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S ev e ra l f ish  s p e c ie s  p r e s e n t  in  to ta l  c a tc h  a re  n o t  co m m e rc ia lly  im p o r ta n t  a n d  a r e  th e re fo re , n o t  fu lly  e x p lo ite d  

for h u m a n  c o n s u m p tio n .  F ro m  th e  ec o n o m ic  a s  w ell a s  th e  n u t r i t io n a l  v iew  p o in ts ,  i t  is  e s s e n t ia l  t h a t  th e s e  s p e c ie s  
a re  a lso  u s e d  for food p u rp o s e s .  D e v e lo p m e n t o f  food p r o d u c ts  fro m  th e s e  f ish e s  invo lve  th e  p r o c e s s e s  g e n e ra lly  b a s e d  
o n  f lav o u riz a tio n , te x tu r iz a t io n  a n d  is o la tio n  o f  v a lu a b le  e d ib le  c o m p o n e n ts .  T h is  rev iew  e x a m in e s  v a r io u s  p ro b le m s  
a n d  p o ss ib ili t ie s  in  m a k in g  u s e  o f  th e s e  f ish e s  a s  a  s o u rc e  o f  h u m a n  food.
K e y w o rd s  : U n d e r-u til iz e d  fish . F la v o u riz a tio n , T e x tu r iz a tio n , P ro d u c t  d e v e lo p m e n t, V a lu e -a d d itio n .

India, which ranks seventh in the world in fish 
production, is on the threshold of a blue revolution 
as a consequence of steady growth of the fishery 
sector during the last several years (Anon 1994a). 
The marine fisheries sector h as registered a growth 
of about 16% in volume and 41% in value in 1993- 
'94, the export of fishery item s being worth about 
Rs. 2503 crores in foreign exchange (Anon 1994a). 
India has a coastal line of about 7500  km s, a shelf 
area of nearly 500 ,000  million sq. km., and an 
exclusive economic zone of 2  million sq. km., which  
provide several varieties of demersal and pelagic 
fishes (Kant 1991). Surveys have show n potentially 
good fishing grounds for demersal and pelagic 
fishery resources, the landings of which vary 
depending upon locations. These surveys have also 
shown the existence of diverse species such as 
anchovies, ribbon fishes, catfishes, silverbellies in 
abundant quantities in W estern coasts up to a 
depth of 40 m etres (Swamy 1994; Silas 1977). The 
country's fishery catch is about 4 million tonnes, 
while the projection of marine fish production  
during 1990-2000 h as been estim ated to range 
between 2.0  and 2.7  m illion tonnes (Silas 1977, 
Yogamoorthi and Sivashankar 1994). The fishery 
sector is bound to progress further with plans for 
collaborative ventures for deep-sea fishing and fish 
processing (Anon 1994b; Kant 1991).

In terms of consum er preference, a significant 
proportion of total available fish con stitu tes  
commercially unimportant and hence under-utilized  
species, m ost of which are landed as a by-catch  
of fishing operations aimed at targeted species 
(James 1986; Society of Fishery Technologists
1987). This has resulted in an industry, processing  
only a few selected item s leaving several fish species 
not utilized to the full extent (Morrissey 1988; 
Santhana Krishnan 1987). This review d iscu sses

the various possibilities of value-addition to these  
fish species for the developm ent of food products.

According to Whittle and Hardy (1992), fishery 
resources can be defined as under-utilized in a 
num ber of ways. These include : (1) species 
available, but difficult to catch, process or market
(2 ) species caught in large quantities or as a by- 
catch and used for low value industrial products, 
but could be upgraded for hum an consum ption
(3) waste of edible flesh generated as a result of 
inefficient handling, processing or distribution of 
food products, and (4) sim ple lo ss  of quality and 
value in the handling and sale of fishery products. 
The inherent problems in their u se  are their 
extrem e h eterogen eity  o f  co m p o sitio n , bony  
structure, dark flesh, sm all size, unattractive 
appearance and texture, strong flavour and possible  
presence of toxic species (Connel and Hardy 1981; 
FAO 1981). Due to these reasons, it h as becom e 
a common practice that such  fish are discarded  
at sea in preference to high value species (Bell
1978). It is estim ated that 5 to 20  m illion tonnes 
of shrimp trawling by-catch is  discarded at sea  
worldwide, while 2  m illion tonnes of wet fish is lost 
for want of adequate icing and refrigeration facilities 
(James 1986).

The need for better utilization of total fish 
catch arises from several reasons, w hich include 
recognition of depletion  of th e  com m ercially  
im portant fish  stock s throughout the world, 
nutritional importance of fish as hum an food, and 
environmental significance. Current world fish  
landing is about 100 million tonnes (Anon 1994a). 
Table 1 show s the major groups of fish species that 
are landed annually (FAO 1990). It has been  
observed that several commercially important fish  
species are over-harvested, thereby leading to

1
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TABLE 1. W ORLD FISH  PR O D U C TIO N  : M A JO R  G R O U PS O F  
S P E C IE S , 1 9 7 8 -1 9 9 0  (IN 1 0 0 0  M ETRIC TONNES).

F ish  G ro u p 1 9 7 8 198 4 1 9 8 7 19 9 0
M a r in e  f is h

H errin g , s a rd in e , 
a n c h o v y 1 3 ,3 0 0 1 9 ,0 0 0 2 2 ,0 0 0 2 2 ,0 0 0

C od, h a k e , h a d d o c k 1 0 ,3 0 0 1 2 ,0 0 0 1 3 ,7 0 0 1 1 ,9 0 0
J a c k s ,  m u lle ts 8 ,1 0 0 8 ,8 0 0 8 ,2 0 0 9 ,0 0 0
R cdfish , b a s s ,  c o n g e r 5 ,7 0 0 5 ,5 0 0 5 ,7 0 0 5 ,5 0 0
M ack ere l, sn o c k , 

c u tla s s f is h 5 ,3 0 0 4 ,2 0 0 3 ,6 0 0 3 ,5 0 0
T u n a , b o n ito , b illfish 2 ,5 0 0 3 ,1 0 0 3 ,6 0 0 4 ,2 0 0
S q u id , c u ttle f ish , 

o c to p u s 1 ,3 0 0 1 ,7 0 0 2 ,3 0 0 2 ,3 0 0
F lo u n d e r, so le , h a l ib u t 1 ,2 0 0 1 ,2 0 0 1 ,2 0 0 1 ,2 0 0
S h a rk s ,  s k a te ,  ray 6 0 0 6 0 0 6 6 0 7 0 0

M a r in e  s h e l l f i s h
S h r im p s , p ra w n s 1 ,7 0 0 1 ,9 0 0 2 ,3 0 0 2 ,5 0 0
C lam s, co ck les 1 ,1 0 0 1 ,2 0 0 1 ,4 0 0 1 ,5 0 0
O y ste rs 9 0 0 1 ,0 0 0 1 ,1 0 0 1 ,0 0 0
S ca llo p s 4 0 0 8 0 0 7 0 0 8 0 0
M u sse ls 6 0 0 9 0 0 1 ,1 0 0 1 ,3 0 0
L o b ste rs 2 0 0 2 0 0 2 0 0 2 0 0
Krill 100 100 3 7 5 3 8 0

A n a d ro m o u s  a n d  d ia d r o m o u s
S a lm o n , t ro u t ,  s m e lt  6 0 0

f is h
9 0 0 1 ,0 0 0 1 ,4 0 0

S h a d 8 0 0 7 0 0 8 0 0 6 0 0
D ia d ro m o u s  fish 4 0 0 9 5 0 1 ,0 0 0 1 ,5 0 0

F r e s h w a te r  f is h
M is. f re sh w a te r  fish 4 ,8 0 0 4 ,8 0 0 5 ,3 0 0 6 ,0 0 0
C a rp s , b a rb e l, c a tf is h 6 0 0 2 ,6 6 0 4 ,4 0 0 5 ,0 0 0
T ilap ia s , b re a m 3 0 0 5 0 0 6 5 0 8 0 0

A d ap ted  fro m  FAO (1990)

depletion of stocks. The over-exploitation of world's 
most valuable fisheries is  widespread, despite 
attempts to control it by efforts such as identification 
of maximum sustainable yields, and introduction 
of a quota system  for fishing of several of these  
species (Bell 1978).

Fish, in general, is considered important from 
the nutritional point of view (James 1984; Kent 
1987; Sikorski et al. 1990). It provides about 14% 
of the world's needs for anim al proteins and 4-5% 
of the total protein requirements (Whittle 1984). 
Fish supplies a good balance of proteins, vitam ins 
and minerals and relatively low calories (Sikorski 
et al. 1990). In addition, certain species of seafoods 
are excellent sources of n-3 polyunsaturated fatty 
acids, which have therapeutic value (Kinsella 1987). 
The role of fish in alleviation of m alnutrition in 
India has been d iscussed  in detail by Kent (1987). 
In several developing countries including India, 
where the population is dependent mainly on

cereal-based diets, a sm all quantity of fish  often 
provides a critical nutritional improvement for them  
(Whittle 1984). In m any of these countries, the low 
income earners incur more of their household  
expenditure on fish than other protein foods (Jam es
1984).

A third problem  of w astage of fish  is  
environmental. Under-utilization of fish leads to its 
neglect upon landing, which p oses problem s of 
environmental pollution. It is, therefore. Important 
that the total available catch is  put to m axim um  
use as food for hum an consum ption. Thus, a need  
has been realized to shift em phasis from increased  
production to increased utilization (Morrissey, 1988). 
The global trends in low cost fish catch have been  
extensively d iscussed  (FAO 1981; M orrissey 1988; 
Burt et al. 1990; Hong et al. 1990; W hittle and  
Hardy 1992).
Availability o f under-utilized fish  in India

In India, shrimp constitutes about 35% of 
marine export, while frozen fish con sists  of ribbon

TABLE 2 . S O M E  L O W  V A L U E  F I S H E S  A N D  T H E I R  
AVAILABILITY (IN TONN ES) IN INDIA

F is h P o te n tia l A n n u a l  a v e ra g e

E la s m o b r a n c h s 1 3 7 ,0 0 0
la n d in g

5 8 ,9 6 8
In d ia n  d o g  s h a r k  
B la c k  tip  s h a r k  
H a m m e r  h e a d  s h a r k  
G u i ta r  fish  
R ay

S c ia e n id s 1 9 8 ,0 0 0 1 0 6 ,6 2 2
D h o m a  
C ro a k e r  
J e w  fish  
G h o l

C a ra n g id s 2 0 0 ,0 0 0 5 4 ,4 9 1
S c a d
H o rse  m a c k e re l 
L e a th e r  sk in  
N ak ed  b r e a s t  trev a lly  
R ib b o n  fish 2 5 8 ,0 0 0 6 2 ,0 3 7
C a t  fish 1 7 0 ,0 0 0 5 4 ,0 3 4
A n chovy 2 4 0 ,0 0 0 1 2 4 ,0 5 7
F la t  fish 4 7 ,0 0 0 3 4 ,0 1 1
S o le - 2 5 ,1 1 4 (1988)
J a p a n e s e  th re a d f in  b re a m - 5 3 ,2 4 1 (1988)
B a r ra c u d a 5 ,0 0 0 2 ,7 1 5
B o m b a y  d u c k 1 0 0 ,0 0 0 1 0 0 ,0 0 0
O il s a rd in e 2 4 0 ,0 0 0 1 5 8 ,0 3 1

S o u rc e  : In d ia n  F is h e ry  H a n d b o o k , M a r in e  P r o d u c ts  E x p o r t 
D e v e lo p m e n t A u th o r ity  (MPEDA) C o c h in .
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fish, reef cod, seer, pomfret and mackerel (Swamy
1994). It is estimated that India exploits only 7.7% 
catfish resources, 13.3% cephalopods, 25% perch 
and 11.5% coastal tuna resources (Kant 1991). The 
Indian fish industry is m ainly export-oriented, and 
processes only a few selected item s to cater to the 
needs of foreign market. Several landed fish species 
viz., elasmobranchs, sciaenids, carangids, anchovies, 
ribbon fish, catfish, flat fish and a num ber of other 
items are under-utilized. Some of the low value 
fishes and their availability in India are shown in 
Table 2 (MPEDA Cochin). It m ay be noted that 
certain cephalopods such  as squid and cuttle fish, 
which do not attract m uch internal market value 
are commercially processed due to their high 
overseas demand (Swamy 1994).
Problems in  p rocessin g  o f  under-utilized  
fishery resources

Several problems exist in full exploitation of 
under-utilized fish resources as source of hum an  
food. These include : (1) seasonal nature or lack  
of steady supply of individual item s, (2) mixed type 
catch where several species are present in a single 
lot, which requires its separation into individual 
species, (3) smaller size and com positional nature, 
e.g., small size of several pelagic, euphausids or 
m esop elagic  sp e c ie s , w h ich  m ak e c lea n in g  
operations, such as beheading and evisceration  
difficult. For example, krill is less than 5 cm in  
length. Several species have high fat content, while 
elasmobranchs have high urea contents affecting 
their flavour (4) high perishability of several species 
requiring immediate processing (5) insufficient 
availability of icing and cold distribution chains, 
which are, at present, intended only for commercially 
important species, and (6) lack of consum er interest, 
which m akes value addition unprofitable.

These problems have been d iscussed in detail 
by several authors (Whittle and Hardy 1992; 
Morrissey 1988; Jam es 1986; Connell and Hardy
1981).
C onventional processin g  o f under-utilized  fishery  
resources

The above m entioned problems give less scope 
for commercial processing of the fish by conventional 
techniques. While icing and refrigeration are essential 
in order to prolong the shelf-life of the item s 
(Menabrito and Regenstein 1988), processes such  
as freezing, canning, radiation preservation or 
modified atmosphere storage are uneconom ical. 
Conventional techniques m ay be advantageous, if

used in conjunction with alternate processes, as  
will be d iscussed below. Currently, m ost of the 
species are processed by traditional m ethods such  
as curing, which does not involve high costs. Such  
products also do not have high market value. It 
h as been estim ated that only 42% of the total global 
catch of pelagic fish comprising herring, anchovies, 
mackerel, tuna and jacks, is  used for hum an  
consum ption, although, som e am ounts of species 
such as sardines, tuna and mackerel are processed  
by canning (Burt et al. 1990). Fatty species such  
as sardine and mackerel have poor shelf-life under 
frozen conditions. Thus, at -18°C, sardine having 
an oil content of 10-12% has a shelf-life of 20- 
40  weeks, while mackerel h as a shelf-life of 16 
weeks at -20°C, before rancid flavour and a hard 
texture developed. Swordfish discolour during frozen 
storage, with the appearance of a green colour 
beneath the skin  (Ames and Poulter 1987). Large 
proportions of the fish species such  as herring and 
m enh ad en  is therefore, u sed  for fish  m eal 
manufacture (Burt et al. 1990). About 400 ,000  
tonnes of krill available in the Antarctic region are 
reduced to fish meal, while recoveiy of intact tail 
meat is m ost promising as hum an food. Connel and 
Hardy (1981) reported that the larger size or more 
familiar species will be utilized earlier than unusually  
sm all and oddly shaped flsh. They described 
various under-utilized species available in the 
temperate waters and arranged them  roughly in the 
order of probability of utilization as hake, Alaska 
pollock, Pacific cod, mackerel, sprat, pilchards, blue 
whiting and horse mackerel (Connell and Hardy
1981).

Curing (diying, salting and smoking), perhaps, 
is the oldest method of fish preservation. Generally, 
it involves salting before drying and operates 
through increase in the concentration of soluble 
substances in the fish either by abstracting water 
or by causing soluble su b stan ces to diffuse in 
(Homer 1992). In addition, concentrating the soluble 
substances by brining and dehydration reduces the 
w a ter  a c tiv ity , in h ib it in g  th e  g row th  of 
microorganisms. Depending on the fish com position  
and size, salting m ay be 'dry', where the fish are 
stacked in salt and the brine formed is allowed to 
drain, or 'wet', where they are im mersed in a strong 
brine. While several dehydration techniques are 
currently available, the m ost common method 
employed for the under-utilized fish is sun-drying. 
The preservative effect of smoking on fishery 
produce is said to be due to a com bination of 
factors, which include surface drying (providing a
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physical barrier to the passage of microorganisms), 
salting (reducing water activity to control micro­
organisms), deposition of phenolic anti-oxidants 
(which delay rancidity) and deposition of anti­
microbial substances. Preservation of fish by curing 
has been recently d iscussed by Hom er (1992).
T echnology  for value-add ition  o f under-utilized  
fish  resources

Two m ain technological problems need to be 
overcome in effective utilization of these fishes for 
human consum ption. The first is  concerned with 
the m aintenance of quality from time of catch to 
that of purchase (Menabrito and Regenstein 1988) 
and the second is the conversion of the raw 
material into products desired by the consum er. 
The process selected should suit the individual fish  
species (FAO 1981; Grantham 1981; Flick et al. 
1990; Bell 1978). The su ccess lies in careful 
application of the techniques through which flavour 
and texture of original fish are m asked or modified 
to get enhanced consum er responses to the finished  
products. Pigott (1976) h as classified three types 
of products that can be prepared from fish. These 
include protein foods, supplem entary additives and 
non-edible products. The raw m aterials for the 
products include not only ground fish, which is 
unsuitable for direct hum an consum ption, but also 
carcasses frames and trimmings from filleting 
operations.

Based on the technology employed for product 
formulation, several possibilities can be broadly 
grouped into three; namely: -
(1) Processes depending upon modification of 

flavour include smoking, fermentation pro­
cesses, pickling and canning in special ju ices.

(2) Processes based on modification of texture of 
isolated meat include development of meat- 
based food analogues such as imitation shrimp, 
lobster or crab, conventional processes such  
as preparation of fish cakes, breaded fish 
items, fish pastes, fish sau ces etc .'T he  
texturization could be through the gel forming 
or emulsification properties of the proteins and 
may involve incorporation of additives and 
use of sophisticated processes such as extrusion 
cooking, fiberization etc.

(3) Processes are developed for the isolation of 
edible com ponents such as functionally active 
proteins and oils. These isolates can be used  
as food ingredients for enhancing the nutritive 
and functional value of hum an foods, in

which su ch  ingredients are incorporated.
These processes are d iscu ssed  in  detail in the 

following sections.
F lavourization  p ro cesses

Smoking : It enhances flavour of treated  
products and therefore, provides comparatively an  
easy method of value addition to low cost fish  
species. Smoked fish is regarded as a delicacy in 
several countries and, therefore, offers great potential 
to increase the marketability of such  fishery item s, 
when applied carefully. While both hot and cold  
smoking can be employed, sm oking at lower 
temperature (<33°C) is  preferred, since it gives a 
sm oke with more flavouring and preserving  
substances, while at higher tem perature (>80°C), 
these com pounds are easily oxidized and destroyed. 
Further, hot smoking m ay also result in deposition  
of carcinogenic substances such as 3, 4-benzopyrene, 
apart from adversely affecting the biological quality  
of the proteins. Combination of sm oking along with 
salting can help to reduce the salt content in the  
product and improve flavour.

The flavour of the sm oked process depends on 
the source of sm oke, apart from the temperature. 
Modem sm oke producers feed saw dust slowly onto  
a very hot surface, but, worldwide, m ost sm oking  
is still done using a sim ple fire, w hich is contained  
in a fire box. Wood shavings b u m  fiercely and start 
the sm ouldering process in the saw  dust. Wood 
preservatives may produce harmful sm oke, which  
might make the sm oked fish dangerous to eat.

Sm oke is an em ulsion of droplets in  a 
continuous phase of air and vapour stabilized by  
electrostatic charges on the droplets. Over 200  
com ponents have been identified in  the vapours, 
which consist of organic acids, phenols, carbonyls, 
alcohols and hydrocarbons. Sm oking preserves by 
depositing bacteriostatic chem icals such  a s  phenol 
and formaldehyde in the system . Control of sm oke 
production parameters m ust be com plim ented by 
control of raw m aterials, if a standard quality 
product is to be obtained. Wet fish is  preferred for 
better absorption of flavour com ponents. Colour 
imparted to the fish by the sm oking process is due 
to carbonyl-amino reactions. Considerable scope  
exists for the improvement for traditional sm oking  
processes for development of acceptable products 
from under-used fish species. The process h as been  
successfully applied to several species including  
mackerel, herring, sprat, cod, haddock, salm on, 
trout and eel (Homer 1992; Govindan 1985).
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Smoked eel is popular in Germany and Netherlands. 
The process, generally, con sists of brining dressed  
eel in 10% salt followed by w ashing and dipping 
in boiling water. The fish are then given a two- 
stage smoke treatment, a 10 m in treatment at 120- 
129°C followed by a cold sm oking at 40-50°C for 
4 h. Smoked eels are sold chilled, frozen or canned  
(Lane 1978). Processing of sm oked, dried and 
powdered sardine into instant soups has been  
discussed (Oh et al. 1988).

Fermentation : It enhances the flavour and 
stability of treated fish. Fermented products are 
highly popular in South-east Asia, where they add 
variety to the diet and contribute to general nutrition 
(Beddows, 1985). Fermented products can be 
classified broadly into two groups. The first "group 
consists of fish and salt formulations, whereas the 
second consists of fish, salt and carbohydrates 
(Owens and Mendoza 1985). In the former category, 
fermentation resu lts from the action of autolytic 
enzymes present in the tissue, while high levels of 
salt (>20%) prevent microbial deterioration of the 
meat. Fish sauce is an example of a product 
prepared by th is method. The long fermentation  
time for fish sauce (5 to 12 months) m ay be reduced 
by the addition of exogenous proteases. Depending 
upon aerobic or anaerobic fermentation, the product 
aroma could be modified (Sanceda et al. 1992).

Lactic acid fermentation of fish-carbohydrate 
mixtures in the presence of sm all am ounts of salt 
(6-10%) provides possibilities for developing a 
number of products from under-utilized fish species. 
The principal source of carbohydrate used in such  
fermentation is cooked rice followed by cassava  
flour or cooked millet. The organisms used for 
fermentation generally belong to the genera of 
L actobacillu s, S trep to co ccu s , P ed io co ccu s or 
L eu con ostoc  (O w ens and  M endoza 1 9 8 5 ). 
Fermentation by different lactobacilli gives a sour 
taste to the product, which can also help in the 
inhibition of pathogens (Aiyanta et al. 1991).

Ferm entation in  com bination with other 
processes can be advantageous to modify flavour. 
These include possib ilities for preparation of 
fermentated sausages (Hwang et al. 1989), fish 
pastes (Beddows 1985; Niwa et al. 1991) and 
surimi-based item s (Kanooh et al. 1992). The status 
of fish fermentation technology in South-east Asia 
has been reviewed by Lee et al (1989).

Pickling : It can m ask natural flavour and 
improve consumer appeal. Pickled fish products are 
popular in some parts of India. In the process of

pickling, the fish is im mersed in concentrated brine 
along with sp ices for long periods. The process 
is also applicable for long term preservation of fatty 
fish. Spice salting gives a pleasant flavour to the 
product. However, in spice salting, because of the 
lower concentration of salt used , the product may 
have to be supplem ented with stronger preservatives 
such  as sodium  benzoate. About 20  sp ices have 
been used, giving a wide range of flavours in a wide 
range of com binations. The econom ics of fish 
pickling in India h as been exam ined (Annamalai 
et al. 1987). A process for pickled eels preserved 
in gelatin h as been described by Lane (1978).

Preparation of m arinades involves treatment of 
fish with acetic acid. M arinades m ay be divided 
into two types viz., cold salt and warm m arinades. 
The latter is prepared from pre-cooked or pre­
sm oked fish. Cold m arinades are, however, popular. 
For marinading, fish are kept in solutions containing 
6 to 18% salt and 0 .2  to 4% acetic acid. Generally, 
the products are kept at 0°C for 10 to 3 0  days 
for maturing, w hen flavour improves (Govindan
1985).

Canning : It involves preparation of the fish 
after evisceration and beheading, which is then  
filled in appropriate cans. The can s are filled with 
brine, exhausted, seam ed and sterilized. Packing 
in brine or oil is usually practised for commercially 
important fish species. Possibilities exist for flavour 
modification of canned under-utilized fish by either 
subjecting it to initial sm oking, prior to canning  
or using filling media such  as tomato juice. Thus, 
in the case of oil sardine, the fish is brined, smoked 
at 45°C and then canned in refined oil (Govindan
1985). Procedures for canning of fish species such  
as eel, hilsa, seer, lactarius, tilapia and threadfins 
have also been described (Govindan 1985).
T exturization  p ro cesses

Development of texturized products involve 
initial isolation of the m eat from the fish, which 
is further processed into products having modified 
texture and flavour. Protein texturization has been  
elaborately discussed by Kinsella (1978) and Lilliford 
(1986).

Recovery o f  minced f ish  m eat an d  its properties: 
Recovery of flesh by m echanical m eans is the first 
step in development of texturized products from 
under-utilized fish species (Grantham 1981). Bone 
separation processes can be applied to m ost fish  
species, crustaceans such as krill and m olluscs as 
well as fish frames obtained from filleting operations.
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A wide range of m achines is available for the 
purpose, a common type being the belt and drum  
model. The beheaded and gutted fish p ass between  
a counter rotating belt and a perforated drum. The 
fish m uscle, fat and blood are squeezed through  
a drum having an orifice size of 3 to 5 mm. Fish 
of approximately 20  to 50 cm  in length can be 
easily deboned. While eviscerated fish is preferred, 
deboning of whole fish m ay give m ince, which is  
contaminated with viscera and skin portions and 
consequently may require refining before use.

The colour, flavour and functional properties 
of the mince depend upon the initial nature and 
quality of fish, apart from the conditions of deboning. 
Prolonged ice storage of fish or frozen storage of 
mince prior to processing affects protein solubility, 
emulsification capacity, water binding capacity, 
cooking loss, drip lo ss and texture (Reddy and 
Srikar 1991; Reddy et al. 1992). The yield of mince 
obtained ranges from 50 to 75% having a content 
of few mg% of bone. A low bone content is desirable 
for better functional properties. The minced meat 
obtained after deboning is le ss  stable than the 
intact m uscle. The disruption of tissue mem branes 
and exposure of the m eat to air accelerate oxidative 
processes during storage. Further, the treatment 
also enhances microbial proliferation in the product. 
Trimethylamine oxide present in gadoid fish  
undergoes enzymatic cleavage to dimethylamine 
and formaldehyde, the latter influencing protein 
denaturation and toughening. Refrigerated storage 
may affect the lipid stability of m ince from fatty 
fish species (Hwang and Regenstein 1993). Ideally, 
the m ince should be frozen at -40°C immediately 
after preparation and stored at -20°C, until used. 
Glazing of blocks with chilled water and oxygen 
impermeable packaging can prevent freeze-bum  on 
the surface.

The frozen m ince h as an average storage life 
of about 6 m onths depending upon the fish. Longer 
storage may affect the protein quality, with significant 
loss in functionality. Colour and odour of m inces 
from several pelagic fish species can be improved 
by washing. Protein denaturation during frozen 
storage m ay be prevented by the addition of 
cryop rotectan ts su ch  a s  p o ly p h o sp h a tes  or 
hydrocolloids such as alginate and carrageenan. 
Other additives include carboxymethyl cellulose, 
guar gum, xanthan gum  and sorbitol (MacDonald 
and Lanier 1991; Grantham 1981).

The technology of fish mince production has  
been discussed by several authors (Babbit, 1986;

FAO 1981; G rantham  1981; R egen stein  and  
Regenstein 1990; Mackie 1983; Suzuki 1981; 
Venugopal and Shahidi 1994a). Currently, about
550 ,000  metric tonnes of fish m ince are produced  
from a variety of fish species. FAO/WHO (1983) h as  
provided a code of practice for m inced fish  
production.

The fish m ince can be used  for the development 
of a number of value-added products. The important 
parameter which determ ines the u se  of the m ince  
is its gel forming ability (Asghar et al. 1986). The 
m yosin and actom yosin, the major structural 
proteins of fish m uscle, have the capacity to form 
gel under appropriate conditions. The process  
involves partial denaturation of the proteins followed 
by aggregation due to m olecular associations. 
During the association step, water, oil and flavouring 
com pounds are entrapped in the gel, which in  turn, 
determ ines the sensory attributes of the final 
product. Incorporation of ingredients such  as starch, 
polyphosphate or salt helps to modify the texture 
of the finished product. W ashing of the fish m ince 
removes the sarcoplasmic proteins and other soluble 
components and enhances the gel formation capacity 
of the structural proteins. Gel forming capacity of 
fish varies from one species to another. Of the  
white-flesh varieties, species having the h ighest gel 
strength consist of croaker, barracuda, threadfin  
bream, lizard fish, seabream, m ackerel and red 
bigeye, Alaska pollock, cuttlefish and hoki have 
poor gel-forming capacity. Among the dark-flesh  
species, blue marlin h as the h ighest gel-forming 
capacity followed by flying fish, horse m ackerel, 
yellowfin tuna and skipjack tuna. The proteins in  
the m inces influence the functional properties, 
which include swelling, solubility, viscosity, water­
holding capacity, fat binding and em ulsification  
capacity. Ingredients that can modify the properties 
are vegetable oil, polyphosphates, m ilk proteins, 
gluten, sugars, salt and preservatives. A num ber  
of ingredients- can be useful for the development 
of seafood products (Anon 1988).

Traditional products : Several products can be 
manufactured using the whole fish m ince. One 
popular item is the com posite fillet, where the fish  
m ince is shaped to get fillets of popular species  
(Connel and Hardy 1981). Other traditional products 
include sausages, pastes, patties, balls, wafers, 
loaves, burgers, fish fingers, fish fritters and pickles 
(Grantham 1981). Several breaded item s su ch  as  
fish sticks and fingers have received com m ercial 
acceptance in several countries. In th ese, the fish



7
portions are usually pre-dusted with flour or a dry 
batter mix, coated with batter and pre-fried to set 
the batter as well as to enhance the texture quality 
of the product. Machinery for autom ation of the 
process is also available (Chand et al. 1991; Flick 
et al. 1990). A variety of fish cakes, nuggets, 
chowders, scalloped fish and stew  have been  
prepared from minced fish by Cornell University
TABLE 3. SO M E  V A LU E-A D D ED  PR O D U C T S D E V E L O PE D  

FROM  U N D ER -U TILIZED  FISH
F ish P ro d u c t R e fe ren c e
A nchovies M inced  m u s c le G h a d i a n d  L ew is

b lo c k s (1977)
B om bay  d u c k D ried  la m in a te s D o k e e ta l  (1978)
B a r ra c u d a S u r im i P u tro  1989
C ap e lin S p ra y  d r ie d  p ro te in V e n u g o p a l e t  a l 

(1994b)
C a t fish D e h y d ra te d  s a l t  m in c e Y o u n g  e t  a l  (1979)

B re a d e d  p a t t ie s B u rg in  e t  a l (1985)
C ro ak e r S a u s a g e S e tty  (1987)

S u r im i P u tro  (1989)
F is h  f in g e rs R ed d y  e t  a l (1990)

F lying fish M ea t so l K ita b a ta k e  e t  a l (1988)
J e w  fish C u tle t J o s e p h  e t  a l (1984)
L izard fish C u tle t J o s e p h  e t  a l (1984)

S u r im i P u tro  (1989)
D e h y d ra te d  s a l t  m in c e Y o u n g  e t  a l  (1979)

M isce llan eo u s
fish C re a m y  f ish  b i te s R e g e n s te in  (1986)

S a i t  d r ie d  m in c e s Y o u n g  e t  a l  (1979)
P erch F is h  f in g e rs R ed d y  e t  a l  (1990)
R ibbon  fish F ish  b a lls J a n t a w a t  a n d  

Y a m p ra y o o n  (1990)
S a u s a g e S e tty  (1987)
F is h  f in g e rs S a n th a n a  K r is h n a n  

(1986)
S a rd in e S u r im i R o u s se l a n d  

C h e fla l  (1988)
M a rin b e e f S u z u k i  (1981)
S a lte d  d iy  m in c e S u d h a k a r a n  a n d  

S u d h a k a r a  (1985)
S h a rk S p ra y  d r ie d  p o w d e r V e n u g o p a l e t  a l 

(1994c)
S ilver be lly F ish  s a u c e V e la y u d h a m  e t  a l 

(1987)
Sole M inced  m u s c le  b lo c k s G h a d i a n d  Lew is 

(1977)
T re ad fin  b re a m C u tle t J o s e p h  e t  a l (1984)

H y d ro ly sa te V e n u g o p a l (1994)
S u r im i P u tro  (1989)
S p ra y  d r ie d  p o w d e r V e n u g o p a l e t  a l 

(u n p u b lish e d )
S a lte d  d ry  m in c e S u d h a k a r a n  a n d  

S u d h a k a r a  (1985)
M ixed b y -c a tc h F is h  b a ll J a n t a w a t  a n d
(C o n ta in in g  
pe lag ic  a s  w ell 
a s  d e m ersa l

Y a m p ra y o o n  (1990)

fish) C o m p o site  fillets C o n n e l a n d  H a rd y
fro m  m in c e (1981)

(Regenstein 1986). The acceptability of fish cake 
prepared from shrimp by-catch h as been discussed  
by Poulter and Poulter (1984). Several traditional 
products prepared in India and elsewhere, using  
low cost fish species are given in  Table 3.

Salted m ince is another product, w hich has  
been prepared from several fishes. The process 
involves heat treatm ent of the sa lt/f ish  m ix at 70°C 
for 2 h prior to low temperature dehydration. The 
product had high acceptability, w hen incorporated 
into local d ishes and served to Mexican com m unities 
(Young, et al. 1979). Such products can  also be 
stabilized for room temperature storage, after mixing 
with tapioca starch, soy fibre and salt and drying 
at 71°C for 10 h, which could be easily rehydrated 
(Bello and Pigott 1979). Developm ent of salted and 
dried m inces from threadfin bream  and oil sardine 
has also been described (Sudhakaran and Sudhakara
1985) .

A popular product developed in Japan from 
fish m ince is  known as marinbeef. The product is 
prepared by kneading and extruding of salted  
mackerel m ince into alcohol to get grains of 
denatured proteins, w hich could be u sed  as a 
protein source (Suzuki 1981).

Surirni-based products : Surimi is a myofibrillar 
protein concentrate produced by repeated washing  
of fish m ince, which gives enhanced gel forming 
capacity to the proteins. Surimi can  be kept frozen 
at -20°C for up to six m onths w ithout significant 
loss of quality. About 2 to 4% of sugar or sorbitol 
and 0.3% of polyphosphates are added to the  
w ashed m ince as cryoprotectants before freezing. 
Characteristics of surimi, apart from its gelling 
ability, are its bland taste, appreciable emulsification 
and water-holding capacities. Surim i generally 
contains 75% water, 16% proteins and less than  
1% fat (Lee 1986). The development of surim i has  
been described by Grantham (1981), Lee (1994,
1986) and Miyake et al (1983) and Lanier and Lee 
(1992).

Although initially, surim i w as produced on a 
commercial scale from Alaska pollock, several other 
species have been recognized to give good quality 
surimi. These include croaker, jack  mackerel, 
threadfin bream, blue whiting, sardine, lizard fish, 
eel, barracuda and leather jacket (Flick et al. 1990; 
Martin and Collette 1990; Lee 1994, 1986). The 
technical problems associated with dark-flesh fish  
species are high lipid content, lipid hydrolysis, large 
proportions of dark m uscle ¡and water-soluble 
proteins and rapid protein deterioration, all of
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4
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Fig. 1. P ro c e ss in g  o f im ita t io n  c r a b  legs a n d  s h r im p  
Source : INFOFISH Technical Handbook 2.

which influence the surim i quality (Hastings et al.
1990). These problems may be overcome by removal 
of dark meat, washing with bicarbonate solutions, 
use of nitrogen-purged water for washing and 
ciyoprotectants, and use of an improved leaching  
process (Hultin 1993; Putro 1989, Suzuki 1981).

Quality standards to differentiate surimi into 
various grades are available. These include colour, 
viscosity and gel forming ability. Moisture content 
and folding test are also used  for classification of 
surimi (Flick et al. 1990, Suzuki 1981.)

Fabricated fo o d s  : Surimi is a unique protein 
preparation that can  be texturized, flavoured and

formulated to develop a wide variety of foods, 
including seafood analogues su ch  as shrim p, crab 
legs, scallop and lobster tail, w hich p o ssess the  
accepted texture and flavour and appearance of the  
authentic products (Pigott 1986). Surim i form s a 
gel under mild heating conditions, to give rigid 
m atrices entrapping the water, oil or flavour 
com ponents (Lanier and Lee 1992). The technology  
of development of Japanese 'kamaboko' products 
including fish sau sages h as been described in  detail 
by Miyake et al (1983). Depending upon the process 
of preparation, these products are referred to as  
"kamaboko" (steamed), "chikuwa" (broiled), fried 
"kamaboko", fish ham  and sausage. For preparation  
of products, surim i is m ixed with binding agents  
such  as salt, soy protein, starch, egg w hite and 
alginate in order to modify the texture. Synthetic  
or seafood extracts may be incorporated to enhance  
the flavour (Miyake et al. 1983).

Chopped surim i paste m ay be m oulded into 
desired shapes which are then allowed to set and  
form an elastic gel. The fiberized sh eets are 
extruded into rectangular nozzle into ropes and 
then developed into imitation products. Fig. 1 
illustrates the flow diagram for preparing im itation  
crab legs and shrimp. Preparation of sausage-type  
products is another m ethod, which m akes u se  of 
com posite moulding of em ulsions (Flick et al. 1990; 
Lanier and Lee 1992, Pigott 1986). Finger size 
portions can also be cut easily from the heat-set 
sheets to m ake conventional battered products 
(Connell and Hardy 1981).

Several texturized products such  as snack  
foods and breakfast cereals incorporating pasta, 
cereal proteins and fish proteins can  be developed 
through extrusion cooking. Food extruders are 
considered as high-tem perature-short-tim e (HTST) 
reactors. The process involves forcing a m ixture of 
starch and other ingredients, usually  at 15-40%  
moisture, through a barrel under variable conditions 
of temperature and pressure. This resu lts in  
gelatinization of starch, which binds itself to other 
ingredients. The movement of the m aterial through  
the barrel can be affected by single, twin or m ultiple 
screw conveyors, which help to give sufficient shear  
to the raw material and to get the desired product 
(Kinsella 1978; Harper 1981; Harper and Jan sen  
1985). Product development using extrusion cooking 
h as received poor attention in the case of protein  
foods unlike starch products. Texturization of soya 
protein is the only commercial su ccess , w hich  
processes approximately 70 m illion tonnes of raw
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material annually (Areas 1992). There is  wide scope 
for development of extruded products incorporating 
fish proteins, which could be developed by extrusion  
cooking at higher m oisture levels. The ideal 
conditions for protein extrusion consist of complete 
disaggregation of the flour through m echanical 
mixing, formation of hom ogeneous suspension  and 
alignment of the protein in the direction of flow 
(Areas 1992). E xtrusion  cooking for seafood  
in d u str ies h a s  b een  d isc u sse d  recen tly  by  
Jayasekharan and Shetty (1992).

Development of products incorporating proteins 
from soybean and surim i h as been attempted. 
Extrusion at 140°C of the m ix containing 70 to 80% 
surimi and 30 or 20% soy concentrate or gluten  
at 80% m oisture level, facilitated 'plastification' of 
the proteins apart from em ulsification, gelation, 
restructuring, m icrocoagulation a n d /or  fiberization 
of specific constituents. An extruded crab analogue 
prepared from Alaska pollock surim i is already 
under commercial production in Japan (Cheftel et 
al. 1992). Noguchi (1989) described texturization of 
sardine meat, where the fish m eat and defatted soy  
flour in the ratio of 7:3 at 50% m oisture level were 
extruded in a twin screw extruder equipped with 
a long cooling die. The product had the texture of 
animal m eat and differed from fish products. 
Similarly, development of a low temperature extruded 
product from flying fish, w hich had texture similar 
to that of "kamaboko" gels, has been reported 
(Kitabatake et al. 1988). Extrusion cooking of 
surimi to get products comparable to the texture 
of lobster, crab and squid h as also been described  
by Nicklason and Pigott (1989). The use of the 
extrusion technology for development of feeds for 
aquaculture has also been recognized (Durairaj et 
al. 1987). Development of sp u n  fibres is another 
texturization method for proteins, which has been  
described by Lilliford (1986). The process has wide 
scope for extension to surimi.

As observed by Areas (1992), the enorm ous 
potential of extrusion cooking to produce texturized 
protein from seafoods is yet to be exploited. The 
process, under appropriate conditions, can improve 
functional characteristics of proteins w ithout 
affecting the nutritional quality. The process also 
helps in reversing the unacceptable characteristics 
of several under-utilized fish species, thereby offering 
better possibilities for their use.

Sausages : These are com plex m ixtures of 
proteins, binders, fat, spices, salt and water, which  
are stabilized by an em ulsion formation of a protein

film around fat globules. The resulting product is 
stuffed into casings and is either steam ed or 
smoked. Since fish contains more unsaturated  
lipids than red m eats, th e  packaging material 
should be less permeable to light and oxygen in 
order to control off-flavour developm ent. At present, 
polyvinylidene chloride casin gs are generally used  
in Japan. Chemical preservatives used in formulation 
include nitrofurylamide, nitrofurazone and sorbic 
acid. Fish species such  a s  tuna, m arlin and shark  
are being used  in Japan  for sausage making. 
Surimi, because of its high functionality and low  
content of unsaturated lipids, is  ideal for sausage  
m anufacture (Miyake et al. 1983).
Iso la ted  ed ib le co m p o n en ts

The under-utilized fish species are also rich 
sources of edible com ponents su ch  a s  functional 
proteins, protein hydrolysate and unsaturated fatty 
acids apart from being the raw material for secondary 
by-products such  as chitin, chitosan, enzym es, 
gelatin, etc. The edible item s recoverable from fish  
are d iscussed  below.

Fish protein concentrates a n d  h ydro lysa tes : 
Fish protein concentrate (FPC) w as one of the  
earlier products developed from low cost fish for 
hum an consum ption. FPC type A is a colourless 
and odourless product, having le ss  than  1% lipid 
and is produced by solvent extraction of fish meat, 
while FPC type B is prepared by drying and 
grinding of fish mince. FPC type B has show n som e  
su ccess as a dietary supplem ent in  several countries 
(Tagle et al. 1977). The problem of poor functionality 
of FPC type A, associated  with high cost of 
production led to lack of commercial su ccess  in the 
process (Finch 1977), although the functionality of 
the product could be improved by enzymatic 
treatment. Production of fish protein hydrolysates 
from fish m ince h a s been  d iscussed  by several 
workers (Mackie 1982; Venugopal 1994). The product 
is prepared by controlled hydrolysis of fish proteins 
by proteases, followed by inactivation of the enzymes 
and spray-drying of the digest.

Therm ostable w a ter d ispersions and functional 
proteins : Fish structural proteins are insoluble in 
water and consequently pose problem s in their use  
as ingredients. The problem h a s been overcome 
recently with the development of thermostable 
water dispersions of fish m uscle. The process 
involves washing of the fish m ince, similar to that 
u sed  for surim i processing, followed by its  
homogenization in cold water, and reduction in
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viscosity of the prepared hom ogenates. In case of 
fish species, such as Atlantic herring and mackerel, 
the viscosity reduction w as effected by lowering of 
pH by acetic acid (Venugopal and Shahidi 1994a, b; 
Shahidi and Venugopal 1994), while in case of 
capelin, the viscosity w as reduced by mild heating 
(Venugopal et al. 1994a). The dispersions having 
protein contents upto 5% were stable upto 100°C. 
Such dispersion has also been prepared from 
threadfin bream (Chawla et al. unpublished data).

The dispersions can have several applications 
as a protein ingredient. The immediate application 
could be for the development of functional protein 
powder by spray-drying. Such products have been  
prepared from capelin (Venugopal et al. 1994b) and 
threadfin bream (Venugopal, unpublished data). 
U ses of the powders as protein supplem ents have 
been discussed recently (Venugopal and Shahidi 
1994a).

Fish liver oil : Shark liver oil has attracted 
commercial interest for the last 40-50 years because  
of its high contents of vitam ins A and D. Further, 
it contains significant am ounts of total hydrocarbons 
(squalene and pristane) and diacyl glyceiyl ether 
(Summers and Wong 1992). The recovery of oil from 
shark consists of natural decom position of liver, 
acid ensilage in presence of formic acid, alkali 
digestion and steam  rendering (90°C for 30  min). 
Traces of antioxidants su ch  as TBHQ (tertiaiy butyl 
hydroxyquinone) protects the unsaturated fatty 
acids against oxidation. The liver oil recovered is 
degummed, bleached and deodourised.

The liver oils from deep water sharks are 
important to m any industries. Crude shark liver 
oil is processed in Japan for the preparation of 
cosmetic products. The squalene present in shark  
oil is  used in the m anufacture of lubricants, 
bacteriocides, pharm aceuticals and cosm etics. In 
cosm etic products, it is incorporated to enhance  
skin  perm eability for the p assage of active 
ingredients. Squalene is also useful to prevent 
formation of nitrosam ines, to synthesize steroid 
hormones and as a stim ulant to enhance the 
synthetic capacity of horm ones by the body. The 
hydrogenated squalene, namely, squalane is an 
excellent moisturizer and carrier of fragrances. 
Diacyl glyceryl ethers have bacteriostatic action, 
protect against radiation, aid in the healing of 
wounds and inhibit tum our growth (Summers and 
Wong 1992).

Several other ingredients useful to hum an can  
also be isolated from fish species. These include

collagen and gelatin from elasm obranchs, chitin  
and chitosan from crustaceans and carotenoid  
pigm ents and enzymes such  as proteases. These 
are d iscu ssed  elsew here (Society of F isheries  
Technologists, 1987).
Industrial p rosp ects

In India, in spite of availability of a large 
am ount of under-utilized fish species, developm ent 
of value-added products for hum an consum ption  
h as not reached commercial level, although som e  
attem pts are currently being m ade in th is direction. 
The problems in th is respect are m any. T hese  
include lack of steady supply of raw m aterial of 
high quality, higher cost of production and lack  
of steady market for the products in com parison  
with well recognized commercial item s. However, it 
should be noted that development of these products 
provides dual opportunities of diversification of the  
fish processing industry and the utilization of low  
valu e fish  for h u m an  con su m p tion . Table 3 
sum m arizes products and processes developed, 
m ost of them  from several under-utilized fish  
available in India. One of the major potential areas 
is m anufacture of surim i-based products. The 
value-added products developed from low cost fish  
such  as ribbon fish, anchovies, sardines, threadfin  
bream, sardines etc., can have both internal and  
external m arkets (Santhana K rishnan 1987). 
Economic feasibility aspects of som e new  products 
are also available (Annamalai et al. 1987). In 
Thailand, fish ball preparation h as grown to an  
industrial scale requiring about 35  tonnes per day 
of fish species like Trichiurdae, Synodontidae and 
Cynoglossidae (Jantawat and Yamprayoon 1990). 
The increase in value-added production capabilities 
allows year-round seafood processing instead of a 
seasonal or traditional operation, as pointed out by  
Devanter and Swientek (1986). For exam ple, flexible 
breading line can produce a variety of products and 
enable to move into new product areas (Devanter 
and Swientek 1986). Successfu l production of 
value-added item s from under-utilized fish species  
depends upon continuous availability of high quality 
raw material, selection of the right process for 
individual fish species as well as suitable packaging 
system s for the products, adherence to rigorous 
quality control and identification of potential 
markets.
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A s tu d y  w a s  c o n d u c te d  o n  d ry in g  r a te s  o f  a  tro p ic a l m a r in e  f ish , B o m b a y  d u c k  (Harpodon nehereus), in  th e  
form  o f a  r e c ta n g u la r  s la b , a t  d ry  b u lb  te m p e r a tu r e s  in  th e  r a n g e  o f  40° to  70°C , a i r  v e lo c itie s  fro m  0 .8 1 8  to  
2 .1 2 8 m 2/ s ,  a n d  re la tiv e  h u m id i t ie s  fro m  3 0  to 6 0 % . D ry in g  o c c u r re d  a t  c o n s ta n t  r a te  a n d  fa ll in g -ra te , w h e n  th e  d ry in g  
ra te , w a s  low , b u t  o th e rw is e  o n ly  fa ll in g -ra te  p e rio d  w a s  o b se rv e d . P re d ic tio n  o f  d ry in g  tim e  fo r m o is tu r e  c h a n g e s  in  
th e  b o d y  o f  th e  fish , w i th  th e  h e lp  o f  a  d if fu s io n  m o d e l, sh o w e d  t h a t  i t  w a s  fairly  a c c u r a te  fo r  a  lim ite d  p e rio d , a n d  
th a t  a  d e v ia tio n  o c c u r re d  a t  th e  l a s t  s ta g e  o f  th e  s e c o n d  fa ll in g -ra te  p e rio d . L iqu id  d if fu s io n  m a y  n o t, th e re fo re ,  b e  
th e  o n ly  m e c h a n is m  o f  m o is tu re  m o v e m e n t in  d ry in g  fish .
K ey w o rd s : D ry in g  c h a ra c te r is t ic s ,  F is h  s la b , T ro p ic a l m a r in e  f ish , B o m b a y  d u c k , D iffu s io n  m o d e l

Although drying of marine fish is  still in vogue 
as a processing technique in India (Mukheijee et 
al 1990), and m any other developing countries, 
published information on drying characteristics of 
tropical fish is lacking. There is also a great paucity  
of data on diying rate, and the basic m echanism  
of moisture movement in the body of the fish during 
diying. Such data are essential for process design  
and improvement of the diying system . The present 
paper in c o r p o r a te s  th e  r e s u lt s  o f  d ryin g  
characteristics of a tropical fish variety, in the form 
of a rectangular slab. The objective w as to get the 
basic information on m echanism  of fish diying.

Diffusion model : In the design of diyers, the 
time required for drying the material under the 
conditions existing in the dryer, decides the size 
of the equipment for a given capacity (Treybal 
1981). For this purpose, rates of drying curves are 
constructed, and they give the drying time directly 
(Treybal 1981). In the case of fish, which is a 
colloidal-gel type of material, it is assum ed that 
moisture is transported within the material by the 
mechanism of liquid diffusion (Brakel 1980). Thus, 
Fick's second law of diffusion (Treybal 1981) can  
be applied to predict the average diying time during 
the falling-rate period. The following equation

5c 52c
—  = d  —  .......  (1)
5 t 8x2

has long been used as a basis for calculating the 
rate of drying of various solids (Jason 1965; 
McCabe and Smith 1967; Brakel 1980). Jason  
(1965) found that diffusion w as practically isotropic 
in fish m uscle and therefore, he used the solution  
of d iffu sion  eq u a tio n  in th r ee -d im en sio n a l  
rectangular coordinates as follows :
* Corresponding Author

5c ,  52c  52c  52c  x
—  = D |  —  + ------ + —  1 ........ (2)
5 t V 5x2 8y2 5z2 J

for a slab of dim ensions 2a, 2b, 2c with boundary 
conditions :
c = c0, w h e n  t  = 0
c  = c.- a t  x = -  a , a ; y  = - b ,  b ;  z = - c ,  c , w h e n  t> 0 . . .  (3)
All the terms, c in equation (2) denote m oisture 
content, kg /k g  (db), with subscripts o and e for 
initial and equilibrium values, respectively. D is  the  
m oisture diffusivity (m2/s ) , while a, b, and c are 
the dim ensions (m). It is assum ed that the m oisture 
content at the surface attains its equilibrium value 
once diying com m ences, and that drying takes 
place throughout the surface of the slab (Jason  
1965).

The solution of equation (2),- when expressed  
in term s of weight loss, (Carslaw and Jaeger 1959) 
becom es :

M = - M -M e >exp- 7t2D I -2  , -2  - 2 )------ la  + b  + c I t4 ... (4)

where all but the first term are neglected. In 
equation (4), M denotes total m oisture (kg) and
M* = (M-Me/M 0-M e) is dim ensionless.

Equation (4) w as simplified by introducing a 
quantity t  termed as diying-tim e constant (Jason  
1965) as follows :

M = M -M e
M 0 - M c ■ exp-t/i ... (5)

w h e re  t  = 4 / j r 2D (a-2+ b '2+ c-2) fo r a  p a r t i c u la r  s la b . ... (6)
Equation (5) reduces to the straight-line 

equation ;
I n  M* = ln ( 8 / j i 2)3- t / t  ...... (7)
A plot of In  M* against t can be constructed
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TADLE 1. R ESU L TS O F  FISH  DRYING U N D E R  D IFFE R E N T  C OND ITION S
A ir D ry  b u lb R ela tiv e M o is tu re  c o n te n t , k g /k g  (db) C o n s ta n t M o is tu re

velocity . te m p , h u m id ity , r a te , d iffu s iv ity
m / s °C % In itia l E q u ili- F irs t S e c o n d k g /k g .  h (m V s ) lO 10

b r iu m c r itic a l c r it ic a l m 2
0 .8 1 8 4 0 6 0 8 .8 4 3 0 .6 0 1 5 .5 0 2 .5 5 1 0 0 .9 9

5 0 6 0 7 .3 2 7 0 .3 1 9 5 .2 5 2 .5 5 9 0 1.21
6 0 6 0 7 .3 2 7 0 .0 8 6 4 .6 5 1.0 6 1 5 2 .0 4

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

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

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

- : A b se n c e  o f  d a ta .

to calculate the diffusivity from the slope, if the 
data fall on a straight line. Equation (7) can, 
therefore, be used to predict the drying time.
M aterials and M ethods

Fish sam ple : The tropical marine fish, Bombay 
duck (Harpodon nehereus), w as selected for the 
diying study. It is one of the m ost important 
species landed in Indian coasts, and one that is 
preferred for diy-cured products (Talwar and Kacker
1984). Fish procured from the local market w as 
deheaded, gutted, cleaned and stored in deep 
freezer, for use in drying experiments.

Experiments on drying : The experimental se t­
up consisted of a constant temperature cabinet for 
drying and an air saturator for supply of air at 
saturated condition into the cabinet. The saturation  
temperature w as determined from the desired 
relative humidity and the diying air temperature, 
and was controlled to the set point within ±1°C. 
Thin rectangular slabs of dim ensions 37 .44  mm  
length x  21 .14  mm breadth x  7.21 mm thickness  
were cut from fish fillet for use in experiments. All 
these dim ensions were the average of 9 rectangular 
slabs used in the experiments. M easurem ents of 
the thickness of a particular slab were made at 
the com ers, and at the centre of a slab. The fish 
slab w as suspended inside the cabinet on a basket 
from a precision balance and air, at a constant diy  
bulb temperature, velocity, and relative humidity, 
was passed in cross-flow over the slab. Changes 
in weight as a function of time were recorded under 
various experimental conditions are given in Table 
1. A value of relative humidity of 60% w as chosen  
for studying the effects of air temperature and 
velocity on diying rate, primarily to reduce shrinkage

d u rin g  drying (M cCabe and  S m ith  1 9 6 7 ). 
Considerable shrinkage can occur in fish slabs  
during diying at lower humidity, as h a s been  
observed during fish diying at 35% relative hum idity 
and 24.5°C. Shrinkage is  also known to be less  
along the major axes, than along the other two 
dim ensions (Balaban and Pigott 1986).
R esu lts and D iscu ssio n

Fig. 1 show s the diying curves plotted as  
m oisture ratio M* versu s tim e at d iy  bulb  
tem peratures 40°, 50° and 60°C, with 0 .8 1 8  m /s  
air velocity and 60% relative humidity. The data 
revealed the expected result of diying due to 
difference in drying potential with tem perature 
(Treybal 1981). Effect of other variables on diying  
behaviour - such as (a) air velocities 0 .8 1 8 , 1.965 
and 2 .128  m /s  at 60°C d iy  bulb tem perature and 
60% relative humidity, and (b) 30 , 4 0  and 60% 
relative hum idities at 60°C dry bulb tem perature 
and 1.965 m /s  air velocity - show ed a sim ilar trend.

Diying rates expressed as k g /k g  (db).h.m2 and 
plotted against free m oisture content (Figs. 2 and

Fig. 1. D ry in g  c u rv e s  a t  0 .8 1 8  m / s  a i r  v e lo c ity  a n d  6 0 %  re la tiv e  
h u m id ity  (M*=M-Me/M 0-M J .
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Free moisture  content  (kg/kg.db)
Fig. 2. D ry ing  r a te  c u rv e s  a t  0 .8 1 8  m / s  a i r  ve loc ity  a n d  60%  

re la tiv e  h u m id ity .
3) show that constant rate period is observed at 
air temperatures in the range of 40° to 60°C, with
0.818 m /s  air velocity, but at 40° and 50°C air 
temperatures only with 1.965 m /s  air velocity. All 
other results show that drying takes place only in  
the falling rate period. Results of fish drying under 
different conditions are shown in Table 1.

Constant-rate periods occurred probably due 
to low rate of drying at the conditions mentioned  
above, when fish surface behaved truly saturated  
(Jason 1965). The constant-rate increased with dry 
bulb temperature of air and the critical m oisture 
content varied within the range of 4 .65 and 6 .00  
kg/kg (db). However, duration of the constant-rate  
period was very short, i.e., about 1-1.5 h. Several 
workers (Jason 1965; Brakel 1980) have reported 
that a strictly constant-rate period m ay not be 
observed, although careful experimentation may be 
helpful in th is regard. Irrespective of whether 
constant-rate period w as observed or not, falling- 
rate period showed two distinct phases, with the 
first phase terminating at the so-called second  
critical moisture content (McCabe and Smith 1967), 
which ranged between 1.0 and 4.4  k g /k g  (db) under 
the conditions of drying (Table 1). It has been found 
that the second falling-rate period constituted the 
major portion of the total falling-rate period i.e. 67- 
89%. Since the constant-rate period is of very short 
duration and overall drying takes place in the 
falling-rate period, where drying rate is governed 
by the rate of internal m oisture movement by 
diffusion, the liquid diffusion theory (Treybal 1981) 
may be applicable in fish drying.

( b )
Fig. 3. D ry in g  r a te  c u rv e s  a t  1 .9 6 5  m / s  a i r  v e lo c ity  a n d  60%  

re la tiv e  h u m id ity .

Fig. 4 show s the linear representation of the 
experimental m oisture changes, and those predicted 
by equation (7) for the entire range of tem peratures 
and air v e lo c it ie s  s tu d ied . For p red ictio n , 
experimental values of m oisture diffusivity (D) were 
obtained from the slopes of the experimental 
straight lines In  M* versus time. Two discrepancies 
appeared in these plots : (a) the whole range of 
data did not fit the straight line relationship, except 
that at 40°C and 0 .818  m /s  air velocity; and (b) 
the values of intercept obtained were higher (0.96-
1.0) than predicted by equation (7). Furthermore, 
the initial curvature predicted by equation (7) has  
not been observed. In spite of these discrepancies, 
the prediction of m oisture changes is fairly accurate  
up to the period of drying in the second falling- 
rate period. There is, however, one exception with 
the data of 60°C at 0 .818  m /s  air velocity, which 
deviated from the predicted line, before the second  
fa llin g -r a te  p er iod  c o m m en ced . A ll th e s e  
discrepancies showed that liquid diffusion m ay not 
be the only m echanism  for m oisture m ovem ent in  
fish drying. This has been further reflected by the
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I'ig. 4. C o m p a ris o n  o f  e x p e r im e n ta l  a n d  p re d ic te d  m o is tu re  
c h a n g e s  b y  d iffu s io n  m o d e l. A ir ve lo c ity  (a) 0 .8 1 8  m / s ,  
(b) 1 .9 6 5  m / s  a t  6 0 %  re la tiv e  h u m id ity .

results of temperature dependency of m oisture 
diffusivi ty.

In the diffusion model, D w as assum ed to be 
constant, but it w as found to be linearly dependent 
on temperature. Fig. 5 show s such temperature 
dependency of the m oisture diffusivity. The result 
was expressed in the form of Arrhenius equation:

D = D0 exp (-E/RT) ... (8)
where D0 = diffusion constant, m2/s ,  and E=energy

Fig. 5 . T e m p e ra tu re  d e p e n d e n c e  o f  m o is tu r e  d iffu s iv ity .

of activation for diffusion, J /m o le . The values of 
E for 0 .818  m /s  and 1.965 m /s  air velocities are 
9927 J /m o le  and 6152 J /m o le , respectively. The 
variation of D w as not found to be very strong  
within the temperature range studied.
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Five n o n -w a x y  v a r ie t ie s  o f  p a d d y  w e re  p a rb o ile d  u n d e r  tw o c o n d itio n s ,  m illed , s to re d  fo r 4 0  m o n th s  in  th e  la b o ra to ry , 
a n d  a n a ly z e d  fo r v a r io u s  p ro p e r t ie s  a t  in te rv a ls . A w ax y  v a r ie ty  w a s  p a r t ia l ly  te s te d . O r ig in a l r a w  p a d d y  w a s  a ls o  
s to re d , a n d  th e n  p a rb o ile d  a t  th e  s a m e  in te rv a ls  a s  ab o v e  a n d  a n a ly z e d  a s  c o n tro l. In  b o th  s e ts ,  h y d ra t io n ,  B ra b e n d e r  
v isco s ity  a n d  s lu r ry  v isc o s ity  in c re a s e d  o v e r  a  p e rio d  o f  6 - 1 0  m o n th s ,  a n d  th e n  d e c re a s e d  s te a d ily  u n t i l  th e  e n d  o f  
th e  e x p e r im e n ts .  S o lu b ility  o f  a m y lo se  a n d  m o b ility  o f  a lk a lin e  gel d e c re a s e d  s te a d ily ,  w h ile  f i rm n e s s  o f  c o o k e d  rice  
in c re a s e d  s te a d ily . T h e  c h a n g e s  w ith  tim e  w e re  s tr ik in g ly  s im ila r  to  th o s e  u n d e rg o n e  b y  ra w  r ic e  d u r in g  ag e in g , th e re b y  
sh o w in g  th a t  a g e in g  c h a n g e s  o c c u r re d  in  p a rb o ile d  r ic e  J u s t  a s  in  ra w  r ice . T h e  r e s u l t s  s u g g e s te d  t h a t  n e i th e r  a m y la s e s ,  
free  fa tty  a c id s ,  n o r  c a rb o n y l c o m p o u n d s  a r e  r e s p o n s ib le  fo r th e  s to ra g e  c h a n g e s  in  r ic e . F ir m n e s s  o f  c o o k e d  ric e  
w a s  w ell c o r re la te d  w ith  w a te r - in s o lu b le  a m y lo se  c o n te n t  in  a ll s a m p le s ,  r e g a rd le s s  o f  p a rb o il in g  o r  a g e in g .
K e y w o rd s  : R ice, W axy a n d  n o n -w a x y  v a rie tie s , P a rb o iled  rice , A geing, S to ra g e , In s o lu b le  a m y lo se .

It is well known that raw rice undergoes ageing 
after harvest (Desikachar 1956). The stickiness of 
cooked rice and the loss of grain solids into the 
cooking water decrease, while the firm ness of 
cooked rice and the extent to which the rice sw ells 
during cooking increase substantially after the rice 
has been stored for a few m onths after harvest 
(Desikachar 1956). Besides, steam ing of paddy is  
also practised for the improved culinary, milling 
and storage properties (Desikachar et al. 1969). 
Simultaneously, m any changes occur in the physico­
chemical properties of rice, and these continue 
steadily for at least seven years - the maximum  
period for which th is phenom enon h as been studied  
(Bolling et al. 1977; Indudhara Swamy et al. 1978).

Occurrence of similar changes in parboiled rice 
during storage does not seem  to have been  
investigated. To the Indian consum er, new parboiled 
rice is as unacceptable a s  new raw rice, and 
becomes acceptable only, w hen it has become old. 
Thus, the implication is that it too ages. But, there 
is a fallacy in th is argument. Being seasonal, the  
harvested paddy crop is stored in bulk and then  
processed, over several m onths, to either raw milled 
rice or parboiled milled rice. The milled rice is 
stored only for the time it takes to reach the retail 
end. What Indian consum ers consider as aged 
parboiled rice is  th u s usually nothing but rice 
milled from aged raw paddy, which has been  
parboiled recently. Knowledge relating to ageing 
changes in parboiled rice, if any, is of considerable 
theoretical importance for throwing light on the 
mechanism of rice ageing. It is also of som e 
practical significance due to the practice of procuring

huge quantities of both raw and parboiled milled 
rice and storing these for long periods as buffer 
stock. A study on th is subject is  reported in the 
present paper.
M aterials and M ethods

M aterials : Five varieties of non-w axy rice were 
used. The varieties (and their total and insoluble  
amylose contents, in  % dry basis, d.b., respectively) 
were : 'Jaya' (28.9, 17.0), ’IR 20' (27.8, 14.1),'SR26B’ 
(29.7, 11.0) ’Intan’ (25.6, 8.7) and 'Tainan 3 ’ (18.0,
7 .0) . In addition, a waxy variety, 'Purple puttu' (5.0,
4 .0) , w as used in a few experim ents.

Paddy w as collected from the University of 
Agricultural Sciences, Experiment Station, Mandya, 
Karnataka, immediately after harvest. It w as air- 
dried (about 13% m oisture, wet basis), cleaned and 
fumigated. About half of each sam ple (treatment 
B) w as immediately parboiled by soaking in warm  
water overnight, followed by steam ing under 0  and 
1 k g /cm 2 gauge pressure for 10 m in each, to obtain 
relatively mild and severe parboiled rice, respectively 
(Unnikrishnan and B hattachaiya 1987). It w as air- 
dried and milled in laboratory by standard m ethods 
(Indudhara Swamy et al. 1978). The balance of raw 
paddy (treatment A), and the above milled parboiled 
rice (B) were stored in rectangular tins in  the  
laboratory at room temperature (23°-30°C) for 40  
m onths. Sam ples were withdrawn at intervals, the 
untreated raw paddy (A) w as parboiled, under  
exactly identical conditions, a s  the B lot, and then  
milled. Sam ples of both- i.e., the freshly parboiled 
rice and the rice from the B lot- were analyzed. 
The stored raw paddy w as also directly milled to 
raw rice at the beginning and the end of the 
experiments.Corresponding Author. ‘Present address : Supriti, 61, Fifth Main 

Road, Jayalakshmlpuram, Mysore-570 012, India.
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In the above schem e, treatment A, i.e., paddy 

stored raw and then parboiled at intervals, w as the 
control lot, where known ageing changes would 
have occurred in the rice during storage. The 
treatment sim ulated what happens in the trade, as 
explained above. Treatment B, i.e., paddy parboiled 
all at once after harvest and then milled and stored, 
was the experimental lot. It sim ulated the conditions 
of buffer stock mentioned above and also the 
variable period of trading-related storage of milled 
rice between milling and retailing. Stored raw paddy 
acted as the general control.

All preliminary preparations were completed 
within 3 weeks of harvest. For calculation of 
percentage changes, th is w as considered as zero 
time. Waxy rice became m isshapen upon severe 
parboiling and w as parboiled only mildly. Only a 
few selected analyses were done on these sam ples, 
and raw waxy rice too w as excluded from the study.

Analytical m ethods : The following properties 
were determined by the m ethods described or 
quoted elsewhere (Unnikrishnan and Bhattacharya 
1987, 1988) : 1) EMC-S (%, w.b.) : The equilibrium  
moisture content attained by whole-grain milled 
rice when soaked in water at room temperature; 
2) Wgg (g/g, d.b.) : water uptake by rice when  
cooked for 1 h at 96°C; 3) WLT (g/g, d.b.) ; water 
uptake by rice when soaked in water for 1 h at 
a lower temperature (LT = 60°C for sam ples showing 
a gelatinization temperature [GT] of 68°C or more, 
and 55°C for those having a GT less than 68°C);
4) slurry viscosity (cP) : apparent viscosity of a 20% 
(d.b.) aqueous rice-dour slurry determined with a 
Rheotest 2 coaxial cylinder viscom eter at a shear 
rate of 145.8 sec-1 at 27°C; 5) Brabender viscogram : 
determ ined u s in g  10-15%  (d.b.) slurry, a s  
appropriate in different samples; 6) sAIJ6 (%, d .b .): 
soluble amylose content extracted from rice flour 
by water at 96°C for 20 min; 7) sALT (%, d.b.) : 
soluble amylose content of rice flour extracted with 
water for 1 h at a lower temperature (LT=50°C for 
varieties showing a GT of 68°C or above and 45°C 
for those with lower GT); 8) gel mobility (mm) : 
length of travel of 2 ml of alkali 4.4% (d.b.) rice- 
ilour gel in 1 h in a horizontal 13x150 ml test tube 
at room temperature; 9) firm ness (%) : thickness 
of replicate se ts  of 3 cooked rice grains each, after 
being com pressed with a weight of 500 g for 35  
sec, in an INRA-viscoelastograph, expressed as a 
ratio of the original thickness; and 10) elastic 
recovery (%): ratio of spring-back of the above 3 
cooked grains, 20  sec after removal of the above 
weight, to their com pression under the weight.

Total am ylose content and the gelatin ization  
temperature of the sam ples, w hich are known not 
to change with storage (Indudhara Swam y et al.
1978), were determined in the original raw rice. 
Total amylose m inus the sA^ gave the am ount of 
insoluble amylose in rice.

In view of the good reproducibility of these  
analyses, as confirmed in initial checks, the analyses 
were generally not replicated.
R esu lts and D iscu ssion

In view of the vast am ount of data generated  
from six varieties, three processing treatm ents (raw, 
mild and severe parboiling), two storage conditions  
(A, B), five storage tim es (0, 4, 10, 20, 40  m onths) 
and ten properties analyzed, only the resu lts of 'IR- 
2 0 ’ variety are graphically presented in F ig .l to 
illustrate the general trends. The average values of 
the other data are presented in Table 1.

The trends of changes in  various properties of 
parboiled rice with time of storage were exactly the  
sam e, both for sam ples A and B, as w as seen  earlier 
for raw rice (Indudhara Swamy et al. 1978). A s in  
raw rice, the values for hydration (EMC-S,W9G, WLT), 
sluriy viscosity and Brabender viscosity increased  
initially upto 6-10 m onths of storage and then  
steadily decreased (Figs, la - le ) .  Other properties 
showed a continuous change from 0 to 40  m onths. 
Amylose solubility (sAgG, sALT) and gel m obility (Figs. 
1 f, g, i) decreased steadily, while firm ness and 
elastic recovery of cooked rice (the two trends were

TABLE 1. CHAN GES IN PR O PE R TIE S O F  RAW  AND PARBOILED
R IC E

P ro p e rty 11
DURING AG EIN G “ 
M a x im u m  v a lu e ' 

P a rb o ile d '1
F in a l

R aw
v a lu e

P a rb o ile d 0
E M C -S 108 9 8 100
wV96 106 9 3 9 6
wVLT 110 81 9 2
S lu r ry  v isc o s ity 165 - 7 2
SA9G 9 3 8 3
Si\-T 8 0 6 6
F irm n e s s 138 127
E la s t ic  reco v ery 2 1 5 173
G el m o b ility 5 5 6 9
“V a lu e s  a r e  m e a n s  o f 5  n o n -w a x y  v a r ie t ie s  a n d  a r e  e x p re s s e d  
a s  p e rc e n ta g e s  o f th e  m e a n  ze ro  tim e  v a lu e s .  F o r  th e  f ir s t  fo u r  
p ro p e r t ie s ,  w h ic h  in itia lly  ro se  a n d  th e n  fell w i th  tim e , b o th  
th e  m a x im u m  p o in t  a n d  fina l v a lu e s  a f te r  4 0  m o n th s  a r e  sh o w n . 
T h e  la s t  five p ro p e r t ie s  ro se  o r  fell s te a d ily  w ith  tim e ; o n ly  th e ir  
fin a l v a lu e s  a r e  s h o w n . bD e fin itio n s  o f  th e  p r o p e r t ie s  a r e  g iv en  
u n d e r  M a te r ia ls  a n d  M e th o d s . 'R a w  r ice  w a s  te s te d  o n ly  a t  th e  
b e g in n in g  a n d  e n d  o f  s to ra g e  p e rio d . H e n c e , i ts  m a x im u m -p o in t  
v a lu e s  a r e  n o t  a v a ila b le . dV a lu e s  o f  p a rb o ile d  r ic e  a r e  a v e ra g e s  
o f  m ild  a n d  se v e re  p a rb o ile d  r ice , b o th  A a n d  B t r e a tm e n ts .
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STORAGE PERIOD (month)
Fig. 1. C h a n g e s  in  v a r io u s  p ro p e r t ie s  o f  m ild  (MPB) a n d  se v e re  (SPB) p a rb o ile d  r ice  o f  ’IR -20 ' v a rie ty  w ith  tim e  o f  s to ra g e  a t  ro o m  

te m p e ra tu re .  D e fin itio n s  o f  p ro p e rt ie s  a r e  g iven  u n d e r  M a te r ia ls  a n d  M eth o d s. A. ra w  p a d d y  s to re d , th e n  p a rb o ile d ; 
B. p a rb o ile d  rice  s to re d . B ra b e n d e r  v isc o g ra m  (12%  s lu rry )  v a lu e s  in  Fig. e  a r e  P: p e a k  v isco s ity , H: V isco sity  a f te r  95°C  
h e a tin g , C : v isc o s ity  a f te r  co o lin g  to  50°C .

very similar, hence only firm ness values are shown  
in Fig. 1 h) increased steadily. On the whole, the 
trends of A and B sam ples were also similar. This 
is clear evidence that even parboiled rice undergoes 
storage changes ju st like raw rice.

The pattern of Brabender viscogram s of the 
mild parboiled B sample, depicted in Fig. le , is 
significant in this connection. The high breakdown 
(peak viscosity m inus hot-paste viscosity) in the 
freshly harvested rice, its gradual decline and 
ultimate disappearance upon storage, as well as the 
progressively increasing setback (cold-paste m inus 
peak viscosity) are typical of the ageing process. 
The mild parboiled A and the severe parboiled A 
and B sam ples gave essentially similar results and 
hence have not been show n in the above figure. 
Another instance is the progressive increase in the 
firmness of cooked rice with time of storage (Fig. 
1 h) - one of the m ost perceptible sensory evidences

of the ageing process. There w as a concurrent 
progressive decrease in the stick iness of cooked rice 
also, as subjectively perceived, but th is property 
w as not quantitatively m easured, as it h as been  
repeatedly show n that firm ness and stick iness of 
cooked rice were very highly and inversely correlated 
(Perez and Juliano 1979; Sowbhagya et al. 1987).

•Average values of the five non-waxy varieties, 
both raw and parboiled, are show n in Table 1, 
expressed as m ean % of the respective initial 
values. For all properties that initially increased  
and then decreased, both the m axim um  and the 
final values are show n (excluding raw rice, for 
which only the final values were tested). For 
properties that changed continuously, only the final 
values are presented (both raw and parboiled). The 
trends are similar to those shown in Fig. 1. Although 
there were som e differences in the m ean values  
between processing treatm ents (raw, m ild and
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severe parboiling), storage treatm ents (A, B) and 
varieties, statistical analysis by 't'-test showed that 
the differences were not significant in the majority 
of cases (detailed data are not shown).

Parboiled waxy rice gave a generally similar 
hydration (EMC-S, W J  pattern, but its cooked-rice 
firmness did not significantly increase with storage 
time. Villareal et al (1976) too noted that the 
hardness of cooked raw waxy rice did not increase, 
nor did its stickiness decrease, over a period of 6 
months.

Mechanism o f  rice ageing : It can be concluded  
that parboiled rice ages more or less ju st like raw 
rice. Apparently, w hichever factors that are 
responsible for storage changes in the raw also 
operate in parboiled rice. Decrease in amylase 
activity during post-harvest storage (Sreenivasan  
1939; Hogan 1963), action of free fatty acids 
(Yasumatsu et al. 1964), and cross-linking by 
carbonyl com pounds produced by lipid auto­
oxidation (Barber 1972) are som e of the factors to 
which the ageing changes have been attributed. But 
the present results do not support any of these  
theories. One can rule out the possibility of 
am ylases playing a role in the ageing process, as  
th ese  enzym es sh ou ld  be destroyed during  
parboiling; yet, parboiled rice did age, not at once, 
but steadily over time. Similarly, since parboiled 
rice undergoes greater and faster lipid autooxidation 
than raw rice (Sowbhagya and Bhattacharya 1976), 
ageing changes should have been very m uch faster 
in the former, if the changes were caused by 
carbonyl cross-linking. Again, if free fatty acids 
were responsible for storage changes, then the 
changes should have been retarded in parboiled 
rice, for lipase is m ostly destroyed during parboiling 
(Barber et al. 1983).

New light on insoluble am ylose : Hot-water- 
insoluble am ylose content of rice h a s been  
propounded as the key determinant of the varietal 
difference in the texture of cooked raw rice 
(Bhattachaiya et al. 1982). The firm ness of cooked 
rice increases and its stick iness decreases, as the 
insoluble amylose content of the variety increases, 
and vice versa  (Sowbhagya et al. 1987; Kaur et 
al. 1991). It now appears that a similar situation  
may exist even in relation to changes in rice texture 
brought about by parboiling and ageing. The 
cooked grains of a variety become progressively 
harder and le ss  sticky, as the rice is  parboiled 
(Unnikrishnan and Bhattachaiya 1987) or aged 
(Desikachar 1956). Significantly, this is accompanied
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Fig. 2 . R e la tio n sh ip  b e tw e e n  9 6 ° -w a te r- in so lu b le  a m y lo se  c o n te n t  
a n d  v is c o e la s to g ra p h  f irm n e s s  o f  c o o k e d  g r a in s  o f  r a w  
a s  w ell a s  m ild  (MPB) a n d  se v e re  (SPB) p a rb o ile d  r ice  
in  five n o n -w a x y  v a r ie t ie s ,  a f te r  d if fe re n t p e r io d s  o f  
s to ra g e . V a lu e s  o f  p a rb o ile d  r ic e  a r e  a v e ra g e s  o f  re sp e c tiv e  
A a n d  B t r e a tm e n ts .

by a sim ultaneous progressive decrease in  the  
solubility of the grain's amylose, both after parboiling 
(Ali and Bhattacharya 1972) and after ageing of raw  
(Indudhara swamy et al. 1978) a s  well as parboiled 
(Fig. If) rice. Unnikrishnan and Bhattacharya (1987) 
showed that insoluble am ylose and cooked-rice 
firm ness were correlated, not only in  raw rice of 
13 varieties but also after their parboiling under  
two levels, all the 39 sam ples giving alm ost a single 
regression curve (r=0.977***). Now, it is  seen  in  the 
present work with five varieties of raw and their 
two levels of parboiled rice that the above relationship 
holds for five periods of ageing as well (Fig. 2: 
r=0.857***, for n =60). Thus, insoluble am ylose may  
be an intrinsic basic quality attribute of rice, 
irrespective of variety, ageing and parboiling.

Recently, it has been show n that the insoluble  
amylose is actually an index of the long outer 
chains of its amylopectin m olecule (Radhika Reddy 
et al. 1993). However, the estim ated value of 
insoluble amylose increases, w hen rice is  parboiled 
or aged, or both. The origin of th is additional 
quantity of insoluble amylose is  not know n and is 
worthy of investigation.
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P a t te rn s  o f  a c c u m u la t io n  o f  lip id  c la s s e s  a n d  th e ir  fa tty  a c id  c o m p o s it io n s  a t  p ro g re s s iv e  s ta g e s  o f  o il p a lm  f ru i t  
d e v e lo p m e n t w e re  d e te rm in e d . D u rin g  th e  e a r ly  s ta g e s  o f  f ru it  d e v e lo p m e n t, th e  lip id s  w e re  p re d o m in a n t ly  c o m p o s e d  
o f  p o la r  lip id s , p a r t ia l  g ly c e r id e s  a n d  free fa tty  a c id s . B y 2 4  w e e k s  a f te r  a n th e s is ,  tr iacy lg ly ce ro ls  a c c o u n te d  fo r  9 5 %  
o f  th e  to ta l lip id s . T h e  ra p id  p h a s e  o f  fa t  a c c u m u la t io n  w a s  b e tw e e n  16 a n d  2 0  w e ek s  a f te r  a n th e s is .  H ig h e r  c o n te n ts  
o f  u n s a tu r a te d  fa tty  a c id s ,  in  a ll th e  lip id  c la s s e s  w e re  o b se rv e d  in  ea rly  s ta g e s  o f  f ru i t  d e v e lo p m e n t. T h is  t r e n d  w a s  
re v e rse d  to w a rd s  th e  e n d  o f m a tu ra t io n .  In  th e  tr iacy lg ly ce ro ls , 16 :0  a n d  18:1 c o n te n ts  sh o w e d  s ig n if ic a n t  in c re a s e s  
d u r in g  fa t a c c u m u la t io n .  F a tty  a c id s  18:2  a n d  18:3  w e re  a s s o c ia te d  w ith  th e  p h o s p h o lip id s  a n d  g ly co lip id s , re s p e c tiv e ly .
K e y w o rd s  : D ev e lo p in g  oil p a lm  fru it, P h o sp h o lip id , G lyco lip id , D iacy lg lycero l, F a tty  a c id , M ono acy lg ly cero l, F a t ty  a c id  

c o m p o s itio n .

Although there have been a few reports on the 
characterization of fruit lipids of the oil palm during 
its development (Crombie and Hardman 1958; 
Bafor and Osagie 1986, 1988a, 1988b, 1989; Oo 
et al. 1986), a com prehensive study of the total 
characterization of the lipids of developing oil palm  
fruit has not been performed. The oil palm is an  
important future source of edible oil (Chada and 
Rethinam, 1991) and therefore, a basic knowledge 
of the lipids vis-a-vis other geographical regions is 
important. In our earlier studies, we reported on  
the histochem ical changes in the m esocarp of oil 
palm (Mohan Kumar et al. 1994) and results of 
studies on extraction and evaluation of raw palm  
oil (Arumughan et al. 1989). The present study  
reports the lipid profile of developing oil palm fruit.
M aterials and M ethods

Sam ple details : Oil palm s of the 'tenera' variety 
(15 years old) were randomly selected from the 
germplasm garden of the Central Plantation Crops 
Research Institute, Palode, Thiruvananthapuram. 
Female inflorescences were identified. When more 
than two-third of the flowers on the inflorescence 
became receptive, the inflorescence w as tagged. 
Samples were collected at two week intervals. Fruits 
from an entire bunch were separated and mixed 
well. A 500 g random, representative sam ple w as 
taken for analysis. Sam ples for each development 
stage were collected from three different palm s and 
analyzed in duplicate. Standard deviation w as  
calculated. Bunch weight, fruit weight and percent 
mesocarp and kernel were determined. Moisture 
and oil percent were determined according to 
IUPAC m ethods (Paquot and Hautefenne 1987).

* Corresponding Author

Isolation an d  separation o f  lip ids : Total lipids 
were extracted with chloroform-methanol (2:1, v /v), 
solvent mixture from fresh m esocarp as described 
by Goh et al (1982). About 20  m g of total lipid 
w as spotted and separated into triacylglycerol, 
diacylglycerol, monoacylglycerol, free fatty acids 
and polar lipids by th is layer chromatography (TLC) 
on 1 m m  thick silica gel G- (Merck, Bombay) using  
petroleum  ether - d iethyl ether-form ic acid  
(60:40:1.6, v /v /v ) (Ong et al. 1981). Lipid bands  
were detected by exposure to iodine vapour. The 
triacylglycerol, diacylglycerol, m onoacylglycerol and 
free fatty acid bands were eluted from the gel with  
5 ml x  4 portions of chloroform. The polar lipids 
were first eluted with acetone (10 ml x  4) to obtain  
the glycolipids followed by m ethanol (5 m l x  4) to 
extract the phospholipids.

E stim ation m eth ods : P h osp h olip id s were 
estimated by elemental determination of phosphorus 
(Fiske and Subba Rao 1925). The phosphorus  
content w as converted to phospholipid by multiplying 
with the factor appropriate for palm  oil (Goh et al.
1982). Glycolipids were estim ated from the hexose  
content, using anthrone-thiourea reagent (Southgate
1976). The quantity of glycolipid w as calculated as 
digalactosyldiglyceride from the hexose content. For 
both phospholipid and glycolipid determ inations, a 
correction for background absorbance due to silica  
gel w as m ade using silica gel from the sam e  
chromatogram in the preparation of the blank.

The lipid c lasses separated by TLC were 
quantitated by conversion of the com ponent fatty 
acids to methyl esters for analysis by gas-liquid  
chromatography using an internal standard (Kates
1986). An accurately weighed am ount of internal 
standard, m ethyl pentadecanoate (Sigma Chemical 
Co., Missouri, USA) w as added to the lipid sam ple.
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prior to saponification and esterification. The methyl 
esters were then subjected to GLC. The am ount 
of lipid sample w as determined by relating the total 
area of the fatty acid peaks to the area of the peak 
for internal standard. A correction factor calculated  
from average m olecular weight of the fatty acids, 
determined from the fatty acid composition, w as 
used to convert the total am ount of fatty acids to 
weight of the corresponding lipid class.

Methyl esters of the fatty acids were prepared 
by using IUPAC procedure (Paquot and Hautefenne
1987). A H ew lett P ack ard  5 8 4 0  A G as  
Chrom atograph (H ew lett-Packard , Palo Alto, 
California) equipped with a flame ionisation detector 
was used. Methyl esters were analyzed on a 
2m  x 2m m  (in n er d iam ), 10% E G SS-X  on  
Chromosorb W metal colum n. Injector and detector 
temperatures were m aintained at 250 and 300°C, 
respectively. Column temperature w as m aintained  
isothermally at 180°C. Carrier gas w as nitrogen at 
a flow rate of 20  m l/m in . Methyl esters were

identified with reference to standards and the peaks 
were quantitated by electronic integration.
R esu lts and D iscu ssio n

It is  a unique feature that oil palm  fruit yields 
two distinct commercially significant oils. Usually, 
the oil palm takes about 180 days for its full 
developm ent (H artley 1977). There w a s no  
appreciable formation of m esocarp constituents  
until 14 weeks after anthesis (Table 1). However, 
the development of endocarp w as completed during 
this period. The subsequent changes beginning  
from 16 w eeks after anthesis were largely in the 
mesocarp, as evidenced by the rapid increase in 
the d iy  m atter and total lipids. The physical barrier 
of the fruit indicates two independent system s with 
sequential developmental stages and little scope for 
translocation of precursors between the endosperm  
and mesocarp. The duration of fruit development 
is known to be governed by geographic and agro- 
climatic variations and is between 150 and 180 
days (Ng and Southworth 1973; Hartley 1977), as

TABLE 1. PHYSICAL PA RAM ETERS AND LIPID C O M POSITION O F  D EVELOPIN G OIL PALM FR U IT  M E SO C A R P
Age o f  f ru it  a f te r  a n th e s is ,  w e ek s

C h a ra c te r is tic 4 8 10 12 14 16 18 2 0 2 2 2 4

B u n c h  
w eigh t, kg 8 .0  ± 3 .0 1 3 .3  ± 1.8 1 3 .0  ± 2 .0

P h y s ic a l  p a r a m e t e r s

1 4 .3  ± 1 .6  1 1 .5  ±  2 .0  1 9 . 0 1 4 .2 1 6 .0  ± 4 . 0 1 4 .0  ± 4 . 2 1 6 .5  ±  1 .7 1 7 .5  ± 1 .7
F ru it  
w eigh t, g 1 .8  ±  0 .4 4 .4  ±  0 .5 4 . 8 +  1.1 6 .8  1  0 .2 6 .9  1  2.1 7 .3  1  1.1 6 .1  ± 1.0 8 .6  ±  2 .6 7 .0  ± 0 .2 6 .6  ± 0 .6
M esocarp , % 9 3 .6  ±  1.2 7 3 .5  ±  3 .4 7 5 .3  ± 10 .1 7 5 .3  1  2 .4 7 8 .5  1  8 .8 6 5 .0  ± 1 1 .0 7 5 .8  ± 7 .8 7 3 .5  ±  6 .1 6 6 .8  ±  7 .9 7 5 .2  ± 0 .1
K ernel, % - - 9 .3  ± 5 .3 9 .9  1  1.5 7 .5  1  5 .0 1 0 .4  1  0 .9 8 .7  ±  4 .3 7 .4  ±  1.0 1 0 .3  ± 4 .1 8 .2  ± 0 .3
Shell, % 6 .4  ±  1.2 2 6 .5  ±  3 .4 1 5 .5  ±  5 .0 1 5 .6  1  0 .6 1 4 .0  1  5 .3 2 4 .6  ± 1 1 .8 1 5 .5  ± 4 . 6 1 9 .2  ±  6 .7 2 3 .0  ±  3 .8 1 6 .6  ± 0 .4
M o istu re  in  
m e so c a rp , % 8 5 .3  ± 0 .7 8 5 .2  ± 0 .7 8 3 .7  ± 0 .8 8 3 .8  1  0 .7 7 2 .7  1  0 .6 7 4 .4  1  0 .9 6 8 .7  ± 0 .6 4 2 .5  ±  0 .5 4 2 .5  ±  0 .5 4 1 .4  ± 0 .7
M o is tu re  in  
k e rn e l, % - - 8 9 .2  ± 0 .9 6 7 .1  1  0 .3 2 1 .1  1  0 .7 2 6 .2  1  3 .0 18 .2  ±  2 .0 1 5 .3  ±  0 .6 1 8 .1  ±  0 .7 1 4 .9  ± 1 .6

P h o sp h o lip id 2 1 .7  ±  1.4 3 7 .8  ±  1.1
C h a n g e s  in  l ip id  c o m p o s i t i o n  ( g / 1 0 0  g  lip id )

3 4 .4 +  0 .7  4 5 .4  ± 1.4 3 .0  1 0 . 5  1.9 ± 0 . 8  1 . 6 1 0 . 3 0 .9  ± 0 .1 0 .9  ±  0 .5 0 .6  ± 0 .2
Glycolipid 3 0 .2  ± 1.2 1 5 .5  ± 1.1 10 .9  ± 0 .2 2 1 .4  1  1.7 1.0 1  0 .0 0 .8  1  1.7 0 .6  ±  0 .0 0 .6  ± 0 .1 0 .6  ±  0 .2 0 .2  ± 0 .1
T riacy l-
g lycerol 11.1 ± 0 .4 1 1 .4  ± 0 .9 ND 1 1 .6  1  1.5 5 4 .5  1  1.6 8 7 .8  1  1.7 8 7 .4  ±  0 .9 8 8 .9  ± 0 .4 8 9 .9  ±  0 .9 9 5 .3  ± 2 .3
D iacyl­
g lycérol 19 .0  ±  0 .2 1 8 .5  ±  3 .5 ND 8 .8  1  2 .2 1 7 .7  1  0 .9 4 .2  1  0 .5 5 .5  ±  0 .6 4 .3  ±  0 .2 4 .1  ± 0 . 3 1.9 ± 1 .4
M onoacyl-
glycerol 6 .9  ±  0 .5 4 .8  ±  1.1 ND 4 .0  1  0 .8 6 .2  1  0 .3 1.4 ± 0 . 9 1 .5  ± 0 .1 1 .8  ± 0 . 4 1 .7  ± 0 . 5 0 .5  ± 0 .3
F a tty  ac id 9 .0  ±  0 .5 9 .5  ± 1.9 ND 5 .8  1  1.6 1 5 .7  1  1.2 1.8 ± 0 .7 1.5 ± 0 .7 1.8 ± 0 .3 1.3  ± 0 .1 0 .6  ± 0 .6

M esocarp 1.5 ± 0 .1 1.7  ± 0 .0 2 .4  ±  0 .1
O il c o n t e n t  (%  d r y  w e ig h t)

2 .2  1  0 .2  2 7 .9  1  0 .8  3 5 . 7 1 0 . 7 4 9 .1  ± 0 .5 6 6 .2  ±  0 .6 7 3 .2  ±  0 .5 7 7 .2  ± 0 .9
(0.2) (0.3) (0.4) (0.4) (7.6) (9.1) (15.4) (38 .1) (42.3) (45.2)

K ernel - - 4 3 .5  ± 1.2 4 2 .9  1  2 .0 3 7 .6  1  1.1 4 0 .0  ± 1.4 4 4 .2  ± 1.5 4 4 .9  ±  0 .7 4 6 .1  ±  0 .8 4 6 .3  ± 1 .0
(4.7) (14 .1) (29 .7) (29.5) 

- : a b se n t ,  ND : N ot d e te rm in e d , F ig u re s  in  p a re n th e s is  : g / 100 g f re s h  t is s u e
(36.2) (38.0) (37.8) (39.4)
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TABLE 2 . FATTY ACID CO M PO SITIO N  O F  D EVELOPIN G OIL PALM FR U IT M E SO C A R P LIPID S

Age o f  f ru i t  a f te r  a n th e s is ,  w e e k s
F a tty  ac id , 
w t % 4 8 12 14 16 18 2 0 2 2 2 4

T r ia c y lg ly c e r o ls
12:0 1.7 3 .6 2 .6 0 .2 0 .6 0 .2 0 .2 0 .2 0 .6
14:0 1.6 4 .6 1.4 0 .5 0 .9 0 .7 1.2 1.5 1 .8
16:0 1 9 .6 3 4 .4 3 2 .7 3 4 .8 4 6 .7 4 1 .0 4 0 .0 4 3 .0 4 2 .6
18:0 3 .6 6 .4 9 .0 5 .6 6 .1 4 .6 4 .9 4 .1 4 .1
18:1 1 7 .4 3 0 .5 2 2 .6 4 7 .8 3 6 .3 4 4 .2 4 5 .5 4 1 .0 4 1 .7
18:2 4 7 .7 15 .9 2 5 .1 1 0 .5 8 .9 8 .9 7 .8 9 .6 9 .0
18:3 8 .4 4 .6 6 .6 . 0 .6 0 .5 0 .3 0 .5 0 .6 0 .4

D ia c y lg ly c e r o ls
12:0 1.2 8 .2 4 .9 4 .3 1.9 1.8 1.7 1.4 1.3
14:0 1.0 4 .8 5 .9 2 .5 1.0 8 .2 1.3 1.6 1.6
16:0 2 9 .8 4 1 .5 4 1 .0 2 6 .6 3 3 .3 2 4 .9 2 9 .3 2 7 .6 3 2 .2
18:0 5 .6 6 .0 7.1 8 .2 11 .5 8 .5 13 .2 9 .8 9 .0
18:1 3 3 .1 11 .9 1 5 .4 4 7 .5 3 6 .8 4 8 .0 4 2 .8 4 7 .4 3 9 .9
18:2 2 6 .6 2 3 .6 18 .9 10.1 15.3 8 .7 1 1 .0 1 1 .6 1 5 .2
18:3 2 .9 4 .0 6 .9 0 .7 0 .3 0 .1 0 .8 0 .7 0 .8

M o n o a c y lg ly c e r o ls
12:0 7 .4  , 0 .9 2 .2 3 .2 4 .9 3 .7 3 .7 3 .0 3 .6
14:0 4 .6 11 .4 3 .6 3 .8 3 .8 3 .4 2 .8 2 .8 5 .7
16:0 4 0 .4 4 1 .0 4 1 .2 3 4 .1 3 3 .0 3 3 .1 2 8 .3 3 0 .3 3 6 .9
18:0 11 .6 4 .9 14 .0 5.1 11 .2 9 .5 3 .5 6 .7 8 .5
18:1 17 .2 2 8 .4 2 5 .0 4 8 .7 3 9 .9 4 3 .7 5 5 .7 5 1 .6 3 5 .8
18:2 16.1 9 .0 10 .7 2 .3 6 .3 6 .6 5 .6 5 .0 8 .8
18:3 2 .7 4 .4 3 .4 2 .8 0 .9 - 0 .4 0 .5 0 .9

F a t ty a c id s
12:0 3 .7 3 .7 5 .8 2 .0 4 .6 14.1 2 .5 2 .9 4 .8
14:0 3 .9 5 .2 1.4 2 .3 4 .5 7 .5 2 .7 2 .4 3 .8
16:0 3 2 .1 3 3 .8 3 3 .6 3 3 .3 3 7 .3 3 3 .5 3 9 .0 3 4 .9 3 9 .9
18:0 11 .9 8 .6 7 .4 8.1 9 .8 9 .1 14 .7 1 7 .7 9 .6
18:1 18 .2 3 0 .9 2 6 .3 2 6 .4 3 1 .7 3 1 .6 3 3 .6 3 4 .6 3 4 .3
18:2 2 3 .4 15 .8 19.9 2 1 .1 9 .3 4 .2 7.1 5 .7 7 .0
18:3 6 .9 2 .0 5 .6 6 .9 2 .7 - 0 .5 1.9 0 .7

P h o s p h o lip id s
12:0 0 .1 0 .1 0.1 0 .5 0 .6 0 .5 0 .7 0 .4 0 .3
14:0 0 .2 0 .3 0 .3 0 .7 2 .2 1.0 2 .3 1.1 1.4
16:0 3 5 .4 3 3 .9 3 4 .5 3 0 .2 3 8 .9 2 8 .8 2 4 .4 3 3 .6 3 2 .6
18:0 2 .8 3 .6 4.1 3 .0 2 .3 0 .8 0 .4 3 .7 2 .8
18:1 15 .3 1 0 .5 15.9 3 7 .2 3 4 .8 4 2 .9 5 3 .3 4 1 .6 3 8 .2
18:2 4 1 .7 4 4 .2 3 3 .8 2 3 .3 2 0 .2 2 0 .6 17 .8 1 9 .4 2 3 .2
18:3 4 .6 7 .5 11 .4 5 .0 1.1 5 .4 1.3 0 .3 1.5

G ly c o lip id s
12:0 0 .6 0 .4 0 .3 0.1 0 .4 0 .6 0 .6 0 .2 2 .4
14:0 0 .8 1.2 1.1 1.0 1.6 1.4 2 .0 1.2 4 .1
16 :0 2 6 .3 2 8 .0 2 4 .1 2 2 .4 3 3 .3 3 0 .2 3 2 .5 3 5 .2 2 7 .6
18:0 3 .4 4 .4 5 .0 6.1 3.1 5 .0 5 .5 5 .0 8 .4
18:1 8 .0 6 .7 9 .1 2 3 .5 17.1 2 4 .3 2 4 .0 2 3 .4 3 7 .7
18:2 2 6 .0 12.1 8 .5 17.1 1 3 .7 1 1 .0 1 5 .4 1 4 .4 1 0 .7
18:3 3 5 .0 4 7 .3 5 2 .0 2 9 .8 3 0 .8 2 7 .6 2 0 .0 2 0 .8 9 .1

: n o t d e te c te d
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against 170 days in  the present study. The fat 
formation in the m esocarp occurred towards the 
end of fruit development. Fixation of harvesting 
time is, therefore, very important for m axim um  oil 
recovery.

Lipid profile o f  developing  oil palm  f r u i t : During 
the early stages of fruit development, the lipids were 
predominantly com posed of polar lipids (phospho- 
and g ly co lip id s), p artia l g ly cer id es  (d i-and  
monoacylglycerols) and free fatty acids; together 
comprising about 90% of the total lipids, the rest 
being triacylglycerol. The lipid profile began to 
change drastically between the fourteenth and 
sixteenth week, the shift of lipid biosynthesis being  
towards the formation of triacylglycerol (accounting 
for 95% by 24 w eeks after anthesis). At th is stage, 
polar lip ids and p artia l g lycer id es b ecam e  
insignificant. During the early stages, the total 
lipids were largely accounted for by the structural 
lipids, with veiy  little of the storage-form. The 
relative reduction in the non-triacylglycerol lipids 
is primarily due to the excessive synthesis of 
triacylglycerols and hence the dilution effect 
(Appelqvist 1975). The other explanation is that 
triacylglycerols are formed, either through the 
Kennedy pathway (a-glycerol phosphate) or via the 
phospholipid pathway (Gurr 1980). Both these  
routes involve phospholipids, and other partial 
glycerides including fatty acids as intermediate 
products, with a high turnover rate during the 
rapid phase of triacylglycerol formation, i.e., from 
16 weeks onwards after anthesis. This would 
further explain the drastic reduction in the 
phospholipids and partial glycerides towards fruit 
maturation. The reduction in the proportion of 
glycolipids could be due to the degradation of 
photosynthetic tissue in the oil palm fruit, as it 
is  k n ow n  th a t  g ly c o lip id  (p a r ticu la r ly  
digalatosyldiacylglycerol) is  a major constituent of 
chloroplast tissue (Harwood 1980).

There are several reports on the lipid profile 
of developing oilseeds, indicating similar trends 
(Hitchcock and Nichols 1971; Appelqvist 1975; 
Gurr 1980). Oo et al (1986) and Bafor and Osagie 
(1986, 1988a, 1988b) have reported the lipid profile 
for Malaysian and African oil palm fruit, respectively, 
and observed more or less  similar results.

Table 2 show s the fatty acid profile of the lipid 
classes of developing oil palm fruit mesocarp. The 
general pattern of the fatty acid w as that in the 
early stages of fruit development, a predominance 
of unsaturated fatty acids with a corresponding

lower content of saturated fatty acids w as observed. 
The trend w as slightly reversed towards the end 
of fruit maturation. The major fatty acids were 16:0, 
18:1 and 18:2 in  all the neutral lipid classes. 
However, 18:3 w as present in significant quantities 
during the early stages, am ong all the lipid classes.

With respect to the major acids, triacylglycerols 
exhibited a definite trend with 16:0 and 18:1 
showing a gradual increase, and 18:2 and 18:3 
registering  the reverse. The tra n sitio n  w as  
particularly noticeable at 12 and 16 w eeks after 
anthesis. The other neutral lipid fractions did not 
exhibit such a remarkable change. The diacylglycérol 
and m onoacylglycerol contained slightly lower 
proportion of 16:0, with higher levels of 18:1 in 
the respective stage of fruit m aturation. The fatty 
acid pool also showed lower contents of 16:1 and 
18:1 with corresponding higher levels of 12:0, 14:0 
and 18:0, as compared to the fatty acids of the 
triacylglycerols. It may, therefore, be m entioned  
that 16:0 and 18:1 are b etter  u tilized  for 
triacylglycerol synthesis in the oil palm fruit. Since 
lipase is specific to the primary positions (Galliard
1980), it is expected that the fatty acid released  
will m ostly be 16:0, thereby leaving m ost of the 
18:1 in the 2-position of the monoacylglycerols. 
From  th e  fa tty  a c id  c o m p o s it io n  o f th e  
monoacylglycerol and free fatty acid, it may be 
stated that they were formed as intermediate 
products in triacylglycerol b iosynthesis and not as  
lipolytic products.

Fatty acid profile of the phospholipids indicated 
that 16:0 w as m uch lower and 18:2 w as higher 
than those of the triacylglycerols, while 18:1 
remained more or less the sam e. During fruit 
development, 16:0 remained alm ost unchanged, 
18:1 registered a steep increase, 18:2 showed a 
rapid decrease, and 18:3 w as present in substantial 
amount in glycolipid m ostly at the cost of 18:2 and 
to som e extent 18:1, a s  compared to phospholipids. 
In the case of glycolipids also, the level of 16:0 
remained alm ost the sam e during the course of 
fruit development. However, 18:1 exhibited a steady  
increase, while 18:2 and 18:3 show ed a downward 
trend. A general pattern of fatty acid association  
with a particular lipid class is perceptible, i.e., 16:0 
and 18:1 with triacylglycerol, 18:2 with phospholipid 
and 18:3 with glycolipid. The biochemical mechanism  
to explain this phenom enon is yet to be investigated 
(Hitchcock and Nichols 1971).
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A la n d ra c e  (Balady*) a n d  th r e e  n ew ly  d e v e lo p ed  ( 'J o r - l ',  'J o r -2 ' a n d  'Jo r -3 ')  len til c u l t iv a r s  w e re  s tu d ie d  fo r th e ir  
p h y s ic a l a s  w ell a s  c h e m ic a l  p ro p e rt ie s ,  m in e ra l  c o n te n t  a n d  c o o k ab ility . D a ta  sh o w e d  s ig n if ic a n t d if fe re n c e s  (P<0.05) 
in  th e ir  p h y s ic a l, c h e m ic a l a n d  m in e ra l c o m p o s itio n . T h e  w h o le  s e e d s  o f  a ll c u l t iv a r s  re q u ire d  3 5  m in  to  c o o k  a t  
100°C w ith o u t  p re v io u s  s o a k in g . D e c o rtic a tio n  a n d  e m b ry o  rem o v a l d id  n o t  g re a tly  r e d u c e  th e  n u t r i e n t  c o n te n ts  o f  
th e s e  c u ltiv a rs .  S e e d  c o a ts  a n d  e m b ry o s  w e re  fo u n d  to  b e  r ic h  in  m in e ra ls  a n d  n u t r i e n t s .
K e y w o rd s  : L e n til c u lt iv a rs ,  ’L a n d ra c e ’, N ew  c u lt iv a rs ,  J o r d a n  le n tils ,  P ro x im a te  c o m p o s itio n . H e c to litre  w e ig h t, 

T h o u s a n d  k e rn e l w e ig h t, C o ty led o n s , E m b ry o s , S ee d  c o a t, M in e ra l c o m p o s itio n , C o o k in g  c h a r a c te r i s t ic s .

Lentil (Lens culinaris Medik.) is a major food 
legume crop in Jordan, its annual production being 
1571 tonnes in 1989 (Anon 1989). Lentil is relatively 
free of anti-nutritional factors, low in flatulence, 
and is an excellent source of proteins and amino 
acids (Bhatty 1988). Thus, it is a good complement 
to cereal proteins, particularly bread, which is m ost 
often consumed in Jordan. The chemical composition 
and quality of lentils have been investigated by 
many workers (Bhatty 1984; Bhatty et al. 1987; 
Abu-Shakra and T annous 1981). Lentil yield  
improvement through breeding programs an d /or  
introducing high yielding cultivars, has been the 
major effort of the Ministry of Agriculture in Jordan  
and three newly developed cultivars have emerged 
from these efforts (Haddad 1986).

In the present studies, a 'Landrace' ('Balady') 
and three newly developed lentil cultivars ('Jor-l', 
'Jor-2' and 'Jor-3') were compared for their physico­
chemical properties, m ineral com position and  
cookability.
M aterials and M ethods

Lentil sam ples : Representative sam ples of three 
lentil cultivars released in 1988 by Jordan University, 
and 'Balady' 'landrace' were planted in Maru 
Experimental Station (North Jordan, rainfall 380  
mm). Cultivars and 'landrace' were planted in 4 m 2 
plots in a randomized com plete block design with 
four replications, plants were harvested at the dry 
stage and m anually threshed. Sub-sam ples of
100 g for each replicate were milled on a Tecator 
1093 cyclotec sam ple mill (Tecator, Sweden), the  
milled product w as passed through a 0 .40  mm
* Corresponding Author

screen and used for proximate and mineral analysis. 
Other sub-sam ples (500 g) were milled on Cemotic 
1090 sam ple mill (Tecator, Sweden) at the highest 
setting (#7), and then the seed coats, embryos and 
dicotyledons were separated using an  air blower. 
The m ean weight of each fraction w as recorded 
and the percentage w as com puted.

Physical m easurem ents : Seed size (diam, mm) 
as m ean of 100 m easurem ents, colour (white seeds  
%), weight of one litre seed s (g/1), hydration  
capacity (% water uptake w hen 50 g sam ple soaked  
in 150 ml distilled water for 18 h at room 
temperature) were determined according to Hulse 
et al (1977). W eights of thousand grains were 
determined in quadruplicate and the average weight 
w as recorded. The hard seed count (weight of the 
unswollen seed s/to ta l weight of soaked seeds) w as 
calculated as percentage.

Chemical an a lysis : Whole seeds, dicotyledons, 
seed coats and embryos were analyzed for m oisture, 
proteins (N X 6.25), fat, crude fibre and ash  
according to AOAC (1984). Carbohydrate contents 
were calculated by difference. Gross energy value 
w as calculated by m ultiplying proteins, fat and 
carbohydrate contents with factors of 4, 9 and 4, 
respectively (Khan et al. 1986).

Mineral an a lysis : Mineral contents (Ca, Na, 
K, Cu, Fe, Mn, Zn, and Mg) were determined by 
atomic absorption spectrophotom eter (Pye Unicam, 
UK, Model SP9) using wet digestion with a mixture 
of nitric, sulphuric and perchloric acids (10:1:4). 
Phosphorus w as determined according to Watanabe 
and Olsen (1965).

Cookability : Cooking time w as determined 
according to Nikkuni et al (1988). Whole lentil seed s
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TABLE 1. PHYSICAL P R O PE R T IE S O F  LENTIL S E E D S  O F  
FO U R  CULTIVARS FROM  JO R D A N .

C u lt iv a r
'B a lad y ' 'J o r -1 ' 'J o r -2 ' 'J o r -3 '

Size, m m 4.1  b* 4 .7  a 4.8* 4.6*
W h ite  se e d , % 4 5 .0 3 0 .0 1 0 .0 3 8 .0
O n e  litre , g/1 8 5 3 .5*b 8 3 1 .7 e 855 .8* 8 4 3 .2 b
H y d ra tio n  c a p a c ity , % 97.9*b 96.4*b 9 8 .3 “ 9 5 .7 b
H a rd  seed , % 10.1* 5 .6 b 5 .6 b 6 .0 b
S eed  co a t, % 9.2* 8.1* 8.1* 8.1*
D ico ty led o n s, % 8 5 .3 b 8 2 .9 e 8 5 .8 b 87.0*
E m bryo , % 5.5*“ 9.1* 6 .2 b 4 .9 e
T h o u s a n d  se e d  
w eigh t, g 8 .5 e 4 7 .8 b 4 9 .2 ‘b 53.9*
* M ean s  w ith in  ro w s h a v in g  d iffe re n t le t te rs  a r e  s ig n ifican tly  
d iffe ren t a c c o rd in g  to  le a s t  s ig n if ic a n t d iffe re n c e s  (LSD) a t  0 .0 5 .

(200 g) were cooked in 500 ml distilled water at 
100°C. At regular intervals, 25  seed s were taken  
out and each seed w as crushed with a finger by 
placing on a scale (4 kg, full scale). The weight 
necessary to sm ash it w as recorded and the overall 
mean calculated.

Statistical an a lysis : The data were statistically 
analyzed and the least significant difference (LSD) 
among treatments was calculated according to Steel 
and Torrie (1980).

R esu lts  and D iscu ssio n
Physical properties : 'Balady' lentil seed s were 

smaller in size (4.1 mm) than 'Jor-1', 'Jor-2' and  
'Jor-3'. 'Balady' variety had equal portions of w hite  
and red seeds, while 'Jor-1' had 30% white seeds, 
and 'Jor-2' had only 10% white seeds. Red or yellow  
lentil seeds are liked better than the white seed s  
in Jordan. The hectolitre w eigh ts were a lso  
significantly different among the cultivars. 'Jor-2' 
absorbed the highest % of water and 'Jor-3' 
absorbed the least. 'Balady' had the h ighest (10.1%) 
hard to cook seeds, while other cultivars contained
5.0 - 6.0% hard to cook seed s (Table 1). The 
proportion of seed coat (9.2%) w as slightly higher 
in the 'Balady' cultivar than in other varieties, w hile  
proportion of dicotyledons w as comparable to other 
varieties. One thousand seed weights (TSW) (Table 1) 
were also significantly different am ong the four 
cultivars investigated.

Chemical composition : Data on proximate 
analysis and energy value for whole lentil seed s, 
cotyledons, embryos and seed coat are show n in  
Table 2. Protein content (whole seed) varied from
28.3  (’Jor-T) to 32.2% ('Jor-3'). T hese protein values  
are slightly higher than the ones reported by Khan 
et al (1986) on som e lentil lines, but are com parable 
to the values reported by other workers (Bhatty et

TABLE 2. CHEM ICAL CO M PO SITIO N  AND ENERG Y VALUES O F  LENTIL CULTIVARS AND T H E IR  FRACTIONS*.
C u ltiv a r P ro te in , F a t, C a rb o ­ F ib re , A sh , E n e rg y ,

% % h y d ra te s ,  %
W h o le  s e e d s

% % K c a l/  10O g

'B alady ' 29.7*b** 1.5* 60.3* 5.0* 3.5* 3 7 3 .5b
'Jo r -1 ' 2 8 .3 b 1.5* 61.6* 5.2* 3.4* 3 7 3 . l b
'Jo r -2 ' 31.4* 1.5* 60.1* 3 .7 ‘b 3.4* 3 7 9 .4*b
'Jo r -3 ' 32.2* 0 .8 b 61.8*

C o ty le d o n s
2 .0 b 3.2» 383 .5 *

"B alady ' 32.3* 1.2* 60.9* 1.9* 3.6* 3 8 4 .0 *
'Jo r -1 ' 30.2* 1.7* 64.7* 0.1* 3 .2 b 395 .0 *
'J o r -2 ' 31 .1* 1.1* 64.3» 0.2» 3 .3 b 391 .2 *
'Jo r -3 ' 29.5* 1.4* 65.0*

E m b ry o s
0.9* 3 .3 b 390 .5 *

'B alady ' 37.0* 1.2* 53.8* 3.8* 4.2* 374 .2 *
'Jo r -1 ' 36 .3*b 1.8* 54.6* 3.8* 3.5* 379 .8 *
'J o r -2 ' 3 4 .5 e 1.9* 56.6* 3.0* 3.9* 382 .1 *
'J o r -3 ' 3 4 .7 bc 1.9* 54.3»

S e e d  c o a ts
5.1* 4.0* 3 7 3 .1 *

'B a lad y ' 19.8* 1.4* 3 4 .8 b 41.7* 2.6* 2 2 9 .6 b
'J o r -1 ' 1 2 .3 b 0.9* 44.9»b 3 9 .8 “b 2.1* 2 3 6 .9*b
'J o r -2 ' 1 2 .8 b 1.0* 53.7* 2 9 .7 be 2.8* 2 7 3 . l*b
'Jo r -3 ' 1 4 .4 b 0.9* 54.6* 2 7 .6 e 2.4* 2 8 4 .2 *
* E a c h  v a lu e  is  a n  a v e ra g e  o f  fo u r  d e te rm in a t io n s  a n d  v a lu e s  w e re  c a lc u la te d  o n  d ry  b a s is .
** M ean s  w ith in  c o lu m n s  h a v in g  d iffe re n t le t te rs  a r e  s ig n if ic a n tly  d if fe re n t a c c o rd in g  to  le a s t  s ig n if ic a n t  d if fe re n c e  (LSD) a t  0 .0 5 .
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al. 1987; Bhatty 1988). The fat contents of different 
fractions from various cultivars ranged from 0.8  to 
1.9% and are comparable to the values reported 
by previous workers. The carbohydrate contents in  
various cultivars were practically the sam e (60.1 
to 61.8%), while crude fibre contents varied from
2.0 to 5.2%. There were no significant differences 
in ash contents of the different cultivars, being in 
the range from 3.2 (’Jor-3’) to 3.5% ('Balady’). The 
data are in consonance with values reported 
previously (Abu-Shakra and Tannous 1981; Bhatty  
et al. 1987; Bhatty 1988). Khan et al (1986) 
reported lower values (2.7%) for lentil lines grown 
in Pakistan.

All lentil cultivars had alm ost similar gross 
energy values, which were 373 .5  ('Balady'), 373.1  
(’Jor-T), 379 .4  ('Jor-2'); and 383 .5  K cal/100  g ('dor­
s'). These values are in agreement with values 
reported by Khan et al (1986), but are slightly lower 
than those reported by Batty et al (1987). The latter 
reported a value of 420  K cal/100  g of lentil. The 
protein and fat contents of different cultivars did 
not change appreciably by removal of seed coat and 
embryo, but % fibre decreased considerably. As 
expected, seed coat contained considerably less  
amounts of proteins and carbohydrates than

embryos w as highest am ong all fractions and whole 
seeds.

Mineral contents : The data on Ca, Na, K, P, 
Cu, Fe, Mn, Zn and Mg in whole seed s, cotyledons, 
embryos and seed coat are given in Table 1. All 
minerals varied significantly between cultivars except 
for K. The Ca content is  in the range a s  reported 
by Bhatty (1984). K contents were lower than the 
lowest value (880 m g /100 g) reported by Bhatty
(1988), probably due to genotype and environmental 
conditions. The values for P, Cu, Fe, Mn, Zn and

Fig. 1 W eig h t (g) re q u ire d  to  c r u s h  co o k e d  le n ti l  s e e d  a t  100°C
cotyledons and whole seeds. Protein content of a t  d iffe re n t tim e  in te rv a ls .

C u ltiv a r C a

TABLE 3 . MINERAL CONTENTS O F  FO U R  LENTIL
(V alu es, m g /1 0 0 g * )

N a  K P C u

CULTIVARS

F e

FROM  JO R D A N . 

M n Z n M g

'B alady ' 4 2 .3 b** 78.6» 38.1* 458 .5»
W h ole  s e e d s

1.1* 13.3* 1.3» 6.2» 12.9»
'Jo r -1 ' 3 2 .0 C 5 8 .7 ° 34.4» 4 2 1 .6 b 1.0*b 9 .2 b 1.2» 5.0° 9.8»°
'Jo r -2 ' 3 4 .4 “ 5 7 .8 ° 33.8* 445 .1* 1.0»b 9 .5 b 1.0" 5 .6 b 9 .3°
'Jo r-3 ' 60.6» 6 8 .3 b 35.2» 4 1 1.6b 0 .9 b 9 .2 b 1.3* 4 .9° 10.8»

B alady ' 18 .4b 60.4» 35.6» 4 6 3 .4 b
C o ty le d o n s

l . l b 10.2» 1.1° 5.9» 10.3»
’J o r -1 ' 18 .2b 68.1» 33.5» 448.7»° 1.0° 8.8*b 1.1° 4 .8 d 10.4*
J o r - 2 ’ 17.2° 56.8* 32.0» 490 .4» 1.2» 10.2* 1.2» 5.7» 10.5»
'Jo r -3 ' 24.7» 56.9» 31.6» 4 4 0 .5«= 1.2* 8 .4 b 1.3* 5 .0° 10.0*

B alady ' 8 1 .4 b 122.2* 128.3* 510 .3»
E m b ry o s

1.3» 14.4» 2 .5 b 9.3* 36.1*
'Jo r -1 ' 6 0 .9 d 112.5» 9 6 . l b 517 .5» 1.1° 13.0* 2.3° 7 .0° 27.4*
'Jo r -2 ' 77 .1° 9 3 .3 b 79.2» 447 .5» 1.3* 16.3* 2 .5 b 9.5* 50.3*
'Jo r -3 ' 113.1* 80.5» 100. l b 472 .3» 1.2b 14.2* 2.8* 8.6» 28.3*

B alady ' 2 2 0 .9 b 1 0 0 .8 b 7 5 .4 C 207 .1*
S e e d  c o a ts

0.9* 12. l b 0.7* 3.5» 2 2 .7 °
J o r - 1’ 281.7» 121.8* 121.4* 166.2° 0.6» 1 2 .2 b 0 .5 b 2 .9° 34.1*
J o r - 2 ' 276.0* 109. l b 9 8 .0 b 202 .9* 0.8» 23.5» 0.7* 3.3» 27.3»
J o r - 3 ' 285.7» 2 0 .2 C 14 .7 d 184 .2 b 0.6* 22.4* 0 .5 b 3.4»b 34.3*
* E a c h  v a lu e  is  a n  a v e ra g e  o f  fo u r  d e te rm in a t io n s  a n d  v a lu e s  w e re  c a lc u la te d  o n  d ry  b a s is ,  
le tte rs  a re  s ig n ifican tly  d if fe re n t a c c o rd in g  to  le a s t  s ig n if ic a n t d iffe ren c e  (LSD) a t  0 .0 5 .

M e a n s  w ith in  c o lu m n s  h a v in g  d iffe re n t



Mg compare very well with those reported by Khan 
et al (1986) on lentil lines grown in Pakistan. There 
were no significant differences between P, Fe, and 
Mg contents of embryos. However. Ca. Na. K, Cu, 
Mn and Zn varied significantly. Mineral contents 
in seed coat also varied significantly except for Cu.

Cookability : Data on cookability of the four 
lentil cultivars are shown in Fig. 1. The weight
(g) which w as required to crush the cooked lentil 
seed at various lengths of time decreased from 
almost 2 .5  kg at zero time to 2 50  g after 35 min. 
Cooking for further 10 m in resulted in a thick  
slurry soup, and that type of soup is liked in the 
country. All cultivars needed 35 m in at 100°C to 
cook without previous soaking.
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E ffec ts  c f  p ro c e s s in g  t r e a tm e n ts  viz., s o a k in g  f e rm e n ta t io n  a n d  p u ffin g  o n  th e  fu n c tio n a l  p ro p e r t ie s  o f  c o w p e a  

in  wadian, a  t r a d it io n a l  d e h y d ra te d  p r o d u c t  (se lec ted  a s  food s y s te m  in  th e  p r e s e n t  s tu d y )  w e re  d e te rm in e d  a n d  c o m p a re d  
w ith  th o s e  o b se rv e d  in  a  m o d e l s y s te m . I n c re a s e s  in  th e  b u lk  d e n s ity ,  v isc o s ity  a n d  w a te r  a b s o r p t io n  c a p a c ity ,  o b se rv e d  
in  th e  co w p ea  f lo u r  a s  a  r e s u l t  o f  p ro c e ss in g , sh o w e d  f u r th e r  in c re a s e  in  co w p e a  wadians. T h e  in c re a s e  in  v isc o s ity  
w a s  o f  th e  m a g n i tu d e  o f  5  to  8 -fo ld  in  a ll th e  wadian  s a m p le s .  F a t  a b s o rp t io n  c a p a c ity  o f  r a w  wadian  s a m p le  
a lso  in c re a s e d , a s  c o m p a re d  to  th a t  o f  th e  ra w  co w p e a  f lo u r, w h e re a s  it  d e c re a s e d  in  th e  p ro c e s s e d  wadians. All 
th e  wadian s a m p le s  m a d e  fro m  d iffe ren tly  p ro c e s s e d  f lo u rs  w e re  o f  good  q u a li ty  a n d  c o m p a re d  w ell w ith  th o s e  o f  
a  co m m e rc ia l g re e n g ra m  wadian  s a m p le s  w ith  re s p e c t  to  th e  p h y s ic a l  a n d  s e n s o ry  c h a ra c te r is t ic s .
K e y w o rd s  : C o w p ea , Wadian, P ro c e ss in g  effect, F u n c tio n a l  p ro p e rt ie s ,  A ccep tab ility , F ood u s  m o d e l s y s te m .

Cowpea (Vigna catjung) is an important food 
legume of m any tropical countries (IITA 1973). Its 
use in food has increased significantly in recent 
years (Gopalan 1992). Its potentiality in baby foods, 
such as moin-moin and akara  has also been explored 
(McWatters 1980, 1983; McWatters and Chinnan 
1985; McWatters et al. 1986). It is also felt that 
cowpea may replace other pu lses in traditional 
Indian preparations. Wadian, traditionally prepared 
from either blackgram (Phaseolus mungo) or green 
gram (Phaseolus aureus), is a popular dehydrated 
product in Northern India. W adian  is produced on 
a cottage scale and used in vegetable curries (Pruthi 
et al. 1981).

Nutritionally, cowpea is similar to other pulses  
in its protein content (Gopalan et al. 1989). 
However, its potentiality in food industry has not 
been exploited fully, probably because data available 
on its functional utility in suitable processed foods 
are limited (Okaka and Potter 1979; Padmashree 
et al. 1987). Previous studies, using a model system  
had shown an increase in bulk  density, water and 
fat absorption capacities of cowpea flour due to 
various processing treatm ents, such  as soaking, 
fermentation and pulling (Padmashree et al. 1987). 
Besides, effects of soaking, and cooking on the 
nutritional quality of cooked seeds have been  
reported (Bakr and Gawish 1991; 1992). Some reports 
have also appeared on the functional properties of 
normal and insect infested flours (Emefu et al.
1992). However, the observed proportions of cowpea 
flour have to be related to its performance in a 
food system, as these properties are desirable in 
bakeiy and dehydrated products (Kinsella 1976).
* Corresponding Author

Hence, in the present study, an attempt has 
been made to determine the functional properties 
of processed cowpea flour in a selected food system - 
w a d ia n  and to compare these properties with those  
observed in a model system . Acceptability of the 
product w as also evaluated to a sse ss  the suitability  
of using cowpea flour in w adian  preparation.
M aterials and M ethods

C ow pea sam ples  : Cowpea (Vigna catjung), 
'C-120' variety, w as obtained from Karnataka State 
Seed Corporation, Bangalore, India. Seeds were 
cleaned m anually to remove extraneous m atter and 
stored in containers at room temperature (~28°c) 
until used.

Processing treatm ents : Cowpea seed s in 2 kg 
lots were subjected to three selected processing  
treatm ents. In case of soaking, cowpea w as soaked  
for 3h in water (600 ml) at room temperature 
(~28°C), hand-dehulled and blended to form paste. 
For fermentation, the cowpea seeds were soaked  
in 1500 ml water (8h), hand-dehulled, blended with 
400  ml water to form a paste, allowed to ferment 
naturally (16 h) at room tem perature (~28°C). In 
case of puffing, cowpea w as soaked in  1500 ml 
water at room temperature (~28°C) for 3 h, drained, 
puffed over sand at 250°C for 2 m in in an iron 
girdle, hand-dehulled and air-classified to remove 
sand particles and husk. The puffed seed s were 
ground to flour in a grinder. The cowpea pastes, 
as processed above, were grouped into two batches. 
One batch w as used for the preparation of wadian, 
while the other batch, except for the puffed seeds, 
w as oven-dried at 50°C for 10-12 h to <8%  
m oisture content. Before analysis, all sam ples were
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passed through 60 m esh sieve (British standard).

Wadian preparation : Preliminary experiments 
were conducted to determine optimum conditions, 
based on the commercial m ethod used for the 
preparation of greengram w adian  (Pruthi et al.
1981). W adians were prepared, using both raw and 
processed cowpea pastes. Raw cowpea flour (dehulled 
and milled in a grinder) and puffed cowpea flour 
were also m ade into paste with water (1100 ml and 
1600 ml, respectively). Spices - salt (8%), chilli 
powder (2%) and asafoetida extract (0.2%) were 
added to the raw and processed cowpea pastes. The 
paste w as made into balls weighing 40-45  g each. 
All the w adian  sam ples (balls) were dried in an oven 
at 50°C for 8 h to < 9% m oisture content.

Analytical m ethods : Moisture, proteins (Nx6.25), 
crude fat and total ash were determined by AOAC
(1976) in three replicates. Carbohydrates were 
calculated by difference. Acidity and extent of non- 
enzymatic browning in w adian  sam ples were 
estimated as per the procedure described by 
Ranganna (1986). Rehydration capacity of w adian  
was determined by frying a 5 - g sam ple in oil at 
200°C for 2 m in, followed by boiling in 30  ml water 
for 5 m in and draining. The sam ples were also 
hydrated in 10 tim es the weight of water at room 
temperature and were drained after 1, 2 and 3 h 
for recording the weights. Water absorption (%) w as 
calculated at each stage (Ranganna 1986). Hardness 
of the w adian  w as m easured using an Instron 
(Model 1140, Instron Limited, England).

Functional properties : Water and fat absorption  
capacities were determined by the m ethods of 
Sosulki (1962) and Sosulki et al (1976), respectively. 
Flour/ w adian  sam ples (5g) were stirred m anually  
in water (30 ml) or refined groundnut oil (25 ml) 
for 5 m in in a graduated tube, allowed to stand  
for 30 m in at room temperature (~28°C) and 
centrifuged at 4500  rpm for 25 m in at room  
temperature. The volume of free liquid was measured  
and the retained volume w as expressed as ml of 
water or oil absorbed/g of sam ple on d iy  weight 
basis. Bulk density w as m easured in triplicate by 
the method of Kinsella (1979). Sample (5 g) w as 
weighed into a 15 ml graduated tube and packed  
tightly. The final volume w as noted and expressed  
as g /m l. Viscosity w as m easured using a viscom eter 
(Model HBT, Brookfield, Stoughton, M ass., USA). 
Spindle num bers 1 and 2 were used for all the 
sam ples with 1:10 flour to water ratio or more in 
case of w adian  sam ples at 100 rpm speed.

Sensory evaluation: W adian  sam ples for sensory

TABLE 1. DESIR A B LE AND U N D E SIR A B L E  Q U A L ITIE S O F  
WADIAN A S EM PLO YED IN S E N S O R Y  EVALUATION

Q u a lity
a t t r ib u t e s

D e s ira b le
q u a li t ie s

U n d e s ir a b le
q u a l i t ie s

C o lo u r B ro w n , l ig h t b ro w n  
c re a m , r e d d is h  
b ro w n

D a rk  b ro w n , d u ll , 
n o t  u n ifo rm  
c o lo u r

A p p e a ra n c e U n ifo rm  in  s h a p e ,  
f la t, r o u n d

N o n -u n ifo rm  in  
s h a p e ,  f ra g m e n ts

T e x tu re  o r  
m o u th  feel

S oft, te n d e r ,  
ch ew y , firm

F ib ro u s , ru b b e ty ,  
h a r d

A ro m a T y p ica l, fried  
p u ls e  a ro m a , 
b a la n c e d ,  sp ic y

B e a n y , o f f -a ro m a

T a s te B a la n c e d , sp icy , 
fried  p u ls e  ta s te ,  
a f te r - ta s te  
p le a s a n t

S a lty , b e a n y , ra w , 
b i t t e r  a f te r - ta s te ,  
o fif-taste

evaluation were deep-fried in refined groundnut oil 
at 200°C for 2 min, excess oil w as removed using  
absorbent paper and then dipped in tom ato curry 
for lh . Tomato curry w as prepared by seasoning  
tom atoes in two spoons of refined groundnut oil 
and cooked along with salt (6%) and pepper (2.4%), 
without water, till done. Coded sam ples consisting  
of whole w adian  balls from raw and each of the  
three treatm ents and also a sam ple of com m ercial 
greengram wadian  (control) were arranged in random  
and served warm to a sem i-trained panel of 30  
m em bers (SEC-IFT 1964) for ranking of individual 
quality attributes, such  as colour, appearance, 
texture, aroma, taste and after-taste (Table 1). The 
overall quality w as scored on a 9 point scale (9= 
veiy  good, l=poor). In a few preliminary evaluation  
session s, the panelists were trained to u se  the 
evaluation procedure and a quality description  
accommodating desirable and undesirable aspects  
in all the individual quality attributes w as developed. 
The quality description w as given to the panelists  
for reference during regular evaluation sessio n s for 
uniform understanding of the quality of individual 
attributes. Panelists were given a free hand to 
comment on the quality of w adian s, particularly 
the defects, if any.

Statistical ana lysis : The data on proximate 
com position  of raw /p rocessed  cow pea flours, 
compositional characteristics of dehydrated w adians, 
and the overall quality scores were subjected to 
analysis of variance and by D uncan's new m ultiple  
range test (Harter 1960). The ranked data for 
individual quality attributes were analyzed by  
Wilcoxon-Mann-Whitney's U -test (Sokal and Rohlf
1969).
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TABLE 2 . PROXIMATE CO M PO SITIO N  O F  RAW AND P R O C E S S E D  C O W PEA  FL O U R S A S W ELL AS DEHY DRATED WADIAN
P ro x im ate  C o w p e a  f lo u r  D e h y d ra te d  wadian
com position*  —------------- -—  ________ __________________________________  ____________________________________________ ___________________

% R aw S o a k e d F e r ­
m e n te d

P uffed S E m  
(12 dfl

R aw S o a k e d F e r ­
m e n te d

P u ffed G re e n -
g ra m

S E m  
(15  dfl

M oistu re 7 .9 e 5.4* 6 .2 b 8.5* ± 0 .0 5 8.20* 4.5* 9 .2 e 6 .6 e 5.6» ± 0 .0 4
F a t 0 .6 b 0.5* 1 .5e 1 .8d ± 0 .0 1 1.8* 2 .0 4 2 .0 d 1 .3b 1.0* ± 0 .0 1
P ro te in s 2 4 . l b 23.5* 2 5 .1 e 25.6* + 0 .0 2 2 3 .2 b 2 3 . l b 2 3 .9 e 2 5 .3 d 22.5* ± 0 .0 1
T o tal a s h 1.4b 0.2* 1.4e l . l b ± 0 .01 4 .2 e 4 .4 d 3 .2 b 5 .6 e 3.1* ± 0 .0 2
C a rb o h y d ra te s  
(by difference)

6 6 .0 7 0 .4 e 6 5 .8 b 63.0* ± 0 .0 6 6 2 .6 b 6 6 .9 e 6 1 .7 b 61 .2* 6 7 .8 e ± 0 .0 3

*On d ry  b a s is .  SEM  (dfl - S ta n d a r d  e r r o r  o f  m e a n  (d eg rees  o f  freedom ). M ean  v a lu e  b e a r in g  d if fe re n t s u p e r s c r ip t s  a ,  b , c , d  in  
row s d iffer s ig n if ic a n tly  (P<0.05).

R esults and D iscu ssion
The proximate com position of the raw and 

processed cowpea flours as well as w adian  is 
presented in Table 2. Processing did not have any  
profound effect on the proximate com position of 
cowpea flour. Com positional characteristics of 
wadian  prepared from each treatment were within  
the range of raw and processed cowpea flours. The 
water uptake during the blending of cowpea-water 
mixture w as highest in w adian  made from puffed 
seeds and least in the w adian s  from fermented 
paste (Table 3). However, the quantity of w adian  
after drying was lowest for the product from puffed 
seeds and highest for that from fermented flours. 
Higher water imbibition capacity m ay be due to the 
enhanced swelling caused by heat treatment (Sosulki
1962). Titratable acidity differed depending on the 
treatment. Soaking of flour considerably increased  
acidity in the wadian, w hereas it decreased in the 
product from puffed seeds. The extent of non- 
enzymatic browning w as higher in the product from 
raw than that from the processed seeds. Apparently, 
sugar and amino acid interaction w as greater in 
the product from raw flour, due to unaltered native 
protein.
TABLE 3. PHYSICAL CHARACTERS O F  DEHYDRATED WADIAN*
C h a ra c te r is tic s R aw S o a k e d F e rm e n ­

ted
Puffed

W a te r  a d d e d  d u r in g  
b len d in g , m l 1 1 0 0 5 3 5 4 1 0 1 6 0 0
W eight o f  w e t p a s te ,  g 138 0 2 3 3 0 1 9 2 0 185 0
M o is tu re  o f  w e t p a s te ,  % 6 2 7 6 6 4 7 4
W eight o f  w a d ia n , g 5 2 0 5 5 0 6 8 5 4 8 0
H a rd n e s s  o f  wadian, k g 1 9 .0 7 .0 8 .5 2 0
T itra ta b le  ac id ity , % 7 .7 12.2 8 .3 1.1
D e h y d ra tio n  ra tio 2 .6 6 4 .2 4 2 .8 0 3 .8 5
N o n-enzy m atic  
b ro w n in g , OD 0 .1 4 0 .0 5 0 .0 3 0 .0 9
* V a lu es  a re  m e a n  o f  th r e e  re p lic a te s .

Functional properties : Processing treatm ents 
increased the bulk density, viscosity, water and fat 
absorption capacities of cowpea flour in  the model 
system , as compared to flour from untreated raw 
cowpea (Table 4). Further increases in bulk density  
and viscosity were observed in all the w adian  
sam ples, whereas water absorption capacity showed  
differences depending on the treatment. The increase 
in viscosity was 5 to 8-fold in all the w adian  samples. 
Water absorption capacity is  considered a critical 
function in a dehydrated product (Kinsella 1976). 
While w adian  from raw, soaked and fermented 
seeds showed further increase in water absorption  
capacity, it w as found to decrease in w adian  from 
puffed seeds, as compared to the puffed cowpea 
flour. However, the water absorption values of 
w adian  from puffed seed s were still higher than  
those in w adian  from fermented or raw seeds. 
H yd ration  p ro p er tie s , d isp e n sa b ility , w a ter  
absorption, binding, swelling and viscosity are 
known to directly influence the characteristics of 
a food system  (McWatters 1983). Water absorption  
capacity values are also show n to vary with the 
num ber and type of polar groups (Kuntz 1971) and 
polar amino acid content of cowpea h a s  been  
reported to be 65 .25  g /1 0 0  g proteins (Tamsama 
et al. 1969). The enhanced water absorption capacity 
in w adian  from raw and fermented seed s m ay be 
due to dénaturation of proteins during processing, 
which enhances the binding sites for water (Kinsella
1976). It h as been suggested that the changes in  
starch also have a major effect on  functionality  
(Hermansson et al. 1974). The decreased water 
absorption capacity in w adian  from puffed seeds, 
comparing to that of the m odel (puffed cowpea 
flour) may, therefore, be attributed to changes in 
the starch m olecule, and possibly to protein- 
carbohydrate interaction during the preparation of 
w adian  (Hamid et al. 1984).

Fat absorption capacity is  also important, as
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TAB LE 4 . FUNCTIONAL PR O PE R T IE S O F  CO W PEA  FL O U R  AND WAD!AN’

W a te r  a b s o rp t io n F a t  a b s o rp t io n
B u lk  d e n s ity ,  --------------------------------------------------------------  ----------------------------------------------------------------

T re a tm e n t g /m l  g / g  ( lo u r  g /g  p ro te in  g / g  f lo u r  g / g  p ro te in  V isco s ity , cp
a b a b a b a b a b a b

R aw 0.79* 1.11* 0.62* 0 .78* 2.58* 3.39* 0.20* 0 .9 8 e 0.83* 4 .2 6 e 12.8* 64*
S o a k ed 1 .2 2 d 1 .3 3 e 2 .0 7 e 2 .5 6 e 8 .8 8 e 1 1 .08d 0 .7 6 b 0 .7 6 b 3 .3 0 b 3 .3 0 b 17.8* 9 6 e
F e rm e n te d 0 .8 4 b 1 .3 5 e 1.06» 1 .2 7 b 4 .2 4 b 5 .3 0 b 0 .9 5 e 0.63* 3 .8 0 e 2 .62* 16.4» 80»
Puffed 0 .8 6 e 1 .2 1 “ 3 .3 6 d 2 .6 9 d 1 2 .9 2 d 1 0 .3 5 c 1 .1 3 d 1 .0 6 d 4 .3 5 d 4 .6  l d 2 8 .0 d 96*
G re e n g ra m - 4 .8 8 d - 3 .1 2 e - 13.55* - 1 .0 4 d - 4 .70* - 80»
5 E m  (12 df) 0 .0 0 3 7 0 .0 0 6 0 0 .0 0 4 4 0 .0 0 6 2 0 .0 0 4 6 0 .0 0 3 8 0 .0 0 7 4 0 .0 0 7 6 0 .0 0 0 3 0 .0 0 4 8 0 .0 2 8 0 0 .0 0 0 1
a: co w p ea  f lou r; b  : wadian; SEM (di) - S ta n d a r d  e r r o r  o f  m e a n s  (d eg re es  o f  freedo m ) * M ean  v a lu e s  b e a r in g  d if fe re n t s u p e r s c r ip t s  
a , b , c, d , e  in  c o lu m n  d iffe r  s ig n if ic a n tly  (P<0.05).

it improves the m outh feel and retains the flavour 
(Kinsella 1976). Fat absorption capacity of w adian  
from raw seeds improved further, over that from 
the raw cowpea flour. However, in the processed  
w adian  sam ples, a decrease in the fat absorption  
capacity w as observed, as com pared to the 
corresponding processed flours in the model system. 
Fat absorption is primarily attributed to the proteins 
and is reported to be affected by temperature, size 
of particles and degree of dénaturation (UTA 1973).

Sensory properties : The com parison of sen so iy  
quality for w adian  sam ples and commercial green- 
gram w adian  (control) indicated no significant 
difference in taste and after-taste (Table 5). Colour, 
appearance, texture, aroma and quality of w adian  
from puffed seeds were significantly lower than  
those of w adian  from other treatm ents, but these  
attributes were comparable in case of the other 
treatments. However, all the w adian  sam ples were 
of good quality, with no perceivable beany flavour. 
The colour, according to the panelists, w as attractive 
and comparable to that of greengram wadian.

The hardness values followed a similar trend,
TABLE 5 . WADIAN QUALITY-RANK S U M S  (30  PANELISTS)* 
Q u a lity  T re a tm e n ts  G re e n -
a t t r ib u te s  ----------------------------------------------------------------  g ra m

R aw S o a k e d F e rm e n te d Puffed wadian
(contro l)

C o lour 85» 100* 69» 137» 59*
A p p ea ran ce 79* 92* 77* 135» 67*
T e x tu re 86* 70* 78* 1 16.5» 99.5»
A rom a 90» 83* 81* 118» 78*
T a s te 78.5* 97.5* 85* 107* 82»
A fte r- ta s te 84* 90* 79» 110» 87»
O v era ll
q u a lity 6.6* 6.2* 7.2* 4.7» 6.6*
m e a n  
(Max. 10)
* R a n k  s u m s /o v e r a l l  q u a li ty  m e a n s  in  ro w s  c a rry in g  d iffe re n t 
s u p e r s c r ip ts  a , b , c  d iffe r  s ig n if ic a n tly  (PS0.05).

as those observed for overall quality in  the sen so iy  
evaluation and indicated that the hardness va lues  
of the w adian  are inversely related to overall quality  
scores. Rehydration capacity w as also observed to 
be influenced by the hardness of the product 
(Fig. 1). It w as obvious that harder structure  
resulted in lowered water inhibition by the product. 
R ehydration/hardness ratio as related to overall 
quality scores is show n in Fig. 2. It is evident that 
though w adian s  from fermented and soaked seeds  
have better texture, overall quality and hardness, 
the values were not significantly different from the  
products made from raw seeds and also compared  
well with those of the commercial greengram  
w adian.

Fig. 1. P e rc e n t  w a te r  a b s o r p t io n  b y  wadian.
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Fig. 2. Eflcct of rehydration/hardness ratio on the overall 
sensory score of w a d ia n .

Conclusion
R esu lts of the s tu d y  h ave sh ow n  th a t the  

functional u tility  o f cow pea in  food s m ay  be  
predicted from  th a t of a m od el sy stem  w ith  regard  
to its hydration properties. The r e su lts  a lso  ind icate  
that the p rocessin g  con d itio n s th a t w ou ld  in crease  
the hydration cap acity  o f cow p ea flour h ad  a m ore  
fa v o u ra b le  e ffe c t  o n  p h y s ic a l  a n d  s e n s o r y  
ch aracteristics of w a d i a n s .  S en sory  attr ib u tes of 
cowpea w a d i a n s  w ere a s  good a s  th o se  of traditional 
greengram  m ad ian s. O ptim izing th e  con d ition  for 
processing and u sin g  cow p ea in  traditional p rod u cts  
would prom ote th e  u tiliza tion  of th is  legum e.
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F a c t o r s  I n f lu e n c in g  t h e  R e s p o n s e  o f  I m p r o v e r s  t o  
C o m m e r c ia l  I n d ia n  W h e a t  F lo u r s
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D epartm ent of M illing an d  B aking T echnology,

C entral Food T ech n ological R esearch  In stitu te, M ysore-570  0 1 3 , India.
Effect of potassium bromate and ascorbic acid on rheological characteristics and bread making quality of Indian 

commercial wheat flours was studied. Ascorbic acid brought about greater change in the extensograph characteristics 
and improvement in the baking quality, as compared to potassium bromate. Soft wheat [lour responded more than 
medium or hard wheat flours to improvers. The effect of potassium bromate on rheological characteristics was more 
pronounced, when pH of dough was lowered to less than 5.0. Potassium bromate and ascorbic acid brought about 
a greater improvement in milk bread as compared to other varieties such as plain, sugar, and fruit bread.
Keywords : Potassium bromate. Ascorbic acid, Indian commercial wheat flour, Rheology, Organoleptic evaluation, 

Formulation, Dread.
Im provers, like p o ta ss iu m  brom ate or ascorb ic  

acid are u sed  by som e of th e  m illing in d u str ies  in  
India to im prove th e  fu n ction a l ch ara cter istics  of 
flour (M enon 1990). It is  k n ow n  th a t the resp on se  
of flour to th ese  im provers d ep en d s on  th e quality  
of flour and the level u sed . For exam p le, F in n ey  
et al (1973) reported th a t th e  resp o n se  o f Indian  
w h eats to p o ta ss iu m  brom ate varied  from  negligible  
to extrem ely h igh  am ong the 4 3  h igh  yield ing  
varieties. S ingh  et al (1978) reported beneficial 
effect of p o tassiu m  brom ate to v a iy in g  d egrees, b u t  
did not find the sa m e, true w ith  ascorb ic acid  or 
p otassiu m  iodate in  five Punjab w h eat varieties. On  
the other h an d , V en k atesw ara Rao et al (1986) 
found im provem ent w ith ascorb ic acid  in  som e  
varieties o f Punjab w h eat. H owever, the inform ation  
available is  sca n ty  on  the effect o f im provers on  
the quality of Ind ian  w h ea t flours, w h ich  are 
norm ally m illed  from  grits o f  w h eat and are u sed  
by the b ak ing in d u stry  in  the country. A lso, the  
effect of factors like pH, form ulations, and processing  
conditions o n  the resp o n se  o f im provers to Indian  
com m ercial w h eat flours is  le s s  know n. H ence, 
stu d ies  w ere u n d ertak en  on  the above a sp ec ts  and  
the resu lts  are p resen ted  in  th is  paper.
Materials and Methods

W h e a t  J l o u r  a n d  b r e a d  : Three different typ es  
of com m ercially m illed  w h ea t flou rs (m a i d a ) having  
different protein co n ten ts  w ere procured  from  th e  
local m arket and su b jected  to 'R e m i x '  b ak in g  test  
(Irvine and M cM ullan 1960). D ifferent varieties of  
bread like fruit, m ilk, p la in  and sw eet w ere m ade, 
w ith or w ith out im provers a s  per th e  form ulations  
given in  Table 1. The p rocessin g  periods for m ixing.

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

TADLE 1. FORMULATIONS USED FOR DIFFERENT VARIETIES 
OF BREAD

Bread (g/100 g wheat flour)
Ingredients Plain Fruit Milk Sweet
Compressed

yeast 2.0 3.0 3.0 3.0
Sugar 2.5 15.0 8.0 5.0
Fat 2.0 5.0 3.0 5.0
Tutty fruity - 15.0 - -
Skim milk 

powder _ _ 5.0 .
Salt, malt, GMS, and ammonium chloride were used in 1.0, 
0.5, and 0.5 g quantities in each formulation. Water was added 
in preparation of doughs as required.

ferm entation , relaxation , proofing an d  b a k in g  at 
220°C  w ere 3 , 120, 2 5 , 55  an d  2 5  m in , resp ectively . 
All the above exp erim en ts w ere carried  ou t in  
d u plicate and in  two different tria ls. D a ta  w ere  
sta tistica lly  eva lu ated  b y  D u n ca n 's  n ew  m u ltip le  
range te st  (D u n can  19 5 7 ) .

C h e m i c a l  a n d  r h e o l o g i c a l  c h a r a c t e r i s t i c s  : 
M oisture, g lu ten , S D S - sed im en ta tio n  v a lu e , falling

TABLE 2. QUALITY CHARACTERISTICS* OF COMMERCIAL 
WHEAT FLOURS

Flour samples
A B C

Ash. % 0.54 0.58 0.54
Gluten (dry), % 10.50 9.56 8.43
SDS S e d im e n ta t i o n  v a lu e , m l 3 6 .0 31.0 30.0
Falling number, sec 460 485 501
Diastatic activity, 

m g /10 g flour 302 210 235
Colour grade value 3.6 3.8 3.5
Specific volume, m l/g 4.24 4.20 4.18
* Expressed on 14% moisture basis
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TABLE 3. EI-TECT OF IMPROVERS ON RHEOLOGICAL CHARACTERISTICS OF DOUGHS AND BREAD QUALITY FROM DIFFERENT 
FLOURS

Flour A Flour B Flour C
Extensograph Bread Extensograph Bread Extensograph Bread

Improvers Level, Ratio Sp. vol# O.S* Ratio Sp. vol# O.S* Ratio Sp. vol# O.S*ppm figure m l/g 100 figure m l/g 100 figure m l/g 100
None - 3.12 4.24 75.0h 2.54 4.20 68.2s 2.93 4.18 65.9»
PB 5 3.43 4.34 78.5s 2.72 4.31 71.4' 3.20 4.26 72.5s
" 10 3.46 4.45 82.8d 2.97 4.40 76.2d 3.44 4.38 75.9'
" 15 3.94 4.58 84.7e 3.29 4.51 7 6 .2d 3.82 4.25 82.1*
" 20 4.24 4.43 81.2' 3.75 4.41 75. l d 4.29 4.20 82.0bc
AA 50 7.33 4.50 81.3rf 6.71 4.45 81.2e 6.25 4.40 78.5d
" 100 8.27 4.57 86.2*b >7.40 4.51 83.1 6.78 4.48 81.2C
" 150 8.80 4.46 8 5 .1"* >8.00 4.50 84.2* 7.72 4.51 83.5*
" 200 9.90 4.31 84.8C >8.33 4.42 84.5* 8.18 4.45 82.9b*
PB+AA 5+50 7.45 4.56 82.5de >7.87 4.41 80.5e 8.00 4.30 76.8rf
" 5+100 8.52 4.73 8 5 .11“ >9.09 4.30 83.5*b 8.28 4.28 78.1“
" 10+50 9.10 4.48 86.5* >9.52 4.30 83. lb 9.17 4.25 81.5e
" 10+100 11.11 4.13 81.8def > 10.52 4.25 78.2e 10.55 4.18 77.5de
* : Mean of four observations. Means in the same column bearing different superscripts differ significantly (p<0.05). 
SEM ± 0.40 (39df) for all sets. # Specific volume, O.S: Overall score, PB : Potassium bromate, AA: Ascorbic acid.

num ber, d iastatic  activity, an d  colou r grade va lu e  
a s  w e ll a s  fa r in o g r a p h  a n d  e x te n s o g r a p h  
ch a ra cter istic s  w ere d e term in ed  a cco rd in g  to  
standard m eth o d s of AACC (1986). T he rheological 
param eters w ere determ ined  b y  varying the pH of 
dough from near neu tra l to acid  pH (5 .8  to 4.5) 
with lactic acid, a s  the resp o n se  of th ese  im provers, 
particularly p otassiu m  brom ate is  reported to depend

on pH (B u sh u k  an d  H lynka 1960). S tu d ie s  w ere  
a lso  carried ou t at d ifferent lev els  o f  p o ta ss iu m  
brom ate (0 -2 0  ppm) an d  ascorb ic  acid  (0 -2 0 0  ppm ), 
ind ividually or in  com b ination , ad d ed  to  b oth  the  
flours. B read s w ere eva lu ated  after coo lin g  for 12 h 
for physica l and sen sory  ch aracteristics. Loaf volum e  
w a s m easu red  u sin g  a loaf vo lu m e m eter. (M allock  
and Cook 1930) S en sory  p aram eters su c h  a s  cru st

TABLE 4. EFFECT OF pi I ON THE RHEOLOGICAL PROPERTIES AND BAKING QUALITY OF FLOUR A CONTAINING IMPROVERS

Level,
ppm

Farinograph Extensograph Baking quality
PH Improvers

Stability,
min

Ratio
figure

Specific
volume,

m l/g
Overall
score*,

100
5.8 None - 6.30 3.12 4.24 75.0b
5.8 PB 15 6.50 3.93 4.58 84.7h
5.8 AA 100 6.30 8.27 4.57 86.2*
5.5 None 0 6.35 3.50 4.71 86.1*
5.5 PB 15 5.45 4.12 4.82 87.5‘
5.5 AA 100 5.30 9.50 4.72 78.8e
5.0 None 0 6.15 4.45 4.47 81.4f
5.0 PB 15 5.45 5.37 4.55 75. l b
5.0 AA 100 5.00 10.98 4.50 71.9e
4.5 None 0 4.15 8.19 4.38 68.0d
4.5 PB 15 4.30 10.55 4.41 70.8e
4.5 AA 100 4.00 16.66 4.11 68.2d 

SEM ± 0.40(36di)
PB : Potassium bromate, AA: Ascorbic acid, ‘ Mean of four observations.
Means bearing different superscripts differ significantly (p<0.05)
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colour, sym m etry o f th e  loaf, crum b colour, texture, 
uniform ity o f th e grain  and ta ste  w ere a s se s se d  b y  
a panel of s ix  ju d g es .
Results and Discussion

Q u a l i t y  c h a r a c te r i s t i c s  o f  J l o u r  : C om m ercial 
flours show ed  varia tion s in  som e of th e im portant 
quality ch aracteristics, particu larly w ith  resp ect to 
g lu ten  c o n te n t  a n d  S D S -se d im e n ta lio n  v a lu e  
(Table 2). F lour A w a s m ore tow ards m ed iu m  hard  
type, w hile flours B and C w ere fou n d  to be soft 
type. The softer n atu re of flou rs B an d  C w a s  
confirm ed by low er sp ecific  loaf vo lu m e an d  overall 
quality of b read s m ade from  th e se  flours, a s  
com pared to flour A.

E f f e c t  o f  im p r o v e r s  o n  r h e o lo g ic a l  c h a r a c t e r i s t i c s : 
The farinograph s tu d ie s  in d icated  negligib le effect

on  variou s ch ara cter istics , excep t m arg in a l in crea se  
in  stab ility , w ith  in crease  in  th e  lev e ls  o f  im provers  
a s  reported earlier (Ikezoe an d  T ipp les 1968; 
M aninder Kaur an d  B a in s  1979). In corp oration  of 
im provers, in  gen era l, stiffen ed  th e  d ou gh , a s  
in d icated  b y  in crea se  in  th e  ratio figure for d ifferent 
flours (Table 3). S im ilar ob servation  w a s  earlier  
m ad e by Merritt an d  B ailey (1945). In crea se s  in  
levels o f im provers in crea sed  th e  r e s is ta n c e  to 
exten sion  and decreased  th e extensibility , a s  reflected  
in  the ratio figu res o f flou rs A, B  an d  C. F urther, 
th e effect o f  ascorb ic acid  o n  th e  ratio figu res w a s  
greater th a n  th a t of p o ta ss iu m  b rom ate. In o th er  
w ords, the stiffen in g actio n  o f asco rb ic  ac id  o n  th e  
d oughs, w a s greater th a n  th a t o f p o ta ss iu m  brom ate. 
The effect of a m ixtu re o f p o ta ss iu m  b rom ate an d  
ascorb ic  acid  in  different p rop ortion s o n  th e

TABLE 5. RESPONSE OF IMPROVERS ON THE QUALITY OF BREAD AS AFFECTED BY FAT AND SUGAR
Flour A Flour B Flour C

Additive Improver. Specific Overall# Specific Overall# Specific Overall#
level, ppm volume, score, volume, score, volume, score,
% m l/g 100 m l/g 100 m l/g 100

Fat
0 None 3.64 61.5h 3.50 58.8b 3.43 56. O'
0 PB 15 3.79 63.0« 3.67 60.1* 3.39 58.7e
0 AA 100 3.66 60.31 3.53 60.9* 3.52 60.8“
0.5 None 4.02 72. l f 4.04 62.3e 3.95 60.2“
0.5 PB 15 4.18 73.8e 4.05 64.5“ 3.87 65 .8e
0.5 AA 100 3.82 73.9e 4.09 66.3e 4.05 65.0e
2.0 None 4.24 75.0e 4.12 68.2f 4.08 65.9e
2.0 PB 15 4.58 84.7e 4.51 76.2« 4.58 82.1*
2.0 AA 100 4.57 86.2b 4.51 8 3 .11 4.48 81.2*
5.0 None 4.35 82.4d 4.38 80.5h 4.50 80.7b
5.0 PB 15 4.60 86.8*b 4.43 85.51 4.45 85.5*
5.0 AA 100 4.89 87.7* 4.67 8 7 .0 * 4.59 88.8h

SEM ± 0.39 ± 0.40 ± 0.40(36dfi
Sugar

(36df) (36df)

0 None 3.87 71.8* 3.38 60.0* 3.30 60.0b
0 PB 15 4.28 78.2b 3.71 77.3b 3.86 76.8e
0 AA 100 3.97 73.2e 3.56 70.5C 3.65 70.3“
2.5 None 4.24 75.0d 4.12 68.2“ 4.08 65.9e
2.5 PB 15 4.58 84.7e 4.51 76.2e 4.58 82.1*
2.5 AA 100 4.57 86.2r 4.51 83.2f 4.48 81.2*
8.0 None 4.37 89.3« 5.01 85.5« 4.73 81.8*
8.0 PB 15 4.44 9 1.5h 5.35 88.8h 4.88 83.5r8.0 AA 100 4.88 93.6' 5.89 91.3* 4.97 87.6«

SEM ± 0.40 ± 0.39 ± 0.40(27dfl (27di) (27dfl
PB : Potassium bromate, AA 
differ significantly (p<0.05). : Ascorbic acid, # : Mean of four observations. Means in the same column bearing different superscripts
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extensograph ch a ra cter istics  o f soft type flours B  
and C w as apparently syn erg istic  in  nature.

D uring restin g  o f the m ou ld ed  d ough  for 45 , 
90 and 135 m in , res ista n ce  to ex ten sion  in creased  
gradually by 2 0  to 3 0  BU, in  ca se  of dough w ith out  
improvers and by 4 0  to 75  BU in  dough con ta in in g  
improvers. A m ong the im provers ascorb ic acid  
effected greater in crea se  on  restin g, a s  com pared  
to p otassiu m  brom ate.

E f f e c t  o f  im p r o v e r s  o n  q u a l i t y  o f  b r e a d  : 
Improvers w h en  added a t certa in  levels, ind ividually  
or in  com bination , sh ow ed  im provem ent in  the loaf  
volum e a s w ell a s  overall quality  o f bread m ad e  
from different flou rs. Im provem ent w a s  m ore  
pronounced, w h en  10 -1 5  ppm  p o ta ss iu m  brom ate  
or 1 0 0 -1 5 0  ppm  ascorb ic  acid  w a s  u sed  in  the  
form ulation. G reater im provem ent in  th e  overall 
quality w a s  observed in  flour C, a s  com pared  to 
other flours (Table 3). A scorbic acid  brought about 
greater im provem ent in  bread quality. P o tassiu m  
brom ate, w h en  added alon g  w ith  ascorb ic acid, 
show ed negligible add itional advantage, and  had an  
adverse effect on  the quality  of bread  at h igher  
levels.

E f f e c t  o f  d o u g h  p H  o n  r e s p o n s e  o f  i m p r o v e r s  
a n d  b r e a d  q u a l i t y  : R ed u ction  in  pH from  5 .8  to
4 .5  decreased  the farinograph stab ility  o f flour A  
from 6 .3 0  to 4 .1 5  m in  (Table 4), w h ich  corroborated  
with the report o f  H arinder an d  B a in s (1990). 
However, th e effect w a s  only m arginal w ith  the  
reduction in  pH u pto 5 .0 . R esista n ce  to ex ten sion  
and stiffn ess (ratio figure) in creased  w ith  red u ction  
in  pH to 4 .5 . T sen  (1966) attr ibuted  it to red u ction  
in -SH groups, like th e action  o f im provers. 
P otassium  brom ate at 15 ppm  and ascorb ic acid  
at 100  ppm  lev e ls  e ffected  c h a n g e s  in  th e  
extensograph ch aracter istics o f  dough , w hich  w ere  
greater w ith ascorbic acid  th a n  w ith  p o tassiu m  
brom ate (Table 4). R ed u ction  in  dough  pH from 5 .8  
to 5 .5  increased  th e  loaf vo lu m e and im proved th e  
quality of bread. F urther red u ction  in  dough  pH, 
with or w ith out im provers, adversely  affected the  
crum b grain and bread quality.

E f f e c t  o f  i n g r e d i e n t s  o n  r e s p o n s e  o f  i m p r o v e r s : 
Breads m ade w ith  0-5 .0%  levels of added fat 
indicated that th e  im provers resp on d ed  b etter  at 
higher levels of fat in  all th e  three flours. T he  
resp on se of ascorb ic acid  w a s  greater th a n  th a t of 
p otassiu m  brom ate a t h ig h est level o f  5% of fat 
tested  in  form ulations (Table 5). There w as an  
increase in  vo lum e an d  overall quality  o f bread w ith  
increase in  the level of su g a r  in  the form ulation.

TABLE 6. EITECT OF PROCESSING CONDITIONS ON THE 
QUALITY OF BREAD FROM FLOUR A

Process
time

Improver,
ppm

Specific 
volume, 

m l/g
Overall#

score,
100

F e r m e n ta t io n t im e , h
1.0 None 4.00 73.0e
2.0 None 4.24 75.0d
3.0 None 4.11 70.0*
1.0 PB 15 4.30 81.0b
2.0 PB 15 4.5S 84.7*
3.0 PB 15 4.20 82.0“b
1.0 AA 100 4.35 81.0b
2.0 AA 100 4.57 86.2«
3.0 AA 100 4.15 83.0d
P r o o fin g  t im e . m in
55 None 4.24 75.0'
65 None 4.20 7 0 .Of
75 None 3.84 68.0«
55 PB 15 4.58 84.7b
65 PB 15 4.78 91.0*
75 PB 15 4.48 82.0d
55 AA 100 4.57 86.2'
65 AA 100 4.80 90.8*
75 AA 100 4.40 84.0b
PB : Potassium bromate, AA : Ascorbic acid, # Mean of four 
observations. Means in the same column bearing different 
superscripts differ significantly (P<0.05). SEM ± 0.40 (27df] for 
both sets.

(Harold and J o h n so n  1951). P o ta ss iu m  brom ate  
and ascorb ic acid  sh ow ed  greater im provem ent in  
specific vo lum e and overall quality  o f bread prepared  
w ith ou t added  su ga r and w ith  added su g a r  at 8% 
level, respectively, in  all th e  three flou rs (Table 5).

E f f e c t  o f  p r o c e s s i n g  c o n d i t i o n s  o n  r e s p o n s e  o f  
i m p r o v e r s  : C h an ges in  sp ecific  vo lu m e a s  w ell a s  
overall quality  of bread , m ad e from  flou r A  w ith  
and w ithout im provers, a s  in fluenced  b y  ferm entation  
an d  proofing tim es are in d ica ted  in  T able 6 . The  
resu lts  in d icated  that op tim u m  ferm en tation  tim e  
of 2 h w a s not affected, a s  a  resu lt o f add ition  
of im provers. W hen th e  ferm en tation  period w a s  
in creased  to 3 h , the quality  w a s  ad v erse ly  affected  
in  bread m ad e b oth  w ith  an d  w ith o u t im provers. 
T h is in d icated  th a t th e  ferm en tation  to lera n ce  w a s  
n ot in flu en ced  b y  th e  im provers a n d  th is  w a s  found  
to be true for all the exp erim enta l flours. Specific  
loa f vo lu m e in creased  in  all b read s, m ad e either  
w ith or w ith o u t im provers, u p to  55  m in  o f proofing  
period. H owever, in creasin g  th e proofing tim e to 65  
m in, further in crea sed  the lo a f vo lu m e on ly  in
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TABLE 7. EFFECT OF POTASSIUM BROMATE AND ASCORBIC ACID ON QUALITY OF VARIETY BREADS FROM DIFFERENT FLOURS
Flour A Flour B Flour C

Additives Specific Overall# Specific Overall# Specific Overall#
volume, score, volume, score, volume. score,

m l/g 100 m l/g loo m l/g 100
P la in  b read

None 4.15 85.7b 4.25 80.3» 3.89 76.5*
PB 15 4.20 88.6* 4.26 85.0* 3.93 78.8b
AA 100 4.18 89.3* 4.36 86.0* 3.95 80.3e

M ilk b read
None 4.18 75.0* 3.88 70.7b 3.80 70.0*
PB 15 4.47 85.6» 4.16 85.8* 4.21 85.7b
AA 100 4.63 87.0e 4.24 86.3* 4.29 87.1»

S w e e t  b read
None 4.62 87.0b 3.33 85.2* 3.65 83.0*
PB 15 4.67 85.0* 3.50 84.1* 3.61 84.0*
AA 100 4.75 88.3* 3.54 87.8b 3.76 84.0*

F r u it  b read
None 3.64 78.0* 3.40 82.1* 3.41 82.7*
PB 15 3.60 81.0b 3.66 84.3b 3.51 85.0»
AA 100 3.83 83.0e 3.85 87.5e 3.86 88.0e

PB : Potassium bromate, AA : Ascorbic acid, # : Mean of four observations. Means in the same column bearing different superscripts 
dilfer significantly (p<0.05). SEM ± 0.41 (9dl) for all sets.

breads con ta in in g  p o ta ss iu m  brom ate or ascorb ic  
acid. T his w a s  found to  be true in  all the three  
types of flours tested . T h is in d icated  that loaves  
m ade with im provers, if  proofed for a sligh tly  longer  
period, w ould  further im prove th e quality  o f bread, 
probably b eca u se  of th e crum b stren g th en in g  action  
of the ox idants. (G eddes and Larm our 1933).

R e s p o n s e  o f  i m p r o v e r s  in  d i f f e r e n t  v a r i e t i e s  o f  
b r e a d  : Specific vo lu m e and overall quality of plain , 
milk, fruit and sv/eet b read s, a s  affected by the  
im provers, are given  in  Table 7. U se o f either  
p otassiu m  brom ate or ascorb ic acid brought about 
m axim um  im provem ent in  m ilk  bread, a s  com pared  
to sw eet or fruit bread. T his w a s probably b eca u se  
of th e requirem ent o f im provers to cou n teract the  
adverse effect o f ch em ica l factors of m ilk  pow der  
(Ashworth and H erbert 1942). A scorbic acid brought 
about greater im provem ent than  did p o tassiu m  
brom ate in  all varieties o f bread.

T his stu d y  ind icated  th a t ascorb ic acid  brought 
a b o u t  g r e a te r  c h a n g e  in  th e  r h e o lo g ic a l  
ch aracteristics and im provem ent in  the quality of 
bread b ased  on Indian com m ercial w h eat flours. 
Incorporation o f m ixture of p o ta ss iu m  brom ate and  
ascorbic acid , how ever, w a s  n ot found  to have any  
additional benefit. A m ong different varieties of 
bread, the effect o f im provers w a s greater in  m ilk

bread, th an  fruit, sw eet and p la in  b read s in  that  
order.
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A  S p e c t r o p h o t o m e t r ic  M e th o d  fo r  P h o s p h in e  R e s id u e
D e t e r m in a t io n  in  L e g u m e s
J.R. RANGASWAMY* AND N. GUNASEKARAN
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A simple spectrophotometric method for the determination of phosphine residue in legumes has been developed. 
It is based on the reaction of phosphine with silver nitrate in iso-propanol to form a pale yellow chromophore, with 
an absorption maximum at 436 nm. It gave a linear relationship between the absorbance at 436 nm and the amount 
of phosphine in the range of 0.02 to 0.48 pg/3 ml reagent. The crop extractives from the legumes showed a low 
absorbance of 0.008 at 436 nm, and did not interfere in the chromophore reaction. The method is sensitive with 
determination limit of 0.015 pg phosphine and can be applied for determination of 0.02 pg residue in lOg legume 
samples. Phosphine residue on legumes, when extracted with a known volume of 2% aqueous isopropanolic silver 
nitrate, formed egg yellow chromophore with absorption maximum at the same range. Recovery of fortified phosphine 
from a closed system ranged from 97 to 98%.
Keywords : Phosphine residues, Legumes, Phosphine holding capacity, Spectrophotometric method.

A n u m b er  o f m e th o d s  are ava ilab le  for 
determ ination  o f p h osp h in e  res id u es  in  foods. 
D u m as (197 8 , 1980) flu sh ed  th e  p h osp h in e  resid u e, 
desorbed from w h eat, w ith  n itrogen  into a trap  
cooled w ith  dry ice for qu an tification  b y  g a s  
chrom atography. N owicki (1978) h a s  reported a g a s  
chrom atographic screen in g  m eth o d  w ith  flam e  
photom etric d etection  for determ in in g p h osp h in e  
residues in  w heat. K ashi and M uthu (1975) em ployed  
a m ixed indicator strip  m eth od  for d eterm in ation  
of p h osp h in e in  th e  h ead  sp a ce  o f com m od ities. 
R angasw am y (1984 , 1988 , 1990; R angasw am y and  
S asik ala  1990; R angasw am y an d  M uthu 1985) 
reported sen sitive  sp ectrop hotom etric m eth o d s for 
the determ ination  o f p h osp h in e  res id u es  in  w h eat, 
rice typ es, ca sh ew  k ern els  and coffee seed s . T h ese  
m ethod s reported for oth er com m od ities cou ld  not 
be u sed  for p h osp h in e  resid u e d eterm ination  in  
legum es, a s  the crop extractives interfered in  th e  
form ation of chrom ophore.

The p resen t stu d y  d escr ib es a new , sen sitive  
and sim ple sp ectrop hotom etric m eth od  for the  
determ ination  o f p h osp h in e  re s id u es  in  legu m es. It 
is  b ased  on  the reaction  b etw een  p h osp h in e  and  
silver n itrate in  a q u eo u s  isopropanol.
Materials and Methods

Stock  so lu tion  o f silver n itrate w a s  prepared  
by d issolving 150 m g cry sta ls  in  5 0  m l g la ss  
distilled  water. Two m l o f th is  so lu tio n  w as diluted  
to 100 m l w ith distilled  isoprop an ol (BDH grade), 
to ob tain  the so lu tion  con ta in in g  6 0  pg silver  
n itra te /m l. S tandard  p h osp h in e  w a s liberated from

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

p h osfu m e p ellet an d  stored  over w a ter  in  g a s  
burette. All ch em ica ls  u se d  w ere o f  an a ly tica l 
quality.

P r e p a r a t io n  o j  a  s t a n d a r d  g r a p h  : T hree m l 
aliq u ots o f  2% a q u eo u s isop rop an olic  s ilver  n itrate  
so lu tio n  w a s  p ipetted  in d iv id u ally  in to  6  m l tu b e s  
( 5 . 5 c m x l l m m  internal diam ), an d  th e s e  w ere  
clo sed  w ith  g a s-tig h t ru b ber sep tu m . Air (5 0 -2 0 0  
pi), con ta in in g  p h osp h in e  in  th e  range o f 0 .0 1 5 -
0 .5 0  pg, w a s  in jected  in to  th e  reagen t, u s in g  long  
n eed led  ga s-tig h t m icro-syrin ge. E qual v o lu m e of  
air, w ith ou t an y  p h o sp h in e , w a s  in jected  in to  3  m l 
reagent to serve a s  b lank . T he tu b e s  w ere allow ed  
to sta n d  for 2 0  m in  for d evelop m en t o f ch rom op h ore  
and th e  ab sorb an ce w a s  m ea su red  a g a in st  b la n k  
at 4 3 6  n m  in S p ectronic 21 (B au sh  an d  Lom b, New  
York). The ab sorb an ce p lotted  a g a in st a m o u n ts  of 
p h osp h in e , yielded  stra ight line over a ran ge o f 0 .0 2  
to 0 .4 8 /g  p h o sp h in e /3  m l reagen t.

P h o s p h i n e  r e c o v e r y  f r o m  l e g u m e s  : ' T hree  
different p roced u res w ere em p loyed  ;

P r o c e d u r e  A .  L egu m es (10 g) w ere fum igated  
w ith p h osp h in e  at 3 .0  to  3 0 0  pg d o se s  in  5 0  m l 
con ica l fla sk s, w ith  sid e  sp o u t fitted  w ith  rubber  
sep tu m  to perm it in jection  o f p h o sp h in e  w ith  5 0 0  
an d  100 pi p ressu re  Lok g a s-tig h t syrin ge. The  
con ten t w a s  left u n d istu rb ed  for 4 8  h  before  
rem oving g la ss  stop p er  for 3 0  sec  to drive o u t free 
p h osp h in e  in  h ead  sp ace . A  k n ow n  vo lu m e (18 to 
21 ml) o f  2% a q u eo u s isop rop an olic  s ilver  n itrate  
so lu tio n  w a s added qu ick ly  to th e  f la sk  an d  th e  
stopper replaced tightly. The extraction  o f p h o sp h in e  
and developm ent of chrom ophore w ere a llow ed  to 
proceed for 2 0  m in  w ith  in term itten t sh a k in g . The
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extract w as filtered throu gh  a W h atm an  No. 1 filter  
paper (9 cm  diam). T he ab sorb an ce w a s read a s  
above again st a crop control filtrate prepared  
similarly. B lank  exp erim en ts w ith ou t legum e in  pre­
calibrated 5 0  m l con ica l f la sk s  at ev e iy  level of  
phosphine w ere ru n , to  a s s e s s  th e  exten t of  
absorption of added p h o sp h in e  b y  g la ss , grease  and  
rubber sep tu m . After 48  h, kn ow n  a liq u ots of 
p h osp h in e-b om e air w ere w ithdraw n w ith  m icro  
gas-tight syringe and analyzed  a s  describ ed  a s  
above.

P r o c e d u r e  B .  F u m igation  o f leg u m es (lOg) w ith  
the sam e d o ses  o f  p h o sp h in e  a s  in  ca se  of 
procedure A, crop control an d  b la n k  exp erim ents  
were carried out. After 4 8  h , fum igation , stop per  
of the flask  w a s  rem oved and th e  con ten t w a s  
transferred quickly to 5 0  m l B 2 4  stoppered  tub e, 
containing know n vo lu m es (12 to  21 ml) o f aq u eo u s  
isopropanolic silver n itrate so lu tio n  and the tu b es  
were tightly stoppered  im m ediately. The other  
details are a s  per procedure A.

P r o c e d u r e  C . L egum es (200  g) w ere exp osed  to  
0 .5  to 1.5 m l p h o sp h in e  for one w eek  in  2 5 0  m l 
stoppered con ica l f la sk s  a s  in  ca se  o f procedure  
A. An equal am ou n t o f p h osp h in e  w a s  injected into  
an another sim ilar pre-calibrated  em p ty fla sk  to  
serve a s control. At the en d  o f on e w eek, th e

con cen tration  o f p h osp h in e  in  h ea d sp a ce  over 
leg u m es and in  th e  con tro l f la sk  w ere determ ined  
b y w ithdraw ing k n ow n  a liq u ots o f  p h o sp h in e , borne
air. After airing th e  c o n ten ts  b y  op en in g  the  
stopper, th e  void  sp a ce  o f each  com m od ity  in  the  
f la sk  w a s determ ined  b y  eva cu atin g  th e  f la sk s  and  
in jecting air in to  th em  w ith  10 0  m l ga s-tig h t  
syringe. The tota l vo lu m e o f air in jected  is  tak en  
a s  th e  void vo lu m e o f th e  com m odity . T he am ou n t 
of p h osp h in e  ta k en  up  by 2 0 0  g  leg u m es  w a s  
com p u ted  b y  su b tra ctin g  h ea d sp a ce  con cen tration  
from  th a t in  th e  control flask .

R e s i d u e  a n a l y s i s  o f  l e g u m e s  : L egu m es (2 kg), 
in  d u plicate, w ere fum igated  in  41  fla sk  at a d ose  
of 6  ta b le ts /to n n e  b y  p lacin g  p h o sfu m e (36 mg) in  
a paper p ack  u n d ern ea th  th e  leg u m es. T he fla sk s  
w ere c lo sed  w ith  g a s-tig h t silicon  grea sed  g la ss  
stopper. Nearly 12 m g o f p h o sp h in e  sh o u ld  have  
b een  produced  b y  3 6  m g p h osfu m e pellet. A t th e  
end of one w eek  exp osu re at room  tem peratu re (28- 
30°C), p h osp h in e  resid u e in  pre-aired  sa m p les  w a s  
determ ined  b y  th e  p resen t m eth od . T he rem ain in g  
leg u m es w ere aired b y  sp read in g  in  a th in  layer  
for 2 4  h  in  th e op en  an d  th e  p h o sp h in e  resid u e  
w a s again determ ined, a s  in  th e  procedure described. 
P h osp h in e resid u e  w a s  determ ined  b y  extracting  
10 g  leg u m es w ith  k n ow n  vo lu m e (15 ml) o f

TABLE 1. RECOVERY OF FORTIFIED PHOSPHINE (pg)* FROM LEGUMES 
Phosphine residue in the legume, pg

Legumes ------------------------------------------------------------------------------------------------------------------
Level of fortification of phosphine, pg

3 6 24
Procedure A

60 120 150 300

Empty flask 2.91 5.82 23.30 58.23 116.46 145.58 291.15
Greengram 0.31 0.38 6.38 18.31 28.89 45.78 63.00
Grcengram d h a l 0.77 1.13 1.59 2.93 16.90 25.90 34.30
Blackgram 0.47 3.99 8.02 14.27 15.89 24.68 32.83
Blackgram d h a l 0.05 0.06 0.25 3.20 5.86 9.75 11.11
B e n g a lg ra m 0.66 1.76 7.59 15.56 21.02 40.20 114.66
Bengdigram d h a l 0.21 0.30 5.37 12.28 12.44 12.50 27.36
Fieldbean 0.16 0.44 2.80 5.57 8.22 9.30 9.61
Fieldbean d h a l 0.06 0.11 0.39

Procedure B
0.63 2.40 4.76 6.19

Greengram 0.21 0.22 0.31 1.29 2.90 4.78 10.80
Greengram d h a l 0.11 0.14 0.74 1.03 1.12 1.15 2.95
Blackgram 0.27 0.40 0.42 1.10 2.46 3.62 10.40
Blackgram d h a l 0.13 0.15 0.19 0.38 0.63 0.69 1.60
B e n g a lg ra m 0.09 0.18 0.23 0.83 1.37 2.04 0.72
B e n g a igram d h a l 0.01 0.56 0.59 0.71 1.83 2.68 7.56
Fieldbean 0.07 0.13 0.13 0.24 0.39 0.62 2.08
Fieldbean d h a l 0.004 0.006 0.007 0.002 0.030 0.090 0.550

Mean of 6 trials P<0.001
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2% aq u eo u s isopropanolic  silver n itrate (60 p g/m l)  
so lu tion  for 2 0  m in , filtered an d  th e  ab sorban ce  
w as read at 4 3 6  n m  aga in st the corresp on ding crop  
control filtrate a s  b lank. T en g  u n fu m igated  leg u m es  
were sim ilarly extracted  an d  u se d  a s  b lank.
Results and Discussion

A lth o u g h  t h e  p h o s p h in e - s i lv e r  n it r a t e  
c h r o m o p h o r e  fo r m e d  in  a q u e o u s  m e d iu m  
(Rangasw am y 1984) h a s  a n  absorption  m axim u m  
at 4 0 0  n m , th e  egg-yellow  chrom ophore form ed d u e  
to in teraction  of p h osp h in e  an d  silver n itrate in  2% 
aq u eou s isopropanol h a s  the ab sorption  m axim u m  
at 4 3 6  nm . The chrom ophore sh ow ed  the sam e  
absorption  m axim um , w h en  th ese  leg u m es are 
soaked  in  2% a q u eo u s isopropanolic  silver n itrate  
reagent. H ence, th e ab sorban ce w a s read at 4 3 6  
nm  again st the corresponding crop control a s  
b la n k . T h e l in e a r  r e la t io n sh ip  b e tw e e n  th e  
ab sorban ce at 4 3 6  n m  an d  con cen tra tion  o f  
p h osp h in e is  obeyed b etw een  0 .0 2  and 0 .4 8  pg 
p h o sp h in e /3 m l. M ean v a lu e s  o f 12 rep lica te  
d eterm inations w ere ca lcu la ted  an d  m ea n  o f th e  
standard deviations at variou s p o in ts  is  ± 0 .0 0 2 5 . 
The m in im u m  w eight of p h osp h in e  n eed ed  to 
produce a m easu rab le  chrom ophore is  0 .0 1 5  pg.

G enerally, gram s afford h igh er recoveries of 
fortified p h osp h in e, com pared to corresponding d h a l ,  
by p rocedures A and B (Table 1), w h ich  confirm s 
earlier ob servation s th a t th e rough su rfa ces o f  the  
h u sk s  o f coffee se e d s  an d  paddy, retain  m ore of 
p h osp h in e com pared to  sm oo th  su rface o f the seed  
and grains. B e n g a l g r a m  affords the h ighest recoveries 
and field b ea n  d h a l  the  low est b y  procedure A  
(Table 1), w hile greengram  and b lackgram  afford 
h igh est recoveries and field b ea n  d h a l  the  low est  
by procedure B (Table 1). A lthough  the field b ean  
d h a l ,  com pared  to other d h a l s ,  h a s  larger su rface, 
it h a s  given  th e  low est recoveries o f  p h osp h in e  by  
both  th e  procedures. T h is again  con firm s earlier  
observations th a t it is  th e  rough n atu re  o f the  
surface and p erh ap s its  c o n st itu en ts , w h ich  play  
an im portant role in  p h o sp h in e  retention , com pared  
to surface area. By p rocedure B (com m odity transfer  
m ethod), B e n g a l g r a m  sh o w s low er recoveries th an  
B e n g a l g r a m  d h a l s .  T h is m ay  b e du e to faster  
d issip a tion  o f p h osp h in e from  th e  form er during  
transfer o f B e n g a l g r a m  from  fum igation  flask  to the  
tube con ta in in g  the reagent. By both  the procedures, 
the am ou n t o f p h osp h in e  recovered in crea ses, a s  
the d osed  p h o sp h in e  in crea ses  from  3  to 3 0 0  pg. 
If th is  is  tak en  a s  a n  in d ex  o f th e  am ou nt of 
p h osp h in e fortified w ith  leg u m es, th en  th ese  v a lu es

TABLE 2. RECOVERY OF FORTIFIED PHOSPHINE (pG)* BY 
PROCEDURE C

Fortified phosphine, pg
Description 600 1200 1800
Control flask 582.28 1164.50 1764.58

(97%) (97%) (98%)
G reen g ra m

Headspace, pg 105.78 191.13 309.37
Absorbed, pg 476.50 973.42 1459.21

(81.5%) (83.6%) (82.5%)
G reen g ra m  d h a l

Headspace, pg 107.77 208.31 356.11
Absorbed, pg 474.51 956.25 1048.47

(81.5%) (82.1%) (79.8%)
B la ck g ra m

Headspace, pg 280.13 548.99 806.42
Absorbed, pg 302.15 615.57 958.16

(51.9%) (52.8%) (54.3%)
B la ck g ra m  d h a l

Headspace, pg 34.96 122.07 189.12
Absorbed, pg 547.32 1042.49 1275.46

(93.9%) (89.5%) (89.3%)
B e n g a lg r a m

Headspace, pg 380.56 754.50 1196.88
Absorbed, pg 201.72 410.06 567.70

(34.6%) (35.2%) (32.2%)
B e n g a lg r a m  d h a l

Headspace, pg 140.72 314.11 465.52
Absorbed, pg 441.56 850.39 1295.76

(76.8%) (73.0%) (73.8%)
F ie ld  b e a n

Headspace, pg 192.18 435.11 601.31
Absorbed, pg 390.10 729.45 1163.27

(66.9%) (62.6%) (65.9%)
F ie ld  b e a n  d h a l

Headspace, pg 78.35 175.83 216.68
Absorbed, pg 503.93 988.73 1547.90

(86.5%) (84.9%) (87.7%)
* Mean of 18 trials (P < 0.001)

in d icate com p lete  recovery o f fortified p h o sp h in e , 
thereb y su g g estin g  th e  efficiency o f th e  m eth od . 
T his is  b ecau se , u n like w ith  solid  or liquid  p estic id es, 
com p lete recovery o f fortified fu m igan t is  very  
difficult to e sta b lish  du e to fu g ac ity  o f  th e  gas. 
Som e am ou n t of fum igan t e sc a p e s  at every sta g e  
of sam p lin g . It is  likely  th a t so m e  p ortion  of 
p h osp h in e  that h a s  se ttled  o n  th e se  le g u m e s  m ight 
have a lso  escap ed , w h en  th e sto p p er  is  rem oved  
for 3 0  sec  (procedure A), an d  w h ile  tran sferring  th e  
m ateria l from  fla sk  to th e  tu b e  co n ta in in g  reagen t 
(in procedure B).

In general, th e  recoveries b y  p roced u re B are 
lower, at a n y  given  d ose , th a n  th o se  b y  p roced u re  
A. T his is  b e ca u se  o f th e lo s s  o f  p h o sp h in e , lo ose ly
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TABLE 3. PHOSPHINE RESIDUE (ppm) IN PRE-AIRED AND 
ONE DAY AIRED LEGUME (DOSE 6 TABLETS/TON)

Commodity Pre-aired One-day aired
Greengram 0.0710 0.015
Greengram d h a l 0.0970 0.013
B e n g a lg ra m 0.0140 0.008
B e n g a lg ra m  d h a l 0.0162 0.008
Field bean 0.0160 0.004
Field bean d h a l 0.0040 Nil
* Mean of 4 trials 8dVCL

held by legu m es, a s  th e se  are d isturb ed  during  
transfer of leg u m es to reagent in  stoppered  tube. 
W ithin the lim its o f  p h osp h in e-h o ld in g  cap acity  of 
the legum e, 10 g o f a particu lar legu m e w ould  hold  
only a definite am o u n t o f p h osp h in e  u n d er  given  
set of con d ition s, in clu d in g  th e d osage, a s  sh ow n  
in  Table 1, and  th a t am o u n t h a s  b een  com pletely  
recovered. At all th e  d o ses , there is  97  to 98%  
recovery of added p h osp h in e  from em pty flask s.

The aim  of the procedure C (Table 2) is  to 
determ ine p h osp h in e  resid u e  o n  th e  legum e by  
com puting the h ea d sp a ce  con cen tration  an d  th e  
am ou n t o f ad d ed  p h o sp h in e  rem ain in g  after  
absorption b y  g la ss  an d  grease. V a lu es in  Table 2 
show  97  to 98%  recoveiy  o f added  p h osp h in e  from  
em pty flask s. By th is  procedure a lso , th e  resid u e  
on legum es d ecreases, a s  th e  d osed  p h osp h in e  
decreases. The p h osp h in e  retention  on  greengram  
is  4 7 6 .5 0  pg at 6 0 0  pg d ose , w hile it is  1 4 5 9 .4 0  
pg at 1800 pg d ose. B lackgram , B e n g a l g r a m  and  
field beans show ed lower p h osp h in e holding capacity, 
than  their corresponding d h a l s .  B lackgram  d h a l  
show s the h igh est m ea n  p h osp h in e-h o ld in g  cap acity  
of 91.2% , w hile B e n g a l g r a m  sh o w s the low est m ean  
capacity of 34.8% . There is  no difference b etw een  
greengram  and its  d h a l  in  their  p h osp h in e-h o ld in g  
capacity. The v a lu es  sh o w n  in  Table 2 in d icate the  
am ount o f p h osp h in e  held  during fum igation , w h en  
the legu m es are not d isturbed . P h osp h in e resid u es  
on th ese  leg u m es, w h en  fum igated  at 6  ta b le ts /  
ton  (Table 3) ind icate th a t the m eth od  ca n  be  
applied for determ ination  of p h osp h in e  resid u es, a s  
the crop extractives from leg u m es do n ot interfere 
with the developm ent o f th e  Chromophore. Even the  
pre-aerated resid u es o f p h osp h in e  on  th ese  leg u m es  
are le s s  th an  th e  p erm issib le  lim it o f 0 .1  ppm ,

th u s  m aking them  su itab le for p h osp h in e fum igation. 
O ne-day aired sa m p les  sh ow  th a t p h osp h in e  resid u e  
is  negligib le an d  is  n il on  field  b ea n  d h a l  The field  
b ea n  d h a l  sh o w s th e  h ig h est lo s s  (100%) of 
p h osp h in e  resid u e, w h ile  greengram  sh o w s the  
lea st  lo s s  (11.8% ) during on e-d ay  aeration .

L egum es during storage are h ig h ly  prone to 
in fe s ta tio n  w ith  C a l l o s o b r u c h u s  c h i n e n s i s  an d
C. m a c u l a t u s .  T h ese b ee tle s  bore h o le s  to  lay eggs  
an d  th e  larvae feed  o n  s e e d s  o f leg u m es. T hey  
a tta ck  a w ide variety  o f gram s and p u lse s  (split 
gram s) during storage. A lth ough  so m e traditional 
m eth o d s su c h  a s  m ix ing th em  w ith  c la y  d u st  or 
applying m u d  p aste  to preven t in sec t in festa tio n  
have b een  p ractised  b y  so m e p eop le , there are no  
reports ab ou t th e  fum igation  b e in g  p ractised  for 
leg u m es. P h osp h in e  fum igation  o f leg u m es  is  a 
p rom isin g prop osition  to preven t th e  lo s s  d u e to  
in festa tio n  o f p u lse  b ee tle s  (R angasw am y and  
G u n asek aran , u n d er  com m u n ica tion ). T he sen sitive  
m ethod  reported here, th u s , is  o f v ita l im portance.
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S ta n d a r d iz a t io n  o f  P a r a m e te r s  fo r  
E n h a n c in g  t h e  S h e l f - l i f e  o f  B o i le d  E g g

T.S. SATYANARAYANA RAO*1, HEMAPRAKASH REDDY2 AND K.S. JAYARAMAN
D efen ce Food R esearch  Laboratory, M ysore - 5 7 0  O i l ,  India.

D a ta  o n  d if fe re n t h e a t  t r e a tm e n t  m e th o d s  fo r h a rd -c o o k in g  o f  eg g s  in  a s  s u c h  o r  p a c k e d  fo rm s  (p o ly p ro p y le n e  
o r  p a p c r-a lu m in iu m -fo il  p o ly e th y le n e  la m in a t in g  p o u ch ) sh o w e d  s im ila r  e a s e  o f  p e e lin g . C o a tin g  o f  h a rd -c o o k e d  e g g s  
w ith  d iffe re n t w a x  e m u ls io n s  sh o w e d  n o  b e n e f it .  H a rd -c o o k e d  eg g s  h a d  a  sh e lf-life  o f  7  a n d  2 5  d a y s  a t  a m b ie n t  a n d  
re fr ig e ra te d  te m p e r a tu r e s  w ith o u t  a n y  p a c k in g . T h e s e  w e re  a c c e p ta b le  o rg a n o le p tic a lly  a n d  free  o f  p a th o g e n s .
K ey w o rd s : H a rd -c o o k e d  eg gs, E n h a n c e d  shelf-life , C o a tin g , P ac k in g , A ccep tab ility , P a th o g e n s .

At p resen t, troop s are is su e d  m o stly  fresh  eggs, 
in cardboard or p la stic  egg filler flats. C onsequently , 
the breakage and dam age acco u n t for ab out 4-5%  
of eggs during transit. The eggs are often transported  
and stored  at th e  tem perature prevailing at high  
altitu d es and in  sh ip s , su b m a rin es an d  difficult 
forward areas, thereb y gettin g  su b jected  to severe  
high or low  tem peratu res. The sp o iled  eggs p ose  
h ealth  h azard s b eca u se  o f kn ow n  p resen ce  of 
salmonella (Satyanarayana Rao 1979). S in ce hard- 
cooked eggs are n ot fragile, th ese  can  be transported  
in p lastic  filler fla ts w ith out m u ch  further p ack in g  
and th ese  con ta in ers ca n  b e u sed  repeatedly after 
w ashing. D ata on  reliable shelf-life u n d er  su ch  
con d ition s are o f vita l im portance to our defence  
personnel. H ence, an  attem p t h a s  b een  m ade in  
the p resent s tu d ie s  to stan dard ize th e  m eth o d s of 
boiling o f eggs for ea se  o f peeling, coating, pack ing  
and exten d in g their shelf-life.

Fresh eggs w eigh in g 5 0 -6 0  g (grade A) o f'W h ite  
Leg Horn" b irds w ere obtained  from  a local poultry  
farm. The eggs w ere h eld  at am bient tem perature  
(19-26°C) for three d ays to in crea se  th e  pH of the  
egg con ten ts to 8 .9 , a s  th is  h e lp s  in  ea sy  p eeling  
of eggs after boiling (M eehan et al. 1961). All the  
eggs w ere w a sh ed  in  ru n nin g cold  water, drained, 
dried u n der th e fan, w eighed  ind ividually and  
placed in  a c lean  p la stic  filler fla ts. All th e  
ch em ica ls u sed  w ere o f AR quality. W axes w ere  
procured from local m arket, w h ile  polyolefin  w ax  
PED 521 (H ochest Lim ited, Germany) w a s su p plied  
gratis by M /s  Polyolefins Industries Limited, Bom bay. 
Packaging m ateria ls like polypropylene (75p) and  
paper-alum inium  foil p o lyethy len e lam in ate  (0 .012  
mm) were procured from  M /s  India Foil Ltd., 
Calcutta.

* 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  5 9 / D 5  'A R K A ' 2 n d  
M ain . Y a d a v a g ir i, M y s o r e -5 7 0  0 2 0 ;  2 D e p a r tm e n t  o f  N u tr itio n  
a n d  F oo d  S c ie n c e , C o lle g e  o j A r t s  a n d  S c ie n c e , D re xe l U n iv e rs ity , 
P h ila d e lp h ia , U SA .

Composition and preparation of wax emulsions: 
W ax em u lsio n s con ta in ed  c a m a u b a  w ax, paraffin  
w ax, su ga r  ca n e  w ax, oleic acid  an d  tr ieth a n o la m in e  
at 20 :2 0 :4 0 :8 :2 5  parts. The w a x es  w ere h ea ted  in  
a s ta in le ss  stee l v e s se l to  9 5 -1 0 0 °C , before adding  
th e em u lsifiers w ith  co n sta n t stirring. B o ilin g  w ater  
(about 5 0 0  ml) w a s  added  in  sm a ll d o se s  w ith  
c o n t in u o u s  stirr in g , u n til th e  e m u ls io n  w a s  
com p letely  form ed. The h ea tin g  w a s  d isco n tin u ed  
and th e  co n ten t w a s  cooled  to  room  tem peratu re. 
Sod iu m  b en zoate  (1% w /w ) w a s  ad d ed , w h erever  
required and th e final vo lu m e w a s  m a d e  u p to  11 
w ith cold  water.

Processing of eggs: T he c lea n ed  eg g s  w ere  
su b jected  to four different ty p es  o f h e a t  trea tm e n ts  
a s  follow s : (a) eggs w ere im m ersed  in  w a ter  and  
th en  heated  to bring the w ater to boiling tem perature, 
h eld  for 15 to 3 0  m in  an d  coo led  im m ed ia te ly  in  
ch illin g w ater, (b) egg s w ere im m ersed  in  b oilin g  
w ater an d  h eld  in  for 15 to 3 0  m in , (c) eg g s  w ere 
cooked  b y  stea m  in an  op en  au toclave for 1 0 -3 0  
m in  and , (d) eggs w ere cook ed  in  h o t air oven  at 
100°C for 4 0  to 7 0  m in  and coo led  im m ed ia te ly  
in  ch illin g w ater. T he h ard -cook ed  eg g s  w ere d ipped  
in  different typ es of oil coa tin g  (heavy or ligh t grade  
liquid paraffins) and w ax  em u ls io n s  (with or w ith o u t  
preservative) for variou s p eriod s ran g in g  from  5 to 
10 m in  and th en  dried u n d er  th e  fan.

Analytical aspects : T he fresh  an d  h ard -cook ed  
eggs w ere w eighed . pH o f th e  fresh  egg m ela n ge  
w a s  determ ined  (Elico pH m eter  M odel 1012) after 
thorough  m ixin g o f a lb u m en  an d  yo lk . In c a se  of 
hard-cooked  eggs, th e  a lb u m en  a n d  y o lk  w ere  
m ixed  in  d istilled  w ater (50 ml) before m ea su r in g  
the pH. The m oistu re c o n ten ts  o f  a lb u m en , yo lk  
and w hole eggs w ere d eterm in ed  a s  p er AOAC 
(1960) m ethod . B eta-caro ten e w a s  d eterm in ed  a s  
d escr ib ed  earlier  (S a ty a n a r a y a n a  R ao 1 9 9 2 ). 
Microbiological exam ination  for viab le co u n ts , spores,
E. coli. Staphylococcus, p sych rop h ilic  o rg a n ism s and
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TABLE I. LO SS IN W EIG H T O F  B O ILED  E G G , W ITH O R  W ITHO UT COATING (PARAFFIN) AND W ITH PR ESER V A TIV E DURING 

STORAG E AT AM BIEN T T EM PER A TU R E (19-26°C )
Si- No. E g g s c o a te d  w ith  p a ra ff in  E g g s  c o a te d  w ith  p a ra ff in  C o n tro l

o il (w ith o u t b e n z o ic  ac id ) o il + b e n z o ic  a c id

4
D a y s

7 15 4
D a y s

7 15 4
D a y s

7 15

1 0 .0 9 0 .1 2 e - 0 .3 9 0 .7 0 c - 1 .2 0 1 .9 8 3 .3 0
2 0 .3 2 0 .5 2 c - 0 .62* 0 .16* 4 .92* 1 .33 2 .7 3 c -

3 1.11* 5.10» - 0 .1 6 0 .4 8 e - 1 .0 7 1 .9 6 c -

4 0 .4 7 2 .7 6 “ 3.08* 0 .3 2 2 .03* 3 .38* 0 .9 7 1 .63 2 .7 0
5 0 .3 7 0 .5 7 1.12* 0 .3 6 3 .01» - 0 .9 8 1 .7 2 2 .8 0
6 4 .0 8 b - - 1.00* 3 .25* 7 .58* 1 .22 2 .0 2 3 .3 7
7 0 .3 8 0 .5 8 0 .9 5 0 .5 3 0 .8 1 4 .82* 1 .3 9 2 .1 9 3 .3 8
8 0 .4 5 4 .09* 8.87* 0 .2 8 0 .5 6 0 .6 4 1 .43 2 .1 5 3 .3 9
9 0 .3 8 0 .5 1 0 .8 7 2 .1 7 “ 6.99* 8 .3 0 1 .2 0 2 .0 6 3 .4 6

A verage 
loss, % 0 .3 5 0 .4 6 0 .9 1 0 .3 4 0 .6 4 0 .6 4 1 .2 0 1 .98 3 .2
= E x u d a te c o m in g  o u t o f  th e  eg gs, b= E ggs w ith  d is t in c t  o ff-o d o u r a n d  re je c te d , c =  E ggs ta k e n  fo r  o rg a n o le p tic e v a lu a tio n .

yea st p lu s m ou ld s w ere determ ined  (APHA 1960). 
O rganoleptic eva lu ation  o f egg s w a s  con d u cted  by  
10 sem i-tra ined  p an el o f  ju d g e s  on  a 9-p oint 
H edonic sca le  (W ilson an d  S o lesb erg  1942). Stored  
hard-cooked and treated eggs w ere com pared  with  
control (freshly hard-cooked) at 2 , 4 , 7 and 15 d ays  
and 7, 25 , 3 5  and 4 5  d ays at am b ient and  
refrigerated tem peratu res, respectively.

Prelim inary evalu ation  o f the hard -cook ed  eggs  
obtained by four diiferent typ es of h ea t treatm en ts, 
either in  free or in  p ack ed  form , sh ow ed  ea sy  
peeling characteristics and good overall acceptability, 
but with sam e shelf-life. H owever, a green ish  yellow  
exudate w as se e n  oozing ou t from  th e  packed  eggs  
at am bient tem perature and th e  eggs h ad  a d istin ct  
off-odour after 2 d ays. In con trast, th e  eggs kept

in  egg filler fla ts  (control) d id  n o t sh o w  an y exu d ate  
or off-odour and w ere accep tab le  u p  to  a period  
of 7 d ays at am b ient tem peratu re.

T he average w eigh t lo s s e s  w ere o f th e  order  
o f 0 .3 4  to 0.35%  at th e  en d  o f  7  d a y s for eggs  
coated  w ith  an d  w ith o u t p reservatives, resp ectively  
(Table 1). The lo s se s  in crea sed  furth er at th e end  
of 15 d ays storage. T he overall accep tab ility  sco res  
of coa ted  eggs w ith  and w ith o u t preservative w ere 
6 .1 6  an d  6 .3 3 , resp ectively  a t th e  en d  o f 7  days, 
a s  aga in st 7 .1 6  ob ta ined  for control. M oisture  
con ten t is  a critical factor for accep tab ility  o f  hard- 
cook ed  eggs an d  its  lo s s  w a s  neglig ib le in  both  
a lb u m en  and yo lk  during storage (Table 2). The pH  
of a lb u m en  d ecreased , w h ile  th a t o f th e  y o lk  and  
w h ole egg in creased . T he ch a n g es  in  b eta -ca ro ten e

TABLE 2 . CHAN GES IN M O ISTU R E C ONTENT, W EIG H T  L O SS, pH , B ETA-CAROTENE AND ORGA NO LEPTIC Q U A LITIES O F  BOILED 
E G G S WITH O R  W ITH O U T WAX COATING DURING STO R A G E AT R EFR IG ER A TED  TEM PE R A T U R E  (4°C)

C o n tro l 15%  w a x  2 0 %  w a x
D a y s  D a y s  D a y s

In itia l 7 2 5 3 5 4 5 7 2 5 3 5 4 5 7 2 5 3 5 4 5

M oistu re , % Alb
Yolk

8 6 .7
5 2 .8

8 5 .6
5 2 .6

8 4 .2
5 2 .1

8 .3 0
5 3 .0

8 .2 0
5 1 .8

8 6 .0
5 2 .0

8 4 .8
5 2 .4

8 3 .6
5 2 ,0

8 1 .8
5 2 .1

8 6 .0
5 1 .9

8 4 .5
5 2 .3

8 3 .4
5 2 .2

8 2 .1
5 2 .6

W eigh t lo ss,% - 1.3 2 .8 4 .1 5 .3 0 .9 2 .3 3 .4 5.1 0 .8 2 .4 3 .3 4 .9
pH Alb 8 .81 8 .5 4 8 .5 0 8 .3 6 8 .2 5 8 .4 5 8 .4 0 8 .2 2 8 .1 4 8 .1 9 8 .1 3 8 .2 0 8 .0 9

Y olk 6 .6 5 7 .4 2 8 .2 2 8 .2 8 8 .6 5 7 .4 0 8 .2 3 8 .2 0 8 .5 0 7 .3 8 8 .0 1 8 .1 5 8 .4 0
W hole  egg 7 .3 3 7 .8 2 8 .3 0 8 .31 8 .5 0 7 .8 5 8 .3 1 8 .1 9 8 .4 0 7 .5 5 8 .1 0 8 .1 8 8 .21

(3-carotene, -
« 1 /1  OOg 3 8 3 6 4 0 3 8 3 6 3 4 3 6 3 6 3 4 3 8 3 6 3 4 3 6
O rg an o lep tic
sco re 7 .3 6 .9 6 .9 5 .2 6 .2 5 .0 5 .0 6 .2 6 .1 5 .0 +
+ s lig h t o ff-ta s te  n o tic ed . pH  v a lu e s  o f  th e  f re sh  a lb u m e n , f re sh  y o lk  a n d  f re s h  w h o le  egg  w e re  9 .2 0 , 6 .1 5  a n d  7 .3 6 , re sp e c tiv e ly .
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TABLE 3 . M ICROBIOLOGICAL C OUN TS O F  H A RD -CO OKED 
E G G S  C O A TED  W ITH WAX AND ST O R E D  AT 
R EFR IG E R A T ED  T EM PER A TU R E (4°C)

C o n tro l 15% w a x 2 0 % w a x
3 5 4 5 3 5 4 5 3 5 4 5

T o ta l p la te
d a y s d a y s d a y s d a y s d a y s d a y s

c o u n ts 2 1 0 6 3 0 0 2 0 0 0 4 4 0 0 0 2 0 0 0 2 7 0 0 0
E. Coli 3 0 Nil 2 0 0 0 2 5 0 0 0 2 0 0 0 3 9 0 0
Streptococcus 4 0 Nil 150 Nil 190 Nil
P sy ch ro p h illic  
Y eas t a n d

2 0 Nil 2 0 Nil 2 0 Nil

m o u ld s 10 5 0 3 0 5 0 10 9 0
S p o re s  w e re  n il  in  a ll  th e  c a s e s

were negligible (Table 2). The organoleptic score of 
w hole egg w a s  6 .9  at th e  en d  o f 2 5  d ays in  control 
sam ple, w h ereas treated  eggs w ere u n accep tab le  
after the sam e period o f storage, a s  score w a s  le s s  
than  6, a level w h ich  is  con sidered  a s  indicative  
of developm ent of off-flavour (Fryd and H an son  
1944).

The total p late co u n ts  o f h ard -cook ed  eggs w ith  
or w ith out coatin g and after refrigerated storage for 
45  d ays sh ow ed  in crea ses both  in  control and  
treated sa m p les, (Table 3), w h ile  sp o res  w ere  
com pletely ab sen t. E . c o l i  co u n ts  w ere h igher in  
coated  sam p les, w h en  com pared  to  control. A few  
s t r e p t o c o c c u s  an d  p sych rop h illic  bacteria  w ere  
observed at 3 5  days, b u t th ese  w ere ab sen t at th e  
end of 4 5  days. S im ilar ob servation s have b een  
m ade by earlier w orkers (Acton and J o h n so n  1973; 
M cCready 1973). Y east an d  m o u ld s in creased  in

both  control an d  coated  eggs. In c a se  o f  hard-  
cooked  eggs, w ith  or w ith o u t coa tin g , p ack ed  eith er  
in  polypropylene or in  PFP p o u c h e s  an d  sto red  for 
5 0  d ays at refrigerated tem p eratu re, th e  tota l 
c o u n ts  w ere h ig h er  in  P F P -p a ck ed  th a n  in  
polypropylene p ack ed  egg s in  con tro l sa m p les . 
S tr e p to c o c c i  w ere p resen t in  all th e  sa m p le s  an d  
th e se  w ere m ore in  P F P -packed w a x -co a ted  eggs  
th a n  in  PP packed  sa m p les. A  few  b u t a n eglig ib le  
co u n ts  of m o u ld s  an d  y e a s ts  w ere fou n d  th ro u gh ou t  
th e  storage period in  c a se  o f eggs p ack ed  in  b oth  
th e  p ackaging m ateria ls. S p ores an d  p sych rop h illic  
bacteria  w ere com p letely  a b sen t. (Table 4).

The eggs coa ted  w ith  p olyolefin  w a x  (data n ot 
presented) an d  stored  at am b ien t tem p era tu re  in  
filler flats, sh ow ed  a g reen ish  ye llow  ex cu d a te  
during storage. T h is excu d a te  h a s  b e e n  sh o w n  to  
b e due to  th e  form ation  of ferrou s su lp h id e  (From m  
1960; Im ai 1980; N ath et al. 1971). T h is  m a y  be  
resp on sib le  for th e  u n accep ta b ility  o f  h ard -cook ed  
eggs.

The au th ors are th a n k fu l to  Dr. (Mrs.) R. 
S a n k a r a n , D irec to r , D e fe n c e  F oo d  R e se a r c h  
Laboratory an d  Dr. T.R. S h arm a, F orm er D irector, 
for en co u ra g em en t. T h a n k s  are a lso  d u e  to  
Sri. M .S. M ohan an d  Sm t. R.K. Leela for a s s is ta n c e  
in  m icrobiological a n a lysis .
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S y n e r g e t ic  E f f e c t  o f  P r e s s u r e  a n d  E n z y m e  T r e a t m e n t  fo r  
T e n d e r iz a t io n  o f  S p e n t  H e n  M e a t

S.K . MENDIRATTA* AND P.C . PANDA1
D ivision  o f L ivestock  P roducts T echnology,

Ind ian  V eterinary R esearch  In stitu te , Izatn agar-243  122, India.
To explore the potential of combined pressure and enzyme treatment for tenderization of spent hen meat, papain 

solution (48 mg/kg live wt) was injected intravenously, 30 min prior to slaughter, and pressure-treated (14 kg/cm 2 
for 1 h) at 20° and 60°C at pre-and post-rigor stages, respectively. Significantly lower pH, higher water holding capacity 
and lower cooking losses were recorded in pressure or pressure plus enzyme-treated samples both at pre- and post­
rigor stage treatments. Tenderness and acceptability scores indicated that pressure treatment at post-rigor stage was 
equally effective as enzyme treatment, but more effective than pre-rigor pressure treatment. Best desirable results could 
be achieved by synergetic treatment of enzyme and pressure at post-rigor stage.
Keywords : Spent hen meat, Tenderization, Enzyme treatment, Pressure treatment, Pre-and post-rigor treatments, Water 

holding capacity, Cooking loss. Acceptability.

There is  a grow ing problem  o f d isp osa l of sp en t  
h en  m eat, w hich  co m p rises ab ou t 46% of total 
poultry m eat (Kondaiah and P anda 1987), alth ough  
som e am ou n t w a s  b ein g  u se d  for ch ick en  p atties  
(Kondaiah et al. 1992). T h is is  d u e to inherent  
qualitative d ifferences, sp ecia lly  ten d ern ess, b etw een  
broiler and sp en t h en  m eat (Sachdev and Verma
1990). The w ell recognized m eth o d s o f tenderization , 
like ageing and electrical stim u lation , have their  
own lim itation s for exp loitation  in  the in d u stria l 
sector (Sinha and P an d a 1985). It h a s  b een  
reported that en zym es bring ab ou t tend erization  of 
sp en t h en  m eat b y  break ing th e  cro ss-lin k s of 
collagen  m olecu les (Sachdev an d  V erm a 1990; 
H aleem  et al. 1970). B en eficia l effects o f  p ressu re  
treatm ent on  m yofibrillar com p on en t o f to u g h n ess  
of m u sc le  t is su e  are w ell kn ow n  (M acfarlane 1985). 
Therefore, an  in vestigation  w a s  u n d ertak en  to 
explore the p ossib ility  o f u se  of com b in ation  of 
p ressu re and enzym e treatm ent to im prove the  
ten d ern ess.

Forty W hite Leg h orn ’ sp en t h e n s  o f ab ou t 18 
m on th s old w ere u sed  for ea ch  o f th e three trials. 
H alf o f the h e n s  w ere treated  w ith  th e  enzym e, 30  
m in  prior to  slaugh ter. C rude p ap ain  (A ctivity-1 
A n son  u n it/g ) so lu tio n  in  d istilled  w ater (8 m g/m l)  
w as injected in trav en o u sly  in to  w ing ve in  (6 m l/  
kg live weight). P ressu re treatm en t at pre-rigor or 
post-rigor stage w as g iven  to u n trea ted  and enzym e- 
treated ca rc a sses  in  a p ressu re  v e sse l (mild stee l,
2 0 .5  cm  diam  and 2 1 .5  cm  height) fitted w ith  in let 
valve and p ressu re gau ge. S am p les packed  in

* 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 j  A n im a l  
P ro d u c ts  T e c h n o lo g y , C .C .S . H a r y a n a  A g r ic u l tu r a l U n iv e rs ity , 
H is a r  - 1 2 5  0 0 4 , In d ia .

p olyethylen e b ag s w ere p laced  in  p ressu re  v e s se l  
an d  bolted  to air t ig h tn ess . Air p ressu re  u p to  
14 k g /c m 2 w a s  applied  throu gh  th e  in le t valve  
u sin g  a n  air com p ressor. For p ressu re  trea tm en t at 
pre-rigor stage, p ressu re  v e sse l p ack ed  w ith  sa m p les  
w a s im m ersed  in  20±1°C  w ater b ath . The p ressu re  
treatm ent for post-rigor sta g e  w a s  sim ilarly  carried  
ou t at 60±1°C . S am p les w ere th e n  kep t for 1 h 
in  p ressu re  v e sse l and  ta k en  o u t after re lea s in g  th e  
p ressu re. In order to avoid  varia tion  in  an a to m ica l 
cu ts , on ly leg  c u ts  w ere ta k en  for furth er a n a ly sis .

C h e m i c a l  a n d  o r g a n o l e p t i c  a n a l y s i s  : M oisture  
an d  tota l protein  c o n ten ts  w ere d eterm in ed  b y  the  
m eth o d s o f AOAC (1984). P rocedure d escr ib ed  by  
B o u ton  et al (1971) w a s  u sed  to m ea su re  pH . W ater  
holding cap acity  (WHC) w a s  estim a ted  b y  follow ing  
th e  p ress  tech n iq u e o f W hiting an d  J e n k in s  (1981). 
M eat sa m p les  from  different trea tm en ts w ere cooked  
in  a n  autoclave at 1 k g /c m 2 for 15 m in , after  
addition  of 1% sa lt, an d  eva lu ated  organ olep tica lly  
b y 15 sem i-tra in ed  ta ste  p a n e lis ts . A  9 -p o in t  
H edonic sca le  (ranged from  like extrem ely  to  d islik e  
extrem ely) w a s  u sed  for th e p u rp o se . C ooking  
lo s se s  w ere a lso  recorded (S inh a a n d  P an d a 1985). 
R esu lts  w ere sta tistica lly  an a lyzed  a n d  interpreted  
b y u s in g  two factor factorial CRD (Steel an d  Torrie
1960).

No sign ifican t d ifferen ces w ere recorded  in  
m oistu re  and total protein  c o n ten ts , after d ifferent 
trea tm en ts at pre- or p ost-rigor s ta g e  (Table 1). The  
pH v a lu e s  o f  p r e ssu r e -tr e a te d  s a m p le s  w ere  
sign ifican tly  (PZ0.05) low er, th a n  th o se  o f con tro l 
or enzym e-treated  sa m p les  at pre- or post-r igor  
stage. The pH v a lu es  o f control an d  en zym e-trea ted  
sa m p les  did not differ sign ifican tly  at pre- or p ost-
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TABLE 1. CHEMICAL COMPOSITION AND ORGANOLEPTIC EVALUATION AFTER DIFFERENT TREATMENTS AT PRE- AND POST­RIGOR STAGE

Attribute Pre-rigor stage Post-rigor stage
Control Pressure Enzyme Enzyme + Control Pressure Enzyme Enzyme +Pressure Pressure

C h em ica l c o m p o s it io n
Moisture, % 69.4 69.2 69.6 69.6 68.6 68.4 69.3 68.6±1.4 ±1.3 ±1.7 ±1.2 ±1.4 ±1.4 ±1.4 ±1.6
Proteins, % 18.4 18.7 17.9 18.6 18.5 19.1 '18.4 18.6±1.0 ±1.3 ±1.1 ±0.8 ±1.0 ±1.0 ±1.1 ± 1 .0
pH 6. l b 5.8* 6. l b 5.8* 5.8b 5.7* 5.7b 5.7*±0.1 ±0.1 ±0.1 ±0.1 ±0.1 ±0.1 ±0.1 ±0.1
WHC* 24.1* 26. Ie 25.3b 26.5e 26.2* 28 .11* 27.5b 28.9e±1.4 ±1.4 ±0.7 ±1.1 ±1.0 ±1.6 ±1.3 ±1.3
Cooking loss, % 19.8° 17. l*b 17.5b 16.1* 18.6e 15.7‘b 16.3b 15.0*±1.4 ±1.4 ±1.4 ±1.6 ±1.5 ± 1.1 ±1.5 ±1.3
O rg a n o lep tic  e v a lu a t io n
Tenderness 5.8 7.4 7.9 8.2 5.9 7.6 7.9 8.0±0.7 ±0.4 ±0.5 ±0.5 ±0.4 ±0.5 ±0.5 ±0.5
Juiciness 7.3 7.3 7.7 8.0 7.3 7.6 7.8 7.9±1.0 ±0.5 ±0.8 ±0.5 ±0.6 ±0.5 ±0.6 ±0.5
Colour 7.5 7.4 7.6 7.4 7.6 7.5 7.9 7.6±0.4 ±0.3 ±0.3 ±0.4 ±0.7 ±0.7 ±0.3 ±0.5
Flavour 7.2 6.9 6.9 7.1 7.4 7.1 7.2 7.2

±0.7 ±0.6 ±0.6 ±0.8 ±0.8 ±0.6 ±0.4 ±0.5
Acceptability 6.0 6.9 7.8 8.0 6.1 7.6 8.0 8.3

±0.4 ±0.4 ±0.5 ±0.5 ±0.2 ±0.5 ±0.4 ±0.5
Figures with same superscripts lincwise (for pre- and post-rigor stage treatments separately) do not differ significantly at PZ0.05. 
* Water holding capacity.

rigor stage. Lower pH in  p ressu re-treated  sa m p les  
m ight be due to in creased  rate o f  g lyco lysis during  
pressure application  (M acfarlane 1973; M acfarlane  
et al. 1982). W ater hold in g  cap acity  (WHC) of 
pressu re a n d /o r  en zy m e-trea ted  sa m p le s  w a s  
significantly (PZ 0.05) h igh er th a n  control. Riffero 
and H olm es (1983) and M acfarlane (1974) a lso  
reported an  in crease  in  WHC du e to p ressu re  
treatm ent. Im provem ent in  WHC of enzym e-treated  
sam p les in  the p resen t s tu d y  is  c o n s isten t  w ith  th e  
findings of S in h a and P anda (1985). C ooking lo s se s  
in  all the treated sa m p les  w ere sign ificantly  (PZ0.05) 
le s s  than  control. Cooking lo s se s  w ere low est in  
enzym e + p ressu re, follow ed by p ressu re , enzym e  
and control, all at pre- or post-rigor stage. Lower 
cooking lo sse s  reported in  p ressu re  (M acfarlane et 
al. 1976; Riffero and H olm es 1983) an d  enzym e- 
treated sam p le (Sinha an d  Panda 1985) can  be  
related to h igher WHC (M endiratta an d  Panda
1992).

O rganoleptic eva lu ation  sco res  after different 
treatm ents at pre- or post-rigor (Table 1) ind icated  
higher ten d ern ess and acceptab ility  scores for

enzym e + p ressu re-trea ted  sa m p les , follow ed by  
enzym e, p ressu re  an d  control. T here w ere n o t m u ch  
differences in  ju ic in e ss , co lou r and flavour scores. 
T he overall accep tab ility  scorin g  in  decreasing' order 
w a s, enzym e + p ressu re  (post-rigor) > en zym e (p ost­
rigor) > enzym e + p ressu re  (pre-rigor) > en zym e  
(pre-rigor) > control (post-rigor) > con tro l (pre-rigor), 
in d icating  th a t p ressu re-trea tm en t at post-rigor  
stage (at 60°C) w a s  m ore effective, th a n  a t pre-rigor 
sta ge  (at 20°C). B est accep tab le  m eat co u ld  th u s  
be produced  by com b in in g  en zym e an d  p ressu re-  
treatm en ts at post-rigor stage.

B o u ton  et al (1977) and R atcliff et a l (1977) 
in d icated  th a t d isru p tion  o f  m yofibrillar protein  w a s  
m ain ly  resp on sib le  for the ten d eriz in g  effect of 
p ressu re-treatm en t. H organ (1981) w a s  o f th e  view  
that ca th ep s in  B w a s  resp on sib le  for th e  breakdow n  
of sarcop lasm ic  reticu lu m  in  m u sc le  h eld  u n der  
p ressu re. G onzalez (1983) an d  E lgasim  et al (1983) 
have cla im ed  th a t pre-rigor p ressu re-treatm en t  
resu lted  in  rupture o f ly sosom al m em b ran es and  
release o fca th ep tic  enzym es. Kurth (1986) accounted  
an  increase in  activity o f cath ep sin  B, u n der p ressu re
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and reported greater activity o f en zym e at h igher  
tem perature, u sed  along w ith  p ressu re . M acfarlane
(1985) reported th a t th e  tend erizin g effect of  
p ressu re-treatm ent w a s  due to h isto log ica l ch a n g es, 
specially disintegration o f 'Z' lines. H igher tenderizing  
effect of synergetic treatm ent of enzym e and pressure  
can  be explained  b y  the fact th a t proteolytic enzym e  
h a s  m ore effect on  b ack grou n d  to u g h n ess  i.e . 
tou gh n ess due to collagen , w h erea s p ressu re  a c ts  
m ainly on  m yofibrillar com p o n en t o f to u g h n ess  
(M acfarlane 1985). B rooks et al (1985) reported that  
pressure alone or w ith  h ea t ca u sed  co llagen  triple 
helix to u nw ind  and th u s  rendered  th e  co llagen  
m ore su scep tib le  to  enzym e. P ressu re-treatm ent 
h a s  also b een  reported to in crea se  th e  perm eability  
of enzym e to  m yofilam en ts (M acfarlane 1985).

The stu d y  indicated  th a t app lication  o f p ressu re  
to m u scle  had  a positive resp o n se  on  ten d ern ess  
and its potential u se fu ln ess  in  industrial application. 
Since treatm ent favourably accelerated  post-m ortem  
glycolysis in  pre-rigor m eat w ith  no m yofibrillar  
tou gh n ess, it ca n  be exploited  for p rocessin g  hot 
deboned pre-rigor m eat, im m ed iately  after dressing. 
The pressure tend erization  at post-rigor stage is  
also  u sefu l in  reducing th e cook in g  lo s s  and  
increasing the ten d ern ess  o f m u sc le , the on ly  
disadvantage b ein g  th e  ad d itiona l ap p lication  of  
heat to raise its  tem perature to 60°C during  
p ressu re-treatm ent. F urther s tu d y  is  required to 
find ou t the in flu en ce o f tim e an d  tem perature of 
application  o f p ressu re  + en zym e treatm ent in  
im proving fu n ction a l properties, n u tritional va lu e, 
sh e lf-life  a n d  te n d e r iz a t io n  o f  m e a t, b efore  
recom m ending the sa m e for com m ercial application.
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Photoacoustic spectroscopy with a high pressure xenon lamp as a radiation source was used to determine the 

moisture content in specimens of skim milk powder at wavelengths of 1500 and 1550 nm. Linear relationship between 
the photoacoustic signal and the concentration (within 3.7 and 10%) was found. Facts that eventually should lead 
to the minimization of detector size and to substantially improved performance of the present photoacoustic cell (stainless 
steel) design are discussed.
Keywords : Near infrared, Photoacoustic spectroscopy, Skim milk powder. Moisture analysis.

In the recent years, there h a s  b een  considerable  
interest In th e  p h otoaco u stic  and p hototherm al 
effects as w ell a s  their ap p lication s in  m eth o d s for 
optical and therm al ch aracterization  o f solid , liquid  
and ga seo u s sp ec im en s  {Bicanic 1992). B asically , 
the m odulated in ciden t rad iation  h ea ts  the sam p le  
at the sam e periodicity rate (Bell 1881). T h is  
phenom enon  is  th en  detected  b y  aco u stica l or 
optical m ean s. If the exciting  radiation is  of 
sufficient pow er to  produce th e m easu rab le  signal, 
the p h otoacou stic  an d  p h ototherm al effects ca n  be  
em ployed in  an y sp ectra l region  (M andelis 1992; 
Bicanic et al. 1994). The m o st im portant advantage  
of ph otoacou stic , p h ototherm al an d  other related  
m ethods, over th e  con ven tion a l tech n iq u es  su c h  a s  
tran sm ission  and reflectance, is  their  su itab ility  to 
a wide variety o f sa m p les , in clu d in g  optically  
opaque and pow dered p rod u cts (Adam s et al. 1978; 
R osencw aig 1980; J in  et al. 1982; B elton  1984).

Milk and variou s m ilk  p rod u cts b elong to the  
categories th a t w ere stu d ied  u s in g  a p h otoaco u stic , 
phototherm al or an oth er  sch em e in  n ear  and  
midinfrared regions. P h otoacou stic  k in etic  s tu d ies  
of Maillard brow ning reaction  in  ta b le ts  m ad e out 
of lypophilized raw m ilk  w a s  reported (N'soukpoe- 
K ossi et al. 1988). L ikew ise, the in vestigation  of  
various pow dered m ilk s an d  can-sterilized  infant 
form ulas su b jected  to  d ifferent h ea t treatm en ts  
prior to sp ray-d iy in g, h a s  b een  carried out (Martel 
et al. 1989; M artel and  P aquin  1989).

W hen m an u factu red , th e  m oistu re  con ten t of
* Corresponding Author

dried m ilk  p rod u cts is  ab o u t 3% , b u t th is  va lu e  
in crea ses  w ith  tim e du e to w a ter  ab sorp tion  during  
storage. The p ossib ility  to m ea su re  an d  control th e  
am ou n t of m oistu re is, therefore, o f  im p ortan ce for 
the q u ality  a s se s sm e n t  o f th ese  p rod u cts. In th is  
w ork, the p h otoaco u stic  m eth o d  h a s  b een  applied  
to in vestigate  its  p oten tia l in  d etectin g  m oistu re  
con ten t in  the in sta n t sk im  m ilk  pow der. T he m ost  
com m on ly  u sed  m ethod  for m oistu re  a n a ly s is  (Egan  
et al. 1981; W etzel 1983) is  a d iffu se  reflectance, 
w h ich  provides good r e su lts  in  th e  n ea r  infrared  
for a w ide range of sa m p les  (O sborne an d  F ea m
1986). The broad ab sorp tion  b a n d s  in  th e  infrared  
are m ain ly  attr ibutab le to  overton es o f fu n d am en ta l 
vibration  m o d es of p articu lar b o n d s  (-CH , -O H , -  
NH) or the com b in ation  b a n d s  d u e to in teraction  
b e tw e e n  v a r io u s  fu n c t io n a l g ro u p  v ib r a t io n s  
(M cQ ueen 1990). F u n d a m en ta l oxygen -h yd rogen  
vib ration s o f the n on -b o n d ed , free hydroxyl group  
are cen tered  a t 2 .7  to 2 .9  m icro n s an d  first 
overtone at ab o u t 1 .4  m icron , w h ile  a stron g  
com bination  brand (v3+ 2 v j  is  observed at 1 .9  m icron  
(M atissek  et al. 1992). For b on d ed  hydroxyl group, 
th e first overtone an d  th e  com b in a tion  b a n d  occu r  
at 1.4 an d  2 .2  m icron s, resp ectively  (B onner and  
Curry 1970). It is  th u s  p o ssib le  to  d eterm in e free 
w ater, b ou n d  w ater or both  b y  m ea su rem en t of 
ab sorption  at 1 .9 , 2 .2  an d  1 .4  m icron s.

The experim ental arran gem en t w ith  a 10 00  
W att h igh  p ressu re  lam p L (Oriel Corporation, 
Stam ford, Ct., USA) em ploying 976C 1 Xe sou rce  
(Canrad H anovia Inc., New ark NJ, USA), th a t w a s  
u sed  in  th is  stu d y  is  sh ow n  in  F ig .l .  Rare g a s
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Fig. 1. Schematic diagram of the experimental set-up
con tin u ou s so u rces  exhibit in ten se  narrow line  
em ission  that is  b e in g  su p erim p osed  on  co n tin u o u s  
background in  th e  n ear  infrared region (Kimmit
1970), thereby m ak ing  it v e iy  d iificult to correct 
the spectra for varia tion s in  sou rce  in ten sity  w ith  
the w avelength . The lam p ou tp u t is  focu ssed  into  
the entrance slit o f Z e iss  M4QIII 1 8 5 -2 5 0 0  nm  
m onochrom ator (Carl Z eiss O berkochen, Germany) 
MC (slit w idth  0 .5  mm ) by m ea n s  o f a len s  L, 
( f= 2 5 0 m m ) . T h e  r a d ia t io n  le a v in g  th e  
m onochrom ator w a s m ech an ica lly  m odulated  (19 Hz) 
u sin g  197 EG&G p recision  light ch op p er Ch (EG&G 
Instru m en ts Ltd., W okingham , England) prior to  
being collected  (lens L2 w ith  f= 10 0  m m  focal length), 
reflected at the p lan e m irror M an d  th en  focu ssed  
again w ith th e le n s  L3 (f=50m m ) throu gh  the quartz 
w indow  into th e p h oto a co u stic  cell C a s sh o w n  in

Fig. 2. The exploded view of the photoacoustic cell for powdered samples.

output power (mW)

Fig. 1. For op tim u m  s ig n a l/n o is e  ratio , p resen t  
d esign  requires th e  sam p le  th a t is  sea led  in sid e  th e  
cell. The exploded  view  o f th e  PA ce ll m an u factu red  
from  a s ta in le s s  s tee l and  in su la ted  from  th e  tab le  
vib ration s is  sh ow n  in  Fig. 2 . It c o n s is ts  o f  a  so lid  
low er sec tio n  w ith  th e  b ottom  p la te  (diam  6 0  mm ) 
carrying th e  sam p le  cu p  (diam  9 m m , h e ig h t 2  m m ) 
an d  th e  u p p er  cover w ith  th e  en tra n ce  w in dow . The  
low er an d  u p p er sec t io n s  are p u t togeth er  b y  m e a n s  
of a n  "O" ring and b y  tigh ten in g  tw o lo ck in g  n u ts . 
The m in ia tu re M 37 electret m icro p h o n e (M icrote 
BV, A m sterdam , T he N etherlands) is  m o u n ted  flu sh  
w ith  th e cell's in n er w all. T he sig n a l d etected  by  
the m icrop hon e is  fed into Ithaco 3 6 9  IB  tw o p h a se  
lock -in  am plifier LI (Ithaco, Ith aca , NY, USA) th e  
o u t p u t  (Y) w h ic h  i s  d is p la y e d  v e r s u s  th e  
m on ochrom ator w avelength  (X) on  a HP 7 0 9 0  A  
(Hewlett Packard C om pany, Palo Alto, C a., USA) 
m easu rem en t X-Y p lo ttin g sy stem . T he o u tp u t of

PA signal (u.V)

Fig. 4. The photoacoustic spectrum of the photoacoustic cell 
loaded with the carbon black.
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net microphone signal (/mV)

Fig. 5. The photoacoustic spectrum of empty cell.
m o n o c h r o m a to r  w a s  c a l ib r a t e d  u s in g  th e  
con tin u ou sly  varying (0 -22  kohm s) H elipot resistor  
H connected  to a h om e m ad e 6  V d .c. pow er supply . 
The m agnitude of input signal (X) is  th en  proportional 
to the p osition  of th e  slid in g  con tact b etw een  the  
two term inals. E lm eckanic RSM 5 0 /8  (E lkm eckanic  
BV, A m sterdam , The N etherlands) m otor drives 
sim u ltan eou sly  the prism  and H elipot th a t is  
coupled to the m otor b y  m ea n s  o f a belt. The  
ratiometer R con stru cted  in  ow n electronic w orkshop  
enables norm alization  o f th e  PA sign a l to the  
incident power.

In order to find ou t th e  am ou nt o f pow er  
reaching the PA cell, the  calibrated pow er m eter  
Photon Control 25 S  (Photon C ontrol, Cam bridge. 
United Kingdom) w a s p laced  im m ediately  b eh in d  
the chopper. The m ax im u m  pow er (1 mW  at 0 .1 5  
m m  slit width) w a s observed  in  the sp ectra l region  
betw een 9 0 0  an d  10 00  n m  (Fig.3). The ou tp ut

PA signal (pV)

Fig. 6. The photoacoustic specrum of skim milk powder.

PA signal (pV)

Fig. 7. The photoacoustic signal versus the moisture content 
in samples of instant skim milk powders at two different 
excitation wavelengths (1500 and 1550 nm).

pow er near 15 00  n m  w a s  ap p roxim ately  4 0 0  
m icrow atts u n d er th e sa m e con d itio n s. The stab ility  
of lam p b etw een  7 0 0  an d  1 0 0 0  n m  w a s  m easu red  
w ith  a fa st p hotovolta ic s ilico n  d etector  C entronic  
O SD -5 (C entronic, Croydon, E ngland) an d  th e  lock- 
in  am plifier, y ie ld in g  a stan d ard  d eviation  sm aller  
th a n  0.2% . At 1 mW  in p u t pow er level, th e  sign a l 
m agn itu d e w a s  typ ica lly  10 m V  w ith  1 m icrovolt 
n oise (when the source is  blocked). The p hotoacoustic  
sp ectru m  o f x en o n  lam p (Fig. 4) w a s  d eterm in ed  by  
recording th e m icrop hon e sig n a l ob ta in ed  from  the  
cell loaded w ith  th e carb on  b lack . T he sp ectru m  
resem b les th a t o f  lam p ou tp u t pow er sh o w n  in  
Fig. 3 . The PA sp ectru m  from  th e  em p ty  cell is  
d isp layed  in  Fig. 5. The sim ilarity  b etw een  th e  two  
sp ectra  in d ica tes th a t th e  cell a c ts  a s  a  grey b ody  
radiator w ith the em issiv ity  factor b etw een  0 .2  and  
0 .3 . C om parison  o f th e sp ectru m  recorded  w ith  th e  
cell loaded w ith  m ilk  pow der (Fig. 6) to  th a t  
ob ta in ed  w ith  th e  em p ty  c e ll (Fig. 5) revea ls  
p ron oun ced  d ifferen ces on ly  in  th e  n ea r  infrared  
region cen tered  at 1 5 5 0  nm . S in ce  (v3+ 2 v 2) coupled  
vibrational-rotational tran sition  o f free w ater is  
found at 1457  n m  (M cQ ueen 1990), th is  reg ion  w a s  
se lected  for further m ea su rem en ts.

R eproducible q u an tity  o f rep resen ta tive  sam p le  
is  brought in to  th e  cu p  w ith  the u p p er  sec tio n  of 
the cell b ein g  rem oved. D u e to relatively  large  
(8m m  x  3m m ) slit im age in  the focal p la n e , su fficient  
care h ad  to b e  exercised , w h en  rep ositio n in g  th e  
cell w ith  each  m easu rem en t (the resetab ility  <2% , 
the repeatab ility  < 5%). The tra n sien t p eak s from  
electrical m a in s  pow er lin e  in flu en ced  con siderab ly  
the m icrop hon e signa l. T h is d istu rb in g  effect w a s  
observed  to be practically  in d ep en d en t o f th e  
sen sitiv ity  knob se ttin g  of lock -in  am plifier and
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th u s  im p o ses  a n  u ltim ate  lim it on  d etection  
sensitiv ity , w h en  m easu rin g  sm all sign a l d ifferences  
cau sed  b y  a varying w ater con ten t. It is  for th is  
reason  th a t relatively broad slit w idth  (0 .15 mm) 
had to b e u sed  in  order to allow large lock -in  
sign a ls (of the order o f 10 m icrovolts w ith  th e  
average flu ctu ation s o f 3%).

The p h otoacou stic  s ig n a ls  of five carefully  
prepared sa m p les  (each having a different % 
m oisture con ten t, i.e ., 3 .7 5 ,5 .3 , 6 .5 , 6 .9  and 10.1) 
were m easu red  (slit w idth  0 .1 5  mm) at two different 
w avelengths, i.e ., 1500  and 15 50  nm , respectively. 
The m easu rin g  procedure proceeded  a s  follow s : the  
cell w as loaded  w ith  the sa m p les  (starting w ith  
3.7%) and th e  m easu rem en t perform ed at 15 00  and  
1550 nm , respectively; th is  w a s  repeated  three  
tim es. The cell w a s em ptied an d  th en  loaded  w ith  
the new  sa m p les  (5.3%). A gain, the con secu tive  
observations w ere m ad e at the tw o w avelen gth s, a s  
stated  above. The ser ie s  o f m ea su rem en ts  were 
com pleted by applying th e  above procedure to  
rem aining sam ples. At that stage, the entire seq u ence  
w as traversed again, bu t th is  tim e u sin g  fresh  
sam p les of sam e con cen tration s. R eadings w ere 
taken over a tim e sp a n  o f several days. The effective 
integration tim e of the lock -in  am plifier w a s  3 m in  
w ith the lock -in  integration  tim e of 3 0  sec  and  
linear averaging (3 sec  sam pling tim e at 64  repetitive  
scans).

The resu lts  of th ese  exp erim ents are sh ow n  in  
Fig. 7. The m agn itu d e of the p h otoaco u stic  signal 
depends obviously  on  the m oistu re  con ten t in  th e  
m ilk powder. The relation sh ip  appears linear, b u t  
the s lo p es of two lin e s  are sligh tly  different. 
Standard deviation w a s  first calcu lated  for both , 
the total signa l an d  the background  sign a l (em pty  
cell) and  the n et sign a l m agn itu d e obtained  by  
su b stractin g  vectorially th e  background  signa l from  
the brutto  signal. The error b ars in  Fig. 7  represent  
the su m  of stan dard  d eviation s o f b oth , the total 
signal and background  signal. N either of th e  p lo ts  
show n in Fig. 7 d oes extrapolate to zero signa l for 
the zero w ater co n ten t, w hich  is  probably due to  
residual absorption  ca u sed  by co n stitu en ts  other  
than  w ater (butter fat, for exam ple) p resen t in  the  
in stan t sk im m ed m ilk  pow der (W alstra 1965). For 
the sake of com p leten ess, it is  s tre ssed  that on ly  
one type o f sk im  m ilk  pow der (of varying m oistu re  
contents) w a s  investigated  in  th is  stu d y. A dditional 
stu d ies are n eed ed  to  ascerta in  th e effect of pow der 
com p o sition  (la cto se , p ro te in s, lip ids) on  th e  
ph otoacou stic  signal.

In con c lu sion , the feasib ility  o f p h o to a co u stic  
m ethod  for m easu rin g  the m oistu re  co n ten t (3 .7 5 -  
10%) in  in stan t sk im  m ilk  pow der w a s dem onstrated . 
The perform ance of p resen t se t-u p  is  lim ited  b y  th e  
low ou tp u t of the sou rce an d  th e  h igh  b ack grou n d  
signa l, due to th e  ch oice  o f a ce ll m ateria l. The  
com bined  u se  o f p resen tly  available d iode la ser  
(that em its  a s  h igh  a s  2 0  m W  at 1 5 0 0  nm ) and  
p hotoacoustic  cell m ade from m aterial w ith  negligible  
absorption  (glass) in  th e  w avelength  ran ge of 
in terest, w ould  therefore im prove th e  sen sitiv ity . In 
addition, the u se  of a d iode la ser  e lim in ates the  
n eed  for a m onochrom ator and th e  chopper, s in ce  
th e  la s e r  c a n  b e  e le c tr o n ic a lly  m o d u la te d .  
Furtherm ore, th e  reduction  o f th e  p resen t cell 
volu m e (by at lea st  a factor o f 10) is  easily  
achievable.

F u tu re ce ll d esig n  w ill a lso  fea tu re  th e  
m icrophone sep arated  from  th e cell's  vo lu m e, in  
order to  avoid scattered  rad iation  from  reach in g  th e  
m icrophone's m em brane. E nsuring th e proper degree 
of aco u stic  m atch in g  b etw een  m icrop hon e an d  th e  
sam p lin g vo lu m e offers one order o f  m ag n itu d e  
im provem ent in  the sign a l to n o ise  ratio. T he new  
cell offers the p ossib ility  for rapid in ter-ch an g in g  
of sam p les w ith out a n eed  for frequent d em ou n tin g  
of the w indow s. S u ch  p h otoaco u stic  device m ight 
even tu ally  develop into a low -cost and com p act  
in stru m en t su itab le  for a n on -d estru ctive  rou tin e  
an a lysis  in  a dairy sc ien ce  an d  oth er agro-food  
in d u str ies w ith  perform ance su p erior to  th a t of 
stan dard  m eth o d s of m oistu re determ ination .

The fact that the sam p le is  sea led  in sid e  the  
cell, in h ib its  con sid era b ly  th e  ap p licab ility  of 
p h otoacou stic  m eth od  for on e-lin e d etection . A n  
attem pt to con stru ct an  op en -en d  p h oto a co u stic  
cell by bringing the sam p le in to  co n ta ct w ith  a 
pyroelectric detector m et only w ith  m oderate su c c e s s  
(Kocsany, p erson al com m u n ica tion , 1988). The  
resp on se  o f su ch  a con tact detector w a s  sh o w n  to  
b e d ep en den t on a grain  size  o f th e  powder. 
Moreover, th e  signa l m agn itu d e d ecrea se s  fa ster  for 
con tact detector, th a n  it d oes for th e  p h oto a co u stic  
cell.

Finally, sin ce data collected b y  the p hotoacoustic  
m easu rem en ts are in trinsica lly  on ly  relative, so m e  
absolute standard  is required, w h en  th e  quantitative  
m easu rem en ts are b ein g  con sidered . Initial s te p s  
in  th is  direction are already realized  in  a differential 
system  (Favier et al. 1993) u sed  for p h o to a co u stic  
characterization  of variou s flours an d  sp ic e s  (Favier 
at al. 1994).
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E f f e c t s  o f  P r o c e s s in g  a n d  In  vitro  P r o t e o ly t i c  E n z y m e  
A c t io n  o n  B a m b a r r a  G r o u n d n u t  H e m a g g lu t in in
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Hemagglutinating protein extracts were prepared from bambarra groundnut seeds, before and after processing 
and assayed for activity using red blood cells of the cow. Effects of soaking, boiling of whole seeds, cooking with 
trona, (sodium sesquicarbonate) autoclaving, fermentation and roasting of flour samples on hemagglutinating activity 
were determined. Heat treatment of flour samples for up to 2 h was found to be the best method for elimination 
of hemagglutinating activity. Effects of proteolytic enzyme action on the hemagglutination of human red blood cells 
were evaluated using pepsin, trypsin and protease. Treatment wiLh protease was the most effective in reducing 
hemagglutinating activity. Blood group O was not measurably agglutinated in the presence of proteolytic enzymes. 
Characterization based on solubility showed that only the albumin and globulin protein fractions possessed  
hemagglutinating properties.
Keywords : Hemagglutinin, Bambarra groundnut, Processing methods, Proteolytic enzymes, Solubility properties.

A m ajor deterrent to  effective u tiliza tion  of 
legu m es is  th e  p reponderance o f an ti-nu trition a l 
factors found in  th ese  food s (W ilson et al. 1972; 
P uszta i and Palm er 1977; Cristofaro et al. 1974). 
H em agglutin ins are on e o f the very im portant anti- 
nutritional factors, b eca u se  o f their d eleterious  
physiological effects (Liener et al. 1986). T h ese are 
su gar specific, cell agglutin atin g  m itogen ic  protein s, 
that interact w ith  sp ecific  b lood  group su b sta n c e s , 
prom ote cell ad h esio n  and h ave in su lin -lik e  effect 
on fat ce lls  (Liener et al. 1986). If u naffected  by  
proteolysis, after in gestion , h em ag g lu tin in s can  
im pair the absorption  of oth er n u tr ien ts  b y  b in d in g  
to the w a lls  o f the in testin a l villi an d  ch an g in g  their  
conform ation, thereb y reducing n u tr ien t u tilization  
(L ien er e t  a l. 1 9 8 6 ) . Q u ite  a n u m b e r  o f  
hem agglutin ins have b een  purified and characterized  
(Dahlgreen et al. 1970; M arshall and  Lauda 1975; 
P uszta i and Palm er 1977), b u t su c h  s tu d ie s  have  
not b een  carried out for le sser  k n ow n  leg u m es and  
the effects of heat treatm ent of en zym es h ave not 
b een  stu d ied  in  all th e  leg u m es excep t a few  
(Bansal et al. 1988; Batra et al. 1986; G horpade  
et al. 1986; R am am ani 1986). Bam barra grou n dn u t  
is one o f the leg u m es o f th e  P apillionaceae fam ily. 
Its agronom y, p h ysio logy  an d  com p osition  have  
b een  stud ied  (Okigbo 1978; Law ani an d  R achie  
1975; J o h n so n  1968). A n ti-nu trition a l com p o n en ts  
su ch  a s t iy p s in  inhib itors, flatu len t o ligosacch arid es  
and ta n n in s  have b een  stu d ied  in  so m e bam barra  
grou n dn u t cu ltivars (Poulter 1981; O jim elukw e and  
A yem or 1992), b u t its  h em agglu tin atin g  protein

* Corresponding Author

h a s  n ot received en ou g h  resea rch  a tten tio n . The  
p resen t s tu d y  w a s , th erefore , u n d e r ta k e n  to  
investigate  the effect o f  p ro cess in g  trea tm e n ts  and  
proteolytic enzym e actio n  o n  bam b arra gro u n d n u t  
h em agglu tin in .

W hole bam barra gro u n d n u t s e e d s  (cream - 
coloured  cultivar), p u rch a sed  from  N su k k a  m arket, 
w ere c lean ed  w ith  w ater an d  air-dried to  10% 
m oistu re  for 12 h . S eed s  w ere u se d  in  w h o le  form , 
and ground  to p a s s  throu gh  1 m m  m e sh  siev e  in  
a sam p le  m ill (C yclotex 10 53 , T ecator In stru m en ts). 
P ep sin , tryp sin  an d  p rotease  w ere from  Sigm a, 
USA. O ther reagen ts w ere o f an a ly tica l grade.

H em agglutinating protein extracts w ere prepared  
b y a m odification  o f th e  m eth o d  o f D a h lg reen  et 
al (1970). G round se e d s  w ere eq u ilibrated  in  a 
m ech an ica l sh a k er  for 2 h  (whole flour : so lven t  
ratio = 1:20), u s in g  p h o sp h a te  buffered  sa lin e  (1% 
NaCl in  p h osp h ate  buffer, pH 7.4) an d  cen trifu ged  
at 2 ,0 0 0  g  for 2 0  m in  at 4°C. C rude ex tra c ts  w ere  
assa y ed  for h em agglu tin atin g  activ ity  in  m icrotitre  
p la tes  b y  double d ilu tion , u s in g  red b lood  ce lls  of 
th e cow , pig and goat. E x tra cts  w ere further  
purified by p recip itation  w ith  am m o n iu m  su lp h a te , 
after acid ification  to pH 5 .0  an d  cen tr ifu ged  again  
at 2 0 ,0 0 0  g  for 2 0  m in  at 40°C . T he su p ern a ta n t  
w a s dialyzed ag a in st p h o sp h a te  b uffer (pH 6 .8) and  
u sed  a s  th e  buffer extract o f  h em ag g lu tin in .

A nim al red b lood  ce lls  (cow) w ere ob ta in ed  
from  th e abbatoir at N su k k a  m ark et (E n ugu  S ta te , 
Nigeria) during exsa n gu in atio n . H u m an  b lo od  w as  
obtained  from norm al h ea lth y  in d iv id u a ls . B lood  
g r o u p in g  t e s t s  w e r e  c a r r ie d  o u t  b e fo r e
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hem agglutination  s tu d ie s . A  m od ification  o f th e  
m ethod of Liener (1955) w a s u sed  for th e preparation  
of standard red blood ce lls . T he sch em e is  outlined  
b e lo w :

Collect b lood in  A lsevier's so lu t io n /  
an ticoagu lan t (1:1 ratio)

I
Centrifuge at 5 ,0 0 0  g  for 5 m in  to obtain  

crude red b lood  ce lls
l

W ash crude red blood ce lls  w ith  0.1%  NaCl in  
p h osp h ate  buffered sa lin e  pH 7 .4

l
Su spen d  in  fresh p h osp h ate  buffered sa lin e  to 
give an  ab sorban ce o f 2 .0  at 6 2 0  nm  o f the  

u n tiyp sin ized  red b lood  cell su sp en sio n

I
Include w ith  1% tryp sin  an d  w a sh  again  to 

obtain  trypsin ized  red blood cells .

The follow ing p rocessin g  trea tm en ts w ere given  
to bam barra grou n d n u t sa m p les  o f  10 g  size. 
Finally, ground bam barra gro u n d n u t se ed s  w ere 
heated in  an  enam el w are for 1, 2, 3  an d  4 h  in  
an air oven. W hole se e d s  w ere boiled  in  10 tim es  
their own volu m e o f w ater for 3 0  m in , 1 h  and 2 h , 
w ith  or w ith o u t  a d d it io n  o f  tro n a  (so d iu m  
sesquicarbonate). W hole se e d s  w ere soak ed  for 
12 h and dried at 60°C for 5 h  in  a n  air oven. S eed  
sam p les were au toclaved  at 121°C for 1 h. S eed s  
were also  soaked  for 6  h , ferm ented  for 4 8  h and  
dried at 60°C for 5 h. F erm en tation  o f soak ed  w hole  
seed s  w as carried ou t at room  tem perature in  
w rapped b a n a n a  lea ves. B uffer extracts  w ere  
prepared from p rocessed  s e e d s  an d  flour for u se  
in  hem agglutination  a ssa y s , u s in g  red blood ce lls  
of th e cow.

The en zym es p ep sin , trypsin  an d  protease  
(0.01%) were in cu b ated  in  v i t r o  w ith  2% su sp e n s io n  
of h u m an  red blood ce lls  at 25°C  for 1 h . U sing  
bambarra groundnut h em agglu tin in  extracts, a ssa y s  
were carried out according to th e  spectrophotom etric  
m ethod of Liener (1955). For so lu b ility  stu d ies , 
distilled water, 5% NaCl, 70%  eth a n o l and 0 .0 2  N 
NaOH w ere u sed  to extract bam barra grou n dn u t  
flour (1:1 ratio). The extracts w ere centrifuged  at
2 0 ,0 0 0  g  in  a  refrigerated centrifuge, precip itated  
w ith am m onium  su lp h a te  (50% saturation) and  
assayed  for activity u s in g  red b lood  ce lls  o f  th e cow.

TABLE 1. AGGLUTINATION OF COW, GOAT AND PIG 
ERYTHROCYTES BY CRUDE BAMBARRA 
GROUNDNUT HEMAGGLUTININ

Erythrocyte Volume of agglutination (ml)
1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1

Cow ++ + + ++ ++ + + + + + +
Goat ++ + + ++ + + + + + + +
Pig + + +
++ : Pronounced agglutination, + : Positive agglutination,-  : No observable agglutination.

Table 1 sh o w s the exten t o f  h em agglu tin ation  
of an im al (cow, goat an d  pig) red b lood  ce lls , by  
crude bam barra grou n d n u t h em ag g lu tin in  extracts. 
Pig red blood ce lls  w ere agg lu tin a ted  b y  h igher  
con cen tra tion s o f ag g lu tin in s, in d ica tin g  th a t th ese  
have low er affinity for h em ag g lu tin in s, th a n  th e  red  
blood ce lls  o f cow  and goat. T otal red ce ll co u n ts  
for cow , goat an d  pig red b lood  ce lls  u se d  for 
h em agglu tin ation  exp erim en ts w ere 2 5 .4 4  x  10®, 
4 5 .9 0  x  10® and 2 2 .0 2  x  10®, respectively .

T able 2 s h o w s  th e  e ffec t o f  p r o c e ss in g  
trea tm en ts on  h em ag g lu tin a tio n  o f red b lood  ce lls  
of th e cow  by bam barra gro u n d n u t h em agglu tin in . 
Dry h ea t treatm en t o f flour sa m p les  for u p  to  
2 h  ach ieved  tota l e lim in ation  of h em ag glu tin atin g  
activity. Cooking o f s e e d s  w ith  tron a w a s  lea st  
effective in  red u cin g  h em ag glu tin atin g  activ ity of 
bam barra grou n d n u t h em agglu tin in . S ta tistica lly , 
th e  d ifferences w ere sign ifican t b etw een  th e  total 
h em agglu tin atin g  activ ity v a lu e s  o f  sa m p le s  treated  
w ith  trona an d  th o se  g iven  ordinary m o ist  h ea t  
treatm ent (p<0.05). C ooking for 2 h  red u ced  th e  
protein  con ten t a s  d eterm in ed  b y  th e  m eth od  of  
Lowry et al (1951), p ossib ly  d u e to  lea ch in g  of 
so lu b le  protein s. In ad d ition , th e  h em agglu tin atin g  
activity w a s  a lso  red u ced . C ooking is  k n ow n  to 
soften  th e  seed , im prove cell w all p lastic ity , facilitate  
cell exp a n sion  an d  red u ce ce ll a d h esio n , thereb y  
allow ing th e  cell com p o n en ts to  u n d ergo  ch a n g es  
during m oist h ea t treatm en t (Q u asi an d  D a  Silva
1977). Protracted cook in g  is  k n ow n  to red u ce  th e  
nu trition al q u ality  (E kpenyong an d  B orch ers 1981). 
P rocessin g  trea tm en ts u sed  in  th e  p resen t stu d y  
are kn ow n  to red u ce h em ag g lu tin a tin g  activ ity and  
toxicity  of leg u m es, w hile th e  d egree o f e lim in ation  
is  d ep en d en t on  the b io log ica l p roperties o f  the  
h em ag glu tin in  (Grant 1986). B am barra grou n dn u t  
is  popularly  co n su m ed  in  so m e p arts o f Nigeria a s  
a steam ed  flour. S in ce size reduction, in  com bination  
w ith  h ea t treatm en t, en h a n c e s  e lim in a tio n  of 
h em agglu tin atin g  activity, th is  practice sh o u ld  be
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TABLE 2. EFFECT OF PROCESSING ON HEMAGGLUTINATION OF COW RED BLOOD CELLS BY BAMBARRA GROUNDNUT 
HEMAGGLUTININ

Sample Processing treatment Protein content, 
mg/ml

Number of 
hemagglutinating 

units, x
Specific activity, 

mg/pro teins
Total activity, 

HU
Bambarra Cooking, 30 min 6.29 2.74 4.35 2051.17e
groundnut Cooking, 1 h 5.57 2.64 4.74 1981.39e
seeds Cooking with tuona, 1 h 7.23 4.69 6.48 3515.95*

Cooking, 2 h 3.25 2.06 6.33 1541.96°*
Autoclaving at 121°C for 1 h 5.53 3.75 6.78 2812.42b
Soaking, 12 h 5.03 2.55 5.46 1916.43e

Bambarra

Fermentation,48 h 

Dry heat treatment

5.42 3.01 5.56 2260.14e

groundnut 30 min at 100°C 6.29 2.14 3.44 1622.82dflour 1 h at 100°C 6.29 1.91 3.04 1431.12d
2 h at 100°C 6.29 - - -
3 h at 100°C 6.29 - - -
4 h at 100° 6.29 - - -

Values carrying the same letters are not significantly different from one another (p20.05) -  : No measurable agglutination

encouraged to avoid th e  h em agglu tin in  problem .
T a b le  3  s h o w s  th e  s p e c if ic  a n d  to ta l  

hem agglutinating activ ities o f bam barra grou n dn u t  
h em agglu tin in , in  th e  p resen ce  o f p roteolytic  
enzym es. Specific activ ities in  the p resen ce  of 
p ep sin  and trypsin  w ere h igher in  th e  agglutinating  
m edium  th an  in  the p resen ce  o f protease. For 
h u m an  blood group O erythrocytes, th e  sam p le  
extracts did not sh ow  m easu ra b le  agglutin ation  in  
the p resen ce of proteolytic en zym es. T his su g g e sts  
that protease m ay h ave b etter  hydrolytic effect on  
the h em agglu tin in  m olecu le . Earlier literature a lso  
in d icates th a t m od ifica tion s o f the h em agglu tin in  
m olecu le by proteolytic en zym es m ay  lead  to  
conform ational ch a n g es, th a t red u ce their cap acity  
for cell agglutin ation  (Burger 1973). A lso, not all 
proteolytic d ig estio n s m ay  lead  to inactivation. On  
the oth er h an d , in cu b atio n  o f red b lood  ce lls  w ith  
proteolytic en zym es, follow ed b y  w a sh in g  w ith  
saline, to rem ove d igestion  p rod u cts is  kn ow n  to

in crease  the agglutin ab ility  o f su c h  red b lood  ce lls  
and red u ce the q u an tity  o f  h em a g g lu tin in s  required  
for agglutin ation  (Burger 1973). In cu b a tio n  o f red  
blood ce lls  w ith  proteolytic en zy m es is  k n ow n  to  
ca u se  su rface m od ifica tion s an d  c h a n g e s  in  th e  
su rface zeta  p oten tia l (Burger 1973).

O nly th e  a lb um in  an d  g lob u lin  fraction s of 
b a m b a r r a  g r o u n d n u t  p r o te in  f r a c t io n s  h a d  
h em agglu tin atin g  p roperties (2 2 .3 7  an d  2 5 .1 5  H U / 
m l, respectively).
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TABLE 3. HEMAGGLUTINATION OF HUMAN RED BLOOD CELLS BY BAMBARRA GROUNDNUT HEMAGGLUTININ IN THE PRESENCE 
OF PROTEOLYTIC ENZYMES

Human blood groups 
A B

Sample extract Specific Total Specific Totalactivity, activity, activity activity,mg/protein HU mg/protei n HU
Bambarra groundnut + pepsin 18.81 1191.98 13.59 861.30
Bambarra groundnut + protease - - 13.15 833.62
Bambarra groundnut + trypsin 25.43 1161.60 15.24 965.65
No enzyme 18.29 1158.98 13.38 848.10

: No measurable agglutination was observed for group 'O' erythrocytes.
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H y p o c h o le s t e r o le m ic /H y p o l ip id e m ic  E f f e c t  o f  D ie t a r y  F ib r e s  
fr o m  O u te r  D r y  S k in  o f  G a r lic  a n d  O n io n
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Fibres from the ouler skin of onion and garlic lowered total lipids, total cholesterol and glyceride levels of plasma 
and tissues in the rats. The effect was prominent in ease of garlic skin fibres. The fibres from onion skin are potently 
anti-atherogenic, as evidenced by increased high density lipoprotein cholesterol/low density lipoprotein cholesterol ratio.
The hypocholestcrolemic action of these fibres could not be attributed solely to the bile acid excretion or cholesterol 
catabolism. No direct relationship beLween hypocholcsterolemic/hypolipidemic effect of these fibres to their in v itro  bile 
acid absorption or water holding capacity could be established.
Keywords : Hypolipidcmia, Ilypocholcstcrolemia, Atherosclerosis, Fibre, Onion, Garlic, Outer dry skin.

H ypercholesterolem ia and hyperlip idem ia are 
m ajor  r is k  fa c to r s  in  th e  d e v e lo p m e n t  o f  
ath erosclerosis (G oldstein  and B row n 1987). There 
h a s  alw ays b een  a search  for ag en ts, w hich  can  
lower the blood ch olestero l levels, particu larly of 
low d en sity  lipoprotein  fraction. The low ering of  
blood ch olestero l levels ca n  b e ach ieved  w ith  the  
help o f drugs, either b y  in h ib itin g  en d og en o u s  
sy n th esis  a n d /o r  b y  low ering ch o lestero l absorption  
from the in testin e  (Sedaghat et al. 1975), b u t su ch  
an approach is  never free from sid e  effects (Sabine
1977) The ch an g es in  th e  dietary regim en s w ould  
th u s, b e the m ost su itab le  approach  for low ering  
cholestero l level. Increased  u se  o f refined d iets  
lead s to low in take of dietary fibre. A good part 
of vegetab les (skin, s ta lk  an d  peels) w ith  its  
unavailab le carbohydrates is  d iscarded , thou gh  
th ese  p ortions m ay  h ave p oten tia l b iom edica l 
benefits. Therefore, in  th e  p resen t stu d y , th e fibres 
prepared from ou ter dry sk in  of on ion  and garlic 
have b een  u sed  a s  dietary su p p lem en ts  to ascerta in  
their h yp och o lestero lem ic/h yp o lip id em ic  action.

Fibre w a s  prepared from  th e ou ter dry sk in  
of on ion  (A l l i u m  c e p a ) and  garlic (A l l i u m  s a t i v u m ]  
according to th e  m eth od  o f E astw ood  an d  M itchell 
(1976). The fibre w a s  an a lyzed  for ce llu lo se  
(Crampton and M aynard 1938), n eu tra l detergent 
fibre (NDF), acid  detergent fibre (ADF), lign in  
(Goering and V an  S o est 1970) and ash  (AOAC
1980). The p h ysico -ch em ica l a n a ly s is  included  
determ ination of w ater hold in g  cap acity  and bile  
acid adsorption  (Singh et al. 1983).

Male alb ino rats, ab out 6  w eek s old and each  
w eighing 6 0 -7 0  g, were divided into 3 grou p s of 
six  an im als ea ch  an d  w ere given  experim ental
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hyperch olestero lem ic d iets, w h ich  c o n s is te d  o f  (%) 
sta rch  6 4 , oil 10, sa lt  m ixtu re 4 , y e a s t  p ow d er 1, 
c e llu lo se /d ie ta ry  fibre 5, c a se in  15 an d  ch o lestero l 
1. At th e  end  o f four w ee k s  o f feed in g , th e  a n im a ls  
w ere sacrificed  an d  their b lood  a s  w ell a s  different 
organ s w ere collected  for b io ch em ica l a n a ly sis . 
T otal lip id s (Folch et al. 1957), to ta l ch o lestero l (Zak 
et al. 1953), p h o sp h o lip id s  (Am es 1966), free fatty  
acid s (Lowiy an d  T in sley  1976) an d  h ig h  d en sity  
lipoprotein  ch o lestero l (Lopes Virilla et al. 1977) 
w ere determ ined. Bile acid excretion  w a s  d eterm in ed  
from  the faecal m a ss  co llected  d u rin g  th e  la s t  w eek  
of feeding trial (Boyd et al. 1966).

Fibre from  ou ter sk in s  o f  on ion  an d  garlic  h ad  
com parable ADF, ce llu lo se  an d  lign in . In con trast, 
h em ice llu lose  con ten t an d  w a ter  h o ld in g  ca p a c ity  
of garlic sk in  fibre w ere h igh er th a n  th o se  o f on ion  
sk in  fibre (Table 1). In clu sio n  o f fibre from  eith er  
of the sou rce  in  the h yp erch olestero lem ic  d ie ts  of  
albino ra ts  did not interfere w ith  food in tak e or 
its  u tiliza tion  for grow th (Table 2). M oreover, th ese  
fibres did n ot react to sh o w  a n y  ad verse  effect on  
organ w eigh t in d ices or h aem ato log ica l p aram eters.

TABLE 1. PROXIMATE COMPOSITION (%) AND WATER 
HOLDING CAPACITY (g/g) OF FIBRES FROM SKIN 
OF ONION AND GARLIC

Onion skin Garlic skin
Neutral detergent fibre 41.5 ± 2.3 47.1 ± 2.1*
Acid detergent fibre 39.0 ± 1.4 40.7 ± 1.8
Cellulose 35.3 ± 1.2 36.5 ± 1.5
Lignin 3.6 ± 0.1 4.1 ± 0.2*
Hemicellulose 2.5 + 0.1 6.4 ± 0.4*
Mineral 7.0 ± 0.3 6.3 ± 0.4
Water holding capacity 1.0.5 ± 0.8 12.7 ± 0.9b
Significantly different from that of onion skin fibre *p<0.01 bp<0.05
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TABLE 2. FOOD INTAKE (g), GAIN IN BODY WEIGHT (g), PLASMA (Mg/Dl), HEPATIC AND CARDIAC LIPID PROFILE AND BILE 
ACID EXCRETION O F RATS GIVEN HYPERCIIOLESTEROLEMIC DIETS CONTAINING DIFFERENT FIBRES [VALUES ARE 
MEAN ± SD)

Param ters F ibre source
Cellulose Onion Garlic(control)

Food intake, g 248.0 ± 16.6 263.0 ± 22.5 236.6 ± 17.8
Gain in body weight, g 42.0 ± 4.2 42.4 ± 4.3 38.6 ± 4.4
P la sm a  lip id s  (m g /d l)
Total lipids 1033.3 ± 51.6 713.2 ± 68.1* 600.0 ± 1.1*
Cholesterol 209.0 ± 35.0 117.8 ± 14.1* 124.1 ±32.2*
Phospholipids (PL) 260.0 ± 33.5 290.0 ± 26.9» 275.0 ±20 .8
Free fatty aeids 26.9 ± 2.8 19.6 ± 2.3* 22.3 ± 2.9b
Glycerides 535.8 ± 39.8 285.8 ± 25.9* 178.1 ±41.3*
Cholesterol/PL ratio 0.8 ± 0.1 0.4 ± 0.1* 0.5 ± 0.1*
High density lipoprotein cholesterol (IIDLc) 32.3 ± 5.5 43.8 ± 10. lb 46.4 ± 5.0»
Low density lipoprotein cholesterol (LDLc) 69.6 ± 10.2 17.0 ± 3.8* 42.1 ± 6.0*
Very low density lipoprotein cholesterol (VLDLc) 107.2 ± 16.3 57.0 ± 12.5* 35.6 ± 8.1»
IIDLc : LDLc ratio 0.46 ± 0.1 2.67 ± 0.2» 1.10 ± 0.1*
L iver lip id s  (m g /g )
Total lipids 191.2 ± 27.3 163.3 ± 26.1a 173.3 ± 17.9
Cholesterol 30.3 ± 5.0 22.5 ± 7.0* 27.4 ± 4.3
Phospholipids 21.6 ± 1.3 13.7 ± 5.64* 25.7 ± 2.5
Free fatty aeids 21.2 ± 5.0 15.3 ± 5.13b 22.2 ± 2.6
Glycerides 117.4 ± 11.6 111.7 ± 11.2 97.9 ± 9.7b
H eart lip id s  (m g /g )
Total lipids 51.9 ± 6.26 45.4 ± 5.42 28.8 ± 4.63*
Cholesterol 4.9 ± 0.49 4.3 ± 0.38b 2.7 ± 0.31*
Phospholipids 20.3 ± 2.81 19.2 ± 2.15 10.8 ± 1.61*
Free fatty acids 7.4 ± 1.10 9.0 ± 1.26b 4.2 ± 0.74*
Glycerides 19.3 ± 2.14 12.8 ± 1.57* 11.0 ± 1.38*
Bile acid excretion
mg/g faecal matter 1.44 ± 0.32 1.80 ± 0.3 lb 2.04 ± 0.29b
mg/day 2.18 ± 0.32 2.23 + 0.35 1.91 ± 0.30
*p < 0.01, bp < 0.05

su ch  a s  haem oglobin  level, RBC cou n t an d  packed  
cell volum e.

Both garlic and on ion  sk in  fibres low ered the  
total lipids, ch olestero l, g lycerides, ch olestero l to 
phospholipid  ratio an d  ch olestero l o f LDL and VLDL 
fractions. In ca se  of garlic, th e effect w a s m ore  
prom inent for total lipids, g lycerides and ch olestero l 
of VLDL fraction. In con trast, the effect of on ion  
fibres w as m ore prom inent in  ca se  o f tota l p lasm a  
cholesterol and ch olestero l of LDL fraction (Table 
2). S ince th e ratio of HDL ch olestero l to LDL 
cholesterol is  inversely related  to th e d evelopm ent 
of coronary heart d isease  and serves a s  a n  im portant 
predictor of developm ent o f a th erosclerosis (Goldstein  
and Brown 1987), th e  in creased  ratio observed in  
fibre-fed groups in d ica tes th a t both  th ese  fibres

have an ti-ath erogen ic  prop erties an d  ca n  th u s  
protect ag a in st d evelop m en t o f a th erosc lerosis . Of 
th ese  two fibres, on ion  sk in  fibre red u ced  th e  risk  
m ore th an  garlic sk in  fibre. The lipid an d  ch olestero l 
low ering effects o f  th ese  fibres are a lso  reflected  
in  the h ep atic  an d  cardiac t is s u e s  (Table 2). 
Lowering o f p la sm a and hep atic  lip id s b y  different 
fibre so u rces  have a lso  b een  reported  (S ingh  et al.
1983). The b en eficia l effects o f th e se  fibres are 
further reflected by th e  su b sta n tia l red u ction  of 
hep atic  degenerative ch a n g es , particu larly w ith  
on ion  sk in  fibre. The d ecreased  fatty degenerative  
ch a n g es  observed  in  hep atic  ce lls  are m ore or le s s  
in  agreem ent w ith  the b iochem ical ch a n g es  in  lipid  
levels o f  p la sm a and liver.

F ibre-fed grou p s h ad  h igher faeca l b ile acid
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TABLE 3. BILE ACID ADSORITION (% ADSORPTION) BY ONION 

AND GARLIC SKIN FIBRES
Time,
min

Cholic acid Deoxyeholic acid
Onion Garlic Onion Garlic

30 12.5 ± 0.6 9.6 ± 0.7* 15.3 ± 0.8 21.4 ± 1.1*
60 15.1 ± 0.8 14.2 ± 0.8* 22.5 ± 1.3 27.5 ± 1.3*
90 17.2 ± 1.1 16.8 ± 1.1 26.9 ± 1.7 34.6 + 1.2*
120 17.8 ± 0.8 18.0 ± 1.0 30.7 ± 1.9 38.3 ± 2.1*
150 19.1 ± 1.0 18.4 ± 1.2 31.5 ± 2.4 39.1 ± 1.8*
* Significantly different from that of onion, (p < 0.01

excretion, w hich  cou ld  be due to their  adsorption  
fibres (Table 3). B ut the degree o f b ile ac id s  
adsorption  cou ld  not b e  related  to an y  sin gle  
com ponent of th ese  fibres. A dsorption  of bile acid s  
h a s  b een  directly related to the lign in  con ten t of 
fibre from cerea ls and p u lse s  in  earlier s tu d ie s  
(Uberoi et al. 1992; A gte an d  J o sh i 1991). B u t su ch  
a relationsh ip  d oes not ap p ear to hold  good w ith  
these fibres. Certain other m inor dietary com p on en ts  
su ch  a s  p olyp h enols and sa p o n in s  (O akenfull and  
Fenw ick 1978) are kn ow n  to be a sso c ia ted  w ith  
th ese  fibres and th ese  m ay  con trib u te  to their  
h ypocholesterolem ic action  (O akenfull 1981). The  
h ypocholesterolem ic action  of th ese  fibres cou ld  be  
due to the com b ination  of m ech a n ism s en h an cin g  
ch o lestero l ca ta b o lism  a n d /o r  su p p r e ss in g  its  
absorption  an d  en d o g en o u s sy n th e sis . M oreover, 
both th ese  fibres are good w ater b in d ers (Table 1) 
and ca n  be u sed  a s  dietary su p p lem en ts  a s  w ell 
as h u m ecta n ts  in  certain  food p rod u cts. The 
a p p rec ia b le  h y p o lip id e m ic /h y p o c h o le s te r o le m ic  
action  p roves th e ir  u s e fu ln e s s  a s  a d ietary  
su p plem en t in  va rio u s food b len d s.
R e feren ces
Agte V, Joshi S (1991) In  v itro  binding of bile salts with plant 

fibres. J Food Sei Technol 28:226-229

Ames BN (1966) Assay of inorganic phosphate, total phosphate 
and phosphatases. In : Ncwfeld EF, Grainsbery V (eds) 
Methods in Enzymology, Academic Press, New York, pp 115- 
118

AOAC (1980) Official Methods of Analysis, 12th ed. Association 
of Official Analytical Chemists, Washington, DC 

Boyd GS, Eastwood MA, Maclean M (1966) The distribution of 
bile salts along the small intestine of rats. J Lipids Res 7:83- 
86

Crumpton EW, Maynard FA (1938) The relation of cellulose and 
lignin content to the nutritional values of animal feeds. J 
Nutr 15:383-386

Eastwood MA, Mitchell WD (1976) Physical properties of fibre: 
A biological evaluation. In: Spiller GA, Amen RJ (eds), Fibre 
in Human NutriLion. Plenum Press, New York, pp 109-127 

Folch J, Lees M, Sloanestanlcy, Gil (1957) A simple method 
for the isolation and purification of total lipids from animal 
tissues. J Biol Chem 226 : 497-509 

Gocring 1IK, Van Soest PJ (1970) Forage Fibre Analysis. 
Agricultural Handbook 379. Agricultural Research Service, 
US Department of Agriculture Washington DC 

Goldstein JL, Brown MS (1987) Regulation of receptors, 
im plication s for p ath ogen esis  and therapy of 
hypercholesterolemia and atherosclerosis. Circulation 76:504- 
507

Lopes Virilla MF, Stone P, Ellis S, Colwell JA (1977) Cholesterol 
determination in high density lipoproteins separated by three 
different methods. Clin Chem 23:882-884 

Lowry RR, Tinsley IJ (1976) Rapid colorimetric determination 
of free fatty acids. J Am Oil Chem Soc 53:470-472 

Oakenfull DG (1981) Dietary fibre, saponins and plasma 
cholesterol. Food Technol Aust 33:434-435 

Oakenfull DG, Fenwick D (1978) The role of saponins in the 
adsorption of bile acids by dietary fibre. Proc Nutr Soc Aust 
3:67-70

Sabine JR (1977) Cholesterol. Marcel Dekkcr Inc, New York 
Sedaghat A, Samuel P, Crouse TR, Ahrens Jr EH (1975) Effects 

of neomycin on absorption, synthesis and/or flux of cholesterol 
in man. J Clin Invest 55:12-21 

Singh R, George M, Soni GL (1983) Role of dietary fibre from 
pulses as hypocholesterolemic agent. J Food Sci Technol 
20:228-230

Uberoi S, Vadhcra S, Soni GL (1992) Role of dietary fibre from 
pulses and cereals as hypocholesterolemic and hypolipidemic 
agent. J Food Sci Technol 29:281-283 

Zak B, Zlalkis A, Boyce AJ (1953) A new method for the direct 
determination of serum cholesterol. J Lab Clin Med 41:486- 
490

R e c e i v e d  1 4  A u g u s t  1 9 9 3 ;  r e v i s e d  1 6  M a y  1 9 9 4 ;  a c c e p t e d  1 7  M a y  1 9 9 4



J. Food Set Technol, 1995, Vol 32, No. 1, 65-67

D e v e lo p m e n t  o f  a  C o n t in u o u s  M o to r iz e d  P e e le r
fo r  R a w  M a n g o e s

S.C . MANDHAR* AND G. SENTHIL KUMARAN
S ection  o f A gricultural E ngineering,

Indian  In stitu te  of H orticultural R esearch , B angalore - 5 6 0  0 8 9 , India.
A raw mango peeler for pickle, c h u tn e y  and mango powder production has been developed. It consists of power 

transmission, concave wheel, guide drum, casing and frame. The inlet for unpeeled mangoes to concave and the outlet 
for peeled mangoes are provided to the casing. The concave wheel has sharp projections and revolves at 250 rpm, 
with 2 hp motor. The guide drum revolves at 2 rpm and maintains the continuous feeding and discharge of the 
mangoes. The rotation of mangoes in the elliptical chamber, formed between concave wheel (with sharp projections), 
guide and casing, peels the mangoes. The mango peeler had a capacity of 200 kg/h with single concave wheel of 
900 mm diam, in comparison to 7.5 kg/person in manual peeling. The cost of peeling is Rs. 45/tonne, in comparison 
to Rs. 6 6 7 /tonne by manual peeling.
Keywords : Motorized peeler, Raw mangoes, Power transmission, Concave wheel, Guide drum, Casing, Peeling capacity.

Mango is  the m o st im portant fruit crop of 
India, accou n tin g  for 42%  of area u n d er  fruit 
cultivation (Bose 1985). A round 9 .4 5  m illion  to n n es  
of m an goes are produced  in  India and ab out 1% 
is processed  to different p rod u cts (Pruthi 1992). 
Mango pickle an d  c h u t n e y  are th e  d elicacies  of  
Indian su b -co n tin en t and ab ou t 9 .5 , 3 .6 , 3 .2  and  
0.09%  of th e p rocessed  m a n g o es  are u se d  for 
pickle, m ango s lic e s  in  brine, m an go  c h u t n e y  and  
m ango powder production, respectively (Pruthi 1992). 
C h u t n e y  and  m an go pow der ( a m c h u r )  production  
require peeled raw m an g oes. The peeling  is  done  
m anually, due to n on -ava ilab ility  of m ech an ized  
peelers. M anual p eeling  is  n ot on ly  ted io u s and  
tim e con su m in g , b u t is  a lso  difficult to m an age, 
b ecau se of labour scarcity  during the m ango  
p rocessing sea so n . H en ce, a  m otorized peeler w a s  
developed earlier for raw  fru its (M andhar and  
Senthil K um aran 1993), b u t it required ab out 1 
m in batch  tim e to p eel 4 -8  fruits. The cap acities  
for m ango and papaya w ere 12 0  and 2 0 0  k g /h ,  
respectively. Therefore, a con tin u ou s m otorized peeler 
of the peeling cap acity  o f 2 0 0  kg m a n g o e s /h  h a s  
been  developed an d  its  fea tu res an d  perform ance  
are reported in  th e  p resen t com m u n ication .

The principle o f  p eeling is  to rotate the fruit 
in  a n  en c lo sed  ch am b er , a g a in st  th e  sh arp  
projections on th e  in n er su rface. The detailed  
drawing of th e  peeler is  sh o w n  in Fig. 1. T he m ain  
parts of the peeler are : fram e, pow er tran sm issio n , 
concave w h eels, gu ide drum  and casin g .

F r a m e  : It su p p o rts all th e p arts of the peeler  
and is  fabricated ou t of 5 0  x  5 0  x  6  m m  m ild  stee l 
(m.s.) angles in  ca se  o f th e  prototype. The pow er
* Corresponding Author

tra n sm iss io n  and ca sin g  are rigidly fitted  on  th is. 
The con cave w h eel an d  th e  gu id e  d rum  are fitted  
w ith ball b earin gs and su p p orted  on  b earing  b lock  
on  the fram e an d  th e  sh a ft o f con ca ve w h eel for 
free rotation, respectively .

P o w e r  t r a n s m i s s i o n  : T he prototype is  operated  
b y 2 hp , AC m otor, fitted  o n  fram e. N ecessa ry  
V -p u lleys, gea rs an d  co u n ter -sh a fts  are provided to  
rotate the con cave w h ee l at 2 5 0  rpm  an d  gu id e  
drum  at 2 rpm.

C o n c a v e  w h e e l s  : T he prototype h a s  on ly  one  
con cave w h eel o f 9 0 0  m m  d iam  and 125  m m  w idth. 
T h is ro ta tes around horizonta l a x is  a t 2 5 0  rpm. 
A n ellip tical cav ity is  provided all along th e  
circum ference o f th e  con cave w h eel. T he con cave  
w h eel is  fabricated  from  s ta in le s s  stee l (S.S.) flat 
an d  th e  cavity  from  S .S . sh ee t. T he w idth  o f th e  
cavity (m inor a x is  o f ellipse) is  7 0  m m  an d  depth  
of cavity (sem i-m ajor axis) is  9 0  m m . All a long th e  
in ternal su rface, 6  m m  d iam  h o les , w ith  th e  d en sity  
o f  5 5 0  h o l e s / s q  m t are  d r ille d . H a lf  th e  
circu m feren ces o f  th e  h o le s  are projected  upw ard

Fig. 1. Continuous motorized peeler
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Fig.2. Continuous motorized peeler for raw mangoes

to a h eight o f 2  m m  and sh arp en ed . T h ese  sharp  
projections peel the fru its and gu id e  th e p eel to 
p a ss  through h o les to avoid clogging o f peel at the  
peeling edge.

G u id e  d r u m  : The d iam  of gu id e drum  is  9 5 0  
m m  and w idth  2 5 5  m m . The gu ide w h ee ls  are 
fabricated from m .s . flats. T h ese  are con n ected  w ith  
guide holders to form  gu ide drum . The m aterial 
u sed  for fabrication o f gu ide holder is  S .S . flat and  
16 guide h olders are provided along th e  periphery  
of the drum . One gu ide o f S .S . is  w elded  to each  
guide holder. The w idth  o f gu ide is  4 5  m m  and  
length 100 m m . The g u id es  are accom m od ated  in  
the cavity of th e  con cave w h eel. The in sid e edge 
of the gu ide is  sem i-circle  o f 4 5  m m  diam  to avoid  
contact w ith  th e con cave w h eel an d  p rojections  
inside th e cavity. T he gu id e drum  rotates at 2  rpm, 
along th e  sam e ax is  an d  direction, a s  o f th e  con cave  
w heel.

C a s i n g  : It is  provided for h old ing th e  m an g oes  
inside peeling ch am b ers an d  to gu ide the p eel for 
collection  and d isp osa l. The in let ch u te  for raw  
m an goes and outlet ch u te  for p eeled  raw m an g oes  
are provided in  the c a s in g  of th e peeler. The upper  
h alf of th e  con cave w h eel an d  gu id e drum  is  
covered by the sem i-c ircu la r  casin g . B oth  s id e s  of 
casin g  are of m .s. sh ee t for p eel co llection  and have  
a diam  of 10 50  m m . T he top o f the ca sin g  is  
fabricated out of S .S . w eld ed  m esh  an d  h a s  a w idth  
of 3 0 0  m m . The size  o f  op en in g s in  S .S . m esh  is  
2 5 x 2 5  m m . This m esh  reta in s the fru its in  the  
peeling ch am b ers and h e lp s  th e  operator to see  the  
condition  o f peeling. The size of in let op en in g  for 
unpeeled  m a n g o es is  1 0 0 x 1 0 0  m m  and provided  
with n ecessa ry  ch u te . The outlet ch u te  for peeled  
m an goes is  provided at the en d  of th e  casin g .

O p e r a t io n  : T he u n p ee led  raw m a n g o es  are fed

m an u a lly  throu gh  in let ch u te  (Fig. 2). T h ese  are  
en c lo sed  in  th e p eelin g  ch am b er b y  th e  m ov em en t  
of the gu ide. The ch am b er is  form ed b y  2 g u id es , 
con cave cavity an d  top casin g . T he m o v em en t of 
projections, at a sp eed  o f 12 m in /s e c  rotation , p ee ls  
th e  m a n g o es  evenly. The rotation  o f gu id e  ta k es  
the m a n g o es to th e en d  o f th e  ca sin g , w h ere th e se  
drop in  the ou tlet ch u te  an d  g et co llected  in  th e  
desired  con tainer.

The perform ance o f peeler  o f 'Neelam ' variety  
m a n g o es (average d im en sio n s  : Length 7 7  m m , 
diam  58  m m  an d  w eigh t 142 g) is  g iven  in  T able 1. 
The p eeling cap acity  w a s fou n d  to b e  2 0 0  k g /h  for 
a sin gle  operator a g a in st 7 .5  k g /h /p e r s o n  in  
m a n u a l peeling . T he co st o f p eelin g  for on e  to n n e  
m an goes w a s worked out to b e  Rs. 4 5 , in  com p arison  
to R s. 6 6 7  b y  m a n u a l peeling . T he co st o f pulp  
p rod u ction  w a s  ca lcu la ted  to b e  R s. 6 ,3 2 0 /to n n e ,  
in  com p arison  to Rs. 6 ,4 8 2 /t o n n e  for m a n u a l 
peeling.

The p eeler w a s  fou n d  to  b e  su ita b le  for 
m an g oes o f d im en sio n s u p to  len g th  8 0  m m  and  
diam  6 0  m m . The m ax im u m  d im en sio n  o f  th e  
m an go to b e  p eeled  is  lim ited  b y  th e  cav ity  s ize  
provided on  con cave w h eel. T he d iam  an d  n u m b er  
of con cave w h ee ls  ca n  b e in crea sed  to  e n h a n ce  th e  
cap acity  of the peeler. Three co n ca v e  w h e e ls  w ith  
different s iz e s  of cav ities  c a n  b e  provided in  the  
peeler  to p eel three different grade s iz e s  (big, 
m ed iu m  and sm all) o f fruits from ungraded  m an g oes. 
A  m an go size grader ca n  b e  u se d  to  grad e an d  feed  
the respective con cave w h eel o f th e  peeler. The  
estim ated  cap a city  for a p eeler  w ith  3  con cave  
w h ee ls  o f 18 00  m m  diam  w ill b e  a b o u t one  
to n n e /h . The estim ated  pow er req u irem en t for th is  
peeler w ill be around  10 hp.

The m a ch in e  m ay b e u se d  for p ee lin g  p apaya

TABLE 1. PERFORMANCE OE MANGO PEELER FOR 'NEELAM' 
VARIETY

Performance Manual
peeling

Mango
peeler

Capacity, kg/h/person 7.5 200
Unpcclcd mango weight, g 144 142
Peeled mango weight, g 130 118
Recoverable pulp, % of total

weight of mango 72 64
Peel removed, % of total

weight of mango 10 18
Cost of peeling, Rs./tonne

of mango (labour cost Rs. 40/day) 667 45
Cost pulp production, Rs./tonne

(mango cost Rs. 4.0/kg) 6,482 6,320
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and other hard raw fruits by changing the size of 
cavity of the concave wheel and guide drum.
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T ro p o n in  w a s  u s e d  a s  a n t ig e n  to  ra is e  a n tib o d y  in  r a b b i t s  for th e  p u r p o s e  o f id e n tif ic a t io n  o f  th e  s p e c ie s  o f  

f re sh , c o o k ed  a s  w ell a s  d e c o m p o se d  c a tt le  a n d  b u ffa lo  m e a ts  b y  a g a r  gel d o u b le  im m u n o d if fu s io n  (DID) te s t .  T h e  
r a b b i t  a n ti-b u ffa lo  tro p o n in  s e r u m  (RAB) sh o w e d  c ro s s  re a c tio n s ,  w h e re a s  th e  r a b b i t  a n t i - c a t t le  t ro p o n in  s e r u m  (RAC) 
sh o w e d  n o  c ro s s  r e a c tio n s  a n d  w a s  s p e c ie s  sp ec ific . H ow ever, th e  (RAB) s c r u m  c o u ld  b e  m a d e  m o n o sp e c if ic  b y  a d s o r b in g  
o n  g lu ta ra ld e h y d e  fo r d e te c tin g  a d u l te r a t io n  o f  f re s h  b u ffa lo  m e a t  u p to  1% a n d  a ls o  d e c o m p o se d  b u ffa lo  m e a t .  B u t, 
i t  d id  n o t  d e te c t  c o o k ed  b u ffa lo  m e a t. T h e  RAC s c ru m , w h ic h  w a s  s p e c ie s  sp ec if ic , c o u ld  d e te c t  f re s h  c a t t le  m e a t  
u p  to  10%  a d u lL e ra tio n  w ith  o th e r  m e a ts ,  in  a d d it io n  to  d e te c tio n  o f  d e c o m p o se d  c a t t le  m e a t.  It c o u ld  n o t  d e te c t  
co o k ed  m e a ts  o f  c a t t le  o rig in .
K e y w o rd s  : T ro p o n in , A g a r gel d o u b le  im m u n o d if fu s io n , R a b b it  a n t i -c a t t le  t ro p o n in  s e ra ,  R a b b it  a n ti-b u ffa lo  t ro p o n in  

s e ra ,  A d u lte ra tio n .

Species identification of m eat is of importance 
in food inspection, quality control programmes and 
veterin ary  foren sic  m ed ic in e . The m eth o d s  
extensively used for identification of species origin 
of m eats were m ostly serological (Reddy et al. 1990; 
Sherikar et al. 1987). Other m ethods such as 
immuno assay, gel electrophoresis of mitochondria 
have also been used (Kang'ethe and Lindqvist 1987; 
Bandyopadhyay et al. 1985). In quest for developing 
species-specific antibodies, Milgrom et al (1965) 
described the presence of heat-stable antigens in 
adrenal g lands. Babiker et al (1981) u sed  
polyacrylamide gel electrophoresis (PAGE) technique 
and found that horse m eat cooked at 120°C for 20  
min retained only high molecular weight myofibrillar 
m uscle protein fractions. Thermostable m uscle  
proteins and adrenal proteins from sheep, goat, ox 
and buffalo resolve into fairly distinct bands in 
sodium dodecyl sulphate gel electrophoresis, ranging 
in molecular weights from 3 5 ,0 0 0-37 ,000  daltons 
corresponding to tropomyosin and troponin fractions, 
which are myofibrillar proteins (Radhakrishna et al.
1989).

The present study w as undertaken to develop 
species-specific antibodies against fresh m uscle  
troponin of buffalo and cattle to detect adulteration 
of m eats with fresh, cooked or decom posed buffalo 
and cattle m eats.

Antigen preparation : Troponin antigen was
prepared according to the method of Greaser and 
Gergely (1971), which is schem atically presented in 
Fig. 1.

* Corresponding Author.

Raising antisera : The modified procedure of 
Milgrom et al (1963) w as followed. Six healthy  
rabbits, divided into two groups and w eighing 1.5 
kg each, were immunized with particular species  
of troponin antigen. One ml of (9 m g/m l) troponin  
antigen w as emulsified with one m l of Freunds 
complete adjuvent and injected at the rate of 0 .6  
ml-per rabbit. Half of the 0 .6  ml dose (0.3 ml) w as 
given intradermally at several s ites on shaved back  
and the remaining half dose w as adm inistered  
intram uscularly in the hind leg. Three injections 
were given on 1st, 2nd and 3rd w eeks. Further 
three injections were given in a similar fash ion  with 
incomplete Freunds adjuvent on 4, 6 and 9th  w eeks 
of immunization. Serum w as harvested one week  
after the last day of injection and w as preserved 
with thiom ersal 1 in 10,000 concentration. The 
harvested sera were concentrated by using 10% 
p o ly e th y le n e  g ly c o l/a m m o n iu m  s u lp h a te  
precipitation method. Cross-reacting antibodies were 
adsorbed using the method described by Talwar
(1983).

Preparation o f te s t m eat e x tra c t: Fresh, heated  
and decomposed meat extracts of 20% concentration  
were prepared by homogenizing 20 g fresh /cook ed / 
decom posed/m uscle in 100 ml NaCl (0 .14 M) 
solution. Adulteration of m eats (1 to 10%) w as 
achieved by mixing 20% fresh and cooked m uscle  
saline extracts of different species origin. Agar gel 
immuno diffusion test w as carried out as described 
by Ouchterlony (1949).

The double immuno diffusion test w ith rabbit 
anti-buffalo fresh m uscle troponin [RAB (F)[ serum  
showed presence of one sharp, thick and fine line 
of precipitation with hom ologous antigen and as a

6 8
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1 kg  g ro u n d  m u s c le  + 2 
li tre s  so lu tio n  c o n ta in in g  

2 0  raM  KC1, 1 m M  K 1IC 03,
0 .1  m M  C aC lj a n d  0 .1  m M  

D ith io th re ito l (DTT)
si

R esid u e  + 2 l i tre s  o f  9 5 %  
e h a n o l

si
R es id u e  + 2 l i tre s  o f  d ie th y l 

e th e r
si

D ried  p o w d er + 2  l i tre s  
so lu tio n  c o n ta in in g  1 M 

KCl, 2 5  mM  tr is (p ll  8), 0 .1  
mM  C aC l2 a n d  1 m M  DTT

si
R esid u e  + 1 litre  1 M KCl

si
E x tra c t  + a m m o n iu m  

s u lp h a te
si

S u p e r n a ta n t  + a m m o n iu m  
s u lp h a te

si
P rec ip ita te  + 5 0 0  m l 

so lu tio n  c o n ta in in g  5  mM  
tr is  (pH 7.5), 0 .1  m M  C aC l2 

a n d  0 .1  mM  DTT)

1
C o n te n ts  o f  d ia ly s is  s a c  + 

so lid  KCl a d d e d  to  a  
c o n c e n tra tio n  of 1 M + 1 M 

KCl s o lu tio n  a d d e d  to 
m a k e  1 litre , a d ju s te d  

pH to 4 .6  w ith  MCI.
si

S u p e r n a ta n t  pH  a d ju s te d  to 
7  w ith  KOI! + a m m o n iu m  

s u lp h a te .  P re c ip ita te  + 
so lu tio n  w ith  5  m M  tr is  
(pH 7.5), 0 .1  m M  CaCL,, 

a n d  0 .1  m M  DTT

4
C o n te n ts  o f  d ia ly s is  s a c  + 

so lid  KCl a d d e d  to  a  
c o n c e n tra t io n  o f 1 M, pH  

a d ju s te d  to 4 .6
4

S u p e r n a ta n t  + 2 m M  T ris  
(pH 7.5) so lu tio n

4
T ro p o n in

Fig. 1. F lo w -c h a rt for

S tir re d  fo r 5  m in , filte red , 
r e s id u e  w a s h e d  fo u r  t im e s 1

s im ila rly . r \
e  ( ) .  '  *

F ilte re d  a f te r  10 m in ,

■

S ' 5 , o f o ,
re p e a te d  tw iee o

Ar-
W a sh e d  th r ic e  fo r 10 m in , Fig. 2 . DID : C e n tr a l  w ell : RAB (F) t ro p o n in  s e ru m .
r e s id u e  a llo w ed  to  d iy  a t P e r i p h e r a l  w e l ls l: C a t t l e  m e a t  e x t r a c t  f r e s h

ro o m  te m p e r a tu r e  fo r 2 -3  h

O v e rn ig h t e x tra c t io n  a t  
ro o m  te m p e r a tu r e  a n d  la te r

2: B uffa lo  m e a t  e x t r a c t  f re s h . 3 : S h e e p  m e a t  e x tra c t  
f re sh , 4: G o a t  m e a t  e x t r a c t  f re s h , 5 : P ig  m e a t  e x tra c t  
f re sh , 6 : C h ic k e n  m e a t  e x t r a c t  f re sh .

filte red

E x tra c tio n , tw o e x tra c ts  
c o m b in e d  a n d  co o led  to 

4°C
4 0 %  s a tu r a t io n ,  c e n tr ifu g e d  

a f te r  3 0  m in .

6 0 %  s a tu r a t io n ,  c e n tr ifu g e d

D ialyzed  a g a in s t  15 li tre s  
o f  s a m e  s o lu tio n  for 6  h, 

r e p e a te d  w ith  fre sh  
s o lu tio n  o v e rn ig h t.

T ro p o m y o sin  p re c ip ita te  
w a s  rem o v ed  by  

c e n tr ifu g a tio n .

spur with cattle or sheep m uscle extract antigen  
(Fig. 2). The line of precipitation w as fused completely 
with the other line of precipitation observed with 
goat fresh m uscle extract antigen, thereby confirming 
the cross-reactivity amongst the four species (buffalo, 
cattle, sheep and goat) studied. No precipitation 
reaction against all the heated m uscle extract 
antigens (buffalo, cattle, sheep and goat) w as 
observed, thereby indicating that the antibody 
raised with fresh m uscle troponin antigen failed to 
react with heated antigen. Presence of cross­
reacting antibodies against cattle, sheep or goat, 
but not against pork or chicken in rabbit anti- 
buffalo fresh m uscle troponin serum , indicated that 
the cattle, sheep or goat were more closely related 
to buffalo as compared to pig and chicken. Also, 
the cattle are more closely related to buffalo, as  
compared to sheep or goat. A sim ilar view w as 
expressed by Sherikar et al (1979).

7 0 %  s a tu r a t io n  c e n tr ifu g e d .

D ia lyzed  o v e rn ig h t a g a in s t  
th e  s a m e  so lu tio n .

P re c ip ita te  rem o v ed  b y  
c e n tr ifu g a tio n , n e u tra liz e d  

th e  s u p e r n a ta n t .

D ia lyzed  a g a in s t  2  l i tre s  o f 
2  m M  tr is  so lu tio n . 

D ia ly s is  r e p e a te d  u n ti l  
N e ss le r 's  r e a c tio n  w a s  

n e g a tiv e .

p re p a r a t io n  o f  a n tig e n

The cross reacting antibodies in the RAB (F) 
troponin serum , could be com pletely eliminated  
upon absorption with glutaraldehyde and the serum  
made m onospecific, giving one line of precipitation  
with hom ologous fresh m uscle antigen only. The 
adsorbed serum  could detect buffalo m eat to a 
m inimum level of 1% adulteration in ca ttle /sh eep /  
goat m eats. The results were repeatable a s  the 
adsorbed serum reacted specifically with 20 different 
sam ples of hom ologous fresh m uscle extracts and 
no reaction with heterologous sam ples w as observed. 
However, the serum  could not detect cooked meat 
of hom ologous/heterologous species.

The rabbit anti-cattle fresh m uscle troponin 
[RAC(F)] serum  w as found to be m onospecific. Even 
without adsorption, it reacted with fresh cattle meat 
to a m inim um  level of 10%, when adulterated with 
buffalo/m utton/chevon, giving a single line of 
precipitation. The serum  did not react with heated 
hom ologous (cattle) m u scle  extract antigens.
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Radhakrishna et al (1989) also reported that the 
anti-serum  raised against troponin in rabbits 
revealed species-specificity in agar gel double 
immuno diffusion experiments. The RAB (F) or RAC 
(F) troponin anti-sera also reacted with respective 
homologous (buffalo or cattle) decomposed meat 
extracts.

Thus, it is  possible to detect the presence of 
cattle and buffalo meat (fresh and decomposed, but 
not cooked) with the anti-troponin sera, viz., RAB 
(F) and RAC (F) as experienced also with anti­
troponin sera of chicken and turkey (Hayden 1977).
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Physical Characteristics of Potato Flour Made from Six
Potato Varieties
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Six v a rie tie s  o f  p o ta to , 'K. B a d s h a ',  "K. B a h a r 1, ’K. J y o ti ',  'K. C h a n d ra m u k h i’, ’J I  4 4 8 6 ’ a n d  'J H  2 2 2 ', w e re  s tu d ie d  

for p h y sic a l c h a ra c te r is t ie s  o f  th e ir  flo u rs . D a ta  rev e a led  m a x im u m  y ie ld  o f  f lo u r  fo r v a r ie ty  'J H  2 2 2 '.  T h e  v a lu e s  o f  
w a te r  u p ta k e  w e re  h ig h e s t  for v a rie ty  'K. C h a n d ra m u k h i ',  w h ic h  a ls o  h a d  f in e s t p a r t ic le s  a s  e v id e n c e d  b y  p a r t ic le  
size in d ex . U l t r a s t r u c tu re  s tu d ie s  rev e a led  v a r ie ta l  v a r ia t io n s  in  s h a p e  o f  th e  s t a r c h  g r a n u le s  a n d  free s ta r c h .  M ore 
free s ta r c h  w a s  v is ib le  in  'K. C h a n d ra m u k h i '.
K e y w o rd s  : P o ta to  flour, P h y sic a l c h a ra c te r is t ic s ,  W a te r  u p ta k e ,  P a r tic le  s ize  in d e x , U l t r a s t r u c tu re .  S ta r c h  g r a n u le  s h a p e , 

F ree  s ta r c h .

A large quantity of potatoes get wasted even 
after cold storage (Nanda and Khanna 1988). In 
Indian climate, the losses in weights of potatoes 
vaiy from 20 to 70% from the month of April to 
Septem ber (Burton 1989). The p ost-h arvest  
processing into appropriate dehydrated products 
will be useful to extend the storage life and assure  
supply during off-seasons (Nanda and Khanna
1988). Potato flour h as wide applications along with 
cereal products (Chandrasekhara and Shurpalekar 
1983, 1984a, 1984b). The present study was 
undertaken to evaluate the physical characteristics 
of potato flour, when made from six different potato 
varieties.

Potato varieties 'K. Badshah', 'K. Bahar', 
'K. Jyoti’, 'K. Chandramukhi', 'JH 222', and 'JI 
4486' were obtained from Horticulture Research 
Centre of the University. Two potatoes of each  
variety, weighing approximately 100 g, were labelled, 
pressure-cooked in 1 1 water at 10 lb /cu b ic  inch  
for 22 min and cooled under running water to room 
temperature within 3 min. (Chubey and Mazza 
1983). Boiled potatoes were classified into different 
texture categories, i.e., floury, waxy, close or watery 
as described by Burton (1989). About 1 kg tubers 
of each variety were boiled, peeled and crumbled. 
The crumbled potatoes were dried at 60°C for 24 h 
in a cabinet diyer and ground to flour using a 
laboratory mill. The colour of the flour was compared 
with Munsell soil colour chart and the m atching  
hue value and chroma were recorded using Munsell 
soil colour chart. Water absorption w as determined 
according to the method of Smith and Circle (1972).

Particle size index (PSI) w as determ ined  
according to the method of Bedolla and Rooney
* Corresponding Author

(1984) by sieving 10 g flour through à series of 
60 (250 pm), 70 (210 pm) and 80  (177 pm) m esh  
standard sieves in ro-tap type sieve shaker for 15 
min. Weights of sam ples remaining on 60, 70  and 
80 and through 80 m esh sieves were recorded and 
PSI w as calculated as :

PSI = (0.1) (% retained on 60 m esh) + (0.4) 
(% retained on 70  m esh) + (0.7) 
(% retained on 80  m esh) + (1.0)
(% passing through 80  m esh).

Shrinkage ratio w as determined by the method  
of Ranganna (1979), as weight of the raw potato 
to that of final dried product, to a sse ss  the yield 
of flour. Scanning electron m icroscopy of the flour 
of different potato varieties w as done by the method 
of H ansen and Jon es (1977). Sample w as crumbled 
on a double sticky tape on m etal strip and excess  
flour blown-off. Gold coating w as applied to m ake  
sam ple electrica lly  con d u ctive  and en h a n ce  
em ission of secondary electrons. Sam ples were 
tilted at 45° on the SEM. (5 EOLCO Philips SEM 
model 515, UK,) and imaged with 25 KV electron  
beam.

The results of the present study (Table 1) 
revealed that all the varieties were waxy, except 
'K. Chandramukhi' and 'K. Jyoti’. The variety 
'K. Chandramukhi' w as floury and 'K. Jyoti' w as 
close as per the description of texture by Burton
(1989). The resu lts of flour characteristics (Table 
1) revealed that flour of all the varieties w as pale 
yellow, except that of 'K. Bahar', w hich w as yellow  
in colour.

Flour of variety 'JH 222' had lowest water 
absorption (35.33%), whereas 'K. Chandramukhi' 
had the highest (46%), and the difference between  
the varieties w as significant (P ~ 0.5). This could  
be attributed to varietal differences in free starch
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TABLE 1. PHYSICAL CHAR AC TERISTICS O F B O ILED  POTATO T U B E R S  AND T H E  POTATO FL O U R S O F  D IFFE R E N T VARIETIES
V arie ty T e x tu re  o f  

bo iled
p o ta to  tu b e r

W a te r
a b so p tio n ,

%
C o lo u r S h r in k a g e

ra tio ,
%

P a r tic le
size

in d e x
'K. B a d s h a h ' W axy 3 9 .3 3 5 y  (8 /4 ) , p a le  ye llow 2 2 .3 2 3 4 .8 3
'K. B a h a r ' W axy 4 0 .3 3 2 .5 y  (7 /8 ) ,  ye llow 2 0 .6 2 3 5 .0 2
'K. Jy o ti ' C lo se 3 7 .6 7 5 y  (3 /4 ) ,  p a le  y e llo w 2 4 .6 5 3 2 .5 2
'K. C h a n d ra m u k h i ' F lo u iy 4 6 .0 0 5 y  (8 /4 ) , p a le  y e llo w 2 1 .5 2 3 6 .0 2
'JH  222" W axy 3 5 .3 3 2 .5 y  (8 /4 ) ,  p a le  y e llo w 1 9 .1 5 3 4 .1 7
'J I  4 4 8 6 ' W axy 3 9 .0 0 5y  (8 /4 ) , p a le  ye llow 2 0 .2 6 3 2 .0 8

levels and the com position of starch (Purves and 
Scrively 1975). Similar trend is evident from SEM 
of the flour (Fig. 1, A to F). The ultra-structure 
of the starch granule is alm ost similar in case of 
'K. Badsha', 'K. Bahar', and 'JI 4486'. These also  
showed almost similar starch damage. 'K. Jyoti' and 
'K. Chandramukhi' had almost similar shape of 
starch granule. Though more free starch was visible 
in 'K. Chandramukhi', 'JH 222' showed the starch 
granules of different shapes and no free starch m ay 
be attributed to the amylose and amylopectin ratio, 
which also affect water absorption (Greenwood 
1976).

Particle size index, which is inversely related 
to fineness of flour, also affects water absorption  
capacity (Khan et al. 1982). The results showed  
that 'K. Chandramukhi' had finest flour. A significant 
positive correlation (r=0.894) w as found between  
water absorption and particle size index. The 
shrinkage ratio, a m easure of yield, ranged from
19.75 to 24.65%  in different varieties, minimum, 
being in 'JH 2 2 2 ’.

It could be concluded that alm ost all the 
varieties could be processed for flour making. 
However, suitability of such flours from different 
varieties needs to be evaluated for use in different 
products.
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T h e  flour, d o u g h  a n d  tandoori roti s a m p le s ,  c o llec ted  fro m  d if fe re n t s o u rc e s ,  w e re  a s s e s s e d  fo r v a r io u s  q u a l i ty  

c h a ra c te r is t ic s .  In  g e n e ra l, s u rv e y  in d ic a te d  th e  u s e  o f  th e  m ill atta  in  p re p a r in g  tandoori roti a n d  th e  u s e  o f  s a l t  
in  th e  fo rm u la tio n . T h e  d o u g h  w a s  o f  s o f te r  c o n s is te n c y  d u e  to h ig h e r  a m o u n t  o f  w a te r  (75-80% ) a d d e d .  T h e  s h a p e  
o f th e  tandoori rods w a s  fo u n d  to  b e  c irc u la r ,  w ith  a  d ia m  o f  a b o u t  18 c m  a n d  th ic k n e s s  o f  4 .5  m m . H o w ev er, t e x tu re  
o f  tandoori rods v a r ie d  w id ely , a s  in d ic a te d  b y  th e  s h e a r  v a lu e  r a n g in g  fro m  16 .9  to  5 2 .5  N a n d  s e n s o r y  te x tu ra l  
s c o re  fro m  3 .3  to 6 .5 . T h e  tandoori rotis p re p a re d  fro m  w h o le  w h e a t  f lo u r  h a d  s o f te r  te x tu re  a n d  b e t t e r  f lav o u r. T h e  
m o is tu re  c o n te n t  in  tandoori roti ra n g e d  fro m  3 1 .7  to  4 0 .2  % , w h ie h  is  h ig h e r  th a n  th a t  o f  chapati (2 5 -3 0  %).
K e y w o rd s  : Tandoori roti, C o n s is te n c y , T e x tu re , Mill alia. S a lt.

Over 80% of the wheat produced in India is 
utilized for the preparation of various traditional 
products like chapati, phulka, tandoori roll, nan, 
poori and other products, w hich are m ainly  
consum ed as meal items. Whole wheat flour, 
obtained by grinding wheat in a plate mill, is used  
for the preparation of these products. Among these 
traditional products, ch apa ti phulka  and poori are 
prepared both in households and commercial 
establishm ents. However, tandoori roti is mainly 
prepared in hotels, restaurants and road-side 
'dhabas', as it requires a typical oven - tandoor, 
which is an inground oven, built with refractory 
bricks around an earthen pot. The oven is heated  
from the bottom side by burning wood or charcoal. 
Tandoori roti is prepared by mixing whole wheat 
ilour, water and salt into the form of a dough, 
flattening a piece of dough by palms into a circular 
shape of about 150 m m  diam and th ickness of 
about 3 mm, pasting it on to the heated wall of 
the oven and baking for 1 to 2 min, before taking 
out with the help of two rods.

Scientific information, like suitability of wheat 
variety, quality of wheat, effect of grinding method, 
rheological characteristics of dough on the quality 
of the product, is available for the traditional 
products like ch apa ti nan  and phuUca. But, no 
information is available on tandoori ro ti Such  
information is required for m echanisation of the 
manufacture of this traditional product. In order 
to initiate studies on various technological aspects 
of the preparation of tandoori roti, quality assessm ent 
of dough and tandoori roti from different sources 
was carried out and the resu lts are presented in 
this communication.
* Corresponding Autlior

Flour, dough and tandoori roti sam ples were 
collected from different restaurants in  and around 
Mysore city. The dough used  for the preparation 
w as brought to the laboratory, after packing it in  
an air tight container. Tandoori ro ti im m ediately  
after baking, w as allowed to cool, before packing  
in polypropylene pouches. On enquiry, it w as found 
that m ost of the tandoori rotis were m ade using  
mill atta. Moisture, ash, proteins and damaged 
starch contents of different flour sam ples as well 
as the overtailings of 10XX (130 p) were estim ated  
by standard AACC (1983) procedures. The dough 
characteristics were m easured after a tim e lapse  
of exactly 1 h from m ixing stage. The farinograph 
characteristics of the dough were m easured, as per 
th e  s ta n d a rd  p ro ced u re  (AACC 1 9 8 3 ). The  
consistency of the dough w as m easured a s  the time 
required (sec) to extrude the dough by one cm  in 
a Research Water Absorption Meter (RWAM) (Henry 
Simon Ltd., Cheadle Heath Stockport, U.K.). The 
compliance and elastic recovery of the dough (2.2 
cm diam x 1 cm height) were m easured in a 
penetrometer (FPN 3, Trumpet M anufacturers (India) 
Pvt. Ltd., Bombay, India) using a flat plunger (4.5 
cm  diam, having a dead weight of 32  g), as per 
the method described by Sai Manohar and Haridas 
Rao (1992). The height of the dough before and 
after com pression for 10 sec w as noted. Then the 
dough w as allowed to recover for 60  sec and the 
height of the recovered dough w as again noted. 
From these values, percentage com pliance and 
recovery were calculated.

Tandoori roti w as evaluated for various physical 
parameters like th ickness, weight and length of 
major and minor axes. The force required to shear  
a piece ( 3 x 8  cm2) of tandoori roti w as m easured
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TADLE 1. QUALITY ATTRIBUTES O F  TANDOORI ROTI
C h a ra c te r is tic s

C o lo u r
A p p e a ra n c e

H a n d  feel 
T e x tu re

M outh feel 
T a s te  a n d  a ro m a

R a tin g  : E x ce llen t 
F a ir-3 , Pc

D e s ira b le  
w h e a t is h  ye llo w  
u n ifo rm ly  d is t r ib u te d  
s m a ll  b l is te r s  
so f t a n d  p lia b le  
s o f t  a n d  s lig h tly  
ch ew y
c le a n
ty p ic a l, p le a s a n t ,  
w h e a ty  a r o m a

■ 7, V ery  go o d  -6 , Goo 
o r-2 , V ery  p o o r  -1 .

U n d e s ira b le
b u r n t ,  d a r k  b ro w n  
la rg e  b lis te r s

b r i t t le ,  h a rd  
le a th e ry  a n d  
h ig h ly  ch ew y  
d o u g h y , s tic k y  
r e s id u a l  ta s te ,  
c h a r re d

1-5, S a tis fa c to ry -4 ,

using a texturometer (Universal Testing Machine, 
m odel 4 3 0 1 , In stron  C orporation , C an ton , 
M assachusetts, UK) at 100 m m /m in  plunger speed, 
V-type cutter and 500 kg load cell. The m oisture  
and fat in sam ples of tandoori roti were determined 
as per the standard AACC (1983) procedures and 
the range and average values are reported. The 
tandoori roti sam ples were also evaluated for sensory  
attributes like colour, appearance, handfeel, texture, 
mouthfeel, taste and aroma by a panel of 12 
members familiar with the product, following a 
seven point scale system  as per the proforma (Table 
1). The desirable and undesirable attributes of 
tandoori roti were arrived at, after d iscussion with 
panel members, who were familiar with the product.

Some physico-chem ical characteristics of flour 
samples collected from different sources are given 
in Table 2. Out of the 19 sam ples collected, 15 
sam ples were of mill atta, while the remaining were 
whole wheat flour. This indicated that m any of the 
restaurants are using mill a tta  for the preparation 
of tandoori roti Even in mill a tta  or whole wheat 
flour, there is a considerable variation in the quality 
characteristics due to the method of processing and 
type of wheat used. In general, mill a tta  sam ples 
contained high m oisture and low damaged starch  
content, as compared to whole wheat flour ground

TABLE 3 . VARIATION IN T H E  QUALITY C H A R A C TERISTICS O F  
TANDOORI D O U G H  AND ROTI

C h a ra c  Leris lie s R ange* A verage*
D o u g h

C o n s is te n c y , s e c 3 5 .0  - 5 6 .0 4 2 .8  ±  6 .6 0
C o m p lia n c e , % 3 5 .2  - 5 3 .4 4 5 .7  ±  5 .7 3
E la s t ic  reco v ery , % 1 2 .2  - 1 9 .3 1 5 .6  ±  2 .4 6

K o ti
P h y s ic a l

T h ic k n e s s ,  m m 3 .7  -  5 .2 4 .5  ±  0 .5 0
W eig h t, g 4 8 .4  - 8 1 .3 5 9 .8  ± 1 1 .5 4
M ajo r a x is , c m 1 6 .6  - 2 1 .0 1 8 .5  - 1 .38
M in o r a x is ,  c m 1 5 .7  - 1 9 .2 1 7 .2  ±  1 .43
S h e a r  v a lu e , N 1 6 .9  - 5 2 .5 2 5 .6  ± 1 0 .3 6

C h e m ic a l
M o is tu re , % 3 1 .7  - 4 0 .2 3 5 .6  ±  2 .7 7
F a t. % 1 .3  - 1 .8 1 .6  ±  0 .1 4

S e n s o r y  **
C o lo u r 5 .3  -  6 .6 5 .6  ±  0 .5 2
A p p e a ra n c e 3 .4  -  6 .1 4 .8  ± 0 .9 2
H a n d fee l 4 .2  - 6 .3 5 .1  ±  0 .8 2
T e x tu re 3 .3  -  6 .5 4 .9  ±  0 .9 3
M o u th fee l 3 .4  - 5 .4 4 .3  ± 0 .5 9
T a s te  a n d  a r o m a 4 .2  - 6 .3 4 .7  ±  0 .6 7

* o f  19 s a m p le s
** R a tin g  : E x c e lle n t -7 , V ery  g o o d -6 , G o o d -5 , 

F a ir-3 , P o o r-2 , V ery  p o o r-1 .
S a tis fa c to ry -4 ,

in chakkL Similar observation w as reported earlier 
(Haridas Rao 1982). The dough and tandoori roti 
characteristics are given in Table 3. The dough 
characteristics as a ssessed  by handfeel, indicated  
that the consistency w as m uch softer than  that of 
the chapati dough. This w as confirmed by extrusion  
studies, as the extrusion tim e w as very low (about 
10 sec) for all doughs obtained from different 
sources, as compared to 50 to 80  sec for chapati 
dough (Haridas Rao 1982). The veiy  low extrusion  
time posed problems in accurate m easurem ent and 
hence, the dead weight of 2 .0  kg, provided along 
with the instrum ent, w as changed to 1.5 kg to bring 
the values w ithin m easurable range (40-80 sec). 
The colour of the dough w as w heatish, indicating 
that the dough w as either prepared from mill atta  
or by blending whole wheat flour with refined wheat 
flour (m aida). It w as confirmed that 15 out of 19

TABLE 2 . PHYSICAL AND C H EM IC A L CHARACTERISTICS O F  W HOLE W HEAT FLO U R  AND MILL ATTA
C h a ra c te r is tic s Mill atta* W h o le  w h e a t flour**

R an g e A verage±
d e v ia tio n

R an g e A v erag e±
d e v ia tio n

O v erta ilin g s  
o r  10XX.% 5 8 .2 - 7 8 .4 6 8 .3  ± 10.1 2 1 .8  - 3 1 .3 2 6 .5  ±  3 .3
M oistu re , % 1 1 .0 - 13 .4 12 .2  ±  1.2 6 .0  - 8 .4 7 .5  ± 0 .9 7
A sh, % 0 .7 8 - 1 .39 1 .09  ±  0 .3 1 1.5  - 1 .73 1.61 ±  0 .0 9
P ro te in s  (N x  5 .7 ), % 8 .8 - 1 0 .4 9 .3 4  ±  0 .5 7 9 .4 6  - 1 0 .4 5 9 .9 3  ±  0 .4 1
D am ag ed  s ta r c h ,  % 5 .9 - 10 .2 7 .1  ±  1.6 1 3 .3  - 16.1 1 4 .4  ±  1.1
* R ange a n d  av e rag e  o f 15 s a m p le s
** R ange a n d  a v e ra g e  o f  4  s a m p le s
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TABLE 4 . E F F E C T  O F  S A L T  ON T H E  R H E O L O G IC A L  

CHAR AC TERISTICS O F  TANDOORI D O UG H
S alt,%  F a r in o g ra p h  c h a r a c te r i s t ic s  R  W  A M

P eak ,
BU

D o u g h  
d e v e lo p m e n t 

tim e , m in

S ta b ility ,
m in ,

M ixing 
to le ra n c e  

in d e x , BU

E x tru s io n  
tim e , s e c

0 4 2 0 2 .0 1.0 8 0 4 2
1.0 3 8 0 2 .5 2 .0 6 0 61
1.5 3 7 0 3 .0 2 .5 6 0 6 9
2 .0 3 6 0 4 .0 3 .5 5 0 7 7

sam ples collected were made using mill atta. The 
com pliance of different doughs show ed wide 
variations (35.2 to 53.4 %), while elastic recovery 
ranged from 12.2 to 19.3 %, the latter indicating 
that the extent of gluten development w as low in 
tandoori dough.

Most of the tandoori roli sam ples had desirable 
wheatish yellow colour, with uniformly distributed 
light brown spots. The tandoori rods were soft and 
pliable. The sensory texture of tandoori rod varied 
considerably, as indicated by the wide range of the 
textural score. Tandoori rods made from whole 
wheat flour scored higher for texture. This is in 
agreement with the shear values m easured using  
Instron texturometer. In general, atta  having higher 
damaged starch content yielded product with soft 
texture, which w as also reflected by the lower shear 
value. All the tandoori rod  sam ples had salty taste, 
indicating the presence of salt in the formulation.

The shape of the tandoori rod w as found to 
be almost circular, as indicated by an equal length 
of major and minor axes. The th ickness of tandoori 
rod ranged from 3 .7  to 5.2 mm with an average 
of 4.5 mm, as against 2 .0  to 2.5 mm  of chapati 
(Haridas Rao 1982). The weight of tandoori rods 
ranged from 4 8 .4  to 81 .3  g, which is more than  
double the weight of ch apa ti The shear value of 
chapati has been correlated to the sensory texture 
(Haridas Rao 1982) higher shear values leading to 
harder texture of the products. The shear value 
measured for tandoori rods (16.9 to 52.5 N) indicated 
a large variation in the texture of tandoor rod  made 
in different hotels and restaurants. In general, the 
tandoor rods m ade from mill atta  had higher shear 
values (30.1 to 52.5 N) than those made from whole 
wheat Hour (16.9 to 28 .7  N). Moisture content (31.7

to 40.2  %) in the tandoori roli w as higher as 
compared to 25 to 30% observed in  the chapati 
(Haridas Rao 1982). The .m oisture content in 
sam ples made from whole wheat flour w as higher 
(35.1 to 40.2%), evidently b ecause of its  high 
damaged starch content and the consequent high  
water absorption capacity. The fat content of 1.3 
to 1.8% revealed that fat w as not used  in  the 
preparation of tandoori rod dough.

Table 4 show s the effect of salt on the 
rheological characteristics of tandoori dough. 
Incorporation of salt at increasing levels, gradually  
reduced the peak height of the farinogram and 
increased the dough development tim e of the 
dough. The stability increased from 1 to 3 .5  min, 
when salt concentration w as 2% in the dough. 
Similar increase in stability, on incorporation of salt 
w as reported earlier (Srivastava et al. 1994). The 
extrusion time, which reflected the consistency  of 
dough, increased with the increase in level of salt, 
probably due to increase in the num ber of ionic 
bonds in proteins (Pomeranz 1988).

The study indicated that the consistency  of 
tandoori dough is m uch softer than that of chapati 
dough, and the formulation invariably contained  
salt. The tandoori rod h as on an  average 2 0  cm  
diam and 4 .5  mm th ickness, with wide variation  
in the texture of sam ples collected from different 
sources. In general, tandoori rods m ade from whole 
wheat flour had better texture and flavour as 
compared to those made from mill atta .
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S e a fo o d s : C hem istry, P rocessin g  T ech n ology  and  
Quality. E d ited  by F. Shahid i and J.R . B otta  
Published by B lackie A cadem ic & Professional, 
an im print o f  C hapm an & Hall, W ester  
C leddens Road, B ishopbriggs, G lasgow G 64  
2NZ, UK. 1994, pp 3 4 2 , Price £  7 9 / -
Seafoods such as fish, crustaceans and m olluscs 

form excellent sources of proteins and lipids rich 
in polyunsaturated fatty acids. Unlike other animal 
foods, seafoods are prone to rapid deterioration, 
unless adequate steps are taken to process and 
preserve them. A knowledge of physical and chemical 
changes, which occur in seafoods after harvest and 
during processing and storage is  of vital importance 
in ensuring the quality of seafoods. This book 
provides an extensive and valuable information on 
the nuances of chem ical and sensory qualities of 
sea fo o d s. H ow ever, on e w ou ld  ra th er  g et  
disappointed, while looking for the principles and 
techniques of conventional m ethods of processing 
such as freezing, canning, smoking, salting and 
drying.

Following a very brief overview in chapter 1, 
the chemistry of seafood com ponents such as  
proteins, lipids, flavour and taste-active com ponents 
is dealt in chapters 2 to 8. The chemical nature, 
composition and importance of various protein and 
non-protein fractions in seafoods have been dealt 
with concisely in chapter 2. The role of proteases 
in contributing to the quality of seafoods, problems 
involved in identification of enzymes, factors affecting 
the am ounts of enzym es, extraction and activity of 
proteases, viz., tryp sin s and chym otrypsins, 
ca th ep sin s, a lkaline and n eu tra l p ro tea ses, 
collagenases and modori-inducing proteases are 
elaborated in the chapter on protein hydrolysis in 
seafoods.

Chapters 4 and 5 are devoted to the study of 
lipids. Seasonal changes in the lipid content of fish  
and shellfish, variation in PL and NL contents in 
lean and fatty fish and the effect of processing on 
the FA com position are elucidated with the help 
of figures and tables (Chapter 4). Oxidation of lipids 
is an important cause of quality deterioration in 
seafoods, owing to the relatively high am ounts of 
PUFA found in organism s from the m arine 
environments. Cellular catalysts of lipid oxidation, 
the potential role of tran sition  m eta ls and  
lipoxygenases in catalyzing oxidation of fish m uscle  
lipids, the role of inhibitors in preventing initiation  
and propagation reactions and som e of the

bottlenecks in developing strategies for lipid oxidation 
in seafoods are highlighted in chapter 5.

Flavour com ponents of fish, shellfish and 
Kamaboko, form the m ain them e of chapters 6 and
7. Occurrence of oif-flavour com ponents in fresh 
water fish, marine fish and shellfish su ch  as 
shrimp, prawn, lobster, oyster, crayfish and clam  
are discussed. The chem ical nature of flavour 
com pounds of fish and shellfish, their occurrence, 
the pathway for formation, the role of lipoxygenase 
and deterioration of fish flavours due to TMA 
production, lipid oxidation and formation of sulphur  
com pounds are em phasized. Chapter 8 critically 
reviews taste-active com ponents of specific seafoods 
with special reference to um am i su b stan ces, 
contribution of low m olecular weight com pounds to 
taste and their identification.

The quality of seafoods with respect to their 
freshness, preservation, microbiological safety and 
sensory attributes are d iscussed  in chapters 9 to 
13. Location and season  of harvest, m ethod of 
catching and handling of seafoods have a great 
bearing on the quality. Useful chem ical indicators 
of organoleptic quality such as total volatile bases, 
ATP breakdown products and biogenic am ines and 
the instrum ental m ethods of a ssessin g  appearance, 
colour, texture, odour and flavour are reviewed in 
chapter 9. A detailed account of subjective and 
objective m ethods of sensory evaluation of seafoods 
is given in  chapter 13.

The initial quality of seafoods depends on the 
species, seasonal and biological changes, culture 
conditions, and techniques of fishing. Post-harvest 
handling, standard of hygiene during landing, 
storage, processing and preservative treatm ents are 
known to alter the quality attributes. The changes 
in quality of both fresh and processed fish are 
authoritatively  d iscu ssed  in the chapter on 
preservation of seafood quality.

Microbiological aspects of seafoods and marine 
toxins are d iscussed  in the next two chapters. 
Microbiological quality of seafoods is an  important 
factor in determining their edibility and safety for 
hum an consum ption. Contamination of seafoods by 
virus, bacteria and parasites, and the application  
of m olecular biological technique such as gene 
probes and PCR for the detection of microbial 
contam inants are outlined in  chapter 11. The 
organism s enumerating toxins, the nature and 
chem ical structure of toxins causing PSP, • ASP, 
DSP, scombroid poisoning and ciguatera toxins find
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a place in chapter 12.
The last three chapters deal with further 

processing of raw material and highlight processing 
of surimi from lean and fatty fish, and preparation 
of by-products and value-added products from 
processing discards. Factors affecting the quality, 
yield, and frozen storage stability of surimi are 
d isc u sse d . Som e fu n c tio n a l p ro p erties  are 
highlighted. However, information on the role of 
ciyoprotectants in improving functional properties 
of surimi is lacking.

Some aspects of the subject matter such as 
flavour components, lipoxygenase and water washing 
of surimi have been repeatedly dealt with and 
needed editorial attention. In an attempt to be both 
concise and all encom passing, the editors leave the 
reader looking for more information, though this 
has not affected the overall clarity of presentation. 
Extensive and up-to-date bibliography is  provided 
at the end of each chapter. This book should serve 
as a valuable reference to scientists, technologists 
and researchers working in the area of chemical, 
microbiological and sensory qualities of seafoods 
and post-graduate students in Fish Processing  
Technology.

L.N. SRIKAR  
COLLEGE OF FISH E R IE S, 

M ANG ALO RE-575 0 0 2

"Greek V eg e ta ria n  Cooking"  published  by W iley 
Eastern Ltd. 4 8 3 5 /2 4 , Ansari, Road, Daryaganj, 
New D elhi-1 10002  ©Sawan Kirpal Publications, 
D elhi, 1993 . by E vy Caradja, V ictoria Caradja, 
Maria Sym eonidou . pp 123, Price: Rs. 3 5 0 /-
The goodness of vegetarian diet h as long been  

proven in m any Indian vegetarian dietaries. The 
present generation also finds the welcome change 
of non-vegetarians to vegetarians even in Western 
countries. Added to this, the palate of younger 
generation favours variety and introduction of new  
types of foods and dishes in everyday meal. Hence 
this book is welcome on the shelf of a housewife 
or for that m atter anybody interested in trying out 
their culinary talents.

The book starts with a brief introduction of 
traditional Greek vegetarian dishes by the author, 
which is very m uch in place and goes on to describe 
many other benefits of vegetarianism  apart from 
health. The recipes are divided into various sections  
like pasta and grains, vegetables, pulses, pies and 
pizzas, salads, sau ces and dressings, soya soups, 
deserts and interspersed with colourful photographs. 
The recipes are written well with clear and concise

instructions m aking it easier to follow. Printing is 
of very good quality. Proof reading is done excellently  
with no m istakes.

Since these d ishes are traditional Greek d ishes  
and to start with, an Indian m ay not be familiar 
with either the look or taste of it. I do envisage 
som e problems, while using the book. For example, 
there are m any unfam iliar foods, w hich are 
m entioned in various recipes, w hich m ay not be 
available everywhere, for e.g., vegetables like stalk  
rocket, zucchini, farfalle, scallions, leeks etc., 
varieties of ch eeses like gruyere, roquefort, fete, 
kefalotiri, parm esan etc., ingredients available in  
Greek speciality stores like trahana or m u stu s  
syrup and Greek phyllo pastry sheets. Certain 
important details regarding am ounts of ingredients 
are left out in certain recipes. Recipe on page 2, 
Spaghetti with roquefort cheese m entions using 1 
container fresh cream. The size of container is not 
given. Fassaloda (Bean soup) on page 3 4  does not 
mention the amount of olive oil used. For preparation 
of Piroski (cones) on page 38 , the am ount of wheat 
flour is not given. These details are required for 
a beginner. Most of the recipes m ention salt and 
pepper to taste. May be a m ention of approximate 
am ounts in teaspoon could have been better, since  
the recipes are usually for 4-6  servings. Many 
specific details are m issing in som e recipes. For 
som e of the baked d ishes, baking tim e and 
temperature are not given (page 18). Recipe on page 
2, Sphaghatti with garlic does not m ention boiling  
sphaghatti in water, which is an essentia l step.

D ishes, in general, use a very high am ount of 
oil/b u tter /ch eese , which m ight undo the good 
vegetarianism its doing. The am ounts added make 
them  veiy  high calorie foods. Personally, I do not 
recommend using su ch  high am ounts of o il/b u tter / 
cheese in eveiyday meal. Selection of foods from 
different sections like pasta, vegetables, pulses, 
sauces, dressings etc., still will turn out a very rich 
meal. Also, since olive oil used  for edible purposes 
is not available locally, we m ay have to substitute  
that with other refined oils. The effort of making 
reader familiar with nutrients in the last section  
of the book is appreciated, but it is  very brief and 
partial. This section could have been m ade more 
comprehensive by adding com positional details of 
vegetarian foods. Information on herbs, preparation  
of sprouts and good eating habits m ake interesting  
reading.

Although the cost of the book is prohibitive, 
it is  recommended for anybody who is interested
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in different types of recipes. Most of the recipes 
can be tried out with minor substitutions in terms 
of available ingredients.

JAM UNA PRAKASH  
MANASAGANGOTHRI, UNIVERSITY OF M YSORE

M Y SO R E -570  0 0 6 .

N u trition  in  th e  90 's  Current C ontroversies and  
A nalysis V olum e-2, E dited  by Frank N. 
K otsonis and M aureen A. M ackey; Published  
by M arcel D ekker Inc 2 7 0 , M adison A venue, 
New York N.Y. 10 0 1 6 , USA; 1994 , pp: 192, 
Price U S $ 3 5 /-
It is a review on several controversial issu es  

of nutrition presented in ten chapters. The topics 
covered are highly selective and focusses on newer 
concepts of diet, nutrition and health and physical 
exercise. The authors of all the ten chapters have 
done a commendable job of reviewing the research  
and presenting in a comprehensive and easily 
understandable manner. Most chapters are closely  
related and the subject m atter dealt with, is useful 
for practising nutritionists to update their knowledge.

The first chapter on dietary fat, fibre and 
cancer is presented with epidemiological evidence 
about the association between cancer, dietaiy fat 
and fibre. The association between quality of fat 
and cancer is interesting and new. Second chapter 
describes th e  b en efic ia l e ffects  of com plex  
carbohydrates and th is is of current interest to all. 
Newer concepts such  as influence of processing on  
reduction in digestibility of food products owing to 
complexes formed in processing can be advantageous 
in the treatment of metabolic disorders such  as  
diabetes.

The third chapter describes altogether a different 
approach for treatment of cardiovascular diseases. 
Genetic basis for susceptibility of d iseases is  
described. The new theory of genetic predispositions 
to cardio-vascular d iseases and lipid m etabolism  is 
explained with experimental evidence generated  
through animal studies. Genetic predisposition to 
diseases is traced to major genes as well as 
polygenes. Metabolic relationship between genetic 
and environmental factors is interesting.

The evidence that body weight can be reduced 
by modestly reducing the fat content of the diet

without adapting high bulk  low calorie diets is  
useful for m any obese people, who find it hard to 
switch over to a different diet.

There are three chapters on association between  
physical activity, fitness and health in adults as 
well as aged. The im portance of regular physical 
exercise in m aintaining the functional health status  
and body weight is explained with adequate data 
generated from several stud ies carried out in  USA. 
Special attention is given to osteoporosis problem  
in wom en and the importance of nutrition and 
exercise in  the prevention of disease. The adverse 
effects of smoking, alcohol and role of calcium  and 
vitamin D, in m inim ising the risk of osteoporosis 
is comprehended well.

A chapter on "Food Health Research" traces 
the ethinicity of food habits and health problems 
prevalent in population groups. It also gives an 
account of the value of non-nutritional com pounds 
such  as phyto-estrogens, flavonoids, lignans and 
coum estans to health. Som e account of cross- 
cultural stu d ies relating to health  opens up 
possibilities to find the origin of health problems 
to the varieties and types of foods consum ed by 
different ethnic groups. Food acculturation due to 
movement of people is  indicated to affect health.

A chapter on transgene technology gives an 
account of animal studies on transgenic anim als 
developed to produce more m ilk and better meat. 
Recent advances in gene transfer techniques in  
anim als and its im plications in finding solutions 
to genetically based hum an d iseases are highlighted. 
This is a new area and helps in  understanding  
hum an diseases involving metabolic disorders.

The last chapter is on regulations for nutrition  
labelling, including health m essages. It covers 
various aspects of health claim s used in commercial 
food products and em phasizes the need for 
agreement among qualified experts on the health  
claim s and safety of foods. How the param eters 
approved by FDA for new food/products present 
challenges to m anufacturers h as been elaborated.

P . GEERVANI
SR I PADMAVATI MAHILA VISVAVIDYALAYAM

TERUPATI - 5 1 7 5 0 2
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At Food Ingredient Specialities - We have 
achieved a quantum leap and professional 
expertise and are committed to providing 
flavours of high functionality and excellent 
taste attributes to processed foods. We are 
continuously capturing natures experience. 
This is a continuing commitment to work 
closely with user industry to bring about the

best into processed food products, viz., - Soft 
drinks, Fruit and vegetable products, bakery 
products, confectionery, Dairy products 
including ice creams, snack foods and others. 
We are committed to consistant quality, 
responsive service and on-time delivery.

Experience the expertise ....
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