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(3@ 1) Typical permeation and time lag curve,
where Q is the amount of penetrant
which has permeated as a function of
time, t, and L is the time lag.
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(38 2) Cup assembly used to measure WVT
rates of edible films.
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(23 3) W.V.T.R. determination of a barrier

material

i =

Increase in weight,mg

Time, h
(2% JeeXE Al 7718 o
(151-38)mg
60-12h
= 56.5 mg/24h

13 mg/48h

~ 56.5%x10° g/day
 B0X10% o

= 11.3 g/mday

25ColA p = 23.756mmHgo| B2
p. = 11.878mmHg, 4p = 11.878mmHg

WVIR  11.3 g/niday
4p 11 .878mHg

= 8.26X10-8 g/s - n? - Pa

Permeance =

Permeability = Permeance X
thickness
= (8.26X10° g/s - ¢ - Pa) (100x10° m)

=826%x10% g -m/s -’ - Pa
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(28 b) Effect of cabinet air velocity on

cellophane film water vapor permeability
values at 25T

0.038

0.036 4 .
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2

a0 80 120 160 200
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(& 1) Effect of stagnant air gap height on water vapor permeability calculated
using the ASTM E96 method for sodium caseinate films at 26

12.06 100 ~ 088
30.34 0.07 100 0.56
(a) Relative Humidity values refer to calculated conditions at the film underside during testing.

(b) Water Vapor Permeability.
(adopted from McHugh et al. (1993)

(E 2) Comparison of the ASTM E96 method and the WVP Correction method for calculation
of film inner surface relative humidity and water vapor permeability values at 26T

Hydrophillic films

50%WPI/60%GLY’ 100 65 3.35 5.16
Sodium Caseinate 100 80 1.18 1.48
56%WPI/16%S/

28%BW' 100 94 0.08 0.85
Synthetic films

HDPE’ 100 100 0.0012 0.0012
Polyester 100 100 0.0091 0.0091

(a) Relative Humidity values refer to calculated conditions at the film underside during testing.

(b) Water Vapor Permeability.

(c) B0%WPI/50%GLY is a film having total solids of 50% whey protein isolate and 50% glycerin

(d) 56%WP|/16%S/28%BW films have 56% whey protein isolate, 28% beeswax and 16% sorbitol solids
(e) HDPE abbreviates high density polyethylene films. (adopted from McHugh et al. (1993))

(& 3) Effect of stagnant air gap height on WVP values calculated using the WVP
Correction method for sodium caseinate films at 256

8.08 0.038 74.9 1.08
12.50 0.079 75.2 1.30
8.08 0.010 6b.7 0.41
30.34 0.071 66.3 0.84

(a) Relative Humidity values refer to calculated conditions at the film underside during testing.
(b) Water Vapor Permeability. (adopted from McHugh et al. (1993))
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(28 6) Relationship between film thickness and water vapor permeability for hidrophilic sodium
caseinate films and ideal polymer films at 256¢

20
& WVP Correction Method
g ASTM E96 Method
1.5 1
=
B
8E
EL .
8&‘_’ 1.0 4 Hydrophilic Polymer
g
25
52
2
0.5 1
|deal Polymer
0.0 v T ad Y T T v T v T v
0.00 0.02 0.04 0.06 0.08 6.10 0.12

FILM THICKNESS (nm)

(2d 7) Relations between percent RH at underside of film and WVP and film thickness for sodium
caseinate films at 26T

1.6 v 0.1
wd . -
1.4 1. water vapor permeability oy I
. - ' -
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1.2 5 . i
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(F 4) Measured Water Vapor Permeability Values of Methyl Cellulose and Corn Zein Edible
Films and Corrected Values to Account for Stagnant Air Layer Resistance a,b,c

1.0 2.6£0.3
156 2.1£0.1
1.0 4.0+0.2
1.6 3.4£0.2

Methyl cellulose
6.21£0.5 58
6.1£04 66
Corn zein
5.1+0.3 22
49%0.4 31

) Measured and corrected permeability values are the mean of eight samples+- one standard deviation.

) Mean thickness of the methyl cellulose and the corn zein films were 23+ 1 um and 89:+10um, respectively.

(a

(b) Testing conditions were 25C and 50%(100%-50%) relative humidity gradient across the films.
(¢

(

d) Error was calculated as({(Pc-Pm)/Pc) 100. (adopted from Gennadios et al. (1994))
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(& b) Water Vapor Permeability Values of Hydrophilic Edible Films as Reported in
the Literature and Corrected for Stagnant Air Layer Resistance

Aydt etal.('91) Wheat gluten/glycerin . , b
Aydt etal.(91) Com zein/glycerin 89 4.1 5.3 26%,50/100%RH
Hagenmaier & Shaw('90) | (Hydroxypropyl)methyicellulose 38 13 1.7 27°¢,0/85%RH
Hagenmaier&Shaw('90) | (Hydroxypropyl)methyicellulose 28 0.7 0.9 27%,0/85%RH
Hagenmaier &Shaw('90) | (Hydroxypropyl)methylcellulose 8 0.5 0.8 27¢,0/85%RH
Hagenmaier&Shaw( ‘90) (Hydroxyprlopyl)lmethylcellulose 19 07 0.9 2 27% 0/85%RH
+ 2% stearic acid
- ; {Hydroxypropyl)methylcetiuose .
Hagenmaier &Shaw( 90) + 129 stearic acid 4 0.08 0.09 11 | 27%,0/85%RH B
(Hydroxypropyl)methylcellulose
o | /polyethylene glycol .
Kamper & Fennema( 84) JHycrogdnated cottonseed znd 126 18 19 5 | 25T 85/0%RH
soybean oils
Kanig & Goodman('62) | Methylcellulose b 0.145 0.152 b 37.8¢,91/0%RH
Park & Chinnan{ ‘90) Wheat gluten/glycerin 400 6.2 1.0 11 | 21%,85/0%RH
Park & Chinnan(‘90) glll:g;\lllcellulose/polyethylene 55 0.9 11 18| 210.85/0%RH
Park & Chinnan(‘90) {Hydroxypropyl)methylcellulose 50 0 13 15 | 210.85/0%RH
/polyethylene glyco
Rankin et al.{ 58) Amyloss 29 3.3 3.6 8 25°,100/1%RH
Rankin et al.( '58) Amylose 28 2.2 38 42 | 25%,81/29%RH
Schultz et al{ 49) Sodium hydrogen pectinate 27 6.1 10.0 39 | 25%,81/31%RH
Schultz et al( '49) Calcium sodium pectinate 3b 8.1 8.8 31 | 25%,81/31%RH
Schultz et al( 49) Calcium sodium pectinate 35 1.1 131 41 3.5%,78/40%RH
Schultz et al( 49) Calcum sodium % 87 | 129 | 3 | 5U8IBI%RH
pectinate/glycerin

(a) Error was calculated as ((Pc-Pm)/Pc) 100.

(b) RHs are outside the cup, respectively.

(c) Air gap depth is not directly specified in text. A value of 0.6cm was used for the calculations as indicaed
in the ASTME 96 desiccant method followed by the researchers.

(d) Air gap depth is not specified in the text. A value of 1.5em was used after personal communication
with author H.J.Park.(adopted from Gennadios et al. (1994))
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