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THE THIRD INTERNATIONAL FOOD CONVENTION AND FOOD EXPO
IF C O N  - 9 3

T h e  B a c k g r o u n d
The Third International Food Convention - 

IFCON-93 and Food Expo, organised by the Associa­
tion of Food Scientists & Technologists (India) [AFST(I)] 
and Central Food Technological Research Institute 
(CFTRI), Mysore, India, will be held in Mysore from 
7th to 12th S ep tem ber 1993. The theme of the 
convention is Food Technology fo r H ealth  and  
P rosperity .

The convention and Exposition will be held 
in the CFTRI Campus in Mysore, where adequate 
facilities are available for holding such international 
events. Mysore is a city of historical importance, being 
the erstwhile ruling centre of royal dynasty of Wodeyars, 
and has a population of about one million. It is the 
gateway to many interesting places of tourist attrac­
tions, like world famous Brindavan Garden; Bandipur 
and Mudumalai Wildlife Sanctuaries; renowned archi­
tectural monuments of Somanathpur, Belur, Halebid 
and gigantic statue of Gomateswara; Ranganathittu 
Bird Sanctuary; Coffee Plantations of Coorg and Tea 
Plantations of Nilgiris. Mysore is accessible from 
Bombay, New Delhi, Calcutta, Trivandrum and Ma­
dras by air, road and rail, via Bangalore. The weather 
will be pleasant, a t the most, requiring some light and 
warm clothing. Arrangements will be made for accom­
modation of about 1500 participants in Mysore city 
and around, suiting their requirements. With a com­
bination of serious technical programme and leisure 
as well as culture-oriented environment, IFCON-93 
will be an event worth cherishing for those opting for 
participation.
T e c h n i c a l  P r o g r a m m e

A total of 35 separate symposia are being 
planned. There will be lead papers and keynote 
presentations by eminent persons with rich experience 
in respective areas, followed by discussions. Interna­
tional Union of Food Science and Technology (IUFoST) 
is likely to sponsor an exclusive workshop on post­
harvest technology during IFCON-93. Based on these 
presentations and ensuing interactions, AFST(I) will 
strive to bring out the proceedings as a standard 
reference publication. The programme structure will 
have the following framework :

I. In a u g u r a l S e s s io n
H . G en era l

S e s s io n s . B r o a d  T o p ic s  B e in g  C o v e r e d  U n d e r  
E a c h  S e s s io n  a r e  a s  fo llo w s  :
A. P o licy
I . F o r  Agro-Food In d u s try  D evelopm ent
2. F o r  R esearch  and  D evelopm ent
3. F o r  In stitu tio n a l M an ag em en t
4. F o r  Regional Co-operation
B. R esearch  a n d  T ech n o log ica l D eve lo p m en t
1. T ra d it io n a l Technologies
2. Em e rg in g  Technologies
3. In tegratio n  of T ra d it io n a l and E m e rg in g  

Technologies
4. Biotechnology, D evelopm ent and A pp lication s  

in  Food Pro cessin g
5. W aste  U tilisa tio n , B y-product D evelopm ent and  

E n v iro n m e n t Protection.
6. E n e rg y  in p u t in  P o st-h arvest system
C. M ach in ery  a n d  E q u ip m en t fo r  P ro cessin g
1. Eq u ip m e n t ava ilab le
2. Eq u ip m e n t A daptation
3. N ew  D evelopm ents and D esig n s
4. P ackag in g  E q u ip m e n t an d  M a te r ia ls
D. B u ild in g  H u m an  R esou rce  C a p a b ilitie s
1. B a s ic  T ra in in g
2. A dvanced  T ra in in g
3. R e fre sh e r T ra in in g
4. R e tra in in g
E. M an agem en t
1. R esearch  and In stitu tio n s
2. Technology T ra n s fe r
3. In d u str ia l D evelopm ent
4. R esources
5. A g ro -In d u stries for Em p lo ym en t G en eratio n  and  

R u ra l D evelopm ent
F. F u tu re In s titu tio n a l a n d  C on su m er N eeds
1. Food for In stitu tio n a l N eeds
2. Conven ience  Foods
3. S p ec ia lity  Foods
4. Food Safety  and C o n su m e r Protection

i n .  T e c h n ic a l S e s s io n s  :
R e c e n t  D e v e lo p m e n ts  a n d  F u tu r e  N e e d s  
o f  P r o c e s s e d  F o o d s

1. P ro cessin g  of Foodgrains
2. P ro cessin g  of O ilseed s
3. A n im a l P ro ducts, in c lu d in g  P o u ltry
4. D a iry  Products
5. M arin e  Products
6. F r u it  and  Vegetab le  Pro ducts
7. P lan tatio n  Products
8. F la v o u r  and C h e m ica l A d d itiv es
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IV. P o s te r  S e s s io n s  in  R e la t io n  to  th e  A b o v e  
S u b je c ts

V. P le n a r y  S e s s io n
T h e re  w ill be four Conference H a lls , w ith  

seating  capacity  v a ry in g  from 200 to 2000 and a ll 
modern facilities of public address system  and recording. 
T h e  venue and v ario u s res id e n tia l locations w ill be 
connected by coach service  ava ilab le  for every 60 m in. 
alm ost round the clock. V isu a l p resen tatio n s can be 
done through 35 m m  projectors, over-head projection  
system  and  epidiascope. 16 m m  m ovie-projections and  
closed c ircu it te levision  arran g em en t are also possible, 
if  p rior requ isition  is  m ade.
L a n g u a g e

T h e  c o m m u n ic a t io n  m e d iu m  fo r  th e  
Convention w ill be E n g lish . H ow ever, i f  tran sla tio n  
fac ilit ie s  are  re q u ire d  by a n y  p a rtic ip a n t, p rio r  
intim ation at le a st 60 days in  advance, should be m ade  
to the S ecre ta ria t.
P o s te r  P r o g r a m m e

Presen tatio n  of o rig inal w ork in  an y  a rea  of 
Food Science and Technology w ill be arranged  d u rin g  
the Convention, (m axim um  2 presen tatio n s by any  
registered partic ip an t).

A b stracts of pap ers to be presented  w ill be 
grouped into topics or subject a reas covered in  the  
Convention . T h e  ab stracts  w ill be listed  in  the  
Convention program m e and consolidated for publication. 
D eta ils  about P o ster presentation  w ill be included in  
the program m e, in d icatin g  tim e, poster-board num ber  
and location.

Poster should rem ain  m ounted for a  m in im u m  
of 60 m in. on the assign ed  board. A re a  ava ilab le  for 
poster pin-up is  one sq. m etre.

A ffix  on the top of the poster space a label 
showing the listed  num ber of the ab stract, its  title  and  
author(s). M in im u m  size of the le tterin g  should be 2.5 
cm. A  typed copy of the ab stract should be pasted at 
the left hand  top corner of the board. C h a rts , d raw ings  
and illu stra tio n s should be readab le  from a distance  
of over 1 m etre. Do not m ount illu stra tio n s  on a heavy  
board. H an d  le tterin g  should be bold and a t le ast 1 
cm. in  size. M ake  functional use of colour. P lease  do 
not w rite  on the poster boards. Po ster a ss is ta n ts  w ill 
help in  the arrang em en t of the poster.

A b s t r a c t  S u b m i s s i o n  F o r m a t
Prep are  the ab stract in  a w ay  su itab le  for 

direct reproduction in  the A b stra cts  V o lu m e, by  
following these in stru ctio n s :

U se  E n g lish  only; type w ith in  a  box m easuring
13.5 x 12.0 cm ; do not leave an y  m arg in  in sid e  the 
box; type out a short title  in  cap ita l le tters, nam es  
of autho rs w ith the p resenter's nam e un d erlin ed ; begin

the ab stract w ith  a one-sentence re se a rch  objective, 
m ake a b r ie f statem en t of the actu a l re su lts  obtained  
and end w ith  an  inference.

W rite  out the n am es of chem ica l com pounds 
in  fu ll, i f  they are  m entioned for the f irs t  tim e  followed  
by the abb reviation  in  p aren th eses. Do not use  
abb reviations as fa r  as possib le. T h e  f irs t  le tte rs  of 
trade n am es should be in  cap ita ls . Do not e rase  or 
sm udge the copy. I f  you retype the ab stract, do so on 
a separate  piece of w hite  p ap er w h ich  sh o u ld  be in  
the precise  size. Specia l sym bols such a s  G re e k  le tte rs , 
m ay be draw n by h an d  in  b lack  in k .

F o r  m ailin g , use a  la rge  envelope and  in se rt  
a s im ila r  sized  loose cardboard  b ack in g  to m in im ise  
sh ip p in g  d am ag e. U s e  th e  f i r s t  c la s s  p o stag e  
(In tern atio n a l a ir  m a il, if  sen t from  outside In d ia ). 
A b stracts , in  duplicate , m ay  be m ailed  before 30th  
Ju n e  1993 to IF C O N -9 3  S ecre ta ria t.

F o o d  E x p o  :
8 th  to  12 th  S e p te m b e r  1993

P la n s  for the Ex h ib itio n  to coincide w ith  the  
Convention have  been fin a lised . T h e re  w ill be about 
20G covered sta lls , each w ith  a p lin th  a re a  of 9 .24 m 2, 
located at a strateg ic site  in C F T R I  grounds, w ith  a ll 
requ ired  fac ilitie s. It  w ill be a tru e  exposition of the  
cap ab ilities and reach of food pro cessing  sector w orld  
over.

T h e  w orld-w ide d isp lays a t  the F O O D  E X P O  
w ill cover :
* Processed Foods
* In g red ien ts and A d d itives
* Food Pro cessin g  M ach in ery  and  Eq u ip m e n t
* P ackag in g  M ach in ery  and M a te r ia ls
* A dvances in  S cien tific  R esearch  and  D evelopm ent
* T ech n ica l Books and P erio d ica ls.

S ev e ra l lead ing  research  and developm ent 
in stitu tio n s in  In d ia  w ill also be p a rtic ip a t in g  in  the  
exhibition. T h e  v isito rs to the FO O D  E X PO  w ill include  
over 1500 delegates to IF C O N -93, who rep re se n t a  
prim e audience for trade com m unication , besides u se rs  
and consum ers. A  num ber of professional o rganizations, 
in  related  areas, w ill be ho ld ing  m eetin g  in  M ysore  
at the sam e tim e as the C onvention . T h is  w ill fac ilita te  
the partic ipatio n  and  attendance of a la rg e  n um ber  
of professionals from  food in d u stry , in  the FO O D  
EX PO , thereby m axim isin g  its  effectiveness and  im pact. 

B u ild  up period : 1st to 7th Sept. 1993 
D u ratio n  of Food Expo  : 8th to 12th Sept. 1993 
D ism a n tlin g  period : 13th to 15th Sept. 1993

Ex h ib itio n  space is  offered a s sing le/m ultip le  
u n its  of size 3 .3x2 .8m . T h e  ta r iff  is  R s . 9,750/- p e u u n it  
(U S  $500/-). P aym en ts by O rg an iza tio n s outside In d ia  
are  to be m ade in  U S  do llars only. O n-the-spot se rv ices  
for In te r io r  D e co ratio n ; A u d io -v isu a l E q u ip m e n t ;



Conference Rooms; Kitchen; Personnel for assistance 
in sales; Reception and Messenger Service; Security 
etc. will be available to FO O D  EX PO  participants on 
charge basis. Last date for receipt of application for 
space is 31st July 1993.
P u b lic a tio n

On the occasion of the Convention, a highly 
articulate publication is being brought out containing 
comprehensive information highlighting the latest 
developments in the area of Food Science and 
Technology. This will be in Demy-quarto size and the 
tariff for advertisement would be as under :

Outer Cover (Back : Rs. 15,000/- Inside Cover 
(each) : Rs. 10,000/-; Full page : Rs. 5,000/-; Half 
page: Rs. 3,000; Insertion: Rs. 7,000/-; Art paper : Rs. 
7,500/-

Firm orders may be sent to the Secretariat 
along with the matter and payment in the form of 
Demand Draft on IF C O N -93, AFST(I), Mysore, so as 
to reach by 30th June 1993.
R eg is tra tio n

For reg is tra tio n , sep ara te  com posite 
registration form is available on request . The details 
of registration formalities are as under :

Normally, no registration fee will be accepted 
after 31st August 1993. Registration fee for spouses 
will be 50% of the prescribed rate. It is important that 
the Convention Secretariat receives the registration- 
cum-facilitation forms at the earliest in order to 
receive further information circulars. Cancellation is 
possible till 31st August 1993 and refund to the extent 
of 50% shall be considered. Registration fee is payable 
through Money Order, Demand Draft or Cheque. 
Payments may be sent in favour of "IFCON-93, AFST 
(INDIA)". Registration kits will be available to the 
registered participants between 8.00 a.m. and 6.00 
p.m. every day during 6-12 September 1993 from the 
registration desk, located in Cheluvamba Mansion/ 
IFCON-93 Secretariat.

Ç  R e g i s t r a t i o n ) ]
V

C lass o f  
R e g is tr a tio n
AFST(I) Members 
Non-Members 
International Participants 
AFST(I) Student Members 
Non-Member Students

R e g is tr a t io n  F ee  
u p to  1 5 th  M ay 93

Rs. 300 
Rs. 600 

US $250 
Rs. 150 
Rs. 200

G e n e r a l  A r r a n g e m e n t s
A c c o m m o d a tio n  a n d  F o o d

There are a number of hotels offering transit 
accommodation facilities to visitors to Mysore. The 
tariff varies from Rs. 50/- to Rs. 2000/- per day 
depending on the standard of accommodation. Requests 
for accommodation may please be addressed to IFCO N- 
93 Secretariat at Mysore for prompt attention. Catering 
facilities will be available almost round the clock near 
the Conference Halls.
R e a c h in g  th e  v e n u e

CFTRI campus is less than 1 km. from the 
Railway Station and 3.0 km. from the main Bus Stand. 
Regular buses and trains ply between Mysore and 
Bangalore. Prior intimation about arrival will help in 
providing local reception and transportation facilities 
to the participants, if possible. Three-wheeler scooters 
ply from railway terminal and bus station to any 
desired location in the city.
T ra v e l A r r a n g e m e n ts

The official Travel Agents to IF C O N -93 is 
M/s Triway Travels (Pvt.) Ltd., Parvathi Plaza, 1st 
Floor, 105, Richmond Road, Bangalore-560 025, India, 
who will be able to arrange for bookings and 
confirmation by rail as well as air within and outside 
India on full payment.

Bangalore Tel. : (080) 217587; (080) 217588 
Mysore Tel. : (0821) 26321; (0821) 27548 

B a n k in g  S e r v ic e
A branch of State Bank of Mysore is located 

in the CFTRI campus within walking distance of all 
Conference Halls and a branch of Indian Overseas 
Bank at Yadavagiri, Mysore, about a kilometre away. 
The Banks offer foreign exchange service also including 
handling of Travellers Cheques and Cash.
P o s t  O ffice

A separate Post Office with all facilities is 
already working within the campus and will be easily 
accessible to all the participants.
V isa  fo r  In d ia

International participants may approach the
..... respective Indian Embassies, High

Commissions or Consulates located in 
their country/area for grant of Visa at 
least six weeks in advance of their 
travel.
S ig h t -S e e in g

Elaborate arrangem ents are 
being made to organize sight-seeing 
tours on 3 days viz., 8th to 10th 
September 1993 to cover all places of 
tourist attraction in and around Mysore. 
Further details will be provided from 
time to time.

N
R e g is tr a t io n  F ee  

w ith  la te  fe e
Rs. 500 
Rs. 800 

US $350 
Rs. 250 
Rs. 300



ASSO CIATIO N  OF FOOD SC IE N T IST S 
AND TECH N O LO GISTS (INDIA) 

M YSO RE-570  013

A f f i l i a t e d  t o  t h e  I n s t i t u t e  o f  F o o d  T e c h n o l o g i s t s ,  U S A

The Association is a professional and educational organization  
of Food Scientists and Technologists

Objectives :
1. To stim u la te  research  on  variou s a sp ec ts  o f Food S cien ce , T ech n ology  an d  E n gin eerin g .
2. To provide a forum  for th e  exch an ge, d isc u ss io n  and d issem in a tio n  o f cu rren t d ev e lo p m en ts  

in  th e field of Food S c ien ce , T echnology and E ngineering.
3. To prom ote th e  p rofession  o f Food S cien ce , T echnology and E ngineering.
The u ltim ate object is  to serve h u m an ity  throu gh  b etter  food.

Major A ctivities :
1. P ublication  of Jo u rn a l o f Food S c ien ce  and T echnology (bi-m onthly) an d  In d ian  F ood  In d u stry  

(bi-m onthly).
2. A rranging lec tu res  and sem in a rs  for the b en efit o f m em b ers.
3. H olding sym p o sia  on  different a sp ec ts  of Food S cien ce , T echnology an d  E n gin eerin g . 

Membership :
M em bership  is  op en  to gra d u ates an d  d ip lom a-hold ers in  Food S c ien ce , T ech n o log y  an d  
E ngineering an d  to th o se  en gaged  in  the p rofession . A s per th e  option  exerc ised , ea ch  m em b er  
will receive a free cop y  o f the J o u rn a l o f Food S cien ce  an d  T ech n ology or th e  In d ian  Food  
Industry. The C hapters o f th e  A sso c ia tio n  are located  at B angalore, B h op al, B om bay, C a lcu tta , 
D elhi, H isar, H yderabad, Jab alp u r, Ja ip u r, J a m m u , K anpur, K am al, K haragpur, L u d h ian a , 
M adras, M anipur, Nagpur, Pantnagar, Parbhani, P u n e an d  T h iru van an thap u ram .

Life M em ber
Life M em ber (R esident abroad) 
Corporate M em ber 
Full M em ber
M em ber (R esident abroad) 
Affiliate M ember 
S tu d en t M em ber 
S tu d en t M em ber (abroad)

Membership Fee Admission
(Effective from  
1, April 1992)

Fee

Rs. 6 0 0 Rs. 5
U S $  4 0 0 U S $  1

Rs. 1 0 00 Rs. 5
Rs. 50 Rs. 5

U S $  25 U S $  1
Rs. 8 0 Rs. 5
Rs. 2 5 Rs. 5

U S $  15 US $  1

Annual Subscription
J o u r n a l  o f  F o o d  S c i e n c e  a n d  
T e c h n o l o g y  (J F S T )

In land R s. 3 3 6
Foreign :
S u rface Mail U S $  10 6
Air Mail U S $  131

I n d i a n  F o o d  I n d u s t r y  (IFI) 
In land R s. 2 1 6
S u rface Mail U S $  6 6  
Air Mail U S $  8 6

(The above ra tes in c lu d e
R egistered  B ook  P ost C harges) 
A dditional S u b scr ip tio n  for 
M em bers on ly

JF S T  R s. 7 0
IFI Rs. 5 0

For m em b ersh ip  an d  oth er p articu lars, k indly con tact :

The Honorary Executive Secretary  
Association of Food Scientists and Technologists (India)

Central Food Technological Research Institute Campus, M ysore-570 013, India.



FOR ALL PROBLEMS RELATING TO 
WATER POLLUTION CONTROL 

CONTACT
T H E  C O R O M A N D E L  E N G I N E E R I N G  C O .  L T D .  

P O L L U T I O N  C O N T R O L  D I V I S I O N
REGD OFFICE :

T IA M  H O U S E  A N N E X E , 2  J E H A N G IR  S T R E E T  
M A D R A S  6 0 0  0 0 1

PHONE: 5 1 2 0 6 0 , 5 1 1 5 9 1 . TLX: 0 4 1 -8 1 0 9  COEN IN, 0 4 1 -6 2 2 3  
COEN IN. FAX: 9 1 -4 4 -5 1 0 3 7 8

SALES OFFICE :
8 6 , BAZULLAH ROAD, T. NAGAR, MADRAS 6 0 0  0 1 7 , PH: 8 2 5 1 1 8 4

S H R I R A M  E N G I N E E R I N G  C O N S T R U C T I O N  C O M P A N Y  P V T .  L T D .
GUNA BUILDINGS, 6TH FLOOR, 3 0 4 /3 0 5 ,  ANNA SALAI 

TEYNAMPET, MADRAS 6 0 0  0 1 8 , PH: 4 5 4 0 8 1
We Are A lso  S u p p liers o f O riginal High S p eed  F loating A erators,

Low S p eed  A erators, F lash  M ixers, F loccu lators, C larifiers, C larifloccu lators  
A nd T u rn k ey Projects for W ater, E ffluent an d  S ew age T reatm ent.

W ITH B E S T  C O M P L I M E N T S  T O  R  &  D  S C I E N T I S T S /  
T E C H N O L O G I S T S  /  E N G I N E E R S

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

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

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

FROOTI APPY PINGO

M anufactured by :
A B T  I N D U S T R I E S  L T D .

a n dM arketed by :
SAKTHI BEVERAGES LTD.

The retention  o f N atural T aste  and F lavour in  
th ese  P rod u cts is  th e  H all-M ark of D ev elo p m en ts  
in  Food S cien ce an d  T echnology.

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



F o r  m i l l io n s  in  K a r n a ta k a  
t h r e e  l e t t e r s  m e a n  g o o d  h e a lt h

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

P l u s  s o  m u c h  m o r e !
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Methods for Peeling Fruits and Vegetables : A  C ritical
Evaluation

G. RADHAKRISHNAIAH SETTY*, M.R. VUAYALAKSHMI AND A. USHA DEVI
Fruit and Vegetable Technology Department,

Central Food Technological Research Institute, M ysore-570 013 , India.
V a r io u s  m ethods and  m ach ine ry  u se d  for peeling fru its and  vegetables, a long  w ith  latest developm ents, have 

been critical.y d iscu ssed . A dvan tage s o f  each  sy stem  have  been cited to a llow  the a sse ssm e n t  o f  the overall effect 
of u s in g  a  particu la r sy stem  in  a  g iven  p ro ce ss in g  situation. T h e  effect of pee ling o n  the colour, appearance  and  
com position of peeled m ateria l is  a lso  d iscu ssed .

K e y w o rd s  : F ru it  a n d  vegetable peeling. Peeling m ethods, M ach inery, M od ifications, A dvan tage s  and  lim itations, Peel
losses, E ffluent quality.

Peeling is one of the m ost important preparatory 
steps in processing of som e of the fruits and 
vegetables, m eant for canning, freezing and  
dehydration. The selection of the proper peeling 
method is of importance, as the quality of the 
finished product depends, to a large extent, upon  
the method used. The am ount of peel removed is 
important to the processor not only because it is 
a total loss and reduces product quantity, but also 
for the cost-intensive nature of peel disposal which, 
otherwise, causes environmental pollution. Reduction 
in peel weight also leads to increased product 
recovery and higher profits. The fruit and vegetable 
processing upto peeling stage a lso  involves  
considerable operating cost as the raw material 
along with the peel gets cleaned, washed and 
processed for peeling. Hence, a need exists for 
judicious selection of the peeling method.

In the beginning of the fruit processing industry, 
only hand peeling w as practised. Several m ethods/ 
m achinery/equipm ents have been developed, since 
then. Effects of these m ethods on the raw material, 
in addition to peel removal, have also been studied  
to some extent. Literature pertaining to the above 
is widely scattered. It is worth m entioning that the  
peeling requirements for different products vary. 
Hence, goals of good peeling operation are 
(1 ) minimizing product losses, (2 ) peeling to the 
extent dictated by the products (e.g., potato 
products), (3) minimizing heat ring formation (e.g., 
apple, potato), (4) minimizing energy and chem ical 
usage and (5) minimizing the pollution load. In this 
review, an attempt h as been made to consolidate 
all the available literature and to pin-point the 
advantages and lim itations of each peeling method.
* Corresponding Author

Peeling m ethods as applicable to individual fruits 
and vegetables and the effect of the various peeling 
treatm ents on the quality and com position of the 
product are also discussed.
H and p eelin g

Hand peeling, using sta in less steel knives, is 
one of the earliest m ethods of peeling fruits and 
vegetables. The peeling knife with a curved blade 
and special guard to regulate the depth of peeling 
is of special interest, as it can be universally  
employed for any fruit or vegetable. The method  
h a s  certa in  ad v a n ta g es su c h  a s  m in im u m  
investm ent, as well as water requirement and no 
enzyme stim ulation as in the case of heat and lye­
peeling m ethods. The peels obtained can  be further 
utilised, and the w ash water is  not contam inated  
with chem icals. Major disadvantages are high 
labour costs and chances of contam ination with 
microorganisms. Though hand peeling h as almost 
been replaced with m odem  m ethods of peeling, it 
is still practised for som e fruits like m angoes.
P eelin g  by h eat

Boiling water or steam  loosens the peel of 
certain fruits and vegetables (e.g., tomatoes, peaches) 
and consequently, it can be easily slipped from the 
fruit by hand or with a scrubber. Main advantages 
of h ea t/steam  peeling include (a) easier autom ation  
and precise temperature control to m inim ize peeling 
losses, (2 ) absence of chem ical contam ination of 
water, and (3) reduced pollution problems as  
compared to chem ical peeling. In a steam  peeler, 
the fruits are placed on a moving belt, one layer 
deep, and passed through a steam  box equipped 
with a series of spray heads, from w hich the steam  
is sprayed directly on the material. Depending upon
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the nature of material, 30 -60  sec treatment is 
sufficient to loosen the peel which is removed by 
soft brushes after cooling in cold water.

In high pressure steam  peelers, the liquid 
beneath the skin gets vapourized, w hen a vegetable 
is exposed to high pressure steam . As long as the 
surrounding pressure is sam e as the internal 
pressure, no reaction takes place. As soon as the 
chamber pressure is released, the surrounding 
pressure becom es lower than the internal pressure. 
This pressure differential results in forcing away 
the skin from the flesh, thereby facilitating easy  
removal. Thus, a physical phenom enon aids in the 
peeling process in high pressure steam  peeler. 
Merkel (1970) developed a batch peeler with  
regulated pressure control to take advantage of the 
steam peeling. The system  effectively separated peel 
from the flesh in a variety of fruits.

Recently, different high pressure continuous  
steam peelers have been introduced. Lopez (1987) 
has described one such peeler in which the material 
is exposed to steam  under pressure in a fully 
insulated retort, which revolves slowly and m ixes 
the vegetables. The material is discharged into the 
hopper below the retort, and conveyed over rubber- 
coated rollers running at different speeds. This 
causes the vegetables to gyrate as they are pushed  
along the rollers by m eans of m echanical fingers. 
Water at high pressure jets above the rollers and 
knocks the skins off, as the product p asses along 
the rollers. The sk ins drop into a hopper below the 
roller, while the peeled product is discharged onto 
a conveyor for inspection and further processing.

Paul Kunz Company of Germany have designed  
larger capacity high pressure steam  peeler (Anon 
1978 a, b). The m achine can be used to peel diverse 
variety of fruits and vegetables and hence, its use  
is not restricted to a particular harvest season. 
Products are peeled in a pressure tank at a 
pressure rating adapted to each product in the 
ranges 0 .5-1 .5 , 3-6 and 6-15 bar. The low medium  
pressures are continuously variable. The operating 
sequences are automatically controlled and pre­
programmed. The use of the pressure tank allows 
low steam  consum ption. Outputs vary with the type 
of material peeled e.g., tom atoes : 9 T /h , potatoes: 
15 T /h , baby carrots : 8  T /h  and large carrots: 
9-12 T /h . Roma variety of tom atoes gave a product 
yield of 93%. Smith et al. (1980) have modified the 
high pressure steam  peeler so that the material, 
after steam  treatment, is flash-cooled by injecting 
cold water in the peeling chamber. They have

claimed that the treatment facilitates trimming and  
handling w ith a better y ield  and im proved  
appearance for sweet potatoes.
M echanical p eelers

Batch type abrasive m echanical peeler con sists  
of an upright cylinder, provided in the bottom, with  
rapidly revolving d isk , w hich  u n d ergoes an  
undulatory movement. The inner w alls of the 
cylinder and the upper surface of the d isk  are 
coated with abrasive carborundum. A s the disk  
revolves, water is sprayed into the peeler for 
washing away the grated peelings and facilitating 
the peeling process. Apples, carrots and potatoes 
can be peeled in this way (Cruess 1958).

C ontinuous abrasive peeler has been  described  
(Anon 1978) which can peel 2 .5  to 8  T /h  potatoes 
or root vegetables. The material p a sses  over 103 m  
long carborundum-coated rollers, which are equipped 
with oscillatory rings. The inlet and outlet openings 
are 2400  and 1200 m m, respectively, above the  
floor. A d v a n ta g e s  c la im e d  in c lu d e  s im p le  
construction, easy m aintenance, allowing initial use  
of only 6 - 8  rollers and efficient peeling with  
m inim um  losses. Most abrasive peelers are sensitive  
to loading. Too low loading resu lts in incom plete 
peeling, while overloading ca u ses excessive peeling  
for som e and insufficient peeling for others in the  
sam e batch. Some m achines provide controls to 
regulate abrasive action and exposure time for 
varying potato conditions. M achines are generally  
available with varying grit rings. Coarse grits peel 
faster and leave rough surface, while fine grits peel 
more slowly and smoothly (Huxsoll and Smith 1975).

Three types of non-abrasive m echanical peelers 
are available for high speed and m icro-thin peeling  
of apples and pears. Atlas-pacific pear peeler can  
handle upto 6 6  fruits per m in ( 6  at a time). The 
blades fixed in vertical position are used  for peeling  
and coring of the fruit. In the Fox m echanical 
peeler, safety razor-like blades are em ployed to 
remove skin to uniform depth. Edward peeler holds 
the fruit in clam shell-like cup and the peel is 
removed in uniform size and shape by knives 
(Woodroof and Luh 1975; Downing 1989). Recently, 
Heimerdinger (1970) h as been granted a patent for 
a potato peeling m achine which con sists  of square  
container, with a cutter disc at the base and 
rectilinear knives. Circular peeling knives are 
attached to the com ers. Potatoes are turned w ithout 
m echanical aid due to the angular container shape. 
Peeled potatoes are discharged through a chute in  
a side wall.
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Lye peeling (chem ical peeling)
It is, by far, the m ethod of choice for removing 

peel of many fruits and vegetables because of the 
ease of m echanisation; continuous operation; and 
uniformity, quality as well as high yield of the 
product. Lye (sodium hydroxide solution) dissolves 
the fruit and vegetable peels and the rate of 
d isso lu tio n  d e p en d s on lye c o n c e n tr a tio n , 
temperature and period of immersion. The surface 
tissues of m ost fruits consist of three layers, 
namely, epidermis, middle lamella and parenchyma. 
The middle lamella is com posed of pectinous 
substances that are highly soluble in the lye. The 
parenchyma cells are large and more resistant to 
the lye. Hence, epidermis layer is removed along 
with the middle lamella without affecting the 
parenchyma cells in the normal lye peeling process. 
It has been found that wetting agents, tergitol 
(sodium 2-ethyl hexyl sulphate) and Faspeel (sodium  
mono and dimethyl naphthalene sulphonate), u ses  
of which have been approved by FDA in the lye, 
increase peeling efficiency by reducing the time of 
disintegrating the peel to about half. Major 
advantages of lye peeling include (a) lower cost,
(b) rapid handling, (c) reduced loss of fruit as  
compared to hand peeling, (d) amenability to large 
scale operation, and (e) suitability to all shapes, 
sizes and varieties (Cruess 1958). Consequently, 
guava, peaches, pears, apricot, orange segm ent, 
etc., are generally lye-peeled.

A simple method of lye-peeling is to dip the 
fruits into the heated lye for a definite period, 
followed by thorough water washing of the peeled 
fruit. Residual lye may be neutralized by further 
dipping in dilute citric acid solution. Generally, 1.5-
2 . 0  kg of sodium  hydroxide is required to peel 
1000 bu peaches. The quantity of sodium  hydroxide 
required for peeling pears and tom atoes is about 
2 and 5 tim es of that for peaches (Cyr 1971; Willard
1971).

Commercial peelers consist essentially of a 
heated temperature controlled tank for holding the 
lye, with facility for passing the material through 
the tank at a controlled rate. Two early industrial 
lye peelers, such  as Dunkley lye peeler and Kyle 
lye peeler, have been described by Cruess (1958). 
The former consists of a rectangular sheet metal 
box through which the material is carried on to 
a wire conveyor. The material is first sprayed with 
hot water, followed by sprays of hot lye. The Kyle 
peeling m achine m akes use of agitation of the lye- 
treated fruit in water to remove the lye and skins.

Three types of lye peelers i.e. draper type 
scalder, lye spray scalder and m ill-wheel scalder 
are in com m on u se  at present (Woodroof and Luh 
1975; Huxsoll and Smith 1975). In the draper type, 
one of the m ost com m only used  scalders, the 
material is carried over the belt first in a prewetting 
bath and then through a lye scalder. The latter 
is  equipped w ith ad ju stab le  sp eed  control, 
thermostat, lye concentration indicator, closed steam  
heating coils and V-bottom for the drainage of 
sedim ent. However, it requires a large am ount of 
floor space. The lye spray scalder is used exclusively 
for m echanically pitted clingstone and freestone 
peach halves, which are spread on a metal m esh  
with the peel side up and passed  for a desired 
length of time under sprays of hot lye, pum ped from 
coil heated vat. Thus, the sh ap es of the peaches 
are well m aintained as they are not tum bled and 
the system  can be modified so a s  to use any 
concentration of the lye. In the mill wheel scalder, 
the peach halves are im mersed on a vertical wheel, 
the lower half of which turns in a bath of lye. The 
time of treatment depends upon the size and speed  
of the wheel. The equipm ent requires less  space, 
as well as power and holds le ss  solution.

Recently, two more lye peelers, i.e., rotary or 
Ferris wheel type and rotoscrew peeler have come 
into use (Lopez 1987). In the first one, perforated 
drum s with angular vanes are used to hold the 
raw material in between the vanes. These rotate 
through the hot lye in the tank, which is heated  
by steam  coils. The rotor-screw type peeler has a 
narrow vat-like tank and a continuous link belt 
conveyor, to which cross m em bers are fixed. The 
movement of these propels the material through the 
lye bath. After the lye treatment, the material 
requires thorough water w ash to remove not only 
the lye disintegrated peel, but also the residual lye 
on the surface of the peeled material. This step  
forms a critical part of the lye-peeling process. In 
som e cases, peeled and w ashed material is dipped 
in or sprayed with dilute citric acid solution to 
ensure the neutralization of residual alkali.

Main advantage is  tlie requirement of smaller 
floor space. The disadvantages include high peeling 
losses, loss of damaged fruits and pollution of large 
volum es (2600 g a l/to n  fruit peeled) of water 
(Woodroof and Luh 1975).
Dry ca u stic  p ee lin g  sy stem

It constitutes a modification of the lye-peeling 
process developed to overcome som e of the serious 
pollution and waste disposal problems inherent in
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the ordinary lye-peeling process (Graham et al. 
1969a, 1969b). The process u ses  infra-red energy 
at a very high temperature to condition the surface 
of fruit and vegetable treated with strong lye, while 
the rolling of the conveyor turns the material so 
as to expose all the material to the infra-red energy. 
This accelerates the chemical peeling activity and 
the process m akes use of the lye more completely, 
thereby reducing causiic consum ption. The dry soft 
rubber tipped scrubbers remove about 90% of the 
loosened peel from the treated material, while the 
remaining peel is removed by the brush washers. 
Water requirement is reduced by 90% and hence, 
it is called as dry-peeling process. The m ethod can  
be applied for tom atoes, carrots, sweet potatoes, 
peaches and apricots. According to Huxsoll and 
Smith (1975), the advantages include reduced  
processing costs, lower volume of plant effluent, 
increased product yield and the use of the sludge 
as a cattle feed.
Freeze p eelin g  (cryogenic peeling)

Peaches and tom atoes are frozen quickly in 
liquid nitrogen, Freon-12 or liquid air, to a depth 
slightly below the skin, and thawed rapidly in tap 
water. The ilesh is not frozen and therefore, the  
skin is released easily. Peel lo sses are reduced to 
half as compared to conventional processes and 
pollution problems are avoided to a great extent 
(Woodroof and Luh 1975; Gould 1983).
Flam e p eelin g

It utilises high tem peratures (650-2000°F) of 
spent com bustion gases. The material is  passed  
through a flame for very short period for blistering 
the skin and pulling away from the flesh by high 
pressure spray of water (Gould 1983; Huxsoll and 
Smith 1975). The process is specially applicable to 
tomato, pepper, onion and garlic.
Vacuum peelin g

A Bulgarian vacuum  m ethod for peeling of 
tomatoes consists of scalding the vegetables at 96°C 
and applying vacuum  at 6 00-700  mm  Hg for 
tearing off the peel. It h as a high peeling efficiency, 
retention of high fruit quality and low energy 
consum ption as well as costs (Kliamow et al. 1977).
Acid p eelin g

Peach peel is  soluble in hot solution of 0.1%  
HC1, 0.05% oxalic acid, 0.1% citric acid or 0.1% 
tartaric acid. It disintegrates the peel rather than  
loosening it (Woodroof and Luh 1975).

C alcium  ch loride p eelin g
Dipping tom atoes in boiling CaCl2 solution  

lo o se n s  th e  sk in  for ea sy  rem oval. Major 
disadvantage of the m ethod is  the difficulty in  
controlling the absorption of calcium  by the fruit 
(Stephens et al. 1973).
P eelin g  w ith  am m onium  sa lts

Fruits and vegetables, w hen treated with 0 .5  
to 15% aqueous solution of m ono-, di- or tri­
a m m o n iu m  o rth o  p h o s p h a te  (p re fera b ly  
diammonium) at 80-95°C  for 3-10  m in (pH 7.0-9 .5), 
produces aston ish in g  sk in n in g  effect w ithout 
destroying the tissue. The effectiveness can  be 
im proved by ad d in g su rfa ce  activ e  a g e n ts  
(ammonium alkyl benzene sulfonates) preferably at
0 .02  to 0.2% level (Soler 1975).
E fficacy  o f p ee lin g  m eth o d s

It is worth m entioning that the choice of the 
peeling m ethod to the individual m aterial is  
determined to a large extent by the volum e of the 
material to be handled and the cost of equipm ent. 
The data on the various process param eters that 
are used in the application of the individual m ethod  
to different fruits and vegetables, along with their 
efficacy, are presented in Tables 1 and 2.
E ffect o f  p ee lin g  on  co lour and q u a lity

Depending upon the peeling m ethod used  and  
the nature of the fruit or vegetable peeled, the  
material m ay undergo som e changes in their 
colour, appearance and constituents. Consequently, 
the selection of peeling m ethod assu m es vital 
importance with respect to the econom y. The 
aspects on colour, appearance and com position of 
the peeled material with respect to peeling m ethod  
are, therefore, d iscussed  below:

Major problem in steam -peeling or hot lye­
peeling is the formation of brown ring (heat ring) 
below the surface of the fruit due to the tissu e  
damage and polyphenol enzyme activity. (Downing
1989). Smith et al. (1981) found that the width of 
heat ring w as m inim um  (0 . 1  m m  or less) in  steam - 
peeled apples as compared to 1.4 and 2 .3  m m  for 
lye-peeled and abrasive pre-wash peeled apples, 
respectively, thereby indicating m inim um  dam age 
to the tissu es in steam -peeled apples. Colour and 
appearance of steam -peeled apples were rated 
excellent, as against le ss  brilliant, but still highly  
acceptable lye-peeled products. The abrasion-peeled  
apples darkened more rapidly and lacked sm oother  
surface. Water uptake, which resulted in lowering
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T A B L E  1. D E S C R IP T IO N  O F  V A R IO U S  P R O C E S S  P A R A M E T E R S  F O R  D IF F E R E N T  M E T H O D S  O F  P E E L IN G  F R U IT S

Com m odity Peeling m ethod

Orange segm ents 
(Mandarin)

Lye
1. J a p a n

2. In d ia n

3. Modified

Sweet orange 
segm ents

Lye

Apple Lye - 
M a ch in e

H ig h  p re ssu re  
steam

M a ch in e

Pears

Bartlette M a ch in e  
1. A tlas-Pacific

2. F M C  C 8  
T ru sh a p e

Kiefer H an d  peeling

Peaches 1. Lye

C lingstone

2. D ia m m o n iu m  
pho sphate

3. Lye

Lye sp ra y  sca lder

Freestone
(Green) Lye

Freestone
(Ripe) Steam

G uava Lye

M ango H an d

M a ch in e

Param eters

0 .6 -0 .7 %  HC1, 30-35°C, 4 0  min, 
w a sh ing , d ip  0 .4 -0 .5 %  lye, 35°C,
15 min.

B o ilin g  1 -2 %  N a O lI,  2 0 -3 0  sec, 
r in s in g  and  d ip  0 .8 -1 .0 %  HC1, w a sh in g

1 .5%  HC1, R T  (25-28°C) w ash ing, 
d ip  1 %  N aO H , RT, 2 5  m in  and  w ash.

0 .25  %  HC1, lh , w ash , dip 0 .7 5 %  N a O H  
RT, 3 0  min, w a sh  d ip  0 . 1 %  C A  and  w ash.

FM C -a u to m at ic  apple preparation  system . 
1 0 -1 5 %  N a O H  or K O H  60-90°C , 4 -5  m in.

100 p s ig  2 0  sec. low ering to 2 5  p s ig  and  
fla sh  coo ling w ith  w ater at 6 5  p s ig  15 sec.

A tlas-Pacific  peeling m ach ine, 130 F/m in.

M ic ro -th in  peeling, 6 6  F/m in.

C a n  peel at rand o m

B la n c h  2 0 -3 0  sec, bo ilin g  water 
o r  steam  and  peel

a. S p ra y  1 0 %  lye, 145 °F, 4  min.

b. 2 %  bo ilin g  lye spray, 38  sec.

4 % ,  9 3  ±  2°C, 1 m in.

2 0 % ,  93  ±  2°C, 1 m in.

C u p  dow n peaches, 5 - 1 1 %  lye, 215-220°C , 
3 0 -6 0  sec.

3 - 4 %  bo ilin g  lye, 4 5 -6 0  sec.

1V 2-2 m in

2 .0 -2 .5 %  bo ilin g  lye, 6 0 -9 0  sec.

C u tt in g  the cheeks, qua rte ring  and  
scoop in g  the slice w ith  cu rved  knife

C a n  peel and  cu t the cheeks

R e m a rk s Reference

M a in ten an ce  of
tem perature
required

Itoo (1977)

M ore  breakage G irdh a rila l 
et al. (1986)

L e ss  breakage, 
Su p e r io r  qua lity  
segm ents

K a lya n m oyn a th
(1976)

Rao  et al. (1969)

Peel lo s s  1 0 -1 2 % H a rr in g to n  and  
H ill (1968)

Peel lo s s  2 . 5 % S m ith  et al. 
(1981)

H ig h  peel lo ss D o w n in g  (1989)

S ize  g rad in g  
required

W ood  roof 
a n d  L u h  (1975)

S ize  g ra d in g  not 
required. H igh  
y ie ld s

W ood roo f 
and  L u h  (1975)

W ood roo f a nd  
L u h  (1975)

F o r freezing and  
d ry in g

W ood roo f 
and  L u h  
(1975)

C h u n g  and  
L u h  (1972)

Peel lo ss  1 0 -1 5 % So le r (1975)

Peel lo s s  2 5 -3 0 & So le r (1975)

Lopez (1981)

Lopez (1981)

Lopez (1981)

G ird h a r ila l (1986)

G ird h a rila l
(1986)

F ra n k lin  (1988)

the total solids, w as more in lye-peeled apples than  
that in steam -peeled product.

Discolouration of the cambial region due to the 
polyphenol oxidase activity occurs w hen sweet 
potatoes are peeled by dipping in 1 0 % boiling lye 
for 6  m in and results in unattractive finished  
product (Scott and Kattan 1957). The discolouration  
can be prevented either by 15 m in lye-peeling or

by pre-soaking in water at 80°C for 30  min, followed 
by 6  m in lye-peeling. Both these treatm ents 
inactivate the enzyme system , while the carotenes 
in the root remain unaffected (Walter and Giesbrecht
1982). Light and scanning electron microscopy 
showed heat-m ediated starch gelatinization, cell 
wall separation, chrom oplast disruption and enzyme 
discolouration in the treatm ents (a) 15 m in lye-
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T A B L E  2. D E S C R IP T IO N  O F  V A R IO U S  P R O C E S S  P A R A M E T E R S  F O R  D IF F E R E N T  M E T H O D S  O F  P E E L IN G  F R U IT S

Com m odity Peeling m ethod Param eters R e m a rk s Reference

Tom atoes H ot w a:cr a. B o ilin g  water, 15 -60  sec coo ling and  
p u llin g  o f the peel by  hand: — C ru e s s  (1958)

b. J a m o o n  variety - B o ilin g  w ater - 15 sec 
90°C  - 20  sec

Peel loss, 4 . 0 5 %  
Peel loss, 4 . 7 %

J y o th i and  
R a d h a k r ish n a ia h  
Se tty  (1988)

Steam a. Steam , 3 0 -6 0  sec Peel loss, 7 - 8 % G o u ld  (1983)

b. J a m o o n  variety - S team  10 sec Peel loss, 6 . 9 % Jyo th i and  
R a d h a k r is h n a ia h  
Se tty  (1988)

Lye 1 8 %  N aO H , 190-200°F, 25  sec and  
ho ld  for 4 5 -6 0  sec Peel lo s s  7 . 5 % Sc h u lte  (1965)

Infra-red 1 5 0 0 -1 800°F, 4 -2 0  sec Peel lo s s  5 . 3 % G ou ld  (1983); 
S h u lte  (1965)

V a c u u m H ot w ater 96°C, 3 0 -4 0  sec, v a cu u m  
6 0 0 -7 0 0  m m  H g

Peeling efficiency, 
9 8 %

K liam ow  et al. 
(1977)

C a C I2 4 2 % Sc a ld in g  121°C Peel loss, 3 .7 8 % Step h en  et al. (1973)

■
firm er Jyo th i and  

R a d h a k r is h n a ia h  
Se tty  (1988)

Potatoes M echan ica l
(abrasion)

a. F ine  grits - fresh ly harvested
b. C o u rse  grits - cu red  tough  sk in n e d

No heat r in g  
H igh  peel lo ss 
up to  2 0 %

H u x so ll and  
S m ith  (1975)

Lye 5 - 2 0 %  N aO H , 170-210°F, 1 to 6  m in  
depend ing  on  variety, age, storage 
cond ition s

Peel loss, 8 -1 8 % , 
con siderab le  heat 
r in g  form ation

H u x so ll and  
S m ith  (1975)

D ry  caustic D ip  6 - 1 0 %  N aO H , 1 9 0 -2 10°C, 3 0 -8 0  sec, 
hold for 3 -5  m in, expose to infra-red 
radiation, 1650°F 6 0 -9 0  sec

Peel loss, 6 -1 0 % ,  
neglig ib le heat 
r in g  form ation

H u x so ll and  
S m ith  (1975)

H igh  p re ssu re  
steam

100 psi, 3 0 -9 0  sec ba tch  type
3 5 -4 5  sec co n tin u o u s  type

H u x so ll and  
S m ith  (1975)

Flam e Expose, 2000°F, 15 -30  sec Peel loss, 1 0 % H u x so ll and  
S m ith  (1975)

Sweet potatoes Lye 1 0 %  lye, 200°F, 8 -10  m in Peel loss, 22.5- 
4 0 .8 %

E d m o n d  and  
A m m e rm a n  (1971)

Steam  w ith  
fla sh  coo ling

100 p s ig  for 7 5  sec, low ering to 25  
p s ig  and  injecting cold water at 6 5  
p s ig  for 15 sec

Peel loss, 1 9 % S m ith  et al. (1980)

C arro ts M echan ica l
(abrasion)

B la n ch  at 185- 190°F, sho rt  period, 
M a ch in e  peeling

C ru e s s  (1958)

Lye 3 - 1 0 %  bo ilin g  lye sp ra y C ru e s s  (1958)

H igh  p re ssu re  
steam

Exp o se  at 3 0 0  °F, sho rt  period M in im u m  peel lo ss C ru e s s  (1958)

O n ion s Flam e Heat o n io n s  in  a ir  at 90-100°F, 
expose to flame, b ru sh  sp ra y  w a sh in g

C ru e s s  (1958)

G a s Je ts  o f  ga s u n d e r  p ressure, penetrate 
and  str ip  off peel

M e n o u  (1989)

Lye a b ra sion  
W h ite  o n ion s 9 %  lye, 210°F, 3 - 3 '/ 2 m in  roller peel, 

p re ssu re  sp ra y  w ater w a sh
Lopez (1981)

Yellow  on ion s 6 ‘/ j %  lye, 210°F, 3 m in  roller peel, Lopez (1981)
p re ssu re  sp ra y  w ater w a sh

peeling (b) 30  m in pre-soak (water at 78-80°C) peeling. The treatment (b) w as found to provide the
followed by 6  m in lye-peeling and (c) 6  m in lye- m ost attractive finished products in the decreasing
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order (Walter and Schadel 1982).

Retention of ascorbic acid w as 77.6% in 
apricots, 71% in clingstone peaches and 65% in  
Elberta peaches after lye-peeling. Ascorbic acid loss  
increased with the increase in peeling time in a 
given strength of the lye (Lamb et al. 1947). 
Dhopeswarker and Magar (1954) reported 70-72%  
retention of ascorbic acid in the lye-peeled guava. 
Gothwal (1992) reported 75.2, 79 .2 , 79.0, 92.0,
93.0 and 92.5% retention of sugars, total carotenes, 
ascorbic acid, calcium , iron and phosphorus, 
respectively. Gorun (1978) and Gorun et al. (1973,
1974) have compared the effect of three peeling 
methods (mechanical, lye-steam  com bination and 
steam) on potato com position and found lowest 
losses of carbohydrates, vitam in C (2.9%) and 
B-vitamins (thiamin 18-20%, riboflavin 15-16% and 
niacin 5.0-5.5%) with steam -peeling, while the
losses were highest with lye-steam  com bination in 
case of B-vitamins (thiamin 32-35% , riboflavin 25- 
26% and niacin 20-23%). The losses were highest 
in the case of carbohydrates and vitamin C (10.3%) 
in m echanical peeling. However, total sugars, 
reducing sugars and glucose increased after lye 
steam-peeling and steam -peeling. Freeze-peeled  
(liquid nitrogen) tom atoes had attractive red colour 
due to high lycopene content in the initial layer 
of cells ju st beneath the skin, as th is layer was 
not removed during peeling and the lack of exposure 
of the underlying vascular bundles (Brown et al.
1970). Scanning electron m icroscopy show ed  
superior cellular integrity for liquid nitrogen and 
carbon dioxide freeze-peeled tom atoes (Thomas et 
al. 1978). Severe cellular disruption and chromoplast 
destruction lead to poorer colour with lye steam  
and calcium  chloride brine-freeze heat-peeled  
tomatoes (Thcmas et al. 1976).

No signbicant ch an ges in the im portant 
constituents such as °Brix, acidity, pH, lycopene 
and calcium have been reported in tom atoes peeled 
by hot water, steam  or calcium  chloride peeling 
method, except for rapid absorption of calcium  in  
the calcium chloride method (Jyothi Kiran and 
Radhakrishnaiah Setty 1988). The latter leads to 
bitter taste of the product. The titrable acidities in 
the lye-peeled and niacin in water-peeled tom atoes 
were found to get decreased (Saldana et al. 1978). 
Acidity and °Brix were higher, while pH of broken 
fruits were lower in the canned tom atoes peeled 
by liquid nitrogen, as compared to hot calcium  
chloride or water-peeled tom atoes (Saldana et al.
1978). Nitrogen-peeled tom atoes also scored higher 
capacity to absorb added calcium  (Brown et al.

1970). The salad pastes, prepared from hot calcium  
chloride peeled tom atoes, were firmer than those  
with the product peeled with hot water or liquid 
nitrogen, with added calcium  (Saldana et al. 1971). 
Lycopene content of peels and trimmings of water- 
peeled tom atoes were significantly higher than  in 
liquid nitrogen-peeled product, while the carotene 
content w as not significantly affected (Brown et al.
1970). No significant lo sses in total sugars, total 
carotenes, calcium , phosphorus and iron were 
noticed in peeled and trimmed (machine-peeled) 
carrot as well as hand-peeled drum stick (Gothwal
1992).
O verview s

In addition to conventional m ethods (heat, lye 
and abrasion peeling), several new m ethods (high 
pressure steam -peeling, flam e-peeling, vacuum ­
peeling, acid-peeling, freeze-peeling, calcium  chloride 
peeling and peeling with am m onium  salts) have 
been developed recently. Modifications have also 
been effected in the recent m ethods, viz., high 
pressure steam -peeling with flash-cooling, dry 
caustic peeling, freeze-heat peeling, lye steam  peeling 
and use of wetting agents. Major em phasis in all 
these efforts h as been to (a) m inim ize the peel loss,
(b) improve the quality of the peeled material, (c) 
reduce the pollution and w aste water disposal 
problems and (d) lower the cost of peeling. Selection  
of the proper m ethod is of critical importance and 
is governed by the nature of the fruit or vegetable, 
its maturity, time lapsed after harvesting, volume 
of the material to be handled, cost of peeling and 
availability of the machinery.
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Moisture D iffusivity and Therm al Expansion of
Gorgon Nut

S.N. JHA1 AND SURESH PRASAD*
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M o istu re  diiTusivity o f  gorgon  n u t  seed and  its kernel, d u r in g  ro astin g  in an  open pan  at different m o istu re  

contents and  p a n  tem peratures was, determ ined. The  coefficient o f cub ica l therm al e xp a n sion  o f  the kernel and  the 
she ll at v a r io u s  m o istu re  levels w a s determ ined by  a  dilatometer. M o istu re  d iffusivities of kernel and  n u t  increased  
w ith increase  in  m o istu re  content a n d  tem perature and  have been correlated w ith  the sam e. C u b ic a l therm al e xp a n sion  
o f the she ll and  kernel increased  w ith  increase  of m o istu re  content.

Keywords : G o rgon  nut, M o istu re  diffusivity, D ilatometer, C u b ica l expansion , Kernel, Shell, M o is tu re  ratio

Gorgon nut (Euryale Jeroxf, com m only known 
as Makhana in India, is a seed of an aquatic herb. 
It is the main aquatic crop in Darbhanga, Kosi, 
and Pum ea divisions of Mithila, North Bihar, India 
and is grown in large num ber of stagnant fresh 
water pools with not more than 1-1.5 m depth. Its 
present natural forms can be observed in the pools 
of North-Eastern and Central India, while it grows 
wild in China, Japan, USSR, and North America 
(Jha et al. 1991). The gorgon nut is characterized 
by its hard seed coat (shell), black colour and 
spherical shape, with diameter ranging from 4.5 to
14.5 mm. Edible part of the nut is its starchy  
kernel, which cannot be separated easily from the 
raw nut due to close adherance of the shell to the 
kernel at high m oisture content. It is, therefore, 
necessaiy to give thermal treatm ents for m echanical 
separation of the popped (expanded) kernel. 
Expanded kernels contain (g /100  g) 12.8 moisture,
76.9 carbohydrates, 9.7 proteins, 0.1 fat, 0 .5  total 
minerals, 0 .02 calcium , 0 .9  phosphorous and
0.0014 iron (Gopalan et al. 1987). M akhana  is used  
for m ilk-based food preparations, like kheer, 
puddings and cu n y , due lo its rich nutritive value. 
Fried m akhana  with salt or sugar is widely used  
as a snack food. M akhana  has m edicinal value and 
is used as an ingredient in the preparation of 
indigenous tonics. It also serves as a source of 
starch for textile industries (Lakhmani 1978), and 
its amino acid composition has also been determined 
(Nath and Chakraborthy 1985).

Processing of gorgon involves various operations 
such as drying, size grading, pre-heating, tempering, 
roasting and popping. Roasting of nuts is normally 
carried out in an open iron pan at about 300°C
* Corresponding Author. 'Present add ress : B anana Research  

Station, llajipur, Vaishali-844 101. Bihar.

surface temperature (Jha and Suresh Prasad 1990). 
It is expected that high internal pressure will 
develop within the seed at this temperature, due 
to vapourization of water from kernel. But, the shell 
of the nut being strong, does not break in spite 
of possible high internal pressure. Sudden impulsive 
m echanical impact is needed to crack the shell. As 
soon as cracks develop, water vapour com es out 
with an explosion and the kernel gets popped out.

As the nut com prises of the kernel and hard 
shell, it is expected that the major m oisture transfer 
during roasting will be from the kernel alone, while 
the cubical thennal expansion of the shell and the 
kernel may be different. Studies on these properties 
of the nut are not reported in the literature. Such  
studies are required for m athem atical sim ulation  
of the roasting and popping processes and the 
knowledge would be useful in designing an efficient 
roaster for gorgon nut processing. The present 
investigation was, thus, aimed at determining the 
m oisture diffusivity of whole nut, and the kernel, 
as well as the coefficient of cubical thennal 
expansion of the kernel and the shell of the nut.
M aterials and M ethods
Sam ple preparation : Sam ples of fresh gorgon nut 
of 60.2% m oisture content (db) were procured from 
the market of M adhubani, Bihar. M edium-sized 
nuts (8 - 1 0  mm  dia) were dried, preheated and 
roasted to bring down the m oisture contents of nuts  
to about 33 .7 , 25 .9  and 11.5%, respectively, as per 
procedure of Jha and Suresh Prasad (1990). The 
kernel w as obtained from the preheated and roasted 
nut by m anual decortication. Moisture contents in 
all the cases were determined by vacuum  oven 
method (Hall 1970). The m oisture contents of shell 
obtained from dried, preheated and roasted nuts
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were about 15, 5, and 2%, respectively, and those  
of the preheated and roasted kernels were about
33.4 and 15.3%, respectively. To increase the 
moisture content of the preheated kernel to about 
48.6% , it w as soaked in  water at am bient 
temperature of about 30°C for 10 min. Conditioned 
sam ples were kept in different desiccators partly 
filled with saturated salt solutions to equilibrate 
and m aintain the m oisture content.
Moisture diffusivity : Conditioned sam ples were 
roasted in an open iron pan with continuous  
stirring. The heat source w as 1.5 kW electric 
heater. Temperature of the pan surface w as  
measured with an iron-constant (J-type) thermo­
couple attached to the millivoltmeter having the 
least count of 0.01 mV. For the corresponding 
millivolt, the temperature w as noted from the 
standard chart of the thennocouple. For maintaining 
a particular temperature of the pan surface, input 
voltage of the heater w as regulated by an auto­
transformer, connected to power source. When a 
preset temperature of the pan surface w as obtained, 
the sample w as put into the pan and the time of 
roastin g  w a s n o ted . S am p le  w a s a g ita ted  
continuously and the representative sam ples at 0.5, 
1, 2, 3, 4 and 5 min intervals were taken out and 
kept quickly in pre-weighed m oisture box. Radii of 
the individual nuts and kernels of the sam ple were 
measured before roasting with the help of a vernier 
caliper. Equilibrium m oisture content of the sample 
at roasting temperature was assum ed to be negligible 
because of very high roasting temperature. Five 
equations, viz., quadratic, linear, logarithmic, power 
and exponential were tested for best fit of the data 
of moisture ratio (MR) and roasting time. Among 
these equations, correlation coefficients of the 
following exponential equation w as found maximum, 
(>0.992).

M R =  —  = C. exp (-C.0) .....  (1)
M 0

Where, M is m oisture content of the sample at any 
time 0 (% db), M0 is initial m oisture content of the 
sample (% db), C, is constant (dimensionless), C2 
is constant (min-') and 0  is roasting time (min).

The values of Cj and C2 were obtained from 
the exponential equations, best fitted to the data 
of m oisture content ratio and roasting time and the 
constant C2 of equation ( 1 ) w as interpreted, 
considering the m ass transfer from the porous 
bodies as follows (Luikov 1966) :

Dx2 C r 2 W o .....  (2 )— or, D = -----
X2

Where D is m oisture diffusivity (m2m in_1) and r0 is  
the average radius of the kernel or nut (m).

W hen D7r2 /r Q2 is greater than 1.2, the equation
(2) gives satisfactory results (Luikov 1966). From  
Equation (2), the m oisture diffusivities of the  
sam ples at 60 .2 , 33 .7  and 25.9%  m oisture content 
(db) of gorgon nut, at 48 .6 , 33 .4 , 15.3% m oisture  
contents of kernels and 200, 3 00  and 400°C pan  
surface temperature, were calculated using the  
average radius of the individual kernel and the nut. 
Each experiment w as replicated thrice. To determine 
the relationsh ips am ong m oistu re diffusivity, 
m oisture con ten t and roastin g  tem p eratu re, 
randomized design experim ents were chosen. Levels 
of the m oisture content of the sam ples were 
selected which were obtained after drying, preheating 
and roasting of the nut. The results were analysed  
according to the m ultiple regression  m ethod  
(Snedecor and Cochran 1967). Coefficients of each  
term of the regression equations were subjected to 
F-test at 5% level of significance.
Coefficient o f cubical thermal expansion : The method  
to determine the coefficient of cubical thermal 
expansion of gorgon nut kernel and shell w as based  
on the standard ASTM test D 864-52  for p lastics  
(ASTM 1968).
R esu lts and D iscu ssio n
Moisture diffusivity : The results of the m oisture 
diffusivity of gorgon nut and kernel are presented  
in Table 1. It is evident that the m oisture diffusivities
T A B L E 1. M O IS T U R E  D IF F U S IV IT Y  

IT S  K E R N E L
O F  G O R G O N N U T  A N D

Treat­
m ent
No.

Tem pe­
ratu re

°C

Gorgo n  n u ts K e rn e ls

M o istu re
content

% ,  db

M o istu re  
d iffusivity  

m 2/m in  x lO '

M o is tu re
content

7 % ,  db  nv

M o istu re  
d iffu siv ity  

V m in  x lO -7

1 20 0 60.2 5.11 48 .6 4 .87

2. 200 33.7 4 .08 33 .5 4 .28

3 20 0 25.9 3 .88 15.3 3.59

4 30 0 60 .2 5.66 48 .6 5.72

5 3 0 0 33 .7 4.78 33 .4 5.20

6 30 0 25.9 4.39 15.3 4 .29

7 40 0 60.2 6.28 48 .6 6 .57

8 40 0 33 .7 5.29 33 .4 6.11

9 40 0 25.9 4.78 15.3 4 .83
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Fig. 1. Effect of m oistu re  content and  tem perature on  coefficient 
o f cub ica l therm al e xp a n sion  o f  go rgon  n u t  kernel and

shell, O -----O  kernel; A --------A  shell; --------  31-66°C;

--------- 66 -96°C

of the nut and the kernel increase with increase 
in moisture content and temperature. The multiple 
regression analysis of resu lts showed that the 
coefficients containing all the moisture and quadratic 
terms in the equation for nut, and the coefficients 
of second order term s for m oisture as well as 
temperature of the equation in case of kernel, were 
not found significant at 5% level and thus, those  
terms were omitted from the final equations. The 
final regression equations for. the nut and the 
kernel with best fit having the correlation coefficients 
of 0 .997 for both the cases were :
D = 1.2 2 x l0 “7+6.7 7 x 1 0 '°T ... (3)n
Dk = 1 .22x l0 '7+5.88x10 9M +7.32xlO_10T ... (4)
Where, Dn and Dk are m oisture diffusivity of the 
gorgon nut and the kernel, respectively (m2min~').

M is m oisture content of the sam ple (% db), and 
T is the temperature of the sam ple (°C).
Coefficient o f cubical thermal expansion : Coefficient 
of cubical thermal expansion of the kernel and shell 
are plotted with m oisture content in Fig 1. 
Coefficients of cubical therm al expansion of both  
kernel and shell are m uch higher beyond a transition  
temperature of 6 6 °C. The coefficient of cubical 
thermal expansion of the shell increases rapidly 
above 5% m oisture content and 6 6  to 96°C 
temperature range and exceeds the value of the 
kernel at about 15% m oisture content. But, in  
actual roasting operation of the gorgon nut, moisture 
content of the shell would never exceed beyond 5% 
and that of the kernel in the range of 15 to 33%. 
In the above range of m oisture content, the 
coefficient of cubical thermal expansion of the 
kernel is  m uch higher than that of the shell. This 
indicates that the nut is subjected to not only the 
internal pressure build up within the nut due to 
thermal processing, but also to the m echanical 
pressure exerted by the kernel on the shell due 
to higher rate of cubical therm al expansion.
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A  new  process that ca n  p roduce  iron  fortified sa lt  (IFS) on  a  large sca le  (3-4 m etric tons/h ) h a s  been developed 
for the first time in  Ind ia  in  a  salt factory at Ram ana th apu ram , Tam il N a d u  State. In  th is  p rocess, co m m o n  sa lt  
is  m ixed w ith 0 . 5 %  each o f  ferrous su lpha te  and  so d iu m  hexam etaphosphate  in  a  ribbon  blender. T h e  d ry  m ix in g  
is  sup e rio r to the other m ethod based  on  sp ra y in g  o f a  so lu tion  o f  ferrous su lphate, m o n o so d iu m  o rth op ho sp ha te  
and  sod ium  acid  su lpha te  over com m on  sail. T h e  sp ra y -m ix in g  m ethod encountered operational p rob lem s o n  a ccou n t  
of st ic k in e ss  o f the com ponents a n d  it a lso  requ ires add itional equ ipm ent su c h  a s  dryer. The  need for th is  is  e lim inated 
in  the d ry m ix in g  process. Also, the p roduct obtained by the sp ra y -m ix in g  process developed yellow  co lou r o n  storage. 
IF S  obtained by  he d ry -m ix in g  p rocess rem ained co lou rle ss  d u r in g  pro longed storage at am b ien t tem peratures. Iro n  
d istr ibu tion  in  the IF S  w a s a lso  found to be un iform . V a r io u s  food item s prepared u s in g  the IF S  of d ry -m ix in g  p ro ce ss 
were ind ist in gu ish ab le  from  those con ta in in g  unfortified sa lt  in  colour, taste, flavour or texture. T h e  IF S  con fo rm s 
to the sta nd a rd s  o f the I’F A  Ru le s.

K e y w o rd s  : Iror. fortified salt, Large sca le production, D ry  m ix in g  o f  salts, Acceptability, A na ly tica l aspects, P roduct ion
cost.

Iron deficiency anaem ia (IDA), the m ost 
prevalent nutritional problem in the country, is, 
particularly, high among pregnant wom en and 
young children. Severe anaemia in pregnancy is 
associated with increased risk of maternal mortality, 
premature delivery and low birth weight (Menon
1968). Anaemia, in its milder form, may m anifest 
itself in the sym ptom s like fatigue and lethargy, 
thereby affecting the individual's ability to work. 
There is evidence to show  that even moderate 
reduction in haemoglobin can impair work capacity, 
m ental perform ance and im m une resp o n se  
(Anderson and Barkve 1970; Srikantia el al. 1976). 
Anaemia is caused by insufficient iron intake, its 
poor absorption and in creased  iron lo sses . 
Administration of therapeutic doses of iron is a 
short-tenn measure to quickly restore haemoglobin  
levels. In this context, fortification of foods with iron 
is considered to be a more practical approach to 
supplement iron and thus m inim ise the incidence 
of anaemia in the population (INACG 1977; RWGFSI 
1982; Cook and Reusser 1983).

Common salt presents itself as an ideal carrier 
of iron for several reasons. It is consum ed in all 
regions of the country, irrespective of the dietary 
patterns, by all normal children and adults (urban/ 
rural, poor/rich. vegetarian/non-vegetarian) each  
day consistently throughout the year. Salt is well 
dispersed in all food preparations. Most of the salt 
consum ed in the country is produced from sea  
water, the consum ption by an adult being 10-15
* Corresponding Author

g per day (Pasricha 1966). The u sefu ln ess of iron 
fortified salt (IFS) in the prevention and control of 
IDA has been clearly dem onstrated in extensive 
studies conducted in India (Nadiger et al. 1980; 
RWGFSI 1982). The standards for IFS have been  
notified in the year 1985 in the Prevention of Food 
Adulteration Rules of the PFA Act (PFAR 1955). 
Though there are som e sm all scale ventures in the 
private sec to r , in fo rm a tio n  on  large sc a le  
manufacture of IFS is scanty in the country. In 
view of this, attem pts were m ade to m anufacture 
IFS on a large scale (3-4 metric to n s /h  which leads 
to 500 metric ton s/m on th  in a single shift) in a 
public sector factory for the first time in India. The 
studies on the stability and acceptability of IFS, 
and on econom ics of its production on a large scale, 
have led to the com m issioning of two other plants 
in Madras and Jaipur, India, in  public sector.
M aterials and M ethods

The trials were carried out at Ram anathapuram  
plant of the Tamil Nadu Salt Corporation, a public 
sector undertaking of the Government of Tamil 
Nadu. The plant has an installed capacity of 15,000  
metric ton s/an n u m . Common salt (NaCl 97-98% , 
water 2-3%) from the Mariyur-Valinokkam Salt 
Complex w as used. Ferrous sulphate (FeSO,. 7HzO) 
m onosodium  orthophosphate (NaH2POt. 2HzO) and  
sodium  acid sulphate (NaHSOr 2H2OJ were supplied  
by UNICEF. Sodium hexam etaphosphate (SHMP) 
w as obtained from M /s. Abhyudaya Chemical and  
Scientific Coqroralion, Hyderabad. All the chem icals  
used were of food grade quality. Standard m ethods
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were used for the analysis of IFS as per PFA Rules 
(PFAR 1955).

In the spray-mixing process, a solution of 
ferrous sulphate, m onosodium  orthophosphate, and 
sodium acid sulphate (old formula. Table 1) in

T A B L E  1. C O M P O S IT IO N  O F  IR O N  F O R T IF IE D  S A L T

Ingredient Q uantity

O ld  f o r m u la
C om m on  salt, k g 25

Fe rrous su lphate, g 125

M o n o so d iu m  orthophosphate, g 87 .5

So d iu m  acid su lphate, g 125

N ew  f o r m u la
C om m on  salt, k g 25

Fe rrous su lphate, g 125

So d iu m  hcxam elapho sphatc, g 125

water w as sprayed over com m on salt and mixed 
in a ribbon blender, till iron distribution was 
uniform. In the diy-mLxing process, both the old 
formula (Narasinga Rao and Vijayasarathy 1978) 
and the new fonnula (Ranganathan 1992) were 
used (Table 1). A schem atic diagram of the system  
is shown in Fig. 1. The chem icals were thoroughly

Fig. 1. S a il fortification - D ry  m ix in g  plant

mixed in a small blender (50 kg capacity) and the 
mixture along with com m on salt w as introduced 
into the crusher for the first stage of mixing. The 
second stage of mixing took place in the feed 
regulator. The third and final stages of mixing were 
earned out in a ribbon blender. Acceptability of IFS 
incorporated in various foods (Table 2), in place of 
common salt, was studied in the factory itself. 
Foods prepared using the unfortified salt served as  
the control. Cooked foods were served to fifty 
volunteers (IFS factory staff and visitors) in a 
double-blind mode i.e. they were ignorant about the 
presence or absence of IFS in the food item s being 
tasted by them. The scores given by them to the 
food items with respect to organoleptic properties 
were recorded.
Results and D iscu ssion

In the spray-mixing process, IFS becam e wet 
and sticky in the ribbon blender and this hampered

T A B L E  2. F O O D S  U S E D  IN  T H E  A C C E P T A B IL IT Y  T R IA L  O F  
IR O N  F O R T IF IE D  S A L T

A. V E G E T A R IA N
(1) C ooked  preparation:

C u r r y  - B itte rgourd, brinjal, potato,
green b a n a n a  a n d  snakegou rd .

S a m b a r  - L a d y 's  finger, on ion  a n d  tomato.
R a s a m  - Tom ato, co r ian de r leaves.

(2) Raw  vegetables : Tom ato, green banana , potato, m ango
(3) F ru it  App le
(4) P ickle M a n g o

B. N O N -V E G E T A R IA N

E g g  omelette, boiled egg, p raw n  fry, sea  fish  cu rry  and  fry, 
fish  and  m utton.

S a m b a r  : Cooked  redgram  and  vegetables su spension .
R a s a m  : Vegetarian  so u p  m ade w ith  tam arind  and

seasoned  w ith  peppe r/sp iecs/ tom ato

continuous production of the salt. The removal of 
excess moisture necessitated the use of an expensive 
and sophisticated fluid-bed dryer. The IFS developed 
yellow colour within a few days of production. 
Incorporation of additional m onosodium  orthophos­
phate or orthophosphoric acid, followed by blending 
could decolourize the IFS. However, the IFS turned  
yellow again after 3 -4  w eeks of storage. Though the 
old formula w as shown to be satisfactory in the 
laboratory trials (Narasinga Rao and Vijayasarathy
1978), it w as found unsuitable for the production 
of IFS on an industrial scale. Similar observations 
have also been reported in other factories in 
Hyderabad and Madras (Ranganathan 1992). Due 
to the operational problem s and higher cost of 
production, the spray-mixing w as found unsuitable  
for continuous production of IFS. Satisfactoiy  
results were obtained in the dry mixing process. 
No problems were encountered in the continuous  
production of IFS i.e. uninterrupted production. 
The raw m aterials were fed continuously. The 
blender w as not stopped to collect the IFS, unlike 
in case of batch mixing where the blender had to 
be switched off to collect the IFS. The normal 
production capacity of the plant (3-4 metric 
ton s/h ) w as unaltered. Uniform iron distribution  
(1000±50) could be achieved. The old formula w as 
found unsatisfactory in this process also, since the 
IFS turned yellow within a few days of production. 
On the other hand, the new formula did not pose 
any problem. The IFS retained the colour of the 
unfortified salt. No discolouration w as observed 
even after one year of storage. A nalysis of several 
hundred sam ples showed that iron distribution was 
uniform and the IFS conformed to the standards 
of the Prevention of Food Adulteration Rules of the 
PFA Act for iron fortified com m on salt (Table 3). 
The results of different production techniques
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T A B L E  3. A N A L Y S IS  0 7  U N F O R T IF IE D  A N D  IR O N  F O R T IF IE D
S A L T

Attribute Unfortified Iro n  fortified
salt sa lt

C o lou r and  appearance W h ite  c ry sta ­ W h ite  c ry sta ­
lline solid lline so lid

NaCl, %  (dry weight) 98 .9 9 8

Moisture, %  (dry weight) 2 2

Iron, ppm Traces 9 5 0 -1 0 5 0

P h o sp h o ru s  ppm Nil 1 5 00 -16 00

pH  of 5 %  aqueo u s so lu tion 6.7 3.4

M a gn e s iu m  (water soluble), 
%  (dry weight) 0 .04 0 .04

Su lphate, %  (dry weight) 0.13 0.3

W ater in so lub le  
matter, %  (dry weight) 0.4 0.4

Matter in so lub le  in  d ilute hydro -
ch loric acid, %  (dry weight) 0.3 0.3

Matter so lub le  in  w ater-other 
than  N a C l - %  (dry weight) 0.4 1.1

showed that except for diy-mixing, using the new  
formula, the quality of IFS by other techniques w as 
unsuitable.

The results of the acceptability trial showed  
that IFS is acceptable in day-to-day cooking. There 
was no alteration in the organoleptic properties of 
foods prepared by using IFS in place of unfortified 
salt, as ascertained by the scores given by volunteers 
in respect of colour, taste, flavour and texture of 
foods containing either unfortified salt or IFS. This 
observation is in line with the earlier experience 
with the new formula (Ranganathan 1992).

The IFS produced in the plant is packed in
1 kg HDPE packs and supplied to the centres of 
the 'Nutritious Noon Meal Scheme' of the Tamil 
Nadu Government, through the Social Welfare 
Department. Monthly supply has been 400-500  
metric tons. The feed-back on IFS from the noon  
meal centres is satisfactory and confirms the  
acceptability trial. The cost of 1 kg IFS is Rs. 2 .50  
and it depends upon the quality of raw salt and 
the type of HDPE pack. The cost of investm ent to 
set up an IFS plan: depends upon the land, 
building, machinery and manpower. The costs of 
100 kg batch mixer and the crusher are Rs. 1 lakh  
and Rs. 0 .90  lakh, respectively. These m achines are 
available in the country (RSGCPPISS 1984). Using 
a 100 kg batch mixer, 4 -6  metric tons of IFS can  
be produced in one shift of 8  h (Ranganathan
1992).

The important step in salt fortification is the 
choice of an iron com pound and an appropriate 
stabiliser so that the IFS will be free from  
d isc o lo u r a tio n . A c c e p ta b ility , s ta b ility  and  
bioavailability of iron should be satisfactory. The 
new formula of dry-mixing appears to satisfy all 
these criteria (Ranganathan 1992). The present study  
show s that commercial production of IFS in a 
factory is sm ooth and economical.
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Storage Stability and Sen sory 9 uaK ty o f  Washed Ground 
Buffalo Meat and M eat P a ttie s  During Refrigerated Storage
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'Animal Products Technology, Department of Animal Breeding and G enetics,
College of Veterinary and Animal Sciences, HPKV, Palam pur-176 062 , India.
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Effect o f  w a sh in g  w ith  w ater and  E D T A  so lu tion  (2% , pH  4.5) on  the keep ing  a nd  se n so ry  qua lit ie s o f  g roun d  
buffalo m eat and  m eat p a t t i e s  d u r in g  refrigerated storage o f  2 0  d a y s  at 4±1°C w a s stud ied. M yo fib r illa r fragm entation 
index (MFI) o f  raw  and  E D T A -w a sh e d  meat d id  not differ significantly, bu t exhibited p ronounced  inc rease  in  water- 
w ashed  sam p le s d u r in g  storage and  w a s accom pan ied  b y  h ighe r m icrob ial counts. T y ro s in e  con tents in  a ll the sam p le s 
increased sign ificantly  (PZ0.01) d u r in g  later d ay s  o f  storage. W a sh in g  generally reduced th ioba rb itu ric  acid  (TEA) va lue 
and E D T A -w a sh cd  meat had  lowest T B A  value. M ic rob ia l co u n ts  o f ED T A -w a sh e d  m eat were sign if ican tly  (PZ0.01) 
lower than .hose o f  unw ashed . E D T A -w a sh e d  meat p a t t i e s  had  poor b in d in g  and  ju ic ine ss. P a t t i e s  p repared from  E D T A -  
w ashed  meat and  stored for 2 0  d ay s  at 4±1°C were rated a s  sligh tly  acceptable. W ate r-w ashed  m eat p a t t i e s  were 
com parable to raw  m eat patties.

K e y w o rd s  : Bu ffa lo  meat, W ater and  E D T A  w ash ing , M eat p a t t i e s ,  Refrigerated storage, S e n so ry  quality.

In buffalo m eat products, colour and m outh  
coating are two major problems which need to be 
solved successfully (Padda et al. 1968; Kondiah 
etal. 1986). In spite of initial improvement in the 
quality of washed meat, its keeping quality during 
refrigerated storage has not been studied so far. 
The refrigerated shelf-life of washed-m eat, overall 
acceptability of meat pa tties  (pancake-like traditional 
preparation) prepared from w ashed-m eat and effect 
of EDTA-washing to extend the shelf-life of buffalo 
meat were studied.
M aterials and M ethods

Four adult (around 6  years old) healthy male 
buffaloes (Murrah type) of uniform body conformation 
were selected and slaughtered by halal method at 
the local slaughterhouse. Meat sample from one 
buffalo was used for conducting experiment at a 
time. M uscles com prising m edial round cut 
(Mukkadam, a com m on wholesale cut in India) were 
collected within 6  h of slaughter; brought to the 
laboratory in chilled condition, trimmed-off fat, 
fascia and excess of connective tissue; and cut into 
approximately 2.5  cm 2 cubes. The cubes were 
minced through 8  mm, followed by 4 mm plates.

Minced meat w as divided into 3 groups-one 
served as control and the other two were subjected  
to washing. For washing, m inced meat sam ples 
were soaked separately in chilled distilled water or 
2% EDTA (disodium) solutions (pH 4.5) in a ratio
* Corresponding Author

of 1 : 2  (w/v) in sterilized sta in less steel v esse ls  with 
frequent stirring for 10 min. The m eat w as squeezed  
in double layered sterilized m uslin  cloth by applying 
hand pressure to the extent that no continuous  
drip w as evident from the m eat. In all, two 
w ashings were given to each group of m eat sam ples. 
About 100 g and 25 g of sam ples were packed 
separately in 150 gauge polyethylene bags and were 
stored at 4±1°C for 20  days. Sam ples drawn on 
0, 5, 10, 15 and 20th day of storage, were analysed  
for myofibrillar fragm entation index (MFI), tyrosine 
content, thiobarbituric acid (TBA) value, aerobic 
plate count (APC), psychrotrophic plate count (PPC) 
and sensory quality.

In order to evaluate the effect of w ashing on 
the sensory quality, p a ttie s  were prepared from a) 
raw, water w ashed raw + water w ashed (1 :1 ) and
b) raw, EDTA-washed, raw + EDTA-washed, raw 
+ EDTA-washed (1:1) m eats. Recipe for spice mix 
and p a tties  preparation w as as reported elsewhere 
(Anjaneyulu 1988; Pati et al. 1992).
Analytical m ethods : MFI w as determined by the 
m ethod of Olson et al. (1976), as modified by Cullar 
et al. (1978), tyrosine content by the procedure of 
Strange et al. (1977) and the TBA value by the 
extraction method of Witte et al. (1970). APC and 
PPC were determined according to the procedure 
of ICMSF (1978). Sensory evaluation w as conducted  
adopting a 8  point Hedonic scale with at least 6  
sem i-trained taste panelists. The statistical analysis 
of the data w as done by using analysis of variance 
technique and LSD. The significance of the

1 6 9
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correlation coefficients w as tested by using students' 
't' test (Snedecor and Cochran 1967).
R esu lts and D iscu ssion
MFI of raw, water and EDTA-washed meat sam ples  
increased during storage of 20  days at 4±1°C 
(Table 1). A similar increase w as observed in MFI 
during post-mortem storage of bovine meat tissue, 
as a result of enzymatic and microbial breakdown 
of myofibrillar proteins (Olson and Parrish 1977; 
Olson et al. 1970). A significant (pZ0.05) correlation 
(r=0.50) in water-washed sam ples with length of 
storage period w as observed. After 10 days storage, 
MFI in EDTA-washed meat w as lower as compared 
to water-washed meat. This may be due to chelation  
of heavy metal ions by EDTA, which, in turn, might 
have reduced the activity of calcium  activated 
sarcoplasmic factor ICASF) on myofibrillar proteins 
during early stages of storage (Olson and Parrish
1977). However, difference between MFI of raw and 
EDTA-washed meat during the entire storage period 
was not significant (P>0.05).

washed sam ples suggested that the increase in the 
former sam ples w as m ainly due to microbial action  
and in the latter, due to autolytic enzym es. 
Morrisey et al. (1980) also observed increased  
tyrosine contents in both sterile and inoculated beef 
sam ples during refrigerated storage.

TBA value observed in fresh raw m eat (Table 1) 
w as higher than that recorded by others (Anjaneyulu 
1988; Agnihotri 1988; Kesava Rao 1988). This 
could be attributed to m incing of m eat prior to 
estim ation as against the ch u n k s used  by others. 
W ashing of meat reduced the TBA value due to 
removal of com ponents formed during oxidative 
reactions and partial removal of catalyst iron, as  
observed in water-washed pork (Colmenero and 
Matamoros 1981). During storage, TBA values in 
all the sam ples increased significantly (PZ0.01). 
There were no significant differences in TBA values 
of washed and unw ashed sam ples upto 1 0 th day. 
During the entire storage period, TBA values in 
EDTA-washed sam ples were w ithin the range of 
threshold value of 1-2 nrg/kg as reported by W atts

T A B L E  1. E F F E C T O F W A T E R A N D  E D T A  T R E A T M E N T  O N  T H E  M F I, T Y R O S IN E  (m g/ 100 g) A N D  T B A  (m g M A L O N A L D E -

H Y D E / k g )  V A L U E  O F  M IN C E D  B U F F A L O M E A T  D U R IN G  R E F R IG E R A T E D  S T O R A G E (4± 1 °C)

Storage
period,
days

M I T Tyro sine T B A 2

R W E R W E R w E

0 87.5 65 .0 88 .2 19.4** 8.1** 18.3“* 0.7** 0.6** 0.6**
±19.0 ±8.6 ±17.8 ±4.3 ±1.4 ±8.6 ±0.1 ±0.1 ±0.3

5 72.5 89.2 89.2 21 .4“" ' 19.9b,i 23 .4 a* 1.4** 1.0** 0.6**
±13.3 ±25.8 ±27.9 ±3.1 ±3.2 ±7.1 ±0.3 ±0.2 ±0.2

10 74.5 93 .3 80 .0 32 .2bl,c 26 .3brJ,c 31.1**80 1.5** 1.5** 0.7**®
±15.3 ±18.5 ±7.2 ±3.4 ±3.9 ±10.3 ±0.1 ±0 .4 ±0.2

15 105.5 138.3 80.1 50 .0bCD 38 .6b,,c 32. l aBC 3.9*® 2.8bB 1,7e"
±8.3 ±22.6 ±22.9 ±12.1 ±7.6 ±5.8 ±0 .7 ±0.3 ±0 .5

20 89.0 1 14.5 91 .5 62 .4bn 69 .2bc 4 1 .0*c 2. l aC 3.6*c J jbAB

±10.2 ±16.3 ±22.7 ±14.4 ±18.9 ±8.8 ±0.1 ±0.9 ±0.01

M e an s w ith at least one s im ila r sup e rsc rip t  in  ihe  sam e row  (a, b, c) and co lum n  (A, B, C) do not differ s ign if ica n t ly  (PZ0.05),
R=Raw, W =W atcr, E =  ED T A ; n = 4  for each m ean±S.E . value; 1. M yofib rilla r Fragm entation  Index; no effect o f  c ithe r treatm ent or 
storage w a s noticed. 2. T h iobarb itu ric  Acid  Value.

Tyrosine content of fresh raw m eal (Table 1) 
was comparable (o that reported for buffalo meat 
(Agnihotri 1988). W ashing did not affect the tyrosine 
content. However, it increased significantly (PZ0.01) 
during storage in all the sam ples and a significant 
correlation with length of storage period was 
observed in raw (r=0.71), water-washed (r=0.75) 
and EDTA-washed (r=0.54) sam ples. Similar increase 
was reported in buffalo meat (Olson et al. 1976). 
A significant (PZ0.01) correlation of tyrosine content 
between microbial counts (APCs and PPCs) in raw 
(r=0.60, 0.60) and water-washed (r=0.67, 0.72) 
sam ples and insignificant correlation in EDTA-

(1962) for rancidity in m eats. This confirmed the 
anti-oxidant effect of EDTA a s observed by Roozen
(1987). TBA values in raw and water-washed  
sam ples crossed the threshold limit after 1 0 th day 
of storage.

APC and PPC in fresh raw m eat (Table 2) were 
comparable to those reported for buffalo m eat 
(Agnihotri 1988). During storage, APC and PPC 
increased significantly (PZ0.01). The microbial counts  
in EDTA-washed sam ples were lower than those for 
raw and water-washed m eat sam ples during entire 
storage period. Both APC and PPC in w ater-w ashed  
sam ples exceeded log 7 /g , the m axim um  limit of
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T A B L E  2.

Storage
period,
days

E F F E C T
D U R IN G

O F  W A T E R  A N D  
R E F R IG E R A T E D

E D T A  T R E A T M E N T  
S T O R A G E  (4±1°C)

A P C 1

O N  T H E  A P C  (lOg/g) A N D  P P C  (lOg/g) O F  M IN C E D

P P C 2

B U F F A L O  M E A T

R W E R W E

0 5 . 4 * ^ .  1 4.9*A±0 .2 4.6»A±0.3 s.o -^ to .i 2.5*A±0.2

5 s . s ^ . s 4.5**±0.2 s . i ^ i . o 6 .4bB±0.9

10 6.6*bA±0.8 7.0bB±  1.0 5.0*A±0.7 7 .2bcDC±0 .5 s . s * " 30« ) ^

15 7  7bAB±o 8 7.9bDC±0.7 5.0*MK).4 7.4bm± l . l 8 .5bBC±0.3

20 8.8abn±0.4 g . i ^ . s 8 .2bD ±0.4 o .o ^ to .e 6.0*c±1 .5

M e an s w ith  at least one s im ila r sup e rsc rip t  in  the sam e row  (a, b, c) and  co lu m n  (A, B, C) do  not differ s ign if ican tly  (PZ0.05) 
R=Raw; W =W ater; £ = E D T A , n = 4  for each  m ean  ± S E  va lue  1-Aerob ic Plate C ount; 2 -P sych ro troph ic  Plate C oun t.

standard plate count (Mallya 1983) on 10th day 
of storage. The EDTA-washed sam ples were better 
with counts (lower than log 7 /g  up to 15th day) 
than raw and water-washed sam ples.

Washing of m eat reduced the m eat colour 
appreciably. W ater-washed m eat had pink red 
colour and pleasant m eaty odour, whereas EDTA- 
washed meat w as near white dull in colour with 
little sour odour. Texture of w ashed m eat sam ples 
was near to the rubbery texture of water-washed  
pork (Colmenero and Matamoros 1981). In general, 
acceptability scores of fresh raw m eat were higher 
than water-washed m eat. Insignificant changes 
were recorded in colour, odour and overall 
acceptability scores in EDTA-washed sam ples during 
entire storage period. This w as indicative of the 
lesser microbial and oxidative changes in these  
samples. The slight sour odour in these sam ples 
was not expressed as unpleasant which would 
render it unacceptable by the taste panelists. 
Water-washed sam ples developed greening, browning 
and off-odour on 15th day. Agnihotri (1988) also 
observed a slight off-odour in buffalo meat on 9th  
day of refrigerated storage with total microbial 
counts above log 7 /g .

Meat pa tties  prepared from water-washed meat 
alone were comparable to p a ttie s  prepared from raw 
meat and addition of raw meat did not improve 
the sensory qualities of these patties. EDTA-washed 
meat patties  had poor binding, ju icin ess and slight 
sour odour and these were rated as slightly 
acceptable. This may be due to lower pH and low 
extractability of meat proteins. Addition of raw meat 
to EDTA-washed meat improved the overall sensory  
quality to a m oderately acceptable level. No 
deterioration of sensory quality of these pa tties  w as 
observed even after 20  days of refrigerated (4±1°C) 
storage of meat.
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Utilization o f Butter Milk in M anufacture o f Buffalo Milk 
Cheddar Cheese : Changes During Ripening
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Buffa lo  m ilk  w a s standard ized  to case in  : fat ratio of 0.7, u s in g  s k im  m ilk  a n d  v a r io u s  p ropo rt ion s o f sweet 
cream  butter m ilk  for p reparing  C h e d d a r  cheese. Inco rporation  o f  butter m ilk  in  cheese sign if ican tly  increased  the 
m oisture, acidity, m atu rity  index  a n d  total volatile fatty acid  contents com pared to contro l cheeses, w h e re a s the p H  
w a s reduced. Se n so ry  evaluation  o f  the cheeses revealed that the cheese m ade b y  su b st itu t in g  2 5 %  ca se in  o f  s k im  
m ilk  b y  butter m ilk  w a s at p a r w ith  that o f  control. Fu rth e r add it ion  o f  butter m ilk  in  buffa lo m ilk  b ro u g h t  deterioration  
in  the cheeses.

K e y w o rd s  : Bu tte r m ilk, C h e d d a r  cheese, R ipening, Se n so ry  evaluation.

Many varieties of ch eeses are m anufactured  
utilizing butter milk Some exam ples are Edam (E l- 
Sadek et al. 1969), Brick (Reisfield and Harper
1954), Soft (De et al. 1974), Kachkaval (Prodanski 
and Simov 1973), Low fat (Nikolaev and Fremina
1974), Kareish (Ibrahim et al. 1990) and Danbo 
cheese (Bagger and Forsingal 1989). Inclusion of 
sweet cream butter m ilk in cheese m ilk for baby 
Edam cheese (E l-Sadek et al. 1969), Litowski 
cheese (Nikolaev and Fremina 1974), Kachkaval 
cheese (Prodanski and Simov 1973) and Kareish 
cheese (Ibrahim et al. 1990) has resulted in faster 
proteolysis of resultant cheese and improvement in 
flavour of the cheeses. Kulkami et al. (1975) 
studied the quality of dried cheese from buffalo 
milk, while Kanawjia and Singh (1990) reported the 
effect of proteases on flavour development and 
other biochemical changes in buffalo milk Cheddar 
cheese. But so far, no work has been reported on  
the utilization of butter milk for m anufacturing  
Cheddar cheese, except for a very early report 
(Yamamoto et al. 1962); wherein skim  milk along 
with 6 % butter milk w as used. The present paper 
reports the results of studies on the use of butter 
milk in producing Cheddar cheese, along with the 
ripening changes and sensory quality.
M aterials and M ethods

Different levels c f substitution of casein  from 
skim milk, by butter milk used to standardize 
buffalo milk, were in the proportions of 75:25 (T,), 
50:50 (T2). 25:75 (T.,) and 0:100 (T4). The fat, casein  
and total solid contents of buffalo, skim  and butter  
milks were 8.2, 3 .1 , 16.8; 0 .1 , 3 .3 . 10.6; and 0.2,

* Correspondinp Author

2.8, 10.0, respectively. Standardized and pasteurized  
(72°C for 16 sec) m ilk (90 kg) w as u sed  for cheese  
making by a standard m ethod (Van Slyke and Price 
1952) with m odifications such  as u se  of 2% of 
starter (Wiesby-1488), 33°C setting temperature and  
cooking at 37°C. Fromase, the enzym e preparation  
from Mucor m iehei (Gist Brocades, France) w as used  
as a coagulant at a rate of 4 .5  g /1 0 0  kg milk. The 
cheese curd w as milled at the acidity level of 0.45%  
lactic acid, followed by salting (2.5%) and pressing  
for 16 h. All the ch eeses were ripened at 8±1°C 
and 80-88%  relative hum idity (RH) for a total period 
of 180 days. The cheese sam ples were subjected  
to analysis when fresh and after 45 , 90, 135 and 
180 days of ripening.
Chemical an a lysis : Moisture and total nitrogen of 
the cheese were determined according to the  
procedures outlined by MIF (1959) and M enefee 
and Overman (1940), except that instead of using  
mercury oxide as a digestion catalyst, a m ixture 
of copper sulphate and potassium  sulphate w as  
used. Acidity w as determined as per the m ethod  
of AOAC (1972). The pH of the ch eese w as 
m easured at 25°C in a slurry of 1:1 grated cheese  
with distilled water. The degree of proteolysis w as  
determined by the level of maturity index (Kosikowski
1970), whereas, the total volatile fatty acids (TVFA) 
were determined by direct distillation m ethod  
(Kosikowski and Dahlberg 1946) and expressed a s
0.1 N a c id /100 g cheese.
Sensory and statistical evaluation: A panel of 8
judges scored cheese sam ples on the b a sis  of 
flavour, body and texture, using Cheddar ch eese  
score card (Nelson and Trout 1964). The m ean  
values of each attribute, obtained from duplicate  
sam ples for 3  replicates of the experim ent, were
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subjected to statistical analysis as per the method 
described for split plot design (Steel and Torrie
1980).
R esults and D iscu ssion
Fig. 1 represents the changes in m oisture content 
of cheese during ripening. Control cheese exhibited 
the lowest m oisture content (pcO.Ol) initially and

RIPENING PERIOD ( DAYS )
Fig. 1. C ha nge s  o f  m o istu re  d u r in g  ripen in g

D - 0  Control, 0 — 0  T,, 0 - 0  T2, A—A  T 3, x - x  T,

throughout the ripening period. The level of butter  
milk was also found to affect the m oisture content 
significantly (p<0 .0 1 ), while the product made with 
higher butter milk showed higher m oisture and the 
difference persisted throughout ripening. A gradual 
reduction in m oisture of all the ch eeses w as 
observed as the ripening progressed, probably due 
to evaporation (Scott 1954).

The biochem ical ch an ges in ch eese  are 
presented in Fig. 2. The acidity of all the experimental 
cheeses w as significantly higher (pcO.Ol) than the 
control, initially and also throughout the ripening 
period. A higher rate of increase in acidity of 
cheese, made from the milk containing higher 
proportion of butter milk, w as observed, and this 
may be due to higher retention of m oisture and 
relatively increased activity of microorganisms in 
the product. With the progress of cheese ripening.

the acidity w as found to increase significantly 
(pcO.Ol) in all the cheeses.

Control cheese showed significantly (pcO.Ol) 
higher pH throughout the ripening period, as  
compared to all the experimental ch eeses, except 
Tr Similarly, T2 and T3 also had pH values at par 
upto 90 days of ripening, beyond which the 
difference in pH w as significant (pc0.05). A gradual 
rise in  pH w as observed in all the ch eeses till 135 
days, beyond which control ch eese showed rather 
sharp increase in pH, as the ripening progressed 
upto 180 days. The rise in pH m ay be attributed 
to degradation of lactic acid, formation of non- 
acidic decom position products and weaker or less  
highly dissociated acids, and liberation of protein 
decom position products (Lawrence et al. 1987).

The m inim um  value of maturity index w as
10.38 in fresh control cheese, whereas the maximum  
value w as 56 .95  in T4 ch eese ripened upto 180 
days. The maturity indices of experim ental ch eeses  
were significantly (pcO.Ol) higher than the control 
and the difference persisted throughout the ripening 
period. The total replacem ent of skim  m ilk casein  
by butter milk, in standardizing the milk, resulted  
in significantly higher m aturity index throughout 
the ripening, as compared to all other treatm ents. 
Relatively higher values of m aturity index in fresh 
ch eeses m ight be due to use of fromase (Pahkala 
and Antila 1981). Significantly higher proteolysis in 
experimental ch eeses m ay be attributed to higher 
acidity of cheese milk, presence of soluble protein 
in cheese milk (available from butter milk), thereby 
enhancing the growth of lactobacilli and higher 
m oisture and coagulant retention in the cheese. 
These factors have been show n to be responsible 
for increased proteolysis in cheese (Ibrahim et al. 
1990; Lawrence et al. 1987; Pahkala and Antila
1981). Inclusion of butter m ilk in cheese m ilk have 
also been show n to result in faster proteolysis of 
the resultant product (Ibrahim et al. 1990; Nikolaev 
and Fremina 1974; Prodanski and Simov 1973).

The m ean values of TVFA were 5 .87  for Tr 
w hen fresh, and 48 .08  for T4 cheese ripened upto 
180 days. Except the T4 cheese, all the fresh cheeses  
including control showed statistically similar values 
of TVFA. When fresh, T4 cheese had significantly  
(pcO.Ol) higher TVFA content than control and T, 
as well as T3 cheeses. At 45 days, all the experimental 
ch eeses differed significantly (pcO.Ol) in their TVFA 
contents from those of control, the difference being 
highly significant within the treatm ents also. At 90  
days, the difference in TVFA content between  
control and T, w as significant (pc0.05), whereas.
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Fig. 2.

these two cheeses had significantly (pcO.Ol) lower 
TVFA values than all other experimental cheeses. 
The highly significant difference in TVFA between  
the control and experimental cheese as well as  
within the experimental ch eeses persisted at 135 
and 180 days of ripening. Higher TVFA content w as 
always obtained in the cheese made from the milk 
containing more proportion of butter milk. Prodanski 
and Simov (1973) observed an increase in som e  
volatile fatty acids of Kachkaval cheese made by 
addition of 0.5% protein from butter milk. The 
increase in TVFA content w as highly significant in  
all the cheeses as the ripening progressed from one 
stage to another.

The flavour scores of control and T, cheese  
remained statistically at par throughout the ripening 
period and the sam e were significantly higher 
(pcO.Ol) than rest of the ch eeses (Table 1). There

a — a  t 3, x — x  t 4

T A B L E  1. S E N S O R Y  S C O R E S  O F  C H E D D A R  C H E E S E  M A D E  
F R O M  B U F F A L O  M IL K .  A D D E D  W IT H  D IF F E R E N T  
L E V E L S  O F  S K IM  M IL K  A N D  B U T T E R  M IL K .

R ip e n in g  period  (days)

T reatm ent 4 5 9 0 135 180

F la v o u r  (M a x im u m  45 )

Contro l 38 .0 41 .3 41.1 41 .4

T, 38 .6 40 .6 40 .4 41 .5

T, 37 .0 38 .5 38 .5 38 .5

t 3 35 .6 36 .5 35 .7 36 .8

t 4 33 .4 33 .9 * •

B o d y  a n d te x tu re  (M a x im u m  30 )

C ontro l 27 .2 28.1 28 .4 28 .8

T, 27 .2 27 .9 28.1 28 .6

26.1 26 .3 26 .8 27.1

t 3 25.1 25.1 25 .6 2 5 .5

T 4 23.1 22 .7 * *

* Sa m p le s  no t acceptable se n so r ily

B iochem ical ch an ge s  in  cheese d u r in g  ripen in g  at 8°±1°C □  □  Control, O — O  T, 0  0  T a,
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were increases in flavour scores of all cheeses upto 
90 days; after that the changes were non-significant. 
Mouldy, unclean, acidic and rancid flavours in T3 
and T. cheeses were noticeable such  that the4cheeses becam e organoleptically unacceptable after 
135 days of ripening. Cheddar cheese containing  
high m oisture (about 40%) h as been show n to 
exhibit fermented and whey taint flavours, in  
addition to bitter and unclean flavour during 
ripening (Najim and White 1990). The body and  
texture score increased throughout the ripening 
period in all the cheeses, except T3 and T4. These 
cheeses had pasty, coarse and crumbly body 
defects, making them  unacceptable after 135 days.

From the results of the present investigation, 
it is concluded that even though it is  possible to 
make resultant buffalo milk Cheddar cheese with 
increased proteolysis and lipolysis, substitution at 
25% casein of skim  m ilk by butter milk is of 
practical use, as it gives a product of acceptable 
organoleptic quality, as compared to control.
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R ecovery of Proteins from Ovine Lungs and Rum en for 
Their Incorporation in M eat P a ttie s
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A lka line  extraction m ethod gave a  better recovery o f p rote ins from  ovine lu n g s  a n d  rum en. The  m ethod  is  s im p le  

and  lowered m icrob ia l load in  protein isolates, thereby rendering  the p rote ins m icrob io log ica lly  safe. T h e  prote in  iso lates 
cou ld  be incorporated in  the m utton  p a t t i e s  upto  2 0 %  level, rep lacing h ig h  cost lean, w ithou t a n y  lo ss  o f  qua lity  
characte ristics and  se n so ry  attributes. T h e  m utton  p a t t i e s  incorporated w ith  protein iso lates cou ld  be stored  safely 
at refrigerated tem perature (4± 1 °C) for 15 days, w ithout a n y  deteriorative ch an ge s  in  qua lity  a n d  acceptability.

K e y w o rd s  : b u n g  protein isolate, R u m e n  protein isolate, M u tton  p a t l i e s ,  Refrigerated storage, M icrob io logy.

Utilization of edible proteins from slaughter­
house byproducts as hum an food h as become 
necessary to overcome the severe shortage of 
proteins of higher biological value. Methods for 
protein isolation are well known in developed 
countries (Swingler and Lawrie 1979). Paradoxically, 
the animal protein present in the byproducts is 
m ostly un-utilized or wasted in the developing 
countries, where there is an increasing demand  
for such proteins. The m ethod of extraction for 
recovery of proteins from ovine lungs and rumen 
as well as the acceptable levels of incorporation in  
mutton patties (without affecting quality, acceptability 
and shelf-life) are reported in this paper.
M aterials and M ethods

'Muzaffamagari' sheep, 1.5 years old, were 
procured and slaughtered after a thorough ante­
mortem examination.
Recovery of proteins : Lungs and rum en were 
collected and washed thoroughly under running tap 
water, followed by distilled water. These were cut 
into small pieces and minced through 4 mm grinder 
plate in a Electrolux Food Mincer (Model No. 1986 
R20, Sweden). Five hundred g each of minced  
lungs and rumen were suspended in 5 1 water. 
Soluble proteins were extracted for 2 h at pH 10 
(adjusted with 10 M sodium hydroxide). The resulting 
protein solution w as filtered through m uslin  cloth. 
The protein was recovered by isoelectric precipitation 
at pH 4.5 using 1 M HC1, followed by centrifugation 
at 5000 rpm for 20  min. The yields of lung protein 
isolate (LPI) and rumen protein isolate (RPI) were 
recorded.
A nalysis : The raw lungs, rum en and protein 
isolates were analysed for m oisture, protein and
* Corresponding Author

ether extract content (AOAC 1980). The collagen  
content was determined by estimating hydroxyproline 
(Nueman and Logan 1950). The microbiological 
quality of raw lungs, rum en and protein iso lates  
w as evaluated by estim ating m esophilic (SPC) and 
psychrotrophic microbial counts (PPC), using the 
standard m ethods (ICMSF 1978).
Preparation o f  mutton  patties incorporating protein  
isolates : Entire carcass from 'Muzaffamagari' female 
sheep w as used  a s  m eat source for p a ttie s  
preparation. The carcasses, chilled overnight, were 
hand-deboned. Mutton sam ple for each trial w as  
pooled from deboned m eat of carcasses. Seven  
recipes were formulated containing 0 .0 , 5.0, 10.0,
15.0, 20 .0 , 25 .0 , and 30.0%  of LPI and RPI, with  
15% fat in each recipe. The remaining w as lean, 
salt 2%, dry spice m ix 1.50%, green curry stuff 
(onion, garlic and ginger in the ratio of 3:1:1) 3%, 
phosphate (tetrasodium pyrophosphate) 0.3% and 
crushed ice 10% were added extra. Meat em ulsions 
were prepared in a bowl chopper (Model 8418  D, 
Hobart, USA). Sixty g of m eat em ulsion w as 
m oulded in an alum inium  circular m ould (75 mm  
diam x  15 mm ht) and cooked to an internal 
temperature of 75±1°C on perforated trays in a 
preheated oven at 180°C±5°C. The p a ttie s  were 
packed in low density polyethylene (LDPE) bags of 
150 gauge.
A nalysis o f  mutton  patties : The pH of the em ulsion  
and p a ttie s  w as m easured (Elico pH meter. Model 
L,-120) by homogenizing 10 g sam ple with 100 ml 
distilled water. Moisture, protein, ether extract and 
total ash contents of the p a ttie s  were determ ined  
(AOAC 1980). Cooking loss w as estim ated by 
cooking m utton p a tties  sam ples (25 g) in LDPE bags 
at 80°C in a water bath for 20  m in and weighing 
sam ples before and after cooking (Baliga and  
Madaiah 1970).
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Sensory evaluation : The hot cooked p a tties  having 
different levels of LPI and RPI were subjected to 
the sensory evaluation by semi-trained panel (Soman 
et al. 1987) for appearance, flavour, ju iciness, 
texture and overall acceptability. A 7 point descriptive 
sc a le  (7:very a c c e p ta b le  an d  l:e x tr e m e ly  
unacceptable) w as used.
Storage stu d ies : Four batches of p a tties  were 
prepared and packed in LDPE bags (150 gauge) and 
stored in a refrigerator (4±1°C) for a period of 15 
days. The stcred p a tties  were analysed for pH, 
thiobarbituric acid (TEA) value (Taraladgis et al.
1960), m esophilic and psychrotrophic microbial 
counts and sensory attributes (Soman et al. 1987) 
at intervals of 0, 5, 10 and 15 days. The data were 
subjected to statistical analysis by standard  
procedures viz. t-test and ANOVA (Snedecor and 
Cochran 1968).
R esults and D iscu ssio n

The yield of proteins w as 38.2%  for lungs and 
31.0% for rumen (Table 1) and w as in accordance
T A B L E  ]. Y IE L D  A N D  P R O X IM A T E  C O M P O S IT IO N  O F  

P R O T E IN  IS O L A T E S  F R O M  O V IN E  L U N G S  A N D  
R U M E N

L u n g  protein 
isolate

R u m e n  protein 
isolate

Protein recovery, % 3 8 .2 0 t0 .4 6 3 1 .0 0 t0 .5 2

Protein, % 12.81±0.27 19.33tO .16

Moisture, % 8 4 .1 1±0.20 80 .45+0 .18

Fat, % 1.00+0.01 0 .52+0 .02

Total ash, % 0.55+0 .02 0.56+0.01

Collagen, % 0 .22±0 .04 0 .12+0 .04

with the findings of Swingler and Lawrie (1978). 
However, on dry matter basis, there w as no 
difference in the protein yields (lungs 30 .35  g /k g  
and rumen 30.30  g/kg). The proximate com positions 
of LPI and RPI were similar to those reported for 
protein isolates obtained from bovine lungs and 
rumen (Swingler and Lawrie 1978).
Microbial quality o f isolates : The m esophilic (SPC) 
and psychrotrophic microbial counts (PPC) of LPI 
(4 .12±0.25 and 2 .3510 .25  log un its/g ) and RPI 
(4 .6 6 1 0 .1 6  and 2 .7 8 1 0 .2  log u n its /g )  were 
significantly lower (PZ0.01) than the values for raw 
lung (5.1610.17 and 3 .5610 .25  log un its/g) and raw 
rumen (6.4310.28 and 4 .8110.3  log un its/g). The 
SPC and PPC of raw lungs were significantly lower 
(PZ0.05) than those of rumen, in accordance with 
the findings of Swingler et al. (1979).

Quality characteristic o f  mutton  patties incorporated 
w ith  protein isolates : There w as a marginal decrease 
(PZ0.05) in pH of raw em ulsion with increase in 
incorporation levels of protein isolates from 0  to 
30% (Table 2). This decrease w as due to low pH 
of protein isolates. On cooking, the pH of all pa tties  
increased by 0 .5  to 0 .9  units, with or without 
incorporation of protein isolates. The increase in 
pH of cooked p a tties  h a s also been reported by 
other workers (Bouton et al. 1971; Kesava Rao and 
Kowale 1989). This w as attributed to a change in 
protein charge as well as cooking loss (Bouton et 
al. 1971). There w as a marginal decrease (PZ0.05) 
in cooking loss with increase in levels of protein 
isolates incorporated. A s the decrease in pH w as 
accom panied with higher incorporation level of 
isolates in raw em ulsion, there should have been  
a sim ultaneous increase in the cooking loss. But, 
it w as not so, because the protein isolates might 
be having som e role in  improving the water 
binding/hydration or imparting em ulsion stability 
to the meat on cooking (Perera and Anglemer 1980).

The m oisture content of p a ttie s  gradually 
increased, while protein and ether extract contents 
decreased, with increase in incorporation levels of 
protein isolates, the change being significant 
(PZ0.01 for m oisture and PZ 0.05 for ether extract) 
with 25% and 30% incorporation levels of LPI and 
RPI (Table 2). The increase in m oisture content and 
decrease in ether extract content were in close 
agreement with the findings of Krokha and Shtulboi
(1979), who incorporated oifal protein isolates in  
salt sausages, upto 40%.
Sensory evaluation o f  patties incorporated with, protein 
isolates : The general appearance scores for p a tties  
with 25% and 30% levels of LPI (4.66L0.50 and 
4.33+0.36) were significantly (PZ0.01) lower as 
compared to those for RPI (5 .16±0.23 and 4.8310.20). 
When LPI and RPI were incorporated upto 20% 
levels, marginal decreases in scores for all sensory  
attributes were recorded. The p a ttie s  with 25% and 
30% incorporation levels of LPI and RPI recorded 
significantly lower scores (overall acceptability of 
4 .3310.29 , 4 .1610 .43  and 4 .5010 .27 , 4 .3310.44 , 
respectively), as compared to those with 2 0 % level 
(6 .0010.20, 6.0010.17). It w as obvious that panelists  
preferred p a tties  with incorporation of upto 2 0 % 
levels of protein isolates. However, pa tties  with higher 
levels i.e. 25% and 30% LPI have received lower 
scores than p a ttie s  with RPI at sam e levels. This 
may be attributed to the higher am ount of residual 
hem e pigment of LPI in these p a tties  which result
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T A B L E  2. M E A N  O F  Q U A L IT Y  C H A R A C T E R IS T IC S  VIZ., P R O X IM A T E  C O M P O S IT IO N ,  pH  A N D  C O O K IN G  L O S S  (%) O F  M U T T O N  

P A T T IE S  IN C O R P O R A T IN G  LP I A N D  RP I A T  D IF F E R E N T  L E V E L S .

Levels o f Inco rporation  (%)

0 5 10 15 2 0 2 5 3 0

M o is tu re ,  %

LP I 62.41 62 .5 4 62 .6 5 6 2 .8 0 62 .9 0 6 3 .4 0 ** 6 3 .9 0 **
RP I 62 .5 5 62 .6 7 62 .8 3 62 .9 4 6 3 .4 1 ** 6 3 .9 2 **

P ro te in ,  %

LP I 18.82 18.76 18.70 18.65 18.55 18 .00 ** 17 .88 **

RP I 18.75 18.70 18.67 18.57 18 .03** 17 .80 **

E t h e r  extract, %

LPI 13.60 13.58 13.51 13.45 13.40 13.05* 12.85*

R P I 13.68 13.50 13.45 13.38 13.04* 12 .83*

T o ta l a sh , %

LP I 2.14 2.11 2.08 2.04 2 .00 1.98 1.90

RP I 2.09 2.07 2.03 2.01 1.99 1.90

p H  o f  e m u ls io n

LP I 5.73 5.71 5.69 5.67 5 .66 5.63 5 .56

RP I 5 .70 5 .68 5 .67 5 .64 5.61 5 .58

p H  o f  c o o k e d  p a t t i e s * * *
LPI 6.31 6.29 6 .27 6 .25 6 .24 6.11 6 .09

RP I 6 .29 6.27 6 .25 6 .25 6 .2 0 6 .14

C o o k in g  lo ss. %

LPI 12.54 12.51 12.45 12.90 12.38 12.35 12.32

R P I 12.52 12.48 12.44 12.40 12.37 12 .38

S ign ifican t (PZ0.05) from  that o f control 

S ign ifican t (PZ0.01) from  that of control 

LP I =  L u n g  protein isolate, R P I =  R u m e n  protein isolate
The  m ean pH  va lu e s for cooked p a t t i e s  were sign ificantly  h ighe r than  those for e m u ls io n  at a ll the inco rpo rat ion  levels. 
Overall range o f S E  va lu e s : 0.01 - 0.43.

in dark brown colour and sim ultaneous lower 
sensory scores.
Storage studies: The pH of all the three groups of 
patties  (control, LPI and RPI) gradually increased 
(6.31-6.38 in control; 6 .24  to 6 .30  in LPI and 6.25  
- 6.31 in RPI) during refrigerated storage from 0  
to 15 days. This m ay be possibly due to the 
prevention of the chem ical changes and bacterial 
action under the refrigerated storage in all the three 
groups of pa tties  (Keeton 1983). The TBA values 
(mg malonaldehyde per 1 0 0 0  g) of p a ttie s  increased  
significantly (PZ0.01) upto 10th day of storage 
(0.156 to 0 .234  in control, 0 .160  to 0 .234  in LPI 
and 0 .159  to 0 .236  in RPI). These values, however, 
decreased on 15th day (0.226, 0 .2 2 5  and 0 .226  
mg m alonaldehyde / 1 0 0 0  g, respectively for control, 
LPI and RPI). All the 3 groups of pa tties  showed  
similar behaviour which may be due to the influence 
of other factors, such  as reaction of malonaldehyde

with amino acids, proteins, amino acids containing  
phospholipids and m alonaldehyde itself to form 
fluorescent com pounds, thereby resulting in reduced  
extraction of m alonaldehyde (Melton 1983). In all 
the three groups of patties, SPC (log u n its/g ) and 
PPC (log u n its/g) showed no significant differences 
from 0  to 15 days of storage (SPC: 3 .71 to 3.91  
in control, 3 .68  to 3.91 in LPI and 3 .6 9  to 3 .92  
in RPI and PPC: 2 .44  to 2 .88  in control, 2 .42  to 
2.84  in LPI and 2.41 to 2 .83  in RPI).

The taste panel scores of all the three groups 
of p a tties  gradually decreased (overall acceptability: 
control 6 .16  to 6 .04, LPI 6 .00  to 5.91 and RPI 6 .00  
to 5.87) on storage from 0 to 15 days. There w as  
no significant difference in the sensory scores of 
three groups of pa tties  on 10th and 15th day of 
storage. Such storage stability of m eat products for 
about 10 to 15 days under refrigeration h as also  
been reported by other researchers (Padda et al. 
1985; Anjaneyulu 1988).
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The study indicated that protein isolates from 

lungs and rum en could be incorporated upto 2 0 % 
levels in mutton paliies  without affecting their quality 
characteristics and the products could be stored 
at refrigerated temperature (4±1°C) for 15 days.
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Studies on the Suitability o f Used Tinplate Container for
Packing Groundnut Oil
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Storage  qua lity  of g ro u n d n u t  oil, packed in  u se d  Lin conta iners, h a s  been stud ied  over a  period o f  13 m o n th s  

and  com pared wiLh that of the oil packed  in  fresh tin conta iners. The  data  on the profiles o f free fatty ac id s, peroxide 
value, K rie s lest and  sen so ry  evaluation  indicated that the fresh tin con ta ine rs were safe for lo n g  storage  o f  12 m on th s  
at 37°C, in con trast to the sho rt  shelf-life of 3 -4  m on th s at 3 7 nC  in  case o f u se d  tin conta iners.

K eywords : U sed  tinplate conta iners, P a ck in g  o f g ro u n d n u t

Normally, tinplate container is the major 
packaging material for storage and transportation 
of edible oils. Of late, plastic packaging materials 
such as flexible pouches and rigid bottles, have 
been introduced as unit packs and also bag-in-box 
for 5 kg capacity. However, used tin containers are 
being used by some of the small scale manufacturers 
for packing their products. There is an apprehension  
by tinplate m anufacturers that packing of edible 
oils in used cans may pose health hazards and also 
provide scope for adulteration. As per the Indian 
Standards (BIS 1982), the specifications for tin 
containers include 0.3  mm  thickness of tinplate for 
body, ends and closure, electrolytic 5 .6 /5 . 6  g /m 2 
tin coaling and 18 litres (15 kg) capacity.

Scanty information is available in the literature 
on the packaging of edible oils in used tinplate 
containers. Some preliminary studies have been  
carried out al Agmark laboratory, Nagpur, on the 
effect of used cans on the quality of edible oils.
The results indicated that the reduction in shelf- 
life of oil, packed in once used containers, w as upto 
4 m onths (Grover et al. 1982). The present 
communication reports long storage studies on the 
extent of deterioration of groundnut oil packed in 
used tin containers, as compared to fresh tin  
containers.
M aterials and M ethods

Used tin contaiiwrs : Tin containers (18 litre 
capacity), used once for packing sam e type of oil, 
were used in these experiments. These were washed  
with caustic soda, rinsed thoroughly in running 
water and sun-dried before use for packing. The 
number of rust spots on the tins seen visually were 
recorded. These cans were stored under ambient 
conditions (23-32°C; RH; 70-80%) at Bombay, before
* Corresponding Author

oil, Shclf-lifc, S e n so ry  evaluation, R u s t  spots, Ranc id ity, 

using for repacking of oil.
Packed oil : Virgin groundnut oil w as packed under 
commercial conditions in fresh and used  tin  
containers of 18 litres capacity at the oil extraction  
and packing unit, Bombay.
Shelf-life stu d ies : The shelf-life stu d ies were carried 
out upto 13 m onths at am bient tem perature (25- 
30°C) and 12 m onths at 37°C p lus one m onth at 
ambient temperature. The cut-out analysis w as 
carried out on the product and the condition of 
the containers.
M ethods o f a n a ly s is  : M oisture con ten t w as  
determined by drying 1 0  g of sam ple in an oven 
at 105°±1°C for 1 h (BIS 1968). Free fatty acids 
(FFA) and peroxide value (PV) were determ ined by 
AOCS (1960) method and the m ethod of Wheeler 
(1932), respectively. Kries test w as carried out by 
the method of Poole and Prater (1945).
Sensory evaluation : This w as carried out to 
determine freshness of oil, identification of rancidity  
and also of possible incipient rancidity by a 1 0 - 
member panel. Four stage quality param eters i.e.
1 . fresh and typical, 2 . indicative of incipient 
rancidity, 3. slight rancid and 4. clearly rancid 
(Shanthi Narasimhan et al. 1986) were used in 
evaluation of overall quality of oil. The m ean score 
on the four point scale w as taken into consideration  
to a ssess  the overall quality of the oil.
R esu lts and D iscu ssio n

The results of the periodical shelf-life stu d ies  
are d iscussed  below.
Storage period upto 3 months : Initially, the m oisture  
contents were 0 .008  and 0.093%  in case of control 
and used cans, respectively. There w as no significant 
difference in free fatty acids, peroxide value and  
Kries value between the oil packed in fresh and
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used tin containers. The quality of oil w as good decom position of peroxide as a result of secondary 
and acceptable. On an average. 2-3  rust spots were reaction, which is accelerated at 37°C. These facts
noticed in the used containers (Table 1). provide possible explanation for the erratic changes

T A U L E  1. S H E L F - L IF E S T U D IE S  O F ■ O IL  IN  T IN C O N T A IN E R S

Storage FFA, Peroxide value, K rie s value. Q u a lity  o f  oil
Tem perature %  oleic acid m.eq. per k g  o f oil O D /g  oil flavour*
and period Contro l U sed Contro l U sed C ontro l U sed C ontro l U sed

1 m onth at am bient tem perature 0 .17 0.21 7.0 8.7 0 .25 0 .39 1 1

3 m onths at am bient tem perature 0 .17 0.21 8.3 8.4 0.41 0.41 1 1

2  m on th s at 3 7 ^  and  1 m onth
at am bient tem perature 0 .18 0 .25 8.0 12.7 0.42 0 .57 1 1

5  m onth s at am bient tem perature 0 .17 0.21 7.7 9.6 0 .63 0 .62 1 1

4  m onths at 3 7 "C  and  1 m onth
at am bient tem perature 0 .20 0 .23 10.9 12.3 0.84 0.61 1 3

7  m on th s at am bient tem perature 0 .17 0.22 34.1 36.1 0 .46 0 .5 6 1 3

6  m onth s at 37°C a n d  1 m onth
at am bient temperature 0.21 0 .26 27 .6 38 .5 0 .60 0 .5 7 1 4

9  m onth s at ambieyit tem perature 0 .19 0.22 10.9 1 1.6 0 .55 0 .5 6 1 3

8  m onth s at 3 7 ’C  and  1 m onth
at am bient tem perature 0 .26 0 .38 9.4 7.4 0 .63 0 .54 1 4

13 m onth s at am b ien t tem perature 0 .20 0.29 6.9 4.2 1.40 1.23 1 4

12 m onth s at 37°C  a n d  1 m onth
at am bient tem perature 0 .28 0 .33 4.7 4.6 1.47 1.55 2 4

Am bient temperature w a s 25-30°C. * M e an  score on  a 4  point scale.
1 = Typical and  fresh, 2 = Inc ip ient rancidity, 3  =  J u s t  noticeable rancidity, 4  =  C learly  noticeable ranc id ity

Storage period uplo 7 m onths : After 5 m onths 
storage at ambient temperature, the oil packed in 
control and used  tin containers at am bient 
temperature and the control cans at 37°C was 
acceptable with respect to all the characteristics. 
However, oil packed in used cans, stored at 37°C, 
showed slight rancidity. There w as no significant 
difference in m oisture, FFA, PV and Kries test 
between conlrcl and recycled cans (Table 1).

After 6  m onths storage at 37°C, plus one month  
at ambient temperature, the oil packed in used  
cans showed clear rancidity and it w as not 
acceptable. The oil packed in fresh cans, both at 
ambient temperature and at 37°C, w as free from 
rancidity, without affecting the quality, and it was 
acceptable by the panelists.

Oil sam ples in both the containers were free 
from moisture as against 0.008%  and 0.093%  at 
3  months' storage period in fresh and used tin 
containers. FFA values were 24% more in used  
cans. There were steep increases in the peroxide 
values in both fresh and used cans. The evaluation  
of peroxide value is helpful in the earlier stages 
of oxidation. As the oxidation proceeds, the peroxide 
value increases and reaches a maximum value and 
thereafter, the peroxide value decreases due to

in peroxide values. There w as no significant 
difference in the Kries value between the fresh and 
the used cans.
Storage period upto 13 m onths : After 9 m onths 
storage at ambient temperature, oil packed in used  
cans had slight rancidity and change in flavour, 
whereas, the oil showed clear rancidity at 37°C 
(Table 1). A few rust spots were also noticed in 
the interior of used cans. Oil packed in fresh cans 
w as acceptable upto a storage period of 9 m onths 
at ambient temperature and 37°C. The can interior 
of fresh cans w as normal and free from rust spots. 
The final analysis after 13 m onths storage at 
ambient temperature and 12 m onths at 37°C plus 
one m onth at am bient temperature indicated that 
oil packed in fresh can s w as acceptable. Can 
interior w as also found to be normal.

In the case of oil packed in used  cans, clear 
rancidity w as noticed with oIT-flavour, thereby 
making the oil unacceptable. At 37°C, strong 
obnoxious off-flavour w as noticed. A few rust spots  
were also noticed in the can interior. The results, 
thus, show that the presence of iron in the form 
of rust spots accelerates not only oxidation, but 
also the appearance of reversion flavours. It is  
apparent that the flavour and stability of the
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product cannot be guaranteed because of the lack  
of control on re-using of tin containers. While 
cleaning the cans lor packing edible oil, stringent 
precautionary m easures have to be taken to maintain 
the quality of the product.

The results of these studies clearly indicated 
that groundnut oil could be safely packed in fresh 
tinplate cans for a long shelf-life of about 1 2  
m onths at 37°C. Used tinplate cans are suitable 
for packing groundnut oil for storage upto 4 
m onths at 37°C. Beyond 4 m onths storage, the oil 
becomes rancid and on long storage, unacceptable 
odour develops in the oil which m akes it unfit for 
consumption.
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Influence o f D ietary Protein on Am inotransferases and
Phosphatases in R at Tissues

M.R. DORE RAJU, K. VIJAYALAKSHMI AND M. KARUNA KUMAR*
Department of Studies in Biochemistry,

University of Mysore, Manasagangotri, M ysore-570 006 , India.
In  a lb ino  rats, fed a d  l ib i tu m  w ith  d iets con ta in in g  5, 16, 3 2  and  4 8 %  dietary p rote in  for 4 5  days, the liver 

m itochondria l a n d  su p e rn a ta n t  a lan ine  am inotransfe ra se  activities increased  at h ighe r levels o f protein, b u t the activities 
show ed a  decline in  scrum . The  a spartate  am inotransfe ra se  levels in  m itochond ria  increased  at h ig he r pro te in  levels, 
w hereas the sup e rna ta n t  enzym e w a s enhanced  on ly  in  the case  o f  3 2  a n d  4 8 %  d ietary protein-fed g roup s. The  activities 
o f these enzym es in  k idney  a nd  heart cell fractions were not influenced b y  the level o f protein. T h e  a lka lin e  p h o sp h a ta se  
activities in  se ru m  and  liver were lower in  rats fed o n  h igh  protein diets, w he reas the acid  p h o sp h a ta se  activities 
were not affected.

K e y w o rd s  : A m inotransfe ra ses, Phosphatases, D ie ta ry  protein, R a t  tissues.

L-alanine-2-oxoglutarate aminotransferase (ALA,
E.C. 2.6.1.2) activities, both in mitochondrial and 
supernatant fractions of rat liver, have been reported 
(Hopper and Segal 1964; Swick et al. 1965). The 
enzyme activities in liver hom ogenates were found 
to change markedly in response to protein levels 
in the diet (Woldorf et al. 1963; Rosen et al. 1958), 
but the significance of isoenzym e forms w as not 
considered. Very little information is available 
about the am inotransferase activities in kidney and 
heart tissu es of rats fed with different levels of 
dietary protein. Hence, the influence of dietary 
protein at optimum and also at high and low levels 
on the activities of ALA w as studied in rat tissu es  
under severe protein stress conditions. The results 
are presented in th is com m unication. In addition, 
data have also been presented for L-aspartate-2- 
oxoglutarate am ino-transferase (ASA, E.C. 2.6.1.1)  
and phosphatases.
M aterials and M ethods

Young male' Wistar' strain albino rats, weighing 
60-70 g, were grouped ( 8  rats per group) according 
to randomized block design. The rats were housed  
individually in wire cages and given experimental 
diets a d  libitum  with free access to water. The 
experimental diets were prepared as described by 
Lalitha and Radhakrishnamurthy (1974). Casein  
was used as the source of protein. The rats were 
maintained on the respective diets for 45 days and 
were killed at the end of experimental period by 
ether anaesthesia. The blood w as collected by 
cardiac puncture and serum  w as separated. The 
liver, kidney and heart tissu es were excised quickly
* Corresponding Author

and placed in ice-cold 0 .25  M sucrose solution. The 
t is su e s  were w ashed  free of blood, m inced, 
hom ogen ized  u s in g  a Potter- E lvehjem  g la ss  
homogenizer with teflon pestle and m ade upto 1 0  
volum es with 0 .25  M sucrose. Fractionation w as 
carried out according to the procedure of Hogeboom
(1955) and mitochondrial pellet w as collected by 
centrifugation at 10 ,000 x  g  for 30  m in. Since the 
m icro so m a l fra ctio n  d o e s  n o t co n ta in  th e  
am inotransferase activity, the post-m itochondrial 
fraction w as taken as the supernatant fraction for 
all routine analyses.

ALA activity in liver cell fractions w as assayed  
spectrophotometrically (Segal and M atsuzuwa 1970). 
This enzyme activity in serum  and other tissu es  
and ASA activity were m easured according to the 
m ethod of Tonhazy et al. (1950) as modified by 
Caldwell and McHenry (1953). Alkaline and acid 
phosphatase activities in hom ogenates (E.C. 3 .1 .3 .1  
and 3 .1 .3 .2 , respectively) were assayed by the 
method of H ubscher and W est (1965) and inorganic 
phosphate liberated w as estim ated according to the 
procedure of Taussky and Shorr (1953). Protein w as 
estim ated by the m ethod of Oyama and Eagle
(1956) , using Folin-Ciocalteu reagent. Significance 
of the results among treatm ents w as evaluated by 
Student's 't' test.

All the chem icals u sed  were of reagent grade 
from BDH or E. Merck or Sigma Chemical Company, 
USA. All the experim ents were repeated 3  to 4 
tim es.
R esu lts  and D iscu ssio n

The effects of varying levels of dietary protein 
on serum  and liver m itochondrial and supernatant
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T A B L E  1. T H E  IN F L U E N C E  O F  D IF F E R E N T  L E V E IE S  O F  P R O T E IN S  O N  A L A N IN E  A N D  A S P A R T A T E  A M IN O T R A N S F E R A S E
A C T IV IT IE S  IN  T H E  R A T  L IV E R  A N D  S E R U M .

Level L -a lan inc-2 -oxog lu ta ra te  am inotransfe rase * L -a spa rla lc -2 -oxo g lu ta ra te  am ino tran sfe ra se *
of protein -------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------
in  the Liver, g  L issu c/m in  Liver, g  t issu e /m in
diet, %  --------------------------------------------------------------------------------------  -----------------------------------------------------------------------------------

M itochond ria Su p e rn a ta n t Se rum , m l/h M itochond ria Su p e rn a ta n t  Sc ru m , m l/h

5 1.15 ± 0 .12 3.25+0.41 0.81+0 .12 1.35+0.03 9 .56 +0 .38 4 .48 +0 .15

16 2 .2 5 ± 0 .19“ 10.19+0.96» 0 .44±0 .08d 2.10+0.09» 9 .45 +0 .36 4.25+0.21

32 3.16+0.16» 19.14+0.84» 0.42+0.04° 2.95+0.05» 1 1.92+0.35» 4 .04 +0 .36

48 4.15+0.56» 35.24+2.87» 0 .28±0 .05h 3.65+0.06» 14.85+0.45» 3 .5 6 ±0 .36d

* g  moles pyruvate formed. Va lue s 
protein (5%) (P value), a: 0.001, b:

are averages of 8 
0.002, c: 0.01,

a n im a ls  in  each 
d:0.05.

g roup  a n d  S E M .  S ign ificance com pared  to the rate fed low

aminotransferase activities are presented in Table 1. 
The ALA activities were considerably enhanced in  
both cell fractions with the increase of dietary 
protein. The enhancem ents were 1.95, 2 .70  and 
3.61 folds in mitochondria and 3 .14, 5 .96  and 
10.84 folds in supernatant in rats fed 16, 32 and 
48% dietary protein levels, respectively. The ASA 
activity w as not significantly altered in liver 
supernatant fraction at 16% protein level when the 
values were compared with low protein diet group 
(5%), whereas enhanced ASA activity w as observed 
at 32 and 48% protein levels. The mitochondrial 
ASA activities showed increases of 1.6, 2 .2  and 2.7  
folds in rats fed 16, 32 and 48% dietary protein, 
respectively as compared to 5% protein diet. The 
serum ALA levels were considerably decreased with 
the increase of protein content in the diet. The ASA 
activities were affected only at 48% protein levels 
in the diet. The influence of different levels of 
protein on alanine and aspartate aminotransferase 
activities in heart and kidney cell fractions were 
not affected.

The results of serum , liver and kidney alkaline 
and acid phosphatase activities are summarized in 
Table 2. The serum  alkaline phosphatase activities
T A B L E  2. T H E  IN F L U E N C E  O F  D IF F E R E N T  L E V E IE S  O F  

P R O T E IN S  O N  P H O S P H A T A S E  A C T IV IT IE S  O F  
S E R U M  A N D  L IV E R .

Level
of protein A lka line  pho sp h a ta se * A c id  pho sph a ta se *
in the 
diet % Se ru m Liver S c ru m Liver

5 45 .69+1 .41 57 .75+3 .58 2.75+0 .19 288.42+33 .21

16 41 .01+2 .65 31 .50+3 .57 " 2 .30+0 .25 295 .40+34 .22

32 34.05+1.09» 29.95+1.42» 2.41+0.13 382 .25+40 .33

48 36.95+3.15» 18.50+3.02» 2 .62+0 .27 361 .40+  9.83

* g  m oles o f ino rgan ic  pho sphate form ed per h o u r  per g ram
tissue  o r per m l serum . V a lu e s  a rc  average of 8  a n im a ls  in 
each g roup  and  S E M .  S ign ificance  com pared  to the ra ts fed 
low protein (5% ) (P value) a: 0.001.

in the groups receiving higher protein diets (32 and 
48%) were significantly lower than those of the 5 
and 16% protein fed groups. The enzym e activities 
in liver were found to decrease by 46, 48 and 6 8 % 
in rats fed 16, 32 and 48% protein in the diet, 
respectively. The enzyme activities in kidney were 
not affected. The liver acid phosphatase activities 
did not show  any change at 5 and 16% levels of 
protein in the diet, but were slightly enhanced at 
higher levels of protein.

Diets were given a d  libitum, since preliminary 
experiments in this laboratory have show n that 
pair-feeding the control anim als results in abnormal 
increases in am inotransferase levels of the liver due 
to partial starvation. Since the activities in  the 
hom ogenate are the sum  of both m itochondrial and 
supernatant activities, the values for hom ogenates 
are not given.

The results show that both liver m itochondrial 
and supernatant ALA activities were increased with 
the increase of protein content in the diet. According 
to Harper (1965), decreased activities of am inotrans­
ferases were observed in liver hom ogenates of rats 
on low protein diet. Waldorf et al. (1963) reported 
that in rats fed with 80% casein , the ALA activity 
increased by 400% of the control value. Rosen et 
al. (1958) noted that ALA activity of liver w as 
directly related to the protein content of the diet. 
It w as also reported that ALA activity w as greatly 
increased in conditions known to increase the rate 
of gluconeogenesis (Rosen et al. 1959). In all these  
experiments, the stud ies were confined to liver 
hom ogenates. In the present study, the response  
of the enzym es w as also studied in sub-cellular  
fractions of organs of rats fed with different levels 
of proteins. The observed increases in ALA activities 
of liver mitochondria and supernatant m ay probably 
be the result of the increased syn th esis of enzyme 
proteins. In rats Ted at low protein levels, reduced  
ALA activity w as observed because of the increasing
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n e e d  f o r  e f f i c i e n t  t r a p p i n g  o f  a m i n o  a c i d s  f o r  t i s s u e  
p r o t e i n  s y n t h e s i s .

I t  w a s  o b s e r v e d  t h a t  t h e  A S A  a c t i v i t y  i n  l i v e r  
m i t o c h o n d r i a  w a s  e l e v a t e d  w i t h  i n c r e a s e d  l e v e l s  o f  
p r o t e i n  i n  t h e  d i e t ,  w h e r e a s  t h e  s u p e r n a t a n t  A S A  
a c t i v i t y  w a s  e n h a n c e d  o n l y  w h e n  r a t s  w e r e  f e d  
a b o v e  t h e  l e v e l  o f  1 6 %  d i e t a r y  p r o t e i n .  L a l i t h a  a n d  
R a d h a k r i s h n a m u r t h y  ( 1 9 7 4 )  f e d  t h e  a n i m a l s  o n l y  
u p t o  1 8 %  l e v e l s  o f  c a s e i n  a n d  o b s e r v e d  t h a t  t h e  
a c t i v i t y  w a s  n o t  a f f e c t e d  w h e n  c o m p a r e d  t o  t h e  r a t s  
f e d  a t  8 %  l e v e l .  H e g e r  a n d  K e j m e r  ( 1 9 7 6 )  n o t e d  t h a t  
w i t h  i n c r e a s e  i n  t h e  d i e t a r y  p r o t e i n  c o n t e n t  f r o m  
1 0  t o  6 0 % ,  A L A  a c t i v i t y  i n  l i v e r  h o m o g e n a t e  w a s  
e l e v a t e d  w i t h  i n c r e a s e d  l e v e l s  o f  p r o t e i n  i n t a k e ,  
w h e r e a s  A S A  a c t i v i t y  i n  l i v e r  h o m o g e n a t e  w a s  
i n c r e a s e d  o n l y  a t  l e v e l s  b e t w e e n  4 0  a n d  6 0 % .  I n  
t h e  p r e s e n t  e x p e r i m e n t ,  t h e  A S A  a c t i v i t y  i n  l i v e r  
s u p e r n a t a n t  w a s  n o t  i n f l u e n c e d  s i g n i f i c a n t l y  u n t i l  
t h e  p r o t e i n  i n t a k e  e x c e e d e d  t h e  n o r m a l  l e v e l  ( 1 6 % ) .

A s  s h o w n  i n  T a b l e  1 , t h e  s e r u m  A L A  a c t i v i t y  
w a s  r e d u c e d  c o n s i d e r a b l y  a t  h i g h e r  l e v e l s  o f  p r o t e i n .  
T h e  s e r u m  A S A  a c t i v i t y  w a s  n o t  f o u n d  t o  b e  a f f e c t e d  
s i g n i f i c a n t l y  b y  t h e  l e v e l  o f  p r o t e i n  i n  t h e  d i e t .  I n  
c a s e  o f  s e r u m  A L A , s i m i l a r  o b s e r v a t i o n s  w e r e  
r e p o r t e d  b y  Y a s h i r o  e t  a l .  ( 1 9 8 0 ) .  O u r  r e s u l t s  a r e  
i n  c o n t r a s t  t o  t h e  o b s e r v a t i o n s  o f  B o l t e r  a n d  C r i t z
( 1 9 7 4 ) ,  w h o  n o t e d  h i g h e r  l e v e l s  o f  p l a s m a  A L A  
a c t i v i t y  i n  r a t s  f e d  4 5 %  p r o t e i n  d i e t  w h e n  c o m p a r e d  
t o  2 5 %  p r o t e i n  f e d  r a t s .

T h e  a l k a l i n e  p h o s p h a t a s e  a c t i v i t i e s  o f  l i v e r  
h o m o g e n a t e s  a n d  s e r u m  w e r e  f o u n d  t o  d e c r e a s e  
w i t h  i n c r e a s i n g  l e v e l s  o f  p r o t e i n .  M u r a m a t s u  a n d  
A s h i d a  ( 1 9 6 2 1  i n d i c a t e d  t h a t  t h e  a c t i v i t y  o f  l i v e r  
a l k a l i n e  p h o s p h a t a s e  d i d  n o t  c h a n g e  i n  r a t s  r e c e i v i n g  
t h e  d i e t s  c o n t a i n i n g  d i f f e r e n t  l e v e l s  o f  p r o t e i n  ( 0 -  
6 0 % )  f o r  1 5  d a y s ,  b u t  t h e  a c t i v i t y  o f  t h i s  e n z y m e  
w a s  m a x i m a l  i n  r a t s  f e d  l o w  p r o t e i n  o r  p r o t e i n -  
f r e e  d i e t s  f o r  2 9  d a y s .  S i m i l a r  r e s p o n s e  w a s  
r e p o r t e d  b y  R o s s  a n d  B a t t  ( 1 9 5 6 ) .  M i l l e r  ( 1 9 5 0 )  h a s  
a l s o  r e p o r t e d  i n c r e a s e d  c o n c e n t r a t i o n  o f  h e p a t i c  
a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  i n  p r o t e i n - d e f i c i e n t  
r a t s .

T h e  a c i d  p h o s p h a t a s e  a c t i v i t i e s  w e r e  n o t  
s i g n i f i c a n t l y  a l t e r e d  o n  f e e d i n g  h i g h e r  l e v e l s  o f  
d i e t a r y  p r o t e i n .  S r i n i v a s a n  a n d  P a t w a r d h a n  ( 1 9 5 5 )  
r e p o r t e d  t h a t  t h i s  e n z y m e  a c t i v i t y  i n  l i v e r  w a s  n o t  
c h a n g e d  a p p r e c i a b l y  i n  r a t s  f e d  w i t h  d i f f e r e n t  d i e t s .

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

T h e  m i t o c h o n d r i a l  a n d  s u p e r n a t a n t  e n z y m e s  o f  
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Development of High Fibre Biscuits Using Wheat Bran
K . L E E L A V A T H I A N D  P . H A R I D A S  R A O *

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

S tu d ie s  o n  d e v e lo p m e n t o f  h ig h  fib re  so f t b i s c u i ts  in d ic a te d  t h a t  f lo u r  c o u ld  b e  s u b s t i tu te d  w ith  ra w  w h e a t  b r a n  
u p to  3 0 %  level, a s  a  s o u rc e  o f  d ie ta ry  fib re , w i th o u t  a ffe c tin g  th e  o v e ra ll q u a lity . M in im u m  lev els  o f  fa t  a n d  s u g a r  
re q u ire d  in  th e  fo rm u la tio n  w e re  15 a n d  26% , re sp ec tiv e ly . In c o rp o ra tio n  o f  0 .5 %  s o d iu m  s te a ro y l  la c ty la te  im p ro v e d  
th e  q u a li ty  o f  b is c u i ts .  T h e  d ie ta ry  f ib re  c o n te n t  o f  th e s e  b is c u i ts  w a s  a b o u t  7  t im e s  h ig h e r  th a n  th e  c o n tro l  b is c u its .  
H igh fib re  b is c u i t s  w ra p p e d  in  100  g a u g e  p o ly p ro p y le n e  p o u c h e s  h a d  a  sh e lf-life  o f  a b o u t  9 0  d a y s  w h e n  s to re d  a t

fibre.
27±2°C  a n d  6 0 ± 2 %  RH.
K ey w o rd s : W h e a t  b r a n ,  H ig h  f ib re  b is c u i ts ,  D ie ta ry

P r e s e n c e  o f  l o w  l e v e l s  o f  f i b r e  i n  t h e  d i e t  h a s  
b e e n  r e p o r t e d  t o  c a u s e  n o n - i n f e c t i o u s  d i s e a s e s ,  
s u c h  a s  d i v e r t i c u l o s i s ,  a t h e r o s c l e r o s i s ,  a n d  c o l o n i c  
c a n c e r  ( J e l t e m a  e t  a l .  1 9 8 3 ) .  T h e  h y p o c h o l e s t r e m i c  
a n d  h y p o l i p i d e m i c  a c t i o n  o f  f i b r e  h a s  b e e n  w e l l  
d o c u m e n t e d  ( U b e r o i  e t  a l .  1 9 9 2 ) .  F o r  t h i s  r e a s o n ,  
i n t e r e s t  h a s  b e e n  s h o w n  t o  i n c r e a s e  t h e  u p t a k e  o f  
f i b r e s  i n  t h e  d i e t .  B e i n g  o n e  o f  t h e  b e s t  a v e n u e s ,  
s e v e r a l  s t u d i e s  h a v e  b e e n  r e p o r t e d  o n  t h e  
i n c o r p o r a t i o n  o f  f i b r e s  f r o m  v a r i o u s  s o u r c e s  i n  
b r e a d  ( L a i  e t  a l .  1 9 8 9 ) ,  c a k e  ( K a t h e r i n e  a n d  Z a b i k
1 9 7 6 ) ,  c o o k i e s  ( V r a t a n i n a  a n d  Z a b i k  1 9 7 8 )  a n d  
b a k e r y  p r o d u c t s  ( L e e l a v a t h y  e t  a l .  1 9 9 1 ) .  H o w e v e r ,  
n o  i n f o r m a t i o n  i s  a v a i l a b l e  o n  h i g h  f i b r e  s o f t  d o u g h  
b i s c u i t s ,  e v e n  t h o u g h  t h e s e  c o n s t i t u t e  o n e  o f  t h e  
p o p u l a r  b a k e d  p r o d u c t s  i n  s e v e r a l  c o u n t r i e s ,  
i n c l u d i n g  I n d i a .  T h e r e f o r e ,  s t u d i e s  w e r e  u n d e r t a k e n  
t o  d e v e l o p  h i g h  f i b r e  b i s c u i t s  b y  i n c o r p o r a t i n g  
w h e a t  b r a n ,  s i n c e  i t  i s  a  r i c h  s o u r c e  o f  d i e t a i y  f i b r e  
( S o s u l i k i  a n d  W u  1 9 8 8 ) .  W h e a t  b r a n ,  i n  a d d i t i o n ,  
c o n t a i n s  p r o t e i n s  o f  h i g h  b i o l o g i c a l  v a l u e  a n d  a l s o  
i s  a  r i c h  s o u r c e  o f  B  g r o u p  v i t a m i n s  a n d  s e v e r a l  
m i n e r a l s  ( P o m e r a n z  e t  a l .  1 9 7 6 ) .

M a t e r ia l s  a n d  M e t h o d s
W h e a t  f l o u r  (m a id a ) a n d  c o a r s e  b r a n  f r o m  a n  

a e s tiv u m  w h e a t  v a r i e t y  w e r e  o b t a i n e d  f r o m  a  p i l o t  
r o l l e r  f l o u r  m i l l  o f  2 0  t o n n e s  c a p a c i t y  o f  t h e  
I n s t i t u t e .  W h o l e  w h e a t  f l o u r  w a s  o b t a i n e d  b y  
g r i n d i n g  w h e a t  i n  a  d i s c  m i l l .  B r a n ,  a f t e r  r e m o v i n g  
f i n e s  b y  s i e v i n g  t h r o u g h  2 0  m e s h  s i e v e  ( l l l O p ) ,  
w a s  s p r e a d  o n  a  t r a y  t o  a  t h i c k n e s s  o f  a b o u t  2 . 5  
c m  a n d  t o a s t e d  i n  a n  o v e n  m a i n t a i n e d  a t  1 6 0 ° C  
f o r  3 0  m i n .  B o t h  r a w  a n d  t o a s t e d  b r a n  w e r e  
p o w d e r e d  i n  a  K a m a s  m i l l  ( S l a g g y - 2 A )  u s i n g  8 0 0  
g  s i e v e .  M o i s t u r e ,  a s h ,  g l u t e n ,  t o t a l  p r o t e i n ,  d i a s t a t i c  
a c t i v i t y  a n d  s e d i m e n t a t i o n  v a l u e  w e r e  d e t e r m i n e d
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a c c o r d i n g  t o  A A C C  m e t h o d s  ( 1 9 7 6 ) .  C a l c i u m ,  t o t a l  
p h o s p h o r u s ,  i r o n  a n d  s t a r c h  w e r e  e s t i m a t e d  a s  p e r  
A O A C  m e t h o d s  ( 1 9 8 4 ) .

B l e n d s  o f  m a id a  a n d  b r a n  w e r e  p r e p a r e d  b y  
r e p l a c i n g  f l o u r  w i t h  1 0  t o  6 0 %  o f  r a w  o r  t o a s t e d  
b r a n ,  r e s p e c t i v e l y .  B i s c u i t s  w e r e  p r e p a r e d  f r o m  
m a id a ;  b l e n d s  o f  m a id a  a n d  b r a n ;  a n d  f r o m  w h o l e  
w h e a t  i l o u r  a c c o r d i n g  t o  t h e  m e t h o d  d e s c r i b e d  b y  
H a r i d a s  R a o  a n d  S h u r p a l e k a r  ( 1 9 7 6 ) .  W e i g h t ,  
d i a m e t e r  a n d  t h i c k n e s s  o f  6  b i s c u i t s  a t  a  t i m e  w e r e  
m e a s u r e d  f r o m  w h i c h ,  v a l u e s  f o r  a  s i n g l e  b i s c u i t  
w e r e  c a l c u l a t e d .  D e n s i t y  o f  b i s c u i t s  w a s  c a l c u l a t e d  
b y  d i v i d i n g  w e i g h t  b y  v o l u m e .  V o l u m e  o f  b i s c u i t s  
w a s  d e t e r m i n e d  b y  r a p e s e e d  d i s p l a c e m e n t  m e t h o d  
( H a r i d a s  R a o  a n d  S h u r p a l e k a r  1 9 7 6 ) .  S p r e a d  r a t i o  
w a s  c a l c u l a t e d  b y  d i v i d i n g  d i a m e t e r  w i t h  t h i c k n e s s  
a c c o r d i n g  t o  A A C C  m e t h o d  ( 1 9 7 6 ) .  B i s c u i t s  w e r e  
p a c k e d  i n  p o l y p r o p y l e n e  p o u c h e s  ( g a u g e  1 0 0 )  a n d  
s t o r e d  a t  r o o m  t e m p e r a t u r e  ( 2 7 ± 2 ° C )  f o r  4  m o n t h s .  
T h e  s a m p l e s  w e r e  e v a l u a t e d  a t  r e g u l a r  i n t e r v a l s  f o r  
m o i s t u r e  (A A C C  1 9 7 6 ) ,  f a t  a c i d i t y  (A O A C  1 9 8 4 )  a n d  
p e r o x i d e  v a l u e  ( A O C S  1 9 7 3 ) .  T h e  b i s c u i t s  w e r e  
e v a l u a t e d  b y  a  p a n e l  o f  6  s e m i - t r a i n e d  j u d g e s  u s i n g  
a  9  p o i n t  H e d o n i c  s c a l e  s y s t e m  f o r  d i f f e r e n t  
p a r a m e t e r s  l i k e  a p p e a r a n c e ,  c o l o u r ,  c r i s p n e s s ,  
m o u t h f e e l  a n d  o v e r a l l  q u a l i t y  ( H a r i d a s  R a o  a n d  
S h u r p a l e k a r  1 9 7 6 ) .  A l l  t h e  e x p e r i m e n t s  w e r e  c a r r i e d  
o u t  i n  d u p l i c a t e  a n d  t h e  s t a t i s t i c a l  a n a l y s i s  o f  t h e  
d a t a  w a s  d o n e  b y  D u n c a n ' s  M u l t i p l e  r a n g e  t e s t  
( D u n c a n  1 9 5 7 ) .

R e s u l t s  a n d  D i s c u s s i o n
Q u a l i t y  c h a r a c t e r i s t i c s  : T h e  q u a l i t y

c h a r a c t e r i s t i c s  o f  m a id a ,  r a w  b r a n ,  a n d  t o a s t e d  
b r a n  a r e  g i v e n  i n  T a b l e  1 . S u i t a b i l i t y  o f  f l o u r  
s e l e c t e d  f o r  t h e  p r e p a r a t i o n  o f  b i s c u i t s  w a s  j u s t i f i e d  
b y  i t s  l o w  p r o t e i n  c o n t e n t  a n d  l o w  s e d i m e n t a t i o n  
v a l u e .  T h e  v a l u e s  o b t a i n e d  f o r  c a l c i u m ,  p h o s p h o r u s ,
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TABLE 1. PHYSICAL AND C HEM ICAL CHARACTERISTICS*
O F  W H EA T FL O U R  [MAIDA) AND W H EA T BRAN.

C o n s t i tu e n ts F lo u r W h e a t b r a n

A sh , % 0 .6 2
R aw
14 .7

T o a s te d
1 4 .5

D ry g lu te n , % 9 .1 - -
P ro te in , % 9 .7 14 .9 1 4 .8
S e d im e n ta tio n  v a lu e , m l 2 1 .0 - -
D ia s ta tic  ac tiv ity , m g / 10 g 

llo u r  a t  30°C 2 0 3 _ _

S ta rc h , % 7 3 .0 11 .2 1 1 .0
T o tal p h o s p h o ru s ,  m g  % 9 2 9 3 0 9 6 0
Iro n , m g  % 2.1 8 .4 8 .9
T o ta l d ie ta ry  fibre**, % 2 .7 4 6 .1 4 3 .3
O v ers  o f 10 XX 

(128  ji) s ieve , % 3 .0 3 8 .5 2 8 .1
* E x p re s s e d  o n  14%  m o is tu re b a s is
** As re p o r te d  b y  P o m e ra n z  e t  a]. (1976)
a n d  i r o n  c o n t e n t s  i n  b o t h  f l o u r  a n d  b r a n  c o n f o r m  
t o  t h o s e  v a l u e s  r e p o r t e d  b y  B e t s c h a r t  ( 1 9 8 8 ) .

A c c o r d i n g l y ,  b r a n  s a m p l e s  u s e d  i n  t h i s  s t u d y ,  b o t h  
r a w  a n d  t o a s t e d ,  h a d  i r o n  a n d  c a l c i u m  f o u r  t i m e s  
a n d  p h o s p h o r u s  1 0  t i m e s  t o  t h o s e  o f  t h e  f l o u r .  
T o a s t i n g  o f  b r a n  w a s  c a r r i e d  o u t  t o  i n a c t i v a t e  t h e  
e n z y m e s  a s  w e l l  a s  t o  i m p r o v e  t h e  k e e p i n g  q u a l i t y  
o f  b r a n .  T o a s t i n g  d i d  n o t  a l t e r  t h e  c o m p o s i t i o n  o f  
b r a n .  H o w e v e r ,  a  s l i g h t  d i f f e r e n c e  i n  t h e  p a r t i c l e  
s i z e  d i s t r i b u t i o n  o f  p o w d e r e d  b r a n  w a s  o b s e r v e d .  
T h e  q u a n t i t y  o f  r a w  b r a n  r e t a i n e d  o v e r  1 2 8  p. s i e v e  
w a s  3 8 . 5 % ,  w h i l e  t h e  s a m e  w a s  2 8 . 1 %  f o r  t h e  
t o a s t e d  b r a n .  T h i s  w a s  p r o b a b l y  d u e  t o  t h e  f r a g i l e  
n a t u r e  o f  t h e  t o a s t e d  b r a n .

In corpora tion  o f  r a w  b r a n : E f f e c t  o f  i n c o r p o r a t i o n  
o f  d i f f e r e n t  l e v e l s  o f  r a w  w h e a t  b r a n  o n  t h e  w a t e r  
r e q u i r e m e n t s ,  t o  o b t a i n  t h e  d e s i r e d  b i s c u i t  d o u g h  
c o n s i s t e n c y ,  i s  s h o w n  i n  T a b l e  2 .  T h e  r e s u l t s  s h o w  
t h a t  t h e  w a t e r  r e q u i r e m e n t  i n c r e a s e d  f r o m  1 5  t o  
2 2 % ,  a s  t h e  b r a n  c o n t e n t  i n c r e a s e d  f r o m  1 0  t o  
6 0 % .  T h i s  i n c r e a s e  i n  t h e  w a t e r  r e q u i r e m e n t  w a s  
p r o b a b l y  d u e  t o  t h e  p r e s e n c e  o f  h i g h  a m o u n t s  o f

TABLE 2. QUALITY CH A R A C TERISTICS O F  B ISC U IT S CONTAINING W HEAT BRAN

Level o f W a te r P h y s ic a l S e n s o ry
b r a n

%
a d d e d

% D e n s ity

g /c c

T h ic k ­
n e s s
(mm)

D ia ­
m e te r
(m m )

S p re a d
ra tio

A p p e a ­
ra n c e

C o lo u r C r is p ­
n e s s

M o u th
feel

O v era ll
q u a li ty

R a w  b r a n
0 15.0 0 .6 1 6 8 a 7 .2 4 6 * 50 .0 2 * 6 .9 9 * 8 .5 0 * 8 .6 7 * 8 .8 3 * 8 .5 0 * 8 .8 3 *

10 15 .0 0 .6 1 9 8 “ 8 .1 8 1 A 5 0 .2 5 “ 7 .2 4 s 8 .7 5 * 8 .3 3 “ 8 .3 8 “ 8 .5 0 * 8 .5 0 *
2 0 16 .0 0 .6 3  l ö 1* 7 .0 5 0 s 50 .1 3 * 7 .4 4 e 8 .4 2 * 7 .8 3 BC 8 .3 5 “ 7 .7 5 s 8 .4 2 *
3 0 17 .5 0  6 3 4 8 e 6 . 9 16c 5 0 .3 3 “ 7 .6 1 e 8 .58* 7 .9 2 c 8 .3 3 “ 7 .2 5 s 7 .9 2 “
4 0 19 .5 0 .6 7 8 5 ° 6 .4 3 5 ° 5 0 .3 7 “ 8 .3 4 ° 8 .42* 7 .0 8 ° 7 .5 0 s 6 .4 2 c 7 .4 2 s
5 0 2 0 .8 0 .7 1 3 3 E 6 .0 9 5 E 5 1 .0 7 e 8 .7 2 e 8 .5 8 * 6 .5 8 ° 6 .9 2 s 6 .0 0 c 6 .7 5 c
6 0 2 2 .0 0 .7 5 0 1 e 5 .9 6 1 E 5 0 .7 3 I!C 9 .0 8 e 8 .5 8 A 6 .6 7 ° 6 .8 3 s 5 .0 0 ° 5 .5 0 °

S E m ± 0 .0 0 4 5 ± 0 .0 2 7 1 ± 0 .1 7 ± 0 .0 6 ± 0 .1 5 ± 0 .1 7 ± 0 .1 7 ± 0 .2 3 ± 0 .2 0
(35 dl) (35  di) (35  dl) (35 df) (35  df) (3 5  df) (35  df) (3 5  df) (3 5  df)

T o a s te d  b r a n
0 15 .0 0 .6 1  Ia 7 .1 4 5 * 5 0 .0 8 * 6 .9 8 7 * 8 .4 2 * 8 .7 5 * 8 .5 8 * 8 .7 5 * 8 .5 0 *
10 1 7 .5 0 .6 1 4 a 7 .1 1 5 * 4 9 .9 0 a 7 .0 8 0 * 8 .6 7 * 8 .5 0 * 8 .5 8 * 8 .6 7 * 8 .5 0 *
2 0 18 .5 0 .6 4 0 a 7 .1 6 0 * 50 .0 0 * 7 .1 3 0 * 8 .4 2 * 7 .8 3 s 8 .1 7 “ 8 .5 8 * 8 .2 5 *
3 0 1 9 .5 0 .6 5 4 B 6 .8 8 2 B 4 9 .8 5 n 7 .4 3 5 B 8 .4 2 * 7 .7 5 s 7 .9 2 s 7 .8 3 s 7 .4 2 s
4 0 2 1 .0 0 .7 1 3 ° 6 . 1 0 2 c 5 0 .1 8 “ 8 .0 5 3 e 8 .5 0 * 6 .4 2 e 6 .7 5 c 7 .3 3 c 7 .3 3 s
5 0 2 2 .0 0 .7 3 2 e 5 .9 3 0 ° 5 0 .5 3 B 8 .9 1 7 ° 8 .33* 6 .5 0 c 6 .5 8 c 6 .5 0 ° 6 .4 2 c
6 0 2 3 .5 0 .7 7 5 e 5 .8 4 7 ° 5 1 .1 7 e 9 .3 5 8 E 8 .00* 6 .0 8 c 5 .8 3 ° 6 .0 8 ° 5 .7 5 c

S E m ± 0 .0 0 4 ± 0 .0 2 9 ± 0 .1 4 4 ± 0 .0 7 0 ± 0 .1 8 ± 0 .1 4 ± 0 .1 7 ± 0 .1 5 ± 0 .1 6
(35 di) (35  df) (35 df) (35 df) (35  df) (35  df) (35  df) (3 5  df) (3 5  df)

E a c h  o b s e rv a tio n  is  m e a n  o f  s ix  v a lu e s .
M ean  o f  th e  s a m e  c o lu m n  follow ed b y  d iffe re n t le t te rs  d iffe r  s ig n if ic a n tly  (p< 0 .05) a c c o rd in g  to D u n c a n 's  N ew  M u ltip le  R a n g e  T e s t.
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n o n - s t a r c h  p o l y s a c c h a r i d e s ,  w h i c h  a r e  p r e s e n t  i n  
t h e  b r a n .  H a n d l i n g  p r o p e r t i e s  o f  t h e  d o u g h  w e r e  
s l i g h t l y  a l t e r e d ,  a s  t h e  d o u g h  b e c a m e  s t i c k y  b e y o n d  
4 0 %  a d d i t i o n  o f  t h e  b r a n .  D e n s i t y  o f  t h e  b i s c u i t s  
i n c r e a s e d  g r a d u a l l y  w i t h  i n c r e a s e  i n  t h e  l e v e l  o f  
b r a n  i n c o r p o r a t i o n .  T h i c k n e s s  o f  t h e  b i s c u i t s ,  o n  
t h e  o t h e r  h a n d ,  d e c r e a s e d  g r a d u a l l y  w i t h  i n c r e a s e  
i n  t h e  a m o u n t  o f  b r a n .  N o  s i g n i f i c a n t  c h a n g e s  w e r e  
o b s e r v e d  i n  t h e  s p r e a d  o f  t h e  b i s c u i t s  d u e  t o  t h e  
i n c o r p o r a t i o n  o f  b r a n .  T h e  a b o v e  c h a n g e s  i n  t h e  
p h y s i c a l  p a r a m e t e r s  w e r e  r e f l e c t e d  i n  t h e  s p r e a d  
r a t i o  o f  t h e  b i s c u i t s ,  w h i c h  i n c r e a s e d  w i t h  t h e  
a d d i t i o n  o f  b r a n .  I n c l u s i o n  o f  b r a n  i n  t h e  b i s c u i t  
f o r m u l a t i o n  d i d  n o t  a f f e c t  t h e  a p p e a r a n c e  o f  t h e  
b i s c u i t s  s i g n i f i c a n t l y .  A d d i t i o n  o f  b r a n  b e y o n d  3 0 %  
a f f e c t e d  t h e  c o l o u r  a n d  t e x t u r e  o f  t h e  b i s c u i t s  o n l y  
t o  a  s l i g h t  e x t e n t .  T h e  c o l o u r  a n d  t e x t u r e  o f  t h e  
b i s c u i t s  b e c a m e  s l i g h t l y  d a r k e r  a n d  h a r d e r ,  
r e s p e c t i v e l y ,  b e y o n d  3 0 %  l e v e l  o f  b r a n  a d d i t i o n .  A t  
t h a t  l e v e l ,  t h e  b i s c u i t s  w e r e  a l s o  s l i g h t l y  g r i t t y  a n d  
h a d  r e s i d u a l  b r a n n y  m o u t h f e e l .  O v e r a l l  q u a l i t y  o f  
t h e  b i s c u i t s ,  c o n t a i n i n g  a d d e d  r a w  b r a n  u p t o  3 0 % ,  
d i d  n o t  v a r y  s i g n i f i c a n t l y .

In corpora tion  o f  to a s te d  b ran :  W a t e r  r e q u i r e m e n t  
o f  t h e  b i s c u i t  f o r m u l a t i o n  c o n t a i n i n g  t o a s t e d  b r a n  
w a s  s l i g h t l y  m o r e  t h a n  t h a t  c o n t a i n i n g  r a w  b r a n .  
T h e  p h y s i c a l  q u a l i t y  c h a r a c t e r i s t i c s  o f  b i s c u i t s  
c o n t a i n i n g  t o a s t e d  b r a n  s h o w e d  t h e  s a m e  t r e n d  a s  
t h o s e  c o n t a i n i n g  r a w  b r a n  ( T a b l e  2 ) .  T h e  d e n s i t y  
o f  t h e  b i s c u i t s  c o n t a i n i n g  t o a s t e d  b r a n  w a s  s l i g h t l y  
m o r e  t h a n  t h o s e  c o n t a i n i n g  r a w  b r a n .  T h e  b i s c u i t s  
c o n t a i n i n g  t o a s t e d  b r a n  w e r e  g r i t t y  a n d  h a d  r e s i d u a l  
b r a n n y  m o u t h f e e l  a t  a  l o w e r  l e v e l  o f  i n c o r p o r a t i o n  
( 2 0 % )  t h a n  t h e  r a w  b r a n .  T h e r e f o r e ,  t h e  o v e r a l l  
q u a l i t y  o f  b i s c u i t s  c o n t a i n i n g  t o a s t e d  b r a n  w a s  
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  c o n t r o l  a t  a  l o w e r  
l e v e l  ( 2 0 % )  t h a n  t h o s e  c o n t a i n i n g  r a w  b r a n  ( 3 0 % ) .  
S i n c e  r a w  b r a n  c o u l d  b e  u s e d  i n  b i s c u i t s  u p t o  3 0 %  
l e v e l  w i t h o u t  a n y  e f f e c t  o n  i t s  q u a l i t y ,  s t u d i e s  w e r e  
c o n d u c t e d  o n  f u r t h e r  i m p r o v i n g  t h e  q u a l i t y  o f  
b i s c u i t s  c o n t a i n i n g  r a w  b r a n .

Q u a lity  c f  w h o le  w h e a t  J lo u r  b is c u i ts  : S i n c e  
w h o l e  w h e a t  f l o u r  c o n t a i n s  a b o u t  1 2 %  d i e t a r y  f i b r e ,  
b i s c u i t s  w e r e  m a d e  w i t h  w h o l e  w h e a t  f l o u r  a n d  
w e r e  c o m p a r e d  w i t h  t h e  b i s c u i t s  m a d e  f r o m  b l e n d s  
o f  w h e a t  f l o u r  (m a id a )  a n d  r a w  b r a n  ( 7 0 : 3 0 ) .  T h e  
r e s u l t s  ( T a b l e  3 )  i n d i c a t e d  t h a t  t h e  b i s c u i t s  m a d e  
f r o m  w h o l e  w h e a t  f l o u r  w e r e  m o r e  d e n s e  t h a n  t h e  
b i s c u i t s  m a d e  f r o m  t h e  b l e n d  o f  w h e a t  f l o u r  a n d  
b r a n .  T h e  t h i c k n e s s  o f  w h o l e  w h e a t  f l o u r  b i s c u i t s  
w a s  l o w e r ,  w h i l e  t h e  s p r e a d  w a s  h i g h e r  a s  c o m p a r e d  
t o  t h e  b i s c u i t s  m a d e  f r o m  t h e  b l e n d .  T h e  l a t t e r  h a d  
b e t t e r  o v e r a l l  q u a l i t y ,  p r o b a b l y  d u e  t o  f i n e r  a n d

TABLE 3 . COM PARATIVE QUALITY C H A R A C TER ISTIC S O F 
B IS C U IT S M ADE FR O M  W H O L E  W H EA T FLOUR 
AND BLEN D  O F  MAIDA AND RAW W H EA T BRAN 
(70:30)

Q u a lity  c h a r a ­
c te r is t ic s
P h y s ic a l

W h o le  w h e a t  
f lo u r

B len d Level o f 
s ig n if ic a n c e

D e n s ity , g /c c 0 .7 5 5 0 .6 4 3 p < 0 .0 1
T h ic k n e s s ,  m m 6 .5 3 9 7 .2 4 5 pcO.OOl
D ia m e te r, m m 5 1 .1 5 8 5 0 .8 0 3 p < 0 .0 5
S e n s o r y  *
A p p e a ra n c e 8 .3 3 8 .4 1 7 p < 0 .0 5
C o lo u r 6 .0 0 0 7 .9 1 7 p < 0 .0 0 1
C r is p n e s s 6 .6 3 3 8 .0 0 0 pcO.OOl
M o u th fe e l 6 .5 8 3 7 .5 8 3 p < 0 .0 1
O v era ll q u a lity 6 .1 1 7 7 .5 8 3 p < 0 .0 0 1

* M ax im u m s c o re  o f  9  s ig n ify in g  th e  m o s t d e s ira b le .

u n i f o r m  p a r t i c l e  s i z e  o f  m a id a  a s  c o m p a r e d  t o  w h o l e  
w h e a t  f l o u r .  T h i s  i n d i c a t e d  t h a t  u s e  o f  b l e n d s  o f  
m a id a  a n d  b r a n  f o r  t h e  p r e p a r a t i o n  o f  h i g h  f i b r e  
b i s c u i t s  i s  b e t t e r  t h a n  u s i n g  w h o l e  w h e a t  f l o u r .

E ffec t o f  in g r e d ie n ts  : I n  o r d e r  t o  r e d u c e  t h e  
c a l o r i f i c  v a l u e  o f  h i g h  f i b r e  b i s c u i t s ,  t h e  p o s s i b i l i t i e s  
o f  r e d u c i n g  f a t  a n d  s u g a r  l e v e l s  w e r e  e x p l o r e d  a n d  
t h e  r e s u l t s  a r e  g i v e n  i n  T a b l e  4 .  R e d u c t i o n  i n  t h e  
l e v e l  o f  s u g a r  m a d e  t h e  b i s c u i t s  h a r d e r  a s  i n d i c a t e d  
b y  i n c r e a s e  i n  t h e  d e n s i t y .  S i m i l a r  o b s e r v a t i o n  h a s  
a l s o  b e e n  m a d e  f o r  n o r m a l  s o f t  d o u g h  b i s c u i t s  
( S m i t h  1 9 7 2 ) .  T h i s  a l s o  r e s u l t e d  i n  t h e  l o w e r i n g  o f  
s p r e a d  r a t i o  d u e  t o  i n c r e a s e d  t h i c k n e s s .  T h e  
c r i s p n e s s  o f  b i s c u i t s  w a s  n o t  s i g n i f i c a n t l y  a f f e c t e d ,  
w h e n  t h e  s u g a r  l e v e l  w a s  r e d u c e d  f r o m  3 5  t o  2 8 % .

• H o w e v e r ,  o v e r a l l  q u a l i t y  w a s  a f f e c t e d  s i g n i f i c a n t l y ,  
w h e n  t h e '  s u g a r  l e v e l  w a s  r e d u c e d  t o  2 6 . 0 % .  W i t h  
r e d u c t i o n  i n  f a t  f r o m  2 5  t o  1 0 % ,  w h i l e  m a i n t a i n i n g  
t h e  s u g a r  l e v e l  a t  3 5 . 0 % ,  t h e  d e n s i t y  o f  b i s c u i t s  
i n c r e a s e d  f r o m  0 . 6 2 2  t o  0 . 7 0 8  g / c c ,  t h e  s p r e a d  
r e d u c e d  f r o m  5 1 . 4 2  t o  4 8 . 6 7  m m ,  w h i l e  t h i c k n e s s  
r e m a i n e d  t h e  s a m e .  S i m i l a r  e f f e c t  o f  f a t  i n  s w e e t  
b i s c u i t s  w a s  a l s o  r e p o r t e d  b y  S m i t h  ( 1 9 7 2 ) .  T h e  
o v e r a l l  q u a l i t y  o f  b i s c u i t s  w a s  s i g n i f i c a n t l y  d i f f e r e n t  
f r o m  c o n t r o l ,  w h e n  f a t  w a s  u s e d  a t  a  l e v e l  l o w e r  
t h a n  2 0 % .

U se  o f  a d d i t i v e s  : S i n c e  n o  d i f f e r e n c e  i n  t h e  
t a s t e  w a s  o b s e r v e d ,  w h e n  2 6 %  s u g a r  a n d  1 5 %  f a t  
w e r e  u s e d  i n  b i s c u i t s ,  s t u d i e s  w e r e  c a r r i e d  o u t  t o  
i m p r o v e  t h e  t e x t u r a l  c h a r a c t e r i s t i c s  o f  t h e s e  b i s c u i t s  
b y  u s i n g  c e r t a i n  a d d i t i v e s  ( T a b l e  4 ) .  I n c o r p o r a t i o n  
o f  g l y c e r o l - m o n o - s t e a r a t e  ( G M S )  a t  0 . 5 %  l e v e l  
i m p r o v e d  t h e  c r i s p n e s s  a n d  o v e r a l l  q u a l i t y  o f  
b i s c u i t s .  H o w e v e r ,  t h e  u s e  o f  s o d i u m  s t e a r o y l  
l a c t y l a t e  ( S S L )  b r o u g h t  a b o u t  g r e a t e r  i m p r o v e m e n t
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TABLE 4. E F F E C T  O F  IN G R ED IEN TS AND A D DITIV ES ON T H E  QUALITY O F  HIGH F IB R E  B IS C U IT S CONTAINING RAW BRAN

T re a tm e n ts
P h y s ic a l S e n s o ry

D e n s ity
g /c c

D ia m e te r
(mm)

T h ic k n e s s
(m m )

S p re a d
ra tio

A p p e a ­
ra n c e

C o lo u r C r is p n e s s M o u th -
feel

O v era ll
q u a li ty

S u g a r  * 3 5 0 .6 2 8 a 5 0 .1 0 a 7 .1 4 A 7 .0 4 AS 8 .7 5 a 8 .6 7 A 8 .6 7 A 8 .8 3 A 8 .4 2 A
•• 3 0 0 .6 2 1 a 5 0 .1 3 a 7 .2 6 BC 6 .8 7 c 8 .6 7 a 8 .3 3 a“ 8 .6 7 A 8 .5 8 “ ° 8 .5 0 a
” 2 8 0 .6 4 3 s 5 1 .3 7 s 7 .2 4 s 7 . 15F 8 .2 0 s 8 .3 3 “ 8 .6 7 A 8 .6 7 “ 8 .4 2 a
" 2 6 0 .6 6 2 e 5 1 .5 2 s 7 .3 4 CF 6 .9 7 s 8 .2 5 s 8 .3 3 “ 8 .1 7 e 8 .5 0 “ ° 7 .9 2 “
" 2 4 0 .6 8 4 D 5 1 .5 5 s 7 .6 0 ° 6 .8 5 c 8 .2 5 s 7 .8 3 c° 7 .6 7 CD 8 .5 0 “ ° 7 .6 2 e

F a t  ** 2 5 0 .6 2 2 A 5 1 .4 2 s 7 .6 8 ° 7 .0 5 A 8 .2 5 s 8 .5  Ia 8 .0 8 “ 8 .6 7 “ 8 .4 2 a
" 2 0 0 .6 3 0 a 5 0 .3 8 c 7 .3 3 c 6 .8 2 e 8 .1 7 s 8 .2 7 “ 8 .4 2 “ 8 .5 3 “ c 8 .0 5 “
" 17 0 .6 3 9 s 4 9 .9 9 AC 7 .3 4 CF 6 .8 4 e 8 .0 8 s 8 .3 7 “ 7 .9 2 e° 8 .4 3 “ c 7 .8 3 ° °
" 15 0 . 6 4 1B 4 9 .5 8 A 7 .4 6 E 6 .6 8 ° 8 .1 7 s 7 .2 6 “ 7 . 17E 8 .5 5 “ ° 7 .2 5 “
" 10 0 .7 0 8 E 4 8 .6 7 ° 7 .6 2 ° 6 .3 1 E 8 .1 7 s 7 .8 5 c 6 .6 7 F 8 .2 5 c 5 .7 5 ° F

F a t *** 15 0 .6 8 1 ° 5 0 .2 0 s 7 .6 3 ° 6 .8 3 ° 8 .2 1 s 7 .8 1 c 6 .3 1 ° 8 .3  I e 5 .8 0 DE
GMS*** 0 .5 0 .6 2 2 A 5 0 .3 0 e 7 .4 7 E 6 .7 2 ° 8 .2 5 s 7 .3 3 ° 7 .0 0 t:F 8 .4 2 “ e 7 .6 8 BC
SSL*** 0 .5 0 . 6 0 1F 5 1 .7 5 s 7 .4 2 ^ 6 .6 8 ° 8 .2 5 s 8 .2 5 s 7 .7 5 c° 8 .5 0 “ c 7 .9 1 “
S E m ± 0 .0 0 3 ± 0 .1 9 ± 0 .0 3 ± 0 .0 2 ± 0 .1 1 ± 0 .1 2 ± 0 .1 4 ± 0 .1 3 ± 0 .2 0

(60 df) (60  df) (60  df) (60  df) (60  df) (60 dl) (60  df) (6 0  df) (6 0  df)
C o n ta in s 25% fa t in  th e  rec ip e:. ** C o n ta in s  3 5 %  s u g a r  in  th e rec ip e . *** C o n ta in s  2 6 % s u g a r  a n d 15%  fa t. G M S - Glyce:

m o n o -s te a ra te ,  S S L  - S o d iu m  s te a ro y l  la c ty la te . E a c h  o b s e rv a tio n  
d iffe ren t le t te rs  d iffer s ig n if ic a n tly  (p< 0 .05) a c c o rd in g  to  D u n c a n

is  m e a n  o f  s ix  v a lu e s . M e a n s  o f  th e  
s  N ew  M u ltip le  R a n g e  T es t.

s a m e  c o lu m n  follow ed  b y

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

S to r a g e  s tu d ie s  : T h e  b i s c u i t s  m a d e  w i t h  3 0 %  
t o a s t e d  b r a n  w a s  a l s o  i n c l u d e d  i n  t h e  s t o r a g e

Oo>JC
er«Z

Fig. 1. P2ffect o f  s to ra g e  p e rio d  o n  th e  free  fa tty  a c id  ( ---------- )
a n d  p e ro x id e  v a lu e  ( ---------------) c o n te n ts  o f  b is c u its .

s t u d i e s  t o  d e t e r m i n e  t h e  e f f e c t  o f  t o a s t i n g  o n  t h e  
k e e p i n g  q u a l i t y .  I n  c a s e  o f  c o n t r o l  b i s c u i t s ,  a n  
i n c r e a s e  i n  m o i s t u r e  f o r  a  t o t a l  s t o r a g e  p e r i o d  o f  
4  m o n t h s  w a s  o n l y  0 . 9 % ,  w h i l e  t h e  s a m e  w a s  1 .9  
t o  2 . 0 %  f o r  b i s c u i t s  c o n t a i n i n g  r a w  o r  t o a s t e d  b r a n .  
T h e  h i g h e r  m o i s t u r e  p i c k  u p  o f  b i s c u i t s  c o n t a i n i n g  
b r a n  d u r i n g  s t o r a g e  c o u l d  b e  d u e  t o  g r e a t e r  
h y g r o s c o p i c i t y  o f  w h e a t  b r a n .  I t s  g r e a t e r  w a t e r  
r e t e n t i o n  c a p a c i t y  w a s  a l s o  i n d i c a t e d  b y  t h e  h i g h e r  
i n i t i a l  m o i s t u r e  c o n t e n t  i n  b i s c u i t s  w h i c h  r a n g e d  
f r o m  2 . 5  t o  3 . 0 % .

T h e  c h a n g e s  i n  f a t  a c i d i t y  a n d  p e r o x i d e  v a l u e s  
d u r i n g  s t o r a g e  a r e  s h o w n  i n  F i g .  1 . A  g r e a t e r  
i n c r e a s e  i n  f a t  a c i d i t y  w a s  o b s e r v e d  i n  b i s c u i t s  
c o n t a i n i n g  b o t h  r a w  a n d  t o a s t e d  b r a n  d u r i n g  
s t o r a g e ,  a s  c o m p a r e d  t o  c o n t r o l  b i s c u i t s .  I n  b i s c u i t s  
c o n t a i n i n g  r a w  b r a n ,  t h e  i n c r e a s e  i n  F F A  d u r i n g  
t h e  s t o r a g e  p e r i o d  w a s  2  t i m e s  t h a n  t h a t  i n  t h e  
b i s c u i t s  c o n t a i n i n g  t o a s t e d  b r a n .  T h i s  d i f f e r e n c e  i n  
t h e  v a l u e s  c o u l d  b e  d u e  t o  t h e  i n a c t i v a t i o n  o f  
l i p o l y t i c  e n z y m e  d u r i n g  t o a s t i n g  ( V e t r i m a n i  a n d  
H a r i d a s  R a o  1 9 9 1 ) .  T h e  c o n t r o l  b i s c u i t s  w e r e  c r i s p  
a n d  d e v o i d  o f  a n y  r a n c i d  t a s t e  u p t o  a  s t o r a g e  p e r i o d  
o f  4  m o n t h s .  B i s c u i t s  c o n t a i n i n g  b o t h  r a w  a n d  
t o a s t e d  b r a n  h a d  b e c o m e  s l i g h t l y  d a m p  o n  4  m o n t h  
s t o r a g e  p e r i o d .  M i l d  r a n c i d  t a s t e  w a s  o b s e r v e d  a t  
4  m o n t h s  s t o r a g e  i n  b i s c u i t s  c o n t a i n i n g  r a w  b r a n .

T h e  a b o v e  s t u d i e s  i n d i c a t e d  t h a t  a n  a c c e p t a b l e  
q u a l i t y  h i g h  f i b r e  b i s c u i t s  c o u l d  b e  p r e p a r e d  b y
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i n c o r p o r a t i n g  3 0 %  r a w  b r a n .  S u c h  b i s c u i t s  w o u l d  
c o n t a i n  a b o u t  1 0 . 0 %  d i e t a r y  f i b r e  a s  c o m p a r e d  t o  
t h a t  o f  1 . 5 %  i n  n o r m a l  b i s c u i t s .
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Packaging Of Vanaspati in Low Tin Coated Cans and Cans 
with Lacquered Black Plate Components

R .V . G O W R A M M A , M . M A H A D E V IA H *  A N D  R .  N A R E S H
C e n t r e  f o r  F o o d  P a c k a g i n g ,

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

Tw o b a tc h e s  o f  c a n s  w ith  6  t in p la te  v a r ia b le s  o f  v a ry in g  t in c o a tin g  w e ig h t a n d  s u r fa c e  c o a tin g s , w e re  u s e d  to  
p a c k  vanaspati T h e s e  c a n s  w e re  e v a lu a te d  by  s to r in g  a t  a m b ie n t  te m p e r a tu r e  (25-30°C ), 37°C  a n d  c o n d u c t in g  p e r io d ic a l 
c u to u t  e x a m in a tio n  b y  c h e m ic a l a n a ly s is  a n d  o rg a n o le p tic  e v a lu a tio n . E -2 5  (w ith  l i th o g ra p h  o n  e x te rn a l  s u r fa c e ) ,  E - 
5 0  (b o th  s id e s  p la in ), E -2 0  a n d  E -2 5  t in p la te  c a n s  (w ith  t in p la te  o r  b la c k  p la te  la c q u e re d  c o m p o n e n ts )  c o a te d  w ith  
la c q u e r  o n  th e  in te rn a l  s u r fa c e  a n d  la c q u e r  o r  l i th o g ra p h y  o n  th e  e x te rn a l  s u r fa c e , w e re  fo u n d  s u i ta b le  fo r p a c k in g  
vanaspati H ow ever, s to ra g e  for 6  m o n th s  o r  lo n g e r  a t  h ig h  h u m id ity , th e  e x te rn a l  r u s t in g  w o u ld  b e  m o re , e s p e c ia l ly  
a t  th e  s e a m  e n d s . E -1 0  c a n s ,  ev en  w ith  la c q u e r  c o a tin g  o n  b o th  th e  in te rn a l  a n d  e x te rn a l  s u r fa c e s ,  w e re  n o t  s u i ta b le  
for lo n g  s to ra g e .
K ey w o rd s : P a c k in g  o f vanaspati Low tin c o a tc d  c a n s ,  S he lf-life , S e n so ry  e v a lu a tio n , E x te rn a l  r u s t in g ,  C a n s  w ith

la c q u e re d  b la c k  p la te  c o m p o n e n ts .
A t  p r e s e n t ,  t i n p l a t e  w i t h  a  t i n c o a t i n g  o f  5 . 6  

g / m 2 ( E - 5 0 ,  e l e c t r o l y t i c )  i s  b e i n g  u s e d  f o r  p a c k i n g  
v a n a s p a t i  ( h y d r o g e n a t e d  v e g e t a b l e  f a t ) .  T i n p l a t e  o f  
g r a d e  E - 2 5  ( 2 . 8  g / m 2) a n d  t i n - f r e e  s t e e l  p l a t e  a r e  
u s e d  o n l y  f o r  s o m e  g e n e r a l  l i n e  c a n s  i n  I n d i a .  
S u i t a b i l i t y  o f  e l e c t r o l y t i c  t i n p l a t e s  w i t h  v a r y i n g  
t h i c k n e s s  o f  t i n c o a t i n g  f o r  p a c k i n g  a  f e w  v e g e t a b l e  
a n d  m e a t  p r o d u c t s  ( D a v i s  1 9 5 4 ,  1 9 6 2 ) ;  d r i e d
p r u n e s  i n  w a t e r ,  p e a s  a n d  v e g e t a b l e s  ( B a r b i e r i  e t  
a l .  1 9 6 0 )  a n d  o r a n g e  j u i c e  ( M a h a d e v i a h  e t  a l .  1 9 7 6 )  
h a v e  b e e n  e x a m i n e d  a n d  b e i n g  u s e d  i n  s o m e  
c o u n t r i e s .  W e  h a v e  a l s o  e a r l i e r  r e p o r t e d  o n  t h e  
r e l a t i o n s h i p  b e t w e e n  s u l p h u r  s t a i n i n g  a n d  c o r r o s i o n  
i n  f o o d  c a n s  ( M a h a d e v i a h  e t  a l .  1 9 7 1 ) .  O t h e r  
s t u d i e s  o n  s o m e  u s e d  t i n  c o n t a i n e r s  i n d i c a t e  ( h a t  
s o m e  o i l s  l i k e  p e a n u t  o i l  c o u l d  b e  s t o r e d  u p t o  a  
p e r i o d  o f  5  m o n t h s  ( G r o w e r  e t  a l .  1 9 8 2 ) .

T h e r e  h a s  b e e n  a  c o n s i s t e n t  d e m a n d  f o r  
r e d u c i n g  t i n c o a t i n g  i n  c o n t a i n e r s  u s e d  f o r  p a c k i n g  
v a n a s p a li ,  a s  t i n  i s  a  s c a r c e  c o m m o d i t y  a n d  i t  h a s  
t o  b e  i m p o r t e d .  H e n c e ,  i n v e s t i g a t i o n s  w e r e  u n d e r ­
t a k e n ,  a t  t h e  i n s t a n c e  o f  B u r e a u  o f  I n d i a n  S t a n d a r d s ,  
t o  f i n d  t h e  s u i t a b i l i t y  o f  t i n p l a t e s  w i t h  l o w e r  
t i n c o a l i n g ,  a n d  t h e  r e s u l t s  a r e  p r e s e n t e d  i n  t h i s  
p a p e r .

M a t e r i a l s  a n d  M e t h o d s
T in p la te  v a r ia b le s  : T h e  f i r s t  b a t c h  i n v o l v e d  t w o  

t y p e s  o f  t i n p l a t e s  a s  d e s c r i b e d  b e l o w  :
1 . E - 2 5  ( 2 . 8  g / r r . 2) -  P l a i n  i n t e r n a l l y  w i t h
l i t h o g r a p h y  a n d  l a c q u e r  e x t e r n a l l y  o n  b o d i e s  a n d  
e n d s ,  r e s p e c t i v e l y ,  a n d  2 .  E - 5 0  ( 5 . 6  g / m 2) - P l a i n  
o n  b o t h  s u r f a c e s .

* Corresponding Author

T h e  s e c o n d  b a t c h  i n v o l v e d  t h e  f o l l o w i n g  t i n p l a t e  
v a r i a b l e s  :

1 . E - 2 0  ( 2 . 2 4  g / m 2) -  L a c q u e r e d  ( i n t e r n a l l y  a n d  
e x t e r n a l l y )  f o r  b o d y  a n d  c o m p o n e n t s  ( s t r a i g h t  w a l l e d ) .
2 .  E - 2 5  ( 2 . 8  g / m 2) -  L a c q u e r e d  ( b o t h  i n s i d e  a n d  
o u t s i d e )  f o r  b o d y  a n d  l a c q u e r e d  b l a c k  p l a t e  f o r  
c o m p o n e n t s  ( s t r a i g h t  w a l l e d ) .  3 .  E - 1 0  ( 1 . 1 2  g / m 2) 
- L a c q u e r e d  ( b o t h  i n s i d e  a n d  o u t s i d e )  f o r  b o d y  a n d  
c o m p o n e n t s  ( s t r a i g h t  w a l l e d ) ,  a n d  4 .  E - 1 0  ( 1 . 1 2  g /  
m 2) -  L a c q u e r e d  ( b o t h  i n s i d e  a n d  o u t s i d e )  f o r  b o d y  
a n d  c o m p o n e n t s  ( b e a d e d  c a n ) .

I n  a l l  t h e  c a n s ,  t h e  c o n t a i n e r  s i z e  w a s  5 0 9 x  
6 0 7  m m  a n d  i t  c o n s i s t e d  o f  r i n g  -  l i d  -  t a g g e r  
a s s e m b l y  a n d  w i t h  t o t a l  w e i g h t  o f  2  k g .  T h e  t y p e  
o f  l a c q u e r  u s e d  w a s  f o o d  g r a d e  e p o x y p h e n o l i c .  
B e a d e d  c a n  i n  o n e  b a t c h  w a s  i n c l u d e d  j u s t  f o r  a  
c o m p a r a t i v e  s t u d y  w i t h  s t r a i g h t  w a l l e d  c a n .  
S h e lf-life  s tu d ie s  : C a n s  p a c k e d  w i t h  v a n a s p a t i  w e r e  
s t o r e d  a t  a m b i e n t  t e m p e r a t u r e  ( 2 5 - 3 0 ° C ;  R H  5 0 -  
7 5 % )  a n d  3 7 ° C  ( w i t h o u t  h u m i d i t y  c o n t r o l )  a n d  
a n a l y s e d  p e r i o d i c a l l y  u p t o  1 2  m o n t h s .  A s  t h e  
p a c k e d  c a n s  w e r e  s u p p l i e d  b y  t h e  i n d u s t i y  a f t e r  
t w o  m o n t h s  o f  p a c k i n g ,  i m m e d i a t e  i n i t i a l  a n a l y s i s  
c o u l d  n o t  b e  c a r r i e d  o u t .  O n e  s e t  o f  c a n s  f r o m  e a c h  
b a t c h  w e r e  a l s o  s t o r e d  a t  3 8 ° C  w i t h  9 2 %  R H .  F i f t y  
s a m p l e s  i n  e a c h  v a r i a b l e  w e r e  e x p o s e d  t o  e a c h  
c o n d i t i o n  e v a l u a t e d  i n  s t u d i e s .  C a n s  w e r e  e x a m i n e d  
f o r  i n t e r n a l  c o r r o s i o n  a n d  e x t e r n a l  r u s t i n g  a n d  t h e  
p r o d u c t  w a s  a n a l y s e d  f o r  d i f f e r e n t  c h a r a c t e r i s t i c s .  
T w o  c a n s  i n  e a c h  v a r i a b l e  w e r e  t a k e n  f o r  p e r i o d i c a l  
o b s e r v a t i o n  a n d  t e s t i n g .
M e th o d s  o f  a n a l y s i s  : M o i s t u r e  c o n t e n t  w a s  
d e t e r m i n e d  b y  d r y i n g  1 0  g  o f  s a m p l e s  i n  a n  o v e n  
a t  1 0 5 ° C ± 1 ° C  f o r  1 h  ( B I S  1 9 6 8 ) .  F r e e  f a t t y  a c i d s  
a n d  p e r o x i d e  v a l u e s  w e r e  d e t e r m i n e d  b y  u s i n g  t h e

1 9 2
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TABLE 1. S H E L F-L IFE S T U D IE S  O F  VANASPATI CANS - BATCH I

S to rag e
p e rio d

S to ra g e  
te m p  , 

°C
C o d e

FFA 
(% o le ic 

ac id)

P e ro x id e  v a lu e  
(m illieq u iva- 

l e n t / k g  o f  fat)

K ries  v a lu e  
(O D /g  o f 

fat)

C o lo u r  
(L ovibond 

c o lo u r  u n its )

O d o u r  q u a lity  
score*

2 RT A 0 .0 7 1 .44 - 0 .6 R + 2 .3 Y 1
B 0 .1 1 1 .00 - 0 .4 R + 2 .0 Y 1

6 RT A 0 .0 8 2 .1 0 0 .0 3 0 .6 R + 2 .5 Y 1
B 0 .1 1 2 .5 2 0 .0 5 0 .5 R + 2 .3 Y 1

9 RT A 0 .1 1 2 .2 6 0 .0 7 0 .6 R + 2 .7 Y 1
B 0 .1 0 3 .9 9 0 .0 9 0 .8 R + 2 .9 Y 1

3 7 A 0 .0 8 2 .7 0 0 .2 0 0 .5 R + 2 .6 Y 1
B 0 .0 9 3 .9 0 0 .1 0 0 .8 R + 2 .8 Y 1

12 R T A 0 .1 5 3 .2 9 0 .3 5 0 .8 R + 2 .6 Y 1
B 0 .1 5 4 .0 9 0 .4 3 0 .8 R + 2 .6 Y 1

3 7 A 0 .2 3 3 .4 8 0 .3 6 0 .8 R + 2 .7 Y 3
B 0 .2 3 2 .7 3 0 .5 0 0 .9 R + 2 .7 Y 1

R  = R ed , Y = Y ellow
* M o is tu re  w a s  0 .0 3 %  in  b o th  E -2 5  a n d  E -5 0  c a n s  u p to  2  m o n th s  s to ra g e  p e rio d  a n d  b e y o n d  th a t  m o is tu r e  w a s  n il 
A : E -2 5  ( in te rn a l p la in  a n d  e x te rn a l  lith o g ra p h ); B: E -5 0  (b o th  s id e s  p la in )
T h e re  w a s  s lig h tly  m o re  h e a d s p a c e  in  E -5 0  c a n s  a s  c o m p a re d  to E -2 5  c a n s .
* M ean  sc o re  o n  a  4  p o in t  s c a le  - 1; T y p ica l a n d  fre sh , 2: In c ip ie n t ra n c id ity , 3 : J u s t  n o tic e a b le  ra n c id ity ,  4: C le a r ly  ra n c id .

m e t h o d s  o f  A O C S  ( 1 9 6 0 )  a n d  W h e e l e r  ( 1 9 3 2 ) ,  
r e s p e c t i v e l y .  K r i e s  t e s t  w a s  c a r r i e d  o u t  b y  t h e  
m e t h o d  o f  P o o l e  a n d  P r a t e r  ( 1 9 4 5 ) .  C o l o u r  o f  
v a n a s p a t i  w a s  m e a s u r e d  i n  t h e  L o v i b o n d  T i n t o m e t e r  
a n d  e x p r e s s e d  a s  r e d  (R ) a n d  y e l l o w  (Y) u n i t s .  
S e n s o ry  e v a lu a tio n  : T h i s  w a s  c a r r i e d  o u t  w i t h  a  
v i e w  t o  d e t e r m i n e  f r e s h n e s s  o f  v a n a s p a t i ,  
i d e n t i f i c a t i o n  o f  r a n c i d i t y  a n d  a l s o  o f  p o s s i b l e  
i n c i p i e n t  r a n c i d i t y  b y  a  1 0 - m e m b e r  p a n e l .  F o u r  
s t a g e  q u a l i t y  p a r a m e t e r s ,  i . e .  1: f r e s h  a n d  t y p i c a l ,  
2 :  i n d i c a t i v e  o :  i n c i p i e n t  r a n c i d i t y ,  3 :  s l i g h t  r a n c i d  
a n d  4 :  c l e a r l y  r a n c i d  ( S h a n t h i  N a r a s i m h a n  e t  a l .  
1 9 8 6 )  w e r e  u s e d  i n  e v a l u a t i o n  o f  o d o u r  q u a l i t y  o f  
v a n a s p a t i  w i t h  m o d i f i e d  m e t h o d  o f  s a m p l i n g  ( C F T R I  
1 9 8 8 - 8 9 ) .  T h e  m e a n  s c o r e  o n  t h e  4  p o i n t  s c a l e  w a s  
t a k e n  i n t o  c o n s i d e r a t i o n  t o  a s s e s s  t h e  o v e r a l l  
q u a l i t y  o f  v a n a s p a ti .
R e s u l t s  a n d  D i s c u s s i o n
I B a tc h  (In terv .a l-p la in . E x te m a l- li th o g r a p h ): Q u a l i t y  
o f  t h e  p r o d u c t  w i t h  r e s p e c t  t o  c o l o u r ,  o d o u r ,  a n d  
o t h e r  c h e m i c a l  c h a r a c t e r i s t i c s  w a s  a c c e p t a b l e  a n d  
t h e r e  w a s  n o  d i f f e r e n c e  b e t w e e n  p r o d u c t s  i n  E - 2 5  
a n d  E - 5 0  t i n p l a t e  c o n t a i n e r s  u p t o  6  m o n t h s  s t o r a g e .

E x t e r n a l  r u s t i n g  w a s  p e r c e p t i b l e  i n  t h e  s e a m  
e n d s  o f  E - 2 5  t i n p l a t e  c a n s  a f t e r  6  m o n t h s  s t o r a g e  
a t  3 8 ° C  w i t h  h u m i d i t y  o f  9 2 % ,  a s  c o m p a r e d  t o  
E - 5 0  t i n p l a t e  c a n s  w h i c h  s h o w e d  a  f e w  i s o l a t e d  r u s t

s p o t s  a t  t h e  t o p  l i d .  A f t e r  1 2  m o n t h s  s t o r a g e ,  t h e  
q u a l i t y  o f  t h e  p r o d u c t  w a s  a c c e p t a b l e  b o t h  a t  
a m b i e n t  t e m p e r a t u r e  a n d  3 7 ° C  ( w i t h o u t  h u m i d i t y )  
i n  E - 5 0  t i n p l a t e  c a n s .  H o w e v e r ,  i n  E - 2 5  t i n p l a t e  
c a n s ,  s l i g h t  r a n c i d  t a s t e  a n d  f l a v o u r  w e r e  n o t i c e d  
a t  3 7 ° C .  T h e r e  w a s  n o  p e r c e p t i b l e  c o r r o s i o n  i n  t h e  
c a n  i n t e r i o r .  T h e  v a l u e s  o f  c h e m i c a l  c h a r a c t e r i s t i c s  
a r e  g i v e n  i n  T a b l e  1 .

A f t e r  2  m o n t h s ,  t h e  m o i s t u r e  c o n t e n t  w a s  
c o n s i d e r a b l y  l e s s  a n d  t h e r e a f t e r ,  i t  w a s  f r e e  f r o m  
m o i s t u r e .  R e g a r d i n g  F F A ,  p e r o x i d e  v a l u e  a n d  K r i e s  
v a l u e ,  t h e r e  w e r e  o n l y  m a r g i n a l  d i f f e r e n c e s  d u r i n g  
s t o r a g e  b e t w e e n  a m b i e n t  a n d  3 7 ° C  i n  b o t h  E - 2 5  
a n d  E - 5 0  c o n t a i n e r s .  S i m i l a r l y ,  t h e r e  w a s  n o t  m u c h  
d i f f e r e n c e  i n  L o v i b o n d  c o l o u r  u n i t s .  I n t e r n a l  
c o n d i t i o n  o f  t h e  c a n s  w a s  n o r m a l  w i t h o u t  a n y  
f e a t h e r i n g  o r  d e t i n n e d  s p o t s .  M a x i m u m  p e r m i s s i b l e  
v a l u e  f o r  m o i s t u r e  i n  v a n a s p a t i  i s  0 . 2 5 %  a n d  F F A  
i s  0 . 2 5 %  a s  o l e i c  a c i d .  I n  t h e  c a s e  o f  p e r o x i d e  v a l u e ,  
t h e r e  i s  n o  m a x i m u m  l i m i t  p r e s c r i b e d ,  p r o b a b l y  
b e c a u s e  t h e  v a l u e  r e a c h e s  t o  a  m a x i m u m  d u r i n g  
c e r t a i n  s t o r a g e  p e r i o d  a n d  t h e n  d e c r e a s e s  g r a d u a l l y .  
F o r  K r i e s  t e s t  a l s o ,  t h e r e  i s  n o  m a x i m u m  l i m i t .
II B a tc h  : U p t o  6  m o n t h s  s t o r a g e ,  b o t h  a t  a m b i e n t  
t e m p e r a t u r e  a n d  3 7 ° C ,  t h e  q u a l i t y  o f  t h e  p r o d u c t  
w i t h  r e s p e c t  t o  c o l o u r  a n d  o d o u r  w a s  a c c e p t a b l e  
i n  a l l  t h e  f o u r  t y p e s  o f  c a n s .  U p t o  s i x  m o n t h s ,  t h e  
m o i s t u r e  c o n t e n t  r a n g e d  f r o m  0 . 0 4  t o  0 . 0 5 %  i n  f o u r
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TABLE 2 . S IIE L F -L IF E  ST U D IE S  O F  VAN ASP ATI CANS - BATCH II

S to ra g e
p e rio d
m o n th

S to ra g e
te m p .,

°C
C o d e

M o is­
tu r e  
g  %

FFA
(% o le ic 

ac id)

P e ro x id e  v a lu e  
(m illieq u iva- 

l e n t / k g  o f  fat)

K ries  v a lu e  
(O D /g  o f  

fat)

C o lo u r  
(L ovibond  

c o lo u r  u n i ts )

O d o u r  
q u a li ty  
s c o re  •

2 RT A 0 .0 7 0 .0 7 0 .5 4 0 .1 1 0 .4  R  + 3 .3  Y 1
B 0 .0 9 0 .0 8 0 .5 8 0 .1 1 0 .4  R  + 3 .5  Y 1
C 0 .0 6 0 .1 0 0 .8 0 0 .1 1 0 .4  R  + 3 .5  Y 1
D 0 .0 6 0 .0 7 0 .8 6 0 .1 1 0 .4  R  + 3 .5  Y 1

6 RT A 0 .0 4 0 .1 9 3 .3 8 0 .1 8 0 .4  R  + 3 .4  Y 1
B 0 .0 4 0 .1 9 4 .2 1 0 .1 8 0 .4  R  + 3 .4  Y 1
C 0 .0 6 0 .1 9 4 .2 6 0 .1 9 0 .4  R  + 3 .5  Y 1
D 0 .0 5 0 .1 8 4 .1 7 0 .1 7 0 .4  R  + 3 .5  Y 1

3 7 A 0 .0 4 0 .1 8 2 .8 4 0 .1 9 0 .4  R  + 3 .5  Y 1
B 0 .0 4 0 .1 8 2 .8 1 0 .1 9 0 .4  R  + 3 .5  Y 1
C 0 .0 5 0 .1 8 2 .7 0 0 .1 9 0 .4  R  + 3 .5  Y 1
D 0 .0 5 0 .1 6 2 .8 0 0 .1 8 0 .4  R  + 3 .4  Y 1

9 RT A Nil 0 .1 9 7 .7 1 0 .2 4 0 .5  R  + 3 .3  Y 1
B " 0 .1 9 7 .8 2 0 .2 6 0 .5  R  + 3 .2  Y 1
C " 0 .2 1 7 .7 2 0 .2 5 0 .5  R  + 3 .3  Y 1
D " 0 .2 1 8 .6 1 0 .2 9 0 .5  R  + 3 .4  Y 1

3 7 A Nil 0 .2 1 1 6 .5 2 0 .3 5 0 .5  R  + 3 .3  Y 1
B 0 .2 1 17 .71 0 .3 5 0 .5  R  + 3 .4  Y 1
C " 0 .2 1 17.51 0 .3 5 0 .6  R  + 3 .5  Y 2
D " 0 .2 0 1 7 .3 3 0 .3 6 0 .6  R  +  3 .5  Y 2

12 R T A Nil 0 .1 9 1 0 .5 8 0 .5 9 0 .5  R  + 3 .3  Y 1
B " 0 .2 1 1 0 .2 7 0 .6 1 0 .5  R  + 3 .5  Y 1
C - 0 .2 0 4 .0 3 0 .3 6 0 .5  R  + 3 .4  Y 2
D " 0 .1 9 3 .6 7 0 .3 3 0 .5  R  + 3 .4  Y 2

3 7 A Nil 0 .2 2 2 .1 2 0 .3 2 0 .5  R  + 3 .4  Y 1
B ” 0 .2 2 2 .21 0 .3 3 0 .5  R  + 3 .4  Y 1
C " 0 .2 2 2 .4 1 0 .3 2 0 .7  R  + 3 .5  Y 3
D " 0 .2 3 2 .6 2 0 .4 1 0 .7  R  + 3 .5  Y 3

R  = R ed , Y = Y ellow
A : E -2 0  - L a c q u e re d  fo r b o d y  a n d  c o m p o n e n ts  ( s tra ig h t  w alled), B :E -2 5  - L a c q u e re d  for b o d y  a n d  b la c k  p la te  la c q u e re d  for 
c o m p o n e n ts  ( s tra ig h t  w a lled ), C :E -1 0  - L a c q u e re d  for b o d y  a n d  c o m p o n e n ts  ( s tra ig h t  w a lled ), D :E - 10 - L a c q u e re d  fo r b o d y  a n d  
c o m p o n e n ts  (b e a d e d  ca n ). * M e a n  s c o re  o n  a  4  p o in t  s c a le . 1 : T y p ica l a n d  f re sh , 2 : In c ip ie n t  ra n c id ity ,  3  : J u s t  n o tic e a b le  
ra n c id ity  4  : C lea rly  ra n c id

d i f f e r e n t  t y p e s  o f  c o n t a i n e r s  s t o r e d  a t  3 7 ° C  a n d  
t h e r e a f t e r ,  i t  w a s  f r e e  f r o m  m o i s t u r e .  T h e r e  w a s  a  
m a r g i n a l  d i f f e r e n c e  d u r i n g  s t o r a g e  i n  F F A .  R e g a r d i n g  
p e r o x i d e  v a l u e ,  i t  r e a c h e d  t h e  m a x i m u m  v a l u e  o f  
1 7 . 7 1  a f t e r  9  m o n t h s  s t o r a g e  a t  3 7 ° C  a n d  t h e n  
s t a r t e d  d e c l i n i n g .  A m o n g  t h e  f o u r  d i f f e r e n t  t y p e s  
o f  c o n t a i n e r s ,  t h e r e  w e r e  n o t  m u c h  d i f f e r e n c e s  i n  
p e r o x i d e  v a l u e s .  R e g a r d i n g  K r i e s  t e s t  v a l u e s ,  t h e r e  
w e r e  m a r g i n a l  i n c r e a s e s  f r o m  0 . 1 1  t o  t h e  m a x i m u m  
v a l u e  o f  0 . 6 1  a f t e r  1 2  m o n t h s  s t o r a g e .  A f t e r  9  
m o n t h s  s t o r a g e  a t  3 7 ° C ,  s l i g h t  r a n c i d  o d o u r  w a s  
n o t i c e d  i n  E - 1 0  c a n s .  I n  E - 2 0  a n d  E - 2 5  t i n p l a t e  
c a n s ,  t h e  p r o d u c t  w a s  f r e e  f r o m  r a n c i d i t y  a n d  i t

w a s  a c c e p t a b l e  e v e n  a f t e r  1 2  m o n t h s  s t o r a g e  a t  
a m b i e n t  t e m p e r a t u r e  a n d  3 7 ° C .  T h e  v a l u e s  f o r  
m o i s t u r e ,  F F A ,  p e r o x i d e  v a l u e .  K r i e s  t e s t  a n d  c o l o u r  
a r e  p r e s e n t e d  i n  T a b l e  2 .

R e g a r d i n g  t h e  e x t e r n a l  a p p e a r a n c e  o f  t h e  c a n s  
s t o r e d  a t  3 8 ° C  w i t h  9 2 %  R H ,  t h e  o b s e r v a t i o n  w a s  
t h a t  t h e r e  h a d  b e e n  l i g h t  r u s t i n g  i n  t o p  s e a m  a n d  
m e d i u m  r u s t i n g  i n  b o t t o m  s e a m  i n  a l l  t y p e s  o f  
c a n s ,  w h i l e  t h e r e  w a s  n o  r u s t i n g  i n  t h e  s i d e  s e a m .  
E x t e r n a l  r u s t i n g  w a s  n o t i c e d  o n l y  i n  t h e  t o p  a n d  
b o t t o m  e n d s  o f  t h e  c a n s ,  i r r e s p e c t i v e  o f  w h e t h e r  
t h e y  a r e  b e a d e d  o r  s t r a i g h t  w a l l e d .  C a n  i n t e r i o r  w a s  
n o r m a l  i n  a l l  t h e  f o u r  v a r i a b l e s ,  w h i c h  w e r e  c o a t e d



w i t h  l a c q u e r  i n t e r n a l l y .  T h e r e  w a s  n o  p e r c e p t i b l e  
c o r r o s i o n  i n  t h e  c a n  i n t e r i o r .

C o n c l u s i o n
T h e  q u a l i t y  o f  v a n a s p a t l  p a c k e d  i n  l o w  t i n c o a t e d  

c a n s ,  w a s  a c c e p t a b l e  i n  E - 2 0  a n d  E - 2 5  t i n p l a t e  
u p t o  1 2  m o n t h s  s t o r a g e  a t  3 7 ° C  a n d  a m b i e n t  
t e m p e r a t u r e  ( 2 5 - 3 0 ° C ) .  E - 1 0  c a n s  w e r e  n o t  f o u n d  
s u i t a b l e  f o r  s t o r i n g  f o r  m o r e  t h a n  6  m o n t h s .

A c k n o w l e d g e m e n t
T h e  a u t h o r s  a r e  t h a n k f u l  t o  B u r e a u  o f  I n d i a n  

S t a n d a r d s ,  N e w  D e l h i ,  f o r  s u g g e s t i n g  t h e  s t u d i e s ,  
M / s .  P o y s h a  I n d u s t r i a l  C o . ,  B o m b a y ,  M / s  M e t a l  
B o x  I n d i a  L t d . ,  f o r  s u p p l y i n g  t h e  c o n t a i n e r s  a n d  
M / s .  H i n d u s t a n  L e v e r  L t d . ,  B o m b a y ,  f o r  p a c k i n g  
v a n a s p a l i  i n  t h e  c o n t a i n e r s  f o r  t h e  s t u d i e s .

R e f e r e n c e s
A O CS (1960) O fficial a n d  T e n ta t iv e  M e th o d s , 5 th  ed . A m e ric a n  

Oil C h e m is ts  S o c ie ty , C h a m p a ig n , Illin o is  
B a rb ie ri G , M ila n e se  G , R o sso  S  ( I9 6 0 )  T h e  b e h a v io u r  o f  

e lectro ly tic  t in p la te  a s  c o n ta in e r  fo r p re s e rv e d  foods c o n ta in in g  
s u g a r s  a n d  a c id s .  In d  C o n s e rv e  3 5  :1 9 6 -1 9 9

B IS  (1968) S p e c if ic a tio n  fo r  G r o u n d n u t  O il, IS :5 4 4  B u r e a u  o f  
In d ia n  S ta n d a r d s ,  N ew  D e lh i

CFTR1 (1 9 8 8 -8 9 ) M odified  m e th o d  fo r  e v a lu a t io n  o f  e d ib le  o ils , 
In : A n n u a l  P ro g re s s  R e p o rt, C e n tr a l  F o o d  T e c h n o lo g ic a l 
R e s e a rc h  In s t i tu te ,  M ysore , In d ia  

D a v is  EG  (1954 ) S o m e  te s t s  o f  e le c tro ly tic  t in p la te  in  c a n s  fo r 
A u s tr a l ia n  c a n n e d  foods. A u s tr  J  A p p l S c i 5 :1 9 6 -2 1 0  

D a v is  E G  (1962) E le c tro l in p la te  fo r  food c o n ta in e r s  P a r t  II. T h e  
c o r ro s io n  p e r f o r m a n c e  o f  t in p la te .  F o o d  P re s e rv e  Q ly  
2 2 :3 8 -4 1

G ro v e r  MR, B h a t ta c h a r y a  SK , M a th e w  TV  (1 9 8 2 ) S tu d ie s  o n  
sh e lf-life  o f  v e g e ta b le  o ils  p a c k e d  in  u s e d  t in  c o n ta in e rs .  
J  F oo d  S c i T e c h n o l 1 9 :2 6 8 -2 7 0  

M a h a d e v ia h  M, G o w ra m m a  RV, E ip e s o n  W E , S a s t r y  LVL (1976) 
In f lu e n c e  o f  t in p la te  v a r ia b le s  o n  th e  c o rro s io n  o f  t in p la te  
c o n ta in e r s  w ith  m a n g o  a n d  o ra n g e  p r o d u c ts .  J  F o o d  S ci 
T e c h n o l 1 3 :1 8 -2 3

M a h a d e v ia h  M, E ip e s o n  W E, G o w ra m m a  RV, S a s t r y  LVL, 
B h a tn a g a r  HC (1971 ) S o m e  o b s e rv a t io n s  o n  th e  re la t io n s h ip  
b e tw e e n  s u l p h u r  s ta in in g  a n d  c o rro s io n  in  food  c a n s .  J  F oo d  
S c i T e c h n o l 8  : 1 8 6 -1 9 1

P oole M F, P r a te r  AN (19 4 5 ) A m o d ifie d  K ries  t e s t  s u i ta b le  fo r 
p h o to c h e m is try .  O il a n d  S o a p  2 2 : 2 1 5 -2 1 6  

S h a n th i  N a ra s im h a n ,  R a g h u v e c r  KG, A r u m u g h a n  C , B h a t  KK, 
S e n  D P (1986 ). O x id a tiv e  r a n c id i ty  in  g r o u n d n u t  oil - 
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Effect of Blanching Treatments on the 9 uaKty 
Characteristics of Dehydrated Fenugreek Leaves

M U K T I B A J A J ,  P O O N A M  A G G A R W A L , K .S .  M IN H A S  A N D  J . S .  S I D  H U *
D e p a r t m e n t  o f  F o o d  S c i e n c e  a n d  T e c h n o l o g y ,

P u n j a b  A g r i c u l t u r a l  U n i v e r s i t y ,  L u d h i a n a - 1 4 1  0 0 4 ,  I n d i a .

D iffe ren t b la n c h in g  t r e a tm e n ts  w e re  g iven  to fe n u g re e k  lea v es  to g e t b e t t e r  q u a li ty  d r ie d  p ro d u c t .  R e s u l ts  sh o w e d  
th a t  th e  a s c o rb ic  a c id  r e te n t io n  w a s  h ig h e s t  in  p o ta s s iu m  m e ta b is u lp h i te  (0.5% ) t r e a te d  s a m p le , w h ile  c h lo ro p h y ll  
r e te n t io n  a n d  q u a li ty  s c o re s  w e re  h ig h e s t  in  w a tc r -b la n c h e d  s a m p le s ,  im m e d ia te ly  a f te r  d e h y d ra t io n .  S ix  m o n th s  s to ra g e  
sh o w e d  b e s t  re te n tio n  o f  a s c o rb ic  a c id  in  u n b la n c h c d  s a m p le s ,  w h ile  r e te n t io n  o f  c h lo ro p h y ll  w a s  m a x im u m  in  m a g n e s iu m  
o x id e  (0.1% ) t r e a te d  s a m p le s .
K e y w o rd s  : F e n u g re e k  leav es , B la n c h in g  t r e a tm e n t ,  D e h y d ra tio n , R e h y d ra tio n . Q u a li ty  c h a r a c te r i s t ic s .

A n  i n c r e a s i n g  t r e n d  o f  i m p r o v i n g  t h e  d i e t a r y  
s t a n d a r d s  a m o n g  t h e  p e o p l e  h a s  b e e n  o b s e r v e d  i n  
r e c e n t  y e a r s  ( S r i k a n t i a  1 9 8 9 ) .  G r e e n  l e a f y  v e g e t a b l e s  
a r e  g a i n i n g  i m p o r t a n c e ,  m a i n l y  b e c a u s e  o f  b e i n g  
g o o d  s o u r c e s  o f  v i t a m i n s ,  m i n e r a l s  a n d  d i e t a i y  f i b r e  
( N a r a s i n g a  R a o  e t  a l .  9 8 9 ) .  F e n u g r e e k  (T rig o n e lla  

fo e n u m  g ra e c u m ) i s  a  p o p u l a r  g r e e n  l e a f y  v e g e t a b l e  
i n  I n d i a  a n d  t h e  c h e m i c a l  c o m p o s i t i o n  o f  t h e  s e e d  
h a s  a l r e a d y  b e e n  r e p o r t e d  ( S h a n k a r a c h a r y a  e t  a l .
1 9 7 3 ) .  B e i n g  a  s e a s o n a l  c r o p ,  i t  i s  a v a i l a b l e  i n  
p l e n t y  a t  l o w e r  c o s t  d u r i n g  w i n t e r  s e a s o n  ( P a t i l  
e t a l .  1 9 7 8 )  a n d  t h e r e f o r e ,  c a n  b e  d e h y d r a t e d  t o  
m a k e  i t  a v a i l a b l e  i n  o f f - s e a s o n ,  p r o v i d e d  t h e  q u a l i t y  
o f  d e h y d r a t e d  p r o d u c t  i s  m a i n t a i n e d  t o  b e  a c c e p t a b l e .  
I n  f a c t ,  d e h y d r a t i o n  i s  t h e  m e t h o d  o f  c h o i c e  f o r  
v e g e t a b l e s  ( M a n d h y a n  e t  a l .  1 9 8 8 ) ,  c a u l i f l o w e r  
( S r i v a s t a v a  a n d  N a t h  1 9 8 5 )  a n d  t o m a t o  ( G u p t a  a n d  
N a t h  1 9 8 4 ) .  C o l o u r  o f  f o o d  i s  o n e  o f  t h e  m o s t  
i m p o r t a n t  q u a l i t y  a t t r i b u t e s  d e m a n d e d  b y  c o n s u m e r s  
a n d  i s ,  t h e r e f o r e ,  i m p o r t a n t  i n  t h e  o v e r a l l  p r o d u c t  
a c c e p t a n c e  ( J o a c h i m  a n d  L a B o i d e  1 9 8 9 ) .  A t t e m p t s  
h a v e ,  t h e r e f o r e ,  b e e n  m a d e  t o  i m p r o v e  t h e  c o l o u r  
a n d  f l a v o u r  c h a r a c t e r i s t i c s  o f  d e h y d r a t e d  f e n u g r e e k  
l e a v e s  u s i n g  v a r i o u s  b l a n c h i n g  t r e a t m e n t s .

F r e s h  f e n u g r e e k  l e a v e s  w e r e  p r o c u r e d  f r o m  
l o c a l  m a r k e t .  T h e  r o o t s  a s  w e l l  a s  u n d e s i r a b l e  
l e a v e s  w e r e  t r i m m e d  a n d  t h e  l e a v e s  w e r e  w a s h e d  
i n  w a t e r  t o  r e m o v e  t h e  a d h e r i n g  d i r t / s o i l  e t c .  A f t e r  
d r a i n i n g  o f f  t h e  e x c e s s  w a t e r ,  t h e y  w e r e  d i v i d e d  i n t o  
t e n  l o t s  f o r  b l a n c h i n g  p u r p o s e s .
B la n c h in g  tr e a tm e n t  s o lu tio n s  : D i f f e r e n t  b l a n c h i n g  
s o l u t i o n s ,  p r e p a r e d  i n  w a t e r ,  c o n s i s t e d  o f  (% ) 
(1 ) s o d i u m  c h l o r i d e  2 ,  (2 )  m a g n e s i u m  o x i d e  0 . 1 ,
(3 )  s o d i u m  m e t a b i s u l p h i t e  0 . 5 ,  (4 )  p o t a s s i u m  
m e t a b i s u l p h i t e  0 . 5 ,  (5 )  s o d i u m  b i c a r b o n a t e  0 . 1 ,

* Corresponding Author

(6 )  s o d i u m  b i c a r b o n a t e  0 . 2 ,  a n d  (7 )  m a g n e s i u m  
o x i d e  0 . 1  +  p o t a s s i u m  m e t a b i s u l p h i t e  0 . 5  +  s o d i u m  
b i c a r b o n a t e  0 . 1 .  U s i n g  t h e  c r i t e r i o n  o f  a b s e n c e  o f  
p e r o x i d a s e  a c t i v i t y ,  t h e  p r e l i m i n a r y  s t u d i e s  s h o w e d  
t h a t  b l a n c h i n g  i n  b o i l i n g  w a t e r  a t  9 9 ° C  f o r  2  m i n  
( P a t i l  e t  a l .  1 9 7 8 )  i s  a d e q u a t e  f o r  f e n u g r e e k  l e a v e s  
a n d  h e n c e ,  a d o p t e d  i n  t h e  p r e s e n t  s t u d i e s .  O n e  l o t  
w a s  b l a n c h e d  i n  p l a i n  w a t e r .  T w o  l o t s  w e r e  k e p t  
u n b l a n c h e d ,  o n e  t o  s e r v e  a s  f r e s h  a n d  t h e  o t h e r  
a s  c o n t r o l  u n b l a n c h e d  d e h y d r a t e d  s a m p l e .  A f t e r  
b l a n c h i n g ,  t h e  m a t e r i a l  w a s  i m m e d i a t e l y  d i p p e d  i n  
c o l d  w a t e r .
D ry in g  : B l a n c h e d  s a m p l e s  a n d  o n e  l o t  o f  t h e  
u n b l a n c h e d  f e n u g r e e k  l e a v e s  w e r e  s p r e a d  e v e n l y  i n  
t r a y s  a n d  d r i e d  i n  t h e  c a b i n e t  d r i e r  ( F r i e d r i c k  m a k e ,  
B o m b a y )  a t  6 0 ± 5 ° C  f o r  5 - 6  h .  T h e  d r i e d  s a m p l e s  
w e r e  s e a l e d  i n  2 5 0  g a u g e  p o l y e t h y l e n e  b a g s  a n d  
s t o r e d  a t  r o o m  t e m p e r a t u r e  ( 2 5 - 3 2 ° C ) ,  t i l l  f u r t h e r  
s t u d y .
A n a ly s i s  : F r e s h  a s  w e l l  a s  d e h y d r a t e d  s a m p l e s  
w e r e  a n a l y s e d  f o r  m o i s t u r e  a n d  a s c o r b i c  a c i d ,  u s i n g  
2 ,  6  d i c h l o r o p h e n o l - i n d o p h e n o l  d y e  ( A O A C  1 9 8 0 ) .  
C h l o r o p h y l l  w a s  e x t r a c t e d  w i t h  8 0 %  a c e t o n e  a n d  
i n t e n s i t y  o f  c o l o u r  m e a s u r e d  a t  6 6 3  a n d  6 4 5  n m  
i n  s p e c t r o n i c - 2 0  c o l o r i m e t e r ,  w h i l e  r e s u l t s  e x p r e s s e d  
i n  t e r m s  o f  c h l o r o p h y l l  a ,  c h l o r o p h y l l  b  a n d  t o t a l  
c h l o r o p h y l l  ( a s  g / 1 0 0  g )  o n  d r y  w e i g h t  b a s i s  
( A n d e r s o n  a n d  B o a r d m a n  1 9 6 4 ) .  D e h y d r a t e d  
s a m p l e s  w e r e  a n a l y s e d  a t  a n  i n t e r v a l  o f  9 0  d a y s  
o v e r  t h e  p e r i o d  o f  s i x  m o n t h s .  D e h y d r a t e d  s a m p l e s  
w e r e  a l s o  a n a l y s e d  f o r  d e h y d r a t i o n  a n d  r e h y d r a t i o n  
r a t i o .
C u lin a ry  q u a lity  e v a lu a t io n  : R e h y d r a t e d  f e n u g r e e k  
s a m p l e s  w e r e  e v a l u a t e d  a t  a n  i n t e r v a l  o f  9 0  d a y s  
o v e r  a  p e r i o d  o f  s i x  m o n t h s  b y  a  p a n e l  o f  s e m i -  
t r a i n e d  j u d g e s  u s i n g  a  9 - p o i n t  H e d o n i c  s c a l e  (1  f o r  
e x t r e m e l y  d i s l i k e d  a n d  9  f o r  e x t r e m e l y  l i k e d ) .  T h e

1 9 6
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TABLE 1. E F F E C T  O F  BLANCHING SO LU TIO N S AND STO R A G E ON C HLOROPH YLL AND A SCO RB IC  ACID C ONTENTS* O F  

DEHYDRATED FE N U G R E E K  LEAVES.

S to ra g e  p e rio d , m o n th s
T re a tm e n ts 0 3 6 0 3 6 0 3 6

A sco rb ic  a c id , g /1 0 0 g C h lo ro p h y ll  a , 
g /1 0 0 g

C h lo ro p h y ll b , 
g /1 0 0 g

F re s h  leaves 17 .3 - - 8 .2 - - 6 .4 - -
U n b la n c h c d , c o n tro l 5 .7 4 .4 4 .0 3 .3 2 .7 2 .7 2 .7 2 .3 2 .2
P la in  w a te r 3 .9 3 .2 2 .6 6 .6 4 .3 4 .2 6 .9 3 .5 3 .4
S o d iu m  c h lo rid e , 2% 2 .8 2 .4 1.7 6 .2 4 .5 4 .3 5 .3 3 .7 3 .4
M ag n esiu m  oxide, 0 .1 % 2 .8 2 .4 1.8 5 .4 4 .9 4 .6 4 .6 4 .4 4 .1
S o d iu m  m e ta b is u lp h ite ,  0 .5 % 5 .6 4.1 3 .2 4 .6 4 .7 4 .6 4 .4 3 .7 3 .6
P o ta s s iu m  m c ta b is u lp h ite ,  0 .5 % 6 .8 4 .8 3 .7 4 .4 3 .7 3 .6 3 .5 2 .9 2 .7
S o d iu m  b ic a rb o n a te ,  0 .1 % 4 .6 3 .6 3 .0 5 .4 4 .5 4 .2 4 .5 4 .0 3 .9
S o d iu m  b ic a rb o n a te ,  0 .2 % 3 .9 3 .0 2 .6 4 .1 4 .1 4 .0 3 .3 3 .4 2 .9
M ag n es iu m  oxide, 0 .1 %  + p o ta s s iu m  

m e ta b is u lp h ite , 0 .5 %  + s o d iu m  
b ic a rb o n a te ,  0  1%

2 .9 2 .4 1.8 6 .0 4 .7 4 .4 5 .4 4 .1 4 .0

* R e s u lts  e x p re s s e d  o n  m o is tu re  free  b a s is

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

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

TABLE 2. E F F E C T  O F  BLANCHING TREATM ENTS ON T H E  
CULINARY CH A R A C TERISTICS O F  DEHYDRATED 
F E N U G R E E K  LEAVES*, IM M EDIATELY A F TE R  
DRYING.

T re a tm e n ts  C o lo u r  T e x tu re  A ro m a  O v era ll
sc o re

U n b la n c h c d , c o n tro l 5 .0 b 5 .0 a 4 .0 b 4 .7 b
P la in  w a te r 8 .0 ab 7  0 ab 9 .0 a 8 .0 a
S o d iu m  c h lo rid e , 2% 7 .0 ab 7 .0 ab 7 .0 ab 7 .0 ab
M a g n e s iu m  o x ice , 0 .1 % 8 .0 ab 8 .0 ab 8 .0 a 8 .0 a
S o d iu m  m e ta b is u lp h ite ,  0 .5 % 6 .0 ab 7 .0 ab 5 .0 b 6 .0 ab
P o ta s s iu m  m e ta b is u lp h ite ,  0 .5 % 6 .5 ab 6 .0 ab 6 .0 ab 6 .5 ab
S o d iu m  b ic a rb o n a te  0 .1 % 7 .5 ab 8 .0 ab 6 .5 ab 8 .0 a
S o d iu m  b ic a rb o n a te  0 .2 % 7 .0 ab 9 .0 b 8 .0 a 6 .0 ab
M ag n es iu m  oxide, 0 .1 %  + 
p o ta s s iu m  m e ta b is u lp h ite ,  0 .5 %  
+ s o d iu m  b ic a rb o n a te  0 .1 %

9 .0 a 8 .0 ab 6 .0 ab 7 .7 ab

L.S.D. 3 .9 6 3 .9 6 3 .61 3 .2 3
* A verage s c o re  o f  8  p a n e l is ts ,  v a lu e s  w ith  s im ila r  

s u p e r s c r ip t  a r e  n o n -s ig n if ic a n t

m e t a b i s u l p h i t e - b l a n c h i n g  r e s u l t e d  i n  c o n s i d e r a b l e  
l o s s  ( 4 6 % ) .  B l a n c h i n g  i n  w a t e r  f o r  c h l o r o p h y l l  
r e t e n t i o n  w a s  a l s o  r e p o r t e d  b y  E h e a r t  ( 1 9 6 9 )  a n d  
E l - S h e r b i n y  e t  a l .  ( 1 9 8 6 ) .  P a t i l  e t  a l .  ( 1 9 7 8 )  r e p o r t e d  
i m p r o v e m e n t  i n  c h l o r o p h y l l  r e t e n t i o n  w i t h  
m a g n e s i u m  o x i d e ,  p o t a s s i u m  m e t a b i s u l p h i t e  a n d  
s o d i u m  b i c a r b o n a t e  b l a n c h i n g ,  w h i l e  i m p r o v e d  
c h l o r o p h y l l  r e t e n t i o n  w i t h  s u l p h i t e  t r e a t m e n t  w a s  
r e p o r t e d  b y  C h a u d h a i y  ( 1 9 7 9 ) .

B l a n c h i n g  t r e a t m e n t s  d i d  n o t  s i g n i f i c a n t l y  a l f e c t  
t h e  d e h y d r a t i o n  r a t i o .  D e h y d r a t i o n  r a t i o  r a n g e d  
f r o m  7 . 5  t o  7 . 7  f o r  a l l  t h e  s a m p l e s .  R e h y d r a t i o n  
r a t i o ,  h o w e v e r ,  r a n g e d  f r o m  5 . 9  t o  7 . 2 ,  t h e  h i g h e s t  
b e i n g  w i t h  s u l p h i t e  t r e a t m e n t .  B l a n c h i n g  
c o n s i d e r a b l y  i m p r o v e d  t h e  c u l i n a r y  q u a l i t y  o f  
r e h y d r a t e d  d r i e d  f e n u g r e e k  l e a v e s .  A r o m a  r e t e n t i o n  
w a s  h i g h e s t  i n  p l a i n  w a t e r  b l a n c h i n g .  S o d i u m  
b i c a r b o n a t e  ( 0 .2 % )  t r e a t m e n t  r e s u l t e d  i n  b e s t  t e x t u r e .  
N o  u n d e s i r a b l e  a r o m a  d e v e l o p m e n t  w a s  n o t i c e d  i n  
a n y  o f  t h e  b l a n c h i n g  t r e a t m e n t s  s t u d i e d .  D u r i n g  
s i x  m o n t h s  s t o r a g e ,  t h e  m a x i m u m  l o s s  w a s  o f  
a s c o r b i c  a c i d  ( 4 5 % )  a s  c o m p a r e d  t o  o t h e r  
c o n s t i t u e n t s  ( T a b l e  1 ) . U n b l a n c h e d  f e n u g r e e k  l e a v e s  
w e r e  f o u n d  t o  p o s s e s s  m a x i m u m  s t a b i l i t y  o f  a s c o r b i c  
a c i d .  C h l o r o p h y l l  c o n t e n t  a l s o  d e c r e a s e d  w i t h  t h e  
l e n g t h  o f  s t o r a g e  ( T a b l e  1 ).

C o n s i d e r i n g  t h e  c u l i n a r y  c h a r a c t e r i s t i c s ,  c o l o u r ,  
a r o m a  r e t e n t i o n  a n d  o v e r a l l  q u a l i t y ,  i t  c a n  b e  
c o n c l u d e d  t h a t  b l a n c h i n g  o f  f e n u g r e e k  l e a v e s  i n  
p l a i n  b o i l i n g  w a t e r  f o r  2  m i n  a n d  d e h y d r a t i o n  a t  
6 0 ± 5 ° C  f o r  5 - 6  h  i n  a  t r a y  d r i e r  g a v e  b e s t  r e s u l t s ,  
i m m e d i a t e l y  a f t e r  d r y i n g  ( T a b l e  2 ) .  H o w e v e r ,  
m a g n e s i u m  o x i d e  ( 0 . 1 % )  t r e a t e d  s a m p l e  a n d  t h e
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s a m p l e  t r e a t e d  w i t h  m a g n e s i u m  o x i d e  0 . 1 %  +  
p o t a s s i u m  m e t a b i s u l p h i t e  0 . 5 %  +  s o d i u m
b i c a r b o n a t e  0 . 1 %  s h o w e d  h i g h e r  s t a b i l i t y  i n  
c h l o r o p h y l l  c o n t e n t  t h a n  t h e  p l a i n  w a t e r - b l a n c h e d  
d e h y d r a t e d  s a m p l e .  A f t e r  t h e  s t o r a g e  p e r i o d  o f  s i x  
m o n t h s ,  t h e  q u a l i t y  o f  a l l  t h e  t r e a t e d  s a m p l e s  w a s  
f o u n d  t o  b e  a c c e p t a b l e ,  w i t h o u t  a n y  s i g n  o f  
u n d e s i r a b l e  c o l o u r  o r  o f T - f l a v o u r .
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Sucrose Mobilisation in Maturing Seeds of Water Chestnut 
(Trapa bispinosa Roxb.) and Litchi (Litchi chinensis Sonn.)

D .K . D A S , S .  K U M A R , A .K . S I N G H  A N D  U .S .  P R A S A D *
B i o s c i e n c e s  R e s e a r c h  C e n t r e ,  D e p a r t m e n t  o f  B o t a n y ,

T .N .B .  C o l l e g e ,  B h a g a l p u r  U n i v e r s i t y ,  B h a g a l p u r - 8 1 2  0 0 7 ,  I n d i a .

In  w a te r  c h e s tn u t ,  th e  a c tiv itie s  o f  s u c ro s e  s y n th e ta s e  a n d  in v e r ta s e  r u n  p a ra lle l  d u r in g  s e e d  m a tu r a t io n  w ith  
th e ir  h ig h  a c tiv itie s  in  im m a tu r e  s e e d s . O n  th e  o th e r  h a n d ,  in  litch i, th e  a c tiv itie s  o f  s u c r o s e  s y n th e ta s e  a n d  in v e r ta s e  
rev ea l a lm o s t  a  c o n t r a s t in g  p a t t e r n  d u r in g  s e e d  m a tu ra t io n .  N e v e rth e le ss , r a p id  tu rn o v e r  in  s u c r o s e  is  in d ic a te d  th r o u g h  
th e  c h a n g e s  in  th e  a c tiv itie s  in  th e s e  e n z y m e s , w h ic h  te n d  to  d iffe r in  th e  tw o s e e d s . In w a te r  c h e s tn u t ,  in v e r ta s e  
p re d o m in a te s  o v e r  s u c r o s e  s y n th e ta s e ,  w h e re a s  in  litch i c u ll iv a rs ,  s u c r o s e  s y n th e ta s e  p re d o m in a te s  o v e r  in v e r ta s e  d u r in g  
seed  m a tu ra t io n .
K e y w o rd s  : S e e d  m a tu ra t io n ,  Trapa bispinosa, Litchi chinensis, S u c ro s e , S u c ro s e  s y n th e ta s e ,  In v e r ta se .

S u c r o s e  i s  u s u a l l y  t h e  p r i n c i p a l  c a r b o n  s o u r c e  
f o r  s t a r c h  s y n t h e s i s  i n  r e s e r v e  t i s s u e s  ( P r e i s s  1 9 8 2 ) .  
U s e  o f  l a b e l l e d  s u c r o s e  i n  p a d d y  ( R a o  a n d  S a n e
1 9 8 5 )  a n d  i n  in  v itro  g r o w i n g  m a i z e  s e e d s  ( C o b b  
a n d  H a n n a h  1 9 8 6 )  h a s  s h o w n  t h a t  s u c r o s e  i s  
p r e f e r e n t i a l l y  u t i l i z e d  i n  c o m p a r i s o n  t o  r e d u c i n g  
s u g a r s .  I n v e r t a s e  a c t i v i t y  a s  w e l l  a s  t o t a l  s u g a r  
c o n t e n t  h a s  b e e n  f o u n d  t o  d e c r e a s e  w i t h  t h e  
a d v a n c e m e n t  o f  s e e d  d e v e l o p m e n t  i n  r i c e  ( S i n g h  
a n d  S i n g h  1 9 8 3 )  a n d  o k r a  ( M a l i k  e t  a l .  1 9 8 2 ) .  I n  
s u g a r c a n e ,  a c t i v i t i e s  o f  s u c r o s e  s y n t h e t a s e ,  s u c r o s e  
p h o s p h a t e  s y n t h a s e  a n d  i n v e r t a s e  h a v e  b e e n  
c o r r e l a t e d  w i t h  t h e  c o n t e n t s  o f  s u c r o s e  a n d  h e x o s e  
( B a t t a  a n d  S i n g h  1 9 8 6 ) .  H o w e v e r ,  d a t a  a v a i l a b l e  o n  
t h i s  a s p e c t  a r e  r a t h e r  s c a n t y  a n d  i t  i s  s t i l l  n o t  c l e a r  
w h e t h e r  s u c r o s e  s y n t h e t a s e  e n z y m e  h a s  a  g r e a t e r  
r o l e  t o  p l a y  i n  s u c r o s e  s y n t h e s i s  o r  i n  i t s  d e g r a d a t i o n  
( D u i f u s  a n d  D u f f u s  1 9 8 4 ) .  I n  t h e  p r e s e n t  s t u d y ,  
a n  a t t e m p t  h a s  b e e n  m a d e  t o  e x p l a i n  s u c r o s e  
t u r n o v e r  i n  d e v e l o p i n g  s e e d s  o f  w a t e r  c h e s t n u t  a n d  
l i t c h i .

T h e  c o m p o s i t i o n  o f  d i f f e r e n t  l i t c h i  c u l t i v a r s  h a s  
a l r e a d y  b e e n  r e p o r t e d  ( A ja y  S i n g h  e t  a l .  1 9 8 7 ) .  
W a t e r  c h e s t n u t  (T ra p a  b is p in o s a  R o x b )  h a s  b e e n  
v a l u e d  a s  a  d e l i c a c y  a n d  u s e d  a s  a  s o u r c e  o f  s t a r c h  
a n d  s o m e  s t u d i e s  o n  c a n n i n g  h a v e  a l s o  b e e n  
r e p o r t e d  ( R o d r i g u e s  e t  a l .  1 9 6 4 ) .  I n  t h e  p r e s e n t  
e x p e r i m e n t ,  f r u i t s  o f  t w o  c u l t i v a r s  ' P u r b i '  a n d  'E a r l y  
B e d a n a '  o f  L itch i c h in e n s is  S o n n .  w e r e  c o l l e c t e d  
f r o m  A g r i c u l t u r e  C o l l e g e ,  S a b o u r  ( B h a g a l p u r )  o n  
t h e  4 0 t h  a n d  3 6 t h  d a y  a f t e r  a n t h e s i s ,  r e s p e c t i v e l y .  
F r u i t s  w e r e  l a t e r  p i c k e d  u p  r e g u l a r l y  a t  a n  i n t e r v a l  
o f  s e v e n  d a y s  u p t o  o v e r - r i p e  s t a g e  ( 7 5  d a y s  a f t e r  
a n t h e s i s  i n  ' P u r b i '  a n d  7 1  d a y s  a f t e r  a n t h e s i s  i n  
'E a r l y  B e d a n a ' ) .  S i m i l a r l y ,  f r u i t s  o f  ' P i n k i s h  R e d '
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v a r i e t y  o f  T r a p a  b is p in o s a  R o x b .  w e r e  c o l l e c t e d  f i r s t  
o n  t h e  1 5 t h  d a y  a f t e r  a n t h e s i s  a n d  s u b s e q u e n t l y ,  
a t  a  r e g u l a r  i n t e r v a l  o f  f o u r  d a y s  u p t o  o v e r - r i p e  
s t a g e  ( 3 5  d a y s  a f t e r  a n t h e s i s ) .

A l l  t h e  c h e m i c a l s  u s e d  w e r e  o f  a n a l y t i c a l  g r a d e .  
A b s o r b a n c e  w a s  r e c o r d e d  i n  a  B a u s c h  a n d  L o m b  
'S p e c t r o n i c  2 0 ’ c o l o r i m e t e r .

S u c r o s e ,  f r o m  8 0 %  e t h a n o l i c  e x t r a c t  o f  l i t c h i  
s e e d  a n d  e d i b l e  p o r t i o n  o f  w a t e r  c h e s t n u t ,  w a s  
c h r o m a t o g r a p h i c a l l y  s e p a r a t e d  o n  W h a t m a n  N o .  3  
p a p e r  a n d  c h a r a c t e r i z e d  a c c o r d i n g  t o  t h e  m e t h o d s  
o f  G a u c h  e t  a l .  ( 1 9 7 9 ) .  S u c r o s e  c h r o m a t o g r a m  w a s  
s c a n n e d  i n  a  d e n s i t o m e t e r  ( T y p e  C M  1 1 ,  T o s h n i w a l  
m a k e )  a n d  i t s  c o n t e n t  w a s  d e t e r m i n e d  w i t h  t h e  h e l p  
o f  t h e  a r e a  o f  t r a n s m i t t a n c e  o f  s t a n d a r d  s u c r o s e  
o f  k n o w n  c o n c e n t r a t i o n ,  a l s o  s c a n n e d  
d e n s i t o m e t r i c a l l y .

S u c r o s e  s y n t h e t a s e  a c t i v i t y  w a s  a s s a y e d  a t  
3 7 ° C  i n  t h e  d i r e c t i o n  o f  s u c r o s e  s y n t h e s i s  u s i n g  
a  c o l o r i m e t r i c  a s s a y  ( C l a u s s e n  e t  a l .  1 9 8 4 ) .  T h e  
e n z y m e  i n v e r t a s e  w a s  a s s a y e d  b y  e s t i m a t i n g  t h e  
r e d u c i n g  s u g a r s  ( S o m o g y i  1 9 4 5 ) .

I n  w a t e r  c h e s t n u t ,  f l u c t u a t i n g  t r e n d  i n  s u c r o s e  
c o n c e n t r a t i o n  h a s  b e e n  o b s e r v e d  a t  v a r i o u s  s t a g e s  
o f  s e e d  d e v e l o p m e n t  ( T a b l e  1 ). T h e  a c t i v i t i e s  o f  
s u c r o s e  s y n t h e t a s e  a n d  i n v e r t a s e  e n z y m e s  d e c l i n e  
c o n t i n u o u s l y  f r o m  i m m a t u r e  ( 1 5  d a y s  a f t e r  a n t h e s i s )  
t o  f u l l y  m a t u r e  ( 2 7  d a y s  a f t e r  a n t h e s i s )  s e e d s ,  
f o l l o w e d  b y  a  c o n s i d e r a b l e  i n c r e a s e  i n  o v e r - m a t u r e  
s e e d s  a t  3 1  d a y s  a f t e r  a n t h e s i s .  H o w e v e r ,  t h e  
a c t i v i t i e s  o f  t h e s e  e n z y m e s  i m m e d i a t e l y  d e c l i n e  t o  
t h e i r  m i n i m a  a t  t h e  n e x t  s t a g e ,  i . e .  3 5  d a y s  a f t e r  
a n t h e s i s .

S u c r o s e  h a s  b e e n  n o n - d e t e c t a b l e  i n  p a r t i a l l y  
m a t u r e  s e e d s  i n  l i t c h i  c u l t i v a r s  ' P u r b i '  ( 4 7  d a y s  
a f t e r  a n t h e s i s )  a n d  'E a r l y  B e d a n a '  ( 4 3  d a y s  a f t e r
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TABLE 1. S U C R O S E  C O N TEN T AND ACTIVITIES O F  S U C R O S E  SYNTHETASE AND INVERTASE IN W A TER  C H E ST N U T  D U R IN G  
S E E D  D EV ELO PM EN T

S ta g e s  o f  fru it  
d e v e lo p m e n t

S ta g e s  o f  s e e d  
m a tu ra t io n

D a y s  a f te r  
a n th e s i s

S u c ro se ,*  
p g /m g  t i s s u e

S u c ro s e  
s y n th e ta s e ,*  

p g  s u c r o s e /m g  
t i s s u e / h

In v e r ta se ,*  
p g  g lu c o s e /  
m g  t i s s u e / h

O n e - th ird  m a tu re Im m a tu re 15 1 6 .6 1 1 .8 1 6 .6 1 3 .8 2 4 .2 1 5 .6
T w o -th ird  m a tu re Im m a tu re 19 1 4 .8 1 0 .8 2 .8 1 1 .3 1 6 .5 1 5 .0
R ip en in g  in i t ia t io n P a rtia lly  m a tu re 2 3 2 0 .0 1 1 .2 1 .9 1 0 .5 1 1 .1 1 3 .3
P artia lly  r ip e F u lly  m a tu re 2 7 1 5 .0 1 1 .2 1 .4 1 0 .3 1 0 .7 1 4 .4
F ully  r ip e O v e r m a tu r e 31 1 8 .6 1 2 .0 2 .9 1 0 .4 1 1 .3 1 1 .5
O v er-rip e O v e r -m a tu re 3 5 14 .912 .1 0 .7 1 0 .2 8 .9 1 1 .8
* M ean  of s ix  re p lic a te s  ± S .E .

TABLE 2. S U C R O S E  C ONTENT AND ACTIVITIES O F  S U C R O S E  SY NTHETASE AND INVERTASE IN LITCHI CULTIVARS DU RIN G  
S E E D  D E V ELO PM EN T

S ta g e s  o f  fru it  
d e v e lo p m e n t

S ta g e s  o f  s eed  
m a tu ra t io n

D a y s  a f te r  
a n th e s is

S u c ro se ,*  
p g /m g  t i s s u e

S u c ro s e  
s y n th e ta s e ,*  

p g  s u c r o s e /m g  
t i s s u e / h

In v e rta se ,*  
p g  g lu c o s e /  
m g  t i s s u e / h

c v . 'P u r b i '
O n e - th ird  m a tu re Im m a tu re 4 0 1 1 .211 .1 1 0 .1 1 0 .7 1 .4 1 0 .2
T w o -th ird  m a tu re P a rtia lly  m a tu re 4 7 - 7 4 .5 1 2 .3 0 .1 1 0 .0
R ip en in g  in i t ia t io n F u lly  m a tu re 5 4 9 .9 1 0 .4 4 .3 1 1 .0 0 .2 1 0 .1
P artia lly  rip e O v e r -m a tu re 61 1 0 .7 1 0 .7 2 .4 1 0 .3 0 .4 1 0 .1
F u lly  r ip e O v e r -m a tu re 6 8 1 0 .9 1 0 .8 5 .6 1 2 .5 0 .2 1 0 .0
O v er-rip e O v e r -m a tu re 7 5 1 2 .1 1 0 .3 1 0 .2 1 3 .1 0 .4 1 0 .1

c v . 'E a r ly  B e d a n a '
O n e - th ird  m a tu re Im m a tu re 3 6 1 0 .4 1 0 .5 3 .4  1 0 .4 1 .1 1 0 .3
T w o -th ird  m a tu re P a rtia lly  m a tu re 4 3 - 2 7 .0  1 8 .5 0 .2 1 0 .1
R ip en in g  in i t ia t io n F u lly  m a tu re 5 0 1 7 .2 1 1 .9 1 .8  1 0 .5 0 .5 1 0 .2
P artia lly  rip e O v e r -m a tu re 5 7 - 2 3 .4 1 1 0 .2 0 .3 1 0 .2
F u lly  r ip e O v e r -m a tu re 6 4 8 .1 1 0 .6 3 5 .6 1 1 4 .2 0 .6 1 0 .2
O v e r r ip e O v e r -m a tu re 71 1 0 .1 1 0 .4 1 4 .8  1 9 .9 3 .0 1 0 .7
* M ean  o f s ix  re p lic a te s  ± S .E .

a n t h e s i s )  a s  w e l l  a s  _ n  o v e r - m a t u r e  s e e d s  ( 5 7  d a y s  
a f t e r  a n t h e s i s )  o f  'E a r l y  B e d a n a ’ ( T a b l e  2 ) .  T h i s  
s u g g e s t s  i t s  p r o b a b l e  c o n v e r s i o n  i n t o  s t a r c h  a s  
s t o r a g e  m a t e r i a l  a t  s e e d  m a t u r i t y .  S u c h  a  m o b i l i t y  
o f  s u c r o s e  f o r  s t a r c h  a c c u m u l a t i o n  i s  w e l l - k n o w n  
( D u f f u s  a n d  D u f f u s  1 9 8 4 ) .  A t  a  t i m e  w h e n  s u c r o s e  
i s  n o n - d e t e c t a b l e ,  s u c r o s e  s y n t h e t a s e  a c t i v i t y  i s  
h i g h  i n  p a r t i a l l y  m a t u r e  s e e d s  o f  b o t h  l i t c h i  
c u l t i v a r s .  I n  l i t c h i  c v .  'P u r b i ' ,  t h i s  e n z y m e , e x h i b i t s  
i t s  o p t i m u m  a c t i v i t y  : n  p a r t i a l l y  m a t u r e  s e e d s  ( i .e .  
4 7  d a y s  a f t e r  a n t h e s i s ) ,  w h e r e a s  i n  'E a r l y  B e d a n a '  
i t s  a c t i v i t y  i s  o p t i m u m  i n  o v e r - m a t u r e  s e e d s  ( i .e .  
6 4  d a y s  a f t e r  a n t h e s i s ) .  H o w e v e r ,  i n v e r t a s e  i s  
o p t i m u m  i n  i t s  a c t i v i t y  i n  i m m a t u r e  s e e d s  o f  l i t c h i

c v .  ' P u r b i '  ( i .e .  4 0  d a y s  a f t e r  a n t h e s i s )  a n d  i n  o v e r ­
m a t u r e  s e e d s  o f  'E a r l y  B e d a n a '  ( i . e .  7 1  d a y s  a f t e r  
a n t h e s i s ) .

I t  h a s  b e e n  o b s e r v e d  t h a t  s u c r o s e  s y n t h e t a s e  
a c t i v i t y  i s  h i g h  i n  t i s s u e s  h a v i n g  h e a v y  d e m a n d  f o r  
s u g a r  n u c l e o s i d e s  f o r  t h e  s y n t h e s i s  o f  s t r u c t u r a l  
o r  s t o r a g e  p o l y s a c c h a r i d e s  ( D a v i e s  1 9 7 3 ;  D u f f u s  
a n d  D u f f u s  1 9 8 4 ) .  I n  r a p i d l y  g r o w i n g  w h e a t  k e r n e l s ,  
t h e  f i r s t  s t e p  i n  c o n v e r s i o n  o f  s u c r o s e  t o  s t a r c h  
i s  c a t a l y s e d  b y  s u c r o s e  s y n t h e t a s e  ( D a l e  a n d  
H o u s l e y  1 9 8 6 ) .  C l a u s s e n  e t  a l .  ( 1 9 8 5 ) ,  i n  t h e i r  
s t u d i e s  o n  b r i n j a l ,  c a s s a v a ,  g r a p e  v i n e ,  m a i z e  a n d  
s u g a r c a n e ,  h a v e  c o n c l u d e d  t h a t  s u c r o s e  s y n t h e t a s e
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m a y  h a v e  a n  i m p o r t a n t  r o l e  i n  r e g u l a t i o n  o f  s u c r o s e  
c o n t e n t .

I n  l i t c h i ,  p a r t i c u l a r l y  i n  'E a r l y  B e d a n a ' ,  h i g h  
i n v e r t a s e  a c t i v i t y  m a y  b e  p o s s i b l y  a s s o c i a t e d  w i t h  
t h e  s u p p l y  o f  h e x o s e s ,  a s  o b s e r v e d  i n  o k r a  ( M a l i k  
e t  a l .  1 9 8 2 ) .  I n  s p i t e  o f  h i g h  i n v e r t a s e  a c t i v i t y ,  
p r e s e n c e  o f  h i g h  s u c r o s e  c o n t e n t  m a y  b e  p o s s i b l y  
d u e  t o  p e r s i s t e n t  s u c r o s e  s y n t h e s i s  f o r  w h i c h  
s u c r o s e  s y n t h e t a s e  p l a y s  a  c r u c i a l  r o l e .  T h i s  
v i e w p o i n t  g a t h e r s  s u p p o r t  f r o m  v e r y  h i g h  s u c r o s e  
s y n t h e t a s e  a c t i v i t y  i n  l i t c h i  ( T a b l e  2 ) .  T h e  c o n c u r r e n t  
c h a n g e s  i n  t h e  a c t i v i t i e s  o f  b o t h  i n v e r t a s e  a n d  
s u c r o s e  s y n t h e t a s e  s u g g e s t  t h a t  b o t h  s y n t h e s i s  a n d  
d e g r a d a t i o n  o f  s u c r o s e  a r e  i n  o p e r a t i o n  d u r i n g  l i t c h i  
s e e d  m a t u r a t i o n .

T h e  a u t h o r s  a r e  h i g h l y  t h a n k f u l  t o  t h e  P r i n c i p a l  
a n d  t h e  H e a d  o f  t h e  D e p a r t m e n t  o f  B o t a n y ,  T .N .B .  
C o l l e g e ,  B h a g a l p u r  f o r  p r o v i d i n g  n e c e s s a i y  l a b o r a t o r y  
f a c i l i t i e s .
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Storage Stability of Aonla Fruits - A Comparative Study of 
Zero-Energy Cool Chamber Versus Room Temperature

S A N J E E V  K U M A R * 1 A N D  V . N A T H
D e p a r t m e n t  o f  H o r t i c u l t u r e ,  N .D .  U n i v e r s i t y  o f  A g r i c u l t u r e  a n d  T e c h n o l o g y ,

K u m a r g a n j ,  F a i z a b a d - 2 2 4 2 2 9 ,  I n d i a .

P h y sio lo g ica l lo s s  in  w e ig h t, d e c a y  a n d  lo s s  o f  v i ta m in  C c o n te n t  w e re  c o n s id e ra b ly  le s s  in  f ru i ts  s to re d  u n d e r  
z e ro -e n e rg y  coo l c h a m b e r  a s  c o m p a re d  to  th o s e  s to re d  a t  ro o m  te m p e r a tu r e .  U n d e r  z e ro -e n e rg y  co o l c h a m b e r ,  th e  
f ru i ts  o f  'C h a k a iy a ' c u l t iv a r  c a n  b e  s to re d  u p to  12 d a y s  w ith  a c c e p ta b le  m in im u m  d e c a y  a n d  q u a li ty  lo s s , a s  a g a in s t  
4  d a y s  a t  ro o m  te m p e ra tu re .
K e y w o rd s  : Aorda (Emblica officinalis G), S to ra g e  s ta b ili ty , Z e ro -e n e rg y  coo l c h a m b e r .  A m b ie n t t e m p e r a tu r e  s to ra g e , 

P h y sio lo g ica l lo s s , A sco rb ic  ac id .

A o n la  (E m b lic a  o jj ic in a lis  G a e r t n )  f r u i t s  a r e  
h i g h l y  p e r i s h a b l e  i n  n a t u r e ,  a s  t h e  l e n g t h  o f  t i m e  
b e t w e e n  h a r v e s t  a n d  c o n s u m p t i o n  i s  l i m i t e d  t o  a  
f e w  d a y s  ( S h e t t y  1 9 5 9 ) .  C o l d  s t o r a g e  f a c i l i t i e s  a r e  
n o t ,  g e n e r a l l y ,  a v a i l a b l e  n e a r  p r o d u c t i o n  c e n t r e s .  
M o r e o v e r ,  t h e  c o l d  s : o r a g e  f a c i l i t i e s ,  b e i n g  e x p e n s i v e  
a n d  c o n s t r a i n e d  b y  p o w e r  s h o r t a g e ,  c a n n o t  b e  
m a d e  a v a i l a b l e  t o  a c c o m m o d a t e  a l l  p e r i s h a b l e  
c o m m o d i t i e s .  T a k i n g  i n t o  c o n s i d e r a t i o n  t h e  a b o v e  
d i f f i c u l t i e s ,  i t  i s  i m p o r t a n t  t h a t  s o m e  e c o n o m i c a l  
s t r u c t u r e s  a r e  m a d e  a v a i l a b l e  t o  f a r m e r s .  T h e  z e r o -  
e n e r g y  c o o l  c h a m b e r s ,  d e s i g n e d  b y  R o y  a n d  K h u r d i y a
( 1 9 8 3 ) ,  a r e  r e p o r t e d  t o  e n h a n c e  s h e l f - l i f e  o f  f r u i t s  
a n d  v e g e t a b l e s  b y  l o w e r i n g  d o w n  t h e  t e m p e r a t u r e  
a n d  m a i n t a i n i n g  h i g h  h u m i d i t y  i n s i d e  t h e  c h a m b e r .  
T h e r e f o r e ,  t h e  s t u d y  w a s  p l a n n e d  t o  e v a l u a t e  t h e  
e x t e n t  o f  s h e l f - l i f e  o f  a o n la  f r u i t s  i n  a  z e r o - e n e r g y  
c o o l  c h a m b e r .

T w o  q u i n t a l s  o f  'C h a k a i y a '  c u l t i v a r  f r u i t s  w e r e  
s t o r e d  i n  a  z e r o - e n e r g y  c o o l  c h a m b e r ,  a s  d e s i g n e d  
b y  R o y  a n d  K h u r d i y a  ( 1 9 8 3 ) .  S i m u l t a n e o u s l y ,  f i v e  
k g  f r u i t s  w e r e  p a c k e d  i n  v e n t i l l a t e d  p o l y t h e n e  b a g s  
( t h i c k n e s s :  1 0 0  g a u g e ,  s i z e : 4 0  x  2 3  c m )  a n d  s t o r e d  
a t  r o o m  t e m p e r a t u r e  f o r  c o m p a r i s o n .  T h e  m a x i m u m -  
m i n i m u m  t e m p e r a t u r e s  a n d  r e l a t i v e  h u m i d i t y  d u r i n g  
t h e  e n t i r e  s t o r a g e  p e r i o d  a r e  g i v e n  i n  T a b l e  1 . T h e  
c u m u l a t i v e  l o s s  i n  w e i g h t  a n d  r o t t i n g  ( p a t h o l o g i c a l  
l o s s )  w e r e  c a l c u l a t e d  o n  t h e  b a s i s  o f  i n i t i a l  w e i g h t  
a t  4 - d a y  i n t e r v a l s  u p ; o  1 6  d a y s .  V i t a m i n  C  c o n t e n t  
w a s  a n a l y s e d  a c c o r d i n g  t o  A O A C  ( 1 9 7 5 ) .

L o s s e s  i n  t e r m s  o f  f r u i t  w e i g h t ,  d e c a y  a n d  
v i t a m i n  C  c o n t e n t  d u r i n g  s t o r a g e  o f  a o n la  f r u i t s  
u n d e r  r o o m  c o n d i t i o n s  a n d  i n s i d e  z e r o - e n e r g y  c o o l  
c h a m b e r  w e r e  c o m p a r e d .  I t  i s  c l e a r  f r o m  F ig .  1 t h a t

* Corresponding Author R e se n t address : U.P. Council of
Agricultural Research, A - i 1, Nirala Nagar, Lucknow-226 007.
India

TABLE 1. TEM PER A TU R E AND HUM IDITY DURIN G STO R A G E 
PE R IO D  (1 9 8 8 -8 9 )

T e m p e r a tu r e  R e la tiv e  h u m i-
(°C) d ity  (%)

M o n th  -----------------------------------------------------  ---------------------------
a n d  d a te M a x im u m M in im u m Z E C C RT

ZEC C RT Z E C C RT
D e c e m b e r

21 2 0 .5 19 .5 1 6 .0 1 5 .0 7 8 5 8
2 2 1 9 .0 1 9 .0 1 3 .0 1 5 .5 8 9 6 2
2 3 1 9 .0 2 0 .0 1 2 .8 1 5 .5 8 2 5 6
2 4 1 6 .0 2 0 .0 1 1 .5 1 6 .0 8 9 61
2 5 1 7 .5 1 8 .0 1 3 .0 1 3 .5 91 5 8
2 6 1 8 .5 2 1 .0 1 3 .0 14 .5 100 6 4
2 7 1 6 .0 2 1 .0 1 3 .0 14 .5 9 3 6 0
2 8 1 6 .0 2 1 .0 1 3 .8 1 5 .5 9 0 5 4
2 9 1 8 .0 2 1 .5 1 5 .5 1 5 .8 9 5 61
3 0 2 0 .0 2 2 .0 1 2 .0 1 5 .0 9 8 6 3
31 1 6 .5 2 2 .0 1 2 .0 15 .5 91 5 7

J a n u a r y
1 1 8 .0 2 3 .0 1 4 .0 1 7 .0 9 8 5 9
2 1 6 .5 2 3 .5 1 3 .5 1 8 .5 100 6 5
3 1 7 .0 2 3 .5 1 4 .0 2 0 .0 100 6 4
4 18 .5 2 3 .0 1 4 .0 1 8 .5 8 6 5 5
5 19 .5 2 4 .0 1 4 .5 1 8 .5 9 3 5 8

Z E C C  : Z e ro -e n e rg y  coo l c h a m b e r ,  R T : R oom  T e m p e r a tu r e

p h y s i o l o g i c a l  l o s s  i n  w e i g h t  (P L W ) i n c r e a s e d  d u r i n g  
s t o r a g e  o f  f r u i t s  u n d e r  b o t h  t h e  c o n d i t i o n s .  T h e  
P L W  w a s  m u c h  h i g h e r  a t  r o o m  t e m p e r a t u r e  a n d  
a t m o s p h e r i c  r e l a t i v e  h u m i d i t y .  H i g h  r a t e  o f  
t r a n s p i r a t i o n  ( a t  r o o m  c o n d i t i o n s  d u e  t o  h i g h e r  
t e m p e r a t u r e  a s  c o m p a r e d  t o  z e r o - e n e r g y  c o o l  
c h a m b e r  -  T a b l e  1) a n d  t h e  h i g h e r  m o i s t u r e  l o s s  
a r e  m a i n l y  r e s p o n s i b l e  f o r  h i g h e r  p h y s i o l o g i c a l  l o s s  
i n  w e i g h t  a t  r o o m  t e m p e r a t u r e .  I t  i s  a l s o  e v i d e n t  
f r o m  F i g .  1 t h a t  n o  d e c a y  w a s  o b s e r v e d  i n  f r u i t s  
u p t o  4  d a y s  o f  s t o r a g e  a n d  t h e r e a f t e r ,  i t  i n c r e a s e d

2 0 2
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Fig. 1. C h a n g e s  in  p h y sio lo g ica l lo s s  in  w e ig h t a n d  p a th o lo g ic a l 
lo ss  d u r in g  s to ra g e  o f  aonla (cv. 'c h a k iy a ')  f ru its .
— □ —  P h y sio lo g ica l lo s s  in  w e ig h t u n d e r  Z E C C ,
— • —  P h y sio lo g ica l lo s s  in  w e ig h t a t  RT,
— ■ —  P a th o lo g ic a l lo s s  u n d e r  ZEC C ,
— O —  P a th o lo g ic a l lo s s  a t  RT, R e p lic a tio n  = 2,
S .D . (i) PL W -Z E C C  = 1 .0 6 , = R T = 4 .5 4 , (ii) P a th o lo g ic a l 
lo s s  = Z E C C  = 5 .9 0 . = R T = 9 .9 5

SI0RA6E PERIOD, DAYS

Fig.2. C h a n g e s  in  a s c o rb ic  a c id  c o n te n t  (m g/lO O g) d u r in g  
s to ra g e  o f  aonla (cv. c h a k a iy a )  f ru i ts  
— n —  A sco rb ic  a c id  c o n te n t  u n d e r  Z E C C ,
— • —  A sco rb ic  a c id  c o n te n t  a t  RT, R e p lic a tio n  = 2, 
S .D . (i) PL W -ZEC C  = 8 4 .8 5  = R T = 1 4 8 .1 2

c o n t i n u o u s l y .  P a t h o l o g i c a l  l o s s e s  w e r e  m o r e  a t  
r o o m  t e m p e r a t u r e  a s  c o m p a r e d  t o  t h o s e  i n  z e r o -  
e n e r g y  c o o l  c h a m b e r .  T h e  f u n g i  r e s p o n s i b l e  f o r  
d e c a y  w e r e  P e n ic illiu m  is la n d ic u m , A s p e r g il lu s  n ig er  
a n d  F u sa r iu m  s p .  V i t a m i n  C  c o n t e n t ,  d e c r e a s e d  
c o n t i n u o u s l y  d u r i n g  s t o r a g e  o f  f r u i t  u n d e r  b o t h  t h e  
c o n d i t i o n s  ( F i g  2 ) ,  t h e  r e d u c t i o n  b e i n g  h i g h e r  a t  
r o o m  t e m p e r a t u r e .

C o n s i d e r i n g  1 0 %  P L W  ( a  p a r a m e t e r  f o r  e c o n o m i c  
s h e l f - l i f e  o f  f r u i t s )  a s  s u g g e s t e d  b y  D a l a i  a n d  
S u b r a m a n y a m  ( 1 9 7 0 )  a n d  d e c a y ,  t h e  ' C h a k a i y a '  
c u l t i v a r  o f  a o n la  c a n  b e  s t o r e d  u p t o  1 2  d a y s  u n d e r  
z e r o - e n e r g y  c o o l  c h a m b e r .  E a r l i e r  r e p o r t s  ( P a t h a k  
1 9 8 8 ;  S i n g h  e t  a l .  1 9 8 7 )  a l s o  s u p p o r t  t h e  p r e s e n t  
f i n d i n g s  t h a t  f r u i t s  s t o r e d  u n d e r  z e r o - e n e r g y  c o o l  
c h a m b e r  h a v e  l o n g e r  s h e l f - l i f e  d u e  t o  l e s s  w e i g h t  
l o s s ,  d e c a y  a n d  v i t a m i n  C  c o n t e n t .  B e t t e r  s t o r a g e  
l i f e  o f  a o n la  f r u i t s  u n d e r  z e r o - e n e r g y  c o o l  c h a m b e r  
i s  m a i n l y  d u e  t o  s l o w  r a t e  o f  t r a n s p i r a t i o n  o r  b e t t e r  
e n v i r o n m e n t  ( T a b l e  1 ) , a s  c o m p a r e d  t o  t h o s e  s t o r e d  
a t  a m b i e n t  t e m p e r a t u r e .
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In Vitro Study on the Effect of Lactic Acid and Sodium  
Chloride on Spoilage and Pathogenic Bacteria of Meat

K . S Y E D  Z IA U D D IN * 1, D .N . R A O  A N D  B .L . A M L A
C e n t r a l  F o o d  T e c h n o l o g i c a l  R e s e a r c h  I n s t i t u t e ,  M y s o r e - 5 7 0  0 1 3 ,  I n d i a .

In vitro s tu d ie s  d e m o n s t r a te d  th e  g ro w th  in h ib ito ry  p ro p e r ty  o f la r l ic  a c id  o n  p a th o g e n ic  b a c te r ia .  A c o m b in a tio n  
o f  lac tic  a c id  a n d  s o d iu m  c h lo r id e  m a rk e d ly  e n h a n c e d  th e  in h ib ito ry  effec t a g a in s t  d iffe re n t s p e c ie s  o f  b a c te r ia  r e s p o n s ib le  
for m ic ro b ia l sp o ila g e  o f m e a t  a n d  m e a t  p ro d u c ts  a s  w ell a s  th o s e  c a u s in g  m e a t-b o rn e  in fe c tio n s  a n d  in to x ic a tio n s .
K e y w o rd s  : L actic  a c id , S o d iu m  c h lo rid e , In h ib itio n , P a th o g e n ic  b a c te r ia ,  M eat.

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

M i c r o o r g a n i s m s  u s e d  i n  t h i s  s t u d y  w e r e  
S t a p h y l o c o c c u s  a u r e u s .  S a l m o n e l la  n e w p o r t ,  
S tre p to c o c c u s  J a e c a lis , B a c illu s  c e re u s , P s e u d o m o n a s  

f r a g l  E sc h e r ic h ia  coli, ( m a i n t a i n e d  i n  t h e  A n i m a l  
P r o d u c t s  T e c h n o l o g y  D i s c i p l i n e  o f  t h e  I n s t i t u t e )  a n d  
a  m i x e d  c u l t u r e  w h i c h  c o n s i s t e d  o f  b o t h  G r a m  
p o s i t i v e  a n d  G r a m  n e g a t i v e  c o c c i  a n d  r o d s  ( i s o l a t e d  
f r o m  m e a t  p u r c h a s e d  f r o m  t h e  l o c a l  m a r k e t ) .  T h e s e  
o r g a n i s m s  w e r e  g r o w n  i n  n u t r i e n t  b r o t h  a t  3 7 ° C  
f o r  2 4  h ,  e x c e p t  f o r  P. f r a g i  w h i c h  w a s  i n c u b a t e d  
a t  2 0 ° C  f o r  4  d a y s .  T o t a l  c o u n t  p e r  m l  o f  t h e  b r o t h

* Corresponding Author; Present Address : Department of Meat 
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w a s  d e t e r m i n e d .  E i g h t  s t e r i l e  b r o t h  t u b e s  c o n t a i n i n g
(i) d i f f e r e n t  l e v e l s  o f  l a c t i c  a c i d  - 0 . 5 %  a t  p H  5 . 0 ,  
1 . 0 %  a t  p H  4 . 8 ,  1 . 5 %  a t  p H  4 . 5  a n d  2 . 0 %  a t  p H
4 . 0  a n d  (ii) d i f f e r e n t  l e v e l s  o f  l a c t i c  a c i d  w i t h  0 . 5 %  
s o d i u m  c h l o r i d e ;  a t  e a c h  c o n c e n t r a t i o n  m e n t i o n e d  
a b o v e ;  w e r e  u s e d  i n  i n o c u l a t i o n  s t u d i e s .  O n e  m l  
o f  i n o c u l u m  o f  e a c h  c u l t u r e  o f  k n o w n  b a c t e r i a l  
c o u n t  w a s  i n o c u l a t e d  a n d  i n c u b a t e d  a t  3 7 ° C  f o r  
2 4  h .  T o t a l  c o u n t s  w e r e  m a d e  a t  d i f f e r e n t  i n t e r v a l s  
a n d  e x p r e s s e d  a s  l o g  1 0  o f  c o l o n y  f o r m i n g  u n i t s  
( e f u / g ) .  T h e  p H  w a s  d e t e r m i n e d  a s  p e r  t h e  p r o c e d u r e  
d e s c r i b e d  i n  A O A C  ( 1 9 8 4 )  u s i n g  g l a s s  e l e c t r o d e s .

T h e  b e h a v i o u r  o f  t h e  t e s t  o r g a n i s m s  w h e n  
g r o w n  i n  t h e  m e d i u m  w i t h  d i f f e r e n t  l e v e l s  o f  l a c t i c  
a c i d  i s  s h o w n  i n  F i g .  1 a ,  b .  T h e  e f f e c t  o f  l a c t i c  
a c i d  o n  t h e  g r o w t h  o f  t h e  t e s t  o r g a n i s m s  h a s  b e e n  
a l m o s t  u n i f o r m  e x c e p t  f o r  v e i y  m i n o r  v a r i a t i o n s .  
L a c t i c  a c i d  a t  1 . 5 %  ( p H  4 . 5 )  a n d  2 . 0 %  ( p H  4 . 0 )  
w a s  f o u n d  t o  c o m p l e t e l y  i n h i b i t  g r o w t h  o f  
S t r e p to c o c c u s ,  S t a p h y l o c o c c u s ,  P s e u d o m o n a s ,  
S a lm o n e lla , E. co li  a n d  B a c illi  c u l t u r e s  a t  2 4  h .  
H o w e v e r ,  t h e  p e r c e n t a g e  i n h i b i t i o n  v a r i e d  w i t h  
d i f f e r e n t  c u l t u r e s  ( F ig .  1 a ,  b ) .

T h e  e f f e c t  o f  d i f f e r e n t  l e v e l s  o f  l a c t i c  a c i d ,  i n  
c o m b i n a t i o n  w i t h  0 . 5 %  s o d i u m  c h l o r i d e ,  o n  t h e  
g r o w t h  o f  t e s t  o r g a n i s m s  i s  p r e s e n t e d  i n  F i g .  2  a ,  
b .  S i n c e  t h e s e  c o m b i n a t i o n s  w e r e  m o r e  e f f e c t i v e  i n  
i n h i b i t i n g  g r o w t h  o f  b o t h  t h e  s p o i l a g e  a n d  p a t h o g e n i c  
b a c t e r i a ,  t h e  r e s u l t s  u p t o  1 2  h  i n c u b a t i o n  a r e  o n l y  
p r e s e n t e d .  C o n s i d e r a b l e  r e d u c t i o n  i n  t h e  c o u n t s  o f  
S ta p h y lo c o c c u s , S a lm o n e lla . S tr e p to c o c c u s , B a c illu s ,  
P s e u d o m o n a s  a n d  E sc h e r ic h ia  w a s  o b s e r v e d  u n d e r  
t h e s e  c o n d i t i o n s  a t  p H  4 . 0 ,  4 . 5  a n d  4 . 8 .  H o w e v e r ,  
t h e  i n h i b i t i o n  o f  t h e  g r o w t h  o f  S ta p h , a u r e u s ,
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Fig. 1 a, E ffect o f  lac tic  a c id  o n  b a c te r ia l  g ro w th  (in vitro). E a c h  
v a lu e  is  m e a n  o f  s ix  e x p e r im e n ts .  A =M ixed c u l tu re ,  B=Staph. 
aureus, C=Str. faecalis, D=E. colt

Fig. 1 b. E ffec t o f  la c tic  a c id  o n  b a c te r ia l  g ro w th  [in vitro). E a c h  v a lu e  
is  m e a n  o f  s ix  e x p e r im e n ts .  E=S. newport, F=P.Jragi, G =  B. cereus.
E. c o l i  a n d  P .f r a g i  a t  1 2  h  i n c u b a t i o n  w a s  c o m p l e t e  
u n d e r  t h e s e  c o n d i t i o n s  a t  p H  4 . 0  ( F i g . 2  a ,  b ) .  A f t e r  
a n  i n i t i a l  l a g  p e r i o d  o f  6  h ,  t h e  g r o w t h  o f  t h e  
c u l t u r e s  c o n t i n u e d  a t  p H  5 . 0 ,  a s  i n  c a s e  o f  t h e  
u s e  o f  l a c t i c  a c i d  a l o n e .

T h e  r e s u l t s  d e m o n s t r a t e  t h a t  a  c o m b i n a t i o n  o f  
l a c t i c  a c i d  a n d  s o d i u m  c h l o r i d e  e x e r t s  s y n e r g i s t i c  
e f f e c t  o f  b a c t e r i o s t a t i c  a n d  b a c t e r i c i d a l  p r o p e r t i e s  
a t  d i f f e r e n t  p H  l e v e l s ,  t h e r e b y  i n d i c a t i n g  t h a t  t h e
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Incubation, h
Fig. 2  a , E ffec t o f  la c tic  a c id  a n d  N aC l o n  b a c te r ia l  g ro w th  (in 
uitro). E a c h  v a lu e  is  m e a n  o f  s ix  e x p e r im e n ts .  A =M ixed c u l tu re ,  
B =Staph. aureus, C=Str. faecalis, D =E. colt

Incubation, h
Fig. 2 b , E ffec t o f  la c tic  a c id  a n d  N aC l o n  b a c te r ia l  g ro w th  (in  vitro). 
E a c h  v a lu e  is  m e a n  o f  s ix  e x p e r im e n ts .  E =  S. newport, F=P.fragi, G = 
B. cereus.
a p p r o p r i a t e  s e l e c t i o n  o f  t h e  c o m b i n a t i o n  w o u l d  b e  
b e n e f i c i a l  i n  c o n t r o l l i n g  t h e  p a t h o g e n i c  a n d  s p o i l a g e  
b a c t e r i a  o n  m e a t  s u r f a c e .
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Evaluation of Enzymatically Extracted Plum Juice for
Preparation of Beverages

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

D r .  Y  S  P a r m a r  U n i v e r s i t y  o f  H o r t i c u l t u r e  a n d  F o r e s t r y ,  N a u n i ,  S o l a n ,  I n d i a .

E v a lu a tio n  o f  e n z y m a tic a lly  e x tra c te d  p lu m  ju ic e  sh o w e d  th a t  a  p ro d u c t  w ith  4 0 %  ju ic e  a n d  10° B rix  w a s  m o s t  
a c c e p ta b le . F o r  n e c ta r ,  2 0 %  ju ic e  w ith  15° B rix  w a s  fo u n d  to  b e  th e  o p tim u m . P lu m  a p p e t iz e r  w ith  a d d e d  s p ic e s  
e x tra c t  w a s  lik ed  th e  m o s t, a t  a ll th e  T S S  a n d  ju ic e  c o n c e n tra t io n s  tr ie d . T h e  p h y s ic o -c h e m ic a l, s e n s o ry  c h a r a c te r i s t ic s  
a n d  d e ta i ls  o f  p re p a ra t io n  o f  th e  p r o d u c ts  h a v e  b e e n  d e sc r ib e d .
K e y w o rd s  : P lu m , E n z y m a tic  ju ic e  e x tra c t io n . J u ic e ,  N e c ta r , A p p e tize r, P lu m  b e v e ra g e s .

P l u m  (P ru n u s  s a lic ia n a ) c o n s t i t u t e s  a b o u t  6 0 %  
o f  t h e  t o t a l  s t o n e  f r u i t s  p r o d u c e d  i n  H i m a c h a l  
P r a d e s h  ( A n o n  1 9 8 8 ) .  T h e  f r u i t  i s  h i g h l y  p e r i s h a b l e  
a n d  r e q u i r e s  i m m e d i a t e  p r o c e s s i n g .  A m o n g  t h e  
p o s s i b l e  p r o d u c t s ,  b e v e r a g e  i s  o n e  a l t e r n a t i v e ,  b u t  
e x t r a c t i o n  o f  j u i c e  f r o m  p l u m  f r u i t s  i s  d i f f i c u l t  d u e  
t o  h i g h e r  a m o u n t  o f  p u l p  c o n t e n t  ( W o o d r o o f  a n d  
L u h  1 9 8 6 ) .  T h e r e f o r e ,  t h e  w a t e r  e x t r a c t  o f  t h e  f r u i t  
i s  b e i n g  u s e d  p r e s e n t l y  f o r  t h e  p r e p a r a t i o n  o f  
b e v e r a g e s .  A  p r o c e s s  f o r  p r e p a r a t i o n  o f  p l u m - b a s e d  
a l c o h o l i c  b e v e r a g e s  h a s  a l s o  b e e n  s t a n d a r d i z e d  
( V y a s  a n d  J o s h i  1 9 8 2 ;  J o s h i  e t  a l .  1 9 9 1 ) .  M e t h o d s  
o f  j u i c e  a n d  p u l p  p r e p a r a t i o n  f r o m  p l u m  v a r i e t i e s ,  
c o m b i n i n g  m e c h a n i c a l  a n d  e n z y m a t i c  t r e a t m e n t  a r e  
a v a i l a b l e  ( W a n i  a n d  S a i n i  1 9 9 0 ) .  I n  o u r  e a r l i e r  
w o r k ,  a n  e n z y m a t i c  p r o c e s s  o f  j u i c e  e x t r a c t i o n  f o r  
p l u m s ,  p e a c h e s  a n d  a p r i c o t s  w a s  s t a n d a r d i z e d  
u s i n g  p e c t i n a s e s  ( J o s h i  e t  a l .  1 9 9 1 ) .  T h i s  
c o m m u n i c a t i o n  r e p o r t s  t h e  s t u d y  c a r r i e d  o u t  o n  
u t i l i z a t i o n  o f  e n z y m a t i c a l l y  e x t r a c t e d  p l u m  j u i c e  f o r  
b e v e r a g e  p r e p a r a t i o n .

T h e  f r u i t s  o f  ’S a n t a  R o s a '  v a r i e t y  w e r e  o b t a i n e d  
f r o m  t h e  u n i v e r s i t y  o r c h a r d .  S o f t ,  f u l l y  r i p e n e d  
f r u i t s  w e r e  p u l p e d  a n d  j u i c e  w a s  e x t r a c t e d  b y  t h e  
e n z y m a t i c  p r o c e s s  a s  r e p o r t e d  e a r l i e r  ( J o s h i  e t  a l .
1 9 9 1 ) .  D i f f e r e n t  p r o p o r t i o n s  o f  e x t r a c t e d  p l u m  

j u i c e s  ( 2 . 1 %  t i t r a t a b l e  a c i d i t y  a n d  p H  3 . 3 )  w e r e  
t a k e n  a n d  t h e i r  t o t a l  s o l u b l e  s o l i d s  w e r e  r a i s e d  t o  
1 9 °  B r i x  w i t h  s u g a r  s y r u p  ( 7 2 % ) ,  t h e  c o n t r o l  b e i n g  
1 0 0 %  j u i c e .  T h e  j u i c e  w a s  p a s t e u r i z e d  i n  b o i l i n g  

w a t e r  ( 9 6 ° C )  f o r  2 0  m i n ,  a f t e r  h o t  f i l l i n g  a n d  b o t t l i n g  
i n  2 0 0  m l  j u i c e  b o t t l e s .  F o r  t h e  p r e p a r a t i o n  o f  p l u m  
n e c t a r ,  2 0 ,  2 5  a n d  3 0 %  j u i c e  c o n t e n t s  w e r e  u s e d  
a n d  t h e i r  T S S  w a s  r a i s e d  t o  1 6 °  B r i x  w i t h  s u g a r  
s y r u p .  T h e  p r o d u c t s  w e r e  p r o c e s s e d  i n  a  s i m i l a r  
m a n n e r  a s  t h e  p l u m  j u i c e .  T o  p r e p a r e  p l u m
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a p p e t i z e r ,  t h e  T S S  o f  p l u m  j u i c e  w a s  r a i s e d  w i t h  
s u g a r  s y r u p  t o  4 5 °  t o  5 5 °  B r i x .  S i m i l a r l y ,  a p p e t i z e r s  
w e r e  p r e p a r e d  u s i n g  3 5 %  p u l p ,  i n s t e a d  o f  t h e  j u i c e .  
I n  o n e  s e t  o f  e a c h  p r o d u c t ,  s p i c e s / i l a v o u r  e x t r a c t  
w a s  a d d e d .  T h e  e x t r a c t  i n c l u d e d  m i n t  ( 0 . 4 % ) ,  g i n g e r  
( 0 . 5 % ) ,  s a l t  ( 1 . 3 % ) ,  b l a c k  s a l t  ( 0 . 7 % ) ,  c u m i n  ( 0 . 2 5 % ) ,  
c a r d a m o m  ( 0 . 2 5 % ) ,  b l a c k  p e p p e r  ( 0 . 1 % ) ,  c i t r i c  a c i d  
( 0 .5 % )  a n d  s o d i u m  b e n z o a t e  ( 0 . 0 6 5 % ) .  T h e  g r o u n d  
s p i c e s  w e r e  e x t r a c t e d  i n  w a t e r  a f t e r  b o i l i n g  f o r  1 0 -  
2 0  m i n .  T h e  c o m p o s i t i o n  o f  s p i c e s  e x t r a c t  w a s  
o p t i m i z e d  i n  t h e  p r e l i m i n a r y  t r i a l s .  I n  e v e r y  s e t ,  
n o n - s p i c e d  a p p e t i z e r  w a s  u s e d  a s  a  c o n t r o l .  A l l  
o t h e r  d e t a i l s  o f  t h e  a p p e t i z e r  p r e p a r a t i o n  w e r e  t h e  
s a m e  a s  p e r  t h e  c o n v e n t i o n a l  p r o c e d u r e .  I n  a l l ,  
t h e r e  w e r e  8  t y p e s  o f  p r e p a r a t i o n s  v i z . ,  T ,  t o  T 8.

T h e  p r o d u c t s  w e r e  a n a l y s e d  f o r  T S S  (° B r i x ) ,  
p H ,  t i t r a t a b l e  a c i d i t y ,  v i s c o s i t y  ( f l o w / u n i t  t i m e ) ,  
c o l o u r  ( u n i t s )  a s  p e r  t h e  s t a n d a r d  m e t h o d s  
( R a n g a n n a  1 9 8 6 ) .  S e n s o r y  a n a l y s i s  w a s  c a r r i e d  o u t  
u s i n g  a  p a n e l  o f  1 0  j u d g e s .  C o d e d  s a m p l e s  w e r e  
p r e s e n t e d  a t  r a n d o m  t o  t h e  p a n e l i s t s  a n d  r e s p o n s e s  
w e r e  r e c o r d e d  o n  t h e  H e d o n i c  r a t i n g  o r  c o m p o s i t e  
s c o r i n g  o n  t h e  w e i g h e d  a t t r i b u t e s  ( R a n g a n n a  1 9 8 6 ) .  
T h e  d a t a  o f  s e n s o r y  a n a l y s i s  w e r e  a n a l y s e d  
s t a t i s t i c a l l y  b y  a n a l y s i s  o f  v a r i a n c e .

T h e  p h y s i c o - c h e m i c a l  c h a r a c t e r i s t i c s  o f  t h e  
s w e e t e n e d  p l u m  j u i c e s  ( T a b l e  1) s h o w  t h a t  t h e  
d e c r e a s e  i n  t h e  j u i c e  c o n t e n t  r e d u c e d  t h e  t i t r a t a b l e  
a c i d i t y  a n d  c o l o u r ,  b u t  i n c r e a s e d  t h e  p H .  A c c o r d i n g l y ,  
T S S  t o  a c i d  r a t i o  a l s o  r e g i s t e r e d  a n  i n c r e a s e  w i t h  
t h e  d e c r e a s e  i n  t h e  j u i c e  c o n t e n t s ,  w h i l e  i t s  
o p t i m u m  v a l u e  w a s  o b t a i n e d  i n  t h e  p r o d u c t  w i t h  
4 0 %  j u i c e .  T h e  v a l u e s  f o r  v a c u u m  w e r e  a l m o s t  
s i m i l a r  i n  a l l  t h e  t r e a t m e n t s  a p p a r e n t l y  d u e  t o  t h e  
u s e  o f  s a m e  p r o c e d u r e  i n  p a s t e u r i z a t i o n .  T h e  
s e n s o r y  a n a l y s i s  r e v e a l e d  a  d e f i n i t e  i m p r o v e m e n t  
i n  t h e  s e n s o r y  s c o r e  o f  t h e  s w e e t e n e d  j u i c e  w i t h  
t h e  d e c r e a s e  i n  j u i c e  c o n t e n t .  P r o d u c t  o f  t h e
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TABLE 1. PH YSICO -CH EM ICA L CHAR AC TERISTICS AND SE N SO R Y  EVALUATION O F  S W E E T E N E D  PLUM  J U IC E S  O F  D IFFE R EN T  
TREATM ENTS.

T re a tm e n ts V a c u u m T S S
in c h e s “B rix
o f  Hg

P J -0 P lu m  J u i c e  (100% , 12° Brix) 1 2 .0 18 .6
P J - I P lu m  J u ic e  (100% , 19° Brix) 12 .5 1 8 .7
P J-2 P lu m  J u ic e  (80% , 19° Brix) 1 2 .5 1 8 .6
P J-3 P lu m  J u ic e  (60% , 19° Brix) 12 .4 18 .7
P J -4 P lu m  J u ic e  (40% , 19° Brix) 12 .5 1 8 .8

C D  (p = 0 .0 5 ) fo r m e a n

TABLE 2. PH YSICO -CH EM ICA L AND SE N SO R Y  PR O PE R T IE S 
O F  PLUM NECTAR

J u ic e  c o n te n t
2 0% 25% 30%

V a cu u m , in c h e s  o f  Hg 12 .0 12 .0 12 .5
pH 3 .4 3 .3 3 .2
TSS, ° B rix 1 5 .8 15.6 15.9
Acidity, %  MA 0 .4 0 .5 0 .7
R elative flow  tim e , sec . 4 2 .3 4 4 .7 4 5 .9
Red co lo u r 7 .9 8 .4 8 .9
Yellow co lo u r 5 .0 4 .5 4 .9

S e n s o ry  a t t r i b u t e s
M a x im u m  s c o r e  = 2 0

C o lo u r 16.5 13 .6 14.7
B ody a n d  c o n s is te n c y 15 .0 14.5 15 .4
F lav our 15 .8 14.1 1 5 .0
T as te 15.8 14.1 15 .0
O verall a c c e p ta b ility 16.1 14 .3 1 5 .5
CD (p=0.05) : C o lo u r  0 .3 9 ; B ody  a n d  c o n s is te n c y  0 .2 4 ;

0 .1 7 ; T a s te  0 .2 1 ; O v era ll a c c e p ta b ili ty
F la v o u r
0 .2 7

A cid ity  
%  MA

pH
R ed

C o lo u r
Yellow B lu e

M ean
s e n s o ry

sc o re
2 .0 3 .2 2 5 .3 5 .4 0 .2 5 .0
2 .0 3 .2 2 8 .7 11 .0 0 .1 6 .8
1.6 3 .3 2 4 .9 1 0 .6 0 .1 6 .2
1.2 3 .5 1 6 .7 1 1 .8 0 .1 6 .7
0 .8 3 .6 10 .2 1 1 .0 0 .1 7 .8

s e n s o ry  s c o re  w a s  1 .21.

a c c e p t a b l e  q u a l i t y  c o u l d  b e  o b t a i n e d  b y  u s i n g  4 0 %  
j u i c e .  T h e  p r o d u c t s  w i t h  h i g h e r  j u i c e  c o n t e n t s  h a d  
t o o  h i g h  a c i d i t y  t o  b e  a c c e p t a b l e .  I t  c a n  b e  
c o n c l u d e d  t h a t  h i g h e r  t h a n  4 0 %  j u i c e  c o u l d  n o t  
b e  u t i l i z e d  e v e n  f o r  p r e p a r a t i o n  o f  s w e e t e n e d  j u i c e .

T h e  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 l u m  n e c t a r s  
( T a b l e  2 )  s h o w e d  a n  i n c r e a s e  i n  t i t r a t a b l e  a c i d i t y  
(%  M A ), d e c r e a s e  i n  p H  a n d  c o l o u r  u n i t s ,  w i t h  
i n c r e a s e  i n  j u i c e  c o n t e n t .  H o w e v e r ,  n o  d i f f e r e n c e  
i n  v a c u u m  w a s  o b s e r v e d .  S i g n i f i c a n t  d i f f e r e n c e s  
a m o n g  t h e  t r e a t m e n t s  f o r  v a r i o u s  s e n s o r y  a t t r i b u t e s  
w e r e  o b s e r v e d  ( T a b l e  2 ) .  T h e  t r e a t m e n t  i n v o l v i n g  
2 0 %  j u i c e  w a s  f o u n d  t o  b e  t h e  b e s t  i n  a l l  t h e  
s e n s o r y  c h a r a c t e r i s t i c s  s t u d i e d .  I t  c o u l d  b e  m a i n l y  
d u e  t o  a c c e p t a b l e  a c i d / s u g a r  b l e n d  w h i c h  i s  k n o w n  
t o  i n f l u e n c e  t h e  t a s t e  p e r c e p t i o n  o f  t h e  n e c t a r  
( P i g g o t t  1 9 8 8 ) .

T a b l e  3  s h o w s  t h e  c o m p a r i s o n  o f  a p p e t i z e r  
f r o m  p u l p  a n d  e n z y m a t i c a l l y  e x t r a c t e d  j u i c e .  T h e  
p r o d u c t s  s h o w e d  l a r g e  v a r i a t i o n s  i n  t i t r a t a b l e  a c i d i t y ,  
p H ,  r e d  c o l o u r  u n i t  a n d  a p p a r e n t  v i s c o s i t y .  H o w e v e r ,

TABLE 3. DETAILS O F  TREATM ENTS AND SO M E  PH Y SICO -C H EM ICA L CH A R A C TERISTICS O F  PLUM  S Q U A S H E S
C o lo u r  S e n s o ry  a n a ly s is

T re a tm e n ts C u t-o u t
T S S

(°Brix)

A ci­
d ity

%  M.A.

pH A p p a ­
r e n t

v is c o ­
sity ,

Red Yellow C o lo u r B ody T a s te F la v o u r  O v era ll 
q u a lity

A p p e t iz e r f r o m  p lu m p u lp
T , - 45°B  no  f la v o u r /s p ic e s 4 5 .0 0 .8 9 2 .6 9 6 19 .0 3 .0 1 3 .8 1 2 .6 1 5 .4 1 5 .0 12 .8
t 2 - 45°B  w ith  f la v o u r /s p ic e s 4 5 .0 0 .8 6 2 .6 8 0 1 7 .0 3 .0 14.2 1 3 .6 1 5 .0 1 4 .0 16 .0

T3 - 55°B  no  f la v o u r /s p ic e s 5 5 .0 0 .81 2 .6 9 8 18 .0 3 .0 1 2 .8 12 .4 1 2 .8 1 3 .8 12.2
- 55°B  w ith  f la v o u r /s p ic e s 5 5 .0 0 .8 0 2 .6 8 2 1 6 .0 3 .0 1 2 .0 14 .2 15.1 1 2 .5 15.1

A p p e t iz e r  f r o m e n z y m a t i c a l l y  e x t r a c t e d  j u i c e

Ts - 45°B  no  f la v o u r /s p ic e s 4 4 .5 1 .36 2 .8 7 7 2 0 .0 3 .0 12 .4 12 .8 13 .4 1 3 .6 12 .4
Te - 45°B  w ith  f la v o u r /s p ic e s 4 5 .0 1 .29 2 .5 6 9 17 .0 3 .0 13 .2 12 .8 1 5 .8 16 .4 13 .8
T r - 55°B  n o  f la v o u r /s p ic e s 5 5 .0 1.29 2 .7 7 9 2 0 .0 2 .0 14 .0 14 .6 13.1 14 .0 12 .8
t 8 - 55°B w ith  f la v o u r /s p ic e s 5 4 .5 1 .00 2 .4 7 9 16 .0 3 .0 13 .8 13.2 1 5 .0 17 .4 1 6 .4
CD (p=0.05) - - - - - - 0 .4 8 0 .2 8 0 .7 2 1 .3 5 2 .3 6



2 1 0

n o t  m u c h  v a r i a t i o n  i n  c u t - o u t  T S S  o f  t h e  a p p e t i z e r  
p r e p a r e d  f r o m  p u l p  o r  t h e  e n z y m a t i c a l l y  e x t r a c t e d  
j u i c e  w a s  n o t e d .  T h e  a p p e t i z e r  p r e p a r e d  f r o m  j u i c e  
h a d  c o m p a r a t i v e l y  h i g h e r  t i t r a t a b l e  a c i d i t y ,  l o w e r  
a p p a r e n t  v i s c o s i t y ,  h i g h e r  c o l o u r  v a l u e s  a s  c o m p a r e d  
t o  t h o s e  p r e p a r e d  b y  u s i n g  t h e  p u l p .  T h i s  i s  
u n d e r s t a n d a b l e  a s  u t i l i z a t i o n  o f  h i g h e r  j u i c e  l e v e l  
c o n t r i b u t e s  m o r e  a c i d  a n d  c o l o u r  t h a n  t h a t  w i t h  
3 5 %  p u l p .  B u t ,  t h e  u s e  o f  c l a r i f i e d  j u i c e  r e s u l t e d  
i n  a  r e d u c t i o n  i n  v i s c o s i t y  o f  a p p e t i z e r  a s  c o m p a r e d  
t o  t h e  p u l p - b a s e d  a p p e t i z e r ,  a p p a r e n t l y  d u e  t o  
r e m o v a l  o f  p e c t i n ,  w h i c h  c o n t r i b u t e s  t o w a r d s  
v i s c o s i t y .  O n  t h e  b a s i s  o f  s e n s o r y  e v a l u a t i o n  o f  
v a r i o u s  a p p e t i z e r s ,  t h e  t r e a t m e n t  T g w a s  f o u n d  t o  
b e  t h e  b e s t .  I n d i v i d u a l  c o m p a r i s o n  f o r  v a r i o u s  
c h a r a c t e r i s t i c s  a l s o  s h o w e d  d i f f e r e n c e s  b e t w e e n  t h e  
t r e a t m e n t s .  P r o d u c t  w i t h  4 5 °  B r i x  w a s  f o u n d  t o  b e  
s u i t a b l e ,  w h e n  p u l p  b a s e d  p r o d u c t  w i t h  f l a v o u r  
e x t r a c t  w a s  u s e d .  I n  c a s e  o f  t h e  e n z y m a t i c a l l y  
e x t r a c t e d  j u i c e ,  t h e  p r o d u c t  w i t h  5 5 °  B r i x  w a s  
a d j u d g e d  t h e  b e s t .  T h e  p r o d u c t s ,  w i t h  a d d e d  s p i c e s  
e x t r a c t ,  s h o w e d  c o n s i d e r a b l e  i m p r o v e m e n t  o v e r  
t h o s e  w i t h o u t  i t ,  e s p e c i a l l y  w i t h  r e s p e c t  t o  t a s t e  
a n d  f l a v o u r .  A d d i t i o n  o f  s a l t  m u s t  h a v e  a l s o

b a l a n c e d  t h e  p e r c e p t i o n  o f  a c i d  i n  t h e  p r o d u c t s .  
I t  c o u l d  b e  c o n c l u d e d  t h a t  e n z y m a t i c a l l y  e x t r a c t e d  
j u i c e  c o u l d  b e  u t i l i z e d  i n  a p p e t i z e r  p r e p a r a t i o n  w i t h  
r e c i p e  u s e d  i n  t h e  p r e s e n t  s t u d y .  M o r e o v e r ,  h i g h e r  
j u i c e  c o u l d  b e  i n c o r p o r a t e d  a s  c o m p a r e d  t o  t h e  
p u l p - b a s e d  p r o d u c t .  I n  a d d i t i o n ,  t h e  p r o d u c t  s h a l l  
h a v e  h i g h e r  f r u i t  p u l p ,  t h e r e b y ,  f a c i l i t a t i n g  h i g h e r  
u t i l i z a t i o n  o f  t h e  p e r i s h a b l e  f r u i t s .
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S M IT A  D E S H M U K H , R .D .  S A M M A N W A R *  A N D  G .D .  S O R T E
D e p a r t m e n t  o f  A n i m a l  H u s b a n d r y  a n d  D a i r y i n g ,

P u n j a b r a o  K r i s h i  V i d y a p e e t h ,  A k o l a  -  4 4 4  1 0 4 ,  I n d i a .

Khoa p re p a re d  fro m  u n h o m o g e n iz e d  a n d  h o m o g e n iz e d  m ilk  w a s  b le n d e d  w ith  m a id a  a t  th e  ra t io  o f  3 :1  a n d  b a k in g  
p o w d e r  w a s  a d d e d  a t  d if fe re n t levels. T h e  Gulabjamun (an  In d ia n  sw ee t) p r e p a r e d  fro m  u n h o m o g e n iz e d  m ilk  khoa 
w ith  0 .0 8 %  b a k in g  p o w d e r  sh o w e d  good  a c c e p ta b ili ty . T h e  h o m o g e n iz a tio n  c o u ld  n o t  im p ro v e  th e  q u a l i ty  o f  Gulabjamun.
K e y w o rd s  : B a k in g  p o w d er, Gulabjamun, H o m o g e n iz a tio n  o f  m ilk , M ilk p ro d u c t ,  Khoa.

T h e  t o t a l  p r o d u c t i o n  o f  m i l k  i n  I n d i a  i s  
e s t i m a t e d  t o  b e  5 7 . 1 0  m i l l i o n  t o n n e s  p e r  a n n u m ,  
o f  w h i c h  n e a r l y  7 %  i s  c o n v e r t e d  i n t o  K h o a  
( c o n c e n t r a t e d  m o i s t  m i l k  s o l i d s ) .  T h e  a n n u a l  
p r e p a r a t i o n  o f  K h o a  i n  I n d i a  i s  e s t i m a t e d  a t  6  l a k h  
t o n n e s  ( D a i r y  I n d i a  1 9 9 2 ) .  T h e  k e e p i n g  q u a l i t y  o f  
K h o a  c o u l d  b e  e n h a n c e d  b y  a d d i n g  s u g a r  o r  j a g g e r y  
o r  b y  p r e p a r i n g  d e l i c i o u s  s w e e t s .  A m o n g s t  t h e  
I n d i a n  s w e e t s ,  G u la b ja m u n  i s  o n e  o f  t h e  s w e e t  
p r e p a r a t i o n s  p o p u l a r  t h r o u g h o u t  t h e  c o u n t r y .

P r e p a r a t i o n  o f  G u la b ja m u n  i s  a n  a r t ,  a s  i t  
r e q u i r e s  e x p e r t i s e  i n  t h e  m e t h o d o l o g y  o f  p r e p a r a t i o n  
( R a n g i  e t  a l .  1 9 8 5 ) .  H o m o g e n i z a t i o n  i s  a n  i m p o r t a n t  
s t e p  i n  t h e  d a i r y  i n d u s t r y  t o  i m p r o v e  t h e  q u a l i t y  
o f  m i l k  a n d  m i l k  p r o d u c t s  ( M u l a y  a n d  L a d k a n i
1 9 7 3 ) .  T h e  l i t e r a t u r e  r e g a r d i n g  m a n u f a c t u r i n g  
t e c h n i q u e  a n d  t h e  e f f e c t  o f  h o m o g e n i z a t i o n  o n  t h e  
q u a l i t y  o f  G u la b ja m u n  i s  m e a g r e .  A  s c o p e  e x i s t s  t o  
i m p r o v e  t h e  m a n u f a c t u r i n g  t e c h n i q u e  a n d  t h e  
q u a l i t y  o f  G u la b ja m u n ,  o n  t h e  b a s i s  o f  m o d e m  
t e c h n o l o g y .  T h e  p r e s e n t  s t u d y  w a s  u n d e r t a k e n  w i t h  
a  v i e w  t o  p r e p a r e  G u la b ja m u n  f r o m  h o m o g e n i z e d  
m i l k  K h o a .

F r e s h  c o w  m i l k  w a s  s t a n d a r d i z e d  t o  c o n t a i n  
4 %  f a t  a n d  8 . 5 %  s o l i d s - n o t - f a t .  H a l f  o f  t h e  q u a n t i t y  
o f  t h e  m i l k  w a s  h e a t e d  t o  5 5 ° C  a n d  t h e n  
h o m o g e n i z e d  i n  a  s i n g l e  s t e p  a t  a  p r e s s u r e  o f  2 5 0 0 -  
3 0 0 0  p s i  i n  F A S - 1 0 0  h o m o g e n i z e r  ( D e  1 9 8 0 ) .  
U n h o m o g e n i z e d  a n d  h o m o g e n i z e d  m i l k  s a m p l e s  
w e r e  t a k e n  i n  s e p a r a t e  K a r a h i  ( f r y i n g  p a n )  a n d  
h e a t e d  o n  b r i s k  f i r e  ( n o n - s m o k y )  f o r  p r e p a r a t i o n  o f  
K h o a  a s  p e r  t h e  m e t h o d  r e c o m m e n d e d  b y  S r i n i v a s a n  
a n d  A n a n t a k r i s h n a n  ( 1 9 6 4 ) .  K h o a  b i t s  a n d  m a id a ,  
i n  t h e  p r o p o r t i o n  o f  3 : 1  ( w / w ) ,  w e r e  m i x e d ,  k n e a d e d  
a n d  k e p t  a s  s u c h  f o r  a b o u t  3 0  m i n  ( G h o s h  e t  a l .
1 9 8 6 ) .  K h o a  p r e p a r a t i o n s  w e r e  d i v i d e d  i n t o  5  e q u a l  
p a r t s ,  e a c h  f o r  t r e a t m e n t  w i t h  b a k i n g  p o w d e r  a t
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t h e  l e v e l s  o f  0 ,  0 . 0 2 ,  0 . 0 5 ,  0 . 0 8  a n d  0 . 1 1 %  o f  
m i x t u r e  i n d i v i d u a l l y .  T h e  b a k i n g  p o w d e r  w a s  
m i x e d  w e l l  a n d  b a l l s  o f  1 . 5  c m  s i z e  w e r e  p r e p a r e d .

T h e  v e g e t a b l e  g h e e  ( h y d r o g e n a t e d  f a t )  i n  a  
f r y i n g  p a n  w a s  h e a t e d  t o  1 4 0 ° C  a n d  t h e  p a n  w a s  
t a k e n  o f f  f r o m  t h e  f i r e  ( G i l l  a n d  D e  1 9 7 4 ) .  T h e  b a l l s  
w e r e  f r i e d  t i l l  d e e p  b r o w n  i n  c o l o u r  a n d  r e m o v e d  
w i t h  p e r f o r a t e d  l a d d i e  t o  p e r m i t  d r a i n a g e  o f  g h e e .  
T h e  b a l l s  w e r e  i m m e r s e d  i n  s u g a r  s y r u p  f o r  4 h  
b e f o r e  s a m p l i n g  a n d  e v a l u a t i o n .  T h e  s u g a r  s y r u p  
w a s  p r e p a r e d  b y  d i s s o l v i n g  2  k g  s u g a r  i n  1 L  w a t e r  
a n d  b o i l i n g  v i g o r o u s l y .  T o  o b t a i n  a  c l e a r  s o l u t i o n ,  
a b o u t  1 0  m l  o f  m i l k  w a s  a d d e d  a n d  d i r t / s c u m  
f l o a t i n g  a t  t h e  t o p  w e r e  r e m o v e d .  T h e  s y r u p  w a s  
r e a d y  w h e n  s u g a r  c o n c e n t r a t i o n  r e a c h e d  7 0 %  a s  
m e a s u r e d  b y  a  h a n d  r e f r a c t o m e t e r .

T h e  d e t e r m i n a t i o n  o f  f a t  c o n t e n t  o f  t h e  m i l k  
w a s  c a r r i e d  o u t  a s  p e r  I S  : 1 4 7 9 - 1 9 6 1  ( I S I  1 9 6 1 ) ,  
w h i l e  t o t a l  s o l i d s  w e r e  e s t i m a t e d  b y  u s i n g  Q u e v e n n e ' s  
l a c t o m e t e r  a n d  R i c h m o n d ' s  m o d i f i e d  f o r m u l a  ( L i n g  
1 9 6 3 ) .  I n  c a s e  o f  K h o a  a n d  G u la b ja m u n ,  t h e  f a t  
c o n t e n t  w a s  d e t e r m i n e d  b y  S o x h l e t ’s  e x t r a c t i o n  
(A O A C  1 9 7 0 )  a n d  t o t a l  s o l i d s  w e r e  e s t i m a t e d  b y  
g r a v i m e t r i c  m e t h o d  ( I S I  1 9 6 1 ) .  S u g a r  s y r u p  
a b s o r p t i o n  o f  b a l l s  w a s  d e t e r m i n e d  b y  t h e  d i f f e r e n c e  
i n  w e i g h t  b e f o r e  a n d  a f t e r  s o a k i n g  i n  s u g a r  s y r u p .  
T h e  d i f f e r e n c e  i n  s i z e  b e f o r e  a n d  a f t e r  f r y i n g  o f  
G u la b ja m u n  b a l l s  w a s  a l s o  d e t e r m i n e d .  T h e  
G u la b ja m u n s  w e r e  e v a l u a t e d  b y  a  t r a i n e d  p a n e l  o f  

j u d g e s  b a s e d  o n  a  9  p o i n t  H e d o n i c  s c a l e .  T h e  
r e s u l t s  w e r e  s t a t i s t i c a l l y  a n a l y s e d  ( P a n s e  a n d  
S u k h a t m e  1 9 6 7 ) .  T h e  v o l u m e  o f  G u la b ja m u n  
i n c r e a s e d  w i t h  t h e  i n c r e a s e  i n  b a k i n g  p o w d e r  l e v e l s  
i n  b o t h  u n h o m o g e n i z e d  a n d  h o m o g e n i z e d  s a m p l e s ,  
t h e  e x t e n t  o f  i n c r e a s e  b e i n g  g r e a t e r  i n  
u n h o m o g e n i z e d  t h a n  h o m o g e n i z e d  m i l k  G u la b ja m u n  
( T a b l e  1 ) . S t a t i s t i c a l l y ,  t h e s e  d i f f e r e n c e s  w e r e  
s i g n i f i c a n t  a t  5 %  l e v e l .  S u g a r  a b s o r p t i o n  w a s  m o r e  
i n  u n h o m o g e n i z e d  m i l k  G u la b ja m u n  a t  a l l  l e v e l s  o f
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TABLE 1. E F F E C T  O F  BAKING PO W D E R  ON PH YSICO -CH EM ICA L P R O PE R T IE S AND QUALITY O F  GULADJAMVN
U n h o m o g e n iz e d  m ilk  H o m o g e n ized  m ilk

A ttr ib u te  B a k in g  p o w d e r  level, %  B a k in g  p o w d e r  level, %
0 .0 0 0 .0 2 0 .0 5 0 .0 8 0 .1  1 0 .0 0 0 .0 2 0 .0 5 0 .0 8 0 .1 1

In c re a se  in  v o lu m e  o v e r th e
in itia l, cm 3 0 1.1 2 .0 2 .3 2 .4 0 0 .8 1.6 1.8 2.1

S u g a r  s y ru p  a b s o rp tio n , % 1 0 .3 2 0 .3 2 4 .6 3 1 .4 3 7 .7 9 .5 14.1 1 9 .4 2 2 .2 2 6 .0
F a t  in  Gulabjamun, % 1 4 .8 1 5 .6 19 .3 2 0 .9 2 3 .4 1 4 .8 1 5 .6 1 9 .4 2 0 .9 2 3 .4
T o ta l so lid s , % 6 8 .0 6 9 .0 7 0 .2 7 3 .0 7 5 .3 6 8 .0 6 9 .0 7 0 .2 7 3 .0 7 5 .4
B ody a n d  te x tu re  sc o re 1.0 2 .6 4 .9 8 .7 6 .0 1.0 2 .2 3 .9 5 .4 7 .1
O v era ll a c c e p ta b ili ty  s c o re 1.0 3.1 6 .9 8 .0 6 .8 1.0 3 .0 6 .0 7 .0 6 .0

F  te s t  w a s s ig n if ic a n t  e x c e p t for to ta l so lid s c o n te n t . C D  ra n g e is  0 .0 0 4 8 -  0 .1 7

b a k i n g  p o w d e r  a s  c o m p a r e d  t o  h o m o g e n i z e d  m i l k  
G u la b ja m u n .  I n c r e a s e  i n  t h e  l e v e l  o f  b a k i n g  p o w d e r  
h a s  s h o w n  i n c r e a s e  i n  a b s o r p t i o n  o f  s u g a r  s y r u p .  
I t  a p p e a r s  t h a t  h o m o g e n i z a t i o n  o f  m i l k  i n h i b i t s  t h e  
p o r o s i t y  a n d  h e n c e ,  l o w e r  a b s o r p t i o n  o f  s u g a r  
s y r u p ,  w h e r e a s  t h e  u s e  o f  b a k i n g  p o w d e r  c r e a t e s  
c o n d i t i o n s  f o r  p o r o u s  t e x t u r e  i n  t h e  p r o d u c t .  T h e s e  
r e s u l t s  o n  v o l u m e  i n c r e a s e  a n d  s u g a r  s y r u p  
a b s o r p t i o n  a r e  i n  a g r e e m e n t  w i t h  t h e  r e s u l t s  o f  
M u l a y  a n d  L a d k a n i  ( 1 9 7 3 ) .

T h e r e  w a s  s i g n i f i c a n t  i n c r e a s e  i n  t h e  f a t  a n d  
t o t a l  s o l i d  c o n t e n t s  o f  G u la b ja m u n  w i t h  i n c r e a s i n g  
l e v e l s  o f  b a k i n g  p o w d e r  i n  b o t h  t h e  s a m p l e s .  
H o w e v e r ,  n o  e f f e c t  o f  h o m o g e n i z a t i o n  o n  f a t  a n d  
t o t a l  s o l i d s  w a s  o b s e r v e d  ( T a b l e  1 ). T h e  r e s u l t s  
a g r e e  w i t h  t h o s e  r e p o r t e d  b y  M i n h a s  e t  a l .  ( 1 9 8 5 ) ,  
G u la b ja m u n ,  h a v i n g  n o  b a k i n g  p o w d e r ,  s h o w e d  
d i s t i n c t l y  h a r d  b o d y  a n d  c l o s e  t e x t u r e  a n d  s c o r e d  
l e s s  i n  b o t h  t h e  c a s e s  ( T a b l e  1 ). A d d i t i o n  o f  b a k i n g  
p o w d e r  i n  K h o a  i m p r o v e d  t h e  b o d y  a n d  t e x t u r e  a n d  
w a s  b e t t e r  a t  a l l  t h e  l e v e l s  o f  b a k i n g  p o w d e r  a d d e d  
i n  u n h o m o g e n i z e d  m i l k  G u la b ja m u n ,  a s  c o m p a r e d  
t o  h o m o g e n i z e d  m i l k  G u la b ja m u n .

R e s u l t s  r e v e a l  t h a t  i n c r e a s e  i n  l e v e l s  o f  b a k i n g  
p o w d e r  s h o w e d  i n c r e a s e  i n  t h e  a c c e p t a b i l i t y  o f  
G u la b ja m u n  ( T a b l e  1 ) . T h e  u n h o m o g e n i z e d  m i l k  
G u la b ja m u n  s c o r e d  h i g h e r  t h a n  t h e  h o m o g e n i z e d  
m i l k  G u la b ja m u n .  I t  s e e m s  t h a t  t h e r e  w a s  n o  
p o s i t i v e  e f f e c t  o f  h o m o g e n i z a t i o n  o n  t h e  q u a l i t y  o f  
G u la b ja m u n  a n d  i t  r a t h e r  r e d u c e d  t h e  p o r o s i t y  o f  
t h e  p r o d u c t .  U n h o m o g e n i z e d  m i l k  G u la b ja m u n  m a d e  
w i t h  t h e  u s e  o f  0 . 0 8 %  b a k i n g  p o w d e r  s h o w e d  
s i g n i f i c a n t l y  s u p e r i o r  a c c e p t a b i l i t y  o v e r  a l l  o t h e r

l e v e l s  o f  b a k i n g  p o w d e r  t e s t e d .  A d d i t i o n  o f  0 . 1 1 %  
b a k i n g  p o w d e r  r e d u c e d  t h e  a c c e p t a b i l i t y  d u e  t o  
i n c r e a s e  i n  p o r o s i t y .

I t  i s ,  t h e r e f o r e ,  c o n c l u d e d  t h a t  h o m o g e n i z a t i o n  
h a s  a  n e g a t i v e  e f f e c t  o n  t h e  q u a l i t y  o f  G u la b ja m u n .  
A d d i t i o n  o f  8 0  m g  b a k i n g  p o w d e r  t o  1 0 0  g  d o u g h  
g i v e s  s p o n g y  b o d y ,  s m o o t h  t e x t u r e  a n d  g o o d  q u a l i t y  
G u la b ja m u n .
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C H A R A N J E E T  K A U R  H IR A *  A N D  A N U P I N D E R  P A L  K A U R
D e p a r t m e n t  o f  F o o d s  a n d  N u t r i t i o n ,

P u n j a b  A g r i c u l t u r a l  U n i v e r s i t y ,  L u d h i a n a - 1 4 1  0 0 4 ,  I n d i a .

Z in c  a v a ila b ility  fro m  c o m m o n  c e re a ls , le g u m e s  a n d  th e ir  c o m b in a tio n s  w e re  s tu d ie d  u s in g  d if fe re n t a v a ila b ili ty  
in d ic a to rs .  T h e  level o f  I lC l-s o lu b le  z in c  ra n g e d  fro m  4 6 .3 -8 1 .9 % . P h y ta tc /z in c  m o la r  ra t io  w a s  le s s  t h a n  2 0  fo r  c e re a l-  
leg u m e  c o m b in a tio n s , w h ile  p h y ta te  x  c a lc iu m /z in c  m o la r  ra t io  fo r  c e re a ls  a n d  c e re a l- le g u m e  c o m b in a t io n s  w a s  le s s  
th a n  5 0  m M /1 0 0  g. No a s s o c ia t io n  w a s  o b se rv e d  a m o n g  H C l-so lu b le  z in c , p h y ta te /z in c  a n d  p h y ta te  x  c a lc iu m /z in c  
ra tio s .
K e y w o rd s  : Z in c  av a ila b ility , P h y ta tc /z in c ,  P h y ta te  x  C a lc iu m /z in c , C e re a ls , L eg u m es.

M a r g i n a l  z i n c  d e f i c i e n c y  i s  k n o w n  t o  o c c u r  i n  
s e v e r a l  p o p u l a t i o n s  ( P r a s a d  1 9 8 9 )  a n d  i s  a s s o c i a t e d  
w i t h  r e t a r d e d  g r o w t h .  Z i n c  d e f i c i e n c y  i s  p r i m a r i l y  
d u e  t o  i t s  l o w  a v a i l a b i l i t y  i n  p l a n t  f o o d s .  P h y t i c  a c i d  
f o u n d  i n  c e r e a l s  a n d  l e g u m e s  i s  r e p o r t e d  t o  b e  
p r i m a r i l y  r e s p o n s i b l e  f o r  l o w  z i n c  a v a i l a b i l i t y  ( E l l i s  
e t  a l .  1 9 8 2 ;  F o r b e s  e t  a l .  1 9 8 4 ;  B a f u n d o  e t  a l .  1 9 8 4 ;  
P a w a r  a n d  I n g l e  1 9 8 8 ) .  R e c e n t l y ,  i t  h a s  b e e n  
s u g g e s t e d  t h a t  p h y t a t e  x  c a l c i u m / z i n c  m o l a r  r a t i o  
i s  a  b e t t e r  i n d i c a t o r  o f  z i n c  u t i l i z a t i o n  t h a n  s o l u b l e  
z i n c  o r  p h y t a t e / z i n c  r a t i o s  ( B i n d r a  e t  a l .  1 9 8 6 ) .  I n  
t h e  p r e s e n t  s t u d y ,  c o m m o n l y  c o n s u m e d  c e r e a l s ,  
l e g u m e s  a n d  t h e i r  c o m b i n a t i o n s  i n  P u n j a b  w e r e  
t e s t e d  f o r  H C l - s o l u b l e  z i n c ,  p h y t a t e / z i n c  a n d  p h y t a t e  
x  c a l c i u m / z i n c  m o l a r  r a t i o s .

C o m m o n  c e r e a l s  a n d  l e g u m e s  ( T a b l e  1) w e r e  
p r o c u r e d  f r o m  l o c a l  m a r k e t .  A l l  l e g u m e s  w e r e  
p r e s s u r e - c o o k e d .  C h a p a t is  ( u n l e a v e n e d  b r e a d )  w e r e  
p r e p a r e d  f r o m  w h o l e  w h e a t  a n d  m a i z e  f l o u r s .  
P a ra th a s  ( s h a l l o w  f r i e d  u n l e a v e n e d  b r e a d )  w e r e  
p r e p a r e d  f r o m  w h o l e  w h e a t  f l o u r .  M a i z e  g r a i n s  w e r e  
r o a s t e d  i n  s a n d  a t  2 5 0 ° C  a n d  r i c e  w a s  c o o k e d  t o  
o b t a i n  b o i l e d  r i c e .  F o r  o b t a i n i n g  f r i e d  r i c e ,  t h e  
b o i l e d  r i c e  w a s  c o o k e d  i n  w a t e r  a n d  f r i e d  i n  s m a l l  
a m o u n t  o f  f a t .  R i c e - g r e e n  g r a m  ( 5 0 : 5 0 )  c o m b i n a t i o n  
w a s  p r e s s u r e - c o o k e d .  O t h e r  f o o d  p r e p a r a t i o n s  w e r e  
b a s e d  o n  t h e  f o o d  c o n s u m p t i o n  p a t t e r n  o f  y o u n g  
a d u l t  w o m e n  i n  t h e  r a t i o s  a s  i n d i c a t e d  i n  T a b l e  1 .

A l l  r a w  a n d  c o o k e d  f o o d  s a m p l e s  w e r e  d r i e d  
( 6 0 ± 2 ° C )  a n d  u s e d  f o r  a n a l y s i s .  T o t a l  c a l c i u m  a n d  
z i n c  w e r e  e s t i m a t e d  u s i n g  t i t r i m e t r i c  m e t h o d  (A O A C
1 9 8 0 )  a n d  a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t e r ,  
r e s p e c t i v e l y .  T h e  l e v e l s  o f  H C l - s o l u b l e  c a l c i u m  a n d  
z i n c  w e r e  e s t i m a t e d  a f t e r  i n c u b a t i n g  s a m p l e s  i n  0 . 3  
N  H C 1  a t  3 7 ° C  f o r  3  h  a n d  t h e  s u p e r n a t a n t  w a s
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u s e d  f o r  t h e  e s t i m a t i o n  o f  t o t a l  m i n e r a l s .  P h y t i c  
a c i d  w a s  e s t i m a t e d  a c c o r d i n g  t o  t h e  m e t h o d  o f  
H a n g  a n d  L a n t z s c h  ( 1 9 8 3 ) .

M a i z e ,  a m o n g  c e r e a l s ,  a n d  b l a c k g r a m ,  a m o n g  
l e g u m e s ,  c o n t a i n e d  t h e  h i g h e s t  t o t a l  z i n c  ( T a b l e  1). 
A m o n g  c e r e a l s ,  H C l - s o l u b l e  z i n c  w a s  m a x i m u m  
( 8 1 . 7 - 8 1 . 9 % )  i n  w h e a t  a n d  m i n i m u m  i n  r i c e  ( 4 6 . 3 -  
5 2 . 3 % ) .  T h e  v a r i o u s  c e r e a l - l e g u m e  c o m b i n a t i o n s  
s h o w e d  m a x i m u m  H C l - s o l u b l e  z i n c  ( 8 1 . 9 % )  i n  
c h a p a l i - l e n t i l  a n d  m i n i m u m  ( 6 1 . 5 % )  i n  r i c e - g r e e n  
g r a m  c o m b i n a t i o n .  T h e  p a r a f h a - c u r d  c o m b i n a t i o n  
h a d  8 5 %  o f  H C l - s o l u b l e  z i n c  c o n t e n t .

A m o n g  r a w  c e r e a l s ,  p h y t a t e / z i n c  m o l a r  r a t i o  
w a s  h i g h e r  ( 4 0 )  i n  m a i z e  f l o u r  a n d  l o w e r  ( 2 5 )  i n  
r i c e ,  w h e r e a s  a m o n g  r a w  l e g u m e s ,  i t  w a s  h i g h e r  
( 2 5 )  i n  g r e e n g r a m  a n d  l o w e r  ( 1 2 )  i n  l e n t i l s .  C o o k e d  
c e r e a l s  a n d  l e g u m e s  s h o w e d  d e c r e a s e  i n  p h y t a t e /  
z i n c  m o l a r  r a t i o s ,  w h i c h  m a y  b e  d u e  t o  t h e  
b r e a k d o w n  o f  p h y t i c  a c i d  ( K u m a r  e t  a l .  1 9 7 8 ;  P a w a r  
e t  a l .  1 9 8 6 ) .  C h a p a t i - l e g u m e  c o m b i n a t i o n s  ( 5 : 1 ,  d r y  
w t )  s h o w e d  p h y t a t e / z i n c  r a t i o s  i n  t h e  r a n g e  o f  1 9 -  
2 2 ,  e x c e p t  f o r  c h a p a t i- le n t il  c o m b i n a t i o n  w h i c h  
s h o w e d  a  r a t i o  o f  1 4 .  P h y t a t e / z i n c  m o l a r  r a t i o  o f  
p a r a lh a - c u r d  ( 4 : 1 ,  d r y  w t )  c o m b i n a t i o n  w a s  2 1 ,  
w h e r e a s  r i c e - g r e e n  g r a m  ( 5 0 : 5 0 ,  d r y  w t )  g a v e  a  r a t i o  
o f  o n l y  1 4 .  A m o n g  f o o d s  a n a l y s e d ,  r o a s t e d  m a i z e  
g r a i n s ,  f r i e d  r i c e  a n d  c o o k e d  l e n t i l s  h a d  p h y t a t e /  
z i n c  r a t i o s  o f  l e s s  t h a n  1 0 .  E a r l i e r  r e p o r t s  ( D a v i e s  
a n d  O l p i n  1 9 7 9 )  i n d i c a t e d  t h a t  m o l a r  r a t i o s  o f  1 0  
o r  l e s s  a r e  u s u a l l y  a s s o c i a t e d  w i t h  a d e q u a t e  z i n c  
b i o - a v a i l a b i l i t y  a n d  t h e  r a t i o s  a b o v e  2 0  a r e  a s s o c i a t e d  
w i t h  c l i n i c a l  o r  c h e m i c a l  e v i d e n c e  o f  z i n c  d e f i c i e n c y .

T h e  p h y t a t e  x  c a l c i u m / z i n c  m o l a r  r a t i o s  v a r i e d  
f r o m  l o w  v a l u e s  o f  2 - 1 1  f o r  m a i z e ,  2 - 6  f o r  r i c e  a n d  
1 3 - 2 1  f o r  l e n t i l s ,  t o  h i g h  v a l u e s  o f  3 2 - 4 2  f o r  w h e a t  
a n d  4 9 - 6 8  f o r  b l a c k g r a m .  T h e s e  r a t i o s  f o r  c h a p a ti-  
l e g u m e  c o m b i n a t i o n ,  r a n g e d  b e t w e e n  1 7 - 5 9  a n d  f o r

213



214

TABLE 1. H C L-SO LU B LE ZINC, 
COM BINATIONS (Per

PH Y TA TE/ZIN C  
1 0 0  g. D ry  W t.).

AND PHYTATE X C A LC IU M /ZIN C O F  C ER EA LS, L EG U M E S AND T H E IR

Z in c , m g
F oo ds T o ta l H C I-so lu b le Z in c

m M
C a lc iu m

m M
P h y ta te

m M
P h y ta t e /

z in c
P h y ta te  x 
c a lc iu m /  

z in c
W h e a t f lo u r 2 .2 4 1 .83 0 .0 3 4 1 .12 1 .24 3 6 41
Chapati 2 .21 1.81 0 .0 3 0 1 .13 0 .9 7 3 2 3 7
Paratha 2 .2 1 1.81 0 .0 3 0 1.11 0 .9 5 31 3 5
M aize f lo u r 2 .5 0 1 .67 0 .0 3 8 0 .2 6 1 .53 4 0 10
M aize chapati 2 .3 6 1 .64 0 .0 3 5 0 .2 4 1 .23 3 5 8
M aize g ra in s ,  raw 2 .8 0 1 .72 0 .0 4 3 0 .2 8 1 .64 3 8 11
M aize g ra in s ,  ro a s te d 2 .6 0 1 .80 0 .0 3 9 0 .2 6 0 .2 3 6 2
R ice, ra w 1 .30 0 .6 8 0 .0 2 0 0 .2 3 0 .5 1 2 5 6
R ice, b o iled 1 .34 0 .6 2 0 .0 2 0 0 .2 3 0 .2 2 11 3
R ice, fried 1 .28 0 .6 0 0 .0 1 9 0 .2 3 0 .2 0 10 2
B lack g ram , ra w 3 .1 6 2 .0 0 0 .0 4 7 3 .6 0 0 .8 9 19 6 8
B lack g ram , co o k ed 2 .9 0 1 .94 0 .0 4 3 3 .6 1 0 .5 8 13 4 9
G re e n g ra m , ra w 2 .8 0 1.93 0 .0 4 3 1 .87 1 .08 2 5 4 7
G re e n g ra m , co o k ed 2 .7 0 1 .93 0 .0 4 1 1 .84 0 .6 0 15 2 7
C h ic k p e a , ra w 1.71 1 .23 0 .0 3 5 1.41 0 .7 2 21 2 9
C h ic k p e a , co o k ed 1 .65 1 .20 0 .0 3 3 1 .38 0 .5 5 17 2 3
L entil, raw 3 .0 0 2 .0 0 0 .0 4 6 1 .72 0 .5 7 12 21
L entil, co o k ed 2 .9 0 1 .95 0 .0 4 1 1 .70 0 .3 2 8 13
C h a p a ti-b la c k g ra m 1 2 .4 8 2 .0 0 0 .0 3 8 2 .2 5 0 .7 7 2 0 2 7
C h a p a ti-b la c k g ra m -c u rd b 2 .3 6 1 .90 0 .0 3 6 2 .8 4 0 .6 9 19 5 4
C h ap a ti-g reen g ram * 2 .4 5 1 .84 0 .0 3 7 1 .34 0 .7 4 2 0 2 7
C h ap a tt-c h ick p ea* 2 .0 3 1.43 0 .0 3 0 1 .23 0 .6 7 2 2 2 7
C h ap a ti-len til* 2 .5 3 1 .96 0 .0 3 8 1.29 0 .5 2 14 18
Paratha -c u rd ° 2 .0 0 1 .70 0 .0 3 0 2 .4 6 0 .6 4 21 5 2
Rice- g re e n g ra m 1* 2 .0 5 1 .26 0 .0 3 1 1 .04 0 .4 2 14 14
a  W h e a t- le g u m e  c o m b in a tio n , 5 :1 ; b  W h e a t- le g u m e -c u rd  c o m b in a tio n , 4 :1 :1 ; c  W h e a t- c u rd  c o m b in a tio n , 4 :1 ; d  R ic c - lc g u m e  
c o m b in a tio n , 1:1. V a lu e s  a r e  m e a n s  o f  th r e e  re p lic a te s .  T h e  c o m b in a tio n  ra t io s  a r e  e x p re s s e d  o n  d ry  w e ig h t  b a s is .

r i c e - g r e e n g r a m  c o m b i n a t i o n ,  i t  w a s  1 4 .  F o r d y c e  e t  
a l .  ( 1 9 8 7 )  h a v e  p r e d i c t e d  t h a t  p h y t a t e  x  c a l c i u m /  
z i n c  m o l a r  r a t i o s  a b o v e  5 0  m M / 1 0 0  g ( 0 . 5 M / k g )  d r y  
d i e t  o r  2 0 0  m M / 1 0 0 0  K c a l  m a y  b e  o f  c o n c e r n  f o r  
p o o r  z i n c  s t a t u s  i n  h u m a n s .  T h e  r e s u l t s  o f  t h e  
p r e s e n t  s t u d y  r e v e a l e d  t h a t  p h y t a t e  x  c a l c i u m / z i n c  
r a t i o s  w e r e  b e l o w  5 0  m M / 1 0 0  g  d r y  f o o d  f o r  a l l  
c o o k e d  p r o d u c t s ,  e x c e p t  f o r  c h a p a t i b l a c k g r a m - c u r d  
c o m b i n a t i o n  ( 5 4  m M / l O O g ) .  B i n d r a  e t  a l .  ( 1 9 8 6 )  
e v a l u a t e d  t h e  d i e t s  o f  1 1 2  l a c t o - o v o - v e g e t a r i a n  
P u n ja b i S ik h  C a n a d i a n  i m m i g r a n t s  a n d  r e p o r t e d  
p h y t a t e  x  c a l c i u m / z i n c  m o l a r  r a t i o s  w e r e  9 0  m M /  
1 0 0  g ,  c o m p a r e d  t o  3 0  m M / 1 0 0  g  f o r  d i e t s  o f  
o m n i v o r u s  p o p u l a t i o n .  C o r r e s p o n d i n g l y ,  l o w  s e r u m  
z i n c  v a l u e s  f o u n d  i n  P u n ja b i  i m m i g r a n t s  c o m p a r e d

t o  o m n i v o r u s  p o p u l a t i o n .

I t  m a y  b e  c o n c l u d e d  f r o m  t h e  r e s u l t s  t h a t  z i n c  
b i o - a v a i l a b i l i t y  c o u l d  b e  m a x i m u m  f r o m  r i c e  a n d  
m i n i m u m  f r o m  w h e a t ,  a s  i n d i c a t e d  b y  p h y t a t e / z i n c  
a n d  p h y t a t e  x  c a l c i u m / z i n c  r a t i o s  o b t a i n e d  f o r  
t h e s e  c e r e a l s .  T h e  c o o k e d  f o o d s  s h o w e d  m a r k e d  
i m p r o v e m e n t  i n  i n d i c a t o r  r a t i o s  d u e  t o  d r o p  i n  
p h y t a t e  c o n t e n t .  W h e a t - l e g u m e  c o m b i n a t i o n  i s  a  
b e t t e r  s o u r c e  o f  a v a i l a b l e  z i n c  t h a n  w h e a t  a l o n e ,  
a s  i n d i c a t e d  b y  b o t h  p h y t a t e / z i n c  a n d  p h y t a t e  x  
c a l c i u m / z i n c  r a t i o s .  A m o n g  a l l  c o o k i n g  t r e a t m e n t s ,  
r o a s t i n g  s e e m e d  t o  b e  t h e  b e s t  i n  l o w e r i n g  t h e  r a t i o  
d u e  t o  d r a s t i c  d r o p  i n  p h y t a t e .  H o w e v e r ,  f u r t h e r  
w o r k  i s  n e c e s s a r y  t o  c o n f i r m  t h e  a b o v e  c o r r e l a t i o n .
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Fatty Acid Composition of Adult Buffalo Meat During
Processing and Storage

V . K E S A V A  R A O * A N D  B .N .  K O W A L E
D i v i s i o n  o f  L i v e s t o c k  P r o d u c t s  T e c h n o l o g y ,

I n d i a n  V e t e r i n a r y  R e s e a r c h  I n s t i t u t e ,  I z a t n a g a r  - 2 4 3  1 2 2 ,  I n d i a

T h re e  m u s c le s  viz. Triceps brachii, Longissimus dorsi a n d  Biceps Jemoris fro m  a d u l t  b u ffa lo  (Murrah type), w e re  
s u b je c te d  to b ro ilin g  a n d  p r e s s u r e  co o k in g  a n d  a n a ly s e d  for c h a n g e s  in  fa tty  a c id s  a t  s to ra g e  in te rv a ls  o f  0 , 3 , 6 , 
9, 3 0 , 6 0  a n d  9 0  d a y s  u n d e r  re f r ig e ra te d  a n d  fro zen  c o n d itio n s , re sp ec tiv e ly . In f lu e n c e  o f a n a to m ic a l  lo c a tio n  o n  fa tty  
a c id  c o m p o s itio n  w a s  e v id e n t. A g ra d u a l  d e c re a s e  in  m o n o - a n d  p o ly -u n s a tu r a te d  fa tty  ac id  c o n te n t s  w a s  a s s o c ia te d  
w ith  th e  in c re a s e  in  s a tu r a te d  fa tty  a c id s  d u e  to p ro c e ss in g . T h e re  w e re  s ig n if ic a n t  in c re a s e s  in  m y r is tic , p a lm itic , 
s te a r ic  a c id s  a n d  s ig n if ic a n t d e c r e a s e s  in  o le ic  a n d  lin o lc ic  a c id  c o n te n ts  d u r in g  s to ra g e .
K e y w o rd s  : Ixmgissimus dorsi. Triceps brcichii, Biceps Jemoris, B ro iling , P re s s u re  co o k in g , F a t ty  a c id s ,  R e frig e ra te d

s to ra g e , F ro ze n  s to ra g e , B uffa lo  m e a t.

S p a r c e  i n f o r m a t i o n  i s  a v a i l a b l e  o n  l i p i d  
c o m p o s i t i o n  o f  b u f f a l o  m e a t  a s  c o m p a r e d  t o  t h o s e  
o f  c a t t l e ,  p i g s  a n d  s h e e p  ( I g e n e  e t  a l .  1 9 8 0 ;  G o k a l p  
e t  a l .  1 9 8 1 ;  S h a r m a  e t  a l .  1 9 8 7 ) .  H o w e v e r ,  s o m e  
d a t a  a r e  a v a i l a b l e  o n  t h e  c o m p o s i t i o n  o f  l i p i d s  o f  
b o n e  m a r r o w  o f  b u f f a l o  ( S h a r m a  e t  a l .  1 9 9 0 ) .  T h e  
f a t t y  a c i d  c o m p o s i t i o n  o f  b u f f a l o  m e a t ,  a s  a f f e c t e d  
b y  a n a t o m i c a l  l o c a t i o n  a s  w e l l  a s  d i f f e r e n t  m e t h o d s  
o f  c o o k i n g  a n d  s t o r a g e ,  i s  r e p o r t e d  i n  t h i s  
c o m m u n i c a t i o n .

SL x a d u l t  e n t i r e  m a l e  b u f f a l o e s  (M u rrah  t y p e )  
o f  a b o u t  1 0  y e a r s  o f  a g e ,  w r i th  s i m i l a r  c o n f o r m a t i o n ,  
w e r e  s e l e c t e d  a n d  s l a u g h t e r e d  a t  t h e  l o c a l  
s l a u g h t e r h o u s e .  M u s c l e s  T r ic e p s  h ra ch ii  (T B ) f r o m  
f o r e l i m b ,  L o n g is s im u s  d o r s i  (L D ) b e t w e e n  7 t h  a n d  
1 2 t h  t h o r a c i c  v e r t e b r a t e  a n d  B ic e p s  J e m o r is  (B F )  
f r o m  h i n d  l i m b  w e r e  c o l l e c t e d .  M u s c l e s  f r o m  t w o  
a n i m a l s  w e r e  p o o l e d .  T h e  e x t e r n a l  a d h e r i n g  f a t  w a s  
t r i m m e d  o f f  a n d  m u s c l e s  w e r e  c u t  i n t o  s l i c e s  o f  
a b o u t  1 0 0  g .  T w o  s l i c e s  f r o m  e a c h  m u s c l e  w e r e  
s u b j e c t e d  t o  (a )  b r o i l i n g  i n  a  h o t - a i r  o v e n  ( p r e ­
h e a t e d  a t  1 6 0 ° C )  t o  a n  i n t e r n a l  t e m p e r a t u r e  o f  7 0 ° -  
8 0 ° C ,  (b )  p r e s s u r e  c o o k i n g  a t  1 k g / c m 2 p r e s s u r e  
f o r  3 0  m i n  i n  a  p r e s s u r e  c o o k e r  a n d  (c) r a w  c o n t r o l  
w i t h o u t  a n y  p r o c e s s i n g .  T h e  s a m p l e s  w e r e  p a c k e d  
( a b o u t  1 0 0  g  e a c h )  s e p a r a t e l y  i n  p o l y e t h y l e n e  b a g s  
o f  1 5 0  g a u g e  a n d  s t o r e d  a t  4 ± 1 ° C  i n  a  r e f r i g e r a t o r  
f o r  9  d a y s  a n d  - 1 0 ± 1 ° C  f o r  9 0  d a y s  i n  t h e  d e e p  
f r e e z e r .  S a m p l e s  w e r e  a n a l y s e d  a t  i n t e r v a l s  o f  0 ,  
3 ,  6 ,  9  d a y s  a n d  3 0 ,  6 0 ,  9 0  d a y s  f o r  r e f r i g e r a t e d  
a n d  f r o z e n  s t o r a g e ,  r e s p e c t i v e l y .  A t  t h e  e n d  o f  e a c h  
s t o r a g e  p e r i o d ,  m u s c l e  s a m p l e s  w e r e  t h a w e d  a n d  
m i n c e d  i n  a  H o b a r t  m i n c e r .  L i p i d  w a s  e x t r a c t e d  
f r o m  1 0  g  o f  m i n c e d  m u s c l e  t i s s u e  ( F o l c h  e t  a l .
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1 9 5 7 )  a n d  t o t a l  l i p i d s  w e r e  a n a l y s e d  g r a v i m e t r i c a l l y .  
M e t h y l  e s t e r s  w e r e  p r e p a r e d  ( J a m e s  1 9 7 0 )  f r o m  
a p p r o x i m a t e l y  1 0 0  m g  l i p i d  s a m p l e s  a n d  t h e  f i n a l  
c o n c e n t r a t i o n  o f  m e t h y l  e s t e r  i n  h e x a n e  w a s  1 m g /  
m l .  T h e  f a t t y  a c i d  m e t h y l  e s t e r s  w e r e  a n a l y s e d  
i s o t h e r m a l l y  u s i n g  a  m o d u l a r  g a s  l i q u i d  
c h r o m a t o g r a p h  ( C I C ,  I n d i a ) ,  e q u i p p e d  w i t h  a  f l a m e  
i o n i s a t i o n  d e t e c t o r  a n d  a  r e c o r d e r .  A  c o i l e d  s t a i n l e s s  
s t e e l  c o l u m n  [ 2 m  x  4 m ] ,  p a c k e d  w i t h  d i e t h y l e n e  
g l y c o l  a d i p a t e  ( D E G A )  o n  c h r o m o s o r b  W  ( 6 0 - 8 0  
m e s h ) ]  w a s  u s e d .  T h e  o p e r a t i n g  c o n d i t i o n s  w e r e  : 
c o l u m n  t e m p e r a t u r e  1 8 5 ° C ,  i n j e c t o r  t e m p e r a t u r e  
2 2 0 ° C  a n d  d e t e c t o r  t e m p e r a t u r e  2 4 0 ° C .  U l t r a  h i g h  
p u r i t y  n i t r o g e n  ( I n d i a n  O x y g e n  L i m i t e d ,  I n d i a )  w a s  
u s e d  a s  a  c a r r i e r  g a s  a t  a  f l o w  r a t e  o f  3 0  m l / m i n .  
T h e  f a t t y  a c i d  p e a k s  w e r e  i d e n t i f i e d  b y  c o m p a r i n g  
t h e i r  r e t e n t i o n  t i m e  w i t h  t h o s e  o f  s t a n d a r d  f a t t y  
a c i d s  ( S i g m a  c h e m i c a l s )  o n  a  s e m i l o g  p a p e r .  P e a k  
a r e a s  w e r e  c a l c u l a t e d  b y  t r i a n g u l a t i o n .  T h e  
c o r r e s p o n d i n g  f a t t y  a c i d  w a s  e x p r e s s e d  a s  p e r c e n t a g e  
o f  t o t a l  p e a k  a r e a .  A  f a c t o r i a l  d e s i g n  w i t h  3 x 3  
x  4  p a t t e r n  w a s  a d o p t e d  t o  c o n d u c t  a n a l y s i s  o f  
v a r i a n c e  ( S n e d e c o r  a n d  C o c h r a n  1 9 6 7 ) .

F a t t y  a c i d  p r o f i l e  o f  t h e  b u f f a l o  m e a t  o b s e r v e d  
i n  t h e  p r e s e n t  s t u d y  ( T a b l e s  1 a n d  2 )  w a s  s i m i l a r  
t o  t h e  e a r l i e r  r e p o r t s  f o r  I t a l i a n  ( R o m i t a  e t  a l .  1 9 7 6 )  
a n d  I n d i a n  b u f f a l o e s  ( S h a r m a  e t  a l .  1 9 8 6 ) .  H o w e v e r ,  
t h e  c o n t e n t s  o f  t w o  m a j o r  f a t t y  a c i d s  v i z .  p a l m i t i c  
( C 16) a n d  s t e a r i c  ( C 18) w e r e  l o w e r  t h a n  t h o s e  r e p o r t e d  
b y  S h a r m a  e t  a l .  ( 1 9 8 6 ) .  L o w e r  v a l u e s  f o r  s t e a r i c  
a c i d  c o n t e n t  i n  t h e  i n t r a m u s c u l a r  l i p i d  o f  A u s t r a l i a n  
b u f f a l o e s  h a v e  b e e n  r e p o r t e d  ( S i n c l a i r  e t  a l .  1 9 8 2 ) .

T h e  i n f l u e n c e  o f  a n a t o m i c a l  l o c a t i o n  o n  t h e  
f a t t y  a c i d  c o m p o s i t i o n ,  a s  r e p o r t e d  e a r l i e r  ( S h a r m a  
e t  a l .  1 9 8 7 ;  R o m i t a  e t  a l .  1 9 7 6 ) ,  w a s  a l s o  e v i d e n t  
i n  t h e  p r e s e n t  s t u d y .  S i g n i f i c a n t l y  h i g h e r  a m o u n t
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TABLE 1. MEANS SH OW IN G T H E  E F F E C T  O F  C OOKING M ETH OD, M U SC L E  AND ST O R A G E  PE R IO D  ON FATTY A C ID S FROM  

TOTAL LIPID S O F  B UFFALO MEAT ST O R E D  U N D E R  REFRIG ER A TIO N  (4±1DC)

T ° ta - F a tty  a c id s  (% to ta l f a tty  a c id s)
lip id s  ---------------- ------------------------------------—------ -------------------------------------------

E ffect m g /g
t i s s u e

c,„ c„ C 14 C m:, c16 c,6:, c17 C 18 c18:1 C,8:2 C,8:3

M TB 30 .8 5 » 1.73» 0 .40» 3.67» 1.75» 17 .0 4 4 .90* 1.99* 19.53» 4 0 .0 8 e 8 .39» 1.19LD 5 5 .1 7 c 1.53» 0 .9 0 e 4 .0 5 e 1.47» 1 6 .6 0 6 .2 4 » 2.19* 18.84* 3 8 .8 3 » 7 .17* 2 .0 7B F 23.35* 1.48» 0 .76» 2.97» 1.33» 17 .5 3 5.00» 2.72» 1 9 .8 3 e 37 .80* 8 .5 5 » 2 .1 6
(1 .1 6 - (0 .2 1 - (0 .1 5 - (0 .5 7 - (0 .2 2 - (2 .41 - (0 .6 2 - (0 .1 6 - (1 .0 3 - (1 .2 2 - (1 .7 3 - (0 .4 1 -2 .7 7 ) 0 .4 1 ) 0 .3 9 ) 0 .6 6 ) 0 .2 9 ) 2 .64 ) 1.03) 0 .4 1 ) 1.92) 1.57) 2 .0 6 ) 0 .5 9 )

SP(d) 0 3 5 .5 9 1 .4 7 c 0 .9  I e 3 .05* 1.66» 16.09» 5 .6 0 2 .2 1 18.07» 4 0 .0 4 d 8 .9 1 d 2 .1 33 3 7 .2 9 1.33»" 0 .71» 3 .60» 1.57» 16.54* 5 .4 5 2 .3 0 18.81» 3 9 .5 1 e 8 .2 6 e 2 .0 06 3 6 .1 3 1.20»» 0.63*» 3.73»» 1.48» 17.29*» 5 .2 4 2 .4 0 1 9 .9 3 e 38 .2 9 » 7 .81» 2 .0 29 3 6 .9 7 0 .98* 0.49» 3 .8 7 1.24» 18.07» 5 .2 4 2 .2 9 20 .78» 37 .78» 7.15* 2 .0 2
(3 .1 2 - (0 .4 1 - (0 .3 4 - (0 .4 2 - (0 .2 3 - (2 .33 - (0 .7 7 - (0 .2 8 - (0 .8 8 - (1 .2 5 - (1 .7 6 - (0 .2 8 -
3 .5 9 ) 0 .5 6 ) 0 .4 9 ) 0 .8 9 ) 0 .3 1 ) 2 .6 7 ) 1.21) 0 .4 1 ) 1.10) 1.64) 2 .0 5 ) 0 .6 1 )

CM R 26.19* 1.04* 0 .6 1 3.03» 1.50*» 20 .10» 6 .0 2 e 2 .2 7 18.78* 3 9 .8 0 e 5 .70» 1.65*B 4 3 .6 3 e 1.37» 0 .7 5 3.84» 1.37* 15.08» 4.59» 2 .3 8 19.79» 3 9 .0 3 » 9 .3 4 » 2.36»PC 3 9 .5  l h 1.33» 0 .6 9 3.82» 1.60» 15.81» 5.54» 2 .2 6 19.62» 3 8 .1 7» 9 .0 5 » 2.12»
(2 .3 6 - (0 .4 1 - (0 .2 5 - (0 .6 0 - (0 .2 6 - (0 .7 3 - (0 .4 4 - (0 .2 2 - (1 .1 4 - (1 .1 3 - (0 .7 7 - (0 .2 6 -
2 .9 5 ) 0 .5 8 ) 0 .4 4 ) 0 .7 2 ) 0 .3 2 ) 1.24) 0 .9 5 ) 0 .5 4 ) 1.78) 1.60) 1.29) 0 .4 8 )

M ean s w ith  a t  le a s t  o n e  s im ila r  s u p e r s c r ip t  in  e a c h  c o lu m n  a r c  n o t  s ig n if ic a n tly  d if fe re n t (P>0.05). V a lu e s  w ith in  th e  p a re n th e s e s  
re p re s e n t  th e  r a n g e  o f  s ta n d a r d  d e v ia tio n . CM = C o o k in g  m e th o d , R  = R aw , B = B ro iled , PC = P r e s s u r e  c o o k e d , M = M uscle , 
TB = Triceps brach.ii, LD = Longissimus dorsi, B F  = Biceps femoris, SP(d) = S to ra g e  p e rio d  (days)

TABLE 2. M EANS SH OW IN G T H E  E F F E C T  O F  COOKING M ETH OD, M U SC LE AND ST O R A G E  PE R IO D  ON FATTY A C ID S FROM  
TOTAL LIPIDS O F  B UFFALO MEAT ST O R E D  U N D E R  FR OZEN C O N D ITIO N S (-10°C )

T o ta . F a tty  a c id s  (% to ta l fa tty  a c id s)
lip id s  '  — ----------------------------------------------------------------------------------------------------------------------------------------------------- —

Effect m g /g
t i s s u e

c,„ c,2 Cm C m, C ,6 C,e:, c,7 C ,8 C ,8:, ĉ  >8:2 C ,8:3

M TB 31 .35» 0.81» 0 .40» 3.72» 1.39 16.96» 4.65» 2.03» 19.93» 3 9 .1 1 e 8 .82» 1.88*
LD 5 4 .7 3 e 1.51» 0 .9 3 e 3.72» 1 .28 17.63» 5.92» 2.36» 19.06* 38 .3 7 » 7.26» 2.12»
B F 24.06» 1.34» 0 .71» 3.09» 1.44 17.62» 4.98» 2 .45» 20 .25» 37 .11* 8 .46» 2.56»

(1 .2 9 - (0 .3 5 - (0 .1 9 - (0 .4 3 - (0 .2 7 - (2 .2 5 - (0 .5 7 - (0.21 - (1 .5 4 - (1 .6 4 - (1 .7 3 - (0 .5 5 -
2 .6 5 ) 0 .4 6 ) 0 .3 6 ) 0 .7 2 ) 0 .4 0 ) 3 .09 ) 0 .8 2 ) 0 .4 1 ) 2 .1 1 ) 1.85) 2 .2 3 ) 0 .9 0 )

SP(d) 0 3 5 .5 0 1 .4 7 e 0 .9 1 e 3.05» 1 .66 16.09» 5.60» 2 .21 18.07» 40 .04» 8 .9 1 e 2 .1 3
3 0 3 6 .5 7 1.37»e 0 .8 3 ' 3 .39» 1.42 16.77» 5.29» 2 .3 4 19.88» 3 8 .8 9 e 8 .45»e 2 .4 2
6 0 3 6 .6 9 1.20» 0 .63» 3.61» 1 .14 1 7 .9 0 e 5.14»» 2 .4 5 2 0 .0 1 e 37 .74» 7 .97» 2 .1 6
9 0 3 7 .6 9 0.83» 0.34» 3 .8 8 e 1 .28 î s . a o '1 4 .71» 2 .21 2 1 .9 4 d 36 .19» 7 .38* 2 .0 4

(3 .2 1 - (0 .2 4 - (0 .1 9 - (0 .4 2 - (0 .2 3 - (2 .5 0 - (0 .7 1 - (0 .2 8 - (0 .7 9 - (1 .0 9 - (1 .8 4 - (0 .6 1 -
3 .6 1 ) 0 .5 6 ) 0 .4 2 ) 0 .6 4 ) 0 .4 3 ) 2 .55 ) 1.04) 0 .4 0 ) 1.29) 1.38) 2 .2 1 ) 0 .8 3 )

CM R 25.58* 1.04» 0 .5 7 3.15» 1.42 20.47» 5.62» 2 .2 0 19.26* 3 9 .0 1 e 5.78* 1 .60
B 44 .2 8 » 1.46» 0 .7 5 3.53» 1.39 15.69»» 4.69» 2 .2 6 19.84» 38 .3 1 » 9 .4 3 » 2 .7 5

PC 40 .27» 1.16» 0 .7 1 3 .8 4 e 1.29 16.09» 5 .25» 2 .3 9 20 .0 7 » 37 .2 7 * 9 .33» 2 .2 1
(2 .3 0 - (0 .4 0 - (0 .3 7 - (0 .3 5 - (0 .2 3 - (1 .1 1 - (0 .5 7 - (0 .2 9 - (1 .4 4 - (1 .7 2 - (0 .9 3 - (0 .3 8 -
3 .1 4 ) 0 .5 3 ) 0 .3 8 ) 0 .6 6 ) 0 .4 1 ) 1.58) 1.00) 0 .4 3 ) 2 .2 9 ) 1.80) 1.24) 0 .8 0 )

M ean s w ith  a t  le a s t  o n e  s im ila r  s u p e r s c r ip t  in  th e  s a m e  c o lu m n  a r c  n o t  s ig n if ic a n tly  d if fe re n t (P > 0.05). V a lu e s  w ith in  th e  p a re n th e s e s  
r e p re s e n t  ra n g e  o f  s t a n d a r d  e rro r . CM  = C o o k in g  m e th o d , R  = R aw , B = B ro iled , PC = P r e s s u re  c o o k e d , T B  = Triceps brachii, 
LD = Ijongissimus dorsi, B F  = Biceps Jemoris, SP(d) = S to ra g e  p e rio d  (days).

of oleic acid (C131) w as observed in TB as compared 
to LD and BF (Tables 1 and 2). Linoleic acid (C18:2) 
content w as significantly lower in LD, compared to 
TB and BF. As described by Monin (1980), the three 
m uscles used in the present study fall into three 
different classes, based on the metabolic activity 
and this explains the changes observed in fatty acid 
composition of three m uscles. PUFA contents were

lower (9-11%) in the present study, compared to 
those reported earlier (16%) and the differences in 
PUFA content might be attributed to different types 
of anim als used by these workers (Sharma et al. 
1986). Sinclair et al. (1982) reported that m uscles 
of wild buffalo are particularly rich in PUFA. 
Various workers have dem onstrated that the lipid 
and fatty acid com position of anim als were altered



218
by age, live weight, environment, diet etc. (Jeremiah
1982).

Heat processing significantly increased capric 
(C10), myristic (C14), stearic (C18), linoleic (C182) and 
linolenic (C18.3) acids and decreased palmitic (C16) 
acid contents (Tables 1 and 2). The decrease in 
C16 and increase in  C18, C182 and C18.3 fatty acid 
contents on cooking w as also reported by Janicki 
and Appledorf (1974). Contrary to these findings, 
Siedler et al. (1964) and Campbell and Turkki
(1967) concluded that the fatty acid com position  
remained unchanged due to cooking. A marginal 
increase in total saturated fatty acids w as observed 
during refrigerated as well as frozen storage (Tables 
1 and 2), indicating the buffalo m eat lipids to be 
stable in com position and less susceptible to 
changes during refrigerated and frozen storage.
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C o o k in g  q u a li ty  a n d  n u tr i t io n a l  c h a r a c te r s  o f  n in e  g e n o ty p e s  o f  mungbean sh o w e d  w id e  r a n g e  o f  v a r ia t io n s  in  
th e  v o lu m e  a n d  w e ig h t o f  c o o k ed  se e d  a n d  c o o k in g  tim e . V a ria tio n s  w e re  lo w er for sp e c if ic  g rav ity , r e d u c in g  s u g a r s ,  
in itia l s e e d  w e ig h t a n d  v o lu m e  o f  se e d . A m ino  a c id  a n a ly s is  in d ic a te d  c o n s id e ra b le  d if fe re n c e s  a m o n g  th e  g e n o ty p e s  
e x a m in e d . In  g e n e ra l, g lu ta m ic  a n d  a s p a r t ic  a c id s  w e re  p re d o m in a n t ,  w h e re a s  c y s t in e  a n d  m e th io n in e  w e re  p r e s e n t  
in  low  a m o u n ts .  A m o n g  th e  g e n o ty p e s , 'P u s a  105 ', 'N ec la lu ' a n d  T a tc h a p e s a lu ' w e re  o b s e rv e d  to  b e  b e t t e r  w i th  r e s p e c t  
to  th e  co o k in g  a n d  n u t r i t io n a l  t r a i t s  a s  c o m p a re d  to  o th e r  g e n o ty p e s .
K e y w o rd s  : M u n g b ean , C o o k in g  q u a lity , N u tr i t io n a l  t r a i ts ,  A m ino  a c id s , G e n o ty p e s .

Legumes are good sources of nutritionally 
important dietaiy nutrients (proteins), m inerals (Fe 
and Ca) and vitamins (niacin and thiamine). Legumes 
take considerably longer time for cooking than any 
other vegetable products. This is especially true 
with whole pulses. Hence, the cooking time is an 
important factor influencing the consum er preference 
for dhals (decuticled grains) because of time and 
fuel. From nutrition point of view, the protein 
content and its digestibility, the levels of limiting 
amino acids and the anti-nutritional factors are 
important. Consumers prefer the greengram varieties 
which cook early and expand greatly in volume 
after cooking (Shivashankar et al. 1974; Neelakantan 
et al. 1977). This calls breeders to consider these  
characteristics in addition to high yielding abilities 
in their breeding programmes. In the present study, 
variou s p h y s ic o -c h e m ic a l c h a r a c te r is t ic s  of 
greengram varieties were studied to a ssess  their 
cooking quality and nutritional characters.

Fully matured, unbroken seeds, free from 
disease and insect infestation, were selected in nine 
genotypes of greengram grown during rabi 1989- 
1990, following recommended package of practices, 
at the Regional Agricultural Research Station, Lam, 
Guntur, A.P. Initial weight and volum e of 100 seeds  
were recorded in each genotype. Specific gravity 
was determined according to the m ethod described 
by Lalitha Reddy and Gowramma (1987), while 
cooking time w as recorded by performing the 
cooking test as suggested by Shivashankar et al.

* Corresponding Author

(1974). An increase in volum e after cooking w as 
recorded as the volum e of water displaced by the 
seeds after cooking and draining the water. Increase 
in the volum e w as expressed in term s of percentage. 
The weight increase after cooking, over the initial 
weight, w as expressed in term s of percentage. 
Solids leached into the cooking w ater were 
determined as per the m ethod of Santha et al. 
(1978). Nitrogen in the sam ples w as analysed by 
the micro-Kjeldahl procedure (AOAC 1970) and the 
crude protein content w as calculated by multiplying 
the nitrogen content with 6 .25. Total sugars in seed  
were estim ated by the colorimetric m ethod (Dubois 
et al. 1956). The reducing sugars were estim ated  
by the m ethod outlined by Nelson (1944). Non­
red u cin g  su gar  c o n te n ts  w ere ob ta in ed  by  
substracting the reducing sugars from total sugars. 
For amino acid analysis, defatted sam ples (50 mg) 
were refluxed in 50 ml of 6  N HC1 for 24 h. After 
refluxing, the acid w as removed in a rotary flash  
evaporator and residue w as taken in a known 
volum e of citrate buffer (pH 2.2). Suitable aliquot 
of each sam ple w as used for analysis in  a Beckm an  
119-CL amino acid analyser. A nalysis of variance 
w as carried out, according to the m ethod suggested  
by Panse and Sukhatm e (1978).

A nalysis of variance revealed sign ificant  
differences am ong genotypes for all the quality 
traits studied. The m ean and range of variation for 
different quality traits are presented in Table 1. A 
large variation w as observed am ong the genotypes 
for % increase in volum e and weight of cooked 
seeds and for the cooking time. Protein content w as
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TABLE 1. MEAN VALUES O F D IFFE R E N T  QUALITY CHARACTERS O F  M UNGBEAN VA RIETIES.

V arie ty S ee d
p ro te in ,

%

100
seed

w e ig h t,
g

V o lu m e 
o f  100 
s e e d s , 

ml

S p e c i­
fic

g rav ity

C o o k ­
in g

tim e,
m in

I n c r ­
e a s e  in  
w e ig h t,

%

In c r ­
e a s e  in  
v o lu m e ,

%

Ix a c -  
h e d  o u t  
so lid s ,

%

T o ta l
s u g a r s ,

%

R e d u ­
c in g

s u g a r s ,
%

N o n ­
re d u c in g
s u g a r s ,

%
P u s a  105' 2 5 .0 3 .31 2 .9 0 1.14 3 6 .7 9 0 .4 154 .3 4 .5 4 7 .9 7 0 .4 8 7 .4 9
ML 2 6 7 ' 2 3 .4 3 .2 4 2 .6 3 1 .23 3 9 .7 8 9 .2 1 4 9 .7 3 .9 3 7 .1 5 0 .5 3 6 .6 2
C oGG 123' 2 1 .9 2 .9 4 2 .3 3 1 .26 4 5 .3 7 7 .3 1 4 2 .0 4 .0 3 6 .8 4 0 .5 8 6 .2 5
i ^ m  M2' 2 1 .1 3 .1 0 2 .7 7 1.12 4 2 .0 8 5 .3 1 4 1 .7 3 .1 5 6 .2 0 0 .7 9 5 .4 1
'MUG 125' 2 2 .4 3 .0 4 2 .1 3 1.43 4 3 .3 8 4 .2 122 .0 3 .71 7 .2 4 0 .4 4 6 .7 9
M HGG' 2 0 .5 4 .01 3 .3 8 1 .19 3 9 .0 8 3 .0 1 4 8 .0 3 .8 4 6 .7 4 0 .4 8 6 .2 6
P a tc h a p e s a lu ' 2 3 .5 2 .9 5 2 .6 0 1.13 3 2 .0 9 0 .3 1 5 7 .7 2 .8 8 7 .7 0 0 .4 0 7 .3 0

'UPM  7 9 -4 -1 2 ' 2 4 .4 3 .1 4 2 .4 7 1 .27 4 8 .0 7 3 .3 1 2 4 .0 4 .5 2 6 .5 7 0 .4 2 6 .1 6
'N ee la lu ' 2 5 .9 2 .4 6 2 .01 1.22 3 4 .3 9 7 .1 162 .3 2 .5 4 9 .2 2 0 .8 0 8 .4 2
M ean 2 3 .1 2 3 .13 2 .5 8 1.22 4 0 .0 8 5 .6 1 4 4 .6 3 .6 8 7 .2 9 0 .5 5 6 .7 5
R an g e  2 0 .5 -2 5 .9 2 .4 6 -4 .0 1 2 .0 1 -3 .3 8 1 .1 2 -1 .4 3 3 2 -4 8 7 3 .3 -9 7 .1 1 2 2 .0 -1 6 2 .3 2 .5 4 -4 .5 4 6 .2 0 -9 .2 2 0 .4 0 -0 .7 9 5 .4 1 -8 .4 2
CD a t  5% 0 .1 3 0 .1 3 0 .1 1 0 .0 0 4 1.74 1.9 3 .7 0 .2 4 0 .2 7 0 .0 3 0 .2 7

highest for 'Neelalu' (25.9%) followed by 'Pusa 105' 
(25.0%). These cultivars also required shorter cooking 
time as compared to others. 'Patchapesalu' showed  
the shortest cooking time (32.0 min) and this 
cultivar contained 23.5% protein. A sm all variation 
was noted for specific gravity, reducing sugars, 
initial seed weight and initial volume of 100 seeds. 
Similar results were also reported in greengram for 
protein content (Neelakantan et al. 1977), seed  
weight (Choudhaiy et al. 1982; Ramana and Singh
1987), cooking characters (Shivasankar et al. 1974) 
and total sugars and non-reducing sugars (Sood 
et al. 1982).

Two genotypes viz., 'Neelalu' and 'Pusa 105' 
recorded higher m ean values for m ost of the quality 
traits viz. seed protein, % increase in weight and 
volume after cooking, total sugars, non-reducing  
sugars and took less time for cooking. The variety 
'Neelalu' also recorded high percentage of reducing 
sugars. 'Patchapesalu', another local variety recorded 
shortest cooking time and considerably higher 
values for % increase in weight, volum e and total 
sugars as compared to others. The variety 'MHGG' 
possessed  higher initial seed weight and volume. 
In general, varieties with higher protein content 
required the shorter time to cook (Table 1). In the 
present study, the varieties viz., 'CoGG 123', 'Lam

TABLE 2. AMINO ACID C O M POSITION ( g /1 0 0  g  p ro te in ) O F  V A RIETIES O F  M UNGBEAN

A m ino ac id 'P u s a
105’

'ML 2 6 7 ’ C oG G
123'

'L am  M2' 'M UG
125'

'M H GG ' 'P a tc h a ­
p e s a lu '

'U PM  7 9 -  
4 -1 2 '

'N ee la lu ' M ean  ± S D

L ysine 6 .8 6 .8 7.1 7 .0 7.1 7.1 6 .9 7.1 6 .9 6 .9 7 + 0 .1 3
H is tid in e 3.1 2 .9 3 .0 2 .8 3 .3 3 .0 3.1 3 .0 3 .2 3 .0 5 ± 0 .15
A rgin ine 7.1 6 .9 7 .2 7 .0 7 .3 7 .2 7 .4 7 .5 7 .2 7 .2 0 + 0 .1 9
AsparLic ac id 1 1 .0 11.2 1 1 .7 10.9 11 .4 1 1.3 1 1.1 10 .9 1 0 .2 1 1 .0 8 ± 0 .4 2
T h re o n in e 3 .4 3 .6 3 .6 3 .3 3 .5 3 .6 3 .4 3 .4 3 .7 3 .5 0 + 0 .1 3
S e rin e 6 .2 5 .7 5 .8 5 .8 5 .9 5 .9 5 .7 5 .6 5 .3 5 .7 6 ± 0 .2 4
G lu ta m ic  ac id 17 .4 17 .3 17 .9 17 .7 17 .8 18 .2 1 7 .4 1 7 .6 16.1 1 7 .4 8 ± 0 .3 9
P ro line 7 .0 6 .4 6 .4 6 .5 6 .9 6 .4 6 .4 6.1 4.1 6 .2 4 ± 0 .3 5
G lycine 3 .7 3 .7 4.1 3 .9 3 .9 3 .9 3 .8 3 .9 3 .8 3 .8 5 + 0  12
A lan in e 4 .8 4 .6 4 .7 4 .4 4 .6 4 .6 4 .4 4 .4 4 .4 4 .5 4 + 0 1 5
C ry stin e 0 .7 0 .4 0 .4 0 .4 0 .5 0 .6 0 .6 0 .4 0 .7 0 .5 2 + 0 1 3
V aline 4 .9 4 .8 5 .0 4 .9 4 .9 4 .9 4 .7 4 .8 5 .3 4 .9 1 + 0 1 7
M eth io n in e 1.4 1.4 1.4 1.4 1.6 1.5 1.8 1.4 1.7 1 .5 1 + 0 .1 5
Iso le u c in e 4 .5 4 .4 4 .6 4 .3 4 .5 4 .4 4 .3 4 .4 4 .8 4 .4 7 + 0  16
I^eucine 7 .8 7 .6 7 .8 7 .6 8 .0 7 .9 7 .7 7 .8 7 .5 7 .7 4 + 0 1 6
T y ro sin e 3 .5 3 .2 3 .5 3 .4 3 .4 3 .4 3 .4 3 .3 3 .5 3 .4 0 + 0 .1 0
P h e n y la la n in e 6 .1 6 .0 6 .1 5 .8 5 .9 6 .0 5 .9 5 .9 6 .0 5 .9 7 + 0 .1 0
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M2' 'MUG 125' and ’UPM 79 -4 -1 2 ’ took longer 
cooking time. This m ay be due to thicker seed coat 
and low water absorption in these varieties. Similar 
results were also reported by Narasimha and 
Desikachar (1978). In case of dhals, it is the water 
absorbing capacity that m akes the difference in 
cooking time. Grains, which absorb water quickly, 
will take less time for cooking. The water absorbing 
capacity depends on cell wall structure, composition  
of seed and com pactness of the cells in the seed  
(Muller 1967).

Amino acid com position of the varieties is 
shown in Table 2. Glutamic and aspartic acids were 
the predominant amino acids in m ungbean. Similar 
observations were also m ade by Buimindik et al. 
(1978) in mungbean. Considerable variations existed  
among the varieties for the individual amino acids. 
Like other grain legum es, sulphur containing amino 
acids (methionine and cystine) are the m ost limiting 
amino acids in m ungbean (Khan et al. 1979). The 
local varieties 'Neelalu' and 'Patchapesalu' recorded 
comparatively higher am ounts of cystine and 
methionine over the others. From nutrition point 
of view, the levels of both m ethionine and cystine  
should be considered together, since lysine and 
sulphur containing amino acids are the protein 
components which complement each other in cereal- 
legume-based diets.

Based on the resu lts obtained in the present 
study, it is  concluded that 'Pusa 105', 'Neelalu' and 
'Patchapesalu' m ay be used extensively in the 
breeding programmes aimed at improving the 
cooking and nutritional qualities of mungbean.

The first author is grateful to CSIR for providing 
financial assistance in the form of Senior Research 
fellowship.
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Isolation and Identification of Lactose Fermenting Yeasts
from Various Dairy Products
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A m o n g  th e  la c to s e  fe rm e n tin g  y e a s ts ,  is o la te d  fro m  s a m p le s  o f  dahi (cu rd ), c r e a m  a n d  paneer (c o tta g e  c h e e se )  

w h ey , 3 0  a n d  6%  o f  th e  is o la te s  w e re  id e n tif ie d  a s  Kluyveromyces fragilis a n d  Kluyveromyces lactis, re sp e c tiv e ly . S a m p le s  
o f  c r e a m  a n d  dahi c o n ta in e d  b o th  la c to se  fe rm e n tin g  a n d  la c to se  n o n -fe rm e n tin g  y e a s ts ,  th e  l a t te r  b e in g  p re d o m in a n t  
in  paneer w h ey . A b o u t 15 is o la te s  o f  la c to se  fe rm e n tin g  y e a s ts  sh o w e d  a  c o m p a ra b le  le a v e n in g  a c tiv ity  w ith  t h a t  o f  
c o n v e n tio n a l B a k e r 's  y e a s t  (Saccharomyces cerevisiae).
K e y w o rd s  : Iso la tio n , L a c to se  f e rm e n tin g  y e a s t ,  D a iry  p ro d u c ts ,  W hey, le a v e n in g  ac tiv ity .

Lactose fermenting yeasts are known to have 
wide industrial applications (Willets and Ugalde 
1987; Itoh et al. 1982; Duvnjak et al. 1987). The 
recent application includes the use of Kluyverom yces 
fragilis and K. laclis in baking industry (Kusachi
1981). Among the lactose fermenting yeasts in 
various dairy products, the strains of K. fragilis,
K. lactis and C andida pseudotropicalis  are reported 
to be predominant (Subramanian and Shankar 
1983; Suriyarachchi and Fleet 1981). With this 
background, an attempt w as m ade in the present 
study to isolate and identify lactose fermenting 
yeasts from selected dairy products and to evaluate 
their leavening activity in com parison with that of 
conventional Baker's yeast.

Sam ples of cream (10), dahi (20) and whey (15), 
collected from local market and the experimental 
Dairy of th is Institute, were plated on yeast lactose  
agar (YLA). Colonies appearing on the agar plates 
incubated at 30°C fer 48 h were selected, grown 
in yeast lactose broth and purified by streaking on  
YLA. The natural isolates were identified upto their 
generic and species level on the basis of the 
m o rp h o lo g ica l, c u ltu r a l a n d  b io c h e m ic a l  
characteristics (Lodder 1971; Fowell 1967). Standard 
strains of K. fragilis  (MTCC 188) and K. marcianus 
var. lactis (MTCC 318), obtained from Institute of 
Microbial Technology, Chandigarh, were used as  
positive controls. The leavening property of the 
natural isolates and standard cultures of lactose 
fermenting yeasts w as assessed  according to the 
method of Champagne et al. (1989).

Dahi, cream and whey sam ples from different 
sources yielded 106, 38  and 52 yeast isolates, 
respectively. Out of these, 28, 14 and 17 were 
lactose fermenters, respectively. These were identified
* Corresponding Author

as strains of K. fragilis  and K. lactis. In the present 
study, lactose fermenting yeasts were obtained from  
dahi, cream and pan eer  whey as against the earlier 
findings (Subramanian and Shankar 1983) of its 
occurrence in cream and butter, but not in  dahi 
and cheese whey. Among the lactose fermenting 
yeasts, 30 and 6% of these were identified as K. 
fragilis  and K. lactis, respectively, which were of 
com m on occurrence in  d a h i  However, yeast isolates 
o b ta in e d  from  w h ey  d id  n o t e x h ib it  th e  
characteristics of K. fragilis  and K. lactis.

Among the 22 lactose fermenting yeast cultures, 
15 of them  showed satisfactory leavening activity 
as compared to the conventional Baker's yeast, 
Saccharom yces cerevisiae  (Table 1). The present

TABLE 1. LEAVENING ACTIVITY O F  S E L E C T E D  LACTO SE 
FER M ENTING Y EA STS ISO LA TED  FR O M  DAIRY 
PR O D U C TS

L a c to se  fe rm e n tin g  
y e a s ts

L e a v e n in g  ac tiv ity ,
%  in c re a s e  in  v o lu m e  

o f  d o u g h / h
N a tu r a l  i s o l a t e s

7 6 0 -1 0 0
8 100
7 M ore t h a n  100  

(u p to  130)
S ta n d a r d  c u l t u r e s

K. fragilis (MTCC 188) 100
K. m a rc ia n u s  v a r. la c tis  
(MTCC 318) 100
B a k e r 's  y e a s t  (S a c c h a ro m y c e s  
c e re v is ia e ) 130

study reveals the occurrence of lactose ferm enting 
yeasts, especially K luyverom yces  spp. in dairy 
products and their leavening activity w hich is  
comparable with that of conventional Baker's yeast.
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T h e  effect o f  in c o rp o ra tio n  o f  15, 2 0  a n d  2 5 %  tu rk e y  fa t a n d  s k in  (TFS) o n  p h y s ic o -c h e m ic a l p ro p e r t ie s ,  p ro x im a te  

c o m p o s itio n  a n d  o rg a n o le p tic  q u a li ty  o f  co o k ed  tu rk e y  s a u s a g e s  w a s  e v a lu a te d . T F S  levels h a d  n o  e ffec t o n  pi I, th o u g h  
e m u ls ify in g  c a p a c ity  (EC), e m u ls io n  s ta b il i ty  (ES) a n d  co o k in g  lo s s  d e c re a s e d  a n d  e x tr a c t  r e le a s e  v o lu m e  (ERV) in c re a s e d  
w ith  in c re a s in g  level o f  in c o rp o ra tio n . O rg a n o le p tic  s c o re s  w e re  m a rg in a lly  (p<0 .05) a ffec te d  b y  T F S  lev els. H o w ev er, 
in c lu s io n  o f  25%  T F S  s c o re d  lo w e s t in  g e n e ra l.
K e y w o rd s  : E m u ls ify in g  c a p a c ity , E m u ls io n  s ta b ility , E x tra c t  re le a s e  v o lu m e , C o o k in g  lo ss , T u rk e y  fa t a n d  s k in ,

S a u s a g e s .
Though turkey skin and fat are edible, these  

do not have m uch consum er appeal in India. 
Consequently, about 10.2 to 13% of the live weight 
is wasted in case cf adult turkeys (Sahoo 1987). 
It is, therefore, vitally important to evolve production 
processes for gainful utilization of these parts. As 
negligible information is available on the use of 
turkey skin and fat for the production of turkey 
sausages, the present study w as undertaken.

Adult turkey h ens were slaughtered and the 
eviscerated carcasses were hot-boned. Deboned 
turkey meat (DTM) of whole carcasses and turkey 
fat and skin (TFS) were packed separately, chilled 
at 4±1°C for 24 h. com m inuted separately using  
hand mincer, mixed thoroughly in trays m anually  
and incorporated in 3 sausage formulations viz., 
85%  DTM + 15 % TFS (T,), 80  % DTM + 20 % 
TFS (T2) and 75 % DTM + 25 % TFS (T3). Sodium  
caseinate (2 %), sodium  chloride (2 %), tetrasodium  
pyrophosphate (0.3%), sodium  nitrate (0.012 %), 
cane sugar (0.4 %), L-ascorbic acid (0.08 %), raw 
garlic (0.1 %) and ice (20 %) were added to the 
meat mix and m anually mixed for a few m inutes. 
Then, dry spice mix containing red chilli (0.05 %), 
black pepper (0.5 %) and cardamom (0.1 %) were 
added and again mixed m anually. The sausage  
batter thus formed w as stuffed into natural (sheep) 
casings of about 20 m m  dia by manually-operated  
sausage stuffer and cooked in boiling water for 20 
min after attaining the internal temperature of 
70°C. About 10 g each of m inced m eat, batter, and 
cooked sa u sa g e  sa m p les  in d u p licate  were 
homogenised with 50 ml distilled water for 10-15  
sec in a Waring blender and the pH w as m easured. 
The emulsifying capacity (EC), extract release volume 
(ERV) (Jay 1964) of raw m inced meat and em ulsion
* Corresponding Author

stability (ES) (Krishnan et al. 1989; Selvarajah et 
al. 1974) were determined. The cooking lo ss  w as 
estim ated by recording the difference between the 
weight, before and after cooking. The proximate 
com position of both raw m inced m eat and cooked  
sausages w as determined (AOAC 1984). The sen so iy  
q u a lit ie s  v iz ., co lou r , a p p ea ra n ce , flavou r, 
tenderness, ju icin ess and acceptability of turkey 
sausages were evaluated following a 9 point Hedonic 
scale (9=most desirable and 1 = least desirable) by 
a semi-trained taste panel of six  judges. Data were 
analysed statistically (Steel and T om e 1960).

Significant difference w as observed in pH 
values (pZ0.05) of m inced m eat, saushge em ulsion  
and cooked sau sages T,, T2 and T3 treatm ents 
(Table 1). Slightly higher pH of sausage em ulsion, 
than that of minced meat, w as due to the presence  
of tetrasodium pyrophosphate in the former (Trout
TABLE 1. P H Y S IC O -C H E M IC A L  Q U A L IT Y  O F  T U R K E Y  

SA U SA G E „  _
G ro u p  o f  s a u s a g e s

Q u a lity
p a ra m e te r s T , t 3

LSD
(0.05)

PH
R aw  m in c e d  m e a t 6 .1 6 .0 6 .0 0 .4 6 7
S a u s a g e  e m u ls io n 6 .3 6 .3 6 .4 0 .5 3 8
C o o k ed  s a u s a g e 6 .4 6 .4 6 .4 0 .4 3 8

E m u ls ify in g  c a p a c ity , m l 
oil e m u ls i f ic d /0 .7 5  g m e a t 7 0 .0 “ 6 3 .5 b 5 2 .8 “ 1 .9 6 7
E x tra c t  re le a s e  v o lu m e  o f  
m in c e d  m e a t,  m l 26.7* 2 9 .7 b 3 2 .5 e 2 .5 4 5
E m u ls io n  s ta b ili ty , m l 
fa t  r e l e a s e d /1 0 0  g 1.1“ 3 .3 b 4 .1 e 0 .3 8 9
C o o k in g  lo ss , %  

M inced  m e a t 22.6* 2 4 .8 b 2 8 .3 e 0 .5 7 8
S a u s a g e  e m u ls io n 1 7 .8 “ 2 0 .9 b 2 5 .6 e 0 .6 6 7
S a u s a g e 1 1 .8 “ 1 9 .0 b 2 6 .2 e 0 .6 3 7

M e a n s  w ith  d if fe re n t s u p e r s c r ip t  d iffe r s ig n if ic a n tly  (p Z 0 .0 5 ).
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and Schmidt 1984; Stiebing 1984; Krishnan et al.
1989). The pH of cooked sau sages w as higher than  
that of raw em ulsion. Previous workers (Stiebing 
1985; Krishnan et al. 1989) also observed rise in  
pH of frankfurters, depending on the intensity of 
heat treatment. With the increase in  TFS levels, 
the decreases in EC, ES and cooking loss and 
increase in ERV were observed. Greater collagen  
content in TFS may have caused decrease in EC 
and ES. Kondaiah et al. (1987) reported higher EC 
of meat when it contained lower collagen. Price et 
al. (1963) and Jay (1964) noticed increases in ERV 
with fat levels.

The data on the proximate com position (Table 2) 
revealed that % m oisture, total fat of m inced meat 
and cooked sausages were significantly (pZ0.05)

TABLE 2. PROXIM ATE C O M PO SITIO N  O F  TURKEY SA U SA G ES
n  = 6 , X

P a ra m e te rs LSD
T , t 2 t 3 (0.05)

M in c e d  m e a t
M o is tu re , % 64 .9* 63.1* 6 0 .9 C 0 .4 3 9
T o ta l fat, % 13.8* 1 5 .2b 1 7 .9 ' 0 .4 3 3
P ro te in , % 19.3* 2 0 .2 b 2 0 . l b 0 .2 7 1
A sh , % 1.1 1.2 1.2 0 .0 8 6
M o is tu re  : p ro te in ra tio  3.4* 3 . l b 3 .0 C 0 .0 6 9

C o o k e d  s a u s a g e s
M oistu re , % 64.0* 5 8 .2 b 5 3 .8 ' 0 .8 1 4
T o ta l la t, % 15.3* 2 0 .4 b 2 6 .0 C 0 .7 0 2
P ro te in , % 1 9 .8 2 0 .0 19 .3 0 .9 4 2
A sh , % 1.2* 1.3b 1 .4C 0 .6 1
M o is tu re  : p ro te in  ra tio  3 .2 a 2 .9 ” 2 .8 b 0 .1 6 3
M ean s w ith  d iffe re n t s u p e r s c r ip t  d iffe r  s ig n if ic a n tly  (p Z 0 .0 5 ).

different among Tr T2 and T3 treatm ents. The fat 
% decreased as the m oisture % increased. Protein 
contents of raw m inced m eat and cooked sau sages  
were almost equal in different sam ples. Ash % 
remained alm ost constant in raw m eat, but differed 
significantly (P<0.05) in cooked sau sages among T,, 
T2 and T3 treatm ents. The possible reason might 
be the variation in % cooking lo sses of sau sages  
subjected to different treatm ents. Moisture : protein 
ratio decreased significantly (p<0.05) as the level 
of TFS increased both in  case of raw m eat as well 
as cooked sausages. Turgut (1984) reported similar 
results. It has been observed that, the sau sages  
had sam e m oisture, whereas protein as well as fat 
were higher and ash  w as lower in the present

study, as compared to the values reported by 
Kondaiah et al. (1988). The reasons m ight be the 
inherent species differences and variations in the 
sausage recipes.

The sensory studies of turkey sau sages revealed 
that the m ean taste panel scores were, in general, 
in the range of 7 .1 -7 .6  for all the quality attributes, 
thereby indicating that the products were quite 
acceptable and the difference between the treatments 
b ein g  m arginal (p>0.05). H ow ever, sa u sa g e s  
containing 25% TFS were rated inferior, as compared 
to other two treatm ents.

The present study revealed that TFS, which are 
generally not liked by the consum ers, can be 
utilised upto 20% level in preparation of turkey 
sausages, without any deleterious effect on sensory  
qualities and protein value of the product. However, 
further research is required to m inim ise the cooking 
loss by improving the functional properties of meat 
to m ake the product more econom ically viable.
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Fumigation of Jamun Ready-Mix
S. RAJENDRAN*, S. GODAVARI BAI AND K.S. NARASIMHAN

Infestation Control and Protectants Department,
Central Food Technological Research Institute, M ysore-570 013 , India.

T h e  s e n s o ry  q u a li ty  o f  gulabjamuns (an  In d ia n  m ilk -sw e e t p re p a ra t io n ) ,  p r e p a re d  fro m  jam un  re a d y -m ix  s a m p le s  
fu m ig a te d  w ith  p h o s p h in e  a t  th e  effective d o sa g e  o f  2 g /m 3 w ith  5  d a y s  e x p o s u re  p e rio d  a t  29± 2 °C , w a s  s a t is fa c to ry . 
T h e  levels o f  p h o s p h in e  r e s id u e s  in  th e  re a d y -m ix  s a m p le s  w e re  0 .1 6 , 0 .0 2  a n d  0 .0 1  p p m , re s p e c tiv e ly  a f te r  2 , 7 
a n d  12 d a y s  a e ra t io n ,  fo llow ing  fu m ig a tio n . No r e s id u e s  w e re  d e te c te d  in  r e a d y - to -e a t  p ro d u c t .
K e y w o rd s  : Jamun re a d y -m ix , In s e c t  c o n tro l, P h o s p h in e  re s id u e s ,  F u m ig a tio n , S en so ry ' q u a lity .

Jam un  or gulabjamun, a milk-sweet preparation, 
is a popular dish in India. Ready-mix for jam u n s  
comprising approximately 50% refined wheat flour 
(maida), 35% milk powder, 15% hydrogenated fat 
(vanaspaLi) and preservatives is m anufactured at 
cottage and small scale industry levels both for 
domestic consum ption and export. Among instant 
m ixes produced in India, jam u n  ready-mix has a 
major share (CFTRI 1987) and the com position of 
the mix has been reported (Rangi et al. 1985; 
Minhas et al. 1985). Being a com posite mix 
containing a cereal product [maida), milk protein 
and fat, the instant mix is prone to be infested 
by stored-product insects including the rust-red 
flour beetle (Tribolium casianeum), the spice beetle 
(S tegob iu m  p a n iceu m ), th e  c ig a re tte  b ee tle  
[Lasioderma serricome) and tropical warehouse moth 
(E ph estia  cau te lla ) (Rajendran, u npu blished). 
Infestation is, generally, carried over to the ready- 
mix from the raw materials like m aida  and milk  
powder. In addition, cross-infestation of the jam u n  
hour occurs when infested food com m odities are 
stored nearby. Problems of insect infestation in the 
read y-m ix  h ave b een  ex p e r ie n c e d  by th e  
m anufacturers. E xperim ents were, therefore, 
conducted to select a su itable fum igant for 
disinfesting the ready-mix and to examine the 
extent of residues cf the selected fumigant in both 
ready-mix and ready-to-eat product.

The jam u n  ready-mix, (initial m oisture content 
9.5%-oven method), obtained from the local market, 
was used for all experiments. In the first experiment, 
fumigation of ready-mix sam ples (1 kg each) in 2.51  
desiccators w as done in duplicate, for each fumigant 
along with an untreated control, at 29±2°C. Tribolium 
casianeum  (Herbst) at representative life stages as 
the test insects were placed in the ready-mix. 
Appropriate d o sa g es of fu m igan ts in clu d in g
* Corresponding Author

phosphine at 2 g /m 3, 5 days exposure; m ethyl 
bromide 48 g /m 3, one-day exposure; ethyl formate 
400  g /m 3, 3 days exposure; and 95% COz, 7 days 
exposure; were used. After the exposure period, the 
test insects were observed for mortality of adults. 
The test insects were transferred to 2 .5  x  15 cm  test 
tubes containing 15 g whole wheat flour and final 
mortality assessm ent carried out at 20  days post­
treatment. The fumigated ready-mix sam ples were 
spread on separate plastic trays for aeration for 7 
days. Gulabjamuns from each sam ple of fumigated  
and unfumigated control ready-mix were prepared. 
For every 100 g ready-mix, about 45 ml water w as 
added and the dough w as m ade into sm all balls 
of uniform size. They were deep-fried in fat under 
moderate heat, after which they were transferred  
to sugar syrup of 30° Brix. The sensory quality of 
prepared jam u n s  w as assessed  by a panel of 
fourteen judges. Kramer's m ethod (Kramer 1960) 
w as used for determining the significance of 
differences from rank sum s.

Based on its efficacy and the sensory quality 
of jam u n s  prepared from fum igated ready-mix, 
phosphine w as found to be the satisfactory fumigant 
for the ready-mix. Therefore, further experim ents 
to determine the residue levels of the selected  
fumigant, i.e. phosphine, in the fum igated ready- 
m ix were carried out. Ready-mix sam ples (1 kg 
each) were fumigated for 5 days at 0 .6 , 2 .0  and
6 .0  g /m 3, respectively; an u n d erd osage, an  
insecticidal dose and a higher (x3) dosage. Phosphine 
concentrations were monitored at regular intervals 
using chromogenic colum n m ethod (Muthu and 
M ajumder 1973) and th e  con cen tration -tim e  
products (cts) achieved were estim ated. The treated  
sam ples were aerated by spreading in plastic trays 
at 29+2°C. R esidues of phosphine in the ready-mix 
after 2, 7 and 12 days aeration were determined  
according to Bruce et al. (1962), using 5 00  g 
sam ples. Residue determ ination w as also carried
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out in the finished product prepared from the 
ready-mix fumigated with phosphine at 2 g /m 3 and 
aerated for 7 days. The recovery of phosphine w as 
tested  by incorporating know n am o u n ts of 
aluminium phosphide in unfum igated ready-mix. 
The recovery w as in the range of 85-90%.

Fumigation of the ready-mix with phosphine 
at 2 g /m 3, 5 days exposure, resulted in 100% kill 
of test insects and the sensory quality of jam u n s  
prepared from phosphine fumigated sam ples were
TABLE 1. SE N SO R Y  QUALITY O F  JAMUNS PR EPA R ED  FROM  

T H E  READY-M IX S U B JE C T E D  T O  FUM IGATIONS 
AT 29±2°C

T re a tm e n t*  S e n s o ry  q u a li ty  ( ra n k  su m s) '
F u m ig a n t D o sa g e E x p o s u re

p e rio d
(days)

F la v o u r T e x tu re O v era ll
q u a lity

U n tre a te d - - 4 9 .0 4 5 .5 3 9 .5
P h o sp h in e 2 g /m 3 5 4 0 .5 4 8 .0 3 6 .5

O o M 95Yo 7 4 0 .5 3 9 .5 3 8 .0
E th y l
fo rm ate 4 0 0  g / m 3 3 4 9 .5 4 8 .5 5 6 .5
M ethy l
b ro m id e 4 8  g / m 3 1 7 1 .5 6 3 .5 7 3 .0
* All t re a te d  s a m p le s  w ere  a e ra te d  for 7  d a y s  b e fo re  p re p a ra t io n  

o f  jamuns
** S a m p le  fu m ig a te d  w ith  m e th y l b ro m id e  w a s  in fe r io r  in  te rm s  

o f  flav o u r a n d  o v e ra ll q u a li ty  a t  1% level o f  s ig n if ic a n c e .

found acceptable and satisfactory (Table 1). Luck 
et al. (1984) fumigated dairy products including  
milk powder with phosphine with an average 
concentration exceeding lg /m 3 for 5 days. They 
observed that the flavour, odour and appearance 
of the fumigated milk powder were normal.

C 02 at 95% level produced 100% insect 
mortality. However, the jam u n  balls showed cracking 
as the absorbed C 0 2 w as released while frying and 
the size of syrup-soaked jam u n  w as slightly smaller. 
The sensory quality was, nevertheless, not affected 
by C 02 treatment. Unacceptable off-flavour and 
texture-quality were observed in ja m u n s  prepared 
from ready-mix fumigated with the effective dosage 
of methyl bromide. It is known that methyl bromide 
reacts with wheat protein, sulphur containing  
amino acids, m ethionine in particular, giving rise 
to dimethyl sulphonium  derivatives which, further, 
decompose under hum id conditions accounting for 
an 'organic su lp h id e’ taint for long periods 
(Winteringham et al. 1955). Recently, it has been  
recommended not to use methyl bromide for 
fumigating flour and food com m odities rich in fat 
and protein (like nuts, oilseeds, oilcakes and 
meals), un less required by contractual obligations

or for quarantine reasons (AFHB/ACIAR 1989). 
Heavy sorption and resultant problems of taint and 
high res id u es  are the obv iou s rea so n s for 
discouraging methyl bromide treatm ents on such  
commodities. The qualities of ja m u n s  prepared from 
ethyl formate-fumigated ready-mix were better than  
that of the methyl bromide-treated ones. However, 
ethyl formate, even at 4 0 0  g /m 3, 3  days exposure, 
produced only 50% mortality of the test insects. 
In view of these drawbacks with m ethyl bromide 
and ethyl formate, further stud ies involving their 
residues were not carried out.

Phosphine residue levels in the ready-mix 
decreased as the aeration period increased (Table 2).
TABLE 2. LEVELS O F  P H O S P H IN E  R E S ID U E S  IN FUM IGATED 

JAMUN READY-MLX
P h o s p h in e cts A e ra tio n P h o s p h in e

dosag e* a c h ie v e d (days) resid u e* *
g / m 3 ( g / h / m 3) (ppm )
0 .6 9 0 2 0 .0 5

12 0 .0 1
2 .0 2 1 6 2 0 .1 6

7 0 .0 2
12 0 .0 1

6 .0 9 8 3 2 0 .2 7
12 0 .0 5

E x p o s u re p e rio d  5  d a y s  in a ll c a s e s .
T e m p e ra tu re  d u r in g  fu m ig a tio n  a n d  a e r a t io n  w a s  29±2°C

** A verage o f  2 d e te r m in a t io n s  u s in g  5 0 0  g s a m p le s  in  e a c h . 
cts- c o n c e n tra t io n - t im e  p r o d u c ts

Thus, at the effective dosage of 2 g ph osp h in e/m 3 
5 days exposure, the residue at 2 days aeration was
0 .16  ppm which decreased to 0 .02  and 0.01 ppm, 
respectively, after 7 and 12 days of aeration. A 
similar trend w as noted with other dosages also. 
Muthu et al. (1978) claim ed that processed foods 
including jam u n  ready-m ix sorb comparatively less  
of phosphine during fumigation at 6 g phosphine/ 
tonne for 5 days. They estim ated phosphine residues 
by an indirect m ethod of headspace gas analysis 
of 0 .25  ppm in jam u n  flour which w as aerated for 
24 h following fumigation. In the present study, 
the ready-to-eat product, i.e. the fried jam u n s  
prepared from the flour, which w as fumigated at 
2 g /m 3, 5 days exposure and aerated for 7 days, 
did not show  any phosphine residues.

The results indicate that at 29±2°C fumigation  
with phosphine at 2 g /m 3, 5 days exposure is the 
satisfactory m ethod for controlling insect infestation  
in jam u n  ready-mix. An aeration period of more 
than 12 days is  essentia l to bring down the 
phosphine residue level in the ready-mix to less
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than the perm issible level of 0 .01 ppm. At lower 
temperature, i.e. 15 to 25°C, it is necessary to 
extend the fumigation period upto 10 days. Then, 
the aeration period also h as to be prolonged.

The authors thank Mr. M.S. Gopal, Mr. S.N. 
Raghavendra Rao and Mr. D akshinam urthy for 
their assistance and the Director, CFTRI, for 
encouragement and support.
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Unsaturated Fatty Acids Nutritional and Physiological 

Significance : The Report of the British Nutrition 
Foundation's Task Force. Chapman and Hall, 2- 
6, Boundary Row, London SE1 8HN, 1992, 
pp:211, price : £  60.

Polyunsaturated fatty acids (PUFA) have been  
recognised as essential for normal development and 
health. The question of quantities of these fatty 
acids that should be present in the hum an diet 
has been a subject of debate. The apparent virtues 
of supplem enting one's diet with fish oil an d /or  
vegetable oils with high PUFA have been widely 
advertised, accom panied by som ewhat extravagant 
claims for their potential to cure or prevent a 
number of diseases.

The British Nutrition Foundation com m issioned  
a Task Force, under the Chairmanship of Dr. A. 
Garton and with eleven em inent personalities in the 
field, to review the present state of knowledge of 
unsaturated fatty acids. The report prepared by the 
Task Force is  very informative. It consists of twenty  
four chapters. The first chapter starts with chemistry 
and structure of the different unsaturated fatty 
acids. Foods in which these fatty acids are found 
(Ch.2) and how m uch of them  are consum ed (Ch.3), 
digestion , ab sorp tion  and tran sp orta tion  of 
unsaturated fatty acids in the body and their 
functions are d iscussed  in chapters 4 to 9. Role 
of PUFA in a variety of different d iseases is 
discussed in chapters 10 to 20 and considers the 
implications for nutrition labelling in chapter 21. 
On the basis of these considerations, the Task  
Force has put forward its recom m endations for 
intakes of PUFA in the diet (chapter 22). Conclusions 
and suggestions for future progress are given in 
chapters 23 and 24. The Report contains a glossary  
of important term s used in the text and h as a big 
list of references.

This Task Force Report is very useful and 
certainly fulfils the purpose for which it w as 
prepared. It is an invaluable reference book for 
nutritionists, b iochem ists, food sc ien tists and 
medical professionals.

M .N . KRISHNAM URTHY  
C .F .T .R .I ., M Y S O R E -570  0 1 3

A lp h a -a n d  b e ta -h e x a c h lo ro c g c lo h e x a n e s
Environmental Health Criteria 123, WHO,
Geneva, 1992, pp:170; Price : Sw. Fr. 20.
The book 'alpha-and beta-hexachlorocyclo-

hexanes' is  published under the joint sponsorship  
of the United Nations Environment Program, the 
ILO, and the WHO. The two isom er com pounds are 
separately dealt with in two parts. The review 
d iscu sses the available information under the 
following headings -Identity, Properties and Analytical 
methods; Sources of H um an and Environmental 
Exposure; Environmental Transport, Distribution, 
and Translocation; Environmental levels and Human  
Exposure, Kinetics and Metabolism; Effects on 
Laboratory M ammals and In Vitro Test System; 
Effects on Hum ans, and Effects on other organisms.

Alpha-hexachlorocyclohexane (a-HCH) and beta- 
hexachlorocyclohexane (P-HCH) are by-products in 
the m anufacture of lindane (<99% y-HCH). These 
two HCH isom ers are environm ental pollutants, 
being sparingly soluble in water. Their biodegradation 
and abiotic degradation (Dechlorination) by U.V. 
irradiation occur in the environm ent at a very 
slower rate than that of lindane.

The chapter on environmental levels and hum an  
exposure reviews the residue levels in air over 
oceans, rain water, river water, plants, fishes and 
other aquatic species. Food is the major source of 
general population exposure to a-HCH and p-HCH. 
The levels, m ainly in fat containing food item s could 
be upto 30-50  (Jg/kg product, in fish products upto 
500 pg a-HCH/kg, and in m ilk products upto 4 
pg p-HCH/kg. It is noted that the hum an daily 
intake level of these HCH residues via food is  
gradually decreasing over the years. The plasm a 
concentration of P-HCH ranges upto 25 pg/L, 
whereas it is <0.1 pg/L  for a-HCH. The concentration 
in hum an adipose tissu e  and breast milk are 
reported to be low.

The chapter on Kinetics and M etabolism  
describes absorption, distribution, elim ination and 
metabolic transformation of these HCH isom ers in  
experimental anim als and in hum ans. Absorption 
of 95-100%  HCH residues from the GI tract has  
been reported. Maximum accum ulation occurs in 
fatty tissue. p-HCH p asses the blood-brain barrier 
m uch less readily than the other HCH isomers. 
Transplacental and translactational transfer of P- 
HCH has been docum ented. Bio-transformation  
involves dehydrochlorination and then, hydroxylation 
to telra- and tri-chlorophenols. Half-life for clearance 
from fat depot is reported to be more in female 
anim als than in m ales. Pretreatment of P-HCH alters 
the m etabolism  of lindane in  rats. P-HCH is
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metabolised more slowly than lindane.
The next chapter d iscu sses, in detail, the 

effects on laboratory m am m als and In vitro system s. 
The acute oral LDM value for a-HCH is in the range 
500-5000 m g/k g  b.w. and this is still higher for 
(3-HCH. P oison ing  s ig n s  are th o se  of CNS 
stim ulation /depression . Long term intakes of 
su b acu te d o ses  produce growth d ep ression , 
histological and enzyme level changes in liver and 
im m uno-suppression. No effect dose for either of 
the HCH isomers is reported to be 0.1 m g/k g  b .w ./ 
day. No adequate long term toxicity studies or 
reproduction and teratogenicity studies have been  
reported for a-HCH. Increased infertility and absence 
of teratogenic effects are reported in the case of 
P-HCH. There is  no evidence for m utagenicity of 
these HCH isom ers. Tum orogenicity of these  
com pounds h as been observed in mice.

Effect on hum ans by occupational exposure is 
adequately reviewed in the next chapter. Effects on  
organisms in environment is d iscussed  in the 
subsequent chapter. These HCH isom ers have low 
toxicity for algae and are moderately toxic for 
invertebrates and fish. No data are available on 
effects on populations and eco system s. The 
monograph ends with a brief chapter on conclusions 
and recom m endations for protection of hum an  
health and environment.

The monograph h as a vast bibliography of 227  
references. This extensive review is a valuable 
docum ent for th ose  engaged in s tu d ie s  on  
environmental safety of hexachlorocyclohexane.

K. SRINIVASAN  
C .F .T .R .I ., M Y S O R E -570  0 1 3

ACROLEIN : Environmental Health Criteria - 127, 
published under the joint sponsorship of UNEP, 
ILO and WHO. WHO, Geneva, 1992, pp:116, 
price : Sw. Fr. 15.
This document is an outcom e of the meeting 

of WHO Task Group on Environmental Health 
Criteria for Acrolein, held in Geneva during 7 -1 1th 
May 1990. This docum ent contains 12 sections. 
Section 1 deals with the abstract information on 
the chem istiy, analysis, toxicity and the risk 
potential of acrolein to hum an health. Section 2 
contains the detailed physico-chem ical properties

of acrolein and the validity of different analytical 
m ethods (HPLC, GC, Fluorim etiy, Spectrometry) 
used in the detection of very low concentrations 
(0.003 m 3) of acrolein. Section 3 com prises the 
natural and anthropogenic sources of acrolein. In 
th is section, a Table containing the em ission rates 
of acrolein from different sources is well represented. 
Section 4 deals with environm ental transport, 
abiotic degradation and b iotransform ation  of 
acrolein. An in-depth analysis of environm ental 
levels of acrolein and hum an exposure is  presented  
in Section 5. Section 6  deals with the details of 
absorption and m etabolism  of acrolein in biological 
system s. In Section 7, a ve iy  detailed information 
on the effects of acrolein on respiratory system , 
skin and eyes is provided. The biochem ical effects 
of acrolein such  as its interactions with proteins 
and nucleic acids are well d iscussed . An in-depth  
information regarding the reproductive, em biyo and 
teratogenic toxicity of acrolein is  docum ented. 
However, in the sam e section, there is no definite 
conclusion on the carcinogenic and m utagenic  
properties of acrolein. Section 8 deals with acrolein  
poisoning in hum ans and its im pact on clinical 
parameters such  as blood picture, etc. In the sam e  
chapter, a Table containing the thresholds for acute  
effects of acrolein on hum ans is well docum ented. 
In Section 9, the effects of acrolein on aquatic 
anim als, birds and plants are elucidated. Section  
10 com prises the detailed evaluation regarding 
hum an health risks of acrolein. In Section 11, a 
definite future research programme on acrolein 
with reference to (a) intake of acrolein from food 
and beverages, (b) epidem iological stu d ies on  
acrolein-respiratory d iseases, (c) m etabolism  and 
excretion of acrolein and (d) the efficacy of sulfhydryl 
com pounds as antidotes is  projected. In Section 12, 
a brief note on the evaluation reports of international 
bodies like LARC and EEC on acrolein are included.

WHO Task Group has done a com m endable 
job in docum enting a detailed analysis of the 
published literature on acrolein and also in 
suggesting further research program m es. This 
docum ent will be very m uch useful to researchers, 
industrialists and policy m akers.

K .S . JA G AN NATH A RAO  
C .F .T .R .I ., M Y SO R E -57O  0 1 3

J. Food Sci. Technoi, 1993, Vol 30, No.3



The Genesis Freeze Dryer
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.

Supra Chamber 24
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.

SRC Sublimators
±1° performance matched from shelf and chamber to chamber -  from pilot plant to full production upto 144 Sq.ft, of stoppering shelf space and 500 lb condenser ice capacities.

FCP III Freeze Dryer Control System
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.
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