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Story of Development of High-Pressure Processed Foods, Part 4
— A method of developing germ-free green vegetables —
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Green vegetables are a very important nutritional source for maintaining our health.
However, because the chlorophyll converts to pheohytin with the fading of its green
color when subjected to heat sterilization, it has long been a dream to store green
vegetables for long periods of time. In our method, sterilization and inactivation
of enzymes are carried out by a combination of high pressure and heat in an effort
to develop green vegetables with superior storage characteristics. As a result, we
have succeeded in reducing the micro—organism content in spinach, field peas and
broccoli to an acceptable level in the practical use by the application of high

pressure of 400 MPa at 55°C for 10 min,
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Fig.1l. Conversion of chlorophyll to pheophytin
by oxalic acid.
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Fig.2. Absorption spectrum of 100% chlorophyl |
solution and 100% pheophytin solution.
-—-, Reference solution of 100¥ chlorophy!l ex-
tracted ‘from spinach; =, Reference solution of
100% pheophytin prepared by converting the chlo-
rophyl| solution by use of oxalic acid.

4.2 7007 4« LOE{ER

BZRBO7OO0T7 4 WOE{LE%E Pc(Per cent
conversion) £ U, KRG LA THET[6],
Pc=[(Rx—Ro)/(Ri00—Ro)1X100 (%)

Ro: ML LEVTOT 4V 100%EHORICE
K (534 nnDBFEE 556 mmDEEIEEE)
Rivo: H¥ELLET AT 4 FV 100%BHDOK
JtEH (534 nm B IEE /556 nnD>BEIEE)

Ry : BIEEL & L LT AREDEBOBIELH

(534 nmDBYEE 556 nmOEIEE)
XEEOEHA
Fig. 3K L vV D400 MPa, 55°C, 10 min
MBEOBINANRY PNVERLELE., ERICE
Droas 4 VOBELERP)ZFAELTHET,

1.0+
0.8
& 0.6+
-g 0. 3
8 0.4} .36 0.330
<
0.2+
_ 534 556
525 530 535 540 545 550 585 500 565

Wavelength (nm)
Fig.3. Absorption spectrum of chlorophyl| ex-
tracted from spinach after high pressure and
heat treatment of 400 MPa and 55°C for 10 min.
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Fig.5. Effects of sterilization on viable
bacterial counts in spinach.

Treatments were successively carried out
in the direction of arrow.

Cont. ,untraeated sample of raw spinach.
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Fig.6. Effects of sterilization aon viable

bacterial counts in field peas.

Treatments were successively carried out

in the direction of arrow.

Cont.,untreated sample of raw field peas.
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Fig.7. Effects of sterilization on viable

bacterial counts in broccoli.

Treatments were successively carried out

in the direction of arrow.

Cont.,untreated sample of raw broccoli.
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Spinach Field peas Broccol i

Fig.4. Vegetable samples after blanching
with hot water of 95°C for 1 min.

A-B C D E F|

Fig.9. Difference in color of 90% acetone solu-
tion of chlorophyll extracted from spinach de-
pending on the kind of sterilization process.
A, after blanching ; B, after pressurization at
200 MPa and 55°C for 10 min; C, after pressuri-
zation at 400 MPa and 55°C for 10 min; D, after
pressurization at 600 MPa and 55°C for 10 min ;
E, after heat treatment of 121°C for 4 min ; F,
after completely converting chlorophyl| to phe-
ophytin by use of oxalic acid.
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Fig.8. Effects of high pressure and heat treat-
ment on conversion of chlorophyl| to pheophytin.
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Fig.10. Vegetable samples after heat steriliza-
tion at 121°C for 4 min.

Field peas Broccol i

Spinach

Fig.11. Vegetable samples after pressurization
at 400 MPa and 55°C for 10 min.

100 -

Decrease of chromaticity
of green color (%)
LI | L L

=N Wea oo N WO
DOOOOOOOOO

200 MPa, 400 MPa, 600 MPa, 121°C
55°C,10 min. 55°C,10 min. 55°C,10 min. 4 min.

Fig.12. Effects of high pressure and heat treat-
ment on decrease of chromaticity of green color
(-a* value).
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