254
254

CHAPTER 6
Objective 5¢ Determination of the keeping quality of mixeg
and biscuits | '
Introduction

Dpring storage, flours of cereals and legumes tend to
develop muaty; rancid and bitter flavours because of their lipid
contents. It has been reported that the flour lipids are
susceptible to storaée deterioration and their degradation has
been related to the development of off flavours. The gpoilage of |
flours &as also been associated with both oxidative and
hydrolytic degradation of lipids and bofh these changes are
related to the moisture content of the flours. (Arya 1981).

Biscuits are prepared framvdough.containing wheat flour,
fat,\sugar, water, flavouring and colouring agents. The dough
is rolled, cut into desired shapes, baked and packed. Biscuits
baked to a low moisture content of about 2 to 5% usually remain
unaffected by staling and moulding but lose both texture and
taste . if their moisture contents rise above a relatively low
critical value. However, bigcuits can be maintained in the
acceptable condition by packaging in efficient moisture proof
- barrier material. Such barriers may also need to be oxygen proof

to minimize oxidativg rancidity pccurring in long term storage
when fat contents of biscuits are relatively high (Paine 1985).

However, in packaged biscuits, the loss of crispness due to
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moisture ingress is considered to be a more serious problem than
the rancidity developmént. Thus shelf life of biscuits depends
on the environmental factors like humidity, temperature, light

and the packaging material used (Balasubrabmanyam et al 1981).

Keeping quality of flours and productis

In 1977, lMahadeviah et al had‘demonstiated that the moisture
contents of about 15% for pulse and 14% for cereal flours were
the critical moisture levels with respect to  various physiochemical
and microbiological spoilages. The authors considered that above
these levels of moisture, the products developed musty odour and
became susceptible to mould growth. The authors determined the
keeping quality of wheat and bengal gram flours stored in
flexible films under normal. (27°C and 6542% RH) and accelerated
(38°C and 9242% BH) environmental conditions. Wheat fléur was
gtored in low density polyethylene (LDPE), high density
polyethylene (HDEE) end polycell bags for a period of 190 days
(6 months) under both normal and accelerated conditions. The
moisture content of wheat flour remained markedly below the
eritical moisture level when it was stored at 27°C and 65% RH-
for a period of 190 days in 350 gauge LDPE, 200 gauge HDPE and
polycelllagBut it.incieased~from 8.8% to a maximum of 12.9% in
samples stored in LDPE or HDPE bags at 38°C and 92% BH for a
period of 190 days and to 14.3% in those stored in polycell film.
Therefore, the authors stated that wheat flour can be stored for
at least 6 months even at accelerated conditions provided it is

not stored in polycell. Refined wheat flour having the initial
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moisture content of 13.0% stored in 350 gauge LDPE, 200 gauge
HDPE and polycell bags at 38°C and 92% RH had attained the
eritical moisture cqntentvof 14% after 120 days. The results
indicated that the initial moistu;g content of the flours influenced
the keeping quality of the flours as wheat flour having a moisture
content of 8.8% had a shelf life of over 6 months while refined
wheat flour with initial moisture content of 1?.0% had a shelf
life of only 4 months. Moreover, the packaging matérial'had a
bearing on the shelf life of the flours as the moisture gain of
sample flour stored in polycell f£ilm was higher thaﬁ that of those
stored in HDPE gnd LDPE bhags. The moisture content of bengal gram
3fiour packed in 400 gauge polythene bags and stored at 38°C and
92% BRH for a period of 7 months did not increase markedly (from
10.2 to 10.6%) and remained below the critical level of 15%.
‘ Therefore, the authors suggested that pulse flours can be kept
for at least 7 months even at accelerated conditions from-the

point of moisture ingress. .

Gandhi ef al (1985) determined the keeping quality of full
fat soya flour stored for a period of 10 months. The flour was
stored in metallic tins, polythenelﬁags (700 gauge),‘cioth bags
and jute bags under room conditions from Aprii '81 to January '82:
The samples were drawn at monthly intervals and analysed for
- moisture content and free fatty acid levels. The results showed
that the moisture content of flour stored in metallic tins and
polythene bags (700 gauge) remained static at the initial moisture
content of 8.0% throughout the experimentél period irrespective

of the swmer, rainy and winter seasons. But the moisture content
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of the flour stored in cloth bag remained static in summer months
of April to June then increased from 8.0% of the initial value to
15.0% in the rainy months of July and August and thereafter,
decreased gradually so that the moisture content was 8.1% in the
month of Japuary. Likewise, the moisture content of the flour
stored in the jute bag did not change till June but then increased
to 11.6% in July and later decreased gradually so that it was
8.5% iﬁ January. The authors attributed the increase in mﬁisture
content of the flour in cloth and jute bags to their semipervious

structures and. found them unsuitable for storage.

The free fatty acid content of flours stored in metallic
tins and polythene bags (700 gauge) did not vary from their
resbective initial values of 1.9 and 2.4% oleic acid, throughout
the storage period of 10 months from April to Jenuary. While the
free fatty acid conten§ of the flour stored in cloth bags
remained unchanged in the months of April, May and June but
increased from 1.7 to 17.0% during the rainy season (June to
September) and thereafter remained constant till January. The
free fatty acid content of flour stored in jute bags also
increased from 2.2 to 17.0% by September and then remained constant.
The increase in free fatty acid levels according to the autho rs,
was due to the high moisture gained by the flour which might
have resulted in.non—enzymatic»ranqidify and peroxide formation.
The flours with 17.0% free fatty acid content were ansidered
to be unfit for human consumption. Thus, it was concluded that

full fat soya flour can be kept in metallic tins and polythene
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bags (700 gauge) even beyond 6 months without affecting its
quality but cloth and jute bags were unsuitable for long term
storage (Gandhi et al 1985).

The effect of water activity on lipids of bengal gram flour
stored for 24 weeks was determined by Arya (1981). One hundred
end fifty grams of flour waé stored in petridishes in desiccators
having anhydrous potassium pentggxide, saturated solution of
magnesium chloride, potassium bromide and sodium nitrate to obtain
water activities of 0.00, 0.33, 0.57 and 0.73, respectively. All
the desiccators were kept at room temperature (20 to 35°C).
Initially and after 12 and 24 weeks of storage the flours were
analysed for moisture an& fat_acidity. The bengal gram flour
stored at 0.00, 0.33, 0.57 and 0.73 water activities had
equilibriun moisture contents of 2.0, 8.0, 10.8 and 13.9%,
respectively. The initial fat acidity expressed as mg XOH/100 g
was 20.8. After 12 and 24 weeks of storage, the fat acidity was
respectively 19.9 and 23.8 mg KOH/100 g at 0.00 water activity,
%32.1 and 37.0 mg KOH/100 g at 0.33 water activity and 61.1 and
76.5 mg KOH/100 g at 0.57 water activity. The increase in fat
acidity on storage was attributed to the hydrolysis of bengal
gram lipids. But in sample stored at 0.73 water activity, the
fat acidity‘was 184,9 mg KOH/100 g after 12 weeks of storage
~which decreased to 25.9 mg KOH/100 g after 24 weeks of storage.
This decrease in fat acidity was attributed to mould growth.
The results therefore indicated that the fat acidify increased
with increase in water activity of the flour providgd there was

no mould growth.
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Pragad and Mandokhot (1982) determined the changes in fat
acidity of 4 varieties of sorghum flqur over(a period of 6 months.
The authors observed that in 3 varieties of sorghum flours there
were increases in fat acidity ranging from 52 to 238% while in
the fourth variety there was a decrease of 21% after 6 months of
storage. In one variety, the fat acidity increased from 112 to
300 mg KOH/100 g flour, in the second variety it had increased
from474 %o 250 mg KOH/100 g flour and in the third variety, it
had increased from 124 to 188 mg KOH/100 g flour while in the
fourth variety, the fat acidity had decreased from 136 to 108 mg
KOH/100 g flour. These data suggested that varietal differences
in a grain determined the changes in fat acidity‘during'storage.

The effectsof storage conditions on free fafty acids, fat
acidity énd peroxide value of 3 varieties of pearl millet flours
were evaluated by Chaudhary and Kapoor (1984). The flours were
stored in gunny sacks, earthen pots, tin cans and polythene bégs
at room temperature (20£5°C) with relative humidity between 60
and 65%. The flours were tested for rancidity by flavour and taste
determinations. The day on which flour first developed an off
flavour and bitter taste was recorded. It was found that the flour
gtored in gunny sacks, earthen pots, tin cens and polythene bags
became rancid on days 6, T, 8 and 10 (Phase 1) and inedible on
days 11, 12, 13 and 14 (Phase 2). The flours were analysed for
free fatty acids, fat acidity and peroxide value initially and
in Phase 1 and Phase 2. The concentration of free fatty acid and

fat acidity initially ranged from 24.6 to 27.5 mg/100 g lipids
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and 18.3% to 19.4 mg KOH/100 g flour, respectively. The increases
in free fatty acids and fat acidity varied regpgctively from 6 to
13% and 39 to 52% in Phase 1, and from 6 to 17% and 74 to 92% in
Phase 2. The initial pgroxide values of fresh samples of 3
varieties of flours ranged from 10.1 to 13.1 meq/kg flour which
increased by 68 to 108% in Phase 1 and by 96 to 177# in Phase 2.
The data indicated éhat although the flours of different varieties
of pearl millet were found to be rancid and inedible at similar
time periodé, the increases observed in freerfatty acids, fat
.‘acidity and peroxide values were not congigtent so t&at if flour
of one variety was considered rancid at a particular concentration
of free fatéy acids, the flour of another variety was not
considered rancid at the same concentration of free fatty acids

v

in terms of flavour and taste.

The changes in free fatty acids in two lots of bajra flour
stored for 8 weeks were monitored by Pruthi (1981), One lot of
bajraaflour was stored as such while the other lot of bajra flour
was heated in an oven at 100°C for 2 h prior to storing. The free
fatty acid changes were determined weekly and were expressed as
percent of oleic acid. The initial moisture content of mnheated
flour was 12.0% and that of heated flour, 1.5%. The results showed
that the develqpment of free'fatty acids was slower in the heated
bajra flour than in the unheated flour éfter 8 weeks of storage. ’
The free fatty acids increased from their initial values by 271%
(from 6.8 to 25,2%) in heated flour and by 332% (from 13.7 to
59.2%) in the unheated flour. The authors were of the opinion

that bajré contained an active lipase which caused hydrolysis
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of glycerides and the resultant free fatty acids deteriorated
- the quality of the stored flour. According to the authors, bajra
flour should be heated before storage to inhibit the lipase

activity.

The keeping quality of a flour blend based on maize and
pulses was studied by Kumar and Anandswamy (1979). Before storing,
the blend was‘exposed Yo carbon dioiide for 7 days to ensure
freedom from inged infestation. The blends were stored in pouches
of size 20 x 23 cm made of HDEPE woven sack material (150 gauge)
at 2 conditions (a) 27°C with 65% RH' (normal) for 151 days and
(b) 38°C with 90% RH (accelerated) for 50 days. The stored product
was analysed for moisture pick ub, freé fatty acids and peroxides.
Under the normal environmental conditions of\storage, the

moistuie content steadily increased from thé initial value of
' 10.8 to 12.4% i1l 151 days of storage. The free fatty acids as
percent of oleic acid, also increased graduélly from 12.7 to
22.0% till 105 days of storage and then increased rapidly to 41.0
and 51.0% after 131 and 151 days of stofage, respectively. The
initial peroiide value of 3%5.3 meq/kg of fat increased rapidly
after 105 days of storage reaching a maximum of 744.8 meq/kg fat
by the end of‘131 days andlater decreased to 269.7 meaq/kg fat by
the end of 151 days of storage. Due to the rapid increases in
free fatty acids and peroxide valuesafter 105 days, the autﬂors
suggested that the shelf life of the product at 27°C and 65% RH
was about 105 days. The storage studies conducted under the
accelerated conditions of 38°C and 90% RH showed that the product
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had attained a moisture content of 13.1% from the initial value
of 10.8% by the end of 30 days. After 50 days of storage the
moisture content had increased to 13.9% and the product had
turned soggy and unacceptable. The free fatty acid content had
increased from 12.7 (initial value) to 30.1 and 41.7% after 30
and 50 days of storage, respectively. Likewise, the peroxide
values were 35.3 méq/kg fat initially, 85.5 mea/kg fat after 30
days and 125.1 meq/kg fat after 50 days of storage. Hence at 38°C
and 90% BH the product had é shelf life of only 30 days.

Inandar (1980) had determined the keeping quality of a ready
to eat mix prepared from malted wheat and bengal gram mixed in
the ratio of 4:1. The ready to eat mix was packed in polythene
packets (200 gauge), heat sealed and stored at room temperature
for a period of 28 days. The samples were drawn at weekly
intervals and analysed for.moisture content, alcoholic acidity,
peroxide value and bacteriological count. The mix had an initial
moisture content of 9.2% which increased to 14.9% after 28 days
of storage. Similarly the alcoholic acidity increased from 0.071
to 0.110%, peroxide value from 2.3 to 12.8 milimoleykg fat and
bacteriological count from 56,00 to 3,42,000/g mix after 28 days
of storage. The moisture content of the malted mix after storage
for 14 days was above the IS specifications of 14% sugéestedvaa
the maximum moisture limit for such products. The alcoholic
acidity +ill 28 days of storage was below‘the IS specifications
of 0.12% but the peroxide value and the bacteriological count of

the malted mix after 14 days of storage, were higher than the

-
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IS gpecificationg of 10 millimoleykg fat and 50,000/gw-Hence, it
was concluded by the author that the shelf life of the malted mix
was 14 days.

Later in 1982, Pandya determined the keeping quality of a
similar malted mix prepared from wheat and bengal gram (4:1) ‘
packed in 200 gauge polythene bags, heat sealed and kept for 42
days. The samples were analysed for moisture content, alcoholic
acidity, peroxide value and bacteriological count. At the end of
the storage period the moisture content of the mix had increased
from 5.2 to 5.4%, the alcoholic acidity from 0.040 to 0.085%, -
peroxide value from 0.5 to 5.0 meg/kg fat and bacterial count -

_ from 1,025 to 19,279/g mix. All these values were below the IS
specificatioﬁs and therefore the author had suggested that the
mix could be stored for at least 42 days.

The shelf life of a mix prepared from malteé wheat and
roasted bengal gram in the ratlio of 4:1 was determined by Nayak
(1983). The parameters used by her were moisture content,
alcoholic acidity and peroxide value. She observed that following
one month of storage the moisture conteﬁt had inéreased from 5.9
to T.3%, the alcoﬁolic acidity as percent sulphuric acid, from
0.082 to 0.109% and the peroxide value from zero to 3.12 meq/kg
fat. As all these valﬁea were below the IS specifications, she
récommended that the mix couldlbe kept for a period of 28 days.
Baged on the moisture qontent, alcoholic acidity and peroxide
values,Gandhi (1985) had demonstrated that bajra malt can be kept
for a period of 28 days.
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The effect of heat treatment and addition of jaggery to
extend the shelf life of 'Balshar' (a mixture of precooked and
drﬁed maize semolina, edible groundnut cake flour and defatted
soya flour in the ratio of T70:15:15) was inveétigated by Venkatesh
et al (1984); Balahar was toasted at 100°C for 10 min in an
electric roaster. It was observed that heat treatment protected
the material against free fatty acid development during storage
although a marginal increase in peroxide value was observed.
Addition of jaggery (at 2% level) réfarded peroxide value but
had no effect on free fatty acid development. Acceptability scores
oh off flavour, bitterness and rancidity were found to be

correlated with free fatty acid content.

Chandrasekhara and Balasubrahmanyam (1982) packed 100 g of
weaning food with and without added fat and antioxidant in
300 gauge LDFE unit pouches, the packets were heat sealed and
kept in tin containers at 27, 37 and 45°C. The samples were
withdrawn at regular intervals of 30, 60, 90, 120 and 150 days
to determine free fatty acid and peroxide values. The weaning:
food had an initial free fatty acid value éf 0.5% expressed as
percent of oleic acid. It increased to 1.4 gnd 1.6% when stored
respectively at 27°C and 37°C for the storage period of 30 to
150 days. However, at these storage temperatures the product
was freé from off flavours, and its acceptability was good. But
when the storage btemperature was increased to 45°C the free
fatty acid vaiue increased to 2.0%, off flavour was noticed and

the product was found unacceptable.
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The initial peroxide value of the product was 3.1 millimoles/
kg fat which increased to 25.4 and 28.4 millimoles/kg fat when it
was stored for1150 days at 27°C or 37°C respectively but the product
was found to be free from off flavours and was good and acceptable.
However, the product stored for 150 days at 45°C had high peroxide
value of 45.1 millimoles/kg fat and it had developed rancid odour
and was unacceptable. Under all conditions of storage, the sample
with added faf and antioxidant had lower free fatty acid and
peroxide values aslcompared to the weaning food without fat and
antioxidant except tﬁat it developed rancid odour and was
unacceptable at the end of 150 days of storage at 45°C. From the
results it was conecluded that the product will keep well in tin
containers for a period of 150 days at 27°C and 37°C and that
the addition of fat and entioxidant had made no difference in
the storage behaviour of the weaning food. The authors further
suggested that since the polythene pouch of 300 gauge are highly
moigture proof, it could offei degsired moisture protection duriné
storage under normal conditions even if it was not Placed in a

tin container (Chandrasekhara and Balasubrahmanyam 1982).

For commercial packaging of biscuits, Kumar and Balasubrahmanyam
(1978) had suggested that aluminium foil combinations such as
vinyl coated foil and laminated material such as cellophane/foil/
polyethylene or paper/foil/polyethylene can be used where 1onger'
shelf life is required. In their study, biscuits with an initial
moisture content of 2.0.% and critical level of 4.5%’were kept

in 2 types of packaging materials, namely double waxed paper
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and vinyl coated aluminium foil at 27°C and 65% BH to determine
the shelf life in terms of softening of biscuits. It was observed
that wax paper gave short shelf-iife of 8 days whereas vinyl
coated aluminium foil package gave a shelf life of about 40 days
indicating that for long'term storage, aluminium fail>would be

more suitable than wax paper.

Later in 1981, Balasubrahmanyam et al had evaluated the
shelf 'life of packgged salty biécuits (crackerg). About 60 to 65 g
of crackers were packed in (a) paper coated cellophane laminate - '
factory pack, (b) 200 éauge LDPE and ic) 300 gauge HDEEzmzﬁzt
pack of crackers were indi?idua}ly weigned and exposed to storage.
conditions of (a) 38°C and 92% RH and (b) 27‘6 and 65% RH. The _
pouches were periodically weighed and the moisture gain duringl
atorége was recorded. The crackers had an initial moisture
content of 3.1% and were considered to be unacceptable at critical
moisture level of.7.0%. fhe results showed that the shelf life of
the biscuits at 38°C and 92% RH was 4, 12 and 56 days in factory
pack, 200 gauge iDPE and 300 gauge HDPE pouches, respectively.
Similarly, the shelf life of biscuits at 27°C and 65% RH was
found to be respectively 40, 38 and 196 days in the 3 types of
pouches used. Therefore it was infgrred that the factory pack
was not as good as %he 300 gauge HDPE pouch and that 300 gauge
HDPE pouches were found to be the best as far as the shelf life

of the crackers was concerned.

‘The studies reviewed herein indicate that packaging material

and storage conditions determine the shelf life of a product.
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The present experiment was planned to determine the keeping
'quality of mixes prepared from malted end raw wheat and bengal
gram, and biscuits prepared from these mixes with or without
colocasia leaf powder stored under 2 storage conditions at
(a) 38°C and 90% RH (accelerated conditions) and (b) 28°C
renging from 25 to 54°C end 78% BH renging from 46 to 99% K
(room conditions). The parameters used for the determination of
keeping quality were (a) moisture gain, (b)valcohqlic acidity,
(c) fat acidity and (d) peroxide value.

' The experiment was counducted for a period qf one month
keeping in mind the preparation and distribution of biscuits from
local bakeries where the flour and the biscuits are generally
not stored for more than one monfh. For packaging, 200 gauge low
density polyethylene (LDEE) bags’were used as’' they offer adequate
protection in short term storage and are relatively cheaper in

comparison to other packaging materials.

Materiales and methods

As described in Chapter 3, cleaned wheat and bengal gram in
the ratio of 4:1 by weight were soaked for 12 h and germinated
for 48 h at 27°C (24 to 35°C). The germinated grains with rootlets
were dried in an oven at 70£5°C for 9 to 11 h and milled. Mixes
made from malted and raw wheat and bengal gram were used in the
preparation of biscuits. Biscuits were prepared from 40 g mix,

40 g of jaggery and 20 g of vanaspati with or without 7.5 g of

3

colocasia leaf powder.
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Storage of mixes and biscuits

About 50 é of the mixes and 35 g of the biscuits were packed
in 200 gauge LDPE ﬁaekets of size 4 x 5 inches. The packets were
heat sealed. For a period of one month, 8 packets of each sample
weré placed at 38°C and 90% RH in the relative humidity controlled
oven to facilitate pullouts in duplicates, at weekly intervals.
Two packets of each sample were placed in a cardboard box at room
conditions for withdrawal after a period of one month. The
temperature and relative humidity readings were obtained from
the recordings of the meteriological observatory, H.S. University
of Baroda, Baroda. Zero day estimations were carried out on fresh -

samples.

Analytical procedufe
Moisture content ¢ The moisture contents of mixes and biscuits

~were estimated by the method described in Chapter 5.

Alcoholic acidity : The method of IS:1155-1968 (1983) was
followed for the\determinaxion of alcoholic acidity. Approximately
5 g of the sample was weighed into a conical flask and 50 ml of
90% ethyl alcohol was added. The flasks were covered, shaken and
allowed to stand for 24 h with occasianal'ghaking.‘ﬁhe alcoholic
extract was filtefed %hrough a dry filter paper. Ten millilitres
of the combined alcoholic extract was titrated against 0.005 N

sodium hydroxide solution using phenolphthalein as an indicator.
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Caleulation:
dAlcoholic acidity (as H,S0 ) 'l 100
with 90% alcohol (%) 2 4 = SE-SRyxlieyx %49.04%555
where: SR - = sample litre (ml)
SR; = Dblank titre (ml1)
N = normality of standard hydroxide solution
v = total volume (ml)
V, = aliquot taken for titration (ml)
s = welght of the material taken for enalysis (g)

© 49.04 = equivalent weight of sulphuric acid

Acidity of extracted fat : Acidity of extracted fat was measured
by the method of IS:1011-1981 (1983). The acid value is the measure
6f the extent to which the glycerides in the oil have been
decomposéd by lipase action. The decomposition is accelerated by
heat and light. s raﬁeidity is usually accompanied by free fatty
acid formation the determination is often used as a general

indication of the condition and edibility of 6il.

Fat from about 10 g of the biscuit powder was extracted in
100 ml of petroleum ether by keeping the flask on a mechanical
- shaker for 24 h. The contents were filtered through Whatman No. 1
filter paper in s preweighed conical flask. The petrolepm ether
' was evaporated on a water bath. The traces of the residual solvent
were removed by keeping the flask in the hot gir oven for about
half an hour, they were cooled and weighed. Fifty millilitres of '
the mixed benzene-alcohol-phenolphthalein reagent (onellitre
benzene + one litre alcohol + 0.4 g of phenolphthalein) was added

and the contents were boiled for 5 nmin on a boiling water bath
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and titrated to a distinct pink ¢olour with 0.01 N potassium
hydroxide solution. A blank titration of the 50 ml reagent was
carried out. The blank titre value was subgtracted from the titre .

value of the fat.

Caleulations

dcidity of extracted fat % _ 0.2825 x N x R x 100
(as oleic acid) = W

wheret R = volume of 0.01 N potassium hydroxide solution
used in titration after subtracting the blank (ml)
N = normality of potassium hydroxide solution
¥V = ~we1gh2rg§ the fat sample taken for analysis (g)
olAsIU
1 ml ofeti N seé&am hydroxide solution ='0.2825 g of
oleic acid

Peroxide value : Peroxide value was estimated by the method of
Jacobs (1951). The peroxide value is a measure of the peroxide
contained in a sample of fat, expressed ags milliequivalents of
peroxide per 1000 g of fat. Unsaturatedz;gids appear to be able
to add oxygen at the double bonds and form peroxides. These
peroxides are highly reactive and ére estimated iodometrically.
The fat in an acetic acid chloroform medium is treated with an
aqueous solution of potassium iodide. The liberated iodine is

titrated with standard sodium thiosulphate solution.

Fat from 35 g of the mixes and 15 g of biscuit powder was
extracted with petroleum ether into preweighed iodine flasks.
The extracted fat was weighed. Thirty millilitres of acetic acid
chloroform (60:40) solﬁtion was added to the iodine flasks. The

contents were swirled until the fat dissolved. Then 0.5 ml of
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gaturated potaésium iodide solufion was added. Th& solution was
allowed to stand exactly for one minute with occasional shaking
and then 30 ml of distilled water was added. The contents were
titrated with 0.001 ¥- sodium thiosulphate solution with constant
and vigoroué shaking. The titration was continued until the
yellow colour almost disappeared. Then 0.5 ml of starch solution

'was added and the titration continued until, the blue colour just

disappeared. i
Calculations
Peroxide value _ S ¥ x 1000
(meq/1000 g £fat) = ~ 8§
wheres SR = sample titre (ml)
N = normality of the sodium thiosulphate solution
s = weight of the extracted fat (g) ’

Statistical analysis
The means, standard errors and percent changes were

calculated (Snedecor and Cochran 1968).

Results and discussion

The keeping quality of mixes and biécuits stored under
accelerated and room conditions was determined on the basisg of
molsture content, alcoholic acidity, acidity of extracted fat and

peroxide value.
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Keeping quality of mixes:
Moisture content : Ihe mean moisture content of malted mix _
increased from its initial value of 7.95 to 10.26 g/100 g over
28 days of storage under accelerated conditions (Table 47).:

Table 47. Moisture content (8/100 g) of malted and raw mixes
stored under accelerated.: conditions for 28 days

v v

Mix ‘ Days of storage

0 7 14 21 28
Malted mix 7.95 8,58 9,08 . 9.60 10.26
(Mean  SE) +0.030 $0.130 $0.040 $0.110  £0.085

Percent increase 7.9 14,2 20.8 29,0
f%gm initigl value -

Rew mix 9.80  10.49  10.61  11.08  11.78
(Mean.i,SE) - #0.045 #0.110 . £0.100 +0.025 +0.155
Percent incréase 7.0 8.3 33.1 20.2
f;gm initial wvalue

0

This increase estimated to 29%. At each successive weekly interval
from 7 until 28 days of the storage period a gsteady increase of -

6 to 8% was observed in the moisture content of malted mix.

The pattern in moisture gain by the raw mix stored at

accelerated cohditions did not vary from that of theAmalted mix
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' (Pable 47). 4 steady increase in the moisture content was observed
over the entire period of storage. Table 47 shows that the total
moisture gain in raw mix tended to be of a smailer magnitude than
that of the malted mix (20 Vs 29%). Also at each time interval
until 28 days the moistuie g:ain of raw mix was lower than the
corresponding vaiues of the malted mix. This perhaps was due to
the fact that the initial moisture ‘conteﬁt of the raw mix was
23% higher than that of the malted mix (9.80 Vs 7.95 /100 g).
Similar effects of initial moisture content on moisture gain of

gtored flours has been reported by Meshadeviah et al (1977).

When the mixes were stored for 28 days under room conditions
the mean moisture content of malted mix increased from 7.95 g/
100 g of its initial value to 8.65 g/100 g exhibiting an increase
of 9% and that of raw mix increased from 9.80 to 10.22 g/100 g
exhibiting an increase of 4% (Table 48).

Table 48. Moisture content (g/100 g) of the malted and raw
. mixes stored under room conditions for 28 days

-

Mix © Initial Final Percent
Mean 3 SE
Halted mix 7.95£0.030  8.65+0,000 8.8

- Raw mix : 9.80+0.045 10.22+0.010 4.3
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Comparing the moisture gain by malted and raw mixes stored
for 28 days under accelerated and room conditions it appeared
that irrespective of the storage conditions the malted mix gained
more moigture than the raw mix (Table 49)., The differences in ‘
molisture gain between malted and raw mixes were atitributed to the

differences in the initial moisture contents.

Table 49. Comparison of the moisture content and alcoholic
acidity of the malted and raw mixes stored under
accelerated and room conditions for 28 days with
the PPA 1955 (1985) standards

Mix rabEhs aéecele?ated Room condition Tia 1955
qndition S 34 & 4b-qauxn (1985)
Tritia] DI 107 K1 2e3C “nt Standards
Initial PFinal Percent Final Percent
. inorﬁase increase -
‘\“ ) 2} -
Mean 4 SE

Moisture content (g/100 g) - '
Malted mix 7.95 10.26 29.0 8.65 8.8

0,030 £0.085 +0.000 14,08
Raw mix 9.80 11.78 20.2 10.22 4.3

+0.045 0.155 £0.010
Alcoholic ‘acidity (%)
Malted mix 0.10 0.14 40,0 0.13% 30.0
+0.004 10.004 +0.001 0.15%
Raw mix 0.04 0.10 150,0° 0.08 100.0

£0.002  +0.001 40.001

8For whole wheat flour
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Table 49 highlights that the mean values for moisture
contents of the malted and raw mixes stored under accelerated and
room conditions for 28 days (Table 47, 48) were lower than the
PPA 1955 (1985) and IS specifications. 4 meximum moigture content
o} 14.0% has been permitted for whole wheat fiouf by PFA 1955
(1985). Both the IS specifications, I831155-1968 (1983) and
1527463-1974 (1975) for wheat flour, and wheet end wheat flour
for use by biscuit industry respectively, permit a maximum moisture
contentsof 13.0%. Also the moisture contents of the stored mixes
were well below fhe critical moisture levels of aﬁout 15% for
pulse flours and of .about 14% for cereal flours suggested by -
Mahadeviah et al (1977). Therefore, it follows that both the
malted and the raw mixes can be stored for a period of 28 days

or may be more with regards to moisture contents.

In 1980, Inemdar had determined the keeping quality of a mix
prepared from malted wheat and bengal gram packed in 4 x 3 inches
200 gauge LDPE bags and stored for 28 days under room conditions
in the monthg of January to September, when the temperature
ranged from Zé t0 25.5°C and the BH from 17 to 67%.~The moisture
conteﬁt increased from the initial value of 9.18 to 14.02% by
14 days of storage. Considering the IS specification of 14%
moisture for weaning foods the author conciuded that the mix can

be kept only for a period of 14 days.

Later Pandya (1982) had conducted a similar study for a
period of 42 days. She had reported that the malted wheat and
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bengal grem mix étored in 200 gauge polythene bags gained only 4%
moisture from the initial value of 5.16%. This increase in moisture
content was lower than that observed in the present study (9%)
and that reported by Inamdar (62%) in a - similar mix stored for

28 days. The variations in findings might be due to the initial

moisture content of the mix and the storage conditions (see below).

Reference Initial Temperature and Days of Final
. moisture relative humidity storage moisture
during storage

Inamdar 9.18% 22 to 25.5°C 28 14.92%
(1980) , 17 to 67% RH |

January to February
Pandya 5.16% 28 to 30°C 4 42 5.39%
(1982) November to January
Present 7.95 - - 25 to 34°C : 28 8.65
study g&/100 g 46 to 99% BRH g/100 g

August ’

In these 3 studies cited herein the initial moisture content
‘varied between 5.16 and 9.18%. Consideringhstorage temperature
comparable between Pandya's(1982) andfpresent study it appeared
that lower initial moisture content led to a small increase in
mqisture gain. Comparing the results of Inamdar (1980) and that
of the present study again it emerges that it is the initial
moisture content which determines the moistufe gain during

storage.
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Mahadeviah et al (1977) had reported that wheat flour had
gained 10% moisture from the initial value of 8.8% when stored
in 200 gauge LDPE pouches for 30 days at 38°C and 92% RH. This
value wasllower than that observed in the present study for raw

mix stored under similar conditions (10 Vs 20%).

Barlier, Kumar and Anandswemy (1979) had determined the
moisture pick up by a flour blend prepared from maize and pulses.
The flour blend was stored in 150 gauge HDPE pouches under both
normal (27°C and 65% Rﬁ) and accelerated (38°C and 90% RH)
conditions for 30 days. Under normgl conditions the moisture
content had increased by 4% from the initial value of 10.8%‘and
under accelerated conditions it increased by 21%. In the present

study when the raw mix_was stored in 200 gauge LUPB bags for 28
’ days under room conditiohs,‘the moisture contentzinereased by 4%
and under accelerated conditions, it increased by 20%. These
values were comparable with those observed by Kumar and Anandswemy
| (1979) irrespeétive of th§ differences in grain type and packaging
material. Kumar and Anandswamy (1979) had stored a blend of maize
and pulses in 150 gauge HDPE pouches while in the present study
a mix of wheat and bengal gram was stored in 200 gauge LDPE bags.

However, when bags of higher gauge were used it did prevent
moisture gain by the stored flour. Gandhi et al (1985) had
observed that fhe moiéture content of full fat soya flour stored
in sealed 700 gauge polythene bags under room:conditions for a

period of 10 months from April to January had remained static
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at 8.0%. While in the present study, the raw mix kept for 28 days
under room conditions in 200 gauge LDPE bags had gained 4% /

noisture.

Alcoholic acidity s The initial mean alcoholic acidity of the
malted mix was 0.10% (Table 50) which increased steadily to
0.14% exhibiting a 40% increase during 21 days of -storage under
accelerated conditions.<At‘each successive weékly interval until
21 days of storage, the alcoholic acidity increased‘by 8 to 18%.
'ﬁffer 21 days of the storage period however no further increase

iﬁ alcoholic gcidity was recorded. -

Table 50.. Alcoholic acidity (%) of malted end raw mixes
stored under accelerated conditions for 28 days

- o~

Accelerated - e

Mix ‘ i Days of Storage . 00K

0 7 14 21 28

Malted mix 0.10 . 0.11 0.13 0.14 0.14
(Mean-x SE) £#0.004 = 20,000 £0.004 30.002 0.004

Percent increase © 10,0 - 30.0 40.0 40.0
fr?m initial value : .
Raw mix 0.04 0.07  0.08 0.08 0.10
. (Mean + SE) +0.002  £0.002 £0.005 £0.001 +0.001

Percent increase , 75.0 100.0 100.0 150.0

from initigl value
(%) ..
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The mean alcoholic acidity of the raw mix incredsed
drastically during first w§ek of storage from 0.04 to 0.07% and
later exhibifed a steady increase until end of the 28 day
experimental period (Table 50). During the entire period of 28
days the alcoholic acidity of the raw mix increased from 0.04 to

0.10% illustrating an increase of 150%.

The mean alcoholic acidity of the malted mix stored under
room conditionsfor 28 days increased by 30% from 0.10% and that
of the raw mix by 100% from 0.04% (Table 51). Although the
increase in the alcoholic acidity of,the raw mix was 3 fold than
that of the malted mix, the aeﬁual value of the former mix

remained lower than that of the latter mix (0.08 Vs 0.13%).

Table 51. 4&lcoholic acidity (%) of malted and raw mix stored
under room conditions for 28 days

Mix Initial Final Percent
: increase
Mean # SBE
Malted mix 0.10+0.004 0.1340.001 30;0
Raw mix 0.0440.002 0.0840.001 100.0

The higher alcoholic acidity of malted mix as compared to
that of the raw mix was probably due to the greater breakdown of

fats in the malted mix because of the inereases that occur in
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lipase activity during malting (Mayer and Poljakoff-Mayber 1982).

‘Scerutiny of the iﬁqreases in moisture contents under both
acéelerated and room conditions it was observed that the malted
mix had gained 20% (29.0 Vs 8.8%) and raw mix 16% (20.2 Vs 4.3%)
more moisture under accelerated than unde? room conditions
(Fig 8). Likewise, comparing the increases in alcoholic acidity
observed under both accelerated and room coﬁditions it appeared
that the increase in alcoholic acidity was 10% higher (40 Vs 30%)
in malted mix and 50% higher (150 Vs 100%) in raw mix when the
mixes were stored under accelerated than when stored under room

conditions (Fig 8).

Compafisons between the increases in moisture content and
alcoholic acidity of mixes stored under accelerated and room
conditions revealed that the increase in alcoholic acidity was
higher than the increase in moisture content (Fig 8). The diagram
also.shows that tﬁere was no relationship between the magnitude
of increase between the 2 parameters, for example, under
‘accelerated‘conditions the increase in moisture content of malted
mix was 29% and that of alecholic acidity, 40% and under room
conditions the increase in moisture content was 8% and that of
aleoholic acidity, 30%. Such differences were more wider in raw
mix,as,when stored under accelerated conditions the moisture
content increased by 20% and alcoholic acidity by 150% and under
room conditions, the moisture content increaséd by 4% end alcoholic
acidity by 100%. Pigure 9 shows that the elevations in alcoholic

acidity versus moisture content in samples stored at accelerated
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Fig 8. Percent increases in moisture content
and alcoholic acidity of the malited

and raw mixes stored under acceierated
and room conditions for 28 days
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Fig'9. Percent increases at weekly intervals in
moisture content dnd alcoholic acidity
of mixes stored under accelerated conditions

40 MM
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0 7 14 21 28
Days of storage

ik Moisture content
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conditions began to be higher from day 7 of the storage period

e

and continued to be higher until end of,the 28 day period although
the sharp increase was between 7 to 14 days, particularly in the

nalted mix,

The mean values for alcoholic acidity of the malted and raw
nixes stored under both accelerated and room conditions were
lower than that of the PFA 1955 (1985) standard of 0.15% for wheat
flour (Table 51). Considering alcoholic acidity as the criterion
it seemed that the keeping gquality of the malted and'raw mixes
undgr accelerated conditions and under room conditions was 28 days.
However, the mean ?alues for alcoholic acidity of the malted and
raw mixes after 28 days of storage were higher than the IS
specification, IS311155-1968 (1983), of 0.1% for wheat flour.
Barlier, based on alcoholic acidity of the stored mix Pandya
(1982) concluded that the mix could be safely stored for 42 days
as in her study the alcoholic acidity had increased from 0.04
(initial value) to 0.08% which was below the IS specification of

0.12% for weaning foods.

Inamdar (1980) had also determined the alcoholic acidity of
nix prepgred from malted wheat and bengal gram stored under room
conditions for 28 days. She reported.that the initisl alcoholic
acidity of the malted mix was 0.07% and it had increased to 0.11%
by the end of the storage period. This value was lower than the
IS specification of 0.12% for weaning fgods. In the present study,
the alcoholic acidity of the malted mix increased from 0.10 to
0.13%. Although the increase in alcoholic acidity observed in the
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present study was lower (30 Vs 57%) thén that reported by Inamdar
(1980) but because of its relatively higher initial alcoholic
acidity (0.10 Vs 0.07%) the final value for alcoholic acidity was
higher then that reported by Inamdar (1980).

Increases in free fatty acids and fat acidity on étdrage of
flours and products have been reported by many‘investigators.
Pruthi (1981) had reported that the free fatty acids of bajra
flour had increased from i2.0 (value of the first week) to 41.8%
after 4 weeks of storage at room temperature exhibiting an increase
of 248% in 3 weeks. Likewise, Prasad and Mandokhot <1982) had
observed incréases of 21 to 238% over the initial wvalues of 74,

112 and 136 mg KOH/100 g flour in 3 varieties of sorghum flour
after a storage period of © months. ‘

Kumar and Anandswamy (1979) had sﬁorea a flour blend based
on maize and pulses at normal (27°C and 65% RH) conditions for
30 days and had observed that the free fatty acid value increased
from 12.7 (initial value) to 13.9%. When the flour blend wés
stored at accelerated conditions (38°C and 90% RH), the alcoholic
acidity had increased from 12.7 (initial value) to 30.1%. These
data indicated that the increése in-free fatty acids was rapid in
samples stored at accelerated conditions. In the present study
also higher increases in alcoholic acidity were observed when
mixes were stored under accelerat;d than under room conditions
(Fig 8). Chaudhary aﬁd Kapoor (1984) had also observed increases
in free fatty acids and fat acidity in 3 varieties of pearl millet

flours stored in polythene bags at room conditions fbr 14 days.
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Chandrasekhara and Balasubrahmanyam (1982) reported that
free fatty acld values of a weaning food after sto;age for 30 days
increased from 0.5 (initial value) to 0.6% of oleic acid at 27°C,
to 0.8% of oleic gcid at 37°C, and to 1.2% of oleic acid at‘45°0
suggesting‘that the storage temperature determined the changes

in free fatty acids in stored products.

Yeroxide value } The initial mean peroxide value of the malted
mix stored under accelerated conditions ﬁas zero., 1t increased to

3.1 meq/kg fat, after a storage period of 28 days (Table 52).

Table 52. Peroxide value (meg/kg fat) of the malted and raw
mizxes stored under accelerated and room conditions

for 28 days
Mix - Accelerated Room
Days of storage
0 7 14 21 28 28
‘ Mean 4 SE
nalted 0 0 0 0 5.1 0
, +0.186
Raw mix 0 0 -0 0 0 - 0

This value was well below the 20 meq/ks fat and 75 meq/kg fat,
a8 given by Jacobs (1951) for rancid lard and hydrogenated

lvegetable 0il shortenings, respectively. The peroxide value of
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the raw mix remained zero throughout the storage period of 28 days

both at accelerated and room conditions (Table 52).

Peroxide value is an indication of the rancidity of fat over

a long period of storage. Therefore it was not surprising to note
that the peroxiﬁe,value did not appreciably change on storage for
28 days. The resuits sﬁggested that the flours did not Become
rancid. This Wés supported by the observation that there was no

off flavour aevelopmept in the mixes stored for 28 days.

Inamdar (1980) had demonstrated that the peroxide value of a
similar malted mix had iﬁcreased from the initial value of 2.3 to
12.8 millimoles/kg fat, after 28 days of storage. The peroxide
vaiue o% the malted mix had .exceeded the IS specification of
10 meq/kg fat after 14 days of storage. Therefore, the author
had suggested that the malted mix can be kept for a period of
only 14 days. The data of the present study corroborate with those
of Pandya .(1982) who had found that the initial peroxide value of
the malted mix was zero and of the 42 days stored mix was.

5.0 meq/kg fat. The author had stated that the malted mix can be
stored for 42 days.

Chandrasekhara and Balasubrahmépyam (1982) had related the
increases in peroxide values to storage temperature. 4 weaning
food was stored at 27°C or 37°C or 45°C and it was found that. the
peroxide value increaséd from the initial value of 3.1 to 8.21
millimoles/kg fat when stored at 2%“0, t0 18.4 millimoles/kg fat
when stored at 37°C and to 24.2 millimoles/kg fat when stored at

£
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45°C indicating that the peroxide value increased with the
increase in storage temperature. Kumar and Anandswamy (1979) had
‘demonstrated that from the initial value of 35.3 meq/kg fat, the
peroxide‘vélue of‘a flour blend based on maize and pulses had
increased to'50.2 meg/kg fat at 27°C end 65% RH, and to 85.5 meq/
" kg fat, at 38°C and 90% RH after 30 days of storage. Thereby
suggesting that the increase in peroxide value of flour stored
under accelerated conditions is higher in contrast to flour

stored under room conditions.

In conclusion, the malted mix and rew mix with respect to
moisture gain, alcoholic acidity and peroxide value can be kept

for a period of 28 days under both accelerated and room conditions.

Keeping quality of biscuits

Moisture content ¢ The initial mean moisture content of the MM
biscuit was 4.52 g/100 g (Table 53). It increased by 20% (from
4,52 to 5.40 g/100 g) within one week in biscuits stored under
accelerated conditions (38°C and 90% RH) but the crispness oflthe
biscuits was not altered. Following 2 weeks of storage, the mean
moigsture content of the biscuits increased from 4.52 (initial
value) to 6.82 g/100 g and at this moisture level the biscuits
were found to be soggy. These data indicated that the critical
moisture content of the MM biscuits was between 5.40 and 6.82
g/100 g. The biscuits at. this level of moisture were considered
t0 be unacceptable. The maximum moisture content of biscuits

permigsible by IS specification, IS:1011-1981 (1983), is 6.0%.
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Table 53. Moisture contents (g/100 g) of biscuits stored under
accelerated conditions for 21 days

Days of storage

Mix ’

. 0 1 14 21
MM biscuits 4,52 5.40 6.82 7.08
Percent increase 19.5 - 50,9 56.6
from initial‘value
BM biscuits 4,22 4,62 5.94 6.62
Percent increase 9.5 40.8 56.9
from initial value
ClM Dbiscuits 4.54 4.87 6.34 6.68
(Mean 4 SE) +0.165 £0.280 +0.055 +#0.155
Percent increase T.3 39.6 47.1
from initial value
C-RM Dbiscuits 4.49 4-68 5.71 6096
(Mean 3+ SE) $0.250 +0.125 +0.020 +0.200
Percent increase 4.2 27.2 55.0

from initial value
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With prolongation of storage period, the mean moisture content of
biscuits further increased and was 18% higher than the IS
specification (7.1 Vs 6.0%). However, the fate of moigture ingress
was markedly slower inlithird week of storage as compared to that
observed in the second week of storage (Fig 10a) perhaps the
biscuits were approaching fheir maximum capacity tolingrees
moisture. These datg suggesf that under accelerated conditions

the MM biscuits can be képt for less than 14 days.

The RM biscuit had an initial mean moisture contént of
4.22 g/100 g (Table 53). It increased by 10% in the first week
and by 29% in the second week of storage period. Although the rate
of increase in moisture gain in RM as well as Ml biscuits varied
at different weekly intervals (Fig.10a) but the totél moisture
gain was 57% over a period of 21 days in both the biscuits. 4s
in the case of the UM biscuits, the RM biscuits remained crisp
until 7 days of storage but by the fourteenth day they were found
-to be soggy. Hence, the c;itical moisture content of the RM

biscuits was somewhere close to 5.94 g/100 g.

The C-Mi biscuit stored at accelerated conditions, gained 7%
moisture over the initial wvalue of 4.54\g/100 g by the end of the
7 days of storage period (Table 53). In’the second week, the
moisture gain was 4 times than that observed in the first\week.
Thereafter, the rate of moisture gain declined as the experiment
progressed to 21 days (Fig 10a). The total moisture gain by C-MM

biscuits over 21 days was 47%..
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The C-BM biscuit also showed sfeady moisture ingfess when
stored under accelerated conditions for a period of 28 days
(Table 53). The moisture gain, however, was lower in the first
week (4%) than that in the second (22%) and third week (22%)
(Fig 10a). The total moisture gain was 55% over the initial value
of 4.49 g/100 g which was higheﬁ than that observed in the C-MM
biscuits. Like C-MM biscuits, the C—RM biscuits'also appeared
soggy after 14 days. It seemed that the critical level of moisture
for C-MM biscuite was between 4.87 and 6.34 g/100 g and that for
C-RM biscuit was between 4.68 and 5.71 g/100 g.

But when the biscuits were stored under room conditions for
28 days the MM biscuilts had gained 12% moisture over the initial
value of 4.52 g/100 g (Table 54) and were found to be crisp.

Table 54. Moisture contents (g/100 g) of biscuits stored under
room conditions for 28 days

Biscuits Initial Final Percent
) increase
%)
Mean 4+ SE
M biseuit 4.5240.050 ' 5,0840.070 12.4
RM biscuit 4.2240.030 4.9030.156 16.1
C-MM biscuit 4.5430.165 4.9930.255 9.9

C-RM biscuit 4,490,250 4.8440.145 7.8
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While the BM biscuits gained 16% moisture from the initial value
of 4.22 g/100 g. The biscuits were found to be crisp. Similarly,
the C-MM biscuit gained 10% moisture while C~RM biscuit gained.
8% (Table 54). The moisture gain at room temperature by the
colocasia containing biscuits (8 and 10%) was lower than those
observed ih«nnn-colocasia bigeuits (12 and 16%) thereby suggesting
that colocasia leaf bowder might have exerted a protective effect

on the moigture gain.

?aking into consideration, the IS specification (IS:1011-
1981, 1983) for moisture content of biscuit as 6.0%, the keeping
quality of the biscuits with respect to moisture contents would
pe about 14 days under aceelgrated conditions and 28 days under

room conditionse.

Kumar and Balasubrahmesnyam (1978) had reported that the
shelf life of biscuits with an initial moisture eonfent of 2.0%
and critical level of 4:5% from the softening point of view was
8 and 6 days when stored at 27°C and 65% EM (normal conditions)
in wax paper and cellophane, réspectively. However, vinyl coated
aluminium foil packages increased the shelf life to 40 days. But
under 38°C and 90% BH (accelerated conditions), the shelf life
of the biscuits in waxed paper was lesé then 4 éays, in cellophane
it was less than 2 days and in coated foil it was approximately
20 days. - ‘

Based on the moisture gain by the biscuits above the critical

moisture content of 7.0% and loss of crispness, Balasubrahmanyam



243

293

et al (1981) had concluded that the salty crisp biscuits with an
initial moisture content of 3.1%, stored in 200 gauge LDPE bags,
had a shelf life of 12 days under accelerated conditions (38°C
and 92% RH) and of 38 days under normal condition (27°C and ‘
65% RH), The results of Balésubrahmanyam (1981) éupp&rt those of
the present study. The shelf life of the biscuits was found to be
below 14 days under accelerated conditions and above. 28 days
under room conditions.

Acidity of extracted fat ¢ Since biscuits were found to be soggy‘
even after 14 days of storage, the fat acidity and peroxide
determinations were conducted 6n biscuits stored until 21 days,

a week beyond the sogginéss developed. Over the storage period
of 21 days under accelerated conditions, the acidity of extracted
fat of MM biscuit increased by 9% from its initial value of
0.33% and that of RM biscult by 29% from its initial value of
0.24% (Tabie 55). But at each time interval within 14 days, the
increase over the initial value in fat acidity was higher in RM
versus MM biscuits (Fig 10b). But the actual values for fat
acidity of RM biscuits remained lower that those of the MM
biscuits. This was attributed to the initial.lowe:‘value of RN
biscuit as compared to that of the MM biscuit (0.24 Vs 0.33%).
These results were not surprising since the initial alcoholic
acidity (Table 49) of the malted mix was higher than that of the
raw mix (0.10 Vs 0.04%).
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Table 55. ' Acidity of extracted fat (% oleic acid) of the
biscuits stored under accelerated storage conditions

for 21 days
Mix Days of storage
0 ( 7 14 21
MM biscuits 0.33  0.35 0.36 0.36
(Mean + SE) £0.013 40.030 10.016 +0.039
Percent increase. 6.1 - 9.1 9.1

from initial wvalue

R biscuits 0024 0n26 0.31 0031
(Mean s SE #0.004 . +0.006 +0.001 #0.010
Percent increase 8.3 29.2 29.2

from initial wvalue
(%)

C=MM biﬂcuits 0045 - ) 0051 0052 0058
(Mean + SE) +0.008. $0.012 +0.012 +0.008
Percent increase . 13.3 15.6 28.9
fr?m initial value
] z

G- biscuits 0.36 0.41 0.49 0.50
(Mean 3 SE) +0.004 +0.036 +0.015 +0.020
Percent increase 13.9 - 3641 . 38.9

from initial value
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Inclusion of colocasia leaf powder into biscuits led to
higher elevations in alcoholic*acidify of fat in biscuit semples
stored under accelerated conditions. The increases were 29 and
39% in colocasia containing MU end RM biscuits, respectively as
against 9 and 29% in corresponding non-colocasia biscults. However
the magnitude of the increases in response to colocasia leaf

powder was higher in MM versus RM biscuit (Table 55).

In samples stored under room conditions, the increase in
acidity of extracted fat over the initial values was 3% in MM,

21% in RM, 4% in C-MM and 8% in C-RM biscuite (Table 56).

Table 56. Acidity of extracted fat (% oleic acid) of biscuits
stored at room condition for 28 days

Biscuit Initial Final Percent
; . increase
(%)
Mean + SE
MM biscuit 0.33% 0.34 3.0
$0.013 +0.008 :
RM biscuit 0.24 0.29 20.8
+0.004 +0.009
C-Mil biscuit 0.45 0.47 4.4
+0.008 40.003
C-RM biscuit 0.36 0.39 8.3
+0.004 +0.020

Comparing the percent increases in moisture content and fat

acidity of malted and raw mixes stored under accelerated (21 days)
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~ and room conditions (28 days), it was observed that the percent
increases were higher in samples stored under former than under
latter conditions (Fig 11). But unlike the findings on the mixes
that the increases in alcoholic acidity were higher than those

in moisture contents (Fig 8), in biscuits the increases in the
latter far exceeded those in the former (Fig 11) perhaps indicating
that engymatic breakdown of flour lipids is adversely affected in

presence of more moisture.

The maximum permissible acidity of extracted fat for biscuits
by IS31011-1981 (1983) is 1.0%. In the present study in all the
biscuits the maximum limit reached was 0.6%. Hence it emerges from
these data that the biscuits can be kept for at least 21 days
under aocelérated bonditicns and for 28 days under room conditions

with respect to acidity of extracted fat.

Peroxide value s Peroxide value is a measure of rancidity of fat

and in a short'period of 21 days under accelerated conditions and
of 28 days under room conditions it did not show any appreciable

increase (Table 57). However, in the caée of MM and RM biscuits,

the mean peroxide value varied between zero to 0.76 meq peroxide/
kg fat when the biscuits were stored under accelerated conditions
for 21 days. At room conditions the peroxide value remained zero

(Table 57). The peroxide values of C~Mi and C-RM biscuits stored

under both accelerated and room conditions were below 0.°/0 meq

peroxide/kg fat (Table 57).



Percent increase

-y

7

Fig . Percént increases in moisture cohtent and
acidity of extracted fat of biscuits stored
> under accéelerated conditions for 2. days
and room conditions for 28 days '
60~
554 [ | B —
50+
45- B
40
354 ;
30+ )
254 )
20+
15+ ]
10~
5
0 N _ N
AR AR AR AR AR AR AR AR

M M biscuit R M biscuit = C-MM biscuit C-RM biscuit

A Accelerated conditions

R Room conditions

[::] Moisture content
, Acidity of extracted fat



247

298

Tgble 57. Peroxide value (meq/kg fat) of biscuits stored under
. accelerated and room conditions for 21 and 28 days,

respectively
o Accelevated Zoom
Biscuit Days of<storage
0o . 7 14 21 28
lMean + SE
M biscuits 0 0 0.31, - 0.76 0
‘ #0.010  £0,060
R biscuits 0 0 0.16 . 0.50 0
+#0.005 #0.095
C-MM biscuits 0 0.3%4 0,70 0.24 0
+0.015 £0.100 0.005
C~EM biscuits 0 0.35 0.44 0.20- . ‘0,22
- +0.010 0.095 0.035 +0.015

The peroxide values of all the biscuitswere below one
milliequivalent peroxide/kg fat, therefore, biscuits were
congidered not rancid till the end of the storage period under

both accelerated and room conditions.

Balasubrahmanyam et al (1981) have opined that the loss of
crispness due to moisture ingress is a more serious problem than
the rancidity development which is a problem in long term storage

has been found true in the present study also. Based on the data
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on the acidity of extracted fat aﬁd peroxide value it seems that
the biscuits can be kept for 21 days at accelerated conditions
and 28 days at room conditions. But since in the pregent study
MM and RM biscuits with and wifhout coloqasia leaf powder became
soggy before 14 days of storage under accelerated conditions but
had remained crisp until 28 days of storage undei room conditions
therefoye it was concluded that these biscuits have a shelf life
of about 14 days under accelerated conditions, and of 28 days

and more under room conditions.



