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Interaction of Plastic Films with Foods . I. Effect of Polypropylene and
Polyethylene Films on Fruit Squash Quality

G. K. Sharma, C. V. Madhura and S
Defence Food Research Laboratory, Mysore- 570 OrI Indiia.

Received | March 1989; revised | November 1989

Effect of polyethylene (PE) and ponproperne (PP) film contact on the quality of fruit squash (orange and lemon) and heverages
(mango, orange and blue grape) was studied by storing them in 9Iass bottles at room temperature (18- 35°C%both with and without
pieces of plastic films immersed in them. Both PE ana PP significantly increased the rate of non-enzymic browning and depletion
of d-limonene and anthocyanin concentrations. PE and PP contact did not significantly influence ascorbic acid (AA) degradation
in squashes/beverages. But in isolated system, AA degradation increased in the presence of films. The changes in total carotenoids,

sulphur dioxide and titratable acidity were not affected by films. PE and PP contact did not cause perceptible changes in sensory
quality of squashes/beverages.

. Plastic films and their Iamrnates are trndrn? extensive use  oxygen availability. The present study was, therefore, pIanned
n food packaging. The qua rty and shelf life of ackaged 10 rnvestrPate th effect of polyet (ylene and poly]propy ene
toods are known™to be governed bythe physrcoc emical ~ films contact per se when immersed in fruit squash/beverage
gropertres of the films and the interactions taking place  on the quality changes taking place during storage.
efween food and packagrnfq ims during. processing and
storage. Thour11h the role”.of physico-chermical and barrier Materrals and Methods
propertres of plastic materials ory loss of flavours and ingress  Polyeth yene 5p m) m and ponprop lene (Top m) films
gen and water vapour and their influence on keeprn% WWere obtarne fom eadrn manufac urers. Good ﬁualr
and acceatabrlr of foods is well investigated, the'role  mangoes (Alphanso' and “Dushert), oranges, lemons and
Bastrc m-food interactions on the senso ﬂualr and que %racp Ban alore que were purcha ed from market.
stanility 0f foods I Iess understood Wthout the nvolvement cltric_acid, "benzoi¢ acid, sodium meta
of barrier Rropertres pec a%rng film-food interaction may take brsulphrte and2 6-dichlorophenolindophenol and 5
place emrpratrono the plastic film constituents n the ?rthrobrs (2-nitro benzoic acid) were from standard chemrcal
00d, by absorption of food constituents by the filmand by~ firms
the reaCtions of food constituents with the reactive site o Preparation oforange and lemon squashes:  Orange juice
the film surface. Was extracted In a Sclew type juice extractor from Washed
Among the variqus food materials, fruit juices are highly  and peeled oranges while lémon juice wes extracted by acu
susceptible to quality deterroratron during processing and %e stfun (psp steel han pressed qurr(:ie extractor frorR%
storape and a number of workers ave_stiidied the sora[q rurt res extracte orange t1)urce a rrx
stabifity of aseptrcaypace fruit | {urces in plastic film while lenfon juice had Brik
laminated carton packs. twasfound hat the rate of qualty Oranpe urce 15 kri)vvastreate d with 2.2 kg[ of 70 per cent
Ceterioration In trurtjurces uring storagewas faster In carton sug%r syrup, Whilg Temon juice (L9 kg) wes treated with 31
packs than in glass. packages™. A distinct reduction n per ent Sugar Syru too ain 45° and 46° Brix In the
lavour Intensity and increaset rate of brov\rnrnrq and ascorbic rnrs roducts respectively. Anather lot of orange Juce
acld cegraciation was reported as a result of polyethylene film (2.2 rrr 0° Brix wes treated with 0.92 kg 10 per cet Sugar
contact vvrth fruit Jurce In laminated carton acks . Since syrup oobtarn21 Brrx rn the Tend product The Hoforang
rncrease browni a%an ascorbic acid era afion can also  SQuash wes 3.2 while tnat of lemon squasn
result from Increased oxygen pemeability of plasfic, film — Sauashes were heated t090°C or3mrn cooled and freated
laminated cartons 1 as compared o glass bottles, it is not  With sodium metabisulphite (350 p.p.m.) and ascorbic acid
clear whether the above reactions ocouT as a resulf of plastic 500 p.p.m.).
film-juice contact per se or merely as a resulf of increased ~ Preparation of mango and grape beverages: Mangoes
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were washed, peeled and flesh was seﬂarated from stones
Usin starnless steel knrfe and passe trouq mm mesh
Slevé in a pulper, A anso[p Rha Brix 14’ pH 4.1 and
Hraiatle acid 066wh|e ushert” pulp had an26°p
5,3 and trtratabeacrdrty017 AIphanso hngo (? ?)
was treated with 25 per cent sugar syr 4 kg) while
Dusheri’ man%o pulp 4kg£wastreate with 227per cent
sugar s?rrup )Dto obtain’20° Brix in the beverage. The
8 e finished beverage was adjusted with citricacid to
and 2.7 in Alphanso’ and ‘Dusheri” beverages respectively.
Bue raepe urce wes extracted from washed frurts |n
starnless steel [Jrurce dextrar:tor and had Brix 1L’
eate 5 per cent sugar up ?
to obtarn 15° Brix, n the beverage. The pH was adjusted 10
34wrt citric acid.
élO and grape beverages \Were asteurrsed heatrng
at 90° for 3 min and cooléd beverage was freate
vvrt sodium metabrsulphrte (350 pp m,) and ascorbic acid
pg M.) while grape bever%pe was treated with benzoic
crd 00 p.p.m) ad ascorpic acid (100 p.p.m.). The
pasteurrsed ape beverage wes filtered through a muslrn Cloth
0 remove the coa ulated material_resulted” from heating.
Packaging and storage; One hundred ml "of
S uash/beverage vvas packed ;n 125 ml ground glass stoppered
(B-1) bottles, One'set wes stored 35 sucli without an
treatrnent while in the second set one piece (10cm X 25 ¢
of poI ethjlene film and |n the third set one piece (10 cm
eve

squas e TR B'%“%é”dd%“d e
Ene bof the sqash to surface area (Icm) of film was 15 Al

oftles were sto gpered and sealed ‘with wax and stored
at room temperatur
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Illed water (920 ml). The above mrxture Was Nomagenised
SUItrasonrc L3 oratory Homo eniser npe 4005, England?]
nd aliquiots ( lOqu Viere stordrn 125l gass boftles bot
Wwith and wrthout edérglene o pon ene film pieces
Immersed in em sr described duas hes.
Analysis: -~ Ascorbic acid, benzoic acrd and titrable acidity
etermined by AOAC proceduresG Browning wes
the ‘method of Meydav et al7 in Citrous
Squashes and ev|erages and Mannherm gt at. |&1 man oS go.and
sflyashes, Linon ne analysed according 10 Sco
gn%ﬂ% |s% In sriuas es/ evera wﬁcre In o%an e oq
emulsion, it wes analysed by gas | |qur chromatogra hy (CIC
Baroda) using DEGS columns, flame |on|zat|on etectors and
nitrogen as carrier gas Dunng ang gsrs the oven temgerature
Wwas “maintained & 120°C “while injector and (letector
tem eratures were 200°C. Tod etermrne limonene absorbed
by plastic films, these were washed with distilled water and
treated with 100 ml ether in stoppered glass battles and left
overnrght Aljquots of ether extracts Were mrected in %
chromatograph to measure the concentration of d-limone
Total carbtenoids and anthoc;ianrn were determined by
methods described earliersd. Sulphur dioxide was measured
the method of Humprey et al™, The results presented in
ales 1to 7 are means of at least three replicates along with
their standard deviations. The statistical significance of the
results was tested by student ‘t" test,

Results and Drscussron

Non- en mic browning and degradation of ﬂavourrn%
com ounds, oigments and"ascorbic &cid are the major cause
etenoratron In stored fruit beverages and Squashes.

g)stpolyoxyethélenesorbrtan monolaurate (60 ﬁ) in double

were
determrned

Prep aratron of oran orI emulsron system:  Orange oll Accordrngly changes In browning Intendity, ascorbic acid,
emulsron was prepared by adding cold pressed orange o1l (20 carotenoids, anthoCyanin and limanene contents were Used
Table L Effect of plastic film on non-enzymic browning in fruit squash/juice stored at room
TEMPERATURE (15-35°C)
Storage Storage Orange_ Orang , Lemon. Mango Mango. Blue grape
period . system 45° Brix 21° Brix 46° Brix Alphanso Dusheri 15° Brix
(days) 20° Brix 20° Brix
0 0104001 0074000 0204000  013+001 0124000  0.14+001
0 GB 0.15+0.02 0124001 0.19+0.01 0174001 016+001h 0204001
30 GB+PE 017401 016t00f  023+00lh  016+0.00 022400,  0.20+001
30 GB+PP 0.18+001 0204000  0.254001 018+0.02 0214001 0.22+0.01
90 GB 0164001 0474000 0244000  048+0.01h 0194001 0.24+0.00
%0 GB+PE 0204001 019+001°  027+001" 0224001  025¢000b  028+002)
%0 GB+PP 0.21+0.01 0.24+0.01 0.28+0.01 0224001 026+0.01 0.30+0.01

GB. Glass hottle; GB+PE, Glass hottle contarnrnP polyethylene films.
GB+PP. Glass hottle containing polypropylene film

a. Significant at 99.95 per cent confidence; b. Significant at 9.5 per cent confidence: c. Sigiificant at 97.5 per cent confidence; d. Significant at 95

per cent confidence.
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Table?2. Effectofplastic film on thechangesin ascorbic acid mg/roog>m squashes/beverages stored atroom
TEMPERATURE (15-35°C

Storage Storage Orange_ Orang _ Lemon Mango Mango Blue grape

period system 45° Brix 27° Brix 46° Brix AIPhanso Dusheri 15° Brix
(days) 20° Brix 20° Brix

0 715+ 15 75.240.7 32.9+2.7 19.0+0.4 26.6+0.3 16.4+0.0
30 GB 695+ 13 12.242.1 170411 15.840.3 17.6+0.6 4.040.1
GB+PE 68.9+0.9 691+ 18 15.0+0.4 149+0.0 16.6+0.6 31+0.1
GB+PP 69.7+ 11 69.6+ 15 14.6+0.6 51+0.0 18.4+0.2 4.040.1
90 GB 48.9+4.7 42.2+0.3 1.3+0.7 10.2+0.1 11.6+0.0 31401
GB+PE 48.5+0.8 42.4+0.7 6.5+0.8 10.4+0.2 11.3+0.3 24+0.0
GB+PP 58+ 16 419+27 6.7+0.7 11.3+0.2 115404 2.6+0.1

GB, Glass hottle; GB+PE, Glass bottle containing polyethylene films. GB+PP. Glass bottle containing polypropylene film.

& obgrectrve rndrcators of quaIrty changes resultrn% from
lene an eyro yleng frIm confact with fruit
squashes and beveraggs an%es In rownrng intensity In
frurt beverages and s uasheswh nstored ing ass bottles oth
with and without polyeth yene and g }/ th ene films are
given in Table 1" [t'may be seen th wnrn% Intensity
increased in all the samples but the rate of c ange. vrras
significantly higher in s mples stored with ‘oastrc films,
Dirferences among samples stored with p oP/eth ene or
Bolygropylene fil preces Were not statrstrcal y srgnrfrcant
ut” between control and plastic film treate samp es, the

differences were significant at 975 to 99.95 per cent
coitfrdence ns Indicates that hoth gol¥eth%Iene and
ypropylene film per se accelerate rate ot non-enzymic

grovvnrng in fruit beverages ands uashes ring stora E. T e
exact mechanism by which p astr rmcontact aCcelerate non
enzymic brownrng IS not vve understood; but Mannheim
et dl3 have sugg Bsted the rnvoIvement of oxidised 1%rouga
Present In film-Surface, These oxidised groups are form
om oIYmenc chains during film processrr}gan subsequent
treatments and ma enhance formatron of melongidins by
acce eratrng[ 00 ymerrsatron of rovmrng Intermediates.

The effect of plastic films on the chandes in ascorbic acid
content In everages during storage Is"shown In Table, 2
Though Mannheim et al2”have regorted an accelerating
effect"of polyethylene film on ascorbic acid degradation in
orange juice’and in aﬁueous ascoric acrd soldtion, In the
Bres nt studly losses i, ascorbic acid, in fruit squashes and

everages Were practically same both In control and
PO Iyetfylene and polgpropylene film treated samples. The
055es jn ascorbic acid were, however, significantly different
In different squashes/ everages but differences . between
control and pI fic film treated samples were not significant
in an of the squashes/b v?ra es, After 90 days storage,
perce g77losses range 290 t0 32.2°In orange
squash, 778 to 80.3 In lemon squash 405 to 575 n
mango beverage and 811 to 85.4 in blye grape beverage
suggesting the™role of fruit constituents in the degradation

of ascorbic acid. In isolated systems in which solution
of ascorbic acid wes adjusted t PH 35 and stored both
with and without plastic films, the rate of de radatron
was much faster and both ponethy ene and pol prop¥ ene
films significantly (0.05"p”"0.5); influenced the. rate o
degradation of ascorbic acid during storage. Drfferences
hetween control and film treated samples were srgnrfrcant at
. per cent confidence after 10 gays and at 95 per cent
conficence at 20 days storage After 20ays of storage ahout
14 per cent of ascorhic acid was degraded in controf sample
as compared to 80 and 78.7 per cent_in polyethylene nd
polypropylene treated samples respectively. Higher rate of
ascorbic ‘acid degradation In isolated systems as compared
to fruit squashes everages may be. mainly. due to sulphur
dioxide which 1s known 0 exe antroxP/genrc actron In fruit
juices2t® In addition,frui j Jurce const uents may also exert
Protectrve action Jn ascorpic acjd egra dation. The reasons
or the differential behaviour of g a%rc films in rsolat%d and
frurt beverage systems are not Clear: out effect of oye erne
and poly g pg/ ene fil mcontact wrth fruit juices and"squashes
on ascor I acid losses, if any, is likely'to be rather small.
Plastic film-fruit bevera%e contact also did not significant]
affect the rate of degradation of carotenoids (Table 4)y
Relatively, the rate of eqradation of carotenoids as higher
InmangO beverages than'In orange beverages nder identical
storage condrtrons On the other"hand, plastic films sIrghtIy

table 3. Effect of plastic film on the degradation
OF ASCORBIC ACID (mg/100 g) IN AQUEQUS MODgEL SYSTEM
STORED AT ROOM TEMPERATURE (I5-35°C)

Storage
period Glass bottle ~ Glass bottle ~ Glass hottle
(days) + PE + PP
0 96.5+0.5
0 JH +0.7 47.310.4b 47.9+0.3b
20 251409 195£3.5d 20.6+2.2"

b, Significantly different from control at 99.5 per cent confidence.
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Table 4. Effect of plastic films on the chan I\EP%SRAr]I'l}ﬁEaIE%rOteHOIdS (Mgl anthocyanins (p. g/g) at room
C

Storage~ Storage Orange Orange,

peridd  system 45° Brix 21° Brix

(cays)

0 76401 114404

Rl GB 1.004 8.4+0.1
GB+PE 1.0+0.2 3+0.5
GB+PP 6.8+0.2 10.0+05

0 GB 59404 9.0+0.1
GB+PE 6.9+0.1 9.5+0.0a
GB+PP 6.4+0.3 9510.2"

Mango Mango Blue_grape
Al h%nso Dusr?err y 9’ P
20° Brix 20° Brix 20° Brix
(anthocyanin content)

37.640.2 485405 5240.0
215+0.3 405403 27£0.1h
26.4+0.04 38.2404 1.9+0.21
21.6+0.4 38.5+0.4 2.240.1'
21.6+0.3 36.6+0.5 14+0.2
216+05 355+06 0.9+0.r
22.8+0.7 35.9+0.1 12401

GB. Glass bottle; GB+PE, Glass bottle containing polyethylene films, GB+PP. Glass bottle containing polypropylene film,
b. Significant at 995 per cent confience; c. Significant at 975 per cent confidence.

but srgnrfrcantl accelerated the rate of storage degradation
of ant ocjyanrn in blue grane heverage (Table 4). The rate
of degradation of anthocyanrns |n ble grape beverage was
hrgher in contact vvrth 0 3/et ylene film as compared )]
polypro (gy ene film. Previ Thakur and Aryal have
reporte that storage degradatron of anthocyanins in blue
rape Squash wes hr hest'in polyeth;rlene potiches, followed
polyprogylene and aluminiun foil 1aminate pouches, Tney
have eXxplained the differential rates based on oxygen
Permeabrlrty of the three packaging materials, The results of
resent Study, however, sugdest that in addition to oxygen
Eer eaility of the plastic fifis, their contact per se Vitth
|ue grape everage may influence the storage tegradation
of anthocyanins.

Most important factor influencing the quality loss of fruit
products is the change In their flavour which, may be due to
change In the concenitration of natural flavouring Compounds
or die to formation of some off-flavouring com(%oun s.from

the degradation of fryit canstituents. Limanene s
Important constituent olf the (H]avour o’? CItrUS ruIs. thre

P resent study, Interaction of polythylene and ponproperne
Ims on the Irmonene concentratron in orange and lemon
uashes Wwas studied (fT le 5). Both
nyprop lene frlmssrrg icantly (0,05< reduced the
%8 entration of’]rm ene msg hes auring storage. After
ays storage, the ecrease in‘limoneng In Variqus Squashes
ranged between 174 and 479 per cent i control samiples as
compared to 56.2 and 65.6 per cent losses in contact with
plastic films. The differences in limonene concentration in
control and plastic film treated samples were hrghest after
bto 30 ga storage Durrng Subsequent storag [fferences
in'control and plastic film tréated samples decréased probably
as 4 result of oxidation of d-limonene. Since the level of
available oxygen was same in control and plastic film treated
samples, the"initial rapid disappearance of limonene from

<po e2t ylene and

heverages stored wrth plastrc films sugﬂ]sts absorptron of
limondne by the films, This was further confirmed
emulsifying”distilled coId ressed orange oil In water an
storing he a ueous emul sron In glass bottles both with and
Wrthou\ ép aﬁtrc |msrmmerserd n emulsion. After regular
Intervals, the composition of volatiles In aqueous emuision
as Well as in films was_determined by GLC. The data on
volatile composition (Table 6) suggest that fIavounng
C0 ounds arfe absor(ge% tgl the p%g/ tbg/(!ene an
polypropylene films an mounts absorbéd were In
proportron to the thickness and weight of the film. The data
suggest that absorRtron of ﬂavour voIatrIes by plastic films
Is Significant and this Ya ffect the flavour intensity of fruit
beverages stored in plastic film or rigid plastic packages.

able 5.

Effect of plastic films on change

d O ENE FS 100 ) IN ORANGE AND LEMON UASHES
STORED AT ROOM TEMPERATURE (15-35°C)
Storage ~ Storage Orange Orange Lemon.
perid  system 45 Brix  2° Brix  46° Brix

(deys)
0 B5H03 BT 146403
¥ EE+PE ]&3189 ]éloi%jo ggi(ésp
GB+PP 5.240.0 60+0.01 5103
0 GB 6.9+0.1 5040.1 6.8+1.0b
GB+PE 5.0+8. ' 3940 4.4+0.8a
GB+PP 4.9+ 40401'  4.2408)

i, Glass bottle: GB+PE, Glass hottle containing polyethylene fil
GB+PP. Glass notile containing polypropylene film:

a. Significant a 99.95 per cent_confidence: b. Significant at 99.5 per cent
confidence; ¢. Significant a 97.5 per cent conficence.
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TABLE6. CHANGES IN THE CONCENTRATION OF d-LIMONENS (mg/100g) INorange oil-water emulsion and plastic films

IMMERSED IN IT DURING STORAGE A ROOM TEMPERATURE  (15- 35°C?1
Conen of d-limonene

Storage Concn of d-limonene in emulsion absorbed into plastic film
eriod
'()days) Glass bottle Glass bottle + Glass bottle + Pol%ethylene Polyethylene
Polgethylene 0yethylene (400 gauge) (600 gauge)
(400 gauge) (600 gauge)
0 89+40.4 00 00
B 71+0.3 6.8+0.1 6.5+0.1 0.440.0- 0.7+01
3 5.7+0.3 4.3+0.2* 4.140.2* 0.6+0.0 0.9+0.1
60 4.8+0.2 3.3+02* 3.240.2* 0.6+0.0 0.9+0.1

"Significantly different from control at 97.5 per cent confidence.

Sulphur dioxide and benzoate. are widely used as  incolour, flavour, consmtencg and overall ac egabﬂ%ugt
antimicrobial comPounds in fruit juices and squashes. Their 90 days storage at room tem?S rature (15-35°C) s cetermined
absorption by plastic film may deplete their concentration in bytnangular taste panel tests. Only aboutz -30 Per cent of
beverages ewd this mag rendelr Wem suscggnbgto icrobial  the taste' panel members could correctly identify the control
spoilag echangi In sulpnur dioxiog and/or nenzoate  samples  from  polyethylene and Bolypro ylene treated
concentration in frui bevera s vv|th and vv|thout Iastlc films  samples. Rest of the'tast? panel memberS (70 per cent? Wiere
durln stora B gre given.in atieY Neither go J{ L}/ene nor — unable to indicate any difference between controf ang treated
polyp opyle ef|Im3|gn|f|ca affected the sulphdr dioxide  samples despite significant rfferences in browning intensity
or enzoate level in friit squas es and heverages. In isolated  and limonene content, Mannhejm et alf have,” howevey,
s tems too con5|st|n of soclium metabisulphite solutions at  reported that storage of orange juice in sealed glass jars both

PO lyethylere and P I;ipropylen films did not  with and without polyeth)(lene strips causeda3|gn|f|cant taste
|anuence he conCentration of stilphur”dioxide upto 30 days  difference after 14 aays. In the present study, no percept|ble
storage. Fruit acids measured as titratable acidity were alSo  taste differenc sasaresult of&o etmjene or pol EroRyI ne
nat affected by the Iast|c film contact, The titratable acidity ~ contact were observed inany Qfthe fruit beverage even'arter
of orange squiash (45° brix), oranRe beverage (27° Brix), 90d3(sstorage desnpne Si n|f|cant dlfferences In brownin
lemon squas (46" Brix), mango (Alphanso) beverage (20°  Intensity andlimoniene content. The results of the prese
Brix) and man % EDusheng heverage 60° an% Were  study suggest that though both polyethylene and polypropy-
0571004, 0.780.02, 1.8%0.03, 0.8620.02 and 0.70+0.02  lene” film" contact with orange man%o lemon and" grape
respectlvely and remained practically same throughout the  beverages results in accelerated rale of browning” and

ftora%e aé room, temperatufe both in control and ~ anthocyanin degradation as well as depletion of flav unn%
past| film treate sam les. compaunds in Stored beverages, the overall impact on fru
The contact of po gNe ethylene and polypro é)rylene films with  juice quality 1s fimitedl and may not be perceptible to common
fruit beverages, however, dial not result in perceptible changes  consumer Upto 90 days storage under ambient conditions. The

Table . Effectof plastic film on the chan%es in concentration of sulphur dioxide/benzoic acid (ppm) in fruit

SQUASHES STORED AT ROOM TEMPERATURE (15-35°C)
Storage Storage Orange QOrange Lemon Mango Mango Blue grape
period system ¢5° Brix 21° Brix 46° Brix Alphanso Dusheri 15" Brix
(days) 20° Brix 20° Brix  (Benzoic acid)
0 32542 308+3 282+6 365+1 367+1 535+3
Rl GB 313+4 21549 189+4 256+0 230+0 490+5
GB+PE 328+3 217+6 199+1 210+0 234+1 495+4
GB+PP 343+4 29+6 195+6 215+3 236+1 481 +5
90 GB 250+5 m+1 138+1 15541 109+6 463+4
GB+PE 213+8 103+4 5+1 144+1 97+1 460+2
GB+PP 264+8 90+0 133+6 149+0 m+1 463 +3

GB. Glass bottle: GB+PE. Glass bottle containing polyethylene film: GB+PP. Glass bottle containing polypropylene film.

LRttt 3 npp t)
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faster deterioration In fruit beverages when packed in plastic

1r‘|elsmltg%ckag_es as, observed In previous studies'. may have
U

which has very deleterious effect on“fruit beverages.
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The angle of repose for sorghum, pearl millet, finger millet, Kodo millet, fox tail millet and little millet increased linearly with
the increase of moisture content and the bulk density decreased linearly for all the grains. Regression equations were fitted and

the regression coefficients ranged from 0.90 to 0.9,

Enginegring properties of foodgraing are more important
for ihe gfost-harvest ((ij%ra“?ncf Amongfthe various properties,
angle of repose and_bulk density of grains are the most
Important properties involved in the design and constryction
of silos, storage hins, handling equipment, hopPers, efc. These
EroRe,rhes vty with th% m0|stur? %ont nt of the grain and
uch Information 15 highly useful for the designers, as the
orains under%o various past-harvest operations at different
moisture contents, Many reports abou these pr_ogemes for
the cereals and other crops in general are availableZ/ and

only limitegl work has been done for the foodgrains reported

In_{nis stuay.

The bulk density of wheat, barley, oats, popcom kernels
and fapa Dbean t>aecrease_d W|thy|ncreas% pm moistre
content2s. The length, width, thickness and porosity for
rough rice and lorig grains alsp decreased linearly“with
moisture cqntent6. The angle of repose_of faba bean and
P|geon ea Increased with increase in moisture contentd?. In
his stuay, the angle of repose and bulk density of the selected
foodgrains were determined at different moisture levels.

Materials and Methods | , _
The crops and their variety used in the experiments are

Sorghum Sorqhum vlgare) var. ‘Co 18

Bajra/pear m|_Ift (Pepnisetum typhoides) var, KM 2’

Ragi/Finger millet (Eleusine coracana) ‘Co 10" Haraka/
kodo millet"(Paspalum scroblculatumg Local, Navane/Fox tail
m_||I_Iet (SEtarl? italica) Local, Save/little millet (Panicum
miliare) Loca : :

The Experiments were conducted in the moisture range of
10to 30 per cent (wb) in all the crops, To conditior the
samﬁles_ for lower moisture contents, grains were dried in a
mechanically ventilated oven wath grain IaP/er and temperafure
not exceeding 15 mm and 45°C respectively. The desired

moisture content of the sample wes obtained by d_rymgrthe
sample to the We|?ht and calculated as per” BISt8 “The
moisture determination was done according to the AACC
procedured. The higher moisture contents of the sam?les
Wwere obtained by adding calculated amount of distilled
water8 The lower’ moisture content samples were kept in air
tight containers and the samples with h|? er moisture contents
were stored in polythene bags and kept in the refrigerator at
5°C and these sarmiples were'shaken well for one minute after
eve 6I hr 1Eto equmbratedtrtwe m_mséure._ " i
e of repose wes determined (ising the experimenta
set upgshown eiﬁ Fig. 1 The grain f|IVed ?n the g a?n_ hoIAer
was allowed to fall"on the circular plate of known diameter
and a natural heap is optained. By comudmgf the pointer o
the heap, the he|%ht of the heap wes noted ‘from the scale
growded. From the diameter and height of heap, the angle
f repose was calculated as;
Angle of repose 0= tan 1(2h)

L
Where, d = diameter of the p(late/heap, em
h = height of the hedp, cm

/ Grain holder

Fig. 1. Angle of repose apparatus
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Fig. 2. Effect of moisture content on angle of repose of foodgrains.

For repl_lcatmg the experiments, three circular glates of
different diametérs were Used and also the experiments were
replicated thrice for each disc or plate. _

ulk density was determined by filling qently a container
of known volume with the grain and taking the corresponding
we||gh|t.t I(:jrom the volume™and weight the bulk density was
calculated as,

Where 8 = Bulk density, kg/m3 v = Volume of container
m3 W, = WeHht of empty Container, kg; W2 = Weight of
the container filled with drain, kg

. Acircular container 0f 9.62 X “106 m3volume was used
in the experiments and_the mean values of the three
replications are reported. The wall effect of the container wes
neglected In this study.

Results anF D%scussmn o
The angle o rePose for the selected foodgrains viz.
sorghum, “pearl miflet, fmger millet, kodo milfet, fox tall
millet and little millet are Cetermined at different moisture
contents ranging from 10to 30 per cent (wh).. The effect 0
moisture content on angle of repose is shown in Fig. 2. The
angle frePose mcrease? linearly wi hth% Mmoisturg. content
in all the crops. Except for kodo millet, the rate of increase
of angle of repose is uniform for all the other crops which

f the hlgi est followed by pearl millet, ragi

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY VOL. 27, MAY/JUNE 19%0

5 20
MOISTURE CONTENT, PERCENT (W-b)

Fig. 3. Effect of moisture conteht on bulk density of foodgrains.

is exhibited by, the approximately parallel lines. The angle
of repose, increased by 1to 14 degrees for every 5 per cént
Increase in the moisture content. Upto 20 per cént moisture
content (wh), the a_nﬂle of repose wes the highest for pearl
millet followed by little millet, fox tail millet, sorghum, ragi
and kodo millet. Beyond 20 per cent moisture coritent (wh),
kodo millet has the_highest angle of repose. The linear
regression equations formed between the a rqle of repoge and
moisture content for the crolos and the correfation co-efficient
of the fit are ?lven, In Table 1 _ _
The effect of moisture content on bulk density of various
foodgrains under stud% IS given in Fig. 3. The bulk density
decréased linearly witt! the maisture content in all the grains;
however the rate of decrease is uniform as exhibited Ty the
?#proxmate narallel lines, For all the %_ralns excent _g_earl
et and rag, the rate of decrease Is uniform as exhibited
t%t_he agpro riate parallel lines. The effect exhibited by the
oisture content on pearl millet and ragi is less. The bulk
density decreased at the rate of 30 kg/m3and 50 k?/mS_ for
every 5 per cent increase in moisture content of pearl millet
and ragi and other %rams. The bulk density of sorghum wes
_ ( kodo millet, fox
tail miflet and little miflet upto 23 per cant moisture content
. At higher moisture contents. ner cent, wo
earl milletand ragr exhibited the highest bulk densities. Th

é above 23
Inear regression équations connecting the moisture content

Table 1 Linear regression equation of angle of repose and moisture content

Grains Variety
Sorghum Co 18
Pearl millet Km 2
Finger millet Co 10
Kodo millet Local
Fox tail millet Local
Little millet Local

Y] = Angle of repose, degrees; x = moisture content, percent, wh.

Regression equation Correlation

coefficient
Y. = 201644 + 0.2542x 099
Y, = 207256 + 0.2736x 098
Y = 1951 + 02773« 0.99
Y = 127063 + Q711X 097
Y, = 216566 + 0.0605 099
Y = 108774 + 0.3514x 097
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Table 2. Linear regression equation of bulk density and moisture content

Grains Variety
Sorghum Co 18
Pearl millet Km 2
Finger millet Co 10
Kodo millet Local
Fox tail millet Local
Little millet Local

Y = Bulk density, kg/m'l X = moisture content, percent, wh.

and bulk density are given in Table 2

From this stuay, it is concluded that the angle of repose
and bulk density increase and decrease linearly with mojsture
contents for all the millets studied. The effect of moisture
content on angle of reRose of kodo millet is more than the
other crops. Further, the effect of moisture content on bulk
density of pearl millet and ragi is less than the other crops.
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Drum-dried Scenedesmus obliﬂuus and sun-dried Spirulina platensis were separately pulverised and sampled followed by subsequent

fractionation of each alga by

ry and wet sieving as well as by use of coulter counter. The colour analysis of each of the fraction

as well as that of the total sample of each alga was individually carried out by use of Hunterlab colorimeter. Reflectance from
similar size fractions was higher for Spirulina by a value of 4.13 as compared to Scenedesmus. It was found that to increase reflectance
significantly and thus produce correspondingly less coloured products, the most suitable algal particle diameter is between 10and
40 Mm. Spirulina reflects lesser colour compared to Scenedesmus at comparaile particle size.

The hiotechnology for mass production of the green alga
Scenedesmus o%ljgalus andas thg C anobacter|umgSp|ru?|ga

|atensis for use in foods and feeds has been established. 13

here are no antinutritional constituents and the nucleic acids
constitute only 4-6 per cent on dry weight basis. Use of algal
dried gowder at levels of 5 to 15 per cent in tradtional fodds
has heen shown to be safe. Despite this, only tew algae
containing preparations such as noodles, ravioli, ffuit
puddm%, alqo_ae based juice4 protein and vitamin food
supplements and health foods have been developed.
Recently, algae used in this stucy have also been incorporated
in wheat flours for the Rreparaﬂon of haked and extruded
productst. It wes found that the dark colour imparted by the
algae to these Products adversely affects their accegt_ablll_ .
_The p_h){sma_ state of the incarporated algal material like
its particle size affects the appearance6d The present
study describes the effect of particle sizes on the visuial colour
response by examining the indiviaual powdered algal fractions
L.e, withoult incorpordtign of wheat flour which i mixed with
the alga is bound to dilute the colour of end product as in
wheat"baked and extruded preparationst.

Mgterizals and I\éllethods(d dred) and Soirdinaclaens
cenedesmus obliquus (drum-dried) and Spirulina platensis
s_un-dnedﬁ WWere prgduced accordm% 0 staP]dard m%tﬁodsu.
Iﬁ LilluStrates the process flow Sheet for the procedure
followed in this study. The algae were pulverised separately
In @ hammer mill using_L0 mm mesh vibratory sieves and
then passed through a RETSCH samPIer atan optimum rotor
rpm of 2860. These samples were fractionated by dry and

136

et Sieving usmg wbratorg sieve shakers of RO-TAP type with
mesh ranging ffom 5to 800 a m. In case of Spirulina, wet
Sleving Was reigeated to interpret the characteristic ahnormal
behaviour of its plot (Fig 2) which strongly deviates especially
from that of Sgwulma itSelhy dry 5|evm(h;. These were named
as | and II s eving g[ ables 2 andl 3). These Tables relate to
colour data abtained by further investigation on fractions of
Spirulina at its lower and hlgh_er ranges of Ioart|cle diameters
respectively. In case of wet sieving; nearly 2 to 3 g of alga
was used for efficient djspersion with sufticient amount of
water. This amount was based on very low capacity of sieves
while using a low density material like algae here in question,
. Determingtion of percentage of Parncles and their diameters
in a given fraction obtainéd below 40 am wes made
employing a coulter counter (Coulter Electronics Ind:,
Chicago, USA) and determinations repeated three times, By
taking series Of voltag\%)uls_e counts at selected threshold
level, the resulting data were directly plotted as relative weight
percenta?e \s. particle diameter. Colour measurements of
each of These fractions were.carried out_us_m_g Hunterlah
Colorimeter _D_25A-¥ (Hunterlab, Fairfax, Virginia, USA), for
closer reliability of estimate.

Results and Discussion o
The fractionation data obtained by wet and dry sieving as
well as by ise of coulter counter have been plotted as
Bercenta s of particles vs their specific particle diameter (Fig
. About 29 g of material wes handled in case of dry sieving
e percentage of algae passm? Or remaining on each Sieve
was calculatéd and a loss (1 t0 14 g) was noted in each
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Y
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Fig. L Flowsheet for determination of effect of visual colour as function of algal particle size.

fractionation experiment. Only Scenedesmus, but not
Spirulina_showed reproducibility by both fractionation
methods. This needed determination of Ioart|cle size by coulter
counter to evaluate indivigual particles down to L5 P-m
without agglomeration. Such tendency of coalescence in case
of Spirulina occurs in the presence of water during wet
fractionatjon, This attribute of Spirulina has been observed
during culturing this alga and confirmed bythe characteristic
Blot a,) of coulter counter data (Fig 2): According to the
ehaviour of the curve for Spirulina dlispersed in vvat y there
1S an agqlomeranon of cells at every level of particle diameter
glvmg almost g straight line, The Use of coulter counter has g

Iven'a clear Rlcture of particle diameter illustrating almst (

one third otft et|n|t|al part of at% (Fig 2) as nearly 3|m|Iar
0 qry fractignation curve. ee ncave nafure o
H%er partion of plot is probaqbf r@uta%?etotﬁ (ﬁectnc
constant of the d|sRersm9 %ent Iowert an water. Steepness
IS |nd|cat|ve ofh|g er percentage of lower digmeter pa AJ Icles
|e rom These particles speuflcally ave Very

eln% dlgpSEnen esmus Sd

glvet e mean valugs of more reproducible

data of colour measurements in the Hunterlal colorimeter
coordinates L. aand b, The L value corresponds to I|gihtness
and varies from 100 for perfect white to zero for black

The overall colour reflectance higher b avalue equivalent
t04.13 (Tables 1 2 and 3) wes obServed in Spirulina. This
phenomenon Is probably’ caused by configuration factor
urm%r(]:o our measurement Ingenerdl, the ouerall reflectance

V\Bsypartlcere latively lar er Irre gectweo the peo
besstt antaft rP smf ert5||z artlctes and s only
os able at a specific leyel 0 arlce dliameter an

%IS fact |s str thened thsmves tigation WhIChb%OWS

(_ier value of L for lovier range o Partlce |ameters
ables lto3rz An increase in the vaIueo Lisonly BOSSI le
when the particles have the much lower diameters between
nd 40 ¢ m (Table 22 along with almost similar shootmg
?of yellowness that is favolrable for lightness. The valu
of greenness changes only marginally.

A constant decline of values of ‘L’ with increase in 'oarucle
size couldl not be observed (Tables 1, 2 and 3) especial

the fractionated particle diameters of range 40 to 315p. m
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Spirulina dispersed in water
Spirulina dry sieving
Scenedesmus dispersed in water
Scenedesmus dry sieving

Were comEared with that of 315 p m. (Table 2). This is
attrinutable to the combined factor of diffusion and mirror

Table 1 Colour analysis on scenedesmus obliquus

Read off mean values
on Hunterlatt)J coordinates

Sample a

Total sample fractionated 318 5.20 2247
>100 - 100 (/un) -4.34 7.9 23.60
>10< 140 -3.56 565 22.36
> M0< 250 =319 512 241
> 250< 400 -2.19 4.45 217
> 400< 800 -2.65 392 2063

Table 2. Colour analysis on spiruuna platensis
(FIRST SIEVING)

Read off mean values
on Hunterla% coordinates ]

Sample a

Total sample fractionated -5.47 1.3 26.60
>10< 40 (pm) -5.56 1032 3120
>40 - 3, -5.08 589 437
>315 -4.97 565 26.70

Diameter of Particles (pm)

Analysed with coulter counter for particle size less than 40pm
Fif. Particle size distribution cf algae,

BSIS on _spirulina platensis
IEVING)

Read off mean values
on Hunterlaté coordinates ]

Table 3. Colour anal
(SECON

Sample a

Total sample_fractionated 5.41 1.3 2660
100" (8 249 70 2529
>100 <140 -5.13 6.08 25.38
>140<250 -4.98 58 24.42
>250< 400 4.94 584 561
>400<800 471 5.25 243

effect of light due to ch_an_%e in particle configuration when
observed as a lump of divicled Rartmles. This was aPpllcabIe
o the homogenised mass and the angle of viewing also affects
visual respanse. _ o
Incorgoranon_ of water as in cough preparation is expected
to destroy the mirror effect resulting in decrease of reflectance
and subSequent darkenm? of the
conclysion, comparatively a lighter coloured haked and
extruded wheat productb with I&ss final moisture. content
than conventional results with algal particle of diameters
between 10and 40 p m. This is especially true if Spirulina
15 Incorporated at ger cent level6. Spirulina gives lesser
colour compared to Scenedesmus at same particle sizes.

Rroduct. Nevertheless, In
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Reducing the Polyphenols and Phytate and Improving the Protein Quality
of Pearl Millet by Dehulling and Soaking
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Whole and dehulled upto 8.10 to 15.84% pearl millet were soaked in 0.2 N HCI. Reduction of 95.0 to 97.7% in soaking time of
dehulled grains over whole was observed for comparable degree of reduction of the polvphenolic pigments. The ash and crude
fibre were significantly decreased during dehulling and soaking. The polvphenolic pigments and phvtatc phosphorus were reduced
t0 66.9 to 71.3 and 60.0 to 74.0% respectively, in grains dehulled and soaked in 0.2 N HCI from 45 to 20 min, as against 67.6 and
14.8%, respectively, in grains undehulled and soaked in water for 15 hr. The prolamines (3.33%), glutelins (2.87%) and albumin
and globulin (1.65%) increased significantly during processing of grains. The sigiiificant increase in the recovery of soluble proteins
from 6L.1 to 78.6% and in vitro protein digestibility (IVPD) from 66.3 to 82.8% was also observed on dehulling and soaking the grains.

The Pearl millet (pennisetum americanuni (L.) Leeke? IS
one of the most important cereals ra_nklng sixth inthe world's
cereal production and is widely cultivated in Asia, Africa and
United States'. It is primarily grown in the hot. drought-
prone arid and semi-arid regions and in India it is the fourth
most important staple food crop after wheat, rice and
sorghum”. But unfortunately, it has remained a, food only for
economically weaker sections primarily due to its coarseness
and grey to yellow green colour which imparts bitter taste34.
This"is one” of the” reasons for its poor acceptability by
rice/wheat eaters, _

The poIKphenQI Ic pigments present in the outermost layers
(bran) of the grains not only impart (irey colour but also fimit
Proteln utilization. Morever, phytate present in peripheral
ayers of the grain also limit minérals and protein utilization.
The removal of bran containing these pigments and Phy_tate
to obtain a white flour is the major objective in pearl millet
Frocessmg. Dehulling and soaking of grains could be used
0 reduce these anti-nutrients. Soaking grains in dilute HCI
(0.2 N) for 15to 24 hr was found to rédlice a major portion
of these L{)lgmentsﬂ,’. Reichert and Youngs7, however,
observed 40°hr soaking time in 01 N HCI.”They further
observed that if 9rams were dehulled to about 10 Per cent
and soaked in 0.2 N HCI and squr milk (pH 4.3) the time
recluned to bleach the millet ?ram_s to a colour comparable
to the sour milk soaked millef grains was only 5 to 10 min.
However, not much information is available on effects of
dehulling on Per cent reduction in soaking time in 0.2 N HCI
over undehullcd and also on reduction of these qments and
Phytate. Attempts have been made in this study 1o find out
hé changes in polyphenols and phytate and protein fractions
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and in vim. di%estibilitx of pearl millet due to dehulling and
soaking, ard fhe resulfs are discussed in this paper.

Materials and Methods .

The grains of pearl millet &varlety ‘BJ-104) of 1986-89
produce were purchased from the local market and cleaned.
A sample (100'g) was soaked in 300 ml (wiv) 0.2 N HCI for
15 hr and washed twice with water to remove the residual
HCI. For dehulling, a sample (500 g) each was scarified in
laboratory scarifier (Osaw make) for 1 min (8.10 Rer cent),
2 min (1L5f percent) and 3 min (15.84 percent). The degree
of dehulling in per Cent was determined by the amounts of
fines_passing through a 20 — mesh screen. The dehulled
(scari md?_lgrams é 5 ]6;) each were soaked in 75 ml (wiv)
0f 0.2 N HCI for 5. 1015 20. 25, 30, 35. 40 and 45 min.
then fatered and optical density of the filtrate measured at
400 nm according to Naikare et at', The soak_m% was done
at room temperature (~28°C). The time of efficient extraction
was fixed by comparison. For further studies, samples (200
0) of each were soaked for a predetermined period, drained,
washed twice with water to.remove residual HCI and vacuum
dried to 14 per cent moisture. The dried grains were then
ground to Pass throu%h 0.25 mm screen and stored in air tight
Plastic hottles at 4°C until use. _

The crude protein, crude fat, crude fibre and ash contents
were determined on dry weight basis", Carbohydrates were
calculated (% deducting protein, fat, fibre and ash from the
er weight. All values are expressed in per cent. The
BO phenolic pigments in the flour samples were determined
y the method of A.Q.A.C8 as modified by Cristensen7 and
expressed as tannic acid. Since the phosphorus present in
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hytate (phytic acid) is 28.20 pef cent, the phytate phosphorus
\Eva)ét det(eprn%,itne_d by) the methpod of Mc(:a%cyet ang WI%dOW—
son'”* as described by Chauhan” _ _

The proteins of these samples were fractionated into three
Osborne and Mendel2 fractions as modified by Nagi et a1
The in vitro protein dlgiestlbl_hty QVPD of defatted samples
was determined by calculating the difference between the
amount of nitrogen in the sample before and after hydrolysis
with 0.2 per cent pepsin at 37°C for 24 hr as per AO.A.C8

Results and Discussion

The combined effects of dehulling and soakln? of Rearl
millet in either water or 0.2 N HCL for varying engt 5 of
time are deichted in Fig. L In undehulled sample, the time
required to leach out maximum polyphenolic ngments (67.6
Per cent%_was observed to be 15 hr” After 15hrup to 24 hr
he leaching of polyphenolic pigments was observed to be
more or less constant. Reichert and Youngs soaked whole
gearl millet grains in excess of 0.2 N HCL for 6, 15,21 and
4 hr and found that the whitened grains were approximately
12,51, 70 and 86 é)er cent respectively. Naikare et a1.5 and
Panwal_and Paware also found maximdm extraction of poly-
phenolic pigments (65 to, 70 per cent) from undehulled pedrl
millet %rams_af_ter soaking in 0.2 N HCL 15 hr. The time
required for similar extraction of .oIthenollc pigments from
denulled samples was found drastically reduced to 45, 25 and
20 min in Frams dehulled upto 810, 1156 and 1584 per cent,
respective g The reduction in spaking time was observed
to be 95.0, 97.2 and 97.7 per cent in 810, 1156 and 1584 per
cent dehulled grains respectively, over underhulled one. The
pericarp of undehulled grains was impervious to penetration
0f 0.2 N HCL which ml%ht have acted as a physical barrier.
On the other hand in defulled g]r_ams, the penetration of 0.2
N HCL in grains was rapid and this resulted in quick removal
of polyphenolic_pigments. Similar results are reported on
pearl millet by Reichert and Youngs?. It could be said that
a combination of suitable degree of dehulling and soaking
in dilute acid can be practised in dry mill to"overcome the

problem of grey discolouration.

ns}
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Fig.. Extraction of poéy#henolip pigments from whole and dehulled pearl
millet grains at different times }whole ¢ ¢ dehulled for 8-10%
0—0, 1156%A—A 158% x-—X.
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The data presented in Table 1 show that all the proximate
principles were decreased due to dehulling and soaking. The
decrease was ohserved to be most 5|Fn|f|cant In ash and crude
fibre. On dehullir.g. the peripheral fayers of the grains which
contribute most 0:"the crude fibre and mineral contents, were
removed and this might have accounted for their major loss.
The ash content was also found decreased on dehulllnrq of
Pearl millet by Olatunji et a114 The leaching of minerals in
he 0.2 N HCI can not also be ruled out ana'this could have
prpbab{y been further accelerated the rate of decrease of
minerals.

The data presented in_Table 1 show that pearl millet
co_ntalhneéj a go%de amount of po?yphenol% expresgec?, 3 tannic
acid (0.136 per cent). During dehulling and soaking pearl
millet grains, a significant amount of pon%henoIs Was
decreased. The reduction in undehulled and 15 hr soaked
sample was 67.6 per cent whereas in dehulled at varyma
degirees and soaked for 45, 25 and 20 min samples were 66.5,
691 and 71.3 per cent, respectively. The polyphenols, as
mentioned earlier, are found in outérmost layers of grains,
and are removed during the process of dehulling. The leaching
of polyphenols in the 0.2 N HCL has also occurred and this
could e the Probable reason for their highest decrease in
samﬁles dehulled and soaked. _

The data presented in Table 1 further show that pearl millet
was rich in total 7phosphorous which significantly decreased
from 316 to 179 mg/g after dehulling and soaking. The
prhytate phosphorous also decreased from 1.35to 0.35 mg/g.

hie decrease in phytate phosphorous as Per cent of the total
phosphorous was almost 50" per cent. [n pearl millet, the
Bhytate é)hosphorous IS concentrated in the outer layers i.e.

ran and hence normal dehullln? could remove aBpremabIe
amounts of phytate. The removal of phytate was observed fo
be more in samples dehulled and soaked than the sample only
dehulled. During soaking, phytate being soluble in aqueouis
solutions at lower TpH values, it tgets destroyed by phytase.
The destruction o fPh ate was found most significant due
to the combined effects of dehulling and soaking. In such
samples, the mechanical effects “of d_ehulllngi become
favourable for phytate and phytase to,come intg contact during
soaking. The phytase activity'Is also ingreased in grains during
soakmgi. QOur observations are in confirmity with the reports
available on various cerealsh _

It 15 clear from the gata presented in_Table 2 that these
protein fractions collectively amounted to 7.85 per cent, which
were found to be 611 per cent of the total crude proteins.
The similar results were obtained by Sawheny and Naik®
and Dahia and KapoorZ on pearl ‘millet. It was further
observed that when pearl millet grains were dehulled and
soaked in 0.2 N HCL for 20 min, the recovery of soluble

roteins was found to be increased from 6L1 to 78.5 ner cent.
The recovery of soluble proteins was also found to increase
in sample soaked for 15hr in water. This increase in soaked,
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Table | Effect of dehulling and soaking of pearl millet on proximate composition,polyphenols and phytate
CONTENT OF FLOURS'
Degree Soak ing Ash  Crude Crude Crude Carho- Polyphe- Total P Phytate P Phytate P
of period fat protein fibre hydrates nols i a9 of
dehul- _ (NX6.25) (by diff) las tannic o) o P
In8 (min) (Ve) (9) (9) (%) (%) acid)
(%) (mgfg)
0 0 242 421 1284 150 79.03 136 316 1% 42.7
0 9SH)1 2.29 4.29 27 145 79.22 0.44 249 15 46.2
8.10 5 0.97 418 1210 0.82 81.33 045 2.24 054 241
1156 5 8.79 416 (XY, (.76 81.87 042 i 047 26.6
1584 201 0.72 417 210 0.62 82.39 0.39 17 035 196
SE + 0.005 0.041 0.207 0013 0132 0910 0.008 0.004 _
CD (P=0.05) 0.022 NS NS 0.036 0.520 0.042 0.035 0016 —

a Mean of triplicate determinations, expressed on dry weight basis.
b Soaking in distilled water. Rest of soaking times in 0.2 N HCI

Table 2. Effect of dehulling and soaking of pearl mille'7 ON PROTEIN FRACTIONS AND IVPD"

dD%grﬁe of Soakirgjg Albumin Glutelin Prolamin TlotglI Protein [VPD

enufiing perio + g ) soluble recovery Y
(%) (min) globulin (%) (%) proteins (%) %)

(%) (%)

0 0 165 287 33 7.85 6113 66.33
0 900h 19 304 378 878 68.86 8210
810 45 186 301 348 8.35 65.74 78.45
1156 25 19 32 397 9.2 1342 82.70
1584 20 2.05 328 418 951 78.59 82.95
SE+ 0.034 0.021 0.016 0.037 - 0.304
CD (P=0.05) 0.135 0.055 0.965 0.155 — 1955

a Mean of triplicate determinations, expressed on dry weight and total crude protein basis.

b Soaking in distilled water. Rest of the soaking times, in 0.2 N HC

and dehulled samples could be due to removal of polyphenolic
pigments and phytate. The, breaklngi down of poIKphenoIs-
protein and phytate-protein complexes could have also
occurred which might have made more protein available in
soluble form. The lower recovery of soluble protein in control
sample indicated that P_olyphenols and_phytate might have
interferred with extraction of proteins in Osborne Solvents
possibly by forming complexes. The results are_in good
agreemient”with those of Ramachandra et a1. In finger
millet and Chavan®on sorghum, _

The IVPD was also found significantly increased from 66.3
to 8.1 per cent in 15hr soaked samplé and to 82.9 per cent
in dehulled and 20 min soaked sample (Table 2). The
polyphenols and P_hytate were significantly removed durmg
S0a mg and ehulling (Table 1) and this could have improve
the IVPD. The obsefvations in the present investigation are
supported by the studies of Ramachandra et a1.1s Who have
reported direct relationship between polyphenol levels and
IVPD in finger millet,

It can be fina_lly concluded that dehulling followed by
soaking pearl millet grains ir. dilute acid could efficiently

femove polwhenols and phytate and improve recovery of
soluble protein and its digestibility in vitro.
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Three pollinizing varieties of apple viz. ‘Red Gold’, ‘Golden Delicious” and Granny Smith” were pretreated with S02 as
anti-browning agent before sun-arying and dehydration as apple rings. Sun-drying retained moisture content between 145-16.1%,
titrable acidity between 1.17-2.70% (DWB), reducing sugars between 48.2-53.9% DWB), total sugar between 65.5-69.9% (DWB)
and ascorhic between 2.5-7.5 mg/100 g, whereas on dehydration they ranged betweer 14.2-168%, 1.23-2.73%, 47.7-548%, 67.9-75.3%
and 2.5-12.5 mg/100 g respectively. Total SO2retention varied between 96-288 p.p.m during dehydration which was lower in sun-
dried rings (48-224 p.p.m). There was a proportionate decrease in SO2content during storage in all the lots greatly influencing
the nutritional value of the products. Higher S02content resulted in better ascorbic acid retention and overall quality of the product
during 180 days storage. Optical density (O.D at 440 nm) taken as index of browning increased with the decrease in S02content.
On the basis of yield, appearance and taste, dehydrated product and ‘Golden Del cious” among cultivars have given better dried
products. Among different treatments, 2500 p.p.m SO02 dip of apple rings resu ted in best dried product on sun-drying and

dehydration as well as after 180 days storage.

Apple (Malus domestica, .Borkhi IS a widely grown
commercial fruit crop of Himachal Pradesh, Jammu &
Kashmir and hills of Uttar Pradesh, In Himachal Pradesh
many fold increase in apple production during the last 15-20
years has resulted in increased surlplus and processing grade
apples. Large uantities of apple varieties viz. Tolden

elicious’, ‘Red Gold” and ‘Granny Smith” which are essential
for pollinizing delicious varieties are produced; the major
portion of this crop is either sold at uneconomical or marginal
rates or go waste, o _

With the objective of economic utilization of this surﬁlus
frut, study was undertaken to find out the suitability of these
varieties for drying. Browning of cut fruits owing to presence
of polyphenols'is one of the major problems in apple drying.
|t was shown earlier that the,dar,kenm? of fruit tissues in air
IS due to qn enzymatic oxidation of phenolic substances
present in the fissues', No satisfactory substitute to
sulphur dioxide has been found for the preservation of colour
and flavour in the dried_ fruits, although maré/ have been
tested. Important marketing countries such as erman¥ and
Japan have requlations that"substantially limit the use of S02
In'low moisture foods and within the United States, there are
increasing demands for SO2 free dried fruits". In India, ‘Lal
Amri’. “Golden Delicious, ‘France-Kashmir', ‘Red-Pippin’
and “Yellow-Pippin’ varieties have been found to be
satisfactory  for dehydration3 Present study was made
to try variéties with léss demands for table purposes and to
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minimise_the S02 level in the dried apple rings without
deterioration of physico-chemical characteristics. The quality
retention in sun-dried and mechanically dried rings was
compared.

Materials and Methods N
Three cultivars of apple viz. ‘Red Gold’. ‘Golden Delicious’
and ‘Granny Smith’ were procured directly from the orchards
located at "Dochi village in Shimla district of Himachal
Pradesh. Fruits for dryirig were selected when they developed
characteristic frung flavour, colour and attainéd the total
soluble solids (T.S.5) 115t 135° Brix and the fruit pressure
between 22and 15 I ](Table 12 This was done after 15 to
45 days after harvest. The fruits after washing, peeling and
corln% Wwere made into rlnﬁs of about vi cm thickness with
a hand operated sheer. Peefing was done with a hand peellng
knife and coring with a cork borer to remove undesire
portions. The Tuits were kept submerged in Lper cent sodium
chloride and 0.5 per cent citric acid Solution for about 10-15
min during preparation until each lot was ready for treatment.
_ Two kilograms each of freshIY weighed apples and Prepared
Into rings were given separate treatments of steam blanching
for 3 min (DT2and STS, 60 min dip in each of 500 p.p
DT3and ST 1000p.ﬁ.m. J_DTz}and ST4 and 2500 p.P
DT5 and ST9 sulphur aioxide solution made fror
otassium-meta bisulphite and exposure to sulphur fumes in
sulphuring chamber with apple rings in single layer in wooden

m.
M.
om
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Table 1 Physico-chemical characteristics of fresh fruits at the time of preparation
Variety Firmness Size S o Non-  Moisture Total Acidity Red-  Total  Ascorbic
(I) equito- (wt./vol. edible (%) soluble (%) ucing  sugars acid
rial (ratio). (%) solids sugars (%) (mg/100 g)
(mm) (Brix) (%)
ée?dG()ld 120 67.2 0.76 175 84.6 128 0.23 732 9.55 35
olden
Delicious 125 66.1 083 167 85.4 135 0.34 761 1030 6.5
Granny Smith 150 691 0.80 189 86.5 15 045 754 8.89 50

tr%\ys for 45 min with 5g sulphur per kg of fruit (DT6 and
STo) hefore dehydration and Sun-drying Tespectively. ST, to
STé indicates six pretreatments before sun-drying “and DT,
to DT6 for similar six pretreatments before dehydration. One
lot of rln?s which was not given any pretreatment was kept
as control (DT, and ST,). Dehyaration was done in a cabinet
drier with a tray load_of 750g rings per square foot at a
temperature 60+2°C. The _rlné;s were Oehydrated to 14-17%
Per cent moisture content in 8 hr. Sun-drying was done in
he open sun for comparative studies when the day
temgerature ranged between 22-28°C. Sun-d[ylng Was done

in 23-24 sun hours o a_consta?t \%velghth Durin nw,.the
rlngis were welghed at intervaf of orfe hour and trie weight
plotted against™time to study the drKlang pattern (Fig. 1
and 2). Each treatments was réplicated twice. The rings from
each treatments were filled in separate ROl ethylene hags
without closing and kept in a bin for 24 hr for equilisation
of moisture; 1209 of these rings from each treatment were
packed into separate 300 gauge polyethylene ba?s for analysis
after 180 days storage at ambient temperature befween
October 1984 and MaF 1985. The minimum and maximum
temperature and relative humidity during storage period
varied between 8 and 30°C and 47 and 78 per cent
respectively. _ _

he diameter, weight, volume and texture of the fruits were
determined on 10 fruits of each cultivar. Fruit firmness was
measured with pressure tester (Model FT 327 having 7/16
inches plunger). The total soluble solid (T.S.S.) contents were
recorded with Erma hand refrectometer. Acidity was
determined b(;r method described in A.0.A.C.4and expressed
as malic acid. Moisture was determined by oven dryings.
Sulcg)hur dioxide was determined by Manier William's
A.O.AC. methodd. Reducing and” total sugars were
estimated by Lane and Eynon's method6. Ascorbic acid was
determined”by xylene extraction method5. Non-enzymatic
browning was measured by the method given by Rangannas.
Sensory evaluation was made by a panel of judges using
composite scorlnq test modified (Proforma for appearance(zol),
Elzavougr)(ZO) and texture(l0) and expressed histographically

ig. 3).

Results and Discussion .
‘Red Gold- and ‘Golden Delicious' apples took 15 and 30

days respectlveIY after harvest to develop desirable fruity
flavour and fruit pressure whereas ‘Granny Smith’ variety
took about 45 cays to develop this flavour at room temperature
but the fruit pressure was slightly higher than the other two
varieties. The physico-chemical characteristics of the apple
cultivar at the time of preparation of apple rings are given
in Table 1 Highest specific gravity and ascorbic acid content
werle recorded in ‘Golden Deliciods' and lowest in ‘Red Gold"
apples.

pg ate of drying; Rate of drying was faster in the steam
blanched samples which may probably be due to
disorganization of fruif tissues by steam, thereby, releasm%
the turgor pressure which is responsible for holding the frui
moisture, Dehydration was accomﬁllshed in 8 hr,” whereas
it took 23-24 sun hours to sun-dry the aﬁple rlngﬂs to constant
weight. Almost parallel reduction in the moisture contents

.
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Fig. 1. Rate of dehydration in apple rings.
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Fig. 2. Rate of sun-drying in apple rings.

of apple rings in the three varieties under study was observed.
The average Percentage of yield of the dried rings obtained
from different treatments on'sun-arying was 1065, 10.72, 1069
and on dehydration 1079 1087 and 1081 from ‘Red Gold’
Golden Délicious’ and ‘Granny Smith’ respectively.
Composition of dried product: Maximum moisture
content was retained in samples treated with higher dose of
sulphur dioxide (SO,) in all the three varieties under similar
drying conditions Q‘able 2), which ap?ears to be due to the
protective effect of SO, on the moisture content, Durln%
storage, there was continuous reduction in moisture conten

Table 2.
Variety Storage
period
(days) DT, dt2
Red Gold 0 148 145
180 107 103
Golden Delicious 0 146 142
180 93 89
Granny Smith 0 145 144
180 85 84
Red Gold 0 124 126
180 15 117
Golden Delicious 0 130 14
180 121 12
Granny Smith 0 196 212
180 1719 202

indicating thereby that %ol ethylene does not provide barrier
against moisture loss. Retention of SO, varied between 9.9
and 24 per cent in dehydrated and between 6.4 and 112 per
cent in the sun-dried apgle rings. This is similar to early
reports that as little as o per cent SO, might be retained
under slow drying conditions and upto 40 per cent if water
removal was’ rapid7. During storage for 180 days, a
cgntmu%us reduction in the" total Sulphur dioxide” was
observeg.

Like in fresh fruits, maximum acidity was recorded in the
dried rings of ‘Granny Smith” and minimum in ‘Red Gold’

Effect of pretreatment, drying and storage on moisture content and titrable acidity

Pretreatments
DT, DT, dt5 dtb ST, st2 ST, ST, ST, st6
Moisture (%)
B0 1B6 160 163 47 148 B0 145 153 154
12 19 129 129 105 107 1209 104 ue 114
148 142 163 168 B4 156 10 B0 15 159
95 96 114 15 102 100 1203 101 1202 10.3
152 160 164 166 60 150 158 B5 B7 161
93 102 98 100 92 90 90 92 94 102
Acidity (%)
125 121 123 153 7 127 119 118 117 145
118 119 116 14 106 115 106 107 105 1.32
132 14 131 17 130 142 132 132 133 185
120 126 120 164 120 126 120 120 120 1.69
208 215 215 273 184 198 18 189 189 2.70
199 204 204 261 166 18 165 166 166 2.63



Table 3. Effect of pretreatment, dryin%

Variety

Red Gold

Golden Delicious

Granny Smith

Red Gold
Golden Delicious

Granny Smith
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0*h7<*Told of 0 day storage
Dtkydrated of 160 days storage
S Sun dried at 0 day storage

D Sundried at Ifto days storage

O

=

AN

ZZ

W

MBI

2

Granny Smith

INGS (% DRY WEIGHT BASIS)

%

Fig. 3. Sensory evaluation of dried apple rings after drying and storage.

Storage Pretreatments
period
(days) DT, dt2 dt3 dtb ST, st2 std
Reducing Sugars (% DWB)
0 484 477 490 486 485 491 RB7 485 485
180 52 518 500 513 516 519 55 511 505
0 513 535 534 H31 516 548 5L7 520 537
180 540 547 558 546 537 61 537 544 545
0 288 491 504 497 508 497 505 497 515
180 535 533 556 543 534 548 542 532 559
Total Sugars (% DWB)
0 67.7 697 686 682 685 685 676 683 668
180 681 701 681 683 697 678 663 695 684
0 120 753 728 133 106 733 691 684 699
180 726 143 735 139 703 737 687 696 691
0 681 661 668 659 696 693 659 655 669
180 68 685 678 664 680 701 645 652 677

std ST, stb

490 482
5L6 506

49.1
51.0
528 9539 52.8
547 547 54.5
01 518 49.8
541 536 52.4

679 678 69.1
687 664 68.8
689 695 69.9
686 703 69.6
69.2
66.5

6.5 679
068 663
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and storage on the reducing and total sugars in the dried apple
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(Table 2). Maximum acidity was found in sulphur fumigated
dried apple rings (DT6and ST and minimum in control.
The increase in acidity after sulphun_n? rlnﬁs IS due to
oxidation of free SO, to H,S03 in'the interceflular spaces.
The slight decrease in acidity during storage might be due
to its_conversion into sugars. A proportional increase in
reducing and total sugars was observed in the dried rings
compared to fresh samples. Dehydrated samples contained
slightly more total sugars than the corresponding sun-dried
samples which may be due to loss of sugars in férmentation
during long period of sun_-dr)(mg. Slight increase in reducing
sugars during storage might be due to conversion of non-
E_er Ltj)fln sugars into reducing sugars with passage of time
ahle 3).
~ Like in fresh fruits, maximum ascorbic acid was observed
in the dried rings of ‘Golden Delicious’ and minimum in ‘Red
Gold’ (_Table_Ai. More ascorbic acid was found in samples
containing_high residual SCL after drying and stora%e for
180 days. Retention of ascorbic acid was more in dehyarated
than in sun-dried. samples. During storage, there was a
continuous reduction in'ascorbic acid. Optical density (OD)
which represents the index of browning of dried apple rings

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 27, MAY/JUNE 1990

was affected by all treatments and methods of drying (Table
4). As expected maximum O.D, indicating more brownl_ng
was observed in control and minimum in"dried rings wit
high residual S02 content. There appears to be more
brownln% in sun-dried sulphur fumigated samples éSTb)_ N
comgare 0 dehgdrated fumigated samples (DT6). Steeping
in 2500 p.?.n. 02 solution QSTE)_ and DTH appears to be
preferable for better colour retention.

sensory evaluation: The dried appl_e rln?s from ‘Golden
Delicious’ was adjud?ed best due to highest score obtained
In appearance and faste in corres ondln? treatments of
recommendec doses followed by ‘Red Gold" and. ‘Granny
Smith’. Pretreatments with S02improved the quality of the
product. Control samples %ot minimum score and mean
scores increased proportionately with increase in SO,. Sun-
dried samples were_lighter n_colour as compared to
dehydrated samples. This is similar to earlier findings that
sun-dryln% causes Iarge losses; in carotene content8, During
storage, there was reduction in scores. However, samples
containing S02 showed less reduction in mean scores in
comparison to low or no SO, and retained their good quality
throughout the storage period of 180 days.

Tabled. Effect of pretreatment, drying and storage on the ascorbic acid, browning and retention of total
SULPHUR DIOXIDE

Variety Sté)rrl%%e Pretreatments
F6days) DT, dt2 DT, DI, DT, DT, ST, st2 ST, ST, ST, ..
Ascorbic acid (mg/lOOg) DWB)
Red Gold 18% 25 35 50 50 65 75 25 30 30 30 5050
Golden Delicious 0 50 75 75 75 125 105 3% 50 50 75 7550
180 - - == =2 1B - - - - - -
Granny Smith 18% 30 35 50 60 105 58 25 50 50 60 7545
Browning (O.D. at 440 nm)
Red Gold 0 06 2 03 09 0090 09 02 02 06 08 .009.018
i) 06 06 0L 086 02 0/ (B 0B 06 0% 0% 0%
ici 0 06 07 06 02 009 09 8 0 02 02 009 03
Goloen Delicious W 25 ® B M M M 1 I8 6L 0% 0 04
Granny Smith 0 006l 0% 06 2 009 009 06 02 086 06 080
Ik ol 06 Ol 06 03 03 086 15 01 B 02 OO%
Residual sulphur dioxide (p.p.m. FWB)
Red Gold 0 % 4 248 10 - - 8
Ik - — 8 o 1 2 - - 6% 18(4) 7§
ici 0 - — % 12 28 mw - _ % m
Golden Delicious @ - - 3R E - % LA o
Granny Smith 0 - - D B X W - - B N WX
For DT and ST see text. 1) - 4 4 W g R
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Water loss from pineapple increased with the increase of sucrose solution temgerature and concentration, the former having much

more effect for the range of values tested. The su?ar gain increased up to 5

°C and then fell rapidly; It also increased with the

increase in solution concentration. The solute diffusion in pineapple was analysed by Magee’s model.

The factors which affect the solute and moisture diffusion
ae: EI) the type of osmotic agent (i) the solution concentration
(i} the sarmple: solution ratio (1v) the osmosis time (v) the
0Smosis temperature (\[I)l the solution agitation and vue the
geometr of the material. In this study; only the effects of
, 4 and 5 were investigated. ,

Ponting et ar. studied various factors affecting the
osmotic dehydration of apple chips. The results "were
exFress_ed a5 mass reduction without measuring the soluble
solids diffusion into the sample and temperature Was the main
influence on dehydration rate. In a pilot scale study, Farkas
and Lazar2"found a complex empirical relationship between
percent mass reduction (f*) and temperature (pf ), . sugar
concentration(c) and time(t) in osmotic dehydration of
‘Golden Delicious’, apple Pleces. Hawkes and Flink3 defined
Parameters for analysis of osmotic dehydration to measure
he overall exchangg of solute and water. Data on total mass
reduction and soluble solids gain are given by Islam and
Flink4. Ma?ee, Murphy and” Hassaballahs developed a
model for solute diffusion during osmotic ciehydration of apple
slices in sucrose solution, where the solid gain divided by
water content(W). M is a function of the rate constant(k),
time (t) and a constant (A),
M=kt+A T (13
or of the difference In sucrose content after time t divide
by water content (W) at the same time.

St) a- SO

A relationship was established in the form:
k (mole kg' min) = T40¢"3 3)
The rate parameter(k) was related to temperature by Arrhenius
equation at different sucrose solution concentrations (c). The
average activition energy for the process was 28.2 KI'mole',
Lenart and Flink 6 Suggested that osmosis comes to

*To whom all correspondence should be addressed.
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e?uilibrium {i.e. net transport _stops? when the water activities
of the sample and the osmotic Solution are equal.

Materials and Methods _ ,

‘Giant kew" (African) varieties of pineapple were used in
the experiments. Slices of 6.5 mm thickness prepared from
cored pineapple were threaded on a rod and lowered into a
static sucrose bath so that they were completelely immersed.
The Initial slice: solution mass ratio was between 110 and
115, The concentration of sucrose was varied from 40 to 70
per cent (whv). Four or five slices were immersed in each
sucrose solution at 19-20°C and the mass reduction of one
slice was recorded against contact time, The water content
and total solids were measured T%]qrawmetncally on other slices
after different contact times. The slices weré quickly rinsed
and gently blotted with tissue paper to remove surface water
before weighing. For measuring solid content, vacuum oven
drying was done at 70°C for 5t0'6 hr. A sucrose concentration
806t0 pGeg cgnt (wiv) was used at water bath temperatures from

0 0

To analyse the data, the three parameters-mass
reductlon)a1) water Iossia)) and solid gain)8) were
calculated, The mass reduction at time(t) was the net mass
loss of the samptle on an initial mass basis:

0w @

m (0)
Water l0gs'<) was the net water loss at time(t) on an initial
Mmass hasis;
W(0) - W(Y)
W = rmemeemmmsseeeeees xw ()

. MO . .
The solid galn_( 8) was the net solid transported into the
sample on an initial mass basis:

8 =0 —m
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Fig. 1 Water loss(o>) and soluble solid gain ( s ) forosmosis at room temp.
(20°C) for contact time 5 hours.

Results and Discussion .

Ponting et a1.* and Farkas and Lazar2 used mass reduction
for analysing the osmotic dehydration process. But, analysis
by using mass reduction will not give the exact situation of
the process because mass reduction™) is not the same as
the water I_oss(o?]). pequals 4only when there is no diffusion
of solids into the samples (8= L) The per cent moisture
content of fresh pineapples were 84.2, 84.9, and 89.9 per cent
(wet basis).

Effects of sucrose concentration: 1he €ffect of sucrose
concentration on water loss (a>) and. solid gain( 82 Was
initially identified only %5 hr contact time experiment (Fig.
1) before anal¥smg_b ( 0°C th
|0ss( w) and solid galn( 8 ) increased linearly with the increase

3 o
w <
_030-0 L300 S,
2200 200 =
R o
3" (2]
2 10.0 100
00.0 T T T T T T .
20.0 40.0 60.0 80.0

solution bed temperature (°C)

Fig. 3. Water Ioss(o>g and solid gain (s ) for osmosis of pineapple in 60%
solution for 5 hour contact time.

agee’s model. A 20°C the water '

5l

= ° 40%
2 05—
5 . e 50%
x A 60%
% O: a 70%
3
2 03+
<
[=]
°
S
v 0.1
o
z o
00 | | T
0 3

1 2
t0-5 (hro's)

Fig. 2. M(g.solid gain/g.water content) in pineapple slices as a function
gg r%glej%{?art?gﬁ é) contact time at room temperature for different sugar

of sucrose concentration at 5 hr contact time Fig. 1)and linear
regression gave a relation with r = 0.98,
w=06LC- 612aT =20C (7)
The values of M are plotted against the square root of
contact time in Fig. 2. The slopes of the straight lines are
the rate parameter%) of the process. The rate parameters(k)
plotted on a logarithmic scale_ against sucrose
concentration(c). The gower |aw regression equation gave the
best fit with 1 = 0.934:
k=415 x Ifffca at20° C
_Effects ofsucrose temperature:  \Water |OSS(
linearly with increase of sucrose temperature(
contag 9téme (Fig.3) and lingar regression gave are

...... V., (8
1) increase(d)

? for 5 hr
ation with

0=05T+ 199% atc=60% 9)
Solid gain( 8 ) increased up to 50°C and then fell sharply
which is very difficult to interpret (Fig. 4). It is not normal
to find diffusion rates falling with inCreasing temperature.
The reason might be that the cell wall, composed of cellulose
and pectin, increase, its permeability at higher temperature.
The soluble solids giffusion during osmosis depenas mainly
on molecular size, ionic state and solubility of solute in water.
The rate of sucrose diffusion in potato did not change much
with increasing sucrose concentration whilst NaCl diffusion
rapidly increased with the increase of salt concentrationd.
Sucrose havmﬂ a larger ionic radius cannot diffuse as easily
through the cell membrane and thus the approach to osmotic
equilibrium is achieved Prlmarlly by flow Of water from the
cell. Since the water_oss(a)l) was higher at the hlﬁher
temperature, the osmotic equilibrium was achieved by flow
of water from the cell rather than by solid diffusion.” Solid
concentration_became nearly constant above 60°C which
indicated negligible increase’in the rate of sucrose diffusion
ahove 60°C." For anal¥3|ng diffusion of solids, Magee’s
model5 was used and the values of M have been plotted
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against the square root of contact time in Fig, 4. The rate
parameter(k) ‘increased up to 50°C and fell above 50°C.

o 20°C
2.8 a 30°C
~ 40°C /
= 2+ x 50°C
5 o 60°C
§ 20- . 65°% ra
&
g 16—
\U" X
£ 12—
= X
8
] 087 _ /
2
0.0—
0 i 2 3

{05 (hro's )
Fig. 4. Mﬁ.solid gain/g,water content) in, ine@&ple slices as a function

of e square root of contact time with 60% (m/v) sugar solution at
different temperatures.

The water loss(to) from pineapple slices increased Imea[I%
with increasing sucrose solution” concentration(c) and wit
increasing :emperature(T). The rate of sucrose diffusion as
a function cf solution concentration and temperature analysed
using the Magee’s model. The sucrose diffusion as a function
of solution temperature followed the Magee’s model but the
rate parameter&) increased up to 50°C and then fell.
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Breadmaking. I11. Changes in Water Soluble Components During Ageing
of Bread

Usha Bajwa and G.S. Bains
Department of Food Science and Technology
unjab Agricultural University, Ludhiana

Received Il March 1989; revised 10 January 199C.

The effect of incorporation of glycerolysed groundnut oil/cottonseed oil and/or optimal alpha-amylases on reducing sugar content
and water extractable components of bread during storage was |nvest|(_1ated. Al?ha-amrlases significantly increased the reducing

ot

it increased when stpplemented with glycerolysed oi
It (ﬂecreased on ageerJ.) Jyery

Starch in wheat flour is a very important factor affectmg
the quality of bread. The reviews? on the problem of brea

staling Rﬁne_ra_lly_mentlon a decrease in the soluble crumb
starch. Modification of starch by alpha-amylase action alters
the rate of crumb firming35. Several “workers6' have
reported that monoglycerides and other surfactants form
insoluble complexes with amylose and amylopectin fractions.
Complex formation checks ‘the diffusion of more soluble
amylose fraction from the starch granule. ,

~The Furpose of present investigation was to obtain
information concerning the nature of changes in soluble
extractives during a%emg of bread supplemented with both
glycerolysed oils and alpha-amylases.

Materials and Methods _
_Baking: Straight_dough method of bread making
simulating commercial 400g loaf as described earlier was
followed with or without glycerolysed oils and alpha-amylase
8 supplements?2 _

Freeze-drying of crumb:  Peripheral layers of fresh and
stored (72 hr) 1oaves were removed. Bread slices were cut
into small bits and freeze-dried under high vacuum in mini-
lyophilizer for 8 hr. The dried crumb pieces were coarsely
%ound using pestle and mortar, gowdered fine in the Kamas

B Mill (Sweden) and stored in polyethylene bags in
refrigerator, _

Free_reducing sugars: FIe¢ reducing Sugars were
determined according to A.A.C.C'8 method using freeze-
dried crumb powder.” _

Total soluble solids: _This was extracted according to the
method of Schoch and Frenchshut by filtration of contents
through Whatman No. 1filter paper inStead of centrifugation.

sugar content of bread crumb. Total soluble solids, alcohol insoluble solids, total )
er than starch significantly increased due to ageln? of bread for 72 hr. Soluble starch decreased in the control bread. However,

hydrolysable carbohydrates and polysaccharides

5. Amylase content increased on supplementation with amylases. However,

Algohol-insoluble solids (Als): This fraction was
premEltated with ethyl alcohol using the procedure of Schoch
and Frenchand precipitate was washed with acetone.

Amylose and starch:_ Juliano’semethod was followed for
determining amylose. The starch content of alcohol-insoluble
solids was determined by using NOVO amyloglucosidase
enzyme. A.A.C.CBmethod was followed with ‘Subsequent
measurement of glucose with Nelson’s method.

Results and Discussion _

Reducing sugars: 1 he results of reducing sugar content
of bread crumb as influenced by glycerolysed oils aIiJha-
amylase supplements and storage are_ presénted in Table 1
The alpha-amylase supplements significantly (P*50.00)
increased the reducing sugar content of bread crumb. The
reducing sugar accumulation as compared to the control was
28.9, 26.3 and 184 per cent for wheat malt, fungamyl and
bacterial amylases, respectively. Glycerolysed oils and Storage
did not have any significant effect (Table 2?1.

Total soluble solids: Afterstorage for 72 r, there was an
apPremabIe increase In total soluble solids con3|st|n(1; of
soluble starch, ]pentosans and starch degradation products in
bread crumb (Table ). The effect of glycerolysed oils and
aIpha-amXIase supplements on total soluble solids was not
found to be significant. Results of present investigation are
in accordance with the study of Jackel et a1~
_ Alcohol-insoluble solids (Als): There was a significant
increase in AIS recovered from stored bread crumbs (Table
1). The increase in AIS as a result of storage of glycerolysed
groundnut oil bread crumb with wheat malt and"fungamyl
supplements was 167 and 4.4 per cent, respectively.

Starch, amylose and otherpolysaccharides: Thesoluble

153
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Table 1 Effect of glycerolysed oils, alpha-aml\h/lase suspplements and storage on water extractable
COMPONENT

Glycerolysed il

1000

Control (0.0)
GGO(05)
GCO(05)
Glycerolysed ails
Control (0.0)
GGO (05
GCO (05)

Control (0.0)
GCO (05)
GCO (05)

Control (0.0)
GGO (05
GCO (05)

Control (0.0)
GGO(05)
GCO (05)

Control (0.0)
GGO (05
GCO (05)

Control (0.0)
GGO(0H
GCO (09

Average of duplicate determinations

St(or{a)ge Control Wheat malt Fungamyl Bacteria]
r
Reducing sugars as maltose, %
3 38 49 48 45
1 39 48 50 47
3 43 50 50 45
1 40 47 49 46
3 43 50 47 45
1 43 48 48 47
Total soluble solids, %
3 109 100 142 150
1 189 159 169 170
3 16 13 118 ny
1 182 180 RS 180
3 108 124 96 n3
1 Bl 168 142 132
Alcohol insoluble solids (AIS), %
3 32 46 59 66
72 101 52 6.2 85
3 41 60 45 50
1 19 10 47 70
3 32 59 38 ol
1 102 107 1 89
Soluble starch, %
3 167 263 219 403
1 150 2.3 21 399
3 19 308 158 248
1 31 322 202 287
3 13 2.5 13 2.3
1 498 451 U 358
Amylose in water-soluble starch, %d.b.
1018 1406 1684 18%
1 930 1276 14% 1053
3 1000 13% 1645 184
1 9.20 13 1584 1568
1007 3n 160 1829
1 9.24 29 1580 B
Hydrolysable carbohydrates, %
3 320 4.20 568 6.48
1 84 4.58 5% 6.80
3 410 58 39 491
1 118 ) 406 602
3 30 509 386 507
1 98 963 69 882
Polysaccharides*, %
3 153 157 289 245
1 104 2.23 310 281
3 220 278 2.34 243
1 341 204 204 35
3 13 324 251 272
1 484 512 3 524

 Polysaccharides o = Alcohol insoluble solid, % — Starch, %
G C O —Glycerolysed groundnut cil

G C O —CGlycerolysed cottonseed oil.
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Table 2. Analysis of variance for various components

Source of variance DF _
Reducing TS
Sugars
Glycerolysed oils 2 005 1455
Al%ha-myilases 3 O (.766
Storage 1 000 155540+
Error 004 3439

crumb witnout/with alpha-amylases (Table 12). The crumb
starch decreased in control loaves after storage for 72 hr.
However, starch content increased in stored bread loaves
supplemented with qucer,olysed oils with and without alpha-
amylases. as monoglycerides present in gI%ceronsed oils are
adsorbed on starch molecules rendering them more soluble
whereby they do not allow the hydrogen bonding and check
the rétrogradation of starch. ~ _

Of the soluble starch fraction in total soluble solids, 9.24
to 18,86 per cent was composed of amylose (Table 1) and rest
amylopcctin. Alpha-amylase supplements had significant
effect In mcreasmgi the amylose content. However, the effect
of glycerolysed oils was not significant (Table 2). Amylose
content decreased 3|gn|f|cantl¥ with storage, resulting in
increase in am_%llopcctln content of starch. The results are in
accordance with the study of Morad and DAppofonial,. Of
the total soluble solids, 312 to 6.48 Rer cent was constituted
by hydrolysable carbohydrates which were found to increase
during storage (Table 1{ Hydrolysable polysaccharides other
than Starch may be presumed td be the péntosans (Table 1),
The quantity” of pentosans (difference between total
carbohydrate and starch) increased during storage. These data
agree with those reported by Gilles et at.20 and Ghiasi et

starch content varied from 1.35 t0 4.03 r{Jer cent in fresh bread

|2
a It is concluded that glycerolysed oils and aIBha-amyIase
gs\ellen% definite effect to counteract the firming of bread diring
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Suitability of Some Packaging Materials for Packing Sandesh
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Karnal-132 001, India
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The effect of various packaging materials such as folding paper board cartons, polystyrene containers, hig% densit;z ‘Kolyethylene

an

bags, nylon-6 pouches and tin cans on the shelf-life of soft %rade buffalo milksand_e_sh Stored at 30 £ 1°Cwith 70% RH (‘A cor
7+ 1°Cwith 90% RH (‘B’ condition) was studied. At both the storage conditions the maximum chemical mlcroblolo?mal an
organoleptic deterioration were found in the sandesh samples packaged in the folding paper board cartons followed by polystyrene

% RH ’conditiong

containers, high density polyethylene bags and nyfon-6 Bouches. Tin cans showed the best results. At ‘A’ storage condition sandesh

packaged In folding paper board cartons and tin cans

ecame unacceptable on sixth day with respect to flavour but their extent

of deterioration differed in the two packages. At ‘B’ storage condition sandesh remained acceptable upto 30 days in folding paper
board cartons and 45 days in tin cans. Efforts were also made to prepare sandesh free from staphylococci but it was not successtul.
Acceptability of sandesh during storage reduced mainly due to flavour deterioration.

sandesh 15 One of the most popular chhana hased milk
sweetmeats of Eastern region particularly in West Bengal and
some parts of Assam, Bihar, Orissa and Tripural The
popularity of this sweetmeat Is gradually spreading to the
other paits of the country also". Varieties of sandesh are
available in the market whiich may be broadly classified into
three main groups viz., soft grade (varampak), hard grade
(Karapak) and high moisture grade (kachhagolla) o!ependmgf
upon their physical qualities and chemical composition . O
these, soft grade sandesh is the most selling and Bopular
variety. sandesh 1S Usual Iy_PrePared from cow’s milk because
it produces, soft body with fine and uniform grains size
Product while buffalo milk as such leads to hard and coarse
extured sweet which are considered as defects in soft grade
sandeshd. N India, about 52 per cent of the total milk
produced is from buffalogssand dairy plants Mefer to buy
It because of its hl?h total solids content. Method was,
therefore, developed to utilise buffalo milk for the production
of soft grade sandesh. Like most other indigenous milk
products; soft grade sandesh 1S also known for its limited
shelf-life, not exceeding a few days is @ major constraint in
Its marketln[q to distant places. Folding paper board cartons
are generally used as the main packaging materials for
sandesh Which is an age_old practice.”For the past few
decades, packa%[ng Industries have made a sqnnflcant stride.
As a result of this, varieties of packaging materials are now
available in market which difrer with each other in their
physico-chemical properties and these may bring about some
changes in the shelf-life of sandesh. But the” information
available in the literature on this groduct IS very scanty and
unfortunately no work so far has been reported which deals

with the effect of ackagmg materials on the shelf-life of
sandesh. In view of the above short comings, an attempt was
made to stud% the influence of a few selected packaging
materials on the shelf-life of buffalo milk soft grade sandesn.

Materials and Methods _ _
Production of Sandesh: Buffalo milk wa’ obtained from
the Experimental Dairy of this Institute. In the production
0fsandesh. milk was filtered, standardized to 4 per cent fat,
boiled for 5 sec, diluted it with water (30 per cent by volume
of_mllk), cooled to 37°C, coagulated with 0.5 per cent citric
acid solution, strained, chhana pressed for 10 min, chhana
ground to smooth paste, divided chhana into two equal lots,
Sugar added (30 per cent by weight of total chhana) with first
lot"of chnana Ina double jacketed steam kettle, raised the
temperature of chhana and sugar mixture to 70°C in 5,min
by vigorous stlrr!ng and scrapmg with the help ofa specially
made flat type light wooden ladle, added the second lot of
chhana, heat the mixture to 60°C inabout 10min by constant
stirring and scraping as earlier, cooled the content to 37°C
in 10 min. sandesh samples_prepared by this process were
used in the present studies. Fifty litres of standardized milk
were taken in each batch for sandesn making and each
treatment was repeated 4 times, . o
Type ofpackages used: Inall, 5 ackaglng materlals_wz.
folding R_aper board cartons (FPBCF)), polystrene containers
(PC) " high density polyethylene bags, (HDPB)
nylon-6-pouches (N-6-P) and tin cans (TC?_ Were selected on
the basis of their physico-chemical properties and cost, each
of 250q capacity with the thickness of 0.038. 0.079. 0.008,
0.008 and 0.041"cm. respectively for the experiments. The

Present address: Department of Dairy Technology. Bidhan Chandra Krishi Viswavidyalayr, Mohanpur, Dist. Nadia-741252, West Bengal, India.
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Table L Effect of packaging materials on chemical attributes OF SANDESH DURING STORAGE AT 30°C AND

70 PER CENT RH
Packaging Storage Moisture Titraa- PH Free Peroxide* Free fat
type period (%) ble acidity fatty acids value (%)
(days) (%) )
FPBC 0 21.06 0.65 599 0.25 0.46 64.78
2 25.74 0.8 587 0.45 0.62 69.89
4 502 0.9 583 0.49 0.69 7215
b 24.39 104 579 0.57 0.57 7404
PC 2 26.28 0.79 530 0.39 0.J9 69.35
4 587 0.86 586 0.52 0.62 7049
6 531 0.93 582 0.56 0.66 72.98
HDPB 2 26.49 0.76 593 0.37 0.56 68.94
4 2607 0.8 586 0.48 061 69.87
6 5.8 0.89 5.84 0.52 0.64 7253
N-6-P 2 26.03 073 5% 0.35 0.54 67.25
4 547 0.79 5.9 042 0.59 69.36
6 5.05 0.85 587 0.47 0.62 1184
Tin cans 2 2687 0.70 597 0.33 051 66.93
4 26.49 0.76 5.96 0.39 0.57 68.98
6 26.12 081 593 0.43 0.60 7L04

FPBC: Folding paper board cartons; PC: Pblys Jrene containers; HDPB: Hi [ hylene bags; N-6-P, Nylon - 6 pouches.
N of 4 rge rﬁm%tes ysty High density polyethylene bags y p

*Milliequivalents of peroxide per kg of fat

Table 2. Effect of packaging materials on chemical attributes of sandesh during storage at 7°c and

90 PER CENT RH
Packaging Storage Moisture Titrata- pH Free Peroxide* Free fat
type period (%) ble acidity fatty acids value (%)
(days) (%) (%)
FPBC 0 21.06 0.65 599 0.25 0.46 64.78
1 2481 0.90 587 0.37 0.59 68.53
30 23.24 13 58l 045 0.63 12.86
45 22.23 129 571 0.52 0.68 1364
60 2043 145 559 0.58 0.72 7435
PC b 26.18 0.85 5.94 0.36 0.57 67.40
30 24.97 0.97 585 0.44 0.62 7130
45 24,04 1.26 574 0.50 0.66 72.65
60 22.96 134 563 0.56 0.70 7404
HDPB 1) 26.83 0.79 5% 0.35 0.5 67.21
30 26.31 0.92 590 042 0.59 70.60
45 payil 108 5719 0.48 0.64 1251
60 2518 12 568 0.53 0.69 7397
IN-b-P b 25.64 0.74 5.9 0.33 0.54 66.92
30 24.36 0.79 588 0.38 0.58 69.93
45 23.56 0.86 5.19 0.42 0.63 72.06
60 2258 093 572 0.49 0.67 7302
Tin cans b 26.93 07 5% 0.30 0.52 66.40
3 2687 0.76 589 0.34 0.56 68.15
45 26.82 0.84 584 0.39 0.60 10.26
26.76 0.89 5.19 0.45 0.64 7196

Average of 4 replicates
t Legend as in Table 1+ Milliequivalents of peroxide per kg of fat
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size of FPBC and PC was same 59x9x4.2 cm?, similarly,
the dimension of HDPB bags and N-6-P was also identical
glﬁxlzgz while the TC were round in shape d(dlameter 7cm,

eight 5 cm). These packages were procured from the various
renowned packgllgclng producers and convertors of the country.
Out of these, TC considered as the most ideal packages,
were used as the reference. The structure of N-6-P was made
up of nylon-6 (base material)/C_ x A-148 (bondin

material)/L.DPE f(lnnermost,layer . This combination is 0
recent origin and full of promisé FPBC with parchment paper
Ilnlnkg twere chosen because of common popularity in the
Mmarket.

Sterilization ofpackages: The Iﬂﬂ_Gl’POI'tIOﬂS of the HDPB,
N-6-P and PC with iIdS were. first cleaned thoroughly
with “Teepol” detergent solution and then they were
chemically sterilized with 0.5 P_er cent h dr_ogen peroxide
solution. This solution was kept in contact with the product
surface sides for 5 min, FPBC were sprinkled with the 0.5
per cent hydro&;e_n eroxide solution. The packaging materials
were then air-dried. The whole operation was Carfied out in
a packaging room as far as practicable under aseptic
conditions ‘Tmmediately before” packaging the sandesh
samples. The tin cans and  lids were first Cleaned thoroughly
I hot detergent solution and then rinsed with hot water.
Finally, the cans and lids were sterilized in a hot air oven
at 165 to 170°C for at least 2 hr before uses.

storage of Sandesh: ~ Freshly prepared sandesh samples
were filled aseptically into the prester_lllzed_packaq%ng
materials as per requirement and sealed immediately, Th
sealed packages were stored under two different conditions
for the present studies viz., A) 30 £ 1°C with 70 {)er cent
RHina refrlaerated humidity cabinet and B) 7+ 1°C with
90 per cent RH in a refrlglerator. sandesh samgles stored
under A’ condition were analysed at an interval of 2 days until
spoiled and samples stored under ‘B’ condition were analysed
after every 15 days upto 60 days. ,

Milk analysis:~ Fat content”in milk was estimated by
Gerber method?. _

Chemical analysis of Sandesh: Moisture content was
determined by oven drying method3, titratable acidity (STA)
by the procedure of Sachdeva and Rajorhia as descriied for
burtf, pH with the hlp of a digital pH meter, free fat (FF)
by the recommended procedure of Hall and. Hedrick as
mentioned for Powder milkDand free fatty acids (FFA) as

er 1S method for ghee” with some minor modifications. In
his case, the mixture of sandesh and ethanol was boiled on
a water bath with vigorous agitation and filtered through
Whatman No. 1 filter paper. The filtrate was titrated in hot
with 0.IN NaOH solution using phenolphthalein indicator,
The peroxide value was estimated according to the IS
procedure for ghee" with some modifications.” Here, 308
sample was weighed in a glass stoppered conical flask an
75 ml of chloroform added to it. The flask was shaken
vigorously to dissolve fat and allowed to stand for 4 hr with

occasional shakln?_. Contents of the flask were filtered through
Whatman No. LTilter paper and the filtrate was evaporated
under vacuum. The residual fat was used for the determination
of peroxide value (PV) and expressed in terms of milli
equivalents of peroxidle oxygen per k%of fat. Inall these tests,
the sandesh samples were mashed thoroughly with the help
of a stainless steel grater hefore welghlng. _

Microbiological analysis of sandesh: “The total viahle
counts (TVC), coliform counts and yeast and . mould
(Y and M) Counts were enumerated }( following the
procedures of APHAZ using tryptone dexirose yeast agar,
violet red hile agar and pofato dextrose, agar respectively.
Spore counts were carried out as per BS method” .
S E}RhYJIOCOCCI counts were made according to the procedure
0f APHA 0nstaphylococcus S-110agar medium as described
by Chapman". ,

sensory evaluation of Sandesh: On the basis of
preliminary trials, the packaged samples stored under A'
conditions were evaluated for sensory characteristics after an
interval of 0, 2, 4 and 6 days whereas those stored under ‘B’
conditions we~e examined at an interval of 0, 15, 30, 45 and
60 gays. The sensory quality of the sandesh samples was
evaludted by a panel of 7 trained Judgles using the classical
9 - point Hedonic scale The samples were examined in
terms of flavour, bod?{ and texture, colour and appearance
and overall acceptability separately.

Results and Discussion .

_ Chemical changes; Al the samples showed a progiresswe
Increase in total acidity, free fatty acids, peroxide value and
free fat contents during storage under both A" and ‘B’
conditions irrespective of their type of packages (Tables 1and
2). On the contrary, the moisture and pH of sandesh samples
decreased contintigusly with the increase in s_toraPe period
under both the conditions of storage, However, in all the cases
their degree of change varied considerably depending upon
the type of package used and storage period. The rate of
sgmlage was more pronounced at storage condition A’ than
B A%aln the changes in chemical attributes ofsandesn under
hoth the storage conditions were maximum in FPBC followed
by PC, HDPB, N-6-P and TC. Packagmg Of sandesh
IS Iargelr influenced by its low cost. These cartons are
essentially used as carry home containers. TC though quite
expensive, proved to be best package, N-6-P also seems to
provide a very potent substitute for TC as a package for
sandesh. The common chemical deteriorative factors during
st_oraPe were oxidation, lipolysis and acid development
Similar t%pes of findings were also reported in stored khoa
samples by the earlier"workersi6r . _

_ Microbiological changes: ~ The growth of micro-organisms
Insandesh Was faster at condition” A’ than ‘B’ (Tablés 3 and
4). At hoth the storage conditions, maximum microbial
deterioration was observed in the product pack%gned in FPBC
followed by PC, HDPB and N-6-P. The product
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Table . Effect of packaging materials on sensory quality of sandesh stored under 30°c and 70 per cent rh

AND 7°C AND 90 PER CENT RH.
Packaging Storage Flavour Body & Colour & Overall
type period (cays) texture appearance acceptability
FPBC 0 80 80 15 80
2 70 6.5 6.5 10
4 6.0 6.0 6.2 6.0
6 40 50 55 50
b 65 6.9 6.7 6.5
30 6.3 65 6.0 60
45 45 56 54 438
60 40 40 50 40
PC 2 10 6.7 68 72
4 6.2 6.4 6.3 6.2
6 43 6.2 6.0 53
b 11 12 70 10
3 6.5 10 6.2 6.5
15 53 6.0 56 54
60 44 45 52 45
HDPB 2 13 69 6.7 14
4 6.4 6.6 6.5 65
6 45 6.4 6.2 50
b 14 14 11 13
30 10 12 65 10
15 55 65 6.2 58
60 47 6.0 6.0 48
N-6-P 2 15 11 68 13
4 6.5 6.7 6.6 6.4
6 46 65 65 5.2
b 15 15 12 15
30 10 .10 68 13
45 57 10 65 6.0
60 49 6.5 6.0 50
Tin cans 2 18 14 11 15
4 68 10 68 6.7
6 49 6.7 6.7 55
b 19 19 74 18
30 15 15 12 15
15 6.2 13 6.9 11
60 54 68 6.5 55
Figures shown against 2, 4, 6 and 15, 45, 60 days indicate storage conditions 30°C and 70 % RH and 7°C and 90 % RH respectively

Average of 4 replicates
Legend as in Table 1

Packaged in TC exhibited the lowest microbial growth at both ~ free from staphylococci organlsms. Survival of staphglococu
he storage conditions, The total viable count (TVC% and  bacteria in skim milk powder was also observed by Crossley
staphylococci counts had the major increase at both the and Campling® after the milk was spray-dried even at
storage conditions. Spores and yeast and mould counts were  210°C. Further, the presence of staphylococci organisms in
also increased with enhanced storagrevthough at a slow rate  skim milk powder and several other In |genous milk products
as compared with the growth of TVC and staph%Iocopu were also reported by various researchersz .

count% urin thelnsttlgatlon, it was ?x erienced that with Cha_nfes in sensory quality:  The effect of packaging
possible precautions also sandesh samples could notbe made  materials on the sensory quality of sandesh during storage
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are highlighted in Table 5. The sensory scores decreased
progressively as the storage period increased at hoth the
storage conditions. The rate of spoilage was faster in samples
stored under condition A than B sandesh packaged in
FPBC and stored under condition A’ became unacceptable
on the sixth day itself but under condition ‘B” was acceptable
upto 30 days.” _
The price per piece (250%capa<:|ty) of FPBC, HDPB

N-6-P, PC and TC was worked out to riipees 0.14, 018, 0.25,
100 and 250 respectively. Therefore, 1o fill 250 g sandesh
the above additional expenses were met depending Upon the
types of packages used.
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A study was planned to develop a safe, effective and cheap preservation system fcr extending the storage life o'f meat at ambient
temperature using the principle of intermediate moisture (EM) meat technology. A processing procedure was standardised by infusion
soaking of huffalo meat samples in a solution of humectants: glycerol (2.0%) and sodium chlorice (10.0%), chemical preservatives:
trisodium citrate (2.0%) and sodium benzoate (0.2%) followed by mild heat treatment and alrd%ym/q. ean, % net gleld of IM
product was 49.67. Samples revealed pH in the range of 5.72 to 5.79, water activity of 0.84 to 088, % moisture of 47.52 to 42.73

and Yresidual salt content of 1097 to 9.58. Sensory evaluation indicated no spoilage in the IM meat samples during the ambient
temperature storage of two months with acceptable palatability.

Intermediate moisture (IM) meats are partially dehydrated
meats with suitable concentrations of dissolved Solids o bind
the re_mammq Water suﬁlmenklﬂv to inhibit the growth of
bacteria, moulds and yeasts'. IM meats offer several unique
advantages for meéat preservation and new product

samples were made into uniform cubes of aﬁprommately
2.5 cm. Visible fat depots were removed and the meat cubes
Were mixed thorougihly and immersed in the infusion solution
contained in autoclave sterilized high density pol¥ethylene
tubs. The composition of the infusion solution is Tumished

development suitable for ambient temperature Storage2
They can be easily moulded and packaged in a simple vvaY.
The' scope and the problems encountered in the IM meats
were reviewed by several authors36. Studies conducted so
far involved use of humectants like glycerol and sugars at
10to 30 per cent level to decrease the water activity. But the
humectants at higher levels affect the flavour in the finished
product5. To overcome this problem, it was suggested to
raise the ‘safe water activity” level throu%_h the combined
action of lower levels of humectants, addition of permitted
chemical preservatives)' and mild heat treatment2to enable
development of microbiologically stable and palatable |M
products. Several authors2™8 had sug?ested combining
several sub-optimal parameters or hurdles to control spoilage
in meat products. . Hence, a study was planned to prepare
intermediate moisture meat involving low levels of
humectants, combinations of approved chemical preservatives,
heat treatment and surface drying.

Materials and Methods ,

About 2 kg of meat from the thigh muscles of a buffalo
(Bos bubalis) Carcass was collected for processing into |M
meat. A total of seven batches were prepared Tnvolving
muscles from seven buffalo carcasses on different days. The

in Table L Meat sample and the infusion solution used were
in the ratio of 1. L5 respectively. ,

The samples immersed in the soak fluid were allowed to
equilibrate fcr 24 hr at room temBerature (22-40°C) with
stirring at frequent intervals. The tubs were covered with lics
for protection from contamination. At the end of the
equilibration period, meat cubes were separated and weighed.
Later, theY were transferred to clean enamel trays and
subjected o heating in a pre-heated electric_hot air oven
maintained at 80°C for ‘1 hr. After cooling to room
temperature, the fluid released during cooking was separated
and the weight of meat was recorded. The Neat processed
samples were surface-dried under an electric fan to reach
moisture levels of 40 to 50 per cent. The IM sample was

Table L Composition of the infusion solution

Ingredients % (WIV
composition

Sodium chloride (food grade) 1000
Glycerol, AR 200
Trisodium citrate, AR 200
Sodium benzoate, LR 0.20
Sterilized potabl; water 8580

* Part of Ph.D. Thesis submitted by the first author to the Tamil Nadu Agricultural Univers ty, Coimbatore.
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) DePt, of Meat Science & Technology, College of Vety. Science, Rajendranagar, Hyderabad-500 030.

2. Veterinary College and Research Institute, Namakkal-637 002,
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divided into five equal parts, wrapﬂed_ closely . in
polypropylene baqs b¥ evacuating as much air as possible
manually and stapled Tor storage at room temperature. One
package was analysed immediately to study the_physico-
chemical paramaters stated below after processing. The
remaining four packa?es were code numbered and analysed
one each at the end of storage periods of first, second, third
and fourth fortnights at room temperature. o

About 109 of meat sample was slurried in 50 ml distilled
water and the pH was recorded using an electronic digital
pH meter i_Bl_ochem model PM_79). _

Water activity was estimated indirectly by measuring the
equilibrium relative humidity (ERH) with"the help. of an
electric digital temperature and humidity meter. The principle
of salt crystal liquefaction testu was applied in this study.
About 70°g of sample made into uniform pieces of 0.25 ¢m
cubes was Spread at the bottom of a 250 ml conical flask fitted
with a glass stopper and allowed to equilibrate at 25 %ir 0.5)°C
for about 5 hr. The ERH was estimated with the digital
temperature and humidity meter (Casella, London -
Model-6900). The instrument was calibrated at eve
recording with the help of standard saturated salt solutions

Moisture content was estimated by drying the sample at
100 £ 2°C for 16 hrk

Residual salt content was analysed as per the ISI
procedures _

The IM meat samPIes_ at the end of fortnightly stora%e
periods were rehydrated in sterilized potable water for 5 hr
with occasional Stirring to remove excess salt, gilycerol and
other chemical preservativess. The rehydrated TM samples
were soaked in a solution of sglces (pepper 15 WIV; garlic
10 WIV and potable water 97.5 percent) and cooked in a
pressure cooker at 5 I Pressure for 7 min. The cooked
samples were presented 10 @ 5- member taste panel for
evaluation of tendemess, juiciness and flavour on a 5- point
Hedonic scale (L = very undesirable and 5 = very desirable).
The panel also evaluatéd Uncogked samples at the same time
for odour Eﬁresence of spoilage) on a similar scale. The scores
given by the five members were averaged. The data were
analysed as per the procedures of Snedecor and CochranZl

Results and Discussion _ _ ,

It was found in preliminary trials that incorporation of
?Ilycerollbeyond three percent was imparting objectionable

avour in cooked IM meats even after thorough resorPtlon
before cooking. Hence, glycerol was incorporated at two
percent only {0 safeft;u_ar avour and_ palatability. Webster
et al.m reported that increase in sodium chloride content
resulted in suppression of bacterial growth, irrespective, of
changes in pH and water activity. Synergistic inhibitory action
of organoleptically acceptable levels of sodium citrate and
sodium benzoate In combination with glycerol and sodium
chloride (salt) was also observed® on the growth of

Staphylococcus aureus, Bacillus subtilis, Streptococcus
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faecalis and Clostridium perfringens at 37°C. It was noticed
that salt at 10 per cent level and above in combination with
two Per cent gIYcero_I and other preservatives with mild heat
treatment resulted in IM meat with good shelf-stability at
ambient temperature and acceptable palatab_lllt){. Samplés in
the preliminary study revealed total hacterial load of 1448,
colitorms of 8and yeast and mould count of 8 per gram when
analysed immediately after processing and the same at the
end of 30 days of ambient temperature storage were 896, 12
and 6 per gram respectively. staphylococcus aureus and
salmonella were ahsent at thé beginning as well as at the end
of storage period. _

Incorporation of salt at higher level would have taste
%roblems If the product is cooked and consumed as_ such.

ut excess salt can be removed easily by resorption as
suggested for glycerol-salt desorbed IM meats. Further,
meat products with higher salt content are not uncommon.
Chinese dry sausages were reported to contain 9.5 to 109 per
cent saltd As the principles involved in the IM meat
processm? are better understood, further studies can brmg
down the Tevel of sodium chloride needed to be incorporate
for shelf-staility at room temperature. The processing
procedure standardised in- this studr was found to be
satisfactory and no spoilage was reported by the taste panel
members during the storage period of two months,

Durln% the egumbratlon period, meat had picked UR wel?ht
by about 34.6 Pe_r cent as salt at higher levels hydrates
proteins and retains moistureZ) When the equilibrated
samples were subgected to oven heating, a decrease in the
weight to an extent of 40.97 per cent was noticed. To stabilise
the Shelf-life of meat at ambient temperatures, moisture level
was reduced by exposing the samples for su_rface-drylngi by
evaporation urider an electric fan. The duration of this stage

e 2. Mean values® of physico-chemica

Tabl |
PARAMETERS IN “IM" MEAT DURING AMBIENT TEMPERATURE
STORAGE

Storage periods

Paraneters Before After & 2nd  3d  4th
proce- proce- fort-  fort- fort-  fort
ssing ssing  night  night  night  night

pH 594 579 574 572 576 579
(013 (0200 (019 (0.27) (0.28) (0.26)

Water activity 098 08 084 08 08 08
00 (0.05 (0.04) (004 (00) (022

Moisture (%) 7489 4752 4618 4273 4411 A543
08) (746) (67) (618) (7.09 (7.68)

Residual salt (%) 032 1097 1070 1049 1205 958
003 (13) (L02) (081) (0.58) (0.45)

Figures in parentheses indicate standard deviation.
*Each value represents average of seven observations.
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Table 3. Sensoryscores*in cooked “im”meat samples

Parameters Storage periods (fortnights)
. 2nu 3rd 4th
Odour 37 37 37 37
(010) (010) (0w 0w
Tendermess 41 41 43 *43
(0w (010) (0w (0w
Juiciness 4.2 40 40 35
(016) (016) (016) (01)
Flavour 38 38 9 39
SO T N
Figures in parentheses indicate standard deviation.

*Each mean value represents average of seven observations.

depended on the humid conditions of the weather at the time
of processing which ranged from 48 to 72 hr. The mean per
isnéYyleld or the per cent weight after surface-drying was

pH remained almost constant in the IM meat samples
during the stora?e period of two months at ambient
temperatures. Water activity ranged between (.84 and 088,
Per cent moisture in the samples before processing was about
74.89 whereas in the IM meat samples, it ranged between
4273 and 47.52. A slight and gradual decrease in residual
salt content in the IM meat samples was noticed (Table 2)
with increase in storage Perlod.

In sensory evaluation, IM meat samples were rated close
to fairly fresh in odour, falr_ly tender in tenderness, falrlg []uwy
Injuiciness and close to fairly desirable in flavour (Table 3).
Palatability of IM meat products can be improved in a varie
of wa%/s. ooking in traditional Indian methods with spices
and other flavour adjuants and special recipes would definitely
make IM meat moré acceptable. It has the potential to become
a variety product with shelf-stability at room temperature,
Further'studies are needed to reduce Salt levels in the infusion
solution by incorporating additional hurdles to microbial and
enzymic spoilage through introduction of naturally occurring
antimicrobial agents of muscle to produce palatablé and ready-
to-eat intermediate moisture meat products with shelf-stab|I|¥y
at ambient temperatures.
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Studies on Shelf Life and Utilisation of Ghee Residue
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The nutritive value of the ghee residue obtained from Anantapur dairy showed the protein content to be 34.8%, fat 60.4%, calcium
0,L24% and phosphorus 0.539%. The shelf life of the ghee residue stored in plastic, glass and tin containers for 90 days showed
no significant changes in free fatty acid content, peroxide value and tintometer readings, though the storability was better in glass
and tin containers as compared to plastic ones. Ghee residue could replace 100% of butter in cakes and the incorporation in cakes,
biscuits and a few supplementary foods improved the flavour and the acceptability scores.

In the process of ghee making about 2 to 3 Per cent residue
on the weight of the melted ghee is reported to be obtained?
This by-praduct contains caramelised milk sugar, heat affected
milk proteins and milk fat, in addition to mineral salts that
are immensely valuable in human nutrition”. At the
household level it is used for spreading over chapaties or
for mlxm? with rice/dhal. But the ghee manufacturing plants
discard it as waste or sell at lowprices as poultry “feed.

The objectives of the present study were to determine the
nutrient composition and the physico-chemical changes taking
place during storage, and find out the most suitable container
for storage of ghée residue and the scope for its utilisation
in the bakery products.

Materials and Methods _

Ghee residue produced by the Anantapur dairy was
analysed for moisture, ash anq' fat bg AOAC method, protein
by micro-kjeldahl method, calcium by titrimetric method and
E( osEhorus by Fiske and Subbarao method as described by

awk, Oser and Summerson3, ,

The dphysu:o-ghemlcal_changes in the sample during storage
for 90 days in plastic and glass_containers at room
temperatures such as free fatty acids (F.F.A.) Peroxice value,
M Reichert Meiss| value, Polenske value,and colour were
determined by ISI methods4. o ,

The fat used in eggless cakes and hiscuits was substituted
by ghee residue at 50 and 100 per cent levels and foods like
Forrld Bs were suPpIemented_wnh ghee residluie at 20 per cent
evel. The products were subjected to organoleptic evaluation
by a panel of 10 trained {udges and the scorers were asked
t0 assign a numerical rating for each of the characteristics
like appearance, colour, flavour, texture and taste. The score
card contained a descriptive term asmgned to each point on
the scale as an aid to the scorer as shown below:

Excellent 3; Good 2; Fair 1 Unacceptable 0.

The same panelists partluprated in testing the samples
throughout the study period. The panelists belonged to the
age group of 20 t0"35 yrs.

The list of recipes standardized included:

Cakes

Milk cake
Chocolate cake
Sponge cake
Fruit cake
Banana cake
Coconut cake
Dates cake
Orange marmalade cake
Plum’ cake
Semolina cake

Biscuits

Sweet biscuit
Cornflake crackle
Lemon coconut cookie
Melting moment
Peanut biscuit
Honey coconut biscuit
Cheese biscuit
Fruity cornflake biscuit
Gln?er biscuit
Coffeenut biscuit

Other recipes
Rice porridge
Ragi porridge
Methi roti =
Ragi cha poli

*present address:  DEPE, Of Food Science & Nutrition, P.G. Studies & Research in Home Science, SNDT Women's University, Bombay - 400 049
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Table 1 Nutrient composition of ghee residue

Constituent (%)
Moisture 36
Protein A8
Fat 600
Ash 21
Acid insoluble ash 02
Calcium 01
Phosphorus 05

Results and Discussion o

The nutrient composition of the Phee residue is given in
Table 1 The moisture content was found to be 3.6 per cent,
the ash content 2.1 ?er cent and acid insoluble ash content
0L8 per cent. The Tat (‘34.8_ per cent) and protein (64.0 per
cent) contents were quite high. In spite of denaturation of
proteins during the process of ghee making, the amino acid
composition Of the residue & reported”by Singhal and
Mudgal is e_ncouragln? exceBt for lysine which is not found
to be biologically available. But the lysine supplementation,
as In the case of any cereals, improves its protein efficiency
ratio. Its high fat content points to the need for tatp ing this
as a calorié source. The total poly-unsaturated aﬂy aclds
(PU_F/% and phospholipid contentS were found to be more
In lipids of ghee residue than in ghee6. The calcium and
phosphorus contents were found to'be 124 and 540 mg per
cent respectively. o

The free fatty acids increased (Table 2) from the initial
value of 0.50 to'0.67 and 0.65 per cent in the samples stored
In clear glass and tin containers respectively and a slightly
higher increase (0.83 per cent) was found in that stored in
plastic containers. , _ o

The_ peroxide value which determines the oxidative
rancidity of fat during storage showed no apgearance till 30
days of Storage but inCreased thereafter to 1.40 in the samples
stored in glass and tin containers. But this increase was much
higher (2.07) in that stored in plastic containers.

Table 2. Effect of storage in different containers
on quality of ghee residue
Free fatty acids Peroxide value
Storage (% oleiC acid) (meg/1000g)
erio
|C()days) Plaic ~ Glass i Plasic ~ Glass ~ Tin
0 050 050 050 0 0 0
b 052 053 04 0 0 0
Kl 053 0% 0% 0 0 0
4 0. 060 059 052 04 045
60 0/4 062 060 097 06L 072
I 087 060 063 124 0% 09/
90 08 067 06 207 40 140
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Utilisation ofghee residug in baked products:  INCOrPO-
ration of ghee residue in baked products like cakes and
biscuits was found to bring down the cost bY 10to 14 per cent
of the basic recipe at the household level depending upon
other ingredients. This would definitely be much higher at
the commercial scale of_Productlon._ By 50 and 100 per cent
substitution of butter with ghee residue, the initial total fat
content of I(%gsm the hasic recipe of cake could be reduced
to 87 and 759 respectively. This cuts down the emp
calories and improves the protein calories makln%lt valuable
for grome children. It was also found that fhere was a
considerable increase in protein, calcium and phosphorus
contents in all the recipes with ghee residue.

Though the distinct colour of the ghee residue could not
be masked in most of the recipes except in chocolate cakes
and coffeenut cookies, the variations were scored higher than
the basic ones. _ o

The mean score obtained for the hasic recipes was 2.16
which rose to 2.34 and 2.40 with 50 and 100 per cent ghee
residlue substituted cakes respectively % = 4.8). In the Case
of biscuits substitution of butter with ghee residue at 50 per
cent level increased the mean score from 2.0 for basic recipes
t0 2.2 but this increase. was not statistically significant
t = 0.724). But substitution at 100 per cent level was rated
ower than the basic recipe. _ o

Similarly remRes such as methi (fenugreek) roti, ragi
(finger millet) chapathi, rice porridge and ragi porridge
Incorporated with ghee residue as a supplement were rated
higher than the hasic recipe. Thus, it was found that the colour
ofthe ghee residue does not mar the acceptability in any case.
On the contrary, the %hee flavour in the residue improves the
aroma of the products. S

The beneficial effects of utilising the ghee residue in various
preparations like cakes, biscuits and other foods open up a
promising future for food industries.
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Relationships between sensory texture descriptors and Instron texture profile (TP) parameters for Khoa were studied to derive
psychorheological models facilitating prediction of sensory texture from instrumental measurements. Significant correlations were
observed between Instron hardness, and sensory firmness, crumbliness, stickiness and smoothness. While Instron gumminess and
chewiness showed similar or even better correlations with different sensory texture descriptors, Instron springiness, cohesiveness
and adhesive force exhibited relatively smaller correlations. Regression analysis indicated that combination of two or more TP
parameters could be more useful in predicting various sensory texture descriptors particularly firmness, crumbliness and chewiness.
Ofall TP parameters, only adhesiveness bore a definite correlation (P<0.05) with the overall sensory texture score (OTQ) of Khoa,
the relevant prediction equation explaining about 23% of OTQ. However, all TP parameters included in the multiple regression

analysis could predict about 60% variation m OTQ (P<0.05), w

the product’s texture.

_ Instrumental analysis of food texture has come of age as
Is evidenced by increasing application of various empirical
and imitative methods towards measurement of texture of a
variety of foods and food products both in research and (iuallty
control12. Principally” favoured for their simp ICIIP]/,
versatlllty and precision, these methods aim at replacing t
sensory texture measurement which is time consuming’and
often less reproducible. Hence, despite the fact that texture
IS basu:all&/_ a sensory attribute perceived as a “response to
different Kinds of physical and' physio-chemical stimuli”3
many attempts have Deen made to measure the kinesthetic
properties of certain foods by instruments, and then to
correlate themd48. While these attempts have met with
varying degrees of successd, meaningful studies on
p,syc_hprheol_oqy aspects of food products bringing out
significant interrelationships between the sensory texture
perception and instrumental measurement can potentially
revolutionize the quality control programmes lending them
greater reliability to?e er with simplicity.

SuccessfuIIY established psychophysical models could ho
of considerable mgmflcance also 1o development of new or
‘imitation” products and process modifications for emstmg
products, since these necessitate predicting how the foo
system will react under certain conditions.” This would be
particularly relevant to indigenous milk products such as Khoa
which, hitherto manufactdred by traditional processes only

*To whom correspondence should be addressed.

could be considered substantial in view of the complexity of

on small scales, are proposed to be produced on large scales
by introducing technological innovations.

This paper discusses interrelationships between sensory
descriptors and Instron texture profile parameters of Khod.

Materials and Methods

Preparation ofKhoa samples: TWENty-two lots of Khoa
were prepared from pooled buffalo milk (standardized to a
fat-SNF ratio of 0,6) using a stainless steel steam kettle. The
extent of dehydration was So controlled as to obtain a product
with varying composition }28.1 -438 Per cent moisture, 20.8
- 28.0 per cent fat, 14.9 - 189 per cent protein and 8.5 - 28.7
P_er cent of fotal protein, water dispersible [irotem). Varying
itratable acidity of the initial milk (0.15- 0.L7 per cent lactic
acid) together with the comﬁosmonal variations ensured a
wide range of the textural characteristics in Khoa,

Instrumental and sensory texture analyses: Cyllndrlcal
samples of Khoa (19 mm dia, 20 mm height) were subjected
to texture profile analysis7 using an “Instron Universal
Testing Machine, Model 4301, fittéd with a 100 N load cell
and operated in a two-bite compression (20 per cent) mode
with a cross-head speed of 50 mm/min and chart speed of
100 mm/min. Hardness of the product ranged from 0.244 to
9.081 N, cohesiveness frem 0.350 to 0.738, adhesive force
from 0.043 to 0.327 N, springiness from 45 to 83 mm
gumminess from 0.176-4961° N and chewiness from
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0.880-32.246 N. mm. Evaluated by a panel of 10 trained
judges using a 100-point unstructured linear rating scale
(scores 1 and 100 representing the lowest and the greatest
Intensity, respectively), Khoa samples exhibited Varying
degrees of different Sensory texture descriptors: eIastlmt%/
ranged from 295 to 635, crumbliness from 117 to 75.2
firmness from 138 to 99.0 stickiness from 176 to 805,
chewiness from 23.8-70.7, smoothness from 198 to 68.5 and
overall texture quality from 27.3 to 75.0. The sensory and
instrumental data thus generated were subjected to statistical
analysis in order to develop correlations and multivariate
Ifln”ear and log-linear (power function) relationships9 as
ollows:

S=K+k I +K 12 +knl,, and
S = k11K 1K2........ TK,

where,

S = sensory resPonseL _

Iplj,» = intensity of Instrumental variables,

Kpkpkpk, = parameters computed from the data.

Results and Discussion ,

_ Correlations between_sensory texture descriptors  and
instrumental texture profile parameters of Khoa are deﬁ_lcted
in Table L It can be seen that sensory firmness was highly
correlated (P<0.001) with Instron hardness, the log-linear
relatlonshlprbemg appreciably higher than the linear one. As
shown in_Table 2 Instron Rardness reflected 86 per cent
sensory firmness (Equation 1 vide Table 2). Perry and
Carroad" noted excellent correlations between sensory and
instrumental firmness of cottage cheese. Significant
correlations between sensory firmniess and Instron hardness

have also been observed in Chhana and, to a lesser extent,
InpP qeerl'

“Table 1 further reveals that Instron hardness also showed
significant correlations with sensory crumbliness, stickiness
and smoothness, the correlations being higher for Iog—models.
The apparently appreciable correlations between hardness and
sensory chewiness and overall texture quality of Khoa were
nevertfheless, non-significant. Regression analysis (Table 2]
indicated that hardness could account for 53 per cent
stickiness. 39 per cent crumbliness and 3l per cent
smoothness (Equations 2-4).

_Cohesiveness of Khoa measured by Instron was
significantly correlated only with firmness ( ,<0.052, t_hou%h
stickiness dlso showed a Ipe,rceptlble correlation with it. The
lack of appreciable correlation between Instron cohesiveness
and sensory crumbliness indicates that the sensorily perceived
crumbliness of Khoa, unlike in certain other products, may
not necessarily be reflected in Instron measured cohesiveness.
While cohesiveness alone could express 23 per cent firmness
;_Equatlon ), together with hardness, it explained 86 per cent
||rmness (Equation 6) i.e. same as that expressed by hardness
alone

Instron adhesiveness measured as adhesive force was
correlated negatively with sensory crumbliness and
chewiness, the correlation with the latter being significant

(P<0.05 vide Table 1). Thus, adhesiveness accounted for 22

per cent sensory chewiness (Equation 7), but adhesiveness
in combination with hardness could predict 40 per cent of
chewiness (Equation 8). Instron adhesiveness also appeared
to reflect 0 an apPreuabIe extent, the overall texture qualit
of Khoa, the relatively small but significant (P<0.0

Table L Coefficients of correlations (i ) between sensory texture descriptors and instron texture profile

PARAMETERS OF KHOA (20 d f.)

Instron _
parameter Firmness Crumbliness ~ Elasticity
Hardness 0.86%** 0.58** 02
(093 (0.62) (000
Cohesiveness -0.50* 015 0.07
(-048%) (0.12) (0.04)
Adhesiveness 0.04 -0.38 0.14
(0.05) (-0.38) 022
Springiness 0.25 045 0.24
(0.26) (0.36) (0.28)
Gumminess 0.85%** 0.63* 019
(0.93%) (0.67%%) (012
Chewiness 0.85%** 0.68* -016
(0.83%) (0.57%%) (017)

o _ Overall
Stickiness Chewiness Smoothness  texture
quality
-0.62x* 031 -0.55 -0.32.
(-0.73%) (0.37) (-0.56**) (-0.18)
0.34 -0.06 012 015
(0.35) (-0.07) (0.09) (-0.00)
-0.09 -0.46* 0.39 0.48*
(0.02) (-047%) (0.39) (0.45%)
-0.07 0.50* -0.53* -0.30
(-0.04) (039 (-0.55+) (-0.32)
.62+ 0.37 -(.59%* -0.34
(-0.749) (0.40) (061) (-0.22)
-0.55%* 0.46* 0.67+** 041
(-0.64+) 033 (-0.57%%) (-0.35)

*P<0.05 * P<000L ** P<000L
Figures in parentheses are coefficients of correlations for og - linear relationships
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ression eBuations between sensorE

Table 2. Re
TEXTURE DESC%IPTORS AND INSTRON TEXTURE PROFIL

PARAMETERS
: Equation R (20
l%b. . (Mult(|_ledcf())rr. cOeRf% of
coefficient)  determination)
1 Fr=27638 HY 093¢ 086
2.t =5394 H"" .73 053
3Cr= 33378 HU™ 062+ 0.39
4. Sm = 49,784 H4 0.56** 031
5 Fr=1928CIM 048 023
6.Fr =375 H®"WOwR 0,93 8%
1 Sch = 27.067 AdQ2 047* )
8 Sch = 22667 H" 6.Ad % 063 040
9. OTQ = 46,083+8.474Ad 0.48* 023
e PR S
. Cr = 4115H+7.1375r - 11 . .
b & 2 i e 07 081
13 Sm = 3.958.1025pr" 1 832** 0.30
14 Fr= 12RHERCBSprd | 088
B Fr= 37472 G4 0,93 086
16 Fr = 28.045+1949Ch 083 069
77 Cr = 39893609 067+ 045
B Cr = 34.644+1277 Ch 0.60%* 036
19 St = 44.443 G Q.74 054
0. & = 71.579.Ch"H 0.64r* 041
2 Sm = 43410604 061 037
22.Sm = 57.783-1.293 Ch 067 8.45
2. Sch = 41109+0.680 Ch 0.46* 21
24. Sch = 15,484+1.118H-18,155C+6.144 Spr. 0.60% 036
5. Sh = 16.562.|-|(128Ad4,2]88(,£)r(m4 064* 041
26. Fr = 1751445,730H-46.469C+5.842 Spr 090+ 082
21, Sm = 340410 HOQ AG2LSr 08~ (.78* 06l
28, 010 = 85.115-8.769C+8.111G-L%L Ch  0p4* 040
29, OTO = 53,077+61.789. Ad+7.636G-1.651 Ch0.67* 045
0. 0TO = 1076.10220,825H-113514C
+35,610 Ad+2,587Spr
+61.688G-0.406 Ch 0.77% 060
Fr = Firmness H = Hardness
St = Stickiness = Crumbliness
Cr = Crumbliness Al = Adhesivness
Sm = Smoothness épr = Springiness
Sch = SensorP/ chewiness | = GUnminess
OTQ = Overall texture quality Ch = Chewiness
*P<0.05 * PC0.01 ok P (001

predictability of the latter from the former being 23 per cent
(Equation 9). o

Instrymental springiness of Khoa bore significant correla-
tions with sensory crumbliness, chewiness and smoothness.
While springiness alone could predict only 20 per cent
crumbliness %Equatlon 102, to?ether with haraness, it
accounted for 54 per cent of this texture descriptor of Khoa
EE uation 11), ana for 61 per cent of it when combined with
oth hardness and adhesiveness (Equation 12). Inversely
related with smoothness, Instron _Springiness could be
expressed in a log-model to explain' 30 per cent of this
descriptor (Equation 13). It was thus evident that a more
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granular product tended to be more sPrmgy. Similarly,
although springiness. was not_5|gtn|f|cant_ correlated with
sensory firmness, in combination with hardness and
cohesiveness, it could predict 88 per cent of firmness
(Equation 14). However, the non-significant correlation
between Instron and sensory ‘measurements of
springiness/elasticity of Khoa may be attributed to a relatively
low intensity of this attribute of Knoa, which made its sensory
perception "difficult and hence, less_consistent, Desai
noticed a similar correlation for Chjiana and almost no
correl tlohn for Paneer, :

As turther seen trom Table 1, Instron rqummlness, a product
of hardness and cohesiveness, and [nstron chewiness, a
product of gumminess and s?rlngmess, showed similar or
even better correlations than those shown by hardness with
all sensory descriptors except elasticity. THis points to the
significant role played by cohesiveness and springiness, which
b¥ themselves were comparatively less important measurea
of various texture descriptors.” Thus, giummmess an
chewiness accounted for 86 and 69 per cent Tirmness, 45 and
36 per cent crumbliness, 54 and 41 per cent stickiness, and
37 and 45 Per cent smoothness, respectively (Equations
15-22), Instron chewiness was significantly correlated
(P<0.05) also with sensory chewiness of Khoa, the
corresponding regression exhibiting 21 per cent variation in
sensory chewiness as explained by "Instron chewingss
#Equatlon 23). Desai2reported a slightly higher correlation
or Paneer and considerbly higher ir = 0, gfor Chhana.

It should, however, be rioted that Chewiness measured b}é
Instron is taken to represent the sensory chewiness at the bul
level i.¢. considering the whole mass or piece of the product
taken for a bite, as in the_case of pop corn, unlike in Khoa,
Chhana and Paneer, which, essentially being granular in
nature, exhibit chewiness more at the particle level than at
the bulk level 1.e. when|jaws crushing the piece or bulk come
close to each other so"that individual grains are crushed.
Thus, although the chewiness of individual granules may
contribute some of the chewiness of the bulk; it is mainly
the hardness, cohesiveness and springiness of these granules
that should determine the sensorily perceived chewiness.
Hence, the Instron chewiness as measured by the conventional
iprocedure need not necessarily reflect the sensory chewiness
of structurally particulate products such as Khoa.

Furthermore, sensory chewiness could be appreciably
better predicted by Instron hardness, cohesiveness and
springiness taken “together (Eguatlo_n 24% or _ hardness,
adhesiveness and springiness (Equation 22, Similarly, a
combination of 3 of the' Instron texture profile parameters
could account for a greater Rercentage of sensory descriptors
such as firmness and’ smoothness (Equations 26, 27) than that
accounted for by single parameters.
_ Attempts have been made to correlate one or more of the
instrymentally determined texture profile parameters of
certain foods with their sensory texture quality'7. However,
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as observed in the present study it is relatively easy to find
definite relationships between instrumental and sensory data
on certain individual attributes of food texture such as
firmness and chewiness rather than having a decisive picture
ofa ?roduct texture from its instrumental profile. Table 2
reveals that Instron cohesiveness coupled with gumminess
and chewiness explained 40 per cent, and adhesiveness
combined with gumminess and chewiness accounted for 45
per cent of the overall sensorx_ texture_score of Khoa
(Equations 28, 29), whereas as high as 60 per cent of the
same could be explained by all the Instron texture profile
parameters taken together (Equation 30). In view of the
complexity of food texture in general, and difficulties
encountered, in deriving a meaningful instrumental sensory
texture relationshipdl, this observed correlation for Khoa can
be considered highly appreciable.
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Acorus calamus Rhizomes as a Protectant of Milled Rice Against Sitophilus
oryzae and Tribolium castaneum
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The effectiveness of Aeorus calamus L. rhizome powder (0.1 and 0.2% y/ly/) was investigated as a grain protectant against Sitophilus
oryzae (L.) and Tribolium castaneum (Herbst.) in stored milled rice. S. oryzae adults suffered negligible mortality at both the levels
in initial testing, and showed no progeny development even at 0.1% level. After 3 or 6 months of storage, high mortality was observed
at both the levels of A. calamus and only a few progeny adults could emerge from 0.1% level. T. castaneum adults suffered negligible
mortality at all storage intervals. However more than 50% reduction was achieved at 0.1% level. The cooking quality of milled rice
did not change even when treated with 0.2% A. calamus rhizomes and stored for more than eight months.

_ Milled rice, like rough rice is prone to attack by various
Insect Pests in stqragg resulting in considerable loss in both
quantity and quality besides the increase in uric acid levels
be_}mn  the permissible limits'. As mixing of insecticides
with milled rice is not recommended, there 15 a need for safer
and economical methods, of stora?e. Insecticides of plant
origin, being comparatively safer, offer a Rromlsm
alternative. The rhizome and the extract of the rhizome 0
Acorus calamus L. 1S known to exhibit insecticidal activity
against household insect pests24.and against pests of stored
grainss7 in addition to its medicinal values". The potential
0f A. calamus rhizome as a grain protectant for paddy
sorghum, wheat and green gram¥4 Bengal gram® an
Plgeon peathas been demonstrated earlier. eepmgi in view
he above, present studies were undertaken to evaluate the
effectiveness ofa. calamus_rhizome as a protectant for milled
rice against the rice weevil, sitophilus oryzae (L.) and the
red flour beetle, Tribolium castaneum (Herbst.) S0 as to evolve
a cheaper, safer and economical method of protecting milled
rice af the household level in rural areas.

Materials and Methods

The rhizomes of acorus calamus L. were procured locally,
dried at 40°C in a hot air drier and powdered to 60 mesh
in a Raymonds hammer mill, o

Insects were obtained from laboratory cultures maintained
at 28 £ 2°C and 60-75 per cent relative humidity. In all
experiments, one week old adults were used. Cultures of
sitophilys oryzae WEre maintained on whole wheat, while
those of Tribolium castaneum Were reared on whole wheat
flour enriched with 5 per cent yeast. All the experiments were
%arrl_edd t}(/)Ut at the above mentioned- temperature and relative

umidty.

m

Samples of rice were cleaned and condiitioned in desiccators
maintained at 70 per cent relative humidity for 2-3 weeks to
bring the moisture content to 13 per cent prior to use for
experimental purposes. _

0 evaluate the effectiveness of powdered rhizomes, 50g
samples of rice taken in a 100 ml glass jar containing the
power at concentrations of 0. and 0.2 per cent (w/w% were
used. There was a common control for hboth the
concentrations and each treatment was quadruplicated; 25 or
20, unsexed adults (seven days old) of s. oryzae O T.
castaneum Were placed in each replicate, Mortality counts
were made after exposure period of 7 and 14 days, and then
the adults were discarded. The emerging progeny were scored
every other da[y until emergence was complete and fecundity
(progeny/adul dz%y? was calculated. Procedure of Kazmaigr
and Fuller7was followed for working out adult-days used in
the calculation of fecundiity. Reduction in progeny In the two
concentrations was calculated as percentage of controls.

Inanother experiment, larger samples of rice were treated
with 0.1 and 0.2 per cent A" calamus (W/w). Treated and
untreated lots were stored at the above mentioned conditions
of temperature and relative humidity for determining the
effectiveness of treatment after 3 and 6 months of storage.
Details of the experimental procedures followed and
observations recorded were the same as described earlier.

Data on productivity and per cent proHeny reduction after
anqular transformations were statistically analysed.

ooking quality of the 8-month-stored fice was determined
according to ISI"method. 8 Amount of water required and
time taken for cooking, aroma and taste of cooked rice for
treated and control samples were compared. Treated samples
stored for 8 months were also distributed to volunteers for
their cooking trials and their opinions gathered.
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Fig. L Susceptibility of S. oryzae and T. castaneum adults in rice
treated with various concentrations of A. calamus at different storagie
periods (L2 and 3 represent control, 0.1 and 0.2% levels
respectively).

Results and Discussion o

 Effectiveness of A. calamus 1-day after application to
rice: The data on adult mortality” of S. oryzae and T
castaneum are represented in Fig. L In initial testing,
mortality of both the insects was negligible_in both the
concentrations after a 14-day exposure period. There was no
development of Brogeny of S oryzae even at the lowest
concentration of 0.1 per"cent, while a few pro?eny adults of
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T castaneum did emerg?e In both the concentrations (Table ).

Productivity (progeny/adult-day) of T castaneum was
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significantly _low in treatments as compared to controls.
Pro?eny of T castaneum was reduced by more than 58 per
cent even at 0.1 per cent" level. However, no 5|?n|f|cant
statistical differences existed between the two levels of the
protectant :ested. ,

Effectiveness ofA. calamus rhizomes after storage: = After
3 months of storage, 0.1 and 0.2 per cent levels exhibited 72
and 96 per cent mortality of S. oryzae adults respectively
during 14 cays of eprsure. However, T. castaneum did not
suffer any mortality (Fig. 1). No Progeny of S. oryzae emerged
even from 0L per cent level. Progeny emergence and
productivity of T castaneum was suppressed mgmﬁcantly in
comparisor with the controls gable 1). Progeny of T
Icastiameumwasreduced by about 50 per cent at 0.2 per cent
evel,

After 6-month storag|e, 71 per cent kill of S. oryzae was
got at 0.2 per cent level during a 14ada%/ exposure, while T.
castaneum adults suffered 16"per cent mortality (Fig. 1)
Progeny development and groductlwty of S. Oryzae was
suppressed significantly in 0.1 per cent and no progeny could
emergi_e in0 2'per cent of A. calamus. More than 85 Per cent
reduction in progeny was got even at 0.1 per cent of the
Pro_tectant (Table" 1) Both the levels seem to have retained
heir effect veness against T. castaneum by significantly
supPrelssmg the progeny development as compared to the
controls.

Results of the cooking trials with treated rice stored for
more than 8 months revealed no changes in cooking_quality
of cooked rice. Treated samples which were given t0

Table L Adultemergence, productivit grogen ladult-day) and per cent progeny reduction of sitophilus
ORYZAE AND TRIBOUUM CASTANEUM IN KC RUS CALAMUS TREATED RICE AFTER VARIOUS STORAGE INTERVALS.
1-cy 3-month 6-month
Leve| used ~ -ooeceer
(%) Adults Pro?eny/ Progeny  Adults Pro?eny/ Progeny  Adults Pro?eny/ Progeny
emerged  adult-day red%tlon emerged  adult-day redté%tlon emerged adult-cay redug}olon
S. oryzae
Control 6L0 0.18 _ 495 0.14 - 545 0.16 -
01 00 00 90.0 00 0.00 90.0 0.5 0.003 85.3
(1000 (100.(3 (98.62)
02 00 0.0 ) 00 0.00 9. 0.00 0.0 90.0
, (100.0) (100.0) (100.0&
Test of sig — t=15.7 t-test NS
df=6
T. castaneum
Control 40.25 0.14° — RhH 012 - 43,75 017 —
01 1100 0.04b 58.54 1750 0.06b 4391 1600 0.07h 52.89
%72.67) 4312 g%3.43)
0.2 8.50 0.03p 2.69 1625 0.06h 4591 1225 0.05h 11
_ i78.88 185 ?72.00
Test of sig — CD=001  t-test NS CD=0.02  t-est NS — CD=003  t-fest NS
= (af=Il) (af=I1)

NS : Not significant
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volunteers for their cJ_udgement on the quality of the cooked
rice were also readily acceptable and no off-flavour was
reprorted by the consumers. _
~ The ohserved mortality of S. oryzae after different storagie
intervals at tested levels could possibly be attributed 1o
insecticidal activity of the A _calamus’ rhizomes.245 The
rhizomes have also‘shown ?romlsmg results against pests like
bird lice, bed bugs and cloth moth Kexhlbmn? 100 per cent
mortality on treated birds and cloth5. Solvent extracts and
oil of A. calamus have also been found lethal to adults of
Callosobruchus chinensis L.6, S. oryzae7 Sitotroga
cereallellaland ants, Formica polyctenes and F. pratensis
‘Data on adult progeny emergenice and productivity of S.
oiyzae showed that 1o progeny could develop in treated rice
samples stored for one day or 3 months, and a few pro?en
adults emerged from treated samples g.l per cent) affer
month storage. Reduction in progeny of 5. oryzae after storage
could be possibly hecause of the observed high adult
mortality, whereas, in treatments,glvm low adult mortality,
the progieny reduction may be attributed to the chemosterilant
action of vapours of the oil emanating from the rhizomes.
Exposure to vapours of oil has been reported to exhibit
chemosterilant activity bY reducing the fecund|t¥ and causing
regression of the terminal folicles in females of T. castaneum,
S. oryzae, C. chinensis and Trogoderma granariumz,
Similar eﬁegts have also heen observed in newly emerged
females of 7! granarium ‘ and C. chinensis2\ Vagours of the
oil from A calamus rhizomes are also known to cause
differential sterility_in males of Musca domesticaz and
Dysdercus Koenigi®. The observed suppression of progeny
of T castaneum in both the concentrations at various storage
intervals could be due to a combined effect of the rhizomes
8. a larvicide or a chemosterilant. Larvicidal activity of
rhizomes and. its oil has also been discussed against larvae
of M. domestica in culture medium2, Corc¥,ra cephaionica
(Staln_t.g on wheat and Culex Sﬁg In aﬂua ic mediym™
Whil comparm(f] the effectiveness of rhizomes against the
two pests, it was found that even the lowest dose afforced
almost comﬂlete R_rotectlon of milled rice against S. oryzae
uPto 6 months, while about 50 per cent reduction.in progeny
of T. castaneum was observed. However, in another
experiment 10 per cent concentration of the protectant was
found to afford comPIete protection against the red flour
beetle. More so, treatment of milled rice with 0.2 per cent
A. calamus rhizome powder and storing for more than 8
months did not change the quality attributes of the cooked
rice. Based on the abiove findings, it can be concluded that
A.calamus could be recommendled as a safe protectant for
mixing with milled rice aqamst Insect infestation in rural areas
where'it is cheap and easily available. Besides, it is also safer
0 non-,target species and havm[q fungicidal and medicinal
propertiess. Rhizomes of A. calamus are_sold in the retail
market at Rs. 16 per k(lz. For treatment of rice at the effective
level of 0.2 per cent, kg of the powdered rhizomes will be
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sufficient for 500 kg of rice. Mixing of the powdered rhizomes
also may not require any special gad(?ets_ as manual mlxmg
will serve the purpose. The powdered rhizomes can be use
tlr?_e and again as these are known to have long term residual
action.
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A "green-house’ type solar dryer of dimensions 3 m x 2.5 m was designed and constructed for fish drying. It has a rigid and hygienic
construction consisting of a black-pointed G.I. sheet chamber covered with plexiglass sheets and provided with ventilation holes
at the east-west sides and exhaust at the top. The maximum temperature-rise over ambient was 18to 24°C. The dryer was installed
and put to trial for fish drying in a coastal fishing harbour. It was possible to dry fresh fish of mixed variety and size to the desired
moisture content within 2 - 3 days. The dryer with a designed capacity of 56 kg fresh fish per batch was suitable for adaptation

by fisherman-processor families in the coastal belt.

Sun-drying in the open air is the age-old method of fish
preservation widely practised in the coastal belt of India. It
152 crude method and yields a poor quality product, mixed
with sand and variou$ contaminants, Partlcula_rly micro-
organisms, which often does not meet the requiréments of
standard fish meal or dry-cured fish. Use of appropriate solar
dryers ma?/ remove some of these drawbacks of sun-drying,
particularly from the point of view of quality. _

Some attempts to improve UPQH the traditional sun-drying
of fish in India and other countries have been reported in the
literature9. Some of these solar dryers are much capital-
intensive  utilising suPpIementary power sources for
circulation of air and, therefore, riot within the economic
reach of the fisherman community. On the other hand, simple
designs, such as dr?/ln% yards with raised platform may not
eliminate completely the drawbacks of the open-beach sun-
drying methods. Orie simple design, ﬁolythene tent dryer
may not be suitable for fish drylngi In the coastal region where
wind velocity is relatively high hrou%hou_t the year. It was
observed by Panduranga Rao et al.6, that high wind veloci
adversely affected the air temperature inside the tent so that
temperature increased b onIX 5.5 to 8°C over ambient,
whereas an increase of 7 to 20°C over ambient could be
achieved by them in still air. Similar observations were made
b}/ SrlPathy and Balasaraswathi". But provision of air inlets
a ongi he sides or bottom of cahinet or box-t}/pe solar dryers
should be an essential feature of construction for proper
ventilation of hot air through and over drying trays or
platforms which would help faster drying™inthe early
stages of drymP by convection over ‘the fish surfacé.
Furthermore, polythéne tents cannot provide a rigid structure

and there is chance of polythene tents being shattered
by the wind prevailing in the coastal belt. ga‘ps are
grow ed flon the sides of the tent, %hances of sand
nd dirt flying insice the tent and also flies and Insects
contaminating the product would be high. The development
of an improved design of solar dryer based on low-cost but
efficient technology ‘Is, therefore, “imperative for the benefit
of fisherman-processor community. This paper describes the
design features and test of performance of a solar fish dryer
of & structure and capacity suitable for adaptation by
fishermen living in the coastal belt,

Materials and Methods

The solar dryer consists of a chamber made of 22 gauge
G.l. sheet (3 m x 2.5m X 0.6 m) painted black and covered
with 3 mm thick plexiglass sheets. Fish to be dried is placed
on two wire-net tra 3?2.45 m X L0 m) located at a few cm
ahove the floor of the chamber. flg Ventilation holes are
provided at the top and sides of the chamber. Solar radiation

ty Is transmitted through the cover and absorbed by the blackened

surface which subsequently heats the air "by radiation.
Plexiglass (polymethyl methacrylate) sheef has high
transmittance and low reflectance at normal and 60 degi[ee
incidence™. So far durability in the hl% humidity, saline
and sandy atmosphere prevalent in th" coastal area is
concerned, the performance of plexiglass sheets in the adverse
weather conditions for more thana year was found to be
satisfactory. _ _

The dryer was aligned east-west lengthwise and erected
0.5 m abdve the ground. The designed capacity of the dryer
with two trays was set at 45 kg per batch on the basis of tray

* Presented at the Second International Food Convention (IFCON-88) from 18 - 23 February 1983 at Mysore.

**To whom all correspondence should be addressed.
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Fig.l. Elevation of the solar Dryer
All Dimensions are in mm
Scale: 1¢cm = 25 ¢m
loading of

of ko/sq.m. An additional capacity of 1L kg can
be provided if necessary, in the passage FZ.S m x 0.6 m) in
between the trays, where another tray of 14 sg.m, area can
be pushed in thiough the door after loading. The passage was
?_rowdeql for ease of Ioadlnq unloading and turning over the
fish during drying. The fully-covere drymgi chamber, air
Inlets and exhaust covered with wire-net and the dryer body
erected at a sufficient height above the ground - all these
Pnrsoevcltsslons made the dryer free from dust, sand, flies and

For trial experiments, the dryer was erected at Sankarpur
Fishing Harbour Project site. Sankarpur is situated in the Bay

Table 1. Results of fish

Date Tray  Day

Quan-
t

ity (cm) loading tion
(ke) (kgisq.m) ()
56 March 87
§12 2 I 1
2nd 6
2-3 April 81 30 1216 5
I 7
nd 7
2-4 Feb. 88
0 610a 5 1g b
57l 2nd 7
1-16c
3rd 7

Dura-
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of Bengal coast of West Bentgal, where a newly-constructed
fls,hln? harbcur has started functioning and varieties of fish
suitable for processing bg drying are available, Drymg Was
carried out with 12 and 30 kg fish at tra?/ loadings of 2 and
5 kg/sg. m of drying area respectlvelfy. Clupeid fish (clupeid)
of mixed sizes zstandard lengths of 5 to 16 cm) were used
inall the trials. Fresh fish were washed thoroughly with water
and spread on the trays after draining the water. No brine/
salt treatment was (Il_lven to the fish. Drying was continued for
2-3 days consectitively with duration of 6 - 7 hr each day.
The fish were turned over after each day of drying.
Temperatures of ambient air and air inside the chamber and
above the trays, humidity of inlet air and wind velocity were
recorded. Initial moisture content of raw fish and moisture
contents of dry fish at the end of each day were measured.

Results and Discussion

The solar hot air system was studjed by measuring_air
temperature |n5|d% th cfryer at ]%dlh?eren){ ocatlons.gT?]e

results showec that the rise of air temperature over ambient
over the trays was b){ 18- 24°C maximum during_11-00 to
15-00 hr in’the months of Semptember to April. "This was
much higher tian that reported in the polythene tent dryer
probably due to the high value of absorPtance of black-painted
metal surface. It was further observed that the air tem%erature
ahove the trays was always higher than that inside the chamber.
During 11-00to 15-00 hir, this difference was 21°C maximum
in the West. It indicated that there was appreciable air
circulation inside the dryer due to Rrovmon ofair inlet holes
along the East-West sides and exhaust at the roof,

drying in the solar dryer

Air temp. °C* Moia%r\elv%oytent
Ambi- Inside Ahove  Smaller Larger
ent chamber tray  size size
.10 5.10%
26-33 37-44 41-53 4678 58.20
21-33 34-44 4357 1906 2580
75.00 75.00%
30-36 33-43 352 4108 50.03
3B 34-46 1352 7%
7340%a 74600  68.40%
23-28 30-40 3343 6l46 4708  H4U
2-28 30-38 -4 4644 BB U
(46.72) (1620 (2533
%33 32-50 3455 3416 928 1419
(3291) (9.9  (1560)

Note, a — Tapru, b — Run, ¢ — Fasti. For these fish samples moisture content was determined from weight-loss of 1000y or 500g samples on
the basis of initial moisture content. Figures in parentheses indicate moisture content determired by oven-drying method.

* Observations were made during 11-00 to 1500 hr.
+ Represent initial moisture content.
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Table 1shows the results of fish drying trials in the solar
dryer. It was found that moisture contént of fish was reduced
to different levels, depending on the size and variety of fish
and on number of days. Firstly, the moisture content of
smaller size fish was réduced at'a rate faster than the larger
size ones. Secondly, among the varieties of Clupeid fish the
three local varieties showed different results. While RUR
was dried to about 15 per cent within two days, the FASA
was dried to about 15 per cent within three days, and in case
of TAPRA, the final moisture content was about 34 Per cent
after the three day’s drying. Probably the fat content of TAPRA
and FASA was |gih. The fact that, inspite of the size of
TAPRA being smaller than that of FASA it took longer time
ofd 1nﬁ, indicated that fat content of TAPRA was probably”
the highest. Performance of the solar dryer was thus
satisfactory with respect to moisture reduction to the desired
level within 2-3 days. _

The dry fish having moisture contents in the range of 20
- 26 pier Cent, can be converted to fish meal bK dry rendering.
For utilisation as edible dry fish, either further reduction of
moisture content to 5 - 10 per cent by drying in consecutive
days or salt-curing and then drying’is required.
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Twenty five market samples of rasmalai showed a very high
aerobic plate count which ranged from 102106 CFU/g.
Staphylococcus aureus was the most common isolate (76%)
followed by Escherichia coli (72%) and Klehsiella (68%). The
other organisms isolated were species of Pseudomonas (52%)
Enterobacter (44%), Bacillus (32%), and Cilrobacter (8%).
However, no correlation could be established between the type
of isolate with the total aerobic count. Samples having an aerobic
count of 103 - 104 CFU/g yielded majority of the enteric
organisms. Only one isolate of S. aureus could be typed with the
usual set of phages routinely used tor typing clinical isolates.

Rasmalai is a heat concentrated milk product containing
around 60 per cent total solids including sucrose as the
swegtening agent, The finished §)_roduct IS cooled before
serving. for “varied duration. Since there are no et
microbiological standards available for rasmalai, in the
present study the microbiological quality of rasmalai has been
mvestlgated. _ _

Fresh rasmalai samples from different government
approved shops in Chandigarh were collected in Sterile wide
mouth containers. The samples were bro,u?ht_lmmedlate_ly
to the laboratory and processed for bacteriological analysis.
Eleven grams of each _samgle were withdrawn aseptically and
transferred to a dilution blank _contalm_n? 99 ml of sterile
normal saline to obtain 10" dilution. Serial ten-fold dilutions
were prepared and 0.1 ml from each dilution was surface
streaked "in duplicate on pre-poured nutrient agar and
MacConkey agar plates respectively for total aerobic and total
enteric counts_bg the spread plate technique of Nottingham
et al.DThe viable count of all the plates was determined
after 24 hr of incubation at 37°C. =

The isolafes of Escherichia coli, Klebsiella, Enterobacter,
Citrobacter, Pseudomonas, Salmonella, . Shigella,
_Staph¥_lococc_us aureus and Bacillus cereus were isolated and
identified biochemically accordm% to Bergey's Manual6
and IS methods8. Enrichment of the samples was done in
tetrathionate brath for 24 hr at 37°C for the isolation of
Salmonella and Shigella species. Phenolred-egg yolk-
Polymy_xm agar and Mannitol salt agar were used respectively
or'theisolation of B. cereus and S aureus. Method of Aulisio
et al." was followed for the isolation of Yersinia species, The
suspected Yersinia colonies were identified biochemically
according to Bergey's Manual . S. aureus isolates were
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Rnage typed at National Staphylococcal Phaqe Typing Centre,
aulana Azad Medical College, New Delhi, ‘India.
Total aerobic count of fresh rasmalai samples E525) varied
from 10210s CFUIg (Fig. 1). In most cases (48 per cent)
the count ranged from 103104 CFU/? and the count was
greater than 106 CFU/g in 24 per cent of the samples. The
count of such a magnitude is aIarmln?. The count 102105
CFUIg in foods is the infective dose for food-borme J)athogens
like Salmonella sp., Staphylococcus aureus and Bacillus
cereus. The count remained constant in rasmalai (prepared
from boiled milk), which evidently confirms poor sanitation,
_The 89 :solates from 25 rasmalai samples belonged to 8
different genera (Flg. 2). A greater variation in the incidence
of a kind of a pathogen was observed irrespective of the
numper of 7pathogens. The incidence of S. aureus was
maximum (76 per cent) followed by 72, 68, 52, 44, 32 and

56

(3—4)

48

40

SAMPLES

32 1

2a |

PERCENT RASMALAI

4—5)

16

j Enteric

ey

‘:_ . .:"
M -

‘4
Log CFU g

Distribution pattern of total aerobic mesophiles in relation to total
enteric counts. The figure shows variation in log number of total
aerob ¢ (0-2), (2-3), ?3-4), (4-5), (5-6), (6-7) and enteric counts
in rasmalai.

Fig. 1
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Fig. 2. Incidence of various pathogenic bacteria isolated from rasmalai.

8 per cent respectively for E. coli, Klebsiella, Pseudomonas
Enterobacter, Bacillus cereus and Citrobacter sp. About 20
per cent of the samples (5) showed exclusive growth of S
aureus, where as no Sh|ﬁ]ella sp. or Yersinia sp. could be
isolated from any of fhe samples despite enrichment
technique. Only one of the samples was found positive for
Salmonella sp.. o

The high  incidence of patho?ens indicates heavy
contamination and thus may be attributed to inefficient
manufactu,rmg process “(heat-treatment) or post
contaminationI’ or hoth as is apparent due to the presence
of enteric_organisms (non sporulating-heat sensitive) in the
samples. The Klebsiella isolated from the environment are
often more diverse genetically than the clinical isolates and
have been shown to"be of fecal origin with transmissible R-
factors?. Hence, the presence of Klebsiellae in 68 per cent
of rasmalai samples needs attention as the environmental
isolates have been shown to be enterotoxigenic5*

1m

The significance of Staphylococci as a major food-borne
pathogen has been well documented4*5. aureus is known to
grow and produce toxins in foods rich in sugars". High
Incidence of Staphylococci mcludlnq enterotoxigenic Re
have been reportéd in Indian milk Productsl4". g
isolation of S. aureus from 76 per cent of the samples further
confirms either inefficient manufacturing Ipractlces or use of
very poor quality milk or both. Surprlsm% y all the 5. aureus
isolates were_non-typable except one by the existing phages
used for typing clinical isolates. Eitfier these strains are
different from clinical isolates or these strains change their
surface receptors aft_er,gettm? into the host and may become
tyQFabIe with the existing sef of clinical phages.

" The presence of B. cereus in 32 per cent of the samples
i also risky from the point of view of the safety of consumer
as the total number of pathogens may increase Turther durin
storage and may also contain toxin. The_ presence o
Salmonella though in ong sample only also indicates post
process contamination. Therefore, it is concluded that the
rasmalai samples collected from different shops in
Chandigarh contained large number of pathogens and the
_cofnSLtJ_mer I always at risk of contacting one”or the other
Infection.
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Different food preservatives were screened for their efficacy in the
control of cyclopiazonic acid production by Penicillium
griseofulrum. Sodium metabisulphite, citric acid and propionic
acid were found to be effective in the control of P. griseofulrum
and hence cyclopiazonic acid production.

Cyclopiazonic acid _SC,PA), produced by species of
Aspergillus and Penicillium™ has received” considerable
attention not only in view of its natural occurrence in several
agnc,ultural_and food commodities'\ hut also because of its
carcinogenicd, neurotoxicsh and mutagenic/ activities.
Dorner et al. 8have reported the toxicity of CPA towards
broiler chickens. InsPlte of this, very little work has been
carried out on the control of CPA production. Hence, efflcacx
of certain food preservatives in the control of growth and CP
production by Penicillium %FISEOJUW_UI‘H was studied.

Manosporic culture of P griseojulvum was grown in
50 ml Iucose-asLPar?\%me medium (glucose-20g, as ar,a(rnne-
5g, KH,P04-3.4g, MgS04—L19y, NaCl—O0ly and distilled
water 1000ml) contained in 250 ml Erlenmeyer flasks, at
272°C for 16.days. Different food preservatives (Table 1)
Were added aseptlcall¥ to the flasks before inoculation of the
fungus. At the end of incubation period, the cultures were
harvested on previously dried and weighed Whatman filter
paper No. 42 for determining the growth of the fungus. PH
of the culture filtrates was also recorded. CPA was extracted
from each flask and estimated as described by Rathinavelu
and Shanmugasundarantf. _

_Table 1 reveals that the food preservatives exerted
significant influence on the growth and CPA production by

g’. dgrlseofulvum which, howgver, varied with the compound.
odl

Sodium  metabisulphite and propionic acid caused total
inhibition of CPA production even at 50 p. ?/ml and 10 Mi/ml|
concentrations  respectively. = Similarly Lennox and
Me EIroYD have reported the inhibitory effect of sodium
propionae on the growth and patulin® production by P
expansum. Benzoic acid also suppressed CPA producfion.
Potassium metabisulphite was effective ony at higher
concentration _ﬂlOO /%?/ml). Sodium chlgride had only
marginal inhibitory effect on CPA\ production. Citric acid
which is a commaon food preservative was responsible_for
causing total inhibition of mycelial growth and CPA

J. Fd. Sci. Technol., 1990, Vol. 27, No. 3, 180-181

Table 1 Effect of different food preservatives on
GROWTH AND CYCLOPIAZONIC ACID (CPA) PRODUCTION BY
P GRISEOFULVUM.

Compound Conen. Finl  Drywt.  CPA
(Ugor Um)  PH (mg) (Mg)
Benzoic acid 10 72 390.0 459
200 50 268.0 385
400 50 nil nil
Sodium acetate 100 74 3601 289
200 75 340.2 269
400 75 29.1 269
Sodium metabisulphite 50 48 nil nil
100 48 nil nil
Propionic acid 0 35 nil nil
20 35 nil nil
Potassium metabisulphite 0
e % B3
Sodium chloride 21%8 ;9 %ggf 43%
200 72 2994 459
400 72 3291 297
Citric acid 400' 72 308.9 169
800 72 2595 1%
1600 38 nil nil
Control 6.6 280.0 470

production at 1600 p g/ml concentration. Benzoic acid was
effective only at higher concentration (400 p g/ml). Sodium
metabisulphite and propionic acid did not permit the mycelial
growth, while rest of food preservatives had no significant
effect on the growth of the fungus. _ _

pH drift was towards alkalineside and final pH in some
cases was near neutral. However, the pH remained at 5.0 or
below 5.0 when there was not much mycelial growth.

From the present investigations it can be concluded that
sodium metabisulphite, propionic acid and citric acid are
effective inhibitors of growth of the mycelium and. CPA
production b¥ P. griseojulvum and can e exploited in the
protection of maize from the infestation of Penicillium
griseojulvum and CPA contamination. __

The authors are grateful to Prof. Bir Bahadur, Head,
Deﬁartment of Botany for providing facilities and ong of the
autnors (VKR) is grateful to CSIR for financial assistance.
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In the preparation of fermented beverages using sweet cream
buttermilk, wheying off (syneresis) was observed on the surface
of the product which was not appreciated on sensory evaluation.
Stabilizers were used to mitigate the defect. Pectin, gelatin,
carrageenan and sodium salt of carboxymethyl cellulose (CMC)
at 0.05 or 0.1% Vere tried. Gelatin even with lower concentration
was found most beneficial followed by CMC and pectin.
Carrageenan did not seem to prevent whey separation. Addition
of gelatin improved the consistency of the product and stabilized
lactic acid gel in fermented beverages.

Attempts have been made to utilize, sweet cream buttermilk
(SCBM) the by-product of dairy industry. It has been added
In skim milk before drying as market milk extender, used
In certain varieties 0f cheeses, dahi and yoghurtl2
beverages3# and cultured drink ga53|)56 A "fermented
beverage was standardised using SCBM and selected starter
cultures viz., Lactobacillus acidophilus, L. bulgaricus and
Streptococcus thermophilus ither singly or in combination
each at one per cent level of inoculum.”SCBM for this stud
was obtained from ex?_erlmental dairy and was standardise
to 4 per cent total solids followed by sterlllzatlon6 coolmg
and inoculation. The samples were incubated at 37°C for 2
fr. The fermented beverages prepared from SCBM were
found to develop a defect stich as whey separation during its
incubation and the finished product showed poor appearance.

To control whey separation, use of stabilizers has been
recommended. Stabilizers are hydrocolloids of the animal or
plant orl%m, which prevent not only whey separation but also
Improve the consistency of the product and stabilize the gel
a?al_ngt contraction during the_ pasteurization. Addition of
stabilizer also increases viscosity, N

Whey separation was controlled by using such stabilizers
as pectin, %_elatm, carrageenan_ and” sodium salt of CMC.
These stabilizers were added either at 0.05 or 0.1 per cent
level. SCBM was homogenized before sterilization, and
products were prepared as per standardised technique7using
selected lactic starters (single and in combination).

The amount of whey separated was measured in a graduated
tube after centrifugation of samples at 1500 r.p.m. for two
min. Sample without stabilizer was used as control.
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Fig. L Effect of Eectin on the amount of whey separation in fermented
butter milk.

The results (Fig. 1-4) show that most whey separation
took place when catra%eenan was  used. Apﬁarently,
carrageenan was not suitable'at low pH. Further, there was
thickening tendency when carrageenan was added to SCBM
even before completion of incubation. Although, pectin and
CMC produced similar results, gelatin was found to prevent
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Fig. 2 bEftftect oflgelatin on the amount of whey separation in fermented
utter milk.
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Fig. 3. Effect of carrageenan on the amount of whey separation in fermented ~ Fig4.  Effect of CMC on the amount of whey separation in fermented

hutter milk.

the whey separation best. The wheg,separatlon decreased as
the amount of stabilizer increased. Similar observations were
made by Radema and Dijk8 in yoghurt. Unlike the
observation of Lederd where qelatin was used at 0.3 to 0.6
per cent level without concomittant increase in milk solids
content in yoghurt, high concentration of stabilizers was not
found to be Suitable in this_investigation as it curdled the
casein during sterilization. Gelatin at 0.1 per cent level was
found to_be optimum to control whey separation during the
preparation of fermented beverages.
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Quality of patties made from the meat of spent hens, old sheep
and their combination was evaluated. Chicken emulsion had
significantly higher pH, protein and emulsion stability than
mutton emulsion. Combination of meats had significantly poor
emulsion stability, patties yield and greater reduction in patties
diameter. .Yield and composition of chicken and mutton patties
were not different significantly. Appearance, flavour and overall
acceptability of chicken patties were significantly better than the
patties of combination of meats which were markedly better than
mutton patties.

A large number of spent hens from organised poultry farms
are disposed of at uneconomical price due to toughness of
meat from such birds. Similarly, meat from old sheep is tough
and poor in palatability. Hardness of mutton fat also
contributes for poor quallty emulsionl For effective
utilization of tough meat from spent hens and old sheep,
appropriate technologies need to be developed for convertlngi
them nto value added convenience meat products. Severa
emulsion type of meat products are manufactured with
combination of beef and pork or their fat to improve the
acceptability2 Recently, Bushway et af. also demonstrated
the use of chicken and mutton blends to process frankfurters.
Little (iuantlty of fat is available from spent/old sheep for
?roduc_ procéssing. As an alternative source of fat, chicken
at available in plenty from spent hens can be used in mutton
products formulations. This will facilitate the effective
utilisation of by-Product (chicken fat) and may improve the
acceptability of the mutton products.

The obgectwe_of the present study was to compare the
quality of emulsion type of patties prepared from meats of
spent’hens, old sheep and combination of meats and fats.

Meat from a(ied Sheep (57 years) and spent layers,
slaughtered by traditional halal method was used. “The
carcasses were hand-deboned within 3 hr postmortem.
Mutton samples for each of the 4 trials were used from pooled
deboned meat of a carcass. Mutton, spent chicken meat
along with gizzard, heart, skin, volk (ova) and abdominal
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fat and mutton fat were frozen at -10°C for 15 days and used
after partial thawing at 5°C for 15 .

Meat samples were coarse minced using 8 mm plate of meat
mincer gModeI 32064, Electrolux, Sweden1. Mutton and
chicken Tats were fine minced using 4 mm plate. Whereas,
skin, ?lzz_ards and hearts were fine minced twice to reduce
particle size For each treatment 2 kg meat emulsion was
prepared in Hobart howl choP_per using pre-standardised
formulations, Chicken formulation was made using chicken
meat and by-[)r_oducts in natural proportion.” Mutton
formulation contained 80 per cent mutton, 15 per cent mutton
fat and 5 per cent whole eg? liquid. Combination formulation
of chicken and mutton contained 50 per cent each of chicken
and mutton formulations, Salt, spices, condiments and added
water were common in the three formulations. Tetra sodium
Pyrophosphat,e and maida were added at 0.5 and 2.5 per cent
évels respectively. _ o _

Emuslions were moulded into gattles Wﬁlﬁhlng TH g using
petri dish (80 mm diameter and 17 mm he% tg attiés were
cooked to obtain an internal temperature of 70°C in pre-heated
oven at 180°C for 20 min. They were turned over after 10
min of cookln?. Cooked pattieS were weighed.

pH and meat emulsion was recorded by directly piercing
the combination glass electrode into meat emulsion.” Moisture,
protein, fat and-ash contents of raw emulsion and cooked
Battles were determined4. Emulsion stability was estimated

cookmgoem_ulsmn samples (25 g) in polyethylene bags at
°C for 20 min, Afte_r_drammgz the exudate, cooked samples
were weighed. Stability of the emulsion was reflected
inversely with the cooking loss. The diameters of 10raw and
cooked patties for each treatment and trial were recorded with
vernier calipers. Yield of cooked patties was expressed. in
Percentage. Shear force values of patties was recorded with
he help of Warner Bratzler shear press and force required
to shear was expressed in kg per g of sample.

Ten experienced taste panelists of the institute evaluated
the sensory attributes of patties such as apf)earance, Juiciness,
flavour, texture, mouth coating and overall acceptabili usmg
8-point structured scale, wherein 8=extremely desirable an
|=extremely undesirable. Pooled data from the 4 trails were
Subjected 0 one way analysis of variance and critical
difference was calculated® _ _

_PpH_and protein content of the chicken emulsion were
significantly higher and consequently had better emulsion
stability (ES) than mutton emulsion. The poor quality of sheep
and goat meat emulsions were due to hardness of fat causin
poor” dispersabilityl Emulsion stability of combination o
meats was also significantly poorer than the ES of either
meats. The variation in ﬁ'H could be attributed to the species
differences. Relatively higher pH of the emulsions was due
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Table 1L Quality of patties made from chicken, mutton and combination of meats

Parameters bNo. of Chicken Mutton Combination
Obsevations Raw emulsion
hl—l_ 4 603 + .02 597 + .0l 601 + 02%
oisture }%) 2 6019 + 36" 6087 + 32h 60.36 + .21°
Protein (%) 8 B9+ 57 1267 + 36D 1314 + 58"
Fat (% 8 1902 + .76 979 + 62 1889 + 55
Ash Fo_o) 3 8 214 + 04 273 + 06 255+ 8
Emulsion stability (%) 2 30 + %" 661 + 103 29 + 190c
. Cooked patties
Yield %) 40 9153 + .28" 9103 +.21" 83.78 + 62b
Shrinkage in diameter (%) 40 1041 + 36" 1259 + 44b 1612 + 50"
Shear force Skg/g) 24 020 + 004" 0.24 + ,006b 0.20 + 0.006"
Moisture }% il 56.87 + .60 5171 + 57 5.2 + .23
Protein (%) 6 1603 + 44 B+ .5 1637 + 56
Fat (0/(? 8 2014 + 89 197 + .26 1918 + .28
Ash (%) 2 32 ki 300
Sensory scores
Appearance 12+ 1 625 + 10b 645 + 1o
Flavour 07 + 1 605 + 12 645 + .11
Juicingss 665 + 1 6.60 + .10 6.57 + 10
Textre 663 + .13 665 + .10 6.45 + .09
Mouth coating 717+ A 677 + 1 690 + II'
Overall acceptability 692 + 1 612 + 1% 645 + 13

Means with same superscript in each row do not differ significantly (P<0.03)., _
*Sensory scores based on 8-point descriptive scale wherein 8 = extremely desirable, 1 = extremely undesirable.

to addition of tetrasodium pyrophosphate to the significantly better flavoured Product than mutton tat . This

formulations67. Fat and ash contents of raw emulsions were  study has indicated that highly acceptable patties could be

not 'SIPnlﬁcantly different among formulations. Brepared from the meats of Spent hens and old sheep. Further,
Yield of the patties were not significantly different between  blends of chicken and mutton or chicken fat in mutton

chicken and ‘mutton formulations (Table 1). However, ~ products formulation can be used to improve the flavour and

combination of meats resulted in Ipo_or yield possibly due to  acceptability of mutton products.
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Fresh, wet Acetes were treated with 0, 0.5, 10 and 15%
concentration of sodium bisulphite solution, for 5 min at 28°C.
The material after draining were dried in Torry Kiln to 10%
moisture level, packed in sealed air tight containers and stored
for 45 days. The samples treated with 0.5 and 1.0% bisulphite
solutions decreased from their initial values of 4.18 and 461 to
2A6 and 2.88 resp., while those treated with 1.5% bisulphite
solution decreased from the initial 4.17 to 3.28 during storage
for 45 days. Treating Acetes with 1.5% sodium bisulphite prior
to drying helped in retention of good colour.

Acetes belong to non-penaeid prawns. Among the various
States of India, Maharashtra ranks first in the landings of
Acetes. Itis maml)f/ used in the dried form. At times, the pink
astacene colour of the dried Acetes fades out during storage
and changes into brownish fyeII_ow. An attempt has been made
0 OI|_mproB/_e tlh% quality of dried Acetes by treatment with
sodium bisulphite. o

‘Fresn, wet Acetes were treated lgyd%pplng in sodium
bisulphite solution of concentration 0, 0.5, L0and 15 per
cent levels for 5 min at 28°C. The proportion used was 1
1of solution for Iz k% of material. The estimated levels of
sulphur dioxide were 1000, 2000 and 3000 ]p.p.m. in0.5, 10
and 15 per cent treatments, respectively. The material was
drained on the PVC wire mesh trays and then dried in Torry
Kiln using air of velougy 250 ft3/"min and relative humidity
with 65 per cent at 42°C. The material was dried until the
moisture was around 10 per cent. The dried material was
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ptacdked Inair tight sealed glass containers and kept for storage
studies.

The dried Acetes was_analysed for astacenel colour,
moisture_and sulphur dioxide2 All these values were
ex%ressed on dry weight basis.

_The changes in the astacene colour of the control and the
bisulphite treated acetes during storage for a period of 45 days
are shown in Table L Astacene content in the control samples
decreased from its initial value of 4.22 to 218, The samples
treated with 0.5 and 10 per cent hisulphite solutions decreased
from their initial values of 4.18 and 4.61 to 2.46 and 2.88
respectively, while those treated with L5 per cent bisulphite
solution decreased from its initial value of 4.17 to 3.28 during
storage for 45 days. The colour of the control samPIes WaS
yellowish pink compared to the attractive pinkish white colour
of blsullohlte (15 per cent) treated samples. The yellowish
Blnk colour turned brownish by 45 days time. The colour of
5, 10. and 15 per cent hisulphite treated samples was
brownish Yellow, pinkish yellow with brownish tinge and
pinkish yellow, respectl\/e%/ after 45 days, The amount of
Sulphur dioxide present in the dried material was 22 p.p.m
for L5 per cent bisulphite treated ones.

Hence treatln_? the acetes prior to d_r){m with L5 per cent
sodium bisulphite solution has beneficidl effect in the retention
of astacene colour. Loss in astacene colour cannot be totally
eliminated by bisulphite treatment. , _

The authors are grateful to Dr. V.R.P. Sinha, Director,
Central Institute of Fisheries Education, Versova, Bombay
for the kind permission granted for publishing this work:
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Table 1 Changes in the astacene content and colour of sodium bisulphite treated and untreated acetes

DURING STORAGE AT 30°C
Strength of sodium bisulphite solution

ft%rr'aogde o 0% (Control 0.05%
(days Astacene - Colour Astacene  Colour
y i . noo
Initial 22 Yellowish 18 Pinkish
E{mk _ white
5 3% ellowish 389 Pinkish
brown white
0 346 Yellowish 359 Pinkish
brown white
b 320 Brownish 329 Brownish
ellow ellow.
45 218 rownish 246 rownish
yellow yellow

*Present address: International Crop Research Institute For Semi Arid Tropics,

10% 15%
Astacene  Colour Astacene  Colour
6L Pinkish A7 Pinkish
white white
424 Pinkish 405  Pinkish
white white
381  Pinkish 378 Pinkish
white while
349 Pinkish 349 Pinkish
white ellow
288 Pinkish 3.28 inkish
white yellow

Patencheru 502324, AP. India.



BOOK REVIEWS

Internationa! Food Regulation Handbook - Policy, Science
and Law: by Roger D Middlekauff and Philippe Shubik
(Eds), Marcel Dekker, Inc, New York, Price: US$ 180.

~ The need for international understa_ndmg of food regulations
Is becoming mcreasmgly important in order to improve trade
in freshly p_acka?ed and processed foods. This requires greater
understanding of the Bo_llues of different countries, their needs
for protection of public, creation of requlations in relation
to needs and establishment of an effective mechanism to
constantly update the laws and implement them purposefully.
The authors of 8 articles on public policy and scientific
considerations and 19articles on statutory requirements have
made a valuable effort in bringing together a lot of experience
and k_nowled?e. In this thﬁ}/ have drawn heavily upan the
experience of Europe and United States, and have looked at
the world problem predominantly as the affluent countries
would see them. Indeed the experiences of advanced countries
have much to contribute and their point of view is of
mgportance_because they dominate the world trace in food.
Often certain developing countries quoted in the book have
copied, with little modifications, the requlations of advanced
countries, sometimes indiscriminately. The future
development of regulations and the views expressed on them
bring out important points but they are also coloured,
naturallkl, by the exBerlence of the authors who predominantly
belong to and have been influenced by the advanced countries,
What'is needed more urgent for the developing countries of
Asia, Africa (especially” South of Sahara) and even some
countries of Latin America is to develop requlations to build
quality and safety regiulatlons for their traditional foods which
are often more nutritious and have been based on their rich
culture. Besides, they are the foods of large majority. These
countries represent over 70% of the world population but less
than. 20% of world GDR This changes the picture
considerably. Their approach to the food reﬁulatlons and
consumer protection has to be different - socia Y culturally,
scientifically, economlcaII)[/, and therefore legally. There 1s
much to ledrn from the articles on what to do and also for
the developing countries what not to do. Future technologies
for processing and their regulation for use as well as the
products made by their use must of necessity be culture
sgecmc with dugé attention to inter-cultural needs of the
changing world. These technolo%nes and Products will also
have to e environment and eco o[qy protecting.
The book is indeed valuable buf could have been richer
by including information by authorities from deyeloplng
countries which have quite advanced food reﬁulatlons an
whose problems call for _urgent attention as they reFres_ent
Iarﬂe maJorltsy of humankind. Hopefully such a publication
cience is universal, but technology Is the result

will follow.

of interaction of social needs with science. Food is culture
and so are the policies and laws hased on them to feed and
protect the people.

H.
SURYAKANTI, HINKAL, MYSORE-570 017.

An Introduction to Tropical Food Science; by H.G. Muller,
Cambridge University Press, The Edlnburgih BUIldln?
ghaftes%% Road, Cambridge-CB2 2 RU, 1988, Pp.312

rice: 79.50.

The book is a new one and not the Paper back edition of
the one previously published. Tropical food science, in this
book, has been described in three parts. Foundation of food
science forms part one, which covers the following chaPters:-
The nutritive value of food: Digestion and absorption of food:
Nutritional needs through life; The texture, colour and flavour
of food; and Food microbiology. Part two mainly concerns
with composition of foods which describes in detail about
cereals and legumes; Fruits and Vegetables; Non-alcoholic
beverages; Sugar and other sweetness; and Foods of animal
origin.” Food preparation and_ Preservation form.the main
topics of the part three; which embodies chapters from
Kitchen to food ,factor&/; Food preparation; Food fermentation;
EO()lttihpreservatlon; ood additive; and Food hygiene and
ealth.

Maize, rice, yam, cocoyam, cassava, fruits, vegetables,
Plantatlon produces, coconit and il palm are some important
ood items, and the hook describes the effects of atmospheric
vagaries on these food items. From the Food Scientists’
point, the three well demarketed geo raphl_c_reglons are
1) those countries which are either seft-sufficient or food
exporting, 2) those countries importing food for them foreign
exchange is readily available through their exports and
3) those countries which cannot grow Sufficient food and have
too little foreign exchange. The book describes a few salient

effects of this kind of division, .

The book describes in detail basics of food science, some
of which are common throughout the world. The book
Plctur_esquely describes rural and modern Food Technology;
heir importance and impact. The book at various relevant
places deals with good and bad practices and effects of food.

In short, the hook is a good congentrate of “Tropical Food
Science” and it is more than an introduction. The book is
worth gossessmg by all of those who learn, teach and practise
Food Science.

JR. RANGASWAMY
CFTR.L, MYSORE.

187



B

Association Scientifique Internationale Du Cafe (ASIC%, 12th
International Scientific Colloguium on Coffee, A.S.I.C.,
42, {ue Sdchoffer, 116, Paris, 1987; Pp 860; Price; Not
mentioned.

In 860 pages, the proceedings of the 12th Colloquium
organised by ASIC in Montreux. Swetzerland have been
brou?ht out’in g very elegant way giving English summary
of all" papers with full texts in respective languages of the
different countries. o _

All the Coffee produeing countries in Central America,
Africa, India, Vietnam etc., along with participants from
consuming countries like U.S.A.,” UK., Canada, France,
Switzerland and others were representeg. _

The main_areas cquered are Physiology.  Chemistry,
Technology. Bio-analytical techniques with a major coveragge
ina r%nomy, agrotechnics, diseases and parasite$ and quality
in Coffeg.

The proce_equ,s are fully covered and hence will be a
useful and stimulating expostre to Coffee Researchers all over
the world. Thus the Association has done a Yeomen service
to this plantation crop and should be congratulated on its role.

In a lecture on h%/smlogy. H.P. Wurzner reviewed the
action of coffee on human performance The compactive
blockade adenosine receﬁtors on cell surface by coffee is an
accepted mechanism Corfee helps in keeping alertness and
vigilance. Personality factors, time of day and”motivation are
important factors. Prof Ch. Schiatter reviewed the work on
effects of coffee on Cardio vascular system. Seven out often
epidemiological studies conducted were negative. He also
detailed the mechanism involving adenosine cell surface
recePtors for blood pressure modulation, Dr. Wartman
Pom ed out that people who refrain from coffee _dnnka may
eel the disadvantages such as decrements in vigilance,
difficulties in doing additional work, taking more time to do
routine work etc. Dr. Sivak reviewed the evidence that coffee
drinking does not contribute to cancer of pancreas, colon,
breast Or bladder. Enzymes like trypsinase, lipase and
amylase increase. Dr. Coughlin reviewed the safety aspects
of methylene chloride used"in decaffecination of coffee. No
carcinodenic effect was noticed. Prof. Abelin narrated the
studies “done in Germany and Switzerland on gastro-
intestinal intolerance. _ .

In Chemistry, qualltg_control and improved analytical
determinations were highlighted. H.G. Maier and R.J. Clarke
pointed out improved methods of moisture determination and
Oﬁlﬂ_ed that Karl Fisher techniques* will be the method of
chaice. L KaPer Jpresented the work on HPLC method for
Caffeine. Better interpretation of Caffeine and chlorogenic
acid is possible by spectrometric method as per R Macral.
Improved routine analysis of caffeine by HPLC method was
possible as per T.Kazi, C.M. Spiro reported on diffusion
studies on Coffee components from powder to beverage,

On flavour studies, application of new research tools for
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dentification and localization of coffee off-flavours were
worth ment onmg. Brazalian Rio Coffee study by JC. Spadone
has shown :hat 24,6 trichloro anisole in small amounts was
responsible for off-flavour. The ‘Peasy’ note in Central
African coffee is due to 2,3 isopropyl methoxy pyrazine at
concentration of 0.5 to 2.5 ppm as per R. Becker. Changes
in chlorogenic acid, _durln% ripening, synthesis of Caffeoyl-
quinic acid and their taste properties, quick methodsof
estimation of or?anlc acids are reported. GW, Bradbeny
detailed the results on oll%?mer and polxmer carbohydrates.
The major polymer carbohydrate was shown to be mannan,
arbogalactan and glucan and nat galacto mannan.

In technology studies on compressed N.0 as a better
decaffeinsting” agent to C02 optimal absorbants_for
decaffeina:ion” process, control of odour emission from
roasting plants and prevention of powder explosion are
noteworthy. Electron microscopic pictures of Reo Coffeg were
resented by E Dentan. Microbial ecology of Reo coffee

. Vanos révealed the Pre_sence of A. Jumigatus inall ‘rio-taste’
beans, lactobacillus strains Streptococci group along with

Aspergillus, Rhizopus and Penecillium were also found,

aximum work reported has oviously been in the field
of Agronomy. Y. Damarly and A. Charriér gave an excellent
review of the various researches carried inthis field. They
mentioned about genetic Ferilcularltles of hl%lher plants arid
their beari ig on hiotechnological approaches. The remarkable
potentialities in future research could be on methods of
In vitro propa?atlon, selection of variants resisting toxic
substances, culture of reproductive cells to produce plants
identical fo parent, gra_ft_lngo of genetic elements and
transgression of interspecific Darriers.

Various studies on world coffee percePtl_ons creation of
genetic resources centres with computerised storage of
information, somatic_embryogenisis, hybridisation,
relationship between fertility and meiotic behaviour, haploids
of Ck-caneohora are significant studies reported by various
WOrkers.

Improved methods of propagation of strains, influence of
genetic factors on Caffeine content, somatic embryo?enesm
Studies to understand the mechanism of resistance of coffee
leaves to Hemelia vestratrix are recported. Improvements in
coffee production in Togo by IRRC by adopting package of
practices was revealing.

In Physiology, selection of drought resistance varieties of
C, arabica capable of osmatic adoptation through collection
of free pro.ine nitrogen, phosphorus, potassium, calcium and
carbohydrate was reported trom India, Influence of light
nutrition, water re%nm_e, plantation density, growth and yield
have been other studies. _ .
~The opening address on Agirotechr_ncs detailed
improvements in cultivation, plant material selections,
planting density and the application mineral fertilisers.

NPK fertilisation in caturra coffee in full sun, response of
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fertilisation in springier wnqated coffee and fertilisation
practices in Vietnam-are worth noting. ,

Research in diseases and parasites mentioned work in
Vietnam on environmental condition and various fungicides
on Hemelia Vestrovtrix, Accumulation of virulent gienes n
reducmgi a?gress;on of strains of Hemeltra, problems of
orange leaf rust in Ghana, and effect of trace elements on
leaf Tesistant spices are other studies reported,

One stuay stressed the need for proper packaging at roRer
maturity, drying control, proper storage of cherries and other
known parameters to ensure quality. Separation and utilisation
of defective beans for the prepdration of L galactosidase,
extraction of lipid soluble serotinene amides and their use
in cardiovascular, pulmonary and nervous system.
Cafeylquinic acid as an antioxidant and extraction of phenolic
substances for their fungicidal and antiseptic properties were
also mentioned, , _

The green colour of coffee is due to the plqment., apolymer
of phenolic and amino_acids. The bjue colour is produced
by reaction between quinone of coffeic acid or its esters with
g-amino group of amino acids. Ohserved green colour IS
due to a mixture of blue pigment and excess of yellow

189

uinong. These pigments are photo sensitive and unstable
aove 3°C. - . .

Chemical engineering studies on extraction of caffeine and
chloro?enlc acld aimed' at establishing equilibrium curves as
a function of temperature and mass ratlo, _

For drying parchment, a discontinuous drier and a moisture
meter have been tried. o

Anaerobic hiodigestion of effluents have been studied in
Colombia. Micro-organisms in raw coffee stored for several
months in Bogola have been evaluated. A tamarii, pencilliun
s[peqes, anaerobic clostuctium perfrigenes etc. can be
eliminated by gamma irridiation without loss of quality.
Obviously, the review could not cover all the papers for which
the ongmal ublication can be seen. The major studies
reported in 1987 colloquium on coffee have given sufficient
?round to diversify the various areas in coffee research in
future years. Unconventional apProaches are ne,cessar¥ 0
|mpro_ve_quall_t?/ and profitability of cultivation. This
compilation will be a useful guide fo all Coffee researchers.

CP. NATARAJAN,
FORMER DIRECTOR, CFTRI, MYSORE.

MANGO AND GUAVA MONOGRAPHS FROM CFTRI

The Central Food Technological Research Institute
monographs entitled “MANGO IN INDIA” (61 pages) and

(CFTRI), Mysore hasg'ust published two very useful
GUAVAIN INDIA” (3 pages?. These monographs deal

with production, preservation and processing aspects covering distribution, varieties, proRaga lon, harvesting, packagingi

and transportation, physico-chemical changes urinq_development, pests and diseases, G
iterature references and information on specifications for various

composition and products. A comprehensive list of

andling and storage, chemica

products made from these fruits adds to the usefulness of these publications, ‘Mango in India” has additional information
on model schemes for processin exBorters of mangoes and suppliers of 8rocessmg equipment and machinery. The

price_for Mango Monograph is Rs.5

(4) Grapes (Rs.20/-), (5) Banana (Rs.30/-)

h is Rs.50/- and for Guava Monogra
Other monographs available in the series are (1) Pineapplé (Rs.157), (2) Pe
F)) and_(6) Mandarin

h Rs.30/-, postage extra.
per (Rs.15/-), (3) Papaya (Rs.20/-)

ranges (Rs.30/

$.30/-).
For copies, please write to the Sales and Distribution Officer, FO§TIS, CETRI, MYSORE-570013,

President
Vice-President
Hony. Secretary
Hony. Treasurer

[
General Body Meeting was held on 20th January 1990. The following office-bearers were elected:

Dr. AC. Kapoor
Dr. K.S. Yadav
Dr (Mrs) N. Khetarpaul
Dr (Mrs) Darshan Punia
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from January, 1990

INDIAN FOOD INDUSTRY. Journal —a periodical for exclusive and exhaustive coverage of developments
of food and allied industries in India will emerge as bi-monthly from January 1990 to seve in time, better,
with more of Technology and market oriented information. We welcome more subscribers and advertisers.

Subscription rates: Advertisement Rates
Inland : Rs. 125/-per year Full page Inside — Rs. 1,000
_ Half pacq e Inside —Rs, 600
Foreign Inside Cover fullﬂ Rs. 1,500
Surtace Mail : %40 per year Qutside Cover full—b and w—2,000
Airmail 50" per year Colour (per additional colour) Rs. 1,000,

To subscribe/aavertise in INDIAN FOOD INDUSTRY, write to Dr. V.H. Potty, Chief Editor, Indian Food
Industry, AFST(I) CFTRI Campus, Mysore — 570 013
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INSTRUCTIONS TO AUTHORS

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

The typescript should be arranged in the following order: Title (to be typed in capital and small letters
for Research Papers and all capitals for Research Notes), Authors’ names (all capitals) and Affiliation
(capitals and small letters). Also give a short running title not exceeding 10 words as a footnote.

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

Use names of chemical comPoun_ds and not their formulae in the text. Methods of sam?Iing, number
of replications and relevant statistical analyses should be indicated. Footnotes especially for text should
be avoided as far as possible.

Tables:  Tables as well as ?raphs, both representing the same set of data, should be avoided. Tahles
should be typed on separate sheets. Nil results should be indicated and distinguished _cIearIY from
absence of data, which is indicated by *-----" sign. Tables should not have more than nine columns,

Ilustrations: ~ Graphs and other line drawings should be drawn in Indian ink on tracing paper or white
drawmgbpaRﬁr preferably art gr)]aper,not blg?er than 20 cm (OY axm% x 16¢m (OX am%. he lettering
should e twice the size of the printed [efter. Photographs must be on glossy paper and must have
good contrast; three copies should be sent.

References:  Names of all the authors along with title of the paper should be cited. Abbreviations
such as et at.. ibid, idem should be avoided. References should be serla_lh{ numbered as superscripts
In the order they_are_ cited In the text and the same order should be mairitained in the reference list.
The titles of all scientific periodicals should be abbreviated in conformity with the World List of Scientific
Periodicals, Butterworths Scientific Publication, London, 19%2.

Citation should be as follows (note the underlines also): o _
(@) Research Paper. Jadhav S'S and Kulkarni P R, Presser amines in foods, J Fd Sci Technol, 1981,
15,

(h) Bolok: Venkataraman K, The Chemistry of Synthetic Dyes, Academic Press, Inc, New York, 1952,
Vo, 11, 966.

() References toarticle ina book: Joshi SV, in The Chemistry of Synthetic Dyes, by Venkataraman
K, Academic Press Inc, New York, 1952, Vol, 11, 966.

(d) Proceedings, Conferences and Symposia Papers: Nambudiri E S and Lewis Y S, Cocoa in
confectionery. Proceedings of the Symposium on the Status and Prospects of the Confectionery
Industry in India, Mysore, May 1979, 27.

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

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

Consult the latest issue of the Journal for guidance. For "Additional Instructions for Reporting Results
of Sensory Analysis” see issue No. 1 of'the Journal.
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Research Papers

ENERGY REQUIREMENT IN MECHANICAL CHIPPING OF TAPIOCA by R. Visvanathan, Vi Sregnarayanan
and L. Gothandapani

HYDROLYSIS OF LACTOSE IN WHEY POWDER SOLUTIONS BY ASPERGILLUS ORYZAE LACTASE
by Tijen Ozbas and Tulin Kutsal

EVALUATION OF SOME U P. HILL WHEATS FOR THEIR PHYSICAL, CHEMICAL, RHEOLOGICAL AND
BREAD MAKING CHARACTERISTICS by Neelam Singh, M. S. Usha and G. S. Chauhan

STUDIES ON THE EFFECTS OF GERMINATION AND DRYING CONDITIONS ON THE CYANIDE
CONTENT OF SORGHUM SPROUTS by Georgiana N. Aniche

PRODUCTION OF WAX GOURD CANDY BY USING HIGH FRUCTOSE SYRUP by M. Ismail Siddique,
Munawar Ahmad, Javaid Aziz Awan, Salim Ur Rehman and Anwaar Ahmed

INSTRON TEXTURE PARAMETERS OF KHOA AS INFLUENCED BY COMPOSITION by S. K. Cipta.
G. R Patil. A A Patel, L C. Gargand G S. Rajorhia

INHIBITION OF GROWTH OF PATHOGENIC MICRO-ORGANISMS DURING PRODUCTION AND
STORAGE OF CULTURED MILK by C. D. Khedekar, J. M. Dave and S. S. Sannabhadti

EFFECT OF HEAT TREATMENT ON THE QUALITY OF MOZZARELLA CHEESE FROM BUFFALO MILK
by Bikash C. Ghosh and S. Singh

A COMPARATIVE STUDY ON HEATED ADRENAL AND IMMUNOGLOBIN -G %G) ANTIGEN FOR
S

I
IDENTIFICATION QF COOKED MEATS OF CATTLE AND SHEEP by P. M. Reddy, L(J a V Mandokhoi and
N. K Chandiramani

EFFECT OF BLACKGRAM FIBER (PHASEOLUS MUNGO) ON THE METABOLISM OF LIPOPROTEINS
IN RATS by Molly Thomas, S. Leelamma and P. A. Kurup

Research Notes

EFFECT OF MAGNESIUM AND MANGANESE IONS ON THE GROWTH OF LACTOBACILLUS
ACIDOPHILUS 'w Bashir Ahmed, B. K. Mital and S. K. Garg

THIN LAYER CHROMATOGRAPHIC DETECTION OF KOKUM BUTTER IN COCOA-BUTTER by
M. Y. Deotale, M. N. Patil and C. L. Adnarayaniah

SOdI\/I[I)E I\E/NF%YMES AND ENZYME INHIBITORS FROM CHAROLI AND CASHEW NUT by S. K. Samant
and D. V Rege

GREEN COLOUR IN PROCESSED OILS OF BLACK SOYBEAN by G. Ramakrishna, S. D. Thirumala Rao
and G. Azeemoddin

STEROL PROFILE OF THE SEED OILS OF A FEW MEMBERS OF COMPOSITAE FAMILY by S. Sil,
J. Chakrabarti and B. S. Gandhi

PREDICTIVE ANALYSIS OF THE PROTEIN QUALITY OF PLEURQTUS CITRINOPILEATUS by N. Ghosh
and D. K. Chakravarty

ENZYMIC BROWNING IN RIPENING PLANTAIN PULP EMUSA PARADISIACA) AS RELATED TO
ENDOGENOUS FACTORS by Victor O. T. Omuaru, Welford-Abbet L. Izonjuo and Solomon A. Braidc

INNOVATION OF TECHNOLOGY FOR PREPARATION OF RASOGOLLA ANALOGUE FROM SOY-MILK
by S. R. Chakrabarti and S. K. Gangopadhyay

SEI_:leCT OF PROCESSING ON MEAT QUALITY OF CLAMS (MERETRIX CASTA) by R. Mishra and L. N.
rKar.
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