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Fig. 10 Schematic diagram of pressure device and high-pressure

vessel.

0 0 O 1. Oxygen gas cylinder; 2. Nitrogen gas cylinder; 3. Pressure
control valve; 4. Pressure sensor; 5. Pressure display; 6.
Branch valve; 7. Decompression valve; 8. Stop valve; 9. High
pressure vessel; 10. Thermostat.
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Fig. 20 Effect of high-pressure oxygen gas on the survival rate of Candida boidinii SYM-1 at various temperatures.
Candida boidinii SYM-1 was inoculated in sudachi juice and pressurized up to 0.1 MPall o [J 5.0 MPal O O and 10.0
MPalJ O O with oxygen gas. N, and N are the number of viable cells before and after pressurization, respectively.
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Tabled O Effect of oxygen gas pressurization on vitamin C content in sudachi juice

Pressurization Vitamin C . .
Temp. conditions 0 mg/100m/0 Residual ratio
0ooo0 ooo
[0 MPall 0 min(J Before After
01 15 387 90.7
20 5 15 42.6 257 60.2
10 15 176 412
0.1 15 36.3 85.0
30 5 15 42.6 159 373
10 15 8.0 188
5 38.2 895
01 10 42.6 36.3 850
15 354 829
5 276 64.8
40 5 10 42.6 8.7 20.3
15 050 0
5 20.7 48.6
10 10 42.6 050 0
15 050 0
1 45.0 932
2 44.6 92.3
01 5 483 43.6 909
10 43.0 889
1 234 86.3
2 312 839
50 5 5 372 112 300
10 050 0
1 343 783
2 26.4 60.0
10 5 439 050 0
10 050 0
65 01 10 42.6 341 80.0
85 0.1 30 829 61.7 745
TableO O Effect of oxygen gas pressurization on color of sudachi juicel 10.0MPall
Color ton Value before 200 300 400 500
olor tone pressurization 30min 30min 30min 30min
AL* 0037870 [14.80 1138 0427 [04.02
A a* 0003430 057 0.23 051 048
A b* 0001230 0146 0174 0123 0133
A E*ab ooooo 498 153 444 4.26
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Fig. 30 Effect of nitrogen gas pressurization on the amount of
IOMPaD D 000000 OODOOOOOOO0O dissolved oxygen in sudachi juice.

Sudachi juice was pressurized up to 5.0 MP& o Cand 100 MP& O O
gooooooobobooocooooooooob at 2000, 50 MP&J 0 Dand 10.0 MPaJ O Dat 300 with nitrogen gas.
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Fig. 4 Effect of the repetition of pressurization and depressuri-

zation on the amount of dissolved oxygen in sudachi juice.
All sudachi juice was pressurized up to 100 MPa at 3000 with
nitrogen gas and then depressurized to atmospheric pressure. The
pressurization for 20 s e [J30s0 A0 1 minOm 25 min0do 05
min(] O [J 10 min0 0 Oand 15 min0 O [J was repeated 1 to 3 times.
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Tabled O Effect of nitrogen gas pressurization on the flavor of sudachi juice

Dissolved oxygen

Treatment time 0 mg/I0 Grade
20 secx 3 107 42
30 secx 2 133 40
1 minx 1 2.26 42
Pressurization 25 minx 2 085 38
5 minx 1 1.62 32
0300 O 10MPall 5 minx 2 093 32
5 minx 3 0.69 32
10 minx 1 097 34
15 minx 1 0.89 34
1 min 456 42
Blowing 2 min 352 38
1300 0 0.1MPall 5 min 213 3.2
10 min 161 2.6

gododooooobooooooooonodn ooo

gboobobooboobooboboobog
gbooooboboobooboobobooobg
gboboobobooobooboon
gbooobooboboobooboobooon
gbooooboboobooboobobooobg
gooobobobooboobooboboboooboog
gboobobboobooboobobboobo
O000000o™o0ooooooooood
goobobobobobooboobobobonoo
gboooobobooboobg

.00oooo

oboobobobobooobooboobooon
gooopoobobbgleoobbbobobood
gbooobobobobooboobobobonbog
gooooooooooooooobobboo
gboobobooboobooboboobg
goooboobobooboooboobobobonog
gboooobgoosecot boobonbooonog
ooooboooboooboobooogowsonogn
gooobooboboobooboobobobooboog
gbooboboobooboobobbobg
gobobooooobooobboooboog
gobooboboooboobobobooboooo

oboobooboboobooobobooon
gboooboobooboobooboboobg
oog

gooo
gmoobooooobooooooobbooobooooooo
gbooboooobooooboobomoooooboogon
O0MobOooooboo0obOon O Mpp. 69-761 1997011
0 7 luchi, A, Hayashi, K, Tamura, K., Kono, T., Miyashita,
M. and Chakraborty, S. K.: Technique of quality control for
SudachiO Citrus sudachi Hort. ex Shiraill juice by high
pressure treatment, In“ High Pressure Biosience and
Biotechnology,” eds. Hayashi, R. and Balny, C.0 Elsevier,
Amsterdam[] pp. 387-39001 1996(]
gooobooboboooboobobooboooboo
go0ooOooOoboobooobooboboboooedns-
13200 199711
gmooboooooboooobooobboobooboobo
pgoooobobobooooobbooobobbbooooooboo
510 604-612[1] 200411
gmoobooooobooooobooobbooboooboobo
goooboooboboob@HACCPODODOODODOD
gooboobopboooobooboOooooOobOom pp.
55-7500 2000LT]
gmooboooooobooooboouobboooboooobo
goooobooooobooooooobobbooboobooo
000000000 Os20178-1820 20051
gmoobooobooboodoooboUDbon2006-610530
gmooooooobooooooobboooboooooo
goooooondnD2006-141319.



96

URAKAMI FOUNDATION MEMOIRSO Vol.1400 20060

Development of food processing technology by gas pressurization:
Sterilization of liquid food by compressed oxygen gas

Katsuhiro Tamura

O Graduate School of Advance Technology and Science, The University of Tokushimall

0 O We studied the lethal action of compressed oxygen gas on yeast cells and discussed its
application to the sterilization processing of sudachi juice. The yeast cells0] Candida boidinii
SYM-10 suspended in sudachi juice could be sterilized completely when treated under the
following conditions: 5.0 MPa for 15 min at 300C, 10.0 MPa for 5 min at 400C, and 5.0 MPa for [
1 min at 500C. Sudachi juice was sterilized by the treatment at 500C without loss of vitamin C
content. The method sterilizing directly with oxygen gas is superior to the usual high-
pressure sterilization techniques which use pressures higher than 400 MPa, because our
processing is performed under lower pressures than 10 MPa and does not require heavy
equipments and high costs to operate.

0 O The removal of dissolved oxygen in sudachi juice by nitrogen gas pressurization was
examined. The direct pressurization of sudachi juice with nitrogen gas decreased the amount
of dissolved oxygen in it. When sudachi juice was compressed directly with nitrogen gas,
more oxygen could be eliminated by applying higher nitrogen gas pressure and by taking
more time.

O O Repetition of pressurization and depressurization with nitrogen gas could shorten the
time to remove oxygen: when the compression of 10 MPa at 300C for 30 seconds was repeated
3 times, the dissolved oxygen reduced to less than 1 mg//. Furthermore, the amount of
dissolved oxygen could be decreased to 0.02 mg/l by the continuous repetition of
pressurization and depressurization treatment: 7 times x 20 seconds. As just described, the
repetition of pressurization and depressurization of liquid food with nitrogen gas is very
effective to remove the dissolved oxygen in it.

0 O On the basis of organoleptic test, it was found that the flavor of sudachi juice could be
retained even if the compression and decompression was repeated under the following
conditions, pressure: 10 MPa, temperature: 300C, time: 1 mind20s x 3,30s x 2, 1 min x 1[]
Since the compression treatment of sudachi juice with nitrogen gas can get rid of the
dissolved oxygen with holding its flavor, this method can be applied to the long-term

preservation of sudachi juice without deterioration of its quality.



