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Tab. 1 Factor level table
ASHIK g Gopnt  C CragER D R
K K?Alkgaline [A]) /min ) /C [A]) /min
Levels solution B(Alkali C(Air-frying  D(Air-frying
concentration) soaking time)  temperature) time)

1 5 5 130 10

2 10 10 140 12

3 15 15 150 14

*2 EZEHRKER
Tab.2 Orthogonal factor level table

A AT g Gugnt C CEAURR D CRRURR

fi N A(Ell;line IE(?AI/IT:I? C(ini- f/r;}ng DE& i)r-/frrr;/ii1111g

coni:(zelrl:ttrlstril on) soaking time)  temperature) time)
1 1 (5.00 1 (5.00 1 (130.00 1 (10.00
2 1 (5.0 2 (10.00 2 (140.00 2 (12.00
3 1 (5.00 3 (15.00 3 (150.00 3 (14.00
4 2 (10.00 1 (5.0 2 (140.00 3 (14.0)
5 2 (10.00 2 (10.00 3 (150.00 1 (10.00
6 2 (10.00 3 (15.00 1 (130.00 2 (12.00
7 3 (15.00 1 (5.00 3 (150.00 2 (1200
8 3 (15.00 2 (10.00 1 (130.00 3 (14.0)
9 3 (15.00 3 (15.00 2 (140.00 1 (10.00
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Fig. 1 Moisture content of fish skin under different pre

drying temperatures
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Tab. 3 Texture changes of fish skin under different pre drying temperatures

HIEC Ir} []/min TAIRE /g KT /g RS g e 2 TR
Temperatures Time Average hardness Surface hardness Maximum hardness Brittleness Crispness
60 131.36+25.74° 1128.54+85.93" 1771.45481.75" 1.00£0.00° 0.00+0.00°
70 289.59+43.21° 586.69+36.88¢ 680.11+67.78¢ 3.67+0.57¢ 5.67+0.58¢
70 80 280.62+26.96" 652.51+43.89 914.61£37.08° 6.00+0.00° 13.000.00°
90 286.19+60.81° 739.95+54.31° 977.80+70.24° 6.33+0.58" 12.000.00°
100 303.76+66.12° 850.62+21.41° 1041.63+£34.79 7.33+0.58° 13.50+1.00°
60 155.99+27.98" 1575.11424.97* 1575.11+24.97* 2.00+1.00° 1.33+0.15¢
70 220.43+16.15° 658.08+48.77¢ 938.42435.14° 6.67+0.58° 9.00+1.73¢
30 80 266.44+4.65° 659.17421.54° 787.51460.35° 6.67+0.58" 12.67+1.53°
90 252.33+40.90° 745.42+39.62° 805.43+£51.74¢ 7.67+0.58° 16.33+0.58"
100 260.71+16.07° 674.93+10.62° 976.41+13.18° 7.67+0.58" 18.33+1.15°
60 259.32422.42° 1108.45+68.85" 1141.78482.17° 2.33+0.58° 6.33+0.58¢
70 300.44+29.88" 642.00+52.09° 969.49+15.95° 7.33+1.53* 11.00+1.73¢
90 80 323.94+28.00° 674.50+33.40° 860.97+33.83¢ 8.00+2.00" 13.67«1.15°
90 281.72+45.27° 559.29+28.78° 903.88+44.59° 9.67+1.53" 17.67+1.53°
100 256.29+26.83° 564.79+48.25° 935.29+39.84° 8.33+0.58" 18.67+1.53"

T ARAFRRRFENZ A ZR R (P<0.05), MATHRRFANZAZRAREE (P>0.05). FRFk.
Notes: Different letters indicated significant differences between the same column (P<0.05), while the same letter indicated no significant
differences between the same column (P>0.05). They' re the same as the following tables.
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Tab. 4 Color changes of fish skin under different pre

drying temperatures

LHETF B 2 SR PR S e e e/ M @ b
RN Y, R 4T, RIFE TR T, 70 C 60 60A4SEI64T  468:117° 14.25+1.73
Fi1 80 °C 4% 90~100 min K[ L'AH . a fEAN (A 70 71.8043.11°  2.62+0.08° 14.35+2.18
¥Jo 25w (P>0.05), 90 °C T4 100 min 70 80 70.63:0.91° 4255162 16.93:2.57°
Mtz b BOR, WIS ORBR . ILZR S 451815, 90 7586£091° -0.53£233" 16.73+1.91°
HEFE 80 °C TR 90 min fFy 1 SEFCT IR T L g 100 75.65:227° -2.35£0.10° 16.45£1.98'
&I

60 69.79+3.84° 1.29+0.43"  13.53£2.27°

22 AERMREXT R GRS

T [F 7€ AR ] A 10 min BT, XA
BRI VAR B £ S P AR AR PR A AN, S5 RNk 5 BT
TRo HHER S A, BEBIR MR R, My
WERE . RIMAERE | B ORRERE . MEBE B Wi, H
H110~15 g L™ el E M2z (P>0.05), TMi20g L
MR, AR T IR 5~15 g L
TwEEZES (P>005), HEERT 0 gL
(P<0.05), 25 53R WG Ak 3 B A% e A1 £ J filf 2
FMERE , $E o REE

70 71.87+0.45°  1.72+1.15* 15.48+1.77°
80 80 78.94+1.44°  1.15£0.66° 16.05+1.16"
90 83.18+2.05* —1.32+0.18" 16.15+1.50°

100 80.36+1.72° —1.41+0.44" 16.38+0.31°

60 71.61£1.49¢  1.87£0.43"  13.1420.46°
70 78.11£0.90°  1.54£0.69"  14.09+0.74°
90 80 81.90+1.23° —0.33£1.15* 14.69+0.89"
90 82.91+1.01° —1.67£0.06° 16.89+2.61°

100 85.99+1.90° —1.73+£0.19° 17.73+£0.91*
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Tab.5 Texture and color changes of fish skin with different concentrations of alkaline solution
WhEgL' TR KL/ SRR /g i FRE o . .

Concentration ~ Average hardness ~ Surface hardness Maximum hardness  Brittleness ~ Crispness
0 301.85+89.98" 597.01+74.82* 969.96+86.29" 6.00+0.82° 11.50+2.08" 56.17+2.42° 9.85+0.03* 25.54+1.12°
5 257.34£77.45° 647.05+£34.62° 765.65+82.22° 6.25+1.71°  14.75+0.96° 59.07+£0.87° 2.02+0.14° 18.51+0.27°
10 255.65+87.86" 511.48+35.36° 643.30+£37.64° 5.25+0.50° 14.25+1.71° 64.51+1.50° 2.68+0.11" 16.84+0.77°
15 280.60+41.85" 491.52+12.45° 621.76+£37.49° 4.50+1.73"  14.75+1.50° 65.21+3.34°  2.47+0.53" 13.03+0.85¢
20 159.24+62.58° 304.27+£37.77° 357.59+34.22¢ 3.50+1.29° 15.25+2.22°  67.28+3.95" 2.03x0.60° 10.80+1.27°

FH3E 5 AT, BEBRROR BE AR, fa R LB
i, H10~15 gL' MR EEZESR (P>0.05);
520 L7 1Y o' H W EILT 0 gL, bHEE TR
(P<0.05). AMIBLAY R JE Bt &, ik
BEwe, W o EM b E N EE R (P<0.05),
W AR Ak B 1 AT B AR Y £R I, kR
PR 5. 10, 15 gL JEATJRSRIEAC S S
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TR AL B RE A% (5 £0 K v i I 2 1 2 2L 4540
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N5 gL IAETT X AS ) Y B R £ R 1
RRPESE TR, 25 6 s, RE 6, 5
RUSTRAR AL, BEILHI [a] B34, o S E hf
TG E MR (P>0.05); Y968 5 min ff 7 ()3
T A 85 R e Al B I T oA £ B2 (P<0.05),
10~15 min £ 57 1% 2 i A 32 5 2 16 k£ 7 TG W 35 1
£S5 (P>0.05), 15120 min 57 () f KA 5
KU B A0 e T 2 Pk 22 % (P>0.05); 5~20 min
L OB 10 min £ R BE R RTBR B A . AR R
HH 0 R HSF [F0] 2 52 1 £ B 1) SO AA R o
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Tab. 6 Texture and color changes of

fish skin at different soaking times

ilmin P KR/ ST i R Lo - .
Time Average hardness ~ Surface hardness ~ Maximum hardness  Brittleness Crispness
0 340.54+82.49° 671.26+10.83° 1080.65+16.76" 7.67+1.53*  12.33£3.51"  50.27+0.94° 1.15+0.21¢ 27.18+2.98°
5 234.61£51.05° 563.68+43.24° 609.90+16.82° 6.00£0.00°  12.00+2.00°  53.50+2.83" 1.57+0.58" 18.11+0.47"
10 252.33+40.90° 627.46+20.49° 805.43+51.74° 6.67+1.53"  16.33+0.58"  54.54+£3.03" 1.24+0.61° 16.95+0.73"
15 253.74+86.02" 682.25+20.35 1029.73+85.49"  5.00+2.65° 11.67+2.52°  57.82+1.53* 1.45+0.83" 14.87+0.56°
20 326.71+£5.47° 1061.25424.43* 1092.23+56.27° 5.67+0.58"  11.00+4.00°  58.63+1.69"  1.04+0.53%  11.70+0.80°

FH 2% 6 AT, A AR AR 0 B, VB o
L' 8 % FF ( P<005), b{H W & T K
( P<0.05), {H 5~20 min ff1 ¢ L*{H 1 b4 JC 0. %
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I, AR A SKEREE R LE A o (a8 N 8.
FE2E R (P>0.05); bEAE 120~140 °C Z 6] TG
BEMHEZES (P>0.05), 150 C 160 °C B3E I

Ft (P<0.05), {H 160 °C &5, YEH A
gt e, 25 PR AIE2ER AL, s SRR
BEok 130 °C. 140 °C #1150 °C AT G £21FE 38525
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Tab. 7 Texture and color changes of fish skin at different air frying temperatures

IR/ C S YRE R /g R /g L ONTIA MRz [ s 4 b
Temperature  Average hardness ~ Surface hardness ~Maximum hardness  Brittleness Crispness
120 534.26+26.18" 976.76+30.22° 1482.58+98.00° 2.33+0.58°  4.33£1.53° 51.63£2.51" 1.00£0.80° 14.09+1.72°
130 466.00+19.05* 646.00+81.50" 956.86+49.78" 5.00£1.00°  6.00+1.73°  51.73+4.78" 1.23+£0.48" 14.94+1.04"
140 465.02+7.20° 455.15+82.56¢ 925.72+55.07¢ 7.00+£1.00°  10.33+0.58* 51.51+3.47° 1.09+0.84° 16.43+2.06°
150 352.39+91.87° 590.03+76.89° 714.23+15.55¢ 8.00+£3.61°  16.33+0.58" 50.18+1.18" 2.924+0.94"°  18.03+5.49"
160 229.17+22.31¢ 526.69+23.23¢ 743.96+116.25¢ 9.00+1.00° 18.67+2.31" 48.34+0.62° 3.23+2.61° 20.13+3.54°

2.5 REZS MR EX KRR BN

16 [ 2 R 3 5 gL' HLBHT ] 10 min A1
S HEIRIE 140 °C YA IE R, XA IR 28 S K
i TR AR (LN 8 IR . Hi3E 8 T, 25/
KR IE] >ty 8 min B, ) R B | T A

T KB MG B fe /N, HLGEREE, EEEHE N
8 min XEHI Y R NZAL ; 78 10~16 min B, F-1
W IC BEVE2E S (P>0.05), 8RB 5 25/
PN SR I N 5 N =2 VAN Op <k
Jifi RV 3 SR T 1 K

®8 AEESIEMEEENREIMEFEETN

Tab. 8 Texture and color changes of fish skin at different air frying times

BHmin - TR/ HTRE /g N LT iz R o y 5
Time Average hardness ~ Surface hardness ~ Maximum hardness ~ Brittleness Crispness
8 63.57£15.68" 296.45+47.68° 296.45+47.68° 1.00£0.00°  0.00+0.00  52.99+2.89°  0.43+0.35°  12.52+2.95"
10 390.87+78.11* 594.88+50.08" 805.43+51.74° 3.00£1.15°  9.00+1.73°  48.63+1.68" 2.92+1.35" 16.32+0.63"
12 378.21+93.03° 455.15+82.56 982.30+85.79* 7.50£1.73°  13.00£2.65° 43.61+1.83° 2.87+1.78"  17.30+2.26"
14 353.25+51.05° 506.48+33.95" 906.18+51.57* 7.50£1.29°  16.25+1.71°  47.34+6.93* 1.11£1.06° 15.00+2.60"
16 319.29+73.92* 527.00+£62.13* 828.64+23.45° 8.50+£2.08"  17.00+3.83" 46.28+5.37° 3.96+1.12° 21.65+3.87°

% 8 Al A1, 8 min fii 7 () L {EHE K, o' (HH
bR/, HTH AR, HibEFEZ R
10~16 min A 7 19 L{H T B E M2 5% (P>0.05),
B2 KR s E) g 16 min B, 4082 6 o (5 R0 B™ (& I
WAK, FERF GRS, fEEaEER, 2
b, PR A MERTE A 10 min, 12 min A1 14 min
PRI EES A s e
2.6 IEXKIGERHSW

PUTHFIAEAL AR RS, PSRBT . e mait
], 28 SOKE R BE A A KRR R A T IE S SE 0 R 1k
50N 9 PR,

2.6.1 FIREREARE
S-S50 S A 2R 1 0~2 s [A] (-2 T,

FE—ERRRE bW T o R B R R . R
BF 5% PR 2 6 B R 1k 30 NOISF, e sk iy 1R i
R AESL 1A 6 B IRE RN, HAB SR 2
PIREERIR T 100 g “V-IRE R 4 R AL
PO 2, - W0 BE BRI R BE B3 S e N e
RO, BEIEL RS [H] R S e RS, Bl S
PR E AN Zs SR R 3G g R &l 2 AIiRF
Y0 5 B 0 IE HE o ASBLCsDy,  BIVYE BRI R N
15 gL' MO 10 min, 25 SAEREEN 150 °C
M2 SAERF RN 14 min 09200, gk (9 -F- 2 i
BE A . B 2E R AT AT 20 R U UT Sy B>
A>C>D (3 10), B2 fo fz - S48 B 11 3= PRIt
J3p S LB 1) > B e o> AN il P> A I T
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Tab.9 Texture results of orthogonal test

s PR /g K /g IS ON LTS Jifi e Tk 5

No. Average hardness Surface hardness Maximum hardness Brittleness Crispness
1(A,B,C,D)) 97.44+16.16" 404.54+72.84° 404.54+72.84° 1.000.00¢ 0.00+0.00°
2(A,B,C,D;) 443.74+32.98" 455.15+82.56" 1125.72455.07° 4.00+0.00° 10.33+0.58¢
3(AB;C3D;) 288.59+4.47° 457.25+71.70¢ 1338.83+22.91° 7.00+1.73 16.00+2.00°
4(A,B,C,D5) 303.32+7.89" 625.91430.40° 1067.61£12.52° 5.33+0.58" 15.00+0.00°
5(A,B,C3D)) 294.08+15.20° 744.21+55.59° 1496.07+85.42° 4.67+0.58" 11.33+0.58¢
6(A,B5C,Dy) 65.18+18.95° 973.54+42.58" 1507.73+78.24* 1.00+0.00¢ 1.00+0.00°
7(A;B,C3D,) 457.50+17.65° 247.46+14.60° 490.80+39.82° 5.50£1.00° 18.40+1.52°
8(A;B,C D) 434.98+31.30° 353.72+31.88° 694.44+61.12° 5.00+£0.00° 13.67+0.58°
9(A;B;C,D)) 235.76+4.87° 475.91+28.79¢ 607.29+58.45¢ 4.00+1.15° 11.00+0.82¢

475 —=— B Alkali concentration
450 - —e— YUBEIE] Alkali soaking time
2 425 A ZAUERJE Air frying temperature
9] Pel ] A L2
£ 400t —— = gk’EETI?lﬂ Air frying time
£ 375t N
o \
& 3501 [
S st /
2 325 \
< / \
S 300 i
= og7st \ /
B ool \ /
oy \ /
B 225+ ‘/
200 &
s

Al A2 A3 Bl B2 B3 C1 C2 C3 D1 D2 D3
4 [N £ 4 factors
B2 FIEERE4BERTHNER
Fig. 2 Trend of average hardness with four
factors changes

K10 FHEELERSHT
Tab. 10 Analysis of average hardness results
18¥7 Indices A B C D
k1 276.59 296.09 199.20 209.09
k2 220.86 390.93 327.61 322.14
k3 376.08 196.51 346.72 342.30
7 R Range 155.22 194.42 147.52 133.20

2.6.2 FRIGHEARL

FEIRIRE R A e A — e, i A
FERE 4 PRIZRAR a3 D I 3, 3 i s ot ol Y e
ENE N N =0/ A N U (ORI TR
K, BEZS SRR A3 KN, B2 SRR )Y
BN RS KN . B 3 AT A A R Y Fe

BLEb R AyBsC\D,, RIZEBRIRIREE N 10 g L7, Hfs
AR 15 min, 25 SHEWREE N 130 °C Fnas SRR
]k 12 min 550 T, fafz 0 R mBE R I fE .
e 25 R A M1 3R TEDRE RE OO P ASB>C>D
(2 11), BOSZme fh e 7 246 B2 1) 3 YU S i
TRV J3E > YO BT 1] > 28 KR IR B> A T

8501 —a— B Alkali concentration
800 —e— J{ulig ] Alkali soaking time
2 750 —a— SFSERE Air frying temperature
€ 700t —v— 23 THENH] Air frying time
s
S 650F
Q
€ 600
=
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L0
& 500 F
= 450t
=
® 400
350

Al A2 A3 B1 B2 B3 C1 C2 C3 D1 D2 D3
4 [H2 4 factors

B3 REEER4BRRTURER
Fig. 3 Trend of surface hardness with four
factors changes
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Tab. 11 Analysis of surface hardness results
¥645 Indices A B C D
k1 438.98 425.97 577.27 541.55
k2 781.22 517.69 518.99 558.72
k3 359.03 635.57 482.97 478.96
%% R Range 422.19 209.60 94.29 79.76
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6]k 12 min BOZ1F R, £ 52 M KB B fefE .
e 25 R AT M B K B RE B0 P 2 ASB>C>D
(F12), R ERMERE 2, "I @ T
TR FEE P T2 UG A R >V e [R>S R
JE>A S HER ]

15001 —a— [ B Alkali concentration
» 1400 —e— J{UHk ] Alkali soaking time
g L —a— S FHERIE Air frying temperature
2 1300 2 Widinl< Alr frying tc
= —v— S SJERTE] Air frying time
<
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Fig. 4 Trend of maximum hardness with four
factors changes
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Tab. 12 Analysis of maximum hardness results

F84% Indices A B C D
k1 956.36 654.32 868.90 835.97
k2 1357.14 1105.41 933.54 1041.42
k3 597.57 1151.28 1108.57 1033.63
%7 R Range 759.63 496.97 239.66 205.45

2.6.4 i L

Jif S A R £k KT 100 g FOIE KR, s
FERE 4 NEAR LR FAAILIE 5, 1R R s R ik B 1)
by NS ot A N e N ok LR TS | RS N
JE VBN, A A R R R s A KR R TR] (4 48 K T 4
Ko HELS AT R A AL IC I A3B,C3Dy, EP
FEBRHE ] 15 g L', HARASE] R 10 min, 255,
YEWRBE A 150 °C A2 SKEW R R 14 min (9 45 14
T, R RO R . AR 2E R TN KM
BT Ry C>D>A>B (% 13), B fa fz -3 i

JEF VY Ay 28 SRR > 23 SR T > e >
L[]

. T Alkali concentration
701 o gt Alkali soaking time
6.5 —a— ZSSHEHE Air frying temperature
6.0 b —v— 2 UKERI] Air frying time

e
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Fig. 5 Tendency of brittleness with four
factors changes
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Tab. 13 Analysis of brittleness results

FE 5 Indices A B C D
k1 4.00 3.94 233 3.27
K2 3.67 4.56 4.44 3.50
K3 4.83 4.00 572 5.78
%% R Range 1.17 0.61 3.39 2.55
2.6.5 [k

R B 2 bR T 10 g /T 100 g AW
ik, BREERE 4 IR ALIEE LK 6, TR FEHK
VMR | 25 SRR N ZS KIS ) R 3 T K
B BT[] P 15 I 2 Sk K58 N R IEL 5 AT 7SR
AT L AsB,CsDy, 1445 5 5 i i 45 R —
2, BITERRRAEIE 9 15 gL' YoBsta] g 10 min
ZSNEIRE R 150 °C M2z SHERTE R 14 min (9 5%
T, AR BRI . R 2E R W] AR KR
BRI R C>D>A>B (55 14 ), RIS 0 fa f7 -1y
B B85 1 = ORI SRy 28 0K B > S0HE B Tl >
BRI J3 > Y0 BT 18] o

B 25 S SR AR P AR ERAL 1 2
R, HE A SN TR RS (A AR A, 8 v A 3 A
RIERE SR, 25 LTl WV 3 R Bt [
X £ R R S, 23 KR T ) ) £ 7
4 JE R IR B S M R, £ A5 R R W E
LA A AsB,CyDs, RIGHIBE 15 g L', Y
BT [A] 10 min, 25 KRR EE 150 C. 25 AHERT
[6] 14 min,
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| o JufAtE] Alkali soaking time
—a— XS HEIRJE Air frying temperature

16 | —v— 2 [ KERTE] Air frying time
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6 BRERE4 BERTHHES
Fig. 6 Tendency of crispness with four factors
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changes

27 WEIZEEWIELE
HEGUEZS S M 0 R T2 45, AT
T2 4MR) 3 IREATENR:, 25 R M 15 B,

R 15 Al %, 3 CPATSEm s R v, f
Rk Ay & BETE 2.05%~2.10% Z 7], SEIgRERE | 3
TR | R KR A T 9 2 11 A8 S0 A o R e
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FERR ORI A), BavE, MRS, BRYEEEE
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Fx 14 BREZRSW
Tab. 14  Analysis of crispness results

£z

Indices A B C D
k1 8.78 11.13 4.89 7.44

k2 9.11 11.78 12.11 9.91
k3 14.36 9.33 15.24 14.89
7% R Range 5.58 2.44 10.35 7.45

x15 RMAIZEH=REZEENRRSH

Tab. 15 Quality analysis of air-fried shark skin under optimal processing conditions

F8¥5 Indices

s
No.  KH&E/%

TR /g KRS /g

O [ o

Moisture content Average hardness Surface hardness Maximum hardness  Brittleness

Crispness

1 2.05+0..68 359.90+74.68 561.13£89.91 1210.00£75.23 9.50+0.57 16.25£0.50 55.84+0.52 4.57+0.47 29.04+0.63
2 2.10+0.15 316.96+74.26 587.45+£97.60 1157.41+63.51 9.75+0.50 16.75£0.96 56.44+0.54 4.94+0.47 29.67+0.74
3 2.08+0.07 324.57+86.38 628.45+56.84 1232.20+80.59 10.00£0.00 16.25+0.50 57.24+1.15 4.87+0.59 29.53+0.96
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Optimization of technological conditions for air frying shark skin

CHEN Xiaoting"?, WU Yuxuan®, LIU Shuji’, PAN Nan’, XU Min'?,
SU Yongchang?, ZHANG Yucang'*, LIU Zhiyu®
(1. College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, China;
2. National Research and Development Center for Marine Fish Processing, Key Laboratory of Cultivation and High-value

Utilization of Marine Organisms in Fujian Province, Fisheries Research Institute of Fujian, Xiamen 361013, China)

Abstract: To develop ready-to-eat shark skin products, the air-frying process conditions for shark skin were op-
timized. Using shark skin as the raw material, with texture characteristics and color changes as indicators, the
moisture content of the shark skin was controlled through pre-drying, and optimal pre-drying conditions were
subsequently determined. Orthogonal experimental optimization, based on single-factor experiments, was con-
ducted to study the effects of alkaline solution concentration, alkali soaking time, air-frying temperature, and
air-frying time on shark skin quality. The results revealed that the shark skin exhibited expansion when the
moisture content was controlled within the range of 30% to 60%. The optimal air-frying process conditions for
shark skin were determined as follows: pre-drying temperature of 80 °C, drying time of 90 minutes, alkaline
solution concentration of 15 g-L™', alkali soaking time of 10 minutes, air-frying temperature of 150 °C, and air-
frying time of 14 minutes. Under these conditions, the shark skin displayed the best expansion effect, uniform
color, and favorable crispness and tenderness. This study aims to provide a theoretical basis for the production
of air-fried ready-to-eat shark skin products.

Key words: shark skin; pre-drying; air-explosion; quality; process optimization
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