
Method for Roasting and Surface-Pasteurization of Food
Products  The device relates to a method for roasting
and for the surface pasteurization of pieces of food
products, in particular  oleaginous seeds, such as
almonds, hazelnuts, pecans, walnuts, as  well as
peanuts, bran, cereals, coffee, cocoa and the like. By
nature, agricultural ical, and foods are loaded with
harmless and coter:tial.l.y pathogenic
micro-organisms. in most cases,  agricultural products
are processed fresh, or are made durable  with the aid
of suitable technological means. Among industrially
employed preservation methods are counted, inter alia,
sterilization or pasteurization by means of heat,
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. 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 at
the methods to be used. The water  content of the
almonds is not allowed to be increased to an
apprechabie 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 further
processing steps, such as, for example, during
blanching  or roasting. Here, a sufficient
inactivation must be assured by  the sum of these
process steps. Various devices and methods have been
described for hot-air  roasting of nuts and almonds. A
compilation of these methods can  be found in F'inke
(1965), Kleinert (1.966; , Gaupp (1978} , Bockelrean:n
(1987) or Perren (_995) The. roasting methods  have in
common that the nuts are charged with dry, hot at
!.250C to approximately 600C, because of which the
nuts: are heated  and are roasted within 8 to 60
minutes. Roasting is characterized by the formation of
a roasting stage. By roasting, the water  ont,_:r:t
:i. s; ::educed to less than 2.5" and the texture is
modified  to a crunchy-crackly and brittle texture.
Furtherrnor:e, a roast  color i s form=.:; :in the
::range between light brown. to dark brown,  and a
typical roasting :ram and a pleasant roasted taste are
created. 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 by dry heating. Since roasting by means of hot
air  constitutes a treatment '.n a dry atmosphere, an
assured  



inactivation m..cl-o-organisms by hot-air roasting
only takes  place after a very long treatment time, or
respectively at high  temperatures. Parameters which
ar.- required for achieving the  inactivation of the
described surrog tes 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  1 minimal
heat inactivation in the course of hot-air roasting,
are  so high that at these conditions high roasting
stages and  cor:respondi_ngiy dark roast colors are
exclusively formed. Thus,  only in the case of very
advanced roasting stage- it possible  to achieve an
inactivation of micro-organisms of an order of
magnitude of 4 log-units which, in accordance with the
stipulation  of one American authorities, does not
permit a classification as  "pasteurized". In the
two--stage roasting process of Perren et al. (19961,
the hot air is subjected to moisturizing, which leads
to an  increase in atmospheric humidity. The described
increase in  humidity in the first process stage to
approximately 10% here is  not sufficient for creating
an atmosphere which causes the assured  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. corn) Many described
pasteurization methods deal with an isolated
treatment of the products in a humid atmosphere at
temperatures in  the range between 60 and ".00C 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 cc:-.tors with these
pasteurization methods. Thus, no method is described
in the prior art which is  -3 capable to pasteurize
nuts, almonds, oleaginous seeds and other  goods in
piece form simultaneously or in the same Process in an
assured manner, and to roast them in hot air. It is
the object of. the invention to create a method of the
type described at the outset, wherein hot-air roasting
and pasteurization of food products are combined and
both methods are  united, In accordance. with the in.v
r i, n, this object is attained  that a treatment in a
humid atmosphere is performed at a  temperature >
_00C, that pasteurization is performed in a  roasting
system during the roasting process, that during the  



pasteurization phase the temperature on the product
surface  maintained a f.aw degrees ees below the
selected dewpoirt't 1:emperat: l;r of the atmosphere,
that pasteurization is performed within 1 t: ifl
:nia1, 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 removed  and the water
absorption of the latter is minimized. With thi ,,
cond.-it.Lons are created for inactivating  vegetative
germs under optimal. c::nd:loons and in a short time.
The roasting process is subsequently continued and the
products  are brought to the desired degree of
roast-A-11g. Pasteurization is optimized in that the
tr.e tment: is  performed in a humid atmosphere,
preferably at temperatur.'es  between 50C and 90C, and
that du.ri.r:g the pasteurization phase  the
temperature on the product surface is preferably
selected to  lie 0CC to 8C 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
c7.aims  4 to 6. The invention will now be eApi.ai.ne
d in greater detail by  -4 means of an exemplary
embodiment. Shown are in: Fig. 1, a hot-air roasting
installation NR, equipped with a  steam injection
device for the surface pasteurization during  roasting
of the material to be roasted, and Fig. 2, an example
of the time progression of the two-stage  roasting
process, interrupted by a pasteurization phase at a
pile  



temperature of 105C, The method described for example
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 means of a
ventilator 4, is  heated by means 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 temperature of the material to be
roasted has  reached a preset pasteurization
temperature in the range between. 50 and 99C, 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
P1m3/h/kg of the  product by a flat;; 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 .ct. air mixed with steam
lies approximately C to 8C above tile:  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 -5 exist. These optimal pasteurization
conditions are then  



maintained or 1. to 30 ran, along with a constant flow
of moist  air and at .::constant hot air temperature,
until the desired or  intended nasteurizationfect. has
occurred. It must be noted  that, because of the
increase in the product temperature by 8C, for
example, an increase of the water content of the food
product  by ma:., 0.8'G results because of the
condensation of water vapor on the surface based on an
approximate absorption of 0.7.'-%, cater per.  oU .
Following the pasteurization phases, the two-stage
roasting  process, as described in Perrin et al.
(1996) and in Perrin and  Esche_r. (1.997), is
continued. To this end, the introduction of  steam is
interrupted and the hot air volume floc; is increase:
again to the predetermined degree. In the course of
the  continuation of the roasting process, the food
products are still  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
w:_ stage  roasting process, combined with a
pasteurization phase, is  represented in Fig. 2. r:
order: to minimize undesired qualitative changes in
the  foci products it is necessary to reduce the
absorption of water  during the rite:[: ration 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 ,learn 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 of the
length of treatment and starting temperature of the
pasteurization phase are recited in Table I. By means
of the represented integration of a pasteurization
phase into the hot air roasting method it becomes
possible to  pasteurize the food products and to roast
them by means of hot air  in only one method step.
Moreover, the achieved pasteurization  effect is
independent of the degree of roasting to be achieved.
in this way it is easily possible to pasteurize
almonds and other  food products dependably and
reproducibly in the course of ho: air  roasting,
without it being necessary to reach a dark roast.
color  or a high degree of roasting. The
pasteurization method described here is also suitable
for a combined pasteurization and roasting treatment
of other  oleaginous seeds, such as hazelnuts, pecans,
walnuts, but also  peanuts, bran, cereals, coffee,
cocoa and the like. 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. -7 Table I
Method parameters for surface pasteurization of raw
almonds  inoculated with Enterococcus faecium
NRPL-B2354 NR-roasting  installation in the course of
roasting in a device with the two- stage roasting
process. Roasting was terminated after the
pasteurization stage and the two phases of the first
roasting  stage (phase 1: 170C air temperature during
4 rain; phase 2: 133C  air temperature during 4 min)
for detecting the effect of the  pasteurization stage.
The initial contamination with E. faeciur  (reference
organism) was 2`:1.0',.F(./g. ,_Ae~.b,..T Il......Il..
.. .. .~i%v~3..Ank~... ._..F  is-l'ai~7~.: 41:A?
~:F~.~ ~  3 Conditions during the Pasteurization Phase
U= FA ixAAPF Z<'17Q\? P '4P.P ~LnAAA
AAre.T~.b.TAAJ'T:?ie~7~ \AATk 1AAAPL `: ~e' T A 3
'Pi.lc Not air Hot air 'Steam 3Lenrth Pressure
3tempera- 3temp. 3volume 'output 'of time3  t owz
3st.ar.. of 3 > .. . _ ..  3pastereu- 3 'zat. phas+I'
3 ?A.A.1 vSAAAAi??,A ?iu Fa7.7aF:t 7 tilt l F 1A1A15
PA r.A` AA F :  Or 3 `g 3Nm3/h/ cg 31;.g/h/kgi min
mbar 



3 --aterial 3mater_i, 1. nF1.T:,~ai;i1A3`>sais F,A
F1Z3%SAl`u?.t? ?';'  3 105 3 90 3 2 3 12 - 2 1 -10 3
3 I3%1F~fu~f~.i?t1,41.P.~1.%1~.TiP,[`,1-`~.A
Ati1~.ELF,A_~F_~e;F T~ILT3i~F~saAP. ~ A AP.r A.~1P
fii"vL1 u.1:cA.t1A  3 105 3 91 3 2 3 12 5 -10
A1~IiA~.~i3!`:.it~i73F1AAIi.T-:Ftt1~`ziillAFaii?~Elizi
i
u~Fi~iz!AAIiFiAc~i.'iF'u~.%S~`f1.Fuit4s,h.~1.`1IiAs~tz
i  3 1O 3 90 2 3_ 3 10 3 _l0 3 F1A~iiAF;AA..AF>A..
rAJilii ::lAFlr.AAA FRZ`xR'1AF:E1~1AF.F~,t3,FsFi73t:AA
110 .4 s 2 12 5 3 10 . R, A A R 1 7 ~ , F : F 1 F 1 I
t T ~ ~ 1 1 L 3 ~ , F s k ' 1 c ~ F F i F 3 7 kAk AAk
A AAAAiUkAAA~AA2Uk?  3 100 as 2 12 ' 5 I  i-1-;
kk,Fi,Eii3fjAAAAAAAAvUl,Ax' AAA. ic-kA Ac AllFvt'i Fi
3 10 5 92 2 ^8'2 3 5 3 -11 :tx<i3r-:z<
Axtx73?~AFz<ii~F>F~.Iix:Fi:?F.Fri.~.F1F~73.aAFi7i.n,AF
SA.AFA_A~i? ?~ A. P.3~.~(;  _g_ T..k AA.A1.n.APJUAA
AAA Z ~hlsi A : 7, tl al.i? t ',AA: f kSZA~_A  3Mean
content of E. faecium 3 1oa-rc!c:uct.ion 3  3after
pasteurization 3 3treatment. 3 3  A7 AA zAA~FF .~ I
AATSI AAAAAAA A .AAAAA)AArvT~AM AAA 3 CFU iq 3
AF1TsFuu3r.t,TiAr-.A74,:.AAAAAAI. "1L%~~.AA;~.A A~,:
~'1I17,:A11P.?1,'ll~'.A"  0.45  0.89 7.7 A  



AA1.A_~s.4.b AciA?SAisA:lAi~73?S I~73FsAlx7?.'
_~1.~aA2iAt~F~Fi%~~I~.AytiFs~'SFs'1ti "  0.3  0.80 7 8
A17tAFs AA P. FsAP.A AAA~SfiP.AAF,P
4A7~:~.~?f,s'~I~Fst,s'~t'?.A ,1iAA;?;AAAA%i-1  0.15
0.37 3 8.7. 3  P A Fi1AAaAAFs,? 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.A A"~A A A.~.A A.%~.ii~
A.a.~.~ n  5.9  i.5 4.24 Fi7ir{r,AA AAA AAiAAAA1 A-
A-A* tAAA Fit A=1 AAA1v.i1AAA7.  3 1,45 .2,.03 3 7 e1
uAAAI,AhA TUVUkAAAAAA1,i73At 1 ?,.AA F AAAkAAk A~AAAF
A ii; The pile temperature of the ro. st.i.n
installation NR represents  a mi~:i.na temperature,
which _s the result of the temperature on  the nut
surface and the hot air i:emperratur-e, as well as
further  influencing factors. Bibliography  Almond
Board of California, 2007, "Guidelines for Validation
of  Dry Roast Processes", Modesto, CA. H. Bockelmann,
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der Kakaoerzeugn.7.sse" [Manual of Cocoa  Products],
Springer, publishers, Berlin Gaupp, 1978, "Von
helisten his zum dunkelsten Braun" [From the  
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(8, 22-29 J. Kleinert, 1966, "E.nigAspekte ~:: der
Kakaob..o 2r_errist;.zng" Some Aspects of Cocoa Bean
Roasting], Gordian 66, 3 17 R. Perren, 1995,
"Untersuchungen Uber das Rasten von VaseinUs:sen"
[Research Regarding the Roasting of Hazelnuts],
Dissertation E__:  No. 11390, Swiss Technical
University ETH, ZOrich R. Per.ren-Egli, T. Kerne, D.
S:n.dmeie:r, K. Mayer-Potschak, 1996,  "Verfahren zum
'.Osten von 61sam.en and Vorrichtung zum.
Durchfti_hren  dieses Verfahrens" [Method for Roasting
Oleaginous Seeds and  Device for Executing this
Method], European Patent Application EP  0 129 705 A2
-11 R. Perren, F. Esc1-e_-,1997, 1nvestigatio;: on the
Hc.t iAir. Roasting  of Nuts", The Manufacturing
Confectioner 77 (6), 123 - 1.27. Claims 1. A method
for roasting and for the surface  pasteurization of
food product pieces, in particular oleaginous  seeds,
such as almonds, hazelnuts, pecans, walnuts, as well
as  peanuts, bran, cereals, coffee, cocoa and the
like, characterized in that a treatment a humid
atmosphere is performed at a  temperature > 100C, 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 a 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 50C and 99C 3. The
method in accordance with claim 1Y  characterized in
that in the pasteurization phase the temperature of
the product  surface is preferably selected to l..i.e
0C to 8C below the  selected dewpoint temperature of
the atmosphere. 4. The method in accordance with one
of claims 1. to 3,  -13- characterized in that a
product charge 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 8C 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. 4 


