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Abstract: Fresh bullfrogs and pickled peppers were used as the main raw materials to prepare pickled pepper bullfrog,
along with spices, salt, and other ingredients. Firstly, the effects of the mass fraction of pickled peppers, cooking temperature,
cooking time, and pickling time on the sensory properties, color, and texture of pickled pepper bullfrog were investigated
through single-factor experiments. Secondly, based on the single-factor experimental results, three single factors were
selected to optimize the processing technology for pickled paper bullfrog with the help of response surface methodology
by using the sensory score as the response value. Finally, the water-holding capacity and the total number of colonies of the
finished pickled bullfrog were measured. The optimal parameters for preparing pickled pepper bullfrog are as follows: a 30%
mass fraction of pickled peppers, cooking temperature at 80 C , cooking time of 15 min, and pickling time of 3 h. The results
show that the water-holding capacity of pickled pepper bullfrog is reduced by 9.42%, to 80%. This loss is relatively small,
and the flesh is still fresh and tender. The total number of colonies is 55 CFU/(g-mL), which is lower than the national limit.
In addition, the flavor and taste of the pickled pepper bullfrog were determined and analyzed. The pickled pepper bullfrog
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obtained under the optimal parameters is light yellow and shiny. It possesses a sour and spicy aroma characteristic of pickled

pepper products without any peculiar smell. The bone and meat are closely connected, and no bone detachment is noted. The

pickled pepper bullfrog has a layered, delicious taste and good chewing texture. The final product has a sensory score of 83

points and good acceptability. This study can serve as a reference for the development and standardized production of pickled

pepper bullfrog products in China.
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Table S Effect of cooking time on the color of pickled

pepper bullfrog
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Fig.7 Effect of pickling time on sensory score of pickled
pepper bullfrog
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Fig.8 Effect of pickling time on texture of pickled
pepper bullfrog
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R 6 SR 18 XA A b i R R0
Table 6 Effect of pickling time on the color of pickled

pepper bullfrog
M- B 18] /h L* a* b*
1 5854+ 1.72°  226+026°  20.49 +0.55°
2 58.04 £0.58" 278 £1.01° 23.78+0.91°
3 57.82+226° 291+1.04° 2273+1.05"
4 50.62+291°  2.88%0.57° 21.12+0.81%
5 5124+334° 243+1.09° 21.81+0.38%

SEEREIEO. BRI SR G R,
IR 3 ho i, SRR e R B AR PN et

22 wMEMALRIEE RS oM

221 RKBEER
7E R 2 B0 2l b, DUBE V2 i N AE
XA B2 . A WNRAE . MR ) = AN R 2
AT SE T2 Ak, B e VAU i e A T 2
J7 o Mo BETHBRES S S5 R WK 7.
K7 MEERRARRER

Table 7 Response surface experimental scheme and results

wpy ARRIE BEM . CHE YEE

2% % w2/ C B8] /h 5
1 35 90 3 75
2 25 70 3 75
3 30 80 3 82
4 35 80 4 76
5 25 80 4 76
6 30 70 2 76
7 30 80 3 83
8 25 80 2 76
9 30 90 4 80
10 30 90 2 77
11 30 70 4 78
12 25 90 3 76
13 30 80 3 82
14 35 70 3 71
15 30 80 3 82
16 35 80 2 72
17 30 80 3 82
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Table 8 Analysis of variance table
TERBEY qum sr Fu Pu nER

A 209.26 9 2325 62.04 <0.0001  **
11.21 1 11.21 2991 0.000 9 wox
9.88 1 9.88 2636 0.0013 woE

C 8.45 1 8.45 2253 0.0021 woE
AB 2.72 1 2.72 726 0.0309 *
AC 2.51 1 2.51 6.70  0.0360 *

BC 00756 1
A 119.03 1
B’ 29.39 1 2939 7841 <0.0001 **
c’ 12.09 1 1209 3226 0.0008  **

0.0756 0.2018 0.666 9
119.03 317.59 <0.0001  **

5%~ 2.62 7 03748
E WM 143 3 04750 159 03253
iz £ 1.20 4 0.2996

Big £ 21188 16
E v AMEE (P<0.01); * A2 F (P <0.05).
* 9 EERBREES TR

Table 9 Regression model reliability analysis table

In b 3 iy 2 *ii;ki«% E%g")ﬁi ,é_ 2
7 E REFZHR # Rz“dj CV./% £37
Al 0.987 6 09717 0.787 8 23.5951
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Fig.9 Response surface diagram of the effect of two-factor

interaction on the sensory score of pickled pepper bullfrog
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& 10 /MR L KR B GC-IMS = 4EiE E
Fig.10 GC-IMS three-dimensional spectrum of volatile flavor
compoundsof pickled pepper bullfrog
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Fig.11 GC-IMS two-dimensional spectrum of volatile flavor

compounds of pickled pepper bullfrog
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Fig.12 GC-IMS difference spectra of volatile components in
parallel samples of pickled pepper bullfrog
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Fig.13 Fingerprint of volatile components in pickled pepper bullfrog
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Table 10 Flavor components of pickled pepper bullfrog

Limonene
alpha-Terpinene

alpha-Phellandreoe
alpha-Pinenc

beta-Phellandrene
1,8-Cineole-M (LR

Rrteses:
004 0
88

1
2
6

Dimethyl sulfide

Sy b Ark oth 4 AR LA AR ST RGaE/s BLREE/%
1 FEk Octanal CH,0 817.87 0.53
2 B2 B W (E)-2-Heptenal CH,O  894.37 0.09
3 oS Benzaldehyde C,H,O 1410.77 0.45
4 B -2-F Wt (E)-2-Nonenal CoH,,O 1376.08 0.60
5 SIS Decanal CoH,,O  1341.45 0.25
6 SR B Heptanal CH,,0 662.53 0.32
7 B-2- B (E)-2-Pentenal CHO  569.05 0.17
8 WS Hexanal C¢H,,O0 954.18 4.49
9 2 R EE Pentanal CH,,0 361.63 2.20
10 B S Nonanal C,H,;O 1028.05 0.26
11 IE T B Butanal C,H,O 279.65 0.20
12 A B Propanal C;H,O 240.19 6.10
13 S Acetaldehyde C,H,0 215.77 1.53
14 2-F A A A 2-Methylpropanal C,H,O 245.89 0.10
15 3-F A 2-T el 3-Methyl-2-butenal C;H,O 689.44 0.05
16 R.-2- TR (E)-2-Hexenal C¢H,,0 711.64 0.06
17 -FWATE 3-Methylbutanal CsH,,0 307.64 0.21

""" 18 B 4-Terpineol CoHO 192760 323
19 1- S 1-Hexanol CH,O  954.18 0.1
20 AR Linalool CHO 172148 497
21 1- FM-3-82 1-Octen-3-ol C¢H,,O 1221.43 0.43
22 A AEET Linalool oxide C,H O, 114525 0.15
23 1- R B 1-Pentanol C,H,,0 763.61 0.08
24 K -3 1-Penten-3-ol CH, O 62503 1.06
25 1-TE 1-Butanol C,H,,0 593.05 5.63
26 LEE S R.-2-ThhEg (E)-2-Hexenol C¢H,,0 1055.27 0.40
27 2-F MK -1-A B 2-Methyl-1-propanol CH,,0 498.01 0.83
28 iE R BE 1-Propanol C,H,;0 424.77 0.82
29 I3 Ethanol C,H,O 316.64 24.99
30 2- % B& 2-Pentanol C;H,,0 510.01 0.10
31 3-W R -3-THEEE 3-Methyl 3-butenol CH,O 74759 0.10
32 S+ ABEE 2-Propanol C,H;0 308.56 0.31
33 3. |- TEE 3-Methyl-1-butanol CH,O0  697.83 0.53
34 MR -2- 7% He - 1-B% cis-2-Penten-1-ol C;H,,0 890.41 0.31
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&k 10
B ALEMAt £ Aoty 2 AR ¥ LA TR REHES BOREE/%
35 ) B Acetone C,H,O 250.15 6.35
36 6-F -5 M2 -8  6-Methyl-5-hepten-2-one  C¢H,,0 908.88 0.91
37 1-# % -2- AR 1-Hydroxy-2-propanone  C,H,0, 846.89 0.20
38 3-#K-2-TH 3-Hydroxy-2-butanone  C,H,0, 819.19 0.10
39 KT Cyclohexanone C¢H,,0 812.60 0.19
40 R % -0l A BR) alpha-Thujone CH, O 110791 0.19
41 3- R M -2- B 3-Penten-2-one C;H;0 507.53 0.30
42 3- B B 3-Heptanone C,H,,0 608.49 0.12
43 1- R M -3-B 1-Penten-3-one C5H80 373.63 0.24
44 2-T BR 2-Butanone C,H;O0 297.64 1.63
45 2,3- R =P 2,3-Pentanedione C;H;0, 448.21 0.06
R LA Ethyl hexanoate CH,0, 7088 005
47 A R T B Hexyl propionate C,H,50, 895.69 0.44
48 RER T B Ethyl pentanoate C,H,,0, 580.91 1.54
49 TR T B Methyl hexanoate C,H,,0, 649.30 2.15
50 BT B Butyl acetate CH,,0, 462.12 0.42
51 3-WAT B LA Ethyl 3-methylbutanoate ~ C,H,,0, 435.76 2.61
52 R B LB Ethyl propanoate C;H,,0, 337.64 2.70
53 RS Bt BR 7 B Propyl acetate CH,,0, 353.64 0.04
54 TE LA Ethyl butanoate C¢H,,0, 418.91 0.90
55 3-FHT B F By Methyl 3-methylbutanoate C,H,,0,  435.76 0.19
56 LB LB Ethyl acetate C,H,0, 284.64 9.07
57 LB H B Methyl acetate C,H,0, 257.65 0.13
58 BT LA Ethyl isobutyrate CH,0,  337.05 0.61
59 B B2 5+ /R, Bl Isoamyl acetate C,H,,0, 546.23 0.21
60 F_-2- TH B, T Bg Ethyl (E)-2-hexenoate ~ C¢H,0, 1000.82 0.13
el s 79 Mo AL Diallyl sulfide CH.S  599.08 009
62 Ak — R Dimethyl sulfide C,H,S 227.98 0.55
63 HIREE Rose oxide CyoH 50 883.36 0.05
64 ---------------------------------------- y-r’p"é u"ah% gamma-Terpinene C 10H1 p 74526 ----------- 015 ----------
65 F Camphene CyH16 428.63 0.23
66 a-JxH alpha-Pinene CioH 402.13 0.24
67 B- I beta-Pinene CiHs 532.39 1.59
68 BrE % g i M Terpinolene CioHyg 799.05 0.30
69 el 1 Limonene CioHis 675.77 0.21
70 B-7K I W beta-Phellandrene CoHy¢ 620.62 0.05
71 a-7K 7 M alpha-Phellandrene CioHig 689.46 0.27
72 a- T o alpha-Terpinene CoHys 644.89 0.27
73 O mzwx o-Xylene CH, 66l 005
74 Xt = H R p-Xylene CeH, 539.02 1.46
75 it 1,8-4wt % 1,8-Cineole CoHO  686.80 1.21
76 2- ;8 ki 2-Pentylfuran C,H,,0 729.82 0.06
77 2-T R 2-Ethylpyrazine C¢HgN, 933.43 0.10
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TR B R A XU
228 BHRAEHRA I

Ui B9 R R IR AE TN RV IR TR i iR 6+ 0 L)
ER, REMMEMEERAR, FECTREWREA

[l EIERR W] UL 7p IR AL R . SR E R IR AN
WRE R . 3R 11 A&, A g 3R 2] 17 P 2R,
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Table 11 Free amino acid content in pickled pepper bullfrog

PRI RILE 42 /(mg/100 g)
sk RARBL Asp  180.67 +0.46
A2 Glu 448.67 +0.70
72 ER Thr 122004023
# Z B Ser 101.67 +0.38
Hek H A Gly 107.33+0.07
A 2B Ala 143.67 +0.07
il £ B4 Pro 144.67 £0.07
WA Val 114674004
% 2B Met 64.00 +0.02
5 R Tle 11533+ 0.04
Z R Leu 204.33 +0.08
2ok B 2B Tyr 80.67 +0.04
KA EBR Phe 98.33+0.03
20 2 B4 His 35.670.01
BEBE Lys 24533 £0.16
e B FR Arg 54.67+0.07
FRAF Cys  27.33+0.01
stok ARG E 62934+146
HARAREZ 619.34+0.29
FAEAREE 1040.33 +0.65

2289.01 +0.97

=

AR B S V2 AR, H R S R A
MHIRE R S EFE . JUHRERE SR & A
2 mRE R, XRAEWESRSSHEERR. £
IR 2 oI B VE 2 BRI T, S VB e
PR AE GRS R, HAE I TR rh — L
FE P U0 7% 2 7] RE 0 3 B0 T i 0 BE DR =L IR 1 451 5%
DRI, NN AR A IR o 5 2 777 il /1 e ) e
FHEERUEEE ], AR i AT DR R R TE B

FE TN A R o 2 SR B Bk P Ak R
HEMEH, RS RA vk, e
568 DAY ) i AT R, D SRR . T R R
H A S ERANAERANBRAIR, BRREN—Fh
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Fig.14 The bullfrog before and after processing
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