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. Retort Temperature Profile and Quality Changes
during Thermal Processing of Conduction Heating Foods
in Retortable Pouches

Yoshimi TERAJIMA®*, Yasuo NONAKA**

Thermal processing is a most commonly used method for extending the shelf life of
processed food. The heat sterilization of foods in cans or retortable pouches has been
conducted conventionally by heating the food container in a pressurized steam or hot-water
retort at predetermined temperature and time. Although this process will certainly make
microorganism and spores inactive, it may cause destruction of essential nutrients that leads
to deterioration of product quality.

Under these circumstances, the significant point is to find out the condition for the
maximum nutrient or quality retention as well as the sufficient bacterial reduction required
for stable and safe products.

For this purpose, it is vitally important to find out the optimum temperature profile and
its effect on product quality.

With a view to predict the effect of various temperature profiles with an equal sterilizing
value on quality retention, a model was costructed to simulate the thermal processing of
foods packed in retortable pouches. Five types of retort temperature profiles were selected
that are conventionally used in thermal processing of food industry.

This paper presents an optimum retort temperature profile obtained by computer
simulation. It was found that a trapezoid-type temperature profile is the best one among
these five types of profiles.

Keywords : Thermal processing, Sterilization, Optimization, Retort, Retort temperature, Retort
temperature profile, Retortable pouch
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Table 1 Formulas for transient temperature distributions for five types of retort temperature profiles

Profile t 6 (x, t)

Ost§t| ozlln— (UR_eo) gIAn"exp (_B‘Z) t) Cn!)
Profile 1 | t,st 6=u— (uc—uy) élmexp (-B, (t—t)) C.
~ (u=00) L Aexp (-BD G,

0StsSt | 60=upw—(upp— 80 gA..exp(—Bnt) G

+mt - m (A/B)(1-exp(- B G,

hStSt | 6=u—(uw=00 % Aexp(-BY C,

—m, £(A/B) (exp(~ B, (t—t))—exp (~B) G,
tSt | 6=u—(u—u) ZAexp(-B, (t-t) G,

~ (o= 6 I Aexp(-BY) G,

—m, £(A/B)(exp(~ B, (t—t))~exp (—Bb) G,

Profile 2

where, m, = {up — Uro) /'t

0stst [ 6=u—(u—60 I Aexp(-BD C,

bStSt [ 6=u—(u—60 LAexp(~Bt) Co+ms (t—1t)

-mZ, (A/B) (1-exp (B, (t—t)) G

Profile 3| ttst | 6=w— (w-ux) EAexp (-B, (t—1)) G,

- (m-6a gAnexp (-BH G

-me % (A/B) (exp (- B, (t—1)) —exp (- B, (t—t)) G,
where, m;= (upe—ud / (ta—t)

0Stst [ 6=uw— (uo—02) L Aexp (—BY) C.

+mit—mE (A/B) (1-exp (-Bb) C,

Profile 4 [ t,StsSt, | 6=ui~ (upo— 60 EAexp (—BY) G,

-m % (A/B) (exp (=B, (t-t)) —exp (-B) G,
+m, (t—t) —m, % (A/B) (1-exp (—B. (t-t))) G,
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Profile t 0 (x, t)
tst | 6=u— (u-uw ZAexp (-B (t-t) G,
- (uw—- 62 EAexp (-BY) C,

Profile 4 -mZ (A/B) (exp (~B, (t—t)) —exp (—BD) G,
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~ (um— 62 I Aexp (-BY G,
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Table 2 F-value, volume average value and surface value of objective
function during cooling period following processing time

Volume average”

Surface?

Time 0, F-value
0.0 119.99  0.4827765E + 01
10.0 118.96  0.4950383E + 01
20.0 110.37 0.4996327E + 01
30.0 98.68 0.5000616E + 01
40.0 87.565 0.5000910E + 01
50.0 77.77 0.5000936E + 01
60.0 69.35 0.5000938E + 01
70.0 62.15 0.5000938E + 01
80.0 56.99 0.5000938E + 01
90.0 50.74  0.5000938E + 01
100.0 46.25 0.5000938E + 01
110.0 42.41 0.5000938E + 01
120.0 39.14 0.5000938E + 01
130.0 36.34 0.5000938E + 01
140.0 33.96  0.5000938E + 01
150.0 31.92 0.5000938E + 01
160.0 30.18 0.5000938E + 01
170.0 28.69 0.5000938E + 01
180.0 27.42 0.5000938E + 01
190.0 26.34 0.5000938E + 01
200.0 25.41 0.5000938E + 01

0.4961442E + 02
0.5017037E + 02
0.5038932E + 02
0.5046468E + 02
0.5049174E + 02
0.5050281E + 02
0.5050800E + 02
0.5051075E + 02
0.5051237E + 02
0.5051340E + 02
0.5051412E + 02
0.5051465E + 02
0.5051506E + 02
0.5051539E + 02
0.5051566E + 02
0.5051690E + 02
0.5051611E + 02
0.5051630E + 02
0.5051647E + 02
0.5051662E + 02
0.5051677E + 02

0.6561951E + 02
0.6561959E + 02
0.6661967E + 02
0.6561974E + 02
0.6561982E + 02
0.6561990E + 02
0.8561997E + 02
0.6562005E + 02
0.6562012E + 02
0.6562020E + 02
0.6562028E + 02
0.6562035E + 02
0.6562043E + 02
0.6562051E + 02
0.6562058E + 02
0.6562066E + 02
0.6562074E + 02
0.6562081E + 02
0.6562089E + 02
0.6562096E + 02
0.6562104E + 02

Units : Time (sec), F-value (min)

1) 6,: Temperature in the center (C)
2) Volume average : Volume average value of objective function (min)
3) Surface : Surface value of objective function (min)
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PIHBECF ENd &, BBV Vb
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Table 4. 5k Db b, i, £HHNCTEEH
ICBY 3 (38 z. OfELHINT 5 & BBEREI
BEACHEBHLTHEY, Thidzofsk
EVER, BEBREOMENKENT LER
LTWwaeEELI o5,

4.3.2 B/ 07 4 — N ORBERE

S ¥, BREE41D0XSIcE b, Fig. 1
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Table 3 Effect of thickness on optimum
retort temperature

2a Zz=25(°C) Zz=33(°C) zz___so(nc)
(mm) V.A." Surface V.A. Surface V.A. Surface
10 135 124 140 127 150 132

15 131 121 136 123 147 129

20 129 <120 134 121 145 126

25 126 <120 132 <120 143 124

30 125 <120 130 <120 141 123

35 124 <120 129 <120 140 121

40 123 <120 128 <120 140 <120

Units : Optimum retort temperature (°C)
1) V.A. denotes volume average.

2) 6o=20(C). F=5(min)

Table 4 Effect of initial temperature on

optimum retort temperature

90 22=25(°C) Zz=33(°C) Zz=50(°C)
(C) V.A." Surface V.A. Surface V.A. Surface
20 135 124 140 127 150 132
40 135 124 141 127 152 133
60 135 125 142 128 163 134
80 136 126 143 129 153 135
100 137 127 144 130 154 136
Units : Optimum retort temperature (*C)

1) V.A. denotes volume average.
2) 2a=10(mm), F =5(min)

Table 5 Effect of F-value on optimum
retort temperature

F  2=25(C) 2=33(C) 2z=50(C)
(min) V.A." Surface V.A. Surface V.A. Surface
5 135 124 140 127 150 132
10 138 127 143 130 »>150 135
15 139 129 145 132 >150 136
20 140 130 146 133 »>150 138

Units : Optimum retort temperature (C)
1) V.A. denotes volume average.
2) 2a=10(mm), 6,=20(C)
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Table 6 Five types of retort temperature profiles showing minimum volume average

value of objective function

Profile O.T. HT? VAR m? m® Remarks

Profile 1 135 34 28.7

Profile 2 138 54 264 0.30 Upo" ¥ =60

Profile 3 135 35 28.3 -175 Upe*® = 100

Profile 4 145 55 259 0.30 - 054 Uro" =60 upe* = 120
Profile 5 140 85 257 0.30 —1.48 Upo” =60 ugre* = 100

1) O.T. : Optimum retort temperature (°C)
2) H.T. : Heating time (min)

3) V.J.: Volume average value of objective function (min)
4) m,*)m;" : Optimum ascending and descending slopes (°Csec)
5) upe’,uxc® : Optimum initial and final retort temperatures (°C)

Table 7 Five types of retort temperature profiles showing minimum surface value

of objective function

Profile O.T.? HT? S.J)@ m** mg? Remarks

Profile 1 124 8.5 §9.3

Profile 2 128 98 448 0.15 Upo™® =60

Profile 3 125 6.7 575 -0.78 Ure*® =70

Profile 4 135 100 424 0.15 -0.36 Uro* =60 uge* = 100
Profile 5 130 10.2 420 0.1 —-0.65 Upo" =60 upe* =

1) O.T. : Optimum retort temperature (°C)
2) H.T. : Heating time (min)

3) S.J.: Surface value of objective function (min)
4) m,,m;* : Optimum ascending and descending slopes (°C./sec)
5) Ugo’,Upc® : Optimum initial and final retort temperatures (°C)
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