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Fig.1 Drying curves of Penaeus vannamei

under different drying conditions
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Fig.3 Effect of drying methods on the microstructure of Penaeus vannamei
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£ 50,60,70 Cif B K 43 5k 2.2715%x107°,
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Table 2 Effective diffusion coefficient of different drying conditions of Penaeus vannamei

T/C #EL R? A KA FHme s
MSWID-50 -5.5991x107° 0.9864 2.2715%x107
MSWID-60 -7.1307x10° 0.9895 2.8929x10”
MSWID-70 -1.2591x10* 0.9711 5.0364x107
HAD-60 -5.8011x107° 0.9923 2.3535%x107
212 FHRACEA % AR E RO IR
fbE Sk o B i T M B K, TR A N
AT i 1 E, (68 7L 12~110 kJ/mol™, 28315, \\\\ y=-4381. 87737x-6. 3951
P PELT AN TR E, 15 36.4332 kl/mol , B 25 B S\ e
R 2 146 BF b 1 mol K 4 T 7 9 B/ B ER| N
36.4332 kJ, WAL T 51 4 ¥ S0 5E 1Y) R 26 16 IF '\
PRI TR E,(39.63 kJ/mol ), 3 1 rh 4 i 41 N
51T Lot P T 5 2K N

2,13 TR E ROk UL R T
1, (] RMSE F8/)N i B AS 7R 401 45 i 1 s, DA
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TR RESHIIRIRSE, 57 iR YEHE T4
T AR 2 BR 63% 7K 43 BT 1] DL K5 f 5 R
KA IERHLILA O TEAIR S50 B 7E 0.76~0.86 i
B, /R T a5 A2 9 B K o0 E80H i 1 e i+
i SRR h T REOR IR — B, T Weilbull
P B R ELAT R B W B X, DY I 4% Weibull
A AE Sy i 3 116 IR Mg o A ) U A AL A
R W, Weibull #5570t G845 4 b 3005 18 75 78
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Fig.4 Relationship between InDg and inverse
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22 FTREF4MEEAWNIKSEEMEREFN
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AN TR) e 25 A Xt i 5% P % R K 43305 R R R
(52 DL 2% 4 26 R Z B0 SRR ™= i) Aw i
KT 0.99, W by S B AED A Tl —
3K Aw<0.69, B F| FAg A2, Aw<0.65 B, K Z ik
A A ARt % 4 AT, 50 CHR R B 4n AT
P 60 CH R B A 22 (8] G 1 35 1 22 7 (P>
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Table 3 Parameter values of mathematical models under different drying conditions
AR5 T/c R? X RMSE A R K
1 MSWID-50 0.9984 1.5245%107 1.0497x107 £=0.3839  n=0.7620
MSWID-60 0.9977 1.7788%107 1.2728x10 £=0.4497 n=0.7416
MSWID-70 0.9986 1.0957x107* 1.0901x10™ £k=0.5661  n=0.8586
HAD-60 0.9986 1.3664x107 1.0094x10™ £=0.3342 n=0.8107
2 MSWID-50 0.9882 1.9571x10™ 4.0437x107 £=0.2624
MSWID-60 0.9842 1.3463x10™ 4.5204x1072 £=0.3115
MSWID-70 0.9954 3.2572x10 2.2904x107 £=0.4886
HAD-60 0.9920 606561x102 3.3427x10 £=0.2455
3 MSWID-50 0.9852 8.5449%x107 3.2702x10 G=0.9197 $=0.2394
MSWID-60 0.9808 6.5888%10™ 3.8147x107 6=0.9248 5=0.2860
MSWID-70 0.9950 2.3358x107 2.1215x107 G=0.9733 $=0.4761
HAD-60 0.9903 2.9771x107 2.6876x107 6=0.9383 $=0.2293
4 MSWID-50 0.9428 1.4707 8.6687x10™ a=-0.1692 5=0.0072
MSWID-60 0.9418 4.3291x10 8.3190x10 a=—0.2147 5=0.0120
MSWID-70 0.9687 3.3870x10™ 6.0367x102 a=—0.3301 6=0.0277
HAD-60 0.9607 0.3407 6.9522x107 a=—0.1750 5=0.0080
5 MSWID-50 0.9983 1.5245x107 1.0497x10 a=3.5135 B=0.7620
MSWID-60 0.9977 1.7788x107 1.2728x10™ a=2.9374 B=0.7416
MSWID-70 0.9986 1.0957%x107 1.0901x10 a=1.9400 B=0.8586
HAD-60 0.9986 1.3664x107 1.0094x10 a=3.8625 B=0.8107
0.05), HREIZLLAN 60 CHI 70 CHERMFEMIIE  BOFLR RN Z —, d13 4 n]R, 44

JC i M 22 7 (P>0.05) , HoK 4336 BEE # /N T
0.65, i H TERAR A K501 BEIRS T, T A Wi vk
D 5 PN IS 7 35 PR A A X A, X EE 4 T
AT Aw (8, H i 75221% 60 CT AT Aw
TH AR, )T PR, S 238 4% 60 CH 4 ik 21 40 T

SIS PO
O AR SRR — D T ERE, 6

PR A O R BCE A B, TR AR Y

50 CH, H A P 20 A TR 5, e 38 F IRy L7
B2 53R 535 (P>0.05) , A I £ 4F 60 CHI 70 °C
T 2L K 60 CHUR T T, 738 AT IR L &
i, BT E o A (EX 3% TR, 52V E M
b 22 5 1 2 (P<0.05) , 7 fig & IR Ry & A 28 i 148
75 J N I B ) S A B R TR W 22 (AR A
S NN i e S DOR N B TR )

TR

x4 FARFREGEZANMHEFMKRSFEE

Table 4  Color and water activity of Penaeus vannamei under different drying conditions

TR &AM L a b AE Aw
MSWID-50 C 57.1500 £ 0.7495*  16.7450 £ 1.8031°  22.4000 + 0.3818"  10.5991 + 1.4502*  0.6343 + 0.0221°
MSWID-60 C 54.5367 £0.9802"  20.1567 £ 0.7379"  22.9533 £2.7635"  7.8870 + 1.6468"  0.5267 + 0.0058"
MSWID-70 C 51.9800 + 1.3860™  17.9200 +2.0180°  21.6667 +0.7349"  11.0607 = 1.1804*  0.5600 + 0.0530"

HAD-60 C 49.6067 +0.9157°  23.4367 £ 1.9905* 25.3400 + 1.6284*  7.9739 + 0.1392" 0.6200 + 0.0000°
#AL B 56.5200 +2.9541*  26.0533 +2.8685"  27.3367 +3.1424° / /

1 [ B[] B R AE 0.05 K 28 5 i3
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2.3 FRREMXEEB IR R TR R
JORC A A AL 2 3 W A o i SRR ) R B
R Z— o 3R 5 AT, 1R 5% AR S A 52 e AN
B3 (P>0.05) , T8 5 B 5 1O R A BE B2 EL I
IR b M W 35 32 T (P<0.05) , 3 J&: X oy H il K
A3 i U | AR BT 0 £5 2 AR BRI, AT 3L
JULPA) B 58 38 000, T I S g 014 7= i G I 288 47 -5 L

MR oy MELPR P 305 4 38 07 1) A S T A
WSS FY T Y, B T R 5E A OW SR LY
MW, SO 1 xR R R, L BE A R 3
I LD £ 4 10 R 2 AR T e e T B SE PR
18 0 LA B S SR S R L, A IR 4

w—E

R 5 AR TFRE M E B IR R 0

Table 5 Effect of different drying conditions on the texture characteristic of Penaeus vannamei

TR A /N 0% fmm J &k /N ik EN)
MSWID-50 C 57.7500 + 1.3435° 2.1250 + 0.1484* 20.0000 + 2.9699* 42.7100 £ 9.1267*
MSWID-60 C 46.9833 +2.4373" 2.2067 +0.1172° 16.6333 £ 1.7616™ 33.2433 £ 6.7786™
MSWID-70 C 42.4833 £ 5.0721%> 2.3267 +0.2160° 17.7333 £ 5.6580" 42.1567 = 16.9419*

HAD-60 C 35.5833 +2.9750¢ 2.4067 + 0.0404* 21.7333 + 1.8771* 52.5767 +5.7425°
AL 25.0607 + 4.0427¢ 2.1933 +0.0971¢ 13.7667 +2.9143" 30.1033 + 6.0502"

1 PR [ B R AR 0.05 KT 128 5 3
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AR R &N 56.2900 we/g;50,60 Al 70 CH
P LLAM T 1 25T IR 28 /5300 o 36.4972,
42.0933 1 37.1433 pefe, 5K THFE AR L 22 5
3 (P<0.05), & TG R Z A 5 & 4
R i, T T ST ) A2 5 i AR 7 28 AV fe 11 T A =
FLR 2K Niamnuy 5% T8 78 & 0k 1o 72 b 8 1 R
fitt, FHAY PR-EOEGYRBINE R IF
(Bt & AR A TR B 55 FOW IR 46 i o B
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Effect of Medium and Short—Wave Infrared Drying Temperature on Drying Characteristics,

Astaxanthin Content and Microstructure of Penaeus vannamei

Lin Yawen', Li Aiging', Tian Xinyi',

Xie Yongkang?,

Li Jianrong', Li Xuepeng"

(‘College of Food Science and Engineering, Bohai University, Jinzhou 121013, Liaoning

*Research Center for Agricultural and Sideline Products Processing,
Henan Academy of Agricultural Sciences, Zhengzhou 450002)

Abstract To explore a new drying method for Penaeus vannamei (P. vannamei), improve drying rate, and enhance the

quality of dried products, medium and short—wave infrared drying (MSWID) technology was adopted and the temperature

(50, 60, 70 C) was analyzed for its effects on the drying characteristics, water activity, effective moisture diffusion co-

efficent (D), drying activation energy (E,), color, texture, astaxanthin content, and microstructure of P. vannamei. The
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drying curve was fitted using five common drying models. Hot air drying (HAD) with temperature of 60 °C was consid-
ered as a control. The results showed that the drying time decreased and the drying rate accelerated with increasing dry-
ing temperature under MSWID. The fastest drying rate was observed at 70 “C using MSWID, but it resulied in severe
disruption of the muscle fibers of P.vannamei. The drying time of MSWID was shortened by 2 hours compared with HAD
at 60 C. The total color difference (7.8870 £ 1.6468) between dried samples and cooked samples was lower, and the
hardness [ (46.9833 +2.4373) N) and spring [ (2.2067 £0.1172) mm] of dried samples were better under MSWID at 60 C
than those of HAD at 60 C. The fitness of drying kinetics model of P.vannamei showed that the Weibull model (R*>0.
9977) could be used to describe and predict the MSWID process. D of MSWID at 60 °C was 2.8929x10” m%s, higher
than that of HAD at 60 C (2.3535x10 m%s). Considering the drying efficiency and dried product quality of P.vannamei,
it could be concluded that the drying temperature of MSWID at 60 C was the optimal temperature with drying time of 12
h, E, of 36.4332 kJ/mol and astaxanthin content of (42.0933 +0.66214) ng/g. This study could provide a theoretical basis
and technology support for improving the drying process and quality of dried products of P.wannamei.

Keywords Penaeus vannamei; medium and short-wave infrared; drying characteristics; astaxanthin; microstructure



