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Abstract: To determine the relationships among water activity (a,), moisture content, and temperature of Penaeus vannamei shell
(PV-S) and P. vannamei meat (PV), the moisture adsorption isotherms and thermodynamic properties of PV-S and PV were investigated.
The moisture adsorption isotherms of PV-S and PV followed typical type II and Il behaviors, respectively. The optimum models for
describing the adsorption properties of PV-S and PV were the Blahovec-Yanniotis model and GAB model, respectively. For both PV-S
and PV, the net isosteric heat of adsorption (differential enthalpy) and differential entropy decreased with increasing moisture content.
The spreading pressure increased with increasing a,, but decreased with increasing temperature. The integral enthalpy of PV decreased
with increasing moisture content, whereas that of PV-S first increased and then decreased with increasing moisture content. The integral
entropy of PV increased with increasing moisture content, whereas that of PV-S first decreased and then increased with increasing
moisture content. The adsorption behaviors of PV-S and PV were enthalpy-driven and satisfied the entropy-enthalpy compensation theory.
When moisture content was lower than 0.20 g/g, the net isosteric heat of adsorption and differential entropy of PV-S were higher than
those of PV. The spreading pressure and integral entropy of PV were lower than those of PV-S, whereas the integral enthalpy of PV was
higher than that of PV-S. At a moisture content of 0.07 g/g, the integral enthalpy and integral entropy of PV-S reached a maximum value
(1.91 kd/mol) and minimum value (—14.34 kJ/(mol K)), respectively. The results obtained in the present study will provided a scientific
basis for the drying process and storage stability of dehydrated P. vannamei.
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Table 1 Mathematical models describing the adsorption

isotherms of agricultural products
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Caurie X =exp(A;+B;ay)
Chen ay = exp[k—cexp(-bX)]
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Halsey X=[(a )/Ina,]*"
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Oswin X=Aya/(1-a,)*
Kuhn X=[As/In(a,)]+Bs

E: X AT REKE, 9lg; Xop A2 Xng 2751 &7 BET #= GAB
PN0FEAKE, gig; Al A As A As. B By Bi. By
Bs. Cov Cqv @v @y @ by by by €0 ke oo mpn mpe g
RTEARA T
132 # A4
1321 {PEERIRBIE ST

PRI (ge) 4R — IR T IR SR
Qo) WMELIKIZRIBER (HD B3, g Wl i
B bR S AT AR JI5855, gy AT AR
Clausius-Clapeyron 75 848l & ik Ia i 15 208,

qst:_p{ dina, } ®

d@/T) |,

Kb g AFF AWM, kimol; R HEARF K,
8.314J((mol K); a, AKEE; T H%MEE, K X AFHA
AKE, glg .

e I, FEREE S KRR, LA Inay X UT E
KIfE— (B2, gy "TIEE ELRPRI RS R

T (Sq) SRR 73 W B i A i B Aoy s B

131




MR BRI

Modern Food Science and Technology

2016, Vol.32, No.7

Ak, B SHRE Re oK b BHATE BRI 7K 73]
W BT Hﬁéjz%%m L, o 1 Sy 155 R LM
_ LS

Ina,|, =- RT R @)

KF: Syt J(mol K).

Q)P %1, DA Inay, X7 UT MEEREI— K EE,
REE /K ZEIT 1Y) Sy It LR T A 2
1322 Ji-Ja EANE IS

J5-J8 ELANER IR ] FH T PPk XS 7K 3 W B ik
EPF)TEEEI’JI;&%?E AR IIFEM o -5 AN

W o M Sy FEERQ@) RIS R P,

Q=T S¢t+AGy 3)

Kb TphFRBE, KRN A2 F P RS VAR —ik
FAATRT ORI AGh T, 49 E A A e, kI/mol.

i) go M Sq IR R, B AR AR
FIBHL Ty M AGy. Polatoglu LW — R T8 1.
AR RIS T, FER L Ty MRA IR

(Tm)» WIR@ IR 2 T Tom N, 055 FLANE IS
G 4 T Tome WIS G IREN: 5 45 T<Thms
TR Bt A A Bk 50
_n 4
>

K¥: nAFREMA.

1323 ¥IKES

TakES (@) ZFa NP R B R Ry 7k
171 75 2 20 B A ) TS iAo, A
sk T Al 2 (5)iE P,

p= KT In(l_ Ka, + KCgaW) )

A, 1=Ka,

RF: @ AYKREA, IN; Ky AFRIEDFHK,
138<0%)/K; A 1 AKaFeykmAr, 1.06x107°m% C,
#= K 4 GAB 53k,
1.3.2.4 BGHEFE S0

T3 CAHn) T € Bk /K 7315 [l {4 JE 5[]
W R /N o AL, ST 12 .3 (6) 291,

AHm:R[ dina,, } (6)
duT) |,

B (ASi) 1T 5E BRI R vh K 70
IBENIBEEREEE, SRR T A LS5 5K AR Z
(] S22 R o« AS T (7).

~(Ina,)|, = e

o S ™
RT R

TERFEI SR T B Inay, 3 LT (EF, HUE

1 ) AR SR8 A A1 ASi

132

hm =

14 Sitatr

K FH Matlab 7.1 #4411 Origin 8.0 B A4-#E47 2047

2 HERE5R

21 RMFIRE
a !
15T
L]
3 0a2s) BT
; 020}
& oast
H_
& 010}
-
0.05 |

01 02 03 04 05 06 07 08 09
KA IEE

050 o5
045F _e25C
040F 35T
0351
030
0.25F
0.20 -
0.15
0.10 -
0051 - ‘ ) . ) ) . .
01 02 03 04 05 06 07 08 09

KA IEE

SERTT AR/ (gg) T

[e]

045F -=PV-S
040+ —=PV

0.35F
0.30+
025+
0.20
0.15}
0.10
0.05}
0.00

T K  (g/g)

01 02 03 04 05 06 07 08 09
AKAFIG L
&1 Rk R SEARIRMIE R
Fig.1 Moisture adsorption isotherms of Penaeus vannamei shell
and meat
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Table 2 Parameter values for the evaluations of different madel fittings for the adsorption isotherms

WEIC
AR A PV‘S PV
15 25 35 15 25 35
Mp 0.0369 0.0448 0.0602 0.0690 0.0723 0.0742
C 6.665 5.251 3.535 12.480 6.065 4184
BET R? 0.9076 0.9236 0.9241 0.9827 0.9890 0.9921
RMSE 0.0222 0.0195 0.0184 0.0121 0.0097 0.0082
EENA WAENH  HESH ESH FEA A A R AT
a 0.798 0.640 1.396 0.740 -0.099 -1.832
a 24.67 19.99 38.97 14.00 1152 9.63
by 10.17 12.90 9.53 17.13 29.26 53.04
Blahovee b, 23.15 18.20 40.32 14.00 11.22 8.94
-Yanniotis R? 0.9964 0.9975 0.9940 0.9955 0.9980 0.9989
RMSE 0.0053 0.0043 0.0064 0.0131 0.0081 0.0055
EENH [t 712 R ¥ O ML AT AL HAEN
A -3.025 -3.121 -3.255 -4.001 -3.995 -3.925
B, 1.916 2,015 2.114 3.751 3717 3574
Caurie R? 0.9693 0.9795 0.9661 0.9601 0.9814 0.9942
RMSE 0.0128 0.0101 0.0123 0.0317 0.0201 0.0103
KENA WS AR SR HUAESAT AL A A
HBTR
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BER
b 19.78 20.01 2297 11.91 11.73 11.73
c 7.016 6.269 6.531 2.973 2.64 2.467
k -0.1184 -0.1332 -0.1603 -0.1433 -0.1561 -0.1627
Chen R? 0.9961 0.9953 0.9961 0.9849 0.9817 0.9825
RMSE 0.0050 0.0053 0.0046 0.0214 0.0218 0.0195
KREST WESA  BESH AELAK WA AT AL WA
M, 0.0712 0.0672 0.0596 0.0670 0.0692 0.0779
Cq 52.78 4353 41.20 14.68 7.46 3.90
K 0.8554 0.8743 0.9022 1.007 1.006 0.981
A8 R? 0.9935 0.9971 0.9885 0.9954 0.9964 0.9961
RMSE 0.0064 0.0042 0.0079 0.0118 0.0097 0.0092
KREST FEAS A FEA A R A A MDA B A
a 0.012 0.015 0.017 0.068 0.071 0.070
r 1.932 1.799 1.669 1121 1.077 1.072
Halsey R? 0.9958 0.9978 0.9903 0.9941 0.9974 0.9965
RMSE 0.0047 0.0033 0.0066 0.0122 0.0074 0.0080
KREST WAENA  BESH AELSHR T R FEAS AT
A 19.54 17.52 16.76 3.60 3.65 3.90
B, 1.65 1.56 1.48 0.79 0.79 0.82
Henderson R? 0.9551 0.9597 0.9485 0.9563 0.9733 0.9858
RMSE 0.0155 0.0142 0.0152 0.0332 0.0240 0.0160
KENT MENH LR ELSHR ST AN H AN
m, 0.1647 0.1474 0.1593 0.1757 0.1457 0.1182
m, 0.3183 0.3032 0.5710 0.9812 0.8308 0.6542
n, 0.450 0.425 0.552 0.5967 0.5506 0.5087
Peleg n, 6.644 5.559 9.540 7.176 5.79 4479
R? 0.9963 0.9969 0.9942 0.9968 0.9994 0.9992
RMSE 0.0055 0.0048 0.0063 0.0109 0.0044 0.0046
KENH N A _ HESH ELHK e AL WA
As 0.107 0.102 0.093 0.111 0.105 0.101
B, -0.074 -0.074 -0.072 -0.153 -0.149 -0.143
Chung-Pfost R? 0.9596 0.958 0.9424 0.8698 0.8875 0.9124
RMSE 0.0147 0.0145 0.0161 0.0572 0.0493 0.0398
RENT HESA  EIHR FE A A e AN H WA
A, -0.0324 -0.0352 -0.0364 -0.0713 -0.0742 -0.0738
B, 0.0688 0.0592 0.0483 0.0215 0.0121 0.0082
Kuhn R? 0.9674 0.9723 0.9812 0.9954 0.9973 0.9951
RMSE 0.0132 0.0109 0.0091 0.0108 0.0070 0.0094
KREST FEAL A R A FEA A KA A R A AL F
As 0.1273 0.1216 0.1116 0.1273 0.1234 0.1210
Bs 0.3978 0.4240 0.4527 0.7314 0.7513 0.7435
Oswin R? 0.9882 0.9896 0.9797 0.9843 0.9918 0.9960
RMSE 0.0079 0.0072 0.0096 0.0199 0.0133 0.0086
RENT FEA A R AT M A FA AT M A FALS AT
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