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iy, Oy

ﬁ&bsmlBCOHGuctivity and thermal diffusivity of different fish and meat varieties

;Q'sgq olti, Sardine, Beef, Veal, Lamb) were determined by three different methods

@“9% muatlon, Hayakawa's method and Charm's method). The coefficient of variations

qﬁhateethOds were less than 1 % , This confirms the successful use of Chato's equation
*r%Tietthe thermal conductivity of fish and meat. Specific heats and densities for
ahme. les were also estimated and found to be in the range of available data in the

INTRODUCTION
reSe

§ e

3%1d39ts Nce of accurate and reliable data on physicothermal properties of food and

X ooe 1S so important not only for the heat and mass transfer calculations during

HW%Sment§Slng, bu? also for the design of system and process equipment, A large num-
oy 3ty 1Sts and investigators have covered the methods of thermal conductivity de-

ﬁ§1958)EXtensively and thoroughly Ingersoll et al. (1948), Carslaw and Jaeger (1959),
By e’F oodams and Nowrey (1968) and Qashou et al. (1972). All such methods are

i%dtead Ourier heat conduction equation, the solution of which may be carried out

Jy? Ang tstate conditions as in the guarded hot plate method, the concentric cylinder

N Qond? cocentric sphere method., The Fourier equation may also be solved under

g Mffu }Flons.in such a *manner .to *facilitate the estimation of thermal conductiv-

) uIRierslvlty of materials by direct measurments of tem

0 : erature variation *in the
{S;q1a8?0n51deratlono These are also some semi 1mper1c§i me%hods for thefr estim-
TG

chi Anderson equation (1959), and Chato's equation (1966), which will be used
work for comparison,
@ﬂi%Er MATERIALS AND METHODS
) e s
f”;?@ bilflsh ( Scomber scomberus) caught from the high seas by the Egyptian fleet,
) Seqq ¥i fish™ (Tilapia 2111ii) and sardine fish (Sardinella spp.) caught from
im%imilamzere obtained from local Cairo fish market, Meats of beef (lion), veal
*Weyvari (leg) were obtained from the local market at Cairo., These different fish
leq) €ties were ground and dry packed in can size 307 X 202 in order to form a
Shape, No head space was allowed for.

&
%b

L N N .

%Eeth:tlon of thermal conductivity "K":

h X S maimfl conductivity "K" was maesured by the following methods:
M, S

b ‘03348 equation (1966 ) having the following form:

’ B 00 A e ul o (1)

he "2l conductivity Btu/hr.ft.°F
fraction of water in the sample,

%@\ 7§?aé difusivity may then be calculated from:
LY 2
':t Y o) p EEEEEE i I N B R A A R g
ﬁﬁ%beék’ cp are thermal diffusivity, thermal conductivity, density and specific
Wkays tively
»f?efilmethoa~
e %Owing equations (Hayakawa, 1969) were used:
\&.l‘-{\ 1‘2 T/TI‘-TO .-o..-.o.----;.....-...-(})
Uy B £ i iiceererarersanasensneasessld)
Tr: dimensionless temperature at center of conduetive food during heating.
. ftort temperature (°F).
7 ¥ temperature at center of conductive food in a cylinderical can during
o = +°8t processing (°P).
em : ; o
t Perature of food at zero time of heating (°F).
§ igating time (min.).

b € dimensionless Fourier number.
tgminal height of can (in) - 3/8.
ermal diffusivity.

R ;qual to 0.1 was selected, the corresponding center temperature T was found

"nononon

,4
=
S

I%Q%DQ'SQ ges for fish and meat given previously by El-Mansy (1975). They were 53.5,
0l "IQ e >

[ iVel' 48,5, and 47.5 minutes for Mackerel, Sardine, Bolti, Beef, Veal and
9

uHSN U\Gg) Y+« The value of Fourier number "B" was obtained from charts prepared by
\ &

\ “s op a8 a function of the dimensionless temperature n/it and the shape factor
N,Q) 0.98§thal inside body diameter of can: nominal height less 3/8 inch), The "S"
R °f(k1' the "B" value was 0.183, the "1" value was 1.75 for can size 307 X 202

Qqua L

t
0 ;
¢ <4) the resultant """ values were calculated, The "K" values were obtained
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by using tnhne following equation:

K = K_cp LR S SR 5 S e B G eRe G))

C. Charm method:
The following equation ( Charm, 1971 ) was used:

= 0398 (/e % DA TP D e ok s(E)

where:

2a = diameter of the can (inch).

2b = inside length of the can ( inch ).

f,, = reciprocal of slope index of heating curve (min.).
Applying equation(6) for 307X202 can the equation will be

o = 0.398 / ( 1/ ¢3.347,2 + (1.75)2 ) £, = 0.444084 f,

. e
The resultant o< values for different fish and meat samples are then readily obtélna?%)
using the respective values of f, as previously given by El-Mansy (1975). Equatio”®

was then used to obtain the thermal conductivity.

2. Density measurment: 1iﬂﬂ'
A known weight of fish or meat sample (W) was transferred into a calibrated C%e
From a burrette, a volume (V,) of distilled water was added to a market level oI
cylinder (Vz). The density ( Q) is calculated from the following equation:
e W N Coteatere B R ST O S s S oL ),
Vo = Vg
3, Determinition'of the specific heat (C_): o)’
The following equation was used to calculate specifiec heat (Zaitesev et _l"19
2] =W+O.5F+O.36P .----o-o-o-'.oo-...oaas
Where Cp is the specific heat (Btu / 1b., °F) and W, F, and P are moisture, fat, ats
protein fractions respectively,
4. Moisture, fat, and protein determination: t’fﬁ
The moisture content was determined at 105 Qe until the weight became constzﬁl'
content was determined using Soxhelt method, and protein was determined by Keljd
method., These determinations were carried out according to A.0.A.C. (1975).
RESULTS AND DISCUSSION 08’
omgolw

: c
The physico-thermal properties of any product depend greatly on its chemlcaissa»
ition, Table (1) gives the values of moisture, fat and protein contents in var
of fish and meat (Mackerel, Sardine, Bolti, Beef, Veal and Lamb).

Experimental determination of thermal conductivities "K" requires the knowl
density (<), specific heat (Cp) and thermal diffusivity (cx), that is:

edge of

==K C S e s B e iiee e Stapers el S TR R ST T red!

p Macke
Density and specific heat were determined as mentioned before, Their values for ¢
Sardine, Bolti, Beef, Veal, and Lamb are included in table (1) infg

e

It can be seen from the same table that the increase in moisture and decreg:nsiw

contents for various fish and meat varieties are accompanied by high values ©
and specific heat,

For fish, the specific heat range (0,759 to 0.875 Btu / 1b, °P§ was comp
those reported by Zaitesev et al. (1969) (0.74 to 0.91 Btu / 1b., °F). MoreoveT: uﬂwr
sity range (67.400 to 68.149 1b / ft3) was very close to that given by the sam€ a n 4l

2 n .
(65.55 to 67.42 1b /ftB). In the case of meat, similar agreement of the data glzewadg/
fable (1) were reported in the literature. For instance, the specific heat Tang 935t 5)
to 0.832 Btu / 1b. °F) fitted to the range mentiorned by Charm 51971) (0.48 to ~* 1¢
9’

1b. °FP); while the density value of 67.42 1b / £t (according to Pogpendick et 2=

was within the presently .determined range (66.299 to 67.692 1b / ft7 ). n&
. nvic

The thermal conductivities and thermal diffusivities obtained by the'foregfuefor
methods are given in Tables (2 and 3) respectively., The thermal conductivity ¥ e

d OF)

fish (0.2688 Btu / hr. ft. °F) as reported by Zaitesev et al. (1969) was foul 8%0
within the calculated thermal conductivity values (0.2233 - 0,2979 Btu / hTe £ 'closTﬂr
while for meat the obtained range (0.2080 to 0.2530 Btu / hr. ft. OF) were Vef¥97o%(w[
the range (0.2080 to 0.2530 Btu / hr, ft. OF) as determined by Qashou et ale awfiempﬂ
thermal conductivity value for meat (0.3077 Btu / hr. ft. °F) as reported PY L c?
was higher than the obtained range. This may be due the variation in the chem

ition of meat,

10
arabig de”

by tn;e
smed t
The maximum coefficient of variability in thermal conductivities as Obtazzuseof
three methods was 0.81 %, while that for thermal diffusivities was 0.82 %. BE
insignificance of these variations, average values are considered for use€e.
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R
) . Physico - Chemical properties of fish and meat varieties.
\E‘t‘ —====:::::::::::::::::::::::::f:f:::::::::::::::::::::::::::::::::::::_
J : s . 3 EE
Hoisture Fat Protein popeedfic  pengity g, = av,
% % % wib. op  Lb/EED 2
"
B 55,09 22,00 19.00 0.759 67 .400 0.2233 0.01048
0 7
e
73.05 9.01 16.87 0.836 611525 0,2752 0,01170
80,10 3.06 16.32 0.875 68.149 0,2979 0.01199
. 59.10 23290 15.95 0.767 66.299 0.2265 0.01069
70.90 10.20 18.10 0.825 67,092 0.2653 0.01149
2 72,90 8.00 17.50 0.832 67.692 0.2746 0.01170
Qb-L i P e e e o iaet Eoe s ity 1 v L s
% imed from table (2)
Obt‘
81ned from table (3)
% fin
L tS)
. Theypgq conductivity of fish and meat varieties (B.t.u/ hr . 5. S
\‘:t» \=:=:==:::—_—::=:::::::::::::::::::::::::::::::::::::::::::::::::::::r
J
ggéto's Hayakawa's Charm's e - Coefficient of
Ry Mation method method variability %
g 8-2237 0.2237. 0.2227 0.2233 0.19
\ 0'2730 0.2776 0.2750 0.2752 0.68
\ 0-2962 0.2994 0.2980 0.2979 0.44
. 0~2271 0.2284 0.220 0.2265 0.81
N 0'2659 0.2665 0.2627 0.2653 0.64
2725 0.2769 0.2743 0.2746 0.66
;¥f3x Ty
‘%>§\m\ Srma] diffusivity (inch/min) of fish and meat varieties,

Coefficient of

0.01048 0.01045 0.01048 0420
0.,01180 0,01169 0.01170 0.42
0.01205 0.01200 0.01199 0.45
0.01078 0.01057 0.01069 V82
0.01156 0.01139 0.01149 0.6_
0.01180 0.01169 0.0117C 0.67
m@ ¢ \::::===:=n::==:======::==:==::===:===z:"=::=::==:===:==:=:=:=
\ Tﬁﬁ oefficient of variability has been calculated according to Kram r and
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