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Gurdani- An Indian Traditional Sweet: Optimum Recipe for
Its Preparation

A K. Saxena.S.G. Kulkarni, S.K.

Berry, R.C. Sehgal and O.P. Beerh

Central Food Technological Research Institute, Regional Centre, Gill Road, Ludhiana-141 006, India

Received 6 November 1990; revised 20 June 1992

Gurdani - an Indian traditional sweet is prepared from Bengalgram flour (Besan), deep-fat-fried in the form of sewian and
subsequently coated uniformly with jaggery (gur). Optimum conditions and recipe for the preparation of gurdani have been
standardized. Gurdani is cylindrical in shape (length 11-66 mm, diameter 10-11 mm) with unit weight ranging from 2.2 t0 5.0 .
The product had attractive yellowish brown colour, soft and crisp texture, pleasant aroma and good taste peculiar to gurdani. The
product could be stored for 3 months without losing its quality in 200 gauge LDPE, 120 gauge PP, 100 gauge HDPE and friction-
top-tins. The product, however, registered a gradual loss in moisture and a marginal rise in FFA and PV during the storage period.

In India, a number of traditional sweets are prepared from
avariety of raw materials like Bengalgram flour {Besan), fine
wheat flour, black gram dhal, green gram dhal and rice. The
quality of sweets available in the market varies significantly
and it requires scientific approach with respect to the quality
of ingredients, standardisation and packing of the product.
Gurdani, a deep-fat-fried sweet prepared from besan, is
consumed in most parts of India. No published information
is available on this traditional sweet. The results of studies
carried out on various aspects of gurdani are presented in
this paper.

Materials and Methods

Preparation of gurdani:  Freshly prepared Bengalgram
flour (Besan), vanaspati ghee (hydrogenated fat) and golden
coloured jaggery (qur) were procured locally. The shortening
(melted vanaspati ghee) at the rate of 0, 15 20, 25 and 30
parts was mixed into 100 parts of besan by rubbing with hand.
Water (40 parts)’ was added slowly to this mass and
kneaded into a smooth dough. The dough was extruded,
through a hand operated, screw type sewian making machine
fitted with a die having holes of 8 mm diameter, directly into
vanaspati ghee pre-heated to 180+ 5°C. The golden coloured
deep-fat-fried sewian were taken out from the frying pan at
160+5°C and were lowered into the pre-heated slurry of
jaggery (75° Brix) containing gur equivalent to the weight
of besan and 4% water. It was thoroughly mixed with a
wooden laddie to give a uniform coating of gur on the sewian;
the mass so obtained was spread on the trays and allowed
to cool for solidification. The product obtained is called
gurdani. Materials balance data are given in Fig. 1

Packaging and storage studies: Equilibrium relative
humidity (ERH) studies were conducted at different relative

Vanaspati ghee 2 Kg s Bengal gram flour 10 kg
vt
Mixing
17
Waterd kg — Kneading

N
Dough (156 kg), pressing in
Sewian machine (8 mm holes)
and fryin% g/.180+5°(;) to
obtain 12.7+g Sewian

Jaggery 0 kg + water 2kg  ->

e Jagery el Mg i i i
Spreading in trays, cooling to
obtain qurdani (22.7 kg).

I
Packaging and storage.
Fig.l. Typical material balance sheet of preparation of Gurdani

humidities ranging from 1Lto 92% RH. at room temperature
(20£5°C) according to the method described by Rockland*.
Samples of gurdani (100 g) were packed in (i) 200 guage low
density polyethylene (LDPE), (ii) 120 gauge polypropylene
(PP), (i) 100 gauge high density polyethylene (HDPE)
flexible pouches (21x14 cm) and friction-top-tins of 100 g
capacity. Six replicates of each were packed, heat sealed and
stored at ambient temperature (30+5°C) for subsequent
evaluation.

Physical, chemical and sensory qualities: Composite
samples of freshly prepared gurdani were analysed for
moisture, crude fat. reducing sugars (RS), non-reducing
sugars (NRS), total solids (TS), total ash, acid insoluble ash
(AI1A), optical density, free fatty acids (FFA), peroxide value
(PV) while stored samples were analysed for moisture, FFA
and PV at intervals of 0, 30, 60 and 90 days during storage
employing standard methodsl. Gurdani samples were
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evaluated for quality parameters like colour, texture, taste and
flavour and overall quality by composite scoring test4.

Results and Discussion

Standardisation ofrecipefor gurdanipreparation: Trials
conducted on the preparation of gurdani showed that product
of optimum quality was obtained by using 100 parts besan,
100 parts gur, 20 parts shortening and 40 parts water'. The
product had golden colour, soft and crisp texture,
appropriate/optimum taste and possessing flavour of gurdani.
A lower level of shortening caused hardening of the texture
of the product while higher levels resulted in a soft product
with distinct taste and flavour of vanaspati ghee, hence
generally considered unacceptable. The samples of gurdani
prepared with equal parts of gur and besan had the optimum
quality with respect to colour, taste and flavour and overall
quality. Lesser quantity of gur could not cover the entire
surface of gurdani pieces uniformly and lacked optimum
sweetness while higher levels gave a product with perceptible
flavour and taste of gur and considered unacceptable.

Physical and chemical quality assessment:  The physical
and chemical quality characteristics of the laboratory samples
of gurdani are presented in Table L The gurdani pieces were
cylindrical in shape having length ranging from 10.50 to
65.50 mm, diameter ranging from 9.85 to 10.60 mm and unit
weight ranging from 0.51 to 3.50 g. Samples had attractive
yellowish brown colour, soft but crisp texture, pleasant aroma
typical to gurdani and very good taste. Samples contained
(%) moisture 5.2, crude fat 199, reducing sugars 3.9, non-
reducing sugars 21.6, total sugars 27.9, total ash 2.5, acid
insoluble ash 0.2, free fatty acids 0.5 and peroxide value 3.56
milli eq.Q,/kg oil.

Sorption behaviour ofgurdani.  The equilibrium relative
humidity of gurdani sample at initial moisture content of

Tablet Physical and chemical qualities of gurdani

prepared in the laboratory

Parameters Characteristics/Values
Shape Cylindrical
Average length (cm), range 11-66

Average diameter (mm), range 9.9-10.6
Average unit wt (g), range 05-35

Colour Yellowish brown
Texture Soft crisp
Aroma Pleasant

Taste Typical
Moisture (%) 52

Crude fat (%) 199

Reducing sugars (%) 39
Non-reducing sugars (%] 216

Total sugars (%) 219

Total ash (% 25

Acid insoluble ash (% 0.2

Free fatty acids as (%) oleic acid 0.5

Peroxide value, Milli equiv. 0 2kg oil 36
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Fig.2.  Percent change in weight of gurdani at different relative humidities
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Fig.3. Relationship between relative humidity (RH) relative equilibrium

moisture content HEMQ) and number of days to attain equilibrium
for gurdani. Initial moisture: 5.31%, M:Mould growth.

5.31% was 60% RH. (Fig.2). The product became slightly
soggy/soft at 65% RH at EMC level of 6.62% which was
critical moisture content for the sample (Fig.3). It became
very soggy at 76% RH at EMC level of 11.26% on 15 days
storage, making it unacceptable. Mould appeared on the
samples on 12 and 8 days storage at 86 and 92% RH with
EMC of 24.41 and 29.79%, respectively (Fig. 2 and 3).
Changes in moisture, FFA and PV of gurdani during
storage: Data presented in Table 2 show that during 90 days
storage period, the moisture content of gurdani packed in all
the containers decreased by about 50%. There was very little
increase in the free fatty acid (FFA) content of samples. The
increase in peroxide value was high in LDPE and PP as
compared to HDPE packed samples during 90 days storage.
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Table2. Effect of packaging and storage period on
THE QUALITY OF GURDANI
Storage Moisture ~ Free fatty acids  Peroxide value
period (0ays) (%) (%) (as oleic ~ (milli equiv.
acid) 0 2kg oil)
Polyethylene, 200 g bags
0 5.2 0.53 3.56
30 3N 0.57 362
60 350 0.60 390
90 241 0.62 450
Polypropylene, 120 g bags
0 5.2 0.53 3.56
3 4.28 0.57 398
60 3.98 0.59 4.20
0 24 0.60 450
High density polyethylene, 100 g bags
0 522 0.53 3.56
30 442 0.5 369
60 368 0.56 372
90 290 0.56 386
Friction top tins
0 522 0.53 3.56
30 398 0.5 365
60 352 0.56 38
90 242 0.58 39

Al the samples were acceptable upto 90 days storage in all the packagings.

However, the levels of FFA and peroxide value (PV) showed
minor changes and no discernible changes in sensory quality.

J. Fd. Sci. Technol, 1992, Voi. 29, No. 5, 275—277

Hence, all the four packaging materials were found suitable
for storage of gurdani samples for 90 days. This may be due
to the high ERH of the product.

Quality characteristics ofgurdani samples:  The sensory
scores of gurdani samples for individual characteristics like
colour (7.5-9.0), texture (7.0-9.1), aroma (8-9), taste (8-9) and
overall quality/acceptability (30.5-36.0) remained acceptable
in samples packed in all the packaging materials. Some
darkening of colour, changing from yellowish brown to brown
during one month storage and toughening in texture due to
loss of moisture were, however, observed during storage. No
perceptible adverse changes were noticed in taste and flavour
during storage.
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Thin Layer Drying Characteristics of Parboiled Milled Rice

V. Palani Muthu and Pallab K. Chattopadhyay
Post-Harvest Technology Centre, Indian Institute of Technology, Kharagpur-721 302, India.

Received 24 July 1991; revised 18 February 1992

Thin Layer drying characteristics of a medium grain parboiled milled rice between temperature range of 40 to 100°C and relative
humidity range of 4 to 49% were studied. An empirical thin layer drying expression was developed for parboiled milled rice and
the constants of the equation were related to the temperature and relative humidity of the drying air.

The knowledge of thin layer drying characteristics becomes milled rice is generally treated with agueous solutions and
essential in grain drying simulations as well as in the design then it is dried to an optimum moisture level for further
and selection of the drying equipment. To develop different processing or storage. Bakshi et al.1studied the thin layer
products like quick cooking rice, puffed rice and others, the drying characteristics of raw and parboiled brown rice. They
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fitted their drying date in diffusional and empirical equations
suggested by Page2 fcr corn. They related mass diffusivity
to the absolute temperature of the drying air in the form of
Arrehenius type relation. Several investigators have studied
the thin layer drying of different grains36. However, no
information is available in the literature on thin layer drying
of parboiled milled rice. Therefore, the present investigation
was undertaken to study the thin layer drying characteristics
of medium grain parboiled milled rice between the
temperature range of 40 and 100°C and to develop a thin layer
drying expression for parboiled milled rice.

Materials and Methods

The parboiled rice was a local ‘Kakuria’ variety, medium
grain type which is preferred for rice puffing. During
parboiling in the rice mill, the paddy has undergone rinsing
in hot water at 75°C, pressure parboiling at a steam pressure
of 240 kPa for 30 min, dehusking in a rubber roll sheller
and polishing to about 5 to 6% in a cone polisher. The rice
was cleaned, moistened to the desired level and stored in
sealed plastic bags ir. a refrigerator. The drying experiments
were carried out using 150 g of rice samples (34.4-34.6%
dry basis (db) initial moisture) spread to a single layer
thickness at 0.6 m/sec. air velocity, each time in a laboratory
model thin layer dryer (Fig.l), where the temperature of the
drying air was controlled within £ 1°C and the average
relative humidity (RH) of the drying air was recorded during
each experiment. The weight of the grains with the elapsed
drying time was recorded and the initial and final moisture

contents of the grains were determined by hot air oven method -

(105°C, 24 h). The equilibrium moisture content (EMC) of
the rice was determined from the drying data .

Results and Discussion

The thin layer drying characteristic curves at different
temperatures and relative humidities are shown in Fig. 2,3
and 4 for parboiled milled rice. A sharp decrease in moisture

AV AY

Fig.l.  Schematic diagram of the laboratory thin layer dryer set up
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Fig.3. Variation of drying rate with drying time and moisture content at
three temperatures for parboiled rice.
content during initial 20 min of drying and about 13 to 20%

(db) moisture removal was observed (Fig.2). After 80 min
of drying time, the curves became almost flat showing
practically very little drying. There was a large reduction in
drying time due to an increase in temperature and decrease
in RH of the drying air. For example, the time required to
dry the rice from 34-13 % moisture content at 100°C was five
times less than that of drying at 40°C. The plot between
drying rate against the drying time at three different
temperatures showed that parboiled rice within the present
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Fig.4. Experimental and predicted moisture ratios with time
at two temperatures.

moisture range, solely dried in the falling rate period (Fig.3).
The rate of drying was high at the beginning of the
experiment, and dropped rapidly as the drying proceeded.
The initial higher drying rate can be attributed to the higher
moisture potential (M-Me) available for removal at the
beginning of the drying process. The rate of drying decreased
as the replenishment of water from interior to its surface of
the grain could not cope up with the fast removal of moisture
at the surface of the grain. An increase in drying air
temperature and decrease in RH resulted in increased drying
rate at the beginning of the drying experiment. However, after
15 min, almost all the drying curves merged together
indicating the ineffectiveness of higher drying air temperatures
during later stages of drying.

The relationship between the drying rate and moisture
content of the grain at the above drying air temperatures
revealed that the rate of drying was high at higher moisture
contents and fell due to subsequent drying (Fig.3). The drying
rate dropped quite sharply up to 20% moisture content and
was significantly influenced by the temperature and RH of
the drying air. Moisture ratio (MR) at different drying times

200 300

271

were calculated from the experimental data. An attempt was
made to express the moisture ratio in terms of drying time
and drying air properties like temperature and RH in different
forms of available thin layer drying models. However, it was
found that a model suggested by Page2 was expressive of the
thin layer drying characteristics of parboiled rice and is given
below:

MO- Me

The constants P and Q are found to depend upon temperature
and RH of the drying air and is given as,

P =
Q:

0.09405919+0.9988182x 10'3.T-0.6346031x 10“3RH

-0,555139367+0.0104172057.T—0.125152843 RH
—,31455985x10 4:72+0.230873453x10-2. T.RH
+.10131271x10~2RH2
=99
where, L
T - air temperature, °C; RH-relative humidity of air, %
M - moisture content_ofgral_n, decimal (db); MQ-_InIIIEﬂ
moisture content of grain, decimal (db); Me—equilibrium
moisture content, decimal (db); t-drying time, min.
The plot between the moisture ratio a?alnst drying time
for two temperatures is shown in Fig. 4. Tt can_beobserved
that the developed model fitted well 0 the experimental data,
thus validating the accuracy of the model within the
experimental range.
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Microorganisms isolated from home made mango jam (muramba) samples belonged to 11 bacterial and 2 fungal species. Physiological
studies of the isolates with respect to tolerance to sucrose and citric acid incorporated in synthetic medium showed growth at 78%
sucrose and 24.5% citric acid by Aspergillus niger followed by Pénicillium sp. (66% sucrose and 18%citric acid), Bacillus laterosporus
and Staphylococcus saprophyticus (70% sucrose and 24.5% citric acid respectively). This forms the first report of these species
for sugar tolerance. When artificially inoculated, Aspergillus niger and Pénicillium sp. caused spoilage in muramba samples With
60% sugar and boiled for 30 and 40 min but not in samples with 70 and 80% sugar and boiled for 30 min.

Muramba, a kind of mango jam, is a popular, home made
seasonal product of Indian origin commonly prepared using
pulp of unripe mango with high sugar concentration and by
heat treatment. Traditionally, no chemical preservative is
added and it can be stored for one year. Spoilage of such
muramba is sometimes evidenced in the form of surface
growth and fermented smell. This paper reports the microbial
species isolated from muramba samples, their ability to
tolerate high concentrations of sucrose, citric acid and to cause
spoilage.

Materials and Methods

Sample collection: Fourteen home-made samples of
muramba were collected from different houses in Pune city
in sterile containers for immediate chemical and
microbiological analyses. Apparent spoilage was recorded.

Chemical analysis-  One g of the sample was homogenized
in 100 ml distilled water and the filtrate was analyzed for pH,
titrable acidity and sugar2, Moisture content was also
determined.

Isolation and identification ofmicroorganisms: Bacteria
were isolated using suitable dilutions of 1% suspension of
the sample in sterile phosphate buffer (pH 7.2) and standard
plate count agar (pH 7.2). Yeasts and moulds were isolated
using Davis Yeast Extract salt agar (pH 5.4) and suitable
dilutions of the sample in citrate buffer of pH 5.4. Pour plate
(dilution plate) method was followed and the plates were
incubated at 28 £2°C for 48 h for bacteria and 96 h for yeasts
and moulds. Well isolated morphologically distinct colonies
were transferred on nutrient agar for bacteria and potato
dextrose agar for yeasts and moulds. Bacteria were identified
according to Bergey’s Manual of Determinative
Bacteriologyland fungi according to Barnett4 and Kamat.

Corresponding author

Tolerance to sucrose and citric acid: ~ All the isolates were
tested for their growth at different concentrations of sucrose
(5-80%, wlv) and citric acid (0.5-25%, w/v) incorporated
individually in Davis Mingolis’ synthetic medium for bacteria
and Czapeck Dox broth for moulds. The media with sucrose
were sterilized by steaming for 20 min on 3 successive days.
Since beyond 25% concentration of sucrose, solidification
of the medium was difficult, further testing was continued
in respective liquid media with increasing concentrations of
sucrose. For testing tolerance to citric acid, only liquid media
were used. The culture tubes were incubated at room
temperature (28 +2°C) for 7 and 15 days for bacteria and
fungi, respectively. Sporulation at the surface of the liquid
medium was considered as the parameter for growth of fungi
and turbidity and/or pellicle at the surface for bacteria. The
growth in terms of turbidity was compared with uninoculated
control.

Ability to cause spoilage in muramba: Muramba samples
were prepared in the laboratory with 40, 50, 60, 70 and 80%
sugar and boiled for 30, 40 and 50 min. The samples were
distributed in 20 g aliquots in a total 0f 90 sterile glass beakers
in three sets: (i) experimental set with unsterilized samples
inoculated with the spoilage organisms namely Aspergillus
niger, Penicillium sp., Staphylococcus saprophyticus and
Bacillus cereus (60 samples representing 5 concentrations of
sugar, 3 time intervals of boiling and 4 test organisms);
(i) uninoculated unsterilized control (15 samples) and
(iii) uninoculated sterilized (at 121°C for 20 min) controls
(15 samples). The fungal test organisms were grown on potato
dextrose agar for four days and spore suspension was prepared
in sterile distilled water. The spore suspension (0.1 ml) with
a density of 5x10" spores/ml was inoculated in each 20 ¢
sample in the experimental set. Bacteria were grown on
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nutrient agar for 24 h and suspension prepared in sterile
distilled water. The suspension (0.4 ml) containing 3.4x10
cells in case of B. cereus and 4.7x103 cells in case_of S
saprophyticus was inoculated in each 20 g sample in the
experimental set. All the beakers in 3 sets were individually
covered with aluminium foil and incubated at room
temperature (28+2°C) and observed daily for ?rovvth, ifany
Upto one year. The experiment was initiated in June, the usual
season for preparation of muramba. The samples were
analysed for moisture content, total titrable acidity and viable
cou_rllt of organisms immediately after inoculation and after
spoilage.

Results and Discussion

The data on moisture content, pH, total acidity and sugar
concentration of the samples showed wide variations and lack
of concern for protectln% the product from spoilage (Table %)
All the 14 samPIes arboured mlcr_oorlganlsm_s. The 83
isolates obtained from these sam{)les include Micrococcus
|uteus, Baplllus_coa?ulans, Pénicillium sp., Aspergillus niger,
B. licheniformis, Staphylococcus saprophyticus, B. alvel, B,
cereus, B. laterosporus, S. aureus, B. circulans, B
meﬁg_terlum and B. pumilus. It was observed that incidence
of Microcaccus luteus was the highest (100%) followed by
Bacillus coagulans (50%% and” Aspergillus niger and
Pénicillium sp. (35%) (Table 2). _

All the isolated microbial species were sugar and acid
tolerant (Table 2). Aspergillus niger exhibited maximum
tolerance, followed by Pénicillium sp., Bacillus laterosporus
and Staphylococcus saprophyticus. High salt and sugar
tolerances of microorganisms and osmolthllc S0Y-yeasts have
been described6 8. Among the xerophilic moulds, members
of the Aspergillus glacus group have been reported to %r_ow
on media containing 40% sucrosed. An osmophilic
bacterium, Bacillus saccharolyticus n. sp. was found to
prppa%ate In jams co,ntaln_lngz 50 to 60% sugarl) The
microbial species described inthe present investigation were
not reported earlier and thus, this becomes the first report
for their high sugar tolerance,
_ Observations On the spoilage of muramba samples
inoculated with the test organisms and their respective
controls revealed that (H none of the sterilized control samples
of muramba spoiled till the end of the year; Sn) none of the
samples with sugar concentration of 70 and 80% were spoiled
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Table 2. Percent incidence of microbial species in
muramMBA SAMPLES AND THEIR TOLERANCE TO SUCROSE AND

CITRIC ACID
Microbial species No. of samples Tolerance
positive Sucrose ~ Citric acid

(%) (%)
L wicrococcus luteus u 100) 3.0 35
2. Bacillus coagulans 7 (50 370 45
3. Pencillium 8. 1 50L 66.0 180
4, Aspergillus niger 5 (3. 780 245
5. B. licheniformis 4 (285 480 45
6. S saprophyticus 4 (285 70.0 45
1. 8. alvei 3 (214 350 15
8. B. cereus 3 (214 480 45
9 8. laterosporus 2 (143 70.0 2.0
105 aureuss 2 (143 30 45
B. circulans 1(711 30.0 30
B. megaterium 1(71 300 50
B s pumilus 1(71 300 50

Figures in parenthesis indicate % incidence.

indicating 70% as the inhibitory concentration for microbial
spoilage; (iii) all the samples boiled for 50 min did not spoil
irrespective ‘of their sugar concentration (however, these
became sticky and were not sensorily acceptable); (iv) out
of 15 unsterile uninoculated control samples, two were
spoiled; and (v) out of 60 unsterile samples inoculated with
test organisms, 14 samples were spoiled. _

The data in Table 3 indicate that the sugar tolerant fungi
namely A. niger and Pénicillium SP. could multiply and cause
spoilage in the form of unacceptable surface growth, AIthougih

acillus cereus and Staphylococcus saprophyticus could
multiply (Table z#) the apparent spoilage was in the form of
surface growth of fungi. Thus, the inoculated bacteria could
not exhibit spoilage because of overgrowth of fungi. Testing
spoilage ability in‘sterilized samples was not practicable since
traditionally, the product is not sterilized and its preservation
IS attained byr high concentration of sugar and_bomn? the
preparation. The Similarity in the count of bacteria and fungi
In 4 few of the uninoculated and inoculated samples can be
attributed to ungven distribution of native flora and post-
contamination (Table 3). _ o

Although the incidence of bacterial species in muramba
samples was. more, fungal species mainly caused surface
growth and visible spoilage. Mango fruit has native acids like

Table 1 Physical examination and chemical and microbiological analysis of muramba samples

Samples Physical Moisture Titrable Sugar No of isolates obtained
analyzed appearance (o%) acidity as citric ~ (g%) Bacteria Fungi
(N05% acid, (g%)

7 Normal 16.8-42.2 0518 1249 25 0-2
7 Spoiled* 324-633 0.2-2.2 23-39 14 0-2

The pH range was 3.5 —4.0 in both the cases
* Spoilage was in the form of surface growth or off flavour
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Table 3. Physical, chemical and microbiological status of muramba samples before and after spoilage by
EST ORGANISMS

Sugar Heating Stor_agde Inoculated with A. niger Stor_a%e Inoculated with pénicillium sp.

cone time period  woistre  Titrable  Fungal Count  PEMOY Moisture  Titrable Funaal count

(0%) mn) ) Vg iy g @) Tgw)  (adity g

(g%) (g%)

40 30 0 56.2 84 2x10° 0 5.3 6.5 2x109
40 40 0 541 81 3x10D 0 516 87 IxI09
50 30 0 407 10 2x10 1 10 431 12 2x10D
50 40 I 431 6.4 2x10" I 38 68 2X10™
60 30 il 433 82 2.6x10" 10 384 08 1x10"
60 40 il 3.3 6.2 2x102 m 34 6.2 2.7x102

The spoila%e was indicated by surface growth which was black and greenish in case of A niger and Pénicillium sp., respectively. Initial fungal counts

of these cultures were 3X1

and X106, respectively. cfu=colony forming units.

Bacteria were absent in all the cases except for the count of *7x10" and **6xlo”

Table 4. Data on other samples spoiled

Sugar Heating  Sample type Storage Moisture Titrable Microbial load (cfulg)
cone time period (9%) acidity Bacteria Fungi
() (min) (days) (%)
50 30 Uninoculated 5 40.7 10 7x10D 2x10D
(634) (13
50 30 Inoculated with 4 432 16 8x109 3x10"
S. saprophyticus (L.7xI07)
60 30 Inoculated with 8l 41 6.4 4x10D 2.3X101
Bacillus.sp. (L8X104
60 40 Uninoculated B 374 6.2 6x10" 2.7XI01:
(69.9) (L3

Figures in parentheses are the initial values, cfu = colony forming units.
The visible spoilage was black/greenish surface growth.

malic and citric acids, the acidities of which could not protect
the product from microbial spoilage because of the microbial
tolerance to acidity. As regards spoilage ability of A. niger,
although it exhibited tolerance of 78% sucrose in liquid
nutrient medium, it could not cause sBonage at 70% sulgar
content of the semi-sclid product, Dro ably because of low
moisture. The study shows that 70% sugar in muramba and
bo,llmg,the preparation for 30 min could protect it from
microbial spoilage.
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Role of Dietary Fibre from Pulses and Cereals as Hypocholesterolemic
and Hypolipidemic Agent
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Inclusion of dietary fibre from seed coat of wheat, maize, green seeded gram and soybean in hyperchoiesterolemic diet, showed
no interference with the food intake or its utilization for growth. Fibres lowered the levels of plasma as well as tissue total lipids,
cholesterol and glycerides, the effect being prominent with soybean and green seeded gram. In addition, soybean and green seeded
gram fibres appeared to be potent anti-atherogenic agents. The hypocholesterolemic action of fibre could be directly correlated
with their bile acid binding capacity and inverse relationship to water holding capacity. In general, higher was the lignin content

of fibre, better was the hypocholesterolemic effect.

A high level of plasma cholesterol, partlcula_rlz the LDL-
cholesterol has em,er(i_ed as an important risk factor in
atherosclerosis’. Scientists have, therefore, been looking for
agents which can lower the cholesterol levels to check this
disease, Though cholesterol levels can be lowered with the
use of drugs, either by |nh|b|t|n9 endogenous synthesis2 or
by lowering cholesterol absorpfion’, such an apProa,ch 5
generallx not free from side effects. The most suitable
approach would be the one involving changes in dietary
regimens. Dietary fibre from some sources is known to_lower
the lipid/cholesterol levelsd6, However, an increased intake
of refingd diet leads to low intake of dietary fibres. In the
present investigatioin, the hyﬁocholesterolemlc/hy olipidemic
action and the physical and chemical properties of fibres from
cereals and pulses have been studied.

Materials and Methods

Fibre was isolated from the seed coat of cereals, &wheat
and maize) and pulses (green seeded gram (Cicer arietinum)
and soybean) according to the method of Eastwood and
Mitchell7. These fibres were analysed for cellulose§ neutral
detergent fibre (NDF), acid detergent fibre (ADF), lignin
and ashlL Their water holding capacity and bile acid
adsorPtlon,were also_ determingdd. .
~ Male albino rats (Wistar strain), 5-6 weeks old, were divided
into five groups of six animals each. Rats were given
querchplesterolemlc diets containing (¢/100 g diet) 64 starch,

) casein, 10 refined groundnut oll, "1 cholesterol, 4 salt
mixture", 1 vitamin mixtureRand 5 fibre or cellulose for
control group. The rats were sacrificed after 4 weeks of
feeding. "Blood and different organs were removed for

*Department of Microbiology

analysis. Total lipids”, phospholipids¥ free fatty acids’s,
cholesterolband HDL cholesterolT were determined. Bile
acids were determined5 in the faecal mass collected on last
three days of the experiment.

Results and Discussion

Fibres from soybean and %reen seeded ?ram had higher
amounts of NDF,”ADF, cellulose, hemicellulose and Ilqmn
compared to maize and wheat fibres (Table 1) indicating that
cereal fibres have higher cell soluble components. Fibre from
wheat had maximum ash content whereas fibre from maize
had the minimum. Water holding capacity in the presence
and absence of some salts (Table 1) was found to be greater
for wheat fibre and least for ?reen seeded gram fibre. The
effect of salt varied at different concentrations and appeared
to he different for different fibres, Determination of in vitro
bile, acid binding capacity of different fibres as a function
of time showed tnat adsorption increased with time and was
maximum around 150 min of incubation (Table 2). Adsorption
was maximum for deoxycholic acid with all fibres followed
by chenodeoxy cholic” acid and cholic acid. Bile acid
adsorption was, however, more in legume fibres than cereal
fibres. Inclusion of dietary fibre from either of the sources
did not interfere with food intake or food utilization for growth
as evidenced by insignificant effect on food intake, gain in
body weight and_ food efficiency ratio (Table 3). Similarly,
intake of Tibre did not affect the organ weights.

Plasma lipid profile showed that soybean and green seeded
gram fibre fed groups had_significantly lower total lipids
Whereas rats fed cereal fibre had n0 significant effect
(Table 3). The decrease in lipids was mainly reflected in
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Table 1 Proximate comFﬁosition and water holdin

CAPACITY OF DIETARY FIBRE FROM DIFFERENT SOURC

Factor

Ash

ADF

NDF
Cellulose
Lignin
Hemicellulose

Water

NaCl
0.05M
0.IM
0.5M

KC1
0.05M
0.IM
0.5M

Wheat

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 29, SEPT/OCT 1992

Source of fibre
Maize

Proximate composition (%)

55 09 2.2
189 306 306
512 764 884
138 214 266

51 92 124
323 4538 498

Water holding capacity (g/g)

55 47 4.2
43 54 49
59 56 56
4.7 40 52
50 4.4 43
58 5C 55
52 53 41

Soyhean

Wiater holding by cellulose in all cases was 7.5-77 glg

Green
seeded gram

cholesterol and glyceride levels, Phospholipids and free fatty
acids were, however, hardly affected. Cholesterol Iowerlng
effect in plasma was maximum with soybean &43._2%) an
reen seeded gram 40.3%)] Whereas it was |east with wheat
?33.7%). and maize fibres ((12 .T%). The lowering of cholesterol
was mainly from LDL and VLDL fractions, HDL cholesterol
was not significantly affected (Table 3). Fibre from soybean
|owered the total hepatic and cardiac I|P|ds significantly. The

3%-% lowering effect was relatively less with other fibre sources
840 Table 4). Cholesterol to phospholipids ratio was significantly
252 OW in groups receiving soybean or green seeded giram fiore.
109 Average bile acid excretion/day or per %ra_m faecal mass was
479 higher in fibre fed groups, the effect being prominent and
%;gmflc(grntb lonI)é in case of green seeded gram and soybean
ibres (Table 4).

3 Since the ratio of HDL to total cholesterol is inversely
13 related to the development of atherosclerosis'§ hlgher ratio
17 observed with fibre from soybean and green Seeded gi[am
37 Rroved their anti-atherogenic potential. The source of ibre
as earlier been reported to be the maéor determinant of

36 hypocholesterolemic response® The decreases in lipid
45 contents of the tissues (heart and liver) were prominent with
36 legume fibres and are in agreement with the observations of

Leelamma et alZ) Better hypocholesterolemic action in

Table 2 Bile acid adsorption 4 by different fibres as a function of time

Time
(min) Deoxycholic acid
w M S GSG
3 398 40.2 84 502
60 402 428 50.2 522
90 20 45 540 5.0
150 42 80 59.0 580
240 430 472 585 %81
300 430 470 58.3 58.0

W

302
324
348
400
30
30

W=Wheat, M=Maize, S=Soybean, GSG=Green seeded gram

Bile acid

Chenodeoxycholic acid Cholic acid

M S GG W M S GSG
382 3.2 404 240 22 280 296
40.2 46.2 482 291 2.0 30.2 322
390 484 50.0 324 302 21 332
376 5.0 54.2 384 365 346 40.2
3.0 55.2 5.1 378 36.0 1 412
36.0 5.0 540 312 36.0 30 410

Table 3 Effect of different fibres on food intake, gain in body weight and plasma lipid profile in rats

Factor Cellulose
(Control)
Food intake (g) 228+1.6
Gain in body Wt (g) 418+38
Total lipids 920+104.2
Total cholesterol 1980+ 26.4
Phospholipids 265+35.4
Free fatty acids 5H5+21
Glycerides 132+48.6
Cholesterol (HDL( 47.246.1
Cholesterol (LDL+VLDL)" 149.6+19.4
Values are mean+SD, n=6,ap < 001  bp < 005

Fibre source

Wheat Maize Soyhean Green
seeded gram
230+20 01+ 0 219+21 246+17
30.7+4.6 36.7+4.2 36.3+3.3 38.7+4.4
Lipid profile of plasma (mg/L00 ml)
816+96.9b 885+99.3 684 +82.1 615+73.8"
1312+ BT 1430+16.9° 1125+ 143" 1182+ 132
282420.7 262+234 286+26.7 290+278
22.3+1.8 22.6+2.6 19.9+2.7 240432
381.1+424 4588+333 2718.0+27.2¢ 183.0+24.1¢
40.9+79 432+33 459+46.7 42.6+3.4
92.0+14.7¢ 092+ 79 65.7+85" 726+19"
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Table 4. Effect of dietary fibres on lipid profile of liver, heart and faecal bile acid excretion

Factor Fibre source
Cellulose Wheat Maize Soybean Green
(Control) seeded gram
Hepatic lipids profile (mg/g)
Total lipids 124+12.0 103+ 1050 98.7475" 68.5+2" 72.646.5’
Cholesterol 25.042.3 18.8+2.0" 14.7+2.0" 9.8+ 16" 117+2.1"
Phospholipids 135+ 15 12.0+16 145+ 18 164+ 14 153+19
Free fatty acids 14.0+13 125408 123+12 16.5+2.9 25.0+3.8
Glycerides 70.9+9.4 60.0+7.3b 576+8.1b 250+38° 29.0+4.2’
Heart lipid profile (mg/g)
Total lipids 53.19+6.38 50.6+6.33 50.35+5.54 40,00 +0.80* 4102458
Cholesterol 2.33+0.28 1.75+0.21° 1.44+0.15" 1.06+0.13 1.28+0.16
Phospholipids 1329+ 159 1315+ 153 132+ 132 1235+ 160 12.39+ 161
Free fatty acids 1458+ 174 14.25+ 156 1428+ 148 1398+ 18 1406+ 1%
Glycerides 22.99+2.75 21.53+2.50 241+2.30 1261+ 164 1329+ 186
Faecal bile acid excretion
Bile acid* (mg/24 h) 1.82+0.42 2.2140.38b 2.15+0.29 2.90+0.41" 3.12+0.43'
Bile acid* (mg/q faecal matter) 1456+1.34 178+ 11 16.9+2.19 216+ 386" 34.6M.74
Values are mean +SD, n=6, ‘Expressed as cholic acid, ‘P<0.01 P 0.05

fibres with higher lignin content observed was also reported
for fibres from other sourcesb. The higher hypocholestero-
lemic action of qu,ume fibres could be due to increased
cholesterol catabolism to bile acids and/or decreased
cholesterol and bile acid absorption5 which in tumn,
appeared to be due to better bile acid adsorption b{ these
fibres. Thus, the fibres shift the dynamic equﬂybnum owards
catabolism resulting inhypocholesterolemic effect. In
conclusion, fibres from legumes proved better hypochole-
sterolemic/hypolipidemic “and anti-atherogenic agents
compared to fibres from cereals.
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Lime Cooking of Grains

K. Kulshrestha, D. P. Mishra*and G. S. Chauhan™®

G. B. Pant Universi

DePartment of Food and Nutrition, ,
y of Agriculture and Technology, Pantnagar, India.
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Physical and chemical characteristics of maize flour cooked with lime water (LHT), water (HT) and raw (UT) were studied. LHT
afforded the finest flour among the three treatments as reflected by the optimum water absorption and the particle size index (PSL).
Water absorption capacity of maize flour increased significantly after LHT. The alpha-amylase susceptibility was highest in l:me
treated flour. The contents of total ash and crude protein of maize flour increased whereas those of crude fibre, fat and carbohydrates

decreased after lime as well as heat treatments.

Maize (Zea mays L.) is a hard grain which cannot be
ground finely and the flour obtained lacks %Iuteneous
material'. The dpugih, therefore, is easnz disrupted during
handling and difficult to roll into a good cf alpatl. The coarser
outer husk is reported to be resPonsme for the poor
acceptability of maize2 The present study was undertaken
to evaluate & lime treatment (Nixtamalization) ﬁrocess which
Is being practised in Mexico, Central and South America for
the preparation of flour for tortilla3 The process has_been
re tohrte(fjI t0 |£r1prove the physical and chemical characteristics
of the flour4.

Materials and Methods

Maize varieties VL-16" VL-AT, and VL-42’ were obtained
from Vivekanand Parvatiya Krishi Anusandhan Shala, Almora
while ‘D 823’ ‘D "and ‘D 77T were from G.B. Pant
University of Agriculture and Technology, Pantnagar.

Preparation offlour: Each _mmzeyaneras cleaned freg
of any foreign material and divided into three lots. Out of
these, one was marked as control and the second was cooked
in double the amount of water (wfv) at 85°C for 45 min,
steeped for 14h, drained and dried at 55°C for 24 h fHT).
The third lot was_similarly cooked with the lime solution
(0.5%) after steeping for 14 h (LHT?. Al the samples were
ground to flour n & laboratory mill (FN 3100, US.A.).

Physical characteristics of maize grain:  Hardness was
determined as force required to break a grain when pressed
under Kiya grain hardness tester (Seisa Kusho Ltd., Japan)
and expressed as kg/grain. Density of the grain ‘was

- Department of Biochemistry
# + Department of Food Science and Technology

determined according to water displacement method.
Thousand grain weight was determined as described by
Jackson et al.s for maize. Vitreousness of the grain wes
reported depending on the translucency or capacity of the
grains when seen In bright sunlight.

Physical characteristics offlour:  Colour of the flour was
compared with Munsell soil colour charts and the matchlng
hue value and chroma were recorded. D,ensng Was determine
by measuring the volume of known w_elght (50 ) sample and
expressed as g/ml. The particle size index (PSI) of the flour
samples was determined according to the method of Bedolla
and Rooney4 by sieving 10 g flour in a series of 60 (250
(m), 70 (&L |xm1 and 80 (177 Mm) mesh standard sieves
using six metal balls of 1cm diameter as bouncers for each
sieve. The sieves were shaken for 15min in a ro-tap type sieve
shaker, weights of the sample over 60, 70, 80 and' through
80 mesh sieves were recorded. PSI was calculated as:

PSI = (0.12) er cent on 60 mesh) + (04 %oer cent on 70
Enoesh) Jﬁ)(' (per cent on 80 mesh) + (1.0) (per cent on
mesh).

The optimum water uptake (OWU) was determined
according to the method of Anderson et al.6. Water
absorption_ capacity (\NACT) was determined according to
ultra-centrifuge method of Preston and Tipples7 and was
expressed as per cent water absorption on 14% moisture basis.

Chemical analysis: - The proximate composition including
moisture, protein, ash, fat and crude fibre of different flour
samﬁles was estimated according to_standard AACC
methods8 Damaged starch was determined according to
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Table L Characteristics of the maize varieties

Variety Hardness Density Thousand
(Kg/grain) (g/cc) kernel wt (g)
VL-16 296 12 233
VL-41 A7 12 27
VL-42 A7 12 286
D41 216 12 228
D-823 5.2 12 254
D-771 304 12 22
Mean 210 12 243
CD at 1% 29 0.045 1810
SEM 0.76 0012 4,65

All values are averages of six replicates.

Table 2.

Physical characteristics, optimum water uptake (0w

OF UNTREATED, (UT) HEAT TREATED (HT) AND LI

ROM LIME COOKED GRAINS 285
parameters were calculated from the data so obtained™, All
statistical analysis were done in Micro-32 computer
(E.C.I.L.). All the values are averages of triplicate unless
otherwise stated.

Results and Discussion

Physical characteristics ofgrains:  The results of the grain
characteristics of the maize varieties, presented in Table 1,
reveal that varieties ‘VL-41" ‘VL-42" and ‘D 823 could be
classified as soft, while varieties ‘VL-16", D 741 and ‘D 771’
were hard. All varieties were vitreous. According to the
thousand kernel weight, variety, 'V L-42" had the largest grain
size and ‘D 771" the smallest.

Particle size index and water absorption:  The data on PSI
of the flours (Table 2) indicate a significant reduction in the

(wac) of flours

U) and water absorption capacity
(LHT) maize varieties

E HIQAT TREATED

Particle size index (PSI) Density (g/cc) OWU (%) WAC (%)

ut HT  LHT ut HT  LHT uT HT  LHT ut HT  LHT
VL-16 27 401 4.7 0.5 05 06 80 1050 133 943 1459 W17
VL-41 B0 402 437 05 06 07 850 9%.7 mwo 982 184 1%6
VL-42 39 37 404 06 07 07 50 %0 10 80 N1 1636
D41 a9 344 364 06 07 07 707 100 100 840 101 1445
D-823 356 30 382 06 06 07 720 007 133 803 1003 1468
D-171 5.3 a7 340 07 07 07 10 1023 my 99 161 1%2
Mean 329 3.9 39 057 064 0.68f 764 1001 m4 86 B0 1%T7
CD at % 207 41 359 00069 00049 00012 13 0.93 173 569 540 1A
SEM 0.54 038 093 019 013 02 0% 05 061 197 140 34
AACC method with slight modification in the estimation of Table 3. Damaged starch (%) content of untreated

maltose equivalent which was determined according to the
procedure of Bernfeld9.

Statistical analysis: The observations of each characteristics
were subjected to analysis of variance (ANOVA) on a
completely randomized experimental design. The least
significant difference was used to test the significant difference
between the means. Correlation coefficients between various
particle size of flours on LHT in all the varieties. The particle
size of the flour was found to be correlated with grain
hardness". The reduction in particle size of the flour on
LHT or HT may be due to increase in porosity of the
endosperm, thereby reducing the hardness of the grain.
Varietal differences in particle size were attributed to the type
of endosperm i.e. soft or corneous endosperm causing the
variations in the grain hardness, which is based on the ratio
of starch to protein in the flour2 The water ahsorption
indices increased significantly in HT as well as LHT and the
magnitude was greater in LHT. The increase in water
absorption indices may be due to the higher content of enzyme
susceptible starch13

Chemical analysis:  From the results of Table 3, it can be
seen that both the treatments resulted in higher damage of
starch in flour. However, the magnitude of increase was

H

S AND LIME HEAT TREATED
DIFF

ERENT MAIZE VARIETIES
Damaged starch (%)

(UT), HEAT TREATED
(LHT) FLOUR OF

uT HT LHT
VL-16 420 730 94.0
VL-41 58.6 675 724
VL-42 400 62.5 712
D41 514 69.4 912
D-823 59.0 821 90.5
D-771 59.0 712 813
Mean 5.7 719 84.5
CD at 1% 3.09 2.19 535
SEM 0.80 057 139

greater in LHT as compared to that in UT. This supports the
data on water absorption indices. The varietal variations may
be due to the hardness of the grain.
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Nitrogen Solubility of Raw and Autoclaved Faba Bean Flour
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Nitrogen solubilities of raw and autoclaved faba bean flour, over 1-13 pH range and in three dispersion media (water, 0.1 M NaCl

and L0 M NaCl). indicated increase below and above the isoelectric pH (4.4). Higher salt concentration reduced nitrogen solubility.
Analysis showed that pH is the primary determinant of nitrogen solubility.

The functional properties of legumes and oilseeds have
specific food applications. Nitrogen solubility, one of the
important functional properties of proteins, determines the
behaviour of other functional properties in a particular food
system1-2. Therefore, the nitrogen solubility of raw and
autoclaved faba bean flour in various dispersion media was
studied to predict its relationship with other functional
properties.

Materials and Methods

Faba bean (Viciafaha) variety (‘JV-1') was obtained from
the Department of Plant Breeding and Genetics, J. N. Krishi
Vishwa Vidyalaya, Jabalpur. Cleaned seeds (10.5% d.b.
moisture content) were ground, passed through a 40 mesh
sieve and packed in polyethylene bags. A portion of raw faba
bean flour was autoclaved at 121°C (103422 N/nT) for 10, 20
and 30 min and packed separately in polyethylene bags. The
proximate composition of the sample was determined by
standard procedure3. Nitrogen solubility of both raw flour
(RF) and autoclaved flour (AUF) in various dispersion media
was determined by a modified method of Betschartd. A 2 g

Corresponding author.

sample was weighed directly into a conical flask and dispersed
with either distilled water or 0.1 M (low salt) or 1.0 M NaCl
(high salt) solution. The dispersion media were adjusted to
different pH levels (1.0-13.0) with either 1N NaOH or HCL.
In an another set of experiments, the dispersion medium was
adjusted to 2.0, 4.4 and 9.0 pH levels, shaken in Incu-Shaker
for 30 min and centrifuged at 1000 X g for 20 min. Duplicate
aliquots of the supernatant were analyzed for nitrogen by
Kjeldhal method. Solubility (%) was calculated as the ratio
of total nitrogen in the supernatant to total nitrogen in the
sample.

Results and Discussion

The nitrogen solubility profiles of the RF and AUF as
functions of pH, ionic strength and salt concentration are
shown in Fig 1, 2 and 3. Both RF and AUF samples showed
minimum solubility at pH 4.4 (isoelectric pH) and maximum
on both sides of the isoelectric pH (Fig. 1). The nature of
the nitrogen solubility curve of raw faba bean flour resembles
that of moth bean flour>.
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Effect of autoclaving on nitrogen solubility:  In general,
nitrogen solubility of AUF sample decreased which may be
due to protein denaturation. At pH 100, there was a substantial
decrease in nitrogen solubility of AUF as compared to the
raw flour. Maximum decrease in nitrogen solubility was
observed in 30 min autoclaved sample (Fig 2). Similarly at
pH 1.0, significant decreases in nitrogen solubilities were
observed ( 50%) in all the autoclaved samples. McWatters
and Holmes6 reported a reduction in nitrogen solubility
from 98 to 57% for soyflour and from 91 to 83% for peanut
flour at pH 8.0 when the flours were moist heated for 10 min.
Similarly, nitrogen solubility of winged bean flour reduced
from 95 to 60% at pH 107.

Effect ofsalt concentration on nitrogen solubilities:  Both
low and high salt concentrations of NaCl in dispersion media
decreased the solubility at all the pH levels, when compared
with water as dispersion medium. However, reduction in

©
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nitrogen solubility was more in the dispersion medium
containing 1.0 M NaCl (high salt).

No shift in isoelectric pH was observed in the AUF sample
and dispersion medium containing salt. The decrease in
solubility by salt may be due to salting-out effect on the
complex protein system . _

Effect of calcium chloride (ionic strength) on nitrogen
solubility:  Nitrogen solubility of the RF and AUF samples
increased at ionic strength of 0.2 to 0.4 and then decreased
with further increase in ionic strength (Fig. 3). At pH 4.4,
however, the solubility increased with an increase in the ionic
strength, possibly due to salting-in effect. The decrease in
solubility beyond the ionic strength of 0.6 at pH 2.0 and 12.0
may be due to salting-out effect.

It was observed that nitrogen solubility was highly
influenced by change in pH and salt concentration. Therefore,
multiple regression model was developed to predict the
variation of regression of dependent variables on independent
variables (Table 1). The significant regression coefficient of
salt concentration which was negative indicated that increase
in salt concentration would decrease the nitrogen solubility,
while the regression coefficient for pH showed the reverse
effect on nitrogen solubility. Hermansson and Akesson
found good correlation, using simple linear models, and
concluded that functional properties could be used as reliable

0-2 1-0
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Table 1. Multiple regression models for prediction of nitrcégen solubility of raw and autoclaved faba bean

FLOUR AS INFLUENCED BY pH AND SALT CONCENTRATION
Sample Dependent Independent Regression Constant Correlation F Value
variable variables coefficient coefficient
Raw flour % N solubility ~ Salt concn, -8.794
(00,01 M and 10 M NaCl) 10163 0.70 1986
pH (L0 to 130) 1657
Autoclaved flour % N solubility  Salt concn.
10 min (00,01 Mand 10 M NaCl) 13122 0.75 24.43
pH (L0 to 130) 1.954
20 min % N solubility ~ Salt concn. -0.315
(00,01 Mand 10 M NaCl) 11148 0.68 193
pH (L0 to 130) 152
30 min % N solubility ~ Salt concn, -8.143
(00,01 Mand 10 M NaCl) 6.523 0.67 1853
pH (20 to 130) 1.34

indicators or predicators of protein behaviour in real food
system.

It appears, therefore, that the higher nitrogen could be
extracted from the raw faba bean flour, at both acidic and
alkaline pH ranges. Hence, it is expected that other functional
properties i.e. emulsifying, foaming, and gelation would also
be better and may find application as a protein ingredient in
the food preparation.

References

L KinsellaJ E, Functional progerties of grotein in foods, A Survey, CRC
Crit Rev Fit Sci Nutr., 1976, 1, 219,

. Official. Methods _of Analysis, Association of Analytical Chemists,

Washington, 1975,

. Betschart A A, Nitrogen solubility of alfalfa protein concentrate as

influenced by various factors, J. Fd Sci, 1974, 39, 1110

. Pawar V D and In%le U M, Effect of germination on the functional

ro%erties of mothbean (Phaseolus aconitifolius Jacg) flour, J Fd Sci

echnol, 1988, 25. 7

. McWatters E H and Holmes MR, Influence of moist heat on solubility

properties of soybean and peanut flour, J Fd Sci, 1979, 44, 774,

. Narayana K and Narasinga Rao M'S; Functional properties of raw and

heat processed winged bean flour, J Fd Sci, 1982, 47, 1534.

Hermansson A M and Akesson C, Functional properties of added protein
correlated with properties of meat systems: Effect of various
parameters, J Fd'Sci, 1975, 40, 595.

2. Bera M B and Mukherjee R K, Solubility, emulsifying and foamliEZQ

properties of rice bran protein concentrate, J. Fd Sci, 1989 54,

REVISED JOURNAL

POLISH JOURNAL OF FOOD AND NUTRITION SCIENCES
(Formerly: Acta Alimentaria Folonica)

— Promotes food and nutrition sciences

Editor-in-Chief: Adolf Horubala, Prof, dr.,
Department of Food Technology
Agricultural University,
Warsaw, Poland.

Publication Frequency: Quarterly
Publisher: Division of Food Science,
Centre for Agrotechnology and Veterinary Sciences,
Polish Academy of Sciences,
ul. J. TUwima 10,
10-718 Olsztyn 5, Poland



Studies on Prep(aréarﬁlgoa gr%arﬁké |n

J. Fd. Sei. Technol, 1992, Vol. 29, No. 5, 289-292

and Ptorage of Besan

G. K. Sharma, C. V. Madhura and S. S. Arya
Defence Food Research Laboratory, Mysore-570 Oil, India.

Received 30 July 1992; revised 8 June 1992

Preparation of besan (Bengalgram flour) burfis and their storage behaviour in various packaging materials has been reported.
Besan burfis remained acceptable for 9 and 6 months at room temperature and 37°C respectively in polyethylene and polypropylene
pouches. In paper-aluminium foil-polyethylene pouches, the burfis remained acceptable for 13and 9 months at room temperature
and 37°C, respectively. Packaging in BHA and BHT treated polyethylene film considerably reduced the rate of peroxidation during
storage due to migration of antioxidants from film to burfis. Comparatively, BHT migrated faster than BHA and the rate of peroxidation
was slower in samples packed in BHT treated film. The rate of storage deterioration was lowest at 0.33 awand both below and

above this level, the rate increased considerably.

Besan burfis, one of the most popular sweets relished all
over India, are generally prepared by mixing roasted
Bengalgram flour (besan) with sugar syrup, milk solids,
vegetable oillghee and flavours. These are also good sources
of calories and proteins. However, hardly any data on the
composition, method of preparation, shelf-life and packaging
requirement of various varieties of burfis are available,
limiting their large scale production and marketing in pre-
packaged form. Studies were, therefore, undertaken to
standardise the method of preparation, storage behaviour and
packaging requirements to provide a minimum shelf life of
one year under all weather conditions.

Materials and Methods

Preparation of Bengalgramflour:  Dehusked Bengalgram
(Cicer arietinum) dhal was ground in a commercial mill to
obtain Bengalgram flour (besan). Condensed milk (ISI No.
1166) was procured from the market and used in the
preparation of besan burfi.

Roasting of Bengalgram flour and preparation of
burfis:  One kg lots of Bengalgram flour were roasted with
0.6 kg vanaspatl (hydrogenated fat) in an aluminium pan with
continuous mixing. The final temperature of the roasts were
allowed to rise upto 140-165°C. The roasts were allowed to
cool to 115°C and condensed milk (250 g) was added and
mixed thoroughly. The mixture was again heated till the
temperature reached 120°C and allowed to cool to 100°C and
mixed with powdered sugar (1 to 1.3 kg) and cardamom (5 ).
The contents were thoroughly mixed, poured in aluminium
trays, rolled'and cut into slabs (2"'x2"). Each besan burfi
weighed 25 ¢ and four such burfis were packed in 5 in. x5 in.
pouches of polyethylene (75 & ), polypropylene (75if ), paper

(40 GSM), aluminium foil (20 m ), polyethylene (37.5u )
laminate and butylated hydroxy anisole (BHA) and butylated
hydroxy toluene (BHT) treated polyethylene film (75 u ) and
heat sealed. The pouches were stored at 37°C and at room
temperature (15-35°C).

Sensory evaluation: Initially and after every 3 months of
storage, besan burfis were given to a panel of 10 trained judges
for evaluating their quality. Taste, colour, flavour, texture and
overall acceptability were graded on a 9-point Hedonic scale
having 9 for excellent and 1 for highly disliked samples. The
product receiving a mean of 7 and above on 9 point Hedonic
scale for overall acceptability was considered acceptable and
below 7 was considered unacceptable for estimating the shelf
life of the product. .

Analysis:  Storage changes in besan burfi were monitored
by determining peroxide value (PV)L thiobarbituric acid
value (TBA)2, free fatty acids (FFA)3, total carotenoids4,
moisture, protein, fat and total sugar5. Browning intensity in
besan burfi was determined by measuring the optical density
of the alcoholic extract at 420 nm (4 g sample -+ 100 ml of
70% ethanol, shaken for 2 h). To study the effect of water
activity (aw) on the stability of besan borfi, 180 g samples
were stored for 120 days in petri dishes in desiccators
containing phosphorous pentoxide and saturated salt solutions
of magnesium chloride, sodium bromide, sodium nitrate to
obtain water activity of 0.0, 0.33, 0.57 and 0.73 respectively6.

Antioxidant content of polyethylene film was determined
according to Sharma et alol Migration of antioxidants fron,
packaging materials to burfi was monitored by determmlng
their concentration in the besan burfi after regular intervals
during storage. Extraction of the antioxidants from burfi was
carried oat by shaking 20 g samples with 50 ml hexane for
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Lh. The mixture was filtered through sintered crucible (G-4),
residue was washed twice with 20 ml aliquots of hexane and
total volume of the extract made upto 100 ml. From the
hexane extract, the antioxidants were extracted with
acetonitrile by following AOAC procedure*. Concentrations
of BHA and BHT were determined by HPLC (Shimadzu
Model LC-6A) us.ng following conditions: mobile phase:
acetonitrile-water (68:32); column: RP-18 (25 ¢cm x 4.6 mm);
flow rate: 2 ml/min: attenuation: 3; and detector: variable
wavelength detector at 277 nm.

Results and Discussion

Flavour and texture of besan burfis were influenced by the
conditions employed during roasting operation. Sensory
evaluation of large number of batches of burfis prepared from
Bengalgram flour roasted at temperatures ranging from 140°
to 165°C indicatec 160°C to be the most optimum. Also,
incorporation of condensed milk in the recipe considerably
improved the overall acceptance score of besan burfi. In the
present study, powdered sugar was directly added to the
vanaspatl-Bengalgram flour mixture as this considerably
simplified the upscaling of process. In the wet mix process
involving sugar syrup, intensive mixing was necessary at
elevated temperature and this posed considerable difficulties
in the upscaling operations. The details of the process
conditions optimised in the present study are given in the flow
sheet (Fig.l.).

The burfis prepared by this method had moisture, 1.77%,
fat, 26.28%, protein, 9.0%, total sugar, 37.41% and total
carotenoids, 1331 m g/g. Besan burfis equilibrated to 0.63,
211, 2.57 and 3.24% moisture at 0.0, 0.33, 0.57 and 0.73 aw
respectively (Fig. 2). Also, no microbial spoilage was
observed when besan burfis were stored upto 0.73 a” for 120
days at room temperature (15-35°C). The rate of peroxidation
was lowest at 0.33 a and hoth above and below this a , the

rate of peroxidation increased considerably. This is in
Bengalgram flour (L kg)

+ Vanaspati (0.6 kg)
Roasted to 160° C
Cooled t6 115°C

|-+ Condensed milk (250 g)
Roasted to 120°C

+ Sugar (I kg), cardamom
| (579), cashewnut (40 g)

cut into

Mixed, set and
2"x 2" slab

Packed aﬁh stored at room
temp and 37°C

Fig.l. Flow sheet for the preparation of Bengalgram burfi
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Fig.2. Sorption isotherm, peroxide value (PV) and free fatty acids (FFA)
of besan burfi after 4 months storage at 15-35°C.

conformity with the published literature9 as water forms
hydrogen bonds with hydroperoxides at lower aw. This
essentially prevents further generation of free radicals from
hydroperoxides and thereby lowers the overall oxidation rate.
Water also hydrates trace metal ions which are known to
catalyse autoxidation of fats. Hydration of metal ions decrease
their catalytic activity. At very high aw( > 0.70), water
enhances autoxidation due to increased mobility of the metal
catalysts and swelling of the matrix which exposes new
catalytic sites. The changes in free fatty acids (FFA) followed
the same pattern as those of peroxides suggesting increases
in FFA as a result of secondary degradation products of
hydroperoxides rather than due to hydrolysis of triglycerides.
In besan burfis, the rate of browning during storage was slow
and was appreciable only at 0.73 aw.

The effects of packaging materials on the storage changes
in PV, TBA value, FFA, carotenoids, browning intensity and
overall acceptability scores of sensory evaluation are shown
in Tables 1and 2. As expected, the rates of peroxidation as
measured by changes in PV and TBA values were related to
the oxygen permeabilities of the packaging materials. The
rate of peroxidation was highest in burfis stored in
polyethylene film and lowest in aluminium foil laminate
pouches. The changes in carotenoids and browning also
followed the same pattern indicating the role of packaging
materials in determining the overall storage changes in besan
burfis. In samples stored at 37°C, the rate of storage changes
was slightly higher. In general, the data indicate the role of
storage temperature and packaging materials in determining
the intensity of degradative changes during storage.

During storage, besan burfis remained acceptable for
9 months in PE and PP pouches at room temperature and
6 months at 37°C. In PFP pouches, these remained acceptable
for 9 months and 13 months at 37°C and room temperature
respectively.
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Table L Storage changes in besan burfi at room temperature (15-35°q in different packaging materials

Storage Packaging PV FFA.
period material (meq 02 (% oleic

(months) kg fal) acid)
0 34 0.50

3 PE 39 0.55

PP 38 0.50

PFP 36 047

6 PE 54 0.62

PP 46 0.60

PFP 39 0.56

9 PE 126 0.65

PP 13 0.63

PFP 86 0.58

B3 PE 57 0.67
PP 122 0.63

PFP 109 0.59

: TBAI Br(oc\gvggng Carotenoids Ovterg[}_t
mg malon- acceptabili
Aiehyce (Vi oty
kg sample)
0.05 0.08 133 80
0l 0.09 94 12
010 0.09 99 16
010 0.09 15 19
0l 0u 89 12
0u 010 94 12
0.10 0.09 12 14
012 012 81 10
ou 010 9.0 11
0u 0u 93 13
013 013 16 6.3
012 012 85 68
on ou 91 70

PV, Peroxide value; FFA, Free fatty acids; TBA, Thiobarbituric acid value. PE, Polyethyleng; PP, Polypropylene; PFP, Pafer-aluminium foil-polgethylene

aminate. Maximum variations in PV, FFA, TBA, brownin(r;, carotenoids and overall acceptability score were 001 to 0.11, 0.00 to 0.0, 0.00 to

t0 001, 0.00 to 0.01, 0.06 to 0.30 and 0.1 to 0.5 respectively.

Table 2.

Storage Packaging PV FFA
period material (meq OJ (% oleic
(months) kg fat) acid
0 34 0.50

3 PE 56 0.57
PP 53 051

PFP 50 0.50

6 PE 91 0.62
PP 80 0.62

PFP 11 0.60

9 PB 140 0.80
PP 21 07L

PFP i 0.70

B PE 197 0.90
PP 144 078

PFP 128 0

68
PV, Peroxide value; FFA, Free fatty acids; TBA, Thiobarbituric acid value. PE, Polyethylene; PP, Polypropylene; PFP, Pager-aluminium foiI-poIgetherne
laminate. Maximum variations in PV, FFA, TBA, browning, carotenoids and overall acceptability score were 0.01 to 0.15, to

t0 0.01, 001 to 0.12 and 0.1 to 0.7 respectively.

Since peroxidation of fats is the major cause of storage
deterioration in stored besan burfis, the effect of incorporating
antioxidants (BHA and BHT) in the polyethylene film and
their effect on the storage stability of burfis when packed in
antioxidant treated film pouches were investigated.
Incorporation of BHA and BHT in the polyethylene film
significantly reduced the rate of peroxidation in besan burfis
both at room temperature and 37°C (Table 3). The reduction
in the rate of peroxidation in burfis stored in antioxidant

01, 0.00

Storage changes in besan burfi at 37°c in different packaging materials

TBA Browning Carotenoids Overall

(mg malon- (OD) ( Pglo) acceptability

aldehyde/

kg sample)
0.05 0.08 133 80
0.0 0.0 93 10
ou 0.09 96 14
0u 0.09 i1 18
012 0u 92 10
0u 0l 94 11
0u 0.10 108 76
013 013 12 6.5
0l 012 80 6.3
0.12 0u 89 12
015 0.16 11 6.1
013 0.14 13 6.4

012 0.12 81

0.00 to 0.01, 0.00t0 0.0, 0.00

treated films was mainly brought about by the migration of
antioxidants from film to burfis (Table 3) during storage. Also,
BHT migrated faster than BHA and the rate of peroxidation
was also slower in BHT treated film than BHA treated film.
In both the cases, the rate of migration was considerably
higher at 37°C than at room temperature. The concentration
of antioxidants in burfis when stored in antioxidant treated
films increased upto 3 months at 37°C and upto 6 months
at room temperature. During subsequent storage, the
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Table 3. Changes in antioxidant concentration in bfsan burfis on storage when packed in treated and

UNTREATED POLYETHYLENE FILM

Storage Storage Packaging Concn of anti-
period tenp. material oxidant in burfis
(months) (°C§ ( P-glg)
0 ; )
: el o (BHA 28
em .
: PE EBHT§ 264
3 PE
PE (BHA 5.1
PE (BHT 821
: ool o (BHA %8
tem .
d PE EBHT? 21
37 PE :
PE (BHA 382
PE EBHTf 601
; e o (BHA 01
en ,
: PE EBHT} 201
3 PE .
PE (BHA 29.2
PF (BHT 538

Peroxide Thiobarbituric acid
value (megq O/ (mg malonaldehyde/

kg fat) kg sample)
40 0.05
42 010
40 0.08
37 0.09
69 0u
54 0.09
47 0.08
92 012
6.0 010
69 0.09
100 013
76 0u
6.3 0.2
126 012
80 010
8 0.10
140 0.14
9.2 013
86 0.12

Initial concentration of BHT in PE - 0.97%: Initial concentration of BHA in PE - 0.51%; The maximum variation in PV and TBA values were 0.01

to 013 and 0.0 to 0.01, respectively.

concentration of antioxidants tended to decrease. This may
have resulted due to the reaction of antioxidants with free
radicals and hydroperoxides in the stored burfis.
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Whole wheat flour breads based on straight dough, sponge and dough and mechanical dough development methods were prepared.
The specific loaf volume of bread from sponge and dough method was highest (2.44 cclg) followed by straight dough method (2.3
cclg) and mechanical dough method (2.13 cc/g). The effect of different methods on the crumb texture of bread was distinct. The
crumb texture was very soft, soft and slightly hard for breads by sponge and dough, straight dough and mechanical dough development
methods, respectively. The results indicated that sponge and dough method was better suited than straight dough and mechanical
dough development methods. However, the breads from different methods possessed wholesome typical wheaty taste.

The production of wheat (Triticum aestivum) in India is
about 54 million tonnes'. Presently, there are about 600
roller flour mills which process 10% of the wheat produced
into flour, semolina, resultant atta and bran. The disc mills,
numbering about 3,00,000 in the country process about 80%
of wheat into whole wheat flour (atta) which is used for
making chapati, parotta and puri. Whole wheat flour can
be an alternate raw material for manufacturing breads.
Moreover, whole wheat flour bread may find ready
acceptance as it offers better nutrition and familiar wholesome
wheat taste to the consumers. Such an utilization may prove
useful as the popularity of the bakery products has increased
in recent years due to their cost competitiveness, ready
availability, good taste, texture profile and shelf life.

Rogers and Hoseney?2 studied the problems associated
with producing whole wheat flour bread. Lai et als
reported that a good quality whole wheat bread could be
produced using the highest absorption possible. The results
of the studies on the effects of different bread making methods
on the quality of whole wheat flour bread are presented in
this paper.

Materials and Methods

Wheat milling: A commerical wheat (Triticum aestivum)
was procured from local market and milled into whole wheat
flour in @ hammer mill (Model: Apex).

Chemical characteristics: Moisture, total ash, acid
insoluble ash, Hagberg’s falling number, diastatic activity and
damaged starch were determined according to AACC
proceduresd. Particle size distribution of whole wheat flour
sample was carried out in Buhier plan sifter (Type MC 41KS)
using 200 g flour sample. The overtailings on each sieve were
weighed after running the sifter for 10 min and the
percentages were calculated. Crude protein (Nx5.7) was
determined by the micro-Kjeldahl method.

Rheological characteristics:  Dough properties of whole
wheat flour were studied using the farinograph, extensograph,
amylograph and mixograph according to standard AACC
proceduresd.

Dough raising capacity ofwhole wheatflour with different
levels ofsugar:  Dough raising capacity of whole wheat flour
with sugar levels of 1.0, 2.5, 5.0, 7.5 and 10.0% was studied
according to ISI procedureb.

Straight dough method: Whole wheat flour bread based
on remix procedure of Irvine and McMullan6 was prepared
with reduced fermentation and proof times of 120 and 25 min
for the dough instead of 165 and 55 min, respectively. The
ingredients used for 100 g flour were yeast, 2.0; malt, 0.5;
yeast food, 0.1; potassium bromate, 15 ppm; sugar, 2.5; salt,
1.0; and water: farinograph water absorption.

Sponge and dough method: Whole wheat flour bread
using sponge and dough method was prepared according to
standard AACC procedured. However, the ingredients used
were similar to those of straight dough method.

Mechanical dough development method: The breads were
prepared using similar ingredients as those in straight dough
and sponge and dough methods. The dough was mixed in
Tweedy mixer (Type N23 F-G) applying partial vacuum of
15 in. of mercury. The final dough temperature was
maintained at 28°C by using cold water. The cold water
temperature was calculated using the formula W T=3xDDT—
(FT+RT+FF) where WT=water temperature, DDT=desired
dough temperature, FT = flour temperature, RT = room
temperature and FF = friction factor of the mixer. The
friction factor of Tweedy mixer was 19.

Evaluation of breads: Whole wheat flour breads were
cooled and evaluated after 24 h by a panel of six judges.
Results and Discussion

Particle size distribution of whole wheat flour: The
particle size distribution of whole wheat flour sample
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(Table 1) indicated that maximum flour (69.5%) was retained
over 12 xx followed by 24.2% on 10 xx sieves.

Chemical characteristics: The data on chemical
characteristics of whole wheat flour are presented in Table 2.
The presence of 11.92% protein and 10.66% damaged starch
indicated that the wheat was of medium hard type. Diastatic
activity of 300 mg of maltose/10 g flour and 489 falling
number indicated low level of a -amylase activity in the flour.

Rheological characteristics: The dough characteristics
(Table 3) showed that the wheat was medium strong for bread
making based on farinograph water absorption, dough
development time, stability, valorimeter value, extensograph
and mixograph area values. The peak viscosity of 540 BU
confirms the earlier observation that the whole wheat flour
contains insufficient level of a-amylase.

Dough raising capacity ofwhole wheatflour with different
levels of sugar: The data presented in Fig. 1 indicate that
the dough raising capacity increased from 76.4 to 84.5% with
increase in the sugar level in the dough from 1to 5%. With
further increase in sugar level to 10%, the dough raising
capacity, however, decreased to 63.1% probably because the
gas production exceeded the gas retention properties of the
dough.

Effect ofdifferent bread making methods on the quality of
whole wheatflour hread: Eventhough, the ingredients used
for the preparation of breads were the same for all the three
methods, the values for specific loaf volume showed variation
(Table 4). All the breads had normal crust shape, brown crust
colour, light brown crumb colour, medium fine and uniform

Table 1 Particle size distribution of whole wheat

Sieve Opening Overtailings
(M) (%)
kY 670 03
45 480 0.5
XX 18 0.5
|Oxx 0 2.2
12xx w 69.5
15 & 10
25p 62 10
Pan - 30
Table 2. Some chhiMICAL CHARACTERISTICS* OF WHOLE
WHEAT FLOUR
Total ash (%) 154
Acid insoluble ash (%) 0.03
Protein (N x 5.7) (%) ne
Damaged starch (%) 1066
Diastatic activity (mg of maltose/10 g flour) 300.00
Falling number 489.00

- Velues expressed on 14% moisture basis.
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Table 3. Dough characteristics of whole wheat
FLOUR

Farinograph Value
Water absorption (%) _ 66
Douqh development time (min) 2
Stability (min) _ 3
Mixing tolerance index at20 min (BU) 0
Valorimeter value 4
Extensograph

Resistance to extension (BU) 580
Extensibility (mm 16
Ratio figuré. (R/ 5
Area (cm’) 83
Mixograph

Peak time (min) 2
Peak height (cm) 7
Weakening angle (°) Rl
Area (cm% 73
Amylograph

Gelatinization temp (°C) 60
Peak viscosity (AU) 540

crumb grain. The bread making method had a distinct
influence on the texture of bread. The softness improved as
the specific loaf volume of bread increased. The bread from
sponge and dough method had very soft texture in contrast
to the soft texture of bread from straight dough method. But
the bread from mechanical dough development method
showed slightly hard texture. The crumb grain score was
equal, i.e. 7, for straight dough and sponge and dough
methods as against that of 6.5 for mechanical dough

90;

80}

~
(=)

(o]
(=}

Dough raising capcity (°/)

A
b

—

10.0

20 40 60 80
Sugar (9>)
Fig. 1 Effect of addition of different levels of sugar on the dough raising
capacity of whole wheat flour.
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Table 4. Effect of three different bread makin
METHODS ON THE QUALITY OF WHOLE WHEAT FLOU%

BREAD
Specific ~ Crumb Crumb
Method loaf voi  texture grain
(cclg) score*
A 231 Soft 10
B 244 Very soft 10
C 213 Slightly 6.5
hard

A: Straight dough method
B: Sponge and dough method
C: Mechanical dough development method

* Max score-8

development method. All the breads possessed typical
wholesome wheaty taste.

There are problems associated with producing bread from
whole wheat flour since it has germ and bran in it. Galliard7
reported the presence of relatively high concentrations of low
molecular weight thiols, especially reduced glutathione, in
germ which activates proteolytic enzymes thereby causing
detrimental effect on loaf volume. Lai et af. studied the
detrimental effect of shorts, a mixture of germ, aleurone and
pericarp layers, due to the presence of glutathione-methoxyl
hydroquinone (MHQ) mixture. It was eliminated by soaking
shorts to allow the indigenous lipoxygenase to neutralize
glutathione-MHQ or by adding lipoxygenase. Lipoxygenase
oxidizes unsaturated fatty acids to form free radicals and
peroxides which; in turn, oxidize glutathione. The bread
making quality depends on gas production and gas retention.
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The low specific loafvolume of bread from whole wheat flour
was due to its poor gas retention properties. In the sponge
and dough method of bread making, major fermentation is
allowed to take place in the first part as 60% of the flour was
allowed to undergo all the stress and strain during 4 h sponge
time. After sponge fermentation, the dough is strengthened
by the addition of remaining 40% of flour to improve gas
retention properties. Also, enzyme lipoxygenase present in
germ is allowed to act on glutathione due to sufficient time
given for its action to be completed during sponge time. As
a result, better specific loaf volume of bread in sponge and
dough method was obtained when compared to that in straight
dough and mechanical dough development methods. It is
evident from the results that good quality whole wheat flour
bread can be prepared using sponge and dough method.
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Effect of potassium bromate and ascorbic acid on the dough and bread making characteristics of whole wheat flour milled in hammer,
disc, stone, and roller mills indicated that the improvement in the dough properties varied for the differently milled flours. The
breads from hammer and roller milled flours were better in quality than those from disc and stone milled flours. Improvement
in the quality of breads due to additives was higher in hammer and roller milled flours than in disc and stone milled flours.

Oxidants like potassium bromate and ascorbic acid are
generally used for improving the dough and baking
characteristics of wheat flour. Bloksma" attributed the effect
of oxidants on dough properties to tne interchange reactions
of sulphydryl and disulphide groups present in protein
network. Though ascorbic acid is a reducing agent, it exerts
the effect of an oxidising agent. The mechanism involves the
oxidation-reduction of ascorbic acid by enzymes, ascorbic
acid oxidase and dehydro ascorbic acid reductase,
respectively.24.

Whole wheat flour bread is one of the speciality products
made in a number of bakeries. The loaf volume of whole
wheat bread is substantially less, than what is expected, solely
due to dilution of gluten and presence of bran particlesb.
Eighty per cent of wheat produced in India is processed into
whole wheat flour and used mostly for the preparation of
chapati6. The whole wheat flour is produced by grinding in
disc, hammer, stone or roller mills. The quality of flours
obtained differs widely due to variation in severity of grinding.
This paper reports the effect of additives on the dough and
bread making characteristics of differently milled whole
wheat flours.

Materials and Methods

A commercial (Tnticum aestivum) wheat, from local
market, was milled into whole wheat flour in hammer, disc,
stone and roller mills separately. The quality characteristics
of these flours have already been reported7. The effect of
additives at the levels of 20 ppm of potassium bromate and
200 ppm of ascorbic acid, as permitted by Prevention of
Food Adulteration Act8 on dough and bread making
characteristics, was studied.

Rheological characteristics: Dough properties were
determined using farinograph, mixograph, and extensograph
according to standard AACC procedures9.

Bread making quality: Breads were prepared according
to remix procedure of Irvine and McMullanD with a
reduced fermentation period of 120 min for the dough instead
of 165 min. Evaluation of breads was carried out after 24
h by a panel of six judges.

Results and Discussion

Farinograph characteristics: The data (Table 1) indicate
that the whole wheat flours milled in different mills had a
maximum difference of 7.7% in water absorption. Both disc
and stone milled flours showed higher water absorption as
compared to hammer and roller milled flours. The difference
in water absorption of different flours may be attributed to
variation in severity of grinding in the mills. The improvement
in dough development by 0.5 min on the addition of potassium
bromate was seen only in disc and stone milled flours while
0.5-1.0 min increase was observed in all flours on the addition
ofascorbic acid. Dough stability of flours improved by 0.5-1.0
min with potassium bromate and 0.5-2.5 min with ascorbic
acid. With only a maximum change of 20 BU in mixing
tolerance index value, the dough consistency of different flours
was not affected with the additives. The valorimeter value,
an index of the strength of dough, increased by 2 on addition
of potassium bromate and by 2-6 with ascorbic acid for
different flours.

Mixograph characteristics: Table 2 indicates that peak
time which was 2.0-3.0 min for different flours improved by
0.5 min and 0.5-2.5 min with addition of potassium bromate
and ascorbic acid, respectively. Incorporation of additives
showed negligible effect on peak height values. Similarly,
weakening angle was unaffected except for Land 2° reduction
with the addition of ascorbic acid for hammer and roller
milled flours respectively, indicating negligible effect on the
mixing tolerance. The area values showed an increase by
1.2-2.9 cm2and 3.0-6.4 cm2 with the addition of potassium
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Table 1 Effect of additives on the farinograph characteristics of differently milled whole wheat flours

Tyﬁe of Water

mill - absorption (min)
U
C PB
Hammer 64.9 35 35
Disc 705 40 45
Stone 726 45 50
Roller 659 50 50

Dough development time

AA

40
50
5%
6.0

C

40
20
30
50

Dough stability
(min)

PB

50
2.5
45
55

Mixing tolerance Valorimeter
index at 20 min value
(BU)

AA PB AA C PB AA
45 80 80 100 58 60 60
30 V| 0 10 5 54 4
45 0 100 10 5 G 58
75 100 80 80 58 60 62

C-Control, PB-Potassium bromate (20 ppm) and AA-ascorbic acid (200 ppm)

Table 2.

Type of

m¥ﬁ C
Hammer 20
Disc 20
Stone 30
Roller 30

Peak time (min)
PB

25
2.5
35
35

AA

45
30
35
40

C

53
55
55
54

Peak height (cm)
PB

54
54
55
53

Effect of additives on the mixograph characteristics of differently milled whole wheat flours

Weakening angle() Area (cm”)
AA C PB AA C PB AA
53 0 i 9 532 5.5 596
55 i i i 484 513 548
55 0 n. D0 465 478 495
54 8 8 b 60.8 62.0 4.1

C-Control, PB-Potassium bromate (20 ppm) and AA-ascorbid acid (200 ppm)

Table3. Effectofadditiveson the extensograph characteristics of differently milled whole wheatflours

TyFe of Resistance to extension, R Extensibility, E Ratio RIE Area (cm2)
mill BU , (mm)

C PB AA C PB AA C PB AA C PB AA
Hammer 440 515 850 Ik w 87 33 44 98 712 891 1055
Disc 320 B B ik} 106 86 28 35 68 505 64.2 64.6
Stone 330 380 600 no 100 80 30 38 6.3 469 58.2 632
Roller 420 450 680 128 ik} % 33 40 12 68.7 808 85.8

C-Control, PB-Potassium bromate (20 ppm) and AA-ascorbic acid (200 ppm)

bromate and ascorbic acid, respectively, thereby indicating
improvement in the strength of the doughs.

Extensograph characteristics: The effect of additives on
dough properties was distinct as shown by the extensograph
dough characteristics (Table 3). The resistance to extension
of 320-440 BU of differently milled flours increased to
380-515 BU with potassium bromate and to 585-850 BU with
ascorbic acid. The extensibility for different flours decreased
by 10-16 mm and 27-46 mm with potassium bromate and
ascorbic acid, respectively, while the corresponding ratio
figures increased by 0.7-1.1 and 3.3-6.3. The strength of the
dough improved with the increase in area values by 11.3-13.7
cm® with potassium bromate and 14.1-28.3 cm2 with
ascorbic acid for different flours. The results indicated
improvement in the gas retention properties of the doughs
with the additives.

Bread making characteristics:  The specific loaf volume
(Table 4) was highest for hammer milled flour and lowest
for stone milled flour. The increase in specific loaf volume
varied from 0.0-0.08 ml/g and 0.03-0.34 ml/g with the addition
of potassium bromate and ascorbic acid, respectively. The

Table 4. Effect of additives on the bread makin
CHARACTERISTICS OF DIFFERENTLY MILLED WHOLE WHEA
FLOURS

Tyﬁe of  Specific loaf vol (mllg) Crumb score**
"Mooc B M Cc B M
Hammer 231 2.39 247 70 70 10
Disc 215 218 228 6.0 6.0 65
Stone 197 97 200 6.0 6.0 65
Roller 217 22 251 10 70 70
C-Control. PB-Potassium bromate (20 ppm) and AA-ascorbic acid
(200 ppm)
FMaximum-8

hammer and roller milled flours showed better response to
additives in bread making than the disc and stone milled
flours. At the permitted levels of 20 and 200 ppm of potassium
bromate and ascorbic acid respectively, the improvement
brought about by the latter in specific loaf volume for all the
flours was relatively higher. The breads from hammer and
roller milled flours were better than those from disc and stone



milled flours as judged by the higher specific loaf volume
and crumb score and crumb texture. All the breads from
different flours with and without additives had normal crust
shape, brown crust colour, light brown crumb colour and

typical wholesome wheaty taste.

It can be concluded from the results that the dough
properties of whole wheat flour milled in hammer, disc, stone
and roller mills varied and improved with the additives to
varying extents. In general, potassium bromate and ascorbic
acid improved specific loaf volume of breads made from
different flours. The breads made from hammer and roller
milled flours either with or without additives were better in

quality than those from disc and stone milled flours.
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Eight soybean varieties were used to study the quality characteristics of soy paneer. The protein content of the variety was significantly
correlated with protein content of soy milk (r= +0.92) and soy paneer (r= +0.76), respectively. However, no significant correlations
between (i) protein content of the bean and paneer yield, and (ii) protein content of the bean and its % recovery in the product
were observed. The moisture content of the product significantly influenced its porosity (r= +0.96) and shear strength (r=-0.99).
Deep-fat-frying (180°C for 8 min) substantially reduced moisture content of the product and enhanced its fat content. On sensory
qualities, paneer prepared from ‘Pb-1" variety was superior to paneer prepared from other varieties.

Many dairy analogues of acceptable quality have been
developed from soybeans. These products are becoming
increasingly popular in Western countries because of the
desire of the people to reduce their intake of fat and
cholesterol; and in developing countries because of shortage
and higher cost of milk and milk products'. Coagulation of
soy milk with salts/acids yields a soft, white gelatinous mass
with bland taste and unique body. It resembles milk paneer

Research communication No. 6393

in appearance, colour and texture. Attempts have, therefore,
been made to prepare apaneer analogue from soybean which
can serve as a substitute for milk paneer'l, Processing
conditions such as variety4, kind and concentration of
coagulant . and heat treatment6 influence the quality of
soybean coagulated products. The present investigation was,
therefore, undertaken to study the quality characteristics of
soy paneer prepared from different varieties of soybean.
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Materials and Methods

Dry, mature seeds of soybean varieties ‘PK-262" ‘PK-327’
, ‘PK=374’, "PK-386", ‘PK-416’, ‘DS-76-1-37-I\ ‘Macs-13" and
‘Pb-1" were used in this study. The beans were cleaned and
stored in air tight containers at ambient temperature (20-25°C)
until use. Whole soybean seeds (300 g) of the test variety
were soaked in tap water (1:3, w/v) for 16-18 h at room
temperature. The soak water was decanted and the hulls were
removed by hand rinsing. The washed beans were ground in
a Waring blender for 3-5 min using bean to water ratio of
1:9 (wlv). The resulting slurry was filtered using double
layered muslin cloth. Two litres of soy milk thus obtained
were used for preparing paneer according to the procedure
described by Nasim et al.3using coagulation temperature of
75°C and 2% citric acid as coagulant. The coagulum thus
obtained was pressed using 0.12 kg/crrf pressure, sliced into
blocks of appropriate size and stored at 5°C.

Standard procedures were used to determine moisture,
protein (NX6.25), fat and ash contents of the samples7.
Carbohydrates were calculated by difference, Shear strength
using shear test apparatus developed by Kulshrestha et al.s.
and porosity were determined according to the methods
described by Nasim et at. Trypsin inhibitor activity was
estimated according to the method of Kakade et at. Colour
of the samples was evaluated visually. For sensory evaluation,
soy paneer samples were cut into pieces of uniform size of
1.5x1.5X1.0 ¢cm and deep-fat-fried in hydrogenated vegetable
oil at 180°C for 8 min. A panel consisting of ten semi-trained
members from among the staff and students of the department
evaluated the samples for colour, flavour and texture on a
9-point scale, where 1 represented extreme dislike and 9

represented extreme like'0. The samples were served to the-

same panelists in random order (two replicates). The data
were analysed as per analysis of variance and correlation
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coefficients were calculated as per the procedures described
kg Snedecor and Cochranll

esults and Discussion

The characteristics of soy milk and soy paneer prepared
from different varieties are shown in Table 1 The values for
total solids and protein contents of soy milk and soy paneer
obtained in this investigation are in agreement with earlier
reports’4. The vyields of paneer prepared from different
varieties were lower than those reported for a salt coagulated
product; but were more or less same as reported for acid
coagulated product. Coagulation of soy milk with salts such
as calcium sulphate yielded a product with high moisture
content (84-88%) which consequently resulted in a greater
yield4L However, the product contained only 7-8% protein.
In contrast, acid coagulation of soy milk yielded a product
with higher protein (15-16%) and lesser moisture (74-75%)
which resulted in comparatively lower yields3. The recovery
of total solids and protein inpaneer prepared from different
varieties ranged from 40.56 to 51.82% and 55.08 to 67.65%),
respectively. Wang et al.4 have also made similar
observations for these attributes.

Table 2 shows the physical characteristics and sensory
attributes of soy paneer obtained from different varieties.
The colour of paneer samples varied from whitish to greyish
white. The ranges for porosity and shear strength for different
samples were 0.21-0.45 and 1.9-3.1 dynes/cm2x104,
respectively. Statistical analysis of the data showed that
different samples differed significantly (P< 0.05). Among
the varieties tested, paneer prepared from ‘Ph-1’ secured
highest overall score followed by ‘Macs-13 and PK-486". The
panelists recorded that paneer samples, in general, were
devoid of beany flavour. However, paneer prepared from
‘Pb-1" exhibited greater resemblance to milk paneer in colour
and texture than others.

Table 1. Characteristics of soy milk and soy paneer prepared from different varieties',

Variety Soybean Soy milk . Soy paneer .
Total Protein Total Protein Yield Total Protein
solids (%) solids (%) {%) solids (%)

(%) (%) (%)

PK-262 87.2 3.2 68 28 iV/J 91 159

PK-327 875 R 6.0 31 126 292 165

PK-374 87.2 3.2 68 32 w 295 167

PK-416 88.2 3.2 6.0 29 12 283 158

PK-486 874 3710 6.7 31 19 305 171

DS-76-1-37-1 89.5 349 6.5 28 1% 269 159

Macs-13 89.0 36.0 10 31 “ 306 173

Pb-1 89.0 390 73 34 148 ikl 176

Mean 8.1 365 6.6 30 181 294 166

D +0.9 +15 +0.5 +0.2 +103 114 107

‘Average of two determinations.
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Table 2. Physical characteristics and sensory attributes of soy paneer obtained from different varieties
Shear stren([;th Pbrosity

Variety

PK-262
PK-327
PK-374
PK-416
PK-486
DS—6-1-37-1
Macs-13
Pb-1

Moisture
(%)
70.9+0.9
708+20
705+ 16
69.6+1.0
731+ 10
694+ 19
68.9+1.3
69.3+0.1

(Dyniem” xI0J)
2.440.3 0.36+0.05
2.5+0.2 0.30+0.11
2.6+0.4 0.28+0.08
2.8+0.4 0.27+0.04
1.940.3 0.45+0.02
2.9+0.3 0.22+0.04
31405 021 +0.07
2.240.7 0.39+0.06

Colour Flavour Texture Overall

quality
6.6+0.4 58413 53+0.7 59+0.8
5.7+0.4 5.240.4 41+13 50407
5.9+0.6 5.6+0.6 44+0.9 5.340.7
5.8+0.6 55404 54+0.8 5.6+0.6
6.7+1.1 5.9+0.9 6.5+0.6 6.4+09
6.6+0,4 5.3+0.6 5.1+0.4 5.7+04
6.5+0.9 58+1.1 6.9+0.6 6.4+0.9
77403 72+0.6 7.8+03 7.640.4

The colour was whitish for varieties PK-262, PK-416, Macs-13 and Po-1 in contrast to yellowish white for PK-486 and greyish white for other varieties.

The correlation coefficients of different quality attributes
gave interesting results. The protein content of soybean was
found to be significantly correlated with protein content of
soy milk (r = +0.92) (P < 0.01), and protein content of soy

paneer{r = +0.76) (P < 0.05). A significant correlation
(P < 0.01) was also observed between protein content and

total solids of soy paneer (r = +0.89). The moisture content
of soypaneer exhibited a positive correlation with its porosity
(r= +0.96) (P < 0.01) and a negative correlation with its

shear strength (r = -0.99) (P < 0.01).

Table 3 shows quality characteristics of unfried and fried
soy paneer samples prepared by using ‘Pb-1" variety. Deep-
fat-frying substantialy reduced moisture content of paneer,
but enhanced its fat content. The increase in fat content may

be ascribed to both expulsion of moisture and absorption of

fat by the product during deep-fat-frying. Frying.of the
product also completely inactivated trypsin inhibitors and
increased its shear strength by approximately six folds and
its porosity by 1.3 fold. Upon frying, soy paneer exhibited

Table 3. Qualit
FRIED SOY PB\IEER (gB

Constituent

Colour

Moisture (%)

Protein (%)

Fat (%)

Fat in dry matter (%)
Ash (%)

Carbohydrates (%) (by diff)

Trypsin inhibitor activity
(TUlmg sample)

Shear strength (Dynes/Cm2xI04)

Porosity

Unfried
Whitish
68.9+0.4
17.6+16
4.9405
156
1.240.1
75
49409

2.240.7
0.39+0.06

characteristics of unfried and

TAINED FROM VARIETY Pb-L.

Fried

Golden brown
30.041.2
27.9+0.4
305+ 13
436

1.3+03

103

0

13.2+0.9
0.52+0.09

golden brown colour, almost identical to the fried milk
paneer. The results of this investigation indicate that varietal
differences influence quality characteristics of soy paneer.
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Soy yoghurt with improved sensory characteristics was prepared from a base that consisted of 229 soybean solids, 4% sucrose,
2% corn starch, 0.3% sodium citrate, water, and fermented with 5% active mixed starter culture (Lactobacillus bulgaricus and
Streptococcus thermophilus). Comparative sensory evaluation of cow milk yoghurt and improved soy yoghurt produced 9 point
mean Hedonic scores of 6.2 and 5.9 for overall acceptability which were insignificantly different ( a =.01). Seventy three per cent
of the respondents rejected soy yoghurt as an alternative to cow milk-based yoghurt.

Soy milk-based yoghurt (SMY) has been developed and
well described'3; but its acceptability has not been evaluated
in some parts of the world, particularly in Sub-Saharan
Africa, where consumption of cultured dairy products is not
widely popular. In some parts of the Sub-region where low
yielding dairy cows are commonly reared, yoghurt is
traditionally made by fermentation of unpasteurized defatted
cow milk by its natural flora, and it is sometimes consumed
with milled and cooked cereal, or millet. In view of
insufficient milk production in the Sub-region, itis desirable
to replace cow milk with inexpensive soy milk for yoghurt
production.

Previous work to improve SMY quality by fortification with
sucrose has been reported'4d. Other workers3 also have
attempted to improve sensory characteristics of SMY by
addition of non-fat-dry milk, whey protein concentrate,
evaporated cow milk and fructose. The use of low cost
ingredients is critical in the development of affordable and
consumer acceptable SMY for low per capita income
countries, particularly those in Africa and Asia. Inexpensive
ingredients that would lead to improvements in flavour, taste,
aroma and body/texture are needed for enhanced SMY
acceptability.

The aim of this studies was to modify soy milk base for
the preparation of soy-yoghurt with improved sensory
characteristics, utilizing conventional yoghurt starter cultures
and relatively low cost ingredients. A survey of selected
human populations in the sub-Sahara for yoghurt acceptability
also was done.

Materials and Methods

Preparation ofsoy yoghurtbase: Two hundred g soybean
(variety ‘TGX 526 02D’) was blanched in boiling solution
0f0.25% (w/v) sodium bicarbonate for 30 min, hand dehulled
and hulls removed by floatation in tap water. The cotyledons
were ground in a kitchen blender using hot water to yield

15 1 slurry which was filtered through gauze metal and
calico6. The soymilk extract was simmered for 15 min,
fortified with 4% sucrose, pasteurized in a water bath at 63°C
for 30 min to form the soy yoghurt base and stored at 512°C.
Aliquot of the base was oven-dried at 80°C to constant weight
to determine per cent solidse.

Lactic starter culture propagation: Lyophilized mixed
yoghurt starter cultures of Str. thermophilus and Lact.
bulgaricus were activated by inoculating 10 ml sterile
reconstituted low fat milk powder [15% total solids] with two
loopfuls of culture, thorough mixing and incubation at 45°C
for 24 h; 0.5 ml activated culture was separately sub-cultured
twice in 10 ml freshly sterilized soy milk (16% soy solids)
containing 1% sucrose and reconstituted low fat cow milk
(15% TS), and these were incubated at 45°C for 24 h. The
pH was measured after incubation and cultures were chilled
till further use.

Production ofsoy milk-based yoghurt:  One hundred ml
soy yoghurt base in 250 ml cotton plugged conical flasks, was
heat treated at 80°C for 30 min in a water bath. The contents
were cooled to 45°C; 5% of the fully active soy milk culture
was added and the dispersion was incubated at 45°C until
pH was reduced to 4.5 in 7 h. The resultant soy yoghurt was
pasteurized at 63°C for 30 min and stored at 5:2°C.
Conventional cow milk-based yoghurt (CMY) was similarly
prepared with reconstituted unsweetened low-fat milk powder
(15% TS), using 5% cow milk-base starter culture.

Development and sensory evaluation of improved soy
yoghurt: Moderate dislike of SMY observed in a
preliminary study has prompted the modification of the soy
base as follows: —i) increasing soy solids concentration by
separately utilizing 275 g and 413 g soybean for base
formulations, (i) addition of 0.02 and 0.04% CaCl2 to
aliquots of the base, (iii) addition of 1,2 and 3% corn starch
to the base alone, and in combination with CaCl2 and
(iv) addition 0f 0.1, 0.3 and 0.5% sodium acetate or sodium
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citrate alone and in combination with CacCl,, and corn
starch to the base formulation. All the formulations (50 ml
each) were processed for yoghurt production as described
above. Preliminary screening of all the SMY samples for
acceptable taste/flavour, body/texture, aroma and colour was
done by the authors.

Two improved SMY varieties, formulated after preliminary
screening, contained 275 g of soybean base, 4% sucrose, 2%
com starch, and 0.3% sodium acetate or sodium citrate, were
compared with CMY in a preference test7 for the above
characteristics. Hedonic scale of 1to 9 was used. Four panels
of at least 50 judges each, comprising both sexes were selected
randomly from Imo State University community.

Statistical analysis: Sensory evaluation data were
analyzed by analysis of variance. Tukey’s multiple comparison
of means was used to select yoghurt samples with superior
sensory characteristics. All methods utilized were as
described by Neter and Wasserman8, and Winer'7.

Results and Discussion

Consumer survey: All the population surveyed have not
consumed SMY before, in contrast to frequencies of CMY
consumption of 3, 22, 17 and 58% daily, occasionally, rarely
and never, respectively. Seventy three per cent of the
respondents rejected SMY as an alternative to CMY. Twelve
per cent of the total respondents were of the opinion that SMY
was nutritionally inferior to CMY, 28% expressed opposite
opinion, while 60% indicated ignorance. Thirty two per cent
of all responses to the question on the preference for one of
the two yoghurt varieties (if both were nutritionally similar)
was in the affirmative, 20% was negative and 48% was
indecisive.

Effects ofsoy solids and calcium chloride on soy yoghurt
characteristics:  Yoghurt made with 22% soy solids which
corresponded to the use of 275 ¢ of soybean for base
formulation, and contained 0.02% CaCl, was of acceptable
quality. While yognurt that contained 16% soy solids (200 g
soybean) was visibly fluid and quite undesirable, the 33%
soy solids (413 g of soybean) variety had heavy body, and
formed semi-solid mass in the presence of 0.04% CaCl2,
Non-fat-dry milk is often added to milk base for yoghurt
making to increase total solids5, improve flavour, and ensure
optimum acid production by lactic starter culture in soy
yoghurt23. Recently, whey protein concentrate has been used
as a yoghurt ingredient to improve sensory properties3.
Increasing soy solids concentration in the present study
appears to be a cost-effective substitute for added non-fat-
dry milk and whey protein concentrate to increase soy yoghurt
total solids.

All the above yoghurt samples exhibited distinct separation
of whey on top, and the cream coloured soy solids flocculated
at the bottom of the containers. Calcium chloride was added
to increase the cross linkages between soy proteinsl) Free
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whey observed in all the samples indicated that CaCl, did
not achieve the desired objective. Tofu-like gel properties
appeared to have been produced in SMY that contained 33%
soy solids and 0.04% CaCl2 A desired yoghurt gel structure
has sufficient firmness but minimal syneresisl0. High level
of CaCl, (0.04%), however, imparted mild bitterness to the
taste of the SMY samples. Generally, addition of 4% sucrose
to all the samples guaranteed acceptable sweetnessd. Chalky
mouthfeellwas prominent in samples made with 33% soy
solids, and this was undesirable. Acid production was
adequate in all the samples and a pH range of 4.5 to 4.7 was
observed after 7 h incubation period. On the basis of the
above observations, 22% soy solids and 4% sucrose were
accepted as minimum ingredient required for producing
acceptable low cost SMY.,

Effectofcom starch addition: A remarkable effect of com
starch on the characteristics of SMY was the prevention of
syneresis or inhibition of whey separation. Two per cent com
starch produced a desirable body/texture in the SMY.
Stabilizer gums were added to yoghurt base to control
viscosity, gelation and syneresis in the product3. Whey-
immobilization by gelatinized starch most probably was
responsible for the inhibition of syneresis. In addition, the
water binding capacity of soy protein gels is known10". The
sweetness produced by the addition of 4% sucrose was still
detected at all levels of starch addition.

Addition ofsodium citrate and sodium acetate: The lowest
concentration of 0.1% of each salt produced undetectable
change in flavour and aroma in the SMY; sodium citrate,
however, at 0.3 and 0.5% showed weak aroma improvement
and at 0.5 %, hoth salts produced unacceptable taste/flavour.
Overall, there was no distinctly discernible change in aroma,
consequent upon addition of these salts during preliminary
screening of the SMY samples.

Sensory evaluation ofimproved soy yoghurtand cow milk-
based yoghurt: Comparison of two improved SMY with
CMY showed insignificant differences at a = 001 for
taste/flavour and colour (Table 1). Highly significant
differences (a = 0.01), however, were observed for aroma,

Table L Comparative sensory evaluation of improved
soy milk-based and cow milk-based yoghurt

varieties®
Yoghurt Tate  Aroma  Body  Colour  Overall”
variety acceptability
Cow milk 58" 70 58 6.3" 6.2
Soy milk citrate  5.6* 53 64" 6.3" 59'h
Soy milk acetate 5.4° 54b 560 6.0 5.60

(’ Meanso\llﬁlith different superscripts in the same row are significantly different
a=

"Overall acceptability score was the weighted average of all the senosry
parameters evaluated for each yoghurt variety.
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and the two SMYY varieties showed insignificant differences.
Addition of citrate produced unexpected significant
improvement in body/texture compared to acetate containing
SMY, and CMY varieties. While CMY-and SMY-citrate
varieties were insignificantly different from each other, CMY-
and SMY-acetate showed significant ( a =0.01) differences
for overall acceptability. The panelists generally did not
indicate the existence of beany flavour in SMY varieties.
Blanching soybean in bicarbonate solution reduces beany
flavour in the resultant soymilk'. Taste improvement in
SMY varieties was enhanced by the addition of 4% sucrose
before starter inoculation. Citrates and acetates are precursors
for the synthesis of aromatic compounds in fermented dairy
products, and are both present in cow milk but probably
absent in soy milkL. Inclusion of citrate or acetate in the
improved soy yoghurt base was to enhance diacetyl
production. The use of a different starter inoculum,
Lactobacillus casei may have been partly responsible for
improved citrate utilization in imitation cream cheese resulting
in enhanced flavour as reported by Hofmann and Marshall' .
The low level of detectable aroma in the improved SMY
varieties suggests the development of new soy yoghurt starter
for diacetyl production. Aromatic substances enhance
consumer acceptability of fermented dairy products, and soy-
based dairy analogues are expected to be similarly affected.

The significantly higher mean score for body/texture of
SMY-citrate as compared to SMY-acetate and CMY (Table 1)
was quite unexpected. Possible explanation for this
discrepancy may be that interactions between citrate, corn
starch and soy proteins at acidic pH led to improved gel
development with minimal syneresis. A total of 166 male and
44 female judges evaluated the yoghurt samples, and they
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indicated mean scores of 6.0 and 5.7 which were significantly
different at a = 0.05. Interaction between sexes and yoghurt
samples were insignificant. Research is in progress to develop
anew lactic starter for soy yoghurt to ensure improved aroma
characteristics.
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Surface Response Modelling of parameters involved in single-screw extrusion of casein showed that the optimum mass feed rate
was achieved at extruder screw speed of 172-192 rpm and at feeding screw speed of 75-95 rpm. For the extrusion of a mixture of
casein and corn grits (70: 30), maximum mass feed rate was found at particle size of 0.4 mm. The mass feed rate was decreased
by above 1.2 times when extruder screw compression ratio was increased from L1 to 3.1

The feeding of the raw material to extruder has a significant
effect on the extrusion process and is mainly governed by
physical and chemical properties of the materiall . The
particle size of the material is important. For instance, corn
grits having particle sizes more than 1.2 mm can not be
processed properly in single-screw extrusion. In recent years,
processing of milk protein by extrusion cooking has assumed
industrial importance. Extrusion of casein in combination
with cereals has been reported4®. Present investigation was
undertaken to find cut (i) the dependence of the mass feed
rate of the vertical feeding screw with feed moisture, feeding
screw speed and extruder screw speed, and (ii) the effect of
the particle size of the raw material on the mass feed rate
of the feeding screw during extrusion cooking of a mixture
of casein and corn grit.

Casein (88.8% protein, 135% moisture and 11% fat)
having mean particles size 0.96 mm was used in the
experiments. A mixture of 70% casein and 30% corn
grits of 1.25, 1.0, 0.3, 0.63, 0.4 and 0.315 mm particle size
was used. Corn grits contain 13% protein, 10.3% moisture
and 2.2% fat. The mixing was done in a mixer for 10 min.
Before extrusion, the samples were moistened with distilled
water to a total moisture content of 12, 15 and 18%. A
laboratory single-screw food extruder (Brabender 20 DN
model) with a 20 mm diameter screw was used at a screw
compression ratio of 3:1. The mass feed rate of the feeding
screw was calculated based on the time required to feed 0.1 kg
of sample to extruder.

A central composite 23quadratic experimental design was
used. In the second part of the investigation, the screws with
compression ratios of 1:1, 2:1 and 3:1 were used. Extruder
screw speeds were varied between 150 and 220 rpm with
an increment of 35 rpm and that of feeding screw from 60
to 100 rpm with 20 rpm During this study, a first order
experimental design was applied. Table 1 shows the process

Table 1 Response surface model

Variables Upper  Lower  Centre interval  Star
limt —_limit ~ point paints
LI it R T R
Feed moisture B 2 5 3 +R= D9
Z (X, % o I VR R= 1
Feeding screw 120 60 90 30 +R=130
speed Z, (X)), min' (+)  (-1) 0) —R=50
Extruder screw 220 150 1% % +R=232
speed Z, (X,), min~'(+]) (-1) 0) —R=138

variables and their levels. The statistical analysis as well as
the contour maps were done with computer “Pravetz 8M ™.

An average of three measurements for each data point in
the experimental design was taken into consideration and the
results are presented in Table 2.

The following is the (at 5% significance level) equation
showing the relation between the mass feed rate of the feed
screw (Gf and the independent variables, whose real (Z)
and codded (Xp values are given in Table 1
Gk = 4.687-1.006 X,+2.36 X2+1.303 X3-0.312

X, X2+1.337 X2X3+5.24 X2+4.41 X2+ 4.89 X2 (1)

The graphical representation of equation 1 to explain the
character of the interactions is shown in Fig. L It is clear
that the mass feed rate of the feeding screw decreased both
at high or low rotational speeds of the extruder as well as
feeding screws, thus giving rise to target-shaped contour plots.
The feed moisture within the experimental area seems to have
no effect on feeding ability of feeding screw. Highest mass
rate within the experimental region occurred at extruder screw
speed of 172-192 rpm. and at feed screw speed of 75-95 rpm.

The effect of particle size of a mixture of casein and corn
grit on the mass feed rate of the feeding screw (Fig. 2.)
showed that the mass feed rate of the feeding screw was

*Present address:  Ganesh Scientific Research Foundation, 64-65 Najafgarh Road, New Delhi-110 015,

# + Department of Dairy Technology.
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Fig.l Mass feed rate of the feeding screw (Gfgkg/h) Y
screws at the function of rotational speeds of the extruder

(Zp and the feed moisture (Z* () 12%; (b) 18%.

increased with increasing its speed. But the increment was
dependent on speed and compression ratio of the extruder
screw. At the same screw compression ratio, the mass feed
rate of the feeding screw increased at higher feeding screw
speed (100 rpm) with increasing extruder screw speed. This
was not true at low feeding screw speeds (60 and 80 rmp).
The increased rotational speeds of the extruder and the feeding
screws transported more material through the extruder barrel
thereby leading to the mass feed rate increase. At the same
speed of the feeding and the extruder screws, higher screw
compression ratio reduced the mass feed rate (Fig 2), keeping
the relationship almost unchanged. The distance between the
extruder screw and the barrel decreased with higher screw
compression ratio, leading to more friction and due to that,
the material flowed through the extruder barrel with great
difficulty. Ultimately, the mass feed rate decreased. With the
increment of particle size of the raw material, the mass feed
rate of the feeding screw increased to a certain extent and
after that it started to decrease (Fig. 2). From these graphs

Table 2.Experimental design and results

. Factors Response
Trial N o . " v » Gh Kl

1 -1 -1 — 133

? -1 1 - 156
3 +1 -1 -1 12

4 +1 + -1 129

5 -1 -1 +1 129

6 -1 + + 21.2

7 +1 -1 + 116

8 +1 +] + 180

9 -R 0 0 156
10 +R 0 0 138
1 0 -R 0 90
2 0 +R 0 156
B 0 0 -R 120
“ 0 0 +R 153
5 0 0 0 Al
R=1.353
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Fig. 2 Effects of particle sizes of mixture of casein and com grits (70%
+ 30%) on the mass feed rate of the vertical feeding screw at different
feeding screw speeds:

|, 60 rpm; 2, 80 rpm; 3, 100 rpm. a1 extruder screw comgression
ratio L1 & speed 150 rmp; b, 11 & 18 rpm; ¢, 11 & 220 rpm;
d. 21 & 150rpm; e, 31 & 150 rpm

it was possible to find out optimum particle size, where the
maximum mass feed rate was achieved.

At low screw compression ratio (1:1) and at low feed screw
speed (150 and 185 rpm), the optimum particle.size of the
raw material was from 0.4 to 0.6 mm in contrast to that of
0.4 mm at high feed screw speed. When the screw
compression ratio was increased to 2:1, the maximum mass
feed rate was achieved with particle size of 0.4 mm at low
feed screw speed. It is interesting to note that the maximum
mass feed rate of the feeding screw was shifted to higher
particle size (0.6 to 0.8 mm) when the screw compression ratio
was further increased to 3:1 (Fig 2).
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Microorganisms Associated with the Fermentation of e rosopis Seeds for o giri-okpei Production
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Microorganisms associated with the fermentation of Prosopis seeds for the production of Ogiri-okpei were identified as Bacillus
subtilis, Staphylococcus aureus, Proteus mirabilis, Pseudomonas aeruginosa, Enterobacter cloacae and Lactobacillus plantarum.
The pH of the fermenting seeds dropped to 5.0 while temperature rose to 38°C at the end of fermentation.

Prosopis africanc  (Guill. and Perr.) is a leguminous shrub
which grows best n the Savanna and Sub-Saharan soils of
Northern Nigeria. The bark is used for extracting tannins,
while the ground leaves are used as local aphrodisiac and the
pods to stupefy fishl Among the Ighos of Eastern and
[galas of Northern Nigeria, the seeds are fermented to
produce Ogiri-okpei, a food condiment which imparts
pleasant aroma and flavour to soups and stews.

Various reports on the microbiology and biochemistry of
Ogiri production from different local substrates are
abouna «However, there is a paucity of information on the
production of Ogiri-okpei. In this communication, the
isolation, characterization and succession of micro-organisms
associated with Ogiri-okpei production are described.

Processing and fermentation of seeds: The traditional
method of processing was used. About 250 g of the Prosopis
africana seeds were boiled for 7 h. The cotyledons were
removed, washed with water and further boiled (30 min) with
200 ml of water until the water was completely evaporated.
On cooling, 200 g (wet weight) of the cotyledons were
wrapped in washed plantain (Musa sapientum var. paradisiaca
Linn) leaves and allowed to ferment for 96 h at room
temperature (28-30°C), with intermittent exposure (2-3 h) of
the packet to sunlight. At the end of the fermentation, the
seeds were mashed with a sterile porcelain mortar and pestle
into a paste, moulded into small balls and sun-dried to obtain
Ogiri-okpei. The pH, temperature and moisture content of
the fermenting seeds were determined daily.

Isolation and identification ofmicroorganisms: Isolation
of micro-organisms was performed as described by Odibo

Corresponding author.

and Umeh5. Duplicate samples (1 g) of the fermenting seeds
were removed daily from the packet, mashed into a paste with
a sterile mortar and pestle for determination of the microbial
flora and succession by dilutions with sterile distilled water.
Isolations were made in duplicate on petri dishes of nutrient
agar, Rogosa agar and Sabouraud dextrose agar (all Oxoid
formulations), containing 0.05 mg/ml of chloramphenicol,
using the drop method6. One set of the petri dishes was
incubated aerobically at 28°C for 24-48 h, and the other was
incubated under an atmosphere of hydrogen at 28°C for 72 h.
Representative colonies of microorganisms were purified on
fresh media on which they were isolated and stored on agar
slopes at 4°C prior to characterization. The isolates were
characterized following the methods outlined by Collins and
Lyne6 and identified following the description of Bergey’s
Manual of Systematic Bacteriology78 Fermentation of
sugars by the isolates was tested using Andrade peptone water
(Oxoid CM 61) as a basal medium in which acid production
within 48 h indicated positive result. Proteolytic activity of
the isolates was tested by gelatin liquefaction6 while Tween
80 was used to assess lipolysis9.

The bacteria of the species Bacillus subtilis, Staphylococcus
aureus, Pseudomonas aeruginosa, Proteus mirabilis,
Enterobacter cloacae and Lactobacillus plantarum were
recovered from the aerobic plates, while Staph, aureus, P.
mirabilis, E. cloacae and L. platarum were found in the
anaerobic plates. A similar microbial spectrum was isolated
by Odunfa3, and Odibo and Umeh5 from water melon
(Citrullus vulgaris Schrad) and fluted pumpkin (Telfairia
occidentalis Hook) seeds, respectively, for Ogiri production.
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Furthermore, examination of samples of Ogiri-okpei
purchased from local market gave a similar flora in addition
to the presence of Pediococcus sp, Escherichia coli and
Streptococcus faecalis. The isolation of E. coli and Strep,
faecalis from the market samples is an index of poor sanitary
handling of the food condiment by the sellers. It is, however,
expected that the high heat treatment subjected to Ogiri-okpei
during cooking will destory the micro-organisms ana possibly
the toxins elaborated in the condiment.

The succession of bacteria in the fermenting Prosopis seeds
Is shown in Fig.l. B. subtilis was the only organism isolated
at0 hfollowed by S. aureus, E. cloacae and Ps. aeruginosa

Number of organisms(log,q)/ml
- N W 0 O 3 o W

3
Period(days)

Fig. 1. Succession of micro-organisms during fermentation of Prosopis seeds.
Bacillus subtilis —O— Staphylococcus areus —® —; Pseudomonas

aeruginosa, - A Proteus mirabilis,- g|  Lactobacillus
plantarutn, - A.  Enterobacter cloacae, —1 1—
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which appeared after 24 h. Other organisms appeared after
48 h of fermentation and persisted throughout the
fermentation. The non-occurrence of the other isolates except
B. subtilis at 0 h showed that the vegetative cells were
destroyed during boiling, but reappeared from the leaves used
in wrapping the seeds or from the air5. The pH of the
fermenting seeds feel from 6.3 (0 h) to 5.0 (96 h) while the
temperature (32-38°C) and moisture content (30.2-39.9 %)
increased. The proliferation of L. plantarutn could account
for the fall in pH and subsequent decrease in the counts of
the other isolates towards the end of the fermentation. Some
of the isolates were either proteolytic or lipolytic or both.
The proteolytic and lipolytic activities of these isolates might
be responsible for the aroma and flavour of Ogiri-Okpei.
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Hygienic Quality of Rohu Fish (tabeo ronita) Sold in Ranchi Town
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The gills of Rohu fish (Labeo rohita) had higher bacterial load and faecal contamination indicative microorganisms followed by
skin and muscles. On an average, Rohu fish sold was found to be of poor hygienic quality.

It Is desirable to determine the hygienic quality of fishes
as sold Inthe market to safe?uard consumer’s health. In India,
uality control of fish and |sherz products appears to be in
the Infancy as ittle work has been done On fresh water
fish12 This study was undertaken to, determine the hygienic
quality of Rohu marketed in Ranchi, Indja. .~
Thirty Rohy fishes were collected aseptically in sterilized
olythene packets over a period of about 5 months (June to
overnber 1989) from different markets of Ranchi town, iced
and brought to Taboratory in a thermos flask. Total viable
counts (TVC) and other Bacterial counts per cmo of skin and
per gram of muscle and gills were enumerated as per the
recommended procedurés3 Standard plate agar, Mac
Conkey’s a?ar, lanetz and Bartley’s agar and e%g yolk free
tryptose sulphite cycloserine agar were Used for total viable
coliform, faecal streptococeal and sulphite reducmg clostricial
counts, respectively. Total viable count was detérmined by
Pour plate method while surface spreadlng method was Used
0 count coliform and faecal streptocacei. The sulphite
reducing clostridial count wes determined by pouring 10:15 ml
of moltén eqg yolk free tryptose sulphite c_¥closer|_ne agar into
sterile tubeS \iith .0 ml inoculum of suitable dilutions and
placing at 37°C in water bath. Black colonies were counted
after an incubation of 24+1 h. The counts were expressed

in logo scale.

Tﬂg diﬁc‘erent bacterial counts per gram of muscle (Table 1)

were higher than the standars sug ested by Shewars viz.,
i>5.0000, Coliform > 23010, E. coli f 2.0000 and

Staph, aureus > 20000 per gram 1“09'0 scale?) at 35°C for

fish and fishery products jn UK. Thi

subsequent hanaling/storage, Higher TVC than those observed
by Nair and Nairs on fréshl caught Labeo, rohita and L.
calbasu_from Krishnarajendra Sagar reservoir might be oue
to the fact that fishes in the market are not fresh and get
surface contaminated during harvesting, transportation and

m|ght e hecause of
differences in the type of fish, methods Of harvesting and

Table 1 Counts of mesophiles and indicator

ORGANISMS (LOG" SCALE).
. Sulphite
TVC Coliform Faecal  reducing
streptococci  Clostridia
Per cm2skin
Mean 70123 4.9396 36712 32435
01110 +0.1407 03118 +0.1794
Range 55-81 3.5-6.4 0-58 0-45
No of + ve
No of + ve sample 30 k) 26 28
(100) (100) (86.67) (93.33)
Per g muscle
Mean 58028 39976 26313 2.2915
1512 +02298  +0.3524  +0.3205
Range 4.1-19 0-6.2 0-4.8 0-4.8
Number of
No of + ve sample 30 28 2 20
(100) (93.33) (66.67) (66.67)
Per g gills
Mean 8.0079 58014 5.0652 4.4662
+0.1093 101313 +02250  +0.1201
Range 7.0:9.1 41-73 0-6.9 31-58
Number of
No of + ve sample 30 R 29 30
(100) (100) (9.67) (100)

Figures in the parentheses indicate % positive samples

stora?e. Exposure to air, for several hours in the market might
also Tead tofurther contamination. Similar findings have béen
reported by Youssefe for four types of marketed"fresh water
fishes viz., Tilapia nilotica, Clarias lazira, Mormyrus caschiv
and Synodentis membranaceus.. ]

The higher percentages of positives for samPIes of skin and
muscle indicate faecal Contamination of marketed Rohu which

*Present address;  Institute of Animal Health and Production, Kanke, Ranchi-834 007, India.

*Corresponding author.
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might have occurred during, pre-or post-harvesting period. ~ The authors thank the Dean, Veterinary Facullty;_ Dean,
Recovery of coliform, faecal streptococci and” sulphite  P.GS. and Director of Researh, Birsa Agricultural Univers|
reducing Clostricia is indicative of the presence of enteric for providing necessary facilities and 1.C.AR. for financi
pathogens also. The bacterial counts and gercentae of assistance in the formi of Junior Fellowship.

ositives indicated that gills, skin and muscle of marketed

ohu had a. h_|lgh Incicence of sulphite reducing Clostridia.  References

Hence, possibility of the presence of food poisoning Clostridia 1 Bachhil \/ N, Microbiological evaluation and keepin? qu,a|it¥ of fishes
VIZ. Clostr|d|umpe|gr|n%ens and C. hotulinum typg E, which reared in livestock sewage fed ponds without artificial Teed, Fish
also reuce supniteg, ca not be ulea out. The'gils showed NJ?CIQHOKLS%' ngirllgaB Bacteriological quality of fresh water fish
h|8her bacterial Ioa(% zillnd n&ore s&_mple?j WEre lposg!ﬁe for from Krishnarajendra S'ag[ar reservolr, Fish Technol, 1988, 25, 79
indlicator organisms followed by skin‘and muscle. Gills are Compendium of Methodsfor heM|crob|oI09|caI Examination of Foods,
respiratory Organ and almost act like filtering membrane.

by M.L. Speck APHA Washington, 19/6.
Obviously, there should be deposition of material present in Shewan J M, The Mlcroblolo%of ish ang fishery ptoducts-A progress

report, J aF | Bacteriol, 1971, 34, 299,

1< I 2 B N SCR )

the water on gills. Thus, the load of indicator organisms on : T

%nls_re_flect tﬁe sanitary condition of the water from where > YOS H, ETimaw A and Hefnany Y, Microbil qualiy of fres

| %Hgl?ﬁrgggngs of the present study advocate the need of et Kde'arJd T?kﬁ'cts b Suhphite'rf\d?cmetaib\i"t gf'dots'tridia
1o, ) | y N a modiriea sulpnite agar meaium, Acta cad Sclentiarum
Ienic meaSures which should be faken during harvestin ungaricag Tomus, 1966, 16, 44

hygienic m th |d be taken during harvesting, Hungaricae Toms, 166, 16 4

transportation, storage and marketing, so that marketed Rohu
fishes will have an ‘acceptable hygienic quality.

Bacteriological Quality of Ready-to-Eat Pork « abas Stored under Marketing Conditions

E. NANU, K. G. NARAYAN AND R. YADAVA
Department of Veterinary Public Health and Epidemiology,
Ranchi Veterinary College, Kanke, Ranchi-834 007, India.

Received 21 February 1991; revised 20 January 1992,

Samples of pork kabab from eight batches, incubated at 37°C, were found to be free of Salmonella, Sulphite reducing clostridia,
coliforais, faecal streptococci and Escherichia coli at 0 and 8 days of storage. One sample yielded coliform at 44°C incubation while
two samples were positive for staphylococci at 37°C. Mesophilic bacteria increased significantly as against no change in the count
of psychrophilic bacteria upon storage for 8 days. The water activity of the product did not change to any appreciable extent.

The demand for ready-to-eat meat products is increasing  collected. From batches one to six, three samples each were
along with the industrial development and urbanisation in  stoyed in the refrigerator g4rlO° ) of a sh?g In the city for
Indid. The load of saprophytic and gatho enic hacteria In 8 ays and only ane carrésponaing sample of 7th and sth
these products depends on”the processing method, post- - batch each was'stored similarly. The samples were brought
Broces_smg handling and preservation. As”information on to the laboratory in a_ thermocool, thoroughly minced
acteriological quality of ready-to-eat meat foods s individyally wathout any delay in sterilized mortar and pestle,
limited?2, the present“study wes undertaken to assess the 10 r? mincéd samopl_e Was Welghed on a sterile butter paper
hacteriological quality of pork kabab Stored under marketing — transferred'to a conical flask containing 90 ml sterile normal
conditions. | . saline solution and serial dilutions were used in duplicate tq

Twenty eight kabah (Ranbac) samples {200 o) in enumerate different groups of bacteria. Mesophilic and

polyethylene packets, from eight” different batches, were* psychrophilic counts Were made on tryptone glucose yeast
*Present address:  Department of Veterinary Public Health, College of Veterinary and Animal Sciences, Mannuthy-680 651, Thrissur, Kerala, India.
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extract a%ar by pour 8Iate technrque The incubation was at
3°Ct or h, respectively. Coliform count
vvasma eat 37 an 44°C at 24hon viole red bile agar
)] rea late technrque4 Faecal streptococci count was made
on lanetz and Bartly agar by spread plate techniques by
rncubatrnr[; at 31°C for 43, Staphy Iococcus aureus count VS
done on Tellurite 8oym In P, k agar by spread plate
technique at 7 for 24 hite Teducin clostndral
countvvas ma de at 46 or 4hrn eqq yolk free tryptone
su rp hite cycloserine agar %ar tube" miethod.

or detectron of Salmone 8, 2X25 %mrnced samples viere
aseptical Ytransferred into two conical Tlasks containing 7 m
sterile nutrient broth and incubated at 3/°C for 24 h, Toeach
of these flasks, 75 ml double strength Mullor Kautfman
tetrathionate broth was added and orie flask was incubated
at 37°C and the other at 43°C for 24 h. The isolation and
Identification of Salmonella from these enriched samples were
carried out accorcrn(i to Edwards and Ewrng& he water
activity of each samﬁ e was measured followirlg the method
described by Hauschild and Hilscheimer'

The cata on hacterial Ioad of fresh finished kabahand of
samples stored In shop refrigerator for e days are presented

n Table 1 The water actrvrtP/ 0f these samples did not change.
AII samples of kabal were free from SaImoneIIa and sulphite

Table 1. Bacterial profile and water activity of

KABAB sAMPLES

Microbial counts
O day 8 days

(Cfu/g) (x10J) (Cfu/g) (x10J)

Bacteria

Mesophiles 0.51+0 .19 3.11+0.87

Colitorms at 44°C 0.0003 +0.0002 0

Staphylococci 0.00675+0.0057 0

Psychrophilic bacteria 0.43+0.18 0.44+0.09

Escherichia coli, coliforms at 37-c, faecal streptococci, sulphite reducing
Clostridia and saimonella were absent in all the samples. The water activity
at 0 and s (ays Were o.002 and o.s43-0.902, respectively.

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY. VOL. 29. SEPT/OCT 1992

reducing clostridia. Staphylococci were found only in two
samples, while thermotolerant colrform inone. The averalg
counts of these were very low. Mesophilic and nsychrophr
bacterial counts averaged 51x 10 and 4.3 X10" per gram
respectrveIrA After storagie for 8 days in shop refngerator only
the mesophilic bacterial count stowed an increase but this
Wwas not srgnrfrcant The bacteriological quality of fresh and
stored katab compared well with the guidelines/standards
recommended for similar heat treated productsi)
Financial assistance provided by ICAR to the first author
as Senior Fellowship and sanction of a research scheme to
the second author is gratefuIIY acknowledged. The authors
wish to thank the Dean, Faculty of Veterinary Sciences and
Animal Husbandry and Director of Research, Birsa
Agricultural University for providing facilities.
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Evaluation of Reversed Passive Latex Agglutrnatron Test Kits for the Detection of Staphylococcal

Enterotoxins A,

C and D in Fishery Products
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The SET-RPLA kit for the detection of staphylococcal enteroxins A, B, C and D showed high specificity and sensitivity with a
minimum detectable limit of 0.30 to 0.60 ng enterotoxin/g of fishery products. The test provides a simple, inexpensive means for

semi-quantitative assay within 24 h.
Most foods rmplrcated in staphylococcal food poisoning

out rea ks contain low levels of enterotoxin, often less than th

r%/ g food1 Traditional methods for the detection of
staphylococcal enterotoxins In food2s are less sensifive,
Deveo ments in chemical immuno- dra?nostrcs such as
enzyme Irnked Immuno-sorbent and ag?Iu nation assay have
In ecent years Ied to sensrtrve ra ig echnrques which are
now eranr used for the ana gsrso fooda Reversed assIve
latex agglutination (SET-RPLA) test kit, involving cross
rnkrnri 0f antibody coated latex partrcles in the presence of
staphylococcal enterotoxmser have been used in recent years
for tfie detection of staphﬁlococcal enterotoxins in dairy and
meat products. As no such information in respect of fish and
frsge kproducts IS available, the present study wes
undertaken

Prawns, craly meat and fish kheema,  in frozen state Were
obtained from the cold stora?es srtuated inand aroun Cochrn
SET-RPLA kits and microtiter plates were kind ¥provre
by Natural Resources Instrtute UK Purrfred stap

ylococcal
enterotoxins A B, C and D

were obtained from Food
Research Institute, Unrversrty of Wisconsin, USA. The
samples were thawed and 500, of each were homagenised
In & hlender and transferred “into 250 ml* conical “flasks.
Ste(tjphtéloco cal enterotoxrnsA B, Cand D were drluted With
hospnate _huffered saling to ?et a working_ solution of
m Samples were separately inoculated With 1ml each
ofen erotoxins A, B, Can Dto give a concentration of 20 ng
enterotoxr n/gbof the sample, Enterotoxr ns were extragted frond
the samplesoy omogenrsrng with normaI saIrne (L1 W),
Ten ml of the homogenate Was centrif u at 4
or 30 min. The supmatants were trlter dthrough 22 [Im
membrane filter (Millipore).
to e%gh of the Wells In the five rows of V-
late

e micro-titer
| of the diluent from SET-RPLA Xit was added.

od ilutions ofthe test samples were made for use In USA
seven wells of each 0 the five rovrrs The eighth well of each S

(o contarne

The rows yere marked B
and Dan WS h tﬁ

20 lo? rhe Pat/ex sensitize correspondrng Wi

the sensitized anti-enterotoxin was added. Twenty five_ Lof
the latex control from SET-RPLA kit wes addeq to row E. The
plates were left undisturbed on a vibration free surface at
ambient temperature for 24 h. To read the results, each well
was examined for th e degreg of agglutiation according to the
illustrations suoph OXOI with each kit. The SET-
RPLA test kits did not Show any non- sgecrfrc reactions with
extracts of fishery products with respect to the enterotoxms
Park and ?zabos Ave ob%erved the same specrfrcrty with the
extracts of beef, pasta, ham, turkey and salami

In extracts of fishery products, the minimum detectable
limit varied, depending on the type of the product and
enterotoxin. In prawn homogenate, he minimum detectable
amount of enterotoxrns vras 30 N % for all enterotoxrns but
In crap meat 1t wes 0.60 ng, In fig \A%ema rtwas
for all enterotoxins excet or C for which it ws 0.60 n g
Stuclies by Park and Szabos have shown that the rangé of
detectable limit wes 0.25-0.33 n?/ml In beef, wet noodle, ham,
turkey and salami as aganst 0.42-0.50 ng/ml for crugle
extraCts, from cheese. They have also_ reported that the
sensrtrv f RPLA test 15 co Parable with that of RIAs and

ELISAT The amount of entero oxrnwasgreatert han 4 ng/g
In 26 different foods involved In staphylococcal foogborne
diseaseL The results indicate, that the’ sensitivity of SET-
RPLA kits satisfies the requrrement for the detectron of
staphylococgal enterotoxms in fish ergr products. The
Interesting feature of the RPLA test IS that It IS semi-
quantitative, since the amount of enterotoxin can he estimated
on the basis of the end gornt In serial two_fold drIutrons

Authors, are gratefult Dr. R Fuchs, MrcrobroI(L)Jg
Fermgntatrons ction, Natural Resources Instrtgte for

oVl mPS T-RPLA kits, micro-titer plates and to Dr. MS
ergdol Food Research Institute, University of Wisconsin,

for suﬁply of enterotoxins. They are also thankful to
MR. Naif, Former. Director, “Central Institute of
tFhrsherres Technology, Cochin, for kind permission fo publish

IS paper.
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Chalkiness in Parboiled Paddy due to Microbial Contamination
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Microbial infection in parboiled paddy caused chalky kerels. Moulds like Mucor, Aspergillus flaws, A. fumigatus, and A. niger
often occur in parboiled paddy during incomplete yard dryin? especially in monsoon periods of October-November in coastal Tamil

Nadu. Such infection converts the translucent kermels into cha
the head rice recovery.

Chalkiness in raw paddy arises due to immaturity of
grains' or delayed harvest fter matunt){z_and IS depenident
On varietal characteristics3 Kernel chalkingss predisposes
the grains to easier cracking and in greater milling brea a?e.
Kerfiel defects such as broken, cracked, chalky, inSect infested
and immature kernels contribute to _breaka?e in_milling.
Generally, parb0|I|ng% Improves the milling quality, off-setting
some of these defects as the kernel attains hardness dug
?elatlmzatmn. AIthou%h breakage occurs in parboiled milleq
fice due to uncontrolled conditions in normal 3{ard drglngél,
it becomes relatively hlghe_r whenever parboiled paddy”is
infected by micropes. Infection occurs due to inadequate or
slow drying in rainy weather. If rainy weather Sets In after
the steammg oEeratlon paddy could riot be spread in the yard
and had o e kept under cover till the weather clears durmg
which infection occurs causing, Severe spoilage. an
deterioration. Infection of wet parboiled paddly causes Softness
In kernels and thus generates air space insice. The resultant
rice becomes chalky instead of translucent and is heavﬂx
broken during milling. The present investigation deals wit

ky ones. Re-parboiling reduced the microbial population and improved

the re-processing of infected. parboiled padd}i to obtain
maximum head fice with minimum of chalky kernels,

. ADT 3 variety (20 Kg), infected due to made(wate drying
in humid ramX \iveather. " Was used. One lot (10 ﬁ)was [é-
Processed by 4 12 hsoaking In cold water and then' steame
or 10 min, “dried and milled. Another similar lot was air-
dried and milled. ADT 3’ paddy, drawn from an identical
S
upder bri ised In rice mills, with min
cHances ?or rrtmj{]cror}aﬁrﬁ){ect|on. Sam‘o?es Were cn(g]us%au{r?
a laboratory model Satake rubber roll sheller and 150 g of
dehusked rice was milled in McGill Mill No. 1 The nunioer
of chalky kernels, those exhibiting opague blotches In
otherwise translucent grains, were séparated and.counted in
150 ¢ dehusked graing before milling and also in polished
rice o aseertain their percentage and also influence on
milling, The breakage due to infected chalky grains was
determined based orf the number of whole chalky kemels
present in the_dehusked rice and the number left Unbroken
after milling. The brokens in the polished rice were separated,
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weighed and expressed as percentage over the total polished

The oil and free fatty acid (FFA) contents in bran were
determined employing” standard methodsh, The extent of
microflora present’in Infected parboiled paday,
after re-processing, was determined by serial dilution plate
technique. using Martin's, rose Bengal and nutrient agar
media. The individual fungal coldnies were examiried
mtcroscoptcallya and were identified following the key given
by Gilman. Sedimentation test Was carried olit as described

Ba'[?tC aryaand Zakiyadin Ali7

Parnoiled If not dried in day due to overcast sky
or incessant ratn Ieads t0 heat development, discolouratior,
breakage and loss in head rice yield due to microbial growth.
Initially, Mucor mucedo ramified the whole_lot and later
membars of the spergtllus%oup appeared. The incidence
of A flavus was relatively higher than other species (Table 1)

The microbial mfectton converted part or whole of the
gelattntzed trang|ucent kerneI o ot()a ue_chalky rice which
roke upon milling. During soaking for parboiling, the
micropores and aif’ spaces n starch™ granules, that Cause
opaqueness to raw rice are filled with water and the starch
?ranules swell, gelatinize and fuse i weversr yu on steamt Og
or gaining transluicency8. When parboiled padaly 1s in ecte
starch 1s degraded in regions of colonization by bacterial cells
or fungal sfrands, the ?rat s become soft and oBaque Ioosrng
the translucency due o disuption of irrevers| Iy fused an
gelatinized starch causing pores and void spaces Tor re-entry
ofair. In grains with infection limited to micropylar end or

Table 1. Microbial population in infected and

RE PROCESSED PADDY (ADT 31)

Infected Re- processed

Initially and  68.5

CHALKINESS IN PARBOILED RICE 313

infected arcas while other Tegjons remain_ translucent;
Infection induced chalkiness restilted in heavy breakage with
reduction in rice out turn. Well dried Farbotled paddy gave

% Tice yield than a comparable 1ot of infected p add)y
which yielded only 53.5% rice out turn with as much as 53
brokeris (Table 2). Similar rice losses due to |nfect|on |n
Inclement weather have already been reported .

Breakage In grain might arise dug to mechanical |mpact
thermal “or moisture stress. during processing. Heat
development in infected lot might render the grains weak
Further, as chalkiness results in'Softening of the'hard kernel,
the nfluence of this atiribute alone onbreakage might be
substantial in the milling stress in Processmg Infection
reversed the strength achieved in parboili d swtngtng towards
raw rice characteristics. This is evident from the Sedimen-
tation fest that the infected parboiled rice showed a sedi-
mentation volume of 5.5 ml whereas uninfected parboiled rice
agsd g(ayv gice had a sedimentation volume of 6.2 and 5.0 ml

1\

he mfe%:/ted parboiled 'oaddy tested contatned 76.6% chalky
kernes (whole and pa )/ ) aft er ehusktn and, on
milling resulted n breaka e with only 15.4% chalky
head nce It I evident that, out of this breakage the exterit
contn buted by chalky ratns alone was 79.8% i.e. 46.4% out

exposed kemel surtace chaIky Satches rlopear onIy in the

of the total. The starc in.chalky regions got re-gelatini
d ehardness regatned(hyr pro%essr the #ecte
and hence the rice |eId

wrth 12 h soaking and steamtn%
Improved from 535 to 64.9% and the breakage droppéd to
mere 54% from 58.1%. This |mProvement in milling 1
essentially due to the complete re-gelatinisation of the infected
chalky kernels. There wes a reddction in chalkiness to the
extent of 75.3% due to re-processing.

Organism paddy paday* bAtfthe bnteﬁtlgtge decrease tpulvensatton and mixing of ri dncttg
Bacteria (I 179 156 rokens with bran 1 substantially reduced an |mprove |
Téfaf rf'fné.x(oﬁg)gg) %1 92 oll content Well, dried parboil ed pacaly, when milled after
Mucor mucedo 185 20 com}) lete dehus ing yteldedabran with about 32%oil with
Aspergillus flavus %6.4 59 A, whereas bran from infected lot had l38°ood with
A, fumigatus 66 _ Bran from re-processed lot had 30% oil wrth
A, sydovi 66 10 2. 5% FFA. The reduction In FFA on Barbor |n% IS we
A candidus 10 10 known. Athou h there was no marked reduction In actena
A, niger 10 10 flora, th sf tod| mtcoflora was..reduced o 9.2x10 g from
' | 66.1xI05/g. The partial sterilization of paddy octurring
*2 h soaked + steamed
Table 2. Behaviour of infection induced chalky grain (adt 3))
Particulars Potential ~ Breakage  Chalkiness in  Reduction in ~ Chalky head  Breakage due Qi FFA
yield (%) brown rice  chalkiness by rice after  to chalkiness (%) (%)
(%) (%) reprocessing ~ milling (%) (%)
Well dried paddy 685 16 . . : N1 53
Infected paddy 535 5.1 766 154 798 B8 406
Re-processed paday* 64.9 54 13 753 0.2 84.6 300 225

*12 h soaked + steamed



during steamingo is in agreement with the present
Investigation. _ _

The quthors thank Dr. V. Subramaniyan, Director, Paddy
Processing Researcn Centre for his ericouragement.
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Effect of Primary Processing on Dietary Fibre Profile of Selected Millets
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Effect of primary processing on dietary fibre profile of sorghum,

bajra, ragi and wheat showed highest and lowest total dietary

fibre in ragi and btqra. The insoluble fibre content of unprocessed and processed flour samples was found to be high in ragi. Conversely
soluble dietary fibre content was found to be high in bajra, though its total dietary fibre content is low. The total dietary fibre
content of sorghum bran was found to be low and wheat bran was high. A significant (P < 0.01) decrease in total dietary fibre
and its components in all the samples was observed on processing.

_ Total dlietary fibre has been called as roughage, bulk, bran
filre, plant résioue, unavailable carbohyaates’ and plantix?.
D|etarg fiye %onsmts 0f the endogenous companents of plant
material which are resistant to digestion in the human gastro-
intestinal tract3 Total dietary” fibre has been bioadl

classified as soluble and insoluble dietary fibre. Main
com?onents of soluble dlietary fibre are hemicelluloses, pectic
substances, gums and polysaccharides. Insoluble diefary fibre

consjsts mainly of cellulgse, lignin and some of the insoluble

hemicelluloses4. The initjal m?erest in fibre as an important b

dietary constituent was stimulated by epidemiological studies
which linked its deficiency to chronic Bowel related diseases,
ohesity, cardiovascular diseases and diabetess. Cereals and

are the major contributors of fibre in the diet. Most of the
millets are“consumed in the rural areas of Anchra Pradesh
after primary home-scale processing. So, the changes in total
dietary fibre and some of its components in selected millets,
after primary home-scale processing, were estimated.

y Paken and approximately

unprocessed and
( estimated [y
millets are the staple food items of Indian population and fhey - detergent fibre (ND
estimated by detergent methods/8 Crude fibre (C
estimated by the standard procedure of the ACACY. All the
analyses Were carried out in triplicate. Cellulose,
hemicellulose and lignin contents were calculated as
follows . Cellulose = Crude fibre (CF); Hemicellulose =

Sorghum (Sorghum vulgare), Bajra &Pennisetum typhoi-
deu_mz_ and Ragl (Eleusine coracana) and PDS as well as Bansi
varieties of wheat (Triticum vulgare)from local market were

rocessed. One kg of grain (sorghum, bajra and rag) wes
50 Ml water“wes addéd and
paunded separately. The'grain and bran were separated by
wmnowm% an thé rfam \ias washed for stin-d mg. Flnallég
It wes grotind Into & fine powler to pass through & 60 me
sieve. Wheat was milled in a commerical mill and flour and
ran were separated by using a 60 mesh sieve.
Total dietary fibre, soluble and insoluble fibre coptents of
processed flour and bran samples were
the enzymatic method of Asper als. Neutral
F) and acid detergent fibre (ADF) were
Was
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Table 1 Total (TDF), insolubleéidf>and soluble dietary fibre’\fsdf, neutral detergent fibre éndf), acid
DETERGENT FIBRE (ADF), CELLULOSE (CF), HEMICELLULOSE AND LIGNIN CONTENTS OF UNPROCESSED AND PROCESSED FLOUR
AND BRAN SAMPLES (g%)*

Sample TDF IDF SDF NDF ADF CF  Hemicellulose  Lignin
Sorghum
Unprocessed. 94 75 19 8.3 29 20 54 11
Processed 18 6.4 15 59 21 15 38 06
Bran 26.3 237 26 215 108 6.9 107 39
Bajra
Unprocessed 89 54 35 71 20 15 05
Propcessed 6.5 47 18 48 13 10 34 03
Bran 315 265 49 24.8 135 87 14 48
Ragi
Unprocessed 176 157 18 156 52 40 104 13
Processed 162 147 15 15 37 2.8 18 09
Bran 407 318 29 314 168 18 206 50
Bansi wheat
Unprocessed 19 102 17 114 29 19 85 10
Pro%essed 108 95 14 79 24 16 55 07
Bran 448 419 30 448 96 83 3.2 13
PDS wheat
Unprocessed 106 93 13 103 28 2.0 75 08
Pro%essed 93 8.2 10 6.3 21 15 42 06
Bran 385 36.2 2.3 320 91 79 230 1

*+ SD ranged between 0.06-2.66 for all the values

NDF—ADF; Lignin = ADF—CF. Average yield of sorghum, - more or less similar On the whole, dietary fibre composition
bajrra and ragi on pracessing. s In the range of 77-7%%. - of bajra was shghtly_ different because of its high soluple

he dietary fibre (DF) protile ofsorgihu_m, ajra, ragiand dietary fibre content in flour as well as in bran samples, The
wheat is presented in Table 1 The total dietary ibre (TDF) %8t%leangg}|]nsoluble dietary fibre contents of ragi were found

content of unprocessed and processed flour” samples wes _ _ _

found to be in the range of 6.5-17.6% with ragi having the  Indian” adult may consume 50-120 g dietary_fibre/da
highest, and bajra lowest, in contrast to intermediate Value depending upon the tYpe and amount of cereal/millet used
for wheat and sorghum. Anderson and Bridger" and with a desirable level of 40 g/day®B Consumption of hlqh
Knudsen and MuncKz have also reported similar Values for - amount of dietary fibre was reported to have undesirable
wheat and sorghum respectively. Insoluble dietary fibre effects on health and nutritional status of an inividual. In
?IDF) neutral Getergent fitre, &cid detergent fibre; cryde the I|giht of this, the observed decrease in dietary fibre content
fibre, hemicellulose and lignin contents were found tobe high  of millets on primary processing, which is followed.in the
in ragi and low in bajra. "In contrast, soluble dietary fibre rural areas of Andhra Praclesh, Seems to be beneficial.
(SDF) content of unprocessed and processed flour ard bran

Was figh In bagraadlow In. PDS wheat. The total dietary Acknowled%ement ,

fibre content of bran was highest in wheat and lowest in -~ Authors thank Dr. P. Geervani, Dean of Faculty of Home
sorghum. Insoluble dietary fifie, neutral detergent fibre and  Science, A P, Agricultural. University, Rar{endranagar
hemicellulose contents were found to be high in wheat bran - Hyderabad for her valuable guidance and Support throughiout
followed by ragi bran, Acid detergent fibre, cellulose and the course of this stuay.

lignin. were highest in ragi bran, In_all the samples,

significant %P <_00L) decrease In dietary fibre and its References
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Utilization of Hulless Barley in Chapati Making
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Addition of hulless barley flour to wheat flour increased protein content, but it had diluting effect on the gluten content. The water
absorption capacity of blended samples was higher. Puffing of chapatis in all composite flours was satisfactory. Colour, appearance
and texture of chapatis were good upto 30% of hulless barley flours in the blends, but flavour score was slightly decreased. Chewability
of chapati was acceptable upto 40% of hulless barley flour in the blend.

. Composite flours have received great emphasis for ~ Conditioned samples were milled In stone mill and sieved
|mprovm& ()Ar/otem content and nitritive quality of to obtain uniform extraction rate (70%2f The wheat and
prodyctsZ2 Wheat_flour is ?enerall¥ blended with high ulless barle;r] flours were blended in different proportions
protein non-wheat flours like Tequme Tlours. Hulless barley for makln%c als.
Is the cheaper source of Protem and other nutrients &  MoIsture, Rr fein and fgluten contents of samples were
compared to_quumes or pulses, although some quumes_ or analx]sed by the method of AACCS. Chapatis were %repared
pulses are sh?h ly better'in protein quality. The, Utilization by the procedure described by Austin and Ramb. One
of hulless bartey ‘s also important for the diabetjc patient3  hundred grams of flour and required amount of water were
Hulless barley can be used with wheat flours for making  mixed manually to obtain dough of suitable consistency. The
chapati or offier products. Bhattys reBorted that barley haS dough was rounded manuallyand kept for 30 min at room
many potential uses in bread and non-bread barley products. ~ temperature (20°C). The dotigh was divided into four equal
Present work was, therefore, undertaken to evaluaté composite - parts and moulded into circular chapatis of 15 cm diam using
flours of wheat and hulless barley flours for makm[g chapatis. roIImf% Pm and board. Traditional"home bakmq procedure
Samples of wheat (variety ‘Sonalika’) and hulless barley was followed to bake chapatis on tawa éhot plate). After
(varie ‘Dolmap, commercially grown in Himachal Pracesh, haking, chapatis were cooled and analysed for physical and
Were obtained from the Deparfiment of Plant Breeding ofthe ~ sensory characteristics.
University, Before milling, wheat and hulless barle ?rams Protein and glluten contents of the blended samples are
were congltioned to cesired moisture contents (wheat, 145% presented mTabel_BIendm? of hulless barley to wheat flour
and Nulless barley, 14.0%) for 48h under laboratory Increased the Protem content in the composite flour. On the
conditions. other hand, blending had diluting effect on gluten content.
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Table 1. Protein, gluten and water absorption of wheat and hulless barley flour blends and sensory

EVALUATION OF THE CHAPATIS

Blends Protein  Gluten* Flour Sensory Quality**
Wheat Huless~ (NX6.9) (%) abgy)?tetrion Appearance  Colour  Flavour  Texture  Chewabilty  Overal
(%) barley (%) (O/P)
(%) :

100 0 107 15 52.6 78 78 12 1.7 8.2 17
90 10 114 6.8 56.1 15 12 68 70 12 71
80 20 21 6.0 60.2 6.8 70 6.0 6.7 6.7 65
70 30 128 53 616 6.7 68 58 6.7 6.7 6.6
60 40 11 45 62.2 6.3 6.0 53 50 70 59
50 50 142 38 64.8 58 58 52 50 6.0 56

*On dry wt basis. **Scale used: 0-1 = off, 2-3 = Poor; 4-6 Fair, 79 = Good and 10 = perfect.

o, this affects the dough handling. Blending of hulless barley - hulless harley flour. The present study indicates that the
fourto wheat lour inceased e ter ASQrotion Capaciy forifcaion of hulless barﬁey to wheat flour upto 30% s

of composite flours thereby affecting dough handling feasible for preparing acceptable quality” chapatis
(Table 1%. The results of water abs_orpt%]on ca%auty are |% preparing - accep Auallty chap
agreement with the findingg of Prentice et al.7who reported  References

tfat the water absorption of the flour increased, when'Wheat 1 Lindell M J and Walker C E, Soy enrichment of chapatis made from
flour is replaced with barley meal. The dough handling wheat and non-wheat flours. Cereal Chem, 1984, 61, 435.
property ves affected tue 0 mepe”r%t“{?, LA g e LN oty
u ur and 1 . ptic eval

Chpats e o ol e corpsteTous et 5 (s for el o B8
highest and almost similar to that prepared from 100%Wwneat ™ ™ of giabetes mellitus. Proc Nutri Sod, 1968, 47, Yo A

flour chapatis, The apﬂearance Of Chapatiswas good upto 4 Bhar% RS. The potential of hulless barley - A review. Cereal Chem,
the aadition of 30% of hulless barley flour. Furthér blending 1985, 63, 97. _ » .

roduced Chapatis hich were slightly neven at the edges, > Approved Methods Amércen Assocaton of Cerel Chemists, St Pl
he colour of the,chapatis as creamish upto the use of 30% A I

of hulless barley flour and jt became snﬂhn@ darkwith further & A5 /8400 ?37”1’*31?%855 on chepei meking gty ofwheat, ICAR
Increase in the'concentration of the huflesS barley flour. The 7. prentice N, Burger W C and D’ Appolonia B L, Rolled high-lysine
flavour of chapati Was afce table to Panehsts and also had barl%m breakfast cereals, cookies and bread. Cereal Chem, 1979,
good texture upto 40% blending of hulless barley flour, The %, 413

Chewability of chapati was accéptable upto 40% blending of
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Effect of Temperature and Surface Area on Drying of Dehulled and Water-Blanched Soybeans

H N. MISHRA AND R. K. MUKHERJEE
Post-Harvest Technology Centre, Indian Institute of Technology, Kharagpur - 721 302, India.

Received 5 June 1991; revised 31 January 1992

Surface area of the blanched soybean splits (dhals) increased two folds by flaking, thereby reducing the drying time by half. Mechanical
drying was found to be better than sun-drying. The rate of drying seemed to increase with temperature. Mechanical drying at
60°C for 4 h for unflaked sample and for 2 h for flaked sample were found suitable for the drying of dehulled and blanched soybeans
for milling.

Among the several soy products, full-fat soy flour has 707
considerable potential for' introduction into the dietary
systems, specially in rural areas. For preparation of full-fat
soy flour, thermal processing of soybean is essential, A 60
number of investigators have reported the superiority of heat
processed soybedn mealld. Among the different "thermal
processes known, blanching has Been found to be more
effective for inactivation of anti-nutrients while retaining the
nutrientss, The present study was taken up to evaluaté the

S0l of

: X 40

drying behaviour of dehulled and blanched soybeans with ~ ©
reSpect to temperature and surface area. 2

O){Wbeans (Glycine max cv. Bragg) were dehulled and 5 3o
blanched by dipping the splits, held'in a fine muslin cloth =
bag, in boiling watér for 5 min before drying by sunorby &5 oL
mechanical methods. Soybean dhals, immediately _after
thermal lorocesslng were flaked using a flaker consisting of
two rollers acjusted to a cleararice of 005 cm. The 10 -
atmospheric temperature and relative humidity during sun-
d@/m of flaked and unflaked beans in thin layer’ were 0 N —T——
26+2°C and 68+2% respectively. In mechanical drym?,a 00 10 20 30 40 50 60
cabingt dryervvlas%/ed Salt 50;, 60 andd70°C W{ﬂm? hme rles Dryini time, hours

er min dir velocity. Samples were crawn at half-hourly .. By
Ienvls a1 analysed for OISLIE conints, The surtace 70 Effet of terperalre and time on dying rate of cefulled and
ar%ls of denulled scr)ybeans (rawsouydhall), blanched sy dhal 0—0 Sin dryin é'zg+z°<:); A —A Mechanical drying at 50°C;
an fIaI|<ed_ soyhears were measured from projected areas ”d [ _Mechanﬁ?_rying ath60°_C;#ifd—©Mechaﬂical drying at70°(a
USING pianimeter. in sun-arying, while in mechanical drying, the rate increase
The Initial moisture content of raw, dehulled soybeans was  with thenfncgreases In temperafures Q%dgryin ,

8.4% and it increased to 52.2% (cly) upon blaﬂChlﬂg- Insun- Mean flat surface area of dehulled soy Splits was 0,04 cm2
dlrlymg, the denulled and blanched"but unffaked béans took  (SD 0.0824) which increased to 058 ¢z FD 00709) &5 a
24 Tor the moisture content to reduce to 7.9% (db). In- resylt ofblanchln%at 100°C for 5 min, and furthey increased
mechanical d%g at 30", 60° and 70°C, the final moisture o 11 cma (SD 0.1746) i fakes, incicating a nearly two-fold
contents were 7.4, 103 and 9.3% (db) after dryln? fore, 3 increase as a result of flaking. The surface area of the
and 3 h, res echveI)(. Both temperature ard Time had ~ cotyledons did not have much ffect on the drying rate till
ronounce effect on the drying of beans in both methads, - the’later stages of drying. This may be due to'thefact that
ouever, drying wes faster diring initil sta?es inmechanical ~ the h|?h initial moistire Content ofthe samples enhanced the
drying at all the temperatures (g 1). Rate of drying was Slow  rate of evaporation during initial stages and hence, only the
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effect of temperature was observed. In all the cases, the rate
ofdryln? was around one per cent per hour during the last
phase of drying.
In sun-drying; the desired final moisture content of 7-8%
(db? for mifli (I] s obtained after 12.and 24 h in flaked and
unflaked samples, respectively. In case of mechanical drying,
the destred final moisture content was attained after d |ng
for 6, 4 and 4 h in unflaked cotyledons and 3,2 and 2
flaked ones, at 50°, 60° and 70°C, respectively The samples
dried at 70°C were darker in colour compared to those dried
at 50° and 60°C. Mechanical drylnrq of unflaked samples at
60°C for4 hand 2 h of flaked sample appears to be potential.
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Oligosaccharide Composition and Functional Properties of Flour and Starch Isolates from Four
Cultivars of Bambarra Groundnut Seeds
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Proximate composition of flour and starch isolates of Bambarra groundnut seeds, showed that whole seeds contained 19-22% protein,
6-9% fat, 53-56% total carbohydrates and 4-12% soluble carbohydrates. Flatulent sugars as revealed by chromatography ranged
from L0 to 2.6%. Water holding capacities of cultivars varied between 4.0 and 7.2 g of water/g of flour. Brabender amylograph
indicated that starch gelatinized between 65 and 74°C, formed stable paste and showed moderate swelling capacity.

Bambarra groundnut (Voandzeia subterranea Thouars L),
a tropical pulse (with underground
legumes of papillionaceae sub- am|I

P 0ds), 1S one of the
t1s & small herb with

trifoliate Ieaves which are palatable 0 domestic animals. The

Iegume also has

00d potentlal for use as livestock feed and

human food, Degaded studies are Iackmg on the functional

properties of the flour and starch of this |
|nvest|gat|on Was engned to stydy
oligosaccharides and func
ofD ambarra groundnut seeds.

ry

10h and oven-dried to a moisture content of 10%
seeds were cracked In @ hammer mﬁ?and detaehedl
winnowed off. The seeds were pulverized :n a

ume. The present
the flatulent
onal properties of four cultivars

wholesome seeds were cleaned, soaked at 40°C for
The dried
hu S Were

Wiley mill

ﬁQ/cIotex 1053 Tecator nstrumenits) to a particle size of 212
(USA “standard testing sieves). Flour samples were
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Brepared from four cultivars of Bambarra groundnut seeds,
roximate analy5|s of whole seeds, flour and seed coat was
done according’to AOAC éjrocedures The moisture, ash,
crude protein and carohydrate contents of samples were
determined. For the determination of soluble suPars the
anthrone-sulphuric acid method was used?, with glucose as
standard. Determination of oligosaccharides was carried out

by thin- Ia er chromato agh using pre-coated plates and
butano et ano -\ater QS for se aranon enzidine,
a-naphthol, aniline_and 2,6 dinitroph eny hydrazing were
used as chromogenjc reagents Standard sugars Include
%Iucose sucrose, Taffinose and stachyose. Acid and invertase
Ydrolysn were used to confirm the identity of the

oligosaccharides. For acid hyarolysis, a few ml of the purified
su%ar (by preparative thin- IaYer chromatography), was
hydrolysed with cone HCL untif it gave a positive eaction
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with Benedict’s solution. Invertase hydrolysis wes carried out
by incubating the oligosaccharides virth 1% invertase at 40°C
for 24 h in  water bath, followed by sugar determination,
using Benedict’s solution, A modification of the method of
Schoch et af was used for starch extraction. Fifty g raw,
soaked seeds were ground in cold distilled water in & anng
blender, sieved t0 pass a 65 mesh_sieve 212p_2an
subsequentl a.32 mesh sieve (45n ). The resulting filtrate
was allowed to sediment and the upper layer was gecanted.
ThteI sttﬁrch sed||ment obta|r|1ed V\qtas re-ﬁlurneddst%veral tig_nes
until the upper layer wes clear of any haze and the resyltin
urifie s[%Pch dried, Water ﬁ%lﬂg capacity ofﬁourg
about 212 M) and starch isolates was” estimatéd using a
modification of the method of Lin et af. One g powder Was
weighed into gracuated test-tubes to which o ml distilled
Water had heén added. The samples were vortexed and
allowed to stand for 1h at 26°C and at 100°C before
centrifugation at 20Q0xg for 20 min. Excess water was
decanted and the weight of bound water was calculated by
difference. The Brabender amylogram (C.\ Brabender Corp.
SO, Hackensack N.J), was used to monitor the heating and
cooling of starch, r_p_repared from four cultivars of Bambarra
?roun nut seeds. Five and 8% starch slurries were prepared
0 give a total weight of 500 g. The heating rate was 15°C
per min up to 92°C, at which starch slurries were held for
Bmin and subsequently cooled to 50°C. Gelatinization
temperatures of starch isolates were determined using a
polarizing mmr_oscopea Measurement of gel strensgth i8S
carried Qut using the method of Ihekoronyet. welh,ng
power of flour and starch was determined By a modifie
method of I.each et all The weighed starch (2%) and flour

Table 1 Proximate composition of bambarra

GROUNDNUT SEEDS

_ . Carbohydrates
Cultivar Crude  Fat Moisture Soluble ~ Total  Ash
e ) e w0
0

Whole Seed
Red (V, 195 65 80 76 54 30
Black t \) A7 85 90 40 58 35
Cream E\/) 95 60 97 65 %0 25
Brown (Vp 90 65 103 120 54 30

Flour

Red (V) 209 30 93 2.2 80 20
Black (V\) 26 40 90 14 20 20
Cream E\/p 23 30 90 16 296 15
Brown (Vp 94 35 100 29 80 20

Seed Coat
Red (V 57 05 30 26 84 10
Black (()/p 61 20 35 30 60 15
Cream E\\;p 6.8 10 30 18 92 10
Brown (Vp 63 20 30 05 91 10
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Fig. 1 Swelling capacity of Bambarra groundnut flour
2%) were suspended in distilled water in graduated tubes.
he tubes were heated at 95°C ina thermostatically controlled
water bath for 1h, Samgles were stirred at intervals to keep
the starch granules suspended. They were subsequently
c_entnfu?ed, the agueous supernatant was decanted and the
final volumes and weights noted. The swelling power was
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Fig. 2. Swelling capacig_ of starch'isolated from Bambarra groundnut flour.
Samples as in Fig. L
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Table 2. Viscosity (vis.), gelatrnrzatron temperature
FROM FOUR CUL'IPVARS OF B
_ Cold Hot Peak
Cultivar GT WBC WBC Vis, -
() a26°C &t 10C BU ()
(9 HO/100g) (gHO/100g
Red (V) 68.0-74.1 12 21 750
Black (V) 66.5-73.5 50 19 880
Cream M 68.5-74.1 71 135 180
Brown 66.0-72.0 40 132 850

calculated as  ratio of the volume of the intial sediment to
the volume of the swollen sediment,

Experimental values for chemical constituents of whole
seeds flours and seed coats are presented in Table 1 Glucose,
sucrose, rafflnose and stacht{ose were found o be present in
Bambarra roundnut seed cultivars, The red coloured cultivar

V) contained virtually no ratfrnose while the black
cofoure cuItrvarQ/ contained little or no stachyose.
Ol |gosacchar|de content of Bambarra groundnut seed cultivars
has 1ot been found to be higher thah that of other quume
seeds already evaluated8 Water holdrng capacity of starch
|solates varred Wrth cultivar as well as temperature (TabIe )
T e water Inding capacity at 26°C varied from 2.2 10

f?] g sample, the hilghest being for the red cultivar
and e lowest for the browr cultivar. "At 100°C, 1t was in
the range of 105119 g H0/g flour sample. The data on
viscosify and gelatinization temperatures of starch isolated
from all the four cultivars are shown in Table 2. Fig 1 and
2, show the swelling caFacrty of flour samples and starch
isolates respectively.” All flodr samples and starch isolates
showe resistance 0 swelling at low temperatures. Swelling
of f ourwasevrdentl lower than thato starch, possibly &
a result of effect of the presence of other food components
on the starch. Substances such as lipids and absorbents on

32

%Mand water brndrn capacities (Whc>of starch isolates

BARRA GROUNDNU SEEDS

Vis at 92°C Visat ~ Dropin  Sethack  Consi-
I I S P S i
a-C -3 -C

(b) © (Buf (Buf (BU?
135 730 990 20 240 260
10 785 18 9% 300 395
40 680 890 100 10 200
10 690 980 160 10 290

starch surfaces have been implicated in the reduction of the
viscosity and swelling power of starchan
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Texture Profile and Consumer Acceptability of Defatted Soyflour Substituted Traditional Foods
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The substitution of chick fea flour with defatted soyflour (DSF) at 25% level did ot significantly alter breaking strength of Murukku,

(snack) but had a signifi
that the products were well accepted.

The use of solvent extracted edible ?rade soyflour has
Rotentral In day-to- daX Indian foods. Its Tow starch content,
OWEVEr, Causés ch a ges n senso characteristics of the
soyﬂour incorparated product] Prefiminary attempts on the
Incorporation of defatted soytlour (DSF) at | ower IeveIs |n
some traditional foods shovied encoura% % results23. Tl
Present study s aimed at mcor orating DSF Ina varretﬁ
radiitional food preparations at eveIs ich do not alter their
textural progertres

Three traditional snack foods, viz. Murukku, Nankhatai

ysore Pak were repared as per recies standardized

|r>{cor

harma et al* but using different levels of DSF
oration. On the basis of preliminary trials, the levels
of mcorporatron of DSF selected were not less than 25 % for

Murukku and Nankhatai and 100% for Mysore Pak. The 51

products were tested on the Instron Universal Testing Machine
(Moclel 6021) for their textural properties (breaking Strength),
In adition 10 consumer acceptance. The moisture and Protern
contents, of the snack foods were determined \Srntrrg atesg
by standard procedures of the AACC" and average value
have been re
Instrumentgl objectwe analysis:  The DSF-substituted and
control  Murukkus were miade |n five replicates, each
com risin ofer%ht \;\Jlreces of uniform size engt h25em g
ddiam. cm ana re tested by the method described by
Chauhano -way analysis of variancer wes performed on

the results. The control and experimental’ samples of |

Nankhatal were made in five replicates, each with five 2
chatais (10 ¢ each) for the same purpose. The bulk densi
of Mysore Pak Was determined by the rapeseed displacemerit
metfiod (AACC%S
Murukku, Nankhatai and M¥sore Pak were estimated,
Large batches of the three foods were made

stanéiaréhzed recipes for consumer accegtance trials. One
hundred and twelve consumers from University campus were

Research publication No. 6653

Moisture and cruce protein contents of Murukku an
by laboratary- witho

cant effect on the breaking strength of Nankhatai. Bulk densrt){ of DSF-substituted Mysore Pak (sweet
preparatron) was higner than the bulk density of Mysore Pak prepared from chickpea flo

ur. Consumer acceptance tests showed

asked to rate each snack on a 5 point facial Hedonic scale
deveIoped by the Contrnental Can Company8 Results were

exi)resse as ercentagses of posrtrve [ESPOSES,
ncorporation of B and 100% levels in
Murukku Nankhatar and Mysore Pak resoectwely, Increased
e protein_level by two-folds in the first two products and

f thre -folds inthe st one. This shows that there I nutritional

Improvement by DSF substitution in these products,
he mean Values (Newtons) for breaking load unger
compression in five replicates for each of thé two samoles
of Murukku were 2,02 E-Q1 for the 25% DSF substituted
product and 160 E-01 for the control, Incorﬁoratron of DSF
did not affect the breakin stren th of Murukkus significantly
P=0.05), as shown by stg |st|ca ana s ofdeformatron force
ata. Srmrlar value or five replrc eso tet reg sam es
of Nankhatal were 264 N for control
DSF-substituted and 25% DSF substrtuted Nankhatar
respectively. Statistical ana (Ysrs of the data by two-way
andysis of variance showe that the difference between
replicates was non-significant. However, there was a
s| nificant cifference befween the,control angd DSF-substituted
eat P=0.05. There was no significant difference between
the DSF substituted Nankhatais. The mean value for bulk
density of DSF-substituited Mysore Pak was higher (0.15) than
that of control (0.L3). The” responses obtained from 112
consumers.on a 5 point scale are presented as % responses
nTable L The samples of Murukku, Nankhatal with 15 and
5% DSF and Mys ore Pak were scored osrtwelyby80 %,
85 and 12% of the respondents, respectr
The resuIts of thrs study showed that |n reparatron of
Ingor orate 0 tdsoee t of 25(>a %trte 1 %’é e%éth/e e
0
t sig nrtL cantY th?ectrn therr textural o erties.
However |n Nankhatais, DSF |ncor Qration at 15/0 IeveI did
not affect the sensory characteristics and  consumer
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Table L Consumer acceptance rating (%)

DSF
Preparation level Dislike
(%) extremely
Murukku % 0
Nankhatai b 0
5 0
Mysore Pak 100 2

acceptahility adversely. although, deformatjon force was
a%fcedged s%mﬂcantfy.y“rhe aél ition of (fe"atted soyflour
Increased the protein content to a great extent.
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The steam kettle process A of khoa-making yielded a product that was significantl¥ harder, springy, gummy and chewy, but less

adhesive than that from the simulated tra

itional process B. Sensory evaluation also showed that firmness and chewiness were

higher forkhoa A. Having higher smoothness and lower crumbliness, khoa made by process B was rated appreciably more desirable
from the view-point of overall textural quality. High-moisture khoa (Dhaﬁ) was softer and smoother, but less gummy and less chewy

as compared to low-moisture khoa (JPindl). The interactions of process wit

for all texture parameters except sensory chewingss.

Preparation of khoa essentially involves heat coagulation
of milk concentrated by boiling under atmospheric
conditions'. Thus, the rate’ of heating as well as scrapln([;,
and pattern of foaming during boiling become important 10
the textural quality of the finished praduct, In the traditional
process employing a thick-walled iron pan heated over a brisk
non-smoky fire, Milk s concentrated in such a manner that
It attains & definite concentration, usually about 3-folds, before
an abrypt coagulation takes place, and thereafter, evaporation
Is continued until the desired consistency is obtained. When

moisture and milk aciclity were statistically non-significant

the product is made using a steam kettle, the concentration
conditions are different” from those in the conventional
process, and result in localized concentration and coagulation
of milk on the hot kettle walls. This, in tur, s expcted to
ng‘_luetnce t?ethtextural t(:h%w%ctensuctsh offthe [%roduct. Ttﬂe
objective of the present study was, therefore, to assess the
te>gture_ ofkhoa mgde under tv% \é\ﬁ?erent sets of conoentration
conditions emplaying a steam kettl

' e.
Pooled raw buffalomilk (titratable acicity, 0.15-0.17% lactic
acid), obtained from the Institute’s herd, was standardized
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t0 a fat-solids-not-fat (SNF) ratio of 06, the total solids (TS)
content of the standardized milk being 15-16%. A 10 1lot of
stand?(rdued milk was transferred to a steam:heateﬂ stalnlgss
ettle (Capacity, 80 1) and converted into K

two sets of concentration conditions. In the ususal steam kettle
method (A), milk wes boiled wgorouslr

steam pressure, 09-1.2 k?/cm

frequently scaping the kettfe walls, Using an iron scraper, until
a concentration ratio of approximately”1:2 wes attained, and
the foam tended to subsice (i.e. after 810 min). A portion

steel
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and al

0a Un

(Under ‘high” heat;
owed to fodm whilg

er

of the E)arnally concentrated milk wes then brlskIK spread on
the hot surfaces (sides) of the kettle (‘reduced’ heat; steam
pressure, 06-0.8 kg/cmd and the pools of concentrate/
coagulate were qwckl¥ scraped down to mix with the
remainder of the concentrate simmering on the ettle bottom.
The_spreading-and-scraping operation was continued for

17'min 508 10 |mP_art a paste-like consistency to_the
concentrate (concentration ratio, apﬂroxmately 1'3). The
resulting coagulated mass was further concentrated in a
similar “fashion under ‘low” heat (0.2-0.3 kg/emd to a

Table 1. Texture profile parameters of khoa made under different concentration conditions

Milk acidity Moisture Concen.  Hardness ~ Cohesivenes Achesive force, Springiness, ~ Gumminess,  Chewiness
(% lactic acid) (%) conditions N N mm N N. mm
015 47 A 0.859 0.657 0.082 6.0 0.555 3.853
B 0.785 0.621 0.104 59 0.457 2861
015 323 A 6.610 0.482 0.104 68 3156 20.700
B 3639 0438 0.237 49 152 1512
017 302 A 1970 0.733 0.085 19 1400 11089
B 1183 0619 0.128 6.8 0,699 4.737
017 310 A 6.016 0.520 0.085 68 3144 21.602
B 4.055 0.527 0.189 6.3 2,052 12849
Table 2. Variance ratio (F) for instrumental texture profile parameters
Variable+ Hardness Cohesiveness ~ Adhesive force Springiness Gumminess Chewiness
Concn. conditions 5.84* 137 9.62** 517 8.28* 1274
Moisture 4155 1727 4,95 152 3L.21** 24,00%*
Milk acidity 0.29 160 0.17 6.93* 168 348

+Two-way and three-way interactions were non-significant. *P< 0.05 **P < 00L Figures without asterisk are non significant.

Table 3. Sensory texture descriptors of khoa made under different concentration conditions

Milk acidity ~ Moisture  Concen Firmness ~ Crumbliness ~ Stickiness  Elasticity ~ Smoothness ~ Chewingss ~ Overall
(% lactic acid) (%) conditions texture quality
015 a7 A 201 36.6 5.7 89 425 37 91
B 2.0 3.3 67.7 488 60.7 429 628
015 2.3 A 69.3 60.1 255 537 306 530 518
B 571.2 487 a7 528 450 46.9 66.3
017 392 A 49.3 54.6 %1 611 3.9 66.5 453
B 25 38 5.2 526 59.3 3.8 58.3
017 310 A 66.6 63.5 416 467 302 51 39
B 58.0 498 328 091 45.2 469 604
Table 4. Variance ratio (F) for sensory texture descriptors
Variable Firmness Crumbliness Stickiness Elasticity Smoothness Chewiness Overall
texture quality
Concn conditions (A) 110% 5.32* 214 0.16 1061+ 5.70* 6.47
Moisture (B) 4259+ g 1214+ 0.26 510+ 137 0.09
Milk acidity (C) 0.98 106 0.48 0.09 on 17 0.9
AxC 073 13 0.22 0.08 005 476 0

<006 *P<00L

Figures without asterisk are non-significant
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copcentration ratio of 1:39 to obtain a high moisture, semi-
solid product gDhap with 37-45% moistdre) in 3-4 min, or
to a concentration ratio of 1:4.3 to obtain a low moisture,
solid proguct {Pindi with 28-35% moisture_in 56 min, In
the simulated " traditional method (B), milk wes hoiled
vigorously for 2-3 min to attain a concentration ratio of 113
and allowed to simmer under reduced heat (0.5-0.7 kg/cmd)
while continuously scraping the kettle bottom (but avold,mq
the spreading-curm-scraping Step of process A) until a disting
coagulation Was noticed (dpproximately L:3 concentrataion).
The_ncog\gulated mass was further concentrated under low heat
|

asin A
The product filled in. covered, cr¥stallizin dishes
50x100 mmg, S0 8 0 minimize drymg 085es, was held at
0° + 1°C for 24 h before subjecting it to anaIYS|s.
Instrumental texture profile analysis weS carried out_on

cylindrical samples ofkhoa using Instron machine as detailed

earlier3 Cylindrical sample of khoa (19 mm in diam and

20 mm high) were also assessed for various sensory texture

descriptors and overall textural quality by 10 Panehs_ts using

a.5core card carrying oo-point unstructured linear intensity
scaless 5 the lowest Intensity or acceptability score bemg !
and the highest being 100 Both instrumental and sensory data
were statistically analysed by _employm% 23 factorial designb.

Tifratable acidity was determined by titrating 10 ml of milk

with 01 N NaOH to phenolphthalein'end poirit. The moisture

content of khoa wes tetermined by taking approximately 2

samB!ge in a tared aluminium dish and drying it in an air-oven

at 108" +1°C to a constant weight.

As shown in Tables 1and 2, iristrumental hardness of khoa
B was lower (P < 0.05) than that of khoa A. Similarly,
springiness, qumminess and chewiness £P< 0.05) were alSo
|owerfor khoa B than for khog A While Cohesiveness ofkhoa
B was not significantly different from that of khoa A
adhesiveness was higher (P < 001) in khoa B as compared
to khoa A. Sensorily, khoa A was more firm and crumbly
EP< 0.05) but less Smooth (P < 01) as comBared to khoa

(Tables' 3 and 4). Howevey, the differences petween these
two,_ products, In respect of stickiness and elasticity, were
statistically non-significant, From the overall textural point
of view, Khoa B Was rated d|st|_nctIP/ superior to khoa A
tPe<r91i?kB)u égjespecnve of the moisture content or acidity of

According to Davies?, the maéor hysical chan%e in milk
during kho -r_nakgn% 15 heat-induced coagulation of milk
proteins resulfing In‘formation of a semi-solid mass. Frothing
of milk during” preparation of khoa mlqht enhance the
co_agu,lanon process. Further, heat treatment of concentrated
milK_is_ known to result in formation of particulate material
consmtmg of casein aggregatess which form the structural
units, of the coagulated mass. The nature of these aggregates
forming the indlividual granules that constitute The khoa
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mass may decide the texture of the _resultmg product9
Evaporation congitions in process B, unlike thos in grocess
A, did not permit extensive foaming of milk during boiling,
Further, during the spreadmg-and-scraplng process in method
A, localized _heatlnP appeared to facilitate appreciable protein
coagulation in Poo 5 of the partially concentrated milk on the
hot "kettle walls, Harde_nmq of “granules_during further
evaporation would conceivably impart a differential texture

0a.
Thus, the coa?ulation process B was apparently more close
to the traditional process of khoa-making, in which a smoath
fine grained mass Is obtained by abrup coagiulatlon of the
concéntrate, and overheating Of the granules is Iar?el
avoided. Conaderably higher Smoothness ofkhoa B (Table
1S Inglicative of lower granularity of thig product. Similarly,
the higher values o hardness and firmness of khoa A
Tables Land 3) mey be attriuted to hardening of the granules
In this product. H|gher springiness, of this product, thougih
not equally reflected in sensory elasticity, may also be _Ia_rge\f
due to the increased springiness of the hardened individua
granules that mgke up the'bulk of the rodu%t. Chewiness,
property exniniting' the combined effect of hardness and
sépnn iness was expéctedly higher for khoa A than for khoa
. High-moisture "or Dhiap khoa was conceivably more
cohesive (P < 0.02), but had'a lower hardness, adhesiveness,
gumminess and chéwiness 1(P< 00.51 in comparison with |
moisture or Pindi khoa (Table 1), nst_rumentallesgnr?_gimess
(

fih roglcts was, however, similar (Tah Igher
?nitia? mli?lj)acﬁj ity y\?eﬁﬁied amore sPrmgy(IEﬁoa F} <0.85),
but the other texture profile parameters Were unaffected by
milk acidity. The interactions of moisture and milk acidity

with concentration, conditions were non-significant in respect
of all texture profile parameters.
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Effect of Age and Live Weight on the Carcass Components of Spent Hens
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The dressing percentage decreased significantly (P < 0.05) with increase in live weight. The carcass components such as giblets,
cuts and total inedible parts were more influenced by live weight of the spent hens than age.

Economics of poultry production and the quality. of
Processed products are dependent on carcass characteristics.
nformation on the carcass components of spent hens Is
limjted'2, in contrast to other meat animals. In the present
study, the effects of age and ljve weight on the carcass
components of spent hens, maintained under local a?ro-
climatic conditions of Himachal Pradesh, were evaluated.

Carcass characteristics of 194 spent
of a commercial strain (Key Stone Golden), maintained in
aresearch farm, were recorded. The chicks were reared from
one day old stage and birds were maintained on deep litter
system with unitorm feeding and managemental conditigns
accordlng {0 restricted feeding schedule.” The birds in which
hen-day %gproductmn (HDEP) dropped below 35% were
cateqofised as spent hens. The spent hens were grouE)_ed
according to age (50-55 weeks and 56-60 weeks) and live
wejght (Delow 1752 kg and above 2 kgr). The live
weights were recorded after starving the birds for 15h, The
birds were slaughtered, dressed manually and de-skinned

Table 1. Effect of age on carcass components of

SPENT HENS

Components 50-56 weeks 56-60 weeks Overall mean
Live wt. (kg) 1.8+00"  2.040.0" 1.9+0.0
Dressed wt. (g) 897.0+ 121b 989.5+9.0" 960.9+7.9
Dressing (%) 510406 508403  50.8+0.3
Giblet wt, (g) B8+ 1%  808+L7"  79.3+13
Giblet (% live wt) 43401 41401 42400
Giblet (% dressed wt.; 8.4+0.2 8.1+0.1 8.2+0.1
Leg wt. (g 281.9+6.6  309.8+6.2 2994451
Leg (% dressed wt.) 315405 319404  3L7+03
Wing wt. (g) 1238+56*  1279+31" 1264428
Wing' (% dressed wt.) 133403 132402 132402
Breast wt. gg) HL1+66  2536+6.2  252.7+4.6
Breast (% dressed wt,) 28.1+05" 2614050 26.8+04
Back and neck wt. () 255.1+6.7b  2832+54"  272.7+48
Back and neck

(%, dressed wi(g) 285+0.7  29.3+0.7 29.0+0.5
Totdl |ned|b_lewt) _ 805.2+23.20 8767+87"  868.5+15.3
Total inedible (% live wt.) 45+0.7 45402 451403

Means with same superscript in each row do not differ significantly (P< 0.05)

prior to recording the dressed weights. The weights of hot
dressed carcasses for giblets (heart; liver, gizzard) and_cuts
(leg, wing, breast, fieck and hack) were notéd? Total
weights of Inedible parts were calculated by adding feather,
skin, head, shank, gastro-intestinal tract, ltngs, kithney and
spleen. Data were anaIKsed following the stafistical method
of Snedecor and Cochrans and Duncan’s multiple range

‘White Leg Horn’hens  testd

st
Weights of different carcass companents hased on the aﬂe
and live wel(rlhts, are presented in Tables 1and 2. Results
revealed thal live weight of the spent hens increased
significantly éP;S 0.05) Wwith weight as compared to age. In
contrast, the dressed weight incredsed significantly (P £0.05)
with increasing, age and [ive weight, DreSsing percentage was
however, significantly (P < 001) influenced by Tive Weight
as compared to age and it décreased signi |c_ant_lfy WIth
Increasing live weight, Giblet weight increased significantly
{PAO.OS with age'and live weight™ Amongst the primal cus,
he Teg, 'wing and breast weights incréased Significantly

Table 2. Effect of live weight on carcass

COMPONENTS OF SPENT HENS

Components <Lhky 17/200ky >2kg
Live wt. (kg) 16+00°  19+0.0b  21+0.0"
Dressed wt. (q) 855.1+ 119" 937.8+6.3" 1063.8+9.3"
Dressing (%) 529+0.7"  50.040.3"  50.240.0”
Giblet wt. () 646+16" T34+ LIb  964+20"
Giblet (% live wt.) 404017 394007 45401
Giblet (% dressed wt.) 76+02" 78401 91402
Leg wt. (gg) 261.9+7.90 3006+4.2" 325.0+6.5”
Leg (% dressed wt.) 309409  319+04  321+04
Wing wt. (g 11314367 1259+4.0"  136.9+45
Wing (% dressed wt.) 133406 129+02 135404
Breast wt. ég) 249+51" 254.1+6.5"  27LA4+4.7"
Breast (% dressed wt.(g) 266+11  269+0.7  26.8+0.3
Back and neck wt.(q) 264.4+165 2731430  2783+89
Back and neck .
i% dressed wt. A1+ 167 289+0.3"  21.5+07
Total inedible wtg[)_ 7038+ 188  86L1+6.0" 959.0+9.8"
Total inedible (% Tive wt) — 43.3+0.8"  46.1+03" 45.2+0.4

Means with same superscript in each row do not differ significantly (P£ 0.05)
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Back and neck werght rncreased significantly (P—0.05) , Anm Sci, 1% 58, 246

with advancrn%ae OneveY, the sarme gecreased srrinrfrcantl 8 Sretoor V\éf‘)%hg?c”ut\g © st Methors, Oxford and BH
(P<OO&;? wit rncreasrnglrvevverghts Total inedible WeIGhtS 4. Duncan D B, Multiple range and multiple  tests, Biometrics, 1955,
Increased significantly (P < 0.05) with age and live weights. 01
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Processing of Wild Pomegranate ¢ unica granatum L.) fOr anardana:
Effect of Thermal reatments and Drying Modes on Quality
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Comparison of deep hot sand roasting of whole fruit, dry roasting on heater and blanching in boiling water for 5 min to remove
fleshy seeds from wild pomegranate fruits indicated best results with the first method. The quality of the dried seeds was far superior
when dried in solar drier as compared to conventional sun drying or hot air drying.

The wild pomegr anate tree is ubrqurtous in submontane  Conventional cabrnet type laboratory hot air dehycrator was
tracts inthe outer Himalayas upto an elevation of about 1800 operated at 60+ 1°C.
metres above sea level, The wild Romegranate fruit, popularly " The ratio of fruit Wer%ht to that of sand or water (in sand
knwn as Daaru, is borne on shrubs 4.6 metre hrgh The  roasting or water blanc rnd was kept at 18 The per cent
fruits are round, oblate or obovate In shaEe vary in diameter savrng on time compared t the conventional method was also
from 3550 ¢m, and have thick or thin skin with pale yellow  worked out. The total” soluble. solids d( Brix), pH, aciaity,
to ¢rimson colour on meturity. The seeds ofwild pomegranate tanmins, reducing, non-reducing and fofal” Sugars were
fruits being h%hly acidic, are_ usually dried to “obtain determined according to AOAC. procedures& The
Anardana, Which 1S used as an acidulant in curries, chutneys hsrcal characteristics of Anardana, viz., drying ratio and
and other culinary preparatjons i North India2, For %/ratron ratroweredetermrned accordrn tothe prescrrbed
preparation of Anardana, the fleshy seeds whrch are trghtlr hod4, whereas optical density and quality of seeds were
adherrnri to each other are often removed by hand. It studied according to the standard methodsa The number of
rnvarrab)éresults in the staining of hands and clothes of the  fruits per kg ranged between 25 and 28, and the recovery
workers, esicles affectrn? thegreldand quality of the groduct ercenta? f seetls on the whole fruit basis was 43.2. T
Moreover, the manual’ process s te lous, _laborious,  results,0 1physrcal and chemical analysis of Daaru fruit are
cumbersome and | rn rea es the cost by 30%, The épreser(rjt grven in
rnvestrgatronwasun erta en to stuay the effect of deep sand ~ For removrnd the flesh seeds three thermal treatments
roastrnq gyroastrng on heater and water blanching for 5 were tried. The emperatueo the hot sand used for treatment
min so ar rlxrn conventrona otarrd Ing, and opén sun-  was measured to be around 165-1/0°C. Inall the treatments,
e uar of Anardana, SImple solar cabingt the internal temperature of he fruit did not increase aboye
dryer parngass esrgnedgythe Basic Scrences Department  35°+1°C throu?hout the, pre-treatment period. All the
of the University was used for solar drying at 48-52°C. thermal treatments economised on the labour over the manual
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Table 1. Physical and chemical characteristics of

DAARU FRUIT

Juice (%) I 524
T of juice (°B) . 160
Titratable acidity (as % citric acid) 51
pH of juice 28
Tannins (as tannic acid) (mg/200ml of juice) © 1450
Reducing sugars (%) A
Non-reducing sugars (%) 05
Thtal sugars (%) 19
Sugar: acid ratio L6

Table2. Effectof thermal treatmenton separation

OF SEEDS
Treatment Ttime needted % labour saving*
0 separate , :
i Excludin Includin
seeds (i) trea_tmen%l treatmen%
time time
Manual & - —
Water blanching
(5 min) 2 428 285
Sand roasting
(5 min) 28 20 57
Roasting on heater
(5 min) 142 34

*1 kg of fruit was processed in all cases

Rractrce to an extent of 14.2-42.8% ETabIe ZL Though the
| hest labour saving was recorded with water Ianchrng the

of the Separatee seeds In terms qf taste. flavour and
%ppe rance we far mFenor 10) tm ?rom ?he other two

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 29, SEPT/OCT 1992

freatments. The gelatinization of the whole mass obseryed
In fryits from this treatment may probably be attributed to
heat- |nduced water drffusron info the fruit. From the view
point, of quality, ease of hand mg and economics, deep sand
roasting for 5'min yielded bett gualrty of Anardana. The
separated seeds were further driea by different methods as
me”déonted OVgal d that the convent onaI rd
venti
abo ZWr %ﬁte Seeas to a morsture eve\ ?_ J%k
compared t0_15 h in solar drier and open sun-drying,
respectrvely The dryrn[q ratio for all the three drying modes
Wes unrtorm at 5 Wh e the rehydratron rtio stood a2.06:1,
pectively. edr Brences in Dat440

W |ch ran ed between 15 and 0,18, were negligible. The
uar of the dried product was observed to be the best with

e solar dne]r followed b% Qpen sun- dryrng while it was quite
Inferior in the conventional hot air d

With a view to upgrade the rural technology, it is
recommended that Dadru fruit should be given hot sand
roasting before removing the seeds followed by drying in solar
drier for making better’ quality -Anardana.
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Nitrate and Nitrite in Some Non-Alcoholic Beverages and Water Supplies in Onitsha, Nigeria
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Nitrate and nitrite analyses of about 200 water samples from different sources in Onitsha metropolis reveal that water from wells
and boreholes are the most widely contaminated with 180-360 ppm and 24-36.0 me nitrate and nitrate, respectively. Presence

of nitrate isattributed to the nitrate reductase activity of the microbial flora. Analysis o

contamination of 0.33-348 ppm of nitrite.

Over the past few decades, a number of reports have
appeared on contamination of foods and beverages by nitrite
nifrate and pitrosamine??. An upward trend in nifrate (NO3
levels have been. recorded in rivers, streams and groundwater
aquiterss with higher values for areas with intensive farmm?
and fertilizer applicatjond. Improper disposal of municipd
solid waste has also been implicateds, Reports of nitrate,
nitrite and nitrosamine contamination of fermented alcoholic
beverages6, dai Products?, food materials and bread
snacks? Indlicate that their Tevels m fooostuffs vary widely
and depend upon exposure from various spurces. With this
type of Ubiquitous glistribution, nitrate and nitrite require a
(uantitative control. But the paucity of biochemical and
hydro-geologlcal literagure in this regard, discourages strateglc
aproach to the ecotoxicological and epioemiological control
of these  pol|ytants/contaninants In N|?er|a, Onitsha, a
metropolitan highly populated city in West Africa, generates
a high volume of municipal solid weste (IM_SV\/), the'so-called
reflse or garbage and mountm? accumulation of these wastes
contamindte uniderground weterways with nifrateb. Use of
these polluted water in the liquid bev_era?e industries can be
a ready source of contamination. This study wes, therefore,
taken "up to critically examine the nitrate and nitrite
concentrations in different non-alconolic beverages, surface
and sub-surface water sources,

ample  collection:  Water samrﬁles (200 mI? wTre
collected in aseptic containers from taps, wells, boreholes
and metallic, tank reservoirs (holding ralnvvaterz from different
Parts of Onitsha. Containers were’stored in the refrigerator
or hours/dag until required. Various brands of beverag(es
Broduced at Onitsha were purchased randomly. from market
y covering a wide geographical area. These'inclyde soda,
|émon,. tonic water, Coffee, tea, dry milk, orange $UIC€ an
soft drinks such as cola, orange, malt and cocoa. Solid
beverages | SS mg each), such as tea, coffee, etc., were
dissolved in hot™water (oo ml) to extract nitritez and the
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non-alcoholic beverages revealed an ubiquitous

extracts were clarified using a column of activated charcoal.
LI%UId Pev%arages, Il!]ke soft drinks, malt drinks and fruit éwces
were clarified in the, same way but without any extraction.
Nitrate and nitrite estimations were performed using Brucing
CO|0rIltTJe'[{IC9 and Montgomery and Dymockn “methods
respectively.

A Ioopft}f of well water, which was positive for njtrate and
nitrite, was streaked on nutrient agar plates, incubated
aerobically. at room temperature § for 480 and
representative colonies were purified by seial dilution. The
Is0lates were Gram stained and preserved on agar slants at
4°C. For nitrate reduyctase activity, purified isolates were
inoculated into nitrate broth prepared accorcing to the method
of Cowan and Steel", incubated aerobically at room
te,mPerature 31°C) for 48 h and tested f?r the \ﬁresence_ of
nitritel) To media showing negative results, powdered zinc
(5 mg/ml of culture) wes added and allowed to react. A
positive nitrite result after addition of zinc powaer, indicated
residual nitrate and hence fack of nifrate reductase activity.

Table 1 shows the nitrate and nitrite concentrations_in
different potable water sources in Onitsha metropolis. The
PH values of the water samples were within moderate acidic

Table i. nitrate and nitrite contents in groundwater
AND SURFACE WATER SOURCES

Samples pH NOj range

Source of water analysed range (ppm)
(Nos)

Well/borehole 40 4.8-57 180-360

Metallic tank reservoirs 0 4751 180-306

Tap* 0 5.1-55 135327

Thp 140 6.1-7.3 n.d

NOz in well/borehole water samples was 2.41-36.03 ppm. while it was
absent in six samples. NOzwas not detected in other samples.

»Rusted and leaking pipes.
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range (¢.7-57), except for the tap water where most sar_nRIe_s
(about 80%) fell within the pH range of 6.1-7.3 (which is
within the acceptable range of water quahty)]Z ;
a preponderance of nitrite’n all the water samples except in
tap, water. Nitrite in well water could be aftributed to the
activity of the microbial flora, Positive nitrate reductase
activity was observed in case of three Gram negative bacilli
Isolated from the water samples. However, other gram positive
bacilli and %_ram nagative cocci were negative for nitrate

redu ﬁaswlwty. _ y -

Table 2 shows the nitrate and nitrite contamination levels
of the different Nigerian non-alcoholic heverages. While
highest values were Tecorded for coffee and orangejuice, tea
had the Jowest level. The Pre,senc_e of nitrite in thesé samples
and the |mpl|ca_t|n_? role of micrabial reduction poses a further
danger since nitrite is directly associated with the formation
of N-nitroso compounds. that are carcinogenicB . This
reaction is favoured by acidic conditions The acidic pH
r_an(ie (4.7-5.7) of the wiater samples (Table 1) are, therefore,
likely to proniote nitrosation reaction, Though nitrite, nitrate

%wg nitrosamines ha(\!g been reported in (palm—vxme and heert,

11 consumption does not cause cancer In humans . BUt
epidemiological studies have implicated high levels of dieta
nitrate in gastric cancer mortalityX The” exceedingly _hlq
nitrite values consistently found in coffee makes it'a like
source 0f concern. EXcesSive consumption of cotfee mey alter
the bladder mucosa, make it more sensitive to_prolonged
Ie:xpotsrgjrel_to nétrosod|butylam|ne and/or other carcinogens

or the, liqui
contamma%on. Moreaver, a variety of common drugs_ such

as oxytetracydines and aminopyrine react very rapidly in the? E

Table 2. nitrate content in nigerian non-alcoholic
BEVERAGES
Soft Drink No2 content (ppm)
samples Range Mean
Cola 2.07-2.40 219
Soda 2.20-2.40 2.30
Lemon 1.09-2.07 158
Tonic water 2.20-2.40 2.30
Orange drink 1.32-1.74 153
Malt drink 0.43-3.05 174
Cocoa drink 0.76-3.05 19
Coffee 3.20-3.48 334
Tea _ 0.33-0.43 0.38
Dairy product (dry milk) ~ 0.76-3.48 212
Orange juice 3.05-3.48 317

2 brands of each products were analysed ,
except for 4 brands each of malt drinks and dairy products.

beverages, water is an additional source of
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stomach with nitrous acid to form pitrosqdimethylamine®

The high value of nitrite in orange juice, inspite Of the fact
ere was  that ascarbic acid gestroys nitrited) indicates the strong role

of high levels in the groundwater.
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Development and Evaluation of Concentrated Soymilk Beverage
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A concentrated soymilk beverage of 32% total solids content was develoEed using soybean extract, palm kernel oil, sucrose, trona
extract (a local emulsifier and tenderizer) and water. Sensory evaluation of the beverage ina preference test showed consumer acceptance
of the beverage in contrast to the preference for the evaporated milk varieties. Male panelists scored significantly (a =.05) higher
overall mean acceptance scores for the milk products and soy beverage than females. Development ofa low cost soy-based evaporated

cow milk analogue thus may be feasible.

Adoption of soymilk as cow milk substitute_has been
advocated]rand IS Teceiving widespread attention in the sub-
Saharan Africa2, Home préparation of soymilk is becoming
common and most popular. Milk consumption in Nigeria has
taken the form of addition of small amounts of concentrated
milk products suich as evaporated milk or milk powder to
breakfast cereals, porricge, cocoa beverages, tea and coffee.
Soymilk Is consumed airectly like a beverage and its addition
to Cereals or beverage Is ndt common. Indications are that
home, prepared soymilk is watery'and addition of, large
quantities of it to ‘produce a milky taste or whitening of
beverage are needed13 This note summarizes “the
development and evaluation of concentrated soymilk beverage

The “TGx 536 02D’ variety of soybean was procured from
the International Institute for TroplcaI_AgrlcuIture (IIE,SA\?3
Ibadan, Nigeria. Method was standardized to produce
with about 32% total solids content following the Steps
recommended by International Soybean_Pro%ram (INTSQY)s
but with reduced,amount of water. Five hundred g clean
whole soybean were washed in tapwater, blanched in'0.25%
sodium Bicarbonate solution for"30 min and strained with
8auze metal. The soybeans were rinsed in tap water, hand

ehulled, and hulls removed by floatation. Dehulled soybeans
were ground to a slurry with oﬂmawater Ina varjablé speed

kitchén blender (Supbean Corp, USA). Approximately 3 1
\I\BS Irst }ntepép )

slurry was Produ ed, which d through wire
mest and then through double, layered calico clofn. The
filtrate was Simmered for 20 min ind sauce pan with lid 0partl
open and intermittent stirring. The resultm? soymilk (800 m
was_left in the sauce pan and keP_t hot at very low heat,

.F|vngOf ona, 4 local emulsifier and tep en%er, which
s a_complex salt consisting primartly of _sodjum

sesquicarbonate (Na2C0s.NaHCQs.2 HjO?], traces of socium
chloride, sodium sulphate, ferrous stllphate and insoluble

components including clay gDr. Emma Iwioha, private
communication) weré cispersed in_zo0 ml hot water by
blending in the Osterizer. The suspension was allowed to settfe
for abolit 20 min and the soluble fraction was decanted. The
Clear trona decantate was put in the Osterizer along with 40
refined table sugar and blended until the sugardissolved
Sixty g refined, "bleached and deodourized palm kemel ail
was addled to the dispersion and the mixture wes blended at
high sPeed to form an emulsion. The hot freshly simmered
soymilk concentrate was then added to the emulsion, after
I L e v o e o LT
3min tg erP(? CBS. Y ) p
Total solids in CSB samples were  determined ty
pipetting 2 ml samples on a triple layer dry filter paPes
placed ina clean 9/\% orcelein dish. The samples were then
dried to constant weight In an oven at 80°C and cooled in
a desiccator, The difference in weight was used to galcul fe
per cent moisture. Total solid concéntration was dequced
substracting per cent moisture from 100 The pH of CSB wes
(rjneet?errmme at room temperature (30°C) with a calibrated pH

An acceptance/greference test of CBS as compared
with low cost soy-pased evaporated cow milk (ECM) and a
new locally mariufactured_brand of filled evaporated milk
SFEI\a/Q with 24% total solis, was conducted by a panel of
t least 50 judges each time consisting of both Sexes drawn
randomly front Imo State University community. Evaluation
was on” a_9-point Hedonic scales and the sepsory
characteristics evaluated were taste, odour, mouthfeel “arid
colour. All statistical analyses were carried out as per the
method_of Neter and Wassermant, -

The CSB contained 32%total solids, a value similar to that
0f ECM (31%). The pH was 80, which wes partly influenced
by sodium bicarbonate and trona used in processing. A
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desirable pH after manufacture would be near neutrality. The
results of consumer acceﬁtance_tests (Table 1 showed that
overall acceptance of the three milk products was in the order
ECM>FEM>CSB, with corresponding scores of 7.2, 6.3
ands7 respectlve_lg, which were s%nltlcantly different from
each other at a =0.0L Atotal of 209 Jud%_es (137 males and
12 females) participated in the evaludtion studies, and
insignificant differences were observed hetween panels of
judges for all the sensory characteristics evaluated. The
sensory characteristics of ECM are known to several
Nigerians, but those of FEM are relatively unknown because
the”product is new; in the country, Tholigh it is possible to
produce, CSB similar in total solids content to ECM, the
Present investigation has shown that It is necessary {o improve
he sensory characteristics of CSB. Further, Inthe present
study, the milk products evaluated were not reconstituted. An
appropriate sensory stuoy [ray compare Scores wiien
or ale%_st ceﬁeals tea or co1;fe Iare preparg% with CSB
simulating ghe exact present local usage 0 :
THe tvvg *actor isexpx mifk producﬁgana[ SIS M‘vanance
gable 2? showed that overall mean scores by sex (M=6.5,
= .28 or the m.Ik products were significaritly different at
ot =0.05, but insignificant interaction eisted hefween sex and

Table L Mean nine-point hedonic sensory evaluation
SCORES EOR CONCENTRATED MILKS

Milk product Tase  Odour Mouthfeel Colour ~ Overall
acceptance

Cone, soymilk .

beverage 56a 5% 55° 59 57

Evaporated cow

milk 3L 13 r 13 12

Filled evap. milk 6.1 6.4h 6.0b 68" 6.3

Means with different superscipts in the same column are significantly different
from each other at a =0.01 in Tukey's multiple comparison; 209 judges scored
each milk product.

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL, 29, SEPT/OCT 1992

Table 2. Two-factor analysis of variance of sensor
EVALUATION SCORES FOR CONCENTRATED MILK PRODUCT
Sources of SS DF MS F
variation

A (sex) 05 1 05 6.6
B (milk product) 88 2 44 62,9
AxB 02 2 01 1
Error 12 B

The ratio was significant at; a* =0.05. a*» =001

milk proauicts. Effects of other factors like income group and
age of panelists were not evaluated hecause real ages are not
réadily disclosed publicly in this part of the world; also
students constituted a large percentage of the panelists and
they generally do not earn.
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Effect of Minerals on Llpld Production By Rhizopus nigricans and p enicitlium nigricans ON
Tamarind Kernel Powder
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The role of various metal ions at different concentrations on lipid production by Rhizopus nigricans and Pénicillium nigricans in
tamarind kernel medium indicated positive role of magnesium, potassium, ferric and zinc ions, in contrast to negative effect of
calcium ion. Copper and manganese affected lipid production by R. nigricans and P. nigricans, respectively.

The concentration of mrneraI nutrrents s highly specrfrc
for Iréard productronb% ifferent moulds'. This” fact was
further supported by the

concentratron of mrneral salts on the bios (Ynthesrs of fat by
different oleaginous moulds2 Tamarind kernel powder
TKP) has very low ash leve| and therefore, its use as faw
materfal for mrcrobral fat productron Y require enrichment
with various metal ions. The present Investigation wes
therefore undertaken to elucidate the role of vrious mefal
jons_and {0 defermine their optimum concentration for
maximizing the Jipid production by Rhizopus nigricans and
Penicilliun? nigricans.

Basal_TKP medium for R. nigricans contained (y/2) acid
treated TKP_(TKP in 1% HCL utoclaved at 10 b pressure
forlSmrnZ) , ammonium nitrate 0.3737, disodium hydrogen
Phos hate 9.3, magnesiym sulphate 1, potassium sulphate 4
erric chloride o2, zinc sulphate 002, copper sul ate
00004 calcrum chloride 0,05, manganese sul hateOOO g

5. Basal TKP medium for P. pigricans wes simil ar except
for the use of 30 g acid treated TKP and the pH of 55,

The sterr lized medium in conical flasks was inoculated
Separate %wrth R. nrgrrcans and P_nigricans and incubated
or7and ‘ME [esp ectwe at 30°C. After incubation period,
te growth was arrested by keeping the fIasks n refrr erator
Th emycelral mat was s arate to'obtain biomass wi |c Was
dried iha vaccum oven at 70°C for 24  to constant werght

|p|ds were extracted from dry mycelra by solvent extraction
met od of B Kers and were etermrned gravimetyi-
% Total su ars mte fermented broth were analysed by
anthirone methodd. Values presented are the averages of four R
replicates and showed close agreement with each other,

he results of experiments orbiomass and lipid 8roduct|on

R nrgrrcansan P. nigricans grown on TKP mediym usrng

|fferen mrnerals are given n"Table L Highest lipid an

biomass production by R, nrg%rrcans were observed with 200

1 0f magnesium “sulphdte. However, the highest lipid
r%uctron a%rf %ruomass %fP nigricans were obtained V\ﬁth

findings on the effect of varying byg

0 Acknowledgement

500 mcl magnesium sulphate. Different workers have
sf £osrtwe role of magnesrum on.on Irprd production
oulas5h. The maximum lipid production by R. nigricans
and P. nigricans was obtained with 880 my/L of potassium
sulphate |n the mediym. Similar results were earlier observed
In case of different oleaginous moulds in ?Iucose salt medium
and molasses78, Maximum lipid production by R. nigricans
was obtained when 10 maya of ferric chloridg was stipplied
in the medium, though the effect of adged ferric ions was
ot srgnrfrcant In case of P. nigricans, Higher fat procuction
by Rhodotorula ?racrlrs inabsence of ferric chloride tha Ifs
presence has also. been reported™, For maximum Irprd
productron by R. nigricans and P. nigricans, 2 and 4
ofzrnc Sulphate respectwelywasrerrurred ip he added jn e
medium. ur results are in‘contrast to the findings of Chand
Ratan and Srinivasano and Cloffi and Varetto".” Maximum
total lipids was procticed in the absence of added calcium
jon_ in the TKP" medium for both the organisms. Similar
Inhibitory effect of calcium was reported Earlier in case of
Fusarium sp°. The positive effect of calcrum lon on lipid
produiction Wes also escrrbed usrn%g UCose sat medium and
waste lig uor from sulphite mills"'D"In case gf R. nigricans,
f pro duction wes mhrbrted n Rresence of adcled copper
lons In the TKP med |um thougn a minimum amount of
copPer sulphate (0.2 Mg/t 2 Was Néeded to produce maximum
tota Irﬁtrds P. higric Inhrbrtron of lipid production by
Penrcr jum Javanrcum | foresence 0f Copper ions Wes rePorted
earlier”, A'minimum of 1my! of man(rranese sulphate was
requrred for maxrmum biomass and [ipid production by
nigricans, though it lowered the fipid production
nrgrrcans Simifar restlts were earlrer observed In case
of P Javanicum’.
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Table 1. Effect of mineral nutrient concentration on lipid production by rhizopus nigricans and pénicil lium

NIGRICANS
Min?ral Rhizopus nigricans Pénicillium nigricans
salt 3iomass Lipid Sugars Biomass Lipid Sugars
concn (0%) co_n?ent utiﬁzed (0%) content utilized
o) of biomass (%) of biomass (%)
(mg¥) (mg¥%)

Magnesium sulphate
0 10 39.2 586 08 297 52.0
05 13 394 66.7 10 34.2 585
10 14 395 64.6 10 01 5.2
20 17 2.2 62,6 09 299 60.5
40 13 395 5.3 08 017 738

Potassium sulphate
0 1 394 516 07 295 46.2
0.22 11 393 518 08 07 6L1
044 14 395 64.6 10 01 605
0.88 15 423 68.0 10 40.2 46.0
176 14 394 10.7 0.9 300 440

Ferric chloride
0 11 394 63.2 10 300 390
001 13 423 572 10 300 46.9
0.02 14 395 64.6 10 01 60.5
0.04 13 394 65.3 08 298 4097
0.08 09 39.2 68.0 08 07 163
Zinc sulphate
0 14 367 68.6 09 300 312
000L 14 367 60.6 09 300 404
0.002 14 395 64.6 10 A1 60.5
0.004 12 365 129 10 34.3 612
0.008 10 %1 64.6 10 300 621
Calcium chloride
0 14 42.3 5.5 10 343 42.3
0025 14 394 518 1 30.2 60.5
0.050 14 395 64.6 10 01 60.5
0.100 11 393 66.2 08 298 524
0.200 0.9 392 66.7 07 296 434
Copper sulphate

0 14 42.2 613 10 01 21
0.0002 14 394 713 10 34.2 618
0.0004 14 395 64.6 10 L1 60.5
0.0006 11 393 62.4 0.9 299 46.0
0.0008 09 3.2 53 08 A7 44.4

Manganese sulphate
0 11 393 64.8 09 4.3 65.2
0.00L 14 42.3 593 10 30.2 64.7
0.002 14 395 64.6 10 01 60.5
0.004 11 394 122 09 300 494
0.008 09 39.2 728 08 A7 46.2

a oo

Initial sugar concentration was 4.348 and 2.608 g% for R. nigricans and P. nigricans, respectively.
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Organochlorine Insecticide Residues in Vegetables of Lucknow Market in India
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Vegetables collected from Lucknow were found contaminated with organochloring insecticides such as HCH, DDT, aidrin and
endosulfan. Among these, the concentration of HCH was highest (0.0638-04908 ppm) followed by DDT (011012-0.1068 ppm) and
aidrin (0.0012-0.0486 ppm). Trace amounts of endosulfan ranging from 0.00005-0.0009 ppm were present in all the vegetables. The
residue levels of organochloring insecticides in different vegetables analysed were below the maximum permitted residue limits.

Large scale use_of organachlorine insecticide (OCI) in Each vegetable wes cut into small pieces and mixed
developing countries. and their long persistence in"the thorou?hly. Vegetable samples were taken'in replicates of ten
environment IS of serious concern from the view points of extracted and Cleaned accordm% to the method of AQACA
public health and environmental pollution. Indiscriminate use  Analyses were carried out by using a Viarian Aerograph Series
of pesticides on vegetable crops, their mishandling and 240 ewgped with sH-clectran cagture detectdr. A olass
negligence to follow proper waiting period make marketed column (Lox2mm i) packed with 1.5% OV—17+1.95% QF1
Vegetables very often contaminated with pesticides'3 Thus on 100-120 mesh chromosorb WHP was used. Operation
contamination of the ve%etable crops, sometimes may reach - temperatures were 196, 200 and 220°C for column, injector
more than the prescribed tolerance limit. The present and detector, resgectwely. Purified N2 gas passing through
monitoring study was undertaken to identify the presence of column and molecular seves was used as carrier gas at the
OCI residues in commercial vegetables marketed in and flow rate of 60 mi/min, =~ . _
around Lucknow, India. Recovery values of mﬂmdual prg%mdes fr(fm different
Five hundred g of each ve%etable wes collected from fortified vegetables are shown in Table L In all cases, the
different markets“In and arount! Lucknow. The; vegetables percentage “recoveries were above 80%, therefore,  the
selected for analysis were radish EgRap_hanus sativs), tinda recove_g correction factor was not applied.

Citrullus vul?ans), cauliflower (Brassica oleracea), brinjal  Residue:levels of ditferent OCI In Various vegetables are
Solarium me on?ena, potato”(Solarium tuberosum), arabi - shown_In Tables 2 and 3. Alpha,-Deta-and gammma-Isomers
Colocasia esculenta), %reen eans (Phascolus Tunatus), of HCH, aidrin and endosttfan were fotnd in all the
onion (Allium cepa), and tomato (Lycopersicon esculentum). Vegetables. Among the vegetables, the concentration of total
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Table L Percentage recovery of organochlorine insecticidesOin vegetables*

Vegetables a-HCH (3-HCH  7-HCH  pp-bDE  op™-DDT  ppDDD Aldrin -~ Endosulfan
Radish 908 9038 898 9038 885 915 918 915
Tinda 878 855 8L5 870 825 89.0 9.0 90.5
Cauliflower 90.5 90.0 910 90.5 828 89.0 901 88.5
Brinjal 80 80.1 800 825 80.2 805 87.0 875
Potao 854 855 855 90.4 905 8.8 89.0 89.1
Arabi 829 809 8L9 853 84.5 825 89.0 825
Green beans 915 903 905 925 9.5 805 825 89.0
Onion 926 910 920 910 895 828 8.0 889
Tomato 8.8 84.8 845 90.0 885 84.9 8.0 854

{ Mean of three rePIicates gach. _
“Fortification levels of all isomers of HCH, DDT were 10 ppm and aldrin, endosulfan were 25 ppm.

Table 2. Residue levels of organochlorine insecticide in vegetables of lucknow market
Vegetables alpha-HCH Gamma-HCH beta—HCh Total HCH
(ppm) (ppm) (ppm) (ppm)
i 0.3044 0.0432 0.1432 0.4908
Rat (0.128-0.625) (0.071-0.094) (0.035-0.294) (0.102-0.801)
' 0.1056 0.0218 0.0238 0.1602
Tinca (0.035-0.160) (0.007-0.034) (0.010-0.055& (0.052-0.0231)
Caulifl 0.0926 0.0228 0.0240 0.139%
R (0.015-0.169) (0.021-0.032) (0.004-0.032) (0.001-0.017)
Brinjal 0.0260 0.0094 0.0284 0.0638
" (0,009-0.037) (0.001-0.015) (0.004-0.112) (0.011-0.133)
Potat 0.0596 0.0328 0.0406 0.1330
o (0.016-0.160) (0.004-0.093) (0.004-0.093) (0013-0.0262)
Arabi 0.0844 0.0222 0.0210 0.1276
| (0.021-0573) (0.004-0.045) 0.010-0.048) (0.034-0.0289)
Green beans 0.1216 0.0027 0.0045 0.1288
(0.006-0.573) 0.001-0.108) (0,0009-0.016) 0.008-0.598)
Onion 0.0642 0.0048 0.0310 0.1000
| (0.004-0.148) (0.002-0.021) (0.002-0.017) (0,032-0.206)
Tomato 0.0504 0.0098 0.0152 0.0754
(0017-0.122) (0.001-0.018) (0.005-0.033) (0.018-0.140)

Values are mean of ten samples.
Figures in parenthesis indicate range.

HCH residue wes maximum in radish and minimum_ in
brinjal. Endosutfan was present only In traces. |t is interesting
to Know that pp’'DDE "wes noticed in all the vegetables,
op'DDT in radish, tinda, cauliflower and brinjal. However,
%p’-DDD was present only in tinga, cauliflower, and brinjal.
oncentration of DDT (total) residues  ranged from
0.0?08—0.440 ppm. which siggested its continued presence
In food chain. o ,
T]pe lower I?P]/elt% of OCIt in fdlf{ﬁrent vegetables %re in
copformity with the reports. of other workersss and are
gﬁho%v Ftﬂg%naxmum _reS|Bue f|m|ts prescribed by FAOWHO
to public health and termite control. However, the presence
of these two insecticides in vegeta_bles seems t0 be due to
previously used insecticide confamination. The use of HCH
In the colntry Is increasing while that of DDT 15 declining

Application of DDT and aldrin is réstricted only - food

during the Jast few 1yearsIl This could he one of the reasons
of low level of DDT (0.0012-0.1068 BBm) ana comparativel
Qé%reslevel of HCH (0.0638-0.4908 "ppm) in vegetable

Further, the half life period.of many OCI was found to be
less in tropical countries8 This could be another reason for
the presence of low level of insecticide in the vegetables. OC
enters and accumulates into, the human body through
consumfmon of contaminated food ietms Such as meat, fish
oils, milk and milk groducts]Z Veqetables form an important
food item and proper care shquld’be taken to use very safe
Insecticice for avolding potential risk to humans. It has heen
advocated that minimum safety periods prescribed for various
Insecticicles should be observed and the vegetables should not
be sold in the market before the expiry of waiting periods.
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Table 3. Residue levels of organochlorine insecticides in vegetables of lucknow market
Vegetables pp’-DDE op'-bDT pp'—DDD Total DDT Aldrin Endosulfen
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Radish 0.0184 0.0072 ND 0.0256 0.0486 0.009
(0.001-0.054) (0.016-0.036) (0.001-0.054) (0.019-0.103) (0.005-0.002)
Ttnda 0.005 0.0540 0.0478 0.1068 0.0176 0.006
(0.010-0.015) (0.036-0.124) (0.012-0.127) (0.058-0.267) (0.006-0.03) (0002-0.009)
Cauliflower 0.0034 0.0058 00118 0.0210 0.0120 0.002
(0.009-0.029) (0015-0.059) (0.015-0.059) (0.021-0.105) (00030012 (0.0005-0.001)
Brinjal 0.008 0.0392 0.0482 0,0882 0014 0.004
(0.001-0.004) (0.020-0.196) (0050-0.241)  (0.220-0.440) (0.009-0.03) (0.0005-0,001)
Potato 0.0038 ND ND 0.0038 0.0248 0.005
(0.007-0.012) (0.007-0.012) (002-0.037)  (0.0009-0.0003)
Arabi 0.0028 ND ND 0.0023 0.0160 0.00005
(0.006-0.006) (0.004-0.006) (0.009-0.044) (0.00007-0.0002)
Green beans 0.0026 ND ND 0.0026 0.0012 0.007
(0,003-0.013) (0.003-0.013) (0.001-0.006) (0.005-0.002)
Onion 0.0025 ND ND 0.0025 0.0157 0.002
(0.008-0.012) (0.008-0.012) (0.008-0.045) (0.00007-0.0008)
Tomato 0.0012 ND ND 0.0012 0.0049 0.00009
(0.001-0.006) (0.001-0.006) (0.009-0.012)  (0.00009-0.0003)

Values are mean of ten samples.
FIBUTGS in parenthesis indicate range.
ND - Not Detectable.

. The authors are grateful to Dr. RK. Ray, Director, for his
interest In the studies. Thanks are also due to Mrs. Syamala
Das and Mr. Rakesh Chandra Nautiyal for technical
assistance. Senior author is thankful to Council of Science
and tTechnology, U.P., Lucknow for providing financial
assistance.
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Lindane: Environmental Health Cnterra 124 Publrshed
under thej Jornt sponsorshrp of the UNEP, ILO and an
Drafted by Dr. M Herbst, France ang Dr GJ Van sch
The Nethierlands under the International Programme on
%emrca Safety pﬁ

|s document 15 out ome of the megting of the WHO s

up on Environmental, Health Criteria for Lindane,

heId |n oscow, USSR, during 20-24th Nov. 1989, This

document comprises of the followiing 10 Sections; LSummery
and evaluation; conclusions; recommendations, 2 Identity:

Physical and Chemical properties, Analytical methods.
Sources of human and” environmental exposure, 4

Environmental transport, distribution and transportation, 5

Environmental levels and human exposure, ¢ Kinetics and

metabolism, / Eﬁects on laboratory mammals and in vitro

systems, & Effects on humans, 9 Effects on other organisms

In the Taboratory_and field, 10 Previous eva |uations by
|nternat|onal or anrsatrons followed bw endix-1 containin
chemrca S ruc Ure; 612 references and Resume given in

European lanquages.

Section lcont Ins the ?eneral properties of lindane, its
transport, distribution and fransformation n the environrmen:
kinetics ang mefabolism effects on mrcroor% nisms, aquatic
and terrestrial bioform and humans. Sectron covers in detail
th epropertres oftechnrcal product severa analytical methods
aﬁr advance techni ues eveo e il 12?7 Descn i nabout

P manufacture of Indane, th extent of Its use and

of formulations and their application for insect contro are S

covered In Section 3 A critical  review has been made
regardrn? the volatilization, precipitization and migration in
soil; uptake In translocation 1 plants hesides biotrans-
formation and hiodegradation In field conditions and in water
A comprehensive data are presented in Table 3 mcIudrn%
bioconcentration factors of linane in organisms exposed t
contaminated, water. Detailed information on accumulation
and bromagnrfrcatron In envrronment n humans and fields
forms Se(itro(p In Section 5, é levels of Oln ane in afr,
water, soil, arinking water, food an feed an |n terrestrial
and ariuatrc or%anrsms e [posuree ffects on the general
o ulation, concentration I human samples are reviewed
re ensively. Section s enormously covers the absorption
ile of lindane as a result of oral, dermal and other routes
|n experrmental animals, the pattern of distribution; enzymic
involvement, in 1ts mefabolic transformation; trackirig of
metabohtes in various tissues of animals and human hemgs;
elimination and excretion in arr, facces and uring of
ex errmental anrmals retentron turnover and Isomerisation.
emeta olic pattway of lindane i animal system is very
well represented InFi 2|n lettuce and endive'in Fig 3, and
micro-organisms in Fig 4,
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[. Fd Sei. Technol, 1992, Vol 29, No. 5, 338—339

The results of the acute, short and long term toxrcrty in
several animals orally, intraperitonially and intramuscularly
are described in detar "The effects of Irndane on reproduction,
embryo toxrcr an terato enicity and on chromosomes are
very Well presénted. Resul sof Utagenicity tests In various

systems (Table'9). other genetic effects (T eltg?and DNA

amage (Table summ rrse the In-ciepth studies. Tests on
carcrno enrcrg mode of action, . immyno-Suppression,
neurotoxicty re covered Acute toxicity, porsonrnﬁ Incidence
In humans, long and short term exposure controfled human
studlies erdemrologrcal studlies, effects resuItrnd
occupatron | exposurg are well presented In Sections 7 and
8 T e acute toxrcr%ofgamma HCH to fishes is summarised
Table 17 A summary"of the previous evaluation conducted
by International Organrzatron supplemented with Table 21
(5 resentrng the maximum resicug limit_for HCH of the
C dex Alimentaries Commission forms Sectjon, 1)
parnstakrng work of the Committee in bring nd out this
volume 1s highly commendable. This document Wil e very
useful for researchers, students, policy makers, industrialists,
manufacturers, Ministries of Plant” Protection, Food and
Agriculture, Because of the residual nature, many
ordanochlorrne esticides are bern reviewed, This document
| certain| p pragmaticall ¥ In assessing the relative
safety/toxicity of lingane for its further ufa%e or OA BIWise,
Acritical analysis of the references cited In this document
Indicates that information pubIrshed in Proceedings of the
ymposium on ‘Lindane;, Lyon-Chazay-1976 in Lindane Cial-
has not been adequately covered. Hodever, it was a privilege
10 g throuph the realm of lindane which was once a hoon
for"controlling insects.

DR (MRS) M.K. KRISHNAKUMARI
and M. JAYARAM,
CFTR1, MYSORE.

Basrc Bioreactor Desrg by Klaas Van' Riet and Johannes
Tramper, Marcel Dekker Inc. New York 1991 pp:V/ + 4
Price: US § 155.25.

The hook s written to provide basic principles of reactor
design; inaddjtion, it also outlines the relevant principles and
datafor practical process engineering. The book IS divided
into 4 parts. Part 1 defines”the sutgect and describes, in
general, about various types of bioredctors and the concepts
Used therern giving several examples. Part 2 4qrveste asic
grrnc p es of Teact rdesrr%n and parts 3 and 4 deal with the
ngrn ering aspects and process of hioreactors. Srnce the book
has heen based on the course material of the graduate course

Inbiochemical engineering, it would be™an invaluable
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companion to the stuclents, in particular and the practitioners
In the industry In general. o

Very lucid”descriptions, of the fundamental principles
leadirig to the detailed gesign of the reactors that could be
put t0° practice are often”accompanied. _
examples. This has been the most outstandmg feature of this
book. However, it is imperative that the reatler gossesses a
good background in general and aPphed_ mathematics, for
Uncerstanding the treatment and effective utilization of various
themes presénted In the chaﬁters.

The Usefulness of the boo
of pertinent references which have been cited after each
chapter. Consicering the. tremendous |mﬁ_rovements in the
Bioreactar technology, it is expected that this book may have
to be revised in futtire and hence we would like to Suggest
two jmportant inclusions in the future editions of this book.

Firstly, the tllustrations and/or photographs of productive large

size bioreactor Systems may be included. Secondly, a mention
of relevant national/international standards pertinent to such
Proqess_ equipment, oata on material Of construction
fabrication progess and itferent codes may also be beneficial
in the fabrication process.

A.'S. BHAGWAT AND D. CHATTOPADHYA
BARC, BOMBAY.

Food Processing Operations and Scale-up: _Edited by Kenneth
J. Valentas T.eon Levine, and J. Peter Clark, Published by
Marcel Dekker Inc. New York. Hongkong, Basel
p%:)408;_ Price:US $ 9975, (US and Canaa) and US
11950 in all other countries.

The book primarily provides an engineering orientation to
the food Inaustries. "Authors” extensive experience In both
Industrial and academic settings have been highly useful, in
writing this text. The text runs into 2L chapters. The first
chapter deals with the basic concepts of process engmeenng
and Its a[(JPh_catlon In developing various processes and foo
product cesigns. The llustrations on processing in poultry
and meat groduc_ts, beer and low-caloric lf_eers are helpful
0. the stuclents i understanding the application of basic
prmclgles of food science and' engineering. Chapter 2
describes th? dynamics of food Industry, and Underlipes the
concepts of computer-integrate-manufacturing, tlexible
manufacturing, systems, _productivity improvement, and
quality contrdls n food industry. Chapter3 discusses the
investments and financial analysis of the capital expenditure
In plants made on the hasis of relative merit of proposals to
sustain returns and ensure profits. The authors reveal that the
projects that are controlled by compliance, with laws and
re?ulanons follow good manufacturing practice and proalct
safety and the like dre not evaluated on'the basis of a financial
returns. However, projects intended to add proﬁtabﬂﬂr myst
be measured in an objective manner. Chapter 4 deals with

by worked out h

I enhanced by the inclusion  h
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the hasi¢ concepts of Chemistry and Physics of food material.
Normally, a !x()rocess engineer en af%e In the food industry
has enotigh knowledge to desq e equipments o as 0
control héat and mass transfer rates during the operation, but
e may be not fully conversant with the effects of heat transfer
through the food material for maintaining its food value and
preservlnP the aromatic properties. The flow sheet of digestive
system illUstrates that how the food is digested. The atention
of food engineers towards the concept of solubility and
dlenaturatior) of proteins, SUgars, sweeteners, viscosity etfects;
ygroscopicity, browning reaction, gelatinization
temperatures, étc. have been"drawn 1o design effective food
products and process development. Chapter 5 discusses the
\e}gp_llcatlon ? engineering Brmm les in manufacturing of
l0us soy-food Proauicts sich & Soy-protein Isolates and
concentratgs, margarine, cooking oil and fags, salad oil, salad
ressm?s, Tofu, texturised meat and animal feeds, The authors
have sren%thened_ the text by giving real-life problems,
Chapter 6 deals with the processmq Of Ready-to-eat (RTE)
fooas from solids and semi-solid meterials. The authors have
%rou ed the RTE foods into five generic, type of categories.
he application of physics and mathematics In explaining the
machanics of P]uffmg cooking_and flaking, etc. have been
lustrated with the help of Charts, Figilres and Tables.
Chapter 7 discusses various dairy operations and processes
such as homogenization, pasteurization, deodorization,
?acka?mg and” safe storage of dairy Eroducts. The
ormulations anﬂ re araémns_of vanoug mil Broducts su%h
as Ice-Cream, cheese and tneir by-products for large scale
manufacturing have been described. The concept Of using
membrane processing for concentrating whey, and the
application of reaction inetics for optimizing the design
parameters of various processes have been présented. The
case stuay of orange juice discussed in Chapter 8 on
grocessmg and Iproducﬂon technglogy of _orang]e Juice, rPeeI
nd Rulp, and freezing and filtration"of juice imbibes an In-
depth knowledge to the readers, Chapter'9 discusses the hand
tohand role Of process en?meers and food scientists in
developing new food procucts. Chapters 10and 1 offer a
comprehensive treatment of scale-up the food process
o?eratlons. The authors have cnhcallY emphasized the role
0 pnmap/ and seconda scale-_u;f criteria In food Industries
through real Iife proble ss;%eua ly on extrusion, and fwo-
phase” (gas-liquid) mixing. The authors have provided the
Useful fules of thumb atout the scale-up experiments and
applied dimensignal analysis techniques for solving the
problems |n_voIvm? the ana and secondagl criteria
gssomated with scale-Up of food processes and food product
Esigns.

R P. SAXENA
G. B PANT UNIVERSITY, PANTNAGAR.
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Bombay Chapter

The Annual General Body Meeting of the above Chapter
was held on 4th July 1992, at the old Auditorium, UDCT,
Matunga, Bombay. Dr. C.L. Nagarsekhar, President,
Bombay Chapter, welcomed the members. Dr. S. R. Padwal
Desai, read the minLtes of the last AGBM. The reports of
the Secretary and the Treasurer were passed unanimously.

The Local Executive Committee met on 13 occasions
during the year 1991, The Chapter in colaboration with
Konkan Krishi Vidhyapeeth, Dapodi had organised a two-day
seminar on “Food Industries in Rural Development” on
19-20, April, 1991

The following 3 lectures were arranged during the year,
) Marketing of Food Products”, by Sri J. K. Sanzgiri, Parle
(Export) Ltd. i) “Recent Developments in Genetic
Engineering” by Dr. P. R. Mahadevan, Director, Foundation
of Medical Research, and iii) “Human Resources
Development for Technology in the Third World” by Dr.
H.A.B. Parpia, Ex-Director, CFTRI, Mysore.

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 29, SEPT/OCT 1992

A two day National Seminar on “Challenges to the Indian
Food Industries-Widening of Export and Domestic Market
was also organised. Dr. S. R. Bhowmik, Director, CFTRI,
Mysore inagurated the seminar. Eminent food scientists gave
talks on different issues concerning food scientists. Over 200
delegates participated in the deliberations.

The following office bearers were elected for the year 1992:

President : Dr. C. L. Nagarsekhar
Vice Presidents : Dr. J.S. Pai
Dr. A S. Golap
Hon. Secretary : Dr. D. R. Bongirwar
Committee Members : Dr. S. R. Aggarwal
Dr. G. D. Joshi
Dr. M. Y. Kamat

Dr. S. V. Padgaonkar

Dr. J. V. Parekh

Dr. (Ms) G. Subbalakshmi
Dr. S.B. K. Warrier

The posts of Hon. Jt. Secretary, Hon. Treasurer and a
Committee Member will be filled up in due course.

FOR ALL PROBLEMS RELATING TO
WATER POLLUTION CONTROL
CONTACT

THE COROMANDEL ENGINEERING CO. LTD.

POLLUTION CONTROL DIVISION
REGD OFFICE:

[IAM HOUSE ANNEXE, 2, JEHANGIR STREET
MADRAS 600 001

PHONE: 512060, 511591 TLX: 041-8109 COEN IN 041-6223
COEN IN FAX: 91-44-510378

SALES OFFICE :
86, BAZULLAH ROAD, T. NAGAR, MADRAS 600 017, PH: 8251184

SHRIRAM ENGINEERING CONSTRUCTION COMPANY PVT. LTD.

GUNA BUILDINGS, 6TH FLOOR, 304/305, ANNA SALAI
TEYNAMPET, MADRAS 600 018, PH: 454081

oo S SR L0
ey PrOJects o ater,

ang FFoatin erators,
OE?H tors, (g ( |ers$ arifloccllators
uent and Sewage Treatment.



The Genesis Freeze Dryer

Genesis offers you more options than any other
freeze diyer on the market today. Plus enormously
powerful features to help you get yourjob done more

easily, more efficiently, more reliably than ever before.

Supra Chamber 24

Offering dramatically increased shelf area and shelf
clearance, the Supra Chamber 24 incorporates a
space-saving rectangular vacuum chamber design.
This versatile bulk/stoppering unit combines a wide
variety of shelf area and shelf clearance options.

SRC Sublimators

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

Exclusive Agents in India:

‘\ SPIIM CO

;zci;x.waz“umm“
P et S e AR .
;;’$t§3l‘l&)§‘& =
é?!*’f‘: .

il

;

FCP 11l Freeze Dryer Control System

If you don't know about the FCP Ill yet - you should.
Because it is the most advanced computerised
control system ever to be unleashed. The most
powerful. Most flexible. Most reliable.

IO TECH PV T LTD

l)l\T(‘ 35, VAIDYARAM STREET, T. NAGAR  MADRAS-600 017

v PHONE: 440174 o GRAMS:BIOSPINCO o FAX: 044-442731
BANGALORE-BOMBAY-CALCUTTA-HYDERABAD-LUCKNOW-NEW DELHI




ASSOCIATION OF FOOD SCIENTISTS AND TECHNOLOGISTS (INDIA)
Central Food Technological Research Institute Campus, Mysore-570 013, India.

Invites Nominations for Fellows of AFST (I) for the year 1992.

The Association has pleasure in inviting nominations from
persons to be conferred as Fellows of ASFT(I) entitled
“Fellow of Association of Food Scientists and Technologists
(India)”. (FAFST) to honour those who have contributed
significantly to the progress of Food Sciences and Technology.

General

L The awardee will be called as Fellow of Association of
Food Scientists and Technologists (India) and in an
abbreviated form will be termed as FAFST.

2. The total number of Fellows of the Association will not
exceed 5% of total membership including regular and life
members of the Association in any given year or 100,
whichever is lower.

The title of Fellows has so far been awarded to 27 AFST(I)
members and 5 non-members who have contributed to the
progress of Food Science and Technology.

Eligibility

1 The aim is to honour persons of outstanding merit who
have contributed significantly in the field of Food Science
and Technology including R&D Product/Project
Development, Industry, Transfer of Technology and
Marketing. The merit of Contribution should be the main
criterion.

2. Among the Fellow to be nominated every year, 70% will
be from AFST(I) and remaining 30% may be from non-
members, who have contributed significantly for the
development of Food Science and Technology.

Nominations

L The nomination for Fellow should be proposed by five
AFST(I) members of good standing for a minimum of
5 years or by 2 Fellows of the Association. This is
applicable to AFST(I) .members as well as non-members.

2. Any regular or life member of AFST(I), who has been
continuously a member of the Association can sponsor
the nomination for only one Fellow in a particular year.

3. The nomination shall be accompanied by acceptance of
the person proposed.

4. The nomination shall be in the format given. A brief bio-
data of the nominee highlighting the Scientific or
Technological achievements in the area of Food Science
and Technology, supported by a list of publications not
exceeding 10 important research papers or other
supporting documents not exceeding 20 pages must
accompany the nominations.

5. Central Executive Committee Members of AFST(I) are
not eligible to the nominated as Fellows.

6. The nomination duly proposed and accepted by the
nominee’s consent shall be sent to the Hony. Executive
Secretary, AFST(I) by 1st February 1993.

Selection of Fellows

The nominations received will be placed before an Expert
Committee appointed by the CEC for suitable recommen-
dations to CEC each year. CEC by majority decision will
finalise the names of Fellows for each year. The decision of
the CEC in this matter will be final.

Privileges of a Fellow

The Fellow shall be entitled to the following rights:

L1 The awardee will be entitled to add FAFST after his name
as short title.

2. To be present and vote at all general body meetings.

3. To propose and recommend the candidates for Fellow of
the Association.

4. To receive gratis copies of one of the publications of
AFST(I).

5. To fill any office of the AFST(I) duly elected.

To be nominated to any committee of AFST(I).

7. To offer papers and communications to be presented hefore
the meeting of the Association.

S

Cessation of Fellow

L Any Fellow may withdraw his/her title of the Association
by signifying his/her wish to do so by a letter addressed
to the Hony. Executive Secretary, AFST(I), which will
be placed before the CEC for acceptance.

2. The title will remain for life time of the member.

3. Ifthe Association comes to know of any activity prejudicial
to the interest and well being of the Association, the CEC
will have the right to withdraw the title.

Conferring as Fellows
The Fellow will be conferred with a Citation at the time
of AGBM or at any other suitable function of the Association.
The Association may invite some Fellows nominated each
year to deliver special lectures in the area of their
specialisation either at the AGBM or any other function
arranged by the AFST(I).

Please forward your nominations duly filled as per the
format given and mail it by Registered post to the Hony.
Executive Secretary, AFST(I), CFTRI Campus, Mysore-
570 013 before Lst February 1993,

The envelope containing the nomination along with the bio-
data and contributions (5 copies) should be superscribed
‘Nomination for Fellow AFST(I)"

DR. M. N. KRISHNAMURTHY
HONY. EXECUTIVE SECRETARY



ASSOCIATION OF FOOD SCIENTISTS & TECHNOLOGISTS (INDIA)
CFTRI CAMPUS, MYSORE - 570 013

Nomination Form For Fellows

We, the following members of AFST(I) wish to propose
Full name and academic distinction

FULL NAME

DATE OF BIRTH

AREAS OF SPECIALIZATION
ACADEMIC QUALIFICATIONS:

for election of the Fellows of AFST(I). We append below the statement of his/her claims for election as Fellow and
certify that in our opinion he/she is fully qualified for that distinction. We also certify that he/she has been informed of
the obligations attaching the fellowships of the AFST(I)and is aggreeable to abide by them if elected.

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

Seconder’s name & signature Proposer’s name & signature
Date: Date:
Station: Station:

(Signature of supporters from personal/general knowledge)

@ (2) (3)

| agree for the above nomination

(Name & Signature)

Note: (1) Five copies of the candidate’s bio-data and list of important scientific publications not exceeding 10 pages and
one set of reprints or supporting documents not exceeding 20 pages shall be attached to this form.

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

(3) Last date for receipt of nomination at the office is 1st February 1993.



ASSOCIATION OF FOOD SCIENTISTS & TECHNOLOGISTS (INDIA)
CFTRI Campus, Mysore-570 013, India

INVITES
NOMINATIONS FOR AFST (I) AWARDS FOR 1992

Nominations for the following awards of the AFST (1) for the year 1992 are invited. All nominations should
be sent by Registered post, so as to reach Honorary Executive Secretary, Association of Food Scientists and Technologists
(India), CFTRI Campus, Mysore-570 013, before Ist February 1993,

PROF. V. SUBRAHMANYAN INDUSTRIAL ACHIEVEMENT AWARD

The guidelines for the award are:
(i) Only Indian nationals with outstanding achievement in the field of Food Science and Technology will be
considered for the award.

(i) The nominee should have contributed significantly to the enrichment of Food Science and Technology, and
the development of agro-based food and allied industries in India.

(iii)  The nomination duly proposed by a member of the Association must be accompanied by the bio-data of the
candidate highlighting the work done by him for which he is to be considered for the award.

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

(v) Central Executive Committee Members of AFST (1) are not eligible to apply for the award during their tenure.

The envelope containing the nominations along with bio-data and contributions (five copies) should be superscribed
“Nomination for Prof. V. Subrahmanyan Industrial Achievement Award - 1992,

LALJEE GODHOO SMARAK NIDHI AWARD

The guidelines, for the award are:

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

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

(ili)  The nomination duly proposed by a member of the Association must be accompanied by the bio-data of the
Association.

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

The envelope containing the nominations along with bio-data and contributions (five copies) should be superscribed
Laljee Godhoo Smarak Nidhi Award 1992.



BEST STUDENT AWARD

The award is to be given to a student having a distinguished academic record and undergoing the final year
course in Food Science and Technology in any recognised University in India. The aim of the award is to recognise
the best talent in the field and to encourage excellence amongst the student community.

The guidelines for the award are:

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

(a) M.Sc. (Food Science)/(Food Technology)
(b) B. Tech., B.Sc. (Tech), B.Sc. (Chem. Tech) with Food Technology specialisation.

(i) He/She should not have completed 25 years of age on 31st December 1992,

Heads of the Department of Food Science and Technology in various Universities may sponsor the name
of one student from each institution supported by the candidate’s bio-data, details starting from high school
onwards, including data of birth and post-graduate performance to date (five copies).

The envelope containing the nomination should be superscribed “Nomination for Best Student Award - 1992,

YOUNG SCIENTIST AWARD

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

The guidelines for the award are:

1 The candidate should be an Indian national below the age of 35 years on 31st December 1992 working in
the area of Food Science and Technology.

(i) The candidate should furnish evidence of either:
(a) Original scientific research of high quality, primarily by way of published research papers and
(especially if the papers are under joint authorship) the candidate’s own contribution to the work.
OR

(b) Technological contributions of a high order, as reflected by accomplishments in process design
etc., substantiated with documentary evidence.

The application along with details of contributions of bio-data (five copies) may be sent by registered post with
the envelope superscribed: “Nomination for Young Scientist Award 1992,

BEST PAPER AWARD

The award is to be given by the AFST(I) Educational and Publication Trust’ to the author(s), who have contributed
the best paper to the Journal of Food Science and Technology published in 1991. A panel of experts constituted by
the Central Executive Committee will scrutinize the journals and select the best paper for the award.



INSTRUCTIONS TO AUTHORS

Manuscript, in triplicate should be typed/printed in double-space on one side of A4 size/bond paper, leaving 2.5 cm margin on all
four sides of the page. The data reported in the manuscript must be original with clear definition of objectives, materials used, methods
employed and without repetition. It should not have been published or offered for publication elsewhere. The manuscript must be
as per format of the journal and authors should consult a recent issue of the journal for style and layout. The manuscript will be
returned to authors, if it departs in any way from the required format and style. Papers essentially of an advertising nature will not
be accepted. Footnotes for text are to be avoided. All submissions will be reviewed by two referees and an appropriate editorial board
member.

Four different types of papers are published:
1 Research Papers with a maximum length of 14 manuscript pages, including figures, tables and references.
2. Research Notes which are limited to a maximum length of 6 manuscript pages, all inclusive.

3 Rapid Communication of the size of the maximum length of 8 manuscript pages (all inclusive) will be published rapidly, out
of Order of submission. Such communications must be based on new results of impact making quality. The authors have to
append a note, indicating novelty, implications of the results and urgency in publication. The editor reserves the right to decide,
what constitutes a Rapid Communication.

4. Mini-Reviews on specific topics of higher utility and current trends (by invitation only)

Materials and Methods must give sufficient details for the work to be repeated. Methods of sampling, number of replications and
relevant statistical analyses should be indicated. Any hazard must be mentioned and the relevant safety precautions described or reference
mede to safety procedures. The use of proprietary names should be avoided.

Each paper should be provided with an abstract of maximum ten line length in the manuscript, reporting concisely on the principal
findings of the paper and in the form acceptable to abstracting agency.

The manuscript of the research paper should be divided into sections viz. Abstract, Introduction, Materials and Methods, Results
and Discussion and References. The research notes will be without these sections, except for Abstract and References. The chemicals
are to be referred by names and not by formula in the text

The title of the paper is to be typed in capital and small letters for all types of papers. Authors’ names should be in capitals and
the affiliation in capital and small letters. This should be followed by Abstract and Introduction (without heading).

Thbles, numbered consecutively with Arabic numerals are to be typed on separate sheet and placed after references section. No vertical
lines be used and the table should not have more than nine columns. Nil results should be indicated by using zero, while absence
of data by the sign

Graphs and line drawings must be in a style and standard of draughtsmanship. These should be drawn in Indian ink, with stencilled
lettering, on tracing paper or white drawing paper or preferably art paper. The lettering should be twice the size of the printed letter.
Photographs should be submitted as clear black-and-white prints on glossy paper and must have good contrast. High quality computer
generated line diagrams or glossy prints are also acceptable. Legends for all the figures are to be typed on separate page with details
of symbols. The graphs, line drawings and photographs must be protected adequately against damage and bending of the envelop
during transit. The manuscript will be returmed to authors, if these requirements are not satisfied.

References should be cited at the appropriate point in the text by a superscript numeral in the order of their citing in the text. A
list of references, in numerical order, should appear at the end of Results and Discussion section, maintaining the same order of
numbers. Abbreviations such as . aI., Ibld, I0eM must be avoided. The titles of all scientific periodicals should be abbreviated
in conformity with the World List of Scientific Periodicals, Butterworth Scientific Publications, London, 1962. Unpublished data
or private communications should not appear in the list, but can be indicated in the text. The examples of layout of typical references
are as below (please note the italic portions and bold figures):

a) Tairu A O, Omotosu M A, Oderinde R A and Bamiro F O, Studies on oxidative stability of crude and processed yellow
nutsedge tuber and almond seed oil. J Fd Sci Technol, 1001, 28, 8

b) Hacking A J, EConomic Aspects of B|otechnolo$/, Cambridge University Press, Cambridge, 1986, 306.

¢) Kurtzman C P, Phaff H J and Meyer S A, in Yeast Genetics, Fundamental and App|l€dgASp60tS, by Spencer J F T, Spencer
D M and Smith A R W, Springer-Verlag, New York, 1983, 1. . .

d) Nambudiri E S and Lewis Y S, Cocoa in Confectionery, Proceedings of the Symposium on the Status and Prospects of
the Confectionery Industry in India, mysore, May 197, 27. _

€) Ramesh MV, Production of Heat Stable Bacterial Alpha-Amylase, PhD. ThESIS, University of Mysore, Mysore, India, 1989,

f) Sreekantiah K R, Jaleel S A and Ramachandra Reo T N, Indian Patent No. 115537, 1968,

g) Srihari K A, Vijaya Rao D and Siddaiah C H, Microbiological quality of spice mixtures as evidence of safe manufacturing
capabilities, Paper Presented at 32nd Annual Conference, Association of Microbiologists of India, Madurai, India, 10-12
January 1992

There are no page charges. One off-print of the paper is provided free of charge to first author of each published paper. Additional

off-prints can be' ordered, on payment only, after receipt of the acceptance letter.
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Research Papers

BIOCHEMICAL CHANGES DURING FERMENTATION OF COCOA BEANS INOCULATED WITH SACCHARO-
MYCES CEREVISIAE (WILD STRAIN) by Othman Abdul Samah, Mohd Fared Putih and Jinap Selamat
OCCURRENCE OF BACILLUS CEREUS AND OTHER BACILLUS SPECIES IN INDIAN SNACK AND LUNCH
FOODS AND THEIR ABILITY TO GROW IN A RICE PREPARATION by M.V Varadaraj, N. Keshava, Nirmala
Devi, C.T. Dwarakanath and S.PManjrekar

COOKING AND PARCHING CHARACTERISTICS OF CHICKPEA (CICER ARIETINUML.) by Narpinder Singh,
K.S. Shekhon, Usha Bajwa and Shyama Gopal

EFFECT OF DEHULLING METHODS AND PHYSICAL CHARACTERISTICS OF GRAINS ON DUAL YIELD
OF PIGEONPEA (Cajanus Cajan L.) GENOTYPES by U Singh, B.A.S. Santosa and P.V. Rao

ISOLATION OF A LECTIN FROM AMARANTHUS PANICULATUS SEEDS by Sushma Sawhney and Shobhana Bhide.

EFFECT OF IMPROVERS ON THE QUALITY OF WHOLE WHEAT FLOUR BREAD by D. Indrani and
G. Venkateswara Rao.

EFFECT OF INGREDIENTS ON THE QUALITY OF WHOLE WHEAT FLOUR BREAD by D. Indrani and
G. Venkateswara Rao.

EFFECT OF PHOSPHATE AND SPENT HEN YOLK ON THE QUALITY OF CHICKEN PATTIES AND KABABS
FROM SPENT HENS by N. Kondaiah, A.S.R. Anjaneyulu, Mir Salahuddin, R. P. Singh and B. Panda
GLYCOLIPID COMPOSITION OF SOME SEED VARIETIES OF COTTON by A. S. Kulkami, R. R. Khotpal,
PB. Shingwekar and H.A. Bhakare

PROCESSING OF SOME FRUIT AND VEGETABLE PRODUCTS IN GLASS CONTAINERS by Virwy Purushottam,
M. Mahadevian, R. V. Gowramma and R. Naresh

STORAGE STABILITY OF CANNED JACKFRUIT (ARTOCARPUS HETEROPHYLLUS) JUICE AT TROPICAL
TEMPERATURES by C.C.Seow and G. Shanmugam.

NUTRITIONAL AND COOKING QUALITY EVALUATION OF DRY COWPEA (VIGNA SINENSISL.) GROWN
UNDER DIFFERENT AGRICULTURAL CONDITIONS. 2. EFFECT OF SOAKING AND COOKING PROCESSES

ON THE PHYSICAL, NUTRITIONAL AND SENSORY CHARACTERISTICS OF COOKING SEEDS by A.A.
Bakr and R.A. Gawish

Research Notes

SUITABILITY OF PACKING BOXES FOR TOMATOES by Albel Singh, Y. Singh and Sanjeev Batheja
ENTEROTOXIN PRODUCTION BY STAPHYLOCOCCI ISOLATED FROM PORK KAB/.B, SALAMI AND
OTHER SOURCES BY ELISA by E. Nanu and K.G. Narayan

EFFECT OF ADDITION OF SOY FLOUR ON THE QUALITY CHARACTERISTICS OF BLACKGRAM
(PHASEOLUS MUNGO L.) PAPADS by C.R. Deepa, Asna Urooj and Shashikala Puttaraj

CRISP AND SPICY SOYBEAN SNACK by Hemadri K. Das

CHEMICAL COMPOSITION OF ISABGOL (PLANTAGO OVATA FORSK) SEED by M.K.Chakraborty and K.V .Patel
PHYSICAL AND CHEMICAL CHARACTERISTICS OF CHINESE SARSON (BRASSICA CHINENSIS) SEEDS
AND OIL by SK. Berry and R.C. Sehgal

EFFECT OF FROZEN STORAGE ON PROTEASE AND LIPASE ACTIVITY OF OIL SARDINE AND RIBBON
FISH by A. Senthilvel, L.N. Srikar and G.Vidya Sagar Reddy

COMPOSITION CHARACTERISTICS AND POTENTIAL USES OF SOUTH INDIAN TEA, SEEDS
by R. Ravichandran and M. Dhandapani

GLUCOSINOLATES CONTENTS OF COMMONLY GROWN AND CONSUMED VEGETABLES OF
HIMACHAL PRADESH by G.Kochar, Renu S. Kumar and B. Singh

EFFICACY OF FOOD PRESERVATIVES IN THE CONTROL OF PENITREM-B PRODUCTION BY PENICILUUM
AURANTIOGRISEUM by M. Surekha and S.M. Reddy

STUDIES ON HYDROXY METHYL FURFURAL FORMATION DURING STORAGE OF HONEY by Namita
Ghoshdastidar and Jagadbandhu Chakrabarti
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