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Abstract: Drying of seahorse by hot air, vacuum and cold air, the drying characteristic, effective diffusion coefficients, activation energy
and mathematical modeling were investigated at various conditions. Kinetics of seahorse at 50 C, 60 C, 70 ‘C, 80 “C, 90 C and 100°C for hot
air drying, 50 ‘C, 60 C, 70 °C, 80 ‘C and 90 °C for vacuum drying, and 20 “C, 30 °C and 40 “C for cold air drying were obtained. With respect
to R?, *and RMSE, fitting of experimental data to 13 thin layer drying models resulted in Page and Midilli model were suitable model for hot air
drying techniques, Page and Weibull model were suitable model for vacuum drying techniques, Page, Logarithmic and Weibull model were
suitable model for cold air drying techniques. Effective diffusion coefficients Dejf of hot air drying, vacuum drying and cold air drying varied
between 1.1714x10™° m%/s~6.7873x10"° m?fs, 4.9252x10° m?/s~10.4920x10™° m?/s and 2.3510x10™° m%/s~4.0174x10™° m?/s respectively.
Activation energy values were 37.05 kJ/mol, 18.75 kJ/mol, and 20.55 kJ/mol respectively.
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Table 2 Statistical analyses results of selected drying models in hot air drying
AEA B BRI A R’ Pe RMSE

50 'C k=0.3732 0.8969  4.2700x103 2.2191x107

60 'C k=0.4582 0.9426  2.7500x103 1.2915x10”

L owis 70 °C k=0.6933 0.9988  5.7321x10° 2.6900x10™*

80 C k=0.7218 0.9989  6.1844x10° 2.5500x10™

9 C k=0.9828 0.9992  5.8927x10° 2.0500x10™*

100 'C k=1.2824 0.9989  1.0132x10* 3.0500x10™*

50 'C k=0.6678,n=0.5266 0.9916  3.4882x10* 1.7193x10°®

60 'C k=0.7037,n=0.5759 09921  3.7628x10* 1.6901x10°®

70 °C k=0.7296,n=0.9212 0.9994  3.0762x10° 1.3530x10™

ia 80 'C k=0.7572,n=0.9207 0.9995  3.0933x10° 1.2066x10™

90 °C k=1.0262,n=0.8858 09999  6.2329x10° 2.0000x10°°

100 'C k=1.3374,n=0.8142 0.9999  9.8649x10° 2.6800x10°

50 °C a=0.8932 k=0.4638,c=0.0633 09635  1.5100x10° 7.3053x10°

60 C a=0.9234,k=0.5469,c=0.0523 09808  9.1890x10™ 3.9396x10°

70°C a=0.9903 k=0.7026,c=0.0055 09993  35246x10° 1.5100x10™

Logarithmic 80 C a=0.9901,k=0.7364,c=0.0071 09996  2.6410x10° 9.6900x10°

90 °C a=0.9921,k=0.9981,c=0.0054 09994  4.3394x10° 1.2800x10™

100 °C a=0.9910,k=1.3143,c=0.0074 09992  7.4441x10° 1.8000x10™

TR
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BELER
50 'C a=1.0059,k=0.6614,n=0.5445,h=3.7829x10* ~ 0.9913  3.6103x10* 1.6768x10°
60 'C a=1.0051,k=0.6850,n=0.6244,=9.0541x10* 09929  3.4091x10* 1.3921x10°
Midil 70 C a=0.9999,k=0.7284,n=0.9272,b=1.8717x10* 09995  2.6584x10° 1.0900x10™
80 C a=1.0006,k=0.7557,n=0.9310,b=3.2157x10* ~ 0.9996  2.1637x10° 7.4500x10°
90 C a=1.0001,k=1.0258,n=0.8911,b=1.7475x10*  0.9999  5.2425x10° 1.4500x10°
100 'C  a=1.0000,k=1.3369,n=0.8245,h=2.8245x10* 09999  9.0057x10° 1.9000x10°
50 'C a=0.5707,b=-0.0581,c=0.0014 07074  1.2110x10° 5.8483x107
60 'C a=0.6057,b=-0.0801,c=0.5377 07163  1.3590x10? 5.8237x107
barabolic 70 C a=0.5377,b=-0.0837,c=0.0028 06164  1.9000x102 8.1460x107
80 C a=0.6137,b=-0.1191,c=0.0051 0.6858  1.8900x10? 6.9378x107
9 C a=0.6597,b=-0.1777,c=0.0105 0.6909  2.2890x10? 6.7304x107
100 'C a=0.6996,b=-0.2438,c=0.0186 0.6844  2.8150x102 6.7909x10™
R 3 BDAETTREFHREIEER
Table 3 Statistical analyses results of selected drying models in vacuum drying

ARA B AR A R’ Ve RMSE
50°C k=0.3190 0.9876 1.2200x10°® 45630107
60°C k=0.4088 0.9865 1.3700x10°® 4.7626x10°
Lewis 70°C k=0.4679 0.9835 1.9100x10° 5.7500x10°
80°C k=0.6033 0.9904 1.0400x10°® 3.1330x10°
90°C k=0.9437 0.9862 1.6400x10°® 4.3600x10°
50°C k=0.2275,n=1.2442 0.9965 3.4759x10™ 1.2180x10°
60°C k=0.2934,n=1.2934 0.9968 3.2125x10™ 1.0316x10°
Page 70°C k=0.3374,n=1.3251 0.9957 4.9961x10™ 1.3570x10°
80°C k=0.4763,n=1.3182 0.9992 8.6525x10° 2.3500x10™
90°C k=0.7627,n=1.7060 0.9997 3.4620x10° 8.0800x10°
50°C a=1.0367,k=0.3292 0.9882 1.1600x10°® 40750107
60°C a=1.0380,k=0.4219 0.9869 1.3300x10° 4.2650x10°
Henderson Pabis ~ 70°C a=1.0361,k=0.4818 0.9833 1.9400x10° 5.2704x10°
80°C a=1.0257,k=0.6157 0.9901 1.0700x10°® 2.9070x10°
90°C a=1.0160,k=0.9540 0.9845 1.8300x10°® 4.2700x10°
50°C a=1.0609,k=0.2961,c=-0.0374 0.9920 7.8684x10™ 2.5575x10°
60°C a=1.0586,k=0.3885,c=-0.0293 0.9894 1.0800x10°® 3.1780x10°
Logarithmic 70°C a=1.0711,k=0.4256,c=-0.0463 0.9879 1.4000x10°® 3.3679x10°
80°C a=1.0425,k=0.5801,c=-0.0212 0.9912 9.5258x10™ 2.2980x10°
90°C a=1.0294,k=0.9164,c=-0.0147 0.9833 1.9700x10°® 3.9370x10°
50°C a=-0.1967,b=0.0091 0.9682 3.1300x10°® 1.0960x107
60°C a=-0.2376,b=0.0130 0.9469 5.4000x10°® 1.7302x107
Wangand Singh ~ 70°C a=-0.2913,b=0.0199 0.9761 2.7700x10° 7.5197x10°
80°C a=-0.3205,b=0.0233 0.9125 9.4700x10°® 2.5707x107
90°C a=-0.4229,b=0.0394 0.8324 1.9830x107 4.6273x107
50°C 0=3.2872,=1.2450 0.9965 3.4758x10™ 1.2175x10°®
Weibull 60°C 0=2.5807,5=1.2941 0.9968 3.2124x10™ 1.0290x10°®
70°C 0=2.2703,$=1.3256 0.9957 4.9961x10* 1.3568x10°

HTR
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LR
80°C 0=1.7553,4=1.3184 0.9992 8.6524x10° 2.3500x10™
90°C 0=1.1721,$=1.7060 0.9997 3.4620x10° 8.0800x10°
50°C a=0.9222,b=-0.1766,c=0.0080 0.9764 2.3200x10° 7.5400x10°
60°C a=0.9080,b=-0.2104,c=0.0114 0.9575 4.3100x10° 1.2679x107
Parabolic 70°C a=0.9470,b=-0.2712,c=0.0183 0.9783 2.5100x10° 6.0633x10°
80°C a=0.8849,b=-0.2769,c=0.0198 0.9279 7.8100x10° 1.8826x107
90°C a=0.8503,b=-0.3528,c=0.0325 0.8522 1.7480x10™ 3.4967x107
F 4 BEARNTRBFERIALE
Table 4 Statistical analyses results of selected drying models in cold air drying

A B FETE =4 R 7 RMSE
20°C k=0.1532 0.9865 1.3300x10°® 5.7960x10°
Lewis 30C k=0.2874 0.9976 2.0919x10™* 7.8500x10™
40°C k=0.3915 0.9928 6.4547x10™ 2.3340x10°
20°C k=0.0982,n=1.2178 0.9968 3.1011x10™ 1.2850x10°
Page 30C k=0.2817,n=1.0132 0.9975 2.1987x10™ 7.7000x10™*
40°C k=0.3617,n=1.0656 0.9930 6.2486x10™ 2.0970x10°
Hendersonand 20°C a=1.0558,k=0.1615 0.9894 1.0400x10°® 4.3100x10°
) 30C a=0.9943,k=0.2858 0.9975 2.2069x10™ 7.7300x10™
Pabis 40°C a=1.0044,k=0.3927 0.9922 6.9311x10™* 2.3260x10°
20°C a=1.1036,k=0.1352,c=-0.0724 0.9952 4.6939x10* 1.8440x10°
Logarithmic 30C a=1.0060,k=0.2681,c=-0.0205 0.9985 1.3484x10™ 4.3800x10™
40°C a=1.0107,k=0.3806,c=-0.0099 0.9921 7.0888x10™ 2.1970x10°
20°C a=-0.1099,b=0.0030 0.9960 3.9325x10™ 1.6300x10°
Wangand Singh ~ 30°C a=-0.1833,b=0.0082 0.9568 3.8200x10° 1.3378x107
40°C a=-0.2199,b=0.0113 0.9121 7.8500x10°® 2.6336x107
20°C 0=6.7233,=1.2187 0.9969 3.1009x10™ 1.2850x10°
Weibull 30°C 0=3.4912,4=1.0134 0.9975 2.1987x10™ 7.7000x10™
40°C 0=2.5970,4=1.0660 0.9930 6.2486x10™ 2.0970x10°
20°C a=0.9793,b=-0.1062,c=0.0029 0.9965 3.4373x10™ 1.3510x10°
Parabolic 30°C a=0.8929,b=-0.1557,c=0.0067 0.9760 2.1200x10°® 6.8980x107
40°C a=0.8630,b=-0.1822,c=0.0091 0.9425 5.1300x10°® 1.5908x107

M 2 AT, UMM R page A1 Midilli 19 R #x
B, HIE 099 BAE, o2 4 BIfE 9.8649x10°~
3.4882x10™ 1 9.0057x10°~3.6103%10™ 1 [l 4 254K,
RMSE 43 %I1E 2.6800x10°~1.7193x107 1 1.9000%10°~
1.6768x10° Ju FE AR 1L, 2 MR A R B T
FHAMBRL, UiBHRENS R Page HLFT Midilli F7
KA ARG T T R ARl K 2 R AR A T o

H 3 WA, UMM Page A1 Weibull ) R
B, ¥I7E 099 BLE, 2 3RIfE 3.4620x10°~
4.9961x10™ 1 8.6524x10°~4.9961x10™ 7 [l 4 254K,
RMSE 43 %I1E 8.0800x10°~1.3570x107 1 8.0800%10°~
1.3568x10° AR 1L, 2 MR A R B T
THAWERY, BiEHRE K Page A Weibull #5ALk 4

ARG B TR AR R RLK S B AR

7 4 751, JLFMEALF Page. Logarithmic 1
Weibull (11 R’ i, 76 0.99 LA E, H 2 25I7E
2.1987x10~6.2486x10™. 1.3484x10~7.0888x10™ Al
2.1987x107~6.2486x10™ G 484k, RMSE 73 BiI7E
7.7000%10~1.2850%103, 4.3800x10~1.8440x10 Al
7.7000x10~1.2850x10° JE FEl P A8k, 3 MRS
5 RE B T A LAY, PR AR S R A Page
Logarithmic £ Weibull 5284 i By 4 Xk 75
RIS LA AR I

TR — M NER R, RS g
IR A2, AT TE I Page B, Midilli
AN Logarithmic #5145 Jg@ T2 42 3088, Horh Page

139



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.12

PRI BT AR A S s R S R 7K 4 T I8 Bh A
B, Lewis BEEUMETTHEIN, b k Fln N5
NFRE RNEI T E, SRR 2 TR
FEA Bfa v TR R NS ot gt R A e B /KR
#2351, Midilli A1 Logarithmic F5%0 23T Fick 555
AR K Y TR MR, #EH
HendersonandPabis B AT 22K, Midilli g%t a
b AEAVEAL, KON TR, 1B 2
FHFRER SR LA 5 SR T A i R v g K R
(215381, 757 |_ogarithmic £57 f%7E HendersonandPabis 52
B EHEIN T — AT ¢, ZBRYET i H TR
B BHheb, BN AR NS R T sl 1%
227, i Weibull pR%R T2R0a ki, 25t TRk s
BRI, HBBAISHE TR T2, YRS,
BRI T A e R, el o
KPR P S B TR . P RIESH o
TAEYIRLBR 63%1K TR a] (BA h £, H
R IWH, HATHEREN 50 CHmEE 90 C, RJE
ZH o 111 3.280 BEIKE] 1.17 h, B3 4 w150, AT
HEFEM 20 CHEF] 40 C, RESH o H 6.72 h [F{K
F]2.60 h, HULATHIREESE o 5T SR TR,
XAER, F—TFENFRESEH o EERE TS
ML MR SEL - SRR 5 SR
A, TIRSH B 1E 0.30~1.00 Z A, FHIWIRHE
TR ORI, RS B KT LI
PURHE T 4550 30 LT R e T i s R Bk
%, HE2 MK I A, ESTEIRSE B ELE
1.24~1.71 Z [a], & RAJRTEAR S H p (A 1E 1.07~1.22

Z I8, BAVE AR N T B R BB TE,
FETIERRTIIEIA — Tl B X5 TR A e
R

25 REABY HARKH LM

TR — SR, FEMRE R,
PRI TN RIS T, A TR A
AL NS Sy — 7T, ALK 53 UM N 5 ) 212
feih. IRBGFERESS, THERIIFREEH, ORI &
P DPE SRR L8, K MEE ok,
NT AR R, ST HERIS A R T
WA, PR EY B 11, K RTE B
M AP BREE, RAB UK 8RS Dy ok
AFFAR AR K AT RS (P B2 A R 1y
TG InMR 5] ¢ AT 25 o

R E D INMR 5 ¢ (R LA e &
R 1E 0.9521~0.9704 i), FIULEFIM A . &
A (D HEEAZK Y HURE Dy SR NEK
5, WX T A BOKT Y BARE Dy ¥TE
1.1714x10" m?/s~6.7873x10 ™0 m?/s 2 I, WL HAT
1 ROK A B R B Dy ¥ 1E 4.9252x107™°
m°/s~10.4920x107° m?/s 2 [, ¥ 34 R TR 20K
DY HUARE Dy ¥I7E 2.3510%10™° m?/s~4.0174x10™°
mels Z 0, FF A SR TR UK B R B
D10 m?s~10"® m?/s Kk 4t FEP; )i v % LI
HE, Dy K, GRURBMMEN, WEE Dy
R EAR (p<0.01), X Hhgml, 2R )y
D4 eyt o8 S — 3K

5 PREARTFRELG THIKD BB AR

Table 5 Moisture effective diffusion coefficients under different drying conditions

T X TS KMIEFA R Dgl(10%.m?.s)
50 C InMR=-0.1155¢-0.8576 0.9537 11714
60 C InMR=-0.1479:-0.8855 0.9584 1.5000
70 °C InMR=-0.3091#-1.1400 0.9570 3.1350
FRFHR
80 C INMR=-0.3478¢-1.0072 0.9521 3.5275
90 C InMR=-0.5650£-0.7975 0.9704 5.7305
100 C InMR=-0.6692¢-0.8285 0.9642 6.7873
50 C INMR=-0.4856+0.9262 0.9882 4.9252
60 C InMR=-0.5489:+0.7118 0.9872 5.5672
AmFiR 70°C InMR=-0.83811+1.4816 0.9834 8.5003
80 C INMR=-0.82341+1.0743 0.9871 8.3513
90 C InMR=-1.0345:+0.8318 0.9774 10.492
20°C INMR=-0.2318:+0.6494 0.9697 2.3510
BT H 30°C InMR=-0.3529:+0.5897 0.9879 3.5792
40 °C InMR=-0.3961¢+0.3175 0.9855 40174
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26 TFlREAGEE N

TR RE Ea RRPIEMEZ5 K 1 mol 7K 75 221
Eshfgs, HABRFOREEAETE, I @S T
EEALREMS S TR AERE. AR (8) PUBHETEL,
FIFH Origin % InDyy 5 VT HEATERPERASMHT (D),
THE DR A TERAA KT Z SRS
9 37.05 kJ/mol (R?=0.9651). 18.75 kd/mol (R*=0.9225)
A1 2055 kd/mol (R’=0.9136), HI7E KL Mk
Ea 12 kJ/mol~110 kJ/mol [ 24, 25 BB RE—Y
kL, ANFRTE N Ea ANFH, AHFAREY Ea T85
PIRHE SRR AR A ZUR A S5 K2, JRE T
FORINT IR VER T Ea A — € 15200, 1401 Togrul
TR EATET, 24 X% M 0.50 m/s $i #) 1.75 m/s B,
Ea M 51.65 kd/mol F{I% 33.72 kd/mol®@); iij< A5
Mt SR E S kS TR A ) Ea 3N 72.87
kd/mol 1 61.43 ky/mol®!, 3 ] i f2: PR A AS | ) -1
R T 2006 T S VIR S5 AN TR (R,
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Fig.4 The relationship of between effective diffusion coefficient
and temperature

3 Zhip

AW TR IR AT S Rt
AT TR P T AR TPRERERAE T, ST
BRI S TR D12 AL O, A3 B S5 R anT -
31 LI HE TR N TR TN TR
RPN R AR ], ANFTRIT T, HES
BT R AR TR RN, B TR ]
MISELS, Sk L R IHRECT FerEasss  TmEE
R, TR TR RTINS AT R R
0 WFEIHIINBIER AL, ZIRREE TRMIZEAT T
G2, HTIRAT AR, TR, TR AR
3.2 AEH] 13 i FH AT R T RE A AR TR AN [
TER T 23T S, Page BZUAN Midilli AL ]

DUAR LT (R T HA R T4 7 s Page FEL AT Weibull
B ] DARGFIRER I T B2 Tt #2; Page B4,

Logarithmic #7A1 Weibull #70 7] DAHERAHlRHE 74
ATt 2

3.3 ANETHER R NS A RO 8RB D47
1.1714x10"° m?/s~10.4920x10™ 0 m?/s 2 7], i ki,
DK, REEXT Doy IR . #R4E Arrhenius
ARTHE SRR BT R L 2RISR
43519 37.05 kd/mol., 18.75 kd/mol A1 20.55 kJ/mol, T
15 RNt Ea 5400 5.3 .
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