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Methods for Preprocessing and Freezing of Shrimps
A Critical Evaluation

M. CHANDRASEKARAN

Centre for Biotechnology,
Cochin University of Science and Technology, Cochin - 682 022, India.

Shrimps, widely accepted as safe health food, rank first in the international seafood trade. Increasin
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Among the seafoods, which are considered as
the safest, in the context of increasing health
consciousness in the modem world, shrimps rank
first in the fisheiy trade. Shrimps, which are mainly
high quality proteins with individual amino acids
in-amounts and proportions as required for human
nutrition, constitute 20% of the total sales
(Chandrasekaran 1993). The growing demands for
shrimps have resulted in their production through
shrimp farming in almost in all countries especially
in Asia, by employing traditional, extensive, semi-
intensive and intensive methods of shrimp culture.
Although about 100 species of shrimps are reported
from aquatic environments, only a few are
commercially important (Table 1).

TABLE 1 SHRIMPS OF COMMERCIAL IMPORTANCE

Penaeid Non-Penaeid

Penaeus indicus Melapenaeus Acetes indicus

dobsoni

P. monodon M. affinis Palaemon indicus

P. semisulcatus M. monoceros Macrobrachium
msenberyii

P. merquiensis M. ensis Hippolysmala
ensirostris

P. chirgnsis M. bennettae

P. pencillatus M. brevicomis

P. japonicus M. joyneri

P. latisulcatus M. stebbingi

P. marginatus M macleayi

P. uncta Parapenaeopsis stylifera

P. stylirostris P. hardwickii

P. vannames P. sculptilis

P. azeticus Solonocera indica
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Generally, shrimp fishery is a day fishery and
shrimps are caught all along the coastline and the
magnitude of catches varies from re%lon to region
(Kurian and Sebastian 1976). Catches made by
both country boats and trawlers from different
locations are transported to processing centers for
appropriate preservation and marketing (Govindan

985

Shrlmps bemF proteinaceous in nature,
undergo rapld spoilage (Velankar and Govindan
1959) and hence require immediate and adequate
preventive measures to avoid wastage of raw
materials due to spoilage (Pillai et al. 1985). They
are preserved for consumption by adopting anz one
of the following methods viz., sun-drying, pickling,
smoking, canning and freezmg (Chandrasekaran
1985). Among these, freezing Is extensively used
as the metho ofpreservation (Govindan 1985) and
frozen shrimps dominate the seafood export in
several developing countries, including India
(Chandrasekaran 1993).

Since shrimps occupy an envious position as
"Breathing Dollar" among the food items in the
economic front, besides being considered as health
food, an attempt is made in this review to present
the various methods employed for preprocessing to
safequard freshness of the shrimps, in addition to
the freezing techniques adopted for efficient
preservation for ensuring quality in the final product.

What are shrimps?

The term "prawn" used in India is identical
with the term "shrimp™ used in Western countries
(Kurian and Sebastian 1976). The standardization
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of terms was the subject of discussion at the
"Prawn Symposium of the Indo-Pacific Fisheries
Council” held at Tokyo in 1995. The decision
arrived at was that the word "Prawn" should be
applied to the Penaeids, Pandaeids and Palaemonids
and "Shrimps" to the smaller species belonging to
other families (Kurian and Sebastian 1976). In the
present paper, the term "Shrimps" is applied to
Indicate all the prawns and shrimps, as the
preprocessing and freezing methods for them are
same,

Captige

Sorting Beheading/Peeling

|

Icing
dip treatment

Transformgigion to
processingmcenters

Peeling - > Washing 1< Cook
Chilling

Cooking - Grading 1 <-----mm-- Peeling

1

Washing

1

Packing

1
Freezing
Fig. 1 Various stages of preprocessing shrimps before freezing.

Preprocessing of shrimps

Needfor preprocessing : Shrimps, unlike other
crustaceans and fin fishes, die veiK s00n on capture
(Velankar and Govindan 1959), thereby leading to
early deterioration, caused by the commensal
microflora, and/or the contaminating microflora
from the deck, slime or oxidized intestinal contents
of fish caught along with the shrimp (Fieger and
Novak 1961). According to Thatcher and Clark
(1968?, fish 1s considered to have a short potential
shelf-life or may even to be at incipient spoilage,
when it harbours more than x 106 microorganisms
Per g or cm2 Chandrasekaran (1985) observed that
resh Penaeus indicus carried a commensal bacterial
load of x 107/g and spoiled rapidly within 4-8 h
at ambient temperature (28-30°C5J, besides recording
high deterioration in the proximate components,
when not iced or preprocessed.

Bacterial spoilage and melanosis (blackening)
are the two major causes for the enormous waste
of shrimps at the site of collection and hefore ther
are received at the freezinﬁ plants (Velankar et al.
1961). Further, the céphalothorax of shrimps,
containing the digestive system, undergoes
immediate spoilage and results in loosening as well
as blackening of heads. These undesirable factors
which lead to raw material wastage, enunciate the
need for adopting effective and proper preprocessing
measures for the maintenance of freshness in the
captured shrimps in terms of organoleptic and
biochemical quality, until efficient preservation is
effected.

The various steps followed from the time of
capture to freezing during preprocessing are
presented in Fig. L

Sorting : A shrimB trawl contains an assortment
of shrimp, fish, crabs and often mud or debris.
Some shrimps are Killed immediatelr after entering
the trawl and get badly damaged, if large quantities
of fish are also caught. Before preprocessing, the
shrimps, which are fresh, are separated from the
trash and cleaned with ajet of sea water to remove
dirt, mud and debris adhering to their body (Cobb
et al. 1977).

Peeling of prawns : Beheading, peeling and
deveining are primary processes in the preprocessing
stage. These processes are carried out In interior
viIIagies near the landing places, if freezing factories
are located at distant places, or in the freezing
factories, if these are located nearby (Pillai et al.
1961). These operations are carried out rapidly,
since the vyield, quality, wholesomeness and



shelf-life of the product are affected in the ahsence
of these processing steps.

In hand peeling, shrimps are beheaded and the
shell (exoskeleton() on the shrimp is removed
without loss or damage to the meat. A cut or
incision, along the entire length of the mid-dorsal
line, exposes the digestive tract, which can be
pulled out by hand (Govindan 1970).

Machine peeling of shrimps, which is also
practised, offers some advantages like rapid
movement of product, shorter exposure to ambient
temperature, and if conducted in hygienic manner,
reduced level of contamination (Reddy 1975). All
Barts of the automatic peeling equipment are to
e periodically monitored throughout the processing
day, since badly adjusted peelin%machines reduce
yield and may cause damage to the shrimps. Shells
leaving the machine are checked for incomplete
removal of meat and the presence of unshelled or
broken pieces of shrimps. After shelling and before
packing, the peeled shrimp is examined for left-
out pieces of shells, antennae, entrails, and other
parts of exoskeleton, before washing thoroughly
and chilling, preferably by a s raz of cold potable
water or weak brine solution (Chakraborty and Iyer
1971). To save time and improve the peeling
operation, prototype mechanized peeling tables
have been developed (Chakraborty and lyer 1971).
In this method, bacterial contamination was much
less, compared to that in the conventional method
of hand peeling (Chakraborty and lyer 1971).

Yanagimoto et al (1982) have suggested an
agitation method for the separation of head and
viscera of shrimp. Although several peeling methods
like machine peeling (Chakraborty and lyer 19713,
enzyme (Reddy 1971) and chemical peeling (Reday
1975) have been developed, hand peeling is still
considered to be the best method in India, perhaps
because the yield is higher, the method is cheaper
and labour is easily available (Althaf Alikhan 1986?.
A skilled worker can peel 2.5 to 3 kg of whole
shrimp in an hour with an average yield of 46%
raw meat from whole shrimp, while a single
machine can perform the job of peeling as much
shrimp as that by 16 workers (Dellino 1986).

According to Holmes and McCleskey (1947),
peeled shrimp has two advantages over the unpeeled
product. Firstly, it is more economical from the
point of view of storage space, because the shells
are eliminated, and secondly consumer appeal is
increased as a result of its "total ready condition™.
Velankar and Govindan (1959) demonstrated that
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darkening of shrimps, which is a major commercial
problem, could be minimized bg beheading. Fieger
(1950) observed reduction of bacterial counts to
5% on removal of head. According to Velankar et
al (1961), peeled shrimps keep better than whole
shrimps and headless shrimps. Probably, the
difference in keeping quality Is due to the
céphalothorax and the exoskeleton, which are the
sources of surface and gut spoilage, since the
peeled shrimps keeﬁ better than the headless-shell
on shrimps (Velankar et al. 1961).

Many of the peeling sheds, which are scattered
along the coastal area, are sub-standard in design
as well as construction and lack primaiy facilities
like potable water supply as well as hygienic
conditions (Govindan 1972). In another process
called "Hut peeling"”, the prawns are peeled at home
by the peelers and the raw materials suffer much
contamination of the meat with sand and
microorganisms (Govindan 1966). In this type of
hand peeling, there is every possibility for the
transfer of contaminating bacteria of public health
significance and other bacteria from the personnel
to shrimps, if strict hygienic measures are not
practised. It is also reported that the leaching of
total volatile nitrogen, non-protein nitrogen and
a-amino nitrogen constituents are likely to be more
in case of peeled and deveined material hecause
of the fact that larger flesh surface is in contact
with the ice and water (Pillai et al. 1961).

Dressing of prawns

The raw materials are usually prepared in any
one ;)f the following styles for freezing (Govindan
1970).

Whole-head, on : Shrimps, as a whole, are
dressed without removing the head (céphalothorax
or exoskeleton-shell). This style is in demand in
some overseas markets and obviously, this type is
meant for reprocessing into speciality products
(Chandrasekaran 1985).

Headless-sheU-on/raw headless (HL) : The heads
of the prawns alone are removed leaving the entire
shells and tails intact. The intestine is pulled out
as far as possible from the severed head portion.
Only larger size grades of fresh shrimps are
generally utilized in this method. This trpe fetches
the maximum price, as retention of flavour and
nutrients is maximum due to the protection offered
by the shell (Govindan 1985).

Peeled and undeveined (PUD) : Head, shell and
tail are removed, but the intestine is retained. Small
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size shrimps alone are used for this type (Unnithan
et al 1975).

Peeled and deveined (PD): Head, shell, tail and
the vein (intestine) passing through the dorsal side
of the abdomen are completely removed and the
edible meat alone is used. This method is used,
when the shrimps are slightly stale, is indicated
by the fading of the fresh colour of the shell, black
spot formation, etc., and when the size is smaller
(Unnithan et al. 1975; Govindan 1985).

Fan-tail/butterfly : This is a special type where
the head, shell and vein are removed, retaining the
last segment and tail. In some cases, the meat
Pornpn is dorsally split and spread out before
reezing. Medium sized shrimps are usually used
for this type of dressing (Govindan 1985).

Cooked, peeled and deveined (CPD) : After
blanching, as described above, the individual prawns
are peeled and deveined, and only the edible meat
is used. Only the small size grades are dressed by
this method (Govindan and Perigreen 1972).

Peeled, deveined and cooked (PDC) : Shrimps
are peeled, deveined and blanched as described
above (Govindan and Perigreen 1972).

Cleaning : The shrimps, prepared in various
styles as described above, are repeatedly washed
with potable water containing 1 ppm of available
chlorine and less than 100 bacteria/ml. The slime
and extraneous matter, such as pieces of shell and
veins, are got rid of scrupulously, before draining
the water (Govindan 1985).

Size grading : The shrimps are graded into
various sizes (Govindan 198?, designated by the
number of individuals required to weigh 45 g either
manually or with the help of a grading machine
(Govindan 1985). Different size grades like 0-10,
10-15, 16-20, 21-30, 31-50, 51-70, 71-90, 91-
110,110 -up and at times 130-up are employed in
headless shell-on, peeled and deveined and fan-tail
types. The last two or three size grades are met
within P&D only. Still smaller ones are used in CP,
PUD and CPD types, grades being designated as
200-300, 300-500 etc., (Govindan 1985).

Refrigeration

In tropical countries like India, where the
ambient temperature in many months is conducive
to quick spoilage, the best approach to retard it
Is to reduce the environmental temperature.

Icing : The simplest of all the refrigeration
techniques is to mix the shrimp with ice (Velankar
and Govindan 1959). Ice lowers the temperatures

of the shrimps and does not allow most of the
mesophillic bacteria to grow, while retarding the
proliferation of the psychrophiles and controlling
the enzymatic and oxidative changes to a large
extent (Govindan 1962).

In the matter of icing of shrimp in India, the
amount of ice, required to bring down the
temperature of a particular quantity of shrimp from
an ambient temperature of 30°C to about 0°C, is
40% of the weight of the fish/shrim;lj, assuming
that there are inside losses of the cooling capacity
(Govindan 1985). But, in actual practice,
considerable quantities of ice are required to cool
down the temperature of the container, and to
compensate for the heat absorbed from the
surrounding atmosphere. Hence, the proportion of
ice required to bring down the temperature of the
shrimp to near about 0°C itself works out to 60%
of the weight of the shrimps, and further guantities
are required to maintain this temperature depending
uPon the storage period, insulation characteristics
of the container, ambient temperature, etc,,
(Govindan 1985).

Method of icing determines the efficiency of
cooling (Pillai et al. 1961). A close contact of ice
with prawns imparts cooling of the latter. The best
way to achieve this, is to ﬁack the shrimps and
ice in alternate layers in the container, with the
bottom and top ice layers. The total height of the
shrimp-ice mixture, so stored, should not exceed
one meter, as otherwise, the shrimps in the lower
layers will get crushed due to the Wei?ht. Crushed
ice and thin layers of shrimps would effect intimate
contact and rapid cooling (Govindan 1966{. From
the point of view of efficiency of cooling, flake ice
is preferred to crushed block ice, as it makes hetter
contact with the shrimps without bruising their
bodies by the sharp comers of the broken lumps
of the latter, melts more quickly, and is also
economical (Waterman 1966).

According to Velankar and Govindan (1959),
extensive use of ice for preserving prawns Is
necessaiy not only for providing good quality raw
material for the processing plants engaged in the
export trade, but also for increasing consumption
in the domestic market. Pillai et al (1961) have
indicated that icing of the prawns at the peeling
site helps in the transport from the peeling centers
to the factories, which sometimes exceeds 24 h. In
their opinion, the success of icing largely depends
on the amount of ice used and how 1t is applied.

The comparatively long shelf-life of iced shrimp



from tropical waters has been reported by Carroll
et al (1968). Cann (1977), in his review on tropical
shrimp, indicated that penaeid shrimp from the
Gulf of Thailand remained in acceptable condition
for 12-16 days in ice, whereas non-tropical shrimFs
such as Pandalus sp and Nephrops sp were totally
spoiled after 8-10 days. The difference is again
attributed to the bacterial flora on the shrimp,
which is not active at 0°C, in the case of tropical
catches, and little spoilage occurs, until a
psychrophilic flora develops.

According to Cobb et al (1973), the activities
of tissue enzymes and microorganisms can he kept
to a minimum, if shrimps are handled on-board
under sanitary conditions, and are iced promptly
and properly. Melting ice possibly washes away
some bacterial load on the external surfaces of iced
shrimps (Green 1949; Velankar et al. 1961; Afsar
1980). Mathen and Thomas (1988) observed that
whole prawns stored in ice upto 2 days gave the
maximum vyield without loss of nutrients, while at
the same time making the peeling process easier.

Several disadvantages are also observed in the
iced storage of shrimps. Velankar and Govindan
(1959) have noted changes in the flavour and
palatability of prawns during ice storage. They have
suggested that deteriorative changes occurring in
ice storage are related to the duration of storage,
and are also influenced by the treatment received
by the shrimps before icing, and the environment
from which they are caught. Leaching of water-
soluble Iproteins and other nitrogenous extractives,
especially amino acids, by melting ice (Govindan
1962; Susamma et al. 1962), reductions in non-
protein nitrogen and protein nitrogen (Wilaichon et
al. 1977) are also reported. The rate of change of
nitrogen loss in shrimps stored in ice increases in
the order of whole, headless shell-on, and P and
D shrimps (Anon 1966). Leaching losses are
minimum, when the shrimps are stored in round
condition, more in headless and most in peeled and
deveined states (Velankar and Govindan 1959;
Pillai et al. 1965). Leaching also increases with
decreasing size of the shrimps in all cases, indicating
that the surface area of the exposed flesh plays
a very important role in the phenomenon (Govindan
1985{ The effect of leaching is more pronounced
in shrimps due to their small size and comparatively
higher contents of water-extractable constituents
(Velankar et al. 1961). The amounts of materials
leached out depend upon the quantity of water
formed in the melting of ice, duration of holding
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in ice, total surface area exposed to ice, etc.,
(Govindan 1985).

Ice has been proved to be a major source of
contamination, depending on the nature of water
used for its manufacture (Govindan 1966), and it
Is reported to contribute to the increase in the
bacterial load as well as faecal organisms (lyer and
Chaudhury 1966). Prawns subjected to delayed
icing showed an increase in total bacterial count,
till it reached the processing hall, followed by
reductions after peeling and freezing (Althaf Alikhan
1986). Bacterial contamination of ice also occurs
due to the saw dust, gunny bags, etc., which are
used to cover it during transportation (Govindan
1966). Other sources include the surfaces with
which it comes into contact, like factory floors,
metal tubes etc., (Gopalakrishnan and Chaudhury
1965). Hence, ice has to be manufactured from
potable water and should be carefully handled to
prevent further contamination. Ice, left over from
one fishing trip, is also not recommended for use
on subsequent trips (Govindan 1966). Ice
manufactured and handled without observing these
precautions has been found to be highly
contaminated with bacteria (Unnithan et al. 1975;
Govindan 1985).

Use of chilled sea water

The principle employed here is to hold the fish
or prawn in natural or artificial sea-water cooled
to -1°C éWooIrich and Novak 1977). In the early
stage of development of this process, cooling of the
brine or sea-water was effected bﬁ adding blocks
of ice (Singh 1978?. Of course, this method had
the disadvantage of diluting the brine, besides the
problems involved in carrying large quantities of ice
required for a whole fishing trip as well as
additional labour and space requirements (Govindan
1985). Now, mechanical refrigeration is employed
for cooling the brine, and the temperature is
maintained slightly above the freezing point of the
fresh shrimps, which otherwise undergoes a process
of slow freezing with accompanying problems, like
t{gg%uration of the proteins, etc., (Banks et al.

Tomes (1972) found that the exclusion of air
by keeping the shrimp completely submer%ed in 3%
brine or sea water at 0°C inhibited the formation
of black spots. Further, he also observed that
chlorination of chilled sea water and beheading of
shrimp imparted better preservative effect in spite
of deterioration in texture. Barnet et al (1978) found
that holding shrimp (Pandalus sp) in brine - C02
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mixture Inhibited bacterial and enzymatic changes,
and extended shelf-life of shrimp by 3 days,
compared to iced samples. Afsar @980) observed
that the bacterial counts in chilled sea water
shrimp were lower than those of iced shrimg, when
shrimps were stored in the ratio of 1:5 between
shrimp and chilled sea water, prepared by chilling
two parts of sea water with one part of ice. This
mar be due to the lower temperature attained in
chilled sea water (Spencer and Baines 1964), and
also the anaerobic environment in chilled sea water,
which inhibited the growth of obligate aerobes
(Shewan 1977). There was no black spot formation
In both chilled sea water-stored shrimps and
shrimps in 3.5% NaCl in both "headless and head-
on" styles upto a period of 30 days (Afsar 1980).

Refrigerated sea water (chilled sea water) is
much more efficient, compared to ice, in effecting
rapid cooling. It also imparts a thorough an
intimate contact of the cooling medium with the
shrimps. Moreover, whatever heights the tanks may
be filled, the prawns do not get pressed or crushed
(Govindan 1985). There is a better control of
temperature in this storage, as it is generallz
maintained at 1°C. This eliminates the difficult tas
of icing, and there is considerable saving of labour,
and ice storage space on board (Govindan 1985).
However, there iIs some disadvantage too. The
system accumulates heavy bacterial load, especially
if the exterior of prawn is not scrupulously cleaned
before storage in the tank. So, frequent changes
of sea water are needed. This technique is not
commercially practised in India though widely used
abroad (Govindan 1985).

Use of dry ice and liquid nitrogen

Dry ice (solid carbon dioxide) and liquid
nitrogen are considered useful for preservation of
free shrimps (Banks et al. 1977). Diy ice has a
sublimation temperature of -78°C and liquid nitrogen
has a boiling point -196°C (Banks et al. 1977,
Govindan 1985). As these temperatures are extremely
low, they are not brought In direct contact with
the prawn, in order to avoid the hlemish called
“freezer bum™ caused on the latter (Govindan
1985). Dry ice is generally held in perforated trays
suspended from the roof of the vehicle or insulated
chamber, and liquid nitrogen is allowed to fall in
fine spray from above. Both gases being heavier
than air at their low temperatures, flow down the
load of shrimps, thereby cooling them in the
process. Being of inert nature, these cooling agents
also help in keeping down oxidative reactions in

meats caused by atmospheric air. Since both the
agents are costly, compared to other techniques,
these are not used in India, though adopted by
developed countries (Govindan 1985).

Use of preservatives

In spite of adequate icing of prawns and use
of chilled sea water storage, there is a steady
increase in the bacterial counts and consequent
spoilageJFatima Shaikmahamud and Magar 1965).
This led to additional processes of either
incorporation of preservatives in the ice itself
during manufacture or a dip of shrimps in solutions
prepared using preservatives, mainly to retard the
rate of multiplication of bacteria, especially
psychrophiles (Fatima Shaikmahamud and Magar
1965; Govindan 1985).

Incorporation of antibiotics

Antibiotics, such as penicillin (Fatima
Shaikmahamud and Magar 1965) aureomycin
(Farber 1954; Govindan 1985), terramycin and
tetracycline (Afsar 1980; Govindan 1985),
chlorotetracycline (Surendran and lyer 1971)
oxytetracycline (Govindan 1985) were recommended
by technologists for increasing the shelf-life of
shrimps durin% refrigerated storage and
transportation either by incorporation in ice or as
a dip treatment before storage in ice. The principle
involved in their use is that they destroy the
microorganisms that cause spoilage (Surendran
and lyer 1971; Singh 1978). Of late, the use of
antibiotics is considered not only unwanted, but
undesirable for several reasons (Govindan 1985).
Hygienic handling, thorough cleaning of the fish
with potable water chlorinated to a level of 5 ppm
of available chlorine, and use of ice prepared from
water of the same quality are sufficient by themselves
to impart reasonable shelf-life to the shrimps.
Antibiotics are costly and hence increase the cost
of fish. Antibiotics are not universally accepted as
food preservatives (Govindan 1985). It is feared that
indiscriminate use of antibiotics and their
consequent ingestion by human would lower natural
resistance, and kill useful bacterial flora in the
human gutéChandrasekaran 1985). Moreover, it is
difficult to disperse antibiotics uniformly in water
and ice (Govindan 1985).

Use of chemicals

Several chemicals such as EDTA, henzoic acid,
polyphosphates, ascorbic acid, sodium chloride,
etc., are used in shrimp processing industry either



by incorporation in ice or as dip treatment of
shrimps. This has been the subject of study for
at least five decades, owing to the lack of efficiency
of icing method in the prevention of microbial
proliferation, and consequent spoilage especially by
psychrophiles (Fatima Shaikmahamud and Magar
1965; Singh 1978; Afsar 1980; Govindan 1985).

Afsar (1980) conducted a detailed study on the
use of paraben and EDTA-incorporated ice in
extending the shelf-life of shrimps. To avoid
separation of paraben during ice formation, 0.02%
carboxy methyl cellulose was added to the prepared
paraben solution (0.05% final concentration in
potable water), and kept at -20°C for 48 h to get
paraben ice. This ice when mixed with shrimps at
1:1 ratio extended the shelf-life probably due to the
profound effect of paraben on bacterial growth
during the log phase as reported by Shiralkar
(1971). In contrast, EDTA ice, prepared using 1.0%
of EDTA, showed little effect on the bacterial
counts, compared to paraben ice SAfsar 1980).
According to Van Cleemput et al (1980), the normal
practice of increasing shelf-life of cooked and peeled
shrimps is the addition of benzoic acid. Surendran
et al {)1985) reported that shrimps stored in ice at
a ratio of 1:1, following a dip in 1% solution of
sodium salt of EDTA for 10 min., enhanced the
shelf-life by at least 8 days over the untreated
control. EDTA, absorbed by the muscle of prawn
during dip in sodium salt of EDTA solution is not
(aompletely removed during their ice storage of 25
ays.

According to Fieger et al (1956), if the shrimps
have to be keﬁt in wholesome condition, the use
of chemical inhibitors, such as sodium bisulphite
Is necessary for prevention of the melanosis.
Effective control of melanosis is possible by a dip
in 1.25% solution of sodium metabisulphite, for 1
min before icing, or inl% ascorbic acid; when using
sodium metasulphite, it is important to note that
a shorter duration of dip is ineffective, while a
longer dip produces discoloration (Fieger et al.
1956). Ogawa (1987) suggested that reducing
substances such as sulphide, ascorbic acid and
czstelne are useful in the control of blackspot in
shrimp, because of their abilitr to immediately
reduce 0-quinone, and retard melanin formation in
frozen shrimps.

Peeled and deveined prawns, frozen and glazed
with a 2.5% solution of sodium alginate containing
phosphates of sodium and calcium, and citric aci
were found better in frozen storage with respect
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to bacteriological and chemical characteristics,
compared with control samples glazed with water
alone (Pillai et al. 1965). Polyphosphates are
commonly used to increase the water-holding
capacity of meat (Mathen 1972). The role of
polyphosphates in altering the water-holding capacity
of flesh has been attributed to various factors such
as pH, ionic strength changes and specific ion
induced effects (Hamn 1971). According to Mathen
(1968), effectiveness of phosphate decreased in the
ordersodium tripolyphosphate, sodium pyro-
phosphate, sodium hexametaphosphate, and soditim
dihydrogen phosphate. The last two were ineffective.
He observed that, in spite of reduction in thaw
dip,the organoleptic quality of the thawed as well
as cooked product was unsatisfactory, discoloration
being the major defect. He further noted that a
solution of 12% sodium tripolyphosphate and 8.6%
sodium dihydrogen phosphate or 2% citric acid in
water, when used for dip treatment, reduced the
drip loss, improved the cooking rield and
organoleptic quality, without adversely affecting the
biochemical characteristics. In another method,
developed for reducing cook drip loss from prawn
meat, the well washed meat is drained for 3-5 min.,
then mixed well with a solution of 12% sodium
tripolyphosphate, 4% potassium dihydrogen
phosphate and 16% sodium chloride, at the rate
0of 90 ml solution/kg shrimp meat (Mathen 1972).
The treated shrimp is cooked for 45 sec. in a boiling
solution of 5% sodium chloride. The cooked meat
iIs cooled immediately in ice-cold water, drained and
then packed as usual. The method was tried
commercially and found to be highly effective
(Mathen 1972).

Mathen and Pillai (1970) claimed that the
treatment with 12% sodium polyphosphate and
neutralization with 4% potassium dihydrogen
phosphate is effective in preventing drip loss in
frozen prawns. The method is not only costly, but
the treatment with high concentration, extraction
of polyphosphate is also supposed to encourage
processing of spoiled raw materials, as the thick
slurry masks the original characteristics of the
shrimp to a great extent. Export inspection agency
of India has, therefore, discouraged the use of
polyphosphates in freezing of shrimps. Hebber
(1979) observed that shrimps, frozen after dip
treatment with preservatives like 0.2% sodium
citrate, 1% propylene glycol, a mixture of 0.35%
sodium ascorbate and citric acid at 2:5:1 ratio, 2%
glycol, 1% sodium bicarbonate singly and along
with 7% NaCl and 0.5% S02 as pre-dip treatment
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separately showed that sodium bicarbonate was
most effective in reducing drip and weight losses.
Shrimps had acceptable taste and texture even
after six months of frozen storage (Hebber 1979).
Moreover, pretreatment with sodium chloride
increased the effectiveness of sodium bicarbonate
and glycerol (Hebber 19792. Sulphur dioxide
pretreatment increased the effectiveness of sodium
C1|star7%t)e glycerol and sodium bicarbonate (Hebber

Hansen (1969) suggested that the material to
be frozen, may he pasteurized by immersing in a
current of water at 80°C (L76°F) for a few minutes
before packaging, and chilling rapidly in cold water
before freezing. This assures the yield quality of
the meat. Loosening of head from tail could be
controlled by a dip treatment in 0.2% solution of
sodium metabisulphite (food grade quality) for 2
min., as suggested by CIFT ?1984).

Freezing

Although freezing of fish is known since 1865
in USA, the method did not assume importance,
until the development of the mechanical refrigeration
systems, which could subject refrigerants to
compression, expansion and evaporation (Enochian
and Woolrich 1977). Ammonia refrigeration machines
were used in USA in 1880, and freezing of fish
became an important industry by the end of the
19th century (Enochian and Woolrich 1977).
However, this method picked up only from the mia-
1950s" in India, and is now the most widely
followed single method of preservation of shrimp
(Govindan 1972).

Freezers used : Various types of freezers are
used for freezing. These include horizontal plate
freezer, vertical contact plate freezer, tunnellair
blast freezer and shelf freezer (Banks et al. 1977).
Among these, horizontal plate freezer, air blast
freezer and fluidized bed freezer are used for
freezing of shrimps (Banks et al. 1977; Govindan
1985). In horizontal plate freezer, which takes
minimum time for freezing (about 3 h.), the plates
are cooled to -40°C by the refrigerant (Freon 12).
This is particularly suitable for freezing shrimps in
trays in the form of rectangular blocks (Govindan
1972; 1985). The tunnellair blast freezer consists
of an insulated tunnel into which the material to
be frozen is arranged on trolleys, and the air at
a temperature of-35°C to -40°C is blown at speeds
ranging from 5 to 7 meters/sec. (Govindan 1985).
In this freezer, freezing is slow, and it takes 5 h.
In the fluidized bed freezer, the material to be

frozen is fed in small individual pieces on to a
conveyor moving inside a closed insulated tunnel,
and cooled air at high velocity is blown from below
(Banks et al. 1977). The material moves in a
fluidized manner almost floating in the cooled air
and freezing is very rapid. This freezer is suitable
for individually quick frozen (IQF) shrimps (Govindan
1985).

Conventional method : In commercial practice,
shrimps are frozen in different forms : Whole,
headless shell-on; peeled and deveined; cooked and
peeled; peeled and cooked; peeled, deveined and
cooked FGovindan 1972). The dressed shrimps are
washed, drained and frozen in trays at -35°C to
-40°C in contact-plate freezers/tunnel freezers.
Later, it is dipped in ice water to give a thin coating
of ice (glazing), wrapped in polythene paper, and
packed in waxed duplex cartons (Govindan 1972).
The shelf-life of block frozen glazed prawns at- 20°C
will vaiy from 24 to 40 weeks, depending upon the
species and type of pack (Hebber 1979).

During freezing, when the time taken for
getting over the critical temperature range of 0 to
-5°C 15 30 min. or less, it I1s considered as quick
freezing, and when the time is higher than 30 min,
the process is considered as slow freezing (Banks
et al. 1977). Quick freezing is preferred, as it results
in veiy small ice crystals, and yields a product of
better quality (Banks et al. 1977), whereas, in slow
freezin%, large crystals are formed, rupturing the
cell walls and causing larger drip losses, when the
frozen product is thawed (Althaf Ali Khan 1986).
The seafood industry employs the contact-plate
freezers and belt freezers (tunnel) for quick freezing
of shrimps (Govindan 1985).

Brine freezing (immersion freezing) : It is used
for freezing shrimps on board fishing vessels. In
this method, there is an intimate contact between
the surface of prawns and freezing medium, thereby
ensuring efficient and quick heat transfer (Banks
et al. 1977). The shrimps are usually beheaded to
reduce the bulk, washed with sea water and frozen
in small batches by immersion in agitated chilled
sodium chloride brine at -15°C. Once frozen, the
material is transferred to the vessel's cold storage.
The excessive salt penetration occurring during
brine freezing could be reduced by using a mixture
of glucose syrup and salts as the freezing medium
(Banks et al. 1977). The glucose-salt freezing
solution will give a protective glaze to the frozen
product, and the frozen material will not stick
together (Banks et al. 1977).



Carton freezindg > In carton freezing, which is
now em?loyed widely, the prepared material with
added glaze water is arranged in duplex cartons
of the required size with a polythene film lining,
placed in trays and loaded into the freezer (Govindan
1970). In this case, the reglazing is not necessary
(Govindan 1970). Further, this method eliminates
human handling of the frozen blocks, which
otherwise might lead to probable microbial
contamination of the product (Govindan 1970).

qu?enicfreezing *In myogenic freezin?_ (Banks
et al. 1977), the material is frozen with liquefied
gases at extremely low temperatures such as liquid
nitrogen (-196°C), Ilqomd alr (-194.2°C), and liquid
carbon dioxide (-71°C). The liquid "is carefully
sprayed in required quantities on the material
passing on a conveyor belt. Liquid nitrogen frozen
prawns are reported to be biochemically and
organoleptically superior to conventional plate
freezer, up to 59 days at-18°C. (Chakraborty and
Chaudhury 1987),

Jetfreezing : A process called “jet_freezing“ has
been developed to effect quick freezing and stop
bacterial and enzymic actions so that the taste of
frozen shrimps will e very close to that of natural
ones (Althaf Ali Khan 1986). In this process,
cryogenic nitrogen (-320°F) is circulated in @ multi-
zoned freezer at a speed of 7000 ft./min. The
cooling vapours penetrate quickly and efficiently
and freeze the product to the core In a few minutes.
Large ice crystals ﬁroduced by slow freezing are
absent (Althaf Ali Khan 1986).

In spite of the. superiority of freezing, as
compared to other methods of long term preservation,
it almost invariably produces some detrimental
effect like drip loss, toughness, protein changes,
short welght, etc., (Govindan 1972). The severity
of these effects depends on the product, the nature
of the raw material and freezing technique (Govindan
1972). Defects in frozen shrimps cannot be detected,
until thawing has taken place, whereas unfrozen
products can be assessed rapidly at any stage
(Merritt 1987).

Frozen prawns lose V\_/eight due to drip loss on
thawmg. The weight loss in 2 weeks may var¥ from
7 10 12% in peeled and deveined, 5 to 7% in
headless and about 7% in cooked and peeled
Prawns_ normally (Unnithan et al. 1976). Usually,
he weight loss s compensated by the addition of
excess quantity of the material in the _ran?e of
10-15% (Geetha 1984). Drip loss is undesirable for
several reasons. Large quantities of drip loss make
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the appearance to prawns unattractive (Unnithan
et al. 1975). Since the thaw drip is usually
discarded, the large portions of soluble proteins,
minerals and flavour components, dissolved in the
liquid phase, are lost (Unnithan et al. 1975). The
tissue of thawed prawn that has lost considerable
drip, becomes dry, woody, fibrous and tough in
texture (CIFT 1984).

Loosening of head in frozen whole shrimps is
another common defect observed, and careful
handling of whole shrimps from the stage of
hauling is an essential step to reduce this defect
(CIFT 1984). Shrimps subjected to slow freezing
showed continuous darkening durmg frozen storage,
but drastically discolorized on thawing (Ogawa
1987). Another defect noticed within frozen shrimps
and ‘detectable only in the frozen state, is the
presence of white patches due to dehydration,
referred to as “freezer bum™ (Govindan 1970).

Individual quickfreezing (IQF) : It is defined by
the International Institute of Refrigeration as the
freezing of individually separated food units of small
sizes such as berries, peas, shrlmP etc. 1QF
Products represent %Jlallty, and are usually attractive
0 the customers (Nicholson and Johnston 1993).
IQF can be achieved with air blast, contact,
immersion/spray freezers, and some recent examples
are combinations of these methods (Nicholson and
Johnston 1993). All thes of dressed shrimps used
in the convention method offreezmg are individually
quick frozen. There is good demand for individually

uick frozen prawns in international markets
(Nicholson and Johnston 1993). Disadvantage of
this method is that it necessitates accurate
measurement of the correct freezing time for each
product, since even 1 min. excess process time for
a product, which freezes in 10 min. results in a
considerable loss in throughput and extra ener z
use. Further, it is very difficult to glaze |8
shrimps, and the chances of desiccation are more,
when packed without glazing. During storage and
transportation too, utmost care has to be taken to
maintain the proper temperature, otherwise the
material will get partially thawed, and will stick
tlogggegyer, forming a lump (Nicholson and Johnston

Factors influencing quality

Quality of final product, readwor consumption,
depends largely on the nature of handling and type
of processing exercised from the time of capture
of shrimps to freezing and storage (Velankar and
Govindan 1959). In this long process, several
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factors, such as biochemical, bacteriological and
environmental, directly and indirectly, influence the
overall quality of shrimps in spite of the types of
prei)rocessmg and processm% methods employed
gVe.ankar and Govindan 1959; Velankar 1965).
hrimps contain greater amounts of free amino
acids than fish, which facilitate rapid bacterial,
%rowth and result in quicker spoilage (Pillai et al.
965). The head portion which holds the digestive
system, undergoes rapid autolysis in shrimps,
compared to fishes. Hence, shrimps sPon within 4-
6 h. immediately after catch (Velankar 1965;
Chandrasekaran 1985).

Shrimps, in their natural environment, cany
a commensal bacterial load, the composition of
which may be governed by such factors, as their
feeding and living habits, the geography ofthe.area,
the seasons, and the temperature and quality of
the water in which they exist (Cobb et al. 1973;
Chandrasekaran 1985%. The bacterial loads on
catches of shrimps, therefore, vaiy conmderab_lr
and quality and wholesomeness of the catch will
depend on the numbers and types of bacteria
present and on how they are controlled during
processing and marketing (Cann 19772). Among the
commensal flora, species of Vibrio and Pseudomonas
dominate in fresh and dressed prawns at 28:+2°C
and at 2-4°C, respectively (Chandrasekaran 1985).

Primaiy contamination of shrimps is attributed
to the mud, debris, feed and nature of water in
the environment (Cobb et al. 1973?. Secondary
contamination of heterotrophic spoilage bacteria
and bacteria of public health significange are
contributed by the gear, boat deck, shrimp holds,
wooden boxes and bamboo haskets used for storing
shrimps on board (Gopalakrishnan and Chaudhury
1965; Cann 1977). The latter harbour heavy bacterial
load, unless properly cleaned and disinfected after
each operation (Gopalakrishnan and Chaudhury
1965; Govindan 1985). Beheading and peelin
processes, where hands of personnel are involved,
are potential stages of contamination of bacteria
ofPubllc health significance. Bacterial load of the
water used for the preparation of ice and washing
of dressed prawns and other utensils govern the
level of contamination g(_;opalakrl_shnan and
Chaudhury 1965). Nature of ice Sﬂake ice, crushed
ice, cube ice, etc., and the quantity used, method
of application and duration of _delar in icing
influence proliferation of contaminating flora, nature
of deterioration and development of melanosis
(Govindan 1985). Frozen shrimps, that were iced
Immediately after catch, showed minimum amounts

of drip and weight losses, compared with those iced
after 2 h and thereafter (Hebber 1979). Duration
Ferlqd of transportation of shrimps held in ice from
landing or peeling centers to freezing factories, also
influences the keepm% uality of frozen shrimps,
as the temperature of the containers, meltln%l of
ice and re-addition of ice during transportation
directly affect the freshness of shrimps (Pillai et al.
1965). Further, filth, flies, ants, droppings of
rodents, hair and other debris, associated with
frozen shrimps during cold storage, also influence
the final q7uaI|ty of the shrimps marketed (Govindan
1966; 1970)

The quality of shrimps is assessed in terms
of bacterial load, total volatile bases (TVB), total
volatile nitrogen STVN), ammonia (NH1), total volatile
substances (TBR), trimethylamine (TMA), a-amino
acid nitrogen, water extractable nitrogen, volatile
acid number (VAN), indole, hydrogen sulphide,
hypoxanthine, orthophosphate, pH, weight, moisture
clcéré%e)nt and organoleptic scores (Chandrasekaran

Conclusion

Significant progress has been made over the
years in deveIong. suitable methods for
preprocessing and freezing of shrimps. However, in
the present context of increased awareness and
demand for shrimps in the developed and developing
countries, the methods practised to maintain
freshness in the product in India are not adequate.
Especially, in the wake of the need to meet the
more rigid and striingent concepts of hazard
analysis critical control points (HACCP) and 1SO
9000, the standard the stipulated for seafood in
the international market, it is imperative to evolve
and adoPt efficient and fool-proof methods that can
ensure freshness in the frozen shrimps.

References

Afsar N (1980) Effect of preservative ice and chilled seawater
on the shelf-life of shrimp. M.F.Sc. Thesis, University of
Agricultural Sciences, Mangalore, India

Althaf Ali Khan M (1986) Studies on certain aspects of quality
control during proce.ssmL?,.free.zmg and_cold storage of
rawns, M.F.Sc, Thesis, University of Agricultural Sciences,

angalore, India

Anon %19665) Studies on ice stored prawns. Ind Fish Bull
13(2) : 55-58

Banks A, Dassow JA, Fieger EA, Novak AF, Peters JA, Slavin
JW, Waterman JJ (1977) Freezing of Shellfish. ImDesrosier
NW, Tressler DK (eds) Fundamentals of Food Freezing. AVI
Publishing Company, Connecticut, pp 335-345

Barnett HJ, Nelson RW, Hunter PJ, Groniger H (1978) Use of
carbon dioxide dissolved in refrigerated brine for the
preservation of pink shrimp (Pandalus spj. Mar Fish Rev
40 (9) : 24-28



Cann DC (1977) Bacteriology of shellfish in reference to inter-
national trade. In: Handling, Processing and Marketing of
Tropical Fish, Tropical Products Institute, London, pp 377-394

Caroll BV, Reese GB, Ward BQ (1968) Microbiological study of
iced shrimp. Excerpts from the 1965 iced shrimp symposium
USDI circular no. 285, Washington DC

Chakraborty PK, lyer HK (1971) A mechanized eelinig table for
prawn processing factories. Fish Technol @3)(1): 01-103

Chakraborty R, Chaudhury DR (1987) Advantages of quluid
nitrogen freezing of Pendeus monodon over conventional plate
freezing. Fish Technol 24:44-47

Chapdrasekaran. M (1985) Studies on the microbial spoilage of
Penageus Indicus, Ph.D. Thesis, Cochin University of Science
and Technology, Cochin, India

Chandrasekaran M (1993) Post-harvest technology of prawn-An
Indian scencrio. IN "Souvenir on Il International Food
Convention, Association of Food Scientists and Technologists,
Mysore, p 201

CIFT (1984) Common _spoilage in processed fish. Central
[nstitute of Fisheries Technology, Indian Council of Agricultural
Research, Cochin, India

Cobb BF, Vcnderzant CA, Thompson C, Custer CS (1973)
Chemical characteristics, bacterial counts and potential
shelf-life of shrimp from various locations on the North-
Eastern Gulf of Mexico. J Milk Food Technol 36:463-468

Cobb BF, Yeh S, Christopher F, Vanderzant C (1977) Or%anoleptic,
bacterial and chemical characteristics of Penaetd shrimp
subjected to short term high temperature holding. J Food
Protection 40(4):256-260

Dcllino VIC (1986)f Influence of different freezing techniques,
freezer types of storage conditions on frozen fish. Infoflsh
Marketing Digest, 2:40

Enochian RV, Woolrich WR (1977) The Rise of Frozen foods.
In: Desrosier NW, Tressler DK (eds) Fundamentals of Food
Freezing. AVI Publishing Company, Connecticut, pp 335-345

Farber L (1954f) Antibiotics as aids in fish preservation. 1
Studies on fish fillets and shrimp. Food Technol 8:503-505

Fatima Shaikmahamud, Magar NG (1965) Preservation of
prawns with chemicals. Fish Technol 2:109-114

Ficger EA (1950) Problems in handling fresh and frozen shrimps.
Food Technol Campaign 4:409-413

Ficger EA, Bailey ME, Novak AF (1956) Chemical ices for shrimp
preservation. Food Technol Campaign 10:578-583

Ficger EA, Novak AF (1961) Microbiology of shellfish deterioration
In : Borgstorm G (ed) Fish as Food, Vol 1, Academic Press,
New Yor

Gectha A (1984) Some common quality problems in processin
cf frozen P and D shrimps and how to overcome them:
review. Seafood Export J 16(10) : 7-13

Gopalakrishnan TS, Chaudhury DR (19652 Investigations on
sanitational Lmlcroblologlcalj asgects of prawn processing
factories. Fish Technol 2:131-138

Govindan TK (1962) Studies on ice-stored prawns. Ind J Fish
9B(1) : 7-15

Govindan TK (1966) Some common defects in prawn processing-
their sources and remedies. Fish Technol 3:10-15

Govindan TK (1970) Grading of frozen prawns according to
Indian Standards. Indian Food Packer 24(1):25-30

Govindan TK (1972) Research on freezing preservation of fish
in India-A review. Indian Food Packer 26:52-59

Govindan TK (1985) Fish Processing Technology, Oxford and IBH
Publishing Co., New Delhi

Govmdan TK._Peri([;re.en PA 41972_) Dressed and cooked yields
of prawn in relation to duration of holding in ice. Indian
Food Packer 26(5):36-38

451

Green M (1949) Bacteriology of shrimp Il. Quantitative studies
on freshly caught iced Shrimp. Food Research 14:372-381

Hamn R IS1971) The Water imbibin(? power of foods. In:Leisten
and Rhods (eds). Recent Advances in Food Science,
Butterworth, London

Hansen (1969) Freezing of shell fish. ImKrcuzer R (ed) The
T_echnolp%y_ of Fish Utilization-Freezing and lrradiation of
Fish, Fishing News Books, London, pp 147-158

Hebber KS (1979) Studies %n prevention of drip loss in frozen
prawn (Metagenaeus dobsoni). F.F.Sc. Thesis, University of
Agricultural Sciences, Mangalore, India

Holms D. McCleskey CS(1947) Bacteriology of shrimp. V. Eflcct
of peeling, glazing and storage temperature on bacteria in
frozen shrimp. Food Research 14:401-404

lyer TSG, Chaudhury DR (1966) Influence of ice on the
bacteriological qua |t¥ of the processed fishery products. Fish
Technol 3(2):113-11

Kurian CV, Sebastian VO (1976) Prawns and Prawn Fisheries
of India. Hindustan Publishing Corporation, Delhi

Mathcn C (1968) Phosphate treatment of frozen prawns |
Screening of various phosghates for prevention of drip loss.
Fish Technol 5(2) : 104-112

Mathcn C (1972) A method of prevention of blackening and
|mfrovement of colour in canned prawns. Sea Food J
4(11):7-12

Mathen C, Pillai VK (1970) Prevention of weight loss in seafoods
with polyphosphates. Bulletin of the International Institute
of Refrigeration, Paris, p 251-257

Maten C, Thomas F (1988) Solid loss and weight gain in prawns
during storage in ice. Fish Technol 25: 110-111

Merritt JH  (1987) Storag;e of frozen fish - A blind spot. Infoflsh
Marketing Digest 1/87:42

Nicholson FJ, Johnston WA (1993) Individual quick freezing
Infoflsh International 3/93:51-54

Ogawa M (1987) Blackspot occurrence in lobsters and shrimp
Infoflsh Marketing Digest 1/87:43:44

Pillai VK, Sastri PVK, Nair MR (1961) Ohservation on some
asgects of spoilage in fresh and frozen prawns. Ind J Fish
8(2):430-435

Pillai VK, Nair MR, Chaudhury DR (1965) Studies on handliné;,
Breser\_/atlon and processm% of prawns in India. Proc Indo

ac Fish Coun 11(3):112-127

Reddy PJ (1971) Enzymatic peellin? of shrimp. M.S. Thesis,
University of Tenncsse, Knoxiville

Reddy PJ (l_975g Methods of pe_elingP shrimp for freezing.
ImSouvenir, _Y.mposmm on Fish Processing_Industry m
India. Association of Food Scientists and Technologists
(India) Mysore, pp 23-24

Shewan JM (1977) The bacteriology of fresh and spoiling fish
and the bjochemical changes induced by bacterial action.
In:Proccedings of the Conference on the Handling, Processing
and Marketing of Tropical Fish, Tropical Products Institute,
London, pp 51-66

Shiralkar ND (1971) p-Hydroxy benzoates as food preservatives.
Ph.D. Thesis. University of Bombay, India

Singh K (1978) Studies on the use of propyl paraben for the
R/lreservanon of marine_fish at low temperature m to 5°C).
| dF" Sc. Thesis. University of Agricultural Sciences, Mangalore,
ndia

Spencer R, Baines CR (1964) The eflect of temperature on the
spoilage of wet white fish "1, Storage at constant temperature
between - 1°C and 25°C. Food Technol 18:175-179

Surendran PK, I}/er KM &1_971) Use of antibiotics in the
preservation of prawn. Fish Technol 8(1):55-59



452

Surendran PK, lyer KM, Gopakumar K (1985) Effectjveness of
EDTA dIE)S on'the shelf-life of oil sardine (Sardinelia Ionglcepﬁ,
H‘ ckerel [RasrtreUiger kanagurta) and prawn (Metap
0 sonl§ In iced storage. Fish Technol 22:28-34

Susamma J, lyer KM, Nair RH, Pillai VK (1962) Quality studies
in ice storage. Ind J Fish 13(2):97-107

Thatcher FS, Clark DS (1968) Microorganisms in Foods,
University of Toronto Press, Toronto, p 234

Tom4e5lel8(1972) The preservation of fresh shrimp. Caracas

naeus

Unnithan GR, Sreenivasa Rao P, lyer HK 51975) A study on
the average yield of different 5ﬁe0|es of prawns used for
freezing and “canning. Fish Technol 12(1) 25-30

Unnithan GR, lyer HK, Krishna Rao K (1976) A statistical study
on weight loss in frozen prawns. Fish Technol
13(2): 133-138

Van Cleemput O, Debvere P, Baert (1980) Gamma irradiation
olf3tr30f2|cglzghr|mps. Lebensmittel Wissenschaft Und-Technolog!

Velankar NK (%965) Biochemical aspects of the spoilage of
s

prawns. Fish Technol 2:98-101

Velankar NK, Govindan TK (1959) Preservation of prawns in
ice and assessment of their quality by objective standards.
Ind J Fish 6(2):306-322

Velankar NK, Govindan TK, Appukuttan PN, lyer KM (19.61%
Spoilage of prawns at 0°C and its assessment by chemica
and bacteriological tests. Ind J fish 8(1):241-251

Waterman JJ é1966) Studies on ice stored prawns. Ind Fish
Bull 13(2):55-58

Wilaichon W, Cobb BF, Suter DA, Duston TR (1977) Effects
of high temperature holding and ice storage on protein, non-
protein nitrogen, water and collagen content of penaeid
shrimp, J Food Protection 40(4):252-255

Woolrich WR. Novak AF (1977) Refri(&eration technolorgy In:
Desrosier NW, Tressler DK™ (eds) Fundamentals of Food
Freezing. AVI Publishing Company, Connecticut, pp 23-80

Yanagimoto M, Kobyashi T, Ishida N (1982) The separation of
head and viscera from small sized fish and shrimp by
agitation. Bull Jap Soc Sci Fish 48(1) :1645-1649

Received 24 February 1994; revised 5 September 1994; accepted 7 September 1994



RAPID COMMUNICATION

Effect of Divalent M etal
Properties of Proteins from

lons
Prawn

J. Food Set Technol, 1994, Vol 31, No. 6, 453-458

on the
dobsoni)

and Temperature
(M etapenaeus

B.A.SHAMASUNDER AND V. PRAKASH*

Central Food Techno

DePar_tment of Protein Technology, _
ogical Research Institute, Mysore-570 013, India.
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~Inthe food processing industry, divalent metal
lons have played a ma%or role, especially, in
maintaining the texture of certain vegetables and
fruits during processing (Meyer 1960). Similar
treatments using divalent metal ions were attempted
b%/ a number of workers, to understand the storage
stability of fish as well as the effect of these metal
lons on the fish proteins (Snow 1950; Sikorski et
al. 1976; Nakayama et al. 1986; Saeki et al. 1986;
Yoshioka and Arai 1986; Shomer et al. 1987).

The structure of protein decides many
Brope_rtles, both in solution, and interaction
ehaviour with other molecules (Tanford 1962).
Changes such as pH, temperature, ionic strength,
nature of buffer tons and protein concentration
result in shifting equilibrium from native to
denatured states and vice versa (Kauzmann 1959).
Such an equilibrium tprocess_also gives information
on the stab|I|t¥ of protein over a range of
temperature, both in native state as well as in
F_artly dissociated and denatured states due to
|?and binding (Wyman 1964). Hence, monitoring
of such a process of denaturation, through
temperature increments of Erot_em solution, can
give an insight into the mechanism of interaction
of protein with other constituents in solution. The
effect of divalent metal ions, in the form of calcium
and magnesium chlorides independently, as a pre-
freezing dip treatment of prawns, on the prawn
proteins has been studied from the view point of
drip loss, nitrogen extractability, and physico-
chemical properties during frozen storage.

* Corresponding Author
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M aterials and M ethods

Treatment with divalent metal ions : Peeled and
deveined prawns (Metapenaeus dobsoni) were dipped
in 1% calcium chloride (CaCI*H.p) solution for
5 min. The volume of calcium chloride solution was
twice the quantity of peeled and deveined prawn.
The solution was drained, excess fluid removed
from the prawns b}/ gentle squeezing, the prawns
were packed in po yethKIene bags, and frozen. In
case of magnesium chloride EZMFCI_Z.GHZO_), the
concentration of the salt in dip solution, dip time
and other conditions for treatment were the same
as in calcium chloride treatment.

As a control batch for all the above, peeled
and deveined prawns were dipped in distilled water
for 5 min, using 2:1 ratio of water to prawn.
Further processing was the same as described
earlier (Shamasunder and Prakash 1994 b). The
frequency of the withdrawal of frozen samples
varied for different analyses, ranging from 0 to 150
days with three sampling.

Thermal denaturation curves : The proteins
from untreated and treated prawns were extracted
in 0.03 M phosphate buffer (pH 7.8) containing
1 M sodium chloride and the concentration of
protein was determined as described earlier
(Shamasunder and Prakash 1994b). A known
protein concentration of this solution was
equilibrated to 25°C in special thermal meltmg
cuvettes and melting curve was followed at 28
nm in the temperature range of 25-95°C at 1°C
interval, using Gilford Response Il Spectrophotometer
(Cleveland, Ohio). The curves were smoothened
using software supplied with instrument and melting
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Fig.1 A. Effect of storage period of prawns frozen and stored
at -18°C on the amount of drip collected durln(i the
Frocess of thawing and expressed as percentage of drip
loss based on frozen weight of prawn, a. Prawns dipped
in 1% CaClj solution for'5 min. before freezmg, frozen
and stored at -18°C. b. Prawns dlp‘ped In 1% MgCI*
S(t)lutl|gncfor5 min. before freezing, frozen and stored
at -18°C.

B. Effect of storage period on the nitrogen solubiliéy profile
ofgr.awns stored at -18°C. a. Prawns dipped In 1%
CaClj solution for 5 min. before freezing, frozen and
stored at -18°C. b. Prawns dipped in 1% MgCI" solution
for 5 min. before freezing, frozen and stored at -18°C.

temperature was obtained. The other methodologies
followed for parameters such as gel filtration,
fluorescence, nitrogen extractability and drip loss
were as described elsewhere (Shamasunder and
Prakash 19944, b,c, d

Results and Discussion

Drip loss : Per cent drip losses, as a function
of storage period of prawns in the presence of both
calcium and magnesium chlorides, are reported in
Fig. 1A 1t increased from an initial value of 10%
to a value of 26% in calcium chloride treated
prawns during the frozen storage studies (150
days). However, in case of magnesium chloride
treated prawns, the value was higher throu?hqut
the storage period, as compared to calcium chloride
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Fig.2  Effect of storage period of frozen prawns at -18°C on
the fluorescence emission spectra in the range of 300-
400 nm of total proteins extracted from untreated, CaCla
treated and MgCZD treated prawns.
A. CaCl2 treated prawns a. Fresh untreated; b. 45 days
stora%e and c. 128 days storage
B. MgCI2 treated prawns a. Fresh untreated b.50 days
stora(‘;e and c. 135 days storage. In order to compare
the fluorescence emission spectra (.qualnatlvelk) the
ordinates are shifted such that there is no overfapping
of individual spectrum. The V axis hence is shown in
arbitrary units.



treated ﬁrawns, and the drip loss was 31% at 148
days. The control sample showed a drip loss of
18.5% during the same period (Shamasunder and
Prakash 1994 ¢), thereby indicating that the loss
iIs higher in presence of salts than in control.
Calcium or magnesium salts are known to affect
the solubility, association- dissociation phenomenon
and can denature proteins in a few cases (Jencks
1969; Von Hippel and Hamabata 1973). Hence,
further investigations were carried out to see the
effect of these salts on the physico-chemical
properties of prawn proteins.

Nitro?_en solubility : Nitrc()jge_n solubility I:p_rofile
as a function of storage period is shown in Fig.IB.
It decreased with increase in storage period in the
presence of both calcium and magnesmm chlorides.
Such trend was also reported by Jencks (1969).
The decrease in nltrogen solubility was nearly two-
fold upto 150 storage days, as a result of aggregation
of proteins, which is mediated b% salt linkage by
calcium or magnesium ion (Jencks 1969). If such
a process of aggregation should occur, the
fluorescence changes should be seen especially in
the emission maxima of these proteins.

10
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Fig.3  Effect of storage period at -18°C on %el filtration profile
in Sepharose 4B gel of the proteins extracted from prawn
dipped in 1% CaClj solution for 5 min before freezing.
The X" axis represents the ratio of elution volume (VJ
of each fraction of void (VJ of column. The absorbance
of the fractions were monitored at 275nm a. Untreated
fresh sample at 0 day; b. Sample stored for 45 days
and c. Sample stored for 135 days.
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Fig.4  Effect of storage period at -18°C on gel filtration profile
in Sepharose 4B gel of the proteins extracted from prawn
dipped in 1% MgCI* solution for 5 min before freezing,
The notations for axes are as in Figure 3. a. Untreated
fresh sample at 0 dady; b. Sample stored for 55 days
and c. Sample stored for 145 days.

Fluorescence spectra: Representative fluorescence
emission spectra of fresh, treated with calcium
chloride at 1% level and stored at -18°C are shown
in Fig. 2A. The fluorescence emission maximum of
the fresh untreated sample, was 335 nm (Fig. 2A).
In the presence of calcium chloride after 45 days
of storage.the emission maximum was blue shifted
to 333 nm, while it was at 330 nm at 128 days
of storage, indicating that the tryptophanyl residues
in the protein are now in a more non-polar
environment or in a lower dielectric  constant
medium, as compared to control protein. This can
happen only, if there is an aggre?atlon of protein,
wherein the exposed residues of tryptophan are
entrapped in the associated molecule resulting in
such changes (Chebbrert et al. 1991). The
fluorescence emission maxima of proteins, extracted
from magnesium chloride treated prawns, suggest
that the process of aggregation has not occurred,
since the spectrum was identical with that of the
untreated sample, even after 135 days of storage
(Fig. 2Be).
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a h

Fig.5. Effect of storage period on representative sedimentation
velocity pattern of CaCl2 and MgCla treated prawn total
proteins extracted in prhosphaﬁe buffer (0.03M, pH 7.8)
contaml.n% IM NaCl. The sedimentation proceeds from
left to right. The photographs were taken 60 min. after
reaching two thirds maximum speed at a bar angle of
55°, a. Fresh untreated Erawn, b. Fresh prawns dipped
in 1% CaClj solution for 5 min before freezing and stored
at -18°C for 65 days and c. Fresh prawns dl(j)ped in
1% MgOCIZ solution for 5 min before freezing and stored
at -18°C for 65 days.

Gel filtration : The gel filtration patterns of
proteins extracted from both calcium and magnesium
chloride treated prawns, as a function of storage
Berlod, are shown in Fig.3 and 4. It is evident that

oth calcium and magnesium chlorides bring about

changes in the association-dissociation of the protein.
The peak eluting at Ve/V0 of 2.70 at 128 days of
storage in the calcium chloride treated sample,
whereas there was a broad peak of lower
concentration in the magnesium chloride treated
sample, as compared to untreated sample at the
same period. This is in agreement with the results
observed from fluorescence experiments. In calcium
chloride treated sample, the peaks eluting at a
V.VO of 1.12 has ‘increased in area, thereby
suggesting that protein in prawn is now aggregated
in the presence of calcium chloride during frozen
storage. Even though there is a marginal Increase
in the area under the peak eluting at a V./V0 of
1.12 in case of magnesium chloride treated sample,
the difference is not significant enough to draw any
major conclusion.

Sedimentation velocity : Data on sedimentation
velocity pattern of total proteins, extracted from
prawns treated with calcium and magnesium
chlorides at 65 days of frozen storage, are shown
in Fig.5. Magnesium chloride treated sample showed
9S and 6S components. However, the pattern was
dominated by 6S component, with minimum of
oligomers of 'S values greater than 14S. In case
of calcium chloride treated sample, it is Possmle
that the aggregated proteins are not soluble, as a
result of which only the 6S component is
predominantly present in the system. Protein
molecules in prawn, which associate especially with
actin and myosin, can orient themselves into linear
polymers, resulting in lower sedimentation coefficient

values (King 19662._ Such an agg_regation process
Is dominated by frictional coefficient rather than
the size of the molecule (Schachman 1957).

Viscosity : The effect of calcium and magnesium
chlorides on the wscosﬂg groflle of prawn protein
is shown in Fig. 6A and B. During the period of
storage, the viscosity value increased at the same
concentration of protein over a period of 135 days,
as shown by the increasing slope of the line both
in calcium and ma[qnesmm chloride treated samples.
The value, extrapolated to zero protein concentration
indicates that there is no gross change in shaFe
factor of protein after treatment with these two salts
and storage. However, because of the complexity
and nature of total proteins, it is difficult to
interpret such results in heterogeneous proteins
and caution has to be exercised in interpreting
such results.

Thermal denaturation : Effect of temperature
from 25° to 85°C on the absorbance at 287 ran
of proteins from untreated prawns at four different
concentrations is shown ‘in Fig.7. This profile
indicated two important results. The extent of
denaturation, as shown by the plateau region,
increased with increase in protein concentration,
while the transition temperature (mid point of
transition) did not vary with increase in protein
concentration. The transition temperature of

T T T 1 T
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Fig.6. Effect of storage period on the apparent reduced
viscosity of the proteins extracted from prawns dipped
in 1% MgCla or 1% CaCl* solution for 5 min. before
freezmé; and stored at -18°C for different periods of time.
A. MgClj dg)ped frawns, a. Fresh untreated b. 45 days
storage and c. 135 days storage.

B. CaCL, dipped prawns a. Fresh untreated b. 45 days
storage and c¢. 135 days storage.
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Fig.7. EiTcct of temperature on the proteins extracted from
untreated prawns as a function of protein concentration,
The rise in temperature was from 25-90°C at 1°C
increment over a period of 48 min. The concentration
of the protein solution was a. 0.35 mg/ml. b. 0.58 mg/
Lc 078 mg/l and d. 1.00 mg/ml.

untreated protein from native to denatured state,
as measured at 287 nm as a function of temperature,
was 66°t1°C (Fig.8). With storage at -18°C for 60
days, the transition temperature of untreated protein
decreased to 57°C. These results confirm that the
proteins are susceptible to thermal dénaturation
during storage at -18°C, due to the changes in
conformation and dissociation (Shamasunder and
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: c
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Fig.8. Effect of temperature on the Proteins extracted from
untreated prawn stored for different periods at -18°C.
The rise in temperature was from 25-95°C at 1°C
Increment over a period of 48 min. a. 60 days; b. 130
days and c. 170 days.
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Prakash 1994d).

~ Blanching of extracted, total proteins : The in
vitro studies on blanching of extracted total proteins
from prawn were investigated to understand the
mechanism of the heat denaturation of prawn of
proteins. The various physico-chemical properties
of heated proteins were evaluated by sedimentation
velocity and polyacrylamide ?el electrophoresis
gPAGE{ experiments. Effect of blanching for 15, 30

0 and 180 sec on the extracted total proteins from

~

A b

Fig.9A. Effect of heating for different periods of time on the
sedimentation velocity pattern of total proteins extracted
from untreated prawns, The protein solution was dialysed
versus phosphate buffer (0.03M, pH 7.8) and used for
sedimentation velocity experiment after heatln? for
different Perlods of time at 95°C. The sedimentation
groceeds rom left to right. The photographs were taken

0 min after reaching two third maximum s%eed at a
bar angle of 55°. a. Fresh untreated (unblanched-
Reproduced from Shamasunder and Prakash 1993b).
Protein solution was heated at 95°C for b. 15 sec;
c. 30 sec; d. 60 sec and e. 180 sec.

D. Effect of heating for different periods of time on the
polyacrylamide gel electrophoresis pattern of the total
proteins extracted from wuntreated grawns. The
concentration of the protein loaded was 50 micrograms,
a. Untreated; b. 30 sec; c. 60 sec and d. 120 sec.
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E_rawn on sedimentation velocity is depicted in
ig. 9A, These results showed that the Process,of
blanching induced dissociation in total proteins
with concomitant decrease in high molecular weight
sleldgmentlng components, such as 20S, 14S and

The PAGE pattern of proteins extracted from
prawns and heated to 90°C for 30, 60 and 120
sec is shown in Fig. 9B. The pattern showed a fast
moving component at all the three blanching
periods as well as with constant loss of slow moving
components compared to untreated sample. Such
dissociation of protein components might involve
disrupting the hydrophobic interaction between the
aromatic amino” acid residues (Jencks 1969).

These results suggest that the process of
heating does favour dissociation of proteins as seen
in sedimentation velocity experiments, gel filtration
profile and PAGE pattern. However, the process of
aggregation leads to precipitation of proteins, as a
result of heating to different periods, and such a
Rrocess of aggregation can be mediated by
Xdrophoblc interaction, which is entrodncallg driven
&encks 1969; Prakash and Nandi 1977; Prakash
982). These results support the fact that the
divalent metal ions, calcium and magnesium, at the
same concentration, bring about different extents
of association-dissociation in prawn proteins and
Is a salt-dependent phenomenon. The in vitro study
of temperature effect suggests that the proteins
aggregate at elevated temperature by entropically
driven hydrophobic interaction, as shown by
fluorescence studies and results in poI?/m.er
formation, as shown by sedimentation velocity
experiments, ultimately leading to precipitation of
proteins.
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rawns has been investigated. The total solids and proteins in
. The ultraviolet absorption spectra did not show a defined

I the emission maximum were at 282 and 334 nm, respectively,
which could be attributed to tryJ)tophan residues. Amino acid composition of drip indicated that it is rich In lysine,

aromatic amino acids. Sedimentation velocity pattern showed a single broad peak

with SMw value of 2.5 £ 0.2S, suggesting the presence of predominantly low molecular weight proteins. Gel filtration
profile showed a major peak eluting near the total volume of the column. Several proteins in the drip had a molecular

weight range of 11,000 to 24,000, as seen by SDS - polyacrylamide
aggregation with increase in frozen storagé period of prawns at -

glegloglectrophoresis. The proteins of the drip showed
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Process of freezing brings about crystallization
of the free water present in muscle (Bose 1969),
and the distribution of these ice crystals depends
upon the nature and conditions of the muscle as
well as the rate of freezing (Love 1960; Bose 1969).
The freezing of water can bring about changes in
an ordered water structure around the protein
molecule (Kauzmann 1959). The process of water
released from intracellular matrix during the process
of thawing generates loss of fluids from the muscle,
which is predominantly seen in large, if the method
of freezmg IS not raﬁ)ld and efficient (Love 1960).
Such fluid is normally referred as ‘drip’, while the
loss of fluid is ?enerally termed in literature and
in prawn industry as ‘drip loss'.

The drip loss in frawns is @ serious problem
and accounts for 20-30% of fluid loss during the
process of freezing, storage at frozen temperature
and subsequent thawing before use (Godavaribal
et al. 19873. The nature of drip is reported to be
flavouring components; nitrogenous materials like
small peptides and free amino acids; proteins and
nutrients such as vitamins; and some soluble
carbohydrates éBos_e 1969; Godavaribai et al. 1987).
However, no detailed study is available on the
constituents of drip, especially, the proteins that
are present in it.

Hence, a detailed study was undertaken to
understand the nature of proteins, their physico-
chemical properties such as sedimentation
behaviour, fluorescence emission spectra, molecular
weight, number of protein components present in

* Corresponding Author
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drip collected from prawn muscle, as a result of
varying periods of storage at -18°C. The results of
this investigation will "have a bearing on the
gu_alltatlve and quantitative losses of proteins of
rip from frozen prawns. The data may help to
develop a rationale to prevent drip loss.

M aterials and M ethods

The methodologies followed for procurement,
processing and storage of prawns are as described
elsewhere (Shamasunder and Prakash 1994b).

~Amino acid analysis : It was determined in LKB
amino acid analyzer (Model 9-151 Alpha Plus,
Upssala, Sweden?}, equipped with a programmer
and integrator. The drip was diluted with distilled
water (L:1), lyophilized and used for amino acid
analysis. The sample preparation for amino acid
analysis was according to Moore and Stein 51963).
The ‘amino acid composition was calculated from
the readings of standards obtained from the
integrator and expressed as percentage. Tayptophan
in the protein extract was estimated by N-
%%r}w)osucmmmlde method (Spande and

Total hydrophobietty : It was calculated from
the amino acid composition of the drip. The values
of frequency of non-polar side chains (NPS), the
ratio of the volume occupied by polar residues to
that occupied by non-polar residues (P), and
average hydrophobicity (HQ) were based on Tanford’s
free energies of transfer of amino acid side chain
from an or(};anlc environment to aqueous
environment, from the literature (Bigelow 1967).

The other methodologies, like fluorescence

itkop
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emission spectra, sedimentation velocity, gel filtration
and _%oIJamylamlde el electrophoresis are as
described elSewhere (Shamasunder and Prakash
1994 a, b, ¢, d).

Results and Discussion

Composition : The total solids in the drip were
4,25 + 0.20% and the pH was 7.0 £ 0.1. The
nitrogen content of drip was 0.76 g/100 g drip.
Non-protein nitrogen constituted nearly 30% of the
total nitrogen. The protein content of the drip was
nearly 4.8 + 0.25%.

Fluorescence spectra : Fluorescence excitation
and emission spectra of drip showed that the
fluorescence excitation maximum is at 282 nm
Fig.la) and the emission maximum at 334 nm
Fig.1b). These results indicate that the drip
proteins/peptides are rich in aromatic amino acids,
especially tryptophanyl residues, and partly exposed
to bulk solvent (Shifrin et al. 1971; Teale 1960).

Amino acid composition : The amino acid
composition of drip is shown in Table 1. The drip
was rich in lysine, aspartic acid, glycine, valine and
aromatic amino acids. From the amino acid
composition, the hydrophobicity, NPS and P value
were calculated. The average hydrophobicity of the
drip proteins was 110890 cal/residue. The
frequency of non-polar side chain (NPS) and ratio
of volume occupied by polar residues to that of non-
polar residues (P) were 0.3110.05 and 1.04:0.08,
respectively. The 'higher P value indicates more of
polar amino residues (Bigelow 1967).

Sedimentation velocity : The sedimentation
velocity pattern of drip (Fig.2) showed a single
broad peak with S0w value of 2.5+0.2, indicating
the presence of a group of low molecular weight
proteins. The origin of these proteins could be
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Fig. 1. Fluorescence excitation and emission spectra of the drip.
The concentration of the protein was 0.10 yng/ml. a.
Fluorescence excitation spectrum of drip was obtained

b){ fixing the emission” maximum at 334 nm. b.

Fluorescence emission spectrum of the drip fixing the

excitation at 282 nm. The fluorescence units are

expressed in arbitrary units.

I

Fig.2. Sedimentation velocity of drip_from fresh frozen prawn
stored for 15 days at -18°C. The protein concentration
was |Omg/ml. Sedimentation velocity proceeds from left
to right. The photograph was taken 70 min after
(ri%%chmg two third maximum speed at a bar angle of

either from the dissociated proteins of prawn
muscle or the low molecular WEI%ht group of
proteins present in the prawn itself, which get
solubilized and leached during the process of
freezing, storage and thawing.

Gel filtration : The gel filtration profile of the

TABLE.1. AMINO ACID COMPOSITION OF DRIP FROM
UNTREATED FROZEN PRAWN

Amino acid /100 g protein*
Lysine 7.42
Histidine 1.88
Arginine 9.66
Aspartic acid 11.03
Threonine 4.58
Serine 4.08
Glutamic acid 12.65
Proline 7.87
Glycine 7.72
Alanine 5.40
Valine 4.95
Methionine 1.93
Isolcucine 391
Leucine 6.75
Tyrosine 3.03
Phenylalanine 6.01
Tryptophan® 0.47

* Tryptophan was estimated by the method of Spande and
Witkop (1967). * Mean of three estimations.
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Fig.3A. Gel filtration pattern of drip from fresh prawn stored
for 15 da}/s at -18°C, on Sepharose 4B gel. The drip
obtained from thawed frozen prawn Is directly loaded
onto the column. The protein concentration was 30 mg.
X axis represents the ratio elution volume (VJ to void
volume (VJ of the column. The absorption of each
fraction was monitored at 275 nm. (Inset) PAGE pattern
of the above pooled fraction (3) and (h).

drip on Sepharose-4B gel showed a ma&or peak
eluting at Ve/V0 of 2.8 and a minor peak eluting
at Vev0 of 2.45 as shown in Fig. 3A. The
Protemaceous nature of the drip, which accounts
or 70% of the nitrogenous material, was confirmed
by trichloroacetic acid precipitation of the drip.
Dialysis of drip exhaustively versus phosphate
buffer (0.03 M, pH 7.8) cont_amm? IM sodium
chloride and subsequent loading of drip on the
Sepharose 4B gel column showed a single major
protein fraction eluting at Ve/VV0 of 2.40 (Fig.3B),
Indicating that the fraction eluting at Ve/\V0 of 2.80
(Fig.3A) was mostly free amino acids and small
peptides, which get removed durm% dialysis. This
was further confirmed by the analysis of ,ooo!ed
fractions a and b. (Flg. 3A, inset) by polyacrylamide
%el electrophoresis &AGE). The fraction eluting at
e/V0 of 2.8 did not take up the protein stain in
PAGE pattern (Fig.3A, inseth).

EIectroBhoresis . The PAGE, sodium dodecyl
sulphate - PAGE éSDS—PAGEMatterns of the drip
are presented in Fig.4. The PAGE pattern (F|g.4a3
showed two bands, while the SDS-PAGE showe
four bands 6F|8.4b) with molecular weights in the
range of 11,000 to 24,400, indicating that the drip
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Fig.3B. Gel filtration pattern of dialysed drip from fresh untreated
prawn stored for 15 days at -18°C, on Sepharose 4B
gel, the drip obtained from thawed frozen prawn was
ialysed versus EB for 20 hr at 4°C then loaded to the
above column. The protein concentration was 25 mg.

consisted mostly low molecular weight proteins.

y SS.
1
s
a b

Fig.4. Line drawings of PAGE pattern of drip from fresh
untreated prawns stored for 15 days at -18°C. a. Under
native conditions in phosphate buffer 0.03 M, pH 7.8
containing 0.1% 2-mercaptoethanol. 50 microgram of
protein was loaded onto the gel. b. Sodium dodecyl
sulphate-PAGE of the drip equilibrated to a final
concentration 0f0.1% SDS and 0.1% 2-mercaptoethanol.
50 microgram of protein was loaded onto the gel.
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Fig.5. PAGE pattern of proteins of drip obtained from fresh
prawn stored at -18°C for different periods of storage
in phosphate buffer (0.03M, pH 7.8). The protein
concentration loaded incach gel is 45 micrograms, a.
0 dag stored, b. 40 days stored, c. 160 days stored,
d. 208 days stored and e. 260 days stored.

The PAGE pattern of drip, collected from prawn
stored at -18°C for different periods of time, are
shown in Fig. 5. There appeared to be an increase
in the number of components, especially the slow
moving components, with progressive Storage at
-18°C.’At 208 day of storage, two fast moving bands
alpnﬂ with two Slow moving bands were observed
(Flgr., L Such aggregation processes are also reported
In fish muscle “(Connell 1959: Lowey and Holtzer
1959: Klnﬁ 1906 Buttkus 1970). These results
indicate that the dissociated proteins that are
leached out from frozen prawns are low molecular
welght proteins, in addition to the leaching of some
of the "associated proteins at longer periods of
%tora(%e at -18°C (Shamasunder and Prakash 1994 a,

, ¢, d).

The analysis of drip suggests that it is made
up of 70% proteinaceous nitrogen. The drip showed
fluorescence excitation maximum at 282 nm_ and
emission maximum at 334 nm, suggesting a higher

roportion of .t%p_tophanyl residugs. The drip was
ound to be_ rich in aromatic amino acid residues
as well as in argl_n_me and lysine (Table 13 The
various hydrophobicity parameéters calculatea from
amino acid composition suggests that drip was
highly hydrophobic. The free amino acids, peptides

and other non-protein nitrogenous materials
constituted nearly 30% of nltr_ogien_ in drip, as has
been seen beforg and after dialysis. as well as in
trichloroacetic acid precipitate of Undialyzed sample,
as compared to dialyzed sample. The drip consists
of a group of low ‘molecular weight proteins as
evidenced from sedimentation velocity experiments
having S20w value of 2.50.2.

These results reveal that the drip is composed
of low molecular weight proteins, which undergo
changes, as a result” of frozen stora%e and can
gosm ly be used as an index for the storage
ehaviour of frozen prawns as well as to monitor
dteterloratlve changes that take place during frozen
storage.
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Thermal resistance (D Value), sterilization values (FJ and process time (Pt) have been determined using Clostridium
sporogenes for 4 types of heans, 3 ty[?es of gourds, curried pathra and stuffed brmlal in oil. FO values very near

to or corresponding to 5 D, wherein
product microbiologicall
were significantly high (

had been determined using *103and not *10* . _
safe. Pt values calculated using D values, found by the modified fraction negative method,
P<0.05), as compared to those without modification, but not FO in canned vegetables in brine.

spores, rendered the canned

In curried vegetables, FOas well as Pt values were high (P<0.01). For canned vegetables, in which heat transfer was

by convection, and in curried ve

formula method, using revised fgh/U:g values, were similar to those
Thermal 8rocessing, Clostridium sporogenes, Canning, Low-acid foods, Commercial sterilization, Beans,

Keywords :
Gourds,

urried vegetables.

Thermal process requirements for canned
drumstick, okra, elephant yam, potato and orange
segments have been discussed earlier (Saikia and
Ran%anna 1992). Some studies on acidified
vegetables and fruits gNath and Ranganna 1979;
Azizi and Ran?anna 1993), and also on tomatoes
(Mudhar et al. 1986) have been made. Similar
studies carried out with four types of beans, three
types of gourds and two types of curried vegetables,
which are canned in India to meet the local and
export requirements, are reported in the present
paper.

M aterials and M ethods

Preparation of vegetables : Fresh v_egietables
were Rurchased from market at Bulsar. Field bean
(Dolichos Iablabl) and green pigeon pea (Cajanus
cajarO, also called redgram or congo pea, were
shelled. Broad hean ﬁVlClafaba) and cluster bean
(Cyamopsis tetragonoloba) were trimmed. Bitter
Eourd J)Momordlca_ charantia, Linn) (Indian name:
arela) was cut into_1.0 cm thick pieces, after
trimming the ends. The two ends of ivy gourd
(Coccinia cordifolia) (Indian names: kundri, tindora)
and pointed gourd (Trichosanthes dioica) (Indian
names: Parval parwar) were trimmed. The prepared
materials were blanched for 3 min in boiling water
and used for canning.

Determination of thermal resistance (D) and °C
required for the thermal resistance curve o traverse
one log cycle (z-value). conversion of D-value

* Corres ondin%\ Author. _Pr?sent Address : ‘Departmen
Horticulture, Assam_Agricultural University, Jorhat-785
163, Ananthashram Road, Jayalakshmipuram, Mysore-570

to
013:
012,
India.
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etables, in which heat transfer was b}/ conduction, process time calculated by Ball's

ound by improved graphical method.

corresponding to experimental z-value in terms of
another or classical z-value of 10°C, measurement
of heat penetration into the canned products;
process time (Pt) calculation, and inoculated pack
studies were carried out as described earlier (Saikia
and Ranganna 1992). The pH of the canned
Broducts was determined using Toshniwal-
olymetron pH meter and ?Iass electrode,
standardized usmg7 (S)H 4.0 buffer and counter-
checked with pH 7.0 buffer.

To prepare stuffed brinjal %Solarium melortgenaj,
salt (2.2%), turmeric powder (0.2%), spice mixture
(16%), potato 6.5%;), coriander powder (1.5%),
chilli powder (7.5%) and glram flour (6.5%) were
added to heated refined oil (10%), mixed, cooked
to a paste consistency, and cooled. After removal
of stem and calyx, small round-shaped brinjals
65.0%) were partially slit, and blanched for 3 min.

urry was stuffed between the slits. The stuffed
brinjal (420 ? was filled into Al Tall (78 x 119 mm)
cans, covered with 45 ml of oil, exhausted, sealed
and processed. To prepare pathra, curry _|oaste,
prepared using pow.de.redjaog ery (7.0%%, lentil flour
(30.0%), green chilli (3.0/03, salt (1.6%), spice
mixture ( .4%8 and water (27.0%), was mixed with
heated oil (1.0%). The paste was smeared on the
dorsal side of colocasia leaves (30.0%). The smeared
leaves were layered, rolled to make a bundle (75
mm in diam), steamed, stuffed into 78 x 119 mm
cans (450 g/can), exhausted, sealed and processed.

Stuffed brinjal was blended with 3 parts, and
canned pathra with 4 parts of sterile water, for
preparing spore suspensions of Clostridium
sporogenes (PA-3679, ATCC 7955) and for
determination of thermal resistance, as described
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earlier (Saikia and Ranganna 1992). Preliminary
heat penetration studies on canned curried
vegetables indicated that the heat transfer was by
conduction, and the geometric center was the cold
point. Hence, thermocouples were positioned at the
geometric centre, in the subsequent heat penetration
studies. Process calculations were made by the
gregohlcal method, and by Ball's formula method
and its modifications, as in canned vegetables in
brine (Saikia and Ranganna 1992).

Values of g for dilferent values of fh/U were
obtained by five procedures. Procedure I used an
algiorlthr_n deveIQFed by Vinters et al (1975) for the
calculation, while procedure Il depends upon
modification of the agorlthm of Vinters et al (1975)
by Steele et al (1979) for z of 10°C, to account
for the errors in orhgmal fh/U:q table of Ball and
Olson {1957). Procedure 11l used algorithm of Kao
et al (1981) for the calculation, so as to account
for varying jc and z, while ﬁrocedure IV is same
as procedure HI, except that fh and fc were
obtained from linear fit curves. The procedure V
is also same as procedure Ill, but z of 10°C is used
in place of experimental z. Procedures IIl, IV and
Vare similar to procedures A, B and C as described
in the previous paper (Ranganna and Saikia 1992).

_ Statistical methods, followed for determining
arithmetic mean (x), standard deviation (a), coefficient
of variability (cv). and paired t-test to compare the
different methods of process calculation were those
described by Ranganna (1986). Pt. found by improved

?raphical method (IGM), was used as the baseline
or comparing different formula methods by(Joalred
t-test. The mean (X) between the two methods was
calculated using the formula :

x = (Lx of reference method + Lx of test
method)/2N
od

standard deviation by difference
N number of observations
Results and Discussion

~ pH changes : On canning of vegetables in
brine, the pH was invariably lowered and the extent
of decrease was higher in commercial samples, due
to the practice of addition of small quantity of citric
acid during canning (see footnotes of Tables 1
and 5). In curried stuffed brinjal, the pH increased,
but it decreased in pathra.

D-ualue for Cl. spbrogenes in plant materials:
Graphical and formula methods of correction for
heating lag made no significant difference in the
calculated D-values (t = 0.05+0.04 min). Hence,
formula method was used in effecting the correction.
The overall mean come up time for the vegetables
studied, including those regorted earlier (Salkia and
Ranganna 1992), was 2.68+0.48 min (n=54), of
which only 31.846.8% contributed to lethality. The
resgectlve values for the curried vegetables were
4.65£0.57 min and 39.1+3.3%. The death of bacteria,
when subjected to moist heat at lethal temperatures,
s considered to be logarithmic, though exceptions
have been reported (Cerf 1977). Berry and Bradshaw

TABLE.1. EXPERIMENTAL D AT 121.1°C AND z VALUES OF Cl. sporogenes AND D IN TERMS OF CLASSICAL z VALUE

OF 10°C.
Experimental
Medium PH* Spores/
tube D /A
A min °C
Vegetable in brine
Beans
Field bean 6.5 11280 0.62 9.3
Pigeon pea 6.4 15800 0.65 9.6
Broad bean 6.5 14000 0.72 10.1
Cluster bean 58 11200 0.60 9.5
Gourds
Bitter gourds 58 11200 0.74 10.0
Pointed gourd 5.6 11200 0.50 8.8
lvy gourd 4.6 11200 0.39 8.6
Curried vegetables
stuffed brinjal 4.3 9200 1.23 116
Pathra 5.9 10800 0.68 10.0

Experimental D

Experimental

D when  Spores/ D when
=10°C tube D z 2=10°C
min (A) min °C min
0.68 1185 1.27 10.9 1.12
0.68 1650 0.98 9.8 1.10
0.64 1040 1.22 10.8 1.06
0.68 1380 0.92 9.9 1.04
0.76 1380 1.09 104 1.04
0.62 1280 0.78 9.1 0.90
0.50 1185 0.69 9.4 0.74
0.96 920 2.19 12.3 1.60
0.70 1080 1.68 12.2 1.30

. corrected values; calculated by the method of Stumbo et al %1950). D corresponding to 10°C was found by

interconversion via process calculation. Correlation coefficient (0.9731-0.9988) of thermal resistance curves were highly significant
(P<0.01). *The pH value reported is for laboratory made canned product



1982) made a significant_obs_ervation that the
-value of B. stearothermophilus increased by more
than three-fold, as the spore concentration reduced
to IxIO3 or lower. To determine whether
Cl. sporogenes behaved as above in terms of
D-values, the spore concentrations of -104§termed
A) and '103 (termed B) were made use of.

D and z values In plant material : Thermal
resistance curves, drawn using the observed values,
exhibited a hI%h degree of correlation (P<0.01)
(Table 1). In each group, the D-value decreased with
ﬁl_-l, except in curried vegetables. The D-value was

|%hest or stuffed brinjal, due to the protective
action of oil (Hersom and Hulland 1980), in spite
of the inhibitory action of added spices. The value
in_curried pathra was lower, than that in stuffed
brinjal, Probably_due to citric acid added in
industrial processing.

The D-values found using a spore concentration
0f ~103 (Bz]were 1510 2.5 (mean value : 1.75£0.3)
times higher than the values found using ~104
spores (A). With an increase in the D-value, the
z value also increased. For vegetables in brine, the
z-value for spore concentration of A was 9.4:0.5°C
and that of B was 10.31£0.65°C. The respective z-
values with curried vegetables were 10.8+0.8°C and
12.2£0.04°C. Malmborg (1983) explained the tallln%
of survival curves of bacteria - which occurred a
conditions other than high cell counts and with
short times and/or low temperature - on the basis
of the Casalori model in which the D-value increased
with falling cell count.

~In order to assess the extent of increase in
D in terms of one z, conversions were made via
process calculation (Saikia and Ranganna 1992) in
terms of classical z value of 10°C gTabIe 1). The
converted D-values of B were 1.55%0.14 times
higher than the values of A, but the extent of
increase for Cl. sporogenes was lower than that
reported by Berry and Bradshaw (1982{ for B.
stearothermor[])hllus. When the experimental z-value
was lower than the classical z-value (10°C), the
corresponding D-value, on conversion in terms of
the classical z-value, was higher, and vice versa,
in the case of an experimental z-values measured
at a temperature higher than 10°C.

“Improved general method (IGM) : Thermal
resistance studies resulted in two D-values and two
z-values for each vegetable (Table 1). Earlier, it was
shown that the FO and Pt &oRerators pro.cessmq
time) corresponding to 5D2 of A and experimenta
Z was nearer to the statutory requirement of FO of
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3.0 min (Saikia and Ranganna 1992). The values
evolved in this way, or by two segment approach
of Berry and Bradshaw (1982), i.e. F=D of A (lo

a-3.0)+D of B(3-log bx) did not render the canne

f%roduct microbiologically safe from CL sporogenes.
wo segment approach, intended to reduce the
spore concentration to less than one, [i.e., F=D of
Aflog a- log aj + D of B (log ax log 1) or F=1D
or A"+ 4D of B] yielded FO and Pt values nearer
to 5 D values of B, which were the highest. To
ensure that the product is microbiologically safe,
process time corresponding to values nearer to or
equal to 5 D of B is required. The pattern was
similar for beans, and curried vegetab es, with the
exception of ivy gourd, in which 5 D of A was less
than the statutory minimum of FO of 3.0 min,
because of lower pH (4.5), which resulted in lower
experimental D-values.

In some instances, z-values were higher than
10°C (Table 1). In such cases, the resulting FO and
Pt were higher, when the process calculation was
made assuming z to be 10°C, thereby contributing
further to the “safety of thermal process. This is
not so, when experimental z was lower than 10°C.
Calculations made assuming z as 10°C, in such
cases, result in lower FOvalue, which may increase
chances of spoilage.

Calculation of D by the method of Stumbo
&194_8): In the determination of D (designated as
2 in this study). Stumbo et al (1950) have
estimated the number of survivals using the equation
of Halvorosan and Ziegler _81932). n the other
hand, Stumbo (1948) considered the number of
Fosmve tubes, as the number of organisms survivin
ethal heat, in the calculation of D-value (designate
as D, in this study). The D2 values were higher
as compared to Dt'by 0.028£0.015 min, when the
spore concentration used as A, and 0.050+0.03
min, when the spore concentration was B, FG-values,
found by using D2, were insignificantly higher, than
those found using Dr However, the resultin
differences in Pt values were significant (P<0.05%

TABLE 2. EFFECT OF METHOD OF CALCULATIONS OF D ON
FO AND Pt VALUES

Vegetables In brine Curried vegetables

N 33 33 8 8

5t+0d 3.9£0.2 19.1-0,6 5.6£0.45 49.310.6
cv 0.041 0.029 0.081 0.017
t-value 1.95N\5 2.41* 3.86%* 3.64**

¢« P<0.05, * P<0.01, NS : not significant
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TABLE 3. HEAT PENETRATION PARAMETERS OF CANNED
VEGETABLES IN BRINE AND CURRIED

VEGETABLES.
Particulars IT Cut, jh fh fc jc
°C min min  min

Vegetables in Dbrine processed at 115.6°C

Field hean
Eye fit 67 6 0.59 7.00 124 114

Linear fit 67 6 0.63 6.73 1.05
Pigeon pea

Eye fit 57 3 072 540 6.4 1.00

Linear fit 57 3 0.69  5.42 0.97
Broad bean

Eye fit 57 9 1.60  5.00 135 1.00

Linear fit 57 9 147 5.00 1.00

Cluster bean
Eye fit 61 7 047 675 6.0 1.21
Linear fit 61 I 0.44  6.51 1.05
Bitter gourd
Eye fit 61 S 0.833 1310 7.0 1.23

Linear fit 61 6 0710 14.22 1.17
lvy gourd

Eye fit 68 7 118 510 7.7 125

Linear fit 68 7 1.030 525 1.14

Pointed gourd
Eye fit 60 7 052 650 105 1.00
Linear fit 60 7 052 6.38 1.00
Curried vegetables processed at 121°C
Stuffed brinjal
Eye fit 72 14 148 39.00 845 1.00

Linear fit 72 4 141 39.70 1.00
Pathra

Eye fit 57 14 161 4450 88.0 1.06

Linear fit 57 14 161 4413 1.03

* Measurement and calculation made in °F and then convert
to °C. Cooling water temperature ; 29-32°C, Linear fits of the
heat penetration curves were highly significant (r=0.9824-
0.9988; P<0.01).

(Table 2). In curried vegetables, differences in F0
as well as Pt were highly significant (PcO.0l).
Hence, the method of Stumbo et al 81950) should
be used in the calculation of D-value, and the
values (i.e. D2 so found (Table 1) should be used
in evolving the thermal process schedules.

Process calculation by formula method : The
advantages and disadvantages of IGM have been
discussed earlier (Saikia and Ranganna 1992).
Formula method developed by Ball (1923) overcame
these disadvantages to some extent. Merson et al
81978) have examined the method critically. In
evelorpmg tables of fh/U:g for calculation by
formula method. Ball and Olson (1957) assumed
() fc=th, (i) jc = L1.41, (iii) no break in the semi-

log plot of heating curves, and_ﬁlv) the retort come-
up time was sudden. Semi-log plots of heat
penetration data, obtained in this and -earlier
studies, showed no breaks, in heating curves.
However, there was lag in the retort come-up time,
but fc was not equal to fh, and jc was less than
141 (Table 3). In spite of these variations and other
limitations. Ball's method has been in use in the
canning industry for the last 70 years, and is also
approved by FDA (Lund 1984), as the fh/U:g values
listed in the tables lie within a very narrow range
and thus minimise the errors.

Values of g for different values of fh/U were
calculated by five different procedures. Smith and
Tun? (1982£ have compared Ball's formula method
(Ball 1923; Ball and Olson 1957) and its
modifications for conduction heating foods,
considering z as 10°C, and numerical IGM as
reference method. They found that the largest error
occurred, when g (unaccomplished temperature
difference in the can) was large and the height to
diam ratio was close to unity. In the present and
earlier (Saikia and Ranganna 1992) studies, the
heat penetration data collected under actual
commercial processmg conditions at intervals of 1
min showed that the heating was by convection for
11 canned vegetables in brine, and by conduction
in the 2 curried vegetables.

Canned vegetables - heat transfer bg convection:
The height to diam ratio of Al Tall ; 8x119 mm)
cans was 1.53 and the maximum fh/U was 1.32,
corresponding to the g-value of 0.85. For the
statutory requirement of FOof 3.0 min, Pt calculated
by procedures | and Il of Ball's formula method,
were not significantly different from the values
found by IGM (Table 4). Similar was the trend,
when FO'was greater than 3.0 min. In contrast, Pt
calculated for FO of 3.0 min by the methods,
involving the use of eye fit curve &Jroce.dur_e_lll) or
linear fit curve (procedure IV), were significantly
higher than the values found by IGM. Pt, calculated
assuming z as 10°C by procedure V, was highly
significant (Pc0.0l), as compared to the value found
by IGM.

Curried vegetables - heat transfer by conduction:
In cans with a height to diam ratio of 1.53. the
maximum fh was 44.5 min in pathra at retort
temperature (RT) of 121°C. When FOwas 3.0 min,
the fh/U value was 14.83, and the correspondmg
g was 10.32, which was the maximum value note
In the present studies. The process time calculated
by procedure | was significantly lower (PcO.0l), but



TABLE 4. SIGNIFICANCE OF DIFF
METHODS WITH GRAPHICAL METHODS
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ERENCE BETWEEN PROCESS TIME FOR Al TALL CANS AS CALCULATED BY FORMULA

Process time, min

ﬂd rﬁlcm IGM IGM Test procedure Results ofcomparison
Procedure N xla xla 2N xla eV t-value
, . , , calculated
Vegetables in brine; convection heating
1 3.0 I 4 19.0 1 3.30 19.041 3.04 8 19.201 0.64 0.033 ) Lo
2 3.0 Il 5 17.8 1 3.80 18.501 3.60 10 18.101 0.70 0.038 1.94N6
3 3.0 Il 11 1591 337 16.651 3.24 22 16.271 0.71  0.043 -) 2.68*
4 3.0 v 1 159 1 3.37 16.671 3.27 22 16.281 0.74 0.045 -) 3.88**
5 3.6+0.75 I 9 23.0 1 4.90 23.301 5.10 18 23.201 0.56 0.024 1.2T\8
6 3.7£0.07 Il 15 21.3 1 5.10 21.801 5.20 30 21501 0.78 0.036 1.87N8
7 41:1.16 V 29 20.1 1 5.60 20.801 5.60 58 20401 093 0.048 (-) 2.86%*
Curried vegetables; conduction heating
8 59115 | 8 47.8 1 5.90 46.901 6.10 16 47301 0.83 0.018 2.65%*
9 59116 [ 8 47.8 1 590 48.601 6.20 16 48.201 0.87 0.018 H 2.84*
10 6.512.75 V 10 50.8 1 6.30 51.801 7.00 20 51.301 1.08 0.021 3.75%*

*Significant at 0.05, *» significant at 0.01, NS . Not significant, Analysis includes data of vegetables in brine reported earli

(Saikia and Ranganna 1992

it was higher in case of procedure V (PcO.0l), and
there was no difference in process time in case of
procedure 1. Irrespective of these differences, the
mean (x) of the values between the IGM and the
test procedure, as also standard deviation by
difference (@) and coefficient of variation, indicated
that the procedure Il is not likely to cause gross
under-processing- nor will procedure 1l cause gross
over-processing - within the limits of this study.

Inoculated pack studies : Based on limited
TABLE 5. pH OF FRESH VEGETABLE AND CANNED PRODUCT

AND RECOMMENDED FO AND Pt VALUES OF
VARIOUS VEGETABLES FOR 78X 119 MM (301X411)

CANS.
Processing
Vegetable  Canned min  time, min
product*
Vegetables in brine
Field bean 6.5 6.0 5.0 22.3
Pigeon pea 6.4 5.7 4.6 18,5
Broad bean 6.5 53 5.1 21.3
Cluster bean 58 4.3 5.1 23.0
Bitter gourd 58 4.1 3.8 26.0
lvy gourd 4.6 4.6 3.1 16.0
Pointed gourd 5.6 4.8 4.5 19.0
Curried vegetables
Stuffed brinjal 4.3 4.7%* 5.8 45.0
Pathra 5.0 5.3 6.5 57.0

*The pH reported is for commercial product * pH of vegetable
portion in the canned product. Processing of vegetables in brine
and curried vegetables was done at 115.6° and 121°C, respectively.

besides the seven vegetables reported in this paper.

laboratory studies, the FO and process time found
adeguate, as also the pH of the fresh and canned
products are given in Table 5. The FOvalues found
adequate are either nearer to or equal to 5 D of
B. It is emphasized that the requirement may vary
under commercial processing conditions.

Conclusions

The method of Stumbo et al (1950) is
recommended for calculating D-values. The
concentration of heat resistant slpores in the
prepared material is Ilkelé_to be only a few per g
of product, or container. Since D and z values are
higher with '103 spore concentration, the thermal
process evolved, using the values so found,
represents the conditions pr_evalll_n(i in the canned
product, and adds to the microbiological safety of
the processed product. This is also borne out by
the inoculated pack studies. FO and Pt values,
calculated by Ball's formula method, using fh/U:g
values revised by Steele et al (1979), are not
?g'\r}llflcantly different from the values found by
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Rice-based soya crackers were made with different levels of soya flours, and the rheological properties of the

paste, dough and crackers were determined. A definite relationship” could be established between the_rheolo?ical
Parameters of the finished rproduqt and its dough. Soya at 20-30% level in the mix was found to be optimum
the final product, dough rheology, sensory quality and paste as well as product rheology.

Rice-soya cracker, Dough rheology, Dough workability, Paste rheology, Product rheology, Sensory quality.

he textural point of view o
Keywords :

Several investigators have indicated the
possibility of using rice-legume mixes for the
production of snack foods, including rice-soya
crackers of good quality, in terms of nutritional
value and consumer acceptabllltg (Baker and Hin
1984; Chauhan and Bains 1985; Bhole 1992),
apart from a variety of SlIJ\PpIementar foods based
on rice-pulse for infants (Naikare and Mabesa 1993;
Swaminathan 1980) and rice legume foods
(Sowbhagya et al. 1991) A blend of rice and soya
not only reduces the cost, but also gives a product
of better quality (Bhole _19922; it is also used for
the preparation of weaning foods (Malleshi et al.
1986). However, the important physico-chemical
and mechanical properties of raw materials and of
the mixes: and products have not received due
attention. This paper presents the results of a study
conducted on rice-soya crackers, with the oblject
of optimizing the proportion of rice and soya flour
mix, based on the rheological properties of doughs.
Also, a relationship was sought to be established
between dough and product rheology, in order to
obtain a better textured product.” In addition,
sensoiy evaluation was conducted to supplement
the findings of the objective evaluation.

M aterials and Methods

Milled, raw rice flour (Cv. "IR36") and full-fat
soya flour (Cv. "Bragg"), having particles size 1008,
and moisture contents of 12.6 and 8% (db)
respectively, were used. The amylograph peak
viscosity, cooked paste VIS.CO_SI'[{, cooled paste
viscosity and apparent %elatlmza jon temperature
were determined for 0, 10, 20, 30 and 35 or 40%
soya flour in the mix, by the method of Halick and
Kelly ﬁ195_9), using a B_rab_end_er_wsco-amylo_%raph.
The plastic limit and liquid limit for the different
rice-soya mixes were determined, using the crack
test and the Cassagrande liquid limit in apparatus,

* Corresponding Author

469

rom

in accordance with ISI (1970). The plasticity index,
flow index, toughness index and consistency index
were calculated, using the following equations:

Plasticity index = Liquid limit - Plastic limit,
wWr wa

Flow index =

where Wj and W2 are the moisture contents in %
(db), corresponding to N, and N2 drops.

Plasticity index

Toughness indeX =  -eeeeececececocecececeeees
" naex Flow index

Liquid limit- Natural moisture content
Plasticity index ofdough

The tensile loads required to cause rupture of
do.u?(h sheets, of length 10 cm, width 2 ¢cm and
thickness 0.1 ¢cm, made with different proportions
of flour in the mix, and with an average moisture
content of 68% %db), were determine acc_ordmgi
to Mohsenin (1970), using an Instron universa
testln% machine (model 1101), with a chart to
cross-nead speed ratio of 10:1.

Rice-soya crackers were made with 0 (control),

10, 20, 30 and 35 or 40% soya flour in the mix,
bf/ adopting the process outlined by Li and Luh
5980%. The crackers with average dimensions of
x1.9x0.lem (length x width X thickness) were

analyzed for hardness and fracturability, using the
Instron universal testing machine, as above
(Mohsenin 1970). Crispness was measured by the
steepness of the force-deformation curve. To test
this property, rice-soya crackers, with different
proportions of soya flour in the mix, were mounted
over a ring of 2 ¢cm dia; a pin of 0.625 cm dia
was used to punch the chip. Also, the area under
force-deformation curve is a measure of work done
during the test, which characterizes the crunchiness
of the cracker. Sensoiy evaluation of the rice-soya
crackers, containing different levels of soya flour
in the mix, was conducted on the basis of a

Consistency index =
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composite scoring test, by a 7-member test panel
(ISI 1971).

Results and Discussion

Results of a_mongraPhlc paste viscosity
characteristics of rice-soya flour mixes and tensile
load on dough sheets of rice-soya dough mixes are
presented In Fig.l. It is observed that the
amylo?raphlc_ peak viscosity, cooked paste viscosity
as well as final cooled paste viscosity showed a
decreasing trend with the increase in soya level in
the mix, Possmly due to the decreased starch
content of the mix, as the quantity of soya
increased. The reduction was particularly sharF,
when the soya level increased from 10 to 30%. In
fact, no peaks were observed for 40 and 100% soKa
mixes, which resulted in little or no starch in the
mix. ltwas observed that the apparent gelatinization
temperature tended to increase, albeit only slightly,
from a value of 60°C for 0% soya (onIK. rice) to
62.25°C for 40% soya in the mix. This small
increase might be due to a possible effect of the
presence of non-starch material (soya) in the mix,
otn thhe apparent gelatinization temperature of the
starch.

Tensile tests of the dough sheet of different
dough mixes showed an increasing trend in tensile
load with increase in the level of soya in the mix

- - 600
- Cooked paste viscosity

Tensile load

Peak viscosity

o
o

— 450

Tensile loadt 9)

Cooled paste viscosity

Amylograph viscosity (BU)

I]‘Tl71]l|l

150 300

100 coa et b ev v e by 225
(o] 10 20 30 35 40

Percent soya in mix

Fig. 1. Relationship between soya level in the mix with
amylograph viscosity and tensile load. -0—0- : peak
viscosity; -A—A-: cooked paste viscosity; -Q—O0-

/A _ ; cooled
paste viscosity; . tensile load.
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Fig.2. Relationship between soya level in mix with indices for
flow, plasticity, toughness and consistency. -0—0- : flow
index; -A—A- plasticity index; -x—x- : toughness index,

© consistency index.

(Fig.I). This was probably due to an increase in
the protein content in the mix, due to higher
proportion of soya, Between 10 and 20% soya in
the mix, the tensile load of the dough sheet was
reduced by 35.1%, in contrast to 8% between 30
and 35% soya in the mix. Thus, the tensile strength
of the dough sheet declined sharply beyond 30%
soya in the mix.

The variations in the indices for flow, plastigitg,
toughness and consistency are shown in Fig.2.
Flow index values were higher for 20 to 30% soya
in the mix; but they declined on either side of this
range, for which no possible explanation can be
offered at present; therefore, a further thorough
study is needed. However, the values for plasticity
index increased with increase in soga level and the
maximum value was recorded for 20 to 30% soya
in the mix. Toughness index exhibited a somewhat
erratic trend with sharp decline, when the mix
contained 20 to 30% soYa. The reasons for this
irregular trend are not fully clear, since toughness
index is inversely related to the flow index, which
itself had some “irreqular trend with reference to
proportions of soya in the mix. The cqnsmten_c%/
Index exhibited a more reasonable behaviour, witf
a decreasing trend upto 20% soya in the mix; it
became constant thereafter. Because of limited
experimental data, it is difficult to identify the
precise soya level in the mix for dough



TABLE 1. HARDNESS, FRACTURABILITY, CRISPNESS AND
CRUNCHINESS VALUES FOR RICE-SOYA CRACKERS
WITH DIFFERENT PROPORTIONS

Level of soya in mix, %

10 20 30 35
Hardness, ¢ 5190.0 47205 3062.0  2290.0
Fracturaility.g 2000.0  1926.0 19116 1272.0
Crispness 2630.0  2460.0 21340  2068.0
Crunchiness 98.5 243.8 491.7 5115

characterization. Nevertheless, 20 to 30% soya in
the mix would seem to be a desirable proportion
for better workability of the dough, in view of the
lower toughness and consistency indices, as well
as relatively high flow and plasticity indices,
measured at these levels of soya in the mix.

The force-deformation analyses, and punch
tests of the prepared rice-soya cracker showed that
the hardness, fracturability and crispness values

TABLE 2. MEAN SENSORY SCORES FOR TEXTURAL
ATTRIBUTES OF RICE-SOYA CRACKERS WITH
DIFFERENT PROPORTIONS OF SOYA FLOUR IN

THE MIX
Mean sensory score
Textural
attribute Level of soya in mix, %
20 30 35
Hardness 15.85 14.85 12.00
Fracturability 15.28 15.14 12.57
Crispness 15.85 15.00 9.42
Crunchiness 1 14.28 15.28
Overall acceptability 14.42 16.00 15.20

Maximum score : 20. ElTect of soya level si%nificant at 1%, CD
at 5% :3.48, at 1% : 5.005, for individual attributes.

decreased, but crunchiness increased, as the
}%ercentage of soya in the mix increased (Table 1).
hese trends remained sharp upto 30% soya in the
mLx, and then slowed down. Thus, a relationship
seems to exist between the rheological parameters
of the finished product and its dough. The sensory
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evaluation of the prepared rice-soya crackers
(Table 2) suprporte_d the findings of the objective
evaluation of their textural attributes.

Considering the workabilitY of the dough, as
affected by the dough rheology and textural
attributes of the cracker, i.e., product rheology, and
its substantiation by the sensoiy data, especially
overall acceptability of the product, as much as
30% soya in the mix used for making rice-soya
crackers was considered to be suitable.
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Decalerls hamiltoni (ﬁaml(ljy Asclepiadaceae) is
a root largely used in South India for pickling, along
with curds or lime juice (CSIR 1952). It is markedly
fleshy and has a strong aroma. The fresh root
tastes sweet, and produces a tingling sensation on
tongue. The volatile aroma constituents of the root
are considered to possess antimicrobial properties
(Murti and Sheshadri 1942). A remarkable decrease
In microbial count of chilli pickle has been reported,
when the roots are either added to the pickle, or
kept in its VICInIt¥ (Bhaskaran 1992). The present
_stud%( was, therefore, undertaken to isolate and
iden ny the root volatile constituents, with a view
to study their antimicrobial effect. Effect of vanillin
(@ structural analog of 4-0-methyl resorcylicalde-
hyde), one of the commonly used food flavourings
§ euchat and Golden 1989{, was also investigated
or comparison.

M aterials and M ethods

Roots of Decalepis hamiltonii were procured
from the market in Madras (Tamil Nadu) and
transported to Bombay. The roots were 4-5 days
old upon arrival. They were cleaned in free flowing
water for 10 min, wiped, peeled, and the non-edible
portion removed. The fleshy, edible portion was cut
Into small pieces, using a stainless steel knife. The
peeling and cutting was done in a cold room ‘0-
4°C) and the cut portion was stored at -4°C. for
use within a month. All the solvents (diethyl ether,
petroleum ether, hexane, ethyl acetate, carbon
tetrachloride) used were of analytl_cal grade, and
they were used only after distillation.

In each batch, 200 g of fresh root was used
* Corresponding Author
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for isolation of the essential oil. After adding 500
ml of distilled water, the roots were subjected to
a simultaneous distillation-extraction technique for
2 h, in the laboratory- modified Nickerson and
Likens apparatus (Nickerson and Likens 1966)
constructed with aPprOV|_3|on for passing steam
through the sample. Peroxide-free diethyl ether was
used as an extracting solvent. Simultaneous
condensation of the steam distillate and the
immiscible extracting solvent was carried out by
chilled water (4°C) circulation. The solvent was then
removed by passing a slow stream of nitrogen gas
to obtain the essential oil. A total of 12 samples
were analysed, to determine the yield of essential
oil, based on fresh weight of the root,

For TLC separation, silica ?el G, spread 0.25
mm thick on 20x 20 cm glass plates (Mangold and
Malins 19603, was activated at 110°C for 90 min.
One hundred mg of essential oil in ether (10%, w/v)
solution as well as vanillin (10%, w/v) in ether were
spotted on the Blate and developed usmg88etroleum
ether (BP 60-80°C) : diethyl ether at 80:20 (v/v)
ratio as a solvent system. The plates were removed
after the solvent front had travelled approximately
16 cms. A preliminary odour assessment of separated
components was done directly on the plate, after
complete removal of solvent by flushing the plate
with a slow stream of nitrogen. The spots were
visualized for nature and intensity by exposing the
plates to iodine vapour in a glass chamber. For
Isolation of the mgjor component of the essential
oil, preparative TLC was done and the sample 680
mg) in ether was applied in a band form on a 0.7
mm thick plate, before develoi)mg in the above
solvent system. The developed plates were air-dried



for 15 min, and exposed to iodine vapour to
visualize the bands. The band representing the
major fraction (* 0.623) was marked with a pin.
The contents in the marked area were scraped off
wiih a stainless steel spatula, and added directl

into a wide-mouth miniature column (8 cm x 0.

cm OD?, fitted with 8rease_—free stopcock and a
small filter bed (1.5-2.0 cm in length) of celite 545
(BDH Chemicals, Poole, England) over a cotton
plug. The column was previously flushed with
diethyl ether, and the filter bed was always kept
under diethyl ether (Gholap et al. 1971).

The eluted compound was recovered, after
removing the solvent by passing a slow stream of
nitrogen gas and studied further for identification
purposes. Gas liquid chromatographic (GLC) analysis
of the essential oil, and of the TLC seﬁarated major
fraction, was performed in a gas chromatograph
FGC-lE;A,. Shimadzu, Kyoto, Japan), fitted with
lame ionization detector, and a column of stainless
steel (0.625 cm o.dx 180 cm) packed with 10%
carbowax 20 M (Field Instruments, Surrey, UK% and
supported on acid wash chromosorb "W (60-80
mesh}. The column temperature was programmed
at 140-210°C, at the rate of 4°C/min. Initial hold
was for 5 min, and final temperature hold was for
15 min. Injector and detector temperatures were
maintained at 220°C. Nitrogen at a rate of 40 ml/
min was used as carrier gas. Peak areas were
determined through integration, by peak area
normalisation, using Chromatopac data system (C-
R6A, Shimadzu, Kyoto, Japan).

For high performance thin layer chromatography
;HPT_LC), the essential oil, TLC separated major
raction and standard vanillin (BDH Chemicals,
Poole, England?_ in ether (1% solution) were
individually applied at 2 pi quantities by Linnomat
IV (CAMAG, Muttenz, Switzerland) on 10x10 cm
HPTLC silica gel 60 F24 precoated plate (E. Merck,
Darmstadt, Germany). The application was made
by si)_ray-on technique, in the form of a band, at
a delively speed of 10 SEC/le_L A nitrogen pressure
of 2 psi was maintained. The chromatogram was
developed in CAMAG twin trough (IOx 10 cm) with
hexane:ethyl acetate (85:15, v/v% as solvent system.
Development was completed, when the solvent front
had travelled 6 cm. The plate was dried in air for
5 min, and then subjected to densitometric analysis,
in the UV ranﬂe 0f 200-400 nm, using a CAMAG
TLC Scanner I with LABDATA system and CATS
evaluation software, volume 3.15 &AM_AG, Muttenz,
Switzerland). The instrument was kept in reflectance
mode with deuterium lamp, monochromator band
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width 30 nm, slit dimensions of 0.3x4 mm, and
scanning speed of 4 mm/sec for recording respective
spectra.  Further densitometric evaluation of all
samples was done at 290 nm in the same scanner.

Proton magnetic resonance spectra of the
maF!or fraction separated by TLC were recorded on
a PMR spectrophotometer (A 60 A, Varian, USA),
using carbon tetrachloride as solvent, and
tetramethylsilane as an internal standard.

~ For studying the effect of the essential oil on
microorganisms, a saline suspension of a 24-h
growth was made on an agar slant. Different
quantities of essential oil were added to test tubes
containing 5 ml of sterile nutrient broth. One ml
of culture suspension (cell density 0.3 x 108/ml) was
added to each of these tubes, while the inoculated
tube, devoid of the essential oil, served as control.
The tubes were incubated at 37°C for 48 h, and
the number of survivals in each tube was determined
by pour plate method, using plate count agar (FAO
1979). The microorganisms studied were Escherichia
coli (ATCC 10148), Salmonella %)hl (NCTC 786),
Saccharomyces uuarum gNCIM 3220) and Bacillus
cereus (local isolate). Effect of vanillin was also
determined as per the above procedure. The cultures
were maintained by sub-culturing on nutrient agar
slants at monthly ‘intervals. Except for S. uuarum,
all other cultures were obtained from the Haffkine
Institute, Bombay.

Khoa was prepared from whole milk in the
traditional manner, under hygienic conditions.
Different quantities of the essential oil were weighed
and transferred to sterile petri plates. Approximately
25 % of khoa was added to each plate and the entire
content was mixed aseptically. A control devoid of
essential oil was maintained. All the plates were
wrapped in aluminium foil and stored in a
refrigerator for 7 days. Total plate count (TPC) was
done at the end of 7 days by pour plate method
using plate count agar incubated at 37°C.

Tomato puree was prepared from ripe tomatoes,
under hygienic conditions, and it was boiled for 10
min. No salt or spices were added, but com flour,
at a level of 0.1%, was added in order to avoid
separation of solids from the juice during the boiling
process. Fifty ml of puree was transferred to each
of the sterile bottles; then, different quantities of
the essential oil were added and mixed thoroughly;
the oRenlng of the bottle was covered with aluminium
foil. A pair of controls, devoid of the essential oil,
was maintained. All the bottles were stored in a
refrigerator for 3 weeks. Aerobic and mould/yeast
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TABLE 1 COMPARATIVE EFFECT OF ESSENTIAL OIL AND VANILLIN ON VARIOUS MICROORGANISMS
Total plate count as colony forming units/ml broth

Essential oil, mg/5ml broth

Organism Control 30 40
E. coli 1.35 x 108 ND ND
S.uuarum 350 x 10s ND ND
S. typhi 2.65 x 10s ND ND
D. cereus 4.80 x 107 7.5x10s 8.2 x 10s

Vanillin, mg/5 ml broth

50 30 40 50
ND 3 x 10s 3 x 10s 3 x 10s
ND ND ND ND
ND 1.16 x 10s ND ND
2.5 x 107 3 x 107 1.8 x 107 1.93 x 107

ND : No survivor detected

counts were done at the beginning and end of 3
weeks storage, using the pour plate method.
Incubation temperatures were 37°C for aerobic, and
21°C for yeast and mould counts. All the plate
cl%%)ts were analyzed by standard methods FFAO

Results and Discussion

~The yield of essential oil of Decalepis hamiltonii
varied, depending on freshness of the root (0.54%
from fresh root, as compared to 0.13% from heat-
treated and air-dehydrated roots). Thus, some loss
of volatile components occurred during heat and
air dehydration treatment. However, the essential
oil in all the cases ?av_e characteristic odour of
vanillin. The essential oil ?ot resolved into a few
minor components, aloart rom a major one at Rj
0.623. Amongst the solvent systems used, petroleum
ether : diethyl ether (80:20, v/v) was found to be
the best. On TLC separation, the root essential oil
was devoid of any component corresponding to the
Rj value of vanillin. This indicates the Rossmle
existence of a structural variation between the TLC-
separated, major fraction of the essential oil of
Decalepis hamiltonii and standard vanillin.

GLC analysis of whole oil and the TLC-
separated major fraction showed a similar pattern
of separation, but with an appreciable difference
in the relative proportions. The relatively lower
content of the major fraction could be attributed
to its loss during isolation. A similar separation of
steam-distilled oil of Decalepis hamiltonii on GLC
SOV 1 column) has been reported (Divakaran et al.

985). In densitometric evaluation of HPTLC
chromatograms, 3 peaks, at migration distances of
10.1, 43.2, 56.8 mm, were observed, both in the
essential oil and in TLC-separated major fractions.
Standard vanillin gave a peak at migration distance
18,9 mm, and so, its presence in the essential ol
of Decalepis hamiltonii was ruled out. This was also
observed in the analytical TLC study.

UV spectra of the essential oil of the TLC-

separated major fraction, and of vanillin showed
similar absorption maxima at 281 and 314 nm.
This squests the presence of a phenolic grouP in
the molecule, and a close similarity in structure
between the TLC-separated major fraction and
vanillin. The presence of Rheno ic_and aIdehK/(lie
functional groups was further confirmed by NMR
studies. An NMR signal at 5 3.9, corresponding to
singlet of 3 H, indicated the presence of a methox;
group, while a downfield singlet of 1 H at 5 9.

showed the presence of an aldehyde group. Presence
of an aromatic ring was indicated by a singlet of
1 Hat86.3, and doublets of 1 H at 8 6.6 and
8 7.4. Data suggest that the aromatic ring is
substituted at 2 of its 6 positions. The NMR data
were comparable to those of standard 2 hydroxy-
4-methoxy benzaldehyde described in the literature
(Pouchart 1983).

Comparative effect of essential oil and vanillin
on mlg:root?anlsm_s is illustrated in Table 1 The
essential oil was inhibitory to S. uvanxm, E. colt,
and S. typhi at concentration: of 30 mg for 10®nos
of organisms. Vanillin was effective against S. uvamm
at same concentration; but a concentration of 40
mg was needed for inhibitory action on S. typhi.
Vanillin was not effective against E. colt Neither
the essential oil nor vanillin-was effective against
B. cereus. The essential oil was found to restrict
microbial growth at the concentration of 0.16 g/

TABLE 2. EFFECT OF THE ESSENTIAL OIL ON MICRO-
BIOLOGICAL QUALITY OF KIIOA AND TOMATO
PUREE STORED IN A REFRIGERATOR FOR 7 AND
21 DAYS.
o Khoa Tomato puree
Essential 0il -emeremeremenceeees
used, mg ‘Pota]‘ plate Total plate Yeast +
count, efulg  count, cfu/ml  mould, efu/ml
at 7 days at 21 days at 21 days
0 (control) 1.0 x 10s 2.32 x 107 3.0 x 107
30 6.2 x 10" 150 x 10s 2.6 x 10s
40 ND ND ND

ND : No survivor detected



100 g khoa and 0.08 ¢/100 ml tomato puree. The
microbial counts were nil in refrigerated khoa and
tomato puree samples, after 1 and 3 weeks,
respectively (Table 2.)

Thus, the present study has resulted in
standardlz!n? the extraction Fro.cedure for isolation
of essential oil of Decalepis hamiltonii and
identification of its major component, The extracted
essential oil is a promising antimicrobial agent.
Further experiments are needed to study the
specificity of the eifect on particular groups of
microorganisms.
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Washed, resting cells of Aeromonas hydrophila secreted protease in the absence of nutrients. The amount of protease
secretion, measured in terms of tyrosine release, was found to be dependent on the level of initial cell numbers.
The protease secretion was inhibited by chloramphenicol, thereby su%gestlng de novo synthesis of the enzyme. The

enzyme secretion was enhanced b

| _ %/ myosin, and more significantly,
that the major structural proteins of muscle can influence protease secretion

y tigpsin-treated. myosin. The results suggest
y the bacterium’. Using protease inhibitors,

the proteases secreted by A. hydrophila were characterized as serine and ‘metallo-proteinascs.
Keywords : Aeromonas hydrophila. Resting cells. Protease secretion, Survival mode, Muscle foods.

Muscle foods, during post-mortem, are exposed
to contamination b¥ a variety of microorganisms
&Gugta et al. 1983; Thampuran and Mahadeva lyer

989). The structural proteins of muscle, consisting

of myosin, actin and other regulatory proteins are
not permeable to bacterial cells SGI” and Penny
1977‘))._Utlllzat|on_of large muscle proteins for
microbial growth is facilitated by the hydrolytic
action of proteases secreted by the organisms
(Thomas et al. 1987). However, secretion of these
enzymes during the exponential state of bacterial
?rowth is minimal_(Glenn 1976?._Thus, it is likely
hat, the free amino acid pool in the muscle is
rapidly depleted during early stages of bacterial
Iqroyvt , and the cells reach a state of nutrient
imitation. Thereafter, further breakdown of complex
prﬁtems will require secretion of proteases by these
cells.

Aeromonas h¥_drophlla, Is a bacterium of
public health significance. It has been isolated from
unirradiated spoiling mackerel (Alur and Lewis
1980). During studies on Ihe_spoﬂage potential of
some contaminant bacteria, isolated from Indian
mackerel, it has been observed that A. hydrophila
brings about faster spoilage of fish protein (Alur
et al. 1989). It is of significance to note that growth
of,A,hydrthlla and sp0|la%e of fish protein occur
within 6-8 n (Alur et al. 1989; Paturkar et al. 199_2%.
The growth curves of A. h{drophlla. along wit
protease secretion in nitrogen fractions of
proteinaceous foods have heen reported earlier,
(Alur et al. 1988). It has also been recogfnlzed as
a widely prevalent bacterium in several muscle
foods (Palumbo et al. 1985%. Its pathogenicity has
also been demonstrated (Buchnan and Palumbo
1985). A detailed study on protease secretion by

* Corresponding Author
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resting cells of A. hydrophila is desirable to
understand the role of its survival in flesh foods,
and to develop ap?roprlate methods for preventing
spoilage of flesh foods.

The present work was, therefore, undertaken
to study protease secretion by starving cells of
Aeromonas hydrophila and the influence of myosin
on the enzyme secretion. No attempt was made to
investigate the pathogenicity of A. hydrophila in this
study, which was confined to establishing the
degradative ability of the bacterium,

M aterials and M ethods

~Aeromonas hydrophila used in this study was
isolated from Indian mackerel (Ra_strelllger kanagurta)
(Alur et al. 1988). It was grown in 0.8% (w/v) Difco
nutrient broth (200 ml) on a rotaiy shaker for 18
h, before centrifugation at 6,000 rpm at 0°C for
30 min, to harvest the cells. The cell gellet was
washed thrice with 0.01 M phosphate buffer (pH
7.2) and resuspended in the same buffer at a
turbidity equivalent to an absorption of 400 units
|fn|ta Klett-Summerson photocolorimeter, using red
ilter.

The cell suspension (10 ml?_was incubated on
a rotaiy shaker at 25°C. Aliquots (3 ml cell
suspension) were withdrawn at regular intervals,
centrifuged at 6,000 rpm for 15 min at 0°C, and
the suRernatants_ were used for protease assay,
using haemoglobin (Difco) as the substrate. The
assay system, containing 15 mg substrate in 0.1
M phosphate buffer, (pH 7.58 and cell supernatant,
was incubated at 50°C for 30 min, and the tyrosine
liberated was estimated as described earlier (Pansare
et al. 1985). One unit of activity was expressed as
p mole tyrosine liberated per ml culture su?ernatant,
dur:jn_?_ the incubation ‘period, under the assay
conditions.



Myosin from white muscle of Indian mackerel
was isolated according to the procedure of Shenouda
and Piggot (1974). The fish muscle ﬁo gL was
homogenized in ice-cold 0.01 M phosphate buffer
(pH 7.5), containing 0.01 M pyrophosphate, 0.4 M
KCL and 0.001 M p-mercaptoethanol. The
homogenate was centrifuged at 10,120xg for 15
min at 0°C. The supernatant was diluted to 800
ml, using chilled, distilled water. The grem itate
was collected bg centrifugation at 10,120xg for 15
min at 0°C. The residue was dissolved in 0.4 M
KCL (100 ml), and the protein content of the myosin
Breparatlon, as measured by the method described

Lowry et al (1951), was found to be 8 mg/ml.
The myosin was dialyzed overnight at 0°C against
0.4 M"NaCl, prior to use.

Results and Discussion

Survival of resting cells of A. hydrophila, during
prolonged incubation at room temperature on a
rotary shaker, showed no decline in the first 6 h,
but did show 50% cell inactivation after 24 h.

Fig. 1 dePi_ct_s_the data on tyrosine release as
a function of initial cell density of the bacterium
incubated in phosphate buffer.” It is of interest to
note that the cell density played a significant role
in tyrosine release. All the systems exhibited cell
density of 108 cells/ml after” 18 h incubation. In
order to obtain optimum protease activity of cells,
celldsuspensmns (100cells/m1) were used for further
stuay.

Fig.2 shows secretion of protease by washed
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Fig. . Tyrosine released as a function of cell numbers seeded

in buffer.
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Fig.2. Secretion of protease by resting cells of A hydrophila.
g —0—: lmI?—o— :X ml, —gA— 16 ml, —>¥—:p8ml,
—A— > 10 ml _

cell suspension of A. hydrophila. The cells secreted
the enzyme in the absence of any carbon and
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Fig.3. Eff ot ﬂf chloramphenicol on protease secretion hy A,
% rophila. A volume of 10 ml cell suspension, was used.
Chloramphenicol concentrations —O0— : 0 fig, —A— :
100 pg, —A— : 1000 pg.
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nitrogen sources. With increase in cell
concentrations, higher amounts of the enzyme were
secreted. Since resting cells secreted protease in
the absence of nutrients, it was of interest to
examine whether the protease was synthesized de
novo d.urmgn starvation. This was examined by
measurln% the enzyme secretion in the presence of
chloramphenicol. The secretion was found to be
inhibited by chloramphenicol at 100 and 1,000 pg/
ml level, squest_mg de novo synthesis of the enzyme
by the cells (Fig.3)

The influence of myosin on protease secretion
by the resting cells is shown in Fig.4. The cells
secreted appreciable amounts of protease in the
presence of increasing concentration of myosin. It
IS likely that the low amounts of protease secreted
by the restm% cells could hydrolyze large muscle
protein, and the resulting hydrolytic products could
act as a substrate that triqgers the protease
s¥nthe3|s. This was examined by determining the
effect of hydrolyzed myosin on the enzyme secretion.
Myosin ( m(};]/ml) was treated with 100 p%trépsm
in"0.01 M phosphate buffer, pH 7.5, at 50°C for
2 h. After the treatment, trypsin was heat-inactivated

0-8

0-6}—

Pro.teuse activity
(umole tyrosine liberated/mi culture)

Incubation period, h

Fig.4. Effect of _){osin concentration on protease secretion by
A. hydrophila. —0— :No myosin, —+— : 8 mg protein/
ml, —A— : 16 mg protein/ml, —i — : 32 mg protein/
ml, —x— : 64 mg protein/ml.

TABLE 1. EFFECT OF HYDROLYZED MYOQSIN ON PROTEASE
SECRETION

Protease activity (p. mole tyrosine
released/m| culture supernatant

Incubation — , .
period, h  No myosin Non-hydrolyzed Trypsin-hydrolyzed
myosin myosin
2 0.10 0.50 0.74
4 0.20 0.75 1.03
5 0.25 0.87 1.20

Protease acfivity was measured using 1 ml cell suspension of
A. hydrophila in a total volume of 10 ml containing 8 mg trypsin
hydrolyzed or non-hydrolyzed myosin.

at 100°C, in a boiling water bath. The effect of
hydrolyzed myosin on enzyme secretion is given in
Table 'L It is evident that the protease secretion
was enhanced in the presence of hydrolyzed myosin,
as compared with unhydrolyzed myosin.

Further, the proteases elaborated by A.
hydrophila were characterized by using specific
protease inhibitors (Table 2). Phenylmethyl
sulfonylfluoxide (PMSF) and ethylene diamine tetra-
acetic acid (EDTA), hoth at 2 mM concentrations,
inhibited protease synthesis in resting cells of A.
throphlla to the extent of 50 and 90%, respectively.
Thus, the proteinases of A. hydrophila could be
assigned to the categories of serine and metallo-
proteinases.

The results suggest a mechanism for survival
of A. hydrophila in muscle foods. The process may
have two stages. Firstly, initial synthesis and
secretion of protease by the cells, during nutrient
limitation conditions; and, secondly, the myosin-
dependent induction of the enz¥]me synthesis. The
initial growth is %robably at the expense of low
molecular WEI(i t components present in
sarcoplasmic (soluble) fractions of the muscle.
These have been shown to be required for sugportlng
initial growth of spmlage and pathogenic
microorganisms (Yada and Skura 1981; Dainty et

TABLE 2. EFFECT OF INHIBITORS ON SECRETION OF
PROTEASES BY AEROMONAS HYDROPHILA DURING
INCUBATION

, Protease activity — mole/mg protein/h)

Incubation — e

at RT, h [nhibitor (2 mM) used
Control  Pepstatin ~ PCMB PMSF EDTA

3 2,059 1,819 2,196 1,169 274

6 2,402 2,463 2,300 1,407 274

24 2,670 2,610 2,898 572 572

PCMB: Parachloromercuribenzoate, PMSF: Ph_enylmethgl-
sulfonylfluoride, EDTA : Ethylenediamine tetracetic acid, RT:
Room “temperature.



al. 1983). Subsequently, it comes under nutrition
limitation stage. Bacterial cells under nutrient
limitations have been shown to initiate a rapid
programme of metabolic adjustments, termed as
stringent response (Cozzone 1981). It is here that
the second stage comes into picture and the
bacterium is able to survive. The synthesis of
protease under nutrition limitations has also been
observed in Bacillus subtilis, wherein mutants are
known to have higher levels of protease (Kadrekar
and Rama Sarma, 1990; May and Elliott 1968).
Such enzyme synthesis in Vibrio alginolyticus under
induction by peptone was related to the
accumulation of stable mRNA (Reid et al. 1980).
A similar protease synthesis in Erwinia chrysanthem|
was reported to be produced by hydrolyzed casein
and not by unhydrolyzed casein (Wandersman et
al. 1986). Myosin-dependent secretion of protease
by the bacterium has also been harnessed in our
laboratory, to prepare Proteln hydrolysate from
waste fish (Venugopal et al. 1988).

Involvement of protease in allowing the growth
of microorganisms in muscle foods has been well
recognized  (Gill and Penny 1977). Bacterial
penetration of muscle is known to be favoured by
extracellular proteases (Thomas et al. 1987). Such
bacterial penetration of muscle could be enhanced
by secretion of multiple forms of proteases, and also
by low substrate specificities of the secreted
Proteases. In these respects, it is worthwhile noting
hat A. hydrophila has been recognized to secrete
two proteinases and one amlno-pelotldase (Pansare
et al. 1985). These proteinases could act on several
proteins having maximum activities on myofibrillar
proteins (Pansare et al. 1985). Consequently, these
%ropertl_es could facilitate proliferation of A
ydrophila and could explain its survival in several
muscle foods (Palumbo et al. 1985).
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Proximate composition and digestibility of sun-dried Puntius sophore, a low-cost variety of sun-dried fish, used

in a traditional fermented fish
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The most important contribution of fishes to
human diet is the supply of much required protein
of good quality (Valanju and Sohonie 1957; Mooijani
and Vasantha 1973). Small sized fishes are not
preferred due to their lower meat content and bony
nature (Sarojnalini and Vishwanath 1988). However,
such low valued fishes offer minerals in their most
edible forms and in more abundance than the large
sized fishes do (Hl%ashl 1962). In Manipur (Indl(%,
the consumption of fresh Puntius is not common
mainly due to its poor taste (Sarojnalini and
Vishwanath 1988). However, sun-dried Puntius is
used in the preparation of a fermented fish paste
‘Ngari' for human consumption (Sarojnalini and
Vishwanath 1988).

Some reports have been published in India on
the digestibility and nutritive value for fishes and
their improvement (Sawant and Magar 1961; CSIR
1962; Rao et al. 1965; Rege et al. 1986, Ammu
et al. 1986, Das et al. 1979). Though little work
has been done on the nutritive value of small-sized
fish, there are a few reports on the nutritive value
of small sized fishes of Manipur (Vishwanath and
Sarojnalini 1989; Bijen et al. 1990). In the present
paper, proximate composition and nutritive value
of sun-dried Puntius sophore are reported.

M aterials and M ethods

Sun-dried Puntius sophore (IG.S - 7.5 ¢m in
length) was purchased from the local market. The
fishes were defatted by chloroform-methanol mixture
as_per the standard methodology (Folch et al.
1957). Pepsin and trypsin were from Loba Chemie.

* Corresponding Author
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e acceptable limits.

Proximate analysis : Total nitrogen, moisture,
and lipid contents were estimated in sun-dried
sample, following the standard methods (AOAC
1975). Total ash content was estimated by ignitin
the sample at 550°C in a muffle furnace (AOA
1960). Protein values were calculated by multlplym9
the nltro?en values by 6.25 for fishes and by 5.
for wheat (Osborne and Voogt 1978).

In vitro digestibility : Defatted samples and
0.2% pelpsm solution were prepared according to
AOAC (1975). Six conical flasks were taken, and
1 g of powdered, defatted sample, and 150 ml of
pepsin solution were added to each flask. The flasks
were then incubated at 40 + 1°C for 2 h with
constant shaking in a metabolic shaker (80 rpm).
At the end of 2 h, the contents of 3 flasks were
filtered. To each of the remaining 3 flasks, 0.3 ¢
of tiypsin was added, after adjusting the pH of
the suspension to 8.2. Incubation was continued
at 45°C for a further 22 h. and then the suspensions
were centrifuged at 5000 rpm for 20 min. Digestible
P_rote_m in peP3|n digest and combined pepsin and
Vpsm digest were expressed as % total proteins
of the sample. For comparison, experiments were
carried out using standard casein under the same
conditions.

Alpha-amino nitrogen : Alpha-amino nitrogen
was estimated b{ formol titration as per Sorensen's
method (AOAC 1984). The aliquots, after 2 and 24
h of enzyme hydrolysis, were used for a-amino
nitrogen determination.

Feeding experiments : Weanling male albino
rats (21 days old), weighing 25-30 g, were selected
for in vivo digestibility studies, protein efficiency



ratio (PER), food conversion ratio (FCR) and biological
value (BV) of the sun-dried Puntius. For feeding
purposes, food prepared from sun-dried Puntius
(test diet) was used along with the control diet, and
the protein-free diet. All the diets contained 10%
protein, except for the protein-free diet. Control diet
contained vitamin-free casein (ICN pharmaceuticals,
Ohio), while lipid-free fish powder was added to the
test diet, so as to provide 10% total protein ﬁN X
6.25). The protein-free diet contained (g) cellulose
5, sucrose 20, starch 65, and refined groundnut
oil 5in a 100 g final diet. The other ingredients
include 9 g of refined groundnut oil in control and
test diets. All the diets contained 4 ¢ of a salt
mixture (AOAC 1960) and 1 g of a vitamin mixture
(AOAC 1960). Wheat flour was added to make up
the weight to 100%, wherever required (Bijen et al.
1990). The final protein content of the diet, which
also included protein from wheat flour, was 17.8%.
Urine and faecal samples were collected eveiy day
as described by Ammu et al (1986).

Protein efficiency ratio (PER) was obtained by
dividing weight gain by protein intake (ISI 1982).
Absorbed nitrogen (absorbed N) was calculated by
subtracting metabolic nitrogen (metabolic N) from
nitrogen intake (N intake) (ISI 1962). The value of
food conversion ratio (FCR) was obtained by dividing
food intake by weight gain (ISI 1982) and biological
value was the ratio of retained nitrogen (retained
N) to absorbed N (ISI 1982).

Testsfor spoilage : Non-protein nitrogen (NPN)
was determined by precipitating all Protein by
treating with TCA. Residue was taken for protein-
nitrogen estimation (Cutting 1962). The value of
protein N was subtracted from total N to obtain
non-protein N. Water-soluble nitrogen (WSN) was
determined by difference between total nitrogen and
insoluble nitrogen. Sample was homogenized 2
times with distilled water and then centrifuged.
Residue was taken for nitrogen estimation, which
gives the value of insoluble nitrogen. Total volatile
basic nitrogen (TVBN) was estimated by using TCA
extract in a Conway apparatus, following the
method of Morris (1959). Thiobarbituric acid (TBA)
number was estimated bX the method of Sinhubar
and Yu (1958). Free tatty acid was analyzed
following the method of Morris (1959). Oil was
extracted with ethyl ether and dissolved in 95%
neutral alcohol, followed by titration with 0.1 N
NaOH. The value was expressed as % of oleic acid.
Peroxide value was estimated, following the method
of Morris (1959).
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Results and Discussion

Proximate composition : Sun-dried Puntius
sophore contained (%) moisture 18.1 + 0.1, lipids
185 £ 0.01, proteins 45.0 £0.1 and ash 11.0 £
0.2, as against the levels of 14.0 £ 0.22, 0.8 £ 0.04,
10.3 £ 0.21 and 0.7 £ 0.02, respectively, in wheat
flour. It is emphasized that the lipids, proteins and
ash are many times higher in sun-dried Puntius,
as compared to those In wheat flour. About 16
times more ash in sun-dried Puntius is due to its
higher bony consistency and scaly characteristics.
Higher lipias and protein contents are of importance
from nutritional point of view, as ther constitute
a cheaper source of these nutrients for the ever
increasing population in the country.

Spoilage status ofsun-dried Puntius : Various
tests performed gave valuable insight In the spoilage
status of proteins and lipids of sun-dried Puntius.
The TVBN of sun-dried Puntius was 4.6 m?/g. The
sun-dried Puntius, therefore, cannot be classified
as spoiled fish, as any product with less than 10
mg TVBN/g is considered to be fresh, accordin
to Morris (1959). Similar is the case for TB
number. According to Sinhuber and Yu (1958), a
processed product having upto 3 TBA number is
regarded as being in good condition. In the present
case, TBA number of sun-dried Puntius is 0.507
m g/1000 g material, which is within the acceptable
limit. Taniguchi (1988) reported that the peroxide
value of lipids in fishes increased during drying,
and also depended on smoking time. The low
peroxide value of the sun-dried Puntius (4.20
millimoles/g) shows that sun-diying did not cause
much oxidation of the lipids. The levels of free fatty
acid (as oleic acid), water-soluble nitrogen and non-
protein nitrogen in sun-dried Puntius were 42.86
mglg, 3.26% and 2.60%), respectively. The data,
thus, indicate minimum spoilage of proteins and
lipids in sun-dried Puntius sophore.

In vitro and in vivo digestibilities : The
digestibility values of fish samples were 74.1 £ 0.2
and 85.7 £ 0.01, respectively, when treated with
pepsin alone for 2 h and pepsin + trypsin mixture
for 24 h. In case of casein, the corresponding values
were 88.0 + 0.7 and 98.0 £ 0.33, respectively. The
comparatively lower di%estibility of Puntius protein,
as compared to that of casein, may he due to the
use of the whole of the sun-dried Puntius body in
the digestibility experiments, which were performed
in six replicates. As has been pointed out earlier,
the sun-dried Puntius has less flesh and lots of
scales as well as bones. The in vitro digestibility
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TABLE 1. DATA ON NU
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RITIONAL CHARACTERISTICS CI)IEI

RIED PUNTIUS SOPHORE
COMPARISON WITH CASEIN.
Attribute Value
Casein Sun-dried
Puntius sophore
Alpha-amino nitrogen release, % ND 3.26
Pepsin alone for 2 h 88.00 74.13
Pepsin + trypsin for 24 h 98.03 85.74
Digestibility data
Total nitrogen in diet g 1.67 8.76
Nitrogen in excreta, ¢ 0.72 2.25
Apparent digestibility, % 90.61 74.32
True digestibility, % 92.69 82.08
Food intake, g 416.10 322.17
Nitrogen balance ND ND
Nitrogen retained, g 6.95 6.51
Nitrogen absorbed, ¢ 1.16 6.72
In vivo protein digestion, % 92.69 82.08
Food conversion ratio, g 373 3.10
Biological value, % 97.06 96.75

will be much higher, if the flesh portion of the sun-
dried Puntius is used in the experiment. There were
some differences in the liberation of alpha-amino
nitrogen during pepsin and pepsin + trypsin
digestions. The release of alpha-amino nitrogen was
greater in case of pepsin + trypsin digestion for
4 h, as compared to the digestion by pepsin alone
for 2 h (Table 1). Similar results have also heen
reported in the Eombay fish by Valanju and
Sohonie (1957).

The trends of the in vivo digestibility values
of sun-dried Puntius were similar to those of the
in vitro digestibility studies (Table 1). The lower
in vivo digestibility of the fish sample may be
attributed to inadequate contact of digestive enzymes
in the gut of rats, due to the presence of scales
and bones in the fish consumed.

Nutritional characteristics : The data presented

in Table 1 revealed lower apparent and true
digestibilities of sun-dried Puntius, as compared to
those of casein. The total nitrogen in diet was lower,
while the nitrogen excreted was higher in case of
sun-dried Puntius. Similarly, the food intake, nitrogen
retained, nitrogen absorbed were lower in case of
sun-dried Puntius, as compared to those for casein
diet (Table 1). Consequently, the food conversion
ratio and biological value were also slightly lower
in case of sun-dried Puntius. These differences are,
probably, due to the fact that the relative pr0ﬁortion
of dietary nitrogen, entering into growth and
maintenance of the rats, depends upon the amount
and nutritive quality of dietary proteins (Barnes et
al. 1946).

The comparative weight gain and protein intake
by rats fed on a casein, or on a sun-dried Puntius
diet (Table 2) showed a more or less equal weight
gain at 4-day intervals, in the case of the casein
diet, but it was of irregular nature in the case of
sun-dried Puntius. However, the total weight gain
after 28 days feeding was slightly higher in case
of sun-dried Puntius. Similar trends were also
observed in the Erotein efficiency ratios. In contrast,
the protein intake from fish-based diet was greater
than that from casein diet, and resulted in a total
P_rotem intake of 58.6 + 5.5 and 41.6 + 0.99 for
ish-hased and casein diets, respectively.

The protein efficiency ratios after 28 days of
feeding were 2.5 £ 0.5 and 2.0 £ 0.39 for casein
and fish-teased diets, respectively (Table 2). According
to Indian Standards Specifications, protein-rich
concentrated nutrient supplementary foods should
have a protein efficiency ratio of 2.0 (ISI 1962).
Thus, the sun-dried Puntius can be considered as
a food, which meets this specification.

The growth rates of rats fed on casein and fish-
based diets are represented in Fig. 1. It shows that
the growth rate of the rats fed on fish-based diets

TABLE 2. E%(P%IN INTAKE AND WEIGHT GAIN BY THE RATS DURING 28 DAYS OF EXPERIMENT AND PROTEIN EFFICIENCY

Days Casein
Weight gain Protein intake PER
14 140 + 0.64 37 037 391¢0.
5-8 133 + 12 41 + 067 3210
9-12 163 + 2.13 51 £ 009 32420
13-16 127 + 157 52 + 006 2.0 £ 0.
17-20 160 + 0.00 63 £ 035 260
21-24 180 + 091 74 £ 091 24 10,
25-28 213 + 131 88 + 104 2410,
1-28 1117 + 391 416 + 099 2510,

1 W N = O L o
S O o LW o> — O

Sun-dried Puntius sophore

Weight gain Protein intake PER
65 + 212 55 1 041 12 +047
230 + 4.24 6.8 £ 021 34 £052
110 + 7.07 77 £ 021 14 +£0.88
210 + 4.24 8.7 + 071  240%0.29
130 + 4.24 96 + 117 13 +0.28
220 + 16.97 96 + 197 22 £ 132
180 + 282 1078+ 2.04 17 +0.05
1145 £ 322 58.63+ 550 2.0 +0.39
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Fig.1 Growth rate of male albino rats fed with casein and
sun-dried. Puntius sophore diets.
O : Casein, * : Puntius sophore.

are slightly higher than that of rats on a casein
diet. This is in spite of the comparatively lower
protein efficiency ratio in case of fish-based diet,
In comparison to casein diet (Table 2). These results
show that the processed, small-sized Puntius has
a nutritive value that is higher than, or comparable
to, that of the casein,
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The changes in the chemical constituents of castor seeds, as a result of cooking for 6 h, as well as during
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Fermented foods are essential parts of diets
in all parts of the world, especially South East Asia,
the near East and parts of Africa and India (Barber
et al. 1988; Matta et al. 1991). Such foods include
dairy products, baked cereal products, alcoholic
beverages, fermented oilseeds and beans (Barber et
al. 1988; Soni and Sandhu 1990; Potty et al. 1978).
In Nigeria, oilseeds, especially African locust bean
seeds (Parkia sp), and African oil bean seed,
(Pentacletura macrophylla), are fermented to produce
‘Iru, @ soup condiment, and ugba, which is consumed
as a snack (Ogbadu and Okaghue 1988), besides
ogiri-okipL, a fermented food from Prosopis seeds
(Odibo et al. 1992). The microbiological and
toxicological aspects of fermentation of castor seeds
(Ricinus communis) for ogiri production have heen
studied (Odunfa 1985a; Barber et al. 1988).

Castor seeds contain approximately 50% oil,
18% proteins (Anosike and Egwuatu 1981). The oil
from the castor bean is a glyceride, with a unique
composition in comparison with the other common
ve%etable oils, as its fatty acids consist of about
90% ricinoleic acids (Hargreaves and Owen 1947),
Some studies have also been done on the processed
protein fractions, but these were found to be toxic
even to rats (Saroj Dua et al. 1987). The toxicity
of ricin is eliminated, when a water solution of the
ricin is boiled (Spies et al. 1962). Given enough
time, the toxicity diminishes with an increase in
the extent of denaturation (Levy and Bengalia
1950). Although castor meal is classified as an
inedible oilseed meal, because of its toxic
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constituents (Levy and Bengalia 1950), the seed
product, ogiri, IS used as seasoning agent in soups
after being detoxified by boiling and fermentation
(Odunfa 1985a).

In the present study, results on the biochemical
changes in the food constituents and enzyme
activities of castor seeds, during fermentation are
reported.

Materials and Methods

Castor seeds (1kg) were dehulled by lightly
breaking the shells with a’stone to expose the
cotyledons. Unhealthy cotyledons were discarded,
while selected good grades were washed in water.
The cleaned seeds were boiled in water for 6 h,
after which the seeds were wrapped in plantain
leaves in small packs of 50 g each. The packs of
boiled seeds were placed in calabashes (dried
gourds), lined and covered with plantain leaves and
left to ferment for 4 days at room temperature
(19+ 1°C). This step is termed primary fermentation.

At the end of primaiy fermentation, the
fermented seeds were unwrapped and mashed into
a paste, using a wooden pestle and mortar. Ash
from palm frond (0.1% of weight of castor seed
paste) was added, the mixture re-wrapped in fresh
washed plantain leaves, and fermented further at
room temperature for 3 days. This fermentation
phase is referred to as secondary fermentation.
Samples were removed at 24 h intervals during the
primaiy and secondary fermentations and kept
frozen until analysis.

Analyses Ground cooked, uncooked,



unfermented, primary fermented castor seeds, and
secondary fermented pastes were analyzed. Ground
sample 35 g), was weighed into a 100 ml conical
flask and 50 ml ethanol-water mixture (50:50, v/v)
was added (Odunfa 1985h). The suspension was
then washed with 5 ml petroleum ether to extract
the oil, centrifuged at 5000 rpm, and the clear
supernatant used for analysis. Fat, crude proteins,
moisture, pH, free fatty acids, total titrable acidity,
total solids, organic matter, crude fibre, elemental
composition, total ash, carbohydrates, iodine
number, peroxide value, saponification value, acid
value, and organic acid content of all the samples
were determined by AOAC (1980) methods. Duplicate
determinations were made for each sample.

The test for ricin toxicity, as outlined by Rhee
(1987), was adopted for the determination of ricin
content in the samples. Red blood corpuscles were
prepared and fixed according to the method of Bing
et al (1967). The washed, packed, red blood cells
were chilled to 4°C in an ice bath. Glutaraldehyde
(15%) was diluted to 1% (w/v) with a solution
containing 1volumes of 0.15 M sodium phosphate
(pH 8.2), 9 volumes of 0.15 M sodium chloride,
and 5 volumes of distilled water. The glutaraldehrde
salt solution was chilled to 4°C and used to dilute
the packed red blood cells to 1 - 2% (v/v). The
mixture of cells and glutaraldehyde was Incubated
at 4°C for 3 min. with occasional gentle mixing.
The fixed cells were collected by centrifugation at
3000 rpm at room temperature and washed five
times with distilled water. The cells were suspended
to a final concentration of 30% in distilled water.
Methiolate was added to a final concentration of
1: 10,000 (wlv) and cells stored at 4°C. Agglutination
test was carried out on the samples and the rate
of98ag);glutination of blood cells was noted (Rhee
1987).

The total free sugars were determined by the
dinitrosalicylic reagent method (Summer and Howell
1935). The optical density was measured with Pye
Unicam SP6 250 spectrophotometer at 600 nm. The
total sugar concentration was determined from a
standard maltose curve. For alpha-amylase assay,
the enzyme was extracted from the samples by
%rmdmg a 3 g sample in 20 ml of 0.1% acetate
uffer, containing 0.2% calcium chloride (Hargreaves
and Owen 1947). The suspension was centrifuged
at 5000 rpm for 5 min (Odunfa 1985b). Alpha-
amylase assay procedure described by Bemfield
(1955) was used. The optical density of the resultant
solution was measured at 540 nm using an SP6
200 spectrophotometer. The blank was similarly
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treated, except that dinitrosalicylic acid was added
before adding the starch solution. The amount of
reducing sugars formed was calculated from a
standard curve prepared with known concentrations
of maltose.

For protease assay, the extractin% buffer used
was 0.1 M tris-hydrochloric acid buffer (pH 7.0)
containing 5 mM calcium chloride. The assay
method was that of Yong and Wood (1977). The
optical density of the filtrate was measured at 275
nm. Enzyme activity was expressed in terms of an
arbitrary unit called an Xs unit and defined as an
enzyme, in the form of 0.15% solution, which
produced a filtrate with an optical density of 0.500,
and when measured in a 10 mm path length cell,

TABLE 1. SRE'I\F/”CAL CHANGES OF UNCOOKED AND COOKED

OR SEEDS*

Parameter Uncooked Cooked

seeds seeds**
Moisture, % wet weight 542 42.40
PH 5.68 6.30
Total acidity {as acetic acid), % 0.48 0.48
Free fatty acids (as oleic acid), %  1.08 0.56
Crude fibre, % 17.55 15.02
Crude proteins, % 23.10 23.45
Ash, % 341 3.02
Fat, % 61.87 65.61
Carbohydrates, % 11.62 7.92
Organic matter, % 96.59 96.98
Total solids, % 94,58 57.60
lodine number 146.26 232.58
Peroxide value 2.15 111
Saponification number 1.01 336.06
Calorific value, Kcallg 6.85 1.12
Acid value 2.15 111
Alpha-amylase activity, unit/g 6.23 2.51

Protease activity, unit/g 225.08 122.70

Lipase activity (as oleic acid),
mM/g

ND 0.16
Ricin, titre 1000.00 22.00
Total sugars, mglg 52.50 51.88
Magnesium, pg/100 g 3.29 540
Calcium, pg/100 g 171 9.54
Zinc, pg/100 g 1.62 2.67
Lead, pg/100 g ND 1.08
Copper, pg/100 ¢ 10.83 10.80
Iron, pg/100 ¢ 11.87 19.16
Potassium, mg/100 ¢ 0.57 0.65
Sodium, mg/100 g 0.09 0.12
Phosphorus, mg/100 ¢ 5.55 4.56
Oxalic acid - -
Lactic acid tr

* Mean of du Iicdate samples. ** Castor seeds were cooked
6 h. ND : Not detected, - : absent, tr: trace.
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TABLE.2. EFFECT OF FERMENTATION TIME ON THE CHEMICAL COMPOSITION OF CASTOR SEED AND PASTE DURING PRIMARY

AND SECONDARY FERMENTATIONS*

Primary fermentation e« time, days

1 2

Crude fibre, % 21.07 23.32
Crude proteins, % 2117 20.21
Moisture, % 38.64 36.22
Ash, % 3.39 317
Carbohydrates, % 18.98 17.84
Fat, % 56.46 58.63
Organic matter, % 96.61 96.68
Total solids, % 61.36 63.78
lodine number 208.10 189.10
Saponification number 294.10 350.60
Acid value 1.35 151
Magnesium, jag/100 g 5.10 4.58
Calcium, jig/100 g 2.23 143
Zinc Jig/ 100 ¢ 2.50 241
Lead, Jig/100 g 6.24 4.03
Copper, jig/100 g 11.37 1.56
Iron |ig/100 ¢ 17.92 17.62
Potassium, mg/100 ¢ 0.54 0.49
Sodium, mg/100 g 0.09 0.08
Total acidity (as acetic acid), % 0.60 0.66
pH 6.40 7.10
Free fatty acids (as oleic acid), %  0.68 0.76
Ricin, titre 22.00 22.00
Calorific value, Kcallg 6.53 7.00
Phosphorus, mglg 471 3.99
Lactic acid tr tr

Oxalic acid +

+
* Mean of two determinations. * PrimaFX fermentaéion IS a
{erm?ntatlon IS a period, when the fermented seeds were g
r . trace.

had a strength of 36 x 5 units/g (Odunfa 1985b).
For lipase assay, the extracting buffer was 0.1 M
sodium acetate-acetic acid mixture (pH 5.5). The
extract (5 ml) was added to a reaction mixture
containing olive oil (1 ml), sodium taurocholate
(0.4 g), calcium chloride (I ml) and 0.1 M solution
of acetate buffer (6 ml). The mixture was incubated
at 35°C for 1 h. The reaction was terminated by
adding 40 ml absolute alcohol. The mixture was
then titrated with 0.02 M potassium hydroxide
using phenolphthalein as an indicator. The blank
was a mixture of the assay medium and 5 ml
distilled water. The difference between the titres of
the blank and that of the reaction mixture gave
the amount of alkali required to neutralize the
liberated fatty acids, and is expressed as oleic acid.
The unit of the enzgme Is that amount of enzyme
which liberates 1.0 mg of oleic acid per min
(Odunfa 1985b).

Secondary fermentation ** time, days

3 4 5 6 1
23.05 23.50 30.25 30.36 24.59
20.04 20.91 19.08 17.85 17.15
41.48 41.34 42.80 44.10 43.60

3.52 3.68 4.02 411 4.30
16.77 14.87 18.28 19.10 20.98
59.67 60.54 58.62 58.94 51.57
96.48 96.32 95.98 95.89 95.70
58.52 58.66 57.20 55.90 50.40
154,50 125.00 151.66 162.15 179.58
308.60 245.40 105.19 100.05 98.18

1.67 1.83 5.09 1.80 9.07

5.35 530 545 5.56 5.52

1.78 1.97 12.87 13.17 13.10

2.63 2.62 2.69 2.75 2.72

3.50 3.39 1.69 8.28 1.2

8.36 5.88 1151 11.93 8.27
18.87 18.86 19.60 20.12 19.83
0.55 0.55 0.68 0.72 0.79
0.09 0.09 0.15 0.14 0.14
0.66 0.54 0.72 1.54 0.72

140 1.65 7.90 8.20 140
0.84 0.92 2.56 3.92 4.56
22.00 11.00 11.00 11.00 -

117 7.95 147 1.04 1.25

4.18 4.16 544 4.56 4.9

+ + + + +

+ + + + +

eriod, when the boiled castor seeds were fermented. «* Secondar
ound to a paste and fermented further. -

. Absent, + : Present,

Results and Discussion

The chemical composition of uncooked and
cooked castor seeds is shown in Table 1. The total
acidity, crude proteins, ash and organic matter
content of cooked and uncooked castor seeds were
almost the same. Cooking decreased the free fatty
acid content of castor seeds by about 50%. The
alpha-amylase and protease activities decreased in
the cooked samples, probably as a result of heat
denaturation. The ricin content decreased from a
titre of 1000 in the uncooked sample to a titre of
22, after cooking for 6 h. This result is in contrast
to the reports of Spies et al (1962) and Jenkins
(1962), which indicated that ricin and other allergenic
proteins were destroyed by heating at 100°C for
1 h at pH 6.2.

The effect of fermentation on the composition
of castor seeds and paste is shown in Table 2.



Crude protein level decreased as fermentation time
increased. A possible reason for protein loss could
be the high amount of ammonia given off during
the fermentation (Hargreaves and Owen 1947). It
could also be due to the hydrolysis of the protein
by proteases produced by the fermenting
microorganisms (Anosike and Egwuatu 1981;
Oyenuga 1968). Even though ol ?up to 50%) is
the major component of castor seeds (Table 1),
lipase activity In ogiri fermentation was minimal
(Fig. 1). This was also observed in melon fermentation
(Hargreaves and Owen 1947). The low lipase activity
Is desirable, since fatty acids produced might cause
development of rancidity and consequent
objectionable odour and taste. The presence of
organic acids in the end product (ogiri) 1s desirable,
since imparting of good flavours durin? fermentation
has been attributed to the presence of these organic
acids (Akinrele 1964; Banigo and Muller 1972). The
increase in the level of calcium during fermentation
might be due to the ash added at the end of
primary fermentation. The reducing sugar levels
showed a remarkable fluctuation with fermentation
time (Fig. 1). The initial decrease in the sugar level
might be due to the initial population of bacteria,
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which preferentially utilized the reducin% sugars in
the castor seed (Odunfa 1983). After exhaustion of
the sugars, the initial population was probably
succeeded by amylolytic microorganisms, which
hydrolyzed starch in the castor seed, thereby
increasing the sugar level. Alpha-amylase and
Protease ‘activities increased with increase in
ermentation time (Fig. 1), as a result of the
probable presence of amylolytic and proteolytic
microorganisms in the fermenting castor seeds and
paste. Ricin titre was constant during the first 3
dars of ﬁrimary fermentation, but it decreased to
half of the value, as fermentation progressed and
disappeared completely on the final day of
fermentation.

The increase in the level of the mineral
elements of ogiri is nutritionally important,
considering the level of these minerals Iin other
traditional African foods (Oke and Umoh 1975).
However, the actual amount of the mineral elements
available to the consumer might be limited, because
of the presence of oxalic acid in the fermenting
castor seed, and the consequent formation of
complexes with some of these mineral elements
(Table 2). The pH of the fermenting castor seed
became alkaline, probably due to the amines and
ammonia (Table 1), normallylproduced during the
hydrolysis of proteins (Odunfa 1981).

From the foregoing discussion, it can be
concluded that castor seed fermentation resulted
in the production of ogiri with high nutritional
quality. It is important that fermentation should
bring about a total elimination of ricin toxicity in
the ogiri product.
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Some of the proteins from soybean are involved
in digestive intolerance éBarratt et al. 1978). Some
studies have also been done on the electrophoretic
and solubility characteristics of proteins from
soybean varieties (GuFta et al. 1982). Furthermore,
two major globulins, glycinin and p-conglycinin, have
been shown to be antigenic in some animal species
(Barratt et al. 1978; Sissons et al. 1982).
a-conglycinin, also called Kunitz trypsin inhibitor
(Catsimpoolas and Ekenstam 1969; Koshiyama et
al. 1981a), could enhance T lymphocyte proliferation
Rlchard et al. 1989). These proteins differ in their

)ésn:o -chemical properties. Glycinin is a polymeric
globulin of 350-380 kDa with an isoelectric point
pi) of 6.4. Itis formed by the association of 6 acidic
20-22 kDa) and 6 basic (35-40 kDa) polypeptides
(Badley et al. 1975). Precipitating at a pi of 4.8,
p-conglycinin has a polymeric structure. It contains
two sub-units called a (72 kDa) and P (52 kDa)
(Medeiros 1985). a-conglycinin is a monomeric
protein of 20.1 kDa with a pi of 4.5 (Catsimpoolas
and Ekenstam 1969; Koshiyama et al. 1981b).

Based on these physico-chemical differences,
various processes for isolating proteins from soybean
flour have been developed, and effect of urea on
these proteins has also been documented (Wolf
et al. 1962; Thanh and Shibasaki 1976; Winters
et al. 1990; Sood et al. 1991). Small quantltles of
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highly purified material were obtained by efficient
techniques like electrophoresis, sedimentation
gradlent and HPLC (Wolf et al. 1992). Studying
lological and immunological properties of soybean
protein in vitro and in vitro requires large amounts
of highly purified protein material. These have heen
generally produced, based on pi and ionic strength
properties of glycinin (Thanh and Shibasaki 1976),
P-conglycinin (Thanh and Shibasaki 1978; Winters
elt98a1|b)1990) and a-conglycinin (Koshiyama et al.

A quantitative process, usm? jon exchange
chromatography (Gueguen et al. 1984), has been
developed for the major proteins of pea viz,
legumin and vicilin, which are considered
homologous to soybean glycinin and conglycinin,
respectively (Gueguen 1983). This method was
adapted to produce immunologically pure glycinin,
P-conglycinin and a-conglycinin at g levels. Since
lon-exchange chromatography was unsatisfactoiy
(D Dreau, unpublished observations; J Gueguen,
personal communlcatlon) a simple and quantitative
process, which associated ionic and ammonium
sulphate precipitation as well as a gel filtration
step, was used to prepare soybean proteins in the
present study. Purity was assessed by SDS-PAGE
electrophoresis, followed by scanning densitometry,
or immunoblotting.

Materials and Methods

Pre-purification :An extract of defatted soy flour
(Protein Technologies International, St. Louis, MO,
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USA% was prepared in citrate-phosphate buller
#0.1 M, pH 7.2). First, the three soyhean protein
ractions were obtained by successive precipitations
at their pi values of 6.4, 4.8. and 4.5, respectively
(Nielsen  1985). Pelleted p-conglycinin and a-
confglycmin were resuspended in citrate-phosphate
buffer and stored at 4°C. Glycinin (pi 6.4), which
precipitates at low temperature, was stored at 12°C.
Glycinin and p-conglycinin fractions were further
purified, using ammonium sulphate between 55-
65 and 85-95% saturation, respectively (Gueguen
1983). Pellets were resolubilised in citrate-phosphate
buffer, and then desalted on a DSK150 unit
FPharmaua, Uppsala, Sweden). After freeze-drying,
ractions were resuspended in citrate-phosphate
buffer before the gel filtration step.

Gel filtralion : These proteins were further
purified by gel filtration on ACA 34 Ultrogel
(100x10 cm, 101, Pharmacia). A solution of the
proteins (300 ml, 600 mg) was loaded onto the
column and the elution was performed at a flow
rate of 300 ml/h. Protein elution was monitored
by UV absorbance at 280 nm. Fractions of 150 ml
were collected and those corresponding to purified
proteins were pooled, desalted on trisacryl GF 05
(40x10 cm, Pharmacia) and then freeze-dried.

Sodium dodecylsulphate polyacrylamide gel
electrophoresis (SDS-PAGE) : Protein fractions were
analyzed using SDS-PAGE (4% stack, 12% slahs)
under reducing conditions (Dithiotreitol 0.1 M
Sigma, St Louis, MO, USA) in a mini-Protean Il
cell (Bio-Rad Laboratories, Richmond, CA, USA).
Five pg protein of each fraction was applied on the
gel, and electrophoresis was carried out in a tris-
glycin buffer (0.1 M, pH 8 Laemmli 1970). After
migration, protein fractions were stained by a
mixture of acetic acid, methanol, water (1:3:6)
solution, containing 60 pg/ml brillant blue G 250
(Serva, Heidelberg, Germany). The gels were
destained for 2 h in a solution of acetic acid (5%).
Protein bands were also stained using silver as
described elsewhere (Rabilloud 1992).

Densilometric analysis : Densitometric analysis
was conducted on the Bio-image system (Millipore
Corporation, Bedford, MA, USA%, following
manufacturer's recommendations. The molecular
weight (MW) of each band was estimated by
comparison with standard proteins (Sigma) and
quantitated by measuring its oFticaI density. Fraction
purity was determined by evaluating the proportion
of contaminants in the mixture.

Immunohlotting .'Antiseraagainst purified proteins

were raised in rabbit, following the immunization
protocol of Kilshaw and Sissons (1979). SDS-PAGE
electrophoresis ofthe purified materials was achieved
as described above. After migration, gels were
equilibrated and blotted onto a nitrocellulose
membrane (N+Hybond; Amersham International,
Buckinghamshire, England) (Towbin et al. 1979),
using semi-dry technique (Pharmacia). Then,
membranes were saturated with milk (5% w/v) in
Tris-HCI 10 mM, NaCl 150 mM, pH 8 and incubated
with a mixture of specific rabbit antibodies, prepared
against whole soybean protein extracts as well as
purified fractions of glycinin, a-conglycinin and p-
con%lycinin, repared at analytical level (Tukur et al.
1993). Indeed, detection ofsome[i))urified proteins like
a-conglycinin was impossible by using polyclonal
antisera raised against unpurified soybean extracts.
This may indicate its low immuno?enicity, when
injected as a protein mixture. Specific bands were
detected by including the membranes in a solution of
anti-rabbit immunoglobulin peroxidase conjugate
(Sigma) in tris-milk buffer. Revelation was done using
diaminobenzidine (Sigma) as peroxidase substrate.

Results and Discussion

Though successfully used for pea globulins
separation (Gueguen et al. 1984), ion-exchange
chromatography was unsatisfactorg for soybean
protein purification (D Dreau, unpublished data; J
Gueguen, personal communication). Indeed, no
clear peak was obtained on chromatograPhic profiles,
when tested at various conditions of pH, using
anionic Q-sepharose (pH range 6-8) or cationic S-
sepharose (pH range 2-4) columns (data not shown).
Aggregates of glycinin and p-conglycinin as well as
uncontrolled adsorption of p-conglycinin sugar
residues on the column beads may constitute the
major reasons for non-seﬁaration of the soybean
proteins in ion exchange chromatography (Gueguen
1983). Techniques like chromatography, based on
lectin affinity or reverse phase HPLC ﬁWoIf et al.
1992), seem to be able to produce only partially
purified glycinin or p-conglycinin. The ammonium
sulﬁhate precipitation preceded by a precipitation
with Mg2Z*has been used for isolation of partially
Purif_ied 11S and 7S fractions, and of pure 2S
raction of soybean (Rao and Rao 1977). Moreover,
ammonium sulphate Precipitation, associated with
a gel filtration step, allowed the separation of pure
P-conglycinin (Winters et al. 1990).

Protein purification : As shown by gel filtration
chromatograms (Figs, la, b, c), neither isoelectric
pH nor ionic strength precipitations were able to
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Fig.1 Gl filtration and eIectrophorenc patterns of glycinin (Ia
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100x 10_cm) eluted with citrate- ?hOSB ate bwTer

7.2) at the flow rate of 300 ml/h. Protein
absorbance’ was monitored at 280 _nm (la, . Ib, Ic).
Fractlons of 150 mI were coIIected Peak fractions were
Eooe anagze under red ucmg conditions . on
ooma35|e blue stained SDS-PAGE géls (Id, le, If).

provide purified glycinin, p-conglycinin or
a-conglycinin, since the main peak was always
surrounded by several minor peaks. Data on the
SDS-PAGE patterns, obtained for each fraction
§F|gs Id. ¢, f). indicated that the exclusion volume
A) contained mainly glycinin (Fig. 1d), p-conglycinin
(Fig. le) and a-conglycinin (Fig. If). Peak D (Figs.
Id, e 0 resulted from the strong absorbance of
residual ammonium salts at 280 nm, and contained
no protein of molecular weight higher than 10 kDa.

In Fig. la, the glycinin fraction, which was the
shoulder of the excluded peak (peak B), was
contaminated by p-conglycinin (FI? ld). The ?I
filtration profile of the p-conglycinin fraction (Fig. Ib)
illustrated the heterogeneity of p-conglycinin
monomer association. This fraction seemed to
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g ean extract” (lane A), ?yflnm ane
|g¥0| in rganeC ) and a-conglycinin®(lane D) fractioris
un er reducing conditions,

contain two different proteins. However, similar
subunits (a: 72 kDa, a: 69 kDa, P: 52 kDa) were
detected in both parts of this peak (Peaks B-C,
Fig.le). The a-conglycinin peak (C, Fig. lc) was
eluted just before ammonium salts and buffer. This
peak contained only one constituent of 20.1 kDa
(Fig. If), corresponding to a-conglycinin monomer
(Koshiyama et al. 1981a,h).

Purity ofglycinin, p-conglycinin and a-conglycinin
fractions : Purity of these three ,oroteins IS usuallr
checked by electrophoretical analysis (Winters et a
1990; Arrese et al., 1991) and immunological
techniques (Moreira et al. 1981, lwabuchi and
Yamauchi 1987). These techniques have become
more accurate and sensitive over the last twenty
years (Stott 1989; Rabilloud 1992), so as to enable
the notion of protem purity to evolve. Here the
purity of glycinin, p-conglycinin and a-conglycinin
was further analyzed by silver staining of gels
(Fig. 2). The P- and a-conglycinin fractions (lanes
C,D) appeared free of glycinin contaminants. In the
glycinin fraction (lane B), the main contaminant
had a molecular weight corresponding to the p
subunit of p-conglycinin (52 kDa). Other minor
bands were present in glycinin and a-conglycinin
fractions in which at least two bands were detected
(MW<15kDa). a densitometric analysis was
performed on this SDS-PAGE gel to estimate

Fig.2. Sllver sta|H % of the geI after jDS fAGE of defatted
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TABLE 1 ESTIMATED CONTRIBUTION % OF CONTAMINANTS
N PURIEIED FRACTIONS GLYCININ, P-CONGLYCININ
AND a-CONGLYCININ

Contaminant

Glycinin - (3-Conglycinn  a-Conglycinin
Glycinin - 0 0
P-conglyclnin 4 - 0
a-conglyclnin 2 0 -
Other bands 3 0 4
Estimated purity, % 91 100 96

After SDS-PAGE under reducrng conditions, J)rotem bands were
reve]aled Fsrn? silver stamlng Percentage of contaminants In
each purified fraction was detérmined using optical densitometry

contaminating bands (Table 1.). Taking into account
the stained bands corresponding to the MW of the
sub-units of glycinin, p-conglycinin or a-conglycinin,
the purity of these fractions was evaluated to be
91, 100 and 96%, respectively (Table 1).

Basic poIerptldes of glycinin were not
recognized by tne antibody prepared against whole
and purified soybean proteins in the purified
fraction by immunoblot, thereby suggesting epitope
modifications during the process used (lane 2,

Fig. 3). Otherwise, results obtained by
(kDa)
66
45
36
29
st “« 24
- « 20.1
142
A B C D
o3 Weg%eer soy%t? f?ou eex?rfge& aDn% PﬁGFgcml te{ﬁg
Pcongycmrn ane C andacon crnrnj ne D) actrons

Fn er ducrng condrtlons epa ate

mmunogletecte usrnﬁamlxtureo polyclonal antibadies
repared against whole soybean extracts, glycinin,
conglyclnln and a-conglycinin.

JJI’O'[eInS WEre

immunoblotting confirmed SDS-PAGE analysis
(Fig. 3). This indicates that the process, and
especially precipitation steps, may modify some
antigenic sites, as previously shown (Gueguen
1983). However p-conglycinin, a-conglycinin and
acidic glycinin sub-units were recognized by
antibodies produced a%arnst the respective native
protein, suggesting that their immunoreactive
epitopes were not influenced by the purification
procedure. No cross reaction of the p-conglycinin
fraction was found here by immunoblotting, in
agreement with Winters et al (1990).

Production of pure glycinin, p-conglycinin and
a-conglycinin : A high yield of immunologically pure
P-conglycinin was achieved by the process described
here, whilst the other soybean fractions ‘glycinin
and a-conglycinin) were contaminated at least by
the 52 kDa sub-unit of P-conglycinin. This
constitutes the main difficulty to be overcome,
before one can arrive at a fully-automated se{)aratron
Brocedure Nevertheless, the #)rocess was found to

e the most efficient for purification of glycinin. P-

conglycinin and a-conglycinin from cultivars, or
soyhean mixtures, in large- amounts, as aIready
mentioned (Thanh and Shibasaki 1976 Winters et
al. 1990? These amounts were low, compared to
the purification of pea globulins, partly because of
protein aggregation. This latter phenomenon is a
complex one, and depends on ionic strength, pH,
prote)in concentration and temperature (Gueguen
1983

Now-a-days, electrophoretic processes (Righetti
et al. 1989), used for ﬁurlfyrng animal proteins
including human growth hormone (Ettori et al.
1992), do not seem to be useful for plant protein
separation, partly because of their higher molecular
weight, and because of the complex interactions
among them. We are now intending to improve the
purity of glycinin and a- conr}rlycmrn by removing
P-conglycinin, using a ConA affinity chromatography
(Kitamura et al. 1974) or specific antibodies.

Conclusion

Using the process described here, it was
possible to prepare about 2 ¢ of urrfred g cinin
(91%) and 1 g each of Pconglycmrn (100/03/ and
a-conglycinin (9 %6% from 1 kg of defatted soybean
flour. Only p- congDycrnrn seemed to be highly pure,
as assessed by SDS-PAGE and immunoblotting. It
is felt that the precipitation method, associated
with affinity chromatography, will prowde a rapid
and convenient way to isolate soybean protein



quantitatively, without significant contamination,
and will lead to significant advances in the study
of the biological properties of these three soybean
proteins, especially in the gastrointestinal tract.
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Suji, or semolina, is a wheat product which
Is widely consumed in a variety of preparations
such as savouiy, uppuma, sweet dishes, etc. Suji
IS highIK prone to infestation. The infested samples
may snow defects such as cake formation,
development of musty flavour, discoloration and
infestation (Peleg and Bagley 1983; Kent-Jones and
Amos 1967). These ultimately affect the organoleptic
and baking qualities of suji (Arya et al. 1971).
Factors such as the type of insect infestation,
mould attack, absorption of moisture, heat and
dynamic stress need to be taken care of, while
making selection of packaging material (Newatia
1986). Storage studies on suji using high density
polyethylene (HDPE) as packrné] material have heen
reported by Kumar and Anandaswamy (1977), but
no work has been done on comparative surtabrlrty
of various packaging materials for packaging and
storing of suji, and the changes in chemical
characteristics on storage, under simulated field
conditions, although some studies have been
reported on the packaging and storage of atta

(Premavalli, et al. 1972; Kameswara Rao and
Malathi 1969). Hence, the present study was
undertaken.

Fresh and clean samples of suji were obtained
from a local flour mill. Preformed packages made
of 100p low-density polyethylene (LDPE), 100p
high-density polyethylene ﬁHDPER, 100 p high-
molecular, high-density polyethylene (HMHDPE),
100 p polypropylene (PP), cotton cloth, and jute
cloth were obtained from the local market in the
form of pouches/bags of 12x16 ems to
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accommodate 400 g sample. Jute and cotton bags
were thread-stitched, while other packages were
heat-sealed, after filling. Immediately after filling,
18 replicates of packages were stored at 38+1°C
and 90+2% RH in a controlled humidity cabinet
for 2 months. Initially, and after eveiy week, the
samples were analyzed for moisture, total ash, acid
insoluble ash, gluten and alcoholic acrdrty (ISI
1968). The samples were also microscopically
examined, (Harrigan and McCance 1976) at regular
intervals, for mould growth and insect infestation
(ISI 1971a) The stored suji samples, as such in
raw form, were evaluated for organoleptrc
acceptabrlrty (ISI 1971b) at an interval of 7 days
by a panel of judges and the data obtained were
subjected to statistical analysis (ISI 1971c).

The fresh samples, at the time of packaging,
showed (%) moisture 12, total ash 0.5, acid
insoluble ash 0.029, gluten 8.13 and alcoholic
acrdrtK 0.069. The samples were free from mould
growth and insect infestation. The changes in total
ash and acid insoluble ash on storage of suji (data
not shown), were not (P>0.9) significant in all the
packaging materials.

The increase in moisture content of suji, in jute
and cloth packages was comparatively higher (Fig. 1)
and could be attributed to their poor barrier
property. Injute and cotton packages, the moisture
content of suji was 13.6 and 13.7%, respectively
on 22nd day, and crossed the limit of 13.5% set
under the standards (Agmark 1987). The main
drawback of the jute and cotton bags is the easy
access to moisture at periphery, thereby leading to
excessive accumulation of moisture in suji near the
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peripheral portion. In other packages, this moisture
limit was crossed after 38 days, except in case of
LDPE packages. The variation in moisture of suji
stored in LDPE, HDPE, HMHDPE, and PP packages,
on any particular day (Fig.1), is attributed to
variations in the moisture vapour permeability rates
of the packing materials (Kumar and
Balasubrahmanyam 1988), as the gauges of all of
these packing materials were the same. Among the
plastic packing materials, the rate of moisture
absorption by suji was minimum in PP bags and
maximum in LDPE bags.

The gluten content of suji, did not change to
a significant extent (P>0.05) in all types ofﬁ)ackages,
when the moisture content of suji was less than
13% (Fig.2) After 15 days, the rate of reduction in
gluten on storage was greater in suji samples stored
In cloth and jute bags, whereas the rate of
reduction increased after 30 days of storage in case
of LDPE, HDPE and HMHDPE packages. The
decrease in gluten content of suji was minimum
in PP ba%s, which can be correlated to minimum
ingress of moisture through PP bags, as compared
to other packaging materials. The reduction in
gluten of suji has been attributed to excessive
absorption of moisture and insect infestation

49

(Arya et al. 1971). On the 30th and 60th days,
the gluten contents of suji were 7.97 and 7.69%,
respectively, when stored in LDPE bags, but these
were 8.05 and 7.86%, respectively in case of PP
bags (Fig.2). This is because of poor barrier
Properties of LDPE, as compared to those of PP
or ingress of moisture.

In general, the alcoholic acidity of suji increased
with time, the rate of increase being higher in jute/
cloth packages, followed by LDPE packages (Fig. 3).
There was no significant variation (P>0.2) among
HDPE, HMHDPE and PP packages, with respect to
increase in alcoholic acidity of suji samples. On
storage, the rate of increase in alcoholic acidity of
suji was higher, after the moisture content of suji
reached 13%, which corresponded to 30 and 15
days of storage of suji in plastic and cloth/jute
packages, respectiveIY (Fig.3). Thus, alcoholic acidity
of suji could be correlated with its moisture content.
In case of higher ingress of moisture by suji, the
increase in its alcoholic acidity will also be higher
upon storage (Leelavathi et al. 1984). This is
evidenced by comparatively low alcoholic acidity in
suji stored in PP, which has the lowest water
vapour permeability rate amongst all packaging
materials used in this study.
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The mlcrosco ic observations of suji revealed
mould growth, after storage of about 15 days in
cloth and jute packages. In LDPE, HDPE, HMHDPE
and PP packages, the mould growth was observed
in the suji samPIes stored for 45 days. Early onset
of mould growth in suji stored in cloth and jute
packages |s attributed to excessive ingress of
moisture in suji and poor protection afforded by
the packaging materials against mould attack. The
onset of insect infestation n suji was observed after

45 days of storage in cloth and jute bags. In case
of plastic packages, there was no sign_of insect
infestation even after 60 days of storage. The colour
of suji in LDPE, HDPE, HMHDPE and PP packages
remalned unchanged durlng the entire period of
storage. However, there was a slight change from
its normal colour at the }Jerlphely, after storage
Perlod of 30 days in cloth/jute packar{res Data on
he organoleptic qualities showed that the quality
of suji remained unchanﬁed for 40 days in plastic
packages. In contrast, the quality of suji in cloth
and jute packages started deteriorating after 20
days of storage, as determined by the changes in
taste and development of musty flavour.

It is concluded that the su/istored in Jute bags
offers the least resistance to sporlagie and the jute
bags provide about 15 days of shelf-life. In contrast,
plastic packages, of the aforesaid specifications,
usually, give a shelf-life of about one month to
stored suji. Among the plastic packages, LDPE gave
the least protection and PP gave the maximum
protection, against the spoilage of suji
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The mycotoxins are a group of toxins that
possess multiple biological properties (Krishna et
al. 1992). Domestic and farm animals are generally
exposed to the risk of mycotoxins through
consumption of mouldy, or mycotoxin-contaminated,
feed (Krishna et al. 1992). Several workers have
studied the effects of aflatoxins on growth and
reproduction in laboratory animais. After feeding of
aflatoxin, progressive degeneration of germinal cells
in rat (Jayaraj et al. 1968), intra-uterine resorption
in pregnant rats (Panda et al. 1970, 1975) and
cannibalistic behaviour in mother albino rats
(Shankaramurti et al. 1972) have been reported.
Sterigmatocystin has also heen found to possess
toxic properties (Shreemannarayan et al. 1989).
Recently, anti-implantational/abortifacient effects
of some mycotoxins in albino rats have also heen
reported (Chaudhaiy et al. 1992). The present
communication reports the effects of oral
administration of aflatoxin B,, sterigmatocystin and
kojic acid on reproductive organs and fertility of
male albino rats.

Mycotoxins (aflatoxin, sterigmatocystin and kojic
acid) were procured from Sigma Chemical Company,
St. Louis, U.S.A Male ('S ra% e Dawley' strain) rats
(150-200 g body welghtg) proven fertility were
orally administered with a suspension of mycotoxin
in_propylene choI at a dose of 10pg/rat/day
(aflatoxin B, and sterigmatocystin) and 50 pg/rat/
day (kojic aC|d for 21 days, individually in each
group. A separate group of rats, taken as control,
received the solution o propylene glycol alone for
the same period. Fertility performance of the
individual rat was studied from day 16 to day 21
of treatment. Each male was caged separately with
two coeval females of proven fertility. Presence of
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matocystin and kojlc acid at 10, 10, and 50 fig dose
g albmg rats was stuldled Ngne o?these toxins m{egrfer.eﬂ
served emales, mated the. males treated wit
among the litters and cannibdlism in mothers, 2-3 days

sperms in the vaginal smear indicated that the
females had mated to the particular male and day
of mating was taken to be day 1 of pregnancy.
Laparotomy was done on day 8 ofJ)regnancy, to
examine and record corpora lutea and implantation
sites. Litter was examined and litter size recorded
at term. Teratogenic effects, or death of young ones,
if any, and the behaviour of mothers were also

recorded.

Male rats were sacrificed on day 22 and tissues
were collected and weighed on a torsion balance.
Serial sections of testis were prepared for microscopic
examination. Fructose content in coagulating gland
(CG) and acid phosphatase activity in ventral
prostate (VP) were estimated by the method adopted
by Mann (1964) and Sigma (1963), respectively.
Spermatozoa collected from caput, corpus and
cauda epididymis, and vas were examined under
a microscope, and their number, morphology and
mortality were recorded (Singh et al. 1969). The
data were analyzed statistically using Student's
t-test (Raghavarao 1983).

Body and organ weights : These were
significantly decreased in case of oral administration
of aflatoxin B, and kojic acid, which may he due
to suppression of growth hormone (Table 1). Decline
in weight of the p|tU|tarﬁ gland in males treated
with aflatoxin B, further  supports such a
relationship. Aflatoxin Bt also decreased the weight
of epididymis. Sterigmatocystin.caused significant
decrease in the weight of the testis and the seminal
vesicle, whereas kojic acid significantly reduced the
weight of testis and epididymis. The decrease in
organ weight could be attributed to low
gonadotrophic activity (Choudhaiy et al. 1990).

Metabolic changes : A significant reduction in
the fructose content of coagulatlng gland and acid
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TABLE 1. CHANGES IN GENITAL ORGANS AND PITUITARIES OF MALE ALBINO RATS AFTER ORAL ADMINISTRATION OF SOME

MYCOTOXINS.
Weight of organs, mg/100 g body weight :
Tl\qeatn}ent, dehange_ it?t Testis g Epidid gmis 9 Sergnina]y gPituitary pglri%osﬁig phosA Cr%%tase
n?mgls) ooy el ey vesicle uniﬁh/mg
g CG VP
: : . 286.45 49 2547 155.52
Contrl. 7 13 Sk e £143] il kg +§§E£
' 42 1385.68"® 472,70 296.92"'® 2.14* 13.27* 45»
?HS%’(@')QUB’ 480 £16.62 700 ¥17 41 +019 53 +16.53
ay. ,

' [ 0" 1313.32* 515.91" 148.59* 346"® 10.79* 115.39*
TEmaesing - Ba® 4 T3 %19%8%8(@ SN %%5@)
Kojic aci 8.87h 1334.40* 482.79 49.82" 45" " 46"
K ey, @ 0] H337 HEEY £135) £010 ¥ £07.68
NS = Not significant; a (P<0.05); b (P<0.01) and ¢ (P<0.001). CG = Coagulating gland, VP = Ventral prostate.

phosphatase activity in ventral prostate occurred
after oral administration of aflatoxin B, and
sterigmatocystin in the males. Decline in acid
phosphatase activity in ventral prostate, and in the
fructose content in coagulating gland of male rats
treated with aflatoxin Bland sterigmatocystin, might
be due to a decline in endogenous androgen
production (Choudhary et al. 1991), which, in turn,
Is induced by anti-gonadotrophic effect of the
toxins.

Spermatogenesis : All the spermatogenic
elements, including sperms, were present in normal
fashion, thereby indicating no adverse effect by any
of the mycotoxins. Similarly, no adverse effect on
density, morphology and mortality of spermatozoa,
collected from caput, corpus and cauda eBididymis
and vas of the extract-fed rats, were observed.

Fertility performance test : Female rats, mated
by males treated with sterigmatocystin and kojic
acid, showed significant reduction In implantation
sites and litter size. Loss of viability among the litter
on second or third day of post-delivery and
cannibalistic behaviour of the mothers were also

noticed. This may be due to either inhibition of
implantation or iIncreased resorption of foetuses
(Sharma et al. 1986), or due to the presence of
some toxic components (Choudhary et al. 1992).
It is evident from Table 2, that decline in litter size
is primarily due to decline in implantation sites,
which mai/1 be due to the direct effect of toxin
reaching the female genital tract with the semen
FChoudhary et al. 1990). Late delivery by the
emales treated with sterigmatocystin further
supports the fact. Loss of viability among the litter
indicated the toxic effect of aflatoxin B,
sterigmatocystin and kojic acid.

Cannibalism : The female rats, which were
mated by males treated with aflatoxin Bj and kojic
acid, started eating their litter, 2 days after delivery’
(Table 2). This cannibalistic behaviour may be due
to disturbance in the chemical interaction of the
mothers with their litter (Shankaramurti et al.
1972). Since the mothers in the control group did
not show cannibalism (Table 2), the possibility of
any nutritional deficiency is ruled out.

Authors are grateful to the Principal. T.N.B.

TABLE 2 MATING PERFORMANCE TEST OF MALE RATS TREATED WITH MYCOTOXINS

Treatment No.of  No.of  No.of C?r ora Implan- Litter size Other
breeders mated utea tation _ trends
fuimales females sites sites Total Dead Viable
Glycol, control I 6 8 1026 + 282 7.87 £0.95 594 +0.84 . 5.94 +0.84
Aflatoxin B1 7 6 9 922"st 0.68 6.12@+0.88 495"®+0.75 177»+0.54 3.14*+ 0.34 Cannibalism
in mothFrs and
_ _ death oflitters
Sterigmatocystin -~ 8 5 1 628"®+ 0.72 471v+ 043 3142047 085"@+0.56 2.89»+ 0.47 hat%ﬁellj?/_%try
eath oflittérs
Kojic acid 8 6 8 825"®+ 081 462*+0.74 362%+045 185+ 046 179+ 0.79 Cannit alism
In mothers,
death ofelitters

NS =Not significant; a (P<0.05); b (Pc0.0l); and ¢ (P<0.001)
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Traditional processing of fresh edible bamboo
shoots by natural fermentation for producing an
indigenous food, soibum, is popular in Manipur.
(Pravabati Devi and Singh  1986). The
microorganisms involved in this fermentation were
identified to be lactic acid bacteria and yeasts,
under the existing anaerobic condition (Giri and
Janmejay 1987). The improved traditional
fermentation time is as long as 30 days. The
fermentation time of soibum could be reduced
considerably by efficient conversion of bamboo
constituents into sugars. The changes in the sugars
have been studied during lactic acid fermentation
of other plant materials ?Odunfa 1983; Kotzekidou
and Roukas 1987). The present studi/ reports the
data on the chan?es in Individual soluble sugars,
lactic and titratable acids, pH, activities of amylase
and invertase during the soibum fermentation,

The edible succulent bamboo shoots (about 20
cm in diam and 15 cm height) of the species
Bambusa tulda and Dendrocalamus giganteus were
collected during the rainy season. The outer hard
layers were removed manually and discarded. The
bamboo shoots were cut into thin slices, mixed
thoroughly, and fermented individually, so as to
imitate a traditional methodology, by packing the
slices compactly in sterile polythene bags. The bags
were closed to prevent entry of air, placed in 500
ml capacity beakers for fermentation at room
temperature (26x4°C). A sufficient number of bags
was run for each species. Samples were removed
in triplicate at the end of 0, 2, 5, 15 and 30 days
for immediate determination of pH titratable acid
(Szarvas and Stiaszny 1977), and lactic acid (Barker
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1957). Assays of amylase and invertase in these
mashes were conducted by following the methods
described by Mahadevan and Sridhar (1982).
Identification and determination of individual soluble
sugars (Lewis and Smith 1969) were conducted on
0, 2, 15 and 30 days old samples. The activities
of amylase and invertase were estimated at pH 3.5
and 6. Each of the results is presented as a mean
of three replicate mashes.

Data in Table 1 show that the fermentation
rate was higher during the first 15 days, as
evidenced by the changes in various parameters.
The rate, however, slowed down in the further
fermentation period. The levels of lactic and titratable
acids increased gradually during the entire period
(30 days) of fermentation. At 30 days, the pH was
lowest and lactic acid concentration was highest.
Thus, it may be inferred that the preparation of
soibum involves lactic acid fermentation. Earlier
work (Giri  1988) confirms this inference as
Leuconostoc mesenteroides was found to be dominant
in the initial period of fermentation; thereafter, it
was replaced by Lactobacillus comeformis. It was
further noted that lactic acid bacteria, such as
Lactobacillus hbrevis and Streptococcus lactis,
continued to dominate in the fermentation medium,
during the subsequent period, in spite of the
appearance of yeasts belonging to the genera
Candida, Debaromyces, Hanseniaspora, Hensenula,
Pichia, Saccharomyces and Torulopsis (Giri 1988).

Data indicated that a variety of soluble sugars
were formed during the course of fermentation
(Table 1). These included sucrose, galactose, glucose
and either mannose or arabinose, or both. All of
these soluble sugars were utilized to different
degrees by the cultures during the course of
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TABLE 1 CHANGES IN INDIVIDUAL SOLUBLE SUGARS (9H’ LACTIC ACID, TITRATABLE ACID AND ACTIVITIES OF AMYLASES
AND" INVERTASES DURING THE FERMENTATION'OF S01BUM
e

Fermenta- Soluble sugars, mg/100 g Amylase activity Invertase activity
tion time, _ at pH at pH
days ~ Ra Su Ga G Ma Ar Ri Xy pH LA TA

% % 3 5 6 3 5 6
B.tulda fermentation

0 33 152 143 323 295 218 105 51 0 0 59 69 76 36 80 46
2 32 51 5 107 86 67 22 41 01 04 03 12 19 12 04 07
15 8 1L 6 4 6 U 3 37 06 09 04 10 09 74 07 03
30 6 16 8 54 9 5 1 37 07 10 09 15 34 63 12 07
D.giganteus fermentation
0 170 151 128 383 288 235 139 49 0 0 21 59 13 26 41 27
2 109 115 86 100 129 115 129 47 01 03 01 12 12 22 06 07
15 52 4 75 108 72 46 52 3707 1203 06 08 18 13 09
Rl s 153 18G 2(5% " 61 Glicoss, M : Moo, A+ Avabinse, R - Ribs ¥y -, LA Leti i, Ta
- Rafllnose, Su : Sucrose, Ga : tose, Gl . Ma : Mannose, Ar : Arabinose, Ri : Ribose, Xy : LA id, TA:
%%rata \e %Sfi S?Qpresggdogse Iac%cac?éaeC%S?Salenp. A(L:Jt(islsﬁes o?amy?ase%sgnd {nvertaascsogﬁe expresseoéeas r%gé%coossee [ ertea }1%61 8 mash/
24 °h. All'the values are means of triplicate determinations.

fermentation. However, none of these soluble sugars their optima at pH 5 to 6 at 15 days, in case

was utilized completely during the 30 days of B tyiga and D. giganteus fermentations. In one
soibum fermentation. Itis interesting to note that case, amylases, with pH optima at 3, became
the utilization of soluble sugars was higher in case  conspicuous in both fermentations. On the contrary,
of fermentation of B. tulda, as compared to that the optima for invertases were at pH 5 at 0 h
of D. giganteus. The residual soluble sugars in case  fermentation of both the bamboo shoots. However,
of B. tulda fermentation were less than 100 mg/  the optima for invertases elaborated by the cultures
100 g fermenting mash. Among the soluble sugars, were at pH 3 from second day onwards. The
fructose could not be detected in the present  inyolvement of amylases and invertases in the
studies, probably because it was utilized as soon  hiochemical changescaused during the fermentation
as it was formed due to action of invertase on of soibum can be inferred from various facts such
sucrose. as a) activities of these enzymes were greater in
Comparatively faster degradation of all the B. tulda mashes, whose respective sugars were
soluble sugars studied in case of B. tulda rapidly utilized as compared to those in
fermentation, as compared to that of D. giganteus, D. giganteus fermentation; b) activities of these
indicates that the microorganisms involved in the enzymes were greater in 30-day mashes, which
former have greater abilities to produce the enzymes contained lesser soluble sugars, as compared to
for degradation of these sugars. Bamboo shoots are mashes fermented for shorter periods; c) amylases
known to contain starch, xylan, arabinogalactan with optima at pH 3 appeared during the course
and galactan (Maekawa 1975; Maekawa and Kitao of fermentation; and d) extracellular production of
1973). The growth of Leuconostoc mesenteroides in these enzymes by the microbial cultures involved
the earlier phase of soibum fermentation has also in the fermentation has been reported by other
been observed to be associated with biosynthesis workers (Buchanan and Gibbons 1974; Sills and
of dextran (Giri 1988). Low phenolic content of  Stewart 1982).
B. tulda, as compared to that in D. giganteus (Giri High concentrations of most of the residual
1988), might also be responsible for the higher — soluble” sugars even at the end of 30 days
utilization of the soluble sugars in the fermentation fermentation of soibum indicate the possibility of
of the former. reducing fermentation time by adding respective
Data on the activities of amylases at different enzymes to the mash at 0 h or during the course
pH values showed that the optimum condition for of fermentation. The presence of higher residual
the enzyme present in plant material at 0 h is at sugars also indicates the need to subject the
pH 6. Similarly, the amylases, elaborated by the fermented soibum to drying, or else ‘spoilage
cultures during the course of fermentation, have microorganisms may grow in the moist-fermented
product during storage.
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Rapeseed meal (RSM), obtained in the process
of oil extraction of the seeds, is considered to be
a good quality feed due to its high protein content
(Bell and William 1953). However, its use as
potential animal feed has been hindered by the
problems associated with palatability, dl?estlblhty
and toxicity (Sosulski 1981; Garg et al. 1982).
Trials have been carried out to improve the
rapeseed protein by fermenting it with
microorganisms (Phillipchuk and Jackson 1979;
Garg et al. 1983, 1985). The studies, carried out
with RSM as the protein source, established that
the meal was deficient in certain amino acids,
which interfered with normal metabolism (Leslie
and Summers 1975). The present study deals with
the comparative assessment of the efficiency of
different solvents for protein isolation, and the use
of residual meal to support the growth of Candida
curvata.

The seeds of Brassica campestris (var. Toria')
were pulverized into a fine powder and defatted by
Soxhlet extraction (AOAC 1975) using petroleum
ether (BP 60-80°C). The analyses of defatted RSM
for moisture, crude proteins, crude fibre and ash
contents were carried out by standard methods
(AOAC 1975). Protein isolates were prepared by
individually stirring 50 g RSM in 700 ml of distilled
water, salt (10% NaCl), alkali (0.1 N NaOH) and
alcohol (70%) for 1 h at 25£1°C. The suspensions
were centrifuged at 16,000 rpm (4°C) for 20 min
and filtered through Whatman No. 1 filter paper.
The residues left over were d_eS|?nated as RWE,
RSE, RAE and RAICE, respectively. Nitrogen was

. CorrespondinF Author. ‘Present Address : Department of
Molecular Biology and Biochemistry, Guru Nanak Dev University.
Amritsar-143 005, India

he extraction of proteins from the defatted rapesee
f f ﬂ ; ost effective In the extracu% op

503

meal
protein
meal, and was foun g)
. The résidues were %nalyz_ed or amino acid composition an
anility in yeast biomass production on substrates containing RSM d

(SRS was cahrrled out usmg water, salt, alkali a\n?
whereas t e&{)r_otem corhent of the. residues left
be maximum, when extractjon was done
evaluated for nitrogen SUP lement. valug,

ests, might be

Defatted rapeseed meal, Protein isolation, Amino acid composition. Efficiency of methods, Candida curvata

determined by micro-Kjeldahl method (AOAC 1975)
and the values were converted to crude proteins.

Rapeseed meal and the residues were hydrolyzed
by 6 N HCL and autoclaved at 0.752 kg/sg. cm
for 30 min (Phillipchuk and Jackson 1979). The
acid hydrolysates were ice-cooled, filtered, and their
pH was adjusted to 5.5 with 20% NaOH. The acid
digests of RSM (RSM-HA) and the residues (20 ml/
flask) were autoclaved at 1.054 kg/sq. cm for 30
min. The flasks containing different digests were
inoculated uniformly with C. curvata ceII_susBensmns
Slsxlos cells/ml), In triplicates, and incubated at
5£1°C on rotary shaker (220 osc/mlnL. The growth
was recorded by measuring the absorbance at 670
nm at 24 h interval.

The RSM digests containin?
and 6 N HCL (10 ml) were autoclaved at 1.054 k%/
sg. ¢cm for 30 min. After cooling and filtration, the
contents were dried, and subsequently dissolved in
0.2 N citrate buffer (pH 2.2), for the determination
of amino acid composition (Spackman et al. 1958)
on an automatic amino acid analyzer (AAA-881).

RaPeseed meal used in the present study had
the following composition (%); crude proteins,
31.99; crude fibre (ceIIquse)[, 14.89; ash (minerals),
3.85; and moisture, 4.85. The protein contents of
water, salt, alkali and alcohol isolates were 14.63,
19.25, 23.48 and 4.23%, respectively, and of the
resgectlve residues were 16.75, 13.03, 9.30 and
28.00%. Proteins were extracted employing polar
and non-polar solvents. It was observed that the
protein extractability was in the order of alkali >
salt > water > alcohol. High extraction in the polar
solvents could be accounted for by the predominance
of hydrophilic amino acids. Sixteen different amino
acids were identified in the hydrolysates of RSM

proteins (15 mg)
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TABLE 1 AMINO ACID gwgmoo m§MJrote|nl) MPOSITION OF

SIDUES LEFT OVER
AFTER PROTEIN ISOLATION

Amino_acid
Em?/_lgo mg RSM-HA RWE RSE  RAE  RALE
rotein

Lysine 377 443 201 984 1216
Histidine 13.42 - 18.26  2.60 6.33
Arginine 505 410 122 658 026
Aspartic acid 1219 959 420 273 055
Threonine 057 022 018 1149 0.56
Serine 16.37 1818 573 833 9.25
Glutamic acid  11.08 1087 557 452 7.80
Proline 010 1038 509  6.40 9.98
Glycine 6.85 1028 1529  8.34 1.50
Alanine 6.44 833 1231 19.18 6.17
Cysteine - 0.23 - - -

Valine 008 215 058 251 2.16
Methionine 0.11 133 070 422 0.75
Isoleucine 114 194 041 245 0.05
Leucine 1322 462 324 268 7.95
Tyrosine 361 2% 111 414 0.66

Phenylalanine 426 203 586  9.96 0.14

Values are based on actual recoveries and are avera%e of
duplicate estimations. RSM-HA: Hydrochloric acid digest:

Residue water extr?ct RSE: Residle salt extract:
alkall extract: RAICE : Residue alcohol extract.

Re5|due
and In the residues (Table 1). Cysteine was present
only in RWE. The amino acid composition of RSM
IS comparable to that reported by Sharma and
Ingalls (1974).

Candida cdrvala was grown on digests of RSM
and the residues to assess their ability to support
the growth. The RSM-HA showed maximum cell
growth after 24 h incubation, while yeast biomass
Rroductlon on RAICE was comparable to that of

SM-HA after 48 h incubation (Fig. 1). Thedgrowth
ceased after 24 h incubation on all digests
Maximum growth on RSM-HA might be due to
sufficient levels of certain growth promoting amino
acids, such as, histidine, serine, isoleucine, tyrosine,
aspartlc acid and glutamlc acid. The levels of
isoleucine and tyrosine were extremely low, while
lysine, histidine and serine were more in RAICE in
comparison to RSM-HA dlgest The methionine
content was low in all RSM digests except for RAE.
The poor growth on different residues of RSM might
be due to low or inadequate levels of growth
promoting amino acids. Phillipchuk and Jackson
(1979) reported that some amino acids, when
absent in the medium, were found to be I|m|t|ng
for yeast growth. The present data indicate the
variability in ﬁeast biomass production due to
differences in the protein contents of RSM digests.

0.10f

008

0.06

0.04

002

ABSORBANCE AT 670 nm

0 | 1 J
24 48 72

TIME ( hours)

meal -(RSM) and the re5|dues over after protein
Isolation,_ Q----- O A—A : RSM-RW
- RSM-RAE; O~ O : RSM-

Fig.1. Growth of candida cunrata On a? ?t digests of r;geseed
'R
SM-RSE; 7~

X—X ; R
RAICE.

Refer

AOA(% &#7{\\/% Ofﬁc‘al Met %ds of A”Wéé% 12th ed ssociation
e é

I5tS
BeII M |II| m 8 wh de res factors in
mea

g e Agr f% %

arglféectsl%arrarggseed mea |n albl rats ood glc?C SE”h'ﬁS‘

Gar S Siﬁarma S, Sandhu DK %19833 Rapeseed oil meal ai
éaig for single cell protein praductlon. Ind J Exp Bio

ﬁ { %uo agma 3, S'”h JR (1985& Single cell protei

Candida curvata.

fr m r ee al “usin
ec nol
Les mers Am|no acid balance of rapeseed

Pl m@?oﬁg%%fisi asﬁ%%onfor m&c%g?aﬁ eseer?%u% n"ﬁppﬂ
ol M Bk Sl et o
ionacB %T% tlfgn7 rumen ests andgn cterlay 8

SosHIs Ic% 19g%§nlisrac}|oRatlo of %apeseed n&eabé 5% flour and
Spackman DH, Stein WH ooe z ?) Autor?atlc recording d]
%W?rgth 0§0Uf fbe chromatography of amino acids:

Received 18 August 1993; revised 7 February 1994: accepted 11 March 1994,



J. Food Sel Technol,

Voital
o f

G luten and
Flat Bread

E ffect of

Q uality a

D
nd

W heat

K.S. SEKHONY H.P.S. NAGI*L NARPINDER SINGH2AND SAVITA SHARMAL

~ ‘Department of Food Science and Technology,
Punjab Agricultural University, Ludhiana-141 004, India.

department of Applied Chemistry,
Guru Nanak Dev University, Amritsar-143 005, India.

1994, Vol 31, No. 6, 505-507

isodium Phosphate on the
Noodles from Sprouted
Flour

Ad |t|?n of 4% vit v%uten and 150/ disodi pho h fe was found 0,be beneficial for ettln ood ualit
fat brea srou} eats ua Ity_nood|es ¢ u o be rﬁ% from m eatel out heat wit

d ition 0 %W uten apd 0150/? disodium phosphate. However, highly sprouted w eat quue extra addition
o uten to the tlourto produce quality noodles.

Keywords :

Untimely rains during the harvesting and
threshing period lead to field sprouting of wheat
grains and bring about extensive chemical changes
and increased hydrolytic enzymes. For example,
the water absorption capacity of sprouted flour
decreases and it becomes ill-suited for baking (Waltl
1977; Kulp et al. 1983; Sharma et al. 1988). The
amylolytic enzymes degrade the starch to the extent
that dextrins are produced, which impart stickiness
to the dough. In addition to alpha-amylase, proteases
and SQlubilized carbohydrates are also responsible
for deteriorated quality of products made from
sprouted wheat LBean et al. 1974a? Sodium chloride
and trisodium phosphate, generally used in various
noodle products, are known to restore the quality
of noodles prepared from sprouted wheat (Bean et
al. 1974b). Therefore, to make up the loss of gluten
in sprouted flour, experiments were carried out to
prepare flat bread and noodles, with added gluten
and disodium phosphate at different concentrations.

A commercial variety of wheat, "WL-1562', was
obtained from the Department of Plant Breeding of
the University. Samples of wheat (5 kg) were
cleaned manually to remove impurities and given
the sProutmg treatment for 36 h, by first soaking
in sutficient water (10 1) for 10 h in a germination
chamber at 30°C and 80% RH. The sprouted wheat
grains were dried in forced air circulation drier at
30°C for 24 h, to about 14% moisture. The sound
and sprouted samples were conditioned at the
appropriate moisture levels before milling in a
Quadrumat Junior Mill (Brabender, OHG, Germany).
Flour proteins, fat, ash, total sugars and minerals

* Corresponding Author
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were determined by standard AACC (1990) methods.

Recipe for preparing flat bread consists of (g)
flour 100, compressed yeast 1, common salt 1, vital
gluten 2 or 4, anhydrous disodium phosphate 0.15
and water 65 ml. Mixing, fermentation and proofing
times were 3-4, 45 and 15 min, respectively.
Sheeting and cuttlng were done to obtain 3 mm
thick and 15 c¢cm round diam (E)leces for baking
at 300°C for 3-4 min. For noodles, a stiff dough
was made using flour, gluten, water and disodium
phosphate, in the above mentioned proportions.
It was then extruded through a manually operated
noodle making machine (No. 5, Smart and Co.
Aligarh), fitted with a sieve havmg round holes
(diam 1 mm). The dough strands were then fried
in refined cottonseed oil at 180°C for 5 sec, in the
automatic deep-fat-frier (thermostatically controlled
fryer, ITT, Deluxe-2, USA).

Durin? preparation, the flat bread doughs were
evaluated for dough handling and puffing (Austin
and Ram 1971). The colour of the freshly baked
flat bread was also noted visually. In case of
noodles, the optimum cooking time was noted br
cooking 10 g noodles in 200 ml distilled water, till
the disappearance of white core, as Judged by
squeezing between glass plate. Gruel solid losses
were determined by evaporating an aliquot of the
water in which noodles were cooked to optimum
time. The pH of the noodles was estimated by
taking 10 g in 100 ml water. A 9 point hedonic
scale was used to organoleptically evaluate the flat
bread and cooked noodles (Larmond 1970). The
data from duplicate experiments were statlstlcallﬁ
analyzed using the factors in randomized bloc
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TABLE 1 EFFECT OF VITAL GLUTEN AND DISODIUM PHOSPHATE ON WATER ABSORPTION, DOUGH HANDLING AND

ORGANOLEPTIC PROPERTIES OF FLAT BREAD.

Gluten, %

haracteristi Sound With di-sodium Sound  With di-sodium Sound  With di-so<
Q%Ies Charactersics wheat  phosphate, 0.15%  wheat  phosphate, 0.15%  wheat phosphate.
heat  Water absorpfion, %  65.0 65.0 67.0 67.5 69.0 69.5
?Eelleﬂbﬂgw48e§ Bo#gh han(ﬁing ’ NFS NFS '\|‘:S '\||:S NFS NFS
in
number 483) B9 i cw ow cw cw cw cw
Organoleptic quality
Colour 8.0 7.8 1.8 8.3 7.8 1.3
Texture 1.5 7.0 7.8 8.3 6.5 7.0
Flavour 7.8 7.0 1.5 8.3 7.0 7.3
Taste 1.8 6.8 1.5 8.0 6.8 1.3
Overall gcceptability 78% glo 57910 589% 53% 66%
Sprouted wheat Water absorption, % 58. 58, . . . .
I A S S S
Colomg, visual LB LB LB CW CW CW
Organoleptic quality
Colour 6.3 6.3 6.3 7.0 7.0 1.3
Texture 53 53 53 6.8 6.5 7.0
Flavour 5.0 55 5.8 6.5 6.5 6.8
Taste 55 53 55 6.5 6.5 6.8
Overall acceptability 58 56 I ff6.7 6.h7 ; 6.6 6.9
S : Sticky, SS : Slightly sticky, NS : Non-sticky,_F - Full puffing, P : Partial puffing, CW : Creamish white, LB : Light brown,
LSD: (O%JS?, Wateg atb)s/orptl%n: 13, Coqour :8.7, Texture :0.79, Flavour :0.91, Tagfe 0.3, Overaﬁ acceptability :8.3

design, as described by Steel and Torrie (1960).

Water absorption increased significantly with
the addition of gluten (Table 1). With the addition
of 4% gluten, the water absorption increased by
5 and 2% in case of flours from sound and sprouted
%rains. There was no difference in the dough

andling of flours from sound grains, with or
without added gluten. All the samples were non-
sticky and puffed full. The breads were creamish
white in colour, with pleasing flavour. In the case
of flour from sprouted grains, the sample without
any added gluten was sticky to handle. The
stickiness problem was overcome with the addition
of disodium phosphate and 2% gluten individually.
The combined effect of 2% or higher gluten, alon%
with disodium phosphate, proved extremely usefu
and the dough behaved satisfactorily. Bread, made
from flour of sprouted grains and without any
addition, showed partial puffing, whereas other
breads puffed full. The colour of the flat bread was
light brown, up tc 2% gluten addition, and it
improved with further addition of gluten, along with
disodium phosphate (Table 1).

Organoleptically, all the flat breads from sound
wheat were highly acceptable to consumers.

However, flat breads with added 2% glutei

0.15% disodium phosphate rated superior to the
others. Further addition of gluten was in no way
helpful in increasing the sensory scores. In case
of bread from flour of sprouted grains, the addition
0f 4% gluten, along with 0.15% disodium phosphate,
scored maximum, and these breads were liked by
the panelists and were rated as normal (Table 1).

Noodles, prepared from the flour of sprouted
grains, had lower water absorption, cooking time
and total scores, as against the higher loss of solids
in cooking water (Table 2). The noodles, prepared
from flours of the grains sprouted for 36 h, were
very sticky and soggy, after cooking. The pH of the
noodles was not significantly affected with the use
of flour from sprouted grains. However, addition of
disodium phosphate increased the pH from 5.4 to
6.3 of the noodles made from sound grains and
from 5.2 to 6.4 of those made from flours of
sprouted wheat grains. Addition of vital gluten
si%nificantly improved all the attributes, which
otherwise get deteriorated due to the use of flour
from sprouted grains. These deteriorated attributes
were found to show improvement upon addition of
disodium phosphate. Good quality noodles.
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TABLE 2. EFFECT OF VITAL GLUTEN ON COOKING AND ORGANOLEPTIC SCORE OF NOODLES.

Gluten. %
0 2 4
Flour Characteristics Normal  With di-sodium Normal  With di-sodium Normal .With di-sodium
samples phosphate phosphate phosphate
Sound wheat ~ Water absorption, % 47.0 47.5 495 50.5 50.0 52.0
slalllng Cookm%tlmg min ’ 2.95 2.0 34 47 4.6 h4
umber 483)  Gruel solid loss, % 112 10.5 10.0 9.8 9.2 9.0
? 04 6.3 hh 0.4 b4 0.0
otal scores (9.0) 15 1.6 8.0 8.2 8.1 8.3
routed wheat Water absorptlon % 383 41.0 40.0 41.5 41.1 42.3
Fu h gt e, min 21 34 2.9 31 4.2 4.1
moer 109) Grue 05, % 12.0 114 10.8 10.6 9.9 8.6
J?H h.2 6.4 h.2 6.1 43 A4
olal scores (9.0) 55 6.2 6.7 [ 14 1.7
LSD &005 Wterabsorgtlon :0.5, Cooking time : 0.4, Gruel solid loss : 0.3, Total scores : 0.04, respectively; Disodium phosphate used

was 0.15% in all the case
comparable to those made from sound grains, could
be produced from a moderately sprouted (36 h)
wheat, with the addition of 2% gluten and 0.15%
disodium phosphate.
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Extraction of citrus juice, specially orange
juice, needs a specific extractor, which can extract
the pulp (Braddock and Kesterson 1979) and at
the same time separate the peel and the albedo.
It is not economical to extract the whole juice from
the pulp, as this will need the use of a high
pressure screw press (Albrigo and Carter 1977).
Moreover, the use of high pressure screw press
produces a low qualityjuice (Braddock and Kesterson
1979). It has been reported that pectin, present in
crtrus uice, creates difficulties in the processing
of soluble solids (McKinnis et al. 1964; Doeshurg
1965). Soft fruit pqu IS quite difficult to press
(Braddock and Kesterson 1976) and extraction is
better done with the use of a pectinolytic enzyme
(Braddock and Kesterson 1976, 1979; Sreekantiah
et al. 1968, 1971). In fruit ﬁrocessing, peetinase
is usually used to rupture the fruit structure for
maximising juice yield, decreasing juice viscosity
and facilitating pressing and filtration (Braddock
and Kesterson 1976, 1979). Similar technology has
been in use for blackcurrant, strawberry and
raspherry extraction (Kulp 1975; Kertesz 1951).

Browning in orange juice is essentially caused
by Maillard reaction or ascorbic acid (Eskin et al.
1981). The effective way of minimising browning
reaction, apart from using sulphur dioxide, is by
removing the reactants involved. As it is not
practicable to remove the ascorbic acid and the
amino acids, removal of glucose by glucose oxidase-
peroxidase system is a more promising process
(Reynolds 1965; Woods and Swinton 1991). The
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most important category of flavour ingredients in
citrus fruits is the essential oil consisting of
aldehydes, ketones, esters, alcohols and acids
(Kirchner and Miller 1957; Veldhuis et al. 1972).
Many of these are iso renoids and the cyclic
terpene d-limolene ﬁt isopropanyl-I-methyl
cyclohexane) is one of the most abundant
constituents (90-95%) in citrus fruit (Eskin et al.
1981). Types of containers can also effect shelf-life
of citrus juices. Vitamin and possibly flavour
stabilities are poorer in containers that are permeable
to atmospheric oxygen (Tatum et al. 1975). With
a view to improve the juice recovery and to reduce
discoloration due to browning, as well as off-flavour
on account of oxidation of d-limolene, the present
work on evaluation of potentials of enzymes was
undertaken.

Enzymic treatments : Pectinase-ultrazyme
(activity of 5.7 IU/mg protein with 17 mgq protein/
ml), cellulase-cellulast (activity of 1,500 1U/g protein
with 1.2 g protein/ml) and A. niger glucose oxidase-
Novozyme 358 (activity of 2,000 [U/ml, plus added
peroxidase) were obtained from Novo Industries,
Holland. Seedless oranges (Citrus sinensis Osbeck)
were thoroughly washed, cut, and the flavedo as
well as the albedo were discarded. The pulp from
the extractor (auto-juicer) was diluted with water
in the ratios of 1:1 and 1:2 (w/w). Each dilution
was treated individually for 1 h with peetinase (0.32
[U/30 g pulp), cellulase (3 1U/30 g pulp) and with
a mixture of both at different temperatures. In
subsequent experiment, 1:1 diluted juice was treated
at 45°C with a mixture of peetinase + cellulase for
1 h. The enzymatically recovered juice was divided



into two parts, and diluted with water in the ratio
1:500. One half was treated with glucose oxidase-
peroxidase system, while the other half was used
as an untreated control. Both samples were packed
in air- sealed plastic bottles, and stored at 5°C.
During the storage period, regular tests of samples
were conducted.

Analytical methods : Total soluble solids (TSS)
were determined by a refractometer and expressed
as °Brix. The °Brix differentials were the differences
between the initial and final (after 1 h) reading.
For determination of glucose concentration (free of
fructose), an auto glucose and L-lactate analyzer
(Yellow Spring Instrument Co., Ohio, model 2000)
was used. An improved method, developed by Klim
and Nagy (1988) was used for determining browning
(UK 16A model, Shimadzu, Japan). Bromate titration
method (Scott et al. 1965), using distillation with
isopropanol, was used for determination of
recoverable oil and d-limolene. Sensoiy anaIKsis
was conducted by a simple preference test (Michael
O'Mahony, 1986). Most of the assays were carried
out in duplicates.

Use of enzymes in the extraction of juice from
the pulp

Effect of pectinase and cellulose individually:
The increase in total soluble solids (°Brix differentials)
of aqueous extract of pulp juice at dilutions 1:1
and 1:2, due to action of pectinase at 35, 40, 45
and 50°C, is shown in Fig.1 Data indicate an
increase in °Brix differentials with increase in
temperature up to 45°C for all the enzyme
treatments. But after 45°C, the °Brix differentials
decreased until it became zero, i.e., no changes at
50°C. This shows that the rate of thermal
deactivation of the enzymes exceeds the catalytic
rate after 45°C. Further, it is found that the Juice
dilution at the ratio of 1:1 has resulted in a higher
increase in soluble solids, as compared to that of
1:2 in case of all the enzyme treatments. At 11
dilution of juice, the increase in °Brix is about 1.4-
fold due to action of pectinase at 45°C, as compared
to that of control (without enzyme). The increase
may be explained by the fact that Bectinase
solubilises pectic materials and wall membranes of
the juice cells, thereby resulting in softening of
tissues in juice pulp (Braddock and Kesterson,
1976, 1979). The results indicate that cellulase has
no effect, when it is used alone (Fig.1).

Effect of comhbined wuse of pectinase and
cellulase: Fig. 1 shows the effect of treatment of
aqueous extract of pulp juice (at 1.1 and 1.2
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Fig. 1 The effect of individyal and combined enzxmes_on °Biix
differentials of the different dijutions on the Juice, S?hd

symbols : 1:1 ratio o Jujce dijution with water, Hollo
s}//mgo's:_ 1:2 ratio orI fume g||ut|on WI'[I|11 water, 1 an
1 : Pectinase alone; | and A : Cellulase alone, + and

0 : Mixture of pectinase and cellulase, O: Control, no
enzyme.

dilutions) with a mixture of pectinase and cellulase
(0.32 and 3 1U/30 g pulp, respectively) at different
temperatures. It is found that the combined use
of the enzymes has further improved the °Brix
differentials, and showed as high as about 1.8-fold
increase in °Brix, as compared to that without the
addition of enzyme. Such synergistic effect of these
two enzymes was also reported by Wolnak (1972)
in the extraction of apple juice.

Use of enzymes in stabilization of colour and
flavour

Both pH and °Brix values were observed to
remain constant throughout the storage period of
the juice, whether treated with glucose oxidase/
peroxidase system or not.

Effect of browning : Results show that the
browning, measured as absorbance at 420 nm, is
linear with storage time. Notable decrease in
browning is observed in the enzyme-treated juice,
as compared to that in the control. It is known
that glucose takes part in the Maillard reaction
(Eskin et al. 1981). When the mixture of glucose
oxidase-peroxidase was added to the juice, it
catalyzed both oxidation of glucose to gluconic acid
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and removal of oxygen, thereby slowing down the
Maillard reaction, which facilitates browning.

Effect on glucose content : Concentrations of
glucose in the juice at different storage times are
presented in Fig.2. The control sample stored at
5°C exhibited an 18% loss of glucose, whereas, the
loss in glucose oxidase/peroxidase-treated juice
was about 59%, after two weeks of storage. Such
greater loss of glucose, due to its oxidation by
glucose oxidase-peroxidase in the enzyme-treated
samples, is responsible for lower browning.

Effect on essential oils and d-limolene : Results
show a decrease in the amount of essential oils
recorded in both enzyme-treated and control juice
(Fig.2). Recovery of d-limolene was 38 and 32% for
treated and untreated juice, resBectiver. The
corresponding loss of d-limolene in both sample is
due to the fact that, under acidic conditions, it is
oxidized to a-terpineol (Matthews and Braddock,
1987) which is a non-volatile terpene that causes
off-flavour (Lundahl et al. 1989). The study indicates
that glucose oxidase was effective in reducing the
oxidation of d-limolene, and to stabilize the flavour
of orange juice to a certain extent, due to removal
of oxygen from juice.

Sensory evaluation : Results drawn from a
simple preference test indicate that the enzyme-
treated juice was more attractive and preferred by
all panelists because it tasted better. This shows

o

that enzyme treatment is effective in preserving the
flavour and colour of orange juice.

The authors are grateful to Malayan Sugar
Manufacturing (MSM) Co., Berhad for funding this
work. Thanks are due to Cik AA Astimar and
M. Anis for typographical help.
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Although the role of proteases in the production
of cocoa flavour and flavour J)recursors has long
been recognised (Ziegleder and Biehl et al. 1991),
and the presence of this group of enzymes in cocoa
beans has been detected since 1915 (Forsyth and
Quesnel 1963), a detailed investi%ation on these
enzgmes in cocoa beans has never been carried out
(Lenrian and Patterson 1983). Actually, the acids
and flavour produced during fermentation determine
the overall quality of cocoa heans (Samah et al.
1992). In fact, there were even reports of failure
to detect proteases in cocoa beans (Holden 1959),
even though there were earlier reports of success
(Forsyth et al. 1958). Isolation of protease from
cocoa bean cotyledons (Theobroma cacao Linneaus)
is necessaiy for conducting studies on the properties
of the enzyme. Previous workers have used an
acetone precipitation method for isolating proteases
from cocoa beans (Forsyth et al. 1958; Biehl et al.
1991). This study reports an isolation of protease
from cocoa beans by ammonium sulphate
precipitation method, along with data on
determination of squhate ammonium sulphate
saturation ranges, and effect of certain reagents on
the efficiency of the isolation procedure.

Ripe cocoa pods, 'PBC 128" variety, were
harvested from the Sime Darby Estate in Malacca,
Malaysia, transported in diy carbon dioxide to the
University, and stored immediately in the freezer
at -20°C. For extraction of crude enzyme, the frozen
cocoa pods were thawed, split open with a knife,
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isolated from the cotyledons of ripe cocoa beans. (Theobroma cacao Linn

Peo tlcal a &e a a|?1
m nlumysu JJ ate. gAd ition 0 Tnton X-100 an
the 1solation process.

Cocoa beans, Protease isolation, Ammonium sulphate precipitation, Detergents, Polyvinylpyrrolidone.
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the beans were taken out and their mucilage and
testa were removed carefully using a knife. The
beans were homogenized in chilled 20 mM sodium
phosphate buffer (pH 6.5; 1.2 w/v), using a
National MX-291N blender. The solution was sieved
through a cloth strainer and the resulting filtrate
was centnfuged in a Beckman J2-21M/C refrigerated
centrifuge (4°C; 22,100 x g; 30 min). The resulting
crude extract was fractional precipitated by
ammonium sulphate (Green and Hughes 1955). The
precipitate was separated by centrifugation, as
above, and resuspended in a minimal volume of
20 mM sodium phosphate buffer (pH 6.5), before
dialysis against 20 mM sodium phosphate buffer
(pH 6.5; 4°C). The dialysing medium was changed
twice every 24 h. The crude extract, dialysed and
non-dialysed fractions were assayed.

The casein digestion method (Kunitz 1947) was
used to assay protease activity. For the assay, 0.5
ml enzyme solution was mixed with 1 ml casein
solution (0.5%), and incubated at 37°C for 1 h. One
ml trichloroacetic acid (10%) was added and
centnfuged %1 ;700 x g; 15 min; 25°C) in Clements
GS150 bench top centrifuge. The supernatant was
removed carefully by a Pasteur pipette and its
absorbance at 280 nm was determined in a Hitachi
U-1100 spectrophotometer. The control solution
was prepared in the same way, but for the addition
of 1 ml trichloroacetic acid (1 %) before incubation.
Protease activity was arbitrarily considered as the
difference between absorbance readings per ml of
fraction, after and before incubation. Protein
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concentration was determined Dby the
spectrophotometric method of Lowry et al (19513,
using bovine serum albumin (BSA) as a standard.

Polyvinylpyrrolidone (PVP), at 1.5% (w/w, based
on cocoa beans) was added into the chilled 20 mM
sodium phosphate buffer (pH 6.5), before the
mixture was homogenized (National MX-29IN
blender) for 30 sec. To determine the effect of Triton
X-100 (@ non-ionic commercial detergent) and
sodium dodecyl sulphate (SDS) (an anionic
detergent), each was added to the fraction to a final
concentration of 0.1% (v/v or w/v). As Triton X-
100 contains a phenyl group, which interferes with
the spectrophotometric measurement at 280 nm in
the casein digestion method, 10% trichloroacetic
acid was added to 0.1% (v/v) Triton X-100, for use
as a control.

Three fractions were precipitated by 0 - 50%,
50 - 70%, and 70 - 90% saturations of ammonium
sulphate, but none of them was proteolytically
active, probably due to interference by the
ammonium sulphate, which is present in all the
fractions. Ammonium sulphate was found to exhibit
a reading at 280 nm. However, none of the three
fractions was proteolytically active even after dialysis.

Effect of PVP : All the fractions treated by PVP
were proteolytlcally inactive. However, these showed
proteolytic activity after dialysis (Table 1). PVP, a
phenolic arrester (Suelter 1985), removes phenollc
compounds, normally present in large amounts in
plant tissues (Ziegleder and Biehl 1988). If not
removed, these compounds or their oxidation
products, could deactivate the proteases through
the formation of insoluble protein complexes (Suelter
1985; Whitaker 1972). The interference caused by
ammonium sulphate was eliminated after dialysis
and the protease activity of the fractions could be
detected. Data in Table 1 also confirmed the
suitability of the casein digestion method to detect
proteolytic activity in the fractions. The control,
containing a casein solution, showed no readlng,
thereby demonstrating that this method could be
used with confidence.

TADLE 1 ASSAY OF AMMONIUM _SULPHATE

PROTEASE
E Eg J TE[()) FRACTIONS, WITH OR WITHOUT

Sample Protease activity, absiml
Ammonium SU})hate
fractionation, ¢
0 -50 0.402 + 0.006
50 - 70 0.134 £ 0. 002
70 -90 0.012 £ 0.002
Control 0
Treated 0-50% fraction
with Triton X-100 0.018 £ 0.002
with SDS 0.240 + 0.004

Effect of detergents : Both the detergents
reduced proteolytic activity of the fraction obtained
by 0 - 50% ammonium sulphate precipitation
(Table 1&. Triton X-100 showed a more pronounced
effect, than did SDS. Triton X-100 and SDS are
used as solubilizing agents of proteins, and are
sometimes employed In improving isolation of
enzymes (Suelter 1985).

The inhibitory effect of Triton X-100 may be
due the ‘presence of contaminants that oxidize
sulphydryl groups (Suelter 1985). The results also
indicate that the proteolytic property of the 0 - 50%
fraction may be due to a protease that is classified
as cysteine protease, which is dependent on the
sulphydryl groups for its activity (Lowe 1976). The
reduction (60%) of protease activity by SDS, might
%8%5]9 to its ability to denature proteins (Suelter

Fractionation ofcrude extract: The crude extract
was fractionated with 0-20%, 20-40%,
40-60% and 60-80% ammonium sulphate
concentrations. All the fractions were proteolytically
active (Table 2). The 0-20% fraction had the highest
activity, while the lowest activity was found in
60-80% fraction. However, 60-80% fraction exhibited
the highest specific act|V|ty while the specific
activity of the 0-20% fraction was only about half.
The difference is due to the relatively hlgher
concentration of protein in 0-20% fraction, which
is about 4.5 times of that in 60-80% fraction.

TABLE 2. PROTEASE ACTIVITY OF VARIOUS AMMONIUM SULPHATE PRECIPITATED FRACTIONS

Ammonium r}r)]le Protease
sulphate vou activit
fract| patmn cb nh
0 -20 660 0.065 + 0.002
20 - 40 460 0.056 + 0.003
40 - 60 330 0.028 + 0.001
60 - 80 192 0.027 + 0.001

Protein. Sge_ci_fic
concentyrarlon, activity
mg/m
2.267 £ 0.05 0.028 £ 0.001
1.885 + 0.04 0.029 + 0.002
1.470 £ 0.04 0.019 + 0.001
0.493 + 0.06 0.054 + 0.001



The results of this study are in agreement with
those reported by Forsyth et al (1958) and Biehl
et al (1991). The fact that all the ammonium
sulphate i)re_clpltated fractions are proteolytically
active could imply the existence of more than one
type of Frotease in cocoa beans. Similar implication
could also be derived from the results of the work
by Biehl et al (1991). However, Holden (1959)
reported unsuccessful attempts to detect protease
in cocoa beans. The results of this study provide
positive confirmation for the existence of proteases
In cocoa beans.

The authors acknowledge the financial
assistance provided by the MInIStI‘?/ of Science,

Technology and Environment of Malaysia (Pro{ect

No. 2-07-05-022-50387) and the laboratoiy facilities
by Universiti Pertanian Malaysia.
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_ Efficacy of 0.3% maleic hydrazide as a foliar spray, applied 3 weeks before haulm cutting, was studied in four
cultivars of Potatoes in two crop seasons. The harvested potatoes were stored in an evaporaLively cooled potato store

(15-29°C, RI

reduced by
was significant.

Keywords : . .
Sprouting, Weight loss.

Storage of potatoes under high temperature
conditions is still prevalent in the plains of India,
because of inadequate capacity of refrigerated
stores. Consequently, there are excessive sprouting,
weight loss and rottage of potatoes (Booth and
Proctor 1972; Verma et al. 1974; Kaul et al. 1976;
Burton and Wilson 19782. To overcome these

roblems, vapour heat treatment #Rama and
arasimham 19858 and the use of insulated,
evaporatively cooled potato stores (ECPS) have been
suggested (Mehta and Kaul 1987, 1988; Kaul and
Mehta 1988). Evaporative cooling storage of potatoes,
in small naturally ventilated chambers, and zero-
ener?y_cool chambers, has also been found to be
beneficial (Roy and Khurdiya 1983; Rama et al.
1990; Rama and Narasimham 1991), side by side
with chemical sprout_inhibitor treatments (Rama
and Narasimham 1987, 1989). Folication of maleic
hydrazide (MH) on the standing crop has been
reported to suppress sg_routlng In potatoes stored
at hlgih temperatures (Singh et al. 1959; Vliet and
Schrilmer 1963; Ahmed et al. 1981: Badshah
1984); but no information is available on its
efficacy, when the produce is stored in ECPS. In
the present study, efficacy of foliar application of
MH on four potato cultivars has been evaluated,
when the produce was stored in ECPS and at room
temperature (RT).

Treatment : Field trials were conducted in
sandy loam soils at the Institute Farm. The
experiments involved MH spray at two levels (0 and
25 kg/ha) on four cultivars viz., ‘Kufri
Chandramukhi', 'Kufri Sindhuri', 'Kufri Badshah'

* Corresponding Author
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15-29 68-90%) and at room temperature (20-36°C, RH 30-72%) from March to May. Maleic hydrazide treatment
significantly reduced the mean number of sprouted tubers by 27% upto 10 weeks of storage;
76% after 12 weeks of storage. Interaction between maleic hydrazide treatment an

sAJrout weight was also
storage environment

Potato, Maleic hydrazide. Foliar spray, Evaporatively cooled potato storage, Ambient temperature storage,

and 'Kufri Jyoti", with four replications in plots of
size of 16.5m2 N, P and K were applied at 150,
60 and 120 kg ha-1, respectively. Diethanolamine
salt of MH (Desprout, Micro Chemicals, India, 30%
MH) in a 0.3% solution was sP_rayed on the crop,
three weeks before haulm cutting, at the rate 25
kg MH ha-1, an effective concentration, which leaves

H residues in tuber at the permissible limits
(Sukumaran et al. 1979). The plants were irrigated
10 times during growth, with such a schedule that
there was no iIrrigation for 10 days before haulm
c_uttln?. The harvested tubers were heaped in the
field for 15-20 days for curing, and then the
undamaged tubers within the weight range of 40-
60 g were selected. Composite samples of potato
were stored, treatment-wise, in_an insulated 20-
tonne capacity ECPS, and at RT, in hessian cloth
bags of 20 kg for 12 weeks, starting from the first
week of March.

Analytical aspects : Temperature and relative
humidity were recorded daily, while physiological
weight Toss, sprouting, rotting, and sprout weight
were determined every two weeks. Loss in weight
was recorded from 20 marked tubers, and sprouting
and rotting from bulk stored tubers. Tubers having
at least one sprout longer than 0.5 cm were
counted as sprouted. Tubers were desprouted and
sprout weight (g kgt tuber weight) was recorded
in undisturbed separate lots, at each observation.
Total losses were calculated as sum of weight loss,
sprout weight and rottage. Since the high order
interaction MHx Storage x Cultivars was generally
not significant, the same has been omitted. The
data recorded during the period of storage were
statistically analyzed in 2 x 2 x 4 factorial completely
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TABLE 1. EFFECT OF FOLIAR APPLICATION OF MH AND STORAGE ENVIRONMENT ON STORAGE ATTRIBUTES

Attribute 4 6
RT ECPS RT ECPS

Storage period, weeks

8 10 12
RT . ECPS RT ECPS RT ECPS

Sprouting, %

Without MH spray  39.30 36.80 §1.30 47.40
With MH spray 23.90 17.80 45.90 34.60

94.60  92.90 98.10  100.00 100.00  100.00
7470 60.30 91.10  80.40 100.00  100.00

Sprout weight, g kg'ltuber weight

Without MH spray  0.62 0.27 1.64 2.87 8.72 7.23 11.43 13.01 1226 22.21
With MH spray 0.21 0.20 0.61 0.42 2.10 1.91 2.94 2.38 3.28 4.83
Rottage, %

Without MH spray ~ ND ND ND ND ND ND 2.20 0.60 4.10 0.60

With MH spray ND ND ND ND ND ND 2.00 0.30 14.10 1.10
Weight loss, %

Without MH spray  3.47 1.07 6.17 2.69 7.78 5.43 12.18 6.15 1621  11.02

With MH spray 3.21 1.06 5.74 2.67 7.28 4.56 11.97 5.39 15.86 9.21
Total loss, %

Without MH spray ~ 3.53 1.09 6.33 2.97 8.65 6.15 15.52 8.05 21.44  13.84

With MH spray 3.23 1.08 5.80 2.11 7.49 4.75 14.26 5.92 30.28  10.79

ND : Nil

randomized design (Gomez and Gomez 1984).

Storage environment : The daily maximum
temperature inside the ECPS was 6-9°C lower than
the RT. The latter increased from 23.7 to 38.2°C
from March to May. The relative humidity in ECPS
was initially hlgh (81-85%) and decreased only a
little as the outside temPerature increased. RH in
ECPS was in the range of 81.5-93.7%, as compared
to a wide variation of 34.6-85.5% at RT.

Effect of MH application : Maleic hydrazide foliar
spraying considerably decreased the mean
percentage of sprouted tubers and the differences
were significant at each sampling (Tables 1 and_Z?].
Reduction in sprouting of tubers at hig
temperatures, due to the application of MH, has
also been reported earlier (Matlob 1979; Ahmed et
al. 1981; Badshah 1984). After 10 weeks, sproutln%
was 100% in both the MH treatments (data no
given). SJJroutmg in ECPS was low by 36 and 4.6%
1¢s and 10 weeks stora%e. Similar ‘was the trend
of sprout weight (Tables I and 2) and these results
are in conformity with the results of Weis et al
(1980). Mean sprout weight after 12 weeks was
higher by 74% in the ECPS due to the effect of
high relative humidity, which is known to be
favm;rable for sprout growth (Kaul and Mehta
1988).

There was no rottage upto s weeks under both
the storage conditions. MH treatment, howev er
increased the mean rottage of tubers: this trend
was similar to that reported by Singh et al (1959)

and Ezekiel et al (1984). Mean rottage of potatoes
in the ECPS was, however, significantly less than
at RT (Tables 1 and 2). Weight loss of potatoes
remained lower in MH treatment, but the differences
were statistically non-significant. MH .s%ra){ IS
reported to be effective In reducing weight loss,
primarily by restricting the sprout growth

TABLE 2. SUMMARY OF STATISTICAL DATA (CD AT 0.05)
Storage period, weeks

4 6 8 10 12
Sprouting
MH 0.34 0.43 0.42 0.48
Stores 0.34 0.42 0.42 0.48

MH x Stores  0.49 0.59 0.60 0.68
Sprout weight, g kg'l tuber weight

MH 0.03 0.20 0.42 0.55 0.53

Stores 0.03 0.20 0.42 ND 0.53

MH x Stores  0.05 0.29 0.59 0.77 1.07
Rottage, %

MH ND ND ND 0.14 0.27

Storage ND ND ND 0.14 0.27

MH x Stores ND ND ND 0.20 0.39
Weight loss, %

MH NS NS NS NS NS

Stores 0.25 0.33 0.37 0.52 0.79

MII x Stores  0.35 0.47 0.53 0.73 1.12
Total loss. %

MH NS NS NS NS NS

Stores 0.27 0.36 0.38 0.63 1.09

MH x Stores 0.40 0.51 0.55 0.89 1.53

ND : Nil, NS : Non-significant
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(Matlob 1979). Weight loss of potatoes in the ECPS
was significantly less at each sampling. Mean total
losses due to the combined effect of rottage, weight
loss and sprout weight were not affected by the
MH treatment. However, these were significantly
reduced in the ECPS (Tables 1 and 2), probably
due to lower temperature and high humidity.

The studies indicated that foliar application of
maleic hydrazide, in combination with improvised
storage structures like ECPS, can effectively reduce
the sprouting and weight loss of tubers, thereb
resulting in- reduced total losses under hig
temperature storage conditions In the tropics.

The authors are thankful to Mr. Jaspal Singh
and Mr. Raj Kumar for the assistance rendered in
the field and data analysis. Thanks are also due
to Dr. J.P. Singh for criticism and suggestions.
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BOOK REVIEW

Food_ Hydrocolloids - Structure, Properties. and
Functions : edited by Katsuyoshi Nishinari
and Etsushiro _Dai, “published by Plenum
Press, 233, Spring  Street, New York,
N.Y.10013, 1993; pp'510, Price US $125/-

"Food Hydrocolloids" is a pot-pourri of papers
presented at the International Conference at Tsukuba
and organised by the Japanese Society of Food
Hydrocolloids. The editors have presented 77 papers
in"this significant volume of very useful information
on awide range of hydrocolloids and their functional
properties and food applications.

The book bhegins with a block of 30 papers
dealing with the structure, properties and functions
of polysaccharide hydrocolloids derived from plants,
seaweed and microbial sources.

The main objective of the editors is to bring
together technical and industrial considerations
with discussion of the underlying functlonallt?]/_ of
food hydrocolloids. Structure-property relationships
are repeatedly emphasized for each class of
biopolymers.

Functional properties are described in a
separate section of 19 papers, which include
discussions on application of hydrocolloids to dairy
products and surimi preparations and effect of
pressure on gel formation.

Protein hydrocolloids are described in a series
of 11 papers, where sol-gel formation with egg
proteins, gelatin, collagen, rice and sesame see
proteins are dealt with and the factors affectm%the
stability of these gels and emulsions have been
thoroughly discussed.

The emulsifying properties of proteins and
stability of emulsions are dealt with effectively in
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a series of 6 papers. Interactions between different
tyPes of biopolymers and mixed polysaccharides on
gel formation are described in the next ¢ papers.

The last block of 5 papers deals with the
physiology and nutritive value of food hydrocolloids,
dealmgg with dietary fibre and associated changes
in metabolism of experimental animals.

This book is sure to have a wide appeal to
food scientists concerned with food hydrocolloids.
The scientist specializing in a narrow field will also
not be disappointed, because of the breadth of
Lnfokrmatlon contained within the covers of this
00k.

~ The book attempts to bring about an
intermarriage between molecular conformation,
Interactions, and functional properties of the main
food hydrocolloids. Using this information, one can
develop safe and convenient foods of better quality
with desired texture. The wealth of information
provided shows how biopolymers - such as starch
and other polysaccharides; gelatin and other
proteins; and microbial polymers; can be used to
provide different textures to thicken, gel, stabilize,
emulsify, retain moisture, prevent crystallization,
form foams, etc.

The book will open new vistas for the
researchers in this field and also serve as a
standard text for all working in the enchanting field
of food hydrocolloids. The documentation provided
in the book at the end of each chapter would hel(s)
to widen the horizons of knowledge in this field.

PJ. DUBASH

UNIVERSITY" DEPARTMENT OF
CHEMICAL TECHNOLOGY,
BOMBAY - 400 019
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ASSOCIATION OF FOOD SCIENTISTS AND TECHNOLOGISTS (INDIA)
Central Food Technological Research Institute Campus, Mysore - 570 013, India.

Invites Nominations for Fellows of AFST (I) for the year 1994

The Association has pleasure in inviting nominations
from persons to be conferred as “Fellow of Association of
FoodScren stsandTerB nologrstsflndra)I (FAEST) to honour
those who have contri uted significantly to the progress of
Food Science and Technology.

General
L The ardee will be IIeda FeIIowo sociation of
\gcrentrsts andQ?echnoo rsts n a anr? In an
abbrevrated form will be termed as F

2. The total nu %er ofFeIIowat eAssocr Ofon will qot
exceie? 5% of the total membership, Inclu ng eg
and [ire members orthe Association, in any given yéar or
100, whichever Is lower.

The tit trble ofFe(!Iows has sof rbeer}]av%arded 0 32b Qg
mbers an ?non mem ers wnnave contribute
eprogress ot Food Science and echno 0gy.

EI| ibility

hearmrso our rsosof ut tanding merit who
havecon rro sr n ?c Inthe reﬂrr] {]F%rBScrence
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Nominations

L The ngmination for Fellow should ?e pr%oosed trrxfrve
el Py
nghsca% t%AFST 3 r?rvev?nbers as weflsas non-mempers.

2. Anyre uIa[ or Irfe rBembfer ofAFSTQ who has been
ontinuqus moer oft IeAssocr lon canf onsor
tenomrnaton ronIyone ellow in a particular year.

3. The nomination sha(!l be accompanied by acceptance of
the person propose

4. The omr atron hall be.in th [ ve overleaf, A
brrep taofﬁr e nominge, rg g?ﬁrgt eScrentrfr
or Tec noorca vements In"t e reao Foo

Sorence and Tec no gorte a rst 0

gub Acatronsnotexc edin iOrm rtantres arS apers

rothersu rToortrno ocumentspot exceeding 20 pages,
must accompany the nominations.

5. Central Executive Committee Members of AFST(I) are
not eﬁlgrbﬁe t0 be nomrrPrated as Fellows. 0

6. Th on duly proposed and accepted by the
no?m?r%”éﬂar'r he sgny t%t ﬁon Executcr\fe ecrétary,
AFST(1) by 31st March 199

Selection of Fellows

The nomrnatrons recelved wi laced before an
Expert ommrttee apé)ornte\a/L t?rep 8forsurtab1
recommen dations to'CEC eac ?ear C by majorit

crsronwﬂlfrn lise the names of Fellows re ch ear.
The decision E%CECrnt rsmatterwrl(% ?

Privileges ofa Fellow o
The Fellow shall be entitled to the following rights :

. The awardee will be entitled to add FAFST after his name
as short title.

. Tobe present and vote at all general body meetings.

. Topropose and recommend the candidates for Fellow of
the Association.

. T receive gratis copies of one of the publications of
AFST(]).

|

2

3

4

5. Tofill any office of the AFSTAi) duly elected.

9. To be nominated to any committee of AFST(l).
8.

Ce

L

€ Tinal.

. To_offer papers and c% mmunications to be presented
before the meeting of the Association.

The title will remarn for life time of the member.
ssation of Fellow

R L e s
%cutrve Secretary, AFST(1), which will e
placed before the CEC for acceptance.

2 IftheAssocratroncomestoknowofanyactrvrtypre# udicial
tothe interest and well being ofthe Association, the CE C
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Conferrrn? as Fellows
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Mysore 570 013, before 31t March 1995,

The envelope containing the pomination along with the
hio-dataand ? ntrrﬁutrons é% pies) should be superscribed
‘Nomination for Fellow AF ES)

AYA S

HON. EXECUTIVE SECRETARY
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ASSOCIATION OF FOOD SCIENTISTS
AND TECHNOLOGISTS (INDIA)
CFTRI CAMPUS, MYSORE - 570 013

Nomination Form For Fellows
We, the following members of AFST(I) wish to propose

Full name and academic distinction
FULL NAME

DATE OF BIRTH
AREAS OF SPECIALIZATION
ACADEMIC QUALIFICATIONS

for election as the Fellow of AFST(l).
. We append below the statement of his/her claims for election as Fellow and certify that
in our opinion he/she is fully qualified for that distinction.

We also certify that he/she has been informed of the obligations attached to the fellowships
of the AFST(I) and”is agreeable to abide by them, if elected.

Statement of the proposer (not to exceed 100 words) setting out the discovery, invention
or other contribution to newer processes/products or the industrial development of the knowledge
made by the nominee.

Proposer's name & signature Seconder's name &signature
Date : Date
Station : Station :
(Signatures of supporters from their personal/general knowledge)
(1)
(2)
3

| agree for the above nomination

(Name & Signature)

Note : (1) Five copies of the nominee's bio-data and list of important scientific publications not
exceeding 10 pages and one set of reprints or supporting documents not exceeding 20

pages shall be attached to this form.

(2) Additional information that would be of assistance in considering the nomination may be
supplied in a separate sheet.

(3) Last date for receipt of nomination at the AFST-office is 31st March 1995.
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ASSOCIATION OF FOOD SCIENTISTS
AND TECHNOLOGISTS (INDIA)
CFTRI CAMPUS,

MYSORE - 570 013, INDIA

INVITES

NOMINATIONS FOR AFST () AWARDS
FOR 1994

Nominations for the following awards of the AFST(I) for the year 1994 are invited. All
nominations would be sent by Reglstered Post, so as to reach Honorary Executive Secretary.
Association of Food ScientistS and Technologists (India), CFTRI Campus, Mysore - 570 013,
before 31st March 1995.

PROF. V. SUBRAHMANYAN INDUSTRIAL ACHIEVEMENT AWARD

The guidelines for the award are :

()  Only Indian nationals with outstanding achievement in the field of Food Science
and” Technology will be considered for the award.

(i)  The nominee should have contributed significantl¥ to the enrichment of Food
_Scaen%e, and Tle%hnology, and the development of agro-based food and allied
industries in India.

(i) ~ The nominations duly proposed by a member of the Association must . be
accompanied by the bio-data of the nominee, highlighting the work done by him/
her for which "he/she is to be considered for the award.

(v)  The awardee will be selected by an expert panel constituted by the Central
Executive Committee of the Association.

(v Central Executive Committee Members of AFST(I) are not eligible to apply for
the award during their tenure.

The_envelope containing the nominations, along with bio-data and contributions (five
copies) should be superscribed "Nomination for Prof. V. Subrahmanyan Industrial
Achievement Award - 1994,

LALJEE GODHOO SMARAK NIDHI AWARD

The guidelines for the award are :

() The R & D group/person eligible, for the award should have contributed
significantly in"the ‘area of Food Science and Technology in recent years, with
a good standing in his/her field of specialization.

(i)~ The nominee(s) should be duly sponsored by the Head of the respective Scientific
Institution and the application for this award should highlight complete details
of the contributions made by the nominees and their Significance.

(i)~ The nomination duly proposed by a member of the Association must be
accompanied by the * bio-data of the nominee.

(v)  Central Executive Committee Members of AFST(I) are not eligible to apply for the
award during their tenure.

The enveloge containing the nominations along with bio-data and contributions éfiyle
copies) should be superscribed "Nomination for Laljee Godhoo Smarak Nidhi Award 1994",
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BEST STUDENT AWARD

This award is to be given to a student having_a distinguished academijc record and
_underdgom% the final year course in Food Science and Technology in an¥, recognised University
in India. The aim of the award is to recognise the best talent™in the Tield and to encourage
excellence amongst the student community.

The guidelines for the award are :

() The applicant must be an Indian national
(i) Helshe must be a student of one of the following courses :

(@ M.Sc. (Food Sciences/Food Technology)

() B.Tech., B.Sc. (Tech), B.Sc. (Chem.Tech) with Food Technology specialization.
(i) He/She should not have completed 25 years of age on 31st December 1994,

Heads of the Department of Food Science_ and Technolo%y in various Universities may
sponsor the name of gne student from each institution, squor ed by the candidate's bio-data,
details starting from high school onwards, including date of birth and post-graduate performance
to date (five copies). o

The envelcape containing the nomination should be superscribed “Nomination for Best
Student Award 199

YOUNG SCIENTIST AWARD

This award is aimed at stimulatinP distinguished scientific and technological research in
the field of Food Science and Technology amongst young scientists in their early life.

The guidelines for the award are :

(1) The candidate should be an Indian national, below the age of 35 years on 31st December
1994, working in the area of Food Science and Technology.

() The candidate should furnish evidence of either;

(@ Original scientific research. of high quality, primarily by way of published
research papers and (especially if'the papers are under joint authorship) the
candidate’s own contribution to the work.

OR

(b) Technological contributions of a hi(t;h order, as reflected by accomplishments

in proceSs design etc., substantiated with documentary “evidence.

The application alon? with details of contributions and bijo-data q(ive copies) may be sent
%gagglstered post with the envelope superscribed “Nomination for Young Scientist Award

BEST PAPER AWARD

This award is to be given by the AFSTFI) Educational and Publication Trust to the author(s)
who have contributed the best ‘paper to the Journal of Food Science and Technolog;r published
in 1994. A panel of experts, constituted b%/ the Central Executive Committee, will scrutinize
the issues and select the best paper for the award.

K. UDAYA SANKA
HON. EXECUTIVE SECRETARY



AFST(I) NEWS

STRATEGIES FOR PACKAGING AND STORAGE OF FRESH AND

PROCESSED FRUITS AND VEGETABLES

IN 21st CENTURY

SEMINAR HELD AT NEW DELHI ON SEPTEMBER 2 AND 3, 1994
SUMMARY AND RECOMMENDATIONS

The National Seminar on "Strategies for
packaging and storage of fresh and processed fruits
and vegetables in 21st century" was organized by
the Delhi Chapter of the Association of Food
Scientists and Technologists (India) at New Delhi
during 2nd and 3rd Sept. 1994 with the following
objectives :

() To examine the environment friendly and
energy saving technologies in the area of
packaging and storage

(i) To disseminate the results of R&D in the field
of packaging and storage

(i) To highlight technological advancement and
attention required for future research and

() To provide Impetus to domestic and

international trade through upgradation of
technology.

The seminar was inaugurated by Shri RP.
Ratawal, Hon. Minister of Tourism and Social
Welfare, Govt, of Delhi, on 2nd September at the
India International Centre. The maugural session
was presided by Shri Gokul Patnaik, Chairman,
APEDA, Dr. KL Chadha, DDG (Hort), ICAR,
delivered the keynote address and Shri CK. Basu,
Jt. Secretary, Ministry of Food Processing Industries
ave a special address. Dr. Susanta K Roy,
ational President of AFST (I) briefed the audience
about the seminar. Prof. B.S. Bhatia, President,
AFST (1) Delhi Chapter proposed the vote of thanks.

On the 2nd September, after the inau%urati_on,
two technical sessions were held. The first technical
session on Backagmg of fresh and processed fruits
and vegetables was chaired by Dr. D.K. Uppal,
Executive Director, NHB. Eight invited papers were
gresented. This was followed by the session on
torage of fresh and processed fruits and vegetables
under the chairmanship of Dr. G.L. Kaul,
Horticulture Commissioner, Government of India,
in which six invited speakers delivered their talk.

The 2nd day seminar was held at the NRL,
Auditorium of the IARI., New Delhi on 3rd September,
1994 with the poster presentation under the
chairmanship_of Dr. MK. Roy, Principal Scientist,
NRL, LARI. There were 63 posters during the
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session, After this, the 3rd session on Export
marketing of fresh and processed fruits and
vegetables was held under the chalrmansmB of Shri
Gokul Patnaik, Chairman, APEDA. Dr. V. Prakash,
Director, CFTRI presented the lead paper. Three
invited speakers also spoke in this session.

The Plenary session was held at IARI, New
Delhi, on the same day in the after noon under
the chairmanship of Shri CK. Basu, Joint Secretary,
Ministry of Food Processing Industries, Govt, of
India. Shri Basu in his openmg remarks expressed
his happiness that a National Seminar on this very
important topic was being Qrglanl_sed at thisjuncture,
when the Govt. Of India is laying great emphasis.
He con?ratulate_d the AFST ég for making such a
novel effort, which was attended by more than 200
scientists, technologists, ﬁropessm% and marketing
experts. Shri Basu emphasized that it was high
time that scientists should focus their attention on
packaging and storage of these fresh perishable
commodities as well as their processed products,
which are lacking at present, so that their efforts
could make an impact in the world market. Mr.
Basu pointed out that in different fora, it is stated
that 30-40% of our horticulture produce perishes
because of lack of post-harvest infrastructure and
processing facilities. Mr. Basu, however, did not
agree with these assertions, as these are not
supported by exact data. He, therefore, urged the
sclentists to state only those which are backed up
by data. He, however, admitted that there are losses
due to imperfect post-harvest infrastructure for
these perishable horticultural commodities and
urged the AFST on their own to study these exact
losses and the requirements of post-harvest
infrastructure facilities for the country. He further
stressed the need of development of infrastructure
facilities for better handling of these commodities.
Shri Basu pointed out that AFST (1) should act as
a think tank so that the Govt, of India can refer
the problems to the Association and in return, the
association can put forward suggestions for solving
them. While praising CFTRI as a leading institute
for providing research and training in different
fields of Food Science and Technology, Shri Basu



felt It Is high time that other institutes dealing in
horticultural commodities should come up for
standardizing the packaging and storage
requirements of these perishable commodities. In
this regard, he mentioned that IARI has done
enough ground work to make a good base for
hlgbher research work. This centre can be upgraded
to'become an advanced centre for imparting training
in research and development. After his brief speech,
Shri Basu invited the chairmen of different sessions
to present the recommendations of their sessions.
Immediately after his speech, a lively and fruitful
discussion took place and the following
recommendations emerged for consideration.

1 A scientific and systematic study should be
made for assessing the exact post-harvest
losses at different stages of post-harvest delivery-
system of horticultural produce, including
processing, with s_u?gestlons for suitable
economically viable infrastructure facilities to
overcome the problems.

2. Controlled and modified atmosphere techniques
may be adopted for storage and packaging of
fresh fruits and vegetables, both for internal
and export markets.

3. The R&D efforts on the development of edible
eco-friendly coating materials or films may be
intensified to cope up with the developments
in the advanced countries.

4, Alternate packaging materials like weight heat
sterilizable glass containers and flexible
packaging materials like retortable pouches
may be introduced for packing of processed
products.

5. Modem packaging system like aseptic packaging
using suitable packaging materials may be
adopted for RTS heverages and bulk packaging
of fruit pulps/concentrates, without using any
grese_rvatlves and refrigeration for economic
enefit and better consumer health.

6. All out efforts should be made to set up
packing station and see that all fruits and
vegetables after harvest should pass through
the packing station before marketing, as
followed in the advanced world.

10.

11.

12.

13.

14.
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Stress on quality maintenance for fresh produce
as well as processed products to meet the
stringent standard of importing country.

Environmentally pure and pesticide-free fruits
and vegetables are being sought after not only
in western countries but also in India. However,
their production and roducm? level are goor.
It is suggested that Govt, of India and State
Governments should ban the use ofblologlcally
non-degradable pesticides like DDT, BHC, etc.

Due to higher application of pesticides during
production of various crops, it is essential to
estimate them in various food products and
suggest methods to bring down the levels of
pesticides within the safe permitted limits.

In view of the Montreal protocol on phasing
out the use of chemical fumigants for the
quarantine treatment of fruits and vegetables,
APEDA should explore the possibility of using
irradiation as an alternative.

All efforts should be made for the
commercialization of irradiation-processing of
i)nlons and potatoes for reducing post-harvest
0SSes.

The evaporative cool storage technology is
recommended for adoption by farmers and
traders for short and medium term storage. of
the horticultural produce at different handling
levels, viz. farms, mandis, halting stations, etc.

Realizing the importance of post-harvest
technology of horticultural crops, it was
sugé;este that an advanced centre on the lines
of CFTRI on the specific field of horticultural
crops may be created. It was recommended
that 1ARI with its available infrastructure and
multi-disciplinaly facilities should have an
independent Centre/Division of Post-harvest
Technology of Horticultural Crops, to meet the
requirements of the country in the area of
research and training in this field.

It was emphasized that there should be close
linkages with various organisations, so that
more collaborative work can be taken up
avoiding individualistic approach. In this regard
AFST (7) should take the leading role.

SK. RO
INDIAN COUNCIL OF AGRICULTURAL RESEARC
NEW DELHI-110 01

r~oTT <
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A simple three-step screening technique for selection of wild
fungal isolate of high ﬁotency 23
first-step screening technique 23
second-step screening technique 23
three-step screening technique 25, 26
third-step final selection technique 24
Aerobic spore formers 151
in marketed ice_ cream 151
Aeromorxas hydrophila 476
effect of chloramphenicol 477
influence of myosin 478
protease secretion by resting cells 477
survival mode in muscle foods 478
Aflatoxin B, 95, 244, 497
antifertility and cannibalistic properties 498
estimation b{ thin layer chromatography 95, 244
in deoiled/oil cakes, cattle feeds and damaged grain 245
spermatogenesis 498
Ailatoxins 327
incidence in groundnut-based snacks 328
content in cattle feeds 245
content in deoiled/oil cakes 245
Aflatoxin B, contamination 362
biological control in developing peanut 362
Aflatoxin estimation 91, 327 _
advantages and limitations of immuno assays 100
comparison of assay methods 96
ELISA 100
estimation by fluorodensitometry 97
estimation by high pressure liquid chromatography 97
estimation by immuno assay techniques 98
estimation by spectrophotometry 96
extraction 9
methods of estimation 91
principles of estimation 91
purification 93
quick screening test 100
radio immuno assay 99
sampling 91
steps in methodology 91
African yam_ bean (Sphenostylis stenocarpa] 197
Afzelian“africana 307
Almond, Pmmus amygdalus Batsch 335
fatly acid composition 336, 337
kernel quality 335
oleic/linolcic “acid ratio 337
phospholipid contents 336
sub-tropical varieties 336
total lipid contents 336

Alumina gel 61
use in the extraction of carotenes 61
Apple 142

biochemical and enzymatic changes during storage 143
Artificial colours 66
in food products 67 .
non-permiited and excess than permitted 66
surveillance on convenience foods in Calcutta markets 67
tfxic colours 66
Bacillus cereus 338
enterotoxicity in brain heart infusion broth 339
vascular permeability reaction 340
Bacterial population in foods and food products 1
adenosine triphosphate detection method 5

electrical impedance measurement 6

gas chromatographic method 6

immunological methods (ELISA) 7

limulus amochocyte assay 7

microcolorimctric estimation 6

polymerase chain reaction 7 .

radiometric estimation of m_mroorganlsms 5
Bambarra ?roundnut (Voandzeia subterranea) 197

effect of sodium chlor.de 199

emulsion properties 198, 200

foaming capacity 198

functional properties 197

gelation capacity 197, 198

protein solubility 198, 200

proximate composition 198

raw and heat processed flours from 197

water and oil absorption capacity 197, 198
Baudouin test 433

for the detection of sesame oil 433
Bavistin in onion 342
Beans 463
Bengalgrnm 62

canonical analysis 64

effect of roasting process variables on hardness 63
Bentonite, activated 61

use in the extraction of carotenes 61
Biscuit 372

physical and sensory characteristics 374

prepared from tamarind kernel powder 373
Bondakaledkal 328
Brachystegia eurycoma 302, 307
Bread ‘jelly 372

textural properties 372
Broiler rabbit meat 255

effect of age and sex on lipid composition 256, 257

fatty acid composition of neutral lipids 257

fatty acid composition of polar lipids 256

lipid profiles and fatty acid composition 255, 256, 257
Brown rice 416

hysical characteristics 416
Bufralo milk 279
Buffalo meat and patties 404

effect of salt and its blend with polyphosphates on the

quality under hot, chilled and frozen conditions 405

experimental portocols 404

functional properties 406

physico-chemical properties 407

Iorocessing 404
Callosobruchus chinensts L. 135

culture maintenance 135

its infestation efTccts on greengram and redgram

N . 136, 137, 138

nutritional gualny changes due to infestation 138

physical and chemical changes due to infestation 138
Candida curvala 503

growth on acid digests of repeseed meal 504
Canned corned beef 298

organoleptic evaluation 301 S

penetration value of gelatin and thickening agents 300

proximate analysis 300

use of natural thickening agents and gelatin 299
Canned vegetables 466
Carbcndazim residues in onions 343



Carotenoids 228
effect of additives on stability 229
effect of containers and storage period on stability 229
stability studies during storage of mango pulp 229
Casein diet 163
Carrot tissue 236
dynamic oscillatory shear measurements 237
effect of tugor pressure on rheological properties 237
Catalase 153
Cattle feeds 244
aflatoxin content 245
Chcpatl dough 202
analysis 203
effect of initial feed dimensions 204, 205
effect of key factors on mechanical sheeting
characteristics 202
effect of optimal ingredients on rheological
characteristics 204, 206
effect of ingredients, roller clearance and feed dimensions
on sheeting characteristics 204, 205
preparation 202
sheeting 203
Chapatis 114
effect of soy-fortification on quality characteristics 114
nutritional evaluation 114, 116
proximate composition 115
Chicken gizzard pickle 32
its quality changes during processing and storage 33
microbiological changes 34
physico-chemical changes during storage 34
_scn_smf traits 34
Chiwadi 110 o
effect of puffing on In vitro carbohydrate digestibility 110
Chloroisopropyl phenyl carbamate (CIPC) 130
its, effect on processing quality of potatoes 132, 133, 134
Clostridium sporogenes 464
calculation by Stumbo and Formula methods 465, 466
D-values in 8Iant materials 464
Cluster beans (Cyamopsis tetraFonoloba) 12
changes in physico-chemical parameters 12
polyacrylamide gel electrophoresis pattern 13
Cocoa ‘beans 511
effect of detergents 512
effect of polyvinylpyrrolidone 512 o
Frotease activity of various ammonium sulphate precipitated
ractions 512
protease assay by ammonium sulphate 5precipitation 512
#)rotease isolation using a new method 511
Coffee pulp 22, 316 .
degradation of coffein by Penicillium verrucosus 318 effect
of additional inorganic and nitrogen sources 318
production in solid state fermentation system 23
solid state fermentation aspects 317
Coliforms 151
Colocasia corns, 207
Common salt substitutes 15
effect on amylograph characteristics of flour 17
effect on bread quality 18
effect on the dough characteristics 16
Congressbele 328
Conventional methods of estimation of bacteria in food 3
dye reaction test 4
mIC[OSCOFIC count 3
statistical estimatjon of most probable number 4
Cowpea (Vigna unguiculala L)
changes “in physico-chemical parameters 12
polyacrylamide gel electrophoresis pattern 13
Curried vegetables 463, 466
heat penetration parameters 466
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inoculated pack studies 467
thermal processing requirements 464
Dahi, fermented milk 241
counts of lactic acid bacteria in market samples 241
food borne pathogenic bacteria 242
inhibitory activity of lyophilized culture filtrate 242
spoilage "bacteria in 242
Damaged grains 245
Dark-green vegetables 250
Decalepsis hamiltordi 472
effect of essential oil on_microbiological quality 474
extraction of essential oil 472
its essential oil as an antimicrobial agent 472
Defatted rapesecd meal 503
amino acid composition 504
methods for isolation of proteins and their efficiency 503
use of the residue for yeast biomass production 503
Defatted soy flour 117
proximate composition 117
Dehydrated precooked rice and Dengalgram dhal 293
effect of spices on peroxide value 296
effect of various processing treatments on peroxide value 294
effect of water activity on peroxide valug 295
factors influencing lipid autooxidation 294
preparation of dry model systems 293
starches and proteins 293
Deoiled/oil cakes 244
aflatoxin content 245
cattle feeds 245
damaged grains 245
from groundnuts, mustard, cottonseed and
sunflower seed 245
Detarium microcarpum 302, 307
Dhal dust 56
relative density of fungal species in 56
Dhal mill 55
dust Pollution in 55
Dust pollution dhal mill 55
particle size of dust 56
qualitative and quantitative analysis 55, 56
ELISA 7, 100
Edible bamboo shoot fermentation 500
changes in soluble sugars and other constituents 501
Edible oils 289
design of apparatus 290
dielectrophoretic yield of organic impurities 291, 292
effect of clove powder on oxidative rancidity 169
influence of antioxidants 169
sensory evaluation 169
separation of particulate impurities by non-uniform
elecLric field 289
Edible oyster, frozen 168
Eggs 153
kinetics ofglucose removal by egg white matrix
from e?g 154
removal of glucose from 153
reuse of immobilized enzyme for desugaring 154
Enterotoxin 338
effect of pil ang s_tfcrose 338
rr%ro_dugtlon by Bacillus cereus 338
Escherichia coli 324
antibiotic sensitivity 326
incidence in fishes and seafoods 325 S
isolation, serotyping, hiotyping and enterotoxigenicity 325
Estimation of anaerobes in foods 3
Feed efficiency ratio 138
of infested greengram and redgram 138
Fish and seafoods 325 . )
incidence of Escherichia coli 326
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Fishes (Heterotis niloticus and Chrysichthys nigrodigitatus) 407
animal feeding 409 N
biological evaluation of the effects of traditional methods on
protein quality 409, 410
protein %uality indices 410, 411
Flat bread 504
Freeze-dried breakfast and dessert foods 40
changes in the roasting characteristics 38
chemical analysis 41
manufacture 40
microbiological analysis 41
organoleptic analysis 41
rehrdratlon characteristics 42
shelf-life studies and stability 41, 42
their potential as space foods 43
Gamma irradiation of onions 341
Globin agar 418
mesophilic and psychrophilic bacteria by surface plating 419
Globin protein 418
chemical composition and amino acid profile 419
use in microbiological media for enumeration of aerobic
viable cell counts 419
Glucose oxidase 153
Glycerol 252
as a water activity modified in khoa 253
effect on isotherm™ parameters of khoa 252
effect on sensory and rheological attributes of khoa 252
Gourds 463
Green Bengalqram 49 ,
biochemical changes during storage 50
blanching 49
cannin? 49 .
organoleptic changes during storage 50
Green field bean seeds (Dolichos lablab var lignosus) 367
deep-fat-frying 368
dehydration studies 367
drying characteristics 368
high temperature-short time drying 367
hot air drying 367
proximate composition 370
quality attributes 369
rehydration characteristics 369
rehydration studies 368
solar drying 367
storage studies 368
Green soy cheese 156
composition 158
effect of supplementation on coagulation time in whey 157
losses of milk components in whey 157
preparation 156
soy milk 156
Greengram 135
animal experiments 136
chemical analysis 136
correlation matrix between level of infestation and different
#)arameters 138 ) )
effects on different levels of Callosobruchus chinensis L.
infestation on proximate composition, methionine and uric
acid 135
physical and chemical changes due to infestation 138
Groundnut snacks 327
Groundnut toffee 328
incidence and levels of aflatoxin 328
Gulab jamun preparation 279
composition and microstructure 280
instron texture profiles 281
interrelationships among instron parameters 279
regression equation for instron texture profile
scanning electron micrograph 283, 284

Hammer mill 225
comparative study with and without pneumatic system 227
Hexachlorocyclohcxane toxicity 430
Home processed supplementary foods 122
nutritional evaluation 123
[ce cream 151
analysis of variance of bacterial parameters 152
bacteriological quality 151
marketed in Tirupati 151
standard plate counts 151
Indian foods 249
raw and cooked 250
Infringement of P.F.A. rules 66
[ron 122
correlation coefficient analysis 125
In VItro and, In VIVO bioavailability 123, 124
Kachcha churpi - a traditional milk “product 71
chemical-sensory attributes relationship 71
compositional and sensory characteristics 71
manufacturing methods 71
proximate composition 71
sensory scores 72
Kalakand“330, 389 o
biochemical characteristics 331
effect of potassium sorbate on microbiological quality during
storage 363 . . _
effect of potassium sorbate in sensor%/ and biochemical
gg?ra%tgezristics during storage at different temperatures
effect of sugar, milk fat and different coagulants on sensory
characteristics 390
microbial counts 331
optimization of the process for manufacture 389
preparation 390
proximate composition 331
sensory qualities 331
textural properties 391
Khoa 252 _ -
effect of the essential oil of Decalepsis hamiltonii on 474
evaluation of %cherol as a water activity modifier 252
sensory and rheological evaluations 252
Khoa preparation 279
Kinnow fruit 140
distribution pattern of bittering principles in 141
Kinnow mandarin juice 380
ascorbic acid contents 382
composition of kinnow juice 382
effect of Hunter colour and bitterness 383
efsfgit of methods of juice extraction on pomace and peel
methods of juice extraction 380
physico-chemical properties 381, 382
recovery of juice, pomace and peel 381
Lager beer from Nigeria 148
bottling and pasteurization 149
malting and mashing 148
pitching of wort 149
primary fermentation 149
saccharification test 149
Lahi 110
Limonin 140
bittering priniple of kinnow fruit 140
distribution pattern in kinnow fruit 141
Lycopene 232
in juice of tomato hybrids 232
Macuna Jlagellipes 302, 307
composition and functional properties 302, 307
determination of monosaccharide composition 309
extraction of gums 307, 308



flow behaviour of gum extract dispersions 309
.rgonosaccharlde composition 309
Maida 400
Maize 62
canonical analysis 64
effect of roasting process variables on hardness 64
Maize seeds 52
effect of fun%al infestation 53
on dry weights 52
on lipids 52
on starch 53
Maleic hydrazide 513
effect on storage attributes of potatoes 514
Mancozeb (Dithane M-45) residues 215
decontamination experiments 216
efficacy of decontamination processes 217
field experiments 215
persistence in vegetables 216
residue analysis 216
Mango pulp from different varieties 230
effect of storage geriod on stability of carotenoids 230
Man%o-new hybrids 385
chemical composition of canned isuice 387
chemical composition of pulp 385, 387
comparative studies and description 386
physico-chemical characteristics and processing quality 385
preparation of juice and canning 385
sensory quality of canned juice 387
Methionine 136, 137, 138
its contents in infested greengram and redgram 136, 137
Milk fat 181
aldehyde value 190
anisidine value 190
appraisal of methods 185
autooxidation 187
carbonyl compounds 189
chemical methods 187
chemiluminescence 191
chromatographic methods 185, 191
colorimetric methods 184
comparative assessment 192
estimation of FFA level 181
fluorescence 191
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