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Optimization of Enzymatic Hydrolysis Process for Ossein Peptide
with Low Molecular Weight and Its Characteristics Analysis

YAO Yumei YUAN Xiangru HAN Lujia YANG Zengling LIU Xian
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: As a high-quality renewable protein source, the deep processing utilization of bone protein is
beneficial to the consummation of the efficient utilization of animal bone resources, the increase of the
processing by-products value-added, and the solution of serious environmental issues owing to the
improper handling. However, due to the complex enzymolysis processes, the ossein peptides often suffer
from poor dimension uniformity and poor performance stability of raw material, which will limit their
materialized utilization. Therefore, it is of great significance to explore the effects of different enzymatic
hydrolysis processes on the material properties of ossein peptides. The effects of different kinds of
proteases, mainly including alkaline lipase, flavorzyme, protamex, neutral protease, and alkaline
protease on the enzymolysis efficiency of bovine waste proteins were investigated, with the degree of
hydrolysis (DH) as the response variable. The optimum enzymolysis process for ossein peptide with low
molecular weight was determined by systematically analyzing the improvement of enzymatic hydrolysis of
different kinds of proteases. Furthermore, the mechanisms were explored by analyzing the changes of
various properties of the products in the enzymatic hydrolysis. It was found that the ossein peptides
prepared by the process of lipase pretreatment-alkaline protease-protamex had the best overall
performance. The enzymatic hydrolysis process was optimal as follows, at 0.09 g/ml. substrate mass
concentration and initial pH value 7.5, with 0. 08% lipase, followed by 4 h incubation at 40°C , followed
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by alkaline protease (addition of enzyme was 0. 36 U/g) at 60°C for 5 h, and finally, protamex ( addition
of enzyme was 0. 36 U/g) was incubation at 55°C for 5 h. The DH reached 16. 12% , and the content of
total amino acids (TAA) reached 171. 571 mg/g. Meanwhile, the value of M, , M, /M, and the M_/M,
was 883 Da, 9.73 and 7.91, respectively. However, after the process of lipase pretreatment-alkaline

protease-flavorzyme, the DH and FAA reached the maximum of 19.02% and 257.760 mg/g. In

addition, the cost input was the least when the physicochemical properties and molecular weight

distributions (MWD) of ossein peptide samples were not significantly different from other samples. The

results showed that finding the equilibrium point between the DH and the physicochemical properties of

ossein peptides was conducive to the economy of protein recycling, cleaner production, and the security

and stability of the new composites.

Key words: bovine bone powder; ossein peptides; process optimization; characteristics analysis
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Tab.1 Enzymatic hydrolysis conditions of four

proteases
" Y FR  NEEE LR RS e
- BE/(geml™') (U-g') pHf JE/C  h
MR 0.09 0.36 8.0 60 5
PR 0.09 0.36 6.5 55 5
HAEEAN 0.09 0.36 7.5 55 5
PR 1 it 0.09 50 7.0 50 5
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R TCTAL B + WU 73 20 B 120 TAL B + Bl
LR T2 HE 4 M E AR T2 P RS T
R 5 S, AR TS 3 AT
1.4 FEBEMBBRTEMIEIRUE
1.4.1 KfHE
SR FFY B S L7 9 A v T s K R ) L B S mL
B L3S TR, A 60 mL Z&180K , i shig 71

P FkEAR , FH 0. 05 mol/L ARtk i I W & & pH 1T
67~ pH {H 8. 2, iC SRIHFER NaOH AT, SR )5
JIA 10 mL H A IR 2 R ph b IR S0 )5 Bk
NaOH & Vi 4k 227 € & pH {8 9.2, ic #THAE W
NaOH ¥ AR, 108 Vo [T i s s i e 20 1Y
NaOH JHFEAFL, iR V, . KA#EE A A
P 014(V, - vz)cv><
S5Nm
AH ¢ NaOH bR R EE , mol/ L
V—— B SRR mL
N—HE S B AT 34, %
m— A PTG i g
1.4.2 "IEHEASE
RSNy CBE TN  vT s B e i (T
) U AR I R A R AR 2R R, 7E 595 nm P
A R HW O RE |, 22 Tl bRl 25 I e K s R
FERBE A& &, At A i E A=

100 (1)

cV
S:m (2)
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Tab.2 Effects of four proteases on enzymatic hydrolysis

B IKARIE/ % AEMEEA SR/ (mg-g™") Bt/ % pH fEAREAH
MR A (8.81+0.83)* (2.27 £0.30)°¢ (90.11 +0.26)* (-0.11£0.61)*
TP (8.70 £0.77)* (3.43 £0.51)* (92.19 £2.26)*° (0.11 £0.01)*
HAAEAH (7.42 £0.64)" (0.56 £0.15)1 (91.40 +1.89)° (-0.06 +0.05)*
AR g2 (6.36+0.47)° (3.01 £0.16)" (88.44+1.71)" (0.08 +0.01)*

T : FFVBHR A RN PR 22 57 B3 (p <0.05) , R,

2.1.2 UG i L 2 T A AR

1l Ao ok R v Ry kAo ik 2 R 2R N,
LA pH {722 Ak fa o i LR 4320 B g 125 D
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el A PR A RS A3 Ak B A B, HTH BR
PN L RIS I A AE BRI T4, Rtk
— PRSI B 1 A2 IO G A R A
TN B W), XoF Tl Aot ek AR 45 4 B 110 AR A Ak
TG, g5 Rk 3 fin, L& —nk ik
AL 30 B R VWA Ry XU 43 A T i G R

., 3 Al R m Tk S A
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ik JE N R B /NRIR < B B KUK
H Bk R GO A e B
A 2H | OUBE o3 A A 0 IR 2H K i BE g3 5 Sk
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HTTEME R A& WA UE T X —#EWr, o,
1 o]0, KRB A g PR AR A5 A
B BB B pH E 3R 7.7.5 6.5, 45/ % 3

Bt e i pH (EL Y 2810, BRI & 3K H
BipAE 0 55 2 20 Wi A 2 A R, O N TR 1Y pH
{6, BV AT S8E G 5 AR Y 2% 5T

R3 NS BB EBRIREIT ST

Tab.3 Effects of double-enzyme stepwise hydrolysis on enzymatic hydrolysis

Ea IK B/ % AR SR/ (mgeg™") fitE i pH A
Bl 2 2 (8.81+0.30)¢ (2.27 £0.01)°® (7.89+0.01)*
R PR R b P 2 P A (10.18 £0.24)° (2.01 £0.19)° (7.37 £0.02)¢
BB PE R A A2 A B 1 A (11.09 +£0.69)" (1.99£0.20)° (7.47 £0.01)°¢
TP R 1 IR 2 1 (14.09 +0.04)® (3.08 £0.11)* (7.62 £0.03)"
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Fig.1 Effects of four prepared progresses of

ossein peptides on DH
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Fig.2 Relation between leaching time and signal strength curves of four ossein peptide samples
F4 AMERERHTEHSFE
Tab.4 Average molecular weight of four kinds of ossein peptide samples
RS M,/Da M,/Da M_/Da M., /Da M, /M, M./M,
OPL  (100.00 £1.53)" (947.00 £17.50)"  (8048.00 +53.31)"  (35154.00 £635.01)¢ (9.46=0.02)¢  (8.50 £0.13)"

OP2  (108.00 +0.58)*"
oP3 (91.00 £0.76) ¢
OP4 (85.00 +0.58)¢

(1021.00 +£18.04)*
(883.00 £13.50)°¢
(866.00 +7.64)°

(7270.00 +179. 65)°
(6988.00 +121.99)1
(12 178.00 +123.65) "

(7.12 £0.02)¢
(7.91 £0.09)¢
(14.06 £0.24)*

(31977.00 £593.09)%  (9.44 £0.12)°
(39314.00 £506.51)"  (9.73 £0.01)"
(56 930.00 =1 069.45)* (10.14 +0.03)*

2.3.2 RN

i HPLC X 4 P fise St BRRE i 1 24 1R 21
BRCE PR BT AT AL 4 B R S A A R
I AR, Kb A dm HEmR WA HE R
IR fr 5w . B3 Bl AL, OP4 1 B i B &
FERR S R, AT ik 257.760 mg/g; OP2 IRZ, K4
204. 848 mg/g, X 1] AE S H T1E K N VI A1 1)
) KU 2 1 Tl AR T O A R R I R, A,
22 6 i Bl AL FEL S A9 OP3 Al OP4 FF i 19 (LR
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Fig.3  Chromatograms of amino acid composition

of four kinds of ossein peptide samples
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