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Abstract: In this study, cod bones were used as raw material. The bitterness of cod bone hydrolysate was reduced by
controlling the degree of hydrolysis, and the mechanism of peptide and free amino acids in the hydrolysate on bitterness
was analyzed. The results showed that the degree of hydrolysis reached 7.48% and the bitterness value was 5.80 through
mild hydrolysis for 2 h. The peptides were mainly distributed between 1500 and 2000 Da. In addition, the precipitate was
subjected to high-pressure cooking and heat treatment (121 °C, 30 min) to make the surface of the fish bone loose after the
first enzymolysis. The degree of hydrolysis reached 49.24% and the bitterness value was 6.03 through extensive hydrolysis
for 2 h. The peptides were mainly distributed between 500 and 1000 Da. Free amino acids were significantly higher than the
content after only the first hydrolysis. By controlling the degree of hydrolysis to limit the production of bitterness, the

preparation of this low-bitterness enzymatic peptide laid the foundation for its application in food.
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Fig.1 The process flow diagram of cod bone hydrolysis
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Fig.2 The change of the degree of hydrolysis under different
time of mild hydrolysis
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Fig.3 The change of bitterness intensity and astringency
intensity under different time of mild hydrolysis
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Fig.4 The change of degree of hydrolysis under different time
of extensive hydrolysis
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Fig.5 The scanning electron micrograph of cod bone surface
after the first (A) and second (B) enzymolysis(150000%)
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X AT RE TR BER A E— 2L 7K Al 22 SR i s Ak
FAIEPRGRI KT T 25 I, T 2 2 FE PR iR
TEH 2, PR R AR . U A BRI Y
LEXFEEPR AR BAT R AR, UNAS 208 . KN E
LRI o SRR _E I B KR B A3,
KA YERIEY T 2e B2 ™ Az, XSy o (e fdi 5 K i
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Table 1 The taste value of enzymatic supernatant
electronic tongue after the second enzymolysis

FUN Tk fiE IR JaA
—BUEH® 7.3340.26°  0.95+0.13°  15.98+0.05°  0.39+0.33"
TBE# 6.03£0.45°  0.55£0.25°  16.64+0.18°  1.31+0.25°

TE: [FFUA R/NG TR 22 57 .25 (P<0.05)

2.2 REKEXESE FK RIS S AR AR

VR 2 7 it 300 A U 8 2 R 11 TG o R P B I
F /K 0 v R A, Y £ B K A IR B 49.24%
HF, R BT K P 2 S 1 R ik 25 e Ak Sk i 25 2 B TR,
Nk 2 s, fE— Bk, IR . SR . B
IR I EIR . Jo &R RN E IR 7S PP /K R 2
SILNR o BB A LR B = 1Y 36.09%, 1 IR EEK
I, 7 SPRETK SR A A L —BOKA# RS TR
JEIEN 39.51% . 92.25% . 67.45% . 48.78% . 41.31%.,
21.43%, FF H B /K P B8 S LR o5 0 S 2 L &
HY 37.09%. XFRHZ AR Ig—LeBi/K P2 Zhie sk
TR A AL S SRR, S B R Th Bk = R
BEATS, MR TR i ™2
23 BEKBESREKENEZESEZRATERAZ

i #+F Nano-LC-Q-TOF-MS/MS X £ ik 43+ &
FIS AR AT GE, U1Kl 6 B, b i B 7K Al FIVAR R 7K
A Z RS F- R THEAT, RILTCIEIE BE 7K A 2 IR
FEIK Mt Z2 K52 R ZEHRFE 500~3000 Da 7S
FBIN o A JINER P Bl 1 73 B /K st , Z2 ik 2 i ggvh
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Table 2 The free amino acid content of cod bone hydrolysate
supernatant after the second enzymolysis

IR -BoK i (nmol/L) - —BEKff (nmol/L) L FHIFEE (%)
KA (Asp) 17.97+0.22 30.85+1.13 71.68
2R (Thr) 9.21+0.28 12.13+0.65 31.70
22532 (Ser) 10.73+0.09 14.40+0.86 34.20
BRI (Glu) 6.23+0.56 9.33+0.12 49.76
fifi & (Pro) 15.96+6.75 21.2443.37 33.08
HZ(Gly) 1.80+1.20 3.9240.35 117.78
NER" (Ala) 36.78+2.88 51.31+1.89 39.51
AR (Cys) 8.17+1.75 12.70+1.47 55.45
MR (Val) 11.61£2.63 22.3240.99 92.25
AR (Met) 3.41+0.30 5.71+£0.57 67.45
Ssea R (1le) 17.16+0.23 25.53+0.84 48.78
SEER (Leu) 23.99+2.87 33.90+7.36 4131
fi 242 (Tyr) 51.58+2.32 57.15+0.37 10.80
KNSR (Phe) 75.87+2.96 92.13+1.18 21.43
R (Lys) 28.63+2.56 40.57+2.87 41.70
ZH %1% (His) 2.06+0.51 2.55+0.49 23.79
H4m (Arg) 146.67+1.50 186.72+2.68 2731
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Fig.6 The molecular weight distribution of cod bone
hydrolysates after mild (A) and extensive (B) hydrolysis

TE 1000~2000 Da 7 ElA, 3 HAE 1800~1900 Da [
VLRI PN Z Bk &2 B, KT 2000 Da 22 BRECR 8
b FEIRGTHER T PR K, Z2 K 224
HHE 500~1500 Da 1U7EEIN, IT7E 600~700 Da [47E
FEIPS HH B T (B, 23 L Tads, 3 B /KA Y Z2 R

TP TR TSR, H HARE R E AL
DL TR PRFRFE AT ZRRGRAE! 1, i PR A 2R
FHAS RGP EZ SR, X 2 (R fill—LEig K PR 2 SRk
LA THIREEPNER, I H 22 KA it vl REfl— LGk
PSR BRI E EE N &, fL il s REEAR . TEDREK
fpT, Hh T EEUIVE AR B R i AR T~
B, TRIEIK A 00 22 Ko A B B DGR O 32, B8 3K
TR SIS A A i S R, X e (IR
PETK A R TR ZR 20 i AN R AR T B
PEAT RS ], X AP TRIAE | LAY BOR AT LIV T8
IR, R K AR ) 22 IR T oK, BAT R4
A FLACPE AT i, ml DU FFLIg 7 i g ez
URBE 7K SR 0 22 IR 3 He A/, i 1 ad B o5 Hc A
i, YA B B IE P FN R R, BT L322 W T R IR
BE PR S SEDT RO A2

FHER 3. 3 4 AT, R IE BE /K At TR EE K i i 605
B AR T R R 2 1Y 30 AP IRBEHEATHFSY . B
AL, JCIRE B K i R K i, Z2 IR TR A
JE IR L WULBsRE AL E A, U RS A s

3 IEBEKIE I O B R 2 T8
Table 3 The polypeptide sequence of cod bone hydrolysates

after mild hydrolysis
B 4y Fik(Da) R 2
LVVDGVK 728.4433 UER MY
EAPLNPK 767.4161 MR
IIAPPER 794.4624 W&, ol #iL
KLEGDLK 801.4564 JUERER I HE, BRI
FAGDDAPR 847.3817 WEhEEH, oi #E AL
LQDLVDKL 942.5384 WUk A, AL
IHLDDALR 951.5119 Wik A A, AL
AGFAGDDAPR 975.4393 WEhEEH, ol # AL
STHPHFVR 979.4984 WUk A, AL
LTEAPLNPK 981.5467 WShEEH, od # AL
EQIDNLQR 1014.5072 WUBREE AT = HE, AL
FAGDDAPRAV 1017.4872 WhEH, B # AL
RDLTDYLM 1041.4806 WhEH, B # AL
LGEQIDNLQR 1184.6104 WUBREE T = HE, AL
GSLEQEKKLR 1186.6640 WIEREE T EEE, BRI
HHTFYNELR 1215.5793 WS EH, oE B
DLTDYLMKIL 1223.6437 WEhEE L, orB #E L
NWDDMEKIW 1235.5254 WEhEEH, B #5 L
ELEEISERLE 1245.6106 WUEREE I E S, BRI
RDLTDYLMKI 1266.6615 WEhEEH, B #E L
TNWDDMEKIW 1336.5770 TR, 0B #E L
WDDMEKIWHHTFY 1806.7776 MBS EA, ol BN
GITNWDDMEKIWHH 1893.8829 MshiEH
RDLTDYLMKIL 1395.7397 WMBhEA, ol B
LGEQIDNLQRVK 1411.7757 MUEREE 5, BaE AL
NWDDMEKIWHH 1509.6456 WMBHEHA, ol B
NWDDMEKIWHHT 1610.6924 WBhE A, ol 45
WDDMEKIWHHTF 1643.7162 WEE A, i #8 L
DLQHRLDEAEQLAL 1650.8277 JILEREE
NWDDMEKIWHHTF 1757.7578 WBEH, orir i
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Table 4 The polypeptide sequence of cod bone hydrolysates
after extensive hydrolysis

JHk B 434 (Da) BRI
GAPGPAG 525.2548 e JFia-1(1) 5
AGAPGPA 539.2696 e Ja-1 (1) B
GAEGAPG 557.2469 e Ja-1 (1) B
ANGLAGA 573.2981 e -1 (1) B

GAPGPAGAR 752.3880 e -1 (1) B
APPHIFS 767.3970 WEREE
GPPGPTG 581.2809 e -1 (1) B
GHRGFTG 730.3507 e i a-1(1)
GAPGPQG 582.2762 i JFia-1(1)
GPSGNIG 600.2865 i JFia-1(1)
RGPPGPM 710.3534 JEE i o-1(1) 5
ASGPAGPR 711.3659 JiEJio-1(1) 5
TEAPLNPK 868.4612 W EHA, oiF#IL
GQKDSYVG 852.3982 W EHA, o #IL
AEREIVR 871.4828 WS EH, o #IL
LQDLVDKLQ 1070.5965 JUUEREE (I 5, B
GTTMYPGIADR 1180.5560 WEhEE A, oE #E L
VAPEEHPVL 989.5160 ManEn
IWHHTFY 1002.4736 WBHEH, o #IL
PGPGPMG 611.2739 eI a-2(1) B
SGPAGPR 640.3296 eI a-1(1) B
GPMGPRG 670.3218 eI a-1(1) B
GFSGLDGAKG 907.4393 eI a-1(1) B
ALPHAIM 907.502 WShEE M, oE #E L
MYPGIADR 921.4372 WIBHE A, ol #IL
SGPMGPR 700.3332 e -1 (1) B
VFPSIVG 717.4045 WEhEH, i B
APGPVGPAG 721.3754 e o1 (1) B
NWDDMEKIWH 1372.5861 WEhEH, i B
RDLTDYLMKIL 1379.7446 WShE A, od fE L

Z, XA T 65 A b 8 RKE R R A,
It HAE EE/K i b Z R 43T R m ok, Z AR G2 e b e
KT 1000 Da 1) X ks VR B IK fit 22 v Z2 IR 1% 43 i
/)N, ZHRFZAEHAE 1000 Da LI,

e 3 P, 1EiE BEK g rh 7SRl K e 2 R iR
(Ala., Val, Met. Leu. Ile. Phe) & 2 F g S5 1Y
31.17%, H H &L 28 T2 Ik halpi . A
T 57 2 W /K PE 2 FEFR 7 T K A C-ARK o ul N-Z< i
b, PP S EPY ), HEER 4 b, 20N 2 IRE LR
B /b 10 A4, SRR AR E IR R IR 1Y
30.13%, 7£ C-ARuak N-A U 14 22 IR 22 08 H 21,
T HERAE TR EESERR, A =4 ik
BAIK.

3 g

ASHIESE LA fo-5 SRy Bk, 38 A 25 1 il K B R
WA £ B v P R B T IR DISOR Y, 3E e s K S
T ISR K o R iR r = A, RIS /K i) T 2 ik
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