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The mathematical model considered the radial movement of oil under vertical force application. It correlates oil expression with
pressure, coefficients of consolidation and permeability, time of compression, area of cross section through which oil flow occurs
and density of oil. Model adequately describes oil expression behaviour having close agreement with experimental values and holds

for all values of time.

In India, about 90 per cent of the tctal production of oil-
seeds is crushed for production of oil through mechanical
expellersl Studies in the past on mechanical oil expression
mostly related to the experimental investigations on influence
of moisture, applied pressure and temperature on oil
yield25. Koo's6 equation on oil expression fails at Iar?er
values of pressing time resulting in infinite predicted yield.
Sukumaran and” Singh  studied pressure induced oil
expression from rapeseed and identified oil point and
extrusion point. The polynomial models, of Singh et al,3
developed on the basis of experimental data on residual oll
in cake, pressure and temperature, are valid only over the
range of experimental conditions and do not provide any
theoretical base. Mrema and McNulty8 considered flow of
oil in the direction of applied force and applied the modified
form of Terzaghi’s equation for oil expression without
considering the stage of saturation at which it should have
been applied and also did not account for the bed resistance.
But in the most practical situation of mechanical oil
expression, such as screw expeller, the flow of il is normal
to the direction of aloplled force. Therefore, in the present
stucy a mathematical model, with theoretical base mvoIvmg
the radial flow of expressed oil, has been developed an
experimentally evaluated which would help a great to the
researchers and designers to understand the process of oil
expression and the mechanics better and design more efficient
systems of expression. o
~ Theoretical development: In the initial stage of compress-
lon, rearrangement of seeds causes decrease in the void
volume of bed. As compression proceeds, individual seeds
are squeezed into interparticle spaces with concommitant loss
of their initial geometry. With further compression, a staEe
soon reaches when intercellular structure of seeds breaks
releasing the oil9. Later Diekert and DiekertDand Mrema

and McNulty" sug?ested that during expression, the porous
nature of biological cell walls might be the channels through
which oil flows out of the seed and saturates the bed. With
sustained compression, a sta%e reaches when surrounding
voids are filled with oil and the sample under compression
represents a saturated two phase system of incompressible
particles forming a cake matrix and incompressible oil
contained in voids of that matrix. Under such a condition,
the applied pressure is shared both b{Nsolld portion of
deformed rapeseed and the oil as well. When oil pressure
exceeds the pressure required to move the oil through tortuous
passages of the cake body, the flow occurs causmtt; decrease
In residual oil and in turn enabling the solid structure of the
cake matrix to share more of the total load. .
The test cell-geometry: A typical test cell geometry consists
of inner and outer Wal_rs of radii R, and IL, respectively. The
material is confined within the annular space of the test cell.
The flow of oil during the process of compression is not
impeded from sides. Earlier studies2 on similar type of
annular cell ﬂeometry had also indicated that perforations
provided in the side walls neither offered any resistance to
oil outflow nor allowed whole or deformed rapeseed to come
out of the cell during compression process prior to extrusion
Bomt. Mrema and cNuIt¥8, reported that porous disc at
ase of the cylinder would offer resistance particularly when
porosity reduces during compression. Therefore, radial flow
of il from confined bed of rapeseed has been considered
in the present study. o
The bed: A 10mm thin layer of rapeseed (weighing about
121 ) in the test cell has been considered as the thin bed.
With such a thickness of rapeseeds, stress and density
gradients do not exist under uniaxial compression's
Development o fgoverning equation: For ease in developing
the mathematical model, following assumptions were made.
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(i) The bed is saturated: (ii?< oil expressed is equal to the
volume displaced; (iii) the cake matrix which forms the solid
phase consists of incompressible solid particles; (iv) the liquid
phase consists of incompressible oil: (v) the characteristic
parameters of oil flow are constant and (vi) for flow of oil
through the porous media of cake. Darcy law is valid. After
certain stage of further compression, the pressure attains its
present value. This stage occurs much after the oil point stalge.
Corresponding to this particular stage when preset value
of pressure is obtained, the time of compression is defined
as the operational time t=0, deformation as 8, and quantity
of oil expressed as Q0. Obviously, prior to this stage the
compression is dynamic. Wi:h further compression for an
value of time t. the deformation that occurs IS denoted by 6,
and the oil expressed by Q. Initial bed height H is then reduced
to (H—8) at t=0 and (H—80) at any time t=t with the
constant bed width of R—R,=L. As oil flows out. pore
volume decreases such tha: initial void ratio en at t=0
decreases to value ‘&’ at t=t. Thus if §( and 8 be the
deformation corresponding to e0and ‘¢’ then coefficient of
compressibility, ‘C’ could be written as
¢ = *(Rj-R?) Pp(¢i-¢>0)(100-M) 1
msdp .
Where, Pp = particle densﬂr; M = moisture content
(% wh) and ms = weight of solid free of moisture and oil,
And decrease in volume of voids per unit weight of initial
volume could be expressed as

Ny T(RJ—=R?) pp (5-60) 2
ms (1 + e0)

Which on substitution of the value of e0 from its basic
definition and that of 8 —8Q% could be written as

GV = C ot P s 3

Where Cv = coefficient of volume decrease which is equal
« C ms
T (R|- R?) Pp (100- M) (H - 80)

Now differentiating Eq 4 with respect to t we get

dv , dp

v e
dt o >

Which could be defined as rate of decrease of volume of voids.
On occurrence of oil flow, the oil pressure ‘p” gradually
decreases which causes increase in effective expression
pressure ‘E’ similar to the cases of soil consolidation'6.

Therefore, Eq 5 could also be written as

av Cy dE 6
dt

This emplies that increase of effective expression pressure

per unit of time involves a corresponding decrease in the

volume V of rapeseed sample.

\We consider a differential element 2 trrdr dz'. The volume
of oil which flows out of tire element ﬁ_er unit of time must
be equal to the sum of volume of oil which enters in and the
volume of oil which is generated inside the element.
le. 2xt v dz+2x -A-r.dr.dz—=2tr (vr+ Nrdr) dz 0 7

dr

at
Solving this we g (}\: t: j:a/r .8, which from Darcy's
law could also be written as

av o /d2E_+_1 dE

at Vdr rodr
Where k is coefficient of permeability.
With the help of Eq 6 this could also be written as

8E _ aZE 1 dE 10
R
Where, C. = Coefficient of consolidation and is defined as
k  (d-d0) k

Cv  (H-d0dp

Eq 10 s the basic differential equation which governs the
process of oil expression under uniaxial compression of
rapeseed bed for constant load. It represents the relationship
between the change of expression pressure per unit of time
and per unit of radial distance. It is also evident that
cogfficients of consolidation and permeability are interrelated.

In terms of non-dimensional variables, Eq 10 could be

written as 6 6, 1o .
dd g 3f
Where, t/=E/a; £=r/R—R); and . COt/L-
Solution of the equation: To get explicit expression,
Eq 1L is solved with following initial and boundary conditions
— Initial condition; 7(£0) = 1, BoundarK conditions;
£,00 =0, & 9( 0 )=0 And, the solution

1
LTO:U‘d bé Ul 6\ Jo, an uo(tan
TEnEL O Jo(lan) + do 2 «ng

Where, Un = anfiler =R, (R,-R)); an =roots of
Bessel’s function;

and UnE an)=JO (£ an) YO (E2an)-J0 2 «n)YO £ «,)

Totalflyx:, 1f, and g, are the volumetric discharges of
ol rPer unit time and per unit area throuqh the inner and outer
surfaces of the annular ring respectivély, applying Darcy’s
law the total flux could be"expressed &

=0+ =—j— £d exp(-a2e¢pr...ns
Where, Fn= Gn|E=£1+ Gnl£=£2 and Gn=

— ON A ) ' £ ,
R AL e
Yr(Eal-JiU an YO(E2an
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Quantity of oil released ) ]
The %_anuty of oil released upto any time t which starts
C

after achieving constant pressure can be expressed as
Q _Q0=Y=-"-Poji n 1(exp(-a20Q) “nFn
(N 14

Sine both oil and solid particles are incom,oressible volume
of oil expressed must equal the volume displaced, Therefore
Y = mo (R]-R?) ?@ ) e 15
Substituting 6 =H—A (0)2 ir*+R)

inA(0) = 2x (R%R,) (H-5)

We et A(0) = AD- it Po (k 2~ HY)

Hence, Y = ka"°L_ | £ (exp (- @0) anFn
0

A28 Y 00 oo 17
Diﬁerentiatinggw.r.t. 9and solving Eq 17 we get
Yy

R g A
(0P (-32  ——— 18
Eq 18 can also be expressed in a simplified form as
Y=—3 (L-eXP (-D D)) 19

Kq
Where, Dp'ékof' 20; Ko=2/A0pOL 2L
and <}>:nlél an (L-exp (-220))ummmmrrrsinn 22

The expression at Eq 19 is the general solution for ail
EXDIession, _

Properties of function €21t could be seen that for 0>0.02
only three terms of the series were adequate.. Beyond

=0, O_OW the first term of series was significat to
evaluate <> However, for 0< 0,02 five or more terms need
to be consicered. This presented some difficulty because
beyond first five terms values of t*, were not available.

As 050, o -gplexp (—220)* (£
And truncation érrors become significant. In view of the
tgr?g?m%jc())l I83wmg approach is stiggested for evaluation of

First five values of a ' F,F, a andF/a are given in
Table 1 The sum of first five terms has a value of 0.024. The
terms of <bbemq exponential functions, power series
expansion of each Term' leads to the following expression.
E, — E, i.E._. (-1)Jgrft-.23
nl an n=l an =0 |

Table 1 Values of «y fy fp«qand ff @

N « Fn Fn<n Fif an

0 302 008  +0259 0028

1 60 0041 0250 68310 3

2 008 007 40247 +2.996x10 3

3 Ll 0020 0250  -L703X10-3

4 51 40007 0259 +L132X10-3
Changigﬂ theForder of summation agld solving we get
b= — E (-1 'a-— where, each
al= J, FmAN. 2011 e 24

If terms involving the third and higher degrees are discorcled,

E . exp (-c*n 0)=a0-ai0 +a202 >thus clearly,
n= «N

- F
d0= , ot

The coefficients a, and a2 can not he calculated from their
analytical expressions béecehuse of large truncation grrors
Involved. To %et around this drfficulty, a second e%_ree

ed between O<pand OO . The resulting equation

b
0.1566 2956 62 . 26
Fig 1 shows a plot of A vs 0. Points marked represent

values from Eq 22 while ling drawn represents the Eq 26.
FI(I}ZShOWSﬁ lot of &for 0< 0.10. Qver this range, true
values and those comPuted through differentiation of Eq 17
are the same for all practical 8urpos_es. However, the
difference in 4>values for 0< 0.02 inclicated the need for
considering more than five terms which could not be
considered” for practical limitations. Therefore, for small
values of time ie.  0< 010 E% 2615 an adequate
representation of 4> For large values oftime i.e. 02.0.10
= 0024 - 0028 exp (-9,1317 0

Forms suitable for evaluation of D and Co ' From Eg 26 and
27 1t could also be seen that for small values of time

equation wes fi
5 . 0=

019

017

015 ~—o__
]

0.1}
>

Olm

A & A A il ' A A d
0 003 0.04 005 006 0.07 008 009 010

(‘]

Fig.. Relationship between ff and 0
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Fig.2. Relationship between <pand 0

N(~KoY)= DCos66 _ 02956 1)

Eq.28 is particularly convenient for evaluation of D ang CO
which are ?enerally not known, and have to be evaluated from
experimental data. Now let In (=KOY)=Z. Altematively,

en 61 large, it culd be_seen that for two Sticcessive
equispaced valles of 6 ort, Zn=Zn 0.024 D (X—)) .29

Where, A= exp (Ont- On)= exp —C}Q (tn+t- tn

From linear regression of B¢ 29 values of Xand D could

be evaluated. Since = is constant and L is known Co

could he comgglﬁd from X.
0 t |

2 1
0 0.02 0.04

Evaluation 0fthe Model: ~ In the Eq 18 parameters D and
CO are not known. To determine their values, various
?Rgroa hes viz trial and ervor, least sguare, _Romt of inflection

thod and least squares regression using Taylor Series
expansion method were tried. Of these: ledst squares
reqression using Ta}glor Series expansion Yielded the best fit
After determining the value of D and Co(Table 2) values of
oil yield were predicted with the help of Eq 19°

For experimental evaluation of the model, a 10mm uniform
thick_bed of rapeseed each weullhmg about 121 g, as
mentioned earlier, was held in the Test Cell and compréssed
uniaxially at different rates of deformation (396 and
247 mnifs), moisture contents_(about 57 and 9 per cent
static pressures (6.70, 1070, 1472 1680 and 18,70 MPa/m
and pressing time_(0 ]5L30, 60, 120, 180, 240, 300 an
360 5). Standard Carver Laboratory hydraulic Ipress (5T

capacity) was employed for the conipression of rapeseeds in
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the test cell (Fig 3). After each experiment, through the mass
balance weighing the samples before and after compression,
the oil yield" wes determined. The values of il yield were
plotted “against the time of compression corresponding to
different moisture contents at particular values of pressure
and rate of deformation. Sample plots are shown in Fig

and 5

The predicted values throu?h the model and the experi-
rrentallly observed valules were Tound to be in very close agree-
ment of each other (Fig 4 and 5). Curves drawn through'data
paints represent compated values which incluce the reSponse
of the model. Similar were the responses corresponding to
different values of static Pressure time of pressing and various
levels of moisture contents. The stancard error (SE), and
error sum of squares (ESS) hetween observed and predicted
values of oil vield (oll expressed) were found to be in the
range of 00105 to 0.19% and 0.0008 to 0.2785 respectively
(Table 3). On overall basis the model, thus, gave an‘adequate
representatjon of oil expression. _

It was also found that dry matters’s particle density of
rapeseed cake was not influenced by the moisture confent,
applied pressure and the time of being under that pressure.

article density was constant with a mean value of 12186 o/
emd and sample standard deviation of approximation of
per cent This established that the basic solid particles that
make Up the comPressmIe rapeseed bed are incompressible.

A mathematical model to explain the oil expression process
wes developed and evaluated. Analysis showed that ol
expression process could be described adequately through

the model following Terzaghi’s® classical approach. The
experimental and predicted values on oil yield were in very

close %%reegment o{.gach other. It hold egag(%hfgrc gml val U%Fef

time. The basic solid particles that ma

bed were incompressible.

pressi

«@®

o @®o

) 8£b G, L

. © ®

Fig.3. Schematic diagram of experimental set-up.

1 CARVER MOTORIZATION PACKAGE 3  STAND
A PRESSURE SWITCH CAUCE K COMPRESSION-INDICATOR
B ON-OFF SWITCH TEST CELu
C SPEED CONTROL 5 CARVER LABORATORY PRESS
D JOC/AUTO CONTROL L MANUAL LEVER
E  STOP SWITCH M SHAFT
F ON BUTTON N HYDRAULIC UNIT OF PRESS
2 HYDRAULIC PUMPINC UNIT 0 BASE
C  TWO WAY CONTROL P PLATEN
| SAFETY VALVE Q HAD
] HYDRAULIC LINE fi  RELEASE VALVE
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Table 2. Values of c0, d and k of the model at different levels of pressure and moisture content
CORRESPONDING TO TWO RATES OF DEFORMATION

Sl Moisture Rate of Pressure c, D kxlO "
No. (% w.b.) deformation (MPt/m2) (mm's) (slg/mm3d
(mmrs)

I 5 3% 6.70 010 2.5 061
1070 0.22 8.9 283
147 031 12.26 408
1660 0.38 139 504
1870 017 176 249

2 1 3% 6.70 0y 2.69 106
1070 018 8.23 213
147 030 15 373
1660 023 19 2.55
1870 026 145 303

3 9 3% 6.70 010 214 0.52
1070 015 8.5 189
A
1870 ; *

4 5 247« 6.70 087 41 083
1472 0.24 1440 367
1870 0.20 2043 346

5 7 247 6.70 015 4.26 147
1472 019 1387 276
1870 023 154 302

6 9 247 6.10 018 1 0.76
147 0.33 1863 6.47
1660 051 1339 6.44
1870

* Corresponding to 9% m.c. and 18.70 M?a/m' pressure, extrusion during experimental evaluation presented problems due to which no experimental
value could be made available to compare.

« Since corresponding to one rate of deformation (3.96 mm/s) the prediction was quite close, for another lower (the minimum available on machine)
rate of deformation”(2.47 mmy/s) the results were verified only with selective levels of pressure (in present case almost alternate ones).

0-6
[_ 0 O Observed 80 = L.50,mm
Calculated Qo = 0.04,g
09r &3
© O Observed 80 = 4.76, mm. S.E. = 0.0105
o lculated
08 Calculote Gae . ‘ < €SS = 0.0008. °
2 S.E.= 0.0177 o o UAF
" >
> 06F ESS = 0.0022. o
-
o w -
S = 03
> 04 &
=)
') 0.2}
0.2k
01} v
i 1 1 2 1 2 1 PRI ING TIME (t),s.
<,00 60 120 180 240 300 360 1 185 1 ( )|s
1 J
PRESSING TIME .(t),s. 0 60 120 180 %0 300 360
Fig.4. Effect of pressin%timc on oil yield Fig.5. Effect of prcssingzlime on oil yield
E = 670 MPa/m>, M = 5% (w.b.), B = 670 MPa/m", M = 5% (w.b.)
= 396 mms] = 247 )
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Table 3. Values of standard error (SE) and error sum of square (ess) for the predicted values

THROUGH MODEL AND THE EXPERIMENTAL VALUES

Sl. Moisture Rate of

No. content deformation
(% wb.) (mmls)

1 5 39

2 7 39

3 9 3.96

1 5 2.47»

2 7 247

3 9 247

*and  ** same foot note of Table 2
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Notations

Base area, nun

Avrea of cross section at 1=0 th-ough which oil flow occurs
Avrea of cross section at any dimensionless time 6 through
which oil flow occurs

Static pressure. MP /m’

Coefficient of compressibility, cm /g

Cogfficient of consolidation, mm’/s

Dimensionless parameter

- T kalC,
Void ratio any time, t
\oid ratio at time. t=0
Effective expression pressure, MPaim®
Functions relating Bessel's functions

i
riUNbquuiu

H

o — oo=r=x

Initial bed height, mm

Bessel's function of first kind of order zero

Bessel s function of first kind of order one and two
2A, P,L

Coeffluent of permeability, s/g/mm

R—R

Moisture content % g/vb)
Oil pressure, MPa/m

Rate of deformation, mnis

Radius. mm

Time of Fressure applications, s

Deformation measured downward from height H at any
time t. mm

Pefortmgtlon measured downward from height H at
ime t=

Density of oil. g/c.c

Particle density, g/c.c.

(ﬁtxﬂspof Bessel's functions
E=1~«7(~eXp
C,tL:
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Crude and partially processed oils of yellow nutsedge and almond were evaluated for their stability towards oxidative deterioration.
Crude, processed and illuminated oil samples were withdrawn and active oxygen values determined. Plots of the log of active oxygen
values versus heating hours had slopes which reflected the oxidative, stabilities of the oils on storage. ‘Kaduna-big’ and ‘Kano’
variants of yellow nutsedge showed good stabilities while almond oil showed similar oxidative behaviour in its crude and processed forms.

Search for new and unconventional sources of good quality
edible qils to meet the requirements of the ever growing
nopulation of tropical countries of the world is ong of the
dire needs of the present day, Potential edible oil sources when
discovered, should be caréfully developed, evaluated and its
quality ascertaned. In the development, “evaluation_ and
quaht?( control of such edible qils, stahility of the oils to
oxidative deterioration is usually of primdry importance,
while additional information of refmmp and Dbleaching
without lowering oxidative and flavour sabilities are also

essential. _
Three yellow nutseage (Cyperus esculentus) tuber variants
andalmond (P amygdalus) Seed oils which are lesser-known
abundant sources”of nutritious edible. vegetable oils are
beln? Investiqated to ascertain their oxidative deteriqration
on storage Wnen exposed tc fluorescent ||9ht Irradliation,
Availablg informatiop on the eﬁ%cts of I|gh on Processed,
stored oils and fats has mainly been restricted {o those of
commercial importance, while'little information is available
on lesser-known edible oils that possess potential commercial
ca(JAa/blImes.
ork in our Iaborgtoryland elsewhere2 have demonstra-
ted fhat oils of )fellow nutsedge tuber and almond are
nutritious and coulld be_of commercial value, though there
has been no report of industrial application of thé oils of
yellow nutsedge and almond. in most tropical and sub-tropical
countries of te world, this m|glr(1t be due to Insufficient
Information on the nutritive and eepmg qualities of these
oils. These oils are therefore being evaluated and information
obtained which couldl serve as a basis for further cevelopment,

*To whom all correspondence should be addressed.

Materials and Methods _

Fresh samples of yellow nutsedge tuber variants were
Procured from three maﬂ_o_r produciig fowns,in ngena and
he samples were identified as "Kaduna-big’, “Kano® and
Auja.. Fresh and ripe fruits of almond were collected within
the Chemistry Department. University of Ibadan. The fruts
were cracked open to remove the soft oil-bearing seeds.
Yellow nutsedge tubers and almond seeds were washed and
rinsed In water before being air-dried and stored in the

refngoerator. _
Tubers of wllow nutsedge and seed of almond fruit were
round in a Wiley Mill to"pass through a 6 mm screen and

e oil extracted” in a Soxhlet extractor with food grade
n-hexane.  Excess solvent was removed in a rofary evaporator
and the oil dried fo a constant wemiht. Oil obtined by this
method is referred to as crude sample throughout this study.

Crude samples 200 ml of each il, were placed in a glass
bottle closed with a cellophane covered stopé)e_r and exposed
to fluorescent irvadiation In a ?hoto- xidation box
constructed with three 30W daylight tube mounted insice of
a 150 cm long, 50 cm wide and 50 cm height wooden box.
Interior of the box was painted white to rflect light from
backside of the fluorescent fube and to prevenf” loss of
irradiation through ahsorption by the wooden materials of the
box, Holes were perforated around the box for free circulation
ofair while the internal temperature was maintained at 30°C.

Refining of the oils was achieved by the use of 10per cent
sodium hydroxide while the bleaching method of Crossley
and Pierce3yes used. (fr%ie‘ refined and %Iea%hed oils were
exposed. to fluorescent lignt irradiation In the photo-oxidation
box. Oxidation rate of the exposed samples wes foIIowedCt&
measuring peroxide values (POV), according to AO
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Official Method Cd 8-53 while Active Oxygen Method values
(AOM) were obtained by Official Method Ca 5a-40. AOM’s
were run until the POV of 100 was reached and that time was
taken as the end paint and recorded in hour, Per cent free
fatty acids was estimated by AOCS4 Official Method Cd
1257 while fatty acid compositions were estimated by the
Metcalfe et al, Smethod usm%a Pye-Unicam 204 series ?has
liquid chromatography. Tocopherols were estimated using the
method of Strum et al,6 while sensory evaluations fof the
oils were conducted using the procedure, of Moser et al.7A
10:point scoring system was the basis forjudging quality and
mtensm( of off-tlavour, analysis of variance andF-tests were
used to test sample means for differences, Elemental analyses
were carried out with a Perkin-Elmer Model 2830 Atdmic
Ahsorption Spectrophotometer (AAS).

Results and Discussion _ _
Stat_|st|caii anaiysm of the data obtained for the changes in
peroxide values and active oxygen values as affected by
fluorescent light irradiation, exRosure time/storage time and
temperature indicated that eacn of these had a’significant
effect on peroxidation on the ails under test. As stafility
measurements on unheated oils (POV),do not indicate reliably

oxidative deterioration are expected. _ _
The slopes from a first order linear regﬁessmn analysis,
the standard devigtion and the mean of heated ojls after
refining and bleaching are shown in Fig.l. This plot indicates
the raté at which the 0ils lost oxidative stability Upon heating
at 97.6°C. In the ensuing evaluations, crude oil samples are
10 be considered as the"baseline. For crude oils, ‘Kaduna-
big’ and Kano’ variants of yellow nutsedge have similar initial
higher stabilities when comgared fo the Abuja’ variant of
ellow nutseage and almond Seed oil, but the crude Kaduna-
Ig’" (A, inFig.l) and crude almond ﬂ Fllg.l) have similar
slog_e_s and therefore have similar rates of [0S of oxidative
stability. It should be noted that the relative Fosmons of the
lines in Fig.. 1 reflect the overall stabilities of the oi] samples.
_Refmmq_mcreased initial stability for all the oil samples
with very Tittle effect on the rate of [oss of oxidative stability
with heating (B, B' and B " in Fig. 1) except in Abuja’ variarit
where the Tate of loss of stahility iS of the same magnitude
with 1S crude. This might be accounted for by the Compa-
ratively ma/r;\%nal reduction in the level of tocopherol during
refining in Abuja’ variety which is about 16per cent reduction
(Table"2). Percent loss of tocopherol i Kaduna-big” of
yellow nutsedge was 24, that of Kano’ was 28 and alrmond

the performance of the ils on heafingd all evaluations i Wes 32

this study. will be based on the active oxygen values,
Showni'in Table Lare the physico-cheniical _proloertles of
the oils under stuay. The oils are similar, principally in their
contents of oleic “and linoleic acids which are the basic
precursors of oxidative rancidity, and they are also related
In their iodine values, free fatty acids and peroxide valugs.
These parameters are important'in the control of peroxidation
in oils_and fats as they indicate the level of deterioration,
Abuja’ variety of yelloiw _nutsedge tuber oil and almond seed
oil are closely relted while Ka una_-bq and *Kano’ variants
of yellow nutseage are also related, simifar behaviour towaras

Bleaching of the ‘Kaduna-big™ yellow _nutsedqe oil on
activated aluming margmall IncreaSed initial stability when
compared to refined Samples. However, upon heating the
bleached ‘Kaduna-big’ variant ofyellow nutsedge showed only
a slight change in the rate of losS of oxidative stahility when
compareg to'its crude sample (A in Fig. 1I) and refined f(B
In Fig. 1) samples. The same trend was also observed for
Kan’ variant while Abuja’ variant showed only some
marginal changes. Bleached"aimond showed a distinct trend:
initial stabw decreased when compared to refined oil, but
only slight cfiange was observed upon heating in the rate of

Table 1 Physicochemical properties and fatty acid composition of yellow nutsedge variantsand almond oils

Parameters Kaduna-big Kano Abuja Almond
lodine value* 80-83 80-83 83-85 93-97
Peroxide value (megtkg) . 5.3-69 50715 54-82 11-85
Free fatty acids (as % oleic acid) 1318 10-20 1727 1829
Active Oxygen Method (AOM, hr) 189 1750 1240 1070
Fattz acids (%)

160 0C+ 02 120+ 02 71+ 02 32101

' 14+ 03 30+03 0.7 +03 Trace
750 + 01 700 + 03 780 + 01 770 + 01
189 10+ 03 140 + 03 130+ 03 180 + 03
183 06 + 01 0.7 +01 09+ 01 10 + 03
' 03+ 01 Trace 01 +01 Trace

Mean + SD .
»Range of values provided
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HO- ratio of tocopherols to lingleic_acid,3 this ,a_rgium_ent_ 1S
extended to the oils being studied. The higher initial oxidative
stability observed for aduna_-b|?’ and” ‘Kang’ variants of
ellow nutsedge could be attributed to the high ratios of
ocopherol content to linoleic acid.
. The_contents of iron and copper in the test samples are
iven in Table 3. Level of copper in all the samples s lower
an the mandat_or}( 1pp.m. levelDwhich could cause dele-
terious effects in the oil samples. Refining process further
more than three quarters of the original amount of copper
%re_sent. Level of irgn too was reduced by refining process,
his it of. informatiqn is of good benefit in that It showed
that shelf |ife of the oils could'be improved through refining
Brocess which recuces the levels of iron and coppér that have
een shown 10 Initjate peroxidation though metal contami-
nations from chemicals and machinery cannot be ruled ou.
: , . , -Sensory evalyation data obtained at 30°C are shown in
8 2 2 Fig. 2 wiere noticeable downward trend in flavour scores with
Hours of Heating storage was observed for all the samples. However, Kaduna-
blgh]_ 0f the yellow nutsedge showed the best flavour scores
Figl.  Changes in active oxygen values with heating for crude and processed ~ W! |Ch.|53,eﬂe.Ct,|0n of itS ?OOd oxidative stability and good
ails. o ~ shelf-life, AbU{a variant of yellow nutseage showed its best
éUnprlme.d letters —Kaduna big;, Primed letters = Kano variant,  stayility lyring the first to the third weeks before deterioration
olubl)(/j plrlmed I_etteis-Qbulavarlantforyellownutsedgeand tiply gt in, While £?(amo’ variant ofyellov_v nutsedge showed cood
primed lftrs = aimond ol ~flavour scores for the weeks orie to five, Aliond showe% the
loss of oxidative stability when compared to crude and refined  least flavour score, the flavour decreased durlng the bth week,
almond samples (A","B™ in Fig, 1). | gracually increased until the 8th week before Oecreasing like
.Qur ohservations from this study indicate that *Kaduna- all_other samgles Flg. ). _
b|g[;_a_n_d Kano’ variants of the yelloiw nutsed?e have intrinsic ~ From the results preSentéd ahove, all the.oil samples showed
stabilities that were not greatly affected by refining or bleach- & considerable resistance to oxidation initiated by fluorescent
Ing despite the level of tocopherol reductions.. Oxicative light irradiation in their crude, refined and bledched forms.
behaviours of the yellow nutsedge variants are similar with ~ OF the yellow nutsedge variants, *Kaduna-big’ and ‘Kano’
only Abuja’ variant having, clos relationships with almond
seed oil.” Statistical anal;gms_ (Q-est) by a computer v
programme on the results dbtained from the slopes o loss
of oxidatjve stability indicate that only bleach almond seed
oil sample was sigritficantly different from the other eleven
samples. Simjlarify in the OXId?'[I_VG behaviour of the qmples
could he attributed to its linoleic acid contents (Table 1),
Tahle 2 shows the tocopherol content of the crude, refined
and bleached yellow nutsedge and almond oils with no added
artificial antioxidant. List et al.9 had observed that the
Inherent stability of sunflower seed il is determined by the

1.201

1.104

Log of AOM Values

1.001

FLAVOUR SCORES

»——=x Almond
39 a»——s Koduna-Big Yellow Nut Sedge

. . Variants
Table2. Processingeffectson tocopherol content ,] * —~ Al

of yellow nutsedge and almond oils »—= Kano
_ Tocopherol (ji g/g) 11
PrOCessINg  kaduna-big ~~ Kano Abija  Almond a - .
1 2 3 & 5 6 7 8 9 10 1" 2
Crude 815 76l 146 725 Weeks at  30°C
Refined 619 041 536 492
Bleached 51 471 459 364

Average of six determinations Fig.2. Change of average flavour scores with storage time.
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Table 3. Concentration of iron and copper in crude and processed oils of yellow nutsedge and almond

Processing Kaduna-big Kano
Cu Fe Cu

Crude 0L 281 012

Refined 0.04 0.70 003

Bleached 0.04 0n 00

Average of three determinations in triplicate

stand out as the best. Despite the similarities in their contents
of fatty acids, the Fellow nutsedge oils were better in their
oxidative stability than the almond seed oil. The proximate
constitution of a yellow nutsedge tuber as earlier reported"
showed that the tuber is very rich in carbohydrates, protein
and oil. The production of gil/hectare of the yellow nutsedge
has been worked out as 190 kg. _

Yellow nutsedge Y:ype_rus esculentusﬁ IS regarded as one
of the world’s most difficult weeds, the tuber is however
edible, and indeed, certain medicinal preparations have been
reportedly prepared from the tuber with no indication of any
toxic substances Qpersonal communication). Production of
large quantities of the tuber must especially ‘Kaduna-hig' and
‘Kano” variants should be intensified to Overcome shortage
of edible oils in most tropical and sub-tropical parts of the
world. Defatted meal can also be utilized in compounding
animal feeds and in the production of composite flour.
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Addition of 5% gram flour as thickening material, 0.03% turmeric powder as colouring and flavouring material and 0.5% salt were
found to be suitable for the preparation of Kadhi. For the preparation of kadhi powder, a minimum fat of 08% in Dahi and total
solids in the range of 15-18% in slurry were found to be optimum. Restricting the acidity in Dahi to 0.8—L0% did not pose any
serious problem during drying and also resulted in good quality product. Reconstitution of 1 part of powder with 4 parts of water
resulted in a product comparable to control kadhi. The product kept good for nearly 3 months when packed in LDPE pouches

at ambient temperature of storage.

Kadhi s a culinery item prepared in many aR_arts of the
countr%/. Itis pref)are either from stirred curd (dani) or sweet/
sour Dutter milk. Commonly, gram flour is added as a
thickening agent. Boiled or Semi-boiled vegetables, spiced
gram flodr after gee -f_at-frqu akoras) orhath are adaed
as filling materials during or at the end of boﬂmP. Kadhi is
mildly &cidic in character with t3rp|cal cooked flavqur after
the addition of salt and spices dlong with little boiled oil.
The milk solids content in kadhi varies from 6 to 8 per cent
ang other solids abouit 6-7 per cent’. Since there is not much
Information, available abolit its preparation, compositional
characteristics and method of production in dried form, the
present study was undertaken

Materials and Methods :

Cow’s skim milk (< (.05 ‘oer_ cent fat) was obtained from
the experimental dairy of the Institute. The average total solids
gTS) content varied from 8.6 to 88 per cent. Commercially
vallable ?ram flour, turmeric powder, salt and other spices

e T A L 25 ST P O o

ur wes U Vels.
go%vas _m||ﬁ Wes stan(?artﬁsed 1008 topi.o per cent ?at_ by
the addition of calcylated quantity of cow’s skimmed milk
The standardised milk was then heated to 72°C_for 5 min,

cQoled (32°C)Sand inoculated with 2-3 ger cent mixed culture
of . lactis, 5. thermophilus and S. cremoris. It was then

incubated a 30-32°C for 5-6 hr, The acidi%ofcurd (dahi)  liked and

at the end of fermentation varied from 09t L3 per cent Jactic
acid, The curd was then stirred in a mixer to get uniform
liquid. The gram flour at different levels mixed with equal

Lanti ?fvvater Was adlced to the sgrreﬁi dahi and (Y\BS m|xEd
thoroughly. Turmeric powder and salt were aaded. The
mixture Was then boiled for 20-25 min till the characteristic
flavour was developed. About 5 min before the end of bailing,
oil fried spices like mustard, cumin seeds, dried chilly powder
and chopped onions were added for better taste. Kadhi so

obtained wes used for sensory evaluation. =~

For the preparation of dried kadhi, the acidity during
fermentation was controlled at different levels. Gram flour
at 5 per cent level (wt/wt) was mixed with the dahi and wes
boiled for 10 min after the aadition of turmeri¢ powder and
salt, The boiling resulted in slight increase in the TS. Since,
during preliminary studies it was observed that the addition
of spices hefore drying resulted in dried kadhi with a bitter
taste, the same were not added before drying. This also
enabled the end user to use the required quantity of spices
at the time of kadhi reconstitution using the powder, The
slurry wes then cooled to about 60°C and'dried on a double
drun atmospheric drier, (Richmand Simon’s double drum
roller drier:” made in Engzland). The conditions of d mg
were; speed of rollers, 16=20 r.p.m.; steam pressure, 3.1-3
kg/sq cm:_length and diameter, 45 cm each; gap between
drums, 15 mm. -

Boiling water was used for recanstitution of the powder.
The reconstitution was done at 13 L4 and 15 levels of
powder to water. Calculated amount of power was slowly
added into the hot water with vigorous agitation and the
content was boiled for 3-5 min. The filling materials were
added at the time of boﬂmg as discussed earlier. The
reconstituted kadhi was used Tor sensprg evaluation, .

Kadhi was evaluated by a panel of judges using 9-point
Hedonic scale where a score 09 corresponded to éxtremel
iked and a score of 1 corresponded to extremelg disljked
Titratable acidity (TA) of dahi was measured by IS method?2
The pH of the sfurry was measured by Elico-digital pH meter,
The moisture contents of slurry dnd kachi” powder were
determined by drying in.an oven2at 100£2°C. Fat content
of the dried kachi was estimated by gravimetric method using
the. Mojonnier Fat-extraction toé. The fat in milk waS
estimated by Gerber method?, The total ash content of the
powder was determined by IS method3 Dried kadhi was
analysed for Its protein “content by the micro-kjeldahl

12
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method3using a multiplication factor of 6.25.

Results and Discussion _

During the preliminary studies, gram flour was added
at 5 10and 15 per cent |evels. It was observed that at all
the levels of addition, kadhi was very viscous except at 5 per
cent. Hence, In further investigations; 3,5and 7 per cent gram
flour was added to stangardize the preparation. The seriso
evaluation of the product made from these showed thét
addition of 7 per cent flour proguced a slightly viscous
groduct compared to other levels (ITabIe 1). However, 3 and

per cent levels were rated highly acceptable, The mean
overall acceptability score of 5 per"cent level of gram flour
Was superior to the 3 per cent and hence inall further studies,
gram tlour wes aaded at 5 per cent level.

Turmeric powder wes Used to give its t{pmal coloyr and
flavour to_kadhi. A level of 0.03 per cent was found most
suitable, The salt required varied from 0.5-10 per cent. How-
ever a level of 0.5
slurry as this ensured the end user to add additional salt
depending Upon thelr requirements, _

artially cooked slurry was fed on a double drum drier at
about 60°C. The compositional effect on drying of the slurry
IS presented in Table' 2 It was ohserved duri ? drying and
sensorX evaluation of the reconstituted, product that alevel
of 08-L.0 per cent acidity to be the optimum level from the
point of taste and convenience of drying. Further, it wes
observed that when the acidity of the fermiented product wes
gre_ater than 10 per cent, thén the product was very sticky

uring drying posing serious problem. The product Wwes also
observed” to”beconie brown and caky when the acidity
increased beP/ond 10 per cent level. .

During preparation of dried kadh, the_a_C|0|t¥' 0ets
concentrated nearly 6 times with the final acidity of dled
product reachm%,a_ out 5-6 Per cent lactic acig. ‘When the
aciclity of the dahi 1s greater than 10 per cent, the solubility
characteristics of the dehyclrated procuct are affected serjously
with mare precipitation”in the reconstituted Froduc_t. \When
the acidity of dahi wes lower than 0.8 per cent, the final taste
of the reconstituted kadhi was mild and inferior. However,

Table L Mean sensory score of kadhi prepared with

DIFFERENT LEVELS.OF ADDED GRAM FLOUR
Levels of gram flour (%) (wt/wt)

Characteristics 3 5 7
Body & texture 72 8 71
(55-90) (70-9.0) (60-9.0)
Flavour 70 79 81
(5.5-80) (70-9.0) (70-9.0)
Overall acceptability 77 80 14
(60-9.0) (70-9.0) (60-9.0)

Figures in parenthesis indicate the range.

per cent wes used for the preparation of

Table2. Effectofcompositional characteristicson
SLURRY DRYING
Characteristics ~ Leygls Remarks
Acidity <38 Product good: sourness s less after
reconstitution of kadhi.
0.8 to 10 Product good; Good powder with good flavour
and overall acceptability.
>1.0  Drying is problematic. Sometimes product
becomes brown and stlckm?.on_drum surface.
Final product after reconstitution is sour.
TS 134 Thin film and burning of powder was
observed. This can be controlled to some
extent by adjusting steam pressure. The
particle size was small and efficiency of drier
was reduced. TS losses, increased.
1518 Ideal for drying. Good particle size. Product
I good.
>18  Slurry is viscous; uneven distribution on the
drum surface. Incomplete drying and caking.
Fat <0.8  Sticking and burning on the surface.

>08  Good for drying, good flavour characteristics

in the reconstituted product.

The acidity and fat mentioned correspond to the base materials (dahi) used
for drying.

lower acidity levels did nat pose any drying problem. The
PrI(-)I rr?f z{hzle25|t%r 7under optimum conditions 0f drying varied
. It was observed (Table 2) that a TS level of 1518 per cent
in Slurry was optimum for‘drying. When the TS wes below
15 per cent, the kadhi powder was getting burnt. This could
be reduced by reducing the steam presstire but the particle
size of the final product was observed to be very fine resulting
In higher losses in recovery. When the TS of slurry was
bezpnd 18 per cent, it restlted in incomplete drying and
caking during the manufacture. Further increase in the Steam
pressire upfo 4.2 k?/sq cm did pot improve the drying
conditions, It was not passible with the drum drier uséd {0
Increase the steam pressure beyond this level. At this
concentration, the uniform distritution of the slurry on the
drums was another problem. Hence, a TS leve| 0f 1518
per cent in slur%vvas opserved to be the %pa%mum for drying,

A minimum fat level of 08 ger cent (Table 2% In the cal
Was observed to be essential for the preparation of kadhi in
cenydrated form. When the fat content was below 0.8 per cent,
it posed the problems of sticking and formation of dried film
on the surfaces of the drum. This level of fat almost
corresponds to the level of fat in butter milk which forms
a common hase material for the preparation of kaghi.
Increasing the fat level upto 5 per cent did hot pose any serious
problem during the manufacture of the, product. However,
only a minimtm level of fat was maintained for drying
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Table 3. Mean composition of kadhi powder

Constituents Per cent

Moisture 781 + 0881
Fat 138 + 194
Protein 3057 + 2013
Ash _ 8,66 + 0.625
Carbohyrates (by diff) 30.09 + 3581

Number of replicates was seven.

o?eratlon as the subsequent pregaratlon involved the addition
of fried oils, spices and vegetables. The effect of minimum
fat on avoiding the burning and sticking of the particles could
be due to the Tormation OF protective Tat surface around, the
casein/casein —protein complexes preventing the burning.
The %also contributed for thF F]mpm\aed flavalr charar%ing
tics. The mean composttion oTthe proauct IS given In Table
It was observed dunn? the studies that reconstitution of
Lpart of dried kadhi with 4 parts of boiled water resulted
in' reconstituted proauict with ?ood viscosity and overall
acceptability characteristics (Table 4). However, based on the
sensory. evaluation scores, It is suggested that the level of
reconstitution can vary depending”upon individual taste
requirements. After reconstitution, 1t was observed theﬁ It Was
essential o boil the reconstituted kadhi for 3-5 min to cevelop
the desired cooked flavour in the produict. Filler substances
also could be added before boiling, It wes observed that the
best scores were obtained for dehydrated product wath
dilutions varying from L4to L5, The sensory score of control

Table 4. Sensory score of reconstituted kadhi

Ratio of dilution; (Powder: water)
Characteristics 13 14 15

Body & texture 6.5 72 70 19
(b5- 75 65- - 85 (75- 90)
Flavour 1

1 7 76 80
(65- 85 (65- 90) (70- 90) (80- 90)

Overall 6.7 16 15 82
acceptability ~ (60- 80) (70- 85 (70- 90) (80- 90)

Figures in parenthesis indicate the range.

Control

kadhi was observed to be marglnaII){ superior to kachi
prepared with a reconstitution level of 1:4. The product wes
packed in LDPE hags and wes stored at ambient temperature
and was observed that under this condition it keeps 3qood for
nearly 3 months. There wes slight browning beyond 3 months
of storage. Flavour also detriorated slightly during this
period. Further studies relating to the etfect of different
packagm% materials and storage conditions on the shelf life
of the"product are in progress.
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Soy paneer was prepared from soy milk and soy milk-skim milk blends and evaluated for chemical and microbiological quality.
Skim milk addition to soy milk increased shear strength of the product and thus improved its texture. Use of soy milk - skim milk
(80:20) yielced soy paneer with total solids similar to milk paneer. The product had a short shelf life at ambient temperature; however
It could be extended to 7 days by storage at 5°C. The product was found acceptable on consumer preference trials.

Coagulation of say milk by acids or salts yields a soft, white
gelatinous mass. The prodiict thus obtained has bland taste
and unique hoay. It resembles milk paneer In appearance,
colour, and texture. Thus, it can Serve as an excellent
substitute for milk paneer and can also be a cheaper source
of quality proteins. Nasim et al. Ldeveloped a process for
preparing soy, P(aneer. They found that soy paneer on frying
resembléd milk paneer in" colour and sponginess and wes
highly acceptable. However, thWe%/_ observed that unfried so
Ranee_r had a fragile texture which posed problems in i
andling. Vijayalakshmi and_\[ajdehﬂpregared an acceptahle
paneer - like ‘oroduct by precipitating combination ofsoki milk
and skim milk. The present Investigation wes undertaken fo
Brepareso paneer from soy milk and soy milk - skim milk

lends and evaluate it for its chemical and microbiological
quality and acceptability.

Materials and Methods _
Soy cal obtained b;{ dehulling ary, mature soybeans g/anety
‘Brag({) was used inthis stuly:”Frésh skim milk was obtained
from Livestock Research Centre of the Unlver3|t¥.
Soy dal was soaked in tap water (1:3, wiw) for 1618 hr at
room temperature, The soak water was decanted and the cal
was washed with fresh water. It was then ground for 3-5 min
in a blender with_hot water (85-90°C) Sing hean to water
ratio of 19 (wiv). The resulting suspension wes filtered
through a doulble Tayer of cheese cloth. The so?/ milk thus
obtairied contained & grommately 6.0.per cent tofal soligs.
Soy paneer was prepared from soy milk alone and soy milk-
skini blends of 90:10)
the procedure described by Nasim et al.' Soy milk alone
and soy milk-skim milk blends were boiled for T0min, cooled
to 75°C and coagulated using appropriate amount of tartaric

acid (2 per cent solution). The coagulum thus obtained was

80:20, 70:30 and 60:40 ratigsas, per-

pressed using 01 kg/errf pressure, sliced into blocks of

apgropnate size and stored at 5°C. o
tandard procedures were used to determine moisture,

rotein ENX 25), ash and free fatty acid (FFA) contents’.

Jon-protein nitrogen wes determinedaccording to Bhatty and
F!nala)ésen method using 10 per cent trichloroacetic acid.
Titratable acidity wes detérmined in meg. acid/g as described
by Grover et al. For pH determinations, 109 sample wes
triturated with 10ml double glass distilled water and measure-
ments were made using digital pH meter,

Shear strength wes determined according to the procedure
described by Nasim et al.' using shear test apparatus
developed by Kulshreshtha et al.6 _

For microbial analyses, 1L samagle \wes withdrawn and
macerated In a pestlé and mortar aseptically. Appropriate
dilutions were prepared using 2 per cent sodium Cjtrate
solution. Total count and psychrotrophic count were geter-
mined using plate count agar (PCAa. PCA fortified with 10
Per_ cent steftlized skim milk was used for enumerating proteo-
ytic count. Violet red bile agar and acidified potato dextrose
dgar were used, to determine coliform and yeast and mold
counts, respectively. Duplicate plates weré prepared and
Incubated & temperatures for the time recommended
%enrgc%rg Public’ Health Association? for each group of

1SS,
he chemical and mjcrobiological changes. in soy paneer
obtained from soy milk - s?qng milk (88:20) ble>r/1 Were
studied &t 5°C and 22°C storage temperatures, .

Preliminary sensory evaluation trials showed that addition
of ?Igm milk dto %oy m|Ik|at a m_||rll|mum level of 20 per cent
Ieled a product resempling milk paneer in appearance an
extureﬂ cr?aractenstms. her%frgre, mi ka% m|u<gle_ng
0f 80:20 was used for consumer preference trials to determine
acceptability of the product. One hundred twenty samples

Research paper No. 6081 through the Experiment Station. G.B. Pant University of Agriculture and Technology, Pantnagar, UP.. India.
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of unfried soy paneer each weighing 200 g were distributed
among_the Campus community”at fandont. The consumers
were Qlirected to use the product ina manner similar to milk
paneer and record their preference on Hedonic scale rangmg
from 1t0 9, where 1 rePresented dislike extremely and
represented like extremely”,

Results ﬁnd Dlsgussmn _ _ o
dal used for preparation of soy milk contained gn
per centz) moisture 1005, protein 39.94, fat 18:3], ash 5.29
and carhohycrates (by difference) 2541 Nasim et al.
reported that soy paneer prepared b% using citric acid as
coagulant exhibited fragile texture. They also observed that
Use Of tartaric acid as coagulant yielded & product with higher
shear strength than citric acid or lactic acid. Hence, tarfaric
acid was used as coagulant to overcome the problem of weak
texture. Further, soy Tilk wes boiled for 10min as suggested
by Kulkami et al." to improve the texture. _
. Additign of skim milk to soy milk decreased yield but
increased total solids, protein content and shear strength o
soy paneer (Table Tl% Similar observations have also"heen
recorded earlier'. The increase in total solids and protein
upon addition of skim milk can be attributed to compactness
|m]garted {0 the produict by characteristic properties of casein.
able 2 shows the Erommate composition of soy paneer
prepared from soy milk alone and soy milk - skim nilk blend
(80.20). Paneer prepared from soy milk alone contained (Sm
per cent): moisture 74.85, protein 1663, fat 4.26. ash 0.37
and carbonydrates (by dl_fferencet)) 389, Similar values for
different soy paneer constituents abtained by acid coagulation
have been Teported earlierd Skim milk dddition enhanced
protein, ash and carbohydrate contents of the product. How-
ever, slight reduction In fat content of the product was
observed. Milk paneer/channa contains approximately 30
Ber cent tofal sofids. Use of soy milk - skim milk (3 :201
I?_nd yielded a product similar to regular paneer in tota
soligs.” . .
Tne biochemical changes during storage of soy paneer at
22°C and 5°C are shown In Table 3 The NPN content of
soy paneer increased during storage at both the storage
temperatures. However, the increase was more marked ‘at

Table 2. Proximate composition of paneer obtained
FROM SOY MILK ALONE AND SOYMILK - SKIM MILK BLEND?
Consi Paneer
onsfituent _ ,
) Soy ik Sy k-
skim milk blend
(80:20)
Moisture 7485 69.46
Protein 1663 2093
Fat 4.26 377
Ash 0.37 078
Carhohydrates (ty diff) 389 501

‘Average of three determinations.

22°C than at 5°C, The NPN content of fresh soy paneer was
1.38 per cent which increased to 2.77 per cent at 22°C after
2 days. In cortrast, the NPN content was 2,62 per cent after
7 daysat 5°C. Similar trend was observed with acid develop-
ment. Freshly prepared soy paneer contained 80x106 and

f 88x106 meqacialg at 22°C after 2 days and at 5°C after 2

days and at f°C dfter 4 days, respecnvelg. Corres ondm%
changes in pH of soy parjeer during st ra%e at both th
temperatures were observed, The FFA conterit of soy paneer
Increased dur ng storage at both the temperatures. However
theer Iggere%Sa? was marginal as soy paneer contained only 3.77
: The microb al chan%es during storage of soy paneer at 22°C
are_shown In Table 4. A marked mcrease In total count,
coliforms and proteol)‘m count was observed during storage
at_this temperature. In contrast, the increase in Gifferent
microbial counts was less marked at 5°C stora?e FI%. 1)
Yeasts and me'lds were not detected in freshly prepared so
Baneer. However, they appeared after 2 days of storade af 22°
ut were not detected even after 7 cdys at 5°C. Grover
etal. also did not record the presence of yeasts and molds
in freshly prepared soybean curd. However, they detected
them after 1day at 30°C and after 3 d%ys at 5°C storage.
Storage stuciés were conducted upto 2 days at 22°C and
upto 7 days at 5°C as the produict became unaceptable there-
after. The 'Srﬁol asge was characterized by development of off-
flavour. sliminess and discolouration. These obServations are

Table 1 Effect of skim milk addition on yield, total solids, protein and shear strength of soy paneerl

W il Soy paneer
s%<|¥n milk blend Yieldg Total Protein Shear stren?th
4 solids (%) (%) (dynesiem2x104f

Control 166 515 1663 1834

90:10 18 26.70 1897 2.69

80:20 13 3054 20.98 35
70:30 i) 33.00 22.32 419
60:40 K 35.68 24.54 449

Average of three determinations.. *Per litre of soy milk alone and soy milk-skim milk blend.
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Storage Table 3. Biochemical changes during storage of soy paneer at 22°C and s°'
(days? Non-protein N* Acidity (meq acid/gxIO4) PH Free fatty acids*
22°C 5°C 22°C 5C 22°C 5C 22 5
0 13 13 80 80 735 5.3 0.14 0.14
1 174 14 86 80 528 5.3 0.18 014
2 2.1 163 88 83 515 530 0.26 0.14
3 174 87 528 0.16
4 18 87 523 017
5 1% 97 518 017
6 231 97 518 019
I 2.62 i 513 0.23
AveraPe of three determinations-; Soy paneer prepared from soy milk-skim milk blend (80:20) was used.*Non-protein nitrogen was determined as %
of total” nitrogen., +Free fatty acids were determined as % of oleic acid.
Table 4. Microbial changes in soy paneer during storage at 22°c.
Storage Total count/g Coliforms/g Proteolytic Yeasts? and
(day? coun&g mold/g
0 12 x 1o x 18 210 x 103 ND
1 6.9 x 15 440 x 100 485 x 104 ND
2 3% x 108 125 x 106 102 x 106 385 x 18
ND = Not detected
U texture. However, apProxi mately 4 per cent of the consumers
experienced beany flavour when the produict was consuimed
as_paneer. e . :
7 o coont The results of this investigation show that addition of skim
/ milk to soy milk improved the texture of soy paneer. The fresh
5 P product has a short shelf-life at ambient temperature. How-
cavrerereever. its shelf-life could be extended up to 7 days by storage
at ?C. The_ product was found acceptable on consumer
preterence trials.
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In agreement with earlier reports'0. \Wu and Salunkhel
found that so¥oean curd remained acgeptable uPto 7 days at
45°C. Therefore, they suggested microwave treatment to
enhance shelf-life of Soybean curd.
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Buffalo milk with C/F ratio 0.70 was used to manufacture Cheddar cheese using Modilase without and with L. casei. L. casei
was added at 0.5 per cent to buffalo milk along with starter culture. The Cheddar cheese ripened at 8+ I°C, 15°C for 3 weeks,
15°C for 6 weeks, 20°C for 3 weeks, and 20°C for 6 weeks then transferred to 8+1°C for further ripening were analysed for its
sensory characteristic and bio-chemical changes. L. casei treated cheese samples rifened at 15°C for 6 weeks and 20°C for 6 weeks
then transferred to 8°C showed characterstic cheesy flavour after four months of r pening in comparison to cheese samples made
without L. casei produced cheesy flavour after 6 months of ripening at 8°C. Characteristic cheesy flavour was found to be related

to glycolysis, proteolysis and lipolysis during ripening.

The accelerated n;%enmg Is of great economic, importance
to cheese industry. The extended ripening period involves

Increased cost dué to storage and considerable loss in weight
due to greater evaporation of moisture. It is known that buffalo
cheese takes more time for ripening comﬁared to cow’s milk
cheesel This delayed ripening and lack of full flavour in
buffalo milk cheese appears to be due to marked qualitative

and 0|uant|tat|ve differences among the major constituents of
buffalo and cow’s milk. Enzyme preparations obtained from

different molds have heen réported to acceletate the ripening

process without deteriorating the quality of cheese °

L. casei has been shown to be |mFI|_cated In cheddar flavour
developmentd" due to its Proteo ytic and lipolytic_activi-
ties6 . This study was therefore, undertaken to investigate in
depth the possibility of accelerating the ripening process and

provicee a positive control over flavour development in buffalo
cheddar cheese using L. casei and mould enzyme in
combination with ripéning temperatures.

Materials and Methods _ _ ,
Buffalo milk obtained from Experimental Dairy, National
Dairy Research, Institute, Karnal, India was used in this
Investigation. Mother culture of L.F.-40 and Lactobacillus
casei_Were obtained from Dairy Bacteriology Division
N.D.R.I., Karnal, India. Bulk starter culture s prepared
using buffalo skim milk. The skim milk was autoclaved in
conical flask at 1 psi. for 15 min and cooled to 22
and 37.5°C. The activated mother culture of LF.-40 and

L. casei-300 were inoculated aseptically and flasks were
18

incubated at 22 and 37.5°C respectively for 14-15 hr. The bulk
culture flasks were chilled and transférred to cold storage at
4°C till addition to the milk. o
Modilase produced from M ucor mienei in liquid form was
obtained from Christen Hansen’s Laboratory Inc, Denmark.
The standardized buffalo milk éC/F ratio-0.70) was
pasteurized at 53°C for 30 min, cooled to 28°C and then salt
Wwas added at one per cent. After 15min, active starter culture
of LF-40 and L casei — 300 were added to milk at 2 and
0.5 per cent, respectively. Required amount of Modilase after
dilution was aeded in order to set the milk in 50-55 min. The
curd was cut, scalded, cheddared, milled, salted, hooped and
pressed overnight, The cheese blocks were transferred to cold
stora%e and 8oarafflned after 2 days. These cheese blogks were
ripened at 8 15 and 15°C for 3 weeks, then transferred to
8°C. 15°C for 6 weeks, then transferred to 8°C: 20°C for
3 weeks then transferred to 8°C and 20°C for 6 weeks then
transferred to 8°C. Samples of cheese were drawn at an
interval of 2 months and evaluated for sensory characteristics
and biochemical changes during ripening. Each treatment was
repeated 3 times. ,
The cheese samples were evaluated for sensory quality
attributes like flavour, body and texture and colour by a
selected panel of 1udges using cheddar cheese score cardat
2 months interval upto 10 months. _
Cheddar cheese samples were analysed for chemical
analysis at an interval of 2 months upto "10 months. The fat
in milk was determined by Gerber methoddand in cheese by
Mojonnier methodX) The pH of the cheese was measured by
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using Digital pH meter (Elico Pvt. Ltd. Hyderabad). Titra-
table acidity was determined by the AO.AC. method™. The

soluble protein and total free fatty acids were estimated

by the method recommended by Kosikowaski2 and
ama Murthy and Narayanan?

Results and Discussion

Higher ripening temperatures have been reported to
accelerate flavour development in cheeseX4b It is apparent
from Table 1 that cheese samples ripened at |%her
temgeratures (15°C for 3 weeks then transferred to 8°C, I5°C
for 6 weeks then transferred to 8°C, 15°C; 20°C for 3 weeks
then tranferred to 8°C and 20°C for 6 weeks then transferred
to 8°C) showed normal flavour development after 4 months
of ripening. Modilase cheese sample ripened at 15°C for 3
weeks then transferred to 8°C resulted in the best quality
Product. Cheese samples ripened at 15°C for 3 weeks then
ransferred to 8°C resulted in the best tﬁah? product. Cheese
samﬁ)les ripened at 15°C for 3 weeks then fransferred to 8°C
resulted in'the best guallg Product. Cheese samples ngened
completely at 1and 20°C for 3and 6 weeks then transferred
to 8°C, though the flavour development was slightly faster

in the beginning, but it tended to develop off-flavours

articularly proteolytic type. Moreover, higher temperattures
ended to result in relatively drier products making the body
comparatively hard. =~ . N
_ Supplemenitation of milk with L. casei showed definite
improvement in flavour in comparison to cheese made from
Modilase alone (Table 1). The main criteria for this belief
has been concurrent appearance of flavours and lactobacill
in cheese after 2-3 months of ripeningd The. positive
contribution of L. casei to cheese flavour formation in buffalo
cheese may be dug to its relatively higher 8roteolyt|c and
lipolytic activitiese’$ The maximum score(4 f)]was Obtained
in case of cheese ripened at 15°C for 3 weeks then transferred
at 8°C after 6 months, _

The body and texture of cheese ripened at all the
temperatures were normal after 4 months, Addition of L. casel
resulted in improvement of body and texture. Another notable
feature was the comglete disappearance of white %_ranulatlon
in cheese made with Modilase and L. casei. This textural
clefect was a persistent problem after 4 to 6 months of npenmg
in both cow and huffalo cheese made with calf rennet an
regular starter culture. The colour of cheeses stored a

Table i. effect of modilase and 1. casei On sensory characteristics of cheddar cheese

AT DIFFERENT RIPENING TEMPERATURES

Temp Flavour at indicated ripening period (months) Body and texture at indicated ripening period (months)
(0 2 4 b 8 0 2 4 b 8 0
Modilase
8 5 3% 3 % % 5 2 265 (2:7 2
r
b 5 % 3 3 3% 25 2 2 2 25
Un Pr Pr
153 & 35 315 R 3 25 2 2 2 25
Ba Ba Pr
156 5 % 37 3 365 5 2 2 2 25
Ye Pr Pr Gr Gr
20:3 > 35 g;.S Rl %7 5 2 2 265 255
r
20:6 5 %5 315 3 % 5 2 2 2 24
Modilase L. casei
8 R 3 3 3 3% 5 I%/?e 265 2 2
b k3 3 3 315 R 25 2 265 /| 2
153 5 % %9a Zé% % 25 2 215 215 2
156 5 R %E? 3 Rl 25 2 2 215 2
20:3 k' 3 3 35 3 25 |\2/|7e 215 2 28
20:6 % 3 3 kY 3% 5 2 265 2 25

Ba—Balanced: Pr--Proteolytic: Ye—Yeasty: Cr—Crumbly: Gr—Granules: Me—Mealy: Un--Unclean.
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different ripening temperatures was almost similar in all the

Cases.

With respect to biochemical changes, it was observed that
Prope_r level of glycolysis, proteolysis and lipolysis was key
0 satisfactory flavour development. Fig 1and2 show that
titrable acidity of cheese made with Modilase and L. casei
was higher thian cheese made only with Modiilase. The rate
of increase in titrable acidity was_hlﬁ;hest and lowest in cheese
ripened at 15 and 8°C respectively. However, the former
showed relatively faster increase after 6 months of storage
(Fig.2). Modilase cheese sample followed the same pattern
but'at slower rate (Fig 12. The titrable acidity in cheese made
from Modilase ranged from (.62 to 1.34 per cent during 10
months of ripenin (Flfq 1). This compares well with Cow
cheese after 6 months of storage (0.70 to 116 per cent)TZ Our
findings are not fully in agreement with others that increase
In titratable acidity In buffalo chedddar cheese is compara-
tively slowerlH® Modilase and L. casei both increased the
titrafable acidity in cheese markedly. This could be attributed
to synergistic effect of Modilase and L. casei at higher
ripening temperatures, _

The change in PH of cheese samples made from Modilase
with and withou

tﬂ-

10

L casei followed more or less the same

1.10
100
690

0.90

0.70

TITRATABLE ACIDITY(%% LA)

060}

0.501-

| 1 i |
0405 2 4 6 8

RIP ENING PERIOD (MONTHS)

Figl. Effect of ripening_temperat_ures on titratable acidity in cheddar cheese
made from Mofilase during ripening.

0 08+rC: » o 15°C. 3 weeks;
r—_ r]15°C 6 weeks; NEC
X~ X 20°C, 3 weeks; - 20°C. 6 weeks.

patttern upto four months of ripening (Table 2). Modilase
cheese sample showed sharp increase in pH values after 4
months of npenl_n% In comparison_ to cheese sample mage
from Modilase with /... casel. The final pH ranged trom 5.60
to 5.70, the highest being in case of cheese ripened at 15°C
for 6 weeks then transferred to 8°C. This may mean that all
the beneficial factors lead to a favourable level of lactic acid
fermentation dunng_4 months which provides a suitable back-
Prmind_ f%EO other biochemical changes like proteolysis and
Ipolysis.

pIn%/rease In soluble ni_trogen was higher in cheese samples
made from Modilase with L casei in comParlson to without
L. casei at all ripening temperatures (Table 3). It is apparent
that cheese samples showed steep increase in Soluble protein
during first 2 months, followed by decreased rate of increase
upto the end of storage. The sample stored at 20°C for 6
weeks then transferred'to 8°C showed a tendency of levelling-
off after 6 months of storage. The, cheeesé made from
Modilase with and without L. casel, ripened at 15°C further
increased soluble protein (8.27 and 7.69 per cent). Qur results
are in agreement with those of Kosikowski and Iwasaki'Lthat
Increase in soluble protein was proportional to that of enzyme
(2.6 ¢/200 g curd) added to curd and soluble protein further

1.40r
1.30

mT-

110~

1.00-

050

0.80

070

TITRATABLE ACIDITY (%LA)

0.601~

050}

0. | 1 | ]
4 00 2 [ 6 9

RIPENING PERIOD (MONTHS)
Fig.2. Effect of ripening temperatures on titratable acidity in cheddar cheese

made from Modilase with 1. casei Quring ripening.
Legend as in Fig|.
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Table 2. Effect of ripening temperatures on pHof cheddar cheese made from modilase
V{;ITHOUT AND WITH L caser.
Ripening pH of Modilase addec cheese at indicated ripening period pH of Modilase, + 1. casej added cheese at
e Period (months) indicated ripening period (months)
co  (weeks) 0 2 4 6 8 0 2 4 6 8
8 RY) 55 522 518 5371 590 520 5.2 515 533 552
b 3 515 522 515 542 44 520 5.29 5l 538 543
b 6 515 530 522 545 560 520 530 522 53 543
b RY) 55 5.25 515 545 555 520 532 5.25 53 53
20 3 6.15 521 55 47 540 520 5.20 5.25 543 550
2 6 555 521 520 542 47 520 529 520 53 542

All the cheese blocks were subsequently ripened at 8+ I°C.

Table 3. Effect of ripening temperatures on soulble protein of cheddar cheese made from modilase
WITHOUT AND WITH L. casel

Ripening Soluble protein of Modilase added cheese at
emp  Period indicated ripening period (months)
(° f (Weeks) 0 2 4 6
8 R 13 310 489 547
b 3 13 32 yil 6.2
b 6 123 348 b4l 6.3
b 2 13 412 5,66 6.54
20 3 123 391 5.3 647
20 6 123 32 540 584
All the cheese blocks were subsequently ripened at 8+ 1°C

Soluble protein of Modilase + v, casei added cheese at
indicated ripening period (months)

8 0 2 4 6 8
6.32 1% 429 566 645 11
6.58 132 446 ofl 6.99 13
6.72 132 467 6.2 6.0 14
169 132 5.23 087 192 82
6.46 132 458 Y0 6.19 13
536 13 474 6.04 136 15

Tabled. Effectof ripening temperatures on free fatty acids (p M) of cheddar cheese made from modilase

WITHOUT AND WITH L.caser.

Ripening FF.A. of Modilase added cheese at indicated ripening FFA of Modilase + L. casei added cheese at indicated
temp  Period period (months) ripening period (months)

co  (eeks) 0 2 4 6 8 0 2 4 6 8
8 2 351 953 1567 1918 245 351 VA 1646 1975 2205
B 3 35l 9.96 1666 1939 2202 351 1258 1638 2017 22.26
b 6 351 1269 5% 1914 22.55 351 Y WA 1960 2.2
P98 B BB G R 2o oA
20 6 351 1% B up B 3 B N8 2% 0%

Al the cheese blocks were subsequently ripened at 8+ 1°C.

increased from 5.70 to 9.40 per cent at higher ripening
temperature (20 and 32°C).

e initial values of F.F.A. in cheese samples made from
Modilase with and without L. casei were the same ﬁ.S ft Mfg
fat) whereas final values were 22,05 and 21.45 1t M/q fat,
respectively at 8°C (Table 43. The cheese made Trom
Modilase with L. casel showed relatively faster increasin
trend at different nEenmg temperatures.” The cheese made
from Modilase with L. casei and ripened at 20°C for 6 weeks
then transferred to 8°C showed highest value (29.36 ft Mg
fat). The use of L. casei had a definite stimulatory effect of
FF.A. formation. Qur results are in agreement with those
of Kosikowski and Iwasaki2, who showed that volatiles

FFA. increased at hiqhe_r rinening temperatures. Nakae
eta Iref)orted that volatile F.F.A Tesults from the action
of intracellular lipases produced by lactobacilli.
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Effect of Chilled Seawater Storage of W hite Sardine (Kowalacoval)on

Its Canned

Product Q uality
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The keeping quality of canned white sardine (Kowala coval) can be improved by preserving the fish immediately after catch in
chilled seawater before canning. Delayed icing caused considerable deterioration in quality and reduced the storage life of canned
product. It was found that fish subjected to delayed icing became unacceptable after six days and those treated with immediate
icing and chilled seawater were acceptable upto nine and eleven days respectively for canning.

Freshness has significant influence on the shelf-life of
canned fish. The quality of the raw material as well as proper
fish handling methods are of prime importance in getting
standard canned products_ of satlsfacto% keeping quallt%/.
Chilled seawater preservation of fresh fish has proved to be
useful in retaining the freshness of pelagic fishes'. Some
studies have been conducted on the effect of chilling in relation
to quality of fish and their suitahility for canning with respect
to more important tropical marine SReu_es of India'4. The
present work was carried out to find the difference in quality
and shelf-life of canned white sardine preserved in chilled
seawater and in ice prior to canning. The effect of delayed
icing was also studied.

Materials and Methods L
Fresh white sardines obtained from a commercial fIShIn%
boat were divided into 3 lots. One lot was kept at ambien
temperature (28 £ 2°C) for about six hours and then mixed
with crushed”ice in the ratio L1 (sample DI). The second
lot of fish was directly mixed with ice in the ratio L1 (sample
I1), The third lot of fresh fish was immediately cooled in
chilled seawater, with fish : ice : water ratio of 9:3:1 and
agitated manually at intervals until the temperature
equilibrium was attained and then held in the same medium
(sample CSW). All the samples were stored in a chill room
at 010 2°C until found unacce#)table for canning purpose.
Fish were taken at intervals of two or three days from each
of the three samples and canned as ‘natural pack’ (WSN) and
il pack’ (WS usmg refined groundnut oil for the latter
following the procedure standardised by Jeyasekaranb.
Moisture, crude protein, fat and ash of frésh raw material

were determined by AOAC methods6. Canned products
prepared from :he three samples were examined for general
quality by can opening tests and for proximate composition
and salt content by chemical analysesb. Or?anole tic tests on
canned products were conducted by a panel of 8 to 10judges
of fish processing faculty for evaluating sensory attribites on
a numerical scoring system (9-10:excellent; 7-8:good; 5-6:
acceptable; 3-4:poor and 1-2: veery poor). The average scores
were expressed as out of a possible maximum of 10

Results and Discussion _ _
~The proximate composition (per cent) of the white sardine
fish such as moisture, protein, fat and ash was observed to
be 74.49, 2319, 0.73 and 1.36, respectively. Only those cut-
out characteristics of canned products which are most likel
to be affected by fish handling methods are presented in Table
1 The drained weight of solids in canned fish mainly depends
on the loss of moisture from fish during heat treatment. Joshi
and Saralaya? have shown in the case of oil sardines that
fresh and fatty fish lose moisture to lesser extent than stale
and lean fish,"for the same pack weight, when heated in the
cans. Therefore, lower drained weights may be expected in
staler fish when used for canning. The othér two important
characteristics of canned products are turbidity of liquid and
adhesion to can which are known to be related to fish quality
and consequently on the handling method adopted. In the
Present study also, the turbidity and adhesion were present
0 a Qreater de?ree I products using fish subjected to DI
method than to [1 or CSW method. The effect is more clearly
seen in the ‘natural pack’ products than in the il packs,
because in the latter, the cook drip is removed by precooking

Present address:  *Dept. of Fishery Technology, Fisheries College, Tuticorin - 628 008.

**To whom all correspondence should be addressed.
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Table L Selected cut-out characteristics of canned white sardines subjected to different handling methods

Fish holding Drained wt of solids (% net wt) Exudate in liquid (% total liquid)

period Product

(days) code DI 0 CSW DI n CSw

0 WSN 122 722 722 NAP NAP NAP

WS3 68.2 68.2 68.2 238 238 238

2 WSN 703 69.2 69.9 NAP NAP NAP

WS3 69.0 69.7 101 24.2 202 20

4 WSN 68.5 69.1 126 NAP NAP NAP

WS3 66.0 65.4 67.8 A4 24 28

6 WSN 65.5 68.9 67.3 NAP NAP NAP

WS3 63.3 66.4 66.7 167 243 188

9 WSN DIS 67.1 67.7 NAP NAP NAP

WS3 63.6 65.4 DIS 23 163

il WSN DIS DIS 68.7 NAP NAP NAP

WS3 64.4 DIS DIS 51

WSN = white sardine canned ‘natural; WS3 = white sardine in refined groundnut oil; NAP = Not applicable; DIS = Discontinued; All values are

averages of three observations.

DI = Delayed icing; II; Directly mixed with ice; CSW : Chilled sea water.

before filling with oil, thus removing most of the fractions
leading to turbidity and achesion. _ _
The difference between the influence of the fish handling
methods on the quality of canned products are clearlg seen
from the combined sensory scores presented in Table 2. The
combined scores (takln% Into consideration of all attributes
but ne?Iectlng the age of the canned products) are above 5.5
for natural packs of fish prepared from DI sample held for
4 days, B sample for 6 days and CSW sample for 9 days. In
the case of oil packed product, the score remained above 6,
even when the fish used were of marginal quality, that is, 6,
9 and 1 days in DI, Il and CSW methods respectively.
_The proximate compositions of canned products made from
fish samples did not show any definite trend except higher
salt content in products made of staler fish (Table 3). The
absorption of salt is more in natural packs than in oil packs.
Higher fat content in oil packed fish is naturally due to

absorption of the filling medium. _
Gradual lowering of quality in long term storage is due to
deterioratign of orqanoleptlc attributes such as weakening of
texture, fading of colour, loss of odour and flavour. This aspect
has been studied in detail by Cecil and Woodrof* in the
case of several classes of canned foods. In the present
experiment, the canned fish in natural pack FWSN) and oil
pack (WS3) retained their quality very well for the first six
months of storage, when the Tfish used were of prime
freshness, However, when the fish packed were of poor
quality, the canned products deteriorated at a quicker rate
especially in natural packs. The marginal quality fish canned
as ‘natural’ scored poorly in sensory evaluation tests after
a period of one or two months and the combined quality
scores fell below the acceptability limit of 5.0, in several cases,
as_can be seen from the results presented in Table 4. It is
evident that such fish of marginal quality cannot be used for

Table 2. Influence of fish handling methods on sensory scores of canned white sardines
Combined sensory scores reduced to maximum 10

Holdin DI I Csw
erio
(G WSN WS3 WN WS3 WSN
0 707 756 707 756 707
2 6.4 719 il 6.05 669
4 637 12 611 68l 600
6 502 661 56 689 565
g DIS DIS DIS 6.26 557
i DIS DIS DIS DIS 502

Values are combined scores of all attributes neglecting storage period of cans (average of 4 cans each); DIS = Discontinued.

DI, I, CSW are as in Table 1

WS3

1.6
701
6.74
6.47
6.43
6.08
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Table 3. Chemical characteristics* of canned white sardines (natural packs, wsn) prepared from fish

HANDLED DIFFERENTLY
_ di n csw
Hodn Mois- P Mois  Pro Mois-  Pro
erio - -
IC()days) e tein L A Sl ture  tein L AN St ture  tein L A Sl
0 7214 266 0% 363 18 724 266 0% 362 18 7214 266 0% 362 16
2 4% 246 086 37 22 7408 254 090 336 203 TR 260 108 310 208
4 3% 2% 02 36/ 216 BN 268 097 3% 23 1P 263 10 38 206
6 7410 212 099 38 300 850 270 10 350 260 1% 278 09 44 2%
9 .— Discontinued - > 38 220 12 368 302 78 23 16 45 326
il — Discontinued - > oo Discontinuerl  —----> 7269 2229 106 3% 38
*A1 values are expressed as per cent of canned fish on wet weight basis;
DI, 11, CSW are as in Table 1
Table 4. Influence of fish handling methods on storage stability of canned white sardines
Combined sensory scores for all attributes reduced and expressed out of maximum 10
I' Holdin WN at indicated storage WS3 at indicated storage period
e Ty o 1 3 6 0 1 3 6
DI 0 174 1.24 6.82 6.56 810 0 1.4 710
2 700 6.68 5.9 6.2 08 102 6.70 1.2
4 6.80 6.52 6.62 562 142 112 14 0
6 562 568 566 4.94 6.44 6.50 1700 6.54
n 0 174 1.4 682 6.56 810 0 1.24 710
2 6.74 6.60 5% 6.3 128 04 6.70 6.70
4 6.40 6.00 6.03 580 5% 6.20 160 6.44
6 6.52 566 6.08 5,60 710 6.60 1.24 6.50
9 594 540 512 552 520 6.06 6.06 6.78
csw 0 174 1.24 6.82 6.56 810 110 1.4 110
2 6.92 148 h& 6.52 .34 144 1.20 112
4 6.66 540 590 5% AV 6.32 6.72 6.80
6 6.2 518 560 562 6.84 53 146 6.26
9 6.2 hH4 512 566 b4 6.16 6.3 6.90
1 6.08 4.46 4.44 484 6.52 558 5% 6.48

Symbols are the same as in previous Tables
DI, n, CSW are as in Table 1

canning as natural packs whatever ma?/ be the method of fish
handling. The results show that DI, Tl, and CSW fish may
be acceptable for producing natural packs onl%/ upto4, 6 and
9 days of holding, respectively. However, the oil packed
Products_g_rqved t0 be better throughout the study period and
hus exhibiting greater storage S.'[abl|l_tk/. _

In the case of 0il packed sardines, it may be noticed that
there was some improvement in quality scores durln? the
initial couple of months, This is due to the mixing up of fish
flavour with that of the filling medium (vegetable_on[)) during
the initial storage period, generally known as ‘ripening’ or
‘maturing’ of the can contents, a féature common to several
similar canned foods. The overall superiority of oil packs over
natural packs may be attributed mainly to the removal of most
of the componerits responsible for off-flavour from the fish

during precookin(t; and to some extent due to the masking
effect of the vegetable oil.
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Flow behaviour properties of rice bran protein concentrate dispersions were studied at three levels of pH (&0, 9.0 and 105) and
different proteins concentration (4-24 percent). An increase in the protein concentration and pH of the dispersion increased deviation
from Newtonian behaviour. Flow behaviour index of protein dispersion was not appreciably reduced with increase in protein
concentration and pH. However, the consistency index increased with protein concentration and pH. The yield value of fuU-fat
rice bran protein concentrate dispersion increased as protein concentration and pH increased, while change in pH had hardly any
effect on yield value of defatted rice bran protein concentrate. Dispersions of 4-10% protein concentration showed mixed type flow

properties i.e., dialatent and pseudoplastic.

The knowledge of the flow properties and viscosity of
Proteln dlsBersmns are of practical significance in relation
0 the number of purposes, such as quality control under-
standing the structure2, process en%lneerln application3
and correlation with sensory evaluation of food. Viscosity
changes can be used to evaluate the thickening power of
Broteln, a progerty of practical interest in fluid foods, soups
everages, batters, etc. _ _

The power law model with or without a yield stress
(Equations L and 2 ) has been employed extensively to
describe the flow behaviour of viscous fodds over wide range
of shear ratesds

Where, T is shear stress (dynesicmd, Y, the shear rate
(s "), K, the consistency index (dynes sricmd, n, the flow
behaviour index. If the Value of n<I, the flow behaviour is
known as pseudoplastic, similarly for Newtonian behaviour
when n=1_then the consistency index, K is replaced by {P)
the viscosity. If the behaviour is non-Binghan plastic, the
modification of the equation (1) includes another parameter,
T0, the yield stress (Equation 2). The Casson model6
(Equation 3) has been used for foods, particularly for
estimating the yield stress:

The magnitude of K2 has been used as the yield stress by

a number of workers7 0 A number of stuclies have been
published on the effect of various factors, 1.e., solubility,

21

concentration, pH, salt, lipid, starch and temperature on
rheology, viscosity and flow properties of soy protein, whey
protein, groundnut protein and sunflower profein concentraté/
Isolate™ 12 However, literature on flow behaviour properties
of rice bran protein concentrate is fragmentary. Bera and
MukherjeeB reported that rice bran protein “concentrate
could bé used in the preparation of protein enriched food
products. The present investigations were undertaken to make
a systematic study on flow behaviour properties of rice bran
Protem concentrates with the foIIowm%objectlves (1) to stuay
he effect of pH and protein concentration on flow behaviour
properties of full-fat and defatted rice bran protein concentrate
dispersions; (ii) to characterise type of fluid (dlispersion) based
on flow properties.

Materials and Methods _

Rice bran protein concentrate i.e. full fat (FFB-PC) and
defatted (DFB-PC) samples were prepared by following the
methods described by Bera and Mukheijée Rice Dran
Proteln concentrates were reported to be mare soluble above
he neutral %HB Hence, the protein dispersion of both FFB-
PC and DFB-PC samples were adjusted to three levels of PH
(8.0, 9.0 and 105). The CFH of the dispersion was adjusted
with IN NaOH." The dispersion of samples at different
concentrations (4-24 per cent) were made (weight/volume
hasis) b{ addlng the sample to water with stirring at room
temperature (22°C) The viscosity measurement of 25 ml
dispersion was made in a Rheotést-2 (VEBMLW) coaxial
narrow ?ap viscometer usm? SI cylinder at an increasing
shear rate. A holding time of one minute at each shear rate
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was maintained to get an equivalent run for all systems under
Investigation. After one min, steady dial readifg was noted
aggl _thed flow curve of shear stress versus shear rate was
obtained.

Results and Discussion o
‘The flow curve of FFB-PC and DFB-PC dispersions in
distilled water (pH 9.0) at various protein concentrations (4-24
per cent) is shown in FI% Land 2, The data necessary to
characterise the flow behaviour of protein dispersions by
power law equation iE_qu_atlon 2) at various concentrations
and pH are mean of triplicate and presented in the Table L
It is seen that with increasing concentration, there was

5007

300

Shear stress, dyney/cn?

l2‘0 360
Shear rate, S”'

Fig.L Flow curves of full-fat rice bran protein concentrate in
various protein concentrations at pH 90.

1200

3000

Shear Stress, dynes/cm?

30

240

120

360

Shear prate, s7!

Fig.2.  Flow curves of defatted rice bran protein concentrate in
various protein concentrations at pH 90.

increasing deviation from Newtonian behaviour 1.¢., protein
dispersion showed non-Newtonian behaviour (K>0 and
n<1). DFB-PC sample (10 per cent} and FFB-PC sample (16
per cent) concentration had yield value (Table 1). The Casson
plot gave gocd Imeanty_% 19.3), and when ~ values were
used In the double logarithmic ﬁlot_, very %ood linearity wes
obtained (Fig.4). The flow behaviour index _gn) of protein
dispersions was not appreciably reduced with increasin

protein concentration. However; the consistency index gK?
Increased win protein concentration. The values of ‘K™ of
FFB-PC were less compared to those for DFB-PC samples.
Highest consistency index value of 2.6 dynesicm? was
obtained at 24 per cent dispersion of FFB-PC sample, where-
as DFB-PC sample gave consistency index of 10 dg/nes.
fcm\ Similarly, maximum yield "value (T0) of 56.25
dynes/cm' was observed at 24 percent dispersion of DFB-

C sample, while DFB-PC sample gave a value of (T0)
529.0 dynes/rrf (Table 1& o ,

The FFB-PC and DFB-PC dispersions of different concen-
trations at pH 9.0 had flow behaviour index (ng_ in between
0.5 and 0.6 which is characteristic of pseudoplastic materials.

. The effect of pH on power law constants of dispersions of
rice bran protein concentrate is presented in Table 2. It is
seen that at 10 percent concentration yield stress values were
not present over the pH ran?e of 8.0-9.0 hut yield stress was
observed at pH 105 even at 10 percent dispersion of DFB-
PC sample. However, for dispersion of 20 per cent, yield
stress values were Present, which increased markedly as the
pH increased (Table 2). It was observed that the yield values
of FFB-PC sample increased, while chan?e in pH had hardly
an¥appre0|abee_ffect, on yield_ stress of DFB-PC sample.

he apparent viscosity at various shear rates for different
FFB-PC and EFB-PC dispersions were calculated and it has
been observed that this property is highly concentration and
PH dependent. At a fixed shedr rate of 13120 S-1, pH 90
and 24 per cert dispersion of DFB-PC showed an apparent
G %:2;} o

T a8 16%

oo H%
-+—4 20%

FFB-PC
6sf-

Sst

Fig.3. Casson's plot for various protein concentrations at pH 9.0.
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Table 1. Effectofrice bran protein concentrate atdifferent concentrations on power law constant at pHo.0

Cone. Full fat rice bran protein cone.
on wiv
(%) T, k n
4 - 0.28 061
6 - 0.64 0.555
8 — 0.70 0.607
16 - 110 0.59%4
24 56.25 260 0.602
1000 ¢
(A)

T-To dynes/cm?

0. :

1000

10 loo

Defatted rice bran protein cone.

To k n
- 12 0.50
g b0
512]988 4.0 0.54
i (B)

i
! o loo

Sheabt prate !

Fig.4. Double logarithmic plot of T-T, and Shear rate for dispersions of (A) defatted and (B) full-fat rice bran protein concentrate at various

concentrations (pH 9.0).

TABLE 2.
Sample  Concn. pH 80
1 k N To
FFB-PC 0 - 0.33 0.660 -
2 40.96 160 0.533 49,00
DFB-PC 10 - 240 0.520 -
20 3065 9.90 0.580 324.00

viscosity of 34 cp while the DFB-PC dispersion showed an
aBparent viscosity 250 ¢p E)H%SF}. The apparent viscosity of
2 ger cent FFB-PC and DFB-PC dispersions at pH levels
of 80 to 105 were enormously high compared to 100
per cent dispersions. The hlgh apparent viscosity at pH 9.0
may be due to aggregation and increased hydration of protein,
while the increase at pH 105 may be Caused by protein
unfolding and dissociation into subunits and interaction.

_ The yield stress of food materials plays an important role
intheirflow characteristics. It is a desired property of hydro-
colloids, and has a bearing on their sensory property (mouth

Effect OF pH ON power law constant of dispersions of rice bran protein concentrate

pH 90 pH 100
k n To k n
0.76 061t 3.24 13 0511
2.50 0.697 56.25 1350 0.594
310 0.500 160 310 0.500
1650 0.530 3243 17.00 0.562

feel). Generally, with increasing solid contents, conswtencx
index (k) incréases and the flow behaviour index én) whic
Is a measure of the departure from Newtonian flow decreases.
This type of behaviour was observed in case of both FFB-
PC and DFB-PC samples, o

The protein dispersion showed a shear thickening (Property
during the initial ‘shear rate; the viscosity increased rapidly
and then_ decreased with the shearing time. The flow
characteristics indicate that the increase in viscosity is likely
to be due to protein-water interaction (hydration) rather than
to a strong protein-protein interaction force. In this respect,
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o ¥

[

Apparent Viscosity (Cp)

o z 3 vy 16 20 24

Concentpation, percent
Fig.5.  Effect of protein concentration on apparent viscosity of defatted (A)

and full-fat §B) rice bran protein concentrate at pH 9.0 and shear
rate 13120 S*

rice bran protein giffers from Soybean protein and behave like
groundnut protein. As swelling and viscosity are inter-
relatedd, it is suggested that the amount of swollen, not fully
solvated protein particles present are respon5|b|_e for the
observed increase in viscosity with concentration. The
apparent viscosity of soy isolates has been reported to increase
exponentially with Proteln concentration and this was
aftected by ‘the swelling ability of the particular protein
preparation. Swelling and unfalding increase the effective
volume or hydro-dynamic volume and decreases the distance
between the protein molecules, and thus wscosﬂy O consis-
tency is increased. Swelling, unfolding and flexibility of
protein may also increase the axial ratio or axis of rotation
and these can also increase the viscosity® The rice bran
protein concentrate dispersion of 4 to 10 per cent showed
Increased viscosity with increase in shear (shear thickening)
upto a level (150's ) and then gradually decreased (shear
thinning) when shear rate incréased further (Fig ). This
property indicates that the dispersions are of mixed type i.g;
dialatent and pseudoplastic. This type of flow is onI){ found
in liquids that contain a high proportion of insoluble rlgzld
particles in suspension’ However, in the case of 16 to 24
per cent dispersion, the viscosity decreased with shear rate
which is typical of pseudoplastic materials

Flaming et al. T reported that alkaline treatment caused
marked increase in viscosity of protein concentrate, thus pH

activation, as a means of increasing viscosity, may have
practical significance in the formulation of gravies, beverages
and comminuted food. Therefore, it aopears now that rice
bran protein concentrate could be used for making protein
enriched gravies, and to all those food products where gelation
IS required since higher consistency index SK) and its relation
to ?elatlon property is considered important where prevention
of Tlow during thermal processing and for imparting mouth
feel are required.

References

1 Kramer Aand Twigg B A, Quality Controlfor the Food Industry. AVI
Publishing Co.. Westport, Conn. 1970 VolI. .

2. Sherman P. The texture of ice cream. 3 Rheological properties of
frozen ice cream. J Food Sci, 1966 31, 707. .

3. Rao M A and Anantheswaran R C. Rhealogy of fluid foods in food
processing Fd Technol, 1982, 36, 116

4. Vitali A Aand Rao M A. Flow properties of Iow-puI{) concentrated
%?ﬂgz dugc?% Serum viscosity and effect of pulp content, J. Fd Sci,

5 Vitali A A and Rao M A, Flow properties of low-pulp concentrated
%anagg gume: Effect of temperature and concentration. J Fd Sci, 1984,

6. Casson N. A flow equation for pigmented oil suspensions of the printing
ink type. Rheology 0fD|sgerse System, C.C. Mill (Ed.). Pergamon
Press, New York 1959, &2

7. Charm S E, The direct determination of shear stress - shear rate
behaviour of foods in the presence of a yield stress. J Fd Sci, 1963,

28, 107
. TunP M A Richards J F Morrison B C and Watson E L, Rheolo
of fresh-aged and Eamma-lrradlated egg white, J Fd Sci, 1970, 35, 8
unctional 5)990 eé‘uisz é)f proteins for foods - flow

8
9. Hermanson A M,
properties, J Texture Stud, ,
10 Rao M A Bowene M C and Cooley H J. Flow properties of tomato
concentrates, J Texture Stud, 1961 12, 52L.
1 KinsellaJ E, Functional properties of é)rotelns in foods : A survey. CRC.
Crit. Rev. Fd Sci. Nutr. 19751976 7, 219, _
12 Ramanatham G, Studies on Textured Vegetable Protein, 1980, Ph.D.
Thesis, Un|ver5|l¥] of Bombay. . _
13 Bera M B and Muknerjee R K. Solubility, emulsifying and foamin
properties of rice bran protein concentrate, J Fd Sci, 1989, 53, 142
14 Circle SJ, Meg/er E W and Whitney R W, Rheology of soy protein
(:1LI98 4rsllltins.mffect of heat and other factors on gelation, Cereal Chem,
155 Charl-HO Leg and Chokyun R, Rheological properties of proteins in
solutions. Food Texture Rheology, by Sherman, P (Ed.) Academic
Press, London, 1076, 245, _
16 Maig%ly C21BZ, Food Texture and Viscosity, Academic Press, New York,
Flaming S E. Sosulski F W, Kilara A and Humbert E S, Viscosity and
water absorption characteristics of slurries of sunflower and soybean
flowers, concentrates and isolates, J Fd, Sci, 1974. 39, 188

=



An O bjective and

J. Fd. Sci. Technoi, 1991, Vol. 28, No. 1, 31-34

Sensory Assessment of Cooking Q uality

of Some Rice Varieties Grown in Andhra Pradesh

SUNITA K.UMARI* AND PADMAVATHI
P. G. and Research Centre (Home Science), Foods and Nutrition Department,
Andhra Pradesh Agricultural University, Hyderabad, India

Received 26 June 1989; revised 1 August 1990.

Cooking qualities of twenty varieties of milled paddy samples were evaluated by physical and chemical characteristics and palatability
evaluation. Kernel dimension did not correlate significantly with the chemical characteristics. Palatability evaluation showed that
short grain varieties had better palatability scores than long grain varieties. Significant correlations were found among some of
the physico-chemical characteristics and the latter with palatability evaluations. Highly significant correlations were found among
palatability evaluations. Grain length, elongation ratio, gel length, amylose content and protein content are some of the characteristics

of rice used for predicting palatability.

_ Rice is an important cereal and staple diet in India. The
information about nutritional quality and acceptability of
several rice varieties limited.

The present study was undertaken to stucy the effect of
physico-chemical characteristics on cooking quality of twenty
varieties of rice by their palatability evaluation.

Materials and Methods

Padd¥ samples were milled by standard method (5-10
per cent degree of milling by weight). The rice samples were
classified into five classes i.e; long slender, long bold,
medium slender, short bold and short slender acco_rdmg )
Mitra'; long slender (LS) Length >6 mm, L/IW ratio >3.0;
long bold B} length >6mm, L/W ratio <3,0; medium
slender (M.S) length 5-6 mm, L/W ratio 2.5-3.0; short bold
fSB) length <6 mm, LIW ratio < 25; short slender ESS)
length < mm, L/W ratio >3.0. The percentage of moisture
In the raw rice was estimated using “Moisture Determinator”
The hullln? percentage and head rice recovery were estimated
following the method of Ghosh et al.2 _

Elongation ratio and volume expansion were determined
by the method of Ver%hesea For determination of water up-
take ratio, method of Bhattacharya and Sowbhagyad was
followed. Cooking time was notedaccording to the method
of Chakrabarthy et al.5 The alkali spreading and clearin
valuies were getermined by using the method of Little et al.
Gel length of the varieties was determined by the method of
Cagampang et al2 Method by Juliano3 was followed for
estimation of amylose. Nitrogen content in the milled grains
was estimated by Kjeldahl9 method ar.d the values were
multiplied by factor 5.95 to get protein content.

A score card cf five points was prepared for estimating
colour, appearance, texture, cohesiveness, doneness, taste,
flavour, aroma and overall quality of the cooked samPIes. A
ganel of tenjudges from among the staff and stucents of Home

cience were selected and trained. One hundred grams of
each rice samples were weighed in a balance and washed
thrice with 400 ml of water each time. 600 ml of water was
boiled and rice was added and cooked till it was done. The
doneness was determined by the absence of any white grainy

pearance, when cooked rice grain was pressed between two
glass slicles. Excess water was Strained. The cooked samples
were cooled to room temperature and served along with
drinking water to the panel members for evaluation bétween
10 anld i 130 A M. Statistical analysis was carried by using
correlation.

Results and Discussion

Eight of the varieties gRNR 74802, RNR 87877, RNR
29692, RNR 3070, RNR 99377, BPT 3291, BPT 1235, and
IET 7575) were of Ion? slender type. Only one ie; ‘RNR
74229" was of long bold Igpe. Five varieties (RNR 31446,
MTU 5182, MTU 5249, RNR 1446 and IR 13 ZSKlwere of
medlium slender type whereas three (RNR 52149, RNR 36718
and MTU 70293 were_of short bold type and three (RNR
32349, RNR 1535 and BPT 5204) were of short slender type.

_There was not much diffference in the moisture level of
different classes of rice varieties (Table 1). There was not
much difference between hullln? ercentaqe of different types
as they ranged from 76 loer cent for long slender type to /8.3
per cént for medium slender type. The head rice recovery
ranged from 63.3 to 69 per cent.

*Present address: College of Home Science, Rajendra Agricultural University, Pusa, India.
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Table 1. Grain length, width, Iength/width &II/W) ratio, and moisture content of diffferent

LASSES OF RICE VARIETIES

Class No. of Length3 Width3 LW, Moisture
var (mm) (mm) ratio content

LS 8 36+ 0. 189 + 0071 381 + 0.143 109 + 0184

LB 1 %316 009 gl 289 116

MS > 575 + 0075 2.00 + 0036 276 + 0081 14 + 0444

8 3 517 + 0.105 211 + 0,068 239 + 0,083 1% + 0267

S 3 521 + 0328 193 + 0139 305 + 0012 105 + 0033

Values are mean + SE

a — Values are mean of given number of varieties and each varietal value is mean of twenty replicates,
b — Values are mean of given number of varieties and each varietal value is mean of three replicates.

Short grain varieties eIon%ated more than medium and long
grain varieties, though the difference is_less. Volume
expansion was also less for short grain varieties than long
grain varieties (Table 2). It was noticed that with the increase
in temperature the apparent water uptake increased as the
averagg apparent water uptake at 80°C was 0.34 whereas it
was 156 at 96°C. Spreading values ranged from 2 to 5 where-
as clearing values from 1to4. (Table 2). Short grain varieties
showed lower spreading and clearing Values than Ion? grain
varities aIthou%h some exceptions were there. The clearing
value was found to be less than spreading value by one in
all the cases. Amylose content ranged from 21.3"to 23.2
per cent. Protein content ranged from 6 to 8.7 per cent with
an average of 7.1 per cent (Table 3%. _

Five point scale given by RuthD (i.e; 5-very good, 4-
good, 3-fair, 2-average and 1-poor) was used for scoring the
cooked rice samples. Only one variety ‘RNR 52149’ qot a
class of “very good” with an average mean score 0f4.13. Nine
of the varieties (i.e; 'RNR 1535’ "RNR 74802". ‘BPT 5204’
BPT 3291 ‘RR 87877 ‘MTU 7029" ‘RNR 99377" ‘MTU
5182" and ‘LET 7575’) got a class of fjood’ and ten varieties
(ie. ‘RNR 74299 ‘MTU 5249’ ‘RNR 3070". ‘BPT 1235
RNR 29692) ‘RNR 31446’ ‘RNR 32349) ‘RNR 36718,
RNR_ 146" and ‘IR 13525 got class ‘fair”. None of the
varieties studied got mean score of 2 or less.

Most of the physico-chemical characteristics were not cor-
related significantly and it may be because of limited number
of samples. Kernel’ dimensions were not useful indices of the
chemical composition of rice grains. Grain length showed
asignificant negative correlation with elongation ratio. Cook-
Ing temperature seemed to be an influencing factor on water
absorption as it increased with increase in temperature. Water
uptake ratio showed a strong positive correlation with alkali
spreading and this is in agreement with the report of Tomar
and Nanca”. Water uptake ratio showed a strong negative
correlation with cooking time. Cooking time showed a stronﬁ
negative correlation with alkali digestibility. Gel lengt
showed a hg%hly significant negative correlation with amylose
content (Table 4). _

The palatability scores are presented in Table 5. For overall
quality, short slénder type got maximum mean value of 35
wheréas medium slender type got minimum mean value of
2.8, It was found that all the sensory evaluations were highly
significantly positively correlated with each other and Is in
agreement with the report of Ghosh et al. 2 Flavour was
found to be most strongly positively correlated with overall
quahty followed by cohesiveness™and appearance. Thus
flavour, cohesiveness, appearance and texture may be the
}rrggorg?net t>f/actors which affect the palatability of a particular

ice variety.

table 2. Elongation ratio, volume eéEansion, water uptake ratio and cooking time of different

ASSES OF RICE VARIETIES Cooki

Class No.of  No. of repl. EIongtation Vol W' 80° W' 96° W = W'80°X100 (%?m:eng

var  of each var ratio expansion W'96° (min)
LS 8 3 16+004  42+0226 04+003%  15+0014 224+ 1686 233 + 0513
LB 1 3 16 38 0.3 16 208 240
MS 5 3 16+0040  38+0256 04+0059 16+ 0063 249+ 2612 240 + 0864
B 3 3 18 + 0012 37+0067  03+0042  15+01% 224 + 2768 239 + 0867
SS 3 3 I7+0M43  38+055 03+005  16+0100 204 +302 231+ 1563

Values are mean + SE

W'80 — Apparent water uptake at 80°C

W'96 — \//-}gparent water uptake at 96°C
W — Water uptake ratio
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TABLE 3. SPREADING/CLEARING VALUE, GEL LENGTH, AMYLOSE, AND PROTEIN CONTENT OF DIFFERENT
CLASSES OF RICE VARIETIES
Class No. of No. of repl. Spreading Clearing Gel length Amylose Protein
var of each var value value (mm) (K% content
© %
LS 8 3 48 + 0861 38 + 0861 704 + 7975 22+ 071 72 + 0.6
LB 1 3 2 1 825 23 6.0
MS 5 3 4+ 125 3+ 125 614 + 9438 229 + 0.869 65 + 0819
B 3 3 5 + 1507 4 + 158 603+ 4622 232 + 0.549 71 + 0416
SS 3 3 2 +0 140 715 + 136l 215 + 1362 87 + 0821
Values are mean + SE
Table 4. Correlations (r) among physico-chemical characteristics of rice
Characteristics LAV Elonga- Water Cooking Alkali Gel Amylose Protein
ratio tion Uptake time spreading length
ratio ratio
Grain length 06927 -0.600** 0511 0.005 0.239 -0.079 0.090 0.158
LW raio 1.000 -0.035 018  -0.269 0.138 018 -0.183 0.304
Elongation ratio 1.000 -0.002 -0.168 -0.068 0159  -0.163 0.206
Volume expansion 0286  -0.401 0.1 4210 -0.301 -0.031
\Water uptake ratio 1000 -0.640** 0.622** 009  -0.158 -0.222
Cooking time 1.000 -0.648**  -0.300 0.408 -0.041
Alkali spreading 1.000 0024 -0.024 0.043
Gel length 1000 -0.989** 0.308
Amylose 1.000 0.289
o Significant at 1% level., *Significant at 5% level.
Table 5. Mean palatability scores of cooked rice
Class Colour Texture Appearance  Cohesiveness  Flavour/ Doneness Taste Overall
Aroma quality
LS 34+0145 33+0169 31+018 31 +0104 32+0083 35+0089 30+0084 32+019
LB 37 32 30 33 33 37 29 30
MS 3140246 28+0144 27+0134 26 +0094 30+00% 33+0082 29+0082 28+ 099
B 3640358 36+052 34+0482 32 +0407 33+0304 37+0289 32+03BL 34+ 0439
SS 38+0253 36+0238 33+039%6 34 +0289 35+0258 38+0104 35+0169 35+ 031
Values are mean + SE
Number of varieties,— LS - 8 LB- 1L, MS- 5SB- 3 S5- 3
Each varietal value 1s mean of three replicates.
References

It was found that only gel Ien%th, total amylose and protein
content had significant correlations with some of the palat-
ability evaluations. All the other physico-chemical charac-
teristics studied did not have any significant effect on palat-
ability evaluations, Grain length was significantly and' posi-
tively correlated with all the palatability evaluations. Amylose
was negatively and significantly corrélated with palatability
evaluations espe0|all¥ colour, texture, appearance, cohesive-
ness, flavour and taste and of course overall quality. Protein
was positively correlated with palatability evaluations but not
significantly except in the case of after taste. Grain Ien(t;th,
elongation ratio, gel length, amylose and protein content
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Feeding mustard and tamarind to experimental rats produced marked increase in bile flow rate. Onion and curry powder in the
diet significantly increased the secretion of bile solids without affecting the biltf flow rate. The bile-acids output was noticeably
higher in animals fed either mustard, tamarind, onion or curry powder, and this was accompanied by similar increases in biliary
phospholipid and cholesterol. Dietary cinnamon and asafoetida increased biliary secretion of cholesterol and phospholipid without
affecting bile acid content. Intragastric single dose administration of clove or cardamom did not influence the bile secretion and
composition. The results suggest increased hepatic conversion of cholesterol to bile acids under the influence of dietary mustard,

tamarind, onion and curry powder.

Spices are_extenswe(ljy used as food additives to enhance
sensory quality of foods. This apart, several spices exhibit
a wide range of beneficial phy_smlo?lcal effects and are used
as mgredlents of many medicinal’ preparationsl’, Spices
have been generally believed to intensify salivary flow and
gastric juice secretion, and hence aid in digestion’. They are
consumed usuaII)( in the form of curry powder which'is a
mixture of several spices in varying proportions. Coriander,
turmeric and red peﬁper form the main ingredients of cur
powdlers while the other common ingredients are cumin, blac
pepper, fenugreek, dry ginger andcinnamon. Mustard and
asafoetida are ,IarFer used in seasonings. Cloves and
cardamom are widely Used as flavouring agents in curry foods
and in condiments. Tamarind is a principal sourln% agent in
curries, sauces and chutneYs especially in South India.
Eariler studies from our Taboratory fave revealed that the
active principles of spices — turmeric and red pepper4, and
the spices — fenuglreek and ginger>5 stimulate bile flow and
also influence bile composition. On the other hand,

coriander6, cumin6and black pepper7are shown to have no  an

influence on bile secretion and composition. In the current
study, we have investigated the infuence of a few other
commonly used _slpu_:es and a spice mixture on secretion and
composition of bile in experimental rats. The results obtained
a][e discussed in the context of hypocholesterolemic effects
of spices.

Materials and Methods . . ,
Male Wistar albino rats _vvel%hlng 250+ 10g were used inthe
experiments. Spices studied here for their influence on bile
are: clove (Eugenia caryophyllus), cardamom (Elgttaria
cardamomumy),” cinnamon  (Cinnamomum  zeylanicum),
asafoetida_(Ferula foetida), mustard (Brassica nigra),
tamarind (Tamarindus indica), onion {Allium cepa) and curry
powder, & spice mixture. Clove, cardamom, cinnamor,

35

asafoetida, mustard and tamarind |Eowder were procured
locally and powdered to Eass through 50 mesh sieve. Onion
obtained from local market was freeze dried and powdered
onion power yield wes approximatley 12.¢/100 g raw onion).
urry powder was prepared from thé locally purchased dry
powcered ingredients with the following com|803|t|on
(percentg: coriander, 40; turmeric, 20; redE nper, 20; black
Depper, 5; cumin 5; mustard, 5; fenugreek, 2; dry ginger,
1, clove, 1 and cinnamon, 1 All the chemicals were of
analytical ?rade and the solvents were distilled before use.
Animal treatment: In the feeding study, groups of six
animals were maintained (ad libitum) on various spice
containing diets for four weeks. The basal diet consisted of
(er cent): casein, 2L cane sugar, 10; com starch, 54; refined
grqundnut oil, 10; vitamin mixture, 1 and salt mixture, 4.
pices were incorporated into this basal diet substituting an
equivalent amount of com starch to give various experimental
dliets contalnln%per centg: cinnamon, 50 mg; asafoetida, 250
mg; mustard, 250 mg; tamarind, 2.5 g; onion powaer, 0.6
d 30, and curry powder, 0.5 and 25 g. For single dose
stu?y, animals mairitained for two weeks on a basal diet were
used. After an overnight fast, animals E(n:G) were force-fed
bg/ intubation two different doses (mg/kg body wa) of clove
(3 and 15) and cardamom (3 and 15) as a susFensmn in
two ml 10 percent (Iw/v) aqueous starch. Control rats were
administered two ml 10'per cent aqueous starch. At the end
of four weeks, spice feeding term, or 3 hr after the intragastric
administration of spice, rats were anaesthetized by intra-
Eentoneal injection of ethyl urethane (1.2 g/kg body wt).
aparatomy was performed and the common bile duct was
cannulated with PE-10 tubin §Thomas Scientific Co., USA)
and the bile was collected” for 3 hr. Bile volumes were
measured and kept frozen pending analyses. _
Bileanalysis: Bile solids were determined by gravimetry.
Lipids were extracted with chloroform-metfianol by the
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method of Bligh and Dyer8. The chloroform layer was used
for the determination of cholesterol and phospholipids accord-
ing to Searcy and Bergquistd and MarinettiD respectively.
Uronic acid in the methanolic layer was estimated according
to Dischell Total bile acids in"the methanolic layer were
estimated by emﬁloylng 3 a-hydroxy-steroid dehydrogenase
accpr_dlngi to the "procedure of Turley and Dietschy®
Individual bile acids in the methanolic extract were separated
by thin layer chromatogra hy using chloroform-methanol-
acetic acid- water (65:24:15:9 v/v)13 Bile acid spots were
visualised after reacting with phosphomolybdic acid spra
reagent and (1ua_nt|_tated densitometry using a Camag TL.
ScannerB Statistical evaluation of the data was done by
Students’ t-test

Results and Discussion _

In the present study, cinnamon, asafoetida, mustard and
tamarind have been fed to animals at levels corresponding
to about five times the average human dietary intake of these
spices. The levels used here are based on calculated dietary
intake of spices in the form of curry powder and on dietary
survey conducted in India The two levels of curry powder
and onion powder fed here will be comparable to normal and
five times the normal human intake. Since clove and
cardamom are not normally consumed in the daily diet, the
present study with them is restricted to their single dose
administration., The diet consumption and the bodx Wweights
in all the experimental groups during the four weeks, spices
treatment were comparable to controls (data not glven?.

Data on the influence of single dose administration of clove
and cardamom on hile secretion and composition are given
in Tables 1and 2. Bile flow and solids were not changed by

clove and cardamonm treatment at either doses. Phospholipid
and cholesterol secretions in bile were significantly increased
by clove and cardamom administration only at ‘the hlgher
dose, viz., 15 mg/kg body wt. Clove administration af the
higher dose led to an incréase in biliary uronic acid secretion
suggestmg that some of the metabolites of its constituents are
pro abl¥ excreted as glucuronides in bile. Bile acid output
was not affected by single dose clove and cardamom
administration (Table 2). = _ ,
Table 3 shows the effect of dietary cinnamon, asafoetida,
mustard and tamarind on bile flow and on biliary secretion
of cholesterol, phospholipids and uronic acids. Feedlng
mustard and tamarina for Tour weeks significantly enhance
the bile secretion by as much as 30 per cent whille the bile
solid concentration remained normal. Biliary cholesterol and
PhOSphthIdS were significanity higher in all these four spice
ed groups. Increase in the cholesterol and phospholipid
secretion was highest in mustard treatment (80 and' 130 per
cent). Uronic acid content in bile was also higher in mustard
fed animlas, implying that spme of the metabolites of
mustard constituents “are probably excreted via bile as
glucuronid conjugates. o o
The total bile acid output was significantly higher in rats

fed mustard and tamarind (Table 4). % chane inthe relative
proportions_of various individual Dile acids was also
examined. The increased hile acid output in bile produced
by feedln[q mustard or tamarind was mainly due to Increased
taurocholic acid (Table 4). o

Digtary feeding of onion and _cur_rfy powder didl not influence
bile flow rate but 5produc_ed significantly higher secretions
of solids (Table 5). Biliary phospholipid "secretion was
increased by dietary onion and curry powder by over 100 and

Table 1. Effect of intragastric administration of clove and cardamom on bile secretion and composition

Spice Quantity Bile flow Bile solids Phospholiﬁids Cholesterol Uronic acids

(mgrkg body wt) (ml/hr) (q%) (n mole/nr) (jimole/hr) (p mole/hr)

Control 048 + 004 365 + 021 242 +0.28 0.282 + 0.029 0817 + 0.081
Clove 3 048 + 004 329+ 012 271 + 0.28 0.217 + 0038 0.853 + 0.097*
b 0.53 + 003 343 + 0.2 364 + 021* 0.398 + 0.029* 1116 + 0.07%

Cardamom 3 051 + 005 324 +0.23 289 + 018 0.342 + 0.024 0.745 + 0081
5 0.55 + 005 320 + 010 370 + 041 0416 + 0.030» 1028 + 0.083

Values are mean + SEM of five animals,

Table 2.
Spice Quanti Total bile
(mg/kg bo% wh) acids
Control 587 + 0.70
Clove 3 6.24 + 109
5 713 + 089
Cardamom 3 581 + 0.68
5 6.38 + 0.48

Values ( n mole/hr) are mean + SEM of five animals.

»Significantly different from control (P<0.

»Significantly different fro

[)

5)

Effect of intragastric administration of clove and cardamom on bile secretion

Taurocholic Glycocholic Taurodeoxycholic
acid acid acl
321+ 043 0.66 + 0.16 159 + 0.34
353 + 018 043 +0.12 211 + 027
413 + 020 047 + 006 274 + 0.34*
323 +0.26 047 + 012 151 + 027
390 + 043 049 + 016 213 + 040

3

control (P<0.05)
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50 per cent respectively. Cholesterol secretion was also
sllghtly but significantly” higher in onion and curry powder
fed animals. Total bile acid output was markedly increased
§40-7Q Per cent) by onion and curry powder feeding at both
he dietary levels (Table 6). The increased bile acid output
was mainly due to increased taurocholic acid, although
increases in the secondary bile acid taurodeoxycholic acid
were also seen. o , _
Results of the current study indicate that unlike other spices
such as fenugreek (Trigonella foenumgraecum), Egmger
(Zingiber officinale), black peP er (Piper nigrum)s/, and
spice principles —curcumin (of turmeric: Curcuma longa),
capsaicin (of red Be_pper: Capsicum annum) or piperine (of
black pepper: Piper nigrum)*1', the" spices clove,
cardamom, cinnamon, asafoeticia, onion and curry Fowder
do not have the hydrocholagoguic effect Further, Unlike the
other hydrocholagoguic spices which stimulate bile flow with
concomitant decrease in bile solid concentration, mustard and
tamarind have stimulated the bile flow without affecting the
bile solid concentration. Thus, the mechanism of stimulation
of the bile forming function of the liver could be different

among these two groups of spices. o
The secretion of phospholipid and cholesterol in bile
depends on the secretion of bile salt in an approximately linear
relationship at physiological rates of output?. Thus, hltqher
rate of bile acid output produced by dietary mustard,
tamarind, onion and curry powder was accompanied b){
similar increases in biliary phospholipid and. cholestero
secretion. But an uncoupling. between bile acid and lipid
secretion appears to occur in cinnamon or asafoetida fed rats
and in clove or cardamom administered animals, wherein
increased secretion rates of phospholipid and cholesterol were
accomﬁanled by normal rate of bile acid scretion.
As the absorption of the bile salts is eliminated by diversion
of the normal route through cannulation of the common bile
duct, it can be inferred that the increased bile salts output
in mustard, tamarind, onion and curry powder fed animals
is due to the increased hepatic conversion of cholesterol into
bile acids. A similar observation has been made in the case
of curcumind, capsaicind, fenugreek5 and_gln%er_S all_of
which are known to have hypocholesterolemic activity,. The
hypocholesterolemic property of onion has been well

Table 3. Effect of dietary cinnamon, asafoetida, mustard and tamarind on bile secretion and composition

Dietary spice Bile flow Bile solids Phospholiﬁids Cholesterol Uremie acids

(ml/hr) (%) (p mole/nr) (pmole/hr) (p mole/hr)
Control 0.57 + 0.4 299 + 01 168 + 0.08 0.259 + 0013 0.964 + 0.077
Cinnamon (50 mg % 058 + 0.05 325 + 014 322 + 006 0401 + 0.008*  0.979 + 0.067
Asafoetida (250 mg %g 062 + 005 33+ 055 263 + 0.32* 0339 + 0020*  0.892 + 0.056
Mustard (250 mg % 0.74 + 0.04» 326+ 0.20 384 + 0.56* 0463 + 0.049% 1677 + 0.205*
Tamarind (25 % 0.72 + 0.05* 33 +02 281 + 0.26* 0385 + 0.034* 1046 + 0.056
Values are mean + SE M of five animals.  “Significantly different from control (P<0.05)

Table 4. Effect of dietary cinnamon, asafoetida, mustard and tamarind on bile acid secretion

Dietary spice Total bile Taurocholic Glycocholic Taurodeoxycholic
acids acid acid acid

Control 6.30 + 0.70 429 + 0.20 094 + 012 12+ 015
Cinnamon (50 mg 99 6.46 + 021 474 + 0.33 094 + 010 172+ 023
Asafoetida (250 mg % 693 + 0.70 489 + 0.39 11+ 00 174+ 018
Mustard (250 my %) 945 + 091* 6.02 + 0.33* 12+ 012 199 + 021
Thmarind (25 %) 996 + 133* 641 + 0.32* 11+ 018 2.34 + 0.21*

Values (P mole/hr) are mean + SEM of five animals.  »Significantly different from control (P<0.05)

Table 5. Effect of ONION AND CURRY POWDER FEEDING ON BILE SECRETION AND COMPOSITION
Dietary spice Bile flow Bile solicls Phospholiﬁids Cholesterol Uremie acids
Name Quantity (mlfhr) (0%) (pmole/nr) (pmole/hr) (p mole/hr)
(%)
Control 0.60 + 0.04 306 + 012 188 + 019 0.269 + 0012 0.928 + 0.086
Onion powder 06 0.60 + 0.02 366 + 007* 425 + 037* 0337 + 0013* 0728 + 0.127
30 063 + 0.05 360 + 0.08* 433 + 047 0330 + 0012 0760 + 0.08L
Curry powder 05 051 + 0.05 362 + 021 303 + 041 0301 + Q01 0.788 + 0101
25 055 + 003 369 + 0.22% 22 + (.50% 0316 + 0016~ 0.897 + 0.082

Values are mean + SEM of five animals.  »Significantly different from control (P<0.05)
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Table 6.
Digtary spice | Total ble
Name Quantity acids
(*)
Control - 814 + 087
Onion powder 06 151 + 0.72
30 119 + 097
Curry powder 35 1118 + 087
25 1370 + 129%

Values (p mole/hr) are mean + SEM of five animals.

recognized BI? Recent investigations have revealed absence
of any effect of dietary curry powderZ) mustard™ and
tamarind"1 on serum and liver cholesterol in hypercho-
lesterolemia induced rats. _

Thus, the present study indicates that mustard, tamarind
and the spice mixture (curry powder) though do not possess
hypocholesterolemic propelr'Yy would still cause increased bile
atid output presumably by enhancing hepatic cholesterol
conversion. Onion and curry powder are shown here to
stimulate bile acid formation without influencing the bile
forming function of the liver. Lack of influence on'secretion
and composition of bile as observed here in clove and
cardamom administered rats compares with similar
observation made on a few other spices, viz., coriander,
cumin and_curry leaft. The observation that mustard and
tamarind stimulate the bile forming function of liver and also
ancregselplllle salt secretion justity their use in digestive
isorders™",
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Microbiological quality of processed cheese packaged in small
lacquered tins (P1), polystyrene cups (P2), and low density
polyethylene tubs (P3), when stored at 30°C/60% R.H. and
1-8°C/80% R.H., respectively, revealed that PI was the best
package, followed by P3 and P2 for storing processed cheese under
the above two conditions, of temperature and R.H.

Packaging is a very essential step in the manufacturing ling,
as the product has to be saved from microbial spoilage which
would” make the food unsuitable for human consumption.
Besides, pathogenic bacteria may occur in foods and result
in food poisoning outbreaks. To meet the quality standards,
certain package systems have been developed3 Although
tin containers are a perfect packa%e system, It is quite expen-
sive and involves the expenditure of valuable foreign
exchange. Inthe present study, an attempt has been made to
find out the microbiological quality of processed cheese
packaged in |nd|Penpust manufactuired, low cost, hygienic
and aftractive plastic containers, in comparison with tin
Cogta}m?;& PS) ith lids and low density pol

olystyrene (PS) cups with lids and low density poly-
ethy_Ie}ﬁe (LDPEEZ tubspwith lids were_procured frorr'? t%/e
leadiing manufacturers of the country. The caﬁagl 0f each
container was 150 g. The PS cu_i)s'{Pl) and their lids were
opaque and white in colour, while the LDPE tubs (Pzz and
their lids were transluscent. The height and top diameter of
the PS cup were 7.1 and 6.2 cm respectively. The thickness
of the cup sheet was 0.20 mm. The height and top diameter
of the LDPE tub were 3.4 and 7.9 cm, respectively and the
thickness of the tuty sheet was 0.60 mm. Lacquered tins (P3)
used in the investigation were obtained from well known
Indian firms and had a ca;;amty of 240 g. The height and
diameter of the tins were 7.8 and 59 cm, respectively. |

The plastic containers and their lics were cleaned by _u_smg
‘teepol’ and tap water. The)( were then chemically sterilize
% ee%lng I chlorine solution (200 p.p.m.) for 3 mind,

ereafter, the packages were air dried. The sterilisation of
the packages was done immediately before use as far as
possible under aseptic conditions. The tin cans and their lids
cleaned with hot " detergent solution and tap water were
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sterilized ina hot air oven at 165-170°C for 2 hr, immediately
before used. o _
_The method of Kosikowski5 was followed. Medium
ripened gupto 6 months old) Cheddar cheese &from COW's
milk) collected from the Experimental Dairy of the Institute
was ‘used in the greparatlon of processed cheese. When
the cheese mass became v_eretr, smooth and attained a
temperature of 70°C, it was directly filled into the three types
of pre-sterilized packages (PI, P2 and P3). Immediately arter
filling, the plastic containers were covered with their respec-
tive lids, which in turn, were further sealed by using cellotape
of 25 ¢m width. The tins were sealed off. The sealed
gackages after Lhr were stored under 2 different conditions,
0°C and 60_per cent R.H. (condition A), and 7-8°C and
80 per cent R.H. (Condition B).

Samples of processed cheese packaged in 3 different types
of containers and stored under conditions A and B were
examined for standard plate count, yeast and mould count,
and anagrobic spore formers count. Sampling and the

reparation of dilution blanks were carried out accordlng 0
he Laboratory Manual6. The standard plate count (SPC)

was determined ysing fryptone dextrose yeast a aré, and
yeast an mouﬁlj LiY, Sryc%unt using pota¥o- extgo_se agar
medium7. The colonies were counted and expressed in log,,/
? as per the recommended method8 The anaerobic spore
ormers count in the samples was found out by using
Differential Reinforced Clostridial Medium (DRCM)9 ;: Ten
gram of processed cheese was macerated in sufficient 0.1 per
cent peptone water to give a0.2 or 0.1 (W/V) dilution of the
sample. Decimal dilutions of the macerate were prepared in
the same dilugnt and 1 ml of the original macerate and the
next two decimal dilutions were transferred to the tubes
contammP DRCM. Before use, the DRCM broth tubes were
steamed for 10 min to expel oxygg_en Bresent_ initially in the
tubes. Three tubes with each dilutionDwere inoculated. The
tubes after incubation at 37°C for 48-72 hr were observed
for blackening of the medium, and the results were recorded
as most probable number (MPN) counts.

During storage, the packaged cheese samples were also
observed for any visual defect such as ‘water weeping’, bloat-
ing or mould growth. The methods and techniques of
Snedecor and Cochran" were followed for analysing the data
obtained during the present study.

The data for microbiological quality in terms of standard
plate count (SPC), yeasts and moulds f(Y&M) count and
anaerobic spore formers (ASF) count of processed cheese
samples stored in the 3 different types of packages (PI, P2
and P3) for different periods under conditions A and B are
presented in logl0g in Tables 1 and 2, respectively.
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Table L Microbiological counts (iogw/g) of processed cheese stored in different packages
AT 30°C AND 60 PER CENT R.H.
0-day storage 10-day storage 20-day storage 30-day storage
Poly- Poly- Poly- Poly- _
styrene  LDPE Tin styrene  LDPE Tin styrene  LDPE Tin styrene  LDPE Tin
Standard Plate Count
Trial | 2.763 2.763 2.763 4756 4869  4.832 5.707 5.792 5756 4732 4857 4.819
Trial Il 2813 2813 2813 4793 4845 4813 5770 5.903 5.785 4778 4813 4.785
Trial 11 2857 2857  2.857 4851 4892 4875 5813 5.924 5875 4778 4851 4.845
Mean 2811 2811 2811 4800 4869  4.840 5.763 5873 5.805 4763 4.840 4.816
Yeasts and Moulds
Trial | 0.778 0.778 0.778 1.380 1518 1.602 2.602 2748 2.699 1.342 1417 1.544
Trial n 0954 0954  0.954 1.602 1914 1813 2857 2964  2.954 1.602 1875 L7718
Trial 11 1114 1114 1114 1903 2204 2146 2813 3.097 3130 1.880 2.079 2.041
Mean 0949 0949  0.949 1.628 1.879 1.854 2757 293 2.928 1.608 1810 1.788
Anagrobic Spore Formers (MPN/100g)
Trial | 36 36 36 9.1 55 5 A 29 il 15 yal 55
Trial Il 9.1 9.1 9.1 15 il 55 2 43 23 5 29 20
Trial 11 12 12 72 u 19 3 il 36 il 5 26 19
Mean 6.6 6.6 6.6 nr 183 143 il 36 a1 5 25.3 18

Storage at 30°C and 60 per cent R.H.: The processed
cheese samples in all the three ty‘pes of packa%es showed rapid
microbial growth after 10 days Ct storage. Subsequent stora(%e
resulted in a gradual increase in SPC. However, the counts
decreased slightly at the end of 30 days of storage (Table 1)
The samples packed in PI, showed minimum ?rowth of micro-
organism (mean value in logn/g; 4.7632 Ollowed by the
samples packed in P3 (4.816[_)) and P2 34.8 0)inan ascendlngi
order. Highly significant ( <0.01% ifferences in the tota
counts were ‘observed due to the 3 types of packages, and
the intervals of storage, while the interaction between intervals
and packages was not s(ljgnlflcant. o
_ The samiples Package in P2 showed maximum increase
in'Y & M count (2.936), and minimum in PI (2.757), with
intermediary values for P3 (2.928), at the end of 20 da
of storage. However, counts of Y & M decreased in all the
packages after 30 days of storaqe, probably due to setting in
of lag phase. The statistical analysis of the data revealed that
the durations of storage and the ype of Packa e significantly
(P<0.01) affected the grovvth of yeasts and moulds. The
Interaction intervals and type of package were found to be
not significant. .

Increase from the initial ASF count (MPN/IQQOg) of the
Brocessed cheese samgle_s was minimum (22) in P Tollowed
¥ P3 (2L7) and P2 (3 2 In an ascending order after 20 days
of storage. However, the counts decreased on Rrolonged
storage of 30 days in all the samples pa_ckagfed In the 3 types
of containers, perhaps due to setting in of lag phase. The
durations of storage, the 3 types of packages, and the inter-
action of type of package with interval, each individually,
?reatly (P<001) contribtited in the growth of anaerabic spore
OFMErS.

Storage at 7-8°C and 80 per cent R.H..  Samples of
processed cheese packaged i Pl showed lower SPC (mean
value ; 3878) followed by P3 (3.958) and P2 (3.994),
respectively in an ascending order after 90 days of storage.
A similar trend has been recorded by earlier workers'21L
who observed variation in total counts due to different types
of pagka%_es used. The SPC of the processed cheese samples
was significantly (P<0.01) influenced by the type of package,
mteizvals of storage and the interaction of intervals and
packages.

The counts of reasts and moulds increased to the maximum
£3.2346 in samples packed in P2, followed by P3 (3.217) and
| (3.086) in descending orcer after 60 days of storage
(Table 2). Similar to SPC, counts of yeasts and moulds also
showed a decreasing trend at the end of 90 days of storage.
Statistically, the durations of storage S|ﬁ?|f|cantly (P<0.01)
influenced the growth of Y & M, Tut the type of package,
and _ft_he tmteractlon of intervals x packages were not
significant.

. Aperusal of Table 2 indicates that the minimum multi?,Iica-
tion of ASF had been in the samples packaged in PI (tins),
followed by P3 (LDPE) and P2 {E)ol_ystyrene),_res ectively,
after 90 dys of storage. The statistical” analysis of the data
also established that the duration of storage, the 3 types of
packa |n?|, and the interaction of packages X intervals, each
g%dkg I:ua y, significantly (P<0.01§ contributed in the growth

The results obtained during the investigation are in agree-
ment with the earlier findingS24 that in Feneral, the micro-
bial growth was a major factor in the selection of the most
suitable packaging material for a particular product
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Table 2. Microbiological counts (i0gl0 /[g>of processed cheese stored in different packages
AT 7-8°C AND 80 PER CENT R.H.
0-day storage 30-day storage 60-day storage 90-day storage
Poly- Poly- Poly- Poly-
styrene  LDPE Tin styrene  LDPE Tin styrene  LDPE Tin styrene  LDPE Tin
Standard Plate Count
Trial | 2.763 2.763 2.763 3.653 3716 3819 4431 4.498 4.544 3.875 4.008 3.917
Trial Il 2813 2813 2813 3.681 3.832 3.724 4.414 4.476 4.446 3.857 3.991 3.954
Trial in 2.857 2.857 2.857 3919 4,041 4.002 4.342 4579 4.556 3.903 3.982 3.944
Mean 2811 2811 2811 3751 3.863 3.848 4.397 4518 4,515 3.878 3.994 3.958
Yeasts and Moulds
Trial | 0.778 0.778 0.778 2.380 2415 24717 2819 2.903 2.963 1301 1544 1477
Trial 1l 0.954 0.954 0.954 2.740 2819 2.785 3.041 3.193 3.158 2,041 2.204 2.079
Trial in 114 1114 114 2.845 2914 2875 3.398 3.602 3531 2.301 2.556 2.447
Mean 0.949 0.949 0.949 2.655 2.716 2112 3.086 3.234 3.2U7 1.881 2.100 2.001
Anaerobic Spore Formers (MPN/WQg)
Trial | 3.6 3.6 36 12 1 73 16 23 19 14 2l 19
Trial H 9.1 9.1 9.1 © 19 “ 19 39 23 15 28 20
Trial m 1.2 1.2 1.2 91 16 13 19 39 2 14 23 19
Mean 6.6 6.6 6.6 9.4 163 114 18 33.7 2 143 24 193
DUI’iﬂg the entire storage period (30 days at condition A 4. Gyanendra Kumar and Srinivasan M R, Effect of packaging and storage
ang 9(|J ays ;lat conci](|t|og_ ) ?f _rocestsed cheeste_, no%] evergI olr;8t2hels7enslglry characteristics of chhana. NZ J Dairy Sci Technol,
d SINgle Sample, packagea In Piastic containers or uns, snowe voc: Shy L . . .
the defects of ‘water weeping'Bor blowing of lid. However, % Kesikouski £V, inCheese and Fermented Milk Foods, F v Koslkerisi
some of t.h@ pIastlc containers (approxmately b per Ceng 6. Laboratory Manual. MethodsofA’naIysis ofMilk and Its Products, Milk
showed visible mould ]grovvth on the surface of processe Industry Foundation, Washington 6, D.C., 1959,
cheese after 30 days of storage at condition A. 7. Methodfor Yeastand Mould Count in Foodstuffs 1S: 5403 — 1969 Bureau
The study thus ledl to conclusion that from the consideration of Indian Standards, Manak Bhavan, New Delhi .
of least multiplication of microorganisms, tin cans proveg best & Standard Methodsfor the Examinarion ofDairy Products, American
followed b}é DPE tubs and polystyrene Cups, res ECtolVeLy 9. Spapton D A and Board R G, in Isolation of Anaerobes, Academic
for the packaging and storage of processed cheese at 30°C/6( Press. London. 1971, 50.
pe!‘r IS})(gnt % or a%h7-8|:f {81(:) pBr antSRll-fI]' Head Da i} TaalloaerbnggCetstirlngaGt;onzgf rgtimbersofbacteria by tenfold dilution series,
g authors are tankiul t ur. 9. mg%, gaq, Lalry 1 00 L9 I . .
Technct)logy dD|.V|S|(%H Otf d,;/he WLnStlltlJt%h Oig tHBD_Vall%ble il SnePdr:g(S)rgn\WAéSanEOVCngh{gg7\Agtﬁ Eéantfsncal Methods, lowa State Univ
suggestions UI’II’I? £ Study. VVe alSo thank tne_DIFECTON, 12, Kumar A, Rajorhia G S and Srinivasan M R, Effect of modem packaging
N.D.R.I. Kamal for providing the necessary facilities. materials on the keeping quality of khoa, J Fd Sci Technol, 1975,
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13 Gyanendra Kumar and Srinivasan M R, Influence of packaging meterials
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Nickel in fine dispersed form is used as a catalyst in the
manufacture of hydrogenated vegetable oils from which
Vanaspati, Margarine and bakery shortenings are made. The
nickel catalyst is removed by filtration along with filter aids, if
required. However, nickel being in colloidal form in hydrogenated
vegetable oils, permeates with the Final product in traces. The
presence of nickel even in traces is undesirable. A survey has been
conducted to assess the intake of nickel through these
hydrogenated food products. From the survey, it is recommended
that a limit of 3 p.p.m. for nickel content may be laid down for
these food products in the food standards.

Vanaspati, margarine and bakery shortenings are hydro-
genated vegetable oil(s) products. Tn the process of h¥dro-
?enatlon of vegetable oils, nickel in the concentration of 0.02
0 0.1 per centis employed as a catalkéstl Nickel in the fine
dispersed form is obtained from nickel formate or spongy
form from_nickel-aluminium alloy2 The recent trend in
hydrogenation industry is to use organo-nickel complexes,
whichleaves very low nickel residues in the product. In
whatsogver form, it is removed by filtration with the use of
filter aids. However, some of the nickel finds its way into the
hydroEenated vegetable oil. o

Nickel is found to be harmful and on ingestion may cause
nausea, vomitting and diarrhoea34 However toxicity of
nickel salts is reported to be low, due to limited intestinal
absorption of nickel5. 1t is also reported that nickel can
produce subcutangous cancer in rats and mice6. Schroeder
et al.1found a decreased concentration of copper in the lung
and spleen of rats receiving 5 parts per milfion of nickel in
drinking water. _ o

‘From the above, it is essential to know the |n(]1e_st|on of
nickel through these food products and a limit be Taid down
for the same. For this purpase, samples of Vanaspati in their
sealed containers as well as from open tin were collected from
the local market and analysed for nickel content.

Tivo methods have been adopted for the estimation of nickel
content in vanaspati samPIes. o o

Spectrophotometric method:  The estimation of nickel in
the presentt study was carried out by adopting dimethyl-
glyoxime methodg. The absorbance maxima were recorded
at 4515| % in the UV. visible Shimadzu Spectrophotometer
model 240.
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Vanaspati (20 g{ was taken in a platinum dish and was burnt
on a low flame™to avoid frothing. The burnt, sample was
ashed in a furnace which generally requires 2 hr. The
temperature of the furnace was kept below 500°C to avoid
volatilization losses. _

Ash was dissolved in 5 ml cone. HCL. Excess acid was
removed by evaporation to dryness and dissolved the residue
in water and volume was made upto 25 ml. Five ml of this
solution was taken in 10 ml stoppered test-tube, 0.5 ml of
saturated bromine water was added to it and allowed to stand
for 2 min. then 10 ml of ammonia and 2 ml of 0.1 per cent
dlmethyl;gl){oxme solution in alcohol (95 _Per cent) was
added. Finally, volume was made to 10 ml with alcohol and
mixed. Absorbance was recorded at 445 nm. The readings
welr%_ taken within 10 min after adding dimethyl-glyoxime
solution.

The standard solution of nickel was Pre_pared b?/ dissolvin
2.2617 of nickel sulphate (99 per cen ] in 30 ml cone.
and the volume was made upto 500 ml with distilled water.
This solution contains 1000 p g/ml of nickel. Calibration
?raph was prepared after diluting the stock solution ranging
rom 0.1 to 10 fIP per ml. Itwas observed that readings were
lingar upto 0.4 /xg/ml of nickel. _ _
The method reported for determination of nickel by Atomic
Absorption spectrophotometer in margarine9was followed.
The sample was ignited and the ash was dissolved in 5 ml
acid mixture (HCL : HNO3 : Water =2 7.5 : 7.5 : 10). Then
it was boiled and evaporated till the volume was reduced to
2 ml. Finally, volume was made upto 10 ml with distilled
water. The analysis of nickel was carried out on Varian
Techtron Spectrd AA 30 us!n? acetylene-air flame at 232.0
nm, the most sensitive radiafion of nickel.

Toavoid the molecular absorFtlon at 232.0 nm, the back-
Pround correction has been applied by using hydrogen lamp.
twas observed that calibration graph was nearl6y linear upto
10pg/ml and sensitivity of detection was 0.066 p g/ml of
nickel for 1 per cent absorption. The calibration graph was
ﬂlr&\(/\g? after preparing standard solution of 1to 10°p g/ml of

It can be observed from the data in Table 1 that there is
a wide variation in the nickel contents of different samples
of vanaspati of various brands. Nickel content varied from
a minimal of 04 p.p.m. (average of 0.43 and 0.36) to a
maximum of 154 p.p.m. (average of 1589 and 14.95). The
higher nickel content in samples of some of the brands could
be attributed to non adherence of quality standards durlng
hydro?e_natlon and subsequent post-reflnln? of hydrogenate
oils. It is also observed that nickel content was found to be
around 3 p.p.m. for all the samples except one. Therefore,
Ilot 'Sf- re&ommended that @ maximum limit of 3 p.p.m. may

e fixed.




Table L Nickel content (p.p.M) in vanaspati samples

Atomic absorption
photometer spectrophotometer

Description of sample

Dalda (sealed polythene pack of 1 kg)
Dalda (from local market from open tin)
Rath (sealed plastic pack of 1 kg.)

Rath (from local market from open tin)
Panghat (from local market from

open tin)

Gagan (sealed polythene pack of 1kg.)
Gagan (from local market from open tin)
Uttam (from local market from open tin)
Vanaspati without label (from local
market from open tin)

Vanaspati without label (from local
market from open tin)

The authors thank Shri R.K. Rao, Director, Food Research
and Standardization Laboratory, Ghaziabad for encourage-

ment and valuable guidance.

Spectra-

0.65
0.59
0A3
0.88
126

2.16
3.48
15.89
3.07

342
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0.58
073
0.36
0.69
1.09

2.42
3.66
14.95
331

357
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Effect of wheat bran on the production of amylase by Bacillus
subtilis-159 was investigated. Wheat bran, at 1% concentration
gave about 1.85 fold increase in amylase production than it is
produced from Tendler’s non-synthetic (TNS) medium (2.0-2.6
units/ml) within 48 hr; however, at higher concentrations of wheat
bran the amylase production was retarded. Addition of CaC03
to the medium containing 4% wheat bran enhanced amylase
production to 20 units/ml at 96 hr.

Thermostable alpha-amylases from Bacillus spp. are used
extensively in textile and paper industry. A bacterial strain,
Bacillus subtilis-\59 produced an am?]/lase active at high
temperatures’. It was shown further that the amylase is a
better desmnq agent when compared with other commercially
available amylases2 B. subtilis-159 amylase also finds its use
in the pr%paratlon of low viscosity starch suitable for sizin
purposes3. It was found that Tendler’s non-synthetic (TNS
medium with slight modifications was best suited for the
growth of B. subtilis-\59 which produced 2.0-2.6 units/ml of
amylase in 42-48 hr at 30°C4. Attempts were made to obtain
nufritional conditions for_higher yields of amylase by in-
corporating carbon and nitrogen sources in TNS medium.
These studies showed only a 2.0-3.5 fold increase in amylase
productiond. Wheat bran is a cheap natural by-product
available abundantly from industrial flour mills. It contains
carboqydrates, proteins, fats, minerals, vitamins, phytic acid,
etch The present stucies were undertaken to assess the
production of amylase on wheat bran

The wheat bran was obtained from Shaw Wallace Flour
Mills, Bombay. It was analysed hy standard methods and
found contalnln(t; (on per cent basis) starch, 125, reducing
sugars, 4.8, protein, 14, and ash, 66. . . .

acillus subtilis-159 used in the present investigation was
obtained from Indian Institute of Science, Bangalore. It was
maintained on nutrient agar slopes by subculturing at three
month intervals. o _ _
_ Tendler's non-synthetic medium containgd the foIIowm%
ingredients was modified slightly by replacing glucose wit

*To whom all the correspondence should be addressed
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0.2 per cent starch. The medium was used for preparation
of inoculum as well as a control in nutritional studies. It had
the following composition (A): (_(%/1): t gtone, 10; 2yeast
extract, 4; NHANO3 L sodium citrate, 0.5; starch, Z and
B): (0)) M?SO4.7 D), 05, KHP04 0.3; and microsalts

1)': CaClr 2H,0, 20: FeiNH%Z(SOzl)Z 2: ZnS047TH.0,
|5 nS04HD, 05; CuS045HD, 08 CoS047HD, 01

B03 0L For the growth and amylase production, the
above medium was “further modified ere_b% all the
|r11gred|ents_g|ven under (A) were replaced wit ple_i)tone
(15 o/)) ani supplemented with wheat bran; the pH was
adgjsted to7.2. A 42 hrold actively growing culture havmgi
OD. 0.1 at 540 nmwas added at the rate of 2 ml per 50 m
medium ard incubated at 30°C on a rotary shaker (200
strokes/mir) for 48 f. o

After the growth, the cells were harvested by centrlfugimg
at 12000 > g in Sorvall RC2-B centrifuge. The amylase
activity of the cell-free supernatant was estimated by the
starch-iodine  method of Street6 as modified” by
Khandeparkar and Dhala7. The optimum temperature of the
enzyme is 60°C at pH 6.0. Thus, one unit of amylase is
defined as that amount of enzyme which hydrolysés 1 mg
starch in 1 min at its optimum temperaturé and pH. The
reducing sugars formed at various stages of growth were
detected on TLC plates coated with silica gel emoploglng
the solvent system n-butanol-ethanol-water (50 : 30 ; 20).
The chroma oPram was run at 20°C and developed by
spraying an saldehyde-sulphuric acid reagent8 _

Studies were conducted using wheat bran as a substrate in
TNS medium. Table 1shows the effect of various concentra-
tions of wheat bran on amylase production. Initially, the
amylase activity increased with the concentration of wheat
brand upto 1 pér cent, where it reached to about L85 times
higher than in control medium. However, the trend altered
at higher concentrations and the enzyme activity started
declining wih increase in the substrate concentration. It was
found that ai 4 per cent wheat bran level, less than half the
activity was retained. A simultaneous check on pH showed
that the broth turns more and more acidic with increase in
the substrate concentrations. Thus, at 2 per cent wheat bran
the pH of the medijum decreased from 7.2 to 6.5, and at 4
per cent it lowered to pH.60.

To control the pH of the medium CaC03 (0.1-0.5 per cent)
was employed where 0.3 per cent of it was found to be the
most suitable concentration for the purpose. Thus, the
organism was ?rown ingrowth medium contalnmﬂ Wwheat bran
at "1 per cen: 1o 4 prer cent in the presence of 0.3 per cent
CaC03for 48 hr. The results are incorporated in Table 1
It is seen tiat the amylalse production in the medium
contamln% 1per cent wheat bran remained almost the same,
however, there was a substantial increase in amylase produc-



AMYLASE PRODUCTION ON WHEAT BRAN

table 1 Effect of wheat bran in presence and

ABSENCE OF CaC03 0N AMYLASE PRODUCTION
BY BACILLUS SUBTILIS-159

Wheat bran Amylase (units/ml)

(%) No CaC03 With Cal

01 13 —

2 2.80 —

05 413 —

10 493 503

20 413 5.33

30 200 600
Control 2.66 260

tion in presence of CaC03at higher concentrations of wheat
bran. At 4 per cent wheat bran concentration, 7.35 units/iml
of amylase were produced. This was approximately 7 times
higher than that obtained without CaC03 in the medium.
0 understand various changes taking place in the course
of time, the organism was cultivated in growth medium
containing 4 per cent wheat bran and 0.3 per cent CaC03
and alteration of pH, amylase production, increase in bio-
mass, change in sugar concentration, disappearance of starch
from the broth were studied for 120 hr. Fig. 1 shows the
change in these parameters. It was observed that the pH of
the medium, initially decreased from 7.2 t0 6.5 upto a period
0f 24 hr. Thereafter, it increased gradually and finally arrived
to 86 at 96 hr and maintained at this level on further
incubation. The amylase production started after a lag of 24
hr, increased with biomass until both reached to a maximum
level of around 84 hr to 96 hr. After this time, there was a
fall both in_biomass and amylase produced, at 96 hr the
amylase activity reached to 20 units/ml. Several authorsdl2
showed that the alpha-amylase production in various Bacillus
spp was growth limiting and occurs in the logarithmic phase
of growth. In the case of B. subtilis-159, the growth pattern
and amylase production are in good agreement with the
findings of the above authors. Upton and FogartyBobserved
maximum amylase activity of Thermomonospora viridis
during the logarithmic Phase of growth and noted that
approximately 70 per cent of the total starch was utilized by
the organism before a major part of the amylase was
produced. Similarly, the présent strain also utilized all the
starch by 42 hr and the enzyme production continued upto
96 hr. During the course of the growth, the starch was
hydrolysed forming reducing sugars. The concentration of
stigars in the medium increased with time upto 48 hr, then
rapidly declined to a level at 72 hr which remained constant
thereafter. TLC of the cell-free filtrate at 48 hr showed the
presence of glucose, maltose and isomaltose. But by 72 hr,
glucose and maltose were utilised bY the organism from the
medium leaving behind only isomaltose. Al ouHh there are
reportsithat some strains of fungi utilize isomaftose, or the
sugar acts as an inducer for amylaSe synthesis, It is clear from
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Fig.| Effect of incubation period on amylase production, growth of
organism, change in pH and reducing sugar.

the present results that B. subtilis-159 does not utilize
isomaltose. .

The foregoing results reveal that wheat bran is a good
substrate for amylase production by B. subtilis-159. The effect
of wheat bran on the enhancement of amylase production can
not be attributed to starch alone but many ather nutrients
present in it particularly vitamins, phytic acid, etc.

The authors are thankful to the Director, Cotton
E]e_chnrgtloglcal Research Laboratory for permission to publish

IS article.
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A study was made on the mineral salt requirements of Volvariella
volvacea for growth in shake-flask fermentation., It was observed
that KH2P04, MgS04.7H2) and CaCl22H2) were required at
cconcentrations of 0.1, 0.05 and 0.03% respectively. The elements
Fe, Zn, B and Mo were required in concentrations of 36, 4.0,
150 and 05 Fg/ml respectively for maximum production of
mycelium.

~Mushrooms have been used as food and condiments from
time immemorial. The submerged culture rorocess has been
employed by a number of investigators for production of
mushroom mycelium as this technique has several advantages
viz. smaller requirements of space, labour and time, easier
to control contamination _Problems, hlgher efficiency of
protein production, availability of the product throughouit the
year and better utilisation of low cost materials. The yield
of the cell biomass by the submerged culture technique is
related to the optimum cultural conditions, its reguwements
for nutrients, viz. carbon and nitrogen sources and minerals.
Humfled3 observed that phosphorus, potassium, sulphur,
calcium, magnesium, iron, manganese, zinc, copper and
cobalt were Tequired for Hrovvth of Agaricus campestris.
Litchfield6 reported that the rate of growth of Marchella
species ina synthetic medium was enhanced by supplements
such as com’ stegp Ilguor which s rich in trace nutrients,
Srivastava and Bano8 studied the effect of several major
elements like potassium, phosphorus, calcium and
magnesium on the yield and crade protein content of Pleu-
rotus flabellatus mycelium grown in a glucose-ammonium
salt medium with a mixture of vitamins. The present investi-
?atlon IS aimed to detemine the requirements of mineral salts
r%dgromwth of Volvariella volvacea mycelia in a synthetic
ium,

Volvariella volvacea culture was obtained from Tamilnadu
Agricultural University, Coimbatore, India. The culture wes
grown on potato-dextrose agar slants for 4 days at 37°C
and was subcultured weekly. The effect of minerals was
studied in the selected medium consisting of the foIIowmg
(percentag? maltose —3 KH204-.1, MgS04.7HZ) —0.0
Urea—0.24, FeS047HD —0.001 thiamine, riboflavin,
calcium pantothenate, nicotinic acid each at 50 p ¢/100 ml,
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biotin—0.5 p /100 ml; folic acid—0.3 pq/lOO ml, pyridoxine
—20 p ¢/200'ml. For the_pregaratlon of the inoculum, the
organism was first g‘rown in 50 ml of the synthetic medium
R 6.0) ina 250 ml Erlenmeyer flask at 32°C on a rotatry
shaker (120 r.p.m.) for 10days and the mycelia were collected
and washed twice with 30 ml of sterile water to remove all
adher_mgi contaminants. The mycelia were then transferred
aseptically intoa 250 ml Erlenmeyer flask containing 50 ml
of demingralised water and 45 glass beads., It was shaken
igorously and 5 ml of this suspension was used as inoculum
v I}/ d 5 ml of th d I
for each 250 ml flask containing 50 ml fermentation medium

—

RH 6.0), Inoculated flasks were Incubated at 32°C on a rotary
shaker (120 r.P.m.) for 10 days after which the cells were
collected by filtering through Vhatman No.| filter paper. The
mycelial mass was washed with distilled water to”remove
adhering medium constituents, dried overnight at 50-55°C
and the dry cell WEIth in ¢/ was taken as the yield of the
biomass. Demineralised water was used throughout the
experiment. The solutions of sugar, urea and phosphate were
purified by the chelation method as the use of adsorption
method for removal of trace element contamination was not
found suitable. In the chelation method9, 8-hydroxy
quinoline was used for demineralisation of maltose, urea and
phosphate. The solutions were mixed in required proportions
and dispensed in the 250 ml Erlenmeyer flask along with
other minerals and sterilized, Sterile maltose and KHZP 04
were added to the basal medium prior to inoculation, In a
typical experiment, the mineral under observation was first
omitted from the medium and then added in graced doses
to the basal medium in separate flasks to detemine optimal
concentraion. A triplicate set was taken for each experiment.

For studying the effects of salts KH204, MgS04 and
CaCl2 on tne production of mushroom mycelia, rigorous

Table . Effect of minerals (ng/mi) on growth
OF VOLVARIELLA VOLVACEA

Fe Mn n B Mo Cell hiomass
" 1)
- - - . - 11
20 — - - - 52
36 — - - 6.5
36 20 - - 6.6
36 — 20 - - 15
36 — 40 - - 80
36 — 40 30 - 87
36 — 40 50 - 90
36 — 40 100 - 94
36 — 40 150 - 9.9
36 — 40 150 01 100
36 — 40 150 05 15

—, ahsence of mineral.



MINERAL REQUIREMENTS FOR VOLVARIELLA VOLVACEA 47

purification of the medium was not done as these were tested
at higher concentration. The optimal concentrations of
KHZP04 MS04. THD and CaCl,2HZ) for the production
of mycelia of Volvariella volvacea were 0.1 0.05 and 0.03

er cent respectively (Results not shown). Table 1shows that

e, Zn, B and Mo Wwere required in concentrations (/xg/ml}
0f36, 4.0 150 and 05 respectively. Manganese is not esséntia
for growth of Volvariella volvacea. Copper and cobalt were
inhibitory to the growth of the organism gResuIts not shown).
It is interesting t0 note that the metals Zn, B and Mo were
not absolutely essential for growth of the mushroom but these
Were necessary for maximum growth.
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Mixing of Lor 2% common salt either with 20% paddy husk or
powdered paddy husk were found effective in reducing the
moisture content and incidence of fungi, increasing the total and
head rice recovery of wet paddy and preventing the sprouting
of grain completely. Among these, one per cent common salt with
20 per cent paddy husk which is easily adaptable and convenient
was superior without any adverse effect on quality of cooked rice.

~ Spoilage of wet paddy grain due to sprouting, mould growth
IS.a common phenomenon whenever the harvest coincides
with rains’. This is very common in Krishna-Godavari delta
where the rice crop is adversely affected by cyclonic storms
at the time of threshing of pacidy. Sun-dryln([; of the paddy
IS not possible during inclement weather. Also, the use of
mechanical dryers are not encouraged because of its hl?h 0ost
and non-availability. Under these situations as an alternate
remedy, the use of common salt (2.5 to 10 per cent) alone
and in combination with powdered paddY husk or Soil (as
carrier material) for Ereservatlon of wet paddy has been
studied bP/ earlier workers and found effective in preventing
the spoi a?e of wet paddy24 The usefulness of lower
concen-trations of common Salt (1 and 2 per c_ent% along with
paddy husk/powdered paddy husk in preventing the spoilage

of wet paddy was studied"in order to reduce the cost of
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treatment and to make the method more convenient and easily
adaptable. Conseguent effects on milling and cooking quality
were also studied. _

A laboratory study was conducted using common salt at
Land 2 per cent (wiw) concentrations along with 20 per cent

wiw) paddy husk/powdered paddy husk as carrier material.

he paddy Variety "Masuri’ used’in the present study was
soaked in water for about 14-16 hr in order to raise its moisture
content to about 33.2 per cent (wet basis). The required
quantities of common salt were weighed and thoroughly
mixed with 5 kg of wet paday along with 20 per cent padd
husk/powdered paddy husk as per the treatments (Table
and kept in the form of heaps on the floor in three replicates.
et paddP/ without common salt and carrier material served
as control. The samples from each treatment (comprising of
3 replicates) were_ collected at regular intervals to record
moisture content, incidence of fungi and per cent sprouted
grains. The moisture content was recorded by oven drying
methodb. Fungal isolation of the samples was made by
standard blotter method6. At the end of experiment, the
treated and untreated wet paddy were sun-dried separatel
50 s 1o reach a safe level of 12 per cent moisture content.
The dried _?addy was separately milled using rubber roll
sheller (Saitama Kawa goe, Japan), the total and head rice
recovery were recorded on weight basis. The milled rice
samples (400 g) were taken and separately cooked in domestic
pressure cooker and cooking quality on'the basis of texture,
colour, smell and taste was analyséd by rank sum method/
by a panel of 7 judges,

The reduction of moisture in all the treated samples was
observed upto 5th day after treatment (DAT) and difference
between treated and Untreated samples at 1 daY after treat-
ment was not observed (Table 2). This indlicated the effective-
ness of treatments. The effectiveness of common salt with
husk powder in reducing the mositure of wet paddy was also

Table 1. Effect of common salt on moisture content and sprouting of wet paddy*

Treatment InittiaJ Moisture content (% w.b) at indicated days after treatment Sprputig

NaCl moisture graing
(;}53 Pad%h“k (% wh) { 3 5 0 )
10 200 332 28.2 219 210 195 0.0
20 200 33.2 218 215 213 189 0.0
10 200 33.2 286 285 214 178 00
20 20.0* 33.2 285 287 214 190 00
Control 332 318 318 288 183 410
CD a 5% 130 0.98 091 NS

CV % 2.44 190 162 —

*Powdered paddy husk; — * Mean of three replicates; **at 5th day after treatment.

*Present address:  Regional Agricultural Research Station, Lam, Guntur — 522 034, Andhra Pradesh.
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Table 2. Effect of common salt treatment on the
MILLING QUALITY OF WET PADDY**
Treatment Total "jog* Head rice™
recovery recovery
i Pa; %) %
0

10 0.0 745 724

20 200 744 77

10 20.0* 74.9 728

20 20.0% 745 719
Control 67.1 62.7

CD at 5% 13 146
CV % 097 110

- Powckred paddg husk; _
# 4+ Midire 33.2% on wet basis; **Mean of three replicates;

established earlier by other workers™89. All the treatments
were equally effective in preventing the s?rout,lng of wet (Pad
completely” when comgare_d to Control which recorged
per cent on 5th day. Similar result was also reported by
Anthoni Rgj et al.’ Mlergjg of common salt at both the
levels along with either pad Iy husk or powdered paddy husk
could not inhibit the fungal growth completely. However,
wsuallP/ intensity of incidence of mould growth was more in
controf. sam;l):les than in treated samples. The fungi
Aspergillus, Fusarium, Helminthosporium, Rhizopus and
Trichochoniella were isolated from treated as well as control
samples. None of the treatments was free from any one of
the above stated fungi. Prevention of fungal infection due to
application of 5 per cent NaCl and 20-30 per cent husk
powder to parboiled paddy was observed by Singaravadivel .
The data on millin cluallty of the paddy samples at 12
per cent moisture content are presented in Table 2. The total
and head rice recovery were more than the control in all the
treated samgles. The total rice recovery in treated and control
was about 74 and 67 per cent respectively; the head rice
recoverY in the corresponding samples was about 71 and 62
per cent respectively. Common salt either with paddy husk
or powdered paddy husk has got its effect on head and
total rice recovery. The report of Singaravadivel et al', on
parboiled padd¥ IS a Supporting evidence to the results of the
Present study. The percentage brokens were the same in the
reated and Control. The low rice recovery in control mlgght
be dlue to sprouting. The data.on cooklr;l% quall%ofthe treated
and untreated samples are given in Table 3. The samples of
paday treated with common salt at 1 per cent along with 20
per cent paddy husk or powdered paddy husk was within
acceptable limits without showing any acverse effect on taste,
colour, smell and texture. _
In general, it may be concluded that the spoilage of wet
paddy can be minirhised using 1 pier cent common salt with

table 3. Effect of common salt treatment of
WET PADDY ON COOKING QUALITY CHARACTERISTICS
- RANK SUM DATA

Treatment Cooking quality characteristics
Pad
NaCl husﬁ'y Texture  Colour  Smell  Taste
(%) (%)
10 20 100 i 100 10+
Sup. Sup. Sup. Sup.
20 200 24 3 2 3
ns ns ns ns
10 20.0* fligd 10+ flig i
Sup. Sup. Sup. Sup.
20 2.0* 5 26 5 2
ns ns ns ns
Control K . o o

Inf. Inf. Inf. Inf.

 Poncered paddy husk; o o
Sup : Superior; Inf: Inferior; **Significant at 1%level; n.s ; Not significant.

20 pier cent paddy husk fwhich is easily adagtable and
convenient) and was equally effective as with 20 per cent
powdlered paddy husk without any adverse effect on cooking
quality of rice.
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Drying of wet paddy using batch type dryer at 45-55°C drying
air temperatures significantly minimised the bacterial and fungal
populations. Reductions of microbial population at different
drying air temperatures were not consistent and did not show
any definite trend.

In coastal areas of Andhra Pradesh, untimely rains and
c%clonjc storms soak paddy at the time of harvesting and
threshing and cause serious losses. Such paddy gets spoiled
duetos routln% mould.?rowth, etc., as sun-drylr&g becomes
impossible in the prevailing inclement weather. Under such
circumstances, the rain soaked paddy has to be dried
immediately within 24 hr to prevent s%mlage'. The
improved technique of dryln? of wet paddy by mechanical
drying system acts as an efficient tool In salvaging the
damaged 1padd?/ which otherwise could not be milled as raw
paddy2. Therefore, to study the effect of drying on bacterial
and fungal population (responsible for spoilage) of wet Paddy,
a batch type dryer of 1 ton capacity was used at dirferent
dry[lng air temperatures. .

The wet paddy variety ‘IET 4786’ caught under cyclonic
rain was used for the present study. The wet paddy was
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received from 7 different fields and the condition of the Paddy
was not uniform, since it was exposed to rain in different
situations resulting in varying degrees of discolouration,
mould growth and other foreign material. The paddg received
from each fields was treated as a batch and the 7 batches of
gaddy were dried at air temperatures of 45, 47, 48, 50, 51,
2 and 55°C for 60 to 90 min so that the moisture level of
the paday reached a safe level of 12-14 per cent. The quantity
of wet paddy used for drying of each batch was 0.5 ton. the
moisture content of the dried and undried paddy was recorded
using Aquatronic grain moisture meter. Four kg each of
undried sample (ke?t aside at the start of drying) and dried
sample at the end o drylng were taken from each batch and
stored in ?Iass jars of 5 kg cai)_auty under laboratory
conditions for one month in 3 replicates. Standard dilution
Plate technique3 was adopted to grow the bacterial and
ungal population by drawing IO(T; of sample at the end of
storage period from each hatch of stored dried and undried
paday. Nutrient atgar and malt extract agar were used to isolate
the bacteria and fungi respectively. The data were statistically
analysed and the results are given in Table 1

The results in Table 1indicate that the bacterial and fungal
populations were significantly minimised due to drying at all
the drying air temperatures adopted in the study. The
advantage of batch type dryer in reducing the spoilage due
to mould growth has also been stated by Pillaiyar, the other
advantage being less chance of over drying of the grainl
Maximum reductions of bacterial and fun?al pogulatlon were
observed at 52°C (45.44) per cent) and 47°C (89.01 per cent)
respectively. Minimum reductions of bacterial and fungal
pogulatlon were observed at 47°C (8.40 per cent) and 51°C
(32.44 per cent) respectively. The inconsistency of the

Table 1L Effect of different drying air temperatures on microbial population of wet paddy*

Batch No.

Drying Moisture after Decrease % Decrease y
alr tenp ermg In no, of redu/ction I no, of redué%ion
(’Q) %) bacter!%{g* fungl/g
of pad of padaly**
1 45 130 0.24 424 )
) Iy 140 004 8.48 o.% 33.'819
431 é(8) 145 008 159 078 &4l
S S -
6 5 130 027 4544 054 708
S'7E 55 140 86% 3032 062 [P
T valle at 5w 4,10 i

“Initial moisture content of paday wes 29%; ** transformed logarithm values

Present address:  RARS, Lam, Guntur —522 034, Andhra Pradesh.
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variation in reduction of bacterial and fungal population with

drying air temperatures is probably due to abnormal variation
in the initial condition of the graind6and duration of drying.
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Catalase was the most heat resistant enzyme in bitter gourds.
Blanching 1cm thick rings for 2 min in boiling water inactivated
all the enzymes present in rings. Blanching rings in 5% NaCl
and drying them in a tray drier for 3 hr at 70°C followed by 4
hr drying at 60°C gave dark green, soft textured, slightly salty
and less bitter product.

Bitter gourd is an imertant vegetable of summer and rainy
seasons. It has typical bitter taste and many medicinal values
have been attributed to it. Bitter gourd is said to tone-up liver
and spleen, useful for diabetic people, diuretic and vermicidal
and improve digestion, It is said to be a good vegetable for
Batlents suffering from ascites, gout and pain in the joints.
ecause of these attributes and its special culinary taste, bitter
ﬁourd has good demand. However, it is available only dunng
arvesting season due to its perishable nature. Drying an
canning are two methods employed to preserve itl Dried
product is preferred because of advantages like reduced mass
and lower packaging requirements. It is noted that during
drying hitter gourds develop rubbery texture and become
brown in additon to losing some of its bitterness. Therefore,
this study was undertaken to develop a suitable process of
dehydration of bitter %ourd slices. o
ood quality raw bitter gourds of uniformly medium size
and dark green colour are washed well in water, sorted and
sliced transversely into 1cm thick rings with sharp stainless
steel knife. They are found to contain catalase and peroxidase.
The index enzyme for blanching was established by heating
rings for various periods of 0 to 3 min in boiling water and
testlngI them for the presence of the above two enzymes.
Cqm? ete inactivation of catalase took 2 min as against 15
min for peroxidase. Therefore, the blanching process was
designed to destroy catalase. Slices are blanched inboiling
water for 2 min and dipped in 0.2 per cent potassium meta-
bisulphite (KMS) solution for 10 miri at room temperaturel
But, a@cordlnlgI to Luh et al.2 green vegetable like cabbage
have higher pH and should be sprayed after blanching with
0.2-0.7 per cent solution of sulphites. Therefore, blanched
samples are dipped in sulphite solution (1 per cent sodium

Lt

4
all corresponaenca"shou
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sulphite + 1 per cent sodium bisulphite) similarly. A common
practice followed at home for reducing bitterness is to app(ljy
common salt lightly on the scrapped surface of bitter gourd,
keep for sometime and to remove excess salt from the surface
by washing in water. Therefore, bitter gourds are %[ven salt
treatment In two ways. They are blanched by boiling in 5
per cent sodium chloride Solution or their surfaces are
scrapped lightly with knife, smeared with connom salt, kept
at room temprature for 30 min, washed and blanched In
boiling water for 2 min. Unblanched or water blanched and
undipped slices are used as control. Treated samples are
spread on perforated aluminium trays (%re})y loading: Ca. 6
kg/m? and dried in a cabinet drier at 70°C for the first 3
hr followed by 4 hr drying at 60°C". Dehydrated slices are
packed in polyethylence packets sealed and stored in
desiccators. _ _ _ _
Moisture content is determined by air-oven drying
method3. Shrinkage ratio (SR), dehydration ratio (DR),
rehydration ration (RR) and extent of non-enzymatic brownlng
EN B) were determined according to the methods outline
y Ranganna3. Total chlorophyll and pheophytin contents
were estimated by the method of Vernon4 using 80 per cent
acetone as solvent. Presence of catalase and peroxidase was
tested using 3 per cent HD 2 and 1 per cent guaiacold
respectively. Reconstituted samples of bitter gourd are
subjected to descrl?tlve sensory analysis for colour, taste and
texture by a panel of 5 trained panelists drawn from the
laboratory3b. _ _
Bitter gourd contained 2.8 per cent total soluble solids.
Their moisture content (83 per cent) is higher than that
reported by Kalra et al. LActivity of catalase and peroxidase
is higher in the outer scales and seeds. Thermal resistance
of catalase is greater and therefore, it is used as an index
ean/me for the blanching process. Two minutes blanching
of Zcm thick rings m_boﬂma water is found to be adequate
for catalase inactivation. The rings are dried to about 5
per cent moisture during two stage dehydration. All the
dehydrated samples except the unblanched ones are free from
catalase and peroxidase. SR of the salt-smeared samples is
the highest due to loss of material through scrapings. DR
(7.5-10.0) are close to the reported values of 8.2-10.0Lbut RR
values of 50-5.8 are lower than the reported values of
6.2-8.1' (Table 1). Ratio of RR to DR is used as an index
of reconstitutability. Though this ratio does not differ
3|gn|f|cantly among the samples, its value is highest (0.66)
for the sulphite-dipped and also brine-blanched samples
(Table 1) which indicates their superior rehydration charac-
teristics. Discolouration in dried product may be caused by
changes in sugars during drying and/or due fo formation of

No. 5968 through Ex?gri&err}t]a agation, G.B. Pant Univ. of Agric. & Tech., Pantnagar, Nainital
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Table L Quality characteristics of dehydrated bitter gourd rings

Pretreatment R DR RR Reconsti-  NEB(OD) Tota chloro- Total phep- Sensory qualities

tutabili at 440 phyllsd — phytms

RADY M) (go (il

solids) solids)
No blanching 13 100 58 0.8 100 IKY/) 2212 Pale green, bitter and leathery
Water blancfied _ 94 80 52 06 08 19106 11708 Brownish, bitfer and leathery
\Water blanched, KMS_d|%Jed 94 80 52 0.65 0.80 19467 4955 Pale green, bitter and leathe
Water blanched, sulphite dipped2 89 75 50 0.66 049 23787 8.45% IDatrrl]< green, bitter and slightly
pathe

Salt treated, water blanched3 114 87 52 059 079 n& 3.7% Brownrl%h, less bitter and soft
Brine blanched 87 171 bl 0.66 0.60 24519 104%8  Dark %een, less hitter, salty

and so

b min blanching in b_oilinq media; 2D_ipped n0.2% KMS or 1w NaHSOj + 1% Na2503solution far. 10min at room temperature; Biter gourd surface
scrapped, smeared with salt for 30 min, washed and blanched: Total ch oroL;))P{yII and total pheophytin contents (mg/200 g solids) of raw samples 28.68
and 2.90; NEB: Extent of non-enzymatic browning; SR: Shrinkage ratio; DR Dehydration ratio; RR: Rehydration ratio.

pheophytin from chlorophylls. Therefore, NEB, total chloro-  product of soft texture although it reduced bitterness and
phylls and total Fheophytlns are determined to objectively  imparted saltish taste.

express the visual colour of dehydrated bitter gourd samples.

Though pheophytin content of control samples is minimum,

Its chlorop[hyll content is also low and NEB is high References

(Table 2). The visual rating for its colour is pale greenand 1 Kala C L, Pruthi J S, Teoia M S, Raina B R and Nandpur K'§
texture is leathery. The product is rated poor even though it F[Et'tlfpce&g Vggeb/lm quality of processed bitter gourd, ingian s

has retained its bitterness. KMS dipping has been reported' e .
togiveagood deycrated procuct Butimthissuey tistound = 5,0, 'S 6 Weool 5" AV Wit
to yield a pale green and leathery product and its NEB is 195, 384,

hH er 80.8 ? Green vegetables like cabbage, etc., have higher 3 Rangama §, wand book o iAnalysis fhg gualty Canualer Enitan
P

and sulphite solution has been reported to be more teaetan roucts. Tela Mcgrawe il Publisning Ltd. New Del,
. 2N )

effective than KMS in checking browning during - -
dehydration26. Rahman and Buck?e7 reporteg greater 4 v%wggp#ytfnssﬁ]e%tlrgrﬁhg)t&rgcettsr|cASgtlsimclgggonl%ocggro hﬁ.ls o

I’eter_ltion Of_ CthfOphr”S during 12 months _Storage N5 Larmond"E, Laboratory Methods for Sensory Evaluation of Food,
capsicums dipped in sulphite solution before freezing. In this Research Branch, Canada Department of Agriculiure Publicaton
study also, sulphite-dipping improved the colour, Teduced Fiﬁﬂ ECanada Department of 9“C“'“(J{|§CP %1C1|977,|47d a7
NEB but the texture is still not liked. Salt-smearlng isfound & T g ook o fFood Adtitives, LI FIES, LIEVEIANG

to improve the texture but it reduced bitterness and induced 7 Rahman F MM and Buckle K A, Effects of blanching and sulphur
browning. Among the five treatments tried in this study, brine- dioxide on ascorbic acid and pigments of frozen capsicums, 1 rd

blanching is found to be the best at it gives a dark green rectnol, 1%L, 16, 67L
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Steeping preservation in a chemical solution containing 5% salt,
1.2% acetic acid and 0.1% KMS was found to be the best followed
by 3% salt, 0.8% acetic acid and 0.2% KMS than by dry salting.
Addition of 0.5% calcium chlorie helped to retain texture of slices
during subsequent storage. Dry salting showed more softening
and browning of slices.

~Mango occupies about 942.56 thousand hectares of land
yielding 8214.51 thousand tonnes of fruits annually. Both
young and unripe fruits, because of their acidic taste, are
utilized for culinary purposes as well as for preparing pickles,
chutneys and amechurf2. About 2000 tonnes of mango slices
in brine are exported annually mainly to Eurot[])ean countries
and about 7000 to 8000 tonnes of pickles and chutneys mainly
to UK, Canada, U.S.A. and Germany. _

Raw mango slices during the season are preserved with salt
for processing during off-season and for export. Johar and
Anand3 studied the microbiology of brined slices and
recommended storage in 15 per cent brine. An improved
method has been sugc{xested by Anand and Johar4 employing
10 per cent brine con a|n|ng1 00 p.p.m. sulphur dioxide for
primary salting for 20 hr followed by five per cent powdered
salt with 200 p.p.m. sulphur dioxide for storage and finally,
filling the empty space in the barrel with 5 per cent brine
solution contalnln% 200 p.p.m. S02 Effect of dry salting on
chemical composition and texture of green mango slices has
been studied by Das and Boseb. The present study was
conducted to find out a suitable method for preserving raw
mango slices for use in pickles and chutneys.

Fresh raw mangoes (var.'Neelum’) was obtained from the
orchard of the Division of Fruit and Horticultural Technologiy,
|ARI, New Delhi. Fruits were washed with water thor_ough y
peeled with stainless steel knife and cut into longitu inal
pieces of 1.5 cm average thickness. Slices were preserved both
In acidified brine solutions and by dry salting as such and
together with potassium metabisulphite. Slices were packed
In glass IJars and stored at room temperature c530.4_r5°C).

oluble solids é°Br|x) content was determined with a hand
refractometer and the values corrected to 20°C. Acidity, pH
and sugars were determined by the standard methods of

o4
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A.0.A.C.6 Ascorhic acid was determined by the titrimetric
method?. AnaIKms for sulphur dioxide and NEB were
carried out by the methods of Ranganna8, Sensory evalution
was carried out by a panel of six judges using a 9 point
Hedonic scale9. Total microbial counts were estimated by
Seeley and van Demark1) _

Data presented in Table 1 show that during 10 months
storagie of raw mango slices, there was decrease in total
soluble solids (T.S.S.) and SO2 retention, lowering of
acidity, pH and microbial load in all the treatments. Stored
slices retained 5.0 to 6.0 per cent T.S.S., while acidity and
pH ranged from 119 to 1.5 per cent and 2.20 to 2.65,
respectively. Sulphur dioxide retention was 61.5 to 73.6
per cent in different treatments. In the ste_eplnﬁ. solutions
different concentration of potassium meta bisulphite (KMS&
(0.1 t0 0.2 per cent), salt FZ.S to 5.0 per cent) and acid (0.
to 1.2 per cent) did not show marked effect on non-enzymatic
browing gNE ) durm%storage which ranged between0.1500
and 0.2300 as O.D. Microbical counts/g decreased
tremendously during stora?e. _

|t was ohserved that a quality of raw mango slices was better
when preserved with 10 per cent salt and 0.1 per cent KMS
as compared to 15 per cent salt with 0.1 per cent KMS with
regard to non-enzymatic browning, microbial load and
organoleptic quality (Table 2), while the latter treatment
showed better retention of vitamin C during 5 months storage.
Allthough dry salting of slices showed better retention of
nutrients, it showed more nqn—er]zrmatlc browning and
so_ftenlnﬁ as well as higher microbial load as compared to
slices when preserved in acidified brine solutions by steeping
preservation technique (Tables 1 and 2). _

Effect of calcium chloride on the texture of preserved slices
was also studied during steeping preservation of raw mango
slices (Table 3.) By oroganoleptlc evaluations, it was observed
that by addition of 05 per cent calcium chloride to the
acidified brine, texture of slices could be improved to some
extent. There was slight increase in T.S.S and acidity and
lowering of pH during 3 months storage at room temperature.
Apdparently, addition of calcium chloride did not affect colour
and flavour of the preserved material. It was observed that
the slices could be preserved safely upto one year in an
acidified chemical solution with good retention of colour,
flavour and texture. A steeping solution containing 5 per cent
salt, 1.2 per cent acetic acid 0.1 per cent KMS and 0.5
per cent CaCl2 was found to be the best followed by 3
8er cent salt, 0.8 Fer cent acetic acid, 0.2 per cent KMS and

5 per cent CaCl2 (Table 1). Dry salting was not good with
regard to colour and texture although retention of nutrients
was slightly better as compared to steeping preservation.
Overall quality of the 1pr_eserved product was very good by
steeping preservation. This technigue can be used successfully



Table 1L Physico-chemical changes in raw mango slices

AT ROOM TEMPERATU
Treatments Storage~ “Brix (20°C) SO, (ppm) Aciol
St Atic  KMS rﬁeﬂfﬁ Slics  Brine  Slices as CA
W ad g (monts) Slices
)
25 06 02 0 681 — — 10 1%
i 503 490 6012 5668 110
30 08 02 0 132 1000 316
D 540 538 65 5820 139
50 12 01 0 681 500 14
i 602 600 3 30220 1%

MANGO SLICE PRESERVATION

Values are the average of 2 determinations for both the replications

Table 2.
Treatments Storage~ Vitamin ¢ Microbjal load ~ Non-enzymatic
Sl KMS r%%rr!?r% ! (my200¢)  (million/g) br&v\%)ng
(%) (%)
0 01 0 1389 66.8 0.0862
5 4,00 412 03010
0 1089 104 0.0862
b 01 5 326 562 0.2926

Values are the average of 2 determinations for both the replications.

for preservation of mango slices in processing industry for
indigenous and export market. The preserved slices were used
directly after taking out from the brine for the preparation
of pickles and chutneys after adding rest of the materials like

%5

Ealéeserved by various chemical solutions

iy

Microbial load
(millionsfg)

Slices  Brine

Organoleptic quality
?overall Scores)

Brine Slices  Brine

- 22 White,
oSl

K)
Liﬁht

Colour,
flavour
texture
good (10)
Colour
off white, yellow,
flavour ~ Slight
acceptable, cloudy (5)
texture
good (6)

Colour,
flavour,
texture
good (10)

Colour
off white, yellow,
flavour,  fransparent
texture_ (6)

good (7)

Colour,
flavour
texture
good (10)

Colour Liﬁht
ite, Ye ow,

flavour  ransparent

texture  (6)

very good

©

m 20 35

66.80 White,
transPa-

rent (10)

140 18 330 Liﬁht

2022 White
et

)
094

128 308

Effect of dry salting on physio—chemical changes in cured raw mango slices at room temperature

Organoleptic quality (overall scores)

Colour, flavour and taste good (10)

Colour white, flavour and texture gtfod (7)

Colour, flavour and taste good (10)

Colour off white, flavour acceptable texture soft. (6)

salt, acid, various spices, oil,etc. Those cured slices can also
be dried or dehydrated for further storage for the preparation
of various products like powder, amchur, chutney, pickles,
ketchup, sauces, curries and spiced beverage preparations.
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Table 3. Effect of calcium chloride in preservation of raw mangc peeled slices during 3 months storage

AT ROOM TEMPERATURE
Treatments Storage . Organoleptic quality (overall scores)
St Actic  KMS  CaCl.  period Slice Brine
O aid (%) () (months)
(%)
3 08 02 05 0 Colour, flavour and taste good (10) White, transparent (10)
3 Colour off white, texture very good, flavour good (3) V. light yellow, - transparent (7)
3 08 02 0 Colour, flavour and taste good (10) White, transparent (10)
3 Colour off white, texture and flavour good (8) V. light yellow, transparent (7)
References 6. Official Methods of Analysis, Association of Agricultural Chemists,

. . Washington, 1970, 161-271
L Jain N L, Chemistry and technology of mango. Rev Fd Technol, 1%L 7 Freed M._?\AethodsofVitaminP&S&,ASSOCiation of Vitamin Chemists,

\ . Interscience Publishers. New York. 1966,
2. Maitra R K Choudhuri D R and Bose A N. General survey on the - :
quality_of clred mango slices. Indian Fd Pekr, 190, 33, 52 B Reytpra S, Manual otanalyie of s and v
3 Johar D'Sand Anand J C. Note on the microbiology of brined mango
slices, Indian J Hortic, 191 8, 45

fAn e'etablesProducts, Taa
cGraw Full Publishing Company L|m|te3, New Delhi, 1977

53, A
4 Anand J C and Johar B S Improved method for the commercial ! A’E&;‘ﬂiﬁﬂﬁof Eﬂ%ﬁ”ﬂ\cﬁd“é'rﬁ?éj Ergg’éf'iroﬁd%nf”fgcg'“°’Se”5‘”y

: 90-92
preservation of raw mango slices, Fd Sci, 198, 7, 150 10 Seeley HW end van Demark P J, Microbes in Action. APpLaborator
5 Da159%<8ar§% B%]e AN, Dry Salting of mango Slices, J Proc Inst Chem,

Manual of Microbiology, DB, Taraporeval Sors and Co Private Lid,
%2, 51-56.
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Analysis of samples of paneer collected from shops in Kamal City
market showed wide variations in moisture and fat. The ash
content also varied. The average moisture content ranged between
56.2 and 614%. The fat content ranged from 18.30 to 22.7%.
Overall value of 214% fat in samples on dry basis was just above
Prevention of Food Adulteration Act’s limit of 50% on dry matter
basis, while samples from some shops did not correspond to the
legal minimum limit. Shop to shop variation for pH values was
also ohserved.

According to prevention of Food Adulteration Rules' 1983,
paneer means a product obtained from cow’s or buffalo milk
or a combination thereof by precipitation with sour milk,
lactic acid or citric acid. The fat content shall not be less
than 50 per cent of the dry matter. The published information
on mineral composition of market or laboratory paneer
samples is not available. Therefore, chemical composition of
paneer was studied to assess the quality of paneer sold
commercially. _ -

Market samples of paneer were collected in pre-sterilized
p[olyethylene bags from five different shops of Kamal market.

he samples were transported in a ice-box and stored at 5°C

J. Fd. Sci. TechnoL, 1991, Voi. 28, No. 1, 57-58

until analysed. Moisture and total solid contents were
determined as per the procedure described2 with minor
modification which involved addition of 5 ml of hot distilled
water to break the curd particles and disperse it uniformly.
Fat was estimated by the Gerber test3. The protein content
of samples was determined by micro-kjeldahl methodé
Lactose was calculated by difference. Ash content was
estimated according to the method described for chhanad.
Calcium content was estimated from the ash solutiond.
Phosphorus content was estimated colorimetrically by the
method of Fiske and Subba Rowb. Citrate was determined by
modified colorimetric method of White and Davies/.
Chloride was estimated by the semi-micro mercurimetric
titration method of Roy and Yadav8 with minor
modification. Sodium and potassium contents were
determined from ash solution In a systronic digital flame
photometerd (with sodium and potassium filter) Model-121
at a constant air pressure of 0.5 kg/em2 using regulated
indane gas as a source of fuel. Magnesium, copﬁer, iron and
zinc in ash solution were estimated with the help of Pye-
Unichem SP-191 atomic ahsorption spectrophotometer

pH of dpaneer samﬁles (immediately after samp_lln?) was
n%easure by the method as devised by Kosikowaski™ for soft
cheese.

The results pertaining to the major milk constituents and

H of paneer from different shops are shown in Table 1

Joisture content of paneer ranged from 56.2 to 61.4 per cent
with an overall value being 57.9 per cent for different shops.
These values were considerably higher than those (51.43
per cent) for market samples of paneer from Kamal and Delhi
cities as reported by Rajorhia et ala.

Table 1 Major milk constituents of market paneer

Shops Moisture Total Fat
(%) solids (%)
(%)

1 573 + 08 427 +08 28 + 07
(L)

2 5.2 + 08 £38+08 224 +09
(509)

3 68+ 12 M32+12 27+09
(526)

4 614 + 15 36+ 15 183 + 13
(@70)

5 57+ 10 423+10 216 + 10
(L)

Overall 579+ 11 21+ 1 21.(450+ )10

Figures in parenthesis indicate value on dry matter basis.

57

Protein Lactose Ash pH
(4 % (%)
170 + 05 2.2 + 01 16+ 00 55 +01
(395) (52 (39)
175 + 02 23 + 01 16 + 00 56 + 01
(1) (652 (37)
162 + 04 24 + 01 18 + 01 55+ 01
(376) (56) (4.2)
160 + 06 22 + 02 18 + 01 59+ 01
(49 (56) (47)
171 + 04 21+ 02 18 + 01 58 + 01
(405) (&X) (42)
168 + 04 23+ 01 17+01 57+ 01
(39 (54) (41)

Mean of eight samples. Mean + SE.
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Table 2. Mineral composition (mg per 100 G) of market paneer

Shops Ca Mag Phos Citrate Sod. Pot. Chlo. Cu Iron Zinc

1 4675+ 196 B1+25 36+ 21 127+62 3L+50 578+46 514+ 15 04+01 44+06 30+01
(L) G2 TEwy) @Y m) @) @ 09 w4 @

2 425+ 14 71 +21 3494 + 158 1498+ 11 BT +42 613+43 538+27 09+01 27+06 31+01
O646) 619 @07 304 @6 (64 (29 @) 6) (69

3 45000+ 172 272+ 14 394 + 167 127+ 110 289 +56 516+ 77 472+54 06+01 34+06 29 +01
(024" “ 636 @Eu) @97 B9 @y @) (4 (19 (69

4 425+ Bl 263+ 19 306+ 170 1007+ U1 R7+51 B3 +35 43+ 1803H+01 51+08 31+01
(36  (87)  @6) @9 @) @0y @y 09 By @3

5 4B0+ 12 W1+ 17 A5+ 241 123+91 43 +36 572+54 556+26203+00 29+03 31+01
9 “®) C E09 @84 @) B3I @4 0 6) (14

Overall 4450 +97 270+ 13 3443 + B7 187+ 100 325+51 537+35 405+32 05+01 37+04 30+01
088 @2 @98 @13 @m0 () @y 1w @9 (13

Figures In parentheses indicae values on dry matter basis.
Values are mean of 8 determinations, Mean™+ S.E.

The PFA standards for paneer describe a minimum of 50
per cent fat on dry matter basis. Overall value of 214
per cent fat in paneer samples of present investigation on dry
matter basis was just above PFA limit of 50 per cent. A wide
variation in fat content (183 to 22.7 per cent) among shops
was noticed, while samples from some shops did not corres-
p[or]d to the legal minimum limit of fat for whole milk paneer.

his could be because of use of low fat or partially skimmed
milk for the manufacture of paneer. .

There were not much variations in protein and lactose
contents of market paneer either among shops or samples.
Similar values for protein (17.67 per cent) and lactose &07
per cent) were also reported by Rajorhia et al'2.

The ash content of market samples of paneeer ranged from
16 to 18 per cent amonE shops, overall values being 17
per cent. However, in market situation, milk from variable
sources and of different qualities, status of salts in milk, losses
in whey, extent of lowering of pH of coagiulatlon, pressing
and chilled water treatment may have resulted the variations
in ash contents. .

The pH of paneer samples from different shogs ranged
considerably from 5.5 to 5.8; pH values show that the method
of coagulation vary from shop to shop. The data on calcium,
magnesium, phosphorus, citrate, sodium, potassium,
chloride, copper, iron and zinc of market samples of paneer
are_given in Table 2. .

Calcium content of paneer varied from 412.5 to 475.0 mg
per 100 g.amon? shops. Similarly, citrate content also showe
wide variation from 100.7 to 1498 mg per 100 g of paneer.
HI% ly noticeable differences :n cop}fer and iron contents (0.3
t0 0.9 mg and 2.9 to 5.1 mg per 100 g respectlvely1 were
observed amonﬂ shops. The overall Values for calcium,
magnesium, phosphorus, citrate, sodium, potassium,
chloride, copper, iron and zinc were 445.00, 27.00. 344.30.

1237, 325, 537, 40.5, 0.5, 3.7 and 3.0 mg per 100 g paneer
respectively. N .

he variations in mineral composition of various samples
of paneer from different shops might explain some important
influencing like type and quality of milk, concnetration of
various minerals present in natural or contaminated forms,
method of preparation, nature, tﬁ)e and strength of a
coagulant used, temperature and pH of coagulation, types
of container used during manufacture and storage.

References _
1 Commentaries on the Prevention ofFood Adulteration Act, ASlan Law
House, Hyderabad. 1963 4th Edn.
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of Indian Standards, Manak Bhawan, New Delhi.
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Forty samples of khoa from five different shops of Kama) city
were analysed for minerals. A noticeable difference for
magnesium, phosphorus and zinc between samples and a
significant variation for calcium among shops were observed. The
market samples of Khoa contained (mg/l0Qg) calcium 654.00,
magnesium 66”7, phosphorus, 376.55, citrate, 517.36, sodium
182.88, potassium 368.00, cholrice 331.65, copper 0.16, iron 2.43,
and zinc 243,

The chemical make up of khoa is very complex. The
processing steps of heating and stlrrl_nE introduce innumerable
changes in the multi-component mil system. The investga-
tions carried out in the past were mostly to esimate major
milk constituents and to set legal requirements for them. The
gross chemical composition, packaging, preservation and
nutritional aspects of khoa have been reviewed in detaill
However, the information on mineral composition in khoa
is incomplete and very limited. To supplement the available
information on some minerals in khoa, the market study was
conducted. _

Forty market samples of khoa were collected in pre-
sterilised polyethylene bags from five different shops of
Kamal utg. e samples were transported in an ice-hox and
stored at 5°C until analysed. A representative sample from
whole cross section of the product was taken. The portion
was then passed through a fine mesh stainless steel grater
and ground in a mortar. The ground product was placed in
a szlample container with lid and was used for chemical
analyss. . _ .

The ash content in khoa samples was determined according
to the method used for chhana2. The ash as obtained was
dissolved in 10 ml acid (L:1 mixture of HNO03and HCL) and
transferred into 50 ml volumetric flask. The volume was made
upto the mark with glass distilled water. The contents were
mlxledlwell and stored in polyethylene hottles until further
analysis.

Ce)lllcium content was estimated from ash solution3.
Phosphorus content was estimated colorimetrically as per the
method of Fiske and Subba Row4. Sodium and" potassium
contents were determined from ash solution in a systonic
digital flame photometer (with sodium and potassium filters),
Model 121 at air pressure of 0.5 kg/cm2with Indane gas as
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a source of fuel. Magnesium, copper, iron and zinc were
estimated with the help of Pye-Unichem Sp-191 atomic
absorption spectrophotometer. For magnesium estimation
1 ml of ash solution was diluted to 50 ml and estimated by
atomic absorption spectrophotometer. .

Two way analysis of variance without interaction was
carried out for the data obtained from market survey of khoa
using the following statistical equation:

Vip=4+3Si+14+ 6
Where, :

Vij = various milk minerals of khoa for j the sample

beIon(_1|ng to its shop (i=1,2....5...J+1,2,...8),

U = %enera mean; _ _

Si- = Effect of ith shop., tj=Effect of jth sample and

eij = Random error component assumed to follow normal

glsztrlbutlon with zero mean and constant variance
e2

M ajor constituents:  The overall values for maisture, total
solids, fat, protein, lactose were 41.14, 58.86, 19.35, 14.29 and
25.54 Per cent respectively. The ash contents of market khoa
varied from 2.59 to 3.04 per cent between samples and from
2.75 0 2.89 per cent hetween shops. Several workers56 have
reported variable results for ash contents ranging from 2.98
to 3.7 per cent in khoa. The type and guallty of milk used,
extent of dehydration and presence of adulterant would cause
such dlsparlé. . o

The mean and overall concentration of various minerals
of market samples of khoa from different shops are given
in Table 1 The average values for calcium, magnesium
?hosphorus, citrate, sodium, potassium and chloride were
ound to range from 612.50 to 717.50, 64.99 to 68.09, 362.50
395.00, 504.06 to 551.56, 17154 to 190.01, 373.89 to 384.01,
32447 to 344.40 mg per 100 g respectively whereas the
concentration of trace elements, viz. copper, iron and zinc
varied from 0.13 t00.19, 1.96 to 3.02 and 3.36 to 4.00 mg per
100 g respectively. _

Report of Narain and Smgh? has shown enormous
variations (429.50 to 1000 mg/100 g) in the calcium content
of market khoa. Similarly, wide variations have also been
reported for phosphorus content (335.66 to 490.0 mg/100 g)
in samples from market8 _

The Iron content of market khoa was in close aqreement
with those &3.19 mg/100 %? but the same was lower as
compared with contents (9.42 mg/100 g9. However, all these
values in market khoa were significantly higher than khoa
samples prepared in stainless steel containers. This might
P(robably be due to longer contact of milk with surface of iron

arahi usually used by the khoa manufacturers and metallic
contaminated milk used. o _

_ The data for other minerals are not available in published
literature. The variations observed in the values of different
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Table L Mineral composition (mglioo G) of market khoa*

Shops

Minerals 1 2 3 4 5 Overall

Ash 216 + 0.06 281 + 005 275 + 006 276 + 006 2.89 + 008 281 + 005
(4.58) (5.00) (4.55) (4.84) (4.96) (4718)

Calcium 63000 + 507 64250 + 2462 66750 + 135 71750 + 1906 61250 + 1887  654.00 +20.24
(103L.77) (113830) (1103R) (1259.60) (1049.89) uemn)

Magnesium 68.69 + 2.24 64.99 + 214 66,36 + 217 611 +2.58 6723 + 2.29 06.67 + 164
(124 (1132) (109.62) (1163 (7.3 (137)

Phosphorus 38433 + 1864 36250 + 1564 3%00 + 2044 I3+ 1BR 0 IWWH+ BH 0 3655+ 4R
(629.76) (63L.76) (651.36) (661.42) (602.92) (635.45)

Citrate 55156 + 2677 5713+ 159 50469 + 2202 50938 + 1900 50406 + 1567 51736 + 021
(905.97) (898.97) (834.93) (894.90) (894.49) ' (879.89)

Sodium 7% + 1313 19001 + 786 18107 + UL 18429 + 741 18750 + 1012 18288 + 105
(28L78) (326.61) (29953) (324.39) (320.3) (310.74)

Potassium 0+ 1255 B/LR+ DB J0F7+ 199 0 397 + 108 BO0L+ 1210 36800 + BR
(563.25) (664.23) (613.38) (632.68) (658.06) (626.32)

Chloride 33226+ 1357 34440 + 1200 33098 + 1B 3614 + 925 32447 + 1000 3BLK + 1
(564.87) (599.50) (546.93) (549.93) (555.63) (563.37)

Copper 019 + 002 017 + 002 015+ 002 013 + 001 016 + 0.02 016 + 002
(03) (0.29) (0.20) (0.23) (0.27) 0.27)

[ron 302 + 0.66 1% + 015 214 + 0.9 226 + 0.33 275 + 031 243 + 034
(5.00) (3 1) (360) (39) (4.70) (4.14)

Zinc 397 + 030 1 + 015 345 + 027 33 + 028 361 + 0.26 368 + 021
(6.53) (717) 613 (5.9) (6.17) (6.30)

F| ures in parentheses indicate values on dry matter basis.
of eight samples; values are Mean +°S.E.

minerals may be ascribed to the type and quality of milk, 4. Fiske C H and Subba Row Y. The colonmetnc determination of
extent of desiccation, method of preparation and storage of RosEhorusJ Bial Chem. 1925, 66
khoa samples. 5. Ghodekar D R and Dudani A T and Ran%nathan B Mlcrob|olog|cal
quaI| oflndlan Milk Products., J. Milk Fd Technol, 1974
bighis el et o
es of Khoa, Indian J. Dairy Sci,
L Rajog%? Sg”dlw‘éazsa%R Technology of Khoa. Areview, Indian 7 Naramtlm gnd SJm% G SSThe J&ﬂ]hnes of khoa n¥arketed in Varanasi
ndian J. Dairy Sci

3 etttk of st D Ity Pat 11 Cheical Al 0f|\/|||k 1t Dairy Con

Bureal of indin Ste%dards anak Bravan, New Dg|shl 9 IyerS% Kanan Aand Basu KP. Composny lon of%hoaor Mewea. Indian

J. Dairy Sci, 1948, 1 117
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Nine commercial samples of canned mutton curry exhibiting
commercial sterility but possessing putrid smell showed very high
levels of total free fatty acids (FFA) comprising mainly of palmitic,
stearic and oleic acids. Laboratory studies have established that
levels more than 2000 mg/100 g lipid are generally seen when
substandard meats are used for processing. Analysis of the above
samples showed a high degree of correlation between the FFA
content and off-flavour.

Previous studies from this laboratory have shown that free
fatty acids (FFA) as reliable indicators for detecting spoiling
or Spoiled meat uged for canning1. To validate the above
observations certain commercial samples possessing such
defects obtained through quality control agencies were
analysed for their FFA contents. _

Nine samples of commercially canned mutton curry (a-i)
manufactured in 1986 were obtained. Of these, five were
canned curried chunks (a-e) and four were canned curried
keema (f-1). The cans had been left exposed to all vagaries
of tropical climate. Ten g of uniformly mixed sample was
taken for determining the standard plate count (SPC) and
coliforms as per standard methods for canned meat
analysis6. A panel of five dud es examined the product for
its appearance, colour and odour. _

Lipids were extracted from 90.9 curry using chloroform
and methanol mixture7 and quantitied. From the chloroform
solutions of the lipids, free fatty acids were separated on TLC.
For qualitative detection of FFA, 23 /i Lof the chloroform
solution containing 4-5 mg lipid was used. For quantifica-
tion, preparative chromatography was employed. The
distinctly resolved FFA band was eluted from the plate and
quantified by gravimetry. For comParlson, lipids were also
extracted from canned curried meat samples prepared under
laboratory conditions using fresh meat with a SPC less than
1060rgan|sms/g (sample j); from s 0|I|n% meat with a SPC
aroun 1080rgan|sms/% {sample kfand rom spoiled meat
with SPC more than 109 organisms/g (sample 1). About 5
mg of FFA obtained from each sample was esterified with
boron triflouride-methanol8 and the resultant methyl esters

were resolved on a 10’x — O.D S.S. column packed with

‘Famex’ and operated at 2%0°C onaClC (Chromatograph%
Instruments Company, Baroda, India) gas chromatograp
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equipped with flame ionisation detector. The compounds were
identified and quantified with the help of authentics also
separated under the same conditions (nitrogen flow 45 ml/
min, hydrogen flow 30 ml/min). N

Table 1gives data on the sensory qualities of the product,
microbiological quality and FFA content (as per centage lipid)
in commercial samples (a-i) and in laboratory prepared
sample (j,k and 1). All the commercial samples were judged
as giving putrid smell to varying degrees, though in six
samples the colour and appearance of the contents were not
altered significantly. From our laboratory studies, it has
become evident that the putrid smell becomes detectable when
the initial counts on the meat were more than 1089|Pan|sms/

as seen in sample k and i. In one of the commercial samples
%A@mple_ b? total disintegration of the muscle had taken place.

icrobiological examination of the contents showed no
evidence of any living organisms and the cans were found
to be commercially sterile which indicated the adequacy of
thermal processing. Lipid content in the commercial samples
of chunks was about 2-4 per cent, in minced meat preparation
it was 4-7 per cent. The pattern of FFA bands (RF041 £0.1)
was similar to those obtained in Iaborator% samples. A distinct
increase in the width of FFA band (Rf 041 + 0.1) was
noticeable in all the commercial samples compared to the
control. The FFA content in the commercial sample (a-i)
showed wide variation ranglnF from 1908 to 15830 mg/100g
lipid. In the laboratory samples prepared from fresh meat,
the FFA level has been always less than 1700 mg whereas
canned samples J)re ared from spoﬂmg and spoiled meat, it
was more than 250 m? going up to 8000 mg. An_alzms of
a few commercial samples of canned meat curry which were
of acceﬂtable quality possessmg no off-odours revealed that
the FFA content was around 1600 mg/100 g lipid. Based on
the analysis of a large number of samples Brepared under
|aboratory conditions, a tentative level of 2000 + 200 mﬁ
has been recommended. The above results show that in &
the commercial samﬁles possessmF such flavour defects FFA
content was higher than the lower flimit (1800 mg) suggested.
Seven out of nine samples had FFA content ranging from 2300
to 15830 mg and two samples were found to have 1900 - 2120
mg which were also reported to possess slight off-odours.
This shows that in majority of samples, a high FFA content
of more than 2200 mg is a positive indication of the use of
spoiled meat for processing. However, some samples which
lie in the border line (1800 - 2200 mg) can also be considered
to be of doubtful quality only if they possess putrid smell.
Since meat is a complicated tissue to arrive at a more reliable
limit for acceptance, a Iar%e number of samples will have to
be analysed and till such time the tentative limit suggested
can be used as a quidline to relate the off-smell with a
chemical index.
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Table 1 Appearance of the corﬁtents microbial and chemical quality of commercial and laboratory

EPARED SAMPLES OF CANNED MUTTCN CURRY

I earance/off-odour Microbio- A
gi%mcrEpetion AfDPhe contents logical (my/200
spoilage lipid)
Commercial samples
— Off odour, no discolouratjon —\e 3562
g- Chuns Total discolouration, putrid foul smell —\e 15830
c— Off odour, no dlscolouration e B
d- Off odour, no discolouration —\e 2350
i Slight off odour :\\/e/é 35’%
f — Keema (M
g s S
% Mince Slight off odour, no discolouration —e 1908
| —Mince Contents frothy, slight off odour —\e 4458
Laboratory prepared sample
j —gre ared from fresh meat mince with Contents normal, acceptable —\e 1000- 1700
106 org anlsms/? o _
—gr%f)ared from spo ng meat mince with Slight discolouration, off odours —\e 2500-4000
107105 organismis/g). : . :
1— gre ared from totaIIy spoiled meat mince with Total discolouration, foul, putrid smell —e 4000-8000
P£ > 109 organismslg

of two samples (90 g) drawn from ea
**1’5@/ lues given #or rgFA efer 1o those 0 tamgan in several samples (more than 49 samples) prepared and analysed under laboratory conditions.

2000t
&« E
g llll C 16:0 PALMITIC ACID
L 4
1000} E C 18:0 STEARIC ACID
r
[
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:e =
™ ]
s | —
;::b,zooP H Il %
>Q - —
o\ ey  — prosneat
zZ~ - m_E 4:
b = = N Il
o E - = NH
e = = 7=
e = %= =
L = gl= I
s ufliill7 = Z\m
G 0 n |04 4 |
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Fig.. (S)uantmes of some individual fatty acids present in FFA mixture as determined by GLC analysis, a-i commercial canned curry samples.
ample /-control (Prepared in the"laboratory using fresh meat).
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Fig.| represents the quantities of palmitic, stearic and oleic ~ Reference

acids calculated from GLC analysis compared to control. In
all the commercial samples #)ossess_lng_ flavour defects, the
quantities of the above three fatty acids in FFA fraction were
very much hlgher. This shows that when FFA contents are
about 1800-2200 mg, GLC technique is further useful for
confirmation. From our earlier studies, it has been shown
that when the initial microbial count increased from 106107
to 10810y the quantities of palmitic, stearic and oleic acids
in FFA fraction showed 4-5 times increase in quantities and
the 1;I|avour changes were distinct and reported to give putrid
smell.

Therefore, it can be concluded that if the product conforms
toall sBeuflcqtlons but found to give Futnd smell on opening,
it can be ascribed to the use of spoiled meat for processin
which can now be detected by FFA marker using the TL
and GLC techniques. .

The authors express their thanks to Director, DFRL for
the encouragement. Technical guidance with regard to
microbial analiism provided by Dr. (Mrs) D. Vijaya Rao is
also hereby acknowledged.
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EXTRACTION OF JUICES FROM PEACHES, PLUMS
AND APRICOTS BY PECTINOLYTIC TREATMENT
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Nauni, Solan-173230, India
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Addition of pectinolytic enzyme (pectinol) to the pulps of plum,
peach and apricot increased the juice yield, causing a slight
change of total soluble solids , pH and acidity, and a drastic
decrease in the apparent viscosity. However, it improved the colour
and clarity without affecting the flavour. Optimum enzyme
concentration for addition was found to be 0.5%.

Stone fruits like PIum (Prunus salicidna), Peach (Prunus
persicd) and Apricot (Prunus arm_eniaca?] constitute about 20
Ber cent of the total fruit ]prqductlon of the state of Himachal

radeshl Out of these fruits, only free stone peaches are
canned commercially. But apricot and plums are not belng
commermallg preserved at present. These fruits can be use
for beverage but extraction ofjuice is difficult. Pectic enzymes
have heen used for separating serum from pulpy fruits like
banana?, grapes34, mango5, etc. But the information on the
use of this enzyme for julice extraction from plum, peach and
apricot is scanty. Experiments were, therefore, conducted to
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evaluate quality characteristics of juices prepared by trea_ting
their pulps with ﬁpctlnolytlc enzyme. The results obtaine
are reported in this communication.

Fully ripe fruits of plum (‘Santa-Rosa’), peach cS‘July-
alber‘[a?I and apricot J‘Newcastle’ variety) were obtained from
the orchard of this University. They were pulped by adding
water gabout 100 ml per kg of fruit), cooked for 10-15 min
under 9 p.s.i. steam pressure, and Passed throu%lh a pulper.
Pectinol enzyme used was manufactured b?; IS Triton
Industries Ltd., Mysore, India. Enzyme at the rate of 0.5,
10, 15 per cent was added to the respective Pulps and
incubated at 40°C for 4 hr. The respective controls without
any added enzymes were also kept along with samples. Treated
pulps were passed through a cheese cloth and the filtrates
were heated to 95°C to inactivate the added pectinases. Al
the juices were analysed for T.S.S., PH and titrable acidity
by the methods prescribed6. The colour was compared in
the Tintometer and relative viscosity was determined with
Ostwald viscometer. The sensory qualities of juices were
compared on the Hedonic scale6 by a panel of five trained
judges. Samples were presented in the coded form to the
Judges in the separate chambers. These were evaluated in the
da¥ light. The data from sensory analysis were analysed by
F-test to determine the significant differences between
treatments as per prescribed methods?.

Addition of enzyme even at the level of 0.5 ﬁer cent
was found to increase the juice recovery in all the fruits
(Table 1). The increase injuice yield was minimum for peach

Table 1. Effect of enzymatic treatment on physico-chemical characteristics of juices from plum,

PEACH AND APRICOT
Enzyme Juice TSS. Titrable PH Relative Tintometer (colour units)
level yield (°Brix) acidi viscosity
(%) (%) (% MA) (flow in min) ~ Yellow Red Blue
Plum Fruit
No Enzyme 60.0 96 20 3.36 180 0.9 80 08
05 79.0 90 21 330 0.29 08 197 01
10 820 90 21 330 0.33 08 182 01
15 786 9.2 21 330 0.29 08 182 01
Peach Fruit
No Enzyme 225 98 10 358 128 30 08 0.3
05 56.0 100 11 350 0.36 48 14 01
10 590 104 12 345 040 47 15 01
15 610 100 12 345 0.39 49 17 01
Apricot Fruit
No Enzyme 520 138 18 312 150 142 6.6 01
05 811 140 18 3 0.38 132 6.0 0.0
10 88.5 140 18 315 0.36 132 51 0.0
15 85.7 140 18 3u 0.36 R1 6.0 0.0
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Table 2. Sensory score on hedonic scale of juices
OF DIFFERENT TREATMENTS
Treatment Taste ClajgrLity Flavour
colour
Plum Juice
Without enzyme 7.0 6.0 6.2
With enzyme 6.9 12 61
Peach Juice
Without enzyme 71 50 6.3
With enzyme 12 6.8 6.5
Apricot Juice
Without enzyme 68 57 61
With enzyme 6.7 6.9 6.2
CD. (P<0.05) 0.34 0.23 0.2

but even in this case increase was 50 per cent. Thus, addition
of enzyme s advantageous in increasing the yield of juice
consicerably. However, increasing the enzyme concentration
beyond 0.5 Fr])er cent did not increase the"yield appreciably
(Table 1). Therefore, 0.5 per cent is the optimum concentrs-
tion of enzyme. The addition_of enzyme did not alter the
T.5.5, titrdole a(:|d|t¥\ or pH (Table 1{ Bl it dlecreased the
relative viscosity of ggumes sharply due to the enzymatic
hydrolysis of pectin as has also been reporteds without
altering their colour. Due to the improved clarity, the colour
appeal” of juices increased considerably. During sensory

evaluation (Table 2) the enzyme treated juices were preferred
o those. from the untreated pulps with Tespect to the colour
and clarity. But o differences were observed hetween tastes
and flavours of the treated and untreated juices, g[obably due
o the presence of mild fruity rather thari caramelised flavour
In the enzyme treated j8UIC€ 8 has been reported in the similar
study on prune juice

The study showed that treatment of the pulps of plum,
apricot andpeach with 0.5 per cent enzyme increased juice
yield without affecting their quality characteristics.
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Studies carried out to assess the effect of cockrel growth rations
based on deoiled rice bran (DRB) and its enrichment with graded
levels of tallow (2,4 and 6%) revealed significant elevations of
serum cholesterol and carcass (body) fat content at 6% level
compared to other groups.

The ever increasing demand for poultr% meat is one of the
key factors for the raid development ofthe broiler industry.
These broilers grow at a faster rafe hence requires diets which
are rich inenerQy and proteins, viz. cereals, whose availability
1S very scanty alid thus competes with the human beings. This
has necessitated the usage, as viell as the nutritional evaluation
of diets based on agro-industrial by-products such as deoiled
rice bran, supplemented with non-edible fats like tallow.

Majority of the documentary evidence su?gests that
saturated Tat has a dominant role on the level"of serum
cholesterol. It also appears that there are distinct differences
in the ability of thesaturated faty' acids in bringing about
an elevatior} of serum cholesterol level. Therefore, in the
present work attempts have been made to study the effect of
dietary tallow on carcass fat and serum choleSterol level in
whiteleghorn cockrels. . _

Experiments have heen carried out with 200 one day old
white leghorn (WLH) male chicks obtained from the Same
hatch and were divided into five equal groups of 40 birds
each. They were allotted randomly to five dietary regimen
and reared ulpto_the age of 12 weeks under thé igentical
menageriel practices. The coptrol Tgr_oup (T was fed with
anormal starter ration consisting ofice polish (R.P.) as one
of its feed ingredients. The second group (T2 was’offered
the same ration as that of the. contrdl, but rice polish was
totall rePIaced (W/\Aq by the deoiled rice bran (DRB). The
groups N1 (T3."IV (T4 and V (T9 were given T2group
fation supplemented with 2,4, and 6 Per cent of tallow,
respectively. The tallow was incorporated with a view t0
Increase tiie energy density of the diet. .

At the completion of the drowth studlies, six birds from each
group were randomly selécted to study the carcass fat and
Serum cholesterol levels. They were kept on 12 hour fast
before being slaughtered. A representative sample of the thigh
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muscle piece wes collected to cletermine the carcass fat content
by following the standard AOAC proceduresL The clear
Serum seﬁarated from the blood wes collected individually
from each bird at the time of slaughter and stored at low
temperatures for determining the tofal serum cholesterols as
per the procedure describéd by Varley et al.2 Statistical
eénalﬁsm é)f the data was carried out as per Snedecor and
ochran

The data generated from the present study have been
presented In Table.l. The carcass of the birds fed with DRB
(T2 diet showed a significant (P<0.01) decrease In the
amount of boay fat as compared to RP. diet (T,), which
might be due to'the difference in the intake of dietary fat (L1
against 261 g/hird/day). Incori)Qratlon of tallow &t graded
|vels has resulted in’a gradual increase in the body fat of
the hirds. However, the Tncrease in the amount of body fat
obtained .wﬂig.the dliet _trﬁ?tmeﬂts T3and T4 Loun 0
be non-significant statistically when compared with either
control (T,) or (T2 (DRBI diets, Addition of tallow at 6
Per cent (15 level has resulteq in highest deposition of body
at (126 per. cent) which s 3|gn|f|cantlg (P<0.02) dlifferent
from remaining treatments. The results obtained in the present
study are in accordance with those of Ramdel and Latshowd4
and Laurin et al.5.

The total serum cholesterol (my/lOOmI) was observed to
be significantly higher (130.15) in the group of birds fed with
rice polish (T.) diet, when compared with those fed with
DRB' based (12) diet (114.74), Addition of tallow at 2
per cent (T3 level has resulted in an increase of serum
cholesterol level, as compated to DRB (T2 diet, but was
significantly lower (P 00L) than that of RP. (T.) diet,
Similarly, the jncorporation”of tallow at 4 (T4 and 6 (Ts)
per cent levels has resulted in_the increase of serum
cholesterol levels, the_highest (150.00) bemq In T5 ?roup
which wes highly significant” (P<001) Statigtically s
compared to thé rést of'the treatment groups, Miller et al 6
reported only small differences in the s&rum cholesterol level

en fat was adcled to the diet. On the contrary, March and

Table 1. Effect of different dietary treatments on
CARCASS (BODY) FAT AND SERUM CHOLESTEROL PROFILE

Treatments Cafrgtass Total serum

cholesterol
%) (mg/I00m)
yoB
69¢ .
s 9.42tr 121.80d
T4 10.001x 139.49%
T5 1256° 15000°

Figures with the same superscript in each column do not differ significantly.
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Biely7and Panda et al.8reported an increase in the level of
sertim cholesteral due to the addition of dietary fat. The
results obtained in the present study are in agreément with
the above workers, _

Epidemiological studies carried out worldwide revealed a
correlation between the type and amount of fhe dietary fa
and the prevalence of coronary heart diseases (CHD). Docu-
mentary evidence suggest that the serum cholesterol level
Is Influenced by the thie t{pe of fat in the diet. Saturated fatty
acids apRear 0 be about twice as effective in elevating the
serum cholesterol Jevel as Poly_uns_atu_rated fatty acids. in
decreasing it. Eventhough tallow is rich in stearic acid which
I highly “saturated, does not increase the level of serum
cholesterol9. However, the results obtained in the present
study are not in agreement with the above observation, since
theré is an increasing trend in the serum cholesterol level with
the addition of diefary tallow of_%raded levels, which was
found to be highly (P<Q0L) significant at 4 and 6 per cent
levels. The ma(I]mtude of this 1nfluence of dietary tallow on
the serum cholesterol profile and its possible fole on the
occurrence of CHD s Vet to be determined.

The authors express their gratitude to Dr. V.M. Jhala, the
then Principal, presently Vice-Chancellor, Gujarat

Agricultural University, Dr. C.H. Joshi, Director of Animal
Husbanary and Dr. N.1. Ghasra, Deputy Director, Regional
Poultry Breeding Farm, Makarba for providing the facilities
and nécessary help required for the completior of this study.
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BOOK REVIEWS

Yeast Biotechnology and Catalysis: Dy Hubert Verachtert and
Rene De Mot (Ed.) Marcel Dekker, Inc, 270, Madison
Avenue, New York, N.Y10016, 1990 Rp XV/+522; Price;

$150 (US and Canada), $180 (all"other countries).

This book, the 5th volume in a series_of books published
under the broad category of Bio-process Technolo consrsts
of 5 chapters dealrng vvrth recen devel ogments and agvances
made In" processes and products. in Yeast Blo-technology.

The foIIowran; Paragraphs give briefly the review on grolps
of closely refated topics

The fifst chapter discusses various methods of classi mg
yeasts hased on their morphologrcal . srologrcal andbio
chemical properties and_ the second is & critical review on
the latest qenetrc engineering techniques used In the
improvement of industiial yeasts.

n chapter 3, recent advarices made to improve the ethanol
productivity by increasing the cell density (cell recycle and
cell |mmob|I|zat|on avoiding ethanol nhibition (vactum and
membrance fermentations |mprovrng ethanol tolerance

pply of o>§¥gen or_sterols ‘and modification of cell
membrane ) and preventing the contamination (acid wash of
cells and use of antrbrotrcs have been discussed. Chapter 4
covers the progress made on the shortening of tofal brewing
period by immobilized geast fermentation. Though encourag-
|n t has been concluded that the associated problems suc
8 reactor design for the evolution of CO2, prevention of
contamination ang maintenance of yeast performance must
be solved before it can qualify for industrial, use. The tobrc
n “Yeast proteases and brewing” (chapter 6) deals with the
cIassrfrcatron of Eroteases With an emphasis on yeast extra-
cellular proteases and their aobhcatron (Incluch g Immobi-
lized forms) In the chill-progfi Pofbeer Inthis, nexcrtrnq
Prosgect would he 10 genetically engineer a brewer’s yeas
hat can secrete chill-proofing enzyme. Yeast in mixed culture
fermentatrons such s lambic begr forms the subject matter
of cha \})ter 14 1t revrevvs the fermented foods an beverarlres
Involving mixed cultures oF yeasts and bacteria, thelr inter-
actions and metabolic complexities. The biochemical features
End characterrstrc fIavours 0 éuch foods and heverages have
een presented and dliscussed at lengtn

More attentjon is paid in cha ter 5 10 the mogt recent
development In baker’s yeast production as well as its
application in bread makrn While focussrnP on relevant near
drscoverres |t specr Ies some of the unso Ved problems in
yeast p sroo%y roecra emphasis has heen laid on
gnet%boehssm ggs arbon, energy and nitrogen during growth

In chapter 8, attempts have been made to review the
otential of yeast with regard to producing single cell oils
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(SCO as substitutes for more expensive plant oils. Aspects
of Using Yeast Irbases in improved hydrolysis of fats and inter-

esterrfrc tron 0f cheap fats into more expensive ones as well
85 Using other micro-organisms as a means of utrlrzrng and
upgrading low value fats have been discussed. In chapter 15
harnessing the potential of yeast -DNA technology for the
Rroductron of macromolecules of human therapeutrc Interest
as heen reviewed, The standing example is the Hepatitis-B
vaccine produced in yeast and s currently in market place.

The chapter grves the details regarding: (d ()Sthe tools that are
available for'r-DNA technology work in"yeast, (b) factors
affectrno expressron levels, () uthentrc recombrnant protein,

Bd) co-ranslational and gost -translational modification of
eterologous protein in yeast and (g) safety and requlatory
ISSLJes.

A review on the brotechnologrca C%otentral of yeasts for the
Broductron of single cell protein (SCP) or ethano rom starch
lomass has beert presented in chapter 7. It inclugles sections
on methods of amylase estrmatron extra-cellular yeast
amylases, production of SCP and ethanol as well as ?enetrc
improvement of industrial yeast strains for amylolysis
Chapter 9 deals with Inulin tonversion by yeasts whefein,
the asPect of. (@) sources and properties of inulin (tg inuli-
Nases from yeasts and therr relationto other fructan hydrolases
and (c 2 r;brcatron of these enzymes or yeast strains in the
pro&tu tion of fructose, ethanol and bionfass are considered
In detai

The tenth chapter on “Lactose metabolism by yeasts”
embodies a review on current literature on various asgects
of t}ranstormrnngZ Iactose In whey to more albable rooucts
sucn as ymes (actases), ethanol and ails, and to solve
the [r)JrobIem cf poIIutron Chapter 12 revrevvs the fermentation

lose and cellobiose by yeasts. Though many yeasts
are known {0 assimilate these su trates the number of easts
that can ferment them 1 less. General metabolrs and
utilization of these substrates by yeast to useful products is
discussed at Ienqth A review on meth% otroPhrc Iyeasts 15
presented in chapter 13 Utilization of met ano or production
of SCP and other fine chemicals is a topic of recent origin.
Thrs fias heen backed up wrth the available information on
|so lation ofP/ easts, their ce Iu ar organjzation and metabolism
of methanol along with different pattmays.

Bio- deqradatron of nagurall occurrrno aromﬁtrc compounds
¥yeasts ave been reviewed in chapter 14 The involvement
0 oxygenases |actonases, thiolases etc In the metabolism
of pheriol and resorcingl bY yeasts has heen drscussed wrth
an emphasrs onthe utilization o such easts for |n dustrial
and environmental purposes. Bio-Gegradation of keratin,
ErI%spttrcrrzers ec. by yeast has also been documented 1n the
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Al the chapters in the book are well written, comprehen-
Sive, s_uRported with several tables, figures and hotograEh_s
and with extensive references, (2000 Gitations). The book Is
elei;gntly brought out in spite of some errors: Table 2
EP. %)Mucor and Cephalosporium are not yeasts moisture
content (for dry matter content, p 104, 4th para) intesting (for
Intesting, p 445, 13t para) etc. L

The book, as claimed hy the publishers, is an excellent
refﬁrer]ce_for 1mlgroblologlsts, molqecwlar_ biol 9|sts, bio-
technologists, food scientists and techno og|stsJ ermentation
sclentists, geneticists, environmental and chemical engineers,
food and gricultural chemists and hiochemists.

SC. BASAPPA AND LV. VENKATARAMAN
CFTRI, MYSORE

Biotechnology and Food Industry: Edited by J. Hollo and
D. Torley, Akademiai Kiado, Pubing, House of the
Hun%anan Academy of Sciences

P.OB.24, Hungary, 1988, pp.07; price: $ 69,

This volume is ‘The proceedings of an international
symposium’ held in Hungary, in October 1987, There are 64
technical papers under four sections: General Topics; Genetic
Engﬂneenr_\, Physiology; Enzymes; Microorganisms;
Technological Applications. Major representation of papers
are apparéntly from Europe, There are however, a few papers
fromcountries like India, USA Canada, China and
Zimbabwe. Undler the section of ‘G enetic Engineering Physio-
logy' PADers relatmp to induced mutations, recombinational
mechanisms by profoplast fusion and gene cloning have been
Included. It 1S nofewarthy that these"techniques have been
employed in specific instances of the genetic improvement
of IndUstrial mmroorgamsms, such as the |mProvement of
winery, brewery and Daker’s yeasts, isolation of glucamylase
over-producing strains of Aspergillus niger and the cloning
of a-amylase™gene of Bacillus subtitis. In the section o
Enzymes, Microorganisms ' the Papers deal with the basis
technologY of proaiction and application of enzymes that are
of particUfar importancge to the food ingustry. These include
lipases, amylases, Pr_otelnases, |ucose isomerase, cellulases,

acerase Milk cl tmg enzyméand (3-galactosidase. Many
P_apers In this section deal vith enzyme and cell immobiliza-
lon. The technology application section has very mterest_mgi
presentation of ovel' and innovative biotéchnologicd
approaches to application of enzymes and microbial
processes. Some of the papers In"this section contain
convincing economic parameters to indicate commercial
feasibilities. For ethanol production, several non-conventional
substrates have been suggested. A paper describes the
api)hqa_tlon of aspartame-hydrochloride (usal) which has better
solubility profile than asPartame. A good number of papers
degl wit ut%hzatmn LOOdI industry wastes. .

unique teature of the volume under review is that most

11363, Budapest, A

ofthe rPapers included in it deal with verly{ Eracﬂcal and down-
to-earth application In biotechnology. ft Should therefre be
of valye both to the students and Tesearch scientists in the
area of biotechnology. The blotechnolo?mal_mdustnes are also
likely to find in théSe papers very useful hints and processes
of potential commercial importance.

RICHARD JOSEPH
CFTRI, MYSORE.

Chitin and Chirosan: Edited by Gudmund Skjak-Braek
Elsevier Science Publishers Ltd, Crown House, Linton
Road, Barki ! Essex IG 183U, England pp: 835: Price
not mentioned.

The hook is hased on the proceedings of the fourth
International Conference on Chitin and Chitosan held on
ugust 22-24, 1988 at the University of Trondheim
Trondheim, Norway. The previous three Infernational
Conferences on Critin and Chitosan were held at MIT
Cambridge, USA (1977) SaRporo, Japan (1982) and Ancana,
Italg (1985}, 1t deals with the advances made in the studie
on Sources, Chemistry, Biochemistry, Physical properties and
Applications of Chitin and Chitosdn conducted in different
countries, With 6 sections and 87 original works presented
bx_ specialists, the book covers the recent understandings on
chitin and chitosan in b|qloqmal, technological, biotechno-
Iogr|cal and medical applications and related fields.

The first section contains 1L plenary lectures on source of
chitin biomass, chitin synthesis in funigi and nematocles, bio-
chemical cytology, structure and chemical modifications,
molecular ‘biology, derivatives of chitosan, proguction,
commercial uses and potential applications of chitin and
chitosan. The deljberations on control and inhibition on chitin
synthesis in fu,n?| and.nematodes give thrust on the develop-
ment of potential fungicices and nématogides which may find
wide application. in agriculture. The discussion on Various
derivatives of chitin and their possible applications open a
new field for further research and development.

The section on Sources and Biochemical aspects of chitin
consists, of 23 pa?(ers. The opening ng)a er ?IVGS_ an account
of the chitin stocks In marine seaiments of various origin.
The second paper outlines the basic and applieg mvesﬂg_atlons
carried qut in Poland for the proauction of chitin and citosan
from krill and the applications In_sciences, cosmetic_and
pharmaceutic, industries and medicine. _Screenm? of micro-
ofganisms suitale for chitosan production by fefmentation,
classification of enzymes hydrolysing chitin, chitinglytic
activities in plants, chiaracterisation of Chitosanase, purifica-
tion and assay of chitinase are dealt with in subsequent papers.
Microbial production, hormonal regulation of chitin synthesis,
degradation of chitin and chitosan by enzymes, Iysozyme
susceptibility and substitution site by Chemical modification
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are also discussed.

The third section contains; 12 papers on the structure and
chemical modjfication of chitin and chitosan. The advances
Inthe preparation of different derivatives such as jodo chitins,
chitosan oll%zmers, D-glucosamine oligomer series, hycra

ropylated Chitosan, Endo-a-1, 4-polygalactosaminicase

-carhoxymethyl chitosan are descrified in eight papers. The

remainin pzﬁgers deal with the studies on the struicture of
chitin and chitosan using NMR, X-ray and CPIMAS [

NMR and_ the reaction” kinetics of epol¥mer|sat|on of
chitosan. Physical chemistry and functional properties of
chitosan and erivatives of chitosan are presented in'the fourth
section in 10 papers, Each one describes different aspects
such as chitosan gel, copfper lon hinding, viscosity, foam
enhancing, Interaction of D-glucosamirie and D-glucos-
ammonium fon. .| . o

The. recent innovations in the application of chitosan in
medicine and biotechnology are discussed in 2L papers. The
aspects covered include Selective flocculation of E, colj,
recovery of single cell Rrotem, pre?ar_atlon and use of chitin
beads in chromatograpny, encapsulation of mammalian cell
culture, immobilization of enzymes, chitin collagen comple,
pharamaceutical standards anddosage of chitosa, therapeutic
applications, controlled release of drugs, antimetastatic effect
on Iun? carcinoma and contact lensé.

The Ten papers presented in the last section gjve an a%p%unt
of various agplications of chitosan in agrictiiture and bio-
technology. They describe the use of chitdsan to reduce plant
virus inféction, 'its effectivity in pesticides and fertilizers,
increase of seed germination rate by chitosan coating, new
solvent system for chitin, productidn of chitosan fibre and
chitosan coated fibres, micro-crystalline chitosan and chitosan
membrane for separation of dlcohol water mixture,

. The book is up-to-date and scholarly and the reacler wll
find the text elaborate covering a wide range of topics in chifin
and chitosan. People working in medicine nutrition, bio-
technology, pollution,  cosmétics, pharmaceuticals, agri-
culture, Pesticides, fertilizers and many other argas can %_et
useful and up-to-date informations on the application of chitin
anéi its. derivatives in their fields. Each ?a er s Well written
and references used in most papers are fatest and pertinent.
There are over 1000 such references, . 178 tables and 313
illustrations, This makes the book an invaluable source of
knovvledrqe for those Involved in chitin and chitosan research
In developed and developing countries. The new ideas
projected In the text will definitely stimulate much research
particularly in the deveIoFme_nt Of new derivatives of chitin
and in theif numerous applications, There s a comprehensive
and useful slbject index anng with an Index of contributors.
Altogether the hook is a good reference document for those
engaljed in chitin research.

P. MADHAVAN
CENTRAL INSTITUTE OF FISHERIES TECHNOLOGY.
COCHIN-682 029,

Dietfor Meancare:  Edited %/ DP. Sen and Souvik Sen,
Published by Dr. DP. Sen, E-13/3, Karunamayee Salt Lake
City, Calcutta-700 091 1990, pp:44; Price:” Rs.18

This book is very informative and gives extensive details
about the ro e of diet in developmént of coronary heart
Isease. The epidemiological details about the incidence of
HD in various parts of e world and its relation to the local
food habits have been nicel brougiht out. The aPpendmes
are quite useful and give details about the contents of saturated
fa%%a%ds and PUFA in various,foods. On \he_vvh%l_e, contents
0fthe book c early explain In detail the refationship between
the diet and CHD and how to Prevent it. This book can be
recommenclec for heart patients for reacly reference. | stiggest
the book should contain a few more illustrations and printed
with a better get up and holder types in its next eition.

C. D. SREENIVASA MURTHY
PHYSICIAN AND CARDIOLOGIST
MYSORE

Process Engineering in the Food Industry — Developments
and Op(fortunities; RW. Field and 5.A. HOWG”, ( d
England. PP:317; 1989; Price: £46.

This book_s the culmination of a project run by the Food
%nd_Drlnk Subject Group of the Institution of Chemical

nineers.

e first section on New Process Opg_ortumhes_ and Novel
Foads’ cqntains six articles. Ohmic heating described in one
ofthe articles s a new process which Permlts rapid, uniform
sterilisation of liquid and )gartjculate 00ds. Other than this
there are two articles on extrusion cooking, one on ready meal
production, one on simulation, of processing systems for
cooling or cooking and an over-view of continudus Sterlisation
operation for aseP_tlc packaglngl.: _ _

The seconc section on ‘PlantFouling and Cleaning’ starts
with a review article on fouling of heaf exchangers, followed
by an article on a modelling of fouling. Thé third article
compares two new fouling mionitors. The other two articles
?rgdcm Cleaning. While thet f|r_s}t] on$t _deslcnbes h(()jv¥ tﬂ design
00d processing. equipment with particular regard to hyoiene,
the #%coné , ar%cl%,geafs wﬂF\ @he 8_evelo_pgnent fra/r% tne
concept to installation of a commercial micro-processor to
control CIP systems,

The third séction on ‘Process Measurement and Control’
covers two articles on modelling and optimisation and two
articles on seme novel sensors. The last article describes a
%ortable emeent for measuring the efficiency of a

efrigeration Plant o

Tl]e last_section on ‘Membrane Progesses’ contains Six
articles, After reviewing tne grmmples_ 0T memprane Froc_ess-
Ing in food and dairy Tn the first article, their applications
In"cheese manufacture, brewing industry and concentration
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of fruitjuices are discussed in the subsequent articles. There
Is also one article on sterlisation of process air and one on
removal of toxic compounds using ultrafiltration.

In short, this book contains some reviews and articles on
new and important topics useful for food process engineers
working in Research & Development and Industry.

P. RAMAKRISHNA
TATA TEA LIMITED
MUNNAR, PO. KERALA-685 612

Status of CFCS — Refrigeration Systems and Refrigerant
Properties:  International Institute of Refrigeration 177,
Baulevard Malesherbes, F750L7, Paris, 1988, ppidr,
Price : Not indicated.

This is the proceedegs of meetings of commissions B
B2 E,, E21n 1988 at Purcue, USA sponsoreq by the US
National Committee for HR, This is a compilation of 51
papers. presented by specialists originating from. varjous
countries. The communications are presented in Jiree
sections: (1) Thermodynamic properties of refrigerants and
refn%erant_ Ixtures (ZY Refrigeration systems (3) CFC forum
and CFC issue.

Section | contains 9 papers and covers aspects on
performances of refrigerant mixtures in heat pump, properties
and refn%erant mixtlre, design of intercoolers/Subcoolers,
condensation of refrigerant mixture in a horizontal structure
of CFCS and Ozone depletion potential.

This section enlightens clearly the increase in efficiency
and coefficient of performance (COP). of heat pump usm%
nen-azeotropic mixture RY/R™ and RURD improvement i
heating capacity of heat pump using Ru B/R” with rectify-
ing circuit when the outside temperature is low. The thermo-
dynamic properties are worked out well for pure refrigerants/
mixed refrigerants and they are useful especially when they
are calculated considering the effect of an alkyl benzene hased
oil.. The moecular approach for search of altemative
refrigerants presented in this section is very interesting and
It advises to avoid the radical proposal such as eliminiation
of R2 The _dem%n technique of Intercoolers illustrated in
this section is a helpful tool for engmeers. _

Section 11 containing 19 valuable papers deals with
refrigerating machine suitable for microbiology inaustry, the
g rag water’ room of air-conditioning sizstem, LiBr double
effect ahsorption refrigeration, optimization of refrigeration
machinery, dynamic oehaviour and failures of domestic
refrigerator, gas fuelled engine driven refrigeration system,
a e typ
steam/air mixture, peripheral pump; thermal comtfort control
for residential heat pumhp, computer assisted design of plate-
tm—gfrge evaporator, heat exchangers with fing/in-tube
enh
air purging an

Hartmann - Spreriger tube.

e fegenerative gas refrigerator, Condensafion of

oement, eAector-injector, rotary regzenerators with fresh - WHO

The significant outcomes of this section are: Improved
economy enefits estimated by utilization of refrigeration and
heating “capacity of heat pump_ for production™of protein-
vitamin concenitrate from paraffins, a mew cycle of LiBr
series-parallel comRound cycle which has 10% higher COP
In comparison witn parallel cycle; refrigeration”with gas
fuelled engme drive, regenerative gas refrigerator, ejector-
Injector, and Harmann-Sprenger tibe are alternatives for
conventional vapour compression System and energy saving
Measures; a new typer regfeneratlve as refrigerator with a
practical temperature of ré ngeratl_on at —40°C and 165%
coefficient o _refngleratlon; réduction in power input by 4%
and ingrease in cooling capacity b¥ prevention of refrigerant
mlgratmn during on-0ff cyclé of an air conditioner; the
s¥s ematic appraach by thermo economics for c%ptmjz_auon
of heat pump which indicates the importance of efficiency
of compressor motor; study on dynamic behaviour and
failures” of small refrigeration system provides valuable
Informations; reduction of the size of condenser by 25% and
lg[\]/%?gr%t% by 12% through use of selected configuration and

icro-fins,

The twenty two papers presented in last section deal with
Montreal Protocol 5|gned ba/ USA and 23 other countries,
In September 1967, convey) Igthe_ depletion of stratospheric
ozong layer due to harmful” emission of chlorinated and
brominated compounds, This section stresses the need for
CFC restrictions and criticises the impact of the restrictigns
on refrigeration_and air conditioning Inustries. It also
describeS the effect of various CFCS emitted by various
sources of production, consumption, applications etc., and
suggest altemative refigerants/systems. N
- On.the whole, this baok would be a valuable addition to
libraries and very much useful to scientists and engineers who
are working in the area of refrigeration and air cnditioning.

R THIAGU
CFTRI, MYSORE.

Evaluation of Certain Veterinary DrugUResidues in Food:

World Health Organisation of the UN, Geneva, 1989
pp.66; Price:Sw fr.9,

Consumer awareness is increasing in recent times for better
quality of meat free from drug reSidues. Large number of
veterinary drugs are in use to‘control diseases amon? food
producm? animals. With the result, there are chances ofthese
drugs enfering Into the animal groducts. Informatjon on the
arug residue content in animal products is limited, It s
notéworthy that a publication on ‘Evaluation of Certain
\eterinary Drtlj_g Residues in Food” has been brought out in
right time PI AQWHO. _ _
his publication is the outcome of a meeting of Joint FAQ/
Expert Committee on Food Addjtives. The Expert
Committee reviewed the presence of residues of veterinary
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drygs in food, The report contained principles govermnin
safety evaluation of resicues of veterinary drugis In food,
maximum residue levels, bound residues, Bioavailability and
food factors and  intake data. The report mentioned the
comments on resies of specific veterinary _dru?s. Dall
intake values for individual edible tissues and animal proguc
have bteer|1I revised and mtchorporateldt_m the report in order to
rotect all segments of the population. . .
d e report 9nc?u5%t? Eor thFe) %fety and residue of specific
veterinary drugis: L
Albendazole (anti-helminthic drug), .
Dimetridazole, | Promdazole metronidazole and
ronidazole (anti-protozoal drugs) . .
3) Sulfadimidine and sulfathiazole {anti-microbial sulfon-

amies
4) Trenbolone acetate (growth promotor) _
Diminazone and, |so-metamidium rypana_noudes\)
Tge regort eaLt with the_to>8cRI09|ca and rgmdue dafa of
the ru% In- e‘ot . It contained the recommendations on the
acceptable dai g intake for human bem%s_and maximum
residue levels of the d_ru?s except for certain drugs oue to
insufficient toxii Mogical _information, The information
presented inthe “ ot s hlghl¥ useful in requlatory control
of veterinary dru? resiolues n food producing animals. The
g%ot%rt %Iso |Snd|ca es the need for further toxicological studies

e Qrugs.
_ hefin&n of the evaluation of certain veterinary drygs
infood are wgﬂ presented in t}we report. _T%e hooK 1S ar\yaﬁjﬁﬂe
addition to any library catering to the information needs of
research workers and also to the personnel involved in the
requlatory control [aboratories.

D. NARASIMHA RAO
CFTRI, MYSORE

Environmental Health Criteria; World Health Organisation
of the UN. Geneva, 1989, Price. : Swiss Francs 10
Allethrins éalle hrin, d-allethrin bioallethrin and s-bio-
allet rmz 3[- %J 15) 92 - Resmethring (resmethrins,
bioremethrin and cismethrin) (pp 79).

Both these books form a ﬁar_t of the efforts of WHO Task
Group on the synthetic pyrethroid insecticides used for control
of household and storex gram ests, under the International
Pro?ramm_e on Chemical Safety (IPCS), The books are
published jointly by the UNEP,"ILO, and WHO.

In hoth the baoks, efforts have been made to compile and
summarise all the available informatign on various aspects
ofhoth _%roups of pyrethroids, such as history of development,

S 'Use patterns, metabolism, persistence and environ-

[Operties, ust )
Pner'?tal behaviolr, degradation, resiclues and toxicology. The
Introduction gives a concise information on the history of

development of synthetic Fyretmmds in general, followed by
the Summay c?f the contents of the book. . _

Chapter 2’ deals with the physicochemical properies,
structures, isomers and list of analytical methods' of the
allethring or resmethrins, The third chapter consists of
Information on environmental behaviour of the said pyre-
throids, particularly on industrial production, use patterns,
environmental transport, distribution and transformations of
each compound, followed by levels ?f human exposure and
residues in food. While chapter 5 turnishes the details of
metabolism in mammals, toxicity to different aquatic animals
and birds form the subject matter of chapter 6.

All the toxicological Studies on mammals including acute,
subacute, irritation and chronic toxicities have been réviewed
and the results summarised in next chapter. Effects on the
isomer compasition on the toxicity values have also been
discussed and information on potentiation and mode of action
have heen indicated in this chapter,

The most aspects on human health risks due to the use of
these  insecticides based on the available data and the
experience of the WHO Task Group have been included in
chapters 7 and 8. The overall view of the Task Group on the
data have been mclu%ed In the chagt_ers on ¢onclusions and
recommendations. The mode of action of different groups
of p%/re_thrmd insecticides have been summarised "unaer

appendix,

pﬁ may be noted that allethrins are mostly used in mosguito
mats, COIls, aerosols and _sRace sprays, In.the s ra}/s either
alone or in combination with other insecticices. On the other
hand, aerosols, space SRrays and grain storaqe are the avenues
through which resmethrins are Used. Most of these house-
hold insecticides are extensively used in the Urban areas and
Cities to avoid the nuisance by osquitoes, flies etc. As such
there 15 a fear among the population regarding the safety of
those formulations to humans in the dellings where these
are used, particularly to_children. The two Bogks reviewed
here, furnish enough evidence on this line and one can get
a Clear picture of the safety and precautions needed in the
use of formulations containing the said active |ngred|ents.

However, certain information like the effects of Synergists
on toxicities, metabolismy/peristence in insects, resiouial effects
on sprayed surfaces etc are missing and these would have
added 0 the value of the hooks,
. Both these hooks are h|?hly valuable as source of
information and reference materials for Research Workers
Teachers, Adminjstrators, Public health personnel, Medical
professionals and Chemical Industries.

MS. MITHYANTHA
RALLIS AGROCHEMICAL RESEARCH STATION, PEENYA,
BANGALORE-560 058.



JUST PUBLISHED

Monograph on PAPAYA

The Central Food Technolcl)\?mal Research Institute Mysore, has just brought out an updated version of the
m_onolgraph entitled “PAPAYA IN' INDIA — Production, Preservation; and _Processmg’_’. This publication aims, to
stimulate entrepreneurs on the varied uses of Papaya and its future potentialities. Latest information on such varied
topics and cultural features, varietal characteristics, fruit chemistry, manufacture of papain, recovery of pectin and
ahost of new produict possibilities and manufacture of Tutty-Fruity and fruit bars are some of the outstanding features.
Trade Information pertaining to suppliers of ecwment and also the enzyme papain have been included. Price 1s
nominally fixed at Rs.20/- per copy + VPP. Charges.

Monographs available in the same series are (i) Pineapple —an Industrial Profile (Rs.15/-, (2) Pepper —a prafile
ERS.lS/R, &) Grapes, In India (Rs.20/-%3 24) Banang in India SRS.SOI-), (5) Mandarin Orange in India (Rs.30/-),
6) Mango'in India (Rs.50/), and (7) Guava in India (Rs.30/-).

For copies, please write to the Sales & Distribution Officer, CFTRI, Mysore-570 013

COLLECTIVE INDEX
Volume 1 to 25 (1964 - 83)

1(EIO?IIgaﬁteive Index (Author and Subject) of the Journal of Food Science and Technology isjust released and is available

Size: - d/Quarto.
Price: Rs.200
£5

US$30.
(Inclusive of Postage)

POLLUTION MANAGEMENT IN FOOD INDUSTRIES

Contents include Dairy Industry; Marine and Animal Products; Grain Storage and Flour Mills; Edible Oil Industry;
Fruits and Vegetables"and Microbial Methods.

Royal Octavo
Pages. 248 + Xl
Price: leSS 200

(Postage extra)
BAKERY ADDITIVES
(An Annotated Bibliography)
(1978 - 1988)
This hibliography contains 364 titles, distributed over 42 sections covering all aspects of Bakery Industry.
Price: Rs50
US
(Inclusive of Postage)
Copies are available with the Secretary, AFST(1), CFTRI Campus, Mysore - 570 043



CHANGING TIMES 1

This is an unprecedented boom time
for food Industries in India. Time for
taking off, P,row_mg and expandlng.
The markef is virtually beln? flooded
with a myriad of processed

products.

This is also the beginning of a highly
competitive market environment.
And"the arrival of the quality-con-
scious consumer. No wondeér food
Industries are straining every nerve to
stay ahead and capture the untapped
market potential

ood

And the market ?otent|al for food
products 1sn't just something. An
estimated 40 million urban popula-
tion - middle income group, white
collared employees, organised indus-
trial labour, small entrépreneurs and
professionals in private and public
sector - is Indeed craving to be
catered. Besides, there dre about 40
million ryral households ;t)atronlsmg
value-added food products. Addca
to that, nearly 12 million new con-
sumers are emerging every year.

ECONOMICAt MEDIUM ADVERTISEMENT RATES
It pavs to advertise in the INDIAN ull page Rs 1,000  Artpulls, bromides, positives and
FOOD INDUSTRY. Because it aI,fppagge( & W Rs 600  blocks for B & W ads and colour
reaches people who matter in food Inside cover (B & Rs 1500  separations for 4-coloyr ads are
business. People who mould the Back cover ( &W? Rs2.000  acceptable, Forinsertinga 4-colour
Indian food industry. And it's very Each additional colour Rs 1,000  adon inside pages, a special conces-
gconomical too. . , sional rate 0fRs 11,100 per 6 issues is
Discount:20% on booking for 3years  available, if booking is done at one
15% on booking for Lyear  time and artwork rémains the same.
SUBSCRIPTION TP O O D oo \
All members of AFST(1).are entitled to receive I ITm DUsrn N ™ §RPT,ON I
mleDlé-\ HPE DTIhhélgeL}n%)EBn\éerr%gwlﬁgIgrgrer%gefi\(/:ionst L Please enroll me as a subscriber for a period of  yearsfor ~ ®
J0URNAL oF FOOD SCIENCE AND TECH- ! | hg)glélAN 8 B/b DsU T%Y. Iarﬁ)enctl)?sutnt XrEosse ’
NOLOGY, and are desirous of changing over to v et e )SM o payable tothe Executive
INDIAN FOOD INDUSTRY, can do’so y tifing to Y » MYSOre.
the Executive Secretary, AFST(1). Alter atwelks, Name
they can subscribe to INDIAN FOOD INDUSTRY , —
by paying an additional amount of Rs 50. The I Profession : I
réguldr stbscription rates are as follows Company/Organisation - :
IYer  2Years 3 Yeas | Addres:__
[nland Rs 180 Rs 340 Rs 510
Fore|?n _ o
Surface mail US% 60 US%llS US%l?O Pin COdgrrrrrrmmmmmmmmmrreeee
Air mall US$ 80 US$150 US$225 Signature: —

¥

TO BEON FOOD FRONT

To stand up and meet the market de-
mands, the food industries need fo be
armed with information. Informat on
that is up-to-date, ?remse and rele-
vant to tne Indian food scene.
That is exactly what the+ urnal,
INDIAN FOOD INDUSTRY, has
heen P_rov,ldlng over the years since its
inception in 1982. Information use’ul
not only to those involved in rynning
food Ingustries, but also to various
national and International agencies,
financial stitutions and governmen-
tal bodies. To influence investment
pr%tte_rns and. aid in 80I|cy maklnl?.

e journal is already being circule ted
to a majority of suchorganisations

To serve the growing information
needs of the users, INDIAN FOOD
INDUSTRY has become a Bimonthly
since January, 1990. Beln,g only one of
Its kind in the country, INDIAN
FOOD INDUSTRY is constantly
expanding its subscriber base.

ENRICHED INFO

Every issue of INDIAN FOOD IN-
DUSTRY carries in-depth feature
articles on technical and research
developments written, reviewed and
edited dv experts in the area.
Pertinent information sieved from a
huge variety of sources is presented in
capsule form in its various depart-
ments such as:

* Industry News

* New Products

* New Machinery

* Research Round-up

* Data Bank

: Erade Fairs & Get-Togethers

vV - ..

Todorder INDIAN FOOD INDUSTRY, fill in the form given above
and send it along with remittance to

The Chief Editor, Indian Food Industry _
Association of Food Scientists & Technologists (India)

CETRI Campus, Mysore - 570 0131



INSTRUCTIONS TO AUTHORS

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

2. 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.

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

4. Use names of chemical compounds 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.

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

6. Illustrations: Graphs and other line drawings should be drawn in Indian ink on tracing paper or white
drawin paper preferably art paper not bigger than 20 cm (QY axmé X 16¢cm (OX am%. he lettering
should be twice the size of the printed letter. 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 asetal., ibid, idem should be avoided. References should be serially numbered as superscripts
in the order they are cited in the text and the same order should be maintained in the reference list.
The titles of all scientific periodicals should be abbreviated in conformity with the World List of Scientific
Periodicals, Butterworths Scientific Publication, London, 1962

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

18, 1%.

(b) Book: Venkataraman K, The Chemistry of Synthetic Dyes, Academic Press, Inc, New York, 1952,
Vol, 11, 966.

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

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

() Unpublished Work: Rao G, unpublished. Central Food Technological Research Institute, Mysore,
Indlia

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
DEHYDRATED COCONUT CHUTNEY by T. S. Satyanarayana Rao, N. M. Kaverappa and H. P. Reddy

EFFECT OF PRESOAKING ON COOKING TIME AND TEXTURE OF RAW AND PARBOILED RICE
by C. M. Sowbhagya and S. Zakiuddin Al

STUDIES ON BEER PRODUCTION FROM NIGERIAN MILLET by Reginald C. Agu and Zak A. Obanu
A STUDY ON INSTANTIATION OF TUR-DHAL by B. W. Bhuibhar, V. K. Andhare and A. B. Kadu

APPLICATION OF OSMOSIS-OSMO-CANNING OF APPLE RINGS by R. C. Sharma, V. K. Joshi,
S. K. Chauhan, S. K. Chopra and B. B. Lai

SOY-WHEAT FLOUR BLENDS: CHEMICAL., RHEOLOGICAL AND BAKING CHARACTERISTICS
by Pratima Misra, M. S. Usha and Surjan Singh

EFFECT OF INCORPORATING WHEAT BRAN ON THE RHEOLOGICAL CHARACTERISTICS AND
BREAD MAKING QUALITY OF FLOUR by P. Haridas Rao and Hema Malini Rao

INFLUENCE OF CASEINIFAT RATIO OF MILK ON BAKING, RHEOLOGICAL AND SENSORY
CHARACTERISTICS OF BUFFALO MILK MOZZARELLA CHEESE by M. Ravi Sundarand K. G. Upadhyay

EFFECT OF ICE STORAGE ON PROTEIN AND RELATED CHANGES IN PINK PERCH (NEMIPTERUS
JAPONICUS) by G. Vidya Sagar Reddy and L. N. Srikar
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