Met hod for the Surface-Pasteurization and

-Sterilization of Pieces of Food The invention

relates to a nethod for the surface pasteurization or

surface sterilization of pieces of food products, in

particul ar ol eagi nous seeds, such as al nonds,

hazel nuts, pecans, wal nuts, as well as peanuts, bran,

cereals, coffee, cocoa and the |like. By nature,

agricultural products and foods are | oaded with

harm ess and potentially pathogenic m cro--organi sns.

In nost cases, agricultural products are processed

fresh, or are made durable with the aid of suitable

technol ogi cal nmeans. Anong industrially enployed

preservation nethods are counted, inter aria,
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of Fddd adiation with ionizing rays, or also gassing with

| ethal ly- acting gases. The two | ast-nentioned nethods

in particular can only be enployed in a limted
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irradiation with ionizing rays, or also gassing with lethally-
acting gases. The two last-mentioned methods in particular can
only be employed in a limited manner, since the use of these
methods is strictly regulated by law.

Lately, several cases of contamination of raw almonds with
salmonella have been reported. For increasing the safety of
almond products, the U.S. authorities have ordered that, starting
in autumn of 2007, the entire almond harvest is to be pasteurized
or to be heat-treated to a sufficient degree. The pasteurization
of almonds and other oleaginous seeds makes special demands on the
methods to be used. The water content of the almonds is not
allowed to be increased to an appreciable degree by and during the
treatment, because both the storage capability and the integrity
of the almonds are harmed by this. Moreover, raw almonds tend to
lose the skin around the seed, which must be considered to be a
serious loss of quality.

For this reason a heat-deactivation method is being
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| ose. the skin around the seed, which nust be

considered to be a serious |loss of quality. For this

reason a heat-deactivation nethod is being presented

here, which suitable to considerably reduce the

m crobi al surface contam nation of al nonds, ol eagi nous

seeds and ot her pieces of food having a nediumor | ow

wat er content w thout changing the qualitative

properties of the products (water content, appearance,

aroma and taste, texture). In accordance wth the

regul ations of the U S. authorities, in the case of

raw alnords it is possibly to speak of a
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Above all, pasteurization or sterilization is problematic
in connection with pieces of products showing a low water activity
of less than 0.8 and which, in case of a heat treatment, cannot be
subjected to a greater water content. This applies in particular
to almonds, nuts and other oleaginous seeds, but also to spices
and other pieces of food products. The treatment of raw,
unblanched almonds in particular is difficult since, on the one
hand, changes in aroma and color progress rapidly in the course of
a heat treatment in an moist atmosphere and, on the other, a
release of the skin around the seed, such as is provoked by the
application of water, must be absolutely avoided. It is thus
possible to consider the pasteurization of raw almonds as an

example of a demanding material for pasteurization.



hand, changes in aroma and col or progress rapidly in
the course of a heat treatnent in an noi st atnosphere
and, on the other, a release of the skin around the
seed, such as is provoked by the application of
wat er, nust be absolutely avoided. It is thus
possi bl e to consider the pasteurization of raw al nonds
as an exanpl e of a demanding material for
pasteurization. --2- For exanple, nethods are enpl oyed
for the heat-deactivation of dry spices, in which the
spices are charged for a short tine wth saturated or
super saturated steamin a pressure chanber and the
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life of the products. On the other hand, the integrity of the
products is damaged, in particular because of the retention of a
large proportion of surface water and because of the occurring
mechanical forces in the course of the pressure relaxation. In
the case of raw almonds or other not blanched, in particular
oleaginous seeds, the skin comes off, which is detrimental to
quality.

The CFP Power Pasteurization System of the Ventilex Company
(West Chester, OH) is explained on the website

www.nutpasteurization.net and was especially developed for the

pasteurization of almonds. This method consists of a continually
conveying fluid chamber, into which the almonds are placed and are
treated under overpressure with superheated steam. Subsequently

the nuts are dried in a further, also continuously-conveying



the case of raw al nonds or other not blanched, in
particul ar ol eagi nous seeds, the skin cones off,
which is deternmental to quality. The CFP Power
Pasteuri zati on System of the Ventil ex Conpany (West
Chester, O} is explained on the website

WWW. nut pasteuri zation.riet and was especially
devel oped for the pasteurization of alnonds, This
met hod consists of a continually conveying -fluid
chanber, into which the al nonds are placed and are
treated under overpressure with superheated st eam
Subsequently . the nuts e dri ed further
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together with the effect of the heat, leads to the desired
deactivation of micro-organisms. This method, too, leads to a
large amount of water condensation, so that subsequently to the
pasteurization the water must be dried off by means of hot air.

As a result, the almond quality is greatly impaired by the large
absorption of water during heating with steam and pasteurization
in moist air, as well as subsequent drying.

Clark (2007) has described further modifications of steam-
treating methods. The Safesteril method of the ETIA company, F-
Compiégne (Antonini, 1993) is a continuous method for the
treatment of pieces of goods and powders with steam. Here, a
product flow is transported by means of a heated screw through a
closed chamber and is charged with steam in it. Since this

treatment takes place at normal pressure, steam is condensed out



deactivation of mcro-organisns. This nethod, too,
leads to a |arge anount of water condensation, that
subsequently to the pasteurization the water nust be
dried off by neans of hot. air. As a result, the

al nrond quality is greatly inpaired by the |arge
absorption of water during heating with steam and
pasteurization in noist air, well as subsequent
drying. Cark (2007) has described further

nodi fications of. steam- treating nethods. The
Sefesteril nethod of the ETTA conpany, E- Conpi egne
(Antonini, 1993) is a continuous nethod for the
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The method of Steam Lab Systems (CH-Bottmingen) (Blaha,
2003) represents a method derived from this. With this method the
product is subjected as described to a cycle of vacuum and steam
treatment. The introduction of water vapor following a vacuum
step takes place until atmospheric pressure has been reached. On
the basis of the varying pressure conditions it must be assumed
that water vapor condenses until normal pressure conditions have
been reached, which again leads to a relevant absorption of water.

In addition, the temperature conditions, such as prevail on the

surface in the course of the process, are insufficiently defined,
which is also detrimental to the safety of the process.

Thus, all pasteurization methods for almonds and other
pliece-sized goods known and described here have in common

B that the treatment is performed in a moist atmosphere

under normal or overpressure conditions or, respectively in the



vacuum and steamit i ; intended to assure that the
condensation reaches all pare openings and
depressions in the surface. The nethod of Steam Lab
Systens (CH Bottm ngen) (Blaha, 2003) represents a
method Wth - nethod derived fromthis. Whis nththe
product is subjected as described to a cycle of vac}um
and steam treatnent. The introduction of water vapor
foll ow ng a vacuum step takes place until atnospheric
pressure has been reached. On the basis of the
varying pressure conditions it nust be assuned that
wat er vapor condegsgs until_ normal pressure condltlgns
é o
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a relevant loss of quality and a considerable loss of authenticity
of the product results;

B that the pasteurization conditions can only be
insufficiently reproduced, since the surface temperature remains
constant only after reaching the equilibrium temperature (100°C
under normal conditions); the absence of constant pressure
conditions leads to inaccurately defined pasteurization conditions
on a product surface.

It is therefore the object of the invention to create a
method of the type mentioned at the outset with which the water
absorption and the qualitative changes of the food products are
minimized and the pasteurization or sterilization conditions are
optimized.

In accordance with the invention this is achieved in that

the food products are employed after having been pre-warmed,



content in the said anount is very detrinental to the

ouai .i.ty of the pasteurized product, since cooking
aromas are devel oped and the surface structures, such
as the skins of alnonds, for e. anple, iisi:Ytegx:afe

and are destroyed; O that, because of the |arge
absorption of water, hot air drying becones
necessary; in the course of drying in not air
degenerative changes LC'.i::l.er, Such as browning
reactions, fromwhich a relevant |loss of quality and
a considerable | oss of authenticity of the product
results; O that the pasteurization conditions car:
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The novel method consists of three steps:

1) preheating the food products,

2) pasteurization or sterilization in a pure steam
atmosphere, wherein the surface temperature corresponds to the
evaporation temperature at the system pressure set,

3) drying of the surface condensation water under vacuum.

So that all other pieces of food products, such as nuts,
oleaginous seeds, grains, spices and the like can be optimally
pasteurized or sterilized, the following basic rules should be
observed:

1. To reduce losses in quality, it is necessary to
optimally select and adjust the surface pasteurization or
sterilization temperature. By means of matching the system
pressure it is possible to set the evaporation temperature, and
thereby the condensation temperature, in a directed and

reproducible manner. The system pressure can be maintained



tenperature, preferably a few degrees bel ow the
saturated steam tenperature at the preset pressure,
that treatnment is perforned in a noist atnosphere
free of air, wherein pasteurization is perfornmed at
tenperatures between 55 and 99C ai:. |ow

pasteuri zation pressure, sterilization at tenperatures
between 100'C, and :i.40C at as higher steriiization
pressure, that the heat treaatnmenn is perfornmed in
the course of 1 to 30 rain, and that the condensation
water is renoved fromthe surface of the food

products by nmeans of subsequent vacuum dryi ng under
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the evaporation of surface water, so that the action of the heat
can be rapidly terminated.

The basic rules are followed by the characteristics
detailed in the dependent claims in that they are observed during
the three method steps.

1. Pre-warming

Pre-warming of the food products takes place preferably in
an apparatus in which the food products are rapidly warmed to the
intended temperature for preventing the premature removal of
water. For example, pre-warming can take place in a continuous
infrared drum by means of hot air or microwaves. The method also
does not exclude pre-warming by other energy transmission
possibilities. The pre-warming step is used for conditioning the
food products and at best makes a negligible contribution to the
deactivation of micro-organisms on the surface of the material.

The pre-warming temperature is selected to be such that during the
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tenperature=s of 7.00C to 1- .000. 2. Since the water
absorption and sub .e:quent drying definitely
contribute to the reduction of quality food.
products, an unrecessar-y or excessive absorption of
water is avoided. This is achieved in that the food
products are intentionally pre-warnmed by 0 to 3C
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place at temperatures between 50 and 140°C. Customarily only
pasteurization is achieved with treatments below 100°C, while
temperatures up to 144°C must be reached for sterilization
(complete deactivation even of thermostable endospores). In this
case the treatment temperature is determined by the steam pressure
prevailing or set in the system. With treatment temperatures
below 100°C, the system pressure becomes less, at treatment
temperatures above 100°C greater, than the atmospheric pressure.

System pressures below atmospheric pressure are realized in
that the pressure in the treatment chamber is reduced by means of
a vacuum pump. As soon as the set system pressure falls below the
set value, the steam supply valve opens and steam supply is
started. Steam supply takes place via a regulating valve, which
maintains the system pressure in the treatment chamber constant.
For example, the treatment of almonds takes place at an absolute
pressure of 0.1 to 0.95 bar, preferably at 0.2 to 0.8 bar.

After filling, the product temperature lies 0 to 8°C below

the evaporation temperature of the system. The temperature of the
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on the surface of the material, The pre-warm ng
tenpe_:ral:.i r.e is seel.ected to be such that during
t he subsequent steamtreatnent the evaporation
tenperature is 0 to 8C nigher than the pre-warm ng
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means of an exemplary embodiment. Shown are in:

Fig. 1, a device for the surface pasteurization of pieces
of food in accordance with the CCP method in accordance with the
invention, and

Fig. 2, survival curve and log-reduction of Enterococcus
faecium on almonds pasteurized in accordance with the CCP method
at 81.4°C (system pressure 0.5 bar).

The method here described is for example performed in a
device as represented in Fig. 1. The food product, which has been
pre-warmed to a predetermined temperature by means of a suitable
method is presented in a pre-container 1. By opening a flap 4,
the food product is filled into a pressure chamber 2. The
pressure chamber 2 is provided with a double shell, and by means

of steam the shell is maintained at a pre-selected temperature
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seat val ue- the steam supply val ve opens and steam
surTA-y Is started. Steam supply takes place v:L::t a.
regul ati ng val ve, which mintains the system pares
,izire. in the treatnment -chanber constant. For
e.anple, the treatnent of al nonds takes place at an
absolute pressure of 0.1 to 0.95 bar, preferably at
0.2 to 0.3 bar. After filling, the product tenperature
lies O to 3C below the evaporation tenperature of the
system The tenperature el~ the -9 rapidly rises to
the evaporation tenperature because of the

condensation of smali. anmnpbunts of water. Then water
corré%?&ﬂainglQgg%ﬁecggg§9%§do@oﬁ@%&ﬂ&ﬂ?ﬂﬁ%?ﬁ%%?o%% flﬁﬁ%d
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The \Aflmert tAancehefendeah iheregaﬁatmﬂnbytmaaHS%nﬁ suppbyliesor

valveS H.lﬂxt s%fcfn WQ | @h%@et}‘{?g%ﬂ%% i@%ﬂ@oﬁ%ﬂ&%n{b%rr lfrémat_d‘%

nmeans of urt ystem pressure
Con539§tbépﬂe€ﬁrﬁe§B°P63NFO Bag p{%ﬂ%%l%ﬂ%gkﬁ%ﬁﬁﬁurePepePﬁéng on
the saimaittdobredterepi ckedesipeberaaise Hflddeed tt@mn:attun:@ and a
functlgyal%z%kkogrgguﬁg Qheeg%g{%%f Q%{&on/éﬁgfﬁﬂ; &tlo%tqasts 1
to 30smemi.| i Aédtheoderpinduces @b ot m@mziartmo@a(memllzatlon

treatWRn’ tGankielk: vaTbg 6n¥§né16§b&miﬂdrgﬁ%kﬁ%é@@@ﬁ@ Ngdthe
|n reater det ai ans_of an exerrp ar

cont UG de L SRBWRO AV RETFoh bt 10 & Hede fofteRea further
2 to A freee pashamrdzgin@nleffxmfghﬁd ofThd aathtainer pressure is

again GG, %%ﬁc%o""'a’dﬂoEBﬁeringPSéQ&Pe 'kpy qr?eaq{sdaﬁ'c% \gregsiﬁ@g
equalization valve. A removal opening 5 is opened, and the food
product is taken out. If desired, the removal of the food product
can be aided by switching on a mixing spiral 3. Common process
parameters for almonds, nuts and oleaginous seeds are represented
in Table 1.

Under suitable circumstances, minimal water absorption
results with this method on the surface, which can amount to less
than 0.5%, depending on the selected pasteurization/sterilization
conditions. Nevertheless, in the course of the treatment a moist
atmosphere is formed around the food products. By means of this
it is possible to assure that the treatment takes place in a
sufficiently moist atmosphere close to a water activity of 1.0, so
that a sufficient deactivation of vegetative micro-organisms and
of endospores on the product surface takes place under suitable
conditions (Fig. 2). The inherent quality of the food products,

in particular in case of pasteurization, is maintained with this
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invent.:Lon, and Fig. 2 . , survival curve and

| og- reduction of Ent{:;roc:;cous faeciura on al nonds

steur:i.zed accordance with the CCF nethod at 81.4C

(systen1pressure 0.5 b:bar.') The method here

described for exa.r::pl.e perforned in a device as

represented in Fig. 1. The food :roduct., which has

been pre-warned to predeterm ned tenperature by neans

of a suitable nethod is presented in a pre-container

1. By opening a flap 4, food. product is filled into a

pressure chanber 2. The pressure c::hanber 2 i.s

rovided with a double shell, and b means of st eam

procasfe shNRT| 8 RaPAPAR Nl QPLY prit i Sedisticed, nor can a
1oosetrenmerozft the s&if ofoatespondveargpliae el sal epitethal parameters

fggfg |ons After the filled pressure container has

been ¢ osed in a pressure-tight manner, the ressure

i s Thed Beed ey LABARSN 0fNA BR Tk Fine 17 Medhcs t%ﬁée described
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. ﬁ@a NYtPagBFSERY’ VArvetin Bl s PRI 't '
ceregdrsasswrfdeien theocehasber rBmbé meetlowhsitsamlsanguitable for
tl:eat‘:i(?lrgr eIRQRAS 1 LAt herBEEseL, condid iQns.sanendifg +aBr wetting

Sel ected pressure, respectlvely sel ect.ed

and waérﬁa”e eRseretignddges et Leqd oro tdye (HEBrEduet, PPHEST

partipAstsauri zation/sterilization lasts I to 30 mn, At
the term nation of the pasteurization/steriIizavion
treatnment the steamvalve 6 is closed and the pressure
in the container is reduced to between 0.15 to 0.01
bar. After a further 2 to 20 mn, vacuumdrying is
finished. The container pressure is again matched to
at nospheric pressure by neans of a pressure
equal i zati on val ve. A renoval opening 5 is opened, and
t he food
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product is taken out. Ti: .desired, the renoval of the
food product can be aided by swtching on a m xing
spiral 3. Conmon process paraneters for al nonds, nuts
and ol eagi nous seeds are represented in Table 1.
Under suitable circunstances, m ninmal water absorption
results wth this nethod on the surface, which can
anount to less than 0.5% depending on the sel ected
pasteurization/steniiiZathOEl conditions.
Neverthel ess, in the course of the treatnent a noi st
at nosphere is forned around the food products. By
nmeans of this it is possible to assure that the
treatnment takes place in a sufficiently noist
atnosphere close to a water activity of 1.0, so that
Tableglsyfficient deactivation of vegetative
m cro- organlsns and of endospores on the product
rface La kes ac under sui tabl.e con
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Table 1 Process paraneters for the surface
pasteuri zation of raw al nonds inoculated with Enc.
erococcu: .: faeciur "I RRL-B2354. The initial
contam nation with E. faeciur:: was 2"10bCFU q.
UAAAAAAYD AAAAAAAAAAAAAYAAAAAMD AAAAAAYS hAI Q
MQA AAA\ ~L? PJ\ AAAA2AAAAAA "' Pre- -.~ Abs. Pas- '
Evap. Tenp.i: React.' Vacuum' Achieved 3 3wa_m 3
reuriz. 3 Condensat. 3 Tine Drying ' | og-reduct- 3
"'t'enp. 3 Pressure 3 TenperatUre3 _ 3 ion 3 3
?'~AFzi?.. .Fi<iAAFzl~.ia , 13: FaA 3 AFz7~.
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G. Arg@igl, 090lgrezs B-8%akels 205 RmBlarey 3179@33 dMstéod and
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[ - FV,
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pez, P. SaJ et, D. LaPl ace, '1 399 {, "Meth od and
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Ent kei mu. ng von Pr dukten" [Me hod for Steril i zi ng
Pr.odu 3Q0-Q3/ 1 1 08/ 2003 .+ J.
TP G 2G0T TP REI Lbr 0BRSS g ol Foder Fasq? Techreloay
61 Ol@ohﬁ(ﬂ-@@m 61 (049, 79-82. R M G anawar dena, Z.
Wencr, 2006, "Drv Food Pasteurization

R. M. Gunawardena, Z. Weng, 2006, "Dry Food Pasteurization
Apparatus and Method", US 2006 040029.
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with Saturated Steam], dissertation ETH No. 9203, Swiss Technical
University ETH, Zirich.

M. Kozempel, N. Goldberg and J.C. Craig, 2003, "The
Vacuum/Steam/Vacuum Process", Food Technology 57 (12), 30-33.
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Appar atus and Method", US 2006, 040029. M M Gvsel,
1990, "Die En Ir imung von pflanzlichen 'L'rockenpro-
dukten mt Sattdanpf" [Sterilization of vegetable Dry
Prod :cts wth Saturated St:aar':.], dissertation ETH
No, 9203, Sw,.,Lss T chni.cal. University Zurich. M
Kozenpel, Di. Goldberg and dT.C. Craig, 2 0" "The
Jacuurn/ Stea.;:t!Va.c;,:u.mProcess", Food Technol ogy
57 (12), 30-33. =-14 CIl ai ms |I. Anmethod for the
surface pasteurization or surface sterilization of
pi eces of food products, in par icular ol eagi nous
seeds, such as a_no_nd.s, hazel nuts, pecans, wal nuts,
as well as peanuts, bran, cereals, coffee, cocoa and
the |like, characterized in that the food prodtacl.S
cl1l aaF-em'eFaapI oyed. pre-warm:d., and the product
tenperature lies a feM/degrees bel ow t he evaporat ion
te er at u t he asterlzat n or. sterilizatio
BhBpar Rt pral Sl o Rk drina ot ons CFhage
sterigna@mGps s} seéeesedftﬁonepxmﬂuctSMam1Khﬂﬁsamaaatpéaaginous
seedste@ﬁ%ﬁaggrlegﬁggerﬁ@%&lﬁhé@“ﬂgﬁﬂﬁﬁﬁsv%@dﬁ@s t@% well as

saturated steam tenperature at the preset pressure,
peanutigat brepeaffeftlfs peffee metPiep & |Eﬁe éﬁﬁﬁ%phere
fre&aeécabtlzmheiﬁiﬂhapasteurl zatl . i.s perforned

att%%”@% 8t§r88u$€£“§98 e%ngke :%%énwaéqéﬁ and %%e Sroduct

tempetr@rtpurEr éues Raferedegbet neenl 00: e & VEAOT a4 iising lremperature

of th%t%%%Ebé@ﬁhQBlQﬁe§§SHf§rlIf%ﬁtl&ﬁ*§y§ﬂé%§'nﬂﬂét|%he re-
per f or med t he course of

Warml&@n&@ﬁ@ﬁF?BHrﬁai’Ertﬁ@ F%%v@&oqurcotrﬁ tlhse ijﬁ SRS
than fthed sapueducds bympeansuod, spibsEepeTity anﬁEmumm@myesgbelow

the s%@%%%t%ﬁrgggam temperature at the preset pressure, that
treatment is performed in a moist atmosphere free of air, wherein
pasteurization is performed at temperatures between 55 and 99°C at
low pasteurization pressure, or sterilization at temperatures
between 100°C and 140°C at a higher sterilization pressure, that
heat treatment is performed in the course of 1 to 30 min, and that
the condensation water is removed from the surface of the food
products by means of subsequent vacuum drying under further

reduced pressure.

2. The method in accordance with claim 1,

characterized in that

the product temperature is selected to lie 0°C to 8°C below
the evaporation temperature of the pasteurization or sterilization

system.

3. The method in accordance with claim 1,

-15-



reduced pressure. 2. The ra at"di:id in accoroanc;..
wth clairl 1, characterized in that the product
tenperature is selected to lie UCto 8C below the
evaporation tenperature of the pasteurization or
sterilization system 3. The nethod in accordance
wWth claiml, -:LSA characterized is that t[ e
tenperature difference between the pre-warm ng
tenperature of the food produces and the satural d S
eam "~ "enperature at a given pressure is preferably
Sel ected to be 000 to -16

characterized in that the temperature difference between
the pre-warming temperature of the food products and the saturated
steam temperature at a given pressure is preferably selected to be
0°C to 8°C.
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