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Abstract

Temperature measurements were made
with the aid of thermocouples located at
different points in cans of size 301x206,
filled with cooked prawns in 3 per cent
brine, during the sterilization process, to
study the heat distribution patterns in the
can. The slowest heating zone was found
to lie midway between the geometric
centre and bottom of the can on the
central longitudinal axis and the mechanism
of heat transfer was predominantly con-
vection type. The variation of heating
parameters f and j (slope and lag factor) of
the heating curve were studied at the
geometric centre and at the slowest heating
point and with variation of retort tem-
perature, initial temperature and size grade
of the product. The F value (lethality of

the process) was calculated by graphical -

and formula method (Ball and Olson) for
the standard wet pack of medium grade
cooked prawns.

Introduction

As a part of the programme on standardi-
sation of methods for prawn canning,
studies were carried out on the heat dist-
ribution patterns in canned prawns during
sterilization process. Location of the slow-
est heating zone, effect of variation in
retort temperature and initial temperature
of the product, size grade on the heating
parameters f and j (slope and lag factor)
of the heat penetration curve were also
investigated. F value (lethal value) of
20 minutes sterilization at 115.6°C (10.3
p.s.ig.) (0.7 kg/em* steam pressure) was
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determined by graphi'cal and formula
(Ball and Olson) methods.!

Experimental

The test cans used in the trials were S.R.
lacquered type of size 301 x 206 (8 oz),
77.8 mm in diameter and 60.3 mm in
height and the product filling the can was
142 g of medium grade cooked prawns
(21 to 34 pieces/100 g) in 90 cc filling
brine of 3 per cent concentration leaving
a head space of about 3 mm. A vertical
type retort of about 100 litre capacity was
used to process the test cans. The cans
were kept vertical at the centre of the retort.

‘The pressure inside the retort was con-
trolled manually to the required retort
temperature = 0.5°C by means of three
valves—one valve fitted to the retort and
two to an-external boiler. The steam was
injected from the external boiler kept at a
pressure 2.37 kg/em?® (35 p.s.i.g.) so that
coming up time of the required temperature
in the retort was minimum. Normally
20 to 30 seconds were taken initially for
building up and adjusting the pressure in
the retort to the required value. Similarly
during the cooling process 20 to 30 seconds
were taken to reduce the pressure to the
normal and 15 seconds for transferring the
experimental cans to the water kept at
21°C. Canonical and retort temperatures
were read on a Cambridge pyrometer to an
accuracy of =+ 0.5°C through a multi-
junction switch using copper constantan
thermocouples, embedded at the centre of a
prawn piece and in retort midspace. The
thermocouples were lacquered and glass wool
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insulated and were of 36 SWG.
choice of high gauge for the thernii
couples enabled conduction errors to
minimum (Cowell et al., 1959, Board e:a:l'

1960)* 2 which is lrnportant in view of the'

high coefficient of heat transfer in prawn
containing over 70 per cent water.

special type of thermocouple receptac'e-'

for inserting the thermocouple inside the
can was designed (Figure 1). The unit was
constructed from brass and made pressu%
tight by using rubber gaskets on exther
sides of can wall. It occupied less than

0.2 per cent of total surface area of the can* !

thus affecting very little heat transfer
from the surface to the material w1th1n.
Can temperatures were noted at regular
intervals (4 cans were used in each experi-
ment) during heating and cooling phases
(until the can cooled to 80°C, below which
the lethal rates are negligible) from ;ﬁge
time steam entered the retort. The heating
parameters f and j (slope and lag factor)
were determined from the semilog plot of

the difference of retort and canonical tem-_ iy B
perature against time of heatmg phasc -,

The sterilizing value of 20 minute process

(Fh + ¥c¢) were calculated by the graphical -

(Bigelow, et al) and formula method. of

SuiE

e R e .Eii‘id _
- GiOLY
Fic. 1. Thermocouple receptacle SVLL

1. 36 SWG Copper-constantan thermocodffe!
wire insulated with glass wool 2. Bakélﬂ:‘?h
3. Brass body 4. Can wall 5. Rubber gaskép!

6. Clamp nut. )
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Results

§ Exf)‘ﬂ:imental results on ‘the heal; dls—_
-tfibution on the horizontal axis 1.3"cm from.
tlhe botforn during heatmg and cooling (in
ater at 21°C) phases are given in Figure 2.
eat- ditribution along the central longi-
tiidinal-axis are shown in Figure 3. The
temperatures at a point (1.3 cm from the
‘bottoni“and 2 cm from can wall) during
h%eatmg and cooling processes are recorded
e Figure 4. Observing the isochronals
'on the plane 1.3 cm from bottom, it will be
fl tlced that there is an appreciable tempera-

TEMPERATURE |,

INITIAL

o e

x I's 3 MM 20 30
- DISTANCE FROM CAN WALL

Fm 2 Isochronals on a horizontal plane 13mm
o from bottom of can

ture diﬂ'erence in the prawns located at the
centre and near the can wall, during the
initial heating phase, showmg that the heat
transfer to the materia] is mainly due to
convection currents of hot brine. Again in
the coolmg phase (Figure 3) the material in

thestop layer is at @ higher temperature
compared to the botiom layer, as less

lagngerfluid at high tem, pperature reaches top.
‘g};rg}gr support to this; type of heat transfer

was obtdmed from observation of isochronals
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1 central longitudinal axis and rates of

: Aﬁ%atmg and cooling at 1.3 cm from the
i ,,bottom of the can and 2 cm from can wall

on the central horizontal axis.

Temperature variation along the central
i,ongltudmal axis during heatmg phase at
deferent intervals are shown in Table 1.
Takmg into consideration the variation in
sme shape, orientation of test samples

[rawn pieces) wherein the thermocouples
Were introduced, the slowest heating zone
was found to lie 1.3 to 1.5 cm from the
bottom of can on the central longitudinal

- i

15 i‘
I raBLE 1. Temperature distribution along central

sk longitudinal axis of the can (301 x 206) during
-I the initial heating phase

Ly 1

| Experiment 1

ol oo _
C}{OB“IOH of Temperature recorded (°C) at
ermocouple different intervals of time
-o_m bt'rom —— S — -
P o e d b | dmin. | S,
1o |
% | |
THE 5 mm 90.6 | 99.0 | 102.8 ‘ 105.0
WDak |
oy 10 mm 85.0 l 97.1 | 100.6 | 103.2
|
013 mm 740 | 845 | 883 | ots
|
©20mm | 934 | 1018 | 1044 l 106.2
/ _' —
Experiment 2
9mm | 911 | 982 | 1050
» 11mm l 762 | 911 ’ 101-1
715 mm | 75.4 9.6 | 97.3
| |

eﬁ

o

et LN

A typical heat penetration curve at the
slowest heating point of 142 g medium .
size grade prawn packed in 90 cc filling

" brine and sterilised at 115.6°C (0.7 kg/cm?

(10.3 p.s.i.g.) steam pressure is shown in the
inverted semilog graph (Fig. 5.) The slowest
heating zone had reached 1° F (5/9°C) below
theiretort temperature in 9.5 te 10.5 minutes
forimedium size grade prawns. The lag
factor j’ though for convection heating
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shouiu - aximum value of 1,¢in #
cases it I yreater than 1.03 as the h @k

transfer within the piece is by rapid con
duction aided by convection current ;o
surrounding brine. The slope (f) wésﬁ'«
determined in the conventional manner *by\,
measuring tangent of angle between the. i, % e -
asymptote and time axis. The tangent was; 2 zaa .r' Sl

drawn at a point judged by the eye where
the curve appeared to be fairly linear. = %%

RED
21°C

To WATER AT

CANS TRANSFER

STEAM OFF

From Table 2, it could be seen thét'
heating curve factors measured at the
slowest heating point are not significantly
affected with variation of retort temperatlité* e
112.8°C, 115.6°Cand 118.3°C corresponding; '

1

paocsss TIME

to steam pressures 0.55 kg/cm? (8.1 p.s. 1;g,),- W tni’ N
E FOR BUILDING UP
0.7 kg/cm (10.3 p.s.i.g.), 0.86 kg/cm (12, Qi ngﬁﬁf,gﬁm FRESSURE
t .
p-S: L & ) -+rom E£4. game table, i may o P “Fid 5. Heating and cooling curves of 142g of

observed that lag factor and slope at. Lth:e LA ‘6‘6!{33\'1 prawns (medium grade)+90 ml of 3%
critical point were higher than at geometqg j: cq,,g 32} Broinein eanof size 30052706,

TABLE 2. Effect of some }’ﬂﬂ&b o thedeating curve factors
_* A

oLU]a . -
AL B N
bre Position of '_:,_ piti |- Lag Slope
m ¢ ck thermo- Can ‘t ﬁlpt(. °;:Retort factor.(Mln.l
. 1ype of test pa couple (from| vacuum{:rature, | ter iperature Remarks
T bottom) "ij ofca:f“” ‘{Pfﬁsure) i f
; 7 LRI ] |
. it T TE _
) HET (Effect of retort temperature)
142 g medium size L3 cm 'hﬁ%.S"C 1.03 | 4.2- | Variation in f or j
prawns + 90 ml 3% “shol 4.4 is not significant
. brine f e b
o . 1.3 cm 8CPNE eoc | 1.04 | 4.3-
Ao ~1i%0.7 cm’a g 4.4
., 1.3 cm 6om | 63°C i ‘gékgf : 1.06 | 4.6
Y SRR i [em?)
i RS £ 40 13511 -
s T ke (Eﬁ'ect of size grade)
142 g small size | 1.3 cm 7em |195°C SO 6o 11.03 | 3.7~ [f, j vary with size
prawn(s + 9& n}lm?é‘y) D, g Gy .0 grade
--brine (35-53 Nos Iy MIpag iy
, medium g*ade 1.3 em 10 cm, ”I';;Z"C;‘? '8"*[-"‘-’{, 1.03-| 4.2-
(21-34 pieces}lOOg) B 2RI 1.07 | 4.6
»» large size (13- 1.3 cm 9cm ”54-5"’!(3 'fi’ili}?” 1.17-] 5.5-
20 pieces/100g) T e O 1.27 | 6.8
Gl TR 998 P
1.k -,'-q" (Eﬂ'ect of initial temperature of can)

142 g medium size | 1.3cm 10 em’ - -35.55¢] fﬁ 8°C 1107 | 4.8 |Variation in f or j
Erawns -+ 90 ml 39% SRRl i ﬁﬁgggg,‘cm’) is not significant
rine w3 ot s TR .

) . 1.3cm 8cm) | 70° ~ C'S‘*TI 11,07 | 4.6
142 g medium size 1.3 cm . 1.10 | 5.0 |[f, j are higher at
prawns -+ 90 ml 3%, bottom  thermo-
brine couple position
» Geometric 1.02 | 3.8
centre of can
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"”‘i{gn temperatures given to 142 g of medium

in can of size 307 x 206

TABLE 3. Lethality of the retort p_roces:g\g{i- —
grade cooked prawns packs

. f al ..é_I‘ime taken
Can Retort ‘R t‘ 42151 " to reach 5 f | Graphi-| For-
i . etor - Retort). ZeSRET 11082 (5/9°C) Lag |Slope cal mula
Process time var.;l::m pressure :tempcggﬂ.hlg"-;-- s bdﬁw retort | factor | Min.| TFh +Fc
‘ J Tup o | temp. (Rt) '
- > - e ._..‘ % -.!\ 4 p . - .
25 Min. 9cm | 0.55kg/em? | 1128°C : 9.5 Min. | 1.02 | 4.2 2.58 | 2.81
20 Min. 10em | 0.7kglem? | 115.6°C14:52°C | 95Min. | 1.03 | 42 | 4.17 411
15 Min. 7cm | 0.86 kg/em? | - 1133°é 515?0 13.90 Min. | 1.06 | 4.6 3.67 3.96
: \ ok SRAT | (0.1°F)

Based on TDT curve for cl: [ gﬁh)_p:e) Z =8 Min. (Esty, Meyer)*

ﬁ;ﬁcﬁed with 142 g of cooked prawns in 90
. mlZbrine, during the sterilization process,
 have indicated that the main transfer of
liéat to the meat is by convection currents
5fhot brine. The slowest heating zone was
foitid to lie 1.3 cm to 1.5 ¢cm above the
ottom, on the central longitudinal axis.
: - Z”I"ﬁ{;éfheating parameters are not significar
20 minute sterilization process (at 145.6°Cj# éﬁgred by variation In initial temperature
is normally adopted by the local fari,‘féne ; :Product and sterilization temperature
for the medium grade wet prawn pack] Lethahty of the normal 20 minute proces.
(142 g solid and 90 cc brine) of 301206 * at retort temperature 115.5°C adopted by
can size. To find the adequacy Q‘?ﬂf thé{g _t_%le, _factorles is found to be a.d('equate fmd
process, the lethality rates were calculated: - _§1_§!n_1ficantly mere than the minimum _tlme
by the graphical method of Bigelow, gt al., gujxred for this type of can and contents.
by plotting sterility rates at different tem-
peratures and by the formula 1’11(3{\%11‘;;{@I
Ball and Olson. Taking into consideration! f i
the contribution to the gceri]ization ,ggi:gcess? s Fillai and Dr A. N. Bose, present and past
during the initial cooling phase (upto a: gctors of the InStltU‘tCJ for the encourage-
. cooling temperature of 85°C), I values jofi. Jnent and guu'iance given for carryingout
such process were 4.17 and 4.11 mi Utefl ;t_hq above studies. i)
respectively by graphical and fot d it
methods which is more than adequate
this type of can and contents. A j Cess |
time of 14.1 minutes is enough to give an
adequate sterilization process (F=2.33 %0
minutes). 5

centre due to comparatively slower{-}r&
heating at the former. Effect of nitf
temperature of the can on heating p_at-‘a'rr’ié%_-._
is also not very significant. 'This jgini’
portant in view of the time lag mam,al‘
exists between sealing first and last car
after exhaust in a routine canning proee
a factory. %
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