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Executive Summary

High-Pressure Processing on Food Preservation

1. Motivation

Nowadays, the method of food processing is depending on heat treatment, which control
level of food contaminant, micro-organisms and toxin. However, this method devalues nutrition and
freshness of natural food. Therefore, food additives (starch, sugar, synthetic flavors, synthetic colours
and vitamins) are essential subjecting to the final products.

But one has to be aware that limitation of synthetic additives are great concemned.
Researchers are now trying to develop their techniques of producing food products in order to reduce
amount of those food additives. In Europe, new methods of food production (other methods apart
from heat treatment) are becoming the most popular topic. Since they cannot supply much fresh food,
they are trying to prolong its life with the freshness and full of nutrition without adding the additives.
In very near future the new methods will substitute the conventional one and foods are required to
follow the standard of food quality before distribute to the world market. This standard can be met
when the right methods are applied to the food productions.

Recently, high pressure has demonstrated its wide applicability for producing high quality
foods, such as food sterilizing and food freezing. It is now accepted as an attractive alternative to
heating methods. If pressure goes up, chemical reactions take place so that the system takes up less
volume. The difference between this response and what happens when the same system is heat-treated
comes down to which types of chemical bonds are broken. Heat breaks covalent bonds, which hold
atoms together as molecules. This is why heat alters the flavor of foods. By contrast, high pressure
affects only a few covalent bonds, which exist between electrically charged chemical groups. As
pressure rise, water molecules flow between the positively and negatively charged groups and bind to
them because this reduces the volume of the system. The influx of water breaks the bonds in two.
Ionic bonds.keep the chain-like structures of protein molecules in their biologically active form. Once
these are broken, the proteins unrave] and become useless. Whether it is this mechanism that finishes

off bacteria cells is still a matter of debate, but there is a majority view. For vegetative microbes,



pressure damages the cell membrane. When the cell cannot repair the damage and the cell contents
are lost, reproduction ceases.

In Europe, America and Japan, the technique is right now being tried on everything from
meat and diary products to fruit and vegetables in the hope that this kind of preservation will finally
help to stem the tide of food poisoning and preserve the freshness of food.

So far the signs are that it will be relatively easy to kill vegetative micro-organisms such as
E.coli (e.g. beef contamination), which reproduce by dividing. In Japan, for example, the delight of
pressure-treated fresh-tasting fruit jams and yogurts are already becoming popular delicate. High-
Pressure food products continue to increase in the country. In Europe, high pressure freezing can help
preserve nutrition and freshness of frozen chicken and seafood.

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. Suv far, there is no high-pressure unit
available in Thailand. Thus, it will be a great advantage if this technique will be built up and
examined on the prawn. This will consequently build new knowledge base and will encourage further

study on food preservation in the future.
2. Objectives

2.1 Design and construct a high-pressure unit for food freezing.

2.2 Develop the implication of high pressure freezing on frozen prawn.

3. Research methodology

3.1 Building up high-pressure unit, which includes thick-wall-vessels with seal plugs and

compression systems for pressure transmitting fluids.

3.2 Organizing high-pressure experiment on the frozen prawn and monitoring its tenderizing (water

amount after thawing).



3.3 Evaluating the results of high-pressure in food production and determining the potential of high-

pressure technique on the frozen prawn as well as improving the pilot plant for better quality and

safety.

4. Research plan

Month Activities

1-6 - Designing and building up high-pressure vessel with compression system.

- Adding sensors to high-pressure unit and connecting to computing processor.

7-12 - Testing equipment stability and process replication ability.

- Experimenting high-pressure freezing on selected Thai prawn.

- Evaluating the tenderizing of frozen prawn according to high-pressure effects.

- Documnenting the output and writing up twe journals conceming high-pressure
effect on food and technique of setting up high-pressure unit for food treatment.

- Registering the patent of high-pressure equipment for food processing.

- Summarizing the annual report of high-pressure method on food preservation and
equipment development.

- Writing up a journal about high-pressure equipment for food freezing.

13-18 - Investigating the effect of high-pressure on ice grain.
- Summarizing and characterizing pressure-temperature-time model on the freezing
process.

- Monitoring sheif-life of treated food.

19-24 - Writing up a journal about effect of high-pressure treatment on frozen prawn.
- Evaluating the potential of high-pressure preservation on frozen food.

- Summarizing the project report of overall experiment, determining further study

and project development.




5. Expected publications

Year 1: Expected topic: High Pressure Equipment for Seafood Freezing

Journal: Joumal of Food Engineering (0.823)

Year 2: Expected topic: The Effect of High-Pressure Treatment on Frozen Prawn

Journal: Journal of Food Engineering (0.823)
6. Budget
Year 1 Year 2 Total
1. Professional fec (A1ABUHNY)
- Researcher 120,000 120,000 240,000
2. Materials (1219)
- Stainless steel for high pressure vessel 30,000 30,000
- Hydraulic pump 40,000 40,000
- Vessel construction 30,000 30,000
- Prawn 10,000 60,000 70,000
- Packaging materials 5,000 30,000 35,000
3. Miscellaneous (1iAInAn)
- Journal issuing 5,000 5,000 10,000
- Document printing 5,000 5,000
- Maintenance 20,000 20,000
Total budget 240,000 240,000 480,000

7. Output and Discussion

Frozen shrimp preservation was carried out by high pressure unit. Homogeneous and smali

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 was shown that 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.

This method is an alternative and key method for food freezing in very near future.
Therefore, it should be investigated further on shelf-life as well as in combination means with other
methods. It would be also interesting to have the experiment on vanous kinds of food, microbial and

enzymes.
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ABTRACT

This research was the shrimp preservation 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.



LARPILY

fiaAnssutlszne
unfingon 1y Iny
UNAALONTHIDINGY
MITUYAIN
M5y nIw
undl
1. umi
1.1 A
1.2 Jaquszaad
1.3 vouluamsAny,
1.4 UszTomiimaiiee 185y
2. NUNIUITIUNTIN
2.1 nui
2.1 1namniAvesamisusuds
2.1.2 IZUUMIUTLTL
2.1.3 maTuTagauAuga
2.1.4 MsTaqanme s iRuAsTUIUMILSui
2.2 yitefifades
3. suilvylBIvy
3.1 mswsoningAy
3.2 wdesilounzginsel
3.3 mandl
3.4 MIpuuiadugou

»
3.5 AINAALINISUTNTUVUAUAY

=2
Te

2 5 32 & 2

15
27
28

30
30
31
31
31



m151iEY (A19)

3.6 dulizneuvItIMUAIINAUYS
3.7 PMINATBUIATOIUBLBIMITAIMAUTS
4, WOA1IIN
41 nsneassnsusuda unznisazmiodieiauay
42 HONTTNATOUIASDINUBNDIMITAIIAUGS
4.3 MINATBUNITOZAWAIBHIAIWAUTY
4.4 ﬂﬁﬂ1iﬂﬂﬁﬂﬂﬂ?ﬂ1m€1ﬁqmlﬁﬂ (drip loss)
4.5 HON1300INABIAI0 SEM (Scanning Electron Microscopes)
5. eflswnn
5. 1n3maneInITuTuds azmazatedanITa A
5 203NARBINIsUTHT IR T ETTIM iRz mIEAin WA ge
5.3 1A3BIDUBNEMIIAIBATIA UGS
5.4 ﬂﬁm\ﬂaum?amuaummsmmﬁ'uqa
5.5 NI ABINABIAIU SEM (Scanning Electron Microscopes)
6. aylmnauifonazdeimueius
6.1 w3UmnauItY
6.2 Jaymiinuszninenisnanes
6.3 doiusuuz
6.4 Output 7t 1A nTATIMS
316N 1781384
NIANUIN A n1sﬁ1mmmfiul's'mmﬁv1ﬁqmulﬁu (drip loss)
NMARUIN Y Composition of High Pressure vessel

MANUIN A Manuscript HAN UNAIWTMTUMTINOINT

i

32
34

37

42
50
53

55
56
56
57
57

59
60
63
64
65
67
69
77



MIUYMT

i
1 [ }
M3 4.1 uaasAusAnIInURS (dry matter) ¥osf9uUIAA1 37
»

P ' P s 4 . v a
AT NN 4.2 uaasrunfolSinaniWigade (drp loss) ¥ean1snansifisitanu@n Anins - 38

aza1w 15 U

»
Rl g

[ ] ¥ []
A1 1N 4.3 uAAsAuR AeySutaninfigaide (drip loss) ¥8INITNANBIAILITAUAN NINAINS 38
£010 30 UM
e * " = :’ s < . 3 - H
A13199 4.4 uaarundeiTuanifigadle (drip loss) YaIn1snanesdInItAuAL Anams 39

[ |
AT/ 45 UW

é @ o 1 e 5 o L
A3 4.5 uaRIRNUFURUTITNINgUUYITAINAUA Y 40
A13197 4.6 UARIMI AU UTIZNINGUN TN AN 41
[l [] » ]
a15199 4.7 taasanndniminuiaveadsnlFlunisnaassnisazaiedioanudugs 42

] ¥ ¥
#131904.8 uaasnunasUTuniguas (drip loss) vaamsazmedronuaugs Taeldnar 43
Tumsazaie 10 uM
o4 v = = :‘ . 8/ a s/
#1319% 4.9 urRsn undslTuanhgade (drip loss) veamsnzatsAisnnudug Tasldnar 44
Tumsazate 5 u
o ) nl P ¥ = . ¥ a
A13147 4.10 uaasA uRdvTuah gAY (drip loss) YeannsateAIsA AU Tasldnar 46
lumsazaie 4 um
H 1 A = y - or
A13199 4.11 uorasAundeUTuaniguiiie (drp loss) veantanznisdionduge Taoldinan 47
Tunrrazaio 3 u
= . = - .' . - 4 ar
A15 199 4,12 namsnunaodSueniigoe (drip loss) veanisaraisAlonwauge Tasldoar 49
Tunmsazais 2 uW
4 1 H ¥ - 1]
31T 4.13 uaasA N Minia (dry matter) YBIRIVUIAATA 50
a4 & od ac -t -~ a4 v d w -
A3 197 4.14 taAswamsazmsvesfAnsulde i s sua uisududiusudedionmduge 51

» [
udinsaed1035AUAN 1 -20 e uFMFE 1781 30 IR



mMSUUNIN

31 2.1 namsmwMUIniuve iz iuds
: ; ’

119 2.2 uaasupunwdafinaasrouzAegue el
7U# 2.3 uamdasinisiivnananuazneiiuaionsin

714 2.4 uammsRardmindsTasmngidenudluadiferde

Uit 2.5 uﬂmuﬂuqﬁmml’ﬁiﬂuﬂmuwmﬁvﬁmmﬁuﬂ'nq

1 2.6 uaruwuginsusudunznrazaiedsn g

U 2.7 uamsnszuaunsusudaTasanudug

Ui 2.8 uﬂmnmﬂﬁiuuzm1uz=uaq1iy1"l.1Jnﬂuﬁym‘i'hﬁﬂﬂuﬁ'uﬁiwq

1 2.9 uansmslAouangaudu tosgumgllumsnsuds

71 2.10 umrsmsifRounlasaaiugaawdu uazgamgilunisazae

31U 2.11 uamegilnsafvesszuunNAuY

111t 2.12 urRuATRIN AU AVL autoclave HvLiTlABd 9IRS

1171 3.1 uamaLLYBATBIUBN M IR IBA AU

1141 3.2 nEmsnmowsisweunRFesn IR UUR LR UN IR LY

110 3.3 uraunTesauBuIMITANUAUG

714 3.4 namsdusudauududn

zﬂﬁ 4.1 psmluaaamwAuRUTIT I eungifinmA A1

U 4.2 urmanuduRuisrrigamgiifunm

Ui 4.3 uﬂmﬁm?mmﬁ,mty:ﬁuﬁ’wuﬁ (Total drip loss) finwAuA1Y Taeldiann
msaratoiiuf 10 urd

111 4.4 uﬁmﬁm?mmﬁ?qmsﬁuﬁmuﬂ (Total drip loss) fin2 A uA137 Tagldiaan
Az ioiduR 5 ud

a4 lmmfhﬂ?mmﬂ'mngaﬁﬂﬁ"mun (Total drip loss) finnmdud1 Tasldm
MIazmIoiIAud 4 ud

g1 4.6 uﬂmfhﬂ?mm\fmiyuﬁmfwuﬂ (Total drip loss) finwduA1ey Taoldian
nITAEMIBIALF 3 uid

1 » ¥ [}
1 4.7 naasr T uanigapFoNanus (Total drip loss) inwAuAg Taol$a
MsazaIoiiuf 2 Ui

10
12
17
18
19
19
20
23
26
26
32
33
34
34
40
41

45

47

48

50



ot ¥
MIUYNN (M9)

< a . & . o o
11 4.8 naanlSnanigyideimuasesmsusudanududuuaziuua i wduga
11 4.9 uanaTasaadrsvesfaiindeniidunisusuddasnuduga

d i . 2 -
114 4.10 uaasTaseadrvesfiiinlfenivunsusuded0iidudn

L]
=4 (]

U 4.11 urasTasardrevesde Bildendimunsusudadaon g
714 4.12 namaTassadrsvese lfnlfenfirunsusuded 03 s3sum
111 6.1 nasdifenmudugandenlszifuiiveods

U 6.2 nrasssiuglesAufivedafioudlnd

17 6.3 dszifuriianeanies

U7 6.4 Uszituriianeaas

U7 6.5 naAsdn (O-ring) AdriAaRIMITUN W

31l 6.6 nrasFadvinaz

3 o o
71U 6.7 iAATTUUNAIMAY 2000 113 HAT ~20 BRI TR

52
53
53
54
54
60
61
61
61
62
62
63



1.1 aaniluan

o - 1 ' = o
dszinalneli Issnumsusudvuialvgilsznoviens luszdudlseimanate
»
] 1 L] -, ' - oy ] é
Tsaam dwlnapilular fa nazdamiinusuds F3dooniutionsluuunmsuruds &
Wuitmsousuemisidgavesomisnzialuilegiu
4' ¥ o =1 ¥ dlu [} [l -1 =
i911ndys Inaanudesnmisemisidias luiimsladmaatlunisousueims 34
- R | ao ' 1 P 4w e o ¥
wennssuitusudauitfiououemisnzia ednalsAa nsusndedalinani i¥qanin

=4

4 1 4 ¥ : =

vou M Indoual 1¥u wadiolen s sA¥IA Anwaa uazdvese s misgude

& LY a 1 ad y1 3 o ar [
gunmemisiuegiurawiladowu guniildlumsiduineuiems daslumsuyuds

& ar & - ' - .. a4 ' °
uazlumsagais (1) Wiesnnilslsmaniuiinadenisifan@nminda Falinadenisviiataran
»

10981115 aaiulunaie 9 Yszmaddldlinsdinssuiumsanuduguduigiely
aszuuMsurudio s ludszinnais q adroguosomis uazilfauninvetoms
@ a =
ganananmdn ldunige

yamagalalnsaadfeidde yaiunaTuladmsusudannlds: Tewmd 2 Yssnas

o ' 5 i @ i '] [ 1 [
a2 Usznisusn yudeazyoiaIqunmvess vIsiinusudalassoaognisnidy
ar a - a ] o= 1y ¥ 1 a .j.' -
Faw1o1m1s Tudszmisfioes WHeWauInsd1sidiaogla Teoyanewuesinuuilolde

»
oivr uazi¥eydunishindiaey1d (1)

o
1.2 Tagulszaan
5 Lé a ar
1. wesenuuuuazadgunsanNuAugId MIuATEVINMITOUBNEINIS

i o % v @ - .
2. womvnazsyssgndlfgunseinnuduge lddumsududadane



=]
1.3 YatuaMIANHI
N
1. ANUINANIENUVBININALGIRBIHBIBON
a A ] ar
2. fAnuimaihanuvsanissiiennudugs

= 4 v . -]
3. fAnwwuaziins1zvini drip loss vesduisudaezsg Inssafaaradneluveas
A o 9 o
dioruMsusudIRIeANUAUGIA?

I 1 ] T |
4, liﬁﬂﬂlﬁﬂﬂﬂigﬂquﬂ'ﬁll‘]ﬂl"ﬂﬁ')ﬂﬂ?'\ﬂﬂuqq ll.f\zﬂ'l'ill‘lﬂl‘lNﬁ']UﬂiSU'Jﬂﬂ'ﬁ

BITUAT

dat ) v
1.4 Yszlawiinmaina1asy
o s & o Y I'd o 4 ] )
1. sansaazauanud lslundnmsveunioinnudugumziiaesfnuiiseunissiie
4 .
wonirin1Flunsousueivis

A o ' addad -
2. ﬁ‘u.niﬂH“Qﬂuul'lH.lQQﬂizuquﬂ-‘Sﬂ']']uﬂuQ\‘lﬁﬂfﬁ:Q uﬁz“'l'lﬁﬂﬂﬂqﬂ1uﬂ1ill'j‘ll"l*1f‘l’q

148



NN 2

NUNIUITIUNTIN

2.1 NQ¥i
2.1.19MENTAUBIBINIIUYIYA (properties of freezing foods)
o [ o

o $ ar [ 4 [ | e/
AnuaTNdIAYo01IMUIVeIRIMITUTUYY ADAuANLRVBINAARIN TABIGNIS

: = :‘ 3 - . n:
uwmmmuﬂummil.mzms&ﬂauuuﬂmmizﬁ'mﬂizmumm‘mm umﬂa'l'du

2.1.1.1 ANUNUUWY (8)
» ] ]
adn@diesiinnurnunniuasudaifigungil 20 esruyados sxlinnuvuniy
al ] = - o & = ; ]
Uszana 0.998 nfureiladitas ioguunloadiatouila 3.98 ssrvaion ANUHUNNIUVDI
4 L w b & o ~ 3 a 4
ieziuduidu 09999 nfurelinddas uazszannsdnidandeuilloguuglvsanioansiia o
= 4 O 4 vl ﬂ d a a =
ssrriaaiion uasdiotiuddsuaoiuznnvesmadldilluveswiigungii o saraidon
] :‘ -1 - 5‘: = A d.. u’ o
AMUNUIHUYB NI o gungituezaany luBnuszuia 9% Hesernilerindasuein
o = a J 9 cr a‘d ] [ ] [~ 4
voava? liiluvesdslFuias szinuiiu demqiiviniinansznusenszurunisusidonuds
< = o ' 1 by o & '
figungiiandinindl 0 saruradsd AU Ny wduRuIuedTIAg 2
sudsguunil -2 0 sermraELE sziinNuMULLIUIMAY 0.9481 nfudolindang
] [ S
U 21 umatInNuMULivveniiguugil —13 83 100 ssradoe uazns

H ] :’ [~ [] -
wasuulasnnumunninveniwdi lusisgangil o fs -22 ssraidva



1.02

1.00 ...-—“'*"\.\'
\\‘.ﬁ'l '
28
1.4

. L] -
-4 \ W4

_.n \

anuminiy (ndi/un.)

.90

~40 =20 4] +20 +40 «G0 480 +100

qungil (x)
- 1 1 : :’ 4 o = a’: I = =1
31]11 2.1 JAAIAIN DU UIHUUYOIUURS U NUINYGUN QUAUIA —40 D9 100 DIFUY I

2.1.1.2 ﬂmﬁanuimm‘hm (freezing-point depression) (9)
1 1 o Y w ' & 4
yadonudaveniilegluemisszaadmas uguaniafidgetimila dwmns

a o o .y o < or ] e
fumawsiia dnfiihiflussduszneviSinugs uasilidagnazaeeging ldyadenads

wr
or

- a ° | ¥ a & 4 i s
wandeFuusnvessmisandiainueniivsgnt  duliuavesgadenudeianding 9

£ o ¥ o - e ¥

vufudminTuana uazanuiduduvedgnazasluems  wazlumsazaroniiduiy
I3

pIfdsznoy

2.1.1.3 iounail (9)

- | ° a
Tumsesnuuuszuumsuuds suudostinisannnudenisvesssuuvinnuey
[y a e o [ = ] i '
lunisarguupiveswiaius MossAuguvgiurudsideants nszuaunisusudves
. Y : o i 4 K _“
pmsnoudsFudou tleanniinsndszneundiwaldyadenndinndias msulasuuas

: g Y - o 4
anuameangungivesndadiual sxldlunmslssunamanudesmsszumimnudy



° 3

2.1.1.4 /T NUIBY

1§ e

1 o [ L] o ° )
AaflafdAs T eI drIundIUA L eu TasmsihnruTeouvesansaeg
' ° Y 3 s " - w o 4 '
fAimnihnnuieuvenineiimdsudnguiiafsuiuvveunalviisdu unzezliniaanuhos
g v & < 3 v oA = Y ¥ & 4
wnisuiloguugiiveaniaaas uaisnldeuaniuiuds snhwwadouszgetiuuin e
=1 Y d e 3 a4 a v & a o v
nifsuifvumrfvsnihinumindsigungiifedu dudesiidinininnuieuganini
" W e :‘ o L] e are ] &
dszana 4 i dnfnhuddabenndeuldganiniunm quenidvesnmsimiudoudiiiu
ar & e 1 g d [ ] of & ar o o
Hedonilahiinadesasuirvesmsunidonudanazmsaudnduihni Taomwizluszey
& 9 dAa - e ' o o = ' =t o a2 o -]
Susuiiininldoundasvesgungll uailedeiliiiosedraRersafuddddasiiiluns
< a e v 3 o 1 qy =4 ar ] o
naounlasvesgungiidsligndeninmeariiiluitvadasweamsiimamiouvesmsh
=y 3 s ﬂb 1 u’: 1 o ) 1)
ganpiinsiszaunilaviniy srvesnnuieusumiznaudlesidfiunumindiom:

» v
M NUYouszdoifitlnailSuesuazuIave M uA I

2.1.1.5 MIUNINIZEANNTBY
- v odAg ¥ o o 1 L ] v d? P 1 a o ]
fAoanldnisasusvasnmsawmanuiousenuretunduiuafidiuraldong
¥ »
M5 NS ouveId I UITAIeA IR auT W IzHaz AR N LI RYe s Y Tunig
» | 4
AMONIN A1z usnianumivisalunnimnudsunazmsdnfuanudon 13 luaisdu
H ] 1 - as - =] 4
aslafilinimsunsasznsaudougsziimaldouszaugangiilds i Wenfoudoy
' :’ ar oy 8 o =y a - - c’ -
Amsnszeioauisuvenhidmidanguugliiderdufion 0 asruanidon viveiing
»
o " a ¥ ° of 1 =y LY ]
0.0013 MFIAUFUAMNATADIUIN AU WAI92TA1 0.011 MTIFUANATADIU szviu'ldh

¥ [ :’ ] Y J a o’
idatininmsnszoeaneiowldganinifializing 9 mh sineudafiuanasduve niwas

d o g oo Y ] ] o 'Y o A e W
HWUINNATIUIHIBINUAANTZNUADBAIT T IVOINITUS UDIAUVIUIASOATUTIVDINITAUA U

[l L (] o
ij‘i’fﬂ'l'ﬂlﬂll'llB\IE]'I‘I"I'WI.L'BLEDNWQ

2.1.2 AIZUMMINYUTA (9)
[ oo [ - | ﬂ oo L] ] F) [
AsTUIUAIIOUBNB M ITAAT LTIV AT uAtivues NI MR 1leeInEILITO T NYA
nau 5o & uaznumwo s ldeswlilssininm deldfidedigndes nalnFimafuioun
[} - -‘ 1 3 = a4 L] = ; v ol a (v
Tasnrsusudufatuldnawedn iondadusiiigungiondinii o ssrmaidon v lddas
Y = = -] ] =1 § = =4 1 g oo
msigAuTavesgAunid uaznmidemdu ilesningdunidanniediain sauialfise
& 2 ¢ aaa - - a 3 o e
tuq weanmeu lad uardfisveendatu wennintimafiandmimudaniolundasuat §1

o » 1 ]
mlfhavaenlgnseindseifamsifeudvananiuies



Vor agsdq g

] -] 9 sl W v oo |.; 1
pd14 lsAa 1y winuamiwermsi ldnnnisusudaezge uatuegiuitnldlunisus

o - v o W LY [ | | = oo ' ]
BUAUDETNIENITIOVUUSUBLLYIAY f)ﬂ'i'lﬂ'lill‘ﬂlﬁlﬂ‘l’l5?]1'1?!11’11‘#?\?\?!'5"ﬂquﬂﬂﬁﬂ']'lﬂﬂlﬂﬂﬂ

[
= el o T | T

o o [¥] a o ] Y] ] ar : 1 or
udasudulUdsgungindindt sriinanoguamveindaiust udludnuuzdrsduiusgiu
= 1 a 4 » o ] o v o q':
¥1iao1 17 U Tuu1IRdAS N ABINSITU9081052 (rapid freezing N30 1AL ITL)
A 3 = : 4 sy d o - ow s 1 3 = =X ¥
e ldnamiutsh lamnuinaielulnssadnvoanannus uaznsldifanudovisde

o o

cg & LYy = r & oo o 1ed 1 P » =
awarlauiige unuiandadaaion lulinarenisildounlasInssade uazluandadus

add o

g ¢ o 1o v o ¥
ewiigdduguazuwiai luimungdumsusudaegsiaisa uenoni anizguugiiniing
) Voo ad d = S 4 a e
ADANAINYDIBIMITUTUYININ A1l TAmRuTunS ogungiiiuanag wwdaild
- o 1 J

AUATAYBIRARNBAIEYINTY

o - & Yt v d o & 9 a o L4

auiuds Idlszuuusudannushesnuuie munzauiueins uazvi iguaiv

o oo dan v P
VOINTANUNN 1AgINge

2.1.2.1 uﬂummﬂwmu:m?qné

anuFuRuTvssrauzvenii 3 31 An vewd veanauazloriu Saamdeiu
AuamndszUermslunatsndudeduldun s ldduduiu nshudadomausiden
US4 (freeze-drying) unzmI IHuA 032U IN A (vacuum cooling) BanITuFNWUETY
3 gamzdananaunsaesuwlfidil & Taserdoununimida Famunedanuduius
szwhammﬁ'uunzqmﬂqﬁﬁﬂﬁwiwadaﬁy’a 3 Ao muzveniwaraIswTy nfueulases
Toset TuTasiou Shudu dauaaaluguii 2.2 amuadu Ao uassternnizvesvsamaunslo
s 1d-iinnudu 760 HnAwasilsen guvgil 100 esruwniFen axiigadneguudu A0

-] P-4 o dvlsiﬂllldllyd' ) w o 1 QI;J:
llﬂﬂQ?T“ﬂﬂuﬂ'lﬂﬂgﬂﬂﬂ'lﬂﬂﬂilﬂﬂ'lﬂ A 1u lon ﬂﬂﬂ11”ﬂu53ﬂﬂlﬂullﬁﬂﬂlﬂﬂn1ﬂ YHUHID

ee

L ] ]
Hansdulomniu vaizidorduiiguugil 100 ssruraiFoa uanNuAUANTY 11ding

B

} 4
anmmduveanadegld vinfaudonuuadu A0 131 ANy le(vapour-pressure) 38 boiling

point curve

1 ey P ll’ Qﬂ' n
1 A (Sunigungiinga(critical temperature) yoari1Ae NszAuguugdii ligmise
v »
e ldinduveuvaridonlusesduanusduiiu
» ]
uu2 BO uamsfaanzveniifiiluvesudafiuniiule (vapour & solid curve) uaasi

s ¥ 4 < ad - o 4 -« = ]
udsssnaioiiule ldasidanugungivunioaaninuduny vrenfisuSenit sublimation

o ﬂ U3 o 1%0 et - » v a
curve 91AAWIIAWUTINGAITAITHUINI IEAUNS sLIBuRIm I sd N s usiden



[~ ] & as ] Y o i a e ]
udiem1sa1en Flunssudtasndndiezinisszdaiiull 145 arresdiigungiidnd
0 DA U UATANIUAUAINDT 4.579 UnAasson

- ) 4 g ¥
HU2 CO UAAINY ANITVBIUTINVYBUNA HIU1IATI92158n71 melting point curve
i 1 ar ) u’: & s 1 g A. o
dufidanainur co weudmunudsduuuauueniiusu uaaviuilomunusy
& - v @ Y a e Y Was d2 doa
gavusziinaldyanasudrveniuisannslé uazernwaiigrnlfidh s 1adangMiuiad
| 4
anumuudesninh
w 4 '
(U DO e A2 13AYN 1oUDa supercooled water HIULAAID supercooled water 923
» »
anuau lownainiuisngung e
L & H A at LY )
yodulunkumwaszdaduiiges 0 Fauilugedafuasigungil 0.0099 vaen
- & o a_a & a & ' ) N
T uazNnNUAY 4.56 Taawasilson FuFenyadiil gas a1 (ple point) Fuiluga
: & o g ov ' o - = Hy
augavesimwanuzie igadhiwisszegluanmvewis veanawaziihuled 14 figail
= ' o = g H
seiigangiigandigaBenudssssuaudnios msifieaugaididosninaung 2 Uszmisfie f
] » 14 [ d

anududIEui Inssaavenindaeaiziand swrefoyiaouzveniuida 13143

] [74 = ] Qr
daufafiazatwegezaaiedteen Ty

218
& ATMI- A
§ LIQUID
o SOLID (WATER)
[
5 se0|  CB) T. T,
mMm = [ o]
o  He
o
E 4.579
mmnmp=
& Hg
I l
0099° 100° 374°
TRIPLE CRITICAL
POINT TEMP.

TEMPERATURE °C ot 10 scaLp

d J , z
U 2.2 unun eI uzA1e 9 veah



2.1.2.2 mysinanamiudalueinis (6,8,9)
. N M »
Tuvaziiinsasgungivesovisasdnuiiszduidmieasazaelueminiu
- =2 .y -1 ]
wlasudlundntiudianun
Y a - n’ £ & oa J o d‘r d.l n’: ol o 1 [
1. jUsanwuzvemdiminainedu luwaailemes mistiusslidnyuzalsiu
| ¥

2. wuravendmimdsfidisdu wlinadenuamemisusudaiuediauin win

:‘ of = -1 - u: e e - | ar

vndsezlvimiannTe lngiuegiudaswsudaiiudiigy

= - : e = n’: ]
NITVIUMTINANINI MU 2 JumoufD
2.1.2.2.1 minetinaduanan (crystal formation)

- P e e T o - ] 4

Aedsiagniself Tuagaveninnsudidustrelissifsusuiveyniadngiiu
} 3 [
Junouvieonalnlumineiiusdoantnds lulisieosursnnizen uamainlusrwsnyeenis
LS = =5 n’: = 3 o) :,' ¥ o o & [] d’q ]
fotiunduandnmiuvzifavuiluninsudnaniedl ludwuiaveseyninlugleiiSend

&
=5 L]

a & w &
YuRINgA (critical size) MBANITMIITANAD sSzAURUNgTivenimTemsazauiuon
° ] - a . o [ o e 7 - [ ]
Ara99ufiagAn11BUIAD4 (supercooling)  FaazegluszAuiidindigambonuds n1sne
- = . = :. a & 0 o '
Hundvanineziia’ld 2 uUUAD homogeneous nucleation vzifAluhwTgnEminiu 1
= ¥V ar - <] =) 4 A . = .f ]
HMNYVDINUMIUBUDNIYIDTIH T DMLY VN UIAD heterogeneous nucleation szinavu lumsuy
- d & & 4 asa o a & 4 ¢ o o w d a
WonudauiiewediiFiniig Tl szifawiie TuanavenhZvsdfuduaynindnquaziia

£ da b 4 o ' - - 4
aanzmuizauiuiinnheynimiu Taslimstunlzdusguinudimimiofaduuy

- Y A - = 1o gy
N'Jﬂu‘lﬂ'l‘lfuz‘lﬁii] "5901“lﬂﬂinﬂaqﬂ1ﬂﬂSQﬂ1inNﬂNEQQ1Uﬂ1ﬂ

2.1.2.2.2 MIANVMIANEAN (crystal growth)
LA 1_a a -2 - &2 & o -
s ingnissideiiossinnisreiiundeandn mamuvuiavesnamiudeesfiald

figungiilndafuganasumal TﬁuTmaqﬂ'uua1‘4'”1wmﬁ"auﬁ'mﬂmnmzaéﬁ‘uumnanmﬁﬂ"v’i
ﬁaﬁ'auﬁ’amﬂni1ﬁn=ﬁaﬁ1mﬁaﬂn5n€u1uﬂms1=Tmaf1a-uau{ﬂuﬂm'zzﬁtﬂuﬂmmmﬁ
wundnszindeni 18 lusnsuiqaunsssnganaiensenusufimdwesiundoanin 11n
ﬂﬂﬂgmitﬂﬁ’qnﬁn ’i'nﬁﬂﬁﬁﬂﬂmnﬁwumﬂﬁnqaﬂ'iufimﬁuuﬁ'uﬁ'ﬁﬂmsﬁaﬁ:lmﬁUn'
wanluyves supercooling ﬁ'mﬂm'lu;ﬂ'ﬁ 23
ﬂum'uama‘m‘iymﬂa‘luam1imhﬁanui'nﬁm1uﬂ1ﬁtyﬁtﬁmﬁ'u'lﬂﬁmmmmmq
omsusndatiuedriann udenilufivenuduinsusud oiussflosdunisdouulams
wiinazmonanldnaweiietiniftafiam udnsii luomsnmedundni g s iy

L] - : 1 L Uv L] .' 1 y
AeldiAailgywminhidesnisdnnn dsiumindlamuisoi i lue s linaredhnind



9/ a o s addac 1 w“ e »
wligmvgiiesfagatenuisvesominiuldeniunssudsfate uailopiusdi ldusifiss

- 2 g4 4

¥ 1 »
aunuiduamindeafifaumiudvwnadniigaminiu
> ] ] »
msvznuguuuIavesnanmiuds lufaiugudiniusedanuduius laoesatudas
] = o e‘l é ] §
nsAetiuafoaninuazdasnsiusuIaveawin Faasadile 1441 Taeguingali 2.3
P ] L] o 1 TR 3 = . & a o &
ooz lan ludrednemisusutehi lifinsaoniingseeding) 1loanguugiinessduniisnu
= ] o l:l 1 1 A
Indgadanuds gungiilunisuddenudseziinsfieglutitvesganasuvaduaziioanasia
’ [
1 N szifunaliifiatianfoandnldinnwlondu o1eezlifios 2-3 eynn udndratiozd
t o o o 4 o o ¥_ 1 = ¥ = =
msvoevuiaeg ludasigadniuiaildeyninvniovuialdedissiada dlunaifanin
. g ' o o ¥ a o ' Y A a o gy =
wnvsrialvg dszneuduiieanudeunnnmsifiandnildeseonindlu Satai ligungd
oS ¥ a a - =2 1ay a 4 R
naneg Indqduganugavents - veanalrsulundvandnee lulilemmfinduay uansi
' ¥a [} i 1 3 -] 1
msusdenutaihiilulledadesdfiTondt msusulauud (slow freezing) uadiluszuu
» ]
msundenudaiumusonszaennuiousentinszuuldedissiailsui idgungiia
1 ] o [ ﬂ ya = S e ef + o g 1
adga N ldednraiiudnedunalidundoandnifeduesiesiaiuazidmuimuin uq
' a o = 3 3 a a_ ar o g 51 9 r 4 A o'
s lsmunivviafasfatuisludandiie duiussvuldiwunavewdnfisuysellu
v g 4 o . s A 4 da &
nsuddonuduiuduiandoarnaniiiadu
Y o o Vv = :. ] of & ™
flodud g Iinanmihuvstinnadnluemisyuegnu
1. AmdueInga
- 3 1 o
2. msasnudsuseneeiinGgl
3. msauvmziimsanadn
= o o - o o + = o
4. NdnhazarwwIinmsdunIduITia wu enuea g lase uaz TusAuvraviia
: g e 1 a 4 [ [
msnufuuUIATBIRaMindRi 18 iemin Sszuimiumuiseiimisauldigu v
a - ] LI | ] s o ]
nskan lernTy INT1IEMIAUTEHINMSIBUAIIETIoMNSATINS AN T ou' 1840 udnas

a ' ar o - °
Aussdensziediumnzauminnudedanisigauiu e idnsanndndraaiiiiuig



10

HETEROGENEOUS
NUCLEATION

RATE ==

GROWTH

o° N -50°
TEMPERATURE (°C)

INITIAL SUPERCOOLING — 3.
RATE OF HEAT REMOVAL —

i ar q! L) =
17 2.3 SasimsiRuvwaniinuaznisnetindeanan

3 _—
2.1.2.2.3 M3UUGUNAN (Recrystallization)
' 2 :‘ o - e dad p oo ﬂ A ]
asauguuuIanas U susInamint lundadusiminusulageziiluisesdee
S 1 a < ) ) o = 4 ¥
i’\'wﬁnﬁm%aﬁmﬂﬁuuum;ﬂﬂg"lﬂ’ uatTaBglingmsaimusssuanaluTeaili 1didu

- s d o ' = a o & a &
Wty mazedniuddiratuszegluanmlineg Tnovaluudmsizndniwdinadu

»
L] '

4 P4 ' a P 4 R 1
I ssmuvuiaduldlugaeninfiusnun FamslavundasiifiatiuidGonia
& - = o < v ] - ar
recrystallization @anniedanisuldounaslaginerduiuau vuia gilsaunznisiueda
> i a 1 1 14 ": s o« ¢ ) P
vosrdmindeiifatulusiedenniidaiu ludia Tasmuysaiuds Ysngniseildwuide
asg ° 9 o oA o = P v o o A& ¥ ¥
BiinmsAnyniwald 3 wiafio aesewed sroue’ uazfy yuvidoaudaluindeududu
' A e ' o 1 o a o
50% Wansutidonudansasuidradufe urnidenudwuudilaoldornimilef o e
ar ] ad . d 1 o
wadue iudumsugiBonutaus1ao1d air blast 71 —40 ssmuraFoe nazusidanud
L] l‘ 1 1] J
nuLFIN (ultra rapid rate) Tasguaslululasisumardainuenmsusidorudelundas
Y ] o & Y ] H -
wuuil vuayesndnezdadull defud0019 139 0 ssmraidea uai s @ou w1
¥ ¥ \ 4 . .
fnvuiaveandaniwddnn sy wuhvuavesnan ldasunlasllaasiivuraminfioudy

ar ' P d w T ol . . . | [ 1
luyndlsdi Faaaalditudauiill  recrystallization ARTUBEINUOY uaz14ig



11

=i

° ) ' R . A e 4 ' i & Y
Mn1sAnu1ae 118031013 recrystallization Hifindu 1ot Tsuasifuvy Feornwanisfinuiil
' . . a
1awuh recrystallization inauld s maede
1. [Isomass Recrystallization
2. Migratory Recrystallization
3. Accretive Recrystallization
4. Pressure-Induced Recrystallization
5. Irruptive Recrystallization
o o - | v .. 4 A
FEAnunnfigaluamisusudaléun Migratory Recrystallization Failunaiiisaein
=Y g w 1 o 4 [ g o 1 o e“: -t o
gampilunmanuine linsi dedosduldTaonuinviemsusuiaiuingungidquas

AINRanAIal

2.1.2.2.4 ANMNEHUBIAET

:' d a

- o 4 a y 9 ' - o ™ 1 & &
ﬂﬂﬂ.ﬂ'nlllE]Qﬂl“f.]ﬂ‘llﬂﬂu'lﬂﬂﬁQﬂ1ﬂQ1ﬂﬂ'ﬂﬂﬂlUf)ﬂll“N llﬂU\‘lvhﬂJNﬂﬂu'“lﬂﬂlﬂﬁ'“u 'llﬂ

qf a 1Y ] ) ) = 3 ] [ | & 1 3t o
fidlufwen¥nswihezfatiundeandniulugvosmausuiimie i 18N msfaug

L) a 4; ar ] ) ] -1 cll :‘ - g ]
FWNAVIWOULIAUIVDIAIDYTINAUTURA WU'J'Iﬂ"J'Il!LUNU’JﬂUQI]i‘]ﬂ{]‘VIQﬂIHQI.IFI'Iﬂ'J"Ii]ﬂlaE]ﬂ

a ' q’a ] o o o J 1a ¥ oy [ o
uilaveamiatnniug uagamgiitniznduinlleghgends o ssmwadoa od133a152

= An = : [ d
2.1.2.3 vinunmanamihudanivluaaa
:' P J 1 v o 4 8 o J Y [ i ] -y
wamiwdsziiatuid v laveurndiio@enauiveyivileisiifoidesns 1uiife
[y -1 v A o
1. 8asuT luMsSUmTOnUIY
2. gUUNNAIBEN
w o o
3. AANMEAINBIINYIAVOAAAA
P ' o P ] 1 Ao da &
Taom Tunsusiieaudnuusszifandnvuiainguazesifanusnamousmead
4 o - ' a Qo s 3 v
(extracellular) Viimoluradozgnasngioiuvuiavenininousnisamiuna liwadna
w o4 = a : v J 4 [ .‘:
ArnavuIamsvzifamilisunuf luaduioteninNyuazdats umananaisuviuasely
« . 4 = llﬁ 4 7 o ol & ar o o A o -~ '
194 (cellular suspension) A2¢ ¥ lAuAITAAYAUNTE AI0qT uaziliai@oauns Fuamafiadia
o » a v o -, & e - ‘l"
Tugii 24 uadnimsusiBenudslusniuiagetiuuaz lugunglia AnvzAATL 18 1y
daunioluwad (intracellular) unzAIBUBNIFAR AN BN AU Tvuinveswdnaiuauenssey

o~ [ Y - J = [ .‘ : - -
M M i I iwadifanisnada mni‘lumqnaﬂnauuuaﬁwmznww'lﬁﬁu?mqmmw



12

- o e - - o 1 s as P - == : d a : a’a
HAANUNNLBYUONLLUVIAIYDATIANINU ﬂﬂllﬁﬁQ1uiﬂ7\2.4 ﬂTlHﬂ?Qﬂﬂﬂu“lﬂ\"lﬂﬂ‘uuﬁlu‘nﬁﬂﬂq

L
]

1 ] ) o 1 + c;’q : ] ¥ o
AIuvodaduAIzIinsusnEAdTaaNI NN 1Tt eNoendumeluad

9 & L} - ]
MY IDNNUINLILLTY

- a 4 4 o vy ] A
U7 2.4 maianamiwlia Taomsumitenudsluradiiiods

J 5 li 1 L. | ol
2.1.2.4 ANNNUMUVBIBAABIHOABNM IU¥IBONUES
Pl st (- | [ ] [ P i -
AMuMumMursuraddrhildomautitenniazogluszAuthunars ifesvintisag laa
v o « 3 i l': a o v N
Wussilsensueg Tasna lluduradiieidoomsvsAsuardaiinnunamudsnisutidion
] Y J 1 e o o - v ° M .

uda ldnnmieudraiu YuegiusssumnAveusaduazmsdfiansussimusnitonuds uaie
WisuiRtovudnraddadinnumuniulunsusidenuddndnradve insiz Inssad3uss

a w o

« 3 - » -ﬁ' (&4 . ol ' o ' A -1 -: o o 4
ERAUANANAY LUIHDTAIABAUNTITA1NAINUA AT WalSvuifvwmile Sdwilevy
-



13

] -4 J ] o ] ar -4 J ] ¥ -4 ¥
nu ienyssnumudenisundenuialddnd damdudiodawaidels wuduilelnes
T 1 -] ¥ ] o ] Y] ] L
numuaonisusitonuiis1aand druwalluazdn wudiaadineenuléddnii edralsfiaw
1 ] H o =, d Y [l 1 L]
IIynedlmusainusidenuds ldenunssiiah lidon msiz linunudenisuy

Wenudunetu ndae uzilloms Annaveuuazinadasiingiag

2.1.2.5 saTINIInyude
e A ' g & = o -1 A Y e
fidTowa 13 AldeturwsnsInsuruds NatienmioanInnanIw suLazAMLIUE
4 & - 9 o W ar v o <4 ] ar 1 o |- | -
Yo UATEINON 1911 1R 1IN UIBYBID AT INITUTLVIDIANA TN IFUBATINITHFUVINUID
o oo ' - Y P do o
nisuldsundasguugiiae nuloa1 nFenusisdasinisaeanuiouusnviniidadl
" v » v 1
ANMUBLILDU 9 BN 19U ANEAUSVBUNININDN A rUIvDIRan T uazdTani g e d
a & '
Anvursnuaena udu [8]
v o T o v o [
Hedeitinanedniinisuruda 1éun [9]
1. AnuuAnANvesgungiistnIHdaduel uazaana1anii Wity (cooling medium)
2. Anwmznsoumanudsunnnansum nSonmolundnsust
3. UuIA ¥iia wozgis1sveImyur LIS IRARN AT
4

1 s = e I
vuim 3131 uazguanianduanuiouve nindma

2.1.2.6 A lumansnds
' ar - | o 4 as . -

narlunsusudandedasuvudaiuiledondrdglumsidenszuuutude iWe 114
Aumwimnzay naweimsududsziiudtiwenauguesszuudas uazdaiing lnsasq
3 rod 9
ADAUNTNDIHITLUBLUIAIY [9]

o 3 1 1w » & a w a o ™ - " o

arldnarudrhdaniveanmsusuialinnudunus lasasaduvuiavesndnmiudauas

a a 4 = ' o s & o -
VSIIUNISIAA FI0EINANTENUABANNINYDIDIMISMIINIFIYI Tan2snnmd 1 1ed s
oasuTvoInTIUTID [23]
v & o ' w o ' ar ]

mausudsdsiionldoglusedugaamnssunialy (23) mia1&id 3 seé 14ud

1. MSUTUYWIULE (slow freezing rate)

2. MISUFUVAVVIS) (rapid freezing rate)

3. msutudauuwid 2370 (ultra rapid freezing rate)



14

2.1.2.,7 mIazes [6,8]
e 1 Y o W act T ’
msazaredunssuumsinoudhadudoulunssadimausudwddawndt (18]
1. msazatsvesnimish lilsusavalrsifadiniimadenuda
2. ANMNLANANYBRANYITTEHIIINITasAY ssdanlosninuLANA1YBIgUNg R
LV IaNTUAUSS
3. sdunuvesmisuldsunlasgungiiuszuitanisazarsliifuiidesniauinnd
o a J ] [ |
PRI NG TR FA R R E L
[ | . ° 3 v oo 1 o ar
MINLAILDIMITUFITY (thawing) Fumisii ldemisududazaronewminiudseniu
o v o n’: ar 14 ] ] ]
winnmlsgneuevis nsazaivemisusuiaiulinnudidg lugadeuldndnisus
as nl: Y - -] el 3 aa o
udanazmafuiat HatimsziTnisazawe misusuieeiinadegunimeinis 354
Qs - ~ N ] o ' =
MANZANALNITAS AV IMITULUIINAD TBN5 NG (fast thawing) uAgmvnl ligafiull
4 = adan Y oM a ¥ od <& Y o
uFegduniondmimisluemsamnisaniy ldedasiass aillgmludendee:
nua'ly dnierms hiljsrunnudsufieiseiiaregdunidlavue uadrezazare
A o ] [Y) - o -3 1 ar q’: y
o1 hiluszilae niefudszmuaa wiamdevs lanudni lifuAeszdessz e vedl
H [ | Ao [ g o . £
wmsizmInemsusuiligavgifindigalonuiuanties (subfreezing temperature) 44
HusrsamdwInguesnmsazaweznelifemanldownlasifinaidoie
=3 : -1 Vel 4 . R & 2 4 )
1. madananiudilviflnaiu (recrystallization) Fyeransoniiatoiiode Insada
-
uazilooduATVeI8 NS
a aaa = as - ' d & a i a '
2. mafimlfisvuniiludasiigeeiiasiaiivalinadede & ndu sa uazgainnig
91113
=l 1 3 o o - = a = o =
3. fwaselfifamsdiuduaznisnsyaulavesgdunidvrila Taomnwizninldinan
Tumsazanouiu
- f o ] 4 d o o o
Teoia laludawanisfinues¥iivuimsazaensas nives l@emisAudntiguan
o . ava »
Ann1s 191 (slow thawing) N1sazatefiléaniu deldifanmsgauinmininemis
» $ a e 4 re w w s 4 '
Wudmamne esnnifasdmiudsimidnhaonmiuieteveurnd Gaufluaungnilsi
| 4 x t 4 1 4 » [
Mmlidewes hiswsageadiniindu 14 vufieu i IvaSueenu (drip loss) s1noIM1susuds

a r r L] 4 s O
Falnszitlunmideds & sa guAmemsuaziilodudauesninis



15

2.1.2.8 szunUYLia [9]
< v s e o ° Y ¥ a o dw oW ow W ot -0
diedesnisusniadmaiomis Suiludesindafasidudadudinaniigungiia
L A d - ot o =) o ar
il ieddanindoududa uazanussunudivesnisnasuinalsnnnriafiug sull
- - oo I3 k 4 of
noliganglivendindmuaianas wasiinislunldoualassinaazveavar lhifluvewds
o cf v & o o a A ] o g ' a a w et
(1ud9) Aafudnarsi Iauduissdesdfiguvgidinhgangiigaiiovesndaiuand
[ ' & ) " & g > o . 1 o s
daantsegiann e Iinszuumsusuialgmdunga swnsmdulss@nimsawmany
Founyumideaiimigedoe
-} ¥ LY )
aszurumsusudsauisautitenn1diiy 2 ssuufie nMsdudalaunsa (direct-contact
o/ e . . g J w e
system) LazMITuAa Tnudou (indirect-contact system) M3 1¥szuvImiu Avsdufudnuas

YDINAANUMADY LLAZURIMTUFUT

213 mn’iuTnE'm‘nuﬁuqa (High Pressure Technology)
] L4 ] &
msfinedtufoiunmsausue s lasldanudugainauddatoamlssud 19 Suein
3
Royer 85U 1ssudouuniifo laoldnudugs uas Hite uazanuz lassaunavenitudiy
=2 Y % ﬂ’l‘ =& lllyd ﬁ ar
galumsousuun sawdawa Luazdn siniiudeldimsAnyinisouenemisdisanudugs

Tutlszimmadiaqeinaneiiion

2.1.3.1 tnmqnmnizmumm‘nuﬂ‘uqum111’5114mmuaummi

r
dorininnusudefanusuussome ssilfidansvenSuasfniu mmi'lummqm
»

&4
MWilleioveanmisgaminais uﬁmnmsﬁﬂmmammmauqan’i‘mﬂﬁ’s"’lunszmuﬂmmuua
y ' P
voni oz liifeifanisvoedr lusev-hamsnasuaniuzenvearal lhifluveada [15]
A o 1 ] [ - | L]
119991n8AT INTHTFUVSTHAABNTZLIUNINTUYS PATIAD
- | 1 v a =5 cy ] ] P 1 °
1. pszuaumisusuiadiezneldifananmiudsvuinlng uaziinanenisiiiaie
Tnrsafranaznaouliavessnis [15]
1 a o . . 1 ‘ Y
2. MsuYuTIR208aTuI 3N (ultra rapid freezing rate) 1¥uNISUYUT LY Ins lediin
< ) ' ° 4 4 v ﬂ ° v a
fadszyrwaamsiawvenilode uanilummgi ldifan1sunn (cracking) T
grRrnmInlsuiasluemsifanisveedt i iifaYeatalulnssadrads
¥ £ o -: & a o 4 o - o 7 X
Wuaunalfidanishawdieite nsefannmsuidinsluvewiasust uddre
4 .7 ] L] A ] ﬂ' [ 7] : 5 -
Tuiiedmsinhinduflorumsndsusoiuz Fufudleanuduiunielusaan

[} Y ] oS o & Y o
ahnudumuvesdleteniuds Sulueungldifianisua [16]



16

v & A g aa 0 " . a d da 4 &
muum"laumsmnwuaumsﬂ’:‘lunuu’f‘lmmﬂm'nzﬂaﬂmmﬂiymmnﬂﬂu HIDL

L
a = a oF - ar 4 1 o
MmiMAananiwdaiun uaztluuuuleTudifiva Tnonaoanandmet deoz Tk ld

AR TuAu

Y = o o - & + . a a
ﬂﬂi}ﬂﬂlﬂﬂﬂﬂﬂ‘l‘ﬂ%ﬂ’;‘mﬂuﬁ“q 'lﬁiﬂﬂ'.'l'mutmu‘lﬂ‘uuﬂtnﬁﬂmuﬂwl BA1T398

B.

uazianms ldnuduguie 1 lugamimassudluswaunnludiazandi 10t

¥
-

] >
fuw TnoSuldfundatusilszanuen vdwa 1 nasilegifuiinisdszgadldiuile

o
ny 111932 Inzia Anuazea’ly wagemsudsglunsuzvisy (17)

2.1.3.2 HANNITVBIANUAUYA
A o A Y ar 4' o '
Weiemisd ldlumdesausneimisdisnnudugs uazdietiiemisesnumuh
o red <t A - o .: L] LY
dnuazemis lulimaalfsunlaaiiesnin inTesnususmisdrsanuaugaiiss Idaudu

=y o o) ar 9 y 1 J
nnfiemeAuRIeImMIs uazdah e msiioniuiiu (17)

¥ .
L]

»
nann1sAugmveamsldnnudugatueinis Aemsiudmifiegdensousimis nmisaa
- : = o J - ] kL - = o4 w o oy )
UTmasveshifinnuaugduieintosunilinnfSeuiivudufg deziilfuinsaaas
szum 4% #1 100 wnzthan1e 7% #1200 wnzlhoaia 11.5% 1 400 wingiheania (Taodi
= : ] d o o 1
gungil 22 sernaidva) uashiezldsumlauiffuvesudafiniudugandi 1000 wne
theaa a gungiives manfeuulasTavialdvesiagdanmnuduganii 100 wng
o~ ] o o n’: o' @ o
thamaflunmsalfouudaswnybideundu AnTunisdszgnd 19n1uaUR 100-1000 tuny
dhrarana Aueimisdadiuse Temninn Tasowldanudulimbu 200 wnzdanin dmsunai

Soundu'ld [17]

o aao & [ s ° o - 1
ma TuTadarudugalidninadenuauiavesnimiumes ulawiing 1vu gaiionuds
d P @ - H o
voN9zaAAI9IN 0 pIFTATed Nnudu 0 wnzthania v —20 esrwaiFoe findudu
) o o e - | {a (o .’
200 inpzthania Famsahgaandainldlunisusudiemsadusuisiwin Tay

» ]
wansemuvesnuAuga it (18] umaslugdn 2.5



17

30 ¢

20 -

1Q 1 Liguid water

ice Wi

Tempeiatute {"C)

1 lcel

-50 4 ice il

] v | ] ]
3 2.5 namaunugimadsuan usuoI A INAUA 1Y (18]

msuﬁ'uuﬂmuzTﬂummmﬂ"uqu't’hm“l%fu sriifounnadai] dufnnsndounag
Aoz ldnudunai Sund7 pressure-assisted dauduiansildounaseoiuz Taonay
Funlfeunalas Gundn pressure shift 1AZHULYAR 10RO pressure-induced ABnIsMlAvULla
aouzlassuenanudunlananlauazaud e udunei uﬂm‘luzﬂﬁ 2.6 [18]

il‘lnzﬂﬁ 2.6 naaslfifiuia pressure shift freezing uaniluyig acdf, pressure-induced

thawing neraalueas fdea, pressure-assisted freezing uearalug29 abef uag thawing (A TUES

[ ] L]
feba itaznisiAy Tauils1rnns izt uaaslugae acd [18]
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3IngUN 2.9 urasmsusudanuuanuduge Taotui 1 dielddre1saslumieausuia
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2.1.3.3.1 m31segnaly pressure shift freezing lue v [18,21]

pressure shift freezing 158151 d0EAINAY n:ﬁ%aqqﬂtﬂas"gaﬁatﬁu%u Favzhiiifa
fanddnunadndu Tassziinnasananiioiig uazguugivesdiedravziididind: o
paruaaEeT wnsenanudouudoenlilnun Uszuia 36% voslSwanivianualy
Fae19 sxifRounlas Wi udeldesnnudussnan 200 wnztenia suds 0.1
nziiama i']tymﬁlﬁﬁ-‘l’ru'lun'szmuﬂﬁ pressure shift freezing a:ﬁuaq'ﬁ'nﬂmmm
wanSaat USinunnudeundadfidesnts

Tunszuaumsusuds 1ATMIANHINANIENUTEHININTZUIUAIT pressure shift freezing
asiffoidouas Inssadrsvnsomisnatosiin Jennd ldae imananiudswmadnlunisus
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Koch et al (1996) NASLIUAIT pressure assisted freezing iiienaasstuiudSatudiy
a0und wui Inssadrsveaadgnimiodeondtnisusudeis sssum sauvien drip loss
uazien lanifignimodouniusuiu

Martino et al. (1998) 'lﬁ'ﬁuﬁawgnﬁnmwansznwmmzmumi pressure assisted
freezing  AUITATUTLTwuuh waznuy luTasiowman wuim‘fnuqﬁﬁimnszmumi

] . . a 2 a4 o - P 1
pressure assisted freezing 9% 1AndnimdavuIAAn Usingvieluiazuenisadriuileny
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2.1.3.3.2 ﬂ’l‘i'l]izgﬂﬂ‘l'l’f pressure assisted freezing Tuerms [21]
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e
Time
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2.1.34.1 mnl-szqnvﬂ%’ pressure-induced thawing Tueims [9,22]
pressure-induced  thawing Mu1ofemsilAsundasaamziiiesnmiuniudu
#796191%U Deuchi 1A% Hayashi (1992) naapauinuaud 200 nzihania uaziat 30 uad
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