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Packaging and storage studies have been carried out on mustard oil packed in pouches of low-density polyethylene, Nylon-6
(PA)/lonomer, polyester (PET)/igh density-low density polyethylene and metallized polyester/HD-LDPE and stored at
accelerated (38°C and 92% R.H) and normal (27°C and 65% RH) conditions. The shelf-life of oil was found to be 20 days in
LDPE, 60 days in Polyamide/lonomer, 120 days in PET/HD-LDPE and more than 120 days in Met.PET/HD-LDPE pouches
under the accelerated condition, and at the normal condition, the corresponding shelf-lives were found to be 30 days in LDPE,
60 days in PA/lonomer and more than 120 days in polyester based materials.

Mustard oil is obtained from white or yellow
mustard (Brassica alpa) and from black mustard (B,
Nigra). Crude oil will ‘be dark brown in_colour and
contains a large proportion of free-fattY acids. Refined
oil will be bland and light brown in colour,

The characteristic odour of mustard oil is due to
sulphur containing  essential oils produced by the
hydrolysis of Fluc03|des contained in the seeds.

Traditionally, vegetable oils like mustard oil are
packed in tin-plate” containers. More recentlr, rigid
R!astlc containers made of poly vinyl chloride, fow and

igh density polyethylenes, polyester etc. are belnﬁ
used. .In reent years, due to escalating prices of suc
containers, efforts are being made t0 replace them
with more economical and functional pouches made of
flexible packaging materials which would also assure a
guallty product distributed under hygienic_conditions.

everal studies on the packaging”of edible oils in

ouches have been made,12 but not on mustard oil.

ence, packagm% and storage studies were under-
taken to assess the suitability and safety of different
flexible consumer packages for packmgi mustard oil by
stor(ljn it at various femperature/relative humidity
conditions.

Materials and Methods _ ,

Mustard oil: Refined mustard oil packed in 15 k
square gn-plate container (Engine brand, Bharatpur%
Was used.

Packaging materials; Flat unit pouches of 100 x
140 mm’to"hold 20 cl of mustard oil were made by
heat-sealing at optimum temperature, pressure and
dwell | time conditions. The following . packaging
materials were selected based on their physico-

chemical properties.
1) 125 pm low-density polyethylene (LDPE)
(PA/lonomer)

{
2) 25 pan polyamide/glo pm lonomer

59

3) 12 lain polyester/L12 pm high density-low
gle)nsi% A F[)JO| eﬁwrene cg-extrgded yfiIm
PET D-LDPI%

4) 12 pm metallized polyester/112 pm high densit¥-
Hovlg(ﬂegalltzv polyethylene co-extruded film (Met. PET/

Ot” ?tored under refrigeration (4-5°C) served as the
control,
Physico-chemical ﬁropertles of packa(t;
The tensile strengtn, e_Ion%
were determined accordlnrq 0 IS: 10603
Drop test and stack-foad tests were conducted
according to IS:11352 and qrease, resistance4 was
determined as per TAPPI-T 480 but instead of turpen-
tine, a red miscible dye (Sudan 1V) in mustard oil was
used. Transmission to water vapour5 of the packagmg
materials was conducted according to 1S-1060 an
oxygen transmission as per ASTM-D  1434-666. Migra-
tion” studies on the packaSgln% materials were carfied
out according to FDA 175.3007. N
Chemical analyses: . Moisture content, acidity and
colour8 were determined according to 1S:548, For
colour determination, a cell of 10 mm light path was
used. Peroxide value was determined as per AOCS
method. _ _
Sensory evaluation: A group of 10-20 panelists
who werg habitual users of mustard oil were selected
and trained so that they were able to differentiate
between the four categories of quality indicated in the
odour evaluation proforma. The oil samples were
dispersed in_water at 0.5% (v/v) in stoppered
Erlenmeyer flasks maintained at 40-45°C in a water
bath. The panelists were asked to swirl the flask
before O{Qenmg and to match the odour with the
control. The evaluation process was completed within
2 hr. Slightly rancid and clearly rancid evaluations
were considered as rancid and not acceptable.

ing materials:
ation, heat-seal strength
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Stora?e conditions:  Mustard oil packed in the four
types of flexible packaging materials were stored at
() 38x1°C with 90% _ﬂer cent RH (accelerated
condition) _Eu) 27£1°C with 65 per cent RH. (normal
or IS condition), (iii) oil packed in glass bottles stored
under refrlgleratlon (4-5°C) served as control. The
stored samples were analysed at regular intervals in
accordance with the standards10,

Results and Discussion

Packaging ~ materials: The  physico-chemical
propertiés of the flexible ﬁackagm materials used for
making the pouches are shown in Table 1. LDPE and
PA/lonomer had nearIK the same tensile and heat-seal
strengths, whereas both plain Polyester and metallised
polyester laminates had almost equal, but high tensile
stréngth due to the polyester layer. As regards water
vapour transmission propert){_, Allonomer had_the
highest value, followed by LDPE, PET/HD-LDPE
and Met PET/HD-LDPE materials. Resistance to the
seepage of fats and oils as determined. by the grease-
resistance test was found to be best in"PA/lonomer
and Met. PET/HD-LD laminates while LDPE had
poor resistance. _

_ Performance tests on the pouches carried out
indicated that all the four types resisted a flat drop of
1 m height, whereas PA/lonomer pouch only failed
the stack load test with an applied initial load of 10 kﬁ
for 24 hr. Although its tensile and heat seal strengt

were greater than"that of LDPE, the lesser thickness
of thelaminate and probablry the applied load resulting
in elongation of n)(lqn llm and also _stretching
resulting in reduced thickness resulted in jts eventual
rupture. Thus in general, the results indicated that
goly_ester based laminates tested had high thSICEﬂ and
arrier properties which are required for long-term
storalge of oil. _ S

All"the four materials exhibited migration levels of 4
to 18 _B.p.m_. which were well below the maximum
prescribed limit of 50 pE.m. However, the higher
value of 1255 p.p.m. for PET/HD-LDPE ‘as compared
to 3.6 for Met. PET/HD-LDPE indicates that each
batch of material has to be specifically tested.

Storage studies: From an, initial moisture content
of 0.19 "per cent, a gradual increase was observed in
accelerated as well as normal storage conditions, As
expected, at the high temperature and RH condition
the moisture pick-up was more. The differences
between the increase in_pouches of LDPE, PA/
lonomer and PET/HD-LDPE were not very pro-
nounced, but as expected the metallized PET/HD-
LDPE laminate afforded best protection.

The maximum permissible’ moisture content for
mustard oil for raw grade-I variety as per the Indian

Standard is 0.25 per cent by mass. Hence, this
maximum level has been attained at the accelerated
condition of storage at the end of 40 days in LDPE, 80
days in PA/lonomer, 120 days in PET/HD-LDPE
ouches and more than 120 days in Met. PET/HD-
DPE laminate. In the normal storage condition, the
critical value was attained at the end_ of 60 days, 90
days in LDPE and PA/lonomer materials while at the
end of 120 days, the level was well below in Met. PET/
HD-LDPE under both conditions of storage. . .
Free-fatty acid content: The oil had an’initial FFA
value of 0.49 per cent as oleic acid. The increasg in the
development of FFA was in consonance with the
water-vapour transmission rates of the pac_ka%ng/
materials used, i.e., highest rate was observed in PA
lonomer follow/ed b{ L DPE and then PET/HD-LDPE
and Met. PET/HD-LDPE. N _
Under accelerated storage conditions, the maximum
FFA value of 1,41 per cenfwas observed in the case of
polyamide laminate at the end of 120 daa/s’ store%gne,
whereas it was only 0.77 per cent after 60 days. The
correspondln? values were 1.32 and 0.73 per cent for
LPE pouch stored samples. Only marginal differences,
e, 0.78 and 0.79 per cent were observed between
plain PET and Met. PET pouches at the end of 120
days of storage from the initial value of 0.49 per cent.
nder normal condition of storage of 27°C and 65
per cent RH also, FFA values increased steadllY. With
no moisture increase in the control glass hottles, the
FFA values remained practically constant. Similar
results have been observed in the case of groundnut
oilll and sunflower oil12 _
Peroxide value: The results of the changes in the
PV as indicated in the Tables show that under the
accelerated stora,(l;e condition, PV increased rapidly in
LDPE whereas it was nearly half in the case of PA/
lonomer laminate. At the erid of 80 days’ storage, the
PV of 59.2 in LDPE decreased to 27.2 after 120 days
indicating that peroxides formed |n|t|all¥ decomposéd
to other constituents. Metallized_polyester gave good
prlotectlon against oxidation as indicated by low PV
values,
The results of the stora%e studies under normal
conditions have. indicated that PV gradually increased
in oil stored in all the four types of Packa ing
materials. LDPE indicated highest values followed b
PA/lonomer, PET/HD-LDPE and finally Met.PET/
LD-HDPE. The mustard oil under test with an initial
PV of 4.9 indicated development off-flavour at a value
of 20-25, Slm%lar results have _tfeen ob erveP by other
workers for refined groundnut oil11,12 and suntlowér oil12
Although wide differences were observed in the PV
among the four packaging materials,  there was
enharicement in protection against oxidative changes
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Table 1. Physicochemical properties of packaging materials

Property LDPE PA/ PET/HD- Met.PET/
lonomer LDPE HD-LDPE
Thickness, [xm 15 25/50 12112 121112
Tensile strength, kN/m MD 18 %411 213 Zlé
Elongaion (%) i 5 1§ 5 5
D 400 150 4 4
Heat seal strength (%) g7 8 5 80
Water vapour transmission rate, g/sq.m. 24 hr. 3.6 1.2 3.3 Iy
at 38°C and 90% RH gradient
Oxygen transmission rate, ml/sq.m. 24 hr. atm. at 27°C 1600 8 175 2
Grease resistance, 40°C, days _ 10 120 75 120
Migration test, heptane at 38°C, 30 min. mg/dm2 1.29 0.79 0.89 0.26
ppm 18.06 1115 1246 364
M.D. - Machine direction, T.D. - Transverse direction
Table2. Changes in mustard oil stored at 3 and %% rh
Packaging Storage Moisture FFA, (as PV Colour Accept-
material period content oleic acid) (m.eq of (Y+5R) ability
(days) (%) (%) 0 kg fat)
LnE)tIDaIIE 0 0.19 049 4.6 19 A
2 0.20 0.55 170 20 A
40 0.24 0.59 445 pal NA
60 0.26 0.73 52.1 2 NA
80 0.28 091 59.2 22 NA
120 0.29 132 272 23 NA
PAflonomer 2 020 056 07 19 A
40 0.22 0.63 152 20 A
60 0.23 0.77 194 2 A
80 0.25 0.92 225 22 NA
120 0.28 141 267 2 NA
PET/HD-LDPE 2 019 054 95 19 A
40 0.21 0.56 14.0 2 A
60 0.2 0.62 169 20 A
80 0.24 0.70 191 yal A
120 0.25 0.79 204 yal A
Met.PET/HD-LDPE 20 019 050 81 19 A
40 0T 0.53 127 19 A
60 0.2 0.59 136 20 A
80 0.22 0.68 153 20 A
ot 120 0.23 0.78 181 20 A
ontro 2 0.19 0.49 49 19 B}
40 0.20 0.50 5.8 19
60 0.20 0.50 6.4 19
80 0.20 0.52 1.2 19
20 0.20 0.55 8.1 19

1
Average of four replicates from two pouches.
A = Acceptable, ~ NA = Not Acceptable.

b¥f the polyamide and polyester layers. Metallization indicated .bBE its low oxygen transmission rate (Table
afforded great protection due to its low oxygen trans- L). The slight increase in"PV in the product stored as
mission rate and opacity but not to the extent as control may be due to the head-space as well as
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Table 3. Changes in mustard oil stored at 27° and 65% rh

Packaging Storage Moisture
material period content
(days) (%)
Initial 0 0.19
LDPE 30 0.23
60 0.25
90 0.25
120 0.25
PA/lonomer 30 0.22
60 0.24
90 0.24
120 0.25
PET/HD-LDPE 0 021
60 021
90 0.22
120 023
Met.PET/HD-LDPE 0 021
60 021
90 0.22
120 0.2
Control kil 0.20
60 0.20
90 0.20
120 0.20

A = Acceptable,

occluged oxygen. _

Colour changes: There was no marked change in
the colour value of stored mustard oil (Tables Z and
3). It mag be concluded that. mustard oil colour is
quite stable under the environmental conditions
studied. It is probable that direct sun light, diffused
light and fluorescent light may have deletérious effects
on colour retention.B3

Sensory evaluation; It has been s_ugges,ted_ by a
number ‘of workers101 14 that chemical indices of
deterioration alone cannot indicate the acceptability
for practical purposes, but the results must be corrg-
borated by sensory evaluation. _

At the accelerated storage condition, both plain and
metallized polyester/HD-LDPE gave good protection,
with the product remaining in an acceptable condition
even upto the end of 120°days. However, Met. PET/
HD-LDPE pouch stored samples were rated superior
at all withdrawals. Mustard oil packed in PA/lonomer
pouches was acceptable up to 60 days whereas at the
end of 80 days, It had become unacceptable. LDPE
pouch offered least protection as indicated by the non-
acceptability of the sample even at the end of 40 days’
storage. Further, it was observed that in the case of

FFA, (as PV Colour Accept-
oleic ac(id) 6m.eq of (Y+5R) ability
(%) 2kg fat)
049 46 19 A
0.58 19.2 20 A
0.69 240 20 NA
0.80 214 il NA
0.90 334 il NA
148 19 A
885 184 20 A
102 211 20 A
1.5 24.6 2 A
117 19 A
8%% 151 20 A
0.62 161 20 A
0.70 7% 2 A
101 19 A
8?& 129 19 A
0.59 130 20 A
0.66 142 2 A
53 19
828 6.4 19
0.53 18 19
0.55 81 19

NA = Not Acceptable.

LDPE, sealln% failure occurred in a few pouches at the
high temperature condition and S|I§ht seepage of il
was observed at the seals after 20 days and pro-
nounced seepage after 40 days. In the tase of PA/
lonomer and plain PET/HD-LDPE pouches, S|I?ht
seepage was observed after 40 days at the accelerated
conditions and at the end. of 90" days storage in the
normal temperature conditions. No seepage of oil was
observed in"Met. PET/HD-LDPE laminate even at the
end of the storage period of 120 days. | ,

Normal condition stored oil ‘indicated that it
remained acceptable only upto 30 days in LDPE
pouches and 60 days in polyamide pouches. The
product in hoth t¥]pes of TJool ester pouches were
acceptable even at the end of 120 days.

_ C,urrentIY, the cost of pouches for,packaglrF]{g 1 kg of
oil in 20 ¢ units would be approximately Rs.2/- for
LDPE of 125)xm, Rs.6 for PA/lonomer and PET/
HD-LDPE and Rs8 for Met.PET/HD-LDPE
Pouches. When the product is, packed in 50 cl or 1L
he cost would be corresp_ondlngIY lower with added
advantage of longer shelf-life dug to the lower surface
area to volume ratio. _

In conclusion, it could be stated that only metallised
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P_olyester/HD-LDPE nouch is suitable for long shelf-
ite”and_LDPE provides very short shelf-life even
when 125 pm thickness film isused.
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Pickled Quall Eggs
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ualrdycharacterrstrcsof arlegs ickled in oil-based gra containing 3% salt and 2% acetic acid and subsequently stored in
high' density polyethyleneq(HDP 330 G), polypropylene (PP, 140 G), 12 p.m polycster/0.09 mm aluminium foil/150 G LDPE

(PFP) laminated pouches or glass jar were investigated durrng 9 and 15 months of ambient (19-38°C, 36-85% RH) and
refrigeration (4-6°C, 80-85% RH) storage, respectively. The aloumen and yolk reached equilibrium pH (4.7-4.8) within 2 and 4
days of ambient and refrigeration storage, respectively. Egg pickle stored in PP showed maximum weight loss followed by HDPE
and glassjar but negligible weight loss in PEP laminate. TBA values increased progressively during storage. Refrigerated pickles
showed better colour stability. No coliforms, anaerobes, Salmonella, and coagulase-positive Staphylococci were detected in
pickled eggs. Sensory quality of the product declined on storage. HDPE was found to be a cost-effective alternative to glass jar
for storage of pickled eggs upto 8 and 15 months of ambient and refrigeration storage, respectively.

Pickles occupy an rm‘r;vrtant place among the turmerrc 1g each; a mix of cinnamon:clove:
traditional_foods ‘in India, With the ‘Increasing papula- cardamom g% %) 0, mdnced rlic gn%er common
rty of quail (Coturnix coturnix japonica) production i - Salt, 306; eticacl and Tefimed mustard
the country, there Is-a good scoPe for_utilisation of o0 ml per kg of peeled_eqgs. Garlic and gjnger
small, trnted and thin-shelled guar eqos in the form of Were fried in ail for about 7 Min at medium™heat.
prekl e from the viewpoints o convenrence nutrition  Spice-salt blend was added and the whole, mass was
Rd Detter marliet value of small egs Pickling of further fried for approximately 5 min. The hot (70°C
chicken and quail eggs In organic acid™Solutions as the grav peeled eggs and acetic acid were thoroughly
main Preservatrve Media has been investigated by Stirr d and cool to ambrent temperature. Approxi-
severa workers16. However, information™on the matey 5%0 IcKled eggs Were nackaged in either
deve ogment and storage_stahility of ojl-hased egg glass Jar ( naving Unlined plastic Cap of 6 cm
pickles? is rather scanty.” Similarly; flexible packaging |nterna| drameter or n hr hdensrty poI ethylene (330
of pickled eg? as received very little attention; gauge po E5)ro lene ( ‘QJ
Lg tness, cotpled with convenierice and economy po F)ﬁse alumrnrum for 15 gau e LD E
contrrbuted greatly to the development of flexible amrnae ouches of Internal”, dimensions
thermo lastic fr ms and therr laminates for food 10cm, seae usrn a semi-automatic heat sealer
pack agrn% 8p rcatrons his, study was, therefore, and stored at ambient (19-38°C, 36-85 r)er cent RH;
carrre tt evaluate the influenc of rigid container mean 28°C, 6L per cent H and refrigeration (4 6°C
exr e pouches on some srco ehemrcal 80-85 per cent RHg temgeratures respeetve 0y The
g(ro jol 0&1 ria and s(fnso% %ua IIX of ail- aseg water va our, tranSmission , rates
%ar egos under ambient and refrigerate Ie}mrnate Was found to be nil, HDP 17aRd PP67
storagec naitions, gm2/24 hr at 38°C and 90 per cent RH and the oxygen
ransmission rates (OTR) of these flexibles Wwere
Materials ang Metho below measurable quantl % 2228 and 6682, cm3
Fresh lguarl £0 swer held for 24 hr at_ambient 0 2m224 hrfatmosphere at 27°C resgectrvel¥ Prror 0
temperature rgrro[ gcoo | n% In water containing 2 pe J) sorae Samples were removed from storage at
cent common salt for 10 niin at simmering tempera- apgr] rrl%te Intervals folr analyses.
ture. After cookrng eqos were cooled in cold Water e aloumen and go éesegarated and Plended
peeled and washed. ~Defective eggs with broken with 5 times therrW hto istilled water betore pH
albumen surface were discarded. measurements, In uP licate, usrng al Beckmann PH
The mgrege ts_used for prcklrng consisted 8f meter. The loss in welght of egg kle was computed
ground red chilli, 10g; black pepper, umin, aniseed, by the difference between initial and stored weights.

64
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Five reﬁlrcatrons per treatment were used for the
determination of ‘weight loss. The colour of egg
albumen surface measunng about 25 mm2 Was
measured In triplicate using a_Lovibond tintometer in
yellow, red and blue unitS. The lowest colour. unit
recorded was expressed as dullness. The next higher

colour unit was Substracted from the vellow unit and
expressed as net t{ellow coloyr unit. TBA values were
estimated In_triglicate_ by the method of T arIadurs
et af. Nordic Metodisk9 and Cowan and Steelld
Standard methods were followed for bacterial counts
and_ identification of isolates. Prckled egs were
subjected to sensory evaluation by a /-menfBer taste
panel for colour, flavour, texture; saltiness, sourness
and overall acceptabilit usrng a - Bornt hedonic scale.
Aratrnrq of 1 was the Jeast desiraole and 7 the most
desirable. For calculating the cost of loroductron of
ickled eqgs, only the cost of materials utilised for
ickling and packaging of eggs was considered.

Results and Discussion
ePH of albumen decIrned [ap |dIPr dunng first ]2h
of storage; however, the rate of decfine was relatively
faster at ambient (8.86-4.78) than refrigeration
temloerature Q8 8649|q The e g aloumen and yolk
atfained. equil bnumP by 2nd and 4th"ca
of ambient and ref |gerat|on torage, respectrvel
Thereafter, no appreciable changes in pH of eqg
components occurred under both storagecondjtionts.
The rapid drop in aloumen pH_compared to yolk was
ue 0 the fas er rate of acl drffusron Into the former
an the latter egg component.,
A progressive increase in loss in the weight of egg
pickles, except those packed in laminate,” occurré

Table 1. Weight loss (%) in pickled quail eggs packed in
DIFFERENT PACKAGES DURING STORAGE

Storage Glass Laminate HDPE PP
period
(months)
Ambient (19-38°C)
1 0.07£001 011 +0.02 028003 1.13%0.05
3 021 £0.03 0.14£001 059+002 275%0.10
6 076 £0.11 0.14 £ 001 243 £ 004 9421042
9 116 £ 0.14 0.16 £ 002 3.33+0.08 15941 0.33
Refrigeration (4-6°C)
1 002+£005 006£00L 018+ 003 029+ 0.04
3 0.12£0.02 011 £002 0.26£0.03 0.80 £ 0.12
6 031 £005 010+ 002 054+008 1622017
9 044 £0.06 010+ 001 069+ 006 250008
22 0.52 £ 0.07 0.08+001 0.842£006 371+0.13
15 0.66 £ 0.08 011+ 002 096+ 009 482¢+0.13

with storage time_(Table 1). This could be partly
explained Dy the effect of acid on egg white proteins.
In"this stuqy, the equilibrium pH was close to the 1so-
electric pH ﬁ ‘of major e%%q white proterns resulting in
their minimal water bindling capacrtlx es[yner EsIS
brou%ht about, by the acetic acid and osmofic forces
created by sogiurn chloride resulted in the dehydration
of coagulated egg white mass2. The magnrtude of
Werqht loss was™ comparatively. less in rfrrPerated
Prck es than those stored at ampient temperature in all
he packaging treatments. Of the packs Rtng materras
maxrmum Werght loss was observed wi o lowed
tt/ gldss jar and the loss was negligible with
the Iamrnate It |s thus obvrous that the WVTR. of
flexr%le (P ouches Infl duence the rate of ev oratrY]e
weignt loss in pickled eggs dunn storae Althou
reason for the loss in Welght of e%g pickles store
glass Jfar IS not obvious, It |s presuméd that the unl |ne
ap.0 the container mrght have allowed the escape of
morsture rom the prodd e

|c e e

Ch an&es In the coIour statﬁ)ll

during Storage are shown In Ta ? fl

had & yellow colour of 138un|ts Durrn sor

progressrve reductron In colour mtensrt)i |e a
decrease In ye ow unrt and an Increase In du Iness Was
recore redard esso packagrn materjals and storag
conditions. amRes stored mtelamrnate regrsterd
the lowest declr e In colour values robabIY ecause
ofteexce ent barrier properties of laminate to ||rTrht
and oxygen, The stabil |l@o f food colour from natural
sources |s influenced by pH, temperature, light and

Table2. Colour stability (lovibond colour units)of pickled
QUAIL EGGS PACKED IN DIFFERENT PACKAGES DURING STORAGE

Storagde Glass Laminate HDPE PP
erio
(r?tonths) Y« D Y D Y D Y D
Ambient (19-38°C)
1 118 04 128 04 119 06 121 04
3 107 08 117 06 110 17 108 16
6 94 12 103 06 88 08 84 16
9 80 14 96 12 82 07 64 1L
Refrigeration (4-6°C)
1 130 0 4 132 07 132 08 128 0.8
3 124 128 (i% 20 12 15 14
6 112 118 112 11 110 08
9 10.8 0 7 110 07 1209 05 106 16
2 101 06 1208 06 104 % 102 L
5 98 08 1203 12 94 90 14
(I)nétral Lovibond colour units in pickled quail eggs were 138 Y and
*Y-Yellow; **D - Dullness
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Table 3. Thiobarhituric acid (tha)(mg MALONALDEHYDE/Kg)
VALUES* OF PICKLED QUAIL EGGS PACKED IN DIFFERENT

PACKAGES DURING STORAGE
Storage Glass Laminate ~ HDPE PP
period
(months)
Ambient (19-38°C)
1 0884005 082006 090+ 003 107+ 011
3 100+ 002 096+009 138+ 006 147+0.07
6 196+ 001 138+009 198008 262007
9 252+ 003 192+ 007 272+ 008 328+ 0.10
Refrigeration (4-6°C)
1 0.62+ 003 060+ 003 063+002 068+ 000
3 0.75+ 004 068+ 004 084+ 004 096003
6 098 +005 086+007 118£006 148+0.10
9 122+003 095002 1.32+003 172+0.04
iV, 157+ 001 1274006 L173£007 196+ 002
5 226+ 008 209+007 225+ 010 269+ 0.07

“Initial TBA value of pickled eggs was 0.28 + 0.05.

oxrdatron]l]Z Ar\h) arently, more colour fadin
|

pickles held at a

of curcumin pigment of turmeric to oxidation at higher
storage temperature.
rogressrve |ncrease |n TBA valye was noticed on
L gacked pickles exhibited
um TBA values followed by HDPE- glass Jar-
amrnate packed samples during st It
a&aeare that te permeabrlrty of fhe monolayer
rmop lastic films to oxygen ‘and the head Space
conc% ﬁtron of oxygen n elamrnatg and glass | gar
may etema[Jor factors governing lipid autoxicati
Raweg olk fipids are reported t0'b reIatrvelx stable
to oxidation due to the natural antioxidative mechanism
v,qz. tocopherol as free-radical terminator aHd
gosvrtrn as iron chelatorld It appeared that t
enaturation of i Iﬁoproterns due to herma and acid
treatments4 mrg have exposed lipids to
oxrdatron This gether with smaII mount of free
iron In th ee %y olk5and reduction in the antioxidant
actrw1 asvitin {ol owrn% thermal treatmpnt]ﬁ
& ave accounted for the increase In TBA values
mson]] re orted that Rhospholr ids of egg yolk,
artrcu arly ph sp hatidyl ethanolamine are among the
Le labife constituents to I|B|d oxr?atron due to the
|g_ er concentration of unsaturated fatty acids
he results of the bacterjological examrnatron of
prc led eggs are grven in Table 4. There Wasamarked
edHctron |n bacterial nuerer orhgrcklrnp Although, a
ual increasing tre cterial” counts - was

a
8bserved with storage time, the counts remained fairly

storage
maxr

lent than those held under re |g -
ratron mrght be hecause of the, increased susceptibifity

Tabled4, Total aerobic plate counts* (Log/g) of pickled
OUAIL EGGS PACKED IN DIFFERENT PACKAGES DURING STORAGE

Storage Glass Laminate ~ HDPE PP
period
(months)
Ambient (19-38°C)
1 3512012 358009 360%011 342+:015
3 373+ 005 3702022 368+006 3871003
6 406018 396026 418021 424+:0.14
9 442+ 004 432+ 017 444+ 007 429+ 010
Refrigeration (4-6°C)
1 321+ 008 333+ 008 318+ 011 335+ 013
3 346+ 028 345+ 002 359+ 010 343+:018
6 358£019 350£013 365£003 3421%004
9 365+ 016 354+018 368%005 3.66+0.10
© 371004 381+£014 373+£006 369+ 0.10
15 386+ 008 395+008 384+:023 378+ 017
“Initial counts glog/%) of hard-cooked and o fp ickled eggs were
4.26 £ 0.14 and 2.82 £ 0.08, respectively.

low (log 3.2-4.4/g) regardless of packaging and storage
treat Ehts This gouﬁ% Be attrr%dJ \< 9ne |nh|hrto
e ffect of Jow 1§’H of tepro uct on the multipl |cat|on
of acterral Refrigerated chkles showeq comBara
tively lower counts "than those stored at ambient
temperature and the difference was less than one log
unit. Fischer et al.5reported that the microbial quality
of chkled eggs was more dependent on the acid
strength of pickling medium than storage temperature.
No colrforms anaerobes Salmonella “and. coagulase-
&osrtrve StaH] ey ococci were detected in pickled eggs

roughout sora
gtea decline ?n mean panel scores for colour

avour te ture and overaII acce tahilit was observed
with the ad ancemengo stora rgee period g
mean overall acceptability scores are presentd
Table 5 since the corres onding score profiles of other
sensorp attributes were more or less similar. The
reduction In sensoréy uality of |ckIe was dependent

more on_storage temperatdres fre
ments.  Panell not reatq (Pf errte tr%te t'[%
red men S,

texture between diff erent ac agl
evéloped a drier

exce acked sample

exttﬁe aftg 6 mont spo? ambrent storage and this
eare to have resulted from the higher WVTR of
leading to Increased deh)idratron abel Both

saltrnedss ang sourness | prck ed eggs Were rated from

most desirable to esirable
pickle gra accounted for 61 1% and

39%% of the total Of RS pﬂer k? rorc g n
ding the cost of loacka |n aterfals, the net cost 0
productron of pickled egds i consumer’s unit package
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Table5 Overall acceptability scores*ofpickled quail eggs
PACKED IN DIFFERENT PACKAGES DURING STORAGE
Storage Glass Laminate HDPE PP
period
(months)
Ambient (19-38°C)
2 6.00 £0.22 6.00%031 5861040 5861026
4 5711028 5861026 5571038 5432030
6 5431043 5571030 5281042 4.86 %040
8 4861026 5001026 4861034 3.147%0.26
Refrigeration (4-6,°C)
2 6282028 6141026 6281028 614+ 0.38
4 614 £0.26 6.00¢ 031 6141029 586 0.34
6 5711028 586+ 026 586026 571018
8 557+ 037 5711018 5571037 557+ 043
12 528+ 042 5431036 5281028 514+ 040
15 500+ 038 5001038 4861028 471+t 018

7- Like very much; 1- Dislike very much

of 100y each in é]lass jar, PFP laminate, HDPE and PP
pouches worked out to Rs.3.30, 2.20, 1.86 and 1.84,
res ectlvelz Table 62. _
hese observations suggest that both PFP laminate
and HDPE (330 G) filn pouches can serve as alter-
natives to the conventional glass containers for storage
of 01l-based glckled quail eggs upto & and 15 months at
ambient (19-38°C, 36-65 Ble cent RH) .and refrigeration
4-6°C, 80-85 per cent RH) temPerat_ur_e_s, resPectlver.
owever, due to the lack of visibility of product

Elacka ed in PFP |aminate and its hl? er cost than
DPE pouches of same size, the latter packaging
Table 6. Costof production of pickled quail eggs

Packaging Size Rate(Rs.) Cost (Rs.)
materials
Package/ Pickled  Total
unit £ggs/100g
Glass jar 150 ml 18/dozen 150 1.80 3.30
(454)  (54.5)
Laminate ~ 12.5x10 cm  120/kg 0.40 1.80 2.20
(18.2) (81.8)
HDPE 12.5x10 cm 30/kg 0.06 1.80 1.86
(3.2) (96.8)
PP 12.5x10 cm  32/kg 0.04 1.80 1.84

Figures in parentheses indicate percent of total cost

material can be used economically in lieu of ﬂlass jars.
Further trial on transport packaging of pickled eggs
using crush-_B_rqof outer carton is su?gested In view of
the “susceptioility. of this product 0" get crushed In
handling, unlike'in a glass Jar.
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The shelf-life studies on a low dietary bulk weaning food based on malted ragi and green gram were conducted. The moisture
humidity relationship studies at 27°C revealed that moisture content of 11 % and equilibrium relative humidity of 65 % were
critical with respect to free flowing characteristics of the product. The product packed in flexible pouches and stored at
accelerated (38°C and 92% RH) and Indian Standard (27°C and 65% RH) storage conditions exhibited increases in moisture
content, free fatty acids, cooked paste viscosity and decrease in alpha-amylase activity progressively on storage. The shelf-life of
the product packed in low density polyethylene pouches was about 2 months and 3 months under accelerated and ambient
storage conditions whereas in laminate pouches, the shelf-life was about 3 months and 5 months in the corresponding storage

conditions respectively.

Details about the development and the. nutritive
value, of a low dietary bulk and high calorie density
weaning food based on_malted ragr (Eleusine cord-
cana) and green gram (Phaseolus radiatys) developed
In this Institute have been reported earlierf3. It was
felt. desirable to assess its storage stability and also to
design an economical functional packae for 1t, as
many entrepreneurs showed nterest In_prod tngﬁq
product commercially. Wor was _ Init ate trs
direction and the présent communication deals with
moisture sorption behaviour of the weaning food and
also ackagrnr{; and storage studres o{ the s ln
consumer Unit packs made up of different flexib
packaging materials.

Materials and Methods

Sorption studies:  The weaning food hlend consist-
ing of 60 per cent malted ragi flotir, 30 per cent malted
reen gram flour, 5 per centhskrm ‘milk powder andg
er cent sugar fortified wit necessar}r vitaming an
minerals was exposed at 21°C to ditferent relative
Qu Iditles rangrn% from 11 to 92 per cent Pre ared | I[t

erent dessicators usrng appropriate satur ted salt

solutions4. The sam were e| hed periodically til
the attarned1 ractﬁ:al constan we|§ht or S éhd/ d
so mou rovvt hichever wase rlier,

and storage:  Fresh red weanin
tood1 qg of srm(r)f eompossrtrdn gdl ?or sor tlo%
studies was used for Eackagrng and storage studres
The sample (25ng) gacked In unit pouc &S (130 X
190 mm) made rom 00 aue low ensrt
eth%ene LDPg uage |g ensrty ether
HDPE) ‘and paper/0. 09 mm’ foll/150 au ge poly-

68

ethylene (laminate) which had 6.5, 2.5 and n|| Wwater
va our transmrssron rate WVTR res ectrve 55

he _unit pacswere expose to Can Per
cent RH g) cent
accelerated and atnbrent Indran tandards- IS storage
conditions res ectrveh( The unit packs were withdrawn
Perrodrcall nd andlyzed for moisture content, free
atty acids (FFA) arid Reroxrde value PV) as per
standard procedureso. The sample was § Bended n
water (1 ger cent w/v) and cooked to, boiling In
water, cooled to 30£2°C and the slurry. viscosity was
mealsured t|n ta Bfrookfreld \Viscometer?. dThe Ir()jh
amylase activity of the samples was assayed accordin
0] yBerni’?eld8 yThe Weanrﬁ food st}l pre areg
%rmrlar to that for viscosi measurement was esteﬂ
or It Iavour (aroma ad taste) and for overa
Sua lit on a five Joornt scale rangrngT rom very poor to
erg 00d accor Ing to Amerrne9 en staff members

were famil |11r wré the roduct articipated as
rianelrsts and evaluated the samples upto a errod of
50 days. The sc Bedata were analysed anal

b SIS 0
variance folrowe Duncan’s new mu trp¥e rand/e test
to segregate meansd,

Results and Discussion

The srgmordal relationship ~ between  moisture
content and relative humidify su ggested that the
Produ%ttbehaved ||tke a tyt Ical sfa cht {80d/ with
es 0 its moisture sorption. propef isible
mo%?d rowt was observe Wrthd) do X
Eroduc was equilibrated at 92
ample attarned 14.3 per cent moi

off flavour  (must

da sw en t e
fer cent R
ture and developed

odour) wnen equilibrated
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at 75 per cent RH, even though It was free flowrn% and

he product equilibratéd to

er cent RH with an equrlrbrrum moisture content
?avo L’oer %ent Was free flowrng without noticeable oﬁ

Thus, a moisture content of 11 per cent could

be consrde gd gs the critical limit for s eli life of thg

ro dyct an

above this, It was susceptible to rapi

deterroratron Below 65 per cent RH, the product
remarne free flowing and retarned its original flavour,

cent ad

roduct WIH’t an |n|t| molsture contént of 5.5 Rer

an equilibrium re atrve humidity of 15 per cent

The changes in moisture content an free fatty acrds
rl‘_rlar sample(sj Packed in 200 guage DPE,

ambient and  acce

2'g

amrnate poyches “an stored2
erated  storage condrtrons are
FFA in all the

N moisture content an

presented In Fro 1 As storage period Grnoreased tlhere

WETE INCreases

samples at both the storage conditions. In case of

|
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Fig. 1
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STORAGE PERIOD (days)
A-Laminate; 8-HDPE ; C-LDPE
— 0--38°C, 92 V.RH;—0—27°C,65%RH
Influence of storage period on the moisture content and
FFA development of weaning food.

samples stored at ambient temperatures, the moisture

confent of the sample remarne weII within the critical
level even after storage for 150 d a%s At ang/ |ven

trme the morsture content Was ampl
Race E and Jow for Iamrnate and |nter-
ediate forHDPE ouches.

The trend in FF deveIoPment during storage was
artr%ost similar to that of the mol)sture Ick"up In
erent packa n mateﬂals at oth the storage
conditions” (I Under  accelerate stora

condrtrons FFA Values mcrease(? from 5.5 to 21.
per cent in sample packed m LDPE pouc es at
the end of 70 and 90 days of stora%e respectrvely The
FFA v |ues for t hesarﬂpes acke |nt[ gou es

were aways |g er than tose samples packe
and_lanTinate pouches, at both the storage
condrtrons The FFA Vvalues for samples stored at
accelerated storage condrtrons Were higher than their
%unter arts stored at ambient storage con |t|ons
This, Indicates that the gro uct is prong to hydrolytic
rancidity. The test f peroxrde value remarned
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Fig. 2. Effect of storage on viscosity and alpha-amylase activity
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negative throughout the storage period at hoth the
storage.condlitjons for all the ‘Samples revealing low
level of oxidative rancidity in the product. The figher
hyarolytic rancidity of thé sample could be due to'the
activity of malt lipase which would not have been
C0 Ietelg mactjvat?d during kllnlnqjl

The changes In alpha-amylase activity and cooked
paste viscosity as influenced rXpac_k %l_ng material and
storag%e conditions are presented in |?.2. It may be
seen that_there was a loss in alpha-amylase activity on
tor?ﬂe. Th[e1 redu?tlon n erﬁgme gctlw Was, Io¥v In
the Tirst 40 days of storage, then It becane rapid after-
wards. However, the decrease in e_nzYme activity in
samples packed In HDPE and laminate pouches ‘was
comparatively less than that of LDPE samples, The
oss"In enzyme activity_on storage resulted in an
Increase in cooked paste Viscosity of the samples (Fig.2).

The viscosity of a 20 per cent slurry of the freshly
prepared sample was 550 CP units and it increased
con5|derablry]/_ as stora%e é)enod increased. The increase
was very high (6000 CP_on 150 days storage) for
samples “packed In LDPE and stored af accelerated
stor ge conditjons.. It may be mentioned here that the
Increase In viscosity of ‘the. weaning food is not a
desirable. feature as high viscosity of high ‘dietary
bulk” limits intake of food b;f the child12
The flavour and overdll quality mean scores
analysed for samples packed n different packing
matérials under ditferent storge conditjons ugto a
storage eriod of 150 days are presented in Tables 1
and 2 respectively. A niean score of 2.6 and above
r%)resent (T;ood quallty and 1.6-25 fair,
ambient storage, samples packed in LDPE and HDPE
pouches showed good quality upto 90 days, and

Table 1. Flavour mean scores of weaning food packed in different packaging materials stored at ambient and accelerated
STORAGE CONDITIONS

Storage Stored at 27°C, 65 + 2% RH Stored at 38°C, 92 + 2% RH
(days) LDPE HDPE Laminate LDPE HDPE Laminate
Fresh 4.53 4.53 4.5 4.53 4.5 4.53
40 443 4.53 4.53 3.4h 3.1h 3.9b
10 3.60 3.80 3.8b 3.20 3T 3l
0w W B BB E
150 17d 16" 204 ! 4 ’
SEm +0.18 +0.17 +0.18 +0.17 +0.20 +0.20
(54 df) (54 df) (54 df) (45 df) (45 df) (45 af)
Limits for means: «0.5 =Ver Foor; 0.6- 15 = Poor; 1.6- 2.5 = Fair; 2.6 - 35 = Good: & 3.6 = Very good _
Means_in the same_column followed by different superscripts abc— differ significantly (P < 0.05). Row means followed by different

subscripts (x,y,z ....) differ significantly

Other row means do not differ significantly (P > 0.05) * Not evaluated due to spoilage.

Table2. Overall quality mean scores of weaning food packed in different packaging materials and stored under ambient and
ACCELERATED STORAGE CONDITIONS

Storage ; Stored at 27°C, 65 + 2% RH Stored at 38°C, 92 + 2% RH
eriod - :
F%days) LDPE HDPE Laminate LDPE HDPE Laminate
Fresh 4,5 453 453 4.53 4.53 4.53
40 423 45 4.3% 35h 3.7 3.80
10 g.Yb 4.2a 3.8 2.9 3.2b 3.3
90 0c %% 34 1pd Zhy 2.50)
120 1.9d . 3.0? . 16¢ 16?
150 15d 2.1 22C
SEm +0.19 +0.18 +0.18 +0.18 +0.17 +0.17
(54 df) (54 df) (54 df) (36 df) (45 df) (45 df)

Limits for means: «0.5 =Very poor; 0.6 - 15 = Poor; 1.6- 2.5 = Fair; 2.6 - 35 = Good; S 3.6 = Ve

Means in the same column followed by different superscript

6-35= rg good _
a,b,c ...) differ significantly (P < 0.05). Row means followed by different

s
subscripts (x,y,z ...) differ significantly (P( < 0.05). Other row means do not differ significantly

* Not evaluated due to spoilage.
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laminate upto 120 da 3/5 which can be safely considered
as_the shelf-life. However, under ambrent storage

E packed samples showed far qua |t'¥ f
acceptable) uEto a errod of 120 days, HDPE &
Iamrnate acked samples uto 15 days Under
accelerate storae condrtron LDPE and _HDPE
packed samg es_snowed good qualrt upto 70 days
which can e fixed as the shelf-life, whereas the
sample acked in laminate had an extended sheIfIrfe
of uRto 0 daYS at accelerated sforage condrtrrf

er ambient storage condrtrons the samp es in all
the, ?ac agrn? materras not attarn the crrtrcal
moisture [evel upto 150 ¥s uttesensorﬁ aéra lity
showed only 90 dasshelfl e with LDPE, HDPE and
120 days with Iamrnate pack agrng material.

Inconclusion, 1t may be stated that for the house-

hold or small scale preﬁaratron of weaning food and
for local distribution, the product may e packed In

L.DPE pouches. For fon anrer stora%ﬁ an Wrderdrﬁtrrbu-

tion, morsture proof laninate pa ?m materials like
naper/foilipoly ‘or metallised”polyester/poly would be
necessary.
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in Mi

Khurana,lashinder Kaur, Ailt Singh and R

Department of Microbiology, Punjab Agricultura

Unrversrty Ludhrana 141 004, India.

Received 29 February 1988; revised 12 September 1988

Raw and pasteurized milks were found to have psychrotrophs in the range of 1.5-10 x 105and 1-2 x 102per ml and proteolytic
psychrotrophs in the range of 0.15-2.5 x 105and 7-12 per ml, respectively. Proteolytic psychrotrophs were identified to belong

to five genera viz, Pseudomonas (42.3%); Micrococcus (32.7%); Staphylococcus (15. 6%2
Flavobacterium (2%) Proteinase produced by Pseudomonas sp. (isolate PMm) retained nearly 72

and

Alcaligenes (7. 7%% d
eate

05 of its activity when

to 75°C for 10 min. A medium containing 1% tryptone and 0.75% yeast extract, at pH 7.0 under shaking conditions with 2%
inoculum was found to be optimum for proteinase production. However, malt extract and fermentable sugars (except glucose)

did not support proteinase synthesis.

Transport and storage of milk under refrigeration
has encouraged psychrotrophs to grow and biing out
structural and functional changes in milk constrtuents
The milk products which are manufactured from such
low_ temperature stored milks, reguenty under%o
spoilage due. to_ proteinases and rf)ses released
psychrotrophic hacterral Some of the proteol t|c
enzymes have heen found to Wrthstand the milk
Processrn terr1rperature323as well as high temperature
reatmentsd. These enzmes cayse Bro duct gua |t]y
P ems sych as gelatr itter flavolr and sedimenit
ormation In ultrd h emPerature sterilised milk.
The present study was undertaken to identify proteo-
Iytic " psychrotrophic bacteria present In Taw and
asteurised milks and to study the production of
roteinases under different nutritional and environ-
mental conditions.

Materials and Methods
Isg atron an$ |dent|f|cat|on 0 roteolutrc ﬁ]sYchro
rom milk:  Fourteen samrg?eso

tro
gf pasteurrsed milk were obtained from the Depart-

cu?t‘u‘rétf tﬁﬁﬁrersr(t?nce s a0 e o 3

rotro t (PC) ang proteolyt schrotro hic
coun iPPC%rh polr ?atg met%(f ?l ntl one
dextrose yeast extract agar TDA ‘med

)try one, , east extract

medium contained (I
tes |n

5 and dextrose, 0
glrcate) were mcubated at 7 C for

and PPC"as recommended. b Amencan Pub cHea th

Associationb. TDA fortified with 10 per cent skim

*Author for all correspondence.

12

milk was used for enumeration and isolation of pro
teolytic PS chrotrophs.  The  colonies ~showin
discrete clear zone around them were taken as pro eo
lytic ones and were purified and maintained on TDA
slants In a refrrﬂerator Proteolytic psychrotrophs were
identified on the’ basis of morphological/bjochemical
charagters accordrng to the Bergey’s Manual of Deter-
mrnatrve Bacteno o%

% Proter s actrvrty Erlenmeyer flasks
B250 con arnrnq 50 ml of tryptone Yeast extract
roth, were inoculated with 48 fir old cdlture él ﬁer
cent inoculum)_and incubated for 48 hr at 22
rotary shaker. The contents were centrrfuge at 6000
r.pm. for 15 min and the supernatant wa% used to
estimate proteinase acfivi usrn Caseln as substrate as
reported by Keay and Wildi7. For this, 1 g of casein
was dissolved ina minimum amount ofO N NaOH
adjusted to pH 7.0 with 0.1 N HCI and volume raised
0 100 ml with 0.1 M pPos hate buffer at pH 7.0, The
protein solutron was heated to 80°C_for 5 min to
estroy Y rotern assocrated Iproternase activitys,
ragrd%cooe C and storeg In a refrigeratar.

|0 the above solutrone uilibrated at 37°C for
5 min, was added 1m| of cuIt re supernatant The
reaction ~ mixture ater torougr mixing, Was
Incubated % 37°g for 30 min. The reactron Was
terminated r¥ nﬁ M trichloroacefic
acid(TCA) and the |xture Was further Incubaed for
10 min at 7°C The ’Qrecrprtated roteins were filtered
thro gtman aHer A_con 011 n
Wh |c Itsu strate Wa? precrprtate with TCA

grore
the addition or culture supernatant,

WaS  run
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The supernatant was used to §
determine 1ts tyrosine content according to the method
of Lowry et a/9. One unit of proteinase activity was
defined as the amount of enzyme redurred to rélease
trichloroacetic acid (T g A) soluble fragments grvrng
blue, colour gurvale t 10 1 [xg of tyrosing under th

conditions of assa
Thermo stabrlrty roteinase; To study the thermo-
ta eI groduced

stability of ex ternase
I%'[I’ P'[ e cel ?free supernatants Wely

ophs
hebted fof 10 min t 40, 50 60, 65 and 70°C,
|mmed|ately cooled to about 2°C by, 1mmersing in
chilled water and used to deternine proteinase
activity.

Effect of ntrrtronal and pgsrcal condrt,ons on
rz)roternase production:, Pseydomonas s Qso ae P

6) which produced highly heat stable proteinase Was
Used to study the effect of tryptone, reast extract, malt
extract, fructose, galactose, mannitol, lactose, sucrose
arabinose, different ranges of pH, agitation and size of
noculum on_ synthesis “of extracellufar protemase i
tryptone yeast extract broth at 22°C for 36 .

srmultaneousI}/

‘<
O

Results and Discussion

ran%gd %’Ht’? 58toIn mrlk Tehremlt?narav\v”?nbrﬁscou B

to 3.1X103 per ml i |n pasteurrsed milks tested durrng
the resent stud d/ II"the raw and pasteurised mil
sam es were found to contain psychrotrophic and
proteo [ytrc sychrotroPhrc bacteria “which could_be
attrrbu d t0 post-pasteuris \ron cd] ntamination, Tp
averaecount 1S gIven In Ta The presence of t
rote ps chrotr Bs in milk aEd mrlk products
asa een orte Yman y workersl)
|dentification f proteq Ytrc Rs chrotrophs A total
of 64 psychrotroph |c Isolates showing discrete zones of
proteolySis around them on TDA™ medium supple-
mented with 10 per cent skim milk were picked from
various milk samples, hey were identified to beIong
to Pseudomonas sp. (31 |solates) Micrococcus sp. (L
isolates), Staphylococcus sp. (s isolates), Alcaligeries

Table L Psychrotrophic count in milk

Psychrotrophs Proteolytic
psychrotrophs
Raw milk
Range (x 107ml) 1.5-10 0.15-2.5
Mean (x 10s/ml) 353 0.65
Pasteurized milk
Range {x 10z/ml) 1-2 0.07-0.12
Mean (x 107mI) 15 0.095

(6 isplates), and Flavobacterium sp. (‘1 |so|ate2
he domrnance 'of Pseydomonas could be attributed
rdesread (drstrr&rutron In natur habitat ragg
mu tr |cat| n an IVerse metabo Ic actrvr N
therr mteractrve |nh|b|t0r activities against other
Wc rotroB S In arr products. 1415
ermostability of proteinase:  Of the 64 Proteol¥trc
psychrotrophs screened for roternase activity, Tive
|s lates viz. Pseudomonas QP 2 and PMas) Alcalrgenes
PM« and M70 and Staph Iococcus M52 were
elected on the basis of maxr um proternase actrvrty
to study the thermal stability of this enzyme
Proteinase produced bﬁ Pseudomonas (PM 262
exhrbrted the maximum thermal stability (Table 2%

C and Was therefore selected to study the effect of
varrous fermentation é)arameters on_ proteinase
pro ductiop. The proterna roduced by Pseudomonas
Isolates have alsp. been reported to retain__an
ag reciable IeveI of its activity when heated up to 80°C

mrn
ect 0 nutrrtronal and physical conditions on
proternase roductron Pseudomonas, sp.  (isolate
d26 scy hesized maximum  proteinase i the
meditn ontarnrn 0.75 per cent yeast extract and Jts
(s)ynt esis showed aIrnear mcrease Wrt tr tone (at
1 per cent level) assown n | owever
supp ementatron of the mediym wit malt extract
resulted in adecreasrfe of proteinase, synth esrf Where
an enzyme activity of 53 and 20 units”per ml at 0.25

=

| I TRYPTONE

oo
o

& (=]
o o
%
|
|
51

~
o

PROTEASE ACTIVITY (UNITS/ml)

il

0 0.05 040 0.25 050 0.75 1.0

CONCENTRATION ( 7.)
Effect of yeast extract and tryptone on production of
proteinase by Pseudomonos sp. (PM 26) in tryptone
yeast extract broth, containing lg glucose per litre at
pH 7.20.1,

Fig. 1
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Table 2.

Bacteria Isolate

40°C
Pseudomonas Sp. PM, 9375
Pseudomanas Sp. m2, 94.93
Alcaligenes sp. BMiZ 75.86
Alcaligenes sp. M 70 93.44
Staphylococcus Sp. Ms 95.56

and 05 per cent malt extract resgectlvely was
observed against 79 units per ml In the control,

A decrease In proteinase activity was also observed
when glucose was replaced by various sugars (Fig. 2),
Sucrose supported a_minimum (21 units per. mi)
profeinase activity, Contrary to “our ohservations,
Inhibitory effects 0f glucose On proteinase production
have been reported in Pseudomaonas fluorescens which
were attributed to catabolite repression by glucosel/

Maximum proteinase synthesis was. qbserved when
the medium was adjustéd to an Initial pH of 7.0
Fig.3), Maximum Protel_nase production has also

een observed bﬁ |uffse In Pseudomona%flu%rescens

and+ae2rog|nosa| neptone Yeast extract broth at pH

"Pseudomonas sp. %MZG% xhil%it d more proteinase

activity per unit Volme Uhder § aﬁmg contions ?76
80r
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Effect of various supq’&rszon ,productign of protelnase) b

Fig. 2 y
Pseudomonas sp. (PM 26) in tryptone yeast extract broth,

containing 1% tryptone and 0.7%5}0 yeast extract at pH 7.2£0.1
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Thermostability of extracellui ar proteinase produced by psychrotrophs

Residual activity (% of control) at indicated temp.

50°C 60°C 65°C 75°C
8750 7812 6250 56.25
807 86.67 7721 7215
7241 65,61 1897 37.93
85.24 7540 6731 56.09
86.95 69.56 65.20 4782
units R_er mlg than in stationary culture (31 units per
mlz which_could be attributed “to the hlghlkjI aerobic
nature of Pseudomonas in general.” Maximum
8O
(a)
60
4o
€
” o
=201
(=
2
z 0
"_'_‘ —t 1 | 1 1 i |
S "5 6 7 8 9 10
o PH
© 801 o
o (b)
v
o
[\Y
§ 60
Q
Lo /e
20f
1 1 | 1 1
1 2 3 4 5

In
Fig. 3. Effect of pH and in .
Pseudomonas sp. (pM 26) in tryptone yeast extract broth.

oculum (%v/v) )
oculum on production of proteinase hy
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groteinase_ Eroduction by Pseudomonas SR. PMas 380
nd 79 units per mp was observed when the Inocultim
was used at 2 and 25 per cent (Fig. 3h).
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Gul Mohar (Delonix regia) flower which contains high concentration of carotenoids (1890 p g/g) were isolated and their stability
was tested in microcrystalline cellulose, petroleum ether and in aqueous colloidal systems representing fruit squashes. In
petroleum ether and microcrystalline cellulose, Gul mohar carotenoids were considerably more stable than synthetic (3-carotene
but in squashes Gul mohar carotenoids were marginally superior to (3-carotene. In squashes, stability of carotenoids was related
to the nature of preservative employed. Samples preserved with sulphur dioxide retained highest concentration, while sorbate
treated samples retained the least. Saponified fractions of Gul mohar carotenoids were relatively more stable than unsaponified

fractions.

In recentyars trr)ererrq as peen consid rable concerr&
about the sa et thetic ayes use In processe
foodsl Cons] erable efforts are being drrected
towards developing_ natural or natural “equivalent
synth etrc TJor ments arotenoids have been found most
surta e for yellow, orange and red colours, and a
number of synthetrc or natural carotenoid |nc|u%rng
P-carotene, ~ p-apo-s -carotenal, . canthaxanthin
annatto extract and saffron are Permrtted in processed
foods. However, their susceR bility to autoxidation
has restricted their usaﬁe to only a few foods.

Gul Mohar (Delonix regia) 15 a very hardY
ornamental tree grown |n most troprcal countrres
flowers veriu (nro useu and the orange red owers] are
very rich 11 carotenoids, Junoalwaa and Camay ave
reported the composition of cargtenoids In petals,
sepals and anthers. Feeding of Gul Mahar flowers to
Poultr {11 10 per centL nas been reported to |mprove
he colour of egqgI olk without an srdns of h ar f
effects on birds3, Irf the present pager, .the stability o

Gul Mohar flower carotenoids In isolated model
systems is discussed.

Materrals arhd Methods
owers were obtained from the
Iaboratory campus. and 100 petals were macerated
for 5 min in_a blender with 200 ml acetone, The
mixture was filtered through a sintered ?Iass funnel
and the residue was re-extracted with 50m aliquots of
acetone End Jrlt?red till free fro %ounnr% atter,
T e combined filtrate was treated with 100 Ihexane
and washed with excess of 5 per cent sodium chloride
solution to remove acetone and. water soluble sub-
staHrces Hexane extract was dried oYer anhydrous
lum sulphate and preserved at 5°C till further use.

16

For saponification, 50 ml aliquot of the hexane
extract was evagorated in a rotary thin film evaporator
under vacuum and the residue was treated with 50 m
of 20 per cent ethanolic potassium hydroxide. T

mixture was kept a roomt rafure in a clark Iace
with occasrona? shaking. f@ rp S n the mrxture)

treated with 250 m Water and extracted twice wrth 5
ml portions of diethyl ether to_ extract carotenoids,
The ether extract was washed with distilled water and
]e\lra porated tod n]ess un(der vacuum marotar thin
ilm evaporator. The residue was dissolved In fHexan
and gneH over anhydrous sodium suip%ate and storeg
at 5°C till further use

Imp re nation of Gul Mohar carotenoids on micro-
cr stal rne cel (ulose and st sorae Known aliquots o[
saponified and unsaponified nexane extracts of Gu
Mohar carotenords were transferred to.11 ca acrty
round hottom flasks contarnrng microcrystalline
ceIITquse ﬁ Merckz e flasks were swi Ied for
uniform rn]xrn? he solvent was ev g)o dte
a rotary thin Tilm evaporator. T e co ure
Wi groun i a glass mortar to break any urn}ps an
redried under vacuum to remove traces of hexane.
Srmrlarlly g) -carotene rgﬁm E. Merck) was dissolved
In 50 m hxane an impreg ated over microcrystalline
cebu ose. All operations™ were carried ouf under
subdue

Carotengr impregnated cellulose (15 g) was stored

é)etn drshes 85 ci dia) over phosphorUs pentoxide

saturated so lutions. of magnesium chloride and

so lum nitrate to obtain 0.0, "0.33 and 0.73 water
activity (aw) in dark at room temperature (15-35°C)4

reparation of squash model svstem and storage:
A qu%ts ot hexang extracts of saponifie dj d %



THAKUR AND ARYA : STABILITY OF GUL MOHAR CAROTENOIDS IN MODEL SYSTEMS 7

saponified Gul Mohar carotenorgs were evapPrated to
d(ryness under vacuum and were qissolved ina quots of

% hydrogenated vedetable oil._These were emu srfred
Wit kg sugar solutions of 45° Brix havin (%er
cent citriC acid in a blender for 15 min along With 1
onoxyetherne sorbitan mono oleate (Tween-8

[re Undred ml of these solutions were Tilled | |n
ml glass bottles havrn% ground  glass stoP ers. The
stoppers were waxed and bottles were stored in dark
at room temperaure. Similarly, 50 mP of (3-carotene
were drssolved n hydro%enated vegetabe oil, emulsified
with suqar solution and stored |n olass bottles along
with Gu Monar carohenor samp ejs

Stahility of Gul Mohar cargtenoids and fi-carotene in
petroleum ether solution: Fifty mg of unsaponified
Gul Mohar carotenoids and §3 -Carotene were dissolved
In 200 mlpetroleum ether (80-120°C boiling fractron
|n 500 ml e The flasks wer1e coveret Wit
aumrnrum foil and stored In an Incybator ained

37£1°C In daH< nrtral% ang gerroarcah?)nl IquOts

were taken out, diluted to 50 ml and their dbsorbance
was measured at 449 nm,

onrcal flasks.

ysrs InrtraII % dperrodrcally, aliquots, of the
st(%re tgamp €S wer withdrawn and carot nords \ere
estimated

rY the ~ methods descnged earlre[)rt
Concentratro of totaI carotenoids was determined
measurin t e absorbance of hexane extracts at 44
nm using Shimadzu 240 Grthrcorg Spectrophotometer
From the a sorbance Vvalues, the c%% ntration of
carotenoids was compute usrng Ea49 2 Moisture
content was determrne heatrng 2 0 samples af
100°C for 4 hr in_ tared aluminium™ dishes and
expressed on total weight basis.

Results and Discussion

Total bcarotenor%s n srér %rl Mohar fltower samples
ranged between 1798 an with a m

E?O ngf The moisture co tent I ?resh?w
Blucked flowers was between 83.4 and 85.4 per cen
Ince at this maisture level, flowers are highly suscep-
deterioration, these were dried at
cent mé) sture Durrng

tible to mrcrobral
90°C for 3 hr to less than 10 ge
h ecrease rom 1

the dryrn total carotengl
§ Ie maceration with

1 per cent)

acetoh rgotenor scouﬁd bey ly extracted
SusceP]trbrlrty of carotenor S towards oxidative de-
?ra dation 15 am or roblem In th e|[ usade In colour-
g f00ds. ccor % relative stability of Gul Mohar
ca otenords and synthetic

treﬁrR %sstems Frﬂ t may be observed tht
at a te]t re wate[ %wt s, GUl Mohar car?te 0i0S
are much more stable than (3-carotene, A

& -carotene and %ul Monhar carotenords

egradation was highest at 0.0 awand

or not
the rate of
owest at 0.73

3-carotene “was studred n 033
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w.
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Fig. L Effect of water activity on the storage degradation of
Gul Mohar carotenoids and (5-carotene.
38, - Saponified fraction and 2,4,7 - unsaponified carotenoids of
Gui Mohar at 0.73, 0.33 and 00awrespect|veIY 5 6,9- (j-carotene
at 0.73, 0.33 and 0.0 awrespec |ve|y

aw. After 32 days of storage at 0.0 aw 83 -carotene had
undergone complete autoxrdatron as compared tg 50
er cent Joss "h . Mohar caroten 105, Since
3-carotene forms the major fraction, of total carotenoids

f of Gul Moharz the enhanced stahility of Gul Mohar

carotenoids may be due to_the Pre ence of natural
antioxidants or ‘due to the I|P fraction. In order to
understand the role, If an% lipids on the stability of
oh rcarotenords these were saponified and the
sa on led fraction was |mﬁregnate on” microcrystalline
cellulose, It may be seen that even after saponification,
ul Mohar carotenoids were (ﬁ)nsrderable/ mare stable
than (3-carotene suggesting the presence, of natura
antro dants In the carote old extract which Im art
er stah ||tey

e saponified _ fraction
re?atrve mor staﬁe than the nsa%onrfred ?ractron at
0.73 aw but at 0

0 aw both the fractions
un ﬁrwent de radatron imil rrates

The rearv rates o te gra atron of Gul Mr%har
roenors a rotele In petroleum _eth
2 R}?range 12 %%a solutions arg hown In Frg
ohar” carotenoids were remarkably stable in
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Imo philic solvent as compared to (3-carotene, Whrle

carotene was complet%g/ graded Wlthl? %3 aﬁf

storage at 3/°C, more than 90 per cent 0

Mohar carotengids were retarned even after 80 days

stora%{eI under the same conditions.  This suggzests that
ohar carotenoid s extract will be ‘stitable for

col ourrnﬁ fattzl proglucts like butter peanut butter etc

On the ofh riand the stﬁrrtg p]f Gul Mohar
carotenoids was onymargrnay Ighér than (3-carotene

Inaqueous colloidal Systéms ~ representing  fruit
squashes (Fig. 2). This isnot unexpected because in

100-

60

40+

7 RETENTION

201

1 1 {8
() 30 60 90 120 150 180

STORAGE PERIOD (DAYS )

Fig. 2. Stability of' Gul Mohar carotenoids and (3-carotene in
petroleum ether and model squash systems
Lland 2- Petroleum ether solutions of Gul Mohar carotenoids and
[3-carotene respectrve g at 37°C£1°C; 310 9 - Model s%uash
systems; 3 and 4 ul. Mohar carotenoids, and %carotene
respectively with sulphur dioxide as a preservative; 5, 6 and
saponified fraction of Gul Mohar carotenoids, tofal Gul Mohar
carotenoids and (3-carotene respectively with benzoic acid as
preservative; 7 and 9 - Total Gul Mohar carotenoids and (3-carotene
respectively with sorbic acid as preservative.

aqueous, systems, fat soluble . antioxidants are no
agtje 0] exeYt S| nrfrcant rotectrve effect. Stabilit ot
carotenoids and’ oth er utoxidisable component
these systems Is mamP/ governed by the drssolved
oXygen and water soluble antioxigenic compounds like
ascornic acrd In the _present “study too, samples
contarnranr su phur dioxide and ascorbic acid retained
significantl %her levels of carotenoids. Among the
sorbate and benzoate treated samples sorhate tréated
sam les retained sl htly lower Tevel of carotenoids
|n | atrn |ts pro-oXidant action In_ fruit éguashes
Previous rya et alb. have reported. that addition.of
sorbic. acid does not influence the stability of carotenoids
n frurt squashes.
T oudh Gul Mohar is a wiely grown popular orna-
mer}tal ree, 1ts flowers are no L % use. Gu
onar_carotenojds being more Stable than s nthetrc
3-carotene, Its flowers can easily be extracted nd Gul
ohar colourant can easily be marketed in the form of
oil concentrate like Annattq extract. However
its commercial usage In foods, the
complete toxicological evaluation.

before
product needs
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Pear| millet was soaked in 0.2 N HCI for 3,6,9,12,15,18 and 24 hr and bleaching and functional properties of flours were
studied. It was observed that HCI was the most effective bleaching agent which removed pigments to the extent of 74.3% during
24 hr soaking time. The functional properties of flours viz. water and oil absorption capacities of HCI treated flours were

improved at all soaking times. Nitrogen solubility, gelation, foam capacity and foam stability, emulsifying activity and its
stability and bulk density were decreased after soaking pearl millet in 0.2 N HCI.

The pearl millet (Pennisetym. typhoideu IS th market of Parbhani, Cleaned grains of uniform size
srxth rh)ost imp ortant cerea myrtbte WWH- S cerea g100 g)z were soaked I 300 mP (wiv) 0.2 N HCI for
E)ro duction and Is widely cultivated in Asia, Africa and 15,18 and 24 hr and then wa%hed twice with
he Unitegl States] However prgments in‘pearl millet  water to remove the residual HCI. The 9rarns were
are a serious problem which make 1ts Poduets un- dried till moisture was reduced to 14 per cent. The
acceptable or bittery in taste for consumption2. Due to  processed grains Were then ground n a blender
the presence of ceftain pigments in the pericarp and ?umeet) t? gasst rough 0.25 mm sieve and stored In
endosperm layers of the “seeds, coarseness and the  plastic bottles at 4°C ufiil use.
absf of 9Iuten cgaracterratros rq (Proterns the pearl ~ Determination_of pigments: The pigment Ep oly-
millet has Temaine W S0CI0-economic phenolsg In the flour Was determined_dccording to the
groups. The wide use of pearl mjllet depends on  methods of AOACSas modrfrgd b}/ Cnstensgn _
removal of the pigments to increase Jts acce tahrlrt Determination of profein and starch: ~ Crude protein
The removal of bran contal tng #or ments to 0b ﬂ (N x 6.25) and starch in the tlour were determined b
a white flour is the ma or 0 Jec tv |n pear millet  the methods of AOA 5 and McCready et al
processing. Eurrn trad rrona mj| qu Im bran 1S respect{ve The. insoluble residye in 70" per cent
removed an som gets mixed with flour adrng toa ethano wsused for starch determination.
green colour. orever milling by ditferent processes Functrona properties:  Water_and orI (refined
15 time-consuming and costly.” Reichert? ob erved In safflower ol a sorptron gapacrtres flour. were
millet flour- Water pastes, a réversible change in cof our determined Dy the metho Beuchat8 Nrtrogen
from gre to ye low green at aIkaIrne pH and partially solubrlrty of flours Was determrned in the FgH range of
ureve Ible from grey 0 creamﬁw rte rnte rese ce 2][ as” described h fo ayana and east

of acid. The use of ‘acids Is, therefore, }/ocate ge atron concentratro Ing ca acrt and foam
remove e pl mens and obtain a white flour from stta lity and emu S'IY"}]Q activit an emu sron statHIrtOy
pearl millet34. HCI 1s found to be the most effective. ours were studied” accor e metho

Pearl millet is consumed mostIY In the form qf un- Des de ef a|1? l?mu SI0 stagghtglwas evaluated b
leavene rod R]reﬁ)ar from whole flour and_ it is not recen r| ugatron ol owrng eatrn t 80°C for 30 mr
accepte coNSUMErs because Qf its green In a water bath. Bulk density of flours was determrned
coIour The rnfluence ofsoakrn pearl millet in dilute as per the method of Wangand KinsellalL

HCI for var rngf endt s of tirie on the ?moval of

P% ?nts i g unctional properties of flours was Results and Discussion

herefore studied. rotein, starc

P and polyphenals: effect of
soaking pear qletqn (?2WHCI for d%erent fimes

Materials and Methods on Protern starch and polyphenols is presented In
Grains of pearl millet were purchased from the local ~ Table 1 The crude protein was decreased from 13.7 to

79
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Table 1. Effectofsoaking pearl milletin0.2n hcion protein,
STARCH AND POLYPHENOLS OF FLOURS”

Soaking Crude Starch  Polyphenols Reduction in
time ’Qrotem (%) (masg)  Polyphenols
(hr) X6.25 (%)

(%)

0 137 60.1 12 :

3 135 60.0 1.0 157
6 132 50.8 0.90 25.6
9 130 50.8 0.57 53.7
V) 130 58.5 0.39 67.7
15 128 58.4 0.37 69.4
18 127 58.1 0.34 719
24 127 58.0 0.31 743

aExpressed on dry weight basis o
Each figure is the average of three determinations.

12.7 per cent, whereas starch from 60.1 to 58.0 per cent
after soaking for 24 hr which may be. due partly.to
theirhydrolysis and partly their Ieachm? In soaking
medium, Kakade and Evans2 alsq reported decrease
In protein In beans after soaking in Water for 1to 4
days. The polyfhenols expressed s tannic_ acid)
decreased fromL21 to (. 1_m%1d74.3 Ber cent) after
soaking pearl millet grains in HCI for 24 hr. In HCI
bleaching of millet grains, advantage is taken of the
fact that"the, polyphenolic glqments ecome soluble in
acidic solution at pH 4.5to 5.0. HCI penetrated
th_rouqh small regions around the embryo and slowl
migrated towardS other side of the whole grains an
finally bleached. As a result, reduction in polglphenols
occurred. Similar results are reported on pedrl millet
by Reichert and Youngs3with 0.1 N HCI for 48 hr and
by Naikare et af with 0.2 N HCI for 15 hr.,

Functional properties;  The data presented jn Table 2
reveal that water and oil absor?tlon capacitles were
Increased significantly from 185 to 2.70 and from 1.35
to 192 Cq/gf flour, réspectively, on soaking grams n
0.2 N'HCIfor 24 hr. Same trend was observed in both
these properties when expressed on cryde protein
basis. The water and il absorptiori capacities of flours
on crude protein basis were Increased from 1350 to
2397 and 985 to 1523 gAg protein, respectively,
during 24 hr soaking. Thou% there was a decrease In
protein content in HCl-treated flour (Table 1), water
absorption capacity was, Increased S|gn|f|cantl¥. In
most cases, using a similar test procedure a greater
water absorption™was noted for protein isolates than
for concentrates which indicated a possible relationship
between water absorption and protein content. The
water absorption ‘of ‘a particular sample, however
need not be parallel to its protein content. Lin et al’3
observed that soy products hiad hlﬂher Water absorptions
than did sunflower products, although their protein
contents were similar. Dev and Quensel!4 reported
higher values of water absorption by linseed flour than
soybean flour although the linseed floyr had lower
Pr_oteln content than “soybean flour. It is clear from
his, that associated carbohydrate components especially
crude fibre and starch pIaY a role in water absorption.
On soaking grains in HCI for 24 hr, the polyphenols
are leached out. The hydrophilic properties of grotelns
are related to such palar $roups_ a5 amino, carboxyl,
hydroxyl, carbonyl, and sulthydril which are primarily
réspondible for ‘increased water absoyption, These
polar rqroups otherwise form the complex with poly-
henols and decrease the water _absothlon capacity.
he increase In water absorption in HCI-reatéd
samples in the present investigation may be due to

Table 2. Effect of soaking pearl millet in 0.2n hci on water and oil absorption, gelation and bulk density of flours”

Soaking , _ , , . Bulk Least
time Water absorption capacity (g/g) Qil absorption capacity (g/g) density g%anté%n
Flour Protein® Flour Protein® (% wiv)
0 1.85 1350 135 9.85 0.82 14
3 2.25 16.60 140 10.37 0.93 14
6 2.30 1742 142 1042 0.82 14
9 240 1846 1.65 12.69 0.85 14
12 2.35 17.19 170 1301 081 13
15 2.40 18.75 175 1367 0.76 13
18 2.20 17.32 1.89 13.68 0.74 V)
24 2.70 2397 192 1523 0.73 1
SEt 0.321 0.293 0.005 1.24
CD (P=0.05) 0.019 0011 0.014 3.62

“Expressed! on dry weight basis o
Each figure is the average of three determinations.
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Fig. L Effect of soaking pearl millet in 0.2N HC1 on nitrogen
solubility as a function of pH

ore roteLn avallabIT for holdin th? Waéer. orerr,
uring soaking, amylose gets hgdro ySed an am%,o-
pectin becomes available Tor water absorption which
ultimately results jnto increased water absarption. The
Increase 1n the oil absorption capacity of HCI-treated
flour could be atfributed to the Incréased capacity of
the flour to hold the fat globules as the amount of
lipophilic groups on protéin increases though total

Table 3.
I Foaming properties
Soaking time
(hr) Vol Sp. Vol
increase vol. decrease
(%> (mlfg) over 120
min (%)
0 3 133 157
3 3 1.32 136
6 0 1.29 131
9 28 1.29 124
12 26 132 102
15 2 1.2 8.4
18 18 117 1.1
24 yil 1.14 10.2
SE+ - 0.001 0.103
CD (P=0.05) - 0.003 0.301

“Expressed on dry wei%ht basis , ,
bPer cent of the emulsitying activity after heating at 80°C for 30 min
Each figure is the average of three determinations.
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ﬁrotem conter]t %ecrela

own the Fo yphenols-protein - complex, the _i)o
Phenols are leached out and protein becomes available
or holding the oil. Ol absor?tlon by flours i
primarily due to interactions between Hydrocarbon
chains of triglycerides and nonpolar amind acid side
chains of “protein.  Dench ~ et alls,  however,
ohserved that_phxsmal entrapment Is the major deter-
mining factor in the case of oil absorption, as estimated
by the centr_lfu?e method. In the present study, a
significantly increased oil absorption and a relatively
low bulk density in HQ-treated samples appeared t0
be broadly consistent with this observation,

The least gelation concentration of HQ-treated
millet flours was significantly decreased from 14 to 11
per cent (Table _2? which may be primarily due to
decrease in protein content, | N
It was observed that pearl millet flour had minimym
nitrogen solubility of 39 per cent around pH 5.0 (Flgl.
1). [t'was 74 per tent at pH.2.0 and 9 per cent af p
120, The nitrogen solubility was decreased in HCI-
treated flours at all durations of soaking. The decrease
was maximum In 24 hr soaked sample. The nitrogen
solubility of untreated sample was Increased even
beyond pH 9.0 but there was no significant improve-
mént in HCl-treated samples. However, it “either
Sll(t]hﬂ Increased or remained more or |ess constant
UBIO pyH 12.0. Soaking the grains in HC1 decreased the

t0 4.5 t 5.0 which was_close to the isoelectric pH
of pearl millet proteins, The proteins being . least
soluble at their isoelectric pH, he¥ get é)rem itated
and their solubility decreased. -The decrease n
nitrogen solubility of HCI-treated flours may be partly,

sed. Morever, after breakil}?

Effect of soaking pearl millet in 0.2 n hcion foaming and emulsion properties of flours"

Emulsion properties

Emulsifying activity (%) Emulsion stabilityl
Flour Protein Flour Protein3
202 68.5 12.0 88.8
165 818 105 1
181 129 112 848
174 147 110 84.6
16.8 173 HS.G 815
16.0 80.0 10.2 79.6
152 8.5 100 8.7
150 84.0 10.0 79.3

0.044 0.127

0.128 0311
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que to decrease in protein content and partly to the References

decrease in pH close to 1Spelectric pH.

The foamin an emulsion Ibro ertles offlourswere
decreased_(Table 3) on soakl r? arl mr et |n HCL af
all times. The decréase jn oam volume of HCI-treated
samples was found significant (31 to 21 per cent) The
possible reason for decrease in per cent foam volume
In HCl-treated samples was due to' gecrease in the protein
content since foamrng capacrty of flours depends ypon
te[rature and t gamounto proteins, Durm% soakmg

B fsogre ry matter oceurs, pr?]teé f tems ar
|stur sorme. proteins may Yro Se. which
result in less foamrnq caPacrty Rasario and
Flores]6 also observed ess foaming capacity In munq
bean Jour on soakm n Water for 12 hr and Subsequen

l% Soak mg earl millet in HCL also d?freased
specific Volume of foam from 133 to 114 mlfg.. This
Indicated that soaking caused poor foammP and air up-
take auring foaming which "is alsp refated to_the
amount 0 Broterns The foam of unireated flour
a[b peared to be more stable than those of HCI-treated
ours Durln? soaking, protein systems are dlsturbed
as also hydrotysed resulting i lowered foam stability.
Since fodm stability is corfelated with the amount of
native proteins present, it is less in HCI-treated tlours.
The propetmes like emulsi nlg activity Iand emulsrog
stability of HCl-treated sarhplés were“also decrease
3|ﬁn|f|cantly in 24 hr soaked samples (Table )

when expressed on cruge nE)roteln basrs emu srfcyrntg
activity was |ncrease per_cen
Whereas emulsion stabllrty Was decreased from 88.8 10

E er cent. The decredse In the emulsion properties
of HCl-treated flours may be due to decrease in
protein content during soa ng%

It can be finally concluded that soakmg pearl millet

in d| ute HCL can efficientl remgve poR/p enols an

results In decrease In Prot In and starclf content an

|m [0, erEent N some unctlonal properties like water
oil absorption capacity.
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Control of Potato (Solatium tuberosum L. cv. Kufri jyoti)
Sprouting by Sodium Naphthyl Acetate during Ambient Storage
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As sodium salt of ct-Naphthalene acetic acid (sodium naphthyl acetate - SNA) was found to be as effective as methyl ester of
a-naphthalene acetic acid (MENA) for the control of sprouting of potatoes during storage at ambient conditions (22-35°C, RH
50-80%), parameters affecting efficacy of SNA were worked out. To control sprouting, potatoes were dipped in 10 to 10,000
ppm solutions of SNA for 1to 30 min. The sprouting decreased with the increase in concentration, but the increase in duration
of treatment had no additional inhibitory effect. Sprouting was minimum when tubers were treated on the third day of harvest.
Addition of 1000 ppm Benlate to the treatment solution reduced the spoilage. Several batches of potatoes were treated with the
same lot of SNA solution without causing any decrease in its concentration or in the efficacy of the treatment, which makes its
use more economical in controlling potato sprouting than MENA.

Storage of potatoes under tropical conditions results
in early” and " excessive sprouting causrng
harvest lossesL Such storage losses can be minimised
by storin the tubers below 5°C or at 8-10°C after
t eatrno Ith physical or chemical sprout suppressantsZ6,
Cold-g ora?e 0 Eotatoes requires high cost inputs and
sproutrng S more vrgorous dunng ost-cqld’ stora e
Penod Some of th chemrca an rohysrca sprout
nhibitors~ are _ effective _on] e lt<e st rae
temperature is below 20°C. Chemicals like, isoprop
N ( chlorophenylg Carbamate CIPC3 and irradiation
arg knowr(rj to mthrease the sugar content of stored
ubgrs rendering them uns rocessingd

On the otherghanrqﬁI thene aJJ tic acld NA
as Its potassium salt an methyl ester (MEN h
been Used to suPpress sprouttng of potatoes ]0]2
Gutheriell re?or ed that the efficac
defreases at emp%rat]ures above 28°C due to it
volatile natyre af %er femperatures. Our earlier
report13 indicated tha dunng storage. under ambrent
%ondrtrons 20- 32°Cs) Airs as efficient a5 MENA,
Ut as temperature prev ent In North Ingia unng
summer months (March to June} are around 35°C
efficacy of MENA may even be less than SN besrdes
berng more expensive, The present study was, therefore
undertaken t% optimise the Parameters for controlling
sprouting with SNA and work out Its economics.

Materials and Methods

Potatoes S)Solatrum tuberosum ov. ‘Kufri jyotrg
obtained from local market/freld were sorted t
remove diseased and damaged tubers, washed in water

huge, post-

of MENA p.pm

83

and surface dned nor to treatment. SNA solutron
Was prepared |sovrn known uantrtres rrq
of a na hthale e acetrc a |d In 10 NaO
solutio wv and tevo e Was ma eu WI'[ water
contarnrn Tween-80 1mr9 1). Fungici aI NA solutron
Was Preparedb mixjng benlate 12 ¢/L) to the above
solution. MENA emulsion was repare by blending it
Wrth tnethanolamrne 0leate Wrt water and drlutrng to
teresrre concentration. .

reatments: ~In one experiment, potato tubers were
dr ped in SNA solution of 10, 100, 1000 and; 10,000

'm. and In another tubers were drﬁped in 1000

.m. of SNA alone and also with fungicidal SNA
olutions forl 5, 10 15 and 30 min. Each treatment
consisted of 3 replicates of2k9 each. After 1 3, 5 10
and 20 days of harvest, tubers were dipped In 1
A solution for 15 min and Were stored

Under ambient conditions (22 -35°C, and 50-80% RH).
For stu In tere ucl sg ar content of S A and
A freated tub ers the ﬁ)treament Was, rr‘nven at
benlat To determine the extent of re- usa hill
%a)toﬂes ofSﬁr%potatoes 0\/Yere drpe ror 10 |n |n
batchesi) /ther five consecutive drg N%A
conpenfrll utron was etermrn
measured after 20t an 40t dips. Each ot of treat
tubers was separately stored under ambient conditions

(22-35°C ana RH of 50-80%). Untreated tubers were
Used as controls.

Each treatment consrsted of 5rep licates of kq each,
p.m. for 15 min jn solution containi
tr
ution (tota | 205
Ve
concen ratron mﬁt rgo
olume. of the outron wag
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Table 1. Effect of sna concentration on number of sprouted tubers,sprout length,sprout weight and spoiled tubers
AFTER STORAGE UNDER 22-15°C AND 50-80% RH.
Storage SNA concn (p.p.m.)
' Control
e 0 W 100 10000
0 433 + 640 383+25 289+ 460 316 + 4,60 350t 19
Sprouted ubers() % 84.7 + 3.60 695+ 27 53.0+ 500 498 + 41 426 £ 2.4
B H B R
. 4 1t0 210 310 810
Av. Sproutsuber 8 9.7+ 102 6.7+09* 63+£090* 461 016%*
Mean sprout. lengh (mm) 1 151018 12£018  09+0.13 0910.13 121004
4 21+ 027 17+013 14+ 0.08** 10 £ 0.22%** 15+ 0.22%*
8 312018 25+ 0.53*** 25 £ 0.53*** 24+ 0137 -
Sprout (?/100 tubers) 12 260 £ 1.50 2021+ 120 105£0.70* 25t 0.21* -
Spoiled tubers(%) iV, 10.6 £ 0.60 105+ 15 201 £2.10 203+ 21 60.0 £ 25
Mean + SEM.

* ek eeeVfalyes significantly different from control at P = 0.05, 0.01,0.001 respectively.

'Not determined due to heavy spoilage.

Tubers were examined perrodrcally for sproutrng
and sporla?e Total number of sprouts in each tuber
were counted and the length of sprouts was measured.
About 30 tubers were examined in a replicate. Sprouts
of each replicate were removed, weighed and mean of
5 replicates was expressed as fres Werph 0(g/100
tubers) of sprouts. Number of tubers spoiled clie to
fun%al and bacterial athogens wfrs noted and
expressed to et er as per cent spoilage. Reducrng
sugars from the dry samples were extracted by the
mfethold of Rangannab and estimated by the méthod
of NelsonLb.

Results and Discussion
ercentage of sprouted fubers at the end of
eachw ek of stora ew lower in SNA treated tubers
than conrol and Percenta e decreased with the
mcrias In the conce? at’]on 0 the end of 4
weeks (i.e. b wegks after harvest), it ranged from 42.6
to 69.5 pe [p %ent In drfferent treatments, as against 847
per cent In the control. After 8 weeks in storage, only
at 1000 p.p.m. tubers showed srr{rnrfrcantly less umber
of sprouts mdrcatrnrq Its qreater suppressive effect
?ver lon J)erro e treatments, the erout
ength as gnrfrcantly shorter than that .in cohtro|
€ number ‘0f sprouts decreased with increase. in
SNA conce tratron arrld the extent of their regluction
Waskmore urrngtear herrodsI of storcagetlulto4
wee e sprout weight was also Icantly Tower
OOP anrs7 08 g reateg (”)ers vr)//hrf
] 0%6“ Was ir(r)e Oectrve T e s oil ar[re frirrt/amsemtgreﬂrgnloo
r:ontroTl The endem rpor Increase sporPage most,y

bacterigl) in tubers treated with growth regulator
alone 1S probably due to higher “ambient Storage
temRerature (Table 1).
rout Werghts after 8 weeks of stor
tubers dip-treated \?rrt r\tA %utron for l
uratrons Were significantly less than In contro
1 min dip effectively reduced the sprout ¥|eld and was
as good as 30 min dip. A5m|n dip treatment can be
considered adequate for practrcl sgrout control,
Tubers treated with fungicidal S lution showed
Wrt SNA alone,

less spoilage than those freate
Duratﬁ)n of dipping In either otd these two solutions

a?e in
erent
Even

Table?2. Effect of duration of dip treatment of tubers in
FUNGICIDAL SNA ON SPROUT WEIGHT AND SPOILAGE AFTER 8 WEEKS
STORAGE UNDER AMBIENT CONDITIONS (22-35°C, RH 50-80%).

Fungicidal SNA

Dipping Spoilage
tim Sprout wta Spoilagel in SNA+
(mrnS (g fresh/200 (%) (%)

tubers)
1 15105 86+ 15 2501t 14
5 141 01* 16t 12* 216425
10 5.2+ 04* 117425 2091+ 18
15 18+ 10r 1501 44 051+ 17
30 21406 1164 LT 2651t 31
Control 113+ 04 44409 44409
Me an SEM

* S nrfrcantly different over control (P < 0.05).
b - * Signi |cantg/ different over corresponding SNA alone
treatmentsgP
+  Treatment included to confirm_a

?ravatron of spoilage caused
by SNA alone (noted from data in Table 1
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T

|
20
Days of treatment from harvest
Fig. 1 Effect of time lag from harvest to SNA treatment on
S%} spoilage and (b) sproutln%_of potato tubers at the end of
weeks storage under ambient conditions (22-35°C, RH
50-80%). + Treated and o Untreated, lines extendm? the

Ic

points  under (68 indicate SEM, * indicates Significant
difference (P<0.05) over untreated.

did_not show any relationship with the extent of
spoilage (Table 2). . o

The” sprout formation was significantly less at the
end of 10 weeks storage n all"SNA tréated tubers.
Minimum sprouting was found in tubers treated on the
third day after hafvest. However, the treatment was

effective even on tubers held for 20 days hefore
treatment. The spoilage was not much aggravated

Fig- 1). : -

( lge-ugmg the SNA solution for dipping 41 batches of
tubers has also shown 3|Pn|f|cantly low Sprout weights
In the difterent treated lotS. Further, the UV absorption
s%ectra taken for the SNA solubtlon did not show an
change In the concentration but one liter of SN
solution was used UR for treating 100 kg of tubers
(Data not Presented 1 _

Dip treatment of. potato tubers in SNA and MENA
solutions have hoth effectively controlled sprouting
while the latter is twice as costly as SNA. Neither
spmlage nor the reducing sugar content differed much
from the control tubers. The sugar content in both
treatments and control remained [ow upto 8 weeks hut
between 8 and 12 weeks of storage, it Increased by six
to eight folg, yet remalnln% well within the limits for
processmq Into chips (Table 3). These results are
comparable to those reported by Khurana ef al18

The present study Indicates that dg)%pmg potato
tubers after 3 days of harvest In 1000 pom™ SNA
solytion for 5 min, _effectively coptrols, s routmg
during storage at 22-35°C. Addition of fungicide to th
SNA “solution reduced fungal spoilage. However, as
reported earlierld all chiemical sprout inhibitors
aggravate microbial spoilage (especially  bacterial)
durin storage at temperatures around 35°C, while no
such gqrav ted § 0|I_a%e occurs when the fubers are
stored "t 22+ 2°C with an RH of 85£5%, as under
evaporatjve cooling s_torage conditions19, Good sprout
su;pre_ssmn was_achievedl even when the treatment
Was qlven after 20 da¥s of curing. This gives enough
time To trager to gjve the treatment.

Re-usability studies indicated that the cost of SNA
wofks out tQ"he about 2.5 |\ﬁalse per kgﬂtubers %20 US
cents/100 kg}._Th_e cost of MENA treatment even after
assuming Utilisation rate to be the same as SNA
solution™works out to be 5 paise/kq as It is twice as

Tabled. Effectofdiptreatment of potato tubersinsna and menasolutionson sprouting,spoilage and reducing sugar content

OF TUBERS STORED at AMBIENT CONDITIONS (22-35°, RH 50-80%).

Sprout wir+ Spoilage+
, (1 fresh/ (%)
Solution 0 tubers)

Name Concn

(PPm)
SNA 1000 17+ 031% 94 + 09
MENA 1000 0.3 +0.04% 114+ 24*
Control - 240+ 0.22 46+ 04

+  After 12 wk of storage
Significantly different over control at P< 0.05

Reducing sugars (g/100g-d.wt.)

4wk 8wk 12 wk
0354 0.05 031 +0.07 140 + 0.03
008+ 001 0.14 + 0.03 120+ 0.02
0.08 + 0.01 0.15 £ 0.02 093 +£0.10
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costly as SNA. Therefore, of-NAA as its sodium salt
SNA) can be used as an effective and economical
ost-harvest sprout. retardant for storing potatoes
under tropical conditions.. Hence, Post-harvest treat-
ment of potato tubers with fungicidal SNA coug_led
gve cool storage wotld help in extending

with evaporat
the stora%e ﬂ e of potatoes.
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Green unripe, ‘Robusta’ banana at two stages of maturity could be held at 1S°C and 20°C for one to four weeks, followed by
proper ripening at ambient conditions. Fruits remained green, firm and unripe for two to three weeks at these temperatures.
The delay in ripening was correlated with reduced rates of softening, peel colour development, increased pulp peel ratio,
tannins, total sugars and alcohol insoluble residue in the pulp of the fruit. Weight loss was less in fruits held at 15°C and 20°C.
Quality of the fruit after one to four weeks of holding at 20°C was the best followed by fruits held for three weeks at 15°C. By
harvesting the fruits early at 11 stage of maturity, shelf life could be extended from 16 to 21 days at ambient storage.

In. tropics, the shelf life of banana .is short at
ambient conditions of storage and there is a need fo
develop a suttaple method for extending the shelf life
which can help both in internal trade and export, Low
temperature storage is one of the practical methods
Regortle mdrcate that physico- chemrcgl changes and
ripening depend on thecultivar and the narvest
maturity. Besides, there is a need to harvest bananas af
Iﬁss mature stages to meet the market demands and
this necessitates the study of the effect of harvesting at
less mature stage on shélf life and quality of the “R
fruit. Several réports are available for determinin t
maturity mdices In different cultivars of bananad4,
But a detailed study. on the effect of maturrty holdmd
temperatures, duration of holdmg and 1ts sUbsequen
effect on ripening at ambient conditions, shelf life and
quality. of the friit was lacking in ‘Robusta’ banana,
Which” Is gaining Importance as a commercral cultivar
in fresh trade and exBort markets. taence this study 1
was made and the results are reporte

Materials and Methods ‘
Stage of mat%m Bunches. of Robusta’ banana
Were arvested from a commercial farm at 115 an
sof fr |t set, Frurts after 115 das ffrurt ot
re d with opti um maturit erern the
m vidy rurts were almost roundish. and it 1
referred to kY star?e of maturity, and 1i after 100 days
corref onding to ess maure stagg when they were
anqu rrnsae and 1t 1s referréd to as || stage, of
maturrty Hands with 12 to 14 frurts of uniform’size
without any blemishes were cut from the bunches. Cut

Contribution No. 184/88
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end of the hands was smeared with thiabendazole (500
n.m.) and air-dried.

Stora e tem erature Fruits were kept. for storage
at roo temperature (R. 8 25+2°C with R.H. ‘of

per cent, 20°C with_70-75 per cent R H and at

5°C WI h 75-80 per cent R.H.

Sample size: At R.T. storage 4 hands of 12 to 14
fruits were kept for observatioris on ripening, 3 hands
for chemrcal analysrs and 3 hands of 6 fruits each, for
recor In ht"loss during storage. For storage at

can 20 8 hands werg kept for gbservatiofis o

rr enrng and ) hands were removed after every week

rrPene by ke ng at R.T. Chemical analysis and

Wergh oss Were llowed |n continuous storage at

| t 20°C, andd cemrcal anal srsdantd sensory
evau Ion Weye magle i ripe fruits stored a
6H)owec[ by ripening IOat R.T, AIF the

5°C and
fltands at
each storage temperature Were kept loosely packed | m

guage polyethylene bags "with 4 per cent
ventrlatron
Weight ~loss: For determining ~ weight 10ss
indivi uaI hands were weighed at re%ular intervals and

the_cumulative_osses weré calculate
Firmness;  Firmness of te unpeeled fruit was
measured In fruits tak en rom replicates prior to
cutting for ch%mrcal analysis, usmg an ¢ ﬁ
press re tester tavmqD rbeo cm widt
peel. ratio; Pu eel were sep
wel Lned mdrvrduafly anoP express)ed PUF peefl
emical analysis:  Bulk™ sample o Was

&regared from sb-sample taken from each repﬁcate
wn amount of this sample was weighed for deter-

rated,
ratlo.
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mining moisture, itratable acidity, total tannins, total
reducing sugars (TRS) and -alcohol insoluble resiume
(A!Rg., 0ISture was estimated py drymg t0 a constant
weight at 70°C. Titratable acidity was Oetermined bg
titrating an aliquot of the water extract against N/10

NaOH™and expressed as per cent malic acid. For
tannins, an aliquot of the heated extract of the pulp
was taken, colour was developed using Folin-Ciogalteu
reagent and the total tannin content_measured after
the"method of Singleton and Rossi6. The sample was
extracted with 80" per cent alcohol In a Soxhlet
apgaratus and the total sugars estimated according, to
AOQACT and the alcohol insoluble residue was afied
and weighed. _

Fruits'stored at R.T. were analysed at intervals of 2
to 4 days, whereas those stored &t 15 and 20°C were
analysed at weekly mterve%ls. _

Ripening:  Ripening of the fruit was followed by
observmg changes in skin colour, firmness &
measuredl by préssure tester ang thumb feeling, and
development of aroma. Skin colour was scored” usin
the banana nPenmg chart, ranging from green f
vellow colour Tlecked with browR spots8 The average
scoring for each hand was calculated, The sensory
%u_alltles of the ripe fryits were assessed b}/1 a Ranel of

Judges using Hedonic rating system with which the
fruit was scorgd as bad, acceptable, normal, qood and
verY good. The parameters judged were peel colour,
texture, aroma and taste.

ResHIts,and Discusiion . ,
Physico-chemical changes in ‘Robusta’ banana
harvésted at | and Il stages of maturity and stored at

R.T: are as follows. Total weight loss was 7.1 per cent
In | stage and 10.0 per cent"in || stage. Maximum
changes In firmness, pulp peel ratio, and peel colour
were"observed during 12 to 16 days in group | and 12
to 2l dags in group11. Firmness decréased from 12
kg to L. k%,an_d 16kg in land Il stasges respectivel
pullp peel ratio increaséd from 15 to 3.0
1.1 10 2.9 In stage I1.. Peel colour increased from 3.2 to
80 and 32 to"7.2 in | and Il stages, respectively,
There was an Increase of total sugars from 8th day of
storage; the increase was from 0.3 to 18.2 per cent in
both The rougs and a corr_esponde decrease of AIR
from 27.5to 2.1 per cent in stage and, from 28.8 to
2.9 per cent in stage II. Total tannins increased
raduaIIP/ In both the stagles with a slight dpeak (160 mg/
X0y putn) around 13 to 16 days followeq by a decling.,
Titratable' acidity also increased from 0.15 to 0.4 per
cent followed by a decline. At R.T. storage, the fruifs
were ripe In 16 days in stage | as against 21 days in

stage II.

8orresponding with delayed ripening in fruits of
stage 11, there “was delay in attainingthe desirable
composition of the ripe” fruit as seén by ph;fsmo-
chemjcal changes. Similar observations on délayed
ripening by harvesting at less maturity stages nave
heen made in differént cultivars of banand59. The
fruits of 11 stage were smaller in size as compared to
hose of | stage hecause of less growth due to early
harvest. With Tespect to the effect’of low temReratur_es
N extendmg the ‘shelf life, it was observed that fruits
harvested at | and 11 stages could be held at 15°C for a
period of 4 weeks and at 20°C for a period of 3 to 4
Wweeks without affecting the quality of the fruit. In

in sfage | i

Table 1. PHYSICh-CHEMICAL CHANGES IN ROBUSTA BANANA AT | & Il STAGES OF MATURITY AND STORED AT 15 AND 20°C.

Sto_rage 15°C Storage 20°C Storage
erio
F()Wk) Pulpto  Tamnips  Total red, Alcohol insolu- Pulpto  Tannips  Total red.  Alcohol
peel ratio rrgg sugars(%)  ble residue  peel ratio ?ngf sugars(%) insoluble
%5 residue (%)
Il Il Il Il Il Il 1l Il
0 1513 2- 3 06- 05 296303 1513 2-3%  0.6-05  29.6-30.3
1 15-14 58- 47 09-09 278288  16-15 49-58 1 1-09 254-269
I* 2.7-2.4 145151 183179 45- 26 2725 149157 19, 11194 24- 24
2 16-14 5- 90 01-02 273283 1915 66- 79 121- 114 245-213
2* 2.3-2.3 144150 181178 26- 31 2725 141-146 19, 4193 23- 26
3 1.7-14 95- 98 1311 266-21.3 2219 141-98 18 6-116  31-153
3 2.3-2.2 138-142  18.0-192 30-29 2523 141144 18 7195 31- 35
4 17-14 91- 82 1513 265288  26-2.2** 129149 18 2-182  31- 33
4* 2421 ND-147  179-170 35- 35 - - . -

‘Followed bv ripening., , ,
Data are the average of triplicate analysis and on fresh wt basis.
“ This was at ripe stage. ND = Not done.
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Table 2. Sensory attributes of robusta banana harvested at i and ii stages of maturity stored and at is’c and 20%.

Storage { x % 15°C Storage 20°C Storage
e rilo
F()Wk) Peel colour  Texture Aroma Taste  Peel colour Texture Aroma Taste
11 il Il 11 Il I Ll Wl
1 1761 1077 1147 1061 8071 1377 7007 13
2 7360 7373 1361 7067 8383 8073 1373 8077
3 6760 8073 7070 8070  88-85 8075 1771 8017
4 6052 6060 6063 6863  81%87 8080 7280 7577
“ Followed by ripening. “Fruits were edible ripe after 4 weeks.  Each value is the mean score of 6 readings.
stage | the period for ripening of fruits at R.T. after  Thus, the hoIR emperature anr% Parvest aturit
n%oval Fom 15°C de gstorage was l3ana L ca alter te nelr rh and quahy of te 1 e fru |ts )
days after one week %e after d2 weeks, 8 It can be concluged th t sh j Irfe o Ro usta’
and2dags after3wee san zer0, days after 4 banana could be extended b¥ da (I days[) at
weeks re ﬁectrvely In frurts ofII stage, 1t Was loand R.T. stora eb harvestrnga dli hl% eSS maturesage
4 dlays atfter one week, nd 12 days after 2 weeks, an 10 4 week orrn at low tefperatures of 15°C

9andt7da saﬁer3weeks 4and 2 s after 4 weeks
respectivel
Sth ySICo- )éhemrcal changes i fruits of | and 1l stages
stored at 15 tC and 2t0 Ctharetshown in Table 1 Ad e
orage, fruits of both the stages were green an
?or Z%Veeks an(? these frurts sh%wed S 1gr$ Ificant changes
In composition after removal to R.T, After 4
weeks Of storage, the changes were minimum because
the. fruits had teached the fipe stage. At 15°C storage
fruits remained unripe even' upto 4 weeks, as a_resul
there were significant changre In the composrtron of
the frult after removal to R'T. for rrBenrn

Sensory attributes of the ripe fruit as seen from
TabIe2|nd|cated qood vality of the fruit from 1to 4
weeks of stora&e a2 hut at 15°C, after 4 weeks of
storage, the quality was slightly deficient with respect
to colour, texture, aroma and taste. However,” the
fruits were of accePtabIe quality. Earlier reports on
holding banana at low temperature indicated a shelf
life_of 21 daysd at 13°C._18 days at 13°C as compared
0 7 days at 29-32°C In “Dwarf Cavendish’ bananaland
2 days for full rrpenrn? at 13°C in other cultivars2. In
the present Investigation, It was observed that for
Robusta’ banana held at 20°C, maximum_ shelf [ife
was 4 weeks at the end of which fruits of both) the
matyrit Proups were ripe. But at 15°C, even after 4
weeks g mn the fruits had to be ripened b keeprng
at R.T. for 210 4 days, Furth er at R.T. storage, fruit
ofoptrmum maturit (I stalge ripened earyr
as compared to 21 days in fess mature group (Il stage

and 20°C, wrtho ten the qualrty of the Truit.
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Effects of blending wheat flour with broken rice flours (raw rice, pressure parboiled and traditonally parboiled rice) on the
farinographic and cookie making characteristics were studied. The farinographic water absorption and dough development time
increased with the replacement of wheat flour with those of rice flours particularly with parboiled rice flours. On the other hand,
dough stability decreased and the mixing tolerance index increased both pointing to the weakening of the dough. Overall, better
cookies were produced by replacing 10% wheat flour with that of raw rice flour. Cookies were equally acceptable even upto

30% level.

Rice is consumed in the form of whole kernels
which are proguced By mrI[rng o? Qg ‘h
process, a sizeable quantity of broken rrce 1S Eroduced
which 1S, an_economic [0ss to the processor. The
broken rice is mainly sold as feed and as a brewrng
adjunct. It could be”used for food purposes and th
baked products offer a good avenue for its utli-
zation. The Incorporatjon of rice fl our |sa|so regorted
to improve the rotern ﬂua |t}/ of b a ed products'
Products prepare rice our
advanta%eousl used by the duten intol erant

Pre ent sfuay was yndertaken to assess the e ect
of blending flours of rice and wheat on rheological
properties and quality of cookies.

Materials and Methods

Flours: The samples of wheat variety ‘WL-1562’
were  obtaned from the Pungab Agricultural
University Farms. Properly cleaned sam%les were
conditioned to 14 per cent moisture and given a rest
E)errod of 48 hr before mrIIrn% on the Quadrumat
unior EXx errmental Mill. The three t peB [groker(]
rice_kernels used viz. raw, gressure arboiled3 an
tradrtronally arborled4were btained after milling the
aoraéoru egare samP e hrokens Were
round fn a laboratory stone ?rrnder These were
mrxe with w eatfour In proporfions ofté)z
and 50 per cent to produce different blends. The
Bartrcle Ize of rrce and wheat flours was determined

Slevi ple on a Ro-Tap Shaker for &
n¥ in usp a st r?trs tangg rf

Sreves of
72.100,15 and 200m hsr s, ( esuIts not uoted)
Analysis: pprove ana |ca methodsh were used
for ash, protein, and diastatic activity. The fallin
numboer Wwas deter Ined aogordrn to the AAC

[
procegure using falling number apparatus (FN, AB
90

The ~liquification number (LN) was

d
A engd as follows.

calculat

FN-50

Ph sical dough roEertres and haking performance:
Rheoo ical pro t|e of the dough were studied with
of 2 arrno raph usrn the constant flour

Wel ht 50 8 ) method of AACCH. Cookies were
Ere are evaluated for wrdth thickness and
read ratro 8 per the standard AACC . methodb,
ookies were evaluated by a panel of udges for
a|p pearance, colour textyre and taste using scores
from 1 to corresponding to poor to eXcellent,

resRFch]

results were expressed on_14 per cent
moisture basrs unless otherwise stated. The data were
subjected to analysis of varianceq.

Results and Discussion

: elrsnrolz\alle colrrr]rpoguon of drf;gfrirtegrtsty esthoaft fl u[e
Hter‘erentgbrgken rice rours 8 not g er muc
composition, the wheat ﬂour had hrgher protein an
fat contents %n rice flour. The W eat| floyr had
appreciably higher drastatrc actrvrty and |qur Ication
ume t\an fice. floyrs. The sieve anal srs results
sowe that the rice tlours were coarser than wheat
floyr but amongest the rice flours the pressure par-
boiled rice flour'was the finest.

Ph%srcal doudh properties:  Wheat flour bIends
wrtp t %lgeo roarborled rice floyrs had si %Pnrf caH

er arinographic water absorption (Ta

those or raw Poe blends and Wheat roHraon ‘Non-
Si nn‘ro%nt difference wa% however, observed in the
water absorption among blends with two types of par-
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Table 1.

Characteristics Wheat

flour
Protein (%) 8.60
Ash S%) 0.52
Fat (%) 160
Diastafic activity %mg maltose/10 g) 280
Liguification number 1017

boiled rice flours. Water absorption increased
raduallx with higher content of parbojled rice flour,
he farinographic water absorPtron which was recorded
to be_highest at 10 per cent

raw rice flour mr?ht have decreased thereafter due to
the dilution of gfuten which requrred lesser water to
reach the desrrd consistency. On_ the other hand,
slower rate and higher water re urrements to ether
with lower IeYeIs of amylases T

presence of ge atinized starc res ting fro arbor
mg have caused a gradual Increase_in farrno
graphic water absorption with the increase in the pro-

Table 2.
Characteristics*
Kv)

FWA (%) 54.2
DDT (min). 15
Stabrerv min) 180
MTI (BU -
FWA (%) 54.2
DDT (min). 15
Stabrerv min) 18
MTI (BU -
FWA (%) 54.2
DDT (min) 15
Stabrlrtg/ (min) 180
MTI (BU) -
CD at 5% level

Character

FWA

DDT

Stability

MTI

*FWA - Farinographic water absorption
DDT - Dough development time
MTI - Mixing tolerance index

evel of Incorporation of

a

Chemical composition of wheat and rice flours.

_ Pressure. Traditionally
Rice parboiled rice parboiled rice
flour flour flour
740 6.80 1.24
0.60 0.56 0.54
1.00 0.86 0.80

80 68 60
150 160 18

portion of these Dou h development trme mvarrably
Increased with ternc asrng o[tion, of a the rice
flours but more so wit ter?ar olled rice flour (Fig,
1). The effect was found to be srgnrfrcant for loarborled
flours and non-significant for the raw rice flour. The
Increase in the dough development time might be the
resylt of slow rate of water absorption by the"rice flour

Effect of blending wheat with different types of rice flours on farinographic characteristics

and it was, still lesser for parboiled rice flours as
observed from cooking times/. ou? stahility
decreased sharRIy with the replacement of 10 per cent
wheat flor wit ar%of the rrce flours, but subs cruentl
a non-siginificant improvement in doug sta ity was
Wheat flour (%)
9 80 10 60 50
Raw rice flour
60.50 505 57.1 55.2 54.4
20 L75 20 30 40
6.5 70 1175 130 150
15 3 i3 5 :
Pr. parb. rice flour
65.2 68.7 708 731 740
2.0 55 70 120 175
5.75 70 75 85 75
10 50 60 2 55
Tr. parb. rice flour
678 706 728 748 756
175 55 8.0 130 155
55 6.0 6.5 75 85
10 15 60 35 30
Blends Treatment
583 8.24
3.84 543
240 3.40
1364 193
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| WHEATFLOURY 100
| PRESSURE PARBOILED 0.
... ICE FLOUR %

\WHEATELOUR % 201
| PRESSURE PARBOILED 30
. RICE FLOUR

S«

Flg. 1. Fannograms obtained from wheat - pressure parboiled *rice flour blends |

observed with the increase, in the proportlon of rlce the slower rate of water absor tion. A similar behaviour
flours. The sharp decrease in dough stabil |ty at 10 1S &Sl? reflec{ed In case %

cent rice flour blending has een reporte ear| aking performance: . Spread ratio of cookies, (Fig. 2
The subse% nt c?ang 0 aﬁ 3/ éiue to the de- Table 2 mcreased with the progressive adation. of
hydration effect of rice flours on thé dough owing to raw rice flour, whereas it decredsed when parboiled

WHE AT FLOUR Y

RICE FLOUR Yy

Fig. 2. Cookies prepared from wheat-raw rice flour blends.
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“WHEAT FLOUR %, 100]

PHESSURE  PARBOLED
RICE £LOUR %

WHEAT FLOURY,

Fig. 3. Cookies prepared from wheat - pressure parboiled rice flour blends.

rice flours were used (Fiq 3, Table 3). Cookies the gelatinization of starch and coagulatlon of rotelns
Prepared from wheat flour blended with parb0|led rice during parboiling process. similar  differential

lour had S|gn|f|cantIY lower apread ratio than those behaviour was shown by the parb0|led and raw rice
from wheat-raw rice flour blends. This might be due to  flours with reference to” farinographic characteristics.

Table 3. Effect of blending wheat with different types of rice flours on cookie characteristics

Wheat flour (%)
Characteristics
100 90 80 10 60 50 0
Raw rice flour
Thickness (mm) 112 11.16 11.08 10.90 10.84 10.20 12.30
Width (mm) 61.15 61.36 61.40 62.66 64.65 64.26 54.40
Spread ratio 5.46 550 5.54 5.74 5.96 6.40 4.40
Pr. parb. rice flour
Thickness (mm) 11.20 12.73 12.85 13.00 13.30 13.65 10.84
Width (mm) 61.15 57.80 57.30 57.00 55.65 54.20 45.96
Spread ratio 5.46 4.54 4.46 4,38 4.18 3.% 4.24
Tr. parb. rice flour«
Thickness (mm) 11.20 12.85 13.00 13.10 13.65 13.90 10.00
Width (mm) 61.15 56.40 56.25 56100 53.30 51.00 36.65
Spread ratio 5.46 4.38 433 4.28 390 3.67 3.66
CD at 5% level
Character Blends Treatments
Thickness NS 1.89
Width 3.60 5.52

Spread ratio 0.64 NS
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Tabled. Effectof blending wheat with different types of rice flour on sensory evaluation of cookies

Wheat flour (%)

Characteristics
100 90 80 10 60 50 0
Raw rice flour
Appearance 34 4.0 4.0 3.6 34 3.2 12
Coﬁ)ur 3.2 3.8 3.8 3.6 2.6 2.6 2.0
Taste 30 3.6 3.2 3.2 2.8 2.8 2.0
Texture 3.0 38 3.2 3.2 24 24 2.0
Pr. parb. rice flour
Appearance 34 3.2" 2.6 2.6 2.6 2.2 1.0
Coﬁ)ur 32 32 2.8 2.2 2.4 2.6 12
Taste 30 3.2 3.0 2.8 2.6 2.6 1.2
Texture 3.2 34 2.6 2.6 2.6 24 1.0
Tr. parb. rice flour

Apf)earance 34 3.6 3.2 2.6 2.0 18 14
Colour 3.2 3.6 32 2.6 2.0 18 14
Taste 3.2 3.2 2.6 2.4 2.2 2.2 1.2
Texture 32 34 2.6 24 2.2 2.2 12
CD at 5% level

Character Blends Treatment

ApFearance 0.45 0.67

Colour 0,37 0.57

Taste 0.24 0.38

Texture NS 0.40
The dough tightening and shortening behaviour of the treatment for cake-baking applications. Cereal Chem., 1983,
parboile 60, 445

rice flour as depicted bﬁoﬁhemf%ﬁgn%%rr%gg 3. lengar N G C, Bhaskar R and Dharmarajan P, Studies on

m'ght be rESponSible for the reduc {8%“%"546” parboiling-pressure parboiling. J agric Engng.,

ratio. With respect to quality, cookies prepared bg .
replacing wheat flour with raw rice upto a level of 3) 4. AliSz, and Bhattacharya K R, High temperature drying-cum-
per cent were more crisp and had higher mean panel parboiling of paddy. J" Fd Process Engng , 1980 4 169.
scores than for the control (Table 4) whereas, mean 5. Aggrgverlj I\|<|Aethodlsg7émer|can Association of Cereal Chemists.
' ith i ' . Payl, M'N, 1976, »
Pe%/%ello?cggﬁgoﬂgar??gg?lofﬁfrsmnuousw with-increasing 6. Pence V' G, and Sukhatme P V, Statistical Methods for

. . . Agriculture Research Workers. Indian Council of Agric. Res.
It is concluded that good quallty_cookles could be (|QCAR . New Delhi, 1967, !

produced by replacing wheat flour with that of broken 7. Anand A K, Studies on the Physico-chemical Characteristics

i Milling and Cooking Quality of Parboiled Ric6 as Influenced
raw rice flour o a imited extent. by thegVari_ety and gtag_e ofyHarvesting. 1987, Ph.D. Thesis,
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The effect of finger millet and wheat malts on equivalent basis of alpha-amylase supplements providing 5-15 SKB units/I00g
flour on dough properties, paste characteristics and bread quality was determined. At the same level of finger millet malt
supplementation, the paste viscosity values were reduced to a lower extent than by wheat malt. This indicated the thermolabile
nature of finger millet alpha-amylase as compared to that of wheat malt. The loaf volume and crumb characteristics were
equally improved by hoth the supplements. Finger millet malt produced more reducing sugars in the bread crumb as compared
to wheat malt.

The use of various amylase sueglements in bread- Amylase supplement .Wheat malt was prepared in
makmg has been recogmzed over the years with the laborator %stee mg to 42 Ber cent moisture
benefits of better loaf volume crumb stru ture, crust  content follo ed yge mifation at 0°C for five days.
colour, fIavour and kee mcrt quality of bread. Among The green malt was"dried at 50°C in a hrough -flow
the cereal malt sug barl and wheat malts drier.” Roots were_removed by, rubbing and the malt
have been the éut choices explm{e since lon f?r Was ground to_a fine Fowder in FaIIm Number AB
Imp rovm brea makmg qua||ty of flours. Rec ntly  Kamas Mill. F mgerm let was steeped T0 33 per cent
gmcae ﬂey wheat, rye and ?] malts have also  moisture, germinated at 5C orfur dasaddned
een tested fof supplemen atlono our or improving  at 50°C6 and milled into flour. The alpha-amylase
the breadmaking qualityl The amylolytic factors of activity of the malts was determ|7 ed e}cCOﬁdmg 0
Ln jan Wheats dre of |mp0rtance | [e atmg to thelr  Pertend. The activities (SKB  units gl) eat”and
a |n% uality" Eal wheat (Triticum. dicoccym) ~ finger millet malts were 68 and 37.4, fespectively.
malt nas bee found urtable for breadmaking b Smh Falling number values: This was determined

frtn arlgv%ﬁ-lartﬂgerbreetadant]ak{retgorted the ?Oss'b'h%o according to the 1CC method as described by Tara et at.

%ualltg/ Indige
wieat Tlours Using amylase Supplement from tr cl, Amylodraph naste  characteristics: Welghed

Wheat malts.and Tungal and bacterial sources FINGEr  samplbs 1606, 14 pby cent moistire. hasis mb) were
millet is an | orta%tro ical millet which is used'to )
iy extent I ma?m pSmgnnet at. observed that dispersed in°450 ml of distilled water and eamgto

qu %m¥ as% of fmﬁer b malt | '8 ore tnermo 8ra N was adjusted to 1.5°C/min rise in temperatur
eat malt. Its use in rea making has not

The effects of aIphaEt Ylase dsu plements on
eelrtt investigated sc% far. In vgew d) Itl% ote]ntmlb for %Gtuvvzeartéorrécéenéperature énd-peak viscosity
malting purposes, Its use In breadmaking has been

mvest%j?ed a5 amvlase suonlement an%com red . Farinograph curve characteristics, The procedure
with . the  more stab%e et mal alpha-a yqase for Inte V”%ed f 0grapny tecnmque s’ used by

supplement, Harinder et at. was fo
Baking: Ide bakln% formu}a con3|sted 0; fldur (]]
Matenals and Methods per centm presse east 2.25¢, fat lg, salt
Strai 5%t grade ﬂour of commerclally fown variety 15@1 KBrCL._10 ppm, and alphd-amylase Supplements
2" Was mil e on Buhler Pneurhafic Laboratory 5 and 158 units. IO g flour. The dough was

I\/IIII (I\/ILU 207) to vield about 72 per cent flour, Ptlma ly mixed in the Swanson mier fe fermented for
Com osmon of 'the tour \Was 14 e cent moisture  h In, mechamcala/ sheete moul ed
based): 101 per cent protemg er cent i)roo ed for'5 min at 30°C, 90 per cent RH. The
damaged starch, 22 per cent mal ose alue s loaves were haked at 232°C for 25 min, L oaf volume
deter med by AACC methods/. was measured by the AACCT rape seed displacement

95
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method. The loaves were scored for appearance, crust
colour, crumb Pram, and texture next day. _

Crumb analysis:  Peripheral portions of sliced
bread were removed and interjor section cut into small
cubes, air dried at 15-18°C. The samples were ground
In Falling Number AB Kamas mill, Amylose content
In flour”and bread crumb was deterrttined by the
colorimetric method of Julian10. Reducing Sugars
were determined in deproteinized acqueous extracts of
the dry crumb by the Nelson’s method1L A Rortlon of
the bread .crumt was used for determining the degree
of gselatlnlzatlon by the falling number téchnique™ (8
+ 25 ml water).

Results and Discussion _ o

Diastatic activity: A marked increase in diastatic
activity of the flour was observed as the level of both
finger millet and wheat malt supplement was increased
from 5to 15 SKB units/lOQg tlour éTabIe 1). The dia-
static activity of the flour increased by 29.4 and 74.0
per cent when finger millet malt was dsed for supple-
mentation at 5 and 15 SKB unitslOOg flour as
compared to an increase of 33.8-83.8 pér cent_by
wheat malt supplement used at the same level. The
diastatic activity of the flour was desirably increased
by both the malt supplements. _

Falling number: “With the increase in malt su i)_le-
ment from 5 to 15 SKB units/l0Qg flour, the fal mq
number values gradually decreased more so in case 0
wheat malt supplement’than finger millet malt gTabIe
1). The falling number value decreased from
339 sec in flotr supplemented with finger millet malt
at 15 SKB units/lOOg flour, whereas the Value decreased
from 648 to 264 sec in case of wheat malt supplement
at the same level of alpha-amylase supplement.

43 10 140-30

1000

800

600 L

VISCOSITY, BU

400 |-

48

TIME,min
Fig. 1. Effect of finger millet and wheat malt supplement on the
amylograms of WL 1562 flour, curve numbers 1, 2, 3 and 4 are for
finger millet malt and 1, 5, 6 and 7 are for wheat malt corresponding
t0 0, 5, 10 and 15 SKB units/l00g.

Amylograph:  Maximum amylo%raé)h paste viscosity
of theé flour was reduced from 790 BU to 330-95 and
40-30 BU by 5 and 15 SKB umts/IOO(i flour from
finger millet and wheat malt, respectively (Table 1,

temperatures at_the %a(k:

Fig: ). Correspondlnq
viscosifles were 90.83 0 878 ~and 855 to
indicating more accelerated gelatinization of starch at

Table . Effect of finger millet and wheat malt supplements on diastatic activity, falling number values and the

AMYLOGRAPH PASTE VISCOSITY OF FLOUR.

o Mialelgn ont Alplha Diastatig
amylase tivit

" KByunits/ Ay
100g)

Nil (control) 0.0 204

Finger millet 5.0 264
10.0 330
150 355

Wheat 5.0 213
100 313
150 375

Replications - 2
*mg maltose/10 g flour.

Paste characteristics
Falling  Gelatini-  Paste Max. Viscosit
No. zation temp  Viscosity temp. at 95°
(sec) °C (BU) (°CE (BU)
648 60.0 790 90.8 730
463 60.0 330 87.8 220
385 61.0 160 84.8 65
339 63.0 9% 833 20
411 60.0 140 85.5 50
343 615 55 165 0
264 63.0 Rl 710 0
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Table2. Effectof finger millet and wheat malt supplements
ONthe dough consistency by interrupted farinographic

TECHNIQUE.
Malt Alpha  Consistency (BU) at indicated
supplement amylase time “intervals (min)
(SKB units/ —
100) 0 150 450 750
Nil (Control) 0.0 500 440 45 420
Finger millet 50 500 420 370 3%
100 49 360 30 2%
150 49 310 310 300
Wheat 5.0 50 420 3710 360
100 4% B 3 A5
150 49% 35 320 300

Farinograph water absorption, 56%
Replications - 2

lower temperature _by wheat malt supplement than
finger millet malt. The effect of wheal malt on peak
viscosity and peak temperature was more drastic than
that of finger millet malt alpha-amylase on starch,
Paste viscosity at 95°C reached baselevel for the 10
and 15 SKB units of wheat malt supplemented flour
whereas those values were higher for finger millet malt
supplement. Significant differences among various
sources of alﬁha-amylase supplements have been the
artifact of the optimal range of temperature and
thermostable. nature of the aIPha_-amylaselz This
further confirmed the results of Singh" et at. that
finger millet alpha-amylase was more thermolabile
than wheat malt.. . : .

Dough properties: ~ Using interrupted farmogralg)hm
technlaéje and the_farinograph water absorption of
flour (56 per cent) it waS observed that both with

finger millet and wheat malt supplement, dough
consistency practically remained the same. The dough
became softer with time as wel| as increasing levels of
either finger millet or wheat malt supplement {Table 2).
There was 16 per cent decrease in dlough consistency
of the control after a rest of 75 min compared to a
decrease, of 39 ‘oer cent of the dough containing 1
SKB units of alpha-amylase/l00g of flour. Harinder
etat. reported similar trend in dough consistency with
Hme as a result of prolonged enzyme action in the
ough system. o _

Breadmaking: Dou%hs with finger millet malt
supplement were slightly sticky and™extensile at re-
miXIng stage as compared to whieat malf supplemented
doughs which were, Smooth, elastic and comparatively
less stlckK at remixing. However, the finger millét
douqhs andled, satisfactoril du_rln? sheeting and
moulding operations. An increase in Toaf volunie was
observed as the malt supplement was increased to. 15
SKB units/lOQg flour. considering the short fermentation
time of 1 hr 15 min in which alpha-amylase supplement
acted (Table 3). The crust colour ‘was more dark
brown 'in case of both the amylase Supplemented
bread than controls. The crumb was soft to very soft in
case.of wheat malt supplemented bread whereds it was
medium soft when finger millet malt was used for
supplementation of flour. _

rumb analysis indicated more of reducing suPar
Broductlon In Case of meer millet malt supplemented
read compared to wheat malt supplement despite the
fact that no sugar was used in.the dough system. This
Indjcates, that robably there is more Of béta-amylase
activity_in_finger millet malt as_compared to \iheat
malt. “Fal mg number values of bread crumb with
finger millet’ malt supplemented bread were lower

Table 3. Effect of finger millet and wheat malt supplements on loaf volume and crumb characteristics of flour

Malt Alpha Loaf
supplement amylase Voi
(SKB units/ (ml)
T00g)

Nil (control) 0.0 460
Finger millet 50 485
100 500

150 495

Wheat 5.0 500
100 485

150 515

a Amylose content in flours 19.9%

b Reducing sugars content in flour 0.21%
cFalllngi_number value of bread crumb
Replications - 2

Specific Crumb characteristics
]

Amylose* ReducingB Falling

sugars s No.c

(%) dextrose (%) (sec)
34 199 13 151
37 19.7 37 264
38 186 31 355
38 179 30 37
38 185 2.5 448
37 182 2.1 423
39 181 28 413
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an those of wheat malt supplemented. bread, but was
HllgRer _t%an that o% the co_ntp(ﬁ ?oa?. This,was pro a_ﬁ/
th artifact of retrogradation on the pasting properties
of bread crumb, It'was concluded that where wheat
malt is not readily available finger millet malt can also
be ll(J_sed profitably as a diastatic supplement for bread-
making.
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The Osmanabadi goats were categorised into age groups of (a) 6 to 8 months, (b) 8 to 10 months, (c) 10 to 12 months and (d) 12
to 14 months for studies. The per cent decrease in moisture content from meat of those of (a) group to (d) group was 74.07 to
63.35. The protein content was maximum in (a) group (17.4%); for other groups the protein content was almost the same (16.26
to 16.55%). The ether extract content increased with increase in age of male kids. Ash content decreased with increase in age.
The carbohydrate content decreased with increase in age. The carbohydrate content estimated by difference ranged from 2.86 to
3.30%. The above contents were almost same in different age groups. Test panel results showed that the colour, appearance and
acceptability of lean meat was excellent in the (b) and (c) age groups; however, the acceptability \>f lean meat from (a) and (d)
age group was also good. The tenderness decreased with increase in age. The meat was more juicy at lesser age. In male Kids,
selected for slaughter, the lean meat, bone, carcass length and rib eye muscle area in each group had highly significant
correlation with dressed carcass weight of respective age group in male kids. Prediction equation would help in predicting
dressed carcass, lean and bone from slaughter weight as also dressed carcass from carcass length, The meat from the (b) showed
better composition from the point of view of nutrition and leanness. The sensory quality of this sample was better than other
samples. There was hardly any advantage in rearing the kids beyond 10 months of age, which results in slower increase in

dressed carcass weight and reduction in lean percentage.

Osmanabadi js an indjgenous goat breed of
Marathwada region which iS"mainly Taised for meat
%urétose having population of 1.29 million heads on

million hectares of land. The meat has been
recognized as nutritious, de||C|0us and palatable. N
systemat|c research work had b een carried out on
Meat 1gua lity of male kids_slaughtered at different
a £, ere is also no scientific In ormatlon reg ardln%
te quality of Osmanabadi goat germplasm™ whic
couId be compared with other reeds in the country.

Materlals and Methods
four Osmanabadi male qoat kids wi

cate%onsed Into age groups of (a) 6 t0 8 months, gb)

months (c) 10°to 12 manths and (d% 121014
mon san elnve3| ation was carne out in rando-

th dth tigafi d d

mized eSI-P he |n IVI dual animals were
sauqhtered by alal method. Four major cufs :
shoulder, rack, loin and hindeuarter weré obtained
with due’care. From each major cut, the representative
proportlonate sam Ie of Iean meat Was taken by u5|n

% robel Th nswere mixed pr(?p d/
ev uat| the cemlca composition and " sensory
properties of the meat.
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Chemical composition:  The contents viz moisture,
proteln ether extract and ash in lean meat were
studied using standard AQAC procedures2. The
caFPedtetXC rate content In lean meat y"as determined by

Sensory evaluation: The lean meat was evaluated
for sensary quality on a nine point Hedonic scale. The
maximum’ score 0f ning was glven to the extremely
like product. The score was arranged In the descendmd
order. The sample receiving more than 80 per cen
Score Was excellent 60 to 80 per cent rqood 40 to 60
per cent satls actory and below 0 per cent was_not
accePta le. The samg e Was eva uated by semi-trained
Bane ifteen Ju The samples were tested

efore cooklnq for thelrcolour tenderness Juicingss
and acceptabfity and cooked meat” samples were
evaluated without adding spices.

The co-efficients pf correlation ” valugs were esti-
mated as the ratio of proximate co-variance. or the
Cr0SS rnro ducts of phenotypic standard deviations for
twoc racters,

?ressmn analysis was carried out_to find out the
co-efficients and t0 use these co-efficients further for
prediction of slaughter weight.
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Table 1. Proximate composition of lean meat of male kids

as per cent.
Soluble
Age gzroup _ Ether constit-
(months) Water  Protein extract ~ Ash  uents
%) %) %) ) (%)
6-8 1407 1740 449 116 289
8-10 6931 165 977 107 330
10-12 6705 1658 1267 105 286
12-14 6326 1626 1600 099 35
SE. ¢ 0207 0135 0131 0015  0.166
CD 0595 0386 0376 0043 0475

Results and Discussion

The composition of lean meat .in respect of
moisture, protein, ether extract, ash and carbohydrate
15 %resented In Table 1 T

he water content In lean meat was maximum in
roup (a) and thereafter with the advancement of age
it decreased. This might be due to increase in the
ether extract content.” From the nutrition point of
view, though the protein content of group (a) was
?lgnlhc ﬂP/ superior to Rroteg content In samPIes
[Om_other age groups, the effective requirement In
di<* is not much affected. With respect to ether extract
value, if ma%/ be specifically mentjoned here that the
roup (b? when slaughtered gave best sensory Scores.
sh confent showeda declining trend with increasing
age. It decreased from 1.16 per cent in groyp (a) t0
0:99 (Per cent in grourP (dr?' Moisture, protein, ether
extract and ash contents In ‘Jamnapari”and ‘Barbari’
male Kids as reported by Singh3 are comparable to
those observed in ‘Osmanabadi” in this study. Angora
kids slaughtered at 7/ months of age showed higher
Prqtem and comparable fat content4to those observed

n ‘Osmanabadi” kids. Owen5 reported fat content as
0.43 and 1201 per cent in ‘Malavi’ male goats slaugh
tered at 4 to 8 and 9 to 14 months of age. The vallies
were comparable with the values of fat Content in lean
meat of ‘Osmanabadi’ male kias of same age.

Table 3.
Wt at
Slaug- Dressed _ Carcass
Age gzroup hter carcass  Dressing Ifnr%h
(monihs) (ko) (ko) (%) ‘
6-8 139 6.3 457 53.70
8-10 168 8.0 478 56.70
10-12 18.8 9.2 491 64.70
12-14 20.7 103 49.9 66.43
SE t 0.082 0.435 0453
CD. 0.237 1.24 1.295

- Made b}/
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Table 2. Mean percent scores for lean meat of male kids.
Age %roup Colour ~ Tenderness  Juiciness Acge_Pta-
(months) bility

6-8 17.10 88.62 88.82 1770

8-10 88.82 88.82 88.82 88.82
10-12 88.82 17.10 17.10 88.82
12-14 88.82 71.70 77.10 17.70
SE. + 1.984 2.545 2.236 2.526
CD. 5.673 1.275 6.392 1.219

Sensory scores for variqus phgsmal properties of
lean mea are presented in Table 2. _

The colour of the meat improved to certain extent
after 8 months of aqe and then it remained constant,
This may be due to The effect of increased fat content
which réduces the blood red colour tg a more pleasant
shine. The fenderness reduces with age due to
toughening of myofibrilar proteins of meat and this
P_henomenon is Universally observed in all animal
issues; however, all the samples were equaII%/ ood.in
tenderness. Juiciness is directly correlated with
combined effect of tenderness, “fat c?ntent, tissue
structure and marble fat, From overall acceptance
point of view, the acceptability of the meat of the
animal of groups (b) and'(c) were better than others.

The orrelatlor% p(g-efﬂ(:le};n monpsmeatl traifs ang
dressed carcass of ‘Osmanabadi” male kids slaughtere
at different age groups with respect to lean, length of
carcass, rih eye-muscle area and dressed carcass were
hlq:hly significant. o
. From Table 3, it is seen that the S|gn|f|cant ncrease
i dressed carcass weignt with Increasé 1n age has been
observed, The dressing percentage also increased with
Increase In agle. o ,

This reflects true growth. Similar pbser(Yan‘ons were

Singh3 “In - Jamnapari” and ‘Barharl’,
Ghanekar et aF. in ‘Angara-Desi’ cross bred kids
Owen5 in ‘Malawi” male kids, Pant7 in Assam local
goats; and Khan and Sahni8 in “Jamnapari’ kids. The

Effect of age group on physical parameters of osmanabadi male goat meat.

Rib eYe Lean
muscle wt Bone Lean Bone
area unit W, Wt Wt
(Cm) (cm) (ko) (%) (%)
10.66 4.25 141 66.9 22.2
14.00 5.60 1.69 69.4 20.9
16.10 6.05 1.86 65.4 20.3
19.98 6.81 191 65.8 188
0.133 0.040 0.014
0.324 0.118 0.046
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TemwoﬂmeeMMMMwwﬁmnNGQMm
mw y0w9IMm roup (d). A steady increase
in b eye muscle area hasbeen obServed with Increase
In age and weigh
Re weight of lean as well as bone increased with
|ncrease n a%e and weight. The bone weight ranged
from 1 kg from group (a) to (d).” The [ean
Werght Was the |eas 3?5 A3er cen ofdressed carcass
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Male lambs, male yearlings and ewes - were sacrificed and thigh muscles (SM and ST) were used within 1 hr post-mortem for
studies on age-related changes. For studies on postmortem carcass conditioning treatments, ewe carcasses were subjected to
either Achilles tendon suspension at 2-3°C for 24 hr (direct chilling, Cf) or pelvic suspension at RT (26+2°C) for 7 hr followed
by chilling at 2-3°C for 17 hr (delayed chilling, C2) or left untreated (unconditioned, fresh, F). SM and ST muscles were
dissected out within L hr post-mortem from F-carcasses and after 24 hr post-mortem from conditioned (C| or C2) carcasses. The
effect of age of the animal is marginal (P>0.05) on collagen content and very significant (P<0.001) on its solubility on
heating-solubility decreasing with age. The stretching/contraction of muscles due to post-mortem conditioning of ewe carcasses
had marginal (P>0.05) influence on hoth content and solubility of collagen. Cooking under pressure resulted in significantly
(P<0.001) greater solubility than cooking without pressure. The interaction age x cooking was highly significant (P<0.001)
whereas conditioning x cooking was not significant (P>0.05).

Many _attempts have been made to study the Materrals 0and Methods
changes.in collagen content in muscles and ifs sofubility ~ For studies on aerelated chan?es the experiment
on heatmq as Influenced by the chronological age of was planned on a repIrcated 3x2 Tactorial hasis using
the animal and post-mortem storage of muscles and 18 animals belongrng to 3 age grouPs (6 each) with agg
also their relationship to meat tenderness. Decrease in asthe first factor and cooking'as the secon (Frg
tenderness as age of the animal adyances was found to  Eighteen Bannur sheep-six male lambs of 56 montls
be associated with decrease In collagen solub|I|t5< but age (live wt. 8.9¢ 10 g six male yearlmgs of 24-25
not with the quantity of collagen “In° musclel In nionths age (live wt. 20°4+3.7 kg) were sacrificed, and
specto r?wl mortem n e N connec#rve trssu? thlgh MuSCles ‘SM and ST) were dissected out within
an e | kalr mso content of meat from 1 Ar post-mortem. The differences i quantity and
drfferent animals during aqrng were noticedd. Bouton  quality ((1therm0 ahjlit of intramuscular’ collagen of
and Harrish opined that The changes . in connectrve male an emaese , If any, were ignored and the
fissue are unlikely to contribute srgnrfrcantly results on male lambs and " male yearlrngs were
Increase in te({rderness achieved during a g .35 also  compared with those of ewes,

Jeremiah and Martino.  Post-mortem conditigning  For studies on effect o congrtronrng treatmen&s the
treatments OF EWe Carcasses exert lii erent restraining ~ experiment was also planned on a replicated 3x2
Inf uence 0 thr%h muscles resu dr ?lg %ontf ction of factorial hasis using 18 Bannur ewes aged45yr (live
stretching of m cesasreporte om this laboratory  wt. 22.5£3.1 kg) With condifioning treatment”as_the
recently by Mahendrakar etall. Very little mformatron first factor and cookrnrt; as the second (Fig. 1), The
15 avar able on the eﬁecé ofc?ntractrori or stretchm of condjtioning ~treatmen for Carcasses Were '
muscles on uantrtY an rrua %y of coll gfen Wit hrs Achilles teridon suspensron conventronal) at 2- fr
|n vrew the present investigation was designed to stur( 4 hr - direct chill |P d2 L SUS ensron RT
the changes In” collagen” content and " Its, therma 6+2C for?hr lowed by t2 C

tabr |t¥as mflér% cedb chronolo |caI a%e of sheep 0 F\Te der stretch suspensron (?
oca eed and Dy the Carcass con dition] |gtreatm nts muscles (SM and ST) were drssec out

at ambient temperature 826+2 C) prevalertt in troprca [ post- mortem from conditioned C
regions as well as effect fcookrng of muscles to “well carcasses and within 1 hr post-mortem from unco d

done” or “very well done” state as practised in India. tioned (F) carcasses.
102
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(I) Effect of age of animal ill) - Effect: of (conditioning treatment

Ewes (4-5 yrs)

6earcasses each of male
lambs (5-6 m), male yearlings
(24-25 m) and ewes (4-5 yr)

3 carcasses/replication
6 replications
(Total 18 carcasses)

fitioni
Muscles dissected out within treatments

1 hr post mortem

L 2 .4
SR

- SM & ST muscles ]
(left & right side)

Right si5e muscles
§vlvr(t) \nearltrlﬁegj lyinto
b) Other half
CPB%%J(EE (H)

same o for (&)

Left side muscles

minced
separately

I

a) one half

N )

T~
protein

Cookegl meat

str"]er?\Bater atm e it

[Centrifuge
Centrifugate

Aliguot for HOP estimation

Cooked out juice

A" UOI for HOP
_estiion

) Total soluple HOP
Fig. 1. Experimental design.

Muscles: The Ieft thi Ggh uscles (SM and STQ were
minced. separatel X the mrnce was used for
estimations of total protein* and total hydroxyprolrne

P).

e right thigh muscles (SM and ST) were slit
vertically“into two halves and_one half was cogked
normaIIy and the other half pressure cooked as

mentioned below:
I%N Muscle in 250 ml Beaker
as

Normal ookrn
covere wrt petrr dish Was immersed in water-path at
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room temperature (t26+202 heated to boil and
allowed to' remain at this temperature for 30 min.
tBeaker with muscles was then taken out from water

bath and allowed to cool.
Pressure cooking ( H2 Muscle in 250 ml beaker

covered Wrth etfl |s Was paced n a pressure
cooker fittea (n re sure e heated ér steam
pressure reac cm2 n marntarne at this

pressure for Omrn an allowed t cogl.
Cootce muscles were wasried with distilled wat ron
the surface and washings collected In the cooke
juice. In order to determine the squbrIrzed hgdroxy
Prolrne (HOP) content in Water eld In cooked megt
he latter was cut |nto small tg)reces nomo enized WL
water at 40°C91n a Waring blender for 2'min and t
extract centrifuged at 4000°r,p.m. for 30 min.
Aliquots of cooked out éurce and centrifugate as
well as a samRIe of muscle (left-thigh) mince were
hydrolysed wit CL under a stéam i)ressure of
g Zr:or8hr HOP content |nhg tes Was
et rmr accordrng to WoessnerDa sou
calculated according to Williams and Harrrson9
Collagen was expressed as 7.14 x per cent HOPIL,
Statistical analysis: The results were analysed usrng
Analyses of variance tech nrqu |a Brorrorrate to th
designl2an DuncansNeW Multiple Range Test13was
used” 10 se re e the treatment means Simple
correIatron Icients were. determingd between
collagen content and its solubility on heating.

Results and Discussion
Ianuence of age of animal:

muscles from aH

from that In mis

Tthe cotclagenI c%n]t]ent irtr
ewes was not significantly differen
aes ofS |lambs and ear?angsy(Tab?e 1)

Table 1. Effect of age on content of collagen and its thermolability.

(months) Collagen (g/100g protein)
M ST H,

56 gmale lambs) 4.84a 4.27a 25.25
24-25 (male yearlings) 4,503 4.323 9.13
45 yr (ewes) 4.1% 4.01a 4.63
Means 13.02X
SEm

+0.24

(30 df)

Values are average of 6 replicates.
**p < 001 between Sm-H2and ST-H2.

Soluble collagen Soluble HOP as % total HOP.

SM ST
h2 Means H, h2 Means
60.42 42 843 22.86 15.57** 48.72a
21,66 18.40b 7.66 30.93 19.30b
19.73 12.18¢ 4.86 26.32 15.59¢
35.94y 11.79X 4394y
+2.10 +1.72
(25 df) (25 df)
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altered (P>0.05) during the growth of the animal, &
alsq reported in'the caSe of bovine_animals by Dave
and Gilbergd and Reagan et a/14 On the other hand,
Increased> as well as decreasel6 in amount of collagen
as age advances have also been reported.
. Heat lability of collagen 15 profoundly (P<0.001)
mfltl#]erg:ed b tE_e aget of _th aq!mal as” well askthe
method of Cooking, the interaction age X cookin
beleng hlgh_{y s?qnlﬁ]gantQPc0.00S. Hn| ﬁgst uantﬂy 09
colldgen 1S solubilized on heatm(lg of lamb muscles
followed by yearllnP and ewe (Table 1) su?gestlng_that
the colla ecrg) splubility decre?se_d as age of the a[umal
h

indicatin&% that_quantity of collagen is not markedly

advanced” confirming”the definite negative correlation
between t etvvg. .

. Coo m& unaer pressure solubilized collagen, 35
tl%nt%s (P .|OO|) more than normal cooking I either
of the muscles. ", y _

The decrease. in thermolability of collagen with age
of the animal_is attributed to be due to' increase In
crosslinkages in collagen5616. .

Influence of carcass conditioning treatments; The

uantltg %f muscular collaﬁen Was not aﬁectﬁd

P>0.05). by carcass conditioning as anticipated; the
changes in Solubility of collagen on heating were also
marﬂlnal P>0.05). {Table 2% . .

The direct chilling with conventional Achilles
tendon suspension of Sheep carcasses (Ci) was found
to exert different restraining influence on_thigh
muscles resulting i 3|?n|f|cant contraction of SM
il Tr CeR? and ﬁtre%plnq of ST g~ Jer ce
muscles wnereas delayed chilling und
Sion (CZ%stretched hoth muscles (~ 24 ?r cent in' SM
and ~ 3 Ber cent in ST) as reported earlier/, |

These obseryatigns |mp|%/ that _contractlon/stretchmg
of muscles during 24 hr cond

~

0

Nditioning treatments to ew
carcasses have “no significant (P>0.05) effect on

Table 2.
Collagen

(9/1()0 g protein)

SM ST H,
F 41% 401a 4.63
C 3.64a 3.16a 199
c? 4.14a 3.64a 3.96
Means 353X
SEm +0.27

(30 df)

Animals: Bannur ewes (age 4-5 yrs)
Values are average of 6 replicates.
**p < (.01 between SM-H2 and ST-H2

r pelvic suspen-
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collagen content and its thermolabllw. Recent_lx,
Jeremiah and_Martin rePorted that post-nfortem ageing
of LD and ST muscles from cattle even upto 20 days
did not alter significantly intra-muscular. collagen
content or solubility. Other workers1/ ¥ indicated that
subtle conformational changes In collagen molecules
on_ swelling under the influence of post-mortem lactic
acid accumulation. may not necessarily affect the
solub|||tﬁ/ characteristics of collagen.

On the other hand, cooking™procedures had  pro-
found (PcO.00I) Influence o collagen solubility -
Pressure cooking solubilizing 5-8 times more colla(%en
han normal cooking (Table 2). However, the Inter-
action conaitioning X ‘cooking was found to be non-
siqnificant (P>0.05), _ _ _

everal authors ‘from their observations regardmg
collagen solubility as a function of cooking temperatur
Indicated that qub|I|t¥ m(T;regses with temﬁgeratvre of
cookingly and extent of dissolution of collagen
dependS” on the duration of heating and nternal
temperature reached?).

. Simple correlations between content of collagen and
its solubility on heating was found to be positive (r =
0.06 to 0.54) but ?enerally not significant (P>0.05)
both_for muscles Trom ewe carcdsses subjected to
conditioning treatments (F, Q and C2) as well as from
animals of different agse groups. Similar observations
were made_in LD and ST muscles of cattle upon post-
mortem aging by Jeremiah and Martinband in various
muscles of Bulls of different ages by Augustini and
Temisan3, . , _

. In conclusion, age of the animal had little (P>0.05)
influence on coII_agen content but very marked Influence
(PcO.00I) on IS solubility on heating - solubility
decre]asmg with age. The stretchlgﬂ/contracn?n of
muscles Tue to post-mortem condftioning of ewe
carcasses had marginal (P>0.05) effect” on hoth

Effect of carcass conditioning treatment on content of collagen and its thermolability

Soluble collagen Soluble HOP as % total HOP

SM ST
h?2 Means H, h?2 Means
1973 12.18a 4.86 20.32%* 15.5%
18.14 10.06a 2.69 22.75 12.72a
21.97a 12.97a 33l 25.9% 14.64a
19.95 3.62x 25,01
+1.4 +14
(25 df) (25 df)
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content and solubility of collagen. Pressure. cooking

led to greater solubility than normal cooking, Th
hl% sua;nlflcant

Interaction age X cogking, was hi
P<0.0019Wgereas con moﬂing X 00(%< WS not.
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Ripe arecanut fruit is dried for 6-7 weeks to recover dried
arecanut kernel by debusking. During this prolonged period,
fungus infestation upto 10-15% is quite common. Therefore,
accelerated drying techniques like use of solar dryer and
natural convection agricultural waste fuelled dryer were
studied in comparison to open sun-drying. In the solar dryer,
spreading density was 50 kg/m2 compared to 15 kg/m2in open
sun. A saving in time by 10 days (25%) was observed without
any deterioration in quality. The hot air dryer takes 10 times
more capacity and drying was achieved within 10 days. Use of
hot air dryer using agricultural waste as fuel is, therefore,
economically feasible for arecanut drying also.

Arecanut is an_important plantation crop grown in
the west coast of India and in North east. The area
&rr} ei this crop is 186,500 ha roducrn% annuér ay

4,200 t of ar canutL Arecanut is extensive| yuse
a mastrcator t roughout India, Burma, Srilanka and
|Vt a( ls ndenera Iy chewed alog ith Pan and a

tt slaked Kattha; spices and tobacco are also
sometimes added.

Arecanuit 15 used either in the raw or cured form,
The cured form is mainly used m southern India and
the raw arecanut is used in the rest of the country The
fully mature fruits f[]om areca E alm are col ected( for
gse as raw nut, as these are less astringent and keep

efter.

For recoverrng the raw nut from the fruit, husk is  for 9-10

eee off, This'is generally done after X to Seven
Wee s of drying in the open sun. Due_to drying, the

usk gets fibrots and kernel in the fruit gives rattIrng
sound When shaken. The raw nuts can also be recovere
by cutting fresh_ matured fruit into two halves and
Lurther Hg till the husk i separated from the
ernel but'that may cause deterioratjon In quality_ of
chali, which %ets ex se 0 dr\y ng. air, thourdh savin
In time can b achre owever, the main Harvestin
season of arecanut which is from August to October
coincides with the NE monsoon and hence drying of
whole fruit is considered safe compared to Cutting.
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Due to inclement weather during drying, the wetting
of kernel results in fungus Infestation "of the fruits
which many times penetrates inside and damages the
kernel. Thé damage due to fun s mfestatron has been
reported to be & high as, 10" per cent. T yrng
characterrstrcs for arecanut in mechanrca through |
ryer have been studied Nam u ir (f He reported
dry mrc]; temperature ove evelops stress
crac |r&g ence gradual mcre%se |n temperature from
has been recommended. This'is In case of
mechamcal dryer where hot air is forced over the
material and material surface temperature reaches to
hot air temperature which results in stress cracking. In
case of natural convection dryer, the surface heatrno 15
also gradual as that of moisture diffusion from centre-
to the surface. To avoid the deterioration in arecanut
quality during prolonged drying, a ragrd method . of
arecanut dryrn% 1S necessary With this 0 Jectrve drying
studies were_conducted on m(frture Nnuts In the dpen
sun, |n CPCRI solar dryer3and also in natura convec
flon atc yer usrng aFgrrcu ltural waste as fuel4 a
Central Plantation Crops Research Institute, Kasaragod
and results are presented here,

Fully ripe arecanut fruits of ‘Man%la variety grown
on west coast were seIected for study. The maisture
content was determined by cuttrng ripe, nut in to small
pieces and oven dryrng at’105°C * 1°Cfor 24 hr. The
0 )en sun- ryrnﬂws one at s rn?adrn% der]srty of 15

ko/m2 as practise conventro al solar” dryer
spreadrng ensrt was 50, qmz and |n the natural
convection dryer usrnq(a%rcu tural waste/husk as fuel,
the capacity was 150 kgfbatch and 150 kg/my, In' the
open sun and in solar dr er, Nuts were turned in ever
evening. The bed thickn sses at srz)readrng densities 0
5 kg/m2, 50 kg/m2and_ 15 kgr/ were 25 cm, 10 cm
and about 5 cm respectrvely he dryer was operated
10 Iir per day and over nrght te fermg time Was
allowed The fully dried sampl es were aysed visually
for fungus infestation and ratl md sound.

The Initial mosture content o arecanut fruit, with
kernel was found as 70 per cent wet b as|s The initial
weight of 50 nuts was found as 1960 g. The drying |n
the CPCRI copra dryer was done at CW|t one
of coconut husk and shells per hour. The dryin Was
considered to be complete when the weight of 507ruts
was reduced to the range of 625-650°q and actual
moisture content at that’ period was determined. by
oven method at 105°C for 24 hr. The drying time
required was 10 days 30 days and 40 days, in CPCRI

106



DRYING STUDIES ON ARECANUT

Table 1. Analysis of dried arecanut fruit by different methods

Drying Bed  Drying Initial Wt of
méthod thickness ~ time wt. 50 nuts
(cm)  (days) (ko)  (g)
*Natural convection dryer 25 10 150 6308
**Solar dryer 10 30 5 6638
Open sun-drying 5 40 5 6633

*CPCRI Natural convection dryer using agricultural waste as fuel
**CPCRI Solar cabinet dryer
Values in parantheses are in per cent

hot air dryer, solar and open sun-drying res?ectively.
The moisture content were found & 6.81, 1144 and

1 per cent for arecanuts dried in open, solar dryer

nd CPCRI dr%er, respectively (Table 13 The Ioosenlng
of husk was more in open drying (48 per cent) an
least in CPCRI dryer (30 per “cent). This shows that
though enhancegd dr mq can be done for arecanuts,
hdsk™ is not uniformly Toosenqd as 1t is achieved In
open sun-drying. Thére was no fungus infestation in
the-nuts dried”in CPCRI and solar dryer whereas
there was 10 per cent infestation in opén sun-dried
material. The visual = observation of colour. and
appearance of chall indicated that product dried in the
dryers has good colour without cracks or shrinkages.
The fixed cost of dryer per day has been reported to
be Rs.1.44 and Rs.1.75 (only for turning the, nuts
once) for CPCRI dryer and solar dryer respectlvelg/.
Therefore, dr |n% costs per kg amount to Rs.0.53
Rs.1.35 and Rs0.75 for freslj fruits and Rs,0.99,
Rs.2.54 and Rs.1.40 in terms of kernel when dried in
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Final  Moisture  Wtof ~ Wtof  No.of No.of No. of
\Iivt (cosnte{lg kenel  husk rattI{ng nl(th_s ]‘ufngusd
WL nuts  neeaing  Infeste
k) 0 o o poIishg nuts.
4800 681 3 88 519
(605 (395  (30) (3&;)
700 144 M0 2/ A 1
618) (382 (@ ()
500 131 40 o/ A4 5
(603) (397) (4 (o)  (i0)
CPCRI dryer, solar and in open sun-dryinﬁ, respec-
tively. It can be concluded from the stuay that use of

copra dryer for arecanut dry_lng Is ecoriomical as it
saves time and avoids fungus’ infestation as the drying
costs lower than open sun-drying. The use of solar
dryer permits higher drying d nSIY Der square meter
and helps in_saving time” as well ‘as drying space
without Use of any external energy.
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Equilibrium  moisture  content (EMC) of dehydrated
mushroom (Pleurotus sajor caju) was determined at five levels
of temperature ranging from 10 to 50°C and relative humidity
ranging from 30 to 95% using static desiccator technique. For
the safe storage of mushroom, the humidity and temperature
are so prescribed as to have the corresponding equilibrium
moisture. Four isotherm equations viz., parkin’s and Jura,
Smith’s, Henderson’s and Chung and Pfost’s were examined
using the data obtained. It was found that Smith’s equation
gave the best it over the entire range of relative humidity and
temperature. Free energy change and heat vapourization of
mushroom decreased as the moisture and temperature
increased. Mould growth was observed at relative humidity
greater than 80%.

Mushrooms are highly perishable; = dehydratign,
freezing and can_nmg ave Deen found suitable for
preservation J;2r0wde they are processed within 2 days
after harvestL The, Present study was intended to find
out optimum conditions of moisture and temperature
for increased storage period of dehydrated mushroom.
Standard equilibriim™ moisture content models have
been checked and tested fo show the temperature-
relative humidity relationship with moisture content of
the material for the best fit of the data. Free ener%y
change and latent heat of vapourization of the
absofbed moisture were also evaluated from the
obtained data. o

The fresh mushrooms, {Pleurgtus sajor cajuz were
taken and dried In hot air oven for oné hour"at 60°C,
When the moisture of the dried mushrooms reduced
up to 12 per cent (approximately), the initial moisture
content of the. dried mushroomﬁ were found gut by
stangard hot air oven method. The sorption study was
carried out on It using static desiccator technique. The
experiment was conducted at 10, 20, 30, 40 and 50°C
and for each temperature, five relative humidity levels

ranging from 30°to 9 per cent were used. Constant
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relative humidities were maintained _ inside the
desiccator using saturated salt solutions2. Four
replicates, each Wweighing 2 ? of sample, were taken, for
each set of temperaturé-refative huml_dl'[Y condition,
The observations In the change of weight of samples
were taken at an interval of 24 hr. Whén the changes
In the weights of samples_were less than 0,00
between two successive We|gh|ngs, At this point the
samples were considered & équilibriated to the
respective relative humidity.

_Equilibrium moisture  Content of mushrooms at
different temperature and relative humidity levels is
shown In Table 1 The values of equilibrium moisture
content decreased with the increase of temPerature.
Mould ?,rowth was,observed for all temperatures when
the relative humidity was more than 80 per cent. Due
fo this, the data of mare than 80 per cent relative
humidity were not considered. It was found that the

Table 1. Equilibrium moisture content (EMC) of mushroom at

DIFFERENT RELATIVE HUMIDITY AND TEMPERATURE
Temp R.H. EM.C.

(0 ) (4 45)
10 34.2 8.2255

5.8 14.4024

154 26.9259

818 36.0340

95.5 61.5590

20 33.6 8.6637

439 10.7330

549 12.16%

99.2 145756

810 30.3918

0 32.8 6.1266

43.6 9.3799

56.3 115017

5.6 229111

40 321 5.6136

434 1.8324

49.2 94739

115 18.3816

810 28.4856

50 314 49358

46.3 15294

68.6 154431

147 19.6863

.1 25.1942

Presented at the symposium of Himalayan Horticulture in the Context of Defence Supplies, held at Defence Research Lahoratory,

Tezpur from 28-30 Oct. 1987
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time required to reach equilibrium ranged from 14 to

days. The optimum conditions gle relative
humidity and temperature) are So prescribed as 1o
have a Corresponding EMC in Table 1 _

The data "were “examined using _four |sothehm
equations _viz.,, Harkins _and " Jurad  Smithd,
Hendersonb and Chung and Pfost6. Smith’s equation,
which can be stated in’ts linear form as;

Me = Wh- WZLIn(l-ri)

Where, ~ .
Me = Equilibrium moisture content (% wh.)
th = Relative humidity, decimal

, W1= Constants _ _
%ave, the ‘best-fit" over the entire range of relative

umidity and temperature with a minimum _standard
error of 1,0134 and co-efficient of determination in the
range of 0.9734 to 0.9898. The co-efficient of determi-
nations fo(g other three equations viz., Harkins and
Jura, Henderson and Chung and Pfost were 0.8369 to
09873, 09447 to 09890 and 09446 to 0.9877

respectively. _
gthb%m reaches when free energy gradient
across the interface is zero. Free en_er?%/ change
between the material and surroundlnP Is The enerqy
required to, transfer the water molecufes from vapour
state to solid surface or wcF-ver_sa. Free ?nergy change
may g\e FcalcuIF%tF | u5|hng following formula;
=-RT Inr

where,
A F = Free energy change, callg mol
R = Universal gas constant
I= Temp_erature,_ 'S
th = Relative humidity, decimal

Freg eneg%y changes were calculated at 8, 10, 12,
14,16, 18, 20'and 2 nE)er cent moisture content (c.b.)
for each levels of te geratur_e studied, The values of
relative humidity corresponding to different moisture
content were faken from isotherms. Free enerﬁy
cha_n(Iqes at a particular temperature decreased as the
moisture content of mushroom mcreassis. _

Heat of vapourization was . calculated usmg
Othmer’s equaﬂon?. At each moistyre content, th
ratio of heat of vapourization of moisture In progyct
fo that of free water was computed as the slope of the
family of straight lines re resentlnq thmer’s
equation, A plot 0f variation of fatent heal to mqisture
content I shown in Fig. 1 Heat of vapourization of
mushroom for a partjcular temperature decreased as
the moisture content Increases.

T0 Increase the Iife of %ehr%/d({ated rHushroom, the
optimum conditions 1.e., hurfidity and temperature
are. recommended _corres ondm? to the equilibrium
moisture content. The fitness of Smith’s equation s

13

12

11

0 2 40" B DDLU KD A
MOISTURE CONTENT% d.b.

Fig. L Variation of isosteric heats of sorption for mushroom.

purely. emPerical as, it does not satisfy the end

condition a _
The aut}}or?1 are thankful to” Dr. Brahma Smgh,

Director of .

facilities, guidance and encouragement. Thanks are

low relative humidity.

the laboratory for providing necess

Iy

also due to Mr. M.K. Sarmah and Mr. R. Das for
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The rheological properties of flour of pearl millet soaked in
0.2 N HCI for 24 hr and sensory quality of roll were studied.
The viscosity (cold paste) increased on heating to 90°C (hot
paste) and subsequently on cooling to 30°C (cooked paste) in
both the untreated and HCl-treated flour samples. The
solubility and swelling powers of hoth the samples increased
slowly upto 60°C, but beyond that, the increase was
significant. In general, decrease in viscosity and increase in
solubility and swelling power was observed in HCl-treated
sample. The HCl-treated pearl millet flour rod showed
improved colour, texture and taste but inferior aroma (41%).
However, the overall quality was not adversely affected.

Pear] millet (‘Pennrsetum t#])hordevrn LR IS the sixth
most__important cereal In the waorld engos a
significant place in the dretanes of many develg mg
countries gctudrn IngJa. [@ns “are ric
Rroterns and fat. Th India, |t |sm|nycut|vated for
uman consumPtron But it has remairied as food only
for the economically weaker sections due to, the coarse
nature of the grains, presence 0 p,qgments in the peri-
carp and endosperm [ayers of 'fhe grains and. the
absence of glute ||k? character of the Seed proterrb
Inﬂlndra pelartl ma Iebrr]s keaen |g tmanr(| forms2 ud
mostly as millet ro r) traditio repare
with s/tone ?round mrllge ta 2 he rorﬁyg Pey n
colour and tastes bitter because of prgments and there-
fore 15 not liked by many !oeope In qur previous
stud 3, We %bserved that soa "r]r? Bearl mi|let In 0.2
for 24.hr can efficiently remove the pi ments an
t us cream white grains “are produced. The rheo-
l%;rca g)ertres of dny soatied aterial are of utmost
ortanc because the molecular size and shape 0
substances In sol tron srgnr | agt{ Inf unce herr
vrs]osrgl and utrmatel | swelling
ehaviour. So, raw mate |as ares Jected to rheo-
logical testrng in product development and Process
control |n Industry. In the present mvestgatron
attemi)ts ave been'made, there ore f0 tu 3/ g h
0 (J gro perties 0 ntr ted and C -tréated flour
and sensory qualrtyo rom such tlour.
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Pearl millet was purchased from the local market of
Parbhani. Samgles of cIeaned seeds 5100 ﬂ):o unif orm
size were soaked in 300 m| (wiv) Q. | for 24 hr
and then thoroughly washed (twice) with water to
remove the residtial 'HCI. The seeds were dried to 14
Per cent morsture content The processed seeds were
round In a blender, (Sumeet% t0 pass throudh
025 m sieve and stored in"plastic bottles at 4°C untl

The rheological properties such as the viscosity at
30°C prior to heatrn (fcold paste), after heatin
90°C (hot gasteg ter cooling to 30°C {coo ed
aste) of all sdmples were determine bY sing a
roo field S Vnchrolectrrc viscometer, E| per . cent
surr% of milfet flour in water was used With spindle
number 1.3 and 4 at different shear rates. The Deaker
containing flour slurry was then placed In borlrng
water bath and hot Evaste vrscosrlk}J was determing
|mmed|ate r¥ after hea rrr]%] and cooked paste viscosity
afti er cooll tho room te \ﬁeratur
The solunility and swellin behaviour of HCl-

treated mr(!let ﬂour were determrHed at %0 40, 50, 60,
70 80 and 90°C according to the method of Leach

The bhakri %unleavened rod) from the flour was
prepared by a ﬂtrng essentially the procedure of
Olewnik et alb wit slrght modicafions, Sensor?/ qualit
of samples of these rods was carrred| colou
texture, aroma, taste and overall quality atramed
paneI of 15 jud%es with amaxrmum scoreo 5 for each
of the paramet IS Statrstrcal anaI SIS of the data was
aﬂ]e out h e method of Amegrine et afl

e dafa on tlour paste viscosities are presented in
Table 1 It was observed that the cold paste viscosity
of untreated and HCI- treated flour samples increased
at a| th e sh ear rates With mcrease In temperature from

% he e eto rate of shea{ on vrscosr(%
mdrcated that as thes ear rate mcrease rom 6 to
there was a decrease In vrscosrtP/ he hot aste
viscosity at 90°C in both the samples at aII the hear
rates showed a tremendous mcrease which could be
because of gelatinization of starch. Rathi7 reported the
temperaturé ran?e for mitial, mid and frnal geIatrnrza
tion o{ o/ear millet starch to he ?9 th ht t
respective resent investigation, the hot paste
VIS osr eras Heterr}n)rne atterhgtrn at 90Cv8hrch
was al ove the qelatinization tem erature of ear
millet starch and therefore viscos| mrﬁht have een
Increased due to 9elatrnrzatron of Starch. The resu)lts
obtained in the Eesent Investigation are comPara
with those reg d by Badi et af and Belia ang
Martson9 for different Varieties and hybrids of pearl
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Table 1. Effect of soaking pearl millet grains in 02n hcl on

FLOW BEHAVIOUR OF FLOURS AT DIFFERENT TEMPERATURES

Apparent viscosity (cP) at indicated shear rate (rpm)

Temp°C
6 rpm 12 rpm 30 rpm 60 rpm
Untreated flour
30° 9 5.1 3.6 32
90b 5600 3100 1840 1080
30c 14000 89000 5040 3400
24 hr HCI treated flour
30" 4 21 19 2.3
90b 5060 127% 1720 1020
30c 11900 8000 4400 3100
a Cold paste prior to heating
b Hot paste immediately affer heating
¢ Cooked paste after cooling
millet starches. The cooked paste viscosity at room

temperature further showed a very high value_both in
untreated and HCI- treated flours: The large increase
In viscosity after coo adsubse(iuentlg Boolrn 0
room temperature n both the samples may be dué fo
[etrog radatron of starch |n the ﬂour and formation of a
thrc e of vlrécoustmasstln general dl the decline i |tn the
viscosity (cold paste, hot pas cooKed paste) In
the Hgl treate samq d)oll %e attrrﬁute 0 the
%ase In the Pearl mrIIet starch due to hP/dro ﬁrs
primarily *responsible  for  viscos

ecrease in starch on freating the grains in 02 N HCl
for 24 hr W?S reported earlre{B

The results of the solubility and swelling charac-
teristics of flours are presented in Table” 2. The
solubility of untreated flour was Increased from 0 60 to

0.6 per cent 90°C. The rate of increase was initially
Table 2. Effect ofsoaking pearl millet grains in «2n hcion
SOLUBILITY AND SWELLING OF FLOUR IN WATER AT DIFFERENT
TEMPERATURES"

Temp. Solubility (%) Swelling (%)

(’C) Untreated  HCl.-treated  Untreated HCl-treated
30 0.60 174 0.32 341

40 115 270 15 5.62

50 2.26 445 1% 7.68

60 3.62 6.27 2.64 8.33

10 5.44 7.64 6.32 11.20
80 5.90 8.75 1.50 1385

% 6.61 9.12 1254 17.78

a Each value is the average of three determinations.

m

low upto 60°C, however, it was higher beyond 60°C
The s Iubﬁrt of HCF treated ffour &/as mc%ased from
4 10 9.17 per cent at 90°C. It was |gher at all the
temperatures in HCl-treated samples since amylose is
hydrolysed durrn? soakrng and amylo Pectrn becomes
ore_accessible for water which résults 1n increased
squbrIrtY The increase In the swellrn% of untreated
and HCl-treated flours was not much when temperature
was increased from 30 to 60°C, But beyond 60°C, it
mcrease s| nificantly and was found to’be maximum
at 90 ?er cefit In untreated and 17,8 per cent
In 24 hr HCI reated flour). The Increase in swelling
ﬁ]owe[) of HCI-t ea (1 flours at all the tem (ﬁeratures
e due to yarolysis of linear chain polymer of
starc 1.e. amylode. Leach et atd Rostulatd hat the
bonding forcés within the starch granules would
{rﬁfluence the manner of swellrng{ mtdrcated that
swellin S Increase emperatyre
va?ues #orgsolum)( swelhn ob[t)arned athgp
tempe{ tures revea ed tgat th ese were dde to relaﬁ
tion"of homogeneous and strong bonding forces within
the starch ?ranules of pearl millet. Wankhede et al]O
also reporfed increased solubility and swellin
starch rahulef at higher temperatdres in finger |||et
and fo all millet,
The data on the averarT;e score for the different
%en%org{ Prarameters are Pesented In Table 3. The
ean scores for colour and texture were
observed in 24 hr HCl-treated samples. ThouI%]h the
Ighest mean score for colour was observed witf 2
HCl-treated millet flour rod, the mean score for
aroma was found to be less i comparison. This has
Indicated that though the_colour improvement could
oceur O? soaking, pearl millet rams in 0.2 N HCI,
imparts termented aroma during long term soakrn% It
could be finally concluded from'the data that |mg
ment in colour, texture and taste can occur in ro after
soaking pearl millet rqrarns In 0.2 N HCl for 24 fy.
However, the overall quality of HCl-treated samPI
rod was more or less comparable to that of the
untreated one.

Table3. Averagescoreofsensoryquality of untreated and
HCI-TREATEO PEARL MILLET FLOUR roi
Type of roti ~ Colour Texture Aroma  Taste  Overall
quality
Untreated flour 2.9 2.7 31 3.0 18
24 hr HCI-treated 4.0 31 2.0 31 21
SEM+ 0691 0756 0643 0556  0.153
LSD* @&df) 202 2201 180 163 045

*LSD: Least significant difference at P = 0.05
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ERRATA
L In paPer “Effect of Potassium on Nitrogen_and Carbohydrate Contents of Tea Leaves gCameIIia
sinensis L[) 0. Kuntze) and ?\luallty of Mdde Teas” b)i M.N. Devchouahary and K. L. Bajaj, appeared
In this journal 1988, Vol.25, No.2,"pp 105-107, the fdllowing changes are fo be effected.
In page 105, ling 11, tea quality3should be read as tea quality,
In Table 1, in glutamic acid under the 4th column 185.0 should be read as 285.0
In Table 2, under 2nd column heading concn (mgllOQg dry) should be read as (¢/100g dry)
2. In ‘Research Note” on “Composition of Uncommon foods” by B. Gogl and A. Kumar apﬁeared in this

%ourna(] Vo0l.26 No.I, 1989, page 45, in Table 2 under column heading “Carotene™ (mgllOOg) should
e read as (p,g/100g).
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Microbial and biochemical changes occurring during Dhokla
fermentation were studied to find out optimum concentra-
tions of microbial metabolites that impart typical aroma,
flavour and texture to the product. During the course of
fermentation from zero to 18 hr, population of Lactobacillus
fermentum, Leuconostoc mesenteroides and a  yeast,
Hansenula sihicola rose from 6 X 106g, 3 X 106/g and 7 X
106/g to 35 X 106/g, 24 X 106g and 27 X 106 respectively;
pH dropped down from 53 to 4.0; total titrable acidity
increased from 0.33 g/L to 1.2 g/L; total volatile fatty acids
(VFA) comprising acetic, propionic, isobutyric and iso- valeric
acids increased from 54.8 to 582.8 mg/L; acetoin content rose
gradually from 0.7 to 7.2 pg/g and volume of the batter
increased from zero to 95.6%. At 16th hr of fermentation, the
product exhibited the best sensory qualities which could be
attributed to 0.95 g/L total titrable acidity, 8.6 pg/g acetoin,
479 mg/L total VFA and 84.8% rise in volume of the batter.

Dhokla orjginated in Gudarat is one of the popular
ind enoHs fermﬁnted foods of India. If is liked as
snacks all over the country because of the sour taste
and spongy texture. In" Maharashtra, dhokla is
prepared b¥ fermentrn% a mrxture of Benqal gram flour
and curds for 16 to 18 hr and steamrn ne batter for
20 min. The desirable sensory qua |t|eso fermente
foods are attributed to mrcro ial activity, Studies on
il fermentationl have, shown that Leuconosép
mesenteroies 1S responsible for spongyness of 1dli
Mrcrobral populatron at zero hr and “at the end of
rmentatron as heen reported fOf idli, maB and
8 ﬁlz Per cent Increase m volume of the batter
? chemica changes VIZ canges in amino nrtro en,
ree,SUgars, vitaminis namely, nigcin, thiamin and {bg-
flavin Have heen reported for fermented batters, of |d||
khaman and dhokl a14 This paper presents microbial
and biochemical changes with® special reference to
lacetyl acptorn and Volatile fatty acids developed
uring dho ermentatron

TWo hun red rams of dhokla batter Was repared
in the aborato mixing Bengal gram flour with
curds in 1 (\)OA\y) ratio n a sterrIe beaker, asepti-

d the f|
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call% distributed into 10 equal aliquots and_ allowed to

ent at room temperatyre 528+2 C). The
experiment was performed In duplicate. The' batters
were examined for change in volume, microbial
population, pH, lactic acic; total fitrable acidity, di-
act | “acetoln and volatile fatty acias at an mterval of

h between zero and 18 hr of fermentation. The
correspondrng steamed products were examined for
chemrcal parameters and evaluated for taste, flavour

and te
Ten fold prlutrons of the batters in b ?1 M stenle
citrate  huffer were tested microbiologicall
enumeratron of Iactrc acrd bacteria using Deman
[gosa Shar e agar5 pH 1) and Davis yeast extract
%r 2 ryeasts, The plafes were
|ncu ated at room emperature (28+2 ) for 48 hr
and all the counted colonies were, identified accordrng
to Bergey's manual7 for bacteria and Lodder8 for

aﬁ value? of hatter, purds and 10 p rcent
su ension 0 Bengal gram flour were determined wit
meter and that Of the steamed Broduct with pH
pa er (range 2.0 to 45 and 35 to 6.0). Ten per cent
suspensions of all the samples Were used for: (
detection of lactic acid by ‘paper. ¢ romatograp
(t"t etstrmatron of toé%l tlr\ltra le acrdrt] trt(rjatrn I1 mI
i[trates agains sodium e solution
using pben%?phtb ?ern as in |cat0r abﬂ ?nrs estimation
of volatile fatty acids by Iglas c romatography]t) the
frltrates Were acrdrfred to 20W|th ort ophosph rrc
acld, centrif ge at 7000 pm for gmrn anp
mrcrpl Are of the supernatent was used for anatysd
Total aracetyl and acetorn contents were estrma n
filtrates of 10 per cent suspensjons of the samg es and
dracetYI alone In the distillate tcollected at 86-8/°C) of
trate by the method of Brenner et al.n. The
acetoin content was calcultated by difference.
Change_In volume, of the hattér commenced at the
10th hr°of fermentation and increased gradually from
zero to 95.6 per cent.

Changes {n” microbial ﬁpulatr(pn of_ lactic a%d
bacteria’ and yeast are illustrated in p
organrsms Weré | entrfLed as Lactobacillus ermentum

trs FUECK|| Ieuco 0stpc Hreﬁen_erpr £
andte east ansenuasrvrcoao actis
and L. elbrueckn became extrnct from 12th hr and

10th hr of termentation respectively, The total count
excu | A ese tv)ro specres mcreased from 16 x 106to
urin ermentation.

Results of chemical examrnatron of batters durin
fermentation and of steamed products are Setaﬁ dI %

Table 1 pH of the batters dropped from 5.25 to 4.00

113
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A L FLRATUM during steamln? The acet0|n content of the batters
ILUcionustix: mim M tkoiols gradually rgse from 7to Hogf during zero to 12
L LAITS r followed by a decl |ne WI'[ urther exten3|on of
ey Lot fermentatjon upto 18 hr. This could be due to_con-
N . FARSENULA SyicoLs version of acetaln to 2,3-butanediol In acidic conditions

Y TOTAL CQUNT EXCLUDING
L. LACTIS AND L.DELBRULCKI

accordln% to Hammer and Babell2 The acetoin
content of the product showed increase from 0.07 to

Tqu voIat|Ie fatty acid (VFAg content of the
hat er?sowe 1grradua rise from 54.8 to 582,
roducts from 66.3 to 696.4 myI (Table 2).
ﬂavour of the \})roduct could be attributed in a d|t|on
fo acetoin to VFA nameyacetlc add propionic acid,
Is0-utyric acid and 1s0-Valeric acid which Showed rise
dunn([; fermentation. This IS in agreement with the
reports of Wiseblatt Kohni3 ad Margllth and
% SchwaHzM The VFA content % the prg fts was
" . more than therr batters robabl ecause of release of
—particle (flour) bound VFA d unn steamlng
As re Frds Sensor dualltles 't?d%ts chétrac
teristic pleasant tlavour was ex |b|te ucts
of batter fermented for 12 rw |eme lum sour taste
- with 14 hr offermentatlon g }ispon texture Was
e F=——————— Obtained with fermentation f hen the per
Periad of Fermentation (Hours ) cent mcreaslet in volume waé 534f8 Ihhus tt(tje tbes]tc
i i ierobi ion duri ion sensory qualities were recorded for the product o
Fig. 1. Changes in the microbial population during fermentation batter)t‘er nted for 6 Fr when total tltraFt))Ie i
and that of product from 5.5 to 45, Lactic acid was was 0.95 ¢/1, aceton 86 pg/% and total VFA content
detected in aII the hatters and Products Total titrable 4796 The optlmum (0 centratlon ofthese meta-
aC| |t ofte atters Increased ré) 2glang bolltes |n the correspond |n ro uct were 0
% %g’ rH roducts indicafin pro ucfion o[ 0/g and 605.6 1rese y. Flavour com ounds
adds the proliterating mlcroor anisms, The di ace %dlacetl acet nan volatlle fatty acids have been

(CFUX 10%7g )

Organisms

ot

umber

content of the batters increased r0m003 tp 5.2 reported from curds¥ and acetoin content of wine to
but it was absent In the products because of totaII range between 0.7 and 86 pg/gld Smith and

Table 1. Chemical examination of batter during fermentation and of steamed products

Total titrable ac|d|ty

_ I lactic acid (g/1) pH _ . Acetoin (xg/o)
Fermentation o Diacetyl in
period Batter Product Batter Product batter Batter Product
(hr) (Mgt)
0 0.33 0.07 5.25 55 0.03 0.7 0.07
2 0.46 0.08 5.20 55 0.04 18 0.12
4 0.53 0.10 5.00 55 0.10 25 0.16
6 0.60 0.12 480 5.0 %ﬁ 30 0.25
8 0.67 0.15 4.75 5.0 45 0.50
10 0.74 0.20 4.56 50 1.60 6.0 2.00
D 0.80 0.27 452 5.0 2.50 9.6 2.05
4 0.89 045 4.25 50 320 9.4 170
16 0.95 0.39 4.20 5.0 4.50 8.6 1.50
18 1.20 0.50 4.00 45 520 1.2 0.95
Curds 6.73 35 2.03 8.02
Bengal gram 0.01 6.5 Nil, Nil.

flour stspension
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Table 2. Changes in volatile fatty acid content (mg/l)of batters during fermentation and of the steamed product
Type of Fermen-  Acetic Pro- IS0- n-butyric |s0- IS0- n-caproic Total
product tatlo?hp)erlod pionic butyric valeric caproic VFA
r

Batter 0 143 8.7 11 0.6 5.0 124 6.7 548
St. product 8.0 38 8.6 Nil 200 236 2.2 66.3
Batter 4 801 24,0 115 0.3 215 100 21 1555
St Product 4 38.2 228 295 Nil 455 180 11 1621
Batter 8 1201 382 161 0.3 344 6.7 Nil 216.0
St. product 8 66.1 50.8 43,6 Nil 555 130 Nil 234.1
Batter 12 300.8 506 25.1 18 459 58 Nil 4300
St. product 2 136.8 66.2 85.2 19 1406 108 Nil 4415
Batter 16 515.1 56.6 211 284 481 44 Nil 479.6
St. Froduct 16 160.2 712 982 494 217.8 8.7 Nil 605.6
Batter 18 378.9 58.0 314 5.3 510 41 Nil 582.8
St. product 18 188.0 122 109.1 736 244 6 8.9 Nil 696.4
Curds 206 169 48 11 8.6 209 13 743
B.G. flour 6.5 34 203 Nil' 48 Nil 23.0 57.9

B.G. flour = Bengalgra;m flour

Coffman®b jdentified acetoin and diacetyl in pre-
ferments of bread. S _
The values of total titrable acidity, diacetyl, acetoin
and total VFA at zero hr of fermentation are contri-
buted by the mgredlent Viz, curds, and subsequent rise
In these"hetween zerq and 18 hr of fermentation is due
{0 rise In microbial ogulatlon particularly of L.
fermentum, L. mesenteroides and H. silvicola resulting
Inincreased metabolic activity. _

To conclude, acetoin and volatile fatty acids are the
compounds_ imparting characteristic flavour to dhokla
at their oPtlmum coricengration.

The authors are thankful to Dr. R.V. Gadre for gas
chromatographic analysis and Dr. (Mrs,) S. Dey Tor
her help in estimating” diacetyl and acetoin.
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BOOK REVIEWS

lon- Exchanqe Chrp(mato ra&hy of
Yamamoto anrshr
43 Chromato r Science  Series, Marcel
Dekker Inc., York and Basel, Pri % Bound
illustrated US $ 110 { US & Canada) $ 132 (A
other countries) pp: 416; 1988,

The book Ton Exchange
Proteins’ b Yamamoto Nakanishi
Matsumo, R. js the 43rd volume of the monogra hs
Chromatographrc Science Serles, edrtedb J, Cazes of
ankiLaboratories Inc,  Pennsylvania, USA. Even
though one c%n recall a similar trHed Book Ton Chro-
matograpny Tarter In the above Series, the
(dofr}temst and approach of these two books are entirely
Ifferen

The ook is basically divided into ten major
chapters marnly consisting of theoretical as ects of
ion exchange, chromatogr J)hy including equilibria,
diffusion considerations and axial dlispersions, ex erl-
mental methods and apparatus, varrous lon exchanigers
available, factors affecting separation, large scale
operation and design calculatron rocedures Added
to this, there is.an ex a strve rppen IX rst or
numerical calculations and errvatro o someo the
equatrons for the general reader. The book has also a
glossa Iym olS running for nearly Bpa%es and an
xnaustive reference. list Well indexed. It has, nearly
100 tables and a fair number of dra8rams wherever
needed. The hook runs for nearly 400 gages and s
hardbound with an attractive cover page. Of a three
axes, graphical representation of a typical elution

)

Coming to the details of each chapter: in the rntro
duction part, the authors have explained In detail the
terminol og% brief storg lon exch nge chromato-
raph a revrated C§ and the characteristics of

In" se fctrvey using for proteins with enough
t eqretical, considerations. Importance is given t0"a
b%rnner in the freld also in explaining “the basic
cofsideration 3

The secong, t rrd 4th and 5th chapters cqnsist of
teteoretrcaf aspects in general eg librig, diffusion
and axial drs ersion res ectrvel eneral theoretical
aspects Include symmetrical an ast(mmetrrcal elution
profrles skewness and Kurtosis of the same LBIace
ransformation, adsorption, Isotherms and distriltion
co-efficients, under a et of given boundary conditions,
linear and non-lineay 1socratic elution, mass halance of
rate theory, plate theory and number and its experi-

Proteins: bP,
and Matsuno R, V

Chromatography
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mental verrfrcatron and resolution of two companents,
With this backgroung theory, the reader IS, carried
onto. jon-excharige chromato rap]hy of proteins with
special referencé to surface” change, stepwrse and
continous  profiles, effect of _lonic strengh and
methods fo predrctrng peak gosrtron and Ep k wr th
roteins With a particular Ion exchange
ut ors have also attem ted criticism of the ear rer
models and equations fr qe 102-106 which Is
noteworthy, The chapter on equilibria is dealt with In
ve% reat detarl Wi hgeneral does. not find a place
anrpo the revrews nd books. This has been done
with nea P/ ragrams of specral relevance to
proteins. It is felt that In this, chapter, the treatment

does npt invoke thermod(y?namr#cs to a large extent (for

example effect of temperature
In [t)he chapter on %r usion in ion_exchanger, the

authors rnrtrate their theoretical
Nernst- PIanc equation go through Donnan
otentra theory, and explaini in detai the x errmental
met ods Wit adequate theory to Tollow along with
worked out xamples, [ﬁue 0 paucity of su rcrenA
experimental data, the authors appear to’have restricte
the axial dispersion treatments to only 10 pages.

In the %eneral experimental methods and dpparatus,
the authors, have “dealt with In detail the "various
models available in terms of gradrent formeys, column
selection, method of sampl rndectron elution, re-
?eneratron and concentration Of samples. This is
Ollowed by theoretical consrgeratrons and selection of
proger lon” exchangers an tefactors that affect the

p ration be avr ur, T e atter
caﬁter i main 3/ devoted to etarle analysis consti-
tuting peak sh e resolution and use, of Isocratic
elutron method? me of tpe artifacts arising in many
Situations are also rscusse

The last two chapters, are marnIY devoted to large
scale operation and design calculatjon procedures of
lingar and ste wrset el rtt)n ptrofrles Wdhked |3Ut
examples are of great help to a heginner in the fie

E f |, the bog K rovr%esu togdate applications of
ot gh or me |um erformance jon exchan%e chro-
matography with spe lal reference to proteins. The
book treas both the theoretical and experrmental
procedures parallelly in a well kprttedfs lon. It can
erve & an Important reference Tor 100 [p arma-
ceutical chemrsts biochemists and biotechnologists
and analytical chemists. Y. PRAKASH

C.FTR.I, MYSORE

drscussrons from

ortion of this
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Problems and Prospects of Marine Fishing and Fish
Processrng In Karnataka:. edited b arunasagar
V" Sripathy, published by Forum of Fish (Y
Fl’éofessronals Mangalore pages: 170, Price: Rs.5

This book is a collection of papers presented durrng
the semrnar on “Problems, and” prospects of marin
|s |ng and 6nrocessrng in Karnataka” held during

19-20"June 198 at College of, Fisheries, Mangalore:
The book is divided into 6 sections.

Section | deals with the present status of marine
fisheries resources of Karnataka coast and discusses
future proslnects for exploitation, Kamataka, occuRyrng
the frfth Bace among. the marrtrme states nas show
consr Jerapl grogress in the development of its marine
fisheries In recent years with the adoption of modern
fishing techniques Wrth trawlers purs seiners and gill
netters. This has, however resshte in the over exploi-
tation of 0-40 Km zone while the zones above 40Km
are neglected totally. Many sug?estrons are made with
a View'tq Increasing the prese Iandrngs by judicious
exploitation of the “Unexploited zones and to prevent
over-fishing in the 0-40 Km sites. It has been recom-
mended further that mechanised fishing of shrimps at
the present level should be maintained and the mesh
size has 10 be increased {o 30 mm In order to obtain
maximum sustainable r(reld

Sectron |1 deals with the monetary needs of the
fishermen community in Karnataka and the leading
ole Ialyed by differént frnancral mstrﬁtrons n Iendrnq
oan here ‘appears to be a perceptible improvemen
In the fishing industry, thanks to the Inputs rIrenerated
by the Toans offered Ty these organisations, the repay
position of the borrowings has, However, remained un-
satrsfactory Apart from erfu default on the part of

Ishermen b orrowers nBt/ ettrn fish/ prawn
catc statements el her ro rowes or . from
marketrng agency seemed to be the bottleneck in the
regovery roces% For Im ?vrn the condition of the
Inqustry, a nu ? ? %estrons are grven

Section 1] easwrt res Scl0-eConomics
and co-operatives. arnataka has set up successtul co-
6ﬁeratrves which have channah)sed Ioans nd. under-

en fish marketing. Of the 121 fisheries co-
operatives, 61% were rynning on rofrt The factors
that ensure the success of co-Operatives have identifieq
as Internal leadership, membership quality, logic of
geratron envrronmental factors and overnment

Y However, large. scale mechanisation has
resul ed in uncalculate dis Iacement of labour result-
Ing In the deterioration of quality of life. A survey
conducted on the. labour conditions in the fishery
factories In Dakshina Kannada has revealed that the
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labourers are relatively underpaid and are_deprived of
medical benefits at present. Fixing of minimum wages
and providing compulsory medical benefits through
legislation should render”their jobs more attractive
an secdre which, hn turn, would stimulate higher
Inqustrial output In this sector.

Section 1V deals with the condition of different fish
processing industries In Karnataka and the availability
of raw Materials, for processing. Although shyimp
forms the maijor item of export,”export potentials of
other items fike seer, tuna, mackerel, sardine and
pomiret needs to be examined. Presently, however
even the export of frozen shrimps is no longer a profit-
able business and out of 63 Processers who' have, been
In business since 1960-62_only 8 have remained in the
run. Excessive competition “among exporters, static
level of productjon, high cost of cfese| for the boats,
stfe F mcrease In cost and restriction in consumgé %n

of eléctricity, purchase tax on prawns, Cess Impos
MPEDA, éxport inspection fee collected on F.O
value basis - a|| these costs are adversely aﬁectrng the
viability of the industry, Production of more prawns
by adopting deep sea fishing and by brackish” water
prawn cultlre and provisign for providing fuel and
eIectrrcrt at low cost o frs}hermen are some ?]‘ the

g(rrestr ns made to solve the problem. Dried fish IS
another important commodrt WhICh attracts the
attention of consumer especra y in the case of shark,
anchovies, ribbon fish an soe r!owever there 15 an
ur ent need fo |m8rove ua f dried |sh A%
P sent canning Inaust |nK rnat ka uses only 3% o

sh anded in_the_state_ and is working at 20-25%

Installed capacity. The situation can_be Improved b
the Introdyction of new technololgy with diversification

and Intensive. sales %romot(rjont ejveto rBent rt:tan also

emaer ery by-product industry. by setting u

%uttrng anH ﬁ etrhg )r/:eertres |n centra)(rsed Iocatrgonsp

hitin and Chitosan,are the two |mp0rtant by-
Ero ducts  of commercial |mr%)rtance that have beer]
ug ested as feasible candidates for commercia

ro uctio

P Section Vdeals ith fish handlrnr[1 ||str|but|on and
mar etrn? thou% the Infrastructural requirements
suc as andrnq dberthrn acr |t|es preservatron
a Processrng ackrtres fish erAes |n rgas traLrs ort
acilities and “markets. have e%/ 01p shina

Kannada, these amenities_ are far from adequate In

ﬁtél %K'anna a. Frozen fish is drstrrburted throu ha
cold chain network numberrng 0 out of which 25 are
owned FDC. KFDC s\mar keted fish Worth
about 8 lakhs _internally. The existing marketin
mfrastructure built up by ’KFDC can he made Use 0
profitaply \}/ private concems,

Section VI deals with marine fishery development



118

plans. The areas identified for further development
arehbrackrs(!t ater fish culture deep sea and 0 sh%re
sheries, diversification of fishi g gears and crarts
infrastructural facilities, fisher folk welfare measures.
fisheries co-operatives and fisheries legislation. There
15 need to Introgluce Intermediary crafts to be operated
beyond 50 m for identrfied resources like carangids,
catfishes, pink gerch lizard fish, black rub, bulls eye
and whrte baits. In brackish waters prawn culture
EW ndrven r|o ty over fish culture. Nine
ferent cerftres have een identi ed by CMFRI s
surt% e for thrs H}gose n Karnata a.
The b

en com renensively edited by I.
Karunasagar and N.V. rré)ath

The "hook IS (uite
informative and will be

ghy useful for persons
enga?ed In work on various aspects of marine fishing
sh processing.

SB. WARRIER
B.A.R.C.. BOMBAY

Systems and Components for Large Heat Pumps:
Institute Internatronal DU Froid Interna onal
Ins |the elgzrroeratron 177, Bou evard

erhes, F75 aris; 1085-2; pp: 317; Price:

(not indicateq).

The book under review “S)(stems and Companents
for Large Heat _Pumps” is the Proceedrngs of the
meetingS of the Commission E 2 (covering.héat pumo
and energ)r recover ) held at the Norwegian. Institu
Technd QP(] fondneim (Norway) durrng 1921
June 1985, The papers 34 resented are djvided
Into 7 sections, covering:
E) Industrial Heat Pgmps g)
ystems 4 Heat and Mas Transfer In Absorption
Systems Pn]? District Heatin %a
mFo net an Contr or Large Heat Pumps, a
erformance Operating Experience,
Heat ump as an effectrve enervsavrgg aﬁﬁaratus
as recelved ever- mcreasrng attention ustria
aglp |cat%ons It can raise, the temp e]ratur%o varrou
ms of waste heat contrrbutrng to their e ectrve utl
Ttron 0 trmrzatrono are heat un\srn n ustHa
Bants in udrnﬁ e food and chemical Industries has
een dealt wit secrall aspects of dry |n disti|la-
tion, an evaporatrn er aoers cover mate
matical model. simulation aspects rPers resented
have covered various asPects f differe t%) s of heat
P fs Viz. compression, - absorption storage

Ener V analxsrs and simulation of heat gumnos are
presented with an emphasis on ways 0 Improve

—

Systems  Simulations
Absarption

eat Pump
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thermodgnamrc effrcrency Results  from  computer
simulation of large heat”pumps with non-azeofropic
mrxtures 6N Workrng fluids have led to qptimization of
multi- stage heat pump systems for achieving increase
In {_Jer orm&a

he “Industrial AHPs (Absorption Heat Pumps)
ave heen used n sewa etreatments stem and biogas
productign. Use of geothermal Heat Pump for raising
source of utilisation of geothermal energy for energy
conservatron rotecting’from environmerital polluty
ang mo ernis tron of crtres etc. have been covered.

Simulation tools n relation to various aspects can
enhance safe design and predictable performance of
heat pumps using Structured surface to enhance heat
transfer | fallrn? film tlow.

Some elements. of vapour compression heat pump
systems are considered. Improvements are discussed
with regard to compressors, heat exchangers and
caPacrty control methods. Also, collation of data on
various systems for controlling heat pumps _and
operating ‘experience have been"useful to investigate

how various mstaIIatrons oerform In Eractrce eat
Pump 0vstems or in ustrra g)p lication vY| contrnue
0 becdme Increasingly more "economical as capita

costs decrease on a Ieanrng curve and unit cost of

INput energy increases.
plnrs bog% wrﬂ be a useful addition to any scientific
and technical library.

. KRISHNAMURTY
F.TR.I, MYSORE

H. KR
CFT

Pro ress in the Design and Construction _of

Ogeratron Systems Institute_International DU

ror International Institute of Refrigeration, 177,

Boulevard Maloherbes. F-75017, Paris; 1985-1: pp:
355: Price: (not indicated).

The bopk under {evrew Progress in the Desrgn an
Constrfuritron of Re rrge atro% %stems |ste rozceg
(fo temeetrn%s the Commissions;
Theromodynamics and Transport Processes
Refrigeration Machmery Air-cond |t|on|ng and Heat
Pumps and. Energy ecovery res/,_oectrveg
Purdue Unrversrt USA, durin u%ust
ublication contains papers. 4Eesented wrthrn
tefamée ?rk of the 1IR Commissigns, and constitutes
volume in the Series “Re rrgeratron Science
Technology™ of the International Institute of
errgeratron
The Proceedings are gublrshed in_the followrn%
Sections: (1 Exgansron evices, (2) Non-azeotrg
mixtures, (3) Heat-Pump Modellin and Veritication,



BOOK REVIEWS

ﬁl) Air- condrtronrngd I-Frgh

ecral Heat PumB (6)
eat Exchangers an emperature Heat Pumps,
besides Plenary Sessions

Research and development in the field of design and
construction of refrigeration  systems IS receiving
greater attention towards optimization of design,
reduction of  thermal losses, amelioration. of fhe
thermodynamic cycle of solar absorption, refrigeration
system, etc.

Review of open-cycle desiccant arrcondrtronrnﬁ
concepts and systems, study on capillary tube, suctio
line Neat exchianger forthe erformance 0 reduyce
ener conswn tron N domestic refrrgeratron
pa atus;  Influence of Sup er eat setfing “for an
expansion valve of usual desrgn and with Integrating
a
electronrcs for optimal performance, study on the
m |uence  of suBerPeat on COP QCo -efficient of pe p
ormance) and Useful experimental data on expanr
devrce experrmental system have been covered.

gtossr le increase in COP, low pondensrn
Rressur and good capacity control, application
Bon azeotroprc mrxturs have also been discussed.
ased
azeotropic. MIxtures een explained with Insi
for a suitable equation of state_needed to analyse fhe
vapour compressron refn%eratron systems  operating
with a mixture of refrigerants

l\/lodellrng and verification of a vapgur compression
heat .pump’ for its_ energestical efficlency “with. a
technrcal and economic aspects, the process of selectrng

rrorrtrzrn potentrl control” scenarios mad
easrer for understanding of heat pump dynamrcs
ained through modellrnrp EXercises; ana rusrs of eai
um|p system using gas engine; srmple trarfsient mode
edict dynamic ehavrour of the vapour compress-
|on cycle durrn? the start up have been covered.

In uenceo rosting In tubes on air-flow, optimizing
contro of ¢ V\pacrtg controlled heat pump  air-
conditoner, low investment and running cost, noise
reduction, recovery of heat utilisation, have been dealt

|

Modelling and utilisation of characteristics of special
heat umps for performance, improvement of energy
saving with other aspects as new defrosting systens,
using water as carriers of heat, from the souirce’ to the
consumer and F12 as refrigerant, temperature

oundary effect and utilisation ofwaste heat, etc. have
een reviewed,

R-142b as new refrigerant for use in high temperature
heat pumps as R114 has some drawbacks; R&D on
hgh temperature heat pump and Its_evaluation of
thermal stability .costs as well as durability testing and
a concise over-view of different types of absorbers in

lon using a mathematical nodel and use of mrcro-

on molecul flarave p)avrour the existence. R{
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thermal adsorptron Iycles augmenting of heat transfer
rates, use of fturbu ence promoters for incre e
transfer co-efficients, measurements of swir
(l:)(())\l}élrlg inside horizontal tubes, etc. have also been

This book will be a useful addition to any scientific
and tecn)nrcalvl,‘!)rary Y

H. KRISHNAMURTY
C.F.TR.I'MYSORE

Food Texture-Instrumental and Sensory Measurement:
Howard R. Moskowitz, Marcel Dekker,_Inc,, New
York and Bassel pp 335: Price: &
Canada); $1075 (AIl other countries) 1987.

Food Texture-Instrumental and Sensor% Measurement;
Howard skowrtz Marcel Dekker. Inc. New
York and Basse Price; 89./5
Canada); $107.5 (All other countrres) 1987

The subject matter of the book under review is
presented in three parts, viz., Part I. Physical measure
of texture, Part 11: The relationship befween Bh sical
and subgectrve measure, and Part Ill: Sy é ctive
measure of texture. The three parts coman 3, 4

5 chapters respectively and' all the alithorsare
acknowled ed %x erts.,

The thrée chapters in the first Bart would be of
Interest to those cpncerned Yvrth texture of foop] and It
measurement articular mention is the first

chapter d/ Dr Mich a Pel ep who has presented the
toprc of 1000 rheolo ycrrspyand lucidly.. The second
icrostructure

cater gDrD Stanley, on food
and tex ur Is of particular r levance from the pornt of
view of illustrating the, utility of varrous measurements
n understandrn% and mterpretrrlr% an o served heno-

menon. The cha Ottawa
Tenderometer Par?s llne various stes and otﬁer

devel o ment
these mstrum nts an ther factor may
sow ownt e J adaption tetrae
In the second part, subje sran%ng from the ps¥cho
physrcs of fluid texture to aud ory componens of
rispness and crunchiness are dealt with
na sensory texture has In 1S varrous form and
Bg Ications, n (pr sented mte Jast rvefc Hters
1) which als eal with me odologres or arr%/
[0f ucts eﬁ%ct of fats on food texiure and Ifs
ptanrza jon t roufg gonsuwer evp uation.
The chapter qn food psychorheology by Dr Drake is
thought provok mq and emphasizes e rieed to defing
the drea and has its own theories.

urpuﬁs that have one intq the %es vg
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It is also_a matter of some satisfaction that
approaches like multidimensignal scalrng multiple
regression (linear and non-linear), and" response
surfﬁces are dehalt with though not In detal.

The last chapter, on Optimization, and earlier
chapters of the thrrd art 4o create some misgivings,
Hedonic tests are mainly meant for measurrn%
consumer gor a product) whereas in sensory analysis
one analyses a product. "Also, the use of a consumer
paneI in product develogment Is not methodic (H
sound and mag prove disastrous. For consumer studie
%rs consrdere Safe ho take onI tefrnal one, two or
three) products ~ through Ee an minimum
(Westron and not, 26 or odd ue tions as n%rven In the

ustration, The final pro uct for consu er studies,
may he seIected based on the results of optimization
ex errmentst rou N a frained gane partrcrpatron
ow, |ooking at he title of the book, the presentation
expected o cover r%n that order): 1) sensory aspects of
textureasrt Is primarily a sensory attribute, available
methods, their comparisn, and purpose through illus-
trative. examples coverrng various fields or food
technolo y, 1) the instrumental methods with their
role, progress made Interpretations, and_future peeds,
ﬁarn through illustrative ‘examples, i) inter-relation-

SAIp between sensory and instrumental measures (with

reasons, status, Illustrations, and future needs), and

2] AFST(I) News

Parbhani Chapter

The Annual G
office bearers were efected

President
Vice-President
Secretaru

Jt. Secrefary
Treasurer
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finally, iv) more_ advanced and deservrng usage of
sensory methods in roduct development, Selection of
altern e raw-materials, partial replacement of
Ingredients, effect of Xrocessrng variables, quality
control and assurance. Alas! that 1s not the case here.

The editor has asserted and claimed in the preface
e that the gresent book IS different from others on the
subéect nd has dealt extensively with sulgectrve
astfa cts. The ferms sensory and sutjjective’ need to be
ditferentiated. Thoug] sensory analysis IS, in a way,
Su #ectrve In nature the conve se may not be true, for,

thefe are two maufor parts o sens
ectrve and essen lally subgectrve

ana ytical, and
% Xsrs falls under t% atter The two™ term$ have
used Interchangeably rn the present volume.

The main deficiencies of the book are: i) lack of
clear demarcation among the three parts, 1) not. so
Iqrcal an arrangement Of chapters, iif) no distinction
between the terms sensorru and subt)ectrve and ng
over-representation of certain type of textures an
rnstrume nts.

ite of these limjtatigns, the bootﬁ d]ld be a
desrra e addition to libraries’ particular y those _nat
subscrrbrng to textyre or rheology journals but it is
beyond the reach of individuals.

analysis, viz.,

NAGIN CHAND
C.F.TR.I, MYSORE

nera] Body Meeting of the Chapter was held on 5th December 1983 and the following

0 qkarnr

ngs hava Nalawade
Rathi



First Circular

Association of Food Scientists And Technologists (India)
CFTRI CAMPUS, MYSORE-5/0 013

NATIONALOSnYMPOSIUI\/I

IMPACT OF POLLUTION IN AND FROM FOOD INDUSTRIES AND
ITS MANAGEMENT

4 & 5th MAY 1989 AT CFTRI, MYSORE

The AFST r%l) has decided to conduct a National Symposium on the above subject. A large number of
participants from Food and other Allied industries, résearch organisations, agricultural universities and

government agencles are expected to attend the Symposium.,

Environmental pollution is the hot news of the. day. Pollution in Industries and due to Industries are
causln(lq concern in the safet¥_ and health of the public. Many envirgnmentalists are wagln(h; a relentless war
against such pollution affecting the air we breathe as well ‘as the food and water we Consume. Althouqh
INformation about hlgher nesticide residues in food, contamination from mycotoxins or salmonella, eath
of fish due to discnarge of effluents of industry into river and sea; dust, noise and foul odours causing
concern, are flashed qUite often, no systematic account is available.

. The aim of this Symgosium I to present the correct apPraisaI of the situation in various food
Industries In different sessions for fwo dﬁys. Poster Sessions on'the general aspects connected with Food
Science and Technology will be held to make the seminar more comprehensive.

The seminar gives an OID ortunity for interaction amongst Food Scientists, Technologists, Food
Industrialists, Exporters, Quality and Pollution Control Agencies.

nd At\F_ST (1) requests your kind participation in this seminar which is of vital importance to the Food
ndustries.

N.A. Pandit P.L. Raina
President Hony. Exec. Secretary



Dedication of Information Centre Of FOSTIS at CFTRI.

The new building of Food Science and, Technalogy Information Service at CFTRI, Mysore, which also
housesNICFOS Was dedrcated to the Natron bys R. Nara%anan Union Minister of State for Science

Technol o%/ at a function held at Mysore on 18th December 1988. NICFOS with active

ort from CSIR and PSIR under the NISSAT rogramme has, over the years, developed into a full
ﬂe ?ed information service centre to meet the information needs of users at' National and International
levels in Food Science, Technology, Nutrrtron and Allied areas trouh Its multrfaceted action
Pro rammes I Lrbrary Documentation, Abstractin I\/Ircrorrrra y and epro raphic Services. These

de “Food Technology Abstracts’ ( Monthlyg 0 d Digest’ (Quarterly), “Fo d Patents’ gQuarterIy)
‘Microform Informatron ervice’ g(guarterly |blrograph|es Monograﬂhs 'Directories and State-of-the
Art Reports. These are fully backed up by photocopying and micrographie services.

With the establishment of the Central Comguter facrlrty devoted for information retrieval, it is now
made _possible to provide persona lised service t mdrvrduasor organisations based on their_need-based
user mterest rofr es. This gest Service WLth the ackmr%r of the_ Data-hase on Food Science and
Technology covering the world Titerature marks a new era i the setting up of the National Information
Centre for' Food Scrence and Technology (NICFQS).

Statement about ownership and other partrculgrs aout the s;F]er(!odrcgl entitled JOURNAL OF FOOD
SCIENCE AND TECHNOLOGY as required to be publi nder Rule 8 of the Registration of
Newspapers (Central) Rules 1956,

FORM IV
1 Place of Publication Msore |ty
%. F’?rrrlr?grcsl é)r}‘]éhe Publication %Ir onth
' - {rﬁglraﬁnd on behalf of AFST (1),
ationali
4 Prﬁﬁrs erZ Name Clr:TFBll_’ I\él{ysore ~1003
| For ad on behalf of AFST 0)
Nationality ndian
Address CFTRI, Mysore -570 013
5. Edifor’s Name Dr. J.R. Rangaswamy
Ng Aonalrty Indian
Adaress CFTRI, Mysore-5/0 013,

|, Dr. P. L. Raina hereby declare that the particulars given are true to the best of my knowledge and belief,

. PL RAINA
Signature of the Publisher



INSTRUCTIONS TO AUTHORS

Manuscripts of papers (in triplicate) should be éyp_ewri_tten in double space on one side
of bond paper.. They should be "complete and’ in final form. The paper should not
have been published “or communicated for publication anywhere else.” Research Notes
should clearly indicate the scope of the |vest|_gat|0n and the salient features of the
results.  Only invited review papers will be published.

The tyrgescrlpt should he arran%ed in the following order: Title (to be typed in capital
and Small letters for Research. Papers and all caP|taIs for Research Notes), Authors’
names Eall capifals) and Atfiliation (capitals and small letters). Also give a short running
title not exceeding’ 10 words as a ‘footnote.

Abstract: The abstract should indicate the é)rincipal findings of the paper and typed in
single space. It should not be more than 200 words and “in such a form that &bstract-
Ing”perlodicals can readily use it

Use names of chemical compounds and not their formulae in the text. Methods of
samplln[q, number of replications and relevant statistical analyses should be indicated-
Footnofes especially for “text should be avoided as far as possible.

Tables: Tables as well as graphs, both representin? the same set of data, should be
avoided. Tables should e “typed on seTparate sheets. . Nil . results should  be indicated

and distinguished cIearI% from “absence of data, which is indicated by “---sign. Tables
should nof”have more than nine columns,

|llustrations: Graphs and other line drawings should be drawn in Indian ink on tracin
paper or white drawmg| Pap_er preferablg art _paper nat bigger than 20 cm gOY axis)

locm (OX axis).  The lettering ‘should be twice the size of the printed letter. Photo-
graphs ‘must be on glossy paper and must have good contrast; three copies should be sent.

References: Names of all the authors annP with title of the paper should be cited.
Abbreviations such as_etal., ihid, idem should be avoided. References should be serlal(ljy
numbered as superscripts in the order they are cited inthe text and the same order
should be maintained In the reference list. “The. titles of all scientific periodicals should
be. abbrevia ep I confor |tx with the World List of Scientific Periodicals, Butterworths
Scientific Publication, Londoh, 192

Citation should be as follows (note the underlings also): _
(a) TS%%“%E Pl%ger: Jadhav SSand Kulkarni PR, Presser amines in foods, J Fd Sci Technol,

(b) Book: Venkataraman K. The Chemistry of Synthetic Dyes, Academic Press, Inc, New
York, 1962, Viol. [l 966

() References to article ina book: Joshi SV, in The ChemistrY of Synthetic Dyes,
0 I%yVenkataraman K, Academic Press Inc. New York,1952, Vol. I, 966.
[0

ceedings, Conferences and Symposia_ Papers: Nambudiri E S and Lewis Y S
Cocoa %g confect?onery, Proceegmgs of thep Symposmm on the Status and Prospects

of the Confectionery Industry in India, Mysore, May 1979, 2.
(6) Thesis: Sathyanarayan Y, Phytosoeiological Studies on the Calcicolous Plants of Bombay,
1953, Ph.D. Thesis, Bombay University.

(/) Unpublished Work: Rao G, unpublished, Central Food Technological Research Insti-
tute, Mysore, India.

Consult the_latest issue of the Journal for quidance. For “Additional Instructions for
Reporting Results of Sensory Analysis” see Issue No. 1 of the Journal.
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Research Papers
STUDIES ON PACKAGING AND STORAGE OF NORTH INDIAN SPICED PAPADS MADE FROM BLENDS
OF DIFFERENT DHALS (SPLIT PULSES) by S. G. Kulkarni, A. K. Saxern, J. K. Marianand S. K. Berry

APPLICATION OF OSMOTIC TECHNIQUE IN PLUM WINE FERMENTATION—EFFECT ON PHYSICO-
CHEMICAL AND SENSORY QUALITIES by K. K. Vyas, R. C. Sharma and V. K. Joshi

PRESERVATION OF PANEEF BY SORBIC ACID hy L. Singh, M. S. Mohan, V. Puttalingamma and R. Sankaran

STUDIES ON THE BLENDS OF DIFFERENT PULSES (BENGALGRAM, GREENGRAM, LENTILS AND ARHAR)
IN THE PREPARATION OF NORTH INDIAN SPICED PAPADS by A. K Saxena S. G. Kulkarni, J. K.
Manan and S. K. Berry

EFFECT OF STARCH DIPPING ON QUALITY OF DEHYDRATED TOMATO SLICES hy R. N. Tripatni and
Nirankar Nath

STUDIES ON THE USE OF ARTIFICIAL SWEETENERS IN SWEET BREAD AND BISCUITS
by G. Venkateswara Rao and D. Indrani

INTESTINAL EPITHELIAL CELL GLYCOPROTEINS IN ALBINO RATS IN RETINOL DEFICIENCY
by P. Kuber Singh and 7. P. Krishnakantha

INTESTINAL EPITHELIAL CELL ALKALINE PHOSPHATASE IN RETINOL DEFICIENT ALBINO RATS
by R. Kuber Singh and T. P. Krishnakantha

Research Notes

DETERMINATION OF PHENOLIC ACIDS IN DIFFERENT SOYBEAN VARIETIES BY REVERSED PHASE »
HIdGH %ElgF%RMANCE LIQUID CHROMATOGRAPHY hy M. B. V. Ramakrishna, B. K. Mital, K. C. Gupta
and N. K. San

EFFECT OF PRE-HARVEST SPRAYS OF TRIACONTANOL ON THE STORAGE LIFE OF LETTUCE (LACTUCA
SATIVA'L) cv. GREAT LAKES hy Shankaragouda Patil, V. ChikkasubbannaandJ. V. Narayana Gowda

VARIATION IN CURD FIRMNESS OF COLD-STORED RAW MILK FROM INDIVIDUAL COWS
by Leslie M. Nsofor

\" THE INFLUENCE OF STRAIN, AGE AND SEASON ON CHOLESTEROL, VITAMIN A AND FATTY ACID
CONTENTS OF EGG by N. K Pandey, B. Panda, D. N. Muttra and C. M. Mahapatra

A SIMPLE TECHNIQUE TO REMOVE UREA FROM SHARK (CARCHARHINUS sp) by S. Ghosh

A NOTE ON THE DISTRIBUTION OF ALTEROMONAS PUTREFACIENS IN MARINE FISHES LANDED
AT COCHIN by Nirmala Thampuran and K. Mahadeva lyer

A NOTE ON THE MICROBIAL QUALITY OF SELECTED SPICES hy M. Kaul and N. Taneja
TOXIC EFFECTS OF EXCESS ONION EXTRACTS IN RATS hy Dawa Farva and P. K. Joseph
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