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7-12th September 1993 at Mysore, India.
Jointly Organised by the Association of Food Scientists and Technologists

and
Central Food Technological Research Institute, Mysore

C o - s p o n s o r e d  b y  : Ministry of Food Processing Industries, Government of India, New Delhi
Government of Karnataka, Bangalore 

Defence Research and Development Organization, New Delhi.
NEPC Agro Foods Limited, Madras.

Contributions for IFCON 93 have been fixed as follows :
Co-sponsorship of IFCON 
Session Sponsorship 
Hospitality - Dinner 

Lunch 
High Tea

ADVERTISEMENT RATES
Outer Cover (Back)
Full Page
Full Page in Art Paper 
Half Page
Insertion of Already Printed 

Advertisement (Two Pages)

Rs. 2 Lakhs and above
About Rs. 1 Lakh to Rs. 2 Lakhs
Rs. 50,000/- and above
Rs. 25,000/- and above
Rs. 10,000/- and above

Rs. 15,000/-
Rs. 5,000/-
Rs. 7,500/-
Rs. 3,000/-

Rs. 7,000/-

STALL RENT
Unit Size - 3.3 M x 2.8 M (10’ x 8’)
Carpet Area (The Stalls Available in Multiple Units, say 2 Units, i.e. 6.6 M x 2.8 M)

RENTAL
Rs. 9,750/- per unit (US $ 500/Unit for Foreign Participants)

F o r  fu r th e r  d e t a i l s ,  p l e a s e  c o n t a c t  :
Secretary,
Association of Food Scientists & Technologists (India)
Central Food Technological Research Institute Campus,
Mysore-570 013, India

Telex : 0846-241 FTR IN Cable : FOODSEARCH
FAX : 91-821-27697 Phone : 21747
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A S S O C I A T I O N  O F  F O O D  S C I E N T I S T S  

A N D  T E C H N O L O G I S T S  (IN D IA )  

M Y S O R E - 5 7 0  0 1 3

Affiliated to the Institute of Food T echnologists, USA
The A ssocia tion  is  a profession a l and ed u cation a l organ ization  

o f  Food S c ie n tis ts  and T ech n o lo g ists
O bjectives :

1. To stim ulate research on various aspects of Food Science, Technology and Engineering.
2. To provide a forum for the exchange, d iscussion and dissem ination of current developm ents 

in the field of Food Science, Technology and Engineering.
3. To promote the profession of Food Science, Technology and Engineering.
The ultimate object is to serve hum anity through better food.

Major A ctiv ities  :
1. Publication of Journal of Food Science and Technology (bi-monthly) and Indian Food Industry 

(bi-monthly).
2. Arranging lectures and sem inars for the benefit of members.
3. Holding sym posia on different aspects of Food Science, Technology and Engineering. 

M em bership :
Membership is open to graduates and diploma-holders in Food Science, Technology and  
Engineering and to those engaged in the profession. As per the option exercised, each m em ber 
will receive a free copy of the Journal of Food Science and Technology or the Indian Food 
Industry. The Chapters of the Association are located at Bangalore, Bhopal, Bombay, Calcutta, 
Delhi, Hisar, Hyderabad, Jabalpur, Jaipur, Jam m u, Kanpur, Kamal, Kharagpur, Ludhiana, 
Madras, Manipur, Nagpur, Pantnagar, Parbhani, Pune and Thiruvananthapuram.

M em bership Fee A dm ission A nnual S u b scrip tion
(Effective from Fee Journal o f Food Science an d
1, April 1992) Technology (JFST)

Life Member Rs. 600 Rs. 5 Inland Rs. 3 36
Life Member (Resident abroad) US $ 400 US $ 1 Foreign :
Corporate Member Rs. 1000 Rs. 5 Surface Mail US $  106
Full Member Rs. 50 Rs. 5 Air Mail US $  131
Member (Resident abroad) US $  25 US $  1 Indian Food Industry (IFI)
Affiliate Member Rs. 80 Rs. 5 Inland Rs. 2 16
Student Member Rs. 25 Rs. 5 Surface Mail US $  66
Student Member (abroad) US $ 15 US $ 1 Air Mail US $  86

(The above rates include 
Registered Book Post Charges) 
Additional Subscription for 
Members only

JFST Rs. 70
IFI Rs. 50

For membership and other particulars, kindly contact :
The H onorary E xecu tive  Secretary  

A ssoc ia tion  o f  Food S c ie n tis ts  and T ech n o log ists  (India)
C entral Food T ech n olog ica l R esearch In stitu te  Cam pus, M ysore-570  0 1 3 , India.



FOR ALL PROBLEMS RELATING TO 
WATER POLLUTION CONTROL 

C O N T A C T

THE COROMANDEL ENGINEERING CO. LTD. 
POLLUTION CONTROL DIVISION

R E G D  O F F I C E  :
T I A M  H O U S E  A N N E X E ,  2  J E H A N G I R  S T R E E T  

M A D R A S  6 0 0  0 0 1
PHONE: 512060, 511591. TLX: 0 4 1-8109  COEN IN, 0 4 1 -6223  

COEN IN. FAX: 91 -44-510378
S A L E S  O F F I C E  :

KAKKLORE INDUSTRIAL ESTATE, THIRUVALLUR - 602 003.
SHRIRAM ENGINEERING CONSTRUCTION COMPANY PVT. LTD.

GUNA BUILDINGS, 6TH FLOOR, 3 0 4 /3 0 5 , ANNA SALAI 
TEYNAMPET, MADRAS 600  018 , PH: 454081

We Are Also Suppliers of Original High Speed Floating Aerators.
Low Speed Aerators, Flash Mixers, Flocculators, Clarifiers, Clariflocculators 

And Turnkey Projects for Water, Effluent and Sewage Treatment.

WITH B EST COMPLIMENTS TO R 8 l D SCIENTISTS/ 
TECHNOLOGISTS /ENGINEERS

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

101, MOUNT ROAD, GUINDY,
MADRAS : 600  032

Phone : 23 50 65 6  & 23 50938  
Gram : "SAKTHIBEV"
Telex : 041-8967  SSL-IN

F R O O T I A P P Y PIN G O

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

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

S A K T H I B E V E R A G E S  L T D .
The retention of Natural Taste and Flavour in 
these Products is the Hall-Mark of Developm ents 
in Food Science and Technology.

W e T a k e  P rid e  In O ur E x ce llen t A ch ievem en t.



For millions in Karnataka 
three letters mean good health

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

P u re , h e a lth y  a n d  h y g ie n ic  p ro d u c t s .
T h e  KMF P ro d u cts  R e p r e se n t  th e  H all-M ark o f D e v e lo p m e n ts  in Milk S c ie n c e  a n d  T e c h n o lo g y

© K M F
K a rn a ta k a  M ilk  F e d e ra t io n

H o s u r  R o a d ,  B a n g a l o r e  - 5 6 0  0 2 9  T e l  : 6 4 8 9 4 0 / 6 4 3 3 0 5

A S S O C I A T I O N  O F  F O O D  S C I E N T I S T S  

A N D  T E C H N O L O G I S T S  (IN D IA )

CFTRI CAMPUS, MYSORE-570 013, INDIA
S O M E  P U B L I C A T I O N S  O F  A F S T ( I )

I N D I A F O R E I G N
P r i c e P o s t a g e P r i c e

R s . R s . U S $
P r o d u c t i o n  a n d  P r o c e s s i n g  o f  M e a t  a n d 1 0 0 1 2 * 4 5

P o u l t r y  P r o d u c t s
I F C O N  8 8 - 2 n d  I n t e r n a t i o n a l  F o o d  C o n v e n t i o n  a n d 1 0 0 1 8 * 4 5

E x h i b i t i o n  : F o o d  T e c h n o l o g y  O v e r v i e w .
I F C O N  8 8 - 2 n d  I n t e r n a t i o n a l  F o o d  C o n v e n t i o n  a n d 1 0 0 1 8 * 4 5

E x h i b i t i o n  : A b s t r a c t s  a n d  P a p e r s .
T r e n d s  i n  F o o d  S c i e n c e  a n d  T e c h n o l o g y  : I F C O N  8 8 * 3 0 0 - * 1 0 5  o r  £ 5 7 *
C o l l e c t i v e  I n d e x  ( J o u r n a l  o f  F o o d  S c i e n c e  a n d * 2 0 0 - * 3 0  o r  £ 1 5 *

T e c h n o l o g y )  - V o l u m e  1 - 2 5 )
B a k e r y  A d d i t i v e s * 6 0 -
P o l l u t i o n  M a n a g e m e n t  i n  F o o d  I n d u s t r i e s  1 9 8 9 2 0 0 1 2 * 3 0  o r  £ 1 5 *
D e v e l o p m e n t  i n  M i l l i n g  a n d  B a k i n g  T e c h n o l o g y  1 9 9 0 * 1 2 5 - * 3 0
M o d e  o f  p a y m e n t  : D e m a n d  D r a f t  i n  f a v o u r  o f  S e c r e t a r y  A F S T ( I ) ,  M y s o r e

* I n c l u d i n g  p o s t a g e
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M.N. KrishnamurLhy 2 31

RAPID COMMUNICATION
A New P rotocol for Rapid Sam ple P reparation for, 
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J o u r n a l  o f  F oo d  S c ie n c e  a n d  T ech n o lo g y , 
d ev o ted  to o rig in a l R  & D c o n tr ib u t io n s  in  
a ll b r a n c h e s  o f  s c ien c e , te c h n o lo g y  a n d  
e n g in e e r in g  o f  foods a n d  food p ro d u c ts ,  is 
a  b im o n th ly  p u b lic a t io n  o f  th e  A sso c ia tio n  
o f F ood S c ie n tis ts  a n d  T e c h n o lo g is ts  (India), 
M ysore.
No p a r t  o f  th e  jo u r n a l  s h o u ld  b e  re p ro d u c e d  
w ith o u t w r it te n  p e rm is s io n  o f th e  E d ito r . 
P h o to co p y in g  o f  th e  a u th o r 's  a r t ic le  b y  
a u th o r  is, ho w ev er, e x e m p te d  o n ly  w h e n  
d o n e  for d is t r ib u t io n  a m o n g  sc ie n tif ic  a n d  
tech n o lo g ica l c o m m u n ity .
T h e  E d ito r  re s e rv e s  th e  p riv ileg e  o f  e d itin g  
th e  m a n u s c r ip t  to m a k e  i t  s u i ta b le  for 
p u b lic a t io n  in  th e  J o u r n a l .
T h e  E d ito r  a s s u m e s  n o  re s p o n s ib il i ty  for 
th e  s ta te m e n ts  a n d  o p in io n s  e x p re s s e d  b y  
th e  c o n tr ib u to rs .
M a n u s c r ip ts  for p u b lic a t io n , b o o k s  for 
rev iew ing  a n d  a d v e r t is e m e n ts  in  th e  jo u r n a l  
s h o u ld  b e  a d d re s s e d  tc th e  E d ito r , J o u r n a l  
o f  F oo d  S c ie n c e  a n d  T ech n o lo g y , AFST(I), 
CFTRI C a m p u s , M y so re -5 7 0  0 1 3 , In d ia .
T h e  In s t ru c t io n s  to  A u th o rs  a r e  g iv en  in  
th e  J a n u a r y /F e b r u a r y  is s u e  o f  th e  J o u r n a l .  
New m e m b e rs  o f  AFST(I) a r e  e n ti t le d  to  
rece ive 'In d ia n  F oo d  In d u s try ' jo u r n a l  o r 
J o u r n a l  o f  F ood S c ie n c e  a n d  T ech n o lo g y , 
free o f  co st. M e m b e rs  o p tin g  for IFI c a n  
s u b s c r ib e  to J o u r n a l  c f  F ood S c ie n c e  a n d  
T ech n o lo g y  a t  a  c o n c e s s io n a l  r a te  o f  R s. 
7 0 / -  p e r  a n n u m . T h o se  m e m b e rs  w h o  w e re  
e a rlie r  g e ttin g  o r  h a d  o p te d  for IFI, c a n  n o w  
a lso  o p t  fo r J F S T  (once in  a  y e a r  only), 
if  th e y  so  d e s ire . F o r  o th e rs ,  th e  a n n u a l  
s u b s c r ip t io n  r a te s  a re : In la n d : R s. 3 3 6 / -  
Foreign : S u r fa c e  M ail U S $  1 0 6 / -  Air M ail 
U S $ 131 (in c lu s iv e  c f  R eg. B o o k  P o s t 
ch a rg es).
A d v e rtis e m e n ts  fro m  m a n u f a c tu re r s  a n d  
d e a l e r s  o f  c h e m i c a l s ,  g l a s s w a r e ,  
i n s t r u m e n t s ,  m a c h in e r y  a s  w e ll  a s  
p u b l i s h e r s /d is t r ib u to r s  o f  b o o k /p e r io d ic a l  
a re  a c c e p te d . T h e  r a te s  for a p p e a r a n c e  in  
s ix  is s u e s  in  a  y e a r  a r e  :
B ack  o r  in s id e  C o v er P ag e  : R s. 5 ,0 0 0 / -  
F u ll P ag e  : R s. 3 ,0 0 0 / -
H alf P ag e  : R s. 2 ,0 0 0 / -
C o rre sp o n d e n c e  re g a rd in g  s u b s c r ip t io n  a n d  
a d v e r t is e m e n ts  s h o u ld  b e  a d d re s s e d  to  th e  
E x e c u t iv e  S e c r e t a r y ,  A F S T (I), C F T R I 
Q a m p u s , M y s o re -5 7 0  0 1 3 ,  In d ia .  All 
p a y m e n ts  s h a ll  b e  m a d e  b y  D e m a n d  D ra ft 
o r  M oney O rd e r  in  fav o u r o f  th e  E x ec u tiv e  
S ec re ta ry , AFST(lj, CFTRI C a m p u s , M ysore- 
5 7 0  0 1 3 . In d ia .
S u b s c r ip t io n  th ro u g h  a g e n ts  in  In d ia  is  n o t 
e n te r ta in e d .

Storage C hanges in  F ortified  M ango Bars
M. A. Mir an d  Nirankar Nath

RESEARCH NOTES
E ffect o f  Sprouting and K iln ing T em peratures and  

G erm ination Tim e on  C yanide C on ten t in  Sprou ted  
Sorghum  : A S ta tis tic a l A pproach
Augustine O. Okeke

A lteration  in  Carbohydrate C om p on en ts o f G lycop rotein s  
o f  Rat Liver by F eed in g  D ietary Fibre from  Unripe 
Banana
V. Usha, P.L. Vijayammal an d  P.A. Kurup

M oisture Sorption  B ehaviour o f W eaning F oods
N. Kotwaliwale, G.P. Sharm a an d  Sanjay Jain

S tu d ies on th e  S afety  o f  W ater S tored  in  High D en sity  
P olyeth y len e W ater B o ttle s
T.S. Satyan arayan a Rao, R. Sankaran an d
M.V. Ram a Rao

Sorghum  Grain M oisture : Its E ffect on Popping Q uality
Manju Singh an d  Sarita Srivastava

P alatab ility  o f Spray-Dried, Foam -M at-Dried and F reeze- 
D ried W hole Egg Pow ders P ack ed  in  D ifferen t  
Packaging M aterials
T.S. S atyan arayan a Rao

S tu d ies on  C hilled and F rozen S tored  R eady-to-E at 
Buffalo B eef Sausages Prepared by  Incorporating  
S k eleta l and Offal M eats w ith  20%  Pork Fat
K.R. Krishnan and N. Sharm a

A Sim ple M ethod for th e  Separation  o f S to n e s  from  
Coriander S eed s B ased  on  th e  U se o f  F lu id iza tion  
T echnique
P.P. Thomas, N. Gopalakrishnan, N. Sudhilal, T.P. Poulose 
an d  Eby Varghese

Colour C hanges During Drying o f  A pricot
T.R. Sharma, K.S. Sekhon an d  S.P.S. Saini

BOOK REVIEWS
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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 n fe c tio n e ry ;  B io lo g y  
D ig est. C A B S  O n lin e  d a ta b a s e  (D a ta b a s e  h o s t  B R S  In fo r m a tio n  
T ech n o lo g ies); A ll r e le v a n t  C u rren 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 ie s  "C u rren t A w a r e n e s s  in  B io lo g ica l S c ie n c e s" , N A P R A L E R T  - 
O n lin e  a c c e s s  v ia  B ite t ,  I n te r e s t  C o m p u S e rv e , P ro d ig y  a n d  P h o n e  
m o d e m ; N A P R A L E R T  - O ff-lin e  a c c e s s .
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A d u lte ra te d  a n d  c o n ta m in a te d  e d ib le  o ils  a n d  fa ts  p o s e  se v e re  h e a l th  h a z a rd .  A n u m b e r  o f m e th o d s  a r e  a v a ila b le  
tc  d e te c t  th e s e  e x t r a n e o u s  c o m p o u n d s  in  th e  o ils  a n d  fa ts , b u t  th e  d e ta i ls  o f  th e s e  a r e  s c a t te r e d  w id e ly  in  th e  l i te r a tu re .  
T h e se  u p d a te d  m e th o d s  a r e  b r o u g h t  to g e th e r  a n d  d e sc r ib e d  b rie fly  a lo n g  w ith  th e ir  p r in c ip le s ,  s e n s i t iv i t ie s  a n d  l im ita tio n s .  
R eliab le  m e th o d s  fo r d e te c tio n  o f  a d u l te r a n t s  a n d  c o n ta m in a n ts  in  e d ib le  o ils  a n d  fa ts  h a v e  a s s u m e d  c r i t ic a l  im p o r ta n c e  
in  re c e n t  y e a rs ,  d u e  to in c re a s e  in  d e lib e ra te  o r  a c c id e n ta l  a d u l te r a t io n .
K e y w o rd s  : E d ib le  o ils  a n d  fa ts , C o n ta m in a n ts ,  A d u l te r a n ts ,  D e te c tio n  m e th o d s  a n d  th e i r  p r in c ip le s ,  S e n s itiv it ie s ,

L im ita tio n s .

Adulteration h as been a problem in oils and 
fats trade. It is often deliberate and som etim es 
accidental. The classic edible oils like groundnut 
oil, sesam e oil, safflower oil, m ustard oil and 
coconut oil are adulterated with the imported edible 
oils, sold at subsidized prices, or readily available 
cheaper indigenous oils. There have been instances  
of adulteration of van aspati (hydrogenated vegetable 
oil) with animal fats, like beef tallow (Krishnamurthy 
et al. 1983). The problem becom es more serious, 
when the edible oils are adulterated with inedible 
oils such as castor oil, argemone oil and mineral 
oil. Besides these, contam inants like polyaromatic 
hydrocarbons (PAH) in solvent-extracted oils and 
fats, and tricresyl phosphate, an  additive in 
lubricating oils and diesel, gets into the edible oils 
through the use of diesel tankers and lubricating 
oil drums for transportation of edible oils. These 
contam inants pose serious health implications to 
the consum ers (Rossell 1986; K rishnam unhy et al. 
1985a).

To a certain extent, it is  possible to identify 
an oil or fat by its physico-chem ical characteristics. 
The quality standards for edible oils under the 
general statutoiy rules of our country have been  
prescribed (PFA 1992). Some of the classical 
characteristic tests like Bellier turbidity test for 
groundnut oil, Baudouin test for sesam e oil, 
Halphen's test for cottonseed oil, Reichert test for 
milk fat, Polenske value for coconut oil and 
Hexabromide test for linseed oil, have their own 
intrinsic merits, and are used m uch more extensively 
than the sophisticated instrum ental m ethods of 
analysis (Williams 1966; Hamilton and Rossell 
1986). H ow ever, th e  u t ility  of g a s - liq u id

chromatography needs a special m ention, as it is 
the m ethod of choice for the determ ination of fatty 
acid com position (Hammond 1986). Prior to the 
development of gas chromatography, m uch of the 
information on fatty acids com position of an oil or 
fat w as used to be obtained by repeated vacuum  
distillation and fractional crystallization - a single 
analysis that can now be done in m inutes, w as 
taking weeks. Fatty acid com position (codex ranges) 
for edible oils is tabulated by Padely et al (1986).

Information on the m ethods for detection of 
adulterants and contam inants in oils and fats is 
scattered in the literature, while som e of the 
techniques are confined to individual laboratories. 
A num ber of m ethods have been accepted as 
standard m ethods by organ isations su ch  as  
International Union of Pure and Applied Chemistry 
(IUPAC), A ssociation of Official Analytical C hem ists 
(AOAC) and American Oil C hem ists Society (AOCS), 
while som e of the m ethods have been developed 
recently and subjected to evaluation trials under 
collaborative studies. In the present com m unication, 
an effort has been m ade to present the available 
m ethods for identification of adulterants and 
contam inants in a form of critical review. These 
updated m ethods for quality assurance of oils and 
fats have been described, along with the principles 
involved. Such an exercise m ay prove to be of 
interest, not only to the food analysts, but also to 
the trade and consum ers for assessin g  the quality 
of edible oils.
Sam pling

Adherence to standard sam pling m ethods is of 
importance for accurate estimation. The International
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Organisation for Standardization h as developed 
ISO:5555 - Animal and Vegetable Fats and Oils 
sampling m ethods. These have been adopted by BIS
(1964) and other Standards Organisations. Sampling 
techniques for oils and fats have been reviewed by 
Rossell (1986).
M oisture and im p u rity

Tests for m oisture and impurity in oils and 
fats are som etim es referred as 'MANDI' (M for 
m oisture and I for impurity) test. M oisture 
determination in oils by oven drying (103 ± 2°C) 
methods also estim ate other volatile com ponents. 
Highly unsaturated oils, such as fish oils or linseed  
oils (drying oils), undergo oxidation under the test 
conditions and consequently, an increase in weight 
rather than weight lo ss m ay be observed. In these  
cases, vacuum  oven at 80°C is preferred (Rossell 
1986). Method, which depends on chem ical reaction, 
such as Karl Fischer method, the original method 
with improvement (Griffin and Wilcox 1940), 
estim ates only water content. In entrainm ent 
distillation method (Bidwell and Sterling 1925), 
water in the sam ple is  distilled out as an azeotropic 
mixture with toluene or benzene or xylene. Refined 
oils should have m oisture less than 0.1%, while 
raw vegetable oils may have m oisture in the range
0.1 to 0.3%.

Impurities in oils and fats, generally, refer to 
those substances, which remain insoluble, and can  
be filtered off, w hen the oil or fat is dissolved at 
10% concentration in a solvent, such  as diethyl 
ether or petroleum ether. In reporting data, the 
solvent is to be specified (Cocks and Rede 1966).
D etectio n  o f groundnut o il

Bellier turbidity-temperature (BTT) test, is relied 
upon for identification of groundnut oil. The oils 
containing long chain saturated fatty acids give a 
precipitate at a particular temperature, which is 
specific for the oil, w hen their alcoholic soap  
solution is treated with dilute acetic acid solution  
and 70% ethyl alcohol (AOAC 1984). Groundnut oil 
is characteristic in containing not less than 4.8  g 
higher saturated fatty acids, viz. arachidic, behenic  
and lignoceric acids per 100 g oil and h as a highest 
BTT value of 39-41°C (Krishnamurthy et al. 1985b).

The procedure involves complete saponification  
of 1 ml of the filtered sam ple of oil in a 100 ml 
flat-bottom conical flask (preferably with a long 
neck), along with 5 ml of 1.5 N alcoholic potash  
solution, by heating over a boiling water-bath and 
using an air condenser (about 1.3 m eters long) to

avoid loss of alcohol, as far as possible. Complete 
saponification usually takes about 10 min. and the 
flask is swirled several tim es during saponification. 
After cooling, 0.1 ml of phenolphthalein indicator 
is added and the m ixture is neutralized precisely  
by carefully adding dilute acetic acid (1+2), w hich  
is followed by an addition of an extra am ount of 
accurately m easured 0 .4  ml. To th is m ixture is 
added 50 ml of 70% alcohol and m ixed. A 
thermometer (0 to 60°C, reading to 0.5°C, accurately  
calibrated) is fixed into the flask, with the aid of 
a velvet cork in such  a way that the bulb of the  
thermometer is immersed in the liquid, bu t does 
not touch the bottom  of the flask. The flask is  
heated gently over the w ater-bath, until the  
temperature reaches 50°C, and the solution  is 
clear. The flask is allowed to cool in air with  
frequent shaking until the tem perature falls 
gradually to 40°C (in case of pure groundnut oil, 
turbidity appears at 39  to 41°C). Then, the flask  
is cooled with constant shaking and by occasional 
immersion in a cooling bath m aintained at 15°C 
(±1°C), so that the temperature drop is roughly at 
the rate of 2°C per min. The tem perature at which  
the first distinct turbidity appears is  noted, and 
it is the turbidity temperature. This turbidity 
temperature is confirmed by a further cooling, 
which would result in deposition of the precipitate.

The precipitate is dissolved by gently heating  
the contents to 50°C over water-bath, and cooled  
again as described above for second determ ination  
of the turbidity temperature. The m ean of the two 
values is taken as the true turbidity temperature. 
These duplicate values shall agree w ithin ±0.5°C. 
It is essential that stirring should be continuous and 
also moderate, while the contents are being cooled 
in the cooling bath. Violent shaking or agitation  
should be avoided, as it affects the result adversely.
D etec tio n  o f  sesa m e oil

Baudouin a n d /or  modified villavecchia tests  
are generally relied upon, for detection  and  
identification of sesam e oil. The developm ent of 
pink colour due to reaction  of sesa m e oil 
con stitu en ts, nam ely, sesa m o lin -sesa m o l w ith  
h yd roch loric  acid  and  fu rfu ra l so lu t io n  is  
characteristic of sesam e oil (AOCS 1975; R ossell 
1986).

The oil or m elted fat (5 ml) is  taken in  a 25  
ml m easuring cylinder (or test tube), provided with 
a glass stopper, along with 5 ml of hydrochloric 
acid and 0 .4  ml of 2% furfural solution, prepared 
with freshly distilled ethyl alcohol. The container
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is glass stoppered, shaken vigorously for two min, 
and the mixture is allowed to separate. The 
development of a pink or red colour in the lower 
acid layer indicates presence of sesam e oil. The 
result is confirmed by adding 5 ml of water and 
shaking again. If the colour in acid layer persists, 
then sesam e oil is present; but it is absent if the 
colour disappears. There is  a legal requirement for 
vanaspati (hydrogenated vegetable oil) that it shall 
contain 5% sesam e oil as tracer. This is to enable 
detection of hydrogenated vegetable oils in m ilk fat 
(ghee).
D etection  o f co tto n se e d  o il

Halphen's test is generally followed as an 
identity and detection test for cottonseed oil. The 
development of rec colour, on heating the oil with 
a solution of sulphur in carbon disulphide and 
amyl alcohol, indicates the presence of cottonseed  
oil. The positive results are also given by hem pseed  
oil. Kapok and other related oils containing  
cyclopropenoid fatty acids (IUPAC 1979; AOCS 
1975; Williams 1966). Cottonseed oil heated to 
250°C may give negative results, due to loss of 
cyclopropenoid group (Fisher and Schuller 1981; 
Triebold and Aurand 1967).

About 5 ml of the oil or melted fat is taken 
in a test tube, along with an equal volume of 1% 
(w /v) su lp h u r so lu tio n  prepared in  carbon  
disulphide, and then mixed with an equal volume 
of amyl alcohol. The mixture is shaken thoroughly, 
and heated gently on a water bath (70° to 80°C) 
for a few min, with occasional shaking, until the 
carbon disulphide h as boiled off, and the sample 
stops foaming. The tube is  placed in an oil-bath 
or a saturated brine-bath m aintained at 110-115°C  
and held for 2 .5  h. A red colour at the end of this 
period, indicates the presence of cottonseed oil.
D etection  o f p alm olein  in  groundnut o il

The cloud point is that temperature at which 
a cloud is induced in the sam ple under the 
conditions of this test. The cloud is caused by the 
first stage of crystallization (AOCS 1975).

Sample (60 to 75 g) is heated to 130°C, 
immediately before making the test. About 45 ml 
of the heated fat is poured into a wide m outh bottle 
(100 ml capacity), and the bottle is placed in an 
ice-cold water bath. The bottle is then cooled in 
the water bath with stirring, while the thermometer 
is used to record the temperature. When the sam ple 
has reached a temperature of about 10°C above 
the cloud point, the stirring is done steadily and

rapidly in a circular m otion, so as to prevent super
cooling and solidification of fat crystals on the sides 
or bottom of the bottle. From th is point on, the 
thermometer is not removed from the sam ple, since  
its removal m ay introduce air bubbles, which will 
interfere with the test. The test bottle is m aintained  
in such  a position that the upper levels of the 
sample in the bottle, and the water in the bath  
are about the sam e. The bottle is  removed from 
the bath and the temperature is noted. The cloud 
point is  that temperature at which that portion of 
the thermometer (which w as kept im m ersed in the 
oil) is no longer visible, w hen viewed horizontally 
through the bottle. It is observed that the presence  
of palmolein over 10% in groundnut oil readily gives 
the cloud at a temperature higher than that of 
groundnut oil, due to the presence of palmitic 
glycerides in higher am ounts in palm olein /palm  oil.
D etec tio n  o f  rice bran o il in  o th er  ed ib le  
vegetab le  o ils

It involves the isolation of oiyzanol in rice bran  
oil using 30% aqueous potassium  hydroxide solution  
and the detection on thin-layer chrom atoplate 
(Seetharamaiah and Prabhakar 1986; Nasirulla et 
al. 1992).

The oil (20 ml) is taken in a 100 ml capacity  
separating funnel along with equal volum e of 30% 
aqueous potassium  hydroxide solution. The contents 
are shaken gently, but constantly for 10 m in and 
allowed to stand for about 45 m in to separate the 
alkali layer. The alkali layer is drawn and neutralized 
with hydrochloric acid solution, using blue litm us 
paper. This salt solution is extracted with diethyl 
ether (20 m l x  3 times). The com bined diethyl ether 
extract is, then, w ashed with distilled water, and 
dried over anhydrous sodium  sulphate. The solvent 
is evaporated on hot water bath, the residue is 
dissolved in chloroform, spotted on TLC plate, and 
the plate is developed in benzene-acetic acid 
mixture (100:1, v/v). The solvent front is  allowed 
to move to a distance of 15 cm  and the spots  
visualized in iodine chamber. Appearance of a spot 
between R,. 0 .7  and 0 .75 , characteristic to rice bran  
oil, indicates the presence of rice bran oil. The 
method can detect rice bran oil in other edible 
vegetable oils up to the m inim um  of 5% level. This 
spot w as not obtained in the other com m only  
available edible oils tested.
D etec tio n  o f lin seed  o il

In the hexabromide test, the oil in chloroform 
is treated with bromine, and then with alcohol and
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ether. The formation of a precipitate of hexabromide, 
which is insoluble in ether in cold conditions 
indicates the presence of linseed oil (Williams
1966).

The oil (1 ml) is added into a boiling tube and 
dissolved in 5 ml chloroform. About one ml of 
bromine is added drop-wise, till the mixture becomes 
deep red in colour. The test tube is, then, cooled 
in an ice water bath. About 1.5 ml of ethyl alcohol 
is added drop-wise, while shaking the mixture, 
until the precipitate, which is first formed, gets just 
dissolved. Then, 10 ml of diethyl ether is added, 
the contents mixed, and the tube is placed in the 
ice water bath for 30  min. Appearance of precipitate 
indicates the presence of linseed oil.

Formation of hexabromides, insoluble in cold 
ether, has been observed in low erucic rapeseed  
oil, mustard oil and m ahua oil, when the tubes 
were kept in ice water bath over a prolonged period 
exceeding 30 min. The results obtained in such  
cases have to be viewed with caution. Experiments 
conducted with these oils, with or without added 
linseed oil, have shown that hexabromides insoluble 
in cold ether are formed within 20 min, if linseed  
oil is present even at 1% level. Any hexabromide 
insoluble in cold ether, formed after 20 min, need 
not be taken as an evidence for the presence of 
linseed oil (Krishnamurthy, unpublished data).
D etectio n  o f  anim al fat in  vegetab le  fat

Microscopic examination o jfa t  crysta ls : Animal 
fats, such as beef tallow and lard have been shown  
to contain trisaturated glycerides. On crystallization, 
these glycerides exhibit a characteristic crystal 
appearance, w hen view ed under m icroscope  
(Williams 1966).

Melted fat sam ples (about 2 g) is taken in test 
tubes and mixed with 10 ml diethyl ether. The 
tubes are plugged with cotton and allowed to stand  
for 3-4 h. at 20°C (slow crystallization gives bigger 
crystals). In certain cases, it is preferable to first 
crystallize with a stronger solution of fat from a 
mixture of ether and ethyl alcohol (1:1). In such  
cases, the crystals are separated by filtration and 
re-crystallized in ether. Formation of crystals at the 
bottom of test tubes indicates presence of beef 
tallow. For further confirmation, the crystals are 
placed on a drop of glycerine, taken on a microscopic 
slide. The crystals are covered immediately with 
cover g lass and examined under x  160 and finally 
x 400  magnifications. The typical characteristic 
appearance of beef tallow crystals is the fan-like 
tufts, the ends of which are more or less pointed.

Lard crystals are of chisel shaped. Hydrogenated 
fats deposit as sm aller sized and am orphous 
crystals. The size and shape of the crystals depend 
upon the strength of solution, am ount of fat taken  
and time allowed for crystallization.

Separation o f cholesterol by  reversed  p h a se  
thin layer chromatography : A preliminary separation  
of total sterols from the unsaponifiable m atter can  
be a c h ie v e d  on  s i l ic a  ge l-G  th in  la y er  
chromatography. Subsequently, the sterols are 
separated by reversed phase chrom atography on  
Kieselghur-G, using liquid paraffin as stationary  
phase and aqueous acetone saturated with liquid 
paraffin as the mobile phase (de Souza and Nes
1969).

For the separation of total sterols from  
unsaponifiable matter, the unsaponifiable m atter 
from the fat sam ple is extracted, as per the method  
described elsewhere. The ether is evaporated and  
the residue dissolved in 5 ml of chloroform. G lass 
plates of 20  x  20 cm  are coated with 0 .5  mm thick  
silica Gel-G, air-dried and activated at 110°C for 
2 h. The plates are cooled to room temperature, 
and spotted with unsaponifiable matter, along with 
the standard cholesterol. The plates are developed 
in diethyl ether : petroleum ether (1:1) solvent 
system , and are removed, w hen the solvent front 
reaches 14 cm height (it takes about 30  min.). The 
plates are air-dried and exposed to iodine vapours 
for a while. Total sterols spot, corresponding to 
standard spot of cholesterol, appears as brown 
coloured spot. The spots are marked and scraped  
off, with sta in less steel blade into a test tube. The 
sterols are, then, extracted from it, using chloroform. 
From this, cholesterol is separated by reversed  
phase thin-layer chromatography.

For preparing equilibrated aqueous acetone 
with liquid paraffin, 3 00  ml of 4:1 ratio of acetone  
: water is taken in a separating funnel and 30  ml 
of liquid paraffin (heavy grade) is added. The 
content is shaken well and kept for 18 h at room  
temperature for equilibration. The lower layer of 
liquid paraffin is separated and diluted to 5% v /v  
level with petroleum ether. This is, then, used  for 
tr e a tin g  K iese lg h u r-G  c o a te d  th in - la y e r  
chromatographic plates. The upper acetone-water  
mixture serves as solvent system  to develop the  
paraffin treated plates.

For the preparation of the plates for reversed  
phase TLC, g lass plates of 20  x  20 cm  are coated  
to 0 .5  mm thick layers with Kieselghur-G and water 
(1:2) slurry. After air-diying, the plates are activated
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at 1 10°C for 1 h and cooled to room temperature 
in a desiccator. For treatment of TLC plates with 
liquid paraffin, the plates are dipped carefully by 
holding horizontally for a few seconds in a tray 
containing 5% liquid paraffin solution in petroleum  
ether, prepared as above. The plates are, then, air- 
dried.

The sterols in  chloroform, isolated from 
unsaponifiable matter by a preliminary separation  
on silica gel-G thin-layer chromatography, are then  
spotted on paraffin treated plates along with 
standard cholesterol. The plates are developed, 
using solvent system  of acetone : water (4:1), which 
was earlier equilibrated with paraffin. After the 
solvent front has ascended to a height of 15 cm, 
the plates are removed and air dried. These are 
sprayed w ith p -a n isa ld eh y d e  reagen t (1 .5  g 
p-anisaldehyde and 1.5 ml cone, sulphuric acid in 
27 ml ethyl alcohol), followed by heating at 1 10°C 
for 5 min. The sterol spots appear as blue spots 
on pale pink background. Cholesterol appears at 
Rf 0.48, distinctly separated from other closely  
related sterols.

Detection o f animal f a t  in vegetable fa t  b a sed  
on the presence o f unusual fa t ty  acids in animal 
fa ts  by gas liquid chromatography : For preparing 
fatty acid methyl esters, m elted fat (30 to 50 mg, 
1 drop) is taken in a glass-stoppered test tube, and 
1 ml dichlorom ethane/benzene is added, followed 
by 2 ml of 1% sodium  m ethoxide solution (1 g 
sodium dissolved in 100 ml of anhydrous methanol). 
The test tube is held at 60°C for 10 min, cooled 
and 0.1 ml of glacial acetic acid is added, followed 
by 5 ml of distilled water and 5 ml petroleum ether 
(40°-60°C). The contents are mixed, and the layers 
are allowed to separate. About 2 ml of the upper 
layer, containing the methyl esters, is taken in a 
small tube and concentrated by passing nitrogen  
gas, before injecting to gas chromatograph. Gas 
chromatograph with flame ionisation detector and 
stainless steel colum n of 10 ft, packed with 15% 
diethylene glycol succinate on chromosorb W (80- 
100 mesh) or any other intermediate polar stationary 
phase column, is employed. The colum n temperature 
is maintained at 185°C, while the flow rate of 
carrier gas nitrogen is kept at 2 .8  k g /cm 2 (25 m l/ 
min) and chart speed at 1 cm /m in .

The fatty acid com position of animal fat (beef 
tallow) and vanaspati adulterated with animal fat 
show the presence of odd chain fatty acids and 
branched chain fatty acids, nam ely 15:0, 15:1, 17:0 
and 17:1. These fatty acids are absent in vegetable 
fats. On the basis of this fact, it is possible to detect

the presence of animal fat (beef tallow) in vegetable 
fats (Krishnamurthy et al. 1983; Krishnamurthy 
and Nagaraja 1987; Pearson 1981).
D etec tio n  o f  m ineral o il in  ed ib le  o ils

Petroleum ether, a s  a developing solvent, 
separates non-polar mineral oils from glycerides on  
s ilica  gel-G  TLC (R ossell 1986; M ani and  
Lakshminarayana 1964).

A sim ple method of TLC using m icro-slides, 
without involving TLC applicator, is described. Two 
glass slides are held together (face to face) and 
dipped in a sluriy  of silica gel-G (45 g) in a mixture 
of chloroform and m ethanol (80 + 20). The slides 
are withdrawn, separated from each other and 
allowed to dry in air for 10 min. Solution of oil 
in chloroform (10 pi of 1.0% solution) is applied, 
using a capillary tube. The slide is placed in a 
beaker/jar containing about 5 ml petroleum ether. 
The beaker/jar is covered with a watch g lass and 
the solvent is allowed to travel for 6  cm  from the 
origin (about 4 min). The slide is removed, dried 
in air, sprayed with 2, 7-dichloro fluorescin solution  
(0.2%) in ethyl alcohol and viewed under UV light. 
Occurrence of a yellow fluorescent spot at the 
solvent front indicates the presence of mineral oil. 
Alternatively, g lass plates (10x20 cm  or 20x20 cm), 
coated with silica gel and activated by heating in 
an oven at 100°C for 1 h, can be used. A standard, 
containing white oil or liquid paraffin (1%) in a 
sam ple of vegetable oil under test, m ay be prepared 
and tested sim ultaneously as reference.
D etec tio n  o f castor  o il in  ed ib le o ils

'Triricinolein', a characteristic and predominant 
triglyceride com ponent of castor oil, is separated  
on silica gel TLC and visualized by iodine vapours 
(Lakshminarayana and Mani 1964).

The oil sam ple (5 pi) is applied as 1% solution  
in chloroform on activated silica gel-G coated glass  
plate, and is placed in a cham ber containing a 
solvent consisting of petroleum ether-diethyl ether- 
acetic acid (60:40:1.5, v /v). The cham ber is, then, 
covered with a g lass plate. The solvent is allowed 
to travel up to a height of 10 cm. The plate is 
removed from the tank, dried in air, and placed  
in the visualization tank containing iodine vapour. 
A characteristic spot with an R,. value of about 0 .25  
show s the presence of castor oil. A prepared sam ple 
of an oil, containing 1% added castor oil, may be 
run along side, for identification of the spot. This 
method has a sensitivity of 1% and is specific for 
castor oil, due to the presence of glycerides

. T i l t m
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composed of ricinoleic acid (hydroxyoleic acid). 
However, rancid or oxidized groundnut oil interferes 
in the detection. Hence, care should be taken, when  
applying the TLC test to rancid oils and interpretation 
of result. In such  cases, the rancid oil requires to 
be purified by refining (Nasirullah et al. 1982,
1983).

TLC m ethod fo r  detection o f  castor oil and  its 
differentiation from  rancid oils : The suspected rancid 
oil (5 ml) is taken in a round bottom  flask along 
with activated charcoal (2 g). The content is  mixed 
thoroughly and heated on boiling water bath for 
about 30 m in with constant shaking. The bleached  
oil is filtered on a filter paper (Whatman No. 1) to 
separate the charcoal. The filtered oil is now passed  
through a mini colum n packed with neutral alumina 
(10 g) and eluted using hexane (50 ml). This 
bleached and neutralized oil is spotted on the TLC 
plate, following the earlier TLC procedure given for 
the detection of castor oil, along with castor oil for 
reference purposes.
D etectio n  o f  argem one o il in  edible o ils

Argemone (Argemone m axicanal.), yellow poppy, 
is a wild herb, which grows as a weed in m ustard  
field and bears capsules full of brown-black seeds  
and often, it is a crop contam inant. Because of its 
resemblance with black m ustard, it is also used  
as an adulterant. The oil is reported to cause  
glaucoma, dropsy and som etim es total blindness 
due to the p resen ce  of a lk a lo id s, nam ely, 
sanguanarine and its related com pounds.

The hydrochloric acid extract of the oil sample, 
containing argemone oil, w hen subjected to TLC, 
for the separation of alkaloid, gives fluorescent 
spots under UV light.

Suspected cil (5 ml) is dissolved in diethyl 
ether (5 ml) in a stoppered conical flask, and 
concentrated hydrochloric acid (5 ml) is added to 
it. The contents are shaken vigorously for about 
10 min. The extraction flask is warmed on a hot 
water bath at 40°C for about 10 min. The contents 
are transferred tc a separating funnel, and the acid 
layer is collected in a 10 ml beaker. The beaker 
is placed on a boiling water bath, and the acid 
is evaporated till dryness. The residue is dissolved 
in 1 ml of chloroform and acetic acid mixture 
(90:10, v/v) and spotted on TLC plate, with the 
help of spotting capillary. The plate is developed 
in (a) butanol : acetic acid : water (70:20:10, v/v); 
or (b) hexane : acetone mixture (60:40, v/v). The 
solvent front is allowed to move upto a distance 
of 10 cm. A bright yellow fluorescent spot (I  ̂ 0 .8

in solvent system  'a', Rj 0 .45  in solvent system  ’bj 
observed under UV light, indicates the presence of 
argemone oil. The spot gives blue fluorescence  
under UV light, if plate is  sprayed with 20% 
aqueous sodium  hydroxide solution. The m ethod  
is very sensitive, and detects argemone oil at 50 
ppm level. A comparative study of the available 
m ethods has been m ade by Nasirulla et al. (1984).
D etec tio n  o f k a ra n ja  (P on gam ia  g la b ra )  o il in  
edib le o ils

The alkaloids in the karanja  oil, viz., glabrin, 
karanjin, karanjone, pongaglabrone and pongamol 
are extracted, using concentrated hydrochloric acid, 
separated on TLC plate and visualised under ultra
violet light (Nasirullah et al. 1992).

The suspected oil (20 ml) is  taken in a 100 
ml capacity separating funnel, along with 10 ml 
concentrated hydrochloric acid. The contents are 
shaken gently, for 15 m in and then the separating  
funnel is kept on a stand for about 3 0  m in to allow  
the separation of acid layer. The acid layer is  drawn 
out in a glass beaker. The beaker is  kept on a 
boiling water bath for evaporating hydrochloric acid 
to d iyness. The residue is  dissolved in 0 .5  ml of 
chloroform, and the chloroform solution is spotted  
on a pre-activated TLC plate, with the aid of 
spotting capillary. The plate is  developed in a 
solvent system  consisting of petroleum  ether : 
diethyl ether : acetic acid (60:40:1, v /v) for 20 min.

The plate is removed, dried at room temperature 
and viewed under ultra violet lamp. Appearance of 
three bluish green spots at Rj 0 .34 , 0 .22  and 0 .17  
confirms the presence of karanja  oil. The m ethod  
is sensitive to detect 0 .01 % of karanja  oil in the 
edible oils.

It is  w o rth w h ile  m e n tio n in g  th a t  th e  
development of a yellow colour in the acid layer, 
during the extraction of alkaloids, gives the clue  
for the presence of karanja  oil. The palm and 
argemone oils do not interfere in  the detection  
method. The TLC can be performed directly on 
chloroform solution of the oil for detection at levels 
greater than 1.0% of karanja  oil in edible oils.
D etectio n  o f  h yd rocyan ic  acid  in  ed ib le  o ils

Hydrocyanic acid is  present as an impurity in 
synthetic allyl isothiocyanate, w hich is com m only  
used to enhance the flavour of poor quality m ustard  
oil. Such artificially flavoured m ustard oil poses  
health implications.

The oil (15 to 3 0  ml, depending on its 
hydrocyanic acid content) is poured into a 250  ml
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capacity conical flask, along with about 50 ml of 
water, 15 ml of 10% solution of tartaric acid and 
mixed well. The flask is stoppered with a velvet 
cork, from which hangs a picric acid paper (about 
75 mm long), previously wetted with a drop of 5% 
sodium carbonate solution. The flask is placed on 
a hot water bath by the side of the steam  vent, 
and not directly on the steam . In the presence of 
hydrocyanic acid, the picric acid paper acquires red 
colour within 10 min. Pink or light reddish hue 
which may, at tim es, appear at the periphery of 
the picric acid paper on prolonged heating of the 
contents is to be ignored (Nita 1990).
D etection  o f k u su m  seed  (S c h le ic h e ra  tr iju g a  
S a p in d a c e a e ) o il

Kusum  oil, also known as m acassar oil, contains 
cyanolipids. This oil is a com m on adulterant to 
mustard oil. The detection involves liberation of 
hydrocyanic acid by heating the suspected oil and 
absorbing it in potassium  hydroxide solution. 
Presence of kusum  oil is tested by treating this 
potassium  hydroxide solution with ferric chloride 
solution to get blue colour (Dutt 1951).

About 50 ml of the suspected oil is  heated in 
a distillation flask and the receiver is  connected  
to a flask containing 5 ml potassium  hydroxide 
solution (2 N). Air is  passed through the distillation 
flask during heating for 30  min, as a carrier to 
hydrocyanic acid, to bubble through the alkali 
solution in the receiving flask. The alkali solution  
with the absorbed hydrocyanic acid is, then, treated 
with a few drops of ferrous sulphate (2% in water), 
acidified with a few drops of dilute hydrochloric 
acid and heated in water bath for 5 min. The filtrate 
of this solution is treated with few drops of ferric 
chloride solution (20%, in water). Formation of blue 
colouration is indicative of the presence of kusum  
seed oil.
D etection  o f  T easeed  o il - C a m m ellia  s in e n s is  
■ T h ea cea e

The unsaponifiable m atter of teaseed oil 
contains theasin  (0.2 to 0.3%), which gives the 
characteristic Fitelson colour reaction test - a 
modified Leibermann - Burchard reaction (Williams
1966).

The test is performed by taking 0 .8  ml acetic 
anhydride, 1.5 m l chloroform  and 0 .2  m l 
concentrated sulphuric acid in a test tube. To this, 
about 0.5  ml of suspected oil is  added. The test 
tube maintained at 5°C in an ice water bath for 
5 min and 10 ml of ice cold ether is added and

mixed well. Presence of teaseed oil is  indicated by 
formation of red colour, which reaches a m axim um  
and then fades away.
D etec tio n  o f tr icresy l p h o sp h a tes  and tri-o- 
cresy l p h osp h ate in  edible o ils

Tricresyl phosphate in contam inated edible oils 
is extracted using acetonitrile and detected by thin  
layer chrom atography a s  w ell a s  g a s liquid 
chromatography (Krishnamurthy et al. 1985a). The 
following reagents are required :
i) developing solvent system  consisting of iso-octane 
: ethyl acetate (90:10) (developing cham ber is lined 
with filter paper); ii) spray reagent, also called 
Gibb's reagent, is  0.5%  so lu tio n  of 2, 6-
dichloroquinone chlorimide in absolute ethyl alcohol, 
and iii) tricresyl phosphate (TCP) and tri-O-cresyl 
phosphate (TOCP) are prepared by dissolving  
individually in ethyl alcohol (1 m g/m l concentration).

For extraction of the contam inants, the oil 
sample (10 ml), containing about 50 pg TCP or 
TOCP is taken into separating funnel, along with 
50 ml of petroleum ether (40-60°C), w hich is added 
to dissolve the oil. Then, 10 ml of acetonitrile, 
previously equilibrated with petroleum  ether, is  
added. The contents are shaken vigorously and 
allowed to stand for 10 min. The lower acetonitrile 
layer is  collected in a beaker, and the solvent is 
evaporated on hot water bath. The residue is 
dissolved in about 1 ml ethyl or m ethyl alcohol.

Thin layer chromatography is  carried out by 
spotting about 1.0 pi (about 5 pg TOCP) solution. 
The TLC plate is  developed in g lass chamber 
containing iso-octane : ethyl acetate (90:10) for 
about 45 min. to a height of 10 cm. The plate is 
removed and dried in air, sprayed with Gibb's 
reagent and heated in 100°C oven for about 15 min. 
The characteristic blue violet spot at Rj 0 .27, 
corresponding to TCP and TOCP, is observed.
D etec tio n  o f coa l tar so lub le co lou rs in  edible  
o ils

The petroleum ether solution of oil sample 
gives different shades of colour with different 
concentrations of hydrochloric acid in presence of 
coal tar oil soluble colour in the oil (Cocks and 
Rede 1966).

To 5 ml of oil sam ple in test tubes, 15 ml of 
petroleum ether is  added to each tube, followed by 
5 ml of hydrochloric acid solution of different 
concentrations to different tubes. The change in the 
colour, indicating the presence of coal tar oil 
soluble colours in the oil sam ple, is noticed.
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I s o l a t i o n  a n d  c o n f i r m a t i o n  o f  o i l  s o l u b l e  c o l o u r s :  The 
oil sample in hexane is treated with silica gel to 
absorb the colours. After eluting the oil with 
hexane, the colour absorbed by silica gel is recovered 
by eluting with diethyl ether. Identification of 
colours is made by silica gel G th in  layer 
chromatography of the diethyl ether solution  
(Pearson 1981).

About 5 ml of oil sam ple is  taken in a glass 
stoppered conical flask. Twenty-five m l of hexane, 
followed by 10 g silica gel (column chromatography 
grade) and 2 g anhydrous sodium  sulphate, are 
added. The mixture is stirred well, kept aside for 
5 min, and the solvent is decanted. Once again, 
25 ml of hexane is added, stirred well and the 
solvent decanted. Likewise, hexane (25 ml) is added 
3-4 tim es to the flask by draining out the solvent 
each time, to remove almost all the oil leaving 
behind the silica gel in the flask.

The colouring matter absorbed by silica gel is  
eluted in the flask by shaking with diethyl ether 
for 2 to 3 tim es, using 20 ml solvent each time. 
The diethyl ether extract is collected in a beaker. 
The solvent is evaporated on a hot water bath. The 
concentrated ether extract is spotted, using capillary 
tubes, on an activated TLC plate, and the plate, 
is developed in a tank containing solvent mixture 
(benzene-hexane-acetic acid, 60:40:1, v/v). The 
plate is removed, when the solvent layer has  
reached 12 to 15 cm height and dried at room 
temperature. On heating the plate at 100°C in an 
oven for 1 h, natural colours like carotenes would 
fade away, thereby leaving oil soluble coal tar 
colours.
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A New Protocol for Rapid Sample Preparation for 
Spectrophotometric Estimation of Carbendazim 

Residues in Apple, Tomato and Mushroom
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A new protocol for rapid sample preparation has been developed for improved estimation of carbendazim residues 

(1-10 ppm) in apple, tomato and mushroom by spectrophotometric method. It involves extraction with ethyl acetate, 
clean-up by partitioning with dilute hydrochloric acid and estimation of carbendazim at 280 nm.
K e y w o rd s  : New protocol for sample preparation, Carbendazim residue estimation, Spectrophotometric method, Apple, 

Tomato, Mushroom.

Carbendazim  (2 m eth oxy  carbom yl b en zim id a
zole), a p op u lar  sy s te m ic  fu n g ic id e , is  u sed  
extensively on  apple, tom ato and m u sh room  against  
fungal p a th o g en s (Nene an d  T hapliya l 1979). 
M ethods for its  estim a tio n  h ave b een  reviewed  
(Baker and H o o c less  1974; Re et al. 1980). Liquid  
chrom atography h a s  b e e n  th e  m o st com m o n  
technique em ployed for its  estim ation  (Kirkland et 
al. 1973; G ilvydis and W alters 1990). H owever, it 
is expensive an d  req u ires sa m e c lea n -u p , a s  that 
in the sp ectrop hotom etric m eth od . The c lea n -u p  of 
extracts is  b ased  u p on  its  partition ing in  the  
aq u eou s p h a se  at low  pH and the organic p h ase  
at neutra l pH. Older tech n iq u e ad vocates u se  of 
chloroform  a s  so lven t for extraction , w h ich  b es id es  
being h azard ou s, ca n  n ot be u sed  in sam p le  
c o n t a in in g  s u g a r  (B A S F  1 9 7 3 ,  p e r s o n a l  
com m u n ica tion ). O ther m eth o d s, u s in g  d ilu te  
so lu tion  of sod iu m  hydroxide for ad ju stin g  pH  
(Pifarre and V ayreda 1987), are tim e-co n su m in g  
and found to give in co n sis ten t resu lts . E xtraction  
on b lending w ith  polar organic so lv en ts  lea d s to  
ted iou s em u lsio n s. A n ew  protocol for rapid sam p le  
preparation for a sim ple sp ectrop hotom etric m ethod  
of estim ating carbendazim  resid u es  in  apple, tom ato  
and m u sh room  h a s  b een  developed  and reported  
in  the presen t com m u n ica tion . It overcom es all the  
above m en tion ed  la cu n a e.

A 100 g sam p le (apple, tom ato or m ushroom ) 
w ith equal am ou n t o f a n h yd ro u s sod iu m  su lp h ate  
and 2 .5  m l o f con cen trated  am m on ia w a s  b len d ed  
with 2 0 0  m l ethyl acetate  at high sp eed  for 3 m in. 
Sodium  su lp h ate  w a s  u se d  to prevent em u lsio n  
form ation during b lend ing. T he u p per organic layer  
w as d ecanted  and filtered over an h yd rou s sod iu m  
su lphate. The resid u e left, w a s  again  extracted  with
* C o rre sp o n d in g  A u th o r

100 m l ethyl a ceta te  an d  filtered in  a B u ch n er  
fu n n el u n d er su c tio n . T he com b in ed  filtrate w a s  
red u ced  to ab ou t 8 0  m l u n d er  v a cu u m  at 40-45°C . 
The vo lu m e o f th e  extract w a s  m ad e u p  to  160  
m l in  a m ea su r in g  cylinder, from  w h ich  4 0  m l 
(equivalent to 2 5  g crop m aterial) w a s  ta k en  in  a 
sep ara tin g  fu n n el, and  w a s  p artitioned  tw ice with  
10 m l each  of 0 .1  N HCI, b y  sh a k in g  v igorou sly  
for 2 m in  each  tim e. The low er a q u eo u s  p h a se s  
w ere pooled in  an oth er  sep ara tin g  fu n n el a lon g  w ith  
4 0  m l ethyl aceta te  an d  sa tu ra ted  w ith  80%  sod iu m  
b icarbon ate so lu tio n  (about 3 0  ml) for n eu tra lizing  
HCI. It w a s sh a k en  v igorou sly  for 2 m in , and the  
low er a q u eo u s p h a se  w a s  rejected. The organic  
p h ase  w a s w a sh ed  w ith  w ater and th en  partitioned  
w ith  10 m l of 0 .1  N HCI, w h ich  w a s  freshly  
satu rated  w ith  ethy l aceta te  b y  sh a k in g  v igorou sly  
for 1 m in . The ab sorb an ce  o f 0 .1  N HCI w a s  
recorded in  a sp ectrop h otom eter at 2 8 0  n m  aga in st
0 .1  N HCI, w hich  w a s  fresh ly  sa tu ra ted  w ith  ethyl 
acetate. C alibration curve (1 -1 0  ppm) from  freshly  
prepared sto ck  so lu tio n  o f 100 ppm  carb en d azim  
in  0 .1  N HCI is  sh ow n  in Fig. 1. The sen sitiv ity  
w as 0 .0 9  absorbance o f 1 ppm  carbendazim  solution.

Fig. 1. Calibration curve for carbendazim
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TABLE 1. RECOVERY OF CARBENDAZIM FROM SPIKED APPLE, TOMATO AND MUSHROOM
Amount recovered, pg

Spiked, Amount Mean %
ppm added, pg R, R, R3 recovery

Apple*
1.0 25.0 18.94 19.59 18.29 18.94 75.56
2.5 62.5 60.27 56.38 63.07 59.90 95.85
5.0 125.0 119.59 118.94 114.08 117.53 94.02

10.0 250.0 248.28 234.67 241.64 241.53 96.61
Tomato*

1.0 25.0 20.07 16.99 19.75 18.93 75.74
2.5 62.5 55.24 62.21 66.43 61.29 94.29
5.0 125.0 116.67 115.38 124.13 118.72 94.98

10.0 250.0 223.16 232.89 222.30 226.11 90.44
Mushroom*

1.0 25.0 19.10 18.13 19.26 18.83 75.32
2.5 62.5 56.87 59.30 58.65 58.27 93.23
5.0 125.0 119.27 123.32 127.37 123.32 98.65

10.0 250.0 240.83 234.51 233.21 236.18 94.47
R v  Fq, R3 are replications. * Unspiked = Absorbance zero

All ch em ica ls  u sed  w ere of h ig h est purity  
available and the w ater u sed  w a s  from  Milli-Q  
system  (Milli-RO P lu s 10 and Milli-Q P lu s, M /s  
Millipore Intertech, USA). Ethyl acetate  w a s d istilled  
before u se .

R ecoveries o f carbendazim  from control extracts  
of apple, tom ato and m u sh room , sp ik ed  at 1 .0 -1 0  
ppm  w ith  fresh ly  prepared s to ck  so lu tio n  of 
carbendazim , are given  in  Table 1. There w a s  no  
absorbance in  a n y  o f th e  three su b stra te  b la n k s  
including 'Red delicious' and  'G olden delicious' 
apples. It is  s tre ssed  th a t the h igh  ab sorb an ce in  
tom ato b la n k s m ay  be en cou n tered , and th ese  
could  be due to (a) low  con cen tration  of am m onia  
in th e extract before b len d in g  and (b) in adeq u ate  
w a sh in g  of e th y l a c e ta te  w ith  w a ter  b efore  
partitioning. In th e  p resen t m eth od , sligh t pale  
colour is  v isib le in  HC1 p h ase , after first partitioning. 
However, it d isap p ears on  secon d  partition ing, and  
the ab sorban ce b eco m es zero at 2 8 0  nm .

It is  in teresting  to n ote  th a t the h igh  recoveries  
at low con cen tra tion s are due to  th e interference  
by plant co-extractives. In contrast, the low recoveries 
at low con cen tration s are du e to fixed d issoc ia tion  
of carbendazim . on  p rocessin g , w h ich  b ecom es  
significant at low  con cen tration s.

The w hole p rocess ta k es  3 0  m in  for com pletion . 
The ab sorban ce o f carb en d azim  g e ts  red u ced  on  
storing overnight in  0 .1  N HC1. S econ d  partition ing  
of n eu tra l a q u eo u s p h a se  in  ethyl aceta te  did not

im prove recovery (checked  w ith o u t crop m aterial), 
w hile the sp ik in g  at low er th a n  1 p p m  did  n o t give 
good recoveries. The m ax im u m  resid u e  lim it (MRL) 
of carbendazim  for three su b str a te s  is  5 m g /k g  
(Anon 1992). The tech n iq u e , therefore, is  fairly  
sen sitive  (1 -1 0  ppm) for m on itorin g  r e s id u es  of 
carb en d azim  in  m ark et sa m p le s  o n  rou tin e b a s is . 
P ossib ly , the tech n iq u e  c a n  b e  em p loyed  for 
estim atin g  carbendazim  resid u es  in  oth er su b stra te s  
a s  well.
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Spoilage Organisms of Canned Acidified Mango Pulp and 
Their Relevance to Thermal Processing of Acid Foods

ASLAN AZIZI1* AND S. RAN GANNA2
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Swelling due to gas formation in commercially canned 'Alphonso' mango pulp (pH 4.3) was caused by B a c illu s  

l ic h e n ifo rm is  (having thermal resistance i.e., D100 = 1.25 min at pH 4.2 and D]00= 3.12 min at pH 7.0) and C lo s tr id iu m  
s p o r o g e n e s  (D]00=6.8 min at pH 4.5 and D]21 ,=0.51 min at pH 7.0). The metabiosis of the former increased the pH, 
thereby creating conditions favourable for the growth of the latter. These findings indicate that products having a 
pH higher than 4.0, but lower than 4.6, should be given thermal process, adequate to destroy B . lic h e n ifo r m is , except when B . c o a g u la n s  spoilage is likely to occur.
Keywords : Thermal processing, Mango pulp, Acid foods, B a c illu s  l ic h e n ifo rm is , C lo s tr id iu m  s p o r o g e n e s .

Therm al p rocess sch ed u le  for low -acid  p roducts  
(pH>4.6) sh ou ld  en su re  d estru ction  o f C l o s t r i d iu m  
b o t u l i n u m  c a p a b le  o f  p r o d u c in g  e x o to x in ,  
con su m p tion  o f w h ich  m ay  prove fatal. Therm al 
p rocess sch ed u le s  for d ru m stick , okra, elep h an t  
yam  and potato have b een  reported (Saikia and  
R anganna 1992). For acid  p rod u cts having pH 4 .6  
and lower, the p ro cess  sch ed u le  is  b ased  on th e  
d estru ction  of spore form ing sp e c ie s  oth er th a n  
C lo s t r id iu m  b o tu l in u m .  Im portant organ ism s, w hich  
are likely to c a u se  sp oilage in  acid  foods having  
pH a s  low a s  3 .6  an d  4 .1  an d  above are (i) C l. 
p a s t e u r i u m  am on g th e  a n a erob es, an d  (ii) B .  
c o a g u l a n s  am ong th e  aerob es.

Therm al p rocess sch ed u le  evolved on  the b a s is  
of the inactivation  of h eat res ista n t enzym e sy stem s, 
su ch  a s  peroxidase and p ec tin estera se  (PE), w hich  
ca u se  un desirab le  ch a n g es, have b een  found  to  
render the ca n n ed  fru its m icrobiologically  safe  
(Nath and R an gann a 1977 , 1980). N ath et al. (1983) 
found that the cold  point sh ifted  from  th e  geom etric  
centre tow ards th e  p erip h eiy  w ith  an  in crea se  in  
the filling tem p era tu re , an d  acco rd in g ly , th e  
processin g tim e d ecreased  in  the ca n n in g  o f fruit 
pulps. B ased  on  th is  observation , S iddalingu  et al.
(1983) evolved therm al p ro cess  for th e  ca n n in g  of 
acidified m an go p u lp , and the p rocesso rs are 
m aking u se  o f th e  sa m e for th e  ca n n in g  of the fruit 
pulps. The p rocess in volves m a n u a l acid ification  of 
the pulp to pH 4 .0  or lower, h eatin g  th e acidified  
pulp to 95°C and above in  stea m  jack etted  k ettles  
or heat exch an gers, filling th e  h ot pu lp  in to  A 10 
(603x700) c a n s  at tem peratu res n ot le s s  th a n  85°C,

* C o rre sp o n d in g  A u th o r ;  P r e s e n t  a d d r e s s  : 1A g . E n g . R e s .  
In s t i tu te , A g . R e s e a r c h  O rg a n isa tio n , E v in  T e h ra n , I. R . Iran .
26 3 , A n a n th a s h r a m  R o a d , J a y a la k s h m ip u r a m ,  M y s o r e -5 7 0  
0 1 2 , In d ia

sea lin g , inverting th e  sea led  c a n s  and h old in g  for 
5 to 10 m in  before cooling .

D uring th e  19 87  and 19 88  s e a so n s , it w a s  
found th a t a few  c a n s  from  a p articu lar b atch  of 
'A lphonso' m an go pu lp  ca n n ed  in  A 1 0  c a n s  b u lged , 
after a few days. The p resen t in v estig a tio n s w ere 
carried ou t to identify th e  o rg an ism s resp on sib le  
for sp oilage and d eterm ine their h ea t res ista n ce . 
The im portance of iso la te s  in  th erm al p rocessin g  
of acid  foods, b es id es  m an go p u lp , is  d isc u sse d  in  
th is  paper.
Materials and Methods

I s o la t io n  a n d  id e n t i f i c a t i o n  o f  s p o i l a g e  o r g a n i s m s :  
Sw ollen  A 10 ca n s  of 'Alphonso' m an go pulp , su p plied  
by a factory, w ere tu rn ed  u p sid e  d ow n  5 or 6  tim es  
for uniform  m ix in g  of th e  co n ten ts . T he c a n s  w ere 
op en ed  asep tically . N utrient b roth  an d  reinforced  
clostrid ial m ed iu m , in o cu lated  w ith  th e  p u lp  from  
sp oiled  ca n s , w ere in cu b ated  at 38°C . G row th w as  
in d icated  b y  the form ation  o f a n  in itia l pellicle , and  
su b seq u en t turbidity in  th e  su b -cu ltu red  tu b e s  in  
th e c a se  of aerobes, and  b y  th e  form ation  o f g a s  
and turbidity in  th e  ca se  of a n a erob es. M edia and  
reag en ts required for id en tifica tion  o f aerobic and  
anaerob ic iso la tes  w ere prepared  b y  follow ing th e  
p r o c e d u r e s  d e s c r ib e d  b y  N a tio n a l C a n n e r s '  
A sso c ia t io n  (NCA 19 68 ), S n e a th  (1 9 8 6 ), an d  
H oldem an et al. (1977). T he aerobic a n d  an aerob ic  
iso la te s  w ere identified  accord in g to  th e  p rocedure  
given by S n eath  (1986), an d  C ato et al. (1986), 
respectively. T est for tox in  p rod u ction  w a s  done  
according to the p roced u res g iven  b y  NCA (1968) 
and H oldem an et al. (1977).

P r e p a r a t io n  o f  s p o r e  s u s p e n s i o n  : T he sp ores  
of aerobic and anaerob ic iso la te s  w ere p rod u ced  on  
n u trien t agar con ta in in g  0.1%  so lu b le  starch  and  
10 ppm  M nSQ 4 accord in g to  th e  p rocedure o f NCA
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(1968) and on  b eef h eart broth  (R anganna 1986), 
respectively. The h arvested  sp o res  w ere cou n ted  by  
MPN tech n iq u e u s in g  3  tu b e s  (NCA 1968).

M ango pulp w a s  d ilu ted  w ith  w ater in  the ratio  
of 1:4, to get ju ice . The pH w a s  ad ju sted  to 4 .2 , 
and so lu b le  so lid s  con ten t to  10%. N ine m l o f the  
ju ice  w as ta k en  in  each  v ia l o f 2 0  m l capacity . The 
v ia ls w ere p lugged  w ith  rubber in sert, pre-fractured  
alum in ium  cap  w a s crim ped on  to  th e  vial, sterilised  
at 121°C for 15 m in , cooled and stored in  refrigerator 
at 4°C. W hen required, 1 m l o f th e spore su sp e n s io n  
w a s injected to  each  bottle. Spore con cen tration  
ranged from 2 ,3 0 ,0 0 0  to  7 ,5 0 ,0 0 0 /m l in  different 
stu d ies. S im ilar su sp e n s io n s  w ere prepared in  
neutra l p h osp h ate  buffer.

D e t e r m in a t io n  o f  D  v a l u e  : D ecim al red u ction  
tim e (D) w a s  determ ined  u sin g  capillary tu b es. Prior 
to determ ination , sp ores w ere activated  by h eatin g  
at 70°C for 10 m in . S ix  tu b e s  w ere u sed  for h eatin g  
at each  tim e interval at a p articu lar tem perature. 
H eating w a s d on e in  a tem peratu re controlled  
glycerol bath . After h eatin g , th e  c o n ten ts  w ere s u b 
cu ltured  in  th e  tu b es , con ta in in g  the n u tr ien t broth  
in  the ca se  o f aerobic organ ism , an d  into b ee f heart 
broth in  th e ca se  o f an aerob es. The anaerob ic tu b e s  
were p lugged  w ith  sterile  sea lin g  m ixtu re and  
incubated  at 37°C  for 14 d ays, a s  d escribed  by  
R anganna (1986). U ncorrected  and corrected  D 
va lu es w ere ca lcu la ted  b y  the fraction negative  
m ethod of S tu m b o et al. (1950).

I d e n t i f i c a t i o n  o f  f r u i t s  a n d  v e g e t a b l e s  c o n g e n ia l  
f o r  g r o w t h  o f  B. licheniform is : The fresh  fru its  
and vegetab les w ere prepared in  the sa m e w ay a s  
for can n in g , and p u lped . E ach  pulp  w a s tak en  into  
3 tu b es, one w a s  u se d  a s  a control. The pH w a s  
adjusted  to  4 .2  in  th e  secon d  and, to  4 .5  in  the  
third, u s in g  citric acid  or alkali. T he tu b es  w ere  
sterilised  b y  autoclav in g  at 121°C for 15 m in , 
cooled and in ocu lated  w ith  sp ores of B .  l i c h e n i fo r m is  
iso lated  from  m ango. To determ ine th e  p o ssib ilit ies  
of spoilage in  the can n ed  p rod u cts, b an an a , papaya, 
ja ck  fruit, gu ava , sap o ta  an d  tom ato p u lp s  w ere  
inoculated  w ith  sp ores o f B . l i c h e n i f o r m i s  (7 .5  x  106) 
a n d /o r  C l. s p o r o g e n e s  ( 2 .4 x l0 5) to each  A l Tall can  
(301x411). The p u lp s, after h eatin g , w ere filled hot 
(92°C) in to  c a n s  in  sm all portions, in o cu lated  w ith  
sp ores of organ ism s, sea led  w h en  full, kept inverted  
for 10 m in , coo led  an d  in cu b ated  at 37°C.
Results and Discussion

C om m ercially can n ed  A 1 0  c a n s  o f 'Alphonso' 
m ango pulp , w h ich  h ad  b u lged  during storage w ere 
free of sea m  d efects, an d  th e  pH w a s  4 .3 . Except

for b u lg in g  of th e  c a n s  d u e to  g a s  form ation , th e  
colour, co n s isten cy  an d  odour o f th e  p u lp  w ere  
sim ilar to  th o se  of norm al ca n s . M icroscopic  
exam in ation  of c a n s  during 1 9 8 7 , an d  1 9 8 8  s e a so n s  
in d icated  th e  p resen ce  of aerob ic o rg an ism s, w h ich  
p rod u ced  tin y  b u b b les  of g a s  in  n u tr ien t b roth , b u t  
con ta in ed  no an aerob es, y e a s ts  or m o u ld s. D uring  
1989  sea so n , two c a n s  of m an g o  p u lp , w h ich  h ad  
b u lged  after long storage, w ere provided  b y  th e  
factory. The pH w a s  4 .3 . No ch an g e  h ad  occurred  
in  sen so ry  ch a ra cter istics  o f th e  p rod u ct, th o u gh  
th e  c a n s  h a d  b u lg e d . T h e  b a c t e r io lo g ic a l  
exa m in atio n s sh ow ed  th a t th e  p rod u ct con ta in ed  
on e aerobic an d  a n o th er  an aerob ic  ro d -sh a p ed  
bacteria .
I d e n t i f i c a t i o n  o f  t h e  i s o l a t e s  : T he aerob ic iso la te , 
a r o d -s h a p e d , G r a m -p o s it iv e , s p o r e - fo r m in g  
facu ltative aerobe, w h ich  p rod u ced  c a ta la se , did not 
either red u ce su lp h a te  to  su lp h id e  or p rod u ce  
m ycelium . T h ese fea tu res are ch ara cter istic  o f th e  
g e n u s  B a c i l l u s .  The m orphological, cu ltu ra l an d  
b ioch em ica l ch a ra cter istics  o f  th e  iso la te  w ere  
sim ilar to  th o se  of B . l i c h e n i f o r m i s .

The an aerob ic iso la te  w a s  a ro d -sh a p ed , G ram 
positive, ca ta la se  negative, g a s  form ing, ob ligate  
anaerob ic spore form er, in d ica tin g  th a t it b elon ged  
to th e g en u s  C lo s tr id iu m .  The cu ltu ral, m orphological 
an d  b ioch em ica l ch ara cter istics  w ere sim ilar  to  
th o se  rep orted  for C l. b o t u l i n u m  ty p e s  A BF  
(proteolytic strains) and C l s p o r o g e n e s .  T he iso la te  
did not p rod u ce an y  toxin , thereb y  in d ica tin g  th a t  
th e anaerob ic organ ism  iso la ted  from  m an g o  w a s  
C l. s p o r o g e n e s .  T herm al re s is ta n ce  d ata , d isc u sse d  
later, lent su p port to th is  point.

In v estig a tio n s carried  o u t to  id en tify  th e  
m icroorgan ism s resp on sib le  for th e  sw ellin g  of 
can n ed  'Alphonso' m an g o  pu lp  sh ow ed  th a t it w a s  
ca u sed  by th e  facu ltative anaerob ic sp ore form er, 
B  l i c h e n f o r m i s ,  an d  the obligate an aerob ic spore  
form er, C l. s p o r o g e n e s .  M argalith  an d  S h oen feld  
(1962) iso la ted  therm op hilic  form  o f B .  l i c h e n f o r m i s ,  
w hich  c a u sed  g a se o u s  sp oilage in  c a n s  o f b a n a n a  
puree. B .  l i c h e n f o r m i s  h a s  a lso  b een  iso la ted  from  
ab ou t 30%  of th e  h om e ca n n ed  to m a to es  exam in ed  
by F ields et al. (1977), w h o  reported  th a t m an y  
iso la tes  elevated  th e  pH o f tom ato  seru m . A lian  et 
al. (1986) fou n d  B .  l i c h e n i f o r m i s  to  b e  th e  m o st  
prevalent organ ism  am on g th e  7 sp e c ie s  o f B a c i l l u s  
iso lated  from  fresh  ju ic e  o f tom ato . O ut o f 5 stra in s  
of B . l ic h e n i f o r m i s  in vestigated  b y  M ontville and  
S ap ers (1981), three stra in s  co u ld  in itia te  grow th  
in  tom ato and p u ree at a pH o f 4 .2 , b u t  n o t at
4 .0 , one had  a lower lim it of pH 4 .4 , w h ile  th e
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fifth cou ld  not in itia te grow th at pH 4 .4 .

The grow th o f C l. b o t u l i n u m  in  acid  food s is  
not due to th e  ability of the organ ism  to grow u n d er  
the acidic con d itio n s o f th e food (pH < 4 .6 ), b ut

occurred , h ad  n ot B . l i c h e n f o r m i s  e levated  th e  pH, 
an d  p ossib ly  d ep leted  th e  resid u al oxygen  on  the  
su rface layer o f m an go pu lp  in  th e  ca n , th u s  
resu ltin g  in  an  en viron m en t favourable to the

TABLE 1. CHANGES DURING THE INCUBATION FOR 6 MONTHS OF MANGO PULP INOCULATED WITH B . U C H E N IF O R M IS  AND/ OR C L  S P O R O G E N E S .

B . lic h e n ifo r m is CL s p o r o g e n e s B . l ic h e n ifo r m is  
± CL s p o r o g e n e s

Initial Final Production Initial Final Production Initial Final ProductionPH pH of gas 
bubble*

pH PH of gas PH PH of gas

4.0 4.0 - ve 4.0 4.0 - ve 4.0 4.0 - ve
4.3 4.3 + ve 4.3 4.3 - ve 4.3 4.5 - ve
4.5 4.6 + ve 4.5 4.4 - ve 4.5 4.7 + ve
5.0 5.9 + ve 5.0 4.7 - ve 5.0 5.1 + ve

* B. U ch en ifo rm is  formed only a gas bubble in durham tubes.

rather to th e ra ise  in  pH above th e  inhib itory levels  
(Ito and C hen  1978). B .  U c h e n i fo r m is  cou ld  elevate  
the pH, and deplete oxygen  even  in  an  aerobic  
acidic m odel system , thereb y allow ing grow th and  
toxin production  b y  C l. b o t u l i n u m  (M ontville 1982). 
B esid es B . U c h e n i fo r m is ,  m o u ld s  and on e particu lar  
strain  of B . c o a g u l a n s  ca n  give r ise to con d itio n s  

r favourable to th e grow th o f C l. b o t u l i n u m  (O dlaug  
and Pflug 19 78 , 1979; A n d erson  1984],

C l. s p o r o g e n e s  co ex istin g  w ith  B. U c h e n i fo r m is  
and their m eta b io sis  s e e m s  to  have not b een  
reported h itherto. B . U c h e n i fo r m is ,  in  conform ity  
w ith the earlier fin d in gs, ra ised  th e pH of the  
nutrient broth from 5 .0  to 8 .5 ,6 .0  to 9 .0  and 6 .5  
to  9 .5  after 3 0  d a y s  o f in c u b a tio n  a i3 7 ° C . C l. 
s p o r o g e n e s  did not grow below  4 .5  in  reinforced  
clostridial m edium  or b eef heart broth .B . l i c h e n f o r m i s  
sp ores added to hot m an go pulp  at 90°C (pH 4.0) 
in A 10 ca n s, ju s t  before sea lin g  c a u sed  n o  spoilage, 
even after prolonged in cu b atio n  for 6  m on th s. In 
m odel system , co llection  o f a sm all am o u n t o f g a s  
could  be seen  at pH > 4 .3  (Table 1). C l. s p o r o g e n e s  
cau sed  no spoilage of m an go pu lp  over the pH  
range of 4 .0  to 5 .0 . W hen both  th e org an ism s w ere  
present, g a s  form ation a s  w ell a s  sligh t raise in  
pH cou ld  be se e n  at pH 4 .5  and 5 .0  (Table 1).

R esistan ce  s tu d ie s  o f  bacteria l sp o res  to acid  
have b een  review ed by B loch er an d  B u sta  (1983). 
Spores of C l. s p o r o g e n e s  stra in  PA 3 6 7 9  are not 
able to germ inate at pH < 4 .8 , an d  a s  seen  in  the  
presen t study, at pH < 5 .0 . B . l i c h e n f o r m i s  is  able  
to grow at pH 4 .2  an d  above. C onsidering th e  exten t  
of g a s  form ation, resu ltin g  in  hard sw ells  in  1986  
and 1987 se a so n s , the sp oilage cou ld  not have

grow th of C l. s p o r o g e n e s  to  c a u se  sp oilage. R esu lts  
sh o w n  in Table 1 confirm  th e sa m e. The pH 
elevated  by the activ ity o f B . l i c h e n f o r m i s  cou ld  
have b een  red u ced  b y  th e  ac id  form ed from  g lu cose  
and oth er su g a rs  by C l. s p o r o g e n e s  (Cato et al. 
1986).
D  a n d  z  v a l u e s  o f  B. licheniform is a n d  Cl. sporogenes: 
The v a lu es  o f D an d  z o f  B. l i c h e n f o r m i s  an d  C l. 
s p o r o g e n e s  found in  th is  s tu d y  are g iven  in  Table 2.

TABLE 2. D AND z VALUES OF C L  S P O R O G E N E S  AND 3 .
U C H E N IF O R M IS  ISOLATED FROM MANGO PULP

Organism Medium PH Spore D Value
concen (min)
tration

CL s p o r o g e n e s Mango 4.5 24x10" D.oo = 6.80
N.P.B. 7.0 24x10" Dm ,= 0.51

B . lic h e n ifo r m is Mango 4.2 23x10" D,„o= 1-25*
Mango 4.5 15x10s 0 .00= 120
N.P.B. 7.0 D.oo = 3.12

* z = 11.45°C : N.P.B. Neutral phosphate buffer.

The D v a lu es  of th e  form er fou n d  in  th is  s tu d y  
are som ew h at low er th a n  th e  reported v a lu es  
(Marglith and S h oen feld  1962; M ontville an d  S ap ers  
1 9 8 1 ;  M o n tv ille  1 9 8 2 ;  a n d  R u s s e l  1 9 8 2 ) . 
C om m ercially ca n n ed  m an go  an d  oth er tropical 
fruit p u lp s  packed  in  India h av e  pH le s s  th a n  4 .0 . 
The lim iting factor in  the h ot fill-h o ld -coo l p rocess  
for m ango and oth er p u lp s  evolved in  th is  laboratory  
is  that the pH sh o u ld  n ot exceed  4 .0 . B anana, 
gu ava , orange an d  p ap aya, b e s id e s  a variety  of 
vegetab les, su p p orted  th e grow th o f B. l i c h e n f o r m i s
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at pH 4 .5 . O nly in  p ap aya and b an an a , the growth  
w as in itia ted  at pH 4 .2 , a s  observed  from  the  
evolution of g a s  b u b b les. D v a lu es  of B. l ic h e n i fo r m is  
in fruits and veg eta b les, w hich  su p port the growth  
of organism  are given  in T able 3.

TABLE 3. D VALUE AT 1 00°C OF D. L IC H E N IF O R M IS  IN FRUIT 
AND VEGETABLE PULPS WHICH SUPPORT THE 
GROWTH OF THE ORGANISM

Product pH D value
(min)

N.P.B. 7.0 3.1 ± 0.2
Papaya 4.2 2.2 + 0.2

4.5 2.5 ± 0.5
Jack fruit 4.2 2.2 ± 0.5

4.5 3.8 ± 0.5
Guava 4.2 3.3 ± 0.3

4.5 4.1 ± 0.2
Peas 4.2 2.5 ± 0.1

4.5 2.5 ± 0.1
French beans 4.2 2.2 ± 0.2

4.5 2.6 ± 0.2
Ivy gourd (K un d rij 4.2 2.2 ± 0.2

4.5 2.3 ± 0.3
Cauliflower 4.2 2.1 ± 0.9

4.5 2.8 ± 0.4
Carrot 4.2 2.2 ± 0.2

4.5 - 2.5 ± 0.2
N.P.B. :: Neutral phosphate buffer

B . c o a g u l a n s  grow s w ith  in creasin g  probability  
at tem peratu res h igher th a n  30°C  and pH h igher  
th an  4 .1 , an d  c a u se s  fla t-sou r sp oilage in  tom ato  
p roducts ch aracterised  by low ering o f pH by 0 .2 -
I . 0  pH u n its  (Fields et al. 1977). An excep tion  to 
th is  general u n d erstan d in g  h a s  b een  a stra in  
iso lated  by A nderson  (1984), w h ich  w a s found  to 
grow w ell in  ju ice  h av in g  a n  in itia l pH o f 4 .5  (but 
poor at pH 4 .2  or 4 .3 ), an d  elevated  th e pH from
4 .5  to 5 .0  by th e  en d  of 6  d ays (Fields et al. 1977). 
S u r v i v a l  o f  h ig h  h e a t  r e s i s t a n t  C l o s t r id ia l  s p o r e s  in  
a c i d  f o o d s  : The Dgs va lu e  o f B . l i c h e n i f o r m i s  in 
tom ato ju ice  at pH 4  5 w a s  5 .1  (z = 14.9°C) (Montville 
and S ap ers 1981), w h ile  th e  D e v a lu e s  in  m an go  
pulp found  in  th is  s tu d y  w a s  3 .4 2  m in  (z =
I I .  45°C). A nderson  et al. (1949) reported a va lu e  
of F1°0£= 21 .5  m in  for B .  c o a g u l a n s  in  tom ato ju ice  
(pH 4 .4 -4 .5 ), w hile Nath (1978) reported F ™ =65.3  
m in  at pH 4 .5 . In a n y  c a se , the D or F v a lu es  
of B . c o a g u l a n s  are h igher th a n  the v a lu es  of B . 
l ic h e n i fo r m is .

The D va lu e  c f  C l. b o t u l i n u m  d ecrea ses  w ith  
pH. C l. b o t u l i n u m  type A stra in  iso la ted  from  tom ato

ju ic e  had  an  extrap olated  D va lu e  o f 18 m in  at 
100°C at pH 4 .2  (X ezones an d  H u tch in g s 1965). 
C l. s p o r o g e n e s  b eh aved  sim ilarly  (C am erson  et al.
1980). The D va lu e  o f C l. s p o r o g e n e s  stra in  iso lated  
from 'Alphonso' m an go pu lp  at pH 4 .5  w a s  6 .8  m in  
at 100°C , b u t yet sig n ifican tly  h ig h er  th a n  th a t of
B . l i c h e n f o r m i s ,  an d  con sid era b ly  h ig h er  th a n  
organ ism s o f in terest in  th e region  o f acid  foods.

S p ores o f h igh  h ea t res ista n t C l. b o t u l i n u m  an d  
other org an ism s know n to c a u se  sp o ilag e  in  low- 
acid  food s rem ain  dorm ant in  h ea t p ro cessed  acid  
food s for lon g  periods. T heir germ in ation  and  
grow th occu r only w h en  th e pH in  th e  en viron m en t 
is  elevated . A m ong bacteria  an d  m o u ld s  reported  
to elevate pH, B . l ic h e n i f o r m i s  is  m ore h ea t resistan t. 
The low est pH at w h ich  C l. b o t u l i n u m  an d  C l. 
s p o r o g e n e s  are able to grow  is  pH > 4 .8 . A llow ing  
a m argin  of 0 .2  u n its , 4 .6  is  ta k en  a s  the  
d em arcation  pH for low -acid  food s requiring sa fe  
therm al p rocess w ith resp ect to C l. b o t u l i n u m  from  
th e public h ea lth  point o f view . A pplying th e  sam e  
analogy, s in ce  B . l i c h e n i f o r m i s  is  ab le to  grow  at 
pH > 4 . 2  and elevate th e  pH, all p ro d u cts  hav in g  
pH h igher th an  4 .0 , b u t low er th a n  pH 4 .6  sh o u ld  
be given  therm al p rocess, ad eq u ate  en ou g h  to  
destroy B . l i c h e n i f o r m i s  w ith  th e  probable excep tion  
of tom ato p rod u cts, w h ich  req u ires in activation  of
B. c o a g u l a n s .  The h eat treatm en t to in activate  th ese  
organ ism s w ould  a lso  inactivate the toxigen ic stra in s  
of C l. b u t g r i c u m  an d  C l. b a r a t i  (O dlaug an d  Pflug
1979).
Conclusion

In p rod u cts hav in g  a pH 4 .0  or lower, the  
p ro cess sch ed u le  evolved on  th e  b a s is  o f  therm al 
in activ iation  o f en zym es, w h ich  h a s  h itherto  proved  
ad eq u ate u n d er  com m ercial p ro cess in g  con d itio n s, 
and rendered  th e  ca n n ed  p rod u ct m icrob iolog ically  
safe  cou ld  b e con tin u ed , an d  th ere  is  n o  reaso n  
to  alter the sam e. The p rod u cts h av in g  pH h igh er  
th a n  4 .0 , b u t low er th a n  pH 4 .6 , sh o u ld  b e  g iven  
therm al p rocess, ad eq u ate  to  d estroy  B. l i c h e n i f o r m i s  
w ith  the excep tion , w here B. c o a g u l a n s  sp o ilage (as 
in  tom ato) is  likely to occur.
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Anthocyanin of Karwand (Carissa carandas) and Studies 
on Its Stability in Model System s

CHANDRA M. IYER AND P.J. DUB ASH*
F oods and F erm entation  S ection ,

U niversity D ep artm en t of C hem ical T echnology, M atunga, B o m b a y -4 0 0  0 1 9 , India.
Anthocyanin from K a rw a n d . (C a r is s a  c a r a n d a s ) is characterized, and its stability is determined in model systems. 

Based on the chromatographic data and spectral studies, the pigment is identified as cyanidin - 3 - rhamnoglucoside. 
The data on the stability of the pigment in two model systems showed progressive loss of anthocyanin. The loss was 
higher at 30°C than at 5°C. A potential exists for the use of K a n v a n d  anthocyanin as a natural colouring agent 
for products requiring milder processing treatment and low temperature storage.
Keywords : K a r w a n d , Anthocyanin, Extraction, Stability, Model system.

The K a r w a n d  (C a r i s s a  c a r a n d a s ) ,  a sm all edible  
fruit of purplish  red colour, is  found  a lm ost all over 
India. It is  esp ecia lly  cu ltivated  in  K onkan and  
other North Indian S ta tes. The fruit's utility, at 
present, is  restricted to the m an u factu re of K a r w a n d  
ju ice , b es id es  b ein g  eaten  afresh .

There is  a grow ing w orldw ide in terest in  
developing colou r ad d itives for foods. Earlier s tu d ie s  
on P h a l s a  fruit an d  A vocado p eel led to the  
identification  o f 2 an th ocyan in  p ig m en ts w hich  give 
a p leasin g  red colour (Khurdiya an d  A n and  1981; 
Prabha et al. 1980). In the p resen t stu d ie s , the  
K a r w a n d  an th ocya n in  extract w a s  tested  for its  
stability  in  a m odel sy stem  for determ in ing its  
su itab ility  a s  a m ore sta b le  n atu ral colour.
Materials and Methods

A sam p le o f 5 0 0  g o f fresh  and ripe fruit peel 
w as b lended  w ith  ab out 100 m l 1% m eth an olic  HC1 
for 5 m in  (the acid  sta b ilizes the pigm ent). In order 
to facilitate com plete extraction , the m acerate  w a s  
stored  overnight at 5°C, and th en  cen trifu ged , and  
th e clear su p ern a ta n t w a s  d ecan ted . The resid u e  
w as repeatedly w ash ed  with the solvent for extraction  
of the left-over p igm ents. The pooled  extract w a s  
con cen trated  in  a rotary v a cu u m  evaporator at 
30°C, and w a s su b jected  to a scen d in g  paper  
chrom atography u sin g  W hatm an filter paper No. 3 
in  b u tan o l : acetic  acid  : w ater - 4 :1 :5  (B.A.W.); 
form ic acid  : HC1 : w ater - 5:2:3  (Formic) an d  acetic  
acid : HC1 : w ater : 3 0  : 3  : 10 (Forestall, a s  so lvent  
sy stem s for determ in ing Rj v a lu es  o f an th ocyan in .

The sp o t from  the chrom atogram , involving the  
u se  o f B.A.W. so lven t sy stem , w a s  elu ted  ou t in
* C o r re sp o n d in g  A u th o r

0.01%  m ethanolic-H C l, and  th e  U V -visib le sp ectru m  
w a s recorded u sin g  a B a u sch  an d  Lomb sp ectro n ic  
2 0 0 0  sp ectrop h otom eter in  th e  ran ge of 2 7 0 -6 0 0  
nm . Acid h yd ro lysis of th e e lu ted  co m p o n en t w a s  
carried ou t to sep ara te  aglycone an d  su g a r  m oieties. 
The su gar w a s  identified  b y  com p a rison  w ith  
stan dard  su gar, and  the U V -visible sp ectru m  of th e  
aglycone m oiety  w a s recorded  an d  its  b ath och rom ic  
sh ift noted .

T otal a n th o cy a n in s  from  fresh  an d  p ost-  
p rocessed  K a r w a n d  fruit w ere extracted  (AOAC
1984) and d eterm in ed  b y  th e  m eth o d  d escrib ed  by  
F ulek i and F ran cis (1968). T he ascorb ic  acid  
con ten t w a s d etected  by th e  2 , 6 - d ich lorop h en ol 
in d op h en ol titra tion  m ethod . P rocessin g  of th e  fresh  
fruit w a s  carried ou t after b ottlin g  in  40°C  Brix  
su ga r so lu tio n  b y  a) au toclav in g  at 3  lb s  for 12 
m in  an d  b) im m ersion  in  boilin g  w ater for 15 m in .
P r e p a r a t io n  o f  c o l o u r a n t : T he p igm ent w a s  extracted  
from  th e  p om ace w ith  eth an ol, con ta in in g  0.03%  
HC1 at th e  ratio of 5 : 1 (so lvent:pom ace). The  
resu ltin g  extract w a s  con cen trated  b y  rotary v a cu u m  
evaporation and absorbed  on  a n  IRC cation  exch an ge  
resin  (Ion E xch an ge, India) for purification . The  
p igm ent w a s e lu ted  ou t w ith  0 .000 1%  HC1 in  
eth an ol and con cen trated  to  provide th e  co lou ran t.

The stab ility  o f  th e  con cen tra te  w a s  stu d ied  
in  two m odel sy stem s. In one c a se , a su ga r-c itrate  
so lu tio n  (12° Brix) o f  pH 3 .5 , to  w h ich  10% of th e  
colou r con cen trate  w a s  added. T h is w a s  stored  at 
5 and 30°C  for a period o f 2 0  d ays, an d  th e  
an th ocyan in  con ten t w a s  determ ined  every a ltern ate  
day. In an oth er ca se , th e  yogh u rt w a s  p repared  by  
acidifying m ilk  w ith  2% lactic  acid , to  w h ich  1%, 
1.5% an d  2% o f the co lou r  c o n cen tra te s  w ere  
added. The m ix tu res w ere stored  a t 5°C for 7 d ays  
an d  th e  an th ocya n in  c o n ten ts  m ea su red .

2 4 6
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T h e c o lo u r a n t  w a s  a d d e d  a t d if fe r e n t  

con cen tration s in  the m od el sy s te m s  to te st  w h eth er  
varying con cen tra tion s p layed  an y  role in  the  
stability of th e  co lou ran t p igm ent.
Results and Discussion

The Rj v a lu es  o f  K a r w a n d  ( C a r i s s a  c a r a n d a s ) 
an th ocyan in  in  th e  th ree  so lven t sy stem s, i.e.
B.A.W., form ic an d  foresta l, w ere found  to be 3 5 0 0 , 
4 5 0 0  and 7 4 0 0 , respectively. The R, va lu es  in  B.A.W. 
and forestal are in  c lo se  agreem en t, w ith  th o se  of 
cy a n id in  3 -r h a m n o g lu c o s id e , a s  rep orted  b y  
H arb orn e (1 9 5 8 ) . T h e  a n th o c y a n in  g a v e  a 
bathochrom ic sh ift u p o n  ad d ition  o f 5% ethan olic  
A1C13 (2-3 drops), thereb y in d icating  th e  p resen ce  
of orthophenolic grou p s (G essim an  et al. 1953 , 
G essim an  an d  J u rd  1955) in  th e ir  ag lycon e  
(a n th o cy a n id in  p o rtio n ). T h e A 4 4 0 /A  m a x  
percentage va lu e  o f 31 in d ica ted  3 -g ly co sid es  
(Harborne 1958). The su g a r  m oieties  w ere found  
to be g lu cose  and rh am n ose . The m ax im u m  v a lu es  
of an th ocyan id in  (529 .3) an d  the an th ocya n in  
com ponent (527 .1) are in  c lo se  agreem ent, w ith  
those of the reported m axim a for cyan id in  (Harborne
1958). The com p o n en t w a s, th u s , a cyan id in  
derivative w ith  su ga rs, rh am n ose  and g lu cose  
su b stitu ted  at th e  3  p osition . B ased  on  the above  
data, th e com p on en t ca n  be a ss ig n ed  the stru ctu re  
as sh ow n  in Fig 1.

OH
Fig 1. Cyanidin 3-rhamnoglucosidc

Table 1 sh o w s th e  stab ility  ch ara cter istics  of 
the an th ocyan in  and ascorb ic  acid p resen t in  
K a r w a n d  to different p rocessin g  treatm ents. The 
processin g o f th e  K a r w a n d  fruit resu lted  in  lo ss  
of an th ocyan in s an d  ascorb ic acid. Several factors, 
either individually or in  com b in ation , m igh t have  
played an  im portant role in  th e  d estru ction  of  
an th ocyan in  and ascorb ic acid . For exam ple, heat  
and h eatin g tim e are th e  m ajor factors resp on sib le  
for an th ocyan in  d estru ction  (M eschter 1953; A d am s

TABLE 1. STABILITY CHARACTERISTICS OF K A R W A N D  
ANTHOCYANINS AND ASCORBIC ACID TO
PROCESSING TREATMENT.

Total anthocyanin, Ascorbic acid
K a r w a n d  material mg/ 100 g fruit mg/ 100 ml

fruit juice
Fresh 21.55 105.00
Process 'A'* 15.90 54.95
Process B'# 17.38 65.94

* Bottled in 40° Brix sugar solution and autoclaved at 3 lbs 
for 12 min.

# Bottled in 40° Brix sugar solution and immersed in boiling 
water for 15 min.

an d  O ngley 1972). It w a s  ob served  th a t, w h en  a 
product w a s  given  a sh ort tim e h igh  tem perature  
p rocessin g  treatm ent, it h ad  m ore an th ocya n in  
retention , a s  com pared  to th a t in  the p rod u cts kept 
at a low er tem perature for a lon ger period. N eb esk y  
et al. (1969) found  th a t th e  oxygen  an d  tem peratu re  
w ere the m o st sp ecific  acce leratin g  a g en ts  in  th e  
degradation  of p ig m en ts in  m o st fru its. R eten tion  
of an th ocya n in  p ig m en ts w a s greater, w h en  can n ed  
u n der n itrogen  th a n  th o se  u n d er  air (D aravingas  
and C ain 1965).

B eattie  et al. (1943) an d  P ed erson  et al. (1947) 
observed parallel lo s se s  of an th ocya n in  and ascorb ic  
acid  during va rio u s p ro cess in g  trea tm en ts. S u gar  
an d  su gar degradation  p rod u cts, i.e. furfural and  
hydroxym ethyl furfural, acce lerate  th e  d egradation  
of p igm ent and oxygen  aggravated  th e  d estru ctive  
effects o f sugar. A lth ough  the effect o f  different 
p aram eters on  the lo s s  of a n th o cy a n in s  w a s  stu d ied  
ind ividually, there h a s  b een  n o  attem p t to  m ak e  
a com parative stu d y  to  c h eck  p igm ent stab ility , 
w h en  m an y factors w ere p resen t in  com b in a tion s. 
K a r w a n d  an th o cy a n in s  can , therefore, be sta ted  to  
b e relatively sta b le  to  th e  p ro cess in g  treatm ent  
u sed  in  th e p resen t s tu d ie s , a s  th e  d egrad ation  w a s  
in  th e  range o f 19-26% , w h ich  w a s  m u ch  lower  
th an  that o f 63-78%  in ca se  o f p lu m  a n th ocya n in  
u n d er sa m e treatm ent.

D ata in  T ab les 2 an d  3  on  th e  sta b ility  of 
K a r w a n d  an th ocyan in s in  the m odel sy stem s indicate  
a progressive lo ss  in  an th o cy a n in  co n ten t, w hich  
w a s m ore, w h en  the m od el sy s te m  w a s  stored  at 
30°C . The in crea se  in  co lou ran t con cen tra tio n  (in 
ca se  of yoghurt) m ad e no sig n ifican t d ifference, a s  
p igm ent retention  at all co n cen tra tio n s w a s  a lm ost  
the sam e. T hough n o  p asteu riza tio n  treatm ent w as  
given  an d  p ack agin g  of th e m od el sy s te m s  (beverage 
an d  yoghurt) cou ld  n ot be term ed  excellen t, no  
visib le  m icrobial grow th cou ld  be se e n  at th e end  
of th e  stip u la ted  period.
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TABLE 2. STABILITY CHARACTERISTICS OF K A R W A N D  
ANTHOCYANIN COLOURANT IN SUGAR-CITRATE 
SOLUTION OF pH 3.5 AND 10% COLOURANT 
CONCENTRATION FOR 20 DAYS AT 5°C AND 30°C.

Days Pigment content m g/ 100
5°C 30°C

0 0.51 0.51
2 0.50 0.44
4 0.50 0.43
6 0.48 0.40
8 0.47 0.39
10 0.46 0.38
12 0.45 0.38
14 0.45 0.37
16 0.44 0.36
18 0.44 0.35
20 0.43 0.34

TABLE 3. STABILITY CHARACTERISTICS OF K A R W A N D  
ANTHOCYANIN PIGMENT CONCENTRATE IN 
YOGHURT (MILK ACIDIFIED WITH 2% LACTIC 
ACID) AT pH 3.8 FOR 7 DAYS AT 5°C.

Pigment 
concentrate, %

Anthocyainin, mg/ 100 ml on days
0 2 4 7

1 0.46 0.44 0.43 0.40
1.5 0.92 0.87 0.84 0.79
2 1.29 1.21 1.18 1.11

The resu lts  ob tained  w ere com parable to th ose  
for cyan id in  3 -g lu cosid e  from b lu eb erries and  
enocyanin  (colourant prepared from  grapes) in  a  
buffered su gar-citrate m odel sy s tem  at pH 2 .8  for 
the sam e period (Teh and F ran cis 1988). The 
K a r w a n d  an th ocyan in  w a s  m ore sta b le  th a n  the  
pigm ent obtained  from  J a m b u l  u n d er sim ilar te st  
con d ition s (Iyer 1992).

It is  know n th a t an th ocya n in  p ig m en ts are 
m ore stab le  at low  pH v a lu es  (M eshter 1953).

H ence, th e  K a r w a n d  a n th o cy a n in  p igm en t m a y  be  
term ed sta b le  an d  cou ld  b e u sed  a s  a co lou ran t 
in  food p r o d u c ts  r eq u ir in g  m ild  p r o c e s s in g  
treatm en ts, an d  cou ld  preferably b e  stored  u n der  
low  tem peratu res.
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Comparative Hypocholestérolémie Activities of Oryzanol, 
Curcumin and Ferulic Acid in Rats

G.S. SEETHARAMAIAH1 AND N. CHANDRASEKHARA*
D epartm ent o f Food C hem istry,

C entral Food T echnological R esearch  In stitu te , M ysore-570  0 1 3 , India.
The hypocholcsterolemic effect of oryzanol, a mixture of fcrulic acid esters of sterols and triterpenols, isolated 

from rice bran oil was compared with that of curcumin (diferuloyl methane, the yellow pigment of turmeric) and ferulic 
acid. Feeding 0.5% oryzanol, 0.15% curcumin or 75 mg% ferulic acid in the 1% cholesterol containing diet (HCD) 
for 7 weeks caused a significant decrease in serum total cholesterol as well as (LDL + VLDL) cholesterol and an 
increase in HDL cholesterol. Scrum lipoprotein (LDL.+VLDL) concentration was also decreased. The ratio of LDL-cholcsterol 
to HDL-cholestcrol which was 24.9 on the IICD was decreased by 40% by oryzanol, 21% by curcumin and 24% by 
ferulic acid. Oryzanol and curcumin lowered liver cholesterol levels, whereas ferulic acid was not effective. Oryzanol 
was a better hypocholcsterolemic agent than curcumin or fcrulic acid.
K e y w o rd s  : Oryzanol, Curcumin, Fcrulic acid, Hypocholcsterolemic activity, Rat feeding.

Oryzanol, a m ixtu re of ferulic acid esters  of 
sterols and triterpenols, is  p resen t in  rice bran  oil 
(Seetharam aiah  an d  P rabhakar 1986). Several 
workers (Shinom iya et al. 1983; N akayam a et al. 
1986, 1987; S eeth aram aiah  and C h and rasek hara
1988) have d em o n stra ted  th a t oryzanol is  a 
hypocholcsterolem ic agent in  exp erim ental an im als. 
It h a s  b een  recen tly  reported th a t the effect of 
oryzanol is  m ain ly  due to in h ib ition  of absorption  
of dietary ch olestero l and in crea sed  faecal excretion  
of b ile a c id s (Seeth aram aiah  and C handrasekhara
1990). The h y p o ch o lcstero lem ic  activ ity  o f (3- 
sitosterol, one o f the co m p o n en ts  o f oryzanol, h a s  
been  attributed m ain ly  to its  effect on  the absorption  
of exogen ou s ch o lestero l (G rundy and Mok 1977). 
A nother m ajor com p on en t o f oryzanol, nam ely  24 -  
m ethylene cycloartanol, h a s  a lso  b een  d em onstrated  
to be a ch olestero l low ering com p oun d  (Kribuchi 
et al. 1983). In su crose- induced  hypertriglyceridem ic  
condition in  rats, ferulic acid  ca u sed  a decrease  
in  liver ch olestero l an d  an  in crease in  seru m  HDL- 
cholestero l (Srin ivasan  and S atyanarayan a 1988). 
However, there is  n o  s tu d y  regarding th e effect of 
ferulic acid in  exp erim enta l a n im als fed a high  
cholesterol diet. C urcum in , th e yellow  coloured  
pigm ent of turm eric is  m ain ly  com p osed  of diferuloyl 
m ethan e and is  a lso  k n ow n  to b e effective in  
lowering ch olestero l levels (Subba Rao et al. 1970). 
The p r e se n t  p a p er  r e p o r ts  th e  c o m p a ra tiv e  
h ypocholesterolem ic efficacy o f oryzanol w ith  that 
of cu rcu m in  and ferulic acid.

* C o rre sp o n d in g  A u th o r  ‘P r e s e n t  a d d r e s s  : D e p a r tm e n t  o j  
M icrobiology. U n iv e r s ity  o j  T e x a s ,  M e d ic a l B r a n c h  G a lv e s to n ,  
T e x a s , U .S .A .

Materials and Methods
C h e m i c a l s  : O ryzanol w a s  iso la ted  from  rice bran  
oil, a s  reported e lsew h ere (S eeth aram aiah  and  
P rabhakar 1986). C u rcu m in  w a s  p rocured  from  
F lavours and E sse n c e s  Pvt. Ltd., M ysore, India. 
Ferulic acid  an d  so d iu m  tau rog lycoch ola te  (m ixture  
of bile sa lts) w ere p u rch a sed  from  S igm a C h em icals  
Co., USA. C holesterol w a s from  S isco  R esearch  
Lab., B om bay, India. All o th er ch em ica ls  and  
so lv en ts  w ere o f an a lytica l grade, w h ile  th e  so lv en ts  
w ere d istilled  before u se .
A n i m a l s  : Male alb ino rats o f th e  W istar' stra in , 
w eigh in g 6 0 -7 0  g, w ere d ivided in to  5 gro u p s of 
6  rats each  and kept in  in d iv id u al ca g e s  w ith  free 
a c c e ss  to w ater and diet. T h ey w ere fed th e  
fo llo w in g  d ie t s  for 7 w e e k s ;  1) c o n tr o l d iet  
(S e e th a r a m a ia h  a n d  C h a n d r a s e k h a r a  1 9 8 8 ),  
2) control + 1% ch olestero l + 0 .15%  b ile  sa lts  (high  
ch olestero l diet HCD), 3) HCD + 0.5%  oryzanol,
4) HCD + 0.15%  cu rcu m in , 5) HCD + 7 5  mg%  
ferulic acid . After 7 w eek s, th e  ra ts  w ere fa sted  for 
18 h an d  sacrificed  u n d er  ether a n a e sth e s ia . B lood  
w a s collected  by cardiac p u n ctu re . T he liver w a s  
excised , w a sh ed  w ith  ice-co ld  iso to n ic  sa lin e  and  
w eighed . Serum  and liver sa m p les  w ere stored  at 
-20°C  u n til u sed  for a n a ly sis .
L ip id  a n a l y s i s  : Serum  an d  liver lip id s  w ere extracted  
(Folch et al. 1957) w ith  ch loroform -m eth an ol (2:1, 
v /v ). C holesterol (Searcy an d  B ergq u ist 1960) 
triglycerides (Fletcher 1968) an d  p h o sp h o lip id s  
(M arinetti 1962) w ere e s tim a ted  b y  sta n d a rd  
m eth o d s. S eru m  H D L -cholesterol w a s  determ ined  
in  the su p ern a ta n t after treatm en t w ith  h eparin- 
m a n g a n ese  reagent (W am ick  an d  A lbers 1978). The
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precipitate w a s extracted  w ith  ch loroform -m ethanol 
(2:1, v /v )  before u s in g  for LDL (includ ing VLDL) 
ch olestero l estim ation . S eru m  lipop rotein s were 
separated  by polyacrylam ide gel e lectrop h oresis and  
quantitated  b y  sca n n in g  at 6 2 0  nm  (B eckm an  
sp e c tr o p h o to m e te r , M odel 2 6 ), a s  d esc r ib e d  
elsew here (Seeth aram aiah  an d  C h and rasek hara
1988). R esu lts  are exp ressed  a s  m ea n  ± SEM, and  
differences b etw een  th e group m ea n s  were evaluated  
for sign ifican ce b y  S tu d en t's 't' te st  (Snedecor and

respectively. S eru m  trig lycerides an d  p h o sp h o lip id s  
of rats fed th e different exp erim enta l d ie ts  w ere not 
different from th o se  fed HCD only.

C holesterol feeding sign ifican tly  d ecreased  HDL- 
ch o lestero l an d  m arkedly in crea sed  L D L -cholesterol 
con cen tra tion s (Table 2). In a n im a ls  fed th e  te s t  
com p o u n d s, LD L-cholesterol co n cen tra tio n s  w ere  
sign ifican tly  low er th a n  th o se  in  the HCD fed group. 
W hereas H D L -cholesterol, sh ow ed  a ten d en cy  to 
in crease (statistica lly  n o t significant) in  ra ts  on  th e

C ochran 1967). HCD + o iy za n o l d iet, th e  oth er tw o co m p o u n d s  did

TABLE 1. EFFECT OF ORYZANOL, CURCUMIN AND FERULIC ACID ON SERUM LIPIDS OF RATS
Group Diet Serum cholesterol, mg/dl Cholesterol Serum Serum

Total Free Ester ester triglycerides
mg/dl

phospho
lipids
mg/dlFree chole

sterol
1 Control 65.113.0 24.511.0 40.6+2.3 1.6610.06 87.918.0 160.618.1
2 HCD 311.3 ± 19.7a 152.516.5* 158.9113.7* 1.0310.05* 29.013.2* 186.9110.8
3 HCD + 0.5% 

oryzanol
248.9110.9e 1 15.814.2* 133.116.3 1.1510.04* 36.013.6 175.617.9

4 HCD + 0.15% 
curcumin

250.0±18.2C 1 14.015.8b 136.0113.1 1.2510.14* 30.413.9 172.5111.5
5 HCD + 75 mg% 233.9 ± 15.5C 

ferulic acid
113.115.3* 120.8112.3 1.0610.07 31.411.1 166.3113.2

Values are mean 1 SEM of 6 rats. *p<0.001; 1l’p<0.005; cp<0.05. Comparisons are between groups 2 and 1, 2 and 3, 2 and 4
and 2 and 5.

Results and Discussion
For com paring the hypocholesterolem ic activities  

of o iyzanol, cu rcu m in  and ferulic acid , th ese  w ere  
fed to rats at d o se s  com parable w ith  regard to  
ferulic acid con ten t, i.e. 0.5%  oryzanol, 0 .15%  
curcum in  and 75  mg% ferulic acid  in  the diet.

The effect o f oryzanol, cu rcu m in  an d  ferulic  
acid on  seru m  lip ids is  in d icated  in  Table 1. All 
the te st com p o u n d s sign ifican tly  d ecreased  seru m  
total and free ch olestero l levels. The d ecrea ses  in  
serum  total cholesterol in  rats fed oiyzanol, curcum in  
and feru lic  ac id  w ere 20% , 20%  an d  25% ,

n ot alter H D L -cholesterol levels. T he ratio o f LDL- 
ch olestero l to H D L -cholesterol w h ich  w a s  in crea sed  
to 2 4 .9  b y  ch o lestero l feed in g w a s  d ecrea sed  to
15 .0 , 19 .6  an d  18 .8  in  rats fed oryzanol, cu rcu m in  
an d  ferulic acid , respectively.

The relative p ercen ta ges of seru m  lip op rotein s  
are sh ow n  in Fig. 1. The d ecrease  in  HDL c a u se d  
by ch olestero l feeding w a s  partly  reversed  in  ra ts  
fed oryzanol, cu rcu m in  an d  ferulic acid. The in crease  
in  HDL w a s  m ore in  th e  group fed oryzanol th a n  
in  the oth er two grou p s. The in crea se  in  LDL w a s  
significantly lower in  rats fed with oryzanol, curcum in

TABLE 2. EFFECT OF ORYZANOL, CURCUMIN AND FERULIC ACID ON SERUM LIPOPROTEIN CHOLESTEROL LEVELS IN RATS
Group Diet Cholesterol (mg/dl) LDL cholesterol

HDL LDL+VLDL HDL cholesterol
1 Control 29.911.5 35.212.1 1.1810.07
2 HCD 12.411.0* 299.4120.1* 24.8812.38*
3 HCD + 0.5% oryzanol 16.011.5 232.919. lb 15.0411.2 l b
4 HCD + 0.15% curcumin 12.611.3 236.0117.8C 19.6212.24
5 HCD + 75 mg% ferulic acid 11.911.0 222.0115.6b 18.82i0.69c

Values arc mean ± 
4 and 2 and 5. SEM of 6 rats. *p<0.0001; bp<0.005; cp<0.05. Comparisons are between groups 2 and 1, 2 and 3, 2 and
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HOL LDL+VLDL
Fig. 1. Influence of oryzanol, curcumin and ferulic acid on 

serum lipoproteins of rats. 1: Control, 2:HCD, 3 : HCD 
+ 0.5% oryzanol, 4:HCD +0.15% curcumin, 5: HCD + 
75 mg% ferulic acid. Values are mean ±SEM of 6 rats. 
Comparisons between groups 2 and 1, 2 and 3, 2 and 
4 and 2 and 5.

P lasm a lip op rotein s p lay an  im portant role in  
the overall m etab olism  o f ch o lestero l. HDL facilita tes  
the rem oval o f ch o lestero l from  p eripheral t is s u e s  
to th e  liver for e lim in ation  (Miller an d  M iller 1975; 
G lom set 1968). It h a s  b een  sh o w n  th a t during  
h y p e r c h o le s te r o le m ia , p la sm a  LDL a n d  LDL- 
ch o lestero l w ill in crea se  an d  HDL an d  HDL- 
ch olestero l will d ecrease  (J en ck s et al. 1956; L asser  
et al. 1973). M any h y p och o lesterem ic  a g en ts  like 
B -sitostero l and d io sg en in  (C ayen an d  Dvorm ic
1979), n ico tin ic  acid  (G rundy et al. 1981), m evin olin  
(G rundy and B ilh eim er 1984) h ave b een  u sed  in  
p a tien ts  w ith  coronary h eart d ise a se  or an im als  
rendered  h yp erch olestero lem ic an d  th ey  h ave b een  
sh o w n  to correct the im b a lan ce in  seru m  lipoprotein  
levels. S im ilar to su c h  a g en ts , oryzanol partly  
corrected th is  im balance o f lipoproteins by in creasin g  
HDL an d  d ecreasin g  LDL. O n th e  b a s is  o f  th e  
in flu en ce on  seru m  an d  liver ch o lestero l levels  
tak en  togeth er an d  o f th e  co n cen tra tio n s o f seru m  
lipop rotein s, it is  con c lu d ed  th a t oryzanol is  m ore  
p oten t th a n  cu rcu m in  and ferulic acid .
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TABLE 3. EFFECT OF ORYZANOL, CURCUMIN AND FERULIC ACID ON RAT LIVER LIPIDS
Group Diet Cholesterol, mg/g Cholesterol ester Triglycerides Phospho-

Total Free Ester Free chole- mg/g lipids
sterol m g/g

1. Control 3.05±0.13 1.3110.04 1.7110.12 1.3010.09 6.410.7 20.711.2
2. HCD 107.7+4.8* 26.110.8 81.514.6* 3.08+0.18* 18.811.2* 22.012.0
3. HCD + 0.5% 

oryzanol
79.215.7* 24.711.0 56.2+5.6b 2.3010.24b 1 5 .3 il.2 b 16.310.7b

4. HCD + 0.15% 
curcumin

90.114.5b 27.711.0 63.216.5b 2.2910.30 14.611.4b 18.012.0
5. HCD + 75 mg% 

ferulic acid
109.216.4 27.411.2 82.015.4 3.06+0.24 15.311.5 1 7 .0 il.0 b

Values are mean + SEM of 6 rats. *p<0.001; bp<0.05. Comparisons are between groups 2 and 1, 2 and 3, 2 and 4 and 2 and
5.

and ferulic acid.
The effect o f oryzanol, cu rcu m in  and ferulic  

acid on  liver lip ids is  in d ica ted  in  T able 3 . O ryzanol 
and cu rcu m in  sign ifican tly  d ecreased  liver total 
cholesterol, esterified  ch o lestero l an d  triglycerides. 
Liver total ch olestero l w a s red u ced  by 26%  and 16% 
in  th e  g ro u p s  fed  o ry za n o l a n d  c u r c u m in .  
respectively, b u t w a s not in flu en ced  b y  ferulic acid.

References
Cayen MN, Dvormic D (1979) Effect of diosgenin on lipid 

metabolism in rats. J Lipid Res 20:162-174 
Fletcher MJ (1968) A colorimetric method for estimating serum 

triglycerides. Clin Chim Acta 22:393-397 
Folch J, Lees M, Sloane-Stanley GH (1957) A simple method 

for the isolation and purification of total lipids from animal 
tissues. J  Biol Chem 226:497-509 

Glomset JA (1968) The plasma lecithin : cholesterol acyl 
transferase reaction. J Lipid Res 9:155-167



252
Grundy SM, Bilheimcr DW (1984) Inhibition of 3-hydroxy-3- 

methylglutaryl-CoA reductase by mcvinolin in familial 
hypercholesterolemia heterozygotcs:Effects on cholesterol 
balance. Proc Natl Acad Sei USA 81:2538-2542

Grundy SM, Mok HYI (1977) Determination of cholesterol 
absorption in man by intestinal perfusion. J Lipid Fies 
18:263-271

Grundy SM, Mok HYI, Zench I, Berman M (1981) Influence of 
nicotinic acid on metabolism of cholesterol and triglycerides 
in man. J Lipid Res 22:24-36

Jencks WP, Hyatt MR, Jetton MR, Mattingly TW Durrum EL 
(1956) A study of serum lipoproteins in normal and 
atherosclerotic patients by paper electrophoretic techniques. 
J Clin Invest 35:980-990

Kiribuchi M, Miura K, Tokuda S, Takashi K (1983) 
Hypocholesterolemic effect of triterpene alcohols with soysterol 
on plasma cholesterol in rats. J Nutr Sei Vitaminol 29:35- 
43

Lasser NL, Roheim PS, Edelstein D, Edcr HA (1973) Scrum 
lipoproteins of normal and cholesterol fed rats. J Lipid Res 
14:1-8

Marinetti GV (1962) Chromatographic separation, identification 
and analysis of phosphatidcs. J Lipid Res 3: 1-20

Miller GJ, Miller NE (1975) Plasma high density lipoprotein 
concentration and development of Ischaemic heart disease. 
Lancet 1:16-19

Nakayama S, Kurishima H, Kobayashi K, Tasuji T (1986) Effect 
of y-oryzanol and its related compounds on triton induced 
hyperlipidemia in rats. Showa Iqakkai Zasshi 46:359-364

Nakayama S, Manabe A, Suzuki J, Sakamoto K, Inagaki T (1987) 
Comparative effects of two forms of y-oryzanol in different 
sterol compositions on hyperlipidemia induced by cholesterol 
diet in rats. Jpn J Pharmacol 44:135-144 

Searcy RL, Bergquist LM (1960) A new colour reaction for the 
quantitation of serum cholesterol. Clin Chim Acta 5:192-199 

Seetharam aiah GS, C handrasekhara N (1988) 
Hypocholesterolemic activity of oryzanol in rats. Nutr Rep 
Int 38 : 927-935

Seetharamaiah GS, Chandrasekhara N (1990) Effect of oryzanol 
on cholesterol absorption and biliary and faecal bile acids 
in rats. Indian J Med Res 92(B) : 471-475  

Seetharamaiah GS, Prabhakar JV (1986) Oryzanol content of 
Indian rice bran oil and its extraction from soap stock. J 
Food Sci Technol 23 : 270-273 

Shinomiya M, Morisaki N, Matsuoka N, Izumi S, Saito Y, 
Kumagai A, Mitani K, Morita S (1983) Effects of y-oryzanol 
on lipid metabolism in rats fed a high cholesterol diet. 
Tohoku J Exp Med 141:191-197 

Snedecor GW, Cochran WG (1967) Statistical Methods, Iowa 
State University Press, Ames, Iowa p. 100 

Srinivasan MR, Satyanarayana MN (1988) Influence of capsaicin, 
eugcnol, curcumin and ferulic acid on sucrose induced 
hypertriglyceridemia in rats. Nutr Rep Int 38:571-581 

Subba Rao D, Chandrasekhara N, Satyanarayana MN, Srinivasan 
M (1970) Effect of curcumin on scrum and liver cholesterol 
levels in the rat. J Nutr 100:1307-1315 

Warnick GR, Albers JJ (1978) A comprehensive evaluation of 
the heparin-manganese precipitation procedure for estimating 
high density lipoprotein cholesterol. J Lipid Res 19:65-76

R e c e i v e d  2 5  F e b r u a r y  1 9 9 2 ;  r e v i s e d  2 6  F e b r u a r y  1 9 9 3 ;  a c c e p t e d  2  M a r c h  1 9 9 3 .



J . F ood  Sci. Techrxol, 1 9 9 3 , V ol 3 0 , N o .4, 2 5 3 -2 5 5

Locust Bean Pods and Seeds : Some Physical Properties of 
Relevance to Dehulling and Seed Processing

KAYODE OJE
A gricu ltural E ngineering D ep artm en t, U niversity o f  Ilorin, Nigeria.

Studies on some of the properties of locust bean pods and seeds, relevant to dehulling, indicated that the pods 
have major diameter ranging from 76 to 277 as against from 8 to 12 mm for the seeds. The seed thickness ranged 
from 5.75 to 7 mm. An average sphericity of 67 and roundness of 65 are the characteristics that allow for some 
rolling of the seeds as well as sliding on its flat surface. The seed is unable to float in water, but the pod can.
Keywords : Locust bean, Physical properties, Dehulling, Processing.

L ocust b ean  { P a r k ia  b ig l o b o s a ) seed  grow s on  
a com m on leg u m in ou s tree k n ow n  a s  African lo cu st  
b ean  tree in  the S av an n ah  z o n e s  o f Nigeria. The  
plant p rod u ces brow n ish  se e d s , w h ich  are arranged  
in pods. W hen p rocessed , th e  se ed s  co n stitu te  an  
im portant con d im en t th a t ad d s ta ste  and flavour  
to soup . The p rocessed  cak e, know n a s  I r u  is  u sed  
w idely in  the S ou th -W estern  and M iddle-belt zon es. 
Traditionally, th e  s e e d s  are p rocessed  by boiling for 
about 8 h to so ften  th e  te sta , w a sh in g  to sep arate  
te sta  from coty led on s, feet m ash in g , siev in g  in  
running w ater, boiling th e  co ty led on s u n til a low  
m oisture con ten t is  ach ieved , an d  ferm entation  of 
the resu ltan t m ash . M echan isation  o f the production  
of th e cake h a s  gen erated  m u ch  in terest in  recent 
tim es. T his is  b e c a u se , th e  traditional m eth o d s of 
p rocessin g  is  b oth  ted io u s  an d  com plicated . T his  
m ak es th e  p ro cess in g  o f large q u an tities  quite  
difficult.

It is  n e c e s sa iy  to  d eterm in e th e  p h ysica l 
properties o f agricu ltural p rod u cts, b eca u se  th is  
h elp s in  d esign ing  appropriate m ach in ery  and  
sy s te m s  for p r o c e ss in g  a n d  sto ra g e . S evera l 
research ers (Oje an d  U gbor 1991; Sheperd  and  
Bhardwaj 1986; D u tta  et al 1988; F ortes 1980; 
N elson  1980; M akanjuola 1972) have describ ed  th e  
size of crop s by m ea su r in g  th eir  three principal 
d im en sio n s  - m ajor, in term ed ia te  an d  m in o r  
diam eters. S ta tic  coeffic ien ts of friction have b een  
determ ined for different su rfaces, su ch  a s  galvanized  
stee l and  plyw ood (Oje an d  U gbor 1991; Fraser  
1980; Sheperd  an d  Bhardwaj 1986). Lawal (1989) 
m easu red  th e  angle o f rep ose for va r io u s gra ins. 
M ohsenin  (1970) d escrib ed  va rio u s m eth o d s for 
m easu rin g  cru sh in g  force. T h ese  m eth o d s in clu d e  
the u se  of au tom atic recording u n iversa l h a rd n ess  
testin g  m ach ine.

The objective o f th is  s tu d y  w a s  to d eterm ine  
som e o f the properties of lo cu st b ean  seed , at sa fe

sto rag e  m o istu re  c o n te n t, n am ely; sp h er ic ity , 
ro u n d n ess , size , vo lu m e, su rfa ce  area, d en sity , 
static coefficient o f friction again st different m aterials, 
an gle o f rep ose, and  h a rd n ess . S ize, vo lu m e, 
su rface area, an d  d en sity  w ere a lso  d eterm in ed  for 
the pods.
Materials and Methods

Several kg o f lo cu st  b e a n  p o d s w ere ob tained  
from  different so u rces . The m ateria l w a s  su n -d ried , 
a s  is  norm ally d on e by local p rod u cers. T he se e d s  
w ere ob ta ined  b y  h a n d -p ee lin g  th e  p o d s and  
extractin g  th e se e d s . T he sa fe  storage m oistu re  level 
w a s v isu a lly  estim ated  b y  com p arin g  th e  seed  
colou r an d  ap p earan ce to  n orm al s e e d s  in  the  
m arket.

O ne h u n d red  se e d s  an d  eq u al n u m b er  o f p od s  
w e r e  r a n d o m ly  s e le c t e d  fro m  t h e  s a m p le .  
M easu rem en ts of d im en sio n s  o n  three m u tu a lly  
perp en dicu lar a x e s  w ere m ad e, nam ely; m ajor, 
in term ediate and m inor d iam eters. T h ese d im en sio n s  
w ere m easu red  w ith  a vern ier callip er for th e  p od s  
an d  a m icrom eter read ing to 0 .0 1  m m  for th e  seed s . 
S p hericity  and r o u n d n ess  (Curray 1951) w ere  
d eterm ined  on ly  for th e  se e d s , s in c e  th e  p o d s are 
essen tia lly  flat. E ach  seed  w a s  p laced  in  its  n atu ra l 
restin g  p ositio n  on  a sh e e t  o f graph paper. A  sharp  
th in  p en cil w a s  u se d  to carefu lly  trace th e  ed ges  
of th e seed . T he projected  area an d  th e  d iam eter  
of variou s c ircles, in scrib in g  an d  c ircu m scrib in g  the  
projected areas, w ere m ea su red  (Oje an d  Ugbor
1991).

The su rface area s o f b oth  pod an d  se e d  w ere  
d eterm ined  by coa tin g  th e  su rfa ce  w ith  p a in t and  
con tact printing on  a light sen sitiv e  flexible paper  
(Oje and U gbor 1991). The seed  tr a c e s  w ere  
m agnified  p h otograp hically , an d  th e  su rfa ce  edge 
traces on  the p ap er w ere th e n  p en cil-traced  on  
graph paper. The su rface area w a s  m easu red  by
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cou n tin g  the sq u a res  w ith in  the traced  m arks. In 
the ca se  o f seed s , th e  area so  ob ta ined  w a s divided  
b y the m agn ification  factor to give the true su rface  
area. The vo lum e, an d  h en ce , d en sity  o f  each  seed , 
w a s determ ined  b y  the w ater d isp la cem en t m ethod , 
a s  d escribed  by D u tta  et al (1980). T he seed  w a s  
dropped into a ca n  filled w ith  w ater. The w ater  
disp laced  w a s collected  and w eigh ed . The w eight 
of w ater d isp laced  w a s  u sed  to ca lcu la te  th e  vo lu m e  
of w ater, and h en ce , the vo lu m e o f th e  seed .

The sta tic  coefficient of friction  (Lawton 1980) 
for the se e d s  w a s determ ined  w ith  resp ect to four 
stru ctu ral su rfa ces, nam ely; p lyw ood w ith  its  grain  
parallel an d  p erp en dicu lar to  th e  d irection  of 
m otion, galvan ized  stee l and g la ss . A to p le ss  and  
b otto m less b ox o f 1 5 0 x 1 0 0 x 4 0  m m  d im en sio n s w a s  
filled w ith  th e  se e d s  and p laced  on  an  ad ju stab le  
tilting surface. O ne en d  o f th is  su rface w ith  the  
box restin g  on  it w a s  ra ised  grad u ally  w ith  a screw  
device, u n til th e  b ox  ju s t  started  to  slid e  dow n. 
The angle o f  th e  in clin e w a s read from  a graduated  
sca le . Angle of rep ose w a s  determ ined  b y  u s in g  th e  
pipe m eth od  (Lawal 1989). T he procedure w a s  
repeated tw enty tim es. H ard n ess w a s  determ ined  
by u sin g  a Rockw ell H ard n ess tester , a direct 
reading in stru m en t of h igh  sen sitiv ity . The rupture  
force w a s  recorded in  N ew ton s (N).

Intermedie diameter, cm

Fig. 1. Frequency distribution of some properties of locust bean 
pods.

Results and Discussion
The re su lts  for all th e p aram eters m easu red  

for pod s and se e d s  a s  w ell a s  th e  frequency  
d istrib u tion s o f som e o f th e  p h ysica l properties are 
sh ow n  in  Table 1 an d  F igs 1 an d  2.

TABLE 1. SOME PROPERTIES OF LOCUST BEAN SEEDS
Physical property

Static coefficient of 
friction on

Minimum
value

Maximum
value

(a) plywood parallel to 
grain

(b) plywood perpendicular 
to grain

(c) galvanized steel
(d) glass

Angle of repose (degrees)
Hardness (Newton)
Figures in parenthesis denote the mean values. Number of 
observations were 20 for all the tests, except for 100 observations 
in case of hardness.

S i z e  : Major d iam eter o f the p o d s ranged  from  76  
to 2 7 6  m m  (Fig 1), a lth ough  m ore th a n  60%  w ere

0.384(0.39+0.006)

0.499(0.50+0.007)
0.456(0.4710.008)
0.384(0.4010.012)

30.7(37.613.19)
17.0(25.6110.1)

0.414

0.543
0.499
0.477

43.9
70.03

10 ÏS 20 2'5Surface

A

area cm2

J

0-5 to ts 20Density g/cm3
Fig.2. Frequency distribution of some properties of locust bean 

seeds.
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b etw een  2 0 0  and 2 7 0  m m . Nearly 50% of th e  p od s  
had an  interm ediate d iam eter b etw een  2 0  and 22  
m m  and m inor d iam eters b etw een  11 and 14 m m . 
Apart from th e m ajor d iam eter, w h o se  frequency  
distribution is  sk ew ed  to the right, all other  
d istr ib u tio n s  are q u ite  c lo se  to th e  n orm a l 
distribution. Over 70%  of th e se e d s  h ave m ajor  
diam eters b etw een  9  and 11 m m , in term ediate  
diam eters b etw een  7 and 9 m m  and m inor d iam eters  
betw een  4  and 7 m m . The frequency d istr ib u tion s of  
the three d im en sio n s for s e e d s  are sh o w n  in  Fig. 2.
S p h e r i c i t y  a n d  r o u n d n e s s  : More th an  75% of th e  
seed s have ro u n d n ess  b etw een  0 .5 5  and 0 .7 5 . W ith  
th ese  va lu es, the s e e d s  ca n  roll w ith  relative ea se  
a s well a s  slide  o n  their flat su rfa ces. T h is property  
should  help in  th e  d esign  of h op p ers and d eh u llin g  
equipm ent for the seed .
W e ig h t ,  v o l u m e  a n d  d e n s i t y  : T he w eight, vo lu m e  
and d en sity  h ave d istr ib u tio n s th a t are c lo se  to  
those o f norm al d istr ib u tion  (Figs. 1 an d  2). An  
in teresting feature is  th a t m ore th an  85%  of the  
seed s have d en s itie s  b etw een  1 .12 and 1 .35  g /c m 3. 
A lso, all se ed s  have d en s itie s  h igher th a n  1.0 g /c m 3, 
w hich m ea n s th a t th e se e d s  can n o t float on  water. 
A bout 96% o f th e  p od s h ave their d en s itie s  below
0 .9 5  g /c m 3. T h is ch ara cter istic  ca n  be u sed  to  
separate th e se ed s  from  th e p od s during p rocessin g .
S u r f a c e  a r e a  : More th a n  80%  of the se ed s  have  
surface area ranging from  14 to 2 0  cm 2, alth ough  
surface areas ranged  from  1.1 to 2 .3  cm 2. The p od s  
have a very w ide range of su rface area b etw een  
43 and 172 cm 2. The d istr ib u tion  of the surface  
area of the p od s is  qu ite even . Any m ach in e  to be 
designed  for p rocessin g  th e  p od s m u st  take th is  
wide range of su rface area into con sideration .
S ta t i c  c o e f f i c i e n t  o f  f r i c t i o n  : The sta tic  coefficient 
of friction for se e d s  w a s  determ ined  for four  
structural su rfa ces  (Table 1). The v a lu es  w ere  
h igh est for plyw ood w ith  the grain  p erpendicu lar  
to the direction of m otion  an d  low est for g la ss . The 
coefficient w as h igher th a n  v a lu es  for o ilb ean  se e d s  
(Oje and Ugbor 1991).
A n g l e  o f  r e p o s e  : The an g le o f repose of th e se e d s  
w as found to b e b etw een  3 0 .7  an d  44°. T h is is  
considerab ly h igher th a n  th o se  reported for oilbean  
seed s  (Oje and U gbor 1991). T h is is  probably  
b ecau se  the su rface o f o ilb ean  seed  is  very sm ooth , 
m aking it ea sy  for the se e d s  to slide on  each  other, 
while the su rface of lo cu st b ea n  seed  is  relatively  
rough.

H a r d n e s s  : T h is property is  o f sp ec ia l im portance, 
a s  the u ltim ate objective is  to  develop  a m ach in e  
for d eh u llin g  the seed . A lth ou gh  th e  average 
h a rd n ess  w a s  2 5 .6  N ew ton s, th e  h a rd n ess  ranged  
from  17 to 7 0  N ew ton s (Table 1). T h is sh o u ld  give 
a n  in d ica tion  a s  to th e  a m o u n t o f energy need ed  
to cru sh  th e seed . T h is sh o u ld  n orm ally  be h igher  
th a n  the h ig h est energy ob ta in ed  here.

In vestiga tion s o f v a r io u s p rop erties o f  o ilbean  
seed  revealed several in terestin g  r e su lts , i.e ., (a) th e  
frequency d istr ib u tio n s o f m o st p rop erties for p od s  
an d  se e d s  approach  th e  norm al d istr ib u tion , (b) th e  
principal d im en sio n s an d  su rfa ce  area o f lo cu st  
b ea n  p od s v a iy  w idely. The s e e d s  are m ore uniform  
th a n  the p od s, (c) lo cu st b ea n  se e d s  h ave v a lu es  
of sp h eric ity  and ro u n d n ess  th a t m ak e it p ossib le  
for th em  to roll w ith  relative e a se  a s  w ell a s  to  
slide on  their flat su rfa ces, (d) th é  seed  is  heavier, 
w hile th e  pod is  lighter th a n  w ater. T h is property  
ca n  b e u sed  in  sep ara tin g  th e  se e d s  from  th e  p od s, 
(e) h op p ers an d  other u n loa d in g  d ev ices  m u st  be  
bu ilt fairly steep ly , b e ca u se  o f th e  h igh  coefficient 
of friction o f th e  se e d s , and  (f) th e  force required  
to break  th e  se e d s  varies w idely. T he prob lem s  
involved in  th e  p ro cess in g  o f p u lse s  h a s  b een  
d ocu m en ted  earlier (Kurien an d  Parpia 1968). T h is  
n eed s  to be tak en  in to  con sid era tion  in  the d esign  
of d eh u llin g  equ ipm ent.
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Quality Changes in Irradiated and Nonirradiated Boiled- 
Dried Anchovies After Inter-Country Transportation and

Storage at 25°C
J.H. KWON\ M.W. BYUN1, S.B. WARRIER2, A.S. KAMAT2, M.D. ALUR* 2 AND P.M. NAIR2

1 Food Irradiation D epartm ent, Korea A tom ic Energy R esearch  In stitu te ,
P.O. B ox 7, C heong R yang, S e o u l-1 3 0 -6 5 0 , R epublic o f  Korea,

2Food 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.

Sam ples of non irrad ia ted  an d  irrad ia ted  (5 kGy) dried  anchovies (Engraulis encrasicholus) w ere tra n sp o rte d  from  
Korea to Ind ia  for evaluation  of m icrobiological, physico-chem ical an d  organoleptic p a ra m ete rs  d u rin g  sto rage. The 
non irrad ia ted  anchovies show ed m ould  grow th an d  an  increase  in to tal b acteria l co u n t by th ree  log cycles over th e  
initial load, afte r four m on th s  o f sto rage a t  25°C. However, 5 kGy irrad ia ted  sam p les packed  w ith  a  lam in a ted  n y lo n / 
polyethylene (NY/PE) film exhibited 102 bacterial cells p e r g even after 6  m on ths storage. H u n te r 's  co lour value, to ta l 
volatile basic  nitrogen, brow ning an d  lipid oxidation show ed a  good correlation  w ith th e  organoleptic q ua lity  o f sto red  
anchovies. Partial changes in  irrad ia ted  anchovies did n o t in fluence organoleptic acceptability . D ifferences in  th e  levels 
of to tal volatile basic  n itrogen an d  total volatile acid va lues in  irrad ia ted  an d  n o n irrad ia ted  sam p les  m ay prove u sefu l 
in d istingu ish ing  irrad ia ted  Korean anchov ies from non irrad ia ted  sam ples.
K e y w o r d s  : Anchovies, Total volatile acids, Total volatile b asic  nitrogen, Total bacteria l co u n t, H u n te r 's  co lour value, 

In ter-coun try  tran sp o rta tio n , Irrad iation  preservation .

A n n u al production  of fish  and fishery p rod u cts  
in  Korea is  ab ou t 4  m illion  m etric ton n es, w hile  
the dem and for d om estic  co n su m p tio n  and export 
are on  ever in crease (R epublic of Korea, 1991). 
Anchovies [ E n g r a u lis  e n c r a s ic h o lu s )  accou n t for about 
150 th o u sa n d  M.T. and are m ain ly  p rocessed  a s  
a boiled-dried product (m oisture < 30% ), before  
u sin g  in  food p rocessin g  and cooking. D u e to the  
sea so n a l n atu re o f th e  catch , long-term  storage of 
dried a n ch o v ies  is  n e c e ssa r y  for en su r in g  a 
c o n t in u o u s  su p p ly . A t p r e s e n t , b o ile d -d r ie d  
an ch o v ies  are p reserved  at b e lo w  - 1 8 ° C  in  
corrugated cardboard b ox  packaging. A  few  stu d ie s  
have b een  done to eva lu ate the effect of ch illing  
of fish  (B alak rish n an  Nair an d  Lahiry 1968), and  
also th e  effect o f tran sp ortation  in  fibre board  
con tainers (C hattopadhyay an d  B o se  1978). Cost 
of p ackaging and storage a s  w ell a s  oxidative and  
m icrobial d eterioration s during d istr ib u tion  are 
som e of th e  p rob lem s en cou n tered  in  effective  
utilization of K orean an ch ovies. K orean sc ie n tis ts  
have in vestigated  different factors, su c h  a s  w ater- 
activity (Kwon et al. 1990), n on -en zym atic  brow ning  
(Han et al. 1973), m icrobial con tam in a tion  (Chang  
and Choe 1973), effect o f  an ti-ox id an ts (Lee et al.
1965), efficacy o f p ack agin g m eth o d s  (Lee et al.
1985), and control of tem peratu re and relative  
h u m id ities (Jo and Kim 1987), w h ich  determ ine th e  
sh elf-stab ility  o f dried an ch ovies. A  few stu d ie s
* Corresponding A uthor

have b een  carried ou t o n  the p reserva tion  o f fish  
b y y-irradiation in  India (B anik  et al. 1976). 
N everth eless, n o  su ita b le  p reservation  m eth o d  h a s  
b een  developed  to ob ta in  a p rod u ct h av in g  a sh elf- 
life o f s ix  m o n th s  at 25°C . The p resen t w ork  w a s  
carried out to exam in e the efficacy o f irradiation  
preservation  of dried an ch o v ies, w ith  resp ec t to th e  
quality a sp ec ts , during storage after tran sp orta tion  
to India an d  back.
Materials and Methods
S a m p l e s  : B oiled-dried  an ch o v ies , p rocured  from  a 
w h o lesa le  m ark et in  S eou l, w ere m id -sized  (about 
53  m m  len gth  an d  6 6 0  m g b od y w eight), and  
p rocessed  b y  u s in g  com m ercia l procedure. F resh  
an ch o v ies w ere boiled  on  board  sh ip  in  w ater  
con ta in in g  12% sa lt, and  th en  b rou g h t to  lan d  for 
su n  or h ot air-drying. A pproxim ately, 5 0 0  g o f dried  
an ch o v ies w ere p ack ed  in  a lam in ated  p o u ch  (nylon  
1 5 g m /p o ly e th y le n e  1 0 0  pm  th ic k n e ss )  b efore  
irradiation at 5 kG y in  a 60C o-gam m a irradiator  
(dose rate:0 .2  k G y/h ) at room  tem p eratu re  (26°C). 
T h e  ir r a d ia te d  s a m p le s ,  t o g e th e r  w ith  th e  
nonirradiated  sa m p les  (total 3  kg each) w ere sen t  
from Korea to B om bay, b y  air-m ail for q u ality  
eva lu ation , during su b se q u e n t storage for 6  m o n th s  
at 25°C in  the p rem ises o f B h a b h a  A tom ic R esea rch  
Centre.
Q u a l i t y  e v a l u a t i o n  : For m icrob io log ica l eva lu ation , 
a 10% hom ogen ate  o f a n ch o v ies  w a s  p repared  in
0.9%  ster ile  sa lin e  an d  appropriate ser ia l d ilu tio n s
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were p laced  on  p late co u n t agar (Difco) for total 
bacterial cou n t (TBC). P otato d extrose agar (Difco) 
w as u sed  for m ou ld  co u n t b y  pour p late m ethod . 
The p la tes w ere in cu b ated  at 30°C  for 4 8 -7 2  h  
before cou n tin g  the co lo n ies  a s  per stan dard  
m ethod (APHA 1976). For d eterm in ation  of total 
volatile b asic  n itrogen  (TVBN), a 10 m l o f 10% fish  
hom ogenate w a s  treated w ith  an  eq u al vo lu m e of 
10% trich loroacetic acid , an d  the slurry w a s  filtered  
through W hatm an No. 1. filter paper, after 15 m in  
contact tim e. O ne m l o f TCA-filtrate w a s  u sed  to 
determ ine TVBN by Conway m icrodilfusion technique  
(Farber and Ferro 1956). T otal volatile a c id s (TVA) 
w ere d eterm in ed  b y  trea tin g  3 0  m l o f fish  
hom ogenate w ith  5 m l each  o f 1 N su lp h u ric  acid  
and 15% p h o sp h o -tu n g stic  acid . After 15 m in , the  
s lu n y  w as filtered through  W hatm an No. 1 filter 
paper, th e filtrate (10 ml) w a s  stea m -d istilled  and  
3 0  ml o f th e stea m -d istilla te  w as titrated again st
0 . 01 N sod iu m  hydroxide, u s in g  0.1%  alcoholic  
ph enolp h th a lein  so lu tio n  a s  indicator. TVA n u m b er  
w as exp ressed  a s  m l o f 0 .0 1  N NaOH required to 
neutralize volatile ac id s from  100  g fish  (V enugopal 
et al. 1981). T hiobarbituric acid va lu e  (TBA) w a s  
determ ined by b len d in g  a h o m o g en eo u s sam p le  of 
fish (5 g) w ith  2 0  m l ch illed  a q u eo u s 10% so lu tio n  
of TCA con ta in in g  0 .5  M orth op h osp h oric  acid for 
1 m in in  a Sorval om nim ixer. The h om ogen ate  w a s  
filtered through W hatm an No. 1 filter paper and  
5 ml of the extract w as u sed  to d eterm ine TBA 
value (Witte et al. 1970). B row ning p ig m en ts w ere  
extracted in to  two fraction s : chloroform  - m eth an ol 
(2:1, v /v )  so lu b le  fraction  w a s  attributed  to lipid  
oxidation, w hile H20  : m eth a n o l (1:1, v /v )  fraction  
w as considered  a s  ca u sed  b y  M aillard type reaction  
(Chung and Tojom izu 1976). C olour and colour  
difference m eter (N D -1001 DP, N ippon D en sh ok v , 
Kogyo, Japan) w a s  u sed  to  m ea su re  th e  colour  
p aram eters o f  dried a n ch o v ies , e .g ., H unter's  
w h iten ess  (L), r ed n ess  (a) and y e llo w n ess  (b).
O r g a n o le p t ic  e v a l u a t i o n s  : T h ese  w ere con d u cted  by  
eight panel m em b ers u s in g  scorin g  difference test  
(Larmond 1970), w ith  e m p h a sis  on  th e  overall 
acceptability  o f th e p rod u cts in  term s o f colour, 
appearance and rancid  odour. S en sory  sco res  w ere  
: 6, excellent: 5, very good: 4 , good; 3 , fair; 2 , poor;
1, very poor an d  score 2 .5  w a s  a ssu m e d  to  be the  
acceptable border line for a com m odity . S en sory  
evaluation  w a s a lso  carried out at BARC u sin g  a 
9-p oint H edonic sca le  (M iyauchi et al. 1964). 
I d e n t i f i c a t i o n  o f  i r r a d i a t e d  s e m i - d r i e d  a n c h o v i e s  : 
The objective o f th is  experim ent w a s  to develop a 
sim ple d etection  m eth od  to  d istin g u ish  irradiated

from nonirradiated an ch ovies for in sp ection  purpose. 
For th is , A e r o m o n a s  h y d r o p h i la ,  B a c i l l u s  m e g a te r i u m ,  
P s e u d o m o n a s  m a r i n o g l u t i n o s a  a n d  S a l m o n e l l a  
t y p h i m u r i u m  w ere grow n in  n u tr ien t broth (Difco) 
overnight. The cu ltu res  w ere su ita b ly  d ilu ted  (10s 
c e l l s /m l  h om ogen ate) an d  in o cu la ted  in  10% 
h o m o g e n a te s  o f  n o n irra d ia ted  a n d  irrad iated  
a n c h o v ie s  for o v ern ig h t in c u b a t io n  at 30°C . 
H om ogenate (1 ml), prepared from  an ch ovies, served, 
a s  unirradiated  n atu ra l m icroflora. After 18 h 
in cu b atio n , c o n te n ts  o f  TVA an d  TVBN w ere  
determ ined  (Alur et al. 19 9 1 , 1992).
Results and D iscussion
P r o x im a t e  c o m p o s i t i o n  : P roxim ate com p o sition  o f  
the sam p le  w a s  a s  fo llow s : m o istu re  30 .1% , protein  
54.6% , fat 4.1%  an d  ash  13.2% .
M i c r o b i o l o g i c a l  e v a l u a t i o n  : In it ia l m ic r o b ia l  
p o p u la t io n  o f b o ile d -d r ie d  a n c h o v ie s  to  b e  
transported  w a s  3 .8  x  105 C F U /g  o f to ta l b acteria , 
2 .3 x l 0 5 C F U /g  o f h a lo p h iles , 1 .0  x lO 2 C F U /g  of 
m o u ld s an d  l . l x l O 4 C F U /g  o f y e a sts . T he control 
sa m p les  tran sp orted  to  India sh ow ed  a TBC of 
1 .2 x l0 7 C F U /g , w h ich  in crea sed  to  4 .7 x l 0 8 and  
l.O xlO 9 C F U /g  after 4  an d  6  m o n th s  o f storage, 
respectively. After 4  m o n th s  o f storage, the m ould  
growth w a s observed  in  con tro l sa m p les , th e  co u n t  
b ein g  l . l x l O 3 and 1 .5 x lO 4 C F U /g  at 0  h an d  6  
m o n th s storage at am b ien t tem peratu re (25°C). 
However, TBC o f the sam p le  got red u ced  to 2 .0 x l 0 2 
C F U /g  in  ca se  o f the sam p le  w ith  5 kG y gam m a-  
radiation . T he d ose , th u s , is  effective for p reventing  
the m icrobiological d eterioration  o f p ack ed  dried  
an ch o v ies for 6  m o n th s, w ith o u t a n y  m ou ld  grow th.
P h y s i c o - c h e m i c a l  q u a l i t i e s  : TVBN and TBA v a lu es  
in  both  non irrad iated  an d  irradiated sa m p le s  w ere  
fou n d  to  in crea se  w ith  storage tim e, thereb y  
m a in ta in in g  d ifferen ces  b e tw e e n  c o n tr o l a n d  
irradiated sam p les. In con trast, th e  ran cid ity  in d ex  
and TBA w ere found to  b e  h ig h er  in  irradiated  
sa m p les  th an  in  control d u rin g  storage (Table 1). 
T h is ten d en cy  o f dried fish  h a s  a lso  b een  reported  
earlier (Kwon et al. 1990: IAEA 1989). D iscolouration , 
a m ajor factor con trib u tin g  to q u ality  lo s s  o f dried  
a n ch o v ies, is  kn ow n  to  resu lt  m a in ly  from  lipid  
oxidative an d  n on -en zy m atic  b row n in g  reac tio n s  
(Han et al. 1973). B oth  lipophilic an d  hydrophilic  
b row ning w ere ap p arent in  b oiled -d ried  an ch ovies. 
T h ese  in creased  w ith  storage tim e in  non irrad iated  
and irradiated a n ch o v ies  (Table 1). No n oticeab le  
difference w a s  found  in  b oth  th e  ty p es  o f brow ning. 
H unter's L va lu e  (w h iteness) sh ow ed  n o  sign ifican t  
ch a n g es, resu ltin g  from  irradiation  an d  su b seq u en t
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storage (Table 1). H owever, H unter's a an d  b v a lu es  
(redn ess and yellow n ess) in creased  w ith  storage  
tim e, and th ese  ch a n g es  ca n  be correlated to lipid  
oxidation  an d  brow ning p igm ent o f th e stored  
sam p les.

th e type o f org an ism s in o cu la ted . T h u s, it is  
p ossib le  to d istin g u ish  non irrad iated  an d  irradiated  
dried an ch o v ies on  th e  b a s is  o f  d ifferen ces in  TVA 
an d  TVBN v a lu es . T h ese  r e su lts  corroborate w ith  
th e earlier reports on  id en tification  o f irrad iated  fish

TABLE 1. CHANGES IN QUALITY ATTRIBUTES AND CORRELATION OF ORGANOLEPTIC QUALITIES WITH PHYSICO-CHEMICAL 
VARIABLES OF BOILED DRIED ANCHOVIES DURING STORAGE

Storage period, m on ths
A ttribute R egression C orre lation

0 2 4 6 equation* coefficient(r)
A B A B A B A B

Total volatile basic 8 .4 8.6 16 .8 1 2 .6 3 0 .8 1 6 .8 4 5 .5 2 8 .7 Y = 7 7 .8 5 0 X -1 2 .3 8 4  -0 .9 6 2
nitrogen, m g / 100 g

T hiobarb ituric acid, 1 .24 1 .36 1 .85 2 .1 6 2 .4 4 2 .6 7 4 .3 5 6 .6 7 Y = 6 .6 8 1 x -0 .9 9 4  -0 .9 3 5
m g/kg

Hydrophilic brow ning 0 .0 4 3 0 .0 3 9 0 .0 8 1 0 .0 7 9 0 .0 9 6 0 .0 9 5 0 .1 0 4 0 .100
pigm ent

Lipophilic brow ning 0 .2 1 4 0 .2 2 3 0 .3 4 8 0 .3 6 0 0 .3 6 7 0 .3 8 0 0 .3 8 8 0 .4 0 0
Y = 0 . 5 7 6 x 0 .0 5 8  -0 .9 3 9

pigm ent
Colour param eters

H u nter's  L 5 6 .5 5 6 .3 5 3 .6 5 3 .9 5 4 .0 5 4 .0 5 4 .4 5 4 .1 Y = 5 1 .6 3 5 x +  0 .7 0 5  -0 .6 9 1
H u nter's  a 0 .5 1.0 3 .0 2 .9 3.1 3 .0 3 .3 3 .3 Y = 6 .4 3 9 X -0 .9 3 5  -0 .8 9 5
H u nter's  b 9 .4 9 .5 12.3 1 3 .0 12.8 13 .9 13.9 1 5 .0 Y = 1 8 .3 9 8 X -1 .4 8 0  -0 .9 8 0

A = Control; B = Irradiated ; Y = variables; x = O rganoleptic quality . S am ples were packed w ith lam inated  film sto red  a t  25°C.

O r g a n o le p t ic  q u a l i t i e s  : The sen so ry  sco res  show ed  
that both the control and irradiated sa m p les  were  
acceptable, even  after 4  m o n th s  of storage. Mould  
growth w a s observed  in control sa m p les  after 6  
m o n th s storage, thereb y  m ak in g  th e  p roduct  
u n accep tab le. H owever, irradiated sa m p les  w ere  
devoid of any m ou ld  grow th, and w ere con seq u en tly  
organoleptically accep tab le  (Fig. 1). The data  on  
sen sory  evaluation , carried ou t in  India, concurred  
with the Korean stu d ie s . Further, no m ou ld  grow th  
in  irradiated a n ch o v ies  on  prolonged am bient 
tem perature storage at 25°C w a s detected  a s  against 
heavy m ould  in fection  observed  in  control sam p les. 
O vera ll o r g a n o le p tic  q u a li t ie s  sh o w e d  go od  
correlation w ith  som e quality  in d ices  of th e sam p le, 
su ch  a s  H unter's co lou r b va lu e (r= -0 .980), TVBN 
(r=-0 .962, brow ning (r=-0 .939) an d  TBA (r=-0.935) 
(Table 1).
M e t h o d  to  i d e n t i f y  i r r a d i a t e d  d r i e d  a n c h o v i e s  : The 
TVA v a lu es in  control sa m p les  varied from 2 3 0  to 
29 6 , depending u p on  the org an ism s in ocu lated , 
w hereas, th ese  v a lu es  w ere low and in  the range  
of 4 0  to 52 in  irradiated sa m p les  (Table 2). 
Irradiated an ch o v ies exh ib ited  TVBN v a lu es  o f  100  
mg%, irresp ectiv e  o f  th e  sp o ila g e  o rg a n ism s  
inoculated , w h ereas, the v a lu es  ranged from 7 3 0  
to 7 7 0  mg% in  un irradiated  sa m p les , dep en ding on

and m eat b y  the sp oilage profiles o f b acteria  and  
the d ifferences in  th e  form ation  o f vo latile  a c id s  and  
b a se s  (Alur et al. 19 91 , 1992).

A s in  the ca se  o f dried file fish  (Yoo et al.
1985), the bacteria l con tam in a tion  (10s-1 0 7 C F U / 
g) in  dried K orean a n ch o v ies  w a s  h igh . T h is is  in  
con trast to dried Indian  f ish es  viz. B om bay d u ck  
( H a r p o d o n  n e h e r e u s ) ,  a n c h o v ie s  ( A n c h o v i e l l a  
c o m m e r s o n H ,  shrim p ( P e n a e u s  i n d i c u s ) an d  V ietn am  
scad  (A l e p e s  m a te ) ,  w h erein  com p aratively  low  
bacteria l con tam in a tion  (< 10* C F U /g) w a s  ob served
TABLE 2. FORMATION OF VOLATILE ACIDS (TVA) AND 

VOLATILE B A SES (TVBN) IN S E M I-D R IE D  
IRRADIATED (5 kGy) AND NONIRRADIATED 
KOREAN ANCHOVIES STORED FOR 2 MONTHS AT 
AMBIENT TEMPERATURE (25°C).

Sam ples inoculated TVA n u m b er TVBN (mg%)
w ith

Control Irrad iated C ontrol Irrad ia ted
None 258 52 770 100
A. hydrophila 232 48 730 100
B. m egaterium 244 48 760 100
P. marinoglutinosa 250 50 730 100
S. typhim urium 296 42 730 100
The values ind icated  above a re  the average o f th ree  ind ep en d en t 
experim ents.
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S t o r a g e  p e r i o d  ( m o n t h s )
Fig. 1. C hanges in organoleptic properties on co lo u r/ap p c a ran c e  an d  rancid  o d o u r o f boiled-dried anchov ies d u r in g  s to rage following 

gam m a irradiation . Sensory  scores w ere 6, excellent; 5, very good; 4, good; 3, fair; 2, poor; 1, very poor.
(Vinh et al. 1993). Further, V ietnam  scad  show ed  
no sign  o f m ould  growth, even  on  prolonged storage  
for 4  m on th s at am b ient tem perature (Vinh et al.
1993). The differences in  bacteria l con tam in ation  
and growth in  Indian, V ietnam  and Korean dried  
fish es m ay be attributed to d ifferences in  m oistu re  
content. M oisture con ten t o f  K orean sem i-dried  fish  
w as 30%, a s  aga in st th a t of 20%  in Indian and  
V ietnam  dried fish  (Solanki and S an k ar 1988). 
Since Korean sem i-dried  an ch ovies harboured high  
rate of bacterial con tam in ation , probably due to 
higher m oistu re con ten t and h an d lin g  p ractices, it 
is im perative to em ploy gam m a irradiation to  
reduce bacterial con tam in ation  su b stan tia lly  and  
achieve appreciable ex ten sion  in  shelf-life at room  
temperature (25°C). The efficacy of gam m a irradiation 
in controlling m ould  growth in  sem i-dried  an ch ovies  
is also evident. T hus, th e irradiation w ould  control 
the m icrobial growth o f boiled-dried an ch ovies  
during storage, after tran sp ortation  from Korea to 
India and back.
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Effect of Food Additives on Quality of Salted Pink Perch(Nemipterus japonicus)
B.K. KHUNTIA1, L.N. SRIKAR*, G.V.S. REDDY AND B.R. SRINIVASA

D ep artm en t o f B iochem istry ,
U niversity  o f A gricu ltural S c ien ces , College o f F ish eries, M an galore-575  0 0 2 , India.

Wet sa lted  p in k  perch, N e m ip te r u s  ja p o n ic u s  (Bloch), p repared  u s in g  a  cu rin g  m ix tu re  co n ta in in g  com m on salt, 
th ree  preservatives (sodium  benzoate, p o ta ss iu m  so rb a te  an d  so d ium  dihydrogen phosphate), an d  a n  an tio x id an t 
(butylated hydroxy anisole), w as found to have b e tte r keeping quality  an d  longer shelf-life over th o se  p repa red  u sing  
com m on sa lt  alone. T h iobarb itu ric  acid n u m b er (TBA num ber), free fatty ac ids (FFA), to ta l volatile b a se  n itrogen  (TVBN), 
a lpha-am ino  nitrogen (AAN) an d  to tal p la te  co u n t (TPC) increased  d u rin g  storage, thereby  re su ltin g  in  decreased  senso ry  
scores for overall acceptability . Food additives w ere found to effectively en h an c e  th e  quality , an d  ex tend  th e  shelf- 
life of salted  fish considerably . F u rthe r, the effect of the additives w as observed to be slightly m ore p rono unced  a t  
am bien t tem p era tu re  (26.8±3.3°C) th a n  a t  cooler storage tem p era tu re  (2.5±1°C).
K eyw ord s : P ink perch, W et salting , C uring  m ixture, Food additives, S torage, Shelf-life, C hem ical ch ang es, T otal p la te  

coun t, S enso ry  scores.
B esid es drying, long-term  p reservation  o f fish  

by salting m ay  b e regarded a s  one o f th e practical 
and econom ic p o ssib ilit ies , for fish erm en  living in  
rem ote areas. Several s tu d ie s  have b een  con d u cted  
on th e stan d ard isation  o f sa ltin g  procedure, in  
order to improve th e quality and general acceptability  
a s  well a s  to m in im ise  w a sta ge  an d  lo s se s  in  
production. H owever, in  tropical cou n tr ies  like  
India, w here su n -d iy in g  o f sa lted  fish  is  practised , 
the quality rem ain s inferior d u e to ab sorption  of  
m oisture; a tta ck  b y  b acteria , m ou ld , and in sects;  
and developm ent of rancid ity  and fibrous texture  
in  the fin ish ed  product. S om e s tu d ie s  have a lso  
b een  carried ou t on  th e  effect o f storage on  protein  
and related ch a n g es  (Reddy and Srikar 1991). 
There are reports on  dry sa ltin g  of fish  an d  its  
shelf-life, b u t v e iy  little or n o  inform ation is  
available on  th e  effect of w et sa ltin g  o f fish , in  
general, and for p in k  perch , in  particular. Com pared  
to dry-salting, the w et-sa ltin g  affords b etter  texture  
to the sa lted  fish , a s  a lso  typ ical flavour due to  
im m ersion o f fish  in  brine d u rin g  storage (Filsinger
1987). It is  a lso  k n ow n  th a t Ca+* and Mg++ sa lts  
decrease the equilibrium  m o istu re  co n ten ts  (Iyengar 
and S en  1970). The p resen t in vestigation  w a s  
carried out to eva lu ate  th e effect o f cu rin g  m ixture  
(containing p reservatives th a t are active again st 
bacteria, m ou ld , an d  a lso  preven t ox id ation  of fatty  
acids) on  w et-sa lted  p in k  perch , w h ich  is  one of 
the m ain  sh rim p s-b y -ca tch  of Indian coa sta l w aters, 
thereby con trib u ting  approxim ately  to 3  5% of 
India's total m arine fish  lan d in g  (FAO 1988).
* C o rre sp o n d in g  A u th o r  ' P r e s e n t  a d d r e s s  : C o lle g e  o f  F ish e r ie s , 

O ris s a  U n iv e rs ity  o f  A g r ic u l tu r e  a n d  T e c h n o lo g y , R a n g a ilu n d a ,  
B e r h a m p u r , G a r y a m -7 6 0  0 0 7 , O r is sa , In d ia ,

Materials and Methods
Fresh  p in k  perch , N e m i p t e r u s  j a p o n i c u s  (Bloch), 

cau g h t from  M angalore w a ters in  M ay 1 9 9 0  w a s  
transported  in  iced  con d ition  an d  kep t in  th e  
anteroom  o f cold  store (2.5°C±1°C), u n til further  
processing. F ish es  w ere w a sh ed , eviscerated , dressed  
in  butterfly  sty le , c lea n ed  thorou gh ly , an d  4  lo ts  
of 8 kg each  w ere sta ck ed  in  4  p la stic  trou gh s. 
Two lo ts  w ere w et-sa lted  b y  p ou rin g  sa tu ra ted  brine  
into the trou gh s, till it covered th e s ta c k s  com pletely. 
For th e  rem ain in g  2 lo ts, th e  sa tu ra ted  brine  
con ta in in g  com m on  sa lt an d  food ad d itiv es w a s  
added. C uring m ixtu re co n s iste d  o f th e  follow ing  
ad d itives in  proportion  b y  w eigh t in  gram s; com m on  
sa lt 100, sod iu m  b en zoate  0 .2 5 , so d iu m  acid  
p h o sp h a te  1 .50 , p o ta ss iu m  so rb a te  0 .5 0  an d  
b u ty la ted  hydroxy a n iso le  0 .2 0  (S en  a n d  S rip ath y
1967). The tro u g h s w ere covered  tigh tly  w ith  
p olythen e sh e e ts  to p revent exp o su re  to  a tm osp h ere  
an d  in sec t attack . W eights w ere kept on  th e  top  
to  prevent floating o f fish . O ne lot from  ea ch  of 
the above trea tm en ts w a s  sto red  at am b ien t  
tem perature (2 6 .8± 3.3°C ), an d  th e  rem ain in g  two  
lo ts  at cooler tem peratu re (2.5±1°C).

S a m p les  of fish  draw n at d efin ite  in terva ls w ere 
an a lysed  for m o istu re  (AOAC 1975), sa lt  con ten t  
(AOAC 1975), w ater activ ity ( a j  (Doe et al. 1983), 
th iobarbituric acid  n u m b er (TBA num ber) (Tarladgis 
et al. 1960), free fatty a c id s  (FFA) (Takagi et al.
1984), tota l vo latile  b a se  n itrogen  (TVBN) (Beatty  
and G ibbons 1937), a lp h a -a m in o  n itrogen  (AAN) 
(Pope an d  S tev en s 1939) a n d  tota l p la te  co u n t (TPC) 
(Speck  1976). For sen so ry  eva lu ation , fish  w a s  
im m ersed  in  tap w ater for 2 h  to rem ove ex ce ss
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sa lt, and  cooked  in  boiling w ater (100°C) for 15 
m in. The p rod u cts w ere p resen ted  sep ara tely  and  
evaluated  for overall accep tab ility  b y  a p an el o f 8- 
10 experienced  p a n e lists , u s in g  a 5 p oint H edonic  
sca le (Prell 1976). M ean sco res  ob tained  w ere  
an alysed  for sign ifican t d ifferences u sin g  a n a ly sis  
of variance techn iqu e (Snedecor and C ochran 1962). 
The shelf-life of the p rod u cts, w a s  a s s e s s e d  from  
the regression  line o f th e  m ea n  overall acceptab ility  
scores on storage period (days), a ssu m in g  th e  
H edonic score ’2 ’ to be the lim it, b elow  w hich  th e  
product w a s not acceptab le.

Results and D iscussion
In all the p rod u cts, th e  m o istu re  co n ten t of  

t is su e  d ecreased  d rastica lly  after sa ltin g  w ith  
s im u lta n eo u s  in crease  in  sa lt  co n ten t (Fig. la ,  b). 
It is  evident th a t m o istu re  of th e  fish  d ecreased  
sign ifican tly  during the first 7 d ay s o f im m ersion  
in  brine w ith  a sign ifican t in crea se  in  sa lt  co n ten t  
during the sa m e period. T h is  is  m a in ly  d u e to  
osm o sis  followed b y  a collapse o f th e  cell organ isation  
a s  a resu lt of protein  d en atu ra tion  a n d  reab sorp tion  
of brine, w h ich  u su a lly  ta k e s  3 -4  d ay s (Robert
1986). D uring su b seq u en t storage, th e  d ecrea se  in

S T O R A G E  P E R I O D  ( D A Y S )
Fig. 1. C hanges in m oisture, sa lt co n ten t, w a te r activity ( a j .  th iob arb itu ric  acid n u m b er (TBA), free fatty ac id s  (FFA), to ta l volatile 

base  n itrogen fTVBN), a lp ha-am in o  nitrogen (AAN) an d  bog to tal plate co u n ts  (TPC) of sa lted  p ink  perch .
• -------•  w ith  additive a t  am b ien t tem p era tu re , O------- O  w ithout additive a t  am b ien t tem p era tu re , ▲ ------- ▲  w ith  additive a t
cooler tem p era tu re , A------- A w ithou t additive a t  cooler tem p era tu re .
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m oisture w a s gradual, d u e to  d ecreasin g  rate of 
m a ss  transfer in  b oth  d irections. Tow ards the end  
of storage at 2.5±1°C , a sligh t in crease in  m oistu re  
con ten t w a s observed. S u ch  in crea se  in  m oistu re  
content o f sa lted  fish  during storage h a s  b een  
observed, and interpreted  b a sed  on  absorption  of 
water by fish  t is su e  (W heaton an d  L aw son 1985), 
w hich tak es p lace at th e  exp en se  o f com plex  
com p oun d s, form ed by th e  sa lt  and  p rote in s (Akiba
1955). The h igher m oistu re  an d  low er sa lt  co n ten ts , 
observed in  p rod u cts sa lted  w ith  ad d itives, m ay  be  
attributed to the in so lu b le  BHA, w h ich  form s a 
com plex coatin g on  the fish  su rface an d  preven ts  
m a ss  transfer (W heaton an d  L aw son 1985). Cooler 
tem perature w a s  fou n d  to  retard th e  rate o f m a ss  
transfer, w hich  w a s reflected  by th e  m u ch  h igher  
m oisture and low er sa lt  co n ten ts  in  p rod u cts stored  
at cooler tem perature, a s  com pared  to th o se  at 
am bient tem perature. S u ch  in flu en ce of tem perature  
on sa lting rate corrob orates w ith  the fin d in gs on  
salting o f jew fish  (N arayanasw am y et al. 1980). 
Further, h igher m oistu re  co n ten ts  in the p rod u cts  
salted  w ith ad d itives can  be attr ibuted  to the  
presence of p h osp h ate , w h ich  ab so rb s the w ater  
by interacting w ith proteins.

W ater activity ( a j  v a lu es  d ecreased  drastically  in 
all the p rod u cts, s im u lta n eo u sly  w ith  th e influx of sa lt  
into the t is su e  an d  efflux of m oistu re  (Fig. 1 g). The 
m inim um  aw atta in ed  in  the p resen t stu d y  w a s 0 .8 0 . 
Theoretically, th e m in im u m  aw atta in ab le  by sa lting  
alone is  around 0 .7 5 , a s  sod iu m  chloride m olarity  
reaches satu ration  around 6 .2  (Lupin et al. 1981). All 
the products of th e  p resen t s tu d y  com e u n d er th e  
category of in term ediate m oistu re foods, IMF (aw= 0 .90 -
0 .60), except th e  one sa lted  w ith  ad d itives stored  at 
cooler tem perature, a s  it ca n  b e con sidered  a s  a high  
m oisture food, HMF (aw= 1 .0 0 -0 .9 0 ). R esu lts  of th e  
p resen t stu d y  in d ica te  th a t so d iu m  b en zoa te  and  
sod iu m  acid p h osp h ate  (active a g a in st bacteria) and  
p otassiu m  sorbate (active a g a in st m oulds) have b een  
effective in en h an cin g  th e  q u ality  and exten d in g  th e  
shelf-life of sa lted  p rod u cts d esp ite  their h igher aw.

In all the p rod u cts, TBA n u m ber, FFA, TVBN, 
AAN and TPC in creased  during storage. The lower 
TBA num ber, observed  in  th e  p rod u cts salred with  
curing m ixture (Fig. 1 e), m ay  be attr ibuted  to th e  
anti-oxidant natu re of BHA in the cu rin g  m ixture. 
Lower FFA va lu es, observed in  th e products prepared  
by em ploying th e cu rin g  m ixture, m ay be attributed  
to the effect o f p reservation  in  retarding the activity  
of m icrobes in clud in g  the lipolytic bacteria  (Fig. 1 i). 
TVBN, p rod u ced  b y  m icrob ia l d egrad ation  of 
nitrogenous t is su e  com p o n en ts, w a s found  to 
increase stead ily  in  all th e p rod u cts (Fig. 1 c) and

th is  corroborates w ith  earlier fin d in gs o n  dry-, wet- 
an d  m ix ed -sa lted  fish  (A debona 1978). H ow ever, the  
low er TVBN v a lu es  in  p rod u cts w ith  ad d itives m ight 
have resu lted  from  th e  effect o f th e  p reservatives  
in  retarding m icrob ial activity. S tea d y  in crea ses  in  
AAN v a lu e s  w ere ob served  in  all th e  p rod u cts  
during storage (Fig. 1 d). S im ilar trend  h a s  b een  
reported in  sa lt p reservation  o f lea n  an d  fatty  
herring (Bochkov and Safronova 1952) an d  ripening  
of b arrel-sa lted  an ch o vy  (D urand 1981), thereby  
in d icating  th e  p ro teo lysis  o f  t is su e  p rote in s by  
t issu e  p roteases and proteolytic bacteria . R etardation  
of bacteria l activ ity  by th e  p reserva tives u se d  in  
the curing m ixtu re m ight h ave resu lted  in  th e  lower  
AAN, w h ich  w a s  observed  in  th e  p rod u cts sa lted  
w ith  the cu rin g  m ixture.

T hrough ou t the period of storage, TPC sh ow ed  
an  in creasin g  trend (Fig. 1 h) in  all the p rod u cts, 
an d  th is  corroborates w ith  earlier ob servation s  
(A schelong 1952). The low er TPC observed  in  
p rod u cts w ith ad d itives is  d u e to  th e  actio n  of the  
added  p reservatives on  the m icrob es. S od iu m  
b en zoate  an d  p o ta ss iu m  sorb ate h ave b een  reported  
to retard m icrobial activ ity  b y  in h ib itin g  variou s  
en zym es of the m icrob ial cell, sp ecifica lly  th o se  in  
th e citric acid  cycle (Lueck 1980).

The sen so ry  sco res  for overall accep tab ility  and  
the shelf-life of th e  p rod u cts are sh o w n  in  Fig 2.

Fig. 2. Overall accep tab ility  scores of sa lted  p ink perch  d u ring  
storage.

• -------•  w ith additive a t  am b ien t tem p era tu re , O ------- O  w ithout
additive a t am b ien t tem p era tu re , ▲ -------▲  w ith additive a t  cooler
tem pera tu re , A------- A w ith o u t additive a t  cooler tem pera tu re
AA : Y = 4 .90-0 .0526X  (r = - 0 .9941), Shelf-life = 55 days
OA : Y = 4.79-0 .0694X , (r = - 0 .9976), Shelf-life = 4 0  days
AC : Y = 4.72-0 .0208X , (r = - 0 .9782), Shelf-life = 131 days
OC : Y = 4.57-0 .0239X , (r = - 0 .9895), Shelf-life = 108 days
Hedonic scale  -  Excellent : 5, Good : 4, F air : 3.
Acceptable : 2, U nacceptab le  : 1.
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A nalysis of variance of the m ea n  overall acceptability  
scores in d icated  th a t there w a s  a sign ifican t 
difference (P<0.05) d u e to the u se  o f food additives. 
The b etter quality  o f sa lted  p in k  p erch  w ith  
additives, th a n  th o se  sa lted  w ith ou t ad d itives, w a s  
depicted by its  h igh er sco res , th rou gh ou t the  
storage period. Apart from  en h an cin g  th e quality, 
u se  of food ad d itives w a s  found  to exten d  the sh elf-  
life of p rod u cts stored  at am b ient tem perature by
1.4-fold an d  th a t of p rod u cts stored  at coo ler  
tem perature b y  1.2-fold . T h is im p lies th a t th e effect 
of food ad d itives in  exten d in g  shelf-life o f sa lted  
pink  perch  is  sligh tly  m ore at am b ien t tem perature  
th an  at cooler tem perature.

The data  clearly in d icate  th a t the ad d ition  of 
the p reservatives to sa lt  e n h a n ces  th e quality, and  
exten d s th e  shelf-life o f p in k  perch.
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Effect of Xanthan Gum on the 9 uaHty ° f  Bread
S. JYO TH SNA RAO1, M .S. PRASAD2 AND G. VENKATESW ARA RAO 1*

‘M illing and B aking T echnology D epartm ent, 
and

2M icrobiology and B ioengineering D epartm ent,
C entral Food T echnological R esearch  In stitu te , M ysore-570  0 1 3 , India.

Incorporation  of different co ncen tra tions  o f the x a n th a n  gum , an  exocellu lar polysaccharide produ ced  by obligatcly 
aerobic Xanthorrx>nas cam pestris  in  w heat flour, h a s  been  stud ied  to investigate its effect on  the  rheological a n d  b read  
m aking quality  of th e  w h eat flour. Addition of 0.3%  x a n th a n  gum  in w h eat flour im proved th e  w a te r ab so rp tio n  from 
59 .8  to 61.4% , dough  stab ility  from 6 .0  to 10.0 m in, dough  s tren g th  from 136.5 to 150.0 cm 2, a n d  th e  overall b read  
m aking quality  with special reference to c rum b  so ftness. In addition , the  yield o f b read  inc reased  by 3.5% . T hough 
the  x a n th an  gum  h a s  been approved by FDA for u se  in foods, its u se  in b read  is not cu rren tly  pe rm itted  in India. 
C onsidering its ability  to significantly im prove the  b read  quality  an d  the  yield, a  need ex ists  to c lear it for u se  in 
bread m anufactu re .
Keywords : X an th an  gum , Incorporation  in bread, Rheological effect on dough, Im provem ents in  b read  quality , B read 

yield, Improved cru m b  softness.

Bread, a food product co n su m ed  b y  m ajority  
of population  all aver the world a s  part o f daily  
diet, is  b ecom ing in creasin g ly  p opular in India, due  
to va r io u s a d v a n ta g es , s u c h  a s  rea d y -to -ea t  
conven ience, cost com p etitiven ess, b etter  nutritive  
quality and en h an ced  shelf-life. S in ce the quality  
of bread d ep en d s on  a n u m b er  of factors, con stan t  
efforts are b ein g  m ad e in  th e  cou n try  to im prove 
its  quality. Incorporation of sp ecific  ad d itives to the  
w heat flour h a s  b een  found  to have b en eficia l 
effects on im proving th e q u ality  of the bread (Tsen  
and H ylnka 1967; Kulp 1981; C ham berlain  1981; 
Stauffer 1990; K nightly 1988; S ch u ster  and A dam s
1984). B esid es, there are varieties o f bread su ch  
a s  high protein tr e a d  (Sahni and K rishnam urthy
1975), soya fortified bread (Selvaraj and Shurpalekar,
1982) and th e quality w as im proved by gu ar gu m  
also  (V enkatesw ara Rao et àl. 1985). One su ch  
im portant additive is  th e g u m s from variou s so u rces  
(Anderson and A ndon 1988; K lose and G licksm an  
1972; Bayfield 1958). It is  worth m en tion in g  that  
th e  u t i l is a t io n  o f g u m s , p o ly sa c c h a r id e s  or 
hydrocolloids in  food p rod u cts h a s  b een  traced to 
the daw n o f h istory. The quality  an d  q uantity  of 
the traditional g u m s are largely prone to variou s  
environm ental factors (Law son and S u th erlan d
1978). M oreover, th e u se  o f g u m s is  h igh ly  specific, 
b ecau se of their predeterm ined functional ch aracters  
(Margaritis and  Pace 1985). X an th an  gu m , a high  
m olecular w eight p olysacch arid e is  produced  by the  
plant p ath ogen  X a n t h o m o n a s  c a m p e s t r i s  (Pettitt
1982). The x a n th a n  gu m  is  com p o sed  of D- 
glucuronic acid , D -m a n n o se  and D -g lu cose  u n its
* Corresponding Autaor

(R o ck s 1 9 7 1 ) . X a n th a n  g u m  p o s s e s s e s  a n  
extraord in aiy  com b in ation  o f p rop erties, w hich  
have resu lted  in  its  w ide ap p lication  to  food 
sy s te m s , su c h  a s  b a k ery  fillin g s  an d  ic in g s  
(G licksm an 1982), c a k e s  (Miller an d  S e tser  1983), 
high protein  b read s (C h ristian son  1976) syru p s, 
top p in gs, d e sse r ts  an d  dairy p ro d u cts  (Teague et 
al. 1982). X an th an  g u m  w a s  u sed  in  ca k es , cake  
m ix es an d  pie fillings (A nderson an d  A n d on  1988). 
In sp on ge m ix es, x a n th a n  g u m  sh ow ed  good freeze / 
thaw  stability , w h en  egg s are rep laced  partia lly  w ith  
x a n th a n  gu m  (Hille 1982). Kulp et al (1974) 
reported  th e  a p p lica tion  o f x a n th a n  g u m  in  
con ju n ction  w ith  em u lsifiers in  th e  preparation  of 
g lu te n le ss  bread, m ean t sp ec ia lly  for p erso n s  w ith  
celiac d isea se . Jo n gh  (1961) reported  th a t dough  
con ta in in g  only starch  and w ater form s a sta b le  
su sp e n s io n  in w hich  rep u lsio n  forces ex ist  b etw een  
the starch  gra n u les, ca u s in g  th e  su sp e n s io n  to 
d em on stra te  th e  rheological property o f d ila tency . 
S u ch  a sy stem  lack ed  in  stru ctu ra l coh eren cy  
n ecessa ry  to retain  th e g a s , gen era ted  by y ea st  
ferm entation. X a n th an  g u m  acted  a s  b in d in g  agent, 
and help ed  in  g a s  retention . T he em p loym en t of 
x a n th a n  gu m  is  approved by FDA for u se  a s  a 
stab iliser , em ulsifier, th ick en er, su sp en d er , bodying  
agent or foam  en h a n cer  in  food s (G lick sm an  1969). 
However, x a n th a n  gu m  is  not p erm itted , at p resen t, 
in  India for u se  in  bread  m ak in g  u n d er  the  
p rov ision s of P revention  o f Food A d u lteration  Act. 
C onsidering the w id espread  u se  o f x a n th a n  gu m  
in  food s in  other co u n tr ies  and attractive beneficia l 
u se s , it is  vita lly  im portant to m ove th e  m atter  for 
allow ing its  u se  in  food s in  India (Prasad et al.
1991). O ne of th e b e s t  w a ys to  ach ieve th is  aim
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is to d em on strate  the ad v an ta ges in  Indian context. 
Exploratory work w as, therefore, u n dertak en . T his  
paper d is c u s se s  th e  effect o f incorporation  of 
x a n th an  gu m  on  th e  rheological ch ara cter istics  and  
the bread m ak ing quality o f w h eat flour.
Materials and Methods
M a te r ia l s  : C om m ercial w h eat flour (M a id a )  w a s  
obtained  from the local m arket. X a n t h o m o n a s  
c a m p e s t r i s  is  a n atu ra l iso late , grow n on  op tim ised  
m edium  con ta in in g  carb oh yd rates, n itrogen  and  
m in era ls for 72  h in  a ferm enter. The ferm entation  
broth w a s  p rocessed  su ita b ly  to obtain  a cell-free  
product (Prasad et al. 1989). The food grade  
x a n th an  gu m , a cream  coloured  pow der, obtained  
a s above, w a s  u sed  for the stu d ies .
C h e m ic a l  c h a r a c t e r i s t i c s  : M oisture, to ta l a sh , dry 
gluten, sed im entation  va lu e, falling num ber, d iastatic  
activity and dam aged starch con ten t w ere determ ined  
according to AACC (1969) procedure.
R h e o l o g i c a l  c h a r a c t e r i s t i c s  : T h e r h e o lo g ic a l  
ch aracteristics of the flour a s  in flu en ced  by th e  
addition of x a n th a n  gu m  at 0 .1 , 0 .2 , 0 .3 , 0 .4  and
0.5%  lev e ls  w ere s tu d ie d  u s in g  farin ograp h , 
am ylograph an d  exten sograp h . accord ing to th e  
standard  procedure (AACC 1969; V enkatesw ara  
Rao and H aridas Rao 1993).

P r e p a r a t io n  a n d  e v a l u a t i o n  o f  b r e a d  : Prior to u se , 
the ¿xanthan gu m  w a s  d isp ersed  u n iform ly  in  w ater  
and kept a sid e for 6 0  m in  to  a cco m p lish  hydration . 
The x a n th a n  gu m  in  th e  form  o f d isp ersio n  w a s  
added to th e flour. B rea d s w ere prepared  after  
adding 0 .1 , 0 .2 , 0 .3 , 0 .4  an d  0.5%  x a n th a n  gu m , 
according to  rem ix p rocedure w ith  a red u ced  
ferm entation  tim e o f 12 0  m in  for th e  d ou gh , in stea d  
of 165 m in . E valu ation  o f b rea d s w a s  carried  out 
for cru st and cru m b  ch a ra cter istic s  after 2 4  h  of 
preparation  by a p an el o f  s ix  ju d g e s  (Irvine and  
M cM ullan 1960). Loaf vo lu m e w a s  m ea su red  u sin g  
rap eseed  d isp la cem en t m eth o d  o f M alloch an d  Cook  
(1930).
Results and Discussion'
C h e m i c a l  c h a r a c t e r i s t i c s  : C hem ical ch a ra cter istic s  
o f  th e  f lo u r  in d ic a te d  th e  m e d iu m  s tr o n g  
ch aracter istics. It con ta in ed  9.0%  protein , 8.8%  
g lu ten  and sed im en ta tion  va lu e  o f  2 0  m l. T he flour  
h ad  low  a lp h a -a m yla se  activ ity, a s  sh o w n  b y  falling  
n u m b er (594) an d  d ia sta tic  activ ity  (1 6 1 .3  m g  
m a lt o s e /10 g flour).
F a r i n o g r a p h  c h a r a c t e r i s t i c s  : T he data  sh o w ed  a 
gradual in crease in  farinograph w a ter  ab sorp tion  
w ith  the in crease  in  th e  level o f th e  x a n th a n  gu m  
(Table 1). C h ristia n son  (1976) stu d ied  th e effect of

TABLE 1. EFFECT OF XANTHAN GUM ON THE DOUGH CHARACTERISTICS OF WHEAT FLOUR

X an than , %
Dough ch arac te ris tics

F arin o g rap h
0 0.1 0.2 0.3 0 .4 0 .5

W ater absorp tion , % 59.8 60 .2 60 .8 61 .4 6 2 .8 65.4
Dough developm ent time, m in 2.0 2.0 2.0 2.0 1.0 1.5
Dough stability , m in 6 .0 8.5 8.5 10.0 1.0 1.5
D eparture tim e, m in 7.5 10.0 11.0 9 .5 2.0 2 .5
Mixing tolerance index a t  10 m in, BU 80 60 70 80 100 140
Valorim eter value 46 50 50 56 48 42
A m ylograph
G élatin isation  tem p era tu re , °C 66.5 61 .5 61 .5 6 1 .5 6 1 .5 61 .5
Pasting peak, °C 91.5 91 .5 91 .5 9 1 .0 9 1 .5 91 .5
Peak viscosity, BU 1070 1120 1130 1150 1160 1160
Viscosity a t  95°C, BU 760 800 840 920 860 780
Viscosity after 30  m in cooking a t  95°C, BU 610 680 710 700 730 740
Viscosity a t  50°C, BU 1050 1130 1 190 1170 1220 1220
S etback on  cooling, BU 440 450 480 470 490 480
E x te n so g ra p h
R esistance to ex tension, R, BU 570 640 650 645 740 525
Extensibility, E, m m 162.5 161.5 149.5 150.0 146.0 158.5
R /E 3.51 3.93 4 .34 4 .29 5.11 3 .30Area, Cm1 136.5 139.7 145.9 150.0 129.9 124.0
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x a n th a n  gu m  an d  g lu ten  on  th e  rh eolog ica l 
properties of w h ea t flour d ou gh  and reported  
increase in  w ater ab sorption  and d ough  stab ility  
with addition  o f x a n th a n  gum . The u sefu l properties  
of g u m s are largely d u e to th e  p h ysica l effects, and  
primarily involves th o se  dealing w ith their interaction  
with water. G um  in teracts  w ith  protein  m o lecu les  
to provide su sp e n s io n  and so lu tio n  stab ility , w hile  
it provides v isc o u s  an d  em u lsifica tion  effects d u e  
to lipid m olecu les. B y s u c h  in teraction s, g u m s  
perform their u se fu l fu n ctio n s, w h ich  are m ain ly  
those relating to provision  of th e  v iscosity , so lu tio n  
stability  and su sp en d a b ility  (G licksm an 1982). The  
dough d evelopm ent tim e rem ained  u n affected  up  
to 0.3%  addition  o f x a n th a n  gu m  and a decrease  
by 0 .5  to 1.5 m in  w a s  observed  b eyond  th is  value. 
The stability  o f  the d ough  sh ow ed  an  in crease  from
6 .0  to 10 .0  m in  w ith  th e  u s e  o f 0.3%  x a n th a n  gum . 
However, a m arked d ecrease  to 1.0 and 1.5 m in, 
respectively, w a s observed  w h en  th e  x a n th a n  gu m  
w as u sed  at 0 .4  an d  0.5%  levels. S im ilarly, in crease  
in m ixing to leran ce in d ex  w a s  observed, w h en  th e  
x a n th an  gu m  level w a s  in crea sed  b eyon d  0.3%  in  
flour, thereby in d icating  adverse effect w ith  respect 
to the w eak en in g  o f th e  dough . There w a s  a 
m arginal in crease  in  va lorim eter va lu e  u p  to 0.3%  
level of th e x a n th a n  gum , w hich  sh o w s im provem ent 
in  dough strength .
A m y l o g r a p h  c h a r a c te r i s t i c s  : It is  evident from Table 1

x a n th a n  gum . V iscosity  after 3 0  m in  cook in g  at 
95°C sh ow ed  an  in crea se  by 7 0  to  130  BU, a s  the  
x a n th a n  gu m  level in crea sed  b y  0 .1  to 0.5% . 
Sim ilarly, th e v isco s ity  at 50°C o n  coo lin g  sh ow ed  
an  in crea se  by 8 0  to 170  BU , w ith  th e  addition  
of 0 .1  to 0.5%  o f x a n th a n  gu m . T here w a s  a 
m arginal effect on  se t  b a ck  va lu e  b y  1 0 -5 0  BU, 
w hich  is  related to rétrogradation  o f starch .
E x t e n s o g r a p h  c h a r a c t e r i s t i c s  : It c a n  be observed  
from  Table 1 th a t th e  re s is ta n ce  to  ex ten s io n  
in creased  from  5 7 0  to  7 4 0  BU, w ith  th e  u se  of 0 .4%  
x a n th an  gum . In contrast, the resistan ce  to exten sion  
d ecreased  to 5 2 5  BU , w ith  th e  u s e  o f 0.5%  x a n th a n  
gum . Sim ilarly, th e  ex ten sib ility  d ecreased  from
1 6 2 .5  to  14 6  m m  g w ith  th e  incorporation  of 
x a n th a n  gu m , in  contrary to an  in crea se  o f 158 .5  
m m , w h en  x a n th a n  gu m  w a s  u se d  at 0.5%  level. 
The area in creased  from 1 3 6 .5  to 15 0  cm 2 w ith
0.3% , thereb y in d ica tin g  in crea sed  stren g th , b u t it 
d ecreased  w ith  further in crea se  in  th e  con cen tration  
of x a n th a n  gum .
B r e a d  m a k i n g  c h a r a c t e r i s t i c s  : The r e su lts  o f  bread  
m a k in g  q u a lity  u n d e r  d ifferen t e x p e r im e n ta l  
con d itio n s are p resen ted  in  T able 2 . T he loaf  
vo lu m e o f b read s w a s  n o t affected  u p  to  0.4%  
addition  o f th e x a n th a n  gu m . A grad u al in crease  
in  th e  yield  o f the bread w a s  n oted . T he in crea se  
in  th e  yield  o f th e  bread  ranged  from  0 .7 -4 .5 %  w ith  
u se  o f 0 .1-0 .5%  x a n th a n  gu m . T he cru st sh a p e  w a s

TABLE 2. INFLUENCE OF XANTHAN GUM ON BREAD MAKING QUALITY* OF WHEAT FLOUR
Loaf C rum b

X anthan
gum,

%
W eight,

g
Volume

ml
Specific
volume,

m l/g

E xtra
yield,

%
Texture Score**

E ating
qualiiy

- 134.9 470 3 .50“ - Soft 7 Norm al
0.1 135.8 475 3 .50“ 0 .7 “ Soft 7 Norm al
0.2 136.2 475 3 .49“ 0 .9 “ Soft 7 Norm al
0.3 139.6 475 3 .40“ 3 .5b Very soft 7 Norm al
0 .4 140.5 465 3.3  l b 4 .2C Very soft 7 Slightly gum m y
0.5 141.0 440 3 .12c 4 .5 C Very soft 7 Slightly gum m y

SEM ±0.02 ±0.029
M eans in th e  sam e co lum n followed by different su p e rsc rip ts  differ significantly (p<0.05)

* All the  b read s  had  norm al c ru s t  shape , golden brow n c ru s t  colour, cream ish  w hite cru m b  co lour an d  un iform  m ed ium  fine 
crum b grain

** M axim um  score : 8

that there is  n o  varia tion  in  the gé la tin isa tion  
tem perature w ith  addition  o f different levels o f th e  
xan th an  gum . The p eak  v isco sity  in creased  by 80 -  
90  BU w ith 0 .3-0 .5%  levels of th e gum . C h ristian son  
et al. (1981) have a lso  reported the in crea se  in  peak  
viscosity  o f w h eat starch  w ith  the addition  o f the

norm al, and  the cru st co lou r w a s  go ld en  brow n for 
the b read s em an a tin g  from  all th e  exp erim enta l 
param eters. The crum b w a s  crea m ish  w h ite  w ith  
m ed iu m  fine uniform  grain  in  all the c a se s . The 
texture o f th e b read s im proved from  soft to v e iy  
soft w ith  0 .3 -0 .5 %  ad d ition  o f the x a n th a n  gum .
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T he s ta b ility  o f  th e  x a n th a n  g u m  to h ig h  
tem peratu res ap p ears to  in crea se  th e  retention  of 
the m oistu re in  the bread. The ad v an ta ges o f  the  
increase in  retained m oistu re  cou p led  w ith the  
capability o f the x a n th a n  gu m  to com p lex  w ith  
sta rch  are o f im p o r ta n ce , a n d  m a y  in h ib it  
rétrogradation an d  con seq u en tly , lead  to ex ten sion  
of the shelf-life of th e  b ak ed  go od s (Pettitt 1982). 
The ta ste  of th e b read s prepared b y  adding 0 .1 ,
0 .2  and 0.3%  x a n th a n  gu m  w a s  norm al. However, 
breads w ith x a n th a n  gu m  at levels above 0.4%  had  
slightly gum m y m ou th feel.

The resu lts  h ighligh t th e  in crea se  in  the yield  
of the bread and im provem ent in  so ftn e ss  of crum b  
by the incorporation of x a n th a n  gum .
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Studies on the Storage Characteristics of Kodbale -  
A Popular Indian Spicy Savoury

K.R. KUMAR*, B.G. SUBRAMANLAN1 AND A.R. INDIRAMMA
C entre for Food Packaging,

C entral Food T ech n ological R esearch  In stitu te , M ysore-570  0 1 3 , India.
M oisture so rp tion  iso therm  of Kodbale, a  po p u la r Ind ian  spicy savoury  w as found to be sigm oidal in  shape; 

typical o f a  s ta rch y  food. T he equilib rium  m oistu re  co n ten t a t  56%  RH w as found to be 10.01%  (dry basis), w hich 
w as critica l from the po in t o f view of c risp n ess  an d  acceptability . The B ru nnau er-E m m ett-T e ller (BEIT) an d  G uggenheim - 
A nderson-de Boer (GAB) - m onolayer m oistu re  co n ten t w as 4.60% . The p rod u c t packed in  polyam ide, b a sed  co extruded  
film and  m etallized polyester-polyethylene lam inate  w ith am b ien t a ir  an d  n itrogen  gas flush ing  ind ica ted  shelf-life of 
60  to 80 days, w hen  sto red  a t  38°C an d  90%  RH. At 27°C an d  65%  RH sto rage condition , the  shelf-life w as a b o u t 
120 days. G as flush ing  a n d  polyam ide based  m aterial gave ad ded  protection  ag a in s t deterio rative changes.
K eyw ords : S avoury  kodbale; M oisture sorption; G as packing; S torage behaviour.

K o d b a le ,  a sp icy  savou ry  traditional fcod  item , 
is popular th rou gh ou t India, esp ec ia lly  S ou th ern  
States. It is  a d o u g h n u t-sh a p ed  product m ad e from  
rice flour, cu m in , ch illi, sa lt  and  asafoetida . W heat 
flour (a t ta ) ,  in  little qu an tity , is  generally  m ixed  
with rice flour. The m ixtu re is  k n ead ed  w ith  w ater  
and deep-fat-fried. K o d b a l e  is  re lished  for its  crisp  
texture and flavour. The p roduct is  generally  
prepared for h om e con su m p tion , th ou gh  com m ercial 
preparation by both  h o m e-sca le  and sm all-sca le  
in d u stries h a s  b ecom e p op u lar in  recen t years. 
E xten sion  o f the shelf-life by su itab le  packaging  
w ould help in  th e storage an d  d istr ib u tion  of the  
com m ercial product, over w ider areas, a s  w ell a s  
prevention o f deteriorative ch a n g es. The resu lts  of  
su ch  a stu d y  are reported in  th e p resen t paper.

Deteriorative ch a n g es  th a t occu r in  the product  
are lo s s  of cr isp n ess , an d  d evelop m en t o f hydrolytic  
rancidity, d u e to ab sorption  o f w ater and oxidative  
rancidity, due to  in teraction with oxygen, particularly  
w h e n  m a d e  u s in g  g r o u n d n u t  o il (S h a n th i  
N arash im han et al. 1986). It is  a lso  prone to  
tainting from  external sou rces. It is  w ell know n that  
inert g a s  p ack agin g an d  th e u se  of w ater vapour  
and oxygen  barrier p ack a ges w ould  exten d  sh elf-  
life of food p rod u cts, su c h  a s  ch ip s  (Satyavath i 
K rishnankutty et al. 1981). The s tu d ie s  w ere 
confined to th e  eva lu atio n  o f the p h ysico -ch em ica l 
p rop erties  o f  tw o n ew ly  a v a ila b le  co m p o s ite  
packaging m ateria ls an d  th eir  protective properties  
for storing th e product u n d er  two storage con d ition s, 
to provide good k eep in g  quality  for 3  to 6  m on th s.

Som e stu d ie s  on  th e  storage a sp ec ts  of other  
savoury foods, u sin g  variou s con ven tion al packaging
* Corresponding Author. 1 Present add ress  : Q uality Control 
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m ea n s, have b een  carried ou t b y  B h at et al. (1982); 
K um ar an d  S reen iva sa  R ao (1987); an d  M ahadeviah  
et al. (1979). T h ey h ave in d ica ted  th a t su itab le  
p ack agin g  m e a n s  ex ten d  th e  sh elf-life  o f th e  
products. In the p resen t stu d y , two barrier m ateria ls  
w ere se lec ted , (i) co-extru d ed  film  com p risin g  outer  
h ig h -d en sity  p olyethy len e, m id d le  p olyam id e (poly 
cap ro lactam  or nylon-6) and in n er  eth y len e-acrylic  
acid  copolym er (EAA) w eb s, an d  (ii) lam in ate  of  
ou ter p olyethy len e terep h th a la te  (PET or polyester) 
w ith p olyethy len e w eb. Inner EAA or PE w ould  
p rov id e  g o o d  w a te r -v a p o u r  b a rr ier  p rop erty , 
sea lab ility  and im pact stren g th , w h ile  th e  polyam ide  
or p olyester  film s w ou ld  provide oth er req u isite  
fu n ctio n s like oxygen  an d  arom a barrier property  
(Kumar 1989).
Materials and Methods

M arket type K o d b a l e ,  w ith o u t a n y  added  
ch em ica l preservative or an ti-ox id an t, w a s  obtained  
from  the local m arket. The ou ter  d iam eter o f the  
sa m p les  varied b etw een  2 .5  an d  3 .0  cm  an d  that 
of th e  cen tra l void  b etw een  1.5 an d  2 .0  cm . The  
w eight o f  each  p iece  ranged  b etw een  1 .7  an d  2 .0  g. 
M o is t u r e  s o r p t i o n  s t u d i e s  : M oisture sorp tion  of 
K o d b a l e  w a s  stu d ied  at 27±1°C  b y  exp o sin g  w eighed  
q u an tities  o f th e  sa m p les  in  petri d ish e s  to  relative  
h u m id ities  (RH) ran gin g  b etw een  11% a n d  90% , 
b u ilt in  d ifferent d esicca to rs, u s in g  sa tu ra ted  sa lt  
so lu tio n s  (Rockland 1960). T he sa m p le s  w ere  
w eigh ed  periodically , till th ey  a tta in ed  co n sta n t  
w eigh t (±0.001 g) or sh ow ed  m icrob ial grow th. The  
sa m p les , after equilibration , w ere a n a ly sed  for 
sen so ry  q u alities.
P h y s i c o - c h e m i c a l  p r o p e r t i e s  o f  p a c k a g i n g  m a te r i a l s :  
T he th ic k n e ss , ten s ile  s tren g th  an d  h ea t-sea l
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strength  w ere determ in ed  accord in g  to ASTM  
m eth o d s (1982). T he w ater vap ou r tra n sm iss io n  
rate (WVTR) o f th e p ack agin g  m ateria ls an d  th e  
ox yg en  tr a n s m is s io n  r a te s  w ere  d e term in ed , 
according ASTM procedure (197 5 , 1982).
C h e m ic a l  a n a l y s i s  : T he product w a s  characterized , 
according to stan d ard  BIS p roced u res for m oistu re  
and fat. Free-fatty acid  (FFA) co n ten t an d  peroxide  
value (PV) w ere determ ined, according to procedures  
o f AACC (1976).
S to r a g e  s t u d i e s  : U nit p o u ch es , filled w ith  100  g 
of sam ple w ere h ea t-sea led  an d  exp osed  to  tw o s e ts  
of storage con d itio n s, (1) 90%  RH an d  38°C  
(accelerated condition) an d  (2) 65%  RH an d  27°C  
or norm al or B ureau  of Indian  S ta n d a rd s (BIS) 
condition. The packaging m ateria ls u sed  for storage  
stu d y  w ere (i) 100  m icron  coex tru d ed  yellow
pigm ented film  of h igh -d en sity  p olyeth y len e/b on d in g  
a g en t/p o ly a m id e /b o n d in g  a g e n t/e th y le n e  acrylic  
acid copolym er (Primacor, D ow  ch em ica ls) and  (ii) 
la m in a te  o f m e ta ll iz e d  p o ly e s te r / lo w - d e n s it y  
polyethylene. P ou ch es w ere tested  w ith  am b ient air 
and inert g a s  flu sh in g  w ith  n itrogen  (N irovac-X -300  
of K om et-M aschinen  fabrik, G erm any). The control 
sam p les packed  in  tin -p la te  con ta in ers w ere stored  
in  refrigerated con d ition  (4-6°C).
S e n s o r y  e v a l u a t i o n  : U nit p ack ages, stored  u n d er  
different con d itio n s w ere periodically  w ithdraw n  
from th e tw o se ts , an d  eva lu ated  b y  a p an el of 
ju d g es (14 to  16) for colour, odour, ta ste , texture  
and overall acceptability . A five p oint sen so ry  sca le  
(5-like extrem ely, 4 -like very good, 3 -like  m oderately,
2-d islike sligh tly  and 1-d islik e  extrem ely) w a s  
adopted w ith  a score 3 , a s  th e  lim it for accep tan ce  
(Kumar 1987).
S t a t i s t i c a l  a n a l y s i s  : O f th e  th ree  c h e m ic a l 
param eters, m oistu re  co n ten t, PV and FFA o f th e  
product, w hich  ch an g e w ith  tim e, w ere stu d ied . For 
the m o istu re  c o n te n t, rate e q u a tio n  is  w ell 
estab lish ed  by P aine (1955) and w a s  fitted to 
Paine's equation . In th e a b sen ce  o f an y  particular  
rate eq u a tio n s  for PV an d  FFA (w h ich  are 
in terdependent o n  m an y  factors), th ey  w ere fitted  
to polynom ial regression  eq u ation s u pto third  
degree.
Results and Discussion
S o r p t io n  s t u d i e s  : Fig 1 sh o w s th e  relative h u m id ity  
m oistu re con ten t rela tion sh ip  or m oistu re  sorption  
(com bination of adsorption  an d  desorption) isotherm  
of K o d b a l e  at 27°C . The G u ggenheim -A nderson-de  
Boer (GAB) m od el, w h ich  generally  fits u p to  a aw 
of 0 .9 2 -0 .9 4 , w h en  applied  to th e  m oistu re  sorption

Fig. 1. M oisture so rp tion  iso th e rm  of K odbale  a t  27°C.
data o f th e  product, h ad  a correlation  co-efficient 
of 0 .9 9  an d  a stan d ard  error of 0 .0 0 1 8 .

T he m o n o m o le c u la r  m o is tu r e  c o n te n t  a s  
determ ined  b y  th e GAB-Plot (Schar an d  R uegg
1985) w a s  found  to b e 4.5% , w h ich  is  a lm o st th e  
sa m e  a s  th e  B r u n n a u er -E m m ett-T e ller  (BET) 
m onolayer m oistu re content. W ith an  in itial m oistu re  
con ten t of 5.8%  (as is  b asis), corresp on d in g  to  6.2%  
on d iy  b a s is  (db), th e p rod u ct w a s  in  equ ilibrium  
w ith RH of 30% . The eth er-extractab le  (fat) co n ten t  
of th e  product w a s  9.0% .

The product, equ ilibrated  to  11% RH, h ad  an  
equilibrium  m oistu re  co n ten t (EMC) o f  4.3%  (db), 
an d  w a s  found to be very hard  an d  n ot re lish ed . 
The p rod u cts, equilibrated  to RH s o f 2 2 , 3 2  and  
44% , w ere crisp , an d  h ad  reta in ed  d esirab le  b row n  
colou r and good texture. H ow ever, th e  p rod u ct at 
56%  RH w ith an  EMC of 9.5%  (wet b a sis) or 10.01%  
(db) w a s  ju d g ed  a s  ju s t  a ccep tab le . K o d b a le ,  
equilibrated to 6 4  an d  75%  RH, h ad  EMC v a lu e s  
of 11 .97  and 16.47%  (db), resp ective ly  an d  h ad  
b ecom e soft an d  soggy , w h ile  at h igh er RH o f 8 6  
an d  90% , the p roduct developed  m icrob ial grow th  
after 2 9  an d  21  d ay s o f exp o su re , resp ectively . 
T h u s, from  the m oistu re  sorp tion  d ata  ob ta in ed  and  
sen so ry  eva lu ation , it w a s  inferred th a t m o istu re  
con ten t b etw een  5 .0 2  an d  9 .50%  (wet b asis) or 5 .3 3  
and 10.01%  (db) w a s  accep tab le . A s su c h , it w a s  
con sid ered  th a t during storage, th e  p rod u ct sh o u ld  
retain  m oistu re  w ith in  th e se  lim its.
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TABLE 1. PHYSICO-CHEMICAL PROPERTIES OF PACKAGING 
MATERIALS

Property PNP MPP
co-extruded laminate

Thickness, pm 125 12/50
Tensile strength, KN/m,

Machine direction 2.60 2.11
Transverse direction 1.89 1.72

Heat-seal strength, KN/m
Machine direction 2.08 1.69
Transverse direction 1.50 1.38

Water vapour transmission 
rate, g/m 2. 24 hr.
38°C/90% RH condition 3.02 4.13
27°C/65% RH condition 0.92 1.06

Oxygen transmission rate
ml/m2/2 4  hr/atm at 27°C 45.4 55.4

Yield, rrr/kg 8.2 17.8
Pouch dimension, cm.

Length 14.8 17.8
Width 13.5 13.0

PNP : Polyethylene/Polyamide/Primacor Co-extruded film; 
MPP : Metallized polyester/polyethylene laminate.

The BET-plot (not cited) a s  determ ined  b y  th e  
m ethod of Ig lesia s an d  Chirife (1976) w a s 4.60%  
(db) at 27°C , b elow  w h ich  th e  product w ould  be  
su scep tib le  to rapid oxidative deterioration. 
P h y s ic o - c h e m ic a l  p r o p e r t i e s  o f  p a c k a g i n g  m a te r i a l s :  
From Table 1, it cou ld  b e se e n  th a t th e  co-extru d ed  
film (PNP) w ith  polyam ide an d  lam in ate  (MPP) w ith  
polyester w eb s h a d  h igh  ten sile  strength  o f 2 .6 0  
and 2 .11  K N /m  in  th e  m a ch in e  d irection  an d  1 .89  
and 1.72 in  th e  tran sverse  d irection. The WVTR 
va lu es for PNP film  w ere 3 .0 2  an d  0 .9 2  g / tn 2/d a y  
at 38°C, 90%  RH an d  27°C , 65%  RH con d itio n s,

respectively. The corresp on d in g  WVTR v a lu es  for 
MPP lam in ate  w ere 4 .1 3  an d  1 .0 6  at th e  two 
con d itio n s. T h ese  h igh  v a lu es  cou ld  b e  d u e to  le sser  
m etallization  th ick n ess , as. th e  n orm al range for 
WVTR at 38 °C /90%  RH con d ition , a s  reported  by  
K um ar (1989) w a s  0 .5  to  1.5 g / m 2/d a y . T he oxygen  
tra n sm iss io n  ra tes  o f th e  tw o m a ter ia ls  w ere found  
to b e 4 5 .4  and 5 5 .4  m l/m 2/d a y /a tm  at 27°C  and  
65%  RH. T he h igh  va lu e  for MPP la m in ate  cou ld  
b e ascrib ed  to  th e  reaso n  cited .
Storage studies
A c c e l e r a t e d  c o n d i t i o n  : T he c h a n g es  in  th e  MC, FFA  
and PV o f th e  p roduct are g iven  in  T able 2 . It could  
b e inferred th a t th e  co -extru d ed  film  PNP afforded  
b etter  p rotection  th a n  th e  MPP lam in ate . T he data  
a n a ly sis  on  m oistu re  p ick u p  o f th e  p rod u ct fits to  
th e  equation; log (Me-M) = M t+log (Me-Mo) w ith  a 
correlation  coefficien t o f m ore th a n  0 .9 9  an d  a low  
stan d ard  error estim ate . T h e s lo p e  (M -value) w a s  
- 2 .2 6 2 0  x  10 3 an d  - 5 .1 3 2 8  x  10“3 for PNP p o u ch es  
an d  MPP, respectively.

The tim e corresp on d in g  to log  (Me-Mc) w a s  
fou n d  to b e 59  an d  8 0  d ays. The d ifferen ces in  
th e m oistu re  co n ten ts  b etw een  th e  air an d  g a s  
flu sh ed  sa m p les  w ere n ot m u ch  (Table 2). In th e  
ca se  o f MPP p o u ch es , th e  in itia l hroisture con ten t  
of 5.90%  in crea sed  gradually , reach in g  th e  critical 
va lu e  o f 9.40%  (as is  b asis) or 10.0%  (db) at th e  
en d  o f 5 6  d ays, w h ile  in  th e  PNP p o u ch es , th e  
m oistu re  co n ten t w a s  on ly  8.50%  in  th e  air-packed  
o n es  and a lm ost sim ilar  v a lu es  in  th e  g a s-flu sh ed  
p o u ch es  a lso . The critical m o istu re  co n ten t (CMC) 
w a s  reached  in  PNP p o u c h e s  at th e  en d  o f 115  
d ays (from gra p h s, n ot show n).

TABLE 2. CHANGES IN MC, FFA, PV AND OVERALL ACCEPTABILITY AT ACCELERATED CONDITION (38°C and 90% RH)
Storage Package Moisture FFA, % PV milli Overall
period type content, % Oleic acid eqt. 02 acceptability
days Air and Gas per kg fat

Air Gas Air Gas Air Gas
0 - 5.90 0.94 0.94 39.2 39.2 - -
20 PNP 6.81 1.19 1.16 126.4 64.1 4.0±0.4 4.510.4

MPP 7.40 1.20 1.30 123.7 74.7 3.8+0.4 4.010.4
40 PNP 7.41 1.36 1.36 174.7 110.0 3.7+0.3 4.210.4

MPP 8.60 1.46 1.57 184.7 122.6 3.5±0.4 3.810.4
60 PNP 8.07 1.43 1.48 191.3 156.8 3.210.3 4.Q10.3

MPP 9.68 1.61 1.72 221.7 156.6 3.210.3 3.510.3
80 PNP 8.47 1.77 1.75 196.3 172.8 3.210.3 3.810.3

MPP 10.45 1.93 1.92 207.1 190.2 3.010.2 3.210.3
90 PNP 8.72 1.84 1.83 188.0 176.5 3.010.2 3.610.4

MPP 10.78 2.00 1.99 198.0 200.0 3.010.3 3.010.4
PNP & MPP :; Designations same as in Table 1. All values are mean of three replicates.
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The FFA va lu e  in creased  gradually  in  all typ es  
of p o u ch es  from th e  in itia l va lu e  of 0 .9 4  to nearly  
2.00% , at th e  en d  of 9 0  d ays storage. A s cou ld  
be seen  from Table 2 , th e  in crea se  in  FFA v a lu es  
were proportional to th e  in crea se  in  th e m oistu re  
con ten t of th e  stored  sam p les . T he ch a n g es  in  th e  
FFA w ith  tim e w a s fitted to p olynom ial m od els  of 
different d egrees, an d  th eir  u sa g e  u n d er  the storage  
con d ition s w a s  stu d ied , w ith  e m p h a sis  on  storage  
condition  in  the two p ack in g  m ateria ls u n d er both  
air and g a s  packed  con d itio n s. The data  w ere found  
to fit b est to th e  first degree eq u ation  and secon d  
and third degrees w ere com pared  to first degree. 
The v a lu es  of coeffic ien ts of h igh er degrees w ere  
insign ificantly low.

The oxidative ch an ge in d ex  a s  rep resen ted  by  
PV of the product during storage a lso  in d icated  an  
increase from the in itia l va lu e  of 3 9 .2  m .eq . of 
ox y g en /k g  of fat, reach ing a m ax im u m  of 2 0 7 .1  
at the end of 8 0  d ay s storage an d  thereafter, 
d ecreased  sligh tly  in  th e p roduct p ack ed  in air. 
Sim ilar trend h a s  b een  observed  in  ca se  of sh elled  
w aln u t (Jan et al. 1988) p ack ed  in  different 
packages and stored  at 40°C  and 30%  RH condition . 
The high in itia l va lu e  of PV m ay b e due to the type  
of oil u sed  for d eep -fat-fiy in g  a n d /o r  th e  treatm ent 
given during th e product preparation . The product 
in nitrogen g a s-F u sh ed  p ack a ges in d icated  lower 
PVS th a n  air-packed  o n es , w h ile  the difference  
betw een  the two p ackaging m ateria ls w a s not very  
pronounced . T his cou ld  b e attr ibuted  to the sam e  
quantity of h ea d sp a ce  and a lso  sim ilar  oxygen  g a s  
tran sm issio n  rates.

The data on  PV w ith  tim e w ere a lso  fitted to 
polynom ial m od els to  third degree. In th e  air- 
packed p o u ch es  of PNP and MPP, w here the rate

of ox id ation  w a s  fast, th e  eq u ation  fits  w ell to  third  
degree, an d  th e  se co n d  d egree fit w a s  a lso  
com parable. However, th e  first d egree fit w a s  very  
poor w ith  low  correlation  coeffic ien t (0 .86) and  
higher stan dard  error e stim a tes . In th e  g a s-f lu sh e d  
p o u ch es , w here th e  ra tes of rea c tio n s w ere lower, 
even th ou gh  the third degree w a s  b e s t, first and  
seco n d  degrees w ere a lso  com p arab le  w ith  a  
correlation  coefficient o f m ore th a n  0 .9 8 . H ow ever, 
stan dard  error estim a te  w a s  h igher, p rob ably  d u e  
to n on -un iform ity  in  g a s-flu sh in g .

The r e su lts  o f th e  sen so ry  rating t e s t s  (only  
the overall q u ality  ra tin gs are ind icated) h ave  
sh ow n  that at th e  en d  o f 2 0  d ay s, MPP p ou ch -  
p ack ed  sa m p les  w ere rated  inferior to  th o se  p ack ed  
in  PNP p o u ch es . F urther d eta iled  a n a ly se s  regarding  
odour, ta ste  an d  texture revealed  th a t a ir-p acked  
product in  MPP h ad  very sligh t rancid  odour, and  
w a s good in  texture only. At th e  en d  of 4 0  d ay s  
storage, th e  p roduct in  MPP p o u c h e s  h ad  developed  
perceptible rancid  od our an d  g a s-f lu sh ed  PNP film  
packed  sam p le  w a s  rated h igher. S im ilar trend  w a s  
observed  at the end  o f 6 0  an d  8 0  d ays. The final 
a n a ly ses  at th e en d  o f 9 0  d ay s in d ica ted  lo s s  of 
crisp n ess, developm ent o f b itter ta ste  an d  perceptible  
off-odour, esp ecia lly  in  th e  air filled MPP lam in ate  
p ou ch es. However, K o d b a l e  sa m p les  in  PNP p o u ch es  
w ere rated acceptab le.

It cou ld  be con clu d ed  th a t th e  sh elf-life  w ith  
resp ect to acceptab ility  w a s  8 0 -9 0  d a y s in  MPP 
lam in ate  p o u ch es  w ith  am b ien t air an d  g a s-f lu sh  
treatm ents. The p roduct p ack ed  in  PNP rem ain ed  
in accep tab le  con d ition , even  at th e  en d  o f 9 0  days. 
N o r m a l  c o n d i t i o n  : The c h a n g e s  in  th e  ch em ica l 
p aram eters an d  sen so ry  q u ality  are g iven  in  T able 3.

TABLE 3. CHANGES IN MC, FFA, PV AND OVERALL ACCEPTABILITY AT ACCELERATED CONDITION (27°C and 65% RH)
Storage
period
days

Package
type

Moisture 
content, % 

Air and gas
FFA,

Oleic
%

acid
PV mill! 
eqt. Oa 

per kg fat
Overall

acceptability

Air Gas Air Gas Air Gas
0 - 5.90 0.94 0.94 39.2 39.2- -

30 PNP 5.99 1.26 1.20 61.3 53.8 4.0+0.4 4.2±0.4
MPP 5.96 1.26 1.24 65.1 62.8 4.0±0.5 4.2+0.4

60 PNP 6.08 1.54 1.52 96.3 80.5 3.6±0.3 4.0±0.4
MPP 6.07 1.54 1.54 95.0 93.0 3.8±0.3 4.0+0.3

90 PNP 6.22 1.82 1.74 121.4 109.5 3.4±0.5 3.8±0.4
MPP 6.19 1.94 1.94 121.4 112.6 3.7+0.5 3.910.3

120 PNP 6.38 2.23 1.94 154.5 138.5 3.2+0.4 3.610.4
MPP 6.36 2.30 2.33 154.5 140.2 3.4±0.3 3.510.4

PNP & MPP : Designations same as in Table 1. All values are mean of three replicates.
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As is  evident, the rate o f in crea se  in  MC, FFA and  
PV w ere le s s  p ron ou n ced  th a n  in  th e  accelerated  
condition. The m oistu re  con ten t p ickup  u n d er  th is  
condition  fits  the P aine's eq u ation  w ith  a correlation  
coefficient of 0 .9 8  an d  w ith  a very low stan dard  
error estim ate. The slop e (M -value) w a s  4 .1 8 9 9  x  
10"3 and 4 .0 1 0 4  x  1 0 3 for PNP and MPP p ou ch es , 
respectively. At th e end  o f 12 0  d ays, it w a s observed  
that th e  m oistu re  c o n ten ts  in  th e  stored  product 
were 6 .3 5  an d  6.40%  in  air an d  ga s-p a ck ed  PNP 
film p ou ch es. Sim ilarly, the m oistu re  co n ten ts  in  
the MPP lam in ate  p o u ch es  w ere 6 .3 4  and 6.38% , 
ind icating little difference b etw een  the tw o typ es of 
p ou ch es.

The FFA v a lu es  stea d ily  in creased  in  all typ es  
of p ou ch es  w ith  p ack ed  product. In general, the  
rates followed th e  p attern  o f in crea se  in  the  
m oisture con ten ts . M oreover, th e ra tes w ere in  
con so n a n ce  w ith  th e  WVTR of th e packaging  
m aterials. The ch a n g e s  in  FFA v a lu es  fit b est to  
the 2nd degree equation . H ow ever, th e first degree  
fits a lso  yielded  com parable resu lts . The ch a n g es  
in the PV of th e stored  sa m p les  at stan dard

con d ition , a s  sh o w n  in  Table 3 , in d ica te  that 
ch a n g es  w ere le s s  p ron ou n ced  th a n  the other  
con d ition  of storage. A lso, it w a s  ob served  th a t the  
PV did n ot d ecrease , after reach in g  a m ax im u m  
value.

The s e n s o iy  ratin gs o f th e  v a r io u s quality  
p aram eters of th e stored  p roduct u n d er  norm al 
con d ition  in d icated  le s s  d rastic  red u ction  in  th e  
overall acceptab ility  scores. F urther, th e  tota l rating  
sco res  w ere a lso  n ot v e iy  d ifferent b etw een  th e two  
typ es o f p ack agin g  m ateria ls. T h is cou ld  b e due  
to the eq u al barrier prop erties o f th e  tw o ty p es  of  
MPP lam in ate  at th e con d ition  o f 65%  RH an d  27°C. 
B ut, th e  g a s-flu sh ed  sa m p les  w ere rated  su p erior  
to th o se  packed  w ith  am b ien t air. T he exp erim enta l 
resu lts  have sh o w n  th a t g a s -f lu sh in g  an d  u se  of 
barrier m ateria l p ack a ges, w h ich  in c lu d e  polyam ide  
or p olyester, im prove th e k eep in g  q u ality  o f  the  
product.

In co n c lu sio n , it ca n  b e  sa id  th a t th e  % 
m oistu re  con ten t c h a n g es  fit to th e  e sta b lish ed  
P aine's eq u ation  w ith a correlation  coeffic ien t of 
m ore th a n  0 .9 8 . In gen era l, PV a n d  FFA ch a n g es

TABLE 4. REGRESSION EQUATIONS FOR MC, PV AND FFA CHANGES IN K O D B A L E

Parameter

% MC

PV

FFA

Storage
condition

Packaging 
material 

and form
Regression equation r2 Standard

error

90% RH, 38°C PNP Air and N, log (13.4-rrg = -  0.0023t+0.8711 0.995 0.0064
MPP Air and N, log (13.4-ny) = -  0.005 lt+0.8793 0.995 0.0047

65% RH, 27°C PNP Air and N* log (10.37-mJ = -  0.00042t+0.6544 0.984 0.0042
MPP Air and N, log (10.37-rrg = -  0.00039t+0.6540 0.983 0.0040

90% RH, 38°C PNP Air PV = -  3 .32xl0  Jt2+4.58t+42.5 0.995 5.6
PNP N2 PV = -  7 .1 4 x l0 3t2+2.30t+32.52 0.989 11.0
MPP Air PV = -  3.92xl0"2t2+5.32t+36.9 0.988 5.5
MPP Nj PV = -  4.93x10 3t2+2.28t+36.6 0.997 4.3

65% RH, 27°C PNP Air PV = 9.60xl0^t2+0.85t+38.1 0.997 3.6
PNP N, PV = 2 .4 7 x l0 3t2+0.55t+37.9 0.998 2.8
MPP Air PV = 8.65x 10 2t2+0.85t+39.2 1.000 1.6
MPP N2 PV = -  2.86x I0‘4t2+0.87t+38.8 0.988 3.3

90% RH, 38°C PNP Air FFA = 1.49xI0_5t2+8.32xl0“3t+0.97 0.988 0.06
PNP N2 FFA = 3.80x10 6t2+9.40xlCF3t+0.95 0.996 0.03
MPP Air FFA = -  5.17xl0^t2+ 1 .2 2 x l0 2t+0.95 0.997 0.04
MPP N2 FFA = -  6.92xl0"5t2+1.76xl0_2t+0.95 0.988 0.03

65% RH, 27°C PNP Air FFA = 1.43x10 st2+8.75xlCr3t+0.96 0.997 0.04
PNP N2 FFA = -1.75xlCf5t2+ 1 .0 6 x l0 2t+0.93 0.999 0.02
MPP Air FFA = 1.59x10 5t2+9.43xl0-3t+0.94 0.999 0.03
MPP N2 FFA = 6.35x 10_5t2+1.02xl0“2t+0.93 0.999 0.04

The notations are as in Table 1.
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during storage ca n  b e exp lained  b y  quadratic  
regression  m od el of the type Y = A+Bt+Ct2 w ith  a 
correlation coefficient of m ore th a n  0 .9 0 , w here Y 
is  PV or FFA, t = storage period in  d ay s an d  A, 
B and C are c o n sta n ts  o f  regression  m odel. Table  
4  gives the quadratic regression  eq u ation s for PV 
and FFA. However, in  som e c a se s , linear relationship  
of the type Y = A+B h o ld s  good to exp lain  the  
ch an g es w ith a correlation  coefficient of m ore th a n
0 .9 9  and ca n  b e  seen  in  Table 4  b y  in sign ifican t  
v a lu es of c o n sta n ts  o f th e  seco n d  degree coefficient. 
T hese re la tion sh ip s are ap p licab le u p to  the point  
of in terest (upto th e  sh elf-life  of the product), a s  
the polynom ial re la tion sh ip s can n o t be exten d ed  
very m u ch  b eyond  th e la st  data point.
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G a m m a  R a d i a t i o n
P e s t s

i n  t h e  C o n t r o l  o f  I m p o r t a n t  S t o r a g e  
o f  T h r e e  G r a i n  L e g u m e s

M.K. ROY* AND H.H. PRASAD
N uclear R esearch  Laboratory,

Ind ian  A gricu ltural R esearch  In stitu te , New D e lh i-110  0 1 2 , India.
A dose of 1 kGy of gamma radiation completely killed adult pulse beetle (C a llo s o b ru c h u s  c h in e n s i s  Linn) within 

a week, but the dose of 0.5 kGy required two weeks to achieve the same level of mortality. For six month storage,
1.0 kGy dose was effective for control of natural infestation of m u n g  beans and gram by C. c h in e n s i s  alone. The dose 
was also sufficient for the management of weevilling in gram and lentil, which were additionally infested with C. c h in e n s is ,  
rust red flour beetle (T r ib o liu m  c a s ta n e u m  Herbst), and lesser grain borer (R h iz o p e r th a  d o m in ic a  Fabricius). For short 
(one and half months) storage of m u n g  bean and lentil, a dose of 0.25 kGy was adequate. The test of significance 
for doses of radiation, storage periods and their interactions, however, indicated that 1.0 kGy is the preferred dose for the control of weevilling during storage upto 6 months.
Keywords : Storage pests, Grain legumes, Weevilling, Control, Gamma radiation

In sects  have b een  reported to ca u se  2 9 .6  and  
2.2%  d am ages during storage in  gram s an d  lentil, 
respectively, thereb y red u cin g  their nutritive va lu e  
(M ukherjee et al. 1970; S h eh n a z  an d  T h eop h ilu s
1975). T h is cou ld  b e prevented  b y  fum igation , b u t  
the p resen ce of resid u e, u n sa tisfa cto ry  penetration , 
need  for repeated  ap p lication  an d  im p ossib ility  of 
g a ssin g  th e p rod u cts in  p o u ch es  are som e o f th e  
lim itations of fum igation m ethod. Irradiation, another  
m ethod for preventing the storage lo s se s , is  kn ow n  
to b e h ighly efficient in  killing o f all s ta g es  of 
storage in se c ts  (Anon 1985; Bongirw ar et al. 1981). 
Moreover, a sin g le  treatm en t w ith  irradiation is  
good en ou gh  for in sec t control. T he jo in t FAO / 
IAEA/WHO expert com m ittee  (Anon 1981) h a s  
declared th a t food s treated  w ith  a d ose  u p to  10 
kGy are w h o lesom e, an d  do n ot p ose  a n y  h ealth  
h a za rd . T h e ir r a d ia t io n  d o s e  r e q u ir e d  for  
d isin festa tion  varies w ith  d evelopm ental s ta g es  and  
age o f in sec ts  a s  w ell a s  th e  tim e o f the storage  
(Kloft 1984). S tu d y w ith  C. c h i n e n s i s  em ploying 0 .0 5 -
3 .0  kGy o f radiation, sh ow ed  th e  d ep en d en ce  of 
m ortality on  th e  d ose , w hile com p lete  control of 
ad u lts in  24  h cou ld  be ach ieved  b y  3  kG y d ose  
(Khattak and H am ed 1989). S tu d ies  have a lso  
sh ow n  that eggs, larvae an d  p u p a e require le sser  
d oses for m ortality th a n  th o se  b y  th e  a d u lts  (D aw es  
et al. 1985; B rzostak  an d  Ignalow iez 1989; K hattak  
and H am ed 1989). It h a s  b een  s tre ssed  th a t older 
the in sect, greater is  th e  rad iation  res ista n ce  (Hekel 
and El-Kady 1987). H owever, negligib le w ork h a s  
b een  done in  India to control storage p e s ts  of p u lse s  
by irradiation, th ou gh  con sid erab le  am o u n t o f work  
h a s  b een  done for th e  control o f storage p e s ts  of
* C o rre sp o n d in g  A u th o r

other crop s, su c h  a s  w h ea t (Rao et al. 1976). H ence, 
an  attem p t h a s  b een  m ad e in  th is  s tu d y  to control 
the storage p e s ts  o f p u lse s  by ga m m a radiation.
Materials and Methods

To stu d y  th e  m orta lity  o f  C a l l o s o b r u c h u s  
c h i n e n s i s  on  irradiation, 2 5  g h ea lth y  m u n g  b ea n s  
(variety 'ML-370') w ere ster ilised  at 60°C  for 1 h, 
transferred  to  p la stic  v ia ls  (6x4 cm  size) w ith  
perforated lid s, in fested  w ith  2 5  fresh ly  em erged  
a d u lts  (12 m a les  and 13 fem ales) o f th e  in sec t  and  
irradiated im m ed iately  thereafter. D ead  in se c ts  
w ere co u n ted  at w eek ly  in terva ls for tw o w eek s, b ut  
the progress o f w eevilling in  th is , an d  all th e  other  
exp erim en ts d escrib ed  below , w ere recorded  at 45  
d ays interval b y  co u n tin g  w eevilled  gra in s in  
sa m p les  (triplicate) draw n ran d om ly from  each  of 
th e  3  rep licates per treatm ent.

N aturally  w eevilled  w h ole  g ra in s of B engalgram  
(C ic e r  a r i e t i n u m  L. variety - 'P usa 4 0 8 j  an d  m u n g  
b ea n s  (V ig n a  r a d i a t a  L. v a r ie ties  - 'ML 370' and  
'PD M -84-186') w ere em ployed  to con tro l th e  in sec t  
ca u sin g  w eevilling. T he in sec t resp o n sib le  for th ese  
n atu ral in festa tio n s w a s  identified  a s  C. c h i n e n s i s  
an d  reared on  sterilized  m u n g  b e a n s . G ram  variety  
'Pusa 209' an d  len til (L e n a  e s c u l e n t s  L., variety  
’4 0 7 6 j  - w ere d eliberately  in fested  w ith  4  in se c ts  
of C. c h i n e n s i s ,  2 each  of T r i b o l i u m  c a s t a n e u m  and  
R h i z o p e r t h a  d o m in i c a .  F resh ly  em erged  m a les  and  
fem ales in  th e ratio o f  1:1 w ere u sed  in  th is  
experim ent. T h ese  in se c ts  w ere allow ed to  grow  and  
c a u se  further w eevilling in  th e  gra in s  for 4  w eek s  
before irradiation (60Co) at a d o se  rate o f  0 .0 7  k G y/ 
m in. G ra in s(250  g lo ts, tr ip lica tes p er treatm ent) 
of all th e  varieties m en tion ed  above, w ere tak en  in
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polythene p o u ch es  (400  gauge), and  irradiated w ith  
the required dose. P ercen tages o f w eevilling in  both  
th e n aturally  and additionally  in fested  gra in s w ere  
n oted  before irradiation. All th ese  exp erim en ts w ere  
carried out at am b ient con d itio n s (tem perature  
30±1°C , relative h u m id ity  50-70% ). The data in  all 
the Tables, except th o se  in  Table 3 , w ere an a lysed  
sta tistica lly  after an gu lar tran sform ation  of th e  
original valves. (Snedecor an d  C ochran 1968).
Results and Discussion

The data  on  m ortality  of C. c h i n e n s i s  (Table 1) 
sh ow ed  that th e exten t o f in sec t d eath  w a s  dose

w eevilling ca u sed  u n d er  th e  exp erim en ta l con d ition .
The data  in  Table 2 revealed  th a t th e  m u n g  

b ea n s , n atu rally  in fested  w ith  C. c h i n e n s i s  a lon e, 
cou ld  b e stored  for lon ger th a n  6  m o n th s  w ith  
irradiation d ose  of 1 .0  kG y. T he effic ien cy  w a s  
sign ifican tly  low er w ith  0 .2 5  kG y an d  0 .5  kG y  
d oses. D a w es et al (1985) a lso  fou n d  th a t th e  a d u lts  
of sw eet potato  w eevil d ied  w ith in  7 -1 1  d a y s on  
irradiation w ith  1 .0  kG y, d ep en d in g  on  tem p eratu re  
of rearing. L ikew ise, a d ose  of 1 .0  kG y h a s  b een  
reported to c a u se  100%  m ortality  of b ea n  w eev ils  
in  9  d ays, th o u gh  com p lete  kill w a s  ob ta in ed  after  
3  d ays w ith in  2 .2 5  kG y d o se  (B rzostek  and

TABLE 1. MORTALITY OF C A L L O S O B R U C H U S  C H IN E N S IS  AND PROGRESS OF WEEVILLING IN M U N G  BEANS VARIETY ML-370; 
IRRADIATED IMMEDIATELY AFTER DELIBERATE INFESTATION WITH 25 INSECTS.

Dose (T). Av. mortality at storage weeks, % Av. weevilling at storage months (P), %
kGy 1 2 1.5 3 6 Mean
0.00 18.9 (10.5) 35.0 (32.9) 27.4 27.8 35.4 30.2
0.25 17.8 (9.3) 43.9 (48.0) 4.9 5.1 6.5 5.5
0.50 64.5 (81.3) 90.0 (100) 4.2 4.6 5.0 4.6
1.00 90.0 (100) - 3.9 3.9 4.0 3.9

Mean 10.1 10.4 12.7 -
CD al 5% 4.1 3.1 C.D at 5% T: 1.1; P:0.9; PxT: 1.83

Figures in parenthesis are percentages of mortality. T = Treatment, P = Period and P x T = Period[ x Treatment interactions.

TABLE 2. WEEVILLING OF IRRADIATION OF NATURALLY WEEVILLED M U N G  BEANS.
Dose fT), Average weevilling of grains (over Average weevilling of grain (over
in kGy periods) for m u n g  varieties (V), % two varieties) for storage months (P), %

'ML 370' 'PDM-84-146' Mean 1.5 3 6 P(Mean)
0.00 16.48 9.03 12.76 10.32 1 1.70 16.24 12.76
0.25 4.94 4.84 4.89 4.53 4.91 5.24 4.89
0.50 4.80 4.12 4.46 4.31 4.46 4.62 4.46
1.00 4.50 3.70 4.10 4.09 4.1 1 4.11 4.10

Mean 7.67 5.43 - 5.81 6.30 7.55 -
CD at 5% V=0.28 VxT=0.57 - t:0.40 P:0.35 PxT 0.70 -

Initial weevilling in ML-370' and PDM 84-146' was 0.6 and 0.4%, respectively.

dependent. The d ose  o f 1.0  kGy w a s required to  
com plete kill w ith in  a w eek , w h ereas the sam e  
effect cou ld  be produced  b y  0 .5  kGy after 2 w eeks. 
The a n a ly sis  of variance o f data  on  w eevillin gs in  
b ean s show ed  sign ifican t d ifferences am ong storage  
periods, treatm en ts an d  their  in teraction s. The data  
also  sh ow ed  th a t 0 .2 5  kGy w a s  a s  effective a s  
higher d o ses  stu d ied  u pto 3  m o n th s  for control of 
w eevilling, b u t su b seq u en tly , other tw o d o se s  (0.5  
to 1.0 kGy), w ere m ore effective (Table 1). B oth  the  
d o ses  (0.5 to 1.0 kGy), w ere, how ever, equally  
effective after 6  m o n th s  of storage for reducing the

Ignalow icz 1989).
The data  on  len til in d ica ted  th a t 1 .0  kG y w a s  

the b est d ose  for 3 -6  m o n th s  storage (Table 3). 
A nova for average w eevilling o n  irrad iation  in  th is  
c a s e  s h o w e d  s ig n i f ic a n t  d if fe r e n c e s  a m o n g  
treatm en ts, storage p eriod s an d  th eir  in teraction s. 
Significant interaction betw een  treatm ent an d  storage  
periods w a s in d icated  by s ig n ifican t in crea se  in  
average w eevilling from  3  to 6  m o n th s  storage  
periods in  0 .2 5  kG y d ose , b u t in  o th er  tw o d o ses , 
th is  in crea se  w a s  not sign ifican t.
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TABLE 3. WEEVILLING ON IRRADIATION OF LENTIL 
ADDITIONALLY INFESTED WITH THREE SPECIES 
OF INSECTS.

Dose (T), 
in kGy

Average weevilling of grains 
at storage after months (P), %
1.5 3 6 Mean

0.00 35.1 37.3 46.4 39.9
0.25 21.3 22.3 29.9 24.5
0.50 16.5 16.7 17.2 16.8
1.00 13.6 13.6 13.5 13.6

Mean 21.8 22.5 26.2 -
CD at 5% T: 0.68 P: 0.58 TxP : 1.19 -

Initial infestation was 0.5%
The gram s (variety 'Pusa-408'), naturally infested  

with C . c h i n e n s i s .  and  th o se  of th e variety 'Pusa- 
209' (with an  in itia l w eevilling o f 3.0%  at the tim e  
of additional in festa tio n  w ith  the 3  spp . o f in sec ts  
used), h ad  sa m e (7.0) p ercen tage of w eevilling a s  
’P u sa  4 0 8 ’ at th e  tim e o f irradiation. After 6  m o n th s  
of storage, the in festa tio n  in  u n irrad iated  'Pusa 209'

kG y d o ses  (Table 2). S im ilarly, th e  sign ifican t  
red u ction  in  w eevilling occu rred  in  'P usa 40 8 ', b ut  
the red u ction  in  w eevilling w a s  n on -sign ifica n t, in  
ca se  o f 'Pusa 209', thereb y in d ica tin g  th e p resen ce  
of variety an d  treatm en t in tera c tio n s (Table 4). 
S tu d ies  in  B angladesh  (Bhuiya et al. 1987) confirm ed  
100% kill o f  p e s ts  of p u lse  at 1 .0  kG y. Several 
w orkers (El-Kady 1983; H u d a an d  R ezaur 1982) 
have su g g ested  th e  d ose  in  th e  ran ge o f 0 .5 -3 .0  
kG y for d is in festa tio n  o f p u lse  p e s ts . S tu d ie s  in  
Egypt in d icated  th e  effective d o se s  in  th e  range of
0 .4 -0 .8  kG y for d is in festa tio n  o f cow p ea  an d  broad  
b ea n  (K hattack an d  H am ed 1989). The m in im u m  
d ose  o f d isin festa tio n  d ep en d s on  in se c t  sp ec ie s  a s  
w ell a s  com m odity , an d  a d o se  o f 0 .5 -1 .0  kG y h a s  
b een  su gg ested  for p u lse s  m ea n t for export p u rp o ses  
(Kloft 1984). P u lse s  require storage for ab ou t 6 -1 2  
m o n th s  i.e ., till th e  n ex t h arv est s e a so n . T he te s ts  
of s ig n ifican ce for va r io u s rad iation  d o ses , storage  
periods and their in teraction s confirm ed th a t 1.0  
kGy is  efficient for su c h  a storage for controlling  
storage p e s ts  o f p u lses .

TABLE 4. WEEVILLING ON IRRADIATION OF NATURALLY INFESTED GRAM, VAR 'PUSA 408' AND ADDITIONALLY INFESTED GRAM 
VAR 'PUSA-209' WITH 3 SPECIES OF INSECTS.

Dose (T), 
in kGy

% Average weevilling of grains (over 
periods) for g r a m  varieties

% Average weevilling of grain 
at storage months

Pusa 409' Pusa 209' Mean 1.5 3 6 Mean
0.00 22.55 28.39 25.47 22.23 24.40 29.78 25.47
0.25 11.07 8.35 9.71 9.09 9.49 10.55 9.71
0.50 8.95 7.57 8.26 7.78 8.30 8.71 8.26
1.00 7.19 7.14 7.17 7.11 7.12 7.28 7.17

Mean 12.44 12.86 - 11.55 12.35 14.08 -
CD at 5% V=0.36 V xT =0.52 - T: 0.37 P : 0.32 T x P : 0.64

and 'Pusa 408' in creased  to  3 2 .5  an d  26.9% , 
respectively. The in crease  in  w eevilling w a s  found  
to be sign ificant even  after 6  m o n th s in the gra in s  
treated w ith  1 .0  kG y (Table 4). T h is d ose , th u s , 
co n stitu tes  th e  b est treatm en t in  the control of C. 
c h i n e n s i s  a lone or m u ltip le  in festa tion  by 3  spp. 
of in sec ts , nam ely , C. c h i n e n s i s ,  T . c a s t a n e u m  and
R . d o m in i c a  for th e period o f storage stu d ied  for
1.5, 3  an d  6 m on th s.

The validity of co n c lu s io n  is  borne by the  
significant effects o f varieties, treatm en ts, period of 
storage an d  th e ir  in te r a c tio n s . For exa m p le , 
interaction o f storage period and treatm ent w a s  
indicated by sign ifican t in crea se  in  w eevilling from  
3 m on th s to 6  m o n th s w ith  the u se  o f 0 .2 5  kGy 
dose. On the other h an d , th e w eevilling did not 
increase from 3 -6  m o n th s, in  ca se  o f 0 .3  to 1.0
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S t o r a g e  C h a n g e s  i n  F o r t i f i e d  M a n g o  B a r s

M.A. MIR1 AND NIRANKAR NATH*
D epartm ent of Food S cien ce  an d  T echnology,

G.B. Pant U niversity of A griculture and T echnology,
" P antnagar, N a in ita l-263  145, India

Changes in chemical, textural and sensory characteristics of three types of mango bars (plain mango, mango- 
desiccated coconut powder and mango-soy protein concentrate bars) during 90 days storage at -18°C, 27±3°C [65% 
RH) and 38±1°C (92% RH) were studied. Moisture, acidity and reducing sugars of the mango bars increased significantly 
during storage in all the cases. Reduction in total and free S 0 2, total carotenoids and beta carotone, and an increase 
in non-cnzymatic browning (NES) were observed. Losses of carotenoids and non-enzymatic browning were found to 
be more in unsulphited bars than in sulphited bars. Storage decreased the overall acceptability and textural 
characteristics. The deteriorative changes were minimum in mango stored at -18°C.
Keywords : Coconut, Fruit bars. Intermediate moisture foods, Mango drying, Soy protein concentrate, Texture.

M ango bar :s prepared by drying the pulp of  
ripe fruits. A ddition of in gred ien ts like su gar, citric 
acid, pectin  and p ota ss iu m  m etab isu lp h ite  to pulp  
facilitates drying, and im proves th e product quality  
(Heikal et al. 1972; Jayaram an  1988; M athur et 
al. 1972; N anjundasw am y et al. 1976; Rao and Roy  
1980a). The storage ch ara cter istics  o f m ango b ars  
obtained by drying pu lp  in  air cab in et drier have  
been  stu d ied  (Rao an d  Roy 1980b). The resu ltin g  
bars were found to be hygroscop ic in n atu re, and  
had a shelf-life of ab out one year u n d er am bient 
conditions, w h en  w rapped in  b u tter  paper and  
canned (N anjundasw am y et al. 1976). S torage  
conditions, activity and resid u al S 0 2 con ten t o f the  
product are know n to affect the quality of m ango  
bar (Rao and Roy 1980b). K hedkar and Roy (1983) 
stu d ied  th e  ab sorption  a n d  retention  o f su lp h u r  
dioxide in raw m ango s lic e s  during drying and  
dehydration. T hese p aram eters in fluenced  the extent 
of ch an g es in  n on -en zym atic  brow ning (NEB), 
reducing su gars, acidity, caro ten o id s and S 0 2 
during storage. Fortified m an go bar w ith d esiccated  
coconut pow der (DCP) an d  soy  protein  con cen trate  
(SPC) h a s  b een  prepared b y  Mir (1990). The resu lts  
of stu d ies  on the ch a n g es  in  p h ysico -ch em ica l and  
sen sory ch aracteristics of fortified m an go b ars  
during storage are reported in  th is  paper.
Materials and Methods
M a te r ia l s  : Pulp of ripe m a n g o es ('Langra' variety) 
w as heated  to 9 1 -9 3°C  for 2 m in  to inactivate  
enzym es (Nath and R an gann a 1980), can e su gar  
powder w as added to ra ise  total so lu b le  so lid s  (TSS) 
of the puree to 3 0 °  Brix, acidified w ith  0.6%  citric  
acid (CA) and su lp h ited  w ith  17 34  ppm  p otassiu m
* C o rre sp o n d in g  A u th o r . 'P r e s e n t  a d d r e s s  : D iv is io n  o f  P o s t 

H a r v e s t  T ec h n o lo g y , S h e r -e -K a s h m ir  U n iv e r s ity  o f  A g r ic u ltu re  
& T ec h n o lo g y , S h a lm o r - 191 121 , J a m m u  &  K a sh n tir , In d ia

m etab isu lp h ite  (KMS) (1 0 0 0  ppm  S 0 2). A part of 
puree w a s stored  u n su lp h ited  at -18°C . T h is puree  
w a s dried a s  su c h  (plain m an g o  bar), or after  
ad d in g (i) 2% d esicca ted  co co n u t p ow der (DCP) 
(m ango-DCP bar) or (ii) 4.5%  so y  protein  con cen trate  
(SPC) (m ango-SPC  bar). DCP w a s  p rocu red  from  th e  
local m arket an d  SPC from  M /s  T ata Oil M ills Co. 
Ltd., B om bay. The b len d  w a s  dried for 1 4 -1 5  h  in  
a cross-flow  cab in et drier (63±2°C , tray load  9 .8  
k g /m 2). D rying red u ced  the th ic k n e ss  o f  m ango  
sh e e ts  from  1.0 cm  to 0 .5  cm . D ried  p rod u cts  
(m ango bars) w ere cu t  in to  3 x 1 0  cm  size  and  
packed  in d iv id u ally  in  p o lyeth y len e  (92 m icron) 
p ou ch es .
S to r a g e  : Dried and p ack ed  sa m p le s  o f m a n g o  b ars  
w ere stored  for 9 0  d a y s u n d er  th ree  co n d itio n s  :
(i) in  deep freezer (about -T8°Cj, (ii) u n d e r  am b ien t  
tem perature (27±3°C), 65%  RH, an d  (iii) at 38±1°C , 
92%  RH. In ca se  of th e  storage co n d itio n s  (ii) and
(iii), th e  sa m p le s  w ere sto red  in  d e s ic c a to r s  
equilibrated for 1 w eek  w ith  sa tu ra ted  a q u eo u s  
so lu tio n s  of so d iu m  n itrate (65%  RH) or am m o n iu m  
p h osp h ate  (92%  RH), resp ectively . T he storage  
exp erim ent w a s  d esig n ed  on  3  factor CRD p attern  
(3x4x3) rep resen tin g  n u m b ers  o f form u la tio n s, 
storage in terva ls an d  storage co n d itio n s  (Federor, 
1955).
A n a l y s i s  : S a m p les  o f m an go b a rs  w ere an a lyzed  
for m oistu re  b y  v a cu u m  oven  m eth od , red u cin g  
su g a rs  by Lane an d  E ynon  m eth o d , free-and  total-  
S 0 2 b y  m odified  R ipper’s  titra tion  m eth o d  an d  b eta -  
caroten e by AOAC m eth od  (R anganna 1986). The  
m ethod  o f Arya (1981) w a s  u sed  to e stim a te  total 
caroten o id s. T he ex ten t o f n o n -en zy m a tic  b row ning  
(NEB) w a s  m ea su red  a s  op tica l d en s ity  o f 60%  
a q u eo u s eth an olic  extract o f sa m p le s  at 4 2 0  nm  
(R anganna 1986).
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T extural ch ara cter istics  o f th e stored  sa m p les  
were determ ined  on  In stro n -6 0 2 1 , u s in g  cylindrical 
sam p les o f 12 .5  m m  d iam eter an d  5 m m  th ick n ess  
in  5 KN load cell (Bourne 1968). Two cy c les  of  
com p ression  w ere con d u cted  on  sa m p les  to give 
first and secon d  b ite a t  room  tem perature. T extural 
profile cu rves w ere prepared w ith tim e on X -a x is  
and force on  Y -axis. H a rd n ess , c o h e s iv e n e ss , 
sp r in g in ess, g u m m in ess  and ch ew in ess  v a lu es  w ere

ca lcu la ted  from th ese  cu rves. S en so ry  eva lu atio n  
w a s carried ou t b y  N u m erical S coring  M ethod and  
data  w ere sta tistica lly  a n a ly sed  u s in g  3  factor CRD 
tech n iq u e for an y  s ig n ifican t d ifference a t p < 0 .0 5  
(R anganna 1986).
Results and D iscussion
C h e m i c a l  c h a r a c t e r i s t i c s  : M oisture co n ten t o f the  
sa m p les  in creased  w ith  storage period, th e  in crea se  
being greater at h igher tem p eratu re (Fig. 1). The

Fig. 1. Changes in moisture, reducing sugars, non-enzymatic browning (NFB), total S 02 and free S 02 retention, and acidity during 
90 days storage of mango bars at -18°C ■ (• •), 27°C & 65% RH (A------ A), and 38°C & 92% RH (o-----o).
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product m ay h ave ab sorbed  m oistu re  from  th e  
external environm ent or th e  ch an g e  m ay  be due  
to ch em ica l ch a n g es  su c h  a s  brow ning reaction s  
(Karel 1975). P lain  m an go b ar exh ib ited  greater  
increase in  m oistu re  co n ten t an d  brow ning, during  
9 0  days storage. S im ilarly, th e  red u cin g  su g a rs  (RS) 
and acidity in creased  during storage (Fig. 1). Rao 
and Roy (1980b] an d  A m m u et al (1977) h ad  a lso  
reported an  in crease  in  RS during storage o f m ango  
leather and freeze-dried m an go pow der, respectively. 
The in crease in  RS w a s  probably d u e to acid  
hydrolysis of su cro se  (Labuza et al. 1970). Increase  
in acidity of certain  oth er fruit p rod u cts h a s  b een  
ascribed to the form ation  o f su lp h u ro u s  acid  from

sligh tly  h igher in  su lp h ited  b ars th a n  in  u n su lp h ited  
bars. T hey d ecreased  during storage an d  th e lo s se s  
w ere greater at h igher tem peratu re (Table 1). The 
lo s se s  cou ld  be d u e  to  n on -ox id ative  c h a n g es  (Cis- 
tra n s isom erization , ep oxid e form ation  or therm al 
degradation) or oxidative ch a n g es. S u ch  ch a n g es  
altered the product co lou r  from  red -oran ge to pale-  
yellow  orange, an d  low ered th e  flavour an d  nutritive  
va lu e  o f the p roduct (E sk in  1979; Land 1962). 
C h an ges in  caro ten o id s h ave b een  reported  in  other  
m an go p rod u cts (Goday an d  R odriguez-A m aya 1987; 
R an gann a and S id d ap p a 1961). G reater reten tion  
of b eta -ca ro ten es and tota l caro ten o id s observed  in  
su lp h ited  sa m p les  w a s  d u e  to  th e  protective action

TABLE 1. CHANGES IN CAROTENOIDS OF MANGO BARS DURING 90 DAYS STORAGE
Total carotenoids (mg % db) Beta-carotene (mg % db)

After 90 days After 90 days
Sample 0 day I II III 0 day I II hi
Plain mango bar
Unsulphited 9.2 7.0 6.5 4.9 4.0 2.4
Sulphited 9.5 8.6 8.4 7.1 5.4 4.5 4.3 2.5
Mango DCP bar
Unsulphited 8.7 7.1 5.9 4.7 3.4 2.3
Sulphited 8.8 7.5 6.7 6.3 5.3 4.2 3.8 3.4
Mango-SPC bar
Unsulphited 8.2 6.8 5.7 4.2 3.2 2.1
Sulphited 8.5 7.6 6.9 6.2 5.0 3.9 3.8 3.3

I : 18°C; II : 27°C, 65% RH; III:38°C, 92% RH

S 0 2, ascorbic acid  degradation or h yd ro lysis of o f S 0 2 (Bolin an d  Stafford 1974; F oda et al. 1972;
pectin  (C ruess 1958; S eth  1985). S in ce th e  reaction s Rao an d  Roy 1980b).
for th e  above ch a n g es  w ere tem p eratu re-d ep en d en t, 
the rates of ch an g es were m ore at h igher tem perature  
(Fig. 1).

Colour of m an go p u ree darkened  during d iying. 
B ut, the ch a n g es  w ere o f low er m agn itu d e in  
su lp h ited  sam p les. C on seq u en tly , the NEB in  th e  
sam p les w a s low er (0 .1 7 -0 .2 5 ) th a n  in  u n su lp h ited  
sam p les (0 .2 1 -0 .2 9 ). S u lp h ited  sa m p les  darkened  
during storage, probably d u e  to  in crease  in  NEB  
to 0 .4 0 -0 .5 1  (Fig. 1), b u t their co lou r w a s  still 
lighter th a n  th a t of u n su lp h ited  sa m p les  (NEB
0 .4 5 -0 .6 4 ). C h an ges w ere o f greater m agn itu d e at 
higher tem peratures, a s  expected  from the A rrhenius  
equation. Increase in  NEB w a s  con co m itan t w ith  
lo ss  o f total and  free S 0 2 (Fig 1). T h is lo s s  cou ld  
be due to reaction  o f S 0 2 w ith  food co n stitu en ts  
(sugars, p ectin s, p rote in s, lip ids), ox idation  or d u e  
to vo latilisation  (Bolin an d  B oyle 1972; E chkoff and  
O kos 1986).

Total caro ten o id s an d  b eta -caroten e con ten t  
(mg% db), at th e  b eg in n in g  of storage period, w ere

T e x t u r a l  c h a r a c t e r i s t i c s  : T extural ch a ra cter istic s  of 
m an go b a rs  ch an ged  d u rin g  9 0  d ay s storage  
(Table 2). C alcu lated  v a lu es  of h a rd n ess , sp rin g in ess, 
g u m m in ess  an d  c h ew in ess  o f  m an go-SP C  b ars w ere  
higher th a n  th o se  for oth er tw o b ars. H ow ever, 
c o h es iv en ess  of p la in  m an go  b ar  w a s  higher, 
probably d u e to h igh er p rotein  co n ten t o f  th e  
former. Presence o f DCP prevented com p act structure  
in  th e  m an go -DCP b ar an d  therefore, it h ad  low er 
v a lu es  for textura l ch ara cter istics . All th e  v a lu es  
d ecreased  sign ifican tly  (P>0.05) d u rin g  storage and  
the ch a n g es  w ere greater at h ig h er  tem peratu re. A  
s ig n ific a n t  in te r a c tio n  w a s  o b serv ed  b e tw e e n  
form ulation  an d  storage tim e a s  w ell a s  th e  storage  
tim e and tem perature.
S e n s o r y  a t t r i b u t e s  : In itial sen so ry  sc o res  for colour, 
texture, arom a an d  ta s te  for m ango-D C P  b ar w ere  
higher th a n  th o se  for o th er  sa m p les . B u t, th e  
p attern  ch an g ed  after 9 0  d ays storage an d  p la in  
m an go h ad  the h igh er rating. T he sco res  for overall 
acceptab ility  are g iven  in  Table 2. S torage at h igher
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TABLE 2. CHANGES IN TEXTURAL CHARACTERISTICS AND SENSORY QUALITY OF MANGO BARS DURING 90 DAYS
STORAGE

Plain mango bar
0 day 90 days

I 11 III
Hardness (Newtons) 1840 997 757 307
Cohesiveness (A /̂A,) 0.20 0.13 0.17 0.07
Springiness (cm) 0.33 0.37 0.27 0.20
Gumminess (Newtons) 361 126 82 21
Chewiness (Newton-cml 119 47 22 4
Score1 4.2 3.7 3.3 2.5
'Maximum overall acceptability score 5; I, II, III as in Table I

tem peratures ca u sed  greater lo s s  in  sen so ry  scores. 
T hese ch a n g es  w ere sim ilar  to th o se  observed for 
chem ical an d  textural a ttr ib u tes in th is  study.

S ta tistica l a n a ly sis  of the data revealed th a t  
the ch an g es in  ch em ica l, textural and sen sory  
ch aracteristics w ere sign ifican t (P<0.05) for the type 
of bar, storage period, an d  storage con d ition s. The 
ch an g es were m in im u m  in  sam p le  stored  at -18°C .
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Data on sorghum sprouts showed significant effect of kilning temperature (50-65°C), temperature of sprouting 

(20-32°C) and period of sprouting (1 - 7 days) on cyanide levels. The effect of sprouting period was parabolic in contrast 
to the linear effects of germination and kilning temperatures.
Keywords : Sprouting, Kilning, Germination, Cyanide content, Sorghum.

N eed to  c o n se r v e  fore ig n  e x c h a n g e  an d  
dw indling eco n o m ic  s itu a t io n s  h a s  com p elled  
developing cou n tr ies  in c lu d in g  Nigeria, to search  for 
new er raw m ateria ls. Local p rod u ction  o f barley, 
u sed  m ain ly  in  brew ing, is  n ot su ffic ien t to m eet 
the d em an d s in  Nigeria. Therefore, som e brew eries 
started looking for alternative so u rces , su c h  a s  
sorghum , m aize, rice and m illet. Their u se , how ever, 
involves th e p ossib ility  of form ing hydrogen  cyan ide, 
under certain  ch em ica l con d itio n s. S tu d ies  on  
su itab ility  o f sorgh u m  (Aniche 1989; A n iche and

Okafor 1987), sh ow ed  that lager b eer  h ad  th e  clear  
sp ark ling  straw -colour, w h en  sp ro u tin g  an d , k iln ing  
w ere carried out at 2 0  and 65°C , resp ectively . The 
w ork on  germ in ation  and drying co n d itio n s  revealed  
that th e  h ig h est hydrogen  cya n id e  w a s  form ed in  
sp rou ts on third day at 30°C  (Aniche 1 9 8 9 , 1990). 
The effects o f sp rou tin g  an d  k iln in g  tem p era tu res  
and germ in ation  tim e on  cya n id e  co n ten t are 
reported in the p resen t com m u n ica tion .

S even  sa m p les  o f  the ‘Local R ed’ variety  (‘LRV’) 
of sorgh u m  grain (each 1.4 kg) w ere g iven  th e  sam e

TABLE 1. ANO VA TABLE FOR MODEL USED AND THEORETICAL AS WELL AS EXPERIMENTAL VALUES

THEORITICAL VALUES
Source of Degrees of Sums of Mean Expected mean
variation freedom squares square square

A, P-1 (3) SSA(5261.0) MSA( 1753.7)* 2 2 281 A2! 
6e+6g+ 3

Bj q-l(6) SSB( 17446.9) MSB(2907.8)* 2 7IZC2j 28 2XBj 
6e+ 18 +— 5 —

C.i !P-l](q-ll(18) SSC(315.7) MSC(17.4) 2 7EEC2ij 
6e+ 18

q[n-11(42) SSD( 14948.7) MSD(355.9)* 62+62+462

Îk0) q[n-1 )[p-11(126) SSG( 1072.3) MSG(8.51) 62+62

Total pqn-1(195) SST(39044.6)

* Significant at P<0.05. Figures in round bracket give experimental values. F values calculated for experimental results were 2606.1, 
165.8 and 41.8 for kilning temperature, sprouting temperature and period of sprouting, respectively. These were significant at P<0.05.
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sterlisa tion , w a sh in g  an d  steep in g  treatm en ts in  
nylon  b ag s for avoiding con tam in ation  by m ou ld s  
and bacteria  (Aniche 1989). T h ese  were p laced  in  
seven  sh allow  s ta in le ss  stee l trays (with fine m esh  
bottom ), covered w ith  w et c loth  and allow ed to  
g erm in ate  in  refrigerator for se v e n  d a y s at 
tem peratu res b etw een  2 0  an d  32°C  (at interval of 
2°C). At 2 4  h  in tervals, 10 g  sam p le  w a s rem oved  
for determ ination  o f cyan id e con ten t (AOAC 1980). 
A nother 100  sam p le w a s  k ilned  at 5 0  - 65°C (at 
5°C interval) before determ ining the cyan id e content. 
A linear sta tistica l m odel w a s  u sed  for the an a lysis  
of the data  (Scheffe 1956) :

Yijk = U + A, + Bj + C , + D k(J) + Glk(j) + E1Jk 
i = (1,4); j = (1,7); K = (1.7).

W here Y1Jk is  th e cyan id e con ten t (pg) from  th e  ith  
kilning tem perature, j th  sp rou tin g  tem perature and  
kth sprouting period; U = th e  grand m ean; A, = 
the effect o f th e ith  level o f th e  k iln ing tem perature; 
Bj = the effect of th e  jth  level of th e sp rou tin g  
tem perature; CtJ = the effect o f in teraction  b etw een  
the ith  level o f  th e k iln ing tem perature an d  th e  jth  
level of the sp rou tin g  tem perature; D k(j) = the effect 
of th e  kth  level o f  sp rou tin g  period, n ested  u n der  
the jth  level o f  th e  sp rou tin g  tem perature; Glk(]J = 
the in teraction  effect b etw een  th e  ith  level of th e  
kilning tem perature and th e kth  level of sp rou tin g  
period; an d  E 1Jk = random  error.
4  7 4  7
lA ,  = 0; EB j = 0; Z C (J = 0; I C (J = 0.
i= l j= l  i= l j= l

D k(j,~ NID (0,6g); Gik(J)~ N ID (0,6^); E ik(j)~ NID (0,6^)
In order to determ ine th e  appropriate te s t  s ta tis t ic s  
for the effects o f th e  p roposed  m ixed  m odel, th e  
expected  m ea n  sq u ares, accord ing to  th e  procedure  
of Gaylor an d  H artwell (1969), are sh o w n  in Table
1. The exp ected  m ea n  sq u a res  for G is  a pooled  
valu e for 6 2E + 62G and for C is  a lso  a p ooled  va lu e  
for

n 4 7
6 2E + z £

(p— l)(q— 1) i= l J - i
b ecau se  Eljk is  a d u m m y variable (Siner 1962). The 
h y p o th eses  to be tested  are :
(a) H0 : A, = 0  for all; Hj : Ai *  0  for at lea st  

one i
F0 = M SA /M SG

(b) H0 : B) = 0  for all j; H ( : Bj * 0  for at lea st  
one j
F0 = M SB /M SC

(c) H0 : 6 “ = 0; H, ; 6 °  > 0;
F0 = M SD /M SG

A n alysis o f variance h a s  b een  u sed  to confirm  th a t  
all the three factors u n d er  s tu d y  are sign ifican t. 
D u n ca n 's m u ltip le range T est (M ontgom ery 1976), 
w a s u sed  to te st  th e  sign ifican ce  o f th e  ran ge of 
the d ifferences in  m ea n  cyan id e co n ten ts .

Table 1 sh o w s th a t th e  effects o f  th e  three  
factors u n der in vestigation  are sign ifican t (p<0.05) 
for cyan id e con ten t. Table 2  sh o w s  th e  m ea n  
cyan id e con ten t of sorgh u m  sp ro u ts  a t ea ch  level 
of the factors in  a scen d in g  order o f m ag n itu d e. For
TABLE 2. MEAN CYANIDE CONTENT (pg) FOR THE LEVELS

OF THE FACTORS
Kilning Germinating Period of

temperature temperature germination
°C °C (days)

Ÿ,. = 41.2* Y , = 38.4* Ÿ ,  = 33.3"
Y3 = 46.011 Yj = 41.1” Y  7 = 4 4 .7 V

Y2 = 52.2e Bf-HIIl!^l Y j  = 4 4 .7 '

Y, = 54.4d Yj = 44.0" Y e = 49.2»
Y5 = 52.0° Y 3 = 52.9«

= 55.4P Y s = 54.8? 
Ÿ 7 = 66.8i  Y 4 = 59.5*

(i) Any two mean values in the same column containing
different superscripts differ significantly (p < 0.05).

(Ü) o „ / MSE , / a 5 is v ,.= V  n ='V ^ r =0-4

svi=VW =a6
/ a  51S Y..k = ^h 8 - = 0-6

th e  k iln ing tem peratu re, th e  h ig h est v a lu e  o f 5 3 .4  
pg w a s  ob tained  at 65°C . T h ese  r e su lts  agree w ith  
earlier finding b y  A n iche (1990). T he m ea n  cya n id e  
c o n t e n t s  o f  s o r g h u m  s p r o u t s  fo r  v a r y in g  
tem p eratu res o f sp rou tin g  (Table 2) sh o w  th e  
h ig h est va lu e  of 6 6 .6  pg at 32°C  an d  th e  low est  
va lu e  o f 3 8 .4  pg at 20°C . T h is  ou tcom e m ay be  
exp lained  b y  the fact th a t th e  co ty led o n s h av e  not 
properly developed  for th e  p rod u ction  o f h yd rogen  
cyan id e at low  tem p eratu res. T he cya n id e  con ten t



rises slow ly from  3 3 .3  pg on  th e first day  of 
sprouting to 5 9 .5  pg o n  th e  fourth day. The 
m axim um  va lu e o f cyan id e co n ten t at th is  period  
i s  d u e  to  fu ll d e v e lo p m e n t  o f  c o ty le d o n s .  
Su bseq u en tly , a stea d y  d eclin e  w a s  observed  w ith  
further in crease  in  th e  sp rou tin g  period, th e  m ea n  
cyanide on  th e  sev en th  day  b ein g  4 4 .7  pg. The 
sp rou ts h ad  developed  lea v es  on  six th  an d  seven th  
days, thereby allow ing th e  lo s s  o f hydrogen  cyan id e  
through transp iration . The w ith ering o f the leaves  
further reduced  hydrogen  cyan id e.
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Feeding isolated dietaiy fibre from unripe banana to rats has been found to have significant effect on the 
carbohydrate components of glycoproteins in the liver. Many of the carbohydrate components of glycoproteins showed 
increases in rats fed fibres due to resultant decrease in the activity of glycohydrolases. In  v itro  inhibition of glycohydrolase 
activity by bile acids is known in most cases and thus, explains the in  v iv o  effect observed in the present studies.
Keywords : Neutral detergent fibre; Carbohydrate components; Glycoproteins; Glycohydrolases; Bile acids; Rats,

Dietary fibre. Unripe banana.
M ost of th e  earlier w ork on  d ietary fibre h a s  

b een  on  its effect on  m etab olism  of ch olestero l and  
bile ac id s (Reddy et al. 1980; Trowell 1975; 
C um m ings 1973; Jayak u m ari an d  K urup 1979; 
M enon an d  K urup 1976). The co m p o n en ts  of  
d ieta iy  fibres are cap ab le o f b in d in g  b ile ac id s and  
carcin ogens, d ep en d in g  u p on  the com p o sition  of 
fibre and other factors (Agte an d  J o sh i 1991). The  
effect of detergent fibre from blackgram , barley, ragi 
and rice an d  its  h yp ocholestero lem ic action  in  rats  
h a s  a lso  b een  reported (Molly T h om a s et al. 1990). 
It h a s  b een  observed  in  th is  laboratory th a t the  
feeding of d ie ta iy  fibre (Neutral detergent resid u e  
- NDR), iso la ted  from  u n rip e b a n a n a  ( M u s a  
p a r a d i s i a c a l  in creased  g lyco gen esis , an d  th e activity  
of m an y glycolytic en zym es, w h ile  su p p ress in g  
g lu con eog en esis  in  addition  to  its  w ell e sta b lish ed  
hypocholesterolem ic effect in  th e  seru m  an d  t is s u e s  
(Usha et al. 1989). T h is effect w a s attr ibuted  to 
the in crease in  th e  con cen tration  o f h ep atic  bile 
acid s produced  by th e  d ietary fibre. B ile acid s, both  
cholic and ch en od eoxy  cholic  ac id s, have a lso  b een  
found to  affect th e  in  v i l r o  activ ity o f m an y  of th e  
glycolytic an d  g lu con eogen ic  en zy m es (U sha et al.
1 9 89 ). In a d d it io n , th e  m e ta b o lis m  o f th e  
carbohydrate co m p o n en ts  of g lycoprotein s in  the  
liver w a s  altered by feeding th is  dietary fibre. The  
resu lts obtained  in  th is  resp ect are d isc u sse d  from  
the point of view  of th e  ch a n g es  in  the con cen tration  
of hepatic b ile a c id s c a u se d  b y  th e  d ietary fibre 
and the in  v i t r o  effect of th e bile ac id s on  th e activity  
of glycohydrolases.

D ietary fibre, a s  n eu tra l detergent fibre (NDF) 
from unripe b an an a , w a s prepared a s d escribed  by  
G oering and V a n so est (1970). M ale alb ino rats  
('Sprague-Dawley' stra in  average w eigh t 8 0  g) w ere  
divided into two grou p s o f 12 rats each . G roup I
* C o r re sp o n d in g  A u th o r

- ra ts  w ere fed fibre-free diet an d  served  a s  
control, w hile group II - ra ts  w ere fed th e  diet 
con ta in in g  NDF from u nripe b an an a . T he ra ts  
w ere h o u sed  in d iv id u ally  in  p olypropylene  
ca g es  w ith  wire m esh  floors. The d iet h ad  the  
follow ing com p osition  ( g /1 0 0  g) :

Diet
Portion Constituents Fibre-free NDF
A Dextrin 67 42

Casein
(Vitamin and fat-free)

20 20

Fibre - 25
Groundnut oil 8 8

B Salt mixture 4 4
Vitamin mixture 1 1

Portion A (13. lg) an d  NDF diet su p p ly  
the sa m e ca lories (42 cal), a s  10 g o f  portion  
A o f fibre-free diet. The caloric in tak e o f the  
tw o grou p s w a s  kep t th e  sa m e b y  ad ju stin g  
th e  in take of portion  A. T he -intake o f sa lt  
m ixture an d  v itam in  m ix tu re w a s  a lso  kep t 
the sa m e in  th e two gro u p s b y  giv ing th e  
sa m e am o u n t of portion  B (0 .7 5  g /ra t). 
P ortions A and B w ere m ixed  in  th e  required  
w eight for feed ing p u rp o ses. NDF w a s  ta k en  
to con trib u te  v e iy  little  tow ard s ca loric va lu e . 
W ater w a s provided a d  l ib i t u m .  The ra ts  w ere  
m ain ta in ed  on  the resp ective  d iet for 7 5  d ays. 
At the end  o f th is  period, th ey  w ere deprived  
of food overnight, s tu n n e d  b y  a b low  at the  
b ack  of the n eck  and killed  b y  d ecap ita tion . 
The liver w a s rem oved an d  stored  in  ice-co ld  
con ta in ers for u se  in  va rio u s e stim a tio n s. The  
liver t is su e  w a s  w orked u p  for th e  e stim a tio n  
of carbohydrate co m p o n en ts  of g lycop rote in s, 
w h ile tota l h ex o se , fu co se  an d  s ia lic  acid  w ere
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TABLE 1. EFFECT OF DIETARY RAW BANANA FIBRE ON 
HEPATIC HEXOSE, FUCOSE, SIALIC ACID AND 
GLYCOHYDROLASES IN ALBINO RATS

Hepatic Constituent Group I Group II
Total hexose* 92 .30 tl.94 153.38i4.45*
Fucose* 16.60t0.35 32.93iO.95*
Sialic acid* 14.O5iO.30 6.50+0.19*
.B-Glucosidase** 59.80+1.44 52.70+1.20-
J3-Fucosidase** 14.30i0.30 ll.56iO.33*
J5-Galactosidase** 86.30+1.81 64.7511.88*
J5-N acetyl hexosaminidase** 72.60+2.11 6 6 .10 il.9 3
* mg/g **mg p-nitrophenol liberated/h/g protein 
Average of the values from 6 rats ± SEM, a = p < 0.01

estim ated , a s  d escrib ed  e lsew h ere (Latha et al.
1991). The activ ities of J3-N acetyl h exo sam in id a se , 

.0 -g lucosidase, JB-galactosidase and .8 -fu cosid ase  
were estim ated , a s  d escrib ed  before (Latha et al.
1991). Extraction o f b ile a c id s from th e liver w a s  
carried out, a s  d escrib ed  by O kish io et al. (1967), 
and estim ated  enzym atically , a s  per the m ethod  of 
Palmer (1969). Protein  w a s  estim ated  in th e  enzym e  
extracts, after TCA p recip itation  by the m eth od  of 
Lowry et al. (1951). The enzym e activity m  each  
case  w as a ssa y ed  in  th e  p resen ce  of varying  
con cen tration s of ch o lic  an d  ch en od eoxy  cholic  
acids w ith  appropriate con tro ls. S od iu m  sa lt of th e  
bile acid s w as u sed . S ta tistica l a n a ly sis  w a s  carried  
out by S tu d en t's ‘t ’ te st  (B ennet an d  Franklin
1967). The NDF from  u nripe b a n a n a  con ta in ed  (%): 
hem icellu lose  8 6 .8 ± 2 .6 9 , ce llu lo se  4 .9 1 ± 0 .1 , cu tin  
2 .5 ± 0 .0 5 , lign in  4 .1 ± 0 .1 an d  silica  0 .1 9 + 0 .0 0 6  
(Usha et al. 1984). R ats fed NDF from unripe  
b a n a n a  sh o w e d  s ig n if ic a n t  in c r e a s e  in  th e  
concentration  of total h ex o se  an d  fu co se  in  th e  
liver, w h en  com pared  to control rats fed fibre-free 
diet (Table 1). On the oth er h an d , th e con cen tration

of sia lic  acid  in  th e  liver sh ow ed  sig n ifican t decrease  
in  the rats fed NDF. T he activ ity  o f J5-glucosidase  
also  sh ow ed  d ecrease  in  the liver of the ra ts  fed  
NDF, a s  com pared  w ith  rats fed fibre-free diet. The 
activity o f j3 -fu cosid ase an d  J3-galactosidase in  the  
liver a lso  d ecreased  sign ifican tly , w h ile  th e  activity  
of J3-N-acetyl h ex o sa m in id a se  w a s  n o t sign ifican tly  
altered.

There w a s  a sign ifican t in crea se  (p < 0 .01 ) in  
th e con cen tration  o f tota l b ile a c id s in  th e  liver of 
th e rats fed NDF (37.9G ±0.99 m g / 10 0  g w et tissu e), 
w h e n  com p a red  to  th o s e  fed  fib re-free  d iet  
(2 7 .9 8 ± 0 .6 8  m g /1 0 0  g). I n  v i t r o  a ctiv ities  o f J3- 
g lu co sid a se , JS-fucosidase an d  j3-ga lactosid ase  in  
th e liver w ere sign ifican tly  in h ib ited  b y  b oth  ch olic  
an d  ch en od eox y  ch olic  a c id s (Table 2). H ow ever, the  
activity o f j3-N -acetyl h ex o sa m in id a se  w a s  not 
affected.

The re su lts  in d icate  th a t feed in g  NDF from  
u n rip e b a n a n a  h a s  s ig n ifica n t effect o n  th e  
con cen tration  o f th e carbohydrate co m p o n en ts  of 
glycoprotein s in  the liver. T he in crea se  in  the  
c o n c e n tr a t io n  o f m a n y  o f th e  c a r b o h y d r a te  
co m p o n en ts  (total h ex o se  an d  fucose) ob served  in  
the liver m ay b e d u e to the d ecrease  in  the activity  
of th e  g ly c o h y d r o la se s  in  th e  t is s u e . T h ese  
g lycoh yd ro lases are involved in  th e  d egrad ation  of 
the carbohydrate co m p o n en ts  of th e  o ligosacch arid e  
ch a in  in  the glycoprotein s. T he c h a n g e s  produced  
by feed in g NDF from  b a n a n a  o n  th e  carbohydrate  
co m p o n en ts  o f g lycop rotein s are, how ever, sim ilar  
to th o se  observed  in  th e a th ero m a to u s rat liver 
(Satakopan  and K urup 1977), even  th o u gh  unripe  
b a n a n a  f ib r e  h a s  b e e n  r e p o r te d  to  b e  
h yp och o lestero lem ic (U sha et al. 1984).

TABLE 2. IN  V ITR O  EFFECT OF BILE ACIDS ON HEPATIC GLYCOHYDROLASES
Attribute J3-Glucosidase _ß-Fucosidase J3-Galactosidase J3-N Acetyl

hexosaminidase
(mg p - nitrophenol liberated/h/g protein)

Enzyme activity, (no bile acid) control 59.90+2.06 12.7910.50 82.30+1.66 70.9911.65
Enzyme activity in presence of cholic acid

0.01 mg/ml reaction mixture 52.50+1.45» 8.4910.41* 72.40+2.1 1» 70.7911.94
0.05 mg/ml reaction mixture 46.60+1.08» 8.20+0.37» 64.20+1.37* 70.691.172
0.10 mg/ml reaction mixture 40.30+1.09» 7.6910.39» 57.3711.48» 70.0312.13

Enzyme activity in presence of chenodeoxy cholic acid
0.01 mg/ ml reaction mixture 56.30+1.75 10.80+0.44b 64.54+1.94» 73.9911.61
0.05 mg/ml reaction mixture 55 .20 il.63 10.40+0.45» 56.23+1.82» 72.8111.88
0.10 mg/ml reaction mixture 48.40+1.37» 10.60+0.47» 41.8912.04* 72.4111.52
Average of the values; from 6 rats i  SEM. Experimental groups have been compared with control group
a = p < 0.01, b = p between 0.01 and 0.05
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The resu lts  c f  in  v i t r o  s tu d ie s  in d icate  th a t the  
activity o f m an y  o f g lycoh yd ro lases is  inh ib ited  by  
cholic  or ch en od eox y  ch olic  acid , eith er alone or 
in  com b ination . A s th e  con cen tration  o f b ile ac id s  
increased  sign ifican tly  in  th e  liver of ra ts  fed NDF, 
the d ecreased  activ ity o f g lycoh yd ro lases in  th is  
t issu e  m ay  p ossib ly  b e d u e  to th is  in crease.

T h u s, it is  p o ss ib le  th a t th e  observed  alteration  
in the concentration  of th e carbohydrate com p on en ts  
of g lycoproteins, b rou ght ab o u t b y  d ie ta iy  fibre, 
m ay b e m ediated  v ia  its  effect on  h ep atic  b ile acid s.
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M o i s t u r e  S o r p t i o n  B e h a v i o u r  O f  W e a n i n g  F o o d s

N. KOTWALIWALE, G .P. SHARM A AND SANJAY JA IN
D ep artm en t c f  P rocessin g  and Food E ngineering,

College o f T ech n ology  an d  A gricultural E ngineering, U d aip u r - 3 1 3  0 0 1 , India.
Water activity - equilibrium moisture content data were obtained for commercial weaning foods A and B at 20, 

30, 40 and 50±1°C using dynamic method. Commonly used models such as Brunauer Emmette Teller (BET); Caurie's; 
Henderson's; Chung and Pfost; and Guggenheim Anderson deBoer (GAB) were fitted to the observed values of moisture 
sorption data to find their suitability to predict the moisture sorption behaviour of these foods. Guggenheim Anderson 
deBoer model described the moisture sorption of the two weaning foods, better than other equations considered. 
Henderson's; Chung and Pfost; and Caurie's equation could predict equilibrium moisture content values more correctly 
with two pairs of their constants.
Keywords : Water activity, Weaning foods, Moisture sorption isotherm, Equilibrium moisture content, Models.

W ater, one o f th e  co n stitu e n ts  o f foods, is  
bound partially to sp ecific  s ite s  o f  food e .g ., 
carboxyl group of p o lysacch a rid es, am ino group of 
proteins, etc. T he m on o layer m oistu re  is  equ ivalent 
to th is  b ou n d  w ater, an d  th is  va lu e  is  o f  in terest  
to p rocessors, a s  food is  h igh ly  sta b le  at th is  
m oisture con ten t. In th is  com m u n ica tion , a stu d y  
h a s b een  m ad e on  com m ercially  available w ean in g  
foods A an d  B, an d  a few  se lec ted  m od els  w ere  
tested  for their su itab ility  to predict the m oistu re  
sorption ch ara cter istics  of th e se  foods.

W ater activity - equilibrium  m oistu re  con ten t  
data were ob tained  for w ea n in g  food s A and B at 
con stan t tem p eratu res of 2 0 , 3 0 , 4 0  an d  50±1°C , 
for both ab sorption  and desorp tion  p ro cesses . 
D ynam ic m ethod  w a s, u se d  to obtain  th ese  data. 
An ap p aratu s for dyn am ic m eth od  w a s developed, 
w hich worked o n  th e  principle d escrib ed  b y  Sm ith
(1965). C om position  o f w ean in g  food s A  an d  B is  
a s given in  Table 1.
TABLE 1. COMPOSITION OF WEANING FOODS.
ngredients g/100 g weaning foods

A B
'at 9.0 1.0
’roteins 15.5 6.0
Carbohydrates 65.7 86.0
/oisture 2.5 4.0
*sh 3.2 0.7
Dietary fibre 4.1 2.1

C om m only u sed  m od els  su c h  a s  H enderson 's  
1952); B ru n au er  E m m ette  and Teller (1938); 
Laurie's (1981); C h u n g and Pfost (1967); and  
Guggenheim A n d erson  deB oer m od el (Saw hney  
.989) were con sidered  for stu d y in g  th e  m oistu re

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

sorp tion  b eh aviou r o f th e se  w ea n in g  food s activity  
an d  is  given  by

1 -  Aw = e-KT(Xe)n 
The BET m od el is  rep resen ted  a s

Aw _ 1 (Cb -  l)A w
m  (1 -  Aw) Cb ■ Mb + Cb • Mb
The va lu e  o f Mb is  k n ow n  a s  m on olayer  

m oistu re  con ten t.
C aurie's m odel is  a n  im p rovem en t over the  

BET m od el and it h a s  b een  u se d  w id ely  for th e  
m oisture absorption  isotherm , fractionation  o f b ound  
w ater an d  storage stab ility  o f corian d er pow der  
(Selot et al. 1991). A ccord ing to C aurie's m od el, th e  
m oistu re-ad sorp tion  ta k es  p lace  in  m u ltilayers:

. . .  (1) 

. . .  (2)

1
m

1 ' 1 -  aw
C c • M e a w

-, (2 C e/ 100 • Me)
... (3)

The m oistu re  con ten t, at w h ich  a food m ateria l 
b eco m es sta b le , is  th e  v a lu e  o f Me. T he n u m ber, 
N of th e so -ca lled  m on o lay ers is  g iven  b y

N = 100  M e/ Cc ... (4)
C h u n g and P fost (1967) p rop osed  th e  follow ing  

m odel:
In [ln (l/A w )] = In (A/RT) -  B  • Me ... (5) 
The GAB m od el is  ap p licab le  over a w ider  

range of w ater activity.
Aw K(l-C) 2 C -2  A 1
TvT~Mm• C Aw +Mm-CAW+Mm.C.K "

w here. M m = M oisture co n ten t eq u iva len t to m on o-  
layer va lu e , g w a te r / g dry solid; C, K = C o n sta n ts  

E quilibrium  m oistu re  data  ob ta in ed  at co n sta n t  
tem p eratu res for w ea n in g  food s A  an d  B are 
p resen ted  in  Table 2 . The iso th erm s are fou n d  to 
have sm oo th  sigm oid a l sh a p e  o f BET type II curves.
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TABLE 2. EMC -  WATER ACTIVITY DATA AT DIFFERENT TEMPERATU REIS
WATER ACTIVITY

Temp
(± i °c) 005 0.10 0.25 0.40 0.55 0.75 0.95

Ad De Ad De Ad De Ad De Ad De Ad De Ad De
Weaning Food A

20 0.016 0.022 0.025 0.033 0.038 0.052 0.067 0.066 0.080 0.082 0.111 0.125 0.237 0.253
30 0.014 0.021 0.026 0.031 0.036 0.043 0.058 0.055 0.068 0.072 0.110 0.125 0.221 0.225
40 0.011 0.016 0.022 0.025 0.030 0.036 0.053 0.048 0.065 0.069 0.101 0.113 0.193 0.196
50 0.010 0.012 0.018 0.021 0.026 0.031 0.050 0.045 0.059 0.061 0.092 0.100 0.181 0.186

Weaning Food B
20 0.024 0.029 0.055 0.060 0.091 0.104 0.124 0.127 0.139 0.142 0.183 0.193 0.244 0.246
30 0.018 0.024 0.052 0.057 0.084 0.096 0.115 0.118 0.138 0.141 0.169 0.176 0.223 0.226
40 0.017 0.019 0.035 0.040 0.057 0.068 0.083 0.090 0.109 0.1 12 0.141 0.148 0.200 0.200
50 0.015 0.017 0.028 0.031 0.046 0.056 0.071 0.072 0.080 0.091 0.128 0.136 0.193 0.196
Ad = Adsorption, De = Desorption
A dsorption and desorp tion  iso th erm s are found from am orp h ou s form. O n th e b a s is  o f h igh  tota l
d istinctly  sep arate at all tem p eratu res for both  the w ater so lu b le  su gar con ten t o f  th e  p ro d u cts  (w hich
foods. A d iscontinu ity  in  adsorption  isotherm  prevails is  p resen t in  am o rp h o u s form), it is  inferred th a t
in the w ater activity region o f 0 .4 2  to 0 .5 7 . The the d isco n tin u ity  is  du e to crysta lliza tion  of w ater
reason  for th is  occu rren ce of d isco n tin u ity  a s so lu b le su gars. S u gar in  the a m o rp h o u s form,
su gg ested  by V arsh n ey  and Ojha (1977) and sorb s m oistu re, u n til it is  d ilu ted  to an  exten t that
Saltm arch et al. (1980), is  crystalliza tion  of lactose m o lecu les  a tta in  su ffic ien t m ob ility  to b ecom e

TABLE 3. COEFFICIENTS OF VARIOUS MODELS AT DIFFERENT TEMPERATURES
Temperature Process Henderson's model Chung & Pfost model Cauric's model GAB model

°C Two st.liincs Two st.lines Two st.lines
K n A x 1 0 7 B Me Cc eg Mg Kg

Weaning Food A
20 Ad 0.1816 1.671 1.000 24 0.0539 1.427 -4.423 0.0834 - 1.1

0.0577 1.178 0.012 0 0.0604 1.200
De 0.4792 2.080 1.300 27 -13.255 0.0600 -0.97

0.0517 1.164 0.370 14
30 Ad 0.1995 1.665 1.100 29 0.0515 1.345 -5.493 0.0666 - 1.1

0.0551 1.125 0.390 15 0.0560 1.163
De 2.2408 2.475 1.700 37 -16.705 0.0478 -0.98

0.0541 1.152 0.500 16
40 Ad 0.2107 1.608 1.00 30 0.0471 1.279 -3.121 0.0781 - 1.2

0.0672 1.173 0.480 19 0.056 1.088
De 1.1973 2.167 1.500 39 -9.014 0.0509 -1.0

0.0720 1.241 0.600 20
50 Ad 0.1893 1.522 0.990 32 0.0435 1.257 -1.759 0.0959 -1.4

0.0636 1.106 0.420 20 0.0519 1.039
De 0.3637 1.741 1.200 38 -4.871 0.0564 - 1.10.0738 1.211 0.510 20

Weaning Food B
20 Ad 0.0044 0.863 1.0 12 0.774 2.706 -3.566 0.2481 -0.75

0.2866 2.384 4.4 24 0.1153 1.181De 0.0059 0.990 1.1 12 0.1013 4.925 -5.975 0.204 -0.680.4041 2.633 5.1 24 0.1135 1.21130 Ad 0.0030 0.715 1.1 14 0.0742 2.905 -1.350 0.1975 -0.740.3508 2.419 16.0 32 0.1158 1.114De 0.5206 2.684 1.1 14 0.1104 6.419 -4.198 0.2450 -0.640.5206 2.684 3.4 35 0.1109 1.15840 Ad 0.01 10 1.019 1.0 18 0.0597 1.774 -1.239 0.2916 - 1.100.1702 1.831 4.5 29 0.0985 1.071De 0.0079 0.962 1.1 18 0.0657 2.222 -2.598 0.2049 -0.910.2659 2.097 6.9 31 0.0933 1.10850 Ad 0.0214 1.140 1.1 22 0.0538 1.595 -1.091 0.2346 -1.300.1247 1.591 2.2 27 0.0745 1.097De 0.0190 1.143 1.2 23 0.0583 1.856 -2.812 0.1373 - 1.10
Ad = Adsorption, Dc := Desorption, St.lines = Straight lines
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TABLE 4. COMPARISON OF MODELS FOR SORPTION DATA ON WEANING FOODS
Errors in prediction (%)

20°C 30°C 40°C 50°C
Model Ad De Ad De Ad De Ad De

Weaning Food A
Cauries

two lines 3.94 - 6.7 - 7.8 - 7.6 -
Henderson's

one line 25.1 23.0 27.9 24.7 25.6 22.6 29.2 27.2
two lines 6.5 2.4 5.3 3.0 5.9 3.4 6.5 3.6

Chung & Pfost 
one line 7.1 3.3 8.8 5.8 11.7 7.3 11.2 7.4
two lines 3.7 1.1 4.7 2.7 7.2 3.1 10.0 2.7

G.A.B. 6.4 2.3 5.7 3.6 5.7 5.2 6.3 3.4
Weaning Food B

Cauries
Two St. lines 7.32 2.93 9.4 3.6 5.4 7.0 6.0 6.2

Henderson's
Two St. lines 1.8 1.8 1.9 0.7 2.72 0.81 2.1 2.5
One St. line 17.2 17.0 22.1 20.1 10.6 12.8 4.06 4.71

Chung & Pfost 
Two St. lines 5.40 6.70 8.30 8.30 2.30 4.20 3.40 2.70
One St. line 23.4 21.2 28.9 25.1 19.5 20.8 16.0 16.1

G.A.B. 6.4 5.6 7.7 6.6 3.6 3.8 3.0 3.3
Ad = Adsorption, De = Desorption, St. line = Straight line

oriented in  stab le n on -h ygroscop ic  crysta ls . D u e to th a n  0 .8 , b u t le s s  th a n  0 .9 8 . For GAB1 m odel.
rapid rate o f  m oistu re  ga in , th e  p roduct g a in s  an correlation coefficient w a s  m u ch  low.
extra m o istu re , w h ich  is  d esorb ed  after th e  
c o m p le t io n  o f  c r y s t a l l iz a t io n .  T h is  c a u s e s  
d iscontin u ity  in  ad sorption  isotherm .

C aking an d  sligh t sw ellin g  of th e  p roduct are 
ob served , w h en  p ro d u c ts  are eq u ilib rated  in  
environm ent o f 75%  RH at 20°C . At h igher  
tem peratures, cak in g  an d  sw ellin g  are in itia ted  at 
low relative h u m id ities. Equilibrium  m oistu re  v a lu es  
are h igher in  w ea n in g  food B th a n  th o se  in  A, u n der  
sim ilar su rrou n d in g  con d itio n s. R eason  for th is  
could  be the h igher sorptive cap a city  o f starch , 
than  glu ten . W eaning food B, b ein g  r ice-b ased  food, 
h a s h igher a m o u n ts  o f starch  an d  is  free from  
glu ten  w h ich , o th erw ise, is  availab le in  food A. 
T e s t i n g  o f  M S I  m o d e l s :  M oisture sorp tion  iso th erm  
eq u ation s, a s  m en tion ed  above, w ere fitted  to  
m oisture sorp tion  data  of th ese  p rod u cts. V a lu es  
of the c o n sta n ts  involved in  th ese  m od els  w ere  
com puted  through  a com p u ter  program , and are 
presented  in  Table 3. The correlation  coeffic ien ts  
betw een  d ep en d en t and in d ep en d en t variab les of 
th ese  eq u ation s w ere com p u ted . The ab so lu te  
va lu es o f correlation  coefficient is  found  to be  
higher th an  0 .9 5  a t all tem p eratu res for all m od els, 
except BET an d  GAB m od els. For BET eq u ation , 
the va lu e of correlation  coefficient is  a lw ays h igher

The p ercen tage errors in  p red ictin g  EMC v a lu es  
for d ifferent m od els  are p resen ted  in  T able 4. It 
is  inferred th a t m o istu re-so rp tion  ch a ra cter istic s  of 
w ea n in g  food B c a n  be p red icted  w ith  accu racy , 
by tw o stra ight line H en d erson 's eq u ation , w hile  
th a t o f w ea n in g  food A  b y  tw o stra igh t lin e  C h u n g  
an d  Pfost eq u ation . F urther, m on o lay er  m oistu re  
v a lu es , ob ta ined  from  C aurie's eq u ation , w ere  
found  to be h igher th a n  BET m on o lay er  v a lu es  for 
both  p rod u cts, b u t in  th e  v ic in ity  o f safe  m oistu re  
con ten t range obtained  from  ‘lo ca l’ an d  ‘sta b ility ’ 
iso th erm s o f th ese  p rod u cts. The m on o layer v a lu es  
of 5.45%  (db) and 7.79%  (db) w ere estim a ted  for 
w ean in g  food s A and B, resp ectively , at 20°C . The 
v a lu es  d ecreased  w ith  an  in crea se  in  m oistu re  
con ten t.
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S t u d i e s  o n  t h e  S a f e t y  o f  W a t e r  S t o r e d  i n  H i g h  D e n s i t y
P o l y e t h y l e n e  W a t e r  B o t t l e s

T.S. SATYANARAYANA RAO*, R. SANKARAN AND M.V. RAMA RAO
D efen ce Food R esearch  Laboratoiy, M ysore - 5 7 0  O i l ,  India.

Studies were carried out to find out any possible safety hazard that may arise upon consumption of drinking 
water stored in high density polyethylene water bottles due to leaching of some toxic compounds in the stored water 
during storage for 3 days. The albino rats were fed with such water upto a period of 6 months spread over two 
generations. No significant difference in body weight, food consumption, feed efficiency ratio and organ to body weight 
ratio was observed in both the generations, as compared to the control group. The data indicate safety of such stored 
water, and the results are of specific importance to the personnel from Defence Services, as they have to depend 
on such water under the operational conditions, because of the lack of facilities to get fresh water at operation locations.
Keywords : Stored water, High density polyethylene bottles, Safety, Organoleptic quality, Leaching of toxic substances, 

Animal feeding.
M etallic w ater b o ttle s  covered  w ith  felt are 

authorised  for u se  b y  D efen ce troops to carry and  
store drinking water. H igh d en sity  p olyethylen e  
(HDPE) w ater b o ttles  offer severa l ad v an ta ges su ch  
as light w eight, co n v en ien ce  o f h an d lin g  and ea se  
in clean in g over the con ven tion a l con ta in ers, m ad e  
of g la ss  or m etal. B es id es , g la s s  b o ttles  and  
p ou ch es are w idely u sed  for m ilk  an d  gh ee (Kadan  
and B h an u m u rth y  1984). H owever, HDPE m ateria ls  
m ay p ose prob lem s, d u e  to their tem perature  
sen sitiv ity  and su scep tib ility  to cracking. S in ce  
plastic p olym ers are m ad e o f m on om ers w ith  
addition of certa in  ad d itives, th e p ossib ility  of 
leach ing of som e of th ese  ad d itives in to  th e  stored  
w ater on  con tin u ed  co n ta ct over a lon g  tim e m ay  
occur and th u s , p ose  a h ea lth  hazard. T h is ca lls  
for a detailed exam in ation  of the sa fety  a sp ec ts  of 
su ch  p lastic  m ateria ls  u sed  for drinking water. 
There are leg isla tion  lim its  for th e  ad d itives that  
cou ld  be u sed  in  su c h  p la stic  m ateria ls for u se  in  
packing food in  m an y  co u n tr ies  (US-GSA 1983). 
In con trast, there is  n o  su c h  com p reh en sive  
leg isla tion  in  India on  th e  ad d itives u sed  in  
packaging m ateria ls, an d  th e  data on  the p ossib le  
toxic h azard s arising d u e  to  lea ch in g  of th ese  
additives are scarce . S tu d ies  on  th e se  a sp ec ts , 
therefore, have a ssu m ed  critica l im portance w ith  
respect to sa fety  of food s, food p rod u cts and  
drinking w ater s to red /p a ck ed  in  p lastic  m ateria ls.

A stu d y  w a s, therefore, u n d ertak en  in  th is  
laboratory to investigate  th e  sa fety  o f drinking  
w ater stored a; am b ien t tem peratu re in  HDPE  
w ater b ottles for p o ssib le  h azard s from leach ed  
m aterials, d evelopm ent o f od ou r and m icrobiological 
contam ination . The toxicity  h a s  b een  determ ined
* C o r re sp o n d in g  A u th o r

by feed in g the w ater to a lb in o  rats.
High d en sity  p o lyeth y len e (HDPE) w ater b o ttles  

of on e litre cap a city  w ere p rocured  from  local 
m arket for u s e  in  the exp erim en ts. The te s t s  w ere  
con d u cted  by u s in g  th e  m eth o d s  recom m en d ed  by  
th e  Expert C om m ttee on  Food A d d itives (FAO/W HO
1958). The m o st accep ted  m eth o d  for p ack a gin g  of 
food s and b everages, is  to  feed  th e  leach in g  
m ateria ls to, at lea st  tw o sp e c ie s  o f  a n im a ls , one  
rodent an d  a n o th er  n on -rod en t, an d  ob serve th em  
for sym p to m s for ab n orm a lities  over a su ffic ien tly  
long periods. M oreover, m ax im u m  life sp a n  o f the  
exp erim enta l an im al is  to b e ob served  in  th e  feeding  
trial. For th is  p u rp ose, a period  o f s ix  w eek s to 
9 0  d ays is  con sid ered  ad eq u ate  in  c a se  o f alb ino  
ra ts  (FAO/W HO 1958), b e in g  th e  exp erim en ta l 
a n im als u sed  in  th e  p resen t stu d y .

T w enty a lb in o  rats o f th e  W ista r ’ stra in , 
m ain ta in ed  at th is  lab orato iy , w ere se lec ted  for 
testin g . The w ea n in g  ra ts  se lec ted  w ere o f 2 1 -2 8  
d ays old and in  th e  w eigh t range o f 3 5  to  4 5  g. 
T h ese  w ere grou p ed  in  ran d om ised  b lo ck  d esign , 
b a sed  o n  th e  in itia l w e igh ts, a s  p er th e  p rocedure  
of S n ed ecor  (1950). T hey w ere h o u se d  in  ind iv idual 
ca g es  w ith  wire screen  b otto m s. T he ra ts  w ere  
divided into tw o gro u p s c o n s is t in g  o f ten  rats each , 
an d  each  group co n s isted  o f 5 m a le s  an d  5 fem ales. 
First group o f rats w ere fed w ith  th e  w ater stored  
in  HDPE b ottles  (at am b ient tem peratu re : 19-26°C ) 
for a period of 3  d ays. The seco n d  group o f rats, 
w h ich  served  a s  control, w ere fed w ith  th e  w ater  
stored  in  Pyrex g la s s  w ater b o ttle s  over th e  sam e  
period. The co m p o n en ts  o f th e  sta n d a rd  d ie ts  w ere  
prepared a s  per th e  m eth o d s  o f ISI (1974). T he diet 
con ta in ed  (%) : protein  derived from  sk im  m ilk  
pow der 10, fat from  refined gro u n d n u t oil 9 , fat
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solub le v ita m in s from  sh ark  liver oil 1, other  
vitam in s 1, sa lt m ix  4  and c o m  starch  75 . The 
food and w ater u n d er  eva lu ation  w ere given  a d  
l ib i tu m .

At the end  of 4 , 8  an d  13 w eek s, the ga in  
in body w eight, grow th rate, food co n su m p tio n  and  
feed efficiency ratio of each  rat w ere recorded. 
O rgans to b ody w eigh t ratio w a s  determ ined  for 3  
m ales from 1st an d  2n d  group, to eva lu ate  gro ss  
abnorm alities in  heart, liver, sp leen , kidney, adrenals  
and gon ad s. T h ese  s tu d ie s  w ere a lso  carried out 
in ca se  of first and secon d  gen eration s and com pared  
with the control. At th e  end  o f 13 w eek s, th e  rats  
of both  the grou p s w ere regrouped in  breed ing  
cages, each  w ith  2 fem ales and one m ale, and the  
respective diet an d  w ater w ere con tin u ed  during  
m ating and reproduction  sta g es . After 2 1 s t  d ay of 
littering, the w ean in g  rats w ere u sed  for secon d  
generation  stu d y  (Satyanarayana Rao et al. 1974). 
To stu d y  the d evelopm ent o f an y  odour, ta ste  etc. 
in the w ater sa m p les  during storage at am bient 
tem perature, a trained  p an el of ju d g e s  w as given  
water, stored  in  HDPE and g la ss  con ta iner, for 
com paring organoleptic quality  a g a in st the fresh

gen era tion s. There w a s  n o  sig n ifica n t d ifference  
b etw een  th e  control an d  exp erim en ta l gro u p s w ith  
resp ect to  th e  rate of w eight ga in , food or w ater  
co n su m p tio n  in  b oth  th e  g en era tio n s (Table 1). The  
w ater co n su m p tio n  w a s  o f th e  order o f 3 5  m l /d a y /  
rat in  b oth  exp erim enta l an d  con tro l gro u p s, and  
it rem ained  sa m e in  b oth  th e  gen era tion s. T h is  
clearly sh o w s th a t th e ra ts  m a in ta in ed  their  n orm al 
in tak e of w ater, food an d  grow th rate p attern . T he  
relative organ : b od y w eigh t ratio o f  s ix  im portant  
organ s su c h  a s  liver, heart, sp leen , k idney, ad ren a ls  
an d  g o n a d s at th e  en d  o f 13 w ee k s , sh o w ed  th a t  
th e ratios w ere nearly  th e  sa m e in  all c a s e s , excep t  
for liver w eigh t (3 .83) (Table 2). In th e  seco n d  
gen eration , the relative ratio o f liver w a s  on ly  2 .9 0  
in  control group, b u t th e  difference is  n ot sign ifican t. 
S ta tistica l a n a ly sis  of th e  d ata  cou ld  n ot b e  d on e  
d u e to sm all sam p le  size. F u rth er exa m in atio n  of 
the livers for fat, m o istu re  an d  p rotein  c o n ten ts , 
sh ow ed  th a t there w a s  n o  ab n orm al d ifference. It 
is  evident from  the d ata  th a t th e  v a lu e s  for all 
organ s stu d ied , are m ore or le s s  equal. S im ilar  
trend w a s  a lso  found  am on g th e  data  co llected  on  
an im als m ain ta in ed  on  s to ck  d iet for th e  p u rp o se

TABLE 1. WEEKLY GAIN IN WEIGHT, FOOD CONSUMPTION AND FOOD EFFICIENCY RATIO OF EXPERIMENTAL AND 
CONTROL GROUPS OF RATS IN 1st AND 2nd GENERATIONS

Initial
weight

(g)

Gain in weight 
(g)

(wks)

Food
consumption

(wks)
(g)

Food efficiency 
ratio (g) 

(wks)

I Generation
4 8 13 4 8 13 4 8 13

(a) Experimental 39.6 71 132 197 62 69 80 1.15 1.9 2.46
(b) Control 40.3 78 137 207 75 85 86 1.05 1.6 2.43
n Generation
(a) Experimental 48.4 65 1 12 168 60 77 97 1.08 1.5 1.73
(b) Control 48.2 52 105 176 61 76 98 0.85 1.4 1.80

tap water. The p a n e lis ts  w ere ask ed  to give 
com parative eva lu ation  w ith  resp ect to colour, 
taste , odour, ap p earan ce and overall quaity. S tu d ies  
were a lso  carried ou t s im u lta n eo u sly  on  the variou s  
m icrobiological a sp ec ts , to  exam in e the sa fety  w ith  
respect to  tota l viab le bacteria , coliform s and  
E s c h e r i c h i a  c o li  u s in g  stan dard  m eth o d s (Harrigan  
and M cC ance 1966).

D uring th e  cou rse  o f th is  stu d y , diet and w ater  
were g iven  a d  l ib i tu m .  N o  d eath  or abnorm alities  
in  b eh av iou r a s  w ell a s  the ap p earan ce of th e  
an im als occurred  during th e  stu d y  involving two

of com p arison . T he tr ian gu lar te s t  o f  exp erim ental, 
control and fresh  w ater (w ithout storage) sh ow ed  
th a t there w a s  sligh t d evelop m en t o f p la stic  sm ell, 
w h ich  w a s  n ot sign ifican t an d  did n o t affect th e  
overall acceptab ility  o f w ater.

The m icrobiological exa m in atio n  o f w ater stored  
in  the HDPE co n ta in ers  an d  a lso  in  g la s s  b o ttle s  
sh ow ed  th a t there w a s  no d evelop m en t o f u n u su a l  
grow th of org an ism s d u rin g  storage. H ow ever, th e  
viab le bacteria l co u n t w a s  in  th e  ran ge o f 10 6  to  
5 4  x 1 0 0 /m l in  exp erim enta l sa m p le  an d  4 8 /m l  
in  the control sam p le. T h is is , w ith in , th e  accep tab le
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TABLE 2. PERCENTAGE ORGANS BODY WEIGHT RATIOS OF EXPERIMENTAL AND CONTROL GROUPS OF 1st GENERATION 
AND 2nd GENERATIONS*

Organ weight (g)
Attribute ----------------------------------------------------------------------------------

Body 
weight, g

Liver Heart Spleen Kidney Adrenals Gonads

(a) Experimental
1st Generation 280 3.14 0.29 0.15 0.63 0.01 0.94
2nd Generation 241 3.83 0.29 0.16 0.56 0.01 0.13

(b) Control 200 2.90 0.31 0.24 0.58 0.01 1.20
(3.05) (0.28) (0.17) (0.67) (0.01) (0.75)

‘ Average of data from 3 rats in each group at the end of 13 weeks of feeding. 
Figures in parenthesis indicate the literature values of the relative organs.

lim its prescribed  b y  p u blic  h ea lth  au th orities for 
w ater m ean t for drinking p u rp ose (ICMR 1975: 
HMSO 1969).

The au th ors are th an k fu l to Dr. K.S. Zaiuddin, 
A sst. Professor, U niversity o f A gricultural S c ien ces, 
Bangalore for va lu ab le  a s s is ta n c e  rendered  during  
the study.
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S o r g h u m  G r a i n  M o i s t u r e  : I t s  E f f e c t  o n  P o p p i n g  9 u a ^ ^ Y

MANJU SINGH AND SARITA SRIVASTAVA*
D ep artm en t of F ood s and N utrition, College of H om e S c ien ce ,

G.B. P an t U niversity  o f A gricu lture and T echnology, P an tnagar - 2 6 3  145 , India.
Ten sorghum genotypes, viz. 'SPV-462', 'Pant Chari', 'SPV-475', 'SPV-881', ‘CSH-9\ 'CSH-6', 'CSH-11', 'SPH-504', 

‘CSH-101 and 'SPH-509', were tempered to 12-20% grain moisture level and evaluated for popping %, popping volume, 
expansion volume and flake size. The popping % of the genotypes differed significantly at different levels of grain 
moisture. SPV-831 had the highest popping volume of 23.22 ml at 12% grain moisture, while genotypes 'SPV-462', 
'SPV-881' and 'CSH-6' exhibited highest expansion volume at same grain moisture. ‘SPV-881', 'SPH-504' and 'CSH- 
10' had the highest flake size at the same level of grain moisture.
Keywords : Sorghum, Popping quality, Grain moisture.

Sorghum  (S o r g h u m  b ic o lo r  L . M oench) ca n  be  
popped, extruded, sh red ded  an d  flaked to produce  
delightful sn a ck s. The p opping q u ality  of several 
varieties o f sorgh u m  h a s  b een  stu d ied  by variou s  
workers (M urthy et al. 1982; Savithri an d  M eera 
Rao 1985; Thorat et al. 1988). Popped sorgh u m  is  
tender, h a s  le s s  h u ll, d o es  n ot clog in  th e  sp ace  
b etw een  teeth  an d  c a u se s  le s s  n o ise , w h en  ea ten  
a s  com pared to popcorn. A lso, its  flavour and  
n u tr it iv e  v a lu e  co m p a re  w e ll w ith  p o p c o r n  
(Subram anian  1955). V arietal d ifferences observed  
in  popping quality  o f  cerea l gra in s have b een  
ascribed to kernel structure, am ou nt an d  distribution  
of protein, starch  com p osition , t ig h tn ess  o f g lu m es  
enveloping the gra in s an d  d ifferen ces in  p rocessin g  
con d ition s (Srinivas an d  D esik ach ar  1973). Popping  
of sorgh um  at ab o u t 17% grain  m oistu re  level and  
at a grain  m oistu re  con ten t o f 9-10%  have b een  
reported (C handrashekar and D esik ach ar  1984; 
Prasad Rao an d  M urthy 1981). T he p resen t  
in vestigation  h a s  b een  u n d ertak en  to  eva lu ate  the  
effect of grain  m oistu re  on  p opping quality of 
sorghum .

T en sorgh u m  gen o ty p es viz. ‘S P V -462’, ‘P ant 
Chari’, ‘S P V -475’, ‘S P V -881’, ‘C SH -9’, ‘C SH -6’, ‘CSH- 
11’, ‘S P H -50 4’, ‘C S H -10’, and  ‘S P H -5 0 9 ’, w ere 
obtained  from th e  D epartm ent o f P lant B reeding, 
College o f A griculture o f the U niversity. After 
estim ation  of their original m o istu re  con ten t (AACC 
1962), th ey  w ere tem pered  to a m oistu re  level of  
12%, 14%, 16%, 18% and 20% . The sa m p les  w ere 
analysed  in  trip licate for popping %, popping  
volum e, exp a n sion  vo lu m e and flake size  (Porderimo 
et al. 1990). S am p le (2 g) w a s  p laced  in  a n  iron  
pan, con ta in in g  100 g o f sa lt  m ain ta in ed  at a  
tem perature o f 160°C, covered w ith  a lid an d  stirred
* C o r re sp o n d in g  A u th o r

b risk ly  for 4 0  to 6 0  sec . Im m ediately , th e  m ix tu re  
con ta in in g  popped  gra in s an d  sa lt  w a s  p a ssed  
throu gh  4 0  m esh  sieve to  rem ove sa lt  from  popped  
gra in s. T he oth er p aram eters w ere com p u ted  a s  
follow s :

Number of popped kernels Popping % = -------------------------------------------  x 100
Number of total kernels

P op p in g  v o lu m e  w a s  e s t im a te d  b y  r a p e se e d  
d isp la cem en t m ethod .

Total popped volume, mlExpansion volume = ---------------------------------------------------
Original weight of raw kernels, g

Total popped volume, ml Flake size = ---------------------------------------
Number of popped kernels

The data on  p opping %, p op p in g  vo lu m e, ex p a n sio n  
vo lu m e an d  flake size  are p resen ted  in  Table 1. 
The r e su lts  on  popping % reveal th a t g en o ty p es  
exh ib ited  sign ifican t d ifferen ces in  p op p in g  % at 
different m oisture levels. However, th e  grain  m oistu re  
level, at w h ich  h ig h est p op p in g  % w a s  ob ta in ed , 
differed from  one gen otyp e to  an oth er. O f all th e  
gen otypes, SPV -881 h ad  th e  h ig h est p op p in g  vo lu m e  
at 12% grain  m oistu re  level. T he g en o ty p es  ‘CSH- 
6 ’, ‘S P H -50 4’, ‘C S H -10’, an d  ‘S P H -5 0 9 ’ exh ib ited  th e  
h ig h est p opping vo lu m e at 12% gra in  m o istu re  
level, w h erea s ‘S P V -462’, an d  ‘S P V -4 7 5 ’, at 16% 
grain  m oistu re  level. T he ex p a n sio n  vo lu m e of 
gen o ty p es ‘Pant C hari’, ‘S P V -4 7 5 ’, ‘C S H -9’, ‘CSH- 
11’, ‘S P H -5 0 4 ’, ‘C S H -10’, an d  ‘S P H -5 0 9 ’ did n ot  
differ sign ifican tly  at all th e  gra in  m o istu re  levels. 
The gen o ty p es ‘S P V -462’, ‘S P V -8 8 1 ’, an d  ‘C S H -6’, 
exh ib ited  the h ig h est ex p a n sio n  vo lu m e a t a gra in  
m oistu re  level of 12%. W ith regard to  flake size , 
th e h ig h est v a lu es  w ere ob ta in ed  for g en o ty p es  
‘S P V -881’, ‘S P H -50 4’, an d  ‘C S H -10’ at a gra in  
m oistu re  level o f  12%, w h erea s  ‘P an t C hari’ h ad
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TABLE 1. POPPING (%), POPPING VOLUME (ml). EXPANSION VOLUME (ml/g) AND FLAKE SIZE (ml) OF SORGHUM GENOTYPES 
AT VARYING MOISTURE LEVELS

Grain Genotypesm o is t u r e --------------------------------------------------------------------------------------------
level* 'SPV-462' 'Pant chari' 'SPV-475' ■ SPV-881' ■ CSH-9' CSH-6' •CSH-1F ‘SPH-504’ ‘CSH-10’ ‘SPH-509’

POPPING (%)
1 86.15 4.55 83.00 89.95 63.05 87.69 84.10 85.30 78.40 88.40
2 82.37 8.40 81.50 86.87 62.28 85.38 84.60 83.84 77.69 87.603 86.10 6.17 84.60 87.60 63.80 86.10 83.50 83.07 76.92 86.874 83.80 7.60 84.60 86.87 61.50 83.84 82.84 83.07 78.40 84.605 83.80 6.20 83.00 86.87 62.20 85.30 83.00 83.80 76.90 83.70CD, = 1.21: CD2 = 0.94

POPPING VOLUME (ml)
1 19.51 1.50 19.01 23.22 12.40 20.30 19.40 19.41 13.01 23.05
2 19.40 1.75 18.99 20.26 12.40 19.40 19.20 19.26 12.75 22.913 20.21 1.50 19.54 21.02 12.40 20.20 19.21 19.21 12.75 22.404 19.21 1.75 19.44 20.26 12.40 19.21 19.20 19.01 12.15 21.775 19.21 1.62 19.01 20.26 12.40 19.40 19.01 19.21 12.07 22.91CD, = 0.36; CD2 = 0.28

EXPANSION VOLUME (ml/g)
1 14.35 0.75 9.50 11.60 6.22 10.15 9.72 9.70 6.50 11.50
2 9.70 0.87 9.40 10.13 6.21 9.73 9.60 9.63 6.27 11.403 10.10 0.75 9.70 10.51 6.20 10.12 9.60 9.60 6.27 11.184 10.00 0.87 9.70 10.13 6.20 9.60 9.60 9.50 6.07 10.885 9.60 0.75 9.50 10.15 6.21 9.73 9.50 9.60 6.03 4.40CD, = 1.05; CD2 = 0.82

FLAKE SIZE (ml)
1 0.34 0.33 0.36 0.39 0.19 0.35 0.29 0.25 0.41 0.32
2 0.34 0.32 0.35 0.36 0.19 0.34 0.29 0.24 0.38 0.31
3 0.35 0.37 0.35 0.36 0.19 0.35 0.29 0.24 0.39 0.32
4 0.35 0.35 0.35 0.35 0.19 0.35 0.29 0.23 0.39 0.31
5 0.35 0.36 0.35 0.35 0.19 0.34 0.29 0.23 0.40 0.32

CD, = 0.11; CD2 = 0.83
•1 = 12%, 2 = 14%, 3 = 16%, 4 = 18%, 5 = 20%
CDj = at 5%, between two genotypes at the same level of moisture 
CD2 = at 5%, between two moisture levels in the same genotype

the h ig h est flake size  at grain  m oistu re  level o f 16%. 
R est of th e  gen o ty p es did n o t sh o w  sign ificant  
differences in  flake size  at va rio u s grain  m oistu re  
levels.

It is con clu d ed  th a t su ita b le  grain  m oistu re  for 
popping of sorgh u m  varied  from  gen otyp e to 
genotype. In general, 12% level o f grain  m oistu re  
w as observed to b e su itab le  for p opping for m ost  
of th e sorgh u m  gen otyp es.
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D i f f e r e n t  P a c k a g i n g  M a t e r i a l s
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D efen ce Food R esearch  Laboratory, M ysore - 5 7 0  O i l ,  India.

Freeze-dried and foam-mat-dried whole hen's egg powders, prepared from egg melange of uniform composition, 
and commercial spray-dried egg powders were packed in cans and in flexible pouches with and without air. Drying 
conditions and packaging materials did not significantly influence the acceptability of egg powders during storage 
at 4°, 19-27°, 37° and 42°C in all three types of egg powders upto a period of one year.
Keywords : Dried egg powders, Scrambled egg, Palatability, Packaging materials, Storage flavour, Acceptability.

The scorin g of organoleptic quality  o f food
stu ffs is  on e o f th e prim e quality evalu ation  
m ethod s u sed  m ostly  in  research  and in  in d u stria l 
quality control (Ninabarylko and M etelski 1964). It 
is b ased  on  eva lu ation  of quality  factors su ch  a s  
colour, odour, ju ic in e ss , ten d ern ess , palatability , 
according to adopted  sca le . U sin g  th ese  sco res  (and  
corresponding d escrip tive term s) for ind iv idual 
quality factors, overall acceptability ca n  be expressed  
a s a com bined  score. S u ch  a score is  n ecessa ry  
in  m an y c a se s , esp ecia lly  in  quality  control, b eca u se  
it is  m ore com p reh en sib le  and ea sier  to interpret 
than  tab u lation  of the ser ie s  of several individual 
quality factors. The com bined  score sh ou ld  illustrate  
the overall quality  of th e  product in th e b est  
p ossib le way. A system a tic  stu d y  w a s u n dertak en  
to evaluate the flavour acceptab ility  o f th e sa m p les  
of the egg pow ders by preparing scram b led  egg after 
storage at different tem peratu res. The effect of 
packaging m ateria ls on  th is  attribute w a s  a lso  
evaluated.

Fresh eggs o f “W hite Leg H orn” b irds w ere 
procured from local m arket, w a sh ed  w ith  w ater and  
then , w ith  T w een 8 0  so lu tio n  (2%) to rem ove th e  
adhering m aterial. The c lean ed  eggs w ere soak ed  
in 2% b lea ch in g  pow der so lu tio n  for 3 0  m in. 
Finally, th ey  w ere w a sh ed  w ith  w ater and su rface-  
dried at room  tem perature to rem ove su rface  
m oisture. The eggs w ere, th en , b rok en  m an u a lly  
and in sp ected  v isu a lly  for any spoilage. The egg  
w hite and yolk  w ere h om ogen ised  w ith a m ech an ica l 
stirrer. The m elan ge w a s  filtered through m u slin  
cloth. D esu garin g  of egg m elan ge w a s  d on e a s  
described  in  an  earlier s tu d y  (Satyanarayana Rao 
and M urali 1985) u s in g  6 0 0  m g B aker's y ea st (wet) 
for 100 g m elan ge, followed by p a steu r isa tio n  at 
64°C for 3  m in  (Satyanarayana Rao et al. 1987)

in w ater b ath  an d  im m ed iately  coo led  to  4°C. 
Spray-dried egg pow der, m an u factu red  a s  p er th e  
m ethod  of Iyengar et al. (1969), w a s  p rocured  from  
M /s  F oods and In n s Ltd., B om bay. T he freeze-dried  
an d  foam -m at-d ried  w h o le  egg p o w d ers  w ere  
prepared accord ing to the m eth o d s  d escr ib ed  earlier  
b y S atyan arayan a Rao et al. (1987).

All the three typ es of egg p ow ders (150  g) w ere 
packed  in (a) p ap er-a lu m in iu m  fo il-p olyeth ylen e  
lam in ate  co n s istin g  o f 6 0  g brow n c a s in g  (BC) 
paper, 0 .0 2  m m  a lu m in iu m  fo il-p olyeth ylen e, 150  
gau ge p ou ch  (PFP), (b) b u tter  s ize  c a n s  (401 x 300) 
w ith  and w ith o u t air an d  (c) a h igh  d en sity  
p olyethylen e (HDPE), 3 0 0  ga u ge p o u ch es . The  
p ack a ges w ere stored  4°, 19 -2 7°, 3 7 °  an d  42°C  for 
different p eriods an d  an a lyzed  for p a latab ility  
score.

Egg is m ain ly  co n su m ed  a s  scram b led  egg or 
fried egg. The g rea test ad van tage in  se lec tin g  th e  
scram b led  egg for eva lu atio n  is  th a t it is  ea sy  to  
prepare. It is  the on ly preparation , w h ere flavour  
of egg can  be detected  w ith o u t a n y  in terferen ce and  
difficulty. Scram bled  egg w a s  prepared  b y  tak in g  
3 0  g egg pow der, 100  m l w ater an d  0 .3 1  g sa lt. 
T h ese were m ixed  in  rou n d  b ottom  f la sk  and  
sh a k en  for 3 0  m in . The reco n stitu ted  sam p le  w a s  
cook ed  in  a s ta in le s s  s tee l v e s se l over a w ater b ath  
(80-90°C ) for 5 -6  m in  b y  c o n sta n t stirring, till 
coagu lation . The sa m p les  w ere kep t over a w ater  
b ath  at 50 -5 8°C , till served . T he organoleptic  
eva lu ation  o f the reco n stitu ted  sa m p le s  w a s  d on e  
by a trained  p an el of ju d g e s  (8-10). T he sa m e  
ju d g e s  w ere con tin u ed  th ro u gh ou t th e  stu d y , and  
w ere ask ed  to grade on ly  for d egree o f storage  
flavour and to ignore oth er p aram eters. The flavour  
score ratin gs are graded  a s  per th e  m eth od  o f  
W ilson and S losb erg  (1973).
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The effect o f  storage tem p eratu res, p ack agin g  
m a te r ia ls  a n d  n itr o g e n  a tm o sp h e r e  o n  th e  
palatability o f three ty p es  o f egg pow ders are g iven  
in Table 1. A s ca n  be se e n  from the data , the spray- 
dried egg pow der h ad  a n  in itia l flavour score of
8 .0 , w h ereas foam -m at-dried  an d  freeze-dried egg  
pow ders h ad  scores o f 7 .5  and 7 .8 , respectively. 
D uring storage at 42°C for th e  first 180 d ays, th e  
score of spray-dried sam p le  w a s b etw een  6 .0  and
7 .3 , w hereas the sco res  o f th e  foam -m at-dried  and  
freeze-dried sa m p les  w ere b etw een  6 .5  and 7 .3 , in  
all the packaging m ateria ls. T h u s, th e  data ind icate  
an  in crease in  d evelop m en t of storage flavour w ith  
the increase in  the storage period. A m ong th e  
packaging m ateria ls, th e  developm ent o f flavour  
w as slightly h igher in  PFP and HDPE p ack ages, 
than  in th e ca n s , probably b eca u se  th e  form er two  
packaging m ateria ls did not provide good barrier
TABLE 1. CHANGES IN PALATABILITY OF EGG POWDERS 

PACKED IN DIFFERENT PACKING MATERIALS AND 
STORED AT DIFFERENT TEMPERATURES

Egg Powder Storage Cans PFP laminate
type period, n2 Air n2 Air HDPE

days pack pack pack pack
4°C

Spray-dried 180 7.8 7.8 7.8 7.8 7.5
365 7.8 7.8 7.6 7.6 7.5

Foam-mat-dried 180 7.5 7.2 7.5 7.5 7.4
365 7.3 7.2 7.5 7.5 7.0

Freeze-cried 180 7.5 7.3 7.4 7.3 7.3
365 7.5 7.5 7.6 7.0 7.0

19-27°C
Spray-dried 180 7.5 7.5 7.4 7.4 7.3

365 7.4 7.2 7.0 7.0 7.0
Foam-mat-dried 180 7.4 7.5 7.2 7.2 7.0

365 7.0 7.0 7.0 7.0 7.0
Freeze-dried 180 7.5 7.3 7.7 7.3 7.0

365 7.0 7.0 7.0 7.0 6.8

37°C
Spray-dried 180 7.5 7.4 7.0 7.0 7.3

365 7.0 7.0 7.0 7.0 7.0
Foam-mat-dried 180 7.2 7.2 7.0 6.5 6.5

365 7.0 6.0 7.0 6.0 6.0
Freeze-dried 180 7.6 7.0 7.6 7.0 7.3

365 7.0 7.0 7.0 6.0 6.3
4 2 X

Spray-dried 120 7.3 7.1 7.6 7.0 7.6
240 7.3 6.7 7.0 6.0 6.0
365 7.0 6.6 7.0 6.0 6.0

Foam-mat-dried 120 7.0 7.0 7.0 6.8 7.4
240 7.1 6.3 7.0 6.0 6.3
365 7.0 6.0 7.0 6.0 5.8

Freeze-dried 120 7.0 7.0 7.2 7.0 7.0
240 7.2 7.0 7.0 6.6 6.6
365 7.0 7.0 7.0 6.4 6.0

The initial values were : spray-dried 8.0, foam-mat-dried 7.5 
and freeze-dried 7.8.

to  oxygen  and m oistu re . T h is  probably c a u s e s  lipid  
oxid ation  w h ich , in  tu rn , led  to  d evelop m en t of 
lip id -am in e-a ld eh yd e co m p o u n d s (Satyan arayana  
Rao an d  M urali 1989). T h ese  co m p o u n d s  are 
sh ow n  by Kline et al. (1951) a s  a so u rce  o f off- 
flavour in  stored  egg p ow ders. A score  o f 6 (Fryd 
an d  H an son  1945) w a s  con sid ered  a s  a n  acceptab le  
score, and  it w a s  ta k en  a s  a g u id elin e  for overall 
acceptab ility  of the p rod u cts. A ny score  le s s  th a n  
6  w a s con sid ered  to be in d icative  o f develop m en t 
of off-flavour.

There w a s  a sligh t d ecrea se  in  flavour in  all 
the three typ es of egg p ow ders, an d  the ju d g e s  were 
u n ab le  to d ifferentiate a n y  ch a n g e  in  co lou r, flavour  
an d  texture a s  w ell a s  gen era l ap p earan ce in  the  
product, stored  at 37°C  u p to  a period of 3 6 5  days. 
A sim ilar  ob servation  w a s m ad e on  th e  palatability  
of egg pow ders in  com p ressed  form  b y Srivastava  
et al (1973). A s exp ected , the ra tes  o f  ch a n g es  in  
flavour sco res  at room  tem peratu re (19-27°C ) were 
le s s  th a n  th o se  at 4 2 °  an d  37°C . B oggs an d  Fevold
(1946) have reported a m ax im u m  life o f acceptability  
of spray-dried  egg p ow ders a t 20°C  for 8  m on th s, 
w hile on ly on e m on th  at 3 6 .5°C , w h en  com pared  
to the p rod u cts stored  in  air. T h ey  a lso  reported  
that th e  storage u n d er  n itrogen  a tm osp h ere  had  
little b en eficia l effect. It w a s  ob served  th a t th e  
flavour score rem ained  u n ch a n g ed  in  the control 
sam p le  (4°C), a s  com pared  to the sa m p le s  stored  
at oth er tem p eratu res stu d ied .

It is  w orth m en tion in g  th a t th e  p a latab ility  is  
a n ecessa ry  ju d g em en t o f d esirab ility  o f food stuffs, 
an d  correlation  w ith p a latab ility  is  regarded  a s  an  
im portant factor in the ch o ice  o f m eth o d s. T h istle  
et al. (1943) h ave found  th a t m o istu re , pH, w ater  
v a lu es  an d  p o ta ss iu m  ch lorid e v a lu e s  are all 
in terrelated  to on e an oth er. A m ong all th e se  
m eth o d s, th ey  found  that th e  m ea su rem en t of 
p o ta ss iu m  chloride v a lu e s  an d  flu o rescen ce  w ere  
m o st sen sitiv e  m eth o d s, w h ich  a sso c ia ted  c lo se ly  
w ith the p alatab ility  ra tin gs o f dried w hole egg  
powder. Fryd an d  H an son  (1944) tried to find out 
th e  r e la t io n s  b e tw e e n  fla v o u r  a n d  c h e m ic a l  
ch ara cter istics  o f egg pow der, a s  th e  flavour of  
recon stitu ted  dried egg is  o f con siderab le  im portance  
an d  its  determ in ation  b y  ta s te  p a n e ls  o n  a large 
n u m b er of sa m p les , p re sen ts  o b v io u s d ifficu lties. 
B oggs and Fevold (1946) h ave stu d ied  va rio u s  
factors affecting th e  p a latab ility  of stored  egg 
p ow d ers. T he r e s u lts  in d ica ted  th e  effect of 
d ecreasin g  m oistu re  con ten t, g a s  p ack in g  and
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acid ification  on  th e shelf-life  of dehydrated  egg 
pow ders during storage at 36 .5°C . Egg pow ders of 
low  m oistu re  va lu e , retained  their p alatab ility  b etter  
th an  th o se  con ta in in g  h igh  m oistu re. A cidification, 
p lu s C 0 2 an d  N2 pack ing , b rin gs ab out th e  retention  
of palatab ility  during storage, th e  sh elf-life  b ein g
5 -6  tim es th a t o f n on -acid ified  air p ack ed  pow ders. 
Kline and S an od a  (1951) are o f th e view  that  
although  g lu co se  rem oval from  pulp  prior to drying  
p revents M aillard reaction , it d oes not perm it 
evaluation  o f th e  role o f  g lu co se  in  th e  d evelopm ent  
of off-flavour in  th e  dried product. R ecent evidence  
(W estern R egional R esearch  Laboratory, California) 
p oin ts out th e  role p layed  by g lu co se  in  su ch  
reaction s in  egg pow ders (Satyanarayana Rao 1979). 
Kline et al. (1951) have com pared  the ch aracteristics  
of g lucose-free  egg pow der w ith  th o se  from  w hich  
g lu co se  h ad  not b een  rem oved. It w a s  observed  that  
the p alatab ility  retention  at 37 .5°C  is  m u ch  greater  
for g lu cose-free  th a n  th e  g lu co se  con ta in in g  dried 
egg. T his is  true both  in  lyop h ilised  an d  spray-dried  
egg pow ders w ith 2 to 5% m oistu re  an d  a lso  for 
nitrogen and air-packed  sam p les. T he presen t  
stu d ies  h ave in d icated  th a t th e drying con d itio n s, 
packaging m ateria ls and storage con d itio n s h ave no  
significant effect on  the palatability and acceptability  
of the product.

The author is  thankful to Dr. (Mrs) R  Sankaran, 
Director, D efence Food R esearch Laboratoiy, Mysore, 
for valuable help  and to  Sri N. S rin ivasa lu , S c ien tist, 
for con d u ctin g  th e organoleptic eva lu ation  of the  
sam p les.
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S t u d i e s  o n  C h i l l e d  a n d  F r o z e n  S t o r e d  R e a d y - t o - E a t  
B u f f a l o  B e e f  S a u s a g e s  P r e p a r e d  b y  I n c o r p o r a t i n g  

S k e l e t a l  a n d  O f f a l  M e a t s  w i t h  2 0 %  P o r k  F a t

K.R. KRISHNAN*1 AND N. SHARMA,
D ivision o f L ivestock  P rod u cts T echnology. Indian V eterinary R esearch  In stitu te . Izatnagar - 2 4 3  122 , India.

Emulsion-type buffalo beef (bucf- a new word coined to denote buffalo beef) sausages, prepared by incorporating 
70 and 30 parts of skeletal and offal meats, respectively with 20% pork fat, were stored at chilled and frozen temperatures. 
Sausages stored well at 4°C - 5°C for 7 days and at -10°C for 8 weeks. Sliminess did not develop, till 7 days in 
chilled storage. However, a significant (P < 0.01) increase in aerobic plate count from 3.75 to 3.89 log/g was observed.
In frozen storage sausages, a significant (P < 0.01) reduction in aerobic plate count from 3.75 to 3.53 log/g was 
observed after 7 days. The changes in plate count were marginal at 8 weeks of storage. The initial thiobarbituric 
acid value of 0.49 mg of malonaldchydc/kg showed a decreasing trend and it was 0.14 mg at 8th week.
Keywords : Buffalo-beef, Offal meats. Skeletal meats, Sausages, Shelf-life, Aerobic plate count, Thiobarbituric acid.

In India, buffalo b eef is  produced a s  a byproduct 
of dairying, an d  on ly  old b u ffa loes are slau gh tered  
for m eat production . Several s tu d ie s  have b een  
carried ou t on  th e  m eat quality  (Kondaiah et al
1986). its  organoleptic properties (Prabhakar and  
Narayana Rao 1986) an d  its  am ino acid con ten t  
(Madhavi et al 1982). T he resu ltin g  m eat is  u su a lly  
tough and w ith  le s s  flavour a s  w ell a s  ta ste . S u ch  
m eat can  be p rocessed  in to  a novel, tastefu l, 
conven ient and read y-to-eat em u lsion -typ e b u ef  
sa u sa g es . A m eat product, to  b ecom e popular, sh a ll 
have good k eep in g quality. C hilling and freezing are  
convenient m eth o d s to  in crease  shelf-life  w ith out  
altering the ap p earan ce. Therefore, th e sh elf-life  of 
ready-to-eat em u lsio n -typ e  b u e f  w ith  pork fat, w a s  
stu d ied , and th e  r e su lts  are p resen ted  in  th is  
com m unication .

Ready-to-eat em ulsion-type sa u sa g es , incorpora
ting 7 0  parts o f sk e le ta l m eat (SM) : 3 0  parts of 
offal m ea ts  (OM) w ith  20%  pork fat, w ere prepared  
and p rocessed  a s  per K rishnan and S h arm a (1990). 
S au sage sa m p les  w eigh in g  ab out 7 5  g w ere packed  
in  polyethylene b ag s and sea led . S ix sa m p les  w ere  
stored in refrigerator m ain ta in ed  at 4° - 5°C. Ten  
sam p les w ere stored  in  d eep -freezer m ain ta in ed  at 
-10°C . S am p les w ere w ithdraw n and stu d ied  for 
various attr ib utes at 4 8  h in terva ls u p to  7 d ays  
in refrigerated sa m p les  an d  at w eekly  in terva ls u pto  
8 w eek s in  frozen sam p les . The frozen sa m p les  w ere  
thaw ed for 18 h at 4° - 5°C, prior to testin g .

The odour, co lou r and su rface s lim e w ere 
estim ated  u s in g  a 5- p o in t sca le  by a p an el o f 5

* C o rre sp o n d in g  A u th o r . 'P r e s e n t  a d d r e s s :  D e p a r tm e n t  o f  M e a t  
S c ie n c e  &  T e c h n o lo g y , M a d r a s  V e te r in a r y  C o lle g e , M a d r a s  - 
6 0 0  0 0 7

trained  p erson s. For pH m ea su rem en t, ab ou t 10 g  
sa u sa g e  sam p le , in  d u p lica te , w a s  h om ogenized  
w ith 5 0  m l d istilled  w ater for 10 - 15 sec  in  a 
W aring b lender. The pH w a s  recorded  u s in g  a 
digital pH m eter (Naina NIG - 33 3 ). T he m oistu re  
con ten t w a s  estim ated  a s  per AOAC (1980) m ethod , 
w h ile th e  m eth od  o f T arladgis et al. (1960) w as  
follow ed for the determ in ation  o f th iob arb itu ric acid  
(TBA) va lu e. For aerobic p late co u n t (APC), a seria l
10-fold d ilu tio n s w ere m ad e from  10 g sam p le  in
0.1%  ster ile  p ep to n e w ater. From  appropriate  
d ilu tio n s, 1.0  m l w a s  p la ted  in  p la te co u n t agar  
(HiMedia) by p ou r p la te  tech n iq u e. The p la tes  w ere 
in cu b ated  at 35°C  for 4 8  h . After in cu b atio n , p la tes  
con ta in in g  3 0  - 3 0 0  co lo n ies  w ere cou n ted  and  
exp ressed  in  log n u m b er /g .

The data  w ere su b jected  to sta tis tic a l a n a ly sis  
a s  per th e stan d ard  p roced u res o f S n ed ecor  and  
C ochran (1967).
R e f r i g e r a t i o n  s to r a g e :  No sig n ifican t c h a n g es  w ere  
observed  in  pH, % m oistu re  (Table 1), an d  th e  score  
for colou r (4.0), od our (5.0) a s  w ell a s  su rface  
ch a n g es  (5.0) th rou gh ou t th e  storage period. T h is  
is  probably d u e to  th e  red u ction  in  th e n u m b er  
of bacteria  an d  d estru ction  o f en zy m es a s  a resu lt  
of h ea t treatm ent. H eat treatm en t a lso  im p arts th e  
desired  colour, flavour an d  c o n s is te n c y  (S lieb in g
1985). Negligible lo s s  o f  m o istu re  d u rin g  storage  
w a s probably d u e  to th e  property o f p o lyethy len e, 
w h ich  h a s  a very low  m oistu re  va p ou r tra n sm iss io n  
rate (Gokalp et al. 1978).

A  significant (P < 0 .01), bu t gradual increase  
in  APC w as observed w ith the increase in storage  
period. The observed APC w a s  le s s  th an  4 lo g /g  at 
the end o f 7 -d ay storage period, even  w h en  offal m eat
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TABLE 1. MEAN AND SE QUALITY CHARACTERISTICS OF READY-TO-EAT EMULSION-TYPE BUEF SAUSAGES CONTAINING 20% 
PORK FAT STORED AT CHILLED (4° - 5°C) AND FROZEN (-10=0 TEMPERATURES.

Chilled storage period, days
0 3 5 7

pH 6.3 ± 0.1 6.3 ± 0.1 6.4 ± 0.1 6.4 ± 0.1
Moisture, % 65.5 ± 0.8 65.7 ± 0.6 65.0 ± 1.6 64.9 ± 0.4
Aerobic plate count, log/g 3.75b 3.79b 3.84“b 3.89“

Frozen storage period, weeks
0 1 2 3 4 5 6 7  8

Moisture, % 66.7 ± 0.2 65.8 ± 1.1 65.3 ± 1.4 65.5 ± 1.4 65.3 ± 0.9 65.6 ± 1.1 64.7 ± 0.8  64.9 ± 0.9 64.7 ± 0.8
Aerobic plate 3.75“ 3.53b 3.56b 3.60b 3.55b 3.55b 3.56b 3.64“b 3.57b
count, log/g
TBA value, mg 0.49“ 0.51“ 0.40“  0.32^ 0.14de OHS’* 0.1 O'* 0 .15dc 0.14dc
malonaldehyde/kg
pH was 6.3 ± 0 . 1  throughout. Means bearing different superscripts in rows differ significantly (P < 0.01).
w as u sed  in  the preparation (Table 1). A sim ilar  
finding w a s reported by Stam enkovic (1984), w ho  
observed aerobic m esophilic co u n ts  in the range of 
2 6 0 0 -3 0 0 0  o rg a n ism s/g  (about 3 .4 2  - 3 .4 8  log/g) in  
cooked sau sag es, stored at 4° - 10°C for 17 days. 
APC of le ss  than  4  lo g /g , recorded during a 7-day  
period of refrigeration storage, m ight be due to the  
com bined effects of the u se  o f polyphosphate, in  
addition to curing and seaso n in g  agents. Libelt
(1984) reported that sa u sa g es  stored at 4°C were fit 
for consum ption  u p on  < 120 h , and  no change  
occurred in sa u sa g es  at 10°C in  < 9 6  h.
F r o z e n  s to r a g e :  No significant ch an g es were observed  
in m oisture content, and pH w as 6 .3  ± 0 . 1  throughout 
8 w eeks storage period (Table 1). The scores for 
colour (4.0), odour (5.0) and surface ch an ges (5.0) 
rem ained the sam e during frozen storage also. 
However, a significant (P < 0 .01) reduction in the  
APC w as observed, especially  at the end of first w eek  
of frozen storage. Neither off-flavour nor surface  
changes were observed probably due to low bacterial 
cou n ts (less th an  4  log/g). The TBA va lu es of frozen 
stored sa u sa g es  were very low indicating that no  
spoilage occurred due to rancidity of fat. A s the  
frozen storage period increased, the TBA va lu es  
decreased. The lower TBA va lu es m ight be due to 
the effect of tetrasodium  pyrophosphate, w hich  
decreases fat oxidation and m oderates flavours (Keeton 
1983; M atlock et al. 1984). The sp ices  too w ould have  
prevented the fat oxidation. Further, th e presence of 
nitrates, n itrites and carbohydrates m ight have  
influenced and brought down the TBA value (Koniecko
1979) in su b seq u en t period of storage.
It is  concluded that ready-to-eat em ulsion-type b u ef  
sau sages, properly packed in  polyethylene bags, can  
safely be kept for a m in im um  period of 7 days at 
4° - 5°C and 8 w eek s at -10°C. T hey m ay even keep  
well beyond th ese  periods, b ut extended periods of 
storage stu d ies n eed  to be carried ou t to confirm  
su ch  possibility.

The au th ors th a n k  the Director, Indian Veterinary  
R esearch Institute, Izatnagar, for providing facilities. 
The first author exp resses gratitude to the Tam il 
N adu A gricu ltu ral U n iversity , C o im b atore, for  
deputation  term s.
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A  S i m p l e  M e t h o d  f o r  t h e  S e p a r a t i o n  o f  S t o n e s  f r o m  
C o r i a n d e r  S e e d s  B a s e d  o n  t h e  U s e  o f  F l u i d i z a t i o n

T e c h n i q u e

P.P. THOMAS*, N. GOPALAKRISHNAN, N. SUDHHAL, T.P. POULOSE AND EBY VARGHESE
R egional R esearch  Laboratory, Trivandrum  - 6 9 5  0 1 9 , India.

Coriander seeds available from the market invariably contain about 5% stone particles. These, in turn, increase 
the ash content of the coriander powder and can damage the grinder, if not removed. A simple method has been 
developed for the removal of stones from coriander seeds. It works on the principle of minimum fluidization velocity 
differences of stones and coriander seeds, when the mixture is subjected to fluidization.
Keywords : Coriander seeds, Stone particles separation, Simple method. Fluidization technique, Minimum fluidization

velocities, Material balance.

Coriander (G o r ia n d r u m  s a t i v u m ]  seed  is  an  
im portant sp ice  u sed  in  m a n y  com m o n  food  
preparations in  th e pow der form. A n u m b er of  
stu d ies have already b een  carried ou t on  aflatoxin  
(Misra 1987) and in sectic id e  res id u es  (Jain  et al.
1987) and a lso  its  m icrobiology (K rishnasw am y  
et al. 1975) to find its  su itab ility  for cu linary  u se . 
A n u m ber o f in d u str ies  m a n u factu re  coriander  
powder. C o n tam in an ts like s to n e s , sa n d  and clay  
particles lead to th e  in crea se  in  the a sh  con ten t  
of the powder, and m ay  even  dam age the grinding  
m ills. A su rvey con d u cted  by u s  h ave sh ow n  that  
all the in d u str ies  are u s in g  e ith er m a n u a l m ethod  
or the w et w ater w a sh in g  m ethod  for the rem oval 
of sto n es  and other con tam in a n ts. M anual m ethod  
is  u sed  generally  by tiny in d u str ies  and the w ater  
w ash in g  m ethod  by sm all sca le  in d u str ies . B oth  th e  
m ethod s are h ighly labour in ten sive , w h ile  th e  
latter n eed s energy for th e  drying of the resu ltin g  
m oist seed s.

A dry p rocess is  developed  in  our laboratory  
for the sep aration  o f s to n e s  an d  san d  p articles from  
coriander seed s , u s in g  th e  p rin cip les of flu id ization  
w ith air a s  the m ed iu m  (Thom as et al. 1991). The  
m inim um  flu id ization  velocity  o f  m ateria l d ep en d s  
upon  particle size  an d  d en sity  (Kunii and  Levenspiel 
1977; Peeler and H uang 1989; C hyang et al. 1989). 
W hen a m ixture o f coriander se e d s  and sto n e  is  
fluidized at m in im u m  flu id izing con d itio n s, th e  
particles, w ith  m in im u m  flu id ization  velocity  h igher  
th an  th o se  o f coriander se e d s , do not flu idize and  
settle  at th e  bottom  o f th e  flu id ization  co lu m n. In 
contrast, th o se  p artic les (fines) w ith  m in im u m  
flu idization velocity  le s s  th a n  or equal to th o se  of 
coriander se ed s  get m ixed  u p  w ith  the coriander  
seed s. T hese fine p artic les are sm aller  th a n  th o se  
of coriander seed s, and ca n  be rem oved by sieving.
* C o r re sp o n d in g  A u th o r

The m in im u m  flu id ization  ve lo c itie s  an d  the  
sep aration  efficiency o f corian d er s e e d s  an d  s to n e s  
w ere determ ined  exp erim enta lly  in  a laboratory set  
up (Fig. 1). A s ta in le s s  s tee l fine w ire m esh  
d istributor p la te w a s  fixed at th e b ottom  o f th e  
g la ss  co lu m n  u s in g  th e  flan ges. M aterial p resen t  
in the portion below  th e  h ole is  term ed a s  bottom  
fraction , w hile th a t above the h ole a s  top  fraction. 
M aterial b a lan ce  d iagram  is  d ep icted  in  F ig.2.

M a te r i a l s  u s e d  in  t h e  s t u d y  : C oriander se e d s  
(m oisture con ten t 6%) w ere p u rch a sed  from  local 
m arket an d  c lea n ed  to  rem ove all con tam in a n ts. 
The particle size  o f  corian d er s e e d s  varied  from  2 
to 5 m m . River sa n d  (ston es) w a s  co llected  and  
segregated  into three gro u p s b a sed  o n  th e  s iz e s  
viz., (i) 2 to 3  m m  (ii) 3 .5  to 4 .5  m m  an d  (iii) 4 .5  
to 5 .0  m m . F ine sa n d  (beach  sand) w a s  segregated  
in to  tw o gro u p s w ith  s ize s  ran g in g  from  4 2 6  
m icron s to 1 m m  and 4 2 6  to 3 0 0  m icron s, 
respectively.

A IR  E X I T
1

Fig. 1 Experimental set-up 1: Blower, 2: Control valves, 3: 
Rotameter, 4: Rubber Cork, hole, 5: Glass fluidization 
column, 6: Distributor plate.
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CORIANDER SEEDS + STONES

(Coriander : 97 g
Stone : 3 g

TOP FRACTION 
(Coriander : 86 g 
Stone : Nil)

FLUIDIZED BED —
SEPARATOR 
(time : 30 secs) Bottom Fraction

-------------- (Coriander : 11 g
Stone : 3 g)

Fig. 2 Material balance diagram.
Determination o f minimum flu idization  velocity: 

One h undred  g of m ateria l w a s poured  in to  the  
g la ss  co lu m n , and air w a s  p a ssed  through  the  
m aterial by grad u ally  in crea sin g  th e  flow rate, and  
the p ressu re drop w a s  noted  corresp on ding to the  
flow rates. The read in gs w ere ta k en  till the  p ressu re  
drop rem ained con sta n t. The resu lts  are p resen ted  
in  Table 1.
TABLE 1. MINIMUM FLUIDIZATION VELOCITIES OF MATERIALS

(100 g) BATCH SIZE
Material Particle size Minimum fluidization

range, mm velocity, metres/sec
Coriander seeds 2-5 0.80
Stone 4.5-5.0 1.50" 3.5-4.5 1.20" 2.0-3.0 1.05
Beach sand 0.43-1.0 0.35" 0.30-0.43 0.30

Separation of stones from coriander seeds : 
W eighed q u an tities o f c lea n ed  coriander se e d s  w ere 
thoroughly m ixed  w ith  th e  s to n e s  o f th e  sp ecific  
size range and w a s fed into the co lu m n . Air w a s  
adm itted into th e  co lu m n , and flow w a s  regulated  
in su ch  a w ay th a t th e air velocity  w a s slightly  
above th e m in im u m  flu id ization  velocity  o f coriander  
seed s. The flu id ization  w a s  con tin u ed  for 5 sec  in  
the first experim ent. After each  experim ent, th e  
fluidization co lu m n  w a s  rem oved an d  the top and  
bottom  fraction s w ere sep ara tely  collected  through

th e sid e  h o les , an d  p ercen tage (by w eight) o f  s to n e  
in  each  fraction  w a s  d eterm in ed . T he re su lts  are  
p resen ted  in  T able 2.

The data  o n  m in im u m  flu id iza tion  velocity  
sh ow  th a t s to n e s  above 2 m m  size  h ave m in im u m  
flu id ization  velocity  h ig h er  th a n  th o se  o f th e  
coriander seed s . For sa n d  p artic les  o f  le s s  th a n  1 
m m  size, th e m in im u m  flu id ization  ve loc ity  is  le s s  
th a n  th a t of th e  corian d er se e d s . A s p article  s ize  
in crea ses, the m in im u m  flu id iza tion  veloc ity  a lso  
in crea ses  for m ateria l hav in g  th e  sa m e d en sity . It 
w a s observed  th a t the corian d er s e e d s  flu id ized  and  
the sto n e  p artic les se ttled  at th e  b ottom  o f th e  
flu id ization  co lu m n , w h en  th e  m ix tu re o f s to n e  
p articles an d  corian d er s e e d s  w a s  su b jected  to  
m in im u m  flu id ization . B u t, th e  sa n d  an d  d u st  
p articles, w ith  m in im u m  flu id izing ve loc ity  le s s  
th a n  th o se  o f the corian d er se e d s , did n o t se ttle  
down; b u t got m ixed  up w ith  th e corian d er seed s . 
A sim ple siev in g, w ith  2 m m  siev e , rem oved all th e  
sa n d  p articles. It cou ld  a lso  b e s e e n  from  Table  
2 th a t the tim e of flu id ization  a lso  in crea sed  for 
com p lete sep aration , a s  th e  q u an tity  o f m ateria l 
flu id ized  in creased . For h ig h er  proportion  o f s to n e s  
in  coriander s e e d s  (to th e ex ten t o f 10%), th e effect 
on th e  tim e o f sep ara tio n  w a s  on ly  m arginal.

The exp erim en ts w ere a lso  ex ten d ed  to  a b igger  
flu id ization  co lu m n  o f 2 5 0  m m  d iam eter an d  5 0 0

TABLE 2. EFFECT OF FLUIDIZATION TIME AND STONE CONTENT ON THE SEPARATION OF STONES FROM CORIANDER SEEDS
Quantity of 
coriander-stone

Stone in 
coriander,

Volumetric air 
flow rate,

Time of fluidization' 
see

> Quantity of stones* 
in top fraction,

(>2mm)
g

mixed fluidized, % 1/min a b c a b c
50 3 85 5 10 20 0.026 0.014 Nil
50 6 85 5 10 20 0.4 0.25 Nil
50 10 80 - 10 20 - .036 Nil

100 3 92.5 10 20 30 1.3 0.3 Nil
100 6 92.5 10 20 30 2.7 0.4 0.02
100 10 92.5 10 20 30 1.9 0.1 0.031
150 3 100 - 20 30 - 1.3 0.4
150 6 100 - 20 30 - 4.8 0.1
150 10 97.5 20 30 50 9.1 0.7 Nil

*a, b, c in the two columns correspond to each other
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m m  height, w hich  cou ld  flu idize a b atch  size  of 
5 kg. Coriander s e e d s  from  different so u rces  w ere  
subjected  to m in im u m  flu id ization  in  b a tch es  of 5 
kg. In all the c a se s , it w a s  fou n d  th a t the  
fluidization tim e o f 5 m in  follow ed b y  th e siev in g  
of top fraction, u s in g  2 m m  size  sieve w a s  su fficient  
for com plete sep ara tion  o f s to n e s  an d  san d  p artic les  
from the coriander seed s .
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C o l o u r  C h a n g e s  D u r i n g  D r y i n g  o f  A p r i c o t

T.R. SHARMA1*, K.S. SEKHON2 AND S.P.S. SAINI2
'D epartm ent o f P ost-h arvest T echnology, U niversity o f  H orticu lture an d  Forestry, S o la n -173  2 3 0 , India.
d e p a r tm e n t  o f Food S c ien ce  and T echnology, Punjab A gricultural U niversity, L u d h ia n a -141 0 0 4 , India.

Effect of pretreatments viz, heat application, chemical dipping and sulphur fumigation, during drying of apricots 
to prevent discolouration was investigated. Maximum yield was recorded in control followed by steam-blanched fruits. 
Lye-peeled apricots retained lower moisture than steam-blanched fruits. Maximum and minimum brownings were 
observed in untreated samples and the fruits subjected to sulphur fumigation, respectively. Non-enzymatic browning 
showed statistically significant differences among varieties and treatments. 'Chuli' - a wild variety had the maximum 
browning, while 'SufTaida' the least. Among various pretreatments, sulphur fumigation and lye-pccling were more effective 
than the rest, while 'Kaisha' variety was rated as the best.
Keywords : Apricot, Pretreatment, Sun-drying, Dehydration, Residual S 0 2, Discolouration.

Apricot is  ex ten sive ly  grow n in North and  
N orth-E astern India. A few good varieties are a lso  
grown in H im achal P radesh . The a n n u a l production  
in India is 1 9 0 0 0  to n n es  (FAO 1988). B eca u se  of 
short h arvestin g  se a so n  and sen sitiv ity  to storage  
at low tem perature, ap ricots are preserved  in  
different form s (W oodroof an d  Luh 1985).- The 
p hysica l an d  ch em ica l ch a n g es  th a t take p lace have  
b een  stu d ied  (Sharm a et al. 1992) an d  th e  
biochem ical ch a n g es  that take p lace on  storage  
have a lso  b een  stu d ied  (D esh p an d e and S a lu n k e
1969). Drying is on e o f th e  com m on ly u sed  m eth o d s  
(Bolin et al. 1983). A bout 19% of tota l production  
of apricot is  dried, o f w h ich  15% is  m ech an ica lly  
dehydrated, in  cross-flow  dryer, w hile rem ain ing  
are su n -d ried  either a s  w hole or a s  h alves. C h an ges  
in colour and w ater-h old in g  cap a city  occu r during  
d eh yd ration , an d  are r e sp o n sib le  in  c a u s in g  
deterioration o f the quality  of dehydrated  fruits. 
Browning reaction  is  a m ajor reaso n  for colour  
ch an ge in fruit an d  p o ssib le  im pairm ent o f flavour  
and nutritive va lu e  (Stadm an 1948). E ffects of 
dehydration p ro cesse s  on  flavour com p o u n d s and  
texture ch aracteristics of apricots have b een  reported  
by Lee et al (1966). T h is com m u n ica tion  p resen ts  
data on  th e ch a n g es  in  co lou r o f dried ap ricots  
under a range of con d itio n s, follow ing su n -d iy in g  
and dehydration.

Three H im achal grow n cu ltivars o f apricot viz., 
‘Charm aghz’, ‘K aisha’ an d  ‘Su ffa id a’ an d  one wild  
variety ‘C huli’ w ere p u rch ased  from th e  orch ard s  
of K innaur D istrict. Firm, m atu re an d  m ed iu m 
sized  fru its w ere se lected . A pricots w ere w ash ed

* C o rre sp o n d in g  A u th o r , 'P r e s e n t a d d r e s s :  R e g io n a l H orticu ltu ra l 
R e s e a r c h  S ta t io n , M a sh o b ra , S h i m l a - 1 7 1 0 0 7 , In d ia .

thorou gh ly  in  ru n n in g  w ater an d  divided in to  2 lo ts. 
O ne lot of fru its w a s  p eeled  in  1% boilin g  lye for 
3 0  sec , follow ed b y  w a sh in g  u n d er  ru n n in g  w ater. 
A nother lot o f ap ricots w a s  s tea m -b la n ch ed  for 3  
m in , follow ed b y  coo lin g  in  w ater.

Peeled and b la n ch ed  fru its w ere furth er divided  
in to  2 lo ts  each . O ne lot each  w a s  su lp h u red  in  
su lp h u r  ch am b er b y  b u rn in g  su lp h u r  at a rate of 
5 g /k g  of prepared fruit for 1 h , an d  seco n d  lot 
w a s dipped in  0.4%  p o ta ss iu m  m eta b isu lp h ite  
so lu tio n  for 15 m in . F ru its, prior to su lp h u r in g  and  
su lp h itin g , w ere d ipped  in  w ater, co n ta in in g  a th in  
layer (2-3 mm ) o f w ild apricot oil to preven t stick in g  
during d iy in g . Pretreated fru its  w ere load ed  in  
perforated trays at th e  rate o f 8  k g /m 2, an d  w ere  
divided into 2 lo ts. O ne lot w a s  d eh yd rated  in  a  
cross-flow  dryer at 50±2°C , an d  th e se co n d  lot w a s  
su n -d ried  (day tem perature 3 0 -3 2 °C  w ith  14 h  day  
light). In b oth  th e  c a se s , th e  d eh yd ration  o f fru its  
w a s carried ou t to a recom m en d ed  m o istu re  level 
of 20-24% . F ru its w ere p ack ed  in  3 0 0  ga u ge  
p olyethylen e b ags, so o n  after d iy in g , and sea led . 
D ehydrated fru its w ere draw n periodically for s tu d ie s  
on colou r ch a n g es, during 18 0  d ay s o f storage at 
am b ient con d itio n s (20-40°C  an d  85 -90%  R.H.), at 
an  interval o f 4 5  days. O ne lot o f  apricot, v/h ich  
w a s not given  an y  p retreatm en t w a s  u se d  a s  
control.

M oisture in  th e  dried fruit sa m p le s  w a s  
determ ined  b y  drying 10 g of sh red d ed  dried  
sa m p les  to a co n sta n t w eight in  h ot air oven. 
S u lp h u r  dioxide (S 0 2) w a s  determ in ed  b y  M onier 
W illiam s m eth od  (AOAC 1985). T he dried sa m p les  
w ere evaluated  for n on -en zy m atic  b row n in g  b y  th e  
m eth od  given  by R an gan n a (1986). O ne g  ea ch  of
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the dried fruit w a s  treated  w ith  15 m l o f 70%  
alcohol for 12 h at room  tem perature an d  filtered. 
Intensity o f  th e  filtrate w a s  m ea su red  at 4 4 0  nm  
in Spectronic 2 0  (spectrophotom eter, B o u sch  and  
Lomb) again st a lcohol a s  b lank.

The re su lts  are exp ressed  o n  m oistu re-free  
b a sis , and  w ere an a lysed  sta tistica lly  follow ing th e  
procedure o f S n ed ecor an d  C ochran (1967). R esu lts  
reported are th e  m ea n s  o f d u p lica te  sam p les.

The drying tim e in  cross-flow  dehydrator w a s  
about 3 6  h , a s  a g a in st th a t of 9 6 -1 0 8  h , required  
for su n -d iy in g . Table 1 sh o w s  yield  o f dried apricot.

w h ich  w a s  m ax im u m  in  con tro l, follow ed b y  stea m -  
b la n ch ed  apricots. The yield , in  general, w ere low  
in  ‘S u ifa id a’.

There w ere ap p reciab le d ifferen ces in  m oistu re  
levels in  dried fruit (Table 1). 'Charm aghz' had  
relatively low  m o istu re  co n ten t, w h ile  'Chuli', th e  
h ig h est am on g th e varieties. A verage m oistu re  
con ten t w a s  not affected  m u c h , d u e  to m eth o d s  of 
drying. It w a s  noted  th a t ly e-p eeled  an d  su lp h ite -  
treated  ap ricots differed sig n ifican tly  from  all other  
trea tm en ts w ith  resp ect to m o istu re  level u n d er  
s im ila r  drying co n d itio n s . L ye-p eeled  ap ricots,

TABLE 1. E F F E C T  O F  VARIETY, TREATM ENT AND DRYING M ETH O D  ON M O ISTU R E CONTENT, R ESID U A L S U L PH U R  D IO X ID E 
AND NON-ENZYM ATIC BROW NING O F  D R IED  APRICOTS AT R OOM  TEM PER A TU R E.

Treatment
Variety Lye peeling and 

sulphuring
Lye peeling and 

sulphiting
Blanching and 

sulphuring
Blanching and 

sulphiting
Control CD (0.05)

S D S D S D S D S D
Yield %

'Charmaghz' 21.3 20.8 21.7 23.5 25.2 29.1 25.6 28.4 32.2 30.5
'Chuli' 21.8 22.7 23.5 21.4 25.8 23.4 26.8 24.5 30.5 31.3
'Kaisha' 22.1 20.1 23.2 22.3 29.4 23.4 26.5 21.6 33.5 27.0
'Suffaida' 16.3 18.0 17.0 18.8 19.3 19.0 17.9 20.0 32.5 23.9

Moisture %
'Charmaghz' 21.5 19.8 18.6 21.2 21.3 22.7 20.4 22.1 21.9 17.7 V 0.035
'Chuli' 24.4 21.0 23.1 20.0 21.3 22.6 23.4 22.6 19.6 21.9 T NS
Kaisha’ 21.8 22.0 20.9 21.1 22.2 19.7 24.1 23.1 21.2 24.8 M 0.25
'Suffaida' 23.1 22.6 18.3 20.6 22.4 20.4 20.5 18.9 21.2 23.7 V x T 0.79

T x M 0.79
V x M 0.50

Residual S 0 2 % moisture free basis*
'Charmaghz' 89.1 91.2 91.4 91.6 90.0 90.5 89.4 89.4 - - V 1.40

(2310) (2425) (2150) (2225) (2050) (2210) (1800) (2150) - - T 0.99
'Chuli' 82.2 86.2 83.6 85.7 80.0 83.7 80.6 83.2 - - M 0.99

(2120) (2300) (2200) (2150) (2115) (2150) (1880) (2000) - - V x T NS
'Kaisha' 88.2 90.2 88.6 89.4 87.6 88.0 88.5 87.2 - - V x T NS

(2350) (2560) (2010) 2350) (2075) (2570) (1750) (2150) - - V x M 1.95
'Suffaida' 85.9 89.0 83.4 89.7 82.5 89.6 83.3 88.8 - -

(2230) (2350) (1975) (2150) (2150) (2350) (1800) (1900) - -

Non-enzymatic browning. moisture free basis'1
'Charmaghz' 0.29 0.22 0.34 0.25 0.36 0.23 0.39 0.30 0.58 0.51 V 0.02

(0.2) (0.18) (0.31) (0.23) (0.31) (0.20) (0.35) (0.3) (0.54) (0.48) T 0.01
'Chuli 0.36 0.29 0.36 0.39 0.39 0.39 0.44 0.34 0.69 0.69 M 0.01

(0.32) (0.27) (0.35) (0.29) (0.36) (0.33) (0.4) (0.3) (0.6) (0.6) V x T 0.04
'Kaisha' 0.25 0.16 0.29 0.19 0.37 0.19 0.35 0.22 0.62 0.45 T x M NS

(0.18) (0.09) (0.24) (0.15) (0.28) (0.18) (0.31) (0.2) (0.45) (0.41) V x  M 0.01
'Suffaida' 0.25 0.19 0.26 0.19 0.24 0.29 0.27 0.34 0.46 0.48

(0.18) (0.18) (0.17) (0.13) (0.18) (0.28) (0.25) (0.3) (0.43) (0.48)

a  = v a lu e s  w ith in  p a re n th e s is  d e n o te  in t ia l  S 0 2 c o n te n t  in  p p m  b  = v a lu e s  w ith in  p a r e n th e s is  d e n o te  in it ia l  O D  a t  4 4 0  n m  
S  = S u n -d rie d , D = D e h y d ra te d ; V = V arie ty ; T  = T re a tm e n t;  M = D ry in g  M eth o d
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h ow ever, re ta in ed  low  m o is tu re  th a n  s tea m -  
b la n ch ed  on es.

The resu lts  of resid u a l su lp h u r  dioxide (S 0 2) 
in dried fru its (Table 1) in d ica ted  th a t varieties  
behaved  differently in  reten tion  o f S 0 2. Drying  
m eth od s h ad  sign ifican t effects on  S 0 2 retention . 
C ross-flow  dehydrated  sa m p les  seem ed  to have  
retained m ore of S 0 2, th a n  th e  su n -d ried  sa m p les, 
and th e form er retain ed  their ch aracteristic  colour  
during prolonged storage. T h is is  sim ilar to th e  
findings o f Me B ea n  et al. (1964), w h o reported that  
5% S 0 2 m ight be retain ed  u n d er slow  drying  
con d ition s an d  u p tc 40% , if  w ater rem oval w a s  very  
rapid. S u lp h u r-fu m igated  fru its sh ow ed  h igher  
retention  of S 0 2 and w ere found to prevent the lo s s  
of ascorbic acid , and  inh ib it b row ning during drying  
and storage, th a n  su lp h ite-trea ted  sam p les. Lye
peeling an d  su lp h u r-fu m iga tio n  treatm en t h ad  b een  
found to retain  the m ax im u m  p ercen tage o f S 0 2. 
M ost of the su n -d ried  sam p les , con ta in in g  low  S 0 2 
initially, sh ow ed  low  resid u al S 0 2 v a lu es  on  storage. 
On the other h an d , d ehydrated  sa m p les  treated  
w ith S 0 2 sh ow ed  retention  of reason ab ly  high  
quantity in  proportion to the in itia l con cen tration  
of S 0 2, even  u p on  storage. D uring storage for 180  
days, co n tin u o u s  red u ction  in  th e  total S 0 2 w a s  
observed.

O ptical d en sity  (OD), w hich  rep resen ts the  
index of b row ning of dried fruits w a s  affected by  
all treatm en ts an d  m eth o d s o f drying. The alcoholic  
extracts o f fruits, dehydrated  in  h ot air, gave the  
low est OD, w hile th o se  of su n -d ried  sam p les, the  
h ighest. M axim um  brow ning w ere recorded in  
control sa m p les  an d  m in im u m  in  sa m p les  p re
treated w ith  S 0 2. T h is cou ld  be attr ibuted  to the

fact that pretreated  dried fru its h a d  m ore resid u al 
S 0 2. B row ning w a s  fou n d  to d ecrea se  w ith  su lp h u r  
fum igation . Of varieties, ‘C h u li’ h ad  th e  m ax im u m  
b row n in g  a n d  ‘S u ffa id a ’ th e  le a s t . B ro w n in g  
in creased  in  th e  dried fru its w ith  storage. S a m p les  
w ith  relatively h igh  resid u al S 0 2 w ere fou n d  to  have  
little in crea ses  in  OD u p o n  storage of dried fruits. 
The experim ent su p p o rts  th e  h y p o th es is  th a t th e  
brow ning in d ex  is  in versely  proportional to th e  
resid u al S 0 2 in  th e stored  p rod u ct (Me W eeny et 
al. 1969)
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P h y s ic a l  C h e m i s t r y  o f  F o o d s  : Edited by H en iy  G 
Schw artzberg an d  R ichard W. H artel. P u blish ed  
by Marcel D ekker Inc. N ew  York, pp: 7 4 7 , price  
U S $  6 9 .7 5 , 1992

To m eet th e  d em an d s o f teach in g  an d  reference  
m aterials dealing w ith  p h ysica l ch em istry  o f foods, 
an im portant sy m p o siu m  on  th e different a sp ec ts  
of the su b jects  w a s  organ ised  b y  International 
U nion of Food S c ien ce  an d  T ech n ology (IUFST) in  
1991. Major top ics covered in  th is  sym p o siu m  are 
published  in  th is  book, an d  the area s o f p h ysica l 
chem istry  covered are p h a se  equilibria, reaction  
k in etics, p h ysica l ch em istry  o f g e ls  and d isp erse  
system s and p h ysico -ch em ica l effects occurring  
during con su m p tion  of food and their u se .

In ch ap ters 1 an d  2 , therm od yn am ic b a s is  of 
vapour liquid equilibria, so lid -liq u id  equilibria and  
crystallization  p h en o m en a  h ave b een  d iscu ssed . 
Statistical-m echanical theory b ased  on  lattice m od els  
and UNIQUAC eq u a tio n s for in terpreting e x ce ss  
G ib b s th e r m o d y n a m ic  f u n c t io n s  h a v e  b e e n  
exam ined, w ith  rigour to  treat experim ental data  
on so lu tio n s of different ty p es  of carb oh yd rates  
u sed  in foods. K eeping carbohydrate-w ater m ixture  
in view, p h ase  d iagram s, crysta l form ation, 
so lub ility , su p ersa tu ra tio n , m eta sta b ility  and  
n u cleation  p h en o m en a  for different food sy stem s  
have a lso  b een  critically  exam in ed  on  th e  b a s is  of 
law s o f th erm od yn am ics. In ch ap ter  3 , g la s s  
tran sition s in different food polym er sy s te m s  have  
b een  ex ten sive ly  d isc u sse d  from  th e  p h y s ico 
chem ical treatm ent o f syn th etic  polym er ch em istry , 
earlier developed by Flory and others. The im portance  
of g la ss  tran sition  tem peratu re for storage stab ility  
of foods, k in etics  o f h e a t /m o is tu r e  p ro cesses  for 
foods, "glass dynam ics" an d  "water dynam ics" in  
food sc ien ce  have b een  critica lly  exam in ed  from  th e  
stan dp oin t of p h ysica l ch em istry . In ch ap ters 4 -7 , 
physico-chem ical a sp ec ts  of surface therm odynam ics  
b ased  on  con tact m ea su rem en ts  equilibrium  and  
kinetic a sp ec ts  of protein  adsorption , p rod u ction  of 
gels and th eories of gelation , m ech an ica l properties 
of gels, th eories o n  em u lsio n  sta b ilities, steric  
s ta b iliz a t io n  o f e m u ls io n s ,  c o a le s c e n c e  an d  
flocculation of em u lsio n s, solid  and protein stabilized  
em u lsio n s h ave b een  w ell p resen ted  and their  
applications to th e  d evelop m en t o f food p rod u cts  
have b een  exten sive ly  referred. In ch ap ters 7 -9 , 
engineered stru ctu res  o f g e ls , p h ysico -ch em ica l 
behaviour of m u sc le  t is su e  an d  bread  d ough  have  
b een  described  in  detail u n d er  variety o f con d ition s, 
w h ich  m ay  b e  o f  c o n s id e r a b le  te c h n o lo g ic a l  
im portance. P h ysico -ch em ica l b eh av iou r o f variety

o f food n u tr ien ts, ro les o f o lfaction  an d  ta ste  in  
flavour d etection  an d  d isin tegra tion  an d  segregation  
k in etics of d iy  food p articu la tes h ave b een  elaborated  
in  ch ap ters 8 to 12. B a sed  on  ou r k n ow led ge on  
p h y s ic a l  c h e m is t r y  o f  p o ly m e r ic  m a te r ia ls ,  
m ech a n istic  b a s is  o f rheolog ica l b eh av iou r o f foods  
h a s  b een  critica lly  exam in ed  in  ch ap ter  13. Two 
ch ap ters (chap ters 14 and 15), on  th e  k in e tic s  of 
n o n -en zy m atic  b row n in g  an d  k in e tic s  o f lipid  
ox id ation s, are o f in terest to th e  R&D sc ie n t is ts  in  
food sc ien ce  an d  food en gineerin g . C hapter 16 
d ealin g b a sica lly  w ith  th erm al d én atu ra tion  of 
p rotein s, is  qu ite in terestin g  to  b io log ica l ch e m ists  
in  particu lar an d  food sc ie n t is ts , in  gen era l. The  
role o f protein  d én atu ra tion  b y  h ea t is  a very  
im portant factor in  th e  form u lation  an d  p rod u ction  
of m an y  protein -rich  foods.

There is  no b oo k  availab le so  far, w h ich  d ea ls  
in  detail and rigour the ap p lication  of p rin cip les  
of p h ysica l ch em istry  to d ifferent typ es of m odel 
or actu a l food sy stem s. T he p u b lica tio n  o f the  
p resen t b ook  in  th e  light o f th is  ob servation  is  m ost  
w elcom e. D ifferent au th o rs  in  th is  b ook  have  
w ritten  different a sp e c ts  o f p h ysica l ch em istry , 
related to food w ith  en o rm o u s n u m b er  o f current 
and relevant referen ces so  th a t th e  book  w ill be  
u sefu l to sc ie n t is ts  carrying ou t research  in  a 
p articu lar b ran ch  o f Food S c ien ce . T he food  
tech n o lo g ists  m ay  a lso  find g u id a n ce  from  th is  book  
for m od el or a ctu a l d esig n in g  o f food p rod u cts. 
E legan ce of p h ysica l ch em istry  lie s  in  clarity of 
fu n d am en ta l c o n cep ts  o f  d ifferent s im p le  and  
com p lex  sy s te m s  u n d er  con sid era tion  an d  a lso  in  
rigorous m ath em atica l approach  o f th e  derivation  
of eq u a tio n s u sed  for exp la in in g  p h y sico -ch em ica l 
p h en om en a. The b a lan ce  b etw een  th e se  tw o a sp ec ts  
in  d ealin g w ith  16 different ch a p ters  is , how ever, 
not w ell-m ain ta in ed , b u t every ch ap ter  is  self- 
com p lete  w ith  relevant and co n c ise  d is c u s s io n s  and  
critica l co m m en ts  at th e  en d . In ou r op in ion , 
a d d it io n a l c h a p te r s  on  e le c tr o c h e m is tr y  an d  
sp ectro scop y  in  rela tion  to F ood S c ien ce  cou ld  have  
b e e n  in tr o d u c e d  in  t h i s  b o o k  fo r  fu r th e r  
u n d erstan d in g . The book, in  its  p resen t form , m ay  
be recom m en d ed  a s  a n  ad v an ced  text for a n ew  
co u rse  o n  "Food P hysics"  or "Food P h y sica l 
Chemistry" in  M. T ech  or M .Sc. lev e ls  in  Food  
T ech n ology or Food S c ien ce  in  In d ian  U n iversities  
w ith  a p erq u isite  o f on e sem ester  c o u rse  on  gen era l 
p h ysica l ch em istry  in  u n d ergrad u ate  level.

D .K . CH ATTO RAJ &
SU N IT  M UK H ERJEE  

JA DAV PU R UNIV ER SITY , CALCUTTA
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Food poisoning handbook o f natural toxins (Vol 7): 
Edited b y  A nthony, T.Tu. M arcel D ek k er Inc, 
New York, 19 92 , pp. 6 5 6 . Price : U S $ 1 8 5

T h is b ook  is  th e 7th  vo lu m e o f a com p reh en sive  
H andbook o n  N atural T oxins. T he p reviou s vo lu m es  
had covered severa l n atu ral tox in s from fungal, 
bacterial, an im al and m arine so u rces . The p resen t  
volum e d ea ls  m ain ly  w ith  to x in s  p resen t in  h u m a n  
food, w h ich  are principally  derived from  p lant 
sou rces. S om e o f th e  p lant an d  fu n gal to x in s  have  
also  b een  describ ed  in  vo lu m e 1 o f the series.

The p resen t vo lu m e d ea ls  m o stly  w ith tox in s  
presen t n atu rally  in  food s a s  w ell a s  th o se  arising  
from con tam in ation  b y  b acteria  and fu n g u s, and  
from the environm ental sou rces. The foods d iscu ssed  
cover not on ly p lant foods, b u t a lso  food s of an im al 
origin like fish , m eat, m ilk  and eggs, w h ich  carry  
toxins derived from  feeds. The food to x in s  d iscu ssed  
in the p resen t vo lu m e are covered  in  10 p arts and  
2 0  ch ap ters w ritten  by 3 4  exp erts in  th e field. E ach  
part d ea ls  w ith  tox in s w ith  com m o n  ch ara cter istics , 
w hile ch ap ters d is c u s s  ind iv idual food or toxin .

Food poisoning due to tox in s h a s  b een  d iscu ssed  
a s  arising from three m ain  sou rces. P ertain ing to  
the first category are the to x in s  elaborated  by  
bacteria or fungi con tam in atin g  th e food s, due to  
unhygien ic and im proper h an d lin g  o f th e  foods. 
T hese tox in s from  th e  m icrobial so u rces  are m ore  
of a public h ea lth  or p ost-h arv est food storage  
problem . T hese problem s are d isc u sse d  in  p arts II 
and III and th e p ublic  h ea lth  a sp e c ts  are d iscu ssed  
in part I. The secon d  ca teg o iy  of tox in s is  the w ide  
range of ch em ica l com p o u n d s n atu rally  p resen t in  
foods, like alkaloids, lectin s, cyan ogen ic  com p oun d s, 
phenolic com p o u n d s and other ch em ica lly  identified  
toxins. Som e o f th e ch em ica ls  w ith  b en eficia l 
function , like n u tr ien ts, w hich  ca n  b ecom e toxic, 
w h en  in gested  in  e x c e ss  are a lso  d iscu ssed . The  
third category covers con tam in a tion  o f foods from  
the external so u rces , accid en ta lly  en terin g the food  
chain  or wilfully added, viz., foreign seed s, p esticid es, 
antib iotics, n itrates, h eavy  m eta ls  etc. S om e of 
th ese  toxic com p o u n d s are p resen t in  th e food in  
the form of p recu rsors or g lyco sid es, w h ich  are 
converted into their active form  in  th e  body.

E ach c la s s  of to x in s  h a s  b een  d escrib ed  in  
great detail w ith  regard to their ch em istry , m ode  
of action  an d  m a n ifesta tio n s of their tox icity  like  
enterotoxicity , teratogen icity , allergy, n eurotoxicity , 
goitrogenicity an d  h ep atic , p u lm o n a iy  and renal

toxicity. T he m etab olism , to lera n ce , m eth o d  o f their  
d etection  an d  estim a tio n  an d  m eth o d s  o f p reven tion  
of their  tox icity  are d isc u sse d  in  d eta il. T he effects  
of h eat, cook in g  and p ro cess in g  on  in a ctiv a tio n  of  
th e  to x in s  or in  red u cin g  th e ir  lev e ls  are a lso  
described . E m p h a sis  o n  th e se  a sp e c ts  in  th e  
d isc u ss io n  of a tox in  va r ies from  on e to x in  to th e  
other, p erh ap s d ep en d in g  u p o n  th e  in terest  o f th e  
author. The food s w h ich  are d is c u s se d  in  th e  
p resen t vo lu m e are th e  h a b itu a lly  co n su m e d  o n es  
b y m an , an d  th e tox ic m a n ife sta tio n s  are not 
rou tin ely  seen . T h is is  b e c a u se  tox ic ity  of an y  
com p ou n d  d ep en d s u p o n  its  level in  th e  food, its  
to x ic ity  p o te n t ia l  a n d  i t s  m e t a b o l i s m  a n d  
detoxification  in  th e  body. At low  lev e ls  norm ally  
p resen t in  m an y  food s, th ey  m ay  n ot exh ib it toxicity  
in  norm al in d iv id u als, b u t th ey  m ay  do so  in  
su scep tib le  in d iv id u als. S u ch  su scep tib ility  is  often  
of gen etic  origin, w h ich  is  particu larly  se e n  in  th e  
ca se  o f allergic m a n ifesta tio n s.

The problem s of food toxicity an d  food p oison in g  
described in  th is  book  relate m ostly  to th e  con d itio n s  
prevailing in  the d evelop ed  co u n tr ies  o f  th e  world. 
S in ce p u blic  a w a ren ess  an d  p u b lic  h ea lth  and  
en vironm ental h ea lth  s ta n d a rd s h ave a tta in ed  h igh  
levels in  th ese  cou n tr ies , in c id en ce  o f food p o ison in g  
m ay n ot be really very h igh , an d  m ay  n ot p o se  
m u ch  o f risk  to th e  p op u la tion . The p resen t b ook  
hardly covers the s itu a tio n  w ith  regard to food  
tox ic ity  an d  food p o iso n in g  p reva ilin g in  th e  
developed  cou n tr ies . D u e to w id esp rea d  poverty and  
low  ed u ca tio n  levels, poor en v iron m en ta l an d  
person al h yg ien e, d ise a se s , particu larly  th e  enteric  
o n es  d u e to food and w ater c o n ta m in a n ts , are 
m u ch  m ore w id esp read  in  th e se  co u n tr ies , and  
contribute significantly to the m orbidity an d  m ortality  
am ong their population . W idespread  u n d er-n u trition  
m ay further aggravate th e  m a n ifesta tio n  o f toxicity. 
C onsiderab le in form ation  on  th e se  a sp e c ts  b a sed  
on research es carried ou t in  th e se  co u n tr ie s  do  
ex ist b oth  on  food - borne d is e a se s  an d  th e  en d em ic  
d ise a se s  due to to x in s  p resen t in  sta p le  food s. S om e  
a sp ec ts  o f th ese  food tox ic ity  p rob lem s prevailing in  
the developing co u n tr ies  sh o u ld  h ave b e e n  covered. 
S u ch  inform ation  m ay  provide m ore in sig h t in to  th e  
h u m a n  a sp ect o f th e  food p o iso n in g  problem .

N otw ithstan d in g  th is  lim ita tion , th e  present 
book  provides a lot o f u se fu l in form ation  on  various  
typ es o f food to x in s  an d  p o iso n s , th e ir  ch em istry  
m etab olism  and toxic m a n ifesta tio n s. T he b ook  w il 
b e m ost u sefu l to a w ide range o f read ers, esp ec ia l!’
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food toxicologists, n u trition ists, d ieticians, and  public  
h ealth  workers. T h is is  a m o st w elcom e addition  
to the currently availab le b ook  on  food toxicity  and  
food poisoning.

B .S . NARASXNGA RAO  
1 1 / 4 ,  M BLOCK, 

KAKATEEYA NAGAR, HABSIGUDA, 
HYDERABAD - 5 0 0  0 0 7

F e n i t r o t h i o n : E n v i r o n m e n t a l  H e a l t h  C r i t e r ia - 1 3 3 .  
P ublished  u n d er the jo in t sp o n so rsh ip  o f the  
UNEP, ILO and WHO. D rafted by D r J . Sekizaw a  
(Japan), Dr M. Eto (Japan), Dr. J . M iyam oto and  
Dr. M. M atsuo (Japan) u n d er  th e International 
Program m e on  C hem ical S afety  (1PCS) 1992 , pp 
184; Price SW Fr. 22  (1 5 .4  for developing  
countries).

T his report is  an  ou tcom e o f th e  m eetin g  of 
the WHO ta sk  group on  E n vironm ental H ealth  
Criteria for fenitroth ion , h eld  in  G eneva, from  10 
to 14 D ecem ber, 1990 . It co m p rise s  of follow ing  
10 sections; 1 Sum m ary and evaluation; conclusions;  
recom m endations; 2  Identity; P h ysica l an d  ch em ica l 
properties; A nalytical m eth od s; 3  S ou rces o f h u m an  
and en viron m en tal exposure; 4  E n viron m en ta l 
tr a n sp o r t , d is t r ib u t io n  a n d  tr a n s fo r m a t io n ;
5 E nvironm ental lev e ls  an d  h u m a n  exposure;
6  K inetics and m etabolism ; 7 Effects on experim ental 
an im als and in  v i t r o  sy stem s; 8  E ffects on  m an; 
9 E ffects on org an ism s in  th e  environm ent; 10 
Previous eva lu ation  b y  in tern ation al b o d ies  followed  
by 4 4 6  references; A n n ex u re  I trea tm en t of 
organophosphate p o iso n in g  in  m an; A n n exure II 
No-observed effect levels in  p lasm a , red blood ce lls  
and brain ChE, in  an im als treated  w ith  fenitroth ion , 
resu m e given in  two E u ropean  la n gu ages.

The m eth o d s recom m en d ed  b y  FAO/W HO  
Codex A lim en tariu s C om m ission  1989  are given  in  
section  2. S ection  3  g iv es d ata  on  p rod u ction  of 
fenitrothion an d  in  th is , India figu res a s  on e o f th e  
few fenitrothion m an u factu rin g  cou n tr ies . In sectio n  
4, data on  transport, d istribution  and transform ation  
have b een  review ed. F en itroth ion  d oes n ot appear  
to be transported  in  s ign ifican t a m o u n ts  in  so il or 
water. Its tran sform ation  is  sim ilar to that of 
parathion. B reakage of ester  bond  is  th e  m ain  
d e g r a d a t io n  p a th w a y . N o n -e n z y m a t ic  
tr a n s fo r m a tio n s  lik e  th e r m a l d e c o m p o s it io n ,  
p h otolysis in  air and w ater, h yd ro lysis in  w ater are 
described. B io-transform ation  in  m icroorgan ism s is

m ain ly  through  red u ction  o f n itro group to  am ino  
group. In aq u atic o rg an ism s like algae, cru sta cea n s, 
fish  and m ollu scs, it m ain ly  u n d ergoes dém éthylation  
an d  h yd ro lysis. T he p rod u ct 3 -m eth y l-4  n itrop h en ol 
g e ts  c o n ju g a te d . T h ere  is  n o  rep ort o f  it s  
accu m u la tio n  in  an y  organ ism . C ontrary to  it, in  
terrestria l org an ism s, d ém éth y la tio n  is  n ot an  
im portant p ath w ay o f its  m etab o lism , in stea d , it 
u n d ergoes ox id ation  to  form  oxon  an a log u e, th e  
ester  b on d  o f w h ich  g e ts  h yd ro lysed . In p la n ts, 
fen itro th io n  b rea k s  u p  in to  sev era l p ro d u c ts  
in clu d in g  S -m eth y l fen itroth ion  an d  oxon , th e  two 
h ave h igher m am m a lia n  tox ic ity  th a n  th e  parent 
com pound; d ém éth y la tio n  is  th e  m a in  d etox ication  
m ech a n ism  in  p la n ts.

The sy stem ic  actio n  of fen itro th ion  an d  high-  
p ersisten ce  in  b a lsa m  fir, w h ite  sp ru ce  an d  ja ck  
p in e  are  s ig n i f i c a n t .  A t h ig h  f e n i t r o th io n  
con cen tration , th e  d im ethy l fen itro th ion  u n d ergoes  
n on -en zym atic  a lk ylation  in  con ifer  s e e d s , giving  
rise to S -m eth yl fen itroth ion . S im ilar  r e su lts  have  
not b een  reported for food p la n ts , o th erw ise, 
resid u es  o f S -m eth y l fen itroth ion  re s id u e s  in  food  
will have to b e regulated.

F en itroth ion  d o es  n ot ap p ear to  p ersist in  
en viron m en t or in  sign ifican t q u a n tities  in  food. It 
is  excreted  rapidly from  th e  body, an d  d o es  not 
appear to h ave a n y  ad verse effect o n  exp erim enta l 
org an ism s on  long ex p o su res . It is  n on -m u tag en ic . 
Its low er toxicity  to m am m a ls in  co m p a riso n  to  
m eth y l p arath ion  ap p ears to  b e  d u e  to  its  faster  
m etab olism . In terestingly , it p o ten tia te s  th e  toxicity  
of p h osp h am id o n  and m a la th io n  to  m am m a ls. It 
d o es not ap p ear to h ave a n y  sig n ifican t adverse  
effect on  m an  or o rg an ism s in  th e  en viron m en t, 
provided it is  u se d  ju d ic io u s ly , tak in g  all th e  
norm al p recau tion s.

The la st  sec tio n  d ea ls  w ith  its  A ccep tab le  D aily  
Intake (ADI); No Effect Levels on  rat, dog an d  m an; 
FAO/W HO C odex C om m ittee ad v ised  m ax im u m  
resid u e lim its (MRLs) in  sp ecific  food com m od ities.

T h is report on  fen itroth ion  w o u ld  b e  very  
u sefu l for all th e  research  w ork ers, w h o  are 
engaged  in  research  on  p estic id es , e sp ec ia lly  to  
in s e c t ic id e  t o x ic o lo g i s t s ,  p e s t i c id e  r e s id u e /  
form u latio n  a n a ly s ts , sy n th e tic  c h e m is ts , and  
grad u ate  stu d en ts . It w ill b e  u se fu l for b u rea u cra ts  
an d  policy m ak ers in  sta te  p lant p rotection  a g en cies  
an d  in  M in istries of A gricu lture an d  Food, H ealth  
an d  S ocia l W elfare. It w a s  m y  p rou d  privilege to
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be able to go through th is  in valu ab le  inform ation  
on fenitrothion.

A . NATH
UNIVERSITY COLLEGE OF  

HORTICULTURE AND FO R E ST R Y  
SOLAN (H .P.)

S p i c e s  a n d  c o n d i m e n t s  - F o u r t h  E d i t i o n  : b y  J .S . 
Pruthi, N ational B ook  T rust, India, A. 5, G reen  
Park Road. New D e lh i-1 1 0  0 1 6 ,1 9 9 2 ;  pp 288;  
Price : Rs. 46 .

T his is the fourth ed ition  o f th e  book  "Spices 
and Condim ents" first p u b lish ed  in 1976 . The very  
fact that the fourth ed ition  h a s  b een  b rou ght out 
sp eak s vo lu m es of th e  p opularity  o f th is  book. The  
author h a s  b een  a lead ing research er on  variou s  
technological a sp e c ts  o f sp ice s , and  h is  in tim ate  
know ledge o f sp ic e s  h a s  h elp ed  in  bringing out th is  
com m endable p u blication . H owever, the list of 
p u blication s (bibliography) is  very in ad eq u ate  and  
incom plete. A lthough th e au th or h a s  referred in  the  
text to CFTRI w ork in  certain  p la ces , h e  h a s  left 
out the b u lk  of u sefu l p u b lica tio n s from  CFTRI, 
w hile preparing the bibliography. The au th or c la im s

that h e  h a s  revised  an d  u p d a ted  th e  inform ation  
p resen ted . H owever, on  p eru sa l o f  th e  b ook , one  
is  tem pted  to th in k  th a t n o  se r io u s  effort h a s  b een  
m ad e in  th is  d irection. T he au th o r  a d m its  (in th e  
preface to th e  first edition) th a t th e  p u b lica tio n  is  
a n on -tech n ica l or sem i-tech n ica l on e , th o u gh  h e  
h a s  m ad e in -depth  coverage o f tech n o log ica l a sp e c ts  
in  certain  c a s e s  (e.g. garlic, g inger, pepper). T he  
b ook  is  v e iy  u se fu l to th e  ed u ca ted  laym an , a s  it 
provides gen era l in form ation  o n  a lm o st all sp ic e s  
viz., d escrip tion  and d istr ib u tio n , b o ta n ica l n a m e s  
and varieties, vernacu lar n am es, quality, com p osition  
an d  u se s . The p resen t ed ition  c o n ta in s  co lou r  
p h otograp h s o f m ajor sp ic e s  grow n  in  India. The 
PFA quality  sta n d a rd s for sp ic e s  form  a u se fu l 
an n exu re to th e  book. T he g lo ssa ry  o f te ch n ica l and  
b otan ica l term s sh o u ld  b e  v e iy  u se fu l to  th e  
reader. The b ook  is  w ell w ritten  a n d  h ighly  readable. 
It sh o u ld  serve a s  a u se fu l h an d b oo k  on  sp ice s , 
an d  is  a w elcom e ad d ition  to th e  literature o n  
sp ic e s  and herbs.

J .  F o o d  S c i .  T e c h n o L ,  1 9 9 3 ,  V o l  3 0 ,  N o . 4

K .O . ABRAHAM  
C .F .T .R .I ., 
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T h e  G e n e s i s  F r e e z e  D r y e r
Genesis offers you more options than any other freeze dryer on the market today. Plus enormously powerful features to help you get your job done more easily, more efficiently, more reliably than ever before.

S u p r a  C h a m b e r  Z 4
Offering dramatically increased shelf area and shelf clearance, the Supra Chamber 24 incorporates a space-saving rectangular vacuum chamber design. This versatile bulk/stoppering unit combines a wide variety of shelf area and shelf clearance options.

S R C  S u b l i m a t o r s
±1° performance matched from shelf and chamber to chamber -  from pilot plant to foil production upto 144 Sq.ft, of stoppering shelf space and 500 lb condenser ice capacities.

F C P  I I I  F r e e z e  D r y e r  C o n t r o l  S y s t e m
If you don't know about the FCP III yet -  you should. Because it is the most advanced computerised control system ever to be unleashed. The most powerful. Most flexible. Most reliable.

Exclusive Agents in India:

S P I N C O l
S P I N G O  B I O T E C H  P V T  L T D

35, VAIDYARAM STREET, T. NAGAR MADRAS-600 017 
PHONE: 440174 □ GRAMS: BIOSPINCO □ FAX: 044-442731 

BANGALORE-BOMBAY-CALCUTTA-HYDERABAD-LUCKNOW-NEW DELHI
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