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57 ABSTRACT 
A process for the preparation of high-temperature 
short time sterilized packaged articles which comprises 
filling an article to be sterilized in a flexible container 
having a heat-sealable resin film at least on an area to 
be heat sealed of the inner surface therof, removing 
non-condensable gases present in interior voids of the 
flexible container, hermetically sealing the flexible 
container by application of heat in such a manner that 
the coefficient of flatness in the resulting sealed pack 
aged article is maintained at a level not exceeding 
0.25, said coefficient of flatness being defined by the 
following formula 

K. - - F L 

in which l indicates a maximum thickness (cm) in 
the sealed packaged article, L disignates a 
maximum distance (cm) across the surface of the 
container, and Kf stands for the coefficient of 
flatness. 

maintaining the sealed packaged article for a short 
time in a heating medium of a temperature exceeding 
130°C. to thereby sterilize the article packaged in the 
container, and cooling the so heat-treated packaged 
article under a pressure hegher than the saturated 
vapor pressure corresponding to the sterilization tem 
perature. 

24 Claims, 2 Drawing Figures 
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PROCESS FOR THE PREPARATION OF 
HGH-TEMPERATURE SHORT-T ME STERILIZED 

PACKAGED ARTICLES 

This invention relates to a process for the preparation 
of high-temperature short-time sterilized packaged ar 
ticles. More particularly, the invention relates to a heat 
sterilization process comprising subjecting a food filled 
in a flexible packaging container to high-temperature 
short-time sterilization in the in-package state. 
Conventional processes for the preparation of 

canned or bottled foods comprise, in principle, the step 
of hermetically sealing a food into a container capable 
of keeping the food in the air-tight state and the step of 
subjecting the sealed packaged articles to heat steriliza 
tion at a high temperature for a certain period of time 
so that the food can be preserved with certainty. 

In such in-package heat sterilization process prac 
tised in the manufacture of canned or bottled foods, 
however, the heating time corresponding to a fixed 
heating temperature is determined so that a necessary 
but minimum heat history is given to a portion in the 
package to which heat is most difficultly transferable, 
and therefore, there should naturally be brought about 
a great difference to the heat history between such por 
tion to which heat is most difficultly transeferable and 
a portion to which heat is most easily transferable. For 
instance, in the case of heat sterilization of cylindrical 
canned foods, it is known that the quantity of heat 
given to the surface portion of the content in the vicin 
ity of the inner wall face of the container throughout 
the entire steps of heat sterilization from the come-up 
time to the cooling step is several tens to several hun 
dred times as large as the quantity of heat given to the 
central portion of the content in the vicinity of the cen 
ter of the container, and that the surface portion of the 
content is excessively heated. Further, this non 
uniformity of the heat history is also brought about by 
the configuration and food-containing capacity of the 
container, physical properties of the packaged foods, 
the amount of non-condensable gas sealed in the pack 
age or occluded in the packaged food and sterilization 
conditions such as the sterilization temperature and 
sterilization time. 
More specifically, as the food-containing capacity of 

one container is small and the distance between the 
container wall and the center of the container is small, 
the non-uniformity of the heat history is, in general, 
small. In case the article to be packaged is uniform and 
rich in flowability and has such a property that the heat 
transfer is effected in the article not only by conduction 
but also by convection, non-uniformity of the heat his 
tory is small. Furthermore, if a large amount of non 
condensable gas is present in the packaged article, the 
transfer of heat is obstructed by such gas interposing 
between the inner wall surface of the container and the 
surface of the content. Therefore, as the amount of 
non-condensable gas is small, non-uniformity of the 
heat history is small. As regards the strelization condi 
tions, it is considered that the low sterilization tempera 
ture and gradual heating will result in a low degree of 
nonuniformity of the heat history. Therefore, in the 
conventional inpackage heat sterilization processes, 
the sterilization temperature is usually maintained 
within a range of from 105 to 121°C. 

In heat sterilization of articles contaminated with mi 
croorganisms including bacterial spores, the relation 
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2 
between the time required for annihilation of micrror 
ganisms and the heating temperature is in comformity 
with the equation of arrhenius as the time-temperature 
relation in a chemical reaction. The annihilation rates 
depends greatly on the temperature, and at heating 
temperatures exceeding 100°C., the annihilation rate 
increases by 5 to 10 times when the temperature is ele 
vated by 10°C. and theoretically, the heating time is 
shortened to 15 to 1/10. In case an article to be hett 
sterilized is a food, degradation of quality by heating is 
due mainly to such phenomena caused by chemical re 
actions as reduction of vitamin contents, decrease of 
amounts of flavor constituents, accumulation of 
browning substances and hydrolysis. As is known in the 
art, reaction rates in these chemical changes are also in 
conformity with the equation of Arrenius, and they de 
pend on the temperature to such a degree that when 
the temperature is elevated by 10°C., the reaction rates 
increase by 2 to 3 times. When this value is compared 
with the degree of increase in the microorganism anni 
hilation rate attained when the temperature is elevated 
by 10°C., it is seen that the rate of annihilation of mi 
croorganisms including bacterial spores by heat is sev 
eral times as high as the reaction rates in the above 
chemical changes. Therefore, insterilization of articles 
which tend to undergo chemical changes under heat 
ing, the quality of such article can be kept in better 
conditions by effecting the heating at a high tempera 
ture for a short time than by heating the article at a rel 
atively low temperature for a long time, when com 
pared based on the same degree of annihilation of mi 
croorganisms. For this reason, there has been broadly 
adopted a so-called high temperature short-time steril 
ization process (HTST sterilization process). 

In the heat sterilization operation, however, since the 
heat energy is not directly applied to objective microor 
ganisms but through an article to be sterilized, the ma 
jority of the heat energy given at the sterilization step 
is consumed for elevating the temperature of the article 
to be sterilized and accumulating the heat in the article 
and therefore, the heat given to the article is much 
larger than the heat necessary for annihilating the ob 
jective microorganisms by heating. In the case of an ar 
ticle having a low heat conductivity and an article in 
which a long time is required to transfer heat to the 
central portion, especially in the case of an article filled 
in a sealed package, complete sterilization cannot be 
attained unless a much excessive heat history is given 
to the article. 
As in the manufacture of canned or bottled foods, in 

the inpackage sterilization process (post-packaging 
sterilization process) in which an article to be sterilized 
is filled and sealed in a container having a certain ca 
pacity and a cylindrical form and then the sterilization 
is conducted, the reduction of quality represented by 
browning (called burning) is caused to occur in the 
packaged article at the surface portion of content hav 
ing a contact with the inner wall face of the container 
or at the portion having a contact with interior voids, 
and this quality reduction surpasses the improvement 
of the quality attained by the shortening of the heating 
time owing to elevation of the sterilization tempera 
ture. Accordingly, it has been considered that the 
upper limit of the temperature to be adopted for steril 
ization is about 21C. (250F.) and elevation of the 
temperature beyond this upper limit is of no signifi 
cance. Further, in the case of a rigid container such as 
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can or bottle, when the outer or inner pressure is too 
excessive under heat sterilization conditions, perma 
nent deformation or breakage is caused in the con 
tainer, which results in damage or release of the sealing 
compound layer and in breakage of the air-tight seal. 5 
Accordingly, in the art of the in-package heat 
sterilization, it has been considered that in the case of 
such rigid container the upper limit of the heat steriliza 
tion temperature is about 25°C. even in extreme 
cases. Therefore, rigid containers cannot be used with 10 
good reliability under such sterilization temperature 
condition as will cause the pressure difference of 2 
Kg/cm or higher between the inner pressure and outer 
pressure at the temperature elevation or cooling, 
namely at sterilization temperatures exceeding about 15 
130°C. 
In the art of manufacture of canned and bottled 

foods, therefore, various proposals have heretofore 
been made in order to obtain sterilized packaged arti 
cles according to the high-temperature short-time ster- 20 
ilization technique. As a typical instance of such pro 
posals on the in-package sterilization process, there is 
known a so called agitating sterilization process ac 
cording to which the sterilization of canned or bottled 
foods is carried out while they are being agitated and 25 
rotated. More specifically, according to this process, 
canned or bottled foods are passed through a heating 
medium such as high temperature steam, hot water or 
flame while they are being agitated and rotated. In this 
method, by movement and rolling agitation of solids or 30 
bubbles contained in the article to be sterilized, the 
temperature elevation in the article is accelerated and 
the heat history is uniformalized in the article. Indeed, 
in case this agitating sterilization process is applied to 
a fluid or semifluid article, attainment of such effects 
can be fully expected, and and undesired phenomenon 
of burning can be effectively obviated. However, in 
case this process is applied to a non-fluid or highly vis 
cous article, a solid article or a composite article con 
taining solids extremely irregular in the size, any effects 
can hardly be expected. Therefore, this process should 
be distinguished from the true in-package high 
temperature short-time sterilization process. 
As the process to be used mainly for sterilizing a fluid 

article, there has been broadly adopted a process com 
prising subjecting continuously such fluid article to the 
high-temperature short-time sterilization by passing it 
through a plate-type heat exchanger, a tubular heat ex 
changer or a surface-scraping heat exchanger, option 
ally cooling the sterilized article, and then filling and 
sealing it in a pre-sterilized can or glass jar in an aseptic 
atmosphere. This process is well known as a so-called 
aseptic packaging process and is used broadly for steril 
izing fluid articles, mainly liquid articles such as milk 
products and soups. As an improvement of this aseptic 
packaging process, there is known a process in which 
a sterilizied article is filled and sealed in a container 
without cooling it, the sealed article is allowed to stand 
still for a while after the sealing, and then the cooling 60 
of the article is performed. In each of these aseptic 
packaging processes, the article to be sterilized and the 
container therefore are sterilized separately, a heat ex 
changer is employed instead of a retort as the sterilizing 
means, and use of an aseptic atmosphere particularly 65 
shielded from the outer atmosphere is indispensable. 
Accordingly, each of these aseptic packaging processes 
is an out-package sterilization process (pre-packaging 
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sterilization process) and therefore, it should be distin 
guished in the in-package sterilization process (post 
packaging sterilization process) in which the filling and 
sealing of an article into a container is at first con 
ducted and then the sterilization is carried out. In other 
words, such aseptic packaging process is an out 
package high-temperature short-time sterilization pro 
cess in which articles to be treated are substantially lim 
ited to fluid articles that can pass through a heat ex 
changer. 

It is a primary object of this invention to provide a 
process for the heat sterilization of sealed and pack 
aged articles in which a variety of articles to be pre 
served, inclusive of solid articles which can hardly be 
sterilized according to the above-mentioned out 
package (pre-packaging) high-temperature short-time 
sterilization process, fluid or hardly fluid articles con 
taining uniform or non-unform solids, can be subjected 
to high-temperature short-time sterilization to shorten 
greatly the time required for the heat sterilization treat 
ment while lessening degradation of quality of pack 
aged articles by heating, whereby completely sterilized 
packaged articles having a good combination of long 
time preservability and high quality can be obtained. 
We have made extensive research works with a view 

to developing a process for the in-package high 
temperature short-time sterilization which can provide 
a sterilized packaged article in which degradation of 
quality of the contained food is much reduced and 
long-time preservability is much improved, and as a re 
sult, we have found that (i) flexible containers are 
much more suitable for high-temperature short-time 
sterilization than rigid containers heretofore used in 
this field, such as cans and bottles; (ii) when such flexi 
ble containers are employed, in order to obtain good 
heat transfer at the high temperature heating step, it is 
important that non-condensable gases are removed 
from food-filled containers to thereby exclude voids 
from the interiors of the containers; (iii) when such 
flexible container is used and non-condensable gases 
are removed from the interior thereof, in order to give 
such a heat history to the content of the package that 
spores of microorganisms present in the content can be 
completely annihilated even at the central portion of 
the interior of the package without causing substantial 
thermal degradation of quality of the content even at 
the surface portion having a contact with the inner sur 
face of the container, it is important that the coefficient 
of flatness (hereinafter detailed) should be maintained 
at a level not exceeding 0.25 in the sealed packaged ar 
ticle; and that (iv) in order to prevent occurrence of 
breakages and other troubles in the sealed area of the 
packaged article, it is important to cool under pressure 
the packaged article heated at a high temperature for 
sterilization of the content. Based on these findings, we 
have now arrived at this invention, 

In accordance with this invention, there is provided 
a process for the preparation of high-temperature 
short-time sterilized packaged articles which comprises 
filling an article to be sterilized in a flexible container 
having a heat-sealable resin film at least on an area to 
be heat sealed of the inner surface thereof, removing 
non-condensable gases present in interior voids of the 
flexible container, herinetically sealing the flexible con 
tainer by application of heat in such a manner that the 
coefficient of flatness in the resulting sealed packaged 
article is maintained at a level not exceeding 0.25, said 
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coefficient of flatness being defined by the following 
formula 

l 
K = - 

in which lindicates a maximum thickness (cm) in the 
sealed packaged article, L. designates a maximum 
distance across the surface of the container, and K. 
stands for the coefficient of flatness, 

maintaining the sealed packaged article for a short time 
in a heating medium of a temperature exceeding 
130°C. to thereby sterilize the article packaged in the 
container, and cooling the so heat-treated packaged ar 
ticle under a pressure higher than the saturated vapor 
pressure corresponding to the sterization temperature. 
This invention will now be detailed. 

CONTAINER 

It is important that the container to be used in this in 
vention should have heat resistance and flexibility. In 
case such flexible container is employed, non 
condensable gases contained in voids of the container 
can be easily removed, for instance, by applying a pres 
sure from the outside. Further, while a sealed packaged 
article from the interior of which non-condensable 
gases have thus been removed is heat sterilized and 
cooled, the void-free, flat state can be maintained in 
the packaged article. Namely, the coefficient of flat 
ness K can be maintained at a level specified in this in 
vention, i.e., at a level not exceeding 0.25. In addition, 
in this flexible container it is important that at least an 
area to be heat sealed of the inner surface of the con 
tainer is composed of a heat-sealable resin film. If this 
requirement is not satisfied, it is impossible to hermeti 
cally seal the container in the content-filled and non 
condensable gas-excluded state. 
By the flexible container referred to in the instant 

specification is meant a container having such flexibil 
ity and deformability that when an article to be steril 
ized is filled in the container in the state where substan 
tial amounts of non-condensable gases are still present 
in interior voids of the container, the container is her 
metically sealed while excluding such non-condensable 
gases by application of an optional pressure from the 
outside or in a reduced pressure lower by at least 70 
cmHg than the atmospheric pressure and than the 
sealed container is taken out into the atmosphere, the 
container can retain its shape regardless of the change 
in the pressure and no voids of a reduced pressure are 
formed in the interior of the container. Whether the 
container is flexible or not is determined by such fac 
tors as the kind of the container-constituting material, 
the thickness and configuration of the container and 
the ambient temperature. The container to be used can 
take an optional configuration, as far as it is composed 
of a flexible sheet having two inner surfaces confront 
ing each other and it has such a structure that a space 
for an article to be contained is formed between said 
two inner surfaces and an area to be heat sealed is pro 
vided around the periphery of said space or around the 
periphery of an inlet for filling such article into said 
space. In order for the container to be hermetically 
sealed under heating, it is important that the entire of 
the inner surface of the container or an area to be heat 
sealed of the inner surface of the container should be 
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6 
composed of a heatsealable resin film. Such container 
may take a bag-like form. Namely, a so-called pouch 
can be used in this invention. 
More specifically, a bag-like container or pouch pre 

pared by piling laminate materials composed of a heat 
sealable resin film as the inner layer and a metal foil 
such as aluminum foil or a layer of a heat resistant 
resin, e.g., polyethylene terephthalate as the outer 
layer, or laminate materials composed of a heat seal 
able resin film as the inner layer, an intermediate layer 
of a metal foil or a heat resistant resin and an outer 
layer of a heat resistant layer, and heat sealing the pe 
ripheral portion of the resulting laminate structure, can 
be used as a flexible container in this invention. 
For a better understanding of the invention, refer 

ence is made to the accompanying drawing, in which: 
FIG. 1 is a sectional view illustrating diagrammat 

ically a packaging container in the pouch form to be 
used in this invention; and 
FIG. 2 is a sectional view illustrating diagrammat 

ically a flanged flexible container to be used in this in 
vention. 
As is illustrated in Flo. 1, in the case of a bag-like 

container or pouch, flexible laminate sheet materials 4 
and 4', each consisting of an inner layer 1 composed of 
a heat sealable resin such as a polyamide film, an inner 
layer 2 composed of a metal foil such as an aluminum 
foil and an outer layer 3 composed of a heat resistant 
resin such as a polyester film, are piled so that heat 
sealable resin layers confront and an area 6 to be heat 
sealed is formed around a space 5 for containing an ar 
ticle therein. The resulting bag-like structure can be 
used as a packaging container. One flexible sheet can 
be used instead of two sheets 4 and 4" to be heat sealed 
at the peripheral portions. Namely, a bag-like container 
formed by bending one flexible sheet and heat sealing 
the bent sheet at three open side portions can be used 
as a container. In the case of such bag-like container or 
pouch, provision of the intermediate layer composed of 
a metal foil can be omitted if not required. It is also pos 
sible to employ a laminate structure of four or more 
layers. For instance, a laminate structure comprising a 
heat resistant layer as another intermediate layer in ad 
dition to the metal foil layer. 
A container including a container proper having a 

space for containing an article therein and a flange por 
tion and a lid can be used as a flexible container (some 
times called 'semi-rigid container'). This container is 
so constructed that heat sealing is performed between 
the flange portion of the container proper and the lid. 
A container of an optional form having a space for con 
taining a food therein is used as the container proper. 
For instance, there can be employed a sucer or plate 
such as a dish, a roasting platter, a cake tray and the 
like, a pan or pot such as a frying pan, a saucepan, a 
cooking pot, a sukiyaki pan, a stew pan and the like, a 
cup a lunchbox, etc. The size and configuration of the 
lid are determined depending on the size, configuration 
and structure of the container proper, so that it can seal 
completely an open portion of the container proper to 
gether with the flange portion of the container proper. 
The container proper is shaped to have a desirable 
form by molding a metal foil by pressing or other mold 
ing methods, and it has a heat sealable resin film on the 
entire inner surface thereof or only on the flange por 
tion to be heat sealed with the lid. As the lid constitut 
ing material, there is employed a material having no 



7 
substantial gas permeability, such as a metal foil and a 
laminate of a metal foil and a resin film. 
An instance of such semi-rigid container is illustrated 

in FIG. 2. A container proper 11 is composed of a 
metal foil 12, and it is shaped by press molding so that 
it has a space 13 for containing food therein and a 
flange portion 14 disposed around the periphery of the 
space 13. A heat sealable resin film 15 is formed on the 
inside of the flange portion 14. A lid member 16 com 
prises a metal foil 17 and a heat sealable resin film 18 
formed on the inner face of the metal foil 17. When the 
flange portion 14 and lid 16 are pressed under heating, 
a hermetic sealing is formed between them. 

In each of the foregoing containers, when two flexi 
ble sheet materials are piled and a heat sealed area is 
formed around the periphery of a food-containing 
space by bonding these two flexible sheet materials 
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8 
polydodecamethylene sebacamide, polydodecamethy 
lene dodecamide, polydodecamethylene tridecamide, 
polytridecamethylene adipamide, polytridecamethy 
lene sebacamide, polytridecamethylene dodecamide, 
polytridecamethylene tridecamide, polyhexamethylene 
azelamide, polydecamethylene azelamide, polydodeca 
methylene azelamide, polytridecamethylene azela 
mide, and interpolyamides thereof. 
As the polyester having a relatively low melting 

point, there are used homopolyesters and copolyesters 
having a melting or softening point not exceeding 
250°C., such as polytetramethylene terephthalate. 
polytetramethylene terephthalatefisophthalate, poly 
ethylene terephthalatefisophthalate. 

Instead of the foregoing polyesters, there can be used 
polyesters having a structure expressed by the follow 
ing formula 

s -o--(y-o-ch. Fo-- -(-CH-CHCHCH 
with a heat seal ble resin, it is possible to obtain a sealed 
interface which can resist fully the heating sterilization 
conducted at a temperature exceeding 130°C. In case 
a heat sealable resin layer is formed on the entire inner 
face of the sheet material, this resin layer acts also as 
a protective coating layer preventing the content from 
having a direct contact with the metal foil. 
Heat sealable resins heretofore used for formation of 

heat sealed structures in this field can also be used in 
this invention as the heat sealable resin for forming an 
inner face of an area to be heat sealed of a packaging 
container. It is desired that such heat sealable resin is 
softened or molten at a temperature not exceeding 
250°C., especially at a temperature approximating 
200°C. In view of the strength of the heat sealed area, 
it is preferred that the heat sealable resin to be used is 
crystalline. 

In this invention it is desired to employ (l) polyam 
ides, (2) polyesters of a relatively low melting point and 
(3) polyolefins, which are selected from resins having 
a heat resistance characterized by a softening or melt 
ing point exceeding 130°C. 
As such polyamide there can be used polyamides or 

interpolyamides composed of recurring units expressed 
by the following formula 

O 

-- ivh. -(CH2)-C -)- 

d O O 
t t 

wherein n is an integer of from 3 to 13 and n is an inte 
ger of 1 to 4. 

Specific examples of such polyamide include poly-to 
aminocaproic acid, poly-a-heptanoic acid, poly-cu 
aminopelargonic acid, poly-(-aminodecanoic acid, 
poly-a-aminododecanoic acid, poly-au 
aminotridecanoic acid, polyhexamethylene adipamide, 
polyhexamethylene sebacamide, polyhexamethylene 
dodecamide, polyhexamethylenetridecamide, 
polydecamethylene dodecamide, polydecamethylene 
tridecamide, polydodecamethylene adipamide, 
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As the polyolefin, there are employed homopolymers 
and copolymers of olefins expressed by the following 
formula 

CH-CH 

wherein R is an alkyl group of up to 4 carbon atoms, 
which have a melting point exceeding 130°C. 

Specific examples of such polyolefin include isotactic 
polypropylene, crystalline ethylene-propylene copoly 
mers, poly-4-methyl-pentene-1, etc. Of course, poly 
olefins to be used in this invention are not limited to ho 
mopolymers of olefins and copolymers of two or more 
olefins, and there can be used copolymers comprising 
such small amounts of other comonomer components 
as will not damage the heat resistance and properties 
inherent of polyolefins. 

It is desired that the inner layer of such heat sealable 
resin has a thickness of 0.005 to 0.2 mm (5 to 200 l). 
In case the thickness of the heat sealable resin layer is 
smaller than 0.005 mm, it is sometimes difficult to en 
sure hermetic sealing in the packaged article. In case 
the thickness of the heat sealable resin layer is greater 
than 0.2 mm, it is difficult to conduct the heat sealing 
step at a high speed. 
As the heat resistant resin constituting the outer sur 

face layer of the flexible container, there are employed 
resins having a softening point or decomposition point 
higher than that of the heat sealable resin used. In gen 
eral, resins having a melting point exceeding 150°C., 
such as polyamides, polyesters, polycarbonates and 
polypropylene, and thermosetting coating films are em 
ployed. Suitable resins are selected so that the forego 
ing requirements are satisfied. 

Several examples of the heat resistant resin to be 
used in this invention are now mentioned. 

1. Polyamides having a relatively high softening 
point, which are selected from polyamides exemplified 
above with respect to the heat sealable resin. It is pre 
ferred that these polyamides are used in the form of 
stretched and oriented films. 

2. Polyesters having recurring units expressed by the 
following formula 
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-e O-R-G-R2-C -- 

where in R is an alkylene or cycloalkylene group hav 
ing 2 to 8 carbon atoms and R is an arylene group, 

Specific examples of the polyester of this type are 
polyethylene sebacate, polyethylene terephthalate, 
polytetramethylene isophthalate, polyethylene tereph 
thalatefisophthalate and poly-1,4-cyclohexylene di 
methylene terephthalate. It is preferred that these poly 
esters are used in the form of stretched and oriented 
films. 

3. Polycarbonates having recurring units expressed 
by the following formula 

-e 0-R -O-, -)- 
O 

wherein R3 is a hydrocarbon group having 8 to 15 car 
bon atoms. 

Specific examples of the polycarbonate of this type 
are poly-p-xyleneglycol biscarbonate, poly-dihydrox 
ydiphenyl-methane carbonate, poly-dihydroxydiphe 
nyl-ethane carbonate, poly-dihydroxy-2,2-propane car 
bonate and poly-dihydroxydiphenyl-1-ethane carbon 
ate. 

4. Isotactic polypropylene, especially in the form of 
a biaxially stretched film. 

5. When a metal foil is used as an intermediate layer, 
a thermosetting coating film is sometimes employed. 
The thermosetting coating film (baked coating film) 
referred to herein includes films obtained by coating a 
lacquer containing a reactive macromolecular com 
pound or an intermediate leading to a macromolecular 
compound, which can cause polymerization or conden 
sation under heating to form a cross-linked structure in 
the molecule, uniformly on the surface of a metal, and 
drying, baking and curing the coated lacquer at 140 to 
230°C. for 5 to 20 minutes. If necessary, such lacquer 
may contain a curing promotor, a coloring agent, a pig 
ment, a filler and the like. As the resin constititing such 
coating film, there can be mentioned, for instance, phe 
nol-epoxy resins, phenol-melamine resins, urea-epoxy 
resins, melamine-epoxy resins, acrylic-epoxy resins, 
urea-epoxy resins, melamine-epoxy resins, acrylic 
epoxy resins, polyamide resins and polyimidazols res 
ins. 

In general, it is desired that such heat resistant resin 
layer has a thickness of 0.002 to 0.1 mm (2 to 100 p). 
In case the thickness of the heat resistant resin layer is 
smaller than 0.002 mm, such undesired phenomena 
such as reduction of gas permeation resistance or re 
duction of strength and impact resistance of the lami 
nate material are brought about at the step of heat seal 
ing the laminate material. In case the thickness of the 
heat resistant resin layer is greater than 0.1 mm, flexi 
bility is lost in the laminate material. 
When an intermediate layer of a metal foil is pro 

vided in a flexible container or simi-rigid (form 
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10 
retaining) container, as the metal foil there are used a 
steel foil, an aluminum foil, a steel foil plated with such 
a metal as tin, chromium and aluminum, and a steel foil 
chemically treated with chromic acid, phosphoric acid 
or the like or an electrolytically treated steel foil. 
As pointed above, the container to be used in this in 

vention should have not only heat resistance but also 
flexibility. Therefore, the thickness of the metal foil to 
be used as the intermediate layer should naturally be 
limited. This upper limit of the thickness varies depend 
ing on the kind of the foil-constituting metal and the 
size and shape of the container. It is especially pre 
ferred that in the case of a bag-like container or pouch, 
the thickness of the intermediate layer is 0.005 to 0.1 
mm (5 to 100 p.) in the case of an aluminum foil, and 
0.005 to 0.05 mm (5 to 50 L) in the case of a steel foil, 
and that in the case of a semi-rigid, form-retaining con 
tainer the thickness of the intermediate layer is 0.05 to 
0.15 mm (50 to 150 u) in the case of an aluminum foil 
and 0.025 to 0.1 mm (25 to 100 u). 
Bonding of the metal foil to the heat sealable resin or 

heat resistant resin can be performed with use of 
known adhesives such as an epoxy adhesive and an iso 
cyanate adhesive. Further, the bonding may be per 
formed according to the so-called extrusion coating 
method without use of an adhesive. 
According to this invention, by employing such flexi 

ble container, it is made possible to maintain the coeffi 
cient (K) of flatness at a level not exceeding 0.25 in the 
packaged article formed by filling ann article into such 
container and hermetically sealing the container. Fur 
ther, when such flexible container is employed, at the 
time of in-package (post-packaging) high-temperature 
short-time sterilization, the packaged article can be 
heat sealed without formation of an interfacial barrier 
by non-condensable gases left in the container, such as 
residual air. Accordingly, uniform and complete steril 
ization effect can be attained in the packaged article by 
conducting heat sterilization only for a short time. 
FILING OF CONTENT AND DEGASIFICATION 

According to this invention, an article to be sterilized 
is filled in the above-mentioned flexible container and 
non-condensable gases left in voids of the flexible con 
tainer are excluded. Filling of the content and exclu 
sion of non-condensable gases may be conducted in 
this order or simultaneously. In some cases, exclusion 
of noncondensable gases is carried out prior to filling 
of the content. In this invention, in connection with the 
feature that a flexible container is employed, non 
condensable gases are excluded from the container, 
which makes it possible to maintain the coefficient 
(K) of flatness to a level not exceeding 0.25 and to 
prevent formation of an interfacial barrier. Further 
more, if non-condensable gases are present in the her 
metically sealed container, the following defects and 
disadvantages are brought about. 

a. When amounts of non-condensable gases differ in 
packaged articles, there are formed excessively heated 
products and insufficiently sterilized products. There 
fore, it is impossible to obtain final products uniform in 
quality. 

b. Vitamins, colorants, fat and oil, flavor constituents 
and the like contained in a packaged food are oxidized 
by oxygen remaining in the sealed container, with the 
result that quality of the food is degraded and appear 
ance is worsened by browning or the like. 
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c. When the packaged article is heated before drink 
ing or eating, breakage of the container is sometimes 
caused to occur. 

ln this invention, since non-condensable gases are ex 
cluded, occurrence of such undesired phenomena is ef 
fectively prevented. 
As the article to be sterilized according to the in 

package high-temperature short-time sterilization pro 
cess of this invention, there can be mentioned a variety 
of cooked and semi-cooked foods which are subjected 
to retort sterilization prior to preservation. Foods in 
which such undesired phenomena as browning, de 
crease or loss of natural colors, loss of flavor constitu 
ents, deterioration of the texture, thermal denaturation 
of proteins and change of the water-holding capacity 
are readily brought about when they are heated for a 
long time, are especially preferably treated according 
to the process of this invention. 
As foods in which browning or change of the flavor 

is readily caused, there can be mentioned, for instance, 
milk products such as fresh cream, evaporated milk 
and condensed milk, soups and desserts containing 
such dairy products, e.g., pudding. As foods in which 
change of the color is readily caused, there can be men 
tioned, for instance, boiled crustaceans, boiled green 
vegetables and cooked foods containing boiled crus 
taneans or green vegetables. As foods in which the tex 
ture is readily changed, there can be mentioned, for in 
stance, pasty marine products such as boiled fish 
pastes, fish fillets, processed meat products such as 
ham, beaf steak, roast beef, port saute and hamburger, 
chicken or egg processed foods such as roast chicken, 
fried egg and ham egg, meat-like vegetable products 
(artificial meats, and processed and pre-cooked prod 
ucts of petroleum proteins). These food products can 
be effectively sterilized according to the process of this 
invention. 
Furthermore, cooked foods containing the foregoing 

food products as additive components can be sterilized 
according to the process of this invention. As such 
cooked food, there can be mentioned, for example, 
stews such as cooked curry, cooked hash, borsch and 
beef stew, gravys such as meat sauce, and boiled and 
cooked vegetables, fishes, shellfishes and meats such as 
vinegared port, sukiyaki, Chinese kedgeree, Chinese 
kickshaw, cream-boiled chiken and cream-boiled tuna. 
A packaged article formed by filling such food as 

mentioned above into the flexible container is sub 
jected to degasification according to optional means to 
thereby exclude non-condensable gases from the inte 
rior of the container. Degasification can be accom 
plished, for instance, by the following methods. 

a. A method comprising reducing the pressure in the 
interior of the packaged article to a level lower by at 
least 70 cmHg (gauge) than the atmospheric pressure, 
to thereby exclude non-condensable gases, e.g., air. 

b. A method comprising substituting non 
condensable gases, e.g., air, present in voids in the inte 
rior of the container by a condensable gas such as 
steam, to thereby accomplish removal of non 
condensable gases. 
For instance, when a food containing a large quantity 

of water, which is in the boiled or almost boiled state, 
is filled under heating, air contained in the interior of 
the container is readily substituted by stream. 
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12 
Further, air present in the interior of the container 

can be substituted by steam by heating a food-filled 
container(exhausting). 

Still further, when steam projected into a food-filled 
container, air present in the interior voids can be 
readily replaced by steam (steam flashing). 

c. A method comprising applying a pressure from the 
outside to a food-filled flexible container to thereby de 
form the container and exclude non-condensable gases 
from the container. 

d. A method in which non-condensable gases are re 
moved by a combination of two or more of the forego 
ing techniques (a) to (c). 

SEALING 

According to this invention, heat sealing is per 
formed by applying heat sealing temperature and pres 
sure necessary for melting and bonding the heat seal 
able resin film to an area to be heat sealed of the flexi 
ble container in which the content has been filled and 
from which non-condensable gases have been ex 
cluded. The heat sealing temperature and pressure to 
be applied vary greatly depending on the kind of the 
heat sealable resin of the flexible container, and it is im 
possible to define such temperature and pressure con 
ditions sweepingly. In general, however, sufficient re 
sults can be obtained by conducting the heat sealing at 
a temperature higher than the softening or melting 
point of the heat sealable resin and under a pressure 
not causing substantial flow of the heat sealable resin 
at the temperature adopted for the heat sealing. 

Suitable heat sealing temperatures and pressures are 
as shown in Table 1 given below, 

Table 

Seal Bar Seal Bar 
Heat Sealable Resin Pressure Temperature 

(Kg/cm) (°C.) 

Polypropylene 2 - 5 180 - 280 
Nylon-12 2 - 7 200 - 300 
Polytetramethylene 2 - 7 220 - 320 
Terephthalate 

The time required for heat sealing varies depending 
on the kind of the container and the thickness of the 
heat sealable resin layer. In general, the heat sealing is 
conducted for a time sufficient to perform melting and 
bonding of the heat sealable resin, for instance, 0.1 to 
5 seconds, 
The heat sealing operation can be carried out at one 

stage or at two or more stages. In the latter case, the 
same or different temperature and pressure conditions 
can be adopted at these stages. 
The so formed sealed area is then cooled, if neces 

sary, under application of a pressure by optional 
means, to thereby form a sealed area with good sealing 
credibility. For instance, immediately after completion 
of the heat sealing operation, the heat sealed area in 
which the resin is still in the softened or molten state 
is pressed by two positively cooled press bars, whereby 
the resin is solidified, 
A heat sealing process especially suitable for practis 

ing this invention is described in the specification of 
our copending application Ser. No. 354,121. 

In this invention, it is important that the flexible con 
tainer is so selected and steps of content-filling, degasi 
fication and heat sealing are so conducted that the co 
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efficient (K) of flatness is maintained at a level not ex 
ceeding 0.25, preferably not exceeding 0.15, in the 
sealed packaged article. The criticality of this condition 
will now be described by reference to experimental re 
sults. 

In the in-package heat sterilization, it is indispensable 
that the central portion of the sealed package should 
receive a heat history sufficient to annihilate spores of 
microorganisms with which the article to be sterilized 
is contaminated. Since heat is transferred from the 
outer wall of the container to the central portion of the 
package through the article to be sterilized, a tempera 
ture gradient should naturally formed in the container 
in correspondence to the distance from the wall surface 
of the container. As the sterilization temperature is 
high and as the heat conductivity of the article to be 
sterilized is small, this temperature gradient is great, 
and the temperature difference becomes greater as the 
distance between the container wall and the central 
portion is greater. 
From results of experiments detailed hereinafter, we 

found that the in-package (post-packaging) high 
temperature shot-time sterilization can be applied ef 
fectively while controlling the thermal deterioration of 
the content, only when the distance between the wall 
surface of the container and the central portion of the 
package does not exceed a certain limit. More specifi 
cally, it was found that only when the coefficient of flat 
ness defined by the following formula 

k = 1 - 

in which l indicates a maximum thickness (cm) in the 
sealed packaged article, L designates a maximum 
distance (cm) across the surface of the container, 
K. stands for a coefficient of flatness, 

does not exceed 0.25, intended effects can be obtained 
by the inpackage high-temperature short-time steriliza 
tion, and that if this value exceeds 0.25, the effects at 
tained by conducting the high temperature short time 
sterilization are rather inferior to those attained by or 
dinary heat sterilization. 

EXPERIMENT 

Commercially available starch powder (rice starch 
was sufficiently kneaded with a 1 : 1 mixture of an 
aqueous solution containing 1/50 mole per liter of gly 
cine and an aqueous solution containing 1/50 mole per 
liter of glucose, to thereby form a relatively hard paste 
having a water content of about 35 to about 40%, 
Then, this paste was shaped into a plane plate, from 
which square samples having a thickness of 1 cm, 2 cm, 

14 
3 cm or 4 cm were prepared. The sample was filled in 
a flexible pouch (having a size of 135 X 200 mm) 
formed by piling two laminate films, each of which was 
prepared by bonding an outer layer of polyethylene 
terephthalate (having a thickness of 12 u.), an alumi 
num foil intermediate layer (having a thickness of 9 p.) 
and nylon-12 film inner layer (having a thickness of 40 
u) with use of an isocyanate type adhesive, so that the 
inner nylone-12 films confronted each other, and heat 

10 sealing three sides of the piled laminate structure while 
leaving the remaining one side open. 
In the physical central portion of the sample paste 

filled in the pouch there was positioned a thermocouple 
for determination of the sterilization value (Fo value) 

15 included in a measurement assembly attached to the 
side wall of the pouch. Then, the pouch was subjected 
to degasification and hermetic sealing under a pressure 
lower by 72 cmHg than the atmospheric pressure by 
means of a vacuum sealer. 

20 The resulting packaged article was put into a retort 
(autoclave) and terminals of the thermocouple were 
connected to a sterilization value integrator (Fo value 
computor of model ZQCTF manufactured by Erab 
Compnay, Denmark). Then, high temperature steam 

25 and compressed air were introduced into the retort, 
and the temperature of the retort was elevated to 
150°C. over a period of 2 minutes. The heating was 
continued until the Fo value integrator indicated the 
value of 5.0, and immediately thereafter, the cooling 

30 operation was carried out. The foregoing operations 
were conducted with respect to each of the foregoing 
samples. In the case of packaged articles shown in 
Table 2 given below, the time required for the above 
heating treatment was within a range of from 3 to 20 

35 minutes. 
After the cooling operation, the package was opened, 

the spectral reflectance at each portion of the sample 
was determined at a wavelength of 450 mp by means 
of a spectrophotometer (model EPS-3T manufactured 

0 by Hitachi Electronics, Japan) by employing a standard 
plate of magnesium oxide as a control, and the differ 
ence of browning among the determined portions was 
examined. 
The same test was conducted with respect to samples 

5 sterilized at 115°C. According to an ordinary heat ster 
ilization method. 

Results of the foregoing tests as well as data of the co 
efficient of flatness are shown in Table 2. 
The sterilization value used herein is expressed in 

50 terms of the heating time (minutes) necessary for anni 
hilating a certain concentration of bacterial spores. 
When this value is indicated as F or Fo value, it means 
that the value is one obtained when the heating was 
conducted at 21°C. (250F.). 

TABLE 2 

Relation Between Coefficient of Flatness of Sealed Packaged Article 
and Effects Attained by High-Temperature Short-Time Sterilization 

Coefficient Size of Packaged Article Degree of Browning (-logT, 450 mu) 
of Flatness (thickness X width x length) 
(/) (cm) Process of This Invention Conventional Process 

Surface Central Difference Surface Central Difference 
Portion Portion Portion Portion 

0.05 x 1U x 18 ().059 O.O092 O.OO67 0.0742 O.0325 0.047 
0.5 2 x 10 x 9 ().0410 0.046 0.0264 (). 129 0.0467 0.0662 
().25 3 x 1) x 6 (). 1493 0.0306 0.18 O. 302 0.050 0.08) 
().36 4 x 10 x 4.5 ().258 0.055() O. 1968 0.1844 0.0595 O.1249 

Notes: 
sterilized at S(C. 
sterilized it SC. 
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From the results shown in Table 2, it is seen that con 
spicuous effects are attained by the high-temperature 
short-time sterilization only when the coefficient of 
flatness is 0.15 or lower, and that when the coefficient 
of flatness of 0.25 or higher, better effects can be ob 
tained by ordinary heat sterilization. 

In the foregoing tests, the dgree of browning at the 
central portion of the packaged article was a little 
higher with increase of the coefficient of flatness and 
this fact is not in conformity with the concept that the 
same heat history should result in the same sterilization 
value. However, this is due to the fact that since the 
sterilization was conducted batchwise, the cooling rate 
could not be kept constant. 

In view of the results obtained in the above experi 
ment, it will readily be understood that in this invention 
it is specified that the coefficient of flatness is main 
tained at a level not exceeding 0.25, preferably not ex 
ceeding 0.15, in the content-filled flexible container to 
be used in this invention. 

In this invention, by employing a container having 
such heat resistance and flexibility and giving a pack 
aged article having a coefficient of flatness not exceed 
ing the specific limit and by conducting degasification 
under such conditions as giving such specific coeffi 
cient of flatness, it is made possible to apply the high 
temperature short-time sterilization technique effec 
tively, with the result that complete sterilization of a 
packaged article can be accomplished very effectively. 

HIGH-TEMPERATURE SHORT-TIME 
STERILIZATION 

According to this invention, the above-mentioned 
sealed packaged article is maintained in a heating me 
dium of a temperature of at least 30°C., especially 
within a range of from 130 to 160°C., for a short time, 
for instance, 0.5 to 15 minutes, especially 1 to 8 min 
utes, to thereby sterilize the filled food. Thus, the con 
tent food can be sterilized with good reliability without 
undesired thermal deterioration of the food quality. 

In this invention, the foregoing high-temperature 
short-time sterilization is accomplished by the follow 
ing procedures. 

a. Sterilizer: 

A heating pressure vessel called a retort (autoclave) 
is used for the sterilization, a batchprocess is adopted, 
and a so called sterilizing shelf on which packaged arti 
cles are arranged in a certain order is employed. As the 
sterilizer for use in the continuous sterilization, there 
can be mentioned, for instance, a continuous retort 
equipped with a hydro seal valve or a continuous retort 
equipped with a rot, y pressure valve. In this invention, 
the kind of the sterilizer to be used is not particularly 
critical, and any of sterilizers that can provide the fol 
lowing temperature-elevating rate, sterilization temper 
ature, sterilization pressure and cooling rate can be 
used in this invention. 

b. Heating Medium: 

Saturated steam, superheated steam, high tempera 
ture high pressure hot water and the like are used as the 
heating medium. In view of prevention of breakage of 
the flexible container, it is preferred that a heating me 

O 

5 

20 

25 

30 

35 

40 

45 

60 

65 

16 
dium comprising saturated steam and 10 to 30 % of 
compressed air is employed. In this invention, it is un 
necessary to be the temperature of the heating medium 
to a level same as the final sterilization temperature. 
and therefore, it is possible to employ saturated steam 
in the non-supercompressed state. 

c. Sterilization Temperature: 

Effects by the high-temperature short-time steriliza 
tion can be obtained when the high-temperature short 
time sterilization is conducted at temperatures ranging 
from 125° to 200°C. However, temperatures within a 
range of from 130°to 160°C. are preferably employed 
because (l) complete sterilization can be attained 
while maintaining the thermal deterioration of the 
quality of the article to be sterilized at a minimum level, 
(2) uniform heat history can be obtained in lots of 
packaged articles and (3) the sterilization procedure 
can be performed most efficiently. 
when the sterilization temperature is lower than 

130°C., the effects attained by the high-temperature 
short-time sterilization are not substantially different 
from those attained by the conventional sterilization 
conducted at a temperature of up to 121°C. In case the 
sterilization temperature exceeds 60°C., control of the 
sterilization time is very difficult, and a very small vari 
ation of the sterilization time (1 to 10 seconds) results 
in a great change of the sterilization value (Fo value), 
with the result that it is difficult to obtain sterilized 
packaged articles uniform in the quality. 

d. Pre-heating of Packaged Article: 

in order to obtain uniform high-temperature short 
time sterilization history in sealed packaged articles, it 
is indispensable that the temperature difference among 
packaged articles forwarded to the sterilization step 
should be within a range of E 10°C., preferably --5°C. 

Further, in order to obtain sufficient effects by the 
high-temperature short-time sterilization, it is desired 
that the initial temperature is maintained above 40°C., 
especially 80 to 100°C., in packaged articles for 
warded to the sterilization step. Since the packaged ar 
ticle maintained at about 100°C. under atmospheric 
pressure, it sometimes happens that the package is bro 
ken by the steam pressure generated in the packaged 
article. Therefore, it is especially preferred that the 
sealed packaged article to be sterilized is preheated at 
a temperature ranging from 85 to 98°C. Of course, 
when the above-mentioned hot filling method or ex 
hausting degasification method is adopted for exclusion 
of non-condensable gases, such pre-heating can be 
omitted. The degree of degradation of the quality of a 
packaged content such as a food brought about by such 
pre-heating conducted within the above temperature 
range is extremely low as far as the pre-heating is not 
conducted for too long a time, though the influence of 
the treating time in the high-temperature short-time 
sterilization and the heating time on the difference of 
the heat history among portions of the packaged article 
is very great. When the packaged article is pre-heated 
within the above temperature range, the sterilization 
temperature can be correspondingly shortened. For in 
stance, when the sterilization is conducted at 150°C., 
the sterilization time can be saved by about 70% by 
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such pre-heating, as compared with the case where no 
pre-heating is conducted. 
e. Temperature-Elevating Rate at Sterilization Step: 
In the process of this invention, unlike the conven 

tional sterilization process, it is indispensable that the 
time from the point of charging of a package article 
into the sterilizer to the point of elevation of the steril 
izer temperature to be prescribed high temperature for 
sterilization should be as short as possible, preferably 
within 180 seconds, especially within 0 to 30 seconds, 
if the sterilization temperature is 130 to 160°C., which 
was confirmed from results of experiments made by us. 
More specifically, in this invention, even a batchwise 
retort can be used as far as the time required for the 
above temperature elevation is within 180 seconds, but 
in general, there is preferably employed a method in 
which packaged articles are directly introduced into 
high temperature atmosphere maintained at 130 to 
160°C. through a pressure-tight valve. 

f. Sterilization Pressure and Cooling Pressure: 
The flexible container of the sealed packaged article 

is not broken at the sterilization step as far as the fore 
going conditions are satisfied. However, at the cooling 
step, breakage of the flexible container is sometimes 
caused to occur by the difference between the temper 
ature in the container and the ambient temperature. In 
order to prevent such breakage of the flexible con 
tainer, it is necessary to apply a pressure higher by 0.1 
to l Kg/cm than the saturated vapor pressure at the 
high temperature adopted at the high-temperature 
short-time sterilization by employing air or other non 
condensable gas. A preferred pressure applied at the 
sterilization step is within a range of 5 to 0 Kg/cm if 
the sterilization is conducted at a temperature of 130 
to 160°C. 

g. Cooling Rate: 
The total heat history given to the packaged article 

is more influenced by the cooling rate than the temper 
ature-elevating rate at the sterilizing step. Accordingly, 
it is indispensable that when the temperature is lowered 
from the high temperature sterilization range to the or 
dinary sterilization range (110 to 121°C.), the cooling 
is accomplished within 120 seconds, preferably within 
60 seconds, and that when the temperature is lowered 
from the high temperature sterilization range from the 
range approximating 100°C., the cooling is accom 
plished within 250 seconds, preferably within 200 sec 
onds. Such cooling is performed preferably by intro 
ducing the packaged article present in the high 
temperature short-time sterilization atmosphere di 
rectly into cooling water through a pressure-tight valve. 
As described above, in this invention the sterilization 

of the packaged article can be efficiently accomplished 
by maintaining the packaged article in an atmosphere 
of a heating medium of a temperature exceeding 
130°C. for a short time and then cooling the packaged 
article under application of a pressure. 

UTILITY 

In the sterilized packaged article obtained according 
to this invention, cach of (1) browning due to Maillard 
reaction of sugar-amino acid by high temperature heat 
ing, (2) loss and decrease of natural colors such as ca 
rotenoid and chlorophyl, (3) loss of flavor constituents 
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by heating and (4) texture deterioration, thermal dena 
turation of proteins and change of the water holding ca 
pacity can be maintained at a much lower level than 
packaged articles sterilized by the conventional heat 
sterilization process (conducted at a temperature of up 
to 121°C.). Further, the packaged article obtained ac 
cording to this invention is completely sterilized, and 
therefore, it can be preserved for a very long time at the 
room temperature. 
Accordingly, foods, which have heretofore been 

formed into sterilized packaged articles obtained by the 
conventional retort sterilization process (conducted at 
a temperature of up to 121°C.) or the out-package 
(pre-packing) high-temperature short-time sterilization 
process (aseptic packing process, can be effectively 
formed into sterilized packaged articles while maintain 
ing the food quality at such a high level as not at all at 
tainable by such conventional processes. Further, foods 
which are so sensitive to heat that they cannot be 
formed into sterilized packaged articles by such con 
ventional processes can be conveniently formed into 
completely sterilized packaged articles without sub 
stantial degradation of the food quality. 

Still in addition, according to this invention, articles 
which are difficult to apply to the conventional out 
package high-temperature short-time sterilization pro 
cess, can be subjected to the high-temperature short 
time sterilization treatment in the stage packaged in a 
flexible container without substantial degradation of 
the food quality of the packaged article with the result 
that sterilized packaged articles, especially sterilized 
packaged foods, having a high preservability can be ob 
tained. Accordingly, this invention makes great contri 
bution to the art. 
This invention will now be detailed by reference to 

Examples. 
EXAMPLE 1. 

In this Example, a bentonite-water mixture was 
chosen as a model food and the relation between the 
sterilization temperature and the degree of browning 
due to Maillard reaction of sugar-amino acid as a crite 
rion for determination of the quality retention. 
A phosphate buffer solution containing 1120 mole 

per liter of glycine and 120 mole per liter of glucose 
was added to bentonite of the chemical grade (manu 
factured by Kugita Chemicals, Japan) so that the ben 
tonite concentration was 7% by weight, and the mix 
ture was kneaded and allowed to stand still overnight 
to obtain a soup-like mixture. 180 g of this soup-like 
mixture was filled in a flexible container (size of 130 X 
170 mm) formed by piling two laminate films, each 
being prepared by bonding an inner layer of un 
stretched polypropylene (having a thickness of 50 pu), 
an intermediate resin layer of a polycapramide (Nylon 
6,) having a thickness of 15 u), an intermediate layer 
of an aluminum foil (having a thickness of 7 l) and an 
outer layer of boaxially stretched polyethylene tere 
phthalate (having a thickness of 12 pu) with use of an 
isocyanate type adhesive, so that the polypropylene 
layers confronted each other, and heat sealing three 
sides of the resulting laminate structure while leaving 
the remaining one side open. Then, the container was 
degasified and sealed under a pressure lower by 74 
cmHg than the atmospheric pressure by means of a 
vacuum sealer. The coefficient of flatness was below 
about 0.1 in the so obtained sealed packaged article. 
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The packaged article was pre-heated for 3 minutes in 
a hot water bath maintained at 95°C., charged into a 
retort and subjected to the sterilization treatment 
under conditions indicated in Table 3. 
At this sterilization step, the time required for the 

temperature elevation ws l 20 to 180 seconds. Then, 
the sterilized packaged article was cooled below 90°C. 
in 200 seconds. At each sterilization experiment the Fo 
value was within a range of from about 3.5 to about 4.5. 
After the cooling treatment, the packaged article was 

opened, and the content was mixed with 100 ml of 90 
% ethanol. The mixture was homogenized, and a part 
of the homogenized mixture was passed through a fil 
ter. With respect to the filtrate, transmittance at 430 
mu was determined by means of a photoelectric spec 
trophotometer of model EPS-3T manufactured by 
Hitachi Electronics, Japan, and the obtained transmit 
tance was expressed in terms of the absorbance so as 
to examine the degree of browning. Results are shown 
in Table 3. 

Table 3 

Comparison of Process of This invention and Conventional 
Process with Respect to Degree of Browning 

Degree of Browning 
(-log T, 430 mp) 

Sterilization Conditions 

Temperature Time Pressure 
(°C. (min.) (Kg/cm gauge) 

Conventional Process 
) SO O.9 0.077 

120 22 5 O438 
Process of This invention 

30 8.4 2.5 O.282 
40 58 4.0 (), 68. 
SO 4.5 5. 0.62 

In the foregoing experiments, in each run according 
to the conventional process the ethanol extract exhib 
ited a concentrated color, and it was apparent that 
browning proceeded greatly under the heating condi 
tions, whereas in each run according to this invention, 
the ethanol extract was colored only slightly and it was 
apparent that the degree of browning was extremely 
ow. 

EXAMPLE 2 

15 g of milk concentrated to /3 of the original volume 
was hot filled at 85°C., in a flexible pouch (having a size 
of 70 x 50 mm) formed by piling two laminate films, 
each being prepared by bonding an inner nylon-l2 
layer (having a thickness of 40 u), an intermediate alu 
minum foil layer (having a thickness of 9 Li) and an 
outer layer of polyethylene terephthalate (having a 
thickness of 12 u.), with use of an isocyanate type adhe 
sive, so that the inner nylon-12 layers confronted each 
other, and heat sealing three sides of the resulting lami 
nate structure while leaving one side open. The coeffi 
cient of flatness was about 0.08 in the so obtained 
sealed packaged article. The sterilization was con 
ducted according to the conventional process ( 15°C., 
1.2 Kg/cm gauge, 25 minutes) and according to the 
process of this invention ( 145°C., 4.7 Kg/cm gauge, 
1.5 minutes), respectively. With respect to the flavor of 
the content taken out of the sterilized packaged article. 
the sensory test was conducted according to the com 
parison method with a panel of 25 men. As a result, a 
significant difference was observed at a significance 
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level of % and it was found that the sterilized pack 
aged article according to the process of this invention 
was superior to the sterilized packaged article accord 
ing to the conventional process with respect to cither 
the taste or the color, 

EXAMPLE 3 

70 g of seasoned spitchcock was filled in a flexible 
pouch (having a size of 30 x 170 mm) formed by pil 
ing two laminate films, each being prepared by bonding 
an inner layer of instretched polypropylene (having a 
thickness of 50 u), and intermediate layer of a biaxially 
stretched polypropylene film (having a thickness of 22 
p.) and an aluminum foil (having a thickness of 9 p.) 
and an outer layer of a biaxially stretched polyethylene 
terephthalate film (having a thickness of 12 u.) with use 
of an isocyanate type adhesive, so that the inner poly 
propylene layers confronted each other, and heat seal 
ing three sides of the resulting laminate structure while 
leaving the remaining one side open. Then, the pack 
aged article was degasified and heat sealed under a 
pressure lower by 75 cmHg than the atmospheric pres 
sure. The coefficient of flatness in the so obtained 
sealed packaged article was below 0.06 (maximum 
thickness being below 12 mm). 
Then, the sealed packaged article was sterilized ac 

cording to the method in which the sealed packaged ar 
ticle was introduced directly in a high temperature and 
high pressure chambef through a pressure-tight valve. 
In this method, the come-up time (time required for 
temperature elevation) was 2 to 3 seconds. The cooling 
was similarly conducted according to the method in 
which the sterilized packaged article was directly from 
the high temperature and high pressure chamber into 
a cooling atmosphere through a pressure-tight valve. 
The come-down time (time required for temperature 
reduction) was 20 to 30 seconds, and hence, the cool 
ing was accomplished at a very high rate. 
The sterilization was conducted under such condi 

tions as giving the Fo value of about 3, 4 as measured 
by the same Fo value computor as described in the text 
of the specification at a Z value of 18F. 
By the Z value is meant the change (F.) of the heat 

ing temperature corresponding to the change of the 
time for annihilation of bactrial spores by heating or 
the annihilation ratio to 1/10 or 10 times. In general, 
the Z value is defined to be a temperature (F.) re 
quired for the heating annihilation-time curve to cross 
one logarithmic cycle, and each bacterial spore has a 
specific inherent Z value. 
The sterilization effects were evaluated by (1) the 

measurement of the texture by a texturometer (Zenken 
GTX-2), which can physically express chewing move 
ment in the mouth cavity, (2) the sensory test by a 
panel of 25 men and (3) the quantitative determination 
of Vitamin B (thiamine) according the the fluorescent 
thiochrome method. Results are shown in Tables 4 and 
5. 

Table 4 

Texture Retention at High Temperature Short 
Time Sterilization of Seasoned Spitchcock 

Sterilization Hardness Sensory Test 
Conditions (cm) (description) 

unsterilized 10.6 good 
55C., l, minutes 10.6 good 
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Table 4-Continued 

Texture Retention at High Temperature Short 
Time Sterilization of Seasoned Spitchcock 

5 
Sterilization Hardness Sensory Test 
Conditions (cm) (description) 
150C., 1.4 minutes 1.8 good 
45C, 1.9 minutes 0.2 good 
3OC., 3.5 minutes 8.5 acceptable 
5C, 23.0 minutes . unacceptable 

(softened, off-flavor O 

Table 5 

Vitamin Retention at High-Temperature Short 
Time Sterilization of Seasoned Spitchcock 

Witamin B 
Sterilization Content Rention Ratio 
Conditions (y/g) (%) 

2O 
unsterilized 32.6 OO 
155.C., 1.1 minutes 32.4 99.4 
5OC., 1.4 minutes 32.O 98.2 
145C, 1.9 minutes 3.9 98. 
3OC., 3.5 minutes 27.8 85.3 
5C. 23.0 minutes 5.6 17.2 

25 

EXAMPLE 3 

120 g of beaf steak (medium treated) having a fin 
ished thickness of 5 mm was filled in a flexible con- 30 
tainer (having a size of 10 x 160 mm) formed by pil 
ing two laminate films, each being prepared by bonding 
an inner layer of poly-to-aminododecanoic acid (nylon 
E2) (having a thickness of 40 u), an intermediate alu 
minum foil layer (having a thickness of 9 p.) and an 35 
outer layer of biaxially stretched polyethylene tere 
phthalate (having a thickness of 12 u.) with use of an 
isocyanate type adhesive, so that the inner nylon-12 
layes confronted each other, and heat sealing three 
sides of the laminate structure while leaving the re- 40 
maining one side open. The packaged article was de 
gasified and sealed under a pressure lower by 74 cmHg 
than the atmospheric pressure by means of a vacuum 
sealer. The coefficient of flatness of the so obtained 
sealed packaged article was below 0.08. 
According to the method described in Example 3, the 

sealed packaged article was subject to the high 
temperature short-time sterilization under such condi 
tions as giving the Fo value of about 3.5 at a Z value of 
18°F. The texture factor of the so sterilized beef steak 
was tested by means of the same texturometer as de 
scribed in Example 3 and the sensory evaluation was 
conducted in the same manner as in Example 3, to 
thereby evaluate the effects by the high-temperature 
short-time sterilization. Results are shown in Table 6. 

45 

50 

Table 6 

Texture Retention at High Temperature Short 60 
Time Sterilization of Beef Steak 

Sterilization Hardness Chewiness Gumminess Sensory Test 
Conditions (cm/s) (T.u.) T.U.) (description) 

unsterilized 5.2 12.8 16 good 
(control) 65 
145°C. 5. 13.9 8 good 
4.5 minutes 
(C. 43 O 1.O good 

5.3 minutes 

22 
Table 6-Continued 

Texture Retention at High Temperature Short 
Tinne Stetilization of Beef Steak 

Sterilization Hardness Chewiness Gumminess Sensory Test 
Conditions (cmv) T.U.) T.U.) (description) 
35°C. 3.4 12 0.4 fairly 

6.2 minutes acceptable 
30°C., 38 (). acceptahile 

7.1 minutes 
25°C. 17 O.8 9.) unacceptable 

8.2 minutes 
120°C. 9.6 8.8 7.4 no good 
O.5 minutes 
15°C., 8.4 5. 6. no good 

23.0 minutes 

EXAMPLE 5 

Cream soup, potage soup and corn soup were pre 
pared according to conventional procedures. With re 
spect to each soup, 180 g of the sample was hot, packed 
at 85°C. into a flexible container (having a size of 130 
X 70 mm) formed by piling two laminate films, each 
being prepared by bonding an inner layer of an un 
stretched polypropylene film (having a thickness of 40 
pl.), an intermediate layer of a biaxially stretched 
polycapramide (nylon-6) film (having a thickness of 15 
pu) and an aluminum foil (having a thickness of 9 p.) 
and an outer layer of a biaxially stretched polyethylene 
terephthalate film (having a thickness of 12 pu) with use 
of an isocyanate type adhesive, so that the inner poly 
propylene film layers confronted each other, and heat 
sealing three sides of the resulting laminate structure 
while leaving the remaining one side open. Then, the 
package was sealed while excluding air contained in the 
voids in the upper portion of the interior of the con 
tainer. The coefficient of flatness of the so obtained 
sealed packaged article was below 0.1. 
The so obtained sealed packaged articles were sub 

jected to the high-temperature short-time sterilization 
according to the same method as described in Example 
3. The viscosity of the soup contained in the heat steril 
ized article was measured by means of Brookfield ro 
tary viscometer, and the sensory test was conducted in 
the same manner as in Example 3. Results are shown 
in Table 7, from which it is apparent that the effect of 
preventing the change of the viscosity can be attained 
by the high-temperature short-time sterilization pro 
cess according to this invention. 

Table 7 

Wiscosity Retention at ln-Package High-Temperature Short 
Time Sterilization of Soups 

(Wismetron WS-A; sheat rates=0.463 sec) 

Sterilization Viscosity, cps. 
Conditions 

cream soup potage soup corn soup 

unsterilized 14.8 (3) 6.0 (3) 7.4 (3) 
55C., 5.1 minutes 14.5 (3) 6.2 (3) 7. () (3) 
SOC., 5.8 minutes 4.8 (3) 15.8 (3) 7.2 (3) 
45C, 6.3 minutes 5.0 (3) 15.9 (3) 7.0 (3) 
4OC., 7.0 minutes 17.9 (2) 18.8 (3) 8.8 (2) 
35C., 8.0 minutes 7.3 (2) 21.5 (2) 9.8 (2) 
3OC., 9.4 minutes 17.7 (2) 20.7 (2) 8.5 (2) 
25C., 8 minutes 20.2 ( ) 21.9 (2) O ( ) 
12O.C., 5.5 minutes 20.0 (1) 24.2 ( ) 0.4 ( ) 
15C. 32.0 minutes 24.0 24.0 ( ) 8.0 1. 

Notes: Parenthesized values indicate results of the sen 
sory test (3: good, 2: acceptable, 1: unacceptable). 
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EXAMPLE 6 

40 g of 3% potato starch solution was hot packed 
at 87°C. into a flanged vessel (having a maximum size 
of 150 mm and a depth of 10 mm) obtained by press 
molding a laminate sheet comprising an inner layer of 
unstretched polypropylene (having a thickness of 50 
pu), an intermediate aluminum foil layer (having a 
thickness of 120 u) and an outer layer of a baked coat 
ing of an epoxy-phenol resin (having a thickness of 3 
L.), the inner layer and intermediate layer being bonded 
to each other with use of an isocyanate type adhesive. 
immediately, a lid composed of the same laminate 
sheet as mentioned above was fitted on the container 
so that the inner polypropylene layer of the lid con 
fronted the inner polypropylene layer of the container, 
and the assembly was heat sealed. The coefficient of 
flatness of the so obtained sealed packaged article was 
below 0.07. 
The so obtained sealed packaged article was sub 

jected to the high-temperature short-time sterilization 
according to the method described in Example 3 so as 
to control the Fo value to about 3.5 at a Z value of 
18°F. The viscosity of the content was determined by 
means of Brookfield rotary viscometer (Vismeteron 
model VS-Al) at a shear rate of 1.478 sec', to evaluate 
the effects by the high-temperature short-time steriliza 
tion. Results are shown in Table 8. 

Sterilization Conditions 

unsterilized 
155.C., 0.4 minute 
l5OC., 0.5 minute 
145C., 0.5 minute 
40°C. 0.8 minute 
35°C. () minute 

13.O.C., .6 minutes 
2.3 minutes 

120°C, 5.6 minutes 
115°C. 16.3 minutes 

125°C. 

5 

() 
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stretched polyethylene terephthalate film with use of 
an isocyanate type adhesive, so that the inner polyes 
ter-ether layers confronted each other, and heat sealing 
three sides of the laminate structure while leaving the 
remaining one side open. Then, the container was de 
gasified and sealed under a pressure lower by 73 cmHg 
than the atmospheric pressure by means of a vacuum 
sealer. In each of the so obtained sealed packaged arti 
cles, the coefficient of flatness was below 0.05 (maxi 
mum thickness being below 6 mm). 
Each sealed packaged article was subjected to the 

high-temperature short-time sterilization according to 
the method described in Example 3 under such condi 
tions as giving the Fo value of from 3.3 to 3.5, and then 
it was cooled. With respect to each sterilized packaged 
article, the color (hue) was determined without open 
ing of the package by employing a Hunter type photo 
electric differential color meter (Color Machine of 
model CM-20 manufactured by Nippon Denshoku, Ja 
pan) to evaluate the effects by the high-temperature 
short-time sterilization. 
A white plate having an L value of 92. 2, on a value 

of -0.17 and a b value of 4.62 was employed as a stan 
dard color plate. Results are shown in Table 9, from 
which it is seen that a higher color retention effect can 
be attained by the high-temperature short-time steril 
ization process according to this invention than by the 
conventional sterilization process. 

Table 9 

Natural Color Retention it ln-Package High-Temperature 
Short-Time Sterilization of Green Vegetables 

(Green Bean, Spanish Paprika ind Stone Leek) 
Hue (a/b) 

Green Bean Spanish Paprika Stone Leek 

- 98.4 - 78.5 80.4 
- 98.() - 77. 80. 
- 95.5 - 74.0 - 78.2 
- 870 - 69.8 - 76.0 
- 80.5 - 65.5 - 75. 
- 76.6 - 58.4 - 66.0 
- 72.9 - 54.3 - 57.0 
- 521 - 46.5 - 52.4 
32.4 - 3.2 - 39.5 

- 21.3 - 34.6 - 36.7 

Table 8 

Viscosity Retention at High Temperature Short 
Time Sterilization (f 3%. Potato Starch Solution 

Sterilization Conditions Viscosity (cps) 

2 unsterilized 
55C, 2.9 minutes 
5(C., 3.1 minutes 
45C., 3.3 minutes 
4GC, 3.8 minutes 
35C., 4.1 minutes 
3OC., 5.2 minutes 
25C., 6.3 minutes 
2OC. ().0 minutes 
15C, 2.7 minutes 

EXAMPLE 7 

Green bean. Spanish paprika and stone leek were cut 
into suitable sizes and blanched in boiling water to de 
activate enzymes. Then, 45 g of each sample was 
packed, together with 25 g of 2% saline water, into a 
flexible container (having a size of 110 X 70 mm) 
formed by piling two transparent laminate films, each 
being prepared by bonding an inner layer (having a 
thickness of 50 L) of a polyester-ether composed 
mainly of polytetramethylene terephthalate and an 
outer layer (having a thickness of 12 pl.) of a biaxially 
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What we claim is: 
1. A process for the preparation of high-temperature 

short-time sterilized packaged articles which comprises 
the steps of providing a flexible container having a 
heat-sealable resin film at least on an area to be heat 
sealed of the inner surface thereof with the heat seal 
able resin being a crystalline thermoplastic resin having 
a softening or melting point of from 130 to 250° C., 
filling an article to be sterilized in the flexible con 
tainer, removing non-condensable gases present in in 
terior voids of the flexible container, hermetically seal 
ing the flexible container by application of heat in such 
a manner that the coefficient of flatness in the resulting 
sealed packaged article is maintained at a level not ex 
ceeding 0.25, said coefficient of flatness being defined 
by the following formula 

K, = - 

in which indicates a maximum thickness (cm) in 
the sealed packaged article, L designates a maxi 
mum distance (cm) across the surface of the con 
tainer, and KF stands for the coefficient of flatness, 

maintaining the sealed packaged article for to 8 min 
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utes in a heating medium of a temperature of 30° to 
160°C. to thereby sterilize the article packaged in the 
container, and cooling the so heat-treated packaged ar 
ticle under a pressure higher than the saturated vapor 
pressure corresponding to the sterilization tempera- 5 
ture. 

2. A process according to claim 1 wherein when said 
flexible container is supplied it is assured that said flexi 
ble container has two inner surfaces confronting each 
other and is composed of one or two flexible sheets 10 
with said container comprising a space for receiving the 
article to be sterilized between said two inner surfaces 
and an area to be heat sealed which is provided around 
the periphery of said space, and said inner surfaces hav 
ing at least on said area a film of a heat sealable resin 15 
having a softening or melting point of 130 to 250°C. 
3. A process according to claim 1 wherein when said 

flexible container is supplied it is assured that said flexi 
ble container is a bag-like container formed by piling 
two flexible laminate sheets with each sheet including 20 
an inner layer of a heat sealable resin having a thick 
ness of 5 to 200 u, an intermediate layer of a metal foil 
having a thickness of 5 to 100 pu and an outer layer of 
a heat resistant resin having a thickness of 2 to 100 ful, 
so that the heat sealable resin layers confront each 25 
other, and providing an area to be heat sealed around 
a space for receiving the article to be sterilized. 
4. A process according to claim 1 wherein when said 

flexible container is supplied it is assured that said flexi 
ble container is a bag-like container formed by piling 30 
two flexible laminate sheets with each sheet including 
an inner layer of a heat sealable resin having 5 to 100 
pu, an intermediate layer of a heat resistant resin having 
a thickness of 5 to 100 pu, a layer of a metal foil having 
a thickness of 2 to 100 p and an outer layer of a heat 35 
resistant resin having a thickness of 2 to 100 u, so thats 
the heat sealable resin layers confront each other, and 
providing an area to be heat sealed around the periph 
ery of a space for receiving the article to be sterilized. 

5. A process according to claim 1 wherein when said 40 
flexible container is supplied it is assured that said flexi 
ble container comprises a container proper which is 
formed by press forming a metal foil having a thickness 
of 25 to 150 u and has a space for receiving the article 
to be sterilized and a flange portion, and a lid com- 45 
posed of a metal foil or a laminate of a metal foil and 
a resin film, a layer of a heat sealable resin being 
formed between said lid and said flange portion of the 
container proper. 

6. A process according to claim 1 wherein it is as 
sured that the heat sealable resin is poly-cu 
aminodecanoic acid. 

7. A process according to claim 1 wherein it is as 
sured that the heat sealable resin is polypropylene. 

8. A process according to claim 1 wherein it is as 
sured that the heat sealable resin is poly-4-methylpen 
tene-l. 

9. A process according to claim 1 wherein it is as 
sured that the heat sealable resin is polytetramethylene 
terephthalate including a polyalkylene ether structure 
in the molecular chain. 

10. A process according to claim 1 wherein it is as 
sured that the heat resistant resin is biaxially stretched 
polyethylene terephthalate. 

11. A process according to claim 4 wherein it is as 
sured that the intermediate layer-constituting heat re 
sistant resin is biaxially stretched polycapramide. 
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12. A process according to claim 1 wherein removal 

of noncondensable gases is accomplished by reducing 
the pressure in the interior of the container to a level 
lower by at least 70 cmHg than the atmospheric pres 
Sure. 

13. A process according to claim 1 wherein removal 
of non-condensable gases is accomplished by substitut 
ing non-condensable gases present in the interior voids 
of the container by steam. 

14. A process according to claim 1 wherein removal 
of non-condensable gases is accomplished by applying 
a pressure from the outside to the article-filled flexible 
container to thereby change the shape of the container. 

15. A process according to claim 1 wherein the her 
metic sealing is accomplished by applying to the area 
to be heat sealed of the flexible container heat sealing 
temperature and pressure necessary for melt bonding 
the heat sealable resin film. 

16. A process according to claim wherein the coef 
ficient K of flatness of the sealed packaged article is 
maintained at a level not exceeding 0.15. 

17. A process according to claim 1 wherein the steril 
ization is accomplished by maintaining the sealed pack 
aged article in a heating medium of a temperature of 
130 to 160°C. for 1 to 8 minutes under a pressure of 
1.7 to 8 Kg/cm gauge. 
18. A process according to claim 1 wherein the heat 

ing medium is selected from saturated steam and a mix 
ture of saturated steam with 10 to 30% of compressed 
2. 

19. A process according to claim 1 wherein the heat 
ing medium is compressed hot water maintained at a 
pressure of 1.7 to 8 Kg/cm’ gauge and a temperature 
of 130 to 60°C. 
20. A process according to claim 1 wherein the 

sealed packaged article is maintained at a temperature 
of 85 to 98°C. prior to the heat sterilization. 
21. A process according to claim 1 wherein the heat 

sterilized sealed packaged article is cooled under a 
pressure higher by 0.1 to 1 Kg/cm than the saturated 
vapor pressure corresponding to the sterilization tem 
perature. 

22. A process according to claim 1 wherein the heat 
sterilized sealed packaged article is cooled by introduc 
ing it directly into cooling water from the heating me 
dium. 
23. A process for the preparation of high 

temperature short-time sterilized packaged articles 
which comprises the steps of providing a flexible con 
tainer having a heatsealable resin film at least on an 
area to be heat sealed of the inner surface thereof with 
said heat sealable resin being a crystalline thermoplas 
tic resin having a softening of melting point of from 
130 to 250C., filling an article to be sterilized in the 
flexible container, removing noncondensable gases 
present in interior voids of the flexible container, her 
metically sealing the flexible container by application 
of heat in such a manner that the coefficient of flatness 
in the resulting sealed packaged article is maintained at 
a level not exceeding 0.25, said coefficient of flatness 
being defined by the following formula 

K = 

in which l indicates a maximum thickness (cm) in the 
sealed packaged article, L designates a maximum 
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distance (cm) across the surface of the container, 
and K stands for the coefficient of flatness, 

charging the sealed packaged article into a sterilizer, 
raising a temperature of a heating medium in said steril 
izer to a sterilization temperature of 130 to 160°C. 
within 180 seconds, maintaining the sealed packaged 
article for 1 to 8 minutes in said heating medium of said 
sterilization temperature to thereby sterilize the article 
packaged in the container, and cooling the so heat 
treated packaged article under a pressure higher than 
the saturated vapor pressure corresponding to the ster 
ilization temperature. 
24. A process for the preparation of high 

temperature short-time sterilized packaged articles 
which comprises the steps of providing a flexible con 
tainer having a heat-sealable resin film at least on an 
area to be heat sealed of the inner surface thereof with 
said heat sealable resin being a crystalline thermoplas 
tic resin having a softening or melting point of from 
130 to 250°C., filling an article to be sterilized in the 
flexible container, removing non-condensable gases 
present in interior voids of the flexible container, her 
metically sealing the flexible container by application 
of heat in such a manner that the coefficient of flatness 
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28 
in the resulting sealed packaged article is maintained at 
a level not exceeding 0.25, said coefficient of flatness 
being defined by the following formula 

in which l indicates a maximum thickness (cm) in the 
sealed packaged article, L designates a maximum 
distance (cm) across the surface of the container, 
and K stands for the coefficient of flatness, charg 
ing the sealed packaged article into a sterilizer in 
which a heating medium of a temperature of from 
130 to 160°C. is present, maintaining the sealed 
packaged article for 1 to 8 minutes in said heating 
medium to thereby sterilize the article packaged in 
the container, and cooling the so heat-treated 
packaged article under a pressure higher than the 
saturated vapor pressure corresponding to the ster 
ilization temperature. 
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