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Studies on Ready-Mix for Kheer — Packaging and Storage
In Flexible Pouches

Bhupendar Singh, B. Mahadevaiah. N. Balasubrahmanyam and S.R. Shurpalekar
Central"Food Technological Research Institute, Mysore —5/0013. India

Received 25 January 1989; revised 13 July 1989

Sorption studies carried out at relative humidities (RH) ranging from 11 to 86% on Kheer ready-mixes based on 30% roasted wheat

semolina (Bans/ or white SOji), 30% powdered sugar and 40% whole milk powder, indicated that an equilibrium moisture content

(EMC) of 5.7-5.8% at 44% RH was critical, beyond which sogginess and lump formation were observed. The ready-mixes, when

packed in polypropylene (200 gauge) and metallized polyester/poly pouches, kept well for (i) 120 and 150 days respectively at 65%

RH and 27°C, and (ii) 46 days at 92% RH and 38°C.

Development of reacly-mixes for several traditional shack
foods offering conveniénce to housewife has become a fast
rowing trend among the processed food products’. Besices,
e ease of preparation and consumer acceptability of such
products, economic packaging and aequate shelf-fife are of
garamount Importance for thelr sucgesstul marketing. K heer
[ Payasam 154 highl Hopular traditional food iterm among
all cross-sections of the population of the Indian sub-
continent, irrespective of the age and economic stafus. In an
earlier publication, studies on'the development of a reaay-
mix for kheer. based on optimally processed wheat soE
Eemolma), milk powder and sugar have been reported
esults of subse(iuent studlies carrigd out on the kheer ready-
mix with respect to design of a flexible package as well as
its shelf-life are presentéd in this paper.

Materials and Methods _

Ready-mix formulations:  TWO kheer ready-mixes paseo
on 30 per cent roasted Bansi O White soji millédl from durum
or aestivum wheat respectively, 30 Eer cent powdered Sigar,
40 per cent whole milk povider, 5 per cent each of pre-
grocessed cashewnut and raisins, 07 per cent cardamom and

5 L).p._m. of edible ‘sunset” yellow colour were used for
packaging and storage studies, _

Considering the Eh sico-chemical attributes and the
economics ofthe packaging, materials as well as the product
sensifivity to the vaPanes Of climate in different regions, 50
[tm (20 gauge) 0o yPro;rJ]erne (PP), and 12 gm rmetallised
polyester/Z0 am polyethylene Taminate (Mgt PET/POJg
Wwere tried for determmmg the suitability of these materi
for packaging and stor%%. _ N

Chemical analysis:  The proximate compgsition, free fatty
acids (FFA) and peroxide value, (PV) of the ready-mix
samples were determined in duplicate according to AACC
procedures3

13

Sorption studigs: ~ The humidity-moisture relationship of
the, two ready-mix samples wes studied at 27°C by exPosm
weighed quantities of the samBIe_s In petri dishes to R
ranging from 1L to 86 per cent, built in different desiccators
by tisinig appropriate saturated salt solutionsd The samples
wiere périodically weighed till they atained constant weight
or showed signs of fungal attack whichever was earlier, After
e%umbratlon, the samples were assessed for changes in free
f wproper’t\x odour, colour, ec. The equilibrium moisture
contents (EMC) of the ready-mixes were calculated from the
changes In the moisture contents at different RH conditions
and their respective initial moisture contents.

Packaging and storage studies: The water Vapour
transmission rate (W\/TI % of the two packaging materials
was determined according to the Indian Standards Institution
methodS. Two hundred grams each of the two kheer ready-
mixes were filled in 127 x 152 mm pouches and the filléd
Packs were heat sealed, weighed incividually and exposed
0 accelerated storagie conditions; 90 + 2 per cent RH and
38 + FC and overall average Indian conditions; 65+2 per
centRHa%d27+ T . :

During the storage, the individual Packs of ready-mixes
Were welghe%ferlodmall and the. contents analysed for PV,
FFA as well as overall acceptability by a panel of judges &
described earlier2

Results and Discussion , N

_ Chemical apalysis: The proximate compasition d(values

in per cent) of kheer ready-mixes based on White and Bansi

Sojl was; moisture 35, protein 132 - 137 ether extractives
total ash 28, carbohydrates (b%/ diff.) 679 - 634, The
difference In the protein content was due to higher

prﬁteltn content of Bansi wheat soji, as compared to whnite

Wheat soji. . .

Sorptian studies:  The results of studies carried out at 27°C

1
small
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Table L Moisture - humidity re

White wheat S0ji

EMC*
(%)

36
4.4
50
57
7.2
8.0
100
178

3

—do—
—do—
—do—

Soft and soggy
Soft and mouldy

AP REBRNc

lationship of kheer re

Characteristics

Good, free flowing

Slightly soft, soggy

Lumpy and mouldy
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ady-mixes based on white and ransi wheat S0ji

Bansi wheat $0ji

EMC*
(%)

37
4.5
51
58
7.2
78
9.9
177

Characteristics

Good, free flowing
—do—
—do—
—do—

Slightly soft, soggy

Soft and soggy

Soft and mouldy

Lumpy and mouldy

*EMC = Equilibrium Moisture Content, on dry weight basis; initial moisture and c-itical moisture contents were 3.5 and 5.1% resp.

showed that both the read)f mixes with an initial moisture
content of 35 per cent eﬁ ibrated to an RH of about 1L per
cent. The sorption isotherms of the ready-mixes were of
ical sigmoid type and exhibited considerable rise ahove
per cent RH.-There was practrcally no difference in the
sorption behaviour between the read mrxes based on white
Wheat and soji from 'Bapsi' Wheat, % t 44 per cent
RH, both ttié mixes with an EMC of 5,758 per cent were
free flowing wrthout an soggrness and lumpiness. However,
the mrxes equi rbrated 05 per cent RH were found to be
slig t soggy with an EMC 0f 7.2 per_cent, Both the mixes
equr rbrate 0 RH of 64 per cent and 15 per cent were very
?y o per cent RH, the mixes became a lumpy

mass Onse f mouldattack was observed n the mixes based
on white wheat and from Bansi wheat soji equrlrbrated o7
per cent and 86 per cent RH respectivel d/ The morsture
content under these RH conditions were 100and 178 per cent

or the, mxbaéed on white orr and 9. f %7 per cent for
the mix kas 0N Bansi ea $0ji gﬁ
From the sqrption studies, It can b inferre] the for both

reaAdX mixes, the moisture content of 5.7 per cent equilibrating
er cent RH wes cntrcaI a above thrs level the readyr
mrxes were prone to rapid physical and chemical changes
leading to deterioration In the uality. Both the ready MiXes
v\ere oisture senstive and became soq above 44 er cent
RH and lost their free flow characterrs ics. The rest tsaso
Indicated that the ready-mix_with an initial and cntrcal
morsture content of 36 and 57 per cent resp ectively, ha
goo to erance for moisture with & ﬁermrssrb e moistlre prck
1 per cent. This slg estedt atagoo moisture-proof
ac agrn material is requl ed for grvrng adequate protection
ot e mixes, However, as the reaay-mix contains whole milk
8owder it also needs a packa d material with safisfac
XyQen barrier property for protection against oxidation of
Packaging and storage studies: The R vaIues
observed for PP and MetPET/Poly laminate were 90 and

15 ngda% respectively. under 90 per cent RH rFrradrent at
The ¢ angi S In moisture, free fatty acids (FFA) and
overaII acceptability of both the readp MiXes in two different
ouches Under two conditions of sorage are Presented In
able 2 The cata indicate moisture pick-Ups of 20 and 13
per cen: in pouches of PP and Met PET/Poly after 120 and
150 days respectrvely at 65 per cent RH and at 27°C. The
moistuire pic ups viere similar in both the mixes hased on
Bansi Wheat and white wheat sor The peroxide values of
both the mixes packed in PP an Met.PET/Poly were nil
throughout the S orage penod while onIy slight increases in
A Were onserved. Reaay-mix hased of Bansi sofi With an
rnrtraI FFA of 0,95, when packed in PP and Met PET/Poly
shoyeed! gradual increase o 1.35 and 120 per cent respectrvely
at the end of 120 days. Similar trend In FFA values wes
observed in the ready-mix based on white wheat, soji.
Eventhou?h the “moisture pick-Up wes within the
permissible fimits of 21 per cent notrceable change in overall
acceptability was observed in PP pouches at theend of 120
days Both the ready MiXes were not acceptable at the end
120 cays storage, & kheer prepared from the mixes showed
settlrng Dossiply due to denatu tron of milk proterns dunng
storage On the ot er hand. no ch agge was noticed n the
ready-mix pace I Met PET [Pol dstored for 150 days.
The overall acceptabil rty of temrxwas oo
The storage studres u der accelerated C0 drtrons of 92 per
cent RH, and at 38°C, showed moisture pick up of 2,08 and
158 per centin gouches of PP and Met PET/Poly respectively
atteend of4 dags storage of read mrxbied 0f) Bansi
W eat \AoN/TEventh ugh, therevrrasc nsrdera edrfference
inthe WVTR of two Packaging materials, there was Pg
morsture ick-( lgthe ready-mix ac ked in Met PETI oI
This was ossrb uetosli deIa Ination In a few pouch es
from sealed corners towares the centre observed under high
humidity condition. Similar moisture changes_were also
observed in the mix based on white wheat soji. Further, the
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Table 2. Changes in moisture* free fatty acid® and overall acceptability of kheer ready-mix in flexible
Packaging Storage POUCHES
material period Bansi wheat $0ji based mix White wheat $0ji based mix
(days) Moisture FFA Overall Moisture FFA Overall
pick up (%) accept- pick up (%) accept-
(%) ability «0) ability
Storage at 65% RH and 27°C
Polypropylene 10 0.20 0.98 Good 0.20 0.99 Good
25 0.50 100 Good 0.40 1.00 Good
46 0.90 1.0 Good 0.90 130 Good
90 1.50 1.20 Satisf. 160 1.30 Satisf.
120 2.00 136 Poor 2.00 135 Poor
Met.PET/Poly 10 0.03 0.97 Good 0.06 0.98 Good
25 0.10 106 Good 0.10 1aL Good
46 0.25 109 Good 0.27 1.20 Good
90 061 1.20 Good 0.62 1.20 Good
120 0.93 1.20 Good 08l 1.30 Good
150 Good 121 131 Good
Storage at 92% RH and 38°C
Polypropylene 10 0.60 1.00 Good 0.66 1a Good
25 1.20 102 Good 1.36 108 Good
46 2.08 114 Good 2.25 116 Good
90 3.35 13 Poor 373 1.40 Poor
Met.PET/Poly 10 0.32 0.99 Good 0.30 100 Good
25 0.76 100 Good 0.76 102 Good
46 158 108 Good 166 110 Good
90 2.78 1.20 Poor 2.63 125 Poor

Anitial moisture content was 3.5 per cent
**|nitial free fatty acid as oleic acid was 0.95 per cent

deveIoRment of peroxice, value was nil in both the mixes
throughout the storage Perlod while FFA| mcrease was slight.
At thé end of 46 days of storage the readY mix based on Bansi
wheat soji and gacked in PP and MetPET. Po%sad FFA
values of Lband 108 respectively. Similar trend wes noticed
in the ready-mix based on WhIte so

It can be"seen from Table 2 that tde overaII acceEtabddy
of the two reaay- m|xes acked in PP and
pouches wes good for r%/s without an undeswable
change. Subsequently, at thee dof 90 days of storage, both
the ready- mixes acke d in fwo di eren flexible pouches
underwent mar ed ch ane in accet ||%/ as the kheer
Rgepggggpttgergfrom sho dsettlmg Ue to Curdling and was

Sorption studies indicated that for both the mixes with an
equilibrium moisture content of 5.7-5.8 per cent equilibrating
to 44 per cent RH was critical for avoiding aaverse changgs

I|ke soggmess and lumpiness.
eovera accep tabddg of two read -mixes packed in
?/prop)éene or metalliSed 3oo a(ester on pouches and
stored at 92 per cent RH and 38°C was goad Upto 46
Similarly, at 65 er cent RH and 27°C, the ready MiXes keP
well upto 120and 150 ays in PP and metallised! polyester/poly
packs, respectively.
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Packaging Requirement and Stability of Fried Wheat Snacks (Trisnacks)
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Effect of ingredient composition and packaging on the storage stability of fried wheat snacks was studied. Frying medium and
packaging material influenced the rate of peroxidation and changes in sensory scores of wheat snacks during storage. Sweet and
salted snacks fried in vanaspati and packed in paper-aluminium foil-polye:hylene laminate remained stable for one year. Snacks
fried in groundnut oil and palm oil remained stable for 120 to 240 days respectively in various packaging films. Relatively sweet
snacks were more stable to peroxidation than salted snacks. Crispness, aroma and taste were the major determinants of overaH
acceptability of fried wheat snacks. Both sweet and salted snacks were most stable around 0.33 water activity (aj.

A Iarge number of fried snacks varying in composition,
method 0 ﬁregaratron shape, size, texture and flavour are
prepared a onsumed in.our country Despite their wide
usage and good Popu larity, information “on packagin
rgcurrrement and storage stability of traditional ‘snacks |

|
Botr%J sweet and salted snacks are prepared by f rn Wheat
flour dough after being shaped into surtable forms. As they
are ready-to-eat items with hrgh aqeeptance among troops,
fried wheat snacks are |deally suited for oBer tional
com at rations. Accordingly, “stucies were Undertaken on
packaging requirements and storage stability of these snacks.

Materials and Methods

Ana_(whole wheat flour) was ri
‘Sharbatl’ wheat (‘Bhojan Samrat)[ in a commercial chakki
and whole wheat meal was sjeved thrqugh fl 30 mesh sieve,
Maida (/0 per cent extraction flour), "salt, Sugar, cumin
Seeds, vanaspati (Dalda) Or hydrogenated fat and refined
8roundnut oil were purchased_from the market. Refined

Il was obtained from State Trading Corporation,

Preparation of sweet snacks: Alta (2 Kg) and vegetable
orI 280 %Were mixed madouqh kneader for 10min.” Sugar
S0) utron 2 kg sudar In 900 mi water) was then added and
mixing. continled Yor 30 min_ to obtain a sufficiently s (Jn‘f
dough o avoid puffing auring, frying. The dough was divided
Into™ 100 g pieces and rolled into"Circular discs of 20 cm
dliamter, Which were then cut jnto 2.5 cm squares with the
help ofa stainless steel knife and fried i vanasoatr groundnut
ol and palm il at 170°C fo a moderate Irgh brown colour
with moisture content of less than 5 per Cent,

Preparation of salted snacks: Maida (L KQ), alta lkga
and cumin seeds (30 g) and vegetable oil (400) were mixe
In-a dough kneader for 10 min: One litre Salt solution (3 per
cent, wiv) was added and mixing continued for 30 min to
obtain a $mooth but sufficiently Stiff dough. Dough pieces

wes obtained by grinding

nd ambrent condrtrons 15:3°C) for 360 0ays.

Mol il

76

ElOO %2 were rolled into circular discs of 20 cm diameter and
ut 1fto 2.5 cm squares and fried in different vegetable oils
at 170°C to amber brown colour and moisture corttent of less
than 5 per cent.

Packaging and evaluation: Fried snacks (200 %]) after
cooIrng 0 room temE)erature were packed in polyethylene (75
-aluminium

ropylene and paper (45 GE
f)orl &prp pd lyethyl yenre )375 E S)Iamrnate pouches (10 x
he pouches were stored Unger
Initially and after

12 cm) and heat sealed.
pe were removed and
ana Xse or morsture peroxide valug

free fatty acid
and thigharbituric acid value %A by the metho 5
descnbed earlrerland also for sensory qualrty Initially the
samg e were ana Sed or protern fat and soluple suigars.
For sensory acceptability, the stored products Were
evaluated by atrar ned pane] of 10 members for taste, texture,
colour, flavour and overall acceptah ||ty on a nine point
Hedonrc scaIe with 9 for excellent in all"respects and ‘1 for
disliked._The products receiving an overall accept-
abr | score of 7.and ahove were considered acceptable and
those receiving below 7 were considered unacceptable in
estimating the”shelf ife.

Moisture equilibration:  Powdered samples (15%? 0f snacks
were stored in petri dishes (20 cm diameter) in desiccators
containing phosphorus pentoxice, saturated solutjons of
magnesium chioride, sodium bromide and sodium nitrate fo
obtain . water activity ((jav\) of 00, 0.33, 0.5/ and 0.73
respectively. Initially and periodically stored samples were
analysed for maisture content, peroxide, value and free fa
40105 10 determine the rate of eterioration at each awleve.
Sanples were also examined for any visible mold growh,
opiness and sliminess,

eve S, two pouches of each ty|

Results and Discussion
Crispness, taste and flavour were the major contributing
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factors in determining the overall acceptability of sweet and
salted snacks. These” atributes were mainly governed
?ougih composition frym% temPerat re andfinal m0|stu,r%
evel. Study of a large. nimber of batches _P_repared Wit
different dou%h composition and frying congitions revealed
that the dough composition and frylvr\}g conditions described
here produced most acceptable ‘sweet and salted snacks
respectively. The sweet snacks prepared from the dough of
above coninosition had (in ‘oer cent) moisture content' 3.2,
Rrotem 6.3, fat 27.0and total sugar 28.2 while salted snacks
nad moisture 35. protein 7.8 and fat 405. The absorption
Isotherms of the sweet and salted snacks are given in Fig. |
and_ 2 resgectw_el . It may be seen that Salted snacks
equilibrated to higher moistlre level than sweet snacks, the
moisture contents at 0.0, 0.33, 0.57 and 0.73 awheing 2.5,

1
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Fig. 1 Sorption isotherm, peroxide value and free fatty acid of sweet snack
after 3 months storage
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Fig. 2. Sorption isotherm, peroxide value and free fatty acid of salted snack
after 3 months storage.

33, 4.4 and 6.4 per cent respectively for sweet snacks and

by 42,54, 74and 99 per cent respectively for salted snacks.

Higher equilibration moisture content for salted snacks may
be attributed to the greater water absorEmon capacity of the
wheat starch and proteins as compared to cane Sugar; Salted
snacks have relgtivel hlgher proportion of starch &nd protein
than sweet snacks bécause of concentration dilution by sugar
In sweet snacks. Neither sweet nor salted snacks supported
bacterial,_mold or yeast growth when, stored upto 0.73 au for

0 gays. The rate of peroxidation was lowest at 0.33 awand
highest at 0.0 and 0,73 awin both sweet and salted shacks,
This is in conformity with the published literature” as at

Table L Changesin peroxide value,free fatty acids,
(FFA) AND THIOBARBITURIC ACID VALUES OF SALTED SNACKS
FRIED IN VANASPATI. PALM OIL, GROUNDNUT OIL AND
PACKED IN POLYPROPYLENE

Storage Frying Peroxide Free TBA
period medium value fatty (mg malon-
(days) (meq O,/ acids aldehyde/
kg fat) (% oleic acid) kg fat)
0 Vanaspati 57 021 0.09
Palm oil 929 0.43 on
Gr-oil 140 0.54 0.15
60 Vanaspati 82 0.29 0.15
Palm oil 161 0.50 0.16
Gr-oil 255 0.66 0.18
120 Vanaspati 122 0.35 0.17
Palm oil 241 0.61 0.18
Gr-0iJ 39.4 0.90 0.28
180 Vanaspati 148 038 0.22
Palm oil 305 0.69 0.23
Gr-oil 52.9 127 0.32
240 Vanaspati 169 0.57 0.33
Palm oil 36.0 0.80 041
Gr-oil 80.9 2.56 0.57
300 Vanaspati 20.6 071 0.40
Palm oil 414 1.00 0.62
Gr-oil 1385 3.8 0.87
360 Vanaspati 27 0.79 0.44
Palm oail 27 1.00 0.62
Gr-ail 776.9 5.80 3.45

All results are mean of three replicates.
Maximum variation among replicates was < 3 % ot the mean value.



78 JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 27, MAR/APR 1990

Table 2. Sensory scores of salted snacks fried in different oils when stored in polypropylene pouches

Storage Frying Overall
period medium Colour Aroma Taste Texture accepta-
(days) bility
0 Vanaspati 8.7+0.3 8.1+02 8.6+01 8.0+01 8.7+02
Palm oil 8.5+0.2 8.2+01 8.3+03 8.2+02 8.1+02
Gr-ail 8.6+0.3 7.9+03 8.5+01 83+01 8.4+02
60 Vanaspati 8.4+0.2 7.9+01 8.2+02 7.5+1.0 8.4+01
Palm oil 8.1+0.3 8.1+01 8.0+01 7.8+02 83+02
Gr-oil 8.3+0.3 7.2+01 8.1+02 7.3+01 8.0+02
120 Vanaspati 7.5+0.2 7.2+10 7.8+02 7.2+02 7.9+0.6
Palm oil 7.0+0.7 7.0+1.1 6.2+0.8 6.6+09 7.6+04
Gr-ail 7.4+0.5 6.6+1.2 6.2+1.4 7.0+09 7.2+04
180 Vanaspati 6.8+0.5 7.2+0.7 74+05 7.2+05 7.5+05
Palm oil 6.8+0.4 6.6+05 6.6+05 7.0+01 6.6+05*
Gr-oil 6.1+ 10 6.0+ 09 6.4+0.9 6.8+04 6.5+0.6*
240 Vanaspati 7.0+0.7 6.8+0.9 7.2+05 7.2+0.7 7.2+09
Palm oil 6.8+0.8 5.8+01 6.8+0.6 6.9+0.6 7.0+08
Gr-oil 6.7+1.0 4.4+1.8 6.0+1.3 6.4+1.2 6.7+05
300 Vanaspati 7.6+0.4 6.9+04 6.7+05 7.3+0.9 6.8+0.6
Palm oil 7.3+0.5 6.6+1.0 7.1+03 7.2+05 6.1+0.6
Gr-oil 7.0+0.6 4.8+ 10 5.6+ 15 6.1+ 11 4.3+1.3*
360 Vanaspati 7.0+0.5 6.6+04 6.8+0.7 6.6+05 7.0+1.0
Palm oil 7.5+0.5 5.6+0.8 6.1+ 11 6.3+1.5 6.0+1.4**
Gr-oil 6.6+1.8 3.2+08 3.7+1.6 5.8+2.0 31+0.8***

All values are mean of six replicates.

* Significantly different from the corresponding PFP samples at 95% confidence.

**  Significantly different from the corresponding PFP samples at 99.5% confidence.

*** Significantly different from the corresponding PFP samples at 99.95% confidence.

lower aw water forms hydrogen bonds with hyaroperoxides.
This essentially prevents further rqeneratlon f free raicals
from hycroperoxides and thereby fowers the overall oxidation
rate. Water also hycrates trace metal 1ons which are known
to catalyse autoxidation of fats. Hydration of metal ions
decreasés their catalytic activity. AL very high aw(>0.70)
water enhances autoxidation due to increased mobility of the
metal catal¥3t5 and swelling of the matrix which exposes new
catalytic sites. The changés in FFA also_ followed the same
patten as those of peroxides suggesting increases in FFA as
a result of seconaary degradation products of hydroperoxides
rather than due to %Ejrolysm of triglycerides,

The changes in FFA, PV and TBA Values of salfed snacks

en fried in vanaspati, palm oil and groungdnut oil are given
thgue LASTs e?/"ci%entpt%e ratef(l)?pgrml(ﬂﬂ Alon vvas%%hest

in snacks processed in (9roundnut oil followed by palm ol
d vanaspati, Aféer 360 da ofst?ra ﬁ the pergmde value
0 Snacks rel{)are In 9rou nut ofl, palm oil and vanaspat
were 7769, 42.7 and 22.7 respectively establishing clearly
the Pre_domlnant role of frying media in ietermining the useful
shelf life of the fried wheat shacks. The changes I TBA value
and FFA followed similar pattern as observed for PV.
The mean of sensory scores in respect of colour, aroma,
taste, texture and overall acceptabnnY of salted snacks fried
inditferent oils are given in Table 2, 1t may be observed that
though the differerices in the sensory Scores of freshl
E’erﬁ) ed snﬁck(?_ f}Mnen processed jn fhese oils, were not-
Ignrican:, the differences became signiticant ouring storage
especially after six months. The différences were [arger for
aroma, taste and overall acceptability than for colour Scores.
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Table3 Changes in peroxide value, free fatty acids

AND THIOBARBITURIC ACID VALUES OF SALTED SNACKS FRIED

IN  VANASPATI AND PACKED IN DIFFERENT PACKAGING
MATERIALS

Storage Packaging Peroxide Free TBA

period material value fatty (mg malon-
(days) (meq O/ acids aldehyde/
kg fat) (% oleic acid) kg fat)
0 6.50 0.34 0.061
60 PFP 102 0.48 0.070
PP 1o 0.48 0.072
PE 120 0.47 0.075
120 PFP ne 0.47 0.070
PP 122 0.48 0.072
PE 137 0.48 0.074
180 PFP 123 0.47 0.069
PP 143 0.48 0.071
PE 157 0.50 0.075
240 PFP 131 0.47 0.071
PP 147 0.49 0.079
PE 161 0.50 0.079
300 PFP 14.3 0.49 0.081
PP 159 0.51 0.087
PE 166 0.52 0084
360 PFP 190 0.55 0.130
PP 20.9 0.59 0.140
PE 211 0.62 0.150

All results are mean of three replicates.
Maximum variation among replicates was <3 % of the mean value.

*PFP, Paper-Aluminium foil-polyethylene laminate; PP, Polypropylene; PE,
Polyethylene.

It is alsq interesting to observe that differences in the rate
of peroxidation in the snacks prepared In these oils became
more predominant after six months storage further confr ming
the role. of peroxidation in sensory “gccentability Stnce
Increase in FFA | |n fried snacks results mainly from secon a
deﬁradatton products of Iydroperoxrdesc nges in FF aso
followed the same Eatte as those of peroxiaation rates.
The_effect of pac agtn% materials on the changes in PV,
FFA, TBA values andsefisory scores of saIteds acks ned
in vanaspati are shown in Tables 3 and 4 respectiv e}g
expected, the rates of peroxidation as measured (e

in PV and TBA values were related to the oxygen permeability
of the packaging materials. The rate of péroxidation WeS
htqhest In snacks stored in polyethylene film and lowest in
foil Taminate pouches, Though’mean sensory scores of the
tsamples sttored in Iamtnate pouches (\j/verel sli tlly larger t}han
e one stored opylene and_polye ene uches
0 the ?act t at d] fPereld)c sp Yn rates ofpe oXida tton fe ot
large enough to cause substantial dtfferences In sensory
scores. Thaugh there vvere large differences in chemical and
sensorey scores o fresh ygre ared and 360 days Stored
samplés, the differences tug {0 packaging materials at an
stage of storage were small. The IeveI Of peroxicles at whic
the samples become unacceptable also varied with dtfterent
oils. While samples friedl in vanaspati developed Eercepttble
off-odours at a_peroxide value of 22 meq 02 the
samples fried in palm ol andgroundndt oil “Temained
acceptable till their peroxige valug crossed 40 meq Olkﬂ
fat. ‘Based on changes in peroxr e value and overa
acceptanili scores tesamp es, of salted snacks remained
stable for S When rocessed In groundnut
Ram oll aHd van ?’[I respﬁcttvel Tables and 2).
St Ce peroxjoation o ats 15 the maYor case of storage
detenoratton in fried snacks, the effect of mcorporatrng
antioxidant butyl hydroxy anisole (BHA) in the dou?h an
Its effect on the storalge stability of salted"snack wes § ud|ed
The changes in PV, FFA and TBA values are given in Table
o) Incprporar n.of BHA dtd p]ot slgﬂrftcantl influence th
rate Of peroxidation In any ofthe packaging st//stems stud |e
nor it influenced the seriso acceptance of Stored Snacks.
The chemical and sensory Changes which take place dunng
storage of sweet snacks wer very Similar to the ones observe
for salted snacks except that the rate of peroxidation wes
sI| htly slower (Table 6). After 360 days of storalge the PV
t snacks Wwes 154 me Olk%fatascom aled 10 21
meq 0 2kg_fat In salted snacks when stored in onproperne
pouches |m| arIy, the changes in FFA and TBA Values were
also sr htl g/ lower, Sweet Snacks remained acceptable for
moret an 60 days when processed in vanaspati and packed
In pol proptfene or Iamr ate pouches. When processed in
proun fut oil a (pa moil, sweet snacks remained acceptable
and 300 days respectively when stored in laminate

& Though the fat content in fried snacks vvas Uite high {
to 40 pér cent) there was no seepage of oil/fat throu Tg

ouches irrespective of the nature™of ol used for rg g
nlike Instant mIxes (halwa, upma, pulav, €{C.) Wh

excessive staining due to seepage of oil when prepared vvrth
groundnut oil and cottonseeq dil, there was no See ade of
il and resulttng staining ororhn -0ffof pouches when Tried
Wheat snacks were (processe Ingroundnut oil and stored in
ponproperne or polyethylene pouches even after 12 months
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Table 4. Sensory scores of salted snacks when packed in different packaging materials

Storage Packaging

period material

(days)

0
60 PFP

PP
PE

120 PFP
PP
PE

180 PFP
PP
PE

240 PFP
PP
PE

300 PFP
PP
PE

360 PFP
PP
PE

PFP, Paper-Aluminium foil-polyethylene laminate; PP, Polypropylene; PE, Polyethylene.

All values are mean of six replicates.

Colour

8.6+0.3

7.0+0.6
7.0+0.6
6.8+0.8

7.1+0.6
7.2+0.4
7.3+0.5

6.8+0.5
7.8+0.4
6.2+0.9

7.5+0.5

7.6+0.5
7.6+0.5

6.9+1.0
6.5+0.8

6.6+0.5

7.6+0.5
7.6+0.5
7.6+0.5

Aroma

8.1+0.3

7.0+0.7
6.6+0.5
7.0+0.8

6.9+0.6
6.7+0.7
6.9+0.8

7.2+0.5
6.6+0.8
6.0+1.0

7.6+0.5

7.0+40.7
7.2+0.7

71+0.9
5.8+0.7

4.8+ 10

7.2+0.9
6.6+1.0
6.94-1.2

Taste

8.7+0.6

7.2+0.9
7.4+0.8
7.2+0.8

7.0+0.5
7.1+0.6
6.8+0.6

7.2+0.5
6.6+0.5
5.8+ 15

7.2+1.0

7.3+0.7
7.2+0.7

6.8+0.7
5.8+ 10

6.1+0.5

6.1+40.5
6.1+ 10
6.4+1.1

Texture

8.0+0.5

6.0+0.6
6.5+0.6
6.0+0.7

7.0+0.5
6.8+0.6
6.7+0.7

6.9+0.8
6.2+0.9
6.3+0.5

7.5+0.5

7.2+0.7
7.2+0.5

7.2+0.4
6.6+0.9
7.2+1.0

6.8+0.5
7.0+0.8
7.0+0.8

* QOver all acceptability scores of all samples after 60 flays of storage were significantly different from initial value.

Significantly different from the corresponding PFP samples at 97.5% confidence.
** Significantly different from the corresponding PFP samples at 99.5% confidence.

Over all
accepta-
bility

8.6+0.2

7.2+0.8
7.4+0.9
7.4+0.9

71+0.8
71+0.8
7.0+0.8

7.2+0.6
6.6+0.5
6.2+0.6*

7.4+0.7

7.3+0.5
7.3+0.4**

7.0+0.5
6.0+1.0

5.5+ 1.0*

70+0.3
6.3+0.7
5.6+0.8*
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Table 5. Changes in peroxide value, free fatty acids

Table 6. Changes in peroxide value, free fatty acids

AND THIOBARBITURIC ACID VALUE OF SALTED SNACKS FRIED AND THIOBARBITURIC ACID VALUE OF SWEET SNACKS FRIED IN

IN VANASPATI AND INCORPORATED WITH BHA (0.0L per cent fat
basis) AND PACKED IN DIFFERENT PACKAGING MATERIALS

Storage Packaging Peroxide Free TBA
period material value fatty (mg malon-
(days) (meq O,/ acids aldehyde/
kg fat) (% oleic acid) kg fat)
0 4.7 0.35 0.041
60 PFP 7.6 0.37 0.042
PP 8.6 0.39 0.045
PE 9.2 0.40 0.046
120 PFP 80 0.40 0.044
PP 9.2 0.43 0.047
PE 100 0.43 0.059
130 PFP 103 0.45 0.052
PP 1.2 0.48 0.055
PE 134 0.52 0.059
240 PFP 114 0.43 0.061
PP 128 0.49 0.057
PE 149 0.54 0.059
300 PFP 137 0.46 0.061
PP 159 0.46 0.067
PE 17.3 0.57 0.073
360 PFP 20.3 0.56 013
PP 21.2 0.54 0.14
PE 231 0.56 0.16

All results are mean of three replicates.

Maximum variation among replicates was < 3 % of the mean value.
*PFP, Paper-aluminium foil-polyethylene laminate; PP, Polypropylene; PE,
Polyethylene.

VANASPATI DURING STORAGE IN POLYPROPYLENE POUCHES

Storage Peroxide Free TBA
period value fatty (mg malon-
(days) (meq 0J acids aldehyde/
kg fat) (% oleic acid) kg fat)
0 4.2 0.28 0.10
60 6.2 0.3L 0.10
120 75 0.36 o1
180 106 0.39 012
240 122 0.45 012
300 14.3 0.47 013
360 154 0.56 013

All values are mean of three replicates.
Maximum variation among replicates was < 3 % of the mean value.
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Traditional Punjabi warri fermentation involving different substrates has been evaluated for biochemical and nutritional changes.
Assignificant increase in the bacterial and yeast cell counts along with total acids, dough volume, soluble solids, non-protein nitrogen,
soluble nitrogen, free amino acids, proteinases and water soluble vitamins including B]. B2and B|2 was observed during the
fermentation of conventional black gram warri doughs thus accounting for increased digestibility and nutritional value. Total nitrogen
and total proteins however did not show any significant change whereas pH, reducing sugars and soluble protein contents decreased
appreciably following 5 days of simultaneous fermentation and drying in open. New warri doughs involving mung beans in place
of black gram revealed the comparable changes as observed in the conventional type, but the soluble constituents and amylase

contents were higher in the former.

QOccyrrence and role of severa\l ba?terla alone or with lesser
gropornon of yeasts In naturally termented Punjadi warri
ased on_black %ram has been reported'. These organisms
are contributed Dy the black grams (Phaseolus mun?o) and
the spice mixture'used. The development and prevalence of
microbial tyfoes Is affected by seasons; summer being more
favourable “for hacteria and ‘winter for yeast. Leuconostoc
mesenteroides, Lactobacillus fermentum and_ Streptococcus
faecalis are the principal, hacteria involved in warrj doug?t
fermentation causing acidification and leavening ", Ye
flora generally comprise Saccharomyces cerevisiae, Pichja
membranaefaciens and Trichosporon beigelii and aad to the
leavening during fermentation,
. Altholigh several reports have appeared on the changes
indicating improved digestibility and nutritional value during
the fernientation_ of Various fegume products™, there, s
Paumty of data |nd|_cat|nP comprehensive changes durmq
ermentations of |ndian black gram Products._ In The presen
communication, different biochemical and nutritional changes
occurrmg durm% fermentation of conventional warri doughs
and somé new d u%h tgges pregared by replacing black gram
Substrate with mung eans (Phaseolus radiatus) have been
reported.

Materials and Methods :

Raw ingredients and fermented samples of conventional
warri doughs collected aseptically from different places of
local .market were analyzed for"various biochemical and
nutritional constitugnts to assess the changes produced as a
result of fermentation,

*To whom all correspondance should be addressed
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Two sets of warri doughs were prepared and fermented in
lahoratory employing the traditional procedure] using
dehulled biack grams and the,mung beans as the substrate.
This.involved the grinding of legurie grain after overnight
soaking and supplementm? With several spices. The spiced
Paste/ ougn was then moulded into small balls and naturallgi
ermentectand aried inopen arr, The_E)_attern of total microb
|oad and other biochemical and nutritional levels was studied
in both the sets successively at 24 hr intervals for 5 days.
Raw r%;ralns of mung heans Used In the preparation of new
g%]c emt%%(lals were“also analyzed microbiologically and

iochemically.

Total bacteynal and yeast cell counts were determineq in
the samples after making the serial dilutions and spreadmg
on agar plates containin approerate medial Dry matte
was Calculated indirectly” from the. moisture content. Ten g
samgles were blended with 90 ml distilled water for few min;
A 20 ml al.quot wes centnfugfed for 10min (ESOOXg 4°C)
and the supernatant analyzed Tor various soluble parameters.
pH.was n ted_dwectlrv Using Beckman Zeromatic pH meter
while total acids were calcllated in terms of lactic acid, by
titrating with 0.IN NaOH5. Soluble solids5 reducing
su?ar_s soluble proteins’, amylase activity8and proteinase
activity9 were assayed by known methodS, Total nitrogen,
non-protein mtr_ogen& free amino acidsd, wvitamin™ B,

thlammeg", vitamin B, (riboflavin)5, vitamin Bg

cyanocobalamin)1 and vitamin C (ascorbic acid)” were als

estimated in the samples. worries prepared from both the
doughs were also evalugted organoleptically bhya panel of six
judges. Al the results indicating the” changes during
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fermentations were statistically analyzed at 5 per cent level  unfermented black %rams. These differences in the levels

of significance. of various constituents suggest that the traditional black gram
o warri fermentations are accompained by several changes in
Results and Discussion the ingredients.

The levels of microbial load consisting of bacteria and LabOratory studies indicated that besides successive rise
yeasts were appreciably higher in commercially fermented  in bacterial and yeast cell counts (Table 2) durm? black gram
Wa sm%es thiin in {aw I?ck qrgms anc’ SEICGS mixture  warri fermentation. pH value declined from 5650 3.20 While
(Tagle i} e, valles of soluble solids, amylase, proteinase,  the total acid levels. increased from 0.50 to 150 per cent
non-protein  nitrogen, soluble nitrogen, free amino acids, following 5 days of incubation and drying. in gpen arr,
vitamin B, and™B, were also Righer while pH wes  Fermentation also brought about an increase in volume and
significantly lower in the fermented”samples than that in  soluble solids whereas the reducing sugars  decreased

Table 1 Microbial load and biochemical levels of the raw ingredients and fermented punjabi warri doughs
COLLECTED FROM THE LOCAL MARKET

Parameter Raw black gram Spices mixture +Market fermented black gram Raw mung
warri doughs. bean
range
Bacteria (CFU/g) 7.2X105 8.8x10* 1.02XI09 - 7.90XI0R 6.3XI05
Yeasts (CFU/g) Nil Nil 0 - 4.7X107 Nil
PH 6.65 57 315- 410 6.75
Soluble solids (%) 147 1934 1300 - 1500 160
Reducing sugars (mg/g) Nil 58.14 2.34 - 4.30 Nil
Soluble proteins (mg/g) 21.72 45.28 1330 - 1758 48.51
Amylases (IU/g) 1.40 ne 307 - 470 2.22
Proteinases (1U/g) 144 6.75 507 - 6.00 117
Total nitrogen (%) 4.46 3.36 460 - 4.82 4.33
Non-protein N (%) 0.20 0.80 074 - 0.84 014
Soluble N (%) 0.45 0.40 142 - 155 0.37
Total proteins (%) 26.60 1041 24.15 - 24.86 26.18
Free amino acids (mg/g) 6.41 29.20 3741 - 4215 6.83
Vitamin B (mg/I00g) 0.20 - 080 - 100 0.22
Vitamin B, (mg/I00g) 0.16 — 125 - 144 0.10

All values have been expressed on dry matter basis., *Data give the range of 20 samples examined.

Table 2. Changes in various microbiological, biochemical and nutritional constituents during warri

fermentation

Parameter Black gram dough Mung bean dough
Value at Value at Value at Value at
start the end start the end
Bacteria (CFU/g) 2+2x10D 6+5X102 8+5X109 2+ Ixlor
Yeasts (CFU/g) 9+5x104 9+4X106 7+5X104 2+2X106
pH 5.65+0.52 3.20+0.27 6.70+0.20 371+0.22
Total acids (%) 0.50+0.20 1.50+0.10 0.40+0.10 0.90+0.15
Volume (ml) 200 420+20 200 410+ 20
Soluble solids (%) 8.0+2.00 15+ 2.50 4.00+ 2.00 19+1.60
Reducing sugars (mg/g) 1138+ 0.80 5+0.50 25+2.20 20+4.10
Soluble proteins (%) 50+ 8.00 20+6.00 72+ 8.00 28+ 2.50
Total nitrogen (%) 4.5+0.30 4.9+0.50 4.3+0.15 4.5+0.18
Non-protein N (%) 0.20+ QOF- 0.68+0.21 0.35+0.08 0.80+0.06
Soluble nitrogen (%) 0.9+0.10 1.50+0.13 0.80+0.10 1.40+0.15
Total proteins (%) 27.0+1.00 27.0+2.00 24.7+0.40 23.8+2.00
Amylases (1U/g) 3.07+0.52 3.05+0.80 2.0+1.10 9.6+3.20
Proteinases (1U/g) 4.82+0.92 6.04+1.12 2.8+1.00 3.8+0.45
Free amino acids (mg/g) 0.79+4.39 45.15+9.30 8.2+2.60 41+5.00
Vitamin B. (mg/I00g) 0.40+0.10 0.95+0.60 0.36+0.12 0.90+0.13
Vitamin B, (mg/gx 100) 0.30+0.10 1.20+0.2C 0.32+0.08 1.22+0.12
Vitamin Bp (mg/gxI00) 0.20+0.10 0.80+0.30 0.12+0.03 0.58+0.05

Data represent average values of 15 replicates of black gram and 5 replicates of mungbean doughs.
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significantly. Total nitrogen and total protein did not vary
mgmﬁcant{lgy, although non-protein nitrogen increased from
0.20 10 0.68 ¢ per cent. Soluble nltro%en and free amino acids
exhibited a greater rise (0.95 to 1.5 ﬁ]per cent and 9.79 to
4515 mg/tg res_pectgveI)(R, whereas fne levels of soluble
proteins "fell ‘significantly. Am¥lase activity showed an
Increase till the end of thifd day (trom 3,07 to 4.21 1U/g) and
declined thereafter, while the proteinase activity increased
from 4.82 t0 6.04 [U/g. Water Soluble B-vitamins !ncludlng
thiamine, riboflavin -and cyanocobalamin also increase
significantly, while ascorbic acid (vitamin C) indicated a slight
increase with the progress in conventional warri dough
fermentation. S
_ These changes are probably the result of microbial activities
in the doughs Involving the production of acid and gas from
various carbohydrates” thus accounting for the rise in total
acid levels and volume during the fermentation. The rise in
the levels of soluble constituents including nitrogen, proteins
and amino acids is Bresumably due to"the production of
Proteol tic enzymes Dy the developing microorganisms and
he hydrolysis of insoldble polymers under acidic conditions
by these ‘enzymes. The Tise in various vitamin levels,
especially B-vitamins, during fermentation appears to be due
to the increase in microflora mainly yeasts most of which have
the ability to produce vitamins from simple precursors. Most
of the changes durlnP warri fermentation cause improvements
in digestibility, nufritional value and support the earlier
observatjons on various Ie?ume based mdqenous_fermen_ted
foods of the worldz414 Tncrease In totdl acidity during
fermentation helps in enhancing the shelf-life of such foods.
Soluble solids, soluble nitrogén, free amino acids and B-
vitamins have also been observed to increase during the
fermentations of tempe'7'9, natto202' and soysauce2s, the
other legume hased foods, _ o
Mung bean warri dough fermentation exhibited similar
changes as observed in traditional black gram doughs excegt
for amylases which revealed a gradual rise till the end. Data
on the“biochemical and nutritional constituents mentioned
above revealed the levels of soluble solids, reducing sugars
and amylases tq be higher in the new product than achieved
In the Conventional product. The remaining biochemical
characteristics revealed compatibility with the conventional
preparations. The test dou?hs caused sufficient acidification
angd leavening and the texture of the mung bean warri Was
quite comparable with that of conventional types, which,
Fowever, exhibited better organoleptic characteristics than the
ormer.
_ Itisapparent that the traditional punjabi warri fermentation
IS brought about by the microflora coming from staples and
the environment. " Although this microflora brings about
several changes leading™ to_ improved digestibility and
nutritional value but the possibility of develfg)me_nt of various
undesirable mlcroo_r[%]amsms and the Pro uction of toxic
substances by certairm species Is a point of serious concern

tothe foo%i_rr(lj;cr_o |cilo ists. There is much to be leamt ta oyt
the role of individua |_croor?an|sms, standardizatjon of their
Inocula by artificially inocufating the doughs with desired
microbes”along with the optimization of Various physico-
chemical factors like temperature, dough pH and supgle-
mentation f some free sugars in the fer entm?_mgrem nts
for controlled fermentation so that the nutritional and
organoleptic constituents can be raised to maximum possible
limits, as reported In ¢ase of dosa2s and jdliz4, the common
cereal-lequme based fermented foods of India.
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Effect of various hydrothermal treatments on the oil recovery from soybean is described. Analysis ol
data revealed that boiling of soybean splits and whole soybean with water for 30 min followed by sun-drying to about 7% moisture
content (wb) gave the maximum oil recovery of 82.40and 84.72% in three pass pressing with specific energy consumption of 0.370
and 0.503 kWh/kg of feed respectively when compared to other treatments. Though it appears to be a hit tedious from practical
point of view, considering the importance of protein as well as edible oils in Indian diets boiling of splits with water (free of hulls)
followed by drying to 7% moisture may be practised for expression.

India_produces about ong million tonnes of soyhean

(1985-86) from about 13 million hectares of land with an
average productlwtg of about 755 kg/hal With about 40 per
Cent protein and 20 per cent oil, it'ls an advantageous crop

the study. Whole soybean was converted into splits free of
hulls by a dehuller”(make CIAE, capacity = 100 kg/hr,
hp, = 1). These_splits were then given_ different treatments

Prlor to expression e.g. tap water soaking for 1 hr at room
emperature, boiling in water for 30 min.” The process flow
chart is shown in Fig.l, In one case, whole soybean was also
water boiled for 30°min. All these samples were sun-dried

WHOLE ~SOVBEANS

of the country. For narrowing down the national demand and
supply gap of about one million tonnes of edible 0|Is,_so?/be,an
IS recorh;msed to be one of the most potential cro?s, in [ndia.
Though solvent extraction methods have been efficient and
leave only about 1 per cent oil in cake, they being capital
and volure intensive and requiring special skills, do not suit
the small scale rural or urban processors. Moreover, about
90 per cent of the total oilseeds are prese_nt&g being crushed
in mechanical screw expellers available in different parts of
the country. Research information relating to oil expelll_nP
from soybean has heen rather meaPre. Smith and Kraybill2
reported that better glelds of soy oil were obtained at higher
temperatures of 97°C and above, although satisfactory yields
were also obtained at about 65°C. Clark and Wamble3
rePorted that a cone clearance of 2 to 2.5 mm gave maximum
oil recovery from hard seeds. _ _

S_mqh et at reported that soy sPllts treated with water
sprinkling and conditioned to about 17.2 per cent moisture
content (wh) yielded about 62 per cent oil with minimum
specific energy consumption in 4 to 5 passes by mechanical
Screw pressm?. Thisa ge_ars to e (ﬂune low r%/le 0. Therefore,
In the present investigation, efforts were made to Improve
upon the per cent oil récovery giving soybeans various hydro-
thermal treatments prior to mechanical screw expression. This
Pea Oere%?scrlbes the effect of these treatments on the soy ail

Very.

Materials and Methods o o A
Soybean '(JS-7244) cleaned of its impurities was taken for ~ Figi. P-ocess flow chart for mechanical oil expression of soybean.
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CLEANING
( IN CIAE CLEANER)

sTRASHES CLODS ANY
OTHER IMPURITIES

SPLITTING
(IN CIAEj DEHULLER)

"HULLS

PRE - TREATMENTS

_TAP WATER SOAKING
FOR M MIN (T)

_BOILING OF SPLITS IN
WATER 30 MIN (Tj)

- BOILING OF WHOLE

SOYBEAN IN  WATER
30 MIN <T3>
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PREPARED SAMPLES

EXPELLING THROUGH MINI -AO
SCREW PRESS

OlL
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to about 5, 7, 9 and 1L per cent moisture content (wb) (the
average values of final moisture content have been rounded-
off to the nearest digits) and stored in the air tight containers
for equilibration. The moisture contents of Samples were
determined bK standard hot air oven methodS. Thus prepared
samples, eac WEIghIr]F about 3 kg. were fed into operatmg
mini 40 screw press oil' expeller (make-Rosedown, reporte
capacity = 40 kg/hr, motor hp = 3 and screw shaft .p.m.
=" 120) for expression. Prior to feeding, the expeller was run
for about halfan hour with raw soybean in orcler to raise the
initial temperature of the screw arid barrel assembly (as per
manufacturer’s recommendatlons% from ambient to about
45°C. The cake obtained after each pass was the feed for the
subsequent passes. During the operation temperature of the
barrel, energy and processing time were recorded in each
pass bgprobe thermometer, energy meter (30 amp, 50 cps
and 60 rev/kWh) and the stoP Watch resPec%veIX]. The. ol
was collected trom the harrel’s slots in the Measuring
cylinders and the cake at the discharge end. Overall in three
passes, the oil obtained has been used for determining per
cent oil recovery except for tap water-soaked samples. Beyond
third pass, the expression was not feasible as quality of cake
and oil used to be adversely affected edg. charring and
b[ownlng| of cake and_burmngi smell and discolouration of
oil and also the quantity of oil obtained was negllglble. As
recommended, a clearanice 0f2.0 mm was maintained for first
Pass. In the remaining two passes, the clearance was reduced
0 0.4 mm. The oil ‘was allowed to settle for Fartlcles in
suspension for about 24 hr. The clear oil was filtered and
stored for further refining and processing. Each treatment was
replicated thrice.

Results and Discussion _ _

Analysis of data revealed that in most of the cases, oil
recovery had an increasing trend with increase in moisture
content'from 5 to 7 per cent and beyond 7 per cent it had
a declining trend except in one case (Fig. 2 through 4) the
reason forwhich is explained later in the text. The'increase
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Fig.2. Variations in oil recovery and specific energy consumption with
m0|stu|r_e content corresponding to tap water-soaking treatment of
soy splits.

”J O—=0O OIL RECOVERY

O—O SP. ENERGY CONSUMPTION

(=)
o
xwh/ kg OF FEED

*/e { MOISTURE FREE TOTAL OIL Q)

—0-35

OIL RECOVERY ,

SP. ENERGY CONSUMPTION 3

i

N ) i

L 7 - [} 5
MOISTURE CONTENT

(+/. wb)

Fig.3. Variations in oil recovery and specific ener%y.c_onsumption with
moisture content corresponding to water boiling treatment of

soy splits.

0---0 OIL RECOVERY

J06
90— O——=0 SP.ENERGY CONSUMPTION

o kwh/kg OF FECD

3
=

S

o

o
s
&

oIL RECOVEV,‘/.(FREE TOTAL OIL BASIS)

8
T
(=}
&

[ 1 L I
5 x 9 n
MOISTURE  CONTENT (/s wb)

SP ENERGY CONSUMPTION

Fig.4. Variations in oil recovery and specific energ¥ consumption with
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was faster in case of soy splits boiled in water for 30 min
followed by sun-drving. But in case of water-soaked samples
at rogm temperature, this increase was fslow and continued
upto 9 per cent moisture level. The specific energy consump-
tion decreased with increase in moisture content except for
one case i.e. 30 min boiling of splits and then drying wherein
beyond 7 per cent moisture, it Increased and the curve flat-
tened after 9 per cent. As per available literaturef, this could
happen due to the fact that wet heat penetrated faster and
coagulated Protelns maklnlg cell walls more permeable and
enabled early release of oil"from within the splits. However,
with increase in moisture content beyond certain limit
probably the rupture force decreased” through deformit
could have increased causing pliability of particles. It coul

also be found that maximum expressible oil could be
recovered upto third pass pressm? (Fig. 5) in the screw
expeller in case of wet neat treatment while it required
minimum of four passes with tap water-soaked samples. The
oil yield decreased after third pass pressing. This, could
happen probably due to formation of progressively rigid cake
matrix which resisted the applied pressure as well as flow
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Fig5. Passwise cumulative oil recoverr corresponding to  different
hydrothermal treatments and optimised moisture contents of
soybean/splits.

of oil. Also bea/ond third pass, the rise in barrel temperature
(123-136°C) adversely affected the quality of oil and cake,
as mentioned earlier. The oil recovery ‘in case of whole
soyhean was also identical but rate of change in increase was
almost neﬁllglbl_e. This could ha?pen_ dug to the presence
of soy-hulls which increased the frictional forces inside the
screw and barrel making the crushing (pressing) more
effective for the wider range. Also in"this case, energ

consumption decreased with increase in moisture content.
C?rresg_ondmg to 1l Percent moisture content the _Rroblem
of choking was more Trequent which required cleaning of the
screw barrel assembly. Though, the actual energY consumed
in pressing was very low, the fact remains™that energy
consumed In clearing the chokl\r}\%ls not included, otherwise
it would have been uPto 0517k /k% of feed. The data were
also analysed statistically. The mean deviations were found
to be 1.778, 3.337, 2.670'and 2.887 correS}ZJondln to 1hr taP
water-soaked and sun-dried samples to 5, 7, 9 and 1L per cen

moisture contents respectively. Also these values were 7611,
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2.222, 3.689 and 3.333 with respect to 30 min hoiling of
soy splits in water followed b sun-dgmg to5 7,9and 1l
per cent respectively. Similarfy, for 30 min boiling of whole
soybean sun-dried t0 5, 7, 9 and 11 per cent moisture contents,
the respective values of mean deviation were 3111, 0,556,
1383 and 1ML ,

Further the statistical analysis revealed that hydrothermal
treatments influenced the “per cent oil recovery quite
5|?n|f|can_tly. From among these, the boiling of soy splits (Lfree
ofhulls) in water for 30 min followed by s_un-_d_ryln? to about
7 per cent moisture content (wb) gave significantly higher
(cv = 145 per cent) oil recovery “of about 82.40 per cent
with 0.370 KWh/kg of feed of energy consumption. The cake
produced was also of good edible quiality because its enzymes
such as lipoxygenase and antinutritional factors like trypsin
inhibitors are inactivated and is %ood In appearancé and
flavour. Therefore, though the treated whole soybean gave
sl?2htly better oil recovery with higher significance (cv =
0.422 per cent) with relatively higher energy consumption,
the presence of hulls in caké adversely affected the edible
quality of cake. Thus, the later one may not be appreciated
considering the importance of proteins in foods.
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Studies on blends of commercial wheat flour i.e., ma/da (WF) and resultant atta (RA) from roller flour mill or whole wheat flour

(WWF) from disc mill (chakki) showed

radlual increase in ash (0.57 to 1.61%), protein (8.78 to 9.26%), colour grade value (4.1

to > 18), damaged starch (121 to 18.60/3, diastatic activity (149 to 304 mg maltose/10 g of flour), farinograph water absorption
(55.2 t0 714%), dough development time (4.5 to 7.0 min.) and decrease in sedimentation value (19 to 6.5 ml), dough stability (80
to 55 min), extensograph area ( >113 to 66 cm2) and amylograph peak viscosity (2420 to 1310 Al{}, as the RA/WWF content

increased. Bread making characteristics of blends showed increase in loaf weight (1328 to 147.0 g)

ecrease in loaf volume (475

to 354 ml), crumb score (7.5 t02.3) and crumb softness, as the RAWWE content increased. The results indicated the possibility
of preparing good quality brown bread using 60% RA or 40% WWEF in the blend.

Bread consumption in India is steadily increasing, as it offers
convenience and relief from the dr_udPery In food preparation.
The Present_ production of bread in [ndia is 9.58 lakh tonnes
and the estimated ?fowth rate is 9.7 per cent per annuml
However, in order fo sustain the growth, the industry needs
to diversify its products. Brown bread is one of the popular
bakery products based on whole meal and wheat flour in the
advanced countries. In India, the roller flour milling industry

roduces resultant atta along with wheat flour and semolind.

he whole wheat flour is ,E)roduced mostly in disc mills,
hammer mills and stone mills. Resultant atta was found to
be superior to whole wheat flour nutritionally and contains
about twice as much thiamine and one and halftimes as much
riboflavin and lysine, as compared to whole wheat flour2
Comparative SUI'[abI|It%{ of whole wheat flour and resultant
atta for making chapafl was studied by Haridas Rao et al.\
while changes In quality of whole wheat flour and resultant
atta during storaﬂe were reported by Leelavathi et al.4
Utilization of resultant atta and whole wheat flour for brown
bread preparation would increase the nutritional quality of
bread and bring in diversity in the manufacture of bakery
?roducts. In this paPer_, theTesults of utilising whole wheat
dl_our or éesultant atta in the preparation of brown bread are

iscussed.

Materials and Methods S
Whole wheat flour (WWF) milled ina disc mill and wheat
flour éWF) locally known as maida, and resultant atta (RA)
milled in"a 20 “tonne roller flour mill from the Same
commercial agstivum wheat sample_ were used for the studies.
Total ash, dry gluten, sedimentation value, diastatic activi
and damaged starch were determined according to AAC
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proceduresd. Crude protein (N x 5.7) was estimated by
micro-Kjeldahl method. The flour colour was determined
using a Kent-Jones Flour Colour Grader (Series IIl). .
and RA/WWF blends were prepared in the ratio of
100:0, 80:20, 60:40, 40:60, 20:80 and 0:100. .

_Dou%h rogertles of flours and their blends were studied
using the Brabenger farinograph and extensograph according
to AACC proceduresb, _ _

Breads were hh)re ared according to remix ?rqcedure_ of
Irvine and McMullané with a reduced fermentation period
0f 90 min, for the dough instead of 165 min. Compressibility
of bread crumb was measured in a General Foods Texturo-
meter %Model GTX). Evaluation of bread was carried out after
24 hr by a panel of six judges.

Duncan’s new multiple ran?e test at 5 per cent level was used
for finding out the results of test of significance.

Results and Discussion _
Chemical characteristics: The data on chemical
characteristics of flour and blends are presented in Fig., 2
and 3. WF had 0.57 per cent ash content, 4.1 colour grade
value, 12.0per cent dama?ed starch, diastatic activity of 1494
mg of maltose/10 g of flour, 8.8 per cent protein, 190 ml
sedimentation value and 8.3 per cent dry gluten. It is evident
from Fig.| and 2 that these values increased with increase
in WWF or RA content in the hlend. The ash content, colour
grade value, diastatic activity and damaged starch in blends
of WF and WWF were hlgher than those in the corresponding
blends of WF and RA, due to higher values for the above
parameters In WWF as compared to RA. _
In contrast, WF and WWF blends had lower protein,
sedimentation value and dry gluten than those corresponding
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blends from WF and RA (Fig.3). Although there was not
marked variation of protein or dry gluten contents of
respective WF and WWF/RA blends, quality was adversely

Table 1 Particle size distribution of wheat flour

AND RESULTANT AT7/HOLE WHEAT FLOUR BLENDS

Flour Overtailings (%)

blena*

WF : RA XX 2 XX 5P Pan
100:0 - 53 173 14
80: 68 %1 213 28
60 : L 138 465 268 129
40 : & 199 25 255 21
208 263 408 239 90

0:10 325 462 126 87

WF : WWF
80:2 120 589 5l 30
60 : 40 160 %9 188 83

40 : 60 31 L5 153 mn
20:80 304 430 139 27
0:10 b9 392 134 15

WF —Wheat flour: RA —Resultant attas WWF —Whole wheat flour

affected in case of WF and WWF blends, as is evident from
lower sedimentation values. This can be attributed to the low
sedimentation value of 6.5 ml for WWF, as compared to 16.0
and 19.0 ml recorded for RA and WF respectively.
Parp.de size distribution: The data presented in Table 1
indicate that in different blends overtails of 10 XX increased,
while overtails of 12 XX and 25 P decreased with the increase
in RA or WWF content. The increase in the coarseness of

TABLE 2. FARINOGRAPH CHARACTERISTICS OF WHEAT
FLOUR AND RESULTANT /LITAMHOLE WHEAT FLOUR BLENDS

Dough Mixing
Flour Water ~ develop. ~ Dough  tolerance
blend absorption ~~~ time stability index
(%) () (mn) (BU)
WF : RA
10:0 5.2 45 15 8
80:2 580 45 15 10
60 : 40 588 45 15 10
40 : 60 607 60 15 4
20:80 62.2 60 15 %
0: 100 61 65 75 40
WF : WWF
802 585 50 80 10
60 : 4 614 50 70 10
40 : & 60 50 60 %
20:8 698 60 60 40
0; 100 714 70 55 k3
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blends reflected in the adverse change in dough properties
and baking characteristics.

Farinograph characteristics: The data on farinograph
characteristics of doughs are presented in Table 2. Farino-
graph water absorption of WF was 55.2 per cent, which
increased gradually to 65.1 and 71.4 per cent respectively,
asthe RA and WWF content in blends increased. The higher
water absorption in case of WF and WWF blends may be
attributed to higher damaged starch in WWF. There was
gradual increase in dough development time from 2.0 to 2.5 min.
It may be attributed to slower hydration due to increase in
the coarseness of flours, as RA or WWF content increased.
Interestingly, the stability of WF and RA blends (7.5 min.)
was not affected while it decreased from 8.0 to 5.5. min in
case of WF and WWF blends. This may be due to the coarse
bran particles of WWF affecting the protein films and hence
the stability. Decrease in mixing tolerance index indicated
marginal improvement in dough mixing properties, as RA
or WWF content increased.

Extensograph characteristics: It can be observed from
Table 3, that with increase in RA/WWF content in the blend,
resistance to extension and ratio figure of the doughs and also
the strength, as indicated by area decreased. However, only
in case of WF and RA blends, the extensibility increased,
while it remained unaffected for the blends of WF and WWF.
The data indicated that the blends of WF and RA showed
comparatively better dough properties than those of WF and
WWEF.

Amylograph characteristics: It is evident from Table 4,
that there is not marked variation in the gelatinization

Table 3 Extensograph characteristics OF WHEAT
FLOUR AND RESULTANT A/T4/\WHOLE WHEAT FLOUR BLENDS

Resist- Extensi-
ance to bility
Flour extension R) ~ (E) Ratio Area
blend (BY) (mm) RIE (cm’)
WF : RA
100 : 0 >1000 106 >9.5 >113
80 : 20 >1000 103 >9.4 >111
60 : 40 >1000 120 >8.3 >111
40 : 60 785 125 63 i)
20 : 80 785 il 6.5 14
01 100 770 124 6.2 13
WF : WWF
80 : 20 =-1000 84 > 119 >96
60 : 40 =-1000 84 > 119 >97
40 : 60 > 1000 3 >12.0 >89
20 : 80 790 82 9.6 !
0: 100 765 83 9.3 66

Table 4. Amylograph characteristics of wheat
FLOUR AND RESULTANT ATX4\WHOLE WHEAT FLOUR BLENDS

Cold
Flour Gelatini- paste Set
blend zation  Peak BLmin.  viscosity  back
temp () height  height () at50°C (¢) (c-b)
°C AU AU AU AU
WF : RA

100: 0 6l 2420 1480 3360  18%0
80:20 59 2390 140 an
60 : 40 59 2360 1420 3050 1630
40 : 60 59 2300 130 2800 150
20 : 80 59 2040 1260 550 1290
0:100 60 1900 140 2600 1D

WF . WWF
80:20 60 2710 1380 2620 1240
60 : 40 60 2060 1210 400  U®
40 : 60 60 1740 1080 260 1
20: 80 60 1390 870 1650 780
0100 60 1310 830 1660 780

Table5. Bread making quality of wheat flour and
RESULTANT /C/TT/WHOLE WHEAT FLOUR BLENDS

Flour Loaf Loaf Crumb Crumb
blend wt \0i score* texture
0 (i) (ko)
WF : RA
100:0 128 4% 75 280
80:20 1% 4554 6.9 283D
60:40 1310 464a 6.6h 284D
0:60 1383C 4434 6.3* 350
20:80 1407 419 56ad 3.80*
0:10  1430f 31k 50ck 4,450
WF : WWF
80:20 1369 47% 6.9 300
60:40  1404d 450d 55d 304D
0:60  1420df 4100k 4.6¢ 410C
20:80 1465 4t 2.8f 4500
0:10 G 304f 2.3 5.10d
S +0.599 +1238 +0.26 +0.68
* Maximum —8

Each observation is a mean of four replicates o
Means of same column followed by ditferent letters differ significantly a
5% level according to Duncan's New Multiple Range Test

temperature of the WF and RA/WWF blends. The peak
viscosity decreased by 520 AU and 1110 AU, when RA and
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WWF contents respectively increased in the blend indicating
increase in the ct -amylase activity. The decrease in set back
value by 760 and 1100 AU due to increase in RA and WWF
contents in the blends, respectively, indicated possibly the
slowing of rétrogradation of starch.

Bread making quality:  The results of bread making trials
are presented in Table 5. There was gradual increase in loaf
weight, as RA/WWF content increased in the hlend. This
can be attributed to the increase in the water absorption (Table
2). Statistical analysis of data indicated that loaf volume and
crumb texture were significantly affected, when RA and
WWF contents in the blends exceeded 60 and 40 per cent
respectively. Crust colour increased gradually from light
brown to dark brown. The wholesome wheatish taste was
observed, when RA or WWF content in the blends was 40
per cent or more. The decrease in crumb score due to RA
was 2.5, as against 5.2 in WWF. The crumb texture of blends
recorded as compressibility showed gradual increase. The
crumb softness of breads from WF and RA blends was
comparatively better than that of corresponding WF and
WWF blends.

It may be concluded in terms of chemical, rheological and
bread baking quality, the blends of WF and RA are

comparatively better than those of WF and WWF and good
qua! ty brown bread can be prepared from 40:60 WF and
RA or 60:40 WF and WWF blends.
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The skim milk powder prepared by atmospheric roller drying system showed higher sinkability, more wettability time, lower solubility,
bulk density (both loose and packed) and dispersibility. The particle size of vacuum roller dried powder was smaller and more
uniform and the colour of atmospheric roller dried powder was more brownish than that of vacuum roller dried milk powcer.
The moisture content was observed to be comparatively more in vacuum roller dried samples. 5-hydroxymethyl furfural (HMF)
values were found to be almost 7 times higher for atmospheric roller dried samples than vacuum roller dried powders.

Most of the dry milk in India is made exclusively from
buffalo milk. The beverage quality of skim milk powder
(SMP) of easy dispersibility and adequate shelf life can be
produced by vacuum drying process, In milk powders, casein
%ar_tlcles plav an important role and affect the various attributes.

his paper deals with the effect of vacuum roller drying in
comparison with atmospheric roller drying on the physico-
chemical characteristics of SMP made from buffalo milk.

Materials and Methods _ o

The fresh buffalo milk was obtained from the institute herd
comprising of Murrah buffaloes. The raw milk was separated,
and the skim milk was preheated to 90°C and condensed to
20 and 25 per cent total solids (TS) ina Volma double effect
falling-film evaporator. The condensed milk samples of both
concentrations (20 and 25 per cent TS) were divided into two
portions. One portion wes dried by using atmospheric roller
gr!er, while the other portion was dried on vacuum roller

rier.

Atmospheric roller drying:  SIMon’s 18 X 54 in. twin
cylinder drier was used for atmospheric roller drying. Two
steam %ressure_s 0f 50 psig and 60 psig were selected Tor the
study. The drying of milk was achieve mcustomar?/ manner.
ghek ;%owder was received on conveyor and collected in
UCkets.

vacuum roller drying: A [aboratory model, twin cylinder
vacuum drier made o% stainless steel was used. Thelength
and diameter of each roller was 152 ¢m, and the capacity
of drier was 800-1000 g/hr of dry Product containing about
4.5-5.0 per cent moisture. The rollers were mounted inside
a chamber which was closed during oPeratlon under vacuum.
All the operating conditions were Kept the same as in the case
of atmospheric roller drying. The vacuum insice the chamber
was maintained at 27 in. of Hg. The feed rate was adjusted
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to 35 and 4.0 kg/hr corresponding to 20 and 25 per cent TS,
respectively in concentrate. The vagours condensed insicle
the coils were removed after every 30 min. At this stage, the
machine was stopped and vacuum released. The powder
collected in trays inside the chamber was taken in triplicate
for studies.

Physico-chemical analysis: _The colour of SMP samples
was estimated by slightly modifying the method suggested
by Inglel Animal “charcoal was used in the present
mvesthatlon in place of Norrit. The particle size of the sample
was determined by a modification of microscopic procedure
described by Janzen et al.~ and adopted by Beckett et al. \
The bulk den_sHY was determined according to the procedure
detailed by Sjollemad. The solubility index and dlfklersml_lgty
were tested Tollowing the standard methodsb. \Wettability
time was examined as suggested bY Muers and House6, and
sinkability as prescribe b%/ Buflock and Winder7, The
s_amPIes iwere analysed for fat. moisture. TS content] and
titratable acidity (TA)4. The content of 5-hydroxymethyl
furfural in SMP was estimated by following the mithod-A
of Keeney and Bassettel)

Results and Discussion

The results pertaining to
samples are presented in_ _

As expected, the solubility of vacuum roller dried powers
was greater than that of the atmospheric roller dried samples.
Hlﬁher steam pressure of 60 psig employed in the atmospheric
roller dryln? and use of feed concentrate with higher TS of
25 per Cent resulted in lower solubility of the” powders;
whereas the effect was not so much on SO|UbI|It?/ due, to
increased steam pressure in case of vacuum roller dried
samples. However, the increase in TS in feed concentrate
resulted in decreased solubility for vacuum roller dried
samples. The packed bulk density was found to be greater

prh)ésical characteristics of the SMP
able 1
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Table 1 Effect of different roller drying systems at 5o psig and eo psig on the physical characteristics of

BUFFALO SKIM MILK POWDER*
Atmospheric at 50 psig Vacuum at 50 psig Atmospheric at 60 psig Vacuum at 60 psig

Characteristics Level of total solids in cone milk Level of total solids in cone, milk
20% 25% 20% 25% 20% 25% 20% 25%
Solubility index (ml) 790 863 210 M3 9.40 1004 214 243
Bulk density (g/ml)
Loose 0.302 0310 0.363 0.367 0321 0331 0.364 0.361
Packed 0.389 0.400 0468 0475 0412 0421 0.469 0476
Dispersibility (g) 17.252 17620 21.1% 21574 16.1% 16.320 21.155 21.240
Wiettability (9) 254.3 203.6 306 38.2 2978 2182 396 38.2
Particle size (p,)
Range 18.53- 20.39- 16.44— 18.87- 20.58- 20.92- 18.08- 19.46-
80.34 85.60 3106 38.54 91.29 10080 10180 35,63
Average 4842 5183 20.79 21.36 55.65 5197 20.67 22.03
Colour index 2 2+ 1 1 2+ 3 1 1
Sinkability (% transmittance)
2 min 90.3 878 833 80.0 97 01 833 80.0
4 min 86.8 84.3 795 769 88.6 814 795 769
6 min 838 8L7 743 720 86.2 838 4.2 721

t Averae of three replicates
+ Compared with colour standards

than loose hulk density in case of all the samples prepared
by employing two drying techniques. The bulk densn}/, loose
a5 well & packed, of vacuum roller dried samples was
observed to be more than that of atmospheric roller dried
nowders. The higher values for bulk den5|t¥ of vacuum roller
dried samples may be due to a more unitorm size of milk
powder particles (Fig.) obtained as a result of vacuum dryin
process, and non-uniform sized particles of powder (Flg.z
obtained in atmospheric roller drying. Use of higher TS in
feed concentrate and increase in Steam pressure were found
to enhance the bulk density of the samples.

The extent of dispersibility was more for the samples made
by vacuum roller drying process. This _ma%/ perha?s be due
t0 lesser degree of heat induced changes in the samples during
vacuum drying. A higher steam pressure of 60 psig used in
the atmospheric roller drying process produced milk power
with lower dispersibility, but no effect in case of vacuum roller
dried samples. A hlqher TS of 25 per cent in the feed
concentrate gave a Sli htl}/ more dispersible product as
compared to 20 per cent TS Tor both the roller drying systems.
The vacuum roller dried samples showed a mucti lower
wettability than the atmospheric roller dried samples. A
higher steam pressure of 60 psig resulted in a higher
wettability time in case of atmospheric roller dried samples
only. Inboth drying systems, the wettablllt¥ time for samples -~ - A
was found to be lower when a higher TS 0T 25 per cent were -
used in the feed concentrate. Fig.l. - Micro-photograph of vacuum roller dried buffalo skim milk powder.
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The average particle size of vacuum roller dried sample
was much smaller than that of atmospheric roller dried
sample. A hlqher percentagge of TS in feed concentrate (25
per cent%_resu ted ina slightly larger sized powder particles.
Also, higher steam pressure” of 60 psig Sroduced
comparatively blgger sized particles. The vacuum roller
drying systern produced powder particles of more uniform
size as compared to atmospheric roller drying system (Fig.
Land 2). The use of atmospheric roller drying process and
higher steam pressure produced slightly brownish coloured
powder as compared to vacuum roller drying process
obviously due to higher heat treatment. The Variztion in TS
of feed concentrate did not affect the colour of the samples
obtained by vacuum roller drying process.

The results for sinkability indicate that the values were
lower for the vacuum roller dried samFIes. The increase in
steam pressure was observed to slightly increase the
sinkability only in case of samples made by atmospheric roller
drying Pro_cess. The increase in TS coritent from 20 to 25
pertcen slightly decreased the sinkability in both the drying
systems,
yThe results for chemical characteristics are given in Table
2. The fat content in samples varied between 0.97 and 1,03
per cent, suggesting that the method of dr¥|ng, variation in
steam Pressur_e, an chan?e In TS content of feed concentrate
did no slgnlflcantly affect the fat content of the milk powder,
The moisture content of atmospheric roller dried samples was
observed to be comparatively lower than the vacuum roller
dried samples. This was male due to higher deﬁre_e of heat
treatment received by the milk durln? atmospheric roller
drying. For the same reason, the samp es made by applyl_n%
higher steam pressure of 60 psig resulted in the product wit
lesser moisture content in atmospheric roller drying only,
because the drying temperature mainly depends upon the
extent of vacuum, and not the steam pressure. A higher TS
content of 25 per cent in the feed concentrate gave the samples

Table 2.

Fig.g. Micro-photograph of atmospheric roller dried buffalo skim milk
POWCEr.
with higher moisture content in both the drying systems, This
was perhaps due to a thicker milk film when the TS in the
feed concentrate were more, and probably the drying was not
efficient. Further, higher the values for moisture content,
lower were the TS content and vice-versa.

The TA (per cent lactic) of the samples_preloared by
atmospheric - roller dr)(lng process was slightly lesser
compared to vacuum roller dried samples. However, higher

Effect of different roller drying systems at 50 psig and 60 psig on the physical characteristics of

BUFFALO SKIM MILK POWDER*

o Atmospheric at 50 psig Vacuum at 50 psig Atmospheric at 60 psig Vacuum at 60 psig

Characteristics
Level of total solids in cone milk Level of total solids in cone, milk

20% 25% 20% 25% 20% 25% 20% 25%

Fat (%) 0.97 103 100 100 0.99 10 0.99 0.98

Moisture (%) 3% 39 4.64 47 350 369 4.64 4.0

Total solids (%) 96.25 9%.01 95.36 95.29 96.50 %31 95.36 95.30

Titratable acidity (% lactic) 0.128 0129 0133 013 0.127 0.127 0.128 0130

S-hydroxy methyl furfural 6.365 769 0.894 198 8116 9.395 0893 11%

(' “mohi ol milk)
*Average of three replicates
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concentration of TS in feed did not markedly influence the
TA of the samples, while increased steam pressure used for
Lh_e r:nan%l'\acture of SMP resulted in the product with slightly
igher TA.

he observations on 5-h2/droxymethy_l furfural (HMF) of
the SMP samples in Table 2 show that higher steam pressure
of 60 psig in atmospheric roller drying of milk resulted in
samples with higher HMF, probably due to glreater incidence
of heat exposure, whereas in vdcuum roller drying, the
increased steam pressure caused no effect on HMF Values
of the SMP samples. Similarly, higher TS content in feed
concentrate 8ave a product with more HMF. The amount of
HMF formed during processing measures the heat exposure
of milk, provided we TS content of the milk are kegt
constant". Further, the total HMF colour Is an indicator of
the solids content in milk, with higher solids yielding more
colour. In ?eneral,_the results on HMF reported n this
commjtlmlca lon are in harmony with those of Della Monica
et al.
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Among the 224 DNase positive enterococci recovered from 208 samples of milk and milk products and 24 sources other than dairy
products, 83.9% were enterocin typable. Of these, 28'belonged to Streptococcus faecalis var. faecalis, 16to S. faecalis var. zymogenes,
87 to S. faecalis var. liquefaciens, 51 to S. faecium and 6 toS. durans. Sixteen enterocin patterns were noticed among S. faecalis
and its varieties. The most predominant type was 65-603 followed by 10541 and X-9. Similarly, nine enterocin patterns were observed
among S. faecium and S. durans. Among these, enterocin type X-9 was the most predominant. Enterocin patterns found among
enterococci isolated from milk and milk products were also observed among the enterococci recovered from other non-dairy sources.
Enterocin type X-9 recovered from both dairy and non-dairy sources was the most prevalent (29.2%) either singly or in combination
with the other types followed by types 10541 (154%) and 65-603 (14%). The epidemiological significance of enterocin typing of enterococci

has been discussed.

Among the different types of microorganisms that can
easily gain access to milk products, entercocci constitute an
important group. The presence of these organisms in dairy
products is considered significant because of their possible
role in food spoilage12 and food poisoning under certain
conditions34. Enterococci may also be used as indicators of
unhgglemc conditions. during the production of dairy
productsse. The significance of these organisms in dairy
products has been highlighted in” our P_rewou_s
communications/B. These organisms are also implicated in
diferent diseases like urinary tract infections9 and
septicemiadio in man and mastitis in animals". Production
of thermostable deoxyribonuclease by enterococci has also
been su?gested as an‘index of their enterotoxigenicity2 In
view of the consicerable public health sqnlflcance_ of
enterococci in dairy products, identification of the possible
sources of contamination by enterocin typing could be useful.
In this investigation, this method of epidemiological ty mg
has been carried out on DNase positive enterocgcei isolate
from dairy products as well as from their possible sources
of contaniination.

Materials and Methods

Screening ofenterococcifor DNase and TNase: A total
of 810 enterococcal isolates characterized as ‘true enterococci’
recovered from 208 samples of milk and milk products and
24 other sources (faecal matter, urine, dairy water and hand
washings of milk handlers) were subjected to deoerlbo-
nuclease (DNase? as well as thermonuclease (TNase) tests?.
The enterococcal isolates exhibiting DNase activity were
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identifiedB All the cultures were maintained on blood agari
with subculturing every fifteen days. =

Enterocin typing procedure: All the DNase positive
enterococci were subjected to enterocin tmeg following the
modified plate assay techniqueband a total of 18 indicator
strains were used in our study. Each indicator strain was
8rown in 10 ml glucose broth at 37°C for 8 hr. Samples of
1 ml aliguots Econtammg approximately 50 to 100 x 10
cfu/ml) were spread on the surface of serum a%ar plates and
the inoculated plates were surface dried at 37°C for 30 min,
Each petri plate was divided into eight equal parts and each
part was SROt inoculated with brain heart infusion (BHI)
culture of the test organism. Sterile BHI broth was similarly
spot inoculated in the centre of the agar plate to serve as a
control. The inoculated plates were incubated at 37°C for 18
hr and the zones of inhibition were measured. An average
zonal diameter of 2,0 mm or more (excluding spot inoculum)
was taken as a positive indication of enterocin production after
replicate trials. o _

Indicator strains:  1Ng foIIowmg 18 indicator strains for
enterocin typing were gbtained through the courtesy of Takako
Ito, Department of Microbiology, Tokyo Women's Medical
College, Tokyo, Japan:

Lig A Group A streptococcus faecalis V.

. liguefaciens Strain A .
LI%B Group Ds. faecalis V. liquefaciens Strain B
2025 Group D s. faecalis Var. liquefaciens2025
10641 Group D s. faecalis ATCC 10641
9790 Group D s. faecalis NCTC 9790
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7073
X-9
65-609
815-2
1151
1081
927
244
697

739
T

TIZ
PcT,

Group D strains isolated from patients

. Group A, type 3 strain RI-T3
. Group A, type 12 strain RI-T
. Group A, type 12 strain Pc-Tp

Hemolytic activity:  All the DNase positive enterococci
were tested for their hemolytic activity on blood agar
following the method of Cruickshank

Results and Discussion .

The ability of enterococci to produce enterocins has been
used in the classification and egldemlolo%lcal typm? ofthese
organisms. In the present studly, 224 efiterococcal Isolates
were selected for enterocin typmg out of 810 on the basis of
their ability to produce DNase. From the data presented in
Table L it is quite evident that a sizeable number of
enterococci (83.9 per cent) were typable with eighteen
indicator strains. The number of typable strains was 187 (84.2
per cent) out of the 216 isolates recovered from milk and milk
products compared to (75.0 per cenp of the 8 isolates from
sources other than dairy ?roducts. urther, the majority of
the enterocin t gable iSolates belonged to's. faecalis Var.
liquefaciens (46.3 per centﬂ followed Dy 5. taecium (27.1 per
cent). Similarly, among a

3

the s. faecalis V. liquefaciens

strains of dairy origin, 92.0 per cent were t Pable._ The
number of typdble isolates (36$)were recovered from infant
foods followed b)( Cheddar cheese (34), ice cream and non-
fat dry cow’s milk (& eachg. The most predominant types
from these products were 5. faecalis VAr. liquefaciens, .
faecium AN S. faecalis var, faecalis. The results of the present
findings are consistent with those of our previous fmdlnqSB
where 76,0 Per cent of the isolates were enterocin typable.
In terms of recovery of the isolates, our results are in
a?reement with those of Maleszewski and Stec who had
also observed that s. faecalis constituted the highest
proportion (88-89 per cent) of strains producing bacteriocins
antagonistic to other bacteria. These workers suggested that
bacteriocins may be an important factor in regard to the
dominance of enterococci in fori.,. N

The data regardln(]; the enterocin patterns exhibited by
different enterococcal types isolated from different sources
have heen recorded in Table 2. From the data, it is fairly
evident that sixteen different enterocin pattemns were
associated with s. faecalis and its varieties from dairy Ofl%ln.
The most prevalent pattern among these isolates was 65-603
followed by 10541 and X-9, The enterocin pattern 65-603
alone was exhibited by 26 isolates belonging to s. faecalis
Var. liquefaciens and 2 isolates belongln% 10's. faecalis V.
fagcalis. However, the pattern X-9 was shown by 14 isolates
0fs. faecalis Var.faecalis and 6 Ofs. faecalis Var. zymogenes.
Among the s. faecium and's. durans i50lates recovereg from
milk and milk Prod_ucts, the most prevalent type was X-9 &
34 isolates be ongm? 10 s. faecium along exhibited this
pattern. However, patfern 65-603 was shared by three isolates
each of s. faecium and s. durans. Apart from these, seven
other patterns namely 244; X-9, 244 X9, 1151, 65-603;

Table 1L Number of enterocin typable DNase positive enterococci recovered from different sources*

Source S. faecalis S. faecalis
var. V.

faecalis Zymogenes
Raw cow's milk 3 1
Pasteurized cow's milk 0 0
Sweet cheese 7 0
Cheddar cheese 6 2
Butter 4 0
Kulfi 3 2
Kulfi mix 1 3
|ce cream _ 1 1
Sweetened condensed milk 0 2
Non-fat dgl cow’s milk 1 1
Infant foo 1 4
Total (milk products) (A) 20 16
. (87.) (69.6)
Non-milk product, sources (B) 0 0(1)) 0
Total of (A) + (B) 28 1
(149) (85)

Figures in parentheses indicate per cent values.

S. faecalis S. faecium S. durans Total
v,
liquefaciens
1 5 1 1
0 0 0 0
4 0 0 1
5 I 0 4
3 0 1 8
6 1 0 B
6 1 0 I
1 7 1 il
0 8 1 1
9 9 1 il
B i) 1 36
(9%30) (7%01) (7560) 8%18%
b, om
. 7,
8 1 ( 5 ) 6 (188)
(46.3) 210 (32 (83.9)
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TABLE 2.
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ENTEROCIN PATTERNS OF DNase POSITIVE TYPES OF ENTEROCOCCI ISOLATED FROM MILK AND MILK PRODUCTS

AND OTHER SOURCES*

Enterocin pattern

Number of typable strains

(single/combination) -
S. faecalis
Var.
faecalis
X-0% 40
244 46
X9, 244 0
979
X9, 9790
X9, 151

1081

X9, 1081

10p41*

65-603*

10041, 65-603*

X9, 7073

X9, 2025

244 7073

2025, 7073

8152

T,

Lig A*

thi B

244, LI% A, X-9 65603
8152, 739, Pc-T|2

ng A ng B, 244, X-9
L9, 697, 244, 8152
X9, 244, 1082, Lig A,
ng B, 10541, 9790
7083, 1151 697, T,
Unt¥pable

Tota

O O O OO OO I NI = PO O

4
1)

S. faecalis
var.
Zymogenes

6

OcDoOoO OO OOOOOONNOOO =P

!
23

S. faecalis 5. faecium S. durans
var

liquefaciens

<w

N
=
OOOOOONwWwhOOMNOOPPN B~

)
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2
coo ogr
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Figures in parentheses indicate types recovered from sources other than milk and milk products. *Prevalent types in sources other than milk and milk products.

10541; 01541, 65-603; Lic A were also recorded in the Sixteen
other isolates of s. faecium and's. durans. Among the isolates
from sources other than milk and milk 5[z)lroducts only five
enterocin patterns, namely X-9; 10641, 10541, 65-603; 65-603
and Lig A were observed. ,
The prevalence of enterocin patterns 65-603 and X-9 in
majority of the isolates belonging to s. faecalis and its
varieties recovered from dalr?/ products espeuaI,I% Infant foods
and non-fat dried cow’s milk is consistent with our earlier
observationsB where similar patterns were recorded in
enterococci recovered from infant foods. However, Sharma
et /B, demonstrated the predominance of enterocin types
X-9.and 1081 among group D streptoccei isolated from
clinical sources, In case of's. faecium and s. durans, the
predominance of Rattern_X—Q and 65-603 respectively is again
In agreement with the fmdm?s of Sharma et a/'8, who also
recorded the prevalence of types X-9 and 244 among the
isolates of these two types from clinical sources. Since nine
enterocin patterns were recorded among s. faecium and s.
durans recovered from dairy products In the present study

as compared to sixteen from s. faecalis and its varieties, the
heterogeneity of the former tYpes in milk and milk products
appears to~ be considerably lower. Nevertheless, the
occurrence of enterocin patterns X-9, 1081 and 244 prevalent
both in the clinical isolatesBand in milk and milk products
(present study) do_highlight the possible role of these tyPes
In causing human infections. A comparison between the Tive
enterocin types recovered from sources other than milk and
milk products with those obtained from milk and milk
Broducts indicates that man}/ of the patterns were common in
oth, thereby, suggesting that human fagcal matter, dairy
water and milk handlers might be the Possmle sources of
enterococci in dairy products. .However, the sources of other
enterocin types could not be ascertained. _
The data ertalnmﬁ( to distribution of prevalent enterocin
types in different mifk and milk Eroducts and other sources
have been recorded in Table 3. From the Table, it is quite
evident that infant foods accounted for the maximum number
of typable isolates. X-9 was the most prevalent type in infant
foods as 19 out of 36 typable isolates exhibited this patter.
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Table 3. Distribution of enterocin patterns shown by DNase positive enterococci in different samples of milk
AND MILK PRODUCTS AND OTHER SOURCES

Enterocin No. of typable isolates

pattern

combination RCM PCM  SC  cC B K KM IC  SCM NFDCM IF M w  HWM

X% 6 0 0 8 1 g 3 2 0 0 9 1 0 0

224 1 0 1 0 6 1 2 0 0 0 0 0 0

X-0. 224 1 0 1 1 0 0 0 g 0 0 0 0 0 0

9790 1 0 0 0 0 3 2 0 0 0 0 0 0

X-9. 9790 0 0 0 0 0 1 0 0 0 0 0 0 0 0

X0, 15 0 0 0 0 0 1 0 3 2 1 0 0 0 0
1081 1 0 0 0 0 1 0 4 0 0 0 0 0 0

X0, 1081 0 0 0 0 0 0 0 0 0 0 0 0 0 0
19641 0 0 8 4 0 1 0 0 0 0 0 0 0 q

65-603* 1 0 0 0 1 2 5 1 1 5 8 0 0

10541, 65-603* 0 0 1 1 0 1 0 0 0 8 0 1 0 0

8152 0 0 0 0 0 0 0 0 0 3 0 0 0
Lig A* 0 0 0 0 0 0 0 0 0 0 5 0 1 0

Il:iqR Lid B, 244 0 0 0 0 0 0 0 0 0 0 1 0 0 0
iq A, Lig B. 244,

X-% | 0 0 0 0 0 0 0 0 1 1 0 0 0

X-0. 244, 1081,

Lig A 0 0 0 0 0 0 0 0 0 1 0 0 0 0

e

Total 10 1 % 8 B 1L 2 1t 2 ¥ 2 2 2

RCM — Raw cow's milk; PCM — Pasteurized cow's milk; SC — Sweet cheese; CC — Cheddar cheese: B — Butter; K — Kulfi: KM — Kulft mix;
IC — Ice cream; SCM — Sweetened condensed milk; NFDCM — Non-fat dry cow's milk; F — Infant food; FM — Faecal matter (human); W -
Water (Dairy); HWM — Hand washings of milkers »Prevalent types in sources other than milk and milk products.

The same pattern was also observed in isolates recovered from
non-fat dried cow’s milk, cheddar cheese, raw cow's milk,
kulfi and ice cream. Infant foods also contributed another
enterocin pattern Liq A. In addition to these, several other
enterocin patterns were also observed in enterococci isolated
from other types of dairy products, aIthough their incidence
was considerably lower. The chief source of enterocin pattem
65-603 mcrlmmatlnq milk and milk products appears to be
the hands of the milkers since the same pattern was also
prevalent in the milker's hand washings. The prevalence of
enterocin types X-9 and 65-603 in, infant foods and other
products corroborates our earlier findingsh _
The data pertaining to the enterocin typability of hemolytic
enterococci have been presented in Table 4. AS is clear from
the Table, a sizeable number %33.9 Per_ cent) of enterococc
exhibited either alpha or beta hemo YSIS' Out of these, 84.2
per cent were enterocin typable. All the hemolytic isolates
recovered from Cheddar Cheese, ice cream and K ulfi mix as
well as in infant foods exhibited enterocin typabllltk/. Similarly
majority of the hemolytic isolates (> 85 per cent) recovered
from K urfi, sweetened condensed milk, non-fat dried milk and
sources other than milk and milk products were also enterocin
t)%pable. Our results in this regard are in agreement with those
of Appelbaum and Zimmermans who also reported that
hemolytic straing of 5. faecalis Var. zymogenes Were capable
of entérocin production. However, our findings indicate that

Table 4. Enterocin typability of hemolytic
ENTEROCOCCI RECOVERED FROM DIFFERENT SOURCES

Sample/type No. of  No.of  No. of % typa-
isolates hemolytic hemolytic  hility of
isolates  entercocci  hemolytic
exhibiting  enterococci
enterocin
typability
Raw cow's milk 23 18 1 611
Swest cheese 5 0 0 00
Cheddar cheese % 5 5 1000
Butter 8 0 0 00
Kulfi yil 9 8 889
Kulfi mix 5 7 7 1000
|ce cream 5 4 4 1000
Sweetened condersed
milk iV 7 6 85.7
Non-fat dried milk 5 5 3 86.7
Infant food 40 4 4 1000
Other products* 8 7 6 &7
Total 224 16 64 84.2
(33.9%)

»Sources, other than milk and milk products
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all the enterocin producing isolates need not be hemolytic
as IS evidenced by high typability of several non-hemolytic
enterococei also.” _

Hence, from this study, it can be concluded that the
enterococci appear to be quite heterogenous as several
enterocin Fatterns were recorded. Nevertheless, enterocin
typm% could be a useful epidemiological tool for [ocating the
possible sources of contamination n dairy products.
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A new meat product, ‘Meat Preserve’ with optimum salt concentration, low pH and low- moisture level, which can be stored at
ambient temperature (25-30°C) was developed. The desired moisture level in meat (38-40%) could be obtained by frying pork slices
of one inch cube, in oil hydro between 150°-160°C, for about 30 min. Salt content of 6-8% and pH of 3.8-4.0, were obtained by
equilibrating the fried pork cubes with acidulated brine solutions containing 25% salt in 5% acetic acid. ‘Meat Preserve’ obtained
by mixing the treated pork cubes with a gravy containing spices, was found microblally safe, and had acceptable taste and flavour

upto six months of storage, at ambient temperature.

Preservation of meats either in the fresh form, or
conventional processed form, demands considerable amount
of energy input. Alternate methods of preservation, preferably
at ambient temperature, would not only save energy but also
bring better economic returns. Meat preserves can he
prepared at optimum salt concentration” and low pH and
moisture |evels in meats with or without added preservatives
along with a gravy of spices.

In‘the present investigation, attempts were made to develop
a new meat preserve which can be stored at ambient
temperature, with optimum salt concentration, low pH and
moisture level. Systematic studies on the treatment of fried
meats with acidulated brines of various strengths and the
effects of treatments on salt penetration, pH and textural
changes were conducted in order to develop a ‘Meat Preserve’
Microbial gualléy and storage stahility of the product were
also studied and the results are presented in this paper.

Materials and Methods o

Pork from hind legs of Yorkshire pl?s ofabout 12-15 months
old was obtained from local markef of Mysore city. The skin,
bone and fat layers were removed and lean meat of 2.5 ¢cm
cubes were made and used for frying experiments. Frying
the meat cubes was carried out in an electrically heated pan
at temperature between 150 and 160°C for about 30 min, The
fried meat cubes were then equilibrated in acidulated brine
solutions of various concentrations like 10, 15 20 and 25 per
cent salt in 2 and 5 per cent acetic acid solutions. The ratio
of fried meat cubes to acidulated brine solutions was taken
as 1:2 in all the cases to ensure complete immersion of the
meat cubes in the liquid. Moisture, pH, and salt content in
the meat_cubes were determined after equilibrium was
attained. The pH of meat was determined by the method given
by Ockermanl Moisture and salt contént in meat were
determined by A.O.A.C. methods2 For the development of
‘Meat Preserve’, meat cubes equilibrated with 5 per cent acetic

acid containing 25 per cent salt were used. A gravy of spices
was prepared ‘and mixed in L1 ratio. o

Gravy preparation:  1Ne COMPOSItion ofFravy IS given in
Table f Erhe oil was heated in an electrically heated pan to
about 150°C. The sliced onions, %lnger and garlic were fried
to light brown colour. Chilli powder was added with stirring,
followed by %owder,ed coriander seeds, cumin, cloves and
cardamom. Turmeric powder and salt were added while
mixing. Lime Jume, red chillies, mustard powder, vinegar and
sugar were added at the end and heating was contintied till
the resulting mass hecame thick and viscous.

The Lied and,eﬂumbrated ork cubes were then added to
the spice gravy in the ratio of 11 and mixed. After cooling,
the meat preserve was filled in glass bottles (450 gg.

Table L Composition of gravy for meat preserve

Onion (g) 150
Red chilli- (powder) (g) 20
Turmeric () 0
Vinegar (ml) 150
Sugar (g) 60
Salt (g) 5
Lime juice 30 ml
Red chillies, quartered (g) 3
Mustard powder (g) 2
Coriander seeds  (powder) (g) 50
Cumin, (powder) (g) %
Ginger (slices) () 5
Garlic () 5
Cloves (g) 5
Cinnamon (g) 5
Cardamom (g) 5

pH of gra-y 38
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Flﬂ){ ml of mustard oil was heated to 60°C and acded to each
botfle of the preserve to cover the surface. The bottles were
closed with bakelite screw caps and stored in a cool place
at ambient temperature of 25-30°C. Sensory evaluation, and
[‘ﬂleObIO|p|(_qua| analyses3 were conducted at regular
intervals till" six months of storage period.

Results and Discussion o

. The pH of gravy was found to be 38 (Table 1) which is
ideal for the development of meat preserve. When raw pork
cubes of 2.5 cm size, were fried in oil hydro between 150
and 160°C, the moisture content reduced from 72 to 38 per
cent in a period of about 30 min. One kg of pork cubes (2.5
cm size) on frying became 350 g at the end. The minimum
time re,guwed to reach equilibrium between the fried pork
and acidulated brine (25 per cent salt in 5 per cent acetic
acid) was 5 hr at ambient temperature (25-30°C). The
moisture content in the fried meats was in the range of 36
to 42 Per cent after equilibrium was attained, with the
acidulated brines of different concentrations. But the [;H and
salt contents in the treated fried meats varied from 3.7t0 4.3
and 36 to 7.3 per cent respectively ‘Table,Z). Moisture and
salt contents in the fried meats treated with the acidulated
brines of 25 per cent salt in 5 per cent acetic acid (wfv) were
found to be 36.4 and 7.3 per cent respectively, which i ideal
for the development of ‘Meat Preserve’

Table 2. Moisture,pH, Nad and w.b. shear values in
FRIED PORKS AFTER TREATMENT WITH ACIDULATED BRINES
OF VARIOUS STRENGTHS

Salt  Acetic  Moisture  PH NaCl W.B. shear
(%) acid (%) (%) values
(%) (Ib/in2)
0 2 2.7 40 36 105
0 5 433 39 44 Bl
b 2 43 40 47 106
b 5 404 38 54 134
20 2 386 40 6.2 18
20 5 31 43 6.9 136
5 2 38 38 6.3 116
5 5 36.4 37 13 138

The fried pork had 38.40% moisture and 120 Ib/in" W.B shear values.
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Table 3. Proximate composition of meat preserve

Constituents Per cent
Moisture 382
Protein 01
Fat 25.2
Ash 68
Salt (NaCl) 61
pH 40

It was also observed that with decrease in moisture content
In the meat, increased were the W.B. Shear values (Table 2).
The ‘Meat Preserve’ obtained after mixing with the spice
gravy had ng In the range of 3.8-4.0 and moisture content
etween 38 and 40 per cent and salt content between 6 and
8 per cent. The proximate composition of meat preserve is
fqlven inTable 3 The precond!tlomn? of meat by equilibration
as helped to overcome the high buffer capacity of meat and
this has resulted in mamtammq_}he H of the finished product
(Table 32)_very_close to the pH of the gravy (Table 1),
Micro |oIo?|caI studies on meat preserve, revealed that the
product was free from pathogens. Total _plate counts, were
within the permissible limits and did not increase durm% the
six months storage period. The preserve had acceptable taste
and flavour and did not show any change in quality during
the storage period. ,
Hence, a safe meat preserve could be prepared, with salt
acidulation combination and the product is suitable for use
i our dietary system.

Acknowledgement _ .

The authors thank Dr. B.L. Amla, Director of the Institute
and Dr. M. A, Haleem, of the Institute for their keen interest
and encouragement in this work. The authors are also thankful
to Mr. R.B." Nair, for his valuable suggestions during the
course of this work.

References

1 Ockerman H W. Quality Control of Postmortem Muscle Tissue, The
Ohio State University Press, Ohio, 1973, 8th Edn 50. _

2. Official Methods of Arialysis The Association of Official Analytical
Chemists, Washington, DC 197,

3. Speck, M L, Compendum of Methodsfor the Microbial Examination
8%:oods, American Public Health Association, Inc. New York. 1976.



J. Fd Sci. Technol.,, 1990, Vol. 27, No. 2, 104-106

The Influence of Oxygen Accessibility on the Growth of Yeast
In Fish/Rice Fermentation

Avhurhi*and J.D. Owbns

JB.
National College of Food Technology
Reading, Berkshire, England

University of Reading,

Received 24 December 1988; revised 19 July 1989

Fish/Rice mixture (1:36) was prepared and fermented between 12 and 21 days using 1and 5% inoculum levels under three methods
of air exclusion viz. layering with paraffin oil (PO), paraffin wax (PW) and fermentation lock alone (control). Yeast growths were
recorded under all experimental conditions. No growth was recorded by the 12th day in the control. There was no significant difference
in yeast counts between PO, PW and control. Yeasty flavour developed in bottles exposed to air while the characteristic acid aroma

was exhibited by other systems,

Fermented fish products — Epastes and sauces are important
food supplements in South-East Asia and parts of Senegal
gNest Africa). These products come under several names'in
Oél'[h-EaSt sja. Amanql, Mackie et al.; (?nd Van Veen
ad reviewed fermented fish products found In these areas
but Towry et al.5 reporting its preparation in Senegal
referred to it as noucmam. In addition to preserving the fish,
fermentation results in develogment of novel food products.
Fish is low in fermentable carbohydrates and for ?ood lactic
acid fermentation, an adequate amount of fermentable sugar
Is added. Several carbohydrate sources such as malt, oat
meal6, tapioca7 and rice have been used81 Salt is added to
enhance the growth of lactic acid bacteria. Solidumg and
MendozaD have studied the lactic acid bacteria involved in
the fermentation. _ .
Several authors9" have isolated yeasts from the fermenting
mixture, which in some cases developed yeasty flavour. This
yeasty(_ flavour is not typical of these products and may suggest
defective fermentation. This work was aimed at stu ylng the
influence of air accessibility on the growth, of yeasts in
fish/rice mixture with a view to establishing its role in the
fermentation and contribution to product quality.

Materials and Methods _ _

Fresh mackerel (Scomb@r scombrys) and po_Ilshed rce
K/)Iryza sativa L) were obtained from local shops in Readln%.

ackerel was used because of availability and low unit cost.
The initial inoculum used for the study was a 2-week old
fermented fish/rice mixture obtained from L.S. Mendoza
(Food Microbiology Laboratory, NCFT, Reading). Other
materials used were obtained from Food Microbiology Unit,
NCFT, Reading.

Preparation of mixture: The method of Solidum9 as
modlf?ed by Mendozanwas used for the study, excePt that
the inoculum level was increased from 0.1 to Lper cent. This
level was later increased to 5 per cent in subsequent
preparations when it was found that the yeast count became
nil after 12 days of fermentation. ,

The mixture was tightly packed into fermentation hottles
(180 ml) after thorough mixing. Some bottles were |ayered
with stérile paraffin ol (PO(} and other with paraffin’ wax
(PW) before being stoppered with fermentation lock filled
with" water. The control set had no layer of Raraffln oil or
wax before being stoppered with the [ock. The last set had
no water placed in the lock so as not to impede the flow of
air. They were then incubated at 30°C for fermentation.

Yeastand bacterial countand pH measurement:  COUNS
were made on day 0, 4, 6, 9 and 12 in Batch 1and daY 0

6, 22and 2L in'Batch 2 (Batch Lhad 1 per cent inoculum
vel, while Batch 2 had 5 Rer cent inoculum  level) by
homogenizing 10 q of thorougnly mixed fermented mixture
in 90" ml o." sterile 0.1 per cent peptone water using a
Stomacher (Colworth Stomacher 400) from which_serial
dilutions were made. Yeast counts were mace on Rose Bengal
Chloramphenicol (RBC) agar (Labm, London), while
bacterial counts were made on de-Man-Rogosa-Sharpe (MRS)
Agar (Oxmdl. All plates were incubated at 30°C for 24 t0
48 hr. pH o fermenting mixture was measured using pH
meter (Vibret Iaboratorf/l). _ .
_ Anaerobiosis_in fermenting mixture:  OX0id anaerobic
indicator BR 55 was placed on top of the mixture after
exposing_ part of the paprer to air, before the bottles were
g}%%%eered with the locks. They were examined daily for colour
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AVHURHI & OWENS: OXYGEN ACCESSIBILITY AND YEAST GROWTH IN FERMENTATION

Anaerobic cultivation of isolated yeast: Yeast isolated
from the fermenting mixture was grown on RBC and Malt
Extract Agar (MEA), and incubated anaerobically with
Penicilliumfreq.uentansaﬂdSacc.haromy_cescerevisiae
culture collection), for comparison usmlg a Gaspak system
Baltimore Blolomcal Laboratory). The plates were examined
or growth at fhe end of one week. The plates were
subsequently incubated aerobically for 48 hr at 30°C.

Results and_ Discussion . _

Fermentation was wgorous within the first 3 days and by
day 12, it had reduced considerably as indicated by gas
bubbling through the fermentation “lock. The headspace
became anaerobic within 2 to 3 days as indicated by colour
change in the Oxoid_ indicator paper. _

P dropped from 6.40 at day 0 to 3.7 at day 2 in the second
batch as against a drop_from' 6.45 to 4.0 in the first batch
with the same period. There was, however, no noticeable
_chanPe afterwards in pH hut fluctuated between 3.9 and 4.0
in all"the samples except in open bottles which indicated a
pH of 4.2 by the 14th day. _

Organoleptic changes: The colour of the fe_rment!ng
mixture became creamy brown and fluidy from its white
brown coloration and ‘solid mass as fermentation period
ﬁrolonge_d. This fluidy consistency could be dug to the
ydrolysis of starch. The aroma of the mixture which was
fishy at the start became acidic after 3 to 6 days of fermenta-
tion" in anaerobically fermented mixtures. Acid aroma is
associated with successful lactic acid fermentation of fish2
A yellow mass of yeast growth aﬁpeared on the surface of
open fermenting mixtures by the 6th day. The yellow
coloration could be due to lipid oxidation, although yeasty
odour overshadowed any rancid odour. The &/easy odour is
however not typical of these products. Burkholder et a1.8
experimentally produced fermented fish paste usm? yeasts.
The yeasty odour they obtained differed markedly from the
acid odour of fish pastes of South-East Asia. ,

Yeastand lactic acid bacteria growth: The 8I’0\Nth of lactic
acid bacteria fluctuated between 108g and 109 during the
Perlod (Fig. 2) and this pattern has been observed in fish
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bacteria.

The yeast growth In open mixtures was high risinP to about
108% and did not fall below 107g at the end of 215t cay. The
¥eas counts in other systems were below 106g and declined
aster as fermentation period prolonged. The decling was
faster in the control which recorded no Provvth by 12th day
and 21st day in both hatches, than in paraffin layered mixtures
which exhibited yeast growth (Fig. 2{. However, there was
no significant difference in yeast count between PO, PW and
the control, The yeasts (unidentified) grew slowly on MEA
and RBC. forming pseudomycelial structure with detached
cells looking oblong under anaerobic condition. This indicates
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Fig-1. Lactic acid bacteria growth dynamics in the fermenting mixture

1= Open fermentation

2 = Paraffin oil sealed (1% inoculum)
3 = Paraffin oil sealed (5% inoculum)
4 = Control (1% inoculum
5 = Control (5% inoculum
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Fig.2. Yeast growth dynamics in the fermenting mixture.

1= Open fermentation

2 = Paraffin sealed (1% inoculum IeveI?
3 = Paraffin sealed (5% inoculum level)
4 = Control (1% inoculum level

5 = Control (5% inoculum leve

that anaerobiosis is not ideal for the g{;ovvth of the yeast. A
similar observation was_made by Vaughn et ai.5 with
vegetable fermentation. The death”of the Yeasts in anaero-
bically fermenting mixtures supports this” observation and
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further sugi ests that their presence was not vital in the
process. Although, a pure lactic acid bacterial fermentation
was not carried out, it will be necessary to explore this area,
50 s t0 ascertain product quality. The present study shows
that a simple method of completely excluding air ¢an give
a good flavoured fermented fish paste.

References

1 Amano K M, The influence of fermentation on the nutritive value of
fish with special reference to fermented fish products of Soutn-East
Asia, In Fish in Nutrition, by Heen E and Kruezar R, (Eds) Fishing
News Book Ltd, London, 1962, 180

2. Mackie L M, Hardy Rand Hobbs G, Fermented Food Products, FAO
Fish Report, 197L o _

3. Van Veen A G, Fish preservation in South East Asia. Adv FdRes, 1953,
4, 309,

4. Van Veen A G, Fermented and dried seafoods in South East Asia, In
\F/lslhlzlils Fz%(%d by Borgstrom G, Academic Press Inc, London, 1965,
ol 111, 227.

5 Toury J, Lupveh P GiorEi R and Roult A, Etude d’un nouc-man de
fabrication fluviale (Da a%Chromatograpme desacies amines, Ann
Nutr aliment, 1958, 12, 127, _ _

6. Nilsson R and Rydin C, Fermentation as a means of preserving organic
materials, Acta Chetn Scand, 1965, 17 (Suppl. 1) 5174,

1

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 27, MAR/APR 1990

Stanton N Rand Yeoh Q L, Low salt fermentation method for conserving
fresh fish waste under South East Asian conditions, In Handling,
Processing and Marketing of Tropica! Fish by Sutcliffe, P and Disney
J, (Eds) Tropical Product Institute, London, 1976, 27.

8. Armoyo P'T, Ludovico-Pelayo L A, Solidum H T Chin, Y N Lero M,

B B B «

]

and Akantara E E, Studies on rice-shrimp fermentation — Balao-
balao, Phil J Fd Sci Technol, 1977, 2, 106. .
Soldum H T, Chemical and microbiological changes during
fermentation of Balao-balao, Phi! J Fd Sci Technol, 1919, 3, 1
Mendoza L S, Studies on Fish Fermentation. Ph D. Transfer Report.
NCFT., University of Reade, R_eadlr]g, 1983. .
Orillo C A and Pederson C S, Lactic acid bacterial fermentation of
Eurongi Dalag, Appl Microbiol, 1968, 16, 1669. _
Von Hofsten B and Wirahadikusumah S, Preservation of fish and protein-
rich products by lactic acid fermentation, In Waste Recovery by
Microorganisms bg Stanton, N R (Ed) Dawan Bahasa Dan Pustaka,
Kuala Lumpur. 1972 _
Burkholder L, Burkholder P R, Chu A, Kostyk A and Roels O A, Fish
fermentation, Fd Technol, 1968, 22, 6.
Pederson C S, Sauerkraut. Adv Fd Res, 1960, 10, 246.

15 Vaughn R H, Stevenson K E, Dave B A and Park H C, Fermenting

yeasts associated with softening and gas pocket formation in olives,
Appl Microbiol, 1972, 23, 316.



RESEARCH NOTES

EFFECT OF DRYING AND STORAGE ON THE FATTY
ACID COMPOSITION OF RICE
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The effect of drying and storage of three varieties of paddy (‘IR-8’,
‘PR-108" and ‘Basmati-370) on fatty acid composition was
investigated. Drying of paddy before storage did not produce a
notable effect on the fatty acid composition except that palmitic
acid increased and linoleic acid decreased to some extent. Lower
fatty acids, like palmitic, palmitoleic, stearic and linolenic acids
increased with increase in storage period. Oleic and linoleic acics
consistently decreased with increase in storage period.

It is a common practice to store the harvested paddy for
sometimes before milling. Apart from other chemical and
biochemical changz_es occurring, in stored paddy, ch_anges in
fatty acid composition and fat &lso occur. The rice lipids are
Prone to oxidation and hydrolysis durln%qstorage and are liable
0 alter the flavour characteristics of the stored rice. In the
present study, an attempt was made to mvestl?ate the changes
In fatty acid"composition of lipids of some of the Indian rice
varieties grown extenswelﬁ in Punjab and adjoining areas.

Samples of ‘IR-8* ‘PR-108" and ‘Basmati-370’ varieties of
Baddy Were obtained from the Department of Plant Breeding.

ungab Aqucultu,ral University, Ludhiana. The moisture
contents at the time of harvést for ‘IR-8’ ‘PR-108" and
‘Basmati-370" were 196, 188 and 175 per cent, r_espectllvely(.
One lot of samples from each variety was stored immediately
after harvest at original moisture coritent for one year in gunny
bags under ambient conditions. The other lot was dried fo
12.per cent moisture content using forced air circulation drier
Prlor to storage under similar conditions. The mean
emperature and relative humidity during stora?e were 24.5°C
and 57 per cent respectively. The paddy samples were milled
t? 6 per cent degree of polish after 1, 6 and 12 months of
storage.

_Fatty acids were analysed as their methyl esters with gas
liquid ,chromatogra?,h (GLC) equipped with a flame
lonization detector, fitted with 10 ft X' 'a in. stainless steel
column, packed with 20 per cent diethyl glycol succinate
(DEGS). The lipids were converted into methyl esters of fatty
acids by the method of Luddy et a1.".
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The samples were cooked and evaluated by a panel of judges
for taste, appearance, stickiness, colour, tenderness and'aroma
on a 4-point scale and overall mean values were computed.
Drying of paddy before storage did not produce a notable
effect on the fatty acid composition except that palmitic acid
increased and Tinoleic acid decreased to some extent.
Significant changes in fatty acid composition were observed
in‘milled rice on Storage of pacidy (Table 1), Lower fatty acid,
palmitic, palmitoleic, stearic and linolenic acids showed a
consistent increase but oleic and linoleic acids decreased with
the increase in the storage period. Higher fatty acids showed
a decrease at 6 months and an increase was observed after
12 months of storage. Conflicting results were earlier reported
by Tsuzuki et a1.1 and Ramarathnam and Kulkami3 about
the effect of storage on fatty acid comPosmon. QOur results
for linoleic acid are in agreement with those reported by
Tsuzuki et a 11 but are at variance_for oleic acid. The
differences could be due to the differences in storage
conditions. i : .

Varieties differed si mflca_ntl?/ with respect to fatty acid
composition. Oleic acid and linoleic acid were the ma or,f%tty
acids in all the varieties. ‘Basmati-3/0" and PR-108" had
higher oleic and linoleic acids respectively. Juliano4 reported
that the fat present in the rice contained 40 P_er cent oleic
acid, 35 per cent linoleic acid and 1-2 per cent linolenic acid.
Upto 6 months of storage, the organoleptic quality of cooked
rice improved from a mean score 0f2.63 to 2.93 but thereafter
the quality deterioration started and mean score value after
a year was 2.46 (Table 2). The improvement in the cooking
quality after 6 months was due to ageing effect. The decrease
in the oleic and linoleic unsaturated fatty acids during this
time also supported the improvement in the cooking quality.
The increase In the higher fatty acids after one year storage
deteriorated the cooking quality of rice. Drying of paddy
however, improved the ofganoleptic quality of Ticé as inferred
from the Table values, . _ y
_The changes occurring in fatty acid composition of stored
rice affected the flavour of cooked rice due to increase in lower
fatty acids (Cl and less) during storage.
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Table 1 Fatty acid composition of milled rice as affected by drying and time of storage of paddy*

Varigty Stora%e period  Lower Palmitic Ralmit Stearic Oleic Linoleic Lino- Higher
(months) fat (%) oleic (%) (%) (%) lenic fat
acl (%) acids
(%) (%)
Storage without drying2

IR-8 1 0.76 1919 0.08 120 4129 32.07 17 4.24
6 329 2039 0.93 18 3973 RNl 2.30 0.44

2 485 1824 il 160 39.58 30.04 205 253

Mean 297 1927 071 154 40.20 307 184 240

PR-108 1 071 182 0.06 120 42.20 BN 119 261
6 3% 1851 0.84 158 40.33 3192 187 100

2 4.75 188 187 15 3%.79 2925 2.2 448

Mean 3 1853 0.92 153 0.7 3163 176 212

Basmati 370 1 0.48 1809 0.05 169 43,05 2903 100 160
6 263 198 0.26 218 46,03 201 NG 0.86

2 497 1958 0.62 22 4451 20,71 152 18

Mean 269 189 03t 203 46.20 26.92 183 145

Storage after drying*1

IR-8 1 0.98 21.23 0.07 176 40,76 3145 4 261
6 355 A1 043 158 38.94 3148 139 Y

2 4,60 1853 0.72 17 4013 3047 182 2.56

Mean 304 2032 041 150 30.94 RiNK] 145 2.2

PR-108 I 0.62 1966 005 128 4258 32.55 13 213
6 211 1863 0.37 158 4145 32.718 145 103

2 4.98 1886 0.57 136 3665 2931 2.3 589

Mean 3m 1905 0.33 il 40.23 3157 163 302

Basmati-370 1 04 7% 0.06 NG 43.24 2945 13 161
6 182 192 0.32 2.32 4121 2691 15 0.89

i 520 2024 043 2.56 42.96 2550 163 148

Mean 248 1897 0.27 22 46.16 21.29 130 13

* Stored immediately after harvest: *Stored after drying to 12% moisture. *The total fat content of ‘IR-8’ ‘PR-108' and ‘Basmati-370" when stored as
such and after drying was 0.9, 102, 119 and 104" 107 & 114% respectively.

Table 2. Overall mean score*of cooked rice from _ _ .
THE STORED PADDY 3. Ramarathnam N and Kulkami P R. Effect of aging on fatty acid
clggngnozs%tloyggf some Indian varieties of brown rice, J fU Sd Technol

, Storage

Variety . 4, Juliano B O, The caryopsis and its composition, In Rice Chemistr

Lmonth 6 months 12 months Without ~ With " and Technology, by ?ilopuston, DF (Ed) ,%\ACC, &, Paul, Minnesotay
drying  drying 1972 1

IR-8 242 2.66 2.28 2.21 2.58

PR-108 2.67 282 2.59 2.54 2.85

Basmati-370 2.80 2.30 252 217 305

Mean 263 2.93 246 253 283

*Out of a max. of 4.
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The protein quality of pearl millet soaked in 0.2 N HCI for 15
hr and scarified upto 8.10, 11.56 and 15314% and soaked in 0.2
N HCI for 40,25 and 20 min, respectively, was assessed by using
rats. The PER was found significantly increased from 2.14 t02.32
in 15 hr soaked and to 244 in 15.84% scarified and 20 min soaked
pearl millet. The TD, BV, NPU and UP were also found
significantly increased in both soaked and scarified and soaked
pearl millet. Soaking followed by scarification showed maximum
improvement in protein quality.

In pearl millet, the large amount of polyphenols and phytate
present in the Perlcarp (aleurone layer) of grain could be
removed partially by dehullingl Reichert identified that the
obiectlonabje grey colour of foti of pearl millet was due to
polyphenolic pigments present in the peripheral area of the
grains. Reichert'and Youngs3 further observed that s_oaklng
pearl millet giram_s in dilute hydrochloric acid or citric aci
was the most efficient method to bleach, the grains.

The data on functional4 and rheologicals properties of
depigmented pearl millet flour and sensory quality of roti
show that depigmentation was most beneficial to “improve
some of these properties of flour and roti. Unfortunately, time
required to depigment the grains was observed fo e 15 to
25 .37 |f grains are scarified and then soaked in acid, the
time required to depigment was drastically reduced to a great
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extent.Moreover, phytate was also reduced to a consider-
able extent and there was an improvement inin vitro protein
digestibility8. It was of great interest at_ this juncture, to
assess the protein quality of such pearl millet and therefore
this work was undertaken.

Pearl millet grains were purchased from the local market
and cleaned. A sample (25 g) was soaked in 75 ml of 0.2
N HCI for 15 hr. For scarification, 500 g sample was used,
SOsaw make) for 1 min @-10. per cent) and then soaked in

2 NHCI (2:3, wiv) for 45 min. Similarly, another suich two
sets of samples were scarified for 2 811.56 er centg and 3
(15.84 per cent) min and then soaked for 25 and 20 min,
respectively. Soaking was carried out at room temperature
&~ 28°C). After soaking the grains were filtered and optical

ensity of the filtrate was measured at 400 nm. The grains
were Washed with water for 3 to 4 times to remove the residual

HCI. For comparable bleaching of grains, the oPtlmum
soaking time observed was for unsgarified: 15 hr and for 810,
115 “and 1584 per cent scarified; 45, 25 and 20 min,
respectively8 The scarified and soaked grains (200 g) were
dried, ground to 5pass through 0.25 mm’screen and protein
content” (Nx6.2 2_was determined by micro-Kjeldanl
method9. The protein quality was assessed by d_etermlnlng
the protein efficiency ratio (PER) as specified in IS0 an
experimental- values were corrected. For nitrogen halance
study, adult rats (8 weeks old, 90-100 ¢ each) weré used. The)‘
were housed in individual ca?es and, fed the experimenta
diets. After three days adaptation, urine and fecal samples
were collected for thiree days. The true protein digestibili
(TD), blolo?lcal value (BV)'and net protein utilization (NP
were calculated as per the procedure of Mitchell”. The
utilizable protein &U%fwas determined as protein x NPU/100,
_ The data on PER values (Table 1) show a significant
improvement in rats fed scarified and soaked pearl millet over

Table 1. Per and biological evaluation of depigmented pearl millet

Treatment Proein PER
Scarified Soakmg} period (%) Observed — Corrected
(%) (hr/min)
Untreated - 128 217 214
- 1 hr 128 2.35 232
810 40 min 127 2.34 231
115 25 min 124 246 243
1584 20 min 01 241 244
Control (SMP) 30 304 300
SE+ 0140 0.009
LSD (P=0.05) 0432 0.029

Results are expressed as mean + SD of three independent experiments.
Soaked in 02 N HCI. _ _ _
Protein = NX6.25 (dry weight hasis). SMP = Skimmed milk powder.
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D BV NPU up
(%) (%) (%) (%)
90.91+2.8 55.32+3.4 50.18 6.42
5.16+31 66.45+2.9 63.23 803
91.56+3.4 5071438 54.67 6.94
96.1042.7 68.18+4.1 65.52 81
96.84+ 39 68.85+2.8 66.67 873
B11+3.4 91.68+3.6 89.94 W17

07239 06036 17293 01387

2.2308 18603 5.3290 04274
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rats fed untreated and even 15 hr soaked pearl millet. The
PER values of soaked and scarified and soaked pearl millet
were also 3|gn|f|cantIE higher than the PER of the untreated
one. The corrected PER of the sample soaked for 15 hr and
scarified for 1 min and soaked for 40 min was more or less
same but it was increased. in the remaining diets. The
corrected PER values of scarified and soaked sample ranged
from 231 to 2.44 compared with 3.00 for skimmed milk
powder é,a reference Protem diet). The significant improve-
ment in PER values of sample soaked for 1 hr and of samples
scarified upto 1L56and 1584 per cent and soaked for 25 or 20
min, respectively, may be due to removal of polyphenols and

hytate ‘which ‘could have probably mace more protein
available for utilization. Reichert et al'2, however, did not
find significant difference in feed intake, welght gialn and
feed/gain ratio in the feedm? experiments of dehulled and
whole pearl millet. The significant differences in PER values
in the present investigation may be due to combined effects
of scarification and soaking. The polyphenols and Rh ate
being soluble in dilute HCL might have been also leached out
and decreased. _ _

The data on biological evaluation of pearl millet (Table ?
coincide with the results of Singh et a1. Bwho observed 94.
t0 97.3 54.9 t0 666, 51.8 to 64.8 and 561 to 1177 per cent
TD, BV, NPU and UP respectively, in hlﬁh and low protein
peral millet varieties. However, the data show the significant
|mi)roveme_nt_|n TD, BV and NPU of depigmented pearl
millet. This improvement was observed In"scarified and
soaked 'oearl millet for varymﬁ periods and even in unscarified
but only_soaked pearl millet. But soaking followed b
scarification was more advantageous than only soaking ina
the parameters of protein quality. There was significant
improvement in UP also _durln? fnese treatments. Reichert
et al. 2 had observed significant improvement in dr){ matter
dII%]eSthIhty but not in protein digestibility of dehulled and
whole pearl millet. The improvement in protein quality of
scarified and soaked samples may be due to combined effects
of these two treatments during which a large part of
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antinutritional factors might have been either removed and/or
leached out.

Finafy it can be concluded that soaking followed by
scarification of pearl millet not only reduces the soaking time
for removal of polyphenols but also reduces phytate
appreciably and results in improved protein quality.
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Screening of Kodon (Paspalum scrobiculatum) and Kutki
(Panicum miliare) stored in traditional storage structures revealed
that these millets were infected with aflatoxin producing fungi.
Most of the stored millets contained more than detectable quantity
of aflatoxin. Proper storage can avoid danger of mycotoxins.

_ Mycotoxin contamination of food, a resultant of the
Infection of stored foodgrains by certain species of fungi has
now been recognised as one of the health hazards.
Aflatoxicosis was Identified as the cause of the death of several
persons in tribal parts of Banswara and.Panchmahal districts
of Rajasthan and, Gujarat states respectivelyl Unhy([nenlc
post-harvest practices as well as humid climaté during Storage
Increase toxin Productlon in foodgrains. ,
Lesser millets form major part of daily meals of tribal
Eeople. Large parts of Madhya Pradesh ( P? State are also
nown to be inhabited by a number of tribal communities
and they grow lesser millets and use the same as staple
food. The production of Kodon (paspalum scrobiculatum L.)
and Kutki (panicum miliare L.g together in M.P. durln% the
Years 1980-81, 81-82 and 82-83 was 236.9, 253.3 and 212.1
housand tonnes respectlveIYZ Therefore, present studies
were undertaken to know the extent and type of fungi
associated with and toxins present in Kodon and Kutki stored
IFD tge rl]ntensely tribal populated three districts of Machya
radesh,
Tribal districts of M.P. viz. Bastar, Mandla and Shahdol
were selected for studies where the production of these millets
IS maximum in comparison to other districts. Three wllagies
from each of the districts were chosen at random and samples
of Kodon and Kutki each welghlnq approximtely 500 g were
collected for the study. The samples collected in polythene
bags were sealed and screened in the IaboratorY or the
présence of fungal contamination on the surface of the seeds,
If any. Blotter method was applied for the isolation of the
fun%l. Isolated species were grown on Czapek’s agar media
for the identification of the Species. _
The samFIes which were found to be infected by the toxin
;f)roducmg ungi like aspergittus flavus Were furthér analysed
or the presence of aflatoxin Br The extraction of the
aflatoxin present in the samples was done by Pons method3
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_ The extract of the samples was further dried bx passmg
it thro_u?h a bed of anhydrous -sodium sulphate an
immediately thereafter solvents were completely evaporated
on water bath. The residue thus obtained was dissolved in
chloroform and this solution was spotted on T.L.C. plate with
a reference standard aflatoxin Br’ The plate was developed
in an unequilibrated tank containing mixture of acetone and
chloroform in the ratio 1.9, When the solvent front reached
12-14 ¢m, the plate was withdrawn, the solvent was evagorated
and the plate was exposed to long wave UV, lamp (363 nm)
in a chromate viewer. Aflatoxin B, was identified by its
typical Rf value and further confirmed by treating the Spots
with Lg, Ltrifluoroacetic acid4, The quantity of toxin was
estimated by dilution to extinction procedures.

The fungl identified are given in Tables L and 2.

A total ot 29 species of fungi were found to infect Kodon
grains. Among the aspergilli isolated, Aspergitiusfiavus was

Table 1 Fungi isolated FROM KODON (PASPALUM
SCROBICULATUM) SEEDS COLLECTED FROM THREE
DISTRICTS ALONGWITH THE FREQUENCY OF

OCCURRENCE IN PER CEN

Fungal spp. Bastar Ma2r17dla Sha%dol

Aspergillus candidus
A. flavus

A. fumigatus

A n;ger
A. nidulans

A. ochraceus

A. sydowi

A. lerreus

A, versicolor

Pénicillium cilrinum

P. frequentans

P. oxalicum

P rubrum

Pénicillium (mono)

Pénicillium spp. ~
Pénicillium monoverticiilata spp.
Altemaria alternata

Curvularia lunata

C. pallescens .
Cladosporium cladosporioides
Cephalosporium certipes
Drechslera hawaiiensis
Drechslern spp.

Chaetomium globosum
Fusarium oxysporium

Phoma spp. -~

Trichoderma viridae

Rhizopus arrhizus —
Mucor pusillus 47

Figures given in paranthesis indicate the total number of samples screened.
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the most abundant, The freguency of occurrence of this
species was 190, 40.7 and 35.0 per cent in the samples
collected from Bastar, Mandla” and Shandol districts
res&ectwelm (Table ) .
mong the fungi imperfecti isolated, the most abundant
SPECIES WETE, Cladosporium cladosporioides (285 per CEﬂt)
isolated from foodgrains collected from Bastar district and
Curvularia lunata recorded from Mandla and Shahdol
districts the frequency being 56.5 and 333 per cent
res(;))ectlvel (Table 2). . o
ut of 20 species’ of fungl isolated from Kutki grains

Curvularia lunata Was most abundant followed byAspergiIIus
flavus, Drechslera SPP., Cladosporium cladosporioides and
phoma Spp. (Table 2). , o

Thirty samples which were contaminated with tomgen_lc
fungi (A. f1avus) were analysed for the presence of aflatoxin
Br Am_on? the 30 samplés, 17 samples were found_to he
contaminafed with the detectable amount of aflatoxin Br
Remamln% 13 samples infected with . flavus, were found
to be free trom aflatoxin. Detection of aflatoxin in foodgrain
stored in 17 storage premises could have been possible due
to host of favourable factors like temperature and humidity
in the storage premises mcludlnq high moisture content of
the_?ralns, which allowed complete development of a. flavus
while remaining 13 storage containers contained millets with
lesser moisture content and other unfavourable factors.
Therefore, the toxin producm% fungus mlpht not have
produced toxin under the changed environmental conditions.
The quantity of aflatoxin B, present in 17 samples ranged
from 12to 44 p.p.h. Qut of 17 contaminated samples, only
}\_No_tsar]p%IOes cogtalned aflatoxin B, beyond the permissible
IMILOT U P..0. . :

|t was interesting to note that Kutki grains, were either free
from contamination or few grams were infected by moulds.
It may perhaps be due to the small size and smooth surface
of the Kutki %rams which provide lesser chances for
establishment ot the spores of the fungi in comparison to
Kodon. grains which have larger size and rough surface,

Studies thus revealed that Kodon and Kutki which are the
sta%Ie constituents of dal|¥ meals oftribal people remain prone
to be infected by a host of fungal species during _storaqe.
Presence of aflatoxin, in some ofthe samples of traditionally
stored Kodon_ brings home the |m€_ortance of storing food
commodities in improved storage bins.

table 2. Fungiisolated from kutki (panicum miliare)

SEEDS COLLECTED FROM TWO DISTRICTS ALONGWITH THE
FREQUENCY OF OCCURRENCE IN PER CENT

Fungal sop. Bastar ~ Mandla
(46) (16)
Aspergillus flavus 173 1870
A niger 43 6.26
A. oryzae — 6.25
Pénicillium m_ono?_, — 6.25
Pénicillium (hiverticillate spp.) 21 6.25
Aiternaria alternata 21 -
Curvulara lunata N 300 1875
Cladosporium cladosporioides 130 —
Cephalosporium curtipes 43 -
Drechslera hawaiiensis — 6.25
Drechslera spp. 152 -
Fusarium semitectum 21 —
F._oxysporium spp. — 6.25
Nigrospora oryzae — 6.25
Chaetomium globosum — 6.25
Phoma spp. 86 1250
Rhizopus arrhizus 21 6.25
R. chiness 21 -
Mucor pusillus 21 —
Absidia remosa 21 —
Mycelia sterilia — 6.25

Figures given in parentheses indicate the total number of samples screened.
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The presence of peroxidase was found to have no significant effect
on sensory qualities of dehydrated pods. Water activity of the
dehydrated pods (16 min blanch, 5.9% moisture) was Q2& Green
cowpea pods should be dehydrated to about 4.7% moisture which
was found to be their critical moisture level and it should not
be allowed to rise above 8.2% during storage in order to ensure
retention of its qualities.

Green cowpea (vigna unguiculata Walp) Rods contain
catalase, lipoxygenase and peroxidasel They are not
destroyed completely at drying temperatures and remain
active” even at low” water activity2 Therefore, they are
destroyed by blanching. Kozlowski® surveyed the theoretical
basis of blanching and concluded that vegetables like broad
beans (vidafaba), French beans (phaseolus vulgaris L) and
Reas (Pisum sativum) Which have hlﬁh metabolic actlvm{_at
arvest should be adequately blanched to %et good quality
frozen product. But overblanching lowers the quality of the
Produc . Therefore, blanching process is optimized4 using
he most heat resistant enzyme, generally ger_omdase in
vegetables as an index5. But'many workerse did not note
any undesirable_ change in vegetables with only residua
Beromdase_actlwty. Use of I|p0x¥genase8 or catalase9 as a
lanching index Ras been suggestéd because their residual
aﬁtlvn wgs found to be m(ﬂe closelg/r lated to the uallt)(
changes during storage than f)er xidase. The presen
authors' have found that thermal resistance of catalase in
?reen cowpeas was lower than peroxidase hut hlgher than
lipoxygenase which makes selection of a proper blanching
inclex” necessary. In this study, the effect of residual catalase
or peroxidase activity on quality of dehydrated green cowpea
pods was examined.

Green cowpea pods cv ‘Pusa Komal’ obtained from the
Horticultural Research Centre of this University were sorted,
pods of proper maturity were washed well and trimmed to
remove stalk, flower ends and string. Pods (about 500 g) were
tied loosely in muslin cloth and blanched in hot water (95°C).
Blanching’ time was equivalent to 2 D1process for catalase
and peroxidase, respectively. One lot of catalase-free pods
were dipped for L5 hr i 1 1 catalase solution at room
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Fig.l. Sorgtion isotherm for cowpeas blanched for 16 min at 95°C, dried
at 69 + 1°Cand stored at 37°C.
temperature. Similarly, another lot of peroxidase-free sample
was treated with peroxidase solution. Soaking time was
enough to allow sufficient absorption of enzyme by the
blanched Bods. They were spread uniformly in a monolayer
on trays_g 2 k?/m and dehydrated for 5 fr to about 5 per
cent moisture at69 + 1°Cin a tray drier. De_hrdrated samples
were packed in polyethylene bags, sealed airtight and, stored
at room temperature for 3 months. ,
Dehydrated samples were analyzed for extent of browning
(hEB), dehydration ratio (DR) and re:rgdratlon ratio (RR) by
the methods described bj) Rangannall Water activity (aw of

1
90

o

| the dehydrated product was determined by Wink’s weight

equilibrium method using saturated salt” solutions® and
bone-dried (70°C, vacuum oven) dehydrated pods. Two sets
of relative humidity dessicators were used. Monolayer water
content and heat of sorption were calculated usmg_ BET
equations"”. Equilibrium moisture contents correspon mg to
first (D) and second (C) points of inflection on sorpfion
isotherm (Fig.|) were determined. During storage fof aw
estimation, their external appearance was recorded reqularly.
_ Proximate composition and alcohol insoluble solids EAI )
in fresh pods were determined accordlnﬁ to the methods
described by Rangannal) Total chlorophyfls were estimated
by extracting samples with 85 per cent acetone, transferrin
the pigments to ethyl ether anc measurln% 0D at 660 nm
Catalase was assayed by the iodimetric method and peroxidase
by indophenol dye-titration method2 o
For sensory evaluation, dehydrated pods were boiled in 2
8er cent NaCl for 5 min, and subjected to evaluation on a
point Hedonic scale. The samples were evaluated for colour,
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Table 1 Quality characteristics of green cowpea g

Blanching Enzyme
Temp. Time Added Residual EB
<0 (min) activity (0D)
Klg
_ _ - - 091
9% B Nil Nil 119
9% B Cat 0.007 120
9% 3 Nil Nil 119
9% 3 Per 0.063 19

'initial_catalase _activit{ 0.058 K"g and peroxidase activity 0.326 K"q.
t Significantly different at 5% level; Cat = Catalase; Per = Peroxidase.

texture and overall aCCEPtablh and analyzed statistically2
Green cow pea pods or ‘Pusa Komal’ variety contained 85.8
per cent moisture and 4.0 per cent AIS. Percentages
Smmsture-free basm%ofprotel,n, fat, ash and crude fibre were
16,31, 50and 12.1, respectively. Total chIoroRhyII content
Em /100 g solids) of fresh cowpeas was 3979 which reduced
0 1489 i unblanched dehydrated sample. Blanching followed
by drying reduced its chIoroth!I content to 25.9 mg/100 gi
solids, irrespective of the blanching period. This shows tha
the chlorophyll loss has taken place durln% both these steps
as reported "by Foda et ar.# Colour of the dehydrated
product, as indicated by EB was found to be related to its
chlorophyll content. Unblanched dried cowpeas containing
more chlorophyll showed less browning (EB 0.91) as
compared to blanched and dried cowpeas (Table lg.{ Blanching
did not affect DR ES.S). However, it reduced RR. Rehydration
ratios of samples blanched for 16.0r 30 min were almost the
same (127-1.29). _ _
“Mean sensory scores for overall quality or flavour did not
differ significantly (Table 2). This shows that added or residual
catalase or peroxidase activity did not influence the sensory

Table 2. Changes in quality of dried green cowpea
PODS DURING 18 DAYS STORAGE AT 37°C UNDER DIFFERENT
RELATIVE HUMIDITIES

Moisture (¢/200 g solids)

RH  On the day of After 18 Quality characteristics on
(%)  colour change  days i6th day

il 120 16 Slight colour loss

2 NCC 43  Retained initial colour and
crispness

40 61 74 Slightly brownish, crisp _

58 85 110 Moderately brown, not very crisp

65 157 164 Brownish, crispness lost

[ 237 244 Brown, moderately moist

8 24 3L7  Dark brown, very moist, mould
rowth on 9th day

% 436 7.1 Dark brown, very moist, mould
growth on 9th day

NCC: No colour change

S())ds 1déied to s0—b8 per cent moisture in tray drier at
+ 0,

Mean sensory score

Dehvdration Rehya- Texture Overall

ratio ation

ratio
55 1:34 315 543
55 127 4.80* 5.9
55 1:29 406 5.67
55 127 381 588
55 127 3% 5.65

ualities of the products. The 6 min blanched sample showed
the highest score of 5.96 eventhough _onI%/ catalase was
Inactivated and peroxidase was present in them. The main
difference was noted in their texture. The 16 min blanched
sample (catalase-free) giot the highest score of 4,80 for texture
which was significantly superior (Table 1). The blanched
dehydrated samples got higher score because their brown
colour leached. during, rehydration giving them light green
colour, enhancing their acceptability. _

Changes in the appearance of dehydrated cowpeas (16 min
blanch) durln% storage for aw estimations were recorded
(Table2). At IL per cént RH, slight bleaching was observed.

30

Sw/m (1-Ay)
T
~

o
10+
0 PR R S I N B
0 02 04 06 08 10

WATER ACTIVITY (a4)
Fig.2. BET plot for cowpeas blanched for 16 min at 95°C. dried at 69
+ 1°Cand stored at 37°C (aw : water activity, m : g H,/100 g

solids).
Tabue 3. Water activity of dehydrated green
COWPEA PODS

Values
Moisture (¢/200 g solids) 590
Water activity (a _ 0.28
BET monolgyer value (('1 H,0/100 g solids) 0.65
Critical moisture content (¢/200 g solids) 8.20

Heat of absorbance. Skcal/molc) 1o
ERH at critical moisture content (%)
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moisture-free basis) was 1.2 per cent. Under higher RH (2
40 per cent% slight browning and softening was noticed in the
product. The product retained its colour and texture durln%
13 days of storage at 22 per cent RH. EMC of the produc
at this RH was 4.3 per cent. _
_ The sorption isotherm of the dehydrated cowgeas IS shown
in Fig.|. Water activity of the product was 0.28 (Table 3).
From BET plot of the product EH%Z), monolayer water
content (g/g’ solids) was found to be 0.065 and heat of
absorbance 1107 Kcal/mole (Table 3). Moisture content
corresponding to critical point C is the upper limit for safe
storage of the dehydrated product® It was found to be 8.2
100 solids which corresponded to an ERH of 45 per cent
|g.|§. This is close to the observed value (Table 25). Since
the danger point ﬁDg was at 4.7 HZD/100 g solids, cowpeas
should be dehyarated to this moisture level. Monolayer value
was very low(0.65 g HD)/100 g solids) and drying cowpeas
o that level would result in loss of colour (Table2). ackaglng
should ensure that product moisture does not rise above 8.
g/L00 g solids durln%storalge. , o

The authors thank Dr. B.K. Srivastava, Associate Director,
Horticultural Research Centre of the University for providing
Pusa Komal cowpea pods.

The corresponding equilibrium moisture content (EMC) (S:)n
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Open sun-drying of blanched soybean and soy split is an
important step in production of full fat sov flour at rural level.
The experiments were conducted on black polyethylene sheet as
drying flour at spreading densities of 3.25 kg/m , 6.5 kg/m and
98 kg/m2.The whole clean soybean and soy splits were subjected
to blanching in boiling water for 40 min to remove antinutritionai
factors. The variation in moisture content was monitored by
weighing samples at every one hour interval during drying. The
EMC was determined as per the equation of Chung and drying
constants were computed. The net drying time for soy splits was
75hr (< Lday), 12 hr (< 2 days), and 13hr (3 days) and 12
hr (< 2 days), 125 hr (<2 days) and 155 hr (3 days) for whole
soybean at spreading densities of 3.25, 65 and 9.8 kg/m
respectively.

Soybean contains 40 per cent protein and 20 per cent ol
and Can solve the protein calorie malnutrition of ever
expanding Populatron In our country. However, to make it
popular &S food, 1t Is essential that the antinutritionai factors
present In soybean are eliminated and srmple food products
deve]loped éo Suit the likin and 1alste of rur]a afses

The production of full ;{ our 1 a Teasible way of
grocessmg soybean at rural Ieve The 100ES develoPed at
ELis very S Oole requrnng lanching of soy splits in
boiling water for 40 min an drying to 107er cent moisture
content (wh) for making flour (Fig.l).

The, drying at rural or domestic Tevel cannot be done
artrfrcrall¥ and hence open sun-drying is followed. AIthou h
this practice IS susce |be to damage due t% |ncement
weather, given favoura e sunny weatfer it may be the most
ener?ye icjent processz Studres on open sund ing of

2, chillies3 coprad have been conglcted to kriow”the
e ectof s readrng densrty type of surface and season on
rén trme an quality of the product,

erlar éudres have geen conducted on open s
drying of ance whole soyhean and soysplrtsadresu
are 'ﬁ)resente here,

e soyoean of JS-7244’ variety was used for exFen Iments,
The op en sun- dryrn? was performed on black po yethEIene
shegts to ﬂet ﬁdvan g % heat ener307y ahsorbed o ﬁ
Surface. The sheets were 3/ cmx cm to maintain
grain layer only on 30 cm x 30 cmarea. The whole Soybean
as well as hull free soy splits in a lot of 2 kg were blanched
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RAW  SOYBEAN

CLEAnn\rG ------------------ *IM PURDIES

DEHUL[NG ----------- » HULLS
S0YD ]

BLANCHING IN
BOILING WATERF FOR 40 MIN

DRYING TO 10gwame WB

GRINDING N
BURR MILL

SOY FLOUR

Fig.l. Process chart.to prepare full fat soy (lour at rural level.

in boiling water for 40 min. The drying trials were conducted
at spreading densities of 325 kP/ 65 kg/m2 and 98
kP m2 Thé experimental samples were weighed on a
platform scale balance havrn? least count of 2% ¢ before
startrng and mtermrttant drying. The injtial morsture
content wés determined by standardair oven method of d

at 105°C for 16 hr. Thé moisture content variation
drying was monitored by formula of material balance

Q (00- M)=0Q(00- M) -mome 0

Where Q. and Q, are initial and final weights in ram and
M| and M2are moisture contents on wet basis at O,

0 find out rate ofdgyrng the value of e%urlrbnum morsture
content Me was as per following equation

Me=B- Cln(- (T+A) INRH) - )
The values ofthe coeffrcrents A BandC for soybean were
taken as A = 041631 and C = 0071853,

The relatronshrp as grven in equatron 3vias Used o express
the moisture loss.

-------- ek wemeee- (3)
The te datur%ofd Ing ai Just near the dryin h surface
Was measure mercury thermometer and; the average

ambient conditions over the period of experiments were
obtained from local observatory. It included ambient
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temperature, relative humidity and solar energy incident on
horizontal surface. _

The material was spread for drying at 9 a.m, and collected
at 5 p.m. The same material weS spread again on next day
at 9 a.m. till the drying wes completed. Collécting and storing
the material in the'laboratory during nights also allowed the
temﬁerlnﬁ of grain for moiSture eduilibriation, _

Though drying wes conducted from 9 am. to 5 p.m, it
Was observed that from 9t 10a.m. the material was getn_ngf
warmed Up and in the evening from 4 to 5 p.m, the niateria
Was etﬂng cooled as experiments were conducted in the
months of Jan-Feb. Hence effective d_ry_mq time Per day was
6 fy. 1.e. from 10a.m. to 4 p.m. The initial moisture conéent
of blanched soy dnal and whole soybean was about 60 and 53
per cent év_vet asis) respectively.” The average temperature
dev?J.oPe &ust ne% the drying Srface and amb|fnt weaﬁwer
conaition during the experiment Is given. In Tables Land 2
The averagg temperature and relative humidity during dryin
time 1. 10am. to 4 pm. were 40°C and 38 per cen
respectively. The variation of temperature and RH during a
day is quite evident, However, average Value was assumied
as corrected value of the drying air condition, The variation
of maisture content with drying time at various spreading

ensities was recorded and the drying was faster for first few
ours In all the cases. egry@é rgte__was Igher ,atiower

densities than at higher spreading densities, The drymg took
Place In two distinct falling rate periods, first uptg'4 Ar and
he second from 4 to 127" The average values of the rates
have peen indicated in Table 3. The™ data were fitted in
equatign number 3 and constants were computed for various
spreading densities for whole soybean as well as soy dhal.
he drying was faster in case of soy dhal than inwhole

table 1 Drying temperature at different hours of
THE DAY

Av. temp,

Time of near surface
the day (°C)
10am. 305
Lam 360
122 noon 38.0

Lpm 480
2pm. 480
3pm, 400

4 pm. 400
5pm. 380

table 2. Weather condition during open sun-drying

Parameter First half Second half

Ambient temp (°C 24.26 26.99
P ) oy (58

Relative humidity (%) 5100 42.99
(33-63.16) (32.25-51)

Solar radiation, 915.66 421.66
(lux on horizontal surface) (734-1125) (340-605)

soybean which may be due to the fact that the hull wes

removed in dhal which helped in faster transfer of moisture
from centre to surface. The larger surface area obtained
dhal makmg might have also Melped in faster drymg.
spreadlné; density of more than 9.80 kg/nr was apparantly
|ooked dense arnd hence the maximuni level of Spreading
density was kept at 9.8 kg/m\

TABLE 3 Drying test results

Spreading Net Equation y 1st falling Il falling Drying per-
density drying developed Value rate rate formance index
(kg/m’) time (hr) Kg.H, O/Kg/m/hr Kg.H,0/Kg/m/hr Kg/m'/hr)

Blanched Soy dhal
9.80 1%.0 MR = 110 °2%T 0.9930 0.2013 0.06005 0.75
6.50 {230 MR = 0.7976¢ a~lT 0.9832 0.2508 0.04177 0.54
>
35 ((7.5) MR = 0.3986e ° P& 0.9180 0331 0.05350 0.43
>D
Blanched Soybean
980 5 MR - ogare V& 09920 01732 003805 063
6.50 ({22)5 MR = 0.6906e °mT 0.9794 0.1792 0.02762 0.52
>
35 128 MR = 0.6848e~0""T 0.9652 0.1869 00316V 02

(%2)

Values in parentheses are time(days) taken for drying
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The drying time required at 3.25 kyn'T for soy dhal and ~ References
whole soybean was 7.5 hr and 12 hr reSpectively spread over 1 Patil R, Shukla B D and Gandhi A P, Development of process and
t\N? délYS'h i e il i eB(Lu pnlweniggsoyﬂakes, Final Report of Project submitted to CIAE.
.In‘all the cases, drying took place in falling rate with two cpal,_ Lo - .

g e 1 Mgt g e e s il Do Ko | S of o
observed at lower spreading densities of 3.25 kg/m', In both Akola, Jan. 1988 _ | o

the. cases. However, at higher sglrlegdl 0 densities second 3 Annual Report, 1979-80, Central Institute of Agricultural Engineering,

n

falling rate was faster, as the over mg 1S Slow r_esultm% Nabi Bagh, Bhopal, 1980. .
In higher gradient of moisture during sécond falling rate 4 PatllRTan%NamblarCKB, Sun drying of copra, J Plant Crops,
5. Moisture Relationships of Grains, Agricultural Engineers Year Book,

period. _
The drying performance index expressed as ka/m'/hr ot DIEM s

¥vere 0 fyo. 4§nd0. 03 for dhal an%_0.63, 05 a% 4077 American Society of Agric Engineers. Michigan, USA, 1982 314-318
0r Soybean at varlous spreacing aensties.
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M.B. MEHTA AND N.S. DODD. _
Department of Post-graduate Studies and Research in Home Science,
SN.D.T. Women’s University, Bombay—400 049, India.
Received 6 February 1989; revised 7 August 1989

The sodium and potassium contents were determined in processed

fruits, vegetables and their products. It was observed that

processing has affected both sodium and potassium contents and

their ratio in fruits and vegetables. However, the change was more

significant for canned vegetables than frozen vegetables or their
prodlucts.

A number of studies have been conducted in India on the
processed fruits and vegetables. They have focussed the losses
of water soluble vitamins during processing. There is limited
information on the effect of processingon their mineral
8ontent. Thﬁrefo , the_present study Wd% undertaken t
etermine the effect of processing "on the sodium an

potassium contents of processed frtits and vegetables.

Table 1. Sodium and potassium conte

Fruit/Products Manufacturer
Apple juice A
G%FIJ()jlcoin
Banana-Green/raw
Wafers éth_ma Janta
thick) Janta
Cherries

Glazed —

Canned Jayees
Guava pulp frozen Mafco
Mix fruit cocktail Sil

Northland
Orange juice Kissan

Sil
Pineapple juice Kissan

Sil
Pineaapie slice Frozen-Mafco

Canned-Sil
Peaches canned HPMC
Mango juice SD_ilppy's

i

Frooti

Mango pulp (Alphanso) Mafco

J. Fd. Sci. Techno!., 1990. Vol. 27, No. 2.119-122

Different types of processed fruits, vegetables and/or their
products as listed in Tables Land 2 were purchased from the
local markets dn Bombaoy. F(?r each sample, the g| erent Pts
of same hrand were pooled together and mixed thoroughly
in a blender. An aliqyot of the mixed sample was then taken
for analysis. All anaIKses_vvere performed in triplicate,

The sample wes ashed in a muffle furnace at 525°C and
the solution was pre ared_byd|ssolvmg1 3(-100 mg of ash in
detonized water and making up the solution to 100 ml in a
volumetric flask. The sodium and potassium contents in the
ash solutions were_then getermineq by usmg AIMIL
flame phatometerL The sodium/potassiun concertration In
the sample wes calculated from the calibration curves of
standard’ sodium and potassium. _

The sodium and potassium contents of different processed
fruits given in Table 1 For apple juice are the GoldCoin brand
had 3|gn|f|cantlyéh|gher potassidm content of 65.8
compared to 16,3 my/200 in Appy. These losses could havg
taken at any of thé stages like washing with dilute acid,
peeling, grating or straining during proceSsing. Flowever, our

nts of processed fruits and their products

Sodium Potassium Na:K
(mg/200g) (mg/200g)
120 163 114
140 65.8 147
408.0 563.0 114
668.0 4700 141
04.6 155 65:1
18 1270 170
84 1130 1125
1“7 39.2 13
153 439 13
24 65.7 131
37 403 1
13 1150 1:89
59 399 17
6.5 55.4 18
57 398 14
31 1290 14
54 51 16
88 389 14
179 232 113
70 1280 18

119
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values were higher for sodium an? lower for pot
. . or_apple Juice .

differences may he attributed to the different varieties of
In Banana Wafers, salt was added as sodium chlor

those reported

Table 2.
Vegetable/product

Bambo shoots
Chilli sauce
Carrots frozen
Corn flakes

Com shelled frozen

Corn sweet

French beans frozen
Green Peas
Frozen
Inbrine
Lilva frozen
Fenugreek leaves dehydrated

Mushroom Button

Mix. vegetables frozen
Papad frozen

Potato salt

Potato wafers dehydrated

Potato chips

Spinach frozen

Tomato juice
Tomato ketchup

Tomato puree
Tomato sauce

Lapedes

Manufacturer

Sil
Dalai
Mafco

Champion
Life

Mafco

Dippy’s
SiIppy

Mafco
Mafco
Sil

Mafco

Hyacinth
Mafco
Mafco
Janta

Home made
Janta

Niknak
Simba

Mafco

Kissan
Dippy’s

Kissan
Dippy’s
Dippy’s
Kissan

Dippy’s
Mapg% (Hot & sweet)

le. ch
t% cherries was 52 times higher

Sodium
(mg/100g)

3140
1060
37

888.0
506.0

i

3160
2100

71
26
505.0
21
4740

5440
98
240
3900

13560
5130

304.0
2150

1380

2160
3530

13420
9%7.0

2130
12560

7%6.0
15190

Cnerr|
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assium than  enhance the flavour and taste.
The sodium and potassium contents_of glazed and canned
les showed an mterestlnﬂ]trend. The sodium

an In canned cherri

Sodium and potassium contents of processed vegetables and their products

Potassium
mgy/00g)

1210
1o
ml

1970
1760

1250

354
674

1520
98
200
1880
12630

1940
170
1820
800.0

5420
7020

842.0
9120

1070

2610
230.0

2910
3390

564.0
2120

370
230

In glazed
€s.

Na:K

261
6.2:1
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potassium content of canned cherries was 9 times higher than
glazed cherries. Our results for canned cherries were very
cIose 0 those regorted by Tver and Russea Wwho reported
mﬁso jum an % rﬁotassrum In 100 gcherrres
T1ie sodium and potassitim contents ofduava pulp were 15
and 12 trmes hr%her than the fresh fruitd respectively.
he sod rum ] vge tassium contents of drﬁerent brands of
mrx Ut cocktail vere not srgnrfrcanty ITferent, However,
the sodjum content was higher while potassium content was
lower than the valules reported for fruit cocktails This may
be because of differences in the fruits which make up the
frurt cocktail.

Sil brand oran% +urce had higher sodium content than
Kissan brand juice. This increase’in sodium content may be
due fo the preservatrves added to the juice to prevent
deterroratron of the orange juice. Similar’ observation was

for prBea ejprce of same brand prever [everse
tren Was Qbserved Tor canne prnea pple slices

QOur results are very cIose fo
for unsweetened Iprneapp e Jurce canned). The sodium and
potassrum conte S 0 |neappe Jurce Krssan) were 13

for”sodium and otassrum
res ectrve and those reported by Guthrieowere 12 mg and

resd?t of canning, the sodium content of peaches
rncreased 18 times higher than the values reported for the
fresh fruit) and potassium decreased to one third of the
grngﬁgtngr fresh fruitd. This may be probably due to peeling

Mangoes are usually processed into juice (canned/pulp).
In différent brands of mango juice, sodium and potassium
on enrts Wwere 3-6 times hrg er than the values relop]rted for
rultd. The sodium content In Frooti was higher than
In other brands
The sp jum and otass1orrl contents of different processed
veﬁetab €S are given In
Was observed that the sodrum content of canned hamboo
shoots were nearly 3 times higher than the values reported
for fresh shoots4 This could™be due to sodium chloride
added during processing as flavour enhancer and preservative,
e sodium content”of frozen carrots was similar to_the
freshdwhile the potassrum was nearly 30 per cent lower. This
was also reported by \Wyatt and” Ronan7 who observed
srgrrrfrcant |0ss of po assrum rn bIanched Caros,

e processing 0 V%com lakes adrncreased Its sodrum
content (31-56 tirmes) while potassium wes lar 5g vuna ecte
In canne sweet corn, soder content was 5-6 1
than |n|t effresh comé \{\r/]erea(sj potassrutm vvas - %tt trles

r. In frozen corn, the sadiym content significan
el (from5L710 17 mg/100 %whr?e potassrgm contert
of frozen corn was only 26 g

Frozen French beans wes high in Sodium and potassrum
Hpared to fresh beansd. It vre?] rnterestrnp to ot r]at
rete tion ot potassium wes more than 100 per” cent. Near

=3
<D
U)

—
- -

mes high

nose re orted by Guthrie6  d

121

Table 3. Retention of sodium and potassium in
CANNED AND FROZEN GREEN PEAS ON THE BASFS OF ELEMENT
CONCENTRATION IN FRESH PEAS BEING 100%

Canned Frozen
Sodium Potassium  Sodium Potassium
(mg/200 g)  (mg/100g)  (mg/200 g)  (mg/L00 g)
E're'Shh ' 78 790 8 790
inishe
roduct 505.0 2100 2.6 9928
etention (%)  6474.0 265.0 30 1250

3 my/100 % increase in sodium could be due to water used
2? A rseezr g or during blanching as reported by Marsh

In frozen green peas sodium content was srgnrfrcantly lower
than in canned green peas. The higher soflium coritent in
canned peas may be due to the bring used in processing or
Ue to blanching. The retentions of sodium and potassium
are shown in Table 3. Lee" had observed that blanching can
aIter potassium content,

Frozen Lilva had nearly 21 times lower sodium content than
freshd whereas potassium had increased by 2-3 trmes The
sodium_might ‘have_ been leached. out in water urrn
proceﬁsrg Jozen L|Iv an add variety In low sodl urR

ted Tenugree eaves showe signiti cant |g er

sodrum ’g trmeh) 5) and potassrum 0 times) Contents compare
to fresn methi leavesd. This was nof unexpected as
dehydration increases mineral concentratron

For mushrooms, sodium values were hrgher than those
reported by Marsh et al. 8Th% reported 430 mg of sodium

1% nig potassium for 100 g of mushrooms,

In frozenpapadi sodium content wes lower and potassrum
coptent was igher than th iresh apadi pFab pJ

Potatoprou S Were availa erncr Wafe sa
Potato sali had increase it Sodlium content by factor of 35-
and potassium content by 3 times. Dehyadrated potato vvafers
had 123 times higher sodium content as compared to fresh
Whereas potassium content was hi Gg by 2 trmes In home-
made prep aratron s0d |umc lon ewasuse 45 a preserva-
trve econ notato wafers may be kept in bnne solution
or hath to rvent browning of potatoes Potassium might
have Ieached out In draing Irdurd Commercially prepared
wafers had near %/ two and ahalftimes lower sodjtim content
as compare to hlome made waters. Even potassium content
was sli

Frozendsprnac(h had neaﬂ y?2 trmeﬁ higher sodium ctontent
ompared. to fresh spina e assiim content in
Cfrozgn spinach vvasFr)rear? dﬁhj otI tﬁa? t[oun |n%resh4

In tomato juice_(canned) Kissan brand had lower sodium
and higher ‘ootassrum content than Drpgys Wwhereas in case
of tonfato ketchup, Drppys brand had” lower sodrum ang
higher potassium content than Kissan. In tomato sauce, Magg
brand (ot and sweet) had highest sodium content followed
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by Kissan and Dippy’s brand. In tomato puree also spdium  References

\ias 21 times higher, whereas potassium was 3-4 times higher
compared to frésh. This could be due to addition of sodium
based chemical additives, which act, as a leavening agent or
0 aﬂJH'StsgCldlt%golSG times higher sodium content compared
I sace Imes hj iU

0 ?resh chilli, whereas potas&gm lower by 40 rrg;_100 (f The
increase in sodium could be due to salf and spices ‘added
during processing". o L

RaW, Vegetables are generally low in sodium and high in
potassiuni2 This trend has “been maintaingd i fozen
carrots, frozen com, frozen ?reen beans, ilva (frozen?,
papadi-frozen, potato products Tike wafers, chips and tomato
puree. However, In canned foods such as bamboo shoots,
Sweet corn, peas, mushrooms, potato wafers — denydrated,
tomato juice, tomato ketchup and sauge, the sodium potassium
ratio Was dr_astlcallx_altered. The sodium levels in these foods
were significantly igher than potassium levels. This may be
g&t&llt)_ute%d to proCessing practices, addition of sodium bésed

ItIVes.

In. frozen foods, however, processing does not appear to
upset the sodium and gotassmm ratio as In canned vegetahles,

he frozen ve_getable can add variety in the diet of sodium
restricted patiénts.
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BOOK REVIEWS

Research and Development Funding Schemes of Central
Government Departments and Agéncies:
Science and Technology, Dept of Science and Technoloay,
New-Delhi-16, NMIS ublrcatron 1989, Series G. No.7
Price: not mentioned

The booklet details the general information about the
funding schemes of the Central Government, which |orctures
a study increase in the buaget for Research & Development

&D) activities. The expendrture on R&D and related S&T
activities increased. from 0.23% of GNP In 1958-59 to 11%
In 1986-87. The estimated expenditure as said in it, for S&T
was of the order of Rs.3,300 crores in 196788, Major
Scientific Departments and Agencres of Central Government
are spending ahout 6% of their total resources on time bound
W%DD rojects, The booklet lists 18 Government Degartments

ich support various R&D activities. They are Department
of Atomic Energy DAE) Department of Bio-technology
Department of Coal (DOC): Department of Ecucation

B

L P artment of EIectronrcs OE) Department of
nvrron néE [9 eartme 8 fon- onventrona
Ener gart ent of QOcean, eveo ment
DO Department of Science and Technolo (DS Indra

epa ment 0 S it

eteorological Department (IMD);
eveIo ment oar

DO[S)B Agronautics esearch and

ARDBY); Central Board of Irrr ation and PowerE)e
uncil of Scientific and Industrra Research (CS fence

Research and Development ranrsatron ; Indlian

Council ongrrcuIturaI Researc ICAR Indran ouncrlof

Medical - Résearch (ICMR) an Unrversrty Grants

Commission (UGC),

The hooklet describes the nature of various R&D projects
to which the ahove crted Departments provrde funds. It has
also proviced the specific adaresses In various Departments as
contact ‘oornts for submission of projects for funds.

To a limited extent R&D s also Supported by the State
Councrls ang State Departments of S&T on problems relevant
to their local needs. The addresses of the Contact pornts are

Iven in Annexture 11, For the convenience of the users,

overnment Orders relating to the revision of emoluments
0f Research Personnel and import of scientific equipment are
Included in Annexure 11l and 1V respectively. Contact
addresses of Redronal Sophisticated Instrumentation Centres
and National instrument facilities set up by DST for analytical
and testing purposes in R&D are giver.in Annexure

The booklet is the fifth edition which is revised and
enlarged. 1 sincerely wish that the hope expressed in the
preface. regardrng this booklet would be of some help to the
sclentific-Community in selecting the funding schemes and
Will be amply fulfifled.

Ministry of

r

123

The booklet is worth p ossessrngf al R&D persons
rntengrng to sybmit rerct proposals or Tunding. The booklet
can be ‘got free Of Cost ‘from the Director, Information
Mana%ement Division, New Mehrauli road, New
Delhi-110 016,

JR._RANGASWAMY
CFTRI, MYSORE.

Crystallrzatron and Polymorphism of Fats and Fatty
Acids:  Vol.31, Ed. %Nrssrm Garti and Kiyotaka Sato
Marcel Dekker Inc, 270, Madison Avenue, New York, NY.

10016, 1988, pp:450; Price; not mentioned.

The book is the 3lst volume in surfactant science series.
The contents of the book have been divided into two parfs;
part I berng devoted to fundamentals and part |1 dealing with

pplied. aSpects. Part 1 has six sections dealing™ with

staIIrsatron and onmorphrc transformation; Thermal

enaviour and pol ymor hism of acyldlycerrdes Crystal
structures of facts and fatty acids., Viirational spectroscoprc
aspects of polymorphism dnd phase transition of fats and fatty
aclds., Fundamentals of nucleation and crystal growth, and
crystallisation of fats and fatty acids. Part I has five sections
th effects of su tants 0 crg allrsatron and
IC trans ormatrono ats and fatty aeids., Fat crysta
structure In cream and butter, SoIrdrfrcatron and
Rﬂmorp jsm in_Coca butter and’ blooming problems.,

erial’ design for hard butter and ve etable fats and
50 rdrfrcatron problems n [preparatron of fats,

It will be a good and hanal reference book on the basic
concepts and technrques concernrng the physical behaviours
related to the crystallisation and phase transformatrons of
plmorphrc fats and fatty acids. The read ers %orn%
hr u?h his hook will learn how different pol mo
be obtained with and characterrsed b modern tec Nig ues and
how polymorhic behaviours can be Sensitively rnfluenced by
varyrng internal and. external factors. The” crystallisation
processes have been discussed from the view points of
thermodynamrcs and kinetics of nucleation and crystal

T% book is worth possessing by all those concermed with
Fats and_Fatty acids. 1t also serves as a good reference book
in any library.

JR._RANGASWAMY
CETR.I. MYSORE.
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Industrialization_of Indigenous Fermented Foods: %Food
Science and Technolog{ Series/33): Edited by Keith H.
Steinkraus, Marcel Dekkcr Inc, 2/0, Madison Avente,
New York, 10016, 1969 Rp:456; Price: $99.75 (US. and
Canada), $11950'(AIl other countries).

The book comprises of nine sections, The first e|[((;ht
sections deal with €l htd|ﬁere3t fermented foods. r}e bé)o IS
concentrating on Jabanese and Alrican termented 1000S. An
exception 15a section on Tapal processing_in Malaysia,
The author of first section on
ofJaRan. Th

] e section deals in great detail about the origin
an

Istory of the product. It"appears to be a little over
elaborate, °A length descr;Ptm_n 0f the present status of the
product in Japan arfd the situation in China, Southeast Asia
and the United States is %ven the author. The sectjon h
excellently brought out the metamorphosis from traditiona
pr_eRa_ratmn of Soy Sauce fo,the modern wey of production
with improved enzyme activities and yield. Microorganisms
and the enzymes involved in the produiction are well explained
and the author has given an account of safety of the product
since the fermentation process is natural type, Attempts to
Improve the Process by Whole cell immohilizagion and strain
Improvement have also been discussed with a forecast on the
future of the product, L
The second section is on Miso, a semjsolid fermented food
made from soybeans, rice or barley, written by Hideo Ebine.
The section cleals with processing, of raw”materials and
fermentation process, microbial succession dur_lngi
fermentation, spoilage problems, chemical and biochemica
%htanges, probltemsf tahced mdln(%ustnahzmg the product and
ULUre prospects of the product. .
The m? gectmn IS 0N Pngustnahzanon of Sake manufacture
written by K. Yoshizawa and T. Ishikawa. The section starts
with briet introduction and history of the product describing
its origin and the organisms involved. Production of Sake
the iy It 15 consumied. in the diet, the raw materials used
and their quahéy_reqwrements, Step-Wwise processing, an
account of traditional and industrial preparations,” and
treatment of effluent are the other aspects dealt in this chapter,
AIthou%h a little repetition of some Information is observed,
the section is very informafive, o _
Fourth section eals with Tapai processing in Malaysia
written by Z. Merican and Y. Quee-Lan, The section starts
with the gescription of this Malaysian delicacy. Earlier works
on Tagal substrates and microflora in Tapal are b_neﬂsy
described. ~Starter ~cultures, spoilage microorganisms,
traglitional and small scale indlustrial prenarations, E)roblems
In mdust_n_allzm%; the product, chemical/Diochemica chan?es
andTiutritive value during production arid processing are the
other as;l):etctl]s dealt in brief in this section. .~
From Fith to ellghth section the hook deals with African
fermented foods. Fifth section describes in defail about the
African beer made of sorghum, some times of millet or maize.

Soy Sauce i Danji Fukushima ~ d
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This section is written b%s Haggblade and W.H, Holzapfel.
The sectjon d%scnbes e proguct characteristics, history
a comparison of ancient and mocerm home brevwnfq. Inolustrial
proaiction and, biochemistry and microbiology ofthe product
are dealt in great detail. The section is very informative and
ends with the future Prospects_ of the product _
Mageu, a fraditional sour maize beverage more popular in
southérn - Africa 1S, dealt in the sixth “section H
Holzapfel, The section starts with an introduction followed
by a brief account of the contribution of the product to the
let, annual production, history, substrates used and Mageu
production in olden days. Inustrial procuuction js explaifed
In detail. The section encs wigh chemical and biochemical
changes and nutritive value of the product. N
Thie seventh section is on Ogi —another African traditional
fermented food mace of maize, sorghum and millets. The
authors are Q0. Onyekwere, | A Akinrele and O.A_Koleoso.
The authors have explained In brief, the Place of Ogi In the
African diet, background of the product, substratés used,
home preparations; a comparison of indigenous and modern
Processm?, problems i industrializing the product,
ermentalion ~ and  spoilage  microorganisms,
chem|ca|/b|f)ch m|caI/nutr||t|ve changes, |m|?rovement in the
ggttﬂgvergg %Pi S0y supplementation and future prospects
ugt.
E|ghﬁ1 section is written by Q0. Onyekwere, LA, Akinrele,
0.A Koleoso and G. Heys on Gari, d cassava root, fermented
product which 1s a staple food in souther ngena._ Abrief
description of the way of Gari consumption, description of
the substrate, ancient way of production, production in
cottage/village level, description of the process of Gari
manufacturing and the gradmg of the product are some of
the important aspects explained in this section. Based on the
practical exPerlenc_e of a private industry, the major problems
In the industrialization of the product are explainéd. Optimum
environmental conditions for fermentation, microorganisms
of fermentation and spoilage, chemical/bigchemical Thanges
and nutritive value and a forecast on the future prospects of
Gari in tropical countries are also explained.
An%)llcatmn of biotechnology to industrialize the md;genous
fSrR nted foods 1s ex%atne h

In the ninth section written by
R, Glenn and P.L. Rogers. Standardising the
product/process, improving the process control systens; strain
Improvement, scaling up 0f in (t;_enous fermented foods are
discussed In brief In this section. Each section has a
comﬁrehenslve bibliography of the resgect[ve product. The
hook containg more than photo?r_ap s/d|_a?rams dePJctm

the ancient/village or cottage level/industrial production 0
various products and the microorganisms_ involved In the
fermentation. The book can help to visualise the problems
In industrializing the mdl_%eno_us fermented foods and can be
a good additionto the libraries.

VANISHANKAR

TN. BHA
GEMINI DISTILLERIES LTD,, NANJANGUD



BOOK REVIEWS

Principles and _Practice of Chromatography:

by B. Ravindranath, John V\ﬂlea/ & Sons Ltd., Baffins Lang,
Chichester, West Sussex P0.19, 1UD, England; 1969,
pp:502; Price: St 58.50.

Todky chromatography is such a vast subject that an attempt
to write a single Volure book of reasonable size covering
the entire ran1ge of the subject is certamIK a difficult task
The author of this book has done so witf Sccess.

The hook is in four parts, Part | begins with the mtroduct_or)r
chagter. This chaPter in, addition™to the usual historica
acoount, nomenclature and a Sweeping overview of chromato-
graphg, also ag|ves a very brief account of distillation (helpful
in Understanding the coricept of theoretical plates) and counter
current, distribution_ (& non-chromatographic —partition
senaration process).. These are welcome additions. Chapter
2 qives the characteristics ofthe chromatogram and the basics
of separation. The treatment though not thorough is adequate.

Part |1 (gas chromatography) and Part El (liuid chromato-
graphy) give comprehensive accounts of these techniques in
Clear Ct presentation. However, a few topics whose Inclusion
though, can be justified from the ‘point of view of
comprehensive coverage could have been left out because of
their limited applicationis, These are: steam as a mohile phase
and the sb-techniques #thermal, sedimentation, electrical,
flow field and steric) o field flow fractionations.

Part IV a{)phcanons) aRPears to be not as well put together
as the first three parts. At 83 pages, it is short for a book
of 502 pages, and at places the relatjve, allotment of space
IS not satistactory, Thus, element anal¥sgs by gas chromato-
graphy s ug|ven_|n one page, though this i5 ot one of the
established applications of gas chromatography. In.contrast
to this, amino acids, peptidés and proteiris an area in which
several chromatographic techniques are extensively used is
assigned only_tvvo pages. L

Over all, it is & good book and can be read with profit by
beginners as well as by practising chromatographers.

SN, NIGAM
CFTRI., MYSORE

/S

Chemical Senses, Vol.|, Receptor Events and Transguction
in Taste and Olifaction: Jose,oh G. Brand, John
H. Teeter, Robert H Cagan and Morley R. Kare, Marcel
Dekker Inc, 270, Madison Avenue, New York, N.Y. l(D16|
1989, pp:560; Price: USS 13 (US and Canada), $162 (A
other countries).

This volume of chemical senses is based on the international
sgm osium on Receptor Events and Transduction in Taste and

lifaction %Id at %nell Chemical Senses Centre, 1988, The
cqntents ofthe book have been presented in 5 parts. Part | —
Biochemical events in taste reception and transduction, Part
I — lonic mechanisms of taste cell activities. Part IIl -
Biochemical events in olfactory reception and transguction,

f I\VA—Ilonic mechanis stroIfacto transcuction. Bart
¥ —lonic mechanisms of olfactory transduction and Part

— Conclusion.
. The papers presented under the above five headings present
information on receptor events and transduction in'taste and
olfaction bK the investjgators whose laboratories are curr_entlgi
active in the field. The role of phospholipase A2In sign
transduction., Biochemical events in taste transduction,, The
rec%{otor events and_ second-messenger cyclic “AMP
production., The fonic processes underlying taste cell
activation. Single channel and whole cell recordlngs; Stimulus
mediated procgss., The initial receptor and second messenger
events In olfaction, an olfactory binding protein such as G
protein., Stimulus metabolism, transport In an_olfagtory
model and generation of second messengers., The ionic
processes involved in primartly olfactory signal transduction
are discussed with emphasis. on cyclic™ nucleotide  and
stimulus-gated channels including activation of dissociated
olfactory “cells by electrical and Chemical stimuli.

. The Book contains exhaustive cross references in the field,
in addition to pictorially represented course of events hoth
In olfaction and taste transcluction. The get up and printin
Irresistibly arrest the attention of the reader, The hog
provides valuable. information for those involved in the field
and a good addition to library.

JR. RANGASWAMY
CFTRI, MYSORE
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Food Irradiation Symposium,

Bombay

A National Symposium on “Food Irradiation: Perspectives and prospects” was

organised by Food & Agriculture Committee, Board of Research in Nuclear Science,
Department of Atomic Energy, at Bombay University Department of Chemical Technology
Matunga, Bombay from January 3 to 5, 1990. This Symposium was co-sponsored by
Bombay University Department of Chemical Technology, Association of Food Scientists
& Technologists (India) Bombay Chapter, and Protein Foods & Nutritional Development
Association of India. More than 250 delegates including Food Scientists, representatives
from industries, consumer organisations and the press, and students were actively
participated in the discussions.

The Symposium recommended that:

L.

[t is high time thatthe Government recognises the need to expeditiously grant
unconditionalclearanceforfoodirradiation technologyin conserving variousfood

commodities both for internal consum ption and exportand importpurposes.

GovernmentDepartments concerned musttake concerted action to expedite the

implementation o firradiation technologyfor the benefitofconsumers.

BARChas, onthebasisoftheextensive work carriedoutsofar, now to concentrate
on upgrading theprocess into technology, building up the infrastructure needed
and adopting strategiesfor implementation. With this in view it is necessary to

formulate regulationsfor the controloftheprocess and trade in irradiatedfoods.

Governmentshouldconsiderestablishing experimentalpilotunitsforonions/potatoes,
fish, spices, grainsanddryfoodproductsforfield trialsandtransferthetechnology

from laboratory to the marketplace and industry.

Governmentshould encouragefree andfrankflow ofinformation on thepeacefit!
usesofAtomic Energyin generaland onfood irradiation technology inparticular

in order to dispelany doubts in the minds ofconsumers.
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INSTRUCTIONS TO AUTHORS

Manuscripts of papers (in triplicate) should be typewritten in double space on gne side of bond paper,
They should be complete and in final form. The paper should not have been published or communicated
for publication an%/vvhere else. Research Notes should clearly indicate the scope of the investigation
and the salient features of the results. Only invited review papers will be published.

The tygescript should be arranged in the following order: Title (to be tyged in capital and small letters
for Research Papers and all cagltals_for Research Notes), Authors” namés (all ca&tals) and Affiliation
(capitals and small letters). Also give a short running title not exceeding 10 words as a footnote.

Abstract:  The abstract should incicate the principal findings of the paper and typed in single space.
It should not be more than 200 words and in such a form that abstracting periodicals can readily use it

Use names of chemical comPo_un_ds and not their formulae in the text. Methods of sam?ling, number
of replications ?nd reIevanlbi atistical analyses should be indicated. Footnotes especially for ext should
be avoiced as far as possible.

Tables:  Tables as well as Praphs, both representing the same set of data, should be avoided. Tables
should be typed on separate sheets. Nil results should be indicated and dlstmgwshed_clearl from
ahsence of data, which 1s indicated by “— " sign. Tables should not have moré than nine columns,

Illustrations:  Graphs and other line drawings should be drawn in Indian ink on tracin p%per or white
drawing paper preferably art paper not bigger than 20 cm (OYaxmB)Xchm (OXaxis). The lettering
should e twice the size of the Brmed [etter. Photographs must be on glossy paper and must have
good contrast; three copies should be sent

References: - Names of al| the authors along with title of the pager should be cited. Abbreviations
such as et al., ibid, 10em should be avoided. References should b senalh( numbered as Superscripts

I the ordey they are cited in the text and the same.order should be mairfiained in the reference list

The titles of all scientific periodicals should be abbreviated in conformity with the World List of Scientific
Periodicals, Butterworths Scientific Publication, London, 1962

Citation should e as follows (note the underlines also): . . _
@) 1Fées%gch Paper: Jadhav S'Sand Kulkarni P R, Presser amines in foods, J Fd Sci Technol, 1%L,

(b) \E/Bolokl:l Vgggataraman K, The Chemistry of Synthetic Dyes, Academic Press, Inc, New York, 1952,
ol, 1, 966.

(c) References to article ina book: Joshi SV, in The Chemistry of Synthetic Dyes, by Venkataraman
K, Academic Press Inc, New York, 1952, Vol, II, 966. ~ _ .

(d) Proceedings, Conferences and Symposia Papers: Nambudiri E S and Lewis Y S, Cocoa in
confecnonerY, Proceedings of the Sggmposmm on the Status and Prospects of the Confectionery
Industry in India, Mysore, May 199, 21. _

(&) Thesis: Sathyanaragan Y, Phytosociological Studies on the Calcicolous Plants of Bombay, 193
Ph.D. Thesis Bombay Umvera%._ . _

() Ingubhshed Work: Rao G, unpublished, Central Food Technological Research Institute, Mysore,
ndia.

Consuilt the latest issLie of the Journal for guidance.' For "Additional Instructions for Reporting Results
of Sensory Analysis™ see issue No. 1 of'the Journal.
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ACORUS CALAMUS RHIZOMES AS A PROTECTANT OF MILLED RICE AGAINST SITOPHILUS ORYZAE
AND TRIBOLIUM CASTANEUM by Harish Chander, S. G Kulkarni and SK. Berry

AN IMPROVED SOLAR DRYER FOR FISH DRYING IN THE COASTAL BELT by S Mukherjee,
S. Bandyopadhyay and A. N. Bose

Research Notes
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