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Abstract

Adsorption isotherms of water vapour for infant formula milk powders manufactured by P. M. and N
company in Korea were measured at temperatures between 20, 30 and 40°C using COST-90 modified
method. Results showed that the isotherms were sigmoidal in shape. The adsorption isotherms of milk
powder were depending on the temperature and products. The BET-model were applied and analyzed
to compare the experimental value, It was found that the BET-model is fitted with measuring data,
Sample P showed the lowest monolayer value and sample N showed the highest. Isosteric heat
obtained upon application of BET-model was calculated in this field of temperature using the
Clausius-Clapeyron equation, It is suggested that the usage of the BET-model to estimate the heat of
water sorption in infant formula milk powder should be in agreement with the results from COST-90

project,
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Fig. 1. Schematic diagram of the COST-
90 modified system for measuring of water
vapor sorption isotherm.
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Fig. 2. Adsorption isotherms of water
vapor for infant formula milk powder at
20¢C.

(symbol: experimental data, line: calculated
by BET-model)
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Fig. 3. Adsorption isotherms of water
vapor for infant formula milk powder at
30c.

(symbol: experimental data, line: calculated
by BET-model)

-]

20 4

151

w4

EMC (g water/ 100  dry sohkis)

T T T
[ 0.2 04 08 (X 1
Water aciivity

Fig. 4. Adsorption isotherms of water
vapor for infant formula milk powder at
40C.

(symbol: experimental data, line: calculated
by BET-model)
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Table 1. Formula of infant formula milk powder

c Formula
ompany Protein(%) Fat(%) Carbohydrate(%s)
P 15.0 24.0 56.0
M 12.6 27.0 55.5
N 12.6 27.3 55.4

Table 2. Relative humidity of binary saturated aqueous solution™®

Sal Relative humidity (%25) Amount

t

S 20 30C H0C Salt (g) Water (ml)
LiCl 11.31 11.28 11.21 150 85
MgCl, 33.07 32.44 31.6 200 25
K,COs 43.18 43.17 43.13 200 90
NaBr 50.14 56.03 52.83 200 80
NaCl 75.47 75.09 74.68 200 50
KCl 85.11 83.62 82.32 200 80

Table 3. X values of infant formula milk
powder calculated by BET-model at differ-
ent temperature(P, M, N mean dairy com-
panies in Korea)

Xm (g H,0 /100 g dry solids)

T ()

P M N
20 3.73 431 4.25
30 3.36 3.66 4.05
40 2.82 3.35 3.59
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Fig. 5. Isosteric heat of adsorption at
various moisture contents.

oft
rlo
i)
fy
JH
x
%
ok
oy
2
o
K-

& 289

Bol 2 ZwFGd 2AHT AUk o]
B2 AES0) SR Pl ZasH A
2 BAAFT FEL AASed B9
A7t &T7HE Role ARTT). 2
g Azt gl vEdY BY 5
Aoz 4EE AzxAGE AL AU
oA A Ee) HRA Wel A BBaP
A BY BEY ¢ AU B9 AR
PHEe pod SREYEI} A o
NEL AzAY W FEBYEI} 5L 4
Euge SREHEI 3 HEY F2E A
Ashed Hoh B2 U7t WeE gk

e

o

of¥ oy

3]

o S
:

Mt o slo X dr A g2y
oft
4

715y

a, FEERE

BET : Brunauer-Emmett-Teller

C*:BET 4+

EMC : 3 & =338} & (equilibrium moisture
content)

T: 392 (K)

R: o171 3744 (8.3 /mol)

piAEEY #35%

P T EY FENY

Hy : net isoteric heat (J /mol)

X g8 F8aE (g HO /100 g dry soli-

ds)
X GEAY 83T (g HO /100 g dry
solids)

2 o

2 Ao FUddr AxE o] Ay
P, M, NA} 8gzA 259 #AZE8 54 &
I AFY AAHARE A& A3 T&F
AL AT TR FEHAYIE N2
o AEL AL v EAsge. B A9
A= COST-90 FF A 2o AFA 2 S
FAAZ A 2dg AMESIEE SR 4z
20, 30, 40ColA a3t £ AP A
o EHZAERY TLEFIAL A¥H
?) sigmoid® o] 4 & JeEMUTH ZE A8
Nx 2xrt F/HEE HYFETFo]
ste A% B =3 5255344 BET-
2dE o) g3t A2 Yehdct 3Y

o gy ok fr



290

354 F831A 2189 A 43(1998)

FEFFE NAFS A 87} 713 BT PALY
AEF RE AFE YA Z2e) AR
7} gRATE Yo FRSERRL S8
YHE 0.25004 0.35 Wlol ¥ Ath =
@ Zzte) Aol FEVF] ¥24E

Agy = Z43A T
Zues
1. Gal, S. : Die praktische Bedeuzung von

10.

Wasserdampf Sorptions- messugen in
der Lebensmittel industrie. Alimenta. 6,
213 (1972).

. Iglesias, H. A. and Chirife, J. : Hand-

book of Food Isotherms: Water sorption
parameters for food and food compon-
ents. Academic Press, New York (1982).

. Choudhury, G. S. : Water activity and

food systems. Agriculture and Forestry
Bulletin. 7, No. 2, 62 (1984).

. Wolf, W, and Jung, G.: Water-vapour

sorption data for food drying. ZFL, 2,
68, (1985).

. Erickson, L. E, : Recent developments

in intermediate moisture foods. J. of
Food Protection. 45, No 5. 484 (1982).

. Brockmann, M. C. : Development of in-

termediate moisture foods for military
use. Food Technology. 24, 896 (1970).

. Chordash, R. A. and Potter, N.V. : Ef-

fects of dehydration through the inter-
mediate moisture range on Water ac-
tivity, microbial growth, and texture of
selected foods. J. Milk and Food Tech-
nology. 35, 7, 395 (1972).

. Davis, E. G.: Evaluation and selection

of flexible films for food packaging.
Food Technology in Australia, 2. 62 (1970).

. Iglesias, H. A. and Chirife, J. : Equilib-

rium moisture contents of air dried
beef. Dependence on drying tempera-
ture. J. Food. Technol., 11, 565 (1976).

Troller, J. A. : Water relations of food-
borne bacterial pathogens-An updated
review. J. Food Protection, Vol. 49, 8, 656

11.

12.

13.

14.

15,

16.

17.

18.

19.

20.

21.

(1986).

Corey, H. : Texture in food stuffs. CRC
Critical Reviews in Food Technology. 5, 161
(1970),

A¥TE, 244, 394, AF3 : s
To ALz g vlerstFe Z2d o
FE54, X4F3A82A, 20(3), 399
(1988).

o171, ol A&, AAA : COST-90 A} 24
€ o) 8% 59 FRESETNSA BT
Z4+2) F8H3]4], 16(2), 200 (1996).
Iglesias, H. A., Chirife, J. and Fontan,
C. F. : Temperature dependence of wa-
ter sorption isotherms of some foods, J.
Food Science, 551, vol. 51. No, 3. (1986).
Wolf, W., Spiess, W. E, L. and Jung, G.
: Sorption isotherms and water activity
of food materials. Science and Tech-
nology Publ., Hornchurch, England
(1985),

Wolf, W.,, Spiess, W, F, L. and Jung, G,
: Standardization of isotherm measure-
ments: In Properties of Water in Food.
Ed. D. Simatos. and J. L. Milton,
NATO ASI Series, p. 661 (1985).
Iglesias, H. A., Boquet, R. and Chirife,
J. : The evaluation of BET constants
from the BET isotherm equation. J.
Food Science, 1387. vol. 42. No.5 (1977).
Kaiser, R, and Gottschalk, G. : Ele-
mentare Tests zur Beurteilung von
Messdaten. Bibliographisches Institut
(1972).

Van den Berg, C. : Development of B,
E. T.-like models for sorption of water
on foods, theory and relevance, In Prop-
erties of water in foods. Ed. D. Simatos.
and J. L. Multon, ASI (1985).
Brockmann, R, and Acker, L. : Ver-
halten der Lipoxygenase in wasserarm-
em Milieu. I Einfluss der Wasseraktiv-
itaet auf die enzymatische Lipidoxida-
tion. ZFL, 4, 90, (1987).

Labuza, T. P. : The effect of water ac-
tivity on reaction kinetics of food de-



Ao e gz f 5434 € 548y 43 291

terioration. Food Technology. 4, 36 (19-
80).

22, Mittal, G. S. and Usborne, W, R,
Moisture isotherms for uncooked meat
emulsions of different composition, J.
Food Science, Vol. 50, 1576 (1985).

23. Sperber, W. H. : Influence of water ac-

tivity on food borne bacteria-A Review.

J. Food Protection, Vol. 46, 2 (1983).

24. Labuza, T. P., McNally, L., Gallagher,
D., Hawkes, J. and Hurtado, F. : Stab-
ility of intermediate moisture foods. 1.
Lipid oxidation, J. Food Science, vol. 37,
154 (1972).

(19983 89 11 A<)



