Met hod for Roasting and Surface-Pasteurization of Food
Products The device relates to a nethod for roasting
and for the surface pasteurization of pieces of food
products, in particular ol eagi nous seeds, such as
al nronds, hazel nuts, pecans, walnuts, as well as
peanuts, bran, cereals, coffee, cocoa and the |ike. By
nature, agricultural ical, and foods are | oaded with
harm ess and coter:tial.l.y pathogenic
m cro-organi snms. in nost cases, agricultural products
are processed fresh, or are nade durable wth the aid
of suitable technol ogical nmeans. Anong industrially
enpl oyed preservation nethods are counted, inter alia,
i lization or pasteurizati on by neans of_ heat
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treatnent raw al nonds tend to | ose the skin around the
two last-mentioned methods in particular can only be employed in a

limited manner, since the use of these methods is strictly
requlated by law.

In the past years, 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. 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, in the course of an intensive thermal or
mechanical treatment raw almonds tend to lose the skin around the
seed, which must also be considered to be a serious lack of
quality.

Moreover, the US authorities have made the requirement that

pasteurization can take place within the course of the customary
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seed, which nust also be considered to be a serious

| ack of quality. Moreover, the US authorities have
made the requirenent that pasteurization can take
place within the course of the customary further
processi ng steps, such as, for exanple, during

bl anching or roasting. Here, a sufficient

i nactivation nust be assured by the sum of these
process steps. Various devices and net hods have been
described for hot-air roasting of nuts and al nonds. A
conpilation of these nethods can be found in F inke
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An effective heat inactivation of micro-organisms is
customarily obtained in an atmosphere of increased water activity.

In contrast thereto, micro-organisms are only inactivated to a
limited extent by dry heating. Since roasting by means of hot air
constitutes a treatment in a dry atmosphere, an assured
inactivation of micro-organisms by hot-air roasting only takes
place after a very long treatment time, or respectively at high
temperatures.

Parameters which are required for achieving the
inactivation of the described surrogates for Salmonella SE PT 30
at an order of magnitude of 4 log-units, are described in the
"Guidelines for Validation of Dry Roast Processes" of the Almond
Board of California. The described product temperature, or

respectively time, combinations, which must be attained for a



i nactivation m.cl-o-organisns by hot-air roasting
only takes place after a very long treatnent tine, or
respectively at high tenperatures. Paraneters which
ar.- required for achieving the inactivation of the
described surrog tes for Salnonella SE _PT 30 at an
order of magnitude of 4 log-units, are described in
the "Quidelines for Validation of Dry Roast
Processes" of the. Alnond Board of California. The
descri bed product tenperature, or respectively tine
conbi nati ons, which nust be attained for a 1 m ninal
heat inactivation in the course of hot-air roasting,
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inactivation of vegetative micro-organisms.

On the other hand, methods for sterilizing pieces of food,
and in particular of almonds, have been described. A compilation
of the methods accepted for pasteurizing almonds is provided on
the website of the Almond Board of California

(www.almondsarein.com) .

Many described pasteurization methods deal with an isolated
treatment of the products in a humid atmosphere at temperatures in
the range between 60 and 100°C under normal pressure conditions.
The exclusive aim of these methods is to reduce the contamination
of the surfaces of the almonds by micro-organisms. Because of the
short process duration and because of the humid atmosphere, these
methods are not capable of forming a roasting stage. Neither is
drying of the products to < 2.5% achieved, nor are a typical
texture, roasting aromas and roast colors with these
pasteurization methods.

Thus, no method is described in the prior art which is



of the nethods accepted for pasteurizing alnonds is
provided on the website of the Al nond Board of
California (ww. al nondsarein. corn) Many descri bed
pasteuri zation nmethods deal with an isol ated
treatnment of the products in a hum d atnosphere at
tenperatures in the range between 60 and ".00C under
normal pressure conditions. The exclusive aim of
these nmethods is to reduce the contam nation of the
surfaces of the al nonds by m cro-organi sns. Because of
the short process duration and because of the humd
at npsphere, these nethods are not capable of form
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maintained a few degrees below the selected dewpoint temperature
of the atmosphere, that pasteurization is performed within 1 to 30
min, and that in the course of advancing or continued roasting the
condensation water on the surface of the food products is removed
and the water absorption of the latter is minimized.

With this, conditions are created for inactivating
vegetative germs under optimal conditions and in a short time.

The roasting process is subsequently continued and the products
are brought to the desired degree of roasting.

Pasteurization is optimized in that the treatment is
performed in a humid atmosphere, preferably at temperatures
between 50°C and 90°C, and that during the pasteurization phase
the temperature on the product surface is preferably selected to
lie 0°C to 8°C below the dewpoint temperature selected for the
atmosphere. Advantageous embodiments of the method in accordance
with the invention can be taken from the further dependent claims
4 to o.

The invention will now be explained in greater detail by



pasteuri zation phase the tenperature on the product
surface maintained a f.aw degrees ees bel ow t he
selected dewpoirt't 1:enperat: |;r of the atnosphere,
that pasteurization is performed within 1 t: ifl

:nial, and that in the course of advancing or
continued roasting the cond en :at:i.on water or. the
surface of the food products is renoved and the water
absorption of the latter is mnimzed. Wth thi ,,
cond.-it.Lons are created for inactivating vegetative
gernms under optimal. c::nd:loons and in a short tine.
The roasting process is subsequently continued and the
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materBbll®€to be roasted via a rotating tuyére connection 3. As
soon as the surface temperature of the material to be roasted has
reached a preset pasteurization temperature in the range between
50 and 99°C, the pasteurization phase is started.

During the pasteurization phase the volume of the air flow
through the roasting zone 1 is reduced to 0 - 20 Nm3/h/kg of the
product by a flap system 13, and steam injection into the hot air
is started via a valve 11 and a screen 12 at an order of magnitude
of 0.01 - 15.0 kg steam/h/kg of the food product. The amounts of
air and steam are of such a size that the dewpoint temperature of
the hot air mixed with steam lies approximately 0 to 8°C above the
surface temperature of the material to be roasted. Because of
this temperature difference, water condenses on the product
surface until the surface temperature equalizes the dewpoint
temperature of the moistened hot air. Because of the water
condensation, a water layer forms on the surface, in which optimal

conditions for the inactivation of the vegetative micro-organisms



tenperature of 105C, The net hod descri bed for exanple
performed in a hot-air roasting system NR as
represented in Fig. :1.. A product charge is prepared
in a preparation container and introduced into a
roasting zone 1. Then air i ; aspirated by neans of a
ventilator 4, is heated by neans of gas in a burner 5
and is centrally brought to the roasting zone 1. The
hot roasting air is introduced into the material to
be roasted via a rotating t_ayetre connection 3. As
soon as the surface tenperature of the material to be
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dried during the first stage of the roasting process (consisting

.

of two roasting phases). In the second roasting stage the desired
degree of roasting is then provided at a predetermined hot air
temperature. An example of the progression of a two-stage
roasting process, combined with a pasteurization phase, is
represented in Fig. 2.

In order to minimize undesired qualitative changes in the
food products it is necessary to reduce the absorption of water
during the pasteurization phase as much as possible. This can be
achieved if the product surface temperature is in agreement with
the dewpoint temperature intended on the basis of the selected air
and steam volume flow. From this then results the active phase of
the pasteurization phase required for the inactivation of the
micro-organisms. Examples of the pasteurization effect of the

pure pasteurization phase in connection with almonds as a function



mai ntained or 1. to 30 ran, along with a constant flow
of noist air and at .::constant hot air tenperature,
until the desired or intended nasteurizationfect. has
occurred. It nust be noted that, because of the
increase in the product tenperature by 8C, for

exanpl e, an increase of the water content of the food
product by ma:., 0.8 Gresults because of the
condensati on of water vapor on the surface based on an
approxi mate absorption of 0.7.'-% cater per. oU
Fol |l ow ng the pasteurizati on phases, the two-stage
roasting process, as described in Perrin et a
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In the course of a roasting process in hot air, the heat
inactivation method introduced here is suitable for decisively
reducing the microbial surface contamination of almonds,
oleaginous seeds, as well as other piece-sized food products of
medium or low water content, without the qualitative properties of
the roasted food products being altered. Thus, in accordance with
the stipulation of the US authorities it is therefore possible to
speak of pasteurization, since by means of the method a reduction
in the micro-flora, in particular salmonella SE TP 30, of 5 log-

units is dependably achieved.



the pasteurization phase required for the inactivation

of the mcro-organisns. Exanples of the

pasteuri zation effect of the pure pasteurization

phase in connection with alnonds as a function of the

l ength of treatnment and starting tenperature of the

pasteuri zati on phase are recited in Table |I. By neans

of the represented integration of a pasteurization

phase into the hot air roasting nethod it becones

possible to pasteurize the food products and to roast

them by neans of hot air in only one nethod step.

Mor eover, the achieved pasteurization effect is

i ndependent of the degree of roasting to be achieved.

inthis way it is easilyTgbssiBle to pasteurize

al nronds and ot her food products dependably and
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in the mcro-flora, in particular salnonella SE TP 30,
of 5 10g- units is dependably achieved. -7 Table I

Met hod paraneters for surface pasteurization of raw
al nronds inocul ated with Enterococcus faecium

NRPL- B2354 NR-roasting installation in the course of
roasting in a device with the tws- stage roasting
process. Roasting was term nated after the

pasteuri zation stage and the two phases of the first
roasting stage (phase 1: 170C air tenperature during
4 rain; phase 2: 133C air tenperature during 4 mn)
for detectlng the effect of the pasteurization stage.
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Al~li A~ ~i 3! . it~ 73F1AAli . T-: Ftt1~"ziill AFaii ?~El i zi
[

U~Fi ~i z! AAIi Fi Ac~i . i F' u~. %8~ f1. Fuit4s, h. ~1. 11| As~t z
i 31039023 3103 103 F1A-iiAF AA . APA .
rAJilii ::|AFlr.AAA FRZ xR 1AF: E1~1AF. F~ t 3, FsFi 73t : AA

Um@%@ﬂﬂe@&%& E1E1 |

i pr: 3 7 kAk AAK

3MearA QoAiritk AMAEAAZGl?21iuB 100ogsredu@tion | 2 j-1-;

3aft%lkffést@dﬁfzjd%A%AAAAvU| sAX' AAA. ic-kA Ac AlIFvt'i Fi

92 2 "8 2 35 3 311 t x<i 3r-:z< s

tre YB3 2~AFz<i i ~F>F~. |i X Fi : ?F. Fri . ~. FLF~73. aAFi 7i . n, AF

5 AAA(E ~hlsi A: 7, tl aL.i?t '",AA f kSZA~_A 3Mean
content of E. faecium 3 loa-rc!c:uct.ion 3 3after

3 past®urization 3 3reatfient. 3 3 A7 AA zAA~FF o~

ARARATISLAOAOABAA 1 AMAAAR ARR NI AN AASLCRU |

s AF1Ts uu3r t, Ti Ar-.A74, | . "1L9&~:AA'~ A A~ :
- 44%7,: A1p 21, AP A .9_-.2._5.5....o.-_.s.e.._n.z.A
AAARAAA AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ‘
3 0.3 + 0.80 & 7.8 )
3 0.15 + 0.37 3 8.1 3
3 0.05 + 0.22 3 8.6 3
= 2.5 + 4,24 3 6.9 3
3 1.45 + 2.03 3 7.2 3

! The pile temperature of the roasting installation NR represents
a mixing temperature, which is the result of the temperature on
the nut surface and the hot air temperature, as well as further

influencing factors.
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AAl. A ~s.4.b Aci A?SAI sA | Al ~73?S | ~73FsAl x7?.

~1. ~aA2i At ~F~Fi %~ ~ .Ayti Fs~"SFs'1ti " 0.3 0.80 7 8
Al7t AFs AA P. FsAP. A AAA~Sf|P AAF, P
AA7~: ~. ~?f ,s' ~I ~Fst,s'~t'?2. A, 1i AA; ?; AAAA% -1 0. 15

0.37387. 3 PA FilAAaAAFs,? 1A yA1 P vSPA LAA ~F
h7 A s? Fst 17 ?A~ 3 0.05 0.22 8.6 n A~ ~AA A A~
AA: sF ~a:-~ F ~aF~z’~a A ~~t. AA~-AAA~AAY%.ii~
Aa.~~n 59 i.54.24 Fi7ir{r, AA AAA AAi AAAA1 A-
A-A* t AAA Fit A=1 AAAlv.i 1AAA7. 3 1,45 .2,.03 3 7 el
UAAAI , AhA TUVUKAAAAAAL, i 73At 1 ?,.AA F AAAKAAK A~AAAF
Aii; The pile tenperature of the ro. st.i
installation NR represents a m ~:i.na tenperature,
BlblfM“ ch. s the result of the tenperature on the nut
SHF: g@@ and the hot air i:enperratur-e, as well as
further influencing factors Bi bl i ography Al nond
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Durchftj _h fahyenst, [Methad f or Rast |
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-11 R Perren, F. Escl-e -,1997, 1lnvestigatio;: on the
Hc.t i Air. Roasting of Nuts", The Manufacturing
Confectioner 77 (6), 123 - 1.27. Cainms 1. A nethod
for roasting and for the surface pasteurization of
food product pieces, in particular ol eagi nous seeds,
such as al nonds, hazel nuts, pecans, wal nuts, as well
as peanuts, bran, cereals, coffee, cocoa and the
i ke, characterized in that a treatnent a humd
at nosphere is perforned at a tenperature > 100C, that
pasteurization is perfornmed in a roasting system
during the roasting process, that. during the
pasteuri zation phase the tenperature on the product
surface is maintained a few degrees bel ow t he
sel ect ed dewpoint tenperature of the atnosphere, that
pasteurization is perfornmed within a to 30
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mn, and that in the course of advancing or continued
roasting the condensation water on, the surface of
the food products is renoved and the water absorption
of the latter is mnimzed. 2. The nmethod in
accordance with claim11, characterized in that the
treatnent is perfornmed in a humd at nosphere,
preferably at tenperatures between 50C and 99C 3. The
nmet hod in accordance with claim1lY characterized in
that in the pasteurization phase the tenperature of
the product surface is preferably selected tol..i.e
OC to 8C below the selected dewpoi nt tenperature of
the atnosphere. 4. The method in accordance with one

c1a1n9f claims 1. to 3, -13- characterized in that a
5?oduct charge prepared in a preparation container and

introduced into a roasting zone (1), that air is

aSH'fa%e%eQMod”?éPSrQQsélﬂgrﬁﬂéf%éH éﬁg’sdf%a%%ated in

a burner (5) by neans of gas and is centrally brought
pasteuy izRd 1Pgasti ﬁ@oéoﬁéo?“ﬁt aﬁhbeced%/ s]dbrparatslq%rs@rlfeaaénous
seedst, enpehatbuyr elnbntibe naterhatst odeirnasiahdias aseaehedas

peanutthe %@%&euEé%ggi?édégEPg%ﬁlg ?%6gmiq%§t%9rlzatlon

s Ini e i N accorddnce with
clmhﬁnﬁpteéhaﬁécLErth@ﬁ in that during the

past ewthzakheniRhasguhhe yehsumhofe tihe RidrdhRY at a
temperature > 100°C, that pasteurization is performed in a
roasting system during the roasting process, that during the
pasteurization phase the temperature on the product surface is
maintained a few degrees below the selected dewpoint temperature
of the atmosphere, that pasteurization is performed within 1 to 30
min, and that in the course of advancing or continued roasting the
condensation water on the surface of the food products is removed

and the water absorption of the latter is minimized.

2. The method in accordance with claim 1,
characterized in that
the treatment is performed in a humid atmosphere,

preferably at temperatures between 50°C and 99°C.

3. The method in accordance with claim 1,

characterized in that

in the pasteurization phase the temperature of the product
surface is preferably selected to lie 0°C to 8°C below the

selected dewpoint temperature of the atmosphere.

4. The method in accordance with one of claims 1 to 3,
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through the roasting zone (1) is reduced, that the
steaminjection into the hot air is started via a
valve (11) and a screen (12), and that the amounts of
air and steam are of such a size that the dewpoint
tenperature of the hot air mxed with steamlies
approximately 0 to 8C above the surface tenperature of
the mterial to be roasted. 6. The nethod in
accordance with clains 4 and 5, characterized in that
in the course of the pasteurization phase the product
surface tenperature is brought into agreenent with the

dewpoi nt etengﬁé§£U£ea£n the basis of the selected air
anyilé"‘tr@grih vor fFo 4
a product charge is prepared in a preparation container and

introduced into a roasting zone (1), that air is aspirated by
means of a ventilator (4), is heated in a burner (5) by means of
gas and is centrally brought to the roasting zone (1) and, as soon
as the surface temperature of the material to be roasted has
reached the pasteurization temperature, the pasteurization phase

is initiated.

5. The method in accordance with claim 4,

characterized in that

during the pasteurization phase the volume of the air flow
through the roasting zone (1) is reduced, that the steam injection
into the hot air is started via a valve (11) and a screen (12),
and that the amounts of air and steam are of such a size that the
dewpoint temperature of the hot air mixed with steam lies
approximately 0 to 8°C above the surface temperature of the

material to be roasted.

6. The method in accordance with claims 4 and 5,

characterized in that

in the course of the pasteurization phase the product
surface temperature is brought into agreement with the dewpoint
temperature on the basis of the selected air and steam volume
flow.
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