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RESEARCH PAPERS

Protein Quality Evaluation of Popped Barley Grains (SattuJ

S. R. Chatterjee and Y. P. Abrol
Nuclear Research Laboratory, Indian Agricultural Research Institute, New Delhi 110012

Manuscript Received 14 Sept. 1977: Revised 7 Nov. 1977

Protein quality evaluation of the popped barley grains of normal and high lysine cultivars/lines revealed that the processing of
the grains caused non-avaiiability of the amino acids; dye binding capacity (DBC) method could be used to evaluate this non-
availality; the high lysine lines with a greater content of free amino acids were more prone to damage; threonine content in
the Sattl material increased due to a change in the relative composition of the amino acids; and since the eating quality ofsatin is
improved when it is taken in combination with roasted Bengal gram flour the biological value of the combination will be high.

One of the several forms in which barley is consumed
in India is sattu. It is a sieved flour of roasted (popped)
barley grains. This is consumed either in the form of
a drink consisting of the flavour, water, fresh lemon and
sugar added in the required proportions, or in the
form of a dough consisting of sattu and flour of roasted
Bengal gram with salt added to taste. The prevalent
beliefis that sattu is a valuable food and when consumed
along with Bengal gram it forms a wholesome diet.
However, there is no information available regarding
this aspect. Evaluation of the nutritional quality of
sattu is, therefore, of relevance.

In the present study, the sattu prepared from normal
and high lysine barley grains was evaluated and com-
pared with quality characters of the whole meal prepared
from unpopped grains.

Materials and Methods

Grain material: Grains of eleven normal barley
cultivars viz. ‘Clipper’, ‘C 164’, ‘RS 6, Ratna, Vijaya,
DL 3, DL 69, RD 31, NP 113, DL 70 and Jyoti, and
four high lysine lines viz. 1098-2, 1098-7, Notch 1 and
Notch 2 were grown, in the experimental fields of the
Indian Agricultural Research Institute, under reco-
mmended cultural practices.

Preparation of sattu: Clean river bed sand was
taken in an iron vessel and placed over a gas oven regu-
lated to- medium heat.- Preliminary investigations
indicated- that 5 min. were sufficient to bring the sand
to the required temperature. Triplicate samples of
grains ofeach cultivar, weighing 40 g each were roasted
(popped)“separately. Preliminary investigations showed
that 30 sec of roasting gave popped grains of the best
taste and flavour. The taste and the flavour were asse-
ssed by requesting persons at the Institute who hail
from traditionally barley growing regions of Bihar,

UP and Haryana to make an evaluation by tasting the
popped grains processed for different periods.

Grinding of unpopped and popped grains:  Represen-
tative samples of each cultivar/line were ground to 60
mesh size using a_hammer mill.

Determination ofmoisture:  Moisture was determined
in the unpopped grain whole meal and 'sattu’ flour by
taking a known quantity and drying to a constant weight
at 105°C in a hot air oven. .

Determination of crude protein: Nitrogen percent
was determined, in duplicate, in each of the samples by
using the Technicon Autoanalyserl. Protein percentage
was then computed by multiplying by the conversion
factor of 6.25. .

Dye binding capacity {DBC): The DBC value of the
samples was determined by the procedure described
earlier2.  For comparison between samples, optical
density values itself were used.

Amino acidspectra:  One representative sample of the
normal and all the four high lysine barleys were analys-
ed. Amino acid composition was determined on the
acid hydrolysate of the samples using a Technicon Sequ-
ential Multisample Amino Acid Analysers3.

Estimation OFtryptophan: Tryptophan was deter-
mined colorimetrically4.

Free amino acid content: A known amount of ground
material was extracted with chilled 80 percent ethanol
and centrifuged for 15 min. at 10,000 rpm to get a clear
supernatant. The extraction was repeated 4-5 times. Die
pooled supernatant was dried on a rotary flash evapo-
rator. The residue was dissolved in 0.01 N HCI and
made to a known volume. The amino Nitrogen was
estimated following Rosen’s method>.

Amino acid score: Die FAOQ reference pattern was
used to calculate the amino acid score and to determine
the limiting amino acidss.
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All the values have been presented on moisture free
basis.

Results

Protein content and DBC value of unpopped and
popped barley grains: There were no significant dif-
ferences in the crude protein content of unpopped and
popped barley grains (Tables 1 and 2). However, the
DBC value of the samples showed some interesting
differences. In the case of barley grains of normal
cultivars, the differences in DBC value of unpopped and
popped ones was not of large magnitude, except in the
case of NP 113 where the reduction in DBC value of
popped grains over that of the unpopped grains was 13
per cent. In other varieties, the reduction varied from
2 to 6 per cent. The variety, Vijay did not show any
change at all.

In the case of the high lysine lines, 1098-2 and 1098-7
obtained in a breeding programme using Hiproly2, and
Notch 1 and Notch 2 obtained by induced mutation?,
the crude protein content did not show a significant
change (Table 2). However, on the basis of the amount
of amino acids recovered, the protein content showed
a reduction of 9,8,18 and 22 per cent, respectively in
1098-2, 1098-7, Notch-1 and Notch-2 (Table 3).

The DBC value varied considerably in the high lysine
lines (Table 2). Sattu, prepared from the grains of
1098-2 and 1098-7 showed a reduction of 7 and 6 per
cent, respectively, over the DBC value obtained for
the unpopped grains. Notch 1 and Notch 2 showed
a greater decrease being 17 and 21 per cent, respectively.

Amino acid composition of unpopped and popped
grains (sattu): Popping barley grains caused destru-
ction and non-availability of almost all the amino
acids. However, the extent of reduction varied with
the amino acid. This resulted in a change in the relative
proportion of amino acids in saftu as compared to that
in the unpopped grains (Table 3). For instance, the
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proportion of essential amino adds, lysine, histidine
and arginine decreased while the proportion of the
essential amino acids, threonine, valine, methionine
and isoleudne increased.

The free amino acid content in unpopped grains and
sattu showed marked differences (Table 4). The normal
barley sample had less free amino adds as compared
to the high lysine ones. Amaong the high lysine lines,

Table 1 protein content (nX 6.25) AND DBC VALUE
UNPOPPED AND POPPED BARLEY GRAINS (SATTU)

Cultivar Protein % DBC Value
(NX6.25) (Optical Density)

Mean-j-SD. Mean-J-S.D.

Clipper 13.0£0.2 0.210£0.002

(12.8-j-8.3) (0.200-3-0.004)

C 164 12502 0.185-1-0.002

(12.2-1-0.3) (0.180-1-0.004)

RS 6 11.4£0.2 0.205-{-0.002

(11.4-1-0.2) (0.1950.003)

Ratna 13.7-1:0.2 0.200,0.002

(13.8-1-0.4) @ .%¢0.003)

Vijay 11.0-j-0.2 0.2"0.002

(11.0£0.3) (0.21(*0.004)

DL 3 12.010.2 0.205;0.001

(12.0-1-0.4) @";0.003)

DL 69 11.8-1-0.2 0.2"0.002

(11.7-1-0.2) (0.20.004)

RD 3l 13.2-1-0.2 0.203;0.002

(13.010.2) @.";0.003)

NP 113 131:0.3 0.213;0.002

(13.0£0.3) @ .%;0.003)

DL 70 12.040.2 0.18040.002)

(11.8£0.2) @ .7;0.003)

Each mean is from three observations.
Figures in the parentheses are the values for popped grain.

Table 2. protein content and dbc value of normal and high lysine barley uneofped and popped grains (Sattu)

Characters _ Variety/Ling*
Jyoti 1098-2 1098-7 Notch 1 Notch 2
Protein % 1310.2 1570.3 1570.3 1610 .4 1610.4
(NX6.25) (13.10.3) (153;0.4) (15.3;0.4) (1670.5) (16.8-J-8.5)
Protein % 1270.3 14104 1410.4 1670.5 161405
(actually recoverable)** (1210.3) (1310.4) (14.1,0.4) (1310.4) (13.300.4)
DBC Value 0.20040.002 0.285;0.002 ©";0.003 0.280;0.003 0.290;0.003
(Optical density) @ .%;0.003 (0.265;0.004) (0.255;0.004) @";0.004)  (0.228;0.004)

*Average value and standard deviation of three separate estimations.

**_pDlicate estimations were made in this case. Figures in parenthesis are for popped grains.
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Table 3. proportion of the amino acids in the protein of normal and high lysine barley unpopped and popped grains (sattu)

Amino acid Amino acids (% of the total recovered) in the indicated variety/line
Jyoti 1098--2 1098 -7 Notch 1 Notch 2
a a a b a b a b

Lysine 3.07 2.99 411 3.89 3.67 3.53 4.02 351 4,01 3.64
Histidine 2.32 2.06 2.35 2.29 2.78 2.53 2.40 1.98 2.62 211
Arginine 5.20 4.45 4.67 4.14 4.9 4.62 539 3 5.39 3.62
Aspartic acid 6.62 7.55 6.82 7.60 6.43 11 6.52 7.46 6.70 7.68
Threonine 2.75 3.03 2.89 3.06 2.80 2:90 3.08 314 3.09 3.15
Serine 3.60 417 4.26 4.05 4.37 4,03 3.82 431 3.47 438
Glutamic acid 25.67 23.08 2351 23.39 25.04 22.89 25.42 23.68 24.37 21.53
Proline 11.38 10.30 9.51 10.46 9.73 10.00 9.75 10.37 10.28 9.16
Glycine 4,01 3 421 4.02 4.11 3.88 4.23 4.38 4.22 4.42
Alanine 443 4.62 512 4.86 461 483 4.37 4.89 4.64 5.12
Cystine 2.23 3.04 2.19 2.44 2.18 1.82 1.90 2.24 2.30 2.35
Valine 457 5.47 518 5.57 5.16 593 511 6.12 5.05 6.74
Methionine 1.80 231 178 1.97 11 1.95 1.76 2.09 1.69 2.20
Isoleucine 3.89 4.15 3.83 4.45 3.63 3.78 3.58 3.82 4.04 4.97
Leucine 6.87 6.99 7.03 6.89 6.53 6.81 6.55 742 6.63 7.83
Tyrosine 3.22 3.16 3.26 2.21 2.78 3.70 3.38 2.36 3.24 261
Phenylalanine 521 5.14 548 4.85 558 5.44 4.89 4.76 4.52 4.64
Tryptophan 1.16 118 1.20 1.20 1.14 115 1.07 1.10 1.08 1.09
Ammonia 2.00 2.60 2.60 2.60 2.50 2.50 2.60 2.60 2.69 2.69
Recovery 97 96 96 91 97 92 95 82 96 78
(% of crude protein)
Amino acid score % 56 55 72 71 67 64 73 64 73 66
Ist limiting amino

acid Lys Lys Thr Lys Lys Lys Lys Lys Lys Lys
Amino acid score (%) 69 76 72 76 70 73 7 79 77 79
2nd limiting amino

acid Thr Thr Lys Thr Thr Thr Thr Thr Thr Thr

a: average value of duplicate estimations of unpopped grains.
b: average value of duplicate estimations of popped grains.

Table 4. total free amino acid content in normal and
high lysine barley unpopped and popped GRAINS (SATTU)

Variety/Line Total free amino acids (mg/100 g flour)

Popped Unpopped
Jyoti 110 10
1098-2 175 12
1098-7 155 5
Notch 1 215 10
Notch 2 240 9

*Average value of three separate estimations.

1098-2 and 1098-7 had a lower content of free amino
acids as compared to Notch 1 and Notch 2. There was
considerable reduction in the content of free amino
acids in the sattu samples.

Discussion

In cereal protein wherein lysine forms the most
limiting amino acid, the DBC method has found popu-
lar acceptance. The principle of the method is that at
low pH value the azo-sulphonic groups of the dye
Orange G react with the basic imidazol, guanidine and
amino groups of the protiens. These groups chiefly
originate from the basic amino acids, histidine, arginine
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and lysine.  Some secondary mechanisms could also
be involved8. Correlation co-efficient obtained between
DBC value and the basic amino acids or lysine alone
are highly significant9*0. ~ Significant positive corre-
lation has been obtained also between DBC value
and protein10®L Moreover, the DBC method unlike
the Kjeldahl nitrogen value, does not measure the non-
protein nitrogen. In the case of lysine it measures
only the nutritionally available sites. Evidently, if the
biological value of a food protein is limited by its con-
tent of a basic amino acid, its DBC value should corre-
late with the results from practical feeding trials.

From the results of the present study it is evident
that processing of grains to yield ‘sattu’ causes a certain
amount of non-availability of amino acids.  This,
however, does not get reflected in the crude protein
value obtained by conventional procedure of nitrogen
determination. On the other hand, the DBC value is
indicative of the loss of availability that occurs.
Since the DBC method is faster and cheaper than the
biological methods of estimation of protein quality,
and since it is fairly reliable, it can be used to evaluate
the loss of proteins due to food processing.

The chemical changes occurring in the grain protein
during processing appears to be irreversible as evidenced
from the lower recovery percentage of amino acids
from hydrolysis of popped grains.

Difference in the extent of damage due to processing
could be due to variability in the chemical make up of
the grains of the different varieties and the high lysine
lines. The biochemical mechanisms operative in the
high lysine lines results in an enhancement in the con-
tent of free amino acids and lysine rich proteins in the
grains.7*12.

The chemical score of the Sattu material showed a
decrease, lysine being the first limiting amino acid.
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However, since threonine, which is the second limi-
ting amino acid, shows an increase, the chemical score
of the protein in a comhbination, where Sattu is mixed
with Bengal gram, would be high. The low content of
lysine in sattu will be adequately compensated for by the
high content of the amino acid in Bengal gram.
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Sangak bread is a sour dou?h type bread which is nutritionally improtant in Iranis. Eighteen samples of sour dough starter and

fresh dough were collected

rom fourteen bakeries in the Tehran area, and analysed for their total yeast and bacteria. Yeast and

bacteria were isolated and taxonomically characterized. Morophology of yeast and bacteria is discussed.

Seventy seven per cent of the total bacteria found in the starter were Leuconostoc and Lactobacillus species, which are essential
in fermentation of Sangak dough, for %lvm the desirable flavour and sour taste. The small number of yeasts present in the

starter is responsible for leavening of the dough.

Sangak is a sour dough-type bread which is nutri-
tionally important in Iran.

It is a long, thin sour dough bread, the starter or the
leavening consisting of a portion of dough from previous
batches. This starter is added to the newly prepared
dough and after 11 or 2 hr relaxation, a ball of 400-500 g
of dough is spread on a wide wooden paddle and placed
on the floor of an oven which is covered with gravel.
The bread is baked on this hot gravel for 2-3 minl

The basis of the sangak process is the starter which
contains the yeast and bateria necessary to leaven the
bread and produce the characteristic flavour. In Iran
starter is called “Torsh” which means sour, and con-
sists of dough from a previous batch held for 5to 10 hr
in an open container. It was found that methods of
starter preparation and dough formulation varied
widely from area to area depending on the facilities
available in the shop and the methods the baker has
learned. But the starter is important regardless of what
modifications the baker has made in the process. If a
baker desires to start making sangak he usually goes
to an established baker to get an initial starter. This
starter provides the large inoculum of microorganisms
necessary to accomplish the fermentation in the short
time (1-"—2 hr) allowed and reduces the pH of the
bread dough (about pH 4.1-4,6). The acidic environ-
ment then inhibits the growth of all but acid-tolerant
species of microorganisms.

The nature of the process suggests the presence of
specific bacteria and yeasts which produce the chara-
chteristic flavour of the product. A system of this kind
has been described for an American sour-dough French
bread process2.

In this paper the microorganisms found in the Sangak
dough and starter are characterized.

* Peace cor%s volunteer.
** Head of t

e Institute of Nutrition sciences and Food Technology.

Materials and Methods

Eighteen samples of sour dough starter and fresh
dough were collected in sterilized plastic containers from
fourteen bakeries in Tehran area. To isolate and enu-
merate the microorganisms in the samples, 22 g of dough
were aseptically mixed for 2.5 min. in a sterile Waring
blender with sterile 0.25 M phosphate buffer.3 Serial
dilutions were made and pour plates prepared using the
appropriate dilution.

Total yeast counts reported here were made on steri-
lized Sabouraud Maltose Agar (Difco) with 1.5 ml of 10
per cent sterile citric acid (sterilized at 45°C) per 100 ml
of media. Plates were incubated at 20°C (room tempe-
rature) for 72 hr. Yeast cultures isolated from these
plates were carried on Sabouraud Maltose Agar slants
and held at 4-5°C. Transfers were made once in every
two weeks.

Total bacterial counts were made using Lactobacillus
selection Agar (B.B.L.) with 1 per cent fresh yeast
extract (FYE) added. The FYE was prepared as described
by Kline etal4Incubation was at 30°C for 27 hr. Bacterial
isolates were carried on LBS Agar or Nutrient Agar
slants depending on the nature of the organism.

Maorphology of bacteria from LBS or Nutrient Agar
slants was examined after 72 hr of incubation at 30°C
under gram stain. Yeast morphology was studied using
wet mounts from cultures grown in yeast extract-peptone-
glucose (YPG) Composition: Glucose 2.00; Yeast ext.
1.00; Peptone 0.5 g and water 99.5 ml.

Cycloheximide (Upjohn Company, Kalamazoo,
Michigan) tolerance was tested using W.L. Differential
Agar Medium (BBL). Comparative growth tests were
done using a commercial baker’s active dry Star).
Pure cultures of Saccharomyces cerevisiae were isolated
from this dry yeast product.
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For the identification and grouping of bacterial isolates
dextran formation on sucrose agar, Tryptone, 1% yeas-
tral, 0.5 %, K2ZHP040.5 %, a ammonium citrate, 0.5 %
andsucrose, 5%. Litmus milk reaction and fermentation
of different sugars were carried out as follows: 2 ml. of
30 per cent sterile sugar solutions were added to tubes
containing sterile nutrient broth to give a 5 per cent
sugar solution, used phenol Red as indicator.

Typical colonies from each group were characterized
according to the procedure outlined by Rogosa and
Sharped and Bread et alfi The ability of L. plantarum
to grow in NaCl 5.5 per cent were examined, the basal
medium being yeast glucose broth. The growth after
2 days at 30° C was considered. The temperature test
was carried out in nutrient broth incubated at different
temperatures (15°—45°C) and cultures observed daily
for one week.

Leuconostoc was classified on the basis of its ability
to ferment different carbohydrate sources, according
to the procedure outlined by Garvie7.

The methods of Gaswell and Burnett8 and Lodder9
were used for the study of morphology and identi-
fication of yeast species and their role in the learning
process. For comparative purposes a standard culture
of Torulopsis was used to leaven Sangak bread.

Results

All the bacteria isolated from Sangak starters fell
into three general groups except for four Alcaligenes
species in two samples. The bacteria present were
Gram positive lactic types, and could be grouped as
(a) dextran-forming Streptococci, (b) Lactobacillus-
type. and (c) cocci or terrads (Table 1).

The Streptococci were the most common types iso-
lated. These organisms varied in shape from cocci to
oval forms in pairs to coccobacilli. They fermented
the six sugars but produced no reaction in litmus milk.

Table 1.
_ No. of  Dextran _
Bacteria ~ Morphology  isolates ~ formation  Litmus
in this  on Sucrose  milk
group Agar
Group A Gram +ve A + N.R.
Streptococci or
Cocoobacilli
GroupB  Gram+ve 23 — variable
Rod usually
short
Group C  Gram+ve 8 — Acid

Cocci Tetrads

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 14 NOVEMBER-DECEMBER 1977

Table 2. characteristics used to classify 31 bacteria

ISOLATES FROM GROUP “a”—AS LEUCONOSTOC MESENTEROIDES

Species Leuconostoc mesenteroides
Garvie Group

1l V VI

Litmus milk - - Slight acid
Growth at 37°C + + +
Dextran _ + +
Acid from: Arabinose + - +
Xylose + + +
Sucrose + + +
Lactose + + +
Trehalose + + +

* As described by Garvie (Dextran formation was tested on 5%
Sucrose Agar).
—=—uve Reaction,+ = +ve Reaction,-L =Variable Reaction.

The most characteristic reaction of the group was
formation of dextran on 5 per cent sucrose agar. They
were identified as Leuconostoc mesenteroides Garvie
group V and VI (Table 2).

The species isolated from Lactobacillus type orga-
nisms were Lactobacillus plantarum and Lactobaciﬁus
brevis. ~ The homo-fermentative streptobacterium,
L. planatarum was recognized by its tolerance of 5.5 per
cent NaCl and fermentation reactions and hetero-
fermentative streptobacterium, L. Brevis was reco-
gnized by its production of both acid and gas (Table 3)

The homofermentative cocci which were found in
small numbers were identified as Pediococcus cervisiae
with an optimum temperature of 18 to 25° C, and high
salt tolerance (group C Table 1).

Yeasts were divided into two groups on the basis of
morphology in yeast extract-peptone-glucose (YPG)
and maltose fermentation (Table 4). The predominant

grouping of bacteria isolates

Fermentation
Glucose  Sucrose Maltose  Lactose Arabinose  Xylose
+ + + + t +
H + + + % %
0 0 0 0 0 0

Key; 0-Not Tested, + = +ve Reaction, -j- - Variable Reaction, N.R.-No Reaction.
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group (group 2) was unable to assimilate lactose but
utilized glucose, sucrose and maltose even in the pre-
sence of cycloheximide. The other group (group 1)
was unable to assimilate maltose and lactose but uti-
lized glucose and sucrose vigorously. A strain of baker’s
yeast was also tested for comparative purposes. The
sangak yeast cells were oval showing multipolar
budding; pseudomycelium was absent and no asco-
spores, endospores or ballistospores were formed. No
pigments were produced and they fermented some
carbohydrates. ~ These characteristics place them in
genus Torulopsis. The species identified were Torulo-
psis Candida and Torulopsis colluculcsa (group 2 Table 4)

The role of the Torulopsis yeast was suggested by
holding starters at refrigerator temperatures until the

Table 3. characteristics used to classify 23 bacterial
ISOLATES FROM GROUP “b” AS LACTOBACILLUS PLANTARUM
AND LACTOBACILLUS BREVIS*

Lactobacillus plantarum  Lactobacillus

brevis
Gram +ve Rods, Small ~ Gram + ve Rods

Morphology rounded ends under Opt  or Coccobacilli
conditions

Growth at 15°C + +

Growth at 45°C + -

% Acid in Milk 0.3-1.2 0

Fermentation of
Arabinose + ++
Lactose + +
Melibiose + +
Raffinose + -
Sucrose + +
Xylose + +

* a5 described by Rogosa et als
0 Not tested

+ +ve Reaction

-------- ve Reaction

+ +Vigorous Reaction
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number of viable yeast became very low and a test
dough was produced by this starter. Then, starter help
for 12 days at approximately 4°C lost the ability to form
sufficient CC2but acid production was normal. So the
yeast must be responsible for most of the leavening
power,

The number of bacteria in _newly inoculated dough
varied from Ix107 to 2x107 cells per gram, and in
fully developed starter the number increased to 10x 108
organisms per gram of which Leuconostoc Sp, Lacto-
bacillus sp and Alcaligenas Sp comprise 48 per cent,
19 per cent and 2 per cent respectively.

In some samples the Leuconostoc species made up
85 per cent of the bacterial population but this varied
widely. After five or six hours, the microbial count
stopped increasing.

Yeasts were present in much smaller numbers.
Freshly inoculated dough contained about 4x106
cells per gram and starters contained 1.1-1.3 X107
yeast per gram after several hours incubation in which
Torulopsis candida was 50 per cent of the yeast popu-
lation.

Discussion

Unbleached sangak flour usually contains 8 to 12,000
bacteria per graml». The species present are varied,
but Leuconostoc and LactoBaciIIus are usually not
isolated. The isolation of a certain species of bacteria
from a fermented food product does not prove the
organism is involved in the fermentation. However,
the large number of Leuconostoc species and Lacto-
bacillus species in Sangak dough (and the absence of
others) suggests they must be essential in the fermen-
tation.

The incidence of Alcaligenas species was very low
so they may have been contaminants Lactobacillus
species found were difficult to culture. Among those
isolated, L. plantarum is homofermentative and L. brevis
Is hetero-fermentative producing both acid gas when
fermenting carbohydrates and these two species are often

Table 4. grouping of yeast isolates

No. of isolates in

Y east Morphology on YPG* ingroup
Group 1 Small ovals, may form Pellicle 2
Group 2 Larger ovals 16

Growth in presence Fermentation of

of 100 mcglg of

Cydoheximide ~ Glucose ~ Sucrose ~ Maltose  Lactose
+ ++ ++ —
+ + + + —

#Morphology and Fermentation reactions determined using the method of Lodder9.

+ +ve Reaction
+ + Vigorous Reaction
------- ve Reaction.

# This is, however, not enough to produce the desirable fermentation.
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isolated from the same sources as L. mesenteroidesil
These lactics share the same optimum temperature of
30°C and are capable of producing both C02 and
acidity necessary in a Sangak bread* and the yeasts
are responsible for the leavening power.

As mentioned, after six hours the microbial count
stops increasing. This is due to the depletion of nutri-
ents and the accumulation of acid. The fermentable
carbohydrates make up approximately 2 per cent of the
flour and consist of glucose, fructose and large amounts
of low molecular weight glucofructance2. The bacteria
and yeasts present in the dough compete for these
sugars.

A specific symbiotic relationship of one yeast species
and one bacterial species has not been formed in the
sangak process, as was described for some sour dough
breadsd-12 but rather, a group of compatible, low-
temperature lactic bacteria have been established in a
system favouring growth of Torulopsis yeasts. The
unique feature of these yeasts seems to be their cyclo-
heximide insistence. The yeast isolated grew in the
presence of 100 meg of cycloheximide per gram and
this indicates they may co-exist with the sour dough
bacteria because of their resistance to an antibiotic
substance produced by the lactic organismsi12

Commercial bakers yeast is now available to sangak
bakers and there is interest in using this dry yeast for
sangak. Preliminary studies show that bakers’ yeast
can be used to leaven sangak bread, but the distinctive
flavour is not developed. Fermentation with Bakers’
yeast produces a few flavour compounds. Bacteria
produce many such as diacetyl, aldehydes, iso-alcohols,
acids and their ester. To produce sangak bread, the
unique balance of yeasts and bacteria is necessary and
any attempt at developing this process will require
close attention to the fermentation.
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The occurrence of a typical low-temperature lactic
flora in sangak starter suggests a similarity with Euro-
Bea_n rye bread. These low-temperature lactics (Lacto-
acillus plantarum, Lactobacillus brevis and Leuconostoc
mesenteroides) are among the species added as pure
cultures to produce the desired acidity and flavour
in rye breads. A study of European sour dough bread
and of the use of prepared pure cultures (as are used in
yogurt production) will provide useful information for
the development of the sangak bread process.
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Bajra (Pennisetum typhoides), has been evaluated for malting and brewing purposes under standard conditions used for barley
malting. Optimum steeping time at 17°C for 92% %ermmanon was 8 hr. Compared to barley malt, bajra malt has a lower amylo-

lytic activity and the wort prepared from such mal

has a low reducing sugar content which is inadequate for brewing purposes.

It is concluded that bajra, although rich in starch and low in proteins, is unsuitable for brewing purposes.

Bajra, is a crop that is cultivated under rainfed condi-
tions during the summer months in the State of Haryana,
India. At present, it is mostly used as a fodder crop.
With the increasing demand for the limited quantity
of barley malt available, it was desired to evaluate
this surplus grain for brewing purposes. Being rich in
starch and low in proteins, it appeared to be ideal
for brewing. Sheorain and Waglel and Pal et al.2
have reported the possibility of malting this grain.
However, conditions employed for malting were not
ideal to derive conclusions.  This paper reports our
studies carried out to prepare Bajia malt under standard
conditions used for malting barley and to examine its
suitability for brewing purposes.

Materials and Methods:

Barley, variety ‘C-164’ and bajra, variety ‘HB-3’
used in the present studies are commercially grown
varieties and were from the Department of Plant Bree-
ding, Haryana Agricultural University, Hissar. These
grains were analysed for various ingredients by the
methods described by AOAC3.  Total nitrogen was
estimated as described by the Cereal Laboratory
methodsd. The starch content was determined by the
method of Hassid and Nuefelds.

Germination studies: Seeds (100 g) were washed
in tap water to remove all the extraneous materials
and soaked in distilled water (500 ml) at 17°C for 8 hr
(bajra) or 48 hr (barley). The seeds were then allowed
to germinate at 17dC in BOD incubator in petridishes
(8 in. diameter) spread on wet filter paper. Samples
(5¢) were withdrawn at intervals of 24 hr upto 120 hr
during germination for analysis.

Total amylases were extracted and assayed according
to the method of Nason« and °*<-amylase activity was
measured by the method of Swain and Dekker7. Enzyme

activity is expressed as mg of maltose released/ml
enzyme extract at 37°C in 3 min.

Preparation of malt: Grains were germinated as
above and those showing optimum germination (acro-
spire 1/2-3/4 of the length of grain) were sorted out
manually and kilned at 45°C for 24 hr and then at
55°C for 8 hr. The cured grains were screened to
remove the rootlets, cooled and stored in a cool dry
place (25°C). The malted grains were coarsely ground
in a coffee grinder and analyzed by the method of
AOAC3.

Analysis of wort:  Wort was prepared according to
the procedure described by Weissler8. The samples
were equilibrated at 20° C and filtered through What-
man No. 1 filter paper before analysis.

Specific gravity was determined using a boot type
pycnometero (50 ml capacity) at 20°C.  Extract content
of wort was calculated from the plato tables of the
American Society of brewing Chemists9 and relating
to the specific gravity of the wort.

Total reducing sugars in the wort were estimated as
maltose by the dinitrosalicylic acid method10. The
pH of wort was determined using an Elico pH meter
Model Li-10 and the total acidity of wort was deter-
mined as per cent lactic acid by weight according to
the procedure described by Hortwitz9. Colour of wort
was estimated by the Spectrophotometic method of
Weissler8 and total protein content by the Micro-
kjeldahl method as described by Piperll.

Results and Discussion

Chemical composition: Grains used for brewing must
have a low protein content but should be rich in starch.
The chemical composition of the varieties of barley and
bajra used in these studies are shown in Table 1. The
starch content of these grains varied slightly. However,
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Table 1. chemical composition OF BAIRA* AND BARLEY

Bajra Barley
Moisture (%) 9.2 101
Crude protein (%) (Nx6.25) 125 8.8
Ether extract (%) 44 2.0
Starch (%) 50.0 5.8
Germination (%) (at 17°C) 92.0 99.9
1000 grain wt. (g) 6.4 50.9

b dry wt. basis.

the crude protein and ether extractives were more in

bajra.

fiffe_ct of temperature and time on amylase content
of bajra: Since it was necessary to determine the
time period for germination and also to determine the
stage at which the grains have maximum amylolytic
activity, germination studies were conducted at 17°C
(optimum temperature for barley) and at 35“CL The
total amylase activity increased rapidly at 35°C ger-
mination (Fig 1) and reached a maximum at about
30 hr after which it declined. On the other hand, x -
amylase activity reached a maximum at 18 hr and there-
after, rapidly declined. As compared to this, at 17°C,
the increase in both total and X-amylases is gradual
and reaches the maximum value in about 120 hr. The
amount of total and x -amylase activity in grains
germinated at 17°C was 2 and 4 times more respecti-
vely, than at 35°C. The grains had attained a moisture
content of 35.6 per cent at this stage. The germination
was terminated at this stage since the grains had attained
the appropriate germination stage.

Amylase content of hajra ang barley: The amylase
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Table 2. amylase formation during germination of bajra

AND BARLEY
_ Total amylases* o<-amylase*
Time (hr) - _

Bajra Barley Bajra Barley

0 116 4939.0 102 371

24 182 42185 156 752

48 384 71185 28.4 822
1 1148 129125 12.2 12635
9% 260.0 21981.2 1200 2801.6
120 390.0 34119.0 250.0 34155

*Unitslg dry wt.

content of malt is a major parameter in brewing and
a good malt must have a high amylase content. The
amylolytic acivity in both bajra and barley when ger-
minated at 17°C increased continuously during the
five days of germination (Table 2). The increase in
amylolytic activity in bajra is about 40 folds over the
ungerminated grain while in barley it is only about
7 folds. However, barley had a very high initial and
final enzyme level compared to bajra.

Malt composition: The malt prepared from barley
and bajra were analyzed for various components such
as moisture, crude protein, ether extractives and starch
(Table 3). The over all composition of the malts was
similar to that of the grains. Both malts had a satis-
factory flavour and desirable taste.

Wort analysis: To examine whether the amylo-
lytic activity in bajra malt is adequate for its use in
brewing, wort was prepared as described by Weissler8
and analysed. The major parameters which finally
reflect in the quality of beer are fermentable sugars,
the total protein content ((camino N), pH, total acidity
and colour of the wort. Table 4 shows the analysis
of the bajra and barley worts. Reducing sugars which
play an important role in establishing the quality and
identity of beer, are too low (1.6 per cent) in the bajra
wort while the other ingredients are comparable to
that of barley wort and are within the range of average
American wort8. The pH of bajra wort was higher
than barley wort while the total acidity was lower

Table 3. chemical composition* OF BARLEY AND BAJRA MALTS

Bajra malt  Barley malt
Moisture (%) 6.9 8.1
Crude protein (%) (Nx6.25) 143 9.8
Ether extract (%) 49 24
Starch (%) 436 485

b oy wt. basis
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Table 4. analysis of bajra wort and barley wort
Bajra  Barley AvranPeAmerican
wort  wort barley wort

Sp. gr. 1.051 1.0358  1.0476 — 1.0497
Extract (0 Plato) 12.62 898 1180 — 1230
Colour 12.29 813 300 — 500
Total acidity (%) 0.06 012 011 — 012
Reducing sugars (%) 1.60 819 700 — 850
Protein (%) 040 048 038 — 050
pH 6.12 555 520 — 5480

and beyond the acceptable range for average American
barely wort. The colour of the bajra wort was also
darker than Barley wort and the extract of bajra wort
was higher than the barley wort.

The reducing sugar content of bajra wort is too
low and this is perhaps due to the low amylolytic acti-
vity in bajra. This is inadequate to produce the mini-
mum amount of alcohol (3.10-3.90 per cent by weight)
prescribed for beerl2. These experiments have been
repeated several times. It is, hence, concluded that
bajra malt alone, because of its low amylolytic activity
cannot be used for brewing purpose. However, as
reported elsewherel3, bajra starch can be effectively
used as an adjunct in association with Barley malt
for brewing.
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F.D. Goat Meat Chunks
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A study was carried out to commerciall

produce improved quality, enzyme tenderized accelerated freeze dried (AFD) mutton

chunks. Tenderization was measuredm?ermsof &a) protein extractability, (b)total volatile nitrogen (ITVN), (c) extract release

volume (ERVL, and (d) juice expressed by press

uid method. Products were evaluated both organoleptically and by chemical

analysis. All the enzyme treated products were found better than their controls prior to freeze drying. Ficintenderized AFD mutton
chunks were found to be the best in overall quality and uniformity of the tenderness. Enzymatic tenderization resulted in reduction

of cooking time by half an hour at 5 p.s.i.

Tenderizing effect of enzymes is known for a long
timel. The enzymes important to meat tenderization
are proteases.23 The main commercial sources of plant
enzymes are papain from papaya, bromelin from pine-
apple and ficin from figs.4 A close relationship between
enzyme tenderization and tenderness -of meat has been

reported.5 The enzymes can be applied to meat either
by dipping, spraying or injecting method but the uni-
form distribution of enzyme depends upon many
factors.2 Approximately 5to 7 mm deep penetration of
enzyme has been reported in ‘dipping’ process and hence
its use is limited to relatively thin cuts of meat.8
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In the present paper results of the attempts made to
explore the feasibility of the production of enzyme
tenderized accelerated freeze dried meat chunks using
plant proteases namely ficin, bromelin and papain have
been reported.

Materials and Methods

(a) Goat meat: The meat carcasses of good quality
were obtained from local market. Only male goats
from two to two and a half years in age were used.
All the carcasses were almost of the same weight.
Immediately on receipt (approximately 4 to 6 hr post
slaughter) the superficial fat of the carcasses was trimmed
off and each carcass was anterioposteriosly divided
into two similar halves which formed the test and
corresponding control group. The meat was deboned
and cut into 10 to 15 mm cubes and hand mixed. For
preliminary experiments the meat was divided into six
groups for standardizing the optimum conditions for
enzymatic action.  Subsequently for production of
enzyme treated batches and their control on pilot
plant scale, two to three carcasses which were longi-
tudinally divided into two equal halves, constituted
one group as control and the other for enzyme treat-
ment. All operations were done under strict hygienic
conditions.

(b) Enzymes:  All the enzymes used were of commer-
cial/laboratory grade. Ficin and Bromelin, E.Merck
Germany and Papain, P.C.I. Delhi, India and sodium
chloride L.R. BDH were used.

(c) Method of treatment and cooking: Enzyme treat-
ments were carried out for 30 minutes following 5
min preincubation at 60°C and pH 6.1 £ 0.2 in 0.5 per
cent saline broth. The pH of the meat chunks was
not altered. Enzymes were used at different levels
from 0.001 to 0.25 per cent (w/w) on dressed meat
basis in saline during preliminary experiments. Ratio
of the dressed meat to saline broth was kept 2:1 (wh).
After the action was over, the meat was cooled to room
temperature in water. Samples were drawn for analysis,
these contained corresponding muscles from control
and treated meat, as well as random sampling was
done. The enzyme broth was discarded and meat was
cooked alongwith respective controls at 5 psi for 45
min as against 75 minutes required during normal
cooking at this pressure9. The gravy was concentrated
in open pans over flame and mixed with respective
meat. The cooked samples were curried and organo-
leptically evaluated to select the optimum enzyme
level for further experiments.

Based on the results of above preliminary experi-
ments the optimum concentration of enzymes (0.001
per cent) was used under the experimental conditions
for production of full load (approx. 12 kg wet material)
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of tenderized mutton and their controls for further
studies. Samples in triplicate were drawn at all stages
for analysis i.e. after treatment, after cooking and
after freeze drying.

(d) Analysis 0? the samples: The chemical analysis
of the samples in triplicate was carried out as per
AOACI) methods. Determination of protein extracta-
bility was done as per the method of Herring et
n/1L  The samples were homogenized mechanically
for 10 min. in 0.1 M KC1 in 1:10 ratio using Thomas
(Teflon) tissue grinder having clearance 0.005 to 0.007 in.
Extracted protein was determined according to the
method of Lowry et al.n

Total volatile nitrogen (TVN) was determined as a
measure of the degree of protein breakdown and the
extract release volume (ERV) was determined for
exploring the acceptability of the product as per the
method of pearson.13 Higher the TVN value, higher
being the acceptability of the product.

Expressed juice measurement was done as a measure
ofjuiciness according to the procedure of Wierbicki and
Deatherageld on 10 replicates using the Texture Test
System, TP-1 of the Food Technology Corporationls
U.S.A. (A patent of Kramer Press). 0.5 gm samples
were used on a 9.0 cm dia. Whatman No.| filter paper
and 100 Ib force was applied for one minute. The
relative humidity, moisture content of the paper and
regression coefficient of water were determined accor-
dingly.

Reconstitution time, rehydration ratio and per cent
moisture were calculated and SH content of the meat
protein was determined as per the method of Jozef and
Raymond16 using Ellman’s reagent.

(¢) Evaluation of the products: The products in
triplicate were evaluated by a laboratory panel of six
judges on a nine point hedonic scale and graded in the
order of choice.

Results and Discussion

Results of the preliminary experiments have been
presented in Table 1 It is seen that the maximum
enzymatic action is over at 0.00L per cent enzyme
concentration under the experimental conditions and
further increase in the enzyme concentration does not
produce any appreciable change in TVN or ERV.
At this enzyme level pH of the broth also remains
unaffected.  Higher enzyme concentrations in ficin
treatment produce pH shift towards acidity whereas
in papain treatment towards mild alkalinity and lead
to overtenderization/sogginess in the product. Total
solids in the broth are not affected as a result of enzyme
action. The gravy production remains as much as in
control meat or becomes slightly less. 0.001 per cent
concentration of enzymes was chosen for further experi-
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Table 1. effect of varying enzyme concentration under the experimental conditions upon teneerizaticn
Enzyme pH Total  Total volatile N in  Gravy  Extract Organoleptic
Enzyme used concn. (%, solids in (ml. ofstd.H2S04/10g or ml) released  release quality
W/Wto mu Before After  broth (%) cooking
ton in the action action Broth Mutton  volume
broth (%)
Ficin 0.001 6.4 6.4 0.05 0.40 08 - 1694 26,0 Good/tender
0.01 6.4 6.3 - 0.45 0.85 - 240 V. tender
0.1 6.4 6.1 _ 0.5 1.0 — 155 Over tender
little soggy
Control Nil 6.4 6.4 0.05 0.3 0.7 18.17 24.0  slightly hard
Bromelin 0.001 6.0 6.0 0.065 0.4 0.7 104 16.0  Good/tender
0.01 6.0 6.0 — 045 0.7 — 125 Very tender
0.1 6.0 6.0 — 05 0.75 — 65  Over tender
Control Nil 6.0 6.0 0.06 03 0.65 145 95  slightly hard
Papain 0.001 6.0 6.1 0.045 0.6 0.8 19.75 195 Good/tender
0.01 6.0 6.1 — 08 0.8 - 185  Over tender
01 6.0 6.1 - 0.9 0.8 - 185  Over tender
Control Nil 6.0 6.0 0.045 0.6 0.7 20.64 190  Slightly hard

—Not determined

ments as it gave an organoleptically good/tender pro-
duct with highest ERV and slightly higher TVN values
over control meaning thereby optimum protein break-
down and acceptabilityl3 in relation to organoleptic
quality.  These findings correlated with organoleptic
evaluation of the freeze dried products also. Effect
of enzymes treatment upon protein extractability have
been shown in Table 2. Maximum protein breakdown
is observed in case of ficin treatment as has been
reported alsol7. It resulted in 22.34 per cent excess
extractable protein over control.  Subsequently upon

Table 2. effect of enzyme treatment upon protein

EXTRACTABILITY OF MEAT
% extractable protein

------ — % gain
Product Before % gain After cooking  over
cooking over  and freeze  control
control drying
Ficin treated 43.50 310
meat 22.34 201
Control 21.16 171
Bromelin treated 29.16 231
meat 8.00 6.1
Control 21.16 17.0
Papain treated 23.64 170
meat 5.64 05
Control 18.00 165

cooking and freeze drying the extractability of the
proteins was lowered slightly possibly due to heat
denaturation. Bromelin and papain treatments pro-
duced 8.0 and 5.64 per cent excess extractable protein
over control, respectively. Upon cooking and freeze
drying the protein extractability in case of papain
treated mutton was unexpectedly reduced to 0.5 per
cent over control. Possibly it is one of the causes of
its low acceptability as judged by poor juice expression
and organoleptic score.

Data on the effect of enzyme tenderization upon
juice expression have been presented in Table 3. It will
be seen that ficin treatment produced 14.4 per cent
extra juice over control, as against 7.2 per cent in case
of papain after freeze drying. _ Since ficin is the most
powerful proteolytic enzymel/ among these and de-
grades both collagen as well as muscle proteins, it
produced optimum protein breakdown which, it appears
helped in forming a more expanded gel upon reconsti-
tution with retention of higher amount of “immaobi-
lized” water and therefore higher degree of swelling
and juiciness18.

Rehydration ratio of the ficin tenderized AFD meat
chunks was found to be comparatively higher (1:2.52)
than bromelin or papain tenderized AFD meat chunks
which were 1.88 and 1.98 respectively. No difference
in SH groups content was observed as a result of enzy-
matic tenderization in any of the groups. The freeze
dried tenderized meat could be reconstituted by simmer-
ing it in boiling water for 15 minutes.
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Table 3.

Meat treated/control After enzyme treatment

After cooking
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effect of tenderization upon juice expression under the experimental conditions*

After freeze dry-
ing and reconsti-
tution

EJA (sg cm) % extrajuice over EJA (sq cm) % extrajuice over EJA (sq cm) % extrajuice over

control control control
Ficin 22.53 16.03 11.60 24.58 7.0 14.4
Control 19.19 6.88 4.0
Bromelin 2201 15.74 1201 17.90 6.0 7.2
Control 18.73 8.26 4.0
Papain 20.95 19.6 10.75 10.32 4.1 1.44
Control 16.75 8.60 3.8

*RH 60%, Moisture content of the filter paper 6.7-j-0.1 % and regression coefficient of water 60.95 mg/sq cm.

EJA—Average expressed juice area i.e. (average total area—average meat film area)

Results of the organoleptic evaluation have been
presented in Table 4. Though the papain treatment re-
sulted in considerable protein breakdown as indicated
by TVN and ERV values suggesting tenderization
however, after cooking and freeze drying it had low
preference due to poor juice expression. The reasons
are not well understood. Bromelin treated freeze dried
mutton was found to be comparatively more tender
and juicy. The ficin treatment gave best product which
was graded first in the order of choice. These findings
agree with the data on juice expression and protein
extractability of the treated meats.

Conclusion: The study indicates that the ficin
treatment being the best can be used in meat tenderiza-
tion with a limited chunk size for preparation of meat
or meat based convenience foods.

Table 4. organoleptic evaluation of the different enzyme
tenderized meat CHUNKS
Parameter Ficin  Bromelin Papain Control
Colour 6.3 6.1 5.7 6.1
Flavour 5.3 5.8 5.5 5.7
Juiciness 53 4.5 3.7 33
Tenderness 5.5 4.0 2.7 2.5
Total score 22.4 20.4 17.6 17.6
Remarks — — SI. hard -
Grading | I v 11

(Average score out of 10)
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Development and Application of Fungistatic Wrappers in Food

Preservation. Part 1l.  Wrappers

ade by Coating Process
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An effective fungistatic wrapper can be economically made by coating grease proof paper with an aqueous dispersion of sorbic acid
in 2% carbaxymethyl cellulose solution. - A simple technique'is described whereby foods which are generally amenable to spoilage
by mould attack can he preserved for short periods of minimum 10 days by simply wrapping them with the sorbic acid treated

paper and then enclosing in a polyethylene bag.

A fungistatic wrapper developed for food preservation
can have wide application if it is economically and
conveniently made and can also be used at all places
without needing any special technological facilities for
its application. The wrapper and its method of use
previously describedl do not fully conform to these
requirements since its manufacture requires the use of
alcohol which raises its cost and the method also requires
post packaging heat treatment of the food in thermostati-
cally controlled ovens. Investigations were, therefore,
undertaken to find out whether instead of alcohol water
based sorbic acid foimulation could be used for coating
paper to give an equally effective wrapper and also if
under suitable situations the wrapper could be used with-
out needing subsequent heat processing of the packaged
food in an oven. As a result a new coated fungistatic
wrapper was developed and a new and simple technique
for its application was evolved.

Materials and Methods

Grease proofpaper:  Super white grease proof paper
0of 45 g/sq m substance, indigenously manufactured.

Sorbic acid:  Sorbic acid (E Merck) of 99 per cent
purity.

Carboxymethyl cellulose: “Cekol HVP” brand, pro-
duced by M/s Cellulose Products of India Ltd.

The coating formulation was composed of Sorbic
acid, 30 g; Carboxymethyl cellulose, 20 g; Embanox-6,
0.8 ml; and Water, 1

Sorbic acid was added little by little to carboxymethyl
cellulose solution and mixed thoroughly using a mechani-
cal stirrer.  Antioxidant, “Embanox-6" was finally
added and the homogenous mixture was used up within
2 to 3 hrs.

Coating method: The coating could be carried out
on a laboratory model, two roller coating machine, one
of the rollers acting both as pick up and applicator roller
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and the other by suitable adjustment of the nip acting
in effect as a doctor (Fig. 1). The coated paper was
allowed to dry under room conditions by laying on a
flat clean surface. The exact thickness of the coating
to give the concentration of sorbic acid per square meter
of the coated paper to 1.8to 2.2 g was suitably adjusted.

The process can be carried out more efficiently and on
a large scale in a continuous coating machine provided
with drying channel and unwind and rewind rolls (Fig 2)
The drying was carried out at a channel temperature of
55° to 60°C.

Estimation of sorbic acid: For rapid estimation of
sorbic acid in coated paper a 10 cmxIO cm piece was
cut into small bits, soaked in a stoppered flask with 50
ml of freshly boiled and cooled distilled water, adding
20 ml of N/10 NaOH solution and back titrating the
excess alkali with a standard N/10 oxalic acid solution
to phenolphthalin indicator. ~ Sorbic acid transferred
to the food materials was estimated by the method of
Schimdt.2

The following food materials were used in the preser-
vation experiments.

(i)  Breads, both ordinary Modern Bakery breads and
ordinary local bakery breads: Moisture content varied
between 30 to 33 per cent and water activity between
0.90 to 0.94. (n) Puries, made out of good quality wheat
flour adding 2 per cent salt on the weight of the flour and

Roll used as Doctor
Q\ Coated Surface

Pickup and Applicator Roll
Fig. 1. Two roller coating
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DRYING CHANNEL

UNWIND REWIND
ROLL ROLL

Fig. 2. Continuous coating, drying and rewinding machine

using hydrogenated oil or refined groundnut oil for
frying in the usual manner. Moisture content was
approximately 25 per cent and water activity between
0.86 and 0.90. Each puri was of 40 g with diameter of
5.5. inches, (in) Chapaties, made from good quality
wheat atta adding 6 per cent oil hydro and 2 per cent
salt on the weight of the atta, baking and puffing in
the normal manner. The moisture content was approxi-
mately 30 per cent. Each chapati was of 45 g and of 6
inches in diameter. The water activity of different batches
varied between 0.86 and 0.90. (iv) Agra petha, obtained
from local market with sugar syrup of 75° Brix. The
water activity varied between 0.80 and 0.86. (v) Khoa,
freshly made from full cream milk to a moisture content
of 27 per cent and water activity between 0.86 and 0.90.
(vt) Intermediate moisture fruit salad prepared from

banana slices by the process of osmotic dehydrationd
using gradually increasing concentration of sugar syrup
till the final syrup strength was 75° Brix.

Results and Discussion

Paper for coating process: In a coating process
using an aqueous formulation of sorbic acid, the paper
to be used should be light and at the same time strong,
enough to run on a coating machine. It should also be
nonporous as far as possible so that it does not soak
water immediately on being coated and thereby lose
strength and dimensional stability while it is running
on the machine. Grease proof paper of 45 g substance
has been found to be satisfactory from these points of
view and in fact, has presented no problem on a conti-
nuous coating, drying and rewinding machine. The
paper is also suitable for use in contact with food mate-
rials.

Coatingformulation:  Clacium sorbate was previously
reported to have been used4 in coating composition.
For reasons of convenience, economy and storage
property, however the use of sorbic acid itself was
favoured. As binding and dispersing agent high visco-
sity grade carboxymethyl cellulose proved to be quite
satisfactory. Using a 3 percent dispersion of sorbic acid
in a 2 percent solution of carboxymethyl cellulose solu-
tion and adjusting the coat thickness properly it was
found that sorbic acid concentration in the coated paper
could be adjusted to 2+ 0.2 g per square meter without
much difficulty. As in case of alcoholic solution, in the
coating composition also Embanox-6 was added to the
extent of 0.8 ml per litre to minimise oxidative changes
in sorbic acid. The coated paper was found to release

Table 1. storage stability of various foods wrapped with coated fungistatic wrapper and subsequently heat processed

AFTER PACKAGING

_ _ . Period of  Shelf life based on  Shelf life based on
Food items Details of packaging heating at  microbiological sta- or?an_o_leptlc ac-
90-95°C (min) bility (months) ~ ceptability (weeks)
Unsliced Modern Bakery Individually wrapped and enclosed in 30 >4 4
Bread, 400 g laminated paper/polyethylene bags
Chapaties 5 nos wrapped together and enclosed in a Rl >3 8
paperfoil-polyethylene laminated pouch
Purjlfried in refined groundnut » 0 >3 4
0i
Banana fruit salad 50gmadeintoadiscshai3e of 2 cm thick- 30 -2 6
ness, wrapped and enclosed in laminat-
ed foil pouch
Agra petha 30fgwrapped and enclosed in laminated 30 >6 >24
0il pouch
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sorbic acid readily on beating at 90°-100°C. The cost
of producing the coated paper in the above manner
works out to be considerably cheaper than the impreg-
nated paper made from alcoholic solution of sorbic
acid. The coated paper is also more stable. After
storage for 4 months at ambient conditions the concent-
ration of sorbic acid was found to be reduced from 1.95
to 1.88 g per square meter.

Effectivity ofthe coated wrapper:  To verify the effec-
tivity of the coated paper, it was used for preservation
of breads, chapaties, puries and Agra pethas and hanana
fruit salad in the same manner as previously described
l.e. by first wrapping and subsequently heat processing
of the wrapped and packaged items at 90° to 95°C for
30 to 60 min. The results of storage studies of these
packages are given in Table 1 from which it will be seen
that the coated paper is as effective in preservation
against microbiological spoilage as the paper made by
soaking with alcoholic solution. The actual shelf life
of foods thus preserved is determined by other forms of
deterioration. In case of breads and puries the onset of
off flavour, in case of chapaties, the onset of bitter taste
and in case of banana fruit salad, intense brownin%
restrict the shelf life of these products upto 1 to
months. In case of Agra petha, which does not develop
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discolouration or rancidity a very long shelf life, ie.
beEqnd. 6 months is achieved.

limination of post packaging heat process: The
distinctly separate roles of heat processing and of the
fungistatic wrapper in the preservation of the packaged
food was clearly brought out in the earlier paperl
However, it was realised that the necessity for heat
processing of the packaged food under controlled condi-
tions considerably restricts the ready application of the
method. In a bid to make the method simpler, it was
thought that this step could be eliminated without any
detrimental effect, if the food during its preparation is
subjected to sufficiently high temperature to bring down
its microbiological load to an insignificant level and is
also available for wrapping with, fungistatic wrapper
immediately after the heating process is over without
allowing it to cool down by normal atmospheric expo-
sure. Experiments which were carried out in this con-
nection proved that this contention is indeed correct.
400 g local bakery breads which were wrapped within
1to 2 min after removal from oven and then packed in
200 gauge polyethylene bags remained free from mould
and yeast and rope formers after 12 days. Puries were
also similarly wrapped in groups of five within 1to 2
minutes of their removal from the frying pan and were

Table 2. storage studies of heat processed foods preserved by fungistatic wrapper under different conditions of wrapping
, Wrapper used Time lag Microbiological condition on ambient storage Useful
Food item : enannen in wrapp- for shelf life
Papei _Sorbic acid Treatment ing (min) (days)
type in paper (gsm) method 7 days 10 days >10 days
Unsliced Modem Bakery ~ Crepe 15 Soaking 23 Good 2% spoiled by ~ Mouldy after 15 —
Bread, 800 g mould attack™  days
Unsliced local breads, 800 g n 9 9 6-7  20% spoiled —
b?/ mould
aftack
I N 2 9 6-7  Good 25% spoiled by — —
mould attack
Unsliced Modern Bakery 1 9 9 2-3  Good Good Mould free for 15
Breads, 800 g > 1 month
» Grease @  Coating Max.4 J N A few spoiled by 15
proof mould after 20
paper days
Unsliced local breads, 400 g g » 9 J | J No mould spoilage 15
upto 3 wks
Puries fried in hydrogenated @ 9 " Max. 2 I 9 Mould free for
oil >2 months
Chapaties » 9 J J J , , 30
Khoa » 9 | J J 9 Mould free for 10
> 2 ks

Note:—The outer packaging used for the wrapped items was 200 gauge polyethylene in all cases except for puries and chaptaties where

paper/foil/polyethylene pouch was used.
3

viojjhw)

rmnnaifhtifn
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subsequently packed in paper-foil-polyethylene laminate
pouch. These also remained free from mould and yeast
upto 90 days and the total plate count at 55QC increased
initially from 0 5 to 30-50/g at the end of the 90-day
period. At the processing temperature of about 100°C
or more the only surving organisms are the thermophyls
and under aerobic conditions of storage, their subsequent
growth inside the packages does not pose either spoilage
or health hazards if the storage life is limited to one to
two weeks. It was also observed in these experiments
that the amount of sorbic acid transferred to food from
the wrapper is well within the limit of 0.1 percent
allowed by the statutory authorities.

For adopting the above simple technique for minimum
10 days, two more facts had to be ascertained viz.,
whether the optimum concentration of 2 gsm of sorbic
acid in the wrapper previously established was still
valid for this method also and secondly, whether the
time lag between the stoppage of heating process of the
food and its wrapping could be relaxed and, if so, to
what extent. Large scale experiments using 200 bread
loaves in each, were carried out in which sorbic acid
treated wrappers had concentrations of both 2 gsm and
15 gsm. The time gap of both 3 min and 6 to 7 min
between the removal of the bread from the baking oven
and their wrapping were used. The results are given in
Table 2. It can be concluded from these results, that
even for short periods of preservation of 3 to 4 weeks,
sorbic acid concentration in the wrapper cannot be
lowered beyond 2 g per square meter and it will be
equally unsafe to increase the time gap of wrapping
after the heating stage to more than 4 minutes in case
of the breads used, the maximum time gap permissible
in other cases clearly depending upon factors such as
size, weight etc., of the items.

Table 2 also shows the results of application of the
simple technique on other foods such as puries, chapaties
and Khoa. The application to khoa was especially
carried out in view of the current interest in its preser-
vationb. After 10 days the khoa was still found to possess
good aroma and flavour. After 20 days though no mould
growth was observed a distinct rancid off-flavour was
perceptible.

The above simple technique, because of the possibili-
ties of microbiological contamination, however, small
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especially in large scale manual operation, can evidently
be looked upon as a method of preservation for short
periods not exceeding 10 to 15 days. But even this short
period of preservation can be of immense utility in
certain situations when a food item prepared at one
place has to be used at some time afterwards, probably
at a different and distant place. Also, in many cases a
too long period of preservation against microbiological
deterioration does not serve any useful purpose since
the onset of other types of deteriorations such as staling,
off-flavour due to rancidity, browning etc., might restrict
the shelf life to a much shorter period.

In conclusion, it may be pointed out that the method
of preservation of foods by fungistatic wrapper is suitable
only to those which are prone to fungal spoilage, that is
foods with a water activity of generally less than 0.90
(or equillibrium relative humidity of less than 90 per
cent)6a|though sometimes foods (e.g., bread) with water
activity higher than 0.90 can also be preserved. Since a
heating process is involved in both the long term and the
short term preservation methods, the foods so pre-
served may be taken to be free from pathogens and under
aerobic conditions of storage they can also be taken to be
safe against toxin producing bacteria.
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Four different methods involving both colorimetric and ?ravimetric procedures were tried to find out a suitable method for

estimation of iron particles in black tea. Direct ashing of the sample before and after magnetic separation of free iron particles
by magnet, acid digestion of the residue and ammonium thiocyanate colorimetric method seem to be relatively simpler in

procedure and more reproducible than other methods.

[t is well known that during black tea manufacture
some quantity of metallic iron particles due to wear
and tear of machinaries are imparted to tea and these
are almost entirely removed by means of powerful
magnets at all stages of manufacture. However, it
becomes necessary to determine the exact quantity of
iron particles that are retained in tea by following
certain assay procedures.

Standard methods are available for determining the
different constituents of black teal.  However, no
standard method is so far available for the determination
of metallic iron content of black tea. The AOAC
recommend gravimetric2, permanganimetric3 and colo-
rimetric methods, the latest involving orthophenan-
throlined and ammonium thiocyanated reagents for
determining iron in ashed samples of food materials.
In the present investigation both colorimetric and
gravimetric methods were tried to find out a suitable and
relatively simpler and more reproducible method to
estimate the iron particle content of tea.

Materials and methods

For the purpose of comparative studies on analysing
iron particle content of tea by four different methods
involving gravimetric and colorimetric procedures, two
grades of CTC (Crush, Tear and Curl) processed tea
samples, viz., Broken Orange Pekoe—a leaf grade and
Super Fine Dust—a dust grade, were obtained from one
of the tea garden factories in South India.

Preparation of sample: Tea samples were ground
in a glass mortar and pestle to pass through 500 micron
mesh sieve and mixed thoroughly to get a homogeneous
sample.

Moisture: Five grams of prepared samples were
dried to constant weight at 100+2°C over night. The
loss in weight as moisture was recorded.

Method |
Ashing, acid digestion and analysis: Five grams of

the samples were dry ashed at 525+20°C for 30 min.
Ash of the residues was treated with 30 ml of iron-free
1:1 (vlv) HCl-water, boiled for 20 min. cooled and then
the volume made to 50 ml with distilled water. The
iron content of the solution was estimated by following
the ammonium thiocyanate colorimetric methods.

Magnetic separation2 Iron particles from 5 g of
sample were removed by playing a powerful magnet
several times at 1 cm height over uniformly spread
sample on a white grease-free glazed paper, covering
an area of 25 cm x 25 cm.

The iron particle-free samples were ashed, acid
digested and analysed for their residual iron contents
by using the above mentioned thiocyanate method®.
The difference in values of iron contents of samples
before and after removal of iron particles was reported
as free iron particle content.

Method 11

Floating of tea in carbontetrachloride: To 10 g of
well mixed ground samples in a 250 ml beaker, 150 ml
of carbon tetrachloride was added, and the mixture
allowed to stand for 30 minutes with occasional stirring.
Tea and carbontetrachloride were decanted leaving
heavy residue of sand and iron in the beaker. Three
successive portions of carbontetrachloride were used
until practically all tea was floated off and separated
by decantation. The residual solvent was evaporated
by keeping the beaker on a hot plate for 5 min. and
cooled. .

Estimation of total iron: After acid digestion the
total iron content in the residue was estimated by
thiocyanate colorimetric method6.  Similarly, after
magnetic separation of iron particle from the residue
the non-magnetic part of the residue was acid digested
and estimated colorimetrically for its total non-magnetic
iron content. The difference in iron content of the
residue before and after magnetic separation was
reported.
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Table 1. iron particle content of ctc-bop and ctc-sfd tea samples based on four different methods of estimation

Method | _Method Il Magnetic iron content
Iron content (ppm) Total iron content (ppm) Metfiod 11l Method IV
Magnetic separation Magnetic separation

Sample Trial . Magnetic _ Magnetic
No.* Before After  iron Content  Before After  iron conent (plpm) (ppm)
Ci ¢2  (ppm)CrC.  FC, fc2  (PPm)FCJ-FC. G G

BOP 1 168.61 125.60 4301 30.88 1333 1755 243.90 530.83
2 165.00 129.04 35.96 4202 1333 28.69 1219 592.27

3 175.49 130.76 44.73 25.73 10.75 14.98 365.85 730.58

4 15141 130.76 20.65 2144 12.90 1454 13211 354.80

Mean - - 36.09 - - 18.94 215.% 552.12

S.D. - - 9.50 . . 5.15 98.89 13495

SFD 1 14511 108.84 36.27 42.15 13.39 28.76 234.69 193.00
2 162.39 122.66 39.73 4215 9.07 33.08 153.06 81.63

3 169.30 122.66 46.64 29.25 8.21 21.04 27551 24390

4 141,66 105.38 36.28 24.95 12.09 12.86 397.96 335.37

Mean - - 39.73 - - 23.94 265.31 21348

SD. - - 423 - - 171 88.37 91.63
- Figures given under each trial are average values of four determinations.

Method in bg the four different methods (Table 1), the results

Floating of tea in carbontetrachloride and weighing 0Dtained from method IV shows higher values of
the resicie; The weight of the Solvent-free residug maﬂgetlc iron particle content than that obtained by
obtained after floatm? lOP of well mixed Iground tea methods 111, | and 1I. The hl?hef alues obtained by
samples in- carbontetrachioride was _determined by method I11 and 1V can be explained on the basis that
weighing the beaker containing the residue, The mag- DOt the methods are gravimetric in nature and a chiange
nete 1oh narticles from fhe same residue were removéd In third decimal dU““? wel%hmg Causes an error to an
by magnet and again weighed. The difference in weight ~ extent of 100 ppm. In method IV, particularly, ana-
was noted for “magnetic iron particle content of 1yStS find often a serious 8f0blem. of moisture” absor-

the residue. tion by tea samples during weighing (Table 2). How-
ever judicious and fast the”assay may be, a correction

Method IV factor to this source of exaggerated values 1s not easil
Direct weighing of tea sample before and after magne- - possible. On the other hand; in methods | and 11 suc

tic seloaratmn ofiron particles: About 10 g of grotnd  problems are not encountered since a very sensitive

sample was accurately _we|ghed in a watch %Iass. |ron
particles from the weighed sample were rBMOVEd DY +.ore 2 mowsrure wbsorstion o ctemon and croera tos
m%gnet and the weight Of the residue defermined. ThE  wanvies auring weigming ang magnetic separation
difference In weight was the quantity of magnetic iron by METHCD IV
particles Present in the tea sample. . _ Sample wt  Moisture
Correction for moisture apsorption: Correction for ~ Sample Trial No* Fg) absorbed
moisture absorption was effected by finding out the 0
Increase in moisture content of thé samplé when it~ BOP 1 11.303 0030
was allowed to absorb moisture within the stipulated 2 10.299 0028
time of weighing. 3 10,676 0029
Results and Discussion _ SED ﬁ 1%%% 88%2
The scheme of four different methods for determi- ) oot 0,018
nation of iron particles in CTC-BOP and CTC-SFD 3 10,00 1022
rade tea is glven In F|% Land the results obtained on J 9776 022
e basis of four methods are presented in Table 1 ' |

0_comparing the magnetic iron particle content { Figurets_ given under each trial are average values of four
of CTC-BOP antl CTC-SFD tea samples as determingd ~ “teminatons
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Groun?lSampIes
Float in CCle
i
Tea floats Resi&es
J -
Spread & : :
reen_ove mag- Rem%ve _ We|gﬁ1'(FG!) Weigh (G!)
netic iron magnetic Iron
by magnet by magnet
Ash"& acid Ash & xid Aci(}/digest Acidvdi et RemoVe . Spreagand .
digest digest the mlgue magnetic iron  remove magnetic
by magnet iron by magnet
Wei h¥he_ Wei thhe
residue again  residue
(FG2) again (G2)
¥ . Y M _ | RV
Estimate the ~ Estimate the Estimate Estimate ~ Find dutthe  Find out the
total jron residual non- iron _non-maPn_etlc difference in difference
colori- magnetic iron colori- iron colori-— weight in weight
metrically ~ colorimetrically metrically — metrically (F(gj.pez) (G,-ng)
I
: : |
" C2 F}fj fc: FG é
Magnetic Method | Method 11 Method 111 Method IV
iron particles (CJ-C2 (FCi-FC2 (FGj-FGj) (Gi-G2)

Fig. 1. scheme of different methods OF IRON PARTICLE DETERMINATION IN TEA

technique of colorimetric method is employed. The and Dr. C. S Venkata Ram, Director, UPASI Tea
lower value of iron Partmle content as shown by method  Research Station, Cinchona, for their gncouragement
111 explained by the fact that during floating of tea and useful discussions in the course of these investi-
with carbon tetrdchloride, very fine particles of meta-  gations.

llic iron stick to tea and as a'result of this the actual

iron particle content in the residue %oe,s down. The References

same thing is reflected in method 111 and in this method 1 ¢y irati -

uhil femioving the maneic ron by magnets, sl etional and Crats Variaions i South Indian Biack o
ciceous materials also come along with the Tron parti- Tea. Board Scientific Publications Series No. 2, Calcutta,
cles. showing a very high value 0f the magnetic iron 1959.

particles. 2. ods. of Analysis, Association of Official Agricultural

. . . Met

Of the two colorimetric methods, viz., Method | and C
Method 11, the former seems to be relatively simpler in-— 5,
Procedure, more reproduceible and less. exPenswe than * "¢
he lafter. The gravimetric. methods in tofo are not

h
hemists, sth Ed., 1945, 5.
h

ods_ of Analysis, Association of Official Agricultural
hemists, 6th Ed., 1945, 214.

i ' 4. Methods of Analysis, Association of Official Agricultural
suitable for determination of iron particles in tea. Chemists o™ {o™y g
Acknowledgement _ _ 5. Methods. of Analysis, Association of Official Agricultural

The authors record their thanks to Mr. C. P. Natarajan, Chemists, sth Ed., 1945, 641

CFTRI, Mysore, Dr. K. K. Mitra, Tea Board, Calcutta ¢. Stugart, R., inds. Engng, Chem., Anal. Ed., 1931, 3, 390.

vToMjfi nTinrunfnarii



Fatty Acid Composition of Marine Fish Body Fat

K.

G. Ramachandran Nair and K. Gopakumar

Central Institute of Fisheries Technology, Cochin-682029.
Manuscript received Boct. 1977 revised 5 pec. 1977

The fatty acid composition of the body fat of 11 species of marine fish was determined. Lipids were found to be rich in 20:5 and

20:6 PO

yunsaturated fatty acids, 18:1 is generally the dominating monounsaturated acid and saturated acids account for over

40 percent of the total. Lipids of squid and cuttlefish are distinctly different from marine fish lipids in fatty acid composition.

The fatty acid composition of marine lipids isimpotant
from the” point of view hoth of nutrition and of
processing of these fish. This report presents the fatty
acid composition of a number of marine fish, most of
which are not commercially exploited so far, and are
obtained as a by-catch from shrimp trawlers.

Materials and Methods

Lipids were extracted from edible meat of the fish
with a mixture of chlorgform-methanol (2.1
foIIowmIg the me}hod of Bllgh and Dyerl .

Preparation of methylestérs:  The” extracted lipids
were ‘saponified by the AOCS method2 in an inert
atmosphere of mtrogen. The fatty acids recovered were
esterified with_methanol-HCI reagent under nitrogen,
concentrated, filled in sealed ampoules under nitragen
ang kePt at—15°C hefore analysis,

Gas-liquid chromatography: “Fatty acid methyl esters
were analysed in g gas chromatograph equipged with
flame Tonisation detBctor, temperature controller and
stnBChart lecorder (10 mv) (Toshniwal India, Model
KLO4/04), A stainless steel column 6 ft XU4 in (O.D
packed with Chromosorb W (60-80 mesh, acid-washed

VIV) - esters),

coated with 15 per cent DEGS was used. The samples
were analysed at a column temPerature of 196°C (1so-
thermal), detector tem%erature_o 275°Cand an injection
port temperature of 250°C using nitrogen at 40 mi/min
as carrier géas o o _
Fatty aci esters of fish oils were identified, as earlier
described3 against reference standards either provided
bg/ National “Institute_of Health, U.S.A. éunsaturated
esters) or_from A G. Fluka, Switzerland. (saturated
Peak areas were determined bg triangulation

and results expressed as area percentages.

Results and Discussion

Details of the fish species_analysed and their lipid
contents are given in Table L_The fatty acid composition
of the fish lipids is listed in Table 2. The total amount
of saturate fatty acids (137-61 prer centb 15 slightly higher
than for other nfarine oils3-5. The 14:0 acid"Shows Wige
variation, from 1.6 (skate) to 10.0 per cent (gizzard shad),
as does also the 16:0 acid levels (16.3 to 3L5 Per cent).
All species contain 5|8n|f|cant proportion (1610 9.3 pér
cent) of oddchain 130, 15:0 and 17:0 acids,

Total monounsaturated acids (5.0 to 3L9 per cent)

Common nane Species Lipids . 1. V. of lipics
P (/200 g Wet tissue) P
Cuttle fish Sepia 06 178
Squid Loligo 08 213
K_a]ava Serranus hexagonatus, Day 05 162
Ribbon fish Trichurus savala, CUVIEr ~ 07 15
Skate (granulatedl short noseray) — Rhinobatos granulatus, CUVIEY 06 148
Knobby figthead Suggrundus tuberculatus, CUVIEr 07 100
Rusty smalltoothed jobfish Aphareus rutilans, CUVIBr 02 1H
Shortnose gizzard s Anodontostoma chacunda, Hamilton Buchanan 2.5 )
\White porriret Stromateus sinensis, Day 05 43
Silver jewfish (young ones) Johnius argentatus, I-Iouttté){n 03 116
I\/hduraanchow Thrissocles Kammalensis, Bleeker 06 50

268



RAMACHANDRA NAIR AND GOPAKUMAR: FATTY ACID COMPOSITION OF MARINE FISH BODY FAT 269

Table 2. fatty

Cuttlefish Squid  Kalava R}blﬁon Fq%% Job fish GI%E' ret 2 &Jﬁﬁ’g ra

Saturated acids

130 17 09 09 05 04 18 23 — — — —
140 33 59 26 49 16 64 40 100 81 46 80
150 17 — — 12 15 22 03 08 10 16 12
60 163 180 1BO 195 188 28 A7 A5 N8 273 88
170 59 09 11 20 04 20 15 08 10 07 09
180 18 U4 1B 2§ BT 19 46 6 Ul 20 94
190 — 03 02 — 04 06 06 06 10 08 06

Todl 47 34 BT N9 B M4 HO 66 40 %0 489

Mono unsaturated acids

131 — — — 02 — 12 14 — — — —
141 05 09 06 05 25 07 02 59 10 21 18
151 — — — — — — — — — — —
161 31 16 20 42 14 28 19 30 15 32 53

171 — — 05 09 0.7 17 — — — — —
181 83 46 166 1B0 140 156 163 19 135 90 40
01 98 59 90 46 100 35 — 06 40 07 40
21 03 15 — — 07 09 30 83 10 — 18
241 — 18 — — 26 43 — — — — —

Tod 20 103 287 284 39 07 28 189 20 B0 169

Polyunsaturated Acids

182 0.7 05 06 21 0.7 35 29 26 39 22 35

183 03 16 20 15 — 0.7 37 07 25 23 22
184 09 16 15 22. 04 07 07 06 40 09 20
202 — — — — — — — 0.7 — — —
203 05 — 08 — — — 09 09 19 0.7 08

04 35 11 14 10 14 23 18 43 10 10 10
05 103 15 32 57 35 29 42 49 80 1 U8
22 02 05 — 03 03 03 — — — 05 —
2:3 06 05 26 12 13 — — 07 0.7 05 03
22:4 07 07 49 17 15 09 10 07 09 05 03
25 19 11 16 19 21 09 10 35 16 6.0 03
2:6 0rzZ2 160 15 1)l 67 10 19 85 13 120

To 3713 463 ¥6 N7 N3 A9 L2 A5 B0 N0 A2

Unsaponifiable

M 46 76 40 60 W0 L0 80 05 35 49 33
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are lower than for the marine body fats earlier reported3% the effect of food and environment on fatty acid

but similar to that in prawn lipids. The chief constituents
are 18:1, 20:1 and 16:1 acids.

Total polyenoic acids constitute 20.9 to 46.3 per cent
of the body fats, 22:6 and 20:5 be;_ng the major consti-
tuents. Jobfish, a common trashiish, is quite distinct
from other marine fish body fats in having an
exceptionally high level (11.0 per cent) of 22:5 acid.

A significant feature of the present fats is the low
values of the 18-C acids. It has been pointed out6-78
that with increasing depth of water there is a correspond-
ing increase in the quantity of 18-C fattg acids in marine
organisms. The present results support this hypothesis,
since the species are all from shallow waters. .

“The composition of squid and cuttlefish fats, with
high contents of 18:1 and 20:1 and 20:5 and 22:6 fatty
acids, is different from the marine fish species. The
present tropical squid fat is similar in composition to
Atlantic squid studied by Japanese workers, but with
hlpher levels of 18:0 and 18:1 and_sh?ht_ly lower levels
0120:5 and 22:5 acids. The cuttlefish lipid now studied
closely resembles that reported by the same workers9.

~The com_ﬁ)osmon of the present fats from by-catch
fish is similar to that of shrimp. This could reflect

Influence of Maturity and Pretreatments on

make-up.
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Quality of Canned

Okra (Ahelmoschus esculentus) (L.) Moench)*

K. P. Gopalakrishna Rao and U. V. Sulladmath
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The okra cultivars-Pusa sawani and Dwarf Green Long Pod Were best suited for canning on the seventh day from the time of
flowering. The canned ?roductfrom the former was comparatively better than the latter. Of the various pretreatments, cutting

the pods into pieces 3.

5to 5.0 ¢cm long, blanching in boiling water for 2 min and calcium firming for 30 min in 0.5 per cent

calcium chloride solution was found to be the best. The mucilage content of the covering liquid and the drained weight decreased

with maturity and in addition, depended on pretreatment.

Okra (Abelmoschus esculentus (L.) Moench) is a
popular vegetable girown throughout the country and
successfully raised all through the year in southern parts
of India. "Okra pods, canned in brine, become soft in
texture and mucilaginous making the covering liquid
thick and viscousl Ran?anna and Siddappal found
calcium treatment to be effective somewhat In reducing
the mucilage of the covering liquid. The actual maturity

stage and variety of the okra pods used for their study
were, however, not defined. The firess and texture of
vegetable products vary with maturity and processing
operationsI2. - _
In this paper, are presented the findings of an in-
vestigation carried out to study the effect ofmatunty and
pretreatments on the quality of canned product of two
okra cultivars, Pusa Sawaniand DwarfGreen Long Pod.

t Part of M.Sc. (Agri.) thesis submitted by the first author to the University of Agricultural Sciences, Hebbal, Bangalore.
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Materials and Methods _ _

The pods of two okra cultivars, Pusa Sawani and
Dwarf Green L_ong/_Pod obtained from the crop raised in
Gandhi Kiishi Vignana Kendra, Bangalore, d_urmq
January-April were Tised for this study._The experimen
was laid out in a split split plot d_e5|?n. The flowers from
the two cultivars were tagﬁed In Tate March and the
pods. 6, 7,8 and 9 days after flowering were used for
canning. The following different treatments were ysed.
Whole %ods blanched in water for 2 min, cut into PLeces

3.15-5.00_cm long) and canned (ti). . Pods, cut into
P|eces (3.75-5.00 ¢m long), blanched in boiling water
for 2 min and canned g . The cut pieces were soaked
In calcium chloride (0.5 per cent) solution for 30 min,
blanched in boiling water for 2"min and canned (t3)
Same as 3 excent that caloium treatment was given after
blanching (t4). ' The cut pieces were blanched’in 0.5 per
cent calcium chloride solution for 2 min and canned (t5.
The treatments were replicated thrice. _

The pieces of_Pods treated with calcium chloride were
washed well with water to remove traces of calcium
chlorice. Canning was done in plain cans of 301 x309
size. In each can; 125 g of the prepared vegetable was
filled and covered with 200 g of hot 2 per ‘cent brine.
The cans were exhausted t, can centre temperature
0f 82°C, sealed, processed for 30 min at 116°C and cool-
ed in waterL The canned product was stored at room
temperature for four months and then examined. The
cans of each replication were examined on successive
days in the order they were canned. _

rained weight was determined by pourmg the con-
tents of the caron to a Sieve and aIIowmg to Qrain for 2
min. To, determine the mucilage content, 20 ml of the
ml of absolute alcohol

drained liquid was mixed with 60 1
and the precipifate formed was dried and wmghed&
A panel of five Judges evaluated the canned product,

cTahr% quality was adjudged adopting the following score

Quality Score
Fibrousness J
Mucilage 2
i a 3

our an arance
Taste e I
Seedliness 5

Lower score values were assigned.to greater fibrous-
ness, higher mucilaginous nature, higher seediness and
product” with_split”and disintegrated pods. Higher
scores were gjven to freshness in” colour, soundness in
appearance Of the vegetable pieces and taste. Between
each tastlng, the Eudges washed their mouth and chewed

a piece of Bread to overcome the fatigue of tasting. The
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scoring by judges was analysed statistically by the
method of “co-efficient of concordance utifizing the
rankings based on the mean scores4,

Results and Discussion

Maturity of pods and pretreatments given had signifi-
cant effect on mucilage content and” draiped weight
(Tables Land 2). The two cultivars did not differ signifi-
cantly between themselves in their response to the pre-
treatments. When the drained weight was less, the pods
were less mucilaginous and mare firm and crisp.

Among the prétreatments, okra pods blanched whole
and cut into pieces thereafter (tg, recorded the highest
mucilage content in the drained liguid %Table 1)"and
caused"an increase in the drained weight (Table 2) of
he product. Apparently, these chan%es_ were due to'the
higher amount of mu_cﬂa(ie retained in the vegetable
during blanching which “eached out when cit and
canned.  On the contrary, when the pods were cut
hefore blanching, some amount of mucilage evidently
eached out into"the blanching water, resultm? In bring-
ing down the r_nucna?e contént of covering Tiquid and
the drained weight of canned product. Rdnganna and
S|ddaR al made similar observations. They reported
that the covering |I_(iUId became mare viscods with an
Increase in the mucilage content, which resulted in the
lowering of the quality of the canned product.

Treatment with calcium chloride reduced the mucna%e

content and produced a firm product (Tables 1 and
Of the pretreatments studied, blanching of cut piecés

Table 1. mucilage content in drained liquid of canned
OKRA AS INFL BY MATURITY OF PODS AND PRETREAT-
VENTS) (MEAN OF CLLTIVARSpusa SawANI AND DWARF

GREEN LONG POD)

el B
Mean*

L A
¢ 120 09 06 077 0K
v 000 0% 07 06% (Rl
K 09 083 068 050 O
D03 073 05 036 0B
Yoot 0% 00 063 08%
Vn  0BIC 08 07w 0614 0799
Maturity ofpods Pretreatments
SEM <0066 1003
D 1% 020 0L
AT
A 06t Gt prOEDIy o, ooty Qe
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Tabte 2. drained weight per cent of canned okra as
INFLUENCED BY MATURITY OF PODS AND PRETREATMENTS«
(MEAN OF CULTIVARS PUSA SAWANI AND DWARF GREEN

LONG POD).
. i .
% : Drained wt é%\ ;/rg dfgerr mnﬁﬁtéslty of pods
6 I 8 9 Mean*
Drained weight per cent
fl 6B0L  6L88 /6 4894 58904
12 6172 5124 541 4614 Sl
) N2l %48  5LB B3T6 5243
#| 506 S0  HH 419 495k
% 6051 5793 514 M8 BTG
Meant* 6109 575k  5224* M9« 53%
Maturity ofpods Pretreatments
SEm +0.941 +0.729
CD. at 1% 2805 193
aS ENéaminedtahfteMmonths of sltorage ifcartl it
N n N letter n
TS G R o

Table 3. org ra pods

"OF DIFFERENT macnrmy ceome
Vean score and rank for dlifferent meturi
(d%?/sa er waerr]}rg) ty Segs
Pusa Saweni Dwarf Green Long Pod
6 7 8 9 6 7 8 9

Mean score 55,80 6300 5240 31.00 56.80 61.00 4840 24.40
Rank 31 5 7 4 2 6

W (Coefficient of concordance) - 0.831)
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and soaking thereafter in calciym chloride @.5 per qentg
for 30 min yielded canned product having lower draine
\ivea{%gt g)nd less mucilage in the covering liquid (Tables
In_the canned product, the drained weight and the
mucna?e content of the drained liguid decreased with
maturity from 6 to 9 days, but the fibrousness increased
Tables” L and 2). The canned Product prepared from
-(ay old pods was adjudgred as the best in organoleptic
evaldation éTabIe 3. The 6-day old pods though
ounger and more tender got the second ranking ‘as
h%y Wwere more mucilaginols.  The product of 8-and
9-day pods got lower Scores. because they were more
fibrous. Between the two cultivars, Pusa Sawani secured
better ranking owing to its better apf)earance, texture,
less pronounced riddes and less mucilage. From these
studies 1t may he inferred that the 7-ciay old pods of
Pusa Sawani and Dwarf Green Long Pod Okra cultivars
cut and blanched in boiling water for 2 min and soaked
in calcium chlorjde solution (0.5 per cent) for 30 min
gave a less mucilaginous and fiimer canned product.
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RESEARCH NOTES

HISTOCHEMICAL LOCALIZATION OF LIPASE
IN THE RICE GRAIN

Histochemical study of the rice grain indicated that the bulk
of the lipase activity was present in the testa layer in both
raw and parboiled rice and to a smaller extent in the
pericarp layers. The oil is distributed in the aleurone and
In the testa and in the bran layers to some extent. It is
concluded that since the lipid and the lipase are spatially
distributed in aleurone and testa layers respectively in intact
rice grain, there is more stability of the oil in the intact
rice grain.

Earlier we reported that Jipase was Present mostly in
the bran layers of the paddy grain, although rice. germ
was also a good sourcel  The present noté pertairs to
its_histochemical localization.

Paddy grain was dehusked by hand and the grain was

soaked in sterile distilled water for 24 hr at room temPe
rature. Then 10 thin sections (of the mid-portion of th
Pram were made and incubated for 5 hr at 25°C in a
Ipasé-assay medium (containing 1 ml sodium taurocho-
|ate (containing 85 mg/ml), 5 Ml of emulsified_j8-naph-
hyIIaurate in 50 mM phosPhate buffer (pH 7.4) con
taining 0.1 mg of the substrate/ml).  Th eX weré then
washe W|th Water and 2 ml of d |azona hthanil blue B
4 mg/ml) were added to the sections and Incubated for
0 min. The sections were then washed with water and
observed underammroscope (Fig IA and IB). Fig IA
correspanas to raw rice and Fi Og COrTesp onds to par-
boiled rice, The testa layer had"a deep pmkcolour the
mesocarp layer also had pink colour but the endo-and
erarp layers had very much less pinkish, colour:, the
aleurone layer had noné. Thus 'the bulk of lipase activity
seems to b present in the testa layer of both raw and

Fig. IA—Crosstysectlon of hand dehusked rice stained for lipese

%mcarp 2. Mesocarp; 3 Endocarp;
5. Aleurong; 6. Endosperm

Flg 1B—Cross-section of parboiled rice stained for lipase actlvlty
6. Endosperm; 7. Bran layer (Endo, Meso and Epicarp)

Fig. ILA_?QS%

5199 agfmhmd argengsked rice stained for fat

|Ied rice staned for fat

Fig, IlB—bC a?ﬁ ion of
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Parboned rice and alsq distributed, though to a much
ess extent, in the pericarp layers; parboiled rice had
much less I|Rase. _ _
When fresh sections were treated with Sudan Black-4
for 3-4 min, the testa layer as well as the aleurone layers
algpeared red (_Flg._ZAE). In the case of parboiled Tice
q, 2B), fat is distributed into all layers because of
artial gelatinization and spread_ due to"parboiling. In
order to ascertain whether the lipid was free or bound
to protein, 10to 20 g of intact hang-dehusked grain was
first soaked In a mixture of petroleum ether (60-80°C)
and ethanol (1:1 v/v2 and gently agnated_ overnight to
remove free lipids. 1 was then Washed twice with"water
and soaked in distilled water overnight.  Sections were
made as hefore and stained with Sudan Black 4 and ob-
served microscopically. Even here the testa layer was
coloured indicating tfat it contained bound lipids while
the other layers hardly had any fat. _ .
These results indicdte that most of the lipase activity
seems to be confined mainly to the testa ayer ofthe grain
whereas oil IS distributed” mostly in the aleurone™and
in the testa and the bran layers to"some extent. Whether
the lipase of the testa layer will act on the bound lipids
and whether the minor (iuantltles Ofllﬁld in the mesocarp
layer (bran) is in intimate contact with lipase in the same
layer “are “doubtful and no definite "information is
available. In an¥ case the bulk of the lipid (aleurone
Iayer|) and mogt of lipase (testa I%ye_r) seem {0 be spatially
separated in.the Infact grain. This explains the higher
stability of rice oil in thé intact paddy and also the fela-
tively Righer stability of the oil'in brown rice qbtained
from  rubber roller” shellers as compared wifh
shellers2  During milling in disc shellers, the different
layers are damaged and the enzyme and the oil come into
contact, leading’to quicker deterioration of the oil hoth
inthe bran and'in the ncegram. A detailed study of the
lipid and enz_yme content 0f each layer and of the fatty
acid composition also may yield more definitive results.
We wish to thank Drs: H. S R. Desikachar and T,

Srinivas of the Rice and Pulse TechnologgrDisu ling of

this Institute for discussions of the work and other
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APPLICATION OF IN-PACKAGE DESICCATION
(EPD) TECHNIQUE FOR ENHANCING THE
STORAGE STABII!’_CI)WD%FQ AFD BEVERAGE

AFD beverage powder, being extremely hy(};]roscoplc,
picks up moisture quickly during packaging‘and thus losses
Its storage stability under tropical conditions. Use of sea-
shell lime as in-package desiccant over ccmes this pro-
blem. 1t helps in reducing the moisture content to a safer
level and also enables to reduce the running cost of the
plant by stopping the drrmg ﬂrocess at a moisture content
of about 2% as against less than 1%.

Work has been carried out earlier in this laboratory
on the production of fruit juice powders by freeze
dr mgl— One_great advantage of this method over
the vacuum puff-trying method3 viz., superior quality
of the product with a very low moisture content is
Parn_ally lost since the product with low moisture con-
ent is éxtremely. hygroscopic and has a tendency to Rmk
up moisture quickly from the sorrounding atmosphere
during the process of ‘oackm%_thus losing the storage
stability under. tropical conditions. The techmque_ f
in-package desiccation was tried not only as a solution
to this problem hut also as a means of cuttm?_ down
the cost of running the freeze drier as the Tinished
praduct can be preserved at g higher moisture level.

Freeze dried p_meaEpIe ucie powder was prepared as
Prewousl describedl'and adjusted tg a maisture con-
ent of 25 per cent. Forty grams of this product was
packed in pouches of 60 g paper/0,04 mm foil/150 gauge
olyethylene laminate together with a gussetted grease-

proof paper bag containing 6g regenerated sed shell

100-{
904
801 P
701 ' PR

601
50+ ’
40t Pid

301 /

INCREASE IN BROWNING (Y )
AN

STORAGE PERIOD |IN MONTHS

"o ! RSl G o o 40
— sample with 1PD;;-—--, sample without 1PD,



THE STORAGE STABILITY OF AFD BEVERAGE POWDER

Table l storage studies of afd pineapple powder with or
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without desiccant under ac

celerated (370C) and ambient

TEMPERATURE

With desiccant

Storage condition St?%entﬁessm M(Jg/st)ure (O%r%\t/\@y%g]u)

Initial 249 01%
3rc 1 0% 0205
Arbient 2 0.76 0210
3°C 2 092 0.200
3rc 3 089 0220
Anmbient 4 083 0220
3r°C 4 075 0220
3rc 5 073 0230
Ambient 6 0.75 0230
3rc 6 058 0240
lime. These packs were stored both under ambient

temperature (25°-30°C) and at 37°C.  Some control
samples of the beverage powder packed as above but
without desiccant were also stored similarly. Moisture4
browning5, pH and organoleptic rating were determine
perlodlcaII%(TabIe 1) upto 6 months. .

It may be observed from the Table that moisture
content is reduced within 1 month from 2.5 to 1 per cent
and thereafter the reducion is slower bringingit down to
0.6 per cent in 6 months. Browing is also considerably
retarded (Fig. 1). pH did not vary much during the sto-
rage period. After 6 months storage at 37°C the product
with 1PD system remained organoleptically acceptable
whereas the samples without the desiccant were disliked
even after 4 month’s storage either at 37°C or at
ambient temperature. _

It is necessary that an active form of desiccant should be
used as has been previously shown that calcined marine
shell is an efficient and convenient form of lime which
can be used as desiccant esPeuaIIy for dehydrated
foods. It is always advisable to regenerate a lime
desiccant by heating in a muffle furnace before use.

In a pilot plant equipment with a load capacity of 10
kg normally the time required to bring fruit juice of 20°
Brix to a solid powder of 1.0 per cent moisture is 13 hr.
This time can be reduced by ™ to 2 hr if the moisture
content is brought to 2.5 per cent. Hence, the IPD
technique in conjunction with freeze drying technique can
be used to bring about the triple advantages of ?l) high
quality product, (n) economy, and (Hi) storage stability
under tropical conditions.
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MINIMISING DRY MATTER LOSS IN MALTING
OF SORGHUM AND MAIZE

Development of rootlets and acrosEires during germination
of Maize and Sorghum leads to a loss in the yield of malt.
The seeds steeped in 0.3 % ammonia showed’ higher mois-
ture absorption and prevented the formation of rootlets and
arrospire and thus would minimise the loss during malting.

As germination progresses, rootlets and coleoptile or
acrospire develop which are produced at the expense of
material from original seedsL Since rootlets are removed
from malt after kilning, the total drY_ matter loss is
approximately 8-10 Fercentz.l The earlier observations
on regulation of malt root2 in the brewers barley indi-
cated that gibberellic acid in various combinations with
various doses of NaCl, H2504, CaCl and KBrOj,
limited the %;rowth of malt roots but not acrospire
growth. But the results of Tahara3 showed that am-
moniacal solution used during malting did inhibit
germination and showed normal amylase activity in
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barley. Hence, in the present work maize and sorghum
were treated with ammoniacal solution and allowed to

eLminage. . . :
J IAIIHe qbeccan’ variety of maize and ‘CSH T vanet)(
of sorghum  seeds rr])urchased from the local marke
were USed. A batch of 100 each of the two varieties
after washing in ru_nmngi tap water and then in distilled
water was steeped in water and the other in 0.3 per cent
ammoniacal solution. At intervals of 8 hr the wet grains
were surface dried by dry filter paper and Weighed and
the moisture ahsorbed Calculated.
ment the washed W\t grains. were allowed to germinate
at 32+2°C In ?Iass petridishes having moiSt cotton
wool bed, in a closed wooden cup-board. Germination
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In another experi-
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was continued for varying periods lasting upto 96 hr.
After the specified period 0f germination fne Seeds were
thoroughly dried in an oven at 50°C for 8 hrs and
ground'ina domestic 3rmder cum mixer. The powdered
samples were analysed for starch and reducing sugars.4
protein and moistre acc_ordmg to the AOAC methodsh

The moisture absorption characteristics of sorghum
and maize are presented in the Fig, 1and 2. Thé rate
of moisture absorption was more”in the initial period
of steeping. The maxjmum moisture gain was observed
at 40 hr in maize and at 16 hr in sorghum. However
the moisture retention, was hlgh_er In the seeds steeped
In 0.3 per cent ammoniacal sofution. The effect may be
due to the ammonia present actmg as scalding agent.
Hence 40 hr. for maize and 16 hr for sorqhu_m Were
selected as the steeping periods. Control samples indicate
the development “of “acrospires and rootlets but the
ammonia treated do not show these during the four
days of germingtion. The ercentag,e of rootlets and
acrospire formed seeds in the ammonia treated samples
was [ess than 5 per cent even on the seventh day of
germination. _ _

The results of the proximate anaIYS|s of malted and
unmalted seeds are presented in Table 1 The decrease
in the quantity of protein and starch but increase in
redycin su%ars in the malted sample indicate the for-
mation and Oevelopment of the malt enzymes even in the
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ammonia treated sample. This means that the ammonia
treatment, has no effect on the formation of malt
enzymes but prevents the formation of rootlets and
acrospire which minimises the dry matter loss and
increases the malt yield.

The authors thank Dr. C. V. N. Rao, and Dr. B. Y.
Rao, of the Institute for encouragement and facilities.
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LABORATORY TRIALS ON BREWING USING
BARLEY GRAIN, DEGERMED MAIZE AND
INDUSTRIAL ENZYMES

The present studies show that barley malt can be replaced
by barley grain upto 50 per cent and a brew with acceptable
characters can be obtained by making use of commercial
microbial enzymes such as bacterial proteinases and alpha
amylases. Conditions have been standardised in the labo-
ratory to obtain a wort with desirable characters that
could’be fermented smoothly. Alphaamino nitrogen content
of the microbial enzyme treated wort was more and the
quality of wort resembled in colour and flavour that of all-
malt wort. The per cent original extract was also more in
the former than in the latter.

The cost difference between barley ?rain and barley
malt being very wide, technologists all over the world
are consicering alternate ways of producing beer_usm%
minimum quantity of malt and a larger quantity o
adjuncts. Any deviation made from the traditional
practice of brewing should not, however, affect the
quality of wort or beer. Thou hconmder,able progress
has been made in determining the composition of wort,
a complete picture of it still remains obscure. However,
some of the chemical constitutents of wort which form
nutrients to yeast have been identified and attempts
hnve been made to find these in wort derived by un-
conventional methods. _ o
A large quantity of adjuncts like barley grain, maize,
etc. are used in the unconventional method of brewmgi
for producing wort. Mashing is, done by microbia
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enzymes like proteinasses and amylases1-8. Dependin
upon the nature and character of the enszes used,
suitable modifications of mashing process have to be
made to obtain wort of desirable characters. Rao and
Narasimham9 have brought out the importance of
enzymes in brewing. Wieg7 obtained an acceptable
quality brew using 75 per cent ad%uncts (60 per cent
barleg and 15 per cent corn or 75 per cent barley)
with 25 Per cent barley malt employing wet-milling and
using different enzymes for wort production. Hansen5
successfully employed 55.7 per cent adjuncts (35.6 per
cent barlez and 20.1 per cent maize) and 40.4 per bent
malt for the production of wort of desirable characters
usm(f] bacterial proteinases and amylases. Pfenniger,
et aft. adopted wet-milling technl(iue to mash 75 per
cent barley and 25 per cent malt along with the use of
Brew-N-Zyme (a trade enzyme). Wort derived either
by infusion or by decoction process could be fermented
smoothly. By using microbial proteases and amYIases,
Crisp and East4 obtained wort resembling normal wort
in most characters. Bley, et all conducted full scale
brew trials using barley grain (upto 65 per cent) along
with proteinases and ‘amylases. By suitable modifi-
cation of equipments, particularly mash tun and by
using special malts to control aroma and colour, they
stated that high proportions of barley grain could be
used in brewmg. .
Studies conducted on the quality of wort and of
fermented brew derived from mixtures of (i) barley grain
and barley malt and ﬁi1i) degermed maize barley grain
and barley malt with the aid of microbial enzymes like
proteases and alpha amylases have been reported.

Materials and Methods

Mashing: Barley grain and barley malt in different
proportions were mashed by infusion ﬁroce_ss according
to the method of Enevoldsenl0 with suitable modi-
fications. _ .

To a mixture of milled barely grain and barley malt
was added four times its volume of water along with
Proteases and maintained at 30°C for 30 min.” The
emperature was gradually raised to 52°C at the rate of
1°C per min and alpha amylases was added. After
30 min, the temperature was again raised to 63°C at
the same rate and after allowing it for 60 min at 6T°C,
the temperature was further raised to 75°C and main-
tained there for 10 min and then boiled for 10 min.
Commercially available (Indian proprietory brands)
fun%al protéase (activity: 672 pg tyrosine released
b{ m groteases acting u&aon 1 per cent casein solution
at 37°C/30 min at pH 7.0) and bacterial <-amylases
activity: 666.7 mg of pure soluble starch digested by
1 mg of the bacterial «<-amylases at 70°C/60 min at
pH 6.8) at 100 and 200 mg per cent level respectively
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were used as reportedll earlier. Barley malt, barley
grain and degermed maize (30:20:50) were mashed in
the following ways: = _
Method 1 Gelatinisation of starch in ground barley
rain and degermed maize was carried out at 80°C.
fter coolln% to 70°C, <-amylase was added. It was
then cooled to 30°C after the reaction, and, malt ?r|$t
and proteases (50 mg per cent) were added. Proteolysis
and saccharification were completed in the normal way.
Method 2. Gélatinisation of starch in ground deger-
med maize alone was completed at 80°C and then cooled
to 70°C. The temperature of pretreated ground barley
grain-barley malt mixture with protease (50 mg per
cent) at 42°C was gradually raised to 70°C and added
to gelatinised degermed maize. <-amylase was added
at this stage and saccharification was achieved in the
normal way. , ,
Method 3. Mashing of barley malt, barley grain and
degermed maize (50:30:20) was done as follows:
ixture of powdered ?ralns with water and proteases
(200 mq per cent) was allowed at 30°C for 30 min and
the temperature was raised to 42° and maintained for
30 min before ralsmg} to 52°C. «-amylase was added
at 52°C and allowed for 30 min and again the tempera-
ture was raised to 62°C and after allowing for 30 min
raised to 70°C at which temperature it was maintained
for 70 min. This was followed by boiling for 10 min.
Specific gravity, pH, total carbohydrates and « -amino
nitrogen were determined as reported2L earlier.
Apparent extract, real extract, original extract and
ethyl alcohol were determined according to standard
methods12-13

Results and Discussion

During germination of barley, various enzymes are
formed and liberated, chief amongst them being pro-
teinsases, amylases, g-glucanases, cellulases and pento-
sanases. Some of these enzymes are partially inactivated
durln% Kilning but are completely inactivated during
wort boiling. The presence of ff-glucanases would be
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advantageous to a brewer when Iar%er percentages of
adjuncts like bareg. rqraln are mashed, as otherwise
lautering would be difficult. With a view to utilise these
enéymes, green malt was wet ground to get an extract
and was used at 20 per cent level during mashing of
raw barley. The resulting wort had low <-amino nitro-
gen ﬂerhaps due to lack of enzymes; the wort had raw
and husky flavour.

Experiments were, therefore, conducted to mash
barley grain and harely malt mixture using fungal
proteases and bacterial amylases. The characters of
wort derived are given in Table 1 Controls in the
different combinations of barley grain and barley malt
mixtures did not receive extra microbial enzymes.
Wort characters of all-malt were also included as a
standard for comparison.

It is seen from the Table that the volume of the
extract was generally more in the enzyme treated mixture
than in the control.  However, a reduction in the volume
of the extract was noticed with the increase in
content of barley grain. With the increased level of
barleg grain, ff-%lucan content also increases and this
may be responsible for lesser yield as it is known to affect
ea.sK filtration. The colour of the wort compared well
with the standard wort except in the case of wort derived
by using 60 per cent ba_rle[y| grain. The specific grawty
and the pH were practically same whether barley-malt
mixture was treated with or without added enzymes.
The mixture treated with microbial enzyme gave a wort
with greater amount of °<-amino nitrogen, mdmatmgi
the usefulness of added proteases. Wort had norma
flavour except in the mixture of barley-malt (60:40)
which had slightly raw flavour. The maximum amount
of barley grain that could replace barle¥ malt was found
to be 50 per cent and the wort resembled all-malt wort
in colour and flavour. _
~ The qualities of wort derived by the first two methods
in the case of barley malt-barley grain-degermed maize
mixture indicated no significant differences. It was,
however, observed that the amount of <-amino nitrogen

Table 1. physico-chemical characters of wort

Ratio of barley to malt

20:80 }/\\{gh enzyme
30:10 KYlth enzyme

A0E0h ey
50:50!\’)’(')% enzyme
60:40 0th enzyme
Al mlt

S pH e<(- 'it%N

Colour

Flavour
Brownish Y~ Normal
X
a if
» it
» tt

Tot(al 0CI-IO \olume (ml)

Yellowish brown Slightly raw
Brownish yellow Normil
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2. physico-—chemical characters of w
RV material Pro Sp gr pH Total CHO x4 N 0 Colour Havour
. TR
I\/Lal‘t'O Barl% I\ébarze 59 . 1 Paleyellow — Raw

,@%@Eﬂlgg Waize %?2 @i éz

Was  inade uate ) m /lit) to meet the nutritional
requiremen %ast urrn subsequent fermentation.
It Wwas possible atteamounto enzyme added was
madequate to act upon protein or it was likely that the
combined enzrmes added proteases and the one Present
in barley malt) were not potent enough to act upon
proteins™of barley grain, barley malt and of degermed
maize. The level “of added protease was, therefore
increased and the qualities of wort derived are indicated T
In the Table 2

It is evident that the desired level of N -amino nitrogen
Was achreved by addrnﬁ200 mg of fungal proteases during
mashing of arey ma ar ey grain-maize combrnatron

Clear unhopi)e worts derved from (1 ar ey %]rarn
and barley malt (50:50) mixture, and_ (//} barley
barley grain and degermed maize (50:30:20) mrxture
were”fermented with @ strain_of bottom yeast (Sac-
charomyces carlshergensis) at 10°C and the qualities of
the fermented brew are given in Table 3

Ta sis of ew

Raw I\/IaterraJ

Ie rraJt
Py denic L%s%?t Al o
£

0 %arze
rent extr . %g ?@9
é%w g r;:é ok

%ﬁarnalo eétract %o

? 04.2 975 045
(?ar&ﬁ%ta Ion, % 6%6 6}3 5%
Eolour _ Normd  Normd  Normdl
Saccharification Normal  Normal Normal

The apparent extract was more in the experimental
brews than n the standard brew, contrary to the results
obtained by Olesen2  The real ex:ract was practicall
same In all'the cases similar to the findings of Olesen2
Apparent degree of fermentation was less than that of the
standard bréw. Perhaps this could be corrected by

1§ﬁ

11.%% ﬁ @ Brwmrsh yellow NorrirtaJ

incorporating surtable enzymes during fermentation
whrch are cagable of spIrttrng non- fermentable sugars
AIco ol content wassr%t y more In the experiméntal
are rarn -harley malt rewand slightly less mthe one
rewe along with the degermed marze as compared to
the standard brew. This ma be attyibuted to the higher
original extract in the first experimental brew. “The
colour and fIavour of the brews were practrcally similar,
ese preliminar |y oratory studies indicate that
cheaper raw mate als could bé used In brewing there by
reducrng the production cost as well as capital_ outlay.
However, prlot lant trials are necessary to arrive at'a

definite conclusion.
Satyanarayana Rao

ntraJ 369%[; echnological b
L Prasad
B% . Venkatanarayana
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RAPID METHOD FOR DETECTION OF For the preparation of adulterated ketchups, red pum?-
ADULTERATION OF TOMATO KETCHUP WITH kin pulp was made by macerating_the pieces with, 10
RED PUMPKIN Per ent water in a waring blender. “This pulp was boiled

o , or 10 min to inactivaté the enzymes and reduce the

The rapid thin layer chromatographic method for the  flavour and then mixed with thé tomato ketchup in

detection of adulteration of tomato ketchup with red concentrations of ]_0, 40, 50 and 60 per cent ofthe wi |ght

pumpkin is hased on the difference in their carotenoid com- f the final product C|0V€ onion. aarlic h
osition. Red pumpkin contains a pigment, tentativel : p ' ! ! pe per dn
eniified as an estenfed xanthophyIIF,) hich is zbsent in cinnamon were added to the COﬂ'[fO% and adulterated
tomato. samples to impart desirable flavour. 500 ppm of sodium

_ _ . benzoate was added as preservative, filled hot into 250
Tomato ketchup is_occasionally adulterated with ml bottles, corked, dipped in molten wax and cooled.
cheaper raw materials like pumpkir, ashgourd, Eapaya, The hottles were stored_at ambient temperature. It was
apple, sweet potato, etc.1 While sweet pofato in ketcliup — observed that homogenised red pum;f)km pulp could be
could be specmcaIIP/ detected b the_Pre,sence of matose2,  added uptq a level 0f 40 per cent of the weight of the
for the other adulterants, a_duantitative estimation of ~ketchup without appreciably affecting the colour. Red
lycopene has been su gfesteda The present study pro- pumpkin, besides contributing to the colour also im-
Poses a rapid method for detection of adulteration of Proves the viscosity of the ketChup. The mild flavour of
tomato ketchup by red pum_P,km based on the difference the Rumpkm is méasked by the vinegar and spices added
In their carotenoid composition. to the Ketchup. _ N
Ripe. tomato _g_yco ersicon esculentum) and red  Preliminary studies on the carotenoid composition of
pumpkin (Cucurbita maxima) brought from focal market fresh tomato and red pumpkin by TLC indicated to
Were Used. _ _ differ with respect to atleast on pigment. of pumpkin
Tomato and pumpkin carotenoids were extracted by ~which was absent in tomato. This qUalitative Gifference
the method of Tomes.4 The extract was filtered, dried in the comgosnmn_ofthe carotenoids has been explored
over anhydrous sodium sulphate, evaporated to dryness to, detect the possible adulteration of tomato ketchup
In vacuum and redissolved in hexane, This was applied  with red pumpkin.
a5 a thin_band on. 5 mm thick, activated silica gel G~ The prepared samples of control and adulterated
plates. The plates were devel%ped with 5 percent ketchups were stored for 0, 1 2 and 3 months and
acetone in hexane solvent at 25 C. The colour and Rf analysed for carotenoid profile by TLC. In the case of
ofthe separated hands were recorded. _ storéd samples, consiceerably more pigment loading was
Tomato ketchup was prepared b¥ concentrating the
fresh tomato }ume in an open jacketted kettle followed
boy addition oT sugar, salt and vmegar 0,85 10 adéust the OR+ PK
total soluble solids to approximately 32-35 pér cent. Ivhrker—L\f—»

OR
PK
— LY —»

s TK+4P  TK+10%P TK
P+T Fig. 2 Thin layer chromatographic separatjon profile, of carote-
: : L ) . Y nl(%e r"ucp?rom(& nnnt%a[)?gsarppeofpureard
Fig. 1 Thin layer chrometoraphic se atlgwfofgﬁofcarote- arated fomaty Ketd
nmd;ie racted from £ pur%ﬁm r tomtogs. :tUIHUA%(?[CﬁHP'
ooy

+10% P=Tomafo _ketchy
B ¥ carenoick, e e 0 carotenoick: literated] with 100% ;%’ﬁ+40%%&.‘|% P
e b i R




EFFECT OF DANSYL CHLORIDE ON THE RENNET SUSCEPTIBILITY OF THE CASEIN MICELLES

necessary for the separation of marker probably due to
partial loss of_p|g1ments. The carotenoid marker of
pumpkin was visible even after 3 months of storage and
sIeanrates as a band in the vicinity of Rf=0.78-0.80
( IF' 2). The appearance of this band on silica gel TLC is
a clear indication of the adulteration of tomato ketchup
with red pumpkin. This marker has a distinct lemon
yellow colour and differs from the nearest bands of
carotenes éorange) and lycopene (Blnk red) which appear
as merged or Individual bands between a Rf of 0.95
and 0.99 (Fig 1 & 2). The presence of lycopene and
carotenes have already been well established in tomatoesb.

This marker carotenoid band was scrapged off from
TLC plates, eluted with acetone: hexane (5:95), evapo-
rated under vacuum, and redissolved in hexane. The
unsaponified pigment was completely epiphasic in
hexane and had a decreased affinity on silica gel TLC
Blates. These characteristics indicated the pigment to

e esterified a xanthophyll67. After saponification,
partitioning of the pigment in different concentrations
of methanol was:

H:95 per cent Me-18:82; H:85 per cent Me-45:55;
H:80 per cent Me-70:30; H:75 per cent Me-95:5;
H:70 per cent Me-100:0 (H:Hexane, Me:Methanol).
These results indicate the esterified nature of the pigment.
The pigment had absorption maxima at 423, 451 and
475 nm. From a comparison of the partition coefficient
data8 and s?ectral properties, the pigment aBpeared to
be an esterified xanthophyll containing one OH group.

The TLC method described ahove could be adopted
to detect the adulteration of the tomato ketchup by red
pumpkin. The procedure is simple, convenient and the
time required is 2 to 3 hr.
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EFFECT OF DANSYL CHLORIDE ON THE
RENNET SUSCEPTIBILITY OF THE
CASEIN MICELLES

Casein micelles isolated from buffalo and cow milk on
treatment with DNSCI (at 2% level) exhibited reduced ren-
net susceptibility. Results indicate that DNS-CI treatment
had more drastic effect on the bovine micelles. The rate
of release of sialic acid, NPN and GMP by rennet was less
compared to the buffalo micelles. The tufbidity formation
by rennet was also considerably diminished in" the bovine
micelles due to dansylation. However, DNS-CI treatment
did notalter the electrophoretic patterns of the casein micel-
les. Dansylated micelles in acetone medium on chromato-
graphy through Sephacex G-100 gel, resolved into two
prominent protein peaks whereas n isopropanol media,
micelles eluted as a single peak.

Ashoorlhas investigated the internal structure of the
casein micelles by treatment with dansyl chloride
gfl-d|methylammq-naphthalene-S-suIphonyl_ chIondeB.

reatment of micelles with dansyl chloride %DNS;C )
led to a rapid labelling of all three main casein fractions,
suggesting their uniform_distribution throughout the
micelles.L2 In addition, DNS-CI has been found to be
a very effective reagent for functional group analysis of
casein micelles and casein fractions.  Ashoor etal.3
have indicated that dansylation of the functional groups
of /c-casein has drastic effect on its stabilizing power
towards <s-and ¢-casein. However, Hill and Cracker4
have reported that stabilizing ability of ¢-casein decreas-
ed only 15 per cent after treatment with 6 per cent DNS-
Cl.  Hill ‘and Cracker4, and Ribadeau-Dumas and
Gamier2 have also observed that dansylating 2-3 lysyl
residues in ¢-casein prevented clot formation after the
action of rennin. Such observations are, however,
lacking with respect to the micellar form of casein.
Hence, in the present investigation an attempt has been
made to examine the effects of dansylation on the casein
micelles from cow and buffalo milk, in relation to its
susceptibility to rennet action.

Composite milk samples were collected from Murrah
breed of buffalo and three breeds of cow, namely,
Sahiwal, Red Sindhi and Tharparkar maintained at the
Institute’s herd. Milk was skimmed at 1000X Eln a
Alfa-Laval cream separator. The skimmed milk thus
obtained was used for the isolation of casein micelles
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by centr_lfugm? at 105,00 x g in a Beckman Model L
%reparatwe ultracentrifuge following the procedure of
upta and Ganguli.5 _ _
he casein micelles were treated with DNS-CL in the
fqllowmg ‘manner. 250 mg dry casein micelles_ were
dispersed in 10.0 ml NaHCos solution (0.1 M). 5.0 ml
acetone containing 5.0 mg DNS-CL was added. The
control sample contained all components as the experi-
mental sample byt without DNS-CL. Al the samples
were incubated for one hour at room temperature
(30°C) with frequent stirring. After one hour, a little
q_u_annt% of 3to 4 ml) 0.1 N'NaOH was added to solu-
bilize the micelle suspension. In_case of cow micelles,
the NaOH addition was, not required since.the addition
of acetone to the micelle suspension in NaHCQé
brought 1t to an almost clear solution, a characteristi
observation in contrast to the buffalo micelles. The pH
of the casein micelle solution was brought to 6.5 with
N HCL and the final volume was madé up to 25.0 ml
with maleate buffer (0.2 M, pH 6.5) in each Case. Rennet
action was assessed by evaluating the release of sialic
acid, non-protein nifrogen, an glycomacroPepudes
and also by the turbidity formation, "according the pro-
cedures described earliero
For starch gel electrophoresis, the DNS-C1 treated
casein micelle Solution was dissolved in veronal buffer
PH 8.6, containing 7M urea, The Petri-dish technique
or starch_gel eleCtrophoresis devised by Ganguli and
Majumder7 was used. For the assessment of gel filtra-
tion pattern, the DNS-CL treated. casein micglle solu-
tion was first dialysed against 0.2M KC1 solution for
6 hr to remove éxcess DNS-CL and reaction product
S-OH). In some of the experiments, |sopr_oPanoI
was used instead of acetone to serve as the vehicle for
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The effluents were continuously ‘monitored™by means
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The effect of dansylation of the casein micelles towards
rennet susceptibility was studied by treating_the casein

micelles with DNS-C1 at 2
shown in_ Table
f

per cent Jevel. “The results
on the release of sialic_acid, non-

1 on th
rotein nitrogen t(hI\IePN and glycomacropeptides (GMP)f

y rennet rom

DNS-CI " treated casein micelles o

buffalo and cow milk clearly indicate that the rate of
release of these components by rennet was significantly
diminished (P < 0.01) in both” buffalo and_cow casein
micelles as a result of DNS-C1 treatment. The average

Table 1. rennet susceptibility of casein micelles after treatment with dansyl chloride

Release of components from micelles*

Source of
Case

mICEH(]éS Treatment SiaJ%gA) ?cid
Buffalo Milk Control 6 ;8 o)
DS-Cr™ (60. 5-‘%5.00)
Cow Milk Control (75.5&99.00)
WA e

Figures in parentheses indicate range of variation
*The numoer of samples analysed in each case wes five
**The samples were treated at 296 level of DNS-GL

Non-protejn N
(%ortotal N2
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e
0%t
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leen&a%g&e%(de
(303-?35)
(2}-527)
(12%38)
(11%27)
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recorded in the elution pattern, since DNS-CL as well as
acetone absorb strong U.V. light in the same regions
as those of proteins. ~Hence, treated samples were dia-
lysed exhaustively agal_nst 0.1 M KCL solution to remove
excess DNS-CL “and its reaction product (DNS-OH)
before Rassmg through the gel column,_ The molecular
sieve chromatograms$ thus obtained (Fig. 2A and B)
illustrate that Doth buffalo and cow Casein micelles
resolved into two prominent protein peaks. An addi-
tional small peak was also observed towards the termi-
nating edge of the second peak in case of cow micelles.
Since”the Casein micelles after treatment with DNS-CL
in acetone were_dialysed against 0.1 M KC1 solution,
there was possibility that “some of the calcium was
released from the micelles and thus diffused out of the
dialysis tubing. ~Hence, for comparative assessment
the Casein micelles were treated in similar manner, but
without any DNS-CL and dialysed against 0.1 M KCL
and passed through the gel cofumn eXactly in the same
manner as for the'treated micelles. The njolecular sieve
chromatograms (Fig. 2C and Dg for both buffalo and
cow casein micefles, exhibited one main protein peak
and a shoulder appearmgz with a small peak and consi-
derable trailing of the terminal edge. It, therefore,
seems likely that the reason for the” emergence of the
second Rea In DNS-CI treated micelles may be partly
due to the release of calcium as a result of dialysis.

In anather experiment, where |soproPanoI Was used
as.a vehicle for DNS-CL instead of acetone, the casein
micelles eluted as a single peak in hoth buffalo and cow
casein micelles (Fig. 3)° However, it was mterestmg? to
note that a considerable heightening of the, peak resulted
in this case. The d|alg3|s was omitted in this experiment,
since isopropanol dogs not absorh U.V. light and DNS-
CLeluted out much later. _ _

The drastic effect of dansylation of functional groups
of k-casein on its stab|I|t¥ and stapilizing power as
reported by qther workers-34 may be responsible for
the decrease in the rate of release of sialic acid, NPN
and GMP as observed in the present investigation,
since all these c_omPonents o_ngmate from the k-casein
of the casein. micelles. - A sigiificant reduction in the
rate of turbjdity formation in dansylated casein micelles
b¥ rennet Indicates, further that the secondary phase
ofrennet action, which 5 purely a physical phendmenon,
15 also acversely affected.
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. Abolishing the charge on the e -amino grou,os_of i
limited of humber lysine residues by dansylation39
apparently was not sufficient to affect the electrophoretic
mobility Of the casein components. It has also heen
shown Dy starch %el electrophoresis2 that all the caseins
bind DNS-CL even at low concentration of the reagent.
There was no preferential hinding to any of the three
main casein sub-units, _

It has been reported that DNS-C1 increases the hydro-
phobicity of the casein fractions3-10 which may Cause
aggregatlon of the micelles, The erratic gel filtration
behaviour of the casein micelles obtained. in the two
different assay systems may be due to differences in
the effects exerted by these two systems, since the DNS-
(1.in acetone has béen found to"be more effective than
in isopropanol.4 o

The authors express their sincere. thanks to Dr. D.
Sundaresan, Director, National Dairy Research Insti-
tute, Karnal, for his continued interest in_this_study.
One of us (MPGFZ 15 also grateful to the Indian Council
of Agricultural Research, New Delhi, for the award of
Senior Research Fellowship during the tenure of the
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BOOK REVIEWS

Radiation Chemist ofMa#or Food Components:  Eds.
P. S. Elias and_A. J. Cohen, Elsevier Publishing Co.,
Amsterdam, 1977, pp. xii+220.

_ The effects of radiation at various energy levels on
individual chemicals occurring in foods as well as on
the major food components and eventually on combi-
nations of foods have been studied fro many years.
Many factors apart from the nature of the food, stich as
irradiation temperature, atmosphere, medium, dose and
dose rate, post-irradiation conditions and methods, of
analysis, will influence the type and extent of chemical
changes which may occur as a.result of the irradiation
of tood. The collection of detailed quantitative data for
each situation would be impractical and is also unneces-
sary, since an understanding of the general mechanisms
by which these changes mayarise, as gained from studies
with Individual food"companents and Information on the
influence of different Paramet,ers on these _changes,
should suffice in the extrapolation of results from One
situation to another.

. When |on|sm?_rad|at|on i absorbed bY a product
irradiated, a cerfain number, depending on the radiation
enerpy deposited, of primary reactive Species—Solvated
electrons, hydrogen and hydroxyl jons, efc.—are gene-
rated. Upon reaCtion with mattef, these primary radicals
give. rise to secondary radicals which are éventually
Stabilized in the form of reaction products. Reactions
Involving. macromolecules are (lefectable at very low
dose_levels while reactions involving smaller molecules
require substantially higher dose levels in order to be
detected. ~ The combination of the |m5)ortant role of
DNA and its size accoynt for the lethal effects of low
doses of radiation on living orgzamsmS' this fortynate
circumstance, therefore enables the destruction of un-
desirable sp0|l_a%e micro-organisms in an almost selective
manner and without any gréat changes in the food. Thus,
the absorption of energy in the irradiation process for
foods Is approximately”11 Kcals/g for sterllization or
radappertization dose” and the amount of radiolytic
products formed is also corre_spondmglg small; .
about 700 pr. in beef radappertized at -40°C, 45 Maid
dose. It ig frequently not realized that the nature of the
decomposmon products formed during irradiation and
by heat treatment are mostly similar, although, however,
far more of these have been identified in thermally pro-
cessed foods than in irradiated foods.

This book presents a critical review of the radiation
chemistry of carbohydrates, lipids, proteins and vitamins,
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with emphasis on the nature and concentration of the
radiolytic Rroducts formed. In_general, each review
compares tne response of the food Component f_oIIowmgi
irradiation inthe dry state, in aqueous solution, in mode
systems, in_compgsite mixtures and in  whole food
products. . The various reviews provide_evidence of the
?reat smlantg In radiolytic products in related foods
reated with radiation doses up to the me?arad range.
The reactions of the food constituents o radiation
display a remarkable uniformity. Most of the radiolytic
products identified in irradiated foods are also those
?ener_ated In_foods by other conventional processing
echniques. Their coricentrations are confined to pfm
ranges” with radjation doses normally emplo?/ed nd
theSe concentrations fall_off considerably as the dose
ranges are reduced, The available data on the
chemical structure of the radiolytic products in foods
and the very low concentrations in"which they have
ﬁeen ddetected suggest that they pose negligible”health
azards,

Radiation preservation of foods has been extensively
studied for over two decades now and there exists a
voluminous amount of literature on the wholesomeness
of irradiated foods from the nutritional, m|crob|olq?|cal
and toxicological angles, On the basis of all available
Information, various national and international agencies
have cleared a large number of irradiated foods for
human consumgﬂon. Notwﬂhstandm% the efforts that
have been expended on the development of this techno-
logy, practical applications have been extremely limited
to"date. The concern about the hazards of fadiation
Rene_rally is appraently reflected in the prevailing appre-
ensionS over irradiated foods. Insistance in some
quarters on additional methods of safety evaluation
which are gbiously both ynrealistic and unsound espe-
cially in the coftext of present-ay environmental
problems has also to some extent een hamperln%
Progress., Reassurances of the kind presented |
these, reviews as to the safety of the process of food
Irradiation from the point of view of the radiolytic
products formed  should helg_ to achieve %eneral
acceptance of the process. M Hor hurdles that need
to be convmclngl¥ cleared relate to dgmonstratwn of
techno-economic™ teasibility, intra—and Inter-country
legislative aspects and, importantly, consumer attitudes
and resistance.

A. Sreenivasan
Bombay
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Sweetners and _Enhancers 1977. by Nicholas_D.
Pintauro, Published b%( Noyes Data Carporation, Park
Ridge, New Jersey 07656: pp. 390; Price: $ 39.

The Noyes Data Corporation publishes almost every
ear patenit data filed in U.S.A., in specialised areas of
ood technology. Current controversies regarding. the
use of cyclamates and saccharin as sweetners in various

foods Have particularly stimulated search for new
natural and synthetic sweetners. The present book on
“Sweetners and Enhancers”, which deals with several
hundred U.S. Patents is timely. The diversity of com-
pounds is illustrated as protein$ like Monellin, Miraculin,
various aspartyl peptides, dihydrochalcones, tryptophan
derivatives, sUbstituted tefrazoles etc, are " covered.
Methods of preparation of many of these compounds
and their use in"specific formulations are also given in
these patents. In addition almost forty pages are devoted
to various_saccharin_combinations and ‘Special formu-
lations.. Processes for increasing the bulk of mixes
contamlng sweetners, preparation of drinks, jellies,
desserts, baked goods, with artificial sweetners are also
given. A very extensive field is covered in these patents.

The usefulness of patent information either in the
actual manufacturing process or as a _start!n? point for
further investigation'is debatable and it is inferesting to
note_ what the different view 8omts are in this drea
(P. Sperber in Chem. Tech., 1. 225 (1977)).

The present book on US. Patents dealing with
sweetners and enhancers will be mostly useful to R &D
Qrganisations In food industries and research institu-
tions involved in food science and technology.

> CR e

y Mysore

Recipe and_ Process Development for_ Canners: b
Maxwell Philip, Food Trade Press, England, 1976,
pp. 163; Price £ 9.

The book is covered in four sections, namely (z)
developing the product, (Z2) develc()j)mg the process
(in) quality control of the protess and™ () cost control
of Fhe production process. Brief summaries are given
at the end of each section,

The first section dealing with the development of a
product lays stress on formulating a correct recipe. A
product containing various ingredients, like thickeners,
Mmeat and vegetabl®s is more complex and requires care-
fulcontrol. ™ With this In view, typical examples are
given for the recipe, preparation”and processing of
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products, such as pork luncheon meat, spaghet_u in
cheese and tomato sauce, tomato soup, etc. Containers
cans) required_ for such products and.choice of enamels
Or cans are bneflg covered. The section also deals with
the essentials of Food laws of United Klnﬁdom which
the canner should be aware of, particularly those relatlng
to labelling, . preservatives, colourm%_ Matter, _canne
meat requlations, emusifiers and stabilizers, limits of
mineral Contaminants, etc. Theimal process evaluation,
which 1s @ must for canners, is covered brifly.

The second section on developing the process relates
to the transfer from laboratory Scale to the factory
scale, which nvolves several Unit operations to e
performed in food canning, like ingredient preparation
and inspection, _b_Ianchln%, mixing and batching of in-
gredients, emulsification, hieat transfer, pumping; filling,
Can seaming, product sterilization, assessment of quali
standards, Vield assessment, hxgu_ane, of the plant and
avoidance of waste, etc. Emphasis is laid on technical
Pnnmgles underlying some typical operations rather
han on surveymé various types of equipment used in
food canning.

The third section deals with quality control of the
process. In.the control of raw material quality of filled
Weight, testmg and inspection of the finished product
and”product %g|en_e, the statistical methods given will
certainly be of nelp irrespective of the size of the factory.

The last section deals with cost control of the pro-
duction process, Budgetary control and standard costing
systems, though recogniséd as bemq aids to economy
IN manufactufing process, may not be applicable in
small canneries.™ The subject” matter is dealt under
production  budget, production personnel  budget,
standard costing Systems, etc.

. On page 80, the percentage overlap for a good seam
is mentioned as 45 per cent {minimum) whichis accord-
Ing to the recommendation of the Metal Box Company.
However, Hersom and Hulland (Ref. Canned Foods,
6th Edition (19692, D. 29%2_ Azomt out that it is_ more
advanta%eous to Set the minimum overlap as 55 ?er
cent. This aspect. may be given some thought, since the
recipe products indicated” arc of the low acid type.
Formula_ for calculating the Per cent overlap, and a
t%ble énvmg common séam defects and their diagonsis
snould”have also heen incluced.

The get up of the book is good and it contains a lot
of information for the canner of the type of products'
|Sri1ge|cated. However, the price ofthe book is on'the high

S. Ranganna
CFTRI, Mysore



BOOK REVIEWS

Theileriosis: report of workshop held in_ Nairobi
Kenya, 79 December 1976 b)i Henson J. B and
Coripbell, M., Ottawa, iDRC, 1977, pp. 112

. “Theileriosis” is a compilation of papers presented
in a workshop held at Nairobi, Kenya during 7th to 9th
Dec. 1976 on the topic. Dr. J. B’ Henson, Director
International Laboratory for Research on Animal
Diseases has taken greatpains to edit the title in colla-
boration with  Marilyn "Compbell_ senior Technical
Editor, International Development Research Centre, to
arrange the contents in a manner so that the attention
of the readers i directed towards the importance of
the problem.

Theileriosis, a protozoan  disease caused by several
members of the genus Theileria such as T, gdrva, T.
lawrencei, T, annllata and T, mutans, spread through
ticks, The disease has assumed international importanCe
and is prevalent in_several countries. At persent, it has
%/aluned foot hold in India, fifteen. African and seven
lddle east. countries affecting their cattle poBuIatmn.
Recent studies have shown that wild-life and buffaloes
act as a reservoir for this disease and unless an effective
control i Planned to prevent the malad?{ it might bring
about a set back to the livestock product
enwsa?e_d by most of the develoh)lng countries, ~ There-
fore, It Is quite appropriate to
this subject at this critical juncture.

The contents of the title are divided into reports
presented by various workers about the status of the
Problem in Gifferent countries, views of specjalists and
nstitutions on the issue and recommendations from
fog_r d{fferent committees with specific guidelines on the
subject.

. Itis a nice attempt to focus global attention on this
important disease. complex, to brmg In more inter-
national coordination in"handling research programmes,
relating to the area.

P. C. Panda

Haryana Agricultural University, Hissar

1975 Evaluations of Some Pesticide Residues. in Food:
WHO Pesticide Review Series No. 5, World Health
Organisation, Geneva- 1976, pp. viii+409.

This volume i a report of the joint meeting of the
FAO Working Party of Experts on Pesticide Resiqles
and the WHO Expért Committee on Pesticide Residue
held in Geneva in Nov-Dec. 1975 It includes
monographs on thirty-seven pesticides, out of whic
four are new. Only those information that have become
available in recent years are included on conventional

on programme P
ave a compilation on Y
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pesticices, but reference is made to earlier publications
which could be consulted by readers who wish to obtain
a complete evaluation of the compound.

. Comprehensive treatment is given.on newer pesticides
including their chemical. and ‘physical properties, . use
gattern, acute and chronic toxicity, methods of residue
nalysis and levels of residues in“agricultural and food
products, Information is also presented on the fate of
residues in experimental animals and in food products.
Based on the infoimation available to the committee,
some of which were unpublished. recommendations
have been made for the tolerance limit of residues in
different types of foods. Specific recommengations have
also been"made on the t>pe of additional data that are
re(I]uwed and desirable In" evaluating these compounds
for extensive use.

Amongst the new compounds, Bioresmethrin, a
synthetic”pyrethrqid is one of the most effective broad
spectrum contact insecticide currently available, Because
of its long (8 to 20 week) hiological-half life uncer
storage canditions it shows good promise of becommg
a major insecticide for use”in. the control of store
product pests. It is ngt onlg/ 16 times more effective than

rethrins, but also effective against several Insect species
résistant to other insecticides ™ No tolerance limits have
et been established and the recommended rate of appli-
cation to raw cereals is 1to 4 mglkg

- Sec-hutylamine has been shown to have good f_unqi-
cidal and fungistatic properties, which make it suitable
for several frults _mcludm? those of citrus family. Maxi-
mum residue limits var;( rom. 50 mg/kg for dried citrus
pulp to 0.5 mg/kg in citrus juice.

The remaining two new insecticides are chIorﬁgnfos-
methyl and Cyhofenophos and both are organophos-
horls compounds with broad  spectrum” ac |V|g.
osage rates of Chlgropyrifos-methyl vary from (.1
to 20 mglkg under field “conditions and from 25 to
10 mg/kg”in” grain storage, and its maximum residye
limits™vary from 20 mg/kg on bran to as low as 001
mg/kg in ‘milk.

Cynofenophos, is reported to be moderately persistent
and therefore, offers a possible alternative 10 persistent
organochlorine compounds.  Tem orar[v) aximum
rem?(ue limits vaéy from 2 mg/kg on cabhage to 0.95
mg/kg on commodities like cuctimBer, ginger and onions.

Annexure | includes the recommendations concerning
acceptable dally Intakes and residue limits of all the
P_esnmdes reported in the volume. These recommenla-
lons are additional, or ammendements to those recorded

R in earlier reports and thus provide a ready source of

reference. _
Except for a few typographical errors and repeated
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mention of various committees, | feel that WHO
Pesticide Series No 5is valuable addition to the library.

Prem Lata Bhatnagar-Thomas

BA.RC, Bombay

Rheology and Texture in Food Quality: Ed. by J. M.
DeMan, P. W. Voisey, V. F. Rasper and D. W.
Stanley; The AVI Publishing Company, Inc., West-
port, Conn; 1976; pp. 588.

The decade of 1960 saw the understanding of texture
as a comprehensive primary food property and the
decade of 1970 is seeing the development of defining
the subjective and objective aspects of food texture.
As a consequence a distinct area of scientific endeavour
with its own gournal,. symposia-seminars, and committee
efforts at a standardisation of definitions and conditions
of measurements, have emerged. Rapid developments
in a number of concerned areas as basics of rheology,
instrumental measurement of mechanical properties,
psychophysical, measurements of sensory textural pro-
perties make discussion and review of the developments
very important. Though not exBresst stated the hook
under review appears to have been developed out of
the presentations at the University of Guelph symposium
on ‘Advances in Food Texture’in 1974. It is a welcome
a(fit#ltlodn to the recent books on texture and rheology
of foods.

The chapters, on the rational development of instru-
ments to measure individual or simpler combinations
of effects in the complex changes perceived as food
texture, developments of total texture test s?;stems and
choice. These will be much appreciated by the students
and technologists for whom the book is intended. A
chapter on ‘Interpretation of force curves from instru-
mental texture measurements’, is particularly welcome
for emphasis on first establishing correct conditions of
obtaining force-time/distance curves and then an
exposition of the complexity of the curves, obtained with
different foods. The importance of visual observations
of the foods under stress, to determine the chan%;es
occurring to validly interpret the different parts of the
texture profile curves and study cf varied interpretations
for correlation with sensorily perceived texture is em-
phasised. Two general chapters on basic concepts on
mechanical behaviour of foods and relation between
microstructure and texture of foods are written crisply

and_clearly for giving confidence to the student and
novice researcher.

Other chapters that follow deal with different classes
of foods such as fruits and vegetables; dough, pasta
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and baked products; fats and fat products; dair ﬁro-
ducts, meat and chocolate. Pleasing features of these
chapters are the comprehensive treatments from the
structural, physiological changes on storage and pro-
cessing and their effect on texture, appropriate instru-
ments extensively used for the individual types of foods
and good electron micrographs to illustrate microstruc-
ture and textural changes. The behaviour of natural
and modified starches and emulsions as food additives
are discussed in three chapters expertly, with very good
illustrations.

A chaPter briefly outlining the spinning and extrusion
process for ‘Engineering’ for food texture, appears odd
In this collection. Two rather brief chapters deal with
sensory measutement of food texture and texture profile
which do not give guidance on how to choose the best
and efficient methods or the difficulties of conductln%
the profile method. The last chapter is an excellen
research paper on psychophysical relations in texture
which recommends the newer apf)llcatlor)s of magnitude
estimation and multidimensional analysis.

Each chapter has an excellent selection of bibliography
for further reading and the book has a good subject
index. The book as is usual with AVI, Is excellently
produced.

The reviewer congratulates the editors on assembling
an expert group of reviewers to cover the different aspects
of this complex new field. He would, however, like to
point out that adequate justice has not been done on the
word ‘quality” in the title of the book. This could be
done only through a more extensive coverage of sensory
texture evaluation of different foods and their correla-
tion to the objective measurements in the different
chapters dealing with individual foods. This would have
emphasised the great need for much more intense work
on defining denotative terms, mathematical procedures
for relating the rheological measurements and the
sensory texture of the stimuli as shown in the thematic
beginning chapter, ‘How far can studies of food texture
be scientific’.

A few points for consideration of the editors in future
editions are: While on page 187 the efficacy of Armour
tenderometer in predicting cooked meat tenderness is
reported not ver]v:.good, on pa%e 420 it is reported to
correlate well. Figs 6.8 and 18.1 and 6.11 and 18.2
are unnecessarily repeated and could be omitted in
chapter 18. Is there a semantic problem in the titles of
the chapters ‘Starch Texture’, ‘Rheology of chocolate’,
Textural characteristics of Food Emulsions’?

V. S. Govindarajan
CFTR', Mysore
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Evaluation ofProteinsfor Humans:. Ed. C. E. Boodwell;
G\S/IAPUb“Shmg Company Inc., Westport, Connecticut

The proceedings of a symposium on “Evaluation of
proteins for humans” sponsored by the nutrition division
of IFT are published with a view to update the current
information on proteins in human feeding.

In the introductory section Scrimshaw and Young
succintly highlight the need for expanding food an
protein  production, the _|mﬁortance of “nutritional
evaluation and the lacuna in the present knowledge on
the precise human energy and protein requirements.
They have emphasised that there is a special need for
studies on determination of protein reguwemen_ts in
various age groups in populations and under conditions
relevant to developing countries. The effects of amino
acid disproportions on modifying the utilization of
dietary protein must be taken into consideration in
relation to evaluation of protein tiuallty. The ur%ent
need to exFlore and deviserunctional measures of protein
nutritional status in long term metabolic studies in
human subjects is rightly emphasised (page 48).

In Section Il the methodological aspects of protein
(Luallty_evaluatlon have been elaborated. These include
the animal hioassays, IN VItro tests, nitrogen balance
studies in humans and other proposed biochemical
indices. I VItro indices such as chemical score based
on amino acid composition, available lysine test by
carpenter’s method or modification microbiological
methods using and dye binding techniques etc. at best
provide an apprommate_ idea of the nutritional quallt?]/
of protein but are subject to several limitations suc
as the unreliability of such In Vitro tests to reveal diffe-
rences in biological availability of amino acids and the
lack of a single chemical procedure for predicting protein
%uallty. for ‘all proteins specially in processed foods.

critical review of the conventional animal assay
procedures such as PER, B and NPR is given by
Simmonds and Hegsted. They have proposed a modified
slope assay ratio (relative protein value) for proteins
and stress that the proposed RPV tests protein showed
less inter laboratory variation unlike in other methods.
Miller and Lachance however in their review of tech-
niques in rat bioassays indicate that the RPV method
is relatively new and more complete and specific proto-
cols seem’ necessary to improve its reproducibility
(Chapter 7, page 156). Bresoani (Chapter 5) has compared
the relationship between human and animal protein
quality assay and points out that the agreement between
human and rat assays can be good especially when the
assay technique used is similar. ~ Several biochemical
indices for protein quality are listed and reviewed by
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Bodwell. Studies on changes in postprandial plasma
urea nitrogen as a possible index of protein quality
appears to have potential as a short term and less
expensive test,

Jansen has briefly reviewed the conflicting literature
on possible beneficial effects on fortification of cereals
with lysine and notes (page 182) that the practical value
of lysine fortification in human nutrition has not yet
been conclusively demonstrated.

Breasanni (Chaﬁter 10, p. 230) notes that for deve-
loping countries wnere the availability of protein sources
(such as animal proteins) is relatively low and socio-
economical conditions and food distribution are far
from ideal, better nutrition ma}/ be accomplished by
Bromotlng Planned production of legumes and cereals.

roper mixtures of the cereals and pulses could provide
the required protein nutritive,

Chemical chan%es in food proteins processing and
possibilities of chemical modification of Proteln for
producing texturized proteins, effects of different types
of processing on the bioavailability of the limiting and
the non-limiting amino acids in a protein, have also been
discussed &Cha ter 11 and 12). Inparticular the nephro-
toxic effects of lysinoalanine (LAL) has been discussed
at length and the authors based on their data conclude
that free LAL and not Eroteln bound LAL impart
Nephrotoxic properties. Further, the possibility that
peptide linked LAL in small protein fragments may be
nephrotoxic and that such_renal_chandges may he species
specific need to be further investigated.

_ A brief and succint review by Liener on protease
inhibitors and hemagglutinins in legumes is followed
by a chapter (Martme? on other antinutritional factors
such as gossypol (cotton seed) glucosinolates (in seeds
of mustard family) and phytates in cereals etc. Further
research on the effect of phytates and phytic add on
trace mineral availability and development of appro-
priate methods of extraction and assay of phytates are
suggested.

In essence this volume provides an excellent
_summarY of human protein nutrition aspects. This book
Is a welcome addition to the library of nutritionists/
food technologists.

Rama Rao

P, B,
CFTRI, Mysore

Sausage Products Technology: by Endel Karmas, Noyes
Data Corporation Park” Ridge, New Jersey, USA,
1977, pp 316, price 39 U.S. §.

~ The book is a collection of U.S.Patents on the topic
interspaced with discussions. The volume is divided
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into two main parts—I. Emulsion Ingredients, 1I. Pro-
duction methods,  The first part “Iincludes emulsion
additives from the view point cf colour and flavour
deveIoPment and stability of emulsion and ingredient
control. The second part deals with all aspects of
sausage processing. ~ The chapter on emulsion ingre-
dients has been gealt with under four sub-headmgi_s—
accelerated development of colour and its stability
flavouring and
rancid flavour and fermented flavours. ~Discussion of
patents covering the addition of soluble calcjum salts,
organic acids, nitric oxide gas, cell free bacterial cultures,
coated turmeric acid, treatment of casings with ascorbic
acid, sorbitgl and many more. Particular mention could
be made of use of niCotinic acid derivatives to reduce
the level of NO2in the emulsion. Use of cured bloqd
pigment, oleoresins from spices, whole mustard----1s
also catalogued.

Use of antioxidants to prevent rancidity and pro-
duction of fermented sausages are also discussed.

The second section deals with improving_the texture,
flavour and stability of sausages. . Texturizing agents
like _citrus peel meal, casein. Calcium phosphate gels,
calcium casine modified skim milk powder, alkal
treated milk, milk powder and enzymes, methyl cellu-
lose, heat treated muystard powder. “The use of mustard
Powder reduces the ncidence of Jelley pockets and also
he mucilagenous principles of mustard facilitate peelmﬁ
operation.~ Bovine hlgod g_lasma concentrate. and sa
soluble protiens are also discussed. Beneficial effects
of magnesmm lons, polymeric phosghates, mixture of
PhOSP ates, carbonates; organic acids, alkali, and
rivalent metal phosphates aré reported.

The chapter on proteinaceous ingredients deals with
separation of lean meat and fat, low temBerature ren-
dering of fat and separation of meat from bones.

colouring additives, prevention of |

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 14, NOVEMBER-DECEMBER 1977

The chapter on product control methods emphasises
the importance_of quality control of ingredients and the
final product. To achieve this end, composition control,
testing the emulsion stability, iapid method of esti-
mation of fat, moisture and “protein, colorimetic s%pa-
ration of lean fat, the use of tracers like maltol, EDTA,
souble tin salts have been discussed.

_In Part 11 Chapters on emulsion processing; stuffing
inking and forming methods; cooking. and related
methods; casing removal methods and various modified
P_roducts are dealt with. The Chapter on stuffiing,
Inking, forming methods deals with many patents on
machinery to improve the production of uniform quality
product and uniform average wt. per link.

In the Chapter on cooking and related  methods
the functions of cogking have been described and
gﬁ}grqts concemning different methods of cooking are

Next Chapter is on_casing removal methods. The two
asPects-casmg releasmg agen_ts—casm removal and
related machinery are fealf with separdtely.

The last Chapter on modified products deals with
collagen encased fresh sausages, cooked sausages which
could be reheated in 58 nlin, prior to consumption.
Manufacture of annualar . sausages, ribbon sausa?es
filled frankfurters and multicoloured sausages have also
been covered.

. Company index, inventor index, U. S. Patent number
index provided at the end facilitate the selection of the
specific topic.

It is a useful hook to those engaged in manufacture of
comminuted meat products.

S.B. Kadkol
CFTRI, Mysore



ASSOCIATION NEWS

Southern Regional Branch

Proceedings

The Annual General Body meeting of the Southem
Region, was held on 17th December™"77 in Madras.

The president welcomed Dr. Balagopal Raju, invitees
and all members to the Second Annual General Body
Meeting and requested Dr. Balagopal Raju to address
the members.

11 Dr. Balagopal Ra{u [
of Child Health and” Hospital for Children, Madras-8
then addressed the members on nutritional aspects, of
child health and the avenues where Food  Scientists
could help the paediatricians by making available safe
and nutritious food products. He dealt With the various
types of cheap nutritious foods developed by different
organisations all over the country.

The Annual Report for 1977 was adopted after duly
Eroposed by Shri'K. L. Radhakrishnan' and seconded
y Shri K.”S. Kannan.

The audited_statement of accounts was, presented by
the Treasurer Shri S. Mylvaganan. After clanf%/mg some
points raised by the mémbers the statement of actounts

Wwas adopted.
The General Body with the recommendation of the

Former Director, Institute

The Secretary proposed a hearty vote of thanks and
the meeﬁng a(ﬁloﬁrngd ?or dinnery

Eastern Regional Branch

Dr. S Pedlington, Unilever _Research Laboratorg/,
England, on 29t September 1977, delivered a talk on
*Some aspects of Ted Research”.

Dr. P. Chattopadhyay, of the Department of Food
T cie & Gk 07 “Cuogen Hrestng. o
niversity; gav | Zi
Food” OX Zagrd December 1977, v :

Ordinary Members
Dr. Kamalakar . Vishwanath - Shankhapal, Lecturer,

Department of Biochemistry and |\/|ICI’0_bI0|0%/, Laxmi-
narayan Institute of Techrology Premises, Nagpur-10

Mr. K. T. Vergheese Modern Bakeries (India) Ltd.
Adyar, Madras-600 020.

Mr. G. Sundararajan, T. N. Agro Industries Corpo-
ration Ltd, Agro House, Madras-32,

Mr, M. V. FP)impIe, Clo Jain Lottery Centre, Bus stand,

Raipur (M.P)
Dr, R1 Seshadri, PP & FT Discipline, CFTRI, Mysore-

Executive Committee adopted the following office 574 013

bearers for 1978:

Shri S. Subrahmanyan . President
Shri A Govindan . Secretary
Shri K. S. Kannan Vice-president
Shri H. S, Jayadevaiah . Jt. Secretary
Shri M. Sreekrishna . Treasurer
Shri S. Rajagopalan . Editor-Newsletter
Shri S, T. Chari .. Member

Shri V. Koteeswara Rao .. Member

Shri S, P. Malik .. Member

Shri R. N. Ramani .. Member

Dr. T. S. Santhanakrishnan .. Member

Shri T. V. Subramanyan .. Member
Mrs. E. Sunderrajen . Member

Shri T. C. Sunder Rajen .. Member

The Presid?nt-elec_t Shri S. Subrahmanyan thanked
the memers Tor havmg reposed their confidence in him
and assured that the activities of AFST(SRB) will be
kept up for which he sought their cooperation.

Mr. Narendrapal Jain, 341 Santnagar, Civil Lines,
udhiana.

Mr. C. S. Bhullar, Chief Agricultral Officer, Ludhiana.

Mr. N. K. Galr}],_ Indian Grain Storage Institute, Punjab
Agricultural University Campus, Ludhiana-141 004.

Mr.. Jagdish Singh Parmer, Indian Grain Storage
Institute; Purg&? Agricultural - University - Campus,
Ludhiana-141 004.

Mr. Ramesh Chandra, Indian Grain Storage Institute
lzzlljlnb%% Agricultural University Campus. ~Ludhiana-

Mr. Surendrapal Singh, Indian Grain Storage Institute,
%ij@& Agricultural”™ University Campus,” Ludhiana-

Mr. V. M. Yenkatachalam, Assistant Quality Inspector,
TN.CS.C. Ltd, Karamadai-641 104.
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Mr.. Satyendranath Tripathi, Indian Grain Storage
Institute, Pundab Agricultural - University - Campus,
Ludhiana-141 004

Mr. Ravindranath Singh, Indian Grain Storage Insti-
tﬂle,oghmjab Agricuttural University Campus, Ltidhiana-

Mr. Amarinder Singh Bawa, 28 New Janta Nagar,
Gill Road, Ludhiana-141 003,

Mr. Teﬂinder Singh, Department of Food Science and
leelfho%% 0gy, Punjab Agicultural University, Ludhiana-

Mr. Anand \[ai?\;{a, Nepal Kisan Fruit Preservation,
Murli, Birganj (Nepal).

Mr. Nandlal Khaturia, M/s Imphalabs, 111, Industrial
Estate, Pologround, Indore-452 003,

Smt. Neema Gopikrishna, Shailesh Food Products Co,,
“ Shailesh-Nikunj”, 40, Lodhipure No. 1, Indore-452002.

Mr._Amrat Dev, Rashtriya Confectionery Works,
48 Fort Industrial Estate Indore-452 002.

Mr._Manohar Dav, Rashtrira Confectionery Works,
43 Fort Industrial Estate, Indore-452 002

Mr. J. S. Chaudhuri, 17 New Palasia Extension, Indore-
452 00L.

Mrs. Radha Mohan Bansal, Flour & Foods Ltd.
Manglia, Indore (M.P)

Mr. Y. B. Tambe, 11 Chandrabhaga Main Road,
Indore (M.P)

Mr, Surg/akanth Nagar, 8L Bairathi Colony No. 2,
Indore-452 001.

Mr. S. K. Modi, 28 Morsaligalli, Indore-452 002

Wsp)Suhasini M. Digle, 14/6 Chohigwaltolli, Indore

r. K. Gopalakrishnan, 3 Vishnupuri, Indore-
2001

I\I/\l/f'P)S' C. Dubey, Govt Milk Supply Scheme, Indore

Mr. K. K. Patodi, Indian Gum Industries Ltd., 60-A
Andheri Kurla Road, Saki Naka, Bombay-400072.

—_

P —

Mr. M. K. Sangharajka, 4 Vallabhanagar, Indore-
452 003,

Mr. Bhand Ashok Kashinathrao, 3L Adarsh Nagar
Colony, Indore-452 004,

Mr. Tejmal ‘H. Jain, “Soni Sadan”, Manglia Gaon,
Indore District (M.P)

Mr. T.N. Parthasarathg, 49 Madhuvan Colony, Keshar-
bagh Road, Indore-452 002

I(\/INE.PI)-Iarshwardhan A. Thakur, 302, Ushanagar, Indore
Smt. V. Usha Devi, Mobile Nutrition Extension Unit,
2-2-2 University Road Hyderabad-500 768

Mr. S, E. Vasant Kumai, Cleanfoods Corporation Ltd,
Raj Nivas, 378 Gandhi Road, Madanpalle-516 325 (A.P)

Mr. O. P._Grover, Food _Technologist-cum-SaIes
Manager, H.P.M.C., Nigam Vihar, Simla-L71 002,

Mr. B L. Kapoor, Markfed Canneries, G.T. Road,
Jullunder,

Mr. R, C. Katiyar, Production Manager, Himprocess,
Jabli, Solan District (H.P)

Mr. Rajendra Badonia, Veraval Research Centre of
C.IF.T., Veraval-362 265.

Mr. R. B. Sudheer Singh, M/s, Indian Banana, L-31
Industrial” Estate, Ambattur, Madras-600 058,

Mr. M. N. Kohli, A-429, Defence Colony, New Delhi-
110 024,

Mr. C. Govindaraj, Manager Hotel Chalukya, 44 Race
Course Road, Bangalore-560 001,

Mr. K. Sudhakar Shetty, Valley View Hotel, Manipal-
576 119 (Udipi).

M, Vino? S. Sharma, Clo Tisco, P.O. Box. No. 2650,
Dar-es-Salaam, Tanzania.

M&Urbano Pereira, Fatorda Alto, H. No. 263, Margoa,

Mr. P..S Chavan, Indian Yeast Co. Ltd., Kegoa,
Uran Dist (Ko?a\llbgﬁ ’
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Mrs Sharada V. Menokee, 15 Sk%lark, Angelore Co,
operative Housing Society, Pestom Sagar, “Chembur-
ombay-400 089.

Miss Jayanthi Raja Rao, 5220 ‘Panchavati’, Sion East,
Bomba)y-400 022

Mr. Kishore T. Sirsi, Tata Oil Mills Co. Ltd., Bombay-
400 033,

Mr. H. S Bedekar, Nimbkar Agricultural Research
Institute, Philtan-415 523 (Satara).

Mrs Anuradha Balakrishng Sathe, Parle (Expoits% (P.)
.. Western Express Highway, Chakala, Andheri,
Bombay-400 093.

Miss P, Geervani, College of Home Science, Saifabad,
Hyderabad-500 004

Mr. Mohan Rao, Assistant Instructor, Canning & Food
Preservation, Instityte of Hotel Management,” Catering
Technolo% & Applied Nutrition, Veer Sawarkar Marg]
Bombay-200 028,

Mr. M. B. Bhatti, P.O. Box. No. 10, P. Office Baholsar,
Babolsar, Iran.

Mr. M. R. Srinivasan, Adviser (Dt.) AP.A.U., R'Nagar,
Hyderabad-500 030.

Dr. Amalendu Chakraverty, Lecturer-RPEC, Indian
Institute of Technology, Kharagpur-721 302.

Mr. Mahabaleshwar S. Tipshetti, S/o S M. Tipshetty,
Rtd. D.A.O., “Sky view’ Haver-581 110,
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Mr. Anantrao Sesha?iri Kamat, 14-A Krishna Road,
Basavanagudi, Bangalore-560 004.

Mr. S. Nagaraju, Project Officers, CSIR Polytechnolo
Clinic, 14?3 I\’rupatujnga Road, Bangalore.yt Y

Mr. Sudhir K. Chattbar, 7/112, Azad Nagar, J. P. Road,
Andhert” (W), Bombay-400 038,

Life Members

Mr. N, Sreedhara, Protein Technology Discipline, C.F.T.
R.I., Mysore-570 013,

Dr. M. A. Rao, Department of Food Science, P.0. Box.
No. 462, Geneva N. Y. 14456 (USA).

Student Members
Mr. J. Manohar Reddy, Dairy Er&;ineering Division,
National Dairy Research Institite, Karnal-132 001,

Mr. Hukym Singh Kaintura, 21/2 Labour Colony,
Vishnupuri, Nawabganj, Kanpui-208 002

Mr. M. R, Adhia, 160, Town Area, Mithapur, Jamnagar
District, (Gujarat).

Mr. Shamim Ahmed, Final Year—Catering Technology
%g'OOTZeCh')’ H. B. Technological Institlte, Kanpur-

Mr. Vipin Kumar Gugta Clo Sri S S Gupta, 7/82
Tilaknagar, Kanpur-208 002.

To the kind attention of
All the Subscribers of Food Science and Technology:
This Is to bring to your kind notice that in view of the increasinggg])ublication cost, we have been

forced to increase the SubsCription charges for the Journal w.e.f. January

8, as follows:

Indian Subscribers o Rs. 80.00
Foreign Subscribers by Airmail % 28.00
y Seamail 2000

All those subscribers, who have already sent in their subscription for the

ear 1978, may kindly send

the difference in subscription separately. \Ne eamnestly hope our subscribers wiﬁ appreciate the reason for
the above increase in subscription rates and thus extend their cooperation.

EDITOR
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INSTRUCTIONS TO CONTRIBUTORS

. Manuscripts of papers should be t*oewrltten in double sloace on one side of the paper only, They

should be submitted in tngllcate. he manuscripts should be complete and in final form, Since nd
alterations or additions are allowed at the proof stage. The paper submitted should not have heen
published or communicated anywhere.

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

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

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

. Tables: Graphs as well as tables, hoth representing the same set of data, should be avoided.

Tables and figures should be numbered consecutively in Arahic numerals and should have brief

titles. Nil restlts should be indicated and distinguistied clearly from absence of data.

. llustrations; Line drawings should be made with Indian ink on white, drawing paper E)_referably
art paper. The lettering should be.in pencil. For satisfactory reproduction, graphs and line draw-

Ings should be at least twice the printed size. Photographs must be on glossy paper and contrasty;

two copies should be sent,

. Abbreviations of the titles of all scientific periodicals should strictly conform to those cited in the
World List of Scientific Periodicals, Butterworths Scientific Publication, London, 19%2.

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

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

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

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

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

(6) Thesis. Sathyanarayan, Y., Phytosociological Studies on the Calcicolous Plants of Bombay,
1953, Ph.D. thesis, Bombay University.f

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