Paper No :

77
MSAE2018-AFE011

Thermal Shock
by Militube
Thermal
Shock bySterilizer
Militube Sterilizer
M. Mohd Noriznan1
1

Department of Process and Food Engineering
Faculty of Engineering, Universiti Putra Malaysia,
43400, Serdang
Selangor, Malaysia
noriznan@upm.edu.my

ABSTRACT
Thermal sterilization is a low-cost process to kill pathogens such as E. coli
O157:H7, L. monocytogenes and S. Typhimurium that present in juice product.
However, the conventional thermal processes are mostly having a problem with
the lower quality of the product in which micronutrients are degraded when
applying high temperature for a long period. The dynamic simulation was
carried out for predicting temperature profile along the militube sterilizer and in
the bottle, with considering kinetic inactivation of selected microorganism and
oxidative enzymes, and also kinetic degradation of micronutrient. By
introducing shock-heating by militube sterilizer, it decays the microorganism in
short time, also resulting minimum degradation of important micronutrients.
Oxidative enzymes that commonly present and involve in deterioration of juice
quality such as peroxide and polyphenol oxide have shown inactivation effect
after entering the bottle. Therefore, militube sterilizer has high potential to be
applied for preserving useful micronutrients in fruit juice.
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INTRODUCTION
Thermal inactivation of pathogens is still considered very efficient to extend the shelf-life of food
products. According to Mazzotta (2001), Escherichia coli O157:H7 and Salmonella enterica serovar
Typhimurium that have contaminated in fruit juices and therefore the juices have been recognized as
vehicles of food-borne illness. E. coli causes haemorrhagic colitis and haemolytic-uremic syndrome,
whereas Salmonella Typhimurium causes diarrhoea, abdominal pain, mild fever, and chills (Park and
Kang, 2013). The presence of microorganisms also affects the quality of juice via deterioration.
Pasteurization through conventional heating is the method most commonly used in the fruit juice
industry.
Not only the microbe contributing to the quality of juice, but also the action of enzymes that released after
destroying the fruit cell. Oxidative enzymes like polyphenoloxidase (PPO), peroxidase (POD), βglucosidase (BGL), and lipoxygenase (LOX) are responsible for the deterioration of nutritional value,
color and flavor (Liavoga and Matella 2012). Most of fruit juices are unstable and susceptible to
degradation and browning during storage. For instance, PPO and POD are the primary enzymes involved
in browning process (Cao et al., 2018). PPO involves in hydroxylation and oxidation of phenolic
compounds (Ludikhuyze et al., 2003). Whereas, POD reacts through single electron oxidation in the
presence of peroxide (Vernwal et al., 2006). According to Lee et al. (2009), PPO and POD can be
inactivated thermally, however, POD has 2 isozymes, namely heat labile and heat resistant in pineapple
juice.
Traditional thermal treatment is performed to inactivate microbes and enzymes successfully. However,
the process has some drawbacks due to thermal damage to sensory quality, long processing time, high
energy consumption, and low heating efficiency (Qin et al., 1995). Thermal degradation of antioxidant
micronutrients such as β-carotene, β-cryptoxanthin, zeinoxanthin and ascorbic acid (Dhuique-Mayer et
al., 2007), which are beneficial to human body should be minimized during the process. According to
Pereira and Vicenta (2010), emerging thermal treatment involving dielectric heating methods such as
microwave heating, ohmic heating, and radio frequency heating, as promising alternatives to the
traditional heating. The ohmic heating has shown promising results by reducing processing time in
inactivating E. coli O157:H7 and S. Typhimurium for 10 s at 60oC (Park and Kang, 2013). However,
disadvantages of ohmic heating are high installation cost and it increased the electrical conductivity of
food materials.
Militube or capillary tube has high potential to be developed as thermal pasteurization process. It
consists of very small diameter size (ID 0.66 – 4.45 mm) that provides very quick heat transfer from its
outer wall to its inner part. Therefore, very high flow rate of the fluid can be introduced to the system for
achieving high throughput. Because its ability to provide shock heating of the fluid that flows along the
tube, it has ability to shorten the heating time that requires in minimizing micronutrients degradation,
which at the same time inactive the food borne illness pathogens and oxidative enzymes. This system has
potential to be applied to extend the shelf-life of local tropical products such as pineapple juice, mango
juice, guava juice, sugar cane juice, coconut palm sap, sugar palm sap and etc.
In this work, dynamic simulation was studied to predict the thermal process behaviour of militube
sterilizer using kinetic data from relevant literatures. In process simulation, mathematical modelling such
as mass transfer and heat transfer were employed by considering thermal inactivation kinetic of
pathogens and oxidative enzymes, and thermal degradation kinetics of micronutrients.

MATERIALS AND METHODS
Process set-up
The process set-up is illustrated in Figure 1, where the copper militube can be arranged in spiral form. It
was selected because it has high thermal conductivity (385 W/mK). The inner diameter and outer
diameter were followed according to standard available in the market. In this work, outer and inner
diameter were used are 0.00478 m (4.78 mm) and 0.0033 m (3.3 mm), respectively, in which the length
is 3 m. The small diameter of militube is important to enhance the heat transfer from its outer wall to its
inside fluid.
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Figure 1: Process set-up (a) Illustration of overall arrangement of sterilization system, (b) spiral form of militube, (c) a
possible connector can be used for 5 militubes, which they can be arranged in parallel
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Figure 2: Illustration of (a) militube sterilizer and (b) bottle, for mathematical modeling and simulation
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The simulation of sterilization using militube was done using gPROMS ModelBuilder 3.5.1 (PSE). Partial
differential equation (PDE) for energy transfer was developed for militube wall (Tw(x)/t) and militube
inner flow (Tt(x)/t) as shown in Figure 2(a). PDE for mass transfer of pathogens, oxidative enzymes
and micronutrients (c(x)/t) was also developed. Ordinary differential equation (ODE) for the bottle,
including mass (dc/dt) and energy transfer (dT/dt) was also employed as illustrated in Figure 2(b). PDE
and ODE were then transferred to the model entity of gPROMS. Kinetic models such as pathogen
inactivation, enzyme inactivation, and micronutrient degradation were implemented in the model entity
of militube and bottle.

Kinetic database

Kinetic database was obtained from literatures. It can be categorized into three; pathogen thermal
inactivation kinetic, enzyme thermal inactivation kinetic, and micronutrient thermal degradation kinetic.
3 types of pathogen, oxidative enzyme, and micronutrient were selected in this study. Pathogens that high
potential to contaminate juice products such as E. coli O157:H7, Listeria monocytogenes, and Salmonella
Typhimurium were chosen. Peroxidase (heat labile and heat resistant) and polyphenol-oxidase that
commonly involve in enzymatic deterioration of juice product were also selected in this simulation work.
Micronutrients such as such β-carotene, β-cryptoxanthin, and ascorbic acid were commonly found in
juice were also highlighted in this study. Table 1 shows the information that required for the simulation
study.
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RESULTS AND DISCUSSION
Temperature profile in militube sterilizer
Figure 3 shows the simulation results using militube with 0.0033 inner diameter and 3 m length. When
the fluid was introduced into the militube, the temperature rises quickly based on the temperature
distribution within a tube when using 50 ml/min (Figure 3(a)). This result was supported by Figure 3(b),
showing that the outlet temperature reached at steady state only at 0.7 min (50 ml/min). The results
indicate that, when applying higher flow rate, shorter time to reach steady state was obtained, however, it
results in lower temperature at outlet of militube. For instance, by flowing the sterilizer at 50 ml/min,
when it achieves at steady state, it was predicted at 370K, but the flow rate of 150 ml/min, resulting in
temperature at 345K. This can be elucidated that, heat transfer from outside to the inner militube was
predicted very fast to reach its equilibrium, and therefore the fluid can be applied at high velocity (e.g. 50
ml/min – 5.84 m/min, 100 ml/min – 11.68 m/min, 150 ml/min – 17.52 m/min).
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Figure 3: (a) Predicted temperature profile along militube sterilizer operated at 50 ml/min for different durations
(Water bath T =373K, inlet T=300K), (b) Dynamic temperature profile at outlet of militube at different flow rates

Microbial inactivation using militube sterilizer

Flow rate affects the inactivation of pathogens as shown in Figure 4. As discussed earlier, the microbial
inactivation can be related to temperature distribution that flows along the militube sterilizer. It indicates
that when applying high flow rate (e.g. 150 ml/min), inactivation was not fully performed very well due
to lower temperature distribution was achieved. However, when applying lower flow rate as shown in
Figure 4 (e.g. 50 ml/min), the results show that all selected pathogens were fully inactivated at the outlet
of militube sterilizer. These predicted profiles can be related to the inactivation reaction kinetic rate of
pathogens is very high especially when exposing high temperature. This simulation data shows that it is
very important to select appropriate operating conditions (e.g. flow rate) to ensure that all pathogens
were killed along the tube.
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Figure 4: Inactivation of E. coli O157:H7, Listeria monocytogenes and Salmonella Typhimurium (bacterial count ratio,
%) were predicted by dynamic simulation using different flow rates of fluid along the militube sterilizer (ID 0.0033 m, L
3 m, water bath T 373 K) (a) 150 ml/min, (b) 100 ml/min, (c) 50 ml/min (simulation time of 1.2 min)

Enzyme inactivation using militube sterilizer

According to Figure 5, the results show that the effect of temperature on inactivation of enzymes along
militube sterilizer. When applying flow rate at 50 ml/min, peroxide (heat labile) can be partly inactivated
up to 65 %. Whereas, peroxidase (heat resistant) and polyphenol oxidase show high thermal stability in
which most of them were predicted almost unaffected at the applied flow rate and water bath
temperature (373K). This can be related to the inactivation kinetic rate of enzymes is low, therefore this
process requires a longer time to fully denature the enzymes. This result can also be related to a high
activation energy of polyphenol oxidase, indicating high temperature is required or the process needs
longer sterilization time at a particular temperature.
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Figure 5: Inactivation of peroxide (heat labile), peroxide (heat resistant) and polyphenol oxide (activity ratio, %) along
the militube sterilizer at flow rate of 50 ml/min (ID 0.0033 m, L 3 m, water bath T 373 K) (simulation time of 1.2 min)

Dynamic profiles of fluid filling in the bottle
(a)

(b)

1.00E-03
370

5 x 50 ml/min
5 x 100 ml/min

8.00E-04

360
350

Temperature (K)

Accumulated Volume (m3)

5 x 150 ml/min
6.00E-04

4.00E-04

340
330
320

2.00E-04
310
300

0.00E+00
0

5

10

15
Time (min)

20

25

30

0

5

10

15
Time (min)

20

25

30

Figure 6: Dynamic patterns of (a) accumulated volume and (b) temperature of fluid in the bottle (0.001 m 3) when
applying different flow rates by implementing 5 militube sterilizers (ID 0.0033 m, L 3 m, water bath T 373 K). At the
same time heat transfer from the bottle to the environment also occurred (environment Tenv 303 K).

After the fluid passed through sterilization, it flowed into the bottle. The bottle is located at ambient
temperature, and when hot fluid entering it, heat transfer occurred from its inside to the environment.
Figure 6(a) shows the filling process from 5 militube sterilizers that arranged in parallel, at different flow
rates that simulated by gPROMS. Higher flow rates resulted in faster the bottle to be filled. As previously
discussed, at higher flow rates has affected lower the outlet temperature from the militube that entering
the bottle as shown in Figure 6(b). When the volume reached 0.001 m 3 (1 L), the bottle was left for up to
30 min, showing that the fluid temperature decreased due to heat transfer to the environment. This
profile is important to relate to oxidative enzymes inactivation and micronutrients degradation inside the
bottle when exposed to the ambient environment.

Oxidative enzymes inactivation in the bottle

As discussed previously, most of the oxidative enzymes (peroxidase and polyphenol oxidase) were not
fully inactivated by militube sterilizer due to their high thermal stability especially heat resistantperoxidase and polyphenol oxidase. As shown in Figure 7, in the beginning, the relative activity increase
because of the filling, and then it is clearly seen that the relative activity decrease. This is because those
enzymes were further inactivated in the bottle if it was left under ambient temperature. However, due to
heat transfer from the bottle to the environment, the inactivation rate decreased because their reaction
kinetic is temperature dependent. The simulation results show that, by applying a higher flow rate during
sterilization, the lower inactivation rate of each enzyme was found due to lower temperature entering the
bottle at the beginning as shown in Figure 6(b). Based on this finding, most of the oxidative enzymes will
be further denatured after bottling, and therefore it has the potential to preserve especially the quality of
juice during storage (e.g. color, micronutrient content).
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Figure 7: Dynamic profile of peroxidase (heat labile & heat resistant) and polyphenol oxidase inactivation during filling
into the bottle (0.001 m3)at different flow rates from 5 militube sterilizers (ID 0.0033 m, L 3 m, water bath T 373 K), and
at the same time heat transfer from the bottle to the environment also occurred (environment T env 303 K). (a) 50
ml/min, (b) 100 ml/min, (c) 150 ml/min

Micronutrients degradation in the bottle
Many studies had related to the disadvantage of thermal sterilization on micronutrient degradation
(Dhuique-Mayer et al., 2007; Kadakal et al., 2017). According to Figure 8, just after sterilization through
the militube, their relative amount was mostly preserved due to the fluid temperature increases very fast,
together with very high fluid velocity along the militube. However, when the fluid entering the bottle, the
degradation rate was predicted higher, especially after applying lower flow rate during sterilization. This
can be related to the previous discussion about the outlet temperature of militube, the degradation rate
depends on the temperature. However, the degradation of micronutrient after entering the bottle is still
lower (relative amount above 90 %), and their degradation rate decreases when its temperature falls
down. It is believed that the micronutrient can be preserved longer because most of the oxidative
enzymes are inactivated after the treatment.
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Figure 8: Dynamic profile of -carotene, -cryptoxanthin and ascorbic acid degradation during filling into the bottle
(0.001 m3) at different flow rates from 5 militube sterilizers (ID 0.0033 m, L 3 m, water bath T 373 K), and at the same
time heat transfer from the bottle to the environment also occurred (environment T env 303 K). (a) 50 ml/min, (b) 100
ml/min, (c) 150 ml/min

CONCLUSIONS
The study shows the dynamic profiles of inactivation of pathogens and oxidative enzymes, and
degradation of micronutrients were successfully predicted using dynamic simulation by implementing
reaction kinetic database obtained from literature. Militube sterilization was found that it can be
successfully applied as thermal sterilization. Using 3 m length with a diameter of 0.0033 m, and at flow
rate at 50 ml/min, predicting the promising results in full inactivation of selected pathogens within fluid
along the militube. The system provides a shock heating and therefore high flow rate can be applied.
Several tubes can be arranged in parallel to increase filling time in the bottle for achieving high
productivity.
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