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Abstract: The effects of different extraction methods on extraction rate, structure, antibacterial activity and antioxidant activity of horse
bone marrow protein were studied, and its edible and medicinal values were examined. Twelve extraction methods were screened through using
protein content, extraction rate, molecular weight and antioxidant activity as the indicators, and structural characterizations were performed by
UV, SDS-PAGE, FT-IR, and SEM-EDX analysis. The biological properties of the obtained proteins were evaluated by in vitro antibacterial and
antioxidant activities. After comprehensive investigations, it was found that the index scores of the horse bone marrow proteins extracted with
water, 0.25% NaCl, and normal saline were higher, with their corresponding protein contents being 41.91, 39.93 and 37.82 mg/mL, and
extracted rates being 19.26%, 14.86% and 23.22%, respectively. UV spectra showed that the horse bone marrow proteins prepared by different
methods had the maximum absorption peak around 270 nm. SDS-PAGE revealed that the molecular weights of the obtained proteins were
mainly around 66 ku, with the presence of corresponding polypeptide bands. FT-IR spectra showed typical protein absorption signals in the
region of 4000~400 cm™'. SEM-EDX analysis showed that the obtained proteins were composed of spherical, striped and irregular particles. The
results of biological activity experiments demonstrated that the horse bone marrow proteins prepared by the three methods exhibited sound
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antibacterial and antioxidant effects, and the zone diameters of inhibition against Staphylococcus aureus were 12.0, 16.0 and 11.0 mm,
respectively. The ICsyvalues of DPPH and ABTS free radicals scavenging activities were 0.32, 0.29 and 0.31 mg/mL, and 0.26, 0.15 and 0.20

mg/mL, respectively. The research results can provide a scientific basis for further development and utilization of horse meat processing

by-products, bone resources.
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Table 1 Extraction method of horse bone marrow protein
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3 85% P BF) 1:10 45 2 2

4 1% NaCl 323 1:10 45 2 2

5 . A 3R 3K 1:10 45 2 2

HiEH

6 0.5% NaCl 1:10 45 2 2

7 0.25% NaCl 1:10 45 2 2

8 .. BRI YINR (PBS 1molL, pH/E6.6) 1:10 45 2 2

R IR .

9 Tris-HC1 (1 mol/L, pH {4 8.4) 1:10 45 2 2
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12 0.2% KOH 32I% 1:10 45 2 2
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Table 2 Effects of different extraction solvents on the horse bone marrow protein (n=3)

Fr Frik &4 4%/(mg/mL) FRIRE% DPPH &R %/% N
A TKAZI 41.91+1.68° 19.26+1.89¢ 41.73+1.81% 95.00
B 1%B4 BRAR IR 26.92+0.11° 9.12+0.65% 39.91+1.93° 65.14
C 85% P BRJZ IR 23.29+0.282 6.23+1.00" 23.68+0.682 4826
D PBS 23 35.10+1.12¢ 16.02+0.03¢ 38.03+1.41° 81.23
E Tris-HCI 325% 35.64+1.07° 10.51+0.81° 38.81+1.32%% 76.40
F 0.2% NaOH 323 21.68+0.238 7.59+2.082" 14.6140.09" 42.52
G 0.2% KOH 23 21.71+0.188 5.87+1.04" 9.46+0.06' 37.72
H 0.1% HCI 323 31.01+0.51° 8.3242.80%" 40.06+1.24>% 69.25
I 1% NaCl 323 25.07+0.22" 8.78+1.05% 28.01+0.38" 55.64
J 0.25% NaCl 328 39.93+1.27™ 14.86+1.21° 43.01+1.17° 88.64
K 0.5% NaCl 323 36.91+1.09% 10.07+0.09% 38.48+1.03% 77.24
L A 8 3 KIRIR 37.82+1.63% 23.2242.01° 41.15+1.70°4 94.04

E: B9AR RGN FEATEHR 2E £ 7 (p<0.05),
2.1.1 RERERF H L EMEE FHR
ANFEFRBOTEX S E dEE E S FREEEA

A BAAE (50% ) HRECE (25% ) +DPPH- 7E A% (25% ).

DPPH H HIEIEREE ISR 2 A 1 fios. 45
BB, ANEHEEUT R DB 5 R BRI A
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Fig.1 Radar chart of comparison of horse bone marrow protein
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Table 3 Peak location distribution of the bone marrow protein by Fourier infrared spectroscopy

s K 0.25%NaCl A3 K FAERE
B A 329413 329401 3293.78 N-H 1445 453)
BB 292444 292425 292436 C-N 4% #3h
B I 285416 285417 2854.14 C=0 14 % ¥ 3h
PN 154249 154298 1543.15 N-H & A %@{&@b

146325  1463.15 1463.48 C-N 4% #3h
S 138201  1380.01 1380.97 C-N 1h 453 3)
1240.50  1240.89 1240.53 N-H & A % #¥3h
g3 165648 165597 165648 1 646~1 664 cm’
A& - - - 1616~1637. 1681~1700 cm’
i - - - 1 665~1 681 cm’™

AN HE

- 1 638~1 645 cm™

A

E: a. by K doel £ RESH025%NaCl; g. hy i: A£FHK, a d. g 500%; by ev h: 1000x; c. fu i: 3000%.

2.3 SEM-EDX 4
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HRAr Nk TR 4 o L B AR FITE 50041 000% & 3 000

E5 =f#%&EH SEM [E
Fig.5 SEM images of three proteins
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B R IRAERIRGS A IR S AU, HAR B9
fE. T FEMEER ), BEAMREREE LT
AR A [N, 3 FheEBuprl & i &
FRURERNSIA—FE FER 20T, TR/
RURL R s o B 7 REAOIIN, RIS 4S
AR EINE R . 24780k 3 000 £, HHEEA
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FLBRIERE 1 RAFHISRAKYE, $R 1 HEA B AR K
REJIMZE & HE ST . EDX 45 RAR B =R BT i 4 1
TR A FEH C Oy N4, R/ &) Na.

Ca Jt Cl % fEICHR (R 4), AR E R A7EIR{E
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Table 4 Elemental composition analysis results

7 ik

BT 8 5%
C 0 N € S Ca P

K 7340 1603 929 0.10 043 0.11 0.65

TR ik
0.25% NaCl 76.72 1877 3.89 - 062
AR 7305 2026 612 - 057

x5 DEBEERMIMIETEMER

Table 5 In vitro antibacterial activity of horse bone marrow protein

RE ik WRJE/(mg/mL) #1582 E/mm
K 0.25% NaCl 438 3K
10 10.120.02 11.240.03 8.2+0.02
A 54 107 11.2+0.02 11.0+0.03 9.5+0.01
10? 12.0+0.02 9.9+0.03 12.0+0.02
10" 16.0+0.03
B EC 107 12.4+0.02
10° 8.9+0.03 14.09+0.02 9.9+0.02
10" 11.2+0.02 10.5+0.03 9.7+0.03
C BS 107
10°

E -RTEA AR,
24 A ApEERN

241 IHIRIELE R,

ANFIHR /KB ER 1 T30 0.25% NaCl J A=
T AR K PR B (0 4 2 0 2 BRI A W B I I
R, KRR IR R 1 B s R v
SR, JE20 4 0.25% NaCl J2 4= 31 2 /K T3 & vt
KT B A R SRR B R R AR DS, e SR mT
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242 LEdE GBI E ST
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DPPH & —Fife (1 [ H 2, 8 AT e RAA
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X DPPH H HEE R S8 AR E 2 IEM K, bE
KRR, 1ERRAE . Hoep, AEFEERKIREE
HEERRFRIRAC T HADP A 5. MY 1 mg/mL
iF, ZKIEEER A B4 0.25% NaCl $2HUE H A4
K2 I B IS R 20 IS 90.68%  85.74%
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Fig.6 DPPH- scavenging activity of horse bone marrow protein
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1.0 mg/mL B, 7KFEELEE . R4 0.25% NaCl $2
B a1 J A B R /KSR AR B BRZ 70015 88.81%

89.64%- 82.65%; ICso W AN 0.26. 0.33 K
0.32 mg/mL. EBREESIMIR/INA: FKEREUE >4 3
EAKIREUE A >0.25% NaCl f2HUERH. B2, =MD
HHEE AN OH HHEPUEMRE I35, SikEEA
1 mg/mL B, SE gl o H HESTEEE /1 590

AT Ve FHIk .
120
=
‘F’; 100 - ¥ ¥ ¥ —v
& i
b3 80
o L
T 60
T o0t =K
) -o- Jfi 543 %10.25% NaCl
20 - AEHER K
- V¢
0 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

R / (mg/mL)
&7 SEHEERAR - OH jEkRkEE
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