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REVIEW PAPER

Analysis of Some ImPortant Factors Affecting Sorption of

Fumigan

s by Food Commodities

G. S Dhaliwal
Department of Processing & Agricultural Structures, Punjab Agricultural University, Ludhiana

The term fsorPtlon’ first introduced by McBainy, is
used to describe the total uptake of a gas Tesulting from
the attraction and retention of molectles by any solid
material present in the system?. In a fumlga,lon System,
the fumqant gases are ‘held back and retained Dy the
commodity to” which they are exposed. The dosage
calculated from the _we|%ht of fur_mgant and volume of
space in the fumigation thamber is Seldom attained due
to sorption of fumigant gas by the commodity being
fumigated. The effeCtivengss of a fumigant depénds on
Its concentration in the gaseous phase available to the
Insect during exposure period. Therefore, It Is necessary
to obtain stifficiently h|%h concentration of a tumlgant
throughout the period 0T exposure to give a satisfactory
kil 0T insects gresent. The soqptwe capacity of the
commodity must be satisfied before an effective con-
centration” of fumigant can be maintained in the air
space. The rate at which sorption occurs and the
amount sorbed determine the amount of fumigant which
remains in the gas phase and is available tothe insect
that is being fimigated. Therefore, a knowledge of
the amount 0f fumigjant which is sorbed by a commodity
and hence is not “available to build up, an effective
concentration in the air space Is necessary in calculating
the total amount of fymigant to be apphed.

. The phenomenon of sorption can broadly be divided
Into two categories, viz., phﬁvsmal so{w_tlon or rPhyslsorp-
tign, and chemical SOFPtIO or chemisorption. “In case
of physical sorption, the amount of fumigant sorbed
could"be recovered after prolonged aeration. In other
words, physical sorption is reversible in nature because
the forces involved, often referred to as Van der Waal's
forces, are weak, On the. other hand, chemical sorption
involves a chemical reaction hetween gas molecules and
the constituents of the material, which Tesults in a change
In the congtitution of the parent molecules. This change
Is irreversible. Physical sorption is again of two_typés,
1.8, adsorption ang absorption. Adsorption sgmﬁes the
attachment of molecules of a gas on the surface of the
material, whereas absorption i said to occur when the
gas molecules enter into solution with the aqueous or

1Ici rigleggase of the material and are held there by capillary
Sorption of a particular fumigant is known to be
affected by a variety of factors. An analysis of some, of
the most important factors is presented in the following
pages for critical appraisal and understanding as these
cotld pla}/ a major. role In adjusting the dosages of a
fumigant fo be applied under different conditions.

|. _ Temperature oo _

The temperatyre of the commodity being fumigated
has.a markeq effect on the amaunt of fum|ﬁant sorbed
during a particular exposure period. Genera % physical
sorption “glecreases with the increase in temperature,
whereas chemical sorgtm_n tends to increase. A number
of studies have proved this contention. The experiments
on carbon disulphide with wheat have indicated that the
recoverable fumigant is less strongly sorbed at high
temE_eratures and"1s presumably held b){ Predomman y
physical forces4  Sorption of“carbon tetrachlorige b)é
Wheat and corn was greatest at 50°F and least at 90°F.
Similarly, sorption “of ethylene dibromide, methyl
bromjcg, acrylonitrile and chloropicrin by wheat was
found to incréase with the decrease in temﬁerature from
2510 45°C6 As the temperature was reduced from 25
to 13°C, ethylene dibromide was highly adsorbed and
retained for many days in the fumigated alpp_lesl This
fact has importarit practical implications. This is one of
the reasons for the dosage of um|%ant to_be increased
tlo k|IId Insects as the Temperatur® of fumigation s
owgered, _ _

.Chemical sorption of fumugants rgets nhapced . élt
hlqher temperatuires.  Experiments off metnyl hromide
with wheat at different temperatures have revealed that
sorption of he fumlgiant IS increased with temperature
indicative of chemical sorption8. As the temperature of
f_umlqatlon 15 redyced from 25 to 4°C, there'is propor-
tiona el¥ less fixed bromide resicues in fruits9. Lindgren
et al.10found an increase in the bromide content of wheat
as the ter%perature_dunr%g fum|g_at|on was raised from
10to 32°C. Sorption of phospfine by cereal products
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rises when temperature is increased.  For example, the
gercentaSge so%nnon bg_wheat 5. 11 at 4°C, 61 at 24°C
nd 22.5at 35°CU. Similarly, increase in temperature
from 50 to 90°C resulted in increase in sorption of
phosphine by middlings, shorts, bran, semolina, %erm
and fqluten of wheat from 95 to 330, 160 to 780,
32810422, 9510 245,45 t0 95 and 85.2 to 100 per
centt_respectwelylz This I characteristic of chemical
sorption.

2. Moisture Conten _ _
. Sorption of fumigants, in r%;eneral increases with an
increase In the majsture cortent of the commodity.
This is shown by the results of several studies,
increase in moisture content of wheat from 10 to 16
per cent resulted in increased sorption of hydrogen
cyanide by L7 times8. The sorption of methyl bromide
by onion Seed also increased with moisture content over
the_gracncal storage rangel& With the increase. in
mojsture content of wheat from 9to 17 percent, sorption
of hydrogen cyanide was found to increase two-fold14
There was also a considerable increase in sorption of
ethylene oxide_ and methyl bromide by wheat with the
Increase in moisture contént from 9 to” 17 per centl5 16
Increasing the moisture content of wheat from 13to 18
per cent more than. doubles the total sorption of carbon
disulphide4. Sorption of methyl bromide by groundnut
was found to_increase with the increase ‘I’ moisture
content from 5to 14 per centl/. Sorption of hydroqen
cyanide and methyl bromide by wheat and cgm dlso
increased with theincrase In moisture content from 10
to 15 per centh.  However, ljttle difference was shown in
the sorption of carbon tetrachloride by wheat of different
moisture contents. _Berck and Sofomon6 found that
chloroform, acrylonitrile and ethylene dibromide were
strongly sorbed Dy wheat at 16and 20 per cent moisture
contants than at 12 per cent, Sorption. of methyl bromide
by 15 different commodities was Increased with in-
Ciease in mmstgre_content from 9 to 16 per centi8
The results obtained by Lindgren el a/.10 showed that
there was a five-fold increase™ in sorption of methyl
bromide by wheat with a 6 per cent Increase in moisture
content. [hcrease in moisture content of wheat from 9.0
to. 185 per cent increased the uptake of ethylene dibro-
mide and ethylene dichloride from 3L to 9 and 8 to
0 per cent,” respectivelyld  However sorgnon of
carhon_tetrachloride was’ least affected by th chanﬁe
In moisture content. BerckIl observed that with the
Increase In moisture content of wheat from 1250 150
ger cent, sorption of phosphine incresed from 48 to
94 per cent. Sorption of posphine by wheat was
found'to increase from 20to 60 ?er cent as the moisture
content was increased from 9 to 17,5 per cent12 Sorption
of phosphine and methyl bromide by wheat or corn also

increases with the increase in moisture content from 9 to
15 per cent2). It is clear from the aobve discussion that
sorption of a fumigant by food commadities. is closely
related to their moisture”content, It is believed that
when proteing imbibe water, the peptide Ilnkages
undergo a partial ‘uncooling’ process with the result that
amino- acid fqroupmg become more. reactive to gas
molecules that diffuse;nto the cells3. Thus, free moistlire
assists In chemisorption by E)ro_tems._ It is, therefore,
essential that the moisture Telationship of a commodity
with the fumigant must be taken into consideration
before deciding the dosage to be applied.

3. Pressure _
Sometimes reduced Pressure or‘vacuum' techniques
of fumigation are em[f) oyed for disinfestation of stored
commodities. ~ Thereforé, any change in the rate_ of
sorption due to low pressure used in vacuum fumigation
might necessitate modification of the dosage of furhigant
ofherwise applied at atmospheric pressure. - With his
objective i mind, several workers have studied the
effect of reduced pressure on sortion of some fumigants.
Sinclair and LindgrenZl found that hydrogen Cyanide
sorption values for atmospheric fumigation of citrus
frutts were a little less than half as gréat as those for
partia vacuum fumigation (65 cm), showing that
capacity to sor hydrogen cyanide increased as pressure
was reduced. Sofption of methyl bromide was to the
tune of 101 ppm at reduced pressure and 75 ppm a
atmospheric ‘pressure, probably due to more rapid
penetration 0 fumlqant into the %rams under reduced
EressureZZ. El Nahall reported that sorption of methyl
romide under reduced pressure was significantly more
marked than, at atmos(j)herlc pressure.” There s also
greater sorption of hy rogen Cyanide by wheat at low
pressureld. Moreover, BhambaniZ3_has shown that
sorption of hydrogen cyanide by Calandra granaria
15 from 15 t0°3 times as' great at™2 cm pressure as at
ﬁtmos heric pressure.. It 1s expected that ior?u?n of
yarogen ¢ amde_bz insects and wheat would follow a
similar pattérn which indicates that sorption is increased
af reduced pressure. As the release of residual fumigant
absorbed by commodities is alsp known to be increased
at reduced pressures4 25, Muthu et al. 2 em Ir%)(ed air-
washing tachnique to use residual methyl bronfide for
_subsetEuent fumigations in the series. It was found that
In the 24-hour exPosure series, residual concentrations in
air were low due to Prolonged sorption by the commodi-
ties with the result that not more than two fumigations
could be atempted with the initial dosage of 32 mg/1.
However, In the varied-exposure series,”3 fumigations
could be attempted with the above initial dosage of the
fumigant. - Since some of the authors also claim that
there”may be little or no effect of reduced pressure on
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sorptionZl, 28 or it may even be reduced at lower pres-
ag{g§2,29,39, this problem needs to be further investi-

4. Exposure Period _ o

Exposure period is the time_for which a fumigant is
allowed to come In contact with the commodity™to be
fumigated.. Sorption of fumigants has been found. to
Increase with the Increase in exPos_ure_ period. Sqrﬁtmn
of hydrogen cyanide by citrus Truits increased with the
Incréase In exposure period2L _S|m|Iarg/, Ué)take of
methyl bromide by wheat fumigated for 48 hr was
more than 8 times greater than for” wheat fumigated for
2 hrl0. Berck!l reported that with the InCrease. in
exposure period from 1to 3 days, sorption of Rhosphme
by whole wheat grains, wheat starch and wheat germ
was increased from 48 to 332, 123 to 168 and
1 to 375 per cent reszpectlvely. As the exposure
period is increased from 2 to 24 hours, sorption of
ﬁhosphme, methyl bromide, ethylene dibromide and

drogen cyanige increased from 1to 2 15 to 43
78 t0 88 and from 84 to 93 per cent respectivelyXl
A similar trend in the increase in sorption of these
fumigants by corn, with the increase in exposure period,
has Teen noted in the above investigationZ)  In a
studg carried out in India, sorption 0 ghosphme by
wheat was mcreased, from 15 to'24 ger cent when the
exposure period was increased from 72 to 120hours3L,32
These results clearly indicate that sorptmn of fumigants
bﬁ' food .commodities increases with the increade in
thie duration of the exposure period.

5. Load Factor

It has experimentally been determined that the size
and composition of the load, in the fumatorium also
determine the degree of sorption of a fumigant. With
the increase in the number of boxes of granges from
9 to 19 in 3 fumatorium, sorption of methyl bromide
ethylene - dibromide, ~ ethylene chlorobromide  and
hg roqen %/amde was increased from 148 to 262
652 Y0 846, 545 fo 776 and from 674 to 778
per cent respectivelyZL Doubling the weight of
?ommodn has been “found to reduce the amgunt of
ree Fhos hine by 50 per cent and Increase, but not
double, the ercentaqe of gas sorbedIl Vincent and
LindgrenZ)found that witha 20 per cent load of wheat
in a fumatorium, the drop in concentration of phosphine,
methy| bromide, ethylene dibromide and hy roqen
cyanide was 2, 43, 88 and 93 per cent respectively of the
theoretical concentrat|on_(‘100 per cent apll_g led 10
wheat with 15 per cent moisture content at 80°F, How-

ever, with an 80 per cent load, the drop in concentrations P

was 11 per cent for phosphine, 86 per cent for methyl
bromidepan more tRan 85 per cenFt) for both etherXe

dibromide and hydrogen cyanide. A similar trend in the
drop in concentration of these fum|gants due to sorption
bg corn at different load factors has been noted in the
above _stud2/20. |t may_be inferred from the above
discussion that at an% given time point, the sorption
Iof 3 1ftuntugant would be’increased with the ncrease in
0ad factor.

6. Chemical Nature of Commodity

. The chemical nature of a substrate plays a major role
in determining the rate of sorption of fmigants. The
literagure is full of references Indicating the differential
sorptive capacity of various commodities, For example,
less methyl bromide is sorbed by wheat than by peanuts
and soybeans13 33 Results with carbon tetrachloride
showed’ that wheat sorbed about fwice as much vapour
as_barley, while sorption %y yellow maize was nearly
twice as that by wheat3d Sorption of methgl bromide
by oats and wheat was about twice than by barley, and
sOrption _t% yellow maize was_about twice than by
wheat%. The low sorptive capacity of wheat, in compa-
rison with that ofwalnuts and'almands is also reported2L
The drop In concentration of carbon tetrachloride,
methyl bromide and hydrogen cyanide was greater in
the presence of corn than in wheatb. Similarly; the drop
In congentration of phosRhme_ and methyl bromide was
more_ in case of corn than in wheatZl. The rate of
sorption of methyl bromide by wheat, barley and rice
was much less than by flax and milo28, Baskaran and
Mookherjee3 studied” the sorption_ of phosphine by
wheat, éram and  groundnut usmgi the ~hioassay
technlgue. The trend of their results showed that
grounanut sorbed more of the gas than gram or

Wheat. _ : :
Several studies have been carried out to determine the
chemical constituents of commodities that are respon-
sible for greater uptake of fumigants. 1t has been shown
that sorption of phosphine by wheat gluten powder
middlings, bran and shorts. i’ greater than by wheat
starch, rqerr_n and flourlL This has been attributéd fo the
relative ¥ higher content of proteins and minerals in the
former four"commodities. The reactivity of phosphine
with Cu, Fe, Hg, Ca, MogyZn AL and other metals has
already heen establishedsy  Materials_rich in protein
such as gluten (85 Per cent), soy flour (52 per cent) and
fish prot8in concentrate 575 er Cent) have been found to
sorhy more phosphine than those low in protein content
such as wheat starch (0.2 per cent)2 In India, Muthu
el al,19 studied sorption of phosphine by various com-
modities and showed that black™ gram sorbed. 100 Rer
cent phosphine thereby proving “the. contention that
rotein rich foods have _?reater capacity to sorb phos-
phine, [n this context, T may also be mentioned that
chemical sorption of methyl bromide has been related to
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-SH groups in flour protein® and to methylation of
amino” acids of wheat proteind) 41 Bromide residyes
that resulted from fumigation with methyl bromige
Increased with mcreasrno the progein content of mill
fractions42. The hroh retention of methyl bromide b
ayocados is ‘posrtrvey correlate with the hrgh fat an
oil content 0 he fruit2L Srmr arlg amountso et ene
dibromide sorbed are also greatly rncrease
Eresence of fat in the seeds2. Base on the above drs
ussion, it may be said that commodities rich in proteins
fats and mirierals tend to sorb higher quantities of
fumigant gases.

1. Particle Size of Commodity

Reduction jn the_ particle size of the commodity
through cracking, grrndrnri or milling favours increased
sorPtron of furigants. Tt has been shown that Jess
methyl bromide 1s sorbed by whole than b¥ milled
whedt43 44 El Rafied found that sorption of caron
disulphide was higher by ground than by whole grains,
Methyl bromide Was sorbed more rapidly by cracked
than Dy whole kernel wheatl’, Lrnd?ren et"al. Dreported
that mean average concentration of methyl bromide in
the Presence of Whole kernel wheat was 28 mg/1, while
for the fractions_(bran, shorts, flour and mi dIrns |t
was 19 mo/T, indicatin reater sorption n¥ ney
8round fractions, Berckd Showed that even moderate
ecrease In particle size ofwheatgrarnsb %rrn |nlg \e
markedly increased the uotake f ethylene dichlorigg,
carbon tetrachloride and ethylene dibromide. Srmrlarlr
sorption of, phosphine was’ found to be significantly
increased with the reduction in particle size of Substrates
like wheat and gats1L

The Increase in uptake of fumigants in the [oreceedrng
examples may not entirely be dug to the myltiplication
of surface area b the decrease n gartrcle srze It ma|y
presymably be mainly due to the exposure of more
reactrve Sites due to rrndrno and milling of commodities.
nthrs context, it is thought that the exoosure of reactive
endosperm agrpears to nave a_greater Influence on
sorp tron rather than multip Ircatron of surface area as
such Therefore, It seems that chemical nature of a
commodrt IS a major factor |n |uencing sorgtron and

ay predominate over physical factors such as artrce
srz However, a more exact explanation of forcest at
?sﬁr?(e:e é)drptron "of fumigant gases by food commodities

Conclusion

Sorption is an extremely important factor aﬁectrn%
the successful outcome of ‘fumigation. Under a give

set of conditions, sorption determines the dosage of
fumigant to he applied because the amount of funjigant
used “must e sufficient to satisfy total sorption during

treatment and also to leave enough free gas to Kkill
insects. The raBe and amount of sorption of a fumigant
are influenced DY several factors. Therefore, a certain
fumigant must be tested with each commodity ‘concerned
under different conditions of temperature, moisture,
pressure, grarn load, exposure period, etc., before
recommendations for treatment can be drawn up. The
dosage applied should be adjusted taking into conside-
ration the loss of fumigant due to sorption under
different conditions.
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Effects of controlled moisture on storage changes in chemical, rheologrcal and chapati bakrngbpropertres of atta are reEorted

Ats.5 per cent moisture no appreciabl? changgs in sugars, proteins.and lipids weré observed

ut storage at 12.5 and 15.9 per

cent moistures was associated with decreases in total sugars, polar lipids, glutenin and salt soluble proterns Changes in rheologi-
cal properties of stored atta in relation to chapati baking characteristis are discussed

Morsture temperature _and 0xygen concentration
main ar influence the chemrcal and microbial deteriora-
tron uring storage of cereal grains and their milled
roductsL ™ The Storage hehaviour of atta in various

pes. of packaging materials_under hrPh humid field
conditions (37°C/90 per cent RH) simulated in labora-
torY and also under actual field conditions was reﬂorted
earljer23. It was observed that changes in chapati
bakrnq characteristics of stored atta were mainly govern-
ed by The rate of moisture Ingress in drfferentgv agrnrf
materials. As such studies n the chemical, rheologica
and chapati baking properties of stored 'atta havrnri
moisture contents ranging from 8.5 to 159 per cen
representing the typical “moisture limits encountered
during transportation and storage under hot/dry and
hot/himid Climates, have been reported in” this

paper.

Materials and Methods _
Moisture equilibration and storage: - Commercial

wheat Sharhati ETrrctrcum vulgan? was milled in a flour
mill (chakki) and sifted through a 30 mesh sieve to
remove bran. The initial 8.6 pér cent moisture content
of atta was Increased to 125 and 159 per cent by kee
ing at %0 ger cent R.H, The equilibriated samples wefe
stored in 25—k lots in tins with air tight lids in an
Incubator maintdined at

Analysis: ~ After 10and 20 weeks’ storage, the samples
were analysed for morsture reducing and total sur];ar
and diastatic activity ythe AACC methodsd. Gluten
?Ira In, C}nroterns soluble In 5per cent potassium sulphate
reg an bound lipids* lipid 8alactose and phosphorus
Wwere etermrnedb the meghods described earlierd. Thin
layer chromator_i aphy _of lipids  was_performed on
Silica gel-G, plates activated at 120°C for 2 hr and
developed in a Xstem consrstrn chIoroform
metha oI and wate 05:35:4)5, arc samples were
pregared by cold water washing method6 and their
drgl stibility were d(? termined b %ravrmetnc method of
(ates and"Sandsteat/ using paricreatin
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Table ].. changes in sugars, proteins, diastatic ACTIVITY AND STARCETEGESTIBMTY OF ATTA SAMPLES STORED AT DIFFERENT
MOISTURE LEVELS AT

Moisture % 86 125 159

Storage period (eeks) Iniial 10 20 10 2 10 X
Reducing sugar (my maltose/10 fiour) 64 BT 46 59 5.1 548 523
Non-recucing sugar (mg suicrose/10 g flour) 218 259 14 91 1868 952 194
Diastatic activity (my maltose/10 g flourhrat °C) 4066 421 4102 308 4107 4072 4296
5% K2S04 soluble proteins (%) 20 29 21 am 2.02 18 168
Gliadin (%) 42 40 40 4R 4% 406 4l
Glutenin (%9 M M M 3 3’ 29 259
Starch digestibility* 68.0 — 69 — 660 — 08
Mould count (colonies, g) 10-9 23 JAY B2 32 300800

*Per cent hydrolysis by panereatin.

Rheological properties: Farrno%raph and  Extenso-
graph curves, were drawn using standard AACC pro-
eduresd and water absorption, dough development
trme mixing tolerance index, valorimeter value exten-
sib |tg and resrstance to extensron were calculated,

ati baking; a atr bakin tests were made on
Iabora or scaefrom g
adding water, 200 ml and salt_3 g to 300 g atta and
by han kneadrng for 5-min. Diecks 0f g ough (45
were rolled into Circular discs of 15 cm diaméter an
baked on a hot plate at 190r~10°C for 40 sec followed
by puffing in an electric puffer for 20 sec. The texturo-
meter curves (General Foods Corporation, U.SA
were drawn on samples from central and periphera
portions of chapaties. From the curves, data on hard-
ness and cohesiveness were computed.

Results and Discussion

Chemical changes: It is seen from Table 1 that
reducrng surgar content remained constant in samples
with 8 cent moisture but it increased in samples
with hrgher moisture content. A maximum increase of

[ Pér cent was observed in sample with 125 per cent
moisture after 10 weeks storage. Decrease of non
reducing su%ar content was more ronpunced In sam es
containing 12 per cent moisture. . Bottom
et alfi have reIated the changes Innon- reducrng sugarin
corn stored under high humidity to their conversion
into reducing sugars by the enz mes secreted by growing
moulds. 17 the preSent study increases in” reducing
sugar were much less than those expected from the cor-

atta, tg Was prepared

responding decreases in nop- reducrng sugar rndrcatrn%
their further utilisation during stdragé In_sample
contarnrng 125 and 159 per cent maistdre, Since high
mould counts have been associated wrthhr h respiratory
actrvrt¥9 canges N sugars ma eattrr uted to the
Increased respr atory activity of houlds In high moistyre
samples.  The original mould count of 10-30 colonies
per g Increased to~13,000 ang 410,000 colonies per g In

5 and 159 per cent moisture samples respectively
after 2 wegks of storage,

In vitro digestibility"of starch by pancreatic enzymes
remained almost constant durrn? storage in samples
having 8.6 per cent moisture but It_decreaSed in samples
havrno 159 per cent moisture. This may be dug to
Inhip ron of pancreatic amylase by mould metabolites.

The ¢ anges In protein fractions were not significant
in samples Stored 86 per cent moisture but “12.5 per
cent moisture sampl es S owed lesser amounts of potas-
siym suIEhate soluble groterns Both Iglutenrn ang saIt
soluble proteins decre sed during storage in 159
cent mo sture samp es. Similar changes were observed

prevrousg
e n%esrnfree and bound lipids, lipid phosphorus

The
and 9a|acto e and free fatty acids are shown'in Table 2
Morfison et al.n have reported that stora?e at 25° and

ey 37°C caused significant decrease in wafer saturated

butanol extracta?le lipids dite t? the seParatron of water
solunle parts of lipid molecule by lipolysis. In The
present study. 125 per cent moisture samples showed
considerable”losses In free lipids which could not Ioe
accounted for the separation” of water soluble part of



arya, et al chapati baking characteristics of stored atta !

0
Table 2 changes in lipids of atta stored at various moistures at 37 c

125 159

Moisture%
Storage period (weeks) Initial

the lipid molecules only. Probably in higher moisture
samples the fatty acids Irberated by the lipolysis mrggrt
have been metabolised by mrcroorganrsms e é)ecra ly oy
moulds. High mould counts, musty odour and decreases
n petroleum ether soluble ipjds i rn atta sample contain-
rntg 125and 159 per cent moisture Indicate degradatron

fatty acids by moulds. Fat acidity expressed as mg
potassrum hydroxige per 100 g flour does not correlaté
with storage detenoratron n qher moisture samples
but when™ expressed as percentage free fatty acids

ercentage oleic acid)_ jt rndrcaes more recrselx
eteriorafive changes. This indicates that eve thou?
Percentage of free Tatty acids | rn Irprds S hlgher but tofal
ree fatty acids are ess In higher mors Ure samples,
PomeranzZ2 has also reported hg er losses in polar
Irprds than the corresponding Inreases in free fatty

acids
The polar wheat flour lipids play an important role in .

determining the chapati bakrnP characteristics of afta.
The lcercentage fre¢ phospholipids have. shown hrgh
correlation with the “texture of chapatiesl,  Théir
ability to form hoth electrovalent and hydrophobic
Irnkaqes between glutenin and qlradrn in dough has been
reparted to_be responsible for their benefrcral effects in
bakrngl4 Therefore changes in lipid phosphorus, and
galact se were followed durrng storage an mdrvrdual
onstituents o these Irprds eparated b trn layer
cromato rasp Itis o servedt at Irg 0120 orus
and galactose ‘decreased m samples vrng 5.an

per cent moisture but remained unch nged rn 8
Per cent moisture sample. It may be seen from |g
nat petroleum ether extractable fipids of samples with
125 and 1 9%er cent mrf isture did not hﬁve de ectable
amounts of phosphotigylcholine,  phosp otrdy senne
and phosphotrdylethanolamrne Digalactosyl
ride was gresent In samﬁle havrn% 125 per cent mors ure
but it was absent In the sample having 159 per cent

10

pe 1114
Egt%%‘? ﬁgﬂ%gﬁ” %ﬁé b 3@2

i

8

6

3 3

103

moistyre after 20 weeks storage. The monogalactosyldi-
glklcerrde was present in all the samRIes thaugh Its Spot

intensity was_much less in samples

mojsture.

the deacylation of both the fat
It inso

aving 159 per cent

The disappearance .of phospholipid  spots
and simultaneous decrease in Irnd phosphorus indicates

lipid molecule makin

e hound

h-

e

o

11ne

otl
poar

W

"3-\;

TL%of

Iaglh

SSUF

polar Irprd(SJ

C > £

—Q_(—

1:@%
entified; .3
Ui er

Yacrd oities from the
uble in lipid solvents.

were less susceptible to storage
damage than free .polar lipids.  The bound polar lipid
from Samples having 125 er cent moisture had deec-
table amounts of phosp otidylcholine, phosphotiayl
serine, phosphotidyl ethanolamine but none of these
fractions were present in samples having 159 per cent

r

e nare aeerre ﬁgﬁ

k_)

{ITieg:

monogalactosy

C

rg orm
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Table ,gf Vzﬁlrcilng%@uj\%d amﬁloA%r%mCdAaEla_ER 02fO atta stored
Alter storage at |0V\i Indlicated

nitd 86% 156 T50%

ion(% 713 0 0 66.0

e PR OF o8
Dough, development time

n . 45 55 7 5
IVixing tolerance index

Gaatnisation.  viscosi 01 ! b

Aan” @ m 0 40

Table 4. extensogram VALUES g)F ATTA STORED AT VARIOUS
MOISTURE LEVELS AT 37°C AFTER 20 WEEKS

After storage at below indicated
molsture Tevels

5%

Initial - 86%
Extensibili mm). 1B 75 T

[ance 1o extersion @
Wl e m s B

moisture content. Pomeranz el /.14 have also reported
cgmparatlvely less damage to polar bound lipids during

storage. . L
C%_%nges In rheological and chapati baking. charac-
teristics:  Since volume and puffmg characteristics of
chapaties baked from different wheat varieties, have
been found to be positively correlated with valorimeter
value and maximum resistance to extension13 changes
in rheologlcal properties of atta durin storage Were
studied and the. results are presented in Tables 3 and 4,
There was consjderable increase in water absorPtmn of
stored atta having 8.6 and 125 per cent mojsture but
the 159 ger cent” moisture sample required less water
and increased mixing for attaining optimym douah
0

125%

consistency In Farinograph test.  Since during dough
making protein bodies hydrate and swell and” due

shearing action get elongated imparting maximum
_ough consistency, decreased water absorption. and
incréased mixing” Indicate decreased water Imbibing
capacity and swélling of proteins in stored afta, ~ This
m; %/ be due to decreased %Iutenm and salt soluble pro-
tein as observed in the present study (Table 1) Durmq
storage extensibility and extensogram area gecreased d
each moisture level byt stored atta having 8.6 per cent
moisture had increased resistance to extension indicatin
Its better puffing characteristics during chapati baklng

Table b. texture* of chapaties prepared from atta stored
AT different moisture levels at 37°C FOR 20 WEEKS

Moisgure Cerl;tl?gdmssggﬁn&ery Cﬁrgr‘%heSiveBgﬁpiEw
0%

. 56 134 089
125 6.2 130 0% 0%
159 103 164 0% 0%

] hes been expri the height of the first peak i
m %ﬁeﬁsven 1S thg?ag‘l‘(gegf e all %r]%%rct Ionsg?oﬁg \%?E

Ve iSadl i
mret%te materal.

r the area Uncer fl

neegied to overcome tﬁe[ i?ﬁe

than the atta stored at 125 and 15.9 per cent moisture.
Chapati made from 159 per cent moisture atta had
hargler texture as compared to those made from lower
moisture, atta (Table 5). Chapaties baked from 12.5 per
cent moisture atta had inferior aroma and_ flavour in
contrast to those prepared from lower moisture atta,
This adverse effect on haking quahtg of atta stored at
h|g|her moistures may be due to the disappearance of
polar lipids and changes in proteins.
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Changes in Berry Weight, Organic Acids and Suq?rs during
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ero

he study revealed that the freatments reduced

Changes inPusa Seedless grapes treated with Ethrel and CCC/Alar after lag phase of berry development were followed during the
5 of ripening and stora?e at both room tem{)erature (30°-40°C) and ow temperaturg (0-1°C and 85-95% RH) conditions.
he berry weight and affected the organic acid metabolism. The |ével of malic

acid was higher and that of tartaric acid lower in Ethrel-treatéd fruit. No hastenmgi 0f ripening was noticed and the sugar/acid
ratio was lesser than control at harvest. In the case of growth retardant treated fruit, the dissipation of malic acid during ripen-
ing was slower and consequently the npenm‘g process was affected. The sugar accumulation was slow and berries contained less

stigar at harvest. During storage, the rate o

Ethrel, an ethylene-releasing compound and growth
retardants are heéing widely used for' regulation of fruit
ripening. Hastened ripeninig of grapes has heen reported
by Ethrel treatment. " Growth Tetardants have. success-
fully controlled the ripening of applesL and inhibited
the"senescence of certain vegetables2 The, mechanism
of action of these chemicals 1S, however, still nof clear.
Since the studies on their effect on metabolism of magor
constitutents have received only a limited attention, the
present study was undertaken,

Materials and Methods

_Twelve-year old uniformly growing Pusa Seedless
vines of the Institute orchard were selected for the ex-
periment.  One hundred bunches of uniform size and
maturity were tagged for each treatment. The bunches
were sprayed with agueous solutions of Ethrel and
grovvth retardants (§N|th (.1 per cent Tween, 208 wettmq
gent) on May 23, 1972, when the belries had jus
assed through'their lag phase {)Stage 1]) of development,
his Stage Was observed3 to be Confined between 5th
and 6th week of berry development following anthesis,
The different freatments were: Ethrel (2-Chloroethyl
phosphonic acid), 250 and 500 %)m; CCC (2-Chloro-
ethyl trimethyl ammonium chloricie), 500 ppm and Alar

loss in'sugar content of treated berries was slower than that of control.

Esuccmlcaud2,2-d|methyl hydrazide), 1000 %Em These
reatments have been de5|8nate_d as Effrel-250, Ethrel-
500, CCC-500, and Alar-1000 in the following text.

Storage studies were done on 4 k%_of graPe bunches
harvested 9 weeks after anthesis Fw ich s the normal
stage of harvest for this variety) placed in two layers in
the” specially designed wooden crates, which were
stacked in cold room (0-1°C and 85-95 per cent RH).

A separate et of crates was also stacked under room
temperature (RT 30-42°C and 50-60 per cent RH)
conditions. _ _

Samples of berries were collected at intervals for
analysis. At every sampling average berry weight was
determined by recording the we|8ht 0f 100 berries gmk_ed
UP from miadle region™of 30-40 bunches. The berries
of the middle porfion of the bunch are known to be
more uniform In sjze and matung. The organic acids
and su?ars were (etermined as described4. ™ The data
of the Tresh weight of berry were computed to ‘single
berry’ on the hasis of average weight of berry at the
respective sampling.

Results and Discussion

Chan%es in berry weight: In general, the avera?e
berry weight was lower in"all the tréated fruits (Table ).

*A nsPortion of the goctoral thesis of the second author submitted to the Post-Graduate School, Indian Agricultural Research
Institute, New Delh

)
**Present aadress: College of Agriculture, Dharwar.
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Table 1. CHANGES in berry weight of pusa seedless grapes treated with ethrel and growth retardants after lag phase
(6 weeks afte nthesis)during ripening and storage

of cetermination ~~~ Control Ethrel 500 ppm Ethrel 250 ppm cce-50ppm  Alar--1000 pom
o Berry Rategi Berry Rate f Berry Rateaf) Berry Rate of Bwy . Rate of

mcr ase |ncr |ncr ase Increase(+) Increase(+)
mg orloss(:)” g %e or I0ss my prrl ss(-)°  mg orl ss%)
W

GAERERERIRE
s @b Wop B 2 @
.

In 1er

Eurl

+ + +

=9
=3

raaay o
VB T 7 B3 BEE

f Semrate lots were stored under RT (room temperature) and eold storage.

BN S

The retardation of berry growth was more marked in - may be due to varietal deferences especrally wrth
Alar-treated fruit than In"CCC-treated fruit, Weaver regard to the endogenous levels of ehtylene.” This
and Pool5 observed an increase in the size of the carig-  assumption may be Supported by the fact that ber
nane berries by Ehtrel treatment (at 1000 ppm) at™a ?rovvth was retarded by the application of %rovvt
stage when a"least a few berrres In the cluster had  Tetardants, whrch are nown {0 interfere with the
started softening, This sta?e pro ably corresponds to  biosynthesis of eth yfene
the stage of termination of a%phase fage II%o berry Instorage no ditference in the general trend of loss in

development. ~In the present study aIso Entrel was berry weight in different treatments was observed.
treated after the termrnatron of lag phase put the treat-  Changes. In organrc acids; The two predominant
ment reduced the berry weight. Thiese conflicting results  organic™acids wee malic acid and tartaric acid. In

Table 2. changes in organic acids®™ in pdsa seedless grapes treated with ethrel and growth retardants after lag phase

(6 WEEKS AFTER ANTHESIS) DURING RIPENING AND STORAGE**

Stage of cetermination ~~ Control Ethrel-500 pom EthreI 250 ppm CCC500 pm  Alar-1000 pom
I\/IaJdp Tartapc I\/Ialrc Tarte(rpc Ic T ayic ﬁ |c I\/Ialac Tart%pc

mAREEEEE TR
O@SW%W 208 8 # R OB OB ¢

Aw'@ g_y ga REREEERN

b Induekssalt forms also. **Vean of duplicate samples ©Separa{§§e lots were stored under RT (room temparature) and cold

UI'I
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Table 3. changes in reducing sugars and sugar/acid ratios®* in pusa seedless grapes treated with ethrel and growth re
tardants AFTER LAG PHASE (6 WEEKS OF AFTER ANTHESIS) DURING RIPENING AND STORAGE**

Stage of cetermination ~ Control Ethiel500 ppm  Ethrcl-250ppm  CCC500pom  Alar-1000 pom
rr%l&arrry acslég%{io fmy acslgg?ar{io n%@ry ac‘?l art/io my &l ra{io msﬂearrry acslkgarg{io
R %&;&ﬁmgekssis)
1O BN I N B B A
i,

AN A R B i

At0-I° Eg ]&
8 81888 ¢

 Treacid refers to sum total of malic acid and tartaric acid.
**\ean of duplicate samples.
@ Separate lots were stored under RT (room temperature) and cold storage.

i

i

i

58
B

?eneral, there were higher levels of malic acid and lower the end of Stage 11 or durm? early Stage 111 of berry
evels of tartaric acid n treated grapes (Table 2). There deveIoE)ment but when the Treatment Was given at a
was a tendency for a rise in malic acid level in all the later stage, the maturity was delayed. In 3 separate
treated fruits éxcept in Ethrel-500 and consequentlr the study by the authors/ Ethrel was treated at three dif-
levels at harvest were higher than in control. The levels ferent stages viz., pre lag (Stage 1), Iag (Stage I1) and post
of tartaric acid in the treated fruit showedafluctuatmg Ia% ‘Staﬂe 1) phases of err}/ evelopment,  The
trend In storage but the general lower level as observed — reSults shiowed that the treatment at, Stage I1 raised the
at harvest. was maintained throughout the storage sugar/acid ratio and hastened the nap_enmg by a week.
Penod. It is not clear as to how the Treatments affected  These results. suggest that the attainment of hlgher
he organic acid metabolism e_spe(:|all¥ with regaid to sugarfacid rafio or'the early rlpemnrq may be depentent
the biosynthesis and translocation of tartaric acid and  upon the maintenance of cartain bafance of endogenous
disgipation of malic acid. . ethylene levels, especially during Iag phase. *
Changes In reducing _sufg];ars: Ethrel-treated berries he lower rate of losS of sugar and. the tendency for
showeg a tendency for h|? er rate of sugar accumulation  slower rate of loss in berry weight during storage in the
|mmed|ate_!}/ foIIowm(% reatment (Table 3) but the treated fruits may be considered'to be indices ofretarded
content did not reach the level of control at the normal  berry senescence: If this is so, then these chemicals could
time of harvest (June, 12), The sugar content was the — be emplo%/ed to delay senescence in grages proviged th
least In Alar-treated fruit followed by CCC-treated ,stage of treatment could be so timed as to avoid thejr
frut. The sugarfacid ratios remained lower in the growth  intérference with sugar accumulation.
retardant-treated fruits,
In storage, the rate of L0ss in sugar content was slower  Acknowdedgement _
inall the treated fruits. The rate was the least inthe case _ Grateful acknowledgements are made to the Indian
of CCC treatment, Council of Agricultural Research and Department of
Effect on ripening and senescence:; In the present Atomic Eneagy for award of fellowship to the second
study, Ethrel did not hasten the ripening of berries author for doctoral studies and to Dr R. N. S|n%h,
when treated after lag phase of berry development. Head, Division of Horticulture, .A.RR.I, New Deni,
Hale et al6. observed hastened ripening when treated at  for providing facilities,



12 JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 12, JANUARY-FEBRUARY 1975

References
L Loorey, N.E, p1. physior., 1969, 44, 1127,

2 Halsgg: ﬁi%gilley, DR. and Wiltwer, SH, p1. physiol.,

3. Rao MM, studies on Physiological and Biochemical Factors
Associated with Development, Ripening and Senescence of
BuejﬁiSeedless Grapes, ]B?g, ng']p[% TNesIs, L&B.L, New

4, Rafgﬂll\,llall(l)’P%ndey, RM, and Slrgh, RN, Progr. Hort,,
) V\%\’/E}‘zﬁ\] and Pool, RM., 1. Amer. Soc. hort. Sci., 1971

6. H%,C&Ooorrbe, B.G. and Hawker, J.S..p1.physiol,, 1970,
7 Rao, M.M%dwn% )and Singh, RN, South Inian 3

Hort.,

Colour Content of Turmeric Varieties and
Studies on Its Processing
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Seventeen turmeric varieties coverin

a period of two seasons and eight commercial varieties were examined for total colour

content. Studies on the effect of diffgerent processing conditions on the volatile oil and colour content revealed no appreciable
loss of these constituents. Boiling or slicing or peeling the rhizomes reduced the drying time considerably. Boilin? the rhizomes

for an hour before drying was found to be optimum.  Slicing and drying of turmeric for the manufacture of o

making into a powder is suggested.

Indja is the largest producer of turmeric and different
varieties are grown In different regions. The literature
available is covered by various réviews t-4, - Sufficient
dafa are not available on the effect of boiling on the
colour content and_ volatile oil content, In this paper
certain studies carried on drying and the effect of dif-
ferent processing conditions”on” volatile oil and total
colour and also colour content of different varieties of
turmeric are reported.

Materials and Methods

Both cured and uncured samples of variqus turmeric
varieties from Research Stations in. Andhra, Maha-
rashtra an(fl Kgrala were obtained. The cured sfimples
were powdered to pass through 20 mesh sieve for the
estimation of colour. The unCured samples were cured
%bmlmg in water for an hour and dried before analzsm.

e colour of turmeric was estimated in duplicate by
ASTA methodb and the total colour was expressed. &
curcumin. The standard curcumin used in the estimation
was 1solated In our |aboratory which compared ve
well with a standard curcumin obtained from Koc
Laboratory, London. Total colour content of two
important“turmeric species Curcuma longa (1L sa_mplesa
and Curcuma aromatica (8 samples) have been estimate
by this method. Colour content of some commercial
varieties of Andhra Pradesh and variation in colour
content of 17 turmeric varieties in two SUCCeSSIve years

goresin or for

obtained from a research station in Kerala are reported
(Table Land 2), _

_Using turmeric rhizomes obtained from a local farm,
differen processm?_ methods like boiling in water for
30 minto 3hr; boiling in 0.1 percent sodium carhonate
solution for an hour; abrasive peeling for different
length of time; slicing .and sun dr_)f,m or artificial
drying; slicing and d?ym_g after boi |_n8 In water or
stéaming at 5psi, were'tried. For slicing the furmeric
rhizomes, a mechanical sheer was used t0 cut into [in,
thick slices, For peeling, an abrasive peeler (Hubard)
was used. B adgustmg the operation time of the machine
it was possible fo standardize the peeling time as 30 sec

Table I total colour content of cured turmeric samples

FROM ANDHRA PRADESH
Variety

%Curcumin
aharrﬂgle]ta%gﬁﬂ .
R

ur

1
O’&B{F‘a ocal

. . : :
free%%gsents total colour expressed as% curcumin on moisture
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Table 2. colour of turmeric samples in two seasons
FROM HORTICULTURAL RESEARCH STATION, KERALA

Variety Expressed as Yocurcumin® - Average
19%3 19%9
f\.mnm hapani kothepel %86 %‘% 385
sthapani Kotnepele . . .
Kodurtype g 307 W 35
A
U . .
T S)t/tan%.esr . 402 15 4%
\ontimitta 343 3 3B
Duggirala local 402 468 4%
Tekurpeta L7 7 18
Nandyal type 41 30 3%
Etamukala 387 497 4R
Kuchipudi Buck 21 2 2
GL Puraml| — 42 402
pun local 3% 3%
A B
% joca W B/

bgsresents total co’our expressed as %ocurcumin on miosture

t0 ?et desirable Beehng with minimum loss. = Drying
tnas were done both i sun as well as by using crosS
ow dri

Vo atﬁe oil content by Clavenger method and total
colour content by ASTA method5 were estimated in_the
samples after processing bY different methods.  The
drying. rates under différent processing conditions are
?Nen in Fig L For maturity studies six varigties of
urmeric hdrvested between “September and January
were obtained from the Research Station in Kerald,
After curing, colour content was estimated and typical
results are feported in F|P 2

Fresh rhizomes were sliced and the rind portion near
the outer skln and the central core were separated, The
colour In each of these was extracted with hot ethanol
and on e((];uwa lent ba3|s the absorption curves were
determined as shown in Fig. 3

Results and Discussion

The curcumin content (total colour expressed . as
curcumin) of the two important turmeric Species,
(33urcumda onga and Curcuma aromatica vaned from 3.0-

0 15 per cent respectivel XS Curcu-
S

min content |n vanous Selectlon vanetles amples)

100

% Water loss on drying

20 30

0
Time in Hours -

'o
fdlffer the rate
Eoggr edf ?BJOCEZB 3%%0{ or anrﬁour
aIVe pee nt

SC; 63h
received from Tasgaon Turmenc Research Station

Maharashtra) randed from 23 to 44 per cent.
he samples obtained in two seasons from Horticultural
Research  Station, Ambalavayal (Kerala) indicated
85 10 4.4 per cent variation in curcumin. The same
variety did indicate in some cases different values in the
two SLCCessive years (fTabIe 2). The curcumin content of
commercial samples from Andhra Pradesh varied from
17 to 34 per cent (Table I).

The processing conditions like b0|I|ng steaming,
Peehngi and slicing showed no 3|gn| ficant diff erence n
he volatile il ortotal colour after drying. Boil mP or
steaming the rhizome, however, reduces the r}nng
and gives better appearance to the dried produc |c
conaderablY reduces the drying time and as a method o
processm his ma have an ‘advantage over the con-
ventional“drying of fingers, s emallyrfor making Info
Eowder orfor Ieoresm produ t|on his as ects oud
e further examined by the industry. The control
samg es dried without dny treatment was wrinkled in

arance and was difficult to polish. ~ Boiling also
ensures even dtstnbutton of colour in the rhizomés. In
commercial practice, different methods are being
) adopted without proper control over the curing process.
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Fig. 2.- Colour content of turmeric varieties at different maturity.
1, Wynad local; 2 Karhadi local; 3, Kuchipudi.

The trials mdlcated that rhizomes boiled in Water for
an hour give satisfactory product as compared to the
commerual methods mvolvmg prolonged boiling. — Sun
dryin of3|ces aveasnTlhtIy surface bleached groduct
com req echanically “dried slices which was
r|1gh ter |n co our.

e colour In the core of fresh turmeric was more
than that in the rind_portion. However on boﬂmg
there was an even distribution of colour. Bonmg resul
in quicker drying, gives a uniformly coloure Product
and the rhizomes bacome hard as a Tesult of %e at|n|za
tion of starch. This proPert perhaps makes the cured
samgles less susceptible to insect attack as observed in
the torag e trials of cured and uncured samples.

The maturity studies Indicated that the colour content
Increases In the turmeric harvested in November and
December and later on tends to decrease.  Variations,
however, were noticed in the different varieties. [t Is
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thus necessary to critically, study and fix the time of
Qalrtvegtt 0frc])r éach variety in the different regions of
ultivati
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|ce cream mixes with only 50 per cent sugar could be satsfactorily spray dried to ahout 2 per cent moisture content at in-
let and outlet air temperatures of 160° and 100°C respectively.” Increase in the inlet air temperature or sugar content
resulted in intense caramélisation. The ave_ra?e loose and packed bulk density was 0.32 and 0.50 g/ml respectively. The
average free fat was 14.2 per cent and solubility 94.2 per cent. Reconstitution was extremely difficult at room temperature,
but was pr%gresswelg easeir at higher temperatures ~ The best quality ice cream was obtained from high fat mixes
reconstituted at 50°C. ~ All batches could be easily frozen to 100 per cént overrun.  The quality of ice cream was not as
good as ice cream prepared from fresh ingredients, but was quite acceptable Few suggestions™to improve the quality of
ice creams from low and medium fat driéd mixes have been included.

The demand for ice cream in India is maximum during overmght at 5°C. The mixes were heated to about
summer when the a_va|Iab|I|t¥ of fresh milk and cream 70°C Defore drying in an Anhydro spray dryer. The
are minimym. ~ This leads to widespread adulteration o{Peratln conditions, of the dryer have been discussed
and sale of a substandard product In the market. It i the colrse of the discussion. _
also offers an economic qutlet for the utilisation of  The dried mixes were analysed for moisture and fat5
seasonal and regional surgz)luses of milk so common in and for bulk density and fre¢ fat6 and for solubility by
India. CoulterL Pyenson2 and Corbett3 have reviewed the method of Hoat et al.1 while Preparmg thé ice
the work done in U.S.A. during world war II. Attempts ~ cream the dried mixes were reconstituted in water, with
made by Jaind has resulted in excessive charring of the addition of r_emammg 50 per cent sugar, to total
sugar and fat separation on the rollers, when the roller  solids corresponding to the ?rade of mix. The recon-
dryrmg process was used. . stituted mixes were"allowed to hydrate for 30 min and

hé primary objective of this work was to standardise  then frozen In a hatch freezer to” 100 per cent overrun
the _composifion “and. the processing parameters for using natural vanilla flavour. The ice cream samples
drying of ice cream mix from buffalo milk solids by the — were judged for flavour, body and texture and melt
spray dﬁy&\g Pr_ocess. The freezing characteristics and ~ down characteristics.

uality 0

the 1 ice cream prepared “from the dried mix
was also evaluated.

M?l.:[ﬁ“als and _MethO(%S ; s of | ’ SELECTED FOR SPREIJ-\Y DRYING

e composition of three_grades of ice cream (low, . .

medium anq. high fal m|xes)gsele(_:ted for tihs stuéy S Lowfat - Medium-fat  High-fat
lven in Table "L ‘These compositions. are most com- . ¢ 80 100 0
only used throughout the warld. The |nqred|ents Were 0 idk % 00 00 100
thoroughly mixed” in an aluminium can at about 50°C, ~ ZfUmsOics % - - -
heated to_ 70°C, filtered, homogem_sed in a double stage UG % 40 140 160
homogenizer (175 kgfom? at the first and 3 kgfem2at  Gelatin % 03 03 03
the second stage) and pasteurised at 80°C for 15 min,  Sodium citrate % 05 05 0%

The mixes were cooled over a surface cooler and aged

‘ ress:  Deoartent of Agricultural Engineering, Incian Institute of Techrolagy T30
R R of Agrufurl Engnesnng, Incen s ogy, Kheragpu
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Table 2. composition and quality of spray dried ice cream mixes
- . Bulk dersity .
Grace  Dryingar  Fat  Moigture Freefat  Solubility ~ Colour  Flavour
E?\alBCh ng% % /@&u Loose g Packed % 9 y y
1 Lowfat 20 203 22 029 049 112 85  Paleyellow Caramelised
2 Medimfat 20 352 24 02 0% 215 X,
3 Highfat M0 49 15 02 04 2 165 . .
4 Lowat 160 295 20 02 051 Bl 03 Lightcream  Excellent
5 MediumHat n B4 16 00 0% 18 %5
6 HighHfat 0 409 15 02 0% B8 99 ;
Results and Discussion _ siderably less than 2.5 per cent as desired6and as low as
The first objective of this study was to standardise the 1> per-cent in high fat mixes. _This works out to 2.5 to
conditions of 3.0 per cent on fat free basis. The moisture content was

composition of mixes and the operatin f
the Spray dryer to obtain_a good quality product with
low moisture content. For“the preliminary frials, a
medium fat mix containing 36 per cent Solids but
\é\gthgut su?ar was prepared.” A part of it was diluted to
[ cen
was added. The three batches were dried at inlet ar
temperature of 160-170°C while varying the outlet air
temperature from 100 to 108°C. Thé moisture content
in all cases was less than 2.5 per cent_as desireds, and
even_ lesser in the batch with sugar. The packed bulk
density was 0.32, 0.33 and 0.35 g/ml for the mixes with
7, 36 and 39 per cent solids raspectively. The recon-
stitutability of the mix with sugar was Detter. It was,
therefore, Oecided to maintain the outet air temperature
at 100°C and incorporate as much sugar as possible to
get a product of low moisture content, |?h bulk density
and Detter reconstitutability. Inlet air temperature of
500°C was also tried to increase the capacity of the
ryer. . . —_
)/A medium fat mix with full sugar dried at the inlet air
temperature varying from 160-200°C, resulted in infense
caramelisation, burnt flavour and sticking to the walls of
the spray dr%er. The attempt to_dry mixes with full
sugar was, therefore, droRped. The sugar level was
reduced to. 50 per cent in the final trials. The reduction
In total solicls was made up by proportionately mcreasmg
the quantity of all the ingredients in the mix.” One hatc
each of low, medium an hqh fat mixes with 50 per cent
sugar were dried at two_ inlet air temperatures of 160
and 200°C, and_ outlet air temperature of 100°C. The
results of analysis have been presented in Table 2
Moisture content: The moisture content was con-

soljds and to another part 3 per cent sugar 0.32

independent of the inlet air temperature.

Bulk density: The bulk densm( Was independent of
the composition of the mix and the inlet air tempera-
ture. The average loose and packed bulk densities were
32 and 0.50 g/ml respectively.

Freefat:  Thé free fat varied from 11.2t0 33.2 per cent.
It was higher in medium and high fat mixes dried at inlet
air temperature of 200°C, showing excessive fat desta-
bilisation. However a similar increase in free fat with
increase in fotal fat content was not observed for
batches dried at 160°C. =~

Solub|l|£¥: The solubility varied from 75.7 to 979
per cent. The very low solubility for the batches dried at
Inlet air temperature of 200°C was obviously due to
heavy protein denaturation at that temperature. The
generally low solubility in all batches for a spray dried
product’resulted from'the cumulative heat denaturation
of proteins during the concentration of skim milk i
a batch evaporator for the manufacture of skim milk
P_owder used. in this study, subsequent batch pasteurisa-
lon of the liquid mix, preheating before sP_ray drying,
and gackm%_of the dried mix without cooling because
the dryer Tid not have powder cooling equipment.
Agded” sugar m|ght also have had some destablllsmg
effect on proteins.  The composition did not seem t
affect. solubility. 1t would be possible to have higher
_SO|UbI|I_'y valtes when the product is manufactlired
Industrially. _ L

Colour and flavour: ~ The batches dried at inlet air
temperature of 160°C had _Ilght cream colour and
excellent flavour, but those dried at 200°C had dull pale
yellow colour and strong caramelised flavour. The fat
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Table 3. effect of temperature of reconstitution on the
FREEZING CHARACTERISTICS AND QUALITY OF ICE CREAM

T o7
15 8 5.0 10  Good
1) 6 -3.0 10  BExcellent
60 5 -2.0 100 Fair
10 5 -20 100 »
) 5 -2.0 100 &

level In the mixes did not influence the colour and

avour, .

_The results on free fat, solubility, colour ana flavour,
discussed herein, indicate that the' inlet air temperature
0f 200°C was not suitable for drying jce cream mixes
even with 50 per cent sugar. But inletair temperature of
160°C gave a satisfactory product at all fat levels.

Reconstitution and freezing:  Reconstitution was ex-
tremely difficult at room temperature_but was progres-
sively easier at higher temperatures, That could be"due
to melting of free fat on the surfaces of the powder
particles. ~ Ageing of mix at 5°C for 6 hr, after recon-
stitution at rom temperature had_p_racncaIIY no effect
on _d|sper3|b|l|t1y, freezing characteristics and the quality
of ice Cream. The freezing time was same, hut whipping
was faster for samples reConstituted at higher tempera-
tures (Table 3,) That resulted in poor body and texture
due to poor air dispersion during wh@alng. The lower
drav_vmg temperature. indicated 4 lower viscosity of the
semi frozen slush which could also result in the develop-
ment of coarse texture durin hard_enm)?.

Reconstitution at 50°C resulted in excellent body and
texture of jce cream and was, therefore, adopted for
further evaluation of freezing characteristics and gualjty
of ice cream prepared fromall the six batches of dried
mixes (Table 4)." The drawmgf temperature varied from
-4 to -5°C._ The time taken Tor whﬁ)mq varied from
3to 6 min. The flavour of the first three hatches dried at
200°C was consicered as cooked or burnt, but the flavour
of the lastthree batches dried at 160°Cwas quite accePt-
able. The body and texture and melt down was better

Table 4. freezing characteristics and quality of ice-cream
PREPARED FROM SPRAY DRIED ICE CREAM MIXES

Eﬁgjh ti\/\n[gl }H% t[grr%\gwr;% Flavour Bt(e)% r§L Melt down

1 5 45  Cooked oy Watery

2 6 40  Bumt  Coare  Foamy

3 5 45  Bumt  Good  Good

4 3 50 Good Coare Foamy

5 4 -45 $ >

6 5 -40 Good  Good
Batch number dliscriptions s in Table 2

for the high fat mixes, which resulted in better acceptabi-
lity of theSe lots by consumers. Other samples developed
a Coarse texture and had foamy melt down. It was felt
that the quality of ice creams” prepared from low and
medium fat mixes can be.improved by increasing the
total solids in the reconstituted mixes ‘or reducing the
overrun. - Use of stabilisers of vegetable origin- Could
also help to improve the body and texture because of
the rapid hydration of these stailisers. The problem of
caramelised or cooked flavour could be tackled by using
stronger flavours like coffee and chocolate, ec.
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Spray dried ice cream mixes of three fat levels and two drying conditions were investigated for changes duringlstorage_to evaluate

theirshelf stability', Half of the samples were double gas packed. All the samples were stored at 37

0C to simulate the

extreme tropical Climate. The samples dried with inlet'air at 160°C and gas packed showed greatest resistance to browning
decrease in solubility and increase in TBA values. The fat level did not have any effect on these changes. Moisture decreased
and free fat increased sllqhtly. The increase In free fat was more in ?as packed samples. Development of oxidised flavour could

not be detected in either

he'dried mixes or the ice cream prepared

rom these, eventhough TBA values ingreased considerably.

The shelflife of the product has been estimated to be about 6 months in air packing and more than a year in gas packing whén

stored at room temperature.

Dried ice cream mix is very rich in milk fat compared
to whole milk powder and, therefore, is more prone to
oxidative deterioration during stora?e. Hence, all pre-
cautions applicable to the manufacture of whole milk
nowder of ‘good shelf stability are equaIIY applicable to
dried ice cfeam mix viz,, high preheat treatment, low
moisture content, prompt cooling
drying, gas packing and low temperature storage.

rowning, oxidation and staling are the "common
defects that develop during stordge.  Pyenson and
Tracyfound that high forewarming temperature helped
to prolong the keepmg quah]t_y and retard the develop-
ment of Oxidised flavour. Tarassuk and Jack? found
this effect to be associated with fat. Kunkel et a/.3
found that Increase In moisture content between 1.0 to
45 ’p_er cent had much greater influence on the rate of
deterioration at 60°C, than had the Increase in oxygen
level between 0.5 to 40,0 per cent. Tarassuk and, Jack4ob
served that brownmg in general was accompanied by up-
take of oxygen, production of carbon dioxide, increase
In titratable"acidity, increase In reducing groups, very
marked decrease in SO|UbI|I|%/, development of caramelis-
ed flavour, and Increase In mojsture Content in agvanced
stages of browning especially in powders with low
moisture content. This study vias carried out to evaluate
the shelf stability of s?ra dried ice cream mix under
different conditions of Storage.

Materials and Methods

Six hatches of spray dried ice cream mixes of three fat
levels and two drying conditions (Table 1) were packed*

of the product after 60

in 100-gand 1-k?t|ns. Half of the packs were double gas
packed with nitrogen according to the method of Lea
et al5 The samples were stored in an incubator at
3721°C to simulate the worst storage conditions likely
to be encountered during the summeér months in tropics,
The samples were analysed at intervals of 0, 30, 45 and
days for flavur, colour, moisture, free fat, solubility
and thiobarbituric acid (TBA) value,

The samples were judged for the development of
oxidised flavour after Teconstituting 10 g of Sample in
90 ml water at 50°C, but no taste panels were used.
Colour index was judged by comparisan with the modifi-
ed colqur standards “of Kashmiri Lai6. Moisture was
determined by the method given in Laboratory Manual7,
The samples“were analysed for free fat, solubility and
TBA value by the methods of Hall and Hedrick§
Howat et al.9and Keeney and Bassettel) respectively.

Table 1. specifications

USED FOR STORAGE STUDIES

Drying airotg rature :
fch  Grack ( Srpe Fat ure
Eﬁo' It~ Qutlet k MO@I

of the spray dried ice cream mixes

*Prse s, Degrtyent of Agrautural Engieering, Indian Ittt of Tesoagy, Keragpur 72132
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The results have been summarised in Table 2

Table 2. changes in colour index, moisture free fat, solu-

bility AND T.B.A. VALUE OF SPRAY DRIED ICE CREAM MIXES DURING

\ STORAGE?(Q?APC
Batch  Fres Alr- Gas-packed
o ‘%af% 0 &
(a) Colour Incex*
+ bt
+

%

HiE
HH1EEHE
Hiil
LT

value (absorbence at 443 nm)
o s sty e

U

33
|

*5;;
w

(e

Results and Discussion _ _

Colour: Very little change in colour index was
observed during storage. Thé samples dried af inlet air
temperature of 160°C and gas, packed showed greatest
resistance to_browning. The hi herdrrmg air témpera-
ture aPart from qlvmg a deeper colour to, the fresh
product, also acclerated the rate of browning durmg
storag?e. The faster colour development in aii” packe
samples indicated the participation of ox[?/gen in the
reaction as observed by Tarassuk and Jackd.

i
ép

_Moisture: - The moisture did not change much during
first 30 days of storage, Then a decredse in moisturg
content was observed in all samples, more so in air
packed samples and samples having a higher mojsture
content. _It was contrary to the findings of Tarassuk and
Jackd. That could be due to either Increase in_ bound
water or participation of water in some chemical re-
actions after the initial induction period of 30 days.
Similar trend was observed in colour index. It would'he
necessary to study these observations in greater detail
for furtfier eluciatign. _ _
Free far; Free fat increased only slightly durl_n%
storage.  The increase was more in samples dried wit
inlet air at 200C.  The stickiness of the product also
Increased during storage. . The freg fat increased more In
0as packed samples, possibly due to rupture of some fat
|obule  membranes durlngi the evacuation process,
owever, this, did not result in faster deterioration of
the ?as packed samples, possibly due to the high free fat
level at'initial stages. , - _
_Solubjility: - The” decrease in solub|l|p/ was faster in
air packed samples, and In samples dried at inlet air
temperature of 200°C. That followed the. trend of
changes in colour index supporting the findings of
TaraSsuk and Jackd, However, the overall decredse in
solubility was less than 2 per cent, not high enou?h to
adversely affect the quality of ice cream prepared from
these samples. .
TBA valye: The TBA values at the beginning of
storage studies were surprisingly very h|?h. e samPIe
size Nad to be reduced t0 0.2 ¢ &s against 1.0 g suggested
Keeney and Bassetteld for skim and whole™ milk
Owers..” This would need detailed investigation_for
nossible interactions with the added sugar. The TBA
values showed a steady increase throughout the storaﬁe
eriod. The increase Was slower in the beginning for the
gas packed samples, but seemed to pick up towards the
nd of the storage perigd. _
However, oxidised flavour could not be detected in
any sample even at the end of the storage period. The
Infet air temperature of drying did not” have any Fer-
ceptible influence on either'thé increase in TBA Values
o flavour. The failure to detect oxidised flavour inspite
of a considerable Increase In TBA values during storage
may be due to the inhipition of stale and “oxidised
flavours by the Eroducts of browning reaction as pointed
out by Tarassuk and Jackd.
From the foregoing discussion, if can be safely con-
cluded that spray’dried ice cream mixes would remain in
ood condition “for_about 6 months if air packed and
ore than a year if gas packed when stored at room
temperature, That would saUsfa_ctonIY meet the normal
mar etm(I; time required by the Industry. Spray drylng
with inlet air temperature”of 160°C, However, resulte
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in a_better %alrty groduct with_more resistance to
deterioration during torage For further confirmation
ice cream was prepared from the 1 kg E)acks at the end
of the storage period and no significant deterioration in
flavour and"quality of ice cream could be detected.
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Unrefined groundnut oil is the fat of choice of a large
section of thé population in India because of its cheag

ness and delicate aroma. AnaIKsrs of market samples of

groundnut oil revealed that the oil invariably Carried
ignificant quantities of aflatoxin, the well known carci-
nogen. 11 has also been shownthat the toxin in the ol
medium is farrly stable to heat and is carried over by the
material fried init in significant quantity. Food materrals
fried in unrefined groundnut oil have, therefore ecome
an_important soufce for aflatoxin toxicity.  Although
refined oil is free from the toxin, the %eference or
unrefined oil, especially among. low and middle income
groups, necessitates tfie detoXification of oil without
increasing its cost. - This communication presents some
data obtdined on the usefulness of different extractants
in removing aflatoxin from groundnut oil.

Materials and Methods
A. Etractants used:

Sodium chloride .. 10%

Sodium hydroxide .. 0.08%

Ammonid . 28% (liquor ammonia)
Acetone 309% (in water)

BSeptember 1974

O)qr&re ﬁﬁ&%ﬁrﬁoﬁem extr
actantpresentrrgnodr IoUIty oln toxr cationp

B. Extractions: The oil is mixed thorou?hly with
the extractant with the help of an electrical stirrer and
allowed to stand for phases eparations. The aguequs and
the oil phases are col ecte separately for toxin esti-
mation,  The variables of temperature extractant to oll
ratio, duration of extractron etc., tried in each experi-
ment are indicated in the tables,
Acetone concentration in treated oil was, determined
(%the method described in Elementary Practical Organic
emistry3

Results and Discussion

Aflatoxin content of orIs from domestic and commer
cial orrgrn are qrven in Table L Exce[ot for two samples
which had_negligible or no_ toxin al others contarned
aflatoxin Bj the Values ranging from 0.01 to 2.60 ppm.
The efficiency. of different extractants |n removm%
aflatoxm Is indicated in Table 2. The results reveal tha

f er cent of the toxin present in il can be removed
sh king it with either N/50 sodium hydroxide or
aqueous sodrum chloride, or acetone.

But the emulsion formed by these extragtants with the
oil makes oil separation incomplete affecting thereby its
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recovery. In the refmlng rocess sodium chlorice wash
at _high temperatures hélps to minimise thls loss, tn
spite “of this, the refined 0|I 15 sold af 20-25 per cent

igher price than crude oil. In view of this acetone and
so ium’ chloride seem to be more useful extractants as
they do not form stable emulsions.

Table 1. aflatoxin content in market samples ofgroundnut
oil
No. latoxin No. latoxin
ppm pm

|

2

Detailed studies were therefore conducted to stand-
ardise ideal conditions for maximum removal of afla-
toxin from the oil by usm(]q these two extractants and the
results are given in Table 3. Although 70 per cent
acetone Is widely used for toxin extraction in aflatoxin
analysis, high cost of acetone and its high inflamma-
bility limit 1ts use in commercial practicé, Hence ifs
efficlency at lower levels were examined. The results in
Table 3 show that 30 per cent aqueous acetone can
remove 20 per cent gf the toxin with least emulsion and
reduced problems of fire hazard. Repeated extraction
Or ncreasing extractant to oil ratio_can remove more
toxin. Tablg 4 confirms this expectation. But, retention
of acetone and 1ts odour_by the treated ail Is angther
serious_problem that limits’ its usefulness. ~ Results In
Table 5 show that heating the oil in a water bath at
85-90°C for 30 min.helps £0 vapourise 75-85 per cent of
acetone.  But heatm? the oil ‘3t 100°C ensures elimi-
nation of all acetone from the oil.

Results in Table 6 show that extraction with 10 per
cent sodiym chlorice_solution is the ideal extractant
for removing about 85per cent of the toxin, with least

Table 2. efficiency of different extractants in removing aflatoxin from the oil

Extractants Oil to rg}(Itgau:tant Aﬂatox(ior} )rermval %Recoverv of ol Remarks
0

v o fhgt* e 0] ] §“L\'S'°8anpt§’§2|3¥nr§8°wﬁ¥
3 BYNH3F 1:003 60-75 s Oi msbrovm Forms emulsion.
4 %BI H202(20 Vols) 61 60 Lot qgr@/?%ﬁo\%ch Is difficult
o) { 11 80-90 % Reﬁhflres rTrfﬁeated wesh (6 times).

) 10%NaCl* 14 80-85 @ ME%I\%UHF&I?J sion loss. Ol re-
6. SO%Acetone In Weter Sﬂ H % @ nqqi

b Mxture heated to 90°C for 30 minutes.

Table 3. removal of aflatoxin with increasing concent-
ration of acetone in water

%Acetone inwater AﬂatOﬁl? S1the %Remo%/al of a]ﬂaiox

m

to%l Cg%lt\éenr%togth & fsg{)lﬁ{e wash, swirlingwith hand. - Initial

5

emulsion problems and maximum ol recovery. Sodium
chloirde wash s being. commercially utilised in ol
refmlng to break emu lons and hence this treatment
can ealg be adopted commercially. Results of some
batches of oll extract|on are Prese ted In Table 7. The
toxm removal In all te%tnaswas around 85- ?8%
As an inexpensive met od ofdetOX| Ication of the oil
extraction W|th sodium chlori esolunon showsa reaf
promise, The operation is simple, which involves stlrrm
of the oil with Sodium chloride solution at 80°C. Heaf-
mg helns in more efficient toxin extraction as well as in
refucing the viscosity of the oil and minimising the



22 SHANTHA AND SREENIVASA MURTHY : DETOXIFICATION OF GROUNDNUT OIL

Table 4. aflatoxin removal from the oil with increasing Table 6. efficacy of sodium chloride solution in extracting

SOLVENT TO OIL RATIO TOXIN .FROM THE OIL
Oil:309% acetore YpAfiatoxin removl Concent of Nel - OifiNaCl -~ No. of % gﬁgt‘g)‘(’ﬂ

11 3 1 Saturated 23 4

12 60 s 1:1 1 50
, 3 1Jsaturated 1:1 1 5
" ey I D

vent mixeq wit ol il for 10 miputes with a megnetic stirrer). 0 o .
(thI tor>]<t|n content of e0|I 5 (ﬂg pom ™ ) + (i continuously stirred with the solvent for 30 min. at 65°C

Table 5. acetone content of the oil extracted with aqueous  Table 7. efficiency of 10 per cent sodium chloride solution
ACETONE in removing the toxin from the oil of
different toxin level

S?{H.)e ﬁgﬁ% A{)[omn eat\/\%e A Watmg Irt]oxzf\ln \oj, of Vi a8| of FTlnBv?l Final toxm % movaJ

ntent |I nte 0 atoxm
(m m) (mI)
Cmh B L
NN
3 52 118 00 5 0 ,
4 65 16 0.0 ¢ (lto sodium chloride ratio is 1 :4

used in"households as it Is a readily AAlGble chemizal att, LA, J Ass. Off agric. Chem,

References 3 Vogel Al A TI%L 0011_o EIement%P@fltlcal Organic
: : hemistry, 3rd Ecition, Longmans,
b OV S e 1 V- P

emulsion losses.  This has also the advanta?e of bem 2 @/zVA Cuml AF. Lee LS, Robertson, JA,
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Piriel indicated that leaf protein concentrates (LPC)
whep _properIY dried were as gfood a suppnleme_nt_a_s fish
meal in a protein limiting dietfor plgs. otentialities of
food proteins from green vegetation have been shown by
Singh2.  The effects of the Source of raw materials for
leafprotein concenirates and the methods of drying on
the protein value of leaf proteins have heen investigated
by Duckworth and Woodhama3in chicks and rats. \When
tfie methods of dr m{g of the concentrates did not
Involve high temperatures E82-94°C), the product mage
from mixed qrass_es, kale, Darley leaves, rye leaves and
vetch were ot uniformly high riutritive value and were
similar to soyabean med] as & source of%rotem. Damage
to nutritive value of LPC on drying has been demonstrat-
ed by Subbarau and Singh4 and Munghi etal? However,
drying at 100°C in a fast'current of air did not impair its
quality4. Studies regarding supplementation of LPC
with methionines, processm% conditions4 and amino acid
composition have also been attempted.

More sustained work on leaf proteins is necessary to
know the crops suitable for the preparation, of leaf
proteins, and to determine the best form in which these
may be incorporated in to human diets. In this com-
munication, aftempts were made to_evaluate LPC
isolated from different sources viz,, cauliflower (Brassica
oleracea), cowpeas V|%na sinensis) and berseem (Tri-
folium alexandrinum) and compared with casein which
\(/jvasI It<egt %s reference protein by feeding to protein

epleted rats.

anthine oxidase (Xanthine: oxygen oxidoreductase
EC 12.3.2) activity in rat liver has’been used as para-

Present address:

caulitione

leaves of caulitfoner, erseem were fed at 15% pratein level to 3-day progein
e
R S m -

ver, caullfloner

meter of study which is a good index of the biological
va?ue of indideuaI proteins% i) ’

Materials and Methods _

_Thirty. albino ifts of 80-90 ¢ bo%/ weight were
divided”into 6 groups of 5 rats edch. One_ group was
sacrificed as control and the rest were protein fasted for
3 days sacrificing one grouln for obtaining the protein
starved status of'the afimals. The remaining 4 groups
were then offered for 6 da¥s diets (Table 2) Confaining
casein and LPC from cauliflower, cowpeas and berseem
at 15% protein level. The management of animals
handling of tissue samBIes and the methods followed
for the preparation of LPC and various estimations have
already heen describedd. The composition of proteins is
glven In Table L Simple analysis of variance was

pplied for testing the significancé of means.

Table 1. composition of proteins

Crude Moisture Ether Ash  Crude

Proteins protein: extract fibre
() k) () () (%)
Casein g7%6 380 048 - -
Berseem LPCo 5200 6.0 125 932 038
Cowpeas LPC 570 5% 310 992 053
Cauliflower LP.C 4218 585 650 784 048

1 Crude protein (NX6.25) 2 LPC (Leaf protein concentrate)

1 Regional Fruit Research Station, Punjab Agricultural University, Abohar-152116.
2 Department of Chemistry and Biochemistry, Haryana Agricultural University, Hissar-125004.

3 Directorate of Research.
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those of other organs like k|dney spleen angd skeltal
Table 2. composition of experimental diets at 15% protein musclell are well “documenteq. Re limentation with
LEVEL casemn and the. LPC from cauliflower and cowpeas at 15
Casgin s E)er cent, protein level for 6 days resulted in body and
Iver weight gams casein Ig|vm the maximum response.
o W W Wi AL SR
_ | weight (I | W
Vitamnmixturel - 10 10 10 100 10 ?am In liver wellghtg(Hg lg B). However the ata fo¥
Sltmixture2 400 400 400 400 400  Tfiver weight calculated o pér cent hody we|%
Hydrogenated fat 3 1000 00 70 916 7% 1 C) have indjcated 5|?n|f|cant Increase (P < 0.05 |n

p
s
%

Casein 7 — —  —' herseem refeeding after’ 3 days of protein starvation
Caulifler IC — — 3% — — (Tabled). Amongst the Ieafprotelnlsolates caullﬂower
Cowpeas LPC - —1 —  — 7k — PC has given better gains n body and fiver we g
BrenlfC o B O by oIS e 0 b
St BO 613 S DL BE e gy otheP mvesUgatorsle

1\ftamin mixture; Chapen o a/ 8 It is Well known that when an animal changes from a
25alt mixture & rgtven by Ceer) high to low protein diet or vice-versa, it 1056s or gains
3|-Ivdrogena1ed

body proteins. A major fraction of nitrogen loss otcur-

(el pree by Hncusien Laer L red ¥npthe liver with protein deprivatjon EZFng A). In
. Protem starvation, liver proteing contribute tothe protein

o l 0ss12 When the protein depleted animals were refed
Results and Discussion for 6 days casein or the LPC diets, there occurred an

Increase I I|ver total nitrogen. The vaIues When expres-
an}leltnt}e? \(Ijvaeylzsh?fveggtglbréestﬂ%vaileé] ]abdecrggse (')2528(#]' coer total iver stand S|ggn| ficantl <y0 ower for b ergeem
live

protein Sanvation for body weight rweightband  LPC (P<0.01) and cowpeas'LPC{P<0.05) refed animals
 w ® “
[ 6 0:401
b3
4 t 120
s [ E o s
-2 l;-’é 2 gloo
55 o
;_4 . @ 80
° -2 § )
; ‘} i lf;; """""""" » Protein starvation
8] : i Re;eedlng casein |
ol S N g)e egpuger LpC \f)a«
IIaJ « Protein starvation - ¥
Refeeding casein 5. Ref eegé 5
[ffI « Refeedtng cauliflower LPC rease
A3 1 Refeeding cowpea LPC Vwec e|£11S| |
i 1« Refeed Ing berseea LPC DIGt6IN s &Ltion )e(10' ;

| Decrease fro» the Initial
Increase after protein starvation -

%odyor HOEW g tze fﬂalgﬁontéo{ 3ﬁr§6€:§ E‘f‘i% n.%;evfg%w tof% ! [ra'?fz&? %? %ﬁg{%ﬁ

|ne OXICase
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when compared with casein refed group (Table 4); utilised for tissue protein synthesis than cowpeas and
cauliflower LPC being nearly equal to'casein (Fig 2, A).  berseem, ngher liver nitrogen content with casein
However, these resulfs when expressed as per cent body  feeding have also been observed by Allisonld,

we|8ht (Fig 2, B) areverse trend was noted; the valuesfor —Liver xanthine oxidase activity decreased significantly
LPC fromcaulitlower being significantly higher (P<0.05)  (P<0,01) on protein starvation for 3 days when the
than casein (Table 4), Stch results have™already heen activity Was expressed per total liver, Rer 100 g hody
observed In our previous experimentl3 Amongst the  weight or per mg nitrogen _gTabIe 3). The total activity
experimental diets from LPC, cauliflower was™better of & number of"enzynies in the liver viz,, cytochrome

Table 3. effect of protein starvation and refeeding Ipc dietslon food intake and liver xanthine oxidase activity
(VALUES ARE MEAN + S.E. OF MEAN)

Liver xanthine oxidase activity (fi M xanthine oxicisednr at 3°C)

Treatments Food intake . .

e (d) Per g Pertotal liver ~ Per V\l%? g%tbody Per mg nitrogen
Control — 8.70+0.13 061+1.69 37.63+1.89 0.200+.01
Protein free (3 days) 25.20+0.34 2.28+0.21 5.98+0.49 7.91+0.55 0.07+0.01
Refedl casein (6 0ays) 55.2042.73 7.19+0.44 28.6240.16 28.65+0.44 0.20+0.01

Refed bersem LPC (6ayg)  3460+126 3434022 8764053 L7071 0104001
Reedonpess LPC(6 dag) 42404046 357+0.14 10064027 13984012 0710+0.004
Reed caulifoner LPC(Bolyy)  500+196  458+0.22 14754015 18274069 0114001
Oritcal ciffrence 5% NS 0% 28 30 003

ifh NS 0% Iy 160 004

details about diets are given in Table 2
ns: Not significant.

Table 4. level of significance between treatments

Liver weight Liver total nitrogen Liver xanthine oxidase activity

l Foud

T LT s e Rt et ey e et e
G P LT oo Tonononon
F B NSNS TN
PF:C NSNS NS N T e
PF D NS NSNS NSNSt *
A B NS on L NSNS NS .o "
B C NS NS N NS NS NS
B D NS NS "o m TN
C :D NN T N NS NS NS NS NSNS

F e,
%T n ?usﬁﬁasr rfog(ﬁgﬁ NS : 0%3|gni
ey bersem LRC for
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oxidase, succmomdase succm|c dehydrogenase, Damino  References

acid oxidase, DPN-Cytochrome C reductase, uricase
and xanthine OX|dase decreased I protein depletion
when compared with the ad libitum fed controlst Such
decreases In xanthine oxidase activity have also been
reported. by many investigators8,16. “Similar ecreases
In xanthine oxidase act|V|t with Fnrotem starvat|on have
also been noted in this study Q ug C) which squest
that the enzyme protein is depleted”in protein starvation
Refeeding casein and LPC diets from cauliflower,
cowpeas and berseem to protein starved animals was
found to regenerate the enzyme activity significantly
(P<0.01). Butwhenthe values were compared within the
refed groups the enzyme activity in the casein refed
8roup Was i mﬁcantaf ?her (P<0,01) than that in the
Ifferent LPC refed a mas A5|m|Iar trend within the
refed ?roup was noted when the values were expressed
er tofal liver, ger 100g body welg{ht O per mg nitrogen
Table 3). Such incre3ses in Xanthing. oxidase aCtIVI'[K
were also noted when the rats were refed W|th the hl%
guahty protein diet. to protein starved rats 11117, The
ata 0N specific activity of the, enzyme shows the same
trend as Is found m liver total nitrogen. Casein refeedmg
resulted in the re letion of the enzyme act|V|t an
reg eneratlono teenzyme activity with the dlets
showed Ighest values for caullflower foIIowed b
cowpeas and berseem. The low activity of xanthine
oxidase in LPC fed animals. may result from a low
methionine content In the LPC préparation. B8
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On account of the paucity of data on assay methods for aflatoxin in coconut products, several analytical procedures which have
already been established for assay of aflatoxin in peanuts, were studied for their applicability to coconut products. All esti-

mations were done on TLC using at least two solvent systems.

The methods studied appeared to give similar values for aflatoxin content, but the modified 70 % aqueous acetone procedure was
found to be the most suitable on account of the relative purity of the extracts and convenience. This procedure was applicable
to samples containing 0.01 ppm and above; determinations were possible without time consuming column clean-up procedures.
For routine assay, a short method together with a correction factor is suggested.

Coconut and its products are important articles of
food in tropical countries. -Aflatoxin contamination in
these products was reﬁorted by earlier workers? 3
Various assa methods ave heen’described for aflatoxin
in peanuts ut the only re&ort available for coconut

products is 3/ Baur and Armstrong on the use of
chIoroformw ter systems. The AOAC has also adopted
this method. ~ Baur himself has su?Pested that' the
methods used for determmatton of affatoxin in other
materials cannot be applied direct| to coconut roducts
hecausg of differences in the physical state and composi-
tion of coconut products as com ared with other sub
strates. An attempt has been made here to study the
avatdlab{e methods' for their applicability to coConut
products

Materials and Methods

Source of samples:  Fresh copra meal samples were
collected from mils,

Preparation of samples: The following substrates
were Used, (a) Grated fresh coconut, replicate samples
from the Same nut. tb) Residue left after mechanical
expulsion of oil from artificially inoculated fresh coconut

ECM). (c) Residue left aftér solvent extraction of ol
irom coconuf with hexane or petroleum ether (SECM),

E?Artn‘mlallu Inoculated, rehy drated copra meal geg
f turally contaminated samples of copra meal collect
rom mills.

Substrates, were art|f|c|aIIy inoculated. with spore
suspensions in 0.1 per cent Tiween 80 In distilled water,
of Aspergillus parasiticus strain NRRL 2999 grown on
Difco’ potato dextrose agar. This strain prodiced only
aflatoxin Bj and G; on ‘coconut medium though 1t is
repgrted to' produce B2 and G2 in addition on other
media

21

The optimum condtttons for each method were
establtshed with htg g contaminated_ samples, extracts
of which had less Tik |hood of interference Wlth non-
aflatoxin material, and for greater accuracy However
these methods were restudied on naturally contaminated
copra meal (commercial poonac) samples with low

levels of aflatoxin.

Two hundred qgram of substrates autoclaved. in 2
litre flasks at 120°C for 10 min were inoculated with the
spore suspension,  The flasks were shaken manually
every altemate day and steamed for 10 min after 2
varidble period of incubation &3 -10 days? to destroy the
furHus The steamed samples were”stored at -70°C
until assa

The cozra meal samples were i%;round in a sponge mill
Anal¥5|s through BS sieve, of the ground meal Showed
the oIIowmg percentage composition in respect of
particle siz

Ten mes

?t retained aﬁg{gf(m%%tely 10 per cent, 10-20

mesh retained ap rOXI Per cent and through
er cen

22 mesh apgrommate 8
le size 0 %rate coconut was less than 2 mm

The part

and was not reduced Dy grinding or other means. The
m0|sture content of arfificially inoculated coconut and
naturally contammated coprd meal was 40 and 8 per

cent I'ESEGCtIVGoy |l experiments were done in semi-
ar ness at rogm tem

erature (26-28°C).

Summary. of the extractton methods and solvent

systems is given in Table 1
Estimation: ~ All chloroform extracts were concentrat-
ed to 1 ml and were serially diluted i chlorpform when
necessary. 2.5, 5 10 and 20 1 of solutions having
fluorescénce comgarable tq that of the standard solution,
were spotted on 250 p silica gel G (Merck) TLC plates
along with the standard containing aflatoxin B! and Gj.
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Method of |

treatment |/
Solvent
system

70% Aqueous acetone

Chloroform : water

Chloroform : water3

Hexane-aq. methanol

Methanol

Table 1. extraction methods and solvent systems:

Shaking with 5 mm 8Iass beads in  Homogenisation at high speed for ~ Soxhlet extraction for 4 hr siphon

wrist action shaker. 50 ml of solvent

Duration of shaking -£,1,2 and 4 hr

3min rate 10-12 cvcles/hrd,

3 Successive homogienisations
on residue. Solvent volume 50ml
and 75 ml.  Aflatoxin in residue
estimated by MeOH/Soxhlet

75 ml chloroform 25 ml water

50 mlchloroform 40 ml water
5 successive homogenisations
in each case

3 successive homogenisations
with 30 ml hexane and 60 mI 55%
agueous MeOH.  Aflatoxin in
hexane estimated with MeOH and
chloroform extraction. Pigments
precipitated with basic lead acetate

_ 2 hr defatting with petroleum
ether followed by 4 hr extraction
with MeOH. Residual aflatoxin
assayed by ag. acetone and repeat
MeOH Soxhlet.

Chromatograms were developed in at least two solvent —homogenisations_ of artificially inoculated samples was
systems to"provide greater differentiation of the aflatoxin  negligible, ~ With naturally contaminated *samples
spats from those ‘of non aflatoxin material. ~ Visual ~ (commercial m_eal?_ about 20 per cent was left even after
estimations were done under long wave UV light.

Results

three homogenisations. e
(%3 CohTor%?orm-water: With _artificially.  inoculated
coconut samples, two homogenisations using the Baur

Effect of duration of shaking: The amount_ of afla- ratio of chloroform-water rémoved more than 90 per
toxin extracted by three succesSive homogenisations was  cent of aflatoxin whereas the Lee method needed 3

arbitrarll?]/
tion of S
copra meal,

maximum. amount.

copra meal.

owever in naturally contaminated copra meal
2amples, only about 60

fixed as 100 per cent for comparati
akm% procedurers. For artificially |
aking for 1

the Percenllages were lower than for artificial

ve evalua- homogep} sah?ns.
noculated  The'c
hr appeared to” extract the commercial samples as our aim was t0 investigate

0ro

orm-water method was not pursued with

With arAif_luaII Inoculated fresh  methods suitable for routine analysis of aflatoxin
coconut, the amount extracted increased uPtOZhr but especially in naturally contaminated (commercial),

hat shaking Is less efficient than h_omogemsanon.

Effect of repeated.
acetone:  With artificiall

homogenisation

types two homo?emsatio s removed more than %0
cent of the acefone extractable aflatoxin while three two_ homogenisations removed 90% of aflatoxin from

homogenisations were needed with naturall
ed samples. The residual aflatoxin le

yinoculated  samplesand to avoid time consuming column clean-up

Procedures which would have been needed to remove
he extraneous matter extracted by this system, from

Der cent was extracted even after  naturally contaminated copra, meal.
shakingd. For all types of samples only about 50
Per cent was extracted by 30

The “optimum  values “with artificially ingculated

min ‘shaking’ indicating  samples, were 50 ml chloroform”«) ml water for 10 g

of substrate.

n (a) /0% ag  (c) Hexane-aqueous methanol: With this, procedure,
Inoculated samples of all 3 homogenisations were needed for naturally contami-
per nated commercial samples of copra meal whereas only

contaminat-  artificially inoculated coconut samples. The amount of
after three  affatoxin”passing into hexane was less than 5% with



SAMARAJEEWA et al.: METHODS FOR ASSAY OF AFLATOXINS IN COCONUT PRODUCTS 29

both types of samples.  Emulsions formed on, shaking
tsrgear;g%hanol phase with chloroform, were difficult t0

F()d) Methanol-Soxhlet: Ninety seven percent of afla-
toxin was removeg on 4 hr methanol-Soxhlet extraction
when residual aflatoxin was assayed by either the
aqueous acetone procedure or & repeat methanol
Soxhlet extraction. This method cquld not be adopted
for routine assays due to the time factor and the large
amount of extraneous matter extracted, but was Of
great use in experimental work where maximum re-
overy of aflatoxin was neeced., _

The following conditions were estabilshed as the

optimal for each solvent system, with 10 ¢ portions of
substrate and three succéssive homogenisations with
fresh aliquats of solvents: }

5 ml of 70% aqueous acetone: (i) 50 ml of
chioroform+40 ml water; (H) 30 mi hexane+60 ml
aqueous methanol; and (“9 4 hr Soxhlet extraction
wjth 100 ml mewanol aftera Zhr defatting with 100 ml
of petroleum ether. _ _

omparison of methods;  With a_given ty;%e of sub-
strate, extraction of replicate portions b)( omo%em-
sation with the three solvent systems followed by a
Soxhlet-methanol extractjon of the resiue %ave approxi-
mately the same values (Table 2). With the artificially

Table 2. comparison of methods of aflatoxin extraction (under optimal conditions)followed by methanol-soxhletextraction

of residue from each extraction

Aflatoxin ppm in extracts

ppm in residue

Sample Acetone  Chloroform water Hexane methanol ~ Acetone  Chloroform water Hexane methano
Copra meal* 250 313 250 48 94 65
Copra meal* 9 63 62 7 il 20
Fresh coconut* 2092 3000 2188 u 50 45
Fresh coconut 43 44 44 0.6 2 1
MECM* 2625 2500 2219 41 103 168
Copra meal* 0.10 011 0l 0.04 0.04 0.02

Each value is the average from 4 experiments.
MECM =mechanically expressed cocnut meal
a =artificially inoculated samples
b =naturally contaminated samples.

inoculated samples each method apgeared t0 extrac
ahove 90% of aflatoxin; from naturally contaminated
samples the amount extracted was about 70%.
Purity .of the extracts: The dr}g weights of extracts
of artificially inoculated samples showed relativel h|?h
values with the chloroform-water and methanol-Soxhlet
methods. In relation to the type of product the values
decreased in the order, coconut meal, fresh coconut and
copra meal. The lower wel%ht_s of aﬁueous acetone and
hexane-methangl exfracts indicate their relative purity.
The variation of purity of extracts with different extrac-
tion procedures, was Seen on TLC analysis, Methanol-
Soxhlet extracts did not glve any Interfering spots of
extraneous matter, The Spots from chloroform-water
extracts were difficult to quantify on account of ail
Present Rrellmmaéy defatting having been omitted with
his method). nI&/ hexane-methoan! and aqueous
acetone extracts could be used to quantify the values of
0.01 ppm and above without a column clean up pro-
cedure.
6

Re _roduc|b|l|tY of the acetone method: Analysis of
artificially inocufated coconut and naturally contaminat-
ed coprd meal gfour samples each extracted by the
acetone procedure) showed the following results:

Product Aflatoxin B content (ppm)

Range Mean+SD

Artificially inoculated coconut 1000-1500  1250+88.3
Naturally contaminated copra meal  0.09-0.14  0.12+0.01

Discussion _ _ _
Recovery experiments with added aflatoxin were
avoided as any extraction procedure might have easily
removed added aflatoxin from a substrate in contrast
to native affatoxin In_naturally contaminated meal,
which may been more inaccessible to extraction either
bg nafure of the particle hardness of the aged meal or
concelvably due to binding in natural substrateso.
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Our observations which illustrate these differences
between fresh substrates and old commercial ones are:
(@) shaking of naturally contaminated copra meal with
aqueous acetone reemoves only 50-60 ﬁer cent of what
could be removed by homogenisation whereas with arti-
ficially inoculated samples, shaking is as efficient as homo-
genisation inspite of larger particlésize. |n artificially ino-
Culated samples with very high aflatoxin levels, what is
Inaccessible Inside may b negligible in comPanson with
the free aflatoxin that diffusés out; the latter aflatoxin
may be extracted readily by mere spaking of the parti-
cles; (b) three homogénisations with acetone, chloro-
form-water or hexane-methanol were needed with
nat_u_ra_llﬂ contaminated samples and oply two_with
artificia Z Inoculated samples; (c) the existence of high
residual aflatoxin in commercial meals. .

These observations indicate that the efficiency of
extraction procedures would depend not only on the
physical state of the substrates but also on such factors
such as age, composition and aflatoxin content which
may involve a varying degree of inaccessibility of afla-

Xin

foxin.

Dry weights of extracts in relation to solvent system:
The high dry weights of extracts from chloroform-water
systems was probably due to oil and extranegus matter
and complete drying of such extracts to a solid was not
possible,” With SoXnlet extraction, the bulk of oil was
removed bg grlor defatting and the extracts did not
form pasteS on drying as . the case of chloroform-
water extraction; hence the high dry weights appear to
be due to non-oil extraneous matter.

In the hexane methanol and aqueous acetone proce-
dures the preliminary clean_up ?rocedure apPeare_d_to
remove both qil and non-oil extraneous matter glvmﬁ
lower dry weights for coconut meal than for “fres
coconut. © Extracts with these solvent systems were
tltr?ta_blle on TLC without interference by non-aflatoxin
material.

Dry weights in relation to substrate: Higher dry
weighits observed for fresh coconut would be due to ol

and extraneous matter which are extracted only by
chloroform-water and methanol-Soxhlet systems. Cocd-
nut meal too showed the same pattern of dry weights.

With commercial copra megl the drY Weights Were
lower, probably due to low ail content, the oIl being
removed efficigntly by the commercial expellers.

Thus it could be expected that the chloroform-water
system extracts high amounts of oil while  Soxhlet
extracts have high [avels of non-affatoxin material (both
of which produte interference on TLC) with naturally
contaminated samples with low aflatoxin_levels. - Only
the aqueous acetone extracts of low aflatoxin value
samples were observed to give quantifiable fluorescence
on TLC without column purification. This valye was
not altered even after a column purification indicating
the suitability of the acetone system; although similar
results were Obtained with the héxane-methanol methad,
an advantage of the acetone method was that no in-
separaéble emulsions were formed as with the methanol
rocedure,
IOT Us the_ aqueous acetone procedure with three
homogenisations and lead acetate purification could be
considered as the best method for routine analysis with
commercial solid_ coconut products.. In this procedure
the percentage of aflatoxin present in the residue after
extraction was approximately 22 per cent. Such  high
residual aflatoxin content cannot be accounted for in
terms of the aflatoxin trapped in the solvent in the
filtered solid hecause the precentage of the solvent left
in the solid was only 10 per cent and that too was largely
fresh solvent used for washing the residue. Howgver
since roytine analytical work” will deal mainly with
commercial copra meal, we recommend as a time savm%
measure, the use of a single homogenisation. whic
consistently extracts about 74 per cent of aflatoxin from
this substrte together with & correction factor to account
for the residual aflatoxin, which, with this groduct_ Is 13
(Table 3).. Correction factors may also be applied to
other agricultural substrates, to™ shorten analytical
procedures.

Table 3. aflatoxin Bi extracted by one homogenisation in 70%aqueous acetone and toxin content of residue as determined by
VETHAOLSOLET EXTRACT

JONNATURALLY CONTAMINATED COPRA MEAL
. No. Aflatoxin Ifi (ppm) i InBi (%) i

e Acetone e%?gé{] Ilvl‘e rJ”,uilgothet Total Acetone'Aef%rtgé(tlnl\E/allet%(gPSoxhlet C(}rrection
extract extract actor

1 014 005 019 14 2% 1%
2 005 002 007 ik e 140

3 013 003 0.16 ol 9 13

4 013 003 016 It B8 13
5 009 002 01 It 1B 12

Ave, £ 2 12
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A minimum of 20 per cent blackgram is necessary in the recipe to obtain greengram Papads of acceptable quality attributes.
Desirable levels of spices in Papad recipes have also been worked out.

Blackgram flour, in
maida, 20 per cent

ol

Earlier studiesk-4 on papads have been confined mainly
to evaluation of commercial varieties, recipe develop-
ment and quality attributes of unspiced  blackgram
(Phasealus mungo] papads, as well as their shelf-life" and
Rackagmg proffle.” Tn the Northern parts of India,

owever, spiced papads based on “MunP” or greengram
Phaseolus aureus) are preferred to back?r m papds.
N practice, g[eengram papads are mostly made in
combination with Blackgram, which unlike” greengram
contains mycilaginous principle necessary for"obtaining

:

a dough of desired consistency and rg Img Wroperty.
The usa([;e of different combinations of spices has so far
been on irical.

em
NO sygtem tic work has, however, been reported so far
on papdds hased on different blends of cereals, pulses and
starchies like rice, wheat, horsegram, gelatmlsed starch
in the form of rice gruel, etc. The results of such a study
are reported in this paper.

Materials and Methods

PreBaration of greengram Papads: Good quali%
%re?(n ram and blaCkgram dhals (split pulse free fro

k
usk) purchased Iocaﬁy were ground Into fine flour to
Pgss through 80 mesh.” To arrive at the desirable hlend

I preparing papads of acceptable guality attributes and
at Rwepsamg ptiﬁ]e achieve pmax?rﬂ Subst
blackgram b% greengram, 100:0, 80:20, 60:40, 40:60,
20:80; 0:100 blends of greengram and blackgram flours
respectively were tried Using normal recipes contammg
1 pey cent common salt.and"1 per cent sodium carbonat
garl'ﬂ% basis according to the procedure described

ler2,3.

_Si)_eicing of green%_ram papads: Locally purchased
chilli power, dsafoelida powder, white pepper powder,

f
um subs.t|tut|on' of
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apads can be substituted to the extent of 30 per cent by maize flour, 50 per cent each by rice flour and wheat
y corn starch and 25 per cent by gelatinised starch or a combination of 5 per cent gelatinised starch and
ercentofcornstarch. Thepapads based on 80:20 blends of horsegram and blackgram flours when fried had gritty texture
unacceptable taste and a poor diametrical expansion (17 per cent).

black Begger, jeera and garlic were tried in a paJoad
recipe nased ori 80:20 blend of greengram and blackgram
flours. Cleaned black pepper and éeera 6free from stalk?%
were used In the form of flakes of 0.8 and 0.3 m
thicknesses respectively, obtained by passing the same
through flaking rolls with required clearances. - Garlic
quder prepared according to a processb developed at
his Institute was used. .

Readly but moderate degree of perceptibility of
particufar spices in fried papads was taken as the main
criterion to arrive at desirable levels after several trials.
In the preparation of papad, spices like chilli powder,
garlic powder, white peJ)per powder or flaskes of jeera
and black pepper were dry mixed with the main ingredi-
ents. - Asafoetjda powdef was added in the form’ of a
water suspension before kneading all the ingredients
into a papad dough. o

For comparison with the natural spices like pepper
and chilli oleoresins extracted from chilli and pepper
according to the processest, 7 developed at this Institute
were also fried at 0.1 to 0.4 per cent levels in the papad
recipes. The oleoresins were dispersed in small quantity
ofethyl alcohol to which a solution of salt and carbonate
in water was then added gradually to obtain a uniform
suspension.  This faciljtated proper distribution of the
oleoresing throu%hout the doug,h. N

(Effect of storage on expansion characteristics; The
diametrical expansion of papads based on different
blends of blackgram and greengram stored for varying
periods n a|r-t|ght lastic"contdiners were studied over
a Eerjod of thrée moths according to the procedures
described earlierl _

Papads based on blends of blackgram with cereals,
pulses and starches: To arrive at maximum possible
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substitution of blackgram, trials were carried out usmg
several blends of blackgram with relatively cheaper an
commonl¥ used cereals, pulses and starches.
Maize tlour purchased locally, rice flour obtained by
%rmd_mg Bangara Sanna rice arid wheat maida obtained
‘milling médium hard wheat in the Laboratory Buhler
Il wer€ used for hlending with black%ram flour.
Horsegram (Dolichos Hiflorus) purchased from the
local market was soaked for 24 hr and allowed fo
germinate for 48 hr. After drying in the sun, the material
wasS ig\r/?#nd Into a fine flour-and the husk was removed
C_ommgerc;ally marketed com starch was used as such
or i é;elatmlsed form. . The, gelatinised  starch was
fBrleezg- ried and ground into fing powder in a Waring
ender.
Al the flours or starches were passed through 80 mesh
sieve before use, _
Papads based on different blends using 7 parts of
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common salt and 1 part of carbonate were prepared
according.to the procedure described earlier4. In"some
of the reCipes, the normal water addition of 45 per cent
was either decreased or increased to get a papad dough
of desired consistency for easy and smooth rolling ‘of

apads.

FE)ough characteristics and papad quality:  The hang-
feel and rolling property of the dough and appearance,
texture, taste and diamétrical expansion of fried papads
were considered as the main criterial,2

Results and Discussion

. Dough characteristics and gagad guality (Table 1) The
diametrical expansion OfP pads based” on only green-
gram was 27 Eer cent hut papads based on rémainin

lends of blackgram and greengram ranged, between
and 49 per cent. The optimun water réquirements for
g?h%? be}rgﬂdSZO:SO blends of blackgram and greengram

Table 1. dough characteristics and quality of papads based on blends of blackgram and greengram flours

, Dough characteristics Fried papac* o
ch Blagkgram Gregngrani Water* . . o
Bﬁo. aﬁc‘ﬂr ?%gr %ed KFeadBng Handfeel Rolling property  Appearance Taste g(b%%n )
110 0 & ' ft. |
Hy B0l Qe Hega
H o T s
ractive
4 4 0 &2 )i : 16
5 2 N L - . . 18
6 0 mw & w o Verysoft Difficult to roll Dhal taste 2

+ Parts per 100 parts of flour blend o
4 Alpapads hadl brittle texture and were crisp to bite
{4 4 Racat increase in the diameter on frying,

Though all the doughs were soft to handfeel, the
elasticity of the dough_ decreased as the proportion of

reengram increased.” The dough containing only green-

ram” flour lacked elasticity“and cohesiveness, was

ifficult to roll and requiréd more dusting material,
Also, the edges of the rolled papads had™a cracked
appearance. _ _

All the paPads on frying had bright cream yellow
colour and' attractjve appedrance, They were cfisp to
bite ang had a balanced acceptable taste, except in the
case of 100 per cent greengram papads, which had a
.

more
ﬁ%ef,ﬂserggesrrcerigck

typical and Rrédominent dhal taste. Therefore, it can be
concluded that atleast 20 per cent of blackgram flour is
necessary to Tget pagads of acceptable quaht}/._ _
Spicirig of papads:  From the various trials carried
out using different levels of spices the desirable levels of
Incorporation of spices qn the basis of 100 g of 80:20
blend” of Preengra and_ blackgram flours arrived at
were: chilll 'ﬁ)_owder, 10; jeera flakes, 20: black pepper
flakes, 2; wi |ep_egperp waer, 1.8; asafoetida powder,
0.2-0.3: "and garlic powder, 0.2 per cent. These levels
were the ones™at which the taste and the flavour of the
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spices used in. isolation or combingtion were just rﬁ)er-
ceptible.  Various combinations of these spices can be
worked out to meet the requirements of the_consumer.
Spices did not have any deleterious or beneficial effects
on the diametrical expansion which ranged between 40
and 52 per cent. _ ,
In edrlier studies! falling off of (Pepper specks in
particular, leaving holes onthe papad was found to be
one of the seriols defects. The present studies have
overcome this defect by increasing the desirable thickness
of spiced papads to_about 0.8 mm and using flakse of
Begoper and jeera of optimum, thicknesses, ie. 0.8 and
3mm re_spectwelg. These sP|ce flakes were alsq found
to minimise powi erln% of the spices during ﬂakl_n(l;.
Further, the use of black pepper flakes of known particle
size resulted in papads of better appearance with uniform

distribution of bold specks. Jeera used in the form. of
flakes giave the papads a characteristic taste of the active
principle. It may be noted here that the use of each
spice has been maintained at mild to moderate levels.

Use of oleresins In export quality papads: The
desirable levels of chilli an per%Jer oléoresins in papad
recipe were found to be 0.15°and 0.20% respectively as
compared to 1.0 per cent of chilli powder and 2.0°per
cent of black pepper. Papads contamm% chilli or pepper
oleoresin in place of natyral spices had spotless bright
creamy Yellow and pleasm? appe_arance, and this wll
Increase the export potential of spiced papads.

Effect of stora?e on diametrical expansion of papads:
It is interesting 1o, observe that in all the greengr_am
papads the diametrical expansion showed an ‘Increasing
trend during the storage. (Table 2) In most of the cases,

Table 2. effect of storage on per cent diametrical expansion of papads based on different blends of blackgram and greengram
FLOURS

Mein ingrecients Per cent expansion after
I\Skl)'. Blackgrﬁmﬂour Green%amﬂour 1 cay 1 ek 2weeks  lmonth  2months 3 months
1 0 00 B 2 k3 40 % M
2 | ) 5 i 0 ) o7 5
3 40 60 % 46 R % Y 57
4 60 4 40 a7 53 5 % 5
5 )] V| 3 8 5 % 8 51

¢ Tre moisture content of papads Varied from 13.0-14.0%

a storage period of 2-4 weeks was found desirable to
obtain "a maximum possible expansion. In case of
papads based on (different blends, the djametrical expan-
sion increased from initial valyes of 23-40 per cent
10 40-56, ger cent during this Perjod. This maKNperhaﬁs
be explained by more complete interaction between the

additives and “the flour components during storage f

which IS somewhat comparable to improvement ‘in
quality as a result ofa%;mgmsome of the foogd products.

Papads based on blends of blackgram with cereals,
pulses ang starches: . The recipes. for acceptable pa‘pads
with maximum possihle substitytion of blackgram tlour
and the evaluation of the doughs as well as the papads
made, therefrom are presented in Table 3 For each
suybstitute replacmgf bIack%rfam, several blends were
tried g In the'case ot blends 0f blackgramand green(t]ram
described above. Only the recipes folind tg he acceptable
from the Epomt of dough _con3|stenc¥, _roI_Ilnghgropert ,
texture, taste and expansion characteristics "have beén
included in the Table.

. Though 60-75 per cent of wheat maida could be
incorporated without af[ectmgf the dough characterisrics
and ‘organoleptic quality Of papads, the expansion
(24-16 er cent) was significantly low. ~As such, a
maximum of 50 per cent Substitution by wheat maida is
sug%ested in view of 55 per cent expansion obtained on

Ino.
rKN%en gelatinised corn starch was used to the extent
of 25 per-cent, the water requirement was as high as 60
per cent. In contrast, 30 per cent of corn starch Could be
used in the dough usm% only 50 ger_cent water. Further,
In the same recipe, 5 per cent substitution of corn starch
by the same quantity of gelatinised starch ingreased the
Water requirement to 55 per cent and diametrical expan-
?mn ofga ads to, 5 per cent, as compared t% 47 per cent
or papads containing 30 per cent corn starcn,

he colour and appearacne of most of the fried papads
were highly acceptable, while the texture was crisp and
the tast acceptable. Only the rice papads had a Some-
what dull colour. The papads based on recipe containing
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Table 3. dough characteristics and quality of papads* based on different blends of blackgram with other pulses, cereals
AND STARCHES

Blends of papad recipes

Ingrecirts T R A A R
Maize flour K|
Rice flour )
Wheat flour ) 00
Horsegram flour &
Celatinised starch 5 5
Com starch 0 X 5
Blackgram fiour 10 50 40 6 Hh & 70 0 X
\[/)\éalerh — 575 ﬂ 5 LSw]?t 60 50 575 45
“9 CrRreCtensiics e?o fhc agstlc 0 S?iﬁlgﬂler{
iy o Sk S Eeoe Eﬁ%% o S o
Exparelon (% 7
ad 1 eowcolourv\nthﬂeexce onofnoeandho ull strawyellow Il
East S?{}?&ﬁ% f%% rsegmpamdS \r,\eerrrgjnlnrﬁge l& a% Viere crisp to |te M@ Wdﬂure an@N %éceptabﬁmtas%J

maize had a low digmetrical expansion of 37 per_cent,  Acknowledgement

while recipes containing rice, wheat and eet|n|sed The authors are thankful to Dr. B. L. Amla, Director
starch had an expansion"of 50-55 per cent. The black-  of the Institute for his keen interest in the work. The

ram papds containing 20 per cent com starch had a

?nammpur% expanswn o? & Fe)r ot gg%ug V\elllesgggglon with Shri J. V. Prabhakar is gratefully
In the case of orsegram g 8ads onlg/ 20 per cent of

blacquam flourwasad quate to get a dough of desirable

CONSIS ency The papads, when frled were dull brownish  References

incolour”and some what gritty. ~ Further, they had 1 S Tyallar, KVL Ven . Prabhalar and
unacceptahle taste and a po rd%emetncal exRans)(on of EL 8, J. Fd Sci. Technol, 0 7]\{00

17 per cent. It may be noted here that the horsegram rabhakar
papgds are mostly uged In the toasted or haked forn%J and S%Mmﬁéﬂ\ﬂmﬁ J.Fd §ci.K T\e’ehho?{e'i@?%‘; 28.
N, Balasuprahmanyam. SR, M’pale%r and KVL
\en teSN Fd Sci. echnol 10

not in the fried form,
To summarise, at least 20 per cent of blackgram flour
Npgfai@rJ Fd ScP Technol., I'197 er]lfa had SR Sur-
Ingian Patent 13494 on Imp%%ents in or Relating to

is needeal In papads based mainly on greengram flour to
Manufacture of Garlic Powder
the Rreparaﬂon of Joapa S W|thout adversely aﬁectlng

|ametr|ca xpansion on n%% About 5to% ’oer
cent ofstarc aterlal 30 0 per cent of cerea
maize, rice and w eat cou replace blackgram flour in

~N oo o1 B~ o o

obtain a dougR of desirable E)ropemes and papads of

acce tahle qu I|ty attrlbutes relating to texture, taste and

S O © GRS Ly e
the handling properties of the doughs as Well as t

papad quaht%/IO : : ' E%M% Flav, |nﬂ"578{f& Kr'Shnamem
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A ﬁu & st b

ntso?l
%\!/Elaxr%?qoorprqte h%jh i %rrn])oth EJﬂth:lén ﬂes b;% n(pthe an%lt;all Ir?e hcon
\E\Et:eso\nttlizgeg:rr%rzesgo cﬁ’a?s I(r)e]éngramrnpreos,%%oe t%%)e drtrves namey iU

Spiced or unspiced balckﬁram (Phaseolus mungo)  Preparation of papads: papads were made accordin
papads are poRuIarrnthe South Indian dietary, while thé  to procedures descriped earlier2. For every 100 partso
réengram (Phaseolus aureus) papads are preferredrnthe blends, of different flours, 7 parts of comnion salt and 1
orthl. The desirable physico-chemical characteristics part of sodium carbonate were used. . The optimum quan-
ofthe dough and the or noIeptrcaI attrrbutes as well as Tty of water required for preparing the dough was
pac a%rn g-and storage “behaviour of papads has heen determined after preliminary trials. ~For comparison,
studied systematically recentlyZ-3. In view of its unique  the doughs made In Hobart Kneader as well as Farino-
mucrlagrnous component blackgram flour has been  graph Kneader were used for the preparation of papads.
practrc lly rndrspensable In all the papad recipesZ-4,

an of te qualit arameters re lating to papad _ Evaluation of dou%h characteristics using a Brabender

% have owever %een based only on subjective  Farinograph (Model
assessment such as handfeel, rolling property etc2. No _ Preparation of apads using a mixer: Brabender
instrument has so far been used to measure objectively  Farinograph (Mooel  SEW), was used to measure the
the dough characteristics of papads. The reésults of dough "characteristics of papads based, on different
studres Undertaken to explore the possibility of using, recipes. After preliminary trials, lever osrtron2and not
Brabender arrnograph for obaectrve assessment of  the lever position 1 used normally for bread doughs,
consrsten ﬁ]apa doughs hased on different blends of  was selected for the present studres The 50 éamrxerwas

ackgra other puIses cereals and starches are used for .mak rn the oug Dij erent rinograph
reported rnthrs paper. curves&g 2% run f0r a period of 10 min."were
obtained f rdrfferen papad doughs. For the preparation

Materials and Methods pa ads, a duplicate cUrve was obtained but the dough
n%rredrents Quality dhals, of blackgram and green-  formed was removed from the mier, after stopping the
and Bangara Sanna rice purchased from”local mixing at maximum dough consistency.  Papads Were
mar ket were ground to obtain fine flour. Horsegram  then fiand-rolled from these doughs as Usual,
#Dolrchos brrorus)[ purchased locally was processed'into ~ Fffect of additives on blackgram dough:  The
lour according 1o the prooedure described earlierd. behaviour of the blackgram dough as ifflenced by
Maize flour pUrchased locally and gelatinised com additives sodium carbonate, and™ common salt was
starch and wheat mardaprocessed In the"laboratory were  studied using the 50 g Farrnograph Mixer in Lever
used in the recipes. Before using, all the flourS were position 2. arrnog aph curves for doughs based. on
passed through 80 mesh sieve. “Additives used were (/) blackgram flour Iy (n) baokgrramf ur + sodium
edible grade Sodium carbonate and common salt. carbonate  (iif) blackgram’flour + common salt and

36
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blackgram flour + sodium carbonate - common

salt were obtarned wrth the reqursrte quantity of water
gof blac h%ram flour was transferred
Ixer and 0.5 g of sodium

For this purpose. 50
carefully'to the Farrnograph

Fig. 1 bl h
ig nong;re;T b;u |e ac(hgn?m dougn i contarnrnr
nt sodrum r rcent WWaler djred
cent WWateY,

%288[]6 nate common

Frg 2 ramcun/es for papad d on blends Corf
rdrlaﬂ r@frd rrsZub?Star ger atdterlrseo
(?Ofmu/heat and horsegram (1 )

carbonate and/or 35 g of common salt dissolved in 25
ml of water were addeéd immediately after switching on
the Farinograph Mixer into the fast position and” the
curves werg allowed o run for a errod of 10 min.

Criteria for evaluatron of papad dou From the
Farinograph_curves. the maxr U ough consrstencr{
recordgd n Brabender Units, fa In the“consistency d
the end of 10 min,, the width and the pattem of the cirve
were taken as the. criteria for evaluating, the dough
characteristics.  Diametrical expansion 0 papads n
fryrn|g has been reported as an important quality criterjon
for fried papadsL As such, for comparison, expansion
characteristics of the papads obtainedboth from doughs
kneaded in the Farinograph Mixer and the normally
used Hobart Mixer were"studied according to procedures
adopted earlierl

1 gﬁr

Results and Discussion

Comparative _evaluation_of different doughs using
Brabencler Farrnogr h: The data regarding dough
characteristics as Studied on a Farinograph and expan-
%on of papads based on different recipes are presented in

L
Ettect of aqditives on blackgram dough: ~ As highligh
ed earlierd, blackgram s practically™an indispensa
ingredient in"any papad recipe. As such, the effect of
additives on the blacklgram dough characteristics was
studied separately.  Further, the preliminary tria
indicated that when a level of 45 per cent water (riormal
used for hand rolled papad dough) was used n black-
gram dough, the consistency far exCeeded the maximum
., even when lever position 2 was tried, As
such, a level of 50 per cent water was used for obtarnrng
farinog ram curves in lever position 2. for differen
recrpes based on blackgram as well as, its blends, with
cereals, pulses and starches. Further, in case of black-
gram dough containing carbonate only, 3 per cent extra
Water was necessary toprevent the curve from exceeding
a maximum copsistency of 1000 B.U.
It is interesting to riote that though 2-3 per cent of

D T

wn

/\<

extra water was added to the blackgram dough contain-

Ing carbonate only, its maximum™ consiste CY of 950
B was significantly higher than that, of blackgram

ough witholit carbonate (750 B.UL.) This corrohorates
with” the subjective attributes such'as tough and non-

cohesrve nature of thrs dough as reported Earlier2. The
~ tough ness of this d ou% Was reduced considerably by
the nclusion of 7% comm

on sa It whrch has a meIIowrng
actron there }/ improving the. rolling po ertg of te
Use o both these addjtives resuI ed Inadoug

desrre strength as well as softness and yol rng property
The data "presented (Table 2) indicate that there
exists no correlation between the maximum. doygh
consistency and the diametrical expansion. The dia-
metrical expansions (45-50 per cent) of papads hased on
doughs contarnrng salt or salt and carbonate were
srgnrfrcantIthghe than those 10 20 per cent) ofpapads
based on bfac gram with orwrt out carbonate. [t
therefore, ern erred that a dough congistency of ab ou
900B.U). is eﬂrabefor%lftarnrn maxrmum lametrical
expansion In the case of blackgram papads.

Papads based on blends of blackgram with other
ingredients (Table 1)

Water requirement for dough preparation:  To obtain
oughs of desired consistendy In ‘a farinograph mixer
for Smooth rolling of papads, the water addition had to
be altered only i case. of 80:20 blend. of greengram
and blackgram'and 20:80 blend of gelatinised Starchand
blackgrant'to 45 and 55 per cent respectively as compared
to 50 per cent for all the remaining blends.
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Table 1. dough characteristics and expansion of papads* prepared from different blends of cereals, pulses and starches

USING FARINOGRAPH MIXER

Dough consistency
N%I mg’metorear Handifeel

ﬂb. Ingreclients

Series |
1 Blackgramfiour (50 ¢) only 5 ™
; ) 59 Hasig%uyg) . 0
2 a 265 00
3 " t50 szﬂ)[ ggnsmon 5 80
4 Corrmon 5 19

st (35)+ dé

t (35)sodium 5

G Ble{cl%ramﬂour (1%&); ram 25 40
6+ " (&)t icéJ flor 5 30
liad " (40 g)+Maize ﬂéx% 5 640
8 Blackgramflour (40 Sgl-htaw 5 660
g " [I +C m 5 160
10" Blackgram flour (40 )+ 51%}thGe %lrfe(g} 25 %0
|1 , 25g+\/\/heat ;5’ 5 n
iV ” (1?|32]+H 465%ér 5 40

*The moisture content ranged between 13 and 15 per cent

Dough characteristics™*
Rolling property expansion(%)

SEC. Snum

B Fairlysoftbutnot  Somewhat diffiout 107
conesive o roll, edges cr;

1 Toghad  rotDiffaitiorol 2%

. coresive

%  Softadcohesive  Easytorol 50

68 Sof[ cohesive and 1
elastic

3 Sos,fttl’ckybw slightly  Easy to roil 15

48 Fairly soft %

44 Soft,  somewhat 3
SUCKY. e

83 g somewhat  Easy to roll o4

9 F géStiC only Somewhat dfficult 5
ajarl{gr%féltlom% toarcﬂ‘ “

74 Somewhat tough Sonm{taa}ow'fﬁcult o)

D ey soft, elastic  Veryessytordl %
Soft| k§b/ut digtly ~ Easytoroll 1P

*In adr%mon ther Ca%(l)oe for each dough contained 35 g of common salt and 0.5 ¢ of sodium carbonate except SI. No. 12 which did
“*The stlckmess of some dough could easily be overcome by using extra usting material

*Refer to papads

DougD con5|stency and dlametrlcal expansion:  The
g ased on wheat blend had excellent diametrical
exp n3|on 0f 55 per cent, while in the case of maize it
was only 33 rE)er cent It1s mterestmg to note that even
though, bot the doughs hased on blackgram hlends
W|th rice and horsegram had comparable maximum
consmtencg/ the d|ametr|ca expansmn of papads based
on rice ( O per cen blend was three fimes that of
papads based on horsegram (80 per centg blend. The low
consistency of the dougih based on horségram blend may

made fron doughs kneacled in Hobart mixer.

be partly due to the fact that the dou?h was, made
according to a traditiopal recipe without any alkaline
additive,” The dough characteristics and the exPanswn
of papads (Table 1)based on horsegram blend refer only
to the dough kneaded in a Hobart'mixer and not in the
Farinograph mixer.
hough' the maximum con3|stenc of 660 B.U. wi

con3|derably Iower than that (920 B.U.) of a normal
blackgram “dough, the dough contammg 20 _per cent
com starch had” maximum diametrical expansion of 64
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Table 2. farinograph characteristics. changes in the consistency of papad doughs based on different cereals, puises and
STARCHES

F\l. Ingregients Final* d
0. consistency (B.
1 BI ramflour 50 ) only 4%
ackg ESOg%Sodtum 5%
22 0g)+ | 55
3 ” fSOg+Commons 485

. .
(SOg)Sodtumcar 61 H

Series
5 Blackgramﬂour (10 g)+Greengramg8u X
6 " 25 g)+Rice flour 258% 200
1 " 40 0) tMaize rour ng 30
8 ” (40 g)+Corn stetrch(10 : 3
9 ” (3 g)+Corn star 5g 3%
+Gelatini d‘ :
” (40 g)+GeIatS|tr;1|?§h g 60
11 Blackgramflour (25 g)+Wheat flour 50 35
2 " 10 )+ Horsegram flou 200
(09 Horsgram
*At the end of 10 min. run
**In addition, ea

containedl only 35 common

per cent and had a comparable handfeel. .~ Use of
eIattntsed starch (in place of corn starch) increased
5|?n| ficantly the dough con5|stency (940 B.U.), In spite
ner cent extra addition of water, and Gecreased
|ametnca expansion $50 per cent) of Bapads
From the results presented In” Table 1 it may be
inferred that no correlation, exists between maximum
dough  consistency on FannograRh diametrical
expansion. In casé of wheat blend though the dough was
very soft and elastic, it was relatively strong due to
pre ence of gluten. ~ Further, the dough consistency
appears to be deRendent on the type of mgredients used
for blending witn blackgram, eﬁ with rice and green-
gram the dough is very soft- whiereas with maize, com
tarch and wheat was soft but somewhat strong and with

mmls{e'm,%m V\tdthofthefannogram Tine ten 0 ren%h
) Min*(m) i (e
25 b 9 120
k3 B 10 &
h 16 1 )]
3 i 6 60
30 b 1 60
150 9 3 60
)] i 3 J)
200 Y 5 kY
35 9 4 %
k3 10 5 15
20 4 i V|
5 13 5 60
140 9 2 15

g%tah SSI No. & l) contained 35 ¢ common salt and 0.5 ¢ sodiium carbonate. - The dough containing horsegram

gelatinised starch alone, it was very strong but some-
what tougih
The data regarding dough consistency and changes in

the width ofthe fannoqram curve which indicate weaken-
|ng of the dough as we | as strength of the dough respec-
t|vert]/ are gIven in Table

Changes”in the dou%q con5|stency The fall in the
dough con3|stency for e blackgram dou? S contalntng
saIt or carbonate”or bath were comparabe In the ran

and 375 B.U. Simifar fall was also recorded

blackgram doughs containing com starch as such or |n
?elatlnlsed form. As the Initial consistency itself was
ow in the case of hlackgram doughs contatntng green-
?ram [1Ce Or horsegram, the fall n” consistency dlso was

(80-150 B.U.)" The weakening effect caused by
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Table 3. dough characteristics and expansion of papads* prepared from different blends 0r cereals, pulses and starch using
HOBART KNEADER

: . Dough characteristics
kk

ﬂa g Wat?r[nﬂded Kne?grcru i Handfeel Rolling property expansrocr?]
1 E%aﬁlqggrraﬂwr ﬁ E;g :%astl%;neuhat Eassy to roll :
2 w%rﬂwr 0 iV F'le fltC ly.  Somewhat difficut %
3 éﬁgr - ala?tersc%nd?tri] ing 10 roltjl v
4 l%eif%mm%r 4 0 Soft Easy to rall 43
5 glackﬁram flour % 16 Fairly soft ) )
6 Blackg flour % 1% Slightly tough M 0

‘ toiffiout 53
| : © wuyy oid o
8 Elo ramt%ﬁr gt[ictauytsrg y Easy to ro

»The moisture content of dlifferent papads ranged between 14 and 16 per

resin the
nate

!

kneading was maximum (445 B.U.) in the case of dough
based on wheat flour blend.

Effect of addrtrves on the strenqth of blackgram dough:
As the Rattern of changes in the dough "consistericy
during tne fall period Of the curve cah he observed
easily; the width of the curve for different doughs has
beerf recorded for a 10, min, kneadrng period.  The
maximum width of farinograms  was omoarable for
most of the blackgram doughs in series 1, with the
exceptron of bIack%ram dough containing, commonsalt

only. In spite of the 10 min. “kneading and 2-3 per cent
extra addrtron of water the bIackgram dough contarnrng
carbonate ony hadconsiderabl ar er curve wr t
corroboratrn tere , the tou nes of this  dough
referred tor Tae Takrn Into congideration the
different attiributes after subjec ive as well as objective
evaluation, it may e inferred'that salt renders the black-
%ram dou%h soft' while the carbonate imparts tou%hness
rstren% to the dough. As such, both these additives
are necessary to obtain a_dough of desired dough
consrstency, trength and roIIrnq roperty.

Strength of doughs based on blackgrant blends: - Most
of the ou hs ased on different bIen?s had a maximym
cUrve wid /- mm_and were tound to have the
desirable dough characterrstrcs The weak nature of the

[er 2
hesesr Sacatepri)(%ortro r%fﬁhenernrrgredrentsusedrntteblend In acdition, each contained 1pert of sodium

dough based on blends contarnrnq greengram, rice or
horsegram flours s ndicated by a Tesser clirve width, of
these doughs needed extra dustrng

-3 mm only, Also
The™ decrease In the cury

material qurin roh
width, also inglicative of the weakening of the dough,
Was comparatrvely minimum i the case of doughs,
containing starches.

Maximm width of the farinogram which indicates
the strength of the dough and”dough development
pattern was reached withim 30-60 sec. for most of the
doughs. In the absence of commonsalt, the blackgram
douéroh containing carbonate only required longer time

sec. as compared to 60 sec. required for dough

containing salt only or both salt and carbonate.  This

also corroborates earlier observatronsz regarding the

rm ortant role o ommonsat In the preparation” of a
easily reliable dough

Even though salt so necessa for obtarnrn(t] a soft
dough was included in the papad recipe, It is rnerestrng
to note that the presence, of gelatinised starch increase

the dough develo ment time {150 sec) and curve width
(11 mmj srgnrfrc ntl 3/ Also, In addition to larger curve
wrt ram dou carhonaté only or

hs containin
?e and salt drsgla ed

gelatinised starch with hoth carbona i
|

prominent fluctuations in the curve as a result of



SHURPALEKAR AND VENKATESH: BRABENDER FARINOGRAPH AS A PAPAD DOUGH 41

resistance offered to mixing blades. This brings but the
non-cohesive and tough ‘hature_of the dolghs with
respect fo rolling charaCteristics. The blackgram doughs
gontaining greengram or rice showed |n5|%n|f|cant
fluctuations Which"may be attributed to the weak' nature

of the dough. . . i,

Honart r%mng 5, Far_mog[gaph mixing ofpapad dough:
As the S|?ma type mixing lade of Farmograﬁh miXer
rotating at 85 rfp.m. diffef. considerably from the plane-
tary type arm of Hobart mixer (60 r.p.m.), a comparative
Information on the effect of two modes of kneading on
the dough characteristics and the quality of différent
P_apads \ias considered necessary. The dough characteris-
Ics and quahE/ of papads based on different recipes usin
Hobart and Farinograph mixers are given in Table

Int_erestmglgf e_nouagh, the dlesirablé level of water
addition to™dbtain ou§hs of desirable characteristics
In a Hobart mixer was I:oer_ cent less than that required
for doughs kneaded in a Farinograph mixer. The knead-
mq timé (75-135 sec.) required"to reach maxjmum on-
sistency When dough” was kneaded in @ Hobart mixer
was significantly Ionger than that (35-49 sec.) observed
for mast of the doughs kneaded in a Farinograph mixer,
The only exception Was a dou7%h based on the gelatinised
starch Blend which required 74 sec. in spite of™ per cent
extra addition of water. Even though 2-3 percent
extra water was added to blackgram ouglh containing
sodium carbonate only, the time (92-I12 sec. vide
Table 1) taken to reach the maximum consistency wes
significantly h(ljgher as compared to that (68 sec.) regulred
for a normal dough containing both carbonate and salt.

As regards the dough charaCteristics, the observations
were comparable for most of the doughs made in hoth
the mixers. However, the douqhs kneaded in a Hobart
mixer could be removed as one’lump without any sticki-
ness, while the doughs removed from Farinograph mixer
could not be removed so_easily. With the éxception of
blackgram doughs containing“wheat flour or starches,
the rémaining doughs were Somewnhat sticky to handle.
Also, in view of the hlgh_er level of water addition, most
of the doughs kneaded in a Farinograph mixer unlike
those madé in Hobart mixer required eatra dustin
material during rolling. The diametrical expansion 0
papads made Tsing the two modes of kneading were
comﬁ)ara.ble. . .
The different findings of the present studies are sum

marised below:

Using Brabender Farinogiraph In lever position 2,

subjective parameters like handfegl, and roIIm%pro erty
of the dough can be expressed numerically in Brabender
Units to indicate the consistency of the ﬁapad_dough.
Time taken to reach the maximum dough Consistency,
1.8 the dough development time was degendent on the

nature of ingredients and_additives used in the prepa-
ration of the dough.  Blackgram dough containing
carbonate only and the doughs based on blackgram-
starches blends showed highér dough consistency and
%ei(e)li:omparanvely less cofiesive and” somewhat difficult
The fall in dough_conmstewc% as also the wigth of the
Farinograph curve indicated the weakening changes in
the dough consistency, as a result.of kneading, The time
taken 0 reach the maximum width of the “farinogram
curve, 1.e. the maximum strength of the dough™ was
dependent on the nature of the ingredients.
. The fluctuations observed in the farinogram curve
indicated lack of homogeneity or cohesive nature, and
tou_?hness of the dough, as aresult of higher and non-
uniform resistance 0 mg_redlents to the m|xmrg blades.
Such fluctuations were mainly observed in the blackgram
ou?_hs_ as such or with carbonate only or its blend “with
gelatinised starch and both carbonate and salt
There was no correlation between the maximum dough
consistency and the diametrical expansion of papads.
: e processing conditions for preparation. of the
dough of comparable characteristics in a Hobart mixer
which is normally used, or the farinograph mixer differed
in the level of water requirement s well as. kneadmg
time. The Sigma tyﬁe mixing blades of the farlo_nograP
reduced the doug_ develoEment time~ considerab g
However, the quantity of water in the dough had to e
Increased by 5Per cént In order to_obtain a dough of
desirable as well as measurable consistency. _
In_conclusion, the subjective Parameters used earlier
for des_crlbm(i dough characteristics can now be expres-
sed objectively Interms. of farinogram characteristics.
The fmdm%s ave hlghllghte_d therole of (/r% salt. in
softening the dough and™ (i) carbonate In Imparting
strength™to the dodlg

Acknowledgement

The authors are thankful to Dr. B. L. Amia, Director
of the Institute for his keen interest in the work. The
useful discussion with ShriJ. V. Prabhakar is gratefully
acknowledged.

u—

References

L S8 S L, el )t

2 S&bﬁgtgpala%agﬂ . Prabhakar, KV.L Ve%?s& 28.
asu

I8, J. Fd Sci. Technol.,

. N'Ve%aateéﬁ,r?hFd Sci. Tec?.r!}l., W%’ ad KL
4. SR Shurpalekar and K. Venkatesh, 1. Fd sci. Technol.,

(Communicated




RESEARCH NOTES

STUDIES OF PECTIN METHYL ESTERASE
ACTIVITY DURING DEVELOPMENT
AND RIPENING OF GUAVA FRUIT

Experiments were performed on Lucknow 49 variety of guava fruit
to determing the pattern of change in Pectin methyl estersae (PME)
activity dunn[%growth and rip enlnt[t The enzYme activity was insi
nificant for fhe first 112 days after petal fall after which it rose

Sharply. Peak PME specific act|V|ty was recorded at about 141 days
and the activity again showed a decline. The maximum activify-
stage appears to correspond with the so-called hard green stage in
the'fruit development. Peak total pectin content was observéd to
correspond with the peak PME activity.

Guava fruit, a good source of piacin and vitamin Cl
5 also |mﬁortant as 8 commercial source of pectin2
Pectin met yl esterase (PME), an enzyme which acts on
pectin liberating methoxy rous hias been found. to
Increase In act|V|ty dunn Bve opment and maturation
of certatn similar*fruits34. Knowledge of the pattern
of PME activity during development™of a fruit” could
therefore sug est the right sta é;e of maturity as far as its

pectin conten Was concerme [esent commum
catton describes the ex enments co ducted é)nman
to study the pattern of PME activity during the develop-
ment and ripening of the guava fruit.

Psidium guajava fruits of Lucknow 49 vanetg \Were
used in the study. Five trees in the Agriculture oIIege
orchard, Nagpur were selected and"the fruits were
labelledat thé time of petaI fall. - Samples were collected
at reqular intervals i.e. 15 days in earlter stages and 8
days at Jater stages Fruits were wetg homogenized
and analysed for PME activity and total pectin content
The enzyme act|V|ty Was assa)(ed by the method of Al-
Delaimy and Ali5, “The activity Is éxpressed as meq. of
COOH groups Itberated/hr/ fresh vvt Total pecttn
was determined as calcum pectate mytemet od of
g?rletgh Jﬂhe unit of total pectin was mg Ca pectate/200

Results represented F|g indicate that orowth curve
uava frut is typtca sigmoid as, reported for other
fru softhe same am| PME activit Wa5|n3| n|f|cant

uto 112 days, aft erW|c It rose sharply. . This_rise
rresponde with the rapid increase in Weight of the
run aX|mum activity was observed arolind 141st
t%l which may be described as the hard green stage.
The PME profile obtained 1S similar to cértain otter
fruits of the same variety. . Hobsona reported a 40 per
cent increase in PME acfivity in tomatoes as they ripen-
ened from mature green to full red stage. Thereafter the
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activity showed a decline. Weurman4 also obtained
similar results with pears. He observed that the PME
activity was maximum at about two weeks prior to
commercial maturity.

TotaI pectin content of the fruit, determined  from

a% onwars 1) also |nd|cated 3|m|Ianty
etween etota gec |n content and t e PME acttvmf
Eecttn content

PME ‘activity corresponded with peak totd

It, therefore, appears that this gomt

orresponds to maximum turn over rate, of pectin
Since the methoxK Index of pectin is considered to be
more important than total pectin from the commercial

point of view, further investigations on these lines are in
progress.
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A NOTE ON THE ESSENTIAL OIL AND
OLEORESIN OF ZANTHOXYLUM RHESTA

The essential oil and oleoresin yield from carpels and the charac-
teristics of the essential oil from the seeds of Zanthoxylum rhesta
DC. are reported.

_ Zanthox%/Ium rhesta DC. is @ middle sized tree helong-
ing to the family Rutaceae. It is mainly distributed in thie
Konkan coast "of the Indian peninsula and is locall
known as Kaavatte (Kannada) and Thegpana (Konkini,
The carples are used as a_condiment by the Eeople of
Konkan' area, especially in fish preparations and in
coconut chutne¥es. It i5°also used widely in pickles as a
preservative. The bark of this tree Is aromatic and is
sometimes_used as a substitute for lime and pepper. .

The unr;Ee carpels, of this tree are strongly’ aromatic
and taste like the rind of fresh orange,  They turn light
brown in colour on ripening. The seeds are round, black,
smooth and shining and dre about 4 mm in diameter.
Ripe seeds dg not fave any atfractive taste.

he essential oil of thi§ spice (from the carpels and
barks) has also some medicinal properties. It Is astrin-
gent, stimulant and stomachic innature. It is said to be
effective aﬂamst cholera, dyspepsia, diarrhoea and rheu-
matismL Rogts of this tree also possess similar medicinal
Prope_mes. The earlier studies2,3on this spice dealt with
he yield and proPemes of its essential oil.

Semiripe carpels were water-distilled for about 16 hr
for obt_amm? essential oil. Ground carpels ,(I;ave only.a
poor yield of oil and seeds did not give any oif. Oleoresin
Wwas xtracted by percolation niethod *from ground
caereIs CVsmg acefone and absolute alc?hol. L

he gata on, yield and properties of essential oil and
oleoresin are given below.

Carpels
Moisture % (v/w)
Essential oil % (viw)
Oleoresin (acetone) % (wiw
Oleoresin (alcohol) % (wiw

Seeds

Essential oil % Nil
Non volatile acetone extract %(w/w) 165

The colour esseniial oil is faint yellow with a clear

appearance,has a characteristic Iemt?n odour which is

fryity and smg and also_b|t|nsgan pungent to taste.
% alcohol in 1:31

It 15 Sojuble in 80% alcoh atio. Othier properties
are as follows:
p. gr. 0°C 0.8844
O%t. rotation 6c< 30°C 101°
Refr. index (30°C 14702
Acid value 760
Ester value 30.26
SaPomﬂcanon value 3786
Ester content % 475
Combined alcohol % 248
Central Plantation Crops Research C. K. Maihai

Institute, Regional Station,
Vittal (S. K.) Karnataka.
29 June, 1974
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INVESTIGATIONS ON PREPARATION OF
NON-DAIRY ICE CREAM

An acceptable ice cream product has been developed b?; using
protein isolate from groundnutin place of milk solids. The cost
of this product works out to about half of the milk based ice cream.
Ithasa protein contentof 7% as compared to 4% observed in the
milk based ice cream.

. India.produces about 24 million tonnes of milk which
is sufficient only to. ‘orowde a per-capita consumption of
140 ml/day. Thie milk production will have to be doubled
if the recommended requirement of 250 ml/day has to be
met. It is absolutely necessary to conserve the available
milk supplies through the application of modern techno-
logy. An effort has already been made to substityte skim
mi fowde_r with plant proteins in the toning of animal
milk1.2. Likewise, technology has to be developed for
use of plant proteins In different sweets and confectiona-
ries hased on milk in order to stretch the available
supplies of milk for the vulnerable groups.

India is a tropical coyntry and the demand for frozen
foods is on the Increase in récent times. Ice cream which
was once consicered to be a SOPhIStIC&ted item of food
IS now hecoming more popular. amon_g the. peolole.
Annual production of ice cream in Indid during 1969
was 1,80,000 tonnes3
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Attempts have been made earlier to replace milk fat
by vegetable hydrogenated fat in ice cream preparations.
It wquld be Wworthwhile to exglore the possipility of
substituting milk solids completely so tha a satisfactory
ice cream “product would be obtained thus Preservmg%
the precious animal milk for more vital use like infan

eeding .
e"flow sheet for the production of ice cream from
groundnut protein isolate Is given in Fig. 1

Protein isolate + Sugar
fier | ..
lizer g mix in water
Calloid mil i recessay)
Paste&riser
Homagenizer
Colour, flarour
Freezi
' I-hrdénirg
Fig. L How sheet for the preparation of ice cream

(Groundnut protein isolate (neutralised & spra _dnedg
with_ the required %uantlty of sugar, fat emulsifier an
stabilizer are mixed t

ent _%uantlt of hot Water 850-60°C> with continuous
stirring to avoid formation Of lumps, The emulsion 1S

homogenized after pasteurisation. - The product is kept P

or ,agemg at low temperature (4‘_’Cg before freezmg.
fl?gglrnd olour and flavour are inCorporated before
7ing,
The gflnal roduct is comparable to the conventional
milk ice cream In texture, taste and other organoleptic
qualities. The chemical compoasition of ice cream from
milk as well as protein jsolate is given in Table 1 The
latter has a hlgher grotem content'than the former. The
process has been successfully tried on a large scale in

Table 1. composition of ice cream

Ingregients MK ice cream  Protein isolate
108 Cream
Proiein% 40 10
Fat% 120 120
Carbohydrated% 200 180
Calories/100 g M 208

gether. This'is dispersed in sufficl-

industrial_units and ice cream so prepared has heen
found rﬁmte acceptahle. .

From the cost Pomt of view also this product works
out cheaper than the conventional ice cream apart from
the fact that dependance on the skim milk powder is
avoided. _The recipe along with the cost details are
given in Table 2

Table 2. comparative COST OF RAW MATERIALS FOR iKG. MIX

Raw rmeterial Qty. fo) Mk ice%m Protein isolate
R Ice Fgsream

Cream 100 150 —
Fat 100 — 0.80
Sugar 150 030 030
Milk solics 120 3.00 —
Protein isolate 120 — 144

370 480 2.54

A similar product where only milk fat is replaced by
vegetable fat is being marketed”in USA under the trade
name ‘Mellorine’. In the present case, however even the
milk protein is replaced and if adopted on a large scale
additional milk now being consumed by ice” cream
manufacturers could be made available fof feeding the
needy sections of populations, - This product also Offers
ossiilities of fortification with, vitamins, minerals and
essential amino acids for improving its nutritional stafus.
Since ice cream s liked and consumed mostly by children
it would be an effective medium for the Supply of
vegetable protein which is being harnessed in récent
years for human consumPnon. _

The author is grateful to Shri M. R. Chandrasekhara,
Dr. B L. Amla‘and Dr. FI.AB. Parpia, for their keen
interest and encoyragement during the investigation,
The cooperation of the Scientist-in-Charge and the staff
of Experiment Station-Nagpur, is greatly”acknowledged.

%Qetg?]chlz?ﬁgtitﬁ%zwg%al

December,

B. R. Ramanna
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Processed Meats: by W. E. Kramlich, A M. Pearson
and F. W. Taubgr. The AVI Publlshln%)ompany,
Inc., West Port. Connecticut, 1973, pp. 348.

. Meat grocessmg as defined in_ this presentation
includes all manipulations for altering fresh meat for
purﬁoses of preservation by curing, s_m_okm?, cannm?,
cooking, freezing, dehYdratlon and addition of chemicals
and enzymes, but excludes such simple operations like
grmdm?, cutting and mixing which are just additional
ways of presenting fresh medt to the consumer,
istorically, méat _P_rocessmg originated in the obser-
vation of earI){ primitive manthat co_okln?, sun-aryin
or saltln% pro onrgs the keeping quality of fresh meaf.
|ce and show to preserve food was used by early Romans.
Modern clevelopments in food processing have undoubt-
edly received an impetus after development of the con-
cept of canning. which was an out come of need for
stable foods during the Napoleonic wars, Freezing of
meat was accelerated bY' world War | while irradiation
freeze dr mg and antibiotic preservation were out
growth of nécessities created by World War 1], The
purpose of processing was preservation by inhibiting
microbial spoilage. To this overiding purpdse, moderi
gﬁ\ée\l%pr)ietents have added nutrition, flavour, convenience

Pork w%s the first meat to pe processed in large

uantities.  Now other meats like ‘beef, mutton and
chicken and egos are also processed into products.
Protein isolateS™from vegetable sources, particularly
textured soya_ protein have resulted in - incorpord-
tion of these into meat products. A recent develop-
ment of meat flavours In conjunction with textured
vegetable proteins is likely to evelop into nonmeat,
méat substitutes.  Angthér modern trend is for the
grocessors to have facilities for slaughtering operations

IS0 because this adds to the flexibility™and better
control of raw materials that go for processing. The
older practice of pu_rchasmg meat from slaughfers and
Pr_ocessmg this is still_prevalent on a large scale. The
hird grodip in this chain are meat warehotises.

The trend in meat processmg 15 towards development
of new and convenience procesSed and precooked items.
This has been accelerated b}/ the relatively large number
of women employed outside the home~and the
consequent lack” of time available for preparations o
meals. The trend is illystrated by the growth of heat-
and-eat preparations like TV “dinner, frankfurters,
bologna and meat loaves, This trend also depends on the
anticipation and |n%enuny of the meat processqrs wno
can even create such demands. Increased quality con-
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e products. ,
f %nt%fﬁ‘avour and tenderness are

sciousness and government regulation on food safe

and inspection are also factors In development of mea
processing industry, ~ The composition” of the meat
products in terms of the proximate principles and. minor
m?redl_ents like minerals and vitamins has been given in
detail in Chapter 2. This Chapter could have been

incluced in the end with more emphasis on the changes

mduced_tg Drocessing. _ o
The first among the processing methods described is
The ﬁurpose and role of the

curing In Chapter 3.
different curing ingredients, salt, sugar and corn syrup,
mono-

nitrate and/or nitfite, phoslohaie, erythorbate
sodium 8Iut_amate and hydrolysed, vegetable proteins are
described first.  The characteristics of the three meat
pigments, reduced myoglobin, o>9/myoglob|n and met-
myo?Iobm, are elaboratéd before descriing the develop-
ment of nitri _omdg myoglobin and nitrosohemochro-
mogen, A fairly detafled description of the various
methods of curing that are practiced is also included in

this Chapter, . :
The logical sequence next to curmg 5 smokm_g because
cured meats are commonly smoked, and vice versa

Al asRects of smoking are dealt with in Chapter 4. Even
though the purpose of smoking was added preservation
In edrlier days, at present the Bmphasis is on impartin
new flavours and creation of new products. Apart fro
the development of cured meat colour during the slight
heating involved in agphcatmn of smokes, the attractive
brown”colour on the ‘surface of mans processed meat
products due to Maillard reaction, Is also enhanced by
smokmrq. The carbohg/dr_ate components of wood smoke
Brobab y also take part in the browning reaction. The
acteriocidal and static propertigs of smoke constituents
and formation of a thin dry film on the surface are
important for preservation.” The other aspects are
desirable and undesirable constituents of smoke, import-
ance of controlling temperature durln[t(} smoke genera-
tion, application and absorptign qf smoke, type of'smoke
houses, type of woogs and liquid smoke preparations,
Chapter 5 deals with meat cookery and. cooked meat
groducts. In the case of fresh meats, cooking coa?ul,at_es
nd denatures the meat proteins, Improves: palatability
by intensifying and production of desirable flavours and
atermgf the téxture and destroys most of the bacteria.
Apart Trom \hes?, In processed meat [oducAs cooking
Increases shelf [ire b{ destroymg bacteria and enzymes
stabilizes cured meat colour’and firms the comminuted
Cooking changes garncularly develop-
_ ePendent 0n Species,
aPe, method of cooking, nature of fat and Pre-_an post-
sfaugher factors.  Generally older animals yield meat
thatIs tougher and strong lavoured. By far the most
Important dspects of cooked meat flavourare browning,
spice and flavouring additives and method of cookin
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A few recipes for cooked meat products are given with
sone detarlg 8f It araHon
Chapter 6 describes the different types, of meats not
necessarily of different species hut aIs drtferent In terms
of conventional end use like sausage, .canned, variety
and smoked meats. Some,of the undersirable conditions
encountered in raw materials like PSE pork, two toning
In hams, sex odour and mutton flavour are also briefly
described in this Ch a ter.
Chapter 7 detarls he sequence of operations in the
manufacture of sausa es. By convention sausage is a
ro uct made from sa ted and spiced meat made"into a
cyrn rical form. When the sausage mix is shaped in a
ould of rectangular or loaf form it is known as meat
loaf. Ch aracterrstrc flavour and texture qualities have
become conventional with some of the established
sausage types. Classification could be mto two groups.
Coarse ground and fine ground (emulsion typé) edch
group containin subdrvrsrons like fresh, cooked Smok-
etc, . Sausage making . essentiall tt/ consists of
mixing, suffing and [in mg 10 tHese basics are
added Op eratron Irke ¢ or(erg femulsification, cooking
and/or smo Ing, peeling fermentation etc. 10
prepare the di erent srzes and varretres of sausage that
are known. Emulsion t Be sausages like an frankfurters
ang bologna are formed oy solubilizing the meat protein
which acS_like an emulsifier of the fat distributed as fine
globules. The formation of the emulsion and the result
0f over chopping of the emulsion, meat short emulsion
and break-down of the encapsulating protein layer by
too_rapid and too high heat have been’explained [tcialy.
Different types of Casings available now have heén
dgsgnbfeld briefly. Spices and additivies are also mention-
ed_brie
The Ia/rge volume of sausage type products, parti-
cularly emulsion type, have Jed to preblending” and
compterised liner programmrng to achieve least-cost
formulation, This aspe t of the resent trend has heen
elaborated in Chapter 8. Preblending consists of grind-
Ing and mrxrng different sausage |ndredients witff part
orall of the salt and currn Ingredients. Several advan-
ta es Irke cIose control of C0 rnosrtron sporae use of
honed meat, optimisation of use of equipment,
retardatron of oxjdative rancidity and flavour'c an
nave been realised by udrcrous greblendmg Preb
rr}g and comgutense linear grogrammrnﬂ are very
often used together. The essential jdea underlying linedr
gro rammrng for least cost formulation is to select and
etérmine th cLuantrtres of drfferent Ingredients available
that have to reblended to obtain”a product of the
desired _quality specr fication and lowest possible cost.
The information needed are (/) different ingredients
availaple and their cost, (//2 the composition™ of each
ingredient, particularly moisture, protéin and fat and

grm |%,

H) the desired quality specifications of the produyct,
he use of computerised linear ‘orogrammmg 15 essential-
ly a management tool to control the quality and economy
of the operation by makrng possible rapid decision on
economical combination of ingredients, mventor(y con-
trol and reducrngwastes Computerised | mearp gram
mg for least cost formulation. is no substitute for good
{ gement, sound scientific principles and knowledge of
he“functional behaviour of the raw materials, ~ Con-
straints or limitations have to be determined for the
drﬁerent specrfrcatrons and ingredients,
apter 9 contains mang ormulations, instructions

or r paration and notes on processing, handling and
storae of different type of sausages “grouped Under
ground suasages senii dry or sunimer ~sausages, d
sausages emulsion-type sausages liver sausage and
raunsc werg)er ang Specia |t§ Items | ke Ioaves

a ter 10 details smoked meats |ike hams, bacon,
smoe fp loin, prcnrc shoulder butt, comed beef,
smoked resh meat rre d heef, smoked_and cured lamb,
smoked tongue and pickled pigs feet. The classification
of different types of hams I based on internal tempera-
ture at fmrshrng added substances and presence of bone
rather than method of cunnﬁ

The general principles behind canning, different ty
of cans, retorts, processing schedules, handling schedules,
storage and shelf [ife, “asceptic canning are briefly
described in Chapter 11

Popular canned meat formulations like beef hash,
stew, chili con came, Vienna Sausages, meat balls with
%ravy sliced dried beef. luncheon meat, potted meat,
ams are described in Chapter 12

Chapter 13 details methods of analysis for moisture,
fat, protein, ash, nitrite, cured meat pigments, phosphate,
salt, cereal, soybean flour and soy protern concentrate
lactose com Syrup solids i méat products.. Rapid
methods of analysrs for moisture based on infra red
balance and azegtropic distillation and for fat based on
acld digestion. X-ray absorption, specific [gravrty and
dielectric measurement, of fat In orthochlorobenzene are
also described as suitable for some manufacturin
situations where these are needed on 3 number 0
mgredrents A suggeste [yout fora routrne analytical
[aboratory for meat products is also Included.

Most of the processed meat products belong to three
main cateqories of canned, cured or sausage tyﬁ
Products ome of the other methods of processing like
reeze-drying, intermediate moisture type meat gro ucts,
antibiotic preservation, Irradiation, Microwave proces-
sing, treezrng and. frozen storage enzyne tenderrzatron
and chemicaladditives are briefly discusSed in Chapter 14

The author’s hope that the took would be useful for
students and Processors is very mogest. Including
bottling of strained foods and a Compilation of regula-
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tory specifications on comgosition and additives would
have heen desirable. The book would be useful for all
connected with meat science, technology and industry.

B. R. Baliga

Food. Science: by Norman N. Potter, The AVI
Publ_lshm?9 Co., Westport, Connecticut, U.S.A., 2nd
Edition, 1973, pp. 706.

This revised book on Food Science by Professor
Potter is a veritable encycIoEaed|a on fhe subject
coverm? all known aspects’of Food Science and Food
Technolo P/ For those who wish to acquaint themselves
with the processes involved in the production of various
modern food_ products and the principles underlying the
processes, it is an excellent text book.

Because of the Iar?e numper of chapters, and the
variety of subjects dealt with, it is very difficult to review
it chapter by Chapter. The first 11 Chapters are devoted
to Fundamental Aspects like unit processes, heat

reservation, food de Ydratmn and food fermentations.
hapters 13to 20 deal with specific. food Rroducts like
milk, meat, seafoods, rqrams_ and fruits. Chapters 21 to
25 deal with general” subjects like packaging, food
additives and warld food needs, :

Whatever subject is dealt with, the author gjves, at

least briefly, something about all the aspects and recent
deveIoPments. The Chapters on food processing are
Presen ed so well that, by the time one reads thfough
hem, even those who have no previous instruction “in
the field get a good grasp of the subject. . The book is
profusely tllustrated, ,%Nl,ng the reader an insight of the
modern food processing indlustry.

As a text book for new entrants in the field, and_ as
hanay reference book for those who have been in it for
several years, the book is found to be extremely useful.

Y. S. Lewis

Food-Borne Disease: . Mathods of Sampling and Exa-
mination in Surveillance Progammes, Report of a
WHO_Stu%/ Group—World “Health Organization,
Technical Report Series No. 543, p. 50.

This is @ Report of a WHO Study Group. on food
borne disease met in Geneva from 17th to 23 July 1973
to discuss methods of sampling and examination in
surveillance prQ%rammes. L _

_The proceedings have been complied in 8 sections,
First seven sections Include topics like microbiological
food standards, rationale for standardising the micro-
biological analysis, food horne viruses, fungi and other
paragites, momton_ngi methods and the role"of WHO, in
developing microbiological methods. The last section
Includes recommendations which provide broad quide-
lines to effectweIY implement high hygienic. standards of
food supplies to the community by SUggesting course of
action o be faken up by the Governmental as well as
private agencies. The value of this reRort IS Very mugh
enhanced by a good coverage on methodology, ‘Specif-
cation of sfandards, and théir limitations, futlre needs
and surveillance programmes and the role of [aboratories
at the national and”International levels, For a public
health warker the report glves very valuable informatign
to plan his work to Implément hlqh hygienic standards.
On' its own merit it deserves a place” among reference

books.
V. Sreenivasa Murthy.
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Sadtlar Standard Spectra Collections: _ _

Sadtler Research Laboratories, _Inc. Philacelphia,
announces publication of the 197 subscriptions to
Sadtler Standard Spectra Collections, These subscrip-
tions will supplement spectra pre_wousIP/ ublished in the
Sadtler Standard Infrared Prims, [nfrared Grating
Nuclear Magnetic Resonance. Utltraviolet, Raman and
Fluorescence spectra collections._The 1975 subscriptions
include 2000 IR Prism, 4000 1R Grating, 2000 NMR,
2000 UV, 2000 Raman, and 2000 FlugreScence spectra.
These spectra include many simple aliphatic, aromatic,
alicyclic and heterocyclic compounds. ™ Each spectrum
Indicates the chemical name, molecular formula, struc-
tual, formula, physical and optical constants (when
ava;IaBIe}:, source of sample, literature reference (when
available

ration.  For further information about these collection

ASSOCIATION NEWS

Seminar on “Adulteration in Foods*

The, Bangalore Chapter of the Association qf Food
Scientists and Technologists held a Symposium on
Adulteration in_Foods™ on 14th December 1974 in
Bangalore. The list of the main speakers ang the topics
on Which they discussed the problem, are given below.

| Session

Main Speaker Subject
Dr. K, C. Naik Adulteration in
Technical Director Raw Materials

Clean Food Corporation Ltd.,
Bangalore.

Dr. B. L Amla

Irector _
Central Food Technological
Research Institute, Mysore.
Dr. S. Varadarajan

Adulteration  in
Processed Foods

Adulteration as it

Chairman and ana[qiné; Director  affects Manu-
In(alan Petrochemicals Corporation facturers.
Ltd., Baroda.

[l Session

Prevention and

Dr. C. P. Hartman
Standards

Public Analyst
Bangalore

Instrumentation and method of sample prepa-
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or other Sadtler Reference Spectra Libraries, please
address inquiries to Sadtler Research Laboratories, Inc.,
3U3186A8prmg Garden Street, Philacelphia, PA. 19104

Indian Standards Institution
The following standards have been published:
S:  7143-1973 Crab Meat Canned in Brine Rs. 4.00

IS;  4307-1973 Fish Meal as Livestock Feed
(revised)

IS 7126-1973  Fenitrothion Dusting
Powders

IS: 7121-1973 Carbaryl Water Dispersible

Rs. 5.00

Rs. 4.00
Powder Concentrates  Rs. 5,00
Thread  Fin

-salte
?f)AR_A% and  Dry-salted
ew Fish (Ghol) (Revised)
Rs. 5.00

Mr. C. G. Rama Rao Adulteration as it

President _ ~affects  Retailers
All Karnataka Hoteliers Associ-

ation, Bangalore

Smt. M. R. Lakshamma and Adulteration as it
Shri. V. T. Sreenivasan affects consumers

Accountant General (Retd.)

The first Session was chaired by Shri Panduranga
Setty, President, Association of Food Scientists and
Tec nolc()ngsts, Bangalore Chapter, the Second session
by Shri G. V. K. Rdo, Chief Secrefary, Kamataka State

overnment and the third session in which the recom-
mend%nons and resol%tlons were discussed and formu-
lated oy Dr. K. T. Achaya, Executive Director, Protein
Foods ~ and  Nutrition” Development ~ Association,
Bombay. Each toR!c evoked considerable discussion
from the floor in which all the members of the Associ-
ation and other Invitees took an active part.

The Seminar ended with a resolution str_ongl)( con-
demmnq the evil of adulteration, and suggesting’steps at

various evels to meet it

. Primary Foodstuffs

11 Primary foodstuffs like rice, wheat and dhal
Involve every buyer in the country and are there-
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fore of great importance..  Lowering of quality
would occur by deterioration through inacequate
storage, by entry. of adyentitious “materials like
pestrcrdes rnsectrcrdes or fertiliser residues, and by
Wilful addition of foreign material like stones o
chaff to Increase weight or volume.

Detection of adulteration or of quality. deterio-
ration cannot be consicered the responsibility of
the housewife,

ana Oy producers or manufacturers should be
obliged t0 keep records of their operations and
movement of fmrshed foodstuffs to enable culprits
to be traced.

Stocks from all ration shops in the country should
be subjlect to Inspection and drawing of‘samples
for analysis.

All public health, munrcrgal and state government
Iaboratorres should e m dernrsed With up-to-date
instrumentation.  Consid errng the size and value
of the food industry, and its Basic importance for
every citizen, evena 10-fold Increase |n expendi-
ture”can be justified. ~ One analytical laboratory
should be sef up in each district Of every state for
this purpose.

These laboratories should also be used for com-
mercial analysis for and aavice to manufacturers
and producers.

Processed and Packaged Foods

Despite a higher price, packaged foods have
garned public confidence because they are found
0 carry less adulteration. This is even more true
of hrang-name Broducts In a recent Hyderabad
stualy, all vegeta le oils in sealed and branded tins
weré free of adulteration whereas all loose oils
were found adulterated.

Standardisation of qu qr alify can easily be incorpo-
rated into packaged foodstuffs.

Based on these concepts, it is suggested that only
brang-name unit pa P ekagrng be pefmitted so as t0
pin down responsibility

To_ reduce Racka%mg qosts, hoth manufacturers
and research laborafories should work towards
Innovative and  cheap packagrng For many
powders or solid foods, paper and foil packagmg
Is sufficient and tins are Unnecessary. For iem
Irke vegetable oils, the_possibility should be ex-
plored of dispensin unrts jUSt like petrol pumps
whrc are op rated mantfacturers and dispense
brand-name products Into the consumers own
containers. A similar scheme is being considered
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for milk distribution by the National Dairy
Development Board.

Every manufacturer should be required to employ
a qualified food technologrst for internal uaIrty
contral. AIternatrveygovernment ap ornte tech-
nologists could be considered for ' placement in
eachfood industry, as Is now done under the
Agmark scheme,

Legislative Actions

The present title of the Prevention of Food Adulte-
ratron ct rs very negJ ative. Itis suggested that the
amended Act now Deing considered by a Joint
Earlramentary Commrttee should be aIIed the
ood Safety and Quality Act.

The Act should be administered by the food
department rather than by the healthauthorities.

The present opportunrt for amendment should be
used to make the Act a living one, capable of
flexibility. The present PFA At tends to slie
exrstmg Rractrces The new Act should be so
worded that it is not restrictive in resgect of form
function, econgmics Rrocessrng, labelling, etc. It
this succeeds, 1t will help both”the manufacturer
and the consumer.

The Act_should be so framed as to be_not just a
prosecuting authority, but an advisory’ and
educating One.

Methodology should be rncluded in the Act. For
the present’jt would be sufficient simp d/ to state
that IS methodology, which is well staridardized,

would be employed.

Specifically the following should e included:

a) Distinction hetween sub-standard and adulte-
rated foods. The former should be dealt with
throngh show-cause notices and fines, while
the [ater should attract much  stronger,

penalties.

b) Two independant reports should be obtained
before, prosecution, and there should, be
Provrsron for investigation and for an appeal
0 another analyticallaboratory.

¢) Adequate_qualifications should be laid down
for the _inspectors, . the analysts, and the
prosecutrng authorities who administer the

d) Prosecutron should, be directed towards the
pnmarY producers ; indiscriminate prosecution
Will not serve the intended purposes.
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IV.  Consumer Action

41 At the centre and in every state in India it is
desirable to constitute a Council for Food Pres-
servation and Standards.

These Councils could have a 3-tier structure as follows:

a) Governing Board consrstrn% of all _interests
concemed with, food standards, including
consumers, to give general policy directions’

b) Executive Committee of 5-10 persons to take
detcrsions for translation of policy directions
into law

¢) Technical Committees formed for specific
purposes to aavise the Governing Board on
special matters; members of these committees
couldbe drawn from a_very wide spectrum o
scientists, ~ technologists,  manufacturers,
doctors, public-spirited citizens, fc.

Consumer Guidance and Citizen _Committegs
should be widely encoura%d They should
receive and look into the preliminary complaints
y.housewives and refer clear cases {0 the Correct
enforcement authorities.  They should also advise

ousewrves rer{ardrng testing and legal advice, and
should activate corporation and” municipality
laboratories for consumer testing.

Media like newspapers and [J)ournals and the
cinema shauld be widely used. by consumer quid-
ance societies to feature”specific complaints. “This
nas already been done by Some womens' magazine
to excellerit effect.
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Seminars:

The AFST, Mysore, in collaboration with CFTRI
arran ed a Seminar on “Problems In Protein Structure
eminar was held on December 20th, 1974 the
%oea er was Dr. W, Kauzmann Professor ofC emrst]
rinceton University, New Jersey, USA, [
Seminar on “Sciencé and Food Productron in China”
was also held under the auspices of AFST, Mysore and
CFTRI on Tuesday, the 31st December 1974 The
speaker was Dr. Bruce Johnson, Professor of Zoology,
University of Tasmania, Australia,

The members of AFST H derabad Chapter had met

on December 1 ommunrty annrng and
Pre servatron Centre VrdsyanagFar HY erabad fo Near a
talk on ‘Tailor made Fat$ for Food Industry’ from Shri

M Venkateswara Rao, Scientist, CFTRI.~ Dr. M.
Muralikrishna, President, AFST Hyderabad Chaper,
had chaired the, meeting, and_Shri'B. Raghuramiah,

Hon. Secretary introduced the Speaker to the members

Shri Venkateswara Rao, spoke on the recent advances in
different process in Lipid Technology and on the manu-

facture of sucrose esters and their Use as surface actrve
agent in the manufacture of detergents, |n food industr I-¥

I cosmatics and in the manufacture of etonators e
suggested that India could explore possibilities of
manufacture and exrr)]ert of sucrose esters. Other aspects
discussed included the manufacture of propylene glycol
esters, mono-sodium glutamate, and sorbital esters.

New Members

Mrss Suchin Pechde, A/16, International Hostel, CFTRI,
Mysore.

Smt. Meera Rao PooI Officer, National Institute of

# Nutrition, Hyderabad-7.

Mr. Piyara Lai Raing, Clo. Biochemistry and Applied
Nutrition Discipline, CFTRI, Mysore.

Mr. MaymademS Geor%e Rajasekhara Burldrngs Top
Floor, Main  Road,” Palace  Guttahally,,
Bangalore 560003

Mr. P. ], Bharadwaj, Karnataka Agro Oil Extractions
Ltd.. Raichur.

Mr. Ramakanwar Bansal, H. No. 2127, Narela, New
Delhi-40.

Mr. Hemara] Kothari, Kothari Consultants, 12 India
Exchange Palace, Calcutta-700001.

Mrs. Sreemathr Hariprasad, Senior Technical Assistant,
CFTRI, Mysore.

Mr. Rajen Kumar Thakkar, Department of Microbio-
logy, Haryana Agricultural University, Hissar, Haryana.

Mr. Jawahar M, Mehta, Red Heart Products Co. Ltd.,
3/5, Syed Mestri Street, Bombay-9.

Mr, Asesh Kumar Chatterjee, M F & PT Discipline,
CFTRI, Mysore.

Mr. Israrul Ha Khan Food Research Section, Babar
Mahal, Kathmandu, Nepal.

r. C. S K. Vijaya Kumar, Department of Botany,
Andhra University P.G. Centre, Guntur, A P

Mr. Thota A.P. Hamsa, Chaya Gardens, Jandrapeta
Post, Ongole Dist, A.P. Indra.
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Mr. N. P. Dani, MF & PT Discipline, CFTR1, Mysore.
Dr. Bhupal Singh, Central Dairy Farm, Aligarh.

Mr. Pradip R. Joshi, 3, Ramacha Got. Satara, Maha-
rashtra.

Mr.  Ansuman  Hajra, DeEartment of Nutrition,
CSWRLI, Awkanadar. Rajasthan.

Mr. N. Sambiah, Manager, Sangam Hotel, Harihar,
Karnataka.

Mr. U. J. Kedarnath, Karnataka Fisheries Development
Corporation, Kulai, Suratkal, Karnataka.

Mr. Susheel Kumar, Mysore Snack Foods Limited,
Bangalore-23.

Miss. T. Padmasini Asuri, 216/29, eth Main, 4th Block,
Jayanagar, Bangalore-11

Mr. Srinivasa N., No. 17, Hospital Road, Bangalore-53.

Mr. V. Srecnivasa Reddy, No. /A, 4th Cross, eth Main,
Wilson Gardens, Bangalore-271.

Mr. K. M. George, MJs. Gecy Food Products, Meena-
chil, Palai, Kerala.

Symposium on Fish Processing Industry in India

The Sgsm osium on “Fish Processing Industry in
India” was held at CFTRI, Mysore on 13th and 14th of
FebruarX 1975, The S¥m(§)osmm was jointly sponsored
bly the Assqciation of Food Scientists & Technologists
ndia) and Central Food Technologlcal Research
nstitute, Mysore. . More than 100 delegates representing
manufacturing units, trad_mq business™ houses, goverr-
ment agencies, technologma research centres, “quality
control "agencies, machinery fabricators and ancillary
industries took part in the ‘Symposium. The deIe(T;ates
came from_different corners ‘of India as well as from
Australia, Denmark and Norwegia.

There was an mterestmq(exhlblnon of fish, fish pro-
ducts, by-products and packa mg materials. A Souvenir
containing Information on TSN processing was also
released By the organizers.

Dr. B L. Amla, Director, Central Food Technological
Research Institute, Mysore Premded over the inaugural
function on the morning of 13th February 1975. " The
Inaugural address was délivered by Sri. K. T. Rathod,
Chairman, Advisory. Committee and Hon’ble Minister
of State for Fishéries and Horticulture, Karnataka.

Shri. C. P, Nataraéan, Chairman O_rgr?nlzmg Commiftee
and Deputy Director of CFIRI highlighted the objec-
tives of the Symposium. The key-note address was
delivered by Prof. P. C. Gearge, Joint Commissioner of
Fisheries, Ministry .of Agriculture, New Delhi. _ The
distingushed gatherlng was welcomed by Dr. T. N,
Ramachandra® Rao, President, Association of Fqod
Scientists and  Technologists ' (India) and  Emeritus
Scientist, CETRI and vot8 of thanks was proposed by

Dr. V. H. Potty, Hon. Exec. Secretary of the Associ-
ation and Sciertist, CETRI.  The techinical discussions
were divided into e sessions spread over 2 days. Session
1, chaired by Shri. G, Lakshminarayana Rao, Director
of Fisheries, Karnataka, Bangalore“and Co-chaired b

Shri. M. Devidas Menon, Diréctor, Integrated Fisheries
Project, Cochin was_on “Raw Material Resources—
Availability, Potentialities and Handling”. Seven papers
pertaining to various aspects of the above subject were
presented and discussed.

The_Session 11 on FreemR/([; of Fish was chaired by
Shri. R. Madhavan Nayar, anagln% Director, Cochin
Comganz Private Lirited and™ Co-chaired by Dr.
H. P. C. Shetty, Director of Instruction, Fisheries
CoIIe?e, Mangalore. ~ Three papers covering various
aspects of freézing of fish and Various seafoods were
read, followed by a lively discussion.

Session 111 was chaired by Shri. M. Ja)faraj, Deputy
Director of Fisheries, Kamataka, Bangalore and Co-
chaired -bﬁ Dr. M. N. Moorjani, Project Coordinator,
Meat, Fish and Poultry Technology Discipline, CFTRI.
The subject matter was “Processed Fish Products” when
the different aspects of processed fish Prqducts Wwere
covered through' twelve interesting presentations follow-
ed by an indepth discussion.

On 14th February 1975, the openmg Session was on
Traditional Fish Products and By-products.” This was
presided over by Shri U, Sundar’ Kini, Technical Con-
sultant, Mukka Oil and Food Industries, Mangalore
and, Co-chaired by Dr. D. P. Sen ProHect-Coordmator,
Lipid Technolog Discipline, CETRI, Mysore. Ten
Eapers concerning various traditional fish products and

products utilization were presented and discussed in

tﬁ,is Session.

The Machinery and Equigme_nt Needs of Fish Inustry
was the subject matter of Session V which was chaired
by Shri. G. K. Kuriyan, Director, Central Institute of
Fisheries Technology, Cochin. ~ There were seven
m_terestmg Papers hig I|9ht|n% the needs of the industry
with respéct to machinery andl equipment.

The Session VI on Quality Control and Marketing
was held under the " Chalrmanship of Shri. K
Chidambaram, Director, Marine Products Export Deve-
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lopment Authority, Cochin_and Co-chairmanship of President of the Association of Food Scientists and
Dr. K. P. Shrivastava, _Deputé/ Director, Export  Technologists and Emeritus Scientist. CETRI, received
Inspection  Agency, Cochin. = Both the export and the recommendations presented by chairman of ecgh
internal marketing aspects as well as the quality control  session. After exhaustive discussions, the recommenda-
parameters were Covered by eleven presentations. The tions were finalised. It is expected that the Secretariate
sub_sequent_mscussmn nelped to bring qut some of the  of AFST would circulate these recommendations widely
difficulties in this area and also suggestions to improve S0 that the same can be brought to the attention of
the situation. those nvolved In the planning and development of

The concluding, Session wich was Chaired by Prof,  ISheries in India, _ _
. C, George, Joint Commissioner of FisherieS, New It has been proposed to print and publish the Pro-
Delni and Co-chaired by Dr. T. N. Ramachandra Rao, ceedings of the' Symposium In the near future,

ery time ! with ==
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Seminar

"Fruits and Vegetable: Production,
Processing and M arketing of
Processed Products"”

Sponsored by : The Association of Food Scientists and Technologsits (India)
jointly with the All India Food Preservers' Association.

D ates . 25th, 26th and 27th April, 1975,
Venue . Diocesan Community Centre, Ashoka Place, New Delhi-110001.
Objectives The main objectives of the Seminar are:
1. To highlight countr%/'s horticultural development with particular
reference to meet the growing needs of fruits and vegetables for

the processing Industry.

Special attention will also be given to planning, production and
promotion of fruits, vegetables, tuber crops etc. and their scope
Inarid and semi-arid zones.

2. To discuss prospects of fruit, vegetable and tuber crop proce-
ssing industry and the need for an appropriate processing techno-
logy to utilize and organise the horticultural wealth of the
country.

3. To review present marketing practices for processed food
products and highlight promotional measures to hoost local sale
and export prospects.

The Seminar will provide a forum for the growers, horticulturists, processors,
technologists and marketing experts to discuss vitalproblems. Lead papers from
eminent persons in respective fields would be presented. A display of processed
fruit and vegetable products has been organised on this occasion.

The Annual General Body Meeting of AFST will also be held on
Sunday, 27th April, 1975 at 4.00 p.m. in the same venue.
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INSTRUCTIONS TO CONTRIBUTORS

should be submitted in triplicate. The manuscripts should be complete and in final form, Since no
alterpations or additions are allowed at the proofstage. The paper submitted should not have been
published or communicated anywhere.

1 Manuscripts of papers should be typewritten in double sl%ace on one side of the paper only, They

. Short communications in the nature of letters to the editor should clearly indicate the scope of the

investigation and the salient features of the results.

. Names of chemical compounds and not their formulae should be used in the text. Superscript and

subscripts should be legibly and carefully placed. Foot notes should be avoided as far as possible.

. Abstract:  The abstract should indicate the scope of the wark and the principal findings of the

paper. 1t should not normally exceed 200 woras. It should be in such'a form that abstracting
periodicals can readily use it

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

Tables and figures should be numbered consecutively in Arabic numerals and should have brief
titles. Nil restlts should be indicated and distinguishied clearly from absence of data.

. Ilustrations; Line drawings should be made with Indian ink on white, drawing paper E)_referably

art paper. The lettering should be.in pencil. For satisfactory reproduction, graphs and line draw-
Ings should be at least twice the printed size. Photographs must be on glossy paper and contrasty;
two copies Should e sent,

. Abbreviations of the titles of all scientific periodicals should stri_ctIY_ 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.

In the text, the references should be included at the end of the article in serial order.
Citation of references in the list should be in the following manner;

() Research Paper: Menon, G. and Das, R. P., J. sci. industr. Res., 1958, 18, 561.

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

(C) References to article in a book: Joshi, S, V., in the Chemistrg of Synthetic dyes, by Venkata-
raman, K., Academic Press, Inc., New York, 1952, Vol. II, 966.

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

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

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