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Shelf Life Prediction for Packaged Products
Sensitive to Moisture Damage

Chong Hyun Lee
R & D Center, Miwon Co., Ltd., Ichon 467-810, Korea

Abstract

The change in moisture content of moisture sensitive products in moisture-semipermeable
packages was investigated for the purpose of predicting the shelf life of a product-package
combination. A mathematical model, and a computer program based on the physiochemical
properties of the product and the moisture permeability of the package was developed.

The moisture content for products in moisture-semipermeable packages was determined
under various environmental conditions and the results were compared with the predicted
values by means of the simulation model. These experimental studies demonstrated that the
prediction of the change in moisture content of packaged products over time by the simula-
tion model is accurate, within a practical range of temperature and relative humidity values.

The developed semi-empirical model is considered to have applications in industry, since
it provides product shelf life information for a range of temperature and relative humidity

conditions, with a limited number of experimentally obtained data points.

Key words: moisture-semipermeable package, predicting shelf life, simulation model



24 Chong Hyun Lee

[N E

AEo FEIAE, AF AYHFEs}
AF2ESol AFY 372 Bt ®
A2 o] Heg dAgshA dot. EF 8
gk v g2 So ] 7] $5te] E£3e] gAY
= Wil oE] A% = ook 3t
= e ! L:l 9 AEFY AGF
Hd 2o 53138 Tddle] 712 A F
A B AFZAF F3 ol

Veillard (1)& blister £330 4
£ Aol A4-g F31, Reamer (2, 3)=
Zog gEle 9% AEF Al2"e A
AE AES &g AEF A2
Bad 5AE #rlste 4838 & Al
¢tsttl. Nakabayashi (4-9)= ¥H§
4 blister TFA AFL FEFI
o2 B3, 3 Aie dSse @
TE 3t 972 SR Aste
vHE Aol APt o3 A-F2E oS
st

webr] il 17e AFS & vt
g xRe] AFrEE AFe BIF
‘Ef—?:'—‘?"q AF 2719 FFE v

83, a8ln XA e AAdAdn A%

ﬁ%’«] AUEEst 228 mot Fozi
&8 & ot

Lee (1De AFY &Y W3E
AR, L5, BUHFEE A2 o
Al Al Edold RS /st
o] el 2 AEF FEEFS AT TFA
g9 B34 e LE3drE FHSIAT
T3 BET 34 (13)2 AFY 4¥EF
TeAd AEsen 2T S
Asted BET 32419 Aol 34 W34S
o] &3ttt AdARe F2dlolgl= th

Ay 0 0?4

) ml) <im

Adbgaog gdstn AYTH AlEd
old mdo] tidstdct. 2AI A&
AGEH g AR Alele] BAIE M=
e ) exoA PR AFS B
F& s247 29 FRdA 2A¢)
of A FiFE 5 AR =
g3} & 5 ok AEAY T2 A%
o dolelE Rde] F&shedl 7Y 2
27t dte BAEE FaE ARSI
upelr o] Ape HAL i) 2&9 &
F2 AT TS Uiz, i) F§
of Ne XFE AF AT 4%
< 93 AFE =2 aPE AL, i)
o] o] g B} AFtnA ¢
o
II. ez 2 2
&

AE 1 LAXE BEER] (UNI—
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A28 1. 7.5 mil polyvinylchloride
(PVC). The backing was a lamina-
tion of 30 lb pouch paper/0.75 mil
polyethylene/1 mil aluminum foil/ 3
b vinyl peelable coating.

Al2® 2. 7.5 mil polyvinylchloride
(PVC)/1.5 mil Aclar 22A. The back-
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ing was a lamination of 30 Ib pouch
paper/0.75 mil polyethylene/ 1 mil
- aluminum foil/3 1b vinyl peelable
coating.

Al2#®] 3. 7.5 mil polyvinylchloride
(PVC)/1.0 mil polyethylene (PE)/
1.6 mil Saran. The backing materi-
al was a foil base lamination.

ol =24l (lbuprofen) blister Z&

Al 1. 7.5 mil polyvinylchloride
(PVC) sheet.

Al2" 2. 0.75 mil Aclar/2 mil
polyethylene/7.5 mil PVC.

A2 3. Saran coated PVC (7.5
mil) (80 g PVDC/M?PVC).

FEEE5S23M (Moisture sorption
isotherm)
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where t = time
w = dry weight of product (g)

P(T) =permeability constant

of the package at tem-
perature T (g water/day.
mmHg.pkg)
dM=instant moisture content
differential
Mo=initial moisture content
M:=moisture content at time t
Aw(e) =water activity external to
the package
Aw(M,T)=internal water activity
given as a function of
temperature and mois—
ture content of the
package
T =temperature
P.=saturated vapor pressure of
water at temperature T
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Correlation coefficients and sums of squares for selection of best model

Multi-vitamin  0.076  0.995
tablets 20.6C

Multi-vitamin  0.019 0.995
tablets 30T

Ibuprofen 2.70 0.938
tablets 22.2C

Ibuprofen 4.47 0.943
tablets 25.6C

0.56 0.938 * 0.685
0.24 0.925 * 0.703
0.10 0.994 * 0.778
0.05 0.998 * 0.807
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Fig. 1. Diagram outlining the simulation model for predicting shelf life
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Fig. 2. Experimental and calculated isotherm for
multi-vitamin tablet (B.E.T. model)
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Fig. 3. Experimental and calculated isotherm for
Ibuprofen tablet (Henderson model)
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Fig. 4. Computer aided moisture uptake profile
for packaged mutti-vitamin tablets
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. 5. Computer aided moisture uptake profile
for packaged multi-vitamin tablets

1
S
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Fig. 6. Computer aided moisture uptake profile
for packaged multi-vitamin tablets

SIMULATED STORAGE CONDITIONS : 30°C /60 % RH
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Fig. 7. Computer aided moisture uptake profile
for packaged multi-vitamin tablets
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Fig. 8. Experimental and calculated moisture
gain profile for packaged product stored
at 22 ,63.3% RH
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Fig. 9. Experimental and calculated results of
storage test for package systems |
(PVC) at fluctuating storage environ-
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gain profile for packaged product
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