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Retort Processing of Packaged Foods

Donghwa Chung

Faculty of Marine Bioscience and Technology, Kangnung National University

Abstract  Packaged food products often undergo retort processing, a thermal processing in a pressurized vessel called a
retort, to ensure their microbiological safety or shelf-stability under normal non-refrigerated conditions of storage and dis-
tribution. Retort processing is generally aimed to accomplish commercial sterility of packaged foods with acceptable nutri-
tional and sensorial qualities. Fundamental principles on retort processing, such as thermal resistance kinetics of target
microorganism, heat penetration theory, and methods for evaluating process sterility and food quality loss, were reviewed.
Factors affecting process severity, heat transfer mechanism, and heat penetration efficiency were summarized. General fea-
tures of retortable packaging formats including metal cans, glass jars, and plastic packages were also briefly reviewed.
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L]T’/]' RS A 5 e HANHAY 2 =2 7t
TR oJste] APdE JEIE Deith (FDA, 2006).
i‘ﬂE—-— 3789 AAle a&He v Al 7 B
o wel AAJETh AA|, Are] HAH0] HE v E(target
microorganism)2] €A & 7)o g X(thermal resistance
kineticsy& 37181 Fah(Fy-valueys 273}, Fate
zgg_ ﬁ_i_%c(ok)\})a/\l _/] Al "‘764 _?_ HE 121.1°C
T8 250°FlA AEFL 718w 257t 7P =EiAl &
7¥eh= FE20 ¥ (cold point)ll A FAvAES] JAS7E
AFA el HAgE FETA] AaEE AQEe HAaA
A7k 2 A elHT} (Chung et al., 2006). B4, dEEE
38 F AFEHY Ak wE 2EWsE S5t
HEA (heat penetration curvey2 ZHJ3IAL £ Fk(~value),
JHk(-value) 5 FIFATE AR AA, T HE
2E 349 sz&(F valueye AAFEIAL o] Ftat vl
sto] 34S Wristal HAsleitt, o) 3 o] AEF
Ao ¥six 3 771] 4_12:]&]010]: gtk Fgs 38R
(process lethality) -2 37444t L(process sterilizing value)
olgfak EelH, AA HEZE FA o3t AFPHolA
BRI =] ek At} S AAtEHE ‘4’5}‘4]
et 3FE FFEero WS 7T W Aay
7FEAIZRS 9wttt (Chung et al., 2006). WA &
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kel ottt
Algteof gt
E2E 3o AT e TPxUWL I (filling)
34, 34 F F, AR B, MR Q14
Jel, 714 st 59 MAe BHom s e
Hol $Ith (May, 2004). AF5H 2= F47 (metal can)o]
U 2] (glass jar)e] T2 AREEo]A hEd], 8 =2Sd=
HEZE 3-9H(retort pouch), HEZE E o](retort
tray), HIE2} 2]7FE(Tetra Recart) 53 72 tldst #<
(flexible) &2 WFA3}(semi-rigid) E2F28 2gEe] 4
27t w2A F71slal vk Eeiy 2gxAe] g 2
e 7€ EEUE ARAE o B A & AF9
A FAE F Udke A, ole
A9 W Fael gk EHA L] H]go]
o] 7hselRnE AFoRe] RS vt
2471 wiZo|t} (Brody, 2006; Reeves, 2006).
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(inactivation rate constant)®]T}. o] 218 o]&sle] Ut

7HE2ZoA AFE U TANAES APFEAEE YERl=
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Fig. 1. Typical time-temperature profiles in a batch retort pro-
cessing (adapted from Chung et al., 2006)
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Fig. 2. Typical heat penetration curve for heating phase
(adapted from Chung et al., 2006)

S TFEAIEARZIA] eatete] AL 2o Ak
£ (pseudo-initial temperature)°|tt. Fig. 2014 7,2 2
Aie] AFEE A7 AoHe Ao R TtdxE
AlZH(heating lag time)o|2} BT} o] AlZtle 1H2=
T4 71 Al &g ue 7FaRAAZE B ol HE
ZE9] 2771924 (come-up) &< S 7FEZHAZE
E3rE Ut webA] 2 2% T olx1e] ZFEARE
A HlE BE 1,9 2% 7R ZEAT)
tl(Ball#+ Olson, 1957), Fig. 2] 1S |3 o]f&
RN I == B R o s R L R B B o B = i SR 4
JitkS Fig. 2014 B @4te] eo]ate] vt 7ol A
o] Hr}.

Thm_T'hs

A (7

o B nx o o H

Ao T AT e QAT AAREE sl
so] A 23Fe) eizslewolth, 1R F ololA]
= Wriee) ARERNE Wule) LS T, 0l @

WAL T log(T-T,,)°] WIS LER F4dolnd, 1
Fej el GAERAS 09 KAkl Wzke)
QARAGS £} j7ke T goo] Ao mETT.

t .
log(T-T,,) = 7J;+log[Jc(T17Tcm)] ®)
.o Tcs_Tcm 9
Je ™ TliTcm ( )

Nl T2 HEYHE] AP RIFEE pseudo-end tempera-
ture of heating phase)o|™ ©] 3t WzrdA el IYF54
o MRS sl AT AW satsle] ARk,

tro] HEEE 34 el oA & & Uk AR
e T2 tiF(convection)el] oJgt dxdgo] A=
frA2E] HEZE FAoltt. o] B9e AF W 257+
Hl (temperature gradienty& F-AIE 4 JSEZ Schultz-
Olson B9 olgste] ¥4 & AFWHe &= WsE
A5 e, o] BdoA EZE 7tddAle] I3F
AdEe oS3 2} (Holdsworth, 1997; Chung et al.,
20006).

_ 2303pVe
h UA

=1 (1D

AolA pe AFY 2UE, Ve AFY 79, o= 2FY
A v, vs EF WY 7IeY & dg Al
(overall heat transfer coefficient), ZL2]3L A= X7 Ul
o] Aot} B4 7d9= T2 H=(conduction)o] <]
drdo] sk IAAFe] HEZE ot vAlE
o] g, Ao|7} I9] AAHE FgaFo] B ALY A4t
W) & ZHM(E Biot number’} W F A$) YA
2% oA 7tEEntaL 7P ekt FEek 7HEAIZte] X
o} 738K W(Z Fourier number7} £33
7teddAle] ERAFEASFE e Fo]l ZdEHEY
(Holdsworth, 1997; Chung et al., 2006).
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In T 7P T (P)

2o|A JoF & ZH2E 03, 1xFe] YXFE (first kind) Bessel
function, P Bessel function®] A WA 3|, 128]3 o=
2)Z0] A4 (thermal diffusivity)o]th. B3+ 85 r/a,
Me yIEe JeRlEd), 9714 3t ye 27t HiAE 2 2
o] Weko 2o| Fpo|thFAlIN-e] % §=0, 1=05). 2]
(107 (129914 B% £k B, 3t Al 5 459
Ay 4dF AFe] Aelle & B

o] $X¢h= FAE & & AUrh BIESEIL ALFE
& U agtel ARTS) ke FAoAed ol 4 (5)
¢} Fig. 2014 & 4 k. ditHoz Amnt YR
o g St AuE 4 (1009 f7ES 4~ 1120
2 (12)9] #EF 208 oPhHroh Fow, tdn Wzt
dAllA ] dHE &t Aomg faro] fRrwTt Ktk
(Holdsworth, 1997). 2](11)ollA] H% jizke 2% U 4
Aol diFel <3 A & we 34 olE3k 12 7HNH,
213l YeR A% A ddge] Aeolle Lx7t 34
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He AF W A wet 2 ghe] EYAe S
A(E=0, A=0.5) 2(13)2] j %2 2.0397°]t} (Chung
et al., 2006).

3.HE2E 39 B
) 3BUTRFH) BT
3T

HEZE 34 F AFIH 25(De Fig. 194 B%
Az whet WskstE R WA o] FAWAE] gt ]
AR A A7t mhEl WSkt koA Aweh vie} 7+
o, Kol FEEE 3HoR S F e AFEHl
Aol F Akt Y AAEAE YER7] ko] 4
FEHE A" FE2E(N)olA 71EE o Zad 7kl
AIZRO R Aolun, o] A oR e Ao I
t} (Chung et al., 2006).

T-T,

P

F, = J’OLdt: J‘Olo( z )dt (14)

2o T2 dubH o g 124k (sterilization)®] 74-$- 115~
130°C, A4k (pasteurization)?] 7-$- 60~100°C ¥ <$]ol|A]
AgEm L[ FAMABES] XA (lethal rate)=A] Tt
o] Aol

F D

L= F(; = D—‘; (15)
Aol Fpok Fre 22 AF39HE 25 T3 A 71
g o YHo| THuAE JATE AF g &
7] "ol e agh HAALelH, Dot D=
747y 2% T TollAe] A mA8=2] DRtoltt.

2 (145 o83 Fire] Axtele BF duh(general
method), 3149 (analytical method), 3-21%(formula method)
% ¢ Whgo] AREET)E dubEe TR e LEke
HalE Yepd XA8-3A(lethal rate curveys 2HJ3l,
o] 4 ofgfe] WXL XA&3(lethal rate paper) S
Simpson's rule, Gaussian integration formula, trapezoidal
rule T 71%3 FAARM R ANl Fgke Tehke
WHo|th (Chung et al, 2006). SIS AY o]E
71Zste] FRAIZ mE AEFEH 2x HelE RdF
ataz, dojxl rRPS 2 (14)9 e & 2 3
(solution)E FeHH 0 R Fate] Fghs Ak Wiioltt.
o] Wle] o= Hicks(1951), Hurwicz®} Tischer(1952),
Holdsworth(1997) 5°ll & veht ok 3212 3-PAIL
of wE AFYRe & WslkE 25 2 (8t 22 AY
2] (empirical formulayS ©]-83t] Rd&st, dojzl 24
< A(1400 thdste] T43}F & 5 F ks Artehes
o|t}. o] W& 19231 Ballol ©J3le] X& A=l 0w
o] & Gillespy(1953), Jakobsen(1954), Ballz} Olson(1957),
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Fo] TRl et Ad F, B Rk AdE] A8 3
7] 718481 Thol=gele] AalE o] o k(Holdsworth,
1997), HHg HEZE 385 fleiMe 2t T4t /iE
Rl HIAEES AAjste] 1 3 7 A3t ks 2%
sh= Zlo] 7P F2& ol
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g @ o RS A7l WE log(cle)e) WIS =X3} 3
S o Yehhs 7] 2A5HEe) thek B4 A5 (correction
factor)o]™ Z7|3pd5-Eo] flaL AR Yehv= A9 2
1ok oA oR Hurt Rl AFe] WAFHRS
E(average quality retention, c/c ) THEe] 412 |83}
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2ol zi= BAFEAEES ZholM o)X FE Uehlle
214y} w5 FAFSIC). YRk o2 mE At tigk D
ol FAE/ge] dialol gk DRtEt v k] Ae=
22 ¥ijels, 7=t 10°C 3 o) vt} Cake RE
= w7y v Fp%):—?: 18] A= 718k} (Holdsworth,
1997). BIEEE A o3 FHEH tjeix= 58T
algk7)Eo] AallA A o, o= YRR O R A ZAl
Al erate] AR gt
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4. MEZE 3T FY2 0N 29

2HlE dEZE 3PS FUS) L HF, B4,

¥ S HEE o8 8R1ES FIUA a#steIof 3t
=, 2 olf= olFE ajlEo] AEEE ¥4 SRy
TFRD), EdE &= 2 My, 93Fas ol 7t
& &L IA7] wEelt

DEST-3:44

21E9] pHe HEEE 339 Fas 28 o vl =
Q3 aEEojokele 71E Tl shvolt) 2% pHel
w2} 2324 F (acid foods), 2HJ 8} (acidified foods), 2F

2Pd21FE(low acid foods) & Al F-F=E UE & U=,
A3AEE pHZE 4.6 )8kl 2EE, AMIsHES Aot
Al H7bE FIAEFCEA pHIF 4.6008t0|aL
EEA S (water activity)7} 0.85KH.TF & 2152, ok =
< 435S FRE AL pHSF RSN 4 4.6
l

W

0.85KTF 2 455 E3th (FDA, 2003). thEA ] 2
HATF T 3R Clostridium botulinume Gk

Hold 71 Altosx] B HEZE FHolA
AER rE e, A 22 s FelM Bk
2FoA 2 Ag7go] wlg- Edaitt. wEbA oM AE
745 YN O F botulinum cooko|E} il 2 5
AL A=, ol C botulinum/N A1~
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e
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m
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o BHE EFEE 121.1°ColA 389] F ke AR s

Fo @Y AHEx 53] elElofof sk, flelA

Rxo] fiike AEe] AT ARFE FolR| AL
21&e] Hlge] ALFE At 2] A (phase)el vt
34 (theological) FA % vl ZQ3hd], ol we} Il
- =

F 7 SEE, dfF 5 €4 S0 GeA7] o
o|t} (JacksonZ} Olson, 1940). WAE2] A4S At
F JE oA (nitrite), B, B, FIAE AaiA 5 2
FHRES] o4x HEZE FAoA Z g Eofokgitt
(Chung et al.,, 2006). 2]&F2] z7|e% JA] & T F o]
of al=dl, ole 27157t 285 FHAIN fake] =
olAH jzko] #X]7] wjiEo]th (Chung et al., 2006).

Y Ao

o
e e

o 1
([ YR P

—

3
34 AERE A2Ee FANE Y 9
A AR AN 5 loml, At )
Fag Bee) 9UY 28 W Sl 7S BaT
[e]

p mRe) 9hg &

X

—}

X0
&
1>
i
53]
o

i

H

Y
o

7t 8z A| o] SRl wet 2 Zpolrh B, EshA
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2212 ™ (Olson#} Jackson, 1942), LollA AW al9i=o] f
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UA AzDTE (May, 2001). o]} 72-&
B 948 S5k g sl AReA HelA, A
g, IR YRl 58 aEste HEHoE IFXUS
ARt ARSAF HBedS A7) SlsiME e
*d (openability), wlo]AZ g e]H. 7 (microwaveability),
FF8-°)4 (handling easiness) 5= +-AZ o2 T sliof
stk AANE SeiMe AL ARE A AY |
A aesledof Fth (May, 2004). EFEE] TR0 7
EZE 23 fig &HRke] 128 SN F UEE
7htElojolditt (May, 2004). Y EEE EFHERS T A
Sl wieh 257, 7N, SRR TRAEEREC] 2 A
T AW, 992, EFlo]) 5 Al 7K HFE Ue 4 Utk

5L YEEE ¥

N

2. Peie] 7P g2 el Al
Al A7 2HIEE 16009 7] o)Fo g deA vk (May,
2004). thi-te] S50 7 71 52 Al e 55 9=
2 7Y e, 74 =2E AE, £39 a8 39
AAE, & 4R gEol FE AREET (Robertson,
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1993; Brody, 2002; Chung et al., 2006). &&71¢] 74 &
A dFold S v Akl w2 s

[e=]
=

™ o]%53H(double-seam) 5OF 913 At 722 71K
5

The ZAolth. w570 W] 2 2 7K Fa3 A3
TR 2t} (Brody, 2002; May, 2004): (1) 70 13-
¥ & vhpol WL IS W A dele FH, ()

RS A7 Mol d5-FH(heat-seal)d 7 IS HIA
o= &), (3) g (soldering)Rth= 878 (welding)S ©]&
g 7, 4) TFTR FAS dsfelal veARE 7]
A8 necked-in TIARR], (5) RIS FHES 84 =
Ho= gk (6) AdU FH o]e]e] e 2 TRl

2) f=Y
SEMe ¥AgE AZS AZbHoz HolFolof & i}
w3 Fnje] WAL Hislehy AES AV HE sfoF &

9 u$ FF3 TAERo R ALeHY a3 =
frelHo] 7ix)7] faL o] ¢ 2Fe {2

2 S glomg nl¢ ALY FHS =
slelokaitt (May, 2004). Wb f2d dEZE T

Fo EEE FEN PAEES) vste] v e,

3) ESAEH X7

F dE2E 3-9-H(retort pouch), B EZE Ed|0](retort
tray)/ "8 (bottle)/ 71, BIE2} 2]7FE(Tetra Recart) 5 T3
9 (flexible) 32 W73 (semi-rigid) Sek~g FHELNO]
HEZE FAS 98] /d= 1o, o9 Add 7ee
oA AFAE H 7ol A oF Q14 H I Tt (Brody,
2006). ek HEZE ¥4 A v A EEE
ol vjete] FA F AF] FH, ARAF W, AlAHA,
TJRRI, HREE M)A} 9124] Fo] " ettt
e STkRE ERNES AT I Fe A v
S FEoE YEEE 3L 7 & F devtske
M2 ob 8Hds] BreAA] BUTH (Brody, 2003). AA,
HEZE ZEkiy ¥ F] 7MY & FEE olgksE AL
E7F ZRA8kAL QAAL avhgo] 8 9 FEAgolH, dRt
AE FoAMe siitEe] 7P & BlES AASL vt
(Brody, 2006).

HEZE 39X AEFS B3 49ed & Ak =
Az ARSEE 12D HEZEE 3G0F Araile
A et Qs A ESHR O & bR 274
o] AL 152 7Fsakl &l = 7 SgtY THEY
S B3I} (Brody, 2006). HEEE v B /A &
AS AZ(lamination)ale] A|Zsk=t], 4)Ee] AV HEL

-

s
i

M B o
LN

=

02
B

eAe o R vt 22 vl A FERE Y
A QT (May, 2004). 7P4 Bl S 9 9 A0
FE WEES Bk IME & 5H O polyethylene
terephthalate(PET)E, 7 WA S k&, 8 2 49| 3}
@GS 9t EFulE U, Al HR S 7Y 5ol A
7N1A BEE 27l ©E F7] flste] 25dA UdE
(biaxially oriented nylon)ys, 21&3 HEske 7P IF%
Z& cast polypropylene(PP)e} 7+& d4-glo] 71531 =
2ES AR B EEEE 39X A$ dFulF
= A 79 AEAo| Esilicate) ) FEl5S ARSI 7]
Ao} FEES AETE (May, 2004; Brody, 2006). HEZ
E 348 F A9 Wy Sk g 249 5do] o
AE= 7= It (overpressure) Y EZE A|2HS ALE-
s, 55 oA 2 FAE(pinhole) WA Foll FoE
71:&ook 3} (May, 2004).

HESE Efols §d STkiE 32 XY 5408 ¢
ot e e W IE 7RI wEs) ek
g Edo], H, Ab 55 LIt (May, 2004; Brody, 2006).
o] AL Autd o7 HEF(tie layer)t Al PP/
ethylene vinyl alcohol(EVOH) - polyvinylidene chloride
(PVDC)PPL] A% FX=Z ©o]Fo]x Utt (May, 2004). &
EZ2E Y& HE FHZEH PPEVOHE £ 24 ¥ (blow
molding)ate] A|zshH Fo] AFE FHoE de-dat
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A7} 7hsstal AfE-S del7] golah, BlE EIFL
HAFHo] YA AR vkAE Fo|R HFHe] Jeuw
AL Bl e o Adnk ey ke 29l H]sle
7GR FA] ot o] xR E FAHH AF] F
717+ Aojof 2471 Aol EsitE (May, 2004).
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