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RESEARCH PAPERS

Variability in the Physico-chemical and Milling Characteristics of
Indian Triticales

G V. Kumar, G. CP Ranga Rao, G._ Venkateswara Rao and S. R. Shurpalekar
Central Food Technological Research Institute, Mysore

Manuscript received 28 March 1977, revised 10 August 1979

Ten varieties of Indian triticales were evaluated along with Canadian and American varieties for their physico-chemical

and milling characteristics.

For milling of triticales in a Buhler laboratory mill, 12% moisture level in the grain
was found to be optimum. The flour yields from different varieties ranged from 49.2 to 66.4%.

The triticale

flours had high Kent-Jones colour grade value of 8.6 to 13.5 and relatively low damaged starch content (4.7 to 9.4%).
The protein content in the grain and the flours ranged from 11.0 to 15.9% and 9.6 to 13.9% respectively. Low
values of wet gluten (17.0 to 31.0%) and sedimentation test (11.0 to 26.8 ml) indicated that [the protein lacked both
in quantity and quality. The low falling numbers (179 to 350) indicated high alpha-amylase activity, not so desirable
for bread making, but suitable for blending with Indian wheat flours deficient in this enzyme.

Triticale—the first man-made cereal synthesised by
crossing wheat (Triticum vulgareldurum) and rye (Secale
cereale” L.)-has been appréciated hy breeders and
technoloqrsts for its special qualitiest-2 AIthouPh
some trials have been carried out on developing triticales
from the Canadian and American strains t0 suit the
agro-climatic conditions of some rain-fed areas in the
Indian sup- contrnent comprehensive data regardrng
the technological rlzlualrty characteristics of these”India
triticales and_ their utilisation In bakery products are
lacking. Only a few studies on the quality of some
Indran trrtrcales have been reported34 The results of
studies on the physical, chemical and milling charac-
tenstrcs of ten romrsrng Indian triticales are presented
Materials and Methods

In the paper.
Test material; Ten vanetres of Indian tntrcales
namelé Armadillo PM-4, Armadillo PPV-13, Bromco:
202, MSN- 3721 JNK-6T00L-A,  JNK 67090,
JI\IK 67200, JNK 6T 206-B and Triticale No. 4 grown
at Pantnagar, Indore and Phaltan were used alond with
\Z/a)gretres osner (Canada) as well as 6714-204 and’6-TA

Methods: The hectolitre weight was determined
according to AACC procedured. ~ The pearling mdex
of the grarns was determined accordrng 0 the method
described by McCluggageb, using a Corcoran barley J

pearler.
lr\;/lexpenments were carried out in a Buhler

The millin
Laboratory Mill" (type MLU-202) according to AACC

181

Procedures and the, yields of straight run ﬂour Wyere
determrned The triticale samples were con |t|oned to
er cent moisture for g period of rior to

m|I Ing.  Five varieties of trrtrcrales were llled at
11, 127 13 and, 14 percent moistyre levels to arrive gt the
Tr)trmum moisture content of triticales for mrIIrng
he W |teness of the flour was determined using a Ken
Jones_Flour Colour Grader

Moisture, total ash, wet gluten rﬁrgments I(as £-
carotene), diastatic activity_and damageq starch
whole grain flours and/or Buhler milled” flours, were
determined by AACC methodss, The crude protein
NX5.7) was estimated by micro- kﬁeldahl method.
alling ‘number was determined in whole grain flour,
using & Hagherg’s apparatus.

Results and Discussion

Phrsrcal characteristics;
(Table 1) of n lan triticales Qcom ared favourab)
with those of American and Canadian varletles I-g
WWere hrgher than those reported f or triticales b
et alP and (H) were lower than those reportéd for
either Indian durum or aestivum wheatsg9. The ratio
of length to breadth of Indian triticales were comparable
to thase of American and Canadian controls. Al the
vanetres of trrtrcales had shrivelled grains,

Millin caractenstrcs All thé triticales, _except
JNK 67200 a pearling index of more than 19 (Table 1)
and were |% er than 0se of durums and. aestivuma
wheats, ThiS Indicated the. soft nature of triticale,

Studies relating to conditioning of triticale for milling

The hectolrtre werghts
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Table 1. physical characteristics of triticales
Variety Place of Hectolitre 1000 kemel Length Breadth Pearling
cultivation wt. (kg.) wt. (9.) (mm) (mm) index
Armadillo PM-A Pantnagar 68.5 415 76 30 21.2
Armadillo PPV-13 1 705 46.8 79 33 21.2
Bromeo-90 " 725 432 80 32 193
PC-202 1 73.0 411 76 30 24.2
M SN -372-1 Indore 70.0 431 74 30 204
IJNK 6TOO\A 1 75.0 38.6 78 29 19.9
INK 6T090 it 64.0 412 86 32 234
INK 67700 a 63.0 32.3 78 30 175
INK 67706-5 1 71.0 38.2 70 30 205
Triticale No. 4 Phaltan 635 28.7 8l 28 228
Rosner Canada 68.0 419 76 3 26.9
6-774-204 USA 65.0 43.2 83 32 215
6-TA-206 USA 65.5 422 89 3 215
Mean 68.4 40.15 78.9 309 220
SD. $3.96 t4.84 £5.04 +1.06 2.8

indicated that 12 per cent moisture level was the opti-
mum. based on the flour yield and ease of sifting flour,
This [ow Tevel of moisture for conditioning corraiorated
with the high Pearlln index of triticales. .

The lwel of flour from varieties, except Triticale No. 4
and_JNK 67090 ranged from 564 1o 66.4 percent,
(58.78+4.81) and were consiceraby lower than the

Table 2. milling characteristics of triticales

Milled products Damaged Colour

starch  grade
Flour Shorts  Bran i value
i i %
Armadillo PM-A 66.4 4.2 294 51 9.7
Armadillo PPV-13 614 129 25.7 8.6 91
Bromeo-90 63.3 129 23.8 9.4 8.9
PC-202 615 110 275 51 114
ALSW-372-1 51.7 155 268 6.1 9.0
INK 6TOOL-A 63.5 100 265 4.7 9.0
INK 6T090 492 196 312 7.0 8.6
INK 67700 57.0 8.6 344 4.7 9.3
INK 6T206-B 575 137 288 14 8.8
Triticale No. A 51.7 16.3 32.0 6.2 135
Rosner 56.4 11.7 31.9 47 8.9
6-TA-20A 614 119 267 5.2 6.2
6-TA-206 51.2 167 2.1 57 6.8
Mean 58.8 127 285 6.2 9.2
S.D. 481 $3.94 £3.08 +154 +1.80

normal range of 70 to 72 per cent for aestiyum wheats.
FTabIe 2)..“Such lower yields have been attributed to the
ow hectolitre weights by Rooney et a/.10. They observed
that yields of flodr varied from 50.5 to 63.1 per cent,
\Wheri triticales were conditioned to 13 per cent moisture.
Farrell et alM have also reported flour yields ranging
from 544 to 675 percent (mean 62.9 per cent) for
several varieties of triticales grown in different parts of

The damaged starch_content of the flours from triti-
cales ranged from 47 to 94 per cent (6.1511.542,
which was con3|derabl§ lower than that of durum wheats
(93 to 155 per _cen? . _

The Incian triticale flours were darker in colour and
had Kent-Jones colour grade value of ss t0 135 as
compared to 6.2 to 6.8 0f American triticale_samples
and 5.1 to 7.9 of wheat flouro Unrau and Jenkinsw

Iso found the triticale flours to be darker than the wheat

our.
Thus, based on the criteria of h|rgh pearling index,
low optimum level of moisture for” milling and low
dama?_ed starch contents of flour, it mag Inferred
that thiticales behave as soft wheat with réspect to their
milling characteristics, . _

(Chemical characteristics: The protein contents of
triticales (12.96"1.48), were higher than that of aestivum
wheats.o However, the respective Buhler milled flours
of trificales had protein contents comparable to thoge
of wheat floursd  The advantage of, hjgher_ rotein
content In triticale gram 15 lost When it 1S milled into
flour for use in bakery products.
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The triticales trom Phaltan and Indore were better
W|th resp ect to the quantity and quality of gluten, but
a ower lour |eId|n% pofential, as comparéd to those
from Pantnagl These (lifferences may be attributed
to the agro-climatic conditions. Ruckriian et alA and

Welsh and Lorenzz also ohserved that similar to wheat,
the agronomic and climatic conditions affect the protein
content of trltlcalf

Except Armadilo PM-4, Armadillo PPV-13 and
Bromeo 90. the other Indian varieties had either com-
parable or higher wet gluten contents andl secimentation
values than those of Canadian or American varieties.
However, these were _considerably lower than those of
aestivum’ wheats9,  The triticale flours lacked both in
quantity and quality of protein, as compared to strong
wheat flour used for bread maktng Also, the observa-
tions of Venkateswara Rao et alA that the triticale
flours are hetter suited for biscurt rather than bread
haakmg, |nd|catetf| that they are weak with respect to

ol uali

The Interes mgtyobservatlon was the s%nlflcantty
lower falling . num Is rangm% from 7
713.5) for triticale flours than hose of aestlvum Wheats
480 to more than 100009. The Indian varieties had
igher falling number than either the Canadian or the
American varieties.  Such low falling number was
|nd|cat|ve of very hlgh *-amylase activity, which is

Iyto be an addifional drawback with™ respect to
the| suitability for bread making, However the triticale
flours can be” used with acvaritage for blendling with
wheat flour to correct the deficiencies of <- amylase
activity, commonly observed in Indian wheats

Unlike the C-amylase activity, no appreciable
ferences were observed betweeri the diastatic act|V|t¥
of Inclian triticales and aestivum wheatsd. A smgt Icarf
negative correlation of -0.5543 was observed between
the falling number and the diastatic activity (P<0.05)
of the different triticale flours.

The pigments in the flours milled from Indian triti-
cales were lower than the Canaclian variety Rosner
Tahl h|s vaIue of aII the triticales was, however
on3|dera n¥ lower than th ose of Indian durum as well
as aestivum wheats™9.  This, showed that the triticales
have not inherited higher pigments from their durum

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 16, SEPT.-OCT. 1979

parent. The total sugar contents of both the American
varieties (334 and 357 mg maltose/10 g sample) were
lower than those cf Canadian or most™ of the Indian
varieties (409 to 554 mg maltose/L0 g sample). The non-
reducmg ang total sugar contents were also higher than
thoseo In |an wheafs”,

g ssical, chemical ang milling results indicated
that the t) ttcales resemble soft wheat Which Is generally
found suitable for the preparation of biscuits'and not
bread. Development of trificales W|th Iower - am;rlase
activity will go a long way In avoid mP the problems
of Is(tjtrlvelhng of the grain dnd the resultant Iower flour
yie
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Studies on Chemical Development of Dough of
Indian Wheats for Bread Making

Maninder Kaur and G. S. Bains

Dept of Food Science and Technology, Punjah Agricultural University, Ludhiana, Punjab, India
Manuscript received 28 March 1979; revised 10 July 1979

Chemical development of dough of two medium-protein (8.7 to 88 per cent) Indian wheats,

‘WG 357" and ‘WL

711, to eliminate bulk fermentation using 20-40 ppm L-cysteine HC1 and 25-100 ppm of oxidants for breadmaking

was investigated.

Handling properties of doughs were satisfactory with 20 ppm-L-cysteine HCL but at 40 ppm the

dough was sticky. Sodium stearoyl-2-lactylate (0.5 ¢/100 g) was superior to hydrogenated fat (1.0 g) in the formula.
Sugar (2 per cent) and amylase supplement were essential in the chemically developed doughs for breadmaking. A
combination of L-cysteine HCL (20 ppm) and bromate (75-100 ppm) gave higher loaf volumes, softer texture, finer
grain and an attractive and uniform crust. Reducing the level of L-cysteine HCI to 10 ppm was inadequate for

chemical dough development with or without the oxidants.

Chemical development of dourgnawhthouétS ttrtee ger(t:gssny
King w; P]/

for bulk fermentation for bread
Henika and RodgersL The potential of chem|cal dou

development for producing an acceptable loaf of bread

was studied by Coppock?, Pace and Stewarts and Cham-
berlain et al.2 As reported by Maninder and Bains3
the Indian wheats are characterized by poor mixing
time, medium-protein content, higher water absorption
an ?h damaged starch content and these affect their
suitabifity for breadmaking by the conventional methods
|nvoIV|n? bulk fermentation.” The possibility of using
%e%mgau OIIeough development for Indian heats has

Materials and Methods

Bulk samples of two commerdally 8rown wheat
varieties, ‘WG 357 WL 711" °(1976-77 crop)
were obtained from the Department of Plant Breedmg,
Punjah ?ncultural University, Ludhiana.
thorough ceanmg the wheats were conditioned to 155
er cent moistur content and m|IIed In the pneumatic
aboratory Buhler Mil ’\ﬁ
Analytical methods: 0|sture rote|n r%;Iuten ash,
dlastat|c actmtx and amae sarch contents’ were
etermlne te Colour grade was
measured In t e Kent Jones and Mart|n flour colour
rader, Series 3 gHenry Simon L|m|te Stockport,
ngland) The effect of reductants on n sical prop rties
of uten was determined b an stretch |n%
ograph curves Te rocedure used by Manin-
ler an a|n37 was followed. The effect of Lcyste|ne
HCI(0, 20, 40 and 80 ppm), sodium stearoyl-2-lactylate

185

EO 25 and 0500/100g flour) and amylase supplement
0.50 /200 g flolir) orithe paste viscosity was determined.

Baking tests: The baking formula included the following

ingrieaents:
Flour 1cxg)
Fresh compressed baker’s yeast 25
Salt 15
Sugar 20
Malt syrup (60°L) 0.25
Fat/sodium stearoyl 2-lactylate (SSL) 1.0/0.5

Reducing agents:
L-cysteine HCI
Potassium metabisulphite (KMS)

0, 10, 20 and 40 ppm
0 and 20 ppm

Oxidants:  Ascorbic_acid/potassium bromate 0, 25
75 and 100 ppm The dough was optimally mixed
In the Swanson mixer with various levels of reducmg
and omdmnd agents, finished at 30°C, rounged an
gwenaﬂoor imé of 15 min before sheetin and mould
Ing. The proofing was for 65 min at 30 Qer
cent R. H.  The |oaves were baked for 5m|n t232
After coohng the loaf volume was measured by the
ragesee d|splacement method of Binnington™ and
The effect of barley malt flour providing 5.0
and 100 SKB units/100 q flour in the chemically
loped dough on loaf quality was evaluated.

Results and Discussion

The g|eld of straight grade flour from ‘WL 711" was
739 pér cent as compared to 71.7 per cent from ‘WG

Eve-
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Table L composition of straight grade flours of ‘wg 357" and ‘wi 711" wheat varieties
Variety Protein Ash Diastatic Damaged ~ Wet gluten  Gluten hydration Colour grade
NX5.7 activity starc Index
(50 (50 (mg maltose/10y) (50 (50 (water/g) (Kent-Jones)
‘WG 357 8.7 050 235 101 269 198 25
‘WL 711 88 0.49 250 9.7 28.7 1% 13
357 The composition of the stratght grrade flours of makmg At the higher levels of L-cysteine HCL ([60 to
here was not 80 ppm), the reducing action in the doughs was strong

both the varieties is glven in Table™]
much difference in the damaged starch content, protein
contents ang the hydration®index of glutens between
the two varieties.

Effect of reductants on gluten:  There was practically
no difference in the amaunt of gluten recovered from
doughs containing 0 to 80 ppm Of L-cysteing HCL and
0.t 20 pp of otassmm metabisulphite. The exten-
sibility of ‘WG ST uten mcreased from 203 fo 7L1
em and of ‘WL 711" from 305 to 48.3 cm when -
cysteine HC1 was increased from 0 to 80 ppm.  The
cysteine HCL dou gh 8Iuten had smooth surface and yel-
lowish hue compare
and greyish colour of the gluten of control samples,

Arylograms:  The peak viscosity of o
645 A.U."as compared to 615A.U. of‘\/\/L 17 (Table 2)
which fended to decrease and the gelatinization tempe-
rature Increased as the amount of L-cysteine HC1 was
increased to 80 p pm With SSL. there was a meaIgre
increase In the paste viscosities. Addition of malt syrip

to the rather uneven appearance 585

whlcPt were difficult 0 handle even with 75 to 100 ppri
of added oxidants. The dou hs with 40 ppm of L-
cysteing HCL and upto 100 of omdants \Were some-
what sticky, when sheeted he doughs with fat were
st|ck|er than those havmg SSL. The latter showed
better hand m%nproge 163,
The oaf vqu es of ‘WG 357" were from 500 to 510
ml when SSL was used without oxidant, but with 20
and 40 pm of L-Cysteine HCl With 20 mLc steme
HCL an 5an 100 ppm romate t e oa v |lumes
Increased to 56 85 ml in WG
and 5% ml m W i, reszpectlve ly Where fa

was used Instead of SSL comparatively fower volumes
Wer gtamd

The SSL treated loaves had whiter crumb, finer grain,
smopther and more uniform textre than those coritain-
Ing fat. Bromate treatment gave loaves of softer texture,
fir grain, attractive and uniform brown crust as
compared with the_ ascorbic acidl treated loaves with

(05 ?/ 00 ?) remarkably decreased the peak viscosi and without L-cysteine HCL.

Effect of reductants, oxidants and SSL/fat on bread-  Addition of oxidants alone increased the loaf volumes
Table 2. effect of I-cysteine hcl, ssl and amylase supplement on the amylograms of ‘wg 357" and ‘wi 711" flours
Treatment ‘WG 357 ‘WL 711’

Gelatinization temp. Peak viscosity ~ Gelatinization temp. Peak viscosity
() (AU) () (AU)
Control 73.0 645 73.0 615

L-Cys. HCL (ppm)

20 735 620 735 540

40 76.5 605 755 520

80 715 600 755 520
SSL (g/100g)

0.25 79.0 670 715 510

0.50 79.8 680 798 590
Malt syrup (g/100g)

0.50 68.5 255 67.8 210
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Table 3. effect of I-cysteine hcl, oxidants with ssl/fat on the loaf volumes of ‘wg 357" and ‘wl’ 711
Loaf volume (ml) at different levels of L-cysteine HCL (ppm)
Oxidants (ppm) ‘WG 357 ‘WL 71
0 .0 40 0 20 40
SSL FAT SSL Fat SSL Fat SSL Fat SSL Fat SSL Fat
0 (Control) 515 505 505 510 505 505 50 520 505 505 505 500
Ascorbic acid
25 55 55 5% 545 515 55 550 55 50 515 50 505
50 55 5% 530 550 50 50 560 575 530 520 50 5%
75 555 535 5% 565 540 55 565 575 540 5% 5% 5%
100 560 545 550 5% 545 535 570 585 550 5% 545 525
Potassium bromate
% 545 5% 5% 55 55 50 55 585 545 530 50 525
50 555 530 565 535 5% 540 560 585 565 5% 540 540
75 560 540 580 545 545 530 555 595 585 540 565 550
100 565 550 585 585 565 550 585 600 595 560 585 555
gTabIe 3), but higher Ievels of OX|dant did not increase  Lower levels of L-cysteine HC1 510 pp) did not show
he Toaf volume “particularly in “WG 357" irrespective  much effect with higher levels ppm of the oxidant
of the add |t|on 0 SL or fat. The loaf volume increase  However, 20 ppm L-Cysteine to 100 ppm of
of “WL 71T ascribed to ascorbic acid and bromate 15 the oxidants proved their eﬁecttveness (Table 4). The

evident from Table 3, With 25 ppm of the oxidants,
the development of doughs was optimum but at the
higher levels, they becarie extensible probably due to
over oxidation. The grain of ascorbic acid and bromate
|oaves was medium fine to fine and the crysts were
orowner.  Between 75 and 100 ppm of oxidants, the
crumb texture Was softer The crusts of bromate [oaves
Were even. esponse to the oxidants was noted when

No time’ ou% method was used for baking with the
) vantae of Detter doug handling properties at the
lower | eve s ofthe oxidants. The response to the oxidants
depended on the wheat variety which was noteworthy.

Table 4.

results clearly revealed that the Indian Wheats are res-
ponsive to Feducin agents In im rovmg the dough
system and baking quality. Much higher amounts (240
Rpm) of crysteine, were found necessafy for the Canadian

igh” protéin wheat flours for development of dough
usmg chemicals9,

Addition of potassium metabisulphite, and SSL
increased the loaf volumes of both the varieties (Table 5)
which further increased with the inclusion of the oxi-
dants. The response of ‘WL 71T to bromate increased
the loaf volume of “WL 71T (570 ml) more than that
of ‘WG 357" (545 ml).  However, much difference was

effect of reducing agents, oxidants, ssl/fat on loaf volumes of ‘wg 357 and ‘wl 711’ flours

Loaf volumes (ml
G 37 (‘\/\)L 117

Reducing agent Q(t;)apnntl)ty Oxidizing  agent Q(uPaPnngl)ty 5L - -~ -
L-cysteine HCL 10 Control 0 490 500 510 505
L-cysteine HCL 10 Bromate 75 530 535 535 530
KMS 20 Control 0 495 495 510 510
KMS 20 Ascorbic acid 5 540 535 535 530
KMS 20 Bromate & 545 540 510 565
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Table 9. effect of I-cysteine hcl (20 ppm), bromate (75) with
AND WITHOUT AMYLASE SUPPLEMENTS, ON THE LOAF VOLUMES
OF ‘WO 357" AND ‘WL 71T FLOURS

Loaf volume (ml)

Amylase supplement
‘WG 357" ‘ML 71

Control 535 505
Malt syrup (0.25%) 555 545
Sugar (2%) 530 545
Malt flour (5.0 SKB) 520 515
Malt flour (10.0 SKB) 555 535

not found between SSL and fat with ‘WL 711" The
KMS, SSL and bromate loaves had very fine grain,
softer texture and whiter appearance,

S|gn|f_|cance ofsugar in the chemically developed dough
or baking: The Randling properties of dough from
both the Varieties were gloo with amylase sup
but without sugar. Theloaf volumes Wwere |ower when
there was no sugar and amylase supplement but contain-
ed 20 ppm of L-cysteine HCL and 75 ppm of bromate
in the dough system.  Higher: loaf volume was observed
with sugar”and the enzymatic malt syrup. Sugar and
am%Iase sugﬁ)lementst therefore, seemed essential along
with 20 pp L-q{steme HC1 and /5 ppm bromate_for
obtaining a good Toaf of bread. The crusts of ‘WL 711
loaves appréared lightyelow ﬁanaemm% to light brown

with 0.25 per cent arnylase malt syrup, but turned brown
%gna?#gl r (2 per cént) was Included in the formula,

ase supplement alone (10.0 SKB/100 g rour}
roduced loaves with anaemic and. I|ght browh crus
hat was ascribed to the limited timé factor for the
enzyme action in the chemically developed dough,
Henika and Rodgers: observed that bromate (upto™40
pgmg)_ alone improved the breadmaking quality.

combination of L-cysteine HCl g80 pp), whey solids
f4 per cent) and promate (50 o 60 ppmg gave excellent
oaf volume, When weaker flours Weré Used, 70 ppm

lement  f

of cysteine with oxidants was found effective by
Charnberlain et al A _

These results show that the level of cysteine was
critical in medium protein flours.  Soditm stearoyl
-2-lactylate was_superior to_fat in various dou
systenis tested.  There was cefinite improvement in the
|0af volume with 20 ppm L-cysteine HCL and 75 ppm
bromate which had " contributed to _superior crumb
characteristics compared to ascorbic acid. - Combination
of amylase su Iple ent with sugar in the formyla was
desirable for producing bread of improved quality and
crust colour.” The baking formula failed to Rerform
normally when sugar was omitted and instead the amy-
{?sseed supplement providing 5.0 to 100 SKB/100 g was
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Flours (whole meal) from eleven wheat varieties of varying strength were fractioned to give respective albumins, glo-
bulins, gliadins, glutenins and residue proteins. When wheat varieties are arranged in the order of decreasing strength
as measured by dough stability and dough development time, the ratio of residue protein to gliadin+ glutenin is
found to decrease. It is suggested that this ratio can be used as an index of flour strength. Usefulness of the
ratio in formulating flours of desired strength has been demonstrated.

It is generally accepted that the unique visco-elastic
roperties of wheat flour doughs are due to gluten pro-
einsL Reco?nrtron ot this fact has led to dttempts to

relate varietal differences in the quality of wheat flours
to their gluten content and quality. As early as
It was stggested by Fleurent7 that the ratio of gliadin
to glutenin correlated with baking strength of flours.
The'idea proved to he controvercial and wes abandoneds
In more ‘recent times; intervarital drﬁerences in solu-
bility behavrour of wheat Broterns ave been Observed.
Thus, It has been shown by Pomeranz4, that 3M urea
solubilizes more of protein from weaker Varieties of
wheat. Weaker varieties have also more dilute acetic
acid soluble glutenin5.  Furthermore, Orth.and Bushuke
on fraction t|on of wheat rours by modrfred Osborn
roceure have found, that the E)rogortron of gutenrn
fraction solyble in diluyte acetr d was negatively
correlated with |oaf volume, whereas residue protern
(fraction nsoluble In dilute acetic acid) was positively T
correlated with loaf volume, They did not observe any
trend In the quantities of ghadrns Essentrally s|m| ar
results haye been reportéd by Huebner and Wi
These workers by extracting flours with AUC soIvent
acetic acid, urea, hexadecyltrimethylammonium bro-
ide) and fractionating the extracts on Sei)harose -4B
columns obtained gliadin, a low molecular weight
protern gglutenrn I1) and a hrgh molecular weight protein
gluteni ?\ The” AUC inSoluble material Is residue
rotein. They found that strong wheat varieties contain
rlrltore glutenin 1 and soft wheat varieties more of glutenin

We have fractionated proteins from eleven Indran
wheat varieties and have found that their farino raep
characteristics, dough stability and dough develorgl nt

time positively correlate with the ratio of residue protein
to gliadin+gfutenin.

Materials and Methods

The sources for wheat varieties were Dr. V. S. Mathur,
Indian gncu ltural Research Instrtute New_Delh
HD 4530"and ‘HD 1949”: Dr, T B. Pant
Unrversrtg of Agnculture and Technology, Pantnaga

onalika’; Dr. A N. Khanna, C d
UnrversrtyongncuItureand Technology, Kan ur U

K 65 and 'K es R. ShurpaleKar, Cer trat Food
Technologrcal Research Instrtute szsore YJ D,
‘K\a/t\%ansona ‘C 306", ‘UP- DZ189 and UP283"

eat was ground_in Laboratory Kamas Mill (Swe

dish odeI stagy 200 A) t0 60 mesh_ Sieve. oIe
meal (1 14 per cent orsture basrs) was extracted
a0cor |n%/|to te roce ure of Shorgen et al.s except
that05 so ium chloride was used instead of water,

he procedure gave a salt soluble fraction, gluten
and starch The salt soluble fraction was dialyséd for
43 hr gt 4°C with two changes of water. The precipitated
%Iobulrn was recovered Dy centrifugation. and freeze
ried. The supernatant was freeze driéd to give albumin,
Gluten was washed free of salt and blended in a Sorval
blendor at high speed for 1 min. (blended twice for 30
SeC each{wrth 0ml 0f0.1 Maceticacid. The suspension
Was cen nfuged (10,000 g for 30 min) and the super-
natant and residue freeze” dried.  The' latter 1S resicle
protein, The freeze dried supernatant was fractionated
|nto gllradrn tanolgglutenrn according to the procedure

jelson et a

Igroved methods, AACCuo were used for determin-
|n jeldahl nitrogen and for obtaining farinograph

189
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Results and Discussion

The results are summarised in Table |, where wheat
varieties are listed in the order of decreasing dough
stabll|%/ and dough development time,. It i Seen that
all_protein fractions show quantitative intervarietal
differences. o

Protein content of these varieties ranged from 113
to_ 16.5 per cent, but it does not show any correlation
with dotigh stability or dou?h development time. Thus,
the variety ‘Kes' and “Sonalika thou?h show maximym
difference” in dough properties (Table 1) have similar
protein content (12.3 and 12,5 per cent respectively),

Though the quantities of albumins and_ globtling
vary from variety to variety, they show no definite trend
in relation to dough stab|l|_t¥ nd dough development
time. _ This Is condistent with the observation of Orth
and Bushuke and is not unexpected. ~ Albumin and

lobulin are neither components of gluten nor do the

03sess Visco-elastic properties.  Their.non involvemerit
In bread making performancet and mixing requirement
of floursi2 is Known. o _

In contrast to albumin and rglobulln, gliadin, glutenin
and residue protein are integral components o gluten,
and all are found to_show definite tyends in relation to
dough properties. The quantity of residue B_rotem 15
found to decrease with decreasmq_dough staoility an
development time and_ the quantities "of gliadin an
glute_nm are found to increase with decredsing dough
tability and dough development time. .

From the resulfS 1t Is clear that quantities of all these

three proteins individually correlate with dough stability

and ou%_h development™time.  However,
one functional entity made UP of gliadin, gluténin and
residue protein, it 1s desirable to “consider quantative

gluten 1S

g doﬁl%
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Table 2. correlation coefficients (I)

1. Dough stability vj. gliadin (C) -0886
2 it 5 glutenin (D) -0.921
3. » » Tesidue protein (E) +0.932
4, it E/IC+D +0971
5. Dough development time vi gliadin (C) -0.843
6 a a . Qlutenin (D) -0.934
1 Ii a , Tesidue protein (E) +0.884
8 a a , EIC+D +0.944

variations in all three proteins for arriving at a relation-
ship with dough propertigs. This is best done b usmﬁ
the ratio of residue protein which varies positively wit

dough properties to gliadin plus glutenin which vary
ne_gﬁltwely with dough’ properties. ~ These ratios alon%
with doygh stability and dough development time ar
listed in Table 1 Table 2 lists Correlation coefficients for
gliadin, glutenin, residue protein and the ratio qf residue
protein o gliadintglutenin vj dou%h stability and
dough development time. It is séen that the correlations
Efall'e | tter for the ratio than for individual protein
ractions. _ .

1 and 2 are regressions of dough_stability and
development tirhe on the ratio. _ The regression
formiula are shown under each Figure. The relationships
are linear, and of the two farmogera h characteristics,
dough sta_b|llt¥ shows somewhat better correlation.

Fig. 3 qives anno%ra hs of varieties 'K-65’ (ratio 0.7),
‘Sonalikd’ I(rat|o 0.073), ‘C-306 (ratio. 0.182) ang
composite flour of varieties ‘K-65' (3 partsg and ‘Sonalika
(7 parts) having a calculated ratio of 0.207. Similarities

Table 1. composition of flour protein as percentage of total protein

Variety Albumin  Globulin
A B
Kes 105 171
K-65 125 16.6
Hyb-65 147 104
HD-4530 119 104
Kalyansona 179 15
HD-1949 140 9.6
C-306 16.0 98
UP-K1 145 105
HD-2189 16.0 1.1
UP-283 136 115
Sonalika 129 164

o ~ Residue  Dough Douﬁh E
Gliadin -~ Glutenin  protein  develop-  stability
C D ment time ~ (min) C+D
(min)

211 184 329 9.0 115 0.833
23 194 29.2 80 9.0 0.700
240 2.1 2.8 50 60  04%
289 263 21 45 60 0411
26.6 281 198 45 45 0.362
319 30.0 145 4.0 40 0.234
354 213 114 40 30 0.182
28.7 26.1 201 30 30 0.367
319 320 9.1 25 2.3 0.142
327 38 84 2.5 20  0.126
34.2 3T 48 25 13 0.073
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Fig. 1. Regression of dou%h stability on the ratio, residue
protein/gliadin+ glutenin.

in the farinographs of comi)osite flour and variety ‘C-306’
are bvious.” This not only supports the validity of the
relationship, between the” ratio and the fanno%raph

characteristics of doughs, but also provides a method
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F:jg 2. Regression of dough development time on the ratio,
residue protein/gliadin+ glutenin.

»

Fig. 3. Farinoaraphs of single varieties and one composite

flour. A=Sonalika (0.073), B-K-65 (0.70), C=C-306 (0.182),
D aComposite of A and B (0.207). The number in paranthesis are
the ratios of residue protein/gliadin+ glutenin.

for formulating flours of desired dough characteristics
1t‘ro_mt_two or r%ore flours with dn‘fenr?g dcough charac-
eristics, . -
For_calculating the ratio we have nﬂJt liadin and
glutenin together as hoth these show similar %uantnatwe
variation to dough stability and dough development
time. However, functionally gliadin Is Viscous, whereas

| «
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glutenin is elastic.  Thus, the latter is more like residue
rote|n which is also elastic. It is surprising that func-
ionall srmrlar proteins, eg., gluteninand residue pro-
te|n have |ssrm|Iar quantitative reIatronshrp with dough
caractenstrcs an functionally _dissimilar proteins,
g %utenrnaﬁ gliadin, ha]esrmrlar duantr allve rela-
ti ns Ip. . With reSpect to the quantitative re atronshrﬁ
of glutenin_and resrdue rotein with loaf volume, t
restiits of Orth and Bushuk are similare. At present;
the roles and contnbutrons of gluten components to its
overall functional characteristics are poorly understood.
In the absence of this understanding, we’ can do little
more than emphasize the emprical ature of the rela-
tionship proposed between the ratio and the farinograph
characteristics of dough.
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“Bland” groundnut flour free from nutty odour has been prepared by extracting the defatted flaked groundnut kernels

with 90% isopropyl alcohol.

Considerable amount of work has been done on the
rocessrng of Proundnut (Aradiis hypo ea) flour ino
dible grade flour-a and é)rotern |soae5 for use In

Protern ennched foods, and imitation products
é%e(l)\éllltoneﬁ The main factors limitin the Increased
U

flavour and sometimes hitter taste These drawbacks
can be overcome to some extent by surtft rocessrng
of the flour with added Ingredients"and flavours, but ar
notelrmrnate comp ete¥ Investigations on roun dnut
have shown that some of the minor constrtuents present
In the meal are bitter tasting and that many of the
precursors to flavour. factors are congentrated in the
alcohol soluble fraction of defatted flour7'8, Studres
on soybean have indicated that extraction

cedures” using aqueous alcoholic  solvents ﬁer

groundnut in food formulation are ItS nutty -extractron of

The nitrogen solubility profile and emulsion capacity of the bland flour are discussed.

%o?aness% 0f producing bland protein products and
Several fIavour components present in rawu and
I’O&St@dlz roundnuts hgve been l?sofatedts and ¢harac-
terised 14 %araet and ubramanran15 have studied the
Xpeller presse edible defatted groundnut

flour with solvents stch as ethanal, isopropanol and
hydrochloric acid with g view to obtarnrng land pro-
téin concentrates. Use of azeatropic mixtures of hexane-
ethanol, hexane-methanol or hexane: 2 propoanol for
removing residual oil and flavour components in soy-
hean have been reported in literaturel6’l7.  Many of
these treatments have only helped in reducing the flavour
foa certarn extent but have not |eIded g completely
bland product.  The present fPaper easwrt the prepa-
ration of *oland” groundnut flour with desired functional
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Propertres by extractrn? with soIvents The effect of
hese _extractions on £ote|n solubil |ty and emulsion
capacity of the flour has been discussed:

Materials and Methods

‘Batani’ variety of groundnut seeds available in, the
local market was used for these studres To facilitate
removal of the testa, hand prcked Srqun dnut seeds were
subjected to mildl roasting” (50-60°C) for 10'min in a
laboratory coffee roaster ‘and then rubbing by hand.
Moisture content of the seeds was adjusted to 12" percent
and the kernels were passed through ﬂakrng rollers
Kranmaskiner, Malmo, TyEeJ No. 6725) t0 obtain
lakes of 2mm thickness.  Flakes were dried in a through-
flow drier at 45°C to bring the final moisture contgnt
to 4-5 percent and were extracted with hexane. The
defatte flakes were subjected to extraction by solvents

%rsopropanol 90percentethanol, 70percen ethanol at

and azeotropic mixtures of hexang—methanol
575 25) and hexane: isopropanl (f80 :20). Three succes-
Ive extractions were carried out for 1 hr in each case,
with a meal to solvent ratio of 122, 11 and 1.1 respectj-
vely. After each extraction, the dis ersron Wwas centri-
fuged at 4000 rpm (Janetzki, T2 Modkel) for 15 min.
The extracted residues were coIIected and spread i
trays and dried in a current of hot air (45-50°C) and
desolventized in a vacuum shelf-drier. The material
Was ?round to pass through 80 mesh (BSS) sieve.

Extraction ofr};roundnu floyr with HCI and NaCl:
100 ( lots of defatted qroundnut flour were used for
extraction with 0.IN HCI and 0.2M NaCI solution
separately. Three successive extractions were done wrth
ameal to solvent ratip of 1:10, 1:5and 15re%)ect|ve g/

spersion was strrred for 30 min, each ti fter

eac e ractron te ispersion was centrifuged (Janetzki
Model) at 4000 rpm for 15 min and eextracted
resrdues \iere coIIected spread in trays and dried in
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warm air (45-50°C). The material was cooled, and
ground to ‘pass through 80 mesh (BSSE sieve. ~ The
Sieved material was “used to study the following

functional properties,

a) Nrtroqen soluility: ~ This was carried out in the
D raanreo 1510 10, bydrspersrngtgofthe sample
gr(t: |400rrna?< water and adjusting to the désired pH using

The dispersions were_stored for 20 min and centri-
f%ed at 3000 rpm for 15 min and aliquots of the super-
na ant were ana #sed for nitro en con ent The percen
tage of soluble tro en was calculated,

he nrtrogen S0 ubrlrty of these samples in 10 per cent
NaCl solution was srmr arly determined.

Nrtrogen Solubility Index (NSI) which determines the
drspﬁgsrfole rrr]utlrjlogen In the tlour was calculated according

u

NG| Nitrogen in the extract
otal Nitrogen

The results are presented in F|g|
Emulsion capacrtty) Emulsion capacrtr of the
samp Ies Was determrne ythe proce ure of Inklaa
and Forturn18 najarz? sample and 23 ml of disti Ied
water were mixed and blended for 3) sec at low speed
in 2 Waring blender. Refined groundnut oil was a Oed
from a burette to the blendrn(%( sample at a rate of 0.4
ml/sec until the emulsion bre porn was reached, The
break-point was. defined subjectively as the point at
which the emulsion broke and when there was phase
separation. The data are presented in Table L

Results and Discussion

(0 Flavour oftheflour:  The physico-chemical studies
on grouncnut flour extracted Witt? various solvents and
the Tlavour/odour/colour_of the product obtained there-
from are reported in Table 1 While there was no

X100

Table 1. physico-chemical studies on groundnut flour extracted with various solvents

Protein
Treatment Solvent

No. (Nx 6.25)
1 Hexane 520
2 Hexane:Methanol (75:25 viv BP 51°C) 522
3. Hexane:lsopropanol (80:20 viv BP 63°C)  53.0
4. 90% ethanol 55.3
5 90% ispropanol 56.5
6. 70% ethanol at 50°C 55.5
7. Acid extraction at pH 4.0 56.0
8 0.2M NaCl 504

Solubility in 10%  Emulsif mg
NaCl solution capacity*~  Flavour/Odour/Colour
(%)
86.4 134 Considerable nutty flavour
84.5 191 Solvent odour
815 191 -gdo-
2.1 189 Solvent odour; no nutty flavour
795 209 White
149 54 Light brown.
172 9.2 Nutty flavour; slightly yellowish.
- 109 Grey; salty taste

(*ml of oil consumed per 100 mg protein to reach the breaking point).
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Fig. 1. Nitrogen Solubility (%) of treated groundnut flour at
different pH

glnrtrcant difference in the protein content of the ﬂour
ected to vanous treatments in all the cases exce
mtreatmentssan . the solub ||ﬁy was about 2.7-80.4
percent. The material treated withi 90 percent |sopro yI
%Ilcotaoltwas however, white free from any odour an
nd taste

i7) Nitrogen solubility: Nrtrogen solubility profiles
Eroundnut flour at pH ranges of L to 105 are shown
|9 It |s evident that In'all the three cases, the is0-
eect Ic pH s between 4.5 an This Is in agreement
with reported value»19, At neutral
ranged etween 76 and 8 percent although at the alk-
Imep |twa590percent| all the three cases. At acidic

15 to 2.5), although the solubility 1s between 70
and O percent the cololir of the resuItrng solution was
brown. " This could, evidently. not be used! for e verag
preparation. It was only the flour extracted Iy
percent jsopropanol that renderd itself well fo the
preparation of g milk-like beverage, because jt was |te
In colour, free from nutty odour”and completely blan
to faste as evaluated 0 ganoIePtrcaII by a panel of
10 % Results of [arge “scale trials to prepare larger
atches of the bland material for use in beverages will
be reported later.

H, the Solubility
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Control of Spoilage During Sun-Drying ol Coconut
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It was found that spoilage of coconut during sundrying can be arrested by the application of a thin coat of glacial
acetic acid on the kernel surface. Even a single application was found to be effective when the relative humidity
(RH) does not exceed 85%. At higher humidities the treatment may have to be repeated once or twice. Copra made
from treated coconuts was found to contain less than 0.1% residual acetic acid. Cost of application is found to be
only 2 to 3 paise per coconut, Commercial level studies have also been made.

In India, coconut is hroken transversely into two
cups and is then sun-dried.  About seven days are
needed to reduce the moisture content to 5-6 per cent.
In rainy weather it is drfhculttod the coconut Mrcro
bial infection is common resutrn% in discol oure cop ra
which yield rancid oil with high free fatty acr
Subrahmanyan: has found that destructron of dry
matter including oil may occur to the extent of 30
cent by microbial attack and estimated that a loss | m
weight of 15 per cent or more may occur even in ordinary
commercial ractrc of copra making,

Alarg enu ero investl tors have Suggested various
methods Or preventing spoilage .of copra. Most im-
portant of these have been n esrgnrngngnd evel oprn
Improved types of driers which tan e economicall
used for the rapid conversion of coconut tQ copra2

Chemical treatments were tried by Surridgesand Blackiea  dryi

a early as 1931 They su esYed 502
effective In_copra stora% as little effect on d mg
coconut.  Subrahmanyan and coworkerss evolved a
mexpensrve dilute acetic acid—mineral acid treatment
rnte (Pprnes Theyaso foundl that a coat of slaked
lime mixed with sodidm hydroxide and sulphur was
effectivel  These were, however not found to work
satisfactorily under the conditions in Kerala.

Materials and Methods

FuII mature coconuts }11 -12 months?] harvested from
the [a oratorg campus 0 ocag/ urchased were used
In_ these experiments.  Samplés for moisture deter-
mination were taken by cuttrn? out a piece of 1 cm width
from the ed e 0 the cu “ﬁ 0 Its centre.

A comparative stud Iy the oven met od6 distillation
method? and the Infra red halance method for deter-
mination of moisture was made and the infra red method

which, though

which was found to be most suitable was adopted.
(Table 1). Al moisture determinations were carried
out by this method after cutting the sample into pieces of
2 mm thickness and 4 to 5 mm width. The moisture
baIance was adjusted to a temperature of 85°C and
general It took about 20 min Tor one determination.
rvrng of coconut cups Were carried out in the
terrace 0 the laboratory. - Shade-drying was done in a
corridor with good cross -ventilation. __ Mechanical
drying was done |n a crogs-flow drier at 75°C.
of determining material loss, on extreme conditions
of infection, the kerne| was separated from the shell
immediately after breakrnol open and sliced to a thickness
of 3 mm. “Slices were well mixed to ensure uniformity
of samEIe and duplicate samples of 400 g were used for
eachtest. Sun-drying |nbn% t sun-shine and mechanical
Ing provided ‘the controls. ~ Similar samples were
kept in beakers covered with perforated plates to allow
growth of bacteria and fungi. Duplicate lots were
removed after three, five and Seven days and mechani-
cally dried. Yield on dry basis was calculated and freg
fatty acid content of theextracted oil was determinedo.

Table 1. comparison of different methods of moisture

MINATION OF COCONUT KERNEL

Infrared moisture  Toluene distillation  Oven drying at 75°C

balance
475 417 471
45.2 44.7 44.6
18.2 179 177
62 60 6.3
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For determrnrng matenal loss due to slrght fungus
growth four un| form samp £ Were grepared cuttrng
ach cup into four equal pieces and adding dne piec
from each cup to asampl Control sampl es Were sun
dried In_fair weather and experimental ‘samples were
shade dried to produce infection, and finally sun-gried,
Subsequently, moisture content’ was detefmined and
yields on moisture free basis were calculated.

Chemical treatments were (done, after ¢ om IeteI
drarnrng the water, by keep mg the fresh K ro en
coconut inverted for'about 15 min. Usually, the surface
remained wet at the time of treatment. Two coats of
solutions were uniformly applied with @ brush and the
excess was allowed to drain awa by keeping the cups
inverted, aﬁarn for 15 min.  Sofids"were applied uni-
formly with a small hand duster

Results and Discussion

It was generally observed durrng these studies that
the actual” moisture content of the kernel is not the
deciding criterion, for_ microbial infection. In d
weather, the kerel surface remains dry and even cups
of high moisture content do not develop nfection. BUt
In wet weather, the surface does not dry F and infection
develops even at medium moisture [avels of 15 to 20
percent. This |s|nconform| with the findin sofearlrer
workers that |t 1S essentra keept e surface dry for
0 ta|n|n good du copral?, With refative humidites
ahove 75 per cent, it Becomes difficult to keep the surface
dry and erther artificial drying or chemical treatments
DEcome necessary,

Ona comparatwe study of |nfected and unrnfected
samples of jdentical qua |t¥ Pre ared from the same
nut, it was found that sI| hit fungus infection does not
cause a preciable loss o matter as seen in Table 2

atter loss varied from 2to 5 percent only in normal
|nfect|ons However, under extreme conditions of spoil-
e dry matter |oss amounts to. more than 16 er cent
(abIe J) Aslrght |nfect|on affected the_quali o oil

Table 3. changes due to bacterial and fungus infection
in coconut kernels*

Yield of  OQil FFA
Sample dry matter content  of oil
(%) (%) (o)
Sun-dried (control) 58.1 69.4 05
Mechanically dehydrated (control) 57.8 69.7 02
Infected sample after 3 days 525 708 145
Infected sample after 5 days 49.9 740 186
Infected sample after 7 days 48.4 70.2 26.1

tExtreme conditions of spoilage were allowed to develop.

acid also exceeds 3 percent which is the maximum per-
missible limit according to Prevention of Food Adulte-
ration Act. _Profuse infection by bacteria and funqus,
makes the il highly rancid and totally inedible with a
free fatty acid content of more than 25 percent (Table 3).

A variety of, chemicals, both permitted and nonper-
mitted, were tried durrnc{ drying, of coconuts to find out
a suitable treatment th erI give complete Frotectron
even under very rainy conditions, These included cal
cium hydroxidg, chIoroquno hparaform r%entachloro
phenol potassium  met brsup te, sodium  benzoate,
Sodium carbonate, sodium chioride, sodium hydroxie,
sorbic acidl, dilute sulphuric aciq and acetic acid. Solu-
tions of these chemicals, at vanous concentrations and
their mixtures were tried. Th oud some of these chemi-
cals could delay the onset of jnfection by one tq three
days, none of them except acetic acid was really effective
In preventing infection.  Acetic acid of 5 to 50 per cent
strength waS_ able to prevent fungus growth only by
36to 43 hr, Seventy five per cent acBtic acidl was effective

n dry weather (R. beIow 15 per cent) but could only
deIay infection b%/ 3t0 4 da){s unger rainy conditions,
It was ound tha onIy glacra acetic acid couId prevent

consrdera? % and the oil became rancid wrth afreefatty infection during shade drying in wet weather. In inter-
content of more than 0.75 per cent. Often the free fatty - mittent rains, when the R."H."Is below 85 per cent during
Table 2. loss of yield of copra due to bacterial and fungus growth
Sample size Condition of fungus Yield of copra Difference inyield Yield 1
Treatment ) infection (%) from control X %) (%)
Glacial acetic acid treated 500 No fungus 60.8 — -
No treatment 500 Covered with powdery growth 59,0 18 3.0
Glacial acetic acid treated 120 No fungus 58.8 — —
No treatment 120 Covered with powdery growth 570 18 31
Glacial acetic acid treated 1175 No fungus 575 — -
No treatment 1080 Covered with powdery growth ~ 54.4 3l 54
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Table 4. acetic acid content of acid-treated copra during drying and storage

Period (days) Control Acid-treated and sun-dried Acid-treated and shade-dried

l y : - ; - : -
Moisture  Acidity (m_g of Moisture  Total acidity  Acetic acid Moisture Total acidity émg Acetic acid

(%) acetic acid/g (%) (mg of acetic (mglg) (%)  ofacetic acid/g.  (mglg.

of dry sample) acidlg.) sample)

0 30.2 182 35.2 10.72 8.9 342 6.11 4.29

4 1.6 107 8.2 2.68 161 162 2.25 118

15 4.6 0.96 50 193 0.97 50 2.14 118

the major part of the day, one treatment was found to
be sufficient, In extreme %/ \wet weather, when there was
incessant rain throughout the day, and the R.H. was
above 90 per cent the treatment had to be repeated every
fifth day to obtain completeH funqus free copra.
Acetic acid content of the fréated coco ut,dunng
and after drym? were Cetermined and are given |
Table 4. It was found that only about 118 mg 0f acetic
acid per gram of copra was retained at the end of 15
days every' in shade drying. Acetic acid content of the
twice and thrice treated Copra, was not very different.
Being a permissible food additive, these concentrations
of acetic acid may not be objectionable. Though there
was a slight différence in flavour between the treated
and untreated copra, in oil and cake it was not noticed
by the common consumer and only experienced persons
IN the trade could detect the différence. The odour of
acetic acid, could not be detected in food products
where oil extracted from treated copra was Used.
Semicommercial scale trials usi g 500 cocnuts were
tried in the laboratory and two othér places during the
monsoon season. The places tried were Kayamklam
I Southern Kerala and Irinjalakuda in~ Central

Table 5. acid levels in cake and oil from commercial
LEVEL ACETIC ACID TREATMENT

ol Cake

Samples o
Acetic acid as

Total aciditY as

m% of Acetric  mg g of dry
acid g of sample sample
Untreated, sundried copra 0.50 0.03
Acid-treated and sun-dried 0.96 0.07
Acid-treated and shade-dried 115 0.11

ween? and 3 E)a|se r coconut inthese trials, These con-
firmed the result of the laboratory study.  As shown in
Table 5 only less than 0.5 mg of acetic acid was present
Rer ?ram of ail from the treated copra and the cake

ad fess than 0.1 mg of acetic acid per gram.  The ol
was practically free of any acetic acid flavour and only-
ong third of the Jud%es could detect it even when specifi-
cally asked to look Tor it. Others were unable to detect
anY_ difference and also no difficulty was experienced in
sefling the oil and cake through normal commercial

chanriels,

Ap()flym a thin coat of glacial acetic acid on the ex-
posed surface of the coconut kernel is thus found to be
a satisfactory method for preventing microbial growth
during sun-Qrying.

Kerala (India). . Cost of treatment workes qut to bet-
I
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Polypropylene film which is stable at the processing tem{)

produced now, has offered a promising starting material

eratures of 115° to 130°C and which is being indigenously
or, the development of retortable pouch, The film, as pro-

duced at present, has however been observed to possess certain undesirable characteristics which detract from its full
satisfactory utilisation in the production of retort foods. Even then, pending further developments, the film has been
utilised, with certain precautionery measures, to produce a few types of ready-to-eat foods with a shelf life of 4 months.

Previous work carried out in this laboratory:-
related to the use of low density polyethylene based
packaging materials. It was observecla that' even under
milderheat processm% conditions and other precautions
in_handling and protective outer acka%lng sgstem_a
failure raté upto 2 per cent could not be avoided in
Iﬁr e Sﬁale EProductlon which was pr|n?| ally due to the
therma dmaPe caused to the po ﬁthylene layer.
This was clearly far from being a satisfactory position.
HoRe was revived, however, after a foil laminate with
high density polyethylene film as its heat sealable layer
was developed In collaboration with trade and later
polypropylene film became indigenously available. The
Present paper relates to further” work carried out with
hese packaging materials.

Materials and Methods

Basicpouch making materials:  Two types of materials
were investigated: 1{a) a foil laminate avmg the con-
?trucnon,_ % maplitho aper(,009 mm Igmmlum
oil/75 microf high density o %/e_thylene and (fb) a
food ggade_polyprogglene film of thickness varying from
50 to 60 micron made by the usual extrusion method in
an_unoriented, form,

Food materials: The follgwing ready-to-eat foods (

were used for m-&ack processing and storage studies—
(@) Sweet stuffed parotta made out of wheat flour
_dough and a mixture of cooked arhar dal,
Jagogry, grated copra and cardamom flavour as

the stuffing. The parottas were fried with hy-
drogenated fat. _

(b) Kachodi: made as normally done with wheat
flour dough and spiced and” pasted, black gram
dal stuffing. ~ This was shallow fried with hy-
drogenated fat.

() Suji halwa

() Baked beans in tomato sauce (pH approx. 5.0)

() Alu choley

If) Mutton birjyani

Ig) Mutton Kofta curry. _

In all the ahove cases,” except in _(Ia), (¢) and (c),
cookm% prior fo packaging was partial so that It w
completed during the processmg stage.

Pouch carrier “and handling Clevicg: A rectangular
aluminium mould made of hinged and %rooved air
of plates with clipping arrangement on the other three
sides holds the food pack with jts central bulge enclosed
secyrely within the grooved hollow of the former.  This
device “nat only prevents displacement of the pack
contents inside "the pouch but also secures the latter
against dama%e while it is subgected to processing in the
autoclave. ~ The carriers with enclosed pouches, are
algirangie(gn CIinZ wiremesh baskets in upright position
ackaﬂm ystem:  Each jtem was first enclosed in a
MST ceflophane pouch and then repacked in a poly-
propylene pouch. after removing air to the exent pos-
sible” The quantity and the shae In which an item was

O —hD

t Part of this work was reported in a paper presented at the Indian Convention of Food Scientists and Technologists 1978
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Fig. 2. Wiremesh hasket fitted with pouch carriers
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packed in the gouch were such as fo allow snug fittin
of the pack into & pouch carrier. After retort processin
was over and subsequently the packs were dried in
cross flow air drier, each pack was enclosed in a rect-
anqular cardboard cover which com{)letel immobilised
thé pouch nside it.  Five such protected pouch packs
were repacked In a three-ply corrugated fibre board
carton for storage. - \When required to"be transEorte_d, a
suitable number” of these cartons were repacked in a
wooden . case. L .

Experiments on the use of foil laminate with high
densm( olyethylene as its heat sealable layer were
restricted to sweet stuffed parottas only. In this case,
other packagln? Cetails remained the same.

Processing defails: - Processing with air-steam mixture
was carried”out at 115°C as previously describeds so
as t0 have a process value varying between 4.5 and e,
ﬁ\] _Eroc$s%gleg time of 32 min. Wwas found necessary for

IS PUFPOSE.

Pogtpr%cessmgprecaut|o_ns: Soon after the progessing
was over, the pouch carriers were opened up with the
pouch still lying in one of the grooved pair of plates
and spread sige"hy side on long aluminjum trays. The
trays with thelr contents were in turn placed ina cross-
flow air drier at a temperature of 80-85°C. The pouches
were not touched by hand till completel drg. After
drying, further protective packaging was carried out as
described aboye. _ _ _

Qar? Effect of heat processmgﬁon the rr])hgsmal roperties
of the pouch materials:  the éffect of heat processing on
tensile strength, elongation, tear resistance, and internal
burst test of pouches were determined both before and
after processing. The first three tests were carried out as
per standard methods6™.  For internal burst test, a
sealed pouch of 10 cmx5 ¢cm with enclosed air was
compressed between parallel glate,s of a compression
testers watching the load recorded till it reached a maxi-
mum of 60 kg at which the pouch was held for 30 sec., If
Ieakage or_burst occurred at a lower load that was
recored. The load divided by surface area on one sice
of the pouch gave the Hpressure (kg/em2) - withstood
by the scams of the pouch. . _

gg) O%t%ra e and trans,Portatmn: The cartonised pack-

ifferent food tems were subjected to raillroad

a
tlgansportatlon (Mysore to Jodhpur and back) and then
stored under ambient conditions of Mysore ([25-30°C)
the total period covered bem% 4 months, At the end
random sampling was done Yor microbiological tests
and or?anoleptm evaluation by a panel of™5 judges.
The rest of the packs were subjected to a hungred percent
visual check for microbiological spoilage, if any.

y o
Results and Discussions
Pouch materials and their limitations: Of the two
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Table 1 effect of heat processing at 115°C on the
PHYSICAL PROPERTIES OF POLYPROPYLENE FILM

Before processing After processing

Tensile strength (Kg/sq cm) 176 (MD) 227 %MD)
_ 125 (TD) 237 (TD)

Elongation at break (%

ng. of fig. taken in MD

D) 900 200 (Approx.)

ear resistance (g
T ' 228 (MD 115 (MD

(60 micron film 224 (TD) 136 (TD)

Internal burst test (failure
rate at an internal pressure ,
of 1.2 kglsq cm) Nil 60%

MD = Machine direction ~ TD =Transverse direction

pouch materials, HDPE-foil laminate developed in
collaboration with a firm did withstand a rocessm(h]
temperature of 115°C but failed in practical tests whe
the processed packs were subjected to transporation
trial gabout b per cent showmgi crack In the pouch at
the seam and consequent mould attack). The failure
wraoscegg%nd to be due to poor seam quality after
ing.

IDT_he sgcond pouch material, polypropylene film,
easily meets the requirements of temperature stability
and 15 known to have been used for retort processmg
of foods though the exact quality of the polymer use
is not known.” The film obtained from local converters
through Indian Petro chemical Corporatign Ltd., does
not apgear to possess all the desirable qualities for mak-
Ing processable pouches. It undergoes chan%es,m pro-
perties on processing as shown in Table L The increase
In tensile strength and considerable Joss in_ elongation
at break and also tear resistance are clear evidencés that
the pol)(]mer molecules have undergone_reorientation
Into a Nigher de?ree of crystallinity. These changes
together With a clear feel of stiffiness compared to_the
ongmal film sug ested a loss in flexibility of the film.
Internal burst teSt of the pouches was carriéd out in order
to determine the qualify of the seam as has recently
een done. Data in Taple Lindicate that there has heen
a definite weakening of the seam due to the effect of
processing. Determination_ of seal strength of the seam
IS another method used for ascertaining the effect of
processing in the seam quality.  This “test however,
could not'be done in the present case as even at a very
|ow load there was enormous stretch In the test specimens
taken from unprocessed material,

In view of the characteristics of the film noted aboye
no attempt was made to develog_ its laminate with
aluminium foil. - Instead, the possibility of utilising the
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Table 2. effect of pouch carrier on the heat processing
OF STUFFED PAROTTA
_ N Period of
Autoclaving conditions initial ~ Processing  F°value
of pouch steaming conditions  attained
(min)
Unsupported pouch 30 115°c,  Min. 13
21 for Max. 2.6
32 min.*

Pouch supported by aluminium 30 -do-  Min. 4.2
mould carrier Max. 6.0

{ During processing a mixture of air-steam at a total pressure
of 20th wdas used. During cooling cycle air pressure at 20 lbs was
maintaine

film itself as such was investigated. It was evident that
hesides permeability problerns, which would preclucle
long shelf Iife to thie foool processed extra care would
have to be taken In protecting the pouch and specially
its_seams from the hazards ¢ handlrnlg and transpor-
tation and the possibilities of microbiofogical contami-
nation resulting from any physical damage thereby.
Precautions such as use of moulded aIumrnrum frame &
pouch carner immediate drying of the processed
pouches and avoiding manual Handlin of the wet
pouch es and astlythe protectrve outer packaging system
vverea aimed at protecting the pouches rmdmae
an contamrnatronOI Thehneetd"ft%r avoid |n manual
hangling of processed pouches till they
em ?1as GJB severalpworkersA 1112 aﬁgne%se OTbeﬁn
aIumrnrum frame as pouch carrier: has an additional
advantage. . Since it holds tightly the food contents of
the pouch, it squeezes out any air to the peripheral area
ofthe pouch and thus facrlrta s quicker heat penetration
|nsr ethe ack he results of process value (F° value)
stu Ies of epouches with and without these frames as
sh own |n Tah e 2( earIy confirm this contention.
0o gro& ylene |Im of 75 microng will be preferable
t05 to 60 micron film. However, due to certain diffi-
culties, this was not readily available from the trace.
The development of a suitable foil laminated pouch
material will also await further R & D efforts. The
present mvestrrqatron was therefore, carried out to provide
a st gap ) utron to the problem of producrng retort
roc SSe(l ouc food.
Choice 0ffood material and its processing conditions;
For the success of retort food, besides the polich material
the following factors are also important: (/) Choice
of the food ftems. A suitable food item is one In which
the components do not undergo adverse change in
processing. (ii) Method of processing prior to subseguent
retort grocessrn |t is t0 be_remembered that retort
processing also Tesults n cooking and so over cooking
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should not occur making the food unpalatable.  (Hi)
Retort processing conditions.  These three factors were
Iven que consiteration and for each item the best
grocessrng conditions were worked out by trial.
Transportatron storage studies and stielf-life: The
cartonrse packages répacked In wooden cases were
sent Iy rail/road  transportation to. Jodhpur, .and
ac from Joohpur to Mysore which involved quite a
ood number of transhipments. When regeived back,
e pouches inside cardboard cover were found to be
I good condition without any srgn of wrinkles or
transit damage. After 4 months”stor ge period the food
materials were found mrcrobrologrca stenle and were
rated “like very much™ to “like™in or anoleptic evalu-
ation. 100 per"cent check also showed that none of the
packs had been spoiled and in no case the polypropyleng
pouch indicated any visible damage. In separate experi-
ments It was opserved that though the foods remained
sterile for much Ion%er periods Undesirable changes in
the appearance and flavour became apparaent from the
ifth month onwards. A shelflife of only 4 months could
therefore be safely assigned to the food packages. A
longer shelflife of's moriths to 1 year, to meet the practi-
cal “needs of either. military use or certain commercial
use will await, as pointed out earljer the development of a
surtable Taminated pouch material.
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The propensity of uncooked pulses to promote formation of intestinal gas by indigenous Clostridia was studied in vitro.

On cultural examination of five affected human faecal samples, three diiferent species of Clostridia viz.
perfingens, C. sporogenes and C. butyricum were isolated under strict anaerobic conditions.

Clostridium
The gas production pro-

perties of various pulses tested in vitro showed high rate from uncooked pulses containing oligosaccharides like ver-

bascose, raffinose and stachyose.
mum gas production by all the 3 species of Clostridia.

Flatulence is one of the most common complaints of
ersons with mdrgestron or_other intestinal clisorders.

ne of the main Cayses of intestinal gas production Is
fermentation of varjous substrates by the |nd|rt;enous
microflora, Most investigatorsi-s ascribe flatulence
to. the action of intestinal anaerobic mrcroflora on the
oligosaccharides present in mature rpu ses. which can
be”cegraded by Specific enzymes present in bacteria
These enzymes ‘are ahsent in human digestive secretions
and the olrgosacchandes remain unhydrolysed and
una sorbed. ~ Amon te|nd| enous mrcroflora Clos-
tridia plasy an important roe| gas production.  In the

resent fudy attempt has bedn made to establish

re lationship Toetween uncooked pulses and intestinal
Clostridia i flatulence.

Four varigties of pulses selected for the study included
chick pea (Cicer arietinum), dried pea_ (Pisunt sativum),
Ier}trlI Ifens es]rc:u!:entutm) an sToR/bean ((;: \cine rn(ax) o

solation of Clostrigja:  The specific black col
method of Mossel et an was ado tgd for the isolation dt
Clostridia from human fae(ies he fresh faecal samo 6
were noculated 1n sterilized sodium  thioglycollate
broth in screw capped fubes.

Isolates VWere |dent|f|ed accordrng to Schemata con-
tarne In Berf%e}/ Manual of Detérminative Bacterio-
logy's The following characteristics and methods of
testrng were utilized:” catalase test, gram stainb, H2S

C. perfingens produced maximum gas and chick pea (Cicer arietinum) induced maxi-

Productron indole_production, motility7, nitrate reduc-
xygen requirement, shape and' size, spores and

sugar fermentation,

he method of Richards et al.8 for in vitro gas pro-
duction was followed with the help of sterilized injection
Syr
yMgri)holo ical and hiochemical characteristics, of
five Isolates rom human faecal samples are summarized
in Table L All isolates were ﬂram posrtrve strictly
anaeroic spore forming rods with no catalese actrvrty
The cultures were desigriated as AB,CDand E Culture
C did not requce nitrate, H2S was produced hursolates
A and thrle the other three were ne atrve dole was
not prod uce b¥ any of the cultures 3

Su ar ermen atron charactenstrcs faII IS Iates WWere
contrrme fromthe K ?rven Buchnan and Gi ben5
Twelve sugars were selécted for the stud which included
fructose, alactose, glucose, inositol, factose, maltose
mannose melibiose, raffinose, stachyose, sucrose and

xylose. The cul cu Itures A angl B were positive for all Sugars
exce ot B which was negative for xylose. Culture Cwas
positive for ?Iucose ructose, maltose, sucrose and
stach\gse whife other sugars, were nof fermented. Cul
tures E were ver% Imilar in their sugar fermenta-
tion charactenstrcs ot strains were “negative for
xylose and melibiose, The isolates were idéntified as
species ofthe genus Clostridium. Three isolates helonged

*Present address:  Dairy Microbiology Division, National Dairy Research Institute, Kamal-132 001.
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Table 1. morphological and biochemical characteristics of isolates
Isolate number Shape of cells  Shape of spores Size of cells Motility Nitrate H2S
(microns) reduction  production
A Rod Oval 3.5-6.0X0.9-1.5 + + +
B Rod Oval 4.0-8.0X0.5-1.0 - + -
C Rod Round 2.0-5.0X0.5-1.0 + — +
D Rod Oval 4.0-7,0X0.5-1.5 - + —
E Rod Oval 3.0-8.5XL0-1.5 — + -

to Clostridium gerfrmgens (B, D and E) while two FA
and C) were C. butyricm and C. sporogenes respectively

Gas’ production:” Gas production “property of un
cooked sulbstrates such as chick pea dried Eea soyhean
and lentil was measured (Table 2). Chick pea {Cicer
anetmum? induced maximum gas production by all
species of clostridia. In vitro gas roduct|on Was measur-
ed by taking various substrates |n injection syringes and
inocllating W|th fest organisms. It was evident that
chick pea’induced maxifum ? roduction followed
¥ ried pea, soybean and lentil, The higher contents
of galactooly osacchandes raﬁmose stach 0se and
vertiascose) In check pea, r|e ea and soybean and
lower contents of the same In lentil is thought to be the
reason attributed to the varied amount of gas produced
as reported by Rackis et al.2

Several mvestlgators have attempted to characterise
the ﬂatulence fac or FF) in uIses nd legumes. Rackis
et.al2 )y a series of steﬂ |nvo ving successive extraction
with digthyl ether and hot 60 per cent ethanol reported
that the act|ve fraction contamed raffinose, stachyose
verbascose and sucroge. Cristofaro et al.9 repotred that
the enzyme responsible for the hydrolysis of these

Table 2. gas produced (m1/24 hr) with uncooked pulses

(per 10 G DRY WT)

A B C D E
Substrate C. buty-  C.per- C. sporo- C.per-  C.per-
ricum  fringens  genes  fringens  fringens
Chick pea  12.62 16.26 152 14.08 23.06
Dried pea  10.61 15.27 569 11.64 20.70
Soybean 6.40 9.99 4.61 7.68 1152
Lentil 4.49 599 3.24 499 9.23

tri-tetra-and penta galacto oligosaccharides (which are
abundant in pulses) are absent in the human intestine
and hence they remaln unabsorbed These galactoohgo
saccharldes are acted upon by specific nzymes <
galactoadases and fl-D-fructosidases of Clostricjad.
result of hydrolysis, monosaccharides are formed
The microor an|sms ferment the simple sugars and
oduce gas. C. perfringens produced highest amount of
g 4140 ml to 23.06 mI) with all substrates, The gas
pro uction property of three C.perfringens cultures were
different.  This is attrlbuted to strain, varjation. C.
Q%toe ertsgsst emduced lowest gas production by all sub-
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The use of Ragi (Eleusine Coracana) in Brewing
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Studies revealed that ragi could be used along with barley malt in equal proportions as an adjunct in brewing.
Microbial enzymes like amylases and proteases had to he used to get a wort and beer with desirable charac-

ters.  When mashed without microbial enzymes,

«-amino nitrogen level in wort was found to be 120 mg/l. and
the degree of fermentation of wort was also less compared to that of control.

With the use of microbial enzymes

o<-amino nitrogen level was increased to 175 mg/L. and marked improvement in the degree of fermentation was

also observed.
of beer appeared to be better.

Barely malt derived from barley (t;ram i5 still the choice
raw material used in brewm% With option to use un-
malted cereals like barley grain, maize, sorghum, wheat
rice, etc. as adjuncts, A Aunct begrs are economical and
have better attenuafion, ¢ aractensﬂcflavours b|ologlca
and coIIO|daI StabI|ItY as It dilutes the IeveI of proteins

phenols.s In recent years, search for newer
adéuncts |s being made. 1t is |mperat|ve that arR/ adjunct
used in brewing'should not in any way affect the quality
of elther wort Qr beer.

g Fleusine. coracana) is an important. millet
extensively grown inthe areas of Karnataka Tamil Nadu
and Mahdrashtra. Ra ?Iz has about 6-7 per cent protein
and 55-60 per cent starch which is almost equal to that
of barley and could be used in brewing as it contains only
1-15 per cent fat. In addition ra(]n Jossesses remarkable
keeping qua |ty and the high cafcium content (253-661
Wq per’ cent) has an added advantage during mashing.

th these advantages studies were” undertaken to use
Idearlg an adjunct in brewing and the findings are reported

Materials and Methods _

Raw materials:  “Poorna” variety of ragi procured
from Karnataka Agro-Industries Seed orBorann
Mysore, was used in'the study. Commercially available
barley malt and enzymes reported earliers Were used.
Bohemian hops were used. A strain of brewerS)reast

{:Saccharomyces carlsberfgensn ) from CFTRL Culture P

ollection was used for fermentation.

Moisture and_protein were determined accordmg to
the standard A.O.A.C. meého 5.4 Starch was estimated
according to the method described by Woodmanb,
Total carnohydrates were determined by the method of

With all the desirable characters, the wort could be fermented smoothly and the foaming character

Yadav etal.6and <-amino nitrogen by EBC ninhydrin
method?, - Specific gravity and alcohol were determined
by ASBC method8. “Fernientable sugars were determined
according to the method of Buckeed. Apparaent, real
extracts ‘and degree of attenuation were calculated
accordmg to the Procedure of ASBCg
Mash ngIe |nfu5|on metho ofEnevoIdsemo
Was employe 0 mash powdered ragi and barley malt
in the ratios of 30/70, 40/60 and 50/ respectwe with
and without the add|t|on of microbial enzymes (1)
nor to mash mgg 0oow ered ra?| was cooked separately
10minat 75 CW|th five times its weight of water.
Cooked ragi was cooled to room temperature (28-30°C
and protease was added at 100 mg per cent to It. At the
end of 30 min, owdered barle nd/ malt with f|ve tlmes
water and 200 mg per cent anfylase was mixed with
the above cooked and cooled ragi and mashed as follows:

Temp. (°C) Time (Min)
40-52 30
52-63 20

63 30
63-78 30
8 10

At the end of 120 min, wort was filtered and boiled
with hops (700 mg/1) for 1 hr addling hops at intervals of
every 15 min In e%ual quantity. ~Hopped wort w
strained through a strainer and"cooled to_10°C before
ltching with & strain of brewer’s yeast. Fermentation
Wwas carried out at 10°C for 12 days. Fermented brew
was filtered, carbonated and bottled.

Results and Discussion _ _
‘Poorna’ variety ragi had moisture, 14.1; protein, 6.6,

204
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Table 1. analysis of wort derived from ragi and barley malt combinations

Barely malt-Ragi Enzymes
70:30 With enzyme

No enzyme
60:40 With enzyme

No enzyme
50:50 With enzyme

No enzyme

and starch, 60.0 per cent while barley malt had moisture,
rotein, 80 and starch, 52.0 pér cent.

Te hysical ‘and chemical characters of the worts
pre ared from three different combinations of ragl
an barley malt are given in Table 1. Complete hydr-
de of starch couId not be achieved in any of the combi-
at|ons In spite of prolonged mashing and even with the
addition of microbial enzymes, though malts with hl%h
enzyme, activity are known fo convert mashes made
even with very high unmalted cerealsi Since the malt
employed was not a special malt with h%h diastatic
Power it was fe t that eIattntsatlon of ragl starch could
ad Iitate comp lete % rolysis, Ragi powder, was there-
fore, separatel coo ed for 10 min at 75-80°C, cooled
and owdere barley malt was mixed along with It
and mashed. It was noticed that comglete ydrolysis
of starch was achieved even in the combination of rag
and barley malt in equaI propy ort|on without the addition
of e ernaI -amylases. eattnlsatton of ralgl starch
was thus a prereduisite prior to mashing. — However,
worts obtained in" any of the comblnatton had only
120 Mgy 0f <-amind nitrogen though they had the
other desiraple characters. This limitation was overcome
by the addition of microbial proteases when the <-
amino nitrogen content increased tg 175 ma/l, a desira-

ble level for smooth fermentation of wort (Table 2).

Sp. gr. pH <-amino N Total carho-
(mg/)  hydrates g(%)
1.047 60 107 111
1.047 60 8 11
1.047 62 92 11
1.048 62 1 11
1.047 62 1 11
1.048 62 62 1.1

The levels of total carbo drates and of fermentable
sugars were same In both the enzyme and non-enzyme
tréated worts. It was, however, observed that saccharifi-
cation time of amylases treated wort was less by about

10 min than in the untreated wort. The yield of the
extract was less by about 2 per cent as compared to all-
malt wort (contrdl). The other characters of wort such
as colour and flavour were same in both the enzyme and
nonensze tregted worts. Compared to the control
wort, the experimental worts had" more of total carbo-
hydrates and fermentable sugars except the level of
<< -amino nitrogen which was more in all-malt ‘wort.

H of the exo mentaI WOrts were Slightly more than
hato contro wort Eer apstot eh| hcaldum content
In ragl. The time ta rmas Ing (160 min) was ess
than hat re% uired for aII matwort 80 mlni)71 bg/ smt%
|n usion process. The Alteration was normal and the
clari he expenmental worts compared favourably
with hat of control wort.

Fermentation of enzyme treated wort derived from

t%l and barleé malt combination, (50:50) was carried
oy the <-amino nitrogen content was
adequate for fermentation. The analysis of fermented
brew is shown in Table 3. The colour of the experi-
mental beer compared favourably with that of all-malt
beer but the flavour was not as nalty as that of all-malt

Table 2. ANALYSIS OF WORT DERIVED FROM COOKED RAGI AND barley malt (50:50)

Wort Sp. . pH

With enzymes 1.0566 6.6

No enzymes 1.0573 6.6
I R U

All-malt (control) 1.0570 58

, Carbohydrates
«-Aming N
(mgly) Total (9%) Fermentable  Non-fermentable
(g%) (¢%) (by diff)
175 139 120 19
120 139 120 19
226 123 100 2.3
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sary prigr to the additjon. of barI%/ malt in the (Prepa-

Table 3. analysis of beer ration of wort. The addition of external source of pro-

b, brew: Ragi+ Al mal teases and a[?ylases IS élet%essgry to mfcr%zt:lse thte_ IeveITﬁf

ol s Sy 95 b T N Ok e of eueln, T
/ acceptagle flavour.

Sp. o, 10100 1.0059
pH 6.3 5.7 References
Alcohol (W/W) 55 5.0 1 Hough, 1. S, Briggs, D. E. and Stevens, R. Malting and
Real extract, (%) 538 358 gzrngwg 82c9|8nc1eéYIChapman and Hall Ltd. London, 1971,
Apparent extract, (%) 256 152 2. The Wealth of India, Raw Materials Vol. 3, CSIR, New
Degree of attenuation, (%) 81.80 87.50 Delhi, 1952, 165-166.

3. Satyanarayana Rao, B. A. Prasad, M. S. and Venkata-
Colour Normal — Normal arayaa. S, J. Fi Sci. Technol.. 1977, 14, 277
Flavour Less malty Malty

B~

Official Methods o f Analysis, Association of Official Agricul-
tural Chemists, 11th Ed. 1970, 211, 16.
beer. The degree of attenuation was over 81 per cent. Food Analysis, Woodman, A-G McGraw Hill Book Co,

The f?]amln charact%reeof beer appeared to be better New York, 1941, 300.
than that of all-malt beer. 6 Yadav, K. P., Weissler, H. E., Garza, A. C. and Garley, J. P.
Proc. Annual Meeting Am. Soc. Brew. Chem., 1969, 59.

Conclusion 7. Lie, S.,J. Inst. Brew., 1973, 79, 37.
In the search for newer adjuncts in brewing, ragi has Methods of Analysis, American Society of Brewer’s Chemists,
been found to be quite swtalole as an adjunct and can St.Paul, USA., 7th Ed., 1976
replace barley malt gﬁf%er cent, However, precook- 9. Buckee, G. K., J. Inst. Brew., 1973, 79, 6L
mE ragi powder or gélatinisation of ragi starchls neces- 10, Enevoldsen, B. S., Proc. Eur. Brew. Conv, 1969, 12, 205,
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Comparative Studies on Dehydration of peas in
Fluidized Bed and Converitional Tray Drier
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Drying of pea in conventional tray drier and fluidized bed drier was studied. The drying rate was faster in fluidized
bed drying of pricked pea, about one fourth of the time required in conventional through flow tray drier for same
textural hardness.  The optimum drying temperature was found to be 70-75°C with an air velocity of 240-280 m/min
in fluidized bed drier. At lower temperature (60-65°C) of drying in fluidized bed, the dried product showed consi-
derable shrinkage. However at the optimum temperature of drying, pricked dried peas were found better in colour,
texture, flavour and reconstitutive property.

Peas (Pisum sativumg are %]r_own_abundantly in_India.  The overall guali(t}y of the dried. product E)roduced in
The problems of moisture migration due to” resistance  the later was found'to be better with particular reference
in outerskins, especially at [atér stages of drying, rehy- to colour, texture, taste and reconstitution characteristics
drat|onfchharig&t9"n_stltCﬁ and ahrltnkagefetc. \lf_ver%I tﬂedma{otg than in the former.

cause of shortfall in the production of quality dehydrae .

Beas. The aefect n moPs_tur_e m|grat|o% m%ay d¥|er_ahas Materials and Methods

een improved appreciably i fluidized bed drierl  Shells were removed from peas by hand, graded
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according to their sizes, blanched in hot water 890°C)
some suitable prick mo
5000 of materials weret en fed |nto Iaborato
Materials were dried att ree differe nt ran ES

for 2 mint and pricked b
bed drier.

and the air veloci
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Table 1 reconstitutive PROPERTY OF DRIED PEAS

_ Temp.  Rehydration ratio

Drier (°C§ Pricked  Unpricked
Tray 70-15 221 —
Fluidized bed 70-75 331 2.1:1
Fluidized bed 60-65 281 2:1

Results and Discussion
The rate of drlyrng of pricked. pea at 70-75°C in

fluidized bed drigr’ is”faster than in conventional tray
drier (Fig. 1), The tray dried and the fluidized bed
dried ped attarn the textural hardness (86) in 315 and &0

min resgectwe g The tota time requiréd to bring the
dorstur level Of pricked Bea helow 10 Fer cent_level in

—h—

uidized bed drier is only 90 min (Fig. 2), which is about
one fourth the time reqlired in conVentjonal tray drier
(Fig. 2). Unpricked pea even in fluidized bed driér took
about twice the time than that of pricked peas under
identical condition of drying.
Attempts were made to, optimize the temperature (t%y
sutgectrnﬂ]the eas to drying above and, below 70-75°
Ing time "was not srﬁnrfrcantly extended
(200 mrn) at 60-65°C It affected the textural qualty,
particularly the overall shnnkage of the dried pea. The
dried_product has the same textural harcness (86 in
{0 min.. The unpncked pea took comparatweé orarg
time (Fig. 3). oweverd Ing rate at 8
enhanced (not shown) but it affected the coIour and
reconstrtutron proper srgnrfrcanty In all the CaSES
|n rate was found to be meffective above the
Recr |e arr velocity ranrt; e and it also did not reduce
t r}nn time sigriificantly.
Pn eq at Iower temperature of dryingdid not show
significant % higher “constitutional property (Table 1)
dle to hr% shiinkage. Apart from reconstitution, cha-
racteristics organoleptic test was also carried out with
particular reférence to coIour flavour and texture, In
eneral, it was observed that pea, dried at 70-/5°C in
ricked form atanair v Iocrt¥ £240-280 mimin showed
comparatively hetter co our, flavour, texture and recon-
stitution property.
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In order to find out the deteriorative changes during heating of groundnut oil, vanaspati (partially hydrogenated vege-

table oils) and safflower oil, model experiments were conducted.

Results indicated considerable damage of test oils

through the formation of oxirane-oxygen, conjugated double bonds, oxidised and non-urea adduct forming fatty acids

during heating.

Associated with these, there were continuous deteriorative physical and chemical changes as reflected

in increase in Lovibond colour units, viscosity, foaming property, free fatty acids, refractive index and decrease in

smoke point and iodine value.
tially retarded.

In India, orIs and fats are extensively used for the
pre}?aratron of deep fat fried products. ~ Substantial
of dietary fat IS derived from such products.
During deep fat fryrn% when the period of heating is
short as encountered In Tousehold practice, the chan%es
are consrdered favourable as this improves the or?
leptic qua |ty of the product through removal of raw
odour of ail"and providing desirable"aroma and flavour
to the products. During stich short period, character and
concentration. of undesirable compounds ori matrnd
a5 a result of heating do not pose any problem, Bu
when fats and oils aré heated for a conSidgrable time.as
encountered in commercial practice, there is an excessive
accumulation of oxrdrse poymensed and _cyclic 4
compounds as a result of gdrol iC and oxrdatrve
reations and these are consid armful to_human
health.  The chemical and hiological asr[)ects of heated
and oxidised fats have been well documented by Artmanl
and Leel®
Assessment of quality of f mg ol used for consrde
able period 15 a necessity to provice a limit o udging
|ts surtabrlr from thesand otrnt of n%altét ta d nutn
However, specific. information on the deferioration
? different krndslootg drble orIs and fats 1 lacking parti-
cuIarIy with reference to, Indian practices.
The present investigation was Undertaken to find out
1) the pro%ressrve changes in physical and chemical
aracteristics of certain édible ols and fats (common|
used In Indra} that take place during heating and
possibilities of minimizing deteriorative chanqes observ-
ed during heating of ol through the use of silicone. In
order to-obtain precise information on the changes or
the effect of silicone, moclel experiments were condcted.
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In presence ofadded dimethyl polysiloxane (silicone), the above changes were substan-

Materials and Methods

Materials; (i) Refined groundnut oil,  refined
safflower il and. vanaspati (partially hydrogenated
vegetable oil containing 10 per cent edible oils inCludin
5 er cent sesame oil, ‘also known as Indian maganne

standard commercial brands purc ased ocaIIy n
sealed confainers and Q) imeth g go srloxane
silicone) . (Daw corning 200 flud food grade

CS viscosity, 100 per cent srlrcone fluid) recerved
trough the courtes Dow Corning Coproatron

Midland, USA, re used In the present investi-

ation

e Heat|n1q Groundnut oil was heated at 180°C for

he oil was aqrtated for 5 min at half hourly
|ntervaI Safflower oil and vanaspati \were similarl
heated with or without the addition'of silicone (10 pp
on the weight of the o).

Methods:. Colour of oil samples was assessed in a
L ovibond tintometer using Lcm cell.  Refractive index
free fatty acids, iodine Vajue, viscosity, smoke point
and peroxjoe valug vvere determined By the methods
described in A.0.C.SA In addition, oxrrane—oxy?ena
non urea adduct formrng fafty acidsé oxidlised Ta
acrs onjugated fatty” acidse, thiobarbutyric aci
L vaIue and foamrn height8 were determined.
atty acids obtained by saponrfrcatron and acrdrfrcatron
Wwere made free from oxidised fatty acids; meth esters
of fa acrds thus obtarne Were prepared 3/us|n
diazomiethaned. pparatus %hromatg X
and Instrument Co Baroda ndia) wrt fame |on|sat|o
detector fitted with a_column 8 inch)
diethylene glycol succinate .on chr mosorb W, wrth
colurfin température 175°C, injection temperature 180°C



sulthana and sen:. studies on

@ Conjugoted double bonds

o Oxirane Oxygen

« Non urea Adduct Forming FA
A Oxidized tatty acids

w
o
—

» wn o
o o . o
T T

w
o
T

o
% T
Conjugated double bond (0.D /gm)

~
=

n
——

—

5§ 26 30 36 &2

Period ( hr)

S 12 78

Fig. 1. Change in conjugated double bond, non-urea-adduct-
forming fatty acids, oxirane—oxygen and oxidized fatty acids of
refined"groundnut oil during heating (180°Q.

attenuation x 8, charts, speed 1cm/min was used, Peaks
were identified b¥ comparison of retention time obtained
with standard fatty acid mixtures _(Aﬁplled Science
Lahoratories Inc.. USA) fed to the instrument at the
begmnmgi and at_the end"each day whenever test samples
were analysed. The percentage Composition was deter-
mined by"the method of triangulation.

Results and Discussion

Groundnut oil and vanasgatl were selected because

?f their wide use In India for the preparation of deep

at fried products. L
Safflower oil was selected because it is quite often

recommended for use by patients having heart disease

and high serum_cholestérol. The oil |5 only used.in

B?gaetg%d practices for preparation of deep” fat fried

ucts.
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th 2. Change in fattal acid composition of refined groundnut
oil during heating (180°C).

Changes during heating of refined groundnut oil: There
was, considerable incredse in conjligated double bond
dUI‘InP the first 18 hr followed by a'décrease possibly due
t pmmensaﬂon. Polymerisation of refined groundnut
ol witen heated at 180°C for 3-6 hr has been reported
_t% Vidyasagar et al.1) There was gradual increase

oxirane-0xygen content, non-urea “adduct formin
and oxidised “fatty acids. In 48 hr of heatin
Oxirane-oxygen content increased to 0.25 per cent gor
about 4.7 pr cent epoxy acm(l?, corresponding values for
non-urea-adduct forming and oxidised, fatty"acids weer
28 and 15 per cent respéctively (Fig. 1).

TA3LE 1. CHANGES IN CHARACTERISTICS OF REFINED GROUNDNUT OIL DURING HEATING AT 180°C

0 6 12
Colour (Lovibond R=01 R=01 R-0.1
unit, 1 cm cell) Y=05 Y-05 Y=a07
FFA (as oleic acid %) 0.1 0.3 0.2
P. V. (meg (b/kg of oil) 0.7 52 8.0
TBA (jUg/ml) 0.6 — 28
lodine value (Wijs) 925 88.2 84.6
Refractive index (40°C) 14628 14632 14638
Viscosity (CPS) 63 & 97
Smoke point (°C) 242 236 231
Foaming height (cm) 15 15 15

Period of heating (hr)

B %4 N ¥ 2 8
R-05 R=02 R-07 R-12 R-33 R- 43
Y=i§ Y=51 Y-79 Y=20 Y=130 Y- 20
03 04 05 07 01 08

61 42 40 30 14 22

N Y
B4 793 T84 01 689 554

14651 1468 L4663 14674 L4685 14693
s T w0 %0 5B

2 9 a5 W 1 180

15 20 20 25 25 30
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Fig. 3. Change in iodine value and oxirane-o lygen content of
anaspatl during heating (180°C) with and without silicone.

In addition, there was gradual i mcrease |n FFA &:
to 0.8%), refractive index (14628 to 14693 at 40
decrease |n |od|ne value (92.5 to 55.4), mcrease |n VISCO-
sﬁy& 5) and decrease in smoke point (242°C

. T ere was_gradual browing of oil and

Increase |n TBA value. Peroxide value showed a stead

rise up to 12 hr of heating followed by subsequeri

steady decline due to decomposition of hydroperoxides

e 1). Decrease in |od|ne value, increase in FFA and

xwane OXygen content urmg heatin of groundnut
0il has been earher reported by Arya ef'aln

In non-oxidised fatty acid fractlon (Fig. 2) there was

gradual decrease In'linoleic acid content With an in-
créase In the amount of oleic acids. Total saturated

JOURNAL CF FOOD SOBNCE AND TECHNOLGGY, \VOL 16, SEPT-CCT. 1979

Oxidized tatty acids (% "w)

* Non urea Adduct Forming FA a
A Oxidized tatty acids
70 a. With silicone
L b. Without silicone
60 J3'O
'; a
® 50 b 25
&
: b
x40 20
w
<
S
Z 30 1:5
2:0 41-0
i-0p) 405
1 N N
0 2 L' 3 é 1b 112
Period ( hr )

Fig. 4. Change in non-urea-adduct and oxidized fatty acid
c?ntent of vanaspati during heating (180°C) with or without
silicone

(NUAFFA-non urea adduct forming fatty acids).

fatty acids content remained more or Jess constant.
The' decrease in linoleic acid content during heating of
refined groundnut oil has also been reported earlier by
Yidyasagar et al) Thus, during heatm% lineolic acid
only was damaged while oleic acid remaified uneffected,
hanges during heating of vanaspati: - With vanaspati
tere Was con5|derable increase in epoxy (oxirane-
uger(tj) non-urea-agduct, forming and oxidised fatty
acids during 12 hr of heating (Fig.”3 and 4). There was

0
Table 2 changes in characteristics of vanaspati during heating (180 C) with or without silicone

Period of heating

0 hr i hr

I Il
Colour (Lovibond ~ R=—- R-0.1  R-0.1
units, 1 cm cell) Y-21 Y=21 Y-14
FFA (oleic acid, %) 0.06 012 0.09
P. V. (meg (h/kg of oil) 1.0 14 09
Refractive index (40°C) 14610 14615 14611
Smoke point (°C) 252 240 252
Foaming height (cm) 10 16 14

| =without silicone

3hr 6 hr 12 hr
I Il I Il I Il
R-05 R-0.l R-06 R-05 R=08 - 0.3
Y-21 Y-1.7  Y=28 Y=27 Y=47 Y:43
0.33 0.12 0.39 011 0.46 0.39
1.0 14 51 14 6.1 52
14612 14613 14619 14614 14627 1.4623
232 249 230 246 222 244
25 15 25 18 30 2.0
[1-with silicone
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b e i e SIS R
0 el iy jeeas
60 . E 40:025 ‘;
go TTTTT . ..1§10ftsrvi-;;. S %
3\110 _5‘30' {0-020 g
I ; 120F 40-015 §
Kl 3 5
’b 20 - 110t 40-010 g
0 180 8
»1 N L 1-.9
L? [+ - 100 J0-005
80 gmin 36min Z;hrs ‘6hrs
50 181 Fi%. 6. Change in iodine value and oxirane-oxygen content
30 of satflower oil during heating (180°C) with and without silicone.
2 During the first 30 min of heating there wes certain
, amount of decrease in C18:1 and C18:2 acids with corres-
10 182 gondmgmcreasemsaturatedfattyacld ﬁClG:Oand,CI8:0).
17 3456 7" p 1Et%bsequgntl , there \{\llasdno_ apﬁg_rers?%ge _cha{wrgglwgetrhggg
Period of heating (hr) CONaning CLBd anc CT-2 were ivolyed. Vangenea
Fig, 5. Change in fatty acid composition of vanaspati 5 mi_xt%re of partially 'hydror(:)enated vegetable ol
during heating (180°C) with or without silicone. containing 5 per cent sesanie oil"and 5 per” cent other

o _ liquid oil"as permitted by VVOP control orderl2 The
gradual decrease in iodine value (_Flg. 3) and smoke linoleic acid content of vanaspati was estimated as 5.2
Ro_mt Increase in FFA, refractive index and f_oamm? r cent and this a%reed with the calculated value on
eight (Table 2). - Change in fatty acid composition of the assumption tha it was entirely derived from 10
fraction free from oxiclised fatty &cids is given in Fig. 5. per cent added liquid oils of vanaspati. Thus linoleic

Table 3. characteristics of safflower oil during heating with or without silicone

Period of heating

0 min 5 min 30 min 3hr 6 hr

I i I I I Il I Il
Colour (Lovibond Y=05 Y=04 Y=05 Y=05 Y=05 Y=09 Y=05 Y=60 Y=07
units, 1 cm cell) R-0.1 R=06
FFA (oleic acid, %) 0.09 0.13 0.08 0.14 0.07 0.26 0.10 0.28 0.15
P. V. (meg Q21000 g of 0il) 52 6.1 1.0 140 4.2 8.1 2.8 30 31
Refractive index (40°C) 14690 14696 14690 14699 14691 14702 14692 14722 14699
Viscosity (CPS) 52 5 61 60 60 75 12 124 3
Smoke point (°C) 250 246 250 240 24 240 12 230 12
Foaming height (cm) 11 2.0 15 2.0 15 20 15 2.8 17

[ =without silicone U=with silicone
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Fig. 7. Change in non-urea and oxidized fatty acid of saf-
flower oil during heating with or without silicone.

acid which was dama%ed quring the first 30 min ma% e
{rorri]dtrégi;llglcendes containing 13:1 and 18:2 from these
lquid olls,
%hanges_ during heating of safflower oil:  Safflower
oil is usd in household practices onIK for the preparation
of deep fat fried products. In household practices
period of heating Is expected to be short. For this
reason, samples Were subjected to shorter periods of
heatm%. In ‘addition to 5'min and 30 min, 3 hr and 6
hr heated samples were taken for analysis. As observed
T e Gy, Mo rea s
N oXirane- | -Urea-addu
form?ng_and_é%i%ﬁsed (?gtty)_wacicfsfflﬁgs. 6and 7), free
fatty aCid, viscosity, foamin he|gh refractive'Index
and decrease In smoke Romt ablé 3) and lodine value
F|g._ 6)._. In addition, there was gradual fllscolou_ratl n
foil, " There was Increase in peroxide value during the
e first 30 min. Afterwards, it indicated a decrease

Table 3).

Even 30 min of heatlng seemed to damage the alil
(lowering of iodine value and smoke point, Ncrease, in
oxwane—_ox(ngen. However, during this period, formation
of oxjdise f_t¥ acid and non-Urea-adoluct form-
fatty acidS and Increase In viscosity was

Irrqgrgmal.

JOURNAL CF FOOD SOIENCE AND TECHNOLGGY, \CL 16, SPT - OCT. 1979

The study indicatesconsiderable heat damage to
refined groudnut oil, safflower oil and vanaspati through
the formation of damaged fatty acids and bringing about
change in Ph sical chdracteristics. There is a Need to
carry out further study to fix the limits of these para-
metérs from nutritionaf consideration and from the Stand
point of product quality. o _

Effect of silicone:  Silicone was tried with vanaspati
and safflower oil. It retarded discolouration, increased
the FFA, refractive index, viscosity, foaming heigh

eignt
oxdized fatty acicl, non-urea-adduct forming dics %_nd
oxirane-oxygen content and also decreased smoke point
and | dln? valee. ..

With saflower oil which is considered as unsaturated
oil with about 75 per cent linoleic acid, the effect was
substantial.  After six hours of heating, safflower alil
had 8 per_cent non-yrea-adduct forming fatty acids,
corresB nding value for sample heated “with “silicone
was anout 3 per cent.  Similarly oxicised fatty acid
content was only about 4.5 per cent for sample with
silicone as agairist 9.0 per cent for the sample heated
without silicone. _ o

Study on the fatty acid composition indicated that
vanaspat treated with silicone had_ higher proportion
of linoleic acid. during the entire period of heating than
that observed in sample without silicone.

. The results with_ vanaspati and safflower oil clearly
indicate high beneficial effect of silicone in the preven-
tion of severe ceterioration. .

According to Freeman et alM the beneficial effect
of silicone_ Could he due to the formation of a mono-
layer of silicone on the oil to air surface or alternatively
It acted as a true anti oxidant. Beneficial effect of silicone
added to butter oil by raising.the smoking point and by
lowering the degree of foarMing has been reported by
Chang et al.4
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RESEARCH NOTES

VARIETAL DIFFERENCE IN EQUILIBRIUM
MOISTURE CONTENT OF RICE AND
EFFECT OF KERNEL CHALKINESS

Rice varieties differ in the eguilibrium moisture content
attained by them when soaked in water at room tempe-
rature (EMC-S) depending primarily on their amylose
contents. In five out of seven varieties tested, chalkr rice
kernels absorbed more water upon soaking than translucent
kernels. However, inter-varietal difference in EMC-S
\ﬁ/as n;aintained evenamong fully translucent or fully chalky
ermnels.

Ve have repeatedly observed in a large number of
varieties?' 3. confirmed recently in an extensive study of
180 varietiesd, that there was @ clear varietal differénce
in the equilibrium misture content attained by rice

rains when soaked In water at room temperature
iEMC—Sr)]. Researchers at the International Rice
Research Institute5' also observed this phenomenon

in 2 limited number of varieties, _
This difference can be attributed to three possible

factors. First, the EMC-S has been clearly observed

to beinversely related to the amylose content2 6 (Table ).

Table 1. equilibrium moisture content attained by
MILLED RICE WHEN SOAKED IN WATER AT ROOM TEMPE-
RATURE (EMC-S)1 4

Rice type Amylose EMC-S
(% dry basis) (% wet basis)
High-amylose: general >26 27-29
High-amylose: selected dwarf
indicaa >26 28.5-30.0
Intermediate-amylose6 22-26 30-32
Low-amylose 15-22 30.5-33
waxy 0-5 34-37

~aThis anomalous high-amylose class comprises of the recent
high-yielding dwarf indica imroductions from Taiwan (such as
Taichung Native 1) and some of their _ro?,emes (such as IR 8,
Jaya). These varieties have other distinctive characteristics as
well (e.g., they have a very high water-insoluble amylose content
B-type alkali reaction and’ very low visco _raﬁhlc breakdown, an

they cook very hard and flak?()Y-_*. 78 an%t ey belong to the rice
quality type | as per the classification recently proposed by us7-».

¢There are exceptions to this group also. Scented and bulu
varieties, though intermediate-amylose, give EMC-S nearly like
high-amylose rice34,8_ But these are not fuither discussed here.
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A second possible_relation is with the gelatinization
temperature (GT). . The waxy, low-amylose and inter-
mediate-amylose " rices which give a” high  EMC-S
gTabIe 1) also most often possess a low GTZ'4. Indee
ven the anomalous high-amylose class of certain dwarf
indicas which show a” relatively high EMC-S despite
their high amylose contents_ (Table 13 usuglly have a
very low GT24. However, it is not clear whéther this
association hetween EMC-S and GT s real or coincr-
dental. ~ We came across several low-amylose and waxy(
rices which possessed an intermediate or high GT by
still showed a high EMC-S as characteristic of their
amylose class24.™ Similarly Kongseree and; Julianob,
aftér a study of two parents and nine progenies hawqg
different combinations of amylose contént and GT,
concluded that the EMC-S was inversely related to the
amylose but was not related to the GT. This relation
Is therefore still uncertain, _ _

A third possible factor is kernel chalkiness. Antonio
and Juliano, while confirming, the anomalous sllghtly
high EMC-S of certain dwarf indicas like IR 8 &
reported by us2, suggested that this was an artefact
caused by chalky kermls usually found in these varieties,
Comparison of the kernel chalkiness score and EMC-S
data in several varjeties in a recent study3 seemed to
discount this latter hypothesis, However, a more direct
study of the effect of kernel chalkiness on EMC-S was
thought desirable. L .

Seven varieties of milled rice contamm? a good
number of chalky rqralns was selected from Taboratory
stock. Fully translucent as well as highly and slightly
chalky kernéls were manually seﬁarate in each samlole.
EMC-S was determinedlineach subsample as well as
In the aggregate sample. - The aggregate samples were
also testad for their total9 and water-insoluble amylose
contents, alkali reaction type and scorel). Chalkiness
score was determined as per the following modification
of the IRRI score card1L:

Score % Kernel area chalky
Nil
1 <10
5 100
7 20-50

>50

9
The amylose contents and alkali test data ETabI_e ))
show that"the first two samples belonged to the hl%r]r
amylose dwarf indica type I rice desciibed above, the
|ast sample was a low-amylose rice, and the rest general
high-amylose type.  Théir aggregate EMC-S “results
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Table 2. effect of kernel chalkiness and other quality traits on emc-s of rice
EMC-S (% w. b)*
Amylose (% d.b.)6 Alkali test Mean
Variety ClassO chalkiness Aggregate In kernels with chalkiness score
Total Insoluble Type Score score sample
0 1 9
Sabarmati di 29.0 19.0 A.B 8.0e* 2.2 29.0 283 — 29.4
T (N) 1 di 28.8 18.5 B 8.0e 1.5 28.7 28.4 29.0 29.8
Ratna di 29.0 13.7 A(Bi) 4.5 1.4 26.5 26.2 — 27.8
Jenugudu ti 29.2 118 A 3.0 12 26.6 26.5 27.1 27.9
B 1399 ti 30.3 12.5 A(C) 35 3.0 27.3 27.0 27.0 26.6
S 705 ti 28.7 122 A 38 2.3 26.3 26.0 26.4 26.0
Moirangphou ti 21.4 8.3 C 7.0e 2.9 30.5 29.5 - 31.3
°di, ti=dwarf and tall indica, respectively.
*d.b., w.b.- dry and wet basis, respectively.
cThe high alkali score indicates a low gelatinization temperature.
were generally as discussed above (slightly lower, References

because the samples were very old).

MC-S results in seBara ed kernels showed that
chalky kernels indeed ansored more water than the
transfucent kernels in most of the varieties. It has been
sugoested that chalky areas In rice kernel represent
lodsely packed cells with air spaces2; this might account
for their qreater water absorption. . However, B 1399
and S 705 varieties were exceptions to the above
results, where chalkiness had no effect on water absor-
Ptlon Table 2). Clearly there might be differences in
he nature of rice chalkiness. _

I_rres,oectlve of the effect of chalkiness, however
varietal differences in ag%regate EMC-S were maintained
amonP the resgectlve Translucent as well as chal
kernels (Table 2). This shows that the slightly higf
EMC-S of certain high-amylose awarf indica ricel'3is
not an artefact causéd by ‘their chalky kernels but is
something Intrinsic. The” reason for this rather high
water absorption capacity is not known at this tinte,
but it may have some implication in terms of the rather
exceptional quality characteristics of these varieties.
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SIMPLIFIED EXTRACTION PROCEDURE IN THE
RAPID SPECTROPHOTOMETRIC METHOD
FOR LYCOPENE ESTIMATION IN TOMATO

Lycopene may be extracted from tomatoes completely
by shaking with acetone for 15 min.

. Tomato breeders all over India are actively engaged
in breedlnﬁ new tomato varieties with deep fed colour
to meet the re(%ulrements of the processing Industry.
The red colour of ripetomato is dueto the p_|gment lyco-
Ben_e (CoH) al hough other  carotenoi p|%ments
esides lycopene are alSo present. Beer and Siddappal
standardised a_rapid spectrophotometric method for
the lycopene estimation. ' The method invglves extraction
of p{copen_e usmgi acetone by grinding in a pestle and
mortar or in an electric blender'till the"residue becomes
colourless, transfer of pigment from acetone to
petroleum ether phase and measurement of the optical
density of the extract at 505 nm (ince /3-carotene has
negl|g|ble absorbance at this wave length). Extraction
procédure followed by them are laborious, time consum-
Ing and needs more Solvent.  Investigations carried out
for rapid extraction of the pigments from tomato juice
are presented in this paper. =~ _
the preliminary Investigations, various solvents
were tried repeatedly for four times to verify reproducib-
lity of results. Thé procedure consisted of shaking Ig
of'tomato juice (taken in duplicate in 100 ml stoppére
conical ﬂaskg with 20ml of solvent for 3) min. on an
electric shakér havmgi a speed of 120 strokes per min.
Optical density of colour was measured either directly
i the extract or after transferring the pigments to
petroleum ether Rhase and removal ot moisture from the
solvent usm% annydrous sodium sulphate (Table ).
Tahle 1 shows that extraction of lycopene was maxi-

mum in acetone. The pigments could'then be transferred

Table 1. optical density of colour extracted using
DIFFERENT SOLVENTS

Solvent system used Optical density

at 503 nm
Hexane (20 ml) 0.1938
Acetonethexane (10 mleach) 0.1675
Petroleum ether (20 ml) 0.1549
Acetone+ petroleum ether(10 ml each) 0.1549
Acetone (20 ml)* 04685
Acetone (20 ml)6 0.4089

“Pié;ments transferred to 20 ml petroleum ether and then the
D measured.

"Pigments transferred to 20 ml hexane and then the OD measured

Contribution No. 787 of Indian Institute of Horticultural
Research, Bangalore-560 006.
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Table 2. comparison of simplied method with the original

METHOD OF BEER AND SIDDAPPAL

Method used Optical density
at 503 nm
1. Beer and Siddappa's method
@) Tomato juice (Lg) ground with acetone
using pestle and mortar till the residue
was  colourless, transferred to Pet-
roleum ether SZOmI) and the colour
measured at 503 nm using a specto-
photometer.
0 ) Similar to ‘’ but blending in an
electric blender instead of grinding in
pestle and mortar.

2. Proposed method

Tomato#uice (Ig) shaken with acetone
EZ_O ml) for 15 min on an electric shaker

igments transferred to  petroleum
ether (20 ml) and the optical density
measured.

0.4949

0.3979

0.5086

fo 20 ml petroleum ether for measuring the colour
ntensity, © _
. The minimum time required for the complete extract-
lon of plgment_ was standardised by using acetone
as solvent.  Time of shaking varied’ from™0 to 60
min. and the experiment was repeated thrice to check
the repro_dumblhtg of the resulfs.” The results revealed
Erg%t] slré%éqng for 15 min was sufficient to extract lycopene
Ttﬁ)e sta}\lndard|sed method was compared with the
method of Beer and Siddappa,l Table 2 shows that
blending as compared to %mdmg Tesulted in loss of
plﬁmen_s, erhaps during Transfering of the samples,
which is aifficult to overcome. Holever, there was
no difference between the values obtained by grinding
method |a) _and shaking on an electric™ shaker
method 2).” The latter method appeared to be equally
efficient t0 the method of grinding _and extraction
followed by Beer and Siddappal ~ The method is
3|m\})|e less laborious, _euall% Eremse requlires less
solvent and enables handling of more number of samples;
Authors are grateful to Dr. G, S, Randhawa, Director
of the_Instituté' for providing facilities and encouragig-
m?(nt for conducglng Btpe%s(?e Studies and to Mr. S K

Tikoo, Jr. Vegetable r for the supply of tomato.
Indian Institute of Horticultural Research P. G. Adsule
Bangalore-560 006. Amba Dan
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LACTOSE CONTENT AND PARTICLE SIZE DISTRIBUTION

LACTOSE CONTENT AND PARTICLE SIZE
DISTRIBUTION IN GHEE RESIDUE OBTAINED
FROM DIRECT nggAC%SHEAT EXCHANGE

Lactose content of ghee residue obtained by direct contact
beat exchange (DCHE) method, was approximately three
times higher than in the conventional pan (CP) method.
The residue particle size for DCHE and CP was 138 and
106 microns respectively.

The process feasibility of ghee makin bey direct
content” heat exchange Was eplored and réportedL
This Pro_cess ap%peared quite Prom|smg in respect of
acceptability of the  product, foammg and scale

formation, energy requirements and fat récovery, Fur-

ther investigations were carried out to deterriine the °

lactose content and particle size distribution in the ghee
residue obtaineg from direct contact heat exchange
rocess. The values were compared with those obtainéd
or the residue from conventional process.

Lactose: Lactose was estimated according to Lane
and Eyenon2 with a shtght modification in Tegard to
the_précipitation of proteins from the sample.

The lactose in ghee residue was estimated on fat free
basis as the fat content in conventional process residue
was found to differ from that of the direct contact heat
exchange process, _

Five samples of residue obtained from hoth the pro-
cesses were analysed. In the samples from conventional
method the lactose content varied from 7.76 weight
percent to 7.94 weight per cent on fat free basis with'an
average value of 7.88." However the We|%ht percent of
lactose in the samples obtained from Tirect contact
heating varied from 23.88 to 24.89 with 2452 as the
average value. From these results it is evident that the
lactose content in the ghee residue obtained from direct
contact heat exchangé process is a Proxmately three
times higher than the Sample obtained from conventional
grocess. In the latter process most of the lactose is Jost

ecause of its reaction with proteins (Maillard reaction)
and b}( high temperature denaturation (caramalization).

Particle’size distribution: et screening method wit
certain modifications was empIoXed In the particle size
analysis3  The_ arithmatic averdge particle size in the
caseof conventional method sample was found to vary

-4

.3b
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from 97.0 to 1210 microns with the mean value, as
1068 microns,
from direct contact heat ‘exchange method was 131
145 microns with the average value as 138 microns,
Hence there was not much difference in the average
values of particle size. However a plot in mass fraction
versus average diameter for both the type of samples
as shown in"Fig, 1 reveals that the sample obtained
from direct contact heat exchange method contains
lesser numer of fines compared to the other _samﬁl_e.
Reduction 1 the number of fines will result in their
easy removal and will also reduce the fat losses because
large number of fines trap more fat on the surface.

The range of the particle size obtaqu

Division of Dairy Enginerring A. H. Zaidi
National Dairy Research Institute, Karnal ~ H. Abhichandani
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BOOK REVIEWS

Health Hazards of Mycotoxins in
V. Bhat V. Nagar an and P. G.
Council of Medical Research, New
pp. 60, Price Rs. /-,

The National Institute .of Nutrition spearheaced
research work on Mycotoxins in India particularly on
aflatoxins during the” 1960's and mage very significant
discoveries of its morbid effects on primates and showed
for the first time the production by aflatoxins of cancers
of liver in monkeys, The work on rats by acute/chronic
administration of aflatoxins under conditjons of protein/
vitamin A deprivation also gave very valuable informa-
tion on hazards of aflatoxin relevant to India

India; b){ Ramesh
G. Tulpule, Indian
elhi, 1978;

Therefore, the Country Status Report for the FAQ
from the National Institute of Nutrition could scarcely
have been rgreﬁared bg/ anyone else in the country, who
could claim the samé deqree of interest, involvement
and expertise. Despite their own expertise it Is to
the credit of the Scientists concerned that they made a
compilation dispassionately and without Comment.
Systematising on the basis”of all available local data
has been indeed a commendable effort, This count
report should serve as a useful reference book and guide
forlsc(|je_nt|sts Interested in the problem of Mycotoxicoses
I India.

. Thé first and fifth chapters should be of particular
interest to Agriculturists and Food Corporations as
they highlight”the problems of storage of food grains
i Indid and the approaches to be addpted to qvercome
these in the prevention and control of ungal Infestation.
These should serve as quidelines for gréater attention
and emphasis from agricultyral Scieritists who cquld
specify methods to beprescribed and implemented by
?gggogrtaﬁsm charge of storage and distribution of

The second ch?Pter on occurrence, merely catalogues
data from reports on varioys samples of oilséeds,
cereals and Pulses etc. examined by different people
at different times and the range of mycotoxin levels
found or the fungal strain isolated and their toxigenicity.
These data for want of epidemiological correldtion are
uninteresting but underscore the adsolute need of suc
studies. in epidemiological work on- Mycotoxjcoses.
What is interesting 1s”the statement that sunflower,
safflower, niger, sesame, mustard have been found to e
poor substrates for A, flavus, while 9ro,undnut and
cottonseed were sensitive equally, this is food for
thought and work for Mycologists.
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h  medical men

Chapters 3 and 4 enumerate the episodes of mycotoxi-
coses in animals and human beln?s reported from differ-
ent parts of the _cou_ntQ/._ These refer to reports of morta-
lity and morb|d|%|n airy cattle (24 buffaloes in Andhra
Pradesh 1965; 59 deaths in Karnataka 1968); Fowsl
(2219 chicks died In Karnataka = 1969). Ducklings
vHeavy mortality in Hosur cattle farm “Tamil Nadu
192),” Rabbits {4000 deaths in a Kulu_farm), Pigs
Kerala) and Do?s (Western India).  The essential
eature common_ fo all bemg (damage to liver and a
preponderant evidence suggestive of A, flavus infested
or affatoxin containing groundnut meal in feed as a
aet|olc%gly. Much of the awareness and reporting seems
to pe from the southern part of the country and in the
wake of reports on the aetiology of “Turkey X disease
in the UK. It is surprising thiat such episodes either
did not occur or were not reported from other parts
of the country.

The “Degnala” disease from Punjah much before
this time and its recurrence in late sixties calls for an
In depth study in this subject.

Despite the high humidity, high temperature condi-

of epidemics of ergotism (which™ occurred in - Russia
in 1926, Ireland in 1929 and in France in 1953). More-
over, it is intriguing that in India the symptoms and
signs are of gastroimtestinal upset rather than of the
cérebral or vascular types and' due to ergot in ‘Bajra
rather than any other cereal,

_The discovery of Heterosporium as cause of mouldy

Ragi’ . ﬁ)msonm as early as_199 and kodo millét

Pgé%orr\\é g of Elephants and Tigers make interesting
Ing.

Aflatoxicoses as a cause of liver mwry cirrhatic
ascites or hepatocellular carcinoma. shodld ~receive
greater attention from medical practitioners where a
asual a;t) roach would tend to" blame 1t on alcohol
consumption or virus,

The book makes very cogent recommendations in
chapter 8 and leaves little doubt in the mind of the
reader that it would be very useful to toxicologists,

veterinarians, post-harvest technologists
fo0d techno1og|sts and mycologists in Indlia " ana
\%I,g?\é/here as Stated by Dr. Gopalan in the Fore-

[y tions prevalent In" Indlia, su(:(pnsmgly, there s a paucity

M. J. Mulky

Hindustan Lever limited,
Bombay.



BOOK REVIEWS

by Dr. J. C. Breneman, M. D.

Basics of Food Allerqy:
3 f’g”é}?ﬁe'd’ Illinois, US.A.,

Charles C. _Thormas,
1978; Pp. 278, Price $

This is an ambitious work by Dr. J. C. Breneman,
an exRert allergist. The author emphasises the need for
the physicians to appreciate the Importance of food
allergy; as he strongly believes that 50 per cent of human
illness involves food intolerance and allergy.  With
the. help of 19 comprehensive chapters, he [eads s to
believe that when, conventional therapy fails with man
disorclers, “the elimination diet” therapy could be tr
scoessfully.

The text includes chapters on the importance, occur-
rence and factors inducing food aIIergg_ the diagnosis
of food allergy angl on the’ method of Efimination Diet
by which th&” patient and the Hohysmlan can identi
and eliminate” the food allergens from the diet
In another %rou of chapters, thie author describes the
type of diseases and symptom. caused by particular
food and goes on to, explain scientifically how diverse
aspects like Bedwetting, Gall bladder dfisease, Hives
Allergic Arthritis, Gastrointestinal aller Y Mental
Disorders, etc., could be treated by ag ication of
allergic concepts and the Elimination Diet Method.
In dnother chapter, the author recommends cerfain
treatments for a sudden and severe allergic reactions
and also suggests future methods for the prevention
of food allergies. Another excellent chapter is on the
current theories of food a_IIergi . The author explains
|ucidly with the help of nice iffustrations and dlarqrams
how the well known'four types of Gell-Coombs classifi-
cation of allergic reactions™could be used to explain the
food allergy. In addition, a fifth type (Systemic Mediator
Reactmn—SMRg has also been suggested by the author.
Yet another chapter lists the various allefgens hidden
in commercial food products,

In addition to the above chapters dealing with basic
knowledge and new developments in food a ergy which
form thé core of the hook, numerous appendices are

included to present information on common sources ¥

of yeast, soybean and cottonseed, single and combjina-
tion, milk-" wheat-, corn-, and eg-f_ree diets, food
families, etc. A glossary of termS is a thoughtful
addition. o N

Though the book is written for general physicians
and medical students, Dr. Breneman should be Congra-
tulated for presenting a scientific account of food
aller %/ ina 3|mPIe wag 50 that even blologl ts and non-
aIIerg st specialists could understand and appreciate
the Subject.

K. Santhanam
DFRL, Mysore.
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Proceedin%s of a Workshop on Food Legume Improve-
ment afd Development:” held at the University of
Alevﬁ)lp_o, Syria, 2-7 May 1978, Edited b)&Geoﬁre C.
Hawtin'and George J” Chancellor and Published by
International Centre for A%ncultural Research in the
ry Areas and the International Development
Research Center., Canada.

The contents of the volume are divided into 7 sections:
the first two sections g:ve a review of the production
situation of Ie?umes In" West Asian and North African
countries. Reference is mage on the influence of Agro-
climatic_and Agr_oeconolo%mal factors as well as socio-
economic conditions of the farmers on the legume pro-
duction inthese areas, The importance of lequmes on the
nutritional Euahty of the food consumed by the pegP_Ie
of Middle Eastern countries has also been discussed |n
one paper. Major constraints to Ieg[t)J_me production In
these countries” are h|gh||ghted. Iseases and pest
problems and problems asSociated with marketing are
also discussed to some extent, The general_ awareness
of the people of these countries for Enhancing legume
production has been indicated.

The third and fourth sections deal with diseases, pests
and weeds of lequme crop. These problems are more
or less common jn different countries and obviously there
is ample repetition in the subgect matter presented here.

Section Five containg useful and latest information
on tgenet|c resources, of grain legumes in the Middle
Eastern countries with Special feference to breedm%
methodology, germ Tnlasm collection and jmprovemen
in plant |_deony)e. Wo papers in this section deal with
a?rono_mlc a phg/smlogwal aspects of the legume food
crops in_ West "Asia and role of symbiotic nitrogen
fixation in food legume Productmn. o

The four papers presented in the VI section give an
excellent summary of the “Training and Commuriication
Programme  of° ICARDA, FAO Food Le?u_me
Programmes in the Middle East and North Africa,
Food Legume Improvement and Development pro-

ramme of the Field Crops Section at ACSAD and the
role of IDRC in Food Legume Improvement Research.

Several Useful recommendations for futurue priorities
are presented in the VII' Section.

T. Srinivas

CFTRI, Mysore.

The Processing of Banana Products for Food Use: b
Crowther P. C. Tropical Products Institute, 56/67,
Gray’s, Inn_Road, London, WC 1X 8LU, 1979; Pp.
18 Price £ 0.85.

This short brochyre gives a, brief account of prepa-
ration and processing “of major food products from
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banana viz. banana puree, canned banana slices, banana
fﬁs, banana powder, flour from raw banang, banana
chiips, banana Jam, banana flakes and banana beverages.
The information from selected references has been
condensed and presented without omﬂtmg essential
details. Additional references have been included to
cover other products and by-products of banana to

complete the"picture. o _
Thus this prochure includes requisite information on
banana products for those interested_in the field, and
Is complementary to the report of the Tropical Products
Institute (G 103r_) “The International Market for Banana

Products” for Food Use™ by R. J. Wilson (1975).
nganna

é |i$, Mysore.

The Small-Scale Manufacture of Sogllp: An Economic
Stud_}/: b{ Penelope _A. Mars, Tropcial Products
Institute, London, 1078, Price £ 100!

This reé)ort I designed with. the purpose of _ser\_/ing
local entrépreneurs and economic planning organisation

JOURNAL CF FOOD SOBNCE AND TECHNOLOGY, QL 16, SEPT-CCT. 1979

in developing countries as a hasis for making decisions.
It comprises” of four sections: (/) purpose and scope,
(i) raw materials for soap manfacture, (Hi) outline
of the manufacturing processes, and (iv) cost models
and their implications. _ _
The, cost models . including the working capital
needed, profit obtainable, raw materials “and " the
three processes-the cold . process, the semi-boiled
process, and the fully boiled process are described.
Af%l% Susei‘ul report for the small-scale manufacturers
0 .

This report is written in simple language and
well documented.  Using the data ?lven In the
report, production can Dbe carried ouf, on varying
scales, in* ditferent countries having different suppH
Ratterns of raw materials. As “such the repor
as fully accomplished the purpose for which it
was prepared, viz., ?wdmg the ‘local entrepreneurs
and in " economic planning/production  of “laundry
and toilet soaps in the small scale sector.

B. C. Subba Rao

Hindustan Lever Limited, Bombay.



ASSOCIATION NEWS

Head Quarters 3. Cereals, pulses and oilseed processing industries
A symposium on “By products from food industries: 4 Animal ﬁdeUCt industries including dairying,

UttrlrsatrortrharédFdrsPosa is being planned in colla1bﬁ meat, fish and"poultry.

ration Wi

ven e of the 2-day sym 830|r?~n ok @1‘ | Mvsore. B. Effluents and Discharges and Equipment for their
uthoritative pa erg il Y)e requested from persons ~ Disposal from the o
or Institutions m the areas listed below. In addition, 1 Veast, starch, sugar/molasses industries

contributed papers are also invited well ahead for sub- : : :
ISi0N 5 4 s%reenrng COMMIttee. 2. Frut and vegetale incustre

3. Dairy industries
The delegate registration fee for AFST members :
will be Rs. ?5 per R gead and for others Rs. 50 E)er head 4 _Slaughter houses, prawn processing and pultry

Further St maybe ad from Mr. J. D. Patel, Hon Industry
cretar)( Asocialion ol F000 SGentists and Tec hng- C. Legal and other Regulations Regarding water and
logists (India), CFTRI, Mysore-570 013, heg L e grevalem mg g
The areas to be covered include the following: L India
Al By -Products and their Utilisation from the 2. USA
1 Sugar, starch and fermentation industries 3. USSR

2. Frui, ve%etable plantation products and oleore- 4 Japan
Sin’ industries 5. Other countries
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ANNOUNCEMENT

Dear Member,

You may be aware that the new Bye-laws of AFST(l)
comes into effect from Ist January 1980. As per this Bye-
laws, the membership fee and the subscription rates should
be paid on or before 31st March of each calendar year. |
request all the members/subscribers to pay their member-
ship fee/subscriptions as early as possible so that you may
not miss any issue of our Journal,

The revised membership fee is as follows:

Mode of Fee Admission
membership Fee
Life Member Rs. 300-00 Rs. 2-00
Corporate Member Rs. 300-00 Rs. 5-00
Members (Ordinary) Rs. 20-00 Rs. 2-00
Affiliate Member Rs. 30-00 Rs. 2-00
Student Member Rs. 10-00 Re. 1-00

There is no changes in the existing subscription rates.

It is also requested that the arrears, if any, may also be
cleared.
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INSTRUCTIONS TO CONTRIBUTORS

Manuscripts of papers should be typewritten in, double space on one side of the paper only, They
should. be submitted in triplicate. "The manuscripts should be complete and in final form, Since no
altera%ons or additions are allowed at the proof stage. The paper Submitted should not have been
published or communicated anywnere.

. Short communicatjons in the nature of Researﬁh Notes should clearly indicate the scope of the
Investigation and the salient features of the results.

. Names of chemjcal 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.

. Ahstract:  The ahstract should indicate the scoge of the work and the principal findings of the
paper. . It should not normally exceed 200 words. 1t should be in such'a form that afStracting
periodicals can readily use it.

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

Tables and figures shculd be numbered consecutively in Arabic numerals and should have brief

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

. Illustrations.  Line drawings should be made with Indian ink on white_drawing paper Preferably
art paﬁ)er. The IetterlnRNs_houId be.in pencil. For satlsfacto[q reproduction, graphs and line draw-

Ings should be at Jeast twice the printed size. Photographs must e on glossypaper and contrasty;

two copies should he 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, 1962.

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