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2. F8H ZrollA e Zagt Aelr|s
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18 1. Generation of high pressure by direct compression of the pressure transmitting

medium. (From Ref.4.)
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Press frame

Top closure
Pressure vessel
Pressure medium
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Bottom closure
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Pressure medium tank

a8 2. Generation of high pressure by indirect compression of the pressure trasmitting

medium. (From Ref.4.)
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238 3. A wet bag isostatic plant. 1)
Automated wet bag isostatic
press, 2) equipment for loading
mould into pressure vessel, 3)
powder dosing and mould filling
equipment, 4) wash booth, 5)
drying booth, 6) compact removal
unit, 7) tooling conveyor, 8)
tooling. (Courtesy of Engineered

Pressure Systems, Inc.)
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18 4. (A) Laboratory scale pressure vessel. (B) Mobile pressure vessel. (Courtesy of ABB

Autoclave Systems, Inc.)
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3 1. Specifications of High Pressure Vessels Manufactured by Mitsubishi Heavy Industries

Mitsubishi Diameter Length Volume Maximum Operating
Model (m) (m) (m) Pressure(atm)
MFP 700 0.06 0.2 0.6 7000

MCT 150 0.15 0.3 6.0 4200
FP-30V 3.0 7.0 50 4200

FP-40L 4.0 17.0 210 4000

Source : From Ref. 6.

(Kobe Steel Ltd.), ¥€ &7 (Nippon Steel
Ltd.)eol glewm, vt Fre Engineered
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28] 5. A self-seal packing used in high pressure vessels. (From Ref. 7.)
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718 6. High pressure system for processing liquid foods. (From Ref. 7.)



32

3% 2. Specifications of High Pressure Vessels Manufactured by Kobe Steel Ltd.

Diameter Length Volume Maximum Operating Maximum
(m) (m) (liter) Pressure(atm) Temperature
0.06 0.2 N.A. 7.000 80¢T
2.0 3.0 9400 1.960 80T

N.A. ! not available.

Source : From Ref. 8.
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8 7. Quintus prestressed pressure vessel. (Courtesy of ABB Autoclave Systems, Inc.)
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¥ 3. Specifications of High Pressure Vessels Manufactured by ABB Autoclave Systems

Diameter Length Maximum Operating Volume Maximum
Model (m) (m) Pressure(atm) (liter) Temperature
Quintus 0.09 0.225 9,000 N.A. 80¢C
Quintus 0.3 1.25 9,000 100 80T
Quintus 0.5 2.5 9,000 500 80¢C

N.A. not available.
Source : From Ref. 9.

% 4. Specifications of High Pressure Vessels Manufactured by Engineered Pressure

Systems

Diameter Length Maximum Operating Volume
(m) (m) Pressure(atm) (liter)
1.7 4.0 1.000 9,000
1.0 4.0 2,000 3,150
0.6 4.5 4,100 1,250
0.6 2.5 5,500 7.00
0.25 0.75 6,900 37
0.1 1.0 10,300 8.5
0.09 0.55 13,800 3.5

Source : From Ref. 4.
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18] 8. High pressure system for processing packaged foods. (From Ref.7.)
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¥ 5. Applications of High Pressure Technology to Processed Foods

Effect Desserts Pickles Cheese Seasonings Spices
Prolongation of

storage time o? ° ® °
Prevention of ob . . .

microbial

contamination

®? Applicability is large.
&> Application exists.
Source ! From Ref. 6.

% 6. Applications of High Pressure Technology to Food Processing
Solid Food Liquid Food
Rice, Soy bean Natural
Effect Fish Meat starches  protein Milk Juice
Prolongation of
storage time o2 °
Prevention of ob ® . . * °
microbial
contamination
Development of ® ] ® °
new foodstuffs
Manufacture of ® o °
partially cooked
food

e? Applicability is large.
" Application exists.
Source : From Ref. 6.
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1.6

— 1.2 T+
E P heat-induced
g —A— 5000 atm
g 08 —e— 4500 atm
% —0— 4,000 atm
8 04 T

1 1

0 e, 1 }
40 80 120
Force(g)

a8 9. Force deformation curves of pressure (4000 to 5000 atm) and heat-induced gels

of egg yolk. (From Ref. 26.)

Deformation (mm)

—aA— heat-induced
—&— 7,000 atm
—0O— 6,000 atm

O‘u +
40

80

Force(q)

120

28] 10. Force deformation curves of pressure (6000 to 7000 atm) and heat-induced gels

of egg white. (From Ref. 26.)
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o] g Age o] FEL vif F2F JEE
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2], 43} 59 dUsE 55 atm, 45CelA 2413t
Z o] Mg 5
} e ZFEAEF
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g 1Y COE AMYg Z gz vl

il Al%iﬁ‘ril FHcp8h,
THeE YT AES AEsH V&Y uF
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atmo2 7Isehd 3Fo] oF 80+o] "\&5]343]
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24 ZAA (birefringent crystalline) AEjolA

o
.Sl
2



A&7l A1249 AlE (1999.3) 39

He f?i"c}% deted, A8 7ME E

osf F3tdco AES i

E5 wot gdar, 18 7k 2t FldEd
G mwal gt o8 53} =7} 1000 atm%
oF 3~5FCAHE AEHAT 1500 atm o4 7Ht
i 33 exE o ol FTukeA ¥evth olE
& o] Fabell A= FT A AR S
o AelE FAlgbed dash #ié%éoyéﬁ}

A7l Roltf | el qred ool ek A

Be Ae AR, M2 m8E A euck o A4
8 wag Ywdes sdAd 98 s

AE AE Qake 2o yxrt saEed, AL
Ade A prdoz R Tz AWNNd
o old] W) sikARE A AR GATRE
ooz fA A YREDE P} g =
A AR,

38l =EEE el Exle g AdTx
7} EolAm] | o] 3 FYH Y (unfolding)& Y
Ao] 753 Edo] wale e = o
Aol AZA, w33, gel ATH, FEEEY
So] BEXo] o3k etk wepx] ugAeE &
wae ZYPHEANS Ao AF i 7
54 AE] ARog sty o|8E F U
66 o2 Zof A el vhlae] {3142 pH
of <d8kg o} FAEEH, ovalbumin &2

25°C, 6000 atmo.2 7IgHHgAl pH 12,544 %
e #3 A f3ES G oy
ovalbumin®] S#@Ael pH 5.52 YoldsE 3t
Asiact, el 7Rk d caseinely & A
albumin® A% 3ol foHoz FrksHA|
oot olst e whA FHol WE Aole
chibahy S-S Zgke] Ajold] 7l Aow e
-‘EE}(”),

3.4 7Iek &9t
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H
QAR 22 Z&S A AHSE &

At dE

rubrum AIEE 7
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et 2% 4 =6, 2500
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27} ZZeo) wgdor FEHUD. @,
ae olAEe Ma YL AR sk
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2900 atm, 30°CoIA 7hedetH Aol Aol 7}
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AroteljA] red, orange, yellow, cream, white
co 8 AAE AASA T 300 atmolAlE white

7 BolAY RAg wel rede As 4AHA

#1—,}(39)
1»61__

va-g Melgo gz BaAl7| At & des o
otg AMR-" 4 duh F| f-lactoglobulin
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oMARoz B At a-lactalbumind I H
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bulint& Aoz Xﬂﬂa‘r% Re& 23 9v]
2 Zed, oy 73 FEAE fobd A 7
o] H7HE g AFEE djof] v F85HA AHSE
9}3}’(40).

ylal 4 (ice nucleation-active) Mol &4
& A e Aeld o3 g &4do] F
7¥el7] W] o]E uvigEe A4S AR
A eHE Wl el B A7t o] FolMH. 2
z9] 3htEA] 3000 atm ol nAME e U
84 AFAEE BB 4 UTH4D.

otgo] Z7IES4E triglycerided] HE3& F
systo g Aedix AR Aol mtA Al
A% A (crystal) & FAeT) 53] nglel o) ¥
T2} =3 oA A ZA (fat crystal)®] &
Aol A=, ol e-AH Yol HisiM= -4
Aol B -ARH wa) f-AF ] FAHE
gAgcta g’

nde g s a4 iRt £
= o 285 AR 2H2EF Z(locust
bean gum)® ¥alE ez etk =
xylose9t lysine xylose®t B-alanine. glutar-
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aldehyde®} B-alaninec] #@d vlo]d HH-&-
(maillard reaction)& A ele] s AA
%1;]_(17).

3 4~20°ClA 30&3F 1000~4000 atme 2
7FEA Al Goje]idd EAgte lipasew EEA
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Aot A AAHfatty acid) e #2& X
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2 §FE 3¢AMYsA HE B A5 i
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g EaoA A ko) o] 2Fo] BENTE
ofvizk AFe 244, 7157 5EAES PHATe=
do= o] & rheaity, g 2ust Melrles &

238 9o s AFe] B AYn e dUA
B3 &0E g2 fX MR B4 BEA3)

A7 B2 4R JlFAYE oA Be o] A
Mg Fvls 247e A7oE Rolt. olHnA)
oS Be 1ol AE & Y AHeE A
zahe 71249 SHolA tha ojelgol glof &

Nee WQFEY AR B Yo

%k Ag

oA BAEE sfAstr] st B —3— €

ol A=H1 e TE wWE AU el A
s

al
Aol g Ae.

et
CER R

A. Carlez, J. P. Rosec, N. Richard, and J.
C. Cheftel, Bacterial growth during
chilled storage of pressure treated
mincemeat. Lebensm. Wiss. U. Technol.
27: 48-54 (1994).

A. Denda and R. Hayashi, Emulsifying

properties of pressure-treated
proteins, High pressure and Biotechnology
(R. Hayashi, K. Heremans, and P.
Masson, eds.), Colloque INSERM
John Libbey Eurotext Ltd.. 1992.
Vol. 224, p. 333.

Anonymous, ABB Autoclave Systems,
Technical Data (199%4a).

Anonymous, Engineered Pressure Systems,
Technical Data (1994b).

Anonymous, ABB Autoclave Systems,
Technical Data (1993).

Anonymous, Mistubishi Heavy Indus-tries,
Technical Data (1992).

B. Mertens and G. Deplace, Engineering
aspects of high pressure technology in
the food industry. Food Technol. 47(6):
164-169 (1993).

B. Mertens and D. Knorr, Development of
non thermal processes for food
preservation. Food Technol. 46(5): 124~
133 (1992).

C. E. Morris, High pressure builds up.
Food Eng. Oct.: 113-120 (1993).

C. E. Zobell,
morphololgy and life processes of
bacteria, High pressure effects on cellular
processes (A. M. Zimmerman, ed.),
Acad. Press., New York and London
(1970).

D. E. Johnston, B. A. Austin, and R. J.
Murphy, Effects of high hydrostatic
pressure on milk. Milchwissenchaft
47(12): 760-763 (1992).

D. Farr, High pressure technology in the
food industry. Trends Food Sci. Technol.
1t 14-16 (1990).

D. Knorr, Effects of high hydrostatic
pressure on food safety and quality.

Pressure effects on



AENE A2 A1S (1999.3) 41

Food Technol. 47(6): 156~161 (1993).

D. G. Hoover. C. Metrick, A. M.
Papineau. D. ¥. Farkas, and D.
Knorr. Biological effects of high
hydrostatic pressure on food
microorganism. Food Technol. 43(3):
99-107 (1989).

E. A. Elgasim and W. H. Kennick, Effect
of hydrostatic pressure on meat
microstructure. Food Microstructure 1:
75-82 (1982).

5. A. Elgasim and W. H. Kennick. Effect
of pressurization of pre-rigor muscles

=1

on protein quality. J. Food Sci. 4:
1122-1124 (1980).

F. Zimmerman and C. Bergman, Isostatic
pressure equipment for food
preservation. Food Technol. 47(6): 162~
163 (1993).

G. Deplace and B. Mertens, The
commercial application of high
pressure technology in the food
processing industry, High Pressure and
Biotechnology (R. Hayashi, K. Here-
mans, and P. Masson. eds.), Colloque
INSERM John Libbey Eurotext Ltd.,
1992, Vol. 224, p. 469.

G. J. Haas, H. E. Prescott, Jr., E.
Dudley. R. Dik, C. Hintlian, and L.
Keane, Inactivation of microorga-
nisms by carbon dioxide under
pressure. J. Food Safety 9: 253-265
(1989).

H. Iwahasi, 8. C. Kaul. K. Obuchi, and
Y. Komatsu,
barotolerance by heat shock
treatment in yeast. FEMS Microbiol.
Lett. 80: 325-328 (1991).

H. Sumitani, S. Suekane, A. Nakatani,

Induction of

and K. Tatsuka, Changes in
composition of volatile compounds in
high pressure treated peach. oJ. Agric.
Food Chem. 42: 785-790 (1994).

J. C. Cheftel, Application des hautes
pression en technologie alimentaire.
Ind. Alim. Agric. 108: 141-153 (1991).

J. C. Chftel, Effects of high hydrostatic
pressure on food macromolecules: an
overview, High pressure and Biotechnology
(R. Hayashi, K. Heremans, and P.
Masson, eds.), Colloque INSERM
John Libbey Eurotext Ltd., 1992,
Vol. 224, p. 195.

J. M. Thevelein, J. A. Van Assche, K.
Hereman. and S. Y. Gerlsma,
Gelatinization temperature of starch,
as influenced by high pressure.
Carbohydrate Res. 93: 304-307 (1981).

K. Gekko, Effects of high pressure on the
sol-gel transition of food
macromolecules, High pressure and
Biotechnology (R. Hayashi, K. Here-
mans, and P. Masson, eds.), Colloque
INSERM John Libbey Eurotext Ltd.,
1992, Vol. 224, p. 105.

K. Hori. Y. Manabe, M. Kaneko. T.
Sekimoto, Y. Sugimoto, and T.
Yamane, The development of high
pressure processor for food industries,
High Pressure and Biotechnology (R.
Hayashi, K. Heremans, and P.
Masson, eds.). Colloque INSERM
John Libbey Eurotext Ltd., 1992,
Vol. 224, p. 499.

K hne and D. Knorr, Effects of high
pressure carbon dioxide on the
reduction of microorganisms in fresh
celery. Eur. Food Sci., 411 55-57 (1990).



42

M

M.

M

M.

M.

N.

R.

Asaka and R. Hayashi, Activation of
polyphenol oxidase in pear fruits by
high pressure treatment. Agric. Biol.
Chem. 55(9): 2439-2440 (1991).

N. Eshtiaghi and D. Knorr, Potato
cubes response to water blanching
and high hydrostatic pressure. J. Food
Sci. 58(6): 1371-1374 (1993).

. Masuda, Y. Saito, T. Iwanami, and Y.

Hirai, Effects of hydrostatic pressure
on packaging materials for food, High
pressure and Biotechnology (R. Hayashi,
K. Heremans, and P. Masson, eds.),
Collogue INSERM John Libbey
Eurotext Ltd., 1992, Vol. 224, p.
545.

Okamoto, Y. Kawamura, and R.
Hayashi, Application high pressure to
food processing: textural comparison
of pressure- and heat-induced gels of
food proteins. Agric. Biol. Chem. 54(1):
183-189 (1990).

Watanabe, T. Makino, K. Kumeno,
and S. Arai, High pressure sterili-
zation of ice nucleation-active bac-
terial cells. Agric. Biol. Chem. 55(1):
291-292 (1991).

Homma, Y. Ikeuchi, and A. Suzuki,
Effect of high pressure treatment on
the proteolytic enzymes in meat. Meat
Sci. 381 219-228 (1994).

Hayashi, Application of high pressure

to food processing and preservation:
philosophy and develop-ment,
Engineering and Food (W. E. L. Spiess
and H. Shubert, eds.). Elsevier Appl.
Sci., London, 1989, Vol. 2, p. 815.

R. Hayashi and A. Hayashida, Increased
amylase digestibility of pressure-
treated starch. Agric. Biol. Chem. 53:
2543-2544 (1989).

R. Hayashi, and S.
Kunugi. Introduction of high pressure

Y. Kawamura,

to food processing: preferential
proteolysis of f-lactoglobulin in milk
whey. J. Food Sci. 52(4): 1107-1108
(1987).

R. J. Swientek, High hydrostatic pressure
for food preservation. Technologies
for tomorrow. Food Processing, Nov.
(1992).

S. Ezaki and R. Hayashi, High pressure
effects on starch: structural change
and retrogradation, High pressure and

Hayashi, K.
Heremans, and P. Masson, eds.),
Collogue INSERM John Libbey
Eurotext Ltd., 1992, Vol. 224, p.
163.

S. Nagatsuji, The fat of the land under
pressure. Look Japan, Oct.: 28-29
(1992).

T. Kanda, T, Yamauchi, T. Naoi, and Y.
Inoue, Present status and future

Biotechnology (R.

prospects of high pressure food

processing equipment, High Pressure and

Hayashi, K.
Heremans, and P. Masson, eds.),
Colloque INSERM John Libbey
Eurotext Ltd., 1992, Vol. 224, p.
521.

Y. N. Horie, K. I. Kimura, and M. S.
Ida, Jams treated at high pressure.
U. S. Patent 5,075,124 (1991).

Biotechnology (R.



