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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: 0821)

* 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 Thiruvananthapuram.

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

of food, wiLh the ultimate objective to serve humanity through better food.
* Promotion of research, development and training in the Science, Technology and Engineemg 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 aspccLs 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.
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F o r  m illio n s  in K a rn a ta k a  
th re e  le tte rs  m e a n  g o o d  h ealth

K M F
For years, thousands of families all over the State, have been waking up to the wholesome goodness of KMF nandini 
Milk. The healthy start to every day KMF nandini Milk - in 1/2 Itr. and 1 Itr. sachets - is easily available in every 
area. An excellent network of KMF Agents ensure that every time you need KMF nandini Milk - you get it. Quickly. 
KMF also offers you nandini Sterilized Flavoured Milk and Miltone. A protein-rich refreshing drink. Both these have 
a shelf-life of 3 months (without refrigeration) and cost just Rs. 5 per bottle.

P lu s  s o  m u c h  m o r e !
KMF's range of high quality products include : Ghee, Skim Milk Powder and Whole Milk Powder.

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 Flail-Mark of Developments in Milk Science and Technology

© K M F
K a r n a ta k a  M ilk F e d e r a tio n

Hosur Road, Bangalore-560 029, Tel : 648940/643305

W ITH  BEST COMPLIMENTS TO R 8 l  D  SCIENTISTS /  
TECHNOLOGISTS /ENG INEERS

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

1 0 1 ,  M O U N T  R O A D ,  G U I N D Y ,  
M A D R A S  : 6 0 0  0 3 2

P h o n e  : 2 3 5 0 6 5 6  &  2 3 5 0 9 3 8  
G r a m  : " S A K T f f l B E V "
T e l e x  : 0 4 1 - 8 9 6 7  S S L - I N

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 .

a n d
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  o f N atural T aste and F lavour in  
th ese  P rod u cts is  the H all-M ark of D evelop m en ts  
in  Food S cien ce  an d  T echnology.

We Take P ride In  O ur E xcellen t Achievem ent.



AFST (I) EDUCATION AND 
PUBLICATION TRUST (REGD)

O b j e c t i v e s  :
* T o  p r o m o t e  t h e  f o l l o w i n g  a c t i v i t i e s  i n  t h e  a r e a  o f  F o o d  S c i e n c e ,  

F o o d  T e c h n o l o g y ,  F o o d  S c i e n c e ,  F o o d  E n g i n e e r i n g  a n d  
U t i l i z a t i o n / T r e a t m e n t  o f  F o o d  I n d u s t r y  B y  p r o d u c t s / W a s t e s  :
* R e s e a r c h  a n d  d e v e l o p m e n t  a c t i v i t i e s .
* I m p r o v e d  p u b l i c a t i o n  o f  i n f o r m a t i o n .
* P o p u l a r i z a t i o n  a m o n g  s t u d e n t s ,  p r o f e s s i o n a l s  a n d  g e n e r a l  

p u b l i c .
* P u b l i c a t i o n  o f  l i t e r a t u r e  a n d  t e x t  b o o k s .

* O t h e r  M a j o r  a c t i v i t i e s  i n  t h e  a b o v e  s p e c i f i c  s u b j e c t  a r e a s  
i n c l u d e  :
* T o  r e c o g n i z e  e x c e l l e n c e  i n  R  &  D ,
* T o  p r o v i d e  a d e q u a t e  p u b l i c i t y  a n d  s u p p o r t  t o  t r a i n i n g  

p r o g r a m m e s ,
* T o  a r r a n g e  s e m i n a r s ,  s y m p o s i a  a n d  s p e c i a l  l e c t u r e s  b y  

e m i n e n t  s c i e n t i s t s ,
* T o  i n s t i t u t e  a n d  a w a r d  s c h o l a r s h i p s  a n d  f e l l o w s h i p s  t o  

d e s e r v i n g  s t u d e n t s .

F o r  S c h o l a r s h i p s / F e l l o w s h i p s ,  G r a n t s ,  S e e d  F u n d  
f o r  B o o k  P u b l i c a t i o n  a n d  o t h e r  p a r t i c u l a r s ,  p l e a s e  c o n t a c t  :

E x - o f f i c i o  S e c r e t a r y
A F S T  ( I )  E d u c a t i o n  &  P u b l i c a t i o n  T r u s t  

A F S T  ( I )  O f f i c e ,  C F T R I  C a m p u s ,
M y s o r e - 5 7 0  0 1 3 ,  I n d i a .

★  DISCOUNT SALES ★  
BACK-ISSUES OF

"JOURNAL OF FOOD SCIENCE 
AND

TECHNOLOGY"
F e w  c o p ie s  o f  s o m e  o f  t h e  b a c k - i s s u e 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 , a r e  

a v a ila b le  a t  D is c o u n t  R a te s .

F or  fu r th e r  d e ta ils ,  p le a s e  c o n ta c t  : 
H onorary S ecretary , AFST (I) 

CFTRI C am pus, M y so re-57 0  0 1 3 , India.



JOURNAL OF FOOD SOIL ^  AND TECHNOLOGY

Editor:
B.K. Lonsane

Microbiology and Bioengineering Department,
Central Food Technological Research Institute, M ysore-570 013 , India

EDITORIAL BOARD : INDIAN

P . G . A d s u le
M in is t r y  o f  F o o d  P r o c e s s i n g ,  
G o v e r n m e n t  o f  I n d i a ,  N e w  D e lh i

A G . A p p u  R a o
C e n t r a l  F o o d  T e c h n o lo g ic a l  
R e s e a r c h  I n s t i t u t e ,  M y s o re

S .S . A ry a
D e fe n c e  F o o d  R e s e a r c h  
L a b o r a to r y ,  M y s o re

A S .  B a i
N a t io n a l  E n v i r o n m e n t a l  
E n g in e e r in g  R e s e a r c h  I n s t i t u t e ,  
N a g p u r

P . J .  D u b a s h
U n iv e r s i t y  D e p a r t m e n t  o f  C h e m ic a l  
T e c h n o lo g y ,  B o m b a y

P . H a r id a s  R a o
C e n t r a l  F o o d  T e c h n o lo g ic a l
R e s e a r c h  I n s t i t u t e ,  M y s o re

N .G .K . K a r a n t h
C e n t r a l  F o o d  T e c h n o lo g ic 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

M . K a r im a  K u m a r  
U n iv e r s i t y  o f  M y s o r e ,
M y s o re

M . M a h a d e v ia h
C e n t r a l  F o o d  T e c h n o lo g ic 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

N .S . M a h e n d r a k a r  
C e n t r a l  F o o d  T e c h n o lo g ic 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

P .N . M a h e s h w a r i  
H a r c o u r t  B u t l e r  
T e c h n o lo g ic a l  I n s t i t u t e ,  
K a n p u r

K .S . M a n ja
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 to r y ,  M y s o re

P . N a r a s im h a m
C e n t r a l  F o o d  T e c h n o lo g ic 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

M .S . P r a s a d
C e n t r a l  F o o d  T e c h n o lo g ic 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

P .L . R a in a
C e n t r a l  F o o d  T e c h n o lo g ic 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

M . R a m a k r i s h n a
C e n t r a l  F o o d  T e c h n o lo g ic 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

G . R a m a n a t h a m
C e n t r a l  F o o d  T e c h n o lo g ic a l
R e s e a r c h  I n s t i t u t e ,  M y s o re

K .A  R a n g a n a t h
C e n t r a l  F o o d  T e c h n o lo g ic a l
R e s e a r c h  I n s t i t u t e ,  M y s o re

S u s a n t a  K . R o 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 lh i

H . S h e k a r  S h e t t y  
U n i v e r s i t y  o f  M y s o r e ,
M y s o r e

J .  S . S i d h u  
P u n ja b  A g r i c u l t u r a l  
U n i v e r s i t y ,  L u d h i a n a

S r e e m a t h i  H a r i p r a s a d  
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

S u b a d r a  S e s h a d r i
M .S . U n i v e r s i t y  o f  B a r o d a
B a r o d a

R .N . T a r a n a t h a n
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

M .C .V a r a d a r a j
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

G .A . K r i s h n a
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  
(E x -o ff ic io )

K . U d a y a  S a n k a r
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  
(E x -o ff ic io )

H O -3 f u i  n o  ¡ii
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EDITORIAL BOARD : OVERSEAS

O la  L a ta n  A d u  
M in i s t r y  o f  A g r i c u l t u r e ,
N a tu r a l  R e s o u r c e  a n d  C o o p e r a t i o n ,  
A k u r e ,  N ig e r ia

Z e k i  B e r k
T e c h n i o n - I s r a e l  I n s t i t u t e  
o f  T e c h n o lo g y ,  H a ifa ,
I s r a e l

J a n  B o l
T N O  N u t r i t i o n  a n d  F o o d  R e s e a r c h ,  
Z e i s t ,  T h e  N e t h e r l a n d s

C .W . B ro w n  
H e r io t - W a t t  U n iv e r s i t y ,  
E d in b u rg ,
U .K .

B u la n  P h i t h a k p o l  
K a  s e t s  a r t  U n iv e r s i t y ,
B a n g k o k ,
T h a i l a n d

D a n ie l  M a r t i n e z - C a r r e a r a  
C e n t r o  d e  E n s e ñ a n z a ,  
I n v e s t i g a c i ó n  y  C a p a c i t a c i ó n  
p a r a  e l  D e s a r o l lo  
A g r íc o la  R e g io n a ,  P u e b la ,  
M e x ic o

R o b in  Y .-Y . C h io u  
N a t io n a l  C h ia y i  I n s t i t u t e  o f  
A g r i c u l tu r e ,  C h ia y i ,  T a iw a n ,  
R e p u b l ic  o f  C h in a

K h a l i l  I .  E re i f e j
J o r d a n  U n i v e r s i t y  o f  S c i e n c e
a n d  T e c h n o lo g y ,  I rb id ,
J o r d a n

K .K . E y e s o n
F o o d  R e s e a r c h  I n s t i t u t e ,  A r a ,  
G h a n a

P a o lo  F a n t o z z i  
U n iv e r s i t y  d i  P e r u g ia ,  
P e r u g ia ,  I t a l y

P .M  J a y a t i s s a
C e y lo n  I n s t i t u t e  o f  S c i e n t i f i c  
a n d  I n d u s t r i a l  R e s e a r c h ,  
C o lo m b o  
S r i  L a n k a

M o g e n s  J a c o b s e n  
D e n  K g l. V e te r in a e r - O g  
L a n d b o h o js k o le ,  
F r e d e r i k s b e r g  C , D e n m a r k

D i e t r i c h  K n o r r  
T e c h n i s c h e  U n i v e r s i t ä t  
B e r l in ,  G e r m a n y

L e e  Y u a n  K u n
N a t i o n a l  U n i v e r s i t y  o f  S in g a p o r e ,  
S i n g a p o r e ,
R e p u b l ic  o f  S in g a p o r e

T .W . K w o n  
I N J E  U n iv e r s i ty ,  
K y u n g s a n g n a m - d o ,  S . K o r e a

G . L e u p o ld
T e c h n i s c h e  U n i v e r s i t ä t
M ü n c h e n ,  F r e i s i n g - W e i h e n s t e p h a n ,
G e r m a n y

S t y l i a n o s  M a r a k is  
U n i v e r s i t y  o f  A th e n s ,  
A t h e n s ,  G r e e c e

J o r g e  M a r c o n d e s  
V i c to r i a  U n i v e r s i t y  o f  
T e c h n o lo g y ,M e lb o u r n e ,  
A u s t r a l i a

V .H . P o t t y
U n i v e r s i t y  S a i n s  M a la y s ia ,  
P e n a n g ,  M a la y s ia

M a u r ic e  R a im b a u l t  
I n s t i t u t  F r a n ç a i s  d e  R e c h e r c h e  
S c i e n t i f i q u e  p o u r  l a  D e v e lo p m e n t  
e n  C o o p e r a t i o n ,  C a l i ,  C o lu m b ia

M .A . R a o ,
C o r n e l l  U n iv e r s i ty - G e n e v a ,  
G e n e v a ,  N e w  Y o rk ,
U .S .A .

C a r lo s  R o lz
I n s t i t u t o  C e n t r o  A m e r i c a n o  d e  
I n v e s t i g a c i ó n  y  T e c h n o l o g i a  
I n d u s t r i a l ,  G u a t e m a l a  C i ty ,  
G u a t e m a l a

S e v a s t i a n o s  R o u s s o s  
I n s t i t u t  F r a n ç a i s  d e  R e c h e r c h e  
S c h i e n t i f i q u e  p o u r  le  D e v e lo p m e n t ,  
e n  C o o p e r a t i o n ,  M o n t p e l l i e r ,  
F r a n c e

E . G u m b ir a - S a id
B o g o r  A g r i c u l t u r a l  U n i v e r s i t y ,
B o g o r ,
I n d o n e s i a

C a r lo s  R ic a r d o  S o c c o l  
U n iv e r s id a d e  F e d e r a l  d o  P a r a n a ,  
C u r i t ib a - P R ,
B ra z i l

F .  F .T .  S p e n c e r
P l a n t a  P i l o t o  D e  P r o c e s o s  
I n d u s t r i a l e s  M ic r o b io lo g ic o s ,  
T u c u m a n ,
R e p u b l i c a  A r g e n t i n a

I v a n  V a r a s a n y i  
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 o d  I n d u s t r y ,  
B u d a p e s t ,
H u n g a r y

G . V in ie g r a - G o n z a le z  
U n iv e r s id a  A u t o n o m a  
M e t r o p o l i t a n a ,  I z t a p a l a p a  
M e x ic o  D .F .,
M e x ic o



I N D E X E D  A N D  S E L E C T I V E L Y  
A B S T R A C T E D  IN
* C u rre n t C o n te n ts -A g r ic u ltu r e ,  

B io lo g y  a n d  E n v ir o n m e n ta l  
S c ie n c e s

* I n d ia n  F o o d  I n d u s tr y
* NCI C u r r e n t C o n te n ts
* C h e m ic a l A b s t r a c t s
* B io lo g ic a l A b s t r a c t s
* F o od  S c ie n c e  a n d  T e c h n o lo g y  

A b s tr a c t s
* F o o d  T e c h n o lo g y  A b s t r a c t s
* D a ir y  S c ie n c e  A b s t r a c t s
* N u t r i t i o n  A b s t r a c t s  a n d  

R e v ie w s -S e r ie s  A -H u m a n  a n d  
E x p é r im e n ta is

* I n t e r n a t i o n a l  P a c k a g i n g  
A b s t r a c t s

* PIRA C D -RO M -Paper, P r in t in g  
a n d  P a c k a g in g  D a ta b a s e

* O n lin e  PIRA D a ta b a s e s -D a ta -  
S ta r ,  D ia lo g , O r b it  S e a r c h  
S e rv ic e , PFD S O n lin e  a n d  S T N

* F is h e r ie s  R e v ie w
* C a m b r i d g e  S c i e n t i f i c  

A b s t r a c t s - M i c r o b i o l o g y ,  
B io te c h n o lo g y , H e a l th  a n d  
S a f e ty  S c ie n c e

* F o o d  A d l ib r a  D ia lo g  F i le  7 9 .
* F o od  A d l ib r a  A le r t in g  B u lle t in
* F o o d  A d l i b r a  C u r r e n t

A w a r e n e s s  S u p p le m e n ts  f o r  
F o o d  S c ie n c e  a n d  S e a f o o d

* F o o d  A d l i b r a  C u r r e n t
A w a r e n e s s  S u p p le m e n t  f o r  
S n a c k s  a n d  C o r f e c t io n e r y

* B io lo g y  D ig e s t
* C A B S  O n l i n e  d a t a b a s e

( D a t a b a s e  h o s t  B R S  
I r f o r m a t io n  T e c h n o lo g ie s )

* C u rre n t A d v a n c e s  J o u r n a ls  
o f  C A B S  s e r i e s  " C u r r e n t  
A w a r e n e s s  i n  B i o l o g i c a l  
S c ien ces" , a l l  th e  r e le v a n t  

jo u r n a ls
* N A PRALERT-O nline A c c e s s  v ia  
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R E V I E W J . F o o d  S e t  T e c h n o l ,  1 9 9 4 ,  V o l  3 1 ,  N o .  2 ,  9 1 - 1 0 3

Methods for Estim ation of Aflatoxins: A Critical Appraisal
T. SHANTHA

D ep artm en t o f M icrobiology an d  B ioengineering,
C entral F ood T ech n ological R esearch  In stitu te , M ysore-570  0 1 3 , India.

Carcinogenic and hepatotoxlc nature of aflatoxins, their prevalence in the commodities meant for human and 
animal consumption, and the resultant stringent measures adopted by the Importing countries for accepting the 
commodities, have collectively Imparted extreme Importance to the methods of estimation of aflatoxins. Consequently, 
each sample needs to be subjected to reliable estimation of alia toxin before exporting. There are Innumerable methods; 
both most sophisticated and the old ones, while the latter are still reliable and are commonly used. This review deals 
with the advantages and the shortcomings of each of these techniques so as to facilitate selection of the most dependable 
and practicable methods by the analysts of the developing countries, which often are the producers of the commodities 
meant for export.
Keywords : Alla toxin estimation methods. Sampling, Extraction, Purification, Detection, Estimation, Thin layer 

chromatography, High pressure liquid chromatography, Fluorodensitometry, Instrumental methods. 
Enzyme-linked 1mmuno sorbent assay, Radio-immuno assay, Comparison of assay methods.

Im portance o f a n a ly tica l m ethods
C arcinogenic n atu re (Van R en sb erg  et al. 1985; 

H sieh 1986) and th e  in volvem ent o f a fla tox in s in  
the d isea ses  o f  a n im als an d  h u m a n s  (N ew bem e an d  
Butler 1969; G opalan  et al. 1972; K rishnam achari 
et al. 1975) h ave co llectively  urged  m ajor p ublic  
health  organ izations to  stip u la te  m ax im u m  lev els  
of aflatoxins th a t cou ld  b e  perm itted  in  food an d  
feeds (Schuller et al. 1983; E gm ond 1989). T h ese  
levels are b a sed  on  th e  a m o u n ts  th a t do n ot c a u se  
adverse effects on  h ealth  an d  productivity o f an im als, 
w h en  toxin  is  in g ested  th rou gh  feed , an d  a lso  th e  
am ount o f toxic m eta b o lites  u su a lly  p resen t in  
anim al-derived food s (Park et al. 1989). Initially, 
Food and D rug A d m inistration  (FDA) fo cu ssed  o n  
lim iting aflatoxin  in  an im al feed to  the low est  
practical anafyzable level o f  3 0  p g /k g  (FDA 19 70 ,
1974). A s analytica l cap a b ilities  for determ in ing  
aflatoxin im proved, th e  p erm itted  level w a s  red u ced  
to 2 0  p g /k g . On th e  b a s is  o f  d ata  th a t th e  afla toxin  
contam ination  in  feed  above 2 0  ppb cou ld  not 
resu lt in  sign ifican t afla toxin  re s id u es  in  food s, n or  
adversely affect an im al h ea lth , th e  to leran ce lim its  
for aflatoxins in  an im al feed s  w ere fixed in  th e  
range of 10 to  6 0 0  p g /k g  in  19 82  (FDA 1982; Park  
and Pohland 1986). T he to leran ce lim it ap p ears to  
be a resu lt o f n a tio n a l n eed s  (Park e t  al. 1988). 
Countries w hich  import th e  su scep tib le  com m odities, 
especially  for h u m a n  co n su m p tio n , h ave low er  
p erm issib le  lim its , th a n  th o se  p rod u cin g  th e  
products. W hatever th e  lim it m ay  b e , it is  em p h a ­
sized that th e  m eth od , b y  w h ich  th e  level o f  
aflatoxins is  estim ated , p la ys a very im portant role, 
either from the p oint o f  v iew  o f th e  effect o n  th e

h ea lth  o f  h u m a n s  an d  liv esto ck  or to  m a k e  th e  
p roduct accep tab le  in  th e  In tern ation al m arket.
P rinc ip les o f e s tim a tio n

M ethods o f a fla tox in  a n a ly s is  are m a in ly  b a sed  
o n  th e  prop erties o f  a fla tox in s. (P ons a n d  G oldblatt
1965). T he solub ility  o f  afla toxin s in  organic so lven ts, 
lik e  ch lo ro fo rm , m e th a n o l, e th a n o l, a c e to n e ,  
aceton itrile , b en zen e , e tc ., h e lp s  th e ir  q u an tita tive  
extraction  from  th e  co m m o d ities . T heir in so lu b le  
ch aracter  in  d ieth y l eth er, p etro leu m  eth er, an d  
h ex a n e  affords a m eth o d  to  sep a ra te  th em  from  
c e r t a in  in te r fe r in g  p ig m e n t s .  C h a r a c t e r is t ic  
f lu orescen ce  (Sargeant et al. 1961a) a n d  a b so rp tio n  
u n d er  lo n g  w ave u ltrav io let ligh t (V ander M erwe 
an d  Fourie 1963) a id  d e tectio n  an d  estim a tio n .
Steps in  m ethodology

T he s te p s  involved  in  th e  m e th o d s  o f  d etection  
an d  e stim a tio n  o f  a fla tox in  are (1) sam p lin g  
a n d  sa m p le  p rep a ra tio n , (2) ex tra c tio n , (3) 
p u rification , an d  (4) d e tectio n  or estim ation .

S a m p l i n g  : M ycotoxin con tam in ation  of particular  
p ro d u cts  su c h  a s  g ra in s a n d  n u ts  is  lik e ly  to occu r  
in  p o c k e ts  o f  h ig h  co n cen tra tio n , a n d  m ay  n ot be  
ran d om ly  d istr ib u ted  (AOAC 1990). W ith in  sh e lled  
p e a n u ts , a fla tox in  m a y  be co n cen tra ted  in  le s s  th a n  
5% o f th e  p e a n u ts  (C u cu llu  e t al. 1966). T h ose  
p e a n u t s  c o n t a i n i n g  a f la t o x in  m ig h t  h a v e  
co n cen tra tio n s  u p to  1 ,0 0 0 ,0 0 0  p g /p e r  kg (W hitaker  
an d  W iser 1969). C u cu llu  e t  a l (1966) fou n d  that  
on ly  12 k ern e ls  from  a sa m p le  o f approxim ately  
5 0 0 0  p ea n u ts  con ta in ed  d etectab le levels o f aflatoxin. 
F u rth erm ore, th e  q u a n titie s  o f  a fla toxin  in  th e
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con tam in ated  k ern e ls  varied  from  approxim ately
0 .1  to  2 2 0  pg. T hey h ave a lso  fou n d  th a t the  
topographical d istr ib u tion  o f a ila tox in  w ith in  sin gle  
kernel is  n ot uniform , even  w h en  th e  k ern els  
con ta in  h igh  levels o f  toxin . If th e  tox in  con ten t  
is  h igh  in  the heart an d  low  in  th e  ou ter  portion  
of som e k ern els, it is  con cen trated  o n  th e  ou ter  
portion and a lm ost a b sen t in  th e  cen tre . The  
variation in  th e  d istr ib u tion  o f a ila tox in  occu rs in  
sh elled  gro u n d n u ts, p ea n u t b u tter , roasted  p e a n u ts  
(Coker 1989) an d  co tto n  seed  (W hitaker an d  W iser
1969). S ixty  five p er cen t a ila tox in  is  reported to  
be p resen t In th e  sed im en t o f grou n d n u t oil 
(Basappa an d  S reen ivasa  M urthy 1977). It is  
n eed less  to  sa y  th a t th e  sam p lin g  error is  le s s  in  
uniform ly m ixab le sam p le like liq u id s an d  sem i­
so lid s th a n  in  so lid s.

T h ese above fa cts  in d ica te  th a t th e  quality  
control protocols for raw g ro u n d n u t k ern els  m u st  
include sta tistica lly -b ased  sam p lin g  m eth o d s, w h ich  
can  accom m odate th e  h ot sp o ts  o f  a ila tox in  and  
provide sa m p les  w h ich  are tru ly  th e  rep resen tative  
of th e  b atch  (Coker 1984). The Tropical P rod u cts  
Institu te's (TPI 1965) p la n  is  c la im ed  to  b e  a sim p le  
low  co st on e th a t c a n  b e  u sed  to  determ ine w h eth er  
a batch  o f grou n d n u t k ern els  h a s  a  tota l aila tox in  
con ten t exceed in g 3 0  p g /k g . It req u ires a co llection  
of a representative 10 .5  kg sam p le  (15 to  2 0  
b a tch es preferably), w h ich  is  random ly divided in to  
three o f 3 .5  kg each  p ortions. It is  im perative th a t  
the w hole o f th e  3 .5  kg su b -sa m p le  is  an a lysed . 
The p lan  developed b y  the U nited  S ta tes  D epartm ent 
of A griculture (USDA) req u ires an  in itia l sam p le  of 
approxim ately 6 6  kg (Coker 1989). H ow ever, for a  
p opulation  o f low  q u ality  (w here, p erh ap s, 30%  of  
the b a tch es  carry m ore th a n  3 0  ppb ailatoxin), th e  
con su m er risk  is  h igh  w ith  th e  u se  o f TPI p lan. 
E lsew here, accu m u la tion  o f a  sa m p le  o f at lea st  
15 lb size is  recom m en d ed  (Pons an d  G oldblatt
1969). B u t, th e  m ajor h u rd le  in  th e se  sam p lin g  
m eth o d s is  to co llect sa m p les  from  sm all farm ers, 
w ho ca n  su p p ly  on ly  a  few  q u in ta ls  an d  n ot in  lo ts  
of ton s.

It is , th u s , ap p arent th a t ad eq u ate  sam p lin g  
is  extrem ely im portant and a lso  difficult. It is  felt 
that there Is no m eth od  availab le for error-free 
sam pling. In th e  a b sen ce  o f a su ita b le  m eth od  of 
sam pling, it is  su g g ested  th a t w h atever the q u an tity  
available, th e  sam p le  is  con ed  an d  a liq u ots are 
draw n from  a s  m an y  p o in ts  a s  p ossib le , u s in g  a 
probe or sam p ler, if  n ecessa ry . T he entire sam p le  
sh ou ld  b e grou n d  to  p a s s  throu gh  a 10 m esh  
screen , aga in  con ed  and quartered  to provide a

lO O g an alytica l sam p le  (Pons an d  G oldb latt 1969). 
O nce grou n d , it is  im m aterial w h eth er  a  5 , 10  or 
2 5  g sam p le  is  an a lysed . F ra n c is  e t  al (1988) 
an a lysed  5 , 10 an d  2 5  te s t  p o rtio n s o f  f in e ly  gro u n d  
15 lb sa m p les  o f con tam in a ted  c o m  b y  d en sito m etry  
an d  s ta tistica lly  com p ared  w ith  5 0  g  te s t  p o rtio n s  
o f th e sa m e co m p o sites  for a ila to x in  co n cen tra tio n  
variance. The r e su lts  sh o w ed  good  ag reem en t for 
all w eigh ts o f sa m p les  a n a lysed .

E x t r a c t io n :  U nlike sam p lin g , there are a  n u m b er  
o f m eth o d s  w h ich  q u an tita tively  ex tract a ila to x in  
from  th e  com m od ities. T he a n a ly st  sh o u ld  se lec t  
th e  so lv en t sy s te m  w h ich  se le c t iv e ly  ex tr a c ts  
aila tox in , leaving b eh in d  m o st  o f  th e  in terfering  
com p o u n d s. Sargean t et al (196 1a ,b ) w ere th e  first 
to  extract a ila tox in  from  m ou ld y  p ea n u t m ea l u s in g  
m eth an ol. Follow ing th is  ob servation , o th er  w ork ers  
su cceed ed  in  com p lete  ex traction  o f a ila to x in  from  
con tam in a ted  g ro u n d n u ts  an d  g ro u n d n u t p rod u cts. 
For exam ple, C oom es an d  S a n d ers  (1953) ex tracted  
aila tox in  u s in g  S oxh let a p p aratu s in  6  h , w h erea s  
B roadbent et al (1963) recom m en d ed  4  h  extraction . 
Later, oth er w orkers, w h o  follow ed th is  m eth o d , 
observed  1-2% lo s s  o f  a ila to x in /h  (Trager e t  al. 
1964; C oom es et al. 1965; N ab n ey  an d  N esb itt
1965) o f extraction  an d  n oticed  th a t m eth a n o l a lso  
extracts oth er lip id s, p ig m en ts an d  carb o h yd rates, 
alon g w ith  tox in  at e levated  tem p era tu res  an d  th a t 
th e se  interfere in  th e  su b se q u e n t  an a ly tica l s te p s  
(Pons and G oldblatt 1969). T he ex tractio n  m eth o d  
w a s  further im proved la ter  on , for sh o rten in g  th e  
tim e an d  avoiding th e  in terfering su b s ta n c e s . For 
exam ple, N esh eim  (196 4a ), co m m in u ted  p e a n u ts  
w ith  a  m eth a n o l : w a ter  (55:45) so lven t or h ex a n e  
for 3 .5  m in  in  a h igh  sp eed  b len d er  to  effect 
s im u lta n eo u s  defatting a n d  extraction . In c a se  of  
th e  low  fat p ea n u t m eal, h ex a n e  w a s  om itted  
(N esheim  1 9 6 4  a,b).

The m eth o d  is  sligh tly  m odified  b y  in clu d in g  
sod iu m  chloride, w hich  h e lp s in  break ing o f em u lsio n  
an d  adopted  a s  official m eth o d  II or B F  m eth o d  
(AOAC 1990). T h is m eth od  is  u n d o u b ted ly  s im p le  
a n d  q u a n t ita t iv e ly  e x t r a c t s  a f la to x in s  fro m  
gro u n d n u ts. B u t, th e  sh ortcom in g  is  th a t th e  
a q u eo u s m eth a n o l portion, w h ich  c o n ta in s  entire  
am ou n t o f aflatoxin , form s th e  m id d le  layer w ith  
th e  u s e  o f  h exan e. M any tim es , m ix in g  o f so m e  
am ou n t o f h exa n e  layer w ith  th e  so lid  p a rtic le s  of 
th e  low est sed im en t is  u n avo id ab le . T he p h a se  
separation , either b y  centrifuging or b y  ju s t  sta n d in g  
ta k es  lon g  tim e, thereb y  d elay in g  th e  a n a ly s is  
(U n p u b lish e d  d a ta ) . A m o n g  th e  e q u ilib r iu m  
e x tr a c t io n  m e th o d s , th e  s o lv e n t  s y s t e m  o f
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acetone:water (70:30 or 65:35), to extract toxin  
from cottonseed, peanuts and other agricu ltura l 
commodities, as suggested by Pons et a l (1966a) 
or Stoloff et al (1966), Is advantageous, because 
neutral and polar lip ids are not soluble in  acetone 
water m ixture  and th e ir in terference during  
subsequent analytical steps, is  thus avoided.

Later, Pons et a l (1980) modified the solvent 
system to 85:15 ratio  o f acetone:water. A flatoxins 
can also be extracted after prewetting the m aterials. 
Lee (1965) slurried defatted peanuts and peanut 
meal w ith ten-fold excess water and extracted w ith  
chloroform by shaking fo r 30 m in on a shaker. The 
method appears simple, b u t involves defatting step. 
There w ill be problem o f em ulsion, resulting in  
delayed phase separation. No purifica tion  step of 
the extract is included. Eppley (1966a) used the 
basic concept of Lee (1965), i.e., extraction w ith  
chloroform o f prewetted m aterial, which was la ter 
adopted as officia l method under the heading 
contam inants branch (CB) method (AOAC 1990). 
The essential steps of th is  method are as follows: 
The m aterial is prewetted w ith  water at the ratio 
of 50:25 w /v , shaken w ith  5 tim es chloroform  (w / 
v), mixed w ith  good amount o f celite, filtered and 
subjected to silica gel colum n purifica tion. A lthough 
CB method has many advantages, it  has a few 
disadvantages too, as observed in  our laboratory 
(Unpublished data). The advantages are (a) the 
method provides almost pure aflatoxin extract and
(b) quantitative recovery from  the test m aterials 
(Chang et al. 1979). The disadvantage is the 
extraction of fa t along w ith  aflatoxin, in  case o f fu ll 
fat materials like groundnuts (AOAC 1990). This 
fat, although w ill be removed during the subsequent 
column purifica tion, can introduce an error due to 
residual volume o f fa t (e.g., groundnut seeds). 
Mehan et al (1985) recovered less toxin  by CB 
method than by other methods. Perhaps, during 
column chromatography, using silica gel column, 
there could be a few occasions, where aflatoxin is 
lost. There were occasions, when aflatoxin was 
eluted along w ith  diethyl ether or destroyed by 
diethyl ether solvent (Unpublished data). Hence, the 
analyst m ust be extremely careful about the pu rity  
of the solvents, especially d iethyl ether. It is better 
to ensure the s tab ility  and recovery o f toxin  by firs t 
working w ith  standard aflatoxin.

Extract purification: The prim ary m ethanolic 
extract can be purified by liqu id -liqu id  pa rtition  
system (Coomes and Sanders 1963). de Iongh et 
a l (1964) suggested p a r tit io n  betw een 
methanohwater:chloroform in  separating funnel.

while the use o f acetone:hexane:salt so lution 
(Broadbent et al. 1963; Genest and Sm ith 1963; 
TPI 1965; Coomes et al. 1965; Robertson et al. 
1965) or liqu id -liq u id  extraction w ith  chloroform  
(Trager et al. 1964; Nabney and Nesbitt 1965) was 
also advocated. Wherever m ethanol is  used, it 
undoubtedly extracts quantita tively, bu t along w ith  
other substances. It is a good solvent fo r fa t and 
pigment also (Pons and G oldblatt 1969). Wherever 
chloroform  is used, there is  a likelihood of a 
problem o f em ulsion during phase separation of 
the solvent phase. By using salt solution and 
hexane, the interference by the fa t and to some 
extent, by the pigment can be avoided.

A ll the solvent systems m entioned above are 
suitable fo r the samples containing fa irly  high 
amounts of toxin  (Nesheim 1964a). The solvent 
system to extract aflatoxin can be selected by the 
analyst depending on the sample to be analysed 
and the ava ilab ility  o f the solvent. For samples 
causing em ulsion problem  (for example, wheat flou r 
and egg), the system containing salt so lution may 
be chosen. For low fa t samples, direct chloroform  
extraction o f the water s lu rry  (Lee 1965) or aqueous 
methanol extraction can be used.

Pons and G oldblatt (1965) and Pons et al 
(1966a) suggested extraction o f aflatoxins from  
cottonseed, peanuts and other agricu ltura l materials, 
using aqueous acetone (70:30 acetone:water). As 
neutra l and polar lip ids are essentially insoluble 
in  the acetone:water solvent, efficient defatting and 
aflatoxin extraction are conducted sim ultaneously. 
S toloff et al (1966) used acetone:water (65:35) fo r 
extraction of aflatoxins from  cottonseed products, 
using a blender. The in terfering pigments from  a 
variety o f agricu ltu ra l products can be removed as 
insoluble lead-salt by treating the extracts w ith  
neutra l lead acetate (Pons et al. 1966a). There 
appears to be only two methods available for 
extraction o f aflatoxin from  o il (Pons et al. 1966a; 
Parker and M elnick 1966). Method o f Parker and 
M elnik (1966) includes extraction o f the o il w ith  
55% methanol (aqueous) by thoroughly shaking 
(thrice) fo r 1.5 m in and extraction o f m ethanolic 
extracts w ith  hexane, to remove traces o f a ll 
contam ination w ith  hexane. Aqueous m ethanolic 
extracts are, then, evaporated to reduce the volume 
and extracted by liq u id /liq u id  extraction w ith  
chloroform  fo r 3 h.

The method described by Pons et al (1966a) 
is extremely simple, as compared to tha t of Parker 
and M elnick (1966). The o il is dissolved in  hexane 
and the hexane-oil m ixture is extracted by sw irling
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w ith 70% acetone (aqueous). This solvent removes 
aflatoxin quantitatively, w ith  little  o il residue. 
Aqueous acetone is boiled w ith  lead acetate to 
precipitate any pigment as lead salts and to reduce 
acetone content. F inally, aflatoxin is taken Into 
chloroform  by liq u id /liq u id  extraction. This method 
is undoubtedly superior to tha t of Parker and 
M elnick (1966). Aqueous acetone extract is almost 
pigment-and fat-free (Pons and G oldblatt 1969). 
Often, the treatm ent w ith  lead acetate does not 
appear to be needed. Phase separation is fast and 
the whole operation can be finished w ith in  45 m in. 
So far, there is no other better method published. 
Pons et al (1980) have modified the ir method of 
extraction and purifica tion  for use w ith  agricu ltu ra l 
commodities. The solvent used is acetone:water 
(85:15) fo r prim ary extraction. The acetone extract 
is treated w ith  lead acetate by keeping at room 
temperature fo r 5 m in, instead of boiling it on water 
bath, thus saving tim e, which otherwise is required 
for evaporation o f acetone. A fter lead acetate 
treatm ent, the extract is filtered through a Buchner 
funnel over a bed of hyilosupercel or celite filte r 
aid.

Although the methods described above are 
suitable fo r most of the m aterials, analytical 
problems are encountered in  certain cases. Coffee, 
cocoa and tea are d ifficu lt to analyse, since they 
contain alkaloids like caffeine and theobromine, 
which have sim ila r so lub ility  characteristics, as 
those of aflatoxins and the solvent extraction 
systems remove both aflatoxins and alkaloids 
simultaneously (Campbell 1968). The problem, thus, 
is the separation of a sm all amount of aflatoxins 
from a relatively large amounts of alkaloids (Campbell
1968). Levi and Borker (1968) and Scott (1968) 
have reported the methods fo r coffee, in  which 
flo ris il is employed in  the cleanup step of the 
procedure. Campbell (1968) found batch to batch 
variation in  the capacity of flo ris il fo r binding 
aflatoxins, thereby resulting in  losses upto 100%. 
S till, the method has been described as the only 
sensitive method available so far. Campbell (1968) 
was able to detect as little  as 2 pg of added toxin 
in  green coffee. Scott (1969) has published a 
method for analysis of cocoa beans, which uses 
silver nitrate precip itation step to separate aflatoxins 
from theobromines. The method is a m odification 
of (CB) procedure fo r peanuts, except tha t it  
requires defatting w ith  hexane and treatm ent w ith  
AgN03, before and after extraction w ith  chloroform . 
The method has been adopted as officia l firs t action 
method (AOAC 1990). Tea presents one of the most

ch a lle n g in g  a fla to x in  a n a ly tic a l p ro b le m s 
encountered to date, because o f some in terfering 
compounds, in  addition to alkalo ids (Campbell
1968). E fficient method fo r a flatoxin analysis in  tea 
is  yet to  be developed. Shantha and R a ti 
(Unpublished data) could not recover 200 ppb 
added aflatoxin from  black tea or roasted coffee by 
the method of Levi and Borker (1968).

Apart from  precip ita tion w ith  lead acetate 
(Pons et al. 1966a), silver n itra te  (Scott 1969) and 
silica gel colum n chrom atography (Eppley 1966a), 
several other workers adopted a lum in ium  oxide 
(Trager et al. 1964), s ilic ic  acid, sephadex, flo ris il, 
celite, liqu id  colum n chrom atography, a lum in ium  
oxide and silica gel th in  layer chrom atography 
(Pons et al. 1968; Manabe et al. 1968; Genest and 
Sm ith 1963). Coomes and Sanders (1963) were the 
firs t to propose a neutra l a lum in ium  oxide colum n 
to pu rify  the prim ary extract of peanut products, 
Manabe et al (1968) found th a t the afla toxin G, 
and G2 are absorbed in  the colum n and only 
aflatoxins B, and B2 are eluted selectively, when 
a crude aflatoxin m ixture is added to an a lum in ium  
oxide colum n and eluted w ith  a chloroform  solvent, 
containing 1% methanol. Mayura and Sreenivasa 
M urthy (1969) eluted a ll the four aflatoxins from  
l x l  neutra l alum ina colum n using chloroform : 
acetone : m ethyl alcohol (6:3:1). They were also able 
to estimate a ll the four aflatoxins separately by 
selective absorption and destruction o f aflatoxins 
B, and Gr  Aflatoxins B, and B2 were eluted w ith  
chloroform : methanol:acetone (1:1:8) and aflatoxins 
G, and G2 were absorbed on the colum n. In  the 
m ixture o f aflatoxins B lt B2, G,, and G2, only 
aflatoxins Bj and Gt were destroyed by n itric  acid 
or N02. S im ilarly, when a m ixture  o f B t and G, 
aflatoxins is passed through alum ina colum n, only 
aflatoxin B, is eluted w ith  chloroform :m ethanol: 
acetone (1:1:8) system. By de te rm in ing  the 
spectrophotometric absorption of different elutes, 
values of each component could be obtained.

D istinct methods are used, when the estim ation 
is done by HPLC. For example, in  the m ethod of 
Tutelyan et al (1989), a finely ground sample (25 
g) was extracted w ith  125 m l acetone containing 
10% aqueous NaCl so lution (4:1, v /v ) fo r 30 m in  
on a w ris t action shaker. A fter filtra tio n , 50 m l of 
10% aqueous lead acetate so lution was added to 
50 m l filtra te . A fter 10 m in, the extract was filtered 
through paper, the aqueous layer was defatted w ith  
hexane and aflatoxin was extracted from  the 
aqueous layer w ith  chloroform . The chloroform  
extract was dried over anhydrous Na^O ,, and
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evaporated to dryness under vacuo. The residue 
dissolved in  a sm all volume o f chloroform  was 
cleaned up using a sm all silica gel column, packed 
w ith 2 g silica gel (100-160 pm) in  between two 
layers of anhydrous sodium sulphate and chloroform- 
acetone (5:1) as the eluant. The eluate was evaporated 
to diyness and the residue was dissolved in  0.5-
1.0 m l of toluene:acetonitrile (97:3, v /v).

The sample can also be extracted and purified 
by the method described by the Hetm anski and 
Scudumore (1989). The steps involved are (i) 
extraction o f the sample w ith  dichloromethane in  
the presence of water and hyflosupercel and (ii) 
purification by gel permeation chromatography (GPC) 
using glass colum n packed w ith  Bio-beads (S-Xg) 
and use of dichloromethane:hexane (3:1) as the 
eluant. The purified extract was dissolved in  
acetonitrile: water or toluene: acetonitrile, injected 
in to the chromatograph and eluted w ith  diethyl- 
ether:methanol:water (95:4:1) m obile phase, at a 
flow rate 1.0 m l/m in . Identification of aflatoxin was 
effected by comparing the retention tim e w ith  tha t 
of an aflatoxin standard. The retention tim e is 8- 
14 m in and the order o f e lu tion is aflatoxins B,, 
B2, Gj and G2 at 8, 9, 10.5 and 12.5 m in, respectively.

Detection and estim ation  m ethods
As mentioned earlier, the flourescence exhibited 

by the aflatoxins under long wave UV is  the basis 
for detection and estim ation o f aflatoxins (Pons and 
G oldb latt 1969) by v isu a l and in s trum en ta l 
techniques. Modem analytical techniques like enzyme 
- linked im m uno sorbent assay (ELISA) and radio 
immuno assay (RIA) are based on antigen and 
antibody reactions, wherein the aflatoxins present 
in  the sample compete fo r antibody in  proportion 
to its  concentrations. These methods are examined 
critica lly  in  the follow ing sections:

Estimation by thin layer chromatography : The 
firs t chromatographic separation of aflatoxins was 
proposed sim ultaneously by Coomes and Sanders
(1963) and Broadbent et al (1963). Coomes and 
Sanders (1963) used paper chromatography and 
benzene:toluene: cyclohexane:ethanol:water (3:3:5:8:5 
v /v , upper layer saturated w ith  acetic acid) as 
developing solvent. The sensitivity o f detection is 
only 0.2 pg. Consequently, th is  method is almost 
given up and is replaced by the more rapid and 
sensitive th in  layer chromatography. Broadbent et 
a l (1963) used ne u tra l a lum ina plates and 
chloroform:methanol:water (98:0.5:1.5) as developing 
solvent. Manabe et al (1968) used alum inium  oxide, 
G, containing about 15% calcium  sulphate. The

sensitivity o f detection was 6 x  10 3 pg, i.e., 30-fold 
more sensitive than paper chromatography. The 
problem w ith  alum ina plates is the poor resolution 
o f aflatoxins and m aintenance o f activ ity  o f the 
coated plates (Manabe et al. 1968).

The use o f silica gel (kieselgel G) coated TLC 
plates fo r the resolution o f the aflatoxins B lt B2, 
Gj and G2 was introduced by de Iongh et al (1964). 
Subsequently, num erous procedures incorporated 
the use of TLC plates coated w ith  s ilica  gel G at 
wet thicknesses ranging from  300 to 500 p and 
various chloroform  m ethanol development solvents 
(Coomes et al. 1965; Nabney and Nesbitt 1965; 
TPI 1965). Trager et al. (1964) introduced the use 
of silica gel GHR fo r improved resolution of 
aflatoxins B,, B2, G,, and G2, using chloroform : 
m ethanol (95:5) fo r development. A  d is tin c t 
im provem ent in  the reso lu tion  o f in d iv id u a l 
aflatoxins on silica gel - coated plates was reported 
by Engebrecht et a l (1965), using chloroform : 
acetone (9:1) as developing solvent. Better resolution 
of the toxins was observed by Eppley (1966b), 
when the same plates were developed in  unlined 
and unequilibrated developing tanks. Manabe et al
(1968) com pared the reso lu tion  o f d iffe ren t 
components o f aflatoxins on silica gel G, containing 
13% calcium  sulphate and silica  gel HR, not 
containing any calcium  sulphate, in  order to find  
out the effect of calcium  sulphate. Good separation 
was obtained w ith  5% acetone in  chloroform  in  
case o f silica gel G and w ith  3% m ethanol in  
chloroform  in  case of silica gel H R

The developed plate is  observed under long 
wave u ltravio le t (UV) ligh t in  a dark place in  a 
viewing cabinet to conduct visual estim ation. Early 
methods for aflatoxin B, estim ation used serial 
d ilu tions of unknown extracts to extinction of 
fluorescence and the quantifica tion was achieved 
based on p rio r estim ation o f the am ount of Bt 
producing the least observable fluorescence under 
the TLC development conditions (Coomes et al. 
1965). Later, as authentic aflatoxin B, became more 
available, the fluorescence in tensities o f aflatoxin 
B, in  unknown extracts and in  standards chrom ato­
graphed under the same conditions were compared 
directly to allow a better sem i-quantitative estimation 
(de Iongh et al. 1964). The in tensity  o f the 
fluorescence o f aflatoxins makes possible the visual 
detection of as little  as 3-4 x  10 6 pg (0.3 to 0.6 
pg) of aflatoxin B j or G, on a TLC plate (Goldblatt 
1968; Heusinkveld et al. 1965).
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Objective estimation using spectrophotometer : 
The firs t effort to improve the accuracy and 
precision of aflatoxin measurements by the use of 
objective methods was reported by Nabney and 
Nesbitt (1965). Concentrated chloroform  solutions of 
partia lly  purified extracts from  peanut meals were 
streaked across silica gel plates and the plates were 
developed successively w ith  diethyl ether and then 
w ith  chloroform : methanol (9:1) to separate aflatoxin 
bands. The bands were removed, eluted w ith  methanol 
and aflatoxins and B2 were estimated by absorption 
spectrophotometry at 363 nm. Since absorption is 
much less sensitive than fluorescence, by a factor 
of 1000 or more (Goldblatt 1968), some 3-10 pg of 
Isolated afla toxins were required fo r accurate 
estimation. Mayura and Sreenivasa M urthy (1969) 
found tha t it  was necessary to have 17 pg of isolated 
a fla tox in  fo r m easurem ent o f absorp tion  by 
spectrometer.

Ayres and Sinhuber (1966) suggested, fo r the 
firs t time, the fluorodensitom etric measurement of 
aflatoxin B, d irectly on silica gel plates. The basic 
system (Goldblatt 1968) is shown in  Fig. 1.

A  developed TLC plate is  placed, gel layer down, 
on a m otor driven stage, over a low in tensity long 
wave 320-390 nm  u ltravio le t source. A  search u n it

S lit
465 filter — j— 1 |
Photo tube

Photo Multiplier

R ecorder
Fig. 1. S ch em a tic  d iag ram  o f  d en sito m eter . 

Source : P o n s an d  G old blatt (1969)

containing a narrow exit s lit, a secondary long­
wave u ltra v io le t sc re e n in g  f ilte r  and a 
pho tom ultip lier tube, is lowered to  about 1 mm 
above the plate surface. As the separated aflatoxin 
spots pass across the u ltrav io le t source, these are 
excited to  fluorescence, and the  e m itte d  
fluorescence radia tion (420-450 nm) as w ell as a 
portion of the long wave UV excitation radia tion 
passes successively through the exit s lit. The 
screening filte r is used to remove long wave UV 
e x c ita tio n  ra d ia tio n  and im p inge  on the  
photom ultip lier tube. The tube ou tpu t is  am plified 
and fed to a m illiv o lt recorder, where the 
fluorescence emission o f the afla toxin spots are 
recorded as sym m etrical curves. Ayres and 
Sinhuber (1966) found a logarithm ic re lationship 
between em itted  fluo rescence  energy and 
concentration, which was linear over a range of 
about 2.5 to 15 x  104 pg o f aflatoxin B t per spot, 
while Pons and G oldblatt (1965) dem onstrated a 
linear relationship between em itted fluorescence, 
as measured by peak areas and concentration over 
a range of 2 to 105 x  10 s pg per spot.

Comparison of visual, spectrophotometric and 
fluorodensitometric estimation of aflatoxin: An 
experienced hum an eye can detect the fluorescence 
of 0.001 pg of aflatoxin B, and less am ount of 
aflatoxins B2, G( and G2 under 8-10 W u ltravio le t 
lamp, whereas spectrophotometer requires very 
high amounts, some 3-10 pg, since absorption is 
m uch less sensitive than fluorescence by a factor 
of 1000 or more (Pons and G oldblatt 1969).

As fa r as fluorodensitom etric estim ation is 
concerned, the coefficient o f varia tion  reported by 
various workers is different (Pons et al. 1966 b, 
1968). W ith an aflatoxin standard containing B lt 
B2, Gj and G2 resolved on eight plates, precision 
estimates ranged from  ±4-10%  fo r ind iv idua l 
aflatoxin and ± 6% for to ta l aflatoxins (Pons 1968). 
Beckwith and Stoloff (1968) reported th a t the 
coefficient of varia tion o f a single estim ation was 
± 12%. However, it  could be reduced to ± 5% for 
the average of five measurement.

Undoubtedly, the instrum enta l measurement 
is superior to visual estim ation, since it  elim inates 
the subjective error, provided the conditions of the 
th in  layer chrom atography are scrupu lously 
followed so as to elim inate a ll the im purities 
coming at the Rj of aflatoxin. The sample m ust 
be perfectly purified. The spots should be in  a 
perfect linear position, fo r w hich the s ilica  gel 
layer should be uniform . It has been observed
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TABLE 1. COLLABORATIVE STUDY OF AFLATOXIN DETERMINATION IN COTTONSEED PRODUCTS
A flatoxin  estim a tio n  m eth od

S am p les
an a lysed

A lia- V isu a l an a lysis* F lu o ro d en sito m etr lc  analysis'*
to x in s
ad d ed M ean S tan d a rd C oeffic ien t o f M ean S ta n d a rd C oeffic ien t o f
(B .+B J recovery, dev iation . variation , recovery, d ev ia tion , variation ,
P g /k g % P g /k g % % P g /k g %

S p ik e d  s a m p le s
M eal 31 101 ± 6 .2 2 0 100 ±  5 .2 17
M eats 5 6 8 4 ± 8 .8 19 9 9 ±  5 .0 9
Meal 5 6 7 7 ±  8 .6 2 0 7 4 ±  7 .1 17
M eal 100 8 2 ± 1 6 .3 2 0 8 7 ± 1 1 .4 13
M eats 112 8 2 ± 1 9 .0 21 91 ± 1 6 .7 16
N a tu ra lly  c o n ta m in a te d  s a m p le s
M eal 3 4 c ±  5 .6 17 ±  3 .8 11
Meal 1 3 3 ' - ± 1 2 .7 10 - ±  6 .0 4
Meal 170e - ± 2 8 .8 18 - ± 1 3 .0 7
M ean, sp iked 8 5 - 2 0 9 0 - 14
M ean, natural - - 15 - - 8

* 12 laboratories; b 8  laboratories; '  M ean  v a lu e s  from  v isu a l a n d  flu oro d en sitom etr lc  a n a ly sis ;  D a ta  from  P o n s  (1969); P on s  
and G oldblatt (1969).

many times tha t the spots from  an arc than a line 
(unpublished data). S light difference in  the R, value 
w ill a lter the peaks, thereby reducing the accuracy 
of measurement. Since the equipment is  m uch 
more expensive than the UV lamp, it  may not be 
available readily in  a ll the analytical laboratories. 
On the other hand, a well experienced analyst can 
detect the same am ount, as detected by the 
instrum ent. He/she can identify the aflatoxin spots, 
in  spite of the difference in  Rj value. He/she can 
also distinguish between the aflatoxin and the 
spurious compounds coming at the same Rj by the 
difference in  the nature of fluorescence. Beckwith 
and Stoloff (1968) established the precision lim its  
of visual estim ation at ± 20-28% under ideal 
conditions. Eppley (1966a) indicated a possible 
measurement of ±15-25%, when the unknown is 
interpolated between two standards.

Comparative data on visual and fluorodensito- 
metric aflatoxin estimates, as reported by several 
investigators, (Pons and G oldb latt 1969) are 
summarized in  Table 1. It may be noted tha t 
estimates by either measurement system are of the 
same order of magnitude. A  collaborative study in  
which aflatoxins in  cottonseed products were 
determined, both v isua lly by twelve laboratories 
and by fluorodensitom etry on th in  layer plates by 
eight laboratories also showed a good correlation 
between aflatoxin estimates by the two measurement 
techniques (Pons and G oldblatt 1969). It is our 
experience tha t aflatoxins can be estimated visua lly 
w ith in  precision of 15% by follow ing the d ilu tion  
to extinction method o f Coomes et al (1965) and

Rati et al (1987).
Estimation o f aflatoxins by HPLC : High pressure 

liqu id  chromatography (HPLC) offers prom ise as an 
objective instrum ental system for improving accuracy 
and precision o f a flatoxin determ ination in  a variety 
of agricu ltu ra l commodities. (Seiber and Hsieh 
1973; Seitz 1975, Buchanan et al. 1975; Thorpe 
and Stoloff 1975; Pons 1976; Pons and Franz 1977; 
Takahashi 1977). A flatoxins are com pletely resolved 
on a m icro particulate (10-20 pm) porous silica gel 
column, viz., p-Bondapak C18 4 mm inner diam  x 
30 cm or 5 pm ultrasphere-S i s ilica  gel colum n 250 
x  4.6 mm inner diam (Pons and Franz 1978; 
Tutelyan et al. 1989). In itia lly , Pons and Franz 
(1978) detected aflatoxins B t and B2 by u ltravio le t 
absorbance at 360-365 nm  and aflatoxins Gt and 
G2 by fluorescence, since aflatoxins B, and B2 show 
very little  solution fluorescence, whereas aflatoxins 
Gj and G2 are h igh ly fluorescent in  the solvents 
used fo r norm al phase HPLC. Since the fluorescence 
detection method is  more sensitive and less subject 
to interference by artifacts and the hemiacetal 
derivatives allow sensitive solution fluorescence. 
Pons (1979) suggested reverse phase HPLC by 
fluorescence detection. Preparation o f derivatives of 
both the samples and standards as w ell as the 
possibilities of va riab ility  in  the completeness of 
the derivatization m itigates against w ider application 
of derivatization technique. Tutelyan et al (1989) 
modified the HPLC method, wherein they used a 
norm al phase HPLC method, w hich allows both 
aflatoxins B,, B2, Gr  and G2 as well as the 
afla toxin m etabolites M t, B ^  and G^ to be
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determined w ith  low detection lim its  (0.1 pg/kg), 
w ithout prelim inary derivatization.

A lthough HPLC method is extremely sensitive 
and allows the detection o f aflatoxins at less than 
ppb level, the availability, the cost o f the instrum ent, 
the need to use only special grade solvents (which 
are also expensive) and the fact tha t only one 
sample can be analysed at a tim e are the factors 
which preclude it  from  being adopted for routine 
analysis of the samples. Pons (1969) has illustra ted 
good correlation between HPLC and TLC methods 
of analysis, which again show tha t there are good 
alternative methods to HPLC.

Estimation of aflatoxins by immuno assay 
techniques : Lawellin et al (1977) are, perhaps, the 
firs t to report enzyme linked im m uno sorbent assay 
(ELISA) fo r analysis of aflatoxin B r  Subsequently, 
Chu and co-workers have done a volum inous work 
on the immuno assay technique for analysing 
mycotoxins (Chu and Ueno 1977; Chu et al. 1982). 
These assays perm it the detection o f aflatoxins at 
pg levels.

The enzyme im m uno assay techniques (EIA) 
have been classified as either competitive or non­
competitive assays (Engvall 1980). In  the competitive 
assay, labelled and unlabelled antigens compete for 
a lim ited num ber of antibody sites. In  the non­
competitive assay, the antigen to be measured is 
firs t allowed to react w ith  antibody on a solid 
phase, followed by measurement of the binding of 
enzyme labelled immune reactant (Engvall 1980).

Since aflatoxins are compounds o f lower 
molecular weights (haptens), they do not e lic it 
production of antibodies in  an anim al system 
(Kabar 1980). Hence, these m ust be conjugated to 
a protein or a polypeptide (Chu 1984). Since 
aflatoxins do not possess a reactive group, they 
cannot be conjugated d irectly to a protein (Chu
1992). A flatoxins are either halogenated or treated 
w ith  carboxymethoxylamine to obtain the oxime 
(Chu et al. 1977). The halogenated aflatoxin B j 
is allowed to react d irectly (Sizaret and Malaveille 
1983; Groopman et al. 1984). Lawellin et al (1977) 
converted aflatoxin B t in to  aflatoxin B ^, before 
coupling to bovine serum album in (BSA). The 
carboxymethyl oxime is conjugated to protein by 
mixed anhydride method (Shashidar and Narasinga 
Rao 1988), w hich involves activa tion to the 
corresponding anhydride by isobutyl chloroformate 
and then direct reaction w ith  the protein. Fig. 2 
gives the schematic diagram of the reactions 
involved.

Thus, immuno assay o f aflatoxins involves
(i) preparation o f aflatoxin B, oxime, (ii) conjugation 
of the oxime to a protein, (ill) production of 
antibodies, and (iv) establishm ent o f im m uno assay 
protocols.

Preparation of aflatoxin Bt oxime : A fla tox in  Bj 
and carboxymethyl amine at 1:2 m olar ra tio  are 
refluxed at 110°C fo r 2.5 h in  water:pyridine:M eOH 
(1:1:4) medium and le ft overnight (Chu et al. 1977). 
The oxime is purified by silica gel TLC, developed 
in  9:1 chloroform:acetone, followed by 9:1 benzene: 
acetic acid (Lau et al. 1981; Chu et al. 1982; 
Shashidhar and Narasinga Rao 1988).

Conjugation of the oxime to protein by mixed 
anhydride : Conjugation of aflatoxin B t protein
carrier is achieved either through the cyclopentenone 
ring by conversion of the carbonyl group of aflatoxins 
to carboxymethyl oxime (Fig. 2) derivatives or 
through the dihydrofuran ring  (Shashidhar and 
Narasinga Rao 1988). A fla toxin B t oxime is stirred 
in  d ioxane + tr i-n -b u ty la m in e  + is o b u ty l 
chloroformate (10+0.1+0.1) solvent m ixture  at 4- 
6°C. Bovine serum album in (BSA) dissolved in  
dioxane + water + 0.1 N NaOH (10+47+3) is added 
in  the proportion of 1:50 (protein:m ycotoxin) and 
stirred for 4 h at 4-6°C. The un-reacted tox in  is 
removed by dialysis against d is tilled  water or buffer 
or by Sephadex gel filtra tio n . A lthough BSA has 
been commonly used as carrier prote in (Sizaret and 
Malaveille 1983) fo r preparation of immunogens, 
other proteins such as y-globulin, hum an serum 
album in, ovalbumin lysozyme, polylysine and keyhole 
lim pet hemocyanin can also be used (Chu 1991).

For conjugation, water-soluble carbodiim ide 
(Chu and Ueno 1977) or n-hydroxy succinim ide 
(Chu 1990, 1991; Pestka 1988) is  also used, 
instead of m ixed anhydride. A fla toxin  or aflatoxin 
derivative is generally reacted w ith  a prote in carrie r 
at a m olar ra tio  of 10:1 to 100:1 (mycotoxin: 
protein) and pH 5-8 in  the presence of a coupling 
reagent such as ED PC l-(3  dim ethyl am ino propyl)-
3-ethyl carbodiim ide (Chu et al. 1977). A lternatively, 
the m ycotoxin or its  derivative is  firs t activated w ith  
N-OH-succinim ide in  the presence of carbodiim ide 
and then conjugated to protein d irectly (Chu 1991; 
Pestka 1988).

Production of antibodies against aflatoxins : 
Polyclonal antibodies against a fla toxin  B t are 
produced by subcutaneous in je c tio n  o f the 
immunogen, m ixed w ith  the Freund's adjuvant at 
the m ultip le  sites on the back o f the rabb it 
(Lawellin et al. 1977). Goats and pigs have also
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been used fo r the purpose (Bierman and Terplan 
1980; Chu and Ueno 1977; Langone and Vunakis
1976). Subsequent booster Injections are given once 
each month. Antibodies are produced from  5th 
week onwards (Unpublished data).

Monoclonal antibodies are preferred fo r the ir 
specificity and the unlim ited production of antibodies 
(Chu 1992). For production of monoclonal antibodies, 
spleen cells are obtained from  mice tha t have been 
immunized w ith  m ycotoxin protein conjugates and 
are, subsequently, fused w ith  myeloma cells. The 
hybrid cells are propagated to produce antibodies 
either in  tissue cu lture or in  the ascites flu ids of

mice (Pestka 1988).
P o lyc lo n a l a n tib o d ie s , p rodu ced  u s in g  

carboxym ethoxylam ine, generally recognize the 
dihydrofuran m oiety and, hence, are h igh ly specific 
towards aflatoxin B,, and there w ill be some cross 
reactivity w ith  aflatoxin G, (Chu 1992). It is simple 
and easy to produce polyclonal antibodies fo r the 
specific purposes of detection and estim ation of 
aflatoxins, as compared to the production of 
monoclonal antibodies, the procedure fo r which is 
more tedious and requires specialized techniques 
to produce hybridom a cells and the antibodies 
(Tijssen 1985).

Development of immuno assay protocol : The 
im m uno assay of aflatoxins is based on the 
com petition between the tox in  under test and the 
aflatoxin m arker (either an enzyme bound or radio- 
labelled) for the specific antibody sites. The extent 
o f b ind ing to the antibody depends on the 
concentration of the tox in  (Lawellin et al. 1977). 
Depending on the m arker used, the assay has been 
divided in to  (i) radio im m uno assay, if  labelled, 
aflatoxin is used and (ii) enzyme linked im m uno 
sorbent assay (ELISA), if  enzyme is  used.

Radio immuno assay : The radio im m uno assay 
(RIA) procedure includes the incubation o f specific 
antibody w ith  a solution o f unknown sample or 
known standard and a constant am ount o f labelled 
toxin (either tritia te d  or I-125 tyram ine- AFBj-1-0 
carboxymethyl oxime) w ith  high specific activ ity 
(Chu 1986). The bound and free toxins are separated 
by any one of the methods such as ammonium 
sulphate precip itation (Chu and Ueno 1977), double 
antibody technique (Langone and Vunakis 1976), 
a solid phase RIA method (Sun and Chu 1977), 
dextran coated charcoal colum n (Fukal et al. 1986), 
album in-coated charcoal and polyethylene glycol 
6000 (Fukal et al. 1986; Rauch et al. 1987). The 
labels in  the bound and free fractions are determined. 
The toxin  concentration o f the unknown sample is 
determined by using the standard curve, obtained 
by p lo tting the ra tio  o f the radio activities in  the 
bound fraction and the free fraction versus the 
logarithm  of the concentration of unlabelled standard 
toxin. It is reported tha t RIA can detect 0.2 to 0.5 
|ig (2-5 ppb) toxin and the sensitiv ity is  improved 
to 0.05 to 0.5 pg (1-5 ppb), i f  purified  (Sun and 
Chu 1977).

A lthough RIA is simple and h ighly sensitive, 
it  suffers from  the ris k  involved in  the use of radio­
active m aterial and the d ifficu lty  in  the availability 
of the expensive instrum ent to measure radio­
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activity (Engvall and Carlsson 1976).
Enzyme linked immuno sorbent assay : Two 

types of ELISA have been used fo r the analysis of 
aflatoxin. (i) direct competitive ELISA, and (ii) 
indirect competitive ELISA (Engvall 1980).

In  the d irect com petitive ELISA, specific 
antibodies are In itia lly  coated on a solid phase like  
polystyrene m icro titre  plates (Chu 1986, 1990, 
1991), nylon beads, Terasaki plates (Pestka and 
Chu 1984) or polystyrene tubes (Biermann and 
Terplan 1980). However, use of m icro titre  plates are 
more popular. A  sample or standard toxin  solution 
is incubated w ith  aflataxin-enzyme conjugate and 
then added to the m icrotitre  plate wetted w ith  the 
antibody. The sample or standard and the enzyme 
can also be added separately in  two steps (Chu 
1991). A fter incubation, the plates are washed w ith  
washing buffer containing Tween-20 and the bound 
enzyme is determined by incubating w ith  suitable 
substrate. The resulting colour, which is inversely 
proportional to the concentration of aflatoxin, is 
measured by a spectrophotometer or ELISA reader 
(Shashidhar and Narasinga Rao 1988; Chu 1991).

In  the indirect competitive ELISA, aflatoxin- 
protein conjugate (Chu et al. 1987; Chu 1990, 
1991; Morgan 1985; Pestka 1988), in  which the 
protein used is different from  tha t used to raise 
the antibodies, is coated to the m icro titre  plate. The 
plate is incubated w ith  specific antibody against 
aflatoxin, in  the presence of aflatoxin to be estimated 
(Pestka 1988), which is added either in  one or two 
steps. The amount o f antibody bound to the plate 
is, then, determined by the reaction w ith  a second 
antibody-enzyme complex, such as goat an ti-rabb it 
IgG-enzyme complex or goat an ti mouse IgG (IgM)- 
enzyme complex, which are com mercially available. 
Toxin in  the sample and in  solid phase competes 
for the same binding sites w ith  the specific antibody 
in  solution (Chu 1992).

Indirect ELISA offers a method, which requires 
very much less antibody, than tha t in  the direct 
assay, bu t suffers from  the disadvantage that an 
additional step is involved, p rio r to the addition of 
second antibody (Chu 1992).

Dot binding of antigens to nitro cellulose : 
Antigen may be bound in  sm all dots to n itro  
cellulose using, m icropipetting devices (Tijssen 1985). 
Other binding sites can be saturated w ith  an 
unrelated inert protein or other blocking agents 
(Tijssen 1985). The subsequent im m uno enzymatic 
revelation o f the antigen produces an insoluble 
coloured product, which precipitates at the site of

the enzyme and is viewed against a w h ite  
background. The attractiveness o f these membranes 
resides in  the fact tha t very sm all am ounts of 
im m uno reactants are required and. hence, 
applicable for m onitoring o f samples (Tijssen 1985). 
The discrim inatory power is claim ed to be greater 
than tha t obtained in  m icro titre  plates (Tijssen
1985).

Quick screening test : In  addition, there are 
quick screening tests based on ELISA (Park et al. 
1987, 1989). Instead of coating the m icro titre  plate 
w ith  the antibody, paper discs or membranes, the 
plastic cups are coated w ith  the antibody. A  few 
drops of the sample are applied on the paper, 
reacted w ith  the aflatoxin enzyme conjugate, washed 
w ith  buffer saline and fin a lly  reacted w ith  the 
substrate (Park et al. 1987, 1989). ELISA k its  are 
available com mercially and allow  the estim ation 
of aflatoxins in  a few m inutes.

Advantages and limitations of immuno assays: 
The ELISA technique is the most sensitive method 
which allows the detection o f pico gram levels of 
toxin (Chu et al. 1987). The sample extract does 
not require the elaborate pu rifica tion  step (Chu
1992), un like in  HPLC. On the other hand, the 
disadvantages are many. ELISA needs special 
in frastructure  fac ility . For production o f antigens, 
it  requires fine chemicals, w hich often are not 
readily available. Production o f antibody requires 
a m inim um  of 1 m onth tim e (Chu and Ueno 1977). 
M icrotitre  plates should be o f high qua lity  so tha t 
the varia tion among different wells is m inim ised 
(Shekarchi et al. 1984). It requires s k ill to develop 
the protocol. A lthough im ported com mercial k its  
are available, the ir shelf-life is  lim ited  and these 
may not be available, when the analyses are to be 
carried out urgently. There is always a chance for 
cross-reaction owing to the com plexity o f the 
biological sample and hence additional pu rifica tion  
step is needed (Tijssen 1985).

Overviews
Analytical methods followed fo r the qualitative 

and quantitative estim ation are by TLC, (visual and 
fluorodensitom etric), HPLC, ELISA and R IA  V isual 
TLC is the method o f choice in  the countries, where 
other expensive instrum ents and the in frastructu re  
for immuno assays are not available, though it  is 
criticised fo r high degree of va ria tion  due to 
ind ividual's acuity. But, high degree o f varia tion
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can be alleviated by m ultip le  observers (Pons 1969). 
Visual TLC estim ation is simple and reliable, so 
long as the analyst ensures the va lid ity  o f the 
m ethod by acceptable recovery experim ent. 
Background interference should be considered, 
whenever fluorodensitometer is used. Immuno assays 
and HPLC methods, although sensitive, are not 
readily applicable. As Egmond and Wagstaife (1989) 
opined, it  is more im portant to apply rigorous 
quality assurance to the measurement procedure 
than to rely b lind ly  upon standardized and often 
archaic methods.
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D a ta  o n  stru ctu ra l fea tu res o f  2 5  v a r ie ties  o f  padd y revealed  th a t grain  b read th  w a s  p ositive ly  co rrela ted  w ith  
w h ite  b elly  (ch a lk in ess  o n  v en tra l side) an d  negatively  w ith  th e  t ig h tn e ss  o f  h u s k  Interlock ing. T h e la tter  co u ld  
b e  Indexed Inversely b y th e  e a s e  o f  s h e llin g  o f  paddy; b u t  sh e lla b ility  w a s  In flu en ced  p o sitive ly  b y  gra in  b re a d th  
also . R ice h a r d n ess  w a s  a d v erse ly  a ffected  b y  grain  c h a lk in e ss , b u t  h a r d n e ss  a lso  d iffered  a m o n g  v a r ie tie s  d u e  
to  o th er  re a so n s. G rain cra ck in g  w a s  correlated  p ositively  w ith  grain  c h a lk in e ss  a n d  n eg ative ly  w ith  g ra in  h a r d n e ss  
an d  h u s k  in terlo ck in g  score . A  m a x im u m  brow n rice b read th  o f  2 .3  m m , a  m a x im u m  sh ella b ility  o f  75%  a n d  a  m in im u m  
p op p in g  e x p a n s io n  o f  12 t im es  co u ld  b e  u se fu l a s  s im p le  scre en in g  In dices for a ccep ta b le  tech n o lo g ica l q u a lity  o f  
rice an d  for rapid scre en in g  o f  b reed in g  lin es .
K eyw o rd s : Paddy, Rice, S tru c tu re , P h ysica l property, M orphology, T ech n o log ica l q u ality .

Various physical and s tructu ra l features of 25 
varieties of paddy had been measured, while studying 
the varietal differences in  popping expansion o f rice 
(Murugesan and Bhattacharya 1991). S tatistical 
scrutiny o f these data revealed many interesting 
in terrela tions. It became apparent th a t m any 
structura l features of paddy were interrelated. 
These relations are o f interest in  understanding the 
morphology of the grain. Apart from  th is , specific 
values of some of these features could be considered 
as bench m arks for technological properties of rice. 
Hence, these values could be used fo r screening 
of new lines during breeding programmes. These 
results are reported in  th is  paper.

Materials and Methods
The samples (25 varieties), the experimental 

methods and data were the same as reported earlier 
(Murugesan and Bhattacharya 1991), except for 
those specified.

H usk in te rlo c k in g  score, determ ined in  
transverse cross sections o f paddy under a 
stereomicroscope, expressed the strength of lemma- 
palea closing, the m inim um  score being 1 fo r very 
loose and maximum 24 fo r very tigh t interlocking 
(Murugesan and Bhattacharya 1991). Husk thickness 
and husk-to-kem el gap were measured in  the same 
samples w ith  an ocular m icrometer. Shellability of 
paddy (per cent, by num ber of grains dehusked in  
a pass under standard conditions) was determined 
by passing 100 paddy grains one by one w ith  the 
help o f a vibratory feeder through a Satake testing 
dehusker (type THU), the gap between the two ro lls
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of which was set at five-eighths the mean paddy 
thickness (Murugesan and Bhattachar;ya 1991). It 
could also be determ ined w ith  a hand rice polisher, 
the two data being correlated (r = 0.836, fo r n  = 
25). W hite belly (grains w ith  ventral-side chalky 
area) and chalky grains, in  general, (viz., white 
belly, white core and white back) were counted in  
100 brown rice kernels under transm itted lig h t in  
a m icrobiological colony counter (Indudhara Swamy 
and Bhattacharya 1982). Cracked grains were 
s im ila rly counted in  paddy under a paddy crack 
detector (Srinivas and Desikachar 1973). Brown 
rice breadth was measured in  20 grains using a 
vernier scale and thickness w ith  a d ia l thickness 
gauge. Hardness, i.e., the breaking strength, of 
brown rice kernels was determ ined w ith  a Kiya 
hardness tester (Webb et al. 1986) after complete 
drying at 105°C (W ingfield 1985). Paddy (25 g), 
preadjusted to 14% m oisture, was popped w ith  
225°C a ir and the expansion measured (Murugesan 
and Bhattacharya 1986).

Correlation coefficients among the different 
properties were calculated by standard methods 
once fo r a ll the varieties (n = 25) and again after 
excluding the two waxy samples (n= 23) which, 
being entirely opaque, could not be evaluated for 
grain chalkiness.

Results and D iscussion
Data on various s truc tu ra l features o f the 

samples and the ir popping expansion ra tio  are 
summarized in  Table 1. The m atrix  of corre lation 
is presented in  Table 2.

The score for husk in terlocking could be
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TABLE 1. SO M E  ST RUCTURAL AN D M ORPHOLOGICAL  
FEATURES O F  PADDY

Property and  u n it R ange an d M ean ±  S .D .
n  = 2 5 n  = 23*

H u sk  in terlock in g score 5 .6  - 1 3 .3 5 .6  -  1 3 .3
(8 .6  ± 2.2) (8 .6  ±  2 .2 )

Shellability, % 6 0  - 9 3 6 0 - 9 3
(8 0  ± 10) (79 ± 10)

W hite belly  grains, % - 0 - 8 5
(31 ±  31)

C halky grains, % - 18 -  8 7
- (47  ± 23)

Cracked grains, % 0  - 7 5 0 - 7 5
(24  ± 19) (25  ± 19)

G rain h a rd n ess , k g /k e m e l 5 .7  - 10 .2 5 .7  -  10 .2
(7 .2  ± 1.2) (7 .3  ±  1.2)

Brow n rice b read th , m m 1.8  - 3 .1 1 .8  -  3 .1
(2 .5  ± 0 .3 ) (2 .5  ±  0 .3 )

H u sk  co n ten t, % 1 6 .7  - 2 4 .8 1 6 .7  -  2 4 .8
(2 0 .2  ± 2 .1 ) (2 0 .0  ±  2 .0 )

H u sk  th ick n ess , pm 8 2  - 115 8 2  -  "115
(9 6  ± 7) (96  ±  7)

H u sk -to -k em el gap , pm 5 5  - 174 5 5  -  123
(82  ± 26) (77  ±  17)

Popping ex p a n sio n  ratio 2 .0  - 16 .2 2 .0  -  16 .2
(1 0 .2  ± 4 .1 )  (10 .1  ±  4 .1 )

• E xclud in g two w a xy  v a r ie ties  w h ich  w ere o p a q u e a n d  h en ce  
could  not b e tested  for c h a lk in e ss .

W hite belly was positively related to grain 
breadth (Table 2). Bhashyam and Srinivas (1981) 
had noted tha t varieties having brown rice w idth 
of 2.8 mm and above invariab ly showed white belly 
in  each grain. In  contrast, varieties less than 2.0 
mm wide never had any w hite belly, while those 
of interm ediate w id th  had m ixed grains. Srinivas 
et al (1985) la ter explained th a t nu trien ts  travelled 
from  the dorsal towards the ventra l edge in  the 
developing grain. Consequently, grains tha t were 
too wide had some portion le ft relatively unfilled 
at the ventral end, i.e., showed w hite belly. The 
present results agree well w ith  these observations. 
It can be seen th a t the 25 varieties could be divided 
in to  two groups, w ith  2.3-2.4 mm  brown-rice 
breadth as the dividing line (Fig. 2). Varieties narrower 
in  w idth had few white belly grains, bu t w ider ones 
had many.

Two properties o f rice gra in mentioned in  the 
lite ra ture  are of in terest in  the context of the 
dividing line as shown in  Fig. 2. F irst, a ll dimensions 
of paddy other than breadth (length, thickness.

TABLE 2. CORRELATION COEFFICIENTS (X 1000) AMONG MORPHOLOGICAL FEATURES O F PADDY*
S h ellab ility W hite

b elly
C h alky
gra in s

H usk -7 5 5 * _ _

interlock ing score - 7 7 8 * - 5 6 7 b - 5 5 3 b
Shellability, %
W hite belly  
grains, %
C halky grain, %

+703* + 5 8 2 b
+920*

G rain breadth , m m

G rain h a rd n ess , 
k g /g ra in
H u sk  c o n te n t  %
H u sk  th ick n ess , pm  

H u sk -to -k em el gap , pm

G rain G rain H u sk H u sk H u sk -to - C racked
b read th h a r d n ess co n te n t th ic k n e ss k e m e l gap gra in s, %

-489* + 5 7 4 b + 3 9 3 -4 1 6 e -2 3 6 -640*
- 5 7 8 b + 6 0 3 b + 3 9 4 - 4 7 9 e - 2 3 9 - 6 3 8 b
+772* -5 7 8 b -5 1 8 e + 3 8 9 + 4 6 3 c + 3 5 7
+790* -5 4 9 “ -663* + 3 3 6 + 4 3 6 ' + 4 0 7

+795* -529» -5 1 0 e + 5 7 3 ” +648* + 5 1 4 '

+655* -527» -3 8 3 + 5 4 6 b + 5 5 4 b +520«
-4 8 4 ' -4 6 5 e + 5 7  l b + 5 5 8 b + 2 9 9
-4 6 8 e -656* + 5 3 8 b +644* +401

+ 118 -2 6 3 -3 1 7 -4 4 6 e
+ 221 -1 9 5 -2 0 5 -5 1 6 e

+ 5 5 + 7 8 -3 0 1
+ 117 + 3 1 6 -2 1 6

+ 5 8 6 b + 4 1 2 '
+ 4 8 3 ' + 5 6 5 b 

-3 5  
+ 152

* First va lu e  u n d er  e a c h  property refers to n  = 25; seco n d  v a lu e  to n  = 2 3  (i.e., ex c lu d in g  2  w a xy  va r ieties  w h ich , b e in g  op aq u e, 
could  not b e  teste d  for ch a lk in ess ).
*• b - '  S ign ifican t a t 0 .1 , 1 .0  a n d  5.0%  level, resp ectively . T h e re st  tire n o t s ig n if ic a n t

reasonably well predicted from  the she llab ility of 
paddy (Table 2). The scatter in  the values (Fig. 1A) 
was due to the influence of grain breadth on 
shellability (Fig. IB ). Apparently, the grain was 
gripped at its  two convex faces by the two rubber 
rolls, and then sheared in  the direction of its  
breadth, the grip and hence, the shelling improved 
as the grain breadth increased.

weight, length:breadth ratio. length:thickness ratio) 
were related to the corresponding dimension of 
m illed rice by a single relationship each. In  contrast, 
breadths o f paddy and m illed rice were related by 
two relationships. One equation was fo r slender 
grains, w ith  m illed-rice breadth < 2.3 mm; another 
equation was for round grains, w ith  m illed-rice 
breadth > 2.3 mm (Bhattacharya et al. 1972).
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Fig. 1. In f lu e n c e  o f  (A) h u s k  In te r lo c k in g  s c o re  a n d  (B) b r e a d th  o f  b ro w n  r ic e  o n  s h e lla b il i ty  o f  p a d d y

Fig. 2 . D e p e n d e n c e  o f  w h ite  b e lly  o n  b r e a d th  o f  b ro w n  rice .

Second, Sowbhagya et al (1984) used 2.26 mm 
m illed-rice breadth, based on certain considerations, 
as a dividing line for classifying rice varieties in to 
’fine' and 'coarse' classes. As a ll these three 
independent studies of three different aspects 
showed a nearly identical dividing line (2.25-2.3 
mm breadth for m illed rice should be equivalent 
to 2.3-2.4 mm fo r brown rice), a brown-rice breadth 
o f 2.3-2.4 mm could be considered as an in trins ic  
qua lity index fo r rice.

W hite core (central chalkiness) and white back 
(dorsal chalkiness) grains were not separately

counted in  the present study. B ut, as the coefficient 
of correlation o f grain breadth to w hite belly was 
greater than tha t to a ll chalky gains together (Table 
2), it  can be said tha t the effect o f breadth was 
on white belly and not on white core or w hite back.

Grain hardness of brown rice showed a negative 
correlation to w hite belly, and hence to grain 
breadth as well. It was also adversely affected by 
cracked grains for obvious reasons (Table 2). 
Varieta l differences in  grain hardness and effect of 
kernel chalkiness (viz., w hite belly, w h ite  core and 
white back together) on gra in hardness were 
studied in  10 varieties (Table 3). The data showed 
tha t hardness was adversely affected not only by 
white belly, bu t also by kernel chalkiness in  
general. Hardness also decreased as the area of 
chalkiness increased. In  maize (R obutti et al. 1974; 
Hoseney et al. 1983; Pomeranz et al. 1986) and 
sorghum (Maxson et al. 1971; Hoseney et al. 1974) 
too, grains w ith  flou ry or meaty endosperm have 
been shown to be softer than those w ith  vitreous 
endosperm. But, the results also showed th a t gra in 
hardness independentfy differed among varieties 
even in  vitreous grains. W hat factors caused th is  
difference is not known. Chemical factors tested in  
10 varieties (total and hot-w ater-insoluble amylose, 
protein, non-starchy polysaccharides, pentosans, 
uronic acids, gelatinization temperature) had no 
influence on gra in hardness (hence data not 
reported).
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TABLE 3 . E F F E C T  O F  C H ALK IN ESS O N  T H E  H A R D N E SS O F  BRO W N RICE*

H a rd n e s s  o f  g ra in  h a v in g  c h a lk y  a r e a
V arie ty  A g g reg a te  0 %  < 2 0 %  > 2 0 %

A B C A B C A B C A B C
'G E B 24' 7 .3 3 .6 4 .4 8 .5 4 .2 5 .2 6 .7 3 .3 4 .1 5 .0 2 .5 3 .0
SD 0 .3 0 .4 0 .5 1.3 0 .6 0 .8 0 .8 0 .4 0 .5 0 .7 0 .3 0 .4
'B en g w an ' 7 .8 3 .3 4 .3 8 .8 3 .8 4 .8 5 .5 2 .4 3 .0 3 .9 1 .7 2 .1
SD 1.2 0 .5 0 .6 1.3 0 .6 0 .7 0 .8 0 .3 0 .4 0 .6 0 .2 0 .3
'B lu e  b o n n e t ' 8.1 3 .2 4 .2 8 .4 3 .3 4 .3 6 .6 2 .6 3 .4 5 .4 2 .1 2 .8
SD 1.6 0 .6 0 .8 1.3 0 .5 0 .6 0 .8 0 .3 0 .4 0 .7 0 .3 0 .4
'S y n th a ' 8 .9 3 .9 4 .9 9 .6 4 .2 5 .2 7 .1 3.1 3 .9 4 .8 2 .1 2 .6
SD 1.8 0 .8 1.0 1.9 0 .8 1.0 1.0 0 .4 0 .6 0 .7 0 .3 0 .4
'M a d h u ' 6 .0 2 .6 3 .7 7 .7 3 .4 4 .8 5 .4 2 .4 3 .3 4 .4 1.9 2 .7
SD 1.0 0 .4 0 .6 1.1 0 .5 0 .7 0 .7 0 .3 0 .4 0 .6 0 .3 0 .4
T 1 4 1 ' 7 .0 3 .0 4 .1 8.1 3 .5 4 .7 5 .8 2 .5 2 .4 4 .6 2 .0 2 .7
SD 1.4 0 .6 0 .8 1.2 0 .5 0 .7 0 .9 0 .4 0 .5 0 .8 0 .4 0 .5
'In ta n ' 8 .9 4 .3 5 .2 9 .0 4 .3 5 .3 6 .8 3 .2 4 .0 4 .5 2 .2 2 .6
SD 2.1 1.0 1.2 1.9 0 .9 1.1 1.0 0 .5 0 .6 0 .8 0 .4 0 .5
'J a y a ' 6 .1 2 .3 3 .4 7.1 2 .6 3 .9 5 .8 2 .2 3 .2 4 .9 1.8 2 .7
SD 1.8 0 .6 0 .9 1.4 0 .5 0 .8 0 .8 0 .3 0 .4 0 .7 0 .3 0 .4
'S R 26B ' 6 .9 2 .8 3 .8 8 .5 3 .4 4 .7 6 .2 2 .5 3 .4 5 .5 2 .2 3 .0
SD 1.6 0 .6 0 .9 1.8 0 .7 1.0 1.3 0 .5 0 .7 1.0 0 .4 0 .6
'B r 9 ' 5 .7 2 .7 3 .7 6 .6 3.1 4 .3 4 .5 2.1 2 .9 3 .2 1 .5 2.1
SD 1.2 0 .6 0 .8 1.3 0 .6 0 .8 0 .6 0 .3 0 .4 0 .4 0 .2 0 .3

‘ H a rd n e s s  v a lu e s  a r e  e x p re s s e d  a s  A , k g /k e m e l ;  B, K g /m m  g ra in  b r e a d th ;  C , k g /m m  g r a in  th ic k n e s s .

The husk-to-kem el gap seemed to be related 
to the grain breadth (Table 2). The w ider the brown 
rice, the more was the gap due to reasons not clear. 
It was earlier reported (Bhattacharya et al. 1972) 
that although m illed rice had a constant density 
of 1.45 g /m l among varieties, the density of paddy 
showed two mean values: 1.22 g /m l fo r slender 
varieties and 1.18 g /m l for round varieties. In  as 
much as round grains were also broad (Bhattacharya 
et al. 1972; Sowbhagya et al. 1984), it  would, 
therefore, im ply tha t broad grains generally had a 
high a ir space, i.e., a high husk-to-kem el gap. 
Thus, these two independent stud ies w ith  
different objectives gave identical results.

Cracked g ra ins are undesirable in  rice 
(Bhattacharya 1980), and hence its  possible 
correlation w ith  other features was examined. The 
percentage of cracked grains was found to be 
influenced positively by white belly and grain 
chalkiness (Table 2). This is  in  agreement w ith  
earlier work (Indudhara Swamy and Bhattacharya 
1982; Bhashyam et al. 1985). Again, husk 
interlocking score was negatively correlated w ith  
cracked grains. Thus, a well closed husk probably 
protects the grain from  rapid exchange o f m oisture 
w ith the external surroundings, for instance during 
drying and grain m aturation. It is well known that 
cracks in  rice arise from  rapid absorption or 
desorption of moisture (Bhattacharya 1980). Further, 
cracked grains negatively correlated w ith  grain 
hardness, and positively w ith  husk thickness.

There was no other significant relationship. M ultip le 
correlation analysis revealed tha t the husk score, 
white belly (or general chalkiness), kernel hardness 
and husk thickness together accounted for about 
55% of the varia tion in  cracked grains among 
different samples (R = 0.734, R2 = 0.539). W hat 
other factors influenced grain cracking is not 
know n. C hem ical fac to rs  (am ylose, p ro te in , 
gelatinization temperature) studied in  10 varieties 
seemed to have no influence on grain cracking 
(hence data not reported).

Husk thickness was negatively related to husk 
in terlocking score (Table 2), possibly ind icating a 
lower fle x ib ility  o f th ick  husk to bend and hook 
around the edge. Broad grains too had loose husk 
locking, an undesirable feature, possibly because 
broad grains had th ick  husk, and vice versa. Thick 
husk also seemed to favour a larger husk-to-kem el 
gap. again probably due to the same reason of a 
th ick  husk being not flexible enough to bend tigh tly  
around the edge, Th ick husk is, thus, by and large 
an undesirable characteristic. U nfortunately, it 
could not be predicted from  the husk content, the 
two being unrelated.

Practical significance : Four rice grain characters, 
viz., broad grains, soft grains, white belly and loose 
h u sk  can be considered as techno log ica lly  
undesirable for the follow ing reasons. Broad grains 
promote white belly, w hich, in  tu rn , lowers grain 
ha rdness and p rom o te s g ra in  c ra ck in g . 
Consequently, it  ind irectly  affects m illing  quality of
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rice adversely. Broad grains also affect cooking rate 
of rice, for they have less surface area per u n it 
weight and hence need more tim e and energy to 
cook (Bhattacharya and Sowbhagya 1971). Loose 
closure of husk appears to be correlated w ith  easier 
grain cracking, which promotes m illing  breakage. 
It may also facilita te entry of insects and pathogens 
in to the grain and adversely affect the storage 
quality (Bechtel and Pomeranz 1980). Soft rice 
grains may be susceptible to insect attack (Pomeranz 
and Webb 1985). Indices o f rice qua lity can be 
derived from  these characteristics from  the relations

of rice (Murugesan and Bhattacharya 1991), popping 
qua lity may be yet another excellent test fo r the 
technological qualities o f rice. A  sm all com mercial 
home popper could be used w ith  ju s t 5-10 g paddy 
fo r screening during breeding. I t  can be seen (Fig.
3) tha t a she llab ility  o f 75%, grain breadth o f 2.3 
mm and husk in terlocking score o f 10-11 (which 
corresponds to she llab ility  o f 75% : Fig. 1A) 
correspond to a popping expansion ra tio  o f 12-14. 
An expansion ra tio  of 12 can, thus, be considered 
a m inim um  qua lity m arker of paddy.

Fig. 3 . R e la tio n sh ip  o f  p o p p in g  e x p a n s io n  o f  r ice  to  v a r io u s  g ra in  c h a r a c te r i s t ic s  o f  p a d d y .
derived above.

Grains w ith  more than 2.3 mm  brown rice 
w idth are like ly to have poor m illing , storage and 
cooking qualities and should be rejected during 
screening o f lines in  va rie ta l developm ent. 
A lternatively, a ll lines w ith  g ra in  chalkiness, 
especia lly w h ite  be lly , shou ld  be re jected. 
Shellability could be another useful test. High 
shellability would indicate a loose husk closure or 
too broad kernel, both o f which are technologically 
undesirable. A simple test w ith  either a laboratory 
rubber-ro ll sheller or even a hand sheller could 
be standardized for use w ith  ju s t 100 paddy grains 
as a screening test in  rice breeding. Lines having 
a shellab ility of over 75%, being associated w ith  
> 2 .3  mm grain breadth and poor husk closure (Fig. 
1), should be rejected during breeding.

Since a ll the four undesirable characteristics 
mentioned above are also detrim ental to popping
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Microscopic Structure and Carbohydrate D igestibility of 
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In vitro c a rb o h y d ra te  d ig e s tib ili ty  o f  r e a d y - to -e a t  p u ffed  p r o d u c ts  fro m  rice , s u c h  a s  lahi (pu ffed  p a d d y )  , Poha 
(b e a te n  rice) , murmura (pu ffed  rice), a n d  chiwdi (puffed  poha), w a s  d e te rm in e d  u s in g  p a n c r e a t ic  a n d  s a l iv a ry  a m y la s e s ,  
s e p a ra te ly .  I t  w a s  fo u n d  th a t  p u ff in g  e n h a n c e d  th e  d ig e s tib ility , a s  a g a in s t  th e  d e c re a s e  in  c a s e  o f  f lak in g . T h e  d a t a  
o n  th e  e x te n t  o f  s t a r c h  g e la tin iz a tio n  In  th e s e  p r o d u c ts  in d ic a te d  t h a t  g e la tin iz a tio n  w a s  a  p re - r e q u is i te  fo r  p u ff in g  
a n d  a ls o  fo r  in c re a s e  in  d ig e s tib ility . H ow ever, g e la tin iz a tio n  w a s  n o t  th e  o n ly  fa c to r  in  e n h a n c in g  d ig e s tib ili ty  o f  p u ffe d  
p ro d u c ts .  M icro sco p ic  s tu d ie s  o n  th e  s t r u c tu r e  o f  th e s e  p r o d u c ts  g a v e  in te r e s t in g  t r e n d s .
K e y w o rd s  : S ta rc h ,  R ice p ro d u c ts .  C a rb o h y d ra te  d ig e s tib ility , M icro sco p ic  s t r u c tu r e ,  Lahi, Poha, Murmura, ChuvdL
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A ll over the world, several ready-to-eat cereal 
products are prepared conventionally by flaking or 
puffing. Being crisp and friable in  texture, as well 
as readily consumable, such products enjoy wide 
popularity among consumers of a ll ages. The puffed 
cereals can also be incorporated in  several snacks 
and confectionery products. In  addition to the 
organoleptic advantage, such products are believed 
to be easily digested, and utilized more efficiently, 
as indicated by several in vitro and in vivo studies. 
(McNeil et al. 1971; Modi and K u lkam i 1976; 
W alker et al. 1970; Borgida 1976; Galyean et al. 
1976; Calet 1975; Prajwala M ouliswar et al. 1993; 
Ngo Som et al. 1992). D uring processing, several 
physico-chemical and s tructu ra l changes take place 
in  the kernel. Endosperm, a compact reservoir of 
food for developing embryo, is converted in to  an 
expanded, porous, friable mass, and the cell in tegrity 
is almost lost. Mechanism of expansion of grain 
during puffing is explained as rapid vo latilization 
of super-heated m oisture from  w ith in  the wet, hot 
and plastic mass, thereby 'leading to enormous 
increase in  volume. Puffing as Well as flaking is 
reported to bring about 30-50% gelatinization of 
starch, thus ind irectly effecting the d igestib ility and 
feed efficiency (Antonio and Ju lliano 1973).

In  India, ready-to-eat puffed products are 
commonly prepared from  rice and m illets. Each 
product has distinct appearance, texture and flavour 
of its  own. The inform ation available on such 
products, however, is scarce. The present paper 
reports the changes in  structure and in vitro starch 
digestib ility of these products, as compared w ith  
those of rice starch.

Materials and Methods
The study was confined to 'Luchai' variety of
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rice (Oryza sativa) from  which fou r of the puffed 
products i.e., Lahi (puffed paddy) , Murmura or Mudi 
(puffed rice), Poha (beaten rice) and Chiwdi (puffed 
beaten rice) were prepared. The samples were 
purchased from  the local m arket, and stored in  a ir­
tigh t containers. Total starch content was estimated 
by anthrone method (Plummer 1972). Extent of 
gelatinization was calculated by the method of 
B irch et al (1970), by com paring the blue value 
of the samples w ith  a set o f blue values for 
standard m ixtures of raw and gelatinized rice 
starch. In vitro d igestib ility  w ith  salivary and 
pancreatic amylase was determ ined ind iv idua lly, 
since salivary amylase is reported to act on 
gelatinized starch, in  contrast to pancreatic amylase, 
which acts on both gelatinized and native starches. 
Suitably diluted hum an saliva, standardized against 
gelatinized com  starch, constituted the source of 
salivary amylase. Pancreatin (from porcine pancreas, 
grade II, Sigma Chemical Co. USA) served as the 
source of pancreatic amylase. Finely ground sample 
to contain 0.05 g starch was suspended in  5 m l 
of phosphate buffer (pH 6.8 fo r salivary amylase 
and 7.2 fo r pancreatic amylase) and incubated w ith  
suitab ly d ilu ted amylase preparation. Reducing 
sugar, liberated at appropriate tim e in terva l, was 
estim ated by the m ethod o f Nelson-Somogyi 
(Plummer 1971). In vitro d igestib ility  was expressed 
as pg reducing sugar lib e ra te d /m in /g  sample. 
R esults were com pared w ith  co rrespond ing  
gelatinized starch control.

Microscopic studies were performed on free 
hand sections o f the products. Poha was rubbed 
on a rough surface t il l paper th in . These sections 
were treated w ith  70% ethanol (15 m in), followed 
by dehydration w ith  90% ethanol (15 m in). The 
sections were stained to localize native starch,
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gelatinized starch, and celluloses by standard 
stains (MacMaster 1964) prepared in  a lcoholic 
solvent.

Results and Discussion
The 'LuchaiVariety o f rice is used commonly 

for commercial production o f a ll the four puffed 
products selected in  the present studies. It is w orth 
mentioning tha t trad itiona l processing steps were 
employed commercially. For the processing o f rice 
to lahi the paddy is  soaked in  water to about 30% 
moisture. Excess water is  drained, equilibrated fo r 
2-3 h, and puffed in  sand bath at 220°-250°C. The 
parboiled rice is processed as above to make 
murmura. In  case of poha manufacture, the parboiled 
paddy is pressed in  between the rollers, dried and 
then slightly roasted. The parboiled paddy is 
pressed and puffed in  sand bath to obtain chiwdL

Starch contents in  the samples ranged between 
64 and 69%. A ll puffed products showed enhanced 
in vitro starch d igestib ility  (Table 1), w ith  salivaiy 
as well as pancreatic amylase, lahi showing 
maximum increase (38%), while poha showed 10% 
decrease in  d igestib ility. No significant difference 
was noticed in  the action o f salivary and pancreatic 
amylases, in  spite o f the differences in  the extent 
of gelatinization (Table 1), which exceeded 60% in  
a ll puffed rice products. Extent o f gelatinization is 
considered as one o f the factors which determines 
the d igestib ility o f puffed or flaked products. 
Amongst the processed rice products, m inim um

TABLE 1. E F F E C T  O F  PU FFIN G  ON IN VITRO DIGESTIBILITY
O F  C ER EA LS.

P ro d u c ts S ta r c h %  d ig e s tib ili ty %  d ig e s tifc il i ty E x te n t o f
. % w ith  p a n c re a t ic w ith  sa liv a ry g e la tin i-

a m y la s e , re la tiv e a m y la s e , re la - z a tio n ,
to  o r ig in a l tive to  o r ig in a l %
g ra in g ra in

R ice 6 8 .8 1 0 0 .0 1 0 0 .0 -

Lahi 6 5 .9 1 3 8 .8 1 3 5 .0 6 0
Murmura 6 7 .5 1 0 5 .0 1 0 3 .0 100
Chiwdi 6 4 .3 1 2 1 .3 1 2 2 .2 100
Poha 6 5 .1 9 0 .0 7 9 .6 7 0

gelatinization occurred in  lahi (60%), followed by 
poha (70%), while the gelatinization in  murmura 
and chiwdi was almost complete. Borgida et al (1975) 
have reported tha t the expansion or puffing of com  
improved both in vitro and in vivo digestibilities, 
compared to the flaking of the com. Depressed feed 
efficiency on flaking o f com , as compared to control 
or popped sample, has also been reported by these 
workers. Improved growth rates were also observed 
on expansion and extrusion of com. Starch granules 
in  the endosperm of the rice grains are embedded

in  a m atrix  o f protein and cellulose, and are not 
easily accessible to the action of am ylolytic 
enzymes, as against the isolated starch. D uring the 
puffing process, starch absorbs large portions of 
available m oisture, becomes therm oplastic and 
develops a d is tinct structure  o f its  own (Mercier 
and F ille t 1975). It, thus, explains the improved 
d igestib ility  of the puffed rice samples.

McNeill et al (1975) conducted experiments to 
ascertain physical properties o f carbohydrates from  
processed sorghum  grain. They reported tha t 
gelatinization was not the only factor involved in  
increasing the efficiency o f in vitro carbohydrate 
u tiliza tion  and suggested tha t it  m ight not be 
necessary to destroy starch granule in teg rity  
completely, as it  occurred in  the process of starch 
gelatinization. Thus, any processing method, which 
alters kernel structure  to enhance the release of 
ind iv idua l starch granules from  prote in m atrix  and 
also increases the ir accessibility or susceptib ility to 
enzyme activ ity, should increase carbohydrate 
digestib ility. It is, therefore, possible tha t other 
temperature-induced changes in  prote in m a trix  and 
pyrolysis of starch to form  dextrins m ight have 
caused lower in vitro d igestib ility  o f starch in  chiwdi 
and murmura.

The studies on the m icroscopic structure  and 
localization of starch in  puffed and flaked products 
gave interesting results. For example, a transverse 
section of parboiled rice indicated tha t the starch 
granules were pa rtia lly  gelatinized and m igrated 
towards the periphery during  the process of 
parboiling (Fig. 1A). The transverse section of raw 
rice (Fig. IB) showed a regular smooth outline, a 
compact structure o f endosperm cells and raw 
starch particles, which were d istribu ted  uniform ly 
throughout the kernel. These were not easily 
stained. Aleurone layer was in tac t and it  consisted 
of rectangular flattened cells devoid o f starch, bu t 
rich  in  proteins. The long itud ina l section of poha 
(Fig. 1C) showed tha t the outline and the in terna l 
cell structure were disrupted and irregular. Moreover, 
pa rtia lly  gelatinized starch granules were displaced 
towards the periphery. Very few vacuoles were seen 
in  the structure and deep irregu lar furrow s extended 
from  the periphery to the centre of the kernel. Most 
of the cells were ruptured, starch was displaced 
towards periphery and large a ir cells were random ly 
d istributed in  murmura (Fig. ID ). The outer surface 
of murmura was smooth and showed fragments of 
aleurone layer at places.

In  ch iw di, the coagulated starch granules were
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Fig. 1. M icroscop ic  s t r u c tu r e  o f  ra w  a n d  p a rb o ile d  r ice  s a m p le s  
a n d  th e  pu ffed  p ro d u c ts .  (M ag n ifica tio n  : 1 0 0  x) s ta in e d  
w ith  io d in e . A: T ra n s v e r s e  s e c t io n  o f  p a rb o ile d  rice , 
B: T ra n s v e r s e  s e c tio n  o f  ra w  r ice , C : L o n g itu d in a l s e c t io n  
o f  poha, D: L o n g itu d in a l se c tio n  o f  murmwa, E : T ra n sv e rse  
se c tio n  o f  chiwdi, F: T ra n s v e r s e  s e c tio n  o f  lahL

displaced towards the periphery (Fig. IE). The 
compact structure found in  poha (Fig. 1C) appeared 
expanded extensively in  chiwdi (Fig. IE) and a ir 
gaps o f various sizes were found. Starch gave brown 
stain due to dextrinization. Furrows present in  
poha structure were fu rthe r expanded and the 
whole s truc tu re  had a very delicate frag ile  
appearance in  chiwdi (Fig. IE ). The outline o f lahi 
showed b ila tera l symmetry, to some extent, w ith  
a central a ir cell and porous mass (Fig. IF). Most 
of the gelatinized starch granules were displaced 
towards the periphery, while some granules gathered 
near the central a ir cell and a few were distributed 
in  the complete cross section. The ce llu la r structure 
of lahi (Fig. IF) appeared m uch more compact than 
murmwa (Fig. ID ) and chiwdi (Fig. IE ). The 
breakdown o f cell structure was also relatively less 
in  lahL D uring soaking, a m oisture gradient, from  
periphery to centre of the kernel, was set up, which 
m ight be the reason fo r the relatively less 
destruction of the compact kernel structure during 
puffing. Pressure o f husk at the tim e o f puffing 
caused an uneven expansion, and form ation of 
ridges and furrow s on the surface o f lahL Protein-

rich  aleurone layer was identified on the ridges. 
This fact m ight be related to  the increased 
accessibility of starch to amylase activ ity, thereby 
increasing in  vitro d igestib ility.

From the above observations, it  is  evident tha t 
the puffing causes an expansion in  volume due to

F ig .2 . E ffec t o f  a d d i t io n  o f  a  d ro p  o f  p a n c r e a t in  o n  th e  s e c tio n  
o f  th e  r ice  a n d  i ts  p u ffed  p r o d u c ts  s ta in e d  w i th  io d in e . 
(M ag n ifica tio n  : 2 4 0  X). A: T ra n s v e r s e  s e c tio n  o f  p a rb o ile d  
r ic e  (co lo u r-b ro w n ), B: A s A, a f te r  a c t io n  o f  p a n c r e a t in  
(co lo u r-b lu e), C: T ra n s v e r s e  s e c tio n  o f  l a h i  (co lo u r-b ro w n ), 
D: A s C , a f te r  a c t io n  o f  p a n c r e a t in  (co lo u r-w h ite ) , E: 
L o n g itu d in a l s e c t io n  o f  poha  ( c o lo u r- re d d is h  b ro w n ), F: 
A s E , a f te r  a c t io n  o f  p a n c r e a t in  ( c o lo u r-d a rk  b ro w n  w ith  
b lu e  s p o ts ) , G: L o n g itu d in a l s e c t io n  o f  chiwdi (co lo u r-  
b ro w n ), H: A s G , a f te r  a c t io n  o f  p a n c r e a t in  (c o lo u r-v io le t 
b lu e ), I: T ra n s v e r s e  s e c t io n  o f  murmwa  (c o lo u r-b ro w n ), 
J :  A s I, a f te r  a c t io n  o f  p a n c r e a t in  (c o lo u r-v io le t b lu e ).
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Instantaneous expansion o f m oisture. It brings 
about starch galatinization and improves the starch 
digestibility. However, treatm ents p rio r to puffing 
influence the fina l structure, and in  vitro d igestib ility 
to some extent. Thus, various puffed products, 
prepared from  rice appear to possess specific 
structural features. Marginal differences w ith  salivary 
and pancreatic amylases indicate tha t d igestib ility 
is  not d ire c tly  corre la ted to the extent o f 
gelatinization. There is  a possib ility  tha t the 
pretreatments influence the changes in  starch and 
proteins of the kernel in  different ways, thereby 
leading to altered accessibility of starch to enzymatic 
reaction. Babichenko and Sorochinskeya (1972) 
tried to explain the changes in  the m icrostructure 
of starch in  popcorn. They observed tha t the protein 
network was somewhat disturbed and size o f starch 
grains increased greatly, thereby form ing a netlike 
structure in  popped popcorn kernel. Form ation of 
porous structures in  burst kernels was best at 
235°C. In  waxy com ,in  which amylose was almost 
fu lly  absent, none o f the kernels opened. The 
observations on the processed rice products are in  
agreement w ith  these results.

The action o f pancreatic enzymes on the 
sections of these puffed products was also studied 
under the microscope (Fig. 2 A-J). When the sections 
were stained w ith  iodine solution, these gave 
reddish brown to vio let colouration due to the 
presence of gelatinized starch and dextrin.

However, soon after a drop of pancreatin 
solution was added, the structure  o f the section 
was disrupted and the colour also changed from  
brown to blue violet. This m ight be due to 
degradation of dextrins in to  lower m olecular weight 
products. In  addition, the protein m atrix may also 
get degraded, thereby exposing the undegraded 
starch to the action o f iodine.

Above observations indicate tha t the treatments 
prior to puffing of rice affect the in vitro carbohydrate 
digestib ility and kernel structure  in  a characteristic 
manner.
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Effect of Soy-fortification on Quality Characteristics ofChapatis
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Chapatis (u n le a v e n e d  f la t  b re a d ) , p r e p a re d  fro m  w h o le  w h e a t  f lo u r  a n d  w h e a t  f lo u r -d e fa t te d  so y  f lo u r  (90 :10 ) 
b le n d  w e re  e v a lu a te d  fo r th e i r  q u a li ty  c h a r a c te r is t ic s .  S o y -fo rtified  chapatis c o n ta in e d  2 8 .8  a n d  1 9 .0 %  h ig h e r  p ro te in  
a n d  a v a ila b le  ly sin e , t h a n  th e  w h o le  w h e a t  chapatis. T h e  fo rm e r  a ls o  c o n ta in e d  h ig h e r  a m o u n ts  o f  c a lc iu m , p h o s p h o r u s  
a n d  iro n , t h a n  th e  la t te r .  S o y -fo rtif ica tio n  in c re a s e d  p ro te in  effic ien cy  ra tio  o f  chapatis f ro m  1 .3  to  1 .7  a n d  in vitro 
p ro te in  d ig e s tib ility  fro m  7 1 .3  to  7 3 .1 % . W e ig h ts  o f  liv e r a n d  h e a r t  o f  th e  r a t s ,  fed  o n  w h e a t  chapatis d ie t, w e re  s ig n if ic a n tly  
low er, th a n  th o s e  o b se rv e d  in  c a s e  o f  c a s e in  a n d  so y -fo rtified  chapati d ie ts . H ow ever, th e  w e ig h ts  o f  t e s t i s  o f  r a t s  fed  
o n  so y-fo rtified  chapatis w e re  s ig n if ic a n tly  h ig h e r  th a n  th o s e  w ith  o th e r  d ie ts .  S o y -fo rtified  chapatis w e re  s o f te r  t h a n  
w h o le  w h e a t  chapatis, b u t  r e ta in e d  13%  o f  th e  t ry p s in  in h ib i to r  a c tiv ity , o r ig in a lly  p r e s e n t  in  d e fa t te d  so y  f lo u r .
K e y w o rd s  : Chapatis, S o y -fo rtif ic a tio n , C h e m ic a l c o m p o s itio n . In vitro d ig e s tib ility , N u tr i t io n a l  q u a li ty ,  T e x tu r a l

c h a ra c te r is t ic s .

Chapati (unleavened fla t bread) is a common 
item  in  the diets of people of Indian sub-continent 
and parts of Africa, Mongolia and China. In  India, 
about 85-90% of wheat is used in  the form  of 
chapati and its  cu linary variations (Austin and Ram
1971). Traditionally, chapati is prepared from  whole 
wheat flour.. Wheat contains about 8-12% proteins 
and its  lim iting  amino acid is lysine (Kesarda et 
al. 1976). In  contrast, soybean and its  protein 
products contain higher amounts o f qua lity proteins 
and are abundantly rich  in  lysine (Snyder and 
Kwon 1987). Wheat-soya blends are also used fo r 
breadmaking and the ir rheological and baking 
qualities have been studied (Pratima M ishra et al. 
1991). Therefore, fo rtifica tion  of wheat flou r w ith  
soybean products, such as defatted soy flo u r (50- 
50% protein) fo r chapati preparation w ill not only 
enhance the protein content of the diet bu t also 
raise its  nu trition a l value, thereby helping in  
combating m a lnu trition . Defatted soy flo u r is w idely 
used fo r various extruded rice products (Chauhan 
and Bains 1985); bread (Sahni et al. 1976).

Incorporation of defatted soy flo u r in  wheat 
flou r has been found to balance the amino acid 
pattern of chapati, w ithout affecting its  acceptability 
characteristics (Ebler and W alker 1983; Lindell and 
W alker 1984). A lthough optim um  levels o f defatted 
soy flou r incorporation for producing an acceptable 
chapati have been worked out (Rathod and W illiam s 
1973; Bhat and V ivian 1980), the in form ation on 
quality characteristics of chapati made from  wheat- 
soy blend is lim ited. The objectives of th is  study 
were to determine the effects of fortify ing  wheat 
flou r w ith defatted soy flou r on chemical, nu tritiona l

* Corresponding Author

and textu ra l characteristics of chapati

Materials and Methods
Whole wheat flou r ('H ari Bhogj was from  local 

m arket, while defatted soy flou r (V ita l’) was procured 
from  B ritann ia  Industries Ltd. Chapatis were 
prepared from  whole wheat flo u r and wheat flou r- 
defatted soy flou r (90:10) blend, using conventional 
method (Rawat 1990).

Nutritional evaluation : Protein qua lity o f chapati 
was evaluated by means of protein efficiency ra tio  
(PER) according to AOAC (1984) procedure. Twenty 
four male albino rats (W istar' stra in , 21 ± 1 day 
old), obtained from  Indian Veterinary Research 
Institu te , Izatnagar, India, were divided in to  3 
groups of 8 anim als each, in  such a way tha t the 
average weight of a ll the groups was more or less 
same. The anim als were housed in  w ire screen 
cages ind iv idua lly  and held at 26.6 ± 2.2°C (46.6 
± 7.9% relative hum idity) under a 12 h lig h t dark 
cycle. One group was given a diet o f basal ra tion  
consisting o f (g /100 g) groundnut o il 8, vitam inized 
o il 1, m ineral prem ix 4, v itam in  prem ix 1, casein
12.3, and starch to make up to 100 g. Second and 
th ird  groups were fed on chapatis made from  whole 
wheat flo u r and wheat flour-soy flo u r blend, 
respectively. Water and food were provided ad libitum. 
At the end of 4 weeks, 5 rats from  each group 
were anaesthetized fo r collecting heart, liver, testis 
and kidneys, after recording th e ir fresh weights. 
Data o f anim al experiments were s ta tis tica lly  
analyzed by the method of Raghuram ulu et al
(1983).

Analytical methods : Protein contents o f flours 
and chapatis were determined by K jeldahl method
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(AOAC 1984), using a nitrogen to protein conversion 
factor of 5.71 for wheat and 6.25 fo r soybeans. 
Moisture, fat, ash, crude fibre, reducing and non­
reducing sugars in  the samples were estimated 
according to AACC (1976) procedures. Phosphorus 
and Iron were determined by colorim etric methods 
as described by Ranganna (1986), while calcium  
was determined by AACC (1976) method, after 
precipitating it  as calcium  oxalate. The available 
lysine contents in  flou rs  and chapaiis were 
determined by Carpenter's method as modified by 
Booth (1971). The trypsin in h ib ito r activities of soy 
flou r and soy fortified  chapatis were measured by 
the method of Kakade et al (1974). In vitro protein 
digestibilities of chapatis were determined using 
pepsin and pancreatin enzymes according to the 

\ procedure of Akeson and Stahman (1964).
Texture analysis : The texture of chapatis was 

determined using an Instron Universal Testing 
Machine (Model 1111, Instron Ltd., UK). The 
tensile strength was measured as the force required 
to push a fla t cylindrica l punch of 3 mm dia 
through the chapati and expressed as Newtons. It 
was calculated by measuring the height of peak 
of compression curve recorded under following 
conditions : load range 200 N, cross head speed 
20 mm per m in, cycles 2 and range 0-2. The tensile 
strength o f fresh chapatis was measured w ith in  30 
m in after puffing. For storage studies, the chapatis 
were wrapped in  polyethylene bags to prevent 
drying and stored at 21±1°C.

Results and D iscussion
Whole wheat flo u r used in  the investigation 

contained 12.4% proteins, whereas the protein 
content in  defatted soy flo u r was 57.1% (Table 1). 
Defatted soy flou r also contained higher amounts 
of ash, crude fibre, calcium , phosphorus, iron, 
sugars and available lysine than wheat flour. These 
observations are in  agreement w ith  earlier reports 
(Kellor 1974; Kaur and H ira 1988). Soy flou r 
exhibited trypsin in h ib ito r activity, indicating that 
it was m ild ly toasted follow ing solvent extraction.

Chemical composition of chapatis indicated that 
fortifica tion of wheat flo u r w ith  defatted soy flou r 
at 10% level enhanced the ir protein contents by 
28.8% and available lysine contents by 19%. Such 
fortifica tion also resulted in  increasing the calcium , 
phosphorus and iron contents o f chapatis by 25.4,
45.7 and 38.2%, respectively. Increases in  contents 
of these nutrien ts are a ttributed to the ir higher 
contents in  defatted soy flour. Bhat and V ivian
(1980) have reported an increase of 17% in  protein 
content of chapatis as compared to 28.8% increase 
observed in  th is  investigation fo r s im ila r level (10%)

of soy fo rtifica tion  in  wheat flou r. It may be 
a ttributed to lower prote in content (47.9%) of soy 
flou r used by them.

Baking resulted in  reduction in  available lysine 
in  whole and soy fo rtified  chapatis by 4.5 and 3.8%, 
respectively (Table 1). Bhat and V ivian (1980) also 
observed losses of 4.7 and 5.7% in  available lysine 
in  whole wheat and soy-fortified chapatis upon 
baking, respectively. Results of th is  investigation 
also showed tha t baking of chapatis reduced trypsin 
in h ib ito r activ ity by 87%. Kaur and H ira (1988) 
have also observed tryps in  in h ib ito r activ ity in  
soy-fortified chapatis, thereby suggesting that trypsin 
in h ib ito r was not com pletely inactivated during 
chapati m aking process.

TABLE 1. C O M PO SITIO N  O F  W H O L E  W H E A T  F L O U R  
D EFA TTED  SO Y  FL O U R  AND CHAPATIS

W h o le w h e a t D e fa tte d  Soy
C o n s t i tu e n ts f lo u r Chapatis f lo u r fo rtified

chapatis
P ro te in  % 1 2 .4 1 1 .8 5 7 .1 15 .2
F a t, % 1.5 1.8 0 .7 1.4
A sh , % 1.0 1.7 7 .4 2 .5
C ru d e  fib re , %  
C a rb o h y d ra te s

0 .7 1.5 3 .4 2 .4

(by d ifferen ce), % 8 4 .4 8 3 .2 3 1 .4 7 8 .5
C a lc iu m , m g /lO O g 1 2 0 .0 1 6 6 .7 3 1 1 .4 2 0 9 .1
P h o s p h o ru s ,  m g /lO O g 1 5 0 .0 1 9 4 .2 6 9 8 .6 2 8 3 .1
Iro n , m g /lO O g 2 .6 3 .4 1 6 .0 4 .7
R e d u c in g  s u g a r s ,  % 0 .6 0 .5 1.2 0 .5
N o n -re d u c in g  s u g a r s ,%  
A v ailab le  ly s in e ,

1 .7 1.7 3 .3 1.9

g /1 6 g  N
T ry p s in  in h ib ito r

2 .2 2 .1 6 .0 2 .5

ac tiv ity , T U I /m g - - 0 .3 0 .0 4
W hole w h e a t  a n d  so y -fo rtified  chapatis c o n ta in e d  3 1 .5  a n d  3 3 .5 %  
m o is tu re ,  re sp ec tiv e ly .

Results o f anim al experiments (Table 2) showed 
that various diets differed sign ificantly (P<0.05) in  
the ir PER values. The corrected PER values of 
whole wheat chapatis (1.3) and soy-fortified chapatis 
(1.7) were sign ificantly different. The higher PER 
of soy-fortified chapatis may be a ttribu ted  to the ir 
higher protein and available lysine contents.

No significant differences in  the weights of 
liver, kidney and heart of rats fed on casein and 
soy-fortified chapati diet were observed. In  contrast, 
the weights of heart and liver o f rats fed on whole 
wheat chapati diet were sign ificantly lower (P < 
0.05). However, the weights o f kidneys of rats on 
a ll the three diets were more or less same, whereas 
the weights o f testis of rats fed on soy-fortified 
chapati diet were sign ificantly higher (P < 0.05) than 
the weights o f testis o f ra ts fed on casein or whole 
wheat chapati diets.

The in vitro d igestib ility  of soy-fortified chapatis 
(73.1%) was s ligh tly  greater than th a t observed fo r 
whole wheat chapatis (71.3%). However, in vitro
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TABLE 2 . PROTEIN EFFIC IE N C Y  RATIO, INTERNAL BODY 
ORGAN W EIG H TS AND T E N SIL E  STR EN G TH  O F  W H O LE 

W HEAT AND SO Y -FO R TIFIE D  CHAPAT1S
D ie ts

A ttr ib u te s C a s e in W h o le S o y -fo rti-
w h e a t  f lo u r fied

chapatis chapatis
T o ta l g a in  in  b o d y  
w e ig h t a f te r  4  w e e k s , g 4 6 .9 2 3 .0 4 3 .9
T o ta l p ro te in  In ta k e , g 1 9 .8 1 8 .8 2 7 .4
O b se rv ed  P E R 2 .4 1.2 1.6
C o rre c te d  P E R 2 .5 C 1.3* 1.7*

I n t e r n a l  b o d y  o r g a n w e ig h t s
L iver w e ig h t, g 4 .3 b 3.1* 4.7*
K id ney  w e ig h t  g 1 .0 0 .8 1.1
H e a r t w e ig h t, g 0 .5 b 0.3* 0 .5 b
T e s tis  w e ig h t, g 0.5* 0.4* 0.7»

T e n s i l e  s t r e n g t h .  N e w to n s
S to ra g e  p e rio d , h r .

0 - 5 2 .9 4 5 .0
2 - 8 6 .3 6 5 .1
4 - 1 1 1 .3 9 0 .3
6 - 1 9 0 .9 158 .1

M ean s  follow ed b y  d iffe re n t s u p e r s c r ip ts  in  a  ro w  d iffe r 
s ig n ifican tly  a t  5%  le v e l

digestib ility of both was m uch less than casein diet 
(86.5%). Lindell and W alker (1984) have reported 
somewhat higher values fo r in  vitro d igestib ility 
of whole wheat flou r (77.2%) and wheat-soy blend 
(80.0%).

Fortification of wheat flo u r w ith  defatted soy 
flou r yielded chapaiis w ith  softer texture (Table 2). 
This may be ascribed to greater m oisture content 
(33.5%) of soy-fortified chapatis than whole wheat 
chapatis (31.5%). Bhat and V ivian (1980) have also 
made sim ilar observations. The tensile strength of 
chapaiis increased w ith  storage tim e. However, at 
any time of storage, soy-fortified chapatis exhibited 
lesser tensile strength than whole wheat chapatis, 
which is a ttributed to greater retention of m oisture 
by defatted soy flour, than tha t by the whole wheat 
flou r (Kinsella, 1979). Gandhi and Bourne (1988) 
also noted tha t soy-fortified chapatis were softer 
than whole wheat chapatis.

It may be concluded from  the results o f the 
present investigation tha t fo rtifica tion  o f wheat flou r 
w ith defatted soy flou r would enhance nutrien t 
contents of chapatis. Further, it  made the chapatis 
softer and enhanced the ir PER, bu t only m arginally 
improved the ir d igestib ility. However, soy-fortified 
chapatis retained 13% of the trypsin  in h ib ito r 
activity, orig inally present in  defatted soy flour.
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D e fa tte d  so y  f lo u rs  o b ta in e d  fro m  4  d iffe re n t s o u rc e s  w e re  a n a ly s e d  fo r v a r io u s  c h e m ic a l  c h a r a c te r i s t ic s  a n d  u s e d  
to  p re p a re  so y  p ro te in  is o la te s  b y  u s in g  d if fe re n t c o a g u la n ts  a n d  a t  c o a g u la t io n  p H s. D e fa tte d  so y  f lo u r  f ro m  s o u rc e  
B sh o w e d  th e  h ig h e s t  p ro te in  a n d  a s h  c o n te n ts .  C o m p a ra tiv e ly  lo w er v a lu e s  o f  s o lu b le  n i tro g e n , u r e a s e  a c tiv ity  a n d  
try p s in  in h ib i to r  ac tiv ity , in  c o n t r a s t  to  h ig h e r  v a lu e  o f  n o n -e n z y m a tic  b ro w n in g , in d ic a te d  t h a t  t h e  d e fa t te d  so y  f lo u r  
o b ta in e d  fro m  s o u rc e  C  rece iv ed  m o re  h e a t  t r e a tm e n t  t h a n  th e  o th e rs .  T h e  I so la te s  m a d e  a t  lo w er p H s  w e re  w h i t is h  
in  co lo u r, b u t  s o f te r  in  c o n s is te n c y , a s  c o m p a re d  to  th o s e  m a d e  a t  h ig h e r  p H s . D e fa tte d  so y  f lo u r  f ro m  d if fe re n t 
m a n u f a c tu re r s  e x h ib ite d  w id e  v a r ia t io n s  in  p h y s ic o -c h e m ic a l p ro p e r t ie s  o f  p ro te in  is o la te s . A m o n g s t c o a g u la n ts  a n d  
c o a g u la tio n  p H s, HC1 a n d  pH  o f  4 .5  p ro d u c e d  b e t t e r  q u a li ty  p ro te in  is o la te s .
K e y w o rd s  : D e fa tte d  so y  f lo u r, P ro te in  is o la te s .  N itro g en  s o lu b ili ty  in d e x . U re a s e  a c tiv ity , TY ypsin in h ib i to r s .

Among oilseeds, soybean is considered as a 
m ajor source of edible o il (Sm ith and Circle 1978). 
In  India, the num ber of soybean o il extraction 
industries have increased rap id ly (Singh 1989). 
Consequently, the production of defatted meal, a 
protein rich  by-product, has increased in  recent 
years. O f the to ta l meal produced, only about 3% 
is being directly used as hum an food (Singh 1989). 
Soy flou r is w idely used fo r m aking soy idli (Aholkar 
and Parekh 1983), chapaii (Bhat and V ivian 1980) 
and bread (Sahni and K rishnam urthy 1975), and 
also for extruded soy rice products (Chauhan and 
Bains, 1985). Soy protein isolates, being rich  source 
of lysine (Kolb 1974), are used fo r developing 
products, such as high protein beverage baby food 
form ulations and breakfast foods v (Singh and 
Chauhan 1989). To allevia te p ro te in  calorie 
m alnutrition, the development o f such products is 
useful, pa rticu la rly in  developing countries, where 
cereal-based diets are consumed (Smith and Circle
1978).

The isolate o f good qua lity soy prote in depends 
on several factors, such as raw m aterial, pH of 
coagulation and type of coagulant used (Van Megan 
1974; H utton and Campbell 1977; M ille r 1981). The 
inform ation available on the effects of type o f 
defatted soybean, coagulants and pH of coagulation 
on the qua lity of protein isolate is  scanty, in  India. 
Therefore, the objective o f th is  study was to 
evaluate commercial defatted soy flours from  
different sources fo r m aking protein isolates and 
to investigate the effects o f coagulants as well as
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of coagulation pH on the qua lity  o f isolates.

Materials and Methods
Samples o f defatted soy flo u r were obtained 

from  fou r different m anufacturers, i.e. A, B, C and
D. The m anufacturers have not disclosed the 
methodology of defatting fo r the sake o f m ainta in ing 
commercial secrecy.

Analysis o f defatted soy flour : M oisture, to ta l 
ash, to ta l fa t and crude prote in contents were 
determined by using standard AOAC (1984) methods. 
Nitrogen so lub ility  was estimated by AOCS (1973) 
method. Urease activ ity was determ ined by using 
the m odified method o f Caskey and Knapp (1944), 
Non-enzymatic browning was determ ined by the 
method as described by Ranganna (1986). For 
trypsin  in h ib ito r activity, m odified method o f Kakade 
et al (1974) was used.

Preparation of soy protein isolate : Each of the 
defatted soy flou r was dispersed in  w ater (1:12) and 
m ixed in  a mechanical s tirre r (Gansons Ind ia Ltd.). 
The pH of the dispersion was adjusted to 9.5 w ith  
sodium  hydroxide (20%) and stirred fo r 30 m in  to 
solubilize proteins. The dispersion was, then 
centrifuged (MG Research centrifuge) at 6000 rpm  
fo r 30 m in. Proteins in  the supernatant were 
precipitated by using 20% of each coagulant (HC1, 
H2S04, acetic acid, lactic acid, c itric  acid, CaCl2 and 
CaS04 + MgS04) at 3.5, 4.0 and 4.5 pHs. The 
precipitated proteins were centrifuged (6000 rpm  
fo r 15 m in), washed w ith  water and neutralized 
w ith  20% sodium  hydroxide.

D ifferent isolates were compared visually for
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colour and consistency. Nitrogen so lub ility  and 
protein contents of isolates were estimated by the 
procedures described for defatted soy flour. A ll 
analyses were performed in  duplicates and the 
average values are reported.

Results and D iscussion
The proximate composition of defatted soy flou r 

procured from  different sources showed tha t protein 
and ash contents were m inim um  and m axim um  in  
defatted soy flou r from  sources D and B, respectively 
fTable 1). The fa t contents in  a ll the samples ranged

1985; Madan Mohan 1985; Singh et al. 1989).
From the results in  Table 1, it  is evident tha t 

the defatted soy flou r obtained from  source C 
showed the lowest value fo r n itrogen so lub ility , 
urease activ ity and tryps in  in h ib ito r activ ity, in  
contrast to the highest value fo r non-enzymatic 
browning, as compared to the flou rs  from  other 
sources, thereby ind icating com paratively higher 
degree of heat treatm ent to th is  flo u r (Kellor 1974). 
On the basis o f these characteristics, defatted soy 
flou r from  source B had com paratively better 
qua lity (Table 1).

TABLE 1. PROXIM ATE C O M PO SITIO N  (%) NITRO GEN SOLUBILITY, U R E A SE  ACTIVITY (UA), TRYPSIN U N ITS IN H IB IT E D  fTUI) 
AND NON-ENZYM ATIC BROW NING (NEB) O F  D IF F E R E N T  D EFA TTED  SO Y  FL O U R S

P ro x im a te  c o m p o s itio n  %
D e fa tted  soy  
f lo u r  s o u rc e M o is tu re P ro te in F a t A sh C a rb o ­

h y d ra te s

N itro g en
so lu b ility ,

%

U re a s e
activ ity*

T ry p s in  
u n i t  in h i ­
b ite d , %

N o n -e n z y m a ­
tic  b r o w n ­

in g , O D
A 4.1 5 5 .1 1.1 6 .8 3 2 .9 9 .5 2 .5 4 1 .0 0 .1 8
B 2 .3 5 7 .3 1.3 7 .8 3 0 .8 9 1 .7 2 .0 4 3 .0 0 .1 7
C 2 .9 5 7 .2 1.2 6 .6 3 2 .1 4 7 .6 0 .4 6 .5 0 .2 1
D 4 .2 5 4 .9 1.4 6 .3 3 3 .2 8 7 .5 1.9 4 1 .5 0 .1 6

SE M  ± 0 .0 8 0 .1 4 0 .0 7 0 .1 8 0 .4 4 0 .7 4 0 .0 7 0 .4 8 0 .0 1
All v a lu e s  a r e a v e ra g e  o f  tw o  re p lic a te s . * E x p re s s e d a s  a n  in c re a s e  in  pH o v e r c o n tro l.

from 1.13 to 1.4%. Proximate compositions of 
defatted soy flo u rs  obtained in  the present 
investigation are in  accordance w ith  the earlier 
reports (Chauhan 1982; D ublish 1984; Kaushik

Colour and consistency o j isolates : Soy protein 
isolates, when precipitated by different coagulants 
at pH 3.5, showed w h itish  colour as compared to 
ligh t w h itish  colour at other pHs (Table 2). However,

TABLE 2. C O L O U R  AND C O N SISTEN C Y  O F  SO Y  PR O TEIN  ISOLATE M ADE FROM  D EFA TTED  SO Y  F L O U R  O F  D IF F E R E N T
S O U R C E S  U SIN G  D IFFE R E N T  COAGULANTS AND COAGULATION PH

D e fa tte d  so y  f lo u r
C o a g u la n ts  C o a g u la tio n  pH  ___________A___________  ____________B___________ _____________ C___________  ____________D

C o lo u r C o n s i-  C o lo u r C o n s i­ C o lo u r  C o n s i­ C o lo u r C o n s i­
s te n c y s te n c y s te n c y s te n c y

HC1 4 .5 1 3  1 3 1 3 1 3
4 .0 2 2  3 3 1 2 1 2
3 .5 3 1 3 2 1 1 1 1

H2S 0 4 4 .5 1 3  1 3 1 3 1 3
4 .0 2 2  1 3 1 2 1 2
3 .5 3 1 3 2 3  2 3 2

C itric  ac id 4 .5 1 3  1 3 1 3 1 3
4 .0 1 2  1 2 1 2 1 2
3 .5 3 1 3 1 3  1 3 1

A cetic  a c id 4 .5 1 3  1 3 1 3 1 3
4 .0 1 2  1 1 1 3 1 2
3 .5 3 1 3 1 3  1 3 1

L actic  a c id 4 .5 1 3  1 3 1 3 1 3
4 .0 1 2  1 2 1 2 1 2
3 .5 3 1 3 1 3  1 3 1

C a S O , + M gSO , 7 .6 1 2  -1 3 - 1  2 - 1 2
C aC lj 7 .6 -I 2  -1 2 - 1  2 - 1 2
All v a lu e s  a r e  a v e ra g e  o f  th o s e  re c o rd e d  b y  10 p a n e l  m e m b e rs
1 = W h itish  ye llow , S e m i-so lid  (S lu rry  type); 2  =  W h itish  l ig h t yellow , S e m i-so lid ; 3  = W h itis h  so lid ; - 1  = n e g a tiv e , d u l l  w h it is h .
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the soy protein isolates made from  the defatted 
flour from source C was more yellowish as compared 
to other samples of soy protein isolates. This 
difference in  colour may be a ttributed to the 
variation in  heat treatm ent during the processing 
of defatted soy flours. Protein isolates, obtained by 
precipitation at pH 7.6 w ith  CaS04+ MgS04 and 
CaC l2, were du ll w h itish  in  colour. M a ttil (1974) 
also reported sim ila r range of varia tion in  the colour 
of commercial soy protein isolates.

Soy protein isolates, precipitated at pH 4.5 by 
different coagulants, were o f harder consistency, in  
comparison to those precipitated at other pH 
values, irrespective of defatted soy flo u r source, 
thereby indicating tha t pH 4.5 would be an iso­
electric pH for m ajority of the soy proteins. However, 
the soy protein isolates precipitated at neutra l pH, 
by CaS04 + MgS04 and C aC l2 coagulants, were 
granular in  texture. Protein isolate obtained by 
using HC1 at pH 4.5 was found to be com paratively 
better w ith  respect to colour and consistency.

4.5, w ith  the use o f HC1 as coagulant. In  contrast, 
the isolate prepared from  the defatted soy flou r 
from  source C, w ith  the use o f acetic acid a t pH
3.5, gave the m inim um  yields on flo u r weight basis. 
The yield of isolate decreased w ith  the decrease 
in  coagulation pH from  4.5 to 3.5, irrespective of 
defatted soy flo u r source and coagulants. These 
observations w ith  respect to yie ld  are in  accordance 
w ith  those reported earlier (Horan 1974; Meyar 
1971; Lawhon et al. 1981). The yie ld o f isolate on 
protein weight basis was also m axim um  fo r the 
sample which showed s im ila r trend as on defatted 
soy flou r weight basis and it  ranged from  37.2 to 
70.4% (Table 3). W ith the same coagulants and 
coagulation pH, the flo u r from  source C gave the 
m inim um  yield o f isolate, thereby ind icating that 
the flou r C was produced under h igher degree of 
heat treatm ent (Cogan et al. 1967). It is interesting 
to observe tha t recoveries o f isolates were much 
lower w ith  the use o f salt coagulation, as compared 
to acid coagulation. S im ila r results w ith  respect to

TABLE 3. YIELD (d.b) O F  PR O TEIN  ISOLATE M ADE FR O M  D EFA TTED  SO Y  FL O U R  O F  D IF F E R E N T  S O U R C E S  U SIN G
D IF F E R E N T  COAGULANTS AND COAGULATION pH

D e fa tte d  so y  f lo u r
C o a g u la n ts  C o a g u la tio n  p H  A  B  C  D

Y ield % Y ield % Y ield % Y ield %
O n  d e fa - O n  p ro - O n  d e fa - O n  p ro - O n  d e fa - O n  p ro - O n  d e fa - O n  p ro -
t te d  so y te in t te d  so y te in t te d  so y te in t te d  so y te in

f lo u r  b a s is b a s is f lo u r  b a s is b a s is f lo u r  b a s is b a s is f lo u r  b a s i s b a s is
HCl 4 .5 3 9 .0 6 8 .0 4 1 .5 7 0 .4 3 4 .6 5 7 .2 3 8 .5 6 6 .5

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

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

C itric  ac id 4 .5 3 6 .5 6 0 .5 3 9 .0 6 2 .9 3 3 .3 5 2 .3 3 6 .0 5 9 .6
4 .0 3 0 .1 4 9 .8 3 0 .5 4 9 .1 3 0 .3 4 7 .7 3 0 .0 4 9 .6
3 .5 2 5 .1 4 0 .8 2 5 .8 4 1 .2 2 6 .1 3 9 .6 2 5 .0 4 0 .6

A cetic ac id 4 .5 3 6 .5 6 0 .5 3 9 .0 6 2 .9 3 9 .3 5 2 .3 3 6 .0 5 9 .6
4 .0 2 9 .1 4 7 .8 3 0 .1 4 7 .8 2 9 .0 4 4 .4 2 9 .1 4 6 .8
3 .5 2 5 .0 3 9 .7 2 5 .0 4 9 .3 2 4 .3 3 7 .2 2 5 .0 3 9 .5

L actic  a c id 4 .5 3 6 .5 6 2 .5 3 9 .5 6 5 .5 3 3 .0 5 5 .0 3 6 .4 6 2 .3
4 .0 3 0 .1 4 9 .9 3 2 .0 5 1 .8 3 1 .5 4 9 .7 3 0 .0 4 9 .8
3 .5 2 5 .0 4 0 .2 2 7 .5 4 3 .8 2 6 .1 4 0 .0 2 5 .0 4 0 .4

C a S 0 4 + MgSO,, 7 .6 2 8 .0 4 2 .1 3 1 .5 4 6 .6 2 7 .0 3 8 .0 2 7 .4 4 0 .5
C aC lj 7 .6 2 8 .5 4 3 .7 3 2 .0 4 8 .4 2 7 .0 3 9 .2 2 7 .5 4 1 .8
S ta n d a rd  e r ro r (SE +J0.85 0 .8 5 4 .0 5 0 .7 4 4 .0 8 0 .9 4 3 .6 0 0 .9 2 4 .0 5
All v a lu e s  a r e  m e a n s  o f  tw o  re p lic a t io n s

Yield of isolates: From the results presented 
in  Table 3, it  is  evident tha t the yie ld of protein 
isolates ranged from  24.3 to 41.5%, on defatted 
flou r weight basis. Maximum yie ld was obtained 
from  the defatted soy flo u r from  source B at pH

protein recoveiy from  defatted soy flo u r were 
reported by Meyar (1971).

Protein and nitrogen solubilities o f isolates : The 
isolate made from  the defatted soy flou r from  
source B showed m axim um  values fo r protein
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TABLE 4 . PR O TEIN  (d.b) AND NITRO G EN  SOLUBILITY O F  SO Y  PR O TEIN  ISOLATE M ADE FR O M  D E FA TT E D  SO Y  F L O U R  O F  
D IFFE R E N T  S O U R C E S  U SIN G  D IFFE R E N T  COAGULANTS AND COAGULATION pH

D e fa tte d  so y  f lo u r
C o a g u la n ts  C o a g u la tio n  p H  A  B C  D

P ro te in , N itro g en P ro te in , N itro g en P ro te in , N itro g en P ro te in , N itro g e n
% so lu b ility , % % so lu b ility , % % so lu b ili ty , % % s o lu b ili ty , %

HC1 4 .5 9 6 .1 7 6 .8 9 7 .1 7 8 .6 9 4 .5 5 9 .4 9 5 .3 7 4 .9
4 .0 9 3 .5 7 4 .3 9 3 .5 9 6 .5 9 2 .5 6 2 .0 9 3 .2 7 1 .8
3 .5 8 9 .7 7 0 .7 9 0 .8 7 4 .4 8 7 .7 6 2 .4 8 9 .5 7 0 .9

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

C itr ic  a c id 4 .5 9 4 .1 7 3 .7 9 4 .5 7 6 .5 9 3 .7 6 5 .5 9 4 .1 7 3 .4
4 .0 9 1 .2 7 1 .2 9 2 .1 7 2 .0 9 0 .0 6 4 .7 9 0 .9 7 0 .2
3 .5 8 9 .5 6 9 .2 9 1 .8 7 0 .1 8 6 .8 6 2 .4 8 9 .2 6 9 .1

A cetic ac id 4 .5 9 1 .3 7 1 .1 9 2 .2 7 1 .5 8 9 .7 6 3 .7 9 0 .9 7 0 .0
4 .0 9 0 .5 7 0 .2 9 1 .0 7 0 .7 8 7 .5 6 2 .5 8 8 .4 6 8 .7
3 .5 8 7 .6 6 7 .7 9 0 .0 6 8 .0 8 5 .6 6 0 .8 8 6 .8 6 5 .6

L actic  a c id 4 .5 9 4 .3 7 3 .8 9 5 .0 7 7 .2 9 2 .7 6 5 .5 9 4 .0 7 3 .3
4 .0 9 1 .1 7 1 .2 9 2 .8 7 3 .0 9 0 .3 6 3 .8 9 1 .1 7 1 .1
3 .5 8 8 .7 6 9 .1 9 1 .2 5 9 .1 8 7 .6 6 1 .9 8 8 .8 6 8 .4

C a S O , + MgSO,, 7 .6 8 2 .9 2 1 .2 8 4 .7 2 1 .9 8 0 .5 1 6 .3 8 1 .2 2 0 .2
C aC lj 7 .6 8 4 .5 2 2 .9 8 6 .6 2 6 .3 8 3 .1 2 1 .2 8 3 .5 2 2 .2
S ta n d a r d  e r ro r (S E ± )0 .85 1 .1 8 2 .1 9 1.31 2 .4 2 0 .8 2 1 .7 8 1 .1 5 2 .3 3
All v a lu e s  a r e  m e a n s  o f  tw o  r e p lic a t io n s

content and soluble nitrogen, while tha t from  
source C had the m inim um  values fo r these 
attributes fTable 4). The higher values o f soluble 
nitrogen fo r the isolate from  the flo u r from  source 
B again indicated tha t th is  flo u r had undergone 
comparatively lesser degree o f heat treatm ent during 
processing. The so lub ility  of nitrogen decreased 
w ith  the decrease in  iso lation pH, irrespective of 
flou r and coagulants. The values of protein and 
soluble nitrogen in  the present study fa ll in  the 
range o f 80.5-97.1%; and 20.2-96.5%, respectively, 
as reported by earlier workers (M attil 1974; Manak 
et al. 1980). It also depends upon the extent of 
heat treatm ent and method o f isolation.

On the basis o f these observations w ith  respect 
to colour consistency, yield and soluble nitrogen, 
the protein isolate prepared from  defatted soy flou r 
from  source B by using HC1 as coagulant at pH
4.5 was o f com paratively better quality. This 
showed tha t the defatted soy flo u r from  different 
sources can y ie ld  a p ro d u c t o f d iffe re n t 
characteristics and, therefore, one should be 
cautious, while purchasing defatted soy flou r fo r 
isolating proteins.
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F o u r  s u p p le m e n ts ,  c o n ta in in g  1 6 .4 7 1 0 .4 8  to  1 7 .6 7  ± 0 .5 5  m g  I r o n / 1 0 0  g  a n d  c o n s is t in g  o f  w h o le w h e a t ,  p e a r l  m ille t, 
Bengalgram, g re e n g ra m , g r o u n d n u ts ,  a m a r a n th  lea v es  (Amaranthus gangeticus) a n d  ja g g e ry , w e re  d e v e lo p e d , e m p lo y in g  h o m e  
p ro c e ss in g  m e th o d s  o f  ro a s t in g  a n d  m a ltin g . D o m e s tic  p ro c e s s in g  in c re a s e d  th e  in  vitro iro n  a v a ila b ility , d u e  to  lo w er lev e ls  
o f  a n t i - n u t r ie n ts .  P e a r l  m ille t iB cy 'ra)-based s u p p le m e n te d  g ro u p s(III a n d  IV) o f  r a t s  sh o w e d  s ig n if ic a n tly  (P < 0 .0 5 )  h ig h e r  
h a e m o g lo b in  lev els  in  b lo o d  th a n  th o s e  fed  w h e a t- b a s e d  s u p p le m e n ts  (I a n d  II) a n d  s im ila r  lev e ls  to  th o s e  o f  g ro u p  fed  o n  
c o m m e rc ia l food. T h e  a p p a r e n t  a b s o rp t io n ,  b a la n c e  a n d  r e te n t io n  o f  i ro n  in  r a t s  fed  o n  p e a r l  m ille t s u p p le m e n ts  w a s  a ls o  
s ig n if ic a n tly  h ig h e r  th a n  th o s e  o fw h e a t-b a s e d  o n e s  a n d  c o m m e rc ia l p r o d u c t  fed g ro u p . T h e  d a t a  sh o w e d  t h a t  h o m e  p r o c e s s e d  
s u p p le m e n t  m ix e s  o f  c e re a ls , p u ls e s ,  n u t s  a n d  leafy  v e g e ta b le s  b e in g  goo d  s o u r c e s  o f  iro n  c o u ld  im p ro v e  i ro n  s t a t u s  o f  y o u n g  
c h i ld re n  o f  low  in c o m e  g ro u p s .
K e y w o rd *  : In vitro a n d  In vivo b io a v a ila b ility , Iro n , H o m e  p ro c e ss in g , S u p p le m e n ta ry  fo o d s.

Iron deficiency anaemia is a serious public 
health problem facing the vulnerable sections o f the 
population in  India and ranks as a m ajor factor 
in  the current high rate of prenatal m orta lity  (ICMR
1989). This is more prom inent in  growing infants, 
children, adolescents and the pregnant women, 
accounting fo r 60-70% m orta lity  (Narasinga Rao
1983). It has been reported tha t anaemic lacto- 
vegetarian Punjabi g irls  have low haemoglobin levels 
when compared to anaemic non-vegetarians and 
non-anaemic groups (Nagi and Mann 1991). Iron 
deficiency can arise either due to inadequate 
intake or poor absorption of dietary iron or due 
to excessive losses of iron  from  the body. Children 
(30-35%) of low income groups in  ru ra l areas 
had anaemia due to iron  deficiency (ICMR 1989). 
D ietary surveys conducted by National N u trition  
M onitoring Bureau (NNMB 1981) in  ru ra l areas of 
India revealed that 35 to 50% of pre-school children 
had iron  deficiency anaemia. Weaning foods in  
developing countries are norm ally prepared in to 
th ick or soft porridge using local cereals. The iron 
contents of such staples from  endogenous origin 
and contam ination from  soil particles, are generally 
high (Bothwell et al. 1979), bu t it  has a low 
bioavailability (Hallberg 1981; G illo ly et al. 1983; 
Gupta and Singh 1S88). The low bioavailab ility 
of iron from  cereal diets is also due to inh ib ito rs 
such as fib re  com ponents, phytates, ta n n in  
(Latunde-data 1991). Traditional household level 
food processing such as dehulling , soaking, 
germ ination and ferm entation could be utilized to 
reduce the amount, o f these a n ti-nu trition a l factors.

• Corresponding Author

Keeping these facts in  view, the present study 
was conducted to develop supplem entary foods 
from  different food ingredients, employing simple 
domestic processing methods, and to study in vitro 
and in vivo iron ava ilab ility  from  these foods.

Materials and Methods
A num ber o f com binations o f com m only 

consumed foodstuffs such as wheat, pearl m ille t, 
greengram and Bengalgram were theore tica lly 
calculated for the ir prote in contents, essential 
amino acid profile and chem ical scores. These 
com binations were enriched w ith  groundnut (a rich  
source of energy and protein, also available easily 
in  ru ra l areas of Haryana), jaggery (to increase the 
energy density and iron  content) and am aranth 
(Amaranthus gangeticus) leaves (as a source of 
m inerals). The grains of wheat W H-283', pearl 
m ille t 'CJ-104', greengram 'K-851' and Bengalgram 
'C-130' were obtained from  the D irectorate of 
Farms o f the University, in  a single lo t. Jaggery, 
groundnuts and am aranth leaves were procured in  
one lo t from  local m arket. The grains were cleaned 
and stored in  plastic containers at room temperature.

According to PAG (1977) guidelines, the essential 
amino acid content o f the supplem ents should be 
sim ila r to tha t o f egg protein and the supplem ents 
should satisfy fu lly  the supplem entary feeding 
guidelines of providing at least one th ird  o f 
recommended dietary allowances o f nu trien ts  to 
young children. Accordingly, the proportions o f 
cereal, pulse, oilseed, am aranth and jaggery in  the 
ra tio  of 4:1:1:1:4 were selected. In  a ll the cases, 
the cereals and groundnuts were roasted, the
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pulses were m alted and the am aranth leaves were 
sun-dried. Combinations I and II contained whole 
wheat, which was replaced by whole pearl m ille t 
(BajraJ in  com binations III and IV. Combinations 
I and III contained Bengalgram, w hich was 
substituted by greengram in  com binations II and 
IV. As per local m arket prices, the costs o f 110 
g combination w ork out to be Rs. 0.66, 0.72, 0.67 
and 0.70 fo r com binations I, n. III and IV, 
respectively.

Cleaned and picked grains o f Bengalgram and 
greengram were steeped in  double the am ount of 
water at ambient temperature (25-30°C) and 70% 
relative hum id ity fo r 12 h. The soaked grains were 
wrapped in  damp m uslin  clo th fo r germ ination. The 
sprouts were dried overnight at room temperature 
by keeping under a fan and roasted in  oven at 70°C 
for 2 h to develop characteristic m alt aroma. 
Wheat, pearl m ille t and groundnuts were separately 
roasted in  a sk ille t for 2, 1 and 2 h, respectively, 
t ill a uniform ly ligh t brown colour developed. 
Amaranth leaves were cleaned, washed and sun- 
dried. The malted and the roasted ingredients were 
ground in  a Cyclone m ill (mesh size 0.5 mm) 
individually. The flou r, thus obtained, powdered 
jaggery and sun-dried amaranth leaves were blended 
thoroughly.

Nutritional evaluation: Fresh sam ples o f 
supplement m ixes were analysed fo r iron  content 
using atomic absorption spectrophotometer (Lindsey 
and Norwell 1969). In vitro iron availability (dialyzable 
iron) was determined by the method described by 
M iller and Schricker (1982). The data were processed 
fo r the analysis o f variance, according to standard 
methods of s ta tistica l analysis (Snedecor and 
Cochran 1967).

In vivo iron bioavaHability : Twenty one day old 
albino rats (W istar' strain), weighing 30 ± 5 g. 
were obtained from  disease-free anim al house of 
the University. The rats were random ly divided in to  
different groups, each consisting of 8 rats. The rats 
were housed ind iv idua lly  in  polypropylene cages in  
air-conditioned room, m aintained at 21-22°C, w ith  
12 h ligh t and dark cycle. Food and d istilled  water 
were given ad libitum. The basal diet was prepared 
according to the recommendations of National 
Academy of Science (NAS 1972). Six types of diets 
(4 supplement m ixtures, 1 commercial product diet 
and 1 synthetic diet containing casein) were 
prepared at a tim e in  quantities sufficient fo r one 
week feeding and kept in  the refrigerator (Table 1). 
A ll the diets contained 10% protein.

A fter 28 days o f feeding, the ra ts were 
transferred singly to m etabolic cages fo r estim ating 
iron  b ioava ilab ility and weighed diets were given 
to rats daily during the experimental period. The 
experiment was conducted fo r 9 days. Rats got 
acclimatized during the firs t fou r days. Faeces and 
urine were collected separately from  each ra t during 
the last 5 days o f the experiment. The amount 
o f food consumed during th is  period was also 
recorded. The iron  contents in  food, faeces and 
urine were determined, after acid digestion (Lindsey 
and Norwell 1969). For acid digestion, 1 g ground 
sample or 5 m l o f urine was taken in  conical flask 
and 25 m l of diacid m ixture HN03:HC104 5:1, v / 
v) was added and kept overnight. A t the end of 
experiment, the ra ts were anaesthetized w ith  diethyl 
ether and blood was collected from  dorsal aorta. 
Haemoglobin level in  blood was estimated by the 
method of Dacie and Lewis (1975). From these data, 
the apparent retention, absorption and balance of 
iron were calculated. The overall ava ilab ility  o f iron 
was judged from  chemical parameters, iron  retention 
and haemoglobin content.

Results and D iscussion
Iron content o f supplements: Iron  contents of 

supplements I, II, III and IV  as w ell as the

TABLE 1. C O M PO SIT IO N  O F  EX PER IM EN TA L D IE T S 
( g /1 0 0  g  DIET)

D ie t
C o m p o ­ C a s e in S u p p le ­ S u p p le ­ S u p p le -  S u p p le  C o m m -
n e n ts a s m e n t m e n t m e n t m e n t e rc ia l

p ro te in
s o u rc e

I II III IV p r o d u c t

C a s e in 1 1 .7 6 - - - - -
S u p p le -

m e n t  I * 8 0 .2 5 - - -
S u p p le -

m e n t  11 - * 7 8 .3 0 - - -
S u p p le -

m e n t  III - - - 8 5 .4 7 - -
S u p p le -

m e n t  IV 
C o m m e rc ia l

8 4 .7 4

p r o d u c t
G r o u n d n u t '

6 4 .5 1

oil 1 0 .0 0 4 .7 0 4 .9 0 4 .0 0 4 .2 5 1 .00
C o m

s ta r c h 5 7 .7 4 9 .8 5 1 1 .6 0 5 .3 3 5 .8 1 2 9 .2 9
E a c h  d ie t  c o n ta in e d  4 , 1 a n d  0 .2 0  g  m in e ra l  m ix tu re  1, v ita m in  
m ix tu re  2  a n d  c h o lin e  b i t a r t a r a te / lO O  g  d ie t ,  re sp ec tiv e ly . 
C a s e in  d ie t  c o n ta in e d  10, 5  a n d  0 .3  g  s u c ro s e ,  c e llu lo se  a n d  
D L - m e th io n in e /1 0 0  g  d i e t  re s p e c tiv e ly . E a c h  d ie t c o n ta in e d  
10%  p ro te in .
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commercial product were 16.66 ±0.30, 16.47 ±
0.48, 17.67 ± 0.55, 17.38 ±0.62 and 7.5 m g /100 
g, w ith  the highest value in  supplement n i and 
the lowest in  supplement II. The iron  contents 
of wheat-based supplements were found to be 
significantly (P < 0.05) lower than those of bajra- 
based supplements. Shulk et al (1986) reported 
14 mg iron in  100 g 'Soylac' weaning food. On the 
contrary, lower amount o f iron  (7.6 mg) has been 
found in  another m ixture (Chandrasekhar et al.
1988). H igher contents o f iro n  in  present 
supplements may be due to the addition o f jaggery. 
The recommended daily intake of iron  fo r children 
of 1-3 years of age is 20-25 m g/day and thus the 
supplements would meet more than one-third 
requirement of iron fo r pre-school children.

In  v itro  iron availability : The in vitro iron 
availability of raw (unprocessed) as well as processed 
(developed) pearl m illet-based supplements III and 
IV was significantly (P < 0.05) higher than tha t 
of the wheat-based supplements I and II (Table 2). 
On processing, the In  vitro iron  availab ility increased 
in  a ll the supplements and varied from  31.01 to 
35.48%, it  being the highest in  supplement IV  and

product diet (Table 2). Faecal excretion o f a ll the 
dietary groups varied from  77.85 to 86.79% of iron 
intake. This shows tha t iron  is  excreted m ainly 
through faeces. Groups fed on pearl m illet-based 
supplements showed sign ifican tly (P<0.05) lower 
faecal excretion of iron  than those fed on wheat- 
based supplements.

Apparent absorption o f iron  in  a ll the groups 
ranged from  13.20 ±1.98 (supplement II) to 20.14 
± 2.10 (synthetic diet). Groups III and IV  fed on 
pearl m ille t supplements showed sign ifican tly 
(P<0.05) lower apparent absorption of iron  than 
tha t of synthetic diet group (Table 2). A ll the groups 
were on positive iron  balance. Ba/ra-supplemented 
groups showed higher iron balance status as 
compared to tha t o f wheat supplemented groups.

Apparent retention of iron  varied from  8.62 ±
2.60 to 17.05±1.98% in  a ll the d ietary groups. Pearl 
m ille t-b a se d  supp lem en ted  g ro u p s  showed 
significantly (P<0.05) higher apparent retention of 
iron than those by the wheat-based ones. The lower 
values in  wheat-based supplements m ight be due 
to higher levels of copper and phytic acid in  these

TABLE 2. IN VIVO BIOAVAILABILITY O F  IRON IN RATS F E D  ON D IFFE R E N T  SU PPLE M E N T S, C OM M ER C IA L PR O D U C T  AND 
SYNTHETIC DIET, C O N V ERSIO N  O F  IRON INTAKE INTO HAEM O GLOBIN IRON AND E F F E C T  O F  P R O C E S S IN G  O N  IN VITRO

IRON AVAILABILITY.
A ttr ib u te s D ie ta ry  g ro u p C o m m e rc ia l S y n th e tic (SEm ) C D  (P<0.05)

p r o d u c t d ie t
I II III rv

Iro n  In ta k e 5 .2 5 .3 5 .2 5 .2 5 .6 5 .5 0 .9 0 2 .7 0
F a e c a l e x c re tio n 4 .5 4 .6 4 .4 4 .3 4 .7 4 .4 0 .0 3 0 .1 0
U rin a ry  e x c re tio n 0 .2 0 .2 0 .2 0 .2 0 .2 0 .1 0 .0 4 0 .1 2
A p p a re n t a b s o rp t io n 13 .4 13 .2 16.1 1 6 .3 1 6 .7 2 0 .1 0 .8 6 2 .6 0
B a la n c e 0 .4 0 .4 0 .6 0 .6 0 .7 0 .9 0 .0 3 0 .1 0
A p p a re n t r e te n t io n 8 .6 9 .9 1 1 .8 1 1 .9 13 .2 1 7 .0 0 .9 0 2 .7 0
Iro n  in ta k e 2 7 .0 2 7 .8 2 8 .1 2 8 .9 2 8 .7 3 0 .0 1 .41 4 .2 5
B ody w e ig h t

In itia l 3 0 .2 3 1 .2 3 1 .5 3 0 .5 3 0 .6 3 0 .3 3 .5 7 10 .7 1
F in a l 6 8 .4 7 1 .3 7 7 .5 7 9 .2 8 6 .7 8 6 .5 2 .7 0 8 .1 5

H a em o g lo b in  level 1 0 .6 1 0 .7 1 1 .8 11 .9 1 1 .7 1 2 .2 0 .3 2 0 .9 8
Iro n  In ta k e  c o n v e r te d

in to  h a em o g lo b in  iro n 2 1 .6 2 1 .3 2 2 .4 2 2 .5 2 2 .5 2 3 .2 1 .4 5 4 .4 6
D ia ly sab le  iro n

R aw 7 .9 8 .0 8 .1 8.1 - - 0 .0 2 0 .0 8
D eveloped 10 .3 1 0 .6 10 .9 1 1 .0 - - 0 .0 8 0 .2 5

In vitro v a lu e s  a r e  m e a n  ± S D  o f  th r e e  re p lic a te s . V a lu e s  fo r in vitro iro n  a v a ila b ility a r e  m e a n  ± S D  o f  e ig h t r e p lic a te s .

lowest in  supplement I. Improved availab ility of iron 
in  soybean sprouts has also been reported earlier 
(Latunde-data 1991).

Iron bioavailability (in vivo) : Iron intakes of 
synthetic diet group was sign ificantly (P<0.Q5) 
higher than those which were fed on commercial

supplements, which reduce the absorption of iron. 
Chaudhary and Kapoor (1985), Mason (1979) and 
Kakker and Kapoor (1989) also reported tha t high 
levels o f copper resulted in  lower iron  absorption 
and retention.

Haemoglobin content : Haemoglobin values o f
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TABLE 3. CORRELATION COEFFICIENT (r) OF GROUP MEANS 
OF APPARENT ABSORPTION AND APPARENT RETENTION OF 
IRON IN RATS WITH I N  V IT R O  AVAILABILITY OF IRON
Variable pair tested Correlation coefficients of supplements

I II HI IV
I n  v itro  availability of 

iron vs apparent
absorption 0.893» 0.896» 0.942» 0.952»

I n  v itro  availability of 
Iron vs apparent
retention 0.879» 0.877* 0.945* 0.956*

Based on 6 degrees of freedom. • Significant at 5% level of 
significance.

different groups ranged from  10.68 ± 0.52 
(supplement I) to 12.25±0.87 g /100  m l blood 
(synthetic diet) (Table 2). The in itia l haemoglobin 
content in  blood was 9.52 g /100  m l. Groups fed 
on pearl m ille t-b a se d  supp lem ents showed 
significantly (P<0.05) higher haemoglobin contents 
than those fed on wheat-based ones. This may be 
due to higher copper concentration in  pearl m ille t- 
based supplements. Weisenberg et al (1980) also 
reported higher haemoglobin values w ith  increased 
copper intake. Commercial product group had 
significantly higher haemoglobin levels (11.78± 0.42 
g/100 g). when compared to those fed on wheat- 
based supplements. Conversion efficiency of d ie ta iy  
iron in to haemoglobin was the highest in  rats fed 
on pearl m illet-based supplements and the values 
were s lightly higher than  those fo r wheat-based 
products. Percentage o f iron  intake converted in to  
haemoglobin iron  in  group fed on synthetic diet, 
containing optim um  levels of trace elements, was 
found to be in  accordance w ith  Kapil (1982), who 
reported that 23% of iron  consumed was 
converted in to  haemoglobin iron  in  ra ts fed on a 
diet containing optim um  levels o f trace elements.

Correlation coefficient analysis data show 
that there is  a positive and significant (P<0.05) 
correlation between in  vitro b ioavailab ility o f iron 
and apparent absorption in  a ll the four supplements 
fTable 3). This shows th a t in vitro method, which 
is easy, rap id and does not involve anim al 
experiments, can be used w ith  re lia b ility  fo r 
estimating the availability o f iron from  food materials.
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Studies on the Physico-chem ical Characteristics and 
Processing Quality o f Two IIHR Tomato Varieties in  

Relation to Commercial Cultivars
I.N. DOREYAPPA GOWDA*, K.H. RAMANJANEYA, N. AN AND, A.T. SAD AS HIV A AND S.K. TIKOO

Indian Institu te  of H o rticu ltu ra l Research (IIHR), Bangalore-560 089, India.

'Arka Ashish' and Arka Ahuti', two tomato varieties developed at this Institute (IIHR) were compared with 6 
commercial cultivara of different regions, in order to determine their physico-chemical characteristics and test their 
suitability for processing into puree. Both the varieties had better fruit weight than 'Pusa Ruby', 'Punjab Chhuhara' 
and 'Lerica', in addition to the greater fruit firmness than ail other varieties (except 'Lcricaj. The juice yield was maximum 
in 'Arka Ashish’, while it was comparable to 'Roopali' and ’Lerica’ in case of 'Arka Ahuti'. The total soluble solids 
of IIHR varieties were better than 'Pusa Ruby' and 'Roma', while the acidity and ascorbic acid content were similar 
to other cultivars. Lycopene content was maximum in 'Arka Ashish’ followed by 'Pusa Gaurav' and 'Arka Ahuti'. In 
viscosity, the IIHR varieties were better than 'Pusa Ruby', 'Roma' and 'Pusa Gaurav'. The puree prepared from 'Arka 
Ashish' and 'Arka Ahuti' possessed significantly higher amount of lycopene and better viscosity than all other varieties 
and performed better than all the rest in sensory evaluation.'Lerica' and 'Pusa Gaurav’ were the next best varieties.
Keywords : Tomato, Physico-chemical characteristics. Processing quality, Puree, IIHR varieties. Commercial cultivars, 

Sensory evaluation.
Tom ato (Lyccpersicon esculentum  M ill)  

constitutes one of the m ajor vegetable crops in  
India and its  products rank firs t among a ll processed 
vegetables (Sethi and Anand 1986). Tomatoes are 
used for salads, in  various daily food preparations 
and canned or processed in to  ju ice , soup, puree, 
ketchup and chutney. Q uality and flavour of the 
processed p ro d u c ts  depend upon chem ica l 
composition of the tomato, which has been reported 
to vary greatly w ith  variety (Winser 1979). The 
most desirable qualities for processing o f tomatoes 
have been considered as high to ta l solids, acid ity 
between 0.3 and 0.4%, uniform  red colour, smooth 
surface, free from  w rinkles, sm all core, firm  texture 
and uniform  ripening (Premchandra et al. 1976). 
Physico-chemical characteristics o f different varieties 
of tomatoes (Kaur et al. 1976), seasonal composition 
of different varieties, varietal su itab ility  fo r canning 
(Beerth and Rane 1976) as well as m anufacture 
of ketchup (Nanjundaswamy et al. 1960; P ru th i et 
al. 1980), ju ice  (Adsule et al. 1980) and puree (Sethi 
and Anand 1986) and nu tritio n a l aspects (Theymoli 
Balasubramanian 1984) have been reported.

The intensive research work, carried out during 
the eighties at th is  Institu te  for evolving tomato 
varieties su itab le fo r processing, led to the 
identification o f two prom ising varieties 'Arka A h u ti’ 
('Sei-11 j  and 'Arka Ashish’ ('IIHR 674 SB j (Anon
1992). 'Arka A h u ti' is  a pure line selection from  
'Ottawa-60'. The sem i-determ inate plants o f 'Arka

* C o r re sp o n d in g  A u th o r  . ‘P r e s e n t  A d d r e s s :  P H I B io g e n e  L td . 
6 1 / A .  I 4 t h  C ro ss . R T  N a g a r . B a n g a lo r e -5 6 0  0 3 2 .

A hu ti' bear oblong and firm  fru its  w ith  th ic k  flesh, 
b ilocular, uniform  ripening and a TSS o f 5.2 °B rix 
w ith  a yield potentia l of 450 q ./ha . in  135 days, 
whereas 'Arka Ashish' is an im provem ent over 'UC 
82B' from  California. It is a determ inate type plant 
producing uniform  ripening, th ick  fleshed, very 
firm , b ilocular, oval fru its  and concentrated fru it 
m atu rity. The fru it colour is excellent w ith  a TSS 
of 4.8 °B rix and a yie ld potentia l o f 350-400 q /ha . 
in  135 days (Anon 1992). In  th is  study, these two 
new varieties of IIHR were compared w ith  six 
commercial cu ltivars of different regions, in  order 
to determine the ir physico-chem ical com position 
and to test th e ir su ita b ility  fo r processing. Since 
addition o f spices, sa lt and sugar during the 
preparation of ketchup or soup alters the na tu ra l 
flavour, it was decided to select puree as a test 
product. Further, puree is  an interm ediary product 
which can be used for m aking ketchup, sauce, 
soup, ju ice , etc. Use o f puree as a test product 
fo r testing tomato hybrids has also been adopted 
by other workers (Sethi and Anand 1986).

Materials and Methods
Raw materials: Ripe, firm , un iform  tomatoes 

of 'Pusa Ruby' 'Roma', 'Punjab Chhuhara', 
'Roopali' (Kj hybrid from  IAHS, Bangalore), 'Lerica' 
(F, hybrid),'A rka A h u ti' (IIHR), 'Arka Ash ish ' (IIHR) 
and 'Pusa Gaurav' (S-152 o f IARI), grown at the 
experimental farm  o f the Ins titu te  during  1987 to 
1991, were used.

Physico-chemical parameters: Ten fru its  of 
each va rie ty /hyb rid  were random ly selected and
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average fru it weight and firm ness were noted using 
a Tulaman balance and penetrom eter/fru it pressure 
tester (Effegi, Ita ly, model F T O ll), respectively. 
Green portion, pomace, ju ice  yie ld and chemical 
constituents were recorded, after ju ice  extraction 
from  5 kg lo t. Total soluble solids (TSS) in  the 
ju ice was determined by a hand refractom eter (0- 
32° Brix) at room tem perature and necessary 
temperature corrections were applied. The pH, 
acidity, ascorbic acid and to ta l solids in  ju ice  were 
determined by AOAC (1984) method, while the 
lycopene content was determ ined by the method 
of Ranganna (1986). V iscosity was recorded using 
a digita l viscometer (Brookfield, USA, model LVTD) 
at a constant temperature of 20°C.

Preparation of puree : F ru its  (5.0 kg), from
each cu ltiva r/va rie ty /hyb rid , were washed, cored 
and cut in to  sm all pieces. These were boiled 
individually in  the ir own ju ice  for 10 m in  and 
passed through 30 mesh stainless steel sieves to 
obtain ju ice. The ju ice  was concentrated in  a pan 
by heating to get a TSS o f 14° B rix  and filled  hot

Results and D iscussion
Physical parameters: W eights o f fru its  varied 

sign ificantly in  different varieties. F ru it weights of 
'Roma', 'Pusa Gaurav’, A rka  A h u ti' A rka  Ashish', 
were sign ificantly higher than 'Pusa Ruby', 'Punjab 
Chhuhara’ and 'Lerica' at a p value o f 1% (Table 1). 
'Lerica' recorded the highest fru it firm ness, followed 
by 'Arka Ashish', while fru its  o f 'Pusa Ruby' and 
'Roma' were very soft. Green portion (stem end and 
green shoulder) was the highest in  'Pusa Ruby' 
followed by 'Roopali', w hile it  was the lowest in  
'Lerica', 'Arka A h u ti' and 'A rka Ashish'. It is 
interesting to note th a t some varieties w ill have 
greenish patches even at fu lly  ripe condition. The 
green portions reported in  the present case, consist 
o f green patches, stem end and also core, which 
were removed at the tim e o f cu tting  o f fru its  to 
avoid the browning o f the product. The sum of 
values fo r green portion, pomace, ju ice  yie ld was 
less than 100 due to preparatory losses. The 
pomace content (seed and sk in  le ft over after ju ice  
extraction) was the lowest in  'Lerica' and highest 
in  'Roma'.while ju ice  yie ld was m axim um  in  'Arka

TABLE 1. PHYSICO-CHEMICAL CHARACTERISTICS OF DIFFERENT TOMATO VARIETIES

Variety Fruit
weight,

g
Firmness,

lb s/
sq. Inch

Green
portion,

%
Pomace,

%
Juice
yield,

%
TSS,

°B
pH Acidity,

%
Ascorbic

acid,
m g /100g

Lycopene,
m g /100g

Total
solids,

%
Viscosity,

cps
Puree
yield,

%
'Pusa Ruby' 41 4.0 5.5 7.6 67 4.8 4.2 0.59 10.9 4.3 6.7 93 29
'Roma' 60 5.5 3.6 8.0 69 5.4 4.3 0.57 2.7 4.6 7.4 112 32
'P.Chhuhara' 43 5.7 3.0 6.7 69 5.0 4.3 0.49 8.6 5.1 6.4 184 29
'Roopali' 52 5.9 5.2 6.1 60 6.7 4.2 0.49 24.3 4.0 7.6 173 31
'Lerica' 45 8.4 1.8 4.7 64 8.6 4.0 0.68 9.1 5.0 10.0 1033 40
'Arka Ahuti’ 56 6.0 2.0 5.5 65 5.2 4.3 0.55 5.2 5.2 7.0 270 30
'Arka Ashish' 56 7.1 2.2 7.0 71 5.6 4.3 0.52 6.7 7.0 7.0 188 30
'Pusa Gaurav' 60 5.9 3.8 5.7 63 5.6 4.4 0.44 7.9 6.0 7.0 132 28
SEm ± 2.32 0.29 0.61 0.8 2.6 0.18 0.05 0.06 1.7 1.0 0.3 6.44 1.77
CD 5% 7.05 0.88 1.84 NS NS 0.53 0.15 NS 5.1 NS 0.9 19.52 5.37
CD 1% 9.78 1.22 2.55 - - 0.74 0.20 - 7.1 - 1.3 27.10 7.46

in to  a clean sterilized 200 m l bottle, crown corked 
and heat processed fo r 15 m in in  boiling water. 
The puree was analysed fo r various chem ical 
constituents. The sensory qua lity o f the puree was 
assessed by a panel of 10 judges using Hedonic 
scale having 30, 30 and 40 m arks fo r colour, 
consistency and flavour, respectively. A ll the data 
were analysed s ta tis tica lly  using randomised block 
design (RBD) w ith  four replications and means were 
compared either at a probability o f 1% or 5% level 
(Sundararaj et al. 1972).

Ashish' and m inim um  in  'Pusa Ruby'. However, the 
differences in  pomace content and ju ice  yie ld were 
sta tis tica lly  not significant.

Chemical composition o f juice: The to ta l soluble 
solids content was m axim um  in  'Lerica' followed by 
'Roopali' and ’A rka Ashish', w hile it  was the lowest 
in  'Pusa Ruby'. The acid ity varied from  0.44% to 
0.68%, bu t the differences were s ta tis tica lly  not 
significant. Large variations were observed w ith  
respect to ascorbic acid contents, the lowest being 
in  'Roma' and the highest in  'Roopali'. A ll other



128
varieties possessed sign ificantly higher ascorbic 
acid contents than ’Roma’ even at a probability level 
of 1%. The lycopene content was the highest in  
'Arka Ashish’ followed by ’Pusa Gaurav’. The to ta l 
solids content was maxim um  in  'Lerica', m ainly due 
to its  higher TSS content. It is  stressed tha t the 
differences between TSS value and to ta l solids are 
dependent on insoluble solids content of the puree, 
which w ill be ve iy low, when fu lly  ripe fru its  are 
used. Very large variations were observed in  viscosity 
of different varieties. The viscosity was m axim um  
in  'Lerica' and m inim um  in  'Pusa Ruby'. A ll other 
varieties possessed sign ificantly higher viscosity 
than 'Pusa Ruby', bu t lower than 'Lerica' at a p 
value of 1%. 'Arka A hu ti' had sign ificantly higher 
viscosity than a ll other varieties except 'Lerica', 
while the viscosity o f 'A rka Ashish ', 'Punjab 
Chhuhara' and 'Roopali' were comparable w ith  each 
other. The yie ld of puree was sign ificantly higher

in  'Lerica', than in  a ll other varieties, w hich could 
be a ttributed to its  higher TSS and to ta l solid 
contents. The rest had a very narrow  difference in  
puree yield.

Chemical composition o f puree-. The data on 
chemical composition of puree, prepared from  
different varieties, are presented in  Table 2. No 
significant differences were observed in  TSS, acidity, 
to ta l solids and to ta l sugars content o f puree from  
different varie ties/hybrids, since the TSS o f puree 
was adjusted to 14° B rix. Ascorbic acid content of 
the puree from  'Roopali' was sign ifican tly  higher 
than any other variety, which was a ttribu ted  
m ainly to its  higher ascorbic acid content in  the 
ju ice . The lycopene content o f the puree was 
m axim um  in  'Arka Ashish', which was sign ificantly 
higher than tha t in  'Roma' at 1% probab ility  value. 
'Pusa G aurav' and 'A rka  A h u ti' possessed 
significantly higher lycopene at a p value of 5%

TABLE 2. PHYSICO-CHEMICAL COMPOSITION OF TOMATO PUREE PREPARED FROM DIFFERENT VARIETIES AT 0 AND 6
MONTHS OF STORAGE

Variety
TSS.

°B
pH Acidity,

%
Total

solids,
%

Ascorbic
acid,

m g /100g
Lycopene,
m g /100g

%
Reducing
sugars,

%
Total

sugars,
%

Viscosity,
cps

Fresh, 0  month storage
'Pusa Ruby’ 14.0 4.2 1.08 14.4 30.7 11.0 10.1 11.1 1520
'Roma' 14.3 4.2 1.00 14.6 24.0 10.0 10.4 11.2 2073
'P.Chhuhara' 14.1 4.3 1.03 15.2 28.0 12.2 9.2 10.4 3276
'Roopali' 15.1 4.2 0.96 16.0 47.0 8.4 9.6 9.8 1740
'Lerica' 14.1 4.2 0.94 14.6 31.0 10.4 9.5 9.7 2900
'A. Ahuti’ 14.7 4.3 0.96 15.2 26.7 14.7 9.8 9.9 3840
'A.Ashish' 14.2 4.3 0.99 14.8 20.0 19.3 9.5 9.9 4000
'Pusa Gaurav' 14.3 4.4 1.02 15.3 28.3 16.7 8.5 10.0 2033
SEm ± 0.51 0.04 0.10 0.37 4.4 1.5 0.3 0.6 139
CD 5% NS 0.13 NS NS 13.4 4.5 0.8 NS 423
CD 1% - NS - - NS 6.3 NS - 587

'Pusa Ruby’
'Roma'
'P.Chhuhara'
'Roopali'
'Lerica'
'A.Ahuti'
'A. Ashish' 
'Pusa Gaurav' 
SEm ±
CD 5%

13.9 4.1 1.33
14.2 4.3 1.01
14.0 4.3 1.05
13.6 4.1 0.99
13.4 4.2 0.95
14.4 4.3 0.95
14.2 4.2 0.96
13.8 4.3 1.16
0.37 0.06 0.11
NS NS NS

_ _ .

m onths storage
14.9 29.7 9.6
15.1 27.7 9.4
16.0 23.7 11.6
14.5 47.0 8.4
14.4 25.7 10.2
16.0 18.7 12.3
15.7 16.0 18.7
16.1 23.7 16.5
0.46 4.4 1.4
NS 13.2 4.3

- 18.3 6.0

11.6 11.8 1627
11.2 11.3 1920
10.4 10.7 3726
9.7 10.1 1880
9.5 9.9 2867
9.7 9.9 3743

11.5 11.8 3360
10.6 11.3 2143
0.1 0.2 152
0.4 0.5 462
0.6 0.6 641CD 1%
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TABLE 3. SENSORY QUALITY OF TOMATO PUREE 
PREPARED FROM DIFFERENT VARIETIES AT 0 AND 6 

MONTHS OF STORAGE

Variety
Sensory score

Colour,
30

Consi­
stency, 30

Flavour,
40

Total,
100

Fresh, 0 m onth storage
'Pusa Ruby’ 18 18 21 57
'Roma' 20 20 24 64
'P.Chhuhara' 21 21 23 65
'Roopali' 17 20 21 58
'Lerica' 22 22 25 69
'A. Ahuti' 21 22 27 70
'A. Ashish' 24 23 26 73
'Pusa Gaurav' 21 22 24 67
SEm ± 0.58 0.99 0.97 1.89
CD 5% 1.77 3.01 2.94 5.73
CD 1% 2.46 4.10 4.08 7.95

6  m onths storage
'Pusa Ruby' 18 19 20 57
'Roma' 20 21 25 66
'P.Chhuhara' 19 19 24 62
'Roopali' 19 19 24 62
'Lerica' 21 24 22 67
'A.Ahuti' 21 23 27 70
'A.Ashish' 24 23 27 74
'Pusa Gaurav' 22 21 24 67
SEm ± 0.89 0.84 1.06 1.60
CD 5% 2.71 2.56 3.21 4.87
CD 1% 3.76 3.56 NS 6.76

only. The variations in  lycopene content o f puree 
from  other tomatoes was not significant. The 
viscosity was lowest in  'Pusa Ruby' and it  was 
maximum in  'Arka Ashish’, followed by 'Arka A huti'. 
'Punjab Chhuhara’ and 'Lerica' were the other two 
varieties which had moderate viscosity. The chemical 
analysis carried over after a storage period of 6 
months also confirm ed the above results (Table 2). 
It is interesting to note tha t the variations observed 
in  the TSS and to ta l solids between 0 and 6 m onths 
storage of puree can be due to differences in  
samples used for the analysis.

Sensory quality: Since variations in  TSS of
puree of different samples was 1° B rix  or less, it 
was decided to carry out sensory evaluation w ithout 
altering the com position o f puree. The sensory 
evaluation studies indicated tha t 'Arka Ashish' was 
best suited fo r processing, since it  scored m axim um

fo r co lour, consistency, fla vo u r and overall 
acceptability score (Table 3). This was closely 
followed by 'Arka A h u ti’, w hich performed sim ila r 
to 'Arka Ashish' in  a ll aspects except colour. The 
good performance o f 'Arka Ashish' in  sensory 
evaluation was a ttribu ted  to its  higher lycopene 
content, very good viscosity, apart from  the flavour. 
The other good varieties viz., 'Lerica' and 'Pusa 
Gaurav', performed better than other commercial 
cultivars. The storage studies carried over upto 6 
m onths also confirm ed the above results (Table 3).
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Effect of Gamma Irradiation and CIPC Treatment on 
Processing Quality of Potatoes

S.G. SHIRSAT*, PAUL THOMAS AND P.M. NAIR
Food Technology and Enzyme Engineering D ivision,

Bhabha Atom ic Research Centre, Trombay, Bombay-400 085, India.

The processing quality of 5 potato cultivars, after inhibition of sprouting by irradiation or chloroisopropyl phenyl 
carbamate treatment, was compared during storage at 20, 15 and 10°C up to 9 months. Cultivars 'K. Jyoti', 'K Lavkar', 
'Gujrat-S' and Talegaon', with initial reducing sugar levels of 120 to 240 m g /100 g, yielded light coloured chips and 
French fries. Neither of the treatments affected the processing quality of these cultivars, when stored at 15 and 20°C 
up to 6 months, but the storage at 10°C resulted in darker products, due to higher levels of reducing sugars. In 
tubers, stored for more than 6 months at 15°C, reconditioning at 27-32°C or blanching improved the colour of the 
products. Cultivar 'K. Badshah', with initial reducing sugar levels of 310 to 440 m g /100 g, was not suitable for processing. 
I n  v itro  infiltration studies showed that glucose contributed to browning more than fructose or sucrose.
Keywords : Potatoes. Gamma irradiation, Chloroisopropyl phenyl carbamate, Sprouting inhibition, Storage temperature 

Chips, French fries, Reducing sugar, In  v itro  infiltration.

Potato chips and French fries are the im portant 
processed products o f significant commercial value 
in  the consumer m arket. Norm ally, potatoes are 
stored at 2-4°C to extend the ir m arket-life, control 
of sprouting and prevention o f ro tting  (Smith 1977). 
However, accum ulation of reducing sugars in  cold 
stored tubers make them unsuitable fo r use in  the 
manufacture of chips and French fries (Burton 
1969; Coffin et al. 1987; Joshi et al. 1990), because 
of the undesirable brown colour development due 
to M aillard reaction (Fuller and Hughes 1984). This 
has been shown earlier in  rice by gamma irrad ia tion  
(Roy et al. 1991). On the other hand, storage of 
potatoes at ambient temperatures induces profuse 
sprouting and ro tting, thereby destroying the whole 
produce w ith in  a short period o f tim e (Thomas
1984).

O ur earlier investigations have demonstrated 
that, a dose of 0.1 kGy o f gamma irrad ia tion  
inhib ited sprouting irreversibly, regardless of storage 
temperature (Thomas et al. 1978). In  addition, it 
helped in  disinfestation of tuber m oth and in  
delaying the ligh t induced greening and solanine 
synthesis (Thomas 1984). P ilot scale storage studies 
on the efficacy of sprout in h ib ition  o f onions by 
gamma irrad ia tion  have also been reported (Thomas 
et al. 1986). A lthough chloroisopropyl phenyl 
carbamate (CIPC) is an effective sprout inh ib ito r, 
its  use legally is  not perm itted in  Ind ia and many 
other countries due to the growing concern about 
the safety o f its  residue (Thomas 1984; Sm ith
1977). Negligible in form atiion is  available on the

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

su ita b ility  o f gamma irrad ia ted  Ind ian  potato 
cu ltivars fo r the m anufacture of chips and French 
fries. In  the present studies, the processing qua lity 
of five potato cu ltivars was compared during 
prolonged storage at different tem peratures by 
using gamma irrad ia tion  or CIPC fo r sprout 
inh ib ition .

Materials and Methods
Tubers o f potato cu ltivars, 'K u fri Badshah 

(M ilitary)', 'K u fri Jyo ti', 'K u fri Lavkar’, 'G ujrat-S ' and 
Talegaon' were procured from  the local m arket in  
the beginning o f the harvest season and held fo r 
8 to 10 days under am bient conditions fo r wound 
healing p rio r to irrad ia tion . Tubers were irradiated 
by using a dose of 0.1 kGy in  a Cobalt-60 package 
irrad ia to r at a dose rate o f 33.3 G y/m in . CIPC 
treatm ent was carried out by dipping the tubers 
in  0.025% solution for 5 m in, followed by overnight 
d iy ing  at am bient tem perature. Irrad iated and CIPC 
treated tubers were stored in  ventilated plastic 
crates in  40 Kg lo ts at 10°, 15°, 20° and 27-32°C 
(room tem perature). The experim ents were 
term inated after 4 m onths storage at 27-32°C and 
after 9 m onths storage at lower tem peratures.

Frying: Tubers, deskinned w ith  a hand peeler, 
were cut long itud ina lly in to  two equal halves from  
bud to stem end. One h a lf was cu t long itud ina lly  
in to  strips of 1 x  1 cm size, w hile the other ha lf 
was sliced in to 0.5 to 1 mm thickness and round 
discs were cut out w ith  a cork borer of 2.5 cm 
dia. The strips and discs were rinsed in  water, dried 
using b lo tting  paper and dried fo r 6 to 7 m in  
and 3 to 4 m in, respectively, in  a com m ercial

1 3 0
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refined groundnut o il heated to 186 to 188°C.
The qua lity and acceptability o f French fries 

and chips w ith  respect to th e ir overall appearance, 
colour, taste, aroma and texture were evaluated by 
a taste panel of 8 persons.

Estimation of reducing sugars: Four to five 
randomly selected tubers from  each cu ltiva r were 
deskinned, cut in to  sm all pieces and mixed. Ten 
g pulp, in  duplicate, were placed in  25 m l o f 85% 
aqueous ethanol solution containing a pinch of 
calcium carbonate and heated to 80°C for 5 m in, 
w ith constant stirring . A fter cooling, the m ixture 
was homogenized in  an Omnim ixer, centrifuged and 
the residue re-extracted in  85% ethanol. The pooled 
supernatants were concentrated in  vacuum  by flash 
evaporation to a m inim um  volume and stored 
at 10°C u n til used. The reducing sugars were 
determined colorim etrica lly by 3.5 d in itro  salicylic 
acid (DNS) method (Lindsay 1973), using D-glucose 
as standard.

In  v itro  infiltration of sugars: About 10 g discs 
of strips were immersed in  a solution of 1%, 2% 
or 10% glucose, fructose, sucrose or a 1:1 m ixture 
of 10% each of glucose and fructose in  a conical 
flask. Vacuum was applied continuously for 30 m in  
for effecting in filtra tio n  o f the sugars. Following 
these, the tissues were thoroughly washed w ith  
d istilled water, blotted dry and fried as described 
earlier.

A ll the chemicals used in  th is  study were of 
Analar grade.

Results and Discussion
In itia l fry ing tests o f tubers, soon after the ir 

procurement, indicated tha t cu ltivars 'K u fri Jyoti', 
'K. Lavkar', 'G ujrat-S ' and Talegaon’ produced ligh t 
coloured chips and French fries o f good quality. 
The reducing sugar contents in  these cu ltivars 
ranged from  120 to 240 m g /100 g fresh weight 
(Table 1). Chips and French fries made from  'K. 
Badshah', having an in itia l reducing sugar content 
of 310-440 m g /100 g fresh weight (Table 1), were 
darker in  colour and not of acceptable quality. This 
relationship indicates th a t a high level o f reducing 
sugars in  potatoes is undesirable fo r processing, 
since the consumer preference is fo r an attractive 
light brown or golden yellow product (Talburt and 
Smith 1975; Fuller and Hughes 1984).

Gamma irrad ia tion  at 0.1 kGy completely 
prevented sprouting in  a ll the five cu ltivars, 
irrespective of the storage temperature. Though

TABLE 1. REDUCING SUGARS CONTENT (mg per 100 g 
FRESH TISSUE) OF 5 POTATO CULTIVARS IMMEDIATELY 
AFTER PROCUREMENT, GAMMA IRRADIATION AND 1 AS 

WELL AS 6 MONTHS STORAGE AT 15° AND 10°C.
Concentration of reducing sugars

Initial After irradiation and storage at
Cultivais 10°C 15°C

Months Months
1 6 1 6

'K. Badshah 
(Militaiy)' 390±50 462+90 7361222 402155 6031150
'K. Jyoti' 193±22 322136 4451100 198135 255121
'K. Lavkar' 150122 305142 4701112 174125 234124
'Gujrat-S' 196±26 328150 6531163 210139 238124
Talegaon’ 207±27 337137 5321117 218135 258125
Each value represents the mean of 4 replicates.

CIPC con tro lled  the  sp rou tin g , its  effective 
concentration was dependent on the storage 
temperature. L iu  et al (1990) reported th a t 300- 
500 pg C IPC /litre effectively inh ib ited  sprouting 
in  10°C stored ’Kennebec’, W u-Foon' and 'Cardinal' 
potato tubers, w ithou t affecting th e ir processing 
qualities upto 8 m onths. In  our earlier studies, it 
was found tha t 0.05% CIPC completely prevented 
sprouting even in  am bient tem perature stored 
potatoes (unpublished data). Since th is  concentration 
was several tim es higher than the requirem ent, a 
concentration of 0.025% was used in  the present 
studies. Complete sprout in h ib itio n  was observed 
in  0.025% CIPC treated potatoes stored at 10°C, 
bu t tubers stored at 15 and 20°C showed restricted 
growth o f rosette sprouts after 3 o r 4 m onths and 
these sprouts increased in  size during fu rthe r 
storage. A fter 6 m onths storage at 20°C, 65-70% 
of tubers in  a ll cu ltivars showed sprouting, the 
sprout lengths varied from  3 to 5 mm  in  size, while 
in  potatoes, 60% of the tubers had sprouts o f 2 
to 4 mm in  size, when stored at 15°C. These results 
show tha t gamma irrad ia tion  is  a better effective 
sprout in h ib ito r than  CIPC, since irra d ia tio n  
in h ib ite d  sp ro u tin g  regard less o f storage 
temperature, w hile CIPC at 0.025% concentration 
was not so effective above 10°C storage. A t higher 
concentrations of CIPC, there is a ris k  o f higher 
residue levels of the chem ical in  the tuber.

The storage changes in  the reducing sugar 
levels o f gamma irradiated and CIPC treated tubers 
of a ll the five cultivars, as influenced by temperature, 
are shown in  Figs. 1-5. Neither treatm ent o f the 
sprout in h ib itio n  affected the qua lity  o f chips and 
French fries of 'K. Jyo ti', 'K. Lavkar', 'G ujrat-S ' and
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Fig. 1. Changes in the levels of reducing sugars in gamma 
irradiated and CIPC treated potato tubers of cultivar 
'Kufrt Badshah'.

Talegaon', w ith  the use of potatoes stored at 15°C 
and 20°C up to 6 m onths. The levels o f reducing 
sugars ranged between 180 and 270 m g /100 g 
fresh weight in  these samples, while no particu la r 
trend, a ttributable to cu ltiva r o f sprout control 
treatm ent, was discernible.

O ur earlier studies have shown tha t sprouting 
in  several potato cu ltivars could be completely 
prevented by irrad ia tion  at a dose o f 0.1 kGy and 
these could be kept fo r 6 m onths at 15°C w ith  less 
than 10% losses on account o f m icrobial rottage. 
This procedure was, therefore, recommended as an 
alternative to commercial cold storage at 2-4°C 
(Thomas et al. 1978; Shirsat et al. 1991). The 
su itab ility  o f irradiated potatoes fo r processing was, 
however, not evaluated. The present study showed

tha t the irrad ia tion  m aintained the qua lity  o f the 
chips and French fries during 6 m onths storage 
at 15° or 20°C in  those potato cu ltiva rs  having 
reducing sugars o f about less than  250 m g /100 
g fresh weight at the tim e o f treatm ent (Table 1). 
A lthough storage exceeding 6 m onths m ay result 
in  increased fo rm a tio n  o f reduc ing  sugars, 
reconditioning at room tem perature (27°-32°C) fo r 
1 to 2 weeks or blanching (1 to 5 m in  in  water 
heated to 98°C) lowered the reducing sugar contents

Fig. 2. Changes In the levels of reducing sugars in gamma 
irradiated and CIPC treated potato tubers of cultivar 
’Gujrat-S'.
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Fig. 3. Changes In the levels of reducing sugars In gamma 
Irradiated and CIPC treated potato tubers of cultivar 
'Kufrl Jyoti'.

in  'K. Jyo ti' ’K. Lavkar' 'G ujrat-S ' and Talegaon' 
cultivars. Such tubers were found to be suitable 
fo r processing (data not shown). However, in  
case of 'K. Badshah', neither the reconditioning 
nor the blanching improved the chipping quality.

It has been reported tha t in  cu ltiva r 'Russet 
Burbank', grown in  Canada (Borsa et al. 1989), and 
in  'Kennebec', W u Foon' and 'Cardinal', grown in  
Taiwan (Liu et al. 1990), the irrad ia tion  followed 
by extended storage at 10°C did not affect the ir 
chipping quality. The u n su itab ility  fo r processing 
of 'K. Jyoti', 'K. Lavkar', 'G ujrat-S ' and Talegaon' 
cultivars, due to increased form ation of reducing 
sugars following irrad ia tion  and storage at 10°C, 
may be due to the differences in  cultivars.

Darkening of potato chips on account of 
M aillard reaction is m ostly determined by the 
reducing sugar contents of the tubers (Borsa et al. 
1989; Roe and Faulks 1991), although sucrose may 
also contribute to chip colour (Leszkowiat et al.

1990) as it  is an interm ediate product of reducing 
sugars from  starch (Isherwood 1976). Vacuum  
in filtra tio n  o f tuber strips w ith  1 to 2% sucrose 
did not a lter the colour of the chips and French 
fries in  cu ltivars 'K. Jyo ti’, 'K. Lavkar’, 'G ujarat-S ' 
and Talegaon', w hile in filtra tio n  w ith  10% sucrose 
caused only slight darkening. On the other hand, 
in filtra tio n  w ith  1 and 2% glucose and fructose 
improved the colour of the French fries to an 
acceptable golden yellow colour. A t 10% level, these 
sugars caused intense darkening of the French 
fries, m axim um  effect being w ith  glucose. Thus, the 
in filtra tio n  studies w ith  sugars corroborate the 
predom inant role o f glucose in  the browning of 
chips and French fries than th a t o f fructose or

A * IRRADIATED 
o = CIPC.

Fig. 4. Changes in the levels of reducing sugars in gamma 
irradiated and CIPC treated potato tubers of cultivar 
’Kufri Lavkar'.
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A = IRRADIATED 
□ = CIPC

4 0  80 I20 I60 200 240
STORAGE PERIOD, DAYS

Fig. 5. Changes in the levels of reducing sugars in gamma 
irradiated and CIPC treated potato tubers of cultivar 
Talegaon'.

sucrose as reported by others (Roe and Faulks
1991).

In  conclusion, th is  study demonstrates tha t 
gamma irrad ia tion  retained the processing qualities 
of potato cu ltivars during extended storage at 15°C 
and above.
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Effects of Different Levels of Callosobruchus chinensis L. 
Infestation on Proximate Principles, True Protein, M ethionine 

and Uric Acid Contents of Greengram and Redgram
R. MODGIL1* AND U. MEHTA

Departm ent of Foods and N u trition , College of Home Science,
Chaudhaiy Charan Singh Haryana A gricu ltu ra l University, H isar-125 004, India

The effects of Insect Infestation on proximate principles, calories, true protein, non-protein nitrogen, methionine 
and uric acid contents in greengram and redgram were studied. With the increase in level of infestation, a significant 
increase was observed in all parameters studied, except in case of calories, true protein and methionine contents. 
The values in latter cases decreased significantly. Increase in uric acid was manifold. Thus, the qualitative and 
quantitative damages to grains are related to the extent of infestations and such grains should be avoided for human 
consumption.
Keywords : Greengram, Redgram, Non-protein nitrogen. Calories, Methionine, True protein, Protein efficiency ratio, 

Feed efficiency ratio.
Legumes, which form  a m ajor constituent of 

diets of masses in  developing countries, are rich  
sources of proteins. Greengram (Vigna radiala L 
Wilzeck) and redgram (Cajanus cajan L) are widely 
grown and consumed. These pulses are stored for 
about an year or u n til the harvest of next crop. 
During the period o f storage, heavy loss is in flicted 
by insects. Among the insects, bruchides are the 
most im portant pests, affecting the stored legumes, 
both quantitatively and qualitatively.

Physico-chemical changes such as weight loss, 
decrease in  true protein, m ethionine, calories, 
protein efficiency ra tio  (PER) and feed efficiency 
ratio (FER) are noticed in  the bruchide infested 
pulses. (Daniel et al. 1977; Gupta et al. 1981, 1984; 
Shehnaz and Theophilus 1975). No detailed 
inform ation is available on the effect o f specific 
levels of infestation on proximate principles, energy, 
true protein, m ethionine, u ric  acid contents and 
also PER and FER of greengram and redgram. In 
th is  study, an attem pt was made to see the im pact 
of graded infestation levels on these parameters in  
greengram and redgram.

Materials and Methods
Greengram (Vigna radiata L) W ilzeck 'K-85' was 

procured from  the Directorate of Farms of the 
University, while redgram (Cajanus cajan) was from  
local market.
Insect culture: The pulse beetles (Callosobruchus 
chinensis L) were obtained from  the Department
* C o rre sp o n d in g  A u th o r . 1P r e s e n t  a d d r e s s :  RajrU  M odg il, C / o  Dr.

M .M . S h a r m a ,  C o m p tr o l le r ,  H i m a c h a l  P r a d e s h  K r i s h t
V is h v a v id y a la y a , P a la m p u r  (K angraJ- ¡ 7 6  0 6 2 , In d ia .

of Entomology o f the University, in  500 g o f chick 
pea in  a container covered w ith  m uslin  cloth. Then, 
the cu lture of C. chinensis was m aintained at the 
temperature o f 28 ± 2°C and relative hum id ity 
of 75±2%.

Sample preparation: Pulses were cleaned 
m anually to get rid  of dust and other foreign 
m aterials. Pulse samples, weighing 750 g each, 
were placed in  trip licate, in  plastic a irtigh t containers 
of 2 kg capacity. In  each container, 80 pulse beetles 
(3 to 4 days old) were released, covered w ith  lids 
and kept fo r 28 days at room tem perature (33°- 
40°C). C. chinensis usua lly completes its  life  cycle 
w ith in  23 to 28 days, depending upon clim atic 
conditions. Infestation in  grains were firs t examined 
after an interval of 28 days, followed by observations 
after 15 days interval to a tta in  the desired infestation 
level. The infestation levels o f 10, 20, 30, 40, 50 
and 60% were selected on the basis o f exam ination 
of holes present in  the grain. The grains, along w ith  
the containers, were deep-frozen fo r 72 h to k ill 
the developing larvae/pupa and the adu lt insects. 
The insect excreta and frass were removed m anually, 
and the samples were stored in  the refrigerator t ill 
fu rthe r analysis. The 1000 grains in  trip lica te  were 
taken fo r each sample. The grains were examined 
fo r the presence of holes and % o f damaged grains 
was calculated.

Embedded larvae (%) were determ ined by 
soaking 1000 grains, in  trip lica te , from  each 
infestation level fo r overnight and then dissecting 
the grains w ith  a sharp blade. About 100 g clean 
sample was ground in  a Cyclone m ill to pass 
through a 40 mesh sieve and stored in  a irtigh t
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polythene containers in  refrigerator t il l fu rthe r 
analysis.

Chemical analysis: Proximate principles were 
analysed according to standard methods (AOAC 
1980). Energy value was determined by choromic 
oxide method (O'Sheer and Mayure 1962). The 
nitrogen content was estimated by m icro-K jeldahl 
method (AOAC 1980) and it  was m ultip lied  by a 
factor 6.25 to obtain crude protein values. The non- 
protein nitrogen (NPN) values were estimated 
according to the method o f Kapoor et al (1975). 
The extraction of u ric  acid was done by the 
method of AOAC (1980) method fo r estim ation by 
the method of O’Ser (1971). The fat-free samples 
were estimated fo r m ethionine by the methods of 
Gupta and Das (1954) and McCarthy and Palle 
(1959). The data were subjected to analysis of 
variance and correlation m atrix (Snedecor and 
Cochran 1968).

Animal experiment N inety male albino W istar, 
weanling rats, aged 21 days and weighing 32 ± 
5 g were obtained from  the germ-free sm all 
animal house of the University. These were divided 
into 9 groups. One control group was fed casein 
and other two groups were fed un-infested greengram 
and redgram, respectively. Remaining 6 groups 
were given each infested pulse at 20, 40 and 60% 
levels of infestation. Rats were caged ind ividua lly 
in  polypropylene m etabolic cages and fed w ith  
weighed amounts of the feeds. W ater was given 
ad libitum for 28 days. A ll the diets contained (g/ 
100 g diet) sucrose 10, groundnut o il 10, m ineral 
m ixture 4, vitam in m ixture 1, cellulose 5, choline 
chloride 0.02, in  addition to specific am ount of

TABLE 1. PULSE AND STARCH CONTENTS OF THE DIETS

Ingredient
(g/100 g DIET!

Pulse Starch
Uninfested greengram 38.81 57.18
Infested greengram, %

20 35.58 34.48
40 31.60 38.38
60 26.90 43.08

Uninfested redgram 51.07 18.91
Infested redgram, %

20 41.40 28.58
40 33.80 36.18
60 30.30 39.68

Protein level in diet was adjusted at 10% control diet contained 
12.8 g casein and no pulse
pulses and starch (Table 1). The com position of 
m ineral and vitam in m ixtures is  as recommended 
by NAS (1972) committee. The ingredients were 
mixed thoroughly to ensure uniform  d is trib u tio n  of 
v itam in and salt m ixtures and passed through 70 
mesh sieve. Feed efficiency ra tio  (FER) and protein 
efficiency ra tio  (PER) were determ ined by the 
method of Chapman et al (1959).

Results and Discussion
The weight of C. chlnensis infested

greengram and redgram increased upto the 20% 
level of infestation and then, there was
significant decrease in  the weight as the % infestation 
increased (Tables 2 and 3). The % larvae inside 
the grain increased sign ificantly upto 30% level 
of in festation in  both the pulses. The level started 
decreasing as the in festation % increased. W eight/ 
volume ratio  (density) firs t increased sign ificantly

TABLE 2. PHYSICAL AND CHEMICAL CHANGES IN INSECT INFESTED GREENGRAM
Level of infestation, %Attributes

0 10 20 30 40 50 60 SE (d) CD (PZ0.05)
Weight, g 750.0 764.3 755.3 746.3 636.8 583.5 413.5 6.5 13.6
Embedded larvae, % 0.8 23.7 43.6 59.3 49.3 42.0 35.0 2.4 4.3
Density 1.3 1.4 1.4 1.3 1.3 1.2 1.1 1.01 0.03
Moisture, % 10.1 11.0 11.4 12.4 12.8 13.0 13.3 0.10 0.21
Ash, % 3.3 3.8 4.1 4.9 5.1 5.3 5.8 0.04 0.10
Crude protein, % 21.8 26.6 28.1 29.6 31.6 34.4 37.2 0.05 0.10
Crude fibre, % 3.9 4.2 5.4 6.0 6.8 7.1 7.6 0.08 0.16
Crude fat, % 1.3 1.4 1.7 1.8 2.0 2.2 2.3 0.02 0.04
Energy, Kcal 338.0 331.0 324.0 318.0 308.0 295.0 271.0 1.74 3.63
Non-protein nitrogen, % 0.02 0.2 0.9 1.9 2.4 3.1 3.9 0.001 0.002
True protein, % 21.6 24.1 22.7 17.6 16.9 14.8 12.8 0.12 0.24
Uric acid, mg % 1.6 613.7 1025.6 1333.3 1846.1 3359.0 4871.8 87.9 191.6
Methionine, mg % 305.4 289.7 269.7 249.8 232.9 217.9 196.8 4.16 9.06
The figures in table are mean by triplicate analysis.
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TABLE 3. PHYSICAL AND CHEMICAL CHANGES IN INSECT INFESTED REDGRAM

0 10 20
Weight, g 750.0 763.0 754.3
Embedded larvae, % 0.3 28.2 40.2
Density 1.4 1.6 1.8
Moisture, % 7.9 8.8 9.3
Ash, % 18.6 21.0 24.1
Crude protein, % 4.3 4.5 4.8
Crude fibre, % 4.9 5.1 5.7
Crude fat, % 1.8 2.1 2.3
Energy, Real 358.0 354.0 346.0
Non-protein nitrogen, % 0.01 0.4 1.0
True protein, % 19.5 18.4 20.0
Uric acid, mg % 0.9 352.0 782.0
Methionine, mg % 281.3 261.9 233.9
The figures In table are mean by triplicate analysis.

Level of Infestation, %
30 40 50 60 SE (d) CD (PZO.05)

641.7 593.8 495.0 443.0 6.0 12.5
53.3 49.3 47.8 37.0 3.0 6.2

1.6 1.4 1.3 1.2 0.03 0.05
10.5 11.5 12.4 13.2 0.20 0.43
27.2 29.5 30.1 33.0 0.01 0.03

5.0 5.3 5.7 6.0 0.03 0.05
6.0 6.1 6.8 7.2 0.04 0.09
2.6 2.9 3.1 3.3 0.03 0.06

322.0 312.0 297.0 295.0 0.4 0.8
1.7 2.4 2.6 3.3 0.001 0.002

17.1 14.3 13.7 12.3 0.5 1.1
1141.0 1525.6 2910.2 3653.8 20.7 45.2
214.1 177.6 148.2 119.2 4.2 9.1

and then started decreasing (Tables 2 and 3). The 
changes in  the embedded larvae, density and 
in itia l increase in  weight m ight be due to 
presence o f insect larvae and pupal stages 
w ith in  grains. As the num ber of holes increased, 
there was loss in  the above attributes probably 
due to consum ption o f endosperm portion o f the 
grain by insects. S im ilar results have been reported 
by other workers (V ir and J inda l 1981; Gupta et 
al. 1984b; Singh and Sharma 1981; Srivastava et 
al. 1988; Vimala and Pushpamma 1983). Damage 
was more in  greengram than in  redgram, probably 
due to sm all size o f the former.

Data presented in  Tables 2 and 3 show 
significant changes in  proxim ate composition w ith  
the increase in  the level of infestation. Maximum 
changes in  these constituents were observed in  
60% infested grains. Increase in  m oisture was 
observed and can be a ttributed to increase in  insect 
population, insect excreta and metabolic activ ity of 
the insects. S im ilar results have been reported 
earlier by other workers (Daniel et al. 1977; Gupta 
et al. 1981; Shehnaz and Theophillus 1975; 
Swaminathan 1977). Increases in  ash, crude protein, 
fat and crude fibre contents m ight be due to the 
fact that insect consumed m ostly endosperm portion 
of legumes, thereby leaving behind the husk which 
is rich in  these constituents (Gupta et al. 1984b; 
Khurb 1981; Shehnaz and Theophillus 1975). 
Increase in  crude prote in (Tables 2 and 3) is 
probably due to increase in  u ric  acid, NPN and also 
due to presence of insects, insect body fragments 
and body parts inside the grains. As is evident from  
the data in  Tables 2 and 3, significant decrease 
in  calorific value of pulses occurred as the level 
of infestation increased. Maximum loss was observed

in  60% infested grains. The decrease can be 
a ttributed to consum ption o f endosperm by insects, 
which contributes m ajor portion o f the pulses.

NPN and u ric  acid contents increased, while- 
true protein and m ethionine contents decreased 
sign ificantly in  both the pulses w ith  the increase 
in  the level of in festation (Tables 2 and 3). The 
significant increase in  the non-protein nitrogen 
content m ight be due to the presence o f insect 
excreta and the insect body fragments w ith in  the 
grain. The increase in  NPN was more in  greengram 
than redgram. S im ilar reports by other workers 
are also available (Shehnaz and Theophillus 1975; 
Pingale et al. 1954; Khurb 1981; Srivastava et al.
1988). The increase in  crude protein was found to 
be significant (Tables 2 and 3). This may be due 
to increase in  non-protein nitrogen contributed by 
the insect excreta and body fragments. Bruchides 
have a tendency o f consuming carbohydrate-rich 
endosperm and as a result, the pro te in -rich  bran 
is le ft behind (Shehnaz and Theophillus 1975; 
Gupta et al. 1984b). This also is responsible for 
crude protein increase. True prote in decreased w ith  
increase in  the level of in festation. The decrease 
may be due to higher NPN substances produced 
by insects and contribu tion o f these in  the estimated 
values o f crude prote in and NPN. The negligible 
quantities o f NPN and u ric  acid, found in  control 
samples of legumes, increased sign ificantly (P<0.05) 
as the in festation level increased (Tables 2 and
3). M anifold increase was found in  u ric  acid in  
60% infested grains. It is  w orth noting tha t the 
uric  acid is one o f the end products of protein 
metabolism  in  insects (Pixton 1965; Swaminathan
1977).
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TABLE 4. EFFECT OF INSECT INFESTATION ON PER AND FER OF GREENGRAM AND REDO RAM
Diets

Attributes Casein Uninfested infested (%)
pulse SE (d) CD

20 40 60 (PZ0.05)
Greengram

Feed consumed, g 148.413.5 136.013.9 134.512.7 123.315.1 149.813.8 6.2 12.4
Protein consumed, g 14.8±0.3 13.610.4 13.510.3 12.310.5 15.010.4 0.6 1.2
Weight gain, g 5 2 .1±6.0 37.914.9 3.610.8 3.510.3 1.310.2 0.5 1.1
PER 3.5±0.4 2.810.5 0.410.2 0.310.1 0.210.1 0.2 0.3
FER 0.4±0.04 0.310.05 0.0410.01 0.0310.01 0.0210.01 0.02 0.04

Redgram
Feed consumed, g 148.413.5 176.414.5 154.615.6 155.814.8 158.213.4 3.4 7.6
Protein consumed, g 14.810.1 17.610.5 15.510.6 15.610.5 15.810.3 0.4 0.8
Weight gain, g 52.116.0 35.014.3 30.313.8 20.114.8 17.115.1 1.4 2.8
PER 3.510.4 3.010.4 2.010.2 1.310.2 1 . 110.1 0.1 0.2
FER 0.410.04 0.310.05 0.0210.02 0.0110.02 0.0110.01 0.01 0.02

Values in table are mean 1 SD of observation of 10 rats

The Insect p op u la tion  w a s  h igh er at h igher  
levels o f in festa tion , w h ich  in creased  th e  uric acid  
and n on-protein  n itrogen  c o n ten ts  o f  p u lse s . The  
increased  uric acid and tota l n itrogen  co n ten ts  of  
p u lses , stored for varied periods, h ave a lso  b een  
reported b y  Rajan et al (1975), G upta et al (198 4a ,
b), S h eh n a z an d  T h eop h illu s (1975), Pingale et al
(1954) an d  D an iel et al (1977). Uric acid  con ten t  
w as also  con sidered  a s  a n  in d ex  o f th e in sec t  
population  d en sity  o f the leg u m es b y  G upta et al 
(1984b). Uric acid con ten t o f  p u lse s  is  a lso  w ell 
related to kernel dam age (Sw am in ath an  1977). The  
significant in crem en ts in  th e  uric acid  levels from  
10 to  60%  in festa tion  lev e ls  are o f sign ifican t  
im p ortan ce from  th e  h y g ien ic , n u tr itio n  an d  
acceptability  p o in ts  o f v iew  an d  a lso  the gou t  
c a u s in g  p o te n t ia l  o f  th e  in f e s te d  le g u m e s  
(Sw am inathan 1977; P assm ore and E astw ood  1987).

D ecrease in  m eth ion in e  con ten t at all levels of 
in festation  (Tables 2  and 3) w a s  sign ifican t. In 
greengram , th e m eth ion in e  lo s s  w a s  u p to  35.7%  a s  
against 57.6%  in  redgram . M eth ionine is  on e o f  
the ten  am ino a c id s required b y  in se c ts  (Gilm our
1961). The d ecrease in  m eth ion in e  m ay  b e  related  
to its  con su m p tion  b y  in se c ts  for th eir  grow th  
and p op u lation  b u ild  up. For th e  vegetarian s w ho  
obtain  all their p rotein s from  cerea ls  and leg u m es, 
the im plication  o f m eth ion in e  red u ction  in  the  
m ethion in e deficient n atu re o f th e  leg u m es is  of 
significance and m ay  resu lt in  am ino acid im balance.

W ith in crea se  in  level o f in festa tion , FER and  
PER d ecreased  sign ifican tly  (Table 4). D ecrease w a s  
higher in  greengram  a s  com pared  to  redgram  at 
60% level o f  in festa tion . W eight g a in  a lso  decreased

w ith  in crea se  in  level o f in festa tio n , th e  in crea se  
b ein g  only 1 .33  g in  greengram  a n d  1 7 .0 5  g  in  
redgram  after 2 8  d ays. T he p oor grow th  rate m ight 
b e d u e to poor q u ality  o f  in fested  leg u m es. S im ilar  
r e su lts  h av e  b e e n  rep orted  b y  S h e h n a z  an d  
T h eop h illu s (1975) in  B e n g a l  gram  an d  field  b ea n  
in fested  d iets  fed to  rats. T he d ecr e a se s  in  FER  
an d  PER m ight be d u e to p oor q u ality  o f  p rote in s  
in  in sec t in fested  gra in s, a s  th e  NPN an d  uric acid  
co n ten ts  w ere h igh er in  in se c t  in fested  gra in s. 
Sim ilar r e su lts  have a lso  b een  reported  b y  K hurb
(1981).

T here w a s  sig n ifica n t n eg a tiv e  correla tio n  
b etw een  level o f  in festa tio n  an d  w eig h t, d en sity , 
true protein , energy an d  m eth io n in e  (Table 5). All 
oth er p aram eters, like m oistu re , a sh , cru d e protein ,

TABLE 5. CORRELATION MATRIX BETWEEN LEVEL OF 
INFESTATION AND DIFFERENT PARAMETERS

Correlation
Attributes “

Greengram Redgram
Weight -  0.879 -  0.883
% Embedded larvae 0.674 0.582
Density -  0.817 -  0.821
Moisture 0.965 0.990
Ash 0.986 0.990
Crude protein -  0.980 0.990
Crude fibre 0.987 0.990
Energy -  0.926 -  0.995
Crude fat 0.989 0.997
Non-protein nitrogen 0.995 0.994
True protein -  0.987 -  0.977
Methionine -  0.999 -  0.995
Uric acid 0.965 0.937
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crude fat, NPN an d  uric acid  sh ow ed  h igh ly  
significant p ositive correlation  (Table 5).

Different levels o f in festation  o f stored greengram  
and redgram  resu lted  in  b oth  q u an tita tive and  
qualitative lo sse s . T he stored  p u lse s  a lso  b ecam e  
unhygienic due to  th e  p resen ce  o f in sec t  excreta. 
The nutritive va lu e  is  red u ced  an d  th e  p resen ce  
of uric acid in  h igh er a m o u n ts  m ight in d u ce  gou t  
in  th e  con su m ers. Therefore, co n su m p tio n  o f gra in s  
in fested  at h igher lev els  m u st  be d iscouraged . 
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Distribution Pattern of Bittering Principles in Kinnow Fruit
B .R . P R E M I, B .B . LAL A N D  V .K . JO S H I*

D ep artm en t o f P osth arvest T echnology,
Dr. Y .S. Parm ar U n iversity  o f H orticulture an d  Forestry, N aunl, S o la n -173  2 3 0 , Ind ia

Analysis of different parts of kinnow fruit Indicated that the naringin content was the highest (0.422 mg/g) in 
peel, followed by Juice (0.230 mg/ml) and seed (0.134 mg/g). In contrast the highest limonin content was found 
in seed (9.52 mg/g), followed by peel (4.69 mg/g) and Juice (0.218 mg/ml). The juice stored at 25°C developed full 
bitterness at 4 h as against the time of 7 h for juice stored at 12.5°C.
Keywords : Kir.now, Limonin, Naringin, Distribution pattern, Bitterness.

Kinnow, a hybrid of k ing an d  w illow  lea f  
m an d arin s (C . n o b i l i s  x  C. d e l ic io s a ) ,  is  k n ow n  for 
its  superior ch aracters su c h  a s  h eavy  bearing, w ide  
adaptability an d  fruit quality  (Jaw anda 1978), though  
it h a s  a sh orter  sh elf-life  (Jaw anda an d  S in gh  1973). 
A considerab le research  w ork  to  en h a n ce  th e storage  
life o f th e  fruit h a s  b een  reported (Singh 1981; Nagar
1993). However, th e in form ation  o n  p rocessin g  of 
kinnow  m an d arin s is  sca n ty  (Renote an d  B a in s  
1982; S an d h u  et al. 1990). S om e s tu d ie s  h ave b een  
done on  th e p h ysico -ch em ica l ch a n g es  during storage  
(Sandhu et al. 1985) an d  a lso  o n  th erm al p rocessin g  
(Nath and R anganna 1977) an d  its  u tilisa tio n  (Pruthi 
et al. 1984). C ultivation  o f k in n ow  h a s  a ssu m ed  a 
considerab le sign ifican ce during recen t y ea rs  in  
N orthern India (S an d h u  et al. 1990), thereb y  
dem anding n ecessa ry  s te p s  to  develop tech n o logy  for 
its  p r o c e ss in g . T h e m ajor  p ro b lem  w ith  th e  
acceptability  o f  th e  k in n ow  ju ic e  is  the rapid  
developm ent of b ittern ess  in  th e  ju ice . Lim onin  
and naringin  (naringenin  7 -n eoh esp erid ose) have  
b een  identified  a s  th e  p rin cip les ca u s in g  b ittern ess  
in  k in n ow  (Barwal 1984). H owever, th e  in form ation  
on their tota l co n ten ts  an d  d istr ib u tion  in  different 
parts o f th e  fruit is  n o t availab le. Therefore, 
determ ination  of th e  lim on in  an d  n aringin  co n ten ts  
in  different parts o f  k in n ow  fruit (peel, seed  and  
juice) an d  tim e required to  develop full b ittern ess  
in  th e extracted  ju ice  are e ssen tia l p re-req u isites to 
citru s p rocessors. In vestiga tion s carried ou t on  
th ese  a sp ec ts  are d isc u sse d  in  th is  com m u n ication .

K innow fru its w ere h arvested  d u rin g  m id- 
Jan uary , 19 90  from  a loca l orchard in  Kangra 
district (H im achal Pradesh). The ju ic e  w a s  extracted  
m an u ally  b y  sq u eezin g . T he s e e d s  w ere sep arated  
and w ash ed  to rem ove an y  ju ic e  ad h erin g to  them .

* Corresponding Author

S a m p les  o f fresh  p ee l, a lo n g  w ith  a tta ch ed  
m em b ran es, w ere m acera ted  in  a W aring b len d er  
for 5 m in . S eed s w ere dried for 5 -6  h  in  a  
dehydrator at a  tem peratu re o f 6 0  ± 1°C an d  finely  
cru sh ed  u s in g  a m ortar an d  p estle . T he lim on in  
extract w a s  ob tained  from  th e  sa m p les  b y  overnight 
extraction  w ith  ch loroform  an d  th e  sa m p le s  w ere 
an a lysed  by th e  colorim etric m eth o d  o f  V a k s an d  
Lifshitz (1981), w h erea s, n arin g in  c o n te n t  w a s  
estim ated  b y  th e  m eth o d  o f D a v is  (1947).

A  fresh ly  extracted  ju ic e  w a s  sto red  a t room  
tem perature (12±1°C) an d  con tro lled  tem p eratu re  
(25±1°C) for 10 h . T he sa m p le s  w ere draw n for 
th e  estim ation  o f lim on in  an d  n arin g in  a t a n  
in terval o f 6 0  m in .

The r e su lts  sh ow ed  a  w id e varia tion  in  
d istr ib u tion  o f lim on in  an d  n arin g in  c o n te n ts  in  
variou s p arts o f th e  fruit. T he s e e d s  co n ta in ed  th e  
h ig h est lim on in  (9 .5 0  m g /g ) , follow ed b y  p ee l (4 .6 9  
m g /g ) an d  ju ic e  (0 .2 1 8  m g /m l) . G aonk ar an d  
B am zi (1989) h ave a lso  reported  sim ila r  fin d in gs  
in  ca se  o f lim on in  c o n ten ts  in  grapefru it, oran ges, 
lim e and lem on. T he h ig h est n arin g in  co n te n t  w a s  
in  p eel (0 .4 2 0  m g /g ), follow ed b y  ju ic e  (0 .2 3 0  m g /  
ml) an d  se e d s  (0 .1 3 4  m g /g ) . H igher n arin g in  
con ten t in  th e  ju ic e  m igh t b e  d u e  to  it s  w ater  
so lu b ility  an d  c o n seq u en t extraction  in  ju ice . 
Sim ilar trend  h a s  b een  reported  earlier  for oth er  
c itru s  fru its (Yusof et al. 1990). H ow ever, th e  
n aring in  con ten t in  sk in  o f rough  lim e w a s  m ore  
th a n  th a t in  the ju ic e  an d  se e d  (Y usof et al. 1990). 
The resp ective  v a lu e s  o f lim on in  in  d ifferent p arts  
of k in n ow  w ere q u ite com p arab le  w ith  th o se  in  
grape fruit seed s , w h erea s n arin g in  c o n ten t  w a s  
con sid erab ly  low er in  k in n ow , th a n  in  o th er  c itru s  
sp e c ie s  (Yusof et al. 1990). A  co m p a r iso n  o f  
lim on in  co n ten t o f  k in n ow  w ith  its  th resh o ld  
v a lu es  (G uadagni et al. 1976) in d ica ted  th a t th e
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kinnow  fruit h ad  con sid erab ly  h igher v a lu es  for 
lim onin. The b ittern ess  o f ju ic e  is , therefore, 
intolerably h igh  an d  ju ic e  n e e d s  to  b e  debittered  
to  m ake it acceptab le .

The data (Fig. 1) sh o w  th a t th e  developm ent

Fig. 1. Changes in bittering principles of kinnow juice held at
12.5 and 25.0°C. O-----O Limonin at room temp.
(12.5±1°C), X---- X Limonin at controlled temp. (25±1°C),
■ ---- ■  Naringin at room temp. (12.5±1°C), A---- A
Naringin at controlled Temp. (25±1°C).

of b ittern ess, i.e . th e  con version  o f lim onoate-A -ring  
lactone (non-b itter p recu rsor o f  lim onin) to  lim on in  
get com pleted  w ith in  7 h  o f ju ic e  extraction  at room  
tem perature (12 ± 1°C), w h erea s  it took  4  h  after 
ju ice  extraction  at 2 5  ± 1°C. H owever, no ch an g e  
in  naringin  co n ten t cou ld  b e  ob served  w ith  tim e  
and tem perature. S im ilar resu lt h a s  a lso  b een  
reported earlier (Y usof et al. 1990). Therefore, it 
cou ld  b e  co n c lu d ed  th a t  th e  d evelop m en t o f  
b ittern ess in  k in n ow  ju ic e  w a s  in flu en ced  by th e  
tem perature a t w h ich  ju ic e  is  h eld , a s  h a s  a lso  b een  
em phasized  in  earlier s tu d ie s  (E m erson  1948; 
C handler an d  Kefford 1966). S in ce  th e  lim on in  
content o f the ju ice  is  in flu en ced  b y  tem perature, 
the d evelopm ent o f b ittern ess  ca n n o t b e prevented , 
b u t cou ld  be delayed to som e exten t by appropriately  
selectin g th e  tem perature o f storage. T he p rocesso rs  
could  defin itely m ak e u se  o f th e  tim e to  em ploy  
su itab le debittering tech n iq u e  before p asteu riz in g  
the kinnow  ju ice . In a n  earlier stu d y, h ea t p rocessin g  
of the ju ice  w a s reported to resu lt in  th e  developm ent 
of b ittern ess in  k in n ow  (R enote an d  B a in s  1982).

O ur r e su lts  are, how ever, con trary  to  th e se  fin d in gs, 
a s  b ittern ess  w a s  fou n d  to  d evelop  ev en  w ith o u t  
h eat p rocessin g . T h u s, it co u ld  b e  sta ted  that  
b ittern ess  d evelop s w h eth er  th e  ju ic e  w a s  h ea t  
p rocessed  or n ot an d  su ita b le  d eb itterin g tech n iq u es  
h ave to  b e applied  to  m ak e th e  ju ic e  accep tab le  
from  sen so ry  q u ality  p o in t o f  view .
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Biochemical and Enzymatic Changes in Apple During Cold
Storage

B .V .C . M A H A JA N
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Biochemical and enzymatic changes in apple during cold storage were studied. Total soluble solids, total sugars 

and soluble protein contents increased upto 150 days of storage and thereafter declined. In contrast, titratable acidity, 
total phenols and pectin contents followed a linear declining trend throughout the storage period of 7 months. The 
activity of polygalacturonase and cellulase increased upto 150 days of storage, thereby leading to softening of apple.
The activities of these enzymes declined thereafter.
Keywords : Apple, Polygalacturonase, Cellulase, Cold storage, Biochemical changes, Enzymatic changes, Storage 

behaviour.

It Is gen erally  agreed  th a t fruit r ip en in g  is  a 
biologically active p rocess, often  involving h igh  
m etabolic activity, in crea sed  activity o f  som e enzym e  
sy stem s an d  u ltim ate d eterioration  o f flesh y  organ s  
(Looney 1970). A s so o n  a s  fruit is  h arvested , it is  
left to  survive on  its  ow n  a s  th e  m etab olites , b ein g  
utilized to  m ain ta in  its  p h ysio log ica l p ro cesses , are 
not rep len ish ed  an y  m ore. B esid es , o n ce  th ey  are 
infected w ith A s p e r g i l l u s  n ig e r ,  th ese  in d u ce a variety  
of b ioch em ical ch a n g e s  (M assand  an d  C hhatpar, 
1980). Earlier s tu d ie s  o n  storage b eh av iou r sh ow ed  
significant rela tion sh ip  b etw een  fruit m atu rity  and  
sen sory  q u ality  (K rishna P rak ash  et al. 1985). In 
th e p resen t in vestigation , a n  attem p t h a s  b een  
m ade to  d eterm ine th e  p attern  o f b ioch em ica l and  
enzym atic ch a n g es  in  apple fruit during cold  
storage, w ith  a  view  to  stu d y  its  storage behaviour.

R ed  d e lic io u s’ app le fru its w ere h arvested  at 
proper m atu rity  (1 3 0  d ay s after full bloom ), p ack ed  
In corrugated  fibre board carton s an d  stored  in  
w alk-in -co ld  ch am b er, m a in ta in ed  at 0  ± 1°C an d  
90-95%  relative h u m id ity . T he exp erim ent w a s  laid  
out in  com p letely  random ized  d esig n  w ith  three  
rep lication s an d  ea ch  rep lication  com p rised  o f 10 
kg fruits. T en  fru its from  ea ch  rep lication  w ere  
draw n at 9 0 , 150 , 180  an d  2 1 0  d a y s o f storage  
and an a lysed  for v a r io u s b io ch em ica l co n st itu e n ts  
an d  enzym atic activ ities. W axol d ipp ing o f  app le is  
know n to  exten d  the storage w ith o u t m u ch  lo s s  in  
sen sory  quality  (H ab ib un n isa  et al. 1988). T h ese  
s tu d ie s  w ere carried ou t co n tin u o u sly  for tw o yea rs  
(1 9 8 9 -9 0  and 19 90 -9 1 ). A s th e  trend  o f r e su lts  w a s  
co n sisten t during b oth  th e  yea rs, th e  d ata  of  
only a sin g le  yea r  are p resen ted .

The tota l so lu b le  so lid s  (TSS) o f fruit Juice w ere

recorded  o n  th e  direct read ing d ig ita l refractom eter  
w ith  au to-tem p eratu re  correction  (A tago-D B X -50, 
SOM SO C om pany Ltd., Tokyo, Ja p an ). T ota l su g a rs  
a n d  titra tab le  ac id ity  (as m a lic  acid) w ere  
determ ined  b y  sta n d a rd  proced u re (AOAC 1980). 
S olu b le  protein , tota l p h en o ls  an d  p ec tin  c o n te n ts  
w ere d eterm in ed  a s  p er th e  m e th o d s  ad o p ted  b y  
oth er w orkers (Lowry et al. 1951; B ray an d  Thorpe  
1954; R uck 1963). The activ ities o f p olyga lactu ron ase  
(PG) and ce llu la se  w ere s tu d ied  a s  p er th e  
recom m en d ed  m eth o d s (M ahadevan an d  S rid h ar  
1982; A b eles an d  T akeda 1990).

T h e d a ta  o n  th e  v a r io u s  b io c h e m ic a l  
co n stitu e n ts  an d  en zym atic a ctiv ities  are p resen ted  
in  Table 1. It is  s e e n  th a t th e  T S S  an d  to ta l su g a rs ,  
w h ich  w ere fairly low  at h arvest (1 3 .4 8  °Brix, 8.90% ), 
in crea sed  a s  th e  storage period ad van ced . T h ese  
reached  a p eak  va lu e  a t 150  d a y s o f storage (1 6 .2 0  
°Brix an d  12.58% ), an d  d eclin ed  thereafter. T he  
in crea se  in  T SS  an d  tota l su g a r s  u p to  15 0  d a y s  
of storage m ay  b e  d u e  to  h yd ro lysis o f s ta rch  in to  
su g a rs . O n com p letion  o f h yd ro lysis o f s ta rch , th e  
furth er in crea se  in  T S S /s u g a r s  d id  n o t occur. 
H en ce, d ecline in  th e se  a ttr ib u tes  is  p red ictab le  
(Sm ith  et al. 1979).

A  d eclin in g  trend  in  th e  titra tab le  acid ity  is  
rather sh arp  in  th e  b eg in n in g  w ith  th e  a d v an ce  o f  
storage period. It d ecreased  grad u ally  thereafter. 
The titratab le acid ity  varied  from  0 .2 5  to  0 .05%  
during storage. A  d ecrea se  in  titra tab le  ac id ity  
during ripen ing an d  storage co u ld  b e  a ttr ib u ted  
to  a n  in crea se  in  m alic  en zym e an d  p yru vate  
decarboxylation  rea c tio n s d u rin g  th e  c lim acter ic  
period (W ills et al. 1980). A pple fru it c e lls  h a v e  b e e n  
reported to  u se  organic a c id s , p r in cip a lly  m alic
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TABLE 1. BIOCHEMICAL AND ENZYMATIC CHANGES IN APPLE DURING STORAGE
Storage

Description At harvest
90 150 180 210 CD at 5%

TSS, °B 13.48 15.60 16.20 12.33 10.94 0.13
Total sugars, % 8.90 11.5 12.58 9.63 8.70 0.12
Titra table acidity, % 0.25 0.16 0.10 0.07 0.05 0.02
Soluble protein, mg/g 2.25 2.61 2.95 1.20 1.05 0.15
Total phenols, pg/g 89.35 65.90 38.00 31.00 27.50 3.15
Pectin, as % Ca-pectate 0.71 0.50 0.40 0.31 0.21 0.03
Polygalacturonase* 16.41 24.82 31.08 21.90 17.30 0.60
Cellulase* 11.40 12.40 13.06 9.15 8.00 0.51
Mean values of three replicates. * Unit definition as per Mahadevan and Sridhar (1982) and Abeles and Takeda (1990).

acid, a s  respiratory su b stra te  during r ip en in g  and  
storage (R hodes et a l.1 9 6 8 ).

The so lu b le  p rotein  c o n ten ts  w ere low er a t the  
tim e o f h arvest (2 .2 5  m g /g )  an d  in crea sed  grad u ally  
(2.95 m g/g ) w ith  th e  in crea se  in  storage period u p to  
150 days. Thereafter, a  sh arp  d eclin e en su ed , 
recording 1 .05  m g /g  so lu b le  protein  at th e  en d  o f  
7 m on th s storage. T he sy n th e s is  o f  protein  during  
ripening m igh t b e  d u e  to  a n  in crea se  in  m alic  
enzym e activity in  ap p le fru its (Ulrich 1974). More 
direct evid ence for th e  in volvem en t o f protein  
sy n th e sis  in  the r ip en in g  o f  fru its is  provided b y  
the preferential incorporation  o f radioactive am ino  
acid s in to  certa in  p ro te in s d u rin g  early  clim acteric  
in  apple (Dilley 1962).

A c o n tin u o u s  d ecline in  th e  tota l p h en o lics , 
w ith the ad van ce in  storage period w a s  observed. 
The m ax im u m  level o f  to ta l p h en o ls  (8 9 .3 5  p g /g )  
w a s recorded after h arvest, w h ich  red u ced  to  2 7 .5 0  
p g /g  at the en d  o f storage period stu d ied . It h a s  
been  reported th a t th e  con cen tra tion  o f  p h en o lics  
d ecreased  during storage o f  fru its (H ulm e et al.
1971), thereb y m ak in g  th e  fruit su scep tib le  to  
pathological break d ow n  (N alubizon 1976).

There w a s  a grad u al linear d ecline in  p ectin  
con ten t w ith  the ad van ce in  storage period. The  
pectin  co n ten ts  ranged  b etw een  0 .7 1  an d  0.21%  
from h arvest u p to  2 1 0  d ays o f storage. The d eclin e  
in  p ectin  con ten t d u rin g  storage is  d u e to  
conversion  o f in so lu b le  p rotop ectin  in to  so lu b le  
pectin (Hulme 1958). P olygalacturonase and cellu lase  
activities o f  apple fru its w ere q u ite low  (16 .41  
and 11.40%  lo s s  in  viscosity) at th e  com m en cem en t 
of sam p lin g  (Table 1). T h ese  in creased  w ith  th e  
storage period u p to  150  d ay s (3 1 .0 8  an d  13.06% ) 
and th en  d eclined  at th e  en d  o f storage period  
stu d ied . T he activ ities o f  th e se  en zym es h ave  
also  b een  reported to  b e  low  or a b sen t in  unripe

fru its, b u t th e se  in crea sed  d u rin g  rip en in g  (Bartley
1978). T he ce ll w all b o u n d  p o lyga la ctu ron a se  is  
k n ow n  to  b e  involved  in  th e  so lu b liza tio n  o f  p ec tin s  
(R hodes 1980). S im ilarly, c e llu la se s  are con sid ered  
to  b e  resp on sib le  for th e  h yd ro lysis  o f  ce llu lo se  
fibrils o f th e  ce ll w all (Babbitt et al. 1973). T h ese  
u ltim ately  lead  to  so ften in g  o f th e  fru its.

It m ay  b e co n c lu d ed  th a t th e  ap p le fru its  
rem ained  In good  co n d itio n  u p to  15 0  d ay s of 
storage at 0  ± 1°C an d  90 -95%  relative h u m id ity . 
Thereafter, th e  fru its sta rted  b eco m in g  soft and  
m ealy  d u e to  m etab olic  d egrad ation  p ro c e sse s , su c h  
a s  abrupt fall in  th e  level o f  v a r io u s b io ch em ica l 
c o n stitu e n ts  an d  d eclin e  in  en zym atic  activ ities. 
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Physical Characteristics and Composition o f Certain New
Varieties o f Soybeans

S A N D E E P  SA X E N A , G U R M U K H  SIN G H * A N D  B .K . M IT A L
D ep artm en t o f Food S c ien ce  an d  T echnology,

G .B. P an t U n iversity  o f A gricu lture an d  T echnology, P an tn a g a r-2 6 3  145 , India
Six new varieties of soybean showed 7.3-8.6% hull, 0.69-0.74 g/cc bulk density, 1.05-1.18 g /cc  true density, 

94.3-145.6 g 1000 grain weight and 5.6-7.6 kg hardness in vertical position and 13.0-19.8 kg in horizontal position. 
Colour of varieties ranged from light yellow to golden yellow. The varieties contained {%) 34.3-40.7 protein, 16.5-18.3 
fat. 4.1-4.6 crude fibre, 4.5-5.3 total ash and 20.0-25.4 carbohydrates (by difference). The other components include 
(mg/100 g seeds) 247.4-307.7 calcium, 496.1-540.9 phosphorus, 10.3-13.4 iron and 575-720 total phenols, in addition 
to trypsin inhibitor activity of 21.1-25.2 TUI/mg sample.
Keywords : Soybeans, Physical characteristics, Chemical composition, Minerals, Phenols.

S oyb ean  v a r ie ties  d iffer in  th e ir  p h y s ico ­
ch em ica l c h a r a c te r is t ic s  a n d  th e s e  v a r ia tio n s  
in fluence th e quality  ch a ra cter istics  o f p rod u cts  
prepared from th e  s e e d s  (Snyder an d  Kwon
1987). The su itab ility  o f so y b ea n  va rieties  for 
preparation o f different so y  food s in  co u n tr ies  like  
USA, J a p a n  an d  C hina h a s  b een  in vestigated  
extensively  (Sm ith et al. 1960; W ang et al. 1983). 
Though so y b ea n s  w ere in trod u ced  in  India during  
m id six ties, in form ation  o n  q u ality  ch ara cter istics  
of Indian varieties is  lim ited. A  n u m b er o f soy b ean  
varieties h ave b een  developed  b y  th e  p lant b reed ers  
in  th e cou n try  d u rin g  th e  p a st  few  yea rs  an d  a 
few varieties have b een  stu d ied  for th e ir  ch em ica l 
com position  an d  cook in g  ch a ra cter istics  (Sm ita and  
V aishali 1989; O m  K um ar et al. 1992). T h ese  
varieties differ in  their agronom ic req u irem en ts and  
resistan ce  aga in st yellow  m o sa ic  v iru s. The p resen t  
c o m m u n ic a t io n  r e p o r t s  p h y s ic o - c h e m ic a l  
ch aracteristics o f  th e g ra in s o f s ix  n ew  va rieties  of 
soyb ean s. S u ch  inform ation  w ou ld  be u se fu l in  
selectin g soy b ean  varieties for d esired  en d  u se s , 
su ch  a s  oil extraction , m an u factu re  o f  so y  m ilk  and  
tofu.

Dry m atu re s e e d s  o f so y b ea n  varieties 'PK- 
262', T K -416’, ’PK -471', ’P K -472’, 'PK -515’ an d  'PK- 
5 6 4 ’, grow n during th e  k h a r t j j  s e a so n , 1 9 9 0 -9 1 , 
were procured from  Crop R esearch  C entre o f the  
university. T he b e a n s  w ere c lea n ed  an d  stored  in  
air tight co n ta in ers  at am b ien t tem peratu re (20- 
25°C) u n til u se . H ull con ten t o f  ea ch  variety  w a s  
determ ined b y  d eh u llin g  on e kg gra in s in  a dehuller, 
designed  an d  fabricated  b y  P ost-h arvest P rocess
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an d  Food E n gin eerin g  D ep artm en t o f th e  un iversity  
(Agrawal 1974). H ard n ess w a s  m ea su red  in  vertical 
an d  h orizon ta l p o sit io n s  o f so y b ea n  grain , u s in g  a  
H ard n ess T ester  (Kiya S e isa k u sh o , Ja p an ). B u lk  
an d  true d en s itie s  w ere determ in ed  b y  th e  m eth od  
of B h attach arya  et a l(1 97 2), w h ile  co lo u r  w a s  
observed  v isu a lly . T h o u sa n d  gra in  w eigh t w a s  
fou n d  out b y  w eigh in g  1 0 0 0  so u n d  gra in s of  
each  variety.

M oisture, fat, a sh , cru d e fibre an d  ca lc iu m  
co n ten ts  o f w h ole so y b ea n s  w ere estim a ted  by  
stan d ard  p roced u res (AACC 1976). P rotein  con ten t  
w a s  determ ined  b y  K jeldahl m eth o d  (AOAC 1984), 
u s in g  a p r o te in  c o n v e r s io n  fa c to r  o f  6 .2 5 .  
P h osp h oru s, iron an d  p h en o l w ere determ in ed  b y  
colorim etric m eth o d s  a s  d escr ib ed  b y  R an gann a
(1986), w hile tryp sin  in h ib itor activ ity w a s  m easu red  
b y th e  m eth od  o f  K akade et al (1974). S ta tistica l 
a n a ly s is  o f d ata  w a s  d on e  a s  p er S n ed ecor  and  
C ochran  (1967).

The h u ll c o n te n ts  o f  va rieties  ran ged  from  7 .3  
to 8.6%  (Table 1). V arieties ’PK -515' a n d  'PK-472' 
exhibited  the m ax im u m  an d  m in im u m  h u ll con ten ts, 
respectively. T h ese  v a r ie ties  w o u ld , therefore, y ield  
m in im u m  an d  m ax im u m  a m o u n ts  o f  so y  dhal, 
resp ectively  u p o n  d eh u llin g  o f  so y b ea n s . T he force 
required to cru sh  th e  g ra in s  in  h orizon ta l p ositio n  
(line o f cleavage) w a s  m ore th a n  d ou b le a s  com pared  
to  th a t required in  vertica l p o sit io n  (perpendicular  
to  th e  lin e  o f cleavage). V ariety 'PK -262 'required  
m ax im u m  force in  h orizon ta l a s  w ell a s  vertica l 
position , w h ereas variety 'PK-472' required m in im u m  
force to  c ru sh  th e  g ra in s  in  vertica l position . 
H ard n ess o f so y b ea n s  w a s  fou n d  to  b e  sign ifican tly  
affected b y  th e  protein  co n ten t o f th e  gra in s. A

1 4 5
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positive correlation  o f 0 .8 1 9 9  w a s  observed  
b etw een  protein  con ten t o f  w h o le  so y b ea n s  and  
gra in  h a r d n e s s  (vertica l p o s it io n ), w h e r e a s  
correlation  b etw een  h a rd n ess  in  horizontal 
p osition  an d  protein  con ten t w a s  0 .9 2 7 6 . The b u lk  
and true d en s itie s  o f d ifferent varieties d id  n o t differ 
significantly. C olour o f seed  coa t o f  different 
varieties w a s  yellow  to  go ld en  yellow . T h ou sa n d  
grain w eigh t o f varieties ranged  from  9 4 .3  to  14 5 .6
g. V a r ie tie s  'PK -472' a n d  'P K -515' ex h ib ited  
m axim um  an d  m in im u m  grain  w eigh ts, respectively. 
The v a lu es  o f th e  grain  h a rd n ess , d en s itie s , co lou r  
and 10 00  gra in  w eigh t w ere sim ilar  to  th o se  
observed b y  J a in  (1985) for different Indian varieties.

M oisture co n ten t o f different va rieties  (Table 1) 
ranged from  9 .8  to  12.7% , w h ich  w a s  greater th a n  
the va lu e for 'Bragg' variety  reported  earlier (G upta 
et al. 1976) Protein  an d  fat c o n ten ts  in  varieties  
were 34 .3 -4 0 .7 %  an d  16 .5 -18 .3% . respectively. 
V arieties 'PK -262','PK -515' an d  'PK-564' con ta in ed  
equal an d  m ax im u m  p rotein  co n ten ts . V arieties  
’PK -416’ an d  ’PK -472' exh ib ited  m ax im u m  fat 
co n ten ts an d  w ere, therefore, m ore su itab le  for oil 
extraction. Crude fibre co n ten ts  o f varieties 'PK- 
416' and 'PK-515' w ere sign ifican tly  le s se r  th a n  
other varieties. T otal a sh  c o n ten ts  in  va rieties  w ere
4.5-5 .3% , w h ile  varieties 'PK-471', 'PK-515' and  
'PK-564' sh ow ed  a lm ost eq u al q u an tities . T he

carb oh yd rates in  different va r ie ties  varied  b etw een
2 0 .0  an d  25.4% , w h ile  v a r ie ties  'PK-472' 
an d  'PK-564' exh ib ited  m a x im u m  a n d  m in im u m  
con ten ts, respectively. The varia tion s in  carbohydrate  
co n ten ts  am on g different v a r ie ties  are a ttr ib u ted  to  
differences in  th e  c o n te n ts  o f o th er  co n s t itu e n ts . 
All th e  varieties, excep t 'PK -416', co n ta in ed  greater  
a m o u n ts  o f p rotein  th a n  'Bragg' variety  (Kapoor et 
al. 1975). T h ese  va rieties  co n ta in ed  le s s e r  a m o u n ts  
of cru d e fat, a sh  an d  carb o h yd rates, b u t  greater  
a m o u n ts  o f cru d e fibre th a n  'Bragg' variety . T he  
v a lu e s  o f proxim ate c o n s t itu e n ts  ob served  in  th e  
p resen t stu d y  are in  conform ity  w ith  data  o f oth er  
Ind ian  varieties (D eodhar et al. 1973; S oo d  e t al. 
1977; J a in  1985).

S oy b ean  va rieties  exh ib ited  w id e v a r ia tio n s in  
th e  m ineral c o n te n ts  (Table 1). V a rieties  'PK- 
26 2 ' an d  'PK-564' co n ta in ed  s ig n ifican tly  greater  
a m o u n ts  o f  ca lc iu m  th a n  o th er  va r ie ties . V ariety  
'P K -515' c o n ta in e d  th e  h ig h e s t  a m o u n t s  o f  
p h osp h oru s. G u pta et al (1976) reported  0 .3 9  and  
0.57%  ca lc iu m  an d  p h o sp h o ru s, resp ectiv e ly  in  
'Bragg' variety  o f soy b ean . T he v a lu e s  o f  ca lc iu m  
an d  p h o sp h o ru s c o n ten ts  for d ifferent va r ie ties  
observed  in  th e  p resen t s tu d y  are low er th a n  th o se  
for 'Bragg' variety. T he iron  c o n te n ts  in  d ifferent 
v a r ie t i e s  r a n g e d  fr o m  1 0 .3  to  1 3 .4  
m g / 100 g. V arieties 'PK-472' an d  'PK -262 'conta ined

TABLE 1. PHYSICO-CHEMICAL CHARACTERISTICS OF DIFFERENT 
Varieties

VARIETIES OF SOYBEANS

C haracteristics 'PK-262' 'PK-416' 'PK-471' 'PK-472' 'PK-515' ’PK-564
Hull content % 8.1 8.0 8.4 7.3 8.6 8.2
Grain hardness, kg

Vertical position 7.6 5.8 6.2 5.6 7.5 7.2
Horizontal position 19.8 13.0 17.8 14.5 18.0 17.0

Bulk density, g /cc 0.71 0.70 0.69 0.74 0.71 0.70
True density, g/cc 1.11 1.05 1.05 1.11 1.18 1.18
1000 grain weight g 118.4 133.8 117.2 145.6 94.3 110.2
Colour Golden Light Light Light Light Light

yellow yellow yellow yellow golden golden
yellow yellow

Moisture, % 10. 1* 12.7* 9.8* 11.4* 10.4' 1 1 .8*
Protein, % 40.7* 34.3d 39.4b 36.1* 40.7* 40.7*
Crude fat, % 17.6* 18.3* 17.5* 18.2** 16.5" 17.7**
Crude fibre, % 4.6* 4.3h* 4.4.1. 4.4** 4.1* 4.6*
Ash, % 4.5C 5.0" 5.3* 4.6* 5.2** 5.2**
Carbohydrates (by difference), % 22.5 25.4 23.6 25.3 23.1 20.0
Calcium, mg/lOOg 307.7* 247.4* 265.5* 253.4** 259.4** 295.6*
Phosphorus, m g /100 g 511.3* 516.2* 5 3 2 .& 496.1* 540.9* 504.0'*
Iron, m g /100 g 13.4* 10.5* 10.5* 10.3* 12.7* 13.2*
Phenols, m g /100 g 575f 687* 655* 720* 636" 602*
Typsin inhibitor activity, TUI/mg 21. l d 24.2b 23.9** 23.6* 25.2* 24.8»

* Means in each row followed by different letters differ significantly at 5% level.
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the m in im u m  an d  m ax im u m  a m o u n ts  o f iron, 
respectively. T h ese  v a lu e s  w ere h igh er th a n  th o se  
reported for 'Bragg' variety  (G upta et al. 1976). 
There w ere sign ifican t d ifferen ces in  th e  co n ten ts  
of to ta l p h e n o ls  a m o n g  d if fe r e n t  v a r ie t ie s .  
R am akrishna (1986) ob served  a  broader range of  
va lu es (0.4-0.7% ) th a n  th o se  observed  in  th e  
p resent stu d y. T rypsin  in h ib itor activ ity  v a lu e s  o f  
different varieties w ere 2 1 .1  to  2 5 .2  T U I/m g o f  
soyb ean s. V arieties 'PK-515' an d  'PK-262' exh ib ited  
m axim um  an d  m in im u m  tryp sin  in h ib itor activity, 
respectively. J a in  (1985) h a s  a lso  reported sim ilar  
v a lu es for d ifferent Ind ian  varieties.

The au th ors th a n k  ICAR and USAID for financial 
su p p o rt u n d e r  In d o -U S  p ro jec t o n  s o y b e a n  
processin g an d  u tilization .
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Fungal Population Associated with Raw Materials and 
Intermediate Products o f Lager Beer Produced from

Nigerian Sorghum Grains
B .E . B O B O  Y E  A N D  F .C . A D E T U Y I*

M icrobiology Laboratory, B iology D ep artm en t,
F ederal U niversity  o f T echnology, A kure, Nigeria.

Fungi were enumerated on potato dextrose agar, malt extract agar, Czapek Dox agar and wort agar during the 
processing of sorghum for the production of lager beer. Isolates were purified and characterized. A s p e r g i l lu s  sp„ R h iz o p u s  
sp., M u co r  sp. and A l te m a r ia  sp dominated the populations on malt extract agar, while P e n ic ill iu m  sp, C u r v u la r ia  sp. 
D re sc h le ra  sp. and N e u r o s p o r a  sp formed the rest of the populations.
Keywords : Fungal population. Lager beer from Nigeria, Sorghum grain, Hop pellet, Yeast inoculum, Intermediate 

and final products.

M anufacture o f b eer  is  on e o f th e  im portant 
in d u str ies in  Nigeria. W ith in crea se  in  p op u lation , 
slow  econom ic grow th and d evelop m en t, there is  
a n eed  to  h a r n e ss  loca lly  p rod u ced  food m ateria ls  
for feeding th e  exp an ding  brew ing in d u str ies. T h is  
will reduce im port of barley, thereb y sav in g  th e  
m u ch  n eed ed  foreign exch an ge earn in gs. S orghum  
h a s  b een  accepted  a s  a cereal, su itab le  for producing  
African b eer (Okafor an d  A n ichie 1987) an d  is  
w idely u sed  a s  a n  ad ju nct w ith  oth er cerea ls  for 
the production  o f sp ark ling  an d  clear lager b eer  
(Anichie 1982; D ham ija an d  S in gh  1978).

It is  w ell kn ow n  that, d u rin g food p rocessin g , 
a w ide variety o f m icroorgan ism s are fou n d  a s  
con tam in a n ts o n  raw  m ateria ls, in term ed iates and  
final food p rod u cts an d  is  o ften  controlled  b y  
fum igation  (R agh un ath an  et al. 1974). S om e of  
th ese  m icrob es have b een  reported to c a u se  spoilage  
of food s or are p ath ogen ic  to  co n su m ers. In 
Nigeria, the sorg h u m  cu ltiva tion  is  con fin ed  to  
N oth em  p arts and con seq u en tly , m o st brew ing  
in d u stries b u y  sorgh u m  from  different so u rces  and  
m arkets. T h is, in  turn , in crea ses  th e  probability of 
the grains carrying different m icrobes an d  it b ecom es  
n ecessary  to co n d u ct q u ality  te s ts  o n  the raw  
m aterials. The research  in vestigations to  com plim ent 
the routine te s t s  ca n  throw  m ore light on  
the sou rce an d  id en tity  o f th e  m icro b es n ot on ly  
in  the raw m ateria ls b u t a lso  in  in term ed iates and  
final p rod u cts. K nowledge o n  th e  m icrob es m ay  
lead to u n d erstan d in g  th e  origin an d  ecology o f th e  
p op u lation  an d  p o ssib le  effective w a y s o f controlling
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them . T h is in vestigation , therefore, s e e k s  to  find  
th e  id en tity  o f  fu n gal p op u la tio n  d u rin g  th e  
p rocessin g  o f sorgh u m  for lager b eer  p rod u ction  
an d  d is c u s s e s  th eir  role in  c a u s in g  h ea lth  h azard s.

R a w  m a t e r i a l s  : S orgh u m  (S o r g h u m  b ic o lo r  L. 
M oench) a 'local red Nigerian' variety , w a s  ob ta in ed  
from  O ba m arket, A kure, N igeria. H op p e lle ts  and  
y ea st w ere su p p lied  b y  B en d el B rew eries, B en in city , 
Nigeria an d  N igerian B rew eries L im ited L agos, 
Nigeria, respectively .

M a l t i n g  : The m odified  m eth o d  o f S k in n er
(1976) w a s  u sed  for b eer  m ak ing . S org h u m  gra in s  
(400  g) w ere stee p ed  in  tap  w ater for 16 h  at 28°C  
an d  sp read  on  a p rev iou sly  w a sh e d  con crete  floor. 
The gra in s w ere tu rn ed  an d  sp rin k led  w ith  w ater  
three tim es daily at 8  h  in terval for 5 d a y s at a  
tem perature b etw een  25 -35°C . M alting w a s  stop p ed , 
w h en  the p lu m u le  an d  radicle len g th  m ea su red  
ab ou t 3 .8  cm . M alting w a s  ch eck ed  b y  ch ew in g  few  
gra in s on  ea ch  su c c e ss iv e  day, for a sw eet ta s te  
d evelop m en t (u su a lly  th e fifth day). T he germ in ated  
gra in s w ere sep arated  an d  oven  dried at 50°C . R oots  
an d  sh o o ts  w ere rem oved b y  gen tle  b ru sh in g , 
w eigh ed  to  d eterm ine th e  m altin g  lo s s  (K um ar et 
al. 1991; C h an d rash ek ar an d  D esik a ch a r  1983). 
M alted sorg h u m  w a s  grou n d  fairly co a rse  in  a  
b len d er m ill to ob ta in  a gr ist an d  la ter  th e  g ra in s  
w ere sieved .

M a s h i n g  : A n in ten siv e  m a sh in g  w ith  three  
sta ge  d ecoction  sy s te m  w a s  u sed . T he grou n d , 
m alted  sorgh u m  (240  g) w a s  stirred  w ith  w a ter  (860  
ml). The m a sh  w a s  m ain ta in ed  at 35°C  for 3 0  m in  
in  a  w ater b ath  w ith  c o n sta n t stirrin g  a n d  th en  
allow ed to rest for 5 m in . T he tem p era tu re  w a s
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Increased gen tly  to 52°C an d  th e n  allow ed to rest  
for smother 2 0  m in  at th is  tem peratu re. O ne-third  
of the m ash  w a s  tak en  an d  h ea ted  to  72°C  an d  
allowed to rest for 2 0  m in , before it w a s  returned  
to the m ain  m ash . T h is d iversion  p ro cess  w a s  
repeated three tim es.

Saccharification test : C onversion  o f starch  to  
su gar w a s tested  b y  ad d ition  o f few  drops o f 0 .2  
N iodine so lu tion  to  th e  m a sh  sam p le . The m a sh  
w a s th en  boiled  for 10 m in  to  in activate th e  
enzym e. After 2 0  m in , it w a s  filtered to ob ta in  th e  
sw eet wort. The resu ltin g  sw eet w ort w a s  h eated  
to boiling for 1.5 h , before adding h op  p e lle ts  (1 .5  
g) and HC1 (0 .2  ml). T h en , it w a s  cooled  for 3 0  
m in  and filtered.

Pitching of the wort : W ith the ad dition  o f  
Saccharomyces carlsbergensis, th e  filtered wort w a s  
incubated  at 5°C, d u rin g  w h ich  it w a s  ag itated  at 
3 0  m in  interval for a tota l o f  4  h . T hen, it w a s  
in cubated  at 10°C.

Primary fermentation: The y ea st in  the decanted  
m ixture con ta ined  a lcoh ol an d  su gar. After two  
w eeks, the m atu red  b eer  w a s  filtered through  
K iselghur and W hatm an No. 1 filter paper. S u gar  
and dried y ea st w ere added  to th e  b eer  an d  allow ed  
to stan d  for lh .

Bottling and pasteurization: The m atured  filtered  
beer w a s  poured in to  ster ile  c lea n  green  b ottles, 
corked and p asteu rized  at 68°C.

Isolation and identification of fungi : S orghum  
seed s  u sed  for th e  prod u ction  w ere su rface  
sterilized in  1% sod iu m  hypochlorite  so lu tio n  and  
th en  w ash ed  in  5 ch a n g es  o f ster ile  d istilled  w ater, 
before plating ou t o n  p otato  d extrose agar (PDA), 
m alt extract agar (MEA), C zapek D ox agar (CDA) 
and wort agar (WA).

S am p les from  th e  m a sh , w ort, u n p a steu rized  
and p asteurized  b eer w ere co llected  a t variou s  
stages. Five g. sam p le  w a s  su sp en d ed  in  4 5  m l 
of bacteriological p ep ton e in  100 m l cap acity  
flask s, agitated for 5 m in  a t 5 0 0  rpm  o n  a  rotatory  
sh ak er (Labline In stru m en ts, Illinois, USA, M odel 
3521) and allow ed to  settle . The su p ern a ta n t w a s  
filtered into te st  tu b e  u s in g  No. 1 W h atm an  filter 
paper. Serial d ilu tio n s w ere m ad e an d  0 .1  m l w a s  
pipetted on  to ster ile  m ed ia , a s  n am ed  above. All 
th e  m e d ia  w e r e  s u p p le m e n t e d  w ith  0 .3 %  
streptom ycin  su lp h a te  to prevent th e  grow th of  
bacteria. In cubation  w a s  at 28°C  u p to  7 days. 
D uring th is  period, fu n gal grow th w a s observed  
daily u n der th e m icroscop e for m orphology and  
structural ch aracteristics. F u n gal co lo n ies  w ere

also  cou n ted  an d  their ch aracteristics were com pared  
w ith  literature d escr ip tion  a n d  illu stra tio n s (Barnett 
an d  H unter 1972; K onen  an d  R oberts 1985).

V ariations in  th e  p op u la tio n  o f fu n g i w ere  
ob served  on  different m ed ia  (Table 1). F ungi 
p op u la tio n s from  w ater h ad  th e  lea st  c o u n ts , w hile  
h op  p e lle ts  co n ta in ed  th e  h ig h e s t  p op u la tion . 
Altemaria sp . w ere iso la ted  from  y e a s t, w h ile  
Rhizopus, Aspergillus, Dreschlera, Fusarium, 
Curvularia an d  Pénicillium sp e c ie s  w ere fou n d  on  
m alted  sorgh um .

TABLE 1. FUNGI POPULATIONS ISOLATED FROM VARIOUS 
MEDIA USED

Colony-forming units (cfu) per g or ml on
Sample Potato Malt 

dextrose extract 
agar agar

Czapek
Dox
agar

Wort
agar

Mean
value

Sorghum grains 1424 2016 1368 632 13.6x10*
Water 2 3 2 1 2
Malted sorghum 2320 3064 1816 800 2x 10s
Hop pellets 15980 8800 lOOOO 5220 lxlO4
Yeast culture 120 72 48 160 1x 10*
The samples of mash (before and after saccharification) wort 
and beer (unpasteurized and pasteurized) were negative for fungi 
in all media.

Curvularia, Mucor a n d  Neurospora sp e c ie s  
form ed th e  fu n gal p o p u la tio n  o n  h op  p e lle ts  
(Table 2). M ost o f th e se  sp e c ie s  are spore-form ers  
an d  are w ell k n ow n  storage fun gi, w h ich  are  
c o m m o n  o n  c e r e a l s e e d s . T h e Z y g o m y ce te s , 
com p risin g  o f Rhizopus sp . an d  Mucor sp , an d  the  
A sco m ycetes (Neurospora sp .) co n st itu te  2 5  and  
10% o f th e  tota l p op u la tion , resp ectively . The 
D eu terom y cetes form ed th e  largest group.

It is  n atu rally  exp ected  th a t m icroorgan ism  will 
b e fou n d  on  th e  su rfa ce  o f s e e d s  like sorg h u m  and

TABLE 2. DISTRIBUTION OF FUNGAL SPECIES ON 
VARIOUS COMMODITIES 

Commodities
Fungal
species

Sorghum
grains

Water Malted
sorghum

Hop
pellets

Yeast
culture

Colony forming units (cfu) per g or ml
A l te m a r ia  sp. 672 0 800 0 400
A s p e r g i l lu s  sp. 691 0 1505 0 0
C u r v u la r ia  sp. 545 0 862 2x 10" 0
D r e sc h le r a  sp. 550 0 890 0 0
F u s a r iu m  sp. 522 0 802 0 0
M u co r  sp. 670 4 0 lxlO4 0
N e u r o s p o r a  sp . 544 1 800 3x10* 0
P é n ic illiu m  sp. 556 0 114 0 0
R h iz o p u s  sp. 690 3 2x 10s 0 0
Total 5x10s 8 8x 10* 4x l04 4x10*
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other raw m ateria ls, s in ce  there h ad  b een  earlier  
reports o f their occu rren ce (K om m edahb an d  C hang
1970). W hat is  relevant in  th is  s tu d ie s  is  th e  b eer  
production. It i s  a lso  p o ssib le  th a t th e  m icrob es  
w ere con ta m in a n ts  from  th e  p ro cess in g  procedure  
or th e  en viron m en t itself. A s p e r g i l l u s  sp . and  
P é n ic i l l iu m  sp . are so il sap rop h ytes. T hey produce  
n u m erou s sp oran g iosp ores an d  res is ta n t con id ia , 
w hich  are th e  a g en ts  for survival an d  d isp ersa l 
(Eve 1980). T h ese  fungi a tta ck  gra in s an d  have  
u n desirab le effects, su c h  a s  p rod u ction  o f tox in s, 
w hich  m ay c a u se  severe illn ess  su ch  a s  haem orrhage, 
liver dam age an d  d eath . A s p e r g i l l u s  sp . produce  
aflatoxin, w h ich  m ay  c a u se  p ath ologica l ch a n g es  in  
th e liver. F u s a r i u m  sp . a lso  p rod u ce tox in s, w h ich  
cou ld  have p ath ological c h a n g es  in  th e  b lood  an d  
sym ptom s u su a lly  in clud e fever, h ead ache, diarrhoea, 
n a u sea  an d  vom itting during th e  first few  d ays  
(Fraziere an d  W esth off 1978).

The variou s fu n g i fou n d  in  th is  in vestigation  
have som e sim ilarities w ith  th o se  reported  b y  earlier 
w orkers on  b arley (H arrison et al. 1974), b u r u k u t u  
and p i t o  (O gbonna et al. 1983). N one o f th ese  
toxigenic fun g i w a s  fou n d  in  th e  m a sh  dow n to 
th e final product. Therefore, there is  le s s  fear ab ou t  
th e effect o f th eir  to x in s  throu gh  b eer  co n su m p tio n  
on h u m a n  b ein gs.
References
Anichie GN (1982) Studies on the brewing of lager beer from 

sorghum and other local Nigerian raw materials. Ph.D. 
Thesis, University of Nigeria, Nsukka, Nigeria

Barnett HL, Hunter RB (1972) Illustrated Genera of Imperfect 
Fungi. 2nd ed. Burgess Publishing Company, Minneapolis, 
Minn

Chandraskekar A, Desikachar HSR (1983) Sorghum quality 
studies. Part 1. Rolling quality of sorghum in relation to 
some physico-chemical properties. J  Food Sci Technol 20: 
281-284

Dhamija SS, Singh DP (1978) Adjuncts in brewing I, Bajra and 
sorghum J Food Sci Technol 15: 197-201 

Eve B (1980) Plant Pathogenic Viruses, Bacteria and Fungi 
Pests, Pathogens and Vegetation 1st ed. Pitman Advanced 
Publishing Program, London

Frazier WC, Westhoff DC (1978) Microorganisms of Importance. 
Food Microbiology, Tata McGraw Hill Publishing Co Ltd, 
New Delhi

Harrison J, Webb TJ, Martin BA (1974) The rapid detection 
of brewing spoilage microorganisms. J  Inst Brew 80: 390- 
398

Kommedahb T, Chang P (1970) Biological seed coating for 
control of seedling diseases. A principle for the future? 
American Seed Trade Association, Com and Sorghum 
Research Conference Report 25, pp 84-89 

Konem EW, Roberts GD (1985) Practical Laboratory Mycology.
3rd ed. William and Wilkins, Baltimore, MD 

Kumar LS, Prakash HS, Shetty HS, Malleshi NG (1991) 
Influence of seed mycoflora and harvesting conditions on 
popping and malting: Qualities of sorghum ( S o r g h u m  bicolor]. 
J Sci Food Agile 55: 617-625  

Ogbonna CIC, Onwuliri COE, Akueshi CO, Yilzung FO (1983) 
The microorganisms associated with locally prepared 
b u r u k u tu ,  p i to  and palm wine. Nig J  Biotechnol 1: 109-120 

Okafor N, Anichie GN (1987) Studies on the brewing of lager 
beer from Nigerian sorghum. J Food Sci Technol 24: 131- 
134

Raghunathan AN, Muthu M and Majumder SK (1974) Further 
studies on the control of internal fungi of sorghum by 
fumigation J Food Sci Technol 11: 80-81 

Skinner R (1976) Tropical lager brewing with sorghum malt. 
Brew Dist Int 6: 26-27

Received 7 October 1992 ; revised 19 July 1993 ; accepted 23 July 1993



J. Food S et Technol, 1994, VoL31, No.2, 151-152

Bacteriological Quality of Ice Cream Marketed in Tirupati,
A Pilgrimage Town of India

B . B H A R A T H  B H U S H A N  R E D D Y , Y . K O T IL IN G A  R E D D Y *, M . R A N G A N A D H A M
A N D  V . PA D M A N A B H A  R E D D Y

D ep artm en t o f D a ily  S cien ce ,
C ollege o f  V eterinary S cien ce , T iru p ati-517  5 0 2 , India.

Counts of mesophilic aerobes, collforms, aerobic spore formers and staphylococci in market samples of icecream 
varied in relation to the sources and packages. Higher counts of collforms were prevalent in samples collected from 
local vendors. Icecream samples from parlours and hotels showed higher staphylococcal counts. With reference to the 
packages, icecream sold in cups had higher counts of coliforms and staphylococci, while aerobic spore formers were 
on a higher side in icecream bars.
Keywords : Icecream, Bacteriological quality. Standard plate count, Coliforms, Staphylococci, Aerobic spore formers.

Ice cream  is  a p op u lar d elic iou s frozen dairy  
product. In sp ite  o f th e  sta n d a rd s laid  dow n for 
the m icrobiological q u ality  o f ice cream  (ISI 1964), 
the quality o f ice  cream  sold  in  m ark et fa lls  far  
below  the stip u la ted  m icrobiological s ta n d a rd s (Ajab 
Singh  et al. 1977; Patel an d  V yas 1971). The  
practices of h yg ien e an d  san ita tio n , prevailing in  
ice cream  industry , give am p le sco p e  for th e  entry  
of bacterial con ta m in a n ts , w h ich  p o se  ser io u s  
health  hazards. T he p resen t s tu d y  w a s  u n d ertak en  
to evaluate the m icrobiological quality  of ice cream  
sold  in  the tow n o f T irupati, w h ich  is  th e  b iggest  
pilgrimage cen tre o f India an d  con seq u en tly , a va st  
population o f people h ave a c c e ss  to th is  frozen  
dairy product.

S am p les o f different com m ercial va rieties  o f ice  
cream , sold  in  c u p s  an d  in  th e  form  o f bars, w ere  
collected  from h o te ls , p arlou rs an d  street h aw kers. 
Ice cream  sam p les , in  th eir  original p ack in gs, w ere  
brought to th e  laboratory in  an  ice  box. A  total 
of 4 7  sam p les o f  ice cream  w ere an a lysed  in  th e  
p resent stu d y. Prior to  a n a ly sis , sa m p les  o f  ice  
cream  w ere tem pered  to  25 -35°C . C ou n ts for 
m esophilic  aerob es (SPC), and coliform s in  ice  
cream  sa m p le s  w ere d eterm in ed  a s  p er th e  
procedures laid  in  Ind ian  S tan d ard s S p ecification  
{ISI 1964). S tap hylococci w ere en u m erated , following  
the procedure o f H arrigan an d  M cC ance (1976). For 
enum eration  o f aerobic sp ore form ers, the sa m p les  
were h eated  at 80°C  for 10 m in  to d estroy  th e  
vegetative form s an d  cooled  to room  tem perature, 
before p lating o n  agar u se d  to  en u m erate  m esop h ilic  
aerobes. The p la tes w ere in cu b ated  at 37°C  for 2 4  h  
(B uchanan an d  G ibbons 1974). T he data  obtained
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in  th e  p resen t s tu d y  w ere a n a ly sed  b y  th e  stan dard  
sta tistica l analytical m eth o d s (Snedecor an d  C ochran
1 9 6 7 ), u s in g  th e  lo g 10 v a lu e s  o f  o b se r v e d  
m icrobiological co u n ts .

T he c o u n ts  o f  m eso p h ilic  a ero b es  (SPC), 
coliform s, s ta p h y lo cocci an d  aerob ic sp ore form ers  
in  m ark et sa m p les  o f  ice  crea m  in  rela tion  to  
so u rces  an d  p ack a ges are p resen ted  in  T able 1.

TABLE 1. INCIDENCE OF MESOPHILIC AEROBES, COLIFORMS, 
STAPHYLOCOCCI AND AEROBIC SPORE FORMERS 
IN MARKET ICE CREAM

Bacterial counts (range), x 102 Cfu/ml
Sample Mesophilic Coli- Staphy- Aerobic

analysed aerobes forms lococci spore-
formers

Source
Hotels 11 100-1800 0-5 0-190. 2-2.95

(713.6) (1.7) (3-9) (1 .6)
Parlours 16 140-3650 0-11.5 0-19.5 1.9-11.3

(1498.8) (2.7) (4.7) (4.4)
Local
vendors 20 250-6500 0-4.85 0-5.5 0.3-25

(2062.5) (1.2) (1.4) (4.8)
Packages

Cups 32 100-6500 0-11.5 0-19.5 0.2-11.3
(1419.1) (1 .8) (3.7) (3.0)

Bars 15 400-4600 0-5.5 0-18 0.3-25
(1844.7) (1. 1) (1.9) (6.0)

Figures In parentheses Indicate mean values

A bout 12 .5  a n d  40%  of sa m p le s  co llected  from  
p arlours an d  v en d o rs h ad  SPC exceed in g  th e  laid  
dow n stan d ard  o f 2 5 0  x  103 C fu /m l. A m ong th e  
p ack ages, 1 8 .7  an d  26 .6%  o f c u p s  an d  b a rs  had  
SPC m ore th a n  2 5 0  x  103 C fu /m l. O n th e  sa m e  
lin es, 5 4 .5 ,8 1 .3  an d  65%  o f ice  cream  sa m p les  
collected  from  h o te ls , p arlou rs an d  loca l ven d ors  
h ad  coliform  c o u n ts  exceed in g  9 0 /m l,  w h ich  w a s  
m ore p red om in ant am on g c u p s  (78%). A m ong the
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TABLE 2. ANALYSIS OF VARIANCE OF VARIOUS BACTERIAL 

PARAMETERS (IN LOG UNITS) OF ICE-CREAM 
COLLECTED FROM DIFFERENT SOURCES (HOTELS, 
PARLOURS AND LOCAL VENDORS) AND DIFFERENT 
PACKAGES (CUPS AND BARS)

Bacterial Different sources Different packages
counts Sum of Mean 'F' Sum Mean T

squares sura value of sum value
of squa- of

squa- res squa-
res res

Mesophilic 1.2448 0.6224 4.3585* 0.5420 0.5420 3.4900“
aerobes 6.2851 0.1428 6.9881 0.1553
Coliforms 5.5526 2.7763 2.2546“ 1.9290 1.9290 1.6011“

54,1821 1.2314 54.2157 1.2048
Staphy- 1.2954 0.6477 0.5987“ 4.3012 4.3012 4.3403*
lococci 47.5995 1.0818 44.5940 0.9910
Aerobic
spore- 1.7656 0.8828 83.2800”  0.4013 0.4013 2.0800“
formers 0.4656 0.0106 8.6770 0.1928
*P<0.05, *• P<0.01, NS : Not significant, DF for sources Is 2 
and for error is 44 for all the common traits, DF for packages 
is 1 and for error is 45 for all the common traits.

three typ es o f so u rces , sa m p les  o f  ice  cream  from  
h o te ls  a n d  p a r lo u r s  h a d  h ig h e r  c o u n t s  o f  
stap h ylococci and aerobic spore form ers, w ith  not 
m u ch  difference am on g p ack ages.

In earlier s tu d ie s  (S u iy an a raya n a  Rao an d  
D u d an i 1962; T hatti et al. 1969), ab out 50%  
m arket ice cream  sa m p les  h a d  SPC o f m ore th a n  
2 5 0  x  103 C fu /m l. S im ilarly, 57%  o f m arket ice  
cream  sa m p les  co llected  in  B om bay h ad  coliform  
co u n ts  exceed in g  9 0  C fu /m l (Thatti et al. 1969). 
W ith reference to  th e  co u n t o f coliform s in  ice  
cream  so ld  in  d ifferen t p a c k a g e s , a  s im ila r  
observation  to  th e p resen t stu d y  w a s  m ad e by  
Sarada and M ushtari B egu m  (1991), w h erein  ice  
cream  b ars h ad  low er coliform  co u n ts . T he co u n ts  
of stap h y lococci an d  aerobic spore form ers recorded  
in  th e p resen t s tu d y  a lso  fin d s agreem en t w ith  th e  
co u n ts  recorded in  earlier s tu d ie s  (R ajalakshm i 
1983; P illai et al. 1990).

A n a lysis o f variance b etw een  th e  3  so u rces  of 
sam p les an d  b etw een  2 form s o f p ack a ges are

p resen ted  in  Table 2 . W ith reference to  c o u n ts  of  
m esop h ilic  aerob es an d  aerob ic sp ore  form ers, 
there w ere sign ifican t d ifferen ces b e tw een  sa m p le s  
from th e 3  sou rces. However, n o  sign ifican t difference  
w a s  observed  b etw een  th e  2 p a ck a g es . O n  th e  oth er  
h a n d , in  c a s e  o f  c o u n t s  o f  c o lifo r m s  a n d  
s ta p h y lo c o c c i, n o  s ig n ific a n t  d ifferen ces  w ere  
observed  b etw een  th e  3  so u rces . In rela tion  to  
p ack ages, sign ifican t d ifference w a s  ob served  in  th e  
sta p h y lo cocca l c o u n ts , w h ile  it w a s  n o t so  in  c a se  
o f coliform  co u n ts .

The r e su lts  o f th e  p resen t s tu d y  in d ica ted  th a t  
a  con sid erab le  n u m b er o f ice  cream  sa m p les , 
m ark eted  in  th e  pilgrim  tow n  o f T irupati, h arb o u r  
a good  n u m b er  o f coliform s, s ta p h y lo co cc i an d  
aerobic spore form ers, w h ich  m ay  p o se  ser io u s  
p u blic  h ea lth  h azard s.
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Removal o f Glucose from Hen Egg Using Glucose Oxidase 
and Catalase Co-immobilized in Hen Egg White Foam

Matrix
K A M A L R O O K H  Z . M A R O L IA  A N D  S .F . D 'SO UZA *

Food T echnology an d  E nzym e E ngineering D ivision ,
B h ab h a  A tom ic R esearch  C entre, Trom bay, B o m b a y-40 0  0 8 5 , India.

A novel technique has been developed for obtaining a porous hen egg white foam matrix containing co-immobilized 
glucose oxidase and catalase. The technique involved cross-linking of the foamed egg white along with the enzymes 
using 0.75% glutaraldehyde for 1 h. The foamed matrix was mechanically very stable and could be reused in 10 
batches for the removal of glucose from eggs, without loss in activity.
Keywords : Glucose removal, Eggs. Glucose oxidase, Catalase, Immobilized enzymes, Hen egg white foam matrix.

One o f th e m ajor p rob lem s in  th e  m an u factu re  
of dehydrated egg p rod u cts, is  th e  occu rren ce of 
brow ning b eca u se  of th e  p resen ce  o f g lu co se  (0.4%) 
in  egg m elan ge (Scott 1953). T h is not on ly affects  
th e quality o f th e  p roduct b u t a lso  d ecrea ses  its  
solub ility  and n u trition al va lu e. R em oval of g lu co se  
from egg prior to  d ehydration  is  norm ally  carried  
out by ferm entation  w ith  y e a st  c e lls  (Satyanarayana  
Rao and M urali 1985), m ain ly  b e ca u se  o f its  
eco n o m ic  fe a s ib il ity . T h is  p r o c e s s , h o w ev er , 
occasiona lly  lea d s to  m u s t in e s s  an d  off-flavour  
developm ent during storage (Kline et al. 1954). 
C ontam ination  of th e  final p rod u ct b y  y ea st a lso  
lim its its  ap p lication  in  va rio u s food m ix es. Som e  
of th ese  p rob lem s have recen tly  b een  obviated by  
u sin g  im m obilized y e a st  c e lls  (D’S ou za  an d  G odbole
1989). E nzym atic rem oval o f g lu co se  from  egg, 
u sin g  g lu cose  ox id ase  an d  ca ta la se , is  th e m ost  
preferred m eth o d  (P itch er 19 8 0 ). C om m ercia l 
application, how ever, h a s  b een  h am p ered  m ain ly  
due to the h igh  co st o f en zym es. In order to obviate  
th ese  problem s, efforts are b ein g  m ad e recen tly  to  
im m obilize th ese  en zym es for their reu se  (Sankaran  
et al. 1989). T he p resen t com m u n ica tion  d elin ea tes  
a novel m ethod  for co-im m obiliza tion  o f g lu cose  
oxidase and ca ta la se  in  h en  egg w h ite foam  m atrix  
and its  u se  in  the rem oval o f g lu cose  from  egg  
m elange.

G lucose ox id ase  (EC 1 .1 .3 .4 ) (4 3 0  U /m g , from  
Aspergillus niger), ca ta la se  (1 ,0 0 0  U /m g , from  b eef  
liver) were ob tained  from  S igm a C h em ica ls C o., St. 
Louis, USA w h ile g lu tarald eh yd e w a s  ob tained  from  
Polyscience Inc. W arington. Leghorn variety o f eggs  
were procured from  th e  loca l m arket.

‘ Corresponding Author

Immobilization of glucose oxidase and catalase 
in hen egg white foam  matrix : F resh  egg w h ite  (100  
ml) w a s  m ixed  w ith  2 5 0  m g  o f g lu co se  ox id ase  and  
2 5 0  m g o f ca ta la se , follow ed b y  g lu tara ld eh yd e to 
a final con cen tration  o f 0 .75% . T he m ix tu re w a s  
im m ed iately  foam ed by v igo rou s stirring, u s in g  an  
overhead stirrer. T he foam  w a s  k ep t u n d istu rb ed  
for 1 h  at 26°C , to  allow  for cross-lin k in g , after  
w h ich  it w a s  cu t in to  b lo ck s o f 3 x 3 x 3  cm 3 each , 
an d  w a sh ed  w ith  d istilled  w ater. E x c e ss  a ld ehyd e  
gro u p s w ere b lock ed  b y  in cu b a tio n  in  0 .5  M 
eth an olam in e (pH 7.0) for 1 h . T he b lo ck s  o f  foam  
w ere w a sh ed  aga in  w ith  w ater an d  u se d  a s  a sou rce  
of im m obilized  g lu co se  o x id a se  an d  ca ta la se . The  
u n foam ed  b lo ck s w ere prepared  b y  m ix in g  egg  
w h ite w ith  g lu tarald eh yd e w ith o u t foam ing, followed  
b y in cu b ation  u n d er  sta tion ary  co n d itio n s  for 1 h  
at 26°C . The gel b lo ck s w ere w a sh ed  a s  describ ed  
earlier.

Removal of glucose from eggs : F resh  eggs w ere  
w a sh ed , soa k ed  in  2% b lea ch in g  pow der so lu tio n  
for 3 0  m in , follow ed b y  w ater an d  su rfa ce  dried. 
The egg s w ere b rok en  an d  th e  egg w h ite  a n d  yo lk  
w ere b len d ed  u s in g  a n  em u lsifier  (type L 56-3 . R em i 
M otors, Bom bay). T he egg w a s  em u lsified  at 1000  
rpm  for 2 m in . Egg m ela n g e  (1 3 5  m l), eq u iva len t  
to 3  eggs, w a s  m ixed  w ith  tw o (3 cm )3 b lo ck s of 
im m obilized  en zym e an d  stirred  gen tly  o n  a rotary  
sh a k er  at 26°C for th e  required  tim e interval.

Analytical methods : G lu cose  ox id ase  and  
ca ta la se  w ere a ssa y ed  a s  d escr ib ed  earlier (Kaul et 
al. 1986; D 'S ou za  an d  N a d k a m i 1980a). G lu cose  
w a s estim ated  u s in g  g lu co se  ox id ase  an d  peroxidase  
(Bergm eyer an d  B e m t 1965). It involved  d ilu tion  
of egg m elan ge (1 ml) w ith  8  m l d istilled  water, 
an d  p recip itation  o f p ro te in s b y  0 .5  m l o f 10%

1 5 3
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sod iu m  tu n g sta te  an d  0 .5  m l o f su lp h u ric  acid.
The con d itio n s for preparation  o f h en  egg w hite  

foam  m atrix con ta in in g  g lu co se  ox id ase an d  ca ta lase  
were optim ized. F oam ing o f egg w h ite , along w ith  
glutaraldehyde w a s  fou n d  to  b e e sse n tia l for 
stab ilization  o f th e  foam  m atrix . A ddition  of 0 .75%  
glutaraldehyde (final con cen tration ), follow ed by  
in cu b ation  for 1 h  u n d er  sta tion ary  con d itio n s, 
resu lted  in  a m ech an ica lly  sta b le  foam . The effective  
volum e occu p ied  by the foam  m atrix  obtained  from  
100 m l of egg w h ite w a s  ab ou t 3 0 0  cm 3. T he m atrix  
w a s spongy, p orou s and m ech an ica lly  stab le  to  
sh ak in g  an d  stirring con d ition s.

E fficiency o f g lu cose  rem oval from  egg m elan ge, 
u sin g  unfoam ed and foam ed h en  egg  w h ite  m atrix  
contain ing b ou n d  en zym es, w a s  stu d ied  in  a b a tch  
process. T he k in etics  o f g lu co se  rem oval is  sh o w n  
in  Fig. 1. M atrices ob ta ined  from  th e  sa m e in itia l 
volum e o f egg w hite have b een  u se d  for com p arison . 
Freshly prepared foam ed m atrix  w a s  ab le to rem ove  
over 95%  of g lu co se  in  5 h , a s  com pared  to th e  
unfoam ed m atrix, w h ich  cou ld  rem ove only 40%  
glucose under sim ilar conditions. C ontrols containing  
h en  egg w h ite  foam  b lock s, w ith o u t th e  en zym e, 
did not sh o w  an y  d esu garin g  ability.

In order to exam in e th e  stab ility  tow ard s reu se , 
the enzym e b ou n d  foam  m atrix  w a s  retrieved from  
the egg m elange an d  w a sh ed  thorou gh ly  w ith  w ater  
and reu sed  in  a fresh  b a tch  o f m elan ge. The

Fig. 1. Kinetics of glucose removal by hen egg white matrix from 
egg. □  Reuse 1-9, ▲  foamed matrix (1st use), 
•  unfoamed matrix

Fig. 2. Reuse of Immobilized enzyme for desugaring.
efficiency o f th e  foam ed b lock , to  rem ove g lu co se  
from  eggs, w a s  fou n d  to  in crea se  after Initial u se . 
T h u s, from  th e  seco n d  u s e  on w ard s, th e  tim e  
required for d esu garin g  w a s  red u ced  to  3  h  (Figs. 
1 an d  2). S im ilar en h a n cem en t in  im m obilized  
enzym e activ ity h a s  b een  reported  w ith  oth er  
sy s te m s  (M essing 1985). T h is h a s  b e e n  attr ib uted  
to  the en zym e active s ite s , in itia lly  b e in g  b ou n d  
to  the carrier or to  ad jacen t en zym e m o lecu le s .  
S in ce  th e affin ity o f th e  active s ite  is  grea ter  for 
th e  su b stra te , th a n  th a t for e ith er  th e  carrier or 
the adjacent en zym e m o lecu les , th e se  s ite s  b ecom e  
availab le, a s  th e  su b stra te  (glucose) d iffu ses  in to  
the v icin ity  of th e  b o u n d  s ite s  in  th e  d ep th  o f th e  
pore (M essing 1985). T he im m obilized  en zy m es  
w h en  n ot in  u se , w ere stored  a t 4°C in  5 0  mM  
p h osp h ate  buffer (pH 7.0) w ith o u t lo s s  o f  activ ity, 
for a s tu d y  period o f 15 d ays.

E v en  th o u g h  g lu c o s e  o x id a s e  h a s  b e e n  
im m obilized  on  va rio u s p articu la te  su p p o r ts  for th e  
preparation  o f g lu con ic  acid  (D 'Souza an d  N a d k a m i  
1980b), rem oval o f  oxygen  from  b eer  (H artm eier an d  
W illox 1981) and in itiation o f lactoperoxidase sy stem s  
in  m ilk  (Haul et al. 1986), n o t m a n y  rep orts  h ave  
appeared  on  th e  u se  o f th is  tech n o lo g y  for rem oval 
of g lu co se  from  eggs (San karan  et al. 1989). T h is  
is  m ain ly  due to  lim ita tion s o f p articu la te  su p p o r ts  
in  v iew  o f h igh  p ressu re  d rop s, h in d ered  flow  
ch ara cter istics  an d  a lso  d ifficu lties in  th e  com p lete  
an d  ea sy  retrieval o f im m obilized  en zym e from  
stirred tan k  reactors, w hile treating v isc o u s  su b tra tes  
like egg m elan ge (Sankaran  et al. 1989). S om e o f  
th ese  problem s ca n  be obviated b y  u s in g  im m obilized  
g lu co se  ox id ase  on  p oro u s su p p o r ts  w ith  large  
d im en sio n s a s  in  the p resen t stu d y . P orou s su p p o rts  
are cu rren tly  ga in in g  con sid era b le  im p o rtan ce  in  
b iotech n ology , in  v iew  o f th eir  low  d iffu sion a l 
p rob lem s (Sh ank ar et al. 1985). A s com p a red  to  
th e  com p lex  tech n iq u es  cu rren tly  u se d  for th e
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preparation o f su c h  p oro u s su p p o rts, the u n iq u e  
property o f egg w h ite  to  form  a sta b le  foam  h a s  
b een  utilized in  the p resen t stu d y  to  develop a novel 
technique for ob ta in ing  a h igh ly  p orou s h en  egg  
w h ite foam  m atrix . It h a s  s im p lic ity  in  it s  
preparation. In ad d ition  to  im m obilizing g lu co se  
oxidase, it c a n  find  fu tu re  p o ten tia l for th e  
im m obilization o f oth er en zym es and ce lls . E ase of  
availability in  a read y -to -u se  form , low  co st, and  
a palatable protein  n atu re m ak e it a  u se fu l su p port  
for im m obilization (D 'Souza and N a d k a m i 1981; 
D 'Souza et al. 1985; K aul et al. 1984).

The first au th or is  th an k fu l to  CSIR for a 
scholarsh ip .
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Effect of Soy Milk Supplementation on the Coagulation 
Time, Green Cheese Composition and Losses o f Milk

Components in Whey
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Except for proteins, the cow milk contained higher total solids, fat, acidity and ash as compared to soy milk. 

The coagulation time of cow milk with calf or microbial rennet was similar. The addition of soy milk to cow milk 
increased the coagulation time of the blend. Yield and titratable acidity of whey decreased with the Increase in proportion 
of soy solids in blend, whereas reverse was true for the total solids, protein and ash. The yield of cheese increased 
with increase in the proportion of soy solids in the blend. The moisture content of cheese made from cow milk using 
both the enzymes was similar, but it increased with the increase in the soy solids in the blends. A slight decrease 
in protein and fat of cheese made from various cow:soy milk blends with the microbial rennet was observed. A slight 
increase in salt content was found in cheese made with higher soy solids in the blend. Increases in titratable acidity, 
soluble protein and free fatty acid values of cheese were observed with increases in proportions of soy solids in the 
cow: soy milk blends.
Keywords : Soy cheese, Soy milk, Cow milk, Calf and microbial rennets, CoagulaUon time, Cheese composition, Whey 

losses.
C h eese is  con sid ered  a s  th e  b e s t  w ay  of 

conserving su rp lu s  m ilk  (D avis 1965). A m ong th e  
ch eese  varieties, Cheddar, a m ed iu m  hard  ch eese , 
is  popular all over th e w orld an d  th is  is  th e  variety  
that is  u su a lly  m ad e in  India d u e to  its  b etter  
keeping quality, co n su m er  accep tab ility  an d  m ild  
flavour (Scott 1979). In sp ite  o f sign ifican t in crease  
in  m ilk  production  in  th e  country, flu id  m ilk  is  not 
available to  a com m on  m a n  d u e to  en orm o u s  
increase in  p op u lation . S oy  p rote in s are u n iq u e  
am ong p lant p rotein s b y  virtue o f their  relatively  
high biological va lu e  an d  e sse n tia l am ino acid  
con ten t and are w idely u se d  in  m eat p reparations  
(Padda et al. 1985). Therefore, the fortification of 
various m ilk  p rod u cts w ith  soy b ean  cou ld  solve th e  
problem  o f m ilk  n on -ava ilab ility  (Kellor 1971; 
Schroder et al. 1973; K um ar an d  A ngelo 1983). 
Sin ce th e  u se  of ca lf  ren n et is  b an n ed  in  th e  
country d u e to relig iou s sen tim en ts , m icrobial 
rennet is  being u sed  for ch e e se  m an u factu re. 
H ence, a  m icrobial ren n et h a s  b een  u sed  in  th e  
presen t s tu d ie s  for m ak ing  c h e e se  from  ad m ixtu res  
of cow  m ilk  and so y  m ilk. C h eese , th u s  obtained , 
w as com pared  w ith th a t ob tained  b y  u s in g  ca lf  
rennet.

S o u r c e  o f  m a t e r i a l s  : Cow m ilk  w a s  obtained  
from L ivestock  R esearch  C entre, N agla of th e  *

* C o r re sp o n d in g  A u th o r . ‘P r e s e n t  A d d r e s s  : P la n ta t io n  P ro d u c ts  
a n d  F la v o u r  T e c h n o lo g y  D e p a r tm e n t , C e n tr a l F o o d  T ec h n o lo g ic a l 
R e s e a r c h  In s t i tu te ,  M y s o r e -5 7 0  0 1 3 , In d ia .

U niversity. M ature so y b ea n s  o f variety  'PK-262' 
w ere ob tained  from  th e  U n iversity  Farm . M odilase, 
d ou b le stren gth  m icrobial ren n et, p rod u ced  from  
M u c o r  m ie h e i ,  an d  ca lf ren n et w ere ob ta in ed  from  
Chr. H a n se n s  L aboratory In c. D en m a rk  an d  
A u stra lia , respectively. S t r e p t o c o c c u s  l a c t i s  w a s  
ob tained  from  N ational D airy R esearch  In stitu te , 
K am al. B u lk  cu ltu re  w a s  prepared  b y  u s in g  cow  
sk im  m ilk.

P r e p a r a t io n  o f  s o y  m i l k  a n d  c h e e s e  : S oy  m ilk  
w a s  prepared a s  p er m eth o d  d escr ib ed  b y  N elson  
et al (1976). S tan dard ized  cow  m ilk  (ca se in /fa t= 0 .7 )  
w a s p asteu rized  to 145°F  for 3 0  m in  a n d  so y  m ilk, 
h eated  to 100°C for 5 m in , w a s  ad d ed  to  it in  
different proportions (95:5, 9 0 :1 0 , 8 5 :1 5 , 8 0 :2 0  and  
75:25). R equired a m o u n t o f b u lk  sta rter  cu ltu re  
an d  coagu lan t w ere ad d ed  to  d ifferent b le n d s  o f  cow  
m ilk  an d  so y  m ilk  a t 30°C . T he r e su lta n t  cu rd  w a s  
cu t w ith  ch e e se  k n ives an d  sca ld ed  u p to  37°C . After 
cooking, th e  w h ey  w a s  m ea su red  an d  a n a ly sed  for 
m ilk  com p on en t lo s se s . C h eese  sa m p le s  w ere a lso  
an a lysed  for th eir  com p osition .

A n a l y t i c a l  m e t h o d s  : M oisture in  c h e e se  w a s  
determ ined gravim etrically (MIF 1959), w h ile  protein , 
pH an d  tota l so lid s  w ere d eterm in ed  b y  sta n d a rd  
m eth o d s (ISI 1961). Fat, a sh  an d  titra tab le  acid ity  
of ch e e se  sa m p les  w ere determ in ed  b y  th e  m eth o d s  
recom m en d ed  b y  AOAC (1975). T he so lu b le  p rotein  
w a s  determ ined  b y  the m eth o d  d escr ib ed  by  
K osikow ski (1966). The free fatty  a c id s  (g m o le s /
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TABLE 1. COMPOSITION, TITRATABLE ACIDITY, pH, COAGULATION TIME OF COW MILK, SOY MILK AND THEIR BLENDS’
Blend Moisture, Total Fat, Protein, Ash, Titratable PH Clotting*milk : Soy milk % solids, % % % acidity, % time,% lactic acid sec

100 : 00 87.2 12.8 4.50 3.28 0.65 0.14 6.6 176+100 : 00 175++
00 : 100 92.6 7.4 1.30 3.34 0.43 0.03 7.9 ND
95 : 5 87.6 12.4 4.00 3.45 0.61 0.09 7.0 274
90 : 10 87.8 12.2 4.07 3.29 0.58 0.10 6.9 381
85 : 15 88.1 11.9 4.10 3.28 0.56 0.11 6.8 559
80 : 20 88.4 11.6 4.15 3.31 0.54 0.12 6.7 738
75 : 25 88.6 11.4 4.19 3.29 0.31 0.13 6.7 906

1 Average of triplicate experiments *Calf and microbial rennets were used for clotting cow milk, while microbial rennet alone was 
used for clotting cow milk:soy milk blends,+ : Clotting time with calf rennet ++:Clotting time with microbial rennet. ND:Not determined.

g fat) were estimated as % oleic acid as per method 
described by Rama M urthy and Narayanan (1974). 
The requirement of c lo tting enzyme was determined 
as suggested by Davis (1965).

The results indicated tha t the cow m ilk  was 
richer in  to ta l solids, fa t and ash contents, except 
fo r proteins, as compared to soy m ilk  or the blends 
made therefrom  (Table 1). Soy m ilk  com position did 
not confirm  the findings of Chopra et al (1984). 
This could be due to a lteration in  soy m ilk  process 
in  which some of the soy solids m ight have been 
lost during filtra tio n  process. The titra tab le  acid ity 
of soy m ilk  was 0.03%. The present results are not 
in  agreement w ith  the findings o f M etwalli et al 
(1982a). This could be due to the use o f sodium 
bicarbonate during blanching in  the present studies,

which m ight have resulted in  lower titra tab le  acidity 
as compared to other reports (M etwalli et al. 1982a; 
Chopra et al. 1984).

A ddition o f soy m ilk  to cow m ilk  resulted in  
an increase in  the c lo tting  tim e (Table 1). The 
clo tting tim e of different blends (95:5, 90:10, 85:15, 
80:20 and 75:25) o f cow m ilk  and soy m ilk  were 
274, 381, 559, 738 and 906 sec, respectively. These 
values were higher than those fo r the control 
sample (175 sec). Increase in  c lo tting  tim e could 
be a ttributed to in h ib ito ry  effect o f soy m ilk  solids 
on enzyme. An alternate explanation is tha t the 
m ajority o f soybean proteins are o f g lobu lin  type, 
which contains free-SH groups. Therefore, there is 
a possib ility of occurrence o f in te raction  between 
soy protein and m ilk  casein, s im ila r to tha t reported

TABLE 2. COMPOSITION, TITRATABLE ACIDITY fTA), pH. AND YIELD OF GREEN CHEESE1 AND LOSSES OF MILK 
COMPONENTS IN WHEY1 OBTAINED FROM CHEESE MADE FROM DIFFERENT COW:SOY MILK BLENDS USING MODILASE

Blend*
milk : Soy milk

Moisture,
%

Total
solids,

%
Fat,
%

Protein,
%

Ash,
%

Yield,
%

ta ,
% PH Salt,

%
Lactose,

%
Soluble
protein,

%
Free fatty 
acids, p 

m ole/g fat
Green cheese

100 : 00 38.3 61.7 31.5 24.0 2.20 12.38 0.90 5.34 1.4 ND 1.11 10.5
100 : 00 37.9 62.1 31.1 25.0 2.19 12.86 0.92 5.30 1.4 ND 1.16 10.0
95 : 5 40.6 59.4 29.6 23.6 2.15 13.19 1.00 5.20 1.5 ND 1.08 11.0
90 : 10 40.8 59.2 29.1 23.0 2.11 13.45 1.11 5.10 1.5 ND 1.28 11.9
85 : 15 41.6 58.5 29.6 21.0 2.04 13.47 1.14 4.90 1.6 ND 1.29 13.3
80 : 20 42.4 57.6 28.3 21.0 2.02 13.47 1.15 4.85 1.7 ND 1.43 14.8
75 : 25 49.1 50.9 28.3 20.0 1.94 14.00 1.20 4.70 1.8 ND 1.32 16.3

100 : 00 93.0 7.0 0.7 0.80
Whey
0.58 70.95 0.18 5.00 ND 4.96 ND ND

100 : 00 92.9 7.1 0.6 0.89 0.59 69.05 0.18 5.01 ND 5.00 ND ND
95 : 5 92.9 7.1 0.6 0.93 0.58 66.82 0.17 5.04 ND 4.98 ND ND
90 : 10 92.8 7.2 0.7 1.04 0.57 65.24 0.16 6.42 ND 4.90 ND ND
85 : 15 92.8 7.2 0.7 1.08 0.58 65.00 0.14 6.51 ND 4.89 ND ND
80 : 20 92.7 7.3 0.8 1.10 0.55 62.73 0.13 6.52 ND 4.83 ND ND
75 : 25 92.6 7.4 0.9 1.18 0.54 60.43 0.13 6.80 ND 4.80 ND ND

1 Average of triplicate experiments ‘Calf and microbial rennets were used for clotting cow milk, while microbial rennet alone was 
used for clotting cow milk:soy milk blends. ND : Not determined.
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between casein and whey proteins, and it  in h ib its  
rennet action (Shalabi and Wheeloch 1976).

Composition o f green soy cheese : It is apparent 
from  Table 2 tha t the to ta l solids in  green soy 
cheese ranged from  50.95 to 59.40%. The tota l 
solids decreased as the proportion o f soy m ilk  
increased in  the blends. Increase in  % m oisture 
could be a ttributed to hydrophilic nature of soy 
proteins (Noyes 1969; Aworh et al. 1987). Fat and 
protein in  green soy cheese ranged from  44.30 to 
50.10% and 31.20 to 39.70% on dry weight basis, 
these values being highest and lowest in  green soy 
cheese made from  cow m ilk  to soy m ilk  ra tio  of 
95:5 and 75:25, respectively. The pH values of 
green soy cheese samples ranged from  4.70 to 5.20, 
these values being lowest and highest fo r the 
cheese made from  m ilk  and soy m ilk  blends at the 
ratio o f 75:25 and 95:5, respectively. The soluble 
proteins and free fa tty  acids ranged from  1.06 to 
1.32% and 11.00 to 16.30 p m oles/g fat, respectively. 
These values were at par w ith  contro l green cheese 
samples (Metwalli et al. 1982b; E l-Safty et al.
1979).

Losses o f milk components in whey : It is 
apparent from  Table 2 tha t m oisture, lactose, ash, 
yield and titra tab le  acid ity showed lower values 
w ith  the increase in  proportion of soy solids in  the 
blend, whereas reverse was true fo r to ta l solids, 
fat, protein and pH. The reason for the increased 
amounts of whey solids could be the in h ib ition  of 
rennet by the in teraction products of soy proteins 
and whey proteins (Shalabi and Wheelock 1976). 
High fa t losses in  whey may be because of the 
entrapment of fa t globules by the coagulated 
proteins, which would be proportionately reduced 
in  the blends (Davis 1965).
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Characterization of Pectic Substances from Selected
Tropical Fruits

E .C . NW ANEKEZI, O .C .G . ALAWUBA* AND C .C .M . M KPOLULU
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Abia State University, U turu , Abia State, Nigeria.

Pectin content of orange, lime, banana, mango, native mango, garden egg, avocado pear, pawpaw, cashew apple, 
star apple, tomato and guava fruits was studied. Mango had the highest pectin content of 1.8%, while tomato contained 
the lowest pectin (0.53%). The anhydrogalacturonic acid was the highest In mango, while it was the lowest in star 
apple. Solubility and viscosity of the pectin were found to increase with increasing methoxyl ester content. Jams of 
good gelation characteristics and acceptability were produced from some of these fruits.
Keywords : Pectins, Tropical fruits. Gelation, Jam, Pectin characteristics.

Fru its play an im portant role in  hum an diet 
as the source o f protein, calories, essential vitam ins 
and m inerals (Ihekoronye and Ngoddy 1985). In  
Nigeria, as well as other developing countries o f the 
world, trop ical fru its  are seasonal. Abundant fru its  
are harvested during the peak periods, bu t these 
deteriorate quickly due to the ir perishable nature. 
Indigenous preservation techniques to cu rta il the 
post-harvest losses are not only ineffective, bu t also 
inadequate to meet the volume of production. 
Modem scientific methods o f preservation, like 
refrigeration and controlled atmosphere storage, 
have been found to be technically and economically 
non-feasible in  developing countries. The search of 
alternative uses o f these trop ica l fru its  to maximize 
the ir u tiliza tion  and reduce losses is, therefore, 
v ita lly  im portant. This study was aimed at producing 
jam s from  a num ber of trop ica l fru its . Parameters, 
such as levels o f pectin, methoxyl ester and 
a n h yd ro g a la c tu ro n ic  ac id  and g e la tio n  
characteristics, were also studied.

F irm ly ripe fresh fru its  were purchased at Eke 
Okigwe m arket in  Imo State, Nigeria and used 
immediately. The fru its  studied included: star apple 
(Cry sophy Hum albidium), banana (Musa sapientum), 
pawpaw (Carica papaya), orange (Citrus sinensis), 
cashew apple (Anacardium occidentale), mango 
(Mangfera indica), avocado pear (Avocado avocado), 
garden egg (Solarium nigrum Linn), Lime (Citrus 
aurantifolid), tom ato (Lycoperisican esculentum), 
guava (Psidium guajava) and native mango (Irvingia 
gabonensis). Several workers have studied the 
nature of pectins from  the above fru its  (Surinder 
Kumar et al. 1985; Alexander and Sulebde 1980; 
Dhingra and Gupta 1984). In  our studies, the to ta l

* C orresp o nd in g  A u th o r

pectic substance (protopectin, pectic acid, pectates 
and pectinates) from  each fru it were extracted (Inoh 
et al. 1977). The m ethoxylester and anhydro­
galacturonic acid content o f pectin were determined 
using the method o f Schultz (1965). The tests were 
performed, in  trip lica tes, and the average values 
are reported. The physical properties (viscosity, 
so lub ility , reaction on heating and nature of 
precipitate) of the pectin samples were determined 
using the method of Towle and Christensen (1969). 
Jams were ind iv idua lly  made from  fresh fru its  w ith  
1% pectin content and high degree o f m ethylation 
using the method of Creuss (1967). Jam s were also 
made using a com bination o f fru its  w ith  pectin 
content more or less than 1%. The pH and sugar 
content o f the gel were m onitored during jam  
preparation (AOAC, 1970). Sensoiy evaluation was 
conducted by a panel consisting of tra ined persons 
using a 9 point Hedonic scale to determine the 
overall acceptability and preference fo r the banana, 
orange, lim e, orange/banana, and orange/garden 
egg jam s, using qua lity  a ttribu tes such as colour, 
aroma, taste and texture or consistency (IFT Sensory 
Evaluation D ivision 1981).

Pectin content o f fruits : Mango showed the 
highest pectin level and tomato the lowest (Table 1). 
Pectin content in  these fru its  decreased in  the 
follow ing order : banana, pawpaw, orange, cashew 
apple, guava, lim e, garden egg, avocado pear, native 
mango, sta r apple and tomato. Thus, mango, 
banana, pawpaw, orange, cashew apple, guava, and 
lim e, w ith  pectin content o f 1% and above, are 
expected to produce good gels (Ihekoronye and 
Ngoddy 1985). Mango pectin has the highest 
methoxyl ester content, w hile it  was the lowest in  
star apple. There are two types o f pectins - the
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TABLE 1. RESULTS OF METHOXYL ESTER CONTENT, 
ANHYDROGALACTURONIC ACID. PECTIN YIELD AND 
MOISTURE CONTENTS OF FRUITS

MEO, AGA, Pectin Moisture
Sample % of % of yield, content,

pectin pectin % of the 
fruit pulp

% of the 
fruit pulp

Star apple 8.68 9.38 0.60 75.00
Banana 46.68 51.98 1.10 88.40
Pawpaw 69.44 79.74 1.60 87.24
Orange 36.37 44.37 1.35 90.45
Cashew apple 25.93 36.02 1.28 92.34
Mango 76.14 81.64 1.80 87.20
Avocado pear 46.60 51.60 0.73 83.10
Garden egg 60.15 65.75 0.90 80.00
Lime 56.28 69.65 1.00 87.50
Tomato 43.40 45.30 0.53 78.40
Guava 40.26 47.36 1.26 84.12
Native Mango 22.86 36.86 0.72 81.00
MEO - Methoxyl ester content, AGA - Anhydrogalacturonlc acid 
content.

high m ethoxyl pectin (60-75% esterification) which 
is used fo r sugar - pectic acid gels, and the low 
methoxyl pectin (20-45% esterification) which is 
used fo r Ca2+ pectinate gels. Based on th is  
classification, pectins from  garden egg, pawpaw, 
and mango have high m ethoxyl pectin, while 
pectins from  native mango, cashew apple, orange, 
guava, tomato, banana, avocado pear and lim e have 
low methoxyl pectin (Table 1). The p u rity  o f the 
pectin samples can be judged by anhydro- 
galacturonic acid content. The results showed that 
mango pectin, w ith  anhydrogalacturonlc acid content 
of 81.6% is purest, while star apple pectin w ith  
anhydrogalacturonic acid content of 9.38% (Table 1), 
was the most im pure.

Physical properties o f the extracted pectins : The 
so lub ility  of the pectin samples, extracted from  
different fru its , decreased in  the follow ing manner: 
mango, banana, pawpaw, orange, cashew apple, 
guava, lime, garden egg, avocado pear, native 
mango, star apple and tomato. This is in  accordance 
w ith  the order o f decreasing m ethoxyl ester content. 
The results also agreed w ith  those o f Towle and 
Christensen (1969). Present results indicated tha t 
viscosity was d irectly related to temperature, thus 
displacing a non-Newtonian flow. This agreed w ith  
the study on the physical characteristics of pectin 
as reported by Stoddart et al (1969). However, a 
colloidial precipitate was obtained upon addition of 
95% ethanol to the pectin solution. When centrifuged 
and washed w ith  acetone, it  gave a stringy white 
precipitate. Towle and Christensen (1969) had

earlier observed s im ila r precipitate of pectin. Ewart 
and Chapman (1952) had suggested tha t dissolving 
cha ra c te ris tics , appearance o f s o lu tio n  and 
precipitate obtained follow ing addition o f alcohol 
are useful pre lim inary tests fo r identifica tion  of 
pectin.

Nature of gel form ed : The pectins from  mango, 
banana, lime, and orange met the requirem ents fo r 
pectin content and /o r degree o f m ethoxylation. 
They also gave th ick  gels, when heated w ith  70% 
sugar at pH between 3.2 and 3.5. Mango, however, 
was found to have quick setting potentials, because 
of th e ir lower m ethoxyl ester content (Desroisier
1970). Pawpaw, in  spite of its  high pectin and 
m ethoxyl ester contents, d id not form  strong gel 
and th is  could be a ttribu ted  to other factors tha t 
influenced gelation (Ihekoronye and Ngoddy 1985). 
The gelation of banana, lime and orange is attributed 
to the ir pectin contents. Gels prepared from  cashew 
apple and guava at pH 3.2 w ith  70% sugar had 
flowing characteristics, because of the ir low methoxyl 
ester content. Those prepared w ith  avocado pear, 
native mango, star apple and tomato could not gel, 
pa rtly  because the pectin contents were less than 
1% and had low m ethoxyl ester content. The gels 
formed w ith  the extracted pectin showed gel- 
graining characteristics, ind icating the presence of 
excess sugar. They, therefore, have a lower 
requirem ent fo r dehydrating agent, a characteristic, 
which is common w ith  low m ethoxyl ester pectin. 
Hence, th is  w ill be more useful in  m aking of low 
sugar or calcium  pectate gels (Hetman 1970). In  
spite of the high degree of m ethylation of firm  and 
m ature garden egg, the gels formed were almost 
flowing. This was because of the insu ffic ien t am ount 
of pectin. As a result, when it  was m ixed w ith  fru it 
of high pectin content, such as orange, it  formed 
a strong gel.

Sensory evaluation : In  term s of colour, orange 
jam  was preferred to other jam s and was significantly 
different at 5% level from  orange/banana, lime, and 
banana jam s (Table 2). However, it  was not 
sign ificantly different from  orange/garden egg jam . 
Also in  term s o f taste, orange jam  was preferred, 
bu t was not sign ificantly different w ith  orange/ 
garden egg, orange/banana and lim e jam s. W hile 
there was no significant difference between the lim e 
and banana jam s in  term s o f taste, there was 
significant difference between orange, orange/garden 
egg and orange/banana jam s on one hand, and 
banana jam  on the other. Again, orange jam  was 
found to have the best texture among a ll other
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TABLE 2. SENSORY EVALUATION OF JAMS PREPARED FROM 
BANANA, ORANGE, LIME, ORANGE/BANANA AND 
ORANGE/GARDEN EGG.

Jam sample Colour Taste Aroma Texture
Orange 8.1* 8.0* 7.5* 7.8*
Orange/Garden Egg 6.7*b 7.1* 6.3* 6.6*b
Orange/Banana 6.2* 7.1* Ö-Ö1* 6.6*b
Lime 5.6» 6.6■ h 5.4J 5.8b
Banana 4.8” 5.2” 6.8b 5.8b
Any mean scores within each column followed by the same letter 
on superscript are not significantly different at 5% level by 
Tukey's test (SO.05). Higher values indicate greater preference.

samples, bu t was not sign ificantly different from  
lime and banana jam s. Grading the samples in  
terms of decreasing order o f overall acceptability 
is as per the order : orange jam , orange/banana 
jam , orange/garden egg jam , banana jam  and lim e 
jam .
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Feeding trials were conducted on albino rats for 28 days using reference casein diet, raw rice diet and the 
diets based on pressure parboiled rice as well as traditionally parboiled rice. Protein efficiency ratio (PER) did not 
vary significantly for different groups. However, PER value was the highest for rats fed on casein diet,followed by 
raw rice diet, pressure parboiled rice diet and traditionally parboiled rice diet respectively.
Keywords : Raw rice. Pressure parboiled rice. Traditionally parboiled rice, Casein, Rats, Protein efficiency ratio.

Parboiling of paddy, carried out to improve the 
quality of rice, is an age old practice. It involves 
a hydrotherm al treatm ent, in  which paddy is 
soaked, steamed and dried, w ith  a view to m ainly 
improve the m illing  quality. Several methods of 
parboiling are in  vogue in  different parts of world 
and the method of soaking paddy in  hot water 
followed by open steaming (CFTRI 1969) has been 
widely practised in  India, since long tim e. Lately, 
pressure parboiling of paddy by applying steam 
under pressure has been recommended (Iyengar et 
al. 1980, A li and Bhattacharya 1982). Some studies 
have been done by various workers on the effect 
of m illing  on the qua lity  of parboiled rice and 
control of spoilage (Raghavendra Rao et al. 1967; 
Vasan et al. 1981; K u lkam i and Bal 1986). Studies 
have been conducted on evaluation of protein 
quality of m illed raw rice (Bresseni et al. 1971; 
M urata et al. 1978) in  rats, using different protein 
levels. B ut studies u tilis in g  parboiled m illed rice are 
lacking . The present s tudy was, therefore, 
undertaken to find out the effect o f different 
parboiling treatm ents on n u tritio n a l qua lity of rice.

Parboiled rice, prepared by pressure parboiling 
(Iyengar et al. 1980 - soaking paddy in  water u n til 
it  attains 18% m oisture, followed by steaming at 
15 lb /sq . in. for 20 m in  and subsequent shade 
drying to 10-12% moisture) and trad itional parboiling 
(CFTRI 1969 - soaking paddy at 70±2°C for requisite 
time to a tta in  35% m oisture, followed by steaming 
at atmospheric pressure fo r 15 m in and drying to 
10-12% m oisture) were m illed and ground in to flou r 
for incorporating in to  diet. Raw m illed rice was 
used to constitute contro l diet and casein was used 
in  the reference diet. The diets, prepared according 
to the method of Chapman et al (1959), were 
isocaloric w ith  6% protein and adequate provisions

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

of vitam ins and m inerals. D iets w ith  6% protein 
levels were used because of the low prote in  content 
of rice. M urata et a l (1978) have also reported tha t 
low protein containing samples cannot be ru n  
above dietary protein level o f 5-7%. Weaning albino 
rats (24 days old), w ith  mean weights of 26-28 g, 
were obtained from  Departm ent o f B iochem istry of 
the University. There were 8 anim als in  each group 
(4 males and 4 females). The groups were so 
constituted tha t the average in itia l weights o f a ll 
groups were the same. The anim als were housed 
in  alum inium  cages and fed ad libitum. The ra ts 
of 24 days o f age have been also used by other 
workers (Singh et al. 1992; Gopal et al. 1988). 
Equal num ber of male and female rats have been 
included to overcome the effect o f sex on PER The 
mean values are reported fo r PER estim ations. 
Weighed am ounts o f diet were offered to ra ts every 
day. The food residues were collected, dried overnight 
at 110°C and weighed. The food consum ption of 
ind ividua l ra t in  each group was recorded. The 
anim als were weighed at weekly in tervals fo r a 
period o f four weeks and PER was calculated using 
the form ula:

Gain in  weight, g 
Protein efficiency ratio  = -------------------------------

Protein intake, g
A fter 4 weeks, the anim als were sacrificed and 
blood was drawn fo r determ ination o f haemoglobin, 
packed cell volume, red blood cell count and 
d ifferentia l leucocyte counts, according to methods 
given by Dacie and Lewis (1975). In  addition, the 
liver, heart, kidney and spleen were collected and 
weighed. S tatistica l analysis was done according to 
methods given by Guenther (1964).

Data showing average feed and prote in intakes 
by different groups are given in  Table 1. Interestingly, 
the diet intake by group fed on casein d iet was 
found to be least, thereby resu lting  in  lowest
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TABLE 1. EFFECT OF DIFFERENT DIETS ON AVERAGE FEED CONSUMED, PROTEIN INTAKE BY RATS AND PROTEIN
EFFICIENCY RATIO

Group Average Initial 
body weight of 

rats, g
Cumulative feed 

Intake in 
28 days, g

Total protein 
Intake In 

28 days, g
Total gain In 
weight after 
28 days, g

Protein
efficiency

ratio
Control rice diet 26 .4et2 .581 178.6118.99 10.71 >±0.54 21 .3414 .40 1.9810.4
Pressure parboiled rice diet 26.27±1.85 179.58110.18 10.7710.61 21 .8813 .19 1.8910.6
Traditionally parboiled rice diet 26.44±3.62 162.30113.59 10.1010.82 18.87*14.44 1.8610.4
Casein diet 26.44±1.35 123.3915.46 7.4810.33 16.1812.10 2.1810.3
F. Ratio N.S. 100.32* 100.30* 4.56* N.S.
CD value - 7.72 0.46 3.56 -

1 Mean ± S.D. (Standard deviation) N.S: non-significant. Values with dissimilar superscripts vary significantly. C.D. = Critical difference. * Significant variation.

protein intake. Among the rice diets, feed intake 
was highest fo r group fed the diet based on 
pressure parboiled rice. Protein in take varied 
significantly among groups. However, prote in intake 
for the control group and tha t fo r group fed on 
pressure parboiled rice did not d iffe r sign ificantly 
between themselves.

Data on weight gains (Table 1) by rats revealed 
significant variations between groups. W eight gains 
were significantly more fo r ra ts fed on diets based

were not s ta tis tica lly  significant.
Protein efficiency ra tio  (PER) d id not vary 

(Table 2) s ign ificantly fo r different groups. However, 
PER value was highest fo r ra ts fed on casein diet 
(2.18), followed by diets based on raw rice (1.98), 
pressure parboiled rice (1.89) and trad itiona lly  
parboiled rice (1.86), respectively. The PER values 
tended to decline w ith  processing treatm ent, though 
non-significantly. Parboiled rice digests m uch slower

TABLE 2. EFFECT OF DIFFERENT DIETS ON ORGAN WEIGHTS AND HEAMATOLOGICAL ANALYSIS OF BLOOD OF RATS.
Attribute Control rice 

diet
Pressure 

parboiled rice 
diet

Traditionally 
parboiled rice 

diet
Casein

diet
F. Ratio Critical

difference
value

Final body weight, g 49.1015.02 48.0512.52 46.6516.421 42 .4011 .54 3.12* 4.80
Spleen, g 0 .1510 .03 0.1110.01 0 .1210 .02 0.0819.91 14.96* 0.02
Liver, g 1.9610.26 1.7210.19 1.7910.18 1.3510.09 5.46* 0.07
Kidney, g 0 .5510 .04 0 .4810 .04 0 .4610 .08 0.3910 .02 11.51* 0.22
Heart, g 0 .2710 .03 0.2610.02 0.2110 .02 0 .2110 .02 7.27* 0.03
Haemoglobin, 

g / 100 ml blood 12.2510.25 11.3811.65 9.9511.21 12.3410.59 6.24* 1.31
Packed cell volume, 

m m /100 ml blood 36.0813.19 34.0614.35 29.9413.78 34.5314.31 N.S. N.S.
Red blood cells, 

million/ml blood 5.2310.14 5.0310 .40 4.5510.83 5 .9510 .47 5.89* 0.59
Total leucocyte 

count/ml blood 60501235 80381990 63631990 68131815 14.40* 6.77
Differential leucocyte 

count/ml blood
- Neutrophiles 29.0012.24 29.3813.16 39.2516.18 35.3812.5 11.90* 4.22
- Lymphocytes 68 .6311 .20 67.0013.91 57.7515.24 62.7512.44 16.88* 3.48
- Eosinophiles 1.2511.00 1.0010.71 1.7510.66 1.8810.70 N.S. N.S.
- Monocytes 0.3410.70 0.2510.43 0.7510.66 0.6310.45 N.S. N.S.
- Basophiles - - - - N.S. N.S.

Values with dissimilar superscripts vary significantly. * Significant variation.

on control and parboiled rice in  comparison to rats 
fed on reference diet. Among three rice based diets, 
the weight gains were highest fo r diet based on 
pressure parboiled rice. However, the differences

than raw rice on account o f lesser ease o f penetration 
of enzymes in  parboiled rice (Srinivasan and 
Venkatagiri 1939).

Data on absolute as well as % organ weights
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fo r spleen, liver, kidney and heart are given in  Table
2. Data revealed significant increases in  fin a l body 
weights for rats fed on a ll the three rice diets, as 
compared to those fed on casein. However, the 
three test diets did not vary sign ificantly among 
themselves. Weights o f different organs, from  rats 
fed on reference diets, were sign ificantly lower in  
most of the cases, in  comparison to other groups. 
This could be due to sm aller body weights as 
compared to other three groups. Values fo r 
haemoglobin (Hb), packed cell volume (PCV), red 
blood cell count (RBC) were found to be w ith in  the 
normal lim its  (Table 2). Basophiles were absent. 
PCV, eosinophiles and monocyte counts varied non- 
signiflcantly, whereas haemoglobin, RBC, TLC, 
neutrophiles and lymphocytes varied sign ificantly 
among the groups.

Rice, among the cereals, has been reported to 
have relatively good amino acid pattern and its  PER 
value varies from  1.38-2.56 depending on variety 
(Juliano 1972). In  present study, the PER in  range 
of 1.86-1.98 could be achieved fo r rice diets varying 
in  treatm ents, w ith  prote in adjusted to 6%. PER 
tended to decrease w ith  treatm ent, though the 
differences are s ta tis tica lly  non-significant. The 
decrease in  PER was more fo r trad itiona l parboiling 
as it  involved severe treatm ent. This m ight have 
been due to loss o f certa in water soluble protein 
fractions during the processing treatm ent, as 
reported by Anthoni Raj and Singarvadivel (1980), 
bu t the findings need fu rthe r verification by carrying 
out a detailed study on th is  aspect.
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Microorganisms associated with prawn pickle, stored at ambient temperature (3Q±2°C), were studied for 270 
days at regular intervals. A decrease in total viable count up to 60 days and a slight Increase thereafter were observed. 
Bacillus spp. were the dominant group comprising more than 50% of the total population, followed by Micrococcus 
spp. The population of anaerobic spore-formers increased with the increase In storage period. All the bacteria] isolates 
were positive for lipid hydrolysis, while only Bacillus spp. were able to liquefy gelatin. The initial bacterial flora were 
sensitive to low pH and higher salt levels, in contrast to higher salt and acid tolerance by the surviving bacterial 
flora during storage.
Keywords : Pickling, Prawn pickle. Bacillus, Micrococcus, Anaerobic spore-former, Staphylococcus.

Pickling is  an ancient form  of fish preservation. 
Pickled prawns are considered a delicacy and are 
generally expected to have a shelf-life of more than 
6 months at ambient temperature, w ithout any 
harm ful bacteria being present (Chandrasekhar
1979). Several reports are available on various 
aspects on bacteria l spoilage o f prawn during 
storage, the preparation o f pickled products and 
the ir quality changes during storage (Chandrasekhar 
et al. 1978; Chandrasekhar 1979; Tham puran and 
Gopa Kumar 1991; Chaudhari and Bose 1971). 
However, little  in form ation is available on the 
m icrobiology of pickled products during storage. 
Karunasagar et al (1989) have reported the 
m icroorganisms associated w ith  spoiled prawn 
pickles. The present com m unication reports the 
result of a study on the m icroorganisms associated 
w ith  the prawn pickle during storage at ambient 
temperature and the ir tolerance to various levels 
of pH and salt.

Frozen, peeled and undeveined, m ixed prawns 
of the species Parapenaeopsts stylifera and Penaeus 
indicus, procured from  local processing plant, were 
thawed and deveined. Prawn pickle was prepared 
from these m ixed prawns using standard recipe and 
methodology developed by th is  Institu te  (Abraham 
and Jeyachandran 1992). The pickle was packed 
in  clean dry bottles of 250 g capacity, sealed 
a irtigh t and stored fo r a period of 270 days at 
ambient temperature (30±2°C). Before sealing,' care 
was taken to prevent the exposure of meat and 
exclude the growth o f aerobic m oulds and yeasts 
for which a layer o f o il was ensured at the top 
to cover the solids. Samples were drawn at m onthly 
intervals fo r analyses.

* C orrespond ing  A u th o r

Titratable acid ity as % acetic acid and salt 
content o f the pickled prawn were determ ined by 
AOAC (1975) methods. The pH was measured after 
homogenising 10 g meat in  50 m l d is tilled  water. 
Total viable counts (TVC) and aerobic spore-formers 
(ASF) were enumerated on tryptone-glucose-yeast 
extract (TGYE) agar (Speck 1976). Anaerobic count 
(ANC) and anaerobic spore-formers (ANSF) were 
enumerated by MPN black tube technique using 
d ifferentia l reinforced c lostrid ia l m edium  (Collins et 
al. 1989). Isolates on TGYE agar plates were picked, 
purified and identified up to generic level as per 
standard key (Lechavellier et a l. 1980) and 
percentage com position calculated from  the to ta l 
population. The isolates were tested fo r gelatinolytic 
and lipo lytic  activities (Collins et al. 1989). Salt 
(sodium chloride) and pH tolerance o f selected 
isolates were examined using n u trien t broth (Salle
1961) w ith  varied pH (2.8 to 10.0) and salt (0 to 
16.5%) levels.

The pH of the prawn pickle ranged between 
4.71 and 4.79, while the salt content ranged 
between 3.53 and 4.03% during the entire storage 
period. T itra tab le  ac id ity , however, increased 
m arginally in  firs t 4 m onths and remained constant 
thereafter. The to ta l viable counts decreased in  firs t 
60 days and then showed a s ligh t increase (Table 
1). The aerobic spore-formers comprised more than 
50% of the viable bacteria l count throughout the 
storage period. These are also reported to be 
dom inant in  fish  pickles (Chandrasekhar et al.
1978). The counts of anaerobes and anaerobic 
spore-formers increased w ith  period o f storage. The 
air-tightness o f pickle bottles m ight have resulted 
in  a pa rtia lly  anaerobic conditions in  the pickle to 
favour the growth o f anaerobes. The ANC and ANSF

165



166
TABLE 1. BACTERIOLOGICAL CHARACTERISTICS AND TITRATABLE ACIDITY OF PRAWN PICKLE

Counts/g Bacterial composition,% Titratable
Storage,

days TVC ASF ANC ANSF Bacillus
sp.

Micrococcus
sp.

Gelatin
liqueflers

acidity, % 
acetic acid * 

(xlO-')
0 1.6X103 9.0x10a Z2 Z2 58.8 23.5 58.8 2.5

30 5.5x10a 4.5x10a 2 2 85.7 14.3 85.7 2.8
60 1.0x10a 6.0x10' 20 20 75.0 25.0 75.0 3.1
90 1.2x10a 6.5x10' 32 32 52.6 47.4 52.6 3.0
120 1.0x10a 8.0x10' 278 278 80.0 20.0 80.0 3.3
150 1.2x10a 9.0x10' 345 345 80.0 20.0 80.0 3.3
180 2.0x10a 1.0x10a 390 390 50.0 50.0 50.0 3.2
270 4x4x10a 2.7x10a 345 345 • 61.0 39.0 61.0 3.3

TVC = Total viable count ASF = Aerobic spore-formers, ANC = Anaerobic count, ANSF = Anaerobic spore-formers. * Values are 
mean of four determinations. Standard deviation values ranged between ± 0.001 and ± 0.008. The pickle samples contained 17.7% 
of Staphylococcus spp., immediately after preparation and 94 to 100% of lipase producers throughout the storage.
counts were the same during storage. These 
observations suggest tha t the anaerobes present in  
prawn pickle are spore-formers. Occurrence of 
anaerobic Clostridium perjringens type organisms, 
in  low numbers, in  oil-based egg pickles (Swamy 
et al. 1978), and anaerobic spore-formers in  
com m erc ia l p raw n  p ic k le s  (A braham  and 
Jeyachandran 1993) have been w ell documented.

Immediately after preparation o f the pickle, the

TABLE 2. THE CHANGING BACTERIAL FLORA IN PRAWN 
PICKLE AS INDICATED BY LAG PHASE IN DAYS

Isolates Acidophilic and halophilic nature of selected isolates
Immediately after 90 days afterpickling pickling

pH 4.4 Salt, 10.5% pH 4.4 Salt, 10.5%
Bacillus 1 4 5 1 2
Bacillus 2 4 3 1 3
Bacillus 3 ND ND 2 2
Micrococcus 4 3 6 2 1
Micrococcus 5 3 5 2 1
Micrococcus 6 ND ND 1 1
Staphylococcus 7 4 1 ND ND
Staphylococcus 8 
ND : Not done

3 1 ND ND

population was dominated by Bacillus spp., followed 
by Micrococcus spp. and Staphylococcus spp. On 
subsequent sampling, no Staphylococcus spp. were 
encountered. Neither the Bacillus spp. nor the 
Micrococcus spp. followed a definite pattern during 
storage. Their percentage composition varied between 
50 and 85 fo r Bacillus spp. and 14.3 and 50 fo r 
micrococcus spp. A ll iso lates o f the genera 
Micrococcus and Bacillus were found to show lipolytic 
activity, while only Bacillus spp. showed gelatinolytic 
activity (Table 1). Thus, the inherent m icroflora may 
bring about some changes in  the protein and lip id

components of the prawn pickle. The hydrolysis of 
lip ids by m icrobial lipases have been reported to 
cause serious qua lity deterioration in  seafoods 
(Khayat and Schwall 1983). Usha (1983) reported 
a rapid hydrolysis of groundnut o il, when used as 
a p ickling recipe, by Bacillus spp.

The selected pickle bacteria l flo ra  showed 
longer lag phase at lower pH (4.4) and at higher 
sa lt (10.5%) levels im m edia te ly a fte r p ick le  
preparation, as compared to those o f 90 days after 
p ickling (Table 2). These observations reveal tha t 
the in itia l bacteria l flora are sensitive to low pH 
and higher salt levels. The results of th is  study 
are in  accordance w ith  Karunasagar et al (1989). 
According to them, both acid and salt to lerant 
bacteria are responsible fo r spoilage o f prawn 
pickle.

The authors thank Dr. M. Devaraj, Dean, 
Fisheries College and Research Ins titu te , fo r keen 
interest and encouragement.

References
Abraham TJ, Jeyachandran P (1992) M icrobiological 

characteristics of prawn pickle. Paper presented at Third 
Asian Fisheries Forum, Asian Fisheries Society (Manila), 
Singapore, 26-30 October

Abraham TJ, Jeyachandran P (1993) Comparative microbiology 
of commercial and laboratory prawn pickles. Fish Technol 
30:81-82

AOAC (1975) Official Methods of Analysis, 12th ed. Association 
of Official Analytical Chemists, Washington, DC 

Chandrasekhar TC (1979) A method of processing and 
preservation of prawn pickles. Seafood Export J  11:15-18 

Chandrasekhar TC, Rudrasetty TM, Laxman Reddy PT, 
Ashwathnarayana C (1978) Utilisation of trash fish for 
human consumption. III. Studies on the development of fish 
pickle from Nemipterus Japónicas. Fish Technol 15:125-128 

Chaudhari, DR. Bose AN (1971) Bacteriological spoilage of 
canned prawn and its method of prevention. J  Food Sci 
Technol 8:183-186

Collins CH, Lyne PM, Grange JM (1989) Microbiological Methods, 
6th edn. Butterworths, London



167
Indrani Karunasagar, Venugopal MN, Jeyasckaran G, Sekar K, 

Karunasagar I (1989) Microorganisms associated with prawn 
pickle spoilage. J  Food Sci Technol 25:103-104 

Khayat A, Schwall D (1983) Lipid oxidation in seafood. Food 
Technol 37:130-140

Lechavallier MW, Seider RJ, Evans TM (1980) Enumeration and 
characteristics of standard plate count bacteria in chlorinated 
and raw water supplies. Appl Environ Microbiol 40:922-930 

Salle AJ (1961) Laboratory Manual of Fundamental Principles 
of Bacteriology, 6th edn. McGraw Hill Book Co, New York 

Speck ML (1976) Compendium of Methods for the microbiological 
Examination of Food. American Public Health Association, 
New York

Swamy V, Gowda AR, Krishnamurthy S (1978) Oil-based egg 
pickles. In : Proceedings of the symposium on fats and oils 
in relation to food products and their preparations. Central 
Food Technological Research Institute, Mysore, India, 
pp 56-59

Thampuran N, Gopakumar K (1991) Microbial profile of tropical 
proun Metapenaeus dobsonl during frozen storage. J  Food 
Sci Technol 28:371-374

Usha SK (1983) Microbiology of pickles and the constituents. 
M.H.Sc. Thesis. University of Agricultural Sciences, Bangalore, 
India.

R ece ived  6  M arch 1993; re v is e d  2 0  A u g u s t 1993; a c c e p te d  2 0  S e p te m b e r  1 9 9 3



J. Food S et Technol, 1994, VoL 31, No. 2, 168-170

Influence of Antioxidants on the Sensory 9 uality  and 
Oxidative Rancidity of Frozen Edible Oyster

T. JAWAHAR ABRAHAM*, S. BALASUNDARI, G. INDRA JASMINE AND P. JEYACHANDRAN
D ep artm en t o f F ish  P rocessin g  T echnology,

F ish eries C ollege an d  R esearch  In stitu te ,
Tam il N adu V eterinary an d  A nim al S c ie n c e s  U niversity, T u ticorin -628  0 0 8 , India.

Sensory acceptability and oxidative rancidity of antioxidant-treated edible oyster, frozen at -40°C and held under 
frozen storage (-18°C) condition, were investigated. The sensoiy acceptability declined steadily during storage and was 
accompanied by an increase in the oxidative rancidity of the product. Untreated and butylated hydroxy toluene (0.2% 
w/w) treated samples developed dark discolouration after two months of storage. Addition of clove powder (0.20% 
w/w) significantly reduced the oxidative rancidity, measured as thiobarbituric acid reactive substances, and improved 
the sensory acceptability of the product.
Keywords : Frozen edible oyster. Antioxidants, Butylated hydroxy toluene, Clove powder, Oxidative rancidity.

Lipid ox idation  during frozen storage is  on e of 
th e m ajor c a u s e s  o f deterioration  in  th e  quality  of 
p rocessed  bivalve m ea t (Ablett an d  G ould 1986). 
In ou r earlier paper, w e reported th e  quality  
c h a r a c te r is t ic s  o f  fr e e z e -d r ie d  e d ib le  o y s te r  
C ra sso s trea  m a d ra se n s is  (Preston) (Indra J a sm in e  
et al. 1990). A ttem p ts have a lso  b e e n  m ad e to  
reduce lipid oxidation through the u se  of antioxidants  
(Ablett et al. 1986; J eo n g  et al. 1990). It h a s  b een  
reported th a t oxidative deterioration  o f m eat lip id s  
can  directly alfect m a n y  quality  ch aracter istics  
su ch  a s  colour, flavour, tex tu re, nutritive va lu e and  
safety  (Pearson et al. 1 9 8 3 , Paw ar and M agar
1967). The p resen t s tu d y  w a s  a im ed  at com paring  
th e sen so ry  quality an d  oxidative rancid ity  o f  
farm ed edible oyster  in  control and antiox id an t-  
treated sam p les.

Live fa rm ed  e d ib le  o y s te r s ,  C r a s s o s tr e a  
m a d ra se n s is  (Preston), w ere co llected  from  th e  
oyster farm  o f C entral M arine F ish er ies R esearch  
Institute, Tuticorin . T he o y sters w ere dep u rated  in  
runnin g  w ater for 2 4  h  an d  sh u ck ed  b y  p lacing  
in  boiling w ater  for 5 m in . T he m ea t w a s  sep arated  
m an u ally  from  sh e lls , w a sh ed  w ell an d  kept in  iced  
condition  u n til freezing. B efore freezing, th e  oysters  
w ere treated differently. The first treatm en t w a s  
w ith  0.02%  (w /w ) b u ty la ted  hydroxy to lu en e  (BHT) 
a s  described  b y  J e o n g  et al (1990). The secon d  
treatm ent w a s w ith  0.20%  (w /w ) fine clove (S y zy g iw n  
sp.) powder. F inely  pow dered clove b u d  w a s  d irectly  
added to th e  oyster  m eat, th orou gh ly  m ixed  and  
packed. No preservatives w ere added  (untreated) in  
one lot for com p arison  p u rp o ses.

* Corresponding Author

The treated  an d  u n trea ted  o y sters  w ere p ack ed  
(300  g /p a ck ) in  low  d en s ity  p o lyeth y len e  (LDPE) 
film ic b a g s an d  frozen  a t -4 0 °C  for 9 0  m in  in  
co n ta ct p late freezer. T he frozen  b lo c k s  w ere p ack ed  
in  w axed  ca r to n s an d  stored  at -1 8 °C  for 5  m o n th s. 
The sa m p les  in  d u p licate  w ere p eriod ica lly  draw n  
an d  th aw ed  in  ru n n in g  w ater (30±1°C) for 6 0  to  
9 0  m in. M oisture and lipid co n ten ts  w ere determ ined  
b y AOAC (1975) m eth o d s. O xidative rancid ity , 
m ea su red  a s  2 -th iobarb ituric acid  (TBA) reactive  
su b sta n ce s , w a s  determ ined  b y  th e  m odified  m eth od  
a s  d escribed  b y  W oyew oda an d  Ke (1979) an d  
ex p ressed  a s  p  m o le s  o f  m e la n o ld e h y d e /k g  oyster. 
The free fatty  acid  (FFA) w a s  e stim a ted  b y  titrim etric  
m eth od  (Ke et al. 1976) an d  ex p ressed  a s  % oleic  
a c id /k g  fat. For sen so ry  eva lu ation , th e  oyster  m ea t  
sa m p les w ere cooked in  2% so d iu m  chloride so lu tio n  
for 5 m in  an d  served  to  a group  o f 6  to  7 sem i-  
tra ined  p a n e lists . The sen so ry  a ttr ib u tes  s u c h  a s  
colour, odour, ta ste , tex tu re , flavour a n d  overall 
accep tab ility  w ere recorded u s in g  a  5 p o in t H ed on ic  
sca le  (excellent 5 , good  4 , fair 3 , a ccep ta b le  2 , an d  
u n accep tab le  1) in  th e  op en  laboratory. T he sco res  
for each  a ttr ib u tes w ere pooled  an d  m e a n  sen so ry  
sco res  ca lcu la ted .

ANOVA w a s  u se d  to  d eterm in e th e  sig n ifica n ce  
o f difference am on g sa m p les . A  sim p le  correla tion  
w a s  u se d  to correlate (a) th e  m ea n  se n so r y  sc o r e s  
for overall accep tab ility  sco res  (OAS) w ith  TBA, FFA  
an d  storage period an d  (b) storage period  w ith  TBA  
an d  FFA for all sa m p les  (S n ed ecor an d  C och ran
1962). A  lin ear  regression  o f m e a n  se n so r y  sc o r e s  
for OAS an d  storage period  w a s  u se d  to  d eterm in e  
th e  shelf-life.

The m o istu re  co n ten t o f  frozen  o y ster  m ea t
168
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sam p les flu ctu ated  b etw een  76.23%  and 79.15% , 
w hile the total lipid co n ten t ranged  b etw een  2.37%  
and 2.46%  d uring  th e  storage. No m easu rab le  
d esiccation  o f oyster  m ea t occurred  th rou gh ou t th e  
storage period a t -1 8 °C . A  p rogressive in crea se  in  
FFA levels w a s ob served  w ith  period o f storage  
(P<0.01). The re su lts  p resen ted  in  T able 1 are in  
agreem ent w ith  th o se  o f A blett et al (1986). The  
TEA v a lu es  in  treated  an d  u n trea ted  sa m p les

sh o w ed  a d ecreasin g  trend  w ith  period  o f storage. 
A  h igh ly  n egative  correlation  ex isted  b etw een  OAS 
an d  storage period (PcO.Ol). T h ese  r e su lts  confirm  
th e  p r e v io u s  o b s e r v a t io n s  th a t  th e  s e n s o r y  
accep tab ility  o f b iva lves, h e ld  u n d er  frozen storage  
co n d itio n s, d eclin e stea d ily  (Ablett et al. 1986; 
J eo n g  et al. 1990). A  sig n ifica n t d ifference in  OAS 
(PcO.Ol) am on g sa m p le s  w a s  observed . T he clove  
treated  oyster  m ea t w a s  rated  good  com p ared  to

TABLE 1. FREE FATTY ACID (FFA) AND THIOBARBITURIC ACID (TBA) VALUES OF FROZEN STORED OYSTER MEAT

Storage,
days

FFA, % oleic acid/kg fat TBA, (X moles melanaldehyde/kg oyster
BHT-treated Clove-treated Untreated BHT-treated Clove-treated Untreated

0 0.8 0.9 1.0 7.4 8.9 8.7
30 1.8 1.5 2.5 8.5 9.0 9.8
60 2.1 1.9 2.6 12.0 10.0 11.8
90 2.7 2.5 3.6 16.5 13.0 17.0

120 4.3 3.5 5.0 19.3 14.0 20.5
150 4.9 3.9 5.1 21.5 14.0 22.3

SD range ±0.00 to ±0.42 ±0.06 to ±0.66 ±0.00 to ±0.56 ±0.15 to ±0.41 ±0.02 to ±0.45 ±0.13 to ±0.87
Values mean of four determinations, SD = Standard deviation.

show ed  an  in crea sin g  trend  (PcO.Ol), thereby  
indicating lipid ox id ation  du rin g  frozen storage. The  
TBA va lu e w a s  h igh  (P c0 .05) in  th e  u n treated , 
followed b y  BHT an d  clove-treated  oyster  m eat 
sam p les. The r e su lts  (Table 1) d em on stra te  th a t th e  
antioxidant treatm en t h ad  a n  im pact o n  th e  stab ility  
of th e oyster lip ids, th e  sa m p le  treated  w ith  clove  
being m ore stab le . J eo n g  et al (1990) reported th at  
natural v itam in  E acted  effectively a s  a n  antiox idant

th e o th er tw o sa m p les . S in ce  th e  co lo u r  o f th e  
clove-treated  oyster  m ea t w a s  ligh t brow n, th is  
attr ib u te  did n ot secu re  good  sco res . W ith resp ect  
to  ta ste , tex tu re an d  flavour, c love-treated  sam p le  
scored  h igh , follow ed b y  con tro l sa m p le  (Table 2). 
C love c o n ta in s  h ig h  a m o u n t o f e u g e n o l, a n  
an tiox id an t, an d  a  n u m b er  o f flavour en h a n cin g  
co m p o n en ts  (G opalakrishn an  et al. 1990) an d  th ese  
m igh t have im proved th e  accep tab ility  o f th e

TABLE 2. SENSORY EVALUATION OF FROZEN STORED OYSTER MEAT
Attributes OverallStorage,

days
Colour Flavour Odour Taste Texture acceptability

A B C A B C A B C A B C A B C A B C
0 4.5 3.8 4.5 4.3 4.8 4.0 3.8 4.8 3.8 3.5 4.8 4.0 3.8 4.8 4.4 4.1 4.4 4.2

30 4.5 3.5 4.5 3.8 4.5 3.8 3.8 4.8 3.8 3.5 4.6 3.8 3.8 4.3 4.0 4.0 4.3 4.1
60 4.0 3.5 4.0 3.6 4.3 3.8 3.8 4.6 3.6 3.4 4.5 3.8 3.8 4.2 4.0 3.8 4.1 3.9
90 3.8 3.2 4.0 3.4 4.2 3.5 3.4 4.5 3.6 3.3 4.2 3.8 3.8 4.0 4.0 3.6 3.9 3.9
120 3.8 3.0 4.0 3.3 4.0 3.3 3.2 4.3 3.6 3.2 4.0 3.6 3.6 4.0 3.8 3.5 3.8 3.7
150 3.4 3.0 3.8 3.2 3.6 3.2 3.0 3.5 3.4 3.2 3.6 3.4 3.5 3.5 3.5 3.3 3.5 3.4

A = BHT-treated B = Clove-treated and C = Untreated
on the lip id s o f th e  J a p a n e se  oyster, a s  com pared  
to BHT during frozen storage. In th is  stu d y , th e  
clove powder w a s found  to  be a n  effective antioxidant 
and the oxidative rancidity w a s retarded sign ificantly  
(P<0.05).

The OAS for th e  frozen oyster  m ea t sa m p les

product. It w a s  n o ticed  th a t th e  u n trea ted  and  
BH T-treated sa m p les  d evelop ed  dark  d isco lou ra tion  
after tw o m o n th s  o f storage. S u ch  tren d  w a s  a lso  
reported b y  J e o n g  et a l (1990). T he d icolouration  
observed  in  th is  c a se  m a y  b e  d u e  to  in teraction  
b etw een  th e hydrolysed  p ro d u cts  o f  lip ids and
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protein  co m p o n en ts o f oyster.
A  sign ifican t (PcO.Ol) n egative  correlation  w a s  

observed b etw een  TBA an d  OAS, an d  FFA an d  OAS 
for all th e sa m p les  (Table 3). The r e su lts  reveal th at  
oxidative rancid ity  d o es  p lay  a n  im portant role in  
declin ing sen so ry  quality  an d  accep tab ility  o f frozen  
oyster m eat. The c love-treated  oyster  m ea t w a s  
estim ated  to  be acceptable for 2 7 8  d a y s a s  com pared  
to 2 3 5  and 2 3 7  d ays for BH T-treated an d  un treated

TABLE 3. CORRELATION COEFFICIENTS BETWEEN
DIFFERENT PARAMETERS

Correlation coefficient (r)
Parameters

BHT-treated Clove-treated Untreated
TBA VS OAS -0.990* -0.937* -0.933*
FFA vs OAS -0.961* -0.975* -0.916*
OAS vs storage

period -0.989* -0.990* -0.971*
TBA vs storage

period 0.989* 0.950* 0.962*
FFA vs storage

period 0.980* 0.990* 0.975*
* P < 0.01

sa m p les , resp ectively , b a se d  o n  TVB-N lev e ls  
(B alasundari 1992). H owever, b a sed  on  th e  linear  
regression  o f OAS an d  storage period, all th e  
sam p les w ere estim a ted  to  b e  accep tab le  for m ore  
th an  12 m o n th s. T h u s, th e  clove pow der cou ld  be  
effectively u sed  a s  a n  an tiox id an t in  frozen oyster  
m eat.

The au th ors th a n k  Dr. M Devaraj, D ean , 
F isheries College an d  R esearch  In stitu te . T uticorin  
for k een  in terest an d  en cou ragem en t.
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Lactic acid  bacteria  (LAB) h ave a n  im portant 

role in  food preservation . B esid es , th ey  are k n ow n  
for their th erap eu tic  properties an d  beneficia l h ea lth  
effects. The grow ing b io tech n olog ica l p ro cesse s  in  
the developing w orld h ave op en ed  u p  n ew  v is ta s  
of research , covering tech n o log ica l a sp e c ts  o f  LAB. 
T hese a sp ec ts  are to  b e  e sta b lish ed , after a 
thorough s tu d y  is  u n d erta k en  o n  a large n u m b er  
of sp ec ies  and s tra in s  o f th is  group o f bacteria. O n  
th e b a s is  o f ab ove-m en tion ed  n eed s, there is  
requirem ent for a critical ap p raisa l o f th e  current 
developm ents in  th e  s tu d y  o f LAB. It is  to  th e  credit 
of Dr. Seppo S a lm in en  an d  Dr. vo n  W right, th e  
in ternationally  recogn ised  exp erts, th a t a  com plete  
book on  lactic acid  bacteria  h a s  b een  ed ited  and  
pu b lish ed  a s  a reference b ook  u n d er  th e  ser ie s  of 
Food S c ien ce  an d  T echnology. T he ed itors have p u t  
forth all th e ir  efforts to  provide an  im p ressive  and  
m u ch-needed  reference book, illustrating th e current 
developm ents o f LAB, w h ich  are sp read  over 14  
ch ap ters an d  h a s  1 3 0 0  literature c ita tio n s. T h is h a s  
b een  m ade p ossib le  b y  th e  va lu ab le  con tr ib u tion s  
from 2 4  in tern ation ally  recogn ised  experts. A g lan ce  
at the co n ten ts  g ives a g lim p se  o f th e  different 
a sp ects  o f LAB in  relation  to  foods an d  n utrition , 
w hich have b een  ex ten sive ly  covered  in  th is  book. 
It h a s  b een  p u b lish ed  b y  M arcel D ekker, Inc., u s in g  
acid-free paper a s  p er th eir  tradition , in  printing  
of books.

The ch ap ter  o n  c la ssifica tio n  an d  physio logy  
of LAB, p resen ted  b y  A x elsso n , h igh ligh ts recent 
taxonom ic rev ision s su g g estin g  th a t LAB com prise  
th e  fo l lo w in g :A e r o c o c c u s ,  C a r n o b a c t e r i u m ,  
E n te r o c o c c u s ,  L a c to b a c i l lu s ,  L a c to c o c c u s ,  L e u c o n o s to c ,  
P e d io c o c c u s ,  S t r e p t o c o c c u s ,  T e t r a g e n o c o c c u s  a n d  
V a g o c o c c u s .  T he b a s is  for c la ssifica tio n  su c h  a s  
m orphology, m od e o f g lu co se  ferm entation , grow th  
at different tem p eratu res, con figu ration  o f th e lactic  
acid  p rod u ced , ab ility  to  grow  a t h igh  sa lt  
con cen tration s o f th e  lactic  acid  produced , ability  
to grow at h igh  sa lt co n cen tra tio n s and acid  or 
alkaline to leran ce h ave b een  p resen ted  in  detail. 
B esid es, th e ch ap ter  in c lu d es  som e o f th e  additional 
characteristics su c h  a s  fatty  acid  com p osition  and  
m otility u sed  in  c la ssifica tion . A n ew  d im en sion  
added to th is  a sp ect o f  s tu d y  h a s  b een  th e

m ea su rem en ts  o f  tru e p h ylogen etic  re la tio n sh ip s  
w ith  rRNA seq u en cin g , w h ich  h a s  a role to  p lay  
in  c la ssifica tion . N ew  to o ls  for c la ss ifica tio n  and  
identification  o f LAB h ave b e e n  b rou gh t in to  focu s, 
of w h ich , th e  m o st p rom isin g  for rou tin e  u se  are 
n u cle ic  acid  probing tech n iq u es , partia l rRNA gen e  
seq u en cin g , u s in g  th e  p o lym erase  c h a in  reaction  
an d  so lu b le  protein  p a ttern s.

M ayra-M aldnen an d  B igret h ave g iven  a n  in- 
d epth  know ledge a b o u t th e  v a r io u s in d u str ia l u s e s  
o f LAB, p articu larly  th o se  o f  m eso p h ilic  and  
therm ophilic  starters, w h ich  are u se d  b y  dairy  
industry. Two p rob lem s n am ely , (i) to  identify  th e  
co rresp o n d in g  g e n e tic  d e term in a n t o f  cer ta in  
p h y sio lo g ica l c h a r a c te r is t ic s  a n d  (ii) to  so lv e  
regulatory p rob lem s a n d  co n stra in ts , a s  far a s  
gen etica lly  m odified  m icroorgan ism s are con cern ed , 
a s  p u t forth b y  th e  a u th o rs  to  th e  research  
com m u n ity , are th e  h ig h lig h ts o f  th is  ch ap ter. The  
stab ility  o f LAB in  ferm en ted  m ilk s , p resen ted  b y  
Lee an d  W ong, e m p h a s ise s  th e  n eed  to  u n d erstan d  
th e factors d eterm in in g  th e  sh elf-life  o f m ilk -b ased  
p rod u cts, w h erein  th e  sta b ility  co u ld  b e  im proved  
th r o u g h  p r o d u c t  d e v e lo p m e n t  a n d  g e n e t ic  
m an ip u la tion  o f ce lls . T h is  ch a p ter  cov ers th e  m ajor  
LAB u sed  in  ferm ented  m ilk s  an d  th e  factors  
affecting survival o f  c e lls  in  m ilk  p rod u cts. The  
ch a p ter  on  LAB in  cerea l-b a sed  p ro d u cts  by  
Salovaara p resen ts  th e  s ig n ifica n ce  o f  lactic  acid  
ferm en tation s a s  a n  in tegral part o f cerea l food  
p ro cesses . In co m p a riso n  to  dairy p ro cesse s , th e  
research  in p u t o n  LAB in  cerea l food p r o c e sse s  is  
n om in al. In th is  b ack grou n d , th e  a u th or  h a s  
projected th e  n eed  to  carry o u t resea rch  on  th e  
traditional ferm en ted  cerea l foods, so  a s  to im prove  
q u a lity  a n d  a ttr a c tiv e n e ss  o f  th e se  fo o d s a s  
econ om ica l an d  n u tr itio u s  s ta p le  foods.

The p oten tia lity  o f LAB in  food preservation  
h a s  b e e n  a t tr ib u te d  to  th e  p r o d u c t io n  o f  
antim icrobial su b s ta n c e s . D av id son  a n d  Hoover 
have p resen ted  very p ertin en t in form ation  relating  
to ch em ica l or b io ch em ica l properties, antim icrobial 
sp ectru m , factors affecting activity, m ech a n ism  of 
a c tio n , g e n e t ic s  o f  p r o d u c tio n  a n d  p o te n tia l  
ap p lication  o f th e  v a r io u s in h ib itors p rod u ced  by  
sp e c ie s  o f L a c to c o c c u s ,  P e d io c o c c u s ,  L a c t o b a c i l l u s  
an d  L e u c o n o s t o c .  It is  w orth m en tio n in g  th e  a sp ect  
of con cern , p u t forth by th e  a u th o rs, relating to 
th e  d e v e lo p m e n t  o f  b a c t e r io c in - r e s i s t a n t  
s u b p o p u la t io n s  o f  fo o d b o m e  p a th o g e n s . T he
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p oten tia l im pact o f th is  res is ta n ce  n eed s to  be  
evaluated, prior to w h olesa le  u se  o f th ese  com p ou n d s  
in  foods. C onsidering th e  a d v a n ces m ad e in  g en etic  
engineering, W right an d  S ibakov have provided a  
'com prehensive p resen ta tion  o f g en etic  m odification  
of LAB through  th e  se c t io n s  o f p lasm id  biology, 
gen e transfer, g en etic  recom b in ation , DNA repair  
and gen e clon ing. M ost o f  th e  in form ation  p resen ted  
relates to  l a c to c o c c t  The a u th o rs  h ave h igh ligh ted  
th e n eed  to d ocu m en t m ore in form ation  relating to  
la c to b a c i l l i .

The ch ap ter o n  LAB in  h ea lth  an d  d isea se , b y  
S alm in en  et al, p re sen ts  a h igh ly  resou rcefu l 
inform ation about req u irem en ts o f  probiotic stra in s, 
m ech a n ism  o f action  o f LAB a s  p rob iotics and  
s tu d ie s  o n  LAB an d  h ea lth . The sec tio n  o n  in flu en ce  
of yogh u rt-con ta in in g  prep aration s o n  th e  sid e  
effects o f  radiotherapy a d d s a  n ew  d im en sion . The  
inform ation on  th e  m etab olic  activ ities o f l a c to b a c i l l i  
inhabiting GI tract, w ith  p articu lar reference to  
in te s t in a l d ru g  a n d  c h o le s te r o l m e ta b o lism ,  
presented  b y  L ich ten stein  an d  G oldin, is  w orth  
reading in  th e  light o f  th e  p resen t day  h ea lth  
problem s. A  h igh ligh t o f  th is  ch apter, h a s  b een  th e  
role played by ferm ented  an d  n on -ferm en ted  dairy  
products on  p la sm a  ch o lestero l. T he ch a p ter  b y  
M ikelsaar an d  M andar b r in g s in to  fo cu s  th e  current 
state of know ledge regarding th e  esta b lish m en t, 
survival an d  stab ility  o f sp ecific  LAB in  th e  h u m a n  
m icrobial ecosystem . S a lm in en  et al. have attem pted  
to provide a n  ou tlin e in to  th e a sp e c ts  con cern in g  
growth o f in testin a l l a c to b a c i l l i  an d  b ifido-bacteria , 
in  relation to carbohydrate su b stra te s . In th e  light 
of the above b en efic ia l e ffects of LAB, w h ich  have  
b een  very w ell accep ted , th e  p resen ta tio n  given  by  
D onohue et al. ab ou t tox icity  o f LAB, g ives am ple  
im p etu s to  research  w ork o n  tox icity  s tu d ie s  in  
anim al m o d els  for n ew er stra in s, esp ecia lly  th o se  
derived b y  b io tech n olog ica l p ro cesses .

The su b ject of LAB a s  an im al prob iotics h a s  
b een  elaborately p resen ted  b y  N o u sia in en  and  
Setata , w ith  a n  em p h a sis  on  g u t m icroflora in  p igs  
and calves. A n o u tsta n d in g  feature o f th is  ch ap ter  
h a s  b een  th e  inform ation  relating to p oten tia l of 
action  o f LAB a s  b iological perform ance en h an cers. 
The proposed  n ew  id ea  o f "mixed probiotics", b a sed  
on  a com b in ation  o f s tra in s  an d  n on -ab sorb ab le  
su gars, is  a n  area for creative research . The rapid  
advan cem en t in  th e  field o f b iotech n ology  h a s  
f o c u s s e d  a lo t  o f  r e s e a r c h  a t t e n t io n  o n  
B i f i d o b a c t e r i u m .  It is  to  th e  credit o f B allongue, 
for p resen tin g  a n  ex ten sive  literature, h igh ligh tin g  
im portant fu n ction a l a sp e c ts  su c h  a s  physiology,

m etab olism , re s ista n ce  to  a n tib io tics , in flu en ce  of 
ecological factors a n d  probiotic role. In c o n c lu s io n , 
th e  ed itors have projected very im p ortan t fu tu re  
tren d s in  research  o n  LAB an d  product d evelop m en t, 
w ith  em p h a sis  o n  ap p lica tion  o f n ew  m o lecu la r  
taxon om ic criteria a n d  in d u str ia l a p p lica tio n s o f  
m olecu lar  g en e tic s  research  o f  LAB, rela tin g  to  
d a ily , p rob iotics an d  an tim icrob ia ls.

T h is book, th e  first o f  i t s  k ind , devoted  en tirely  
to  lactic  acid  b acteria  is  rich  s to r e -h o u se  o f  
in form ation  ab ou t a rapidly ch a n g in g  an d  extrem ely  
im portant area o f food an d  n u tr itio n  research . T h is  
vo lu m e, w ith  la te st  literatu re c ita tio n s, p rov id es a 
better  u n d erstan d in g  a b o u t th e  p o ten tia l o f  LAB in  
n ew  ap p lica tion s an d  esp ec ia lly  o f  th e ir  role in  
h ea lth  an d  d ise a se s . T he b ook  is  in d isp en sa b le  to  
all th o se  w orking w ith  LAB a n d  ferm en ted  food s  
a s  w ell a s  feed  p ro d u cts a n d  is  a n  e s se n tia l  
resou rce for food sc ie n t is ts  an d  tech n o lo g ists . It w ill 
b e a n  a sse t  to  p o s s e s s  th is  b o o k  in  R  & D  
I n s t itu t io n s , U n iv e r s it ie s , o th er  o r g a n iz a t io n s  
co n n ected  w ith  food s a s  w ell a s  feed s a n d  th e  
G overn m en ta l a g e n c ie s  in vo lved  in  d ev e lo p in g  
regulatory p o lic ies  for h ea lth  p ro d u cts b a sed  o n  
LAB. F inally , th is  b o o k  w ou ld  serve a s  a n  im p ortan t 
in trod u ction  to  an y  s tu d e n t or sc ie n tis t  o f  food  
s c ie n c e  a n d  te c h n o lo g y  in te r e s te d  in  t h e s e  
develop m en ts.

M.C. VARDARAJ 
CENTRAL FOOD TECHNOLOGICAL 

RESEARCH INSTITUTE 
MYSORE-570 013

A n tim ic r o b ia l s  in  F o o d s  : S eco n d  E dition , revised  
an d  exp an d ed  : B y P M ichael D a v id so n  an d  
A  Larry B ran en , P u b lish ed  b y  M arcel D ekker, 
Inc., 2 7 0 , M adison  A ven u e, N ew  York, NY 
1 0 0 1 6 , USA, pp 6 4 8 , 1993; Price: U S $  195  
(Price su b ject to  ch a n g e  w ith o u t notice)
The in terest in  an tim icrob ia ls a n d  th e  role th ey  

play in  th e  food in d u stry  is  u n q u estio n a b le . D esp ite  
th e  c o n f l ic t in g  v ie w s  o n  t h e ir  s a f e t y ,  th e  
an tim icrob ia ls w ill co n tin u e  to  b e  o n e  o f th e  m o st  
im portant c la s s e s  o f food ad d itives, u n til so m e  
other equally  p oten tia l m eth od  ta k e s  over th e ir  
place. K eeping th is  in  v iew , th e  rev ised  an d  
exp an d ed  book  o n  " A n t i m i c r o b i a l s  i n  f o o d s "  is  a 
tim ely  and u se fu l reference b o o k  for resea rch ers , 
tech n o lo g ists , regulatory a g e n c ie s  a n d  s tu d e n ts  
w orking in  th e  field.

All th e  17 ch a p ters  ap p earin g  in  th e  b o o k  are  
o f h igh  quality, giving u p -to -d a te  in form ation  on  
variou s a sp e c ts  o f  an tim icrob ia ls. T he a u th o r s  h ave
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exhaustively  surveyed  literature on  every topic and  
have ably p resen ted  th em  in  a  very com p reh en sive  
m anner. The form at ad opted  for ea ch  ch ap ter  is  
excellent and h igh ly  accep tab le  to all c la s s e s  o f  
readers.

The ch em ica l a n d  p h y s ic a l p rop erties  o f  
additives inclu d ed  in  th e  b o o k  are b rief an d  at th e  
sam e tim e appropriate. T he b ook  a lso  provides  
u sefu l inform ation, su c h  a s  th e antim icrob ia l 
spectrum , m in im u m  inh ib itory con cen tration , LD^  
va lu es an d  variou s ap p lica tion s o f add itives. The  
brief a ccou n t o f a s sa y  m eth o d s an d  a new ly  added  
chapter on  "Chapter for Evaluation" will be of 
im m en se b en efit to a cad em ics, in d u stria l and  
regulatory research ers to  stan d ard ize , com pare and  
m ainta in  uniform ity in  te stin g  m eth o d s.

The ch ap ter  on  th e  m o st com m on  ch em ica l 
preservatives like b en zo ic  acid, sorbic acid, su lp h u r  
dioxide and p arab en s is  ex h a u stiv e . T he research  
history o n  n itr ites h a s  b een  p resen ted  in  th e  
chronological order, w h ich  w ill en ab le  th e  reader  
to u n d erstan d  th e  co n cep tu a l c h a n g e s  th a t have  
taken  p lace in  their u s e s  over th e years. It w ill a lso  
help th e  research er to  p lan  th e  fu tu re  w ork in  th e  
area. N isin , w h ich  w a s on ly  o f acad em ic in terest  
about 10 years b ack , w h en  th e  first add ition  o f th is  
book w a s p u b lish ed , h a s  b een  given  con sid erab le  
im portance in  th e  revised  edition. T he ch ap ter  
covers variou s a sp e c ts , in c lu d in g  g en etics , tox icity  
and legal a sp ec ts  o f n is in . M ention h a s  a lso  b een  
m ade on  th e p o ssib ilities  o f m odification  o f th is  
peptide antib iotic for w ider u se  by g en e  transfer  
technique in  future.

A s th e  search  for n atu ra l antim icrob ia ls is  a 
c o n tin u in g  p r o c e s s , c h a p te r s  o n  n a ta m y c in , 
b a c td e r io c in s  a n d  o th e r  n a tu r a lly  o c c u r r in g  
com p ou n d s are tim ely  an d  very appropriate. T h ese  
developm ents will, o f co u rse , op en  m ore an d  m ore  
aven u es for n ew  gen era tion  antim icrob ia ls.

In short, it is  a b o o k  w ritten  by in ternationally  
renow ned au th ors in  th e  field, w ith  sp ecia l em p h a sis  
on develop m en ts in  ch em ica l antim icrobials.

The b ook  is  a m u st  to th e  food p rocessors, 
researchers an d  teach ers, for it c a n  b e  u sed  a s  a  
reference book. The ed itors and th e  contributing  
authors deserve sin cere  appreciation  for their efforts  
in bringing out th is  revised  edition.

RUGMDil SANKARAN 
DEFENCE FOOD RESEARCH LABORATORY

MYSORE-570 O il

R ic e  P r o c e s s  T e c h n o lo g y :  b y  S . B an d yop ad h yay
an d  N.C. Roy, Oxford & P u b lish in g  Co. Pvt.
Ltd., New D elh i, 1 9 9 2 , pp : 2 0 4 , Price : Rs.
1 2 5 /- .
T h is b ook  h a s  b e e n  w ritten  a s  a tex t b ook  to  

en gin eerin g  s tu d e n ts  an d  p ra ctis in g  en g in eers. 
T hough  b o o k s o n  rice tech n o lo g y  are availab le in  
th e  m arket, an  a ttem p t m ad e b y  th e  a u th o rs  to  
write a  tex t b ook  from  en g in eerin g  p o in t o f view  
is  a w elcom e step . T he b o o k  is  d ivided  in to  several 
ch a p ters  v iz ., in trod u ction , p rop erties  o f  rice, 
fu n d a m en ta ls  on  parboiling, parboiling  p ro cesse s , 
drying o f paddy, m illin g  o f p ad d y  an d  rice b ran  
a s  w ell a s  rice bran  oil. T he a u th o rs  rightly lay  
m ore em p h a sis  o n  th e  parboiled  rice, a s  it co n serv es  
n ot on ly  th e rice reso u rces , b u t a lso  th e  n u trition a l 
quality  o f th e  rice. T h is  is  y e t a n o th er  n eed -b a sed  
attem pt.

T hough  th e  b o o k  is  p ro fu se ly  illu stra ted  both  
w ith  figu res an d  ta b les, to  m ak e th e  s tu d e n ts  and  
p ractisin g  en g in eers to ea sily  grasp  an d  u n d ersta n d  
th e  su b ject, a  th orou gh  read ing  o f th e  tex t m a k es  
on e th in k  th a t th e  b ook  w a s  prepared  in  a  h a ste . 
Inform ation on  th e  recen t literature is  sca n ty . The 
m eth od  o f p resen tin g  th e  m atter  in  th ree  form s (text 
book, reference b o o k  and g en era l b ook  sty les) at 
different p la ces  a lso  m a rs cogen cy .

The la ck  o f preparatory w ork  h a s  led  to  a lot 
of m ista k e s  an d  m isco n cep tio n  o f th e  su b ject. The  
know ledge, m ad e availab le on  different a sp e c ts  of 
rice p ro cessin g  tech n o logy  d u rin g  th e  p a st 2 0  years, 
is  sp a rse ly  reflected  in  th e  book.

Errors in  reporting, p resen ta tio n  o f data, 
re feren ces , e tc . are n u m e r o u s . F or ex a m p le , 
J a yaram an  h a s  n o t carried ou t an y  w ork  ind icated  
in  Fig. 3 .4 . The authors' n a m e o f ref. 2 0  in  ch ap ter  
3  h a s  b een  w rongly quoted . R eferen ces 11 an d  10 
of ch ap ter  3  are on e a n d  th e  sa m e. T he title of 
ref. 6  read s a s  'S tu d en ts o f  sw ellin g  a n d  hydration' 
(p 38). R eference 2  o f ch a p ter  3  d o e s  n o t co n ta in  
an y  b a sic  w ork  a s  reported  in  se c tio n  3 .1 .1 .  
Sim ilarly, reference 11 o f ch a p ter  2 d o es  not 
co n ta in  th e m atter  reported in  p 3 3 . C o n ten ts o f 
ta b les 3 .3  are n o t from  th e  pap er o f  B h a tta ch a iy a  
an d  S u b b a  Rao (1966). R eferen ces w ith  G h ose a s  
first au th or are n o t provided, th o u g h  cited  in  Table
3 .1 1  and Fig 3 .1 3 . R eferen ces 2 5  an d  2 6 , ju s t  
before eq u ation  3 .8 , are n o t o f G h ose  et al. T he  
uniform  stan d ard  o f c la ss ifica tio n  su g g ested  b y  th e  
G overnm ent o f India an d  th e  d ata  g iven  in  Table 
2 .1 0  are different. S o u rce  for tab le  2 .1 0  is  not 
given.
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The d isso lu tio n  o f oil g lo b u les  during soak in g  
(3 .3 .4) h a s  b e e n  d isp u ted  a s  oil is  im m issib le  in  
water. F irst se n te n c e  o f p 2 6  n e e d s  a  ch an ge - 
foreign m a tters do n o t in clu d e varietal adm ixture  
and b rokens. S ection  2 .5 .3  sa y s  th a t co lou r is  th e  
m ore stab le  ch aracter istic  o f m illed  rice. It is  not 
correct. L ast sen ten ce  o f 2 n d  para o f p  4 4  con veys  
that protein  co n ten t drops in  parboiling, w h ereas  
data in  T able 3 .2  sh o w  m ore protein  in  m illed  
parboiled rice (p 41). To avoid co n fu sio n  am ong  
s tu d en ts , it c a n  su ita b ly  b e  edited. T he v a lu es  of 
Km in  Table 3 .1 0  are sh o w n  a s  k m  x  103 w h ereas  
in  Illustration  3 .1 , a s  km  x  10 3.

It is  sta ted  on  p 8  th a t co lou r is  im parted  to  
rice in  traditional parboiling an d  c a n  b e  im proved  
by m o d em  m ethods; b u t stron g  co lo u r  o ccu rs in  
high tem p, so a k in g  (p 51 , 3rd  line). S ig n s  of 
ferm entation  h ave a lso  b e e n  se e n  in  h o t soak in g  
p rocess (4 .1 .3  (1) 5 th  line); w h erea s line 3  o n  p 
173 d escr ib es h ot so a k in g  a s  im proved m ethod . It 
is  further in d icated  th a t th e  ferm en tation  d u e  to  
longer period o f soak in g  a lso  im p arts brow n co lour  
to rice (p 9 6  (2)). In practice , how ever, th e  co lour  
of parboiled rice produced  in  trad itional p ro cess  is  
better. W hile d escrib in g  hot w ater soak in g  (p 101), 
tem perature o f u p to  75°C  is  in d icated , w h ereas  
ideal tem perature for avoiding b u r st in g /c o lo u r  (p 
60) is  16-70°C . Page 5 2  in d ica tes th a t, if  a rice  
of low co lou r is  d esired , th e  so a k in g  tem perature  
sh ou ld  b e  b elow  70°C . T able 4 .2  an d  9 th  line of 
p 112 in d icate  a tem p eratu re o f 65-70°C .

A s per sec tio n  3 .7 , w ell soak ed  paddy co n ta in s  
40-50%  m oistu re  db, w h erea s  op tim u m  m oistu re  
for parboiling a s  per referen ces 6  a n d  2 7  a s  w ell 
a s  and Table 3 .9  is  50-55%  an d  it is  n o t kn ow n  
a s  to w h y soak ed  p ad d y is  to  b e h ea ted  to 105°C  
in  parboiling. F urther, it is  in d icated  th a t th ere  
sh ou ld  be no lo s s  o f  m o istu re  from  th e  grain  during  
parboiling. W hat d o es  it m ean ?  It is  a  k n ow n  fact 
that m oistu re is  lo st during ge la tin ization  in  som e  
parboiling p ro cesses . There is  n o  m en tio n  about  
pressu re parboiling, sa n d  parboiling an d  other  
tech n iq u es o f parboiling developed  in  India. The  
statem ent 'tem pering g ives sa tisfactory  gelatin ization  
even  w ith  m oistu re  le s s  th a n  op tim u m  level (p 57) 
is  not correct. H u sk  sp lits  at 65°C  an d  above (p 
58, 12th  line). It m ay  b e  true a s  observed  in  
reference 6 . D o es  it m ea n  th a t h u s k  sp lits  in  all 
grains in  CFTRI p ro cess?  F urther, item s (a) and
(c) of p. 5 8  con vey  different v iew s on  h u sk  sp litting. 
The d efin ition  o f p arb oilin g  (3 .1 .3 ) g iv es th e  
im pression  that the pretreatm ent is  given to threshed  
paddy before tak ing  to  storage. B u t in  practice.

m o st o f  th e  p ad d y parboiled  rep resen ts  stored  
paddy. There is  som e co n fu sio n  ab ou t gelatin ization . 
P 3 8  sa y s  th at g é la tin isa tio n  is  a  m ild  form  of 
ch em ica l ch an ge, w h erea s  first lin e  o f 3 .3 .1  sa y s  
it is  a p h y sico -ch em ica l ch a n g e . S in ce  perform ed  
gela tin ization  co u ld  b e reversed , it c a n  on ly  be  
con sid ered  a s  a  p h ysica l ch a n g e . T here is  n o  a lkali 
sp read in g  an d  clean in g  te s t  (p 54). T h is  reaction  
d o es n o t sh o w  d istin ctive  difference b e tw een  th e  
raw and parboiled , a s  in d icated . T he alkali reaction  
t e s t  o f  A li a n d  B h a tta c h a r y a  (1 9 7 2 )  a lo n e  
d istin g u ish es  raw  an d  parboiled  rice. It is  in d ica ted  
th a t th e  d ifferentiation  is  recogn ized  on ly  after 2 4  h . 
It is  n ot correct, a s  it cou ld  b e  reco g n ised  even  
at a sh orter  tim e. A  q u an tita tive  a lk a li te s t  is  
available.

N u m erou s d irect an d  ind irect objective te s ts  
ex ist for in d icatin g  te n d e r n e ss  an d  c o h e s iv e n e ss  of 
parboiled  rice. At lea st, a p a ss in g  referen ce w ou ld  
ju stify  sec tio n  3 .5 .3 .

D iy in g  o f parboiled  p ad d y d o es  n o t b eg in  at 
a tem perature o f ab ou t 100°C  (p 142) a s  th e  
han d lin g , and con vey in g  op eration  prior to  its  
receipt at drying site  d iss ip a tes  th e  h ea t appreciably.

The a cco u n t o n  th e  term s a n d  s te p s  of 
con d ition in g  an d  tem p erin g  from  p 145  th rou gh  p 
148 is  co n fu sin g  (ind icated  a s  w ith o u t coo lin g , in  
other p lace in d icated  a s  tem p erin g  or coolin g , in  
yet an oth er p lace h ea t m u st b e  d issip a ted -sp rea d in g  
ou t in  w ell-ven tila ted  storage). A n op p ortu n ity  
sh o u ld  h ave b een  provided to  th e  en g in eerin g  
s tu d e n ts  to k n ow  so m eth in g  a b o u t th e  dryers  
developed  in  India (RPEC recircu latory  dryer, cu p  
an d  con e dryers, co n d u ctio n  drying, etc.)

In p 159 , it h a s  b e e n  in d ica ted  th a t h u llers  
are o f 2 5 0 -5 0 0  kg capacity . H ullers w ith  ca p a c ity  
of 1 to n n e  an d  m ore are a lso  in  operation . C o n ten ts  
o f T a b les 6 .1  an d  6 .2  p rovid e co n tra d ic to ry  
in form ation  ab ou t h om e-p ou n d in g . L ast para  o f p 
162 s ta te s  th a t h u iler  y ie ld s  6-8%  le s s  y ie ld  o f  rice, 
w h erea s tab le 6 .4 , w h ich  fo llow s, d o es  n o t sh o w  
a lo s s  up  to  8%. All th e se  require th orou gh  editing. 
V ersion s in  p 169  th rou gh  1 8 0  give co n fu sed  
co n cep t o f w h iten in g , p o lish in g  an d  m a c h in e s  u sed  
(e.g ., c o n e -sh a p ed  ab rasive  m a c h in e s  are n ot  
m o u n ted  horizontally  (4th  lin e , p 1 69  a n d  14th  an d  
15th lin e s  o f p 170). P o lish in g  m a c h in e s  are fitted  
w ith  lea th er  str ip s - th e  term s fr iction  a n d  ab rasive  
w h iten ers, friction-type p o lish er, p o lish in g  m a ch in e . 
Para 3  o f p 1 70  in d ica tes th a t In d ian  co n d itio n  
p erm its p o lish  on ly  ab o u t 4%, w h erea s  6 th  lin e  of 
p 163 in d ica tes n o t m ore th a n  5% rem oval o f  bran .

/
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In practice, private m illers an d  p u b lic  sec tor  
organisations (e.g ., TNCSC) resort to  m ore th a n  6% 
polish . Item  4  o f p 174  sa y s  th a t 'Co 25 ' g iv es 2 3 -  
25% o f head  rice in  m o d e m  rice m ill (it g ives th e  
im pression  th a t th e  perform ance o f m o d e m  m ill is  
poor for su ch  varieties). Parboiled b ran  c o n ta in s  17- 
18% m oistu re (p 182). D o e s  it m ea n  th a t th e  rice  
during m illing co n ta in s  over 20%  m oistu re?

C hapter 7  h a s  b een  w ritten  w ith  reference to  
Indian scen ario , prevailing so m e 15 y ea rs  back . The  
potentiality  for rice b ran  oil h a s  b e e n  in d icated  a s
3 .5  lakh to n n es  a s  a g a in st 8  la k h s  to n n es . T he  
actu al production  o f rice b ran  oil In India n ow  is  
nearly 4  lakh to n n e s  b u t in d icated  a s  1 .4  lak h  
ton n es. T ech n iq u es ex ist to  p elle tise  parboiled  rice  
bran w ith ou t an y  ad d itives or raw  rice bran. T he  
authors n eed  n o t recom m en d  th e  addition  o f raw  
rice bran  w ith  parboiled  rice bran . F ourth  para o f  
p 201 in d ica tes th a t im porters sp ecify  sa n d  silica  
con ten ts of n o t le s s  th a n  14% for extracted  m eal. 
It is  w rong. C hapter 2 n e e d s  co n d en sa tio n  and  
writing in  text book  sty le . The m ateria ls  provided  
are confusing .

A  lot o f  m ista k es  (spelling an d  words) have  
crept in  th rou gh ou t (e.g. fo r w a r d  (p viii), nutrional 
C riest, scrip tu res, m icelle  u n sapo n ifiab le  w a ter , 
polished  rice se e d s) . In page 2 0 , it is  ind icated  th at  
a 100 g  protein  o f w h ite  rice c a n  su p p ly  0 .0 8 4  m g  
th iam in , 0 .0 2 6  m g riboflavin an d  1.9 m g n iacin . 
W hat d o es it m ea n ?  Few  se n te n c e s  are reproduced  
m ore th a n  once. In first lin e  o f  in trod u ction , th e  
botan ica l n am e o f rice h a s  n ot b een  properly  
printed.

O n th e w h ole , it is  felt th a t th e  b ook  requires  
a thorough ch eck in g , ed itin g  and revision . If issu ed  
in  th e  p resen t form , th e  en gin eerin g  s tu d e n ts  and  
practising en g in eers w ou ld  get a  rather con fu sed  
inform ation.

P. PILLAIYAR
PADDY PROCESSING RESEARCH CENTRE 

THANJAVUR-613 005

T o x ic o lo g ic a l E v a lu a t io n  o f  C e r ta in  V e te r in a r y  
D ru g s  R e s id u e s  in  F o o d  : P u b lish ed  by  
International Program m e o n  C h em ical Safety  
(IPCS). The m on ograp h s prepared b y  J o in t  
FAO/W HO Expert C om m ittee o n  Food A dditives  
(JECFA). Price : Sw . fr. 4 0  an d  for developing  
cou n tr ies : Sw. fr. 28 .
T h is  b o o k  i s  t o x ic o lo g ic a l  m o n o g r a p h  

sum m arizing sa fety  d ata  on  veterinary drugs. The  
first chapter com p rises deta iled  inform ation  o n  
toxicological data  o n  four a n th elm in th ic  a g en ts

nam ely , flu b en d azole, iverm ectin , th iob en d azo le  and  
triclabendazole.

T he secon d  ch ap ter  d ea ls  w ith  tw o antim icrobial 
a g en ts  n a m ely  furzolidone a n d  nitrofural. T he third  
ch a p ter  c o n ta in s  in form ation  o n  tw o p rod u ction  
a id s - bovine so m a to tro p in s a n d  ractop am in e. T he  
fourth ch a p ter  is  ab ou t tiy p a n o c id e iso m eta m id iu m .

For ea ch  drug, d eta iled  in form ation  o n  th e  
a b s o r p t io n ,  d i s t r ib u t io n ,  e x c r e t io n  a n d  
b iotran sform ation  in  different a n im a l sp e c ie s  like  
rats, d ogs, m ice , rab b its, p ig s , ca ttle , h o r se s  and  
g o a ts  is  provided. In ad d ition , d a ta  o n  a cu te , short 
term , long term  tox ic ity  s tu d ie s  in  v a r io u s an im al 
sp e c ie s  are in c lu d ed  in  ea ch  ch ap ter. S p ecia l 
s tu d ie s  o n  gen otox icity , rep rod u ction  s tu d ie s  are 
a lso  available for ea ch  drug. Inform ation  o n  sa fety  
an d  efficacy o f certa in  d ru g s o n  ch ild ren , a d u lts  
an d  p regnant w o m en  is  availab le. T he b o o k  a lso  
provides im p ortan t in form ation  o n  ADI v a lu e s  for 
th e  above veterinary drugs.

T h is b ook  is  very inform ative a n d  u se fu l for 
th o se  en gaged  in  veterin ary  d ru gs, govern m en t and  
fo o d  r e g u la t io n  a g e n c ie s ,  in d u s tr ia l  t e s t in g  
laboratories, tox icity  te s t in g  lab oratories, veterinary  
co lleg es an d  u n iversities .

K. AKHILENDER NATOU 
CENTRAL FOOD TECHNOLOGICAL 

RESEARCH INSTITUTE, MYSORE-570 013
E n v ir o n m e n ta l  H e a l th  C r i te r ia  1 4 5  : M ethyl

P arath ion  P u b lish ed  b y  WHO 1993; p  2 4 4 ,
Price 2 8  S w f : for d evelop in g  co u n tr ies  S w f
19.6 .
T h is b o o k  o n  th e  o rg a n o p h o sp h o ru s in sectic id e  

m e th y l p a r a th io n  i s  p u b l i s h e d  u n d e r  th e  
International Program m e o n  C h em ical S afety  (IPCS). 
It c o n s is ts  o f 2 4 4  p a g es  an d  th e  co n te n ts  are 
covered u n d er  10  ch a p ters. It broad ly  covers th e  
follow ing a sp ec ts , (i) P h y sico -ch em ica l properties  
a n d  a n a ly t ic a l t e c h n iq u e s , (ii) E n v iro n m en ta l 
exp osu re, d isin festa tio n  a n d  m eta b o lism , (iii) Effect 
of m eth y l p ara th ion  o n  m icro o rg a n ism s, a n im a ls  
an d  h u m a n s  an d  (iv) referen ces.

The first tw o ch a p ters  o f  th e  b o o k  give an  
ou tlin e o f th e  p h y sico -ch em ica l p rop erties o f th e  
ch em ica l an d  a n  ex ten sive  a cco u n t o f  th e  an alytica l 
m eth od s. The analytical m eth o d s deal w ith  sam pling, 
extraction , c lea n -u p  for r e s id u e s  from  different 
so u rces  su c h  a s  p la n ts , b od y  flu id s, so il, w ater, 
air an d  form ulations. A  detailed  a cco u n t o f analytical 
in s tr u m e n ta t io n  in c lu d e s  TLC, G LC, HPLC, 
sp ectrop h otom eters, p o larography, an d  GC-MS. 
C hapters 3  to  6  deal w ith  th e  environm ental
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exposure an d  d istr ib u tion  o f m eth y l parath ion  in  
air, w ater, so il an d  its  entry in to  th e  food chain . 
B io t r a n s f o r m a t io n  i n c l u d e s  b io t i c ,  a b io t ic  
degradation, d egradation  in  aq u atic  environm ent  
and b ioaccu m u lation . Inform ation o n  in teraction  o f  
th is  ch em ica l w ith  th e  v a r io u s p h ysica l, ch em ica l 
and biological factors an d  it s  u ltim ate  fate is  a lso  
dealt w ith in  th e se  ch ap ters. The lev e ls  o f m eth y l 
parath ion  an d  its  m etab o lites  in  air, w ater, so il, 
food and organ ism s are a lso  listed . T he absorption , 
distribution  an d  m etab olic  pathw ay, th e  variou s  
enzym e sy stem s involved are a lso  d isc u sse d  in  
detail w ith  sp ec ia l reference to m am m als.

E ffects o f m eth y l p arath ion  on  m icroorgan ism s, 
aquatic an d  terrestrial p la n ts  an d  a n im a ls are 
d iscu ssed  in  ch ap ter 7 . T he toxicity  data  ares  
su m m a rised  in  a  co m p reh en siv e  tab le  g iv ing  
inform ation o n  th e  sp e c ie s , le th a l d o se  level, 
experim ental con d ition s, te s t  period an d  th e storage  
at w hich  it a ffects. C hapter 8  d ea ls  w ith  th e effect 
on  experim ental a n im a ls (in vitro  an d  in vivo) and  
chapter 9  is  on  th e  exp osu re of gen era l population , 
acute and long  term  effects an d  ep idem iological 
stu d ies .

The reference sec tio n  is  ex ten sive  and u p -to- 
date (1991) having 6 2 5  referen ces w ith  th e  la test  
reference b ein g  th a t o f 1991 . At th e  end , th e  
im portant a sp e c ts  o f treatm en t o f OP p o ison in g  in  
m an  is  g iven  a s  A nn exu re I.

The b ook  u n d ou b ted ly  w ill serve a s  a  good  
reference an d  ready reckoner, It covers m o st  
a sp ects  in  relation  to th e  en viron m en t an d  provides  
m ost o f th e  im portant in form ation  in  ea sy -to -u se  
tab les. The b ook  is  u se fu l to  d ec is io n  m akers, 
researchers an d  stu d en ts .

N.G.K KARANTH 
CENTRAL FOOD TECHNOLOGICAL 

RESEARCH INSTITUTE, 
MYSORE-570 013

Q u a li ty  A s s u r a n c e  in  T r o p ic a l  F r u i t  P r o c e s s in g :
B y  A. A sker an d  H. Treptow. P u b lish ed  b y
Springer - verlag, B erlin  H eidelberg. 1993 ,
pp. 2 3 8 , Price. Not m en tion ed .
T h is b ook  on  Q uality  A ssu ra n ce  in  Tropical 

Fruit P rocessin g  is  a  very tim ely  pu b lication . The  
tropical fru its an d  th eir  p ro cessed  p ro d u cts are  
grad u ally  fin d in g  a n  im p ortan t b erth  in  th e  
in ternational m arket. T hroughou t th e  w orld, peop le  
are becom in g extrem ely  quality  c o n sc io u s  an d  th e  
quality a ssu ra n ce  in  food p ro d u cts h a s  b ecom e th e  
order o f  th e  day. The b ook  is  w ritten  in  n in e  
ch a p ters covering th e follow ing im portant to p ics 1)

Q u a lity  A ssu r a n c e  M an agem en t, 2) A n a ly tica l 
M ethods, 3) P h ysica l M ea su rem en ts, 4) S en so ry  
A n alysis, 5) M icrobiological A n a ly sis , 6) W ater  
C ontrol, 7) S a n ita tio n  C ontrol, 8) W aste  D isp o sa l  
C ontrol an d  9) A sse ssm e n t  a n d  Im provem ent of 
Q uality.

The ch ap ter  Q u ality  A ssu ra n ce  M an agem en t  
d i s c u s s e s  c o v e r in g  p e r s o n n e l  r e q u ir e m e n ts ,  
organisation  an d  function , an d  layou t an d  laboratory  
req u irem en ts. In th is  ch ap ter, th e  a u th o r  h a s  
high ligh ted  th e  im portance o f q u a lifica tion  an d  
experience req u irem en t o f th e  qu ality  a ssu r a n c e  
m an ager and a lso  in d icated  d u tie s  a n d  th e  great 
resp o n sib ilities  o f  th e q u ality  con tro l p erso n n el. T he  
quality  a ssu ra n ce  m an ager  sh o u ld  h ave th e  sa m e  
s ta tu s  an d  au th ority  a s  th a t o f  th e  p rod u ction  
m an ager an d  sh o u ld  b e  resp o n sib le  to  th e  top  
m an agem en t o f th e  organ isation . T he fu n c tio n s  of 
quality  control dept, are g iven  very lu c id ly  in  th is  
chapter. Inform ation g iven  o n  th e  layou t o f th e  
q u a lity  a s s u r a n c e  la b o ra to ry  a n d  e q u ip m e n t  
requirem ent is  very u sefu l. T he an a ly tica l m eth o d s  
are covered in  th e seco n d  ch ap ter , d e term in a tio n / 
estim a tio n  o f a lm ost all th e  c o n s titu e n ts  o f  fruit 
are m en tion ed  an d  in stru m en ta l a n a ly s is  is  g iven  
w herever applicab le. It is  su rp r isin g  th a t e s tim a tio n  
of ta n in s /to ta l p h en o lic s  is  n o t g iven  in  th is  
ch apter, ta n in  b e in g  a n  im portant co n st itu e n t o f  
tropical fruit. D eterm in ation  o f p erox id ase activ ity  
is  a lso  n ot m en tion ed  in  th is  ch ap ter, w h ich  is  a lso  
im portant for d etection  o f en zym e in activ ity  in  
tropical fruit p rocessin g . C hapter 3  cov ers th e  
p h y s ic a l  m e a s u r e m e n t  a s p e c t s  v iz . c o lo u r ,  
co n sisten cy , tex tu re etc. The sen so ry  a n a ly s is  in  
ch ap ter  4  in c lu d es  o rgan isa tion  o f te s ts ,  s ta tis t ica l  
te s t , d esign  an d  se lec tio n  an d  tra in in g  o f p an el 
m em b ers w h ich  are im p ortan t from  th e  p ractica l 
point o f view . C hapter 5 g iv es  p rec ise  d e ta ils  o f  
m icrobiological a n a ly sis , covering all a sp ec ts . W ater  
control, a n  im portant a sp ec t in  fruit p ro cess in g , 
w h ich  is  o ften  n eg lected , is  d isc u sse d  in  a  very  
com p reh en sive m a n n er  in  ch ap ter  6 . T he sa n ita tio n  
control an d  w a ste  d isp o sa l con tro l is  g iven  in  
ch a p ters 7 an d  8 . S a n ita tio n  an d  w a ste  d isp o sa l 
control are very im portant from  th e  p o in ts  o f  v iew  
of h ea lth  and environm ent. T h ese  tw o a sp e c ts  are  
often  con sid ered  a s  n ot im p ortan t from  th e  q u a lity  
a ssu ra n ce  point o f v iew . It is  n ice  to  se e  th a t th e se  
tw o a sp e c ts  are very w ell covered  in  th is  book . T he  
la st ch ap ter  g ives th e  a s se s sm e n t  an d  im provem ent  
of quality, h igh ligh tin g th e  im portance o f In sp ection , 
q u a lity  co n tro l, q u a lity  m a n a g e m e n t , q u a lity  
a ssu ra n ce  m an agem en t from  th e  p o in t o f  v iew  of
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ISO 9 0 0 0  and quality  im provem ent.

The b ook  h a s  tw o a p p en d ices. A ppindix 1 g ives  
references, recom m en d ed  read in gs in clu d in g  B ook s  
and J ou rn a ls . It w ou ld  have b een  ea sier  for th e  
readers if th e referen ces w ou ld  h ave b e e n  g iven  at 
the end o f each  chapter. In th e  lis t  o f jo u rn a ls  
recom m ended, th e  n am e o f th e  J o u rn a l o f  Food  
Science an d  T echnology  o f th e  A sso c ia tio n  o f Food  
S cien tists  & T ech n o lo g ists  (India) sh o u ld  have b een  
m entioned. E xtrem ely u se fu l in form ation  is  g iven  
in A ppendix 2 , covering th e  n a m e s  o f eq u ip m en t/  
su b sta n ces . T y p e/B ra n d  an d  th e ir  su p p liers.

There are several b o o k s availab le on  th e  
an alysis o f  fru its an d  v eg eta b les an d  th eir  p rod u cts, 
b u t th is  b o o k  co v e r s  ev ery th in g  in  a very  
com prehensive m an n er. It m ay  b e poin ted  ou t th at 
an  additional ch ap ter o n  a sse s sm e n t o f physiological 
param eters su c h  a s  resp iration , e th y len e estim a tio n  
etc., w hich  p lay a k ey  role in  quality  a s se s sm e n t  
w ould have m ad e th is  b ook  m ore u sefu l. T hough  
th is  book is  w ritten  on ly  for tropical fru its, it w ill 
hold good for a lm ost all th e  fru its  an d  vegetab les. 
T his b ook  in  th e p resen t form  is  recom m en d ed  a s  
a text or reference b ook  for th e  s tu d en ts , research  
w orkers an d  teach ers in  th e  field o f food sc ien ce  
and technology, in  general, an d  p o st h arvest 
technology o f H orticultural crop s in  particular. T h is  
will a lso  b e  im portant reference b ook  for th e  
ch em ists  an d  quality  control m an agers o f food  
factories b a sed  on  fru its  an d  vegetab les.

SUSANTA K. ROY, 
INDIAN AGRICULTURAL RESEARCH INSTITUTE,

NEW DELHI-110 012
T e c h n o lo g y  o f  R e d u c e d - A d d i t iv e  F o o d s:  E dited  

b y J . Sm ith  B lack ie A cad em ic & P rofessional 
- A n im porint o f C h ap m an  & Hall, W ester  
C leddens R oad, B ish op b riggs, G lasgow  G 64  
2NZ, 1993: pp 249 .
The food in d u stry  for m a n y  y ea rs  reacted  to  

c o n su m e r  d e m a n d  for m o re  a p p e a lin g  a n d  
convenient food p rod u cts b y  u s in g  additives. More 
recently, th e  d em a n d s o f co n su m ers  have grow n  
to include still h igh er perform ance p rod u cts, b u t  
w ith le ss  additives. The in d u stry  h a s  responded  
accordingly. There are o ften  sign ifican t sc ien tific  
and tech n ica l o b sta c le s  to  be overcom e to  m ak e  
a product w ith  le s s  add itives. It is  aga in st th ese  
technical ch a llen g es  th a t th is  b o o k  is  in ten d ed  to  
address.

Chapter 1 covers starter cu ltu res  in  dairy  
products, m eat p rod u cts an d  bread. D evelopm ent 
in  starter cu ltu re tech n o logy  an d  w a y s in  w hich

starter  cu ltu res  are rep lacin g  trad ition a l add itives  
in  food s h a s  b e e n  deta iled . In terestin g  ad d itives a s  
an ti-sta lin g  a g en ts  h ave b e e n  d escribed .

C hapter 2 d ea ls  w ith  a  review  o n  n ew  an im al-  
derived in gred ien ts. D ev e lo p m en ts in  m ea t s u r i m i  
w ill be very in terestin g  for research  w orkers.

C h ap ter 3  a d d r e s se s  n ew  m arin e-d er ived  
ingred ients. U se  o f c h ito sa n  to  form  very  th in  
ex trem ely  s tro n g  f ilm s  or m e m b r a n e s  is  a n  
in terestin g  feature.

C hapter 4  is  ab ou t red u ced -ad d itive  bread  
m ak in g  technology. Effect o f  oxygen  o n  particu lar  
p rod u ction  h a s  b e e n  illu strated .

C hapter 5 is  ab ou t N ovel food p ack agin g . The 
scop e o f avoid an ce o f ad d itives is  covered  first, 
follow ed b y  properties o f p ack agin g  m ateria ls , and  
p a ck a g in g  p r o c e s se s . In tere stin g  fe a tu r e s  are  
d evelopm ent o f  p ack agin g  m a ter ia ls  w h ich  ca n  
w ork a s  oxygen  an d  e th y len e  sca v en g ers  and  
in c lu sio n  o f perm eth rin  in  polypropylen e to prevent  
in se c t attack: p rod u ction  o f m icro p o ro u s film s for 
m a in ten a n ce  o f MAP; u se  o f e th y len e  v in y l a lcoh ol 
copolym er co ex tru sio n s for lon ger asep tica lly  packed  
foods. A  p la stic  b ottle  n a m ed  OXBAR tota lly  
im perm eable to  oxygen; co n cep t o f  h ea t treatm en t  
to  m ilk  pow der to  provide n a tu ra l a n ti-ox id an t and  
ad h esive  oxygen  ab sorb ers h ave  b e e n  d isc u sse d .

Chapter 6  evalu ates th e p rocessin g  environm ent, 
p ro cessin g  m eth o d s, u se  o f v a r io u s a lternative  
preservatives in  relation  to  HACCP (hazard a n a ly sis  
critical control points).

C hapter 7 lis ts  variety  o f in gred ien t p la n ts  and  
food p la n ts , in c lu d in g  m em b ers o f leg u m in o sa e , 
fru its an d  n u ts , cu lin ary  h erb s an d  sp ic e s , e ssen tia l  
oils, g u m s an d  s ta rch es .

S u p p lem en ta tion  w ith  v itam in -E , caro ten o id s, 
vitam in-C  like food su p p lem e n ts  an d  effect o n  th e  
food o f th e  a n im a ls is  th e  su b jec t m atter  of 
C hapter 8.

D eta iled  review  o n  red u ced -ad d itive  brew ing  
an d  w ine m ak in g  w ith  p articu lar e m p h a s is  on  
red u cin g  th e u se  o f  su lp h u r  d iox ide h a s  b een  
covered in  ch a p ter  9.

To su m  u p , th is  b ook  co n ta in s  co n tr ib u tio n s  
from the W estern world on  develop m en ts in  additives. 
It w ill prove to  be a v ita l a s s e t  to a ll R  & D  
in stitu tio n s, U n iversities an d  o th er o rg a n isa tio n s  
w ith  in terest in  food s an d  p ro cess in g  o f foods. It 
will be a very v a lu a b le  ad d ition  to  a n y  Library.

S.G. PATWARDHAN 
CENTRAL FOOD TECHNOLOGICAL RESEARCH 

INSTITUTE, REGIONAL CENTRE, BOMBAY.
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ANNOUNCEMENTS
HUMAN RESOURCE DEVELOPMENT FOR EMERGING FOOD INDUSTRIES -

A SEMINAR
From 900-1800 hrs, on Saturday, 11.06.1994, at Taj Residency,

Bangalore-560 001.
The Indian food industiy is poised for a tremendous growth as is w itnessed by the setting up 
of manufacturing facilities by such  multinationals as Coca Cola, Pepsi, Kelloggs, Pizza Hut, 
McDonalds, Wimpy, BSN, Unilever, Heinz, Wrigleys, Mars M&M and others. Simultaneously, 
established Indian food processors are also gearing up to acquire a greater market share for 
their products and preparing strategies to face competition from internationally established  
consumer food product brands.
The Centre for Processed Foods and the Association of Food Scientists and Technologists (I), 
Bangalore Chapter, have felt that it is an opportune time to conduct a seminar on Human 
Resource Development for Emerging Food Industries on Saturday, the 11th June 1994 in 
Bangalore. Eminent professional managers from the food processing and the food machineiy- 
manufacturing industries have been invited to offer their long experience in dealing with the 
lack of availability, or unpreparedness, of industries in absorbing or adopting the newer 
emerging technologies that will aim at excellence in food product quality, service and delivery. 
This seminar should be of great significance to both educational institutions and food 
industries in developing a cadre of food scientists/technologists, engineers who will be able 
to meet the challenges of the future.
Registration fee is Rs. 100 /- for members and Rs. 2 5 0 /-  for non-members. For details, please  
contact Dr. R.R. Mohite, Secretaiy AFST(I), Bangalore Chapter, C /o  ERG, 4 2 /1 , Palgprove 
Road, Austin Town, Bangalore 560 047. Ph: 5589910 /564338 . Fax : 5 56 1992 /558 0706 .

A ssocia tion  o f Food S c ien tists  and T ech n olog ists w ill b e  con d u ctin g  
a one day C olloquium  on "GATT - an  opportunity or cha llen ge for Indian  
Food Industry" on  10th  J u n e  199 4  at IFTTC auditorium , CFTRI C am pus, 
M ysore. The follow ing em in en t sp eak ers from different fields o f sp ecia lization  
are likely to m ake their p resentation .

1. Sri A.V. G an esan  - Ex. C om m erce Secretary, 
G overnm ent o f India.

2. Sri. P. M urari - Ex. Secretary to P resident o f India.
3. Sri N. S ubbar am - Advisor, P atents, CSIR.
4. Secretary, M inistry o f Food Processing, G overnm ent o f India.
5. Sri Sharad  J o sh i - President, S hetkari S an gath an a .
6. Dr. M. Surendra Patel - Ex. Patent Advisor, 

G overnm ent o f India.
M em bers are invited to attend th e colloquium  and tak e part in  th e
d iscu ss io n s .
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I, Shri G A . K rishna, hereb y declare th a t th e  p articu lars g iven  are tru e to  th e  b e s t  
of m y know ledge an d  belief.

//
/

S d / -  G_A. K rishna' 
S ignatu re o f th e  P u b lish er

/
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