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4.5 HAN1IABINABINIL SEM (Scanning Electron Microscopes)
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AANUIN U
Compeosition of High Pressure vessel
1. Presentation:
1-1 Autoclave 0.5 L 4000 bar -30°C
Manufacturer reference: 7-1000-132
1-1-1 Dimensions:

- Total length : 590 mm

- Diameter :189.5 mm
1-1-2 Technical Data:

Maximum Acceptable Pressure (PS) :4500 bar

Test Pressure (PT = 1.43 PS) : 6490 bar

Operating Temperature (TS) : -30/60 °C

Volume (V) : 0.5 liter

Fluid : Liquid group 2 (Silicone oil)
Table Y

Category 11

1-1-3 Composition:
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Nomenclature
REP REFERENCE DESIGNATION QTY

1 6-1000-741 Body 1
2 6-1000-754 Cylinder Head t
3 6-1060-473 Extractor 1
4 6-1000-474 U-Seal (NITRILE) 2+2R
5 6-1000-475 Antiextrusion Tapered Ring 2
6 6-1000-800 Flat seal 2
7 6-1000-477 Antiextrusion Flat Ring 2
8 6-1000-738 Plug 1
9 FHC M5x15 A2 7
10 6-1000-483 Spring Rctain_ing Ring 1
11 Retaining Ring cxt D30 1
12 6-1000-740 Extractor 1
13 6-1000-737 Inlet Cylinder Head 1
14 6-1000-739 Inlet Plug 1
15 6-1000-755 Extractor with Y4 HP connection 1
16 COL-60-4 Locking Collar 3
17 GLN-60-4H Locking Gland 3
18 CHC M5x10 A2 2
19 6-1000-756 Handle 3

Lifting Eyebolt male M10 A2 2
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2. OPERATING MODE:

The autoclave is designed for an operating pressure of maximum 4500 bar maximum, for

a group 2 fluid (i.e. not dangerous liquid) in a range of temperature from —30 up to 60°C

#* No tightening torque is needed, which make it easy to access the 0.5L volume. An
antisizing treatment provides for an easy removal of the Cylinder Heads.

*$* Two connections are locates on top of the chamber: The plug Rep 14 has got 2
connections ¥ HP (9/16-18 UNF). It is left at the operator’s discretion to use them
according to his applications.

4%* One connection is located undermeath the chamber: The plug Rep 8 has got 1 connection
4 HP (9/16-18 UNF). 1t is left at the operator’s discretion to use them according to his
applications.

2-1Mounting;:

Any mounting dismounting, or handing operation on the autoclave must be executed when the

device and the circuit is drained {under the user’s responsibility).

Tie up the body Rep 1 using the fixing holes or others.

Stack the components as shown on the drawing in order to form the plugging assemblies.
Carefully put the grease on the male and female thread of the body (Rep 1) and the
Cylinder Heads (Rep 2 and 13) and on the gasket surface (see the red zones on the
drawing)

Screw the assembly in the body, with appropriate grease, until mechanical limit stop (no
tightening torque is nescessary).

CAUTION: foolproof of the body Rep 1:The three fixing M10 are downwards.

Excuted the same steps at the other side of the chamber.

The autoclave is ready for operation.



72

2-2 Dismounting:

Any mounting. dismounting, or handling operation on the autoclave must be executed when

the device and the circuit is drained (under user’s responsibility).

= Tie up the body Rep | using the fixing holes or others.
- Screw off the cylinder head(s} Rep 3.

= Remove the plugging assemblies.

= Check the thread and clean if necessary. make sure to leave no particles or impurities in

order to prevent seizing.

3 MAINTENANCE / VARIOUS

- Two lifting eyebolts are at the operator’s disposal for the autoclave handling.

Any mounting, dismounting, or handling operation on the autoclave must be executed when the

device and the circuit is drained (under user’s responsibility).
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3-1 Seals removal :

3-1-1 Change of the first tightening stage :

Remove the plugging assemblies (see 2-2).

Screw off the screws MS Rep 9 (4 screws on the plug Rep 14 and 3 screws on the plug
Rep 8).

Remove the Extractors Rep 12 and 3

Pull the U-seal Rep 4 and the antiextrusion ring Rep 5.

Before replacing the seals, check the area of the gasket surface, any solid particle or
impurity will lead to the premature wear of the seals.

For the mounting, execute theoperations in reverse Reminder: Carefully put some grease

on the threads and gasket surface (see 2-1).
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3-1-2 Change of the second tightening stage ;
3-1-2-1 For the top assembly :
= Dismounting the plugging assembly (see 2-2).

= Remove the tubes, screws Rep 17 and rings Rep 16 of the extractor Rep 15.

Screw off the extractor Rep 15 and remove the plug Rep 14.

Pull the flat seal Rep 6 and the antiextrusion ring Rep 7.

Before replacing the seals, check the area of the gasket surface, any solid particle or
impurity will lead to the premature wear of the seals.
- For the mounting, execute theoperations in reverse Reminder: Carefully put some grease

on the threads and gasket surface (see 2-1).

3-1-2-2 For bottom assembly:
- Remove the retaining rings Rep 11 and Rep 10, then remove the plug.
= Pull the flat seal Rep 6 and the antiextrusion ring Rep 7 Proceed to the replacement.
= For the mounting, execute theoperations in reverse Reminder: Carefully put some grease

on the threads and gasket surface (see 2-1).
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REP REFERENCE DESIGNATION QTY

1 6-1000-741 Body 1

2 6-1000-754 Cylinder Head 1

3 6-1000-473 Extractor 1

4 6-1000-474 U-Seal (NITRILE) 2+2R
5 6-1000-475 Antiextrusion Tapered Ring 2

6 6-1000-800 Flat seal 2

7 6-1000-477 Antiextrusion Flat Ring 2

8 6-1000-738 Plug 1

9 FHC M5x15 A2 7 n
10 6-1000-483 Spring Retaining Ring 1
11 Retaining Ring ext D30 1
12 6-1000-740 Extractoi 1

13 6-1000-737 Inlet Cylinder Head 1
14 6-1000-739 Inlet Plug 1
15 6-1000-755 Extractor with ¥ HP connection 1
16 COL-60-4 Locking Collar 3
17 GLN-60-4H Locking Gland 3
18 CHC M5x10 A2 2
19 6-1000-756 Handle 3

Lifting Eyebolt male M10 A2
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Abstracts

The frozen shrimp was carried out by high pressure unit. Homogeneous and small
ice crystal was induced throughout the cell because of high pressure. This can decrease
the problem of cell destruction and the long of thawing time. The experiment were
divided into 2 parts: 1. conventional freezing and thawing at 15, 30, 45 minutes
compared with high pressure thawing at 500, 1000, 1500, 2000 bar in order to determine
the suitable thawing time and types of shrimps. 2. High pressure freezing and the
conventional thawing, which can compare the drip loss as well as the cell destruction.

The result of conventional freezing and thawing showed that the drip loss after
thawing at 30°C, 15 minutes with subsequent boiling at 80°C, 5 minutes was at minimum

comparing to with thawing time duration 30 and 45 minutes.



The result of high pressure freezing has shown that the high pressure can reduce
thawing time and accordingly maintain the good quality. The high pressure freezing of
unpeeled and peeled shrimp at 2000 bar showed the reduction of cell destruction and drip

loss comparing to the conventional freezing and thawing shrimp.

keywords: frozen prawn, high pressure freezing, freezing and thawing

1. Introduction

Recently, high pressure has demonstrated its wide applicability for producing
high quality foods, such as food sterilizing and food freezing. It 1s now accepted as an
attractive alternative to heating methods.

Among contributions to Thai economics, frozen food is a great majority of food
export, especially prawn. However, the tender of frozen prawn still cannot be met to the
customer satisfaction. High-pressure technique may solve this problem.

The complexity of foods arises from their biological origin and their spatial
heterogeneity on a variety of scales which one can even find in single cell units. Shrimp
and prawn are all derived from living organisms which are composed of cells. It is this
cell structure which is one of the major contributors to the characteristic texture of a food
(Christensen, 1984). Plant and animal related tissues are cellular networks, in which the
occurrence and the amount of nutritive and essential compounds are strongly dependent
on environmental, agricultural and processing factors.

From a food processing/engineering perspective, key advantages of high pressure

application to food systems are the independence of size and geometry of the sample



during processing, possibilities for low temperature treatment and the availability of a
taste-free, environment-friendly technology (Knorr, 1996). However, numerous
interesting effects of high pressure on the solid-liquid and solid-solid phase transitions of
water (the major constituent of most food materials), which have been studied in detail by
Brnidgman (1912) have been neglected by food R&D until recently. Besides a depression
of the freezing-point to a minimum of -22°C at 209.9 MPa (Wagner et al., 1994) a
reduced enthalpy of crystallisation can be observed, thereby accelerating phase transition
processes (Kalichevsky et al., 1995).

Furthermore, different solid forms of pure waier exist under pressure with a
higher density than the fluid. Taking advantage of the phase diagram of water, various
pathways of changing the physical state of food can be followed using external
manipulations of temperature and/or pressure. Definitions on possible high pressure-low
temperature processes can be given based on a terminology introduced by Knorr et al.
(1998). The processing steps are shown 1n Figure I.

The processes ranges from storing food under high pressure at subzero
temperatures without freezing (A-B-C-D-C-B-A) to freezing at temperatures above 0°C
(A-B-C-K-ice VI). Some of the more interesting possibilities are: pressure assisted
freezing (A-B-H-l, i.e., pressurisation of an unfrozen sample, cooling, freezing at nearly
constant pressure, pressure release) and pressure assisted thawing (I-H-B-A, ie,
pressurisation of a frozen sample, heating. thawing at nearly constant pressure, warming,
pressure release). Pressure shift freezing (A-B-C-D-E) is another process of increasing
interest where crvstallisation is induced simultaneously in the whole subcooled sample by
fast pressure release, with the intention of obtaining small and unsform ice crystals in the

sample with minimum damage to the tissue. The reverse of this process is pressure



induced thawing (E-D-C-B-A), where the phase change is induced by pressurisation.
Freezing of tissue water to different ice modifications i1s also possible with lesser
mechanical damage to the tissues expected (because of the higher density of these ice

forms compared with the liquid), but these solid forms are stable only under high

pressure.

2. Materials and Methods

2.1 Tiger prawn

The Tiger prawn used for freezing and thawing experiments was brought from
Mahachai port, Samutsakorn, Thailand. Some of them were peeled and cut into pieces.
The experiments were divided into 3 groups: prawns with peel. prawns without peel and
slice prawn. Afier that they were inserted into a freezer at 20°C. Samples were frozen-
stored in the freezer until use Before thawing experiments, frozen shrimps were removed

from the freezer and packed using a PE film

2.2 Pilot scale system

A schematic drawing of the high pressure vessel (Haskel Germany) especially
used for the thawing of shrimp experiments 1s shown in Figure 2

The high pressure apparatus, which had a maximum design pressure of 300 MPa,
mainly consisted of the vessel (5) and the plug (8) with the fit-throughs for the pressure

release valve and the single thermocouple (1) The volume of the vessel was 30 L



(internal diameter 210 mm, height 520 mm), consequently it was used for scale-up
evaluations of pressure supported thawing of shrimp tissue. The vessel was filled with the
pressure transmitting medium (6) which is a silicone o1l (Tvpe 6165, Huber, Germany).
The fluid mix was chosen specifically for its low freezing potnt, which is necessary for
the subzero operations involved in high pressure-thawing and freezing. The temperature
in the vessel was controlled externally by cooling jacket (7) around the vessel. A high
pressure rectprocating pump (DSXHF-452 Haskel Ltd., California, USA) pumped the
pressure medium into the vessel from a reservoir. The pressure in the vessel w.-
measured using a pressure-gauge connected near the inlet to the vessel. The temperature
field in the sample during thawing can be measured using a speciallv designed single-

thermocouple fit-through designed by Newport

2.3 Freezing and Thawing

Conventional method of freezing was operated at -20 °C in large freezer (Sanyo
MDF-592, Japan). High Pressure freezing was carried out in the HP system explained in
2.2 with pressure level at 200 MPa.

HP thawing was operated at 50, 100, 150 and 200 MPa through the HP system at

room temperature.

2.4 Dnp Loss Caluculation

drip mass (g)

[_)np = x 100

dn: maner of the -‘:CHI"'-I”E (2 )



drip mass after thawing = prawn weight before freezing — prawn weight after thawing

drip mass after cooking = prawn weight before freezing — prawn weight after cooking

3. Results and Discussion

3.1 Drip Loss

The drip loss of Tiger prawn (unpeeled prawn, peeled prawn and sliced pra.n)
was calculated. The different thawing time at 15, 30 and 45 minutes were provided
different results of drip loss (Table 1, Table 2, Table 3). The thawing time at |15 minute
had less drip loss. However, there was complexity of rheology which is not stable and
well known. Therefore, the results of drip loss were obtained statistically.

In comparison of different types of sample (Figure 3). the sliced prawn had shown
highest drip loss at all thawing time. This might be explained as sliced prawn has more
contacted area during the freezing process.

The results of freezing and thawing were shown that unpeeled prawn had less drip

loss. Peels tend to protect the weight loss from the Tiger prawn.

3.2 High Pressure Effect on Cell Rheology

The results of cell tissues were shown 1n the Figure 4 and 5. It has been found that
HP freezing has less tissue damages. Therefore. it has very high potential of HP freezing
and thawing for Tiger prawn preservation. This could be investigated further on different

HP thawing condition with vanous high pressure level and different time



4, Conclusions

With respect to the degree of supercooling, a significant decrease in the phase
transttion time was reached when ice III is obtained. The high degree of supercooling
before freezing to ice HI is comparable to that of pressure-shift freezing and therefore
positive effects to the processed food can be expected with regard to crystal size and
distribution. This greater degree of supercooling together with the results of the phase
transition times, indicate the consistency of the results, as shorter phase transition times
are reached for higher degrees of supercooling. Shortening of phase transition times due
to higher degree of supercooling was also reported for pressure shift freezing of model
food (tylose-gel) (Denys ef al., 1997) and emulsions (Levy er al., 1999).

Moreover, the supercooling frozen prawn was optained less drip loss which
represented less damage to the cell. The magnified photos was also agreed to the results
of the drip loss. Further study should be carried out on various model of freezing and

thawing time.
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Table 1 Drip loss at thawing time of 1S minutes

drip loss
After thawing After cooking Total loss
Type of prawn (g/ 100 g DM) (g/ 100 g DM) {(g/ 100 gDM)
- Unpeeled prawn
Large size 1acm long 45725 8.6427 13.2152
Small size iem long 6.7522 18.2180 24.9702
- Peeled prawn
Large sizescm long 7 8735 31.4837 393572
Small size 6 cm long 2.5635 30.5840 33.1475
- Sliced prawn
08x0.8x0.8cm’ 2.7689 36.1553 38 9242
1x1x1lcm' 3.1399 50.9671 54.1070




Table 2 Drip loss at thawing time of 30 minutes

‘ drip loss
After'ihawing —l“ After cfmkiﬁév Total loss
Type of prawn (g/ 100 g DM) (g/100g DM) (g/100gDM)
- Unpeeled prawn #l
Large size 11cm long 1.5667 10.9198 15.4865
Small size nicm long | 53732 15.7583 21.1315
|
- Peeled prawn T
Large sizescm long 7.1236 | 43.1201 50.2437
Small size 6 cm long 2 4038 44 6426 47 0464
- Sliced prawn
08x0.8x0.8cm’ 3.1543 45.0689 48.2232
Ixlxlem 9.1282 64.5866 73.7148




Table 3 Drip loss at thawing time of 45 minutes

drip loss
After thﬁ{wviné T After cooking Total loss
Type of prawn (g/ 100 gDM) (g/100g DM) (g/100gDM)
- Unpeeled prawn
Large size 14cm long 43317 11.6937 16.0107
Small size 1icm long 6.1136 15.0542 21.1678
- Peeled prawn
Large sizes cm long 6.5680 48.9076 55.4756
Small size 6 cm long 42577 43.6692 47.9269
- Sliced prawn
08x0.8x0.8cm’ 3.7879 66.1295 629174
1x1x1lem® 2.8237 50.9671 90.0964
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Figure 1: Phase transition of water ice



Figure 2 : Schematic drawing of the experimental arrangement. 1: thermocouple; 2:
silicone oil inlet 3: sample; 4: insulation; 5: pressure vessel; 6: pressure medium (silicone o1l);

7: cooling jacket; 8: upper seal.
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Figure 3: Total drip loss versus high pressure




Figure 4: 10,000X magnification shows tissue structure of HP
frozen unpecled prawn (200 MPa)

Figure 5: 10,000X magnification shows tissue structure of conventional
frozen unpeeled prawn (200 MPa)



