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Effects of Different Saccharides on Glass Transition Temperature

and State Diagram of Penaeus Vannamei Meat

Shi Qilong Zhao Ya Cao Shumin Zhang Jingjing
(School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255049 , China)

Abstract. Effects of different saccharides, viz. sugar, inulin and trehalose on the glass transition
temperature and state diagram of Penaeus vannamei meat (PV) were investigated to improve the storage
stability of Penaeus vannamet meat. Moisture adsorption isotherms of PV and Penaeus vannamei meat with
addition (w/w) of 10% sugar (PV —S), 10% inulin (PV —1) and 10% trehalose (PV —T) were
determined at 25°C by using the gravimetric method. Differential scanning calorimetry was employed to
determine the glass transition temperature (T,) and freezing point (T,) of samples equilibrated at
various water activities. The state diagram was composed of the glass transition line and freezing curve,
which were fitted according to Gordon — Taylor model and Clausius — Clapeyron model, respectively. The
results showed that the adsorption behaviour of Penaeus vannamei meat (PV, PV —S, PV —1 and PV - T)
displayed type III isotherms. The GAB model statisfactory described the adsorption behavior of PV, PV —
S, PV—1 and PV —T. The equilibrium moisture content of PV, PV —S PV —1 and PV — T increased
with increasing water activity (a,). Moisture content of PV —S, PV —1 and PV — T at a given a, was
lower than that of PV. The monolayer moisture content decreased with the addition of saccharides. T, of
PV, PV =S, PV =1 and PV = T decreased with increasing moisture content. T, increased with the

addition of saccharides. The state diagram yielded maximally-freeze-concentrated solutes at 73.2% ,
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73.4% , 72.6% and 73.4% solids with the characteristic temperature of glass transition being
-71.35C, -64.76°C, -58.36C and —59.36°C for PV, PV—S, PV —1and PV —T, respectively.
The corresponding un-freezable waters for PV, PV — S| PV — 1 and PV — T were 26.8% , 26.6% ,

27.4% and 26. 6% , respectively. The storage stability and shelf life of meat can be markedly improved

by addition of saccharides especially inulin and trehalose.

Key words; Penaeus vannamei Saccharides
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Tab.1 Mathematical models describing the adsorption

isotherms of agricultural products

BET M=M,Cya,/[(1-a,)+(C,-1)(1-a,)a,]
Blahovec — Ma /(e +bia) + /(8 —bias)

Yanniotis

Caurie M =exp(A, +B,a,)

Chen a, =exp(k—cexp( —bM))

CAB M=M,CKa,/[ (1 -Ka,)(l~Ka, +CKa,)]
Halsey M=(-a/lna,)""

Henderson M=[-In(1-a,)/A,] 1/B,

Peleg M=m,a"t +myal?
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Fig.1 Moisture sorption isotherms of Penaeus vannamet meat

BALHA] 22 AT E (p>0.05), 0.53 <a,<0.843
B, B PRS- T 2 7K 5 B R S S I AL PV — T
(015 T2 B K K. Bl e, =0.843 B, PV,
PV—S PV —1H1PV—T & KZEHSHN0.439 7,
0.4249.0.4104.0.4323 g/g. a, >0.90 i, 1T
BT KB NKBIMEIR y PV — S PV = T PV PV — 1,
HA K2 H 0,682 7.0.668 1.0.664 9 .0.6524 g/g,
KW B AR A2 el AR i K o A b ] RE e Rl R
AR IR 2K T RE S BUF N A T
K/ W KA 15 TR B b B8] e A 2 7 e 3850 R O o o
KA BAKRERA R T i — 2 05E .

KRR 1 R 8 Fiviy WAL AL G PV PV — S
PV =15 PV =T 17K 53 W i B8, 15 3] & 15 80 58 1
28 (5 2) ., Blahovec — Yanniotis . Caurie , Chen #I
Henderson 1 B[] P > 10% , #it 155 B 0L &5 4 B 48
212 Peleg B LA R4 P Fl RMSE 4%, {H
FOHR 25 R FUAE A, T 0L A0 B2 LIk, BET . GAB
1 Halsey #7035 45 %5 8 R* R4 A% P RMSE , ] fi
ik PV PV =S PV —15 PV — T [ 7K 73 W B 4
3 FhAE AL, GAB ALY RMSE S fIG, BRI iZ A ALy
i3k PV PV =S PV =T 5 PV =T JK 73 W 4 14 1 5
EALR, oy ROK R AR LA S & s AR K4l 4
SRRPEIAZE G RS 1 A K TR K TEBR Iy
J2 KR IE £ B B R BRI R R R
25°C I}, MR GAB FLA3 1 J2 F5 7K S8 Fif AR 288 78 o i
FEAR, PV PV =S PV -1 fl PV — T [y Fjp 7 )2 T A&
B IKF 5150 0.086 7.0.077 3.0.0733 0. 081 1 ¢/,
2.2 EBIEFRLEKEAR T RIEMBE

K 1 DSC AL &8 1A% 43 A T i 2 2 A
(1) DSC HT£R , B 3 Ak 5 A0 T B2 Ay PR 2 B il 2 2
A A IS B 4R V4R 5 4 11 38 e T X I ) R
2 PV - SO A K EH 15.91% ) (1) DSC Hf
Lo ATLAE Y PO B i 2o 00 B T B AL AR
I VK A i, 24 e, <0.654 [, PV PV — S,
PV —15 PV — T iy #4 Jy 27 il 26 3 75 & ot B 4 (18

W) o AN E K EAXTIRAM T EWZ% 3, 1
LA L T, Bl 0 P2 7K S5 0 I T e A1, 3 32 2
H1 T K 43 7 % 5 5 TG SE TE 44 9 AR VR . AR T
a, 5 R AR T, B 25 40 215 A0 % 0 T 42 785, 3 3R
fE MR E/IME Y J9 . PV = TPV =T PV =S, f5il {1l
a,=0.529 B} ,PV.PV-S PV-THI PV-TH Tgm{E
YRk -18.07 ., -5.25.3.78 2.43C . B ¥ [ &t
LNV RN W SR v S B i S NSNS
TS TRER I, M TRAWERRN T, 5FY
ST REREEMED T AT SEIFAKR T,
B o Furlan 27 BFFE T W00 Uk % R T 40 1L 3
EAENVNIE A IE R L N it B R R o I
AR, T, N R F /MR U A - 25 1 L 6 B L 76 45
PRI IH 5 T M 780 6 4 A LL 29 W X 28 I S 2R A R
U9 B0 R B 2 VR . Hinrichs 45 % B 55 2 W, 44
X R B M MOk & W B B
(NonPEGlated ) ff) i 5t ¥4 58 4 J Ii7 19 30 4 75 JFH
T TR S R, U TR T
FRRRG T, T EL R 42 5 R0OR R B/ R R - %
B R . X SR SR U SE A R X
WF AR T, 5 00 0 AR — B

K Gordon — Taylor J7 2 %F 7 3% 11 %} 4F 1A )
T, B AT AR P, #55] PV PV -S PV -1 5
PV-T 1 ng}%ljjj 118.9.101.5.131.7 .104.2C ,
F TG R T REWE L SE A AR T, 40 BN 62,100
120°C 27 i SR R T, 5K R 484 T,1F
M BRI, AR SOBER AR A T, I 45 16 2 4 B8
Mo k550 8.06.6.47 .6.65 F15.94, k TARE M
TR R Ko 7 5 AR K 00 45 4 e 15 55 RO Bk
K 15 K 2 IR ARARE R B L K TR
S [ X R PR G S 1A I A 2 A o T A 3 o
WAk AR T IR AV R R 26 A0S U0 3 446 YKy T8 6 L TR M A
%% . Furlan 277 R 200 B2 b 5 BT 4K
N A RERE AR . DRI, AR SORE TR A & B2
M B 5 TR
2.3 SHEKEHTET,

FHEEKIFA (a, >0.75) BT 2% il 42 B
T AR R Ak (& 3) o LS IR R s 4
K EOE W BT N IR A, KA TR B
BOICAE TE H rP B K 20 A TH R I AR P B TP 4G
f T B B G I, Ry A o T 1 B 3 A A
TR, T HEAT R kb Y Bk, i@ DSC 4y
Br GBI RNm T, (£ 4), BT T, 5H BV GHE
FETCE, UL MF Y T, BP0 A5 F PV
PV-SPV—-15PV-TH T 4 %Nk -2730,
-26.69, -24.94  -26.61°C ,#HmiwiE PV.PV-S,



240 & ol HLOM ¥ R 2015 4
x2 BHERBSHITENSHE
Tab.2 Estimated parameters of different models for adsorption isotherms
T B PV PV-5S PV -1 PV-T
M,/(g-g™") 0.067 6 0. 068 2 0.0650 0.067 4
c, 15.41 8.05 23.17 10. 54
BET P/ % 7.4315 6.024 5 4.3831 6.204 2
R? 0.990 4 0.996 6 0.995 1 0.994 7
RMSE 0.0033 0.001 3 0.001 6 0.0019
5] 25 5y A Fiei BIL 53 A B BL 53 A Rt BIL 43 A B AL 43 A
a, 0.30 8.87 0.45 1.04
b, 27. 64 -8.33 19.93 25.24
a, 10. 13 1439 12. 46 11. 13
Blahovec — Yanniotis b, 9.62 12 680 12. 13 10. 74
P/ % 1.8416 14.076 3 2.6467 3.703 8
R? 0.998 7 0.9924 0.998 0 0.9989
RMSE 0.000 5 0.002 8 0.000 7 0. 000 4
5% 75 53 A Bl AL o> A1 BEL o> A Bl AL 23 A1 BEL o> A
A, -4.26 -4.61 -4.33 -4.47
B, 4.20 4.61 4.23 4.43
Caurie P/ % 20.012 6 24.603 0 24.0340 22.8774
R? 0.9807 0.9739 0.9673 0.9779
RMSE 0.006 7 0.009 5 0.0105 0.007 8
LYl N i) W) A LHE S A B3 A
b 0.011 0. 001 0. 001 0. 001
c 296.9 2039 2769 3001
k 293.5 2037 2765 2 996
Chen P/ % 53.309 4 81.6462 71.803 8 58.7105
R? 0.954 1 0.7719 0.964 6 0.976 3
RMSE 0.0160 0.0835 0.0113 0. 008 4
L=l FLHE S A W3 A1 FLHL ) A1 W3 A
Mg/(g-g'l) 0.0867 0.077 3 0.0733 0.0811
C, 4.359 4.508 9.529 4. 340
K 0. 968 0. 985 0.984 0.977
GAB P/% 6.414 4 6.3898 5.3054 5.7725
R? 0.998 0 0.998 3 0.997 6 0.998 6
RMSE 0. 000 7 0. 000 6 0. 000 8 0.000 5
BR 285 A FE AL 53 A1 BE L5 A FE AL 53 A1 BEHL 5> A
a 0. 064 0. 067 0.061 0. 065
r 1. 194 1.118 1. 185 1. 151
Halsey P/ % 6.848 7 6.7813 3.6842 6.2556
R? 0.996 8 0.998 0 0.998 1 0.9979
RMSE 0.001 1 0. 000 7 0. 000 6 0. 000 7
52 5y A Rt BIL 43 A Rl B 53 A KL 53 A7 Rl B 53 A
A, 3.243 3.114 3.311 3.185
B, 0.739 0.677 0.729 0.703
Henderson P/ % 20.498 2 24.522 1 24.2322 22.964 0
R? 0.986 8 0.9839 0.976 1 0.9859
RMSE 0.004 6 0.0059 0.007 6 0.005 0
L=yl LA A W3 A LS A WL J3 A
m, 0.237 0.293 1.061 0. 254
n, 0. 891 1. 180 8. 809 1. 006
m, 0.962 1.219 0.231 1.058
Peleg n, 7. 664 10. 490 0.831 8.759
P/ % 6.7273 8.8209 7.929 2 7.062 4
R? 0.996 3 0.996 2 0.994 4 0.997
RMSE 0.001 3 0.001 4 0.001 8 0.001 1
BR 75 53 A RS A ] R ) A LAY A1
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Fig.2 Typical DSC thermogram for PV — S containing
un-freezable water (a, =0. 654)
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Tab.3 Glass transition temperature of Penaeus vannamei

meat containing un-freezeable water

Bah wiEakE/% o 1./C 1,/C T,/T
4.38 0.113 49.77 55.37 57.53
5.98 0.225 19. 83 31.55 36. 68
7.44 0.328 -2.87 11.34 18. 96
PV 9.61 0.432 -10.25 3.88 11.57
12.17 0.529 -27.89 -18.07 -6.60
16.90 0. 654 -45.25 -32.89 -30.04
3.83 0.113 48. 04 54. 66 55.99
4.93 0.225 34.73 44.49 51.68
6.70 0. 328 14. 66 18. 69 25.05
PV -S 9.79 0.432 0.17 7.11 13.58
11.39 0.529 -12.36 -5.25 1.51
15.91 0. 654 -31.93 -28.26 -19.21
5.12 0.113 54.39 58. 89 62. 44
6.25 0.225 43.29 48.95 51.84
7.62 0. 328 44.37 44.98 52.44
PV -1 9.63 0.432 5.63 17.91 20.59
11.88 0.529 -2.96 3.78 6.74
16. 06 0. 654 -25.33 -17.13 -8.43
4.09 0.113 49. 07 54.56 55.48
5.36 0.225 39.29 46. 69 51.43
6. 82 0. 328 20. 42 30.90 44.55
PV-T 9.24 0.432 4.12 11.42 17. 18
11. 68 0.529 -4.06 2.43 7.65
16. 08 0. 654 -29.48 -24.48 -16.36

PV-15 PV T 18 K By 5 b -29, - 28,
=26, -28C, [&13 A i BLAY S B B Ak e o vl o i
IR KRR BRI B, T HL OB KOS A PG R 2R 2 B
TE WA B AL AL A (1 3) o X 5 3CHRI 19, 32 ] 1%
LA B, FUREK PV.PV-S PV -THI PV-T
M T34, LI BSE AR IR T (0%
F KRG T . X FE B T IR TR B
B P e 7 2o A R MR A 5 KT A TR R L 22 5
KRR FEAT] LA Z W AT Gt ™
MREMIFARN T, MEL4 R K 4, TLUHE

SRIFHE

02} -y

WIREE(W-g ™)
s
N

~1.0 . . . . . . )
—120 =100 —80 —60 —40 -20 0 20 40 60

HEC

B3 EUR45K PV -1 DSC 1%k (a, =0.903)

Fig.3 Typical DSC thermograms for PV —1 containing
freezeable water (a, =0.903)
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Tab.4 Glass transition temperature and freezing point of

Penaeus vannamei meat containing freezeable water

Fegh  BEEKE/ % a, T,/C TyC  T,/C

30. 54° 0.843 -76.36
39.94° 0.903 -77.41
46. 62° 0.912 -73.67 -28.02
50.31° 0.924 -73.85 -27.07
59.15* 0.938 -74.43 -26. 80
PV 30. 54" 0.843 -73.06 -24.09
39.94" 0.903 -73.58 -19.14
46. 62" 0.912  -71.24 -10.61
50.31" 0.924 -71.50 -7.89
59. 15" 0.938 -73.73 -2.10
29, 82° 0.843  -70.42
40.57° 0.903 -54.55
45.70* 0.908  -53.87 -27.98
49.09° 0.921 -54.26 -27.22
53.60° 0.925 -55.76 -26.51
58. 44* 0.947 -56.52 -25.03
PV -9 29. 82" 0.843 -59.49 -25.61
40.57" 0.903 -54.25 -18.07
45.70° 0.908 -51.27 -8.45
49.09" 0.921 -53.24 -8.83
53.60" 0.925 -53.75 -6.34
58. 44" 0.947 -54.07 -5.49
29.1° 0.843  -62.35
39. 48" 0.903  -67.33
44. 26" 0.916 -59.83 -26.18
47.27° 0.919 -59.96 -24.47
48. 08" 0.921  -60.10 -24.18
PV -1 29.1" 0.843  -60.04 -28.38
39. 48" 0.903 -59.55 -15.75
44.26" 0.916 -53.60 -9.40
47.27" 0.919 -54.49 -7.63
48.08" 0.921 -54.66 -6.74
30.18* 0.843 -64.10
40. 05° 0.903  -66.37
44.20° 0.917 -54.96 -27.56
50. 59* 0.937 -55.03 -26.43
55.03" 0.942  -56.66 -25.85
PV-T 30. 18" 0.843  -60.52 -26.59
40. 05" 0.903 -63.50 -22.85
44.20" 0.917 -52.68 -9.59
50. 59" 0.937 -53.46 -7.23
55.03" 0.942 -54.74 -4.85
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A T OB £ B T s N O RO A AR A 1 B
BB 1) 888 X S AR SO ST S iR S A — 8. BER
X S E6 IR Y I T, S A B 22 SR, R DY AT AR
J DR fh IR R 10 BB AL e A2 3 B2 55 7 2 0y 1 i
SETEAR T3 OB 43 I A0 AR

A E SRR RERE . QJCE Y M I S N 4
F 885 785 4k B A8 3 B 43 900 R 62,100 ,120°C i
FLARSY T 3 Ffobfi g 98 A0 A FH 52 00 MK B /MK IR
AW HERE R, X 7T REJE T M 5k 4 T
T I A SR RE R T RERE S 2RI G . O 5 REEAN
FC T B EL A KA B R HE BEL 28 7 o S 0
SECIR A PO T R R R AR B D B
SRE S BEAR . @5 REWEAH L, 1 B s 2 7 P SRR R
K R, AT LG KA T R B R 3 PR 45 4 TR
S W ELAT I TR K 23 T 45 4 0 1 O K 2 T o
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Fig.4 State diagram of Penaeus vannamei meat
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