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REVIEW

Virus Transmission through Foods

V. Chalapati Rao
National Environmental Engineering Research Institute, Nagpur 440 020, India

Besides water, food constitutes an important but the least explored vehicle in the transmission of human enteric and other viruses.
Association of food with transmission of overt viral diseases is not common, but food transport of viruses to humans and animals
can be very frequent. Viruses in foods can be derived from sources like sewage contaminated water, food handler and virus
intrinsically present in animals. Among the reported food bome outhreaks of virus disease, infecticus hepatitis predominates.

Methods available for isolation of enteroviruses from foods are presented. The need for examination of large quantities of food to
detect the small number of viruses is stressed and a few approaches for concentration of viruses from different foods are outlined.

The World Health Organization developed a food virology programme to get more scientists and institutions interested in studies
on the extent and type of viral contaminants present in various foods so as to determine the role that viruses play in food bome

diseases.

Introduction

Besides water, food constitutes an important but the
least explored vehicle in the transmission of human
enteric and other viruses. Food borne health hazards
have resulted mainly from centralisation of food pro-
duction, increase in communal eating and the expansion
of international trade and tourism. Public health
officials, in general, did not evince much interest in the
problem of exposure of humans to animals infected with
viruses and the consequences of consumption of virus
containing foodstuffs by humans. Available epidemio-
logical data do not indicate that many people are being
infected through the consumption of such contaminated
foods. However, the probability exists that a variety of
virus diseases may be traced to the food supply. This
review highlights some of the problems related to virus
transmission through foods such as milk and milk
products, vegetables, shellfish, and meat and meat
products.

Occurrence of Viruses in Foods and Food Animals

A variety of viruses that infect humans have been
demonstrated in food animals like calves, cows, goats
and swinel'6. These viruses and the animals in which
they occurred are as follows: Poliovirus 1 (cattle and
goats) coxsackie virus A5, A" and AZ) (Pigs), Echo-
virus 8 (Pig) and Echo 10 (Cattle) Reovirus 1, 2, 3
(Cattle) and influenza virus AZ (Pigs).

The same viruses were sometimes isolated from human
contacts living in close association with the animals5.
The presence of the above human viruses in animals
indicates that animal viruses may be agents of sub-
clinical infections or disease in man.

Human and ar.imal viruses have been isolated from
food and food animals. They are listed in Table 1.

The above data clearly demonstrate that viruses of
both human and animal origin are present in foods. In
addition, the isolation of known human enteroviruses
from foods is of obvious public health importance.

Source of Contamination
An analysis of the epidemiological record of transmis-
sion of viruses by food was presented8. Ten outbreaks of
poliomyelitis reported during 1914-1949 have been
traced to contaminated raw milk8. Twenty two food

Table 1. viruses isolated FROM FOODS?

Encephalitis (tick borne)

% ft

ft ft
Poliovirus 1 and 3
Para influenza 3
Bovine syncitial virus
Foot and mouth disease virus
Poliovirus 1, 2, 3
Echovirus 4, 6 9
Coxsackie virus B2, 3, 4
Reovirus 1
Adenovirus 5
Hepatitis candidate virus AR-17
Poliovirus, 1,2, 3
Echovirus 6
Poliovirus, 3
Echovirus 3,5, 6,89, 12, 13
Coxsackie virus A-18
Avian leukosis complex
Infectious bronchitis virus
New castle disease virus
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Milk, butter (goat)
Milk (cow)
Milk (sheep)
Raw milk (cow)
ft ft

ft ft
Beef, milk and butter

Oysters

s =+ = =

t
Ground beef

ft
Mussels
»

Eggs
»
»
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associated outbreaks of infectious hepatitis between
1943 and 1964 have been reviewedd. The majority of
foods implicated had been cooked very little or not at
all. A variety of reasons are brought out to indicate how
contamination took place. They fall under the following
categories:

(a) Cafetaria trays of the compartmental type in which
food is served in direct contact with the trays was indi-
cated in the outhreaks in Missouri City, Tex. in 195915

(b) There was an instance of cooked food like the
roast pork being incriminated in the Bushy Hall,
England outbreak in 1963. But this was handled by a
cook who was jaundiced. Explosive outhreaks of polio-
myelitisIl and infectious hepatitis121314 have been
reported in association with direct human contamination
with clear indications of gross negligence in food handl-
ing.

(c) In some of the investigations of outhreaks, secon-
dary or contact cases were cited. The index person in the
Missouri City, Tex., outbreak13 infected 5 persons by
contact and 21 persons in his role as a kitchen employee.
Thus an infected human, who works as a food handler
or a kitchen worker in the final preparation constitutes
a potentially significant source of virus in foods.

(d) The possibility of mechanical vectoring of viruses
into foods is indicated by the fact that polio virus was
recovered from blow flies 15 days after experimental
contaminationld and cockroaches harboured the virus
for 51 days16. An explosive outbreak of poliomyelitis
at a west coast naval training school in U.S.A.I7 indi-
cated that milk contaminated by flies was the common
source of infection. Milk used was mostly raw, regularly
contained flies which had access to human and domestic
animal feces. In another instance, food was shown to be
contaminated with virus by flies18,

(6) Numerous cases of infectious hepatitis in humans
resulting from consumption of shell fish harvested from
polluted waters have also been reported19'22. The
species of shell fish which have been implicated in these
outbreaks have differed and were mostly eaten raw. In
only two of these infections, they were reported to have
been cooked. One person in the Mississipi and Alabama
outbreak) of 1961 had eaten oysters prepared by bring-
ing milk and seasoning to a boil, adding the oysters, and
cooki% them just until the edges curled. Another
studyZa suggests a significant association with consump-
tion of both raw and steamed shellfish among hepatitis
patients surveyed in Boston.

(/) Yet another likely source could be vegetables
raised in fields irrigated with sewage. Poliovirus and
echo viruses have been isolated from the soil of fields
irrigated with sewage and some of the vegetables grown
in these fields were contaminated with cytopathic
agents24. No outbreaks from the above sources were
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recorded. But a possibility of their occurrence exists.
Role of vegetables raised on sewage contaminated soils
in the dissemination of food associated viral diseases
can be understood better if an effort is made while con-
ducting epidemiological investigations.

Persistence of Viruses in Foods

A number of factors can influence the survival of
viruses in foods. They are (z) extent of virus adsorption
to a particular food, (z2)its ability to survive and remain
infectious under conditions of handling and storage,
(Hi) the effect of ingredients such as flavourings and pre-
servatives and (Zv) the decomposition products from
bacteria in the food samples.

There is evidence that viruses can survive for long
periods in raw meat2526. Foot and mouth disease virus
survived in meat for 73 days27. Echo and coxsackie
viruses survived on vegetables stored under household
conditions and polioviruses survived on radishes for
over 2 months28. Experimental work by LyntXindicates
that polio 1, coxsackie Bxand B6 viruses added to eight
different commercial frozen foods before storage at
room temperature, 10°C and -20°C were still viable
after various intervals of time upto Lweek, 1month and
5 months respectively. Only in the case of coleslaw, a
rapid significant reduction of coxsackie B virus at the
three temperatures was noticed and this was believed to
be due to the additive, sodium bisulphite. Studies carried
out by Herrmann and Oliverdin which ground beef was
seeded with coxsackie virus Ag at a concentration of
9.3 X104 plaque forming units (PFU)/g and stored
either at 4 or 23°C indicate that on the 8th day of storage,
the virus content was 7.8 x 104 at 4 C and 3x 104at 23C
and 2 weeks were necessary before significant (90.8
per cent) virus reduction could be noticed.

The above study also shows that even in the presence
of extensive bacterial growth (2.8-6x 10° colonies/g) in
the ground beef during periods of upto 8 days at 23 C
or 4°C respectively, no marked loss of virus occurred.
The observation that the decomposition products from
bacteria in foods did not inactivate the viruses present
in these samples confirmed a previous report29.

Virus Inactivation

Viruses in large concentrations are not likely to occur
in contaminated foods since only small amounts of virus
is excreted by infected food handlers and only small
amounts of feces can be introduced into foods by these
people. Coupled with this, viruses are unable to grow
and multiply outside living cells. These facts make it
unlikely that food route could be responsible for wide-
spread dissemination of virus. Nevertheless, the small
amounts of virus contamination of foods which may
occur can be considered as one means of seeding infec-
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tions in communities after which such infections may
be spread by more rapid routes in epidemic fashion3L
As such, there is need to explore for inexpensive methods
to inactivate viruses in foods.

A number of approaches have been studied to deter-
mine their efficacy of inactivating viruses in different
foods. Possible inactivating agents are (i) heat, (27) dry-
ing, and (iii) ionizing radiation,

Heat

Pasteurisation times and temperatures recommended
by U.S. Public Health Service are (z) 62.8°C for 30 min
or 71.7°C for 15 sec for milk, (zz) 65.6°C for 30 min or
74.4°C for 15 sec for milk products with added milk fat
or sweeteners, and (iil) 86.3°C for 30 min or 79.4°C for
25 sec for ice cream mix.

Effect of pasteurisation temperatures on the destruc-
tion of a variety of viruses like adenovirus 12, reovirus 1
and herpes simplex virus and two leukemia viruses
suspended in raw milk, raw chacolate milk, raw ice
cream mix and sterile milk were studied32. At 65°C, which
Is near the pasteurisation temperature, the destruction
curves for adenovirus 12, herpes simplex virus and re-
ovirus 1approached a first order reaction. Butin respect
of oncogenic viruses, maloney and rauscher leukemia
viruses and maloney and rous sarcoma viruses it was
indicated that rous sarcoma virus was the most resistant
and survived at 55°C for 20 min and at 65°C for 2 sec.

Drying

In the case of many drying processes applied to foods,
one could consider the heat employed as the principal
source of inactivation of the virus. In one study3
frozen salmon salad inoculated with poliovirus type 1
was freeze dried at 50-150 mm of ¢ pressure, condencer
temperature -51°C and a platen temperature of 21.8°C.
Virus concentration before and after dehydration and
storage was 2.3xI06 PFU and 6.9xI02 PFU/mI of
sample and this indicates that freeze drying cannot he
depended upon for efficient destruction of virus in foods.

lonizing Radiation

The use of gamma radiation has been advocated as a
means of obtaining sterile, organoleptically acceptable
raw and cooked foods that require no refrigeration sto-
rage and have a long shelf life34. Present systems utilize
low temperature treatment followed by irradiation of the
frozen (-20 to -40°C) food product.

An irradiation dose of 0.6 Mrads brought 99 % reduc-
tion of poliovirus in fish fillets33. Coxsackie B2 virus
suspended in raw and cooked ground beefwas irradiated
at temperatures ranging from 16 to -90°C in a cobalt 60
gamma radiation source33. The D value (dose in mega-
rads required to reduce the viral numbers by 1 logio
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or 90 % reduction) for raw ground beefwere 0.75 (-30°C)
0.71 (-60°C) and 0.68 (-90 C) and for cooked ground
beef, the values were 0.70 (16°C), 0.76 (0.5°C), 0.68
(-30°C), 0.78 ( -60°C) and 0.81 (-90°C). It may be of
interest to note that the D values were higher in frozen
material in contrast to water held at 0.5°C, the value
being 0.14 Mrads3/ and this was attributed to inhibition
of free radical formation or to impeding of free radical
travel in frozen foods. The authors feel that the D
values for other foods and other viruses may be different
and require investigation,

A recent report3®indicates that 7 to 13 % of poliovirus
survived when 400 Krads of gamma radiation from
cobalt source was applied to whole and shucked oysters.

Detection of Viruses in Foods

The various foods for which simple and sensitive
methods are available or have got to be developed are
considered under three categories viz. vegetables and
fruits grown on sewage/effluent irrigated farms; shell
fish (oysters, mussels and clams); meat and meat pro-
ducts. Relevant background information and appro-
aches for study are presented here.

Verqet_ables and Fruits Groan on Sewagee/ Effluent
rrigated Farms

No documented outbreaks of human virus disease
attributed to the consumption of crops contaminated by
sewage polluted irrigation water are available. Possible
contamination of food crops irrigated by wastes like
sewage, sludge and effluent may be of serious public
health significance and a hazard too.

Most Statesin U.S.A. generally prohibit the use of raw
or settled sewage for irrigation of crops grown for
human consumption. Some states, however do allow
the use of completely treated, oxidised and disinfected
sewage for production of vegetables and fruits that may
be eaten raw. Such a practice cannot be considered safe
in terms of virus hazard because two recent reports3940
indicate that the quantity of virus discharged in the
effluent of an activated sludge sewage treatment plant
(which incidentally is the best biological treatment
method) amounts to 9.7xI06 and 2x108 PFU per
million gallons respectively. Data are also available from
several field studies indicating the presence of virus even
in chlorinated secondary effluents41-44. Itis evident that
complete treatment of sewage followed by chlorination
as is presently practised with low chlorine residue will
not yield virus free effluents and as such their utilisation
in raising food crops is likely to result in low level virus
contamination of such crops.

Limited data is available from the field and laboratory
studies. Polioviruses and echoviruses have been isolated
from soils of fields irrigated with sewage and some vege-
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tables grown therein showed the presence of cytopatho-
genic agents24. Prolonged survival of these viruses on
vegetables, for example poliovirus perisistence for over
two months was also demonstrated2«. Larkin et al4
studied viral persistence on crops irrigated with polio-
virus linoculated sludge and effluent. Virus was recover-
ed from the soil after 20 days and from vegetables like
radishes and lettuce 36 days after final irrigation.

In India sewage farming is practised by using mostly
raw sewage and sometimes partially treated sewage.
There are 132 sewage farms covering approximately
30,000 acres and utilising 223 million gallons of sewage
per day. Different types of human enteric viruses are
reported to occur in the range of 1000-12000 PFU/1 of
raw sewage. Eighty per cent of the total virus in sewage
was seen to belong to poliovirus types. Of this, at least
50 per cent appears to be associated with virulent strains
of poliovirus (Rao et al—unpublished data). All varie-
ties of vegetables are grown in the sewage farms and sold
in many urban areas. The extent of virus dissemination
by these vegetables has not been investigated yet.

In order to determine the public health significance and
the types and numbers of viruses in or on fruits and
vegetables, studies are needed for development of a
method for isolation and recovery of viruses. In vege-
tables like tomato, radish and cucumber where the
surface is even, recovery of virus using simple swabbing
with eluants like nutrient broth, beef extract or glycine
at high pH can be made. The virus from the eluate can
be concentrated on any one of the adsorbants like iron
oxide, polyelectrolytes, membrane filters, etc. Vegetables
like cauliflower, where the surface is rugged, and the
virus entrapped, the following steps may be useful:
blending of the material in a suitable eluant, stirring it by
a magnetic stirrer with pH adjusted to 8.5 to 9; centri-
fugation at 3000 rpm for 15-30 min; collection of super-
natant, adjustment of its pH suitably; concentration of
the virus on a chosen adsorbant and elution of the virus
from it using a suitable eluant.

Shell Fish (Oysters, Clams and Mussels)

Procedures used in the detection of enteroviruses in
oysters have been either laborious or relatively insensi-
tive. This is true because oyster suspensions are toxic
to the tissue cultures used for isolation of these viruses.
One has had either to treat the suspensions intensively
to reduce toxicity46'S) or to dilute them to minimise
toxic effects5l.

Kostenbader and Cliver® showed that a polycation
sewage flocculant promoted cohesion of oyster solids and
thereby aided separation of these from the viruses and it
was shown that the suspension or extract obtained could
be inoculated directly into tissue cultures. Recovery of
80-100 per cent of experimentally inoculated virus was
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achieved. The limitations of the method have also been
described by the same authorss3. They are (i) of the
combined stack of filters used, one of them was not
generally available through laboratory supply channels
and outside U.S.A., (ii) it was not known for certainty
that the method would be useful for foods other than
oysters.

In further investigations, employing a variety of foods
like beef, oysters, clams, lettuce, carrots, Kestenbader
and Cliverds tried filtration methods for recovering
experimentally added virus with about 80 per cent
efficiency. Essential steps of the method include (1) sus-
pension of 20 g food sample in 100 ml glycine-NaOH
buffer, pH 8.8, (ii) clarification of sample by flocculation
with cat-floc (polycation flocculant), (H% suspension
filtered through 11 cm dia. whatman ACG/B filter, (iv)
clarified food extract made bacteria free by filtering
through a 47 mm dia. 0.20 |«m porosity GA-8 filter,
(v) virus in the food extract (filtrate) concentrated on a
62 mm diaflo PM-30 (Amicon) ultrafilter and virus
recovered with 5 ml of 3 per cent beef extract, pH 8
from the filter membrane or concentrated by ultra
centrifugation.

Konowalchuk and Spiers% examined enterovirus
recovery from laboratory contaminated samples of shell
fish. In order to avoid toxicity of homogenates to cell
cultures, pH of homogenate was adjusted to 3.0-3.5 and
the acid treated sample was diluted 1:4 in fetal bovine
serum and then mixed with cell suspensions to adsorb
the virus which were subsequently enumerated as pla-
ques.

Rao et al (unpublished) developed a simple method
for eliminating toxicity and further concentration of
virus using magnetic iron oxide. Virus was added to
minced tissue of the clam suspended in nutrient broth/
beef extract, pH 8.8 and blended. The homogenate was
incubated for 1 hr at 37°C with stirring, and then
centrifuged for 30 min at 3000 rpm. Supernatant pH
was adjusted to 3, A1C13. added to a molarity of 0.0005,
1 g of magnetic iron oxide introduced and stirred with
glass rod intermittently for 30 min. Supernatant was
discarded and the virus retained on iron oxide was
eluted with 5 ml beef extract prepared in borate-buffer,
pH 8.5. Complete recovery of virus added in the range
0f50-1000 PFU per a Pool of 5 clams was obtained.

Meat and Meat Products

Sullivan et al described a method for isolating virus
from ground beef seeded with known PFU (10—700/g)
coxsackie virus B2 and obtained an average recovery of
75 per cent of the added virus. The meat filtrate from 1g
beef was approximately 10 ml which was assayed in 5
monolayer cultures. No efforts were made to concent-
rate the sample.
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In testing of a few samples from market places, it was
reported that the quantity of virus recovered was nil
from 9 samples and in two samples the PFU were 1and
6 per 5 g sample (however, one meat loaf yielded 195
PFU/5 g). The results from majority of the samples
clearly indicate the need for examination of large quan-
tities of, say 100 g or so of the sample to make virus
detection possible. This creates the problem of handling
large volumes of slurries demanding large number of
bottle cultures when minimal number of virus occurs in
large quantities of meat. It is obvious that concentration
of the meat slurries have got to be carried out.

Tierney et al%examined the efficiency of certain clarifi-
cation methods like (i) glasswool and woven fiber glass
method, (n) potato ricer method, and (Hi) low speed
centrifugation. From a 100 g sample of ground beef
seeded with virus, a clarified meat slurry of 100 ml was
obtained and this was assayed in its entirety in 30 bottles
of vero culture. Sample clarification by the above
methods allowed a mean recovery of 19-49 per cent of
the added virus. In additional experiments, the authors
employed different membrane filters of 0.40 to 0.45 /¢m
poresize (pretreated with fetal bovine serum) to clarify
the meat slurry. Each filtrate was concentrated by ultra-
filtration using a protein enrichment membrane of 0.0075
ju-m porosity.

Not only the final eluate from the ultrafilter was large
(60 ml), but the time needed was 8-16 hr. Virus recoveries
of not more than 55.6 per cent were obtained. From the
above points, ultra filtration as a method of concentra-
tion of meat slurries does not seem to hold much pro-
mise for investigating food associated disease outbreaks
in which large number of samples may have to be pro-
cessed in a short time.

Detection of viruses from the meat of a food animal
subject to a subclinical infection resulting in the spread
of the virus through various organs and tissues require
an approach which helps release the virus hidden or
incorporated in the tissues. Mincing of the meat samples
followed by trypsinisation would be useful. Optimum
factors for the process of trypsinisation have to be
developed. Once the virus has been extracted, it can be
concentrated and eluted using adsorbants like iron
oxide, poly electrolytes, activated carbon/bituminous
coal or chemical precipitation methods using alum,
lime, or ferric chloride.

World Health Organization Program in Food Virology

In order to determine the role that viruses play in
food borne disease, the World Health Organization
(WHO) initiated a programme to get more scientists
interested in studies pertaining to the extent and type of
viral contaminants present in various foods.

As a first step, compilation of data regarding current
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activity in the field of various countries is undertaken.
A part of this task has been assigned to Dr. Dean. O.
Oliver, of the Food Research Institute of the University
of Wisconsin, Madison, U.S.A. which is designated as a
WHO collaborating center. The papers being added to
the data collection include the following food groups:
Animal meat and products, milk and milk products,
poultry meat and eggs, shell fish, fish and other sea foods,
vegetables and fruits and water and sewage. The last
named group is considered only when water or waste-
water transmits virus to a food or become a constituent
of a food or beverage but not if virus contaminated
water is examined or consumed by itself.

The food virology group in Madison tries to sum-
marise all available information of virus transmission
and transmissibility through foods. Reports in the
collection concern: (a) properties of viruses which affect
their transmissibility, (D) instances of virus occurrence
in foods, as evidenced by laboratory detection of the
virus or by an outbreak of human disease, (c) other
evidence of virus occurrence in foods, (d) methods for
detecting food borne viruses, and (€) studies of virus
stability or inactivation in foods.

These reports have recently been converted to a new
form on edge punch cards for efficient mechanical data
retrieval. This system has been designed to provide the
scientist working in the field with precisely the infor-
mation needed (if it exists). A master set of the reports is
available with the Food Hygienist, Veterinary Public
Health, World Health Organization, Geneva 27, Switzer-
land. The retrieval system is available chiefly for the use
of: (0 food control authorities, (ii) research and labo-
ratory workers in food virology, and (iii) research pro-
gramme planners.

Future Research

To determine the extent of viral contamination of
foods and the public health significance of the viruses
present in the food supply additional research is needed
in the following areas: (a) the incidence of viral disease
in food animals and the distribution of virus in the
infected animal carcass, (h) the ability of virus to persist
in animal tissues and organs after slaughter, storage and
distribution, (C) the extent of cross contamination of
foods during handling by the food processor or consu-
mer, (d) the infectivity of the virus to the food handler,
(e) the ability of virus to survive the final food processing
in the home or food establishment, (/) the infectivity of
the virus to the consumer after entry via the oral route,
(9) the minimum infectious dose of “animal” viruses for
humans, and (h) the development of simple and sensitive
methods for detecting virus in foods.

When answers are obtained to the questions posed
above, the significance of viruses in food borne disease
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will be revealed and this is possible only when a food
virology programme is initiated in this country and when
more scientists in other countries initiate studies of the
extent and type of viral contaminants present in world
food supply.

It is pertinent to point out that India’s export of meat
which was a meagre 980 tonnes in 1974-75 is likely to
reach 70,000 tonnes earning a foreign exchange of about
$ 62 million or 50 crores in about three years from now.
But at the moment, meat of the slaughter houses in
India are unhygienic and many animals are known to be
diseased. In order to gain the confidence and acceptabi-
lity of our meat and other foods in advanced countries,
studies on food borne viruses and their elimination are
essential.
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A simple method ofpearlin? and grinding has been described to obtain acceptable grade milo (reddish brown sorghum) flour of 80

per cent extraction. In trials on Buhie .
could be increased to 74.4% by remilling the shorts fraction.

Upto 10% of milo flour (80% extraction) could be blended with maida for bread m_akin? without any adverse effect. By using
potassium bromate, gl%ceryl mono-sterate and sodium stearoyl lactylate the blending tisfactor
%. A biscuit preparation hased on 80:20 blend of maida and milo flour compared well with biscui

couldbe increased to 2
only on maida.

Sorghum (Sorghum vulgare) with a world production
of about 46 million tons occupies a prominent position
among cerealsl. Though mainly used as a feed grain in
America, sorghum, known as jowar in India, is used in
different forms as a staple food in many developing
regions like some countries of Africa, Latin America
and India. The presence of husk layers affects the
acceptability of sorghum and also restricts its usage in
other processed foods. This is all the more so in case of
milo-a variety of sorghum with reddish brown husk—as
the husk affects the colour of the house-hold preparations
or processed food product. Different laboratory as well
as pilot scale processing methods have been tried to
remove the outer husk of white sorghum and the pearled
grain is ground into flour or grits for use in traditional
Indian preparations25. However, less information is
available on the processing of milo.

Use of non-wheat flours for extending wheat supplies
has been experimented through composite flours for use
in bakery products4”6. However, only processed flours
from white sorghum, casava, maize and other oil-seed
flours have been tried along with wheat.

Inthe recent past, India has been importing considera-
ble quantities of milo. One of the ready avenues for
usage of suitably processed milo can be in bakery pro-

uhier roller mill, conditioning of milo decreased the flour yield from 61.6 to 53.6%. The yield

evel for preparingi satisfactori/ brea

s hased

"ducts, especially in the relatively low cost products which
can be used for different feeding programmes. However
this area has received little attention of research workers.
Further, most of the work reported on the use of compo-
site flour in bakery products is based on hard bread
wheats and not soft-to-medium hard wheats which
account for the major portion of Indian wheat produc-
tion. It was, therefore, considered necessary to study the
different aspects of processing milo into an acceptable
grade flour and its usage along with commercial varieties
of Indian wheats for the preparation of bakery pro-
ducts. The results of such studies are presented in this

paper.

Materials and Methods

Raw materials: Sharbati sonora, a medium hard
Indian aestivum wheat supplied by Indian Agricultural
Research Institute, New Delhi was milled in Buhier
laboratory mill (model MLU 202) after conditioning
overnightat 15.5 per cent moisture level. The white flour
Omaida) obtained was used for bread making trials.
Maida milled similarly from soft white Australian wheat
conditioned to 14.5 per cent was used for hiscuit making
trials. Commercial sample of milo procured locally was
used for processing experiments.
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Barley pearlerfor milo processing: Two hundred gram
milo samples were polished for different periods (0-7
min) in a laboratory barley pearler (Corcoran make,
London) to obtain pearled milo of acceptable colour.
After removing the husk by sieving through 32 mesh
sieve, the pearled grain was weighed to calculate the
percentage polish. The amount of brokens were deter-
mined by sieving the pearled milo through a 14 mesh
sieve. For minimising the percentage of brokens, roller
speeds of 280, 335 and 400 rpm were tried for the pear-
ling operation. To study the effect of conditioning on
pearling 200-g samples were conditioned for 5 min with
addition of 5 per cent water. Milo sample with moisture
content reduced to 7.2 per cent by sun drying was also
included in these trials. The samples thus conditioned
were pearled for 1.5 min at 400 rpm. The percentage
polish as well as brokens were determined as described
earlier.

Buhler laboratory millfor milo processing:  Two milo
samples, one containing 8.5 per cent moisture (without
any conditioning) and the other conditioned overnight
to 15 per cent moisture (as followed for white sorghumé6)
were milled in the Buhler laboratory mill. The yields of
different fractions were calculated on the basis of total
weight of milled product obtained. Two methods were
tried to improve the flour yield.

Firstly, the shorts were sieved through a Buhler plan-
sifter and the fine fraction passing through 6XX sieve
was added to the flour fraction. The overtailings of 6X X
sieve were recycled through the mill and the weight of
the extra flour noted. Alternately, shorts obtained from
Buhler mill were ground in a Kamas laboratory hammer
mill (Model Slaggy Swedeng using 0.8 mm sieve, and the
fraction passing through 0XX sieve was added to the
flour fraction. . )

Milo flour processing for use in bakery products:
Conditions for processing milo into flour suitable for
use in bakery products were arrived at on the basis of
different trials. Milo was pearled for 1.5 min at a speed
of 400 rpm. Grains of 20 per cent polish thus obtained
were ground either in a Kamas hammer mill or in a disc
mill locally known as Chakki. This flour was blended at
10-30 per cent levels with maida from Sharbati sonora
for bread making trials and with maida from Australian
wheat at 10-50 per cent levels for biscuit making
trials.

Analysis of flour blends: The colour grade of dif-
ferently milled milo flours as well as their belnds with
maida were recorded in a photovolt reflectance meter.
The moisture, total ash, crude fibre and ether extractives
in different milo flour and maida samples from Sharbati
sonora and Australian wheats were determined by AACC
methods».  Crude protein was determined by micro-
kjeldahl method using a conversion factor of 6.25.
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Dough characteristics: ~ Dough characteristics of
maida and its blends with milo flour were studied
using Brabender’s farinograph as well as extensograph
according to AACC procedures8.

Bread making trials: Bread making quality of dif-
ferent maida-milo flour blends were tested according to
remix procedure9. Loaf volume of breads was deter-
mined by rapeseed displacement method using loaf
volume meter. Breads were evaluated for different para-
meters like colour and shape of the crust, colour, soft-
ness, grain fineness and uniformity of crumb and eating
quality by a panel of 6judges.

Biscuit making trials: The following recipe (100 g
basis) was used for the preparation of biscuits based on
different blends of milo flour and maida from Australian
wheat.

Milo flour maida blend, 65 g; sugar, 16 g; fat, 18g;
non-fat milk, 1.0 g; common salt, 0.4 g; baking powder,
0.5 ¢g; ammonium bicarbonate, 0.5 g; vanillin, 0.05 g;
and water, 13-15 ml sugar, fat and vanillin were cream-
ed in a Hobart Mixer for 2 min. To this a well mixed
blend of the flour, non-fat milk and baking powder was
added along with water containing common salt, am-
monium bicarbonate and mixed further for 2 min
Using a wooden rolling pin the dough thus obtained was
sheeted to a uniform thickness of 2.5 mm. Circular
biscuits of 1.5in. diameter were cut and baked for 9 min.
at 250°C. Average diameter, thickness and spread factor
(diameter/thickness) of 5 biscuits were noted for assessing
the physical characteristics. In addition, the colour,
crispness, eating quality and overall acceptability were
assessed by a panel of bjudges.

Results and Discussions

Effect of pearling time on processing of milo in barley
pearler: The data presented in Tahle 1 indicate that
a significant increase in per cent polish as well as
brokens were observed, as the pearling period increased
from 0.5 to 2 min. When the pearling at 400 rpm was
extended beyond 2 min only slight increases were
observed. This may be probably explained by easy re-
moval of loosely bound husk in the initial stages of
pearling. From visual observation, it was inferred
that 20-25 per cent polish was necessary for almost
complete removal of the reddish brown husk. In this
wag, white pearled grains could be obtained.

ffect ofpearler speed on processing of milo in barley
pearler: 1t is interesting to note that for the same
pearling duration of 3 min the per cent polish obtained at
280, 335 and 400 rpm were 4.0, 13.0 and 27.5 per cent
respectively (Table 1). Corresponding values for brokens
were 0.5, 3.0 and 20.0 per cent respectively. However,
as the roller speed decreased, the period of pearling
increased considerably to 5 min at 335 rpm as compared
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Table 1. effect of the roller speed of barley pearler on

THE DEGREE OF POLISH AND BREAKAGE OF MILO
Degree of polish (%) at ~ Broken grains (%) at

Pearling 280 335 400 280 3% 400
time (min) rpm  rpm  rpm rpm-rpm o rpm
05 — — 6.5 - — 50
1.0 — 40 155 — 05 wno
15 — — 20 - - 130
20 — 80 245 — 15 180
25 — — 265 - — 190
30 40 180 275 05 30 200
4.0 90 170 - 20 50 —
50 40 200 — v/ 10 -
60 170 235 — 40 80 —
1.0 180 250 — 45 85 —

to 1.5 min at 400 rpm for obtaining the desired 20 per
cent polish. From practical considerations of minimum
pearling time and per cent brokens however, 15 min
pearling at 400 rpm was considered optimum for pro-
cessing of milo into flour and 5 min at 335 rpm for
obtaining whole pearled grain.

Effect of conditioning: No difference was observed
in respect of per cent polish or brokens, when the mois-
ture content of the milo was reduced from the initial
8.5 to 7.2 per cent. From the different trials carried out
using 1.5 min pearling period, it was observed that as
the conditioning moisture level increased, the degree of
polish decreased (Table 2). In contrast, the percentage
of brokens showed a slight increase. Consequently, to
obtain the desired degree of 20 per cent polish, the pear-
ling period may have to be increased considerably.
The above results indicate that conditioning of milo
has no beneficial effect on pearling efficiency. In contrast,

Table 2. effect of conditioning) into different moisture
BREAKAGE

LEVELS ON THE DEGREE OF POLISH AND

Grain moisture Degree of polish Broken grains1
% f 14
7.2 195 130
8.5* 195 130
95 183 135
105 142 150
115 122 155
125 11 16.0
135 91 163

«-Conditioning period 5 min
¢»-Initial moisture content
¢-Through 14 mesh sieve.
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Raghavendra Rao et a/3, had observed that for white
sorghum the optimum pearling could be carried out by
conditioning with 3 per cent extra moisture for a period
of 5 min. However, their observation that conditioning
period of more than 5 min increased percentage brokens
is in conformity with the present findings.

Processing ofmilo in Buhler laboratory mill:  The data
presented in Table 3 indicate considerably higher flour
yield from unconditioned milo, as compared to that
from milo conditioned to 15 per cent moisture. In
contrast, the pattern regarding yield of shorts was just
the reverse. However, the colour grade value of flour
from conditioned milo was better.

By just passing shorts through 6X X sieve, the yield of
flour could be increased by 4-6 per cent. Recycling the
OX X overtailings through Buhler mill further improved
yields of flour by 9-10 per cent. By this method of sieving
and recycling flour yields of 63.7 and 74.4 per cent res-
pectively were obtained from milo with or without con-
ditioning. It is interesting to note that as compared to
low flour yield of 53.6 per cent from Buhler mill, accept-
able grade milo flour of about 80 per cent extraction rate
was obtained by pooling the flour fractions obtained
from Buhler mill and that recovered from shorts by
grinding in Kamas mill and passing thrquh BX X sieve,

Proximate composition of processed milo: The data
on the analyses of differently processed milo flours given
in Table 4 indicate that the flour obtained from (a)
20 per cent pearled milo, and () milo conditioned to
15 per cent and milled in a Buhler mill, compared well in

Table 3. milling characteristics of milo in a buhler labo-

ratory MILL
Without  Conditioned to
conditioning"  15% moisture®
Break flour (%) 148 131
Reduction flour (%) 46.8(24.5/  34.9(14.4/
Flour yield (%) 61.6 48.0
Flour recovered from shorts® (%) 3.9 5.6
Flour recovered from shortse (%) 89 101
Total flour yield+ (%) 74.4 63.7
Husk(%) 34 60
Colour grade value/ 64.0 68.5

a—Hnitial moisture content, 8.5%.

¢»-Conditioned overnight for 16 hr.

c-Valllngs_ in parentheses indicate yield of flour from reduction
roll Ri

d-By passing through exX sieve

e-By”recycIing the overtails of 6XX sieve through the Buhler
mi

[-Values for flour including the shorts fraction passing through
6XX sieve.
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Table 4. proximate compos;\}"ilt_)g" of differently processed

! Bulilcr milled
n-
Constituents pearled Pearled*  Without ~ Conditioned
condition-  to 15%
Ing* moisi tire™
Crude protein (%)

NX6.25 9.60 9.20 7.80 6.30
Ether extractives ,

(%) 2.60 1.62 .84 13
Total ash (%) 123 0.76 0.96 0.72
Crude fibre (%) 210 062 0.79 0.58
Carbohydrates

(by diff.) % 7047 7380 7461 7707

0-On 14% moisture basis

b-20% polish

c-Yield of 65.5% includes flour recovered from shorts through
exXX sieve.

rf-Yield of 53.6% includes flour recovered from shorts through
eXX sleve.

respect of ash and fibre contents. However, protein
content of the flour from polished milo (9.2 per cent)
was only slightly lower than the whole milo flour (9.6 per
cent) and significantly higher than that (7.8 per cent)
from Buhler mill. Protein, ash and fibre contents of
flour were considerably higher in case of unconditioned
milo as compared to conditioned milo.

The data (Table 5) on the effect of incorporation of
milo flour in maida indicate that polished milo flour
could be used upto a maximum of 30 per cent without
adversely affecting the colour grade value of maida.

Rheological characteristics of maida-milo flour blend:
Based on several preliminary trials carried out on Farino-
graph it was concluded that a maximum of 25 per cent
of milo flour could be used for blending with maida
without affecting desirable characteristics. ~ As such,

Table 5. color grade values of different blends of wheat

FLOUR WITH PEARLED MILO FLOUR"

Wheaot/flour Milofflour Colour value
100 0 115
90 10 76.5
80 20 76.0
75 25 75.5
70 30 75.0
0 100 68.5

li-Pearled to 20% polish and ground in Kamas hammer mill
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Fig. Lincludes farinograms and extensograms of only a
3:1 blend used for bread making trials. The water absor-
ption values (59.5-60.0 per cent) and dough stability
(8-9 min) for maida as well as maida-milo flour blend
were practically the same. However, the dough develop-
ment time decreased significantly from 5.5 to 1.5 min
as a result of incorporation of milo. Though the exten-
sibility of both the doughs were comparable, the resist-
ance to extension decreased from more than 1000 EU
for the maida dough to 760 EU for the dough based on
3:1 blend. Also, the strength of the maida dough (110
cm?2) as seen from the area under extensograms (Fig. 1)
was lowered (85 cm2) due to blen_din?.

Effect of incorporation of milo flour on the bread
quality: Data presented in Table 6 show that upto a 10
per cent level milo flour could be used with practically no
adverse effect on the crust and crumb characteristics as
well as taste of bread. The volume was, however, slightly
lower. The maximum level of milo flour that could be
used for blending to obtain satisfactory bread was found
to be 25 per cent. Though the volume decreased signifi-
cantly the other quality characteristics were only slightly
affected. It was also observed that inclusion of milo
flour gave a somewhat better body and chewing quality
to the bread, as compared to somewhat bland taste of
maida bread. This observation may be of practical
significance to the consumers in the Indian subcontinent.
Bread containing 30 per cent milo flour had a distinct
‘milo” flavour and the crumb characteristics were some-
what coarse and unacceptable.

Fig 1. Farinograph and extensograph curves L Blend

. : (3:1; of
maida and milo flours; 2, Control-ma/rfo.
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Table 6. effect of blending of milo flour pearled to 20 %
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Folish and ground in kamar hammer mill

WITH WHEAT FLOUR ON THE QUALITY OF BREAD

Milo used  Loaf Crust coloure
(%)  volume* Colour
ml
0 525 Dark brown Creamy
white
10 505 « Fairly
w'hitish
20 485 Light brown Slightly
brownish
white
25 475 -
30 450 Greyish Brownish
dullbrown white

a—Based on 100 g flour

b—Shape was normal in all breads
c—As compared to control wheat bread
d—Due to mild milo flavour

e—Due to perceptible milo flavour.

Improvement of bread based on maida-mtVo flour blend:
Results of studies carried out to improve the quality of
bread based on 3:1 blend of maida and milo flours bé
using different additives are presented in Tables 7 and
From the Farinograph characteristics on water absor-
ption and the dough stability, the dough based on 3:1
blend of wheat and milo flour was found to be somewhat
tough. It was observed that addition of 3 per cent extra
water (in addition to Farinograph water absorption)

Crumb

o o Taste®
Texture Grain size Grain distribution
Soft Fine Uniform Normal
Slifgzhtly Slightly Fairly Slightly
50 fine uniform inferior"!
. . i FA) Tt .
Slightly Slightly . Inferior®
tough coarse

improved considerably the loaf volume as well as crumb
characteristics. ~ Though loaf volume improved with
further increase in water added, the dough became sticky
and difficult to handle. Use of 0.5 per cent GMS—
(glyceryl mono stearate), in addition to 3 per cent extra
water gave a loaf with improved softness and fineness
of the crumb.

Among different levels tried, use of 20 ppm potasium
bromate showed maximum improvement in the loaf

Table 7. effect of water addition on the bread” based on maida-milo flour6 (3:1) blend

Crumb
Water added Loaf volume m | — Taste®
Texture Grain size Grain distribution

FWA 475 Slight soft Slightly fine Fairly uniform Slightly inferior®
FWA + 15 ml 495 . y »
FWA + 3.0 ml 505 Soft Fine Uniform ,t
FWA + 45 mi® 510 ﬂ * - "
FWA + 6.0 m® 500 Very soft » » , ahd gummy
FWA + 3.0 mk 512 - Very fine Normal

FWA—Farinograph water absorption.

a—All the breads had normal shape, light brown crust colour, and somewhat brownish white crumb colour.

b—0f 20% polish and ground in Karnas hammer mill.
c—Doughs were slightly flowy and sticky

ri—Included 0.5% of GMS in the formulation.

e—As compared to control wheat bread

[—Slightly inferior due to slight milo flavour
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Table 8. effect of potassium bromate and sodium stearoyl lactylate (ssl) on bread” quality based on
3:1 blend of milo flour6 and maida

Potassium bromate SSL Loaf volume  Crumb texture Crumb grain Tastec
ppm % ml
0 - 465 Slightly soft Slightly fine, uniform Slightly inferior*
10 — 480 " Fine, uniform
20 — 490 Soft » i«
30 — 490 "
10 0.3 495 " Very fine, uniform
10 04 525 Very soft . Normal
10 0-5 540 5 ii ii
10 06 550 " Inferior®
10 0.7 560 Very soft, sticky " Inferior®
10 10 575 " Bitter, unacceptahle

a—All the breads had normal shape, light brown crust colour and slightly brownish white crumb colour.

b—of 20% polish and ground in Kamas hammer mill
¢—As compared to control wheat bread

d—Slightly inferior due to mild milo flavour.
e—Inferior to due to slight off-flavour of lactylate.

volume as well as crumb characteristics. SSL (sodium
stearoyl lactylate) at levels ranging from 0.4 to 1.0 per
cent had definite improving action on loaf volume and
crumb characteristics (Fig. 2). However, beyond 0.5
per cent the dough became sticky and the bread had
slight off flavour. As such, it was inferred that 0.4 to
0.5 per cent of SSL was the optimum level. Itis interest-
ing to note that bread based on 3:1 blend of maida and
milo flour with 0.5 per cent SSL gave a bread which
compared favourably with the loafvolume and the crumb
characteristics of the control bread based only on maida

(Fig. ).

Effect of makingi.differently processed miloflour on the
bread making quality of maida: Except for the crumb
colour, the bread prepared from Buhler milled milo
flour (53.6 per cent extraction)—maida blend was com-
parable in different quality characteristics with those
made by using 80 per cent extraction flour from polished
milo (Table 9). However, bread based on blend of maida
and milo flour (Buhler milled-(-fraction from shorts
milled in Kamas hammer mill) having a comparable
extraction rate (80 per cent) as that of polished and
ground milo flour was found to be just acceptable, as the
colour and grain characteristics of the crumb were not

Table 9. quality of bread” based on 3:1 blends of maida and differently processed milo flour

, _ Extraction  Loaf

Processing of milo rate % volume ml

Colour ~ Texture
Milled in Buhler 51.0 485 Fairly Soft
laboratory mill whitish

80.0 480 Brownish

white
Pearled and ground ~ 80.0 480 Slightly
in disc mill (chakki) brownish

white
Pearled and ground  80.0 480 .
in hammer mill
Control-maida 520 Creamy Very

white soft

Crumb

o Taste6
Grain size Grain distribution
Slight fine Uniform Normal
Slightly coarse Slightly uniform Slightly inferior®
Slightly fine Uniform "

Slightly inferior
Fine ' Normal

BiA” the breads had normal shape and light brown crust colour except control which had dark brown crust colour.

As compared to control wheat hread
¢—Slightly inferior due to slight milo flavour.
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Table 10.

Milo  Water  Av. thick- Av.dia4 Ratio  Spread
added  added nesss  (W)em  (WIT)  factor
(%) ml T) cm

0 15.0 0.71 5.17 7.20 —
125 150 0.70 5.31 7.55 1034
200 145 0.69 530 7.0 105.2
25.0 145 0.67 530 790 108.2
330 140 0.63 5.35 8.50 116.5
50.0 135 0.58 540 9.30 1214

a—75% extraction flour passing through 10XX

b—From Australian soft white wheat

c—Thickness of unbaked biscuits-0.25 cm.
Diameter of unbaked biscuits-5.25 cm.

e—As compared to control based only on maida.

satisfactory. No difference was observed in bread mak-
ing quality of the hlends containing milo flours processed
either in Kamas hammer mill or chakki. It may thus
be inferred that milo flour milled by simple technique
of polishing and grinding could be used for blending
with maida without sacrificing its bread making
quality. o |

Utlhsatlon of milo in biscuit preparation: Results
presented on quality evaluation of biscuits (Table 10)
made from different blends of maida and milo flour
indicate clearly that milo flour could be used upto 20 per
cent without affecting the quality of hiscuits. It was
observed that use of milo flour beyond 20 per cent level
made the product excessively brittle and somewhat
gritty to taste. As expected, the raise of the biscuits
decreased as the level of milo flour increased. This was

also reflected in the increase in the spread factor from J 1,

Fig 2. Effect of different levels of sodium stearoyl lactylate (SSL
on the quality of bread. 1, Control-maida; 2, 3, 4,5,
3:1 blend of ‘maida-milo flours containing 0, 0.3, 0.4, 0.
and 0.6% SSL respectively.

o OO
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evaluation of biscuits based on blends of milo flour®and maida6

Colour Crispness* Mouthfeel® Taste®
Golden Normal Normal Normal
yellow

it it it ARl

" Slightly better  Slightly gritty  Slightly inferior

Slightl Gritt
wh?tisﬁ/ Y
hrown

) Very gritty

100.0 to 127.4. This increase was minimum upto 20
per cent level of incorporation of milo flour.
Conclusion: The present investigations are of con-
siderable importance when viewed in the light of in-
creasing stress on the use of composite flours in regions
where significant quantities of cereals other than wheat
are produced or imported to meet food shortages.
Using indigenously available machinery a simple
polishing and grinding technique has been worked out
in the laboratory for obtaining acceptable quality milo
flour. Possibilities have been shown on the utilisation
of 10-25 per cent processed milo flour in bakery pro-
ducts which will be helpful in extending the wheat
supplies, especially during food scarcity situations.
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buffalo and goat milk have been isolated. The
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Lactose synthetase (E.C.2.4.1.22) catalyzes the for-
mation of lactose and this reaction requires two proteins
namely *<-lactalboumin (B protein) and galactosyltrans-
férase (A protein). The enzyme lactose synthetase has
been shown to exist asa microsomal enzyme in mammary
glands of lactating cow, guinea pigslas well as in soluble
form in bovine milk2. It has been shown that individually
A and B proteins of lactose synthetase system do not
show enzymic activity, however, recombination of A
and B protein shows the enzymic activity2. Comparisons
have been made of the lactose synthetase activity from
milk of different species. Schmidt and Ebnerd compared
the lactose synthetase activity of «-lactalbumins isolated
from pig, goat, sheep and human milk in presence of
bovine A protein. Ley and Jennesh demonstrated that
«-lactalbumin prepared from cow, goat, deer, pig, rat
and human milk exhibited lactose synthetase activity in
presence of bovine A protein.  Tanahashi et al.6 have
also compared the lactose synthetase activity of A and B
proteins from milks of bovine, sheep, goat and human.

In light of these observations, a study was undertaken
with the objective of isolating X -lactalbumin and galac-
tosyl transferase from the milk of cow, buffalo and goat
and comparing their lactose synthetase activity.

Materials and Methods

Samples of milk were collected from cows, buffaloes
and goats maintained at National Dairy Research
Institute, Karnal. Standard preparation of x -lactalbu-
min was from Nutritional Biochemicals Corp., Cleave-
land, Ohio, USA. j3-Nicotinamide adenine dinucleotide
reduced form, phosphoenolpyruvate, uridine 5-diphos-
phogalactose and pyruvate kinase were obtained from ’

esence of A protein. The partially purified A protein contains
glycoprotein enzyme.

N.D.R.I. Publication No. 76-25.
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lucose. 1-galactosyltransferase E.C. 2.4.1.22I) from cow,
alpha-lactaloumin (B protein) and galactosyllransferase
les of o<-lactalbumin also showed enzymic activity in

hexose, ﬁexosamine and sialic acid. Thus it was identified as

Sigma, USA. All other chemicals were of analytical
reagent grade. .

Preparation of X -lactalbumin: Crude samples of X -
lactalbumin (B protein) were isolated from milk accord-
ing to Armstrong et aP. Acid whey from cow, buffalo
and goat milk were dialysed separately against several
changes of distilled water, concentrated and freeze-
dried. The dried samples of whey (0.8-1.0 g) were
then chromatographed on Sephadex G-75 (2.6 ¢cmx84
cm column) as suggested by Hopper and Mckenzie8
usingimidazole-HCI buffer pH 6.3 atroom temperature.
Fractions rich in x -lactaloumin were then chromato-
graphed on DEAE- Sephadex A 50 (1.5 cmx20cm
column) and eluted with a linear gradient of NaCl
(0 to 0.12M) in 0.05M imidazole—0.043M HC1 buffer
(pH 6.3). Protein was determined by ultraviolet absorp-
tion at 280 mp. Fractions rich in protein were
dialysed against distilled water and freeze dried.

Carbohydrate determination of A protein:  Hexose
was determined as a mixture of mannose and galactose9,
hexosamine as glucosamine hydrochlordiel) and sialic
acid as N-acetyl neuraminic acid1l.

Preparation of galactosyltransférase:  Samples of
crude galactosyltransférase (A protein) from milks of
cow, buffalo and goat were prepared using the method
of Brodbeck and Ebner3. Subsequent partial purifi-
cation of three samples were done by DEAE-cellulose
and Sephadex G-150 (3.0 cmx 125 cm columnl?)
chromatography. The samples were eluted with 20 mM
tris-HCI-5mM MgCI20f pH 7.4. The individual fractions
of two protein peak fractions thus obtained were
mixed, dialysed against distilled water and then freeze-
dried.
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Polyacrylamide gel plate electrophoresis: Freeze-
dried samples of °<-lactalbumin and galactosyltransférase
were examined for their homogeneity and electrophoretic
behaviour by a modified discontinuous polyacrylamide
gel plate electrophoresis, as described by Mathur and
Srinivasan13 and by vertical polyacrylamide gel elec-
trophoresis. .

Measurement of lactose synthetase activity: Lactose
synthetase activity of °<-lactalbumin and galactosyl-
transferase samples were determined spectrophoto-
metrically as described by Brodbeck and Ebner3 and
Nagasawa et alld The activity was measured by coupl-
ing the UDP formed to the oxidation of NADH by way
of the reactions of nucleoside diphosphate kinase,
pyruvate kinase and lactic dehydrogenase.

The standard assay mixture contianed 3 p mole of
phosphoenol pyruvate; 0.45 p mol of NADH; 0.3 p
mole of ATP; 150 u mole of tris-HCI; pH 7.4; 5p mole
of MnCl12;0.252 ju mole of UDP-D-galactose; 60 p mole
of D-glucose; 1.08 mg of pyruvate kinase; 500 pg
of B protein ( x -lactaloumin) or 1250 pg of A protein
(galactosyltransférase); and water in a final volume of
3ml. UDP-D-galactose was omitted from the blank.
The mixture was incubated at 25°C for 30 min and
heated in boiling water bath for 1 min and filtered.
Absorbance of these filtered solutions were then read
at 340 mp in spectrophotometer. The enzymic activity
was expressed as nano mole of lactose synthesised per
minute.

Results and Discussion

Lactose synthetase activity of x -lactalbumin prepa-
ration: Lactose synthetase activity of these isolated
samples of x -lactaloumin was determined using galac-

TaBLE 1. LACTOSE SYNTHETASE ACTIMITY OF DIFFERENT CRUDE
PREPARATION OF X -LACTALBUMIN (B PROTEIN)

Samples* LSAXIO’ 6**
Ci 25
C2 2.5
Bi 24
b2 21
b3 19
b4 22
b5 21
Gi 20
c2 35
g3 2.1

*C, Cow milk; B, Buffalo milk; G, Goat milk _
**LSA, Lactose synthetase activity using cow A protein;
expressed as n moles of lactose formed per minute.

tosyltransferase (A protein) from cow milk and the
results are shown in Table 1. The results indicate that
even on an average crude X -lactaloumin preparations
from cow, buffalo and goat milk showed lactose synthe-
tase activity in presence of A protein of cow milk. x -
lactalboumin (B protein) of cow milk showed higher
activity than buffalo milk x -lactaloumin (B protein).
The *<-lactalbumin prepared from goat milk behaves
similarly as that of buffalo milk. However, individual
variations of lactose synthetase activity in different
samples of the three species of x -lactalboumin were
observed (Table 1).

When freeze-dried whey samples were chromato-
graphed on Sephadex G-75 column two protein peaks
(designated for convenience as peak A and peak B) both
identical to x -lactalbumin were obtained. Further resolu-
tion of peak A and peak B on DEAE-A-50 has been
shown in Fig 1. The protein fractions of different sub-
peakswere pooled separately and freeze dried. The lacto-
se synthetase activity of these samples (B proteins) were
then determined using three different A proteins and is
shown in Table 2. As the amount of protein in the case
of Apeak of goat x -lactalbumin was insufficient, it was
not freeze-dried and hence was not chromatographed on
DEAE-A-50.

Tanahashi et al.6 observed that lactose synthetase
activity was unaffected by the reaction of bovine milk

Table 2. lactose synthetase activity of x -lactabulmin
PREPARATIONS (B PROTEIN)

Samples Lactose synthetase activity*xio-0
CowA  Buffalg A Goat A
protein protein protein

Cow X-lactalbumin peak 45 42 3.0

A, Sub-peak No. 1

Cow <-lactalbumin peak 45 4.2 21

A, Sub-peak No. 2

Cow X -lactalbumin peak 35 21 16

B, Sub-peak No. 1

Buffalo o<-lactalbumin 20 4.2 43

peak A, Sub-peak No. 1

Buffalo X -lactalbumin 20 4.2 4.2

peak A, Sub-peak No. 2

Buffalo o<-lactalbumin 20 42 4.2

peak A, Sub-peak No. 3

Buffalo X-lactalbumin 16 42 25

peak B, Sub-peak No. 1

Buffalo X -lactalbumin 35 42 42

peak B, Sub-peak No. 2

Goat X -lactalbumin peak 28 42 4.2

B, Sub-peak No. 1
“Expressed as n moles of lactose formed per minute.
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A protein with various purified B proteins from rumin-
ants and non-ruminants. However, the present data
(Table 2) suggest that the lactose synthetase activity is
diminished to a great extent when buffalo milk B protein
is added to cow A protein and to a lesser extent when
goat B protein is added to cow A protein. The lactose
synthetase activity remains almost unaffected by the
reaction of buffalo A protein with various purified B
proteins from cow, buffalo and goat milk. When goat A
protein is mixed with cow, buffalo and goat B protein,

o 300}
Z 250}
>

X 200f
[« 4
. 150}

[
w 100
-

COW A PROTEIN

BUFFALO A PROTEIN®

GOAT A PROTEIN

» ABSORBANCE

—

1 i, A 2 L L L
0 10 20 30 40 50 60 70 80 90 100

TUBE NUBER

Fig 2. Chromato raph(y of A grotein from cow, buffalo and goat
ephade

milk on X G-150.
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the lactose synthetase activity is lower for cow and al-
most similar for buffalo and goat B protein. However,
Ley and Jennesh compared the affinity of the B protein
of six species (cow, goat, deer, pig, rat and human) for
bovine A protein and observed different ranges of affini-
ties among the species. )

Lactose synthetase activity of galactosyltransférase:
The resolution of the three A proteins on Sephadex
G-150 is shown in Fig. 2. It was observed that
two major protein peaks were obtained in each case.
These protein rich peaks were collected separately and
freeze-dried. The lactose synthetase activity of these
samples then determined using standard bovine *<-
lactaloumin (B protein).  The activities of different
fractions are recorded in Table 3.

Carbohydrates of A protein: Table 4 shows carbohy-
drate content of A protein preparations. Results
of carbohydrate analysis revealed that A protein con-
tains hexosamine, hexose and sialic acid, thus it can be
called a glycoprotein enzyme.  Nagasawa et al., 44
showed that human A protein contains sialic acid 1.1;
galactosamine 5.03; glucosamine, 2.47; galactose 2.36;
mannose 0.87; and fucose 0.87 ¢ per 100 ¢ dried A
protein. However, values for hexosamine, hexose and
sialic acid in bovine A proteins as shown in Table 4 are

Table 3. lactose synthetase activity of galactosyl trans-
ferase (aproteins)
Samples LSAxIO"6
Cow A protein, Peak | 21
Cow A protein, Peak Il 22
Buffalo A protein, Peak | 15
Buffalo A protein, Peak I 20
Goat A protein, Peak | 20
Goat A protein, Peak Il 21

Lactose synthetase activity using standard bovine <-lactalbumin
LSA, Lactose synthetase activity expressed as n moles of lactose
formed per minute.

Table 4. carbohydrate content of the a protein®

Samples Hexosamine  Hexose Sialic ;
Cow A protein, Peak | 0.73 042 105
Cow A protein, Peak Il 0.75 0.65 0.98
Buffalo A protein, peak 1 0.28 355 0.94
Buffalo A protein, Peak Il 011 1.06 0.83
Goat A protein, Peak | 0.85 079 1.85
Goat A protein, Peak II L 18 259

‘Expressed in g/100g of dry A protein
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much lower. Such lower values may be attributed to
breed differences. Differences within the three species
studied were also significant. _ .

Polyacrylamide gel electrophoresis of c<-lactalbumin
galactosyltransferase: The homogeneity of purified
«-lactaloumin preparations were examined by hori-
zontal polyacrylamide gel electrophoresis using tris-HCI
buffer (pH 8.9) using sample containing 25-200 jug of
protein. It was observed that majority of the samples
showed presence of one band indicating homogeneity
of the samples.

The A protein preparations were examined by vertical
polyacrylamide gel electrophoresis using veronal buffer
pH 8.6. It was repeatedly observed that the A protein
did not migrate in the gel at pH 8.6. This might be
due to higher quantity of carbohydrates in the A protein.
On paper electrophoresis at pH 8.6 the A protein pre-
paration showed one zone which indicated homaogeneity
of the preparations. However, in a few cases some
trailings were also observed which indicated need for
further purification of the enzyme.
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Cheddar cheese prepared using a fungal milk clotting enzyme from Absidia ramosa was compared with cheeses preﬂared with
Hansen’s animal and Meito rennets. During the preparation there was greater fat loss with Absidiaand Meito rennets than animal
rennet. The two fungal enzymes gave lower yields of cheese than animal rennet. All the three tyPes of cheeses showed a gradual
decrease in moisture content during the ripening period, Meito rennet cheese showing the slowest rate of decrease. The frend in
the change of amdng and pH in Absidia and animal rennet cheeses was similar. Although the initial soluble nitrogen content and
maturity index of Absidia rennet cheese were higher, the rate of ripening was slower than animal and Meito rennet cheeses. The
2.5% TCA soluble tyrosine content of Absidia and Meito rennet cheeses were higher than animal rennet cheese. At six months
86% of 2.5% TCA soluble tyrosine was in 12% TCA soluble form in Ab.idia rennet cheese and 94% in Meito rennet cheese
while it was only 60% in animal rennet cheese. Organoleptically Absidia rennet cheese was comparable to animal and Meito

rennet cheeses.

Shortage of animal rennet for commercial cheese
preparation has laid great emphasis on the need for
obtaining a suitable substitute.  Several proteolytic
enzymes of animal, plant and microbial origin have been
tested for this purposel-3. Some microbial enzymes are
available commercially and each of them have their own
characteristic differences and limitations in their use as
rennet substitutes34d. A milk clotting enzyme from
Absidia ramosa has been used in the present study to
test its suitability as a rennet substitute in cheddar cheese
preparation. Its performance in cheese manufacture
has been compared with animal and Meito rennet.

Materials and Methods

Organism:  Absidia ramosa isolated from wheat bran
and maintained on the slants of Czepek Dox Agar
medium supplemented with 0.5 per cent malt extract
(Oxoid) by biweekly transfer (in the Bacteriology Divi-
sion of the Institute,) was used.

Absidia ramosa enzyme: The enzyme was obtained
by growing the mold on moist wheat bran medium
(50%) at 22°C for 96 hr and then extracting the growth
with distilled water.  This extract was filtered through
Hyflosupercel to get a clear filtrate. It was then precipi-
tated with 30 to 60 per cent (w/v ammonium sulphate).
The resulting precipitate was dried in a vacuum desiccator
and used for cheese making. The enzyme preparation
contained amylase, cellulase and lipase in addition to
milk clotting enzyme.

Meita rennet (Mucor pussillus rennet). This was
obtained from Meito Sangyo, K. K., Japan.

Animal rennet:  Hansen’s rennet powder was used.

Preparation of cheddar cheese: Pasteurized cow’s
milk adjusted to a fat: casein ratio of 1.0:0.7 with skim
milk was taken in a cheese vat and then tempered to
30°C for addition of starter. One per cent of 16 hr old
starter culture (LF-40) (Commercial starter received
from M/s Hansen’s Laboratory, Denmark consisting of
an unknown combination Streptococci) was added to
this milk and further incubated at 31°C until an increase
0f 0.02 per cent of lactic acid was noted. Rennet solution
was then added and mixed. After the coagulation
attained desired firmness, it was cut into small cubes and
processed further according to the method outlined by
Kosikowski5. All the three enzymes were found to form
a firm clot of milk even without the addition of calcium
chloride. Hence calcium chloride was not added to milk
in any of the trials.

The curing of cheese was done in cold room maintain-
ed at 13+2°C with 80 per cent humidity.

Moisture content: The moisture content in cheese
samples was determined by Mojoiner procedures.

Total nitrogen: ~ Cheese sample (100 mg) was used
for the determination of total nitrogen by Microkjeldahl
method.

Sodium citrate:
used.

Tyrosine content:  This was determined by taking 2g
of cheese sample and making a fine slurry in 10ml of
distilled water which was then mixed with 10 ml of 5 or
24 per cent trichloro acetic acid (TCA) and then filtered
through Whatman No. 1 filter paper. The tyrosine con-
tents of the filtrates were determined by the method of
Lowry et als.

Method of Vakalaris and Price/ was
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Fat: Milk fat was determined as per ISI method?.
For cheese, Ig sample was taken and the fat was
determined according to modified Rose Gotlibs
method 10.

Acidity: For testing milk acidity 10 ml of milk
sample was taken and titrated against 0.IN NaOFI with
phenolphthalein as indicator. For the determination of
cheese acidity 2 g of cheese sample was finely dispersed
in 20 ml of distilled water using a mortar and pestle and
the mixture was titrated against 0.IN NaOH using
phenolphthalein as indicator. The results are expressed
in terms of per cent lactic acid.

PH: 10 g of cheese sample was mixed with 10 ml of
distilled water and a fine paste was made. pH reading
was taken using a Beckman pH meter.

Maturity index: It was expressed by using the values
of water soluble nitrogen and the total nitrogen as per
the following formula:

Maturity index =
Sodium citrate— HCi soluble nitrogen x 100
Total nitrogen

Sensory evaluation: The organoleptic evaluation of
experimental cheeses was conducted by a panel consist-
ing of eight judges. The cheese samples were tested for
body, texture, taste, smell and acceptability.

Results and Discussion

Changes during manufacture: Results presented in
Table 1 give a comparative picture of perform-
ance of the three enzymes during the manufacture of
cheddar cheese. Eight grams of AbSidia rennet was
required to bring about clotting of 100 kg of milk in
30-45 min. Lesser quantities were required in the case
of animal and Meito rennets. The quantity of enzymes
required for clotting of milk varies considerably with
different rennets11011612 and the increased quantity
required in the case of Absidia rennet was due to the use
of crude enzyme preparation which contained in addition
to milk clotting enzyme other constituents like amylase,
lipase and cellulase.

The initial acidity of whey immediately after cutting
the curd was 0.12 per cent in all the three types of cheeses.
There were some variations in the acidity values during
cooking and cheddaring and the final acidities at the
time of milling were 0.38 per cent in the case of animal
rennet cheese, 0.39 to 0.44 per cent in the case of Absidia
rennet cheese and 0.35 to 0.40 per cent in Meito rennet
cheeses. The similarities observed in acid development
showed that the three enzymes were neither stimulatory
nor inhibitory to starter cultures.

The fat loss in whey was 0.4 to 0.5 per cent with
Absidia enzyme, 0.5 to 0.7 per cent with Meito rennet and
0.1 per cent with animal rennet. The probable causes for
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higher fat loss in whey in the case of microbial rennet
cheese are (/) the lowering of the surface tension of the
fat globules by lipases present in these enzymes; and (i)
the effect on the protein lipid interactions caused by these
enzymes resulting in reduced retention of fat in the curd.
Higher fat loss in whey has been recorded with M. pusillus
enzyme by Kikuchi etal.nb and Antila and Apola130,136.

The yield of green cheese was 10.4—11.9 kg with
Absidia rennet, 12.5 kg with animal rennet and 10.5—
10.8 kg with Meito rennet. The lower yields of cheese in
the case of microbial enzymes are obviously due to
higher lipolytic activity as well as higher proteolytic
activity resulting in greater loss of proteins including
those in whey than in animal rennet. The lower
moisture content of the Absidia rennet cheese (Table 2)
may also be another reason for lower yield. Higher
protein loss in whey has been reported by Kikuchi
et a/., 07116, in the case of M. pussillus rennet. Tsugo
et al., 4 however, obtained similar yields of cheese with
Meito rennet despite its higher proteolytic nature than in
animal rennet. Lower yields of cheese have also been
reported with Endothia rennet, Mucor miehei enzyme and
M. EUSSIIIUS rennetl> '8,

Changes during ripening: The moisture content de-
creased from 38.72 to 35.67 per cent in the case of
Absidia rennet cheese; from 41.9 to 39 pet cent in the
case of animal rennet cheese and 39.91 to 38.75 per cent
in Meito rennet cheese during the six-month period of
ripening (Table 2). Due to the loss of moisture the fat
content recorded a rise and the final values were 29.27,
28.50 and 25.25 per cent for Absidia, animal and Meito
rennet cheeses respectively. In these respects the changes
brought about by Absidia rennet in cheese were closely
similar to those brought about by animal rennet, Meito
rennet110116 Endothia rennetld Suparen and Renni-
lase19-21.

The acidity of all the three types of cheeses initially
recorded an increase upto 30 days of ripening indicating
the accumulation of primary breakdown products such
as lactic acid and other lower volatile fatty acids. Sub-
sequently there was a fall in acidity and a rise in pH
value from 5.20 to 557 in the case of Absidia rennet
cheese, 5.23 to 5.60 in animal rennet cheese and 5.13
to 5.75 in Meito rennet cheese during the six months
period of ripening (Table 3). This rise in pH again indi-
cated that the desired changes were taking place in the
cheeses due to the action of the rennets on the primary
decomposition products causing accumulation of com-
pounds like neutral carbinols, soluble peptides and basic
amino acids which contribute to the texture, flavour and
taste of the cheese. In this respect also Absidia rennet
was similar to animal and other microbial ren-
nets14,110,116,22.

The 5-day sodium citrate-HCI soluble n trogen (SN)
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Tavie 1. COMPARATIVE CHEESE MANUFACTURERS DATA OF MILK CLOTTING ENZYMES

_ Hansen’s Absidia rennet Meito rennet

Manufacturing stages rennet

| | Il I I Il
Milk acidity (% lactic acid) 017 017 0.16 0.16 0.16 0.16
Rennet
(g/100 lit) 30 8.0 8.0 8.0 30 2.0
Clotting time (min) 45 30 45 35 20 25
Catting
Time after renneting (min) 55 40 55 45 30 3
Whey acidity (% lactic acid) 0.12 0.12 0.12 0.12 0.12 0.12
Cooking
Period (min) 40 40 40 40 40 40
Fat loss in whey (%) 01 04 05 04 0.7 05
Cheddaring
Initial acidity (% lactic acid) 0.14 0.14 0.14 0.14 013 013
Final acidity 0.36 0.37 029 0.32 0.20 0.32
Period (hr-min) 315 3.00 3.30 315 5.00 4.00
Milling
Time after renneting (hr-min) 5.20 450 535 510 6.40 545
Milling acidity (% lactic acid) 0.38 0.42 0.39 0.44 0.35 0.40
Salt (9/200 kg milk) 300 300 300 300 300 300
Cheese yield* (kg) 125 119 104 107 105 108

100 kg Easteurjzed cow milk adjusted to a fat; casein ratio of 1.0:0.7 tempered.to 30°C and inoculated with 1% of a starter culture
LF-40 with an acidity of 1%. Development of acid was allowed for 30 min after which rennet was added.

*After pressing at 1.5 kg/sq.ft. for 24 hr. Milk was pasteurized by HTST method.

Tanre 2. CHANGES IN MOISTURE AND FAT CONTENTS DURING RIPENING OF CHEESE
Ripening period (days)

RenDet used 5 30 75 180
Moisture Fat Moisture Fat Moisture Fat Moisture Fat
(%) (%) (%) (%) (%) (%) (%) (%)
Animal rennet* 41.90 20.00 30.77 23.40 39.60 28.90 39.00 28.50
Absidia rennet2 38.72 20.60 36.85 28.03 36.34 29.33 35.67 29.21
Meito rennet8 3991 21.30 39.75 25.60 39.25 25.25 38.75 25.25
1 Values of a typical trial 2. Mean of 3trials 3. Mean of 2 trials.

Tabre 3. CHANGESIN PH AND TITRATABLE ACIDITY DURING RIPENING OF CHEESE
Period of ripening (days
2 pening ( Y)75

Rennet used 5 180

pH Acidity* pH Acidity* pH Acidity* pH Acidity*
Animal rennetl 515 0.625 5.20 0.75 540 0.60 5.60 0.55
Absidia rennet? 520 0.73 5.28 1.00 530 1.07 557 0.82
Meito rennet3 523 0.78 5.38 0.88 5.45 0.75 575 0.63

*Per cent lactic acid.
1. Values of a typical trial. 2. Mean of 3 trials. 3. Mean of 2 trials.
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Table 4. sensory evaluation of cheddar cheese after eight months of ripening

- Scores obtained with different types of rennets
Characterist - =ens -
AaCieristes p'glmtasx Animal rennet Absidiarennet Meito rennet
I | Il 1] Mean 1 u Mean
Body and Texture 40 24.5 30.0 235 255 263 26.5 185 225
Taste 40 185 205 19.0 195 19.7 200 130 165
Smell 40 165 21.0 210 19.0 203 200 120 16.0
Total score 120 59.5 715 63.5 64.0 66.3 66.5 435 55.0
A 7 7 8 7 6 6
Acceptability NA 1 1 0 1 2 2

A - Acceptable NA =Not acceptable

oo ACSIMA MEBBSY content was relatively high (0.73 per cent) in Absidia

o—e ANIMAL RENNSY rennet cheese as compared to Meito (0.22 per cent) and

- i TN I animal (0.11 per cent) rennet cheeses (Fig. 1). During
{.30’ ® subsequent ripening the rate of increase in SN was
A highest in Meito rennet cheese.  Absidia and animal
216 ' rennet cheeses gave almost parallel increase in SN
- although higher in the former. This indicates higher
a2 12t protein degradation intially with Absidia as compared
3 to animal and Meito rennets. But tertiary proteolysis
o was higher with Meito rennet than animal or Absidia
g“’ rennets.  Similar observations have been made by
w Kikuchi et al.,nanb with Meito and Hansen's rennets.
g 04t - Maturity index as measured by the ratio between
soluble nitrogen and total nitrogen was also higher

initially in case of Absidia rennet cheese than with Meito
. or animal rennet cheeses. The rate of increase was

. . Ripening period (days) maximum with Meito cheese. Absidia and animal rennet
Fig 1 Chhanges in soluble nitrogen during ripening of cheddar  ¢pyeqses again showed somewhat parallel rate of increase
cheese from 75 to 180 days. The former cheese however

s 30 75 180

v« ABSIDI* RENNET AML RNC7T . ASDA AONT Ml
e o ANIMAL RENNET I MUTA A ,|Z TA
sor . « MEITO RENNET
% 40+
4}
a
z — @
> or P
= R 8
& ,%“"‘M’ ih
E 2op I «
s | — 7
10 /g/ H I
x///
-]
{5_- Jb 7‘5 7;0 |
Ripening period (days) * *0 B 1.*0 5 JF) 75 10 5 0 B b0
Fig 2. Variation of maturity index during ripening of cheddar Period of ripening (days)

cheese Fig 3. Changes in TCA soluble tyrosine during ripening of cheddar cheese
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showed higher values of maturity index (Fig. 2). Higher
rates of increase in maturity index as compared to animal
rennet have been reported in the case of Meito and Endo-
thia rennets.14152 Absidia rennet was more close to
animal or Mucor miehei rennet in its tertiary proteolysis
than Endothia or Meito rennets. Mucor miehei rennet
was reported to show slowest increase in maturity
index13as compared to Meito and animal rennets.

The initial 2.5 per cent TCA soluble tyrosine content
was higher in the case of Absidia rennet cheese (870 mg/
100g) than animal (220 mg/100g) and Meito (570mg/
100g) rennet cheeses. After six months ripening also
2.5 per cent TCA soluble tyrosine was highest in Absidia
cheese (2350mg/100g) followed by Meito (2100mg/1009)
and animal rennet (600mg/100g). Nearly 86 per cent of
2.5 per cent TCA soluble tyrosine was in 12 per cent TCA
soluble tyrosine form at six months in the case of Absidia
rennet cheese and 94 per cent in Meito rennet cheese
while only 60 per cent in animal rennet cheese (Fig. 3).
The breakdown ratio between 2.5 per cent TCA soluble
tyrosine and 12.0 per cent TCA soluble tyrosine was
initially 74 per cent'in Absidia rennet cheese, 72 per cent
in Meito rennet cheese and 37 per cent in animal rennet
cheese. These results also confirm that tertiary proteoly-
sis was slower in the case of Absidia rennet than in
other two enzymes.

Absidia rennet cheese was comparable in respect of
body, texture, flavour and acceptability to that of animal
and Meito rennet cheeses. (Table 4)

By purification of the enzymes and suitable modifi-
cation in the manufacturing techniques of cheese it would
be possible to minimise initial proteolysis and get normal
yield and also prevent the development of bitterness.
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Barley malt, an expensive commodity compared to barley grain, is invariably used with or without adjuncts in brewing. In order
to reduce the cost of inputs, an attempt is made to replace malt partially by de%ermed maize and prepare wort usmt%mlcrobml

enzymes during mashing. The quality ofwort is compared with that of all-maltwor

. Wort of suitable specific gravity with desirable

characteristics such as colour, and carbohydrates, can be prepared using a combination of malt (30%) and degermed maize (70%)
with microbial enzyme. ~ The minimum alpha amino nltro?en centent of wort in the malt maize combination 1$ inadequate for the

growth of yeast and needs modification to maintain the level.

Barley malt with or without adjuncts is the chief raw
material used in conventional brewingl. Malt produced
from barley grains involves operations like steeping,
germination and kilning.  Kilning operation during
malting is highly energy consuming. As a result, the
cost of malt practically becomes double that of barley.
The increased cost of inputs results in the increased cost
of the finished product, namely, beer. This has necessitat-
ed technologists all over the world to think of alternative
methods of producing wort, partially substituting malt
by barley grain and using microbial enzymes to act
upon the protein and starch of the grain2-111. Wort so
produced is expected to possess all the qualities noticed
in all-malt wort and on fermentation is expected to
yield beer comparable to that produced in the conven-
tional way. Laboratory studies were, therefore, initiated
partially to replace malt by degermed maize. The quali-
ties of wort prepared are reported in the paper.

Materials and Methods

Raw materials: Degermed maize and commercially
available malt were used.

Enzymes: Commercially available (Indian proprie-
tory brands) fungal protease and bacterial alpha amylase
were used. They were found quite active when tested by
conventional methods1l.

Bacterial amylase was used in the liquefaction of the
maize starch; protease was added during mashing of the
maize malt mixture.

Degermed maize was analysed for moisture, total
nitrogen and starch by the methods described in AOAC 12
Total carbohydrates were determined according to the
method of Yadav et alli. Alpha amino nitrogen was
estimated by the EBC ninhydrin method of Lield
Specific gravity was determined using Pycnometer

at  20°C.
mashing.

Mashing procedure: Barley malt was replaced by
degermed maize at four levels, viz., 95, 90, 85 and 70
per cent and mashed as follows:

Degermed maize flour (30 mesh) was added to water
at 65°C and was allowed to rest for 30 min. Alpha-
amylase (0.25 g per cent) was added and mixed. The
temperature was gradually raised to 82°C at the rate of
1°C per min and maintained at that temperature for 15
min and boiled for 5 min and cooled to 60 °C.

Malt flour (30 mesh) was added to water at 42°C and
was allowed to rest for 15 min and the temperature was
increased atthe rate of 1°C per min upto 50°C and allow-
ed to rest for 15 min. The temperature was raised at the
rate of 1°C per min to 60°C.  Gelatinised maize starch
was added to the malt mash and the mix.ure was main-
tained at 60°C for 60 min. The temperature was raised
to 70°C at the rate of 1°C per min and held at that tem-
perature for 10 min.  In the same way the temperature
was raised to 80°C and after holding the mash at that
temperature for 10 min, the extract was tested for
the absence of starch by iodine reaction. A quick boiling
was given, cooled and the weight was adjusted to the
original weight and filtered through a Buchner funnel.
The residue was sparged with water at 80°C and the
filtrate collected. Sparging was continued till the wash-
ings had no soluble solids. The volume was measured
and the extract was sterilised at 1.1 kg/cm2. The clear
extract was analysed.

In order to study the effect of pH on mashing of maize
flour, the pH of the mash was adjusted appropriately
prior to the addition to barley malt mash. Where the
effect of protease was studied, the enzyme was added to
the maize-malt mixed mash.

Infusion method was adopted for

310
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Table 1. the quality of extract from different combinations of barley malt and degermed maize

Physical and chemical Barley malt (5 %)
characteristics o
Degermed maize
(95%)
Sp. gr. 1.05
pH 6.5
Volume (ml) 500
Colour Pale yellow
Total carbohydrates (g %) 10
«-amino N (mg/lit.) 2

Results and Discussion

1 »pegermsd maize on analysis was found to contain
10.23 per cent moisture, 7.70 per cent (DWB) protein
and 82.07 per cent (DWB) starch.

The quality of wort (extract) derived by replacing
malt at four different levels is shown in Table 1.

The worts of the first two combinations had raw and
unpleasant flavour while that of 15 per cent malt had a
mild malt flavour. Wort got by 30 per cent malt had
better pleasant flavour. The first two combinations were
discarded and further experiments were carried out
using 15 and 30 per cent malt and 85 and 70 per cent
maize respectively.

Alpha amylase degrades the starch and thus reduces
the viscosity of maize mash. It was of interest to study
the viscosity changes of the mash at different concent-
rations of the enzyme. Alpha-amylase at concentrations
of 150, 200 and 250 mg per cent was added to 15
and 30 per cent malt and the viscosity was measured
(Table 2).

Increased concentration of < -amylase at two levels of

Barley malt (10%)  Barley malt (15%)  Barley malt (30%)
+ + +

Degermed maize Degermed maize Degermed maize

(90%) (85%) (70%)
1.05 1.047 1.047
6.5 6.5 6.5
510 540 620
Pale yellow Yellowish brown Brownish yellow
10 10 10
16 20 40

malt affects the viscosity of the mash. A considerable
reduction is observed when malt at 30 per cent level is
used for mashing. The viscosity values at 200 and 250
mg per cent level are practically same indicating that
even 200 mg per cent alpha-amylase would be adequate
during mashing. No change in volume, specific gravity,
carbohydrate and alpha amino nitrogen contents was
observed in worts derived from combinations of 30 per
cent malt and 70 per cent maize when mashed with 200
or 250 mg per cent alpha amylase.

The effect of pH on the quality of worts was studied
in the two combinations at 15 and 30 per cent levels of
malt and the results are indicated in Table 3.

It can be seen from Table 3 that both the contents
of alpha amino nitrogen and carbohydrates of wort
in the 30 per cent malt combination are more than
the other one. pH 6.0 seems to have a better effect
on the conversion of starch and protein. The flavour
of the wort in the combination of 30 per cent malt
and 70 per cent maize was much better than in the
other.

Table 2. effect of enzyme concentration (alpha-amylase) on the viscosity of the mash

Physical characteristics

Viscosity (CP) 1525
pH 6.5

Table 3.
Physical and chemical Barley malt (15%) + Maize (85%)
charac.eristics pH 6.0 PH 65
Sp. qr. 1.049 1.047
Volume (ml) 660 575
Colour YB YB
Carhohydrates (g, %) 102 105
»-amino N (mg/lit.) 30 30

YB: Yellowish brown;

Barley malt (15%) + Maize (85%
158 (15%) (250 )

Alpha-amylase concn (mg %)
Barleg malt (30%) + Maize gO%)
15 50

20 20
102.5 1000 1000 125 70.0
6.5 6.5 6.5 6.5 6.5

effect of ph on the quality of wort

Barley malt (30%) + Maize (70%)

pH 7.0 pH 6.0 pH 65 pH 7.0
1050 1052 1048 104
500 — 550 600
YB BY BY BY
11 13.77 1.1 11.00
30 65 60 55

BY: Brownish yellow
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Table 4. effect of protease on the quality of wort
Physical and Barley malt Barley malt
chemical charac- (15%E2+Ma|ze (30%)+Ma|ze All-malt v
teristics (85%) 0%)
Sp. gr. 1.047 1.048 1.047
pH 6.3 6.3 57
Volume (ml) 505 625 —
Colour YB BY BY
Carbohydrates (g %) 122 122 9.2
<-amino N (mg/lit) 50 80 1512

YB: Yellowish brown; BY: Brownish yellow.

Soluble nitrogenous compounds of wort are important
for the yeast during fermentation. The level of alpha
amino nitro%en in all-malt wort for the growth of yeast
is expectedlo to be 140 mg/lit. The laboratory worts
never showed a value more than 60 mg/lit. It was felt
that the proteolytic enzymes in barley malt used in the
experiments were either not potent enough or quantitati-
vely insufficient to act upon proteins of barley malt and
maize. Therefore, a protease enzyme at a level at 50 mg
per centwasincorporated during mashing and the result-
ing wort was analysed chiefly for alpha amino nitrogen
content. The added enzyme had a wide range of
activity between pH 3.0 and 10.0. The results are shown
in Table 4.

An increase in the alpha amino nitrogen and carbo-
hydrate contents in the worts indicates the usefulness
of the addition of external source of protease enzyme.
The increased level in the carbohydrate content in the
two cases may be attributed to the amylase and cellulase
contaminating enzymes present in the added protease
enzyme.
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The quality of wort derived from malt-maize combi-
nation compared with all-malt wort indicates that the
alpha-amino nitrogen level in all-malt wort is more than
in the worts of malt-maize combination.

Conclusion:  Wort of suitable specific gravity with
desirable characters such as colour and carbohydrates
can be prepared using a combination of malt (30 per
cent) and degermed maize (70 per cent) with microbial
enzymes.

The minimum alpha amino nitrogen content of wort
in the malt-maize combination is inadequate for the
growth of yeast and needs modification to maintain the
level.
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Twenty-eight varieties of Indian durum wheats and their blends with a soft aestivum wheat- Chhoti lerma, have been studied
for bread making and chapati making quality. Varieties Local red, Amrit, A-206, A-l-1-2-3, HD-4519 and HD-4530 as such had
excellent bread making quality and may be categonsed as bread typedurums. Ten varieties—Local red, Amrit, N1-5759, A-I-S-1,

HI-1391, WL-1002, HD-4519, #£>-4530, #£>-4
lent bread.

Chapatis made from 93-95% extraction flour (attas) from 14 durum varieties as such, were of excellent )
% level gave excellent chapatis. Unlike for bread wheats, no correlation was

Chhoti lerma blends with different durants at 15-2

02 and /1-9-30-1; when blended with Chhoti lerma even at 15% level, gave excel-

uality; while most of the

observed between the FarinograPh water absorption of the flour and the chapati making quality. Only #£>-4530 and #£>-4519,

when used as such or in blend with Chhoti lerma, were unique in that they gave excellent

Durums in India are cultivated on large scale in
central and peninsular zones, to the extent of 2-3 million
tons. They are mainly converted into semolina, which is
used in various sweet and savoury dishes served as break-
fast or snack items.

On the basis of Farinograph data, it has been observed
earlier that proteins of some of the durums are similar
to those of aestivum wheats which are considered suitable
for bread making.12 Commercially grown Indian
aestivum wheats are medium-hard and are not well
suited for bread making. The poor bread making
quality of many Indian aestivum wheats has been attri-
buted to their low protein content of poor quality and
low diastatic activity3. Earlier studieslhave indicated
that Indian durums have high values for protein content
(10.5-15.7 per cent), diastatic activity (302-443 myg
maltose/10 g flour) and water absorption (62.0-75.0 per
cent). It was therefore, considered worthwhile to explore
the possibility of improving the bread making quality
of aestivum wheats by blending them with durums for
correcting the deficiencies in the flour quality.

Indian wheats are generally suitable for chapati
making. Traditionally, in some regions of India, aesti-
vum wheats are blended with small quantities of durums
for improving their chapati making quality. No infor-
mation is available on the bread or chapati making
quality of durum wheats as well as durum-aestivum
blends. The work carried out on the bread and chapati
making quality of 28 varieties of Indian durums and
their blends with aestivum wheat as compared to
Canadian durums is presented in this paper.

Materials and Methods

Raw materials: Twenty-eight Indian and 3 Canadian
durum varieties were conditioned overnight to 16.5 per

read as well as chapatis.

cent moisture level and milled in a laboratory mill
(Model MLU-202) to obtain white flour (maida). Maida
sample, milled from two aestivum spring wheats—
Sharbati sonora and Chhoti lerma—conditioned to 15
per cent moisture level were used as controls. The
former variety, a commercially grown medium hard
wheat, containing 12.2 per cent protein was used as
positive control, as it is generally considered suitable for
bread making. The latter variety containing 9.4 per cent
protein and known for its poor bread making quality,
was used as negative control as well as for blending with
durums.

Wheat flour of 93-95 per cent extraction {atta) was
used for studying the chapati making quality of durums.
Different varieties were ground in a Kamas hammer mill
(Swedish make, type SLAGY-200A) using a sieve with
apertures of 0.8 mm diameter and was passed through
40 mesh Buhler sieve (aperture width-0.42 mm) to
remove the coarse fraction mainly consisting of outer
bran layers. Good quality commercial Punjab wheat
containing 11.9 per cent protein and Chhoti lerma were
used as positive and negative controls respectively.

Bread making quality: For evaluating bread making
quality of durums, Remix formula (based on 100 g
malda{ and procedure of Irvine & McMulland were
followed. The dimensions of the standard baking pans
used were: 9.5x5.5 c¢cm at bottom and 11.0x6.5 cm
at the top and an edge to edge height of 7 cm. For each
variety, breads were made in duplicate. Loaf volume
of bread was determined by rape-seed displacement
method using a loaf-volume meter. In bread evaluation,
criteria followed by panel of 6 judges were general
appearance, loaf volume, crust and crumb colour,
crumb softness, fineness and uniformity of crumb grain,
and flavour and eating quality.
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Several bread preparation trials using various levels
(10, 15, 25, 33 and 50 per cent) of 5 durum varieties
were carried out to arrive at their optimum blending
capacity with aestivum wheat. Accordingly, 15 per cent
of durum was used for blending in case of the remaining
varieties in further trials.

Chapati making quality: Different atta samples of
Indian durums were evaluated for their chapati making
quality according to procedures described by Shurpale-
kar and Prabhavati5. Water absorption of the atfa
samples was determined using a 50 g mixing bowl in a
Brabender Farinograph set in lever position 1:3. Using
the water absorptions arrived at for different varieties,
the chapati doughs having an optimum consistency of
500£20 BU were prepared in the Farinograph mixer.
Chapatis were rolled front these doughs on an aluminium
plat-form using wooden rolling pin and baked for 3-4
min at 162.5°C on a thermostatically controlled hot
plate. Chapati making quality of blends of durum and
Chhoti lerma was also studied. For arriving at the opti-
mum level for blending durum atta samples were used
at 15, 20, 25, 30 and 35 per cent levels. Chapatis were
then assessed according to Shurpalekar and Prabhavatid
by a panel of six judges. The main criteria considered
for evaluation were appearance, texture, number of
discrete layers, chewing quality and taste.

Results and Discussion

Bread making quality of durums: The data presented
in Table lindicate that varieties Local red Amrit, A-206,
A-1-1-2-3, HD-4519 and HD-4530 had excellent bread
making quality with a loaf volume of 600 ml or more
(Fig. 1). Varieties VP-404, A-11 and HI-1120 were as
good as positive control with a loaf volume of 550 ml
or more. The above mentioned varieties can, therefore,
be categorised as bread type durums, with variety A-206
excelling the rest. All the 3 Canadian durums were
inferior to the positive control Sharbati sonora. Eight of
the varieties with a loaf volume of 450 ml or less were
adjudged as unsuitable for bread making.

Bread making quality of durum-aestivum blends: The
results of preliminary trials to arrive at optimum blend-
ing level of durum required to bring about maximum
improvement in the bread making quality of aestivum
flours are presented in Table 2. Even when durum flour
was used at a low level of 15 per cent, the water absor-
ption of the blend showed considerable increase as com-
pared to 52 per cent for Chhoti lerma. This increase was
dependent on the variety as well as the level of durums
used for blending. As durums cost somewhat higher
than aestivum wheat, it was considered desirable to use
them at minimum possible level. Blending with durum
at different levels brought about increase in the loaf
volume of Chhoti lerma. The increase in the loaf volume
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was more significant in the case of non-bread type
durums such as Bijaga red, Bansi, BHagayeIIow, whereas
in bread type durums like Local red and Amrit the loaf
volume of breads based on the blends were somewhat
similar to those based only on durums. Itis also interest-
ing to note that maximum beneficial effect of blending
on the loaf volume was observed at a low level of 15

Table 1. evaluation of bread from durum wheats and
THEIR BLENDS WITH SOFT AESTIVUM WHEAT
Variety Durums Durum-C/ifioii lerma
(15:85) blend
Loaf  Owverall ~ Loaf  Overall
volumehml) quality  volume(ml) quality2
Local red 600 E 600 E
Bijaga yellow 475 F 565 G
Amrit 625 E 600 E
Bijaga red 400 P 540 S
N-59 505 S 510 S
N 1-5159 460 F 585 E
A-206 665 E 525 S
A-624 430 P 490 S
A-1-1-2-3 600 E 505 S
A-11 565 G 555 G
A 181 495 S 625 E
A-9-30-1 475 F 590 E
MPO-157 440 P 460 F
MPO-X42 490 S 475 F
MPO-159 520 S 500 S
MPO-161 420 P 475 F
Raj-911 430 P 400 P
Raj-912 475 S 455 F
NP-404 560 G 455 F
T77-1483 510 S 455 F
H1-1141 450 F 505 S
H1-1120 550 G 520 S
H 1-1591 425 P 600 E
WL-1002 475 S 600 E
HD-4519 600 E 605 E
HD-4530 600 E 595 E
HD-4502 360 P 605 E
Bansi (commercial) 435 P 550 G
Stewart-63 530 S 555 G
Wakooma 540 S 555 G
Hercules-12 540 S 530 S
Chhoti lerma3 450 P _ _
Sharbati sonora* 570 G

tBased on 100 g flour

ZE-Excellent; G-Good; S-Satisfactory; F-Fair
3Aestivum soft wheat used as negative control
*Aestivum medium hard wheat used as positive control
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Table 2. effect of blending aestivum wheat with durums on its bread making quality

Blending level of durum

Variety 0 10% 15% 5% 33° 50% 100%

FWA LV 0Q FWALVOQ FWALVOQ FWALVOQ FWALVOQ FWALVOQ FWA LV 0Q

f6 ml % ml % ml % ml % ml % ml % ml
Local red - - 530530 S 538590 E 545 545 G 561 540 S 566 460 F 620 600 E
Bijaga yellow — — — 53450 S 54155 G 560515 S 578505 S 59.0430 P 684 475 F
Anuit — — — 53953% s 564600 E 572570 G 60050 G 61655 S 700625 E
Bijaga red — — — 540505 s 548 540 G 560505 S 602 480 F 614 425 P 70.0 400 P
Bansi (Commercial) — — 540510 s 556 550 G 566 475 F 604 465 F 614 445 P 70.0 435 P
Chhoti lerma1 520 450 P — — —

Sharbati sonora2 600 570 G - -

FWA —Farinograph water absorption on 14% moisture basis.
LV —Loaf volume based on 100 g flour.

0Q —OQverall quality.

1 —Aestivum soft wheat used as negative control.

2 —Aestivum medium hard wheat used as positive control.

Fig 2. Durum aestivum (15:85) blends with excellent bread
making quality

I-Local, red, 2-Amrit, 3-A7-5759, 4-/4-1-1-1, 5-H 1-1591,
1-Local red, 2-Amrit, 3-/4-206 4-/1-1-1-2-3, 5-HD 4519, 6-HX-1002, 7-i7X>-4519, 8-/721-4530, 9-HD-4502, 10-/4-9-
6-/721-4530, 1-Sharabati sonora, 8-Chhoti lerma. 30-1, 11-Sharabati sonora, 12-Chhoti lerma.

Fig 1L Durum bread of excellent quality
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Table 3. chapati making quality of durum wheats and
THEIR BLENDS WITH SOFT AESTIVUM WHEAT

Variety Durums Durum-Chhoti lerma
blend
W.A.  Overall Blending F.W.A.
*f+\% quality ~level b \%
Local red 61.0 F 25 58.0
Bijaga yellow 618 G 5 58.0
Amrit 60.3 F 5 51.0
Bijaga red 60.9 P 25 58.0
N-59 62.4 S 20 60.0
NI-5159 5.1 E 15 54.0
A-206 64.6 F 20 61.0
A-624 62.2 P 5 60.0
4-1-1-2-3 64.4 E 20 61.2
411 62.0 E 20 61.2
A-l-S-I 54.0 F 20 52.0
4-9-30-1 63.0 E 5 51.0
MP0-151 63.0 E 20 60.0
MPO-142 62.0 E 20 60.0
MPO-159 55.0 F 20 53.0
MPO-161 62,0 E 20 60.0
Raj-911 64.4 E 35 60.0
Raj-912 65.0 E 15 59.4
TVIMO4 63.0 E 15 60.6
T77-7483 62.0 G 15 59.6
T71-1147 64.4 P 20 61.6
71-17120 63.0 P 30 61.0
177-7597 55.0 E 5 53.0
FL-10@ 56.4 F 20 54.0
T777-4530 57.0 E 15 55.0
T177-4519 59.6 E 15 56.0
T773-4502 59.7 P %5 576
Bansi 61.0 E 25 58.0
Chhoti lerma* 520 P — —
Punjab (commercial) **58.0 E — —

F.W.A.—Farinograph water absorption on 14% moisture basis.
«Aestivum soft wheal used as negative control

**Aestivum medium hard wheat used as positive control.

*** for getting excellent chapaties

per cent, while both at 10 as well as 25 per cent or higher
levels, the loaf volumes were considerably lower. As
both bread type and non-bread type durums were in-
cluded in the preliminary trials, it was inferred that the
optimum level of durum blending was 15 per cent.

The data presented in Table Lalso cover the remaining
trials for evaluation of bread making quality of other
durums when blended with Chhoti lerma at 15 per pent
level. Majority of the durum varieties used for blending
brought about significant improvement in the loaf
volume as well as quality of bread, based only on Chhoti
lerma.  Ten of the varieties used for blending gave
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excellent quality bread (Fig. 2). Varieties Local red,
Amrit, HD-4530 and HD-4519 besides having excellent
bread making quality, also gave excellent bread when
blended at 15 per cent level. Even though bread
based only on durums—NI-5759, /FD-4502,4-9-30-1
nad HI-1591 were poor in quality—it is interesting
to note that their blends with Chhoti lerma gave
excellent bread. In contrast, varieties MPO-159, NP-404
777-7483 and Raj-91 1, on blending, gave inferior quality
bread as compared to those based on durums alone.
Canadian durums, at 15 per cent blending level gave
bread of satisfactory quality with loaf volumes ranging
from 530 to 555 ml. This compared favourably with
loaf volumes of breads from durums alone.

[t may be inferred from these experiments that many
durum varieties can be used with advantage for improv-
ing the bread making quality of even poor quality
Indian aestivum wheats by a simple method of hlending
with durums at even a low level of 15 per cent. This
observation is of considerable importance to the organis-
ed bread production industry in India which produces
more than a million IoavesPer annum.

Chapati making quality ofdurum: The data regarding
chapati making quality of durum wheats, their blends
with Chhoti lerma and water absorption of different atta
blends to give chapati doughs of dcsirec consistency
0f 500720 BU are given in Table 3. The water absor-
ption of blends for obtaining chapati dcughs ranged
between 53.0 and 61.6 per cent. As against this, the water
absorption for chapati doughs based on durums only
was 0.8-5.6 per cent more in majority of the varieties
tried. Fourteen of the durum varieties had excellent
chapati making quality, while 11 varieties gave just
acceptable or poor grade chapaties. .

As regards suitability of duium-Chhoti lerma blends
for chapati making, the minimum level of durum re-
quired in the blend to give excellent chapaties in most
cases ranged between 15 and 35 per cent. As generally
observed in bread wheats, no correlation between
Farinograph water absorption of atta and chapati
making quality was observed in the case of Indian
durum wheats.

The present studies have high-lighted the fact that
apart from conventional suitability for production of
paste goods, many Indian durum varieties can be used
for improving the bread and chapati making quality
of even poor quality aestivum wheats. Use of only 15
and 15-25 per cent durum for blending with such wheats
brings about highly significant improvements in the
quality of bread and chapaties respectively.
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Twenty-four Indian and three Canadian durum wheat varieties have been evaluated for physico-chemical characteristics, rheo-

some 0

Iogica?/garoperties using farinograph and extensograph and the flour milling quality. Of the quality characteristics evaluated,
the Indian varieties were comparable to or even better than the Canadian durums. The data for varieties AT-5759, A-11,

HI-1120, HD-4519, HD-4530, /t-9-30-1 were indicative of their potential for the preparation of paste goods; while quality characte-
ristics of many other varieties showed their potential for bread making.

The range and average (in parentheses) values for different quality characteristics were—1000 kernel weight, 34.6-53.1 (43.8) g;
pearling index, 13.2-20.5 (16.1); crude protein, 10.6-16.8 (14.6%); wet gluten, 28.2-52.6 (40.7%); pigments, 2.72-6.47 (4.6 ppm%;

diastatic activity, 302-443 (369) units; dama

ed starch, 9.3-15.5 (12.7)%; water absorption, 62.0-75.0 (67-9)%; dough stability,

2.0-10.0 (6.1) min.; extensograph area, 10-14% (79) sq.cm, and flour yield, 58.3-75.5 (65.8)%.

Though the production of highly priced durum wheats
accounts for about 10 per cent of the total wheat pro-
duction in India, most of the published literature
pertains only to studies on aestivum wheats. Traditional-
ly, semol.na milled from durums is used in the prepa-
ration of sweet and savoury dishes and vermicelli.
However, very little information is available on the
quality of Indian durums with special reference to their
utilisation in bakery products and the paste goods like
macaroni, spaghetti, noodles, etc. Such information is
of great importance as durums of certain quality attri-
butes have export potential at a premium price to
countries, where paste goods are manufactured and
consumed on large scale.

Quality characteristics of only four durum varieties
developed in Karnataka State have been reported.
However, several varieties of durums developed in
the peninsular and central zones under All India
Coordinated Wheat Research Programme of Indian
Council of Agricultural Research have not been evaluat-
ed systematically for their quality and utilisation avenues.
As Canadian durums are exported extensively to several

European countries, physico-chemical and rheological
characteristics as well as milling quality of several
varieties of Indian durums as compared to Canadian
ones are reported in this paper.

Materials and Methods

Test materials: Twentry-four varieties of Indian
durums were procured from different Research Stations
of Indian Council of Agricultural Research located in
States of Karnataka, Maharashtra, Gujarat, Madhya
Pradesh, Rajasthan, Punjab and also from Indian Agri-
cultural Research Institute, New Delhi. Bansiwheat—a
commercial variety from the local market was also
included in these studies. Three Canadian wheats namely
Stewart-63, Wakooma and Hercules-12 procured from
Plant Science Department of Manitoba University,
Canada were used as control.

Physical characteristics: Hectolitre weight were deter-
mined by AACC methodsL Vitreousness of the wheat
kernels was assessed by visual examination. Pearling
index was determined according to McCluggage2 using
Corcoran Barley Pearler (London).
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Table 1. physical characteristics and milling quality of Indian durum wheats
Variety Hectolitre wt 1000 kernel wt Vitreous kernels Pearling index  Total flour Flour recover-  Fine flour
(kg.) 9. (%) yield1 (maida)  ed2 (%) fraction3(%)
0
Indian dnrnms (%)
N-59 825 5.1 74 15.7 63.0 12.0 45
N1-5759 80.0 47.6 100 16.7 60.2 18.3 6.0
A-206 78.3 41.6 100 18.6 66.4 138 49
A-624 81.8 458 80 154 69.3 75 95
A-1-1-2-3 79.3 425 100 145 63.9 118 6.2
A-1 82.0 439 99 16.3 65.8 17.0 6.0
Jt-1-8-1 739 424 100 18.8 69.6 105 6.2
/1-9-30-1 779 46.6 100 205 61.6 143 1.7
MPO-151 713 455 9% 16.6 67.0 85 8.0
MPO-142 80.0 33 8 143 67.0 79 15.0
MPO-161 8.3 40.9 85 14.6 63.1 155 55
MPO-159 76.0 38.0 9% 176 7.1 15.0 57
Raj-911 81.0 51.4 100 15.3 61.1 135 6.0
Raj-912 82.3 44.7 99 16.8 60.9 16.5 75
NP-404 81.3 50.0 100 16.3 64.4 18.0 2.0
HI-1483 82.3 525 98 161 65.5 10.0 115
HI-1141 81.3 423 99 172 58.3 16.0 50
HI-1120 76.0 34.6 99 16.6 64.6 16.0 7.0
HI-1591 7.3 411 9 18.0 75.5 12.3 55
WL-1002 74.0 423 95 15.2 61.8 105 79
HD-4519 84.0 43.2 99 132 730 99 79
HD-4530 80.3 40.0 100 141 74.3 105 56
HD-4502 77.0 435 % 137 70.6 135 6.6
Bansi 77.0 415 100 15.0 62.2 9.0 11.0
Range 73.9-84.0 34.6-53.1  74-100 13.2-20.5 58.3-75.5 7.5-18.3 2.0-15.0
Average 79.4 438 % 161 65.8 128 7.0
Canadian durams
Stewart-63 82.0 48.0 100 15.6 72.8 105 75
[Vakooma 82.8 459 100 134 62.8 140 6.8
Hercules-12 835 48.4 100 134 63.7 150 6.7
Average 82.8 474 100 141 66.4 132 7.0

Zincludes flour recovered from shorts
2From shorts by passing through eXX sieve
3Passing through 240T sieve.

Milling qualit%: Flour milling quality was studiied
by ?rocessmg -kg samples, Tonditioned overnight
to. 165 per “cent Mmoisture, in a_ Buhler lgboratory
mill (Model MLU-202).  The straight run flour wes
subjected to sieve analysis on a Buhler plansifter to
determine the finest fraction passing through 240 T
sieve (aperture width, 45 Ju) ,

As considerable quantity of flour appeared in the shorts
fraction for durum wheats, the same was sieved on 6XX

sieve (aperture width, 0.2 mm) and the throughs were
reground in Kamas hammer mill (Type, Slaggy 200-A)
to gass_throu h 10XX sieve (aperture width, 013 m_mﬁ.
The maida reférred to In these studies consists of straight
run flour mixed with flour recovered from shorts.
Chemical characteristics: Moisture, total ash, wet
gluten, pigments, diastatic activity and dama%ed starch
were detérmined bfv AACC methodsL, The fallin
number, an index of alpha amylase activity, was deter-
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Table 2. chemical characteristics of Indian durum wheats

Moisture Total ash Crude protein Wet  Lipoxidase Pigments as Falling  Diastatic Damaged
Y Y| gluten actlvngl [5-carotene number  activity2 starch” %
WWE* WWF. ' Maida WWF. ' Maida Maida WWF. ppm  WWF. Maida  Maida

Indian durums

N-59 13 1.52 0.53 130 124 405 2.1 4.67 589 333 100
NI-5759 15 145 0.68 163 141 39.9 107 512 681 425 139
A-206 8.5 1.64 0.61 16.6 155 49.6 113 361 48 337 9.3
A-624 15 1.64 0.68 118 105 35.9 49 361 547 412 15.0
A-l-1-2-3 1.2 151 0.82 143 128 36.1 435 331 728 313 116
A-ll 14 1.60 0.66 157 134 44.7 4.6 4.67 669 400 135
A-181 15 157 0.64 161 134 52.6 571 4.06 823 328 115
A9-30-1 6.8 1.56 0.62 161 144 49.3 18 4,06 823 328 115
MPO-142 74 1.66 0.74 106 9.2 28.8 14 6.32 790 Rl 111
MPO-157 7.9 1.56 0.75 15.0 132 41.3 26.1 6.17 649 344 107
MPO-161 84 140 0.54 133 114 32.2 2.0 587 668 363 120
MPO-159 78 1.84 0.72 16.6 147 44.4 32 6.47 852 352 107
Raj-911 8.5 1.92 0.67 148 133 45.3 1.0 5.87 755 318 135
Raj-912 8.9 1.86 0.77 149 136 388 128 5.57 822 352 107
NP-404 7.0 1.38 0.68 144 132 40.7 4.0 412 560 397 116
NI-7483 6.6 153 0.75 114 107 36.2 6.1 3.61 661 315 137
HI-7747 6.5 1.62 0.56 168 157 40.0 11 421 645 385 129
HI-7720 81 1.66 0.62 153 143 42.2 2.2 4.52 603 353 130
HI-7597 12 1.56 0.70 154 146 398 6.2 4.2 790 385 137
WL-1002 8.6 183 0.60 135 120 330 9.8 4.21 1000 344 133
HD-4519 110 1.70 0.60 146 138 41.7 107 333 801 438 155
HD-4530 105 1.63 0.60 144 137 45.3 4.6 4.85 mn 353 133
HD-4502 119 179 0.73 129 139 34.4 12 514 585 398 155
Bansi 10.0 127 0.67 i5.9 133 46.0 2.12 434 356 131

Range 6.5- 1.27- 0.53- 10.6- 9.2- 28.2- 10- 272 439-  302- 9.3-
119 1.92 0.82 16.8 157 52.6 571 6.47 1000 443 155

Average 8.2 1.60 0.66 146 132 40.7 109 4.57 690 369 127

Canadian durums
Stewart-63  10.8 132 0.60 14.6 129 453 59 6.04 437 360 122

Wakooma 108 175 0.68 139 131 45.1 20.0 5.63 453 435 136
Hercules-72 111 1.28 0.52 144 128 48.5 112 5.04 %1 385 135
Average 109 145 0.60 143 129 44.6 12.36 0.57 41 393 131

{ Whole wheat flour

iDefined as the activity which in the presence of 5 mg of linoleic acid catalyses the reaction of 1/i-g of oxygen in 1 min at 25°C at
pH 7.0

AMaltose (mg) produced by 10 g flour for 1 hr at 30°C.

Variety
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Variety

Indian durums
N-59
NI-5759
A-206
A-624
A-l-1-2-3
A-ll
A-1-8-1
A-9-30-1
MPOQ-157
MPO-142
MPO-159
MPO-161
Raj-911
Rqj-912
NP-404
HI-7483
HI-7747
HI-7720
HI-7597
WL-1002
HD-4519
HD-4530
HD-4502
Bansi (Commercial)
Range
Average

Canadian durums
Stewart-63
Wakooma
Hercules-72
Average

mined_using Hagber
LNX5.7_) Was estim
or estimation of I|p0X| ase act|V|

ated

Table 3.

Water
absorption

(%)

62.0
69.4
62.0
69.0
68.0
68.8
67.2
68.4
65.8
62.8
70.6
66.0
76.0
66.4
67.0
63.4
710
66.2
68.8
67.0
75.0
68.0
66.8
740
62.0-75.0
679

62.0
68.4
64.0
64.8

Dough

development

time (min)

30
35
50
15
4.0
2.5
6.0
6.0
2.5
12
2.5
17
17
2.5
30
2.0
15
45
2.0
2.0
50
50
15
15
15-75
33

4.0
35
45
4.0

Dou?h
stahi

Farinograph characteristics

(mlnl)ty

45
1.0
6.0
35
8.0
8.5
6.0
10.0
50
20
2.5
35
35
100
70
45
15
15.0
2.0
100
10.0
100
2.0
45
2.0-10
6.1

6.5
6.0
100
15

%S agparatusl Crude protein
micro-kjelaahl method

Sumners met od3
was used with the following mod ifications:

taken for the estlmatlon of the enz me activity,
obtain an optical density. within t e desirable range of
0.2t004. The reaction time was 5 min.

Rheological
of maida romg

erties:
Ifferent varieties

ml was
50 & 10

Rheological  characteristics

re determined using

rheological characteristics of Indian durum wheats

Extensograph characteristics

Mixing Extensibility  Resistance Area
tolerance (mm.) " to extension (cm2)
index B.U. B.U.

70 100 455 73
50 120 675 100
10 205 530 128
113 64 445 64
50 119 510 97
50 128 718 130
90 118 955 140
2 123 1020 149
80 15 290 52
80 94 625 8
90 115 375 53
90 13 390 42
130 88 250 kil
30 87 535 64
50 114 135 67
10 120 260 63
140 175 240 3
25 103 973 110
80 115 350 47
Rl 86 760 76
20 86 795 90
Rl 90 960 8
110 3 200 10
10 143 520 110
10-130 64-205 200-1000 10-140
66 105 501 9
60 - - -
40 - - -
5 - - -
42 - - -

Brabendcr Fannogra[ih and Extensogrqagh accordi_ng
to AACC procedur D|fferent dough Ciaracteristic
I|ke water absorpt|on dough develop ment time, dough

g of stability, mixing tolerance inex; exten3|b|| resistance
whole wheat flour were macerate in 20 ml of water EY ! p

using a pestle and mortar, An aliquot of 12

and area under the curve were determingd from the
eSpective CUNVes.

Results and Discussion o

Ph¥3|cal characteristics: It is evident from Table 1
that the average hectolitre weight as well as 1000 kernel
weight of Indian durums were'slightly lesser than those
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Fig 1 Farinograph curves of durum flours indicating typical characteristics
relating to dough development time, dough stability and mixing dlsplayed ver}/ wide Variation (1 1-57
I . . o '

tolerance index.

of Canadian durums. But corresponding values for 6
and 4 varieties of Indian durums respectively were
comparable to those of Canadian durums. Al| bit three
Indian varieties had, some what_higher pearlln% Inglex
than those of Canadian durums indicating thereby that
In general Canadian durums were reldtively harcer
han” Indlian durums.  All the varieties had amter colour
of varying shades. With the exclusion of varieties TV,
MPO-142 A-624 and MPO-161, the remaining varieties
had 95-100 per cent of vitreous kernels,

Milling quality: Half of the durum varieties tested had
good flolir yields of 65 per cent or more (Table 1), which
compare favourably with those of Indian bread wheats.
Only Canadian Stewart-63 had a coma%arable agﬂeld. In
view of extra hard nature of durums, as high & 7.5-18.3
per cent of the flour has been recovered from shorts, by
%smg it throulgh 6XX sieve. . Similar observations have

n made_hy Finney et alAin case of Indian aestivum
wheats.  This observation_is further corroborated by
considerably lower yields (7 per cent) of flour fraction
passing through finést sieve %4OT) as compared to 103
per cent for agstivum wheatss. The average value of the
damaged starch for different durum wheats was 12.7
Ber cent (range: 9.3-15.5 per cent) which was consiclera-

ly higher than 9.2 per cent (range: 6.2-12.1 per cent)

Fig 2. Extensograph curves of durum flours indicatinﬂ t)g)ic_al
characteristics like extensibility (E), Resistance (R), Ratio

figure (R/E) and energy.
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obtained for Indian aestivum wheatss,
This may be attributed to the extra hard
natyre of the durum as compared to the
aestivum wheats.
Chemical characteristics: The data
presented in Table 2 show that Indian
varieties in general had slightly hlqher
ash content than the Canadian Varielies.
The average rotein as well as wet gluten
values for Doth Indian and Canadian
durums_were comparable (146 & 143
and 40.7 and 44.6 per cent” respectively).
_Interestingly enqugh, lipoxidase activi

_ units). Only 7 Indlian varieties had relati-
velg higher content of [fngments_than Canadian durums—
a Gesirable attribute for use in paste goods, All but
one of the Indian varieties had_excessively h|1qh_fa_ll|ng
number as compared to Canadian duryms. This indi-
cated low alpha-amylase activity of Indian duruns. .

_Indian durums had significaritly higher diastatic acti-
vity of 369 units (range” 203-443) as”compared to low
value of 210-units (range 133-351) for majority of Indian
agstivum wheatss, The desirable’ range of didstatic acti-
vity is 225-350 units for bread wheatsb. As such, durum
wheats can be used for blending with aestivum wheats
for_w_nprovmq their low diastatic activity. The diastatic
activity as well as the damaged starch of Indian durums
were comparable with those of Canadian durums.

Rheological characteristics: Some of the Indian
durums wiere less hard as indicated by pearling index. It
was,. therefore, cansidered worthwhile to explore the
possibilities of using durum flours for bread-making,
As such, etailed” data  have been  collected op
((JI% ltg 3rheology using farinograph and extensograph

Some “of the typical farinograph curves of Indjan
durums Indlicatiri extreme Characteristics. regarding
dough developmerit time dough stapility, mixing toler-
ance index as compared to Canadian durum and an
Indian aestivum bread. wheat—Sharbali sonora are
Hgven In Fig. L Most of the durums had exceptionall

g water ‘asorption of more than 65 per cent whic
could be attributed to relatively higher protein content
as Well as higher amounts of “clar aPe starch. . Such
characteristics coupled with, rel_atlve¥ hlgher diastatic
activity of durums are indicafive of scope for their
blending with soft wheats for obtaining desirable dough
characteristics for bread-makmcgu L

The typical extensograph cUrves depicting . highly
sticky dough of poor Strength, a dough of minjmum
strerigth, @ dough of high, Fesistance and extensibility
are given |n Fig 2 The"different extensqgr_aph CUIVES
obtained showed that for most of the varieties, extensi-
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hility as well as resistance to extension were comparable
to those of bread type aestivum wheats. Eleven varieties

of durums had aréas covering a range of 80to 150 cm2

which showed adequacy of “flour Strength for bread-

making, _

It n?ay be concluded from the results obtained that
many of the Indian duryms are comparable to Canadian
durums in respect of physico-chemical and rheological
characteristics.
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The sunflower seeds of the two varieties namelr Sunrise Selection and EC 69874 were analysed for proximate principles, polar and

non polar lipids, fatty acids and amino acids. [n al
serine, phosphatidyl‘inositol, sterol, sterol glycoside, p

n all ten polar lipids viz. lysolecithin, lecithin, lysocephalin, cephalin, phosphatidyl
ﬁoshatigic acid a%d a glycolipid were i)éentirp ; i F i

ied to be present In oils of the

two varieties. There was considerable variation in amounts of oleic (37.43 and 47.17%) and linoleic acid (52.18 and 44.17%) in
the oil of Suprise Selection and EC 9874 respectively. The amounts of lysine (limiting amino acid in sunflower seed) in
Sunrise Selection and EC 69874 were 3.563 and 3.286% respectively.

Sunflower is a major ojlseed crop of several countries
all over the world, “particularly of the Fast European
countries. -A major improvemént in sunflower has been
brought about through' research in U.S.S.R. and its oil
contént has been increased from 33 to ahout 50 per cent
in the present varieties mainly by reducing its hull con-
tent. . Moreover, sunflower %I| has been described as a
superior. quality edible oil by several workersl-2. In
view of its high oil content anid to meet the sho_rta?e of
vegetable ails, some varieties were introduced in India
from USSR, recently.  Since no detailed report on
sunflower composition is available, two varities of
sunflower were taken up for detarled study of chemical
composition and the data are reported inthis paper.

Materials and Methods

. Representative samples of two varieties, Sunrise Selec-
tion and EC 69874 were collected from the crop sown in
1973 at Punjab Agricultural University, Ludhiana. The
oil content, aprotem, reducm(r;nand non-reducin SL%JaI’S,
crude fiber and ash were estimated by AOAC4 methods.

The oil was fractioned into polar and non-polar lipids and
each fraction was then resolved by thin layer chromato-
graclPhyS. The developing systens for non-polar lipids
an E)olar lipids were petroleum ether: ether (90:10)
and chloroform; methanol: acetic acid: water (65:25.
10:4 viv) re_spectl\zeh& The different spots were identified
h companng their Rf values with those reported in the
literature and with the specific colour reactions of dif-
ferent components with various spray reagentse 7, The
f%rtg acid comp%5|t|o_n was cletermined bg/S gas iquid
chromatography oy suing AIMIL Markllg_ chromato-
graPh. Wo meter” column of copper containing 10 per
cent DEGS on celite was used as a stationary phase and
the carrier gas was mtrgoen. The temperature of the
oven was Kept at 190z1°C and FID, and mgector
temperatures were maintained at 250°C.  Different fa
acigs were Identified from their retention times an
thfw_ respective peak areas were directly converted to
relative percentages. o _
The quantitative anal¥5|s of amino acids was carried
out on amino acid andlyser (Beckman-Model 120 C).



SEKHON AND GUPTA: CHEMICAL COMPOSITION OF SUNFLOWER SEED

Hundred m|II igrams of the seed was taken in a %(
tube, 5m C1 was added to i, sea led and egt
a TIPC Tor 24 The volume of ol ysate was made
to 50 ml and a suitable aliquot (2ml) was drred in vacuo
and redissolved in deionised water ‘and_this procedure
of dryinglin vacuo was repeated twice. The resr e Was
then dissolved in 2.ml sodium crtrate uffer o H 2.2,
0.2 ml of this solution was applied on each o te on
and short columns of amino acid analyser. Three sodiu
citrate buffers (pH 3.25, 4.25 and 5.25) were used for the
complete aming acic| analysis. The buffer flow rate was
maintained at 70 ml/r and ninhydrin flow_ rate at 3
mi/hour. _ The_column temperature was maintained af
The Beckman spherical resins PA-35 (short
column) an 15 (long column) were used. = The
ecove of drfferent amino acids was found to he”
per cent and each analysis was carried out in duplicate.

Results and Discussion

The proximate composition of sunflower seed is
shown in Table L The Oata, reveal that, the constituents
analysed do not vary mych in both varieties. The mean
values for dry mattér, oil, protein, crude fiber, reducing

Table 1. proximate compos
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sugars, non-redycing sugars and ash were 94.22, 39.67,
25:30,'9.80, 056, T14 and 3.37 per cent respectively.
The values are In close agreement With those reported in
the literatureg1® The orI obtained from the two vanetres
Sunrrse Selection and EC 69874 was resolved by thin
gerc hromato raphg to |dent| the different co wrﬁ)
s present. Then npo ar ractron ave7s Ot en
the pate Was sp raYe with 50 Eer cent sulph unc acr
The Rf values calculated were compared, with those
re orte in literature and were tentatrvely identified as
unresolved mixture, partial glycerices, sterols, free fatty
acids, trrgl¥cendes sterol esters and some hydrocarbons,
Ther identity was furtherconfirmed by co-chromato-
graphy with "pure standards. namely tripalmitin, stig-
masterol and its ester, palmitic acid and fiquid paraffin.
Spot No. 3 and 6 gave violet colouration”on sPrayrng
with, 50 per cent sulphuric acid and heating, thereby
rs:toentglrsmmg that these spots were due to presence of
The polar fraction of the oil was resolved bK thin
ayer chromatograghy usrng chlorgform: - methanol:
a etic acid: watér (b5 The spraying of the
plate with 50 per cent sulphunc acid and heating gave

ition of sunflower seed

Variety Dry %atter Fat % Protein % Crud%ﬁber Ash % Reducing  Non-reducing
sugars % sugars %
EC 69874 94.14 39.75 24.50 9.76 374 0.50 1.25
Sunrise Selection 94.30 39.60 26.10 9.84 3.00 0.62 102
Mean 94.22 39.67 25.30 9.80 3.37 0.56 1.14
Table 2. identification oi different polar lipids present in sunflower oil by reaction with different reagents
Phospho- _ . Dragon-
Spot No.  Rf value* 50% H2S04 molybdate  Ninhydrin ~ Diphenyl ~ Schiff's dorff’s dentification
reagent amine reagent reagent
1 0.00 + Unresolved mixture
0.06 -+ — — — — — Sterol
(pink)
3 0.08 + + - _ + Lysolecithin
4 0.20 + + + — — — Phosphatidylserinc.
5 0.26 + + — — + — Phosphatidyl inositol
6 0.32 + — + — - — Lysocephalin
7 0.38 + + — - — + Lecithin
8 0.54 + + + — — — Cephalin
9 0.66 + + - - - - Phosphatidic acid
10 0.70 + — - + - — Sterol glycoside
(pink)
il 0.96 + + Glycolipid
2 0.99 + - — — — — Pigments, neutral

‘Solvent system :—Chloroform: methanol :

acetic acid : water (65:25:10:4)
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Table 3. fatty acid composition Of sunflower oil
Variety Oil %  Palmitic acid  Palmitoleic ~ Stearicacid ~ Oleicacid  Linoleicacid  Arachidic
(%) acid (%) (%) (%) acid
EC 69874 30.75 5,61 Traces 478 3743 5118 Traces
Sunrise Selection 39.60 6.50 Traces 216 4117 4417 Traces
Table 4. amino acid composition of sunflower seed g]atltc Ct%ndltlon%, |tgeﬁvarlatlon reported here Could m
. . Ue to the varietal difference, L
Amino acid Sunrie Selecton — EC 69674 “Theamino acid_composition of the two varietjes is
% seed %oprotein % seed % protein  QIVen in Table 4, The mean amino acid composition is
p p
Lvsine 000 353 0805 3086 duite comparable to that reported by some other,
Sttine 062 243 o5 o3 warkersslalr Lysingis reported to be the limiting amino
Ammonia 055 o1 0537 2104 acid in sunflower, Sunrise Selection variety has a little
i ' ' higher lysine (3.563 per cent) as compared to EC 69874
Arginine 2.180 8.352 2.050 8.367 2985 Band d Evahsl and Van B
Aspartic acid 2507 9607 2080 8479 .286 per cent). Bandemer and Evansly and Van Etten
Threonine 0870 333 0790 3224 etalhave found the lysine contents in sunflower to be
Serine 1500 5900 0758 313 96 and 32 per cent Tespectively.
AG lutamic acid 4447 17040 4577 1919
Proline 0972 3752 1120 45711 References
Glycine 1575 6.064 1.210 4,939 1 Cummins, D. G., Marton, J. E., Craigmiles, J. P. and Burns,
Alanine 1192 4569 1000 412 R.E, J. Am. Oil Chem. Soc., 1967, 44, 581,
Half cystine 0.120 0.459 — — 2. Gandy, D. E, J. Am. Qil Chem. Soc., 1972, 49, 518A
\h/Aalme _ éfgg gigg éigg 8;% 3. Robertson, J. A., J. Am. Qil Chem. Soc., 1972, 49, 239.
etnionine . . ) ) - . . .
Isoleucing %ggg gégg %ggg gggg 4, Of\fll\;:éas}]ihﬂg%m?ds.OCf.,AlrE)%Ly.SIS' Ass. Off. Agric. Chemists,
Leucine : : : ' 5. Nichols, B. W., in New Biochemical Separations, edited b
Tyrosing 043 1666 0340 1338 AT. James and L. J. Morris, Van-Ngstrand, New Yorky,
Phenylalanine 1.015 3.889 1.160 47159 1964, 321,

12 spots, the Rf values of which are given in Table 2
For "the_identification of_these spots different spray
reagentsG7 1L were used.  These were further confirmed
[l% co-chromatoqraphy, with standards as unresolved
Ixture, steral, ‘Tysolecithin, phosphatidylserine, phos-
phatidyl inositol, Igsocephalln lecithin;  phosphatidic
acid, sterol glycosice, glycolipid and neutral Jipick.
The fatty acid composition of sunflower oil (Table 3&
from the two varieties was comparable to that reporte
In the Ijteraturel913  While there was not much dif-
ference In the amounés of saturated fatty a IFS (palmitic
acid and stearic acid) there was apprecianle variation
In the amounts of unsaturated fatty acids (oleic, 37.43 tQ
47.17 per cent and linoleic acid, 44.17 to 52.28 per cen_tg
in the two_ varigties. A considerable variation In olel
and linoleic acids have been reported9.13-15 which has
been attributed to both climatic and varietal factorsg 13
Since hoth the varieties were grown under similar cli-

6. Lepage, M., J. Chromatog., 1964, 13, 99.
T. Voskovgsgkﬁy, V. E. and Kostetsky, E. Y., J. Lipid Res., 1968,
9, .

8 Van Etten, C. H., Kwolek, W. F., Peters, J. E. and Barclay,
A. S, J. agric. Ed Chem., 1967, 15, 1077.

9. Earle, F. R, Van Etten, C. H., Clark, T. F. and Wolff, I, A.
J. Am. 01l Chem. Soc., 1968, 45, 876.

10. Robertson, J. A., Thomas, S. K. and Burdick, D., J. Fd Sci.,
1971, 36, 873.

11, Marinetti, G. V., Earbland, J. and Storry, E., J. biol. Chem.,
1958, 233, 562.

12. Mangold, H. K.,/. Am. Oil Chem. Soc., 1961, 38, 708.
13. Putt, E. D.,J. Am. Oil Chem. Soc., 1969, 45, 126.

14. Canvin, D. T., Can.J. Bot., 1965, 43, 63.

15, Kinman, M. L. and Earle, F. R., Crop Sci.. 1964, 4, 417.

16. Van Etten, C. H., Miller, R. W. and Wolff, I.A., J. agric. Fd
Chem., 1963, 11, 399.

17. Bandemer, S. L. and Evans, R. J.,/. agric. Fd Chem., 1963,
11, 134,
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Dehydrated convenience mixes for omelette were developed based on foam-mat/ sprgr Jaccelerated freeze dried egy powder and
u

containing dehydrated onion and green chillies, salt, pepper and oil hydrogenated

dies were made on the storage behaviour

of the miXes packed in cans under air as well as nitrogen and in flexible Taminated pouches as compressed bars.

on AFD eg

Egg is an important item of the daily menu of the
Service personnel. - Consigerable loss die to breakage
oocurs dunng transportatron of fresh eggs to forward
areas.  Further, fresh eg 0 cannot pplied t0 Inac-
cessible regrons during Times o com at or operations
behrnd enémy lines an as such a cehydrate Rroduct
wouI meet eIogrstrc requirements. “Although spray
dried eg(g powder 15 now commercially produced and
market in this country, it wes felt desirable to develo
a reacly mix for omeIette containing all other |ngred|en
Irke onion, green chillies, fat, salt and SéJrces a5 Well so
that minimum time s needed by the soldier or sailor on
the Rnreparatron of the omelette.

esults o experiments on the development of dehy-
drated ome ette Mmixes using egg powder made by spray,
foam-mat and accelerated reeze dryrn techniques after
different treatments and evaluation of their shelf life are
reported in this paper.

Materials and Methods

Processrng of eggs:  Chicken eggs procured from the
local market weré Washed, broken, churned and filtered
]oer method described by Iyengar el a/1
melange was esugared usrng lucose oxidase
(crude, BDH make, fungal origin, 1300-1500 unrts/ga
ger the method descnbed by Leo Kline?, pasteurise
3°C for 3 min and chilled immediately to 8.  One
batch was dried as such while another was acid stabilised
as per the method described by Iyengar el a/.1and then
dried. Both the types of powders were used to make the
omelette. mix fOr comparative assessment of their
aoce tabrhtY dunng storage.
Foam-mat d The melange was whlp ed for 5

min using a lal oratory stirrer with @ whipping aftach-
ment, thé foam was Spread on perforated aIumrnrum

Egg ‘g_owder from acid stabilised melange was found superior to the one made without acid stabilisation. Similarly the mix based
%powder was found superior to that based on spray or foam-mat dried 8
The mixes had a minimum shelflife of about 12 months at room temperature and 9 months at 37°C.

owder both in organoleptic quality and shelflife.

trays, dried in.a cabinet drier at 60-70°C for 30 min and
5'%%% Jérrrlrsh dried to below 3 per cent moisture using a
Spray dryrn The chilled meIan%e wes dried n a
i)ray ner portable unrversal laboratory model—
hn-Ravo-Rapid erman with an eva oration
capacity of 1-31 |t/hr of water) wi h an inlet air tem era
ture of 140- 150 Cand product temperature of 70-80°C
us|n a nozzle spray and compressed air at a pressure
kg cm2. The'material was fed at a rate of 25 to

Accelerated freeze dryrng(AFD) Accelerated freeze
mg was carried out USINg @ socaltra laborato
modlel radliant type freeze dryér by the method standard-
ised earlier | |n th|s laboratory.  The melange was frozen
n tra\és sliced Into prec of uniform s|ze (approx.
5 cm), deep frozen to -20°C and then
freeze dr|ed keeprng the surface temperature at 55°C.
Processing of othér ingredients; Onion was dehydrated
as rings by the method described by Gururgja Rao
et alA and green chillies as bits as per method déscribed
by Jayaraman et alA and were used as such.
Formulatron ofomelette mrx Omelette mix compris-
ﬁ g1 2oow er, 74; oil hydro, 5, dehydrated onjon
1 gs dehydrated green chillies, 2;” salt powdr;
5 and white pegé)er powider, 2 rr)er cent Was mad usrng
the various gggowes Sodium bicarpona
was added at level of 15 per cent |n case of acid stabi-
lised egg powdlers to maintain ap of 885 In the_re-
constitlited eqq as slurested eyengar et all. The
formulation Was thoroughly mixéd in a dry mier.
Scale of roductron used I the study was approximately
kg of mix Rer batch.
a a nga dstora g(r)eevaluatron Samples of the mix
were packed in 301 x206 (8 0z) cans as such and under

4
O¢
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nrtrogen (35 g per ¢ 3g

The Viere aIso compressed into
singlé serve bars o

eac using a laboratory model
127ton Carver h rau IC press. A pressure 0f 1000
psrg with a dwell perrod of 5 sec was found optimum.
mmediately on removal from the mould, the bars were
heat sealed’in an inner wrap of MST cellophane (300
gauPe) followed by an outer wrap of kraft paper (60 BC
—aurBI:ntum foil"(0.02 mm)—polythene (150 G) lami-
nate

Analysis and storage studies: - The proxrmate comRo
sition of the omelette mix was determined by the AOAC
methodsb. Free glucose content of the egg powder was
determrned by thé method of Folin WUS.

pes were stored at 0°C, room temperature

2253 C) and 37°C and examined periodically by a
aste panel for: colour, ﬂavour and reconstitution charac-
teristics. Scoring was done using a 9-point hedonic scale
with freshly ma eomelette graded as 9. Reconstitution
of the m|x into omelette was done by mixing it with
2-2\ times its werght of tap water, kegping aside for 5
ntrn pouring Ithe atter over a greased pan and shallow

ing as usta

ryNo -enfymatic browning was measured wrth a Low
bond Tintometer and the colour expressed in ye low an
red units. Peroxice value gP\/r)nan free fatty aci g g
content of the fat were estimated by staridard AOC

Change in the solubili |ndex (S1) of the e%g powcler
in omelétte mix was measured the Haenni’s method»
to get acomparative picture ofthe detenoratron occurnng
during storage The mix was sieved through 30 mesh to
remove dried green chillies and onigns and the solubility
done on the remaining powder. Sufficient quantity of

3o}
26/ oe—o-—o COMPRESSED BARS
PACKED

264 o—a—o0 N, CANS

24 5——te—a AIR PACKED CANS

Peroxide value [Meq of Oy/kg of fat]

1 2 3 4 s 6 1 8 9 10 u 12 1314 15 16
PERIOD OF STORAGE IN MONTHS

Fig 1. Peroxide value of omelette mix (with spray dried egg
powder) stored at ambient temparature and at 37°C
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the mix containing 1 Tg of egg powder was taken and due
allowance was madke for thé salt present in it.

Results and Discussion

The omelette mix had a typical proximate comgosrtron

r cent) of moisture, 19 protein (Nx6.7), 36.0; fat,

7: ash, 8.2: crude fibre, '15: and carbo ydrate Sy
drtterence} 137 The e?g powder had a residual glucose
ontent 0 016 er cen

Among the eggspowders macle by the three technrques
AFD powder was rated best in aé)(pearance and texture
of om Iette followed by spray dried and foam-mat dried

Acrd stabrlrsatron yrelded a p]owder of more appealrng
yellow colour compared to the arnt% pink |s yellow
colour of the nonstabilised powder alt ou h the texture
and flavour were similar in bot initially. Acrd stabili-
sation also 8ave better texture and colodr to the recon-
strtuted pro uct durin dgstorage In view ofthrs only the
data on acid stabilise powder are resented below.
Data on the peroxid eva ue an ee fat acid content
of fat In the mix prepared 1p r7y|n g andfreeze
dryrng methods andsored at'RT and 37°Care given in
Fig 172, 3and 4. The figures forthe mix based on foam-
mat dried powder have been omitted for brevity since they
were more or |ess similar to those for the spray dried mix.
The organo agtrc sconngs of the samples duiring storage
are given'in Table 1 amR es kept at 0°C retained their
|n|t|aI organoleptic score throughout the period of study
and showed no signs of oxidatiVe rancidity or browning.
ST;tre]Elggrved as control for assessment of RT and 37
The maxrmum 3oenod of acceptabrlrty of the samples
kept at R C more or less coincided with the
penod for maxrmum development of PY. FFA

vaIues
did not show

any influence on the acceptability.

30f ©o—e—= COMPRESSED BARS

vALuE |MEQ of Oi/x; oF Fat

PEROXIDE

! 2 3 & s 6 7 8 9 100

12 13 14 1S 16 17 18 19
IN MONTHS

Fig 2. Peroxide value of omelette mix (with AFD egg powder)
stored at ambient and at 37°C

PER OF STORAGE
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Fig 3. Free fatty acid content of omelette mix (with spray dried  F19 4 Freedfattytamddcotnteng_oftomglettte:%%( (with AFD egg
egg powder) stored at ambient temparature and at 37°C powder) stored at ambient and a
Table 1. overall acceptability of omelette mix made of different egg powders (acid stabilised) during storage (9-point
hedonic scale)
Foam-mat dried d ;
Period of oam-matdried egg powder Spray dried egg powder AFD egg powder

storage Ambient storage  Storage at 37°C Ambient storage Storage at 37°C Ambientstorage Storage at 37°C
(months) Can Can Bar Can Can Bar Can Can Bar Can Can Bar Can Can Bar Can Can Bar

(air) N2 (air) N2 (air) N2 (air) N2 (air) N2 (air) N2

0 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8

3 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8

6 7 7 7 6 6 6 7 7 7 6 6 6 8 8 8 7 7 7

9 6 6 6 5 5 4 6 6 6 5 5 4 7 7 7 6 6 5

12 5 6 5 4 4 3 5 5 4 4 4 3 6 6 5 5 5 4

15 4 5 4 - — — 4 4 3 - - — 4 5 3 — — —

Table 2. non-enzymatic browning in omelette mixes measured using lovibond tintometer®
Room temperature 37°C
(months) Can Can Compressed Can Can Compressed
air pack N2pack bar air pack N2pack bar

Spray dried 0 04,13 0.4, 13 0.4, 13 0.4, 13 0.4, 13 0.4, 13
6 0.5, 15 0.4, 15 0.4, 1.6 0.8, 2.3 0.8, 2.2 1.0, 2.3

12 0.6, 2.0 0.8, 2.2 0.6, 2.0 0.9, 25 0.9, 2.3 1.0, 2.6

Foam-mat dried 0 1.1, 4.2 11, 4.2 11, 4.2 1.1, 4.2 1.1, 4.2 1.1, 4.2
6 1.3, 43 1.2, 43 1.2, 43 1.9, 5.2 1-9, 6.0 1.6, 5.2

12 1.6, 4.6 1.3, 45 13, 45 2.2, 5.5 2.1, 6.1 1.7, 56

AFD 0 1.0, 3.4 1.0, 3.4 1.0, 3.4 1.0, 3.4 1.0, 34 1.0, 3.4
6 1.1, 3.2 1.1, 33 1.0, 3.6 1.2, 33 1.1, 34 1.1, 3.4

12 13, 3.8 12,38 1.2, 3.8 14,43 14, 4.2 1.4, 4.6

»First and second figure representred and yellow units respectively
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Omelette mix made using AFD eggnpowder had the maxi-
mum shelf life of 12 months hoth at RT and at 3/°C
with or without gas packing compared to 12 and 9
months respectively for mixes Using both spray.dried and
foam-mat dried powders, The AFD mix remained orga-
noleptically superior to the other two during the period

of oragre. _ . :
ompression of the mix into bars did not olfer any
extra advantage. The bars were organoleptically rated
inferior to n%;as_ and air packed mixes although the time
taken for maximum PV development in barS was more
than that for air packed but less than that for gas packed
mixes. There was no significant difference hatween the
air packed and Eas packed mixes and as such the
mix can be packed in paper-foil-polythene laminate

ouches. = _ . :
P Tab?e 2 gives the figures for browning. measured in
terms of Tintometer ufits in the initial mix and at the
end of 6 and 12 months. The data generally were in
agreement with the visual observations.

Solubility index values for nitrogen packed omelette
miX dunng storage showed that in"general the samples
were unacCeptable helow a Haenni’s value of 78.5 which
occurred after a period of about 10-12 months at RT and
37°C in case of AFD mix and 12 and 8 months respect-
ively in spray dried and foam-mat dried mixes.
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The effects of cereal malt and fungal amylase supplements on the rheological and baking quality of flours of (wo commercially

important Indian wheats, ‘WG 357

and ‘Kalyan Sona’, were compared.

e flours contained 9.37and 9.0% protein, and 0.43 and

0.48% ash, respectively. Compared with the fungal amylase, the cereal malt supi)lements considerably decreased the peak

viscositY of the flours, “The degree of softening of dough Increased as the level of a _ j to
our. Bread with increased volume, crust colour, medium fine grain, and soft-texture was obtained by adjusting the level
pha-amylase to 11.1 SKB/IOOg flour and without any sugar in the formula.

o

The baking

of a number of Indian wheats was
recently invest

quali \
%ate, inney et alT The importance
water absorption capacities of those flours was emphasis-
ed by Tara and Bains?, and by Tara et al3 The faII!nﬁ
number values of those wheat$ were reported to_be hig

b% Tara and Bains4 indicating deflc_len%y of_a_lgha—
a ¥Iase. Flours with such values pose risk of diminished
loaf volume and too dry a crumb when used for baking.

by Fi lements on the rheol
of damaged starch in t)g/el_atmn 0 the maltose values and Fr)mouswh

pha-amylase was inCreased to 22.2 SKB/

Since information re%ardin the effect of amylase sup-

ieological and baking quality of indige-
eat is lacking, this investigation was Undertaken,
It 1s shown that amylase supplementation considerably
improved the bread”making potential of the flours of

Indligenous wheats.

Materials and Methods _ N
The samples of two extensively grown varieties of
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wheat viz, ‘WG 357" and‘ Kalyan Sona’ were obtained
I_rom the farms of the Punjab “Agricultural University,

ana.
Mrllrng
conditioned at 15.5 per cent moistUre content, and kept
for 48 hr prior to milling in the Brabender quadrumat
Iaboratory mill to obtain representative flours of the

eats,
(a) Barley maltflour: The barley malt was coarsely
round and bulk of the husk was removed by sifting an
y blowing. During regnndrng the encosperm pal |cIes
wiere furthier reduced and sjfte throudh a 60 mesh sjeve
to obtain an overall extraction of about 65 per cent of the

enzymatically active flour.
Wheat' maltflour; ‘WG 357" wheat was steeped'at
5°(; to amoisture content of 43 per cent and germinate
for five lays at the same temperature, followed by drying
and milling into an enzymatically active flour of 72 per
Cent extraction.

(c). Fungal amylase (Rhozyme 33); This wes a com-
mercial brand of fungal amylase Asperﬂrllus oryzae)
obtained through the Courtesy of M/s Rohm and "Hass
Co,, Philadelphiia, USA.

Yeast:  Tower hrand compressed bakers yeast (Sac-
charomyces cerevisiae) was obtained fresh ‘through a
local bakery for use in the various baking tests.

Shortening: A commercial brand  of hydrogenated
%tr ngmlgltrng point 3. 7°C) was used in the' test "baking

U

Fannoqraph curves; - The constant flour ﬁ50 g, 14 ]pe
cent moisture) method of the AACC5was followed.
farinograph curves of rour without the a 1yase suppe
ment Were centered on the 500 B.U. line. The curves of
flours containing 11.1, 22.2 and 44.4 SKB/100 g flour
from each supplement were developed by using the far-
nograph water absorption (FWA) of the ‘control to see if
there were changes In dough consrstenr:}/ The curves
were interpreted for dough” development time (DDT)
stability and degree of sortening (BU).

Am ogranh curves:  The flolr-water ratio was ad-
Justed to"obtain an amylogram wrthrn the 1000 BU scale,
A concentration of 5.5 § flour/450 ml water was used
in the vanoufs tests, The Jevel of aIBha amylase r%er g
flour varied from 0,0 to 111 SKB Units cerived from t
cereal malts and 0010 4.4 units in case of Rhozyme 33

Bak md uar The cereal malt rours were mixed
intimate Oy with t e flours to provide 1 A
SKB/10 %ﬂour In the case Q Rhoz me 33 the enzyme
was_ added as aqueous solution at the time of dough

Balgng]ormula Straight dough method on the lines

of the method usedb |nne et a/1 optimized with

res t 0 water a sorptron an mixing time was Used
th and without the amylase supplements.

Werghed aliquots (5 kg) of each vanety were S

d 29-30°C
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Formula mgredients

Flour (14 per cent moisture 100

Yelast conﬁ)pressed) ) /0 %%5

Shortening () ,

Potassium bromate ( p 10

Amylase supplement (SK 0.0-44.4
Fermentation and baking schedule

Fermentation 2 hr 3Rmin

Remixing 30 sec

Recove 25m

Progfin o5 m|n at 30°C

Baking 25min at 232°C

The dougps \iere optrmaIIy mixed and finished_ at

he test loaves viere also prepared with
variable sugsar IeveIs 0.0- 60 0/100 g flour) but without
using amylase supplements,

Loaf volume: hrs was measyred by the rape seed
displacement method of Binnington™ and  Geddesb
after the loaves were coqled to room temperature. The
loaves were also scored for crust colour and crumb
characteristics.

Analytical tests: Moisture, _ash, . protein, gluten,
secimentation value andl diastatic activity of the flours
were determined according to the AACC methodsb.

Damaged starch:.  This ‘Was determined accordrng
to the method of Donelson and Yamazaki as adopte

a amylase Thrs was determined according to
the ethod of the International Association of Careal
Chemistry (ICC) as elaborated by Pertend.

Results and Discussion

The flour characteristics are given in Table L The ash
content of “WG 357" flour was Iower than that of ‘Kalyan
Sona’ by 0.05 per cent when milled under similar con-
ditions. * The diastatic activity of ‘Kalyan Sona’ flour was
higher than that of ‘WG 357, because of the hrqher
damaged starch content, the sulbstrate for the amylase
action. The sedimentation values in relation to the pro-
te|n contents were low, Similar low values for flours of
Indian wheats in reIatron to the|r protern contents were
re orte ¥Ba|ns and Irvinel) and gFrnne y et all.

The flours Tailed to reveaI the presence f alpha~amylase
actwr & testedb C method9

Farinograph cu es Tested at the water absor?tron
of the control the dough Clevel Oé)ment times of the
amy ase s {)p lemented flours decréased slightly at the
eve o KB units, There wasacearrndrcatron of
te so ening of the dough ascribed to_the increased

mylase sup Iementatron (Table ?2) The degree of
oftenin |ncreased considerably as the level of sup;ig
mentatr nincreased to 22.2 and 44.4 SKB units. " The



330 JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 13, NOVEMBER-DECEMBER 1976

Table 1. the composition of flours of wg 357 and kalyan sona varieties of wheat

Variety Ash % Protein (Nx5.7)  Wetgluten % Diastatic activity Damaged starch  Sedimentation
(mg maltose/10 Q) (%) value (ml)

WG 357 043 9.3 329 18 13 223

Kalyan Sona 048 9.0 34.6 218 8.4 21

*14% moisture basis

Table 2. effect of amylase supplements on the farinograph curve characteristics of flours of wg 357 and kalyan sona,
varieties of wheat

WG 357 Kalyan Sona
Supplement _ - _ ,_
<-amylase (SKB/100 DDT Softening  Stability DDT Softening  Stability
g flour) (min) (B.U.) (min) (min) (BU) (min)
Nil (control) 00 50 3 810 55 21 9.8
Barley malt 1.1 50 65 350 599 40 75
22 45 8 375 35 80 4.6
44.4 4.0 8 — 35 130 16
Wheat malt 11 45 5% 520 50 40 79
22 4.25 10 320 50 75 53
444 4.0 - - — 115 12
Rhozyme 33 (fungal) 1.1 4.0 175 4.50 50 40 4.0
22 4.0 105 2.50 50 110 12
44.4 30 140 <500 BU. 45 150 <500 B.U.

DDT: Dough development time.

Table 3. effect of amylase supplements on the peak paste viscosities of flours of wg 357 and kalyan sona varieties of wheat

Supplement «-amylase (SKB/100 Variet% Peak wscosh{y BU Variet Peak viscositz/ BU
g flour) WG 3 decrease (%) Kalyan Sona decrease %
Nil (control) 00 935 — 820 _
Barley malt 55 285 69.5 20 15.6
1.1 20 78.6 120 853
Wheat malt 55 300 67.9 20 75.6
111 20 78.6 140 82.9
Rhozyme 33 (fungal) 11 820 122 690 158
22 730 219 670 182
44.4 650 304 510 304

softening of the douPh reckoned after mixing for 10min  decreased by 695 per cent compared with 79.6 per cent
decreased perceptibly with the level of the “supplemen-  of “Kalyan "Sona’. Doubling the cereal aIpha an ase
tat|on The resultsmdlcated the |m ortance of adjustlng level to"11.1 SKB units, furthier reduced tewsconQ g
the water (?bsor ption and the al ? aﬁe levels for another 100 BU in case of ‘WG 357 flour compare
obta|n|ng ugh of greater rheol ttnca stab with 60- 80 BU of ‘Kalyan Sona’. The effect of

g g h™curves: The, effect of vanous amylase  Rhozyme 33 on the aste viscosities was not marked
suppleménts on the peak VISCosities of ﬂour pastes Is even when the concen at|on was e|ght times (44 4SKBJ
shown in Table 3 and the nature g ograms in tot ato alpha-amylase The peak v|scos|ty decrease
Fig la, bandc Th ere wasasteep faII |n t e viscosity  from 93 % Uy|n case of WG 357 flgdr and from
wiien the cereal malt su Tﬁp lements provided even 55 820 to 570 BU in case of “Kalyan Sona’. These results
SKB units/100 g flour. The peak viscosity of ‘WG 357" emphasized the safety factor associated with the use of
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Fig 1 (a) Effect of malted barely supplement on the amylo-
graph curves

SKB 0.0, 5.5, 11.1;
WG 357, 1,4,3; Kalyan Sona, 2, 6 5.
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Fig 1 (b) Effect of malted wheat supplement on the amylo-
graph curves

SKB 0.0, 55, 111,
WG 357, 1, 4, 3; Kalyan Sona, 2, 6 5.
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Fig 1 (c) Effect of rhozyme 33 supplement on the amylograph
curves

SKB 0.0, 111, 22.2, 44.4;
WG 357, 1, 3,4, 5; Kalyan Sona, 2,67, 8

fungal alpha-amylase supplement being _relatively
more thermolabilé than malt amylases for adjusting_the
aste viscosity for improved baking performance. " The
lours of some improved Indian wheats were previously
shown by Bains_and Irvinefj to produce inordinately
high paste viscosities. The allpha-am%{]lase actlvw of the
flours was hardly detectanle by the ICC methodo.
Further, the hlg falling number. values of Indian
wheats reported by Tara and Bains4 indicated deficiency
of alpha-amylase”in the flours.  This is a constrairit

Table 4. effect of amylase supplements on the loaf volumes
A\D COUCH HANDLING PROPERTIES OF FLOURS OF WG 357 AND
KALYAN SONA VARIETIES OF WHEAT

Loaf volume (ml)

Variety o<-am7Iase Dough
(SKB/100 Barley Wheat Rhozg/me
g flour) malt  malt 3

WG 357 00 55 55 525 Non-sticky

11 610 610 585
22 610 625 610
444 620 63 615
Kalyan Sona 00 535 535 535
11 585 58 605
22 585 59 580
444 585 585 595

u
Slightly sticky
Sticky
Non-sticky

u
Slightly sticky
Sticky
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Table 5. effect of sugar level on the loaf volume and
DOUGH HANDLING PROPERTIES, CF FLOURS GF WG 357 A\D
KALYAN SONA VARIETIES OF \WHEAT
Variety Sugar Loaf volume

(9100 ¢ flour) (ml)

WG 357 Q0 525
3.0 580

45 585

60 610

Kalyan Sona 00 535
30 585

45 590

60 585

The dough was non-sticky in all the treatments

affecting the bread-making quality of the flour of
|nd|9en US Wheats. _
Bread quality: Results showmgf the effect] of the
amylase supRIements and of variable sugar levels in the
formula withgut the supplements on the baklng [0-
|oert|es of the flours are given in Tables 4 and 5. Fromthe
oaf volume data, it is Seen that there was a very favour-
able resFonse of the flours to various su,oplements even
atalevel of 1.1 SKB/100 g flour, The volumes remained
more or less constant beyond the 111 SKB equivalent
of the supplements. The doughs contammg the higher
amounts of the supplements tenced to be sticky compar-
ed with the control. The crusts of the control loaves

were light-brown compared with the brown crust of

loaves Daked with the amylase supplements or when
the formula contained 3.0 to 6.0 per cent sugar. The
crump of ‘WG 357" loaves ncluding the control was
adg]ud ed softer than that of ‘Kalyan Sona’.  The loaves
exhibited fine to medium fine %ram, creamy yellow colour
and easy to slice. The doughs contajnin Rhoz¥me 3
tengled to be less sticky compared with those of cereal
malt supplements.  The crumb texture was generally
hard and tended to be crumbly, the grain medium coarse
when sugar was used In the formula.™ The results indicate
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the possibility of producing e uall¥ satisfactory bread
without usirig sugar (Table 5).  This is of economic
importance to the baking industry as satisfactory bread
can be produced from fhe flour”of indigenous wheats
without using sugar. The alpha-amylase acts on the
damaged starch stibstrate causmg rheolo?mal instability
in dotgh system d_?pendm%_on the extent of dextrinizd-
tion ofthe Starch. To minimize this, Fa_rrand]l_sug?ested
controllln? of the alpha-amylase leve] in relation”to the
amount of substrate that is damaged starch content in
the flour. ~Reviewing the am?glolkﬁm factors, Manincer
and Bains22pointed out that the flours of Indian wheats
were characterized by a high damage to starch, very low
alpha-amylase activity, medium protein content’ and
high watér absorption capacity. ~Improvement of the
haking quality of such wheats s Possmle as seen from
the foregoing discussion of the results through ajudicious
use of the amylase supplement keeping™in View the
rheological properties of the dough.
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RESEARCH NOTES

A THURSTONE—MOSTELLER MODEL FOR
PALATABILITY OF CHAPATIES OF SOME
IMPROVED BREAD WHEATS

A Thurstone—Mosteller model evaluation was done for
five improved varieties of wheat for evaluating the palata-
bilities of chapaties made from these wheats. The varieties
did not differ significantly among themselves for palatability.

An earlier study conducted with four improved wheat
varieties using @ modiified Bradley-Ter model for
fractional pairs showed that it can_ e use to |scr|m|
nate differences in taste of chapatiesL In this tZ
fractional pairs the splitting was not symmetric and
hence the exE)enment was not balanced n the varieties.
Hence a balanced type of fractional pairs has been
developed and the same is put to test in this work. In
this balanced set each variety is occyrring an equal
nurrr]tber of times so that precision remains the same for
el

Five improved varieties of wheat viz, Kalyan sona (1
Sonahka ?) Choti lerma (3), Sharbati soriora (h and

N. P. 713 (5) were tested for palatability by the new
method of 5 mmetnca garrs These pairs vvere coded &
(1%%(232( A (4 an 2w

apaties made out of 0 varieties having only

marqrnal taste difference were offered to a group of
Of these one was a coded variety. “When a

ter was able to distinguish the coded variety from the
other, he was selected.” Five such tasters who could
discriminate the coded variety were selected for the panel.

Complete set of symmetrical pairs as wel| as oraers of
presentation of each pair were randomised using a
random number table. * Each Judﬂe was asked to efter
the result In aproforma |n the fo owrng manner. - Sup-
ose 1S preferred to B Ya OJU g6 he must give score

fodand ‘0"t B. 1f both of them are preférred or if
he is unable to distinguish their tastes, he must drve 05
score to each A and B. The judges were instructed not
to_ discuss their reaction among fhemselves and to start
with pair 1and work towards the last pair. Three re-
plications were made and in each replication a separate
ran omisatjon was Used,

The method of analysis follows, the . Thurstong—
Mosteller model for symmetrical pairs with ties. The
model is developed for estimating the relative strength
of treatment stimuli which makes provision for fied
observations. It postulates a subjective continuum over
which sensations are jointly normally distributed with
equal standard deviations and zero correlations befween
parrs MosteIIerZ showed that the assumption of zero
correlations may be relaxed to an assu V{J/tron of equal
correlations with no change of method. Without further

loss of ge gnenerahty e ma Iet the scale of sensation. con-
tinuum e so chosen that the |ﬁerenceofan%tvvost|muh
resr?onses has unit variance. Letd denote the difference
f the true stimulus responses of a pair of treatments.
Then under this model the probabrhg drstnbutrons ofthe
difference of the two_responses |s orma with mean d
and unit variance, The orrglrna Thurstone—Mosteller
Model prohibits.the declaration of ties. \We extended
the model with ties to the case of symmetrical pairs and
applied the model for analysis of aata from the experi-
ment.  The theoretical developments of the model are
given by Sadasivan and Sundarama

The (ata for preferences by the judges pooled over
replications are given in Table” L

Table 1. data for preferences by the judges

Pair 12 0U "JU Total
(1,2 5 3 I 15
(23 6 4 5 15
(3,4) 6 3 6 15
(4,5) 4 3 8 15
(5,1) 6 2 1 155
Total 21 15 3 »
From the given data we calculate aij— (ni-ij+no-ij)/n
and aji= These arc

o:ii)l» far each of the pairs.
oresenteq i 1R Fii ot a &b aric
Let th|s matrix be gengted OlyA Since no treatment
compared with itself (a-- is ungefined) we, give the value
zero to all the main dragonal elements. Similarly since a
treatment is compared only with two others an not the
rest, we give the value zero o the correspondin co umn
O row Where its association 15 not there. Thus we
obtain the matrix,

0. 053 0 0 0600
0667 0 0667 0 0

0 0600 0 0600 0

0 0 0600 0 046/
0583 0 0 330

For each of the non- dragonal eIements in the matrix
A we determing sin1 (2 a-1) orsin-1 (2ayi- 1) &s the
case may be using table of Rao et al4.

The matrix (sin-1 (2ay-1) is found to be

0 0.066 0 0 0.201
0432 0 0432 0 0

0 0.201 0 0201 00

0 0 0.201 0 -0.066
0.066 0 0 0.4% 0
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ST Tyl Tty i
yo§49 B A 0134
0317 ;

037

: e o 025
0.134 0 0 0.215 0
. The estimate r is the mean of the Gy values and it
is obtained as 0.225. _ _

Again Hy values are obtained by the relation S/-S/
=(sin . (ay-A)sin. (2 1)/2=Hy.

The resulting skew symmeric matrix is

0 0183 0 0.068
0.183 oits 0.116 0 0
o ; 281
-0.068 0 0 0.281 0
The vector X'Y is the vector of row sums in (Hy).
The vector Sj-*(/=2....5) with Si*=0 is obtained by
Zk 4 3 2 l 0-299 0.100
I I i
S 24,3 021 -0.183
SO 12 314 0.213 0.015
We find that 51%=0 § 2=, 1100, S, *=-0.099

S.*=-0.183 and S'*=0.015.
So the ratings are

Sonalika. 2 NP. 718. 3 Kalyan sona. 4. Choti

lerma and 5. Sharbati Sonora.

Sfgalsng asymptafic theory the standarg error for r and
| _

times, a pair is reP_eated. . o
Using this we find that the varieties are not_signific-

antly differing among themselves for palatabiliy.” The

tie i also, not significant. - However the trend shown

by the varieties is worth noting.

IARS, Library Avenue G. Sadasivan
New Delhi-110012 S. S. Sundaram
20 March 1976 A. Austin
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HEAT INDUCED_CHANGES IN BUFFALO MILK
SERUM PROTEINS

The effect of various heat treatments on the dénaturation
and destabilization of buffalo milk serum %rotelns was stud-
ied at heat treatments between 65 and 100°C for a holdmg
time of 10 min. All the heat treatments employed cause

both dénaturation and destabilization of the serum proteins.

In case of acid whey, buffalo proteins were' less denatured
and destabilised than the cow serum proteins. Rennet whey
Fro_tems from buffalo milk were more denatured and des-
abilised than the cow proteins. Amongst the ultracentrifu-
gal whey (UCW) obtained at different forces of gravity,
énaturation and destabilization were maximum in UC
obtained at the maximum force of gravity. In case of UCW
also, the buffalo serum proteins were more vulnerable to
heat treatments than the cow UCW proteins.

The_ heat induced changes on serum proteins are of
great importance So_far as the processing of milk s
concerned.  Various investigators. s have either studied
such changes in milk jtself or in isolated serym proteins,
Rowland, observed that the coagulation of the serum
P_rotems is pH dependent and that maxiumm coagula-
lon of albumin and %Iobulm ocgurred at pH 4.7-4.8,
Later this observatioh was confirmed by Freimuth2.
Kenkare et a» infroduced a procedure to determine the
destabilisation of whey proteins by centrifuging the
serum at. 1000xg for 30 min. On this basis the serum
Protems in acid precipitated whey was much less stable
0 heat treatments than in the Ultracentrifugal serum.
Guy et al. observed that the proteins of cottage cheese
whey was comparatively labile to heat treatments. The
present study was undertaken to_ investigate the effect
of various heat treatments on acid whey, rennet whe
and uItracentnfuan whey. obtained from puffalo mil
N relation to_ its destabilization and denaturation,
Exgenments with cow milk was also run for compara-
tIVe puIrposes,

Buffalo milk used was from the Murrah breed and cow
milk was from Red Sindhi, Sahiwal and Tharparkar
breeds, maintained at the Institute herd. Prior to the
preparation of the serum, cream was separated by using
a cream separator. o .

Acid whey was rPrepared from skim milk bg ac(i:|ust|ng
the pH to 4.6 with LN hydrochloric acid at 37°C, Th
premg(ﬂated casein was removed b centrlfu(?atmn at
1000Xg for 30.min and the supernaant passed through
cotton Wool.  The pH of serum was adjusted t0 +.» Dy
1N sodium hydroxice. T _

. Rennet whey was fpreg)ared from skim milk by treatm%
it with a solytion of Hansen’s rennet (50 mg per ml), a
the rate of 0.1 ml per 10ml of skim milk. After the Curd
was set the coagulant was strained and the filtrate cen-

N.D.R.I. Publication No. 76-79.
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Fig. 1. Heat induced changes in buffalo and cow milk serum proteins.
A, Acid whey; B, Rennet whey.

trifuged at 1000xg for 30 min. The supernatant was destabilisation was evaluated by the procedure of
useo| for the eﬁ)enm nts. _ Kenkare et ali. Protein denaturation on heat treatment
Ultracentritugal whey (UCV\%was obtained by cen-  Was assessed by the nitrogen fractionation procedure of
tnfugmg skim milk_at " 11,739 xg, 46956 X §_and Aschaffenburlg and Drewry6. All whey samples, in
105,000 xguor 30 min at room te Perature_ ina Spinco duplicate, were_heated between 65 to 100°C fora hold-
Beckman, ‘Model L (l)ore arative Ultracentrifuge. The Ing time of 10 min and cooled immediately to room
supernatant was removed_ using ahypodermi Syine teffperature in ice-cold water, -
without disturbing the fluffy layer. ~The extent of heat ~ Acid whey: Results depicted in Fig. 1 A clearly
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PROTEOLYSIS OF CASEIN BY RENNET FROM FISTULATED COW, BUFFALO AND GOAT

indicate that serum proteins in acid whey undergo
(enaturation on heat treatment, the extent of denatura-
tion beln% Pfroportlonal to the heating temperature.
Between Dutfalo and cow acid whey, Cow whey was
denagured to, a greater extent. Beyond 90°C, the rate
of denaturation Was almost constant.

In case of destabilization, the difference between
buffalo and cow samples was not ver){ é)erce tibe.
However, it may be noted that the exterit of destabili-
zation of the whey proteins at a given ﬁam erature, wes
less than that of denaturation upto a heating tempera-
ture of 9CC. _ _

Rennet wheé:, Proteins present in. rennet whey
undergo hoth denaturation and destabilization on hedt
treatment as is evident from the results in Fig. 1B At
lower temperature of heating, buffalo whey proteins were
more denatured whereas destabilization” was more. at
h|gher temf[])erature compared to cow whexﬁ_ proteins,
Above a heating temperature of 80°C, this pheno-
menon was, observed. - Unlike acid whey, the extent of
destahilization of proteins was more in rennet whey.

Ultracentrifugal whey: Results qbtained on heat
treatment of proteins in UCW at different centnfugal
force are presented in Fig. 2A, Band C. It appears that
the proteins of UCW from buffalo milk had' undergone
more denaturation and destabilization than that of cow
milk protein in UCW. Such difference was more signifi-
cant In the denaturation phenomenon and with
obtained at lower ultracentrifugal force. The extent of
denaturation and destabilization was maximum in
protein of UCW obtained at v:/%heSt centrifugal force.

Data obtained with_ rennet whey and UCW clear]
reveal that whey proteins as they exist in buffalo mil
serum are moré vulnerable to heat treatments in terms
of both dénaturation and destabilization than cow milk
serum proteins.  These [%henom_ena had, earlier been
observed with whole milk7. The increase in the percent
denaturation of UCW proteins with the removal of
casein micelles, clearly supports the fact that casein
micelles exert protective action to the whey proteins from
undergoing denaturation and destabiliZations. More
denatdration of huffalo UCW proteins observed at
|ower force of tgrawty, could be exi)lamed in terms of the
larger amounts 0f"casein’ micelles sedimenting than
from cow milk at that speeg89.

The authors are ? ateful to Dr. D. . Sundaresan,
Director of the Institute, for his interest in this study.

National Dairy Research Institute
Karnal, 132 001, India
24th May 1976
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PROTEOLYSIS OF CASEIN BY RENNET FROM
FISTULATED COW, BUFFALO AND GOAT

Tr}/tpnc and peptic activities of rennets from iistulatcd cow
buifalo calves and ?oat kid were determined and compared
with the proteoly

rennet.

Peptic aCtIVIt?/ of cow and goat rennets were higher than
that of buffalo rennet. Hansen rennet generally showed
lower peptic activity. Trygtlc activity of rennet prepa-
rations from fistulated cow; buffalo or goat was higher than
that of Hansen rennet.

The presence of rennin alongwith other gastric

ic activities associated with Hansen

W enzymes has been reported in abomasum of calves'

Work done in this Institute2 on manufacture of rennet
from fistulated calves has shown that the abomasal juice
possessed higher tryptic activity than peptic, No regular
Pattern in the activity profiles of pe_Psm and trypsin‘with
he,a?e of animal was opserved3. There exists a paucity
of information_in relation to the proteolytic action of
rennets from fistulated animals. Since [evel of these
enzymes_is likely to_have an impact on the quality of
cheese, it was considered worth while to gain some
knowledge in this respect. The present comrunication
delineates preliminary data of such an endeavour,
Whole cid caseins from cow, buffalo and goat milks
constituted the substrates. The procedure actording to
Gug,ta and Ganguli4 was followed for preparing sich
caseins.  Milk Wwas skimmed and diluted with"equal
8uant|_ of water. _Casein was then precipitated
ropwise adaition of 10 per cent acetic'acid with con-
stant _st|rr|n? till the pH reached 4.6 After allowing
sometime for settlement of tErempnated casein, the whey
was removed by filtering through a muslin cloth, *The
casein was again washed'a number of times with distilled
water to_remove acid and other soluble materials. The
wet casein was then blended three times with acetone to
remove moisture and traces of fat. - Subsequently, such
casein was treated with ether. 1t was then filtered through
a Buchner funnel using suction and the fine particles of
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Table 1. peptic activity of rennet preparations

mg tyrosine liberated/g casein*

Type of rennet Cow casein Buffalo casein Goat casein

Cow fistulated 17121 13.95 1147
Buffalo fistulated 8.9 931 6.2
Goat fistulated 8.06 19.53 12.40
Hansen 9.34 863 9.72

t Results are average of four trials

casein thus obtained were spread, over a filter paper, air
dried and powdered into fi %rams. Powdered rennets
(vacuum dried) from fistulated cow and buffalo calves
and %oat kid were evaluated for their proteolytic activi
and these were compared with that of Harisen rennet

Tryptic and peptic activities were determined usin
a 2 “per cent ‘casein solution at pH 7.0 and 20
Rennet solution (0.5 ml) (3 mg/ml) was added to 2.0 ml
0f 2 per cent casein solution and the reaction was allowed
to_continue for 30 min at 30°C._ It was then terminaed
with 5 ml of 5 per cent TCA. Protein was estimated in
the filtrate by Lowry’s> method. Results are expressed
as milligram tyrosiné released per gram of casein.. .

Data presented in Table 1 show peptic activities of
various fistylated rennet preparations on whole caseins
from the milk of cow, buffalo and ?oat_. The release
of peptides by cow fistulated rennel with cow casein
seems t0_be highest 517.21)7 followed by buffalo and
%oat-casems (1395 and 1147, resPectwer. Further, a
otable preference of goat fistulated rennet for buffalo
casein as, substrate i evident (19.53) whereas with
buffalo fistulated rennet the peptic activity on cow
and buffalo casein was to the same extent. ~ However
It can be seen that the peptic_activity of cow and qoat
fistulated rennets was “Invariably much higher than
buffalo rennet.  The Peptlc_ activity of Hansen rennet
with the three types of casein seems to be of almost the
same orger but generally lower when compared to the
f|stulat??| rennet r_?ﬁara lons. B?rrld elwas of the view
that calf fed on, milk secreted only rennin In abomasym
and that secretion of pei)_sm became pronounced with
the commencement of solid food ingestion. As a?alnst
this, Henschel et al6 opined that Pepsin was, present
alongwith rennin in the abomasal " juice_ of fistulated
calvés,_ In vitro studies carried qut"hy Eweebeck and
Jaeger7 showed that . peptic breakdown was rapid and
complete in homogenized and boiled milk. While manu-
facturing cheddar” cheese with pepsin and rennet Em-
mons e’ a% observed that the mixture ﬁ_l:l) of repnet
and Pepsm produced cheese of high quality, essentially
equal to that made with rennet, and that pepsin should
not be used alone,
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Table 2. tryptic activity of rennet preparations

mg tyrosine liberated/g casein*

Type of rennet Cow casein Buffalo casein Goat casein
Cow fistulated 8.9 8.99 16.86
Buffalo fistulated 620 9.34 15.19
Goat fistulated 8.07 9.92 16.43
Hansen 312 62 125

t Results are average of four trials

A perusal of the results in Table 2 will show that
trxpﬂc action of cow fistulated and goat fistulated rennets
0N -goat casein was distinctly higher (1686 and 1843)
thani that with either cow or burfalo casein.  Further,
even rennet from fistulated buffalo calves showed pre-
ference for goat casein (15.19) followed by buffalo casein

34). A similar trend could be observéd with Hansen
rennét as well (12.5). Ganguli ef aI% have observed that
hydrolysis of caseins with” pepsin, trypsin, papain and
pancreatic homogenate was lower in the case of buffalo
milk than with cow milk. Haurowitz et al10 compared
the in vitro digestion of casein and a pumper of other
proteins-(both™ native and _denatured& ysing, trypsin,
It was opserved that trypsin digested the Cenatured

roteins faster than the “proteins in the native state.

tephenIl while studying proteolysis of milk proteins by
trypsin. observed thet acid casein isolated from heated
millk did not behave differently from that of the casein
from raw milk in proteolysis and irrespective of the spe-
cies. Berrioge et al12 obiserved that the cheddar cheese
prepared by them using rennet from fistulated cow calf
was satisfactory. More recently, Mathur and Bhaleraol3
and Mathur et al¥4 reported ¢ a_nﬁes_ in cheddar cheese
during ripening of cheese made with fistulated rennet pre-

arations, It Was observed that water soluble nitrogen
main index_ of rlpenlngg showed a constant increase,
Whey proteins decreaséd while proteose peptone and
non-protein content showed an increase during ripening.

The author is ﬁrateful to Dr. N. C. Ganguli, under
whose guidance the work was carried out for” the Ph.D.
degree.” Sincere thanks are also due to Dr. D. Sundaresan
Director of the Institute for his interest in the study.
National Dairy Research Institute l. A Angelo

Karnal, 132 001, India
6 August 1976
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COLORIMETRIC DETERMINATION OF
CHLORAL HYDRATE IN TODDY*

A srmnle spectrophotometric method for determination of
chloral hydrate in toddy has been standardised. Fourteen
market samples of toddy contained chloral hydrate ranging
from 200 to 480 mg/litre.

Chloral hydrate a non-barbiturate with sedative action
IS a common adulterant in toddy. Estimation of this
compound in drugst 3 and alcoholic beverages4 has
been reported, Thé reagents used in these studies have
been _quinaldine ethyl “Todide, 2-thio-barbituric, agid,
pyricing (Fujiwara _reaction) and the determination
Involved either distillation Or adsorption of chloral
hydrate on actrvatfd hﬁrcoal
A simple method for the estimation of chloral hydrate
has been standardised over tintometry2 and IS now
applied for its determination in toddyg using a colqri-
ter The chromophore formed has an ahsorption
maximum at 535 nm
Apparatus: Spectromc -0 (Bausch & Lamb) or

equivalent

ql ChIoraI hydrate A stock squtron of this was

prepared by dissolving 100 d @urec loral hydrate
0 ml in a volumetric

In dlistilled ‘water and dilutin
flask. A solution contammg 20 jug of chloral hydrate

*Toddy is the fermented sap or exudate of plants like wild date,
Palmyra, coconut, sago, etc. used as alcoholic beverage.
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Evar ml was prepared by suitable dilution with distilled
- Sodium (ydroxrde—reagent grade: 40 per cent

IV agueous solution
yndme BDH Iaborato(rjy reagent):  Freshly
distilled ove Eeilets should not give any colour
when heate vvrt
Chlral (ydrate solutron in the range of 5 to iy {ug
Was prpette Into test tubes (16 .cmx2 cm) and
volume made upto 2 ml with drstrlled water,” Pyridine
(7 ml) and sodrum hydroxrde solutions (1 ml of 40 ]pe
cent) vvere added to the samples usmﬁ a Vacupet. The
contents were mixed by shaking and the tubes were then
Placed In a water bath maintairied at 80°C for 5 min and
ater cooled in running water to room temperature.
The pmk coloured complex was then. separated, from
a0ueous layer using a long needled syrmge clarified by
filtering through atman No. 1 filter Ppaper and the
coIour Was measure In Spectronic, 20 at 535 nm within
20 min.  The blank contained distilled water instead
of (fehloral hydrate and all other components were also

Several varrables such as effect of temperature, time of
heatmﬂ and level of alkali were studred and it was found
that the maximum mtensrty of colour was developed
at 80°C in.5 min with 1 ml" of 40 Eer cent sodium hy-
droxide,  The colour was stable upto 20 min and there
after it decreased. Malhotra et al. 2described a tintometer
method for the estimation of chioral hydrate which was

subjfectrve Kamat et alA reported a sensitive
me hod Tor estimating chloral hydrate using 2-thio-
barhituric acid. But the authors confined themselves for
the recovery of this chemical in alcoholic beverages.
The_time required for colour development was 100 min
at 37°C with optimum pH; besides, the method involved
either distillation or adsorption on activated charcoal
for preparation of the sample.
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Table 1. recovery of chloral hydrate from toddy samples

Chloral hydrate

Added Recovered % recovery
(mg) (mg)
107.00 105.00 98.13
114.00 11200 98.24
118.00 115.00 97.88
127.00 12000 95.08
236.00 231.00 97.89
152.00 152.00 10000
312.00 304.00 97.59
892.00 882.00 98.64

The method described here is simple, and suitable for
the estimation of chloral hydrate in toddy in a short

time, _

Chlgral hydrate at different levels was added to toddy
free of chloral hydrate and estimated according to the
method developed and the percentage recovery of the
same was determined. The results aré shown in"Table L

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 13, NOVEMBER-DECEMBER 1976

The per cent recquery is almost quantitative mdmatmg
that there are few, interfering substances in toddy whic
aflect colour development.” Fourteen markef toddy
samples collected in the city of Mysore were analysed for
their chloral hydrate content. Inall the samples, chloral
hgdrate was present in amounts ranging between 200 and
430 mg per litre,

Central Food Technological
Research Institute

M. S. Prasad
M. 3. Subba Rao

Mysore,
20" September 1976
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BOOK REVIEWS

Nutrition Technology of Processed Fopds: by Nicholas
D. Pintauro, Noyes data Corporation, Park Ridge,
New Jersey, London, England" 1975, pages 332.

This book is hased on U.S. Patents in the area since
191 and dleals with the nutrition technology of processed
foods, It consists of the following 10 Chapters;
Cereal Products; (2) Enriched and Dietetic Breads;

Rice and Potat0 Products; (4) Milk an aer
roducts; (5) Nutrition Bevera%es; (0) Low Cholesterg
Eg% Products; (7) Salt_ Substitution;  (8) Complete
Digts;  (9) Special’ Fortification Processes and (10)
Special Processes and Products. In addition it has Com-
?any Index, Inventor Index and US Patent Number
ndex. Each Chapter contains information gleaned! out
from a number of US Patents and contairis sufficient
details for any one to plan the experiments.

Nutrition technology is a vague phrase and perhaps
there can be more than one definitign. For the purpose
of the book patent literature, which discusses both
the _ingredients, and technology of food processin
specifically designed for their nutritive  bengfits, h
been used. It “incluces “processes de5|?ned to pre-
serve the nutritional quality of foods; Tormulations,
ingredients, supplements or other additives intended to
|mFr_oye the nutritional quavlﬁf of foods; or where
nutritional values were given which might then be Used

for labelling purposes”.

There is a_wige coverage of the subject which en-
compasses animal foods, foods from vegetable sources,
protein beverages, inorganic nutritents, etc.  Although
certain foods stich as low calorie foods may be of inferdst
to Western Society only, there ar manY other foods
dlescrlbed which will be 0f interest in the Indian context
also.

Perhaps it can be said with some justification that a
published patent conceals more than'it discloses. Sub-
{ect to this limitation one may agree with the publishers
hat _ this book _ describes, “the” number of " technical
possibilities available, which may open_up profitable
areas, of research and development™. The book will
cer_tamlgebe found useful by Food Scientists and Techno-
|Q?ISIS cause information Is available in a single com-
pifation on a wide variety of foods.

M. S. Narasinga Rao
Recent Studies on the Thermophysical Properties of

Foodstuffs-.  In:ernational Institute_of Refrigeration,
177, Boulevard Malesherbes, 75017, Paris, pp. 3.
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1) of differént

Kno_wledge about thermophysical properties of food-
stuffs is. undoubtedly an essential E)re-re uisite for work
In the field of application of cold to the science of food
technology. A large number of workers in different
institutions all over” the world have been working in
collecting basic data on the thermopt11¥]slcal properties
pes of food materials.  The International
Institute of ef_nPeratlon has brou?ht out several sych
workers in the field on @ common platform at a meeting
of their Commissions BL (Thermoaynamics and trans-
port processes);  Cl (Freeze-drying-Cryobiology-Medi-
cal appllcanons? and C2 (Food Science and Techinology)
at Bressanone, Italy, in September 1974 and have doCU-
mented and pulished all“the reports and discussions
held at these meetings. _ _
The Publication_containg 41 reports in all—29 in
English and 12 in French. They have been diviced into
[ sections.  Section | deals with Heat transfer during
the changze of state of foodstuffs. Ofthe 5 papers in this
Section, 2 deal with computer application, one on heat
transfer in general, one on freezing times and_one on
heat transfer coefficients. . Section 2 deals with heat
transfer problems In cooling and freezmg and has 9
apers in all. Section 3 dealS with heat transfer during
reeze drying of foodstuffs and has 8 papers starting
from the ‘théory of sublimation to drying time calcula-
tions.  Section ‘4 has 8 papers bearing on thermal pro-
erties of foodstuff's particularly thermal conductivities.
ection 5has 9 papers dealing with structure and micro-
structure of food products.” Section 6 has 3 papers
dealing with formation and growth of ice crystals.
Section 7 %wes a gist of the round table discussions that
followed the meeting of the Commissions.

There will be wide variations in the thermal properties
of different food materials depending on, variety, time of
harvesting, location, climate, etc., and it is difficult o
ive accurate data on any one prooluct. But an indication
0f the probable av,eragie values could be arrived at with
the help of the available data. _

The most interesting part of the report is the round
table meeting and the conclusions arrived at.  The
Panel for the"round table consisted of several experts.
After discussing the varjous methods used for collecting
the data on therm%ohysmal properties of foodstuffs, the
Panel came to the following conclusions.

(1) A very high degree of accuracy does not seem

(rj\ec_essary If physical data are Used for thermal
sign.

(2) Availability and accessibility of experimental

data are the most important requirements which
are to be met through intensive international
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%ooperation and efficient classification proce-
ures,

(3) Whatever method is developed, If it is to be
useful to Engineers, it must be relatively simple
and useable Under a wide range of conditions.

(4) Since a large number of institutions are working
on this problem all over the world, the HR or the
ASHRAE should act as a liason between them b

forming a working group whose task 1s to furnis
contacss in this field to all those who are in need
of information on the physical and thermal
properties of food and’ related compoungs.
Another solution is either publication of @ Biblio-
%raphy or Handbook or grganisation of a data
ank with easy methods of manual or automatic
filing and retrieval of information by a computer.
A'list of organisations gatherlng such information

15 also given at the end.

ubli-

All the gapers are in the nature of research |o
cations and these and the discugsions that followed
the presentation of the papers will be very useful to
researchers In the field of cold and frozen storage of food
materials, The data would also be useful to designers of
plant and machinery to cold and frozen storage.

S K Lakshminarayana

Food Emulsions-Food Science Series: Vol, 5—Edited by
St Fnber(i, Swedlish Instrtute for Surface Chemmtrg
|{}St%ckho m, Sweden, 1976; pp. 488, Price: 485

The present volume consists of eight chapters of which
Chapters 1, 2, 3and 6 deal with basic aspects of emulsion
science, and Chapters 4, 5 7 and 8 aeal with applied
aspects of the food emulsion. ~Adequate information
regarding the hasic aspects relevant to each of these
Chafoters have been presented before elaborating the
applied aspects.

In Chapter ]] _Frlbergo_presents the physico-chemical
aspects of emulsion stability and theories, propounded
fo exPIam them are briefly ‘reviewed.  This is followed
(b%a Ist of references for flrther readm?. In the second

ter K. Karsson describes the recent advances in the
crystal and liquid crystal structures of lipids under dif-
ferent,exprer,lmental conditions t()}/ X-ray and phase
analysis. This area. | believe, would get mcreasmg atten-
tion"from physicists and physical chemists because of
the. uniqueness of lipics in “regard to their structures

which have not been anticipated in theoretical classifi- 1961

cation of possihle states of order—amorphous state of a
perfect crystalline state. N. Krog and J. B. Lauridsne
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in Chapter 3 have elaborated extensively the manufac-
ture, Brope_rues,_appllcatlon of some fdod emulsifiers
their behaviour in"aqueous solution, their role in food
emulsions, their physical state and their dependence on
the interaction with starch components,  [n Chapter 6
the, IE)hysma_xl er erties of the lipids and different types
of interaction between protein and lipids are discussed
b%/ R P. Rand. The information collected from NMR
study in this area is lacking.

In Chapter 4, K. G. Berger deals at I_en?th_on the
applied aspects of ice-cream’ processing, inc udmgi dis-
cussion on the chemistry of ingredients, structural and
textural aspects of ice-cream. “These are mostly faken
from the results of E M. study. A detailed analysis has
been made of ice-cream structure, its dependence on
mgredlents and processmg. T. S Shepherd and R W
YOell in Chapter 5 presént a detailed account of the
_technolo?y of cake emulsion which | believe will be of
interest 10 both housewives or bakers and to scientists
who want to improve the quality of cake, Relevant
basic informatjon has also be n presented in this Cha-
ter. E Grof and H. Bauer in_Chapter 7 deals with
asic and applied aspects of milk and milk progucts
which include characteristics of the fat globules, Stabl_|lt){
of the milk emulsion for long period and_its physicd
properties, and mode of homogenisation,  The arrange-
ment of sub-heads is very thotghtfully done as in other
Chapters, Meat emulsion aspects presented in Chapter
8 by J. Schut provide equally useful information.

In conclusion, | would say that this book is extremely

useful for a food_ research laboratory. Every chapter of
the book contains very useful information and_the
resentation has been very_thought provokmg. This
00k probably, for the first time, fas been able To bring-
out the role ‘of crystals or liquid crystals in aqueous
medium from the surfactant molecules which determine
emulsion P[rope_rnes of a system. Binding and the print-
ing are attractive. A few printing errors in the book
could have been avoided.

P. K Nandi

New International Dictionary. of Refrigeration: Published

by the International Ingtitute of”Refrigeration, 177

Qulevard Malesheaber, 75017, Paris, France, pp. 600.
Price: 300 F.F,

This new International Dictionary is a revised edition
of the first. one published by the same organisation in
. This second_ edition contains 2400 elements
corresponding to 3000 expressions used in the field of
Refrigeration, Air-conditioning and allied fields and is
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%Nen In seven lan ua?es viz. English, French, Russian,
erman, Spanish, Ttafian and NOrwegian.

Since the publication of the first dictionary, the field
of refngeraﬂon has been considerably enlarged during
the past 15 years and incluges such fields as ry%qenlcs
and Freeze Drying. The Dictionary is in two parts; the
first Part consists Of all concepts and expressions metho-
dically g}rouped together subjectwise in 15 Sections
rangmg rom basic “data to jndustrial applications and
covérs all subjects one Is likely: to, encounter in the field
of Refrigeration & Air-conditioning, The second part
consists “of indices in each of the”languagts giving a
reference to the expressions in the first part.” It s thus a
very useful reference book on the shelf of all scientific
workers in the field of Refrigeration, Air-conditioning,
Cryogenics, Freeze Drym? and other allied fields.
work”of this nature conforming to rules of several
international organisations involves consicerable com-
pilation work with international cooBe_ratlon and the
I.L.R., Paris, is to be commended for bringing out such
a useful reference work

S K Lakshminarayana

Guice to English Language_Publications_in Food Science
and Technolo%: by S”Green, Food Trade Press Ltd,
London, England, 1975,

This fourth revised edifion of the book list attempts to
provide a comprehensive information on grlmaag
Secondary andl other serial publications, conferénce ard
seminar Eroceedm?s, surveys and reviews, directories,
handhooks, encyclopedias, “dictionaries, patents, stand-
ards and food “legislation, reference and text books
published in the area of food science and technology
upto 1974 ‘7% The method of arrangement of fitles™s
very helpful bout in a few situations miltiple entries lead
to confusion in understanding the exact nature of the

publication.

. The author has attempted to provide an exhaustive
list of source_materials under very widely distributed
categories in Food Science and Technology, but quite a
few Of them are left at large. Among thesé are Packagin
Abstracts, Review of “Applied Entomolo%y, 00
Composition Tables for Use In East Asia, Ent/clopedia
In Food_TechnoI_ogy, English-German Dictionary of
Food Science, Dictionary“of International Food”and
Cookery Terms, Proceedings of  International Sympo-
sium. on_ Proteins (CFTRI), Tropical Products Institute
publications—to mention @ few.

Although the author has attempted to internationalise
the publication, still leaving apart a couple of countries,
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this proves to be a poor source material for publications
in Food Science and Technology for any other cquntry.
This s quite possible when we realise the limitations in
knowing the publications of other countries and in most
cases In"compiling such a publication, it is natural to be
carried away by the internationally established publi-
shers. It would be more appropriate if each country
prepares a similar booklist covering exhaustively of
Wwhat has been published in their own country in the area
of Food Science and; Technglogy which in turn can pe
used to prepare an international booklist havm(t} rele-
vance to each and every country. A word about food
standards specifications”and food legislation, As these
are very essential in international trade and are innu-
merablé in number it would have been more helpful
If addresses of organisations and bodies dealing with
these in different” countries had been furnished so
Et&atn t rtggy could he procured from the concerned
untries;

. However, the publication uner review will be of
immense. use to those. who are in the initial Stages of
establishing a library in Food Science and Tech ology
and will serve as a checklist for those who have already
established a library in this area.

K A Ranganath

The Man?o ManP|fera indlica L.g: Harvesting and Sub-
sequent  Hand m% and_Pro essmgaAn Annotated
Blbllograghg, lgy - C. Cayaill, R."D. Cooke, D. J
Moorg, 5. J. Read and H."C. Passam, Tropical Pro-
ducts Institute, 56/62 GraFl}/ s Inn Road, London
WCIX8LU, 176, pp. 124, Price: £2.10.

This exclusive annotated b|b||o%ra8h7v on man?o S
based on survey of literature from 1960-74 scanned from
various abstract_mq journals. Pertinent earlier references
have also been incluced.

For facility, the subject matter has been included under
ten chapters with a preface at the beginning of each
chapter viz, harvesting and distribution, storage and
ripening, storage disorcgrs and diseases, use of radiation
In' fruit”storagg, technology, composition, flavour, pre-
servatio, é)rocessmg, by-groducts and marketmg. For
each reference, authors name In alphabetical orcer and

Iull title is given followed in most cases by brief annota-
jons.

This bibliography serves as a source book for those
connected with mango storage and processing.

S Ranganna
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Food from Waste: Edited by G. G. Birch, K. J. Parker
and J. T. Worgan, A{)phe_d Science Publishers Ltd.,
London, 1976; pp. 301, Price: £ 16.00.

_The book represents a compilation of the 20 papers
with reports of discussions presented at an Industry—
University Cooperation Symposium organised under the
auspices of the National "College of Food Technology.
University of Readln%, England. Papers presented
discussions cover 29 V\Pa es; leaving the rest for an
index. _Food From Waste is the main theme of the
Symposium. Hence, the first two papers deal in ageneral
way with two aspects of this problem; namely, present
world situation and an over view. Jhe area covered
relates to the concept of producing food from waste
availability of raw-material' with respect o quantity and
distribution and indicates how economics Is the “over-
riding factor in the decision to implement any process.

The remaining eighteen Papers are brought under four
sessions with a chairman Tor each session.” Four papers
are presented in Session One, dealing largely with'the
utilization of wastes from crop planits, carbohydrates
and molasses either to upgrade these by microbial
proce_ssm% or alteratively Tor production of yeast and
protein. The use of fungias the uP-gradmg agénts offers
many advantages; particularly in the contéxt of produc-
tion of protein from carbohy(rate wastes.

In session two, we have five papers, dealing with
microbial production of oils and fats, algal profeins, food
from waste paper and carbohydratés derived from
potato wastes. . The data provided under microbial
production of oils and fats, indicates the feasibility to
produce a cheap microbial fat in the present context of
world’s available fat resources. Four papers are listed in
session three and cover the areas of leaf protein, protein
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from starch mill effluent and meat, poultry and fish
grocessmq plants, The author on leaf-protein coucludes
that while the importance of circumventing waste is
gaining ground, it IS more important to avoid produclnﬁ
waste inthe first place™. The rest of the papers deal wit
starch, meat and dairy industry effluents, " Even though
the authors of these three papers have indicateg the ps-
sibility of recovering protein from all these effluents yet

d the economic feasibility for large scale production still

remains to be worked out.

The last and fourth_session has an assorted assem-
blage of ffte papers. . The more appropriate papers in
this” session dleal, with, nutritional_ and toxicological
evaluation of navel feed and socio-economic impli-
cations of producing food from wastes.

The theme selected for this symposim “Food from
Waste™ and now presented in the”book from is welcome
and timely. It would have_been more Burposeful if the
papers had heen classified either on the basis of the main
compaonent of the substrate or on the nature of the efflu-
ent.” As matters stand, _pagers_ on ?rotem from carbohy-
drates are to be found in Session 1, 2 and also 3. There
are in all four ?eneral r%apers which again are distri-
buted somewnat rando I¥ both at thé begining and
again in session four. These are matters of mingr
Importance in_a book which is otherwise beautifully
brought out. The present work brings under one cover,
the expertise of the leading workers in the field with the
agded interest of discussions under each paper: Today
all of us are involved in reducing waste and also for ré-
utilisation of waste for feed or food. The editors deserve
our thanks for bringing out such a timely and useful
publication.

T. N. Ramachandra Rao
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New_Editor of Journal of Food Science & Technology
1977-1979

The Executive Committee of the Association of Food
Scientists & Technologists (India), is halgpy to announce
the nomination of D D. Rajagopal Rao as the New
Editor of the Journal of Food" Science and Technology
from 1st January 1977 for a period of 3 years.

. Dr.D. Rarj]agopal Rao had his initial academic train-
ing at Andhra_University, Waltair, from where he
graduated with B.Sc. (Hons) and took his M.Sc., degree
in Chemical Technology. After research work in Bio-
chemistry for_an Associateship at the Indian Instjtute
of Science at _Banqalo,re, he took Ph.D. in Biochemist
in 1956 at Philacelphia, U.S.A. Later he was a researc
associate at the University of California Medical Centre,
San Francisco; a visiting fellow at the. John Curtin
School of Medical Research,  Australian, National
University, Canberra and recently as Senior Fellow
of the Alexander Von Humboldt™ Foundation at the
University of Colonge, West Germany. He was also
associated with Hindustan Lever Ltdl, for about a
year as a Research Manager, involved in the develop-
ment of infant foods, dairy”products, etc.

Dr. D. Rajla%ggal Rao has been in the Central Food
Technological Research Institute, for more than a de-
cade, and”his research interests have been mainly in the
area of proteins and amino acids.

Banﬁalore Chapter o _

The Bangalore Chapter of the Association organised
a Symposium on “Strategies for Storage, Handhn? an
Processing of Food Grains in the Present Day Context”,

d the same time

from 3rd to 5th SlgPtember 1976 at the Conference Hall
of the West End Hotel, in Bangalore. The Symposium
was inaugurated by the Union Minister for Adriculture,
Shi Jagjivan Rami, and was presided over by'the Mini-
ster for” Agriculture in Karnataka State, Shri Chicke-

owda. . The Souvenir for the occasion, was released by
rimathi Eva Vaz, Minister for Food, Karnataka State
Government.

The deliberations of the Symposium took place in
four technical sessjons: torage and Conservation
of Food Grains; (') Transport and. Handling, of Food
Graing; (in) Processing of Food Grains; and {iv) Logis-
té%dfg Build Up and Maintenance of Dynamic Buffer

The Symposium was significant in several ways. The
theme was ofverbg_reat Importance because ofthe recent
decision of the Union Government to build up buffer
stocks, to overcome depencence of the country on
|meporis of food grains, and as a measure for improving
thé productivity” of the Indian agricultural “system
ensuring_ ultimately food security, The problems that
emerge from such”a national palicy had not been dis-
cussed in an open forum up till now. The Symposium
provided a platform for the much-felt need for such a
discussion. . The. response from several sectors who arc
concerned in this, programme, was Very encouraging.
The Food Corporation of India, which is the major
executive hody in the programme. of grain procurement,
gave its full cooperation, by participating in the discus-
Sions. _ Several of the senior officers of the Karnataka
State Government, presented papers and took part in the
discussions.  Research Institutes like, the Central Food
Technological Research Institute, Mysore, Defence Food
ResearchLaboratory, University of ?ncultural Sciences
Bangalore, sent delegations to the conference, The Food
DeEar_tment of the |n|st_r?/ of Agriculture, the Modern
Bakerjes, the Flour Millers Aisouatl.on and other
organizations cooperated and took part in the delibera-
tions.  Representatives from the Madras region,
HtYderabad and Trivandrum Chapters of the Association
attended the Symposium and took part in the discus-
sions,

The Plenary Session at the conclusion discussed the
resolutions and drafted the recommendations. Before
the conclusion of the Symposium, a Panel discussion
on_“Rationale and. Need for Buffer Stocks”, was held.
This_Session provided for a frank discussion of the
ramifications of the phJIosoth of buffer stockmgb The
views expressed, highlighted the achievements, "but at

brou%_h the difficulties encountered in
such a massive operation,
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Shri Jagjivan Ram, Union MmsterforAgr(]) %@rr%ep%_ umo 3t . jes for Storage, I-Iandhrgmd Proomng
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Lt to Rt; Mmmpa%r@aretaryﬁm Bangalore Chpter, AFST, M C. Machura, Councillor, AFST, and M M
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The papers T%resented were based on expertize and
experience.  The recommendations evolved from the
Symposium, have now been sent to_all the important
g{g&gsatmns connected with the building up of buffer

The Association is maintaining a close watch on the
follow-up operations_and where Tnecessary is willing to
provige 1ts cooperation to the Government and other
agencies in this national activity.

The Proceedings of the S)Bmposium are now being
rinted and will be published ty the Bangalore Chapter.
his will include Desides the paPers presented at the

Symposium, the discussions and the recommendations,

Recommendations drawn at the Symposium:

1 The_SymPosmm emphasised the overall need for
accumylation of buffer stocks as an essential element in
the policy of food management to tide over lean years,
to quercome the need fof import of food grains and as
an important strategy for overall agricultiral develop-
ment of the country.

2. It was recognised that the basic obgectwe of this
strategy was to_provide a ready market o the farmer,
ensunn%_mm price, support and at the same time sustain-
Ing the Tistribution system, with the objective of improv-
|n% the productivity” of the Indian agricultural system,
ensuring ultimately*food security.

To achieve this end effectively it was recommended
that buffer stock operations should be linked with
support prices, which should be announced In advance
of the agricultural season and could be manipulated in
such a manner as to Increase, maintain of Cecrease
production of particular commodities depending on the

need of the time.

3 The, Symposium recognised that there are. many
problems in the accumulation of buffer stocks, like the
quality of the grains to be stored handlml%, storing,
transport and disposing of these. These problems have
to be dealt with urgéntly by competent baodies with
accurﬂulated experience and by problem-oriented re-
search.

4. It was also reco?nlsed that there is an immediate
need for building up of professional and technical man-
ower to deal with food commodities when stocked on
his massive, scale.  In this effort the universities and
other organizatigns should train the personnel at the
graduate and technical level in post-harvest technology.
5. Among the recommendations adopted for imple-
mentation to"ensure the overall efficiency of the workin
of butfer stocks the following are of immediate Interest.

@) Taking note of the fact that buffer stocks have to
last for a long period, the quality of the grain
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storegl becomes very important, It is necessary
to educate the farmers to supply clean and dry
roguce at the time of procurement.  The Save

rain Campaign, the extension services of the
Agricultural’ Departments and the Agncul_tural
Universities should  intensify this etlucational
Programme to provide the”know-how to the
armers. At the same time it was recommended
that in order to ensure the proper quality of the
grain procured, adequate facilities for preclean-
mg and drying should he provided both at the
farm and bulk storage levels.

(b) It is very necessary that grains procured as a
measure 0f price-spport policy, Specially under
adverse weather conditions, should be Checked
for quality standard and if these cannot be
B%erti’oége grain should not be stored for long

(c) Under conditions of surpluses, it is often difficult
to store grains_under ideal storage. To guard
against sprouting, discolouration and mould
growth, it is necessary to evaluate various simple
and quick methods 0f assessment of the quality
indices including mycotoxins and sfandardize
them. For this more’intensive scientific research
in this field has to be undertaken on a copperative
basis between research institutes and " organi-
sations handling the grain. Suitable equipment
for on-the-spot thecking should be manufactured
and made available on"a large scale to all those
concerned with procurement.

(d) To encoura%e the farmer to offer better grains for

rocurement for buffer stocks, it was recommend-

d that premium CPnce should be offered for
quality grain intenced for long storage.

6. The Symposium recognised that several (t]y es of
storage constructions are usad and are made of ditferent
toy esof material, both at the rural level and large scale

eration. It was recommended that the use of Various
materials for construction and t;{pes of structures be
comparatively evaluated in the Tight of cost benefit
analysis.  Suitable séructurets and materjals of construc-
tion"thus evaluated and found satisfactory both at
farmer’s level and at bulk level should be given wide

publicity.

7. The mechanical drying ecp ment both at farm
level and at the level of farge scale operations re%uwe
Improvement in design andefficiency, It was recom-
mended that research institutes and agricultural universi-
ties should take up research work onfabrication of such
dnter_stand incentive should be provided for such research
activities.
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8. It was recognised that requlated markets are the
appropriate places where quality requirements, need be
emphasised. * It was recommencled that. machinery for
Cleaning, d mrq, grading and bulk weighing of “food
grains Pe instalfed In these markets. _

9. Itwas recognised that contamination offoodgrams
with harmful dusts and foreign matter took place in
transport. To overcome this it was recommended that
for transport of foodgrains special vehicles for both rail
and road be designed. and these should e used exclusive-
ly for this purpase. For intermediate handhn%ebags are
Needed. Storage bags for foodgrains should be colour-
%_oded to prevent théir use for other harmful commodi-
Ies.

10, Itwas recommended that apart from procyrement
of coarse cereals that are produced in the dry farming
areas they should also be adequately protected. _

The Symposium appreciated the role of Save Grain
Campaign which is actively functioning in some parts
of the cOuntry. At the sarie time it was recommende
that this programme should be intensified in the rural
areas and other organisations like the Food Corporation
of India, State and Central Warehousing Corporations
should be associated with this campaign.~ It was recon-
mended that more funds should be earmarked for this
campaign in order to attain total coverage of rural areas
In the niext ten years.

11 Based on the information available on the con-
dition of storage of food grains in the rural areas the
Symposium felt'that it was now necessary to educate the
fdrmers on proper storage methods and impress on them
the nutritional losses which occur if the grains are not
stored pro erlg. It further recommended that rural [evel
pest control operators should be trained for work in
every taluka and they should be provided with adequate
supply of fum|gants and rodenticides. - The extension
activity of the Save Grain Campaign should be geared
to this act||v1ty. In order to ensure proper storage at the

farm level it was. recommended that development of

economical threshing floor and drying facilities for the
farmers should be urgently undertaken.

12 The Sympaosim discussed the methods of g_ro-
cessing of food grains with the object of eithey exten mg
their Use or for"enhancing their nutritive value. It fe
that there Is a need for a natural rpohcy_ for modernjsation
of rice milling for higher out-turn of fice and production
of oil-rich bran.. This is urgently needed in the case, of
conventional units which do"the bulk of the rice milling
in the country. Methads developed for the elimination
of smell and’loss of rice during sqaking of paday for
prroduc_tmn of parboiled rice shquld be qwckl% applied.
here is need for more extension work with support
from hoth the center and the state.
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13 Priority should be given for the development of
the edible rice’ il industry with stabilisation of the bran
by the methods which have already been developed and
sticcessfully applied.

_ 14 There should be greater economy in the gr,oces-
sing of wheat with due Consiceration for the quality of
the”products. = For certain categories of products,”ad-
mixture with flours of other grains and tubers can also
be tried. This will help to exténd the uses and regluce the
costs.  Clean wheat flour with agequate and stron

%Iuten content should be made available for producin

Dakery products specially bread which have becomg
increasingly popular and ‘successful. - There should also
be intendive research for further advances in bakery
techno\l/sﬁy for better use of low gluten flour. Buégar
wheat which has already Proved to e popular should™be
produced on a large stale with the techniques already
developed in India.” Its use should be popularised and a
market built up for its use. Sice by side with the above

d there s also a ase for developing toasted products hased

on wheat, These products cah find apPhcau_on in a
variety of programmes like. mid-day meal feeding pro-
(l;ramme and Special nutrition programme which now
argely depend on imported gift foods.

.15, Special attention should be paid for the proces-
sing of millets for the production of quality products
with consumer apﬁeal. pplication of sCientific work in
the line, which has already proved to be successful
should be extended.

16. It is of paramount |mPortance that large pro-
curement agencies like the F.C.1. and State Civil Supplies
Corporations pay greater attention to the supply of
uality products meetmg the requirement of consurmers.

oncerted efforts shouldl be made by the procurement
a?enmes and the scientists in_solving the practical pro-
blems relating to quality. improvément, particularly
cleaning and drying of grains prior to storage, so that
the consumers’ reqUirentents are met

New Members

Mr. Ashok A, Patel, 38 P. G. Hostel, National Dairy
Research Institute, Karnal-1

Mr. H. N. Desai, 73, P G. Hostel, National Dairy
Research Institute, Karnal-1.

Dr. C. N. Kucroo, Dairy Chemistra/ Division. National
Dairy Research Institute; Karnal-132 001,

Dr. M. S. Mithyantha, Chfmist Rallis India Limited,
87 Richmond Road, Bangalore 2.

Mr. C. R Reddy, 2-5-57. Head Post office Road,
Hanumkonda, Warangal-506 001



ASSOCIATION NEWS

r. G Selvaragan McRennett & Company, 2/141
Mount Road, Madras-600 00

J. M. Sarda, Sainthia Rice & Qil Mills, P. O
Sarnthra Birbhum District,

Mr. S Ram%%ApaI 48-9-3 A, Dwarakanagar, Visakha-
patnam-530

Mr. P. V. L Chandramohan, Demonstrator, Mobile
Food & Nutrifion Unit, 2-2-2- University Road,
Hyderabad-500 768.
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INSTRUCTIONS TO CONTRIBUTORS

Manuscripts of papers should be typewritten in_double space on one side of the paper only, They
should be submitted in triplicate. "The manuscripts should be complete and in final form, Since no
alterations or additions are allowed at the proof stage. The paper submitted should not have heen
published or communicated anywhere,

Short communications in the nature of Research Notes should clearly indicate the scope of the
investigation and the salient features of the results.

Names of chemical compounds and not their formulae should be used in the text. Superscript and
subscripts should e legibly and carefully placed. Foot notes should be avoided as far as possible.

Abstract: - The abstract should indicate the scope of the work and the principal findings of the
paper. It should not normally exceed 200 words. It should be in sucha form that atistracting
periodicals can readily use it.

Tables: Graphs as well as tables, both representing the same set of data, should be avoided.
Tables and figures should be numbered consecutively in Arabic numerals and should have brief
titles. Nil restlts should e indicated and distinguistied clearly from absence of data.
[llustrations;  Line drawings should be made with Indian ink on white, drawing paper F_referably
art paﬁer. The IettermRNshouId be.in pencil. For satisfactory reproduction, graphs and ling draw-
Ings should be at least twice the printed size. Photographs must be on glossy paper and contrasty;
two copies should e sent.

Abbreviations of the titles of all scientific periodicals should strictly. conform to those cited in the
World List of Scientific Periodicals, Butterworths Scientific Publication, London, 192,

References:  Names of all the authors should be cited completely in each reference. Abbreviations
such as et al., should be avoided.

In the text, the references should be included at the end of the article in serial order.
Citation of references in the list should be in the following manner
(@) Research Paper: Menon, G. and Das, R. P., J. sci. industr. Res., 1958, 18, 561

() Book: Venkataraman, K., The Chemistry of Synthetic Dyes, Academic Press, Inc., New
York, 1952, Vol. 11, 966.

(c) References to article in abook: Joshi, S V., in the Chemistrg of Synthetic Dyes, by Venkata-
raman, K., Academic Press, Inc., New York, 1952, Vol. I1, 966.

(d) Proceedings, Conferences and Symposia:  As in (C).

(6) Thesis: Sathyanarag/an, Y., Phytosociological Studies on the Calcicolous Plants of Bombay,
1953, Ph.D. thesis, Bombay University.

if) Unpublished Work:  Rao, G., unpublished, Central Food Technological Research Institute,
Mysore, India.
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