i t o r y  e f f e c t  
a g a i n s t  E sc h e r ic h ia  coli, S ta p h y lo c o c c u s  a u r e u s .  
B a c illu s  s p . .  M icro co ccu s  s p . ,  E n te r o b a c te r  s a k a z a k i  
a n d  K le b s ie lla  p n e u m o n ia e ,  w h i c h  w e r e  a l l  r e s i s t a n t  
t o  a n t i b i o t i c s .

A m o n g  t h e  t e s t  o r g a n i s m s  s t u d i e d  i n  t h e  
p r e s e n t  s t u d y ,  M y c o d e r m a  s p .  w a s  m o s t  s u s c e p t i b l e  
t o  t h e  s p i c e  e s s e n t i a l  o i l s ,  w h i l e  B . c e r e u s  w a s  
c o m p a r a t i v e l y  m o s t  r e s i s t a n t  ( T a b l e  1 ) . I t  i s  i n d i c a t e d  
t h a t  t h e  o i l s  m a y  h a v e  v a r i o u s  m o d e s  o f  a c t i o n  o r  
t h a t  m e t a b o l i s m  i n  s o m e  m i c r o o r g a n i s m s  i s  b e t t e r  
a b l e  t o  o v e r c o m e  o r  a d o p t  t o  a n  a n t i m e t a b o l i c  e f f e c t  
o f  a  g i v e n  o i l ,  t h a n  t h a t  i n  o t h e r  m i c r o o r g a n i s m s .  
T h i s  d e g r e e  o f  i n h i b i t i o n  m a y  b e  r e l a t e d  t o  t h e  c e l l  
w a l l  c o m p o s i t i o n  a n d / o r  p e r m e a b i l i t y  c h a r a c t e r i s t i c s  
( C o n n e r  a n d  B e a c h u t  1 9 8 4 ) .  T h e  s e n s i t i v i t y  o f  
m i c r o o r g a n i s m s  i n  a s c e n d i n g  o r d e r  i s  B  c e r e u s . L. 
a c id o p h ilu s , S . c e r e v is ia e , A . n ig e r  a n d  M y c o d e r m a  
s p .  E a c h  m i c r o o r g a n i s m  r e s p o n d e d  d i f f e r e n t l y  t o  
v a r i o u s  o i l s .  S u c h  d i f f e r e n c e s  i n  m o d e  o f  a c t i o n  a n d  
t h e  c h a n g e s  i n  t h e  m e t o b o l i s m  h a v e  b e e n  l i n k e d  
t o  t h e  a b i l i t y  o f  m i c r o o r g a n i s m  t o  r e s i s t  o r  b e c o m e

s p o i l a g e  o f  f r u i t  j u i c e s  ( S h a r m a  a n d  P a d w a l - D e s a i
1 9 8 8 ) .  T h e  o t h e r  t e s t  m i c r o o r g a n i s m s  e m p l o y e d  i n  
t h e  p r e s e n t  s t u d y  a r e  k n o w n  t o  h a v e  f o o d  s p o i l a g e  
s i g n i f i c a n c e  ( A m o n k a r  e t  a l .  1 9 7 8 ) .  T h e  a n t i m i c r o b i a l  
a c t i v i t y  o f  t h e  s p i c e  e s s e n t i a l  o i l s ,  a s  o b s e r v e d  i n  
t h e  p r e s e n t  s t u d y ,  t h u s ,  i s  o f  s i g n i f i c a n c e  i n  
p r e s e r v i n g  f o o d s  a n d  f o o d  p r o d u c t s .  I n  s p i c y  p r o d u c t s  
s u c h  a s  p i c k l e s ,  c h u tn e y s  a n d  s a u c e s ,  s p i c e  e s s e n t i a l  
o i l s  i n  v e r y  s m a l l  a m o u n t s  w i l l ,  t h u s ,  n o t  o n l y  
i n c r e a s e  t h e  p a l a t a b i l i t y  o f  f o o d ,  b u t  w i l l  a l s o  e n a b l e  
i n  r e d u c i n g  m i c r o b i a l  s p o i l a g e  d u r i n g  s t o r a g e .
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Compositional and Sensory Characteristics ofKachcha churpi
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K a c h c h a  c h u rp i, a traditional milk product, is prepared by coagulating skimmed or partially defatted cow or yak 
milk. K a c h c h a  c h u r p i  prepared from skim milk contained more protein (31.7%) than the products from buttermilk 
(18.5%) and defatted milk (28.2%). On sensory quality, it was found to be superior to other products, with respect 
to flavour, body, texture, colour, appearance and overall acceptability.
Keywords : K a c h c h a  c h u rp i. Traditional milk product. Manufacturing methods, Proximate composition. Sensory profiles. 

Chemical-sensory attributes relationship.

K a c h c h a  c h u r p i  a  low  fat chhana-like traditional 
m ilk product, is  com m on ly  co n su m ed  eith er a s  a 
condim ent or a s  an  ingredient o f curries in  Darjeeling  
district of W est B engal, S ikkim  and B h u ta n  (Tamang 
et al. 1988). T raditionally, it is  prepared by ch u rn in g  
co w /y a k  m ilk  or d a h i  in  a b am b oo c h u m , w arm ing  
(70-80°C) and th e  d efatted  m ilk, th u s  ob ta ined , is  
coagulated  w ith  w h ey  o f p revious day. The sou r  
butterm ilk  is  h ea ted  to 50 -60°C  for coagu lation . 
The w h ey is  drained  im m ed iately  an d  th e  coagu lu m  
is  tied  in  a clo th  an d  h u n g  overnight. N ow -a-days, 
sk im  m ilk  is  a lso  u se d  for its  preparation. The  
keeping quality o f k a c h c h a  c h u r p i  is  poor and h en ce  
n eed s to be co n su m ed  w ith in  2 -3  d ays. Its m arket 
price varies from  R s 2 0  to  4 0  p er kg. Limited  
in form ation  is  ava ilab le  in  litera tu re  o n  th e  
production  m eth o d s  an d  q u ality  a ttr ib u tes  o f  
k a c h c h a  c h u r p i  T he p resen t in vestigation  w a s, 
therefore, u n d er ta k en  to  s tu d y  th e  effect o f  
m an u factu ring m eth o d s on  ch em ica l an d  sen sory  
attributes o f th is  product.

A  total o f 3 0  sam p les , prepared from defatted  
cow  m ilk, b u tterm ilk  an d  sk im  m ilk  (10  sa m p les  
each), were p u rch ased  locally  and transported  to  
the lab orato iy  w ith in  6  h  in  iced  s ta in le ss  stee l 
containers, w ith  tightly  c lo sed  lids. T he sa m p les  
were kept overnight at 15°C before an a lyses.

The sa m p les  w ere an a lysed  for p rotein s, lactic  
acid, lactose , m oistu re , fat an d  titratable acidity, 
u sin g  stan dard  m eth o d s (M enelfee an d  O verm an  
1940; H arper and R andolph 1960; N ickerson  et al. 
1976; ISI 1979; AOAC 1990). T he a sh  con ten t w a s  
estim ated  b y  drying th e  sam p le  at 105°C, ign iting  
gently on  a flam e and ash in g  at 550±20°C  for 3  h

* C o rre sp o n d in g  A u th o r . * * P resen t A d d r e s s : ! l im u l  D a iry , M a tig ara -  
7 3 4  4 2 8 , D i s t  D a r je e lin g , In d ia

(ISI 1980). T he sa m p les  w ere a s s e s s e d  for flavour, 
b ody an d  texture, colour, a p p ea ran ce , an d  overall 
acceptab ility  u s in g  a 9 -p o in t H edonic sca le  (ISI
1971) by a p an el o f  sev en  tra in ed  ju d g e s . In order 
to determ ine the re la tion sh ip  b etw een  proxim ate  
com p osition  and sen so ry  a ttr ib u tes, th e  d ata  w ere  
su b jected  to  correlation  an d  regression  a n a ly se s  
(Croxton et al. 1975).

A s sh ow n  in  T able 1, sa m p le s  o f k a c h c h a  c h u r p i  
prepared from  sk im  m ilk  h ad  a low er (P<0.05) fat, 
b u t a h igher (P<0.05) p rotein  co n ten t, th a n  th o se  
p repared  from  b u tterm ilk  an d  d efa tted  m ilk .
TABLE 1. COMPOSITION OF K A C IIC IIA  C H U R P I PREPARED BY 

DIFFERENT METHODS
Constituents Product prepared from
(%, fresh Skim milk Buttermilk Defatted milk
weight basis)
Moisture 68.5b (0.7) 74.5* (0.6) 69.0b (0.4)
Proteins 31.7* (0.8) 18.5* (1.0) 28.2b (0.7)
Fat 0.4C (0.1) 3.8* (0.4) 2.0b (0.1)
Ash 1.6* (0.1) 1.5» (0.1) 1.6» (0.1)
Titratable acidity 0.9b (0) 1.5* (0.1) 0.9k (0)
Lactic acid 0.2b (0) 0.3* (0) 0.2b (0)
Values are means of 10 replicates. with SEM In parentheses.
Means with similar superscripts, within rows, are not significantly 
different (P<0.05).

H owever, w ith  resp ect to m o istu re , a sh  an d  acidity, 
there w a s  n o  difference (P<0.05) b etw een  th e  
sa m p les  prepared from  sk im  m ilk  a n d  defatted  
m ilk. O n the oth er h an d , th e  p rod u ct prepared  from  
b u tterm ilk  h ad  h igher (P<0.05) m o istu re , fat and  
acid ity , b u t low er (P<0.05) p rotein  co n ten t. In all 
th e sam p les , la c to se  co n ten t w a s  le s s  th a n  th e  
d etection  lim it. The coeffic ien ts  o f  varia tion  for fat 
an d  lactic  acid  c o n te n ts  o f  in d iv id u al sa m p les  were 
a s  h igh  a s  51 an d  37% , resp ectively , in  contrast
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to 18% for p rotein s, 29%  for a sh  and 17% for 
titratable acidity. K a c h c h a  c h u r p i  prepared from  
sk im  m ilk  and d efatted  m ilk , m et th e  legal 
requirem ents o f sk im  m ilk  c h h a n a  for m oistu re  (not 
m ore th an  70%) an d  fat (not m ore th a n  13% on  
dry m atter). M oderately h igh  lactic  acid  con ten t in  
the sa m p les  prepared from  b u tterm ilk  w a s  p ossib ly  
due to low  la cto se  con ten t in  th e  m ilk  u se d  for 
d a h i  m aking. T he con sid erab ly  h ig h er  (P<0.05) 
titratable acid ity in  th o se  sa m p les  cou ld  be d u e to 
exten sive protein  and fat h yd ro lysis, during and  
following production  o f k a c h c h a  c h u r p i  w ith  h igher  
m oisture con ten t.

D ata on  sen so ry  a ttr ib u tes o f k a c h c h a  c h u r p i  
are p resen ted  in  Table 2 . M ean flavour sco res  of 
the sa m p les  prepared from  sk im  m ilk  w ere superior  
to th o se  for other prod u cts. A  variation  (P<0.05) 
in  flavour score o f  the sa m p les  prepared from  
butterm ilk  w a s  observed. B ody and texture sco res  
of th e sa m p les  m ad e from  sk im  m ilk  w ere h igher  
(P<0.05) th an  the scores o f other products. Sim ilarly, 
the colou r and ap p earan ce sco res  of th e  sa m p les
TABLE 2. SENSORY SCORES OF K A C H C H A  C H U R P I PREPARED 

BY DIFFERENT METHODS

The relative con tr ib u tion s o f  fat (F), p ro te in s  
(P), a sh  (A), titratable acid ity  (TA) an d  la ctic  acid  
(LA) to flavour (FI), b od y an d  textu re  (BT) an d  
overall accep tab ility  (OA) o f k a c h c h a  c h u r p i  w ere  
stu d ied . The follow ing m u ltip le  lin ear  an d  log-lin ear  
regression  eq u ation s w ere ob ta in ed  :
FI = -0.997+0.381F+0.285P-0 .614A+0.065TA; R = 0.80
FI = 2.330+0.469F+0.253P-0.465A-10.671 LA; R = 0.81
BT = 1.669-0.588F+0.134P-0.265A+1.999TA; R = 0.70
OA = 3.971-0.012F+0.132P+0.577A- 1.252TA; R = 0.75
OA = -0 .395F 0029 ,P°-496 .A0181 .LA“0-463; R = 0.80

F at, p ro te in s , a sh  a n d  t itra ta b le  a c id ity  
exp lained  63 , 4 9  an d  56%  variability  in  flavour, 
b ody and textu re and overall accep tab ility  sco res , 
resp ectively  of k a c h c h a  c h u r p i

It w a s, th u s , evident th a t th e  m ark et sa m p les  
of k a c h c h a  c h u r p i  h a d  a v a ry in g  p ro x im a te  
com p osition  w ith  resp ect to  m o istu re , fat, p ro te in s  
an d  titratable acid ity , w h ich , in  tu rn , affected  th e  
overall se n so r y  a ccep ta b ility . H igh ly  d esira b le  
k a c h c h a  c h u r p i  p r o d u c e d  fro m  s k im  m ilk  
corresponded  w ith  low  m o istu re , fat an d  acid ity , 
b u t w ith  h igher protein  co n ten t.

Product prepared from
Attributes Skim milk Buttermilk Defatted milk
Flavour 7.3* (0.3)
Body and texture 8.4* (0.2)
Colour and

appearance 8.2* (0.3)
Overall acceptability 8.1* (0.3)

4.8b (0.4) 6.9* (0.3)
5.2b (0.4) 6.4b (0.4)
5.5b (0.3) 8.1* (0.3)
5.2b (0.4) 7.2“b (0.3)

Values are means of 10 replicates, with SEM in parentheses. 
Means with similar superscripts, within rows, are not significantly 
different (P<0.05).
m ade from  sk im  m ilk  w ere h igher (P<0.05) th a n  
th ose  for the sa m p les  from  butterm ilk . However, 
th ese  were equal for th e  sa m p les  from  defatted  
m ilk. K a c h c h a  c h u r p i  m ad e from  sk im  m ilk  w a s  
considered  by th e  ju d g e s  a s  a  com p act m a ss  of  
hard rubbery b od y w ith  a m ild  acid ic flavour. O n  
the other h an d , the sa m p les  m ad e from  b u tterm ilk  
were rated a s  h igh ly  acid ic, rancid  an d  having w eak  
body. T he sa m p les  m ad e from  defatted  m ilk  w ere  
rated in  b etw een  th ese  two.
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Saponin Content and Trypsin Inhibitor of Pea Cultivars: 
Effect of Dom estic Processing and Cooking Methods
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Two cultivars, each of field and vegetable peas, were found to contain considerable amounts of saponins 

(109-251 m g /100 g) and trypsin inhibitors (922-989 TIU/g). Processing methods such as sprouting, soaking, soaking 
plus dehulling as well as ordinary and pressure cooking of unsoaked, soaked-dehulied peas could bring about a significant 
(P<0.05) reduction in these antinutrients. Pressure cooking of soaked-dehulled pea seeds reduced the trypsin inhibitors 
by 90-95%, whereas germination for 48 h lowered the saponin content of peas by 67-84%.
Keywords : Peas, Saponins, Trypsin inhibitor activity, Dehulling, Sprouting, Pressure cooking.

Pea (P i s u m  s a t i v u m )  is  a n  excellen t sou rce  of 
proteins, d igestib le  carb o h yd rates an d  d ietary  
essen tia l m in era ls, b u t its  u tility  to h u m a n s is  
lim ited by th e p resen ce  o f an tin u tr ien ts su ch  a s  
phytic acid , sa p o n in s , try p sin  in h ib ito rs  and  
polyphenols (Savage and D eo 1989). It is  im portant 
to reduce th ese  an tin u tr ien ts so  a s  to im prove th e  
biological u tiliza tion  o f th e  food leg u m es. In India, 
legum e grains are generally p rocessed  and con su m ed  
in different form s, d ep en d in g  on  cu ltu re  and ta ste  
preferences. T he m o st com m on  d om estic  p rocessin g  
and cooking m eth o d s in c lu d e soak in g , deh ullin g , 
germ ination, ordinary an d  p ressu re  cooking. T h ese  
m ethod s m ay  red u ce th e  a n tin u tr ien ts  in  leg u m es, 
including p eas. W ith th is  p ersp ective, an  attem pt 
h a s b een  m ad e to  find  ou t su c h  effects on  the  
sap on in s and tryp sin  in h ib itor activ ity o f field a s  
w ell a s  vegetab le p eas.

S eed s o f tw o va rieties  each  o f th e  vegetab le  
('Bonneville' an d  'Arkel') and  field p ea s  ('HFP4' and  
'Rachna') w ere procured from  th e D ep artm en t of 
V egetables an d  P lant B reed ing of the U niversity. 
Selection  of th ese  va rieties  w a s  done on  the b a s is  
of high yield. After rem oving the ex tran eo u s m atter, 
seed s  were soa k ed  in  d ou b le d istilled  w ater for 6, 
12 and 18 h at 30°C  in  a n  in cu b ator, u s in g  seed  
to w ater ratio o f 1:5 (w /v). For d eh ullin g , th e  h u lls  
were rem oved m a n u a lly  from  the s e e d s  soak ed  
overnight for 12 h . In ordinary cook in g, the soak ed  
seed s (12 h) w ere r in sed  in  d ou b le d istilled  w ater  
and placed along w ith  w ater (three tim es th e w eight 
of soaked  seeds) in  a rou n d  m ou th ed  tall beaker, 
fitted w ith  co n d en ser , w h ich  w a s  con n ected  to cold  
running w ater. The s e e d s  w ere cook ed  o n  a hot 
plate, until th ey  b ecam e soft. U n so ak ed  se e d s  w ere  
also cooked sim ilarly, u s in g  seed  to w ater ratio of 
1:4 (w /v). T he tim e required for cook in g varied from
* C o rre sp o n d in g  A u th o r

8 3  to 106 m in  for d ifferent p ea  cu ltiva rs. In ca se  
of p ressu re  cook in g , b oth  so a k ed  (12 h  at 30°C) 
an d  u n so a k ed  se e d s  w ere p ressu re  cook ed  a t 121°C  
for 10 m in . In th is  c a se , th e  d iy  s e e d s  to  cook ing  
w ater ratio w a s 1:3 (w /v), w h erea s  it w a s  1:2 
(w /v) for soa k ed  se e d s . For sp rou tin g , th e  soak ed  
se e d s  (12 h) w ere p laced  in  ster ile  petri p la tes, lined  
w ith  w et filter p ap ers, an d  k ep t in  an  in cu b ator  
at 30°C  for 12, 2 4  an d  4 8  h.

All the p rocessed , i.e ., soa k ed , soa k ed -d eh u lled , 
ordinarily cook ed , p ressu re  cook ed  an d  sp rou ted , 
sa m p les  w ere dried in  oven  a t 60°C  to  a co n sta n t  
w eight. The dried sa m p le s  w ere grou n d  in  an  
electric grinder (C yclotec, M /S  T ecator, H ogan as, 
Sw eden), u s in g  0 .5  m m  siev e , an d  stored  in  air  
-tight p la stic  co n ta in ers  at room  tem peratu re for 
an alytica l p u rp o ses . S a p o n in  w a s  extracted  and  
determ ined  b y  th e  m odified  m eth od  o f G estetn er  
et al (1966). Trypsin inhibitor activity w a s  determ ined  
b y th e  m odified  m eth o d  o f R oy an d  R ao (1971). 
O ne u n it o f  tryp sin  w a s  defined  a s  th e  am o u n t of 
enzym e, w h ich  con verted  on e m g  c a se in  to TCA 
so lu b le  com p o n en ts at 37°C  an d  pH 7 .6  in  2 0  m in. 
The data w ere su b jected  to  a n a ly s is  o f  variance for 
determ ining significance o f d ifferences am ong various  
cu ltivars an d  trea tm en ts  accord in g  to  stan d ard  
m eth o d s (Panse and S u k h a tm e 1961).
S a p o n i n s  : S ap on in  c o n te n ts  varied  from  2 4 0  to  251  
an d  109  to 119 m g / 10 0  g  in  vegetab le  an d  field  
p ea varieties, resp ectively  (Table 1). After soak in g  
for varying p eriods, th e  sa p o n in  c o n te n ts  d ecreased  
sign ifican tly  (P<0.05), red u ctio n  b ein g  h igher in  
field p ea s  th a n  in  vegetab le  p ea s . D eh u llin g  o f th e  
soa k ed  se e d s  furth er b rou gh t ab o u t sign ifican t 
(P<0.05) lo s se s  o f  sa p o n in s , th e  lo s s e s  b e in g  h igher  
in  field  p ea s  a s  com p ared  to  vegetab le  p ea  varieties  
(Table 1). The lo s s e s  o f sa p o n in s  d u rin g  soak in g  
m ay be due to lea ch in g  o f sa p o n in s  in to  the w ater

7 3
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TABLE 1. EFFECT OF DIFFERENT PROCESSING AND COOKING METHODS ON SAPONIN CONTENT OF PEAS (m g/100 g, ON
DRY MATTER BASIS)*

Treatments Vegetable peas Field peas

Control
'Bonneville'
251.0+0.05

'Arkel'
240.010.05

'HFP4'
109.010.07

'Rachna'
119.010.07

Soaking (h)
6 241.2±0.05 232.610.11 99.010.03 108.610.02

12 230.910.08 222.510.01 90.510.01 98.210.02
18 186.510.02 182.410.02 60.510.03 76.510.04

Soaked (12 h) + dehulled 220.510.02 212.710.07 80.610.01 84.410.02
Ordinaiy cooking

Unsoaked 236.910.05 227.010.01 95.310.01 103.510.02
Soaked (12 h) 229.310.02 220.510.01 88.510.01 96.210.02
Soaked (12 h) + dehulled 181.510.01 177.610.01 55.310.02 75.210.02

Pressure cooking
Unsoaked 232.310.02 223.410.02 91.410.04 99.110.08
Soaked (12 h) 180.510.02 176.710.02 54.910.01 70.710.01
Soaked (12 h) + dehulled 160.510.02 156.410.03 34.510.07 55.210.02

Sprouting (h)
12 229.210.01 220.510.01 86.510.02 95.310.04
24 200.410.01 192.610.01 72.610.01 78.510.03
48 80.110.01 78.810.05 17.210.04 28.510.04

CD (P<0.05) 1.86 1.73 1.42 1.48
(Interaction between treatment and variety)

* Values are mean ± SD of three independent determinations

through diffusion. Sim ilar resu lts  have b een  reported  
by other w orkers in  a n  am p h id ip lo id s o f greengram  
x  blackgram  (Kataria et al. 1989) an d  p igeon  p ea s  
(D uhan 1992).

O rdinaiy a s  w ell a s  p ressu re  cook in g  ca u sed  
further sign ifican t red u ction  in  sa p o n in  con ten t of 
u n soak ed , soak ed  an d  soa k ed  p lu s  d eh u lled  pea  
cultivars (Table 1), th e  lo s s e s  b ein g  sign ifican tly  
higher in  p ressu re  cook ed  th a n  in  ordinarily cooked  
peas. P ressu re cook in g o f th e  soa k ed  an d  soak ed-  
dehulled  p ea s  cou ld  red u ce th e  sa p o n in s  upto 50  
to 68% in  different cu ltivars. H ence, p ressu re  
cooking of th e  soak ed  an d  d eh u lled  p ea s  appears  
to be m ore beneficia l over ordinary a s  w ell a s  
pressure cook ing o f soa k ed  or u n so a k ed  se e d s  for 
bringing a greater red u ction  in  sa p o n in s. L o sses  
during ord ina iy  or p ressu re  cook in g  m ay, p erh ap s, 
ind icate therm olabile n ature o f sa p o n in s. Not m u ch  
is  know n about th e  form ation  o f poorly extractable  
com plex b etw een  sa p o n in s  and su g a rs  or am ino  
acid s u p o n  cook in g  (Khokhar an d  C h a u h a n  1986). 
The resu lts  o f  th e p resen t s tu d y  con trad ict the  
earlier report th a t sa p o n in s  are n ot destroyed  
during cook in g  an d  p ro cess in g  (Khokhar and  
C h auh an  1986), b u t are co n s is te n t  w ith  th o se  
reported b y  K aur an d  K apoor (1990).

G erm ination  for varying p erio d s low ered  the  
sa p o n in  c o n ten ts  (Table 1). G erm in ation  o f p e a s  for 
4 8  h sh ow ed  th e m ax im u m  sa p o n in  lo s s e s  in  field  
p ea cu ltivars 'HFP4' an d  'R achna'. The sa p o n in  
lo s se s  during germ in ation  m ay  b e  d u e  to  en zym atic  
degradation , b u t th is  h a s  still n o t y e t b een  w ell 
esta b lish ed . M any w orkers reported  a red u ctio n  in  
sa p o n in s  in  sp rou ted  m oth  b e a n  (K hokhar an d  
C h a u h a n  1986), am p h id ip lo id s o f green gram  x  
blackgram  (Kataria et al. 1989) an d  p ig eon  p ea s  
(D u h an  1992).
T r y p s i n  in h i b i t o r  a c t i v i t y  o f  p e a s  : Raw  se e d s  o f  
vegetab le and field pea va rieties  co n ta in ed  varying  
a m o u n ts  of tryp sin  in h ib itor activ ities  i.e ., 9 2 2 .4  
to 9 8 9 .5  T IU /g  (Table 2). T here w ere sig n ifican t  
differences b etw een  tryp sin  in h ib itor  a ctiv ities  of  
vegetab le an d  field p ea  cu ltivars. A ccord in g  to  
Savage and D eo (1989), th e  try p sin  in h ib itor  
con ten t d ep en d s u p o n  th e  type o f  p ea s . It w a s  
sta ted  th a t w rinkled  seed ed  p ea s  h a d  le s s  tryp sin  
inh ib itor activ ity  th a n  sm o o th  seed ed  ty p es  an d  
spring typ es. V ald eb ou ze et al (1980) s ta ted  th a t  
90%  o f the t iy p s in  in h ib itor activ ity  w a s  fou n d  in  
k ernel an d  10% in  the te sta .

S oakin g  o f s e e d s  in  w a ter  for 6  h  co u ld  
m arginally  red u ce th e  tryp sin  in h ib itor  activ ity
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TABLE 2. EFFECT OF DIFFERENT PROCESSING AND COOKING METHODS ON TRYPSIN INHIBITOR ACTIVITY IN PEAS

Treatments
friU/mg ON DRY MATTER BASIS)* 

Vegetable peas Field peas
'Bonneville' 'Arkel' 'HFP4' 'Rachna'

Control 922.410.4 927.610.8 980.310.5 989.510.9
Soaking (h)

6 913.310.5 920.210.5 970.210.2 981.310.212 888.010.3 893.110.2 946.210.8 955.210.618 525.110.4 540.210.7 588.310.6 608.210.6
Soaked (12 h) + dehulled 829.210.1 839.210.3 892.110.4 902.110.1
Ordinary cooking

Unsoaked 905.110.5 910.210.1 963.210.62 972.210.4
Soaked (12 h) 249.210.2 299.210.7 342.110.4 331.110.8
Soaked (12 h) + dehulled 201.110.5 228.110.5 309.210.4 300.110.4

Pressure cooking
Unsoaked 898.010.1 902.310.1 954.210.8 962.210.4
Soaked (12 h) 101.210.8 128.210.7 209.110.8 200.010.3
Soaked (12 h) + dehulled 50.210.1 62.210.1 100.110.8 99.110.4

Sprouting (h)
12 858.110.2 863.210.6 920.210.6 930.210.5
24 475.010.2 490.210.5 538.110.3 550.310.6
48 350.210.9 370.210.1 432.310.3 420.310.6

CD (P<0.05) 1.24 1.34 1.21 1.38
(Interaction between treatment and variety)

* Values are means ± SD of three independent determinations

(Table 2). A s th e  period o f soa k in g  w a s  in creased , 
lo s se s  in  tryp sin  inh ib itor activ ity a lso  in creased . 
Trypsin inh ib itor activ ity  w a s  red u ced  to a lm ost  
h alf in  all th e four p ea  varieties, after soa k in g  for 
18 h. Soak in g (12 h), follow ed b y  deh ullin g , a lso  
brought ab out a d ecrease  in  tryp sin  inh ib itor  
activity to  the exten t o f  9  to  10%, w h ich  is  greater  
than  that w ith  soa k in g  alone. L o sses  of trypsin  
inhibitors during soa k in g  m a y  p ossib ly  b e  d u e to 
leaching again st con cen tration  grad ient. G enerally, 
trypsin  inh ib itors are low  m olecu lar  w eigh t p rotein s  
and h en ce , th ey  are likely  to lea ch -o u t. Earlier  
workers a lso  reported th a t soa k in g  o f dry leg u m es  
in  w ater red u ced  th e  tryp sin  inh ib itor activity  
(D eshpande an d  C heryan 1983).

Ordinary and p ressu re  cook in g  o f u n soak ed , 
soaked and soa k ed -d eh u lled  se e d s  w ere effective in  
lowering the levels o f  tryp sin  in h ib itors to different 
exten ts (Table 2). T rypsin  in h ib itors are h ea t labile, 
w hich m ay  exp lain  th e  d estru ctive  effect o f cook ing  
on d im inished  tryp sin  in h ib itor activity. S im ilar  
resu lts  w ere a lso  rep orted  b y  o th er  w ork ers  
(M anorama an d  Sarojin i 1982; M arickar and  
Pattabiram an 1988). V arietal d ifferences w ere found  
to have a significant (P<0.05) effect on  the destruction  
of trypsin inh ib itor activ ity in  sp rou ted  p eas. A

d e c r e a se  in  try p s in  in h ib ito r  a c t iv ity  d u r in g  
germ ination m ay, perhaps, b e  d u e to  th e  m obilization  
an d  breakdow n o f ch em ica l c o n s t itu e n ts  in c lu d in g  
tryp sin  in h ib itors. S im ilar  fin d in gs h av e  b een  
reported in  ca se  o f different leg u m es  (B an sa l et al. 
1988; V erm a an d  M ehta 1988; M ulim ani and  
Param jyothi 1983). B a n sa l et al (1988) reported  
com p lete d estru ction  o f  tryp sin  in h ib itor  activ ity  in  
8 d ays in  sp rou ted  ch ick p ea .

A s a resu lt o f  so a k in g , d eh u llin g , ordinary  
c o o k in g , p r e ssu r e  c o o k in g  a n d  sp r o u tin g , a 
sign ifican t red u ction  occu rred  in  th e  lev els  of 
sa p o n in s  and tryp sin  in h ib itors. G erm ination  for 
4 8  h  follow ed b y  p ressu re  cook in g  o f soa k ed -  
d eh ulled  pea s e e d s  w a s  fou n d  to  be th e  b est  m ethod  
to low er dow n th e  sa p o n in  c o n te n ts  an d  tryp sin  
inh ib itor activ ities o f field a s  w ell a s  vegetab le  p eas.
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micellar system. In contrast, casein fractions were completely hydrolysed in nonmicellar system.
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P roteases are resp on sib le  for age-gela tion  in  
ultra h eat treated  (UHT) m ilk  (Pande an d  M athur
1989), b u t th e exact m ech a n ism  o f gela tion  is  not 
know n till date. In th e  p resen t s tu d ies , w h ey  
obtained from UHT m ilk  sh ow ed  appreciable enzym e  
activity that led to the iso la tio n  o f p rotease  active  
fraction, w h ich  accom p an ied  w h ey  protein s.

The p rotease  active fraction  h a s  b een  iso lated  
a n d  p u r if ie d  b y  c o n v e n t io n a l  p u r if ic a t io n  
m ethodology w ith  som e m od ifica tion s (Pande and  
M athur 1992). The b eh av iou r o f su ch  in d ig en ou s  
p roteases tow ards different su b stra te s  h a s  b een  
studied . The p rotease  activ ity w a s determ ined  u sin g  
the procedure o f D u lley  (1972) an d  PAGE stu d ie s  
were perform ed, u s in g  the procedure o f D e Jo n g
(1975).

Table 1 sh o w s th a t c a se in  is  th e  m o st com m on  
su b strate , w ith  (1-casein b ein g  acted  u p o n  m ost
TABLE 1. ACTIVITY OF PROTEASE, ISOLATED FROM UIIT 

MILK, ON DIFFERENT SUBSTRATES.
Substrate' Activity1
Cow casein 337.50
Buffalo casein 371.25
a - lactalbumin 135.00
P - lactglobulin 117.00
at - casein 319.50
P - casein 438.75
k - casein 33.75
* 1.0% (w/v) In 0.02 M sodium tetraborate buITer, (pH 8.6). 
1 units/ml. One unit = 1 pg/ml increase in tyrosine content

under assay conditions
extensively an d  k -case in  th e  lea st. There is  a 
rem arkable d ifference a s  com pared  to acid  p rotease  
and other m ilk  clottin g en zym es th a t hydrolyze  
k-casein  to d estab ilize c a se in  m ice lles  and c a u se  
their aggregation. H ence, th e  ge la tion  in  UHT m ilk
• C o rre sp o n d in g  A u th o r . 1 P r e s e n t  a d d r e s s  : D iv is io n  o j  F o o d  

T ec h n o lo g y . C o lle g e  o j  A p p l ie d  S c ie n c e s .  D e lh i U n iv e rs ity ,  
V iv e k  V ih ar, D e lh i - 1 1 0  0 9 5 , In d ia

is  a ltogether different an d  sh o u ld  preferably be  
called  a s  n on clo ttin g  p roteo lysis. T he electron  
m icrograph o f gelled UHT m ilk  a lso  sh ow ed  extensive  
disin tegration  o f c a se in  m ice lle s , b u t  w ith  no  
aggregation (Andrews et al. 1977). In th is  regard, 
th e  refrigerated storage o f UHT m ilk  b ea rs  sp ecia l 
sign ifican ce an d  exp la in s th e  a c tio n  o f  p ro tea ses  
on p -casein . The stu d y  o f n a tu ra l p roteo lysis in  
w h ey  s tr e sse s  th e  a sso c ia tio n  o f  b acteria l p ro tea ses  
w ith  w h ey  fraction , b u t n o  co n c lu siv e  evid ence h a s  
b een  given  in  th is  regard (Jost et al. 1976). Further, 
th e effect o f  storage o n  p ro tea se s  in d ica tes  that, 
during storage at 2-4°C , p ro tea ses  m igrate from  
ca se in  m ice lles  to w h ey  seru m , d u e  to  hydrophobic  
environm ent an d  ch a n g es  in  sa lt  b a lan ce  (Reim erdes  
an d  K losterm eyer 1976). O n a cco u n t o f oozing out 
of p -case in  a s  w ell a s  p ro tea ses  to  seru m  p h ase , 
th e form ation o f y -casein  is  easily  a cce ss ib le . H igher  
gelation  in  sa m p les  stored  a t 4°C , a s  com p ared  to  
th o se  stored  at 37°C , h a s  a lso  b een  observed  in  
th e p resen t s tu d ies .

The actio n  o f iso la ted  en zym e h a s  b een  stu d ied  
in  a m icellar sy stem  b y  in cu b atin g  it w ith  sk im  
m ilk  su b stra te  at 37°C  for different tim e intervals. 
The trich loroacetic acid  (TCA) so lu b le  su p ern a ta n t  
w a s m easu red  at 2 8 0  n m  an d  TCA in so lu b le  
precip itate w a s  su b jected  to e lectrop h oresis. A  
reference exp erim ent w a s  ru n  b y  u s in g  2.5%  acid  
c a se in  (nonm icellar system ) a s  a  su b stra te .

Fig. 1 d ep icts  a stea d y  in crea se  in  TCA so lu b le  
p ep tid es till 8  h , thereafter, th eir  con cen tra tion  
declined. T his ind icated  that, after som etim e, activity  
ca n  n ot b e m easu red  in  term s o f so lu b le  p ep tides. 
Sim ilar fin d in gs b y  S am el et al (197 1), u s in g  stored  
UHT m ilk  and stu d y in g  its  c a se in  d egradation , led  
to an  inappropriate exp lan atio n  th a t o n se t of 
gelation  d oes n ot d ep en d  o n  ex ten t o f p roteo lysis. 
The corresponding PAGE an a lysis  o f TCA precipitated  
p rotein s, at different tim e in terva ls, revealed  that 
there w a s  c o n tin u o u s  break d ow n  o f  c a se in  fractions
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Fig 1. Concentration of TCA soluble peptides In the supernatant 
1.0 ml of protease added to 2.0 ml skim milk and incubated 
at 37°C for 24 h. The TCA soluble supernatant was measured 
at intervals of one h at 280 nm.
(and therefore a n  in crea se  in  TCA so lu b le  peptides)  
and a few  TCA in so lu b le  p ep tid es  appeared  a s  
separate b a n d s (Fig. 2). H ow ever, th ere  w a s  a  
su d d en  in crea se  in  s ize  an d  m obility  o f b a n d s  and  
som e b a n d s appeared  in  c lo se  a sso c ia tio n  w ith  
ca se in  after 8  h. T he p resen ce  o f su c h  b a n d s  ca n  
be attributed to  th e  form ation  o f p la ste in -lik e  
products, w h ich  a lso  exp la in s the role p layed  by  
sm aller p ep tid es an d  th e  con co m itan t d ecrease  in

Fig 2. PAGE pattern of TCA Insoluble fraction obtained after 
the action of protease for 2-14 h on (a) buffalo skim 
milk and (b) cow skim milk. 0.02 ml protein was loaded 
to gel and current of 3 mA/gel tube was applied at 150- 
200 volts.

TCA so lu b le  fraction s (Sam el et al. 1971; E d w ard s  
an d  S h ip e 1978). S u ch  protein -lik e su b s ta n c e s  
h ave b een  the resu lt o f p h ysica l aggregation  b etw een  
sm aller  p ep tid es, m ain ly  v ia  h yd roph obic b on d in g , 
b u t w ith  ion ic forces a lso  p lay in g  a m in o r  role. 
However, it h a s  b een  ob served  in  th e  p resen t  
s tu d ie s  that th e  ca se in  is  a lm ost com p lete ly  d igested  
after 2 h  in cu b atio n  w ith  iso la ted  p rotease  (Fig. 3), 
thereb y in d icating  th a t th e  form ation  o f p la ste in  
p rod u cts ta k es  p lace  on ly  in  a m icellar  sy stem . In 
a n on -m icellar  sy stem , d u e to  read y availab ility  of

«-------  ÛL------- > <------b --------->
Fig 3. PAGE pattern of TCA insoluble fraction obtained after 

the action of protease for 0 and 2 h on (a) buffalo casein 
and (b) cow casein. 0.02 ml protein was loaded to gel 
and current of 3 mA/gel tube was applied at 150-200 volts.

c a se in s  and n on sp ecific ity  o f  en zym e, th ere  is  over
d igestion , thereb y lead in g  to th e  p rod u ction  o f sm a ll 
p ep tid es an d  am ino acid s, th a t do n o t en ter  in to  
p la ste in  form ation  (H ofsten an d  L a lasid is 1976). 
S u ch  hydrophobic p ep tid es th a t ap p ear on ly  in  a 
m icellar sy stem  m a y  even tu a lly  aggregate, a s  a  
co n seq u en ce  o f their in crea sed  h yd rop h ob icity  an d  
th is  exp la in s th e  form ation  o f p la ste in  g e ls .



In the light o f above data , ge la tion  can  be  
hypothesized  a s  a  th ree  sta g e  p ro cess  involving  
p lastein  in term ed iates th a t are a n a lo g o u s to th e  
bridging m aterial a s  observed  b y  Carroll et al 
(1 £ 7 1). The first sta ge  is  purely enzym ic an d  c a u se s  
partial b reak d ow n  o f  ca se in , th ereb y  form ing  
peptides. At th is  sta g e , c a se in  m ice lles  ca n  be  
observed a s  sm all d isin tegrated  en tities , on  electron  
m icroscopy (Andrews et al. 1977). T h is a lso  a cco u n ts  
for th e d istin ct lag p h a se , prior to  th e  o n se t of 
gelation (G uthy et al. 1985). The seco n d  sta ge  
involves form ation o f  p la ste in  p rod u cts, d u e to 
enzym ic resy n th esis  o f th ese  sm aller  polypeptides. 
The hydrophobicity o f  th ese  polyp ep tides ren d ers  
them  TCA in so lu b le , th u s  reflecting low enzym e  
activity after 8  h  (Fig. 1), a s  observed  in  th e presen t  
investigation. T h is a lso  exp la in s th e  reports of 
Sam el et al (1971) an d  G u th y et al (1985), w ho  
observed th a t sa m p les  w ith  m ore ge la tion  sh o w  le s s  
protease activity. T he third sta ge  is  purely  n on -  
en zy m ic  a n d  in v o lv e s  a g g r e g a tip n  o f  t h e s e  
hydrophobic p olyp ep tides by n on -cova len t b on d s, 
w hich m ay  a lso  in teract w ith  hydrophobic zo n es  
on ca se in  m icelle  su rface to form  a co n tin u o u s  gel 
m esh  netw ork, th a t ca n  b e seen  a s  fibres jo in in g  
case in  m icelles , on  e lectron  m icroscop y (Caroll et 
al. 1971) and is  m an ifested  a s  age ge lation  in  UHT 
milk.
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Effect of Seed Treatment on Lipolytic Deterioration of 
Pearl Millet Flour During Storage

J.K. CHAVAN* AND D.P. KACHARE
D epartm ent of B iochem istry ,

M ahatm a P hule A gricultural U niversity, R ahuri - 4 1 3  7 2 2 , India.
Pearl millet seeds were subjected to soaking in dilute acid solution (0.05 N HC1), dry-heating (50°C for 60 min 

or 100°C for 10 mm) and boiling water-blanching (98°C for 30 sec) treatments, before grinding to flour. The changes 
in fat acidity in the flour during storage at ambient temperature were monitored. Boiling water-blanching treatment 
was found to completely arrest the development of the fat acidity in the flour, during 30 days storage at ambient 
temperature. The acid-soaking of seeds was partially effective, while the dry-heating of seeds was found to be totally 
ineffective for this purpose.
Keywords : Pearl millet, Seed treatments, Fat acidity of flour, Storage at ambient temperature, Dilute-acid soaking, 

Dry-heating, Boiling water-blanching.
A rapid developm ent o f rancidity an d  b ittern ess  

in  th e flour h a s  b een  a ser io u s  prob lem  in the  
acceptability  and u tiliza tion  o f pearl m illet flour  
(Raced et al. 1984), a s  it co n ta in s  h igh  con cen tration  
of lipids (Vakharia an d  C hakraborty 1984). T h is h a s  
b een  attributed  to th e developm ent o f fat acidity, 
due to lipolytic activity (Lai an d  V ariano-M arston
1980) and accu m u la tion  o f p erox id es, d u e to 
oxidation of lip id s in  th e m eal during storage  
(Kapoor and K apoor 1990). R aced et al (1984) have  
clearly sh ow n  th a t th e  developm ent o f rancidity in  
pearl m illet flour during storage is  m ain ly  ow ing  
to the release  o f free fatty a c id s u p on  the action  
of lipase. Reddy et al (1986) h ave im plicated  
enzym atic oxidation  o f p h en o lic  com p o u n d s a s  one  
of the c a u s e s  for d evelop m en t o f off-odour in  pearl 
m illet flour. P anw al et al (1989) stu d ied  th e  
bleaching and fu n ction a l p roperties o f pearl m illet 
flour b y  treating w ith  ac id s. The earlier a ttem p ts  
to retard su ch  ch a n g es  an d  im prove th e shelf-life  
of flour in clud ed  u se  o f an ti-ox id an ts, defatting and  
sa lting o f flour or h ea t trea tm en ts (Kapoor and  
Kapoor 1990), m illin g o f gra in s in to different m illing  
fractions (C am ovale an d  Q uaglia 1975), u se  of 
different con ta in ers fcr storage (D ahiya and Kapoor
1983) an d  h eatin g  o f con d ition ed  gra in s at 97°C  
for 12 m in  (Bookwalter et al. 1987). The decortication  
and sep ara tion  o f m illing fraction s m ay  n ot be  
econom ically  feasib le  at d om estic  level. The u se  of  
an ti-ox id an ts or different con ta in ers a s  w ell a s  dry 
heat treatm en ts do n ot fu lly  e lim in ate the rancidity. 
A sim ple m eth od  th a t ca n  be p ractised  at d om estic  
level to restrict th e  fat acid ity  developm ent in  pearl 
m illet flour during storage at am b ient tem perature  
is  reported in  th is  com m u n ica tion .

The pearl m illet gra in s, cu ltivar ’R H R BH -8802',
* C o r re sp o n d in g  A u th o r

(500  g) w ere soak ed  in  0 .0 5  N HC1 (1:3, w /v )  for 
12 h a t am b ient tem p eratu re (27±2°C ), w a sh ed  
thorou gh ly  u n d er  tap  w ater an d  dried a t 40°C  in  
hot air oven  for 12 h  to 10% m oistu re . T he seco n d  
lot o f d iy  gra in s (500  g) w ere h ea ted  in  h o t air  
oven  at 50°C for 6 0  m in  in  on e se t  an d  a t 100°C  
for 10 m in  in  an oth er se t . The third  sa m p le  (500  
g) w a s  su b jected  to boilin g  w a ter-b la n ch in g  (1:5 
ratio of s e e d s  to b la n ch in g  w ater, w /v )  at 98°C  for 
3 0  sec  an d  dried at 40°C  for 6 0  m in  to  10%  
m oistu re. All th e  treated  gra in  sa m p les . In clu d in g  
u n treated  gra in s, w ere m illed  to  w h o le  flou r in  a 
laboratory m ill (M ilcent S w a stic  E ng. W orks, A n and , 
India) an d  the flour w a s  stored  in  c lo th  b a g s  at  
am b ient 'tem perature (27±2°C). T he flour sa m p les  
w ere analyzed  (AOAC 1975) for c h a n g e s  in  fat 
acidity (mg K O H /IO  g  flour) at every 5 th  day, 
during storage for 3 0  d ays. T he oil w a s  extracted  
from  th e flour sa m p les  in  p etro leu m  eth er  (40-60 ), 
u sin g  S oxhlet ap p aratu s, an d  th e  p erox id e va lu e  
of extracted  oil w a s  d eterm in ed  by titra tion  w ith  
stan dard  so d iu m  th io su lp h a te  (AOAC 1975).

The fat acid ity w a s fou n d  to  In crease b y  ab o u t
6-fold  in  u n trea ted  an d  d ry-h eated  gra in  flour; b y  
ab out 1.5-fold  in  a c id -soa k ed  gra in  flour, w h ile  it 
rem ained  a lm ost u n ch a n g ed  in  th e  flour ob ta in ed  
from  b oilin g w a ter-b lan ch ed  g ra in s (Table 1). T he  
b lanch ing  treatm ent raised  th e  in itial gra in  m o istu re  
con ten t from  10 to 13%, w h ich  w a s  red u ced  to  
in itia l level by drying o f gra in s at 40°C  for ab o u t  
6 0  m in , w ith ou t an y  d etectab le  lo s s  in  dry w eigh t. 
The accu m u la tion  o f p erox id es in  th e  extracted  oil 
from  stored flour w a s  n ot d etected  in  b oth  u n trea ted  
or treated  sa m p les . T he re su lts  clearly  in d ica ted  th e  
effec tiven ess of sim p le  b o ilin g  w a ter -b la n ch in g  
treatm ent o f gra in s in  com p lete  arrestin g  o f  th e  
lipolytic deterioration  o f th e  flour.
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TABLE 1. EFFECTS OF DIFFERENT SEED TREATMENTS ON CHANGES IN FAT ACIDITY (mg KOH/IO g FLOUR) IN PEARL MILLET 

FLOUR DURING STORAGE AT AMBIENT TEMPERATURE
Seed treatment Fat acidity, mg KOH/IO g flour Moisture

after
Flour storage, (days) 30 days, %

0 5 10 15 20 25 30
Untreated (control) 4.3 10.9 16.8 20.7 21.7 23.8 25.2 11.6
Acid-soaked (0.05 N HC1) 4.2 10.6 9.8 9.5 6.6 7.0 6.7 10.2
Dry-heated

50°C, 60 min 4.4 12.0 15.1 20.7 23.8 25.2 28.8 8.6
100°C, 10 min 4.4 12.9 16.2 21.6 23.6 25.2 26.6 8.5

Boiling water-blanched 4.2 4.2 4.2 4.2 4.2 4.2 4.6 10.2
(98°C, 30 sec)

CD at 5% : Treatments - 0.184; Storage - 0.217; Interaction - 0.486. Initial moisture content of the flour = 10%

Kaced et al (1984) reported ab out 4-fold  
Increase in  fat acid ity  o f  pearl m iller flour, after  
10 days of storage an d  th e  in crea se  in  fat acidity  
h a s b een  attributed  to  the lipolytic breakdow n of 
lipids and accu m u la tion  of free fatty acid s. In the  
present stu d ies , m o ist-h ea t w a s  found  to b e h ighly  
effective in  d estroyin g th e lipolytic activity, a s  
com pared to th e  d ry-heat treatm ent. The acid- 
soaking of gra in s, a lth ough  fou n d  to b e effective 
in  retarding th e lipolytic d egradation  to  a certain  
extent, im parted so u r  ta ste  to  th e  resu ltan t flour. 
The hot w ater-b lanch ing o f s e e d s  is  sim p le , effective 
and it can  be adapted at d om estic  level. E xperim ents  
on effects o f boiling w ater-b lanch ing  of s e e d s  on  
improving th e  shelf-life of flour of several other  
cultivars o f pearl m illet, ch a n g es  o n  nutritional 
com position  o f flour and sen so ry  properties o f the  
unleavened  p an  bread, prepared from the flour of 
blanched  grains, are in  progress.
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T h is su p erb  com p ilation  b y  N estle  S  A  is  to 
offer a h istoric  p ersp ective at th e  12 5 th  A nniversary  
of th is  world fam ou s com p a n y  in  Sw itzerland. The  
treatise sta r ts  from  th e  u se  o f prim itive sto n e  too ls  
to the p resen t d ay so p h istica ted  m a ch in es . The  
su b ject m atter is  covered  in  14 m a in  h ea d s  w ith  
left han d  n arration s o f o ld en  tim es sta te-of-art and  
the right sid e narrations giving com parative situ ation  
a s today, on  th e  variou s top ics. Two h u n d red  colour  
photo reproductions, in  ph oto-lith ograp hy on  art 
paper, trace o n  to  th e  m em ory o f Paleolith ic age  
to th e  m o d em  co n cep ts  in  Food S c ien ce  and  
Technology. In two h u n d red  and fifty five p ages (24  
cm  x  2 .9  cm ), th e  au th ors h ave b rou ght ou t a 
com m endable p u blication , tracing h u m a n  im agery  
from early tim es to th e  2 1 s t  cen tu ry , w here n eed  
for 'best h ea lth y  foods', in creased  con ven ien ce  and  
an ever-growing in s is ten ce  on  flavour and quality  
are the criteria, linked  to th e n e e d s  and d esires  
of th e  m o d em  day co n su m ers.

For m ore th a n  m illion  yea rs, w e survived  w ith  
flint too ls an d  our sk ill, b u t w e m ad e progress. Fire 
cam e later. A bout h a lf  a  m illion  yea rs ago, w e  
created h earth  an d  w e  b eg a n  ou r h ot d inners. 
Primitive cookery m eth o d s gave w ay to cu linary  
arts. Cooking m ad e foods m ore d igestib le and  
n u tritiou s. W ith to o ls  an d  fire pow er, th e  b ase  of 
our food in d u stiy  started . From  d om estication  of 
an im als in  w ild su rrou n d in gs, an d  from  th e  art of 
eating raw  m ea ts , w e h ave n ow  a variety o f w ays  
to enjoy eating m eat. O ur w ide d iversity of too ls  
and our m astery  over fire gave u s  a firm  b a se  for 
the m o d em  food in d u stiy .

W ater b ecam e vita l to  life an d  "all life is  water" 
m ake w ater a u n iversa l item  in  diet. M ethods of 
handling an d  m ak ing  w ater safe  an d  reach  th e  
public in  tap , evolved gradually  from  early h an d lin g  
of w ater in  broad leaves, bark, bam boo tu b es, 
anim al sk in  and p ots to m o d e m  w ares, h ave b een  
developed due to  the in g en u ity  o f m an .

From  toastin g , grilling, sm ok in g , cook in g  in  
water, u se  o f h ot p la tes, ov en s an d  to th e p resen t  
day m icrow ave techn ology , th e  evo lu tion  h a s  b een  
traced clearly.

Tam ing cerea ls, m ak in g  agricu lture a sc ien ce .

p rocessin g  th em  to  get at th e  ed ib le gra in  b y  s to n e  
grinding, chaffing to th e  p resen t d ay  m illing , all 
cam e in  s u c c e s s io n  a s  p roductiv ity  in crea sed . B y  
cru sh in g , toastin g  an d  grinding, th e  u s e  o f gru el 
w a s  evolved. C om bining o f c erea ls  w ith  m ilk , H enri 
N estle  cam e ou t w ith  m ilk  food  12 5  y ea rs  ago. 
K neading, b ak in g  an d  u s in g  all so r ts  o f  cu lin a ry  
trad ition s, p ita, p izza, tortilla , ch a p a th is , p a n  c a k e s  
an d  flat b read s gave u s  m o d e m  b ak in g  tech n o logy .

From  fertile p la in s  o f Y ang T se N iang, M ekong  
an d  G angetic India, rice cam e in to  th e  p ictu re  and  
it b ecam e the sta p le  food o f A sia . It w en t to J a p a n  
around  5 0 0  B.C.

A round 5 0 0 0  y ea rs  ago, early  P eru via n s an d  
M exicans w ere grow ing c o m . E arly 1 9 0 0 , J o h n  
H artog Kellog an d  h is  b roth er K eith K ellog started , 
th e  fam ily b u s in e ss , b a se d  o n  c o m .

C h inese , J a p a n ese , K oreans, G erm an s, F rench , 
Italians an d  A m ericans k n ew  ab o u t m ak in g  n oo d les. 
Ita lians told  m a n y  p a sta  stor ies.

B etw een  2 0 0 0 0  an d  1 0 0 0 0  B .C , w e w ere  
herd ing certa in  sp e c ie s  o f  a n im a ls  in  North Africa  
an d  U kraine. By m id  19th  cen tu ry . N orth A m erica, 
A u stra lia , A rg en tin a  a n d  N ew  Z ea la n d  w ere  
producing b ee f  an d  m u tton . F rozen  m ea t w en t b y  
sh ip  in  18 73 . E ssen ce  o f b reed in g  ca m e la ter  to  
ch an ge w ild  an im al h u sb a n d ry  to  m o d e m  w a y s  Of 
h an d ling .

, From  2 5 0 0  BC, m ilk in g  o f go a t w a s  k now n. 
M ilk b ecam e a good  th in g  in  m ore w a y s. In 18 56 , 
B orden m ad e sw eeten ed  co n d en sed  m ilk . In 18 6 6 , 
H enri N estle  started  in  V evey, S w itzerlan d , a  p lan t  
for sw eeten ed  co n d en sed  m ilk. M ilk w a s  co n su m ed  
in  very m an y  co m b in a tio n s w ith  o th er  food s. In 
M arco Polo tim e, th e  T artars to o k  w ith  th em  m ilk  
p rod u cts o n  ram page. M ilk in  p ow der form  w a s  
u sed  even  at th a t tim e. M ilk p ro d u cts  tech n o log y  
developed  fa st in  19th  cen tu ry  an d  m ilk  a s  w ell 
a s  m ilk  p rod u cts are c o n su m ed  tod ay  for h ea lth  
in  m an y different com b in a tion s.

E ven  in  P a leo lith ic  t im e s , s h e llf is h  w a s  
con su m ed . The trea su res  from  th e  s e a s , la k e s  an d  
rivers w ere exp loited  gradually . T oday, th e  fish in g  
h a s  b ecom e a m o d e m  in d u s tiy  g iv ing n u tr itio u s  
food s to co n su m ers. In 5 th  cen tu ry  B .C ., G reek s  
w ere fu lly  aw are o f th e  in ex h a u stib le  m arin e  
resou rces. C an ned  fish  an d  frozen  fish  o f tod ay  
h ave becom e com m on  item s o f trade.

From  N eolith ic tim es, fru its w ere k n o w n  in
82
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different areas o f th e  w orld. From  w ild n atu re  
orchards, th e groves cam e in . C h in ese  m an d arin s  
were know n 3 0 0 0  yea rs  ago, b u t on ly  in  th e  p a st  
3 0  years, w e h ave u se d  m o d e m  m eth o d s of 
handling, p ack in g  an d  tran sp ort. S p a n ish  explorers  
brought tom atoes from  S ou th  A m erica in  16th  
century. It b ecam e a  b a s ic  food for Ita lian s and  
th en  spread  w orld over. From  th e  earth , cam e  
tubers and p ota toes an d  h ave b ecom e im m en sely  
popular in  nearly  all over th e  world.

Around 7 5 0 0  B .C ., Thailand, M exico and France  
harvested vegetab les. C an nin g, b ottlin g an d  b u lk  
preservation cam e in  later. In 1860 , H einz created  
m arket garden b u s in e ss . Today, veg eta b les form  an  
im portant asp ect o f horticu ltu re and b iotechnology . 
Over 3 5 0 0  years ago from  C hina, cam e th e  soya  
bean , a n u tr itio u s p roduct o f  m o d e m  tim es. T h is  
golden b ean  h a s  b ecom e 'gold n u gget o f nutrition'.

R om ans liked  food and sp ic in g  b ecam e a part 
of delicacy. S h ip s  from  India carried sp ic e s  to  
Egypt, Syria and Lebanon. S p ices  laid  th e  foundation  
for 'pleasure eatin g’. Now, sp ic e s  form  the m ain  
flavour in  foods.

From Kaffa in  E th iop ia , cam e th e  coffee b ean . 
In 18th C entury, coffee b ecam e p op u lar in  E urope. 
Latin A m erican co u n tr ies  took  to cu ltiva tion  and  
they are the largest p roducers now . The conventional 
in stan t coffee of tod ay  w a s  developed  in  Sw itzerland  
in  1887 an d  coffee drink  is  the m o st  popular  
beverage of today. B y th e  10th  cen tu ry , an oth er  
popular drink, tea , cam e from  C hina. In 1834 , 
British  p lanters in trod u ced  tea  in  India and Sri 
Lanka. B lack  tea . O olong tea , green  tea , flavoured  
tea and in sta n t tea  are th e  drinks o f today. E ven  
in  1523 , an oth er im portant beverage, cocoa  cam e  
into being. Now ch o co la tes  h ave b ecom e a popular  
item  in  varied form s an d  com b in ation s.

B y 6 0 0 0  BC, fruit ju ic e s  w ere know n. From  
fruit ju ice s  to w in e b ecam e a controlled  ferm entation  
industry. The go ld en  su g a r  from  su ga rcan e, from  
the G angetic P la ins, w a s  first exploited . T h is w a s  
introduced in  W est Indies. The su g a r  from  b eet, 
established  itse lf  from  th e  G erm an ch em ist Marggraf, 
finding that th e  su g a r  from  b eet an d  ca n e  are one  
and the sam e.

Oil from olive w a s  p ressed  5 0 0 0  yea rs ago in  
E a stern  M ed iterra n ean  a n d  th e  p r e se n t  d ay  
production is  still b a sed  o n  m eth o d s o f artisan . In 
Brazil, p ea n u ts  w ere p ressed  to  pu lp  and boiled  
with w ater to sep arate  oil. S u nflow er w a s  p rocessed  
in  America. S esa m e oil w a s  p ressed  in  India. 
A round M ed iterranean , c o m , ra p eseed , so y a .

co co n u t, p ea n u t, co tto n seed  etc ., b eca m e so u rces  
of oil. Today, oil is  b lea ch ed , filtered , w in ter ised  and  
deodorised  to get a  c lear oil. S u m er ia n s m ad e cru d e  
b u tter  from  m ilk . B u tter  w a s  com m o n  in  Egypt. 
B u tter  w a s  m ad e from  goat's m ilk , y a k  m ilk  in  Tibet 
an d  C elts m ad e it from  cow 's m ilk.

T h ou san d  y ea rs  b ack , ferm entation  w a s  know n. 
From  N eolith ic t im es , ferm en ted  cerea ls , m ilk, 
h on ey  and fruits form ed a very m u ch  u sed  p rocessed  
food. S u m erian s an d  E g yp tian s w ere th e  very first 
brew ers. In 4 0 0 0  BC , B a b y lo n ian s brew ed  barley. 
Over 4 0 0 0  y ea rs  b ack , E g yp tian s b eg a n  bread  
m ak ing , G reeks in ven ted  th e  oven  an d  in  19th  
cen tu ry , y e a st  cam e into bread  p rocessin g .

D istilla tion  is  a n  a n c ien t art u se d  in  N ear E ast  
and M editerranean. In 8 th  cen tu ry , P ersia n s k n ew  
th e  art o f m ak in g  a lcoh ol from  w in e.

T h ere are 7 5  d ifferen t c h e e s e s  a n d  3 6  
C am em berts in  th e  w orld  tod ay . S u m er ia n s, G reeks  
an d  R om an s k n ew  th e  act o f  c h e e se  m ak in g . H u n s  
an d  M ongols k n ew  th e  art o f  ferm entation .

In a 12 00 0  year old fresco, h on ey  w a s m entioned  
in  Spain . E gyp tian s d om esticated  b ees . B ees  p rocess  
their  food to h on ey .

M icrobes w ere th e  m a in  c a u se  o f sp o ilage in  
food. S om e m icro b es give u se fu l p rod u cts. To 
c o n tr o l b a d  m ic r o b e s ,  s e v e r a l  m e t h o d s  o f  
preservation o f food w ere developed. Drying, sm oking, 
freezing, h eatin g , p ick ling  in  acid , sa lt , fat, su ga r  
or alcohol w ere applied . M any o f th e se  m eth o d s  
w ere th en  in  cru d e form , k n ow n  to  early h istoric  
m en . T h ese ap p lica tion s b eca m e sc ien ce  after  
P asteu r's d iscovery in  19th  cen tu ry .

The fact th a t cold  h elp ed  in  p reserva tion  w a s  
kn ow n  in  P aleolith ic tim es, E sk im o preserved  food  
in  sn ow . R om an s b u ilt co ld  storage w a reh o u ses . 
T oday, frozen  fo o d s  h a v e  b e c o m e  a rea lity . 
C om m ercially, h ea tin g  w a s  u se d  to  c h e c k  sp o ilage  
b y  em pirical m e a n s  till 16 th  cen tu ry . In 1804 . 
N icholas Appert gave a  sc ien tific  b a s is  to  ster ilisa tion  
in  c a n s  and b ottles.

From  N eolith ic tim es, acid  so u p  w a s  k n ow n  in  
E urope. S au rk rau t w a s  a p op u lar  item  in  C entral 
E urope and acid  m eth od  o f  p reservation  b ecam e  
popular.

A round 5 0 0  B .C ., C elts w orked  on  sa lt  m in es. 
Salt b ecam e th e  m o st  im p ortan t item , w e  ever u sed  
for preservation  an d  even  tod ay, it is  u se d  in  refined  
m anner.

F ats give a protective layer to  food s. D utch  
gou d e h a s  b een  preserved  w ith  a  layer o f w ax on
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the surface. P em m ician  is  on e o f th e  o ld est food s  
preserved in  fat. Early 19th  c e n tu iy  saw  fresh  m eat  
transported  in  barrels o f fat.

S u gar coatin g  to  preserve food s w a s  p ractised  
in  C hina, India, M iddle E a st an d  Egypt, s in ce  
an cient tim es. C rystallised  sw e e ts  cam e la ter in  
confectionery o f today.

From  an cien t tim es, fru its, m eat an d  fish  w ere  
preserved in  alcohol. W ine added  n ew  flavour and  
arom a. G eese, before im m igration , ate gregariously  
to su s ta in  flight. T h is idea w a s  k n ow n  to  E gyp tian s  
and fatty go ose  too b ecam e a d elicacy  an d  h a s  
alw ays b een  a sym bol 'of lofty h e ig h ts  of the  
gastronom ic arts'. R esearch  on  food sc ien ce  and  
nutrition  u sed  all th e se  ob servation s and applied  
nutrition  w a s  started . The m e a n s  to adopt our  
foods to our n eed s and life sty les  are now  estab lish ed  
and w ill b e a forerunner in  th e  2 1 s t  century .

In 1830 , E dm und C rosse an d  T h om as B uckw all 
m ade a b u s in e ss  u sin g  old con d im en ts and relish es. 
T asty p rod u cts resu lted  w ith  the u se  of sp ices, 
herbs an d  exotic fruits. U se o f m u sta rd  p a ste  w a s  
know n from  R om an d ay s an d  rec ip es w ere evolved  
u sin g  all food in gred ien ts to en h a n ce  acceptab ility  
and con ven ien ce. E xperienced  ch efs  p layed a great 
role and even  now , th ey  are con trib u ting  to flavour  
field. S en sory  sc ien ce  h a s  n ow  ta k en  p rom inen ce  
in  food fields. R ecip es w ere adopted  b y  food  
sc ien tis ts  and tech n o lo g ists  to m ak e safe  foods and  
food en gineers b u ild  m a ch in es  an d  factories to  
m ake them . T h u s, th e  cu ltu re of tea m  w ork evolved  
itse lf  to  m ak e p resen t day p rod u cts.

R om ans an d  G au ls stu ffed  in testin e  to m ak e  
sa u sa g e  and th e  early pack agin g  started  w ith  th is . 
Leaves w ere u sed  a s  w rapping of food from  an cient 
tim es. P ack ages to  k eep  food safe  from  m icrobes, 
water, in sec ts  and environm ent cam e in. P ackaging  
engineers are now  doing a rem arkable job  in  giving  
th e con su m er elegan t and p rotected  food.

Food is  a s  old a s  h u m a n  b ein gs. For m illion s  
of years, w e h ave evolved ou rse lves an d  our food. 
We have m ad e em pirical so lu tio n s  and traditional 
m eth od s have b een  n ow  refined to  give b etter  
nutrition . T h is evolution  h a s  b een  th e  resu lt of our  
ch an gin g life s ty le s  and fight for survival. Flavour, 
colour, nutritive va lu e and sa fety  are incorporated. 
W ith control o f  spoilage, in se c ts  and food p oison in g , 
foods w ere preserved. From  cottage industry , w e  
are now  in  th e  in d u str ia l sca le  to ca ter  to  
in tern ation al food ch a in  giving 'Q uality an d  Safety'.

In sp ite  of ou r progress, w e see  h u n g er  and  
p ov erty  in  m a n y  p a rts  o f th e  w orld . L ocal

productivity, cou p led  w ith  lo ca l food in d u stry , w ill 
be th e  a n sw er for n ew  food p rob lem s an d  n ew  
so lu tio n s  w ill b e fou n d . B u t th e  urge o f m a n  to  
m eet n eed s  an d  d esires in  food w ill b e  th e  great 
m otivation  for p rogress. W ith m o d e m  k n ow led ge o f  
food sc ien ce , n u tr ition  an d  food sa fe ty , m ajor  
ad v an ces ca n  be se e n  in  2 1 s t  cen tu ry . Q u an tity , 
con ven ien ce  of quality , an d  p lea su re  o f ea tin g  w ill 
be our m otto  for t im es  to  com e hereafter.

To th e  above en d s , th is  p u b lica tio n  h a s  g iven  
u s  a n  in sig h t in to  th e  p a st, ex p ec ta tio n s  for th e  
future w ith  regard to  food, h ea lth  an d  prosperity . 
Food is  a s  old a s  living th in g s . S y m b io s is  o f  food  
and living th in g s  w ill govern  th e  fu tu re.

The efforts p u t forth b y  N estle  in  b rin gin g  ou t  
th is  w onderfu l, artistic  an d  b ea u tifu l b oo k  are 
lau dab le. O ne g lan ce  at th e  b o o k  w ill earn  th e  
ap p reciation  from  every one.

C J \ NATARAJAN 
4, VTVEKANANDA ROAD, 

MYSORE - 570 020

E v a l u a t i o n  o f  C e r t a i n  F o o d  A d d i t i v e s  a n d  N a t u r a l l y  
O c c u r r in g  T o x i c a n t s ;  3 9 th  R eport o f  th e  J o in t  
FAO/W HO Expert C om m ittee o n  Food Additives: 
WHO, G eneva: 19 9 3 , p. 4 9 , Price. 6  F ran cs. 
T h is report p r esen ts  th e  c o n c lu s io n s  o f J o in t  

FAO/W HO Expert C om m ittee, con v en ed  to  eva lu a te  
the sa fety  of se lec ted  food ad d itives an d  n atu ra lly  
occurring toxican ts, and to  recom m end sp ecifica tion s  
for th e  id en tity  an d  p u rity  o f food  ad d itives.

S ection  1 g ives th e  in trod u ction  regard ing th e  
function  and scop e o f additives o f JECFA, estab lish ed  
on 1955 .

S ection  2 d escr ib es  th e  gen era l co n sid era tio n s  
regarding com m on ly  em ployed  term s, su c h  a s  
A cceptable D aily Intake (ADI), No O bserved  Effect 
Level (NOEL) an d  sa fety  factor. It is  su g g ested  th a t  
the sa fety  factor sh o u ld  com p rise  o f  tw o a sp e c ts
i.e ., p h arm aco -k in etics a n d  p h arm aco -d y n a m ics, 
w h en ever  appropriate d ata  are ava ilab le . T he  
com m ittee s tr e sse d  th e  n eed  for d a ta  o n  in ter
sp ec ie s  and in ter-ind iv id u al d ifferen ces in  th e se  
p a r a m e te r s . R eg a rd in g  s a fe ty  a s s e s s m e n t  o f  
flavouring com p o u n d s, th e  com m ittee  em p h a sized  
th e n eed  for data  on  stru ctu re-a ctiv ity  re la tion sh ip , 
an d  exp osu re, in  ad d ition  to  factors co n sid ered  
earlier for sa fety  eva lu ation  o f th e se  su b s ta n c e s .

On req u est o f  C odex C om m ittee o n  F ood  
A dditives and C on tam in an ts, th e  co m m ittee  a lso  
review ed n atu rally  occurring to x ica n ts-cy a n o g en ic



8 5
glycosides and so lan in e  a lon g  w ith  oth er additives  
on agenda.

Section  3 in c lu d es  th e  deta iled  com m en ts of 
expert com m ittee regarding eva lu ation  of som e food  
additives on  th e cu rren t agen d a for the first tim e, 
as w ell a s  re-evalu ation  o f som e ad d itives on  the  
b a sis  of additional toxicological data. Toxicological 
m onographs have b een  prepared b a sed  on  ad eq u ate  
data available. In som e c a se s , c lear cu t or tentative  
recom m endations regarding sp ec ifica tio n s and ADI 
have b een  either fram ed or revised  in  the light of 
new  data, w h ereas additional s tu d ie s  have b een  
recom m ended for the rest. T he ad d itives in clud e  
em ulsifiers su ch  a s  su cro se  esters, Tosol, T osom , 
en zym e p r e p a r a tio n s , f la v o u r in g  s u b s t a n c e s ,  
th ickening ag en ts, so lv en ts, w a xes, m isce lla n eo u s  
com pounds like cu rcu m in  and furfural a s  w ell a s  
naturally occurring tox ican ts, cyn ogen ic  g lyco sid es  
and solan ine.

Total in form ation o f th e current s ta tu s  of the  
s e le c te d  a d d it iv e s  a n d  t o x ic a n ts  h a s  b e e n  
sum m arized  in  tab u lar  form  in  A n n exure 2. 
R ecom m endations o f expert com m ittee regarding  
lacu nae in  p resen t know ledge and su g g estio n s  for 
further research  have b een  in clu d ed  in  sec tio n  4  
and A nnexure III. The report a lso  in c lu d es  a list 
of reports and other d o cu m en ts  o f th e  earlier 
m eetings and list o f  recen t tech n ica l reports from  
WHO. T his report is  a  u sefu l reference for th o se  
directly or indirectly  involved in  Food Toxicology, 
A nalysis and P rocessing .

PRATIMA N. SHASTRI 
LAXMEVARAYANA INSTITUTE OF TECHNOLOGY

NAGPUR - 440 010

T o x ic o lo g ic a l  E v a l u a t i o n  o f  C e r ta in  F o o d  A d d i t i v e s  
a n d  N a t u r a l l y  O c c u r r in g  T o x i c a n t s :  WHO Food  
A dditives S eries : 30-P repared  b y  th e  Thirty- 
nin th  M eeting o f th e  J o in t FAO/W HO Expert 
C om m ittee on  Food A dditives (JECFA), IPCS- 
In tem ation al Program m e on  C hem ical Safety, 
World H ealth O rganization, G eneva 1993 . p. 
3 9 9 , Price : Sw. fr. 3 1 .5 0

The m onographs con ta in ed  in  th is  vo lu m e w ere  
prepared by th e  3 9 th  J o in t FAO/W HO Expert 
Com m ittee on  Food A dditives (JECFA) w hich  m et 
in  Rome from 3  to 12 F eb ru a iy  1992 . M onographs 
in  th is  vo lu m e su m m arize th e  sa fety  data on  
selected  food ad d itives and n atu rally  occurring  
toxicants, review ed by th e C om m ittee. M onographs  
on each o f th ese  su b sta n c e s  are p resen ted  in  a 
general form at covering th e  review  o f b io logical data

viz., b ioch em ica l a sp ec ts , toxicological s tu d ie s  in  
a n im als an d  h u m a n s, follow ed b y  com m en ts, 
evaluation  and references; spread  over eight section s. 
T he d ata  review ed  in c lu d e  - tw o  em u lsifiers  
(therm ally oxid ized  soy a b ea n  oil a n d  therm ally  
oxidized so y a b ea n  oil in teracted  w ith  m on o -a n d  d i
g lycerides o f fatty acid s), tw o en zym e p rep aration s  
(cellu lose derived from  T r i c h o d e r m a  l o n g i b r a c h i a t u m  
an d  lysozym e), tw o flavouring s u b s ta n c e s  (lim onene  
an d  quinine), three so lv en ts  (1 ,2 -d ich lo roeth an e, 
dich lorom eth an e an d  d ieth y len e g lyco l m on oeth yl 
ethers), one th ick en in g  agen t (alginic acid  an d  its  
sa lts), s ix  w a xes (bees w ax, can d elilla  w ax, carn au ba  
w a x  m icro-crystalline w ax, paraffin w ax  and shellac), 
an d  tw o other ad d itives (furfural a n d  p o ta ss iu m  
brom ide), a s  w ell a s  som e n atu ra lly  occurring  
to x ica n ts  (cyanogen ic g ly co s id es , so la n in e  and  
ch acon in e).

For th e  first tim e, sa fety  d ata  on  lim on en e-a  
flavouring agent an d  w a x es  (bees w ax , can d elilla  
w ax, carn a u b a  w ax, sh ellac) h av e  b een  p resen ted , 
w ith  exp an ded  data  on  d ieth ylen e glyco l m on o  ethyl 
ether-a  so lven t. The in form ation  p resen ted  in  the  
a n n ex u res in c lu d es  th e  lis t  o f  rep orts an d  other  
d o cu m en ts resu ltin g  from  p rev iou s m ee tin g s  o f th e  
Jo in t FAO/W HO Expert C om m ittee on  food additives  
and recom m endations on  com p o u n d s on  th e  agenda.

The data  su m m arized  in  th e se  m on ograp h s  
serve a s  th e b a s is  for a ccep tab le  d aily  in ta k es  
esta b lish ed  b y  th e  C om m ittee. T h is vo lu m e and  
oth ers in  th e WHO Food A dditives S er ies  con ta in  
in form ation th a t is  u se fu l to  th o se  w h o  produce  
an d  u se  food ad d itives an d  veterin ary  drugs, 
governm ent and food regulatory p erson n el, industrial 
te stin g  laboratories, tox ico log ica l lab oratories and  
u n iversities.

SHASHIKALA PUTTARAJ 
DEPARTMENT OF STUDIES IN HOME SCIENCE 

UNIVERSITY OF MYSORE, 
MYSORE - 570 006

L o w  C a lo r ie  F o o d s :  H andbook  b y  A aron M. A ltsch u l, 
M arcel D ekker Inc., 2 7 0 , M ad ison  A ven u e, New  
York. M arch 19 93 , Price $  1 6 5 .0 0

U n d em u tr itio n  an d  o v e m u tr itio n  are tw o  
con d ition s en cou n tered  d u e to im balance o f nutrition  
in  different geograp hical areas. O verw eight and  
ob esity  are prob lem s o f in d u str ia lized  so c ie tie s , 
w h e r e a s  d e fic ien cy  d is e a s e s  are ra m p a n t in  
underdeveloped  cou n tr ies . W ith a d v a n ces  in  food  
sc ien ce  and techn ology , there are a  variety  o f low  
calorie foods in troduced  in to  th e  m ark et to com bat 
ovem u trition . T h is book, sp ec ia lly  w ritten  w ith
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reference to  A m erican  p op u lation , p resen ts  a w ealth  
of Inform ation con trib u ted  b y  different sc ie n tis ts  
and tr ies to an sw er m o st o f  th e q u estio n s, a h ealth  
professional w ou ld  a sk  ab ou t low  calorie foods.

The b ook  h a s  b een  divided into five different 
section s. S ection  A  d ea ls  w ith  overview of ob esity  
and food tren d s w h ich  in c lu d es  5 artic les on  adult 
and ch ildhood  ob esities , tren d s in  eatin g  pattern  
in  U nited S ta tes  an d  fat in  foods. S ection  B is  the  
m ajor sec tio n  of th e  book  w h ich  in c lu d es  12 
chapters on  all a sp ec ts  of low  calorie foods. It traces  
the h istory o f low  calorie food s in  U nited  S ta tes  
w ith con su m p tion  data  u p to  1991 . C urrent and  
future regu lation s b y  FDA have also  b een  covered. 
T his section  a lso  in c lu d es  ch ap ters on  su gar  
s u b s t i t u t e s ,  m ic r o p a r t ic u la te d  p r o t e in s ,  fa t  
su b stitu tes , bu lk in g a g en ts, low  fat and low  calorie  
foods. The inform ation given  covers sa fety  and  
regulatory asp ects, im portance, application, chem ical 
properties, tech n ica l a sp ec ts  and fun ction ality . T h is  
cou ld  be u sefu l to an yon e look ing for detailed  
inform ation on  an y a sp ect of low  calorie foods.

S ection  C w ritten  on  im p act o f low  calorie food s  
covers 3  ch ap ters on  food m ark etin g , n u tr itio n  
ed u cation  and d evelop m en t o f low  ca lorie a n d  low  
fat recipes. S ection  D ex a m in es  th e  im p a ct o f d iet 
com p osition  on  energy in tak e, im p act o f d ietary fat 
an d  carb oh yd rates on  b od y w eigh t m a in ten a n ce , 
effect o f low ering d ietary fat on  h ea lth  s ta tu s  an d  
co n seq u en ces  o f  long term  low  fat d iet reg im en s. 
Last sec tio n  gives in form ation  o n  low  ca lorie  food s  
an d  ob esity , p sych olog ica l a sp e c ts  o f low  calorie  
food s an d  role o f low  calorie food s.

T h is book  serves th e  n eed  o f good  reference  
b ook  on  low  calorie food s for food s c ie n t is ts , 
tech n o lo g ists  an d  h ea lth  p ro fession a ls . T h is  cou ld  
serve a s  a good h an d b oo k  ev en  for s tu d e n ts  
train ing to b e  d ietitian s or n u tr itio n ists .

JAMUNA PRAKASH 
DEPARTMENT OF STUDIES IN HOME SCIENCE 

UNIVERSITY OF MYSORE 
MYSORE - 570  006
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AFST (I) NEWS

THE OBSERVANCE OF WORLD FOOD DAY
BY

THE ASSOCIATION OF FOOD SCIENTISTS AND TECHNOLOGISTS
(INDIA)

KHARAGPUR CHAPTER, LOCATED AT 
AGRICULTURAL ENGINEERING DEPARTMENT,

INDIAN INSTITUTE OF TECHNOLOGY, KHARAGPUR 721 302 (W.B.), INDIA

The W orld Food D a y -1 9 9 3  w a s  celebrated  w ith  
the major them e o f 'H arvesting N ature's Diversity'. 
The celebration w a s  carried out in  two p h a ses . In 
the first p h ase , a  n u m b er of activ ities involving  
participation o f sch oo l an d  college s tu d e n ts  a s  w ell 
a s  C am pus la d ies  w ere organ ised . The m a in  
programme o f prize d istr ib u tion  an d  W orld Food  
Day' sem in ar w a s su b seq u en tly  held  in  the secon d  
p h ase, on  the W orld Food D ay, the O ctober 16, 
1993.

The P h ase-w ise  d eta ils  o f  th e  even ts are a s  
follows :
PHASE I : COMPETITIVE EVENTS

(1) F o o d  a n d  N u t r i t i o n  Q u iz :  E n tries w ere invited  
from stu d en ts o f  C lass VIII to XII. S even teen  tea m s  
com prising two m em b ers -each com p eted  in  the  
Quiz. In the prelim inary round, eight tea m s w ere  
selected , through a n  objective type w ritten  te st, for 
the final oral q u estion in g  round. The B est and th e  
Second B est tea m s (two team s jo in tly  w on  th e  
secon d  place) w ere aw arded the certificates o f m erit 
and con so lation  prizes.

(2) D e b a te :  D eb ate co n test w a s organ ised  both  
at sch oo l and college levels, th e  top ics b ein g  "Food 
for all by 2 0 0 0  A.D. - A  m ere dream" and "India 
n e e d s  fo re ig n  in v e s tm e n t  in  F o o d  S ector" , 
respectively. S ix  sch o o l level and  tw o college level 
team s, com prising two m em b ers each , participated  
in  the debate. The b e s t  and th e  seco n d  b est  
speakers were aw arded the certificates and prizes. 
A con so lation  prize w a s  a lso  aw arded at sch oo l 
level.

(3) E s s a y  : The top ics for the sch oo l and
college level debate w ere "Balanced Diet" an d  "Need 
of Food P rocessing  for th e  E con om ic Growth o f the  
Country", respectively. E leven  en tries w ere received  
at school level, ou t o f w h ich  on e first and  two  
second prizes along w ith  th e certificates o f  m erit 
were given away. At college level, two en tr ies w ere

received and b oth  w ere aw arded co n so la tio n  prizes.
(4) P o s t e r : The top ics for th e  sch o o l an d  college  

level P oster C om petition  w ere "Future Foods" and  
"Food S c e n a r io  for T h ird  W orld  C ou n tries" , 
respectively. T w en ty-n in e en tr ie s  w ere received  at 
sch oo l level. C ertificates an d  p rizes w ere aw arded  
to th e B est and the S econ d  B est entries. C on solation  
prizes w ere given  to  three en tries.

At college level, on ly  on e  en try  w a s  received. 
S in ce no com p arison  w a s  p o ssib le , a  sp ec ia l prize 
w a s given  to th is  entry.

(5) C o o k e r y  C o m p e t i t i o n  : P o tato-b ased  recip es  
w ere invited from  IIT C am p u s la d ie s  for th is  
com petition . A sp ec ta cu la r  variety  o f d e lic iou s  
potato  d ish es  w a s  d isp layed  b y  tw en ty  p artic ip an ts. 
The d ish e s  w ere eva lu ated  by four ju d g e s  on  th e  
b a s is  of se lec tio n  o f p rod u ct, n u tr ition a l va lu e, 
co m p leten ess  o f cook ing, co st , g a rn ish in g  and  
d r e ss in g . O ne F irst, tw o  S e c o n d  a n d  th ree  
C on sola tion  p rizes w ere aw arded.
PHASE II : WORLD FOOD DAY SEMINAR

The m ain  program m e o f W orld  F ood Day' 
S em in ar and prize d istr ib u tion  w a s  h eld  in  the  
S econ d  p h a se , on  th e  afternoon  o f 1 6 -1 0 -9 3 . The 
fu n ction  w as presided  b y  Dr. N.G. B h ole , P resident 
of the C hapter, Prof. K.L. C hopra, D irector, IIT 
K haragpur graced  th e  o cca s io n  a s  th e  C h ief G u est, 
Dr. S. Beil, Officiating H ead, A gricultural E ngineering  
D epartm ent, IIT, K haragpur, w a s  a sp ec ia l invitee.

The fu n ction  b ega n  w ith  th e  op en in g  rem arks  
by th e Secretary of th e Chapter, Dr. S.L. Shrivastava, 
w h o inform ed th e  H ou se  ab o u t th e  objectives of 
celeb ration  o f W orld Food D ay, its  in itia tion  and  
th e th em e o f th is  year's celeb ration .

The P resid en t o f  th e  C hapter, Dr. N.G. B hole, 
in  h is  w elcom e ad d ress, n arrated  th e  sta te  of  
h u n ger  and m aln u trition  prevalent all over the  
world and su g g ested  p o ss ib le  m ea su res  to face the
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situ a tion . He review ed  Ind ia's varied  n a tu ra l 
resources and expressed  th e  hope that by h arn essin g  
the nature's diversity, esp ec ia lly  th e  biodiversity, 
India w ill be able to tide over th e  prob lem s of food  
shortage not on ly o f h er  ow n, b u t a lso  o f other  
developing cou n tries.

After P resident's ad d ress, Dr. S . B al ad d ressed  
the H ou se. H e s tr e sse d  th e  n eed  for ob servation  
of su ch  d ays to m ak e peop le aw are o f all th e  
a sp ects  o f  food p rod u ction  an d  co n su m p tion . 
Thereafter, prizes w ere d istrib u ted  to  th e w in n ers  
of variou s ev en ts  b y  th e  C hief G u est. T he p rizes  
were partly sp on sored  b y  th e  only corporate m em ber  
of the Chapter, M /s . M ahabir Rice Mill, M idnapur. 
C hief G uest, in  h is  ad d ress, com m en d ed  the  
perform ance o f th e p artic ip an ts in  variou s even ts  
and congratu lated  th e  w in ners. He em p h asized  the  
role of food sc ie n tis ts  an d  tech n o lo g ists  in  fighting  
out th e in creasin g  food shortage o f th e world. He 
also sta ted  th a t Food P rocess E ngineering is  going

The last event o f  th e World Food D ay celeb ration  
w a s  a sem in ar ta lk  b y  Dr. S. B a l on  'S ta tu s  o f  
Food P rocessin g  Industry in  India'. E lab orating  th e  
n eed  for food p rocessin g , h e  in form ed th e  H o u se  
th a t even  w ith  a m eagre u tilisa tio n  o f th e  p o ten tia l, 
th e  food p rocessin g  in d u stry  h a p p en s  to  b e  th e  
largest in d u stry  in  India, acco u n tin g  for th e  h ig h est  
fisca l ou tla ys a s  w ell a s  em p loym en t op p ortu n ities . 
D evelopm ent o f food in d u stry  cou ld  go  a lo n g  w ay  
in  ch eck in g  th e  food lo s se s , thereb y  in crea s in g  th e  
availability o f food. At th e  sa m e tim e, w ith  it s  v a s t  
p oten tia l for em p loym en t gen era tion , th is  in d u stry  
cou ld  bring ab ou t a se a  ch an g e  in  cou n try 's  
econom y.

The fu n ction  ended  w ith  a vote  o f  th a n k s  b y  
the Secretary o f th e  C hapter.

S .L . S h r lv a s ta v a
Secretary

to be ve iy  im portant b ran ch  of stu d y in  the near
fu tu re .
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M a n u s c r ip t ,  in  t r ip l ic a te ,  s h o u ld  b e  t y p e d /p r in t e d  in  d o u b le - s p a c e  o n  o n e  s id e  o f  A 4 s i z e / b o n d  p a p e r ,  le a v in g  
2 .5  cm  m a rg in  o n  a l l  f o u r  s id e s  o f  t h e  p a g e . T h e  d a t a  r e p o r te d  in  th e  m a n u s c r i p t  m u s t  b e  o r ig in a l  w i th  c le a r  
d e fin itio n  o f  o b je c tiv e s , m a te r ia l s  u s e d ,  m e th o d s  e m p lo y e d  a n d  w i th o u t  r e p e t i t io n .  I t  s h o u ld  n o t  h a v e  b e e n  
p u b l is h e d  o r  o ffe red  fo r  p u b l ic a t io n  e ls e w h e re .  T h e  m a n u s c r ip t  m u s t  b e  a s  p e r  f o r m a t  o f  t h e  j o u r n a l  a n d  a u t h o r s  
s h o u ld  c o n s u l t  a  r e c e n t  i s s u e  o f  th e  j o u r n a l  fo r  s ty le  a n d  la y o u t .  T h e  m a n u s c r i p t  w ill b e  r e t u r n e d  to  a u th o r s ,  
if  i t  d e p a r t s  in  a n y  w a y  fro m  th e  r e q u i r e d  f o r m a t  a n d  s ty le . P a p e r s  e s s e n t ia l ly  o f  a n  a d v e r t i s in g  n a t u r e  w ill 
n o t  b e  a c c e p te d . F o o t - n o te s  fo r  t e x t  a r e  to  b e  a v o id e d . All s u b m is s io n s  w ill b e  re v ie w e d  b y  tw o  r e f e r e e s  a n d  
a n  a p p ro p r ia te  e d i to r ia l  b o a rd  m e m b e r .  T h e  e d i to r  r e s e r v e s  th e  r ig h t  to  a c c e p t / r e j e c t  t h e  p a p e r s  a f t e r  re v ie w s  
a n d  m a k e  a p p ro p r ia te  c h a n g e s  in  th e  te x t  a n d  fo rm a t.
F o u r  d i f f e r e n t  t y p e s  o f  p a p e r s  a r e  p u b l i s h e d  :
1. R e s e a rc h  P a p e r s  w ith  a  m a x im u m  o f  16  m a n u s c r ip t  p a g e s ,  in c lu d in g  f ig u re s ,  t a b le s  a n d  r e fe re n c e s .
2 . R e s e a rc h  N o te s  w ith  a  m a x im u m  o f  8  m a n u s c r ip t  p a g e s ,  in c lu s iv e  o f  f ig u re s ,  t a b le s  a n d  r e fe re n c e s .
3 . R a p id  C o m m u n ic a t io n  w ith  a  m a x im u m  16  m a n u s c r ip t  p a g e s  (all in c lu s iv e )  w ill b e  p u b l i s h e d  r a p id ly , o u t  

o f  o rd e r  o f  s u b m is s io n .  S u c h  c o m m u n ic a t io n s  m u s t  b e  b a s e d  o n  n e w  r e s u l t s  o f  im p a c t - m a k in g  q u a l i ty .  T h e  
a u th o r s  h a v e  to  a p p e n d  a  n o te ,  in d ic a t in g  n o v e lty , im p l ic a t io n s  o f  th e  r e s u l t s  a n d  u r g e n c y  in  p u b l ic a t io n .  
T h e  e d i to r  r e s e r v e s  th e  r ig h t  to  d e c id e  o n  to  w h a t  c o n s t i tu te s  a  R a p id  C o m m u n ic a t io n .

4 . R eview s o n  s p e c if ic  to p ic s  o f  h ig h e r  u t i l i ty  a n d  c u r r e n t  t r e n d s  a r e  a ls o  p u b l is h e d .  A t p r e s e n t ,  th e s e  a r e  
b y  in v ita t io n  o n ly .

M a te r ia ls  a n d  M e th o d s  m u s t  g ive s u f f ic ie n t  d e ta i l s  o f  th e  w o rk  to  b e  r e p e a te d .  M e th o d s  o f  s a m p lin g ,  n u m b e r  
o f  r e p l ic a t io n s  a n d  r e le v a n t  s t a t i s t i c a l  a n a ly s e s  s h o u ld  b e  in d ic a te d .  A n y  h a z a r d  m u s t  b e  m e n t io n e d  a n d  th e  
r e le v a n t  s a fe ty  p r e c a u t io n s  d e s c r ib e d  o r  r e fe re n c e  m a d e  to  s a f e ty  p r o c e d u r e s .  T h e  u s e  o f  p r o p r ie ta r y  n a m e s  
s h o u ld  b e  a v o id e d .
E a c h  p a p e r  s h o u ld  b e  p ro v id e d  w ith  a n  a b s t r a c t  o f  m a x im u m  te n  l in e s ,  r e p o r t in g  c o n c is e ly  o n  th e  p r in c ip a l  
f in d in g s  o f  th e  p a p e r  a n d  in  th e  fo rm  a c c e p ta b le  to  a b s t r a c t in g  a g e n c y . T h is  s h o u ld  b e  fo llo w ed  b y  u p to  6  
k e y w o rd s  a n d  th i s  s h o u ld  c o v e r  a l l  th e  m a in  to p ic s  in c o rp o r a te d  in  th e  p a p e r  in c lu d in g  a n y  a l r e a d y  g iv e n  in  
th e  title .
T h e  m a n u s c r ip t  o f  th e  r e s e a r c h  p a p e r  s h o u ld  b e  d iv id e d  in to  5  s e c t io n s  v iz .. A b s t r a c t ,  I n t r o d u c t io n ,  M a te r ia ls  
a n d  M e th o d s , R e s u l t s  a n d  D is c u s s io n  a n d  R e fe re n c e s . T h e  r e s e a r c h  n o te s  w ill b e  w i th o u t  t h e s e  s e c t io n s ,  u n d e r  
h e a d in g s ,  e x c e p t R e fe re n c e s . T h e  c h e m ic a ls  a r e  to  b e  r e f e r r e d  b y  n a m e s  a n d  n o t  b y  f o r m u la  in  t h e  te x t .  All 
v e rn a c u la r  n a m e s  e .g ., p u la v ,  p u r e e ,  c h a p a t i  m u s t  b e  u n d e r l in e d  a n d  b r ie f ly  d e s c r ib e d  w h e n  a p p e a r in g  fo r  th e  
f ir s t  tim e . S im ila rly , a ll  v a r ie ta l  n a m e s  s u c h  a s  '1R 1 5 0 ', 'P b -5 6 ' m u s t  b e  p u t  in  s in g le  in v e r te d  c o m m a s .
T h e  t i tle  o f  th e  p a p e r  is  to  b e  ty p e d  in  c a p i ta l  a n d  s m a l l  l e t t e r s  fo r  a ll ty p e s  o f  p a p e r s .  A u th o r s ' n a m e s  s h o u ld  
b e  in  c a p ita l  a n d  th e  a f f i l ia tio n  in  c a p i ta l  a n d  s m a l l  le t te r s .  T h is  s h o u ld  b e  fo llo w ed  b y  A b s t r a c t  a n d  I n t r o d u c t io n  
(w ith o u t h e a d in g ).
T a b le s , n u m b e r e d  c o n s e c u t iv e ly  w ith  A ra b ic  n u m e r a l s  a r e  to  b e  ty p e d  o n  s e p a r a t e  s h e e t  a n d  p la c e d  a f te r  r e f e r e n c e s  
s e c tio n . N o v e r t ic a l  l in e s  s h o u ld  b e  u s e d  a n d  th e  ta b le  s h o u ld  n o t  h a v e  m o re  t h a n  12  c o lu m n s .  N il r e s u l t s  
s h o u ld  b e  in d ic a te d  b y  u s in g  N D  (n o t d e te c te d ) ,  w h ile  a b s e n c e  o f  d a t a  s ig n ,
G r a p h s  a n d  lin e  d r a w in g s  m u s t  b e  in  a  s ty le  a n d  s t a n d a r d  o f  d r a u g h t s m a n s h ip .  T h e s e  s h o u ld  b e  d r a w n  In  
In d ia n  in k , w ith  s te n c i l l e d  le t te r in g ,  o n  t r a c in g  p a p e r  o r  w h ite  d ra w in g  p a p e r  o r  p r e fe ra b ly  a r t  p a p e r .  T h e  le t te r in g  
s h o u ld  b e  tw ice  th e  s iz e  o f  t h e  p r in te d  le t te r .  P h o to g r a p h s  s h o u ld  b e  s u b m i t te d  a s  c le a r  b la c k - a n d - w h i te  p r in t s  
o n  g lo s s y  p a p e r  a n d  m u s t  h a v e  g o o d  c o n t r a s t .  H ig h  q u a l i ty  c o m p u te r - g e n e r a te d  l in e  d ia g r a m s  o r  g lo s s y  p r in t s  
a r e  a ls o  a c c e p ta b le .  L e g e n d s  fo r  a ll  t h e  f ig u re s  a r e  to  b e  ty p e d  o n  s e p a r a te  p a g e  w i th  d e ta i l s  o f  s y m b o ls .  T h e  
g r a p h s ,  lin e  d ra w in g s  a n d  p h o to g r a p h s  m u s t  b e  p r o te c te d  a d e q u a te ly  a g a in s t  d a m a g e  a n d  b e n d in g  o f  t h e  e n v e lo p e  
d u r in g  t r a n s i t .  T h e  m a n u s c r i p t  w ill b e  r e tu r n e d  to  a u th o r s ,  i f  th e s e  r e q u i r e m e n ts  a r e  n o t  fu lf illed .
In  c a s e  o f  s e n s o r y  e v a lu a t io n  r e s u l t s ,  t h e  o b je c tiv e s  s h o u ld  b e  s t a t e d  c le a r ly . A d e q u a te  d e ta i l s  a n d  r e fe re n c e s  
s h o u ld  b e  p ro v id e d  o f  th e  s e n s o r y  e v a lu a t io n  m e th o d s  u s e d ,  a lo n g  w ith  th e  d e ta i l s  o f  t h e  c o lle c tio n , a n a ly s e s  
a n d  in te r p r e ta t io n  o f  d a t a .  T h e  e x p e r im e n ta l  d e s ig n s  u s e d  a r e  to  b e  c le a r ly  s t a t e d ,  e .g . r a n d o m iz e d  b lo c k , L a tin  
s q u a r e s ,  f a c to r ia ls ,  f r a c t io n a l  f a c to r ia ls ,  in c o m p le te  b lo c k s ,  e tc .  T h e  s o u r c e  o f  p a n e l ,  w h e th e r  in - h o u s e  o r  f ro m  
o u ts id e  is  to  b e  in d ic a te d .  T h e  n u m b e r  o f  p a n e l i s t s  s h o u ld  b e  s t a t e d  a lo n g  w ith  th e  c o m p o s i t io n  (age , se x , 
s t a t u s  e tc .)  o f  th e  p a n e l .  I t  is  n e c e s s a r y  to  s t a t e  t h a t  s a m e  o r  d if fe re n t  p a n e l  h a s  p a r t i c ip a te d  in  d if fe re n t  
s e n s o ry  e v a lu a t io n  t r ia l s .  T h e  d a t a  in v o lv in g  le s s  t h a n  15  p a n e l i s t s  a n d  a ls o  w h e r e  th e  p a n e l i s t s  a r e  n o t  t r a in e d  
to  fu n c t io n  a s  a  h u m a n  a n a ly t ic a l  i n s t r u m e n t  (w ith  p e r io d ic  r e -o r ie n ta t io n )  a s  w e ll a s  t h e  m e m b e r s  w i th o u t  
r e q u ire d  s e n s i t iv i ty  a r e  n o t  a c c e p ta b le .  F o r  effec tiv e  t e s t s ,  th e  d a t a  in v o lv in g  le s s  t h a n  2 0  p a n e l i s t s  a n d  w i th o u t  
in fo rm a tio n  o n  th e  t a r g e t  p o p u la t io n  s e le c te d  a r e  u n a c c e p ta b le .
S e n s o ry  e v a lu a t io n  s tu d ie s  s h o u ld  r e p o r t  t h e  d a t a  o n  p h y s ic a l  a n d  e n v i ro n m e n t  f a c to r s  ( ta s te  b o o th  ty p e , c o lo u r  
o f  w a l l s / s e p a r a to r ,  e x te n t  o f  d is t r a c t io n  f ro m  e x te r n a l  s o u n d / o d o u r ,  ro o m  te m p e r a tu r e ,  r e la t iv e  h u m id i ty ,  
i l lu m in a tio n  s p e c if ic a t io n  e tc . T h e  e q u ip m e n t  a n d  m e th o d s  o f  s a m p le  p r e p a r a t io n ,  te s t in g  t e m p e r a tu r e  c o n d it io n s ,  
s a m p le  s ize , n u m b e r  o f  s a m p le s  e v a lu a te d  p e r  s e s s io n ,  n a t u r e  o f  p a la te  c le a r in g  a g e n ts  u s e d ,  t im e  o f  e v a lu a t io n ,  
s e q u e n c e  o f  te s t in g  a n d  d a t a  e n t r y  c a r r ie r s  s h o u ld  b e  r e p o r te d .  F o r  e ffec tiv e  t e s t ,  th e  lo c a t io n  o f  te s t in g  (s to re s .



S ta t i s t ic a l  p r o c e d u r e  u s e d  fo r  h a n d l in g  s e n s o r y  e v a lu a t io n  d a t a  s h o u ld  b e  c le a r ly  in d ic a te d  in c lu d in g  a n y  
t r a n s f o r m a t io n s  o r  d e v ia t io n s  t h a t  a r e  c a r r ie d  o u t ,  e .g ., a s s ig n m e n t  o f  n u m b e r s  to  in te rv a ls ,  c a te g o r ie s  a n d  
th e  like . T h e  ty p e  o f  a n a ly s is  c a r r ie d  o u t ,  c a te g o r ie s , th e  lev el o f  s ig n if ic a n c e  a n d  th e  d e c is io n s  m a d e  a r e  to  
b e  p ro v id e d  w ith  a p p r o p r ia te  ta b le s  a n d  g r a p h s .  A p p ro p r ia te  a n d  a d e q u a te  d a t a  o n  th e  t e s t s  o f  s ig n if ic a n c e ,  
(like F , x 2, t, r , R a n k  s u m ,  M a n n w h itn e y , R a n k  C o r re c t io n  e tc .)  s h o u ld  b e  p ro v id e d  to  j u s t i f y  c o n c lu s io n s  a n d  
e n a b le  re p e a ta b i l i ty .  T h e  p ro b a b i l i ty  lev e ls , d e g re e s  o f  f re e d o m , th e  o b s e rv e d  v a lu e  o f  t h e  t e s t  c r i te r io n ,  t h e  
d ire c t io n  o f  th e  e ffec t a n d  th e  d e c is io n  b a s e d  o n  th e s e  a r e  to  b e  in d ic a te d .
R e fe re n c e s  s h o u ld  b e  c i te d  a t  t h e  a p p r o p r ia te  p o in t  in  th e  te x t  b y  g iv in g  a u t h o r s '  n a m e s  a n d  y e a r  in  b r a c k e t  
i.e . (S m ith  1 9 9 0 ; S m ith  a n d  G ib b o n s  1 9 9 0 ; S m ith  e t  a l. 1 992) a s  p e r  H a rv a r d  S y s te m . A  l i s t  o f  r e f e r e n c e s ,  
in  a lp h a b e t ic a l  o rd e r ,  s h o u ld  a p p e a r  a t  th e  e n d  o f  R e s u l t s  a n d  D is c u s s io n  s e c t io n .  In  c a s e  o f  s in g le  a u t h o r  
re fe re n c e , th e  a lp h a b e t ic a l  a r r a n g e m e n t  s h o u ld  b e  b y  d a te ,  w h ile  it  s h o u ld  b e  b y  c o - a u th o r  w h e n  th e  r e f e r e n c e  
w ith  o n e  c o - a u th o r  is  c ite d . T h e  a lp h a b e t ic a l  a r r a n g e m e n t  s h o u ld  b e  b y  d a te  in  c a s e  o f  t h e  r e f e r e n c e  w i th  
m o re  t h a n  o n e  c o - a u th o r s .  A b b re v ia t io n s  s u c h  a s  e t  a l ,  i b i d ,  i d e m  m u s t  b e  a v o id e d . T h e  t i t le s  o f  a l l  s c ie n tif ic  
p e r io d ic a ls  s h o u ld  b e  a b b re v ia te d  a s  in  C h e m i c a l  A b s t r a c t s ,  B i o l o g i c a l  A b s t r a c t s ,  A n n u a l  B I O S I S  L i s t  o f  S e r i a l s  
a n d  S e r i a l  S o u r c e s  f o r  t h e  B I O S I S  D a t a  B a s e .  If  t h e  j o u r n a l  is  n o t  in c lu d e d  in  th e s e  s o u r c e s ,  t h e n  t h e  n a m e  
o f  th e  j o u r n a l  is  to  b e  g iv e n  in  fu ll. U n p u b l is h e d  d a t a  o r  p r iv a te  c o m m u n ic a t io n s  s h o u ld  n o t  a p p e a r  in  th e  
lis t, b u t  m a y  b e  in d ic a te d  in  th e  te x t .  N o i ta lic  ty p e s  s h o u ld  b e  u s e d  in  th e  re f e re n c e s ,  e x c e p t  fo r  b o ta n ic a l  
a n d  v e r n a c u la r  n a m e s .  T h e  e x a m p le s  o f  la y o u t  o f  ty p ic a l r e f e re n c e s  a r e  a s  b e lo w  :
P u b l i s h e d  P a p e r s / N o t e s / R e v i e w s
a) T a ir u  AO , O m o to s u  RA, B a m iro  F O  (199 1 ) S tu d ie s  o n  o x id a tiv e  s ta b i l i ty  o f  c r u d e  a n d  p r o c e s s e d  y e llo w  n u t s e d g e  

tu b e r  a n d  a lm o n d  s e e d  oil. J  F o o d  S c i T e c h n o l  2 8 :8 -1 1  
B o o k s /A p p r o v e d  M e th o d s
a) H a c k in g  A J  (19 8 6 ) E c o n o m ic  A s p e c ts  o f  B io te c h n o lo g y . C a m b r id g e  U n iv e rs i ty  P r e s s ,  C a m b r id g e
b) AOAC (1984 ) O ffic ia l M e th o d s  o f  A n a ly s is ,  1 4 th  ed . A s s o c ia t io n  o f  O ffic ia l A n a ly t ic a l  C h e m is ts ,  W a s h in g to n ,  

DC
C h a p t e r s  i n  E d i t e d  B o o k s /B o o k  S e r i e s / P a p e r s  i n  s  S y m p o s iu m  P r o c e e d i n g s / S o u v e n i r
a) K u r tz m a n  C P, P h a f f  H J ,  M ey e r SA  (19 8 3 ) N u c le ic  a c id  r e la te d n e s s  a m o n g  y e a s t s .  In ; S p e n c e r  J F T ,  S p e n c e r  

DM , S m ith  ARW  (eds) Y e a s t  G e n e tic s ,  F u n d a m e n ta l  a n d  A p p lie d  A s p e c ts .  S p r in g e r -V e r la g ,  N ew  Y o rk , 
p p  1 3 9 -1 6 6

b) G ro s s  E  (19 75 ) S u b ti l in  a n d  n is in :  T h e  c h e m is t ry  a n d  b io lo g y  o f  p e p t id e s  w ith  a  -  p - s a tu r a t e d  a m in o  a c id s .  In: 
W a lte r  R, M e re n h o p e r  J  (eds) P e p tid e s :  C h e m is try ,  S t r u c tu r e  a n d  B iology , P ro c e e d in g s  o f  th e  F o u r t h  A m e r ic a n  
P e p tid e  S y m p o s iu m , A n n  A rb o r, M ic h ig a n , U SA , p p  3 1 -4 2

c) B h a le ra o  SD , M u lm u la y  GV, P o tty  V H  (19 8 9 ) E ff lu e n t  m a n a g e m e n t  in  food  in d u s t r y .  In  : S o u v e n ir ,  N a t io n a l  
S y m p o s iu m  o n  Im p a c t  o f  P o llu t io n  in  a n d  fro m  F o o d  I n d u s t r i e s  a n d  i t s  M a n a g e m e n t .  A s s o c ia t io n  o f  F o o d  
S c ie n t i s t s  a n d  T e c h n o lo g is ts  (In d ia ), M y so re , p p  1-31

R e p o r t s  b y  S p e c i f i e d  A u t h o r s / I n s t i t u t i o n s
a) A n d re s s  EL, K u h n  G D  (1983 ) C r i t ic a l  R ev iew  o f  H o m e  P re s e rv a t io n  - L i te r a tu r e  a n d  C u r r e n t  R e s e a r c h ,  C o 

o p e ra tiv e  A g re e m e n t N o. 1 2 -0 5 -3 0 0 -5 5 3 .  U S D A  a n d  P e n n s y lv a n ia  S ta te  U n iv e rs ity , P e n n s y lv a n ia .
b) U S D A  (19 77 ) H o m e  C a n n in g  o f  F r u i t s  a n d  V e g e ta b le s , H o m e  a n d  G a rd e n  B u l le t in  18 , U n i te d  S t a t e s  D e p a r tm e n t  

o f  A g r ic u ltu re ,  W a s h in g to n , D C
P a t e n t s
a) S c h m id t  G R , M e a n s  W J  (19 8 6 ) P ro c e s s  o f  p r e p a r in g  a lg in /c a le iu m  g e l - s t r u c tu r e d  m e a t  p r o d u c t s .  U S  P a te n t  

4  6 0 3  0 5 4  
T h e s i s
a) R a m e s h  M V (19 89 ) P r o d u c t io n  o f  h e a t  s ta b le  a lp h a - a m y la s e .  P h .D . T h e s is ,  U n iv e rs i ty  o f  M y so re , M y so re , 

In d ia
P a p e r s  p r e s e n t e d  a t  S y m p o s ia
a) S te v e n s  K A  K la p e s  NA, S h e ld o n  BW , K la e n h a m m e r  T R  (1 99 1 ) A n ti-m ic ro b ia l  a c t io n  o f  n i s in  a g a i n s t  S a l m o n e l l a  

t y p h i m u r i u m  l ip o -p o ly s a c c h a r id e  m u t a n t s  P a p e r  7 -5 0 1 . P r e s e n te d  a t  9 1 s t  A m e r ic a n  S o c ie ty  fo r  M ic ro b io lo g y , 
A n n u a l  M ee tin g , D a lla s ,  T e x a s , U SA , 5 -9  M ay

C o r re s p o n d in g  a u t h o r  w ill re c e iv e  a  s e t  o f  p a g e -p ro o fs  fo r  c o r r e c t io n  o f  ty p e - s e t t in g  e r r o r s .  N o o th e r  c h a n g e s  
in  th e  p a p e r  s h o u ld  b e  m a d e  a t  t h i s  s ta g e .  C o r re c te d  p a g e -p ro o fs  a r e  to  b e  r e tu r n e d  w i th in  2 4  h o u r s  o f  th e  
d a te  o f  re c e ip t.  T h e  r e s p o n s ib i l i ty  o f  c o r r e c t in g  th e  ty p e - s e t t in g  e r r o r s  r e s t  w i th  th e  a u t h o r s .
T h e re  a r e  n o  p a g e  c h a rg e s .  2 5  o f f -p r in ts  o f  th e  p a p e r  a r e  p ro v id e d  free  o f  c h a rg e  to  f i r s t  a u t h o r  o f  e a c h  p u b l i s h e d  
p a p e r .  A d d it io n a l  o f f -p r in ts  c a n  b e  o rd e re d ,  o n  p a y m e n t ,  o n c e  th e  p a p e r  is  a c c e p te d .

h o m e s ,  c e n t r a ]  l o c a t i o n  e t c . ) ,  t h e  i n s t r u c t i o n s  g iv e n  r e g a r d i n g  s a m p l e  p r e p a r a t i o n / p r o c e s s i n g  a n d  t h e
q u e s t i o n n a i r e  u s e d  f o r  c o l l e c t i o n  o f  d a t a  s h o u l d  b e  s p e c i f i e d .
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