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OMISSION
Voi 9, No. 3,P. 129
The following omissions have been noticed In the paper

entitled ‘Studies on Preservation of Moist Paddy after Harvest’
by C. S. Shivanna and B. Kudarathulla.
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The Reviewing Committee for Gardner’s Award has
recommended the research paper entitled *Studies on Packag-
ing and Storage of Atta (Wheat FIour?: under Tropical
Conditions’ published in the Journal of Food Science and
Technology, Vol. 8 No. 3 of 1971 by Sri S. S. Arya, M. S.
Mohan and H. Nath for the award, being the best research
paper published in our Journal for 1971,

A.F.S.T. announces the holding of an All India Symposium
on ‘Development and Prosgects of Spice Industr?;_m India’
during February 1974 at C.F.T.R.I, Mysore. This will be
held along with the Annual General Body Meeting of the
Association.  Further particulars will be announced later.



REVIEW

Fish Protein Concentrates: Recent Advances

M. N. Moorjani and M. S. Vasantha

Central Food Technological

. One of the most widespread nutritional deficiencies
in the world today Is that of high quality protein.
Since many. people in the world’ subsist on cereal
?ralns the”improvement of cereal protein s, there-
ore, .bec_omlnF of considerable importancel?
It is difficu

taken during the next few years to cope with the
problem of growdmg aequate food for the ever
Increasing world population. To  overcome protein
malnutrition, it would be better if Iarﬁe unutilized
fishery resources in various Parts of the world are
‘proﬂtably utilized as fish protein concentrates (FPC)
or human consumption,

During the recent years, many developments have
taken Pl ce for processing. and” utilization of FPC,
Several possibilities.now exist for production of FPC
%n a large-scale. The National Marine ~Fisheries
ervice,

Industries Inc., New Bedford, = Massachusetts: and
Astra Nutrition, Boa, Sweden, in collahoration with
the National Biscuit Company of the United States
are_now manufacturing FPC"on large-scale3

The purpose of this paper is to review in brief d

some of the developments_of FPC during the past
decade. The earlier detailed reviewd covered ' the
subject upto 1962

Preservation of fish prior to processin

. One_technical problem is the economicalq preserva-
t!E)n of the catch' until transported to the processing
Site.

_ Fish pretreated with ammonia {s safe and compara-
tively easy to obtain, has a good preservatjve dction
and can, a the same time, b2 removed easily during
washing prior to its processing into FPC5 -~ Ammonia
has thé advantage over strong bases such. as caustic
alkali as it does not affect the protein quality.

About 2 per cent of S02in the form of NaHSOg
will preserve unrefrlgerat_ed whole fjsh for 3-4 weeks,
The cost of SO3for treating a ton of whole fish s $2.

t to anticipate the steps which will be |

berdeen, Washington;. Cardinal Proteins
Ltd, Nova, Scotia, Canada;” Alpine Marine Protein f

3

Research Institute, Mysore

Processing of such chemically preserved whole fish
has yielded excellent fish méal for animal use and

C"for human consumption.  Biological assay show-
ed that the protein is not damaged@

. Isopropyl alcohol QPA) has been shown fo inhibit
ipalytic enzymes and bacterial growth in fish for a
period upto 3 months. . Whole ground, red hake were
stored in 91 per cent IPA for & period upto 11 d%ys
at room temperature. The nutritional quality of FPC
was not impaired_on storage.  Analysis.of thie storage
alcohol showed increase In soluble mtrogen whi¢
appears to, be indicative of enzymatic grot olysis and
solubilization of nitrogenous material’,

Fish scraps stored in cans with 10 and 12 per cent
IPA under refrigerated condition stored well for three
months, The [reserved fish can be efficiently used
for FPC extraction with IPA.  Use of IPA in'stored
errmg inhibited the lipolytic enzyme activity and
ree falty acids in the oil did’ not go above 3.2 per cent
even when the fish was completély liquefied3

The cake pressed out of oil-sarding after cooking
was preserved in ethanol of 70 per cent by volume
Though fish can be stored for a few weeks in ethanol

e endln%_upon Its fat content, the aaverse changein
colour of Tish was perceptible even after a few days of
storage in the case of fish with higher fat content9

Processing techniques

The h|stoal of man’s efforts to produce FPC_is
traced from Roman to modern times.” The processin
technology and equipment requirement " includin
various methods of producing FPC such as biological,
chemical and physical are outlined 012 _

Major attention was first given to developing a
solvent process using, IPA to extract red hake (Urophy-
ois chuss). Later etforts were directed towards the
use of other species of fish for the production of FPC13

The cross-current batch extraction procedure has
been replaced by counter current batch extraction
system In the basic IPA extraction process. This
counter current process is more applicable to commer-
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cial processin 14 Improvements have_heen effected
In recovery of IPA with adequate purification so that
the solverit is rid of amines from fish, "With such
recovered solvent, the amine content of FPC is very
low and thus it does nat_contribute significantly to
the ﬂavourand odourd  FPC with markedl improved
functional propertresBespecraIIy oil emul sr m ca
acity can be produced by extracting fish wrh

room temperature instead of at 70°C.

water ratio of 70:30 is effective in extractmg ||p|ds
The final extraction employs anhydrous IPA.

A description is grven of pilot-plant operation_at
Quintero, Chile that can roduce 300 tons of FPC
Fdefatted deodourised) per year Animal and human
geoeodd 159 trials showed that 'the quality of FPC was

FPC of light colour, free from fishy flavour and
reversion of flavour on stora?e can bé prepared b
successive extractions of wet whole or eviscerated
fish with ethanol  The FPC s obtained is slrdh tl
better than the one extracted with IPA or acetoné.
The process proceeds in two distinct stages: dehydration
followed by lipid extraction.  Six to séven exfractions
at the borlmg point of ethanol each lasting 15-20 min

leld FPC with lipid content below 1 per cént. Ethanal
couId e recovered, and recycled by distillation, rectifi-
cation followed by azeotropic distiffation. This work Is
confirmed by thé Brazilian process, in which sardine
(Sardinella aurita) ‘has been used to produce FPC
which has physical characteristics comparable to or
better than the product extracted with TPA in terms
of colour, odour and taste. Ethanol, a hy-prodyct
of cane sugar industry, is available in Iarge Xr%uantrty
sa(tlr/egﬁtrvely low cost arid has been used as thé extracting

If production of FPC is carried out in two stages—
frrst roducing a concentrate oftyBecgnon-deodourrz
nd non-Gefatted foIIowed ya econd stage of
soIvent extraction of typ |tyo the finished
E’J?r‘é‘#é’h with respect to colour d nutritional value

The FPC obtamed from hake by usrn |sobutanol

svmeth propanol) as solvent was [i Jm colour
ith é) t|caI no odour and contar only 0.3
per cent fa

Fish is treated with a surface active agentZO uncer
aFoPoroprrate conditions to yield acce able duahty

C with low fat content.. Sodium dodecy| sulphate
was used to reduce the lipid content: the |i |d content
was Jower than the starting material but th deterdent
residue was as high as 40 per cent.  The use of qleter-
gents in preparation of FPC may not he feasible2L

New process Thrs process utilizes a condition
of h| and_ temperature (95°C) to, effect
ahrg yre ofF C solids marelatrvel short time of
abott 20 min.  Although some diség re ation of
depolymerized protein ccurs urm% process
approximately 50 per.cent of the prot |n is still” acid
precipitable, ° Extensive recemrsatron of amino acids
occurs., . Off-flavour was eliminated by passing the
non-acid precipitable fraction of the product through
charcoal. . The product could then be used to produice
milk Tike beverage which could take various flavours.
Since extensive “recemisation of aming acids ocgurs,
the nutritional value of the product will be consider-
a y lowered. Perhaps, a weaker base may yield
better results2

Enzymatic treatment The reIatrve actrvrtres of more
than 20 commercially available proteo ytrc enzymes
were measured for the digestion of awashéd and freeze-

Y dlried fish, protein substrae. . Pronase was most active

but pepsin, pancreatin and papain provide much

Y more digestive activity per unit of costR  Continy-

0us squbrIrzatron process of FPC hy proteolytic
enzymes showed that pepsin and pronase were parti-
culdr 'y effective. The effects of pH, temperature
substrate and enzyme concentrations on the Tate and
extent of FPC proteolysis and solubilization by pronase
were tested

The use of enzymes for FPC with modrfred pro
perties are now |n development sta [o]e Offer
good scope for utilization of FPC wi modr |d pro-
Rertres uch_products may be prepared by partra
Ty]drol ysis of frsh roterns n the form of milk"analogs,

e process developed by Rutman and Heimlich
IS an example of this type product.

Nutritional aspects of FPC

Severely protein CpIeted young rats fed deodouriz-
ed and efatted FPC extraCted with ethanol showed
im rove nutrrtrona status at the end of 45-(lay
p The FPC was found to be acceptable, free
rom %)xrc products and possessed very high nutritional
value

Significant differences were not qhserved in the
amino acids and PER between FPC from whole fish,
dressed fish, _raw dried fish and cooked pressed dry
fish meal. FPC prepared from raw d avm
more ethanol extractives showed, however, fishy od our
yvhelnﬂmcorporated Into such products at 10 er cent
eve

FPC from silver bellies (Lerognathus bmdusy extract-
ed wrth ethanoI has a hrph nut |t|ve value and can. be
used as an effective supdp ement in dietarjes®  Recent
work reported showed a Protein Efficiency Ratio
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(PER) of 35 for FPC from oil-sardine and nutritional
quality of FPC from batch to batch was uniform when
fish is'given direct extraction with ethanol

A series of experiments were conducted fo deter-
mine the sequence of limitation of the essential amino
acids in FPC produced hy IPA extraction of whole
red hake, The amino acids were grouped according
to their limitation from greatest to least as follows:
1) methioning; (ii) histidine, tryptophan and threoning;
m) valine, isoléucine_ and_phenylalaning; and (v)
eucine, lysine and arginineZ _

FPC improved the b|olo%|cal quality_ of cereal
based foods. ~Growth tests showed that"25 g FPC/
kg/da¥1 as sole source of protein supgort_ed_ normal
growth In infants, and that mixtures containing FPC
and sunflower seed meal (SFM) produced normal
8rowth in children when_ they supplied 70 per cent

f the total dietary proteint

FP% haﬁ a high nutritive value which is eﬂual t0
or higher than that of casein when fed to normal wean-
ling Tafs. When added to vegetable proteins, FPC
markedly improves their nutritive value. Evidence
also indicates that it will be effective in the treatment
of acute protein malnutrition In children3l

Children given protein food made from low-fat
peanut flour, Ben al%ram, flour (Cicer arietinum) and
FPC inthe ratio of 2:1:1 liked the preparation. ~After
six. months, a hlghll)( significant Increase In helgiht
weight, red blood™cell counts and hemoglobin level of
the subéects receiving the protein food supplement
was observed as compared with the control group2

FPC made by Yiobin Corporation, Monticello
Illinois, was used in the prevention and treatment of
kwashiorkor® ~ Although' the results of rise in serum
albumin and total serum protein were encouragln?,
the weight and growth response was not comparable
with that fed o skim milk powder. Since data on
the total diet of the subjects are not given, influence
of differences in food intake cannot be fuled out. The
preparation in which FPC was_incorporated was not
In attractive form. Acceptability of FPC can he
gﬁ%froe%daly influenced by the form in which it is

Incorporation with other foods, and its suP_pIementarX
effect: | FPC produced from 7 species of fish by IP
extraction are shown to have nutritive value “equal
to or better than casein.  FPC can be used in avarie
of foods—hread, pasta, crackers, cookies, soups
tortjllas_and heverages to improve the nutrrtional
qualityd

Net protein utilization _%l}lPUﬂ(of food combinations
of FPC, bread, wheat, skim milk and SFM mixed in

Y neutral |ipids, 20-25 Rer cent phospholipids,

different proportions when fed to rats in diets at 10 per
cent level of protein calories gave values (66-76) which
compares well with that (67) found for Incaparina,
an all-vegetable mixture ‘and are higher than the
values (55-56) for Peruvitas which are mixtures made
up. basically from cottonseed and quinoa reinforced
with dried” skim milk3®

Studies were made to determine the relative supple-
mental value of FPC and lysine when added towheat
flour. With 10 per cent FPC, the weight %am Was
30 per cent higher than with 0.4 per”cent lysine.
FPC supplied “all essential amino " acids, whereas
lysine provided only the first limiting amino acid in
Wheat flourd

Nutritious pasta could be made from mixtures of
corn, soy, rice and tapioca flours along with 10 or 20
er cenf hake FPC and 15 to 20 per”cent semolina,
enerally, the protein quality of pasta containing 10
er cent FPC was as high as that for casein®  Add-
jon of 3 ar 6 per cent FPC to white bread increased
the PER of bread proteins from 0.61 to 1.35 and 185
res ectlvel)(fﬁ Reports indicate that 5 or 10 per cent
FPC su Pementmg anty}I cereal makes the protein
quality of the total Bro uct equal to milk, meat or
eqos. ~ For_example, 0.9 Ib of rice -f 0.1 Ib of good
uality of FPC is equal in protein quality and quantity
to nine eggsl

A study was made of the physical and sensory
characteristics of bread fortified with varjous amounts
of FPC or lysine, When 20 per cent or less FPC was
added to wheat flour, more HA) was absorbed hy the
dough than without FPC. Fortification of lysine at
various levels did not chan%e the characteristics of
dough appreciably. Addition of FPC decreased the
volume of loaves and crumb became darker, coarser
and more compact. Texture and flavour of bread
with 5 to 10 per cent FPC was acceptabledl FPC
was reported to have no effect on phoy ical properties
of brown bread upto an inclusion rate of 4 per cent3

Residual lipids, flavouring constituents and IPA

IPA extracted samples®23 from red hake had 0,1-
0.2 per cent residual lipids and ,Ethylene dichloride
EINC extracted sample had approxima elsy 0.5 per cent
residual liids. The lipids contained 50-60 Ee{ocegl}
cent acidic lipids and the rest was uncharacterised. 1[_)he
saturated fatty acids of the lipids were mainly palmitic
and stearic, arid the unsaturated fatty acids were mamlr;]/
oleic and palmitoleic. _The results were compared wit
the residual lipics in FPC from menhaden fish. There



6 JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 10, MARCH 1973

was a lower content of highly unsaturated acids in

the hei]ke FPC which suggests#Z43 losses due to oxida-
tive ¢ anﬂes.

The P ospholipids are extracted without obvious
degradation and together with free fatty acids are found
mostly inthe IPA—rich phase from the first extraction.

Resiaual lipids in FPC resemble the starting lipids of
fish44

Thin layer and gas chromatographic separation
and mass spectrometric analysis of volatile constityents
of FPC revealed presence “of a mixture of amines.
The quantjty of amine mixture present was dependent
on rocessm? conditions used in the FPC_preparation
and was related to the flavour intensity. - The authors
suq est that if FPC of high uall% I5°t0 be rproduced,
é_ect j ImtatIO?B of IPA mustinvolve more purification by
istillation

To maintain the quality control with respect to
desolventization and to restrict the limit of residual
IPA content as imposed by Food and Drug Adminis-
tration (FDA), suitable”™ methods
commended for estimation of the residual solventdo4/

A level of 6.4 mg/kg body weight of IPA consumed
Qver a 6-week Fenod a%peared t0 have no toxic effect.
?gré]gg@um PA residue of 5000 ppm in FPC s
u .

Fluorine content

Considerable interest has been shown in the fluoride
content of FPC ever since the results reported by
Hadgmarkoslﬁ The addition of fluoride to_drinking
water to prevent dental caries in children, and suggest:
ed use of flyoride for prevention and treatmént of
osteoporosis has led t0 increased Interest in the
fluoride content of various foods and its metabolism
In man,

The excretion and_balance data with men indicate
that fluoride is readily available from FPC, the net
absorption of fluoride was 88 per cent as compared fo
similar concentrations of fluoride added to the casein
diets in the form of sodium fluoride.d The difference
in the availability of fluorige from FPC in the v_veanlmg
rat and In adult may m%/ be due to specific differenc
and/or to an age effect

The concentration of fluoride in fish varied from
20-760 ppmand was deEendent uponthe raw materials,
The masjor source of the fluoride was the bonefl'
Methods for estimation of fluoride content In foods

are availableS304

The restriction placed on the maximum amount of FPC

fluoride in FPC |

s 100 ggm because of the possible
Intake of fluorine from dal

ly consumption of various

have” heen re- ¢

foods and water.  This means that in some fishes, the
bones where most of the fluoride is located have to be
artially removed. Fluorine ap1Qears to be oo res-
rictiveat a level of 100 ppm. ~ The permissible fluo-
rine level should be determined in accordance with the
fluoride intake from other sources of food and water.
Amaximum fluorice intake level of 250 ppmfrom FPC
IS suggested.

Selenium content

Since the discovery that selenium prevents liver
necrosis in rats, a wide variety of animal diseases
have been found to respond to selenium.  Schwartz%
discussed the possible involvement of selenium in
kwashiorkor, Hadr{!markos(B reported flndlngs on
the effect of selenium on dental caries. FPC had
1.8/meg of selenium per gram.  Daily intake of FPC
by infants and children has been re%orted a3 10-20
and upto 50 ¢ glvm? 18-36and upto 90 meg selenium.
Similar amounts of selenium have improved weight
ain of children; the effect of FPC may be the combin-
ed effects of protein and selenjum.  There could be a
E%I(e:tenous effect of a higher intake of selenium from

Considerable interest has been shown in the
selenium content of varjous fpods/. Recent methodo-
logy facilitates estimation of selenium in foods®

Toxicity studies

FPC extracted with EDC has lower nutritional
value®d) However, it has been reported that 125
million pounds_ of foods have been” processed with
EDC for over 30 years, and these have been used in
foods, feeds and pharmaceuticals. Not asmqle con-
traindication has ever been brought to the atention
excepting in rare instances where Persons were allergic
to these Toods, It is believed that 2400 mg of chloro-
choline chlorige (Per kg of diet have been fedl to animals
without any fin _mgs of morbidity. Moreover, there
I no difference in food consumption or growth in the
animals fed chlorocholine chloride as compared to the
controlsel  The present report. indicates that the
toxicity of EDC extracted FPC is dependent on the
temperature and Ienlgth of extraction time®@ As a
precautionary measure, Viobin Corporation Process
uses IPA for the final extraction of the fish already
extracted with EDC.

Storage and packaging

Moisture adsorption isotherms_ of Menhaden—
and hake—FPC were determined at 25, 35 and
42°C at 11-86 per cent RH. Equilibrium moisture
content ranged from about 5 per cent at 11 per cent
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RH to about 16 per cent at 86 per cent RH. Particle
size of the hake-FPC did not appear to affect the
moisture adsorption.  Steam stripped samples adsorb-
ed in?htIy more moisture at low relative humidities
and slightly less moisture at high relative humidities
than the non-steamed samples. Menhaden-FPC ad-
sorbed slightly less moisture than hake-FPC samples63

Conclusion

Many types of unutilized fish in various parts of
the world could profitably be utilized after processing
as FPC for human consumption. FPC that meets
FDA specifications could be produced from a variety
of fish. However, care should be taken to separate
certain types of fish that are toxic®

Fish caught near industrialized areas may get
contaminated with heavy metals such as cadmium,
mercury, lead, etc. For FPC production, since
mostly pelagic fish with greater mobility, and far away
from inshore waters are to be used, it should cause
little concern. However, some species of fish may
have a high naturally occurring levels of heavy metals.
Fixation of upper limits for these toxic metallic
impurities is called for.

FPC derived from sanitarily produced fish meals at
much lower cost and with all the fish flavours retained
might well be competitive and have a role to playé.
One of the primary problems in the storage of such
FPC is the oxidation of lipids. Lipids in many types
of fish meals have fatty acids with five or six degrees
unsaturation. This fact, together with the conditions
of temperature and oxygen availability, render the
fish meals to oxidative reactions. The interaction
between proteins and oxidized lipids cause considerable
decrease in nutritional value of fish meals and also
associated changes such as undesirable colour18'66'67
and flavour.

Studies on processing costs have shown that solvent
extracted FPC produced by processing 25, 50 or 75
tons of fish daily will cost 31.5, 22.9 and 20.5 cents/Ib
respectively assuming that landed fish costs $20 per
metric ton@3.

Comparing the price of FPC with other protein
foods, i1t is perhaps the cheapest source of protein6d.
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Recently™ the cost of processing fish into FPC type
A has been worked out at 16 cents per Ib exclusive
of raw material cost, taking into consideration daily
processing of 200 tons of raw materials with 260 days
of working in a year. |f the cost of fish is taken at 1.5
cents/Ib, the total production costof FPC works around
26 cents/lb. It is considered that FPC may not be
competitive with oilseed proteins. However, it should
be remembered, that FPC contains more protein
than oilseeds and the biological value of FPC proteins
is at the same time much superior. FPC protein is
particularly rich in lysine and methionine—the two
essential amino acids limiting in vegetable proteins.
It has now been well established that supplementation
of diets based on staple cereals and other farinaceous
materials with FPC even at low levels greatly improves
the growth promoting value of the former.

The possibilities for incorporation of FPC into a
variety of foods without affecting their desirable
characteristics are limitless?'73  FPC, however, has
limited functional properties. New processes based
on use of enzymes or solubilization, are now being
developed which have improved functional properties
and they offer wider scope for use.

No novel food, regardless of its intrinsic merits,
is likely to be accepted immediately. With skill and
patience, acceptance can be won for a novelty food.
Since FPC is odourless, tasteless and without apparent
attraction to the consumer, it is not surprising that it
will take sometime for people to accept it as an addition
to their diet?7. To quote a 1968 United Nations
Report which admirably summarizes the views: ‘The
?reatest obstacle to the commercial use of new protein
00ds is not so much in their production in a safe,
nutritious, palatable and sufficiently inexpensive form,
but the requirements for effective marketing and
promotion’.

It is disturbing to realize that the entire world
progress regarding the marketing of FPC has been
comparatively small. This is in no small measure
due to lack of adequate market development and
education. Making FPC competitive in price with
other vegetable proteins is a secondary problem.
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Sorption of Water Vapour by Wheat Flours

R. K. Sethi and S. L. Chopra
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Studies i |n the sorptlon of water vapour on three high yielding varieties of wheat flour have been

made at 35
content ofthe rours
by the BET and HJ methods.

e values of t

Water is a unique liquid in its ability to form
flour doughs. The commercial uses of flour accord-
ingly depend almost entirely on this important pro-
perty of water. In the quality characterisation of
wheat flours, results of such physico-chemical tests as
adsorption, loaf volume and surface area are often
used to give an indication of the baking potentialities.
In general, higher the protein content of the flour,
the better will be its baking value but this is not always
true, because ofvariations in the physical and mechani-
cal characteristics of proteins from different wheat
types and varieties. There can be no doubt that
physical dough testing devices measure the characteris-
tics of flours that are related to the quality of the result-
ing bread. It is essential to know the quantity of
water required to form a dough of proper consistency.

Wichser ei al.,1 studied the effect of panicle size
on certain characteristics of flour.  An increase in ash,
protein, water absorption and loaf volume was found
with a decrease in the size of the flour particles.
NeKryach3 found that water absorptive power and
heat of wetting of the flours did not differ greatly
but increased from oat through barley to rye and
wheat. Gur-Arieh et al.,3concluded that the adsorp-
tion by wheat flours is not a surface phenomenon but
takes place on specific sites within the ﬁores inside
the particles. Udani et al,4 compared the moisture
adsorption rates of seven kinds of flours and observed
that adsorption did not change with particle size and
was not related to the cake volume.

Although considerable progress has been made, an
understanding of the hydration mechanism is yet to
be investigated. The present studies were, therefore,
undertaken to obtain some more information about
the interaction of water with flour and the specific

usmgr uartz fibre erm g technigue. "The adsorption was related to the protein
h e specific surface area of adsorbents have been calculated
The thermodynamic values show that there is no chemical inter-
action between the adsorbent and the adsorbate.

mechanism of cross-linking. An attempt has heen
made to account for the sorptive capacity of flours
on the basis of their physical and chemical structure.

Materials and Methods

Three high yielding varieties of wheat flour namely
‘C-273, 'S-308" and PV-18’ were procured from the
Punjab Agricultural University, Ludhiana. The three
samples had the protein content of 14.69, 12.33 and
10.57, and ash content of 0.40, 0.38 and 0.38 per cent
respectively. The adsorbents were passed through 85
mesh British Standard Sieve.

The quartz fibre spring technique described else-
where5 was employed in the present work. The
sorption apparatus was kept at 35°C inside an air
thermostat. An Edwards high vacuum pump which
produces a pressure of 10"3 mm was used.

Results and Discussion

The studies of the adsorption process revealed that
the rate of adsorption of water on flours was quite
rapid and complete equilibrium was established in
less than 6 hr. Considerable caking was observed
when water was sorbed at high relative pressures.
At higher relative pressures the degree of adsorption
was sufficient to completely and permanently alter
the physical nature of flour and hence the studies were
carried out upto 0.80 relative vapour pressure. The
sorption isotherms at 35°C, are shown in Fig. 1, which
are similar to those reported by Babbitt6. The amounts
of water absorbed at 0.80 relative vapour pressure by
‘C-273’, *S-308" and ‘PV-18" wheat flours are res-
pectively 15.00, 16.75 and 19.50 per cent. The pro-
tein content of these flours is 10.57, 12.33 and 14.69
per cent respectively. A comparison shows that

2
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Fig. L Adsorption isotherms

2t

adsorption is directly proportional to the protein
content. These differences reflect real differences in
the ability of these materials to bind water. The main
force that causes the vapour to be adsorbed on flours
seems to be the attraction between the dipoles. To
reach these adsorption sites the sorbate molecules
have to diffuse through the flour medium. The
protein, especially gluten can sorb much more water
than starch. Similar observations were made by
Udani et al.1

Application of the BET equation: The adsorption

004

0-c-273
@®-s-30¢

@-Pv-18

isotherms (Fig. 1) are of sigmoid shape, which according
to BET theory are classified as ty?e Il isotherms.
This indicates that the adsorption of water by wheat
flours is multi-molecular In nature. The BET
equation8

P = I c-1 p
X(Po-P) ~  XnC me P
where p/p0 is the relative vapour pressure, x is the
quantity of water (in g) adsorbed per 100 g of sorbent,
xm is the monolayer capacity ¢ and ¢ is a constant
related to the heat of adsorption, has been applied to

the isotherms. The plots ofX --------- '

results in straight lines as shown in Fig. 2. From the
slope and interceBt, the values of the monolayer
capacity (xm) have been calculated for ‘C-273’, *S-308°
and TV-18"varieties to be 0.085, 0.092 and 0.068 g/g
of adsorbent, respectively. From these values and the
cross sectional area of water molecule taken9 as
10.6A the specific surface area8of the flours ‘C-273’,
‘5-308" and ‘PV-18" have been calculated to be
299.7, 3215 and 241.0 m2g respectively.

Bushuk and Winker1observed disagreement between
the values of the specific surface area obtained for the
flour-water vapour and flour-argon systems in
which there is an extensive swelling of the adsorbing
material. Flour is also a swelling system with water
and hence it is interesting to check the values of the
specific surface area by the application of Harkins
and Jurall method.

L
010

1 i !
012 014 [=R1-3 Q18

—_—

i
Po

Fi*. 2. Application of tha BET aquation
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Fig. 3 Harkins-Jura plots

Harkins-Jura method:  The Harkins-Jura (H))
equation IS

P A
p, — TV

where V is the amount of adsorbate taken at any
Pressure pand A and B are constants. The plots of
09 PIPo against 1/V/2 a[e shown in F|g, . The
refationship seems to be_valid over an appreciable range
of vapour gressure. The specific “surface area
of the adsorbent 1s related to the slope (-A) of the
plot through the equation:

S=KA*

where K is a constant. By taking the value of K for
water vapourR2as 3.83 the ‘specific surface areas of the
three varieties in the higher and lower vapour pressure
range are calculated to be 540.3; 256.6 for “C-274’,
43738, 250.3 for ‘S-308” and 3555, 1685 for PV-18
wheat flour respectively.

Comparison of the HJ results with those of BET
method reveals that the values obtained by the HJ
method in lower_pressure range are comparatjvely
nearer to the BET values, than™ those in the higher
pressure range.

These differences can probably be explained on the
basis of the different postulates involved, for example
In the BET method _
the molecular size of the adsorbate whereas in the HJ

log

one requires the knowledge’ of

Fig. 4. Plot of @ vs, Y

method, this value is not required and the value of the

constant K is used instead.  There is some indication
that at least a part of the dlscrepanq{ might be due
to the swelling that occurs during the sor?uon of
vapours, althotigh it does not seem likely that the
InCrease in surface area owm? to swelling would be
extensive enough to account for all these " differences.

. Thermodynamic functions:  In order to gather some
information about the intefaction of Water with
flour, the values of net heat of adsorption in the BET
equation has been  calculated, from the equation8

¢ —E)RT

where Et isthe heat of adsorptioninthe first Ia¥er and
E2 Is the latent heat of condensation. The._ values for
the three t)éoes of wheat flours, namely, ‘C-273’,°5-308
and ‘PV-18"have been calculated to'be 1.46, 125 and
1.34 kecal/mole respectively. These values are not
sufficiently high to indicate any chemical interactign.

Further an isothermal process involving the transfer
of water from vapour state to the. surface of the adsor-
bent, the free energy change, which is usual!]y taken as
a measure of thé affinity of the adsorberit for the
vapour and is given by the equation,

1

y

where a is the amount adsorbed at a relatjve, vapour
pressurey and other letters have their usual significance.
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In order to integrate the above equation aly vs y

has been plotted in°Fig. 4. The area under the curve
was multiplied by RT/M value. The values of the
free engr%y change for the flours ‘C-273’, S-308" and
PY-18" have been calculated to -919.9, -793.4 and
-688.4 cal respectively. These values, again. are
nott_ sufficiently high to' indicate any chemical inter-
action,
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Pertigs of Citrous Bioflavonoids

ants n Foods
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The antioxygenic properties of commercially available citrous bioflavonoids (CBF) have been
compared with sx{nthetlc food qrade antioxidants like propvlgallate (PG), butylated hydroxyanisole

(BHA) and butylated hydroxytoluene (BHT) when incorporatéd in safflower 0il, gh
potato chips . The antioxygenic activity of CBF has been found'to be comparable
In whole milk powder it is as effective as BHA but its carry

?owder and fried
0 BHT and better than BHA in ghee.

through properties are inferior to BHA during f_ryln?.
to PG which has been found to be most effective in al

A mipimum shelf life of six mond}hs, In moliture
proof tlexible packa mlg, IS considered essential for
various dehydrated and ready-to-eat convenience foods
intended for use in pack_Tations of armed forces.
Rancidity resulting from oxidation of lipids is a primary
cause of “spailge of edible qils and dehydrated foods.
Vacuum and inert gas packlng have not proved satis-
factory because of poor gas retention n flexible packs
du_nn% transportation and storage.  Food Igrade anti-
oxidants like propylgallate, butylated hydroxyanisole
and butylated hydroxytoluene have Teen” widely
used for” prevention of off flavour development n
0Xygen sensitive foods. . But none of these antioxidants
are’ produced commercially in our country.  Citrous

ee, whole milk

Antmxyct;enlc activity of CBF is inferior
the products tested.

bioflavonoids (CBF) is bein% indi?enously_ produced. in
the country and therefore its. an |oxyqen|c properties
were compared with fsgnthenc phendlic antioxidants
In oxygen sensitive foods.

Bioflavonoids_are a major group of plant phenolics
occurring In various food crops and some of them have
been reported to have oxidation inhibiting properties.

Antioxygenic properties of hot water extracts of a
number, 0f vegetables have been reported to be due to
flavonoids1 |gP|n52reported that citrous peel and

ulp could stabilize animal fats against rancidity.
harley3 reported the remarkable flavour stability of
citrous” fruit drinks prepared from the communited
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base of whole_fruits. Naturally occurring orange
flavonoid, pomiferin, has been reported “to have
remarkable” antioxygenic act|V|tg4. [he, antlox%/%em_c
activity of naturally occurring flavonoids is due to their
ahility to act as frée radical acceptors and to complex
with metal ions57,

The present paper describes the comparative anti-
oxgﬁqemc potency of commercially available citrous
bigflavonoids _gC F) with pro%ylgallate (PGR, butylat-
ed hydroxYanl_ ole (BHA) and butylated hydroxyto-
luené (BPIT) in safflower oil, ghee, whole milk povider
and potato Chips fried in refined ?r_oundnut oil and
hydrogenated oIl (vanaspati) confaining the above
antioxidants.

Materials and Methods

Edible oils: - Sample of citrous hioflavonoid used in
this study was obtained from American Pharmaceutical
mbay. Two_hundred milligrams each

Comgany Bo ]
of CBF, BFLA, PG and BHT were dissolved separately h

in 100 ml portions of propyleneglycol.  One ml ali-
quots, of these solutions wére trarisferred in heakers
containing . samples.of . commercially _ refined
safflower il or ghee and stirred thoroughly with glass
rod, The treafed samgles were kept 1N an incubator
maintained at 37+0.5°C. Control samples were
treated with one ml of progylene_—quool and stored
along with the treated samples. Initidlly and periodic-
ally One beaker of each type was removed and'the con-
tenits analysed for peroxide value§ malonaldehyde
content9 and organoleptic. assessment for rancigity.
These tests were selected hecause they have hegn
found most suitable for measuring the raté of autoxida-
tion In fats and oils910)

Whole milk powder:  Ten litre lots of cow’s milk
were concentrated to half of their initial volumes
with constant stwrmP and filtered throu?_h muslin
cloth. Filtered samples were treated respectively with

, BHA and CBF at 0.02 per cent concentration of
antioxidant on total fat we|%ht basis, The treated
samples were dried n aspray rier equipped with_disc

type automiser at an inlet temperature of 160°-170°C

and outlet temperature of 70°-75°C. Fifty qgram
samples were packed In 0oaper (65 g BC)YAL foil {0.02
mm /polg/ethxlene_ (15 gaugen) laminate pouches
and storéd In an incubator'maintained at 45:0.5°C.

C
0.5°
Initially and periodically one sample of each type was
remove)a and Fazmalysed f%r peroxidg valueg _maropnald
hyde contentll and organoleptic acceptability of the
réconstituted product.

Fried potato chips; Two k%_ refined groundnut ail
and hydrogenated oil (vanaspati) sampleS were treated

respectively with 0,02 per cent of PG, BHA and CBF,
Potato chips were fried in each sample at 180°C and
100 g samples were stored in cellopoly. (300 gauge)
packs at 45:0.5°C. Initially and periodically oné
sample of each type was analysed for peroxide” value
and organoleptic gvaluation.

Results and Discussion

The changes in P]erom F value _?nd ma!onaldehgde
content_of gnee and safflower oil containing CBF
BHA, PG and BHT are depicted in Fig. i and 2
,respe_ct_lvelkl. |t is seen that PG is most ‘effective in
Inhibiting the peroxidation and rancidity develoement
in both saffknver oil and ghee samples. CBF has
limited ant_loxP/gemc patency in safflower oil but in
hee its oxidation inhibitin ce/xfacny IS comparable {0

T and greater than BHA. In safflower oil,
both BHT and BHA are more effective in prevention
of rancidity development than CBF. It "will  thus
be evident that the nature of the fat to be stabilised
as heen found to influence the ant|ox?(gen|c potency
of different antioxidants, Higher antioxygenic ﬁo-
tency of PG and tertiar buglated hydroquihone than
BHA have also been regorted by Shefwin and Thomp-
son1283 in safflower oil. ~ This has also been observed
previously13e.g., BHA wag superior to BHT and PG
In lard but practically ineffective i stabilising highly
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The peroxide value, malonaldghyde content and
accepfapility  scores of whole milk” powder samples
containing different antioxidants, on storage at 45°C
2 : ' are presented in Table L Both peroxide "value and

malonaldehyde content of samples containing PG were

lowest jndicating its highest ant|oxyé1en|c otency.
The antioxygenic potency of CBF and BHA have beén
found to he"comparable in spray dried milk samples as is
indicated by chemical an accegl)tabnny scores of the
storeq samples, Earlier workersT/ 9 have also observed
the hlgher anhoxyqemc notency of cetyl, dodecyl and
gr%o esters of gallic acid in Sﬂray dried whole milk
amples against oxidation than BHA, NDGA, quercetin
and-ascorbylpalmitate. However, in samples stored
under nitragen only naturally occurring flavongls and
ascorbic acid were effective n |mpart|ng flavour
= e stability. - Thisisdue to their ability toform Complexes
ST S0 ds e s with metallic ions which impart metallic and ‘card-
sTORAGE  Perion [oars] board-like” flavours.  The use of CBF along with
gallates may therefore prove most effective in dévelop-
ment of milk powders having good flavour stability.

_ ! The_stability of the products fried in fats treated
Fig, Proxyev %eoépdmalonaldﬁhl%d Spntetu] Rgz\er with different ntioxidants depends u,gon the oxidation
C et nl e R e

O"J' IA; 4 safflower” o+ BHTS, seffloer’oil+PG. suitability of different anti%xidant {reatments.  The

P_olyunsaturated safflower and soybean gils. Synergis-  Stability of potato chips fried in. refined groundnut

ty ‘of

i i 0l antY hydrogenated ol containing PG, BHA and

r'ncayef{fe“re‘g[,oﬁgibﬂ't}‘op?ﬁ?gae'}}/ec?cc“”'”9 focopherol (FZ_BF, aga}/nst gperoxidation at 45°C are depicted in
' |

_ g 3 and Table, 2,res_Pect|ver._ It is observed
Naturally occurring pe_ntah¥droxy, and tetrahydroxy  that potatq chips fried in oils contamm? PG were more
Rlantﬂavonesand frunﬂumeo Amla (Emplica of.cinalisa stable against peroxidation than those fried in samples
ave also been reporfed to be as effective as PG and  containing CBF and BHA. -~ Although BHA had been
nor dihydroguiaretic acid (NDGA) in stabilising milk  reportedZ to have better carry through proPemes
fat against “rancidity development4 than PG but synergistic effect of PG With naturally

]
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™g per X9 FAT
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PEROXIDE VALUE [ MILLI EQUIV.0,[Kg FAT |
. ]
2

MALONALDEHYDE CONTENT

Table 1. changes in peroxidw é&ﬂmmh%nsllﬁg&mﬂa l&ﬁﬂb%%mbwg]&%@ﬁbw&y scores (as) of whole milk

(a l%e) PV. MA AS* PV. MA AS* PV. MA AS* PV. MA AS*
0 1300 +2 _
8 25 002 +1 19 002 +2 17 00 +2 19 00 +2
16 62 0086 0 36 006 +1 29 0% +1 37 009 +1
| 88 00 -1 43 00% +1 35 002 +1 44 008 +#
2 03 08 -1 60 010 0 48 008 +1 59 010 0

e T e
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occurring tocopherols may probably be responsible
for the higher stability of chips fried in oil samples
containing PG. BHA does not act synergistically
with tocopherols and is less effective in vegetable oils2.
The peroxide value of chips increased on storage,
registered a peak and then decreased on further
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Table 2. chan es in peroxide value ’Spv and acceptability

% F POTATO CHIPS FRIED | OGENATED OIL
(VANASPA ONTAINING BHA, PG AND CBF, ON STORAGE AT 45°C
d Control BHA PG CBF
PV. AS*PV. AS* PV. AS* PV. AS*

9+ +
g + +
[ + +
L+ +
g. + 4
. 4 +1 1o 41
*+2, +1, Acceptable; --2, - 1 Not acceptable.

storage (Fig. 3). The highest value reached was
in sample without antioxidant and lowest is in case of
PG. The carry through properties of CBF were
inferior to BHA and PG both in refined groundnut oil
and hydrogenated oil asis indicated by higher peroxide
value of potato chips fried in CBF samples.

In the present study antioxygenic Eroperties of
citrous bioflavonoids have been found to be dependent
on the nature of the food to be stabilised. Citrous
bioflavonoids have appreciable oxidation inhibiting
potency in ghee and milk powder but in vegetable oils
and fried foods their antioxidant potential is not econo-
mically significant. Use of citrous bioflavonoids in
combination with synthetic phenolic antioxidants like
PG, BHA, etc., may prove more useful in processed
foods because of their metal complexing activity.

1L Sicell, C|W Salvvln M%E chell, Jr, C M, 5.
Am. Oil C
2 -|-hOlT]nE)SOI She yJ. Am. Oil Chem.
Soc.,
pSOﬂ JW, Fd Technol, Cham-

13 Sherwin,
&678

Pak|stan

A. J. Dairy Sci,,

Igﬁj Dairy Res.,
J sc Res F%@Eﬁ@%k y
% %bbo j %Scﬁﬁbjarg&MJ J. Dairy

L 6 ¢ o
1oxigation an xiaants
Vo dlhler L p/tém iaton s Wi, B

WIMUR  mhiQYiinffiM



Studies on Vegetable Rennet from Withania coagulans

Joginder Singh, Harish Chander, V. R. Bhalerao and Noshir N. Dastur
National Dairy Research Institute, Karnal, India

Manuscript Received: 18 August 1972

Studies were made on the preparation of vegetable rennet from withania coagulans, its keepin

quality and use in cheese manufacture. A5 per cent NaCl solution at 0-4°C containin
boric acid was found to be best for extraction. Acetone, alcohol and NaCl were tried for
paration of enzyme from the extract, The best preparation resulted from saturation with

and it lost only” 10 per cent of its activity u
satisfactory quality from cow milk could

Milk coagulating enzymes from different sources
are called as vegetable rennet, animal rennet and micro-
bial rennet.  The main sources of vegetable rennet are
Ficus carica (edible fig), Withania coagulans and
Streblus asper.  In Northern India, Withania coagulans
are available in plenty and is a potent source of milk
clotting enzyme.  Animal rennet is almost exclusively
used for cheese manufacture since vegetable rennet
and microbial rennet preparations have not yet been
fully standardised. As the vegetarian population
may not like to take cheese prepared from animal
rennet, it is necessary to standardise and use vegetable
rennet for cheese manufacture. Kothavalla and
Khubchandanil, Yeshoda2 Narain and Singh3 Dastur,
etal} have found the berries of Withania coagulans to
be apotent and satisfactory source of enzyme for manu-
facturing cottage cheese. Qureshi, et al.5 used
Withania coagulans extract for preparing modified
dahi having lower acidity, higher lactose content and
greater palatability than normal dahi. In the present
study the method for preparing vegetable rennet
from Withania coagulans, keeping quality of prepara-
tiotnsd and its use in cheese manufacture are investi-
gated.

Materials and Methods

The Withania coagulans berries (Panir Dodi) were
purcEased from the local market at the rate of Rs 1.50
per kg.

Extraction of enzyme: The extraction of enzyme
from the berries was carried out under different
conditions using various solvents namely water,
different concentrations of NaCl upto 10 per cent and

16

g Lper et
aCl

Bon storage in refrigerator for 3 months. Cheese of
e prepared with this rennet.

NaCl containing boric acid.  The effects on the activity
of extract obtained due to the factors like extraction
of berries in instalments, grinding the berries, drying
of berries in the sun, stirring upto 6 hr during extrac-
tion, addition of boric acid, addition of Fuller’s earth
or animal charcoal and centrifuging the extract at
3,000 rpm and 10,000 rpm in Sharpie’s centrifuge
were studied.

Precipitation of enzyme from the extract: The
precipitation of enzyme was carried out with non-
aqueous solvents like acetone, alcohol and also by
saturation with sodium chloride. One volume of
extract was treated with 2 volumes of acetone at a
temperature of 0°C with stirring. The upper opaque
layer was decanted, the greyish black precipitate was
filtered and washed thrice with small quantities of
acetone and dried in vacuum desiccator.

In case of precipitation with alcohol, one volume of
extract was treated with 3 volumes of distilled alcohol,
at below 0°C. The addition of alcohol was made
slowly with stirring at 0°- 4°C.  After allowing to
stand for one hour, the upper clear layer was decanted
and the remaining portion was filtered in cold. The
precipitate was washed with a small amount of alcohol
and then dried under vacuum in cold.

For precipitation of enzyme from the extract by satu-
ration with NaCl, 65.2 g of NaCl was required for
200 ml of extract. After allowing to stand for 24 hr
at 0°C, it was centrifuged for 30 min at 2,500 rpm.
The sediment containing the enzyme was collected.
The insoluble portion from the precipitated rennet was
removed by dissolving rennet in 5 per cent NaCl solu-
tion and centrifuging. The powder rennet was ob-
tained on reprecipitation in the same way and drying
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Under vacuum. The process of centrifuging and dry-
ing was carried out in cold.

Activity of rennet preparations: The activity
of rennet extract and subsequent preparation was
studied by determining the clotting time of reconstitut-
ed milk using the technique of Dastur et al.f and
Berridge et al.6 The reconstituted milk was prepared
from skim milk powder stored in a sealed container in
a refrigerator. Each time 10 g of powder were re-
constituted with 100 ml of 0.00 M CaCl2solution in a
Braun Multimix Blender for 1 min at speed of 8,900
rpm. The clotting time was determined in a constant
temperature water bath at 40°C using 10 ml of subs-
trate and 0.2 ml of rennet solution.  Before adding the
rennet solution, the milk was allowed for 5 min to
maintain the required temperature. The activity of
any rennet preparation under the given conditions
was described7 as X units per ml or per g, where

X*MOOXD
t

(D is the dilution i.e., quantity (ml) containing 1 ml
or 1gand tis the clotting time in seconds).

Nitrogen content of rennet preparations: The
nitrogen in rennet extracts and in different preparations
was estimated by Kjeldahl method8 In case of
original extract, 10 g of the sample was taken for
digestion. In the case of solid rennet precipitated
with acetone, alcohol, and NaCl the amount of rennet
taken for each estimation was 0.2-0.3 g. All estima-
tions were carried out in duplicate.

Keeping quality of vegetable rennet: The rennet
preparations from sodium chloride precipitation was
studied for its keeping quality in the solid as well as
liquid form by storing at room temperature (28-35.5°C)
and also in the refrigerator at 0-4°C.  The solid rennet
was also mixed with 50 per cent NaCl to examine the
effect of salt on the keeping quality.

For storing in the liquid form, a 5 per cent solution
was prepared in 5 per cent NaCl solution from solid
rennet assuch, while a 10 per cent solution was prepar-
ed in distilled water from the solid rennet containing
50 per cent added NaCl. Each solution was divide
into two portions. One portion was stored at room
temperature in amber coloured glass bottles while the
other Fortion was kept in refrigerator.  For storing in
the solid form, the samples of solid rennet as such and
solid rennet containing 50 per cent added common
salt were stored in refrigerator and at room temperature
in amber coloured bottles. In order to examine the
activity of these solid rennet samples after each interval
of storage, each time a fresh 5 per cent solution was

prepared in 5 per cent NaCl from solid rennet as such
and a 10 per cent solution was prepared in distilled
water from solid rennet containing 50 per cent added
salt. The activities were determined using 0.2 ml
of rennet solution for 10 ml of reconstituted milk at
40°C prepared from skim milk powder of constant
composition,

Preparation of cheese: The vegetable rennet
prepared was used for making cheddar cheese from
cow and buffalo milks. For the sake of comparison,
cheese was also prepared using Hansen’s liquid rennet
and the qualities of cheese were examined.

Results and Discussion

Activities of the extracts obtained indicated that
two parts of 5 per cent NaCl solution containing 1
per cent boric acid used for one part of berries was
suitable for extraction. Asshown in Table 1, the seed
coat possessed some activities but the volume of extract
obtained when the berries were extracted along with
seed coat was appreciably less. The powder compo-
nent was the most active. The seeds contained a very
little enzyme and this activity was due to the powder
sticking to the surface of seeds. Therefore, it was
considered desirable to extract the berries after
removing the seed coat. Extraction in two instalments
using the same volume of saline solution resulted in a
better extraction. But the extraction offirstinstalment
became somewhat difficult due to less volume of the
solution and hence 2 volumes of the saline solution
were used in single instalment only.

The grinding of berries slightly increased the activity
of extract but resulted in a greater deposit of sediment
on keeping. Since a clearer extract was desirable for
precipitation of enzyme, the grinding was considered
unsuitable. The drying of berries in the sun for 8
hr brought about a loss in the activity of extract.
Stirring for a period of 6 hr during extraction resulted
in slightly decreased activity of extract. Soaking of

Table L extraction of berries and its components

from 20
Particulars Mamg ?ﬁmes g

Weight ofsan;%les Sg) i z2|8 387 1%.032 %056
V(Jej)(t?g c%’nNF 550. taken for
Vol. of extract, (ml) 1S 9 5 2

To&%}tgftivity in extract (remnet 289 558 050 246 19
A%v%yof(srg%% units) from 289 558 1% 43 1558

3
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berries for 24 hr and working with hand or _stlrrln%
for about 5 min before filtration through muslin clot
was found to be rather more efficient.” The addition
of 1 per cent boric acid as preservative resulted in a
better activity of the extract.  Table 2 shows the
effect of addm(T; 59 Fuller’s earth or animal charcoal
to the extract from 100 Og of berries. The activity
of extract was found to decrease due to the addition
of Fuller’s earth or animal charcoal and the colour of
extract indicated that the colouring materials were not
ahsorbed on these, It was observed that after centri-
fuging in Sharpie’s centrifuge, the extract was muc
clearer due 1o, the removal of fine suspended particles
and the activity was also good.

. The tmaII% adopted method for extraction consisted
in soaking te berries (free from stems, leaves and
seed coat) with 2 volumes of 5 per cent NaCl solution
containing 1 per cent boric acid. After keeping for
24 hr at"0.5°C, it was stirred or worked for about 5
min and filtered through muslin cloth. The filtrate
was then centrifuged at"10,000 rpm through the Shar-
pie’s centnfuqe N a cold room. The brown coloured
extract was collected and stored in refrigerator,

Table 3 shows_the activity of rennet _Pre arations.
The enzyme obtained by precipitation with acetone or
alcohol possessed a goodactivity but some loss occurred
due to denaturation. 1t was felt that precipitation of
enzg/me with solvent especially acetone was not practic-
ahlé due to large consumption. The precipitation
with ammonium’ sulphate_at 30 per cent saturation
and NaCl at saturation usm% pH of 20, 3.0, 4.6 and
5.6 at room temperature and at.0°C showed that the
prec;gnatlon with NaCl saturation at 0°C using pH
4.6 15 the most favourable.

From Table 4 it can be seen that the nitrogen
content of rennet Jaowder from sodium chloride
Preupltauon i lower than acetone and alcahol precipi-
ated rennets. As shown earlier in Table 3 the rennet
precipitated with sodium chloride has a comparatively
?reaéer total activity than alcohol and aceton% gr?cw-
ated enzyme, but 1ts nitrogen content IS ratner lower
sh?wmg ereby that the enzyme ?btamed by sodium
chloriag precipitation IS In a purer form.

The effect of storagle on the activity of ve%etab_le
rennet in liquid and solid forms has been presented in
Table 5 and 6 respectively, Fora 5per cent solution
of liquid rennet stored "in refngera_tor, its activity
decreased from 6.44 to 3.35 rennef units after a period
of 3 months (about 50 per cent loss). In the case of
solid rennet stored inre nﬂeratorthe activity decreased
from 6.43 to 5.79 rennet units (about 10 per cent Ios_sg
after 3 months and from 6.43 to 4.83 rennet unit
(about 25 per cent loss) after 6 months of storage. It

Table 2. effect of adding fuller’s earth or animal

CHARCOAL AND CENTRIFUGING THE EXTRACT

VoA et ToL ey

Neture of exrat perries (rennét units)
Oﬁ%" r%ract centrifuged a 15 37
Af%rggaﬁition of animel 110 248
h Afgghhaddltlon of Fuller’s 18 170
i 32

A%fofﬂmging a about

Table 3. activity of acetone, alcohol and nacl

PRECIPITATED ENZYMES

o)
Particulars Qg W%Q%W%
e
Wi Emhere 0%
No. of precipitations 5 1K 2
Av. coagulation time (Sec)* ¥ o 8 AU
Activi eIjn rennet units/g of 44 42 64
212 132 104 135

T,

, *Us'nr%ﬁ(per cent rennet solution/original extract, for recon-
stitute

Table 4. nitrogen content of vegetable rennet

PREPARATIONS

putvdas il ___

Acetone Alcohol - NaCl

Nitrogen (mg %) 48 31% 6500 2800

Ni Lontent.in %0 1625 35
s

Protein (NX6.34) (mg) 282 5% 100 3R

00370

(=

Sygcificagtivity (acivity 00066 0020 00102
d{égﬂ%% (g™
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Table 5. effect of storage on the activity of vegetable
RENNET (LIQUID FORM)

e R U
Ssolution 10%solution
(28565C) (4C) (8BS0 oo

y

Table 6. EFFECT OF STORAGE ON THE ACTIVITY OF VEGETABLE

RENNET (SOLID)
P&é@eof
(

Activity in rennet unitsig powcer

Remnet powckr R pouer +-
BEFQ) (40 (BE50 (010

Is clear that the |oss in activity on storage of solid
rennnet was much less, as compared to |I%UId_ rennet.
Further, the loss in activity of rennet in the liquid as
well as solid form was Significantly large at' room
temperatyre. In the case OF storage in refr|%erator,
the loss In activity was appreciably less. Hence the
storage .of solid rénnet in' refrigerator was favourable
for rétaining the activity. Theaddition of excess salt
did not help'to improve the keeping quality of rennet.

As regards the studies on the preparation of cheddar
cheese from cow milk, the flavour and taste of green

References
Kot &;Z%Hd Khubchandani, P. G, indian J. vet.
eg \
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cheese from vegetable rennet compared well with that of
calf iennet. “There was a slight bitterness in
vegetable rennet. cheese, the control cheese with calf
refinet had no bitterness. The cheese from buffalo
milk with vegetable rennet as well as calf rennet was
comparatively inferior in %u_allty_ and_possessed hitter
flavour.. After 3months of ripening ofvegetable rennet
cheese, it was observed that quality of cheese prepared
from cow milk was better than that from buffalo
milk. The increase In ripening ﬁerlod was found to
decrease the bitter flavour in cheese but the defect
could not be remedied. completely. The %uallty of
cheese from cow milk using vegetable rennet compared
fairly well with cheese from “calf rennet. For their
quality, the samples of cheese were examined by
a panel of judges.

Narain and Singh3 prepared an active enzyme
P_reparatmn from Withania coagulans berries by extrac-
lon with 20, per cent alcohol ‘and premBltatmg with
further addition of commercial alconol. ~ Dastur'etal. 4
extracted the berries with water and precipitated the
enzyme with two volumes of acetone.  The premﬁnat-
ed “enzyme possessed gcod activity, ~ Yeshoda?
extracted Withania coagulans berries with water and
precipitated the enzymé with 65 per cent saturated
ammonium- sulphate:

Some workers have tried to use vegetable rennet from
Withania coa%ulan_s for cheese makmg. Kothavala
and Khubchanganil showed that the fennet extract
wags promising for the manufacture of cheddar cheese
and soft ‘Sur |g cheese. They suggested some modi-
fication of the rdmar%/ method of Cheese manufacture
and employed a higher temperature with a longer
cooklng time than the normal. Narain and Singh3
preparéd cheddar cheese under the usual conditions
of temperature and the qualltP/ of cheese was as good
as that prepared with animal’ rennet. Dastur et'al.4
Prepare soft cheese. of guality indistinguishable from
hat made from animal renriet. But™the cheddar
cheese developed open texture_on keeping and had
a bitter taste. The time reﬂuwed for ripening was
longer and probably more than 6 months. As the
ripéning time increaSed the bitter taste diminished but
could not be remedied completely.

) QJEEESIPI, L’J,Zéjla% . llah and Ali, S. M, Dairy Sci.
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Moisture sorption studies of black |
used additives have shown that (3

no significant effect,
conveniently replaced od
age should not allow the mois

ram (Phaseolus mungo) papads, as influenced by the commonly
_ { _ h; sodium chloride ‘alone contributes to increased moisture
sorption, while, alkaline additjves or Ca and Mg,
%l)Papad khar, an alkaline ‘sa
yfo gradecarbonates, (iii) to prevent unP
ure toexceed the critical limit of 2

'oresent as impurities in common salt, have
t commonly used in papad making could be
al spoilage in papads, the pack-
per cent on dry weight basis

at the end of desired storage period, and (iv) a level of common salt higher than 8 per cent should
be avoided, as it affects organoleptic acceptability, crystallises on surface at lower relative humi-
dities (RH) and increases the moisture pick-up significantly at higher RH, thereby rendering

papads susceptible to fungal spoilage.

Packaging studies with respect to ingress of moisture in
elow density polyethylene (LDP .
an 4 months at 92 per cent RH and 38'C. This corresponds to a shelf

340 g unit

ack of 200 gau
has a shel

life of more t

i i

olyethylene bags have revealed that
or 170°g unit pack of 400 gauge LDPE

3

life of nearly 12 months under normal conditions of storage. 350 gauge high density polyethylene
was 2-21 times as protective as the 400 gauge LDPE against ingress of moisture.

. Traditionally confined to household, papag making
In recent yearsnas d_eveIoPed into asmall scale industry
ConsequentIY, the industry is facing the hitherto un-
known' problems pertaining. to thelr packaging and
adequate storage more s0,"in view of ‘the increasin
export potentialL Freshly rolled papads ~contain 3(-
35 per cent moisture andassugh are hlg_hl susceptiple
to fungal attack. It 1s, therefore, deSirdble to _brm%
down the moisture level by drying and maintain th
same within safe limits during the Storage period.

Interestingly enouqh, papad has two levels of
critical moisture. contents: the upper limit for its
susceptibility to fungal spoilage and the lower one {0
prevent aaverse changes in ghabmty resulting in
warping and breakage.” As such, a study of moisture
sorption characteristics of such a eroduct under
extremes of climatic conditions IS |mPo tant for design-
ing. a right package for transh|Pmen 10 export as well
as inland markets. The effects of (1) the ~ commonly
used additives on the sorption behaviour, and (i)
Packa Ing 0f papads In polyethylene bags on the shelf
life of Iacklgram (Phaseolus mungo)papad are reported
In this paper.
Materials and Methods

Preparation of papads: Usmg the pro,cedure des-
cribed earlier,2papads were rolled into circular discs
from doughs based on the following recipes:

20

(i) Black gram flour alone. _

(ii) Black gram flour+ 1 per cent sodium carbonate.

Hi) Black gram flour+1 per cent sodjum carbonate
+17 er cent common salt (pH. 7.3) or
sodium chloride (AR).

(iv) Black gram flour+8 per cent common salt--
one of the following alkaline salts: 0.66 per
cent sodium carboriate, 2.16 per cent tri-
sodjum, hosghate, 0.24 per cent sodium
hydroxide or 3.6 per cent sodium bicarbonate.

The ahove concentrations of the alkaline soJu-
tions were predetermined o as to give
a product of comparable pH.

. Commercial samples purchased locally were also
included in the study for comparison.

Moisture sorption behaviour: Papads used in this
study were equilibriated to 642 per cent RH at
1°C. The samples were_broken intg small. pieces
and weighed quantities of the same in petri-dishes
were. placed in desiccators maintained ‘at_relative
humidities ranging from 32 to 86 per cent. Saturated
solutions of appropriate salts3were used to maintain
constant humidity. . The samples were periodically
weighed to study “gain or loss In moisture of papads.
quhmgs were”continued till the samples attained a
constant™ weight or till the onset of Visible fungal

N
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growth, whichever was earlier. The moisture sorption
Characteristics for sodium chloride (AR) alone were
also studied for comparison,

Packaging of Papads; Papads Used were based on a
recipe of blackgram flour: 100 parts, common salt:
{ parts and sodium carbonate: 1'part. When equili-
briated to 64+2 per cent RH at 2/°C, they had a
moisture content of 148 per cent, as determined
by drying the samples at 105°C for 5 hr. The packagin
materials tried were low dens;t;{1 polyethyleng (LDPE
of 200 and 400 gauge and |tg density polyethylen
(HDPE) of 350 %auge. Water vapour transmission
rates $WVTR) of these films were determined by
standard method (ASTM E96-66 grocedure E)k Two
unit packs were tried forpapads: 170 490 (apprOX|mateI¥
35 n0s.) in 16 cm X16 cm bags and 340 g In 16 cm X1

cm bags.

shelflife studies:  All packets (except the commercial
ones) taken in quadruplicates were heat sealed and
Were subjected to accelerated storage tests in a humidity
chamber maintained af 92 per cent RPland 38°C. For
comﬂanson 250 g unit packs of a commercial sample
purchased focally were also included in this study.
All packets, were weighed rﬁ_enodu:ally {0 assess the
moisture pick-up angd” examined  for” visible fungal
growth.  When one of the packets indicated a moisture
Dick-up of about 3.0 per cent all the packets were
withdrawn from the humidity chamber and moisture
Was estimated Inpapads.  THe umformléy In moisture
pick-up_in the same packet was checked by selecting
papads from periphery and center,

Results and Discussion

Moisture sorption of papads; Processed food pro-
ducts in general are susceptible to fungal _sPonage at
{0 per cent RH5and ahove, where the oisture Sorp-
tion indicates a steep rise.  The following discussion
of 1sotherms and results presented in Fig. "1 and 2 and
Table 1, therefore refers mainly to moisture sorption
0f papads at 70 per cent RH.

Effect of common salt: It IS seen from Fig. 1 that
papad Mmade from blacquam flour alone has an equili-
brium moisture conten (_EMC)f of 146 per cent at
10 per cent RH. Inclusion. of 1 per cent sodium
carbonate in the recipe_had little effect on the EMC
0fpapad. In contrast, 7 per cent common salt marked-
lK increased the EMC t0 20.3 per cent, indicating
thereby, that common salt is the sole factor, contribut-
|r11g to"a significant increase. in the EMC. The data
(Table 1) on EMC of sodium chloride (AR) alone,
also confirm this observation. lyengar and Sen6
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Fig. L SO lon isotherms of papags at 27°C
g acﬁﬁr [ ﬁf) any—control
T ey

have reported a marked lowering of the water holdmg
capacify of salted fish, when the salt used containe
impurities like calcium and magnesium, However,
N papads, reE)Iacmg common salt’by sodium chloride
(hA_) did pot bring_about any significant change in
their sorption behaviour,

The data (Table 1and F|%. 2).onthe effect of different
levels of common salt also Tonfirm the above mention-
ed trend of results. Inclusion of even 4 per cent
common salt_increased significantly the EMC to 205
per cent at 70 per cent RH as compared to 14.6 Per
cent of papads containing no salt. Increasing the
salt level in papads further Upto 16 per cent did not
Brelrn%e%t%)out significant changes in their EMC (20-22

From the above results, it may be concluded. tha
moisture level inpapads should not exceed the critical
limit of 21 per cent on dr¥ we|?ht basis (17.5 per cent
on fresh weight basis) for preventing the onset of
fungal spoilage.

The increases in EMC were strikingly conspicuous
at 86 per cent RH being 22, 31, 39, 517and 62 per cent
for papads_containing 0 4, 8, 12 and. 16 per.ent salt
respectively. ~ These data on the maisture pick up of
papads are of consjderable, g_racncal |mPortance In de
signing a package for providing adequate protection to
papads. against m%_ress of maisture during overseas
transhipment at Righ humidities, 1t may also be
concluded from the nature of isotherms (Fig. 2), that
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Table L equilibrium moisture content (emc) of papads at 2/°C*

: EMC (%) at indicated relative humidities (% Initial moisture_content (%
Ingrectents Q4 % 6 15 B & Drywibass Freshwtbes:

Common salt Vs NaCl ( )f
" ¥
p— than I&) o G at%ej 95%? for oo saltFyﬁreO 9,45 and 725 per cent and for NaCl (AR) 0.03, 0.05, 0.08

++ 4+

TR 8
Common salt
&% 4
Commercial samples (5 Nos.) | |

BF + NaZ00, 1% + Common salt (g |
> » }%3 %g
£
é%

= T EI

Alkaline salts
BF+ Common salt &% + w
o
* The recipe consisted of blac amqu . commpn, salt, 7-8 sodium carbonate, 1 part,
eﬂlégegmca%mnp& s dn%{'/um c%rt%ggge or ohe %e vvasvaaned eeping the tﬁar(t)sther anredfe%ts constantp%e Wg

g Eon'v
. ¢
per cent RH respectively.

a level of more than 8 per cent common salt in papads  sorption data for the commercial samples containing
IS not desirable, In view of the steep Increases in papad khar resemble well with those of papads ¢on-
their EMC at more than 75 per cent RH. . In addition tammr%; per cent common salt and 1 per cent sodiym
at lower humidities, salt bloom (crystallisation of salt carborfate. It may be mferred that alkaline salts like
on the surface) was observed during storage 0f papads papad Khar havmg WI de %/varymg composition? could
containing mare than 8 per cent salt. akmf(]; o be easily replaced by food ‘grade carbonates with
con5|d?ra o? thle %asYte 1‘actorst antlit |ncre%sedd b advantage for maintaining uniform alkalinity inpapaa.
SCOp'C'K el aarng a1 Was TOUNC 1006 ing and shelf Ilfe of papads:. The sorption

accenta le'in & stncrd rEcpe. studies have shown t at papads e uiljbriate to' 175

Effect of alkaline salts: . The data on EMC of papads
containing ciferent alkaline sals like sodium carbo-  PET, cgr?tdrr?/ovﬁetlugret on resh 0 Il %8 6. 1 P

nate sodlum bicarbonate, trisodium phosphate, sodium e ™nracert” stitly. papads With an initial moisture

roxide were £omp arable and also resembled those p J
¥ of papads contammg B ent common salt and 1 ﬁg\r}(teeng Ofe#n%g%ﬁeceﬂt t(gtteth%t|rgeooutpackag|n9) (\:’glnltl
hat use of different alkaling salts did not brmg Aot A ot A R A B papads

significant change in the EMC of papads, & long as
thge common sa?t level In the reuf)gp\?vag malntalgned FnurTlgglsetozrag%aﬁ% Cagdé)ZstOergcgnt %Hmaofs urseserlge
the same. up in 170 g unit packs of 200 qau% E had exceed-

Commercial Papads.- The EMC of_commercial ed a permissible limit of about 3.0 per cent,  Though,
samples ranged between 20.0 and 22,6 at 725 per cent o visjble fun%al growth was observed, these papads
RH. It 1s”interesting to note that the moisture had developed unpleasant musty odour, thereby
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Fia. . o ?n isothers of p bjpds (et 27°C) containing
e evelso cor{tmon
§§, Je%anc? represent 4, 8, 12 and 16 per cent salt

renderrng them organoleptically unacceptable Under
similar conditions, 3409 unit”packs havin on%/
per cent more package area than 170 unit pack, had a
moisture pick-up of’ 2.6 per cent even after 128 days.
From these observations, It may be inferred that the

=22

shelf life of papads could be nearly doubled by packin
twice the quantity of papads in thie same rt;augfe LDP
at less than 10 per cent extra cost of the film.
similar trend was, observed in case of 170 and 340 g of
product packed in 400 gauge LDPE.

Remarkablg/ low morsture pick-ups of 14 and 10

er cent re Pectrve were recorded at the end
o 1 dagssorage bﬁr Sapasrn 170 and 340 g unit
nacks in auge HDPE._ The WVTR valles of

different films presented in Table 2 justify such low
moisture pick-ups. In contrast to, LDPE, no appreci-
able change in the i rn?ress of morsture was observed
In 170 and 340 g unit packs of HD respectively.
It is however evident from Table 2, that on the same
ﬂauge hasis, HDPE with nearly one third, WVTR as

of LDPE provides excele rotection agarnst
Ingress, of moisture.  As such, HD E is preferable as
packagrn? material for product like papads where
Ingress of moisture is the main crrterron or spoilage.

|t was found that the_commercial papads were
packed in bags (15.5 cmx17 ¢m) of 250 gauge LDPE.
Interestrngly enough, this unit pack had"a high mois-
ture |cku of5 per cent in 93 days.  On auge to
bass, owever one would ekpect a moisture

rc up srmr ar to that in 340 unrt packs of 200

?nau% re L9 per cent In a%
ture prc -y in commercral packs ay beattrrbut
ed fo changes in WVTR resultin

rom improper
sealing or pin holes gn the surface of the bags caused
by the"sharp edges of papads.

The shelf life studies reported have been carried
out under accelerated storage conditions (38°C and
92 per cent RH), which are too drastic, when compared
to ambient conditions. ~ As such the actuaI shelf Irfe
according to, Paine’s correlation§ may be near g
trmes(ljongerre , about a year, when 400 gauge LDPE
IS use

0
Table 2 moisTure pick-uP IN papads STORED IN POLYETHYLENE BAGS AT gZper Cent RH AND 38C

WTRL Quantity — woisture

gima2/24 hr 5
LDPE—20 6.4
LDPE—400 45
HDPE—350 HD 19
LDPE 250¢

pick-up (%) during storage at indicate

N 8

*Initial maisture content of the papads: 14.8 and 174 %on freshwt. and dry wt. basis respectively.
fCommercial samples with initial moisture 14.4 and 169 %on fresh wt.

dry wt. besis respectively.

JWater vapour transmission rate under 90 per cent RH gradient at 38°C.
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Further Studies on I\/Ircrobrolo%rcal Quality of Cashewnut

Anacardium
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D. Patel and K. K. S. Nair

Central Food Technological Research Institute, Mysore

Manuscript Received: 10 October 1972
The incidence of microorganisms on cashewnut at different stages of %rocessrng in7 drfferent

cashew

processing units“in- Tamilnadu sector has been_examined.

he extent and type o

contamination depended on the level ofsanitation that prevailed in the units studied. Yeasts and
moulds, aerobic mesophilic spores, aerobic-thermophiles, thermophilic flat-sours and staphy-
locacci (non- coa?ulase type) were present to a limited extent. Salmonella.and Clostridium perfringens

were not presen

The cashewnut is our biggest foreign exchan%
earner and it is imperative to Taintain hrgh standar
of quality to meet the foreign trade fequirement.
Although' cashewnut processing has Iong been estab-
lished in the country, not mich has Deen done to
evaluate the mrcrobrolo ical ?ualrty of the product.
Russel] has stressed the |mPor ance of fungal infesta-
tions of cashewnut. A microbiglogical survey of some
cashew processrng plants in Quilof sector was carried
out, ){ RI “which suggested remedial measures
agains possrble Escherichiia  coli  contamination,
rishnaswamy et al.,2 have studied the incidence
Iort r}nrecr%olt;llora of cashewnut in certain processing units

The resent study envisages the microbiological
survey Of cashew prdcessing tnits in Tamilnadu™and
resents the %/Ipes of some”of the coliforms, aerobic
mesop llic sp es and yeasts and moulds encountered
on the cashewnut,

The processing steps followed in the units under
study were as follows:

Raw nut—->Raw shelling—-»Sun drying of kernels
hand peeling

Packing--—Grading-:— Drying-— Kernels.

In the previous stud?/2nuts were shelled after heat
processing (drum/oil astrn? Pressing was . in a
primitive wa and consisted 0 dnrrng the nuts in the
sun on flat roofs to facilitate shelling. Further pro-
cessrn |nvoIved dryrng of shelled-Kernels on floors

ﬁrng, conditioriing, grading and packing of
peee ernels.

Materials and Methods

Samgles of cashewnuts were collected at random
at various stages of processrng from 7 different units
representing Various levels oOf sanitation.
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Microflora in samples of cashewnut as_ collected
above was examined as in an earlier study?2

Coliforms were enumerated and identified by IMVIC
tests3

Aerobic mesophilic sporesl (Table 3) and yeast
cultures were idgntifiedpin acco$dance w)|th theydes-
criptive chartssb.

Mould isolates were purified by single-spore isolation
or hgphal tip transfer technique and cultivated on
{a) czapek () gorod kowac, and (c) corn-mea
dgars. The patterns of growth, colour d@nd nature of
spores were observed af”intervals. . Correlating the
observed data with the descriptive charts,” the
cultures were identified.

Results and Discussion

Incidence of microorganisms: From the data in Taple
1, itis seen that the extent and type of contamination
d_etpended on the level of sanitation that prevailed in
different units. Raw nut was much more contaminat-
ed than the processed material. Yeast and moulds,
aerobic m_esth|I|c spores, aerobic  thermophiles,
thermophilic flat-sours and staphylococci (non-Coagu-
|ase type)r were present to a limited extent at diffefent

| sta?e_s of processing. Salmonella and  Clostridium

perfringens were absent.

Coliforms:  The occasional incidence of coliforms
(Table 2) Is probably due to the raw shelling of nuts

Table 1. incidence of microflora in processing of cashewnut
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Table 2. density of coliforms in processing of cashewnut

PI9ES Stage of processing
1 Wﬂ% (stored) §
Wy ¢
: i kgﬂﬂ E&%ned) 121

. ledl kermel
4 Eege erne@%dled) 2%

bl i
6. Wut %

Raw nut 3.
whol _V\QO

ths A fgré)ee%nﬁ%ggs S\%\/Pm%]aﬂ

WAITE igces.
and unhyg|en|c Processm Out of 41 isolates examin-
2Were E Rest of the cultures

t pical
elon ed to E. coY type”l| é& intermediate type I
Fll . Berogenes type | (15) and A. aerogenes t
The presence of coliforms includingE. co
cashéwnut may be traced to soll contamlnatlon as |n
the, case of almonds/ E. coli contributed to the
eoliform contamination of black walnut8
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Table 3. identification of some of the aerobic spore-

forming SPECIES IN PROCESSING OF CASHEWNUT

B8 = = = S £f %S
FB L o 4 e
Raw nuts (Stored) 5 2 2 1 .
Kermels (unpegled) 3 1 1 1
Kernels (peeledandaried) 3 3
Kernels (assorted) 2 1 .ol
\White pieces 31 . . 11
Butts (scorched) 4 ., 2 1 .. 1

Aerobic mesogahlhc spores: From Table 3, it is seen
that aerobic mesophil |cs ores con3|sted of B, subfills

8), B. um| us, (5 xa Bpantot antn:us
2) and lic |n|form|s g erobic  mesophilic
pores are soil Inhabitants and when present in'large

numbers may cause spoilage of foods.

Yeasts: Yeasts identified were C. pelliculosa, C.
brumptii and C. melini, respectively.

Moulds:  Mould |soIates belonged to Pemcdhum
spU %) (A)sperglllus niger (4), Aspergillus sp. (2), an

Cashewnut has been infested with Aspergillus,
Fusarium, Penicillium, and Rhizopkusl)  Mould nfes-
tation of foods result in the liberation of metabolites
termed _ ‘mvcotoxing’ causing ph¥3|olog|cal disorders.
Aflatoxin productjon in cashéwnut by A erglllusflavus
and other types of moulds s of concein to the exporters
since some of the |mport|n? countries have instituted
limits for aflatoxin conten

6 Loer, 4 d;“sdd%agddd Y et
T Kigl 0 Mk M ad Eiidg, D. C, appl. wirobi,
8 befé’, h@T. andVaughn, R H, appl. Microbiol., 1969,
: F“”%eg@.;%na n P e A
10 Ok\%ol}l JN. andIthkey, F.J, 0. sei Fd Agric., 1969,
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Manuscript Received: 77 July P72
Atta was packed in three tyges of polyethylene laminated bags and stored at two ASC depots |ocated

la_north eastern region. ]
soluble proteins, frée and boun |Ié)|d_s
Atta remained acceptable to units durin
govern the baking

and their phos
g entire period of storage (. _
roperties of damaged wheat flours change slightly on' storage indicating its

hanges in moisture, sugars, diastatic activity, glutenin, gliadin, salt

horus and

alactose content are reported.
f7 months) and the_lipids which

wholesomeness in tunctional characteristics. The role of moisturg arid oxygen on biochemical
changes that take place during storage is discussed.

Bigchemical deterioration resulting from rapid mois-
fure Ingress 1S one of major causes of s mla% of atfa
In.conventional jute hag ;gackaglng under hig

climatic conditigns. \ _ :
the suitability of varigus packa?m? materials available
In the country mcludln%_pol ethylene laminated, bags
for storage of atta under high humid climatic conditions
(37°CI9 Per cent RH) simulated in the laboratory,
Was reported. It was found that atta can be success-
fully preserved up to 9 and 5 months in polyethylene/
canvas and polyethylene/hessian hags réspectively
without appreciaple damaPe In its hiochemical and
chapatl baking characteristics. Due to hot humid
climate in nofth eastern region, preservation of army
rations in conventional jute” bags is a problem under
Defence storage conditions espécially during monsoon
season. Therefore laminated bagS were™ tried for
storage of atta at two Army depots located in this
region. The results of storage along with the bio-
chiemical and chapati baking™ propefties of stored
atta are reported in this conimunication.

Materials and Methods

Packaging: Atta was milled from commercially
avajlable wneat at Assam Flour Mills, Gauhati and
packed In 39 kg lots in bags made from the following
materials:

b

%Polyethylene £400 gauge}/canvas; Elaminateg.

humid

a
g Polyethylene (200 gauge)/hessian; (laminate
c

Polyethylene (200 gauge)/high density polye-
YEUILET iy EASHTIOn, encly, poly

I our previous communicationl

21

Storage: Four bags of each type were transported by
train from Gauhati 0 respective trial centres and stored
in ASC depots from July, 1971 to January, 1972 under
ambient conditions, . The climatological data for these
places are indicated in Table 1

Anal¥5|s: After four and seven months storage, two
bags of each type were removed and atta samples
Were analg/_sed Qr moisture reducmg and total stgar
and diastatic activity by AACC metfiods2  Glutenin,
liadin and 5 per” cent r%otassmm sulphate soluble
roteins were analysed by methods described by Kent-
ones and Amos3 Free and bound lipids and free
fatty acids were determined by methods used b¥ Daftar
and Pomeranz4.  Lipid phosphorus and galactose were
estimated by methods' as reported by Fiske and
Subbaraw5dnd Svennerholm6 respectively.

Organoleptic evaluation:  Samples of atta from
each ag were also Issued fo four army units at each
Place for acceptability trials of chapaties prepared
rom stored samples. “Units were asked to grade atta
samples based on colour, texture, taste andleavening
characteristics of chapaties.

Results and Discussion

Moisture ingress and acceptability; The changes, in
moisture confent of atta stored in different packa%mq
materials are presented in Table 2. It s seen tha
moisture ngress was _minimum in ﬁolg/_ethylene/
canvas and maximum _in polyethylene/nessian”bags.
However, in all cases it remained” below 12 per cént
during the entire period of storage at hoth the places.
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mbﬂ_ ™

Table 1. climatological data of trial centres i and ii

Trial Centre | Trial Centre 11

TR il Tomws ey ©

The atta stored in all the three types of packarqmg
materials remained in good conditior at hoth the places
uPto seven months storage. There was ng evidence
of cake formation and musty odour during entire
eriod of storage.  The chapaties prepared from stored
atta Were acceptable in taste, texture and colour to all

Slorage : ' : _the units. Comparatively the samples stored In
T e caly AL O Mean caiy YRR polyethylene/canvgs bans Yyerc rated hedter Qhan the
ene/hessian and polyethylene/

i i B D b b 40
5 R

July R 8 & 5 O 18
Aug. 2 A4 ® 8 2 5 D B
Sept. 2 A4 s A 5 B N
Oct, 1 2 & &0 9 2 & 7
Nov. N U 8 B 7 6 & T
Dec. % B & 2 24 2 94 B
Jan, 5 1 &% & B 1L 94 6

Table 2. changes in moisture content of ATTA stored in
different packaging materials

Increase. inmaisture cantent (%) at
: mdu”cﬁéé“ i
Pﬁ%@}gﬂ Trial Centre | Trial Centre 11
4Months 7 Months 4 Months 7 Months
PURIYEE 0000 055000 03 007) 02000
PR 03 13 019 16 (04) 14(02)

Polyet? joh
%ﬁ%&wmen) 12(03) 08 (016 13(032) 10(0.14)

* Values in brackets indicafe the moisture absarption/mont
cna%?gg&@:ﬁtoern ? g Z rm%%s pert respectl\}éfy, Ii?](l)tla?

@t_ iV, per_tﬁer}t0 m0|sturet Iev?l atta beclo?]es IH eq,Lé|_I|-
[um Wi er cent Interspace, relative humidi
which has been Poun_d to be thepcr|t|calq|m|t_ for mo%
aftack at 32°C*, ~ This much Interspace relative humi-
dity at 32°C has heen found to be safe for 6 months
storage of wheat flour without noticeable damage n
biochemical and baking characteristics. Raté  of
moisture increase per month was hqher during first
four months than during average of tofal seven months
thus indicating the loss of moisture from atta durmg
later three months,  Degrease in ambient temperatur
during later months raises the interspace humidity
inside” the hags.  This ann% with the decrease  In
mbient relative hum|ﬂ|t|y |eadls to moisture migration
fom atta 0 atmospnere,

0ne stofed In polyethr
high den5|t¥_ polyéthylene (woven} ba?s_. IS 15 due
to"compara |veI%/ |lovier moisture Tevel in the samples
stored in polyethylene/canvas than the other packaging
materjals because of its lower water vapour per-
meabilityL

. Chapgesin sugar and diastatic activity. The changes
i reducing and non_—reducm? sugars and diastatic
activity of atta Stored in three types of bags are shown
In Table 3. The reducmg_su ar increased %40
77 and 82 per cent at one trial Centre and by 43, 85
and &0 Per ent at another during seven months storage
N polyethylene/canvas; polyethylene/hessian  and
polyethylene/hﬁh density “polyetriylene woven bags
respectlvely. on-reducmgsufqar ecreased by 1/-23
per cent.and by 15-23 per Tent_during seven months
storage in two trial centres, The diastatic activit
of atta Stored at both the places increased but percent-
aqe Increases were significantly different at two places,
Although the microbial data on stored samples could
not be Collected, it is possible that differential micro-
bial load. in stored samples may be responsible for their
differentia] diastatic activity. The  frequency of
changes in temperature and hiymidity is also liatile to
alter the active surface area of the starch granuleshy
continuous hydration and.dehydration and. may also be
responsible for differential diastatic activity in the
samples stored at these two places.

Changes jn proteins and lipids: The changes in
glutenin, gliadin ‘70 per cent alcohol soluble proteins)
and 5 per'cent potassium sulphate soluble proteins are
presented in Tblg 4. As observed previously] the
glutenin and. gliadin content of stored atta did not
Change to a 3|%n|f|can_t extent. There wasa shght but
significant decrease in salt_soluble proteins 0f atta
stored at poth the places. The decrease was more in
atta samples stored in polyethylene/hessian and polye-
thylene/high density polyethylene woven hags where
the moistlre content was higher, The deCrease in
solubility of wheat globulins™and albumins may be
due to thejr interaction with sugars and other carbonyl
compounds formed by lipid peroxidation. Change
in solubility of proteing by interaction with sugars and
carbonyls has previously . been reported89” Inter-
action "of lipid hydroperdxides formed during storage
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with proteins as suggested by Roubal and Tappel.,10also
lowers the solubility. Pomeranz et al.,n have also repor-
ted the decreased amounts of globulins and albumins in
storage damaged flours. By starch gel-electrophoresis
of proteins from starch tailings they have also demon-
strated the association of gliadins with starch in mold
damaged floursl2. However, there was no noticeable
change in these protein fractions in atta stored under
above conditions.

The wheat flour lipids (phospho- and galacto-lipids)
play an important role in determining the baking
properties of flours. Pomeranz et al.,n reporte
the restoration of bread baking potential of mold
damaged flours by incorporating the free polar lipids
from good quality flours. This is due to the ability
of galacto lipids to form electrovalent and hydrophobic
linkages between glutenin and gliadin on mixing with
water13

The changes in percentage of free and bound lipids,
free fatty acids, lipid phosphorus and galactose both
in free and bound fractions are presented in Table 5.
There was slight decrease in petroleum ether extract-
able lipids (free) but butanol extractable lipids (bound)

remained almost constant on storage under these
conditions.  Earlier workers have also reported the
slight decreasing tendency of petroleum ether extract-
ableswith increasing storagell  This has been reported
to be due to the degradation of glycerides forming lower
chain fatty acids and carbonyl compounds which be-
come air-born or interact with other constituents
forming petroleum ether insoluble compounds. The
same has been supported by lower iodine value of
petroleum ether extractables during stora dge indicating
the oxidative breakdown of unsaturated glycerides.
The free fatty acid levels in atta increased on storage
both in free and bound lipids. But the percentage
increase was more in bound lipids than in free lipids.
The decrease was comparatively higher in samples
havm%( higher moisture contents. Pomeranz and
coworkersl have reported decreased amounts of
triglycerides phospho- and galacto-lipids in mold
damaged wheat flours. ~ Since under the above storage
conditions, phospho- and galacto-lipids decreased to a
slight extent, increased free fatty acids might have
been liberated mostly from the hydrolysis of triglg-
cerides. Slight increase in free fatty acids may also be

Table 3. changes in reducing and non-reducing sugars and diastatic activity of ATTA on storage in laminated bags

Trial Centre |
Packaging meterial

Strage period (months) 4 7 47
R%Jﬁl ﬂ%aypar (g maltose/ g %5 5 &
Non-reducing sugar , W B W™ 1

AR o ek m B 1

Trial Centre Il

P°'¥S}R>é'§”e’ PO'NSE%nE/ %K\X%%%i Polyethylene/ Polp{g%ne h?(?“? ‘i{r&

4 1 1 1
M 4 % N ” = 68
m 19 ® A A v X A
% B m M B M M

Initial values: reglucing sugar, 33 non-reducing sugar, 269 diastatic activity, 138

Table 4. changes in 5 per cent potassium sulphate soluble protein, gliadin and glutenin on storage |n Iamlnated bags

Trial Centre |

Packaging material Pol)&%ne/ Pol)ﬁ@{gwe/ ﬁﬁwl PO'@WJE”G/ POI%%@}Q

Storage period (months) 4 7 4 7

Trial Cantre |
Polyethvlene/

wgv@gq we

4 1 4 71 4 [

ne/

j‘D

P%WUH%S& )éhate soluble 210 197 203 184 208 18 24 1% 206 18 208 188
. AT8 491 481
Gloixgwrggﬁ@ %)hol sol- 492 485 488 480 4% 48 48 4B AR 8 49

Glutenin (% 36 39 3§ 30

378

37 30 3% 3! 3B 3IH 3B

Initial valuesi 5 per cent potassium sulphate soluble proteins, 216; gliaciin, 486; glutenin, 390
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Table S. changes in phosphorus, galactose and free fatty acids in free and bound lipids of ATTA
8 storage |n laminated bags

1al Centre | Trial Centre 11
Packaging material Polyethylene/canvas Polyethylene/hessian Polyethylene/canvas Polyethylene/hessian
f t 4 ! 4 1 4 1 4 1
Er%??&%esn(%? ronts mw % 1 13 1 18 1A
Lipid phosphorus (% 052 05 046 04 040 04 04 06
Lipid galactose (%) 10 18 0% 0%8 07 00 08 0%
Free fatty acids (%ooleic acid) 65 %9 62 673 42 WO N9 73
Bound lipids (% 0% 03 02 04 046 08 042 04
Lipid phoséhgrus (% 18 09 100 16 110 106 097 16
Lipid galactose (%9 /3% 3w 3B 4R 400 38 3
Free fatty acids (% oleic acid) A8 1 U6 45 U6 L8 2

Fr
phosphorus, 10 a'gé é%tecslse 3

explained due to oxidative degradation of unsaturated
glycerides by scission of double bonds.

Conclusion : Atta can be successfully preserved in
pol¥ethylene/canvas, polyethylene/hessian and polye-
thylene/high density polyethylene woven bags up to
7 months under high-humid climatic conditions exist-
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An investigation, aimed at determining the nature and relative utilization of carbohydrates
of seven h|ghd/|eld|ng varieties of bajra generally grown in northern Part of this counfry was

carried out.

ualitative analysis of water-soluble’carbohydrates did no

indicate any diff¢rence

in the general pattern. In all, Spots of fructose, glucose, sucrose, maltose and two higher oligosac-

charides were observed. T-5 vanetyr showe
the amylose content of HB, was the

owest (18.3

?hest value for amylose (24.58 per cent) while

per cent) in_the ran e.(The rates of in vitro

digestibility using bacterial alpha-amylase were compared. The patterns of alpha-amylolysis
of raw and cooked grains and' isolated starches were identical.

Bajra hPennlsetum hoides) is. an important millet
crop of the day and sémi-dry Tegions of northern and
peninsular Indja. Both by acreage and grain production
It ranks fourth among the cefeal crops, Asit cons-
titutes a major component in the dietaries, of a vast
segment of the Indian population, the_ digestibility
of the carbohydrate. fraction in_this millet” acquires
importance.  As no information is yet available on the
carbohydrates of ba{ra, the present study was under-
taken t0 investigate the make up of the various classes
of carbohydrates in some.of the high Yleldmg varieties
of barjnra. The suscept|b|llt>r of the starch to digestion
by amylase (in vitro) was also studied.

Materials and Methods

Samples of h%gh 5y|eId|nE9 varieties of balra, ViZ.
HB/, 'HB/, ‘T-55', ‘HBI_‘S530", ‘A 1/3" and
‘R-559’ obtained from the Bz;yra Breeder, Haryana
Aogncultural University, were ground to pass thr uqh
60" mesh, For qualitative analysis of water-soluble
carbohydrates; 1 g sample was extracted twice with
distilled water over boiling water bath and the filtrates
were then concentrated to'5 ml, Carbohydrates in the
concentrate  were studied b descendm? aper
chromatography following the “techniques of B ahng
and Baconl Partridge2 and Bacon and Edelman
Reducing, non-reducmg and total sugars and diastatic

activity were determined by standard’AOAC methods4

The total carbohydrates were determined. by sub-
stracting the sum of moisture, ash, protein,” ether

extractives and crude fiber from 100. Starch was esti-
mated by the method of Hassid and Elizabeth” while
wﬁ/lliose Was determined acco_rdm(% to the procedure of

ams et al6,_Starch was isolated by following the
method of Wolf7 as adopted for wheat.

. Relative digestibility of the starch was studied b¥
in vitro o(-amylolysis.” Kngwn amounts (100 mg) ¢
the samples suspénded in 25 m| of 0.02 M, ﬁlgcero-
phosphate buffer (pH, 6.9) were incubated with 25 m
of o(-amylase (Bacterial, BDH) at 37°C.  The rate 0
hydrolysis was followed by estimating the reducing
stigars foymed at 15 min intérvals for 90 min. Amyloly-
siswas done on raw and boiled flour suspensions as
also on the isolated starch.

Results and Discussion

Paper chromatography of the extracts using n-
butanol : acetic acid’ watér (4:1:53 as the solvent system
revealed the presence of fructase, glucose, sucrose
maltose and two hlEgher oligosaccharides in extracts of
‘HB/, T-55", *HBJ and *5-530". Fructose was absent
in extracts of HB'4 ‘A 1/3" and ‘R-559" Varietal
differences in the content of total, reduging and. non-
reducing sugars were found (Taple 1). - Total and non-
reducing sugars were highest in ‘A" 1/3" while lowest
values Were found for ‘R-559". Reducing sugars were
mghetrhm 5-530°, ‘HB/ and ‘A 1/3" varietiés than In

e others.

Amylose content was highest 524.6 per cent) in T-
55’ Vthers contained 18 to 22 per cent amylose.

* Th? work presented here forms f% Pﬁ% of the thesis submitted by Sarla Popli to Haryana Agricutural University, Hissar,

in partial fulfilment of the reguirements M.SC. Degree.
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Table 1. sugars (reducing, non- reducin@oﬁﬁtgl\ho&B#%'mi\/m{ﬁ&grch amylose and total carbohydrates

Variety  Prgin o %igpohy St%fh A”MOSE R FriFSur%]%s

M 13

HBj 145 65.9 58.4 18.5
TS 13 592 506 246
HBa 138 6.1 b9 194
SSN 84 72 BT 1.7
A3 103 694 02 24
RS9 94 03 65 26

Diastatic actrvrty Was hrghest in ‘T-55’ moderate for
‘R-559° ‘and ‘A’ 1/3 and lowestfor'HB,’. There was
g00d correlatron between  diastatic activity and
amylose content.

In vitro digestibility studies were carried out on
suspensions Of raw (uncooked) and cooked bajra
flour and on suspensions of rsoIated starch from t
varieties. ThesedataarepresentedinFig. 1 )é
I srs Was maxrmum with “T-55’ and lowest for ‘HBT.

e Tate o hyd ronsrs was significantly improved by
cook rng utt e Qiff erences amqng the varieties per
sisteq &ven after cook rno In vitro digestion of sus-
Pensrons of starches isolated from the varietes presented 0
he same pattern as for the raw or cooked flours,
The above results confirm that there are pronounced
differences in the in vitro digestibility of the starch in
different varieties of bajra. ~ It is interesting to note

Non-re cing jastatic
210 nﬁﬁt@o@
Jll 1% 3B
2% 39 23
yiid 1Y 22 %l
2N B 1% v/
28 51 20 405
3l 54 3 1%
24 Y Bl 414

that the release of sugars by In vitro am IoI SIS bear a
relation to the amylose content as as diastatic
activity.  Varieties with higher am%ose content were
therefOre susceptible to fasterattack gam lase. This
observation is Similar to the result obtained with rice
varieties8 but is at varjance with the results obtarne
with pulses9 and maizel) where varieties, with q
amylose content had poor in vitro digestibility with
regard to their starch.
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Non-permitted Colours in Food and their Toxicity

S. K. Khanna, G. B. Singh and S. B. Singh*
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Adulteration of day to day eatables IS a serious JJrobIem A study undertaken at this Centre
revealed that, on an average, 70 per cent coloure samples examined contained non-permitted
colours and only 30 per cent had permitted colours. Six commonly used colours out of 18 non-
permitted dyes detected in the foodstuffs were placed in the following order on the basis of their
frequency ofuse: metanilyellow, 29per cent; Orange I, 11 per cent; aturamine, 9 per cent;rhoda-
mine B, 8'per cent; Blue VRS, 6 ercentand malachite green, 4 per cent. . Three permitted colours

used were tartrazme 12 percent sunset yellow, 11 pef cent and carmoisine, 5 per cent. Rest of
the 5 permitted colours were spanngly incorporated in foodstuffs. From the known toxicity of

various non Permnted colours, it is.obvious that stringent measures should be applied to check
the malpractice of colour adulteration of our common eatables.

The use of colours for making foodstuffs more minal practice of food adulteration but without any

attractive
sumer ac
Influenced
and taste.

vegetab)

At present el
carm0|s|ne er

has been nown for_centuries. The con- aporedable SUCCESS.
ceptan | (!R of any article of food Is greatly
as mu

n the present communication the extent of use of
|tsa pearance as by its avour various permitted and non-permitted colours in food-

Artificial co ounng Is also recessary in stuffs In the state of Uttar radesh has been studied.
case of Processed foods, canned'and pulped fruits, and ood samples collected by Food Inspectors, according

es which often lose their naturalcolour during tote rescnbed scheme (P.FA. Rules)L t
processing or storage. ttar 8

ht synthetic dyes_namely amaranth, Public Analyst to_ Govt, of U.P, Lucknow. Data
%rosfne fast reyd E and 3tltonceau 4R obtained ovef/aperlod of 11 years ft%o 702 have been

(red), sunset yellow FCF (orange), tartrazine (yellow), — compiled, anaI%/sed and__systematicall

and ndig

colouration of foodstuffs. ~ However, because ofchea- inform the consumers 0
Ness a numper of non-permitted colours I|ke auram| e

W?IIOWAPf blue

orange

o camine (blue) are pérmitted in India for ~ The aim and objective of rth

VRS (blue), Congo red, Su an I1'and articles in which they are frequently used.

malachite green’ (qreen), metanil eow and
(vellow fo'orn e? and ' rhod amnf/ Materials and Methods

rom entire
ra es Were ana ysed In the laboratory of the

ate?onzed
%stud IS {0 iden

the most commonly used
non-permitted colours, their known toxicity and the

are Used very commonly, and this constitutes ahazar Extraction, separation and identification of colours;
rom time to time. the authorities have The colourg) from various foodstuffs was extracted

to. health.

tried to enforce various requlations to check the cri-

Public and Government Analyst, U.P., Lucknow.

according to"the scheme outlined in AOAC2 The
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analyses were carried out by adopting the mthPIe
solvent groug separation technique of Koch3ang the
final 1dentification of individual ‘colours was achieved
by spot tests on dyed wool thread. -

. Classification of " eatables:  Since description of
individual colour in each samPIe IS not possible, the
?awples were divided into four broad groups as
ollows;

L Milk products: All types of sweet preparations
based on milk and milk products including Khoya,
chenna, ice cream, etc. :

2. Non-milk products: Swests and_namkins pre-
pared from maica, suji, besan and other powdered

ulses.
p3. Pulses: Raw pulses such as Cajanus indicus
(arhar) _%ram, geas, efc.

4, "Miscellangous: Su?arproducts and general con-
fectionery, soft drinks, alconolic and otheT beverages,
tea, spices and condiments.

Results

A total of 12575 coloured foodstuff samples were
examined; 3,755 samples contained permitted and the
remaining 8,820 non-permitted colours, . The extent
of adultefation and the percentage of individual colours
used in the four tentative groups is as follows:

(1%_ Milk products: Out of 1,154 coloured samples
of this group, 498 samples contained permitted and
656 non-permitted colours. Thus non-permitted
colours were detected jn 57 ggr cent of ?amples.
During this period minimum adulteration of 44 per
cent was recorded in the year 1967 and maximym of
84 per cent in 1962, Amiong the permitted colours
tartrazine was ysed i 25 per-cent, sunset yellow in 7
per cent, carmoisine and amaranth in 5per ¢ént samples
each.  Two other permited colours, |nd|go carmine
and ponceau 4R, were detected In the rémaining 1
per cent samples, Among non-permitted cololrs
metanil yellow and o_ran%e were each found in_ 13,6
er cent; blue VRS in_12.6 per cent, auramine in 10
er cent, rnodamine B n 5 per cent and malachjte
reen in 2 per cent samples (Fig. 1). Occasionally
Used colours were acid magenta“and” red 6B.

(2), Non-milk - products: Among 6,182 coloured
samples, only 1,021 had _Permnte colours whereas

61 contairied non-permitted colours; average $xten(5
of adulteration was 83 per cent In this class of foo
products.  Minimum adulteration was 76 per cent
In the year 1969 and maximum 9 per cent in 1962,
Of the permitted colours, tartrazine was used in 9 per
cent, sunset yellow in 6.5 per cent, ponceau 4R and
amaranth in 0.5 per cent each and carmoisine in 0.4
per cent samples. In non-permitted colours, metanil

yellow was detected in 51 per cent, orange 11 in 20
per cent, auraming in 9 per cent, rhodamine B in 15
er centand blue VRS in 0.8 ger cent samples (Fq. 1)
arely used non-permitted colours were butter yellow,
crocein scarlet and Congo red.

(3) Pulses: . All the 940 coloured samples of this
group contained non-permitted  colours.  Metanil
\J(ellow was used in 97 ger cent cases, and the remainin

per cent samples contained auraming, blue VRS,
oranpe [l and rhodamine B (F(I]g. 1), Maximum
adulterated pulse was Cajanus indicus ,ﬁarhar) which
was coloured bright yellow with metanil yellow. In
a few cases white dried peas were restored to natural
refreshlng\%een colour with the help of a yellow dye
and blue VRS,

(4) Miscellaneous; Of4.299 coloured samples, 2,236
had permitted and 2,063 contained non-permitted
colours, average extent of adulteration being 48 per
cent.  Minimim and maximum _adulteration  with
non-permitted colours were 40 and 60 per cent in the
years 1963 and 1960 respectively. Permitted colours
Used were sunset yellow in 19 per cent, tartrazine
In 17 per cent, carmoising In 10 per cent, ponceau 4R
In 3 per cent, amaranth in 2 per cent and erythrosine
and indigo carmine in about 1 per cent samplds. Non-
permitted colours used were rhodamine. B in 13 per
cent, auramine in 10 per cent, blue VRS in 9 ‘oer cent
malachite green in ,oer_ cent, metanil ¥e_| ow.in 5
per cent and orange I1 in 4 per cent (Fig. 1). A
number of other non-Permnted colours, such & red
6B, Sudan 11, Sudan 111, Congo red, brilljant crocein
scarlet, methyl violet, butter”yellow, acid magenta,
flugrescein, maphthol yellow, nigrosine, onion yellow
and inorganic pquments like lead chromate, iron” oxide
and copper sulphate have also been occasionally
detected In this group of eatables.
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Table 1 cﬂgﬁ Qﬂvﬁﬁbeatables of
s f
ok 0B S RS
2 s %9' 3
Sugar confectionery M & 8 %
Soft arinks » 79 % 3
lce candy R B B 0B
General confectionery 10 74 16 6l
Tobacco (surti) 100 6 B %
Country wine o 16 8 6*
Chilli powcer & g 100
Tomato ketchuplsauce 73 66 T 9
Turmeric o4 64 100
Heeng 60 2 8 97
Pan ka Masala /) 19 13 4
Saffron b 2 13 87
Sago papar i 1 13 3
Tea 5 5
# These. f ouI be reqarced s, 100% adulteration
tota yagr r&t% dco our even Sgrmﬁged?s In these preparation

Details of the number of samples with permitted
and non-permitted colours in varigus miscellaneous
eatables are tabulated in Table 1 Metanil yellow was
the major colourant for powdered turmeric’and heeng

per cent each and chewing tobacco (surti) samples

er cent).  Colours like Sudan_ |l “and 111 were

use rn sam les of powdered red chrIIres to the extent

() per cent respectively. anO red was

also detected occasionally. Perniitted colours were

found in majority of samples of aerated water, tomato

sauce/ketchup, tea and country wines. However, it is

to be noted that even permitted colours are not allowed
in country wine and tea.

The total number of any. individyal permitted or
non- ermrtted coIour In varjous eatables (all the four
%roups combined) over a period of]lyears In order of

eir frequency of use, s shown in Table 2

Discussion

Of the 8 permitted colours, amaranth sunset yellow
and tartrazine are reported to be Ieast harmtul arid kept
n categ[o FyA on the basis of toxico otgrcal cassrfrcatron
by Joint FAO/WHO Expert Committee on Food Adai-

TARLE 2 FREQENCY OF INDIVIDUAL. GDLALRS

T A %ﬁﬁ

Colour numer  J ')p | ! ,8
K58 gg?ig

ar %8
t [0S i 6ﬁ

Non- permrtted

T]u%;
g Oreen :

loyrs uch 6B, rdanl III
A Rl ol

tivesd Category A colours are considered to be
acceptable for use in food and their minimum per-
missible dajly intake for man has beep worked out.
It is, therefare suggfested that any other. colour, for
w |ch no specr |c da 3/ intake data i man is availagle,
should not be allowed for ncorporation in foodstuffs.
It will be useful if toxicological studies are repeated in
all the, remaining five pernitted. colours under Indian
conditions wher a normal diet is deficient in protein.

At present Government Analysts Departments
undertake onlg the qualitative detection of colours in
various eatales. However (uantitative estimation IS
equally rmportant to determrne the amount of colour
used. * It may be. pointed out that even permitted
oIours If ta en_ in excessive quantity, may prove
arm ful.  Provision should, therefore, be made. for

%uantrtatrve estrmatron of these colours | rn various
dstutfs. It is aa vrse that sugar con ectroner}/
|ce cana/ efc., marnny consumed by children should
have minimum amourits of even the permrtted colours.

Non-permitted coIours have thrrved in the market
on account of their cheapness. OPnce of er
mitted colours 15 controlled or su sidized bg
Government, and their easy availability I enSure
there 1 everY reason to believe that foodstuff manu
facturers will use only permitted colours. At the

=
<%

J

§§
té(e
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same time, the use and production of harmless natural
pigments should also be encouraged.

esgﬂe strong Ieglslatlve control measures, harmfyl
colours are still adgded in most commonly used condi-
ments and spices like powdered turmeriC, red chillies
and heeng, etc. Under these circumstances it would be
safe to ayoid the purchase of these ground or powdered
preparations from the market. ~ Pulses (especially
arhar) should be washed with ordinary water prior t0
cooking since the colours used are water soluble and
can be easily removed. _

As the unethical practice of colouration of food
materials with non-%ermmed dyes might exposg the
consumer to various health hazards, it will be Pertment
to %l\_/e, In short, a toxicological profile of the non-
permitted colours that have” been detected in food
preparations.

nimal toxm;tY experiments revealed that commonl
useq non-permitted dﬁes such as orange 1| 8 aurammeg
rhodamine B7 blue VRS8 malachite greend and Sudan
1111 have produced pathological “lesions in vital
orﬂans like “kicney, spleen dnd/or Tliver. Mefanil
yellow the most pogu ar among the non-permitted
dyes, has recently been shown” to cause testicylar
_de([;eneratlon]l Administration of Congo red resulted
in the development of hydrocephalus, Nydronephrogis
and ocular defects?2 "Auraminel3 rodamine BY
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and, blue VRS4are reported to be carcm_o%emc. Mal-
achite green has been shown to cause inCrease in the
incidence of tumours of |ung, breast, overy and liver
and teratogenic abnormalities of bone, eyes, skin and
lungla  Besides orgamc dyes, totally prohibited in-
organic pigments like lead chromate, copper sulphate
and iron oXide_ have been used in a few cases. Lead
chromate, which was mixed in powdered turmeric
and also coated on the rhizomes of turmeric, is known
to cause anaemia, paralysis and abortionla

Thus, the available experimental studies indicate
that most of the commonly used non-permitted
colours are toxic. More stripgent measures should,
therefore, be taken to check this malpractice of colour
adulteration by ?ea_n_ng up the enforcement machinery
and lahoratory Tacilities, bY the State Goyernments,
Union Territdries and local bodies. Also, in order to
protect community health, the PFA act should be
ammended to provide for deterrent punishment for
this heinous crime.
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Non-fat drg
stored for

milk, cottonseed, peanut, and soybean meals, chickpeas, rice, and soybeans were
4 months in controlled environménts, Temperatures (2

0° 30° 40°C) were selected

to simulate practical conditions for storage relative humidities (40°and 60 per cent) were within
a range that would not favourthegrowt of mrcroorg{anrsms Sampes were stored in cloth bags

orin ¢tlosed metal containers under vacuum. Therd

and aspartic (GAR)[
Is directly reIated 0 trme of storge_for ﬁ
such as meals and milk powder. ~ For t

on the decrease of the GAR was

mechanism involved was one of

reater than t

10 between the free amino acids, glutamic

was determined by paper electrophoresis. The general decrease inthe GAR
rains and seeds, as well as’tor non-viable commodities
e storage conditions tested, the influence of temperature
the influence of humidity.
he glutamic acids, decarboxylase, already reported. Possible

It is unlikely that the

mechanisms for explanation of the resuilts are discussed.

Storage of agrrcultural commodities IS an essential
common practice.  Long-term storage under practical
condrtrons of temperature and huntidity may result
rntermparrmen of the quality of the foodstuffs
stored!3  Storage of grains and seeds may (ecrease
their nutrrtrve valued impair their technoloprcal quali-
tiess and damage their value as seedsbif storage con-
ditions are not”properly controlled.

A procedure for the prediction of wheat, rice, and
barley germination, based on stora%e time, temperature,
and hiumidity was RroPosed by Roberts7 " The changes
In the pattern of the free amin acids in wheat during
storage were proposed by Lrnke8 as an index of thé
degrée and type of wheat s POI age durrng storage.
The main changes In the pattern “of the free amino
acids observed by Linko were the general Increase in
free amino acids ¢ontent and an incréase in the qamma
amino butyric acid at the expense of the free ? utamic
acid. Increase in the free amino acids content was
found by Zeleny and Colemand and by Fisher® in
stored flours as well as in grains;. and Jones and
Gersdorff]lshowed that the rncrease in the free amino
acids content is followed a/ a (ecrease in the tri-
chloroacetic acid precipitated protein.

Under certain condrtrons the chan%es in the totaI
free aming acrds may have the OEPOS e trend.
amount of free amrno acrds decreases dunn(i
temperature (83°C) storagel2 A more complicated
picture may. exist durrng developmental  stages.
Although Chibnall13 regards the breakdown of sto age
protein; followed by increase in free aspargine and
glutamine as a major process during dermrnatron
Synthesis of amrno acids, marn?/ aspartic, alanine
hyane and lysine, was discovered by Folkers and

emm4 with free glutamic acid, proIrne and amrdes
servrnr%; 8 nrtro en source,  Synthesis, _durip
germiriation, of proline, argrnrne nd aspartic acid
when glutamic acid serves” as the nitrogen source,
was observed alsols Linko9 suggested " that more
detailed information, rather than’the total amount
of free amino acids, would be useful in evaluation of
storage damage. to wheat. He proposed the ratio of
free % utamic acrd to free as%artrc acrd anng with rnfor
mation regar rngte gamma amino bufyric acid con-
centration; as an Index for viahility of ‘wheat.

In the present study, several staple foods and feeds
were stored for 24 months in controlled environments
representing possible practical climatic conditions, and

+ Since deceased.

3
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the ratio of the free glutamic acid to the free aspartic
acid was determined.

Materials and Methods

The materials tested were non-fat dry milk, chick-
peas, wheat, rice, soybeans, and meals of soybean,
cottonseed, and peanut.

Storage equipment was composed of storage cabinets
with controlled temperature and relative humidity.
Storage temperatures were 20°, 30°, and 40°C; relative
humidities were 40 and 60 per cent. Samples were
stored in cloth bags and in closed metal containers
under 25" vacuum.

Five grams of a sample, ground to pass a 60 mesh
sieve, were extracted with 50 ml of 70 per cent (w/v)
ethanol, by shaking in a horizontal shaker for 1 hr.
The extract was centrifuged for 15 min (Servall SS-4
centrifuge 5,500 rpm). After separation, the superna-

tant liquid was passed through an Amberlite IR-120
(H+) resin column8 The electrophoretic separation
was performed by an LKB paper electrophoresis
apparatus 3276BN, during 90 min at 400 v, using
0.025 M potassium-hydrogen-pthalate (pH 4.0) as
buffer. The electrophorograms were dried horizon-
tally in an oven at 60°C, dipped in a 0.25 per cent
solution of ninhydrin in acetone, heated for 10 min at
80°C, and d(iﬂ)ed in methyl salycilate. Light absorp-
tion by the ditferent amino acid bands were measured
and plotted as the electrophorogram and scanned
manuallr with the LKB manual densitometer. The
ratio of free glutamic acid to free aspartic acid (GAR)
was calculated by measuring the area of the corres-
ponding amino acid peaks.

Results and Discussion

Results of the determined ratio of GAR are given in
Table 1A and IB. Within each set of storage conditions,

Table 1A changes in the ratio of free glutamic AOD TOFRE APARTICAOD

Foocistuf Non-fat dry milk
Initial 14
Sorageperiod (months) 6 12 18 A4 6

Storagﬁog%r%i ns

60% %‘EE

TR BBy

Cottonseed el
30 47 49
2 B 2% 6

EORUEREREAESR
BEHdAd B Y4
Hdgns

Peanut meal Chickpeas

R
R
B 8%

B g
B4
i 84

Table IB. changes in the ratio of free glutamic acid to free aspartic acid

Foodstuff Wheat Rice Soytean meal Soybeans
At zero time 12 50 14 18
Storageperiod (months) 6 122 18 24 6 12 B 24 6 2 B 4 6 12 B A

Storagw%%ons (g
0% '
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Table 2. levels of confidence for influence of storage
CONDITIONS ON CHANGES IN THE RATIO OF THE FREE GLUTAMIC
ACID TO THE FREE ASPARTIC ACID

Sarrgjcﬁgiwloth clmifh) S@rg&ﬁnu&r

Stgheg mat % ;’g’ :%% Time Temp Time Temp
Wi EE oo
Mot 3 8 os o 06 001
Peany % %@ o 1 0L 0ot
Chickpeas % Qgi T
Wheat % " 0oL 0oL
Rice % @ o W00 00 0
wog

Soybeans % 00 0065 001

A for sionificant differences as a result of storage
[ e ait(lve Lu, Irg}ct}clalr}l each Storage temperature Ieve[ag
Er)at k for significant difference & a result of

N I rage
Hre eve?m %ﬂ%} i\glht)e/r?e\c/efglges WWere no%J 'founét?oaﬂe

attriputed to relative _ _
for the m{luegce of .time and

C Leve(!s of si nifican%e
temperature during Storage of samples In closeal containers.

time
P

mojsture content of samples stored in cloth bags re-
mained nearIX constant throu%hout the storage pérjodl
Moisture corftent of these samples, however, differed
among the different storage conditions, varying dwecth
with relative humidity an mverselgl_ with témperature
The existence of a gradient of moisture content, as a
result of higher storage. temperature, was taken into
consideration in the design of the statistical analysisl
Table 2 gives the confidence levels for the influence of
storage fime, temperature, and relative hum|d|t%/ on
the changes in the GAR measured throughout the
storage period. . —
A significant decrease in the GAR was noficed in
the case of non-fat dry milk %NFDM) stored for six
months in cloth bags at"40 and 60 per cént RH. Under

similar conditions there was a sqmﬂcant decrease in
case of the other foods also except for soybean meal,
In the case of wheat and soyhean the decrease was not
significant, Under_these conditjons of storage the
décrease of the GAR with increasing temperature (30°
and 40°C) was significant in the case of NFDM and
cottonseed meal, = The GAR at 40°C was sqmﬁcantly
lower than at 20°C in almost all the cases. With storage
above 6 months there was a sgmﬂcant and progressn_/e
decrease in the case of NFDM. and rice. Even in
other cases there has been a similar tendency.

In the case of cans kept in vaccum, there has been
a suimﬁcant decrease in the ratio over the first six
moriths, the decrease bem% more as the temperature
of storage increased. . In the case of rice and soybean
meal the decrease is significant at 30° and 40°C and not
at 20°C. In the case of soybeans the decrease is
significant only at 40°C. In the case of NFDM,
cottonseed meal, peanut meal and chick pea the pro-
gressive cecrease during storage at all femperatures
was significant.

~In order to understand the changes that take_glac_e
In the free amino acids of the storéd commodities, it
IS necessary to mention several mechanisms which are
known to influence this system.

The reaction of amino acids with carbonyl com-
pounds is well summarized in many reviewsi8 The
reaction was studied in numerous model systems as
well as in many native and processed food products,
Storage studies of grains and” milled products showed
that this reaction may take place under unfavourable
storage conditions. “Germ " discolouration followed
by reduced germination as well as the decrease In
the free e-NH2groups of lysine were attributed to the
reaction between carbonyl compounds and free amino
groups_in free and in" protein-incorporated . amino
acldst’’ The ?eneral effect of these deteriorative
chan%es on the pattern of the freg amino acids would
result In a decrease In the free amino acids contentAi2L
In addition.to the non-enzymatic browning reaction,
under certain storage conditions, or at certain develop-
mental stages in theseed, the total amino acids content
may incredse as a result of an enzymatic breakdown of
the Protems?Z_ o

Glutamic acid de_carbowlase actth In the extracted
germs of wheat, rice, and com tested on glutamic
a1 solutionsB5 or measurement of the  glutamic
acld content, .compared with aspartic acid Confent,
with information concernln% the ‘advancement of the
decarboxylation process andl possiple proteolysis, as
represented by measurement ‘of the gamma-amino-
butyric acid, Were correlated with storaﬁe damage as
measured by germination82 Although the résults
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rePorted in the present paPer show the decrease in the
ratjo of free glutamic acid to free aspartic acid, it seems
unlikely for Several reasons that the observed changes
were & result of an enzymatic actrvrty A certam
degree of heat treatment was Ico Igorate in prepara-
tion of the cottonseed and peanut meals, and in prepa-
ration of the milk powder. AIthou h heat treatment 5
known to reduce enzymatic activit F¥ yenzyme (ena-
turation, the decreasé in the GAR.in" the mentioned
commodities was not smaller than in the non-treated
ones The moisture content which activates the
utamrc acid decarhoxylase was found to be gbout
er centh The moisture content of the
stored foo stuffs ran%ed from 3 per cent, In case of the
milk powder, up o 12 per cent in rice, which is much
lower than that required to activate the decarboxylase,
In addition, only traces of gamma-amino-putyri¢ acid
were found in the study. — An earlier reportZ7confirmed
that with the advancément of storar‘;e time there is a
decrease in the activity of the glutamic acid decar-
boxylase in the stored grarn samples.
able 3 shows the result of heat treatment on the
ratio of the free glutamic acid to the free asoartrc acld.
The decrease in the GAR in this experiment cannof be
explained, on the basis of an enzymatic reaction.
The possibility of a general decrease jn the free amino
acids content as a résult of the aldehyde- amrno con-
densation reaction was mentioned before. The rgner
decrease in the free glutamic acid, as compare wrt
free aspartic acid, whrch rs expressed b the ecrease

In the GAR must be exp arned hr er reactivity-
In the aldehyde-amine reactrons 0 te utamrc acr
as comﬁare with the aspartic acid.  This fact was

established 1n 1921 by Grunhut and Weber.B
The decrease in the GAR is generallg greater than
the decrease In available lysine.I” This OeCrease in the
available Ysme represerits the number of e-amino
rou s of srne that are blocked by carbonyl com-
s such as reducing sugars and fat gxidatjon
rea down products. Thus, “another reaction that
might lead to a decrease in the free glutamrc acrd IS
theformation of a actam—te olidone car oxylic

acld (11 —asar sult of the cycl rz tion of the glutamic
acid, (Fig. 1).8 Both glutamic acid and glutamrne can
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Table 3. influence of heat treatment* on the ratio of
THE FREE GLUTAMIC ACID TO THE FREE ASPARTIC ACID IN THE
VARIOUS FOODSTUFFS
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Glutamine Pyrolicone—cartoxylic acid

rig. 1. Cyclization of glutamine by heat treatment

g0 through this cyclization process® and although it
advances rapidly onhi at temperatures above 100°C.8
It does take place at Tower storage tem geratures ro-
vided the storage time is long enough.d) The forma-
tion of the lactam causes a decrease In the GAR since
Its mobility differs from that of glutamic acid, and thus
the lactam'travels seoarately (Inthe neutral amino acids
%rou p) on the eIec rophorogram, and since a much

her energy level is required for a similar process
n‘the case o the free aspartic acid.3l
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RESEARCH NOTES

EFFECT OF PROCESSING ON ASCORBIGEN
IN CABBAGE (BRASSICA OLERACEA)

Ascorbigen disappears when cabbage is subjected to
ehydration, canning or fermentation.

Cabbage is one of the important sources of ascorbi-
gen,1the” combined form of ascorhic acid. Whereas
Changes In free ascorbic acid during processing. of
cabbage have been studied,24 there is"no information
with regard to the effect of processing on ascorbigen.
In thiS” communication, we re%ort the total “dis-
appearance of ascor_bqen when cabbage was dehydrat-
gg Cﬁnnetd or subjected to fermentation for niaking

Uerkraut.

Commercial variety of cabbage available in the local
market was used inall the experiments, The outer
|eaves were removed, cabbages Were cut Into quarters,
the cores removed and then shredded in a Stephan
universal machine. The shredded c_abbage Wwas Used
for dehydration, canning or for maklngl sauerkraut as
indicated below. Thesé shreds were placed on stain-
less steel trays and blanched in steam for 3 min at
atmospheric pressure, sulfited in 0.2 per cent potassium
metabisulfite for 10 min (1000 ppm S02 and then
dehydrated in a cabinet drier at 60°C for 4-5 hr to a
final moisture content of 14.9 per cent. The dried
cabbage was kept in sealed polythene bags until used
for analysis.  For canning, the”shreds were blanched
In steam for one min at atmospheric pressure, filled
into A2\ cans 4_le41%?, covered with 2 per cent
Drine, exhausted in steam to a can centre temperature
of 719.4°C sealed and processed for 30 min at 115°C
and cooled. - The contents of each can were h,omogenls-
ed and then used for analysis.  For preﬁarm_g auer-
kraut, the shreds were thorou?hly washed mn water
and drained completelryﬂ._ Sall’ vias_then added at
2.25 per cent level and mixed well.  The shreds were
t|ghtlg/ filled into glass jars, covered by polyethylene
sfieetS and pressure applied by putting a. rubber
sto(Pper followed by a screw cap, Fermentation was
allowed to proceéd at room temperature %25°C).
The contents of each gar were homogenised and then
used for determining scorbigen.

Moisture was_determined by drymr%_the sample. in
an oven at 105°C.  Acidity was determined acc rdmg
to the AOAC procedureh” Ascorbigen was estimate

according to the method of Bose et l.1 and also with

|

4

T able 1. effect of dehydration, canning and sauerkraut

FERMENTATION ON ASCORBIGEN IN CABBAGE

citspae i, (il O
O

Raw 1 . %4
Dehydrated 160 160 0
Raw . Hl2 3692 180
Steam Blanched 1 min - 3246 355 109*
Canned 1236 1048 —\e
Raw 2586 279 93
Saverkraut 1 week 515 5.0 —\e
y o 2nek 4900 301 —\e
* Determined by dye titration

the modification that the 2, 4-dinitrophenylhydrazine
([DNPH) method was used for estimating ascorhic acid.8
he results are shown in Table 1.

With the exception of sauerkraut, data obtained by
the dye titration procedure agreed closely with that
from the DNPH procedure. “On boiling” sauerkraut
with 5 per cent metaphosphoric acid, apink colour was
formed rendering it difficult to judge the end point by
d¥e titration. I view of this and the greater specificity
of the DNPH procedure, only data Obtaine bay this
method i presented, Changes in_pH and aciqity
during fermentation indicated that_ it was proceeding
normally and was similar to published data.7 It is
seen that ascorbigen disappeared when cabba%e Was
subjected to dehydration, ‘canning or fermentation.
Ascorbigen is known to be hydrolysed during cookm%;
a similar condition would bé prevalent durlng blanch-
Ing or _cannmg and would account for the deCrease on
blanching and for the absence of ascorbigen In the
canned product. - Although the temperatlire durin
deh[ydrat,lon Was only 60°C, the nprolonged time 0
heating In addition o SU|RhI'[atI0 may “explain the
apsence of ascorbigen in denydrated cabbage, Ascor-
blqen (ecreased “even during fermentation. For
e ermmmﬁ ascorb;genla loH 0f less than 1 (5 per cent
metaphospRoric acid, final concentration) and hydro-
lysis 'in b0|I|n(I; water are necessary. I is therefore
surprising that ascorbigen seems to be hydrolysed
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even at a pH of 35-45 during fermentation. ~ This
raises the question regarding the Rossmnny of hY_ldro-
IKSB of ascorbigen by factors other than“the pH of
the medium during fermentation. This_ possibility
1S t0 be ascertained by further investigation.

ntral Technological
esearch Institute, Miysore
28 September 1972
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A STUDY OF IDENTIFICATION OF PAPAYA
SEEDS IN PEPPER

A paper chromat_o?raphi_c method was found suitable
for the differentiation of the seeds.

V. Srinivasa Kumar
. Chandrasekhara

~ o o ~coopro

Due to similarity in ghysmal appearance papaya
seeds (Carcia papaya) are Used to adulterate pe ger
(Piper nl%rum)l ased on our studies on phenolic
comgoun s 1t was possible to devise a method to
detect papaya seeds in pepper on the_palger chromato-
8ram, _dependmg on the difference in Rf and colour
f varjous sFot with aluminium  trichloride under
ultra-violet fight,

About 5¢ each of finely powdered and defatted
Pepper, p_aRa a and a mixtire of these two were ex-
racted with 100 ml of hot 70 per cent ethanol, cooled
and filtered. The filtered extracts after concentratm%
to_dryness and removing resicual fat were re-extracte
with 10 m| of 10 per cént iso-propanol, concentrated
to about 4 ml and filtered. =

About 50 microlitres of each filtrate was separated
on a Whatman No. 1 filter paper by descending chro-
matographic technique overnight,” using «-butanol-
acetiC acid-water (12:35) a5 developing solyent,
The chromatogram ‘after drying was sprayed with 5
per cent aluminium trichloridé solytion in ethanol2
air dried, and observed under UV II%Y[. o

The chromatographic pattern and UV characteristics
of phenolic compounds with Rf values of pepper and
papaya seeds are given in Table 1

Table 1

CHROMATOGRAPHIC AND UV CHARACTERISTICS OF PAPAYA
AND PEPPER SEEDS

Saple  Rfof c%gcteristic Cﬁwwl{a}]@s
B
Papaya seeds 0.15 B%%g white fluore-

The method can conveniently be used to detect
papaya seeds in pepper.

ﬁp Hartman
. G D ivakar

d and Water Analysis
ratory, Bangalo
11 October 1972 U.N. Nagaraja Rao

Refere?lge\;leal h of Indi?], g\\;VV M&ﬁn% %0%%% Og %}Enti-
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INFLUENCE OF SODIUM CHLORIDE AND

SODIUM CARBONATE ON THE DISTRIBUTION

OF FLOUR COMPONENTS IN BLACKGRAM
(PHASEOLUS MUNGO) PAPAD

Influence of the commonly used additives, sodium
chloride and sodium carbonate on the distribution
of flour components in blackgram (Phaseolus mungo)
papad has been studied. Histological picture of the
papad indjcates that sodium Chloride helps in
uniform distribution of the flour components in the
papad. Frying. characteristics of papad show that
sodium, chloride brings about significant lateral
expansion, while sodium carhonate has no effect,
The beneficial effect of sodium chloride could
nottb_e correlated with the solubility of blackgram
proteins.

In an earlier communication the role of common salt
and papad khar, the two additives commonly used in
the preparation of blackgram (Phaseolus mungjo) papad
was reported.1 Of the two additives, common Salt was
found necessary for the lateral expansion of papad
durm% fryln% while sodium  carbonate, the ~main
componertt of papad khar was beneficial to overcome
brown pafches in fried papads. The manner in which
sodium chloride (as common salt) and sodium carbo-
nate function to Impart the desirable attributes of
expansion and colour to the, aPad IS not known..

In " the froresent communication the . histological
changes effected by these two additives with respett to
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the distribution of flour components in papad are
presented.

The pagads were prepared as described earliert

usrnd a recipe consisting of 100 g blackgram flour and
water; 10 gof soditm chloride and/or 1?sodrum

carbonate being“included in the recipe when fequired

The OPa ads were cut mto small brts dehydrated
m grade aIcoho cleared” in xylol and” embed-

ed i paraffin. Lateral sections were taken at 10 7
thrkness and were stained for proteins, starch and
mucilage by the FerrrcyanrdeZ% eriodate-Schiff reac-
tionsand Alcian Blued methods respectively. The
lateral expansion of papads as a result of frying was
measuyred as_described by Shurpalekar et als" The
solubility of proteins Wwas estimated as follows:
5q blackgram flour was dispersed in_ 100 ml of the
extracting solution and after shaking for 30 min the
dispersion was centrifuged at 2700 rpm for 15 min in
an MSE centrifuge. Protein in an aliquot of the
%rep%raatent was then estimated by micro-Kjeldhal

Distribution of flour components; The distribution
of flour comp onents ViZ,, proteins, mucrlage and
starc rn sectrons of Pa pads made from flour”alone,
flour with 1 per cent sodium carbonate, flour with
10 per cent sodrum chloride as comEared to that in a
commercial sample is shown in q. and 3
respectively,  The. microscopic structure’ of papad
made fron floyr with 10 per cent sodium chloride and
1 per cent sodium carbonate was similar to that of the
papad made from flour and 10 per cent sodium chloride
and hence Is not presented.

The proteins |n sections, of pa d) Pad made from flour
alone appear as clumps (staineq black) as seen in Fig.
«) indicgting uneven distribytion. _Inclysion of Lper
ent sodiuni carbonate in the recipe did not bring
about sr&;nrfrcant change in protein distribytion as seen
in Fig. 1 (b), However, on mcludrnﬁ sodium_chloride
the distribltion became uniform as stiown in Fig. 1(c).
This compares well with the commercial papad whic
contains both sodium carbonate and sodium chloride.

The distribution of mucilage and starch followed a
trend similar to that of protéins (?) being uneven in
papad made from flour alone, (it) showmg little im-

rovement with the addition of sodium carBonate, and

ul) becoming uniform with the inclusion of sodium
hlorice in the recipe.

Lateral expansion in papad; Data in Table 1 show
that the lateral expansion on frying is only 20 per cent
inpapad made from flour alone or the papad contarnrnd
sodjum carbonate. However, with the inclusion 0
sodium chloride in the recipe, the expansion Increased

1 desrrable

T able 1- effect of sodium chlorid d sodium carbonate on

e an
THE LATERAL EXPANSION IN PAPAD AFTER FRYING
r.iCﬁtI
10
0

Diameter of papad (cm) [%ich

i ot

3

Dough ingredients

@ — xl00
e o D
, 20
A Oﬂ hsodium iiz ijf )
" re@jjlum 114 16.7 16
Acomrrercrat” saﬁt le 114 169 18

Table 2. solubility of blackgram proteins in sodium
CHLORIDE AND SODIUM CARBONATE SOLUTIONS

Medium of extraction é?lbjr%'e%

——
riits 1¥o+sodium chloride 5% '

* Total proteins (N X6.25) in blackgram flour is 25%

considerably to 44 per cent on frying, ~Addition of
sodium carbonate along with sodium Chloride did not
brrng about any further increase In expansion.

These, results corroborate wel| with the histological
observation indicating that uniform distribufion of
components in papad is essential for qbtaining the
ﬂ%ur desrfrable |ateral expansion (which is one of the
indices of quali

The manner % whrch sodrum chloride imparts the

uaIrtB/ of lateral ex?ansron IS not clear.

The data in Taple 2 show that there is no srgnrfrcant
dfference In solubilit [% of the Joroterns of blackgram in
the so utrons ofsodru chIorr e, sodium carbonate and
a mrxture of the two. The expansron characteristics
of the a ad cannot therefore be atfributed to the

solubili ehavrour of the proteins of the blackgram.
ntral Food . Technolo caI V. Prabhakar

%Sear nStltUte g F’atfJ 1 Jt;hyakraj

23 June 1972
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A SIMPLE AND RAPID METHOD FOR ESTIM-
ATION OF TOTAL CAROTENOID PIGMENTS
IN MANGO

A direct colorimetric method developed.

Mango is a rich source of carotenoid E|gm|ents which
have béen studied by a number of workers!3  Rama-
sarma et al}, reported that the epiphasic pigment
isolated from ‘Badami’ mango consists almost entjrel

of /St-carotene, which Is of particular importance fro

the point_of view of nutrition. The ‘estimation of

carofene in mango takes a long time and it is not
possihle to analyse a Iarq,e number of samples in a day.
A rapid method for routine estimation of total carote-
noid pigments is_essential for mango particularly for
comparative studies e.g., variety, effect of mariurial
trial" or qther growing conditions, selection for breed-

Ing, stability™in_ processing, stora%e_, efc.  Boothd

re%orted_a simplified procedre for eStimation of total
carotenoids in carrots. An attempt has been made to
estimate the total carofenoid _Engme_nts in mango, by
apwm? Booth’s tec_hnlgue with"a little modification,

e fat soluble ?| ments were extracted from the
fresh man?o pulp (1 0) with, 3:2 petroleum ether %30°-
80°C)-acetone mixture by grinding with sand in a 50 ml
silica’ dish with a glass mortar.” The extracts were
decanted into a 50 M| volumetric flask. = The extrac-
tion was continued tjll all fat soluble pigments were
taken out._ Four to five extractions were found to be
enoygh. The volume was adjusted to 50 ml and
reading was taken in_a Spectronic-20 at 450 nm: the
result was expressed in terms of /3-carotene. Potassium
dichromate was used as standard in absence of standard

13-carotened o S
_The_total carotenoid pigments of the five varieties
viz, ‘Dasheharr’, Lan?ra,, Chausa’, ‘Bombay Green
and ‘Safeda’ were determined by this method and also
%the_method prescribed by the'Association of Vitamin
emists7 (Table 1). It was observed that ‘Bombay
Green’ contained maximum carotenoids followed by
Safeda’. Similar
Sadana and Ahmad3 with
{Calcutta) and ‘Chausa’. It
hat the method adopged here
f carote-

‘Dashehari,” ‘Langra’, ‘Chausa’ and
trend was. reported by
Dashehari’, “Langra

appears from the Table {
nad given in general a sllghtly higher value
noid (g)u{;nents_ compared fo the method, of the Associa-
tion of Vitamin Chemists, maxium being in ‘Safeda’
l.e., 4.2 per cent.  This ma Possmly be S0 hecause, |n
the present method, the éxtract contained not only
acetone but also a small_quanu\t/v of water, whereas
according to the Association of Vitamin Chemists the
acefone is washed away and the pigment is taken
mainly in petroleum ether layer.  The method adopted

Table 1. total carotenoid pigments in some of the

i
Vi M nefﬁ%%s/'g 199

Es‘r i S}
06 Green % % | 2%
13 S o

from Booth5for estimating total carotenoid pigments
in mango is simple and raclmd; about 5to 6 samples
can be analysed per hour depending on the efficiency
of the workér. ~ The results obtained from this method
are also consistent. _ o

Author is thankful to Dr R_N. Sln(I]h, Head, Division
of Horticulture and Fruit Technology for his keen
interest in the study.

Indiian Agricultural
C 1 nstitute,

ewW I
76 November 1972
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BACTERIOLOGICAL QUALITY OF MARKET
MILK IN POONA

The bacteriological quality of milk available in
Poona City from different ‘sources was evaluated.
220 samples of raw and pasteurised milk samples
were examined for standard plate count, coliforms
M.B. Reduction and phosphatase. The milk suthed
by village vendors to the city was found to pe of
oorest “quality,  The raw ‘milk collected b

overnment jMilk Scheme,},Poona, was not of
standard qua !t}i’ coliform being detected even in
pasteurised milk samples.

Indian Standards Institutionl has prescribed the
bacteriological standards for both raw and pasteurised
milk ~ Sufveys of bacteriological quality of milk has
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Table 1. quality of milk samples collected from government milk scheme, poona

Raw milk Pasteurised milk

Test Aerag  Mnimm  Madmm  Aerae  Minimm  Maximum
SPC/ml. 12666 X 16 OXI16  W0xI® BE2XW3 TXIWB Hx I8
Coliforms in 0.1 m, 1235 6 1800 6481 0 1600
MBR test 12 min 5 min Jmin 212 hr 45 min > dhr
Phosphatase test +\e —\e

Table 2. quality of milk samples collected from shop keepers
Raw milk Boiled milk

Test Aerage  Minimum  Maximum  Awerage Minimum  Maximum
SPCiml ROX 1B == OXI® 18 X 105 X8  dx 1B
Coliforms in 0.1 ml >1800 — — | il 240
MBR test 45 min 3 min 1hr 212 hr 2hr 212 hr
been made in different cities of India by a number of Cable 3 auats _
WOTkGI’SZg able 3. quality ORfETrT,]l\IIILkVESﬁDm(;JFIQSS collected from

In the present study, 170 samples.of raw milk and Raw milk

50 samples of pasteurised milk supplied to Poona ci iy .
were cc?llected pand examined. u@ of 170 raw mil Test Average  Minimum  Meximum
samples, 50 were collected from the rural collection of Coffoys in
Government Milk Scheme, Poona._50 samples were WP >1800 17 >1800
obtained from retail vendors and 70 were collected  \BR fest % min 1min I

from shop-keepers.  The pasteurised samples were all
obtained from Government Milk Scheme, Poona.

Samples of milk were collected carefully in sterile
500 ml capacity stoppered narrow mouth Mac-
Cartnr bottles.

Following standard procedures9 the collected
samples were examined immediately for standard
plate _count (SPCJ; coliforms,  methylene  blue
reduction test and phosphatase test ‘in case of
pasteurised milk.

The results of bacteriplogical examination of milk
samples collected from différent sources are presented
in Table 1, 2and 3

Government Milk Scheme, Poona; The average
counts, were much higher than minimum standards
Prescnbed y 1.S.1.1 Phosphatase test was negative
or all pastedrised samples, positive for raw milk.

The reason for raw milk npot conforming to
prescribed standards Is that it is accepted at’ the
collection centers n rural areas only on the hasis of
butterfat. The holding of milk at the"collection centers

i unclean coptainers at atmospheric temperature for
consicerably long time may _ﬁrobablr increase the
bacterial counts in the raw milk samples.

Samples collected from retail vendors:;  The milk
supbphed by village retail vendors to the CItY was found
to be of poorest quality. ~ The average value for coli-
form count was more”than 1800 in"0.L_ml of milk
and average time of MBR was 34 min.  The vendors
bring milk in utensils which are not properly cleangd
gggmtshls I largely responsible for the high®bacterial
quaﬁt@e samples from shop-keepers were also of poor

_The'authors are grateful to Dr V. N. Rao, It

%lrector of Health Sérvices for permission to publish
this paper.

State Public Health Laboratory,
17 OX‘S‘ ril 1972

R 1. Thekdi
, Lakhani
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Directory of Indian Processed Food and Allied Industries:
Published by Central Food_Technological Research
Institute, Mysore, India, 1972, pp. 992, Price: Rs 50.

This is a Directory_ of Indian_Processed Foqd and
Allied Industries giving voluminous information_ on
Central Government Departments, Research Organiza-
tions_Training Institutions, Export Promotion”Agen-
cies, Trade Associations, Processed Food, M|Il|ngFand
Allied Tndustries, Fabricators/Suppliers  of “Food
Machinery and. Equipment, Manufacturers/Formula-
tors In Insecticides and Pesticides, Exporters, Indian
Food Laws and_ Specifications and Indian Standards
for Food and Allied Products. It Is a very commend-
able and useful effort by the Central Food Technolo-
gical Research Instituté, Mysore and fills a long felt
Need of the food Industry and the general public.

In a compilation work of this type some_omissions
are_bound to be there and the compilers have
rightly requested to provide information about these
for inclusion in_the subsequent editions, A few
important_omissions may be mentioned herein;
Defence Food Research _Laborato_rx, Mysare 10,
under Research Organization, Protinules {Alembic),
Provitex (TCF-Ralli$), Protinex ED_umex) Uniprotein
Briskies (Unichem),” Probisk érltanma), Protamin
(MPF food by JB Protein Food Industries, Sitapur)
under Processed Protein Foods and Bedekars under
Condiments and Masala Powders.

Information on slaughter houses, and poultry
dressing plants could have been included. Tt may
be moré useful if manufacturers of food grade chemicals
and pesticides are indicated separately” by putting an
‘asterisk’ (*) against one of these cafegories.

Binding, Qeneral get UEJ and printing of the hook
are good. Appendices at the end covering CETRI
work; selected perigdicals in. Food Suenc;e and Tech-
nololgg and index to aavertisers are useful.

The Directory will be a useful reference book for
Food Industries, Government Departments, Research
Organizations and Agricultural Universities.

B. S. 3hatia

ce Cream: by W. S. Arbuckle.  The AVI Publishin
Cq., Inc,, Wes_tgort Connegticut, 1972, pp. 474.
Price: Domestic $19, Foreign $20.

With more and more advancement in the field of
Food Technology, it has become necessary that one

48

should get himself acquainted thoroughly with a
particular type of prodyct. The book Under review
would be hélpful in serving this purpose for those who
want to specialise in sciénce and technology_ of ice
cream and related products.  This second edition is a
complete revision of the first revised edition. Many
unwanted and ohsolete subjects have heen removed
and other é)ornons have been expanded to include
recent developments and additional information for
the use of students, research workers, personnel in
industry and prospective entrepreneurs.

By and large thjs is a complete book byt for those
who™ want t0”go for further details and background
of the subject, & b|b||ongrarPhy IS given at the end 0f each
chapter. .~ For. converience, this publication can be
divided into five broad sections, In the first Section
chapters_on (1) Development of the Ice Cream Indus-
try; (2) Enerﬁ Value and Nutrients of Ice. Cream; (3
|ce Cream aid Related Product Classification; and (4
Composition and_ Properties can be included. This
section Plves preliminary knowledge about ice cream
and refated * products—nutritive™ value, . physico-
chemical characteristics and product classification.

The second Section includes chapters on (1) lce
Cream Ingredients; %2) Stabilizers and Emulsifiers; Q
Flavouring and Colotring, Materials; §4) Soft-froz
Dairy Products and Special Formula; (5) Sherbets and
|ces;. SG) Novelties, Fancy Molded Ice Creams and
Specials. - This enables one to develop suitable recipes
using the right type of ingredients.

The third Section is meant for those who, having
acquainted themselves with different aspects of ice
cream and related products, want to enter the field of
manufac_turm? them, It consists of chaEters on (1)
Calculation of Ice Cream Mixes; (2) Restandardising
and Calculating Mixes; (3) Calculating Cost and Per-
centage of Overrun: (4) Mix-Processing; (5) The
Freezing Process: (6) Packaging Hardemnq and Ship-
ping; and (7) Refrigeration. This vAill be hélpful in the
seléction of the plant, it operatlon and production of
different types of products.

The fourth Section consists of chapters on
1) Defects, Scoring and Grading; (2) Sanitation_and
tality Control; (3) Some Laforatory Tests Often
sed ‘in Ice Cream Plants; and (4)” Formula and
Indystry Standards.  This will be helpful in day to day

quality “control and product standardisation.
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The publication has been made more complete by
the inclusion of the fifth section consisting of chaRters
on Sales Outlets and Soda Fountain Recipgs, which are
important from the point of view of merchandising.

The appendix at the end includes History of lce
Cream Industry, Tables for aid_in various calculations,
Plant Inspection Form and Federal Standards for
Frozen Desserts.

There is a need for rearrangmg the chagt_ers In pro-
er sequence. - The Chapter on Calculation of  Ice
Cream_Mixes s 8|v_e,n just after describing varjous
ingredients and additives without going Intd various
tgﬁes of products and their recipes. “Likewise the

agter_ on Refrigeration is given in between Chapters
on Sanitation and Quality “Control and Laborator
Tests, This should have been given before the
Chapter on Freezing Process.

The author has not covered the SU[%JGC'[ of Eroducnon
and supply of ice cream mixes eitrier as such or In
powder form to the small manufacturers or for do-
mestic use. Details of method of delactosing of milk
solids (p. 330) for improving the texture of iCe cream
also should have been given.

.. The volume contains large number of_excellent
illustrations, particularly ¢ eqm?m_ent. The hook
will prove to be most dseful to all interested in' ice
cream and related products.

V. K. Mathur

Methods of Aflatoxin Analysis: B. D. Jones, Tropical
Products Institutes, London, G. 70. 1972, pp. 58.

This, report replaces the orlgmal TPI Report G. 13
In rewewmg some of the méthads available for the
analysis of food_ ang feedlnﬁ stuffs for aflatoxin, the
authicr has kept in view methods which do not require
expensive apparatus, and which are suitable for use in
laboratories  In develo_pm? countries.  However
methods mvolvm_? such instruments as spectrophoto-
rglet%r, and densitometer have also been referred to
riefly.

The report is divided into eight sections, five
appendices along with summary, “introduction and
literature refererces.

The_introductory part of the report deals mainly
with different r%ﬁ)e JOf aflatoxins which may commonly
occur in commodities infected with A_sper?nlus_flavus
together with the general procedure involved in the
chemical testing of flatoxins. .~ Sampling methods and
preparation of sample for analysis, which is g crucial
step.in the procedure, has been dealt with in great
detail in the first section of the report. The stbse-

Uent sections are devoted to different steps involved in
the_ aflatoxin analysis such as (defatting,) methods, of
toxin extraction, clean up procedures and estimation
of aflatoxin content in the extracts by thin layer chro-
matography. Conflrmator% methods for aflatoxin Bx
have “also een given in the report. Recommended
se%uences for thé analysis of foods and feedlnq stuffs
and some practical paints relevant to the andlysis of
p

gwde In. Selectin |

ommodities. The last section of the rePort Jeals
mainly with calculation of the aflatoxin content of the
samples, ?lvmg model problems. - Appendices given
consist of apparatus and chemicals  required” for

analysis, suppliers list of aflatoxin. standards, bulk

roducts given in section G indeed serve as a useful
seﬂuences of analysis for different
las

Y sampling methods, and determination of purity of

aflatoxi samples.

All the sections dealing with different steps of the
selected methods have been dealt with exhaustively
and the report serves as a useful references to all those
concerned” with aflatoxin analysis.

C. T. Dwarakanath

Pesticide Residues in Food: Report of the 1971 Joint
Meeting of the FAO Working Party of Experts on
Pesticide Residues and the WHO EXpert Committee
on _Pesticide Residues. WHO _ Technical Report
Series, No, 502+ 1972, pp. 46 Price: 40 rP 1,00,
Sw, r. 4. (Available through WHO Regionial Office;
Indraprastha Estate, Ring” Road, New Delhi.)

The report stresses that, as far as gossmle, dairy
products should be free from the residues of pesticides
used to control various parasites of dam{( ows. In
areas where parasites such as lice and ticks seriously
affect the health of Iactatmg cattle and hence the pro-
duction of food, it s hardly avoidable o use such
pesticides, but it 1s improbablé that the levels of residues
reaching, the consumer attain the maximum values
observed in supervised trials on individual cows.

I_ncreasmgéy_selecnve methods of analy_smg fumigant
residues are ieing used to follow changesin the amount
of unchanged fumigants in certain foods after fumlga-
tion. Thé report™points_ out thaf, although thése
residues dwindle Progresswely dunng st?raﬁe, hand-
ling, and processing,” small amountS of them may
occasionally subsistIn food. 1t is thus desirable, to
reduce such residues to. a minimum b¥ adogtmg
ood practices In handling food after fumigation.
he report recommends the levels of five fumigants
that should not be exceeded if these good practices
are followed. :
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Since the herbicide 2, 4-D_was last evaluated, in
1971, the results of studies in rats and dogs have
become available. Although the. data ndicate that
there may be a slrght Increase in the incidence of
tumours fn rats fed on 2, 4-D for up to two years, the
carcrno%enrcrty of this herbicide has not been subs-
tantiated.  An acceptable daily intake for man,
calculated. on the basis of this feeding study in rats,
IS shown in the report.

Another study reviewed in this report is one in
which calculations were made of theoretical intakes
of 3 pestrcrdes in four countrres from three regions
of the' world for w rc averae oo consumptron
data had been compiled The results of the
study showed that, for2 o these comPounds there
was not even atheoretical possibility that the acceptable
daily intake might be “exceeded. Several others,
including malathion, are_borderline_cases warrantrnti
further “study, There is a i nrfrcant theoretrca
nossibility that the acceptable da Intak es of
dieldrin, fenthion, omethoate, and r erof r%/ butoxrde
mrght be exceede Processing and Cookirg consider-
reduce the (notentral rntake from food of carbaryl,
D T, and particularly malathion.

IARC Monographs on the Evaluation of Carcinggenic
Risk of Chiemicals to Man, Volume 7, Lyon, Inter-
national Agency for Research on Cancer, 1972,

184.  Price: % r 4, Fr. fr 5
Evarlable through WHO' Re’gronal Oﬁrce Indra-
rastha Estate, Ring Road, New Delhi.)

Both in industry and in the environment in general |
there are a ?rowrng number and ﬂuantrty of chémicals
that may cafry a risk for human health and for cancer
In particular.” Governments have hecome increasingly
aware of the importance of this problem and will have
to fake stronger measures, based on existing biological
evidence, t0 controI or ban the use of potentially"car-
crnogenrc com'ooun S, The risk to_man may come
rom cemrcas used in industry, from substances

ed to food preparations, from pharmaceutical
products or from uncontrolled pollution in {he environ-
ment. Naturally occurring substances like aflatoxin
must also be taken into account.

Many hundreds of compounds have been shown to
be carcinog enrc In ex err entaI animals but this does
not necessanX mean that they are carcrnogenrc n
man. The Iternatronal Ag % Resedrch on
Cancer has begun compiling & compendium of mong-
graphs on potentially carcrno%renrc substances i
which the, exrstrng experimental dafa are evaluated
and an estimate made of the magnitude of the carcino-
genic risk for man.  The first volume of these mono-

graphs has recentl% been publrshed It contains 19
mono?ra phs, which were finalized by a grouP of
experts from research centres in a number of countries.

The monograghs summarize only those data
considered to be strictly relevant to the’evaluation and
are not intended as 4 comorehensrve review_of the
subject. . Nor do they contain recommendations as
to practical measures™to be taken for prevention of
carcrno?enrc risks; such decisions have to be taken by
national and international authorities on the basis of a
risk/benefit  assessment.

Sweet Potatoes Production, Processrng and Marketin \9

Yy J. B. Edmond and G. R, Ammerman,
Publishing_Com po Inc. West ort Connecticut,
1971, pp.~334, Pricé: Not mentioned.

Sweet potato is a widely Igrown croP in tropical and
some parts of temperate’ fegions o Afnca India
Chrnﬁ Japan, the Pacific IsIands tro ical Amerrca and
Southern” United States. the cultivation
of the crop Is concentrated marnIy in the states of
Louisiana, North Carolina, rrgrnra ew ersear
Texas and Georgia. The data.provided upto 1960
show that there was a steady fall i rn the productron and
per capita consumption. of this root tuber in USA
since. the qreat depression of 1930. However the
position of USA cannot be viewed in terms of world
production as the relevant data are not provided.

The hook covers wide ra uge of toprcs Irke the des-
cription of the plant, including its” physiol o[qy and
morh ?yrntwo chapters, research an deve[Gpment
gricuftural production aspects in five chapters,
technolo%y ofprocessrnlg in four chapters and marketing
of produCe n'fresh form in one chapter.

The developments in agricultural production tech-
noIo?y discussed cover the research done in the sweet
otaf0 producing areas of USA and it is hoped that the
Presentatron of eresearc findings in a consolidated
orm will help to reduce the cost of cultivation and
Increase the yield of this tuber at a fime when it is
gradually loasing its importance as a foqd crop.  The
Set back’ in_consumption has been attributed mainjy
to the preference for animal foods which contain

Igh es entraI proterns and moderately high stored
ene gy blication brings underone Cover the
rese ch achrevements accom Irshed after the thrrd
decade of the Rresent centurzf the _ earlier three
Publrcatrons on this title cover the period from 1890
0 about 1930.

The research work undertaken on the mor hoIo%y
and anotomy of the plant will help to understand t
different aspects of the plant better although it did not
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help much to classify the varieties and even today
classification suggestéd by Boswell (1950) exists. &
the widely accepted qne, " A thorou%h understanding
of the hy3|olo?ey biochemistry an ecol_o? of thé
E)Iant and"the fleshy roof was made Rossm by the
Jatest research accomplishments and this has resulted
in a marked jncrease in yield per unit area with low
cost of production. Sweet potato should not be
re?arded only as a source of starch, it is valyed equally
for its supply of carotene and vitamin C, which are so
essential in human nutrition.

Basic investigations carried out op the mineral
requirement of the plant will help the growers to
apply the essential elements in proper time"at suitable

——

0ses as e the reguwement of the plant;
tion of yield based on the mineral content of ea
blade has not reached that sta?e where it can be applied
directly to commercial variefies on large scale.” "The
discovery that the fleshy roots often produce lower
quality plants by mutation thus demanding a careful
and rigid seed stock selection to maintain the 3uall_ty,
and the induction of functional flowers and production
of viable seeds are some of the achievements made. in
crop Improvement.  The work done on the selection
of seed stock, local studies conducted on handl_mg
and artificial curing of seed stocks and the productio
of plants with artificial heating are some of the topics
useful for the extension workers.

Ex%enments conducted with the_ choice of soils
and the commercial fertilizers are still insufficient to
give any definite guideline to the cultivators and the
areas where further research will prove useful have
been ﬁomted out by the author, Control of weeds
and checkings of Prowth cracks in the fleshy root to
maintain thé qua |t6y are the problems facéd in the
field production operations.  Fungi, viruses, nemato-
des and insects are the major pests and these have been
treated separately by poolmg the latest results of
research specially those of destructive fungi which are
so varied and cadse not only extensive damage to the
plant and the tuber_but also lower the markét quality
of the produce. The time of harvest and the
improvement made In harvesting equipment including
the vine cutters and the development ofwalkmg lows
are some of the topics of inferest to the producer.
(ontinued research on the curlng post-curi % opera-
tion and storage requirements _Ionq with the Tasic
study on the principles _underlymg hese has helped
In réducing losses in weight and dlecay and aided in
prolonging'the storage lifé. Efforts aré on the way to

but predic- (
5 f ﬁew products offering convenience and interest to the

mechanise the entire curing and sforing operations,
Major part of the tuber is Sold as fresh Product and

preparatign of the produce for the market, as rﬁ)er the

choice of the consumer, grading, transporting and
distribution are some of the assoCiated problenis and

E)hesae h?ve been covered under the marketing of fresh
roduct.

The trend in consumgtlon is gradually shifting from
the fresh product to the processed convenience™foods
which include canned, dehydrated and frozen swegt
nofatoes.  After reviewing the developments made in
different processing steps nvolved in the canning, the
author feelsthat further research on methods of mainta-
Ining firmness and other quality attributes in the canned
roduct besides exploring the’ avenues for developing

consumer will be useful. Sweet Potato drying fech-
nology IS an ancient process. dating back™ to™ 1899;
much’progress_has heen made in recent years especially
In unit operations in the manufacturg of precooked
dehydrated potato flakes. After rewewm% the re-
search achievements on freezmﬁ of sweet ﬂo_atoes the
author 1s of the view that further research Is needed
on the 3ual|ty of sweet potatoes and their products
as related to the speed of freezing, packaging materials
and storagl_e temperatures with® réference o time of
storage, The last chapter deals with the industrial
uses "of sweet potatoes in the preparation of starch,
%u a,lsalcohol efc., as also Its use as feed for farm

The mono?raph brings together under one_cover
the results of present researth and those of imme-
diate past carried out in USA and also indicates
wherever further research Is needed to fill the gap In
our knowledge of sweet potato produgction and con-
sumgtlon. N this way the book will be useful to
thos engaged In the “cultivation of thlf tuber, .o
countr % nts and farm aavisers of all pro ucmg
districts 10 USA, to all extension workers and t
those engaged in sweet potato research. The infor-
mation provided may also prove useful to those
en%ageed in research on sweet potatoes outside USA
as They can know the trend of research ?o_mg on In
Sv%erlg the sweet potato producing countries of the

The printing and get up of the publication are good,
and it will Frove useful to the agricultural scientiss,
food technologists and institutions engaged in similar
type of work.

K. A. Ranganath
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New Publication

_ The First Asian Congress of Nutrition was held
in Hyderabad last year” under the auspices of the
International Uniori of Nutritional Sclences. The
Congress was jointly sponsored by the Nutrition
Society of India and the Indian National Science
Academy.

. The Proceedln%s of the_Congress are now published
in the form of a book. The Pubhcaﬂon runs to over

0 pages and it contains the proceedings of ten
symposia, Seventeen special reports, thrée special
|ectures and. abstracts of a Iar?e number of research
communications presented af the Congress, The
publication will be found immensely useful by all those
Interested in_the science of nutrition. Price U.S.
$15; Indian Rs 100,

New Journal

A new Journal, History of Agriculture, provides the
channel of communication for @ world wide net work
of people interested i establlshm? an agricultural
historiography of a high standard of scholarship. It
aims to integrate the research of historians ofagriculture
on an international plane and thereby to contribute
towards a hetter understanding of tie development

of world wide agriculture.

The Journal’s field of interest embraces all epochs
of agriculture, all aspects of agricultural development
and ‘activity and agricultural jnstitutions in the whole
range ofth@ir cultural, scientific and sqcial implications.
Authoritative and constructively critical book. reviews
of the most important books in the field of agricultural
history are also Included.

Histor%/ of Agriculture also

ublishefs _information
concerning the most Important

? g\zentso international
agn_co-hjs orical activity. A special ‘News and Notes’
séction illuminates projects such as the. establishment
of new museums, agrico-historjcal _instjtutes. and
socleties and the pro eedln%s of national or Inter-
national congresses, etc. The Journal is published
quarterly in the third week of February, May, August
and November. The subscription " rate “in_U.S,
$2500 a year in US.A. and Canada and £10.00

In EuroP_e and elsewhere. _The publishers are K. K.
lvate) Ltd, 55 Gariahat Road, P.O. Box

Roy (P
10¥10€ Calcutta 19, India.
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AMI News Bulletin

The Association of Microbiologists of India publishes
from its Central Office a news™ bulletin titled, ‘AMI
News, Bulletin’. While serving as a house-journal
c_ontammg news about Its members and on orﬁamsa—
tional acfivities of its various constituent. units and
Central Office, information of general interest to
muir%bldologmts and scientists in related areas is also
Includea.

The News Letter will be covering a wide variety of
organisational and scientific activities carried quf b
AMI and other fraternal organisations in microbiology
and allied disciplines. 1t™is also planned to cover
Information on (1) some of the most recent major
scientific advances, (||3 awards and djstinctions con-
ferred on members and other distinguished scientists:
(H) forthcoming visits to_our country by distinguished
scientists from &broad; (iv) particulars on forthtoming
conferences, meetings, *symposia, workshaps,  etc.
both at the National”and International level; and (v}
recent publications of books, monographs, etc., on
microbiology and related areas.

Naarden Notes

Hyfoama_ protein derivatives give better texture,
lower density, higher volume and greater j alatability
to awide range offoods and confectionery p}roducts.

Latest developments include Hyfoama 88 an im-
Proved version of the known Hyfoama DS—for all
ypes of sugar confectionery, meringues, icing, etc.

Other development work has resulted in Naarden
ComRounds—_a completely new range of additives in
whic éJrote!n_ derivatives have, beén combined with
selected stabilizers to ensure easier application in cool-

ling groducts, frozen confections including ice cream,

and other types of dessert.  Information sheets 8|vmg

all product data are available from Lenderink and Co:,

P.0. Box 126, Schiedam, and from Naarden’s other

International affiliates.

Indian Standards Institution

Following standard  specifications have  been

published:

1S:6399-1971 Code of Practice for Con-
struction of Coffee Seed Storage
Structures Rs 2.00
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15:6384-1971 Code for Care, Management
and Housmgo Lab orator}iAmmas
Part . Laboratory Mon

1S :6384-1971 Code for Care anage-
ment and Housmgbof ‘Laboratory
Animals. Part [1. Laboratory Dogs Rs 2.00

Rs 2.5

15:4366-1972  Agricultural Tillage Discs.
Parti. Concave Type Rs6.00

1S:3077-1972 Roasted and Ground Coffee  Rs 7.00

15:6459-1972 * Two-way Animal  Drawn
Mouldhoard Plough Shares Rs3.50

1S :6384-1971 Code for Care, Mana%ement 196213 la9“701n O?H(',%eds f%grﬁ?”%hoﬁﬁ'r]“d
Iand Hou3|r|1_ggf abora(t:oryA Imals R0 Fvaluation Cards
art 111, Laboratory Cats 208 6429.1972 Heptachlor Dusting Powders R5550

IS:5701-1971 Code for Breeding, Care,
Management and Housing of Labo-

1S :6432- 1972 Heptachlor Emulsifiable Con-

ratory Animals. Part I11. Caboratory centrates Rs6.00
Guinea- P|Fs Rs2.5(5:2237-1971 Frozen Prawns (Shrimp) Rs 6.00
15:6406-1971 Brilliant Blue, FCF, Food

Grade
|S:6176-1971 Pyrethrum Dusting Powders ~ Rs 6.50

Rs35

¢S :6405-1971 Canthaxanthine, Food Grade Rs 2.50

S:6027-1970 Recommendations for Farm
Cattle Housing for Large Dairy

1S:6169-1971 Method of Test for the Farms Rs8.00
Determingtion of BHC Residues off L5971 Auminim Vilk Ca RS5.00
15:6288-1971 Code for Mouldboard Ploughs Rs 6.00 1S:1982-1971 Code dOE Practice f0f| Antl-
15:2404-1972 Malt Extract Rs700  roriem ang fostmortem Inspec- o oo
15:1965-1972  Bleaching_Earths of Indian 1S T392-1971 Glass Milk Bottles Rs5.00
Ongm used for'Bleaching Vegetable . -
Rs2.005 :6360-1971 Lacto Bonbon Rs2.50

ASSOCIATION NEWS

Corporate Members

1 Glaxo Laborator (Ilndla) Ltd., Dr Anme
Besant Road, Bamhay-18 WB.
2. Skol Breweries Ltd Chander Mukh| B
BIocIEé 15th Floor, Nariman Point, Bombay-

20B
Nominees: P. G. Daftry, Director and M. S,
Ramachari, Project Manager.

New Members

1 S. S Mishra, B-19, CFTRI Hostel, Mysore 13,

2. R.F. Mane, ¢/o Hindustan Milkfood Manufac-
turer Limited, 2nd, 6th Main Road, Wilson-
Garden. Bangalore-27.

3. M..R. Mahadevan, Food and Nutrition Exten-
sion Officer, Community Canning and Pre-
servatlon Centre, Government ~of Ind|a,

o 8, Block |, Kumara Park West, Bangalore-

4, Rabmdra Nath Biswas, Instructor-cum-pro-
duction Officer, Fruﬂ Processm? cum-Train-
ing Centre, Babupara, Sifquri  Dist,,
Darjeeling.

5. Pivan Varangcon, ngs) Applied Scientific
Research Corporation” of Thailand, 1%
Pahonyothin Road, Bangkhen, Bangkok 9,
Thailand.

6. Rakesh Nath, M/s Harnarain Gop| Nath, 18A,
Cannau?ht Place, New Delhi-1.

7. N. Patel clo Aurolood Private  Ltd.,
Anroville.

8, Basetjgeb Gupta, 8A, Raybagan Street, Cal-
cutta-b

9 Bhupmder Slngh 123-A, Shastri Nagar,
Ludhiana-2.

10. M. K. Srinath, 26, Road-3, Ramanagar,
Dharwar, Mysore State.

1. M. C ChhatraPan ‘Corjanthian’ B-5, 1st
Floor, 17, Arthur Bunder Road, Colaba,
Bombay-5.

12 Ramakrlshna Reddy 429, X1 Cross, Wilson
Garden’s, Bangalore-27

13, Seouné;re Kap Khee, IFTTC, CFTRI,

14 M. K Panduranga Setty, 19, Platform Road,
Bangalore-23. ]
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P. Mudda%a_Gowda Dept, of Horticulture,
Univ. of Agricultural Sciences, Bangalore-24.

K. Sreedharan, B/l International Hostel,
Mysore-13,

P. N. Shastri, (Mrs) c/o Dr N. V. Shastri,
‘,ﬁ\ﬂmsba Niwas™ New Ramdas Peth, Nagpur

P. Nérésimham, Scientist, CFTRI, Mysore-13

Kishor Pandurang Kabse, 2/56, Shantinath
Bhuvan, Dr Anbedkar Road, Bombay-19.

lgbal S. Manekia, Razak Chambers, 4th Floor,
owroji Flil” Road, Bombay-9.

B. H. Kuvadia, 3/140, Jashvanti Nivas, Sion
(West) Bombay-22 DD.

Patel Lopa Narenthai, (Miss) 8 Goldmine,
Jawahar Nagar, Goregaon (West), Bombay-62.

M. A Paranjape, ‘Samartha Krupa’ 30,
Senapati Bapat Marg, Dadar, Bombay-28 DD.

S. Vasudevan, 4/30, Sagar Sadan, K. A
Subramaniyam Road, Matunga, Bombay-19.

Karve Sharad Tridibak, c/o T. P. Karve, M/113
Lokmanya Nagar, T. H. Kataria Marg, Ma-
him, Bombay-16.

Kelkar Chanorakant G., 1-Jagannath Bhuvan,
Malaviya Road, Vile Parle, (East) Bombay-57.

Joshi Ulas Yeshwant, 18, Vikas Nagar, 721/B2
Navi Peth, Poona-30.

K. Raja%opalan, 4/40, Shankar Vihar, 17th
Road, Chembur, Bombay.

S. G, Bedekar, G. 102, Lokmanga Nagar, T.H.
Kataria Marg, Mahim, Bombay-16.

Rao Vidya Gopal, (Miss) Hari Nivas, 78 Natwar
Nagar, Jogeshwari (East), Bombay-69.

K. K, lyengar, Food Specialities Ltd., Moga,
Punjab.

N, C. Venkatacharyulu, M/s Nath Laboratories,
%S-A IrKiBstnal Estate, Balanagar, Hydera-

0-37

K. H. Prasad, 140 Sarojini Devi Road,
Secunderahad.

Push_Pamma, (Mrsz) College of Home Science,
Saifabad, Hyderabad-59999",

3.

36.
3.
38
39,

40.
41,

4

43.

44,

4,
46.
41
48,

49,

P. V. Sur¥a Prakash Rao, Food Technologist,
AP, State Agro-Industries Corporation Ltd.,
10-2-3, A.C."Guards, Hyderabad-i, AP.

Yamuna R. Rao, (Mrs) ‘AMRIT", Somajiguda,
Hyderabad-4. _

Bharatan Thiagaraja, 21/11 St John’s Road,
Secunderabad-25, AP,

H. D. Sharma, 130/A, Nehru Nagar, secun-
derabad-26 AP, _ _

G, Nageshwara Rao, Demonstration Officer,
Community Canning and Preservation Centre
2-2-2 University Road, H yderabad-500007.

P. Sharma, Demonstration Officer, 2-2-2
University Road, Hyderabad-599997.

V. Usha Devi, Community Canning and
Preservation Centre, 2-2-2 University” Road,
Hyderabad-7. _ _

R. Grewal, Technique Assistant, Communit
Canning and Preservation Centre, 2-2-
University Road, Hyderabad-7. _

P. V. L. Chandramohan, Demapnstrator, Mobile
Food and Nutrition Extension Unit, 2-2-2
University Road, Hyderabad-7. _

P. S R K. Prasad, DeveIoPment Chemist,
Product Development Dept, M/s Warner
Hindustan Ltd., U Fal, Hyderabad-500039,

Ramﬁal Singh, CFTRI, mysore-13

Gulshan Lar Marwaha, International Hostel,

C |, Mysore-l?).

Bilkéir Singh Parmar, CFTRI Hostel, mysore-

Amarinder Singh Bawa, International Hostel,
TR|, Mysore-13.

Deva Bhakta Shakya, International Hostel
R|, Mysore-l :

50. Patel_Pramthesh R., International Hostel

R|, Mysore-l :

Change of Address

1

2.

S. K. Diwan, Proprietor, M/s Faster Bell
& Co., B 45 Lawrence Road, Industrial
Area, Delhi. _ _

C. M. Mehta, M.Sc. Tech., c/o Briyal Gauri
Shanker 6/8 Maruthi Lane, Fulgali, Bhuva-
neshwar, Bombay-2.
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W ith thebest complim ents

HILL TILLER & Co.
MANGALORE

EXPORTERS OF COFFEE AND CARDAMOM

(Winners of Central Award for years 1966-68 and Mysore State Awards for years
1967-68, 1968-69, 1969-70 and 1970-71 for Outstanding Export Performance)

Partners: Mr M. S. P. Rajes, Mr M. S. P. Rajah, Mr S. Palanisamy

. Office: 5089, 5989 Telegrams: Rajah
Telephone: — pocidence: 7389 gg'setXéoxNOI:MR-i%%

PEIRCE LESLIE INDIA LIMITED

Regd. office: 22/945, JEPPU ROAD, MANGALORE-575001

FORT COCHIN. CALICUT, TELLICHERRY. COIMBATORE
MANGALORE AND WILLINGDON- ISLAND (Cochin-3)

_ Specialised Departments for: _
Air, Sea and Land Travel, Receiving and Forwarding,
_ Crocp Protection, Estate Supplies, Fertilisers,
Coir Yarn, Coffee Curing, Cashews and Cashew Shell Liquid

VARIOUS STEARSHIP coMPANIES

(Including)

THE CLAN LINE STEAMERS LTD.
AMERICAN EXPORT ISBRANDTSEN LINES
THE MOGUL LINE LTD.
LLOYD'S
SHALIMAR PAINTS LTD.
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Just a little Magic in a bucket of water. And, wonderful
things happen to your washing. Each grain of Magic

is power-packed to dissolve instantly in water. A

rich active lather works at super-speed. Rinsing is so
much faster too. And, your washing ends up Ultra White...
Ultra Bright. What more could a housewife wish for |

« Singlewosh...your clothes ore origrt
Asinglewssh...frey're MISIC WM®!

A TATA PRODUCT



have served

THE AERATED WATER, CONFECTIONERY,

BAKERY, BISCUITS, PHARMACEUTICALS,

LIQUOR AND OTHER FOOD INDUSTRIES
WITH THEIR

Scientifically produced

LIQUID AND SPRAY DRIED POWDER
FLAVOURS

Other Products we manufacture are:

FOOD PRESERVATIVES
CLOUDIFYING AGENTS
ANTIOXIDANTS
CONCENTRATED CITRUS OILS
AROMATIC CHEMICALS, ETC.

“NAARDEN” (INDIA) LTD,,
POST BOX NO. 8920,

SAKI VIHAR ROAD, SAKI NAKA,
BOMBAY-400 072
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AVAILABLE

UTILIZATION OF GROUNDNUT AND OTHER
OILSEEDS FOR EDIBLE PURPOSES

Proceedings of the Workshop held at C.F.T.R.I., Mysore
on 25th-26th October 1971

Jointly Sponsored, by
Protein Foods Association of India
Qil Technologists Association (Southern Zong)
Association of Food Scientists and Technologists (India)

Contains articles on:

AGRO-ECONOMIC ASPECTS
PROCESSING ASPECTS
UTILIZATION OF PROTEIN FOR PROCESSED FOODS
QUALITY ASPECTS
MARKETING ASPECTS

Published by
Association of Food Scientists and Technologists (India)

Copies can be had on request, from Hon. Exe. Secretary, A.F.S.T., Central Food
Technological Research Institute, Mysore-570013, India, on payment of Rs. 5 per copﬁ
towards packing and postage by ordinary mail. (Include additional Re. 1 ban
commission for Cheque. Draft, Postal order and Money order are also accepted).
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blended with Vitamin Ds

the first choice of the Vanaspati Industry

Developed by ‘Roche’ specially for the Vanaspati Industry,

Vanitin offers the following important advantages:

« Excellent stability

* Available in different batch-size containers to

suit your specific requirements

« Supplied directly from Voltas' air-conditioned godowns

’ — pioneers and leaders in the synthesis of vitamins
! ROCHE PRODUCTS LIMITED, somsay 3 (WB)
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INSTRUCTIONS TO CONTRIBUTORS

1. Manuscripts of papers should be typewritten in double space on one side of the paper only.
They should be submitted in triplicate. The manuscripts should be comglet_e and in final form, since no
alterations or additions are allowed at the proof stage. The paper submitted should not have been
published or communicated elsewhere.

~2. 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.

3. Names of chemical compounds and not their formulae should be used in the text. ~ Super-
scnp_tts)land subscripts should be legibly and carefully placed. Foot notes should be avoided as far as
possible.

4. Abstract: The abstract should indicate the scope of the work and the principal findings
of the _pai)er. It should not normally exceed 200 words. 1t should be in such a form that abstracting
periodicals can readily use it.

5. Tables: Graphs as well as tables, both representing the same set of data, should be avoided.
Tables and figures should he numbered consecutively in Arabic numerals and should have brief titles.
Nil results should be indicated and distinguished clearly from ahsence of data.

6. Illustrations: Line dr_awin%s should be made with Indian ink on white drawing paper
Freferably_ art paper.  The lettering should be in Cfen_cn. For satisfactory reproduction, graphs and
ine drawings should be at least twice the printed size. Photographs must be on glossy paper and
contrasty; two copies should he sent.

. 7. Abbreviations of the titles of all scientific periodicals should strictly conform to those cited
in the World List of Scientific Periodicals, Butterworths Scientific Publication, London, 1962

8 References: Names of all the authors should be cited completely in each reference. ~ Abbrevi-
ations such as et al., should be avoided.

In the text, the references should be indicated by numbers placed above the line (Superior).
They should be numbered and 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 Chemistry of Sgnthetic Dyes, by
Venkataraman, K., Academic Press, Inc., New York, 1952, Vol. Il, 966

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

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

(/) Unpublished work: Rao, G., unpublished, Centra' Food Technological Research Institute
Mysore, India.
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DIRECTORY OF INDIAN PROCESSED FOOD
AND
ALLIED INDUSTRIES

Published by

THE CENTRAL FOOD TECHNOLOGICAL RESEARCH INSTITUTE
MYSORE

A long awaited Reference Book containing consalidated and classified
||rr1] g%mgtlogt %nt more than 10,000 food processPng ang ﬂt g ?ngustrlses e|n
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* Research Organizations

* Government Departments
*Training Institutions
*Export Promotion Agencies
*Trade Associations
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The publication is useful for Industrialists, Traders, Entrepreneurs,
Government Departments, Agricultural Universities, Libraries and others con-
nected with the food and allied industries,

Price : Inland— Rs. 50 (Exclusive of postage)

Foreign—  § 15 (Surface Mail) )
$30  (Air Mail) %'"ﬁd"@mﬁpostage

Please write for your copy to:
The Director
Central Food Technolo%ical Research Institute
Mysore-13, India
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