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Table 1 Four kinds of empirical equations
and their expressions
B 2 AR B Iy A2
Newton MR = exp(-kt)
Page MR = exp (k")
Henderson and Pabis MR = aexp(-kt)
Wang and Singh MR = I+at+bt?
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Fig.1 Hot air drying characteristic curves of stinky

mandarin fish fillets dried at different temperatures
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Table 2 Effective moisture diffusion coefficient (D)
of stinky mandarin fish fillets dried

at different temperatures

B EIC D /1070 m?- 7! R?
55 2.8848 0.9841
65 3.4080 0.9900
75 4.1287 0.9930
85 5.9342 0.9917
95 8.8663 0.9980
29 a
20|
T 13 : [ ]
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0.00270 0.00275 0.00280 0.00285 0.00290 0.00295 0.00300 0.00305
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Fig.2 Relationship between effective moisture diffusion

coefficient and temperature of stinky mandarin fish fillets
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Table 3  Fitting results of four empirical models of stinky mandarin fish fillets dried at different temperatures

AT AR AT Iy A2 B /G AR & 3 R? RSS
Newton MR = exp(—kt) 55 £=0.2973 0.9791 4.89619
65 £=0.3514 0.9858 2.73262
75 £=0.4260 0.9896 1.55773
85 £=0.6099 0.9882 1.62122
95 £=0.9101 0.9964 0.35890
Page MR = exp(-kt") 55 £=0.6968 ,n=0.7072 0.9750 0.08058
65 £=0.7596 ,n= 0.7149 0.9903 0.02417
75 £=0.8279,n= 0.7306 0.9921 0.01482
85 k=1.1098 ,n= 0.7318 0.9942 0.00690
95 k=1.2059,n= 0.8489 0.9964 0.00280
Henderson and Pabis ~ MR=aexp(-kt) 55 £k=0.2286,a=0.3181 0.9543 1.43244
65 £=0.2802,a=0.3692 0.9772 0.60564
75 £=0.3521,a=0.4327 0.9811 0.40179
85 £=0.4820,a=0.3302 0.9876 0.20422
95 £=0.8008,a=0.5191 0.9944 0.07229
Wang and Singh MR=1+at+bt* 55 a=-0.1384,6=0.0041 0.5834 0.48630
65 a=-0.1617,5=0.0057 0.6408 0.40031
75 a=-0.1948,5=0.0083 0.7150 0.30765
85 a=-0.2515,6=0.0136 0.7596 0.24779
95 a=-0.3414,5=0.0253 0.8647 0.13721
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Fig.3 Moisture ration between the predicted value

and measured value of Page model

b* H ¥ 22 5 W3 (P<0.05) Bl T4 B T iy L7
(ELAT 3840 B4 A, 35k T BE Rl ey £ PN SR TR
IR AR | A PR S AL SO B A S SN T
IS, TRt B T v A P R A e R R
T, LT B R Bl R 5 4 T b7 (EE R X

FE 5 g0 A A DG, T T B 1D 4 Ak
AR

26 ARNTHREENRFBEENRHIFENSE
1)

i F3g R PEL P 2 L £ i O A I LS AR, L
FEOE TR Y TR H R 4 R TR IR R X R
fig £ 00 PR) RS 5 RN IEL W PR A0 2 2 (P<0.05)
MR N 55 CCH, R A E D A
5 M (76.37+5.45)N Fil (34.16+4.55)N, i% Al &E i
T U AR, L M s ) K 5 £ P 25
NG, S BP0 B R A T R R RN RO
IR, IR TR T T TR ] 4 e 2 R A
ERE
27 BRNTHEEENRFEGEAMNARLEN
SpA!

Xof AN [) e Tk B Ak L) R A5 £ £ R 174 ke L 20
LU HEA T L A A% 25 SRR 5 s L AT
Tk X L £ £ PR ) OO 2 2 25 4 ) R T R



236 H8M

Hol LR B AR TS N F AL SR AT 291

x4 TAETREERBEENKFFE . EXILMEFHILE

Table 4 Comparison of water activity, rehydration rate and color parameters of stinky mandarin fish fillets dried

at different temperatures

= JE/C Koy EE F Kk L a b’
55 0.59 + 0.01° 2.07 £ 0.20" 11.70 + 1.06" 1.97 + 0.06° 8.23 £ 0.38"
65 0.58 + 0.00° 2.78 + 0.60® 12.03 + 0.25* 2.57 £ 0.23" 9.17 £ 0.45"
75 0.56 + 0.01" 3.03 £ 0.13* 13.97 + 1.50° 2.40 £ 0.20 9.00 + 1.23"
85 0.59 £ 0.01° 2.58 = 0.22* 13.37 £ 1.11* 1.93 £ 0.15° 12.23 + 0.45°
95 0.54 + 0.01" 0.94 + 0.28° 11.87 + 0.76" 4.40 = 0.10° 11.43 + 0.23
T« A9 RN ) 7R 22 57 3% (P<0.05) , R Il
o0 AT b 0 1 ) S WL 425 fle 5 5015 AR G 0 45
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| . GG S 1 A, TR IR T ) B 0k
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&g o7 4 b b i e B
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Fh U{Wi y 2 R E AP PR B R (P<0.05),
R A TR UL B B, L £ i ) T ik
e S BU I P IR AORE 34, R )y 75 CHY

Temperature/C
TE AN/ NG 7R 30K 25 57 3 (P<0.05) .
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Fig.4 Comparison of texture properties of stinky

mandarin fish fillets dried at different temperatures
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Fig.5 Comparison of microscopic structure of stinky mandarin fish fillets dried at different temperatures (500x)
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Table 5 Comparison of polypeptide contents and antioxidant capacity of stinky mandarin fish fillets dried

at different temperatures

3 /C ST % Ak/g- (100 ) ABTS 8 w1k &k &/% DPPH £ 1 & # rh %/% TR
55 3.06 £ 0.28" 99.56 + 0.30" 16.89 + 0.48* 0.24 +0.03"
65 3.20 £ 0.32* 99.54 + 0.26" 16.92 + 3.98* 0.26 +0.03"
75 3.79 +0.25° 99.67 = 0.49* 19.63 + 1.21° 043 +0.11°
85 3.18 £ 0.43* 99.92 + 0.04" 17.81 +0.08 0.35 +0.09"
95 2.98 +0.35" 99.67 + 0.24" 15.25 + 0.96" 0.33 + 0.09*
3 i WEFEHER]. & 55 & BTk, 2019, 45(19): 299-

AR IR I T R0 o AE R RR T KT
PR, TE 55~95 Cli FEVE I, T4 R 5 1 5
TEARDG, T R R 2 Ay ek Sl T AR B B R £ £
A ROK 5397 T3R8 (D gp) Bl 488 1L B2 9 g3 T
&, fE 2.8848x107°~8.8663x107° m¥s Y [l , R HiE
Dy SIREZ PR, FIH Arrhenius J7 2K 15
SL A R G RE E, R 27.9370 kl/mol , K 565 £61 11
PR T 4 B 5 Page Newton Henderson and
Pabis . Wang and Singh 4 7 25 5 45 7 JE 4740 4
K I Page B AL f i A FH LA S50 5L 65 #1121 9
R KA ASTR] 4 il 3 X B £ 6 A Y
SOK L B R 2 IR i R B A AT T
SEFLR N R R S AR A v AN R T B £ £
PR A8 00 T 5 B0t B R L, A 75 C AR U
X R 8 AR R 5 £ i SRS . AN BRSO 4h
R4 Je B £ 1) Tl A R T R it B PR AR O B
HARSEME T BB AR E

2 % X M

[1]  RAKHE, a8, Fe, F. L5 kR RLKan

2]

306.

WU Y X, YU C H, WANG T T, et al. Research
progress on traditional fermention of stinky mandarin
fish[J]. Food and Fermentation Industries, 2019, 45
(19): 299-306.

BAO R Q, LIU S S, JI C F, et al. Shortening
fermentation period and quality improvement of fer-
mented fish, Chouguiyu, by co—inoculation of Lac-
tococcus lactis M10 and Weissella cibaria M3 []].
Frontiers in Microbiology, 2018, 9: 3003.

YANG S, HE Y L, YAN Y, et al. Textural prop-
erties of stinky mandarin fish  (Siniperca chuatst)
during fermentation: Effects of the state of moisture
[J]. International Journal of Food Properties, 2017,
20(2): 1530-1538.

F, BRAE, Mol e, SF. 2 BUR BB n T
AV IR RSP AR, 2020(5): 67-71, 75.
ZHOU Y Q, YAN Y, LIN X P, et al. Research
and analysis on the processing industry of Siniperca
chuatst in Anhui Province[J]. Farm Products Pro-
cessing, 2020(5): 67-71, 75.

BARET , LA, BRFHFE, S R0 b Ek g
AL TR 4 e B O TR SRR B S A



236 H8M

b R & AR T IRS) ) A R A

293

[7]

[10]

[11]

[12]

Tk, 2020, 46(9): 195-200.

ZHAO B S, WANG M Z, CHEN D D, et al. Iso-
lation and identification of amino acid —producing
bacteria from stinky mandarin fish and evaluation of
its processing characteristics[J]. Food and Fermenta-
tion Industries, 2020, 46(9): 195-200.

ST, M, BRRE, ST I FLAT RO R R
oy T 5T B A A T RO ) A R . v R
224, 2021, 21(9): 160-168.

ZHOU Y Q, YANG M L, YIN J F, et al. Effect
of Lactobacillus sakei on edible quality and volatile
flavor of stinky mandarin fish[J]. Journal of Chinese
Institute of Food Science and Technology, 2021, 21
(9): 160-168.

J. C F, ZHANG J B, LIN X P, et al. Metapro-
teomic analysis of microbiota in the fermented fish,
Siniperca chuatsi[J]. LWT-Food Science and Tech-
nology, 2017, 80: 479-484.

DAL Z Y, LI Y, WU J J, et al. Diversity of lactic
acid bacteria during fermentation of a traditional
Chinese fish product, Chouguiyu (stinky mandarin
fish) [J]. Journal of Food Science, 2013, 78 (11):
1778-1783.

LI CP, WUJJ, LI Y, et al. Identification of the
aroma compounds in stinky mandarin fish (Siniperca
chuatsi) and comparison of volatiles during fermen-
tation and storage[J]. International Journal of Food
Science and Technology, 2013, 48(11). 2429-2437.
SR, BRI, B, AF. Sy A Bl R R
o1 TR A R B S VR R RS ()], PR 2R AT ST,
2019, 33(10): 36-43.

ZHOU Y Q, YAN Y, YIN J F, et al. Effect of
fermentation methods on microflora and volatile com-
pounds in Huangshan smelly mandarin fish[J]. Meat
Research, 2019, 33(10): 36-43.

JEW Bk, BEOERL, T, . AR TER S UT
J TR B KR AR AR [)] SR E R RN, 2021,
37(4). 242-251.

ZHOU M Z, XIONG G Q, QIAO Y, et al. Drying
characteristics and flavor changes of catfish fillets
under different drying methods[J]. Modern Food Sci-
ence and Technology, 2021, 37(4). 242-251.
ORTIZ J, LEMUS-MONDACA R, VEGA-GALVEZ
A, et al. Influence of air —drying temperature on
firmness and biochemical

drying kinetics, colour,

characteristics of Atlantic salmon (Salmo salar L.)

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

fillets [J].
162-169.
KORESE J K, ACHAGLINKAME M A, CHIKPAH
S K. Effect of hot air temperature on drying kinetics

Food Chemistry, 2013, 139 (1/2/3/4).

of palmyra (Borassus aethiopum Mart.) seed—sprout-
fleshy scale slices and quality attributes of its flour
[J].  Journal Food Research,
2021, 6: 100249.

LIU Y F, ZHANG Y L, WEI X Y, et al. Effect
of radio frequency-assisted hot-air drying on drying

of Agriculture and

kinetics and quality of Sichuan pepper (Zanthoxylum
bungeanum maxim.) [J]. LWT -Food Science and
Technology, 2021, 147(3): 111572.

KAYRAN S, DOYMAZ 1. Determination of drying
kinetics

and physicochemical characterization of

apricot pomace in hot—air dryer[J]. Journal of Ther-

mal Analysis and Calorimetry, 2017, 130: 1163 -
1170.
R, BEH, £E, % SORKT R %R

dn B AR SED]. B R RS, 2018, 43(10): 174-
180.

WU B L, XUE Y, WANG Y, et al. Study on the
kinetics and quality changes of hot air drying of

Scomberomorus niphonius[J]. Food Science and Tech-

nology, 2018, 43(10): 174-180.

ADEYEYE S A O. An overview of fish drying ki-
netics[J]. Nutrition & Food Science, 2019, 49(5):
886-902.

DING Y T, HU Y M, ZHANG J Y, et al. Mathe-
matical models” establishment of hot-air drying for
Spratelloides  gracilis [J].  Journal of Aquatic Food
Product Technology, 2012, 21(4): 380-392.

CHEN Q Q, BI J F, WU X Y, et al. Drying ki-
netics and quality attributes of jujube (Zizyphus ju-
juba Miller) slices dried by hot-air and short— and
medium—wave infrared radiation[J]. LWT-Food Sci-
ence and Technology, 2015, 64(2): 759-766.
FIEiE, R, BER, F OREXLLSHENT
L2 FRAT A A P L BT A S R T, AR TR A
i, 2020, 36(10): 287-296.

WANG J J, YUAN H B, HUA ] J, et al. Effects
of second—drying process parameters on the hot-air
drying characteristics and quality of congou black
tea[J]. Transactions of the Chinese Society of Agri-
cultural Engineering (Transactions of the CSAE),
2020, 36(10): 287-296.



294 hoE B 2 ) 2023 445 8 ]

[21] GIRI S K, PRASAD S. Drying kinetics and rehy- [ R ) A s ol T S s o v | A SN s o
dration characteristics of microwave —vacuum and 2020, 41(11): 141-149.
convective hot —air dried mushrooms [J]. Journal of ZHOU M, XU M S, CHEN ] Y, et al. Drying ki-
Food Engineering, 2007, 78(2): 512-521. netics and quality characteristics of “Xiushui Hua-

[22] ZROKHE, FlEhE, skA M S5 BUNREEAaMAY hong” sweet orange peel dried by hot air[J]. Food
ZREE R R HC R A W B A AR ) 4 (). Science, 2020, 41(11). 141-149.

RS 2021, 42(2). 128-134. [29] ZAEMk, BEE, ZEJRA, AF. TR AT R A A
WU Y X, WANG T T, ZHANG M T, et al. Mi- TR ST K sl ) s R R R R W )] R T R
crobial ~diversity and quality characteristics  of 2019, 40(4). 86-92, 99.

Huizhou stinky mandarin fish and the antioxidant WU B L, XUE Y, LI Z J, et al. Effect of temper-
activity of its enzymatic hydrolysates[J]. Food Sci- ature mode on quality and kinetic characteristics of
ence, 2021, 42(2):. 128-134. Scomberomorus niphonius of heat pump drying [J].

[23] CHUA L Y W, CHUA B L, FIGIEL A, et al Science and Technology of Food Industry, 2019, 40
Characterisation of the convective hot—air drying and (4). 86-92, 99.
vacuum microwave drying of Cassia alata: Antioxi- [30] B&/NTE, E, SRR, . ORI SN S R
dant activity, essential oil volatile composition and fa i s ). KR, 2019, 38(1): 98-103.
quality studies|J]. Molecules, 2019, 24(8): 1625. CHEN X L, HU W, BAO J J, et al. Effects of

[24] WU Y X, LU W W, GENG Y C, et al. Antioxi- drying methods on qualities of sealing white bream
dant, antimicrobial and anti —inflammatory activities [J]. Fisheries Science, 2019, 38(1): 98-103.
of essential oil derived from the wild rthizome of A- [31] WRAK, 232, W, 5. Ay 20
tractylodes macrocephala[J]. Chemistry & Biodiversi- W AR A S []). B SRR, 2019, 44(8):
ty, 2020, 17(8): €2000268. 120-125.

[25] AIT BABAHMAD R, AGHRAZ A, BOUTAFDA A, FENG T Y, JIANG Q X, YANG F, et al. Effect
et al. Chemical composition of essential oil of Jai- of different drying processes on quality changes of
ropha curcas L. leaves and its antioxidant and an- silver carp  (Hypophthalmichthys molitrix) [J]. Food
timicrobial activities [J]. Industrial Crops and Prod- Science and Technology, 2019, 44(8). 120-125.
ucts, 2018, 121 405-410. [32] YU D W, FENG T Y, JIANG Q X, et al. The

[26] Bifg, AL, BERW, . St PR B )4 change characteristics in moisture distribution, phys-
K o FEECEBLRUL)]. & a TAk B, 2012, 33 ical properties and protein denaturation of slightly
(3): 72-76, 80. salted silver carp (Hypophthalmichthys molitrix) fil-
JIA M, CONG H H, XUE C H, et al. Drying ki- lets during cold/hot air drying processing [J]. LWT-
netics and mathematical modeling of abalone during Food Science and Technology, 2021, 137. 110466.
the hot—air drying process|[J]. Science and Technolo- [33] ZENG W C, ZHANG W C, ZHANG W H, et al.
gy of Food Industry, 2012, 33(3). 72-76, 80. Antioxidant activity and characterization of bioactive

[27] =GR, Brbels, W, % AETEITIXATEDS polypeptides from bovine hair[J]. Reactive & Func-

(28]

TR R B EL) AR SR, 2020,
36(12): 133-142.

WU J N, CHEN X T, PAN N, et al. The drying
characteristic and mathematical modeling of various
drying method of seahorse[J]. Modern Food Science
and Technology, 2020, 36(12): 133-142.

JAW, REIE, BRGED, . BKALLD - TR

tional Polymers, 2013, 73(3): 573-578.

[34] SUN Y N, HU X L, LI W X. Antioxidant, antitu-

mor and immunostimulatory activities of the polypep-
tide from Pleurotus eryngii mycelium[]J]. International
Journal of Biological Macromolecules, 2017, 97:
323-330.



5503 % 458 FLEHERRNTF IR FRALTRSR 295

Hot-air Drying Kinetics and Quality Characteristics of Huangshan Stinky Mandarin Fish

Wu Yongxiang', Yu Changhao'?, Liu Gang', Dai Qiqi', Yang Liu’, Hu Xiaoqian"
(‘College of Life and Environment Science, Huangshan University, Huangshan 245041, Anhui
ZSchool of Food Science and Pharmaceutical Engineering, Nanjing Normal University, Nanjing 210023
3School of Food Science and Biological Engineering, Hefei University of Technology, Hefei 230009)

Abstract In order to improve the hot—air drying efficiency and product quality, the drying characteristics and quality
changes of Huangshan stinky mandarin fish were investigated at different drying temperatures (55, 65, 75, 85 °C and 95
°C). The results showed that the effective moisture diffusion coefficient (D) of stinky mandarin fish ranged from 2.8848x
10 m%s to 8.8663x107” m%s in the range of 55-95 °C. The higher temperature led to higher effective water diffusion co-
efficient, and its diffusion activation energy (E,) was 27.9370 kJ/mol. The data fitting result showed that Page model
could accurately describe the water migration during hot—air drying of stinky mandarin fish. Drying temperature had sig-
nificant effect on the quality of stinky mandarin fish. When the temperature was 75 °C, the fish rehydration ratio was the
largest at 3.03+0.13, the peptide content was the highest at (3.79+0.25) ¢/100 g, and with the most significant antioxi-
dant effect. The texture characterization and overall quality of 75 °C were relatively better. This research preliminarily re-
vealed the correlation between drying characteristics and quality of stinky mandarin fish, which could provide theoretical
reference for the optimization of quality control during the drying process of Huangshan stinky mandarin fish.

Keywords stinky mandarin fish; hot—air drying kinetics; diffusion activation energy; texture properties; antioxidant



