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Abstract

This study was carried out to estimate the sorption characteristics of microencapsulated squid liver oil powder. Squid
oil is an abundant source of polyunsaturated fatty acids, especially EPA and DHA. The polyunsaturated fatty acids
was oxidized easily during storage and processing. Microencapsulated squid liver oil was achieved by the spray dry-
ing method. The equilibrium moisture content had higher values at lower storage temperatures, and higher water
activity. The monolayer moisture content showed a higher significance by the GAB equation than BET equation.
The estimated monolayer moisture content was shown to be 0.085~0.157 g H,0/g dry solid. The isosteric heat of
sorption varied between 1279.53 to 60.24 cal/mol on the water activity levels. The fitness of the isotherm curve was
shown to be in the order of Khun, Halsey, Caurie and Oswin model. The equilibrium relative humidity prediction
model was established by the function of water activity, time and temperature, respectively.
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A0 Zfre EEUEFTALRENA AlFol B4 B,
2, g3 gl met AAste] WAZE O BastHA
AH-3l99 T 34l & F-160(sucrose monostearate: sucrose
di-, tri-, and tetrastearate=7:3, Ilshin Emulsifier Co., Ltd.,
Korea)ye AH&-3t1. 2.1, o] W HLB#ES 160131t} B 5&2
E+& Na-caseinateMSC Co., Ltd., Korea), B-cyclodextrin
(MSC Co., Ltd., Korea)2 AH&-3}3t}.

QF0{ 7+72| ojM=s

Y EEZE AHE-$ Na-caseinate®} B-cyclodextrin®] H]&
< 4b(wiw)o2 st &3l § f3HA F-1602 A7t
&}] homogenizer(T25 Basic, IKA, Germany)Z 22,000 pm
ol 2087 #ASAZ F AN HH-E 718l f3Y
< AZ3AT) old FHEEAF 2o 7Hiote] vl &L
46(ww)S 2 S3ith. AxE 3t s EFAZX7(B-191,
Buchi, Switzerland)ZS ©]-&3}lo] m|A|7<&E3tslg o, 717)
82712 inlet temperatureE 130-160°C, outlet temperature
€ 80-90°CE AA3IAIL, A8 THEEE 6 mL/minS 2
Esvi=s

B 55

nAAEs £ FYFEFFE FEEHNE 47
(Thermoconstanter, TH200, Novasina, Swiss)Z =74 &} t}.
A&t £ 0.2 g& chamber Woll B2 717] WF-9]
FREEHYEE 3 898 o] 8314 0.11, 033, 0.53,
0.75, 0.902 FAIA1Z] & 10°C, 20°C, 30°Ce] &%olA F
A% FEEAE R HYo| & W7ix] FH5AA YRS

FE T
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EHEXIE ERlEe| &5
GRS FEEES Brunavuer-Emmett- Tellertlr(BET)2)

(Brunauer et al., 1938)2} Guggenhein-Anderson-Boer(GAB)

2] (Samaniego-Esguerra et al., 1991)& ©]-&3lo] 3724 S

Sl doiRl 7} WA Y] A2 Ry A&

Aw 1 C-1

BET equatlon m = WC+ mlCAW

m,CkAw
(1 -kAw)(1 —kAw + CkAw)

GAB equation m =

Aw : Water activity

m : Equilibrium moisture content(d.b.)
m, : Monolayer moisture content(d.b.)
C,k : Constants

sadgnel 23

FYEFETF Tgat=d 8% FF5AET AHse
Clausius-Clapeyron2] %3 2] (Apostolopoulos & Gilbert, 1990)
& o]&3t] T3kt

—InP = 'ﬁ

InP : Vapor pressure at temperature T
AHs : Enthalphy (kcal/mol)

R : Gas constant (1.987 cal/mol.K)

T : Absolute temperature(K)
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(Boquet et al., 1978)% T2 HPHS Toluginh. 5,
2 Ao NANE £29 F 72 2949 HANGE
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Bradley equation lnﬁ) = K,k¥

a

Thaw 0

Kuhn equation M =

Caurie equation InM = InA - rAw
Halsey equation Aw = exp(-a/M")

Henderson equation 1 -Aw = exp(-KM")

AW )Il

. ti _ (
Oswin equation M = a -

M : Equilibrium moisture content(w.b. %)
Aw : Water activity
k,, k,, a, b, A, r, n, K : Constants

T, SLEEFA B 4947 WA P o
& 2ol o8 A=

Mi : Experimented moisture content(w.b. %)
Mi" : Estimated moisture content(w.b. %)
n : Number of experiments
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Fig. 1. Effect of various humidities on water activity of microencapsulated squid liver oil powder.
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Fig. 2. Isothermal absorption curves of microencapsulated
squid liver oil powder.
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3 FEEFS #3517 98l BETHF GABY S o] &3}
o Aoz AF ZHE Table 19] VRN BET o] &
23198 B9l R¥7} 0.895~0.968 Alo] 2 H]wE &
F948E JeEAS Y GABA o &8 Ax A 77
Al R7F 09901322 &2 R4S 714 £ 7oA Y
GEASE FEEEFS d&3ed FEvt g AR A%
He, ALdE dEAF FETFS 0.085~0.157 g H,0/g



QAo tlIEs Bke] FHEA 173

Table 1. The regression coefficients and monolayer moisture content of microencapsulated squid liver oil powder determined by

BET and GAB equation

Temp. BET equation GAB equation
4®) C ml Sig. F R? C k ml Sig. F R?
10 6.527 0.024 0.015 0.895 0.388 5.631 0.085 0.005 0.995
20 5.310 0.024 0.010 0.921 0.296 6.934 0.129 0.001 0.999
30 5.542 0.021 0.002 0.968 0.263 7.180 0.157 0.001 0.999
m, : Monolayer moisture content(g H,0/g dry solid) Ck : Constants

dry solid®] zto.2 UEhstt}. o] Lee & Lee(2007)7F 2}
7}3%\54 FHEAATIME GAB4o] BETX R H ¥

L EAS FEFFS et Bag fARBKY &
E7P GO FE o RS SRS B9 O Kumar
& Mishra(2006)2 yogurt powder®] &%l AA dEA}
F FEEFo] 227t S/ wE ZAsla, ol 78
3 Ags= A2F7t FAs] dELE AW 2 d
FAF= e FE Btk

Ea0llEd|
oA edtet QAo 7H BT FHA 87 EHE A"
¥ Z Table 201 YERAT FEEAH =7} 0.11914 0.902
2 378 uet FE5AET 9 FE 1279.53 cal/molol| A
60.24 cal/molZ F43] ZAaHe AFE At 255
TH(Fig. 2)¢ BE FEEATI 3/HE5E T
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Table 2. The absorption enthalpy of microencapsulated squid
liver oil powder

Water activity Enthalpy of sorption (cal/mol)
0.11 1279.53
0.33 656.70
0.55 371.15
0.75 171.03
0.90 60.24

A7} RotA FFol |A olFoA Aol kark= A
S AT F UM ol AI= Kim et al(2005)4]
B9} FARGE Aol o, UutE]l EUAFELS B
7~10%«l FEFFAA A7 W&ol FEH0] & &L

S ARE AT T ERHE AHANA & F U
751@?& EIAAY AZ2AE /A8 F= Ao uEA g
Ao AddL

s=eaa=Me HEx

F53H 2l HUEE Polry] Y3 £ AtolMe
6709 71E RdYE ARE3HAI T, Al-Muhtaseb et al.
(2004)2 ©]9)9] g2 B2 Bdy S stach powder®] A4
g 2d24S 23z AL Table 39 B vieh 2+
o] 71 ¥& AYEE Yehd 2922 Kuhn EY2 R?
7} 0.989~0.9952 2= #AAgle] F AFPEE B 7]
MAest 2o 7Hr 229 BITETF ASRd=E &
€] 7tk 2 ¢ AAE Rd24 ] R’:= Halsey,
Caurie, Oswin, Henderson, Bradley 294] <02 UEltS
o, 2E 29249 R7t 090 o] & HIS BAoh
Shau & Tiwari(2007)%] 253 2] & sweet pepper®] %9l
AAXME Oswin Z9 3} Halsey Zdo FI=7t =04
B8l o] F Rdo] HEH o T ARIAF e 7HeA
< B4

A7} & Caurie 292 A]9)3F Oswin, Halsey 2 Kuhn
B4 &t AME FEFGFH FYFTETF SHXY

Table 3. The regression and significance values for the absorption model of microencapsulated squid liver oil powder

Temp. Bradley Kuhn Caurie
O InK, InK, Sig. F R? b Sig. F R? InA r Sig. F R?
10 0.053 -0.076 0.010 0917 0.008 -0.022 0.000  0.989 -4973 3689  0.000 0.992
20 0.048 -0.071 0.012  0.907 0.005 -0.021 0.000  0.995 -5.024  3.615 0.001 0.985
30 0.054 -0.084 0.013 0.903 0.009 -0.023 0.000  0.990 -4790 3441 0.002 0972
Temp. Halsey Henderson Oswin
(°C) Ina n Sig. F R? InK Sig. F R? Ina n Sig. F R?
10 -3.643  -0987 0.000  0.989 -2.608 0987  0.004 0953 -3.127  0.708 0.001 0.988
20 -3.725  -0975  0.000  0.997 -2707 0966  0.006  0.943 -3.215  0.696 0.001 0.988
30 -3.553 0927  0.001 0.981 -2590 0908  0.012 0.908 -3.068  0.658 0.003 0.961

ky, k,, a, b, A, r, n, K : Constants of model equations.
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Fig. 3. Comparison of measured and calculated values by
model equations on equilibrium moisture content of microen-
capsulated squid liver oil powder.
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Table 4. The linear regression parameter coefficients of the
prediction model equations for equilibrium water activity with
time, water activity and temperature of microencapsulated
squid liver oil powder

Independent Std.

Model bl Coefficients Error R?
’ Constant 2135 0.896
& 0.978
Aw 92.198 1.276
Constant 5.013 0.530
? Aw 83.715 0.827 0.993
In(time) 3471 0.158
Constant 4.031 0.683
Aw 83.595 0.821
mr® . 0.993
In(time) 3.575 0.163
Temperature 0.054 0.024
UThe model Eq. is equilibrium water activity = a(Constant) + b(Aw)

?The model Eq. is equilibrium water activity = a(Constant) + b(Aw) +
c(In(time))

9The model Eq. is equilibrium water activity = a(Constant) + b(Aw) +
c(In(time)) + d(Temperature)
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