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Abstract: The basic composition and amino acid composition of hybrid broilers skeleton were determined, and the
nutritional evaluation of protein was carried out. Hybrid broilers skeleton was found to be a good raw material for
enzymatic hydrolysis. The optimum enzyme for hybrid broilers skeleton enzymatic hydrolysis was selected from alkaline
protease, flavor protease, trypsin and compound protease. The single factor test and response surface methodology were
used to optimize the technological conditions of chicken skeleton enzymatic hydrolysis. The results revealed that under the
conditions of temperature 50 °C, pH7.0 and enzyme dosage 7000 U/g for 4 h, the hydrolysis degree and nitrogen recovery
were (33.54%=+0.02%) and (96.20%+0.03%), respectively, which were basically consistent with the predicted values of the
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regression model of response surface optimization test. On this basis, the chicken skeleton hydrolysate was prepared, and

the amino acid content and molecular weight distribution of peptide were detected. The proportion of peptides with

molecular weight <1000 Da was the highest, reaching 83.25%. The content of essential amino acids was high, accounting

for 54.27% of the total amino acids, with high nutritional value, and rich in umami amino acids. According to the TAV

value of amino acid, the taste perception of samples before enzymatic hydrolysis was mainly sweet and umami, while after

enzymatic hydrolysis, it was mainly bitter and umami. This investigation could provide theoretical references and data

support for the high value utilization of chicken skeleton.

Key words: hybrid broilers skeleton; nutritional ingredient; enzymatic hydrolysis; response surface method; molecular

weight distribution of peptide; amino acid evaluation
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Table 1 Optimal pH and temperature of various proteases
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Table 2 Response surface design factors and levels
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Table 3 Basic chemical constituents of chicken skeleton

TR (/100 g)
Koy 64.98+0.64
EA 17.02+0.02
il 16.04+0.25
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5 0.85+0.034
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Table 4 Amino acid composition of chicken skeleton

SIS AR (mg/100g) N AMEILRR LB (%)
KRAHR(Asp) 978.97+11.30 6.98
B AR (Glu) 2081.05+18.91 14.85
2255 R (Ser) 580.26+12.65 4.14
H&Em(Gly) 1610.30+117.92 11.49
H 2 (His)” 476.53+8.07 3.40
FEM (Arg) 1130.45+42.48 8.06
IR (Thr)” 532.81+12.68 3.80
AR (Ala) 1048.96+52.98 7.48
it % (Pro) 1217.09+67.78 8.68
2 R (Tyr) 361.67+4.44 2.58
#ia MR (Val)” 591.90+15.43 422
ER R (Met)” 300.15+3.29 2.14
2R (Cys) 66.87£15.25 0.48
SR (1le)” 522.28+1.82 3.73
AR (Lew)” 995.54:+16.37 7.10
FNZ R (Phe)” 500.07+13.32 3.57
s (Lys)” 1022.71+11.95 7.30
TSR 4941.99+61.02 35.26
fif IR A LR 3060.02+35.75 21.83
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Table 5 Nutritional evaluation of chicken skeleton protein

#1542 (Lys) 55 72.59 1.33
FE R (Met)+F B Z 2 (Cys) 35 26.06 0.63
52 (Val) 50 4201 0.84
RN R (Phe )+ 2R (Tyr) 60 61.17 1.02
52442 (Leu) 70 70.67 1.01
Sese g (1le) 40 37.07 0.93
IR (Thr) 40 37.82 0.95

Bt 360 352.6

Ba(%) 36 35.26
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Fig.1 Effects of different proteases on hydrolysis degree and
nitrogen recovery of hydrolysate
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Fig.3 Effect of different pH on degree of hydrolysis and
nitrogen recovery
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K, i 5B sy, K B AN U e b g s ms o (H
S EFASINEA B E R, i S I e Gk
BN, KRR RS2, [RIB PTG TR E SR 1
H 5 KA KA, TG TR, Bk g, IkGE
BE—2ER KR, B B TR/ NIRP, BRIk, 15645
AiE BN 2 OCE T L 43 B AR B N = ol
2000, 4000, 6000, 8000 £ 10000 U/g H X X - 24
AT, 25 R AnE 4 Jios .

A
e TN S
- 3
R LT 47/} 1%
c T B 192 _
~25F 190 X
St ¢l 1Y 188
w20 F ] ¥
i ] 86 =
Rit =
S st 184 =
~ 182 7
ol 120 ®
L 178
5 76
0 i i i i s 74
2000 4000 6000 8000 10000

A I (Ulg)
P 4 ANTRI BRI X00 7K A B N R I W3R 1) 7
Fig.4 Effects of different enzyme dosage on degree of
hydrolysis and nitrogen recovery

o 4 R0, B S i a3, A Rhiiesiz
Wi, 2] 8000 U/g W HE a4 722, A nIAEmn
JKfRE 5 10000 U/g B JC i 25 5 (P>0.05), "I HE
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2 PR R TS I P 3 i 3 O 2 P R FH T 2R 5,
FEAE T B Z M RREEPT . SRS I KT 6000 U/g
Hf, ZK A AT AR, 1H5 6000 U/g JC it 25 = (P>
0.05), ZIER| A ) B, PEPEREES N> 8000 U/g.
2.3.4 [EfARETR] AT ]S e i RERELA MR
R VI E, AT T 2.3.4.5Ff16h
PR Pt A ot A P, KA R AU RN R i ARk, 1R 4
WA 5,

£ K BE _ 90
35+ Elgx A
WS 1 s
301 2 B D |86
b -
,?25_ ; ‘84(;\@
& _ 182 >
%20‘ Agoﬁ
E st - {78 &
T 176 ®
174
5'%/ 8 . <72
0 i : - —L170
2 3 4 5 6
MRFTE] (h)

P 5 A [ TRDRS K fife B 0 LIRS 5 )
Fig.5 Effect of different time on degree of hydrolysis and
nitrogen recovery

E 5 JioN, 78 2~6 h PN, AT Sei K5 ik
/N TE 4 h iR BIE R, S 88%. JKARJETE 2~4 h & -
Fhah, Z JEAEEANK, AT RS ih T REE A Ta] AU FE K,
JEY) 5SS A5y, SRR, Bl 25 I 8] i) 28
K, I T FE, TS 1A 3505 B AT, TR R
G, (A9 /K i SR IR T ats . 27675 05, Y98
LR TRIARE 4 h B &3
24 NN EIRELER KT
2.4.1 [BIFALEY Y 7 AT 225387 FIl A Design
Expert FAXTREE . pH., BEASINE . BEAAATE 25470
[X2 =JKF BoxBehnken i, M0 THRS6 B K 4%
RN 6 fias. XFszygs gl Wik J7 225087, XH s
AT Zon A LA, 15 2K EE (Y ) 5 A& BIkeR
(Y,) SR (A) . pH(B) | BRI (C) . BgEs N
(D) gy oy i g e A2 an R

Y ,=0.33+0.018A—0.026B+0.026C—0.023D—
2.574x103AB+8.730x10 *AC—4.686x10 °AD—0.021
BC—0.020BD—8.764x10°CD—0.042A%-0.096B>~0.049
C>-0.032D?

Y,=0.95-2.105%10*A—0.026B—0.020C—0.058D—
7.018%10*AB+2.983x10°AC+3.597x10 > AD—0.036BC—
0.060BD—0.015CD—0.060A>~0.099B>~0.11C>—
0.062D>

T P X K AR R B I A AR T 22530 W26 7
L5 G, BEIELAR P<0.0001, 156 BHiZAR IR 5 25
AR e YA T A o — YR IT A4 249 7 T L, SN A
FERNE K R %) DRI 2R BRI Ry s T[] (C) >
pH(B) > i (D> (A), FLX PUAS P FE %
ASTR ELAT AR SB35 520 (P<0.01) . Z4Bl30i P=0.2281>

6 WALl AR B AR

Table 6 Design and experimental results of response surface

methodology(RSM)
- Gty Y ORARIE Y R R
AREE BpH C Wgmtil D ggsmat (%) (%)
1 0 -1 0 -1 25.30+0.05 80.71+0.01
2 -1 0 0 1 22.18+0.05 79.44+0.00
3 -1 0 1 0 23.03+0.04 74.40+0.00
4 0 0 -1 1 20.84+0.01 74.16+0.01
5 1 1 0 0 20.12+0.00 78.60+0.01
6 0 1 -1 0 15.55+£0.01 76.56+0.01
7 1 0 1 0 28.98+0.00 76.07+0.01
8 0 0 0 0 34.07+0.01 93.19+0.02
9 0 -1 -1 0 15.31£0.00 74.82+0.00
10 0 -1 0 1 23.12+0.01 80.79+0.01
11 0 0 1 -1 31.94+0.01 86.21+0.02
12 0 0 0 0 32.57+0.03 93.47+0.01
13 0 -1 1 0 23.70+0.01 75.95+0.01
14 0 0 -1 -1 23.79+0.02 85.33+0.01
15 0 0 0 0 30.82+0.01 97.12+0.03
16 -1 0 -1 0 19.77+0.00 78.63+0.01
17 0 1 0 -1 20.35+0.01 88.25+0.01
18 1 0 -1 0 22.23+0.01 79.11£0.01
19 1 -1 0 0 23.52+0.01 84.21+0.01
20 1 0 0 1 23.87+0.01 75.75+0.01
21 1 1 0 0 16.66+0.01 76.67+0.02
22 0 0 0 0 32.82+0.03 96.00+0.03
23 0 1 1 0 15.7240.01 63.44+0.01
24 -1 -1 0 0 19.03£0.01 82.00+0.01
25 0 0 0 0 33.57+0.04 95.32+0.01
26 0 0 0 28.25+0.01 83.65+0.01
27 0 1 0 1 10.66+0.00 64.19+0.01
28 0 0 1 1 25.49+0.01 68.99+0.01
29 -1 0 0 -1 24.69+0.01 88.77+0.02

2T KIS Ty 2500
Table 7 ANOVA of hydrolysis degree test results

RIS S | H ¥ Pl Pl
TR 0.099 14 7.101x107° 2449 <0.0001"
A-RE 3.896x107 1 3.896x107° 1343  0.0025™
B-pH 7.805%107 1 7.805x10° 2691  0.0001"
C-RigffAfE  8.201x107 1 8.201x107° 2828  0.0001"
D-f i 6.471x107 1 6.471x107° 2231  0.0003"
AB 2.650x107° 1 2.650x10°  0.091 0.7669
AC 3.049x107* 1 3.049x10*  1.05 0.3226
AD 8.784x1075 1 8.784x10° 030  0.5907
BC 1.692x107 1 1.692x10° 584  0.0300°
BD 1.523x1073 1 1.523x10° 525  0.0380°
CD 3.072x107* 1 3.072x10*  1.06  0.3208
A? 0.011 1 0.011 38.92  <0.0001"
B’ 0.060 1 0.060 206.87 <0.0001"
c? 0.016 1 0.016 54.07 <0.0001"
D? 6.589%10°73 1 6.589x10° 2272 0.0003"
B2z 4.060x107 14 2.900x10™
AU 3.443%107 10 3.443x10* 223 0.2281
a2 6.169Ex107* 4 1.542x107*
AR 0.10 28

e R E T B (P<0.05); ** Fn 25 7 3% (P<0.01); E8[F],

0.05, JALUAN .25, R SR N PR 2 XA 45 SR Al 52
BN, 525 TR A TREPLIRZE . BBRITRRETR & &R
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B R? 5 =0.9215, ULHIZA BRI REAS RS 92.15% Iy
RABAR . PRI, P2 RS R B R AT, AT DA AR
FU S R B A A 7K A B A 743 A AN T .

Kl 6 e b3 BRI RS 2 B E 1 AEFRE
U SRSV, At A5 DRI 2238 BAE FXT 7K i BE () 5 il
HEF AT IR ), S — 1 ER, FE S —EEK
ST, e N AE AR St RS v, A ] B
KAH, SRR ISR 2

Tt A 7= 4 o G IR WAL 2R 194 (B )3 7 7 22 49 BT UL
2 8. LR BI/RFEIRIFEIR P<0.0001, 15 HHIZ AL AL
W ARYE RN R R IG XA Ty T RN, S0 Tl
LIRS KA B B PR 2R P HE T D B S I
(D)>pH(B)>RfAET[E] (CO>VEE (A), HEGMFRT X
PR HAT S R (P<0.05), pH IR 0 % 4 75
ELAE #2520 (P<0.01) o 3T P=0.1949>0.05,
SAUAN I 2, R BH ARSI A 22 X0 25 SR 52 i 40N,
FRZE EEoR A T REMLER 25 . ALY U A aE R AL
R 5 37=0.9249, Ui BIZ A BRI GEALS fift B 92.49% FA I 1L
22k PR, A RIS R BE RAT, ) DAH IHASE R
o} G B B S B SR 743 BT T

-—

035 — 1 || =l
030+ |

#* 8 RIS R T 22 0
Table 8 ANOVA of nitrogen recovery test results

SR CFAM Al B FiA PfH
FiE 0.21 14 0.015 2565  <0.0001"
A 5319x107° 1 5319x107°  0.092 0.7667
B-pH 7.893x107 1 7.893x10°  13.58 0.0024™
C-Fiffitia]  4.623x10° 1 4.623x107° 7.96 0.0136"
D-fFAE  0.040 1 0.040 69.45  <0.0001"
AB 1.970x10° 1 1.970x10° 3.390x10°  0.9544
AC 3.558x10°° 1 3.558x10°  0.061 0.8082
AD 5.174x10°° 1 5.174x10°  0.089 0.7698
BC 5.073x107 1 5.073x10°7 8.73 0.0104"
BD 0.015 1 0.015 25.06 0.0002™
CD 9.137x10™* 1 9.137x107* 1.57 0.2304
A? 0.024 1 0.024 4077  <0.0001"
B’ 0.064 1 0.064 110.15  <0.0001"
C? 0.086 1 0.086 147.54  <0.0001"
D’ 0.025 1 0.025 4258  <0.0001"
5% 8.136x10° 14  5.811x10°*
ES 7.016x10° 10  7.016x10°* 2.51 0.1949
4% 1.120x10° 4 2.800x10°*
BAE R 0.22 28

P 6 7 fifp EEASERY 25 DR 2R 52 T ) T ]

Fig.6 Interaction response surface diagram of various factors in hydrolysis degree model
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&l 7 B LbA B 2R S [ 1 ASRER
U RSB, HAth 5 PR 32 38 B X AU IRNIBCR I 5%
i, tHER AT LG Y, SR, B — R
IR T, i B AE FAT S S S v )N, AE b Ta] H B
WA, S HA R S g R —2
242 T2 S8 R0UE 45 Ay ph i 2E 0
AT, DAK S R GRS 3 A SRy i N2 A1, ) o7 e
Kst, FAA ARG B e U 125 pH6.93,
IR 50.55 °C, EfAS N 7179.42 U/g, A la] 4.09 h,
TE U AAE T, Tl f 7K F S5 R0 G TR 000 36 174y F00 00 1 Ay
33.69% Fl 96% . N IT{EEEAE, ¥ HAZIE N pH7.0, iR
BE 50 °C, BFES TR 7000 U/g, B [E] 4 h, 15 1 S2a6 45
R IR AR B (33.54%+0.02%) , 28 [0] 5 2 (96.20%+
0.03%), 55 P B 2T, I TS -5 SEPRE LA 3R
b, BERIAT AT
2.5 FEBLAM D

Tt T T 1 D 5 0 3 1 B R T 1 0 R 1 R
JE%, RSB N A B A RS P R Y
JIA) o ARHERTTE SCE LA H iR S50, o XU B A il

1E 50 °C 2514 FHHTE 4 h, BRI T2 L i,
ZERILER 9, FRHFTMARR N & 2R ERNE
FEE R SRR FE PR, Fe o NG 2 LR
AN, BRI TR 2R o A% 92.20 mg/
100 mL, i f5 &0 77 2 2R 1R & & i85 F] 694.30 mg/
100 mL, B i 0y 20 IR 5 b Wl 353 i (P<0.05),
JERFARATIY 7.04 £, SRS A A BRI 32
BORYFPH, B HTRE S PASAEAE O i 2 LR, i
J& LB AR R i 358N (P<0.05), 2 67.72 mg/100 mL .
SR E B S b — PP R R T, Hop R e
FERRXT = b B EERAT AR, F3E 9 nTLUE Y, fiff
ST P R S 3R B A 1] 229.16 mg/100 mL, [T
Tifg i T B R S LR 5 R 19.40 mg/100 mL, JZ )i/
JEHAE B I (P<0.05), ARG N, MEfHR Y
HIEMRHRFE T, WIS EPER VIR T EE1
KUK AL

YANG %525 2 45 20 5L 192 11 52 R4 M a0 Sk 1R
Gyh A4 B EERR OEITER | SEERAITCR o e R LR
Asp. Glu; fHPRZILERR: Ser. Gly. Thr. Ala. Pro; TR

e 450

P 7 ISR R 5 DR 3 5 o T ]

Fig.7 Interaction response surface diagram of various factors in nitrogen recovery model
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Table 9 Amino acid composition of samples before and after
enzymatic hydrolysis

£ 10 FEEHEETE I AR TAV (E
Table 10 TAYV values of free amino acids before and after
enzymatic hydrolysis

e e iy [

BURRARS  WesgaUhm MEUER  WRREUERE (N EUER
(mg/100 mL)  FeBiI(%)  (mg/100mL)  Fefil(%)
REEI(Asp)  8.17+0.15 4.80 65.57£5.10" 5.13
HAFR(Glu)  11.2348.26 6.61 163.59+5.56 12.79
225 R (Ser)  6.60+0.10 3.88 9.14+1.48° 0.71
HAEM(Gly)  18.00+1.00 10.59 42.53+6.58" 3.32
2H %R (His ) Nd 0.00 45.31£5.03" 3.54
TR (Arg) Nd 0.00 32.19+6.98" 252
MR (Thr)  6.63+0.06 3.90 66.35+5.52" 5.19
W& (Ala)  19.33+0.58 11.37 124.54+5.06° 9.73
it & (Pro) Nd 0.00 55.24+5.02° 432
i 2 R (Tyr) Nd 0.00 72.23+6.93" 5.65
#iaR (Val) Nd 0.00 87.68+6.82" 6.85
AR (Met) Nd 0.00 47.65+6.78" 3.72
a2 (Cys) Nd 0.00 20.07+0.12° 1.57
FreadiR(lle)  9.23+0.06 5.43 95.76+5.17" 7.48
554 (Leu)  19.33+0.58 9.61 139.99::1.00" 10.94
RN (Phe) Nd 0.00 75.28+5.02° 5.88
AR (Lys)  60.00£10.00 3529 136.28+5.47" 10.65
J5N s 155.53£5.14 1279.41£92.65"
WA ESERR  92.20+10.69 694.30+26.71°
RS 19.40+8.41 229.16+10.10"
AR Nd 67.72+6.87
BIRZIER  50.57+1.74 297.814+20.36"
WREERR  25.57+0.64 523.86+16.13°
TR 60.00+10.00 228.58+2.46°

: NARIR A 5 *RR 22 7 3 (P<0.05) .

ZIFHLEAL: Val, Met, Ile, Leu, Phe. His. Arg; JGHRE
HepiR: Cys. Tyr. Lys. RJH TAVE PR SR B2
WRTTHR, NFE 10 ATLAE H, SN i SRR | SR A g
R E IR X AR SERES A — 2 DTk, B AT AR S IR a%
AEBR R 32, ETR TAV {H2h 0.53, HRZERR, 1K
TR, 3551 0.45, RS IAREIR & I, TAV
B e =, X AR DTk A R ) 2 2R, R 2 IR &
B . BT TAV (H5 S RS &R, 7
Bk 0.37 F1 5.45, 2 TN 12 R BRI S A SRR .
26 MKHFERH

JIRAr T840 A S Maillard 52 3 (B R AEFE bR
=z, B B SRR, SRR S T S /Ny
FHREA YIS =07, R, SRIT R K5y
Sy AR T R R oA B 2 . A,
FRAE R S3F I8 53 AT I 7 IR T e SE iR il — 2R
TR Tk 2 8 e H, Tk (SDS-PAGE ) FINEE B (0,335, {H 2,
SDS-PAGE Jz B[ J& 8 [ B0 3L 1) 43F15 8., FHEE
a1 R R SE R I RN RS T A o

TFFE#H, 43 F iR T 1000 Da 9 ik, =ik
SEZLIA T S IR A, W DL B R A AR,
TOELSTEDE %P $2 [\ SERRRE SR -1 5 2R i &k
A EMNEIVE T, T T A SR TG AR, e FBGE B, XA

. N . TAV
SRR e e E AR [ {E (mg/g) -
7S RAGR(Asp) 1.0 0.08 0.66

AR (Glu) 0.3 0.37 5.45

S 0.45 6.11
LS JRE R (Thr) 2.6 0.03 0.26
22 R (Ser) 1.5 0.04 0.06
H&#(Gly) 13 0.14 0.33

AL (Ala) 0.6 0.32 2.08

Jifi 2 (Pro) 3.0 0 0.18

S 0.53 291
R iR (Val) 0.4 0 2.19
R (Met) 0.3 0 1.59

SseE R (1le) 0.9 0.10 1.06

SEE R (Lew) 1.9 0.10 0.74

N2 (Phe) 0.9 0 0.84

2H %2 (His ) 0.2 0 227

K&k (Arg) 0.5 0 0.64

S 0.20 9.33

I FHABIE |« BB 35% %) 3 P K o B SR8 R v i
PRI IR T B alifh, 455, <1000 Da KB I3E
PR RGP . PRI, 43 FHE<1000 Da &% 548
15 VA T i mT B HLAT B 2 S R PP, TOEL-
STEDE™! (9 #ff 5¢ . & Bl 53 F & #£ 200~1000 Da [
SERRAT AR BERAE P o IXUBR B 11 TRl P A T (1) B FE
AGEE LE 8, KT iE oL ILER 11, <1000 Da
F STy BRI R, 1581 83.25%, REH/KARFEEER
15, BERSCRAT, 2 e B SE R s AL & B
JoR LA
0.40 2oppen
0.35
0.30
0.25
2 0.20
0.15
0.10
0.05
0.00

180~19.880

8 WHE I BRI (i 5]
Fig.8 The gel chromatogram of the hydrolysate

3 4

AT SR FH USR5 11 IR PR 20 00 1 28 EA T
i, 5 S OB U IR DBCRRUK S BE e i), 25251
FHATE 50 °C, pH & 7, BN~ 7000 U/g By i
4 h, ZKfig FERVR IR IACFS i, 5393 (33.54%+0.02% )
F1(96.20%+0.03%) o £ IV SRAF T il B X B 20 Filg it
YR, X Tl A TR UK 14 3~ e AT 2 B iR & L b T A
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Table 11 Molecular weight distribution of peptide in enzymatic
hydrolysate

4312 (Da) kAT 1530 (%)
>10000 6.43+0.42
10000~5000 2.96+0.01
5000~3000 1.91+0.01
3000~2000 1.81+0.01
2000~1000 3.64+0.02
1000~500 6.75+0.04
500~180 52.38+0.26
<180 24.12+0.13

&it

>5000 9.39+0.42
1000~5000 7.36+£0.04
<1000 83.25+0.38

H: 4310000, 5000, 3000, 2000, 1000, SO0F 180 Dakfxi i it &3 A
[8]43 31 4912.578., 14.686. 15.228. 16.563, 18.020. 19.672F119.880 min.

m, &I 5rF 5 <1000 Da B AR B o5 Lh i s, ik 3
83.25%, FH/KAFRE LR e, B ASCR AT . BRI
AT AR B, SR B 54.27%, EFR M
i m, HEAA 4w SR 5L R, KUREESE . i WF5T
AT LU B 2R B A A PR AR

Sk
[1] United States Department of Agriculture. Livestock and
poultry: World markets and trade[R]. Washington: USDA, 2021.
[2] &wes. BR REGMBIL > HH &4 K FAFFZ [D]. )M
¥ T K5, 2007. [ ZENG X F. Enzymatic hydrolysis charac-
teristics of chicken bone and chicken process flavor preparation of
its hydrolysate[D]. Guangzhou: South China University of Techno-
logy, 2007. ]
[3] ARSI, TREM. B M E 2R B & B IR 0 B 5
(] & &5 A 3 R F R, 2013, 32(1):56-61. [ZHAO Y Z,
ZHANG M, CHEN Z X. Sudy on enzymatic hydrolysis of chicken
bone as substrate of maillard reaction[J]. Journal of Food Science
and Biotechnology, 2013, 32(1): 56—61. ]
[4] #eer. BEBAMEFEREGH L LML K%
Jm I (5 F)),2011(12): 63-65, 88. [ ZHENG H. Hydrolysis tech-
nology of chicken bone by combination of enzymes hydrolysis[J].
Agricultural Processing (Journal), 2011(12): 63—65, 88. ]
[5] Q%, ¥ 5%, ARE, 5. BE B F 7 Rokd N A8 T
ZagtAe [J]. & e A4, 2021, 46(2): 272-280. [ LIU H, XIAO J
F, ZHOU C C, et al. Enzymatic hydrolysis process optimization of
sparerib soup flavor pork flavoring[J]. Food Science and Techno-
logy, 2021, 46(2): 272-280. |
[6] ZH, 2 &, KR, 4 1 F £ 16 & Ak A RS
g R [J]. P Bk, 2016,41(7): 147-149. [LIY,LIUW,
XU Y B. Application of pure chicken paste in meat product, condi-
ment and fast food[J]. China Condiment, 2016, 41(7): 147—149. ]
[7] CHENY, QIAO Y, XIAO Y, et al. Differences in physico-
chemical and nutritional properties of breast and thigh meat from
crossbred chickens, commercial broilers, and spent hens[J]. Asian-
Australasian Journal of Animal Sciences, 2016, 29(6): 855-864.
(8] #kile, bR A, % B of B i BB e 0 ok AT (1], R 55

KT ,2010,36(9): 102-105. [ ZHANG H, WU Y L. Enzymo-
lysis of chicken bone and electrophoretic analysis of enzymolysis
solution[J]. Food and Fermentation Industries, 2010, 36(9): 102—
105. ]

(9] # . B & & B ik %4248 7 04 ) & B L BAC AT
% [D]. 42 : #ix Tk X %, 2016. [ XU D. Preparation and anti-
oxidant activity of maillard products from proteolytic solution of
chicken bone[D]. Hangzhou: Zhejiang University of Technology,
2016. ]

[10] 774k, fRA&, 3] 3. A8 5 22 B & G B AR /= 4 04 % vl 2K
MEA T T]. &5 5 A A FIR,2020,39(1): 46-53. [ WAN
J,ZHANG M, LIU Y P. Effect of ultrasonic-assisted enzymatic hy-
drolysis on hydrolysate from chicken bone and study on its mechan-
ism[J]. Journal of Food Science and Biotechnology, 2020, 39(1):
46-53. ]

[11] #RKR). 7T R BB ) & R L4 AT D). K&k &
# K, 2016. [ XU Z G. Research on the preparation and proper-
ties of antioxidant peptides from mussel[D]. Changchun: Jilin Uni-
versity, 2016. ]

[12] @R, X F & G0 6948 5 ok 4H 0 Bl ik ) & 24 AT R [D].
¥ A& FMH K, 2018, [ TIAN G. Study on preparation and charac-
teristics of chicken bone protein powder by ultrasonic assisted enzyr
natic method[D]. Changchun: Jilin University, 2018. ]

[13] Rz, B, £, F. 4 75 4 0B i o T &) = M4
&% G ik (1] Kk = F 4R, 2017, 41(6):919-927. [ ZHAO P C,
TANG L X, YUAN J, et al. Preparation of peptone by ultrasound-as-
sisted enzymatic hydrolysis of bonito by-products[J]. Journal of
Fisheries, 2017, 41(6): 919-927. ]

[14] W, RFAFX ATER, . FAREFRABRRS 2 E
gARENJ]. A ,2021,7(4): 78-81. [ YAOJ, CHENK Q,
HE Z Y, et al. Amino acid analysis and nutritional evaluation for
wild sweet tea[J]. Biological Chemical Engineering, 2021, 7(4):
78-81. ]

[ 15] CHIANGJ H, EYRES G T, SILCOCK P J, et al. Changes in
the physicochemical properties and flavour compounds of beef bone
hydrolysates after Maillard reaction[J]. Food Research Internation-
al, 2019, 123: 642—649.

[ 16 ] KIJOWSKI J, NIEWIAROWICZ A. A method of protein ex-
traction from chicken bone residue and the chemical and electro-
phoretic characteristics of the extract[J]. International Journal of
Food Science & Technology, 1985, 20(1): 43—-49.

[17] ZsE. o F REEMAIL =W & R AR D). T
M T K%, 2013. [ WANG S H. Enzymatic hydrolysis charac-
teristics of duck bone and duck flavor preparation of its hydro-
lysate[D]. Ningbo: Ningbo University, 2013. ]

[18] fedAn, TR, AL RN EG RS THMI L5 RE
WA A AR I, A sk T AR, 2000(4): 17-19. [ XIONG S
B, WANG Q M, ZHAO S. Study on the enzymatic hydrolysis pro-
cess and hydrolysate clarification method of black chicken pro-
tein[J]. Science and Technology of Food Industry,2000(4): 17—
19.]

[19] £4&, Fis, REZ, . #ik054 Plastein B ] &% &
Ak At T]. P B3Rk 8k, 2020,45(4): 107-114. [ JIANG M, LI


https://doi.org/10.3969/j.issn.1673-1689.2013.01.009
https://doi.org/10.3969/j.issn.1673-1689.2013.01.009
https://doi.org/10.3969/j.issn.1673-1689.2013.01.009
https://doi.org/10.3969/j.issn.1000-9973.2016.07.034
https://doi.org/10.3969/j.issn.1000-9973.2016.07.034
https://doi.org/10.3969/j.issn.1673-1689.2020.01.007
https://doi.org/10.3969/j.issn.1673-1689.2020.01.007
https://doi.org/10.1016/j.foodres.2019.05.024
https://doi.org/10.1016/j.foodres.2019.05.024
https://doi.org/10.1016/j.foodres.2019.05.024
https://doi.org/10.3969/j.issn.1002-0306.2000.04.008
https://doi.org/10.3969/j.issn.1002-0306.2000.04.008
https://doi.org/10.3969/j.issn.1000-9973.2020.04.023
https://doi.org/10.3969/j.issn.1673-1689.2013.01.009
https://doi.org/10.3969/j.issn.1673-1689.2013.01.009
https://doi.org/10.3969/j.issn.1673-1689.2013.01.009
https://doi.org/10.3969/j.issn.1000-9973.2016.07.034
https://doi.org/10.3969/j.issn.1000-9973.2016.07.034
https://doi.org/10.3969/j.issn.1673-1689.2020.01.007
https://doi.org/10.3969/j.issn.1673-1689.2020.01.007
https://doi.org/10.1016/j.foodres.2019.05.024
https://doi.org/10.1016/j.foodres.2019.05.024
https://doi.org/10.1016/j.foodres.2019.05.024
https://doi.org/10.3969/j.issn.1002-0306.2000.04.008
https://doi.org/10.3969/j.issn.1002-0306.2000.04.008
https://doi.org/10.3969/j.issn.1000-9973.2020.04.023

- 242 - £ Tl B4

20224 5 H

X Y, SONG Z Y, et al. Preparation of sea cucumber intestinal
seasoning by enzymatic hydrolysis coupled with plastein reaction
[J]. China Condiment, 2020, 45(4): 107-114. ]

[20] CHIANG JH, LOVEDAY S M, HARDACRE A K, et al. Ef-
fects of enzymatic hydrolysis treatments on the physicochemical
properties of beef bone extract using endo- and exoproteases[J]. In-
ternational Journal of Food Science & Technology, 2019, 54(1):
111-120.

[21] E&HF. Bkh &R BB IFA R A6 [D]. 48 M : 42 2
KA K %, 2012. [ WANG S H. Study on the thermal reaction
shrimp flavoring with enzymolysis method[D]. Fuzhou: Fujian Agri-
culture and Forestry University, 2012. ]

[22] éshr, 2o, WRA, F. AEGRBALEAETH
BEAU]. &&b £ 1, 2021,47(8):261-267. [HOU Y K,
SHI J M, ZENG X M, et al. Plastein reactions and its application in
meat[J]. Food and Fermentation Industries, 2021,47(8):261—
267. ]

(23] T, RE, R, F. LRk E GRS FRLT
LEAWH I, P B RS 4R,2006(1): 88-92. [DING X Y,
ZHANG W, CHEN Y F, et al. Study on hydrolysis process of chick-
en bone mud by compound flavoring protease[J]. Journal of Chinese
Institute of Food Science and Technology, 2006(1): 88—92. |

[24] GOHK M, LAI OM, ABAS F, et al. Effects of sonication on
the extraction of free-amino acids from moromi and application to
the laboratory scale rapid fermentation of soy sauce [J]. Food Chem-
istry, 2017, 215: 200-208.

[25] YANGIJH, LIN H C, MAU J L. Non-volatile taste compon-

ents of several commercial mushrooms[J]. Food Chemistry, 2001,

72(4): 465-471.

[26] wF##, FRERE, GE, 5. KELFAKBYERFNHT &
By 1], & 544 ,2021: 1-18. [ TIAN A'Y, FENG F T, FENG
T, et al. Study on bitter evaluation method of soybean protein hydro-
lysate[J]. Food Science, 2021; 1-18. ]

[27] OGASAWARA M, KATSUMATA T, EGI M. Taste proper-
ties of Maillard-reaction products prepared from 1000 to 5000 Da
peptide[J]. Food Chemistry, 2006, 99: 600—604.

[ 28 ] BLACKSHEAR P J. Systems for polyacrylamide gel electro-
phoresis[J]. Methods in Enzymology, 1984, 104; 237-255.

[29] MAEBUCHIM, SAMOTO M, KOHNO M, et al. Improve-
ment in the intestinal absorption of soy protein by enzymatic diges-
tion to oligopeptide in healthy adult men[J]. Food Science and
Technology Research, 2007, 13(1): 45-53.

[30] TOELSTEDE S, DUNKEL A, HOFMANN T. A series of
kokumi peptides impart the long-lasting mouthfulness of matured
Gouda cheese[J]. Journal of Agricultural and Food Chemistry,
2009, 57(4): 1440—1448.

[31] xlsM. 28 W kAL £ 424k BUS W9 ALEE B I RO 7= 4 Rk
HWAFR [D]. 7 b7 7 K5, 2015, [ LIU J B. The mechan-
ism of chicken peptide in flavor generation via maillard reaction[D].
Beijing: Beijing Technology and Business University, 2015. ]

[32] EF, 4k, T4, 5. RE &G BH &4 1 2Rk
x4 A U], & & A 4, 2019, 40(22): 141-146. [ TANG X,
SUNY Y, JIANG X T, et al. Comparative analysis of flavor pep-
tides prepared by enzymatic hydrolysis of goose meat with different
proteases [J]. Food Science, 2019, 40(22): 141-146. ]


https://doi.org/10.3969/j.issn.1000-9973.2020.04.023
https://doi.org/10.3969/j.issn.1009-7848.2006.01.020
https://doi.org/10.3969/j.issn.1009-7848.2006.01.020
https://doi.org/10.3969/j.issn.1009-7848.2006.01.020
https://doi.org/10.1016/j.foodchem.2016.07.146
https://doi.org/10.1016/j.foodchem.2016.07.146
https://doi.org/10.1016/j.foodchem.2016.07.146
https://doi.org/10.1016/S0308-8146(00)00262-4
https://doi.org/10.7506/spkx1002-6630-20191214-156
https://doi.org/10.7506/spkx1002-6630-20191214-156
https://doi.org/10.1016/j.foodchem.2005.08.040
https://doi.org/10.3136/fstr.13.45
https://doi.org/10.3136/fstr.13.45
https://doi.org/10.1021/jf803376d
https://doi.org/10.7506/spkx1002-6630-20181023-272
https://doi.org/10.7506/spkx1002-6630-20181023-272
https://doi.org/10.3969/j.issn.1000-9973.2020.04.023
https://doi.org/10.3969/j.issn.1009-7848.2006.01.020
https://doi.org/10.3969/j.issn.1009-7848.2006.01.020
https://doi.org/10.3969/j.issn.1009-7848.2006.01.020
https://doi.org/10.1016/j.foodchem.2016.07.146
https://doi.org/10.1016/j.foodchem.2016.07.146
https://doi.org/10.1016/j.foodchem.2016.07.146
https://doi.org/10.1016/S0308-8146(00)00262-4
https://doi.org/10.7506/spkx1002-6630-20191214-156
https://doi.org/10.7506/spkx1002-6630-20191214-156
https://doi.org/10.1016/j.foodchem.2005.08.040
https://doi.org/10.3136/fstr.13.45
https://doi.org/10.3136/fstr.13.45
https://doi.org/10.1021/jf803376d
https://doi.org/10.7506/spkx1002-6630-20181023-272
https://doi.org/10.7506/spkx1002-6630-20181023-272
https://doi.org/10.3969/j.issn.1000-9973.2020.04.023
https://doi.org/10.3969/j.issn.1009-7848.2006.01.020
https://doi.org/10.3969/j.issn.1009-7848.2006.01.020
https://doi.org/10.3969/j.issn.1009-7848.2006.01.020
https://doi.org/10.1016/j.foodchem.2016.07.146
https://doi.org/10.1016/j.foodchem.2016.07.146
https://doi.org/10.1016/j.foodchem.2016.07.146
https://doi.org/10.1016/S0308-8146(00)00262-4
https://doi.org/10.3969/j.issn.1000-9973.2020.04.023
https://doi.org/10.3969/j.issn.1009-7848.2006.01.020
https://doi.org/10.3969/j.issn.1009-7848.2006.01.020
https://doi.org/10.3969/j.issn.1009-7848.2006.01.020
https://doi.org/10.1016/j.foodchem.2016.07.146
https://doi.org/10.1016/j.foodchem.2016.07.146
https://doi.org/10.1016/j.foodchem.2016.07.146
https://doi.org/10.1016/S0308-8146(00)00262-4
https://doi.org/10.7506/spkx1002-6630-20191214-156
https://doi.org/10.7506/spkx1002-6630-20191214-156
https://doi.org/10.1016/j.foodchem.2005.08.040
https://doi.org/10.3136/fstr.13.45
https://doi.org/10.3136/fstr.13.45
https://doi.org/10.1021/jf803376d
https://doi.org/10.7506/spkx1002-6630-20181023-272
https://doi.org/10.7506/spkx1002-6630-20181023-272
https://doi.org/10.7506/spkx1002-6630-20191214-156
https://doi.org/10.7506/spkx1002-6630-20191214-156
https://doi.org/10.1016/j.foodchem.2005.08.040
https://doi.org/10.3136/fstr.13.45
https://doi.org/10.3136/fstr.13.45
https://doi.org/10.1021/jf803376d
https://doi.org/10.7506/spkx1002-6630-20181023-272
https://doi.org/10.7506/spkx1002-6630-20181023-272

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 鸡骨架营养成分测定
	1.2.2 酶解液的制备
	1.2.3 蛋白酶制剂的筛选
	1.2.4 酶解工艺优化
	1.2.4.1 酶解温度
	1.2.4.2 酶解pH
	1.2.4.3 酶添加量
	1.2.4.4 酶解时间

	1.2.5 响应曲面法试验设计
	1.2.6 水解度（DH）的测定
	1.2.6.1 氨基态氮的测定
	1.2.6.2 水解度的测定

	1.2.7 氮回收率的测定
	1.2.8 氨基酸分析
	1.2.9 肽分子量测定

	1.3 数据处理

	2 结果与分析
	2.1 基本化学组成分析
	2.2 蛋白酶制剂的筛选
	2.3 酶解工艺优化
	2.3.1 酶解温度
	2.3.2 酶解pH
	2.3.3 酶添加量
	2.3.4 酶解时间

	2.4 响应面试验结果及分析
	2.4.1 回归模型的建立和方差分析
	2.4.2 工艺优化与结果验证

	2.5 氨基酸组成分析
	2.6 肽分子量分布

	3 结论

