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Physicochemical and Microstructural Variation of Macrobrachium
rosenbergii Meat during Microwave Vacuum Drying
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(1.College of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255000, China;
2.College of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: Macrobrachium rosenbergii is rich in nutritional components and has delicious flavor, giving it significant
commercial value. However, it is prone to spoilage and deterioration due to high moisture content. Drying is an important
way for the high-value processing and utilization of aquatic products. In this study, the effects of initial status of M.
rosenbergii meat (both the fresh M. rosenbergii meat and the frozen M. rosenbergii meat), microwave power intensities
(1~5 W/g), and drying temperatures (45~60 °C) on the drying efficiency, specific energy consumption, microstructure, and
quality attributes of M. rosenbergii meat to obtain dried shrimp products with superior quality and high energy efficiency
during microwave vacuum drying (MVD). The optimal drying conditions were selected based on a comprehensive weighted
scoring method by a comprehensive assessment of the drying efficiency and quality attributes of dried products. The results
demonstrated that compared to fresh M. rosenbergii meat, frozen samples that directly treated by MVD resulted in the dried
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products possessing a more intact structure with more internal pores and stable protein structure, as well as a higher

astaxanthin content (0.93 pg/g), improved color, superior rehydration capacity, enhanced water-holding ability, and a

significantly higher comprehensive quality score (P<0.05). At microwave power intensity of 5 W/g, microwave vacuum

dried M. rosenbergii meat exhibited a denser porous structure, accompanied by the shortest drying time (15.27 min), lowest

specific energy consumption (4.55 kW-h/kg), highest water-holding capacity (20.34%), and highest comprehensive score

among the tested power intensity levels (P<0.05). Among the four controlled temperatures, M. rosenbergii meat dried at

55 °C displayed regular internal pores and moderate fiber contraction, along with a lower hardness (200.57 N), and superior

rehydration ratio (5.31) and water-holding capacity (20.42%). To sum up, compared to the fresh M. rosenbergii meat, the

frozen meat was suitable material during MVD. The frozen M. rosenbergii meat was recommended to be dried at a power

intensity of 5 W/g and drying temperature of 55 °C to achieve the dried products with superior quality, high drying

efficiency and lower energy consumption.

Key words: microwave vacuum drying; material status; Macrobrachium rosenbergii meat; physicochemical properties;

microstructure
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BERINT 7.86%(P<0.05), 1 V, BT 7.88%, 1H
ZHARNBE(P>0.05) . X—IEITRE SR HRIFM 1Y
AR R TR B HA N FU AR 26, 302 T 30N 8
FU L DA ST S oI5 115 NI SY 7 N iy e T N 1 i
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Temperatures change curves of M. rosenbergii meat during microwave vacuum drying process
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Table 1 Effects of different drying conditions on drying time, average drying rate, specific energy consumption, water holding
characteristics, apparent density and porosity of M. rosenbergii meat
i TR 1] (min) V,(kgkg"h™) SEC(kW-h/kg) IR AR (ng/g) FEE (g/em’) LB (%) WHC(%)
R - - - 3.96+0.40° 8.42+0.52° 2.01£1.02' 33.44+1.39°
Fre-3 33.17+0.15¢ 11.17+0.052¢ 7.52+0.03% 0.550.05¢ 3.29+1.03° 4.66+1.00° 6.69+1.36
Fro-3 36.00+1.08° 10.29+0.29¢ 8.09+0.11% 0.93+0.28¢ 3.14+0.87° 5.44+1.01¢ 19.75+1.12°
Fro-1 123.96+1.0* 2.99+0.024¢ 21.11+0.17* 1.95+0.05° 3.05+0.56° 6.33+1.04° 13.62+0.37¢
Fro-2 57.67+2.52° 6.43+0.28" 12.48+0.54° 1.43+0.28¢ 3.68+0.20° 4.07+1.20" 10.15+£0.21°
Fro-4 26.67+1.53" 13.92+0.81° 6.97+0.39°" 0.75+0.01* 3.57+0.84° 4.29+1.07¢ 11.49+0.51°
Fro-5 15.27+0.64" 24.29+1.00* 4.55+0.18¢ 0.32+0.03" 3.10+1.93° 5.67+1.03¢ 20.34+0.61°
Control-45 48.42+0.52° 7.65+0.08¢ 12.41£0.19° 0.81+0.13% 3.41+0.64° 4.87+1.05¢ 15.30+0.31°
Control-50 36.50+0.44¢ 10.15+0.12¢ 8.67+0.47¢ 0.79+0.07* 3.39+0.19° 5.43+1.07¢ 20.26+0.72°
Control-55 28.33+1.53" 13.10+0.70° 7.38+0.40° 0.75+0.15% 3.17+0.58" 7.41£1.01° 20.42+0.50°
Control-60 18.50+0.50¢ 20.03+0.54° 6.31+0.38" 0.71£0.10% 3.34+£0.91° 5.73+1.04° 20.15+0.36°

e Fl—SI R/ NG FhEFRR 22 57 5.3 (P<0.05); — R S5 K2l .

THFE RS EWP<0.05) . H, FHETF IR, Fre-
3 F Fro-3 HIHIREFE R EEHTI TET 86.11% Fi
76.52%, F R R A BESZ MR R AL &R T & TRk
SEAAl, DT A& A T i@ o), SR, AHEEF Fre-3,
Fro-3 ZLAE T 038 pg/g MM & &, X g 5%
FRARASER ™ MVD bR T AR A7) 4f T R4 1 11
JINHRGHAAT e, FE UL B LR 5y T, AHA T87
IR, Fro-3 Fl Fre-3 MJZRULEE T[4, LB
e XEARA AT Y PN g AR R S0 2385, TE R
T Ha e fLERGS M . LAk, Fro-3 AU A
JE AL T Fre-3, i FL B 3 | & 35 & T Fre-3( P<
0.05) . XAl e T UM Aot fe b, HiN e
T REVK S, M7E MVD BB A 3BT NPl bt B
Bezg s, AFHIE G T AR E 454, i T gL
FRHIOSEFGERREG, PTTREAR T UL BE I i T
FFLBRFRN Y,

T o) i ) € I AR AR R DA L & SR Y R
BFERR o MM IR AT EM A SRR R A 4
FUSZIRUNZE 2 s, SR AH e, Fro-3 F1 Fre-3
B L7 bME R EIEHN(P<0.05) . X R TS
WM SE A RS, R O, X—aks
WA T 8 B AR M . R 2R SR RIIR I AL R

K. FRASVASERGR T RAER AT, M MVD g
WRHE R MBI A AL ER 2 B 2 I (A4
B, AN, Fro-3 19 LY{EAN I BEE & T Fre-3, iX 0]
eSS R AR TPk 4 FEGE A 5 | AU R MBI R0,
HAE MVD i #r, WM 3R w8 A BT ey 28 M, B
5 T UM TR EDEA RS, BB, BRI AE RS
T ) BT A AR BT R . SR R A
Lk, Fre-3 Fil Fro-3 7 T/5 ¥R AR RE | siupFnnE
PRI B AR T, 33X TR R oK e A e (K
Sy IFE KR RIS N, LA R AR R AS RS R A, &
RO~ B A A B A R s, R INEOE . 2R, AH
Lt “F Fre-3, Fro-3 A4 B A0 0E WEF P4 43 5 B AR T
16.03% F1 28.98%, X —IMFEAIEES K& MVD it
TR T R FLEREE A A DG, FLERSS A 1T il A5
TEARRR S Y [RTBF, BRAIC T R B A nE MRl e
JB2 ZEF] PR AN BT 2 A 7 FATE TR Ao
L RS BZEALLAY JTTA 25 5 .

2.1.3 EIKILH WHC MR =37 f5 R 2SR T il R
oK ez an & 2a s . AT LLE H, Fro-3 fll
Fre-3 AYZZ /K Eb 4IRS 7K Bsf [a] 4 SE R 5 0, {H. Fro-
3 MUK HEBH T Fre-3. (I, SF=4Z /K 120 min
i, Fre-3 M9 7K LAY M Fro-3 19 70.96%. X 382

F 2 AR TR AT 2 LT AR (6 R TR 1Y) 5 1)
Table 2  Effects of different drying conditions on the color and texture of M. rosenbergii meat

R L a’ b AE FEEE THEE(N) % (mm) NELPEH: (m))
PR 72.62+0.33" -1.23+1.26° 4.93+2.54 - 72.06+0.79° 40.56+0.69° 0.61£0.11% 13.70+3.17¢

Fre-3 81.46+0.85% 2.60+0.35° 13.36+1.06°  13.09+1.32° 76.98+0.08¢ 216.36£22.78*  0.72+0.01° 97.78+16.33"

Fro-3 83.15+2.35"¢ 1.92+2.39* 13.3242.04°  15.47+1.60°  77.72+1.34% 181.68+10.22¢¢  0.71+0.04®  69.44+13.20™

Fro-1 80.32+0.53¢ 2.03+0.93" 13.74£2.33*  12.49+1.92° 75.85+1.40° 178.65£15.06%  0.75+0.06 59.75+10.11%

Fro-2 81.34+0.41% 0.35+1.75° 14.40+0.81° 14.53+2.07° 76.60+1.12¢ 204.01+1.85%¢ 0.56+0.13" 52.114£20.40°

Fro-4 84.45+0.50*  —0.70+1.41°  13.99£1.93*  12.80+1.43*  79.52+1.85™ 229.19+23.62°  0.68+0.06®  77.53+22.70™*

Fro-5 84.7240.99®  —0.56+0.22°  12.25£1.70°  14.10+1.17* 80.16+0.83% 273.68+4531°  0.68+0.10°  91.08+41.41®
Control-45 86.45+0.50° 1.13+1.19° 11.21£1.74*  15.670.11° 82.33+1.48° 175.02+13.94°  0.72£0.02®  68.52+12.20°
Control-50  82.78+0.10™¢ 1.07+2.04° 13.63£1.00°  13.88+0.99°  77.94+0.83¢ 183.63+8.86 0.73+0.03" 72.55+6.64"
Control-55 82.71£0.73 1.29+2.19° 13.93+2.11° 14.16£1.15° 77.64+1.38% 200.57+8.37%¢ 0.74+0.03" 77.90+£14.10™
Control-60 81.31£1.17%  —0.23+3.56°  13.87£1.06"  12.96+1.74" 76.51+0.50° 217.60£24.63%  0.68+0.07°  83.51+17.10™




%474 5 8 ) gk A SOk RS TR TR IR B AR S oAt 2R 1k - 177 -
a 50 b 5.0 p—= Fro-1 —— Fro-2 c 6
4510 —— Fro-3 —— Fre-3 45 -
4.0 4.0
~ 35¢ ~ 35¢
= _
% 3.0+t % 3.0+
® st ® s 1A
2.0} 2.0
15 15 I 2 it —— Control-45 —— Control-50
1'0 1'0 | —— Control-55 —— Control-60
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120

K] (min)

K] (min)

SKI ] (min)

K2 BRIRIRM K s 22k

Fig.2 Rehydration kinetics curves of M. rosenbergii meat
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Fig.3 Fourier transform infrared spectroscopy (a) and protein
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Fig.4 Microstructure of microwave vacuum dried
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