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Abstract: To promote efficient utilization of chicken bones and development of novel antioxidants, antioxidant
peptides were generated from chicken bone meal fermented with Bacillus licheniformis. First, the effect of glucose addition
on Bacillus licheniformis growth was examined. Next, fermentation conditions were optimized using single-factor experiments
and response surface methodology. Tricine-SDS-PAGE was simultaneously performed on the chicken bone fermentation
broth. Finally, the chicken bone peptides in the fermentation broth were separated using an organic membrane, and their
antioxidant activities were determined. The addition of glucose inhibited B. licheniformis growth. The optimal fermentation
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conditions were as follows: 4.2% (m/m) of chicken bone meal, initial pH of 6.0, 4.0% (V/V) of bacterial inoculum, working

volume of 50 mL in a 250 mL flask, and fermentation time of 24 h. These conditions yielded 56.29% hydrolysis in the

fermentation broth, and the DPPH- scavenging rate reached 57.11%. Tricine-SDS-PAGE results verified that the chicken bone

meal was hydrolyzed. Among the antioxidant peptide fractions obtained by organic membrane separation, fraction V (with a

molecular weight of 3~5 kDa) exhibited the highest antioxidant activity. Its respective DPPH, superoxide anion, and ABTS"

scavenging activities were 59.08%, >20.21%. and 85%, respectively. This study lays a foundation for increasing the overall

utilization value of chicken bones and expands the scope of research and development of functional products.
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b A ZF AT R R B R = P A AL IR I Plackett-
Burman 4% 5 115 45 0 W3k 3 flik 4.

2 4 vl 50, [al AR P<<0.05, i W%
BE. SAEME RS, AGE T E S (4D,
R R BENIME pH A (B) MEMER S E (O KI5
WG, TR (D) RIS IERE] (E) AR,
R=0.8316, HHLEAEGRESMILEEE, WEH
TR AT SR .

2.3.2 Box-BehkeniXeikit4 &

B Ky I 2 A e LT W TE 5 S5 SR e i ik 5

FR e

% 3 Plackett-Burmani®i&iZit 5 &8

Table 3 Plackett-Burman experimental design and results

g RBEHE BRI WHER KRS AW DPPHAfRF  DPPHIIRGE
TR H% pH 14 5#/%  (mL/250 mL) /h 1% TRMHE/%
1 5 7 3 50 28 29.02 30.65
2 3 7 5 30 28 30.02 35.82
3 5 5 5 50 20 28.52 28.86
4 3 7 3 50 28 50.66 43.49
5 3 5 5 30 28 47.93 44.12
6 3 5 3 50 20 50.24 51.12
7 5 5 3 30 28 36.19 40.70
8 5 7 3 30 20 30.65 31.73
9 5 7 5 30 20 28.94 2231
10 3 7 5 50 20 28.14 33.40
11 5 5 5 50 28 30.47 29.53
12 3 5 3 30 20 53.83 52.87
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% 4 Plackett-Burmani®Z&DPPH - [ERERFED
Table 4 Analysis of variance of DPPH- scavenging rate in

Plackett-Burman test
kB FrA AWAE ¥ F/A P 2EHFMB
A 978.06 5 19561 593 0.0256 *
A 49445 1 49445 1498 0.0083

B 206.33 1 20633 6.25 0.0465
C 266.74 1 266.74 8.08 0.0295
D 9.22 1 9.22 02793 0.6161

E 1.32 1 132 0.04
KE  198.03 6 33.00
EE£ 117609 11
E: o ERFRFE (P<0.05).
x5 MEEREIZITEER

Table 5 Response surface test design and results

Ao E L, ., . B4R DPPH-  DPPH:
wal peRE TR goaw kmE kA

0.848 1

adcos BRI 0T T sn o
1 3 5 4 49.30 48.54
2 5 5 4 52.47 51.42
3 3 7 4 48.76 49.80
4 5 7 4 50.21 50.96
5 3 6 3 44.27 43.72
6 5 6 3 45.00 44.74
7 3 6 5 41.96 42.22
8 5 6 5 44.69 45.24
9 4 5 3 40.04 41.34
10 4 7 3 43.33 42.83
11 4 5 5 41.44 41.94
12 4 7 5 42.55 41.25
13 4 6 4 56.42 57.00
14 4 6 4 57.00 57.00
15 4 6 4 57.45 57.00
6 4 6 4 5614 57.00
17 4 6 4 57.98 57.00

233 @A Z 55 £

FHE 5 Fp g o7 T S50 1 T H e 35k 43 DPPH - & Bk
R (Y SHIMAERAREES (A, FHREY
HpH M (B) FIEMERSE (O W kRZ5HiHE
H T FE:

Y=57+1.014+0.200 2B-0.248 1C-0.4324B+
0.497 84C-0.544 4BC-2.344*-4.48B8°-10.68C".

H =R Z Wl )= J7 #2115 DPPH - & BR 22 0l

H 5 SPrEMT, W 6 &, IS P<0.01,
YA AR 2% . T HAERYNA RS, RN
P=0.084 2>0.05, RKPIIAEE, R=0.9844, [1]
VA5 FEA A BELT, B T AR AT EE B
k6 EEAFEAESH
Table 6 Analysis of variance of the regression equation
kiR FrA awAE ¥Hm FA P1a
A 64207 9 7134 4893 <0.0001  **
A 8.16 1 816 56  0.0499
B 0.32 1 032 02199 0.6534
c 0.49 1 049 03377 0.5794
AB 075 1 075 0512 0.4975
AC 099 1 0.99 0.6797 0.4369

REM

BC 1.19 1 1.19 0813 03972
A? 22.96 1 2296 1575 0.0054
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