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INFRA

D STERILIZATION OF GLASS PACKAGES FOR ASEPTIC PROCESSING

GORAN MOLIN

S : : : a1 0
Wedish Meat Research Centre, Kavlinge, Sweden

t equipment for continuous dry-h sterilization of glass containers was constructed and tested.
Jiners were heated along a conveyor belt by short-wave infra-red (IR) radiation to a temperature of about
. d were then cooled by sterile-filtered air to a femperature of 70-120"C. The input power of the heating
9ge was 36 kW : :

J A 6 kW.

Class | :

m:S? bottles with the vajume of 500 ml and the weight of 250 g and 360 g, respectively, were infected on the
ide with about 5 x 10" Bacillus subtilis var. niger spores per bottle, heat treated and tested for sterility.

he light bottles were found to be sterile after a heating time of 70 s followed by a cooling time of 290 s. The

favy pottles were sterilized after 80 s of heating and 340 s of cooling. The sterilizing capacity of the pilot plant
3S 490 light bottles or 430 heavy bottles per h.

T} . s ; i
C;e results indicate that the technical obstacles for continuous IR-sterilization of glass containers for aseptic pro-
Ssing can be controlled, and that the sterilization technique can be used for industrial in-line sterilization.

RECIPIENTS DE VERRE POUR TRAITEMENT ASEPTIQUE
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d'installation pilote pour la stérilisation continue par chauffage a sec de récipients de verre

int et soumis a des essais.

S récipients ont été chauffés sur bande transporteuse par radiations infrarouges (IR) a ondes courtes
2 e 250°C et ont ensuite été ramenés 3 'aide d'air stérilisé par filtrage a une
puissance d'entrée de la phase de chauffage était de 36 kW.

température _de quelqu
e de 70 a 120°C

e

ne contenance de 500 ml et d'un poids respectif de 250 g et 360 g ont été infectés a l'intérieur

3 > flacons d!
< de Bacillus subtilis var. niger par flacon et ont ensuite été traités a chaud
Bacililus subti’is g

5
ot :!Son d'environ 5 x 10/ spore
OUmis 3 des essais de stérilité.

S

QA &ta ‘ = - % G 25 \ L R T
r e_tf-‘ con té que les flacons légers étaient stériles apres un temps de chauffage de 70 s et un temps de
: dissement de 290 s et les flacons lourds aprés un temps de chauffage de 80 s et un temps de refroidisse-

capacité horaire de stérilisation de cette installation pilote atteignait 490 flacons légers et

il était possible de surmonter les obstacles techniques a la stérilisation IR continue
rait

de verre traitement aseptique et d'utiliser le procédé ici décrit pour une stérilisation

e en série.
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INFRAROTE STERILISIERUNG VON GLASBEHALTERN FUR ANTISEPTISCHE PROZESSE

GORAN MOLIN

Schwedisches Fleischforschungsinstitut, Kavlinge, Schweden

Eine Versuchsanlage zur kontinuierlichen Trockenwdrme-Sterilisierung von Glasbehdltern wurde hergestellt und
getestet.

Die Behéger wurden auf einem Férderband durch kurzwellige infrarote Strahlung (IR) auﬁﬁine Temperatur von
rund 250°C erhitzt und danach durch steril-gefilterte Luft auf eine Temperatur von 70-120 C abgekihlt. Die
Eingangsleistung der Erhitzungsstufe betrug 36 kW.

Clasflaschen mit_einem Volumen von 500 ml und einem Gewicht von 250 g bzw. 360 g wurden auf der Innenseité
mit rund 5 x 10° Bacillus subtilis var. niger Sporen pro Flasche erhitzt und auf Sterilitit getestet.

Man fand, dass die leichten Flaschen nach einer Erhitzungszeit von 70 s, gefolgt von einer Abkihlungszeit Vo
290 s steril waren. Die schweren Flaschen waren nach einer Erhitzungszeit von 80 s und einer Abkiihlungszeit
von 340 s sterilisiert. Die Sterilisierungskapazitit der Versuchsanlage betrug 490 leichte Flaschen oder 430
schwere Flaschen pro Stunde.

Die Ergebnisse lassen erkennen, dass die technischen Hindernisse einer kontinuierlichen IR-Sterilisierung fur
antiseptische Prozesse Uberwunden werden kénnen, und dass diese Sterilisierungstechnik fiir industrielle
Fliessband-Sterilisierung angewendet werden kann.

TEPHNE SAUMA UHDP AR AL T 1y Y CTLHJUTHHON 1Al AN ETTHHLLIRTT ULIEALU T
EPAH MYJIUH
BeacHHWIA MACHOM Hay4YHO-WMCCNEA0BATENLCHUM ueHTp, YesnuHre, lWseyun

Beina paspaboTaHa pHMMEHTaNbHaA yCTaHOBKa ANA HErNpepbiBHOM CyxoM TennosoW

cTepuHauMsayud AOnA

Tapa Ha HoHBEWM b Nacb HOPOTHOBONHOBBM MHOPAKPACHBM WU3NYyYEHWEM MpU TEM-
nepaType OHoAo C ] laMfanacks BO34YXOM, MPOCTEPHNM30BAHHLIM NOCPEACTBOM
dUAbTPaAUMK A0 [ ) C. BxogHas MOWHOCTL HarpeBaTeNbHOM CTyneHW cocTas-
nana 36 HKBT.

250 r v 360 r, COOTBETCTBEHHO, HHOHULUHUPO -~
subtilis wvnu cnopamd niger /Ha ogHy 6y~
H HCMLITLIBANWCE HA CTEPUNBHOCTb.

BaNUCb BHYTPH, MPHBAH
TeNHY/, nogsepran

CTernAHHLIE BYTHINHKK EMHOCTb} 500 Mmn u

beino o6HapymeHo,
B Te4yeHue 70 ceH
HLIE MOKasaTeNMu COoCTe

6yTHNOK fOCTWranace noche onepayuyd noAao
4eHue 290 ceH. [AnA TAH bIX OYyTHINOK 4
JTBETCTBEHHO. CTEpHMAM3yHWana NpoM3BOAMTENLHOCTE

yCTaHOBHW cocTasnana 490 nerHux OyTuAKM MM 430 TAweNsx BYTHNOK B 4ac.

& hpa”
f yAbTaTe MNoHa3s y Y T TRYAHOCTH npouecca HEenpepeBHOW CTEepUNW3auUM Wi
HPacHuMK ny4amu AHHOW T 2NTHYECHOM 06paboTHHU MOryT 6k CTpaHeHu, a Ta
HE noaATBepwaanT MHOCT 1MA OaHHOro meTofja CTEepUAH3auMlMd B MPOMbILAEHHOM

MNMOTOYHOM MPOM3BO
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INFRARED STERILIZATION OF GLASS PACKAGING FOR ASEPTIC PROCESSING
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INTRODUCTION

H'Qh‘lempev"ature~5hort—t1me (HTST) sterilization combined with aseptic filling is a technique which ‘has be

Ysed for some time for the processing of sterile milk (Bloomberg and Hessey, 1951, Meaklim 1964 and A & I
1974], The technique has also been used for sterilizating other liquids, such as fruit pie foIllng puddin QSJQH'”WB ;
€99 nog, custard and liquid coffee whitener (Brody, 1973a and Kent, 1976). Furthermore, the dévelopme?ﬁtl

?f 4 new heating technology has made it possible to apply the HTST-technique to the processing of heterogenous

%0d products. Mathematical models for evaluating the thermal effects of aseptically processing foods contgmin
Particulates are already available (Manson and Cullen, 1974). g

f\drawbdck of the HTST-aseptic filling technique is the difficulties in providing the filling line with sterilie containers

‘€. it is difficult to design continuous sterilization systems for the packaging material. -
[ l:eat sensitive packaging material such as paper-board-foil-plastic is usually sterilized by using hydrogen peroxide
Ombined with a weak heat treatment (Brody, 1973 b, Toledo et al., 1973 and Mann, 1975).

aT:e"ménl in-line sterilization of containers has principally been limited to metal cans (superheated steam) and
ISCO)‘dmg to Criswell (1975) no commercially proven and generally available system for processing glass containers
to be found. This is in spite of the fact that several systems for continuously sterilizating of glass bottles have
ueen suggested (Dearden and Warrington, 1966, Mann, 1966, Pavey, 1967 and N.N., 1968). Most of the'systems
Sed steam as the sterilizing agent

:ﬁat'”g with infra-red (IR) radiation has been indicated to be a suitable method for continuous sterilizating of
”dssware (Michel and Sjapilskij, 1974, Molin and Ostlund, 1975, 1976 and Molin and Molin, 1976). Molin and Molin
976) showed, for example, that 10 ml vials could be dry-heat sterilized in 30 s using hig-intensity short-wave

“radiation.

Th‘E aim of the present work has been to elucidate the technical possibilities of using short-wave IR-radiation
" the continuous dry-heat sterilization of glassware by developing a pilot-plant equipment and testing its

S I ~ ~ o ac -
terilization efficiency. Glass bottles of a volume of 500 ml were chosen as test objects.

MATERIAL AND METHODS

p
p !
'lm‘Dlam equipment for continuously sterilizating glass bottles was constructed according to our specifications
Nfrarédteknik AB, Vinersborg, Sweden). The equipment is shown in figures 1 and 2.
The - : ~for shor 2
Ih‘e, apparatus consisted of a heating stage and a cooling stage. The heating was performed by short-wave
o "adiation emitted by 34 Philips LP 360 IR-heaters (each with the input power of 1 kW) compactly arranged
alop 4 9 ) 2
ong a 0.7 m long tunnel. The bottles were radiated from the sides (by 2 x 12 kW), the top (6 kW) and
€ bottom (4 kW) standing in file (adjoining each other) on a conveyor belt (lattice of stainless steel).

The o £ )
th Cooling was performed by blowing sterile filtered air (temperature about 30 C) over the bott!e> The
o 0.6 x 1.9 m (air velocity; about 1 m/s) by a fan with an input power

Yas distributed over an area of

X

of 0. 8 ‘\’\,"\"_

Thet I len s al three m
Otal length of the line (heating and cooling stage) was about three m.

Te
Mperat, ; e
ature recording
stage, recorded by a pyrometer (Thermaiert®

Th:.
CL temperature of each bottle was, at the end of the heating
2200 GB 1 D/a recorder |N0é'md Messtechnik,

4
Ni 814, Raytek Inc., California) and registered by a Norma ™
). The temperature was measured in the centre of the bottleS side in an area of about 18 mm™.

Glas.

~=3S_material

exd'g bottles (infusion bottles) with a volume of 500 ml and a weight of 250 g and 360 g, were used in the
bey Iments. According to the manufacturer (PLM - AB Platmanufaktur, Malmoé, Sweden) the glass contained

HZO' 0.5 and 503, 032:

i) so., 72.% ALO,, 1.5 Fe,0, 0.09 MgO, 2.0; Ca0, 9.9; Na,0, 13.4;




Figure 1. Pilot-plant equipment for the continuous dry-heat sterilization of glass containers.

Figure 2. Diagram of the pilot-plant equipment.
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SEO!’e material

Ban; ' 3

$ subtilis var. niger ATCC 9372 spores were produced on a solid medium earlier described by Moli

iy vensson (1976)_: After 48 h of incubation at 37 C the spores were harvested, washed and st g i n°
anol (Molin and Ostlund, 1976). : T R ok

S{La?i bolEIes were inoculated with ;bout 5 x 107 spores per unit by distributing 0.4 ml of spore suspension
diStr|T3 xtn>d|de of each bottle. The diluent evapuvfated as the bottles were slowly rotated and the spores were left
e ute O\jer the sides and the bottom. The |nf¢cted bottles were stored in the laboratory for 2-5 d

ore heat treatment (temperature; 20-24°C, relative humidity; 35-55%). g

In order ;
er to define the - S § spores i
heat resistence of the spare material, spores were applied to %Iass plates (108 spore/sample)

a ’ : i
Dnd dry-heat inactivated in an open system (Molin and Ostlund, 1975) at 1500C, 160°C and 170°C The D D
170 and the z-values were calculated (Molin and Ostlund, 1976). : 150" 160’

Heat treatment

5

T d ;
he inoculated bottles were heat treated in the pilot-plant to tempeatures of ZOO—ZGOOC and then cooled to tempera-

t i :
Ures in the range of 100-150°C. The bottles were treated in series of 10-50 units at a time.

Testm sterilit

Heat tres '

treated bottles were filled with about 250 ml Tryptone-soya-broth (Oxoid) und inar :

2 = er laminar air fl i 5
Nd stored for 7 days at 3OAC before being examined for growth. et

RESULTS
i ; : :
82h($ B. subtilis var. niger spores used as an indicator organism were found to have a D -value; 370 s (240-
s), D 150 s (100-200 s) and D 60 s (50-80 s) when heat inactivated in a dry “and opén system
X ;

SR 1 : : \
'Qures W|§n|n parenthesis indicate the@g% confidence limits. The z-value was found to be 25°C.

B .
Stombeis inoculated with B. subtilis var. niger spores were heat treated in the pilot-plant and then tested for
€rility. See table 1.

| : :
Nfra-red heating of 500 ml bottles inoculated with 5 X 10 Bacillus Subtilis var. niger spores per unit.

T
YPe of bottles Heating Endpoint Cooling time Capacity Number of sterile units/
time (s) temp. °c) (min.) (units/h) /Number of tested units
e, g
Heavier 90 247 4.2 400 10/10
90 252 4.2 400 20/20
90 247 4.2 400 20/20
80 241 348 440 10/10
75 226 35 480 10/10
75 232 ge.5 480 10/10
75 23 3.5 480 20/20
70 217 3 500 5/10
60 199 2.9 570 0/10
L
‘Shter 80 254 3.6 460 10/10
80 252 3.6 460 20/20
80 257 3.6 460 19/20
80 254 3.6 460 19/20
70 247 32 500 8/10
65 234 3 530 10/10
60 220 2k 600 9/10
55 217 259 650 10/10
50 217 ZiD 650 20/20
55 219 S 650 20/20
50 209 2:3 710 0/10
Ce e
Ntro|X
ntro X 90 250 . 400 48/50
90 250 }. 2 400 49/50

HEw £ 0
dvier bottles sterilized in 160 C for 3 h before treatment.
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Bottles reaching the temperature of 220-230°C were found to be sterile. The time needed to sterilize the heavier
bottles was somewhat longer than that needed for the lighter bottles. Thus, the light bottles were sterilized

after a heating time of 55 s (cooling time; 2.5 min.) compared with a heating time of 75 s for the heavier bottles ‘
(cooling time; 3.5 min.). The sterilization capacity of the pilot-plant was about 650 of the lighter bottles per h

and 480 of the heavier bottles per h. ‘

The end-point temperatures shown in the table refer to the mean value of the whole series of treated bottles
The maximum deviation, from the mean value, was 9 .

No damage to the glass could be observed in any of the bottles heated to the sterilization temperatures (250 units) ‘
DISCUSSION

without breaking the glass. Furthermore, it was indicated_that this treatment was adequate in sterilizing the
bottles. Thus, when the bottles were infected with 5 x 10" B. subtilis spores per unit and heated to the critical
temperatures, totally 245 units out of 250 tested were found to be sterile (98%).

The appearence of unsterile units probably results from recontamination during cooling or during sterility
testln% of the bottles. This is supported by the fact that when 100 sterile bottles (sterilized in a hot air oven
at 160 C for 3 h) were treated in the pilot-plant, only 97% of the bottles were found to be sterile according
to the sterility testing.

|
It was shown in the present study that bottles can be heated by short-wave IR-radiation to 220-260°C for 60-90 S
|
|

The dry-heat resistance of the spores used as the indicator organism in the present study was determined |
in the temperature range of 150-170°C. According to earlier experiments (Molin and Ostlund, 1976 and Molin, |
1976), the z-value is constant over a wide temperature range in this type of heating system. The inactivation

data found in the present study may therefore be extrapolated to other inactivation temperatures with r‘easonab’el,
accuracy. Thus, for example, the D,os, D,,, #nd D, -value would be about 6 s, 0.6 s and 0.06 s, respective!
Consequently, the time needed to |nacfc’xvate PO sporés”at 220 C would be about 4 s (excluding the heating UP
and cooling down periods) which corresponds reasonably well with the sterilization results found for the bottlés
in the present investigation.

B. subtilis var. niger, which was the only test organism used in this study, is known to be a suitable indicato'
organism for dry-heat sterilization processes (Craven et al., 1968 and Costin and Grigo, 1974). Furthermoreé,

it has been shown earlier that (i) B. subtilis var. niger (ATCC 9372) was the most dry-heat resistant organlf-'“
out of 9 different Bacillus organisms tested (Molin, 1976) and that (ii) the sporulation medium used was the
most suitable for producting dry-heat resistant B. subtilis var. niger spores out of 20 different media (Molin
and Svensson, 1976). ¥

However, naturally occurring spores are generally considered to have higher heat resistance than those formed
on a laboratory medium (Bond et al., 1970, and Puleo et al., 1975). Bond et al. (1970) showed that the dry~
heat resistance, in terms of D -value, of spores collected from soil varied in the range of 11-38 min and
Puleo et al. (1975) showed that Spores collected from "Manned Spacecraft Operation Building" varied in the
range of 25-126 min. Nevertheless, the extrapolated L ., _.-value, of the present investigation, is about 60 min.
Thus, the dry-heat resistance of the spore material used 3eems to correspond fairly well to that of naturally oc
spore populations. Considering this, it is suggested that the sterilization cycles reported here are valid for
short-wave IR-heating in dry and open systems. Even so, more extensive tests are required before the system
can be used in practice.

cul""mg

The present investigation has confirmed earlier suggestions that short-wave IR-radiation is suitable for corwtlnuod ‘
heat sterilization of glassware (for example; Molin and Ostlund, 1975 and Molin and Ostlund, 1976). Compar®€
with cother tested principles for continuously heatina glass containers, i.e. heating with steam (Pavey, 1976, and
N.N., 1968) it seems that heating with short-wave IR-radiation has the advantage of being technically more simplé
and verifiable and is also cheaper from the investment point of view. Thus, the heating unit is small and compact
and provides simple installing arrangements making it easy to design heating lines for a wide range of different
applications with different demands on heating capacity.

No indications were found that IR-heating should cause any mechanical stresses within the glass and it was

indicated that the heating rate could be increased further without causing damage. However, the cooling of
the hot bottles must be carried out with care so as to avoid big temperature gradients that may cause the glas>
to break. In order to make the cooling more efficient it is suggested that the velocity of the cooling air is
successively increased along the tunnel or that the air temperature is relatively high at the beginning of the tun®
and then is decreased along the cooling stage. It ought to be noted that the cooling stage of the present apparatu®

nne!

was designed in a relatively primitive way and that the cooling efficiency may thus be considerably improved
; ~osults
In concluding it may be said that the presented pilot-plant is not a completed equipment but that the obtained resut”
proved that the principle of short-wave IR-heatir could be used for short-time sterilization of glass containers:
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