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Fermentation of sheep bone enzymatic hydrolysates by
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Abstract: In order to improve the nutritional value and bio-availability of sheep bone enzymatic hydrolysates, we tried to
ferment the hydrolysates with lactic acid bacteria (LAB) to enhance free Ca?*, to generate oligopeptide and antioxidative
activity. First, we isolated 7 LAB strains from commercial starters and selected Lactobacillus plantarum as the starter for its
highest protease-producing ability. The content of released Ca?* was evaluated when the fermenting conditions were optimized
by the method of responsive surface design. When supplemented with 1% maltose and inoculated 4% L. plantarum, at initial
pH 5.5 and 37 °C for 14 h, Ca®* content in the hydrolysates increased significantly (P<0.05), as well as the generation
oligopeptide (P<0.01), and the content of hydroxyproline (P<0.01). The count of L. plantarum in the fermented hydrolysates
reached to 94.6x10° CFU/mL. L. plantarum fermentation significantly enhanced the ability to scavenge free radicals
DPPH, -OH and O, (P<0.01, P<0.05). Therefore, fermenting sheep bone hydrolysates by L. plantarum can increase free Ca?*,
oligopeptide and antioxidative ability.

Keywords. bone powder, Lactobacillus plantarum, release of ionic calcium, antioxidative activity, oligopeptide
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1 MB5FE

1.1 FLEEEREIAF
Lactobacillus helveticus
ATCC 15009
CGMCC 1.2284

Lactobacillus paracasei

Lactobacillus sakei

Lyocarni BOM-13
Lactobacillus curvatus

Lyocarni VBL-97

Lactobacillus plantarum
Lyocarni SHI-59

Pediococcus acidilactici

Pediococcus pentosaceus Lyocami

VBM-60
(Activity>200 000 U/qg)

(Activity>20 U/mg) Solarbio 1,1-

-2- (DPPH) Sigma
12 /KK E

722 ( )
PHS-3C pH ( )
HF160W Heal Force (
) Lambda 850 (

& 010-64807509

PerkinElmer)
13 7H&
131
MRS
(1% 2%
3% 4% 5%) (30°C 3T 37°C
40°C 42°C 457C) pH (4.0 45
50 55 6.0 65 7.0 75 80) (12
18 24 30 36 42h) (1%
)
ODeoo
3% MRS

(8400r/min 4°C 15min)
( )

50 pL 1%
450 pL 1.5mL
(0.1 mol/L pH 7.0) 37°C 5min
0.5 mL 10% 280 nm
37°C 1 umoL
(U/mL)=(KxW)/(VXT) K
w (umoL) V
(mL) T (min)
1.3.2
50% ( )
(125 ‘C 30 min)
110 C
6 h 80
12%
4.25% pH 9 457 400 min
3.65% pH 6 55 C
240 min (23]
1%
MRS (10% 20%
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30%—100%) 3
1% IR B IR h
DH (%) = -2 2228 L 100% = —— x 100%;
Y T h,
hzwmmollgprotein;
1.3.3 gD oo
[15] serineNH,, = —2——0x0.9516 meqV / L x
OD, - 0D, YxP
10 kDa 10% (TCA)
htot 76 a 'B 1.00 0.40
TCA (Ntac) . .
N 6.05 N Serine NH» (Serine)
m )
(Nana) g TAC oD, OD, OD,
10% TCA
. . X L Y
5000 r/ min 15 min -
N (9 P (%)
A OPA
15% TCA
100 mg
(%) 15% TCA
1 000 mL
C ) ( (Hyp) [16]
) 100% yp
1.25¢g
1.3.4
CaCOs 100 mL
2 min CO, 10% NaOH DPPH DPPH
pH 6-8 500 mL 1 mg/mL (0.1 mol/L)
25 mL 25 mL 30min 517 nm Aq
2mol/L  NaOH pH 7 95% Ao
10 mL NaOH (2 mol/L) Ao DPPH =[1~ (Au-Ao)/ Aol
[17]
1% EDTA EDTA 100%
(X) ‘OH 3 1 2
(25 mL) EDTA (L mL 6 mmol/L)
5mL 20 mL FeSO, (A) H0, (B)
2mol/L  NaOH pH 7 1mL 1mL 3
50 mL 3mL 2-3 A B 3
T Ay A;, A, -OH
EDTA [18]
V) Y= O, 3
(V=Vp) xXx1/5 Vq EDTA 45mL 0.05 mol/L  Tris-HCI (pH 8.2) 2.0 mL
25 C 20 min 1
OPA 03mL 25°C 3 mmol/L 2
340 nm 25 C 0.2 mL
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3 0.2mL
4 min 1.5 mL HCI (20 mmol/L)
3 321 nm
Ao AL A 05 -
1.35
ODegoo
MRS
1.3.6
1% 2% 3% 4% 5%
MRS 37 C 24 h
4%

MRS 30C 35°C 37°C 40°C

42°C 45°C 24 h
4% MRS

pH 40 45 50 55 60 65 7.0 75
80 37°C 24 h pH

MRS pH 50 4%

37°C 12 18 24 30 36 42h

1%

MRS pH 5.0
4% 37°C 12h

Diesign-Expert V 8.0.61
Behnken Design 4 3

Box-

( 1 X4 (C) -1 0
1 30C 37°C 45°C X, pH
4 5 6 X (h)
10h 12h 15h X,
3% 4% 5% ca®*

Diesign-Expert. V8.0.61

14 Zitoth
29 (
ca? )
IBM SPSS statistics V21.0
Prism Statistix 8.1
P<0.01
P<0.05

2 BREH

21 EYIAFESAFBEANEERZFABREE
B A BB RE I EE AL

1 L. plantarum

L. plantarum
1% MRS

2

* 1 EYIATELEESERIEN Box-Behnken Rt HRK 4 A& 3KFE
Tablel Box-Behnken design and 3 levelsof 4 factorsfor L. plantarum fermentation of sheep bone hydrolysates

Tests X1 X5 X3 Xy Tests X1 X5 X3 X4 Tests X1 X5 X3 Xy
1 1 1 0 0 11 1 -1 0 0 21 0 0 -1 1
2 0 -1 0 -1 12 1 0 1 0 22 0 -1 0 1
3 0 1 0 -1 13 -1 1 0 0 23 -1 0 -1 0
4 1 0 -1 0 14 0 0 1 -1 24 0 0 0 0
5 -1 0 0 -1 15 0 0 1 1 25 1 0 0 -1
6 -1 0 0 1 16 0 0 -1 -1 26 0 1 -1 0
7 0 0 0 0 17 0 -1 1 0 27 0 0 0 0
8 0 0 0 0 18 0 0 0 0 28 0 1 1 0
9 -1 0 1 0 19 0 1 0 1 29 1 0 0 1

10 -1 -1 0 0 20 0 -1 -1 0
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18 - _20F
=) 3
E E
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2 g
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Volume percentage of inoculation (%) Culture temperature (°C)
A 20
—
~22r 2F E
=) O S 15 L.
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= 17 517 2 | & =
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= £ 8 s 2
= 12F Z 12F Y dhe 3 i T
2 2 § stg B -
2 2 S e i i
5T g r & o = o
2 L 1 1 I I I I | 2 1 L 1 1 L I \,Q'OO \}0&0 ‘b\\o %&0 %@S
4.0 45 50 55 6.0 65 7.0 75 0 6 12 18 24 36 42 G ) > A%
The initial pH of MRS broth Culture time (h) Different carbon sources
E1 EYATELAEBNERRABER
Fig. 1 Results of single factor tests of L. plantarum fermentation.
*2 FEOBIABREIREKRNBRESERZG
Table2 Suitable culture conditions for protease-producing lactic acid bacteria strains tested
Test strains Inoculation amount (%) Initial pH Temperature (‘C) Culture time (h) Carbon sources
L. helveticus 3 7.0 37 40 Glucose
L. paracasei 1 6.5 40 6 Lactose
L. sakei 3 6.5 37 42 Sucrose
L. curvatus 2 7.0 37 30 Glucose
L. plantarum 4 5.0 37 12 Maltose
P. pentosaceus 1 7.0 40 30 Glucose
P. acidilactici 3 7.0 40 30 Glucose

6.58X,—238.88X,°—222.13X,°~79.76X3°~106.26 X4~
5 E85XaXo+25X:X5-42.5X1Xs+50.25X: X5+ 75.75XpXa
36X5X4
( 4
(P<0.05) (P>0.05)
22 HEIAITELESH NI

3 Design-
Expert ca** 3 XiXs  XoX3 Cca?t

(P<0.05) R’=0.9539
Y (Ca?*)=2 179+108.50X;—1.33X,+3.75Xs—
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Design-Expert
pH 5.25
4.23% 37.32°C
ca®*
pH55 4%

ca*

13.59 h
21.7 mg/mL

37°C
19.8 mg/mL

14 h

112.8 mg/g
94.6x10° CFU/mL

23 REIIEFEIEIREIRRX M S
5 Ca2+
(P<0.01)

92.0%

ca*

[15]

®3 EVIAAEAEFEEERNENERESER

2

—_ = = N
o 9] wn =] —_—
T T T T Y

Protease activity (U/mL)

Different bacteria strains

IRESTREAR~EAMHEENILER
Fig. 2 Comparison of protease producing ability of
different lactic acid bacteria strains tested.

Table3 Resultsof responsive surface design of fermenting the enzymatic hydrolysates of sheep bone by L. plantarum

Tests P_olypeptide ORO Ca™ content Bacteria count Tests P_olypeptide ORO Ca™ content Bacteria count
yield (mg/g) (%) (mg/100 mL) (x10°® CFU/mL) yield (mg/g) (%) (mg/100 mL) (%108 CFU/mL)
1 72.39 84.47 1798 39 16 99.46 84.83 2 036 37
2 107.28 86.12 1976 47 17 97.69 96.50 1648 79
3 97.21 72.45 1685 24 18 124.35 94.84 2118 105
4 71.47 88.36 1922 49 19 84.40 77.62 1846 74
5 100.42 92.80 1689 70 20 86.47 76.43 1934 104
6 91.19 95.48 1742 103 21 114.72 83.71 1947 58
7 121.60 93.08 2207 109 22 84.84 70.85 1834 44
8 116.70 93.07 2145 68 23 96.33 92.46 1649 63
9 81.66 73.42 1763 54 24 109.81 97.01 2279 114
10 93.53 87.82 1587 61 25 89.18 88.12 1953 72
11 95.63 72.59 1918 50 26 94.43 90.64 1948 92
12 88.40 88.87 2 046 64 27 102.40 85.31 2144 80
13 96.52 81.06 1741 32 28 83.28 71.73 1863 41
14 90.24 96.51 2053 120 29 98.46 74.86 1836 32
15 106.27 90.00 2108 101

Note: ORO stands for obtaining rate of oligopeptide.

& 010-64807509
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*4 L. plantarum X B F BEMRRABFMHLEHFRENAESTER

Table 4 Variance analysis of the regression equation for ossein hydrolysate fermentation conditions of

L. plantarum
Sou_rce of Sum of. square of Degrees of Sum of. sguare F Prob > F
variance deviations freedom of deviations
X1 141 000.00 1 141 000.00 14.55 0.001 9
Xz 21.33 1 21.33 0.00 0.963 3
X3 168.75 1 168.75 0.02 0.897
X4 520.08 1 520.08 0.05 0.820 3
X 18 769.00 1 18 769.00 1.93 0.186 2
X5? 25.00 1 25.00 0.00 0.960 3
X5? 7 225.00 1 7 225.00 0.74 0.402 9
X4 10 100.25 1 10 100.25 1.04 0.3251
X1Xo 22 952.25 1 22 952.25 2.36 0.146 5
X1 X3 5184.00 1 5184.00 0.53 0.4771
XXy 370 000.00 1 370 000.00 38.11 < 0.000 1
XoX3 320 000.00 1 320 000.00 32.95 < 0.000 1
XXy 41 263.08 1 41 263.08 4.25 0.058 4
XXy 73 237.84 1 73 237.84 7.54 0.0158
Model 795 000.00 14 56 750.17 5.84 0.001 1
Error term 136 000.00 14 9712.37
Lack of fit 119 000.00 1 11 908.79 2.82 0.164 7
Pure error 16 885.20 4 4 221.30
Sum 931 000.00 28 R*=0.953 9 Razdj =0.967 7 Cv=1.16

*5 FEBMREVIFELBIREDSEFREIESHT (0=29)

Table5 Correlation analysisfor indicesduring L. plantarum fermentation of ossein hydrolysates

Parameters ORO Ca’* content Bacteria count
Yield of polypeptide -0.013 0.070 —0.048
ORO 1 0.297 0.655
Ca’* content 1 0.495"

Note: ORO stands for obtaining rate of oligopeptide; ** represents significant correlation at the level of 0.01.

24 AEERIRSEIETL (20l
6 cad* [21]
ca®* (P<0.01 P<0.05) ca®

[13]
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*6 HEYILELRENFEBRBRSERNZE

Table6 Effectsof L. plantarum fermentation on the indices of the sheep bone hydrolysates

Samples ca?t DH Yield of polypeptides Obtaining rate of Content of
(mg/mL) (%) (mg/g) oligopeptides (%) hydroxyproline (g/L)

Ferment 19.81+2.13* 51.34+4.91** 92.75+£7.13 52.16+4.14** 3.45+0.25**

Non-ferment 11.05+£1.19 31.25+2.96 88.41+5.17 94.91+6.23 2.13+0.18

** represents significant different compared to the values of the hydrolysate at the level of 0.01, * means significant at the
level of 0.05.

100 ¢

Hydrolysates

(P<0.01) 80 Ferment

rava

60

40t

20+

Scavenging percentage (%)

(P<0.01)
(P>0.05) 0L

e S T S

3
R

N

Types of free radicals

3 EYFIFELEXNESHEEREIMIELESE
25 ARBEERIRAHIMIENIEMIEER :opAl)

Fig. 3 Effects of L. plantarum fermentation on the in

vitro anti-oxidant activity of sheep bone hydrolysates.

[22]

[23] 3 %%

ca*
OH
DPPH -OH O,

[24-25] catt
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