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Al}ﬁtmct

: _'Ag;g:»i m;c:e preg:ared from . Amwca app%e pmee was: ﬁ;reated w;ﬁh 2 HP{X} batch Systen. ”{he
phd, “Brix, ca%t:sr ‘pRrAmMEters amf mmroi}ﬁai load of tha xreazed agpi s inice were compared wizh
L thioze of therm&iiy pmces;aé wice. Thermal | pmcesses were camed out 3135, 50,65, 85°C ahd
Cirkatment thmes ranging betwceﬂ 0 ard 140 minutes. Microbisl maa:éwatfcn z(iﬁiif; ics . indicated
ﬁ‘mt Betog . radzzsfmn “of mitura% ﬂom i appia fuice was achieved 8t 8550, and 40 minutes. of
' treatment time. for conventional thermal process :mci at 16,0 MPa, 66°C and 40 minutes for
CHPCD progass, &Wu&s sipzestad mai temyﬁramze played a fumé&mehm rofe o HPCD
‘reatient o ictenty, with inactivarion $sgﬂ ficantly Bhtianced when it incraased Fom 3566 60°C."
i_ess s;gmfcam was the role of the pressure at the tested levals of 70, 13.0 and 160 MPa. Ao,
%f::»g rec%ucmm of namrai fiora in apple fuice WS szamezﬁ at lower zemperawres i}y wyglic
" trestraancs of s ccmpz’essmn ar;r.% decom;smﬁwﬁ steps. “There WETE 116 s;gmﬁmm {,fgfferemaﬂi. '
“between treated . ant uﬁmaateaé samples in 2Bk (o = 6.05). S iiffcant differences were
: detectad e p§~§ values bevween the angs aatezi and HPCD: arested samgies o= U_ﬁi} "ﬁ*em Svas-
=y aigmf;ca“zt éearea&e dac U and b valuss a’n:i 8o d;?fs:rﬁ: cos were detected i ;z" \iaiuﬂa
- betwgan the: w%::atee:{ andd ??g{r HPCD) treared. sas*’; fes {{x . i’}:ﬁ, Smmstacav amﬁystz for “Brix,
o amﬁ cai@w dara maweaﬁ 1] ézﬁe:emeg between thi wrtrastad and HPOD mreatad sginplas i
the first I weeks of storage a1 4°C, These results em;}ha&m the ‘potential. use of HPCD in
' ;mfz.ss;nrs&? applications, '

'§§§f§‘0d‘u£&0n B ' pulsed elecitic fields (PEFR), new packag ging systems
The consumer demands for safe and minimally pro-  such as mpdified atmosphere packaging - {MAP]. ; and.
ed fopd with Bigh gquality atteibutes have encouraged  active packaging, nawral antimicrobial &maawids arud-
‘the - food: 1z§{§mm to fnd innovative piocesses. Fre-  hios -preservation [1], Currently ther @ grow ;gg:z terest
quently i vestigated non-thermal microblal inactivation In high ‘pressire carbon didx e (HIPCDY as an alier
o dechn sgics.are Biph  hydrostatic pressure {HEPY, - pative processing. method. and, Sitiéifb usng Hs

Pape 1018
(page mumbear not for citation purposes)






Journal of Biological Engineering 2008, 3.3

combination with mild temperatures for pa%eurzzmcm
of liduid food have been performed. This method §

atiracting berest in the food indusiry becanse m}aroﬁml
inactivation is achieved, and ne waste, or aroma changes
are perceived and vitamin guallty Is maintained

Many guthors have reported experimental evidence of
the effects of HPCH on different substrates and differens
mcrooiganisms comemonly present in foods, both in
treir vegetative and spore forms {2-5). Recently several
experimental works and reviews [6, 7] have heen
pitblished regarding the effect of CQ, under pressure
and itz mechanisms of inactivation on vegetative
mitroorganisis, spores and enzyries. Also a sty
ahout the influence of conipression and denom;}r@ss;cm
rate {besides temperature, pressure, exposure time, water
content and initial pH} on the physiology of Absidia
coerula and Saccharomyces cerevisine has been performed

_ ?337 im £t al, {Z{Hh) sl

o K;.mai-ﬂ' al '-_{ ?{}03} 18] trewied orange }mce with HPCD
~showing a 5-log reduction in microbial load while
‘maintaining the chemical and sensory qualities of ﬂw
untreated product; Litle differences were detected, in -
Brm, pH and color, ‘while tiratable acidity increased
gt é}- for. the treated samnles «:{:ﬁnpared with the
o 1:}31@.&‘& ‘Sgﬁgmiew& ard Manican {20063 |10} applied
| HPCD: treatment to an apple juice, ac%uwmg total
microbial: zz’;aa{wanem at ii} 4 M¥a, 36°0 5 mb sample
*«mkme and with 1 minuie of treatment mnf_ i a -

- baich pr}aran 5. Further experiments were performed on

4
by the action of pa;@griie il oxidages, The tovestigations

mhi} a;p%e juice to.avoid enzymatic. browning caused

'x%aowed thiat e treatrnent had i fican efferis, and the
;}olyghgﬁoi cx;éases had more thm 0% activity reduc
Hon &t 30 MPa- and. 55°C for 60 minutes. The color
analysis, pfar{om*eé fm the cloudy -apple juice,: showed a

" decrease of Hghiness, a minor increase r)f z@ém#% éﬁ;{ﬁ Fetes
f?:;a?}ges m ¥ '

Hewness i12],

_‘%mé s ﬁwze Mm carried oant 0 show the effect of the
detompression vate o micioblal cell viability, Fraser
{’E‘};’H} 112] was among fhe first 1o demonsts rate
disruprion of bacterial cells by the rap*d release ‘of gas
pressure with. ﬁ}a: alm of mimimg cell conents. More
recently, T et gl {?{.}03} 181 concluded thiat ihe vis Bithiy
amﬁ i'm)éogmai é("ﬁi"viw o ‘s a:efwm;ze am:% aism sf @pﬂfes

_ pfﬁ&@}a_m {@‘iﬁ? MPa 35}“ ?, Eé} a;‘vé ?ﬁ
iﬁtﬂt?&&“’b} His evidence wzfé cearly showhn for the A
Loerite spares which possessed a thicker outer laver as
dernongirated be sznfzgu carried from electron Fredern-
m&pv iomote et al. {1997) {13] | expiised B cerevivige
vized OO, (4.0 Mi’a? 4050, 240 minutes)
pressed {0 atmospheric pressure using

’3 ?i‘ B i}z.

decompression oycle experime
tion wire studied o

A {}; undir pressure; The vessel |
FRY sl Bergamo, italy)-had 100 ml 0;1" welur

hitp:/ e Jhioteng.orglcontent/3/1/3

two different decompression rates, Their results showed
that 2 rapid or muldple decompressions would not
atways lead 10 an increased inactivation, suggesting that
the micobial cells might not be ruptured mainly by an
explosive decompression. In conclusion, 1t sebms that
under cerialn westment conditions, cell piure is

i PN Y
;‘:«GSK‘; H f;} PP

rost commercialization efforts have been fom Pravair
tne, (B Ridge, 1L, VIS Based on the technology
licensed from the University of Rlorida [14, I, Prazair
developed a continuous system which uses HPCI as a
non-thermal aliemative process o thermal pasteuriza-
ton [16] This system has been commerdalized under
the Trade Mark "Better Than Fresh (BYFY. Praxair has
cm‘mmcted four mobile BTF units for processing about

5 liter per minute of juice for demonstration PUTOSES.
}ﬁ addition, a commercial scale unit of 130 Buer per
minute was also constructed [16] and tested a8 an orange

Juice processing plant in Florida, The excellent: ‘taste of
tHe fuiice procesied wih this new zfea%‘;smiuw Was
_demeﬂstmteé in three independent. sensory panels that
compared fice meated u:%z this system 10 that of fresh
squeezed juice. In all the tests no. diéffrefm could be

di‘iﬂﬁ&&i

T he purpose of z?m &tuciy was o snwsng%te zﬁf;e ﬁ*ii;ﬁ of

the HPCD treatments on the microbial inactivation and
the ¢} ranges in color, ¢ Brix and plf of the ‘Annurea’ apple

-fuice, These parameters were compared with that of the
thermaily treated and unireated tuices. Pressire, fen-

perature and thme were the process variables tested in the
HPCE baeh. Apparats, ﬁisﬁ ﬁ‘? cts of Jompression and
ents on microbial inactiva-

Materials and methads
“THigh Pregsure O ﬁﬁagmmtm o

The, mgerm&maﬁ apparatus was 2 bach reacter { ?ﬁ”’me
allowed the treatinent of iu_;,z id and splid !g,m% wzm
v Stirred - Reacior,
Tig, wéziz &
miasfmun ﬁptmimg pressyre of 204 MPa A four.
Bladed impelier magnetically coupled 1o a DO IROLOF
{model No. ALTZ0HT6) allowed adjusiable mixing
speed, azgé 8 ;m&d g%?em"mmzprg {Tope I+ for.
temperature easurement. The vessel head could be
removed w0 clean the sysiem and to a;s‘smdme izq_*s;ﬁ
sariples for batch experivents, 1t was eqidpped with
calibrated rupture disc for emergency pressure relief, “.fhe
sfesséﬂ botiom was fitted in 2 cheelar é:ieum: heater
connected 1o an ﬁ 4840 Series PID Tem peranre Cone
woller, calibrated 1w rapidly bring the system to the
desired temperature with a mintmum overshoor and

Pags 2 of &
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Figure |

The experimental apparatus: A, vessel with external

heater; C, Temperature and magnetic stirver PID

camtmﬁes‘, T, thermorouple; 5, magﬁ@téc stirrer: L,

tiquid separator. Pog,, carbon dioxide panp; 5C, cooler

tysaem with Peltier effect; Tooy. carbon dioxide tenle
intet globe valve; Vo, outler giohe valve.

'.corﬁma{}m regulation, A pm’&sar@ gauge, titted on the
Creactor head,’ é;sg}l:zwé the pressure jnside the svstem, .

"E”be Efc;me:? <O, i WaS pmnpeﬁ by a V(}iume dmp]acemem
pump {fasco, model Pi- 1580} in which the fluid flow

could be contolled either for consfant volume o7 for
Comstant pressure; zhrzmghpm up 1o A maxiyum output
“pressuze of 30,0 MPa. The liquid €O, {99.99% pritity,
JBOL SpA Htalyd was pum;md intw the reactor ti‘a:oug?r an
s a{*f valve that was kept closed afier gmmp;rw forthe

time "equzreﬁ for the experiments. The time veguired for
surization of the reactor and for the ‘heating was_
“about 5 minutes, The {%eme%zmxam}za step ‘ooourred by

the p

“manually opening the on ~ 6ffva Iz om the wessel outier
Hne During this step the e temperatuse decreased. o ﬁbdﬁz
3z C inside the' systermn. The sample, loaded in‘the reactor,

© o igeas collected after the depressurization of the system. In

all. me 1
w;}s ,;sed

; tha SaIme sm*mg apeed { appmx._gsf’s tprm )

_"'.f-‘ifsgxfﬁ ;m &
AT pff‘s?{z %f i wh%{:?ﬁ is comm nonly ol i;mﬂ o in
- Southern faly, 38 known for s firmness, 1t 4s ahy old
: & cultivare omEmwnly grewn inthe Camipaniz reglon.
I acchunng fcs'; A im v gkraﬁimtié{m'zmé 3
' 4% gf *zaim*’m? apple produttion §i;§

; Afier hameﬂ ﬁppim "Vv&ffe E}ﬁ{i ang mam;cﬂ 4 s'ifeié 10
“nrrenselihe surfare heid g impreve lie absorhance. {:v?
citric and ascorbic acid in the following steps. The shic
'Wé*a“«z'émm_giiazd} tmrnersed i s{ﬁmmn of a.@mr%;e:
and otric acids, {both 0.2% w;’w} o stow down the
browning process, T he ei:wc, wete tien gfmgee&u% ity B
crusher,
softened sli
?af: A1ETS. ’F.z.;

& were torn easily by the action of rotating
(the produc was mechanicatly reduced @0

. -to. the desired- tempeIAie
gdfim&z {}f iﬁ;@ 24

: -Wer:f &&T’”ﬁt“d mu @ 35 3@ C{?, and é"} (, for

angd ?Xi,mse:i tooa dzm:i steam infection. The

hilpiwww jhicteng orgfoontent/3i1/3

puiree, cooled with ice and filled in bonles. The bottles
were stored a1 + 4°C before further treatments. The juice
wig obtained by misng the puree with frovtose snd
WRIET 10 (Oirect the a cadz< fasie. ’Ehe fmal composition of
thedulce was S0 gofapple pireeand 7.5 5'g of fruciose in
50 g of water. The untreated juice was frozen immedi-
ately after produciion o preserve its osiginal fraiity
characieristics and thaw

e throughout the experiments
a5 -3 baschine; treated juice was thawed and exposed 1o
vamom HPCD weatmemts and storage conditons; and

t fh{jTQu 3‘3 V?»ﬁ."d *U%ﬁf" Was L'I{’ iihl?&a/éau ‘?.EECC
Lx;msed 1o @ thermal rearment,

Growth media

To detect the total aerobic bacterial growth of the natural
appie juice, a non - selective culture media PCA wlate
count agar {composition: pancreatic digest of casein
5.0 g/l veast extract 2.5 g/L, dextrose 1.0 /L, agar
T5:0g/L) was used. The initial micmfnai count of the.

ardergorganisms in the ag}g}ié ;mze obtained from the
puree was in the yange 107 - 1p° colony f{}i;mng unit per
“mb {cfu;mi} The final count of the miCrooIganisms,

grown on’ PCA agar sfant on Petri dishes; ioolk into
account the multiplicative factors depending 6n . the
inoculation volume and dilution. The final concentra-

Ction wak. obtained by the arithmetic mean of {i}f&tmm :
‘counts on. the same sample, Fach mpsnmem was. Tun
thiek times. md the arithonetic mean was rap;mi,d as the

finalresult. -For each test the survival fraction § = N/N,

'was de{ummed where M, w&s the ;mmhq of micro-

rganisms inftially contained in the mm;:dé: {control
samz}ée} and ‘N was the mrmmmdnw Lum%:f:f afrer !‘*{:
treatments, From. the sumvival. f’i'in{iéjﬂ, ih

inactivation Log(8) was evaluated.

Thermal inoctivation S
%pf:s}ﬂ nice {50 mi) was pla cai i the vessel and heated
and - time withoue the
_z'preasma i{; >mmme the effec
1ty
?G' 20,30,
The nmmg e wag

40, 60,88 amﬁi g?ij mmuws

'-remrc%eé after the ;mw wtheé the desived températaies.

The ‘time r{zqwred for the system 1o reach the sef
temnperature was about 5 minutes. Afier the treaiment,

1%1&* mmpie@ were. s ﬁem d m EG(} m i/ sterile honles,

anet then

ara iwcd

High pressure corbon dipxide inncrivation

z,xpg";;mems WRTE, fcamed out with HPC B oat the same
temperatures used for the thermal réatments. Temupéra-
wirky-higher than 60°C were nd considered hecause at
these’ iﬁiﬂ;’,}(’ﬂihjﬁ?& the advamiages of using the mild

- Page 3of g
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conditions of HPCE were lost. For each experiment,
50 mb of apple juice was placed in the vessel, heated to
the experimental temperature and then pressurized by
€02 The increase in the temperature in the vessel was
about 2~ 3% during pressure build-up and returned 4o
the e**x:g}mim%:ma} iew‘ when the pressure reached the
perimenial level, The samiple was held 21 copstan
temperaiure and p{g,smre during the mestment time, At
the end, the vessel was slowly x.,,eprtssu;md CAUSING &
decrease in tempersture of about 4 - 5°C. After the
tresiment, the sample was removed, placed in }f}{} ml
sterile boule, cocled in an ice bath for abowt 10 minutes
arct then anglyzed,

Compression and decompression treatment

To beter understand the effect of compression and
decompression cycles on the inactivation of mTCOIgan-
isms, 50'mL samples were placed in the vessel, heated to
35°C ‘and then pressurized by CO, 1o 13.0 MPa. Six
compression anid demmp ression cycles were performed,

" Each cvele was ‘carried out at the same tm%émgm for 10
- minutes:of neatment time. After each dvde the apple

juice was mmm&d ;}?aaed in 100.ml sterile ‘bottte,

- cooled 'in ‘an 'ice "bath for about 10 minutes and the
microbial. foad, “Briw, pH and color were ‘measured
¥ whjzm : c_ampi-ete En:;ci}'&;azéa_z; was achieved.

'Smmgﬁ szg.zdy _ P ' i
.. The apple . juice treated at 16.0: MPa, 60°C and. 40
minutes of treatment time, and the apple juice thermally
ireated ar85° C fors0 minutes were compared with' ‘the
. unireated jnlce. A storage study was alzo f}ﬁfﬁﬂm‘fsé o

~the apple juice after the « :

'-"preﬁ,mn cycle. ‘The ‘unireated, thermally, "HPCD, and
compression and - de

: $§‘§e mezh{}d& desmbed below on a weei&y basis.

'-gﬁﬁwé’. «:feiermmm‘ﬁms '
the plivof HPCD ireated, untrested and thermaliy
' treazsﬁd a;gpirc ;znv:ﬁ s&srmi% was I‘i“&a"’&S&iY\_{i mmg, a :;izgnai
o mgter [Se ' olimbus,
: ;bnﬁesﬁ w;th wﬁ‘izmsfaai buf;ef solations at g
70 and 4.0, 2 A sampie {20 mL} was placed in 2 50 mL
beaker with a ‘magnetic stirsing bar and pH electrode
inserted. The PH was weméeé after stabilization at
amm g} ehi &mrw&u U TS

" *Brix ditermingtion

A digital refractometer with temperatiie  corection

kS &%@M, E%’r«i"%; ;iamzm‘ T} was used, A represéniative

: g juices was taken by @ {isapmab}e plastic

plpette and *’-Fsréx values were determined. The refract
e prism was clewned with disdlled water afier ach

i

sih compression and decom- data were seatis

%mpre&smn treaied’ juires were
“stozed at 40 Cand aligio were taken and and’iyzeaﬁ by

model. In Figure 2

oA fhioleng. orgleontent/3/1/3

analysts. Accuracy of the refractometer was checked by
determining the refractive index for distilled water.

Color anolysis

Tator was 'messured uding & Chicina dMerer CRI00E
{Konles Minoita Business Solutions, Milano Halis ay it
was uble to diffuse a ray of light, generated by 2 pulsed
electric arch. The observation angle was 0° commpared 1o
the surface of interest. The ray of Light reflected in every
direction in the chamber, éesigzm{i to contain the ?iquzd
and hit the surface of the sample. The ray reflected
perpendicuiarly to the surface of the sample for the
mepsurement of its color It was captured by an optical
fibre and was divided in three components th rough
special filters, for characterization. The results were
expressed in the CIE systern {1831). For calibration a
white reference standard plate was used. The standard
parametens were secemed The sample cup was fited
onto the ciretlar sampie port within the Hlumination

area, ‘The color parameters of the sample were displaved

i wmm of LY {iwhmess} ‘2t {rﬂim%;, B {fyehow
ness} values, E%zxmgeb mnootor were expressed a8

/s LE
+i{ bhe!‘.bm "".{}aﬁ.g; i

7

(1

3
{ L o
L #pesore " Hagier }

.' /o o 42
AE = “le thefrkre - i—aﬁm ] ';"

: Swﬁmmf ema?yses '
" Forchemical axalyses, d}fiucm,es between the unireated,

ihe thermal, HPCD and the compression and decom-

pression treated samples were ¢ analyzed using one way

AN ”s&%;&tau%zm Software. 7.0; Statsoft, Tulsa, OK).The ..
cally anatyred with the T ukey HED test
foz" InEans mmp'ﬁ"ma& { o= 0 Gg}

: ﬁew?m ané ﬁ%scu%mn

513&5@::@#%22;@% dan e “thermal trontment

The resnlis ﬁwwm Thiat $wwas. neausawf 0 mareaw the
iehgm&mye ug} T BET vg?h tfeamwm mm* of 80
mies 1o achieve 3 Suipg o ,Lc_mm imctivation. In
patticular at. 60°C and lower it was not possible 0
teduce microblal populations more. than 3dog rycles
wz{%r & tze&fmm mze m? 12{% m%zmas '

i:mfnwtwrz due to a:smiﬁm@é tﬁermzaﬁ aid HP&"E)
treatment. .
yactivation carves wzi%} iizv: z;P{”fg freatmient are &h w1
in Rgmga 2, 3, 4, 5. The inactivation kinetics is clearly
non - lnesr and cannot be described i*v a frst order
At 33°0 8 very . slight inactivating
action . of the wealments is reported. An dncrease dn
pressuze from 7.0 o 150 MPa does ?mt shiw 2 large
iicréase in the Hactvation valués. nore asing ihe
prﬁ%me at this temperature it is possible w achieved

~Pagadofd
(page number not for cation pwpo‘ses»
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g ) B B i
e 3.5 0 i
{ = Fhermid tmeamatt wE I |

® 2 46 & 86 W06 B0 e 166

Treatment dae (min)

Figure 2
Microbial inactivation of apple juice treated with
HPCD a3 a function of the treatment time for

different pmssﬁre af Sﬁ”fﬁ Yat ues are means of 3
. p?’ﬂiESSéﬂg mns

- only 2.5-log reduction after 1 40 minutes, Figure 3 shows

Jthe effecis of pressure:al. 6020 mmpamd to s thermal
--_iremﬁmam atthe same: aﬁmg}emmre Chan«mﬂ ‘the
Jrmutiva.

: Eﬁﬂip&f&{ur&.‘ fmm A510 ﬁu A6 resttied in %&si =
| ton rates. AL16.0 MPa-and 60°C, 5elog reduction is
&bmm’d after 40 minutes of zreémwm time. The
préssure. contrplled baoth the a{}iubl lization rate of €O,
cangdoits hazub ai‘y in g susg;endmg medmm

e TARERY
~f 354 NPy
b RS
= Fhestival wmd 6&"(.

e, T —
= L el
;..? . """-a.,,,“_‘ .
Hg“ﬁg
-
AU AE T ey T e g e e
Trentrment thee (nin
?Egum 3

_Microbial inactivation of anple gwce treated with
H?ﬁi‘i @3 a function x}%" ﬁ:he treatiment ’t’EME %’m‘

Cattributed: 1o the: {iiazzges i
. pressuare But also. wmpemmm
pnass transter. Higher temperatures increake the diffusiv-

Rap/www ihiofeng. orgfcontent/371/3

Toanm(Ey

- S ww-ﬁ
& \
&
e W A 68 W b e 16 150
Freatment tinve (min}
Elgure 4

Microbial inactivation of apple juice troated with
HPCD a5 a funition of the treatment time for
different. mmgxemmmg at 138 MP& Vahues are means

' 0?' 3 processing runs..

‘Consequently, higher pressure enhanced CO, solubiliza-

B R en fzmifzﬁm it caﬁmat with the ceils, riawwer xhe

abserved differences in microbial mammnon between .
7.4ahd 16.0'MPa; atfived tempemzme cannot be simply -
sotability: Notonly
3 d@ae}w related 10 GO,

itjy of OOy and can also increase the f fluidity of cell

L ress

ol
a4 e — S ——— . |
% % i 20 LIRS £ AR - RS £ 164
Trestment thoe (mis)
?#gtzm 5

Microbigl %s’;ad:tﬁ’ﬁﬂﬁﬁ of apg}%ﬁ gwm treabed with

HFPCD a5 2 function of the treatment tirde for

different &emgmmmres at 16, % M?& Vaiues are méam
of‘ 3 pmceasmg runs,
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membrane 16 make its penetration easier. Figures 4
and 5 show the effect of the temperature at 13.0 and
16.0 MPa. Under constam COy pressuzes of 13.0 and
168 MPa, the inactivation mate increased with | mcmaamg
temperature. At 35°0 and 7.0 MPa {Figure. 2} insigy
fcant ipactivation is achieved even %‘s} creasing the (reat-
mEnt tme o 1200
bt ar 6070 after 120 minutes of iwa{mﬁ*ﬂ hme & zﬂog
reduction is achieved. In contrast 1o what was observed
with simple thermal treatment, within this range the
effects of wemperature start to become noticeable, Figure
5 also %hémx that an Incregse in temperstuse up 1o 60°0
can also reduce the wreatment time, Similar wends but
more effective results of HPCD were found by ‘;yﬂzmw
bergo and Mantoan (2006} [10] treating apple juice in 2
multi ~ batch systemn. They achieved total microbial
nactivation at particulardy mild conditions: 10.0 MPa,
B6°0 1 minute of weatment time and with 3 mi of
_ s&mp e volume. They observed that sample volume was
- atcrucial “parameter 1n the inactivation privess i the
-.-g:»as&ezzrzz,mm swas carried o in o batch wsters Fothis
wwork experiments were carried out with 56 mLof eampie
- volume. This could be a possible explanation to the high
-'imessufe and 1&;}1{:@?&&1;@ mf}dzi s needed toackhiove 2
C3elogiayicrablal inactivadon, They also showed thar the
femperature played an mportant role in the weatment
'iffic;enw'-'?hg inanivation was enhanced 335 1i}£f€&§§i}g
“theltemperatise in xhe rarxgs»: m‘ 25 = 36 oo '
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Fignire &
‘Microbial inactivation of apple Juice for shx
aamg@mssmn and decompression cycies Each tycie
- performed at 130 MPa, 3570 for 1D maﬂ;uﬁes, Values are
means of 3 g;m:ezssmg P,

- treai{ad “untreated and thermally weated’ samplés {(}: =

'-{199};} §2ﬁ§ and Kincal et al. {2{}93}'
“juice was treated with a static supercritical OO, and with
@ continuons htgh pressute. 0O, sysiem, Tespectively.
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results agreed with what was found in other smudies 11z,
18-221 The compression and decompression treatieny
consists of a pressurization stage 10 first induce per
ton of CO; o the microbial cells, &ﬁn}wad by a

i

-sudden release of pressure oo the suspending siedinm

that results in rapid g vire the cells. There
are 1o theories on how i Prassure L\’ﬁliﬁé e FHon can
enlance deactivation; an enhanced cell e theoy
112} and an enhanced mass transfer theory {23-2 51.
Fraser {1951} 112} achieved more than 90% cell rapture
only after two pressuze cycles, af least a 159% increase
from a single pressurization step. Dillow et al, (1999)
1231 also observed that with 4 treatmeny as %“{,{ 205
MPa a;;é_ otal weatment time 0.6 h, the degree of
inactivation jumped from 3-log with three pressure
cycles 10 S-log with six pressure cyeles.
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'E’r&*a{mgms with batch HPCD did not cause any chazme
: of appie jmice {Table ere wers m*
erences i “Bm yalues beam‘en H?

%zgmfxczn’{ di

0.05}. Similar. results were observed by Arreola ef al,
{3; when ‘orange

Significant chan ges are defected in pH values u:}mpang_

-ihe untreated and the thermally treated s‘wfg‘k% with the
-§H’C’D iraaieé samgﬂes (a o 5.,{35}. The ds-ffermces were

Tame 3 Appk& 3mce pH :zmi "Bmc vaﬁues beﬁnre At after the
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maindy due w sorme of the dissolved CO, remaining in regimnent of high hydrostatic pressure and GO, caused
solution after pressure is released from the system. In an insignificant increment in the 'L*' value of carrot
cc}mmerc:ai ;&rafme the residual O, is removed by fuice. Purthermore, the difference of 'L%, "a* and 'b*

“da rsification” of the juice, _ - values of all tremied spraples under warous pressures

B were insignificant immediately afier treatment. Fengl et
‘i‘&%}i 1 shows the color parameters for the unreated,  al. [2006) [11] found that the 'L*' value of cloudy apple
thermally treated and HPCD treated samples. The 'L>  julce displayed insignificant increases while its 'a*” and
{3sg§zmesa} value shows significant differences between  'b* wvalues remzained almost unchanged bmmedistely

the urreated and the HPCE treated samples and the 'a¥" after supercritical OO, treatment,
{redness) value of HPCD apple juices display siight
deciease when compared 1o the untreated samples (¢ =
0.05). The b (vellowness) value shows significant
differences between the nntwated, the compression and
decomnpression and - the -HPCD treated  sample. Also
Hicany differences are detected in the "b*" values

Storage study

Figures 7 and 8 report resuls of the °Briw, pit and color
measurement of the stored samples. There was 2 shght
difference between the thiermal, 1HPCD tregied and the
signit untreated samples for “Briz and pH values regardiess of
between the :\i?h?) treatment conditions. Increasing the storage time {Figure 8). Color for stored juice did not
temperature from 35 to 50°C determine a siguiﬁmm change drastically during storage of the HPCD and the
decrease of the yellowness of the jujee {o = 0,05} g:.ampzessiﬁﬂ and decompression wreated julces, §"igur€ 7
_d@{mg the AL parameters in Table 2, it is possibie .a‘ém'ws: t%zzat HPCD samples. and: the' ¢ ompression and

hat the overall change Inchloraf the juice s go.

_ TRt mgmﬁm;;x differens m*midezw;g the high pressure CL*) during the first two weeks of stor age while the
~.and temperature tested. Similar observations are  yajuer d‘rfmge significantly during the third and forth
reported by Jwa et al {19967 1271 showing. that super- " aipe {ee = 0.05). The untreated sanvple and the -
- etitieal 0O, treatment rises the L value of derus frulr thermally treated semple show . a consistent lightness
Juice. Park et al. (2{}02‘} 28] f{mm Ih‘“ @ mmimieé . _ée@:ea&e ﬂmt is already deieczed after %iw rst week of

' _"i'sjz#e 2 &ppm juice {aic}r va&ugs hﬁfz}re wrd :i’&ez‘ the f:reatments
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Storage Time

L and ’b“?‘ vaiues for ﬁntmawé t?;wmaiiy
treated, HPCD treated and compression/

' ﬁeaﬂmprewmﬁ treated samp?es a5 @ funétion of the

storage time. The dpple juice was treated with heat'at 85

o Cifor 60 minutes, with-a batch HPCD at 160 P, BUC fsr_

(i ninutes and. with. six compressicn ané déwmwess R

cycies 2t 13.0 MPa, 35°C-for 10 minuses each.
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n £33

5] ; eﬂmwsm% { } mizzes ?m i%iezmm md

3 %E?zn,{} tz,:am; sampzes, £ c%sm; not
change - significantly, -Similar results- are indicated by

Fenghier ab (2066} ]11L - who ‘ohserved significant
reduction in lightness and redness for untreated samples
of doud
“supereritical U6 seemed to have smaller changes when'
_f?azfi‘z;}a'*?d 1o the untreaed and heat treated sz fipsles.

.Agépiv jeice while' the samples treated “with
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Brix and pH vajum for untreated tharmai tmated
HPLD tredted and cﬁmg‘sresssanizie{;amprﬁs‘ﬁmﬂ

“treated samples as a function of the storage. gime. The
: __'_ag}pie ftiles Wwas f%‘eermzi by treaw{:i at 85“{1 for 663 i w.sze,

with 2 barch HECD a0 16.0 MFs, B er 56 frinutes, and

- with s ca*ﬂg}res&;m and: ﬁecampvessm% aydes at | 3 LRPa,

?C fm" G ;’ﬁmﬁ{es eat:h

simwm ’&ai mmm,e mm: :{L“zim% &m{f; a

*mg:mm;ai Toad wids. also
ii_ SHGTARE of me: treaed
tumbers wag observed.

T Conclosion

The total serobic bacterial growih of the apple juice was
tactivated by a HPCD wmestment canving out <upert
ments. with a bawh apperatus chapging pr
temperature and weatunent dime and consider

- effects of these process variables on microbial nactiva-
. tion and . physical attributes of the juice. Various log

‘derreases weye ai"swrwé depending on the pressure,
Lemg}emm&: and treatment time conditions. A tempera-
*{ was noi able 1o iuduce o relevant log
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:téuctmn even when incressing the pressure o 16.0
BAPal The stomge study showed that the treated samples
maintained the physical qualities of the untreated juice

“petter than the thermally treated samples. Juice sarples
trep

d by these methods showed litde differences in

_8?& ‘pil and color when compared to the untreated
sampies. O the bams of- Li}efac concuamm, the HPCD

treptnend proved 1o b

5"3“(;%151

g alternative techuique

in the heverage z.ndz;.:;ﬁ.ry to fﬁ}é}dm&ﬁ ftiees having fresh
like .ﬂhafaﬁferisﬁcs while extending shelf life and safery.
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