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Abstract

Temperature distribution studies were performed in steam-air retort to investigate the influence of various processing
conditions (come-up time, sterilization temperature, and internal pressure throughout the steam-air retort). Retort
temperature data were analyzed for temperature deviations during holding phase, maximum temperature difference
between test locations at the beginning and after 1, 3, and 5 min of the holding phase, and box-and-whiskers plots
for each location during the holding phase. The results showed that high sterilization temperature led to a more uni-
form temperature distribution than low sterilization temperature (pasteurization). In pasteurization condition, the tem-
perature stability was slightly increased by increasing pressure during the holding phase. On the other hand, the
temperature stability was slightly decreased in high sterilization temperature condition. Programming of the come-
up phase did not affect the temperature uniformity. In addition, the slowest cold spot was found at the bottom floor
during the holding phase in all conditions. This study determined that the temperature distribution is affected by
retort processing conditions, but the steam-air retort needs more validation tests for temperature stability.
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Fig. 1. Retort layout. A: water tank, B: cooling water inlet, C:
steam boiler, D: steam inlet, E: air compressor, F: air inlet, G: heat
exchanger, H: steam nozzle, I: steam recirculator, J: jet box
(Mixing of C, E, H).
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Fig. 2. Thermocouple location for temperature distribution test
throughout steam-air retort.

g
=
r_lr'
K
u:
N
o2
o

89

S2AIZHCUT) =&

A A 1, 2% Age] 2x7F A Zolrt uA|
Forg N AN CUTY WE Y-S HlL
3L, 71% Akt 27 (Table 1ol 12} At A17ko] 10
B weo} 0 2AoZ Y

SAEH

>
v
o
N
E
Mo
N

F

Al H 4 27 wEt felde %
o] AAEAE2X (one way ANOVA) WHO
FroleEe 5% olelN fol4dS AT RE B
28 Minitab 16 statistical software (Minitab Inc., State
College, PA, USA)S AR&-ske] E4 k3Tt

2B 7} 82°Cel AL

3 5} A TH(Table

ddste] YeEpliSdTE 3 AAke] SRR dEEE
oy

7Vl shaz, AR
A A =S ‘JrE]r"“‘:}(Smout et al., 2001
oAl A2} 24 BE 2A0A 5%
AMe AA A FO F9l%ke] 7P A5, UHA] D, E, G
AR FA%ke] Bl e YA ol 2 27
of whet —r-lé‘%}%kﬂ] A @HL WskelA] ar, W

=

O_u_, \./
05
3

éZﬂOﬂH LW 1*] C/l v%%kol 7P A2 dEhd

Table 1. Processing control conditions for temperature distri-
bution tests

Pasteurization Condition

(82°C) Time (min)  Temperature (°C) Pressure (bar)
Venting - to 65 -

First steam 10 at 80 0.3
Second steam 20 at 82 0.3
Cooling water 10 at 20 0.5

Sterilization Condition
(121°¢ Time (min)  Temperature (°C) Pressure (bar)
Venting - to 65 -

First steam 10 at 85 0.3
Second steam 20 at 121 1.5
Cooling water 10 at 20 1.7
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Fig. 3. Temperature stability and variability during the holding phase in pasteurization condition using (A) steam temperature 82°C,

and sterilization condition using (B) steam temperature 121°C.

Table 2. Temperature deviation of each location during the holding phase

Temperature deviation (°C)

Condition”
A B D E F G
N Cl 1.9+0.4% 1.9+0.5% 1.8+0.4*° 1.7+0.3*® 2.240.5% 1.7+0.5% 2.2+0.1*

Pasteurization abB abB aB aB bB abB abB

P1 2.0+£0.4 1.9£0.5 1.7£0.4 1.6+0.1 2.5+¢0.1 1.9+0.5 1.9+0.4
C2 0.540.2:4 0.5+0.2%* 0.60.2: 0.5+0.2%* 0.7+£0.1" 0.4+0.1* 0.6+0.0°"*
Sterilization” P2 0.6+0.1* 0.7+0.1%* 0.740.1%4 0.6+0.1* 0.8+0.1" 0.6+0.1* 0.7+0.1°
T2 0.440.1° 0.5+0.12A 0.5%0.1% 0.5+0.1%4 0.7+£0.14 0.4+0.1* 0.6+0.0°4

YSecond steam temperature : 82°C.
ISecond steam temperature : 121°C.

3Condition: C1: pasteurization in Table 1, P1: second steam pressure 0.5 bar in Table 1, C2: sterilization in Table 1, P2: second steam pressure 1.7 bar ir

Table 1, T2: first steam time 0 min in Table 1.

*4Means in the same row and in the same temperature deviation not sharing a common letter are significantly different by Duncan's multiple test (<0.05)
ABMeans in the same column and in the same temperature deviation not sharing a common letter are significantly different by Duncan's multiple tes

(p<0.05).
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) and standard deviation (SD) at the beginning of the HT, and temperature difference (A7)
. and lowers-reading thermocouple (7)) after 1, 3, and 5 min holding phase

Condition Location T ean SD begin AT after 1 min HT AT after 3 min HT AT after 5 min HT
begin HT (°C) ~ HT (T~ Toin) CC) (Toax = Tin) CO) (Tax = Toin) CO)
A-C 88.4 1.2 8.2° 8.0¢ 7.9¢
C1
L D-G 84.8 1.7 9.4P 8.8% 8.6°
Pasteurization
A-C 88.3 1.3 7.8 7.5¢ 7.3¢
Pl D D C
D-G 89.3 1.5 9.5 8.6 8.4
A-C 121.2 0.3 2.7 2.6" 2.5%
Cc2
D-G 121.4 0.3 2.94 2.98 2.948
_ a b b
Sterilization P A-C 121.8 0.4 3.2C 3.0C 2.9
D-G 121.8 0.4 3.7 3.2 38
A-C 1222 0.5 2.6 2.5 2.3%
T2
D-G 121.8 0.3 3.18 2.74 2.74

*4Means with the same column in each superscript are not significantly different by Duncan's multiple test (p<0.05).
AEMeans with the same column in each superscript are not significantly different by Duncan's multiple test (p<0.05).
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condition) and (D) pressure condition 1.7 bar.

Table 4. Come-up time (the time lapse between the introduction
of the heating medium into the closed retort and the time when
the retort reaches process temperature) of sterilization condition
at 10 min (C2) and 0 min (T2)

Come-up time (min)

Run
T2 C2
1 8.18 8.95
2 7.13 8.96
3 7.35 8.36
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