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Abstract: Taking the ultra-fine fish bone paste prepared from cod bones as the object, the conditions of enzymatic
hydrolysis of fish bone paste were optimized by using the single factor experiment and response surface design based on the
degree of hydrolysis as an indicator. Meanwhile, the changes of flavor characteristics of fish bone paste and its hydrolysates
were analyzed by employing electronic nose, electronic tongue, gas-phase ion migration chromatography(GC-IMS), and
free amino acid determination. The results showed that the optimal enzymatic hydrolysis conditions were obtained at
hydrolysis time of 5 hours, enzyme addition of 1.0%, material-liquid ratio of 1:1 by using flavor protease, yield 43.8% of
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hydrolysis degree. The electronic nose analysis results showed that the aromatic substances in the hydrolysate increased,

while the content of undesirable compounds such as alkanes and ammonia decreased. The results of electronic tongue

analysis showed that the acidity of the hydrolysate was increased, while the bitterness was reduced, and the overall taste

was good and rich. There were 29 volatile compounds of hydrolysate and fish bone paste were detected by GC-IMS. In fish

bone paste, the main volatile flavor substances were aldehydes and ketones, and the main flavor substances in the

hydrolysate were ketones and esters. These types and contents of volatile flavor substances were significantly different. The

hydrolysate increased the content of flavored amino acids and the hydrolysate had a good flavor.

Key words: fish bone paste; enzymatic hydrolysis; flavor; taste compound
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Table 2 Nutrient composition of cod bone row
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Table 3 Response surface test design results

AW AREERTE BINESRE CEOREL KB (%)
1 1 -1 0 28.04
2 1 0 -1 27.38
3 -1 -1 0 29.93
4 -1 0 -1 28.49
5 -1 1 0 29.94
6 0 0 0 34.84
7 0 0 0 32.16
8 0 0 0 30.38
9 0 0 0 30.83
10 -1 0 1 36.62
11 1 1 0 32.61
12 0 1 -1 27.93
13 1 0 1 40.51
14 0 -1 -1 28.15
15 0 -1 1 40.07
16 0 0 0 33.05
17 0 1 1 43.64
2.3.1 [EIIBERI A g ST K W3 T X

SCECPERIE T2 o A LE, BN KA RS (R) X B E]
(A) . B INE(B)  BRRA L (C) 250 iR RIJ=FAR:
R=3.1488+0.09A—0.093B—0.075C—0.077AB+
0.195AC—0.015BC—0.35A%—0.478B>~0.298C2, J72%y
Pra R anse 4 s, BIFEAL P {H>R 0.0008, 5% T

Fe 4 T [ ALy 2544 3R
Table 4 Variance table of response surface
regression model analysis

Sfei TR AmE ¥WEF FE Pl WEMN
TR 371.95 9 4133 1557  0.0008 ok
A FH#EE 1,59 1 1.59 0.60  0.4637
B Jinfi it 7.84 1 7.84 295  0.1293
CRRELL 29877 1 298.77 112.54 <0.0001 **
AB 5.19 1 5.19 1.96  0.2046
AC 6.27 1 627 236 0.1683
BC 3.59 1 3.59 135 02832
A? 15.36 1 1536 578  0.0471 *
B? 0.19 1 0.19  0.0701  0.7979
c 35.56 1 3556 1339 0.0081 o
B2z 18.58 7 2.65
JANI 5.74 3 1.91 0.60  0.6505 AWFE
ELPORT 12.84 4 321

Jlr =3 390.54 16
T R 3 (P<0.01) ; ¥R 1. 3#5(P<0.05).
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Fig.2 The graph of response surface interaction
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Fig.4 Radar chart of electronic tongue response value of fish
bone paste and its enzymatic hydrolysates
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Fig.6 Differential spectrum of volatile components in fish bone paste and its enzymatic hydrolysates
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Table 5 Qualitative analysis of volatile compounds in fish bone paste and its enzymatic hydrolysates
P E AR i CASH  REEE REETE(s) ERAE(ms) aUS

1 R CoHyO 112312 737.75 1.54 1272.6 TATH E
2 JL-2-J-6-T-Z4%iE C,H,O  557-48-2 602.29 1.37 1178.4 FARFUIY LD IR S
3 T CoH;iO  124-19-6 507.76 1.48 1112.7 FASREIIMR SRR <R
4 2-T-Fi CHgO  821-55-6  483.40 1.41 1095.8 SRR A IR RZG RIS
5 2-ZHE35-THENMEE  CH,N, 55031-15-7 44891 1.23 1071.8 NHEREAS T AL
6 2-ZH O CgHisO  104-76-7 394.29 1.42 1033.8 AR FANRIR I AE T
7 31 CgH (O 106-68-3 339.07 131 994.6
8 R S BRI TR CgHi, O 110-93-0 339.81 1.18 995.5 i A KR E SR RS S
9 HHEE-D{1} C,HDO  3592-47-0  312.56 1.47 962.6
10 2- P CH,0O 110430  256.18 1.26 894.6 AAF®R
11 4-FP -1 - e CH,, 0 626-89-1 221.40 1.32 826.9
12 D-H # C¢H,04  3458-28-4  203.89 1.56 791.9 WA, W 1) Je
13 1% B CH,0  71-41-0 190.31 125 758.9 RN
14 2- T CH,,0  107-87-9 160.36 1.36 675.6 BN ITSTUTEUS
15 TR CHO  123-72-8 135.40 1.29 565.1 FEE9stiatiUS
16 N C,HO  123-38-6 122.00 1.05 505.8 = BRIk
17 SN CHO  67-63-0 127.41 1.22 529.7 F U Z B
18 L C,HO  64-17-5 104.95 1.04 4303 I AR A A
19 TSGR C,H,S 75-18-3 107.79 0.98 4428 M B SR
20 TR CoH,;0,  540-18-1 437.59 1.41 1063.9 SEIREUSEFE T R, A7 T
21 KT CioHys  99-83-2 353.84 123 1005.7 FAT ARURRE U S
22 ZEAE T CiH O 5524-05-0  259.46 1.46 898.6 WM REUAY 2 BRSO, B 2 B RE R AR
23 PR C,HO 67-64-1 112.69 1.12 464.5
24 2- TP CHO  78-93-3 131.67 1.25 548.6
25 IEC CH,, 0  111-27-3 245.51 1.32 874.9 FIRTT WA SR, ORI R . SRR IR
26 e C,H,0, 35796 222.74 1.08 829.5 ﬁ;’éﬂz::ﬁﬂ P P R AR bR
27 13 4-3- CgHO  3391-86-4  331.71 1.16 985.7 AL RS EFR
28 SR -2-2E T CgH ;0  2548-87-0  427.24 133 1056.7 B
29 SR T C,H,,0,  108-64-5 237.88 1.26 859.7 ARPER . FERFIRRET %R
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Table 6 Free amino acid content of fish bone paste and its enzymatic hydrolysates

g i e R T
3k 4 0 S — P,
& (mg/100 g) 5 (%) &+ (mg/100 mL) 5 (%)

EHEM 0.01 0.04 171 0.16

RN 0.85 452 113 10.32

e 1.36 727 107.00 9.77

W SR AR 0.45 2.40 187.00 17.08
IR 1.30 6.95 99.90 9.12

ETERN 0.38 2.04 74.10 6.77

LN 0.37 1.98 60.50 5.52

- éﬂ’é’\ﬁ”ﬁ 0.00 0.00 24.20 221
i 3.10 16.56 115.00 10.50

AR 2.05 10.95 62.20 5.68

HaEmR 231 12.34 33.60 3.07

T L BHIR 2.05 10.95 27.40 2.50
it 2 R 1.47 7.85 120.00 10.96

2R 2.02 10.79 56.20 5.13

RARER 1.00 5.34 13.30 1.21
S8y 18.72 100.00 1095.11 100.00

Wit BIEIR B Y EAA 472 25.20 643.21 58.73

AR T E AR ST Y NEAA 10.90 58.24 312.70 28.55
T A SRR B Y HEAA 3.10 16.56 139.20 12.71

Tt et S Ui 5 R R 1) e Y 3 v T B VR, U HH P
R 7K SRR 5 1 o

AR H R R IR, SRR I &
AL T BI{E 30 mg/100 mL, A WF5E 32 B 2k 2 ik

g o e AIGT BIERT, % SAAuE a0, 20 &R FE

g A, SRR B(E A 20 mg/100 mL, FEFHAL
FrErEE N 24.20 mg/100 mL, 2B R S E
TIHRE IR . RAEIR . 2R HA SEFTRET, Ho
B 43514 100 F1 30 mg/100 mL, B & &R &
BN 27.4 mg/100 mL, %F FEEBR 19 BTHk S T RAAA
Mg, HEMR., 22201%. NAREATHER, e T8
A AR G 1) JRUAR P, 33 e HLA R 2 XU (1) S SR 7
Bt i e AR T, DA PH B i AR B A, R
TR Sr BB IT T X A Tl A A AN R PR Hp XU
51, ST EE S R ERG PRI Bl - XU o B S, KL
REAE
3 #ig

RN IR b a e eNES b S VAT TR W 5 g A A £ = oA
Bt 122, A5 B T 20554 - SR FH XK B 1 i, it
fEBtE] 5 h, ISR 1.0%, BRALL 1:1, TR RK
AT IR 43.8% . Bfff RS Y f B R SR FIVRE R R
AEAT B 255 . B RAAER T (o B R A R IR R, 2R
AR T ¥ A RIR Y T L i A E e SR SR YY)
SIS A5, TR T S 2 SRR T A R

B W5 B i S SR ) & e i 2 e T

B, T T B AR B A 1 8RR

AW EEST T B PR R T2, S s Rl
IR TR T —E % . e Se oy nl DIAR YRS

T AR B P A IRBEIE T B alifl, TRAIRST
Tt YA S R A B 2H i B B ARAILAR o N DS Ao T
ST VAR RERIR SIS SO IS S v by = T N L S E R 2
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