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Technology Optimization and Flavor Analysis of Air Fried Fish Skin

SUN Huijuan, LI Lu, MA Kaihua, MA Lizhen, REN Xiaoqing"

(Tianjin Aquatic Product Processing and Quality Safety School Enterprise Synergy Innovation Key Laboratory, National
R & D Branch Center for Conventional Freshwater Fish Processing, College of Food Science and

Bioengineering, Tianjin Agricultural University, Tianjin 300384, China)

Abstract: In order to develop air fried fish skin products, the air frying process of fish skin was optimized and its flavor was
analyzed. The effects of blanching time, brine mass fraction, brine immersion time, marinating time, pre-drying temperature
and time, air frying temperature and time on air-frying fish skin were studied on the basis of single factor and mixed-level
uniform design. The results showed that the best formula of air fried fish skin as follows: blanching time was 8 s, salt water
mass fraction was 1%, salt water immersion time was 20 min, marinating time was 36 min, pre drying temperature was
55 °C, pre drying time was 25 min, air explosion temperature was 190 °C, air explosion time was 16 min. The flavor
compounds of air fried fish skin under the optimum process conditions were analyzed by gas chromatography ion mobility
spectrometry (GC-IMS). There were 40 volatile substances that had been identified, including ethyl caproate, caproic acid,
trans-2-octenal, (E,E)-2,4-hexadienal, 2-heptanone, 2,5-Dimethylpyrazine, (E)-2-hexenal, 2-methylpyrazine, isovaleric acid,
2-methylbutanal, 1-octanol, isoamyl alcohol, 2-propyl-1-Pentanol, 2-ethylfuran were high in content, and overall of them
had a pleasant odor. The results of this study provide a theoretical reference for the process and flavor of air frying products.

Key words: air frying; fish skin; uniform design; principal component analysis; gas chromatography-ion mobility spec-

trometry (GC-IMS); process optimization
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Table 1  Factors and levels of uniform design U, (5'x2")
) X, ZEEE X, ﬂ:m&i@ﬁ@ Xs H’EE?E'JHH‘I‘E? X, HKBREL X ﬁ!fﬁéﬁﬂll‘ﬂ X EAUERE X, %’iﬂfﬁﬂ‘@ Xg T HRIE
(s) (min) (min) (%) (min) (cc) (min) (c)
1 1(6) 1(12) 2(24) 2(2) 3(30) 3(185) 4(15) 2(55)
2 1 2(16) 3(28) 4(4) 5(40) 1(175) 2(13) 2
3 2(8) 3(20) 5(36) 1(1) 2(25) 4(190) 5(16) 2
4 2 4(24) 1(20) 3(3) 5 1 3(14) 2
5 3(10) 5(28) 2 5(5) 2 4 1(12) 2
6 3 1 4(32) 1 4(35) 2(180) 5 1(45)
7 4(12) 2 5 3 1(20) 5(195) 3 1
8 4 3 1 5 4 2 1 1
9 5(14) 4 3 2 1 5 4 1
10 5 5 4 4 3 3 2 1
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Table 2 Sensory evaluation criteria of air fried fish skin
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Fig.l Influence of blanching time on L", " values and
brittleness of air fried fish skin
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Fig.2 Influence of mass fraction of brine on L’, 5" and
brittleness of air fried fish skin
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Fig.3 Influence of brine immersion time on L", b* and
brittleness of air fried fish skin
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Fig.5 Influence of pre-drying temperature on ", b* values and
brittleness of air fried fish skin crispiness
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Fig.6 Influence of pre-drying time on L", b* and brittleness of
air fried fish skin
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Fig.7 Influence of air frying temperature on L", b~ and Fig.8 Influence of air frying time on L, b" and brittleness of air
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Table 3 Experimental results of uniform design
TS Y, EK (%) Y, & il (%) Y i (mm) Y JEE VN (53) YL Y b
1 1.60+0.00 18.01+2.41 0.17+0.13 78.40+1.36 27.57+1.27 5.67+0.62
2 2.03+0.00 19.26+1.42 0.20+0.35 67.90+7.08 26.97+3.64 1.38+1.52
3 1.36+0.00 18.74+0.31 0.22+0.22 81.50+2.62 30.63£1.19 7.93+£1.37
4 2.02+0.01 12.83+0.15 0.13+0.11 75.80+£2.89 21.03+0.82 3.33+1.11
5 1.60+0.00 12.47+0.82 0.13+0.07 84.50+3.04 33.10«1.10 8.47+£3.79
6 1.83+0.02 13.76+0.26 0.13+0.10 77.50+1.63 23.30+3.32 4.07+1.60
7 1.61+0.01 13.10+1.97 0.14+0.10 80.80+2.23 29.63+2.13 7.23+5.42
8 1.90+0.02 20.04+2.28 0.14+0.09 70.40+7.03 23.80+2.91 5.00+£1.19
9 1.40+0.01 14.17+1.01 0.22+0.19 80.20+2.82 28.93+1.95 7.50+£0.93
10 1.94+0.01 10.62+0.88 0.29+0.21 71.30+2.00 24.40+0.93 7.50+1.35
K4 RPN
Table 4 Summary of the model parameters
fibr A AH R K Pl B
Y, 1.72840.098X,+0.262X 4 0.924 0.001 oK
Y, 15.997-1.743X,+2.736 XX, 0.904 0.003 o
Y, 0.177-0.043X,Xg 0.757 0.011 *
Y, 80.657—4.526X +2.113X,+5.011X, X, 0.940 0.017 *
Ys 26.936-3.358X5+1.924X, 0.893 0.013 *
Y, 6.438+0.715X,+1.897X,—1.143X,X+0.257X,X, 0.998 0.000 o

H: 0.01<P<0.05RIA R i 7K, F*3RR; P<0.01 Rk 2R 8 K, F* %R,

e AT 2R A s By (Y ) 78 R el U Hr ok b 25
IK-(P<0.01), AHIEFREL r 2 0.904, Jr AL H AR
TFEIRLA BE, S22 R PR 2R oA Rt a] | i
RIS TE) RN EH e B s MERE (Y ) FE R Bl EHR E
FIK-(P<0.05), FHSRFREL v o 0.757, FEMNE AL i 3=
TR R R /IR U A AR LR s B PP (Y )

FE U BT vk B 2 35 K S (P<0.05) , AH 26 &R 3K
R Ry 0.940, Jy B B AR UF- LG B, SE BT
S eSS e e A Ll i 121 IR Y =1 B S T G
B2 LB (Y ) 7E— R A rh ik 3] 4 25 7K - (P<0.05) ,
FHICHREL r 2 0.893, 520 LAY EZERIZ 2T TR AT
[ R RIELRE s b7 (Y ) FE YR BT RS 38 21 k357K



- 218 - £ Tl B

20224 9 H

SP(P<0.01), FHSC %X » 2 0.998, 5200 b1 2L
o0 T A =l 0N £ i =1 I 2 L1 BT WA N i = i S ot
KU o

2.2.2 SSRMEMPE R ST — A 22
FRAEE R F 1 R ES, hE 5. L 6 nlH, A
3T EAEMEME AT 1L, 58 T ZibsiikER KT
85% FAIE N4, oAt i AR E RS /N T 1, HLBTMk
T TAH, ACFVESS, A T PR, RIFREL
M 3 A E ST BRI TTER Sy 92.112%, Uil 3 4~
AT FIEARREAS 2 L2 SRR N i) B S B

RS0 DTMIIIRHMIEE, DTk N Rtk
Table 5 Eigenvalues contribution rates and cumulative
contribution rates of six principal components

PIAFIE
by : :
WHERD PSR RBUSTHER(%)
1 3.185 53.085 53.085
2 1.209 20.157 73.241
3 1.132 18.870 92.112
4 0.281 4.680 96.792
5 0.169 2.821 99.613
6 0.023 0.387 100.000

6 RPIEARNT N 4 1 3 AR P

Table 6 Coefficient matrix corresponding to eigenvalues

%
=]
1 2 3
1 ~0.914 0.146 ~0.246
2 0.892 -0.227 -0.334
3 0.886 0.314 -0.019
4 0.841 -0.170 0.266
5 0.075 0.804 0.574
6 -0.235 -0.602 0.748

M2 7 AT, 28 3 LRG3 i o 1.29,

55 4 LR B 15 B —1.33, IRk, BEHRIY SR
THERES 3 A MBI R AH A, BVZEERTTE] 8 s,
KBRS EC 1%, ER/KIEEE] 2 20 min, [l
FFTE] 36 min., Wl THRIREE 55 °C BUTHEE] 25 min.
25 AHERIE S 190 C., 25 THERTELY 16 min.
w7 BRI MRS
Table 7 Principal component score and comprehensive score

S EMST BRSO ERUS GEES HiA
1 0.36 -0.71 0.57 0.15 6
2 -2.52 -0.38 1.33 -1.16 9
3 2.01 -0.25 1.45 1.29 1
4 -1.9 0.1 -1.57 -1.33 10
5 2.38 -0.46 -1 0.98 3
6 -0.95 —0.42 ~1.15 —0.81 7
7 1.32 -0.29 -0.78 0.49 4
8 ~1.74 -0.9 0.63 —0.98 8
9 1.68 0.58 0.42 1.09 2
10 —0.63 2.92 0.09 0.27 5

2.2.3 MK SHrEER ARPE 10 58 6 48
P B 5 b, A A IR Ar S Y RS, A 9
A, 10 ZHIRES: 6 DEAR B — 2 R IR SEPEIRE,

FERRECREES 2 Abdehrnl AR50 2 25 58 1 2 /&
JKEL, ST 2SR S BB VEAY L MERE L LYE R

™A, 5 TFEPRAE SRR, TERREGIAES 1 4k, 10 2Hi
AT LIRS 328, 58 T 288 10 5, 55 M2 6 .
25 8545, MRS 75 .55 .35

1S, RIS E I T4 R IEA 3L
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oy o M S ~ <
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K9 10 MBI R 6 s hn R IHARE
Fig.9 Clustering heat map of 6 indicators of 10
experimental factors
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2.3.2 ZSEYEMEZ GC-IMS K PESIR ST 5E P4y
BT R T2 %as S ME A B3 S P XUk S a2

ATREPESIAIT, MY R BT A (3 R B B[RRI

B iRt a], PA C,~Co WY TEBRZEAE SR i it 5
BRI KR TR A BE AR AL, il i GC-IMS Ui %2
PEAT DT T X 45 2 M) ot 64 7 e 43 AT, Nk 8

s, A A E e AL G 40 B (— e SrmT
LU= AL AR, R T4h4 T RIK, sl s Ee

PO ) BT, Horh, IS 15 Bl BEE S BB, RIS S D,
Bia2S 3 Fh, nikgESs 5 R, RS 3 Fh, BRI 2 B, s
G 1 B, G 1 R, 554 20 B Ase .
2.3.3 ARSEMEREREOPREIEIE S T LT

M AR B 25 S KE N A48 A4y, SFA TN 3 WRUE

R GC-IMS A% v e A 15 5048, AR ilas URE
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Fig.10 Two-dimensional GC-IMS spectra of fish skin

characteristic flavors
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Table 8 Qualitative analysis of volatile components of air fried fish skin

eS| URELIEA st DREEEC REIE () IEAZIIE (ms) IS T50
(B) 234k — R {A&2-octenal (E)M CgH,,0 1066 689.308 1.33583 Bl L B
(E)2-FHME A 2-octenal (E)D CH,,0 1066 689.747 1.81388
(E,E)-2,4-C — /% Hexadienal C4H,O 926.5 427.273 1.4522 TR E S
2-F 3L T — R 442-Methyl-butanal M CsH,,0 584.8 130.561 1.15583 T
2-FI 3 T B 544 2-Methyl-butanal D CsH,,0 583.9 130.196 139121
T-% — % {£n-Nonanal M C,H,; ;0 1105 766.941 1.4705 HHE . ST 2L+ 0 W T
FRE L {An-Nonanal D CoH,0 1104 766.299 1.51186
23 (E)—Z—H%%%%%ﬁﬂ—heptenal (E)M C,H,,0 957 481.38 1.25509 e, G TR
(E)-2-Pils s 4k 2-heptenal (E)D CH,,0 955.6 478.76 1.66775
3-HBR L Methional C,H,08 898.4 377.615 1.39469 Wi, T, VA A
(E)-z-d%‘iﬁ:%{zti(}a)-z-hexenal M CeH,00 856.8 327.767 1.18548 A B R
(E)-2-C M 5K (E)-2-hexenal D CeH,,0 846.6 316.485 1.52259
W furfural C,H,0, 791.7 256.116 1.33725 b, AL, BRI, AR, TRk
—Efundecanal C,Hp,0 1292 1142.171 1.61288 NS, A, A2
i pentanal CsH,,0 670.5 164.794 1.18049 Je e, T, AL
1-37#1-Octanol CgH, O 1066 689.943 1.45797 RG2S, 167, fel, i+
2-P¥2-propanol C;H,0 516.3 103.186 1.09214 GUN
e S % — 2R A Isopentyl alcohol M CH,,0 738 211.153 124123 SR, T R, AL, IR, Fifk
2-32-Octanol C¢H,;0 956.8 480.917 1.85059 B, e R, F AL, B
2-T5J-1- 11 Octan-3-ol C¢H,;0 989.2 538.193 1.39872 VBB, EELELR, FLLTEE, BEbK, PhiheR
s P& Propanoic acid C;H0, 651.4 157.128 126577 5%, A, LAt
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HR8
el URSL/EA SR REEEC AR (s) IEASEE (ms) W STi3a
% decanoic acid C,H500, 1397 1351.905 1.56322 A NI B RR IR, KR
£l ik Hexanoic acid CHL0, 9482 465.699 1.29892 R, BETOR, KR
S Risopentanoic acid CsH,,0, 810.1 276.367 1.22076 TR, HlIL, W&
PifiHeptanoic acid C;HO 526.3 638.511 1.36913 TR DML EE M e
[iEES 2,3-J% —2,3-pentanedione C,H,0 890.6 173.323 1.2222 B, R, B, S
2-JE — 2 4:2-Heptanone M C,H,,0 888.7 364.954 1.2617 e
T SRR, R, Wbk
2- i B/ 2-heptanone D CeHgN, 916.3 362.844 1.63059
eSS 2,5- " F LML EE B {K2,5-dimethylpyrazine M C HgN 916.5 409.245 1.1138 ;
T A . . o WS, B, TR, Kk, 8
2,5- - HBLnE R ifLk2,5-Dimethylpyrazine D C;H(N, 828.6 409.668 1.49641
2-FI Lt % — B fAMethylpyrazine M CsHN 826.2 296.688 1.08201 U
A Y S W TR, HOAE, Ve L. 0k
2-H By M fR methylpyrazine D CH,(N, 1017 294.077 1.39412
2,3,5- = FIBEME Y Trimethylpyrazine C,H,,0, 727.1 591.117 1.16785 [0:37 001 e eI )
[LEES Z TR Hilifn-Propyl acetate C4H,0, 1004 202.508 1.15975 TR, W%
LR 2.~ B K Ethyl hexanoate M C¢H,0 1004 567.029 1.33926
BN v B8, HE I, Bk
CU1#2 2.6 {4 Ethy] hexanoate D C¢HgO 745.8 565.899 1.79853
URUEES 2-Z FE kIR 2-Ethylfuran C,H,,0 992.6 217.339 1.05042 T, ek
2-TE SR FEMKIH2-Pentylfuran CeH,,S 911.9 544.348 125362 S, PR, Bk, FEpIR
HAhk N Propylsulfide C3H,N 510.3 401.606 1.16688 RS
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