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J o u r n a l  o f  F o o d  S c ie n c e  a n d  T ech n o lo g y , 
d e v o ted  to  o r ig in a l R  & D c o n tr ib u t io n s  in  
a ll b r a n c h e s  o f  S c ie n c e , T ech n o lo g y  a n d  
E n g in e e r in g  o f  F o o d s  a n d  F o o d  P ro d u c ts ,  
is  a  b im o n th ly  p u b lic a tio n  o f  th e  A sso c ia tio n  
of F ood S c ie n tis ts  a n d  T e c h n o lo g is ts  (India), 
M ysore. R eview  p a p e r s  a r e  a ls o  p u b lis h e d  
to  a  l im ite d  e x te n t.
No p a r t  o f  th e  jo u r n a l  s h o u ld  b e  re p ro d u c e d  
w ith o u t  w r it te n  p e rm is s io n  o f  th e  E d ito r . 
P u b l ic a t io n  o f  p a p e r  in  t h e  j o u r n a l  
a u to m a tic a lly  t r a n s f e r s  th e  co p y  r ig h ts  
fro m  th e  a u th o r s  to  th e  jo u rn a l .
T h e  E d ito r  re s e rv e s  th e  p riv ileg e o f  e d itin g  
th e  m a n u s c r ip t  a n d  a d d in g  o r  d e le tin g  
re le v a n t p a r ts ,  to  m a k e  i t  s u i ta b le  for 
p u b lic a tio n  in  th e  J o u r n a l .
T h e  E d ito r  a s s u m e s  n o  re s p o n s ib ili ty  for 
th e  s ta te m e n ts  a n d  o p in io n s  e x p re s s e d  b y  
th e  c o n tr ib u to rs .
M a n u sc rip ts  for p u b lic a t io n , b o o k s  for 
rev iew in g  a n d  m a t t e r  c o n c e r n e d  w ith  
a d v e r t is e m e n ts  in  th e  J o u r n a l  s h o u ld  b e  
a d d re s s e d  to  th e  E d ito r , J o u r n a l  o f  Food 
S c ie n ce  a n d  T ech n o lo g y , A F ST  (I), C FTRI 
C a m p u s , M y so re -5 7 0  0 1 3 , In d ia .
T h e  In s t ru c t io n s  to  A u th o r s  a r e  p u b lis h e d  
in  th e  J a n u a r y - F e b r u a r y  is s u e  o f  th e  
jo u rn a l .  T h e s e  a r e  re q u ire d  to  b e  follow ed 
in  toto. No d e v ia tio n  is  a c c e p te d .
New m e m b e rs  o f A FST  (I) a r e  e n ti t le d  to 
rece iv e  'J o u r n a l  o f  F o o d  S c ie n c e  a n d  
T ech n o lo g y  (JFST) o r  'In d ia n  F oo d  In d u s try ' 
(IFI)- free o f  co s t.
M em b ers  o p tin g  fo r IFI c a n  s u b s c r ib e  to 
'J o u rn a l  o f  F oo d  S c ie n c e  a n d  T ech n o lo g y ' 
a t  a  c o n c e s s io n a l ra te .
T h o se  m e m b e rs  w h o  w e re  e a r l ie r  g e ttin g  o r 
h a d  o p te d  for IFI, c a n  n o w  c h a n g e  th e  
o p tio n  (once in  a  y e a r  only), to  g e t g ra t is  
co p ies  o f  'J o u rn a l  o f  F oo d  S c ie n c e  a n d  
T ech no logy ', if  th e y  so  d e s ire .
A d v e rtis e m e n ts  fro m  m a n u f a c tu re r s  a n d  
d e a l e r s  o f  c h e m i c a l s ,  g l a s s w a r e ,  
i n s t r u m e n t s ,  m a c h i n e r y  a s  w e ll  a s  
p u b l is h e r s /d is t r ib u to r s  o f  b o o k s /p e r io d ic a ls  
a re  a c c e p te d . T h e  r a te s  fo r a p p e a r a n c e  in  
s ix  is s u e s  in  a  y e a r  a r e  (B /W ) :
B ack  o r  In s id e  C o v e r P ag e  : R s. 1 0 ,0 0 0 /-  
F u ll P ag e  : R s. 6 ,0 0 0 / -
H a lf P ag e  : R s. 4 ,0 0 0 / -
R a te s  for c o lo u re d  a d v e r t is e m e n ts  (u p to  4  
co lo u rs) c a n  b e  o b ta in e d  fro m  th e  E d ito r.
C o rre sp o n d e n c e  r e g a rd in g  s u b s c r ip t io n  a n d  
m e m b e rs h ip  r a te s  s h o u ld  b e  a d d re s s e d  to 
th e  E x ec u tiv e  S e c re ta ry , AFST(I), CFTRI 
C a m p u s , M y so re -5 7 0  0 1 3 , In d ia .
All p a y m e n ts  s h a l l  b e  m a d e  b y  D e m a n d  
D ra ft o r  M oney  O rd e r  in  fa v o u r  o f  th e  
E x e c u t iv e  S e c r e t a r y ,  A F S T (I), C F T R I 
C a m p u s , M y so re -5 7 0  0 1 3 . In d ia .
In  c a s e  o f  In d ia n  I n s t i tu t io n s  a n d  n a tio n a ls , 
th e  s u b s c r ip t io n  th r o u g h  a g e n ts  is  n o t 
e n te r ta in e d .

E ffect o f  F erm en tation  Period and T em perature on  
A n tin u trien ts and In  v itro  D ig estib ility  o f  S tarch  and  
P rotein  o f  W a d i - An Ind igenou s F erm en ted  Legum e  
Product
Sunita Y adav a n d  Neelarn Khetarpaul

O ccurrence o f  S a lm o n e lla  in fa n tis  and S. n e iv p o r t  in  
M arket Prawns
M.M. Prasad an d  C.C. Pandurangarao

M o n ito r in g  o f  P e s t ic id e  R e s id u e s  in  T e m p e r a te  
H orticulture Produce in  India
J.K. Dubey an d  A. Nath

S in g le  C ell P ro te in s  from  C h em ica lly  P r e -trea ted  
G roundnut Pod S h ells  U sing P le u ro tu s  sp .
Neeraj Khare

U tiliza tion  o f  Cowpea Flour (V igna ca tju n g)  in  th e  
Preparation o f  S a n d ig e
C. S. Hemalatha, A sna Urooj an d  Shash ikala  Puttarqj

F orm ulation and Preparation o f  Cowpea (V igna c a tju n g ) 
P a p  a d
B.S. B harathi A sn a  Urooj and Shashikala Puttarqj

Som e M oisture D ep en d en t P h ysica l P roperties o f  K a b u li  
C h a n a  (C icer a r ie tin u m  L.)
D. R. Rai and Ashok Kumar

In flu en ce o f Organic A cids on  Flavour P ercep tion  o f  
M alaysian and G hanaian C ocoa B ean s
S. Jinap and A. Zeslinda

E ffect o f  P olyphosp hate C hilling and P ackaging on  th e  
Q uality o f Fried Quail S tored  in  R efrigerator
S.K. Panda, R.P. Singh an d  S.K. A nand

E ffect o f  Pre-harvest Spray o f Growth R egulators on  th e  
P ectin  M ethyl E sterase A ctiv ity  o f  B er  Fruit D uring  
Cold Storage
J. S. Bal, J.S. J a w a n d a  and P.S. Kahlon

F u n ction a l Properties o f R apeseed  P rotein  Iso la tes
Am iia M ahajan an d  Saroj Dua

S u itab ility  o f  R everse O sm osis C oncentrated  M ilk for th e  
M anufacture o f  P a n eer
Surinder Gupta an d  Dharam Pal

E ffect o f  Incorporation o f  Puffed B engalgram  Flour on  
th e  Q uality o f  Bread
K. Rathna an d  S. N eelakantan

BOOK REVIEWS

135

138

141

144

147

150

153

156

159

162

166

169
172

132



R E V I E W J .  F o o d  S c i .  T e c h n o l ,  1 9 9 5 ,  V o l  3 2 ,  N o .  2 ,  8 1 - 9 3

Methods for Dehulling of Pulses : A Critical Appraisal
UMAID SINGH

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT),
Patancheru-502 324, India.

P u lse s , th e  e d ib le  s e e d s  o f  le g u m e s , a r e  d e h u lle d  in to  dhal (d e c o rtic a te d  d ry  s p li t  c o ty le d o n s)  fo r  u s e  a s  h u m a n  
food. N ot o n ly  d o e s  d e h u ll in g  re d u c e  co o k in g  tim e  a n d  a n t in u t r ie n ts ,  i t  a ls o  im p ro v e s  p ro te in  q u a lity , p a la ta b il i ty ,  
a n d  d ig es tib ility  o f  p u ls e s .  A n e ffic ien t a n d  im p ro v ed  d e h u ll in g  o f  p u ls e s  is  o f  v i ta l  im p o r ta n c e  in  re d u c in g  d e h u ll in g  
lo s s e s  a n d  th u s  in c re a s in g  th e  a v a ila b ility  o f  dhal in  th e  d a ily  d ie ts  o f  th e  p e o p le . In  s p ite  o f  s e v e ra l  a d v a n c e s  in  
d e h u llin g  m e th o d o lo g y  o f  p u ls e s ,  dhal m ille rs  a n d  v illa g e rs  a r e  s till  u s in g  th e  ag e -o ld  t r a d i t io n a l  p ra c t ic e s  o f  d e h u llin g , 
c o n se q u e n tly  in c u r r in g  s ig n if ic a n t  q u a n t i ta t iv e  a n d  q u a li ta t iv e  lo s s e s . Dhal y ie ld , w h ic h  is  a  f u n c t io n  o f  d e h u ll in g  
efficiency , is  h ig h e s t  in  c h ic k p e a  a n d  lo w e s t in  p ig e o n p e a  in  c a s e  o f  b o th  s m a ll  s c a le  ( s to n e  chakkQ a n d  la rg e  s c a le  
[dhal mill) o p e ra t io n s .  M ean  d e h u ll in g  lo s s  is  n e a r ly  3 3 %  in  s to n e  chakki a n d  2 5%  in  dhal m ills . O f  th e  v a r io u s  p r e 
t r e a tm e n ts ,  h e a t in g  o f  s e e d  b e fo re  d e h u ll in g  a p p e a r s  to  im p ro v e  th e  dhal y ie ld  in  p u ls e s ,  p a r t ic u la r ly  in  p ig e o n p e a . 
P u ls e  v a r ie t ie s  w ith  u n ifo rm  a n d  ro u n d  s e e d s  a r e  p re fe r re d  fo r h ig h e r  dhal y ie ld s . G e n o ty p ic  d if fe re n c e s  e x is t  in  th e  
d e h u llin g  c h a r a c te r i s t ic s  o f  d iffe re n t p u ls e s ,  a s  e v a lu a te d  b y  u s in g  la b o ra to ry  m e th o d . T h is  p a p e r  rev ie w s in -d e p th , 
s ev e ra l a s p e c ts  o f  d e h u llin g , s u c h  a s  m e th o d o lo g y , p r e - t r e a tm e n ts ,  p h y s ic a l, m o rp h o lo g ic a l a n d  c h e m ic a l  n a tu r e  o f  
seed , w ith  re s p e c t  to  d e h u ll in g  c h a ra c te r is t ic s ,  n u t r i e n t  lo s s e s  a n d  v a r ie ta l , d if fe re n c e s  in  d e h u l l in g  q u a lity .
K e y w o rd s  : P u ls e s ,  T ra d it io n a l  a n d  m o d e m  m e th o d s  o f  d e h u llin g , P re - t r e a tm e n ts ,  S e e d  c h a r a c te r i s t ic s ,  V a rie ta l  

d iffe re n c e s , N u tr ie n t  lo s se s .

As a matter of convenience, grain legum es, 
such as chickpea (Cicer arietinum  L.), pigeonpea 
(Cajanus cajan  L.), mung bean (Vigna radiata  L.), 
urd bean (Vigna mungo L.) and lentils (Lens 
esculentaL.), are com m only referred to as pulses 
in the Indian sub-continent. Chickpea and pigeonpea 
are veiy important pulse crops in India, as they  
occupy nearly 45% of the total pulse area and 
contribute about 60% of the total pulse production  
in the country. Approximately 75% of the total 
world yield of pulse is produced in  the developing 
countries and India accounts for about 70% and 
85% of the total world production of chickpea and 
pigeonpea (Singh and Singh 1992). India produces 
over 12 million tonnes of pulses annually and this 
figure has almost remained static for the last three 
decades (Sharma 1994). It is not surprising that 
per capita availability  of p u lse s  h a s fallen  
significantly, as the population is expanding at the 
rate of 2.1% per annum  in India (World Bank
1991). Further, the pulse production is stagnant 
and imports are negligible, until recently. The low 
production and productivity of pu lses are because  
of the fact that these energy-rich crops are growh 
under the condition of energy deprivation, i.e., low 
input m anagem ent practices (Jeswani and Saini
1981). Over 90% of the area under pulse cultivation  
is confined to un-irrigated lands, and in the 
foreseeable future, th is situation is  unlikely to 
change. In addition, p u lses also suffer considerable
S u b m itte d  a s  J A  # 1 7 1 7  b y  th e  I n te r n a t io n a l  C ro p s  R e s e a rc h  
In s t i tu te  for th e  S em i-A rid  T ro p ic s  (ICRISAT)

q u a n tita tiv e  and  q u a lita tiv e  lo s s e s  d u rin g  
transportation, post-harvest handling, dehulling, 
and storage (Singh and Jam bunathan 1990).

D eh u llin g  p r o c e ss , a lso  ca lled  prim ary  
processing, converts the whole seed of pu lses into 
dhal (decorticated dry split cotyledons), which is 
consum ed in various forms. Dehulling is the m ost 
important operation of post-harvest handling of 
pulses, and hence plays an important role in  
processing and utilization of p u lses in the daily 
diets of the people. Although the exact figures are 
not available for different pu lses, currently it is  
estim ated that over 75% of chickpea and 85% of 
pigeonpea produced in India are dehulled to produce 
dhal. Earlier, about 80% of the grain legum es 
produced in India were dehulled and milled to 
produce splits (dhal), before consum ption (Parpia
1973). There are several thousand s of dehulling  
units of varying capacities for processing the 
annual total production of p u lses in India (Kurien
1981). Although it will depend on the m ethods and 
m achinery used for dehulling, several factors such  
as environment, agronomic practices, genotypes, 
and pre-treatm ents influence the dehulling process 
and consequently, the dhal yield (Singh and 
Jam bunathan 1981; Ram akrishnaiah and Kurien 
1983; Reichert et al. 1984). In recent years, the 
processing of p u lses h as becom e more attractive, 
and there are continuing efforts to improve the dhal 
yield of pu lses either through better processing  
techniques or availability of more suitable genotypes 
or both (Kurien 1984; Ehiwe and Reichert 1987; 
Singh et al. 1992a; Saxena et al. 1993; Williams

81



82

et al. 1993). In view of this, an attem pt is made 
in this paper to present a com prehensive review 
on dehulling of p u lses in India and suggest future 
research needs.
A dvantage o f  dehu llin g

D iy whole seeds of p u lses p o ssess a fibrous 
seed coat, or testa (husk, hull, or skin). The seed  
coat is often indigestible and som etim es cau ses a 
bitter taste (Singh and Singh 1992). Therefore, 
pulses are m ostly consum ed after dehusking to 
improve their palatability and taste. The m ost 
beneficial effect of dehulling is the reduction of 
cooking time in term s of removing the impermeable 
seed coat of pulses, which hinder water uptake 
during cooking (W illiams et al. 1993). The 
polyphenols, a lso  called ta n n in s, w hich are 
considered to be the potential antinutritional factors 
are m ostly present in the seed coat. In case of 
pulses, seed coats account for 80-90%  of the total 
seed polyphenols (Rao and Deosthale 1982; Singh
1993), which are significantly reduced by dehulling 
(Rao and Deosthale 1982; Singh 1984, 1993). 
Removal of hull facilitates a reduction of fibre and 
tannin contents and improvement in the appearance, 
texture, cooking quality, palatability and digestibility

Fig. 1. T ra d it io n a l  m e th o d  o f  d e h u llir tg  p u ls e s  u s in g  p e s t le  a n d  
m o r ta r .

Fig. 2 . T ra d it io n a l  m e th o d  o f  d e h u l l in g  p u ls e s  u s in g  s to n e  
chakki

of the grain legum es (Kon et al. 1973; D eshpande  
et al. 1982). Dehulling improves the protein quality 
in pulses. For example, the true protein digestibility  
and net protein utilization of dhal com ponents were 
significantly higher than those of the w hole seed  
of pigeonpea, indicating the beneficial effects of 
removal of seed coat (Singh 1993).
M ethods o f  d eh u llin g

Historically, the processing of food legum es in 
developing countries has been done in  the hom e 
by women, a s  part of the m eal preparation. The 
conversion of pu lses into dhal is an age old m ethod, 
practised in the hom es and slowly adopted by the 
agro-processing industry, in  the form of com m ercial 
dhal mills. Both sm all and large scale industries 
have evolved to som e extent from these traditional 
food processing m ethods. Dhal m illing is  an  
important industry, comparable with rice m illing 
and flour milling industries, in  term s of capital 
investm ent. The dehulling m ethods can  be broadly 
classified into two categories :

I. Traditional m ethods o f dehulling : a) Sm all 
scale processing generally adopted by the households
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in villages and b) Large scale processing adopted 
by the commercial dhal m ills in  urban areas.

2. M odem  m ethods o f dehulling : a) Laboratory- 
type dehullers and b) M ini-dhai mills.
Traditional m eth o d s

Small scale processing : Since ages, the dehulling 
of pulses has been practised in  traditional ways 
in India. In the early days, dehulling of pu lses w as 
accomplished traditionally with a mortar and pestle
(Fig.l). In som e African countries, dehulling of
M ethod 1 M eth o d  2 M eth o d  3 M eth o d  4
(U ttar P ra d e sh , (A n d h ra  ( M a h a ra s h tr a  
M ad h y a  P ra d e s h , P r a d e s h  a n d  a n d  M a d h y a  
a n d  K a rn a ta k a )  M a h a ra s h tra )  P ra d e sh )

1 ! 1

(U tta r  P ra d e s h  
a n d  M a d h y a  
P ra d e sh )

|
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I
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I4
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I

4
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1

4
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1

4
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(rem o v es 
se e d  coat)

I4-
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1 1
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D e h u llin g  in  Dhal 
s to n e  chakki 
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1
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I4
Dhal

4'
D e h u llin g  in  
s to n e  chakki

(rem o v es  se e d  co at)

1
D h a l

Fig. 3. T ra d itio n a l m e th o d s  o f  d e h u l l in g  p ig e o n p e a  follow ed in  
v a r io u s  I n d ia n  S ta te s .

legum es is still carried out with a mortar and pestle 
(Dovlo et al. 1976). The traditional dehulling of 
p u lses is  often laborious, tim e-consum ing and 
inefficient (Singh et al. 1992b).

In case of sm all scale dehulling, which is  
generally practised by the villagers, the basic unit 
is  a stone chakki (Fig. 2). The chakki is  a quern, 
consisting of two grinding stones, the lower one 
being immovable and the upper one rotating. It is  
operated m anually and u sed  m ainly to dehull sm all 
quantities of p u lses for dom estic consum ption. The 
stone pieces generally vary from 30  to 4 0  cm  diam  
and 4 to 6 cm thickness (Singh et al. 1992b). The 
pre-treatments given before dehulling in a chakki 
vary from region to region as show n in Fig. 3. The 
grains of pre-treated pu lses are slowly and uniformly 
added through a central hole in the upper stone  
of the chakki, w hich is gently and continuously  
rotated m anually until the material is  processed. 
Depending on the seed size and different species 
of pulses, the gap betw een the upper and lower 
stones could be adjusted by a wooden structure 
supported at the bottom. After the operation, the  
upper stone is removed and the processed material 
is  collected for separation into dhal, brokens, powder 
and h u sk  fractions by winnowing.

Large sca le  processing : According to the 
dehulling procedure that is  com m only used  for 
large scale processing of pulses, commercial dhal 
mill is a basic dehulling unit for processing large 
quantities of p u lses in urban areas of the country. 
Eventhough the basic approach is  similar, details 
of dehulling procedures vary widely from one dhal 
mill to another dhal mill and one region to another 
region. The u se  of an  em ery-coated roller is  a 
com m on practice in commercial dhal m ills (Kurien
19 8 1 ). The em e r y -co a tin g , a lso  c a lle d  a s  
carborundum, is made of silicon carbide (carbon 
+ crystallized alumina) and used  for abrasive or 
refractory action. Some m illers use a roller (Fig. 4) 
for both dehusking and splitting, while others use  
a roller and disc sheller alternatively for this 
purpose. The disc sheller is generally used  for w et
processing and works on the principles of attrition, 
which removes the h u sk  and splits the cotyledons 
s im u lta n e o u sly  (Kurien 1981). H owever, its  
functioning m echanism  is not properly understood  
and excessive breakage in  th is m achine is  common, 
especially when the grains are not size-graded  
(Kurien 1981). The disc-shellers are generally used  
for dehusking rice (Kurien 1981). The roller machine, 
which is m ost com m only employed for dehulling  
p u lses in India, is  used  in dry m ethod of processing
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Fig.4 . A c o m m e rc ia l m e th o d  o f  d e h u ll in g  p u ls e s  u s in g  a  ro lle r  
m a c h in e  in  a  dhal m ill

and it works on the principle of abrasive action  
(Singh and Jam bunathan 1990).
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As shown in  Fig. 5, there are several step s  
involved in the large scale processing of the p u lses. 
The flow diagram described for chickpea (Fig. 5) is  
generally applicable for other p u lses, excepting  
pigeonpea, w hich is processed in  a different way 
(Fig. 6). In large scale processing of p u lses, foreign  
material is  first removed by sieving and exposure  
to fans. This removes soil, straw, pods, w eed, and  
very small immature seeds (Singh and Jam bunathan
1981). Then, seed material is graded into different 
sizes depending on the species. At least, seed  lots 
are graded into two sizes, i.e., average and uniform  
seed size lots, w hich are processed, while very bold 
seed size lots are generally discarded or separately  
dehulled (Singh and Jam bunathan 1981). After 
grading, the seed lots are passed  through a roller 
m achine, which cau ses a m ild abrasion- the  
tempering operation. This tem pering ca u ses slight 
scratches on the seed coat, testa, and enhances  
their oil- and water-absorbing efficiency. The o il/ 
water treatment (Fig. 6) is com m only employed in

S e e d  m a te r ia l

V ery  s m a ll  a n d  
d a m a g e d /  ■< ;— 
im m a tu re  s e e d s  
(d is c a rd e d  o r  u s e d  
a s  a n im a l  feed)

4
C le a n in g

1
A verage 
u n ifo rm  
se e d  size

<
>-

G ra d in g

V

D i r t / d u s t /  
m u d  b a l ls

V ery  b o ld  
(d is c a rd e d  o r  
d e h u l le d
sep a ra te ly  d ep en d in g  
o n  th e  q u a n ti ty )

U n d e h u s k e d  
(w ho le seed )

T e m p e r in g  o p e ra t io n  —
4

O il /w a te r  t r e a tm e n t
4

S u n -d ry in g
4

-------  D e h u ll in g  ---------- > -
4

\l

Dhal, b ro k e n s ,  
p o w d e r , h u s k

U n s p li t  d e h u lle d
4

W a te r  t r e a tm e n t
4

S u n -d ry in g
4

S p li t t in g
4

F ig .5 . C h ic k p e a  d e h u ll in g  p ro c e d u re  fo llow ed in  In d ia n  dhal 
m ills

Dhal
F ig .6 . P ig e o n p e a  d e h u ll in g  p ro c e d u re  follow ed in  In d ia n  dhal m ills



85
case of pigeonpea, whereas water treatment (soaking 
or moistening) is followed (Fig. 5) in  case of other 
pulses, including chickpea (Singh and Jam bunathan  
1981). The material is then treated with oil and 
water and processed. After pre-treatm ents, pu lses  
are dehusked in a similar way with a roller 
machine, and different fractions of dehulling are 
separated and collected.

M odem m ethods o f dehulling : In recent years, 
efforts have been made to develop improved m ethods 
and machinery to process p u lses more efficiently 
(Reichert et al. 1986) and economically as the 
traditional m ethods are laborious, time consum ing, 
and incur heavy losses during dehulling (Singh and 
Jam bunathan 1990). A new  technology and  
machinery for dehulling p u lses w as developed at 
the Central Food Technological Research Institute, 
Mysore, India (Kurien 1981). According to th is  
technique, loosening of the h u sk  is achieved by an  
incipient toasting of the grain in a current of hot 
air, followed by tempering, w hen the seed coat is  
loosened (Kurien 1981). This technique is reported 
to be more suitable for dehulling pigeonpea, but 
can be used for other p u lses also (Kurien 1981). 
However, the technique w as not adopted by the 
commercial dhal millers because of its high cost 
of operation (Singh and Jam bunathan 1990). Several 
m achines developed for processing cereal grains 
can be used for dehulling pulses (Reichert et al.
1984). Although the attrition-type dehullers (dhal 
mills) are m ostly suitable for dehulling coarse grain 
cereals, these can be conveniently used for dehulling 
some grain legum es (DeMan et al. 1973). The roller 
mills are more suitable for dehulling pulses (Singh 
and Sokhansanj 1984; Kurien 1984). Attrition-type 
dehullers and roller m ills are particularly suitable 
for dehulling and splitting p u lses with loose seed  
coats (Reichert et al. 1984), w hereas abrasive type 
dehullers are more suitable for dehulling pulses 
with more tightly adhering seed coats (Reichert and 
Young 1976). Of late, efforts have been m ade to 
develop laboratory m ethods for dehulling and to 
identify genotypes with improved yield (Reichert et 
al. 1984; Ehiwe and Reichert 1987).

As shown in Fig. 7, an  intermediate-sized, 
batch dehuller, capable of processing 2-8 kg of a 
wide variety of cereal and legum e grains has been  
developed (Reichert et al. 1984). According to this 
technique, grains are dehulled by abrasion, provided 
by abrasive w heels (25 cm diam) m ounted on a 
horizontal shaft. The tangential abrasive dehulling 
device (TADD) w as reported to be suitable for 
studying variability in dehulling quality of cowpea.

Fig. 7 . New m e th o d  o f d e h u l l in g  p u ls e s  u s in g  a n  in te rm e d ia te -  
s ized , b a tc h  d e h u lle r .

pigeonpea and mung bean cultivare (Ehiwe and 
Reichert 1987). More recently, Singh et al (1992b) 
compared the suitability of two laboratory m ethods, 
namely, barley pearler and the tangential abrasive 
dehulling device (TADD), to evaluate genotypic 
differences in dehulling quality of pigeonpea and 
both m ethods were found highly comparable and 
reliable.
D ehulling p re-treatm en ts

In both sm all scale and large scale processing  
of pulses, two major operations are involved :
a) loosening the seed coat from cotyledons, and
b) rem oving the seed coat and sp litting the  
cotyledons. The pre-treatm en ts are generally  
employed to loosen the seed coats and these can  
be grouped into two categories : a) w et-treatm ents 
and b) diy-treatm ents.

W et-treatm ent : This m ethod of dehulling  
generally involves water soaking and sun-diying, 
and is com m on in  m any parts of India (Singh and 
Jam bunathan 1981). According to th is  method, 
soaking and drying are considered a s  effective 
techniques to loosen the husk . The w et-m ethod has  
the advantage of facilitating good dehusking and 
splitting of the cotyledons, giving le ss  breakage, 
though it m ay adversely affect the cooking quality. 
The m ethod is  also labour intensive, and is 
completely dependent upon climatic conditions for 
drying the soaked seeds. The entire process usually  
takes about 5-6 days, and only limited quantities 
can be processed at any given time. Dhal produced 
by the wet-method tastes better, but takes longer 
time to cook (Kurien and Parpia 1968).

Soaking in w ater : A survey, conducted som e 
time ago, indicated different types of soaking-pre- 
treatm ents for different p u lses processed in different 
regions of India (Singh and Jam bunathan 1981).

< **»
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For chickpea, soaking in water is a common 
practice only in  case of large scale processing i.e., 
dhal mills. This is commonly followed in the States 
of Punjab, Haryana, Rajasthan, and certain parts 
of Uttar Pradesh. For sm all scale dehulling of 
pigeonpea, different pre-treatm ents employed in  
different States are summarized in Fig. 3. The 
soaking of pigeonpea in water ranging from 2 to 
14 h is a com m on practice in Maharashtra, Uttar 
Pradesh, and Madhya Pradesh. Soaking for longer 
period is preferred in certain regions, w hen pulses  
are processed in sum m er season. According to 
Kurien (1981), dehulling can be rendered more easy  
by prolonged soaking in water for 12 h or more, 
but the dhal rem ains uncooked and tough even on 
prolonged boiling. In som e households, pigeonpea  
is first split using a chakki, then treated with water 
and finally hand-pounded to remove seed coat 
(Singh and Jam bunathan 1981). Soaking in water, 
followed by coating with red earth slurry and sun- 
diying for several hours is a household practice 
for dehulling pigeonpea in som e Southern States 
of India. Treatment with red earth is said to impart 
a good yellow colour to the finished product, 
possibly by preserving its natural colour.

Chemical treatm ent : The use of chem icals as  
pre-treatment to loosen the seed coats of pigeonpea 
has been reported. Reddy (1981) used  sodium  
bicarbonate (5% solution), and reported an increase 
in dhal yield (75%). Krishnamurthy et al (1972) 
substituted sirka  (vinegar) for vegetable oil in the 
dry milling process. These authors also tried 
sodium  bicarbonate, sodium  hydroxide, acetic acid, 
and ammonia as a replacement for vegetable oil 
in the traditional process and reported a considerable 
improvement in dhal yield, when sodium  bicarbonate 
w as used. Saxena et al (1981) treated pigeonpea  
grains with aqueous solutions of calcium  hydroxide, 
sodium  hydroxide, sodium  bicarbonate, sodium  
carbonate or sodium  chloride of different normalities. 
Normal sodium  bicarbonate solution  w as reported 
to be the m ost effective, resulting in a dhal yield 
of 78%. These authors also recom m ended the use  
of sodium  bicarbonate not only to loosen the husk , 
but also to reduce the cooking time of dhal. 
Srivastava et al (1988) have also reported high 
dehusking efficiency, when sodium  bicarbonate w as 
used as a soaking solution (Table 1).

D ry-treatm ent : This m ethod of dehulling is 
more applicable for chickpea dehulling by stone  
chakki and for pigeonpea dehulling by dhal mill. 
Dry-method of dehulling is  said to produce dhal 
that cooks faster than the dhal produced by the

TABLE 1. E F F E C T  O F  SOAKING ON DEHU LLING E F F IC IE N C Y  
(%) ON PIG E O N PE A  S E E D S “

P rc -s o a k in g  t r e a tm e n t
C u ltiv a r C o n tro l N a H C 0 3, %

W a te r 4 6 8
'UPAS' 6 5 .4 6 6 .3 7 1 .1 8 1 .3 7 7 .2
T  21 ' 7 0 .4 7 1 .2 8 7 .2 8 0 .5 8 0 .3
'P a n t  A 3' 6 9 .1 7 2 .3 8 0 .8 7 4 .2 8 2 .5
'P a n t  10' 7 4 .6 7 7 .8 8 7 .2 8 8 .1 8 5 .3
a . S e e d s  w e re  s o a k e d  in  w a te r  o r  s o d iu m  b ic a r b o n a te  s o lu t io n  
fo r 1 h  a t  ro o m  te m p e ra tu re ,  a n d  o v e n -d r ie d  a t  65°C  fo r 1 5 0  m in  
to  o b ta in  10%  m o is tu re  c o n te n t .  S o u rc e  : S r iv a s ta v a  e t  a l  (1988)

wet-m ethod (Kurien and Parpia 1968). The major 
disadvantage of the dry-method is the high dehulling  
losses due to breakage and powdering. In the dry 
method, oil/w ater application, followed by sun- 
drying, are the important steps, w hich are involved 
in processing of pulses.

Oil-treatment : The application of edible oil, as 
a pre-treatment, is m ostly confined to pigeonpea, 
where seed coat is more tightly bound to the  
cotyledons, as compared to other pulses. This 
treatment is  generally followed in case of large scale  
dehulling of pigeonpea by the commercial dhal mills. 
After tempering operation, grains are thoroughly 
mixed with about 1% oil (preferably linseed), either 
m anually or in a worm mixer, and the oiled-grains 
are then sun-dried for 2-3 days. Oil appears to 
penetrate through the h u sk  to the cotyledons and 
releases its binding under the mild heat of the sun. 
This loosening process m ay be slow, b u t the h u sk  
can be totally loosened, if the treatm ent is  extended  
to several days. In certain parts of India, oil and  
turmeric powder as a pre-treatm ent are also given  
in case of sm all scale dehulling of pigeonpea.

H eat-treatm ent : It w as reported that pre
treatment of pigeonpea seed with hot air at 120- 
180°C w as quite effective in loosening the seed coat 
(Kurien 1981). This could be achieved in conditioning 
cham bers, where the grain tem peratures are 70- 
95°C, depending on the cultivar. In som e parts of 
Uttar Pradesh, villagers u se  sand roasting at 100- 
125°C for 5-10  min, as a pre-treatm ent to improve 
the dhal yield in pigeonpea (Singh and Jam bunathan  
1981). The heating of pigeonpea seed in  a pan  
(150°-200°C for 2 -3  min), with or w ithout sand  
before dehulling in stone chakki, is also followed  
in certain parts of Uttar Pradesh.
S eed  ch a ra c ter is tics  th a t a ffec t d eh u llin g

Several seed characteristics affect the dehulling  
efficiency in  term s of loosening the seed  coat, and
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TABLE 2. V A R IA B IL IT Y  IN  S E E D  C O A T  C O N T E N T  O F  
D IFFE R EN T  P U L S E S

P u lse N u m b e r  o f  
g e n o ty p e s

R an g e M ean R efe ren c e

C hickp ea ,
desi

21 9 .7  -1 7 .3 14 .2 K u m a r  a n d  
S in g h  (1989)

C hickpea,
kabuli

19 3 . 7 -  7 .0 4 .9 K u m a r  a n d  
S in g h  (1989)

P igeonpea 2 2 1 2 .6 - 1 7 .2 1 4 .4 S h a rm a  e t  a l 
(1987)

M ung b e a n 2 4 7 .4  -1 1 .4 8 .8 E h iw e  a n d  
R e ic h e r t  (1987)

Urd b e a n 5 8 .9  -1 1 .6 1 0 .4 U m a  (1993)
Lentil 6 7 . 0 -  8 .0 7 .2 W illiam s e t  a l 

(1992)

govern the dhal yield and nutrient losses in different 
pulses. In th is context, interaction of pre-treatments 
of dehulling and the seed characteristics play an 
important role in determining the dehulling quality.

Nature o f  se e d  coat : Generally, it is expected  
that dhal yield would depend on the seed coat 
content - higher the seed coat, lower will be the dhal 
yield. As shown in Table 2, m ean seed coat ranges 
between 4 .9  and 14.4% for different pu lses, 
indicating a large variability. This would significantly 
affect the expected dhal yields. The theoretical yields 
of dehulled  grain, prim arily determ ined by  
subtracting the seed coat content from the seed  
m ass, are generally higher than those obtained by  
the m echanical m ethods (Table 3). However, there 
was no correlation between the theoretical dhal yield 
and the dhal yields obtained by m echanical m ethods 
in pigeonpea, thereby implying that dehulling 
machinery and methodology would play a greater 
role in determining the dhal yields (Singh et al.
1992).

Dehulling characteristics are to som e extent 
governed by seed morphology and anatomy, which 
vary immensely among legum es (Singh et al. 1984, 
and Reichert et al. 1984). In p u lse s , cell 
arrangements of seed coats are very different and 
these could influence dehulling characteristics. The 
seed coat in cowpea consists of highly organized 
palisade cell structure. Sefa-Dedeh and Stanley
(1979) suggested that cowpea varieties with thick, 
smooth seed coats (highly organized palisade cells) 
dehulled more satisfactorily than those with thin, 
rough seed coats. In kabuli chickpeas, the outermost 
layer (epidermis) develops into a uniseriate palisade 
layer without thickening of the cell wall, whereas 
in desi chickpeas, it develops into a m ultiseriate 
palisade layer, which later becom es thick-walled  
sclereids, heavily stainable with toluidine blue

(Singh et al. 1984). This would probably explain 
that dehulling of d e si  varieties (generally smaller 
seeded and brown seed coat) is  easier than kabuli 
varieties. Further, the chem icals associated with 
the seed coat such  as gum s and non-starchy  
polysaccharides, present in the interspace between  
the h u sk  and cotyledons, have been implicated in 
the adherence of h u sk  to the cotyledons, thereby 
m a k in g  th e  d e h u llin g  o p e r a tio n  d iffic u lt  
(Ramakrishnaiah and Kurien 1983).

Physical characteristics o f  grains : Seed size is  
the m ost important factor affecting the dehulling 
process in p u lses (Ehiwe and Reicher 1987; Singh 
et al. 1992b). Seed size is a varietal characteristic, 
which can  be strongly influenced by growing season  
and location of pu lses (Erksine et al. 1985; Williams 
and Singh 1987; Ehiwe and Reichert 1987). Seed 
size affects the efficiency of dehulling and splitting  
of cotyledons. Dehulling efficiency is negatively and 
significantly correlated with seed  size in mung bean  
and cowpea (Ehiwe and Reichert 1987). A s show n  
in Table 4, pigeonpea dhal yield obtained by TADD 
and barley pearler w as negatively correlated with 
grain volume and seed size, implying that bolder 
grains would reduce the dhal yield (Singh et al. 
1992). Although the m agnitude of correlations w as 
low, grain hardness w as negatively correlated (Singh 
et al. 1992) with TADD and barley dhal yields 
(Table 4). This implies that hard grain genotypes 
of pigeonpea would produce lower dhal yield. It has  
been shown that greater than 75% of the variability 
in dehulling efficiency or dhal yield could be 
accounted for by grain hardness and resistance to 
splitting of the grain into individual cotyledons 
(Reichert et al. 1984). Further, swelling capacity 
and floatation values of pigeonpea genotypes were 
not correlated with the dhal yield obtained by 
different m ethods (Singh et al. 1992). The splitting 
is as important as dehulling for commercial dhal 
mills and household dehulling by stone chakki (Singh 
and Jam bunathan 1990). The larger seeds split
TABLE 3. DHAL Y IE L D  (% ) A C H IE V E D  

PR O C E S S IN G  M E TH O D S
B Y  D IF F E R E N T

P u ls e S to n e  chakki “ Dhal mill* M ax  (th e rm e tic a l)1’
C h ic k p e a 7 0 .8 8 0 .0 8 5 .8
P ig e o n p e a 6 1 .0 7 0 .1 8 5 .6
M ung b e a n 6 5 .0 7 4 .0 8 9 .2
Urd b e a n 7 0 .5 7 3 .5 8 9 .6
L e n tils 6 6 .4 7 5 .0 9 2 .8
M ean 6 6 .7 7 4 .5 8 8 .6
* B a s e d  o n  s u rv e y  d a t a  o f  h o u s e h o ld  p ra c t ic e s  a n d  dhal m ills. 
b C a lc u la te d  b y  s u b t r a c t in g  th e  v a lu e s  o n  s e e d  c o a t  p e rc e n ta g e  
a s  g iven  in  T a b le  2.
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TABLE 4. CORRELATION C O E F F IC IE N T  B ETW EEN  PHYSICAL CHAR AC TERISTICS AND DUAL YIELD O F  P IG E O N PE A  G E N O T Y PE S.
I 2 3 4 5 6 7 8

M o is tu re 1 .0 0
10 0 -seed  m a s s -  0 .3 8 1 .00
G ra in  v o lu m e -  0 .2 8 0.94** 1 .00
F lo a ta tio n  v a lu e -  0 .1 0 -  0 .3 6 -  0 .2 8 1 .00
S w elling  c a p a c ity -  0 .1 7 0 .0 5 -  0 .0 7 0 .4 6 1 .00
G ra in  h a rd n e s s -  0 .2 0 0 .8 1 * -  0 .72* -  0 .2 9 -  0 .1 1 1 .0 0
Dhal yield* -  0 .0 3 -  0 .7 6 * -  0 .82* 0 .2 4 -  0 .1 2 -  0 .6 5 1 .0 0
Dhal y ie ldb -  0 .2 0 -  0 .6 7 -  0 .71* 0 .3 6 -  0 .1 6 -  0 .5 7 0.97** 1 .0 0
* Dhal y ie ld  b y  TADD, b Dhal y ie ld  b y  b a r le y  p e a r le r . S o u rc e  : S in g h  e t  a l (1992 b).

more readily than smaller seeds and reduce the 
requirement for recycling [Williams et al. 1993). On 
the other hand, if the dehulling equipment, roller 
machine or stone chakku is not properly set up, 
large seeds are m ost likely to incur breakage, 
resulting in heavy losses during dehulling (Singh 
and Jam bunathan 1981). These workers further 
suggested that uniform and m edium  seed size of 
pigeonpea would improve the efficiency of dehulling. 
Very sm all to sm all seeds are more difficult to 
dehull and split and require several recycling steps 
and are, therefore, not generally preferred by dhal 
millers. Williams et al (1993) reported that efficiency 
of dehulling and splitting of lentil is favoured by 
large seed size, thin testa, short storage period and 
correct wetting and drying practices. Further, they 
reported that very bold seeds are not accepted in 
dhal mills, because heavy lo sses are incurred due 
to broken seeds.

Like seed size, seed shape is a varietal 
characteristic in pu lses (Erskine et al. 1985; 
William and Singh 1987). This characteristic is 
generally not affected by growing environment. The 
rounder the seeds, the better they are for dehulling 
(Singh and Jam bunathan 1990). Very angular 
seeds lose excessive am ounts during the dehulling, 
because the dehulling process attacks sharper 
edges preferably and more seed m ass is removed 
from flatter seeds (Williams et al. 1993). As a result, 
the flatter the seeds, the higher the am ount of 
powder and brokens, i.e., sm all pieces of cotyledons. 
In addition, rounder seeds split more readily than  
flatter seeds, th u s improving the efficiency of 
dehulling/splitting (Kurien 1984). Dhal yield is 
affected by seed size and shape of lentils (Williams 
et al., 1993). According to these workers, the 
rounder, (i.e., le ss  lenticular) the seeds, the better 
they are for dehulling and dhal milling.

In addition, several environmental factors may 
influence the dhal yield from pulses. Variations in

milling characteristics of pigeonpea, as influenced  
by variety and agroclimatic conditions, have been  
reported (Ram akrishnaiah and Kurien 1983). 
According to a survey report, location and maturation  
of pigeonpea, which influence seed size, shape and  
grain hardness would directly affect the dhal yield  
in sm all and large scale processing operations 
(Singh and Jam bunathan 1981). Further, th is  
report indicates that the farmers feel that pigeonpeas 
grown on light soils have better dehulling and 
cooking qualities (Singh and Jam bunathan 1981). 
Some dhal mill owners also have preferences in  
seed colour, favouring white pigeonpea for two 
reasons : 1) dhal yield is better w hen compared 
with other pigeonpeas, 2) dhal with a lesser degree 
of dehusking, but less visible white spots of leftover 
husk, can be sold in the market al a higher price 
than dhal obtained from coloured seeds.
C om parison o f deh u llin g  m eth o d s

Several m ethods are used to dehull p u lses and 
num erous factors influence the efficiency of the  
m ethods. Although it is difficult, som e efforts have 
been m ade to compare different m ethods in the
TABLE 5. DUAL YIELD O F  PIG EO N PEA  GEN O TY PES OBTAINED 

BY D IFFE R E N T  M E T H O D S O F  D EH U LLIN G
G e n o ty p e

MNM
Dhal y ie ld  

SN C
, % 

B R P TADD
'C 11' 8 5 .8 4 5 .6 7 1 .8 7 5 .7
'BD N 2 ' 8 5 .2 4 9 .9 6 6 .9 7 6 .7
T  1 5 -1 5 ’ 8 8 .4 5 1 .4 7 3 .2 7 8 .5
'IC PL 8 7 0 4 9 ' 8 6 .4 4 6 .7 5 5 .6 5 4 .1
'IC PL 8 7 0 5 2 ' 8 6 .6 5 4 .0 7 3 .7 8 0 .0
’ICPL 8 7 0 5 3 ' 8 5 .9 4 2 .6 7 2 .5 7 5 .5
'ICPL 8 7 0 6 6 ' 8 8 .2 5 4 .5 5 7 .6 5 6 .6
'IC PL 8 7 0 7 5 ’ 8 7 .0 5 9 .0 6 9 .2 7 3 .5
M ean 8 6 .7 5 0 .5 6 7 .6 7 1 .3
SEM ± 0 .3 6 ±  1 .8 4 ± 0 .5 1 ± 0 .2 8
MNM = m a n u a l  m e th o d , SNC = s to n e  chakki, B R P  = b a r le y  p e a r le r , 
TADD = ta n g e n t ia l  a b ra s iv e  d e h u l l in g  d e v ice . M e a n s  o f  th r e e  
in d e p e n d e n t  d e te rm in a t io n s .  S o u rc e  : S in g h  e t  a l  (1 9 9 2 b ).
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TABLE 6. D H A L  YIELD LOSSES IN CHICKPEA AND PIGEONPEA

Large scale Small-scale
processing processing

Pulse Range Mean Range Mean
Chickpea* D h a l 75.0 - 85.0 80.0 50.0 -80.0 70.8

Brokens o10q 2.6 5.0 -20.0 8.6
Powder 5 .0 - 10.0 6.7 7.0 -20.0 7.0
Husk 8.0 - 14.0 11.8 10.0 -20.0 13.5

Pigeonpeab D h a l 60.0 - 85.0 70.1 50.0 -80.0 61.0
Brokens 2.0 - 10.0 4.4■ 5.0 -20.0 10.6
Powder CO Ò 00 Ò 12.8 7.0 -20.0 12.6
Husk 8 .0 -2 5 .0 12.9 10.0-25.0 15.2

* Based on 20 respondents in large-scale and 60 respondents in 
small scale processing in Punjab, Haryana, Rajasthan, and 
Maharashtra. b Based on 46 respondents in large scale and 136 
respondents in smallscale processing in Madhya Pradesh, 
Maharashtra, and Uttar Pradesh. Source : Singh and 
Jambunathan (1981).

laboratoiy u sin g  th e sa m e varieties o f p igeonpea  
(Singh et al. 1992b). E xclu d in g m a n u a l m ethod , 
average d h a l  y ield  (Table 5) w a s  the h ig h est (71.3% ) 
in  TADD, followed b y  b arley  pearler (67.6% ), and  
the low est in  sto n e  c h a k k i  (50.5% ). The average 
d h a l  yield  o f p igeon p ea gen o ty p es analyzed  by  
TADD is  com parable w ith  that o f th e  com m ercial 
d h a l  m ills (70.1%  d h a l )  in  India (Table 6), b u t is  
considerably low er th a n  th a t of the im proved  
com m ercial dehulling m ethod  developed for dehulling  
of pigeonpea (Kurien 1981). The va lu e  for d h a l  y ield  
w a s the h igh est (80.0% ) for 'ICPL 8 7 0 5 2 ', an d  th e  
low est (54.1%) for 'ICPL 8 7 0 4 9 ', w h en  d eh u lled  in  
the TADD (Singh et al. 1992b). S im ilar varia tion s  
in d h a l  yield  o f th ese  g en o ty p es w ere observed, 
w hen dehulled  b y  u s in g  the barley pearler (Table
5). A sta tistica l com p arison  b etw een  d eh u llin g  
m ethods indicated  th a t th e  stan d ard  error (SE) and  
coefficient of variation  (CV) o f the p roced u res w ere 
the h igh est for sto n e  c h a k k i  an d  the low est for 
TADD. Not on ly did th e  sto n e  c h a k k i  produce the  
highest p ercen tage o f b rok en s a s  d eh ullin g  lo s se s  
(Table 6), it a lso  led  to  h ighly  variable and  
erroneous resu lts  on  th e d h a l  yield . Further, d h a l  
yield obtained  b y  a sto n e  c h a k k i  w a s  n eith er  
correlated w ith  TADD n or w ith  th e  barley pearler  
(Singh et al. 1992b). B u t, there w ere sign ifican t and  
highly positive correlation s b etw een  TADD and  
barley pearler for d h a l  y ield  an d  b rok en  fractions. 
T hese resu lts  in d icate  th a t, d ep en ding  on  th e  
availability, either of th e se  tw o m eth o d s cou ld  be  
u sed  to eva lu ate th e  d eh u llin g  quality  of p u lse s . 
Saxena et al (1993) reported th a t a m eta l c h a k k i  
(similar to sto n e  c h a k k i )  m ay  b e su itab le  for sm all 
sca le  p rocessin g  o f p igeon p ea  in  Sri Lanka.

Dehulling losses
The prim ary objective o f d eh u llin g  is  to  rem ove  

th e seed  coat from  th e  co ty led on s, b u t noticeable  
a m o u n ts  o f  co ty led on s an d  germ s are rem oved  
during th e  op eration  (Aykroyd an d  D ou gh ty  1964; 
Siegel an d  F aw cett 1976). A s a resu lt, con siderab le  
q u antitative an d  qualitative lo s s e s  occu r during  
d eh ullin g  of p u lse s . T he d eh u llin g  lo s s e s  w ould  
prim arily d ep en d  o n  th e  d eh u llin g  m eth o d s  and  
seed  ch ara cter istics  o f p u lse s  (M atanhelia 1994). 
The d eh u llin g  lo s s e s  in  term s o f b rok en s w ere th e  
h ig h est (24.6% ) in  th e  sto n e  c h a k k i  an d  th is  m ight 
have b een  d u e to  th e  attr ition  actio n  o f th e  s to n es  
em ployed  for d eh u llin g  in  th is  m eth o d  (Singh et 
al. 1992b). In com m ercial d h a l  m ills , d h a l  y ie ld s  
only approach  70% , w h ich  are m u ch  low er th a n  
th e  theoretical d h a l  y ie ld s  (N atarajan an d  S h an k ar
1980). Parpia (1973) reported  th a t th e  average d h a l  
yield  from  h o u seh o ld  an d  trad ition al com m ercial 
d eh ullin g  m eth o d s varied  from  6 8  to  75% , w hich  
w a s  10 to 17% le s s  th a n  th e  theoretica l average  
va lu e  o f 85% . Table 6  su m m a rizes  th e  su rvey  data  
on d eh ullin g  lo s s e s  in  term s o f pow der, b rok en  and  
h u sk  fraction s in  c a se  o f d h a l  y ie ld  o f ch ick p ea  
an d  p igeonpea ob ta ined  b y  large an d  sm all sca le  
d eh ullin g  m eth o d s. T h is  s tu d y  rep orts th a t d h a l  
y ie ld s are h igher in  ch ick p ea  th a n  in  p igeonpea. 
F urther, d h a l  y ie ld  in  p igeon p ea  varies b etw een  
50%  and 80%  w ith  a m ea n  o f 61%  in  sm all sca le  
an d  b etw een  6 0  an d  85%  w ith  a m ea n  o f 70.6%  
in  large sca le  p rocessin g . S im ilar figu res w ere

TABLE 7. EFFECT OF DEHULLING ON THE CHEMICAL 
CONSTITUENTS OF D H A L  AND POWDER FRACTIONS 
OF CHICKPEA (CV. 'ANN1GERI j AND PIGEONPEA (CV. 
'C llj

Dehulling 
time, min

D h a l Powder
Protein, Calcium, Iron, Protein, Calcium, Iron,

% g.100 g-> 
sample

% % g.100 g-> 
sample

%

0 18.6* 43.0 5.7 - - -

21.4b 64.9 5.7
2 18.0 39.5 5.0 23.6 85.0 12.0

20.8 51.7 4.1 31.2 167.8 17.3
4 17.5 38.0 4.8 21.8 65.5 10.5

19.6 45.7 3.6 27.1 94.1 9.2
8 17.5 36.5 4.3 19.8 45.0 8.5

19.6 45.7 3.6 27.1 94.1 9.2
12 16.4 35.0 3.8 18.9 45.0 7.0

20.3 51.1 4.0 29.7 118.8 11.9
SEM ± 0.18 ±  1.80 ± 0.40 ± 0.21 ± 2.90 ± 0.30

± 0.17 ± 2.83 ± 0.19 ± 0.15 ± 2.00 ± 1.63
* Chickpea, b Pigeonpea. All units are averages of two replicates, 
and expressed on a moisture-free basis. Source : Singh et al 
(1989, 1992a)
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noticed  for ch ick p ea  (Table 6). T h is in d ica tes  that  
dehulling lo s s e s  are sign ifican t, an d  v a iy  w ith  th e  
sca le  of operation  an d  th e  p u lse  crop. The h ig h est  
d h ai yield  w a s  reported to  be ob ta ined  from  a 
m o d em  d h ai m ill, w here m ateria l is  h ea ted  in  th e  
h ot air before d eh ullin g  (Kurien 1981). H igh d h a l  
yield  in  sm all sca le  p ro cess in g  of p igeon p ea w a s  
also  obtained  b y  sto n e  c h a k k i ,  w h en  m aterial w as  
h eated  in  an  op en -p a n  before d eh u llin g  (Singh and  
Ja m b u n a th a n  1981). L o sses in  term s o f b rok en s, 
and pow der fractions are h igher, w h en  a  village  
c h a k k i  is  u sed , i.e ., in  sm all sca le  p rocessin g . D h a l  
yield s obtained  b y  h o u seh o ld  d eh u llin g  practice are 
n oticeably  low er th a n  th o se  ob ta ined  b y  th e  large 
sca le d eh ullin g from  com m ercial d h a l  m ills  (Table 6). 
W hen four m eth o d s of d eh ullin g  w ere com pared , 
the y ie ld s w ere th e h ig h est in  d eh u llin g  b y  th e  
tan gen tia l abrasive d eh u llin g  device (Singh et al. 
1992b). S ignificant d ifferen ces w ere observed  in  
dehulling ch ara cter istics  o f  cow pea, p igeonpea, and  
m u n g  b ea n  (Ehiwe and R eichert 1987). T h is stu d y  
further reported th a t d eh ullin g  quality w a s  generally  
poor, b eca u se  o f low  yield  an d  long d eh u llin g  tim e  
in  m u n g  bean .
Effect of dehulling on nutrient losses

Proper d eh ullin g of p u lse s  for h u m a n  n u trition  
essen tia lly  re la tes to efficient sep ara tion  o f  th e  seed  
coat from the coty led on s (Aykroyd and D ou gh ty  
1964). M ost com m on  m eth o d s  o f d eh u llin g  of 
legu m es rem ove the germ  along w ith  th e  h u sk  and  
thereby in cu r lo s se s  o f  v ita m in s an d  proteins, the  
im portant dietary co n stitu en ts (Aykroyd and D oughty  
1964). A s sh ow n  in  Table 7 , there w a s  a d ecrease  
in  protein, ca lc iu m  an d  iron co n ten ts  o f d h a l  of 
chickpea and pigeonpea w ith  an  increase in  dehulling  
tim e (Singh et al. 1989 , 1992a). T h is in d icated  that 
outer portions o f co ty led on s w ere richer so u rces  of 
protein, ca lc iu m  and iron. W hen th e  ou ter layers  
of the coty led on s of p igeon p ea are scarified , there  
is  a 12% yield lo s s  k n ow n  a s  th e  pow der fraction  
(Singh et al. 1989), w h ich  is  a rich  sou rce of 
protein, ca lc iu m  and iron (Singh et al. 1989). T h is  
lo ss  is  a ssu m ed  to b e a n  eq u ivalen t of traditional 
dehulling in  term s o f q u an tita tive lo s se s  of pow der  
fraction. C onsiderable a m o u n ts  o f  ca lc iu m  (about 
20%) and iron (about 30%) w ere rem oved b y  
scarification  in  d eh u llin g  o f p igeon p ea (Singh et al.
1989). A sim ilar observation  w as n oticed  in  ch ickpea, 
w here con siderab le  a m o u n ts  o f ca lc iu m , iron and  
zinc w ere rem oved b y  d eh u llin g  for 4  m in  (Singh  
et al. 1992a). T h is stu d y  furth er reported th a t  
dehulling o f ch ick p ea  m ay  n ot affect th e  protein

quality  in  term s o f am ino acid s. T he ou ter  la yers  
of p igeon p ea coty led on s are rich so u r c e s  o f  p ro te in s  
(Reddy et al. 1979). T h ese  layers are rem oved  
during d eh ullin g , resu ltin g  in  con sid era b le  p rotein  
lo sse s . S in gh  et al (1989) reported  th a t ca lc iu m  an d  
iron w ere con cen trated  in  th e  ou ter  la yers of 
co ty led on s an d  w ou ld  be lo s t  during d eh u llin g . 
Protein, ca lc iu m , an d  iron are im p ortan t n u tr ien ts , 
w h ich  are d eficient particu larly  in  th e  d ie ts  of, 
in fan ts, p re-sch o o l ch ild ren  an d  p regn a n t an d  
lacta ting  w om en  o f low  in com e group . L o sse s  of 
protein , ca lc iu m  an d  iron  in  su c h  p ro cess in g  
p ractices o f  p u lse s  w ill lead  to fu rth er d e fic ien c ies  
am on g th e se  vu ln erab le  grou p s.
Effect o f dehulling on cooking tim e of d h a l s  o f 
pulses

The cooking tim e of d h a l s  o f p u lse s  is  in flu en ced  
b y  d eh ullin g  m eth o d  (Singh 1987). T h is  review  h a s  
reported th a t there m a y  n ot b e  a d irect effect o f  
th e  d eh u llin g  m a ch in es  on  th e  cook in g  tim e. It is  
not th e m ech an ica l actio n  o f th e  roller m a c h in e s  
or d isc  sh e llers  th a t in flu en ce  th e  cook in g  tim e, b u t  
th e p re-treatm en ts g iven  to p igeon p ea  s e e d s  before  
d eh ullin g  th a t con sid erab ly  in flu en ce  th e  cook in g  
tim e (ICRISAT 1981). S oak in g  th e  s e e d s  in  w ater  
an d  su b seq u en t su n -  or oven-drying in cr e a se s  th e  
cooking tim e in  grain  leg u m es (Paredes-L opez et al.
1991). A s reported in  Table 8 , soa k in g  an d  oven- 
d iy in g  (65°C overnight) of p ig eon p ea  s e e d s  before  
d eh u llin g  con sid erab ly  in crea sed  th e  coo k in g  tim e, 
a s  com pared  to the control i.e ., u n trea ted  se e d  u sed  
for d ehulling . F urther, it w a s  ob served  th a t w h ile  
soak in g  th e w h o le  seed  in  w ater in crea sed  th e  
cook in g  tim e o f d h a l ,  soa k in g  in  1% so lu tio n  of  
sod iu m  carb on ate  d ecreased  it con sid erab ly . T h is  
stu d y  w a s  con d u cted  b y  d eh u llin g  th e  pre-treated  
se e d s  in  th e  tan gen tia l abrasive d eh u llin g  device  
(ICRISAT 1981). A ccording to th is  stu d y , n o t on ly  
differences in  cook in g  tim e o f d h a l  d u e  to  g en o ty p es  
an d  p re-treatm en ts w ere sign ifican t, in tera ctio n s  
b etw een  gen o ty p es an d  p re-treatm en ts on  cook in g  
tim e w ere a lso  sig n ifican t. T h is  im p lie s  th a t  
gen o ty p es will a lso  p lay  an  im p ortan t role in  
in flu en cin g  th e cook in g  tim e d u e to  p re-trea tm en ts. 
E ven th ou gh  it is  very difficult, su c h  s tu d ie s  on  th e  
effect o f p re-treatm en ts sh o u ld  b e  co n d u cted  on  
d h a l  prepared by th e  com m ercia l d h a l  m ills.
Varietal differences in dehulling quality

A s sh ow n  in  Table 8 , a  large variability  ex isted  
in  dehulling quality o f m u n g  b ean , cow pea, ch ick p ea , 
an d  p igeon p ea cu ltivars, a s  d eterm in ed  b y  th e
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TABLE 8. THE COOKING TIME (Min) OF PIGEONPEA D U A L  

OBTAINED BY VARIOUS PRE-TREATMENTS BEFORE 
DEHULLING

varying d eh u llin g  ch a ra cter istics , in d ep en d en t of 
their size  and h u sk  co n ten ts , b u t  w ere greatly  
in flu en ced  b y  oth er varieta l ch ara cter istics , like

Pre-treatment procedures“ q u an tity  o f  germ s an d  m oistu re  level o f grain
Cultivar None Oil Water NaCl Na2Co3 (R am akrishnaiah  and K urien 1983). In a recent

(1% w/w) (l%w/v)b (1% w/v)b (1% w/v)b stu d y , d h a l  y ie ld  of p igeon p ea  g en o ty p es  ranging
’BDN-l' 20 20 26 20 16 from  54.1%  to 80 .0%  w a s  reported  (Singh et al.
'C i r 16 20 24 20 16 1992b). T h is s tu d y  a lso  reported  th a t so m e new ly
'No 148’ 16 16 20 14 12 developed varieties o f  p igeon p ea  sh ow ed  v e iy  good
'LRG-30' 16 18 22 18 14 d eh ullin g  quality. K urien an d  P arpia (1968) reported
'LRG-36' 14 18 24 14 12 th a t sm aller  seed ed  va r ie ties  o f p igeon p ea  grow n
SEM + 1.0 0.8 0.9 1.0 0.7 in  North India p rod u ced  low er d h a l  y ield , b eca u se
* After pre-treatments, samples were dried at 65°C overnight the seed  coa ts w ere firmly attached  to th e  cotyledons.before dehulling in tangential abrasive dehulling device (TADD), 
bStored for 6 h. Parpia (1973) reported th a t d h a l  y ie ld s  o f w hite

tangential abrasive d eh u llin g  device (Ehiwe and  
Reichert 1987; S in gh  et al. 1992b). P igeonpea  
varieties exh ib ited  le s s  va ria tion s in  d eh ullin g  
characteristics th a n  cow p ea varieties (Ehiwe and  
Reichert 1987). T he d h a l  y ield  (47.8-90.2% ) and  
dehulling tim e o f cow p ea gen o ty p es varied  w idely, 
su ggestin g th a t it m ay  b e desirable to  m on itor th ese  
characteristics in  a cow p ea breed ing program m e. 
The dehulling q u ality  o f th e  m u n g  b ea n  cu ltivars  
w as generally poor, b e c a u se  of low  y ie ld s  and long  
dehulling tim e (Ehiwe an d  R eichert 1987). T h ese  
workers su gg ested  th a t res ista n ce  to seed  sp littin g  
during dehulling an d  a lo ose ly  b ou n d  sta te  of seed  
coat to th e  coty led on s w ere th e  m ajor seed  factors  
responsib le for good d eh u llin g  quality o f th ese  
legum es. V ariations in  th e  degree o f d eh u sk in g  
obtained w ith  different p igeon p ea  varieties are 
possib ly th e  resu lt of varying ex ten ts  o f loosen in g  
of h u sk  from  th e  co ty led on s after pre-m illing  
treatm ents (R am akrishnaiah  and K urien 1983). 
T hese workers reported th a t degree of d eh u sk in g  
of pigeonpea varieties ranged  b etw een  67.1%  and  
100.0% . D ifferent va rieties  o f  p igeon p ea  d isp layed
TABLE 9. VARIABILITY IN D H A L  YIELD OF DIFFERENT 

PULSES'
D h a l yieldNumber of 

genotypes Range Mean
Cowpea h 47.8 -90.2 76.0
Chickpea\ d e s i  58 71.1 -87.3 79.5
Chickpeab, k a b u l i  12 89.6 -93.8 91.4
Pigeonpea 23 79.0 -83.8 81.8

10e 54.1 -80.0 71.3
M u n g  bean 24 58.2 -73.8 65.2
“All d h a l  yield values were obtained by using the tangential 
abrasive dehulling device (TADD). * Source : Ehiwe and Reichert 
(1987). b Source : Singh 1993 (unpublished). c Source : Singh 
et ai (1992b).

p ig eon p eas w ere con sid erab ly  h ig h er  th a n  th o se  of 
th e red p igeon p eas. H ow ever, a recen t stu d y  
in d icated  no correlation  b etw een  d h a l  y ield  and  
seed  colour o f p igeonpea varieties, thereby su ggestin g  
th a t th e  seed  colour m ay  n ot in flu en ce  th e  d eh ullin g  
quality o f p igeon p ea  (Singh et al. 1992b).

D h a l  y ield  o f d e s i  va rieties  o f  ch ick p ea  ranges  
b etw een  71.1%  an d  87.3%  an d  of k a b u l i  varieties  
b etw een  8 9 .6  an d  93.8%  (Table 9). D h a l  y ield  of 
k a b u l i  varieties are gen era lly  h ig h er  th a n  th o se  of 
the d e s i  varieties, b e c a u se  o f their low er se e d  coat 
con ten t. From  th e  r e su lts  o f  th e  above m en tion ed  
s tu d ie s  (Table 9), it is  ap p arent th a t large variability  
ex is ts  in  d eh u llin g  q u ality  o f d ifferent va r ie ties  of 
grain  leg u m es. H owever, su c h  a  variability  h a s  not  
b een  u sed  in  th e  b reed in g  program m e to  develop  
high  d h a l  y ie ld in g  varieties. It is  a lso  ap p arent th a t  
d eh ullin g  quality  of p igeon p ea  h a s  b een  th e  su b ject 
of severa l s tu d ie s  in  th e  p ast. More efforts are 
n eed ed  to s tu d y  th is  a sp ec t in  oth er p u lse  crops.
Future research needs

The grea test p oten tia l for providing h igh  protein  
p u lse  food p rod u cts to  a large n u m b er o f vegetarian  
p op u la tion  living in  d evelop ing co u n tr ies  is  by  
m ea n s  of im proving p rod u ction  an d  p ro cess in g  of 
th e se  crops. There are p o ssib ly  tw o ap p ro ach es to  
im prove th e  p ro cess in g  an d  co n seq u en tly , th e  d h a l  
yield  in  p u lse s  : 1) d evelop m en t o f su ita b le  m eth od  
an d  m ach in ery  for d eh u llin g  an d  2) id en tification  
an d  d evelop m en t o f su ita b le  v a r ie ties  o f p u lse s  w ith  
high  d eh u sk in g  efficiency. O ver 90%  of th e  p u lse s  
produced  in  th e  cou n try  are d eh u lled  b y  the  
traditional m eth o d s. So far, th e  d eh u llin g  techn ology  
developed  b y  th e  research  organ iza tion s h ave not 
b ecom e p op u lar w ith  th e  u ser s , prim arily for 
econ om ic rea so n s. Now, it is  h ig h ly  desirable that 
research  and d evelop m en t activ ities m u st  be geared  
tow ards developing efficient an d  econom ical m ethod s
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for d ehulling . S in ce ages, s to n e  c h a k k i  h a s  b een  
u sed  for dehulling . It Is h igh  tim e to  rep lace it by  
a su itab le  d eh u llin g  u n it th a t cou ld  b e  con ven ien tly  
adopted b y  th e  h o u seh o ld s  in  v illages. S u itab le  
m ini d h a l  m ills  sh o u ld  b e developed  so  that th ese  
cou ld  b e u sed  b y  th e  coop eratives an d  other  
organizations engaged  in  sim ilar  activ ities. For th is  
purpose, attrition  type (disc shelter) or ab rasion  
type (roller m achine) sh ou ld  b e thoroughly com pared  
and investigated  for their efficiency for d eh ullin g  
different p u lse  crops.

The genotypic d ifferences ex ist in  th e d eh ullin g  
quality of p u lse s , and  th e se  h ave to  b e  exploited  
by th e  p lant breeders. Efforts are n eed ed  to  
investigate the p h ysica l and ch em ica l n atu re of 
seed  coa t of different p u lse s  in  th e  light of 
differences in  their d eh u llin g  ch ara cter istics , and  
to develop im proved varieties. A lso , it is  desirable  
to develop varieties w ith  uniform  an d  rou n d  seed  
sh ap e to in crease  d h a l  yield . The id en tification  and  
developm ent of varieties w ith  im proved d eh ullin g  
ch aracteristics m u st receive in crea sin g  a tten tio n  in  
the future.

Improved crop va lu e will u ltim ately  depend on  
th e  c o m m o d ity  c h a r a c te r i s t ic s  a s s e s s e d  b y  
p ro cesso rs  an d  c o n su m e r s . P re -trea tm en ts  of 
dehulling sh ou ld  b e refined an d  further developed  
a s su itab le  p rocessin g  package n o t on ly  to  im prove 
the d h a l  yield , b u t a lso  im prove its  accep tan ce  and  
nutritive va lu e. To red u ce n u tr ien t lo s se s , efforts 
sh ou ld  be m ade to develop su itab le  m eth o d s to  
separate h u sk  from  th e  coty led on s, an d  to avoid  
the sp litting step  to save th e  germ  portion, w hich  
is  a rich sou rce of v itam in s.
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S u r f a c e  H e a t  T r a n s f e r  C o e f f i c i e n t  o f  F a b a  B e a n  
[ V i c i a  f a b a .  L )  P u f f e d  w i t h  S a n d

C.H . VINOD AND M .B. BERA*
D epartm ent o f Food S cien ce and T echnology,

J.N . K rishi V ish w a V idyalaya, Jab alp u r - 4 8 2  0 0 4 , India.
An unsteady state heat transfer analysis was made on faba bean grain, while it was being manually agitated 

inside heated sand. The analysis considered faba bean grain as short cylinder, with heat transfer taking place along 
the radial as well as axial directions. The studies involved 'JV-2' variety of faba bean at four levels of moisture content 
(15, 25, 30 and 35% d.b) and at four levels of sand temperature (200, 210, 220 and 230°C). Estimated values of 
thermal properties of faba bean grain indicated that the value of heat transfer coefficient on the grain surface was 
more along the axial direction, as compared to the radial direction.
Keywords : Unsteady state, Heat transfer coefficient. Thermal conductivity, Fourier's number, Biot number, 

Temperature ratio.
Dry cooking of food s in c lu d es  puffing, toastin g  

and roasting (P aulus 1984). A m ong th ese , puffing  
of leg u m es is  practised  all over India (Pratape and  
Kurien 1986), a s  puffed leg u m es are very popular  
sn ack  foods. Pratape and K urien (1986) have  
standardized the puffing o f B e n g a l g r a m  and reported  
that varietal a s  w ell a s  agroclim atic factors, p h ysico 
chem ical properties an d  h u sk  o f the grain  p lays  
a crucial role in  puffing. In th e p ro cess  of puffing, 
foodgrain is  h eated  in  puffing m ed iu m  (usu ally  
sand), w here h eat tran sfer ta k es  p lace from th e  
m edium  to the product and w ith in  th e  product (Das 
and Shrivastava 1989). Foodgrain at a particular  
m oisture con ten t an d  tem perature p u ffs-o ff i.e ., th e  
vapour p ressu re  of w ater w ith in  the grain  develops  
so high th a t the grain  ca n  n o  longer hold  it in  
vapour form .and it com es ou t w ith  an  exp losion  
(Sahu 1988). In so m e c a s e s , th e  p ro cess in g  
conditions h ave b een  w orked out (M urugesan  and  
B hattacharya 1986). P re-condition ing o f grain  w ith  
m oisture and su b seq u en t h eatin g  h e lp s  th e  grain  
to retain  m oistu re to a p ressu re  h igher th a n  th e  
atm ospheric p ressu re  and th ese  two s te p s  probably  
bring about som e ch a n g es  in  the su rface starch  
and b lock  surface pores, thereb y resu ltin g  in  the  
retention  of m oistu re  in sid e  th e grain  to a h igher  
pressure (D as and S h rivastava 1989).

Heat transfer coefficient data of h eat transferring  
m edium  and therm op hysica l properties o f the grain  
are im portant to u n d erstan d  th e  entire h ea t transfer  
m ech an ism  during cook in g  (P aulus 1984). Biot 
num ber (Bi = h x /k ) , a ratio o f h ea t transfer  
coefficient at th e  su rface and h ea t con d u cta n ce  to 
the cen tr e  o f  so lid  (E arle 1 9 6 6 ), h e lp s  in  
u n d erstan d in g  th e  u n stea d y  sta te  h ea t flow. W hen
* C o r re sp o n d in g  A u th o r

B iot n u m b er is  sm all (< 0 .1), th e  in terior o f th e  so lid  
and its  su rface m ay  b e  con sid ered  to be all at on e  
uniform  tem perature (lum ped p aram eter approach), 
w h ile h igh  B iot n u m b er (> 0 .1) refers to the  
ex isten ce  o f tem perature grad ien t w ith in  th e  so lid  
(Earle 1966). Surface h ea t tran sfer  coeffic ien t (72 
w /m 2°C) of rice puffed in  ag itated  sa n d  m ed iu m  
w a s  reported b y  D a s and S h rivastava  (198 9), w h en  
com p u ted  a s  a ssu m ed  va lu e  o f 'h' for faba b ean . 
Then, the Biot num ber is  (72 x  3 .3  x  10'3/0 .2 3 )  = 1 .03 , 
w h ich  is  10 tim es larger th a n  th e  lim it sp ecified  
for lu m p ed  p aram eter approach . T h u s , th ere  e x is ts  
a sign ifican t variation  of tem peratu re w ith in  th e  
faba b ean  grain  during puffing in  ag itated  h ot san d . 
H ence, tem perature grad ient at th e  su rfa ce  o f th e  
grain will not be equal to th e  tem p eratu re  of th e  
san d  and a con vective res is ta n ce  to  h ea t tran sfer  
will be p resen t. The p resen t in v estig a tio n  w a s  
u n d ertak en  to find th e con vective  h ea t tran sfer  
coefficient on  th e  su rface o f fab a  b e a n  in  an  
agitated  sa n d  b ed  during puffing.
Materials and Methods

C leaned an d  graded  faba b e a n  s e e d s  ('JV-2') 
at 10.5%  (d.b.) m o istu re  con ten t w ere ob ta in ed  
from th e D epartm ent of P lant B reed ing and G en etics  
of th e V ish w a V idyalaya. F our lev e ls  o f  m o istu re  
co n ten ts  (1 5 ,2 0 ,3 0  an d  35±1%  d.b.) o f  gra in  an d  
four levels o f puffing tem peratu re (200 , 2 1 0 , 2 2 0  
an d  230±1°C ) w ere con sid ered  for th e  puffing  
experim ent. The in itia l m o istu re  c o n te n ts  of faba  
b ea n  se e d s  w ere ad ju sted  b y  follow ing th e  m eth o d  
of K u lk am i et al (1993).

Puffing o f faba b ean  se e d s  w a s  d on e, 4 8  h  after 
th e  p re-con dition in g p rocess, in  a n  o p en  a lu m in iu m  
p an  w ith  a grain  to sa n d  (30 m e sh  B .S .) ratio of 
1:10. T he h eatin g  w a s  carried ou t u s in g  a liquified
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petroleum  g a s burner. S an d  in  th e  p an  w a s  
m anually agitated  w ith  a s ta in le s s  stee l ladle. Two 
th e r m o m e te r s  (m e r c u r y - in -g la s s )  w er e  u s e d  
separately to record tem peratu re o f h ot sa n d  and  
tem perature of product. W hen sa n d  atta in ed  th e  
desired tem perature, th e  g a s  b u rner w a s  turn ed  off 
and the faba b ean  se e d s  (50 g) w ere added. The  
seed s w ere v igorou sly  ag itated  an d  a stop w atch  
(least cou n t 0 .1  second) w a s  u sed  for n otin g th e  
tim e required for the start an d  fin ish  of puffing. 
For the an a lysis o f h ea t transfer, the average v a lu es  
of these two tim es w ere ca lcu la ted . After com p letion  
of puffing, th e  faba b ea n  - sa n d  m ix tu re w a s  poured  
on a sieve for sep aratin g  th e puffed p roduct from  
the sand. The size  o f  sieve w a s large en ou gh  to 
sieve-off th e sa n d  a lm ost in sta n ta n eo u sly . The  
puffed faba b ea n  w a s  qu ick ly  co llected  at one  
com er o f the sieve and th e  tip of the therm om eter  
(0-100°C, lea st cou n t 0 . 1°C) w a s  in serted  in  to the  
centre of th e h eap ed  m a ss  o f faba b ea n  for 
recording m axim u m  in d icated  tem perature. T h is  
tem perature w a s  con sid ered  a s  th e  tem perature, at 
w hich th e puffing of faba b ea n  took  p lace. T herm al 
properties, i.e ., therm al con d u ctiv ity  (k) an d  therm al 
diffusivity (a) o f faba b ea n  w ere estim ated , b ased  
on w eighed average o f th e  resp ective  v a lu es  for 
m oisture and dry solid  p resen t in  the gra in  (Loncin  
and M erson 1979).

H e a t  c o n d u c t i o n  in  f a b a  b e a n  : In th e p resen t  
investigation, faba b ea n  seed  h a s  b een  con sidered  
as short cylinder (Fig. 1), a s  th e  len gth  (average
8 .5 4  x  lCf^m) of th e  seed  is  little m ore th an  the  
width (average 6 .5 8  x  lCF^m). In su c h  a s itu ation , 
the principle of su p erp o sition , i.e ., to  com b ine th e  
solution  for one d im en sio n a l h ea t con d u ction  in  th e  
X and Y d irections in  to  a n  overall so lu tio n  for 
s im u lta n eo u s co n d u ctio n  in  tw o d irectio n s is  
applicable (G eankoplis 1978). In short cylinder w ith

f — ¿  X — >1

S H O R T  C Y L I N D E R  F A B A  B E A N

Fig. 1. Two dimensional unsteady state conduction heat transfer 
in short cylinder.

rad iu s X, and length  2 Y , th e  h ea t tran sfer  occu rs  
both  in  radial an d  ax ia l d irection s. H ence, one  
d im en sion a l h ea t co n d u ctio n  in  th e  X  d irection  is  
given  (G eankoplis 1978);

5T
8t

2a 5  T

Sim ilarly, on e d im en sio n a l h ea t co n d u ctio n  in  Y 
direction  cou ld  b e  specified .

F aba b ea n  seed  h a s  low  th erm al con d u ctiv ity  
(K< 1) and, w h en  exp osed  to  h igh  h ea t transfer  
con d ition  during puffing, r e su lts  in  tem perature  
gradient w ith in  th e  seed . T h u s, T  is  n o t ju s t  a 
fu n ction  o f tim e (t), b u t  T  (t, x , y) an d  th en , the  
an alytica l so lu tio n  b eco m es too  com p licated . H ence, 
u se  o f H essler's ch art (G eankoplis 1978), w hich  
g ives variou s v a lu e s  o f tem p eratu re ratio (0) at

various Fourier num ber and B iot num ber
(Bi), ca n  be a sim p le  an d  co n v en ien t procedure for 
determ ining th e  va lu e o f h ea t tran sfer  coefficient. 
For sh ort cylinder, d ata  o n  rad ial (0x) an d  axia l (0y) 
co n d u ctio n s are ob ta ined  from  th e  H essler 's chart 
for cylinder an d  p late sep ara te ly  (G eankoplis 1978). 
T hen, s im u lta n eo u s  tran sfer  in  b o th  d irection  
becom es;

® xy- {©X } (0y) - T  1 “  T  x.y 
T i - T 0

W here T  is  th e  tem perature at t an d  p ositio n  X  
an d  Y resp ectively . H ence :

(Nro)x = a t /x 2 is  th e  F ourier's n u m b er  in  the  
X direction

(Nro) = a t /y 2 is  the F ourier's n u m b er  in  the  
Y direction
H aving ob tained  th e  v a lu e s  o f (NFO)x an d  (NFO)y, the  
line o f 1 /B i  cou ld  be located  at each  va lu e  of 0 
in  th e  H essler's chart. F rom  the corresp on ding  
va lu e  of 1 /B i (k /h .x  or k /h .y ) , th e  v a lu e  of su rface  
h eat tran sfer coefficient is  ca lcu la ted  for radial (h^ 
an d  axial (hj) direction.
R esults and D iscussion

P h y s i c a l  a n d  t h e r m a l  p r o p e r t i e s  o f  f a b a  b e a n  
s e e d  : Length and d iam eter o f fab a  b ea n  seed  v a iy  
w ith  levels o f  in itia l m o istu re  con ten t. M ean diam  
a n d  le n g th  w ere 6 .5 8 ,  6 .9 9  a n d  8 .5 5  an d  
9 . 0 8 x l 0 ' 3m , resp ectively , at 15 an d  35%  (d.b.) 
m oistu re.

T herm al con d u ctiv ity  (k) an d  therm al diffusivity  
(a) w ere estim ated  at th e  m ea n  of in itial grain
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TABLE 1. THERMAL PROPERTIES OF FABA BEAN AT VARIOUS 

LEVELS OF MOISTURE CONTENT AND MEAN 
TEMPERATURE

Moisture Mean kc a,
content,

% d.b
temperature,

°C
w/m°C m2/s

15 76.00 0.23 1.00x10 7
25 71.56 0.28 1.07x1 O'7
30 69.42 0.30 l.lOxlO-7
35 66.66 0.33 1.14xl0-7

tem perature (25°C) and th e average tem perature o f  
the product and th e  Initial m oistu re  con ten t. It h a s  
b een  observed th a t b oth  K an d  a  varied  w ith  in itial 
m oisture con ten t and m ea n  tem perature. The K 
and a  v a lu es  w ere 0 .2 3 w /m ° C  an d  1 .0 x  10~7m 2/S ,  
0 .3 3  w /m °C  an d  1 .1 4 6  x  10 7m 2/S ,  respectively, at 
in itial m oistu re con ten t levels of 15 an d  35%  (d.b.) 
(Table 1).

S u rface h ea t tra n sfer  coeffic ien t (h) w a s  
calcu lated  sep arately  for radial an d  axia l d irections, 
a s follows: At 15% m oistu re  co n ten t, T ,=200°C , 
T =121.33°C , T0=25°C . Therefore,

2 0 0 - 1 2 1 .3 30 = -------------------  = 0 .4 5  an d  (Nro)x = a t /x 2
2 0 0 - 2 5

lxlCh7x l 2 4= ------------------  = 1 .14
(3 .3 x 1 0  3)2

The va lu e o f l / (B i)  = 2 .0  w a s obtained  from  the  
H essler's ch art for cylinder (G eankoplis 1978) at 
(NTO)x = 1 .14  an d  0 = 0 .4 5 . Therefore, h  = (K /x)x

= 1/2 .0  = 0 .2 3 /3 .3  x  lO-^  2 = 3 4 .8 5  w /m 2K. Sim ilarly, 
su rface h ea t tran sfer coeffic ien t (hj) in  th e  ax ia l 
direction cou ld  be ca lcu la ted . V a lu es  o f h r an d  h t, 
ca lcu la ted  at va r io u s lev els  of pu ffin g m ed iu m  
tem perature and in itia l m o istu re  co n te n t  o f p re
con d ition ed  faba b ea n  seed , are g iven  in  T a b les 2 
an d  3. The h ea t tran sfer coeffic ien t (h), b o th  in  th e  
radial and in  th e  axial d irection s, h a s  in crea sed  
w ith  th e  in crease  in  tem peratu re of puffing m ed iu m . 
It is  in terestin g  to n ote  th a t h e a t  tran sfer  coeffic ien t 
in  th e  axial d irection  (hx) w a s  h igher, in  com p a rison  
to th e radial d irection  (h^. At a  m o istu re  co n ten t  
of 25%  (d.b.) an d  200°C  sa n d  tem p era tu re , th e  
v a lu es  o f  h r and hj w ere 5 4 .3 4  a n d  3 3 1 .8 7  w /m 2k, 
w h ile th e se  w ere 8 6 .9 5  an d  6 6 3 .7 4  w /m 2k  at 230°C  
san d  tem perature (Table 3). T he v a lu e  o f h ea t  
transfer coefficient of faba b e a n  w a s  h igher, a s  
com pared  to th a t reported for gra in  p ea  d u rin g  
puffing (Vinod 1991). G rain p ea  puffed  a t 15%  
m oistu re con ten t, h a d  h ea t tran sfer  coeffic ien t of 
2 0 .8 8  w /m 2k  at 200°C  sa n d  tem p eratu re. T h is  
m igh t b e du e to  th e  geom etrica l d ifference and  
th ick n ess  o f  h u sk .

D ata obtained  in  th e  p resen t s tu d ie s , on  th e  
h eat transfer ch ara cter istics  o f  fab a  b ea n  h ea ted  
w ith  sa n d , cou ld  b e u sed  for d esig n in g  a co n tin u o u s  
sa n d  ro a ster /p u ffin g  m a ch in e , w h ich  req u ires th e  
grain  to atta in  an  average tem p eratu re su ffic ien t  
to  p u ff at th e  d isch arge en d  o f th e  roaster.

TABLE 2. HEAT TRANSFER COEFFICIENT (h) ON THE SURFACE OF FABA BEAN AT 15% (d.b.) MOISTURE CONTENT AND VARYING 
LEVELS OF PUFFING MEDIUM TEMPERATURE.

Sand
temperature,

°C
Product

temperature,
°C

Time
puffing,

S
9 (N J , (N J y !/(Bi)x 1 /  (Bi)y V V

200 121.33 124.00 0.45 1.14 0.67 2.0 0.3 34.85 179.33
210 124.66 95.66 0.46 0.88 0.52 1.4 0.2 49.78 269.00
220 127.33 82.00 0.47 0.75 0.44 0.8 0.1 87.12 538.01
230 130.00 66.66 0.48 0.61 0.36 0.6 0.075 116.16 717.34

*h, : Axial heat transfer coefficient, w /m Jk, *h. : Radial heat transfer coefficient, w /m ak.

TABLE 3. HEAT TRANSFER COEFFICIENT (h) AT VARIOUS LEVELS OF SAND TEMPERATURE AND INITIAL MOISTURE CONTENT OFFABA BEAN.
Temperature

°C 25 Moisture content, % d.b. 
30 35

hr h, hr h, hr h !
200 54.34 331.87 35.61 340.13 47.14 333.33
210 62.11 663.74 44.52 680.27 52.38 333.33
220 72.46 663.74 55.65 680.27 67.34 333.33
230 86.95 663.74 63.60 907.02 78.57 333.33
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A c t i v i t y ,  P h y s i c a l  C h a r a c t e r i s t i c s  a n d  N u t r i e n t  

C o m p o s i t i o n  o f  W h e a t  M a l t

A.W. SUHASEVI AND N.G. MALLESHI*
D ep artm en t of G rain S cien ce  and T echnology,

C entral Food T echnological R esearch  In stitu te , M ysore-570  0 1 3 , India.
Wheat germinated at 25°C exhibited higher levels of amylase activity than that germinated at 15, 20, 30 and 

35°C for any given period upto 120 h germination. Malting loss increased proportionately with temperature and duration 
of germination. Kilning the green malt of 12% moisture content at 65°C produced the malt of desirable aroma, colour 
and retained 75% of its amylase activity. Germination led to 13.7 and 45.0% decrease in 1000 kernel weight and 
hardness, respectively, along with 12% loss in starch content at 72 h. Although there was no appreciable change 
in protein content on malting, the malt protein contained slightly higher proportion of lysine, while the malt rootlets 
contained 22% proteins and 1.3% lysine. Malting enhanced the acid extractable minerals, ascorbic acid, riboflavin 
and niacin, with a concomitant reduction in the dietary bulk (viscosity) of the malt slurry.
Keywords : Germination, Effect of temperature, Amylase activity, Mineral availability, Vitamins, Viscosity, Amino acids.

P roduction of w h eat in  India h a s  in creased  
from a m eagre 10 .4  m illion  to n n e s  in  19 65  to 5 6 .7  
m illion to n n es  in  1992 (Anon 1992). M ost of it is  
utilized in  th e  cou n try  for con v en tio n a l food  
preparations, and a sm all portion  for baking. It is  
desirable to d iversify its  u se s . M alting en h a n ces  th e  
nutritional quality  of cerea ls  an d  leg u m es (Chavan  
and K adam  1989) an d  m alt cou ld  b e  u sed  in  th e  
developm ent o f w ean in g  food s w ith  low  d ie ta iy  
bulk, and also  in  brew ing (M alleshi and D esik ach ar  
1982; L ivingstone et al. 1993). Ind ian  m altin g  and  
brewing in d u stry  is  grow ing rapidly and there is  
need  to find ex ten d ers to barley  m alt (Anon 1985), 
sin ce barley p rod u ction  in  th e  cou n try  is  hardly  
2 m illion  ton n es. W heat m alt h a s  p rom ise in  th is  
direction. Inform ation on  m alting  o f Indian  w heat 
is  scan ty  and there is  n o  uniform ity in  m alting  
procedures followed for w h ea t (Seth i and B a in s  
1978; S ingh  and S o su lsk i 1985). H ence, n eed  ex ists  
to study steeping, germ ination and k iln ing conditions  
on th e am ylolytic en zym es a s  w ell a s  o n  th e  
nutritional quality of w h ea t m alt. The p resen t stu d y  
d elin eates the in flu en ce o f m alting con d itio n s on  
biochem ical and nu trition al q u ality  o f w h eat m alt.
Materials and Methods

W heat (T r iL ic u m  a e s t i v u m )  'HD 2 1 89 ', w ith  over  
95% germ ination  rate, w a s  p u rch ased  from the  
local m arket and stored at 8°C.

M a lt in g  c o n d i t i o n s  : The m eth od olog ies u sed  for 
determ ining th e  in flu en ce o f tem peratu re o f  steep  
w ater on  hydration  ch aracteristics; th e effect of

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

tem perature and duration  of germ in ation  o n  am y la se  
activ ity a s  w ell a s  m altin g  loss; d eta ils  o f  k iln in g  
conditions; and th e  quality  eva lu a tio n  o f m a lt w ere  
a s  reported earlier (M alleshi an d  D esik ach ar  1986a). 
W heat steep ed  for 16 h  and germ in ated  for 72  and  
120 h w a s  dried in  a n  air oven  at 50°C  to ab o u t  
12% m oistu re  and d evegeta ted  (L ivingstone et al.
1993).

P h y s ic o - c h e m i c a l  p r o p e r t i e s  : T he 1 0 0 0 -k e m e l  
w eight a s  w ell a s  vo lu m e, d en s ity  an d  h a rd n ess  
of native w h ea t and m alt sa m p les  w ere determ in ed  
a s  per K um ar et al (1991). T he d eveg eta ted  m alt  
sa m p les  w ere pow dered in  U dy cyclon e sa m p le  m ill, 
fitted w ith  a 0 .5  m m  screen , an d  th e  w h o le  m ea l 
w a s  u sed  for an a lysis . The sa m p le s  w ere hydrolyzed  
w ith  p -to lu en esu lp h o n ic  ac id  (Liu an d  C h ang 1971) 
an d  th e  h yd ro lysa tes w ere an a lyzed  for am in o  acid  
co n ten ts  in  a D ion ex  D -3 0 0  am in o acid  analyzer, 
u sin g  n orleucine a s  an  in ternal stan d ard  (Sp ackm an  
et al. 1958). P roteins, cru d e fat, th iam in , riboflavin, 
ascorbic acid, ca lc iu m  and p h o sp h o ru s w ere a ssa y ed  
accord ing to stan d ard  p roced u res (AACC 1986). 
Total, so lu b le  and in so lu b le  d ie ta iy  fibre c o n te n ts  
w ere determ ined  by th e m eth od  o f A sp  et al (1983). 
Free su g a rs  w ere extracted  and estim a ted  a s  per  
W ankhede and T h aran ath an  (1976), w h erea s  sta rch  
con ten t w a s  d eterm in ed  b y  en zym ic d ig estio n  
followed by m easu rin g  th e  resu ltin g  su g a rs  u s in g  
dinitro salicy lic  acid  reagen t (C hiang an d  J o h n s o n
1977). Copper, z in c, iron an d  m a n g a n e se  w ere  
estim ated  in  atom ic ab sorp tion  sp ectro p h o to m eter  
(Perkin E lm er, m od el 4 6 0 ) u s in g  air a ce ty len e  flam e  
(AOAC 1975). The acid  extractab ility  o f  m in era ls  
w a s determ ined  a s  per K hetarpaul an d  C h a u h a n
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(1989). Cooked p aste  v iscosity  of sam p les, at 5 to  
30% slurry con cen tration s w a s  determ ined in  a 
Brookfield viscom eter (LVT model) a s  per L ivingstone  
et al (1993), w hile viscoam ylogram s of 10% slurry  
were run a s  detailed  by M alleshi and D esik ach ar  
(1986a). Native and 120 h  germ inated  w h eat k ern els  
were cu t open  to  exp ose th e  endosperm , coated  
with gold palladium  alloy and sca n n ed  in  a n  "auto 
scan" scanning electron m icroscope for photographing  
selective parts. All analytica l determ in ation s w ere  
conducted at lea st in  d u plicate and the m ean  
values are reported.
Results and Discussion

S te e p in g  c h a r a c te r i s t i c s  : There w a s  a rapid rise  
in m oisture con ten t of w h eat during th e  first 4 h  
steeping at all tem peratures, after w hich  the rate 
of absorption slow ed dow n (Fig. 1). S eed s  im bibed  
water faster at h igher steep in g  tem peratu res, and  
reached the n ear sa tu ration  m oistu re con ten t of 
36% by 8, 10, 16, 2 0  and 2 4  h  steep in g  at 3 5 ,3 0 ,
2 5 ,2 0  and 15°C, respectively. S eed s steep ed  at 35°C  
for 24  h sh ow ed  s ig n s of ch itting. O gu n tu n d e and  
Adebawo (1989) have a lso  reported th a t the m oisture  
uptake in  cerea ls ta k es  p lace rapidly w ith in  the first 
few hours and th e  sa tu ra tion  m oistu re  con ten t is  
reached at about 3 6  h o f steep ing . A lthough, high  
tem perature steep in g  red u ces hydration  tim e and

Fig. 1. Moisture uptake of wheat on steeping at different 
temperatures.

0 2 4  4 8  72 96  120
GEMINATION PERIOD ( h)

Fig. 2. Amylase activity of wheat germinated at different 
temperatures.

overcom es seed  dorm ancy, s teep in g  cerea ls  above  
4 0 °C h a s  b een  fou n d  to  h am p er  se e d  viability, 
c a u sin g  h igher lea ch in g  lo s s e s  (R eeves et al. 1980; 
S w a n ston  and Taylor 1990).

A m y l a s e  a c t i v i t y  : A  co n tin u o u s  in crea se  in  th e  
am ylase activity on  p rogressive  germ in ation  a t all 
tem p eratu res w a s  ob served  (Fig. 2). T he in crea se  in  
activity w a s  h igh er at 2 0 , 2 5  an d  30°C  th a n  at 
15 an d  35°C . T he sa m p le  germ in ated  at 25°C  
exh ib ited  h igh er a m y la se  activ ity  th a n  o th ers  
throu gh ou t th e  germ in ation  period. R eddy et al 
(1984) a lso  ob served  th a t  a lp h a -a m y la se  activ ity  in  
w h ea t in creased , w h e n  th e  germ in ation  tem peratu re  
w a s raised  from  15 to  20°C , b u t th e  activ ity  fell 
drastically , w h en  germ in ation  w a s  carried  ou t at 
30°C .

M a lt in g  l o s s  : M alting lo s s  c a u se d  b y  m etab olic  
activity an d  sep ara tio n  o f vegeta tive  grow th  (root 
a n d  sh o o t)  in c r e a s e d  w ith  th e  in c r e a s e  in  
tem perature an d  d u ration  o f g erm in ation  (Fig. 3). 
The tota l m alting  lo s s  (m etabolic an d  rootlets) for 
sa m p les  germ in ated  for 4 8  h  at 25°C  w a s  7.8% . 
S in ce , th e  germ in ation  w a s  u n iform  at 25°C , 
am ylase  activ ity  w a s  h igh  a n d  m altin g  lo s s  w a s  
m o d e r a te , th e  s a m e  te m p e r a tu r e  c o u ld  b e  
recom m en d ed  for m altin g  o f w h eat.

K i ln in g  : K ilning o f g reen  m alt a t 32%  m oistu re  
resu lted  in  th e  d evelop m en t o f h ig h ly  d esirab le  m alt 
arom a, b u t c a u sed  ex ce ss iv e  b row n in g  an d  drastic
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Fig. 3. Malting loss of wheat germinated at different 
temperatures. 1, 2, 3, 4 and 5 refer to samples 
germinated for 24, 48, 72, 96 and 120 h, respectively.

reduction (90%) in  th e  am ylase  activ ity (Table 1). 
Similarly, k iln ing the m alt at 17 an d  22%  m oistu re  
also resu lted  in  con siderab le lo s s  o f  am ylase  
activity and the m alt k ilned  at 7% m oistu re  
developed very u n d iscem ib le  arom a. O n th e  other  
hand, green  m alt k ilned  at 12% m oistu re  retained  
about 75% of am ylase activity an d  a lso  p o sse sse d  
desirable arom a. From th ese  s tu d ie s , it c a n  be  
inferred th a t k iln ing th e green  m alt o f  12% m oistu re  
level at 65°C for ab ou t 4 5  m in  cou ld  produce m alt 
su itab le for food u se s .

P h y s ic o - c h e m ic a l  c h a n g e s  : The physico-chem ical 
com position , som e v itam in  and m ineral co n ten ts  of 
native, 72 and 120 h  germ inated w heat are presented  
in  Table 2. The 1 0 0 0 -k em e l w eigh t o f  m alt sam p les  
were significantly low er th a n  native w h ea t and the  
lo ss  in  w eight w a s proportional to  th e  degree of  
germ ination, w h ich  w a s reflected in  th e  d ecrease  
in  d en sity  also. G erm ination for 72  and 120 h  
resulted in  12% and 21%  lo s se s  in  1 0 0 0 -k em el  
w eights and 5.1%  an d  12.7%  red u ction s in  1000-  
k em el volum e, respectively. The m alts had  sh ru nk en  
appearance and their h a rd n ess  w a s  considerab ly  
lower th an  the native w h eat. S im ilar ch a n g es in

TABLE 2. PHYSICO-CHEMICAL COMPOSITION, SOME VITAMIN 
AND MINERAL CONTENTS OF NATIVE, 72 AND 120 h 
MALTED WHEAT

Native Malt
wheat

72 h 120 h
1000-kemel
wt, g 51.00 ± 0.17 44.90 ± 0.88 39.90 ± 0 .1 2

1000-kemel
vol, ml 35.50 ± 0 .1 6 33.70 ± 0.57 31.00 ± 0.09

Density, g/m l 1.44+0.01 1.33 ±0 .01 1.29 ± 0.01
Hardness,
kg/cm2 13.10 ± 2.90 7.20 ± 1.70 3.30 ± 2.00

Proteins,
% (Nx5.7) 12 .40+0.07 12.00 ± 0.00 12.00 ± 0.07

Crude fat, % 1.86 ±0.01 1.67 ± 0.01 1.64 ± 0.01
Starch, % 72.00 ± 1.90 60.40 ± 1.92 57.40 ± 0.89
Dietary fibre, %
Total 13.20 ± 0 .14 13.00 ± 0 .5 0 19.50 ± 0.90
Soluble 3.40 ± 0 .14 3.00 ± 0.07 5.30 ± 0.07

Ascorbic acid,
mg % 0.67 1.14

Thiamin, mg % 0.27 0.28 -
Riboflavin, mg % 0.07 0.12 -
Niacin, mg % 2.62 2.74 -
Iron, mg % 7.26 (7.5) 6.74 (17.1) 6.28 (22.1)
Copper, mg % 0.69(20.8 0.66 (30.0) 1.00 (40.0)
Zinc, mg % 2.57(58.4) 2.67 (71.2) 2.93 (71.7)
Manganese,
mg % 4.26(32.8) 4.01 (66.3) 3.99 (67.5)

Calcium, mg % 53.40(48.7) 60.12 (53.3) 66.60 (75.0)
Phosphorus,

mg % 355.40(36.2) 374.10 (37.4) 407.50 (40.0)
Figures in paranthesis indicate % minerals extracted in HC1

th e  p h ysica l p aram eters on  germ in ation  o f w h ea t  
w ere observed  by S eth i an d  B a in s  (197 8). The  
ch a n g es  in  h a rd n ess  or friab ility  o f  b arley  o n  
m alting is  con sid ered  a s  a good  m ea su re  for th e  
d iastatic  activity of m alt or a  m ea su re  o f  m alt  
m odification  (S w an ston  an d  Taylor 1990), an d  th is  
m ay a lso  hold  good for w h eat.

There w a s  n o t m u ch  ch an g e in  to ta l p rote in s, 
b u t starch  con ten t d ecreased  o n  germ in ation . A

TABLE 1. EFFECT OF MOISTURE CONTENT OF GREEN MALT DURING KILNING ON THE QUALITY OF WHEAT MALT
Moisture, Colour, Hardness, Free sugars, Amylase activity,% reflectance kg % maltose units

32 57.0 ± 0.26b 7.1 ± 1.8» 20.5 ± 0.32b 144 ± 23b (1.5)
22 64.2 ± 0 .19e 6.3 ± 1.5* 8.6 ± 0.00e 4270 ± 76c (41.7)
17 65.9 ± 0.54d 6.2 ± 1.0* 8.7 ± 0.22c 6339 ± 76d (62.0)
12 66.7 ± 0.10e 6.3 ± 1.9* 8.3 ± 0.48e 7764 ± 112e (75.0)
7 66.8 ± 0.13e 6.5 ± 1.4* 8.7 ± 0 .15e 8916 ± 135' (87.0)

Green malt 68.4 ± 0.22* 6.4 ± 1.5* 9.3 ± 0.05* 10232 ± 158*(100)
At 0.05 significance level, the means of any two groups in a column with the same letter are not significantly different according to 
Newman-Kewls multiple comparison test. Figures in parenthesis indicate percentage of amylase activity retained on kilning.
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sm all d ecrease in  th e  cru d e fat w a s  a lso  noticed. 
There are contradictory rep orts on  th e  ch a n g es  in  
the protein co n ten ts  o f  w h ea t an d  o th er cerea ls  on  
germ ination (Chavan and K adam  1989), an d  th is  
trend is  attributed to the differences in  the conditions  
of germ ination an d  varietal varia tion s. A  gradual 
decrease in  starch  co n ten t on  germ in ation  w a s  
reported in  w heat (Ibrahim  an d  D'Appolonia 1979). 
The hydrolysis of fat b y  th e  lip a se s  elaborated  
during sprouting o f w h ea t (Drapron et al. 1969) 
w ould have c a u sed  a sligh t d ecrease in  crude fat 
con ten t. M alt from  1 2 0  h  g erm in a ted  w h ea t  
contained significantly h igher proportions of so lub le, 
insoluble and tota l dietary fibre. The partial lo s s  
in  starchy endosperm  during germ ination , ca u s in g  
p e r  s e  in crease  in  seed  coat proportion cou ld  be  
the reason  for in crease in  d ietary fibre con ten t on  
m alting. M alleshi and D esik ach ar (1986b) a lso  
reported sligh t in crease in  cru d e fibre on  m alting  
of m illets.

M alting en h an ced  ascorb ic acid , riboflavin and  
niacin  co n ten ts  o f w h eat. H ow ever, there w a s  no  
appreciable ch an ge in  th iam in . A n in crea se  in  som e  
of the w ater-so lub le  v ita m in s in  m ost o f the cerea ls  
and a sligh t d ecrease  in  th iam in  in  sorgh u m  on  
germ ination h a s  b een  reported (Lorenz 1980). S in ce  
cereal gra in s are im portant so u rces  of B -com p lex  
vitam ins in  Indian  d iets  (G opalan et al. 1989), an  
in crea se  in  v ita m in s  th ro u g h  g erm in a tio n  is  
nutritionally desirable.

M alted  w h e a t  c o n ta in e d  s l ig h t ly  h ig h e r  
con cen tration s o f z in c , ca lc iu m  and p h osp h oru s, a s  
against lower con cen tra tion s o f iron, m a n g a n ese  
and copper. R anhotra et al (1977) a lso  observed  
a decrease in  iron co n ten t an d  a n  in crease in  
calcium  and zin c c o n ten ts  in  sp rou ted  w h eat. There  
w a s alm ost tw o-fold in crease  in  acid  extractability  
of iron, copper an d  m a n g a n ese , b u t very little in  
case of zinc, ca lc iu m  an d  p h osp h oru s. The lower 
extractability o f  som e o f th ese  m in era ls cou ld  be 
due to the p resen ce  o f p hytate. The im proved  
bioavailability o f  m in era ls on  germ in ation  o f w heat 
is im portant, s in ce  th e  m in era l availability in  
cereals is  generally  low  (San dstrom  et al. 1987).

A m i n o  a c i d s  : D a ta  on  th e  am in o  acid  
com position  o f w h ea t m alt an d  roo tlets are given  
in  Table 3. A 23%  in crea se  in  asp artic  acid  and  
a slight in crease  in  va line, a lan in e, iso leu c in e  
con ten ts, w hile a 10% d ecrease  in  g lu tam ic acid  
and a little d ecrease in  m eth ion in e  an d  leu c in e  
con ten ts w as observed  o n  120  h  germ ination . The 
ly sin e con ten t in creased  by 4.8%  o n  72  h  an d  8%

TABLE 3. AMINO ACID COMPOSITION OF NATIVE, 72 AND 
120 h MALTED WHEAT AND ROOTLETS (g/100 g 
proteins)

Amino
acid

Native Malt Rootlets
72 h 120 h 72 h 120 h

Aspartic acid 6.43 6.91 7.90 21.80 24.67
Threonine 3.28 3.26 3.35 4.61 4.36
Serine 5.24 5.10 5.06 4.40 4.30
Glutamic acid 29.66 28.37 26.61 14.93 13.68
Proline 7.92 8.05 7.86 2.54 2.80
Glycine 4.48 4.45 4.56 4.96 4.75
Alanine 4.32 4.41 4.72 6.96 6.60
Cystine 4.26 4.32 4.24 1.36 1.78
Valine 3.45 3.67 3.88 4.32 4.57
Methionine 1.81 1.74 1.61 1.50 1.33
Isoleucine 2.71 2.85 3.00 3.15 3.25
Leucine 6.83 6.91 7.00 6.93 6.79
Tyrosine 3.63 3.64 3.68 3.14 3.10
Phenylalanine 5.03 5.02 4.85 3.66 3.56
Histidine 3.21 3.29 3.44 3.20 3.38
Lysine 2.94 3.08 3.18 6.15 5.05
Arginine 4.70 4.94 5.10 4.98 4.54

on 120  h germ ination . The rootlets co n ta in ed  about
2 2 .0  an d  1.3% p rote in s an d  ly sin e , respectively. 
C om pared to m alt, the roo tlets w ere rich in  aspartic  
acid  an d  poor in  g lu tam ic  acid  an d  proline. A  
d ecrease  in  g lu tam ic acid  and proline w ith  a 
con co m itan t in crea se  in  asp artic  acid  on  m alting  
of w h eat and barley h a s  b een  reported earlier  
(F inney 1982). In crease in  ly s in e  co n ten t on  
germ in ation  o f w h eat in  severa l va rieties  h a s  b een  
reported b y  S in gh  an d  S o su lsk i (1986) a lso . 
A ccord in g  to  Iliev et al (1 9 9 2 ), th e  p ro te in  
h yd ro lysa tes o f  barley roo tlets (m alt sp rou ts) m et  
the req u irem en ts o f th e  e s se n tia l am in o  acid s, 
su g g ested  b y  F A O /W H O /U N U  (1985) for ch ildren .

V is c o s i t y  : Native w h eat h a d  sign ifican tly  h igher  
v isco sity  th a n  germ in ated  w h ea t at all slurry  
con cen tra tion s (Fig. 4). Lower v isco s ity  resu lts  in  
red u ced  dietary bu lk , w h ich  h a s  sp ec ia l sign ifican ce  
w ith  reference to food s for w ea n ed  ch ildren , 
m aln ou rish ed  su b jec ts  an d  c o n v a le scen ts , w ho  
sh o u ld  b e g iven  n u tr ien t-d en se  and easily  d igestib le  
food s (Ljungqvist et al. 1981). T he B rabender  
v iscogram s o f native an d  en zym e-in h ib ited  m alt 
sa m p les  w ere sim ilar. H owever, th e  m alt v iscogram s  
exh ib ited  h igh er ge la tin iza tion  tem p eratu re  (GT) 
an d  low er p eak  v isco s ity  (PV). T he PV v a lu e s  for 
native, 7 2  and 120  h  germ in ated  an d  am ylase-  
inh ib ited  sa m p les  w ere 5 1 0 , 3 1 0  an d  2 2 0  BU, w hile  
the GT v a lu es  w ere 76 , 7 8  an d  80°C , respectively. 
On th e  oth er h an d , th e  m alt sa m p les  w ith  active
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Fig. 4. Cooked paste viscosity of native and germinated wheat. 
24, 48, 72, 96 and 120 h refer to duration of germination.

am ylases did n ot sh o w  an y ch an g e in  v isco sity  on  
heating, b eca u se  o f th e  enzym ic h yd ro lysis of 
starch.

S c a n n i n g  e le c t r o n  m ic r o s c o p y  : M icrophotographs 
of native an d  120  h m alted  w h ea t are sh ow n  in  
Fig. 5a  and 5b , respectively. In c a se  of native  
sam p les, th e  starch  gra n u les are em b ed ded  in  
am orphous m atrix , w h ich  cou ld  b e th e  adhering  
proteins. O n germ in ation  for 120  h , d isin tegration  
of the protein  m atrix  an d  p itting o f the starch  
gran u les is  observed. It ca n  b e se e n  th a t the centra l 
portion is  com p letely  d igested  in  som e of th e  
gran u les. It is  reported th a t, a s  germ in ation  
progresses, the starch  h ydrolysis co n tin u es  tow ards  
the centre o f the g ra n u les  (D ronzek et al. 1972).
Conclusions

W heat m alt produced  b y  16 h  steep in g , 4 8  h  
germ ination at about 25°C and k iln ing th e green  
m alt after drying to  12% m oistu re  is  su itab le  for 
food u se s . M alting e n h a n ces  ly sin e, riboflavin, 
n iacin  an d  ascorb ic acid  co n ten ts , in  addition  to 
m in e r a l a v a ila b ility . M a lted  w h e a t  e x h ib it s  
significantly low ered v isco sity  (dietary bulk) th a n  
that o f th e native, thereb y in d ica tin g  its  su itab ility  
for d evelopm ent o f n u tr ien t-d en se  h ea lth  foods.
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I n d i a n  G r e e n  R o b u s t  a  C o f f e e
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Individual chlorogenic acids and caffeine contents in Indian wet and dry processed green robusta coffee beans, 

obtained by reversed phase chromatography, have been studied. No significant differences in caffeine content, even 
at the 5% level, were observed, though significant differences (1% or 0.1% levels) with reference to individual chlorogenic 
acids, chlorogenic acid sub-groups or total chlorogenic acids were observed between (a) wet processed and dry processed 
flat bean coffees; (b) wet processed pea berry and wet processed flat bean coffees; (c) wet processed pea berry and 
dry processed flat bean coffees; and (d) immature dry processed flat bean and mature dry processed flat bean coffees.
Keywords : Coffee, Robusta, High pressure liquid chromatography, Chlorogenic acids, Caffeine, Caffeoyl-tryptophan.

E sterified quin ic ac id s, k n ow n  collectively  a s  
chlorogenic a c id s (CGA), are a m ajor com p onen t, 
accou n tin g for som e 7-10%  d.b. of com m ercial 
green coffee b ea n s  (Clifford 1985  a, b). T h ese CGA 
m ay be su b -d iv id ed  in to  grou p s of three p osition al 
isom ers, each  dep en ding o n  th e  position(s), at 
w hich  th e quinic acid is  esterified , and  according  
to the identity of th e  esterify ing residue(s). The CGA 
found in  coffee are m ono- and d i-esters o f p ositio n s  
3, 4  and 5 (Clifford 19 85  a, b). The stru ctu re of 
quinic acid  in  its  preferred conform ation  (carboxyl 
equatorial), w ith  th e  ring ca rb o n s n u m b ered  
according to IUPAC recom m en d ation s (IUPAC 1976), 
along w ith th e  stru ctu res  o f th e  esterify ing res id u es  
(E-caffeic acid, E-ferulic acid and E-p-coum aric acid), 
associa ted  w ith  coffee CGAs are sh ow n  in  Fig. 1 
(Clifford 1985  a, b).

The s ix  CGA su b -grou p s are caffeoylquinic  
acid s (CQA), p -cou m aroylq u in ic ac id s (pCoQA), 
feruloylquinic a c id s (FQA), d icaffeoylquin ic ac id s  
(diCQA), caffeoylferuloylquinic ac id s (CFQA) and  
feruloylcaffeoylquinic ac id s (FCQA). The la st  three  
groups have b een  ch aracterized  recen tly  (Clifford et 
al. 1989b). In ad d ition  to th e CGAs, IV/l-eaffeoyl- 
L-tryptophan and N' /t-caffeoyl-L-tyrosine and traces  
of u nesterified  E-caffeic acid , E-ferulic acid and E 
p-coum aric acid  h ave a lso  b een  reported (Clifford 
1985a,b; Clifford et al. 1989a). The m ixed  d iesters  
and the am ino acid  derivatives are fou n d  in  
robusta, b u t n ot in  arab icas, an d  th e  tyrosine  
derivative is  ap p aren tly  restr icted  to A n golan  
rob u stas (Clifford an d  Jarvis 1988; Clifford et al. 
1989 a,b; Correia et al. 1994). The id en tity  of som e  
q u a n tita tiv e ly  m in o r  CG A -like c o m p o n e n ts  o f
* C o r re sp o n d in g  A u th o r

OH

COOH

B: £-Cirmamic Acids

R = H = £>-Coumaric Acid 
R = OH = Caffeic Acid 
R = OCH3 = Ferulic Acid

Fig. 1. Structure of a; quinic acid in preferred chair conformation; 
b: structure of esterifying residues found in coffee bean 
chlorogenic acids.

1 0 4
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com m ercial coffees an d  b otan ica lly  d istin ct w ild  
sp ecies rem ain to b e ch aracterized  (Clifford and  
Jarvis 1988; Clifford et al. 1989c).

The ch a n g es  in  CGA co n ten ts  o f  th e  b ean  
during cherry m atu ration , th e  b eh av iou r of CGA 
during roasting, th e  ab ility o f som e iso m ers to  
com plex w ith  caffeine an d  th e  a sso c ia ted  s e n s o iy  
properties have led  to b e lie fs , w idely  accep ted  b u t  
not n ecessarily  proven, th a t the CGAs have an  
im portant role in  d eterm in in g  b ea n  an d  beverage  
quality (Clifford an d  O hiokpehai 1983; Clifford 
1985 a,b; Clifford and Kazi 1987; Clifford et al. 
1987; O hiokpehai et al. 1982). A s a resu lt, the  
HPLC an a lysis  of th e  c o n ten ts  o f  ind iv idual CGA 
and caffeine in  green  an d  roasted  coffee b ea n s , 
instant coffee pow ders and coffee beverage h a s  
becom e a w idely u sed  tech n iq u e to se e k  correlations  
betw een green  b ean  com p osition , cu p  quality and  
price realised  at au ctio n , a s  w ell a s  for quality  
con tro l p u r p o se s  (Trugo a n d  M acrae  1 9 8 4 ;  
H um phrey and M acrae 1987). D esp ite  m an y  s tu d ie s  
world w ide (Clifford 19 85 a ,b  an d  references therein), 
only a few  data have b een  p u b lish ed  on  th e  CGA 
con ten ts of com m ercial Indian  coffees. T h is paper  
provides analytica l data  for dry and w et p rocessed  
pea berry and flat b ea n  rob u sta  produced  in  India.
Materials and Methods

M a te r ia l s  : Two sa m p les  each  o f dry p rocessed  
and wet p rocessed  com m ercial grad es o f Indian  
green robusta  coffee b ea n s  w ere k ind ly  su p p lied  in  
May, 1993 by C on solidated  Coffee Ltd, Pollibetta, 
Kodagu, K arnataka, India. T h ese  w ere (1) dry 
processed  (unw ashed); (a) rob u sta  cherry - 'AB' (flat 
bean  and (b) rob u sta  cherry - 'PB' (pea berry); and
(2) w et p rocessed  (washed); (a) rob u sta  parch m en t 
- 'AB' (flat bean) an d  (b) rob u sta  p arch m en t - 'PB' 
(pea berry). Prior to grinding and extraction , all 
abnorm al b ea n s  w ere rem oved from  each  sam p le  
by m an u al sorting. In a seco n d  in vestigation , th e  
im m ature (green coloured) b e a n s  w ere rem oved  
from the dry p rocessed  'AB' sam p le , an d  th ese  w ere  
analyzed sep arately  from  th e  m atu re (golden brow n  
coloured) b ean s.

Caffeine, 5-CQA an d  trifluroacetic acid  (TFA) 
were obtained  from  Sigm a C hem ical C om pany Ltd, 
Poole, D orset, UK. M ethanol and aceton itrile  (HPLC 
grade) w ere obtained  from  F iso n s, L oughborough, 
UK. W a ter /a q u eo u s d en o tes  d istilled  w ater, u n le s s  
otherwise specified . All o th er reag en ts w ere of  
standard quality from  reputable com m ercial sou rces. 
For Carrez reagent (Egan et al. 1981), reagent A  
w a s prepared by d isso lv in g  2 1 .9  g  z in c acetate

dihydrate in  w ater, con ta in in g  3 .0  g  g lacia l acetic  
acid  and d ilu tin g  to 10 0  m l w ith  w ater. R eagent 
B w a s  prepared b y  d isso lv in g  1 0 .6  g  p o ta ss iu m  
ferrocyanide trihydrate in  1 0 0  m l w ater. T h ese  
reag en ts w ere stored  at -4°C . C alibration  sta n d a rd s  
of caffeine and 5-CQ A w ere p repared  in  70%  (v/v) 
a q u eo u s m eth a n o l (Clifford 19 85  a,b).

E x t r a c t i o n s  : T he green  ro b u sta  coffee b ean  
sa m p les  w ere frozen, grou n d  in  a  h am m er m ill to  
p a s s  0 .7  m m  an d  5 0 0  m g extracted  (4 x  2 5 m l, 2 5  
m in  each) w ith  70% (v/v) a q u eo u s  m eth a n o l u sin g  
a T ecator H T -1043 (Tecator, Sw eden) co n tin u o u s  
extraction  system . T he b u lk ed  ex tracts  w ere treated  
w ith  Carrez reag en ts (1 m l A  p lu s  1 m l B) to 
precip itate collo idal m ateria l, d ilu ted  to  100  m l w ith  
70% (v/v) a q u eo u s m eth a n o l an d  filtered through  
a W hatm an No. 1 filter paper. T h ese  extracts w ere  
stored  at -4°C, an d  u se d  d irectly  for HPLC an a lysis.

H P L C  a n a l y s i s  : A  S p ectra p h y sics  P -4 0 0 0  
gradient p u m p, cou p led  to a S p ectra p h y sics  AS- 
3 0 0 0  au to -sam p ler  an d  a S p ectra fo cu s forward  
optica l sca n n in g  d etector, w ere u se d  in  con ju n ctio n  
w ith  a  2 5 0  m m  x  4 .6  m m  in tern a l d iam  co lu m n  
packed  w ith  Spherisorb  S 5  O D S2 (a fu lly  en d cap p ed  
5 p reverse p h a se  p ack in g  m ateria l h av in g  a low  
con ten t o f  resid u al s ilan o l groups) prepared by  
H ichrom , T heale, B erk sh ire , UK. C hrom atographic  
an d  sp ectra l d ata  co llection  a s  w ell a s  in tegration  
w ere perform ed, u s in g  S p ectra fo cu s softw are o n  an  
IBM P S /2  com puter. S am p le  or sta n d a rd  (20 pi) 
w a s analyzed  u s in g  a grad ien t from  100% solven t  
A  (aq u eou s 0.5%  TFA) to 100%  so lven t B (45%  
aceton itrile  in  0.5%  a q u eo u s  TFA) in  5 6  m in  at a  
flow rate o f 1 m l/m in . P eak s w ere d etected  at 2 8 0  
nm  (caffeine) an d  3 1 5  n m  (CGA). A s required, UV 
sp ectra  w ere recorded  b etw een  2 0 0  an d  3 6 0  nm . 
P eak id en tification  w a s  ach ieved , w here p ossib le , 
by sp ik in g  w ith  a u th en tic  m ateria l or a com b in ation  
of UV sp ectra  data , relative reten tio n  tim e an d  th e  
effect o f treatm en t w ith  tetra m eth y lam m on iu m  
hydroxide (Clifford et al. 19 89  b ,d). A s n e c e ssa iy , 
the S p ectra fo cu s data  (BFF files) w ere exported  (as  
CSV files), an d  im ported  in to  Fig. P (B iosoft, 
C am bridge, UK) for m a n ip u la tio n  and labelling  
during th e preparation  o f Fig. 2.

M o is t u r e  c o n t e n t  : D u p licate  0 .5  g  sa m p les  of 
each  ground  coffee b ea n s  w ere dried con ven tion a lly  
to a co n sta n t w eigh t at 105°C  in  a v a cu u m  oven.
Results and D iscussion

The m ea n  m oistu re  co n ten t (n=2, % dry weight) 
of rob u sta  cherry 'AB', rob u sta  cherry 'PB', rob u sta  
p arch m en t 'AB' an d  rob u sta  p arch m en t 'PB' were
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TABLE 1. RETENTION TIME (MIN), RELATIVE RETENTION 
TIMES AND Xm„  FOR THE INDIVIDUAL 
CHLOROGENIC ACIDS AND CAFFEINE.

Compound
detected

Retention 
time, min

Relative Retention Times*

3-CQA 15.5 0.74 1.00 326
4-CQA 20.6 0.99 1.00* 328
5-CQA 21.0 1.00 1.00b 328
Caffeic acid 22.6 1.08 320
5-p-CoQA 24.7 1.18 313
4-FQA 25.1 1.20 0.96* 1.22* 326
5-FQA 26.2 1.25 1.00* 1.25h 327
Unknown 1 27.3 1.30 325
3,4-diCQA 31.6 1.51 1.00b 1.00e 327
3,5-diCQA 32.7 1.56 1.03b LOO-1 329
4,5-diCQA 34.9 1.66 1.10b 329
3C.4FQA + 
3F.4CQA 36.0 1.71 1 .00e 1.14* 328

3C.5FQA + 
3F.5CQA 37.5 1.80e 1.04e 1.154 329

Caffeoyl-
tryptophan 39.3 1.88 222, 292 

and 324
Unknown 2 43.1 2.05 222, 292 

and 309 
(sh)

Caffeine 24.7 1.18 274
• Relative retention times having the same superscript are directly 
comparable

7.5% , 7.6% , 7.8%  an d  8.9% , respectively . T h ese  
v a lu es are com m en su rate  w ith  good com m ercial 
practice (Clarke 1985).

A s in  previou s s tu d ie s  (Clifford et al. 19 89  b,d), 
the three CQA isom ers, caffeic acid , 5-p-COQA, two  
FQA isom ers, three diCQA iso m ers and caffeoyl- 
tryptophan w ere located easily  on  the chrom atogram s  
by a com b ination  o f sp ik in g  w ith  au th en tic  m aterial 
and behaviour, w h en  treated  w ith  tétram éth y l
am m onium  hydroxide (data n ot show n). F urther  
evidence o f id en tity  and purity w a s  ob tained  from  
the ca lcu la tion  o f relative retention  tim es and  
spectral m atching. T hese data, w hich  were con sisten t  
w ith th o se  ob tained  p reviou sly  (Clifford et al. 
1989 b,d) are p resen ted  in  T able 1. It w a s  not  
p ossib le to locate 3-p-CoQ A or 4-p-CoQA, w hich  
w ould  be very m inor co m p o n en ts, or 3-FQA, w hich  
w ould  be exp ected  to  coelu te  w ith  4-CQA, a s  
reported p reviously (Clifford et al. 19 89  b; Trugo 
and M acrae 1984).

The m ixed  d iesters h ave p reviou sly  (Clifford et 
al. 19 89  a) b een  partia lly  resolved  in to  three p eak s  
con ta in in g  two iso m ers each  (3C,4FQA+3F,4CQA; 
3 C .5 F Q A + 3 F .5 C Q A ; a n d  4 C .5 F Q A + 4 F .5 C Q A ).

Fig. 2. Chromatogram of a 70% methanolic extract of an Indian 
dry processed green robusta coffee 'AB'. Chromatographic 
conditions : Solvent A : 0.5% TFA; Solvent B : 45% 
aqueous acetonitrile in 0.5% TFA; gradient 100% A to 
199% B linearly in 56 min; column 25 cm x 4.6 mm 
packed with Spherisofb ODS2 5 p; 20 pi injection; 
detection at 280 nm and 315 nm 
Key: Peak 1 = 3-CQA; peak 2 = 4-CQA; peak 3 = 5- 
CQA; peak 4 = caffeine (at 280 nm) masking 5-p-COQA 
(at 313 nm); peak 5 = 4-FQA; peak 6  = 5-FQA; peak 
7 = unknown 1; peak 8 = 3,4-diCQA; peak 9 = 3,5- 
diCQA; peak 10 = 4,5-diCQA; peak 11 = 3C, 4F9A + 
3F.4FQA + 3F.4CQA; peak 12 = 3C, 5FQA + 3F.5CQA; 
peak 13 = caffeoyl-tiyptophan with 4C.5FQA + 4F.5CQA 
on leading edge; peak 14 = unknown 2.

However, in  th e  p resen t c a se , th e  m o st h yd roph obic  
pair coelu ted  w ith  caffeoyl-tryp top h an , w h ere  th eir  
p resen ce  on  th e  lead in g  edge o f th a t p ea k  w a s  
d etectab le spectrally . A  sp ec im en  ch rom atogram  is  
sh ow n  in  Fig. 2. O nly m in u te  tra ces  (<0.01% ) of 
p-coum aric acid  and ferulic acid  w ere ob served  an d  
th ese  h ave n ot b een  in clu d ed  in  th e  tab u la ted  
resu lts .

A s a prelim inary e lem en t o f th is  s tu d y , th e  
com m ercial w a sh ed  p arch m en t 'AB' coffee w a s  
sam p led  exten sive ly  an d  th e  grou n d  m ateria l w a s  
extracted , u s in g  each  o f th e  s ix  sa m p le  p o s it io n s  
on  the Tecator HT 10 43  a p p aratu s, in  order to  
properly a s s e s s , w h eth er  a n y  sig n ifican t varia tion  
w a s  in troduced  d u e to  th is  op eration al factor. T he  
variation observed w a s no greater th a n  th a t betw een -  
replicate varia tion  a sso c ia ted  w ith  a s in g le  p ositio n  
an d  th e n in e s e ts  o f data  so  ob ta in ed  w ere  
su b seq u en tly  pooled  and p resen ted  a s  su c h  in  
Table 2.

The co n ten ts  o f caffeine an d  in d iv id u al CGA 
(as CGA equivalents, w ith out correction  for individual 
r e sp o n se  factors) w ere  c a lc u la te d  u s in g  th e  
regression  eq u ation s :
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TABLE 2. THE CONTENT OF INDIVIDUAL CHLOROGENIC ACIDS AND CAFFEINE (% DRY BASIS) IN INDIAN ROBUSTA COFFEE 

BEANS.
Compound Dry processed (unwashed) Wet processed (washed)
quantified --------------------------------------------------------  --------------------------------------------

Cherry 'AB' Cherry 'PB' Cherry 'AB' Cherry 'PB'.
n = 6 n = 3 n = 9 n = 3

3-CQA 0.425 ± 0 .108 0.430 ± 0.131 0.441 ± 0.025 0.430 ± 0.008
4-CQA 0.480 ± 0.080 0.532 ± 0.078 0.573 ± 0.064 0.585 ± 0.033
5-CQA 3.485 ± 0.455 3.764 ± 0.637 4.493 ± 0.218 4.904 ± 0.099
CQA sub-total 4.390 ± 0.566 4.726 ± 0.843 5.507 + 0.275 5.919 ± 0.140
Caffeic acid 0.066 ± 0 .016 0.067 ± 0.014 0.065 ± 0.024 0.077 ± 0.012
5-pCoQA 0.052 ± 0.008 0.046 ± 0.003 0.045 ± 0.004 0.051 ± 0.002
4-PQA 0.105 ±0 .007 0.095 ± 0.006 0.093 ± 0.014 0.090 ± 0.005
5-FQA - 0.834 ± 0.045 0.825 ± 0.011 0.893 ± 0.069 0.853 ± 0.046
FQA sub-total 0.938 ± 0.049 0.920 ± 0.013 0.986 ± 0.080 0.943 ± 0.051
Unknown 1 0.091 ± 0.009 0.082 ± 0.010 0.062 ± 0 .0 1 9 0.079 ± 0.006
3,4-diCQA 0.443 ± 0.052 0.458 ± 0.066 0.524 ± 0.047 0.509 ± 0.031
3,5-diCQA 0.611 ± 0.080 0.668 ± 0 .1 3 3 0.817 ± 0.084 0.765 ± 0.060
4,5-diCQA 0.475 ± 0.036 0.522 ± 0.029 0.471 ± 0.045 0.520 ± 0.080
diCQA sub-total 1.529 ± 0.160 1.648 ±  0.221 1.812 ± 0.151 1.794 ± 0.097
3C.4FQA + 3F.4CQA 0.154 ±0.011 0.140 ± 0.017 0.127 ± 0.013 0.120 ± 0.006
3C.5PQA + 3F.5CQA 0.127 ± 0 .010 0.122 ± 0.012 0.136 ± 0.023 0.117 ± 0.009
CFQA sub-total 0.280 ± 0.012 0.262 ± 0.028 0.263 ± 0.033 0.237 ± 0.013
Caffeoyl-tiyptophan 0.451 ± 0 .099 0.479 ± 0.087 0.579 ± 0.055 0.569 ± 0.033
Unknown 2 0.142 ± 0 .018 0.150 ± 0.015 0.166 ± 0.012 0.169 ± 0.006
Total CGA 7.938 ± 0.806 8.380 ± 1.189 9.485 ± 0.431 9.838 ± 0.246
Caffeine 2.900 ±0.441 2.700 ± 0.028 3.150 ± 0.212 3.000 ± 0.021

5-CQA (pg/ml) = 1.281 + 1.10x1 CL5 (peak area), r > 0.9993; and 
Caffeine (jig/ml) = -  3.348 + 1.37 x 10-5 (peak area), r > 0.9992,
respectively. The d ata  so  ob tained  are p resen ted  (% 
d.b., m ean  ± s.d .) in  Table 2. There w ere no  
sta tistically  sign ifican t d ifferen ces in  com p osition  
betw een  the tw o dry p rocessed  coffee sa m p les  even  
at the 5% level, w h erea s th e  w et p rocessed  pea  
b e n y  coffee con ta in ed  sign ifican tly  m ore (p<0.05)
5-CQA and total CQA, th a n  th e corresp on ding flat 
b ean s. The tw o p ea  berry coffees differed on ly  
slightly (5% level) in  their 5-CQA co n ten ts , w h erea s  
the two flat b ea n s  differed m ore exten sively . The  
w et p rocessed  flat b ea n  coffee h ad  greater co n ten ts  
of 5-CQA and 3,4-diC Q A  (both p < 0 .05) tota l CQA,
3,5-diCQ A and tota l CGA (all p < 0 .01) th a n  th e  dry 
processed  flat b ea n  coffee. T here w ere no sign ificant  
differences in  caffeine co n ten ts  b etw een  a n y  o f th e  
four sa m p les  o f coffee, exam in ed  even  at the 5% 
level.

The only p reviou sly  p u b lish ed  chrom atographic  
data for Indian  rob u sta  (cherry AB', 1986) so  far 
as the au th ors are aw are (Clifford an d  Ja rv is 1988) 
h ad  a com p osition  (5.81%  tota l CQA; 0 .69%  5-F Q A  
1.38% tota l d iC Q A  8.54%  tota l CGA), w hich  are 
closer to the data  for p arch m en t 'AB' analyzed  in  
th is  study. The exp lan ation  for th is  is  not know n.

b u t m ight reflect differences in  w eath er or production  
area w ith in  India.

The m atu re (golden brown) dry p ro cessed  flat 
b ean  coffee did n ot differ sign ifican tly  from  th e  
u n sorted  com m ercial b a tch  at th e  5% level. In  
c o n tr a s t , th e  im m a tu re  (g reen -co lo u red ) dry  
p rocessed  flat b ea n  coffee analyzed  d u rin g  th is  
stu d y  h a s  a sign ifican tly  low er 5-FQ A (and h en ce  
tota l FQA) con ten t an d  sign ifican tly  h ig h er  3 ,4 -  
diCQA (and h en ce  to ta l diCQA) co n ten t, w h en  
com pared  w ith  th e  m atu re (golden brow n-coloured) 
b ea n s  from  th e  sam e com m ercia l b a tch  (Table 3). 
The m ature b ea n s  h a d  sligh tly  low er (p<0.05) 
caffeine c o n ten ts  th a n  th e  im m atu re b ea n s .

P reviously, Clifford an d  Kazi (1987) stu d ied  the  
progressive c h a n g es  in  th e  CGA c o n te n ts  o f  two  
c lo n es  o f Ivory C oast ro b u sta  (TC 182' an d  'IC 503') 
a s  th e  fr u its  m a tu red . H ow ever, a d e ta iled  
com p arison  o f th e se  d ata  is  n ot p o ss ib le  for two 
m ain  rea so n s. Firstly, th e  b e a n s  u se d  in  th e  1987  
stu d y  w ere ob ta ined  from  fruit h arv ested  at a 
definite n u m b er of w eek s after flow ering an d  th u s  
each  sam p le w a s  fairly u n iform  in  m atu rity , w h ereas  
th e  im m ature b e a n s  u se d  in  th e  p resen t stu d y  w ere  
ob tained  b y  h an d -so rtin g  o f a  com m ercial b atch  
an d  are o f  a le s s  p rec ise ly  defined sta ge  of
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TABLE 3. THE CONTENT OF INDIVIDUAL CHLOROGENIC 
ACIDS AND CAFFEINE (% DRY BASIS) IN IMMATURE 
AND MATURE INDIAN ROBUSTA COFFEE BEANS.

Compound Indian robusta (unwashed)
quantified -----------------------------------------------------------

Immature beans. Mature beans,
n = 3 n = 3

3-CQA 0.446 ± 0.042 0.431 ± 0.042
4-CQA 0.597 ± 0.026 0.562 ± 0.022
5-CQA 4.507 ± 0.510 3.890 ± 0.301
CQA sub-total 5.568 ± 0.570 4.883 ± 0.332
Caffeic acid 0.073 ± 0.008 0.068 ± 0.005
5-pCoQA 0.065 ± 0.012 0.059 ± 0.001
4-FQA 0.080 ± 0.013 0.108 ± 0.002
5-FQA 0.663 ± 0.021 0.805 ± 0.037
FQA sub-total 0.743 ± 0.013 0.913 ± 0.038
Unknown 1 0.069 ± 0.001 0.082 ± 0.007
3,4-diCQA 0.622 ± 0.036 0.523 ± 0.031
3,5-diCQA 0.797 ± 0.109 0.652 ± 0.086
4,5-diCQA 0.610 ± 0.011 0.581 ± 0.029
diCQA sub total 2.209 ± 0.157 1.756 ± 0.144
3C.4FQA + 3F.4CQA 0.155 ± 0.009 0.156 ± 0.018
3C.5FQA + 3F.5CQA 0.109 ± 0.007 0.113 ± 0.010
CFQA sub-total 0.264 ± 0.010 0.269 ± 0.022
Caffeoyl-tryptophan 0.672 ± 0.022 0.555 ± 0.110
Unknown 2 0.167 ± 0.018 .0.146 ± 0.005
Total CGA 9.650 ± 0.702 8.731 ± 0.526
Caffeine 2.600 ± 0.021 2.400 ■ ± 0.075

im m aturity. Secondly , there is  som e evid ence that 
seaso n a l and clon al factors in flu en ce th e ch an g es  
observed (Clifford and Kazi 1987). However, an  
increase in  the CQA:diCQA ratio se e m s to be a 
general feature o f th e final five to  s ix  w eek s of 
m aturation, e.g ., 3 .3  to 4 .2  for 'IC 182' and 3 .2  
to 5 .7  for 'IC 5 0 3 ’ (Clifford an d  Kazi 1987). The 
corresponding data  for th e  tw o sa m p les  com pared  
in  the p resen t stu d y  are m ea n  ratios of 2 .5 :1  and  
3.0 :1 , w hich  su g g est a  sim ilar trend, a lthough  th e  
m agn itu d e o f th is  ch an g e is  n o t sta tistica lly  
significant.
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Volume expansion and temperature rise of r a so g o lla  during cooking in plain water and sugar syrups of 45, 55, 

60 and 65° Brix were studied for determining the required cooking time. It was observed that sugar concentration 
had negligible influence on volume expansion and temperature rise. Initial diam of ra s o g o lla  was 2.7 cm and it increased 
to 3.7 cm after 10 min cooking, thereby leading to volume expansion of 2.6. Initial centre temperature of ra s o g o lla  
ranged from 25 to 30°C and it increased to 100-103°C after 5.5 to 6 min cooking time due to the elevation of boiling 
point by sugar. Textural parameters of r a so g o lla  in a 55° Brix sugar syrup attained constant values after 20 min 
cooking. Prediction models for recovery of milk solids in c h h a n a  and yield of ra so g o lla , using fat content, of milk 
as a variable, were developed. Yield of ra s o g o lla  from milk of 4.1% fat content prepared in a 55° Brix sugar solution, 
was 0.287 kg/kg milk, which corresponded to 83% of the predicted yield of 0.345 kg/kg milk.
Keywords : C h h a n a , R a s o g o lla , Yield, Cooking time, Volume expansion, Temperature rise, Textural parameters.

C h h a n a ,  an  in d igen ou s m ilk  product, is  obtained  
b y acid coagu lation  of h ot m ilk  and su b seq u en t  
drainage of w hey . Of la te, m eth o d s  have b een  
developed for th e  preparation  o f c h h a n a  from  w et 
case in  (Kumar an d  K apoor 1991) an d  a lso  from  soy  
m ilk (Chakraborty an d  G angopadhyay 1990). It is  
u sed  a s a  b a se  in  th e preparation  o f a variety of 
sw eetm eats, o f w h ich  r a s o g o l la  is  a very popular  
one (De 1980). The prod u ction  o f r a s o g o l la  is  
increasing at a rate o f  ab out 67% p er year (Anon
1994).

M an y w o r k e r s  (S in g h  a n d  R a y  1 9 7 7 ;  
B hattach aiya  and D es Raj 1980; S en  1988; Tarafdar 
et al. 1988) h ave d escrib ed  the preparation  of 
r a s o g o l la  C h h a n a  is  k n ead ed  to a h om o gen eou s  
and sm ooth  d ou gh , w h ich  is  th e n  m ad e into b a lls  
and cooked in  boiling su g a r  syru p  (Sen  1988).

Cooking in  su ga r syru p  is  an  im portant step , 
leading to  vo lu m e exp a n sion , tem perature rise, 
w eight in crease  and ch an g e in  m ou th fee l quality  
of r a s o g o l l a  T h ese  ch a n g es  occu r prim arily a s  a 
resu lt of ch a n g es  in  textural param eters during th e  
cooking p rocess (Tarafdar et al. 1988). The strength  
or con cen tration  o f su g a r  syru p  prim arily d ep en d s  
on the desired  sw e e tn e ss  an d  shelf-life o f  r a s o g o l la  
(B hattacharya an d  D es  Raj 1980). The reported  
va lu es o f strength  o f cook in g  su ga r syru p  to get 
good quality r a s o g o l la  varies w idely. D e (1980) 
recom m ended 30 ° Brix. S in ce  ad dition  of w ater to 
com p en sate for evaporation  w a s  not reported, th e  
strength o f syru p  m u st  probably h ave in creased  
during the cook in g  p rocess. S on i et al (1980)

* C o rre sp o n d in g  A u th o r . ‘P r e s e n t  A d d r e s s  : Z w e lu w e n w e g  11, 
3 7 6 2  VC  S o e s t , T h e  N e th e r la n d s

recom m ended a s  high a s  80° Brix. However, m ajority  
of the w orkers su g g ested  th a t th e  stren g th  of su gar  
syrup during cook ing sh o u ld  b e  m ain ta in ed  b etw een  
5 0  and 60° Brix (Goel 1970; K undu an d  D e 1972; 
B h a tta ch a iy a  an d  D es  Raj 1980).

In order to m eet th e  grow ing d em an d  of 
r a s o g o l l a  it is  n e c e s s a iy  to  develop  a co n tin u o u s  
p rocess for m ak in g  c h h a n a  an d  r a s o g o l l a  S ingh  
(1994), G upta an d  Kohli (1988) an d  A neja et al
(1 9 7 7 )  d e v e lo p e d  p r o c e s s e s  fo r  c o n t in u o u s  
prod u ction  o f c h h a n a .  D evelop m en t o f a co n tin u o u s  
p rocess for r a s o g o l la  requ ires, cook in g  c h h a n a  b a lls  
w ith in  a b oilin g su g a r  syru p  for a  pre-d eterm in ed  
tim e. The reported v a lu es  o f cook in g  tim e of c h h a n a  
b a lls  ranged  from  2 0  to 3 0  m in  (Goel 1970; K undu  
an d  D e 1972; D e  1980; B h a tta c h a iy a  an d  D e s  Raj 
1980; C h and an  1992). M ost likely, th e ir  re su lts  
w ere b a sed  on  s e n s o iy  eva lu a tio n  o f  th e  r a s o g o l la ,  
a s  n o  objective a s se s sm e n t  h ad  b een  reported.

Yield o f r a s o g o l la  per u n it w eigh t o f m ilk  is  
an oth er im portant p aram eter from  th e  com m ercial 
point o f  view  an d  d ep en d s prim arily on  th e  recovery  
of m ilk  so lid s  in  c h h a n a ,  w h ich  in  turn , is  in fluenced  
by a n u m b er o f factors, like h ea t treatm en t prior 
to acid ification  of the m ilk, coagu la tion  tem perature, 
acid ity  o f th e  m ilk -acid  m ixtu re an d  res id en ce  tim e  
of the coa gu lu m  prior to  sep ara tio n  (Jon k m an  and  
D a s 1993). T h ese au th ors an d  S in gh  (1994) a lso  
reported a h igher recovery o f m ilk  so lid s  b y  a high  
rate o f h ea tin g  an d  cooling , prior to  coa gu la tion  of 
m ilk. A  com b in ation  o f a coa gu la tion  tem peratu re  
of 7 0 ° C ,  acid ity  o f  0 .522%  lactic  acid  an d  a long  
resid en ce  tim e w a s  n e c e s s a iy  for th e  m axim u m  
recovery o f so lid s  an d  y ield  o f c h h a n a  from  cow  
m ilk  (Jonkm an an d  D a s  1993). A  low  resid en ce
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tim e o f 1 m in  is  desirable for a co n tin u o u s  p rocess. 
M any w orkers h ave describ ed  an  in creased  recovery  
of m ilk  so lid s  in  c h h a n a  w ith  in creasin g  fat con ten t  
of m ilk  (Kundu an d  D e 1972; Ja g tap  an d  S h u k la  
1973; B h attach arya an d  D es Raj 1980; Tam bat et 
al. 1992). A  pred iction  m odel for recovery o f m ilk  
so lid s in  c h h a n a  an d  yield  o f r a s o g o l la  th u s , ca n  
b e developed, u s in g  fat con ten t o f m ilk  a s  a 
variable.

The p resen t in vestigation  w a s  u n dertak en  to  
find the tim e required for cook in g  o f c h h a n a  b a lls  
u n der varying con cen tra tion s of su g a r  syrup , on  
the b a s is  o f ch an g e in  diam , tem peratu re and  
textural quality , a long w ith  th e  d evelop m en t o f a  
predictive m odel for recovery o f m ilk  so lid s  in  
c h h a n a ,  b ased  on  1 m in  resid en ce  tim e.
Materials and Methods

T y p e  a n d  c o m p o s i t io n  o f  m i l k  : M ilk from  one  
particular cross-b red  ('Holstein' X  'Haryana') cow  
w a s collected  in  th e  even ing  from  a loca l m ilk m an  
and stored in  a refrigerator overnight for u se  th e  
next day.

P r e p a r a t io n  o f  ch h a n a  : At a tim e, 4 0 0  g  m ilk  
w a s h eated  to  95°C  in  a m icrow ave oven and  
su b seq u en tly  cooled  to  70°C. T he tem p eratu res of 
the m ilk  during h ea tin g  an d  cooling w ere recorded  
at in tervals o f  3 0  sec . Citric acid  so lu tio n  (100  m l, 
1.5%) w a s  h ea ted  to 70°C , before adding to  th e  
m ilk. The m ixtu re w a s  stirred  till th e  ap p earan ce  
of a clear w hey. After 1 m in  resid en ce  tim e, th e  
c h h a n a  w a s  stra in ed  through  a m u slin  cloth , 
p ressed  in to  a slab  o f 1 cm  th ic k n e ss  an d  w a s  
stirred in  ice-cold  w ater (0-4°C) for 1 m in  to  cool 
to room  tem perature. T h is step  w a s  u n d ertak en  in  
order to get a  fast an d  h om o gen eou s coo ling  o f  th e  
c h h a n a .  It w a s  th en  m an u a lly  sq u eezed  so  a s  to  
obtain  a m oistu re con ten t b etw een  5 4  an d  57%.

C h e m ic a l  a n a l y s i s  : C h h a n a  (2 g) w a s  diluted  
with 18 m l p la in  w ater. The fat co n ten ts  in  m ilk  
and d ilu ted  c h h a n a  w ere determ ined  by Gerber 
m ethod (ISI 1970). The titratable acid ity  w a s  
determ ined by th e  m eth od  recom m en d ed  b y  AOAC
(1975). The m oistu re  c o n ten ts  o f m ilk  an d  c h h a n a  
were determ ined  by ov en -d iy in g  at 100±5°C for 4 , 5 
and 8 h ,  respectively.

K n e a d i n g  o f  ch h a n a  : C h h a n a  w a s  k n ead ed  in  
a d isc grinder. The grinder w a s cou p led  to  a m otor  
w ith a variable sp eed  drive. Peripheral sp eed  of th e  
grinder for k n ead in g  of th e c h h a n a  w a s  0 .8 9  m /s ,  
w hich  m a k es good quality  r a s o g o l la ,  a s  reported by  
Tarafdar et al (1988).

P r e p a r a t io n  o f  c h h a n a  b a l l s  : T he k n ea d ed  
c h h a n a  w a s  divided in to  lu m p s o f 10+ 0 .5  g. T h ese  
w ere m ad e into b a lls  b y  rolling in  p a lm s for 1 m in . 
Care w a s  tak en  to  avoid cra ck s o n  th e  su rfa ce .

P r e p a r a t io n  o f  s u g a r  s y r u p  : O ne kg ea ch  of
4 5 ,5 5 ,6 0  an d  65° B rix su ga r  so lu tio n s  w a s  prepared  
b y  d isso lv in g  th e  required q u an tity  o f su g a r  in  p la in  
w ater. The sy ru p s w ere clarified  b y  b o ilin g  w ith  5 
m l o f m ilk, follow ed by stra in in g  th ro u gh  a m u s lin  
clo th . The stren gth  o f th e  clarified  su g a r  sy ru p s  
w a s controlled  u s in g  a refractom eter. T he su g a r  
so lu tio n s a s  w ell a s  p la in  w a ter  (0° Brix) w ere u se d  
for cook in g o f c h h a n a  b alls.

M e a s u r e m e n t  o f  t e m p e r a t u r e  r i s e  a n d  v o l u m e  
e x p a n s i o n  : At a tim e, one c h h a n a  b a ll w a s  dropped  
in  th e  liquid. It w a s  k ep t w ith in  th e  liqu id  b y  m e a n s  
of a stra iner, so  a s  to  get a h o m o g en eo u s  h ea tin g  
of th e  ball. A  th erm ocou p le  w a s  p laced  at th e  cen tre  
of the ball. T he variation  o f tem p eratu re w ith  tim e  
w a s  read from  a tem peratu re ind icator. T he cen tre  
tem perature w a s  n oted  a t a n  in terval o f 0 .5  m in . 
The d iam  of th e  ball w a s  m ea su red  u s in g  a V ernier  
caliper at a n  interval o f 1 m in . W hile cook in g  in  
b oilin g su ga r syrup , 3 5  m l o f b o ilin g  w ater w a s  
added every 5 m in  to  co m p en sa te  for th e  lo s s  b y  
evaporation. In th is  w ay, th e  su g a r  con cen tra tio n  
w a s  kept con stan t.

M e a s u r e m e n t  o f  t e x t u r a l  c h a n g e s  : S in ce  th e  
reports on  organoleptic s tu d ie s  b y  m a n y  w ork ers  
(Goel 1970; K undu and D e 1972; B h attach ary a  and  
D e s  Raj 1980) sta ted  th a t su g a r  co n cen tra tio n  
sh o u ld  b e m ain ta in ed  at 55° B rix d u rin g  th e  
cooking p ro cess to  get good  q u ality  r a s o g o l la ,  th is  
con cen tration  w a s  u sed  to  m easu re  textura l ch a n g es  
an d  yield  of r a s o g o l la .

At a tim e, 5 c h h a n a  b a lls  w ere dropped in  a 
55° B rix boiling su gar syrup . After 5 , 10, 15 , 2 0  
an d  2 5  m in , one b all w a s  ta k en  o u t for tex tu ra l 
m ea su rem en t. A n u n b o iled  c h h a n a  b a ll w a s  a lso  
u se d  a s  a sam p le. T exture an alyzer (S teven s, LFRA 
Textural T ech n olog ies C orpn., USA) w a s  u se d . 
C ylinders o f 1.3 cm  d iam  w ere carefu lly  c u t  ou t  
from  th e  prepared r a s o g o l la  u s in g  a cork  borer. 
From  th is , a p iece o f 1 cm  h eigh t w a s  c u t  w ith  a 
razor b lad e and p laced  u n d er  th e  cro ssh ea d  o f th e  
texture analyzer. A 0 .5  m m /s  cro ssh ea d  sp eed  and  
2 m m  co m p ressio n  d ep th  w ere u sed . F orce-  
deform ation data  a s  for first an d  se co n d  b ite s  w ere  
recorded (6512  L inseis, USA) at a ch art sp eed  of 
10 c m /m in . From  th e  gra p h s, different tex tu ra l 
p a r a m e te r s  w ere  c a lc u la te d  b y  th e  m e th o d  
recom m en d ed  b y  Peleg (1976).
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C a lc u la t io n  o f  r e c o v e r y  o f  m i l k  s o l i d s  a n d  y i e l d  

o f  ch h an a : The actu a l recovery of m ilk  so lid s  (YJ 
w as calcu lated  (Jonkm an an d  D a s  1993) from  th e  
equation :
y  s w ^ g o o -s j  Wc [s W ,/{(10Q-s)W ,+(100-SjW j

w  sm m
W here, Wc, Wa, Wm are, th e  w eigh t (kg) o f  c h h a n a ,  
citric acid so lu tio n  an d  m ilk , respectively; Sc an d  
Sm are, the so lid s  co n ten t (%) in  c h h a n a  and  m ilk, 
respectively; an d  s  is  th e  stren g th  of citric acid  
solution  (%).

The actu al y ield  o f c h h a n a  (Z) w a s  ca lcu la ted  
from the ratio W /W  :c m

Z = wc/wm ........(2)

Y ie ld  o f  rasogolla  : T he w eigh t o f r a s o g o l la ,  th a t  
can  be obtained  from  1 kg m ilk , w a s  ca lcu la ted  
from th e predictive va lu e  of recovery of m ilk  so lid s  
in  c h h a n a / kg so lid s in  m ilk , a s  p er th e  regression  
equation for th e  recovery o f m ilk  so lid s  Yt(k g /k g  
solids in  milk) for low  fat cow  m ilk  h av in g 2.65%  
fat, developed b y  J o n k m a n  an d  D a s  (1993).
Yt = 0.4492-0.0502 X,+ 0.5553 X3+ 0.5942*lO^X.X,

-0.6808* 1 0 , X2X3+ 0.283 lMO^X.,1 .........(3)
W here, X, is  th e  degree o f w h ey  protein  denaturation  
due to the h eat treatm en t prior to acidification; X2 
is  th e coagu la tion  tem perature (°C); Xg is  th e  acid ity  
of m ilk acid  m ixture (% lactic acid); and X4 is  the  
residence tim e (min) o f m ilk -acid  m ixture prior to 
separation  o f c h h a n a  from  w h ey . The w h ey  protein  
denaturation  fo llow s first order reaction  k in etics, 
and if c0 and c  are th e  in itia l and  final w h ey  protein  
concentration , it c a n  b e  sh o w n  th a t

X, = log (c0/c) = k* t/2 .303 .........(4)
W here, k* is  th e  w h ey  p rotein  d en atu ra tion  rate  
con stan t (sec ‘), an d  t is  the tim e (sec) o f h ea t  
treatm ent (W alstra an d  J e n n e s  1983; B u rton  1988). 
The valu e o f k* varies w ith  tem perature, and  
decim al red u ction  tim e. From th e data of B urton
(1988) for a-lactoglob u lin , th e  largest fraction of  
w hey protein  in  m ilk, J o n k m a n  an d  D a s  (1993)
derived the follow ing eq u a tio n s :

log k* = 39.22-14754/(T+273) for 60<T <90°C  .........(5)
log k* = 3.43-1760/(T+273) for 90<T <130°C  .........(6)
U sin g eq n s. (5) an d  (6), a  plot o f k* v s  t w a s  

m ade from the T v s  t data. From  eqn. (4), it can  
be seen  that the area u n d er  the k* v s  t plot 
represents 2 .3 0 3  log (co/c ) .

The acidity o f the m ilk -acid  m ixture, Xg, (% 
lactic  acid) w a s  calcu lated  (Jon k m an  a n d  D a s  1993)

from  :
X3=[Cm+s(M,/M||) W ./W J/I1+W ./W J .........(7)

W here, Cm is  th e  acid ity  o f  th e  m ilk  (% lactic  acid); 
s  is  th e  stren gth  o f citric ac id  solution ; is  the  
m olecu lar w eigh t o f lactic  acid  (90  g /m ole); an d  Ma 
is  th e  equ ivalent m olecu lar  w eigh t o f citric acid  (64  
g /m o le ).

The va lu e  o f Ya for cow  m ilk , h av in g  fat con ten t  
varying b etw een  2 .7  an d  4.5% , w a s  ob ta in ed  u n der  
th e  con d ition , X  = 3 .4 6  ± 1 .2 5 , X2=70°C , X3=0.522%  
lactic  acid , an d  X 4= l  m in .

S in ce eqn. (3) d o es  not tak e in to  con sid era tion  
th e  fat con ten t, F(kg fa t /k g  m ilk), th e  ratio, R  w ere  
ca lcu la ted  from  :

R = O gF/(Y ,U .i5 ......... (8)
W here (Ya)F is  the a ctu a l recovery o f m ilk  so lid s  
from  m ilk  hav in g  a n y  fat co n ten t an d  (Ya)F=265 is  
the a ctu a l recovery from  m ilk  h av in g  2.65%  fat 
con ten t.

A  fu n ction a l rela tion sh ip  o f th e  type R = p+qF  
w a s  developed. The th eoretica lly  p red icted  va lu e  for 
recovery of m ilk  so lid s  Yt w a s  th e n  ca lcu la ted  fr o m ;

o a  = (P+qF) (Y,U2G5 .........(9)
D uring cook in g, su g a r  syru p  en ters  into the  

c h h a n a  ball an d  th e  vo lu m e o f th e  b all r ises . The 
w eight, Wr, o f r a s o g o l la  th a t c a n  b e  ob ta in ed  from  
a kg o f m ilk  w a s  ca lcu la ted  from  :

Wr = SmV  P.Kd'/dJMl lSmYt/p  + (1-m) pw .(10)

W here, S m is  th e  so lid  co n ten t in  m ilk  (k g /k g  milk), 
ps is  the d en sity  o f su g a r  syru p  (k g /m 3); dg is  the  
diam  o f th e  c h h a n a  ball before cook in g  (m); and  
d' is  the final d iam  o f th e  r a s o g o l la  (m). A  va lu e  
of 3  for (d 7 d 0) w a s ob ta in ed  b y  B h attach ary a  and  
D es Raj (1980) an d  Tarafdar et al (1988). pc is  the  
d en sity  o f  m ilk  so lid s  in  c h h a n a  (k g /m 3); m  is  the  
m oistu re  co n ten t o f c h h a n a  (k g /k g  c h h a n a ) ;  and  
pw is  th e  d en sity  o f  w ater (1 0 0 0  k g /m 3), In eqn. 
(10), th e term  S m Yt/p c is  th e  vo lu m e of m ilk  solids; 
an d  th e  term  m  S mYt/[ ( l -m ) p J  is  the vo lu m e of 
w ater p resen t in  c h h a n a  ball before r a s o g o l la  m aking.

The va lu e o f pc w a s  ca lcu la ted  from  :
FP 1 -F P /(S mYt )'1 _1 

P c  SmYtpf+ pmf ■ (11)

W here, P is  th e  fraction  o f original fat in  m ilk  th a t  
is  recovered in  c h h a n a .  B h attach arya  an d  D es Raj
(1980) ob served  th a t the v a lu e  o f P w a s  0 .8 3 ± 0 .0 2  
for m ilk  having 3  to 4% fat. pf an d  p ^ fe q n . 11) are
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Fig. 1. Plot of In ------ — and time 0 at different sugard'-d
concentrations. O—O : 0° Brix, X—X : 45° Brix, : A—A : 
55° Brix. • — •  : 60° Brix, □ —□  : 65° Brix

the d en sities  of the fat an d  so lid s-n on -fa t in  m ilk, 
respectively. In th e  p resen t a n a ly sis , th e  v a lu es  of  
pf and panfw ere ta k en  a s  9 3 0  an d  16 14  k g /m 3 (BS
1959). The va lu e  of pa d ep en d s on  th e  con cen tration  
of su gar syrup  B and tem perature T. It w a s  
calcu lated  from  :
pt  = (959.864 + 5.798 B) -  (0.405 + 3.59*10^B) T .........(12)

The above eq u ation  is  developed  from  the data  
given by O kade (1990), for u se  in  the p resen t study.
Results and Discussion

The total so lid  con ten t in  m ilk  ranged from
11.5  to 12.6% . The fat con ten t w a s  4.1%  and th e  
titratable acidity w a s  0 .16%  lactic  acid. The average  
m oisture and fat co n ten ts  o f c h h a n a  w ere 55  and  
22%, respectively.

V o lu m e  e x p a n s i o n  : Initial diam , d0, o f  th e b a lls  
w as 2 .7  cm , w hile final d iam eter d' after a 10 m in  
cooking tim e w a s  3 .7  cm  for all th e  su g a r  so lu tio n s, 
th u s, resu ltin g  in  a vo lu m e ex p a n sio n  of (d '/d 0)3 
a s 2 .6 . For th e  different su g a r  co n cen tra tion s, B, 
a functional rela tion sh ip  o f th e  type ln [(d '-d 0) / ( d -
d)l = a0+b, w a s  developed, w here d is  th e  d iam  
at an y tim e 0; and a an d  b are co n sta n ts . It w as  
observed th a t th e v a lu es  o f a an d  b w ere linearly  
related to th e  v a lu es  of B w ith  a = 0 .3 2 1  + 
2 .2 3 1 ‘ IO^B, a n d b ^ 0 .0 6 5 + 5 .6 7 5 * 1 0 4B. Fig. 1 sh ow s  
the plot o f In  [(d'-d0)/(d -d )J  an d  tim e, 0 at different 
su gar con cen tration s, B. It w a s observed  th a t the  
plots o f ln [(d '-d 0) /(d -d )]  and 0 at different v a lu es  
of B overlapped. S in ce  the v a lu es  o f  th e  coefficient 
of B are sm all, it m ay  be inferred th a t th e  in flu en ce  
of su g a r  con cen tra tion s on  vo lu m e ex p a n sio n  is  
negligible. From  th e  v a lu es  of ln [(d '-d 0)(d'-d)] and  
0 at th e  different su g a r  con cen tra tion s, a sin gle  
relationsh ip  (eqn. 13) w a s  developed.

lnHd'-dJ/td'-d)] = 0.331 0- 0.066 ..(13)
The tim e to reach  99%  of th e  fin a l d iam  w a s  

ca lcu la ted  from  eqn. (13) and w a s  fou n d  to  b e  10 .2  
m in. T h is com p ares w ell w ith  th e  a c tu a l tim e of 
10 m in .

T e m p e r a t u r e  r i s e  : T h e  in i t ia l  c e n t r e  
tem p eratu res o f c h h a n a  b a lls  w ere f o u n d  to  ran ge  
from  2 5  to  30°C . It w a s  further ob served  th a t th e  
cen tre tem perature o f c h h a n a  b a lls  reach ed  its  
m axim u m  w ith in  5 .5  to 6  m in . T h is tim e in crea sed  
sligh tly  w ith  th e in crease  in  co n cen tra tio n  o f su g a r  
syrup . T h is w a s  p ossib ly  d u e to  th e  e lev a tio n  of 
boiling point o f th e syrup, giving a h igh er m a x im u m  
cen tre tem perature. T he e lev a tio n s of b o ilin g  p o in ts  
ca lcu la ted  from  R aou lts law  w ere 1.2°, 1 .8°, 2 .2 °  
and 3°C for su g a r  co n cen tra tio n s o f 4 5 , 5 5 , 6 0  an d  
65° Brix, respectively. For th e  different su ga r  co n c e n 
tration s, re la tion sh ip s o f th e  type log  ( ln ((T -T 0) /  
T-T)}] =c log0+d w ere developed , w h ere T0 an d  T  
are the in itia l an d  the m ax im u m  cen tre  tem p era 
tu res, T is  the cen tre tem peratu re o f r a s o g o l l a  at 
an y  time; 0 and c an d  d are co n sta n ts . It w a s  
observed  th a t th e  v a lu es  o f c  an d  d w ere linearly  
related to th e  v a lu es  o f  su g a r  con cen tra tion , B  w ith  
c= 1 .8 7 1 -1 .4 3 7 * 1 0 ^  B an d  d = - 0 .8 5 6  + 3 .570 *1 (F 3B.

Fig. 2  sh o w s th e  plot of log ( ln ( ( r -T 0)/(r -T )}]  
and log 0 at the va rio u s su g a r  co n cen tra tio n s u sed . 
It w a s  observed  th a t th e  p lo ts  o f  log (ln{(T'-T0) /  
(T-T)}) an d  log 0 at va rio u s v a lu e s  o f con cen tra tio n  
B o f su gar  syru p  overlapped.

S in ce  the v a lu es  of th e  coefficien t o f B  are  
sm all, it m ay  b e con c lu d ed  th a t th e  in flu en ce  of

concentrations, o—o : 0° Brix, X—X : 45° Brix, A—A : 
55° Brix, 0—-0  : 60° Brix, □ —□  : 65° Brix
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TABLE 1. VARIATION IN TEXTURAL PARAMETERS* OF 
R A S O G O L L A  WHEN COOKED IN SUGAR SYRUP 
CONTAINING 55% SUCROSE

Cooking Hard Cohesive Gummi Springi Chewi
time, ness, ness, ness, ness, ness,
min g g cm g.cm

0 36.33 0.79 28.77 0.9 25.89
5 35.33 0.84 30.32 0.9 27.29

10 33.33 0.93* 31.00 0.9 27.90
15 33.33 0.94* 31.33 1.0 28.20
20 36.00 0.95 34.20 0.9 30.47
25 36.33 0.95 34.63 0.9 31.17

MR, 28.00 0.82 23.01 0.9 20.70
MR, 30.00 0.88 26.40 0.9 23.96

+ Average mean values obtained from three experiments.
* These values are the average of two values because a value 

of 1.10 at t=10 min and a value of 0.67 at t=15 min were 
found to be not reliable.

sugar con cen tration  on  rise o f  cen tre  tem perature  
w as negligible. From  the v a lu es  o f log [ ln (T -T 0) /  
(T'-T)}] a n d  lo g  9 a t t h e  d if fe r e n t  s u g a r  
concentrations, a s in g le  fu n ction a l relation sh ip  
(eqn. 14) w a s developed.

log [lnlfr-TJ/fT-T)}! = 1.804 log 0-0.842 .........(14)
The tim e to reach 99%  o f the m ax im u m  cen tre  

tem perature w a s  ca lcu la ted  from  eqn (14) w ith  th e  
h ighest va lu e  of T  a s  103°C  (for 65° Brix su gar  
solution) and 25°C  a s  va lu e  o f in itia l tem perature, 
T0 and th is  w a s fou n d  to b e  6 .5  m in. T h is com pared  
w ell w ith the actu a l tim e o f 6  m in .

T e x tu r a l  c h a n g e  : Table 1 p resen ts  th e  variation  
of different textural param eters o f r a s o g o l la  w ith  
cooking tim e togeth er w ith  th e textural p aram eters  
of two different m ark et sa m p les  of r a s o g o l la  (MR, 
and MR^, procured from  loca l sh o p s.

It is  observed  (Table 1) th a t c o h es iv en ess  
increased  during the cook in g  p rocess, probably d u e  
to settlin g  o f th e c a se in  n etw ork  in  the r a s o g o l l a  
Springiness rem ained  n early  co n sta n t, w h erea s  
h ard n ess sh ow ed  variation , w h ich  w a s  probably

TABLE 2. VALUES OF YIELD OF C H H A N A , Z, ACTUAL Y, AND 
PREDICTED Yt, R AND (Y,-Yt)/Yt

Fat
content 
of milk, 
F, %

Actual 
yield of 
c h h a n a ,  

Z, kg/kg 
milk

Recovery of milk solids 
kg/kg milk solids

R Y.-Y,
Yt

actual,
Y

predicted,
Yt

2.65 0.118 0.479 0.471 1.000 0.017
3.50 0.136 0.525 0.517 1.096 0.015
4.10 0.150 0.556 0.551 1.161 0.009
4.50 0.160 0.587 0.573 1.225 0.024

du e to a p o ssib le  varia tion  in  th e  b ody of th e  
r a s o g o l la  at th e  p o in ts  o f sam p lin g . G u m m in ess  
an d  ch ew in ess , w h ich  are b oth  derived param eters, 
increased  w ith  tim e. B eca u se  h ard n ess, coh esiven ess  
an d  sp r in g in ess  are d irectly  m ea su red  param eters, 
an d  th ey  atta in ed  co n sta n t v a lu e s  after 2 0  m in  
cook in g  tim e, it w a s  co n c lu d ed  th a t  cook in g  tim e  
of r a s o g o l la  sh o u ld  b e  around  2 0  m in . Two m arket 
r a s o g o l la s ,  MR, an d  MR^, h ave low er h a rd n ess  and  
co h e s iv e n e ss  sco res , p o ss ib ly  d u e  to  different 
m eth o d s adopted  for th eir  preparation .

R e c o v e r y  o f  m i l k  s o l i d s  : C h h a n a  w a s  m ad e  
from  different sa m p les  o f  cow  m ilk  varying in  fat 
con ten t, F. T able 2 p r esen ts  th e  a c tu a l y ie ld  of 
c h h a n a ,  Z, an d  recovery o f m ilk  so lid s , Ya. The Table 
also  g ives th e  v a lu es  o f R (eqn. 8) a n d  th e  predicted  
v a lu es  o f  th e  recovery o f m ilk  so lid s , Yt (eqn. 9). 
Yield o f c h h a n a  and  recovery o f m ilk  so lid s  in creased  
w ith  in creasin g  fat co n ten t in  th e  m ilk  (Table 2). 
T h is fin d s su p port in  re su lts  reported b y  K undu  
an d  D e  (1 9 7 2 ) , J a g ta p  an d  S h u k la  (1 9 7 3 ) , 
B h attach arya  an d  D e s  Raj (1980) an d  T am bat et 
a l (1992). The h igher y ie ld  an d  recovery o f m ilk  
so lid s  w ith  h igh er fat co n ten t m igh t b e  d u e to a 
h igh er n u m b er o f fat g lo b u les  in  th e  m ilk , w hich  
cou ld  trap larger a m o u n ts  o f m ilk  p ro te in s throu gh  
their a sso c ia tio n  w ith  th e  fat g lob u le  m em b ran e.

A  fu n ction a l rela tion sh ip  o f th e  type R=p+q F 
w a s  developed. Fig. 3  g ives th e  plot of R an d  fat 
co n ten t, F, of m ilk. It w a s  ob served  th a t th e  v a lu e s

Fig. 3. Relationship between R (eqn. 8) and fat content, F of 
milk
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of R an d  F w ere linearly  related . The eq u ation  
obtained  w a s  :

R = 0.681+0.119F ..(15)
W ith the v a lu es  o f  p an d  q, th e  predicted  

v a lu es o f recovery o f m ilk  so lid s  w a s  ca lcu la ted  
from eqn. 9. The ratio (Ya-Y t)/Y t w a s  ca lcu lated  for 
all th e  v a lu es  o f F an d  it m ay  b e  se e n  th a t th e  
actu al recovery o f m ilk  so lid s , Ya differed by n ot  
m ore th a n  2.4%  of th e  predicted  va lu e , Yt.

Y i e l d  o f  rasogo lla  : D e an d  R ay (1954), 
B hattacharya and D es  Raj (1980) a n d  T am bat et 
al (1992) observed  th a t good  quality  r a s o g o l la  cou ld  
b e ob tained  from  cow  m ilk  hav in g  ab o u t 4% fat. 
A n experim ent w a s  u n d ertak en  to  find  ou t th e  yield  
of r a s o g o l la  from  m ilk  hav in g  4.1%  fat, w hile  
cooking c h h a n a  b a lls  in  a 55° B rix su g a r  syrup. 
In th is  ca se , th e y ield  w a s  fou n d  to  b e  0 .2 8 7  kg 
r a s o g o l la /  kg m ilk. For ca lcu la tio n  o f th e  theoretical 
yield, average v a lu es  ob ta ined  from  exp erim ents  
were tak en  for tota l so lid s  co n ten t in  m ilk, S m 
(12.1%); m oistu re  con ten t in  c h h a n a ,  m  (55%); 
recovery o f fat in  c h h a n a ,  P (82.3% ); an d  volu m e  
exp an sion  d'3/ d 03 (2.6).

U sin g eqn 9 , th e  recovery o f m ilk  so lid s  w a s  
calcu lated  a s  0 .5 5 1  k g /k g  m ilk. T he d en sity  o f m ilk  
so lid s w a s ca lcu lated  from  eqn. 11 an d  w a s  found  
to be 1 1 7 8 .3  k g /m 3. T he d en sity  o f  a 55° Brix su gar  
so lu tion  a t 30°C  w a s  ca lcu la ted  a s  1 2 6 0 .7  k g /m 3 
from eqn. 12. W ith th e  above data , th e  theoretical 
yield w a s  ca lcu la ted  from  eqn. (10) a s  0 .3 4 5  kg  
r a s o g o l la / k g  milk. The difference (0 .3 4 5 -0 .2 8 7 = 0 .0 5 8  
kg) b etw een  actu a l and pred icted  y ie ld s  cou ld  be  
du e to th e v a lu es tak en  for Sm, m , P an d  (d '/d 0)3 
in  the experim ent m ight have b een  different. 
A nother factor resp on sib le  for th e  difference cou ld  
be th e  fat lo s s  ou t of c h h a n a  b a lls , w h ile  cook ing  
in  sugar syrup (B hattacharya an d  D es  Raj 1980).
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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  M o l a s s e s  a n d  S a l t  o n  
A c i d  P r o d u c t i o n  a n d  V o l u m e  o f  F e r m e n t i n g  M a s s  D u r i n g  

E n s i l i n g  o f  T r o p i c a l  F r e s h w a t e r  F i s h  V i s c e r a

JAVEED AHMED AND N.S. MAHENDRAKAR*
A nim al P rod u cts T ech n ology D epartm ent,

C entral Food T echnological R esearch  In stitu te , M ysore-570  0 1 3 , India
Viscera from freshwater fish, constituting 5-11% of body weight, consists of (%) water 67, proteins 10, ether 

extracts 14, and minerals 3. Process of ensiling fish viscera after mixing individually with different levels of molasses 
(7.5, 10.0 and 12.5%, w/w) with (2 and 4%, w/w) or without salt was studied under microaerophilic condition at 
ambient (26±2°C) temperature. Data revealed that the optimum level of molasses was 10% of fish viscera, acid production 
being inadequate with 7.5% molasses, while it did not improve, but resulted in lower rise in fermenting mass with 
the use of 12.5% molasses. Salt lowered the swelling of fermenting mass, the efficiency being higher with the use 
of 4% salt, in addition to significantly (p< 0.001) reducing the rate of acid production during the first two days of 
fermentation. Subsequently, pHs of salted samples were markedly (p<0.001) lower than those of non-salted samples.
Keywords : Fish viscera, Fermentation, Ensilage, Acidity, Fermenting mass volume, Molasses, Salt.

Total fish  catch  in  India is  reported to be  
3 ,7 9 0 ,5 0 8  MT (FAO 1990), an d  2 8 4  fish  p rocessin g  
u n its  are ex istin g  in  th e  cou n try  (Anon 1992). 
P rocessing of fish  in  th ese  organ ised  in d u str ies  and  
stray-dressing in  m arket lea d  to  gen era tion  o f large  
quantity of fish  v iscera . T he v iscera  w h ich  is  
d iscard ed  at p r e se n t , c a u s in g  e n v iro n m en ta l 
pollution, cou ld  be co llected  and su ita b ly  treated  
to preserve th e n u tr ien ts  for incorporation  into  
anim al d iets.

C onsiderable in terest h a s  b een  w itn essed  in  
the preparation o f fish  silage by ferm entation  
(Jam es et al. 1977; Tw iddy et al. 1987; Zuberi et 
al. 1993). Acid silag in g  o f cod  (m arine fish) v iscera  
u sin g  propionic a n d /o r  form ic ac id s h a s  a lso  b een  
reported (Raa an d  G ildberg 1976; G ildberg an d  Raa
1977). Acid silag in g  o f p ou ltry  an d  fish  offals is  
effective, b u t in volves th e  u se  o f exp en sive a c id s  
(Mahendrakar et al. 1991 a,b). Report on  ferm entative 
ensiling o f tropical freshw ater fish  v iscera  h a s  not 
yet b een  reported to  th e  b est  o f ou r know ledge. 
In order to  develop ferm entative en silin g  p ro cess  
for tropical freshw ater fish  v iscera , th e  in flu en ce  
of different levels of m o la sse s  a s  w ell a s  sa lt  on  
acid  p r o d u c tio n  a n d  c h a n g e s  in  v o lu m e  o f  
ferm entative m ixtu re w ere stu d ied . The r e su lts  are 
reported in  th e  p resen t paper.
Materials and Methods

Freshw ater fish  (approx. 2 kg b od y w eight 
each) viz., com m on  carp  ( C y p r i n u s  c a r p io ) .  c a t l a  
(C a t la  c a t la ) ,  m r ig a l  (C i r r h i n u s  m r ig a la )  an d  r o h u

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

( L a b e o  r o h i ta )  w ere p rocured  from  loca l m ark et and  
b o d y  c o m p o n e n ts  w e r e  w e ig h e d . P ro x im a te  
com p osition  o f v iscera  from  th e se  f ish e s  an d  m ixed  
v iscera  ob ta ined  from  loca l m ark et w a s  determ ined  
accord ing to A O  A C  (1980) m eth o d s. M o lasses, 
ob tained  from  th e  n earb y su g a r  fa cto iy , h ad  a 
m icrobial load  (log e fu /g )  o f to ta l p late co u n t 3 .9 , 
lactic  acid  b acteria  3 .2 , and  spore co u n t 2 .9 . Y east, 
m o u ld , c o l ifo r m , f a e c a l  s t r e p t o c o c c u s  a n d  
sta p h y lo cocci w ere a b sen t. T he sa m p le  con ta in ed  
(%) m oistu re  2 7 .2 , p ro te in s (N x 6 .2 5 )  3 .9 , ether  
extract 0 .4 , su lp h a ted  a sh  1 5 .4  an d  red u cin g  
su g a rs  4 6 .3 . It h a s  a pH o f 4 .6  an d  Brix va lu e  
of 81°. A s per ISI (1958) sta n d a rd s, th e  m o la sse s  
w a s fou n d  to b e o f grade 2.

T r e a t m e n t  : V iscera  o f m ixed  variety  from  
freshw ater fish  w a s  h om ogen ized  im m ed ia tely  for 
1-2 m in . H om ogenate (5 -1 0  kg each) w a s  m ixed  
ind ividually w ith  different lev e ls  (7 .5 ,1 0 .0  and  
12.5% , w /w ) o f m o la sse s . In a n o th er  experim ent, 
the h om ogenate w a s m ixed w ith  10% (w /w ) m o la sses  
along w ith  different lev e ls  (0, 2 an d  4%, w /w ) of 
salt. The treated  h om o gen ate  (2 kg) w a s  transferred  
in to  3  1 b eaker, covered  w ith  th in  low  d en sity  
p olyethylen e (LDPE) film  to  crea te  m icroaerophilic  
con d ition . A lid w a s  p laced  over th e  b eaker, and  
th e m a ss  w a s  allow ed to  ferm ent at am b ient  
tem perature (26±2°C). A n oth er a liq u ot o f 1 kg 
quan tity  w ith  in itia l h e ig h t o f 8  cm  w a s  u se d  in  
s tu d ie s  on  vo lu m e in crea se  o f ferm en tin g  m a ss .

A n a l y t i c a l  m e a s u r e m e n t s  : T he ferm entin g m a ss  
w a s stirred w ith  g la s s  rod d aily  before m easu r in g  
th e  pH  (M odel 2 9 ,  R a d io m e te r  pH  m eter , 
C openhagen). In ad d ition , k n ow n  q u an tity  o f  sam p le
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TABLE 1. WEIGHT OF BODY COMPONENTS AND PROXIMATE 
COMPOSITION OF VISCERA OF TROPICAL FRESH 
WATER FISH
Common CatLa M rig a l R o h u

carp
Body
weight, kg 2.0 ± 0.20 1.6 1 0 .1 4 1.9 10 .21 1.9 1 0 .0 9
Fillets* 42.2 ± 1.80 36.9 1 2.10 46.7 1 1.66 4 7 .5 1 0 .5 1
Bones* 15.2 ± 1.23 16 .71  1.84 10.5 1 1.10 13.8 1 0.77
Head with 
gills* 19.3 ± 2.45 26.9 1 3.92 13.5 1 2.27 16.9 1 0.89

Skin with 
scales* 10.3 ± 0.83 9.6 1 0.47 10.3 1 0.55 9.9 1 1.59

Fins* 3.6 1 0.67 2.8 1 0.16 3.1 1 0 .7 9 2.4 10 .51
Viscera* 4.7 ± 1.59 7.3 1 1.02 10 .81  1.11 9.0 1 2.64
Proteins** 10.3 ± 0.92 8.9 1 0.68 12 .01  1.20 8.5 1 0.82
Ether
extract** 15.7 13.21 12.0 1 3.59 20.7 1 2.31 18.6 1 2.80

Ash** 2.8 ± 0.59 3.6 1 0.67 3.1 1 0 .4 9 3.2 10 .71
Molsture**66.8 ± 3.20 65.5 1 2.89 60.3 1 3.48 6 2 .8 1  1.80
* Values are % of body weight, ** values are % of the viscera
weight. Each observation is the average of six fishes. Mixed viscera 
from market contained (%) proteins 9.63±1.88, ether extract 
14.07±3.18, ash 3.3310.87 and moisture 67.0613.99.

w as stirred w ith  10 vo lu m es o f  d istilled  w ater, 
centrifuged at 4 0 0 0  rpm  for 15 m in , an d  the  
centrifugate w a s  titrated  p oten tiom etrically  again st 
0.1 N NaOH so lu tio n  to  pH 7 .0  for determ in ing  
titrable acidity (AOAC 1980). D uring titration , th e  
m ixture w a s  stirred con tin u ou sly , u s in g  a m agn etic  
stirrer. The acid ity  v a lu es  w ere exp ressed  a s  m g  
NaOH required to  n eu tra lize acid(s) in  1 g sam ple. 
For m easu rin g  th e  rise in  vo lu m e o f  ferm enting  
m a ss, the h eight of th e  m ateria l w a s  m easu red  
periodically prior to stirring. Initial h e ig h t of the  
sam ple w a s 8  cm .

S t a t i s t i c a l  a n a l y s e s  : T he exp erim en ts w ere

p lann ed  on  a rep licated  (six  rep licates) factoria l 
d esign  hav in g  treatm en t o f fish  v iscera  (three  
treatm ents) a s  on e factor a n d  storage period  a s  
another. A n a lysis o f variance tech n iq u e , appropriate  
to  th e d esig n  (Steel an d  Torrie 1980) an d  D u n ca n 's  
n ew  m u ltip le range te s t  (D u n can  1 9 6 0  w ere u sed  
to  segregate th e  treatm en t m ea n s .
Results and D iscussion

B o d y  w e i g h t  c o m p o s i t i o n  : Carp fish  stu d ied  
yielded  37-48%  fillets an d  10-17%  b o n es , th ereb y  
con ta in in g  57-61%  sa lab le  m ateria l, w h e n  th e  b od y  
w eight o f  th e  fish  w a s  1 .5 -2 .0  kg. R em ain in g  3 9 -  
43%  portion  com p rised  w a ste , w h ich  w a s  rejected . 
H ead w ith  g ills, com p risin g  14-27%  of th e  fish  
w eight, is  som e tim es so ld  d u e to  it s  m ea t con ten t. 
F in s and sca le s  w ith  sk in , are th e  p arts  th a t are 
refractoiy  to d ig estio n  b y  m ild  trea tm en ts  like  
ferm entative en silin g  (Gildberg an d  R aa 1982). 
V iscera, co n s istin g  5-11%  o f b od y w eigh t, in c lu d es  
liver, sw im  bladder, in testin e , b lood  an d  g o n a d s, 
an d  ca n  b e su b jected  to  en silin g . V iscera  co n ta in ed  
(%) p rotein  8 .5 -1 2 .0 , e th er  extract 1 2 .0 -2 0 .7 ,  
m in era ls 2 .8 -3 .6  an d  w ater 6 0 .3 -6 7 .1  (Table 1).

E f f e c t  o f  m o l a s s e s  o n  v o l u m e  o f  f e r m e n t i n g  
m a s s  : F erm enting m a s s  w a s  fou n d  to  sw ell w ith  
visib le  air p a ck ets during en silin g . B oth  treatm en t  
an d  ferm entation  period sig n ifican tly  (p<0.001)  
in fluenced  the degree o f g a s  p rod u ction  and sw elling, 
th ou gh  th e  in teraction  b etw een  th e  tw o w a s  not 
sign ifican t (p > 0 .0 5 ). G reater v a r ia tio n s (p < 0 .00 1 ) in  
th e re su lts  o f th e  rep licate ex p er im en ts  w ere  
observed  in  all th e treatm en ts. T he r e su lts  in d ica ted  
th a t th e  greater th e  q u an tity  o f  m o la s se s  in  
ferm enting m aterial, le s se r  w a s  th e  degree of 
vo lu m e in crease  d u rin g th e  period  u p  to  7 d ays

TABLE 2. VOLUME RISE OF FERMENTATION MIXTURE WITH DIFFERENT LEVELS OF MOLASSES AND SALT DURING FERMENTATION 
PERIOD

Fermentation
Levels of molasses (% of fish viscera)

(Expressed as increased height in cm.)
Levels of salt (% of fish viscera)

period, h 7.5 10.0 12.5 0 2 4
4 5.444.8-5.8) 4.8*44.5-5.0) 4.2*43.8-4.6) 8.144.5-11.2) 5.843.8-7.3) 4.34 I.O-6.6)

24 4.343.8-4.8) 3.842.8-4.4) 3.3*42.0-4.0) 9.243.3-14.4) 4.742.6-6.O) 2.941.0-4.0)
48 3.642.8-4.0) 3. 142.4-3.7) 2.842.0-3.4) 7.643.0-13.2) 5.442.1-9.1) 3.441 .6-6.2)
72 3.143.0-3.4) 2.742.4-2.9) 2.542.2-3.2) 5.142.4-7.0) 3.8*41.3-5.8) 2.7*41.3-4.0)
96 2.4“ (1.8-2.9) 1.841.3-2.4) 1.741.4-2.2) 2.441-2-5.6) 1.540.4-4.7) O ^ lO ^ -L S )

120 1.440.6-2.0) 0.940.3-1.3) 0.740.3-0.8) 0.3“*40.2-2.9) O.44O.O-I.4) O.240.O-O.8)
144 1.040.5-1.3) 0.640.2-1.0) 0.540.0-0.6) 0.340.0- 1.0) O.I4 O.O-O.2) 0“
168 0.540.2-0.6) 0.2*40.0-0.5) 

SEM (115df) 1 1.46
0.240.010.5) -

SEM (lOOdf) 1 8.44
-

Each value is a mean of six experiments. Numerals In the parentheses are the range of values. Means of the same column followed 
by different letters (a-h) and means of the same row followed by different letters (x,y,z) are significantly different (p<0.05).
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(Table 2). T h is cou ld  p ossib ly  b e d u e to  greater  
am ount o f acid produced  w ith  h igher q u an tity  of 
m olasses, w h ich  w a s  effective en ou g h  to  su p p ress  
th e  g a s  p r o d u c in g  h e te r o fe r m e n t a t iv e  
m icroorganism s p resent in  fish  viscera. High increase  
in  volum e in  first 4  h  w a s  observed  in  7 .5 , 10 .0  
and 12.5%  m o la sses-trea ted  sam p les . M arginal 
(p>0.05) d ifferen ces b e tw een  1 0 .0  an d  12.5%  
m olasses-treated  sa m p les , from  2 d ay s onw ards, 
were noticed , th e v a lu es  b ein g  m arkedly low er  
(p<0.001) a s  com pared  to  7.5%  m o la sses-trea ted  
sam ples. It is  evident th a t op tim u m  m o la sse s  level 
w as 10%. W hile th e  level o f  7.5%  is  in adeq u ate , 
leading to h igher activity o f  heteroferm entative  
m icroorganism s a s  w ell a s  greater sw ellin g  o f th e  
m ass, 12.5%  level did n ot provide a n y  m arked  
additional advantage in  su p p ress in g  th e  activity of 
th ese  organ ism s. W ith 5% (w /w ) m o la sse s , th e  
sam p les gave rise to a putrid  od our w ith in  2 4  h , 
thereby ind icating in ad eq u acy  o f m o la sse s  to  effect 
good lactic acid  ferm entation. Zuberi et al (1993) 
tested  the range o f carbohydrate so u rces  (e.g., 
liquid g lu cose , su cro se  and m olasses) an d  their  
com binations for ferm entative en silin g  o f fish  and  
reported that m icrob iologically  ferm ented  fish  silage  
could be prepared w ith in  3 -4  d ays at 28 -30°C  by

F e r m e n t a t i o n  p e r i o d , d a y s

CDCleD(A

Fig. 1. pH and titrable acidity of fermentation mixture with 
different levels of molasses and salt during fermentation. 
Levels of molasses X—X, 7.5%; g — g ,  10.0%; A— A, 
12.5%; Levels of salts O— O, 0.0%; □ —g, 2.0%; A—A, 
4.0%. Each observation is a mean of six experiments.

adding carbohydrate so u r c e s  u p  to  10%.
The degree o f sw ellin g  at 7 d ay s w a s  in  the  

range of 2-6%  in  all th e  treated  sa m p les  (Table 2). 
D evelopm en t of heteroferm en tative b acteria  ca u sin g  
in ten sive  g a s  p rod u ction  w ith  c o n seq u en t vo lu m e  
rise h a s  b een  reported by S ta n to n  an d  Yeoh (1977) 
in  ferm entative en silin g  o f trash  fish .

E f f e c t  o f  m o l a s s e s  o n  p H  a n d  a c i d i t y  : 
E n rich m en t of v iscera  w ith  different lev els  of 
m o la s se s  led  to  sligh t low ering o f th e  pH (Fig 1). 
Titrable acid ity  (TA) in crea sed  an d  pH d ecreased  
exp on entia lly  a s  a fu n ction  of ferm en tation  period, 
th e  correlation  coefficien t b ein g  0 .9 8  to  0 .9 9  for 
trea tm en ts w ith  7 .5  to  12.5%  m o la sse s . A lthough  
b atch  to  b atch  (replicate) va ria tio n s (p<0.001) in  pH 
an d  titrable acid ity  w ere n o ticed , th e  treatm en ts  
(different levels o f m o la sse s)  and ferm entation  
period w ere fou n d  to h ave a sig n ifican t (p<0.001) 
in flu en ce on  th e  acid  p rod u ction . H ow ever, there  
w a s n o  in teraction  (p>0.05) b e tw een  th e se  two  
factors. Further, th e  rate o f p rod u ction  o f acid  w as  
con sid erab ly  (p<0.001) slow er in  7.5%  m o la sse s-  
treated  sam p le , w h erea s d iiferen ces b etw een  10 .0  
and 12.5%  m o la sse s-  treated  sa m p les  w ere m arginal 
(p>0.05). The m icrob iologically  sa fe  pH o f ab out 4 .2  
(Raa an d  G ildberg 1982) w a s  reach ed  in  3 -5  days 
in  1 0 .0  and 12.5%  m o la sse s  - treated  sam p les , 
w h erea s the pH rem ained  at 4 .4  even  o n  th e 7th  
day in  7.5%  m o la s se s  con ta in in g  sa m p les . T h ese  
resu lts  in d icate th a t a  m in im u m  o f  10% m o la sse s  
is  required for effective ferm entative en silin g  of fish  
v iscera . The fall in  pH d u rin g  ferm en tation  of fish  
and broiler p rocessin g  w a ste  w a s  a lso  reported by  
som e w orkers (Raa an d  G ildberg 1982; R u sse ll et 
al. 1992).

E f f e c t  o f  s a l t  o n  v o l u m e  o f  f e r m e n t i n g  m a s s  : 
T reatm ent w ith  sa lt an d  th e  ferm en tation  period  
w ere found  to s ign ifican tly  (p<0.001) in flu en ce  the  
p rod u ction  o f ga s, an d  c o n seq u en t in crea se  in  
volum e of ferm entating m a ss , th e interaction  b etw een  
th e two b ein g  sign ifican t (p<0.01). M arked (p<0.01) 
differences am ong rep lica tes w ere a lso  observed. 
P resen ce o f sa lt low ered th e  vo lu m e r ise  (Fig. 1), 
4% sa lt b ein g  m ore effective th a n  th e  u se  o f 2% 
salt. The degree o f vo lu m e rise d ecrea sed  during  
ferm entation  in  all th e  sa m p les , an d  n o  sw elling  
w a s  observed  o n  th e 7 th  an d  8 th  d ays. T h u s, the  
sa lt su p p ressed  d evelop m en t o f h eteroferm entative  
m icroorgan ism s, resu ltin g  in  low er p rod u ction  of 
g a s, a s  a lso  b een  reported b y  S ta n to n  and Yeoh  
(1977) in  ferm entative en silin g  o f fish . In clu sion  of  
sa lt at 2 an d  4% on  w et w eigh t b a s is  in  fish  v iscera
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corresp on ds approxim ately to 6  to 12% on  dry 
w eight b a s is . S u ch  a high con cen tration  o f sa lt, 
although h a s  a n  industria l advantage o f su p p ressin g  
volum e rise, restr icts  th e u tility  o f  ferm ented  silage  
product a s an  ingredient in  an im al diet. N evertheless, 
in  the current experim ent, sa lt  at th ese  levels w a s  
added to see  w h eth er it h a s  an y  desirable advantage  
in  term s of faster  p rod u ction  o f acid  during  
ferm entation.

E f f e c t  o f  s a l t  o n  p H  v a l u e s  : S in ce  th e definite  
correlation b etw een  pH an d  titrable acid ity w a s  
observed earlier, on ly pH of ferm entatin g m aterial 
w a s  m o n ito r e d . S a lt  tr e a tm e n t  a s  w e ll a s  
ferm entation period h ad  a significant effect (p<0.001) 
on production  of acid , d esp ite  th e  m arked  (p<0.001) 
differences in  the resu lts  of the replicate experim ents. 
There w a s  a lso  a sign ifican t (p<0.01) in teraction  
betw een  sa lt treatm ent and ferm entation  period. 
E xponentia l fall in  pH, a s  a fu n ction  o f ferm entation  
period (correlation coefficient b ein g  in  the range of 
0 .9 7 -0 .9 9 ), revealed th a t th e  rate of fall in  pH w a s  
slightly lower in  sa lted  sam p les, in itia lly  up to  2 
days, a s  com pared to n on -sa lted  on es. Subsequently , 
m arkedly greater (p<0.001) q u an tity  o f acid(s) (lower 
pH) w a s produced  in  sa lted  sam p les , bringing dow n  
the pH to 3 .7  and 3 .6  in  2 and 4% sa lted  sam p les, 
respectively. The in itia l delay in  the p rod u ction  of 
acid and later greater quan tity  of acid(s) in  salted  
sam p les cou ld  b e due to th e effect of sa lt  on  
ch an g es in  m icrobial profile during ferm entation.

From the m icrobial sa fety  point o f  view , the  
pH of the v iscera  sh ou ld , a s  quick ly a s  p ossib le , 
be brought dow n and m ain ta in ed  at 4 .0 -4 .2 , 
b ecau se  the p ath ogen ic  and sp oilage organ ism s are 
destroyed at th is  pH (Raa and G ildberg 1982). The  
silage pH below  4 .0  m a k es the p roduct m ore acidic, 
th ereb y  n e c e s s ita t in g  n e u tr a liz a t io n  prior to  
incorporation in  the feed. In the current investigation, 
the presence of sa lt delayed acid  production  initially. 
However, greater q u an tities  of a c id s w ere produced  
later on and the pH w a s  low ered to below  4 .0 . T hus, 
in c lu s io n  o f s a lt  in  ferm en tin g  m a ter ia l is  
d isad van tageou s in  th e en silin g  of fish  viscera.
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M i c r o b i a l  P r o d u c t i o n  o f  O r g a n i c  A c i d s  f r o m  C a r r o t
P r o c e s s i n g  W a s t e
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'C entral In stitu te  o f H orticulture for N orthern P la ins,
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Possible use of carrot processing solid waste, as a carbohydrate source, for production of citric and lactic acids 

in solid state fermentation was explored. On the basis of fermentable sugar consumed, the yields of citric acid and 
L (+) -  lactic acid from carrot processing waste by fermentation with A s p e r g i l lu s  n ig e r  and R h iz o p u s  o r y z a e  were 36 
and 55%, respectively.
Keywords : A s p e r g i l lu s  n ig er , R h i z o p u s  o r y z a e , Citric acid, Lactic acid, Carrot processing waste, Solid state fermentation.

Carrot p rocessin g  in d u stry  in  the U nited  S ta tes  
u tilizes ab ou t 2 8 0 ,0 0 0  to n n e s  o f carrot ea ch  year  
and su b seq u en tly , gen era tes approxim ately 1 5 0 ,0 0 0  
to n n es  o f so lid  res id u a ls  (Rose et al. 1971). B eca u se  
of high organic m atter con ten t, th ese  w a ste  m ateria ls  
p ose  a ser io u s en viron m en ta l p o llu tion  problem  
(Rose et al. 1971). In recen t years, there h a s  b een  
an  in creased  in terest in  th e  recovery of va lu ab le  
b y-products from  food p rocessin g  w a ste  m ateria ls  
(Hang an d  W oodam s 1986; Jew ell a n d  C u m m in gs
1984). O rganic a c id s su c h  a s  citric an d  lactic  ac id s  
a re  w id e ly  u s e d  in  t h e  fo o d , b e v e r a g e s ,  
pharm aceutica l an d  oth er in d u str ies , and  th ey  a lso  
stim ulate production  o f flavour com p o u n d s (Prescott 
and D u n n  1959; K apoor et al. 1982; D u tta  et al.
1972) .  T h e se  a c id s  are g e n e r a lly  p ro d u c e d  
com m ercially by su b m erged  m icrobial ferm entation  
of crude carb oh yd rates su c h  a s  m o la sse s , ch e e se  
w hey, and sta rch y  m ateria ls (Prescott an d  D u n n
1959). M any stra in s  o f A s p e r g i l l u s  n ig e r  are w ell 
know n for their cap a city  to produce citric acid  
under su itab le  con d itio n s (Kapoor et al. 1982; 
B anik  1975). B y  carefu lly  se lec tin g  stra in s  an d  
im proving con d itio n s, ab ou t 80-85%  of the w eight 
of in itial su gar ca n  b e  converted  in to  citric acid  
(Kiel et al. 1981). Citric acid  h a s  a lso  b een  
produced u s in g  b a g a sse  w ith  ad d itives (M anonm ani 
and Sreekantiah 1988). Sporulation  o f the inoculated  
fungi is  deterim enta l for citric acid  prod u ction  (Shu  
and J o h n so n  1947). M ethanol an d  eth an ol at 
con cen tration s o f 2 .5-3%  h ave b e e n  fou n d  to  
prevent sp oru la tion  (Moyer 1953). Lactic acid  is  
generally produced  b y  u s in g  lactic acid  bacteria . 
Of late, tech n o log ies h av e  b e e n  developed  u sin g  
w hey and A s p e r g i l l u s  o r y z a e  (O zbas and K utsal

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

1990). S u ch  ferm en tation s u su a lly  resu lt in  the  
form ation  of racem ic or op tica lly  in active lactic  acid  
(Hang et al. 1989). P rescott an d  D u n n  (1959) have  
review ed th e  p rod u ction  o f L(+) lactic  acid  by  
m ou ld s. The objective of the p resen t in vestigation  
w a s  to  determ ine the feasib ility  o f  u s in g  carrot 
p rocessin g  solid  w a ste , a s  a su b stra te  for fungal 
prod u ction  o f citric an d  L(+) lactic  ac id s, a s  su ch  
type o f work h a s  n ot b een  co n d u cted  earlier.

S a m p les of carrot p ro cess in g  so lid  w a ste  were 
ob tained  from  a n earb y com m ercia l p lan t and  
stored  at -1 0 °C , u n til n eed ed . Before u se , th e  w aste  
w a s  hom ogen ized  in  a W aring b len d er  for 2 m in. 
M oisture, total su ga rs, cru d e fibre, to ta l proteins  
an d  fat co n ten ts  of th e  h om ogen ized  m ix tu re w ere 
determ ined  b y  th e m eth o d s  o f AOAC (1975). The 
fun gal cu ltu res, A s p e r g i l l u s  n ig e r  NRRL 2 2 7 0  and  
R h i z o p u s  o r y z a e  NRRL 3 9 5 , u sed  in  th is  stu d y, 
w ere provided by C. W. H esseltin e, N orthern Regional 
R esearch  Centre, USDA, Peoria, Illinois, USA. T h ese  
m o u ld s w ere m ain ta in ed  o n  p otato-dextrose-agar  
s la n t. T he spore in o cu lu m  w a s  prepared , a s  
describ ed  p reviously (Hang an d  W oodam s 1986).

C itr ic  a c i d  p r o d u c t i o n  b y  s o l i d  s t a t e  f e r m e n t a t i o n : 
S am p les o f h om ogenized  carrot w a ste  (100  g) w ere 
placed  in  one litre b eak ers, covered  w ith  a lu m in iu m  
foil an d  sterilized at 121°C  for 15 m in . E ach  beaker  
w a s  in o cu lated  w ith  10 m illion  sp ores of A. n ig e r  
an d  in cu b ated  at 30°C  u n d er sta tion ary  con d ition s  
for 2 4 -9 6  h. M ethanol w a s ad d ed  to th e  w a ste  at 
a con cen tration  o f 3% (v/w ) before ferm entation. 
The th ick n ess  of the w a ste  m ateria l in  th e  beaker  
w a s 2 .5  cm .

C i t r i c  a c i d  p r o d u c t i o n  b y  s u b m e r g e d  
f e r m e n t a t i o n : S am p les o f hom ogen ized  carrot w aste  
(100  g) an d  100  m l o f d istilled  w ater w ere placed
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in 5 0 0  m l E rlenm eyer fla sk s and sterilized  at 121°C  
for 15 m in . E ach  fla sk  w a s  in o cu lated  a s  above, 
and in cu b ated  at 30°C  for 2 4 -9 6  h  on  a New  
B runsw ick  rotary sh ak er, operated  at 2 4 0  rpm. 
M ethanol w a s  ad d ed  a s  above.

L(+) l a c t i c  a c i d  p r o d u c t i o n  : E xperim en ta l 
procedures w ere the sa m e a s  th o se  for citric acid  
ferm entation, excep t th a t R h i z o p u s  o r y z a e  sp ores  
were u sed  a s in oculu m  and C aC 03 at a concentration  
of 2%, w a s  added  before ferm entation.

Sugar w a s m easu red  a s  g lu co se  b y  th e  p h enol-  
su lp h u ric acid  m ethod  of D u b o is  et al (1956). Citric 
acid and L(+) lactic  acid  w ere analyzed  b y  HPLC 
u sin g  a B io-R ad Am  in ex  H PX-87C co lu m n , a s  
described  earlier (Hang et al. 1989; H am m anci and  
H ang 1989).

Carrot p rocessin g  w a ste  is  rich  in  su g a rs  
(approx. 9.0% ). It h a s  got ab ou t 89%  m oistu re . Fig. 
1 d ep icts th e  tim e cou rse  o f citric acid  production  
by A .  n ig e r  NRRL 2 2 7 0 . At th e  en d  o f 9 6  h , m ost  
of th e su g a rs  w ere co n su m ed  and approxim ately
1.4 and 2.9%  citric acid w as produced in  subm erged  
and solid  sta te  ferm entations, respectively . A ddition  
of m eth an ol in creased  citric acid  p rod u ction  from
1.1 to 1.4% an d  2 .3  to  2.9% , in  su b m erged  and  
solid  sta te  ferm entations, respectively. The in fluence  
of m ethan ol in  in crea sin g  citric acid  production  
appears to  b e  a general p h en o m en on  w ith  stra in s
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Fig. 1. Citric acid production from carrot waste by Aspergillus

niger. ____  solid state fcrmentaiton -------  submerged
fermentaiton; •  - citric acid with methanol; O- citric acid 
without methanol; A - residual sugar without methanol 
A - residual sugar with methanol.

of A .  n ig e r  and  th e u se  o f m eth a n o l h a s  b ecom e  
a com m on  practice (Prescott an d  D u n n  1959). 
M ethanol is  n ot assim ila ted  b y  A. n ig e r ,  b u t  it 
preven ts sp oru lation  by affecting th e  p erm eab ility  
properties of th e m ou ld , thereb y  en ab lin g  greater  
excretion  o f citric acid  (Kapoor et al. 1982). Solid  
sta te  cu ltu re w a s  v iew ed  a s  a n  econ o m ica lly  b etter  
m ed iu m  th a n  su b m erged  cu ltu re  b e c a u se  th e  in itia l 
su ga r con ten t o f carrot w a ste  in  so lid  s ta te  cu ltu re  
w a s higher, and th u s  tw ice th e  a m o u n t o f citric  
acid  cou ld  be produced . H ow ever, carrot w a ste  y ie ld  
a le sser  am ou nt of citric acid  (about 36%) th a n  
fruit pom ace. The y ield  from  apple p om ace, for 
exam ple, w a s  greater th a n  88%  (H ang an d  W oodam  
1986). T h is d ifference is  probably d u e  to in tr in sic  
differences in  the com p osition  o f th e  w aste  m aterials. 
For exam ple, carrot w a ste  h a d  a m u ch  greater  
m oistu re  con ten t th a n  apple p om ace, an d  its  
texture w a s  th u s  too m u sh y  to provide good  fu n gal 
growth and acid  production .

The p rod u ction  o f L(+) lactic  acid  b y  R . o r y z a e  
NRRL 3 9 5  from  carrot p ro cess in g  so lid  w a ste  in  
su b m erged  cu ltu re  is  sh o w n  in  Fig. 2 . At th e  en d  
of 9 6  h , th e  su gar con ten t w a s  red u ced  from  a n  
in itial va lu e  o f 4.5%  to  le s s  th a n  1%, an d  the  
am ou n t of L(+) lactic  acid p rod u ced  w a s  h ig h er  in  
th e  p resen ce  o f n eu tra liz ing  agent, C a C 0 3. The yield  
w a s approxim ately 55% , b a sed  o n  th e  q u an tity  of 
su g a r  con su m ed . T h is con firm s ou r earlier finding

Days
Fig. 2. Lactic acid production from carrot waste by Rhizopus 

oryzae in submerged culture. •  - lactic acid produced 
with CaC03; O- lactic acid produced without CaC03; 
A - residual sugar without CaC03; A - residual sugar with 
CaC03.
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that lactic acid p rod u ction  is  m ore in  th e  p resen ce  
of C aC 03 (Yu an d  H ang 1989). A ttem p ts to produce  
L(+) lactic acid  from  carrot w a ste  b y  solid  sta te  
ferm entation sh ow ed  th a t on ly  1% or le s s  L(+) lactic  
acid could be produced  after 9 6  h  and th e ferm ented  
solid  w aste  still con ta in ed  m ore th a n  4% su gar  
concentration. T h is is  probably b e c a u se  th e  w a ste  
m aterial w a s too m u sh y , an d  th u s  did n ot h ave  
sufficient free air sp a ce , required for m ou ld  growth  
and acid production.

The data in d icate  th a t carrot p ro cess in g  solid  
w aste cou ld  serve a s  a su b stra te  for th e  p rod u ction  
of organic acid s b y  fungi. H ow ever, con sid erin g  th e  
low con cen tration s o f citric an d  L(+) lactic  acid  
produced, it m ight be econom ical, if carrot p rocessing  
solid w a stes  w ere u sed  in  com b in ation  w ith  other  
carbohydrate su b stra tes .

The first au th or w a s  su p p orted  b y  a train ing  
grant from W inrock International u n d er  INDO- 
USAID sub-project on  P ost-h arvest T echnology of 
Fruits and V egetables. T echnical a ss is ta n ce  provided  
by E.E. W oodam s is  gratefu lly  acknow ledged.
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Q u i c k - c o o k i n g  D h a l  o f  P i g e o n p e a  a s  I n f l u e n c e d  b y  
S a l t  S o l u t i o n  a n d  E n z y m e  P r e - t r e a t m e n t s

U. SINGH* AND P.V. RAO
International C rops R esearch  In stitu te for th e  Sem i-Arid T ropics (ICRISAT),

P atan ch eru -5 02  3 2 4 , India.
Quick-cooking d h a l  of pigeonpea (C q ja n u s  cq/an L.) was prepared by employing various salt solutions and enzyme treatments. Sodium carbonate (1%) and sodium bicarbonate (>1%) were effective in reducing the cooking time, but 

the product quality was affected. Pectinase treatment remarkably decreased the cooking time, as compared to other 
enzymes and salt solutions. General acceptability score of d h a l  was the highest (3.3) for pectinase-treated d h a l , followed 
by the control (3.2), 1.0% solution of sodium bicarbonate (3.0) and salt-mixture (2.2).
Keywords : Pigeonpea, Quick-cooking d h a l . Salt solutions, Salt mixture, Enzyme treatments.

A m ong food leg u m es, p igeon p ea  {Cqjanus cajan
L.) is  an  im portant sou rce  o f protein  in  h u m a n  diet 
in  several sem i-arid  an d  tropical region s of th e  
world. India a cco u n ts  for over 80%  of th e w orld's 
pigeonpea p rod u ction  a s  w ell a s  co n su m p tio n , and  
th is  crop is  im portant to  m a n y  oth er cou n tr ies  o f  
A sia and Africa (ICRISAT 1985). In India, p igeon p ea  
is  m ostly  co n su m ed  after d eh u llin g , in  the form  of 
dhal (decorticated sp lit cotyledon), after cook ing it 
in  w ater to a desirable so ftn ess . In som e A frican  
cou n tries, the w hole se e d s  are a lso  co n su m ed  after 
boiling (Singh an d  E ggum  1984). O f all th e  food  
crops, leg u m es provide a sign ifican t portion of 
protein n eed s  in  th e vegetarian  d iets  in  m an y  
developing cou n tr ies  (Singh an d  S in gh  1992). In 
addition, th ese  are va lu ab le  so u r c e s  of m in era ls  
and v itam in s, particu larly th e  B -group v itam in s, in  
the daily d iets o f the p op u lation , esp ecia lly  o f low- 
incom e groups (Aykroyd and D o u gh ty  1964). The 
m ost ser io u s draw back in  the u tiliza tion  o f grain  
legu m es, is  their lon g-cook ing  tim e. E ven  thou gh  
d eh usk ing and sp litting into dhal reduce the cooking  
tim e considerab ly , the cook in g p ro cess  is  tim e  
co n su m in g . A lso , th e  s to ra g e  u n d er  ad v erse  
con d ition s of h igh  tem perature an d  h igh  h u m id ity  
renders the grain legu m es su scep tib le  to a  hardening  
ph enom en on , know n a s  h ard -to -cook  (HTC) defect 
(Paredes-Lopez et al. 1991). P re-soak in g in  w ater  
or soak in g  so lu tion  at 25°C h a s  b een  recom m ended  
to facilitate the cook ing step  (C havan et al. 1983). 
Special soak in g  so lu tio n s con ta in in g  inorganic sa lts  
have a lso  b een  em ployed  for q u ick-cook ing of 
legum e form u lation s (Rockland et al. 1979).

A n u n d erstan d in g  o f the role o f  ch em ica l 
co n stitu en ts in  in fluencing th e  cooking tim e, cooking  
quality an d  ch em ica l com p o sition  o f p igeonpea
* C o r re sp o n d in g  A u th o r

g en o ty p es h ave b een  th e  su b jec t o f severa l s tu d ie s  
in  th e p ast, a s  th e  q u ality  tra its  vary w ith  different 
cu ltivars (Sharm a et al. 1977; N a rasim h a and  
D esik ach ar 1978; S in gh  et al. 1984). B h u ib h a r  et 
al (1991) stu d ied  th e  effect o f drying tim e and  
tem perature on  th e  cook in g  tim e o f  in s ta n t  dhal 
The p resen t stu d y  w a s  u n d ertak en  to  com p are th e  
effect o f sa lt so lu tio n s  an d  en zym e-trea tm en t on  th e  
cooking q u ality  an d  s e n s o iy  p rop erties o f th e  q u ick 
cook ing p igeon p ea  dhal.

Two cu ltivars, 'C I T  an d  ’BD N  T, com m on ly  
grow n in  th e  C entral an d  P en in su la r  India, w ere  
grow n during 1 9 8 9  rainy s e a s o n  in  d eep  v ertiso ls  
at ICRISAT. After h arvest, seed  sa m p le s  w ere stored  
in  p lastic  b a g s  in  a cold  room  a t 5°C, u n til u sed . 
Sam ple o f dhal w a s  a lso  ob ta in ed  in  1 9 9 0  from  
a  local m ark et an d  stored  sim ilarly. T he m ark et  
sam p le  w a s  sim ilar in  size, sh a p e , an d  ap p earan ce  
to th o se  o f 'C I T  and 'BDN 1’. All th e  ch em ica ls  
u sed  in  th e  p resen t stu d y  w ere o f AR grade and  
p u rch ased  locally. E n zym es w ere ob ta in ed  from  
S igm a C hem ical. Co., St. L ouis, USA.

Decortication and pre-treatments : W hole seed  
sa m p les  w ere p ro cessed  in to  dhal (decorticated  dry  
sp lit cotyledons) b y  u s in g  a ta n g en tia l abrasive  
d eh ullin g  device (TADD), a s  d escr ib ed  b y  S in gh  
et al (1992). Dhal sa m p le s  w ere p re-trea ted  
in d iv id u a lly  w ith  s a lt  s o lu t io n s  a n d  en zy m e  
p r ep a ra tio n s . S a lt  s o lu t io n s  (1% w /v )  u s e d  
ind iv idually  were th o se  o f so d iu m  ch loride, so d iu m  
ca r b o n a te , so d iu m  b ic a r b o n a te , a n d  so d iu m  
tripolyphosphate. T he sa lt-m ix  so lu tio n  con ta in ed  
2 .5 %  s o d iu m  c h lo r id e ,  1 .0%  s o d iu m  
tr ip h olyp hosph ate , 0 .25%  so d iu m  carb on ate  and  
0.75%  sod iu m  b icarbon ate . Dhal sa m p le s  w ere  
soaked  for 4  h in  each  so lu tio n  at room  tem perature. 
After soak in g , the e x c e ss  so lu tio n  w a s  d iscard ed
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and sam p les w ere dried in  a n  oven  at 50°C for 16 h.
Five en zym es w ere se lec ted , b a sed  on  their role 

in the hydrolysis o f p rote in s (protease an d  papain), 
c a r b o h y d r a te s  (a m y la se ) , p e c t ic  s u b s t a n c e s  
(pectinase), an d  p h ytic  acid  (phytase). S o lu tio n  of  
each crude enzym e preparation  (1%) in  0 .1  M 
p hosphate so lu tio n  w a s  em ployed  at different 
conditions a s  follow s : Protease (pH 7 .5 , tem perature  
37°C), papain  (pH 6 .2 , tem peratu re 25°C), p ectin a se  
(pH 4 .0 , tem perature 25°C), p h ytase  (pH 5 .2 , 
te m p e r a tu r e  5 5 °C ), a n d  a m y la s e  (pH 6 .9 ,  
tem perature 25°C). T h ese  co n d itio n s  for different 
enzym e activ ities w ere se lected , a s  d escrib ed  in  th e  
m anual p u b lish ed  b y  S igm a C hem ical Co., St. 
Louis, USA. The p rocessin g  o f the dhals after enzym e  
treatm ent, w a s  th e  sa m e a s  th a t o f th e  sa lt-treated  
sam ples.

Determination o f cooking time : A  b lock  d igester  
(Model 2 0  D B , Tecator, H ogan as, Sw eden) w a s  u sed  
for en su rin g uniform  an d  co n sta n t tem perature  
during boiling. A bout 10 0  m l d istilled  w ater w a s  
brought to the b oiling p oint in  a 2 5 0  m l d igestion  
tube, and th en , a 2 0  g  seed  sam p le  w a s  added. 
Boiling w a s con tin u ed  an d  th e  boiled  sa m p les  (4- 
5 co ty led o n s/sp lit  dhals) w ere draw n w ith  the h elp  
of scu p la  at 1 m in  in terva ls for so ftn e ss  testin g  
by pressin g b etw een  th e  fingers an d  thu m b , a s  
described by S in gh  et al (1984). T he tim e tak en  
to achieve th e desirable so ftn e ss  w a s  recorded a s  
the cooking tim e o f th e  sam p le.

Sensory and statistical analysis : Properties su ch  
a s colour, texture, flavour,, ta ste  and general 
acceptability were evaluated  by eight panel m em bers, 
a s described by S in gh  et al (1993). F resh ly  boiled  
sam p les (15 min) were served for sen so ry  evaluation. 
The follow ing rating sca le  w a s  u se d  : l= p o o r ,  
2= fair, 3  = good, and 4= excellen t. S tandard  error 
w as determ ined b y  on e-w ay  a n a ly s is  o f variance  
(Snedecor and C ochran 1967).

The cooking tim e o f p igeon p ea  dhal w as  
significantly (P<0.01) red u ced  by sa lt  so lu tio n  
treatm ents (Table 1). R esu lts  in d ica ted  th a t sod iu m  
carbonate so lu tion  w a s  the m ost effective in  reducing  
the cooking tim e, and th is  w a s  follow ed b y  sa lt-  
m ix  an d  so d iu m  b ica rb o n a te  so lu t io n s . T he  
treatm ent effects did n ot differ significantly, w h en  
the resu lts  o f  sa lt-m ix  an d  sod iu m  b icarbon ate  
were com pared. S oak in g  leg u m es  in  sa lt  so lu tio n  
w as found beneficia l in  red u cin g  th e  cook ing tim e  
in  m an y other c a se s . A con sid erab le  im provem ent 
in  cooking quality o f h orsegram  by p re-soak in g  in  
sa lt so lu tion  w a s reported b y  K adam  et al (1981).

TABLE 1. EFFECT OF DIFFERENT SALT SOLUTIONS AND 
ENZYME TREATMENTS ON COOKING TIME OF D H A L  
OF PIGEONPEA GENOTYPES*

Treatment Solution
pH

Cooking time, min
'C 11' 'BDN r Market

sample
Control 6.0 26 25 25

Salt treatm ents
Sodium 
chloride, 1.0% 6.1 20 18 19
Sodium carbonate,

1.0% 11.3 12 12 10
1.5% 8.7 12 11 12
2.0% 8.7 9 9 10
6.0% 9.0 5 6 6

Sodium bi
carbonate, 1.0% 8.6 15 12 15
Sodium tripoly
phosphate, 1.0% 9.1 20 20 18
Salt mixb 9.1 14 15 12

Enzyme treatm ents
Protease 7.5 18 18 16
Papain 6.2 20 21 20
Pectinase 4.0 12 12 12
Phytase 5.2 33 35 55
Amylase 6.9 18 18 16
SEMI - 0.4 0.6 0.5
* Values are mean of two Independent determinations; b see text.

S oakin g o f legu m e (pigeonpea, ch ick p ea , m u n g  
b ean , urd b ean , and lentil) dhals in  sa lt  so lu tio n  
(1.5%  sod iu m  b icarbon ate , 0.5%  so d iu m  carb on ate , 
an d  0.75%  citric acid  at pH 7.0) w a s  fou n d  to b e  
m ore effective in  red u cin g  cook in g  tim e th a n  that 
b y w ater (C havan et al. 1983). P aredes-L opez et al 
(1991) reported th a t th e  ad verse effects o f hard- 
to-cook  con d ition  in  com m o n  b e a n s  w ere practica lly  
elim in ated  b y  soa k in g  s e e d s  in  sa lt  so lu tio n , 
co n sistin g  o f 1% so d iu m  ch lorid e an d  0 .7 5  sod iu m  
bicarbonate.

Effect of soak in g p igeon p ea in  so d iu m  carbonate  
so lu tio n  w a s  m ore p ron ou n ced  th a n  soa k in g  in  
sod iu m  b icarbon ate so lu tio n , ob v iou sly  d u e to  th e  
p ep itisin g  action  at h igh  pH (Rockland et al. 1979). 
B u t, soak in g  in  th e  so d iu m  carb on ate  so lu tio n  
ch an ged  th e dhal colou r con sid erab ly , m ak in g  it 
u n accep tab le  to  th e  co n su m er . T herefore, sod iu m  
b icarbon ate so lu tio n  w a s  u se d  in  furth er s tu d ie s  
in stead  o f sod iu m  carb on ate . A s sh o w n  in  Table 1, 
th e  cook ing tim e d ecreased  w ith  a in crea se  in  
co n cen tra tio n  o f so d iu m  b ica rb o n ate  so lu tio n . 
H o w ev er , h ig h e r  c o n c e n t r a t io n s  o f  so d iu m  
b icarbon ate ad versely  affected th e  sen so ry  scores  
an d  gen era l accep tab ility  (Table 2). S cores o f su ch
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TABLE 2. SENSORY EVALUATION OF QUICK-COOKING D H A L  OF PIGEONPEA PREPARED BY DIFFERENT TREATMENTS
Genotype Treatment Sensory score General

accepta-Colour Texture Flavour Taste bility
'C IF Water 3.9 3.3 3.2 3.1 3.3

Pectinase, 1% 3.8 3.4 3.0 3.3 3.2
Sodium bicarbonate, 1% 3.1 3.0 3.0 2.8 2.8
Sodium bicarbonate, 2% 2.9 2.3 2.8 2.8 2.5
Salt mixture 3.2 2.8 2.2 2.1 2.0
SEM ± 0.21 0.26 0.22 0.23 0.24

'BDN F Water 3.6 3.2 3.6 3.3 3.2
Pectinase, 1% 3.7 3.9 3.1 3.3 3.2
Sodium bicarbonate, 1% 3.2 3.2 3.2 3.0 3.0
Sodium bicarbonate, 2% 2.6 2.9 2.8 2.6 2.9
Salt mixture 2.6 3.4 2.6 2.4 2.3
SEM ± 0.19 0.20 0.18 0.19 0.17

Market sample Water 3.6 3.3 3.2 3.0 3.1
Pectinase 1% 3.4 3.3 3.6 3.3 3.4
Sodium bicarbonate, 1% 3.2 3.3 3.4 3.2 3.2
Sodium bicarbonate, 2% 2.2 2.6 2.5 2.4 2.8
Salt mixture 2.2 3.3 2.4 2.3 2.3
SEM ± 0.18 0.24 0.22 0.21 0.23

Results are averages of scores given by nine panel members.

organoleptic p roperties a s  colour, texture, ta ste , 
flavour and gen era l acceptab ility  d ecreased , w h en  
the sod ium  b icarbonate con cen tration  w a s  increased  
to 2% an d  m ore (Table 2). T he carb on ate or 
bicarbonate not on ly  a c ts  a s  a n  a lk a lin e agen t and  
buffer, b u t a lso  a c ts  a s  a protein  d issocia tin g , 
solub ilizing or tenderizing agen t (Rockland et al.
1979). G ood resu lts  w ere ob ta ined  w ith  a m ixture  
of sod iu m  carb on ate an d  so d iu m  b icarbon ate and  
th e preferred form  of th e  h yd ratin g  m ed iu m  
con tained  th ese  com p o n en ts in  con cen tra tion s of 
about 0.25%  sod iu m  ch loride and 0.75%  sod iu m  
bicarbonate (Rockland et al. 1979).

The effects o f different en zym e so lu tio n s in  
im parting qu ick -cook in g ch a ra cter istics  to d h a l  are 
sum m arized  in  Table 1. P ectin ase  treatm en t seem ed  
to rem arkably d ecrease  th e  cook in g  tim e, a s  
com pared to oth er en zym e trea tm en ts an d  the  
control. T reatm ent w ith  p h y ta se  in crea sed  the  
cooking tim e by nearly  35% . Phytic acid , w hich  
ch e la tes  d ivalent ca tio n s (Ca, Mg) (M uller 1967), 
m ight have b een  red u ced  d u e to  h yd ro lysis by  
p h ytase  treatm ent, thereb y in crea sin g  th e  cook ing  
tim e. B ean  se e d s  w ith  red u ced  levels o f  phytic acid  
have b een  reported to take longer tim e to  cook  (Kon 
a n d  S a n s h u k  1 9 8 1 ) . P e c tic  s u b s t a n c e s  in  
com b in ation  w ith  d ivalen t io n s, ca lc iu m , and  
m ag n esiu m , h ave long b een  k n ow n  to  in flu en ce the  
cooking tim e o f gra in  leg u m es  (M uller 1967;

R ockland et al. 19 79 , P aredes-L opez et al. 1991). 
P e c tin a se  tr e a tm e n t  m ig h t h a v e  r e s u lte d  in  
d egradation  of pectic  su b sta n c e s , th ereb y  red u cin g  
their ability to com p lex  Ca an d  Mg (M uller 1967). 
A lso, th is  m ay  facilitate ce ll w all d isso lu tio n  during  
th e  cook ing p rocess, thereb y red u cin g  th e  cooking  
tim e (Paredes-Lopez et al. 1991).

D ata on  organoleptic p rop erties su c h  a s  colour, 
texture, flavour, ta ste  an d  gen era l accep tab ility  of 
th e  q u ick -cook in g d h a l  prepared b y  d i f f e r e n t  p re
t r e a tm e n ts , in c lu d in g  e n z y m e s  a n d  s o d iu m  
bicarbonate are p resen ted  in  T able 2 . T he average  
score on  gen era l acceptab ility  w a s  th e  h ig h est (3.3) 
for p ectin ase-treated  d h a l  an d  th is  w a s  follow ed  
b y the control (3.2), so d iu m  b icarbon ate  (3.0) and  
the sa lt  m ixture (2.2). T h is trend  w a s  observed  in  
both  the gen o ty p es and th e m ark et sam p le . The  
low est score for sa lt  m ix tu re-trea ted  d h a l  w a s  
probably du e to sod iu m  carb on ate , w h ich  gen erally  
im parts a dark brow n co lou r to  th e  product, 
b eca u se  o f its  h igh  alk aline pH.

A lthough  th e  resu lts  are b a sed  on  th e  a n a ly s is  
of a lim ited n u m b er o f p igeon p ea  cu ltivars, it is  
evident th a t sod iu m  b icarbon ate so lu tio n  and  
p ectin a se  treatm ent are effective in  red u cin g  the  
cooking tim e of p igeon p ea  d h a l .  F urther, p ec tin a se  
treatm ent a lso  im proved th e gen era l accep tab ility  
of th e  qu ick -cook in g d h a l  of p igeon p ea .
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E f f e c t  o f  L a c t i c  A c i d ,  G i n g e r  E x t r a c t  a n d  S o d i u m  C h l o r i d e  
o n  Q u a l i t y  a n d  S h e l f - l i f e  o f  R e f r i g e r a t e d  B u f f a l o  M e a t
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C entral Food T echnological R esearch  In stitu te , M ysore-570  0 1 3 , India.

Meat cuts sprayed with 2% solution of lactic acid + 20% sodium chloride or ginger extract + 20% sodium chloride 
solution showed increased shelf-life, when compared to control, at chill temperature (4±1°C). The shelf-life of unwrapped 
meat cuts was comparatively higher than that of the wrapped cuts. Bacteria, such as s ta p h y lo c o c c i, m icro co cc i, la c to b a c il li  
and b a c illi were recorded at chill temperature, besides psychrotrops, which were present predominantly. Colour, odour 
and other sensory parameters of treated meat cuts were acceptable to trained panelists.
Keywords : Lactic acid, Ginger extract, Sodium chloride, Shelf-life, Quality buffalo meat.

D econtam ination  of m eat ca rca sses  w ith  organic  
acid s is  ga in in g  im portance in  recen t y ea rs  (D ickson  
and A n d erson  1992). Lactic acid , b ein g  a n atu ral 
co n stitu en t of m an y  food s, is  often  u sed  for 
controlling th e m icrobial grow th and exten d in g the  
shelf-life of food s (Sm ulders et al. 1986; S in gh  et 
al. 1989). R ecently , th e  b actericida l effects o f lactic  
acid w ere a s se s se d  o n  artificially in o cu lated  b ee f  
(Gordon and B ryan 1992).

S p ices are gen erally  u sed  in  food s a s  flavouring  
agen ts and m an y  of th e se  h ave b een  fou n d  to have  
som e antim icrobial activ ity (D avidson  et al. 1983). 
Ginger rhizom e h a s  b een  sh o w n  to  h ave antioxidant  
property and it a lso  co n ta in s  a pow erful proteolytic  
enzym e, w hich  ca n  b e  u sefu l in  tenderizing tou gh  
m eat (Lee et al. 1986). In a n  earlier In vitro stu d y, 
lactic acid and sod iu m  chloride so lu tio n  w ere 
sh ow n  to p o sse s  antim icrob ial property again st 
som e o f the sp oilage and p ath ogen ic  bacteria  of 
m eat (Syed Z iauddin  et al. 1993). The p resen t  
investigation  w a s  u n d ertak en  to s tu d y  th e u se  of 
lactic acid, ginger extract an d  sod iu m  chloride in  
extending th e shelf-life o f buffalo m eat at ch ill 
tem perature (4±1°C).

Shoulder an d  leg c u ts  (triangle in  sh a p e , 5- 
6  kg each) of buffalo ca r c a sse s  w ere procured  so o n  
after s la u g h ter  from  th e local m arket, a s  variety  
m eats are kn ow n  to vary in  com p osition  (Kondaiah  
et al. 1986). T w enty per cen t lactic acid  (90% pure, 
Merck, v /v ), 20%  sod iu m  chloride (w /v) an d  2% 
lactic acid + 20%  sod iu m  chloride so lu tio n s  were 
prepared in  d istilled  w ater. G inger extract w a s  
prepared by b len d in g  100  g  'Mysore variety' g inger  
cu b es in  100 m l ch illed  d istilled  w ater in  a W aring  
blender for 1-2 m in . The p u lp y  m ateria l after 
blending w a s sq u eezed  throu gh  m u slin  c lo th  to

* C o r re sp o n d in g  A u th o r . 1 P r e s e n t  A d d r e s s  : D e p a r tm e n t  o f  M e a t  
S c ie n c e , V e te r in a ry  C o llege , H e b b a l, B a n g a lo r e -5 6 0  0 2 4 , In d ia .

ob tain  th e  extract. The m eat c u ts  w ere w eigh ed  and  
sprayed  w ith  2% lactic  acid  v /v ,  20%  so d iu m  
chloride so lu tio n s sin g ly  or a m ix tu re  o f 2% lactic  
acid  + 20%  sod iu m  chloride so lu tio n , a t th e  rate  
of 2 0  m l per kg o f m eat. S im ilarly, th e  m ea t c u ts  
w ere sprayed  w ith  ginger extract a lon e or a m ix tu re  
of ginger extract + 20%  sod iu m  ch loride so lu tio n . 
The treated  m eat c u ts  a s  su c h  or after w rapping  
in  p olythen e b ag s (200  gau ge), a lon g  w ith  th e  
u n trea ted  (control) sa m p les , w ere stored  a t ch ill 
tem perature (4±1°C) an d  a relative h u m id ity  o f 8 5 -  
95% . S ix  rep licates w ere u se d  for each  treatm en t.

The quality o f m eat w a s  a s se s se d  by determ ining  
th e  tota l m icrobial co u n ts  b y  sw ab  tech n iq u e , off- 
odour d evelop m en t an d  ch a n g e  in  co lou r  a s  w ell 
a s  odour o f m eat a s  per th e  m eth o d s  u se d  b y  Gill 
and Penney (1985). M icroorganism s w ere enum erated  
b y  s t a n d a r d  p la te  c o u n t  t e c h n iq u e  a n d  
p sych rotrop h s w ere d eterm ined  after in cu b a tin g  for 
10 days at 4±1°C  (B u ch a n an  an d  G ib b on s 1974). 
Staphylococci w ere grow n o n  Baird-Parkar m ed iu m , 
w hile MRS agar (Difco) con ta in in g  0 .02%  so d iu m  
azide w a s  u sed  for grow ing lactobacilli (B u ch a n an  
an d  G ibbons 1974). The b acteria l c o u n ts  are 
exp ressed  a s  log o f co lon y  form ing u n its  (efu) per  
g sam p le. The sen so ry  eva lu ation  o f m eat, cooked  
at 121°C for 3 0  m in , w a s  carried ou t b y  10 trained  
p a n e lists , on  a 10-point H edonic sca le , u s in g  sm all 
p ieces  o f cooked  m eat. T he r e su lts  w ere su b jected  
to  a n a ly sis  of variance tech n iq u e (Steel an d  Torrie
1980) an d  D u n ca n 's  M ultip le range te st  (D u n can
1960).

Microbial count and shelf-life o f meat : T he  
m icrobial grow th w a s  very slo w  during th e  first 
three d ays o f storage (Table 1), w h ich  c a n  b e  
attr ibuted  to ad op tation  of m eso p h ilic  m icro b es  to  
n ew  environm ent o f ch ill tem p eratu re. In all th e  
c a se s , th e  m icrobial co u n t at th e  sta rt o f sp oilage, 
th e  point at w h ich  th e  m ea t exh ib ited  off-odours,
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TABLE 1. MICROBIAL COUNT (log cfu/g) IN MEAT CUTS STORED AT 4±1°C (RH 85-95%)

____________________________________ Storage period, days
0 2 3 5 6 7

W N W N W N W N ' W N W N
20% sodium chloride 5.1 4.9 5.0 4.5 4.8 4.0 5.0 4.6 5.2 5.0 7.6 7.5
2% lactic acid 5.2 4.9 5.0 4.4 4.0 3.5 4.6 4.2 4.8 4.8 7.6 7.7
Ginger extract 4.7 4.4 4.2 4.0 4.7 4.6 4.9 4.6 5.1 4.7 7.6 7.8
Ginger extract + 20% 
sodium chloride 5.0 4.8 4.7 4.2 4.8 4.0 4.8 4.2 5.1 4.8 5.6 5.2

Untreated (control) 5.0 4.8 4.6 4.4 5.5 4.9 5.1 5.2 7.8 6.0 ND 7.7
W : Wrapped cuts; N: Non-wrapped cuts; ND : Not done. The values are mean of six replications, P<0.05. The values were 7.5, 7.6 log 
cfu/g at 9 and 11 days storage in case of ginger extract + 20% sodium chloride-treated samples stored in wrapped and unwrapped 
samples. The value In case of samples treated with 2% lactic acid + 20% sodium chloride was 7.4 at 9 days in case of wrapped sample, 
while 5.6 and 7.5 Log cfu /g at 9 and 11 days in case of unwrapped samples. In case of all other treatments, the meat got spoiled at 
9, 10 and 11 days storage.

varied b etw een  7 .0  an d  8.Ò log c fu /g  m eat (Table 
1). Pseudomonas w a s th e  p redom inant, follow ed by  
staphylococci, micrococci, bacilli an d  lactobacillt In 
both control an d  treated  m eat c u ts  (Table 2). The  
predom inance o f Pseudomonas sp ec ies  in  b eef stored  
at ch illed  tem perature h a s  a lso  b een  recorded  by  
earlier w orkers (Gill an d  N ew ton 1982; Brow n
1982). The shelf-life p eriod s for w rapped an d  n on -  
w rapped c u ts  (control) w ere 5 an d  6  d ay s, 
respectively (Table 3). S od iu m  chloride treatm ent 
extended the shelf-life b y  one day, b oth  for w rapped  
and un-w rapped m eat cu ts . M eat c u ts  treated  w ith  
ginger extract a lso  sh ow ed  th e  sa m e period o f sh elf-  
life. However, m eat c u ts  treated  w ith  so lu tio n s  
containing ginger extract p lu s  sod iu m  chloride, and  
lactic acid p lu s  sod iu m  chloride sh ow ed  a further  
exten sion  of shelf-life , in  both  w rapped an d  n on -  
wrapped con d ition s, to  8  an d  10 days, respectively.

Sensory evaluation : The co lou r an d  od our  
scores of treated  u n coo k ed  c u ts  are p resen ted  in  
Table 3. It w a s  observed  that all th e  treated  
sam p les w ere acceptab le to  p an elists . The treatm ent  
with 2% lactic acid  did n ot d isco lou r th e  m eat cu ts , 
an  observation , w h ich  is  in  agreem en t w ith  that

m ad e b y  S m u ld ers et al (1986) in  b e e f  ca rca ss  
treated  w ith  1-2% (v/v) lactic  acid . H ow ever, h ighly  
significant (P<0.001) difference w a s  observed betw een  
the w rapped and un w rapp ed  m ea t c u ts , w ith  regard  
to  co lou r and odour. S im ilar w a s  th e  resu lt in  ca se  
of m eat treated  w ith  g inger extract + 20%  so d iu m  
chloride so lu tion .

S en so ry  data  o n  m eat c u ts  treated  w ith  2% 
lactic  acid  + 20%  so d iu m  ch loride or g in ger extract 
+ 20%  so d iu m  ch loride after stor in g  for 10 d ays  
in  u n w rapp ed  con d ition  a s  w ell a s  after coo ling  are 
p resen ted  in  Table 4 . There w ere n o  sign ifican t  
(P<0.05) d ifferen ces in  co lou r, ta ste  an d  arom a  
b etw een  th e  treated  and u n trea ted  (fresh) m eat  
sam p les . H owever, sig n ifican t (P<0.05) d ifferences  
w ere observed  in  textu re an d  ju ic in e s s , w h ich  w ere 
m ore in  sa m p les  treated  w ith  g in ger extract. The 
m eat w a s  a lso  su p erior in  overall q u ality  an d  th is  
ob servation  is  in  agreem ent w ith  th e  fin d in g s o f  Lee 
et al (1986). T h u s, th is  s tu d y  in d ica ted  that 
treatm ent w ith  2% lactic  acid  or g in ger extract.

TABLE 3. EFFECT OF LACTIC ACID AND GINGER EXTRACT 
ON COLOUR, ODOUR AND SHELF-LIFE OF MEAT 
CUTS STORED AT 4±1°C

TABLE 2. PER CENT COMPOSITION OF BACTERIA, ISOLATED 
AT THE START OF SPOILAGE OF CONTROL AND TREATED MEAT CUTS AT 4±1°C (RH 85-95%)

Treatment
Type o f
bacteria Control 

(untreated) 
at 5 days

2% lactic acid+ 
20% sodium 

chloride 
at 10 days

Ginger extracts- 
20% sodium 

chloride 
at 10 days

Pseudomonas sp. 90 62 76
M icrococcus sp. 3 14 17
S ta p h y lo c o c c u s  sp. 4 3 5
B a c illu s  sp. 1 1 2
L a c to b a c illu s  sp. ND 20 ND
ND : Not detected

Colour Odour Shelf-life,
Treatment days

W N W N W N
Control
2% lactic acid+

2.5 1.8 2.5 1.8 5 6
20% sodium 
chloride 2.7 1.8 2.5 2.25 8 10

100% ginger 
extract + 20% 
sodium chloride 2.7 1.9 2.4 2.1 8 10

Level of significance ** •• *'
** Significant at P<0.01, W: Wrapped cuts, N : Non-wrapped 
cuts; Colour and odour scores : 1 : excellent; 2 : veiy good; 
3:good; 4: acceptable; 5 : unacceptable.
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TABLE 4. SENSORY EVALUATION OF CONTROL AND TREATED MEAT CUTS STORED AT 4±1°C IN UNWRAPPED STATE
Treatment Colour and 

appearance
Texture and 
consistency

Juici
ness

Taste Aroma Overall
quality

Control (fresh) 6.9 6.9 6.5 7.0 6.8 6.6
2% lactic acid + 20% sodium chloride 7.0 7.4 7.0 7.1 6.7 6.3
Ginger extract + 20% sodium chloride 6.1 8.5 7.5 6.9 7.2 7.0
Level of significance NS • * NS NS NS
* Significant at P<0.05, NS : Not significant (P>0.05)

along w ith  20% sod iu m  chloride, cou ld  extend  the  
shelf-life o f m eat c u ts  at 4±1°C b y  in h ib itin g the  
m icrobial growth and w ith out an y sign ificant ch an ge  
in  sen sory  properties o f m eat.
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E l e c t r o - c h e m i c a l  S t u d i e s  o n  T i n p l a t e  C o r r o s i o n
i n  O r g a n i c  A c i d s
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Food an d  F erm en tation  G roup, D ep artm en t o f B ioch em istry ,
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Corrosion behaviour of lacquered and unlacquered tinplate was characterized, using electro-chemical (direct current 
polarization and polarization resistance) methods, and the results compared with those obtained from the established 
weight loss methods. The test media used were citric and acetic acids. Trace amount of nitrate was found to increase 
the rate of corrosion of tinplate. The results from direct current electro-chemical methods showed the same general 
trend as the weight loss methods, suggesting that the electro-chemical methods could be used to predict the shelf- 
life of canned foods.
Keywords : Tinplate, Corrosion, Shelf-life, Electro-chemical methods, Polarization, Comparison with weight loss 

methods.

Factors th a t affect Internal corrosion  o f food  
ca n s in clu d e th e  properties o f tin p late, th e  n atu re  
of food p rocess, an d  the p rocessin g  a s  w ell a s  
storage con d ition s (Saguy et al. 1973). Corrosion  
of a m etal ca n  b e  regarded a s  a s in g le  electrode  
on w hich  cou p led  cath od ic  and anodic reaction s  
occur (Lorenz and M ansfield  1981). The electro
chem ical reaction s th a t tak e p lace in  corrosion  
involve electron s (M annheim  an d  P a ssey  1982). T in  
occu p ies a h igher p ositio n  in  the e lectro-ch em ica l 
se r ie s  th a n  iron  (Popova et al. 19 9 0 ), an d  
consequently, m ight be expected  to  form  the cathode  
with iron b ein g  d isso lved . H ow ever, in  acid ic  
so lu tion s, e .g ., fruit ju ic e s , a reversal o f p otentia l 
occurs w ith  tin  b ecom in g  an odic to  iron, thereby  
dissolving the la tter (Albu-Yaron an d  F eignin  1992; 
G ouram m a et al. 1981; M ahadeviah et al. 1971 , 
1976). Corrosion o f food c a n s  m u st  n ot occur, a s  
high levels o f iron c a n  c a u se  u n accep ta b le  ch a n g es  
in colour, ta ste  an d  texture o f th e  food product 
(Sem el and S ag u y  1974). E ven  m ore are th e toxic  
effects ca u sed  b y  th e  h igh  tin  levels in  h u m a n s  
(M annheim  an d  P a ssey  1982),

The criteria for corrosion  rate m ea su rem en ts  
of electrolytic tin plate h ave b een  m ain ly  b a sed  on  
the am ou nt o f d isso lved  tin  or iron or % w eight 
lo ss  or m od els  thereof. T he am ou n t o f m eta l 
dissolved  in  the food c a n  be d eterm in ed  by  
titrimetric, atom ic absorption or colorim etric m ethod s  
(Saguy et al. 1973; Linder and G iessm a n  1972). 
However, all th e se  m eth o d s h ave th e  d isad van tage  
that they require relatively long exp osure periods. 
Popova et al (1990) h ave recen tly  sh ow n  that 
electro-chem ical m eth od s cou ld  b e u sed  for corrosion  
m onitoring o f tin p late  in  citrate so lu tio n s. In
* Corresponding Author

an oth er  stu d y , A lbu-Y aron et al (1979) w ere able  
to  sh o w  a co rre la tio n  b e tw e e n  r e s u lt s  from  
p oten tiok in etic  p olarization  tech n iq u e  an d  storage  
te s t s  during localized  tin p la te  corrosion  in  organic  
acids.

In th is  stu d y , th e  feasib ility  o f u s in g  e lectro
ch em ica l m eth o d s to  predict th e  b eh av iou r of 
tin p late  in  m odel so lu tio n s  o f citric an d  acetic  a c id s  
h a s  b een  in vestigated , a lon g  w ith  th e  effect of trace  
a m o u n ts  o f nitrate.

The sp ec im en s  for th e  w eigh t lo s s  exp erim en ts  
w ere p ieces o f electrolytic tin p la te , 2 0  m m  w ide and  
4 0  m m  long, cu t  from  a large p iece  o f com m ercial 
tinplate. B oth  th e  p la in  an d  lacq uered  tin p la tes  
w ere protected  on  th e  s id e s  an d  th e  b a ck  by a se lf
curing elastom er (araldite). Before u se , th e  sp ecim en s  
w ere d egreased  w ith  a ce to n e  an d  stored  in  a 
d esiccator. The so lu tio n s  u se d  w ere 1, 5, an d  10% 
(w /v) citric a n d  acetic  a c id s (Sigm a C h em ical Co. 
St. Louis, U.S.A.) ind ividually. The sp ec im en s  w ere  
w eigh ed  before an d  after im m ersin g  in  the acid  
so lu tio n s. T hey w ere th en  c lea n ed  w ith  d istilled  
w ater, dried u s in g  a h a ir  drier an d  w eigh ed . For 
t h e  p o la r iz a t io n  s t u d i e s ,  t h r e e  e le c t r o d e  
arran gem en ts, co n s istin g  o f  a p la tin u m  cou n ter  
electrode, a  sa tu ra ted  ca lom el electrode an d  a 
w orking electrode, w ere u se d  in  co n ju n ctio n  w ith  
a H eathcote P oten tiosta t (Lorenz an d  M ansfield
1981). In order to deaerate  th e  so lu tio n s, n itrogen  
w a s  b u b b led  throu gh  for 3  h , before startin g  th e  
exp erim ents. The e lec trod es w ere im m ersed  in  
so lu tio n  for 6 0  m in  to  allow  th e  rest p oten tia l to  
reach  a stea d y  sta te , before tak in g  m ea su rem en ts. 
U sin g  a sc a n  rate o f  2 0  m V /m in , th e  electrode w a s  
anodica lly  polarized. T he w ork ing electrode w a s  
th en  allow ed to return  to  rest potentia l, before
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obtaining th e  cath od ic  p olarization  curve. For th e  
polarization res ista n ce  m ea su rem en ts, th e  electrode  
w a s polarised  to an  overpotentia l o f 10 mV, u sin g  
a sw eep  rate o f 2 0  m V /m in . The cu rren t w a s  th en  
reversed, an d  th e  cath od ic  portion o f  the curve w a s  
obtained. The sp ec im en s for th e  p oten tia l tim e  
cu rves w ere prepared in  th e  sa m e m an n er, a s  th o se  
for the polarization  cu rves. The e lectrod es w ere  
th en  dipped in  the so lu tio n  an d  th e  electrode  
potentia l read ings w ere tak en  w ith  resp ect to 
satu rated  calom el electrode on  a daily  b a sis .

The w eigh t lo s s  r e su lts  sh o w  th a t th e  corrosion  
rate is  greater for p la in  tin p late  th a n  th a t for 
lacquered tin p late, and  th a t m eta l d isso lu tio n  is  
greater at h igher acid  con cen tra tion s (Table 1). 
Typical polarization cu rves (sem i-log plots) for p lain  
tinplate sh ow  th a t the corrosion  ra tes in creased  
w ith a n  in crease in  acid  con cen tration  (Fig. 1). The  
sam e trend w a s  ob tained  w ith  lacquered  tinplate. 
The cath od ic portion  revealed  th e p resen ce  o f a 
kink at an  overpotential o f -4 0 0  m V in  ca se  o f p la in  
tinplate only, and  th ese  w ere m ore p ron oun ced  in  
citric acid so lu tio n s. Typical polarization  cu rves for 
lacquered tinplate are characterized  b y  th e  ab sen ce  
of k inks. The k in k s observed  in  th e  an odic  Tafel 
lines are probably du e to  the form ation  o f p its  at 
local w ea k  p o in ts. H ow th e  k in k s cam e to be  
present in  th e  cath od ic  curve w ith  p la in  tin p late  
is  m ore difficult to  explain . T h ese  are probably du e  
to  a lim iting current d en sity  in  th a t region. The  
plots o f p oten tia l v er su s  cu rren t around  the rest 
potentia l w ere linear. T he p olarization  resista n ce , 
Rp is  given  b y  the rela tion sh ip .

Rp = (AE/Ai) w here AE an d  Ai rep resen t ch an ge  
in  potentia l an d  current d en s itie s , respectively.

The rate o f corrosion  is  g iven  by th e  S te m -  
Geary eq u ation  (Lorenz an d  M ansfield  1981)

Current density pA/cm 2
Fig. 1. P o la r iz a tio n  c u rv e  (sem i-lo g  p lo ts )  fo r  p la in  t in p la te  in  

a c e tic  a c id . — ■ — :1%  a c e tic  a c id , — • — :5%  a c e tic  a c id , 
— o— : 10%  a c e tic  ac id .

'corr = (B /R p)
w here B = co n sta n t in  m V /'decade.
Typical resu lts  from  su c h  m ea su r e m e n ts  are  

sh o w n  in  Table 1. T he p olarization  re s is ta n ce  
d ecreased  w ith  an  in crea se  in  con cen tra tio n  o f th e  
acid  so lu tion . T h is in d ica tes  th a t th e  ea se  of 
transfer o f e lectron s a cro ss  th e  electrod e-electro lyte  
in terface in c r e a se s  w ith  a n  in crea se  in  acid  
concentration . B oth  w eight lo s s  an d  electro-ch em ica l 
m eth o d s sh ow  th a t lacq uered  tin p la te  is  m ore  
resista n t to a tta ck  b y  organ ic a c id s  th a n  p la in  
tinplate. T he d ifferen ces in  th e  corrosion  ra tes  b y  
th e  different carboxylic a c id s h ave b een  attr ib uted  
to  th e d ifferen ces in  sta b ility  c o n s ta n ts  o f th e tin  
com p lexes form ed (M ahadeviah et al. 1976). T he  
differences ca n  a lso  be exp la in ed  in  term s of th e  
strength  of th e  acid. S in ce  ca th o d ic  reac tio n s

TABLE 1. C O R R O SIO N  C U R R EN T D E N S IT IE S FROM  TAFEL EXTRAPOLATION, POLARIZATION R ESIST A N C E, W E IG H T  L O S S  DATA 
AND E F F E C T  O F  2 0  PPM  NITRATE ON PLAIN TINPLATE

System ' j A / c m 1 Weight loss mg/day Effect of 20 ppm nitrate on 
plain tinplate lcorrpA/cmJ

Plain Lacquered Plain Lacquered Tafel Polarization
tinplate tinplate tinplate tinpate extrapolation resistance

Acetic acid
1% 18.4 ± 1.1 9.4 ± 1.5 2.30 ± 0.25 0.60 ± 0.14 30.5 ± 2.1 28.0 ± 2.0
5% 43.7 ± 3.8 24.2 ± 1.8 2.50+  0.30 0.69 ± 0.11 46.5 ± 2.2 42.0 ± 2.9
10% 53.9 ± 1.7 25.6 ± 1.9 3.90 ± 0.40 0.70 ± 0 .1 4 53.0 ± 2.8 56.5 ± 2.5

Citric acid
1% 23.8 ± 1.1 10.2 ± 1.5 3.10 ± 0.21 0.64 ± 0.12 39.0 + 2.9 39.5 ± 3.5
5% 48.2 ± 1.5 26.2 ± 1.9 3.90 ± 0.21 1.20 ± 0.11 52.5 ± 3.5 50.0 + 3.0
10% 54.1 ± 2.5 33.3 ± 2.1 4.90 ± 0.40 1.20 ± 0.30 62.5±3.7 63.5 ± 3.5

T h e  v a lu e s  a r e  m e a n s  o f  tw o  m e a s u re m e n ts .  T h e  ±  v a lu e  d e n o te s  th e  s ta n d a r d  d e v ia tio n .
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Involve hydrogen Ions, th e  stron ger is  th e  acid , th e  
higher will b e th e con cen tration  o f hydrogen  ion s, 
present at a given  con cen tration  an d  con seq u en tly , 
high corrosion rates occur. T h u s, citric acid is  
expected  to b e m ore aggressive  th a n  acetic  acid  
(Sem el and S agu y  1974). H ow ever, th e  u se  o f a  
s in g le  c a r b o x y lic  a c id  r e p r e s e n t s  a c r u d e  
sim plification o f th e  en viron m en t in sid e  th e  can . 
The corrosion current d en s itie s  obtained  by the  
polarization res ista n ce  m eth od  are com parable to  
those obtained  b y  extrapolation  from  polarization  
curves (Lorenz an d  M ansfield  1981).

The electrode p oten tia l for lacquered  tinplate  
drifted in  th e  an odic  d irection, w h ile  th a t of p la in  
tinplate drifted in  th e  ca th od ic  d irection. Lacquered  
tinplate sh ow ed  h igher p o ten tia ls  in  1% acetic acid  
than  in  1% citric acid . T he trend  w a s  reverse for 
plain tinplate, w here h igher p oten tia ls w ere recorded  
in  citric acid so lu tio n s th a n  in  acetic  acid  so lu tio n s. 
The drift tow ards th e  anodic d irection  is  probably  
due to accu m u la tion  of corrosion  p rod u cts at 
d iscon tin u ities o f th e  lacq uer at th e  electrode  
surface. The a ccu m u la tion  o f corrosion  product, 
e.g ., ox ides, sa lts  o f a c id s red u ces the rate o f m etal 
d isso lu tion  (Abu-Yaron et al. 1979)

Addition of sod iu m  nitrate did not ch an ge the  
general sh ap e o f the cu rves. H owever, th e  corrosion  
current d en sity  v a lu es  for each  acid  con cen tration  
increased  u p on  ad d ition  o f  n itrate (Table 1). S im ilar  
resu lts were ob tained  u s in g  d isso lved  iron and tin  
a s  criteria (Saguy et al. 1973; A lbu-Yaron and  
Sem el 1976). T h ese  w ork ers p rop osed  n itrate  
reduction a s  th e  m ech a n ism  for th e  observed  
accelerated corrosion  rate. P resen t resu lts  sh ow  
that th e direct cu rren t e lectro-ch em ica l m eth o d s  
give resu lts , w h ich  have th e  sam e general trend  
a s th ose  obtained  b y  the esta b lish ed  w eight lo s s  
m ethod, in  sp ite  o f  th e  different u n its  u sed . 
Therefore, th e e lectro-ch em ica l m eth o d s ca n  be  
u sed  to predict th e sh elf-life  of ca n s. The advantage  
w ould be th e relatively sh ort tim e required to obtain  
resu lts.

The w ork w a s  su p p orted  by U niversity  of  
Zim babw e R esearch  B oard grant. T h a n k s are du e  
to  B obby for typ in g th e  m an u scrip t.
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P r o t e i n  o f  W a d i  -  A n  I n d i g e n o u s  F e r m e n t e d  L e g u m e  P r o d u c t
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H aryana A gricu ltural U niversity, H isar-12 5  0 0 4 , India.
Fresh batter of greengram d h a l  contained high amounts of phytic, acid (897.4 m g /100 g) and polyphenols 

(982 m g/100 g). Indigenous fermentation at 35°C for 18 h reduced the levels of these anti-nutrients to approximately 
half. In  vitro  digestibility of starch and proteins also improved significantly (P<0.05) with increase in the temperature 
and period of fermentation. A significant (P<0.01) and negative correlation was found between the contents of anti
nutrients and in v itro  digestibility.
Keywords : Greengram d h a l  W a d i  Indigenous fermentation, Phytic acid, Polyphenols, Protein digestibility, Starch

digestibility, In v itro  studies.

The im portance o f food leg u m es, esp ecia lly  in  
th e d iets  o f the p op u la tio n  o f  d evelop ing n a tio n s, 
is  w ell esta b lish ed  (Goyal 1991). L egu m es n o t on ly  
add to the variety  in  h u m a n  d iet, b u t a lso  serve  
a s  an  econ om ical sou rce  o f su p p lem en tary  p rotein s  
for a large h u m an  pop u lation  in  developing cou n tries  
like India (B ish n oi 1991). L eg u m es are a lso  
recognized a s  a  m ajor sou rce  o f carb oh yd rates and  
other im portant n u tr ien ts  (B ish n oi 1991). Phytic  
acid, w idely  d istr ib u ted  in  leg u m es, in clu d in g  
g reen g ra m  in h ib it s  p r o te a s e s  a n d  a m y la se s  
(D eshpande an d  C heryan 1984) and h en ce , m ay  
adversely affect th e d igestib ility  o f starch  and  
proteins. P olyphenols m ay  a lso  low er the digestib ility  
of dietary p rote in s (H ernandez et al. 1991) and  
starch  (T hom pson and Yoon 1984) in  p lant foods. 
Rem oval o f th ese  a n ti-n u tr ien ts  b y  an y  of th e  
p rocessin g  m eth o d s is , therefore, n ecessa ry  for 
effec tive  u tiliz a t io n  o f  food  le g u m e s . H en ce  
appropriate p ro cess in g  for legu m e is  e ssen tia l, 
ow ing to its  h igh  co n ten ts  o f to x in s, a n tin u tr ien ts  
and the in d igestib le  n atu re o f m a n y  raw leg u m es  
(Gupta 1987). The m ost com m on  p rocessin g  m ethod s  
include soak in g , d eh u llin g , ordinary or p ressu re  
cooking, sp rou tin g  and ferm entation  (B ish n oi 1991).

F erm en tation  is  probably one of th e  o ld est  
m eth o d s o f p rocessin g  leg u m es (Goyal 1991). In th e  
p resen t stu d y , a n  effort h a s  b een  m ad e to  find out 
the ch a n g es  in  the c o n ten ts  of phytic acid  and  
p olyp h enols a s  w ell a s  in vitro d igestib ility  of starch  
and p rotein s of wadi - a  ferm ented  greengram  dhal 
product. G reengram s are a lso  w id ely  u sed  for 
Punjabi warri ferm entation  (Soni an d  S an d h u  1990) 
an d  m icroflora a sso c ia ted  w ith  worn ferm entation
* Corresponding A uthor

h a s  b een  d ocu m en ted  (San dh u  an d  S on i 1989). 
D eh u lled  greengram  or b lackgram  co ty led on s are 
the raw m ateria ls o f w adi Wadis, som ew h at like 
J a p a n ese  miso, are sp icy , hollow , brittle, friable  
b a lls  of 5 -8  cm  diam , an d  are very p op u lar in  
n orthern  India. Wadis are u se d  in  preparing sp icy  
vegetab le d ish es.

Preparation o j w a d is : G reengram  dhal (Vigna 
radiata), procured from  local m arket in  a s in g le  lot, 
w a s  clean ed  of d u st, s to n e s , w rinkled  s e e d s  and  
foreign m ateria ls. D eh u lled  greengram  co ty led on s  
(200  g) w ere soak ed  in  d istilled  w ater (250  ml) for 
12 h  at 30°C . The soa k ed  dhal w a s  ground  coarsely  
in  a n  electric grinder. T he soa k in g  w ater w a s  not 
discarded , a s  it w a s ju s t  su ffic ien t to  b e u se d  for 
grinding. The b atter w a s k ep t a s  su c h  for n atu ral 
ferm entation  at 2 5 , 3 0  an d  35°C  in  an  in cu b ator  
for 12 an d  18 h . At th e  en d  o f ferm entation  period, 
sa lt ( 2 g / 1 0 0 g  dhal) and  b la ck  p ep per pow der  
(0 .65  g /1 0 0  g dhal) w ere ad d ed  to  th e  ferm ented  
s lu r iy . Sm all p ortions o f the ferm ented  legu m e  
slurry w ere tak en , sh ap ed  m a n u a lly  in to  the form  
of round  b a lls  (wadis), and p u t on  the polythene  
sh e e ts  for drying at 60°C  for 3 6  h  to  a co n sta n t  
w eight. The coarsely  ground  fresh  batter, con ta in in g  
th e  above sp ice s  an d  p ro cessed  a s  above, bu t  
w ith o u t an y ferm entation , served  a s  control.

Chemical analysis : The dried wadis w ere finely  
ground in  an  electric grinder (Cyclotec M /s  Tecator, 
H ogan as, Sw eden) for u s e  in  ch em ica l an a lysis . 
Phytic acid con ten t w a s  d eterm in ed  b y  the m eth od  
o f D a v ies an d  Reid (1979). T he p o lyp h en o lic  
com p o u n d s w ere extracted  from  th e  d efatted  sam p le  
b y refluxing for 4  h  w ith  5 0  m l m eth a n o l con ta in in g  
1% HC1, and estim ated  a s  ta n n ic  acid  equivalent
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according to F o lin -D en is procedure (Sw ain and  
H ills 1959). I n  v i t r o  s ta rch  d ig estib ility  w a s  
determ ined b y  em ploying p an creatic  am ylase , and  
th en  m e a su r in g  m a lto se  lib e ra te d  b y  u s in g  
dinitrosalicylic acid reagen t (Singh et al. 1982). I n  
v itro  protein d igestib ility  w a s  carried ou t by the  
m ethod of A keson  and S tah m an n  (1964), a s  m odified  
by Singh and J a m b u n a th a n  (1981).

S ta t i s t i c a l  a n a l y s i s  : The data  w ere su b jected  
to an a lysis of variance in  a com p letely  random ized  
design  and correlation  coeffic ien ts w ere derived  
according to stan d ard  s ta tistica l m eth o d s (Panse  
and S u kh atm e 1961).

P h y t i c  a c i d  : F resh , u n ferm en ted  slurry of 
greengram  d h a l  h ad  8 9 7 .4  m g p h ytic  a c id /100  g, 
w hich w a s reduced  sign ifican tly  (P<0.05) in  the  
products ferm ented  at 2 5 , 3 0  an d  35°C  for varying  
periods (Table 1). H igher th e  tem perature and  
longer the period o f ferm entation , greater w a s th e  
extent of phytic acid  red u ction . F erm en tation  at 
35°C for 18 h  red u ced  th e  ph ytate con ten t to 
approxim ately half. The h yd ro lysis o f p hytic  acid  
m ay be due to p h ytase  n atu rally  p resen t in  
greengram  d h a l ,  th e  activ ity of w h ich  m ay  be  
in flu en ced  b y  pH c h a n g e s  o ccu rr in g  d u r in g  
ferm entation. A lternatively, it m ay  b e due to  p h ytase  
produced by n atu rally  occurring m icroorgan ism s  
that ferm ent th e  slurry, a s  reported earlier (D aniels  
and F ish er 1981; Lopez et al. 1983). O ptim um  
tem perature for p h ytase  activ ity from  p la n ts  and  
m icrobial so u rces h a s  b een  k n ow n  to range b etw een  
3 5  and 45°C (Grewal 1992). T h is m ay  acco u n t for 
greater reduction  in  phytic acid  con ten t at 35°C  
than  at 3 0  or 25°C . D ecrease  in  p hytic  acid con ten t  
during ferm entation  h a s  b een  reported in  other  
fermented foods, su ch  a s  t e m p e h  (Sutardi and B uckle
1985) and soy  r a h a d i  (Grewal 1992).

P o ly p h e n o l s  : The p olyp h enolic  con ten t o f th e  
unferm ented legu m e b atter  w a s 9 8 2  m g / 100 g and  
it w as reduced  sign ifican tly  (23 to  53%) after 
ferm entation (Table 1). The co n ten ts  o f p o lyp h enols  
were reduced to approxim ately h a lf after ferm entation  
at 35°C for 18 h. T h is effect m ay  be due to th e  
activity o f  polyphenol ox id ase  p resen t in  th e  legu m e  
or ferm enting m icroflora (Grewal 1992). A  d ecrease  
in  polyphenolic co n ten ts  h a s  a lso  b een  reported in  
various ferm ented  foods, b a sed  on  pearl m illet 
(D hankher an d  C h a u h a n  1987; K hetarpaul and  
C hauhan  1990). C on tra iy  to th ese  findings, som e  
workers (Goyal 1991; Grewal 1992) reported an  
increase in  polyphenolic co n ten ts  o f th e ferm ented  
rice-defatted so y  flour b len d s an d  so y - r a b a d t

In vitro s t a r c h  d i g e s t i b i l i t y  : In d igen ou s w a d i  
ferm entation  im proved th e  sta rch  d igestib ility  o f the  
le g u m e  s ig n if ic a n t ly  (P < 0 .0 5 ), th e  e x te n t  of 
im provem ent b ein g  5 2 .7  to 85.4%  at different 
ferm entation  tem p eratu res an d  p erio d s (Table 1). 
It en h an ced  sign ifican tly  w ith  in crea se  in  the  
tem perature an d  period of ferm en tation . M axim um  
im provem ent occurred , w h en  th e  w a d i  b atter  w as  
ferm ented  at 35°C  for 18 h . Im provem ent in  starch  
d igestib ility  during ferm en tation  m a y  b e  d u e  to  
b rea k d o w n  o f  s ta r c h  to  o l ig o sa c c h a r id e s  by  
ferm enting m icroflora (Cronk et al. 1977). R eduction  
in  phytate con ten t during ferm en tatio n  (Table 1) 
m ay a lso  a cco u n t for im provem ent in  its  starch  
digestib ility , a s  a  sig n ifican tly  (PcO.Ol) negative  
correlation  (0 .9756) w a s  ob ta in ed  b etw een  th e  
phytic acid and i n  v i t r o  sta rch  d igestib ility . Earlier  
w orkers have a lso  reported a n  en h a n cem en t in  th e  
d igestib ility  o f  starch  th rou gh  ferm en tation  in  ca se  
of soy b ean  (Boralkar an d  R eddy 1985; Grewal
1992) an d  cerea l-legu m e b len d s  like rice and  
defatted  soy  flour (Goyal 1991).

In vitro p r o t e i n  d i g e s t i b i l i t y  : It im proved w ith  
a r ise in  th e  tem peratu re an d  p rolon gation  o f th e  
period o f ferm entation  (Table 1). P rotein  d igestib ility  
of w a d i  b atter ferm ented  at 35°C  w a s  sign ifican tly  
(P<0.05) h igher th a n  th a t at 3 0  or 25°C . Sim ilarly, 
b atter  ferm ented  at 30°C  h a d  sign ifican tly  m ore  
protein  d igestib ility  th a n  th a t at 25°C . Protein  
d igestib ility  im proved gradually  an d  sign ifican tly , a s  
ferm entation  p rogressed  at all th e  tem p era tu res for 
12 an d  18 h. B oth  tem p eratu re an d  tim e o f  
fe r m e n ta t io n  h a v e  a c u m u la t iv e  e f fe c t  o n  
im provem ent o f protein  d igestib ility . M axim um  
en h an cem en t occurred , w h en  th e  legu m e slurry  
w a s  ferm ented  at 35°C  for 18 h , th e  in crea se  in  
protein digestibility being ab out 41%  in  th e ferm ented  
batter, over th e  control va lu e. Proteolytic en zym es  
(Wang and H esse ltin e  1970; S te in k ra u s et al. 1965) 
produced  during ferm entation  m ay  b e  resp on sib le  
for in creased  protein  d igestib ility . A n  in crea se  in  
the am ino n itrogen  b y  ferm en tation  s ig n ifie s  partial 
breakdow n of protein  to  p ep tid es  an d  am in o acid s, 
thereb y im proving protein  d igestib ility  (Kao and  
R ob in son  1978). Phytic acid , k n o w n  to  in h ib it th e  
proteolytic en zym es (Tan et al. 1984; K n u ck les et 
al. 1985), is  con sid era b ly  red u ced  during w a d i  
ferm entation (Table 1), and  m ay  b e partly responsib le  
for in crease  in  protein  d igestib ility . A  sign ificant  
(PcO.Ol) an d  n egative correlation  (0 .9 659 ) h a s  b een  
fou n d  b etw een  p hytic  acid  an d  protein  d igestib ility. 
Increased  protein  d igestib ility  h a s  b een  reported in  
va rio u s ferm ented  p rod u cts in c lu d in g  t e m p e h  and
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TABLE 1. EFFECT OF TEMPERATURE AND PERIOD OF FERMENTATION ON PHYTIC ACID, POLYPHENOLS, IN  V IT R O  STARCH AND 
PROTEIN DIGESTIBILITIES OF WADIS PREPARED FROM GREENGRAM D U A L  (ON DRY MATTER BASIS)

Temperature,
°C

Period of 
fermentation, 

h
Phytic acid, 
m g/100g

Polyphenols,
mg/100g

Starch digestibility, 
mg maltose released/ 
g meal

Protein
digestibility,

%
0 (control) 897.4 ± 0 .09 982.0 ± 0.25 37.6 ± 0.09 61.2 ± 0.25

25 12 706.6 ± 0 .0 9  (-21.3) 711.0 ± 0 .0 8  (-27.6) 57.4 ± 0.07 (+52.7) 70.0 ± 0.57 (+14.4)
18 692.5 ± 0.06 (-22.8) 684.3 ± 0.23 (-30.4) 59.7 ± 0 .1 0  (+58.8) 71.7 ± 0.65 (+17.2)

30 12 580.27± 0.14 (-35.3) 560.2 ± 0.07 (-43.0) 62.8 ± 0 .1 0  (+67.0) 78.2 ± 0.46 (+27.8)
18 561.1 ± 0 .0 3  (-37.5) 521.9 ± 0.09 (-46.8) 64.2 ± 0.09 (+70.7) 80.9 ± 0.58 (+31.2)

35 12 503.2 ±0 .11  (-44.0) 503.1 ± 0.04 (-48.8) 67.6 ± 0.07 (+79.6) 84.1 ± 0.34 (+37.4)
18 489.0 ± 0 .0 7  (-45.5) 458.0 ± 0.37 (-53.4) 69.7 ± 0.06 (+85.4) 86.3 ± 0.07 (+41.0)

SEM* 0.16 0.12 0.28 0.14
CD (P<0.05)b 0.47 0.35 0.83 0.41

Values are means ± SD of four independent determinations; Figures in parentheses indicate % decrease or increase over the control 
values; * SEM denotes standard error of mean; b Critical difference at 5% level. Difference within/between the fermentation time and 
temperature exceeding this value is significant.

m i s o  (Kao and R ob in son  1978), ferm ented  soy b ean  
(Boralkar an d  R eddy 1985) and ferm ented  rice- 
defatted soy  flour b len d  p rod u cts (Goyal 1991).

O verall, th is  in d ig en o u s  m eth o d  o f w a d i  
ferm entation  is  h igh ly  u se fu l and at th e  sa m e tim e, 
not expensive for im proving the nutritive va lu e  of 
legum es. H ence, th is  in d ig en ou s tech n o logy  m ay  be  
encouraged  at in d u stry  sca le .
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Five hundred samples of market prawns, 60 frozen and 40 iced prawn samples from processing plants and 

50 fish samples from local market were screened for salmonellae. S a lm o n e l la  In fa n t is  and S. n e w p o r t  were isolated 
from four samples and one sample of market prawn, respectively. None of the other seafood samples was found to 
contain salmonellae. S. in fa n t is  from Indian seafoods is reported for the first time. Rapid detection method involving 
Rappaport-Vassiliadis semi-solid modification medium was found to be better than conventional method for isolation of salmonellae from seafoods.
Keywords : S a lm o n e l la  in fa n tis , S a lm o n e l la  n e w p o r t, Prawn samples, Market fish. Rapid detection.

S alm on ello sis  a c c o u n ts  for m ajority of food- 
borne in fection s in  cou n tr ies , w here a good sy stem  
of reporting and in vestigatin g  food-borne d ise a se s  
ex ists  (Robert 1980). S alm on ella  a s  an  agen t of  
food-borne d isea se  is  k n ow n  all over th e  world and  
the an im al food s are still th e  m ajor sou rce  of  
h u m an  sa lm on ello sis  (B achhil an d  J a isw a l 1988; 
N arasim ha Rao 1983). W hen su c h  is  the situ a tion  
in  developed cou n tr ies, the problem  o f sa lm on ello sis  
m u st be m ore acu te  in  develop ing cou n tr ies , w here  
there are still som e la cu n a e  in  a w a ren ess  a s  w ell 
a s good environm ental hygiene. D ifferent sa lm on ella  
sp ec ies have b een  reported from  sea foo d s in  India  
(K ulsherestha et al. 1985; Iyer an d  Shrivastava  
1989; Narkar an d  B and ek ar 1990; N am biar and  
Iyer 1991; T h am p u ran  and G opa K um ar 1991). All 
the iso la tio n s o f sa lm on ellae  from  sea fo o d s in  India  
have so  far b een  from  W est C oast. The p resen t  
stu d y  is  an  attem p t to  a s s e s s  th e  p oten tia l h ea lth  
hazards du e to sa lm on ella  in  sea foo d s from  E ast 
C oast region.

Five h u ndred  sa m p les  o f m ark et p raw ns, 6 0  
frozen and 4 0  iced  praw n sa m p les  from  p rocessin g  
p lan ts and 50  fish  sa m p les  from  local retail trade  
of K akinada tow n  w ere co llected  for th is  stu d y . 
S a m p les w ere co lle c ted  a se p tic a lly  in  ster ile  
containers, an d  w ere brou ght in  the ice box  for 
im m ediate a n a ly sis  in  the laboratory. In ca se  of  
frozen praw ns, sa m p les  w ere tak en  from  b lock s into  
the sterile con ta in ers, u s in g  sterile  poker in  asep tic  
conditions. The fish  sa m p les  com p rised  m ain ly  of 
sciaen id s, m ack erels and sard in es.

Tw enty five g ed ib le m eat from  sa m p les  of raw  
fish, raw and iced p raw ns w a s  co llected  asep tica lly  
and triturated thorou gh ly  w ith  2 2 5  m l buffered
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p ep ton e w ater (ICMSF 1978) in  a lcoh ol sterilized  
p estle  a n d  m ortar. The s u sp e n s io n  w a s  in cu b ated  
at 34°C  for 2 4  h. In c a se  o f frozen  praw n sa m p les, 
th e  sa m e q u an tity  o f m eat (25 g) w a s  triturated  
thorou gh ly  w ith  2 2 5  m l o f la c to se  broth  (USFDA
1984), and  th e  su sp e n s io n  w a s  in cu b ated  at 37°C  
for 2 4  h. C u ltu res o f  sa lm o n ella e  w ere iso la ted  from  
th ese  m ed ia  b y  con v en tio n a l an d  rapid  d etection  
m eth o d s.

In th e  con v en tio n a l m eth od , 1 m l o f the  
cu ltu red  m ed iu m  w a s  in o cu la ted  in to  five tu b es , 
con ta in in g  10 m l each  o f tetra th io n a te  an d  se len ite  
cystin e  b roth s (USFDA 1984). T etrath ion ate broth  
tu b e s  w ere in cu b ated  at 37°C  for 2 4  h , w hile  
se len ite  cy stin e  broth tu b e s  w ere in cu b a ted  at 42°C  
for 2 4  h . Growth from  each  o f th e se  broth  m edia  
w a s su rfa ce-streak ed  o n  sep ara te  p re-p oured  p la tes  
of b ism u th  su lp h ite  agar (USFDA 1984), sa lm on ella -  
sh ige lla  agar (Difco M an u al 1977) an d  brilliant 
green  agar (Speck  1976). All th e  p la tes  w ere 
in cu b ated  at 37°C  for 4 8  h . S u sp e c te d  co lon ies, 
i.e ., brow n, b la ck  w ith  or w ith o u t m eta llic  sh een  
from  b ism u th  su lp h ite  agar; op aqu e, tran sp aren t  
u n co lou red  co lon ies w ith  sm oo th  su rfa ce , an d  som e  
b la ck  cen tered  co lo n ies  from  sa lm o n ella -sh ig e lla  
agar; an d  p in k  w hite op aqu e co lo n ies  su rrou n d ed  
by brilliant red co lou r from  b rilliant green  agar w ere  
picked up , and streak ed  on  p re-p oured  M acC onkey  
agar (USFDA 1984) p la tes. From  M acC onkey agar, 
tran sp aren t an d  co lo u r less  co lo n ies  w ere ta k en  on  
to  n u tr ie n t  ag a r  (U SF D A  1 9 8 4 ) for fu r th er  
identification .

In th e  rapid d etectio n  m eth od , th e  m ed iu m  
u se d  w a s S a l m o n e l l a  rapid te s t  elective m ed iu m  
(SRTEM, OXOID cod e FT 20 1). T h is m ed iu m  
c o n s is ts  of (g/1), tryptone 10, so d iu m  chloride 5, 
d iso d iu m  h y d ro g en  p h o s p h a te  9 , p o ta s s iu m
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di-hydrogen p h o sp h a te  1.5 , c a se in  5, m alach ite  
green 0 .0 0 2 5  an d  7 .2 ± 0 .2  pH. In ocu lation  of the  
autoclaved  m ed iu m  w a s  done a s  d escribed  above. 
T his w a s  in cu b ated  at 35°C  for 2 4  h , before sp ot 
in oculation  b y  3  drops on  R apport-V assiliad is  
(MSRV) m ed iu m  sem i-so lid  m od ification  in  petri 
d ish es  (De Sm ed t et al. 1986). T h is m ed iu m  
con ta in s novobiocin , w h ich  m a k es it a h ighly  
selective m ed iu m , an d  ta k es  advantage o f the  
ability of sa lm on ellae  to m ove through  th is  sem i
solid  m ed iu m  (De Sm edt et al. 1986). The p la tes  
were in cu b ated  at 42°C  for 2 0  to 2 4  h . S u sp ected  
colon ies from  th e  term inal point o f  m otility  w ere  
picked on  to n u tr ien t agar s la n ts  for further  
identification  (De S m ed t an d  B olderdijk 1987).

The s la n t cu ltu res  on  n u tr ien t agar slop es, 
obtained  a s  above, w ere su b jected  to m orphological, 
biochem ical, ferm entation  an d  serotyp ing te s t s  
(B uchanan  and G ibbons 1974).

In the p resen t stu d y , it w a s  fou n d  th a t rapid  
detection  m eth od  enabled  p ick ing up o f  S a l m o n e l l a  
colon ies m ore efficiently th a n  the oth er m ethod . In 
the rapid d etection  m ethod , all th e  su sp ec ted  
c o lo n ie s  w ere to ta lly  c o n firm ed , a s  a g a in s t  
confirm ation of on ly  on e in  fourteen  of the su sp ected  
co lo n ies  in  c a se  o f co n v en tio n a l m ed ia . T he  
distribution  of S a l m o n e l l a  cu ltu res  am ong the  
seafood s analyzed  is  sh o w n  in  Table 1.

Out of th e  five iso la tes  o f sa lm on ellae , four 
were identified a s  S. i n f a n t i s  an d  one a s  S. n e w p o r t  
on the b a s is  o f m orphological, b ioch em ica l and  
ferm entation reaction s, follow ed b y  serotyping. The 
iso lation  of S. i n f a n t i s  from  sea foo d s ap p ears to be 
the first d ocu m en ted  report from  India.

B oth the serotyp es, S. i n f a n t i s  and  S. n e w p o r t ,  
iso lated  from P a e n e u s  i n d i c u s  in  th e  p resen t stu d y, 
are of public h ea lth  im portance in  view  of their

TABLE 1. DISTRIBUTION OF S A L M O N E L L A  CULTURES AMONG 
SEAFOODS

Sample Number Source Identified
species

Fresh prawns 500 Local outlets S. n e w p o r t  (1) 
S. in fa n t is  (4)

Fresh fish 50 Local outlets Nil
Frozen prawns, 60 Local seafood Nilblock frozen, 
peeled devined processing plants

Iced prawns, 40 Local seafood Nilpeeled undevined processing plants
Numbers in parenthesis indicate the samples positive for the species.

p ath ogen icity  to  m an , and th e  ob serv ation  b y  
C ohen  and T auxe (1986) th a t an tib io tic  r e s is ta n t  
sa lm on ellae  originate from  food s o f an im al origin. 
T h is b eco m es m ore relevant, a s  sh rim p  farm ing is  
rapidly exp an d in g  in  India. B es id es , th e  p resen t  
stu d y  in d ica tes th e  occu rren ce  of sa lm o n ella e  in  
m arket praw ns in  very few  n u m b ers. T he ap p lication  
of good  hyg ien ic  p ro cess in g  p ra ctices  in  loca l 
seafood  p rocessin g  p la n ts  h a s  sh o w n  th e  a b sen ce  
of an y  S a lm o n e l la .  H owever, th ere  is  a n eed  for 
m onitoring o f sea foo d s for th is  p oten tia l h ea lth  
hazard.

A u th ors are th an k fu l to Dr. K. G opa K um ar, 
Director, C.I.F.T., K ochi, for p erm iss io n  to p u b lish  
th is  paper. T ech n ica l a s s is ta n c e  provided  b y  
Mr. B. R am aiah , Mr. P. R ad ha K rishna and  
Mr. N. R a m esh  S in g h  is  a ck n o w led g ed . For  
serolog ical id en tification  o f th e  iso la te s , au th o rs  are  
than kfu l to D irector, C entral R esearch  In stitu te , 
K asauli (H.P.), India.
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M o n i t o r i n g  o f  P e s t i c i d e  R e s i d u e s  i n  T e m p e r a t e  H o r t i c u l t u r e
P r o d u c e  i n  I n d i a

J.K. DUBEY AND A. NATH*
D ep artm en t o f E ntom ology, Dr. Y.S. Parm ar U niversity  o f  H orticu lture  

an d  Forestry, S o lan  (Nauni) - 1 7 3 2 3 0 , India.
In 1990-92, 91 apple, 72 tomato and 8 capsicum samples were analyzed for ethylene bis-dithiocarbamate and 

37 samples of apple (0.024-6.724 ppm), 44 samples of tomato (0.028-7.890 ppm), were found contaminated. Out of 
these, 9, 8 and 4 samples of apple, tomato and capsicum, respectively, exceeded the maximum residue limit (3 ppm 
carbon disulphide). None of the 26 apple samples had detectable ethylenethiourea residues (>1 ppm) while 7 samples 
were found contaminated with parathion methyl (0.024-0.159 ppm). In okra, none of the 17 samples, had detectable 
pesticide residues. In 1988, 4 apple samples out of 32 samples were found contaminated with low levels of carbendazim 
(<0.5 ppm) residues, while none of the 18 samples had detectable organochlorine residues. High ethylene bis- 
dithiocarbamate residues in apple, tomato and capsicum samples are of concern.
Keywords : Maximum residue limit, Pesticides, Apple, Tomato, Capsicum, Okra.

In H im achal P rad esh , fru its and veg eta b les  
w ere grow n in  1 ,9 3 ,4 9 0  h a  in  19 90 , an d  th ese  w ere  
sprayed  w ith  9 7 ,5 0 0  kg o f p estic id es  in clu d in g
6 5 ,0 0 0  kg of m an cozeb  (Personal com m u n ication ). 
T hese p estic id es  w ere u sed  m ain ly  a g a in st apple  
scab  (V e n t u r i a  i n a e q u a l i s  L.) an d  oth er rotting  
p ath ogen s. Ind ian  C ouncil o f A gricu ltural R esearch  
started  p estic id e  re s id u e  sc r e e n in g /m o n ito r in g  
program m e in  1988 . U nder th is  project, the resid u es  
of m an cozeb , ethy len e b is-d ith io carb a m a te  (EBDC), 
organochlorine an d  org an o p h o sp h o ru s in sectic id es  
in  horticu ltu ral crop s w ere d eterm in ed , an d  resu lts  
are p resen ted  in  th e  p resen t com m u n ica tion .

Fruit and vegetab le sa m p les  (approx. 1 kg) 
were collected  from  S h im la , S o lan , S irm our, K ullu, 
Kinnaur, B ilasp u r and M andi d istr ic ts  of the S tate  
from J u n e  through  Septem ber, 1 9 8 8 -9 2 . S am p les  
were p rocessed  w ith in  4 8  h  o f collection . The  
organochlorine p estic id e  re s id u es  w ere stu d ied  a s  
per J o n a n sso n  (1978). The tech n iq u e  involved  
extraction  w ith  b e n z e n e -h e x a n e  m ix tu re , an d  
cleanup  b y  florisil co lu m n  chrom atography. A n alysis  
w a s done on  H ew lett P ackard  5 8 9 0  A, g a s  
chrom atograph (GC), fitted w ith  a cap illary co lu m n  
(HP-5, 50% phenyl m ethyl silicone), and  Ni63electron  
capture detector. GC p aram eters were: oven  220°C , 
injection 225°C  and detector 325°C . Injection w as  
split 95 :5 . Q u antification  w a s  done u sin g  3 3 92 A  
integrator. C leaned  sam p le  extract eq u ivalen t to 25  
m g w as injected into GC w ith  m in im u m  detectability  
o f  0 .0 2  p p m  for  2 ,2 - b i s ( p - c h lo r o p h e n y l ) - l ,  1 ,1 -  
trich loroethane (DDT) an d  its  a n a lo g u es  and 0 .0 1  
ppm  for h exach lorocycloh exane (HCH) isom ers and  
captafol. The retention  tim es of th e  organochlorine
* Corresponding Author

in sectic id es , alpha-H C H , beta-H C H , gam m a-H C H , 
d e lta -H C H , l - c h l o r o - 2 ,  2 - b i s  ( p - c h lo r o p h e n y l)  
ethy len e (DDMU), captafol, 1, l-d ich lo ro -2 , 2-b is(p- 
c h lo r o p h e n y l)  e t h y le n e  (D D E ), 2 , 2 - b i s  ( p -  
ch lorop h en yl)-l, 1-d ichloroethane (TDE), op-DDT and  
pp-D DT w ere 7 .3 0 , 7 .8 4 , 8 .4 1 , 8 .6 1 , 2 1 .2 8 , 2 2 .1 5 , 
2 6 .6 0 , 3 3 .1 2 , 3 5 .5 3  an d  4 3 .1 5  m in , resp ectively . 
T he re s id u es  of o rg an o ch lor in es w ere furth er  
confirm ed b y  TLC (J o h a n sso n  1978).

The extract left after GC in jection  w a s  dried  
b y b low ing air o n  w arm  extract. The res id u e  left 
w a s d isso lved  in  2 m l aceton itrile  an d  extract 
eq u ivalen t to  2 5  m g w a s  sp o tted  on  silica  p late, 
con ta in in g  silver nitrate. P la tes w ere developed , air- 
dried an d  exp osed  to long UV. The m in im u m  
d etectab ility  w a s  0 .0 4  ppm  for DD T and its  
an a log u es, 0 .0 1  ppm  for HCH iso m ers an d  captafol. 
C arbendazim  resid u es  w ere sem i-q u an tified  by TLC 
(Prakash et al. 1979). S ilica p la te s  w ere developed  
w ith h e x a n e : eth er  m ixture, air dried, exp osed  to 
chlorine vap ou rs, and  th e n  sp rayed  w ith  ortho- 
tolidine p o ta ss iu m  iodide m ixtu re. C arbendazim  
appeared  a s  b lu e sp ot w ith  sen sitiv ity  o f 5 0  ng and  
detectability o f 0 .5  ppm . E thylene b isd ith iocarbam ate  
(EBDC) res id u es  w ere analyzed  a s  p er K eppel 
(1971) on  acid  hydrolysis. There w a s  a com p lete  
recoveiy  of EBDC res id u es  in  fruit sp ik ed  at 10 
ppm . R ecoveries at low er con cen tra tion  cou ld  noL  
be stu d ied , b eca u se  o f organ om etallic  n atu re oE 
com p o u n d s, w h ich  lim it their  so lu b ilities . H owever, 
quantitative recoveries were obtained , w h en  s a m p le r  
w ere sp iked  at 0 .2 5  ppm  w ith  carb on  d is u lp h id e  
in  ethanol. Apple, tom ato an d  ca p s icu m  fru its ir* 
ripe, unripe and over-ripe s ta te s  d id  n o t sh o w  an j-  
absorbance. E th y len eth iou rea  (ETU) re s id u es  w e r e
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TABLE 1. MONITORING OF ORGANOCHLORINES (OC), CARBENDAZIM, ETHYLENE-BIS-DITHIOCARBAMATES (EBDC), 
ETHYLENETHIOUREA (ETU) AND METHYL PARATHION (MP) IN HIMACHAL PRADESH

Crop Year
No. of No. of s¡amples contaminated

samples
analyzed OC Carbendazim EBDC ETU MP

Apple 1988 32 0 4 - ' - -
1988 18 1 - - - -
1990 50 - - 15 (3) - -
1991 15 - - 12 (2) - -
1992 26 - - 10 (4) 0 7

Tomato 1990 50 - - 28 (6) - -
1992 22 - - 16 (2) 0 -

Capsicum 1992 8 - - 6 (4) - -
Okra 1992 17 - _ _ _ _

Figures in parentheses denote samples exceeding MRL

extracted in  m eth an ol:w ater (2:1) m ixtu re a s  per  
K rause (1991) an d  sem i-q u a n tified  o n  TLC w ith  
Grote's reagent a s  p er O nley an d  Yip (1971), w ith  
blue sp ot (R,. va lu e  0 .2 3 ) hav in g  detectab ility  o f 1 
ppm. P arath ion  m ethy l r e s id u es  w ere extracted  in  
acetone, their ex tracts  w ere c lea n ed  on  florisil 
colu m n  and an a lyzed  at a reten tio n  tim e of 2 .71  
m in  on  GC (Hewlett Packard 5890A ), fitted  w ith  
nitrogen p h o sp h o ru s d etector (NPD), an d  w ith  th e  
following p aram eters : oven  185°C , in jection  220°C , 
detector 300°C  an d  flexible m eth y l s ilicon e  co lu m n  
(HB-1), w ith  a carrier g a s  flow  rate o f 2 5  m l, 
hydrogen 1 m l and air 8 0  m l/m in .

In a four year stu d y  from  1 9 8 8 -1 9 9 2 , a tota l 
of 23 2  sa m p les  o f  apple, tom ato , ca p sicu m  and  
okra w ere screen ed  for res id u es  of va rio u s p estic id es  
in  th e  produce, w h ich  w a s  ready for m arketing  
(Table 1). O ut o f 3 2  sa m p les , four w ere found  
con tam in ated  w ith  low  lev e ls  o f  carb en d azim  
resid u es. The re s id u es  w ere 5 tim es le s s  th a n  th e  
recom m ended m ax im u m  resid u e lim it (MRL) o f 5 
ppm  in  India (Parmar et al. 1988).

None of th e  18 apple sa m p les  an a lyzed  h ad  
any detectab le organo-ch lorine in sectic id e  resid u es, 
either b y  TLC or GC. O ne, ou t of 18 sam p les , 
show ed  captafol fu n g icid e r e s id u es  (0 .2 2 2  ppm ), 
w ell below  th e  MRL o f 5 p p m  in  India (Parmar et 
al. 1988). The re s id u es  o f cap tafo l w ere confirm ed  
on TLC, w h en  co-ch rom atograp h ed  w ith  captafol 
standard  (Rf=0.23) u s in g  h exa n e  : eth er  m ixture  
(9:1 v /v ). Earlier, low  lev e ls  o f  organochlorine  
pesticide res id u es  (4-7  ppb) w ere d etected  in  apple  
(Kaphalia et al. 1990).

From 1 9 9 0 -9 2 , 91 apple sa m p les  w ere analyzed  
for ethylene b is-d ith iocarb am ate (EBDC) fungicide,

e th y len e th io u rea  (ETU) a n d  p a ra th io n  m eth y l  
res id u es . A  to ta l o f 3 7  sa m p le s  w ere fou n d  
con tam in a ted  w ith  EBDC r es id u es , ranging from  
0 .0 2 4 -6 .7 2 4  m g /k g  an d  9  sa m p le s  w ere above th e  
MRL of 3  m g /k g  CS2 (Parm ar et al. 1988). T w enty  
s ix  apple sa m p les  w ere an a lyzed  for p arath ion  
m ethyl and ETU (a su sp ec ted  carcinogenic m etabolite  
of EBDC fungicide) b y  TLC. N one o f th e se  sa m p les  
h ad  d etectab le  ETU r e s id u e s  (> 1  m g /k g ), b u t  
p arath ion  m eth y l r e s id u es  w ere d etected  in  7 
sa m p les  (0 .0 2 4 -0 .1 5 9  m g /k g ). A  b etter  tech n iq u e  
like HPLC for d etectin g  ETU resid u e  is  required, 
a s  the MRL for it is  a s  low  a s  0 .0 1  m g /k g  (Lentza
1990).

D uring 1 9 9 0 -9 2 , 72  tom ato  sa m p les  w ere  
analyzed  for EBDC r es id u es , ou t o f w h ich  44  
sa m p les  w ere fou n d  con tam in a ted  w ith  EBDC  
resid u es , ranging from  0 .0 2 8 -7 .8 9 0  m g /k g  an d  8  
w ere fou n d  to  exceed  th e  MRL (3 m g /k g  CS2). O ut 
of 8 ca p sicu m  sa m p les  an a lyzed , 6  w ere found  
con tam in a ted  w ith  EBDC r es id u es , ranging from  
1 .6 7 1 -1 2 .8 1 2  m g /k g  an d  4  exceed ed  th e  MRL. In 
okra, n on e  o f th e  18 sa m p les  h ad  d etectab le  
organ op h osp h oru s p estic id e  res id u es . T h ese s tu d ie s  
in d icate  th a t h orticu ltu ral p rod u ce in  H im achal 
P radesh  is  sa fe  for h u m a n s.

The above s tu d ie s  w ere fu n d ed  b y  I.C.A.R., 
New D elh i, u n d er  All India C o-ord inated  R esearch  
Project on  P estic id e  R esid u es .
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S i n g l e  C e l l  P r o t e i n s  f r o m  C h e m i c a l l y  P r e - t r e a t e d  G r o u n d n u t
P o d  S h e l l s  U s i n g  P l e u r o t u s  s p .

NEERAJ KHARE
D epartm ent o f B otany,

Dr. H .S. G our V ishw avidyalaya, Sagar - 4 7 0  0 0 3 , India.
P le u r o tu s  sp. (IARI No. 2572) was grown on groundnut pod shells, pre-treated with sulphuric acid, sodium hydroxide 

and sodium chlorite. All the pre-treatments were effective in yielding a protein-rich biomass. Highest protein productivity 
was found in the fermentation medium, which apart from mild acid pre-treated substrate, also contained pre-treatment 
liquor.
Keywords : P le u r o tu s  sp., Single cell protein, Pre-treatment, Groundnut pod shells.

Microbial conversion  of lignocellu lose in  protein- 
rich b io m a ss  h a s  b e e n  exten sive ly  w orked ou t in  
the recent p a st (R hodes an d  B roderick  1989; 
K annan et al. 1991; S in gh  an d  Kalra 1978; Garg 
et al. 1985). G rou n d nu t is  a m ajor c a sh  crop of 
India. Its p rod u ction  is  ab o u t 7 .0 6 6  m illion  to n n es  
per year (Anon 1994). G rou n d nu t pod sh e lls  are 
good so u rces  o f ce llu lo sic  m ateria ls an d  therefore, 
could  be a good su b stra te  for th e prod u ction  of 
single cell p rotein s (SCP).

The d igestib ility  o f  ce llu lo se  an d  h em icellu lose  
is  con siderab ly  red u ced  d u e to their a sso c ia tio n  
with lign in  (Fan et al. 1981). H owever, d igestib ility  
can  be in creased  by p h ysica l or ch em ica l p re
treatm ents of su b stra te  (Mirrill et al. 1976). The  
presen t com m u n ica tion  d ea ls  w ith  th e  m icrobial 
conversion  o f g ro u n d n u t pod sh e lls  in to  protein- 
rich b io m a ss  for an im al c o n su m p tio n , u s in g  
P le u r o tu s  sp ., one o f th e  m o st efficient lign in  
degrading ed ib le fun g i (B isaria et al. 1983).

M ic r o o r g a n i s m  a n d  m e d i u m  : P le u r o t u s  sp . (IARI 
No. 2572), obtained from the D epartm ent o f Mycology 
and Plant Pathology, Indian  A gricultural R esearch  
Institute, New D elh i, India, w a s  m ain ta in ed  on  
potato dextrose agar (PDA) m ed iu m . G roundnut 
pod sh e lls , ob tained  from  local oil m ills, w ere air- 
dried and ground to different m esh  s izes. M ineral 
m edium  (Ander an d  E rik sson  1976), u sed  for 
ferm entation, con ta in ed  (g/1) am m on iu m  p h osp h ate
2.0 , p otassiu m  p h osp h ate  0 .6 , d ip otassiu m  hydrogen  
p h osp h ate  0 .4 , m a g n esiu m  su lp h a te  0 .5 , ca lc iu m  
chloride 0 .0 7 4 , ferric citrate 0 .0 1 2 , z in c  su lp h ate  
0 .0 0 6 , m an g an ese  su lp h a te  0 .0 0 5 , cob a lt ch loride  
0 .0 0 1 ,  c o p p e r  s u lp h a t e  0 . 0 0 1 ,  t h ia m in e  
hydrochloride 0 .0 0 1  in  on e litre o f  d istilled  w ater. 
The pH o f th e  m ed iu m  w a s  6 .0 . The con cen tration  
of groundnut pod  sh e lls  in  th e  m ed iu m  a s  th e  
source of lign ocellu lose  w a s  1%.

P r e - t r e a t m e n t  : In ca se  o f a lk ali treatm ent, 
w eigh ed  a m o u n ts  o f gro u n d n u t pod  sh e lls  w ere  
tak en , and sod iu m  hydroxide (1, 5 an d  10%, 
w /v ) w a s  added  at 1:5 so lid  to liqu id  ratio. The  
f la sk s  w ere au toclaved  at 120°C  for 1 h . A cid pre
treatm en t o f su b stra te  w a s  d on e in  three different 
w ays u s in g  (i) 1% su lp h u ric  acid  at 120°C for 1
h. S u b strate  w a s n ot w a sh ed , b u t n eu tra lized  w ith  
am m on iu m  hydroxide to pH 6.0; (ii) 1% su lp h u ric  
acid  at room  tem peratu re (30°C) a s  w ell a s  at 120°C  
for 1 h; an d  (iii) 10% su lp h u ric  acid  at 70°C for 
1 h. In ca se  o f treatm en t w ith  so d iu m  chlorite , th e  
su b stra te  w a s  treated  w ith  24%  so d iu m  chlorite at 
70°C  for 1 h . After ea ch  treatm en t, th e  sam p le  w as  
w a sh ed , dried an d  pow dered.

F e r m e n t a t i o n  : M ineral m ed iu m  (50  ml) w as  
tak en  in  15 0  m l E rlenm ayer f la sk  alon g  w ith  0 .5  g 
su b stra te . If p re-treatm en t liquor w a s  reta in ed  in  
th e su b stra te , th e  m ineral m ed iu m  w a s  d irectly  
added after n eu tra liza tion  o f th e  su b stra te . The pH 
of th e  m ed iu m  w a s  ad ju sted  to  6 .0 . Sterilized  
m ed iu m  w a s  in o cu la ted  w ith  7 d ay s old in o cu lu m  
an d  in cu b ated  at 30°C  for 15 days. T he m ycelia l 
b io m a ss  along w ith  th e  resid u a l su b stra te  w a s  
recovered b y  filtration  on  W h atm an  No. 1 filter 
paper, w a sh ed  thrice w ith  w ater, a n d  dried at 80°C  
to a co n sta n t w eigh t. T he dried b io m a ss  w a s  
analyzed  for cru d e p rotein  co n ten t.

A n a l y t i c a l  p r o c e d u r e s  : G rou n d n u t p od  sh e lls  
w ere analyzed  in  d u p licate  for a sh , fat an d  m oistu re  
(AOAC 1 9 8 0 ) ,  h o l o c e l l u l o s e ,  a - c e l l u l o s e ,  
h em ice llu lose , so lu b le  carb oh yd rates an d  lign in  
(Allen 1974). P rotein  co n te n t  w a s  estim a ted  by  
m icro-K jeldahl m eth od  after m u ltip ly in g  th e  total 
n itrogen  b y  6 .2 5  (Jack so n  1958). S ta tistica l an a lysis  
w a s carried ou t b y  a n a ly s is  o f varian ce  and the  
S tu d en tized  R ange T est (Sn ed ecor an d  C ochran
1967).
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TABLE 1. EFFECT OF PRE-TREATMENTS ON THE PRODUCTION OF BIOMASS AND PROTEIN YIELD BY P L E U R O T U S  SP. GROWN ON 

GROUNDNUT POD SHELLS
Pre-treatment Dry wt. of mycelium Increase in Protein*, Total proteins/
method & unutilized dry wt. after m g/g of dry 1 ml medium, mg

substrate, mg 
(mean ± SD)

pre-treatment,
folds

fermented
mass

(mean ± SD)**

Control,
No pre-treatment 394 ± 12.72* " 50.00 0.394 ± 0.03*

Sulphuric acid
1% HjS0 4, room temp., 1 h. 525 ± 9 .19b 1.33 156.20 1.64 ± 0 .1 7 *
1% H.SO., 120°C, 1 h &
neutralized with NH4OH 866 ± 12.72e 2.19 331.26 5.73 ± 0.38d
1% HjS0 4, 120°C, 1 h 503 ± 4.94b 1.27 62.48 0.628 ± 0.04*b
10% H2S 0 4, 70°C, 1 h 517 ± 9 .19b 1.31 68.72 0.710 ± 0.04*bc

Sodium hydroxide (120°C, 1 h)
1% NaOH 845 ± 6.36c 2.14 56.24 0.950 ± 0.10*b,!
5% NaOH 520 ± 10.60>> 1.31 168.73 1.75 ± 0.22*
10% NaOH 548 ± 17.47h 1.39 62.50 0.685 ± 0 .18abc

Sodium chlorite
24% NaClOj, 70°C, lh  

LSD (P<0.05)
508 ± 10.60b 

35.26
1.28 87.50 0.889 ± 0.08*bc 

0.707
* Total N x 6.25, ** 4 replicates; values with different alphabets in a column show significant differences at p<0.05

G roundnut pod  sh e lls  con ta in ed  (%) 3 .9 0 ± 0 .5 6  
ash , 8 .4 0 ± 0 .1 8 3  m oistu re. 1 .0+ 0 .038  so lu b le  su gars, 
1 .8 7 ± 0 .1 1 3  p rotein s, 5 8 .8 2 ± 2 .1 0 7  h o locellu lose , 
3 0 .9 2 + 5 .4 5 8  a -ce llu lo se , 1 5 .6 0 ± 0 .7 3 5  hem icellu lose , 
3 5 .7 0 ± 6 .2 2 2  lign in  an d  2 .7 0 + 0 .0 8 4  fat. S in ce part 
of the h em icellu lose  rem ain s in  th e  so lu tio n , ’h em i’ 
p lu s 'a' c e llu lo ses  do n ot equal h o locellu lose , w h en  
final resu lts  are com pared  (Allen 1974).

D a ta  in d ic a te d  th a t  th e  p r e - t r e a tm e n t  
considerab ly  in creased  th e  p rod u ction  o f b io m a ss  
(Table 1). A n a lysis  of variance sh ow ed  significant 
variations d u e  to  trea tm en ts on  production  of 
b io m ass (F = 207 .33 , pcO.OOl) and tota l protein  
production  (F = 39 .63 , pcO.OOl). S tu d en tized  R ange  
Test indicated significant d ifferences b etw een  control 
and all treatm en ts w ith  resp ect to b io m a ss  and  
protein p rod u ction  (p<0.05). V aria tion s in  b io m a ss  
and protein  p rod u ction  d u e to  d ifferent p re
treatm ents sh ow  their ex ten t of bearing o f th ese  
treatm ents (Table 1). M axim um  in crea se  in  b io m a ss  
(2.19-folds) an d  h ig h est protein  p rod u ction  w ere  
found in the m ed iu m , w h ich  apart from  su b stra te  
(treated w ith  1% su lp h u ric  acid  at 120°C in  an  
autoclave), a lso  in clu d ed  the p re-treatm en t liquor.

The h ig h est protein  prod u ction  in  th is  m ed iu m  
can  b e attributed  to  th e  p resen ce  o f so lu b le  
carbohydrates, and  partially hydrolyzed ce llu lo se  in  
the liquor, an d  their u tiliza tion  b y  m icroorgan ism s  
(Han and C allihan  1974). In addition, n eu tra liza tion  
of su b stra te  w ith  am m on iu m  hydroxide provides  
extra n itrogen  for in crea sed  protein  production .

P re-treatm ent w ith  5% sod iu m  hydroxide w a s  m o st  
effective for protein  p rod u ction , am on g all th e  other  
alkali treatm en ts. Mild alkali trea tm en t of su b stra te  
h a s  a lso  b een  fou n d  effective b y  E l-S h a w a r b y  et 
al (1987). S in ce alkali treatm en t rem ov es m o st  of 
th e h em ice llu lo ses  from  su b stra te , an d  c a u s e s  n et  
lo ss  of carbon  (M oo-Young et al. 1978), there  
ap p ears a p ossib ility  o f h ig h er  protein  p rod u ction  
u sin g  alkali pre-treated  su b stra te  a lon g  w ith  liquor. 
P re-treatm ent w ith  sod iu m  ch lorite  w a s  n o t a s  
effective a s  alkali pre-treatm ent.

The au th or is  than kfu l to  Prof. K.M. V yas for 
laboratory facilities, an d  to CSIR for fin an cia l 
a ss is ta n ce .
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U t i l i z a t i o n  o f  C o w p e a  F l o u r  { V i g n a  c a t j u n g )  i n  t h e
P r e p a r a t i o n  o f  S a n d i g e
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D epartm ent of S tu d ies  in  Food S cien ce  and N utrition,

U niversity o f M ysore, M anasagangothri, M ysore-570  0 0 6 , India.
Possibility of preparing s a n d ig e  (penitype) by incorporating 50 to 90% cowpea flour in to rice flour was investigated. 

Physical and sensory qualities of the blends of cowpea s a n d ig e  were similar to rice flour s a n d ig e .  The acceptability 
scores were significantly higher in s a n d ig e  made from cowpea-rice flour blend, when compared to the traditional product. 
S a n d ig e  with 16.5% protein content could be obtained using equal proportion of cowpea and rice flours.
Keywords : Cowpea flour, S a n d ig e , Physical characteristics, Sensoiy quality, Proximate composition.

S a n d i g e  (also k n ow n  a s  curls), a  cook ie-like  
product w ith  irregular sh a p e  and brittle texture, 
is a popular food ad ju nct in  the S ou th  Indian  diet. 
S a n d i g e  is  co n su m ed  after frying, a lon g  w ith  the  
entree's. Traditionally, s a n d i g e  i s  prepared from  
cereal flours, viz., rice, ragi, puffed rice and sago  
(Manay and S h ad ak sh ara sw am y 1987). In recent 
years, u se  of le sser  kn ow n  an d  ch eap er  p u lse s  for 
the preparation  o f s a n d i g e  is  b e in g  explored  
(H em alatha 1992). C ow pea is  on e su c h  legum e, th e  
food u se s  of w h ich  is  b ein g  explored  (Okaka and  
Potter 1977; M cW aters an d  F rank  1980; M cW aters 
et al. 1992). N utritionally, cow pea is  sim ilar to other  
p u lses  (G opalan et al. 1989; B akr an d  G aw ish  
1991; B akr an d  G aw ish  1992; Em efu et al. 1992) 
and is  relatively cheaper. It h a s  a protein  con ten t  
ranging from 20-25% , an d  h a s  no k n ow n  anti- 
nutritional factors (V enkataram an e t al. 1976). 
O n w u k a (1 9 8 3 ) s tu d ie d  i t s  c o o k in g  q u a lity  
characteristics. Cow pea h a s  b een  su c cessfu lly  u sed  
in m ak ing W a d i a n s  (Thakur 1989) an d  p a p a d s  
(Bhagirathi et al. 1992). In th e p resen t stu d y , the  
possib ility  of utilizing cow pea in  the preparation  of  
s a n d i g e  h a s  b een  explored.

Good quality cow pea ( V i g n a  catjung], com m on  
salt, refined grou n d n u t oil, and  m illed  rice w ere  
procured in  b u lk  from  local m arket. T h ese  w ere  
cleaned  for d u st p articles and grits, d eh u lled  in  a 
paddy huller, m illed  in  a com m ercial flour m ill into  
flour, p a ssed  through  6 0  m esh  (British standard), 
and stored  in  air tigh t c o n ta in e r s  at room  
tem perature (~28°C), u n til u sed . For the preparation  
of sandige, 100 p arts cow p ea flour or rice flour w ith  
6  parts of com m on  sa lt w ere m ixed , an d  stirred  
in to 3 5 0  m l hot w ater (75°C) for 10 m in  to a dough  
con sisten cy . D ou gh  w a s a lso  prepared individually  
w ith b len d s o f cow p ea an d  rice flou rs in  the ratio
* Corresponding Author

of 90 :1 0 , 8 0 :2 0 , 7 0 :3 0 , 6 0 :4 0  an d  5 0 :5 0 . The  
d ou gh s w ere th en  m ad e into s a n d i g e  b y  p a ss in g  
through  a m ou ld  ( c h a k l i j  w ith  h o le s  o f 2 m m  dia, 
su n -d ried  to  a m oistu re  level o f  < 6%, a n d  p ack ed  
in  120 gau ge polypropylene b ags.

S a n d i g e  prepared from  cow p ea flour, rice flour  
an d  th e b len d s (50:50 , 6 0 :4 0 , 70:30) w ere deep- 
fried in  grou n d n u t oil at 190°C  for 2  m in , and  
served  to a sem i-tra in ed  p an el o f 2 2  m em b ers for 
se n so iy  evaluation . Q uality d escr ip tion  for d esirab le  
an d  u n d esira b le  a sp e c ts  in  in d iv id u a l q u ality  
attr ib u tes o f fried s a n d i g e ,  viz., co lour, ap p earan ce, 
texture, arom a, ta ste  an d  after -ta ste  w a s  fin a lised  
in  a few  prelim inary ev a lu a tio n s for p a n e l tra in in g  
an d  uniform  u n d erstan d in g  o f quality . D esirab le  
q u alities w ere o ff-w h ite /crea m ish  colour, p u ffed / 
uniform  appearance, crisp  (so ft/firm )tex tu re, fried 
(p u lse /cerea l) arom a, b a lan ced  ta s te  an d  after
ta ste . L igh t/d ark  brow n, b u rn t colour, u n p u ffed /  
oily ap p earan ce, b r ittle /h a r d /g r itty  textu re , r a w / 
b ean y /o ff-aro m a, sa lty /b it te r /o ff- ta s te  an d  b itte r /  
lingering after-taste  w ere u n d esirab le . T he sa m p les  
w ere ass ig n ed  ran k s for each  a ttr ib u te . T he overall 
quality w a s  ad d itionally  rated b y  th e  p a n e lis ts  o n  
a 5 -p oin t quality  rating sca le . T he ran k ed  data  w ere  
analyzed  by K ram er's ran k  su m  m eth o d  (Kramer 
et al. 1974). T he overall q u a lity  sco res  w ere  
su b jected  to  a n a ly s is  o f varian ce , an d  m e a n s  
sep arated  b y  D u n ca n 's  n ew  m u ltip le  range te st  
(Harter 1960). Proxim ate co m p o sitio n  o f th e  b e s t  
blend  of raw s a n d i g e ,  cow p ea flour an d  rice flour  
w a s  determ ined  b y  AOAC (1984) m eth o d s.

T he o p tim u m  w a ter  req u irem en t for th e  
preparation  o f d ou gh  w a s  sim ilar  for all th e  
sam p les . All the d o u g h s w ere so ft to  h an d feel. T he  
ea sy  dough m ak in g  ch aracter istic  o f cow p ea  flour  
m ay be attr ibuted  to  its  h igh  h yd ra tio n  p rop erties  
(Okaka and Potter 1977).

1 4 4



145
TABLE 1. SENSORY QUALITY OF FRIED S A N D IG E

Quality
dttnbutes Cowpea flour (C) : Rice flour (R)

CiooR O o ? *-"6oR o ^soRo *-"oRoo
Rank sum

Colour ** 106 I * 78 I 64 ** 44 S * 38 S
Appearance ** 100 I * 81 I 64 ** 46 S ** 29 S
Texture *• 87 I 77 63 ** 42 S 61
Aroma •* 87 I 81 I 66 55 ** 41 S
Taste ** 87 I 71 65 •* 48 S 59
After taste *• 87 I 82 I 63 **40 S 58
Overall quality 91 I 78 I 64 38 S 59

Mean score
Overall quality 

± SEM
2.6* 3.2b 3.6’*

0.19 (84 df)
4.6d 3.9e

* PS 0.05, *• P<0.01, I = 
Limits for quality grade

Inferior, S= Superior. Any two 
mean scores : 2.6-3.5 = Fair, mean scores bearing different superscripts In 

3.6-4.5= good,4.6 = very good rows differ significantly (P<0.05);

The p h ysica l ch ara cter istics  o f  unfried and  
fried s a n d i g e  sa m p le s  w ere a s se s se d . Unfried  
sam p les C ^ R g (cow pea flou r 100, rice flour 0) and  
CgoR-io w ere light brow n, in  con trast to  darker colou r  
of C80R20, du ll w h ite  co lou r of C ^R ^, d u ll and  
cream ish colou r o f C ^R ^, an d  C0R 100. In
texture, all th e  sa m p les  w ere brittle. Fried sa m p les  
C^Rj,, C ^R jq w ere light brow n, in  con trast to  dull 
w hite colour of C80R20, C^Rg,,, crea m ish  colou r of
C6oR4o’ an d  w h ite  co lou r o f CdR ioo- E xcept
for C ^R g, all th e  sa m p les  h ad  puffed appearance. 
All the sa m p les  w ere crisp  in  texture an d  balan ced  
in  taste .

The s e n so iy  quality ratin gs b y  th e  22  trained  
p an elists  are given  in  Table 1. T he ratin gs of  
cow pea : rice flour b len d s w ere com parable to th o se  
of control (rice flour). S am p le  sh ow ed
significantly su p erior texture, ta ste  an d  overall 
quality.

The proxim ate co m p o sitio n  of cow p ea flour, 
rice flour and th e  b len d  (C50R«.0) is  g iven  in  Table 2.
TABLE 2. PROXIMATE COMPOSITION OF COWPEA, RICE 

FLOURS AND RAW S A N D IG E
Composition*, % Cowpea Rice S a n d ig e

flour flour
c„R100

Moisture 7.0 6.0 2.9 2.7
Proteins 24.2 5.6 16.5 6.2
Fat 1.1 1.1 3.9 3.7
Total ash 1.4 1.0 4.1 3.5
Carbohydrates by
difference 66.3 86.3 72.6 83.7

Dietary fibre
(NDF) 9.1 7.6 NA NA

* on dry basis, NA : Not analyzed, Mean of 3 replicates

The incorporation  of cow p ea flour in to  rice flour  
resu lted  in  a 3-fo ld  in crea se  in  th e  protein  con ten t  
o f s a n d i g e  (CMR J .

The resu lts  sh o w  th a t b len d  o f eq u al proportion  
of cow p ea and rice flou r ( C ^ )  y ie ld s  a d esirab le  
p rod u ct, an d  sh ow  p oten tia l for com m ercia lizin g  th e  
d ehydrated  p rod u cts. S in ce  cow p ea  h a s  a h igh  
protein  co n ten t, th e  u se  o f cow p ea flour w ith  cerea l 
flour in crea ses  th e  protein  con ten t o f th e  product 
w ith ou t in crea sin g  th e  cost.

Sincere th a n k s are exp ressed  to  Mr. S. Dhanaraj, 
for th e  s ta tistica l a n a ly s is  o f th e  data.
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F o r m u l a t i o n  a n d  P r e p a r a t i o n  o f  C o w p e a  
( V i g n a  c a t j u n g ) P a p a d

B .S . BHARATHI, ASN A UR O O J AND SHASHIKALA PUTTARAJ*
D ep artm en t o f S tu d ies  in  Food S c ien ce  an d  N utrition,

U niversity o f M ysore, M anasagangothri, M ysore-570  0 0 6 , India.
Potential of cowpea (V ig n a  ca tju n g ) for p a p a d  making was studied with respect to the effects of levels of water, 

carbonate and salt on the quality of p a p a d .  For obtaining a quality product, the requirement In parts for water, salt 
and carbonate were 45, 6.5 and 1.5,respectively, for every 100 parts of cowpea flour. Cowpea p a p a d s  showed excellent 
quality upto a storage period of 4 months.
Keywords : P a p a d , Cowpea flour, Physical characteristics, Quality variables, Proximate composition, Sensory quality.

A  large sec tio n  o f p op u la tion  co n su m e s  p a p a d s  
along with entree's (Saxena et al. 1989). Traditionally, 
blackgram  ( P h a s e o l u s  m u n g o  L.) d h a l  is  u sed  to  
prepare p a p a d s .  R ecently, rarely know n and ch eap er  
d h a l s  are being u sed  for m ak in g  p a p a d s  (Saxena  
et al. 1989). P rotein  co n ten t in  cow p ea ran ges from  
20-25% , and n o  an tin u trition al factor is  p resen t 
(M ustafa et al. 1986; U zogala and Ofofa 1992). 
Nutritional and cook in g  q u alities  h ave b een  stu d ied  
by variou s w orkers (O nw uka 1983; Em efu et al. 
1992; Bakr and G aw ish  19 9 1 , 1992). The su itab ility  
of cow pea flour in  th e  preparation  o f p a p a d  h a s  
b een  reported earlier (B hagirathi et al. 1992). The  
presen t stu d y  w a s  u n d ertak en  to  optim ize different 
factors to obtain  com m ercial q u ality  p a p a d s  from  
cow pea flour.

Good quality cow p ea (V ig n a  c a t ju n g ) ,  p u rch ased  
from local m arket, w a s  c lea n ed , d eh u lled  (m anually) 
and m illed in  a flour m ill. T he flour w a s  p a ssed  
through a  6 0  m e sh  sieve , an d  stored  a t room  
tem perature (~28°C). C om m on sa lt, sp ic e s  (cum in  
se e d s , b la ck  p ep per, a sa fo etid a ), an d  refined  
groundnut oil w ere p u rch a sed  locally. C hem ically  
pure (LR grade, BDH), a lk aline ad d itives - sod iu m  
carbonate and b icarbon ate (2:1) w ere u sed .

D ough w a s  prepared  b y  m ix in g  100 parts of 
cow pea flour w ith  w eighed  a m o u n ts  o f coarsely  
h an d -p oun d ed  sp ic e s  (cum in  se e d s  1.5 g, b lack  
pepper 2 .5  g, asafoetida  0 .2  g) and oil (3 .0  g). The 
m ixture w a s k n ead ed  m an u a lly  n otin g th e  tim e to  
obtain a h om o gen eou s soft d ou gh . D ough  w a s  a lso  
prepared by u sin g  varying lev els  o f  sa lt  (1 ,3 ,5 ,7 ,0  
parts), sod iu m  carb on ate + b icarbon ate m ixture  
(0 ,1 ,1 .5 ,2  parts) an d  w ater (3 0 ,3 5 ,4 0 ,4 5 ,5 0 ,5 5 ,6 0  
ml) for every 10 0  part o f flour. After allow ing 3 0  
m in for dough develop m en t, th e d ough  o f all the
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variab les w ere divided in to  b a lls  (10 g) an d  p ressed  
in to th in  d isc s  (0 .8  m m  th ic k n e ss  an d  12 cm  diam) 
u sin g  a m ech a n ica l p r e ss  (C hapatim atic, Local 
m ak e, M ysore). The p a p a d s  from  ea ch  variable w ere  
oven-dried  at 50°C  to  < 6% m oistu re  level and  
packed  in  12 0  gau ge p olypropylene b ag s.

The p h ysica l ch a ra cter istic s  o f  th e  raw  p a p a d s ,  
viz., rolling property, d iam eter o f th e  p a p a d ,  handfeel 
and % ex p a n sio n  after frying, w ere a s s e s s e d  b y  ISI
(1972) m eth o d s. All th e  variab les, after frying p a p a d  
in  refined gro u n d n u t oil for 1 0 -1 5  se c  (190±5°C), 
w ere eva lu ated  for sen so ry  q u ality  in  fou r rep lica tes  
for colour, texture, sh a p e , ta s te  a n d  overall quality  
b y  a descrip tive p roced u re (B hagirath i et al. 1992). 
Proxim ate com p o sition  o f th e  cow p ea flour an d  th e  
p a p a d s  from  optim ized  p ro cess  w ere determ in ed  by  
AOAC (1975) m eth o d s. P a p a d s  w ere a lso  stored  for 
a period o f  4  m o n th s  in  air tigh t p la stic  co n ta in ers  
to  stu d y  their  shelf-life .

W ater d ec id es  th e  p la stic ity  o f th e  d ou gh  in  
p a p a d  preparation , a s  it is  e s se n tia l for rolling. L ess  
th a n  4 0  p arts o f w ater m ad e a to u g h  d ou gh , and  
ca u sed  con sid erab le  re s is ta n ce  to  p r ess  th e  d ough  
in to  p a p a d  o f d esirab le th ic k n e ss . D ou gh  con ta in in g  
5 0  or m ore p arts o f w ater w a s  stick y. Soft an d  ea sy  
to r o ll/p r e ss  d ou gh  cou ld  b e ob ta in ed  w ith  4 0 -4 5  
m l of w ater per 100  g  flour (Table 1). The varying  
levels o f w ater did n ot affect th e  colour, sh a p e  of 
th e  raw  or th e  q u ality  o f th e  fried p a p a d .  H owever, 
it affected th e  d iam etrica l ex p a n sio n  o f fried p a p a d  
w h ich  w a s  low er at w ater lev e ls  b elow  4 5  parts.

C om m on sa lt at 5 - 7 /g  10 0  g  flou r im proved th e  
ta ste  an d  gave a soft an d  ea sy  rolling property  
(Table 1). At low er lev els  (1-2 g / 1 0 0  g  flour), th e  
dough w a s tough , an d  offered considerab le resistan ce  
to rolling. Salt lev e ls  b eyon d  7 p arts im parted  an  
u n d esirab le  sa lty  ta s te  to  th e  fried p a p a d  though  
it d id not affect th e  q u ality  o f raw p a p a d  C om m on

1 4 7
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TABLE 1. EFFECT OF VARYING LEVELS OF WATER CARBONATE AND COMMON SALT ON THE DOUGH CHARACTERISTICS AND 

QUALITY OF COWPEA P A P A D S
Attributes*

Variable parts/ Dough and raw p a p a d Fried p a p a d
100 parts (lour

Kneading Handfeel Rolling Appearance Diametrical Colour Texture Aroma Taste
time. property shape and expansion,
min colour %

Water content
30 10-15 e c a, b 27.0 a a b b
35 10-15 e c a, b 28.0 a a a a
40 7-10 d a a, b 31.0 a a a a
45 6-7 a a a, a 31.5 a a a a
50 3 b b b, b 30.0 b b a a
55 3 c b b,b 30.0 b b b b

Common salt
1 10 e e c, c 24.0 b d b b
2 10 d d c, c 28.0 a c a a
5 6-7 a a a,a 30.0 a a a a
7 6-7 a a a, a 31.5 a a a a
9 6-7 a a a, a 30.0 b b c c

** Carbonate
0 All the doughs containing varying levels of 22.0 b d b d
0.5 carbonate were easy to roll, soft and needed 22.0 a e a a
1.0 6-7 min kneading time 28.0 a a a a
1.5 31.5 a a a a
2.0 32.0 a c a a

Scripts a, b, c are indicative of attributes as idescribed below
Dough and raw p a p a d Fried p a p a d

Handfeel Rolling property Appearance Colour Texture Aroma Taste
Soft - a 
Sticky - b
Very sticky - c 
Tough - d 
Very tough - e

Easy to press - a 
Easy to press, but needs 
more oil to hold shape - b 
Needs more pressure - c 
Difficult to press - d 
Very difficult to press - e

(Shape)
Uniform - a 
Not uniform - b 
Cracks In the 
edges - c 
(Colour)
Cream - a 
Light cream - b 
Light brown - c

**2 : 1  mixture of carbonate and bicarbonate

Cream - a 
Dull cream - b

Crunchy - a 
Moderately 
crunchy - b 
Moderately 
hard - c 
Hard -d

Typical - a 
Fairly 
typical - b 
Not
typical - c

Balanced - a 
Fairly
balanced - b 
Salty - c 
Not
balanced - d

sa lt at 6 .5  g /1 0 0  g  flour cou ld  give a d ough  of 
easy  rolling ch aracter istics an d  p a p a d  w ith  good  
exp an sion  u p on  frying.

C arbonates are a lso  e ssen tia l for good expansion  
in  fried p a p a d s .  D ifferent levels of carb on ate , w h ile  
keeping the w ater con ten t (45 ml) an d  sa lt (6 .5  g) 
con stan t, did n ot a lter th e  rolling property and th e  
handfeel. C arbonates are sta ted  to  im prove colour  
b righ tn ess, m ellow  th e  b ean y  flavour and im part 
crisp  and brittle tex tu re  to  th e  fried p a p a d  
(Sh u rp alekar et al. 1972). T he fried  p a p a d s  
con tain in g carb on ates < 0 .5  or > 1 .5  g w ere harder  
in  texture (Table 1).

M oisture con ten t o f  th e  p a p a d  (Table 2) w a s

w ith in  th e  lim its recom m en d ed  b y  ISI (1972) for 
avoiding m icrobial sp oilage. P h ysica l a n d  sen so ry  
ch ara cter istics  o f both  raw an d  fried cow p ea p a p a d s

TABLE 2. PROXIMATE COMPOSITION OF COWPEA FLOUR AND 
RAW P A P A D

* Component, % Flour P a p a d
Moisture 4.5 2.50
Proteins, (Nx6.25) 23.2 25.70
Fat 1.8 4.60
Total ash 3.6 9.20
Carbohydrates by difference 66.9 58.00
% Fat absorbed on frying - 0.35
* Except for carbohydrates, all values are means of two replicates on dry basis
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rem ained u n ch a n ged  during storage period o f four  
m onths.

In con c lu sion , it m a y  be sta ted  th a t a w ater  
content of 4 5  m l, sa lt  6 .5  g  and carb on ate 1.5 g 
for 100 g flour are op tim u m  to get a  good  quality  
p a p a d  from th e  cow pea.
References
AOAC (1975) Official Methods of Analysis. 12th edn., Association 

of Official Analytical Chemists, Washington DC 
Bakr AA, Gawish (1991) Nutritional and quality evaluation of 

dry cowpea (V ig n a  s in e n s i s  L.) grown under different 
agricultural conditions. (1) Effect of soaking and cooking on 
the chemical composition and nutritional quality of cooked 
seeds. J Food Sci Technol 28:312-316 

Bakr AA, Gawish (1992) Nutritional and quality evaluation of 
dry cowpea (V ig n a  s in e n s i s  L.) grown under different 
agricultural conditions. (2) Effect of soaking and cooking 
process on the physical, nutritional and sensory characteristics 
of cooked seeds. J Food Sci Technol 29:375-380

Bhagirathi L, Asna Urooj, Shashikala Puttaraj (1992) Utilization 
of cowpea in the preparation of p a p a d .  J Food Quality 
15:349-352

ISI (1972) Specification for P a p a d s , IS:2689. fndian Standards 
Institution, New Delhi

Emefu, EE, Ojimelukwe PC, Mbata GN (1992) Effect of insect 
infestation on the proximate composition and functional 
properties of flour samples and protein isolates from Bambarra 
groundnut and cowpea. J ’ Food Sci Technol 29:174-176

Mustafa AI, Alwessali MS, Al-Basha OM, Md-Amior RH (1986) 
Utilization of cowpea flour and protein isolate in bakery 
products. Cereal Foods World 31:756-759

Onwuka ND (1983) An appraisal of the cooking quality 
enhancement of cowpea by k a u n  ("Akanwu") J Food Sci 
Technol 20:198-201

Saxena AK, Kulkami SG, Manan JK, Berry SK (1989) Studies 
on the blends of different pulses (B e n g a lg r a m , greengram, 
lentils and A rh a r) in the preparation of North Indian spiced 
p a p a d s .  J Food Sci Technol 26:133-136

Shurpalekar SR  Prabhakar JV, Venkatesh KVL, Vibhakara S, 
Amla BL (1972) Some factors affecting the quality of 
blackgram (P h a s e o lu s  m a n g o ) p a p a d s .  J Food Sci Technol 
9:26-28

Uzogala FG, Ofofa ZH (1992) Processing and utilization of 
cowpea in developing countries. J Food Process Preser 6:105- 
120

R e c e i v e d  7  D e c e m b e r  1 9 9 3 ;  r e v i s e d  2 9  A u g u s t  1 9 9 4 ;  a c c e p t e d  1 2  O c t o b e r  1 9 9 4



S o m e  M o i s t u r e  D e p e n d e n t  P h y s i c a l  P r o p e r t i e s  o f  
K a b u l i  C h a n a  ( C i c e r  a r i e t i n u m  L . )

D .R . R A P 1 AND ASHOK KUMAR2
'C entral In stitu te  o f P ost-h arvest E ngineering and T echnology,

Punjab A gricultural U niversity C am p us, L u d h ian a -141 0 0 4 , India, 
d e p a r tm e n t  of P rocessin g  an d  A gricultural S tru ctu res, C ollege of A gricultural E ngineering,

Punjab A gricultural U niversity, L u d h ia n a -141 0 0 4 , India.
Moisture dependence of some physical properties of k a b u l i  c h a n a  were studied in the range of 9.05-30% d.b.

The sphericity and roundness were found to be 72% and 67%, respectively, at 9.05% d.b. with the mean values of 
major, medium and minor axes as 9.72, 9.62 and 7.43 mm. One thousand grain mass, coefficient of friction for 
different surfaces and angle of repose varied between 364.39-421.37 g, 0.246-0.648 and 19.54°-29.10°, respectively, 
with increasing moisture content. The respective range of bulk density, true density, porosity and single grain volume 
were between 840-774 kg/m3, 1319-1253 kg/m3, 36.30-37.97% and 310-380 mm3 for increasing moisture levels.
Keywords : Physical properties, K a b u li  c h a n a . Moisture content.

C hickpea, one of th e m o st im portant p u lse  
grains, is  w idely cu ltivated  in  India, particu larly in  
North-W estern parts a s  d e s i  c h a n a  and k a b u l i  c h a n a  
The latter h a s  large gra in s w ith  sm oo th  cream  
coloured te s ta s  an d  is  m o stly  u sed  for cu linary  
p u rp oses (Sm artt 1990). Several s tu d ie s  have b een  
done on  th e nutritive va lu e  an d  w ater activity.
Effect of in sec t in festa tion  on  the nutritive va lu e  
on th is  w idely co n su m ed  leg u m es h a s  a lso  b een  
stu d ied  (N arayana Rao an d  R ajagopal Rao 1976;
Arya 1981). P h ysica l p roperties m u st  be kn ow n  in  
order to d esig n  p r o c e sse s  and eq u ip m en t for 
various p ost-h arv est op eration s su c h  a s  c lean in g, 
grading, p n eu m atic  con veyin g  an d  drying. Earlier 
work (D utta et al. 1988) reported so m e im portant 
physical properties o f c h a n a ,  b u t specific inform ation  
pertaining to k a b u l i  c h a n a  is  lack ing. The p resen t 
s tu d y  w a s  u n d e r ta k e n  to in v e s tig a te  sp a tia l  
d im en sion s, sp h ericity , ro u n d n ess  an d  sh a p e  of 
k a b u l i  c h a n a  at a m o istu re  co n ten t o f 9.05%  d.b. 
also. The m oisture dep en den ce of different properties 
w a s stu d ied .

The grain  s to ck  'L-550' w a s  c lea n ed  and  
m oisture con ten t of grain  sam p le  w a s  determ ined  
by p lacing it in  a hot air oven  at 100°C for 72  
h (Hall 1957). G rain sa m p les  o f  d esired  m oistu re  
co n ten ts  w ere ob ta in ed  b y  ad d in g  ca lcu la ted  
am ou n ts of d istilled  w ater, follow ed b y  equilibration  
at 5°C for a w eek  (D utta et al. 1988). O ne h undred  
grains at a m o istu re  con ten t o f  9 .05%  d.b . w ere  
random ly se lec ted  in  order to d eterm in e their  
m ajor, m ed iu m  an d  m in or a x es , resp ectively , a s  per  
the m eth od  o f D u tta  et al (1988). Sphericity  and

J .  Food Sci. Technol, 1995, Vol. 32, No. 2, 150-152

* Corresponding Author

ro u n d n ess  o f 2 5  random ly se lec ted  gra in s at a  
m oistu re  con ten t o f 9 .05%  d.b . w ere ca lcu la ted  a s  
per the m ethod  of M oh sen in  (1970), a long th eir  
len gth , w idth  an d  th ic k n e ss  (Fig. 1). T he above  
exp erim en t w a s  rep eated  after n eg lectin g  th e  
protruding portion  (root) of the grain  (D utta et al. 
1988). All oth er properties w ere determ in ed  in  th e  
m oistu re  range of 9 .05-30%  d.b. O ne th o u sa n d  
grain  m a ss  w a s determ ined  for on e th o u sa n d  
random ly se lec ted  grains. C oefficient o f friction  w ith  
resp ect to three stru ctu ra l su r fa ces  n am ely , m ild  
stee l, plyw ood w ith  w ood gra in s parallel to th e  
direction  of slide, an d  galvan ized  iron sh e e t  w a s  
determ ined  according to th e  m eth od  o f StepannoiT  
(1969). G rains w ere allow ed to  form  h eap  o n  a 
circu lar platform , fixed in sid e  a w o od en  b ox , and  
d y n a m ic /em p ty in g  angle of rep ose w a s  ca lcu la ted , 
a s  d escrib ed  by M oh sen in  (1970). B u lk  d en sity  w a s  
determ ined  a s  per ISI (1967) m eth o d  b y  filling a 
cylindrical k ettle  of 5 0 0  m l cap a city  from  a h eight  
of 15 0  m m  an d  w eigh ing th e  co n ten ts . Liquid  
d isp la cem en t tech n iq u e  u s in g  rectified  to lu en e  
having specific  gravity o f  0 .8 6 6  w a s  em ployed  for 
determ ination  of true vo lu m e an d  th ereb y  d en sity

Fig. 1. Projected view of k a b u l i  c h a n a  in three mutual 
perpendicular positions (a) Along the length (b) Along 
the width (c) Along the thickness

1 5 0
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TABLE 1. SPATIAL DIMENSIONS OF K A B U L I  C H A N A  

(MOISTURE CONTENT 9.05% d.b.)

Maximum
Minimum
Mean

Major axis, 
mm

11.74 ±0.38  
7.62 ±0.37  
9.72 ±0.83

Medium axis, 
mm

9.90 ± 0.56  
6.16 ± 0.16  
7.62 ± 0.65

Minor axis, 
mm

8.96 ± 0.35  
6.00 ± 0.23 
7.43 ± 0.58

(M ohsenin (1970). P orosity w a s  ca lcu la ted  a s  per  
form ula given b y  M oh sen in  1970). True vo lu m e of 
grain at 9.05%  d.b. m o istu re  co n ten t w a s  com pared

correlation  w ith  th e  m o istu re  c o n ten t  (Table 3) and  
in crea sed  from  19 .54 °  to  2 9 .1 0 °  (Table 4). The  
in crea se  in  an g le  o f  rep o se  w ith  in crea sin g  levels  
of m o istu re  co n ten t (Fig. 2) w a s  fo u n d  to  b e  low er  
th a n  th a t reported  earlier (D u tta  et al. 1988).

B u lk  an d  true d e n s it ie s  exh ib ited  negative  
correla tion s w ith  m o istu re  c o n te n t  (Table 3), and  
b oth  d ecrea sed  w ith  in crea s in g  lev e ls  o f  m o istu re  
co n ten t (Fig. 2), w h ich  w a s  fou n d  to  b e  in  agreem en t  
w ith  earlier rep orts (B ru sew itz  1975; S h ep h a rd  and  
Bhardw aj 1986; D u tta  et al. 1988). P orosity  % of

TABLE 2. SPHERICITY AND ROUNDNESS OF K A B U L I C H A N A  (MOISTURE CONTENT 9.05% d.b.)*
Position

Along the length 
Along the width 
Along the thickness

Sphericity 
0.7204 ± 0.0312  
0.7222 ± 0.0343 
0.8071 ± 0.0361

Roundness 
0.6784 ± 0.0409 
0.6754 ± 0.0485  
0.8282 ± 0.0462

With root

* Mean of twenty five values; NA : Not applicable.

Without root
Sphericity Roundness

0.7850± 0.0388  
0.7927± 0.0447  

NA

0.7907 ± 0.0500  
0.8010 + 0.0532  

NA

with th e v o lu m es o f sp h ere , prolate an d  ob late  
sp h eroid s (M ohsen in  1970).

M ean v a lu es  o f m ajor, m ed iu m  an d  m in or a x es  
of grain w ere fou n d  to  b e  9 .7 2 , 7 .6 2  an d  7 .4 3  m m , 
respectively (Table 1). A s sh o w n  in  Table 2 , m ea n  
va lu es o f sp h ericity , w ith  an d  w ith o u t root, w ere  
found to  b e  in  th e  ran ge o f 72-80%  an d  78-79% , 
respectively. The resp ective  v a lu es  o f  r o u n d n ess  
were in  th e  range o f 67-83%  an d  79-80% . S im ilar  
resu lts for sp h eric ity  an d  r o u n d n ess  h ave a lso  b een  
reported earlier (D utta et al. 1988). O ne th o u sa n d  
grain m a ss  in creased  linearly  w ith  in crea se  in  grain  
m oisture con ten t (Table 3). C oefficient o f friction  
exhibited a positive correlation  (0 .9 7 0 -0 .9 8 5 ) w ith  
m oisture content (Table 3). T he in crease in  coefficient 
of friction for p lyw ood com p ared  to oth er stru ctu ra l 
surfaces, m ay b e attributed to ro u g h n ess  of plywood. 
The resu lts  for coefficient o f  friction  (Table 4) w ere  
found to  be in  agreem en t w ith  earlier reported  
s tu d ies  (Shephard and Bhardw aj 1986; D u tta  et 
al. 1988). A ngle o f rep ose sh ow ed  a p ositive

k a b u l i  c h a n a  in crea sed  w ith  In crease  in  m o istu re  
co n ten t (Table 3). T he tren d  w a s  fou n d  to b e  very  
m u ch  sim ilar  to th a t reported  for o th er  gra in s
TABLE 3. REGRESSION EQUATIONS SHOWING THE EFFECT 

OF INCREASING MOISTURE LEVELS ON VARIOUS 
PHYSICAL PROPERTIES OF K A B U L I C H A N A

Physical Regression R
property equation
One thousand 
grain mass Y = 345.4 + 2.806 X 0.957
Coefficient of 
friction
i) Mild steel Y = 0.166+ 0.0126 X 0.977
ii) Galvanized iron Y = 0.376+ 0.0056 X 0.970
iii) Plywood Y = 0.098+ 0.0196 X
Angle of repose Y = 12.71 + 0.8269 X -  0.0087X2 0.997
Bulk density Y = 887.6 -  5.844 X + 0.072 IX2 -0 .9 9 0
True density Y = 1357 -  4.380 X+ 0.0290 X2 -  0.990
Porosity, % Y = 34.52 + 0.233 X - 0.0040 X2 0.998
Grain volume Y = 249.40 + 7.511 X - 0.1153 X2 0.987

X = Moisture content, % d.b., Y = Physical property.

TABLE 4. VARIATION OF COEFFICIENT OF EXTERNAL FRICTION AND ANGLE OF REPOSE WITH MOISTURE CONTENT
Moisture 
content, 
% d.b.

Coefficient of external friction* Angle of repose'
Mild steel Galvanized iron Plywood

9.05 0.2969 ± 0.0158 0.4164 ± 0.0081 0.2466 ± 0.0134 19.54 ± 0.45
15.00 0.3377 ± 0.0113 0.4532 ± 0.0101 0.3630 ± 0.0091 23.15 ± 0.51
20.00 0.3506 ± 0.0194 0.4778 ± 0.0043 0.4725 ± 0.0150 26.00 ± 0.24
25.00 0.4446 ± 0.0214 0.5187 ± 0.0069 0.5418 ± 0.0097 27.94 ± 0.52
30.00 0.5490 + 0.0202 0.5255 ± 0.0094 0.6480 ± 0.0141 29.10 ± 0.43

‘Mean of live values
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Fig. 2. Variation of physical properties of k a b u l i  c h a n a  with 
moisture content. —A— : Bulk density, —X— : True 
density, —□ — : Grain volume, —O— : Angle of repose

(Brusewitz 1975; S h eph ard  an d  Bhardwaj 1986). 
Grain vo lu m e a lso  sh ow ed  p ositive correlation  w ith  
m oisture con ten t (Table 3). It w a s  a lso  fou n d  that 
the rate of in crease  o f grain  vo lu m e w ith  th e  
increasing m oistu re  lev e ls  w a s  h ig h er  in  th e  
beginning (Fig. 2). T h is is  in  agreem ent w ith  an  
earlier report (D utta et al. 1988). C om parison  of 
grain vo lu m e w ith  the vo lu m e of sp h ere, prolate  
and oblate sp h ero id s revealed th a t the grain  vo lum e  
w a s 9.67% , 0 .148%  higher and 21 .96%  percent 
lower, respectively, th a n  th e  vo lu m e of sp h ere, 
prolate and ob late sp h eroid s. Therefore, th e  grain  
closely  resem b les a prolate spheroid .

The resu lts  in d ica te  th a t on e th o u sa n d  grain  
m a ss , coefficient o f friction, angle o f rep ose , porosity  
an d  grain  vo lu m e exh ib it a n  in crea sin g  trend , 
w h ereas, b u lk  an d  tru e  d en s it ie s  d ecrea se  w ith  
in creasin g  m oistu re  levels.
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Influence of Organic Acids on Flavour Perception of 
Malaysian and Ghanaian Cocoa Beans
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U n i v e r s i t y  o f  A g r i c u l t u r e ,  4 3 4 0 0  S e r d a n g ,  S e l a n g o r ,  M a l a y s i a .

A s th e  c o n c e n t r a t io n s  o f  o x a lic , la c tic  a n d  a c e tic  a c id s  w e re  in c re a s e d , th e  in te n s i ty  s c o re s  fo r  a c id ic  f la v o u r  
a n d  o v e ra ll p re fe re n c e  d e c re a s e d . S a m p le s  fro m  G h a n a ia n  a n d  M a la y s ia n  b e a n s  sh o w e d  s ig n if ic a n t  d e c r e a s e s  (p < 0 .05 ) 
in  b o th  f la v o u r  s c o re s  a t  1 .0%  la c tic  ac id , a n d  1 .04%  ox a lic  a c id , re sp ec tiv e ly . S a m p le s  fro m  M a la y s ia n  b e a n s  sh o w e d  
s ig n if ic a n t d e c re a s e  (p< 0 .05) in  a c id ic  a n d  o v e ra ll f lav o u r p re fe re n c e  a t  1 .15%  a n d  0 .8 5 %  a c e tic  a c id , re sp ec tiv e ly . 
O verall, o x a lic  a c id  w a s  m o re  p re fe r re d  (p< 0 .05) in  M a la y s ia n  b e a n s ,  in  c o n t r a s t  to  la c t ic  a c id  in  th e  G h a n a ia n  b e a n s ,  
w h ile  a c e tic  a c id  d id  n o t  s h o w  a n y  s ig n if ic a n t  d iffe ren c e  (p< 0 .05).
K e y w o rd s  : C o c o a  b e a n s ,  O rg a n ic  a c id s ,  A cid ic  flav o u r, O v era ll f la v o u r  p re fe re n c e , S e n s o ry  e v a lu a tio n , C o c o a  liq u o r.

O r g a n i c  a c i d s  i n  c o c o a  b e a n s  a r e  p r o d u c e d  
d u r i n g  f e r m e n t a t i o n  p r o c e s s  b y  e i t h e r  m i c r o b i a l  
a c t i v i t y ,  o r  i n d i g e n o u s  t i s s u e  r e s p i r a t i o n  ( J i n a p  a n d  
D i m i c k  1 9 9 0 ) .  T h e s e  a c i d s  p r e v e n t  g e r m i n a t i o n ,  
s o l u b i l i z e  p o l y p h e n o l s ,  a i d  i n  d i f f u s i n g  t h e  c o n t e n t  
o f  t h e  s t o r a g e  c e l l s  i n t o  s u r r o u n d i n g  p a r e n c h y m a  
t i s s u e ,  a n d  p r e v e n t  t h e  b e a n  f r o m  a t t a c k  b y  
p u t r e f a c t i v e  b a c t e r i a  ( Z i e g l e d e r  a n d  B i e h l  1 9 8 8 ) .  
D u r i n g  f e r m e n t a t i o n ,  t h e  a c i d s  a r e  a b s o r b e d  i n t o  
t h e  b e a n s ,  t h e r e b y  c r e a t i n g  a n  a c i d i c  e n v i r o n m e n t  
f o r  e n z y m a t i c  r e a c t i o n s ,  l e a d i n g  t o  t h e  p r o d u c t i o n  
o f  f l a v o u r  p r e c u r s o r s  s u c h  a s  p e p t i d e s ,  a m i n o  a c i d s  
a n d  s u g a r s .  T h e s e  f l a v o u r  p r e c u r s o r s  r e a c t  w i t h  
e a c h  o t h e r  d u r i n g  r o a s t i n g  p r o c e s s  t o  p r o d u c e  
f l a v o u r  c o m p o n e n t s  ( J i n a p  a n d  D i m i c k  1 9 9 1 ) .  H o l m  
( 1 9 9 1 )  r e p o r t e d  t h a t  o x a l i c  a c i d  c o u l d  i m p r o v e  
c o c o a  f l a v o u r  i n  M a l a y s i a n  c o c o a  b e a n s .  A c i d s  
c o u l d  a l s o  m a s k  t h e  o v e r a l l  c h o c o l a t e  f l a v o u r  i n  
c o c o a  b e a n s  ( L o p e z  a n d  M c D o n a l d  1 9 8 1 ) .

H o w e v e r ,  h i g h  c o n c e n t r a t i o n s  o f  r e s i d u a l  a c i d s  
c a u s e  t h e  b e a n s  t o  b e  e x c e s s i v e l y  a c i d i c  i n  f l a v o u r .  
F o r  e x a m p l e ,  t h e  r e s i d u a l  l a c t i c  a n d  a c e t i c  a c i d s  
h a v e  b e e n  a s s o c i a t e d  w i t h  h i g h l y  a c i d i c  b e a n s  
( D u n c a n  e t  a l .  1 9 8 9 ) .  T h i s  c o m m u n i c a t i o n  d e s c r i b e s  
t h e  i n f l u e n c e  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  l a c t i c ,  
a c e t i c  a n d  o x a l i c  a c i d s  o n  a c i d i c  f l a v o u r  i n t e n s i t y  
a n d  o v e r a l l  p r e f e r e n c e  o f  M a l a y s i a n  c o c o a  b e a n  
s a m p l e s ,  a s  c o m p a r e d  t o  t h o s e  f r o m  G h a n a .

C o c o a  s a m p l e s  : C o c o a  b e a n s  w e r e  s u b j e c t e d  
t o  p o d  s t o r a g e  t r e a t m e n t  ( 1 0  d a y s ) ,  s h a l l o w - b o x  
f e r m e n t a t i o n ,  a n d  s u n - d r y i n g  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  F A M A  ( 1 9 9 0 ) .  T w o  t r i a l s  w e r e  
c a r r i e d  o u t  b e t w e e n  S e p t e m b e r  a n d  O c t o b e r ,  1 9 9 2 .  
T w o  w e e k s  o l d  f e r m e n t e d  a n d  d r i e d  G h a n a i a n  c o c o a  
b e a n s  w e r e  o b t a i n e d  f r o m  M c R o b e r t s o n ,  S i n g a p o r e ,
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a n d  i m m e d i a t e l y  p r o c e s s e d  s i m i l a r l y  u p o n  r e c e i p t ,  
f o r  c o m p a r a t i v e  p u r p o s e s .  A l l  t h e  s a m p l e s  w e r e  
a n a l y z e d  i n  t r i p l i c a t e ,  f o r  c u t  t e s t  ( D e l B o c a  1 9 6 2 ) ,  
f e r m e n t a t i o n  i n d e x  ( G o u r i e v a  a n d  T s e r e v i t i n o v  1 9 7 9 ) ,  
p H ,  t i t r a t a b l e  a c i d i t y  a n d  o r g a n i c  a c i d s  ( J i n a p  a n d  
D i m i c k  1 9 9 0 ) .

T h e  c u t  t e s t  i n d i c a t e d  t h a t  b e a n s  f r o m  b o t h  
t h e  c o u n t r i e s  w e r e  w e l l  f e r m e n t e d ,  a n d  t h e r e  w e r e  
n o  s i g n i f i c a n t  d i f f e r e n c e s  ( p < 0 . 0 5 )  i n  f e r m e n t a t i o n  
i n d e x  v a l u e s  ( T a b l e  1 ) . H o w e v e r ,  t h e  p H  a n d  
t i t r a t a b l e  a c i d i t y  v a l u e s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  
( P < 0 . 0 5 )  w i t h  r e s p e c t  t o  l a c t i c  a n d  a c e t i c  a c i d s ,  t h e  
b e a n s  f r o m  G h a n a  b e i n g  m o r e  a c i d i c .  C o n c e n t r a t i o n s  
o f  o t h e r  a c i d s  i n  b o t h  t h e  b e a n s  w e r e  a l m o s t  e q u a l .  
T h e r e f o r e ,  t h e  l e v e l s  o f  a c e t i c  a n d  l a c t i c  a c i d s  i n  
G h a n a i a n  s a m p l e s  w e r e  a d j u s t e d  e q u a l  t o  t h e  
v a l u e s  i n  M a l a y s i a n  b e a n s ,  b y  a d d i t i o n  o f  t h e  
r e s p e c t i v e  a c i d s .

L iq u o r p r e p a r a t io n  : S a m p l e s  (2  k g )  w e r e  r o a s t e d  
i n  a n  o v e n  ( M e m m e r t ,  G e r m a n y )  a t  1 5 0 ° C  f o r  3 0

TABLE 1. pH , TITRATABLE ACIDITY, FER M ENTA TION INDEX 
AND ACID C ONC ENTR ATIO N O F  C O C O A  SA M PLE“

F e rm e n te d  b e a n s  fro m

PH
M a la y s ia

5 .4 0 “
G h a n a

5 .3 7 b
T itra ta b le  ac id ity , 
m e q  N a O H /lO O  g 0 .0 7 0 b 0 .0 7 4 “
F e rm e n ta t io n  in d e x 1 .2 6 5 “ 1 .1 7 4 “
O x alic  a c id , % 0 .1 4 “ 0 .1 4 “
C itric  a c id , % 0 .6 2 “ 0 .6 2 “
M alic a c id ,% 0 .2 1 “ 0 .2 4 “
S u c c in ic  a c id , % 0 .5 1 “ 0 .5 8 “
L ac tic  a c id , % o.o9>> 0 .1 9 “
A cetic  a c id , % 0 .4 2 b 0 .5 6 “
“M ean  v a lu e s  h a v in g  a  c o m m o n  le t te r  w i th in  th e  s a m e  ro w  a re  
n o t  s ig n if ic a n tly  d if fe re n t (p> 0 .05)
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m i n ,  a n d  t r e a t e d ,  a s  d e s c r i b e d  b y  J i n a p  a n d  D i m i c k  
( 1 9 9 1 ) .  L i q u o r  s a m p l e s  w e r e  p r e p a r e d  a c c o r d i n g  t o  
C a c o a  D e  Z a a n  ( 1 9 9 2 ) .  R e s p e c t i v e  a c i d s  w e r e  a d d e d  
i n  o r d e r  t o  a c h i e v e  0 . 1 4 ,  0 . 4 4 ,  0 . 7 4  a n d  1 . 0 4 %  
o x a l i c ;  0 . 2 0 ,  0 . 6 0 ,  1 . 0 0  a n d  1 . 4 0 %  l a c t i c ;  a n d  0 . 8 5 ,
1 . 1 5 ,  1 . 4 5  a n d  1 . 7 5 %  a c e t i c  a c i d  c o n c e n t r a t i o n s .  

T h e  m a t e r i a l s  w e r e  m i x e d  i n  m o r t a r  a n d  m i l l s  ( 1 5  
m i n )  ( P a s c a l l  E n g i n e e r i n g ,  U .K . )  a n d  r e f i n e d  i n  
t r i p l e  r o l l  r e f i n e r  ( P a s c a l l  E n g i n e e r i n g ,  U .K . ) .  B e f o r e  
e v a l u a t i o n ,  w a r m  w a t e r  ( 4 0 ° C )  w a s  a d d e d  t o  t h e  
s a m p l e ,  a n d  h o m o g e n i z e d  i n  P o l y t r o n  P T  1 2 0 0  
( K i n e m a t i c s ,  U S A )  f o r  1 m i n .  T w e n t y  p a n e l i s t s  w h o  
h a v e  p a s s e d  t h e  s c r e e n i n g  ( W a t t s  e t  a l .  1 9 8 9 )  w e r e  
i m p a r t e d  f o r m a l  t r a i n i n g  f o r  t a s t e  p a n e l l i n g  o f  c o c o a  
l i q u o r ,  c o n t a i n i n g  k n o w n  c o n c e n t r a t i o n  o f  a c i d ,  t o  
f a m i l i a r i z e  t h e m  w i t h  a c i d i c  f l a v o u r  n o t e s .  R o u n d  
t a b l e  d i s c u s s i o n s  w e r e  a l s o  h e l d .  D u r i n g  t h e  a c t u a l  
s a m p l e  t a s t i n g ,  t h e  p a n e l i s t s  r a t e d  t h e  a c i d i c  
f l a v o u r ,  u s i n g  a n  i n t e n s i t y  s c a l e  o f  1 t o  7  - a  s c o r e  
o f  I  r a t e d  a s  n o t  d e t e c t a b l e ,  w h i l e  s c o r e  o f  7  
s i g n i f i e d  v e r y  p r o n o u n c e d  a c i d i c  f l a v o u r  a t t r i b u t e s .  
T h e  p a n e l i s t s  t h e n  r a t e d  t h e  s a m p l e s  i n  t e r m s  o f  
p r e f e r e n c e  u s i n g  a  7 - p o i n t  H e d o n i c  s c a l e ,  a s  
d e s c r i b e d  a b o v e .  T h e  s a m p l e s  w e r e  k e p t  i n  w a t e r  
b a t h  ( 4 5 ° C ,  3 0  m i n ) ,  p r i o r  t o  e v a l u a t i o n .  M a x i m u m  
o f  f i v e  l i q u o r  s a m p l e s  w e r e  e v a l u a t e d  i n  e a c h  
s e s s i o n .  W a r m  w a t e r  w a s  u s e d  f o r  r i n s i n g  t h e

TABLE 2 . E F F E C T  O F  OXALIC, LACTIC AND ACETIC ACID 
C O N C E N T R A T IO N S  O N  A C ID IC  F L A V O U R  AND 
OVERALL P R E F E R E N C E  SC O R E *

A cidic f la v o u r  o f  O v era ll p re fe re n c e  o f 
b e a n s  fro m  b e a n s  fro m

C o n c e n tra tio n ,
% G h a n a M a la y s ia G h a n a M a la y s ia

O xalic  ac id
0 .1 4 4.71* 4.31* 4 .72* 4.65*
0 .4 4 4.82* 4 .34* 4 .68* 4.61*
0 .7 4 4 .36* 4.16* 4 .00* 4.93*
1 .04 3 .2  l b 3 . 14b 3 . 14b 4 .0 1 b

L actic ac id
0 .2 0 5.62* 5.55* 5.57* 5.51*
0 .4 0 5.59* 5.49* 5.50* 5.48*
0 .6 0 5.46* 5 . 18b 5.45* 5 .1 6 b
1.00 5 .0 0 “ 5 .0 6 b 5 .0 1 b 5.11»
1.40 4 .4 7 c 4 .0 0 c 4 .3 5 b 4 .0 3 c

A cetic a c id
0 .5 5 5.44* 5.50* 4 .28* 5.19*
0 .8 5 5.29* 5.45* 5.19* 4 .75»
1 .15 5.17* 5 .0 0 b 4 .96* 4.71»
1 .45 4 .7  l b 4 .7 6 b 4 .2 9 b 3 .7 6 e
1 .75 4 .2 9 b 3 .5 7 c 3.81* 2 .7 6 d

* M ean  v a lu e s  h a v in g  a c o m m o n  le t te r for e a c h fla v o u r  ac id
w ith in  th e  s a m e c o lu m n  a r e  n o t  s ig n if ic a n tly  d if fe re n t (p> 0 .05).

m o u t h  i n  b e t w e e n  s a m p l e  t a s t i n g .  T h e  d a t a  w e r e  
a n a l y z e d  u s i n g  s t a t i s t i c a l  a n a l y s i s  s y s t e m  ( S A S  
I n s t i t u t e  I n c . ,  C a r y ,  N Y ).

T h e  r e s u l t s  s h o w e d  t h a t  t h e  p e r c e p t i o n  f o r  
b o t h  a c i d i c  f l a v o u r  a n d  o v e r a l l  p r e f e r e n c e  d e c r e a s e d ,  
a s  a c i d  c o n c e n t r a t i o n s  i n  t h e  s a m p l e s  i n c r e a s e d  
( T a b l e  2 ) .  H o w e v e r ,  t h e  p e r c e p t i o n  o f  t h e s e  f l a v o u r s ,  
a s  a f f e c t e d  b y  d i f f e r e n t  c o n c e n t r a t i o n s ,  w a s  n o t  t h e  
s a m e  f o r  b o t h  G h a n a i a n  a n d  M a l a y s i a n  s a m p l e s .  
I n c r e a s i n g  c o n c e n t r a t i o n  o f  o x a l i c  a c i d  u p  t o  0 . 7 4 %  
d i d  n o t  c h a n g e  t h e  a c i d i c  f l a v o u r ,  a n d  o v e r a l l  
p r e f e r e n c e  s c o r e s  f o r  s a m p l e s  f r o m  G h a n a  a n d  
M a l a y s i a .  H o w e v e r ,  t h e  f l a v o u r  s c o r e s  d e c r e a s e d  
s i g n i f i c a n t l y  ( p < 0 . 0 5 ) ,  w h e n  t h e  o x a l i c  a c i d  
c o n c e n t r a t i o n  w a s  i n c r e a s e d  t o  1 . 0 4 % .  S i n c e  u s u a l  
c o n c e n t r a t i o n s  o f  o x a l i c  a c i d  i n  c o c o a  b e a n s  i s  i n  
m u c h  l o w e r  r a n g e ,  i . e . ,  0 . 0 4 - 0 . 4 4 %  ( J i n a p  a n d  
D i m i c k  1 9 9 0 )  a n d  0 . 2 4 - 0 . 4 3 %  ( W e i s s b e r g e r  e t  a l .
1 9 7 1 ) ,  t h e s e  f i n d i n g s  i n d i c a t e  t h a t  o x a l i c  a c i d  a t  
c o n c e n t r a t i o n s  n o r m a l l y  p r e s e n t  i n  c o c o a  b e a n s  h a s  
l o w  i n f l u e n c e  o n  a c i d i c  f l a v o u r  a n d  o v e r a l l  p r e f e r e n c e  
o f  c h o c o l a t e s  m a d e  t h e r e f r o m .

I n  c a s e  o f  s a m p l e s  f r o m  M a l a y s i a n  b e a n s ,  t h e  
p a n e l i s t s  c o u l d  d e t e c t  a  s i g n i f i c a n t  ( p < 0 . 0 5 )  d e c r e a s e  
i n  b o t h  a c i d i c  f l a v o u r  a n d  o v e r a l l  p r e f e r e n c e  s c o r e s ,  
w h e n  t h e  c o n c e n t r a t i o n  o f  l a c t i c  a c i d  w a s  i n c r e a s e d  
t o  0 . 6 0 % ,  w h e r e a s  t h e  c o n c e n t r a t i o n  w a s  1 %  f o r  
s a m p l e s  f r o m  M a l a y s i a n  b e a n s  w e r e  w i t h i n  t h e  
n o r m a l  r a n g e  o f  t h e  a c i d  f o u n d  i n  c o c o a  b e a n s ,
i . e . ,  0 . 2 1 - 0 . 9 8 %  ( J i n a p  a n d  D i m i c k  1 9 9 0 )  a n d  0 . 1 1 -  
0 . 7 1 %  ( W e i s s b e r g e r  e t  a l .  1 9 7 1 ) .

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

T h e  p r e f e r e n c e  s c o r e s  o f  a c i d i c  f l a v o u r  f o r
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TABLE 3. AC IDIC  FLA V O U R  AND OV ERA LL P R E F E R E N C E  

SC O R ES» O F  B EA N S FR O M  GHANA AND MALAYSIA
A cid ic  f la v o u r  o f  O v era ll p re fe re n c e  o f 

b e a n s  fro m  b e a n s  fro m
Acid

G h a n a M a la y s ia G h a n a M a la y s ia
O xalic 4 . 13b 4.67» 3 .9 4 b 4.75*
L actic 4 .94* 4 .5 5 h 4.93» 4 .4 8 b
A cetic 4 .54* 4 .64* 4.25* 4.29*

* M ean  v a lu e s  h a v in g  a  c o m m o n  le t te r  for e a c h  f la v o u r  w ith in  
th e  s a m e  ro w  a re  n o t  s ig n if ic a n tly  d iffe re n t (p>0 .05).

s a m p l e s  f r o m  t h e  b e a n s  f r o m  b o t h  t h e  c o u n t r i e s ,  
a f t e r  a d j u s t i n g  t o  e q u a l  a c i d  c o n c e n t r a t i o n ,  a r e  
s h o w n  i n  T a b l e  3 .  T h e  f l a v o u r  p e r c e p t i o n  o f  a c e t i c  
a c i d  w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( p > 0 . 0 5 )  b e t w e e n  
t h e  t w o  s a m p l e s .  H o w e v e r ,  o x a l i c  a c i d  w a s  m o r e  
p r e f e r r e d  i n  M a l a y s i a n  c o c o a  b e a n s  ( p < 0 . 0 5 ) ,  a s  
c o m p a r e d  t o  t h a t  i n  t h e  G h a n a i a n .  M o r e o v e r ,  t h e  
l a c t i c  a c i d  i n  M a l a y s i a n  c o c o a  b e a n s  w a s  s i g n i f i c a n t l y  
( p < 0 .0 5 )  l e s s  p r e f e r r e d .  T h i s  i n d i c a t e s  t h a t  l a c t i c  
a c i d  w o u l d  b e  m o r e  d e t e r i m e n t a l  t o  t h e  a c i d i c  a n d  
o v e r a l l  p r e f e r e n c e  o f  M a l a y s i a n ,  a s  c o m p a r e d  t o  t h e  
G h a n a i a n  b e a n s .

I t  i s  p o s s i b l e  t h a t  o t h e r  c o m p o n e n t s ,  s u c h  a s  
p o l y p h e n o l s  a n d  a l k a l o i d s ,  w h i c h  c o n s t i t u t e  t h e  
b i t t e r  a n d  a s t r i n g e n t  c o m p o n e n t s  i n  c o c o a  b e a n s  
( Z i e g l e d e r  a n d  B i e h l  1 9 8 8 )  h a v e  i n t e n s i f i e d  t h e  
a c i d i c  t a s t e  o f  t h e  M a l a y s i a n  b e a n s .  P o l y p h e n o l s  
a n d  a l k a l o i d s  a r e  s h o w n  t o  b e  a f f e c t e d  b y  v a r i e t i e s  
o r  c l o n e s  ( C l a p p e r t o n  e t  a l .  1 9 9 2 ) .  I t  i s  a l s o  p o s s i b l e  
t h a t  l a c t i c  a c i d  i s  p r e s e n t  i n  G h a n a i a n  c o c o a  i n  
s a l t  a n d  b o u n d  f o r m s ,  w h i c h  w o u l d  s u p p r e s s  t h e  
a c i d i c  f l a v o u r .  T h e  c o c o a  a c i d s  c o u l d  b i n d  t o  f a t ,  
p r o t e i n s ,  a l k y l  p y r a z i n e s  a n d  p o l y p h e n o l s  ( H o l m  
1 9 9 1 ;  C l a p p e r t o n  e t  a l .  1 9 9 2 ) .  H o l m  ( 1 9 9 1 )  h a s  a l s o  
i n d i c a t e d  t h a t  a c i d s  c o u l d  r e a c t  w i t h  t h e  p y r a z i n e s  
t o  f o r m  2 , 3 - d i m e t h y l ,  2 , 3 , 5 - t r i m e t h y l  a n d  
t e t r a m e t h y l p y r a z i n e ,  w h i c h  a r e  d e t r i m e n t a l  t o  f l a v o u r  
d e v e l o p m e n t .

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

p r o p e r  a e r a t i o n  d u r i n g  f e r m e n t a t i o n  c o u l d  b e  e f f e c t i v e  
i n  o r d e r  t o  d e c r e a s e  t h e  l e v e l  o f  l a c t i c  a c i d  i n  t h e  
f i n a l  p r o d u c t .
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Effect of Polyphosphate Chilling and Packaging on the  
Quality of Fried Quail Stored in Refrigerator

S . K .  P A N D A ,  R . P .  S I N G H *  A N D  S . K .  A N A N D
C e n t r a l  A v i a n  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 .

E ffect o f  c h illin g  q u a il  c a rc a s s e s  in  0  (contro l) o r  5%  s o d iu m  tr ip o ly p h o s p h a te  s o lu tio n  fo r 16  h  a t  5  i  1°C, 
p r io r  to  b a t te r in g  a n d  d e e p -fa t- fry in g  (170±2°C  fo r 4  m in), o n  th e  k e e p in g  q u a li ty  o f  th e  p r o d u c t  s to re d  in  h ig h  d e n s i ty  
p o ly e th y le n e  (3 3 0  G) o r  low  d e n s i ty  p o ly e th y le n e  (2 5 0  G) p o u c h e s  u n d e r  re f r ig e ra te d  c o n d it io n  (5±1°C) fo r 4  w e e k s  
w e is  e v a lu a te d . T h e  y ie ld  o f  fried  q u a i l  fro m  s o d iu m  tr ip o ly p h o s p h a te - tre a te d  c a rc a s s e s  w a s  s ig n if ic a n tly  (P < 0 .01) h ig h e r  
(91.8% ) th a n  th a t  o f  c o n tro l  (81 .4% ). T h e  lo s s  in  w e ig h t o f  th e  p r o d u c t  w a s  lo w er in  p h o s p h a te - t r e a te d  t h a n  in  c o n tro l, 
a s  w ell a s  in  H D P E -p a c k e d  th a n  in  L D P E -p ac k ed  s a m p le s .  S o d iu m  tr ip o ly p h o s p h a te  t r e a tm e n t  r a is e d  m u s c le  pH  b y
0 .3  u n i t ,  y ie ld ed  m o re  te n d e r  p ro d u c t ,  a s  rev e a led  b y  low er s h e a r  fo rce  v a lu e , a n d  r e ta r d e d  lip id  o x id a tio n  d u r in g  
s to ra g e . T h e  m e a n  b a c te r ia l  a n d  fu n g a l c o u n ts  w e re  fairly  low  (log 3 .4 / g  a n d  3 .0 /g ,  resp ec tiv e ly ) d u r in g  s to ra g e . C o n tro l 
s a m p le s  b e c a m e  o rg a n o le p tic a lly  u n a c c e p ta b le  a f te r  2  w e ek s , w h ile  p h o s p h a te - t r e a te d  g ro u p  r e m a in e d  a c c e p ta b le  
th r o u g h o u t  4  w e e k s  s to ra g e , r e g a rd le s s  o f  p a c k a g in g  m a te r ia ls .
K e y w o rd s  : F ried  q u a il , P o ly p h o s p h a te ,  P ac k ag in g , R e frig e ra tio n , Q u a lity

P r o c e s s e d  q u a i l  p r o d u c t s  o f f e r  p o t e n t i a l  
e c o n o m i c  b e n e f i t s  t o  p r o d u c e r s ,  p r o c e s s o r s  a n d  
c o n s u m e r s  a l i k e .  Q u a i l s ,  b e c a u s e  o f  t h e i r  s m a l l  
b o d y  s i z e ,  c o u l d  b e  c o n v e n i e n t l y  f r i e d  a s  w h o l e  
c a r c a s s e s ,  a n d  t h e  p r o d u c t  c o u l d  f i n d  a n  i m p o r t a n t  
p l a c e  i n  f a s t  f o o d  o u t l e t s .  H o w e v e r ,  t h e  r a p i d  
d e v e l o p m e n t  o f  o x i d a t i v e  r a n c i d i t y  i n  s u c h  p r e 
c o o k e d  m e a t  p r o d u c t  d u r i n g  r e f r i g e r a t e d  s t o r a g e  i s  
a  m a j o r  p r o b l e m ,  r e l a t e d  t o  i t s  s t o r a g e  s t a b i l i t y  
( T i m s  a n d  W a t t s  1 9 5 8 ;  H a r r i s  a n d  L i n d s a y  1 9 7 2 ) .  
L a c t i c  a c i d  a n d  p o t a s s i u m  s ó r b a t e  h a v e  b e e n  u s e d  
t o  i n c r e a s e  t h e  s h e l f - l i f e  o f  q u a i l  ( S i n g h  e t  a l .  1 9 8 9 )  
a n d  s o m e  s t u d i e s  h a v e  b e e n  d o n e  o n  t h e  s u i t a b i l i t y  
o f  p a c k a g i n g  m a t e r i a l s  ( S i n g h  a n d  P a n d a  1 9 8 9 ) .  
P o l y p h o s p h a t e s ,  a p a r t  f r o m  t h e i r  m u l t i p l e  f u n c t i o n s  
i n  m e a t  s y s t e m ,  a r e  r e p o r t e d  t o  p r o t e c t  c o o k e d  m e a t  
a g a i n s t  l i p i d  a u t o o x i d a t i o n  ( T i m s  a n d  W a t t s  1 9 5 8 ;  
S a t o  a n d  H e g a r t y  1 9 7 1 ) .  A s  t h e  i n f o r m a t i o n  o n  t h e  
p r o c e s s i n g  a n d  s t o r a g e  q u a l i t y  o f  f r i e d  q u a i l  i s  
l a c k i n g ,  e x c e p t  a  r e p o r t  b y  P r a b h a k a r  R e d d y  e t  a l  
( 1 9 9 1 ) ,  a n  a t t e m p t  w a s  m a d e  t o  e v a l u a t e  t h e  e f f e c t s  
o f  c h i l l i n g  q u a i l  c a r c a s s e s  i n  p o l y p h o s p h a t e  s o l u t i o n ,  
a n d  p l a c i n g  i n  t h e  f l e x i b l e  p a c k a g i n g  o n  t h e  
s t a b i l i t y  o f  d e e p - f a t - f r i e d  q u a i l  u n d e r  r e f r i g e r a t e d  
s t o r a g e .

F i v e  w e e k s  o l d  m e a t  t y p e  J a p a n e s e  q u a i l s  
(C o tu m ix  c o lu m ix  ja p ó n ic a ) ,  p r o c u r e d  f r o m  t h e  
e x p e r i m e n t a l  q u a i l  f a r m  o f  t h e  I n s t i t u t e ,  w e r e  
u t i l i z e d .  T h e  b i r d s  w e r e  k e p t  o f f  f e e d  o v e r n i g h t ,  
c o n v e n t i o n a l l y  d r e s s e d ,  a n d  t h e  e v i s c e r a t e d  c a r c a s s e s  
w e r e  s o a k e d  i n  0  ( c o n t r o l )  o r  5 %  s o d i u m  
t r i p o l y p h o s p h a t e  s o l u t i o n  ( 1 : 2  w / v )  f o r  1 6  h  a t  
5 ± 1 ° C .  F o l l o w i n g  d r a i n i n g ,  t h e  w h o l e  c a r c a s s e s
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w e r e  p r e - c o o k e d  u n d e r  s t e a m  (1  k g / c m 2 f o r  4  m i n ) ,  
b a t t e r e d  f o r  4  h  i n  a  p r e - s t a n d a r d i s e d  b a t t e r  m i x  
( P a n d a  e t  a l .  1 9 9 3 )  a n d  d e e p - f a t - f r i e d  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  8 Q ± 2 ° C  f o r  4  m i n  i n  r e f i n e d  v e g e t a b l e  
o i l  p r e - h e a t e d  t o  1 7 0 ± 2 ° C .  A f t e r  d r a i n i n g  o f f  e x c e s s  
o i l ,  t h e  f i n i s h e d  p r o d u c t  w a s  p a c k e d  i n d i v i d u a l l y  
i n  e i t h e r  h i g h  d e n s i t y  p o l y e t h y l e n e  ( H D P E ,  3 3 0 G )  
o r  l o w  d e n s i t y  p o l y e t h y l e n e  ( L D P E ,  2 5 0  G )  p o u c h e s ,  
a n d  s t o r e d  i n  a  r e f r i g e r a t o r  ( 5 ± 1 ° C ) .

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

T h e  y i e l d  o f  t h e  f r i e d  q u a i l  p r e p a r e d  f r o m  
c a r c a s s e s  s o a k e d  i n  s o d i u m  t r i p o l y p h o s p h a t e  ( S T P P )

1 5 6
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TABLE 1. E F F E C T  O F  PO LY PH O SPH A T E  

R EFR IG ER A TED  F R IE D  QUAIL
C H ILLIN G  AND PACKAGING O N PH Y S IC O -C H E M IC A L  AN D S E N S O R Y QU ALITY O F

T re a tm e n ts W e ig h t lo ss , 
%

PH S h e a r  force, 
lb

TBA v a lu e , m g  
m a lo n a ld e -  

h y d e /k g

FFA, % 
o le ic  a c id

O v era ll 
a c c e p ta 

b ility  score*
C h illin g

C o n tro l 2 .2 2  + 0 .1 3 a 6 .2 7 ±  0 .3 0 a 4 .0 5  ±  0 .1  I a 0 .9 8  ± 0 .0 9 a 4 .4 3 ± 0 .0 5 a 4 .5 3 ±  0 .1 6 a
STPP 1 .4 8  ± 0 .0 9 b 6 .5 7 feOd-H 3 .6 3  ± 0 .1  l b 0 .6 0  ± 0 .0 7 b 4 .7 5 ± 0 .0 2 b 5 .6 3 ± 0 . 13b

P a c k a g in g  m a t e r i a l s
H D PE 1.51 ±  0 .0 8 a 6 .4 2 ± 0 .0 5 a 3 .4 3  ±  0 .1 2 a 0 .5 3  ±  0 .0 3 a 4 .4 4 ± 0 .0 6 a 5 .2 3 ± 0 . 18a
LDPE 2 .1 9  + 0 . 14b 6 .4 3 ± 0 .0 6 b 4 .0 1  ± 0 . 12b 0 .8 0  ±  0 .0 9 a 4 .7 4 ± 0 .0 2 b 4 .9 3 + 0 . 16a

S to r a g e  p e r io d ,  d a y s
0 NA 6 .4 4 ± 0 .1 0 a 2 .7 0  ± 0 .5 4 a 0 .3 3  ±  0 .0 3 a 4 .6 1 ± 0 .0 6 a 6 .2 5 ± 0 . 181
7 1.1 1 ± 0 .11* 6 .4 0 ± 0 .0 8 a 3 .2 1  + 0 . 12b 0 .5 4  ±  0 .0 7 b 4 .6 3 ± 0 .1 4 a 5 .6 5 ± 0 . 17k
14 1 .73  ± 0 . 14b 6 .4 3 ± 0 .0 8 a 3 .6 5  + 0 .0 8 c 0 .7 6  ± 0 .0 7 e 4 .5 7 ± 0 .0 8 a 5 .2 0 + 0 . 17b
21 2 .1 3  ± 0 . 15bc 6 .4 2 ± 0 .0 9 a 4 .4 6  ±  0 .1  l d 1 .03  ± 0 .1 0 d 4 .5 5 ± 0 .0 7 a 4 .4 0 ± 0 .2 1 '
2 8 2 .4 2  ±  0 . 16c 6 .3 5 ± 0 .0 2 a 5 .2 0  ± 0 .1 3 ' 1 .29  ± 0 .0 9 ' 4 .6 0 ± 0 .0 7 a 4 .1 0 ± 0 .3 0 '
* 7  = L ike v e ry  m u c h , 1 = D is lik e  v e ry  m u c h ; NA = N ot a p p lic a b le ; ± SE M  

F ig u re s  b e a r in g  s a m e  s u p e r s c r ip ts  w ith in  e a c h  t r e a tm e n t  (ch illing , p a c k a g in g  a n d  s to ra g e  p e rio d ) d id  n o t  d iffe r s ig n iic a n tly  (P<0.01),

s o l u t i o n  w a s  s i g n i f i c a n t l y  ( P c O .O l )  h i g h e r  ( 9 1 . 8 % ) ,  
a s  c o m p a r e d  t o  t h a t  o f  c o n t r o l  s a m p l e s  ( 8 1 . 4 % ) .  
T h i s  c o u l d  b e  a t t r i b u t e d  t o  t h e  f u n c t i o n a l  r o l e  o f  
S T P P  i n  i n c r e a s i n g  t h e  w a t e r  r e t e n t i o n  c a p a c i t y  o f  
m u s c l e  p r o t e i n s  ( F a r r  a n d  M a y  1 9 7 0 ;  S o f o s  1 9 8 5 )  
d u r i n g  t h e r m a l  t r e a t m e n t .

T h e  i n f l u e n c e  o f  p o l y p h o s p h a t e  a n d  p a c k a g i n g  
m a t e r i a l s  o n  t h e  p h y s i c o - c h e m i c a l  a n d  s e n s o r y  
q u a l i t i e s  o f  f r i e d  q u a i l  d u r i n g  s t o r a g e  i s  p r e s e n t e d  
i n  T a b l e  1 . A l t h o u g h ,  a  p r o g r e s s i v e  i n c r e a s e  i n  
w e i g h t  l o s s  o c c u r r e d  w i t h  s t o r a g e  t i m e ,  t h e  p r o d u c t  
p r e - t r e a t e d  w i t h  p o l y p h o s p h a t e  e x h i b i t e d  s i g n i f i c a n t l y  
( P c O .O l )  l e s s  l o s s ,  t h a n  t h e  c o n t r o l  s a m p l e s .  
S i m i l a r l y ,  H D P E - p a c k e d  s a m p l e s  h a d  s i g n i f i c a n t l y  
l e s s  w e i g h t  l o s s ,  t h a n  t h o s e  p a c k e d  i n  L D P E  
p o u c h e s ,  w h i c h  m i g h t  h a v e  r e s u l t e d  f r o m  
c o m p a r a t i v e l y  h i g h e r  w a t e r - v a p o u r  b a r r i e r  p r o p e r t y  
o f  t h e  f o r m e r  ( S a c c h a r o w  a n d  G r i f f i n  1 9 7 0 ) .  A  
s i g n i f i c a n t  ( P c O .O l )  i n c r e a s e  i n  w e i g h t  l o s s  w a s  
f o u n d  t o  b e  a s s o c i a t e d  w i t h  a  s i m u l t a n e o u s  i n c r e a s e  
i n  s h e a r  f o r c e  v a l u e  d u r i n g  s t o r a g e .  H o w e v e r ,  
p o l y p h o s p h a t e  t r e a t m e n t  p r o d u c e d  a  m o r e  t e n d e r  
p r o d u c t ,  a s  e v i d e n t  f r o m  l o w e r  s h e a r  v a l u e s .  
S i m i l a r l y ,  b e t t e r  p r o t e c t i o n  e x h i b i t e d  b y  H D P E  
p o u c h e s  a g a i n s t  d e h y d r a t i o n  c o u l d  a c c o u n t  f o r  
c o m p a r a t i v e l y  l o w e r  s h e a r  v a l u e s  o f  t h e  p r o d u c t  
p a c k e d  i n  i t .

A s  e x p e c t e d ,  s o a k i n g  o f  c a r c a s s e s  i n  S T P P  
s o l u t i o n  b r o u g h t  a b o u t  a  s i g n i f i c a n t  ( P c O .O l )  i n c r e a s e  
i n  t h e  p H  o f  m e a t  b y  a b o u t  0 . 3  u n i t ,  o v e r  t h a t  
o f  c o n t r o l .  H o w e v e r ,  t h e  s a m e  w a s  u n a f f e c t e d  b y  
t h e  p a c k a g i n g  m a t e r i a l s ,  a n d  v a r i e d  w i t h i n  a

n a r r o w  r a n g e  d u r i n g  s t o r a g e .  T h u s ,  t h e  e l e v a t e d  p H  
a n d  a n t i o x i d a n t  p r o p e r t y  o f  p o l y p h o s p h a t e  ( T i m s  
a n d  W a t t s  1 9 5 8 ;  S a t o  a n d  H e g a r t y  1 9 7 1 )  r e t a r d e d  
l i p i d  a u t o o x i d a t i o n ,  a s  e v i d e n t  f r o m  l o w e r  T B A  
v a l u e s  i n  t r e a t e d  s a m p l e s  t h r o u g h o u t  s t o r a g e .  O f  
t h e  t w o  p a c k i n g  m a t e r i a l s ,  H D P E ,  b e c a u s e  o f  i t s  
r e l a t i v e l y  h i g h e r  o x y g e n  b a r r i e r  p r o p e r t y ,  a p p e a r e d  
t o  r e t a r d  o x i d a t i v e  c h a n g e s  d u r i n g  s t o r a g e .  
A p p r o x i m a t e l y  3 - f o l d  i n c r e a s e  i n  F F A  c o n t e n t  o f  
c o o k e d  m e a t  ( 4 . 4 % ) ,  o v e r  r a w  m e a t  ( 1 . 3 % ) ,  c o u l d  
b e  a t t r i b u t e d  t o  t h e  t h e r m a l  h y d r o l y s i s ,  c a t a l y z e d  
b y  t h e  d e s t r u c t i o n  o f  c e l l u l a r  s t r u c t u r e  o f  m e a t  
d u r i n g  c o o k i n g  ( I g e n e  a n d  P e a r s o n  1 9 7 9 ) .  H o w e v e r ,  
n o  a p p r e c i a b l e  c h a n g e s  i n  F F A  c o n t e n t  o f  m e a t  
w e r e  n o t e d  d u r i n g  s u b s e q u e n t  s t o r a g e .

T a s t e  p a n e l  r e s u l t s  r e v e a l e d  t h a t  p r e - c o o k i n g  
o f  c a r c a s s e s ,  p r i o r  t o  b a t t e r  a p p l i c a t i o n  a n d  d e e p -  
f a t - f r y i n g ,  c a u s e d  p a r t i a l  s h r i n k a g e  r e s u l t i n g  i n  
b e t t e r  a d h e s i o n  o f  b a t t e r  c o a t i n g ,  a n d  i m p r o v e d  
a p p e a r a n c e  o f  t h e  f i n i s h e d  p r o d u c t .  T h i s  c o n f i r m s  
t h e  o b s e r v a t i o n s  o f  H a n s o n  a n d  F l e t c h e r  ( 1 9 6 3 )  a n d  
C u n n i n g h a m  a n d  S u d e r m a n  ( 1 9 8 1 )  f o r  f r i e d  
c h i c k e n s .  A l t h o u g h ,  s e n s o r y  q u a l i t y  t e n d e d  t o  
d e c l i n e  w i t h  i n c r e a s e  i n  t h e  l e n g t h  o f  s t o r a g e  
( T a b l e  1 ) , p r o d u c t  p r e p a r e d  f r o m  p o l y p h o s p h a t e  - 
t r e a t e d  c a r c a s s e s  w a s  c o n s i s t e n t l y  p r e f e r r e d  o v e r  
t h e  c o n t r o l ,  p o s s i b l y  d u e  t o  i m p r o v e d  t e n d e r n e s s ,  
a n d  l e s s  a l t e r a t i o n  i n  t h e  f l a v o u r  o f  m e a t  d u r i n g  
s t o r a g e .  P a c k a g i n g  m a t e r i a l s  h a d ,  h o w e v e r ,  n o  
s i g n i f i c a n t  i n f l u e n c e  o n  t h e  s e n s o r y  a t t r i b u t e s  o f  
t h e  p r o d u c t .  P o l y p h o s p h a t e - t r e a t e d  f r i e d  q u a i l  
r e m a i n e d  f a i r l y  a c c e p t a b l e  t h r o u g h o u t  t h e  4  w e e k s ,
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i n  c o n t r a s t  t o  a n  a c c e p t a b l e  s h e l f - l i f e  o f  2  w e e k s  
f o r  c o n t r o l ,  r e g a r d l e s s  o f  p a c k a g i n g  m a t e r i a l s .

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

F r o m  t h e  f o r e g o i n g  a c c o u n t ,  i t  i s  a p p a r e n t  t h a t  
t h e  m a j o r  f a c t o r  r e s p o n s i b l e  f o r  t h e  l i m i t e d  (2  
w e e k s )  s h e l f - l i f e  o f  f r i e d  q u a i l  w a s  o x i d a t i v e  
d e t e r i o r a t i o n ,  a s s o c i a t e d  o f f - f l a v o u r  d e v e l o p m e n t .  
T h e s e  c o u l d  b e  m i n i m i s e d  b y  p o l y p h o s p h a t e  
t r e a t m e n t .

R e f e r e n c e s
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S in g h  RP, P a n d a  B (1989) S u ita b il i ty  o f  flex ib le  p a c k a g in g  
m a te r ia ls  fo r s to ra g e  o f p ic k le d  q u a i l  eg g s. J  F oo d  S ci 
T e c h n o l 2 6 :6 4 -6 7

S in g h  RP, A n a n d  SK, P a n d a  (1989) E ffe c t o f  la c tic  a c id  a n d  
p o ta s s iu m  s o rb a te  d ip  o n  re f r ig e ra te d  sh e lf- life  o f  d r e s s e d  
q u a il . J  F ood S c i T e c h n o l 2 6 :3 6 2 -3 6 3

S o fo s  J N  (1985) In f lu e n c e  o f  s o d iu m  t r ip o ly p h o s p h a te  o n  th e  
b in d in g  a n d  a n tim ic ro b ia l  p ro p e r t ie s  o f  r e d u c e d  N aC l in  
c o m m in u te d  m e a t  p ro d u c ts .  J  F o o d  S c i 5 0 :  1 3 7 9 -1 3 8 3

S ofos J N  (1986) U se  o f  p h o s p h a te s  in  lo w -s o d iu m  m e a t  
p ro d u c ts .  F ood T e c h n o l 40(9) : 5 2 -6 8

S n o d e c o r  GW , C o c h ra n  W G (1967) S ta t i s t ic a l  M e th o d s . 6 th  e d n . 
T h e  Iow a S ta te  U n iv e rs ity  P re s s ,  A m es, Iow a

S p e c k  ML (1976) C o m p e n d iu m  o f  M e th o d s  fo r  th e  M icro b io lo g ica l 
E x a m in a tio n  o f  F o o d s . A m e r ic a n  P u b lic  H e a l th  A sso c ia tio n , 
W a sh in g to n , DC

T a r la d g is  B G , W a tts  BM, Y o u n a th a n  MT, D u g a n  J r  L ( i9 6 0 )  
A d is t i l la t io n  m e th o d  fo r q u a n t i ta t iv e  d e te r m in a t io n  o f  
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Effect of Pre-harvest Spray of Growth Regulators on the  
Pectin Methyl Esterase Activity of Ber Fruit During

Cold Storage
J . S .  B A L * ,  J . S .  J A W A N D A  A N D  P . S .  K A H L O N

D e p a r t m e n t  o f  H o r t i c u l t u r e ,
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 .

E ffec t o f  p re -h a rv e s t  s p ra y  o f  e th e p h o n ,  s u c c in ic  ac id , 2, 2 -d im e th y lh y d ra z id e  (SADH); m o r p h a c t in  a n d  2 , 3 ,5 -  
tr iio d o b e n z o ic  a c id  (TIBA) o n  p e c tin  m e th y l e s te r a s e  (PME) a c tiv ity  o f  ber f ru i ts  d u r in g  co ld  s to ra g e  sh o w e d  in c re a s e  
in  ac tiv ity  w ith  th e  a d v a n c e m e n t  o f  s to ra g e  p e rio d . TIBA a n d  SADH t r e a tm e n ts  r e s u l te d  in  s ig n if ic a n tly  h ig h e r  a c tiv itie s  
th a n  m o rp h a c t in  a n d  e th e p h o n  t r e a tm e n ts .  T h e  PM E a c tiv ity  w a s  h ig h e r  in  f ru i ts  s to re d  in  p o ly th e n e  b a g s  t h a n  th o s e  
s to re d  in  p a p e r  b a g s . L ittle  o r  n o  sp o ila g e  o c c u r re d , till 2 0  d a y s  o f  s to ra g e  in  b o th  th e  p a c k a g in g s . T h e  sp o ila g e  
in  d iffe re n t t r e a tm e n ts  in c re a s e d  w ith  th e  p ro g re s s  in  s to ra g e  p e rio d . E th e p h o n  t r e a tm e n t  m a rk e d ly  r e d u c e d  th e  sp o ila g e  
d u r in g  s to ra g e . F r u i t s  s to re d  in  p a p e r  b a g s  m a in ta in e d  b e t t e r  c o n d itio n , a n d  th e i r  s p o ila g e  p e rc e n ta g e  w a s  a lm o s t  
h a l f  o f  th a t  in  th e  f ru i ts  s to re d  in  p o ly th e n e  b a g s . TIBA tr e a tm e n ts ,  w h ic h  r e s u l te d  in  h ig h e r  s p o ila g e  r a te ,  a ls o  sh o w e d  
in c re a s e d  PM E ac tiv ity .
K e y w o rd s  : Ber f ru it ,  P re -h a rv e s t  s p ra y , P e c tin  m e th y l  e s te r a s e ,  G ro w th  re g u la to r s ,  C o ld  s to ra g e , S to ra g e  in  p a p e r

a n d  p o ly th e n e  b a g s .

C u l t i v a t i o n  o f  'U m r a n '  v a r i e t y  o f  b e r  (Z izy p h u s  
m a u rilia n a  L a m k . )  h a s  r e c e i v e d  a  s i g n i f i c a n t  i m p e t u s ,  
a s  a  c o m m e r c i a l  c r o p  i n  P u n j a b ,  H a r y a n a  a n d  
R a j a s t h a n ,  b e c a u s e  o f  i t s  p o t e n t i a l  f o r  h i g h  y i e l d s  
a n d  e x c e l l e n t  e c o n o m i c  r e t u r n s  t o  t h e  g r o w e r s  ( B a l
1 9 7 9 ) .  'U m r a n '  i s  t h e  l e a d i n g  c o m m e r c i a l  c u l t i v a r  
o f  ber, w h i c h  r i p e n s  l a t e  d u r i n g  t h e  f i r s t  f o r t n i g h t  
o f  A p r i l .  H a r v e s t i n g  a n d  p o s t - h a r v e s t  h a n d l i n g  o f  
b e r  f r u i t  a r e  t h e  i m p o r t a n t  f a c t o r s  i n  s u c c e s s f u l  
c u l t i v a t i o n  o f  t h i s  c r o p .  T h e  f r u i t  o f  t h i s  l a t e  c u l t i v a r  
c a n  b e  m a d e  t o  r i p e n  e a r l i e r ,  a n d  u n i f o r m l y  w i t h  
p r e - h a r v e s t  s p r a y i n g s  o f  g r o w t h  r e g u l a t o r s  a t  c o l o u r -  
b r e a k  s t a g e ,  t h e r e b y  a v o i d i n g  t h e  d i f f i c u l t  o p e r a t i o n  
o f  p i c k i n g  t h e  b e r  i n  4 - 5  l o t s  ( B a l  e t  a l .  1 9 8 8 ) .

T h e  s t o r a g e  l i f e  o f  b e r  f r u i t s  c a n  b e  e x t e n d e d  
u p t o  3 0  d a y s  b y  c o l d  s t o r a g e  i n  p e r f o r a t e d  p o l y t h e n e  
b a g s ,  a f t e r  t r e a t i n g  w i t h  6 %  w a x  e m u l s i o n  ( J a w a n d a  
e t  a l .  1 9 8 0 ) .  S t u d i e s  h a v e  b e e n  c a r r i e d  o u t  o n  t h e  
d e h y d r a t i o n  o f  b e r  f r u i t s  ( K h u r d i y a  1 9 8 0 a ) .  
P r e p a r a t i o n  o f  b e v e r a g e  f r o m  b e r  ( Z iz y p h u s  
m a u r it ia n a  L a m )  h a s  a l s o  b e e n  d o c u m e n t e d  
( K h u r d i y a  1 9 8 0 b ) .  H o w e v e r ,  i n f o r m a t i o n  o n  c o l d  
s t o r a g e  l i f e  o f  b e r  f r u i t s  w i t h  s p e c i a l  r e f e r e n c e  t o  
p r e - h a r v e s t  s p r a y  o f  g r o w t h  r e g u l a t o r s  i s  n o t  
a v a i l a b l e .  H e n c e ,  t h e  p r e s e n t  s t u d y  w a s  u n d e r t a k e n .

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

P r e p a r a t io n  o f  e x t r a c t  : F o r  t h e  e n z y m e  
e x t r a c t i o n ,  t h e  f r u i t  s a m p l e s  w e r e  s t o r e d  i m m e d i a t e l y  
a f t e r  h a r v e s t  i n  a  f r e e z e r  a t  0 ° C .  T w o  g  p e e l e d  f r u i t  
( w i t h o u t  s e e d )  w a s  s u b s e q u e n t l y  g r o u n d  i n  a  c h i l l e d  
m o r t a r  w i t h  1 0  m l  o f  p h o s p h a t e  b u f f e r  ( p H  6 . 5 ,  
0 . 1  M ) . P o l y v i n y l p y r o l i d i n e  ( l g )  w a s  a d d e d  a l o n g  
w i t h  t h e  b u f f e r  t o  a v o i d  i n a c t i v a t i o n  o f  t h e  e n z y m e  
b y  t h e  p h e n o l i c  c o n s t i t u e n t s  o f  t h e  b e r  f r u i t .  T h e  
e x t r a c t s  w e r e  c e n t r i f u g e d  a t  1 0 , 0 0 0  r p m  f o r  1 0  m i n  
i n  a  r e f r i g e r a t e d  c e n t r i f u g e  a t  0 ° C ,  a n d  a n a l y z e d  
i m m e d i a t e l y .

P e c tin  m e th y l  e s t e r a s e  a s s a y  : M e t h o d  o f  D i n g l e  
e t  a l  ( 1 9 5 3 )  w a s  f o l l o w e d  b y  m e a s u r i n g  t h e  i n c r e a s e  
i n  a c i d i t y  a f t e r  h y d r o l y s i s  o f  p e c t i n  b y  t h e  e n z y m e  
p r e p a r a t i o n .  T h e  P M E  a c t i v i t y  w a s  c a l c u l a t e d  a s  
m i l l i - e q u i v a l e n t  o f  m e t h o x y l  g r o u p s ,  l i b e r a t e d / h / m g  
p r o t e i n  b y  1 m l  o f  t h e  e n z y m e  p r e p a r a t i o n  u n d e r  
t h e  s p e c i f i e d  c o n d i t i o n s  o f  t h e  a s s a y .  T h e  m e t h o d  
o f  L o w r y  e t  a l  ( 1 9 5 1 )  w a s  f o l l o w e d  f o r  e s t i m a t i o n  
o f  t o t a l  s o l u b l e  p r o t e i n s ,  u s i n g  b o v i n e  s e r u m  
a l b u m i n  a s  s t a n d a r d .
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Fig. 1. P ec tin  m e th y l e s te r a s e  o f her d u r in g  co ld  s to ra g e
-------  : p a p e r  b a g s , ..........—  p o ly th e n e  b a g s , A : 1 98 9 ,
• ;  1 99 0 . E :E th e p h o n , S: S u c c in ic  a c id , 2 ,2 -d im e th y l 
h y d ro z id e , T: 2 ,3 ,5 -T riio d o b e n z o ic  a c id , M: M o rp h a c tin , 
C O N T : c o n tro l.

P M E  a c t i v i t y  u p t o  2 0  d a y s  o f  c o l d  s t o r a g e  w a s  
f o u n d  t o  b e  s l i g h t l y  r e d u c e d .  O n  n e x t  s a m p l i n g  ( 3 0  
d a y s ) ,  t h e  e n z y m e  a c t i v i t y  s h o w e d  s i g n i f i c a n t  
i n c r e a s e .  T h e  r a t e  o f  i n c r e a s e  o f  P M E  a c t i v i t y  w a s  
f u r t h e r  m a i n t a i n e d  a f t e r  4 0  d a y s  o f  c o l d  s t o r a g e  
i n  b o t h  p a p e r  a n d  p o l y t h e n e  p a c k i n g s  ( F ig .  1 ). 
I n c r e a s e s  i n  e n z y m e  a c t i v i t i e s  i n  b e r  f r u i t s  d u r i n g  
s t o r a g e  a t  1 0 ° C  h  h a v e  a l s o  b e e n  r e p o r t e d  b y  
P a n w a r  ( 1 9 8 1 ) .  S i m i l a r  t r e n d  i n  t h e  a c t i v i t y  o f  P M E  
w a s  a l s o  n o t i c e d  i n  ’P a t h a m a k h ’ p e a r  (P y ru s  p yr ifo lia ) 
f r u i t s  ( R a n d h a w a  e t  a l .  1 9 8 7 ) .  T I B A  a n d  S A D H  
t r e a t m e n t s  r e s u l t e d  i n  s i g n i f i c a n t l y  m o r e  a c t i v i t i e s

o f  P M E  t h a n  t h o s e  w i t h  m o r p h a c t i n  a n d  e t h e p h o n  
t r e a t m e n t s  i n  b o t h  t h e  p a c k i n g s .  T h e  h i g h e s t  
a c t i v i t y  w a s  r e c o r d e d  w i t h  2 5 ,  5 0  p p m  T I B A  a n d  
2 0 0 0  p p m  S A D H  a f t e r  4 0  d a y s  o f  c o l d  s t o r a g e .  T h e  
e n z y m e  a c t i v i t y  w a s  t h e  l o w e s t  i n  t h e  f r u i t s ,  
s p r a y e d  w i t h  1 0 - 2 5  p p m  m o r p h a c t i n ,  a n d  3 0 0 - 4 0 0  
p p m  e t h e p h o n  i n  p a p e r  b a g s .  L i k e w i s e ,  m o r p h a c t i n  
t r e a t m e n t s  a n d  e t h e p h o n  ( 4 0 0 - 5 0 0  p p m )  p r o v e d  
s i g n i f i c a n t l y  e f f e c t i v e  i n  l o w e r i n g  t h e  P M E  a c t i v i t i e s  
o f  f r u i t s  i n  p o l y t h e n e  b a g s .  I n  g e n e r a l ,  t h e  e n z y m e  
a c t i v i t i e s  w e r e  s i g n i f i c a n t l y  h i g h e r  i n  t h e  f r u i t s  
s t o r e d  i n  p o l y t h e n e  b a g s  t h a n  t h o s e  i n  t h e  p a p e r  
b a g s .  S u c h  c h a n g e s  i n  P M E  a c t i v i t i e s  i n  f r u i t s  
s t o r e d  i n  p a p e r  b a g s  l e a d  t o  r e d u c e d  d e g r a d a t i v e  
m e t a b o l i s m ,  a n d  i s  t h u s  h e l p f u l  i n  e x t e n d i n g  t h e  
s h e l f - l i f e  o f  f r u i t s .

I t  h a s  b e e n  o b s e r v e d  t h a t  %  s p o i l a g e  i n c r e a s e d  
w i t h  i n c r e a s e  i n  P M E .  T h e r e  w a s  l i t t l e  o r  n o  
s p o i l a g e  o f  b e r  f r u i t s  u p t o  2 0  d a y s  o f  s t o r a g e  i n  
b o t h  p a p e r  a n d  p o l y t h e n e  b a g s  u n d e r  a l l  t h e  
t r e a t m e n t s .  T h e  c o n d i t i o n  o f  f r u i t s  u p t o  3 0  d a y s  
o f  c o l d  s t o r a g e  w a s  g o o d ,  b u t  d e t e r i o r a t i o n  t o o k  
p l a c e ,  t h e r e a f t e r ,  i n  b o t h  t h e  p a c k i n g s  i n  m o s t  o f  
t h e  t r e a t m e n t s  ( T a b l e  1 ) . C o n t i n u o u s  b i o c h e m i c a l  
c h a n g e s  i n  f r u i t s  a f t e r  h a r v e s t  l e a d  t o  f r u i t  s o f t e n i n g  
a n d  s p o i l a g e ,  a n d  h e n c e  d e t e r i o r a t i o n  i n  f r u i t  
q u a l i t y .  F r u i t  s o f t e n i n g  i n v o l v e s  t h e  h y d r o l y s i s  o f  
c e l l u l o s e  a n d  p e c t i n  i n  t h e  c e l l  w a l l  ( S i n g h  e t  a l .  
1 9 7 9 )  b y  p e c t i n a s e  ( M a s o n  e t  a l .  1 9 7 5 ) ,  a n d  
c e l l u l a s e  ( A b e l e s  1 9 6 3 ) .  E t h e p h o n  t r e a t m e n t s  
m a r k e d l y  r e d u c e d  t h e  s p o i l a g e  d u r i n g  s t o r a g e  i n

TABLE 1. E F F E C T  O F  PR E -H A R V E ST  SPRAY O F  GROW TH R EGULATORS ON SPO ILA G E O F  BER FR U IT S IN C O L D  ST O R A G E  
_________________________________________________ S p o ilag e , % ____________________________________________________G ro w th

re g u la 
to rs

C o n c e n 
t ra t io n ,
(ppm )

D a y s  a f te r  s to ra g e in  198 9 s e a s o n D a y s  a f te r  s to ra g e  in 1 9 9 0 s e a s o n
P a p e r  b a g s P o ly th e n e  b a g s P a p e r  b a g s P o ly th e n e  b a g s

2 0 3 0 4 0 2 0 3 0 4 0 2 0 3 0 4 0 2 0 3 0 4 0
E th e p h o n 3 0 0 - 2 .2 5 .3 - 1.2 16.3 - 1.8 4 .5 - - 2 3 .1

4 0 0 - 2 .3 6 .5 - 3 .0 1 8 .3 - 1.9 7.1 1.2 3 .8 1 8 .2
5 0 0 - 2 .9 6 .4 - 2 .8 2 2 .3 - 3 .3 5.1 - 2 .8 1 6 .7

SADH 100 0 - 3 .8 12 .7 - 3 .3 2 2 .6 1.5 5 .6 2 0 .7 1.8 3 .7 2 5 .1
2 0 0 0 - 4 .3 17.2 - 5 .2 2 7 .3 1.5 5 .5 2 1 .3 1.8 6 .6 2 8 .3
3 0 0 0 2.1 5 .6 1 5 .7 - 6 .2 3 2 .9 1.8 6 .3 2 3 .1 1.8 7 .4 3 1 .6

M o rp h a c tin 10 - 2 .1 8 .7 - 3 .8 2 1 .1 - 1.6 9 .1 - 4 .3 2 6 .3
2 5 - 1.9 9 .4 - 4 .3 2 8 .2 - - 9 .9 - 5 .7 3 5 .4
5 0 - 2 .3 9 .3 - 6 .1 3 0 .7 - 1.2 8 .3 - 6 .5 1 8 .2

TIBA 10 - 1.7 8 .2 - 5 .2 3 6 .8 - 2 .3 7 .7 - 4 .1 4 9 .2
2 5 - 2 .2 1 1 .8 - 4 .3 3 0 .3 - 2 .3 1 6 .7 - 3 .4 3 8 .5
5 0 - 2 .4 14 .3 - 6 .4 2 8 .6 1.8 3 .3 1 7 .8 - 7 .7 3 9 .5

C o n tro l 3 .9 11 .9 - 8 .2 2 9 .7 - 4 .5 1 2 .8 - 9 .2 3 6 .5
-  : N egative
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b o t h  t h e  p a c k i n g s .  T I B A  t r e a t m e n t s ,  w h i c h  r e s u l t e d  
i n  h i g h e r  s p o i l a g e  r a t e ,  a l s o  s h o w e d  i n c r e a s e d  P M E  
a c t i v i t y .

T h u s ,  i t  m a y  b e  c o n c l u d e d  t h a t  t h e  s h e l f - l i f e  
o f  p r e - h a r v e s t  g r o w t h  r e g u l a t o r - s p r a y e d  f r u i t s  i n  
t h e  c o l d  s t o r a g e  c a n  b e  e x t e n d e d  u p t o  3 0  d a y s  i n  
p a p e r  a n d  p o l y t h e n e  b a g s .  H o w e v e r ,  t h e  s h e l f - l i f e  
c a n  b e  e n h a n c e d  u p t o  4 0  d a y s  e f f e c t i v e l y  b y  
s p r a y i n g  e t h e p h o n  4 0 0 - 5 0 0  p p m  a t  c o l o u r - b r e a k  
s t a g e  a n d  s t o r i n g  t h e  f r u i t s  i n  p a p e r  b a g s .
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a n d  fa t a b s o rp t io n  c a p a c it ie s  o f  ra p e s e e d  m e a l w e re  2 .2 2 0  g / g  m e a l a n d  1 .5  g / g  m e a l, re sp e c tiv e ly , w h ile  th e  iso e le c tr ic  
p o in ts  o f  b o th  th e  p ro te in  is o la te s  (RPI-1 a n d  R PI-2) w e re  in  a c id ic  r a n g e  (pH 5 -6 ). S o lu b ili ty  o f  R P 1-1 w a s  m o re  t h a n  
th a t  o f R PI-2 , w h ile  s u lp h a te  a n d  n i t r a te  io n s  re d u c e d  th e  p ro te in  so lu b ility . F o a m in g  a n d  e m u ls ify in g  p ro p e r t ie s  o f  
RPI-1 w e re  b e t t e r  t h a n  th o s e  o f  R PI-2.
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P u r e  l i n e  s e e d s  o f  r a p e s e e d  (B ra s s ic a  c a m p e s tr is  
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w a s  p r e p a r e d  b y  t r e a t i n g  r a p e s e e d s  w i t h  h e x a n e  
f o r  6  t i m e s ,  e v e i y  t i m e  c h a n g i n g  t h e  s o l v e n t ,  a n d  
f i n a l l y  e v a p o r a t i n g  t h e  s o l v e n t  a t  r o o m  t e m p e r a t u r e .  
T h e  m e a l  w a s  f i n e l y  p o w d e r e d ,  a n d  p a s s e d  t h r o u g h  
a  8 0  m e s h  s i e v e .  E x t r a c t i o n  o f  p r o t e i n s  f r o m  
d e f a t t e d  s e e d  w a s  c a r r i e d  o u t  b y  s t i r r i n g  3 0  m l  
d i s t i l l e d  w a t e r  w i t h  5  g  m a t e r i a l  f o r  1 h ,  b e f o r e  
c e n t r i f u g a t i o n  a t  7 0 0 0  r p m  f o r  1 5  m i n  a t  4 ° C .  
S u p e r n a t a n t s  o f  s u c h  t h r e e  e x t r a c t i o n s  w e r e  p o o l e d ,  
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( p r o t e i n  i s o l a t e - 1 ). R e s i d u e  w a s  f u r t h e r  e x t r a c t e d  
t h r i c e  w i t h  8 %  N a C l  a s  a b o v e ,  a n d  t h e  p o o l e d  
s u p e r n a t a n t  w a s  p r e c i p i t a t e d  w i t h  5 0 %  s a t u r a t i o n  
o f  ( N H 4) S 0 4 ( p r o t e i n  i s o l a t e - 2 ) .  P r e c i p i t a t e d  p r o t e i n  
i s o l a t e s  1 a n d  2  w e r e  d i s s o l v e d  i n  w a t e r  a n d  N a C l ,
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r e s p e c t i v e l y ,  a n d  d i a l y z e d  a g a i n s t  d i s t i l l e d  w a t e r  a t  
4 ° C  f o r  4 8  h .

W a t e r  a n d  f a t  a b s o r p t i o n  c a p a c i t i e s  w e r e  
d e t e r m i n e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  e m p l o y e d  b y  
S o s u l s k i  ( 1 9 6 2 )  a n d  S o s u l s k i  e t  a l  ( 1 9 7 6 ) ,  
r e s p e c t i v e l y .  I s o e l e c t r i c  p o i n t 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  f l o c c u l a t i o n ,  a n d  n i t r o g e n  s o l u b i l i t y  
m e t h o d s  ( D u a  e t  a l .  1 9 9 3 ) .  E f f e c t  o f  p H  o n  t h e  
p r o t e i n  s o l u b i l i t y  w a s  s t u d i e d  b y  k e e p i n g  t h e  
p r o t e i n  s o l u t i o n  a t  t h e s e  s p e c i f i c  c o n d i t i o n s  f o r  3 0  
m i n .  E f f e c t  o f  v a r i o u s  s a l t s  o n  p r o t e i n  s o l u b i l i t y  w a s  
e v a l u a t e d ,  u s i n g  d i f f e r e n t  c o n c e n t r a t i o n s  o f  s a l t s  
( 0 . 1 - 1 . 0 M ) .  T h e  p r o t e i n  c o n t e n t  o f  t h e  s u p e r n a t a n t  
w a s  e s t i m a t e d  b y  t h e  m e t h o d  o f  L o w r y  e t  a l  ( 1 9 5 1 ) .  
F o a m  c a p a c i t y  (F C )  w a s  m e a s u r e d  b y  t h e  m e t h o d *  
o f  L a w h o n  e t  a l  ( 1 9 7 2 ) ,  w h i l e  f o a m  s t a b i l i t y  ( F S )  
w a s  s t u d i e d  b y  t h e  m e t h o d  o f  A h m e d  a n d  S c h m i d t
( 1 9 7 9 ) .  E m u l s i f y i n g  a c t i v i t y  (E A )  a n d  e m u l s i o n  
s t a b i l i t y  ( E S )  w e r e  e s t i m a t e d  b y  t h e  p r o c e d u r e s  
g i v e n  b y  Y a s u m a t s u  e t  a l  ( 1 9 7 2 ) .

W a t e r  a b s o r p t i o n  c a p a c i t y  (W A C )  o f  r a p e s e e d  
m e a l  w a s  2 . 2 2 0  g / g  m e a l ,  w h e r e a s  f a t  a b s o r p t i o n  
c a p a c i t y  (F A C )  w a s  1 . 5  g / g  m e a l .  R a p e s e e d  m e a l

Fig. 1. E ffec t o f  pH  o n  th e  s o lu b ili ty  o f  R PI-1 (—O —O - )  a n d  
R PI-2
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Fig. 2 . E ffect o f  pH  (a) a n d  N aC l (b) o n  %  fo a m in g  c a p a c ity . 
R P I-1 : (—0 - 0 - ) ,  R P I-2  : (—O - O - )  a n d  R a p e s e e d  
m e a l : (—▲ —A -)

s h o w e d  b e t t e r  F A C  t h a n  B . n a p u s  ( 1 . 3  g / g  m e a l ) ,  
a n d  e q u a l  t o  s o y b e a n  m e a l  ( 1 . 5 1  g / g  m e a l ) ,  D e v  
a n d  M u k h e r j e e  1 9 8 6 ) ,  t h e r e b y  s u g g e s t i n g  t h a t  
r a p e s e e d  m e a l  p r o t e i n s  a r e  m o r e  l i p o p h i l i c  t h a n  B. 
n a p u s.

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

c u r v e  w i t h  E A  m i n i m u m  a t  t h e i r  i s o e l e c t r i c  p o i n t s  
( F ig .  3 ) .

T h e  h i g h  s o l u b i l i t i e s  a t  e x t r e m e  p H  v a l u e s  
s u g g e s t  t h a t  e l e c t r o s t a t i c  r e p u l s i v e  i n t e r a c t i o n s  
b e t w e e n  m o l e c u l e s  a r e  g r e a t e r  t h a n  h y d r o p h o b i c  
i n t e r a c t i o n s  o n  t h e  m o l e c u l e s  ( S h e n  1 9 7 6 ) ,  a n d  
h e n c e  t h e  p r o t e i n  r e m a i n s  i n  t h e  s o l u t i o n .  T h e  
p r o p o r t i o n  o f  p r o t e i n  s o l u b i l i z e d  i s  d i r e c t l y  r e l a t e d  
t o  f o a m  c a p a c i t y  a n d  e m u l s i f y i n g  a c t i v i t y  ( S h e n
1 9 7 5 ) .  P r e v i o u s  r e p o r t s  h a v e  a l s o  i n d i c a t e d  t h a t  E A  
o f  p r o t e i n  p r o d u c t s  f r o m  r a p e s e e d  a n d  o t h e r  s o u r c e s  
c o m p a r e d  w e l l  w i t h  t h e  a m o u n t  o f  p r o t e i n  s o l u b i l i z e d  
( Y a s u m a t s u  e t  a l .  1 9 7 2 ;  V o l k e r t  a n d  K l e i n  1 9 7 9 ) .  
E S  v a l u e s  o f  r a p e s e e d  i s o l a t e s ,  h o w e v e r ,  w e r e

Fig. 3 . E ffec t o f  p H  (a) a n d  N aC l (b) o n  %  e m u ls ify in g  ac tiv ity .
R PI-I ; (—o —0 - ) ,  R P I-2  : (—0 —0 - )  a n d  R a p e se e d
m e a l : (—A —A —)



EM
UL

SI
ON

 
ST

AB
IL

IT
Y 

(%
)

164

NaCl COCENTRATION ( M)
Fig. 4. E ffect o f  pH  (a) a n d  N aC l (b) o n  %  e m u ls io n  s ta b ili ty . 

RPI-1 : (—<O —O -), R PI-2  : (—O—O —) a n d  R a p c se e d  
m e a l : (—A —A -)

m a x i m u m  a t  I s o e l e c t r i c  p o i n t s  ( F ig .  4 ) .  S i n c e  E S  
i n v o l v e s  h e a t i n g  o f  p r o t e i n  i s o l a t e s ,  t h e r e  i s  
d i s s o c i a t i o n  o f  s o m e  p r o t e i n s ,  a n d  s u b - u n i t s  s o  
f o r m e d ,  c a n  f o r m  h y d r o p h o b i c  g r o u p s ,  w h i c h  i n t e r a c t  
w i t h  t h e  l i p i d  p h a s e .

A m o n g  d i f f e r e n t  s a l t s ,  n i t r a t e  a n d  s u l p h a t e  
i o n s  d e c r e a s e d  t h e  s o l u b i l i t i e s  i n  b o t h  t h e  i s o l a t e s  
(F ig .  5 ) ,  d u e  t o  t h e  s a l t i n g - o u t  e f f e c t  o f  t h e s e  i o n s .  
I n  t h e  p r e s e n c e  o f  c i t r a t e ,  i o d i d e  a n d  c h l o r i d e  i o n s ,  
s o l u b i l i t y  o f  R P I - 1  r e m a i n s  a l m o s t  s a m e ,  w h e r e a s  
s o l u b i l i t y  o f  R P I - 2  i n c r e a s e d  l i n e a r l y  w i t h  i n c r e a s i n g  
c o n c e n t r a t i o n s  o f  t h e s e  i o n s ,  d u e  t o  t h e  s a l t i n g -  
i n  e f f e c t  ( F ig .  5 ) .  S a l t  a l s o  a f f e c t s  f o a m i n g  p r o p e r t i e s

CONCENTRATION OF SALTS (M)
Fig. 5 . E ffec t o f  d if fe re n t s a l t s  :{ a m m o n iu m  s u lp h a t e  : —A —A — 

a m m o n iu m  n i t r a te  : s o d iu m  c i t r a te  : 0 —0 —
s o d iu m  c h lo r id e  : —O —O -  a n d  p o ta s s iu m  io d id e  : -A —A— 
o n  s o lu b ili ty  o f  (a) R PI-1 a n d  (b) R P I-2 .

a n d  e m u l s i f y i n g  p r o p e r t i e s  b y  e n h a n c i n g  s o l u b i l i t y  
a t  l o w e r  c o n c e n t r a t i o n s .  A t  h i g h e r  c o n c e n t r a t i o n s  
s a l t i n g - o u t  m a y  o c c u r ,  t h u s  r e d u c i n g  f o a m i n g  a n c  
e m u l s i f i c a t i o n  ( F i g s .  2 ,  3  a n d  4 ) .

A t  p r e s e n t ,  ' t o r i a '  p r o t e i n  i s o l a t e s  a r e  n o t  b e i n g  
u t i l i z e d  i n  I n d i a  i n  f o o d  s y s t e m s .  T h e  p r e s e n  
s t u d i e s  i n d i c a t e  t h a t  f u n c t i o n a l  p r o p e r t i e s  o f  t h e s e  
p r o t e i n  i s o l a t e s  a r e  b e t t e r  t h a n  t h o s e  o f  r a p e s e e c  
m e a l  a n d  s o m e  o f  t h e  s o y b e a n  p r o d u c t s .  T h e r e f o r e  
t h e s e  c a n  b e  u s e d  i n  f o o d  s y s t e m s .

T h e  f i r s t  a u t h o r  i s  t h a n k f u l  t o  C S I R ,  N e w  D e l h
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f o r  f i n a n c i a l  a s s i s t a n c e .
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Suitability of Reverse Osmosis Concentrated Milk for the
Manufacture of Paneer

S U R I N D E R  G U P T A  A N D  D I I A R A M  P A L *
D a i r y  T e c h n o l o g y  D i v i s i o n ,

N a t i o n a l  D a i r y  R e s e a r c h  I n s t i t u t e ,  K a m a l - 1 3 2  0 0 1 ,  I n d i a

S u ita b il i ty  o f  re v e rs e  o s m o s is  c o n c e n tra te d  m ilk  fo r th e  m a n u f a c tu re  o f  paneer w a s  e x a m in e d . B uffa lo  m ilk  w a s  
c o n c e n tra te d ,  e m p lo y in g  re v e rs e  o s m o s is  to  a b o u t  1.5 (25%  TS) a n d  2 .0  (33%  T S j-fo lds. R ev e rse  o s m o s is  c o n c e n tr a te s  
a s  s u c h  a n d  a f te r  d i lu t io n  to  th e  c o m p o s itio n  o f  n o rm a l b u ffa lo  m ilk  (6% fa t a n d  9 .5 %  TS) w e re  u s e d  fo r th e  m a n u f a c tu re  
o f  paneer. P ro d u c t  fro m  re v e rse  o s m o s is  p ro c e s s e d  m ilk  re ta in e d  h ig h e r  m o is tu re  in  c o m p a r is o n  w ith  c o n tro l  paneer 
a n d  h e n c e , th e  y ie ld  w a s  a b o u t  2 to  3%  h ig h e r . T h e  reco v e ry  o f  m ilk  so lid s  in  re v e rse  o s m o s is  paneer w a s  a lw a y s  
m o re  th a n  68% , w h e re a s  in  c o n tro l  paneer, i t  w a s  6 6 .9 % . D e sp ite  d is t in c t  v a r ia t io n s  in  th e  te x tu re  p ro file  o f  re v e rse  
o s m o s is  paneer v is -a -v is  c o n tro l  paneer, th e  s e n s o ry  s c o re s  o f  th e  tw o ty p e s  o f  p r o d u c ts  d id  n o t  d iffe r s ig n ifican tly .
K e y w o rd s  : R ev e rse  o s m o s is  c o n c e n tra te ,  B uffa lo  m ilk , Paneer, W hey , R h eo lo g ica l p ro p e rtie s .

I n  t h e  l a s t  t w o  d e c a d e s ,  s e v e r a l  r e v e r s e  o s m o s i s  
(R O ) p l a n t s  h a v e  b e e n  i n s t a l l e d  i n  t h e  d a i r y -  
i n d u s t r y  t h e  w o r l d  o v e r ,  m a i n l y  f o r  t h e  c o n c e n t r a t i o n  
o f  m i l k  a n d  w h e y  ( A b b o t  e t  a l .  1 9 7 9 ;  C h e i y a n  e t  
a l .  1 9 9 0 ) .  R O  r e q u i r e s  l e a s t  e n e r g y  p e r  u n i t  o f  w a t e r  
r e m o v e d ,  a s  c o m p a r e d  w i t h  o t h e r  d e w a t e r i n g  
p r o c e s s e s  ( C h e r y a n  e t  a l .  1 9 8 7 ) .  I t  a v o i d s  t h e  u s e  
o f  h i g h  t e m p e r a t u r e  o r  c h a n g e s  o f  p h a s e  i n  t h e  
s o l v e n t ,  t h e r e b y  m i n i m i z i n g  f l a v o u r  c h a n g e s  a n d  
d a m a g e  t o  t h e  m i l k  c o n s t i t u e n t s  ( C h e i y a n  e t  a l .
1 9 9 0 ) .  T h e  o r g a n o l e p t i c  q u a l i t y  o f  R O  c o n c e n t r a t e d  
m i l k  a s  s u c h ,  a n d  o n  d i l u t i o n  h a s  b e e n  f o u n d  t o  
b e  c o m p a r a b l e  t o  t h a t  o f  n o r m a l  m i l k  ( G u p t a  a n d  
P a l  1 9 9 3 ) .  S i n c e  m i l k  i s  r e c y c l e d  u n d e r  a  v e r y  h i g h  
p r e s s u r e  i n  R O  s y s t e m ,  s o m e  o f  t h e  e a r l i e r  w o r k e r s  
( B a r b a n o  e t  a l .  1 9 8 3 ;  G u p t a  a n d  P a l  1 9 9 3 )  n o t i c e d  
d a m a g e  t o  t h e  f a t  g l o b u l e s .  H e n c e ,  i t  b e c o m e s  
i m p e r a t i v e  t o  a s s e s s  t h e  s u i t a b i l i t y  o f  R O  
c o n c e n t r a t e d  m i l k  f o r  t h e  m a n u f a c t u r e  o f  d a i r y  
p r o d u c t s .  I t s  e f f e c t  o n  t h e  q u a l i t y  o f  m i l k  p o w d e r  
( D i x o n  1 9 8 5 ) ,  c h e d d a r  c h e e s e  ( B y n u m  a n d  B a r b a n o
1 9 8 5 ) ,  k h o a  ( P a l  a n d  C h e i y a n  1 9 8 7 )  a n d  d a h i  
( K u m a r  a n d  P a l  1 9 9 3 b )  h a v e  b e e n  a l r e a d y  r e p o r t e d .  
P r o d u c t i o n  a n d  s h e l f - l i f e  o f  p a n e e r  a s  a f f e c t e d  b y  
v a r i o u s  f a c t o r s  h a v e  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  ( B h a t t a c h a i y a  e t  a l .  1 9 7 1 ;  K u l s h r e s t a  e t  
a l .  1 9 8 7 ;  H a r i d a s  a n d  N a r a y a n a n  1 9 7 6 ) .  T h i s  
c o m m u n i c a t i o n  d e s c r i b e s  t h e  s u i t a b i l i t y  o f  R O -  
p r o c e s s e d  m i l k  f o r  t h e  m a n u f a c t u r e  o f  p a n e e r ,  a  
p o p u l a r  c o a g u l a t e d  I n d i a n  d a i l y  p r o d u c t .

R e v e r s e  o s m o s is  a n d  p a n e e r  m a n u fa c tu re  : 
B u f f a l o  r a w  m i l k ,  o b t a i n e d  f r o m  E x p e r i m e n t a l  D a i r y  
o f  t h e  I n s t i t u t e ,  w a s  s t a n d a r d i z e d  t o  6 %  f a t .  I t  w a s  
f i l t e r e d  t h r o u g h  a  m u s l i n  c l o t h ,  a n d  t h e n  h e a t e d  
t o  a b o u t  6 0 ° C ,  w i t h o u t  h o l d i n g ,  f o r  i n a c t i v a t i o n  o f
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l i p a s e .  A f t e r  c o o l i n g  t o  5 0 ° C ,  t h e  m i l k  w a s  
c o n c e n t r a t e d  t o  a b o u t  1 . 5  ( 2 5 %  T S )  a n d  2 . 0  
( 3 3 % T S ) - f o l d s ,  e m p l o y i n g  r e v e r s e  o s m o s i s .  A  p o r t i o n  
o f  s t a n d a r d i z e d  m i l k  w a s  u s e d  a s  s u c h  f o r  m a k i n g  
c o n t r o l  p a n e e r .  A  t u b u l a r  t y p e ,  p i l o t  s c a l e  R O  p l a n t  
( P C I  L t d . ,  H a m p s h i r e ,  E n g l a n d ) ,  h a v i n g  c o m p o s i t e  
m e m b r a n e  ( A F C  9 9 ) ,  w i t h  a n  a r e a  o f  0 . 9  m 2 w a s  
u s e d  f o r  c o n c e n t r a t i o n  o f  m i l k  ( K u m a r  a n d  P a l  
1 9 9 3 a ) .  D u r i n g  c o n c e n t r a t i o n ,  t h e  t e m p e r a t u r e  a n d  
p r e s s u r e  o f  m i l k  w e r e  c o n t r o l l e d  a t  5 0 ° C  a n d  3 0  
b a r ,  r e s p e c t i v e l y .  R e v e r s e  o s m o s i s  c o n c e n t r a t e s  
( R O C )  w e r e  u s e d  a s  s u c h  ( 1 . 5  a n d  2 . 0 - f o l d s )  a n d  
a f t e r  d i l u t i o n  t o  t h e  c o m p o s i t i o n  o f  i n i t i a l  m i l k  ( 6 %  
f a t )  f o r  t h e  m a n u f a c t u r e  o f  p a n e 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 a c h d e v a  a n d  S i n g h  ( 1 9 8 8 )  w a s  
a d o p t e d  w i t h  s l i g h t  m o d i f i c a t i o n .  A  0 . 5 %  c i t r i c  a c i d  
s o l u t i o n  w a s  u s e d  f o r  c o a g u l a t i o n  o f  R O C  ( u n d i l u t e d ) ,  
i n  p l a c e  o f  r e c o m m e n d e d  1 %  s t r e n g t h .  H o w e v e r ,  f o r  
c o n t r o l  a n d  d i l u t e d  R O C ,  t h e r e  w a s  n o  c h a n g e  i n  
t h e  s t r e n g t h  o f  c o a g u l a n t .  F o r  e a c h  b a t c h  o f  p a n e e r ,  
2  k g  e a c h  o f  n o r m a l  b u f f a l o  m i l k ,  d i l u t e d  R O C  a n d  
1 k g  o f  u n d i l u t e d  R O C  w e r e  u s e d .

C h e m ic a l a n d  s e n s o r y  a n a ly s i s  o f  p a n e e r  a n d  
w h e y  : T h e  t o t a l  s o l i d s  (T S ) i n  p a n e e r  a n d  w h e y  
w e r e  d e t e r m i n e d  g r a v i m e t r i c a l l y  ( M I F  1 9 5 9 ) .  
S t a n d a r d  G e r b e r  m e t h o d  w a s  e m p l o y e d  f o r  t h e  
d e t e r m i n a t i o n  o f  f a t  i n  p a n e e r  ( B I S  1 9 7 9 )  a n d  w h e y  
( B I S  1 9 7 7 ) .  P a n e e r  s a m p l e s  w e r e  e v a l u a t e d  f o r  
f l a v o u r ,  b o d y ,  t e x t u r e ,  c o l o u r ,  a p p e a r a n c e ,  a n d  
o v e r a l l  a c c e p t a b i l i t y  b y  a  p a n e l  o f  s i x  j u d g e s ,  
s e l e c t e d  f r o m  t h e  f a c u l t y  o f  D a i r y  T e c h n o l o g y  
D i v i s i o n .  A  9 - p o i n t  H e d o n i c  s c a l e ,  a s  d e s c r i b e d  b y  
A m e r i n e  e t  a l  ( 1 9 6 5 ) ,  w a s  u s e d  b y  t h e  p a n e l i s t s .  
A  U n i v e r s a l  T e s t i n g  M a c h i n e  ( M o d e l  4 3 0 1 ,  I n s t r o n  
L t d . ,  B u c k i n g h a m s h i r e ,  U .K . ) ,  a t t a c h e d  w i t h  a  s t r i p  
c h a r t  r e c o r d e r  a n d  p r i n t e r ,  w a s  e m p l o y e d  f o r  
m e a s u r i n g  t h e  t e x t u r e  p r o f i l e  o f  p a n e e r  s a m p l e s ,

1 6 6



167
a s  p e r  t h e  m e t h o d  o f  B o u r n e  ( 1 9 7 8 ) .  A  l o a d  c e l l  
o f  1 0  N e u t o n s  w a s  a p p l i e d .  C y l i n d r i c a l  s a m p l e s  o f  
p a n e e r  o f  u n i f o r m  s i z e  ( 1 . 5 4  c m  h e i g h t  a n d  1 . 5 4  
c m  d i a m )  w e r e  c o m p r e s s e d  t o  2 0 %  o f  t h e i r  o r i g i n a l  
h e i g h t ,  u s i n g  a  c r o s s h e a d  s p e e d  o f  5  c m / m i n ,  a n d  
c h a r t  s p e e d  o f  1 0  c m / m i n .  A  c o n s t a n t  t e m p e r a t u r e  
o f  2 5 ° C  w a s  m a i n t a i n e d  d u r i n g  a l l  m e a s u r e m e n t s .

C h em ica l c o m p o s itio n  o f  p a n e e r  a n d  w h e y :  T h e  
m o i s t u r e  c o n t e n t  o f  c o n t r o l  p a n e e r  w a s  4 8 . 1 3 % ,  
w h i c h  i n c r e a s e d  t o  5 1 . 7 2  a n d  5 0 . 5 4 %  w i t h  t h e  u s e  
o f  1 . 5  a n d  2 . 0 - f o l d s  R O  c o n c e n t r a t e d  m i l k ,  
r e s p e c t i v e l y  ( T a b l e  1 ) . D i l u t i o n  o f  R O  c o n c e n t r a t e s  
t o  t h e  c o m p o s i t i o n  o f  n o r m a l  b u f f a l o  m i l k  a n d  
m a k i n g  o f  p a n e e r  t h e r e f r o m ,  f u r t h e r  i n c r e a s e d  t h e  
m o i s t u r e  c o n t e n t  t o  a b o u t  5 3 % .  T h e  h o m o g e n i z a t i o n 
l i k e  e f f e c t  o f  t h e  R O  p r o c e s s  ( G u p t a  a n d  P a l  1 9 9 3 )  
c o u l d  b 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  m o i s t u r e  
r e t e n t i o n  c a p a c i t y  o f  p a n e e r .  E a r l i e r  w o r k e r s  ( S i n g h  
a n d  K a n a w j i a  1 9 9 1 )  h a v e  a l s o  o b s e r v e d  a  s i m i l a r  
e f f e c t  o n  h o m o g e n i z e d  m i l k ,  i n  c o m p a r i s o n  w i t h  t h e  
n o n - h o m o g e n i z e d  m i l k .  O n  t h e  b a s i s  o f  f a t  ( o n  d r y  
m a t t e r  b a s i s )  a n d  m o i s t u r e  c o n t e n t s ,  a l l  t y p e s  o f  
R O  p a n e e r  c o n f o r m e d  t o  t h e  P F A  r e q u i r e m e n t s .  T h e  
y i e l d  o f  p a n e e r  m a d e  f r o m  R O  p r o c e s s e d  m i l k  w a s

TABLE 1. E F F E C T  O F  RO P R O C E SSIN G  O F  B UFFALO MILK ON 
D IFFE R E N T  QUALITY A TTRIBUTES O F  PANEER

A ttr ib u te C o n tro l RO paneer m a d e  fro m

Paneer

paneer 1 .5  x R O C  2 .0  x  R O C  D ilu te d  D ilu ted
1.5  x  ROC 2 .0  x ROC

C h e m ic a l  c o m p o s i t i o n  a n d  y ie ld

M ois tu  re, % 4 8 .1 3 5 1 .7 2 5 0 .5 4 5 3 .2 0 5 3 .3 7
F a t % 2 6 .7 0 2 4 .6 0 2 5 .6 0 2 3 .9 0 2 4 .1 0
F a t o n  d ry  5 1 .5 6  
m a te r  b a s is ,%

5 1 .0 6 5 1 .9 6 5 1 .0 5 5 1 .7 1

Y ield,% 2 1 .3 0 2 3 .1 0 2 3 .4 0 2 4 .0 0 2 4 .2 0
R ecovery  o f 
so lid s ,% 

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

T o tal s o lid s ,% 5 .9 5 8 .8 4 8 .5 4 5 .6 9 5 .5 4
F at,% 0 .1 5  0 .0 5  0 .0 5  

R h e o lo g ic a l  p r o p e r t i e s
0 .0 3 0 .0 2

H a rd n e ss , N 1 .19 0 .9 0 0 .9 5 0 .8 2 0 .8 3
S p rin g in e ss ,
m m

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

C o h es iv e n ess 0 .9 7 0 .7 3 0 .7 3 0 .7 2 0 .7 1
G u m m in e ss , N 1 .15 0 .6 6 0 .6 9 0 .5 9 0 .5 9
C h ew in ess ,
m m N

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

S e n s o r y  q u a l i t y  ( s c o re  b a s e d  o n  9  p o i n t  H e d o n ic  s c a le )
F lav o u r 7 .6 4 7 .5 7 7 .5 6 7 .5 8 7 .6 1
B ody a n d 7 .5 3 7 .5 0 7 .4 7 7 .6 0 7 .4 8
te x tu re  

C o lo u r a n d 7 .5 0 7 .6 3 7 .6 4 7 .6 0 7 .5 8
a p p e a ra n c e

O verall 7 .5 4 7 .5 7 7 .5 0 7 .6 0 7 .5 2
ROC = R ev erse  o s m o s is  c o n c e n tra te s .  All th e v a lu e s  a r e  a v e ra g e

o f  3 tr ia ls .
In itia l  w e ig h t o f m ilk

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

R h eo lo g ica l p r o p e r t ie s  o f  p a n e e r  : C o n t r o l  p a n e e r  
w a s  f o u n d  t o  b e  h a r d e r  t h a n  R O  p a n e e r  ( T a b l e  1). 
H a r d n e s s  o f  p a n e e r  m a d e  f r o m  u n d i l u t e d  R O  
c o n c e n t r a t e s  w a s  h i g h e r  t h a n  t h a t  p r e p a r e d  f r o m  
d i l u t e d  R O  m i l k .  T h e  l e v e l s  o f  t o t a l  s o l i d s  i n  R O  
m i l k  a l s o  e f f e c t e d  t h e  h a r d n e s s  v a l u e s .  T h e  h i g h e r  
m o i s t u r e  c o n t e n t  i n  R O  p a n e e r  c o u l d  b e  m a i n l y  
r e s p o n s i b l e  f o r  d e c r e a s e d  h a r d n e s s .  E a r l i e r  w o r k e r s  
( P a l  a n d  G a r g  1 9 8 9 )  h a v e  a l s o  r e p o r t e d  s i m i l a r  
e f f e c t  o f  m o i s t u r e  l e v e l  o n  t h e  h a r d n e s s  o f  p a n e e r .  
T h e  s p r i n g i n e s s  v a l u e  o f  c o n t r o l  p a n e e r  w a s  m o r e  
t h a n  t h a t  o f  R O  p a n e e r ,  b u t  n o  d e f i n i t e  t r e n d  c o u l d  
b e  o b s e r v e d  a m o n g  t h e  d i f f e r e n t  t y p e s  o f  R O  
p a n e e r . R O  p a n e e r  w a s  d i s t i n c t l y  l e s s  c o h e s i v e  t h a n  
c o n t r o l  p a n e e r ,  t h e  a v e r a g e  v a l u e  i n  t h e  f o r m e r  
g r o u p  b e i n g  0 . 7 2 ,  w h i l e  i n  l a t t e r  c a s e ,  i t  w a s  0 . 9 7 .  
T h e s e  t r e n d s  c o u l d  a l s o  b e  c o r r o b o r a t e d  w i t h  t h e  
s e n s o i y  r e s u l t s ,  w h e r e i n  R O  p a n e e r s  w e r e  c r i t i c i s e d  
f o r  t h e i r  b r i t t l e  t e x t u r e .  S i n c e  g u m m i n e s s  a n d  
c h e w i n e s s  a r e  t h e  p r o d u c t s  o f  h a r d n e s s  x  
c o h e s i v e n e s s  a n d  h a r d n e s s  x  c o h e s i v e n e s s  x  
s p r i n g i n e s s ,  r e s p e c t i v e l y ,  t h e  v a l u e s  f o r  t h e s e  t w o  
r h e o l o g i c a l  p r o p e r t i e s  w e r e  a l s o  h i g h e r  f o r  t h e  
c o n t r o l  p a n e e r .

S e n s o r y  q u a lity  o f  p a n e e r  : T h e r e  w a s  n o  
s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  f l a v o u r ,  t e x t u r e ,  
a p p e a r a n c e  a n d  o v e r a l l  a c c e p t a b i l i t y  s c o r e s  o f  
c o n t r o l  p a n e e r  a n d  t h a t  o b t a i n e d  f r o m  e i t h e r  d i l u t e d
1 . 5 - f o l d  R O  m i l k  o r  1 . 5  u n d i l u t e d  R O C  ( T a b l e  1 ). 

T h e  u s e  o f  2 . 0 - f o l d  R O C ,  a f t e r  s l i g h t  m o d i f i c a t i o n  
i n  t h e  m a n u f a c t u r i n g  p r o c e s s ,  a l s o  p r o d u c e d  
a c c e p t a b l e  p r o d u c t s  a n d  t h e  s e n s o r y  s c o r e s  o f  s u c h  
p a n e e r s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f r o m  t h o s e  o f  
c o n t r o l  p a n e e r .  T h e  t e x t u r e  o f  R O  p a n e e r  w a s ,  
h o w e v e r ,  c r i t i c i s e d  t o  b e  s l i g h t l y  b r i t t l e .  T h e  s l i g h t  
d e v i a t i o n  i n  t e x t u r e  o f  R O  p a n e e r  f r o m  t h a t  o f  
n o r m a l  p a n e e r  c o u l d  m o s t  p r o b a b l y  b e  a s c r i b e d  t o  
h i g h e r  l a c t o s e  c o n t e n t  i n  R O  m i l k  a n d  
h o m o g e n i z a t i o n  e f f e c t  o f  t h e  p r o c e s s  ( B a r b a n o  e tx (c o n c e n tra tio n  facto r) = W eig h t o f  c o n c e n tra te



a l .  1 9 8 3 ;  G u p t a  1 9 9 1 ) .
I t  i s  c o n c l u d e d  t h a t  t h e  u s e  o f  R O  c o n c e n t r a t e d  

m i l k  f o r  p a n e e r  m a n u f a c t u r e  r e s u l t s  g i v e s  h i g h e r  
y i e l d ,  w i t h o u t  a f f e c t i n g  i t s  s e n s o r y  p r o p e r t i e s  a n d  
c o n s u m e r  a c c e p t a b i l i t y .
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Effect of Incorporation of Puffed Bengalgrsun. Flour on the
Quality of Bread

K . R A TH N A  AN D  S . N E ELA K A N T A N *
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  N u t r i t i o n ,

A g r i c u l t u r a l  C o l l e g e  a n d  R e s e a r c h  I n s t i t u t e ,  M a d u r a i  -  6 2 5  1 0 4 ,  I n d i a .

Puffed  Bengalgram f lo u r  w a s  s u b s t i tu te d  a t  5  to 2 5 %  lev els  in  b re a d  fo rm u la . A s th e  level o f  p u ffe d  B e n g d ig ra m  
flo u r  in c re a s e d , d o u g h  s ta b il i ty  a n d  m ix in g  to le ra n c e  in d e x  d e c re a s e d . S u b s t i tu t io n  b e y o n d  2 0 %  r e s u l te d  in  a  p ro g re s s iv e  
d e c re a s e  in  lo a f  v o lu m e  a n d  d e te r io ra t io n  in  c r u m b  g ra in  a s  w ell a s  te x tu re .  A d d itio n  o f  p o ta s s iu m  b r o m a te  w a s  fo u n d  
to  b e  a n  effectiv e im p ro v e r. P u ffed  Bengalgram H o u r -s u b s ti tu te d  b re a d  c o u ld  b e  s to re d  w ell u p to  4  d a y s  in  p o ly e th y le n e  
b a g s .
Keywords : H ig h  p ro te in  b re a d , Bengalgram in c o rp o ra tio n , R h eo lo g ica l p ro p e r t ie s ,  B a k in g  q u a li t ie s ,  B re a d  im p ro v e rs . 

S e n s o ry  a t t r ib u t e s ,  S to ra g e  s tu d ie s .

G r e a t e r  e m p h a s i s  h a s  b e e n  p l a c e d  o n  t h e  u s e  
o f  c o m p o s i t e  f l o u r s  i n  b a k e r y  p r o d u c t s ,  e s p e c i a l l y  
i n  b r e a d  m a k i n g  d u r i n g  t h e  l a s t  1 0 - 1 5  y e a r s  
( M c C o n n e l  e t  a l .  1 9 7 4 ) .  S o r g h u m  ( T r i p a t h i  a n d  D a t e  
1 9 7 5 ) ,  p r o s o  m i l l e t  ( L o r e n z  a n d  D i l s a v e r  1 9 8 0 ) ,  a n d  
p e a r l  m i l l e t  ( B a d i  e t  a l .  1 9 7 6 )  h a v e  b e e n  u s e d  t o  
p r e p a r e  c o m p o s i t e  f l o u r s .  N o w ,  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  g e n e r a t e d  i n  i m p r o v i n g  t h e  n u t r i t i o n a l  
v a l u e  o f  w h e a t  f l o u r  b y  a d d i n g  l e g u m e  f l o u r s  
( M c C o n n e l  e t  a l .  1 9 7 4 ) .  P u l s e  f l o u r  i s  a n  e x c e l l e n t  
s o u r c e  o f  p r o t e i n s  a n d  l y s i n e  a n d  c o n s e q u e n t l y ,  i t  
i m p r o v e s  t h e  b i o l o g i c a l  u t i l i z a t i o n  o f  w h e a t  p r o t e i n s  
( S a h n i  e t  a l .  1 9 7 5 ) .  I n c o r p o r a t i o n  o f  c o w p e a  ( M u s t a f a  
e t  a l .  1 9 8 6 ) ,  s o y a  b e a n  ( S a h n i  a n d  K r i s h n a m u r t h y  
1 9 7 5 ) ,  a n d  m u n g  b e e n  ( T h o m p s o n  1 9 7 7 )  f l o u r s  
h a v e  b e e n  e v a l u a t e d .  H o w e v e r ,  i n f o r m a t i o n  o n  
p o s s i b i l i t i e s  o f  u t i l i z i n g  p u f f e d  B e n g a lg r a m  f l o u r  
( P B G F )  i s  l a c k i n g .  P u f f e d  B e n g a lg r a m  i s  p o p u l a r  i n  
I n d i a ,  a s  r e a d y - t o - e a t  s n a c k ,  a n d  i s  e a s i l y  d i g e s t i b l e  
( G e e r w a n i  a n d  T h e o p h i l u s  1 9 7 9 ) .  H e n c e ,  t h i s  s t u d y  
w a s  u n d e r t a k e n  t o  s t a n d a r d i z e  t h e  a c c e p t a b l e  l e v e l  
o f  P B G F  i n  b r e a d  f o r m u l a ,  w i t h  r e s p e c t  t o  b a k i n g  
a n d  o r g a n o l e p t i c  q u a l i t i e s ,  w i t h  a  v i e w  t o  d e t e r m i n e  
t h e  s u p p l e m e n t a r y  v a l u e  o f  P B G F  i n  b r e a d .

M a id a  a n d  p u f f e d  B e n g a lg r a m  d h a l  w e r e  
p u r c h a s e d  f r o m  l o c a l  m a r k e t .  C o m m e r c i a l  b r e a d  
i m p r o v e r  i s  f r o m  H e l i o s  F o o d  A d d i t i v e s  P v t  L t d . ,  
B o m b a y .  T h e  i n g r e d i e n t s  m e n t i o n e d  o n  t h e  l a b e l  
w e r e  p r o t e i n s ,  y e a s t  f o o d ,  e m u l s i f i e r s  a n d  p e r m i t t e d  
e n z y m e s .  T h e  d h a l  w a s  c l e a n e d  a n d  g r o u n d  i n  a  
p l a t e  m i l l  ( M .C .  D a l a i  a n d  C o ,  M a d r a s )  i n  t h e  
l a b o r a t o r y .  B r e a d  w a s  p r e p a r e d  b y  s t r a i g h t  d o u g h  
m e t h o d  ( S a h n i  a n d  K r i s h n a m u r t h y  1 9 7 5 )  u s i n g  (g) 
1 5 0  m a id a ,  2 . 2  y e a s t ,  1 3  v a n a s p a th i ,  2 . 2  s a l t ,  3 0  
s u g a r  a n d  9 0  m l  w a t e r .  Y e a s t  w a s  d i s p e r s e d  i n

* Corresponding Author.

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

T h e  o r g a n o l e p t i c  p r o p e r t i e s  o f  t h e  b r e a d s  w e r e  
e v a l u a t e d  b y  f i f t e e n  j u d g e s  o n  a  H e d o n i c  s c a l e  
( A m e r i n e  e t  a l .  1 9 6 5 )  o f  1 t o  4 ,  t h e  l a t t e r  b e i n g  
g i v e n  t o  t h e  h i g h e s t  q u a l i t y  a t t r i b u t e  a n d  t h e  
a v e r a g e  s c o r e  w a s  c a l c u l a t e d .  T h e  l o a f  v o l u m e  w a s  
m e a s u r e d  b y  m u s t a r d  r e p l a c e m e n t  m e t h o d  ( IS I
1 9 6 8 ) .  F o r  s t o r a g e  s t u d i e s ,  b r e a d s  w e r e  p a c k e d  i n  
p o l y t h e n e  p o u c h e s ,  a n d  s t o r e d  a t  a m b i e n t  c o n d i t i o n s  
( 3 2 - 3 6 ° C  a n d  6 7 - 7 4 %  R H ) .  T h e  s t r e n g t h  o f  t h e  
d o u g h  i n  t e r m s  o f  d o u g h  d e v e l o p m e n t  t i m e ,  d o u g h  
s t a b i l i t y  a n d  m i x i n g  t o l e r a n c e  i n d e x  w a s  d e t e r m i n e d ,  
b y  u s i n g  B r a b e n d e r  f a r i n o g r a p h  ( A A C C  1 9 6 9 ) .  
B r a b e n d e r  a m y l o g r a p h  w a s  u s e d  t o  d e t e r m i n e  t h e  
g e l a t i n i z a t i o n  c h a r a c t e r s  o f  t h e  f l o u r  ( A A C C  1 9 6 9 ) .  
S a m p l i n g  o f  t h e  b r e a d  w a s  d o n e  a s  p e r  A O A C
( 1 9 7 5 )  m e t h o d ,  a n d  t h e  r e s u l t s  w e r e  e x p r e s s e d  o n  
f r e s h  w e i g h t  b a s i s .  T h e  s a m p l e s  w e r e  h y d r o l y z e d  
a s  p e r  B l o c k  e t  a l  ( 1 9 5 6 ) ,  a n d  l y s i n e  w a s  d e t e r m i n e d  
q u a n t i t a t i v e l y  b y  t h i n  l a y e r  c h r o m o t o g r a p h y
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TABLE 1. E F F E C T  O F  SU BSTITU TIO N  O F  P B G F  ON T H E  RHEOLOG ICAL AND BAKING QU A LITIES O F  BREA D
P B G F D o u g h D o u g h M ixing
level. d e v e lo p m e n t s ta b ility , to le ra n c e

% tim e , m in m in in d e x , BU
0 2 .5 1 1 .0 6 0
5 2 .5 8 .0 4 0
10 2 .5 7 .0 4 0
15 2 .5 6 .5 4 0
2 0 2 .5 4 .0 4 0
2 5 2 .0 3 .0 3 0
S E D 1 .8 7  NS 1 .6 0  NS 4 .4 7  NS
CD 3 .7 6 4 .1 1 1 1 .4 9

20%  P B G F +
0 .5 %  g lycero l m o n o
s te a ra te 3 .0 6 .0 3 0
0 .5 %  c o m m e rc ia l b re a d
Im p ro v e r 2 .5 7 .0 3 0
2 5 0  p p m  a s c o rb ic  a c id 2 .5 8 .5 4 0
7 5  p p m  p o ta s s iu m
b ro m a te 3 .0 8 .0 3 0
ND - N o t d o n e , N S - N o t s ig n if ic a n t, ** - S ig n ific a n t a t  1% level,

G e la tin iz a tio n T em p , a t P e a k Proof- L o a f
s ta r t in g p e a k v isc o s ity , tim e , v o lu m e ,

te m p , °C v isc o s ity BU m in m l
6 0 8 8 .5 6 9 0 7 5 9 4 5
6 0 8 8 .5 6 4 0 7 5 9 2 8
6 0 8 8 .5 6 1 0 7 5 9 2 3
6 3 8 8 .5 5 4 0 9 0 8 9 3
6 3 8 7 .0 4 7 0 9 0 8 1 0
6 3 8 4 .0 3 4 0 9 0 7 0 0

1.21 NS 1 .8 2  NS 5 .8 4  ** 1 .8 6  *♦ 7 .4 4 9  ♦ *
3 .1 1 4 .6 9 1 5 .0 2 4 .8 1 9 .1 5

ND ND ND 5 3 9 2 0

ND ND ND 5 2 9 1 9
ND ND ND 5 3 9 3 0

ND ND ND 5 3 9 3 2
F lo u r  u s e d  in  b r e a d  fo rm u la  : 150 g

( J a y a r a m a n  1 9 8 5 ) ,  w h i l e  m e t h i o n i n e  w a s  e s t i m a t e d  
b y  t h e  m e t h o d  d e s c r i b e d  b y  M c C a r t h y  a n d  S u l l i v a n
( 1 9 4 1 ) .  T h e  d a t a  w e r e  s t a t i s t i c a l l y  a n a l y z e d  b y  
c o m p l e t e l y  r a n d o m i z e d  d e s i g n  ( F e d e r e r  1 9 5 5 )

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

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

f o r m u l a ,  w h i l e  t h e  s u b s t i t u t i o n  l e v e l  c o u l d  b e  
i n c r e a s e d  t o  2 0 % ,  i f  i m p r o v e r s  l i k e  a s c o r b i c  a c i d  
( 2 5 0  p p m )  o r  p o t a s s i u m  b r o m a t e  ( 7 5  p p m )  a r e  
u s e d .

G e l a t i n i z a t i o n  t e m p e r a t u r e  w a s  n o t  c h a n g e d  
u p  t o  1 0 %  P B G F  s u b s t i t u t i o n ,  b u t  i t  i n c r e a s e d  a t  
h i g h e r  P B G F  s u b s t i t u t i o n .  T h e  t e m p e r a t u r e  a t  p e a k  
v i s c o s i t y  d e c r e a s e d ,  a s  t h e  s u b s t i t u t i o n  l e v e l  o f  
P B G F  i n c r e a s e d .  T h e  r e d u c t i o n  i n  p e a k  v i s c o s i t y  
i s  m a i n l y  d u e  t o  t h e  g r a d u a l  r e d u c t i o n  i n  t h e  s t a r c h  
c o n t e n t  o f  t h e  f l o u r  d u e  t o  t h e  i n c o r p o r a t i o n  o f  
P B G F .

O rg a n o lep tic  q u a lit ie s  o f  P B G F -su b s titu te d  b r e a d : 
C r u s t  c o l o u r  o f  t h e  b r e a d  w a s  n o t  a f f e c t e d  b y  
s u b s t i t u t i o n  w i t h  P B G F  a t  a l l  l e v e l s .  H o w e v e r ,  t h e  
i n c r e a s e d  l e v e l  o f  P B G F  r e s u l t e d  i n  d u l l  c r u m b  
c o l o u r  a n d  c o a r s e r  g r a i n .  W h e n  t h e  P B G F  l e v e l  w a s  
i n c r e a s e d  t o  1 5 % ,  t h e  b r e a d  w a s  f o u n d  t o  b e  s w e e t  
i n  t a s t e .  T o  m o d i f y  t h i s  e f f e c t ,  a d d i t i o n a l  a m o u n t  
o f  0 . 5 %  s a l t  w a s  u s e d  i n  t h e  f o r m u l a .  T h e  
o r g a n o l e p t i c  s c o r e s  w e r e  r e d u c e d  f r o m  3 . 6  f o r  
c o n t r o l  b r e a d  t o  3 . 0  a t  1 5 %  P B G F  s u b s t i t u t i o n  
l e v e l .  A s c o r b i c  a c i d  ( 2 5 0  p p m )  a n d  p o t a s s i u m  
b r o m a t e  ( 7 5  p p m )  i m p r o v e d  t h e  o r g a n o l e p t i c  q u a l i t y  
o f  t h e  b r e a d ,  m a d e  w i t h  2 0 %  s u b s t i t u t i o n  b y  P B G F  
a n d  s c o r e d  3 . 4  a n d  3 . 6 ,  r e s p e c t i v e l y .  B r e a d s  
p r e p a r e d  w i t h  a l l  s u b s t i t u t i o n  l e v e l s  o f  P B G F  
d e v e l o p e d  m o u l d  g r o w t h  a f t e r  4  d a y s  o f  s t o r a g e  a t  
a m b i e n t  c o n d i t i o n s .  T h e  m o u l d  s p e c i e s  i d e n t i f i e d  
w e r e  P en ic illtu m  s p p ,  A s p e r g il lu s  n ig e r  a n d  A .J la u u s .

N u tr itio n a l q u a lit ie s  o f  P B G F -s u b s ti tu te d  b r e a d : 
T h e  m o i s t u r e  c o n t e n t s  o f  t h e  b r e a d s  p r e p a r e d  w i t h  
d i f f e r e n t  l e v e l s  o f  P B G F  w e r e  f o u n d  w i t h i n  t h e  
s p e c i f i c a t i o n s  ( I S I  1 9 7 7 ) .  T h e  p r o t e i n  c o n t e n t  o f  t h e  
c o n t r o l  b r e a d  w a s  7 . 5 9  g /  lO O g .  w h i l e  t h e  p r o t e i n



171
TABLE 2 . E F F E C T  O F  SU BSTITU TIO N O F  P B G F  ON T H E  PROXIM ATE C O M PO SIT IO N  O F  BREA D  

N u tr ie n ts  S u b s t i tu t io n  lev els  o f  PB G F, %
0 5 10 15 2 0 2 5 S E D CD

rr.) t g (V t g g ffe)
M oistu re , g  % 3 4 .3 5 3 4 .8 5 3 5 .0 1 3 5 .1 4 3 6 .5 9 3 6 .6 3 0 .2 2 7 8 0 .5 5 7 4 * *
P ro te in s , g % 7 .5 9 8 .0 6 8 .5 0 9 .1 2 9 .4 4 9 .8 2 0 .0 4 3 0 0 .1 0 5 2 * *
Lysine, m g  % 134 178 221 2 6 5 3 0 9 3 5 3 3 .5 5 8 0 8 .7 0 6 0 “
M eth io n in e , m g  % 123 132 136 144 146 150 2 .3 7 9 0 5 .8210 **
** S ig n ific an t d iffe re n c e  a t  1% level

v a l u e  I n c r e a s e d  t o  9 . 4 4  g /  1 0 0  g  a t  2 0 %  s u b s t i t u t i o n  
w i t h  P B G F .  L y s i n e  c o n t e n t  o f  t h e  b r e a d  i n c r e a s e d  
t o  3 0 9  m g / 1 0 0  g  i n  t h e  2 0 %  P B G F - s u b s t i t u t e d  
b r e a d ,  i n  c o n t r a s t  t o  1 3 4  m g / 1 0 0  g  i n  c o n t r o l  
b r e a d .  W i t h  r e s p e c t  t o  m e t h i o n i n e ,  t h e  c o n t r o l  
b r e a d  c o n t a i n e d  1 2 3  m g / 1 0 0  g  a n d  b y  s u b t i t u t i n g  
w i t h  2 0 %  P B G F ,  i t  i n c r e a s e d  t o  1 4 6  m g / 1 0 0  g .  
( T a b l e  2 ) .

I t  i s  c o n c l u d e d  t h a t  t h e  p u f f e d  B e n g cd g ra m  f l o u r  
c o u l d  b e  i n c o r p o r a t e d  u p t o  2 0 %  l e v e l  i n  b r e a d  
f o r m u l a .  H o w e v e r ,  b r e a d  i m p r o v e r s  h a d  t o  b e  u s e d  
i n  t h e  f o r m u l a s  t o  g e t  b r e a d s  w i t h  n e c e s s a r y  g a s  
r e t e n t i o n  c a p a c i t y .  T h e  p r o t e i n  c o n t e n t  i n c r e a s e d  
b y  a b o u t  2 4 %  a t  2 0 %  s u b s t i t u t i o n  o f  P B G F .

T h e  a u t h o r s  a r e  t h a n k f u l  t o  D r .  H a r i d a s  R a o ,  
S c i e n t i s t ,  C F T R I ,  M y s o r e  f o r  h e l p  i n  r h e o l o g i c a l  
s t u d i e s  o f  t h e  f l o u r  a n d  t o  F o r d  F o u n d a t i o n ,  U S A ,  
f o r  p r o v i d i n g  a  f e l l o w s h i p  t o  K R .

R e f e r e n c e s
AAAC (1969) A p p ro v ed  M e th o d s  A m e ric a n  A sso c ia tio n  o f  C e re a l 

C h e m is ts , 7 th  e d n . M in n e so ta , USA 
A m erine  MA, P a n g b o m  RM, R o e s le r  E B  (1965) P r in c ip le s  o f  

S e n so ry  E v a lu a tio n  o f F oo d . A c ad e m ic  P re s s , L o n d o n  
AOAC (1975) O fficial M e th o d s  o f  A n a ly s is , 1 2 th  e d n . A sso c ia tio n  

o f  Official A n a ly tica l C h e m is ts ,  W a sh in g to n , DC 
B adi SM, H o se n ey  RC, F in n e y  PL  (1976) P e a rl  m ille t. II P a r tia l  
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T h e  L i p i d  H a n d  B o o k  - 2 n d  E d i t i o n  w i t h  
d i c t i o n a r y  s e c t i o n ;  E d i t e d  b y  F r a n k
D .  G u n s t o n e ,  J o h n  L .  H a r w o o d  a n d  F r e d  
B .  P a d l e y ;  P u b l i s h e d  b y  C h a p m a n  a n d  H a l l ,  
2 - 6 ,  B o u n d a r y  R o w ,  L o n d o n  S E I  8 H N ,  U . K .  
1 9 9 4 ,  p p  7 2 2 + 5 5 1 ,  P r i c e : £  2 5 5 / -  
T h e  b o o k  e n t i t l e d  " T h e  L i p i d  H a n d  B o o k - 2 n d  

E d i t i o n "  i s  a  w e l l  d o c u m e n t e d  c o m p r e h e n s i v e  
h a n d b o o k  o n  L i p i d s ,  e d i t e d  b y  F r a n k  D .  G u n s t o n e ,  
J o h n  L . H a r w o o d  a n d  F r e d  B .  P a d l e y  a n d  p u b l i s h e d  
b y  C h a p m a n  a n d  H a l l .  A t  t h e  o u t s e t ,  t h e  b o o k  
c o n s i s t s  o f  a  t o t a l  o f  1 2  c h a p t e r s  o n  v a r i o u s  a s p e c t s  
o f  l i p i d - r e l a t e d  t o p i c s .  T h e y  i n c l u d e  1 . F a t t y  a c i d  
s t r u c t u r e  2 .  L i p i d  s t r u c t u r e  3 .  O c c u r r e n c e  a n d  
c h a r a c t e r i s t i c s  o f  o i l s  a n d  f a t s  4 .  S e p a r a t i o n  a n d  
i s o l a t i o n  p r o c e d u r e s  5 .  P r o c e s s i n g  o f  f a t s  a n d  o i l s
6 .  A n a l y t i c a l  m e t h o d s  7 .  S y n t h e s i s  8 .  P h y s i c a l  
p r o p e r t i e s :  s t r u c t u r a l  a n d  p h y s i c a l  c h a r a c t e r i s t i c s
9 .  P h y s i c a l  p r o p e r t i e s :  o p t i c a l  a n d  s p e c t r a l  
c h a r a c t e r i s t i c s  1 0 .  C h e m i c a l  p r o p e r t i e s  1 1 .  L i p i d  
m e t a b o l i s m  a n d  1 2 .  M e d i c a l  a n d  a g r i c u l t u r a l  a s p e c t s  
o f  l i p i d s .

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

T h e  l i p i d  w a t e r  i n t e r a c t i o n  i s  a n o t h e r  a r e a ,  
w h e r e i n  a  l o t  o f  d o c u m e n t a t i o n  i s  n o t  a v a i l a b l e  i n  
m a n y  l i b r a r i e s ,  a n d  t h i s  h a s  a l s o  b e e n  t a k e n  c a r e  
o f  b y  e d i t o r s .  H i g h  r e s o l u t i o n  N M R ,  e n z y m e  
p r o d u c t i o n  a n d  f u n c t i o n  o f  e i c o s a n o i d s ,  b i o s y n t h e s i s  
o f  s p i n g o  l i p i d s ,  m e d i c a l  a s p e c t s  o f  v i t a m i n s  ( f a t -  
s o l u b l e ) ,  i n c l u d i n g  s p e c i a l i t y  l i p i d s  i s  c o m p l e t e l y  
c o v e r e d  i n  t h e  f i r s t  p a r t .  T h i s  i s  f o l l o w e d  b y  a  
s e c t i o n ,  w h i c h  i s  c o m p i l e d  b y  t h e  c h e m i c a l  d a t a b a s e  
a n d  C A S  r e g i s t r y  n u m b e r  i n d e x ,  w h i c h  m a k e s  t h i s

h a n d b o o k  o n e  o f  t h e  r a r e  c o m p r e h e n s i v e  l i p i d  
h a n d b o o k s .

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

V . P R A K A S H  
C E N T R A L  F O O D  T E C H N O L O G IC A L  

R E S E A R C H  IN S T IT U T E , 
M Y S O R E -5 7 0  0 1 3 .

W h e a t  - P r o d u c t i o n ,  P r o p e r t i e s  a n d  Q u a l i t y ;  
E d i t e d  b y  W .  B u s h u k  a n d  V . F .  R a s p e r ;  
P u b l i s h e d  b y  B l a c k i e  A c a d e m i c  a n d  
P r o f e s s i o n a l ,  a n  i m p r i n t  o f  C h a p m a n  a n d  
H a l l ,  W e s t e r n  C l a d d e n s  R o a d ,  B i s h o p b r i g g s ,  
G l a s g o w  G 6 4 2 N Z ,  U . K . ,  1 9 9 4 ,  p p  2 3 9 . ,
P r i c e  : £  6 5 / -

T h e  8 t h  W o r l d  C o n g r e s s  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 ,  w a s  h e l d  i n  T o r o n t o ,  i n  1 9 9 1 .  I n  
a d d i t i o n  t o  p r e s e n t a t i o n s  b y  i n d i v i d u a l  r e s e a r c h e r s ,  
a  n u m b e r  o f  i n v i t e d  p a p e r s  w e r e  p r e s e n t e d  a s  
p l e n a r y  l e c t u r e s  b y  s o m e  o f  t h e  l e a d i n g  f i g u r e s  i n  
I n t e r n a t i o n a l  f o o d  s c i e n c e  a n d  t e c h n o l o g y .  T h e s e  
p a p e r s  w e r e  c o m p i l e d  b y  a  s e r i e s  o f  e d i t o r s  i n t o  
b o o k s  a n d  t h i s  b o o k  i s  a  p a r t  o f  t h e  s a m e .  T h i s  
b o o k  p r e s e n t s  s o m e  o f  t h e  m o s t  s i g n i f i c a n t  i d e a s ,  
w h i c h  w i l l  c a r r y  f o o d  s c i e n c e  a n d  t e c h n o l o g y  
t h r o u g h  t h e  n i n e t i e s  a n d  i n t o  t h e  n e w  m i l l e n i u m .  
W i t h  t h e  l a t e s t  s c i e n t i f i c  a n d  t e c h n o l o g i c a l  f i n d i n g s ,  
t h i s  b o o k  i s  a  b o o n  t o  t h e  s c i e n t i f i c  w o r k e r s  i n  
g e n e r a l ,  a n d  w h e a t  g r o w i n g  c o u n t r i e s  l i k e  I n d i a  i n  
p a r t i c u l a r .  T h i s  b o o k  c o n t a i n s  f i f t e e n  c o n t r i b u t o r y  
p a p e r s  b y  w e l l  k n o w n  s c i e n t i s t s  f r o m  d i f f e r e n t  p a r t s  
o f  t h e  w o r l d .  T h e  b o o k  c o v e r s  t h r e e  m a j o r  a s p e c t s  
o f  w h e a t  i n  a  d e t a i l e d  a n d  p r e c i s e  m a n n e r .  A l l  t h e  
c h a p t e r s  a r e  v e i y  w e l l  w r i t t e n ,  a n d  p r e s e n t e d  i n  
a  s i m p l e  u n d e r s t a n d a b l e  l a n g u a g e ,  c o v e r i n g  t h e  
s a l i e n t  f e a t u r e s .

T h e  f i r s t  c h a p t e r  c o v e r s  w o r l d w i d e  w h e a t  
p r o d u c t i o n ,  t r a d e  a n d  i t s  u t i l i z a t i o n .  S e c o n d  c h a p t e r
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d i s c u s s e s  t h e  c o n t r i b u t i o n  o f  w h e a t - b a s e d  p r o d u c t s  
t o  w o r l d  f o o d  s u p p l y  a n d  h u m a n  n u t r i t i o n .  C h a p t e r  
t h r e e  c o v e r s  t h e  m e t h o d s ,  c r i t e r i a ,  m e t h o d o l o g y  a n d  
a p p r o a c h e s  u s e d  t o  e v a l u a t e  b r e a d  w h e a t  a n d  
b r e a d  q u a l i t y .  T h e  f o u r t h  c h a p t e r  d e a l s  w i t h  t h e  
i m p o r t a n c e  o f  w h e a t  g r a i n  g r a d i n g ,  s t a n d a r d s  a n d  
t h e i r  c o n s i s t e n c y .  T h e  n e x t  c h a p t e r  d e s c r i b e s  t h e  
r e c e n t  d e v e l o p m e n t s  i n  f l o u r  m i l l i n g ,  i n c l u d i n g  t h e  
f l o u r  m i l l i n g  r e q u i r e m e n t s  a n d  d e v e l o p m e n t s  i n  
e q u i p m e n t  a s  w e l l  a s  p r o c e s s e s .  I n  c h a p t e r  6 ,  t h e  
r e s e a r c h  d e v e l o p m e n t s  i n  b r e a d  b a k i n g  t e c h n o l o g y  
h a v e  b e e n  c o v e r e d  u n d e r  v a r i o u s  h e a d s  l i k e  
n u t r i t i o n a l  r e c o m m e n d a t i o n s ,  p r o c e s s i n g  t e c h n i q u e s ,  
l a b e l l i n g  a n d  q u a l i t y  a s s u r a n c e  e t c .  C h a p t e r s  7  t o  
9  d i s c u s s  t h e  s t r u c t u r e  a n d  f u n c t i o n a l i t y  o f  w h e a t  
c a r b o h y d r a t e s ,  p r o t e i n s  a n d  l i p i d s .  V e r y  u s e f u l  a n d  
r e l e v a n t  i n f o r m a t i o n  a n d  r e f e r e n c e s  h a v e  b e e n  
p r e s e n t e d .  C h a p t e r  1 0  c o v e r s  a n  i m p o r t a n t  a s p e c t  
i . e . ,  e n z y m e s  o f  s p r o u t e d  w h e a t  a n d  t h e i r  p o s s i b l e  
t e c h n o l o g i c a l  s i g n i f i c a n c e .  P r e - h a r v e s t  s p r o u t i n g  o f  
w h e a t  i s  a  w o r l d  w i d e  p r o b l e m .  T h i s  c h a p t e r  b r i e f l y  
s u m m a r i z e s  t h e  e f f e c t  o f  s p r o u t  d a m a g e  o n  
p r o c e s s i n g  q u a l i t y  o f  d i f f e r e n t  p r o d u c t s .  C h a p t e r s  
1 1  a n d  1 2  a r e  o n  t h e  i m p o r t a n c e  o f  s o f t  w h e a t  
a n d  D u r u m  i n  t h e  p r o d u c t i o n  o f  q u a l i t y  c o o k i e s  
a n d  c r a c k e r s ;  a n d  p a s t a  p r o d u c t s ,  r e s p e c t i v e l y .  
T h e s e  c h a p t e r s  d i s c u s s  t h e  v a r i o u s  q u a l i t y  f a c t o r s ,  
a n d  t h e  f a c t o r s  a f f e c t i n g  t h e m .  T h e  t h i r t e e n t h  
c h a p t e r  p r o v i d e s  i n f o r m a t i o n  o n  t h e  p h y s i c a l  
c h a r a c t e r s  o f  g l u t e n  p r o t e i n  a n d  s t a r c h  f r a c t i o n ,  
p r o d u c t i o n  o f  s t a r c h  f r o m  w h e a t  f l o u r  a n d  e x t r u s i o n  
c o o k i n g  o f  w h e a t  s t a r c h  a s  w e l l  a s  f l o u r .  T h e  l a s t  
t w o  c h a p t e r s  d i s c u s s  t h e  r o l e  o f  c o n v e n t i o n a l  a s  
w e l l  a s  b i o t e c h n o l o g i c a l  b r e e d i n g  a n d  g e n e t i c  
m a n i p u l a t i o n  i n  t h e  i m p r o v e m e n t  o f  w h e a t  q u a l i t y .

T h i s  b o o k  i s  a  v a l u a b l e  c o n t r i b u t i o n  t o  t h e  f i e l d  
o f  F o o d  S c i e n c e  i n  g e n e r a l ,  a n d  w h e a t  i n  p a r t i c u l a r .  
I t  w i l l  b e  u s e f u l ,  n o t  o n l y  f o r  a c a d e m i c i a n s  a n d  
r e s e a r c h  s c i e n t i s t s ,  b u t  a l s o  t h e  s t u d e n t s ,  i n d u s t r i a l  
R & D  w o r k e r s  e t c .  I t  i s  a  h a r d  b o u n d  v o l u m e  w i t h  
e x c e l l e n t  p r i n t i n g  a n d  c o n t a i n s  2 3 9  p a g e s .  S p e c i a l  
t h a n k s  a r e  d u e  t o  t h e  e d i t o r s  a n d  c o n t r i b u t o r s  f o r  
b r i n g i n g  o u t  s u c h  a  v a l u a b l e  b o o k .

A .S . BAW A 
G U RU NANAK D E V  U N IV E R SIT Y  

A M R IT S A R -1 4 3  0 0 5 .

HACCP- A  P r a c t i c a l  A p p r o a c h ;  b y  S a r a  M o r t i m o r e  
a n d  C a r o l  W a l l a c e ;  P u b l i s h e d  b y  C h a p m a n  
a n d  H a l l ,  2 - 6 ,  B o u n d a r y  R o w ,  L o n d o n  S E I  
8 H N ,  U . K .  1 9 9 4 ,  p p  2 9 6 ,  P r i c e :  £ 6 5 / -
H A C C P  i s  a  p r o v e n  s y s t e m ,  w h i c h  g i v e s  

c o n f i d e n c e  t h a t  f o o d  s a f e t y  i s  b e i n g  e f f e c t i v e l y

m a n a g e d .  I t  i s  a  c o s t - e f f e c t i v e  s y s t e m ,  w h i c h  t a r g e t s  
r e s o u r c e  t o  c r i t i c a l  a r e a s  o f  p r o c e s s i n g  a n d  i n  d o i n g  
s o ,  r e d u c e s  t h e  r i s k  o f  m a n u f a c t u r i n g  a n d  s e l l i n g  
u n s a f e  p r o d u c t s .  D u e  t o  i n c r e a s e d  a w a r e n e s s  o f  
h a z a r d s  i n  g e n e r a l ,  a n d  p a r t i c i p a t i o n  o f  p e o p l e  f r o m  
a l l  a r e a s  o f  t h e  o p e r a t i o n  i n  p a r t i c u l a r ,  t h e  p r o d u c t  
q u a l i t y  i s  i m p r o v e d .  T h e  m a j o r  s e v e n  p r i n c i p l e s ,  
w h i c h  o u t l i n e  h o w  t o  e s t a b l i s h ,  i m p l e m e n t  a n d  
m a i n t a i n  a  H A C C P  p l a n  f o r  t h e  o p e r a t i o n  u n d e r  
s t u d y  i s  b r i e f l y  g i v e n  i n  c h a p t e r  1 i t s e l f .

T h i s  b o o k  i s  w r i t t e n  b y  2  s a f e t y  m a n a g e m e n t  
p r o f e s s i o n a l s  w i t h  y e a r s  o f  p r a c t i c a l  e x p e r i e n c e  i n  
t h e  U n i t e d  K i n g d o m 's  w e l l  k n o w n  f o o d  c o m p a n i e s .  
I t  i s  b a s e d  u p o n  t h e  i n t e r n a t i o n a l  H A C C P  a p p r o a c h  
a d v o c a t e d  b y  t h e  C o d e x  A l i m e n t a r i u s  C o m m i t t e e  o n  
F o o d  H y g i e n e  ( 1 9 9 3 ) ,  a n d  t h e  N a t i o n a l  A d v i s o r y  
C o m m i t t e e  o n  M i c r o b i o l o g i c a l  C r i t e r i a  f o r  F o o d s  
( N A C M C F  1 9 9 2 )  i n  t h e  U n i t e d  S t a t e s  o f  A m e r i c a .  
T h e  f o r m e r  i s  a  c o m m i t t e e  o f  t h e  W H O / F A O  C o d e x  
A l i m e n t a r i u s  C o m m i s s i o n .

H A C C P  i s  n o w  w i d e l y  a c c l a i m e d  b y  t h e  f o o d  
i n d u s t r y  a n d  b y  G o v e r n m e n t  r e g u l a t o r y  a g e n c i e s  t o  
b e  a  c o s t - e f f e c t i v e  m e a n s  t o  p r e v e n t  t h e  i n c i d e n c e  
o f  i d e n t i f i a b l e  f o o d b o m e  b i o l o g i c a l ,  c h e m i c a l  a n d  
p h y s i c a l  h a z a r d s .  I n  s p i t e  o f  t h i s  n e c e s s i t y ,  m o s t  
c u r r e n t l y  a v a i l a b l e  p u b l i c a t i o n s  o r  t r a i n i n g  
p r o g r a m m e s  a r e  q u i t e  i n a d e q u a t e  i n  t h i s  r e g a r d .  
T h i s  b o o k  t r i e s  t o  i m p r o v e  t h i s  s i t u a t i o n .  I t  i s  a  
r e f r e s h i n g l y  c o n c i s e  b u t  a t  t h e  s a m e  t i m e ,  g i v i n g  
t h e  f u l l  t r e a t m e n t  o f  h a z a r d  a n a l y s i s  a n d  r i s k  
a s s e s s m e n t ,  H A C C P  p l a n  d e v e l o p m e n t ,  i m p l e m e n 
t a t i o n  a n d  m a i n t e n a n c e .

D r a w b a c k s  o f  H A C C P :  I f  n o t  p r o p e r l y  a p p l i e d ,  
i t  m a y  n o t  a c t  a s  a n  e f f e c t i v e  c o n t r o l  s y s t e m .

T h e  b o o k  i s  d i v i d e d  i n t o  1 0  c h a p t e r s .  I t  i s  
n i c e l y  b o u n d  a n d  r e a s o n a b l y  p r i c e d .

T h i s  i s  a  v a l u a b l e  r e s o u r c e  m a t e r i a l  t o  t h o s e  
w h o  a r e  c o n c e r n e d  w i t h  H A C C P  a p p l i c a t i o n  i n  t h e i r  
f o o d  m a n u f a c t u r i n g  o r  r e g u l a t o r y  a c t i v i t i e s  a n d  a  
m u s t  f o r  a c a d e m i c  i n s t i t u t i o n s ,  R & D  i n s t i t u t i o n s  
c o n n e c t e d  w i t h  f o o d  q u a l i t y  a s s u r a n c e  a n d  a l s o  
f o o d  m a n u f a c t u r e r s .

R U G M IN I SANKARAN 
D E F E N C E  F O O D  R E S E A R C H  L A B O R A T O R Y

M Y S O R E -5 7 0  O i l .

S h e l f - l i f e  E v a l u a t i o n  o f  F o o d s ;  E d i t e d  b y  C . M . D .  
M a n  a n d  A . A .  J o n e s ,  P u b l i s h e d  b y  B l a c k i e  
A c a d e m i c  a n d  P r o f e s s i o n a l ,  W e s t e r n  C l e d d e n s  
R o a d ,  B i s h o p b r i g g s ,  G l a s g o w ,  G  6 4 2  N Z ,  U K .  
1 9 9 4 ,  p p  3 2 1 ,  P r i c e  : £  7 5 / -  
S h e l f - l i f e  i s  m o s t  v i t a l  f o r  P r o d u c t  Q u a l i t y ,  a s
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i t  i s  a  k e y  c o m p o n e n t  o f  m a r k e t a b i l i t y .  I t  i n v o l v e s  
e v e r y  s t a g e  o f  p r o d u c t  p r e p a r a t i o n  f r o m  t h e  s e l e c t i o n  
o f  r a w  m a t e r i a l s ,  p o s t - h a r v e s t  h a n d l i n g  o f  p r o d u c e  
a n d  i t s  s t o r a g e ,  p r e p a r a t i o n  a s  w e l l  a s  e v e r y  s t e p  
o f  s u b s e q u e n t  t r e a t m e n t  a n d  s a t i s f a c t i o n .  T h e r e f o r e ,  
s o u n d  c r i t e r i a  h a v e  t o  b e  e s t a b l i s h e d  t o  d e t e r m i n e  
e a c h  s t e p  t h a t  a f f e c t s  q u a l i t y  f r o m  f i e l d  t o  t h e  
u s e r s .  S h e l f - l i f e  d e t e r m i n a t i o n  a n d  e v a l u a t i o n  i s  a  
m u l t i - d i m e n s i o n a l  a c t i v i t y ,  f o r  w h i c h  i n d i c a t i v e  
f a c t o r s  h a v e  t o  b e  e s t a b l i s h e d .  E a c h  a s p e c t  o f  s h e l f -  
l i f e  s u c h  a s  i t s  e v a l u a t i o n ,  d e t e r m i n i n g  f a c t o r s  a n d  
t h e i r  p r e d i c t i o n  c o u l d  n o t  h a v e  b e e n  b e t t e r  d e a l t  
w i t h .  T h e  c o v e r a g e  o f  t h e  b o o k  i n c l u d e s  a  v a r i e t y  
o f  p r o d u c t s  f r o m  p r i m a r i l y  p r o c e s s e d  a n d  p a c k a g e d  
f r u i t s  a n d  v e g e t a b l e s ,  s a l a d s ,  c h i l l e d  y o g h u r t  a n d  
d a i l y  p r o d u c t s ,  r e a d y - t o - c o o k  a n d  r e a d y - t o - e a t  f o o d s  
o f  p l a n t  a n d  a n i m a l  o r i g i n ,  a  v a r i e t y  o f  s n a c k s  a n d  
c o n f e c t i o n e i y  p r o d u c t s .  M o s t  t e c h n o l o g i c a l  a s p e c t s  
o f  p r e p a r a t i o n  a n d  p r o c e s s i n g  s u c h  a s  t h e r m a l l y  
p r o c e s s e d ,  f r o z e n  a n d  c h i l l e d  p r o d u c t s  a r e  w e l l  
c o v e r e d .  M e t h o d s  o f  s h e l f - l i f e  d e t e r m i n a t i o n  a r e  
d i s c u s s e d  i n  r e l a t i o n  t o  r a w  m a t e r i a l s  a n d  
t e c h n o l o g i e s  u s e d  a s  w e l l  a s  r e l a t e d  c o n d i t i o n s  o f  
s t o r a g e ,  g i v i n g  d u e  a t t e n t i o n  t o  q u a l i t y  a n d  c o n s u m e r  
s a t i s f a c t i o n  o f  t h e  p r o d u c t s .  T h e  p r o d u c t s  a n d  
p r o c e s s e s  d i s c u s s e d  a r e  p r e d o m i n a n t l y  f o r  t h e  
w e s t e r n  s t y l e  p r o d u c t s .  A t t e n t i o n  g i v e n  t o  t r a d i t i o n a l  
f o o d s  o f  c o u n t r i e s  l i k e  C h i n a ,  I n d i a  a n d  I n d o n e s i a  
i s  v e r y  l i t t l e ,  a s  t h e  a u t h o r s  s e e m  t o  h a v e  m a i n l y  
t h e  k n o w l e d g e  a n d  e x p e r i e n c e  o f  t h e  f o o d  o f  w e s t e r n  
p a r t  o f  t h e  w o r l d .  T h e  c o u n t r i e s ,  w h e r e  t w o - t h i r d  
o f  h u m a n i t y  l i v e s ,  b u t  w h o  h a v e  n o t  y e t  g i v e n  
a t t e n t i o n  t o  m o s t  o f  t h e i r  e t h n i c  f o o d s  f o r  q u a l i t y  
a n d  s h e l f - l i f e  c a n  a l s o  b e n e f i t  a  g r e a t  d e a l  f r o m  t h e  
m e t h o d s  d i s c u s s e d  t o  e v a l u a t e  f o o d s  a n d  e s t a b l i s h  
t h e i r  o w n  p a r a m e t e r s  o f  s a f e t y  a n d  i n c r e a s i n g  
l o n g e v i t y  o f  s h e l f - l i f e .

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

H .A .B . P A R PIA  
"SURYAKANTI" 

3 3 3 ,  H IN K A L, M Y S O R E  - 5 7 0  0 1 7 .

S a f e t y  a n d  N u t r i t i o n a l  A d e q u a c y  o f  I r r a d i a t e d  
F o o d ;  P u b l i s h e d  b y  W o r l d  H e a l t h  O r g a n i z a t i o n ,  
G e n e v a ;  1 9 9 4 ,  p p .  1 6 1 .  P r i c e  : S w . f r .  4 2 / - ;  i n  
d e v e l o p i n g  c o u n t r i e s  S w .  f r .  2 9 = 4 0 / -
A  m a j o r  q u e s t i o n  o f t e n  a s k e d  b y  c o n s u m i n g

p u b l i c ,  N a t i o n a l  a n d  I n t e r n a t i o n a l  C o n s u m e r  
O r g a n i z a t i o n s  a s  w e l l  a s  G o v e r n m e n t a l  a u t h o r i t i e s  
r e s p o n s i b l e  f o r  t h e  a p p r o v a l  o f  s a l e  o f  i r r a d i a t e d  
f o o d s  f o r  h u m a n  c o n s u m p t i o n  i s  a b o u t  i t s  s a f e t y  
a n d  w h o l e s o m e n e s s .  D e s p i t e  t h e  p r o v e n  t e c h n o l o g i c a l  
a p p l i c a t i o n s  o f  i r r a d i a t i o n  p r o c e s s i n g  o f  f o o d s  f o r  
s p e c i f i c  o b j e c t i v e s  a n d  i t s  i n t e n s i v e  p r o c e s s i n g  
m e t h o d s  s u c h  a s  c a n n i n g  a n d  f r e e z i n g ,  t h e  i n d u s t r i a l  
a p p l i c a t i o n  o f  t h e  t e c h n o l o g y  o n  a  c o m m e r c i a l  s c a l e  
i s  y e t  t o  b e  a c h i e v e d .  T h e  m a j o r  h i n d r a n c e  f o r  t h e  
a d o p t i o n  o f  t h i s  p r o m i s i n g  t e c h n o l o g y  b y  t h e  f o o d  
i n d u s t r y  a n d  t r a d e  h a s  b e e n  t h e  d i s t r u s t  o r  e v e n  
f e a r  t h a t  t h i s  t e c h n o l o g y  a r o u s e s  i n  c e r t a i n  q u a r t e r s  
a n d  i t s  a c c e p t a n c e  b y  c o n s u m e r s .

A d o p t i n g  a  p u b l i c  h e a l t h  a p p r o a c h ,  t h e  b o o k  
p r e p a r e d  b y  t h e  W o r l d  H e a l t h  O r g a n i z a t i o n  p r o v i d e s  
a u t h o r i t a t i v e  i n f o r m a t i o n  o n  t h e  s a f e t y  a n d  
n u t r i t i o n a l  a d e q u a c y  o f  f o o d s  p r o c e s s e d  b y  
i r r a d i a t i o n .  I t  i s  p e r t i n e n t  t o  n o t e  t h a t  t h e  r e p o r t  
o f  t h e  J o i n t  F A O / I A E A / W H O  E x p e r t  C o m m i t t e e  
m e e t i n g  o n  t h e  W h o l e s o m e n e s s  o f  I r r a d i a t e d  F o o d  
i n  1 9 8 0  w a s  a  m a j o r  t u r n i n g  p o i n t  i n  t h e  s c i e n t i f i c  
e v a l u a t i o n  o f  t h e  s a f e t y  o f  i r r a d i a t e d  f o o d s .  W i t h  
m o r e  t h a n  5 0 0  r e f e r e n c e s  t o  t h e  s c i e n t i f i c  l i t e r a t u r e ,  
t h i s  p u b l i c a t i o n  i s  t h e  m o s t  c o m p r e h e n s i v e  
c o m p i l a t i o n ,  W H O  h a s  e v e r  p r o d u c e d  o n  t h e  s u b j e c t .

T h e  b o o k  c o n c e n t r a t e s  o n  t h e  s p e c i f i c  s c i e n t i f i c  
q u e s t i o n s  t h a t  m u s t  b e  a n s w e r e d  b e f o r e  g o v e r n m e n t  
a u t h o r i t i e s  c a n  a p p r o v e  i r r a d i a t i o n ,  a s  a  s a f e  
t e c h n i q u e  f o r  i m p r o v i n g  s h e l f - l i f e ,  r e d u c i n g  f o o d  
l o s s e s  a n d  i n c i d e n c e  o f  f o o d b o m e  d i s e a s e s .  T h e  
b o o k  o r g a n i s e d  i n t o  9  c h a p t e r s  p r o v i d e s  c o n c i s e  
a n d  f a c t u a l  i n f o r m a t i o n  o n  t h e  t e c h n o l o g y ,  c h e m i s t r y ,  
t o x i c o l o g y ,  m i c r o b i o l o g y  a n d  n u t r i t i o n a l  q u a l i t y  o f  
i r r a d i a t e d  f o o d s .

T h e  h i s t o i y  o f  f o o d  i r r a d i a t i o n ,  t h e  c o m p a r a t i v e  
a s p e c t s  o f  d i f f e r e n t  r a d i a t i o n  s o u r c e s ,  s u c h  a s  
C o b a l t - 6 0  a n d  C e s i u m - 1 3 7  r a d i o i s o t o p e s ,  X - r a y s  
a n d  e l e c t r o n s  g e n e r a t e d  b y  m a c h i n e s ,  u s i n g  e l e c t r i c a l  
e n e r g y  a n d  t h e  m e c h a n i s m s  u n d e r l y i n g  t h e  r a d i a t i o n  
p r o c e s s i n g  o f  f o o d s  a r e  b r i e f l y  d e a l t  i n  c h a p t e r  2 .  
F o o d  i r r a d i a t i o n  a p p l i c a t i o n  c o v e r s  a  w i d e  s p e c t r u m  
o f  p l a n t  a n d  a n i m a l  p r o d u c t s .  T h i s  i n c l u d e s  
i n h i b i t i o n  o f  s p r o u t i n g  i n  r o o t ,  t u b e r  a n d  b u l b  
c r o p s ;  i n s e c t  d i s i n f e s t a t i o n  i n  c e r e a l s ,  p u l s e s ,  s p i c e s ,  
f r e s h  a n d  d r i e d  f r u i t s ;  p a r a s i t e  d i s i n f e c t i o n  i n  m e a t ,  
f r e s h  p o r k  e t c ;  d e l a y  o f  r i p e n i n g  i n  f r e s h  f r u i t s ;  
e l i m i n a t i o n  o f  s p o i l a g e  a n d  p a t h o g e n i c  
m i c r o o r g a n i s m s  i n  f r e s h  a n d  f r o z e n  s e a f o o d s ,  p o u l t r y  
a n d  m e a t ;  m i c r o b i a l  d e c o n t a m i n a t i o n  i n  s p i c e s ,  
c e r t a i n  f o o d  a d d i t i v e s  a n d  i n g r e d i e n t s ;  a n d  
s t e r i l i z a t i o n  ( i n  c o m b i n a t i o n  w i t h  m i l d  h e a t )  o f
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m e a t ,  p o u l t r y ,  s e a f o o d s ,  p r e p a r e d  f o o d s  a n d  h o s p i t a l  
d i e t s .  T h e s e  a s p e c t s  a r e  d e a l t  w i t h  i n  c h a p t e r  3 .

C o n s u m e r  c o n c e r n s  o n  q u e s t i o n  o f  i n d u c e d  
r a d i o a c t i v i t y  a n d  t h e  t o x i c  e f f e c t s  o f  c h e m i c a l  
s u b s t a n c e s  p r o d u c e d  i n  f o o d s  t h r o u g h  i r r a d i a t i o n ,  
c a l l e d  r a d i o l y t i c  p r o d u c t s  a r e  a d d r e s s e d  i n  c h a p t e r  4 .  
T h e  f i n d i n g s  a r e  e n t i r e l y  r e a s s u r i n g  i n  t h i s  r e g a r d .  
A l l  a v a i l a b l e  e v i d e n c e  s h o w s  t h a t  r a d i o l y t i c  p r o d u c t s  
f o r m e d  i n  i r r a d i a t e d  f o o d s  a r e  v e r y  s i m i l a r  t o  t h o s e  
f o u n d  i n  f o o d s  t h a t  h a v e  b e e n  p r o c e s s e d  u s i n g  
c o n v e n t i o n a l  m e t h o d s .

C o n s i d e r a b l e  i n t e r n a t i o n a l  r e s e a r c h  e f f o r t  i s  
p r e s e n t l y  d i r e c t e d  o n  d e v e l o p i n g  m e t h o d s  o f  d e t e c t i n g  
i r r a d i a t e d  f o o d s .  S u c h  m e t h o d s  w i l l  h e l p  i n  
p r o m o t i n g  t h e  a c c e p t a n c e  o f  i r r a d i a t e d  f o o d s  b y  
g o v e r n m e n t s ,  i n  c o m m e r c e ,  a n d  m o s t  i m p o r t a n t l y  
b y  t h e  c o n s u m e r s .  T h e  p r o m i s i n g  a n a l y t i c a l  
t e c h n i q u e s  b a s e d  o n  c h e m i c a l ,  b i o l o g i c a l  a n d  
p h y s i c a l  c h a n g e s  i n  i r r a d i a t e d  f o o d s  a r e  s u m m a r i z e d  
i n  c h a p t e r  5 .

C h a p t e r  6  r e v i e w s  t h e  r e s u l t s  o f  s e v e r a l  h u n d r e d  
t o x i c o l o g i c a l  s t u d i e s ,  c o n d u c t e d  o n  e x p e r i m e n t a l  
a n i m a l s  o v e r  t h e  p a s t  f o u r  d e c a d e s  b y  f e e d i n g  a  
v a r i e t y  o f  f o o d s  i r r a d i a t e d  a t  d i f f e r e n t  d o s e s .  B a s e d  
o n  t h e  d a t a  o n  s u b - c h r o n i c  t o x i c i t y  s t u d i e s  i n  r a t s ,  
m i c e  a n d  d o g s ;  c h r o n i c  s t u d i e s  i n  r a t s ,  m o n k e y s  
a n d  p i g s ;  r e p r o d u c t i o n  a n d  t e r a t o l o g y  s t u d i e s  i n  
r a t s ,  m i c e ,  d o g s ,  h a m s t e r s  a n d  r a b b i t s ;  m u t a g e n e s i s  
s t u d i e s  i n  d i f f e r e n t  a n i m a l  s p e c i e s ,  a n d  h u m a n  
f e e d i n g  s t u d i e s  i n  C h i n a .  T h e  b o o k  c o n c l u d e s  t h a t  
" f o o d  i r r a d i a t i o n  i s  t h e  m o s t  t h o r o u g h l y  i n v e s t i g a t e d  
f o o d  t e c h n o l o g y  f r o m  a  t o x i c o l o g i c a l  p o i n t  o f  v i e w  
a n d  t h a t  t h e  t o x i c o l o g i c a l  d a t a b a s e  i n d i c a t e s  n o  
a d v e r s e  t o x i c o l o g i c a l  e f f e c t s  o f  t h i s  t e c h n o l o g y  i n  
t h e  r a d i a t i o n  d o s e  r a n g e s  t e s t e d " .

C o n c e r n  t h a t  i r r a d i a t i o n  w i l l  r e s u l t  i n  i n c r e a s e d  
i n d u c t i o n  o f  m u t a n t s  t h a t  m a y  p o s s e s s  i n c r e a s e d  
p a t h o g e n i c i t y ,  v i r u l e n c e ,  o r  r a d i a t i o n  r e s i s t a n c e  h a s  
b e e n  e x p r e s s e d ,  b u t  t h e r e  i s  n o  s c i e n t i f i c  e v i d e n c e  
t h a t  s u c h  t r a n s f o r m a t i o n s  t a k e  p l a c e .  T h i s  i s  t h e  
c o n c l u s i o n  o f  c h a p t e r  7 ,  w h i c h  d e a l s  w i t h  
m i c r o b i o l o g y  o f  i r r a d i a t e d  f o o d s .

T h e r e  h a v e  b e e n  c l a i m s  t h a t  i r r a d i a t e d  f o o d s  
l o s e  s o m e  o f  t h e i r  n u t r i t i o n a l  v a l u e .  T h e s e  c l a i m s  
a r e  v e r i f i e d  i n  c h a p t e r  8 .  E x t r e m e l y  p r e c i s e  
m e a s u r e m e n t s  s h o w  t h a t  n u t r i t i o n a l  v a l u e  o f  
i r r a d i a t e d  f o o d s  h a r d l y  d i f f e r s  f r o m  t h a t  o f  f o o d s  
p r o c e s s e d  b y  o t h e r  m e t h o d s .  S o m e  v i t a m i n s  a r e  
m o r e  s e n s i t i v e  t o  i r r a d i a t i o n  t h a n  o t h e r s ,  a n d  s u c h  
l o s s e s  c a n  b e  l i m i t e d  b y  s u i t a b l e  p r o c e d u r e s ,  l i k e  
i r r a d i a t i n g  f o o d s  a t  l o w  t e m p e r a t u r e  o r  i n  t h e  
a b s e n c e  o f  o x y g e n .

C h a p t e r  9  g i v e s  a n  o v e r v i e w  o f  t h e  c o n c e r n s  
a n d  o v e r a l l  c o n c l u s i o n s .  I n  c o n c l u s i o n ,  t h e  b o o k  
s t r e s s e s  t h a t  " A s  l o n g  a s  r e q u i r e m e n t s  f o r  g o o d  
m a n u f a c t u r i n g  p r a c t i c e  a r e  i m p l e m e n t e d ,  f o o d  
i r r a d i a t i o n  i s  s a f e  a n d  e f f e c t i v e .  P o s s i b l e  r i s k s  
r e s u l t i n g  f r o m  d i s r e g a r d  o f  g o o d  m a n u f a c t u r i n g  
p r a c t i c e  a r e  n o t  b a s i c a l l y  d i f f e r e n t  f r o m  t h o s e  
r e s u l t i n g  f r o m  a b u s e s  o f  o t h e r  p r o c e s s i n g  m e t h o d s ,  
s u c h  a s  c a n n i n g ,  f r e e z i n g  a n d  p a s t e u r i z a t i o n " .

T h e  c o n c l u s i o n s  r e a c h e d  b y  t h e  W o r l d  H e a l t h  
O r g a n i z a t i o n ,  a  s p e c i a l i z e d  a g e n c y  o f  t h e  U n i t e d  
N a t i o n s  w i t h  p r i m a i y  r e s p o n s i b i l i t y  f o r  i n t e r n a t i o n a l  
h e a l t h  m a t t e r s  a n d  p u b l i c  h e a l t h ,  w i l l  i n s t i l  
c o n f i d e n c e  i n  t h e  c o n s u m i n g  p u b l i c ,  r e g a r d i n g  t h e  
s a f e t y  a n d  n u t r i t i o n a l  a d e q u a c y  o f  i r r a d i a t e d  f o o d s .

P A U L  T H O M A S  
B H A B H A  A T O M IC  R E S E A R C H  C E N T R E  

B O M B A Y -4 0 0  0 8 5

F o o d  P a c k a g i n g  a n d  P r e s e r v a t i o n  : E d i t e d  b y  
M .  M a t h l o u t h i ,  P u b l i s h e d  b y  B l a c k i e  
A c a d e m i c  a n d  P r o f e s s i o n a l ,  a n  i m p r i n t  o f  
C h a p m a n  a n d  H a l l ,  W e s t e r n  C l e d d e n s  R o a d ,  
B i s h o p b r i g g s ,  G l a s g o w  G 6 4 2  N Z ,  U . K . ,  1 9 9 4 ,  
p p .  2 7 5 .  P r i c e  : £  6 9 / -  
T h i s  b o o k  u n d e r  r e v i e w  p r o v i d e s  a n  u p - t o - d a t e  

o v e r v i e w  o f  i m p o r t a n t  a n d  r a p i d l y  g r o w i n g  a r e a  o f  
f o o d  p a c k a g i n g  a n d  p r e s e r v a t i o n .  T h i s  b o o k ,  w h i c h  
c o n t a i n s  t h i r t e e n  c h a p t e r s ,  i s  a i m e d  a t  d e a l i n g  w i t h  
t h e  m u l t i - d i s c i p l i n a i y  s p e c i a l i t y  o f  f o o d  p a c k a g i n g  
m o r e  a s  s c i e n c e .  I t  d i s c u s s e s  v a r i o u s  a s p e c t s  o f  
p a c k a g i n g  m a t e r i a l s  i n  r e l a t i o n  t o  f o o d  p a c k a g i n g .  
T h i s  i n c l u d e s  p e r m e a b i l i t y  c h a r a c t e r i s t i c s  o f  p l a s t i c  
p a c k a g i n g  m a t e r i a l s ,  i n t e r a c t i o n  b e t w e e n  p l a s t i c s  
a n d  f o o d  i n v o l v i n g  f o o d  f l a v o u r s  a n d  m i g r a t i o n  o f  
p l a s t i c  c o n s t i t u e n t s  i n t o  f o o d ,  p r o b l e m s  o f  r e c y c l i n g ,  
r e u s e  a n d  d i s p o s a b i l i t y  o f  t h e  m a t e r i a l s ,  w h i c h  a r e  
p o s i n g  p r o b l e m s  o f  e n v i r o n m e n t a l  p o l l u t i o n .  T h i s  
b o o k  p a r t l y  i n c l u d e s  p a p e r s  p r e s e n t e d  a t  a  
s y m p o s i u m  o n  " F o o d  p a c k a g i n g  i n t e r a c t i o n s  a n d  
p a c k a g i n g  d i s p o s a b i l i t y " ,  h e l d  a t  t h e  I n t e r n a t i o n a l  
F o o d  T e c h n o l o g y  E x p o s i t i o n  a n d  C o n f e r e n c e ,  d u r i n g  
1 5 - 1 8  N o v e m b e r  1 9 9 2 ,  a t  H a a g ,  T h e  N e t h e r l a n d s .

T h e  f i r s t  c h a p t e r  d e a l s  w i t h  p e r m e a b i l i t y  a n d  
s t r u c t u r e  o f  p o l y m e r i c  p a c k a g i n g  m a t e r i a l s ,  a n d  
g i v e s  d e t a i l s  o n  b a s i c  p r i n c i p l e s ,  e x p e r i m e n t a l  
t e c h n i q u e s  a n d  p a r a m e t e r s  a f f e c t i n g  p e r m e a b i l i t y .  
C h a p t e r  t w o  d e a l s  w i t h  m i g r a t o r y  a s p e c t s  o f  t e s t i n g  
p l a s t i c s ,  u s i n g  a l t e r n a t e  f a t t y  f o o d  s i m u l a n t s .  
P r i n c i p l e s  o f  m i g r a t i o n  a n d  c o m p a r i s o n  o f  r e s u l t s  
f r o m  m i g r a t i o n  m e a s u r e m e n t s  i n t o  f a t s ,  o i l s  a n d  
f a t  s i m u l a n t s ,  u s i n g  p l a s t i c s  l i k e  p o l y o l e f i n s ,  
p o l y v i n y l  c h l o r i d e ,  p o l y s t y r e n e  e t c .  a r e  b e i n g  d e a l t .
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T o p i c  o f  f o o d  f l a v o u r  a n d  p a c k a g i n g  i n t e r a c t i o n s  
c o m p r i s i n g  a b s o r p t i o n  o f  f l a v o u r  c o m p o u n d s  a n d  
f l a v o u r  c h a n g e s  i n  p l a s t i c  p a c k a g i n g  m a t e r i a l s  i s  
d e a l t  i n  c h a p t e r  t h r e e .  M i c r o w a v a b i l i t y  o f  p a c k a g e d  
f o o d s ,  c o m p r i s i n g  d e t a i l s  o n  m i c r o w a v e  h e a t i n g ,  
m i c r o o v e n s ,  p a c k a g i n g  m a t e r i a l s ,  s h a p e  a n d  s i z e  
a n d  m o n i t o r e d  m i c r o w a v e  h e a t i n g  i s  d i s c u s s e d  i n  
c h a p t e r  f o u r .  S i m i l a r l y ,  e f f e c t  o f  i r r a d i a t i o n  o f  
p o l y m e r i c  p a c k a g i n g  m a t e r i a l s  w i t h  a n d  w i t h o u t  
f o o d  s i m u l a t i n g  s o l v e n t s ,  k i n e t i c s  o f  d e g r a d a t i o n ,  
e x p e r i m e n t a l  m e t h o d s ,  a n d  m a t e r i a l s  t o  s t u d y  t h e  
e f f e c t  o f  i r r a d i a t i o n  a r e  d i s c u s s e d  i n  c h a p t e r  f iv e .

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

C u r r e n t  t o p i c  o f  i m p o r t a n c e  o n  p a c k a g i n g  o f  
f r u i t s  a n d  v e g e t a b l e s  w i t h  r e f e r e n c e  t o  m o d i f i e d  
a t m o s p h e r e  p a c k a g i n g  (M A P ) , i s  d e a l t  i n  c h a p t e r  
e i g h t .  T h e  t y p e  o f  f i l m s  u s e d  i n  M A P , a n d  i n f l u e n c e  
o f  M A P  o n  r e s p i r a t o r y  a c t i v i t y ,  e t h y l e n e  s y n t h e s i s ,  
c h e m i c a l  c o m p o s i t i o n ,  t h e  o r g a n o l e p t i c  q u a l i t y  o f  
p r o d u c t s  a n d  a l s o  f a c t o r s  s u c h  a s  t e m p e r a t u r e ,  R H  
a n d  l i g h t  a f f e c t i n g  M A P  s t o r a g e  a r e  b r i e f l y  d i s c u s s e d .  
A n o t h e r  i m p o r t a n t  c u r r e n t  t o p i c  o n  " T e c h n o l o g y  
a n d  p r o p e r t i e s  o f  e d i b l e  a n d  b i o - d e g r a d a b l e  
m a t e r i a l s "  c o m p r i s i n g  m i c r o b i a l  p o l y m e r s  
( p o l y e s t e r s ) ,  s y n t h e t i c  p o l y m e r / b i o p o l y m e r  m i x t u r e  
a n d  p o l y m e r s  o f  a g r i c u l t u r a l  o r i g i n  ( f l o u r s ,  s t a r c h e s ,  
p r o t e i n s )  a r e  d i s c u s s e d  i n  c h a p t e r  n i n e .  F u r t h e r ,  
d e t a i j s  o n  p r o p e r t i e s  s u c h  a s  o r g a n o l e p t i c ,  
m e c h a n i c a l ,  w a t e r / l i p i d  s o l u b i l i t y  a n d  b a r r i e r  
p r o p e r t i e s  o f  t h e  a b o v e  b i o - p a c k a g i n g  m a t e r i a l s  a n d  
a l s o  t h e i r  a p p l i c a t i o n  a r e  g i v e n .  S i m i l a r l y ,  c h a p t e r  
t e n  d e a l s  w i t h  b i o s y n t h e s i s  o f  p o l y  ( 3  h y d r o x y  
b u t y r a t e )  i . e . ,  P H B  a n d  p o l y  (3  h y d r o x y  a l k a n o a t e s )  
i . e . ,  P H A  w h i c h  b e l o n g  t o  g r o u p  o f  b i o p o l y m e r s ,  
w h i c h  h a v e  g r e a t  p o t e n t i a l  i n  f u t u r e  y e a r s  i n  v i e w  
o f  n o n - b i o d e g r a d a i l i t y  o f  c o n v e n t i o n a l  p e t r o 
c h e m i c a l - b a s e d  p l a s t i c s .  A  g e n e r a l  o v e r v i e w  o n  
b i o s y n t h e s i s  p a t h w a y s  o f  f o r m i n g  P H A ,  t h e  
f e r m e n t a t i v e  p r o d u c t i o n  o f  P H A ,  t h e  p o l y m e r i c  
p r o p e r t i e s  a n d  b i o d e g r a d a b i l i t y  a n d  s o m e  
a p p l i c a t i o n s  o f  P H A  i s  g i v e n .  P o t e n t i a l  u s e  o f  b i o p o l  
( t r a d e  n a m e  o f  P H B  p o l y m e r )  a s  b o t t l e s ,  m o u l d i n g s -  
f i l m s ,  f i b r e s ,  n o n - w o v e n  f a b r i c  a n d  a s  c o a t i n g  o n  
t o  p a p e r  a r e  i n d i c a t e d .

C h a p t e r  e l e v e n  d e a l s  w i t h  N M R  i m a g i n g  o f  
p a c k a g e d  f o o d s ,  w h e r e i n  p r i n c i p l e s  o f  N M R  i m a g i n g

a n d  i t s  m e a s u r e m e n t  a r e  d i s c u s s e d .  C u r r e n t  b u r n i n g  
t o p i c  o f  r e c y c l i n g ,  r e u s e  a n d  d i s p o s a l  o f  f o o d  
p a c k a g i n g  m a t e r i a l s  h a s  b e e n  b r i e f l y  d i s c u s s e d  i n  
c h a p t e r  t w e l v e .  R e c y c l i n g  s c h e m e s  i n  t h e  U K  f o r  
m e t a l ,  p l a s t i c ,  p a p e r / b o a r d  a n d  g l a s s  a r e  d e s c r i b e d .  
R o l e  o f  e n v i r o n m e n t a l  p r e s s u r e  g r o u p s ,  s u c h  a s  
f r i e n d s  o f  e a r t h  ( F O E ) ,  w o m e n ' s  e n v i r o n m e n t a l  n e t  
w o r k  (W E N )  a n d  I n d u s t r i a l  b o d i e s  s u c h  a s  R e C O U P  
( R e c y c l i n g  o f  u s e d  p l a s t i c  c o n t a i n e r s  L t d . ) ,  a n d  
I N C P E N  ( T h e  i n d u s t r y  c o m m i t t e e  f o r  p a c k a g i n g  a n d  
t h e  e n v i r o n m e n t )  o n  r e c y c l i n g  a n d  r e u s e  o f  p l a s t i c s  
a r e  d i s c u s s e d .  A l s o ,  d e t a i l s  o n  l e g i s l a t i o n ,  r e c y c l i n g  
s y m b o l s ,  l i f e  c y c l e  a n a l y s i s  (L C A ) a r e  p r o v i d e d .

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

A n  i m p o r t a n t  f e a t u r e  o f  t h i s  b o o k  i s  p r e s e n t a t i o n  
o f  c o n c l u s i o n s  a n d  i n c l u s i o n  o f  i m p o r t a n t  a n d  
n a s c e n t  r e f e r e n c e s  a t  t h e  e n d  o f  e a c h  c h a p t e r .  T h e  
a u t h o r s  h a v e  a t t e m p t e d  t o  b r i n g  o u t  n e w e r  
d e v e l o p m e n t s  i n  t h e  f i e l d .  N e w  t r e n d s ,  s u c h  a s  
m i c r o w a v a b i l i t y  o f  p a c k a g e d  f o o d s ,  m i g r a t o r y  a s p e c t s ,  
b i o p o l y m e r s  a n d  t h e i r  a p p l i c a t i o n ,  r e c y c l i n g ,  r e u s e  
a n d  d i s p o s a b i l i t y  o f  p l a s t i c  m a t e r i a l s ,  N M R  i m a g i n g  
o f  p a c k a g e d  f o o d s ,  a n d  p e r m e a b i l i t y  c h a r a c t e r i s t i c s  
i n  r e l a t i o n  t o  s h e l f - l i f e  a r e  d e a l t  i n  l u c i d  m a n n e r .  
T o p i c s  o n  M A P  o f  f r u i t s  a n d  v e g e t a b l e s ,  c h e e s e s ,  
a n d  d a i l y  p r o d u c t s  a r e  u s e f u l  i n  a c h i e v i n g  i n c r e a s e d  
s h e l f - l i f e .  R e s e a r c h e r s  i n  t h e  f i e l d  o f  f o o d  p a c k a g i n g  
w i l l  f i n d  t h e  s u b j e c t  m a t t e r  o f  t h i s  b o o k  t i m e l y  a n d  
r e p r e s e n t a t i v e  o f  t h e  b e s t  w o r k  i n  t h e  f i e l d .  I t  i s  
a  v e r y  u s e f u l  a d d i t i o n  t o  f o o d  t e c h n o l o g y  l i b r a r y ,  
a n d  s e r v e s  t h e  i n t e r e s t s  o f  f o o d  a n d  p a c k a g i n g  
s c i e n t i s t s / t e c h n o l o g i s t s .

N. B ALASUBRAHM ANYAM , 
C E N T R A L  F O O D  T EC H N O L O G IC A L  

R E S E A R C H  IN S T IT U T E , 
M Y S O R E -5 7 0  0 1 3
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s o u r c e  b o o k ,  e d i t e d  b y  B e r n a r d  G o d o n  a n d  
C l a u d e  W i l l m ,  P u b l i s h e d  j o i n t l y  b y  V C H  
P u b l i s h e r s ,  I n c . ,  2 2 0  E a s t  2 3 r d  S t r e e t ,  N e w  
Y o r k ,  1 0 0 1 0 ,  V C H  V e r l a g s g e s e l l s c h a f t  m b H ,
P . O .  B o x  1 0 1 1 6 1 ,  6 9 4 5 1 ,  W e i n h e i m ,  G e r m a n y  
a n d  V C H  P u b l i s h e r s  (U K )  L t d . ,  8  W e l l i n g t o n  
C o u r t ,  C a m b r i d g e  C B I  1 H Z ,  U . K . ,  1 9 9 4 ,  
p p  5 4 4 ,  P r i c e  :  D M  2 3 4 / -
T h i s  e x c e l l e n t  b o o k  t i t l e d  " P r i m a i y  c e r e a l  

p r o c e s s i n g "  s t a r t s  w i t h  t h e  c h a p t e r  " H i s t o r y  a n d  
e t h n o l o g y  o f  t h e  i n d u s t r i e s  o f  p r i m a r y  p r o c e s s i n g  
a n d  t r a c e s  t h e  o r i g i n s :  h u m a n  a n d  a n i m a l  s t r e n g t h s " ,  
u s i n g  t h e  f o r c e s  o f  n a t u r e ,  r u d i m e n t s ,  i m p r o v e m e n t  
o f  t h e  m i l l s t o n e s  a n d  t h e  e v o l u t i o n  o f  l i v e s t o c k  f e e d  
i n d u s t r i e s .  C h a p t e r  t w o  a d d r e s s e s  o n  t h e  " E c o n o m i c  
e q u i l i b r i u m  a n d  d y n a m i s m "  a n d  d e a l s  w i t h  t h e  
s c e n a r i o  o f  w h e a t  m i l l i n g  i n d u s t i y ,  t h e  s t a r c h ,  t h e  
m a l t  a n d  t h e  ' d u r u m '  w h e a t  s e m o l i n a  i n d u s t r i e s  
w i t h  F r e n c h  e x p e r i e n c e s .

N e x t  c h a p t e r ,  " L e g i s l a t i v e  a s p e c t s "  e n u m e r a t e s  
t h e  o b j e c t i v e  o f  t h e  E u r o p e a n  E c o n o m i c  C o m m u n i t y  
t r e a t y ,  w h i c h  w a s  t o  e s t a b l i s h  a  c o m m o n  m a r k e t ,  
f u n c t i o n s  a n d  o b l i g a t i o n s  o f  c o n t r a c t i n g  s t a t e s ,  
q u o t a s  a n d  t h e i r  t r a n s f e r ,  a n d  p u r c h a s e  o f  m i l l i n g  
r i g h t s .  T h e  c h a p t e r  o n  " B i o c h e m i c a l  c o m p o s i t i o n  o f  
c e r e a l s "  c o v e r s  g e n e r a l  g r a i n  c h a r a c t e r i s t i c s  l i k e  
e x t e r n a l  a p p e a r a n c e ,  c h e m i c a l  c o m p o s i t i o n ,  
h i s t o l o g i c a l  v a r i a t i o n s  i n  g r a i n  c o m p o s i t i o n  o f  o a t s ,  
w h e a t ,  m a i z e ,  b a r l e y ,  r y e ,  t r i t i c a l e  a n d  r i c e .  T h e  
s u b s e q u e n t ,  c h a p t e r s  d e a l  w i t h  " P h y s i c a l  
c h a r a c t e r i s t i c s  o f  g r a i n s " ,  " M i c r o b i o l o g y  o f  c e r e a l s  
a n d  f l o u r s " ,  " C o n t a m i n a n t s  o r i g i n a t i n g  f r o m  c e r e a l  
i n s e c t s  a n d  a c a r i d s "  a n d  c o n s e q u e n c e s  o f  
e n t o m o l o g i c a l  c e r e a l  c o n t a m i n a t i o n .  T h e  f o l l o w i n g  
f e w  c h a p t e r s  c o v e r  t h e  m i l l i n g  t e c h n i q u e s  f o r  w h e a t ,  
m a i z e  a n d  r i c e .  T h e  m a j o r  t o p i c s  c o n c e r n  m i l l i n g  
v a l u e  o f  w h e a t ,  b r e a k  r o l l  m i l l  p e r f o r m a n c e s  a n d

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

T h e  c h a p t e r  o n  " T h e  b l e n d i n g  o f  p o w d e r y  
m a t t e r "  d i s c u s s e s  i n  d e t a i l  t h e  t h e o r e t i c a l  a s p e c t s  
b e h i n d  s o l i d  m i x i n g ,  i n c l u d i n g  p a r a m e t e r s  o f  t h e  
m i x ,  d e m i x i n g  a n d  c o n t r o l l i n g  t h e  h o m o g e n e i t y  o f  
a  m i x  a n d  p r e d i c t i n g  i t s  s t a b i l i t y .  C h a p t e r  o n  " D r y  
m i l l i n g  p r e s e n t s  m i l l i n g  d i a g r a m s  a l o n g  w i t h  q u a l i t y  
a s p e c t s  o f  s o f t  w h e a t  m i l l i n g .  I n  t h e  c h a p t e r  o n  
" H a r d  w h e a t  m i l l i n g " ,  t h e  r e a d e r  i s  g i v e n  t h e  
o p p o r t u n i t y  t o  l e a r n  a b o u t  t h e  s e m o l i n a  i n d u s t r y ' s  
o r i g i n ,  s p e c i f i c  p r o b l e m s ,  a l o n g  w i t h  n e w  n e e d s  
r e q u i r i n g  f u l f i l m e n t ,  d u e  t o  t h e  g r e a t e r  c o l l a b o r a t i o n  
b e t w e e n  s e m o l i n a  m i l l s  a n d  t h e  p a s t a - m a k i n g  
i n d u s t r i e s .  O t h e r  m i l l i n g  s u b j e c t s  c o v e r e d  a r e  " D i y  
a n d  w e t  m i l l i n g  o f  m a i z e "  a n d  " P r o c e s s i n g  o f  r i c e . "  
I n  t h e  c h a p t e r  o n  " H a n d l i n g ,  p a c k i n g  a n d  t r a n s p o r t  
o f  f i n i s h e d  p r o d u c t s " ,  m a i n  p r i n c i p l e s  a n d  m a c h i n e s  
a r e  d e a l t  w i t h ,  b o t h  f o r  m e c h a n i c a l  a n d  p n e u m a t i c  
h a n d l i n g .  G e n e r a l  p r i n c i p l e s  c o n c e r n i n g  e x p l o s i o n  
h a z a r d s ,  p r e v e n t i v e  m e t h o d s  a n d  a d v i c e  c o n c e r n i n g  
t h e  s e t  o f  i n d u s t r i e s  a n d  t h e i r  m a i n t e n a n c e  f o r m  
t h e  s a l i e n t  i s s u e s  o f  t h e  s u b s e q u e n t  c h a p t e r .  O t h e r  
c h a p t e r s  d e a l  w i t h  ' A u t o m a t i o n ' ,  'C o m p u t e r i z a t i o n ' ,  
' F l o u r  a g e i n g  , 'D e f i n i n g  f l o u r  q u a l i t y  a c c o r d i n g  t o  
i t s  u s e ' ,  'A d d i t i v e s  f o r  i m p r o v i n g  f l o u r  q u a l i t y  f o r  
s p e c i f i c  b a k e r y  p r o d u c t s '  a n d  a  g e n e r a l  t o p i c  o n  
'P r i m a r y  c e r e a l  p r o c e s s i n g  i n  d e v e l o p i n g  c o u n t r i e s . '

T h e  b o o k  i s  w e l l  w r i t t e n  w i t h  F i g u r e s ,  a n d  
T a b l e s .  T h e  b o o k  i s  r e c o m m e n d e d  t o  p r a c t i s i n g  
c e r e a l ,  f o o d  a n d  f e e d  t e c h n o l o g i s t s ,  f o o d  p r o c e s s o r s  
a n d  e n g i n e e r s ,  R & D  s c i e n t i s t s  a n d  s t u d e n t s .

T h i s  b o o k  w i l l  b e  a  v a l u b l e  a d d i t i o n  t o  t h e  
l i b r a r i e s .

M .M . K R ISH N A IA H  
C E N T R A L  F O O D  T EC H N O L O G IC A L  

R E S E A R C H  IN S T IT U T E , 
M Y S O R E -5 7 0  0 1 3

C . F . T . R . I .  A L U M N I  A S S O C I A T I O N  
C F T R I  C A M P U S ,  M Y S O R E - 5 7 0  0 1 3

A l l  t h e  C F T R I  A l u m n i  a r e  r e q u e s t e d  t o  m a i l  t h e i r  l a t e s t  o f f i c i a l / p e r m a n e n t  a d d r e s s  t o  T h e  
S e c r e t a r y ,  c / o  A n a l y t i c a l  Q u a l i t y  C o n t r o l  L a b o r a t o r y ,  C F T R I ,  M y s o r e -  5 7 0  0 1 3 ,  s o  a s  t o  e n a b l e  
u s  i n  b r i n g i n g  o u t  a  D i r e c t o r y  o f  A l u m n i  o f  C F T R I .
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A N N O U N C E M E N T
I C F o S T  - 9 5  

A N N U A L  C O N V E N T I O N  
O N

F O O D  P R O C E S S  E N G I N E E R I N G  - R E C E N T  
T R E N D S  A N D  D E V E L O P M E N T

S e p t e m b e r  7 - 9 ,  1 9 9 5  
M y s o r e ,  I n d i a

J o i n t l y  o r g a n i s e d  b y
A s s o c i a t i o n  o f  F o o d  S c i e n t i s t s  & T e c h n o l o g i s t s  ( I n d i a ) ,  M y s o r e

a n d
C e n t r a l  F o o d  T e c h n o l o g i c a l  R e s e a r c h  I n s t i t u t e ,  M y s o r e  

A l o n g  w i t h  a  n u m b e r  o f  C o - s p o n s o r s

T e c h n i c a l  P r o g r a m m e  : L e a d  P a p e r s  a n d  K e y n o t e  P r e s e n t a t i o n s  o n
C r y o g e n i c  e n g i n e e r i n g  in  f o o d  p r o c e s s i n g ,  S u p e r c r i t i c a l  f l u i d  e x t r a c t i o n  t e c h n o l o g y ,  H i g h  p r e s s u r e  
t e c h n o l o g y ,  H e a t  a n d  c o o l i n g  p r o c e s s e s .  P r o c e s s  d e s i g n  a n d  e v a l u a t i o n ,  E x t r u s i o n  c o o k i n g ,  B i o 
e n g i n e e r i n g ,  F o o d  m a c h i n e r y  d e v e l o p m e n t ,  P a c k a g i n g ,  s t o r a g e  & d i s t r i b u t i o n  e n g i n e e r i n g  a n d  
M e m b r a n e  p r o c e s s i n g .

P o s t e r  s e s s i o n  o n  : F o o d  S c i e n c e  a n d  T e c h n o l o g y .  L a s t  d a t e  f o r  r e c e i p t  o f  A b s t r a c t s  f o r  P o s t e r  S e s s i o n
in  t h e  p r e s c r i b e d  f o r m a t  i s J u l y  1 5 , 1 9 9 5 .

R e g i s t r a t i o n  :
A F S T  (I) N o n - M e m b e r  N o n - I n d i a n

U p t o  3 0 - 6 - 9 5 R s .  3 0 0 / - R s .  5 5 0 / -  U S $ .  2 5 0 / -
1 - 7 - 9 5  t o  3 1 - 8 - 9 5 R s .  4 0 0 / - R s .  6 5 0 / -  U S $ .  3 5 0 / -

A d v e r t i s e m e n t  ta r if*  in  S o u v e n i r

B a c k  c o v e r  ( C o l o u r ) 1 0 , 0 0 0 / - I n s i d e  c o v e r  ( C o l o u r ) 8 , 0 0 0 / -
S p e c i a l  i n s e r t i o n 4 , 0 0 0 / - D e l u x  i n s e r t i o n  ( T r i c o l o u r ) 5 , 0 0 0 / -
F u l l  p a g e  ( c o l o u r  p a p e r ) 6 , 0 0 0 / - F u l l  p a g e  ( O r d i n a r y ) 3 , 0 0 0 / -
H a l f  p a g e 2 , 0 0 0 / -

E x h i b i t i o n  : C y m a  s y s t e m  s t a l l s  ( 1 0 'x 8 ' ) -  c o m p l e t e  w i t h  2  e l e c t r i c a l  p o i n t s ,  1 t a b l e  a n d  2  c h a i r s .  R s .  5 , 0 0 0 /

( F o o d  P r o c e s s i n g  E q u i p m e n t s ,  M a c h i n e r y ,  B o o k s ,  J o u r n a l s ,  C h e m i c a l s ,  S c i e n t i f i c  E q u i p m e n t s ,  e t c . , )  
A c c o m m o d a t i o n  : R e q u e s t  m a y  b e  s e n t  t o  t h e  u n d e r s i g n e d  o n  o r  b e f o r e  3 1 s t  J u l y  1 9 9 5 .  T h e  H o t e l  t a r i f s  
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