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This study was conducted to evaluate the antioxidation activity of Jeju crossbred horse (Jeju native
horse x thoroughbred) leg bone extracts (HLBE) and its enzyme hydrolysates by determination of

1,1-diphenyl-2picryl-hydrazyl (DPPH),

2,2-azino-bis(3-ethylbenzo thiazoline-6-sulfonic acid) dia-

mmonium salt (ABTS) radical scavenging activity, ferric reducing/antioxidant power (FRAP), and oxy-
gen radical absorbance capacity (ORAC). HLBE was extracted with hot water for 24 hr and
lyophilized. The lyophilized HLBE was hydrolyzed using multifect PR6L (MP), pepsin (PS), and a
pepsin and pancreatin mixture (PSPC) for 4 hr at 60, 50, and 50°C, respectively. The hydrolysates
were separated by a molecular weight of 3 kDa more or less. When the yield of HLBE was 100%,
the yield of hydrolysates less than 3 kDa of MP, PS, and PSPC was 10.86, 3.26, and 8.00%,
respectively. Enzyme hydrolysates with low molecular weight less than 3 kDa in MP and PSPC
showed significantly higher DPPH, ABTS radical scavenging activity, and ORAC compared to HLBE
and its hydrolysates with more than 3 kDa. However, the FRAP of the hydrolysates less than 3 kDa
in PS was significantly higher than in MP. These results suggest that low molecular weight enzyme
hydrolysates less than 3 kDa have more powerful antioxidation activity, especially when they are hy-
drolyzed by MP and PSPC rather than PS. Therefore, low molecular weight enzyme hydrolysates of
HLBE hydrolyzed with MP and PSPC have significant potential as antioxidants in the food industry.
Further in vivo studies are required to support the antioxidation activities of the hydrolysates in vitra
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onium salt (ABTS), potassium persulfate, 2,4,6-tris(2-pyridyl)
-striazine (TPTZ), iron (III) chloride hexahydrate, fluo-
rescein sodium salt, 2,2-azobis(2-amidinopropane) dihydro-
chloride (AAPH), 6-hydroxy-2,5,7,8- tetramethylchromane-Z—
Carboxyhc acid (trolox)= Sigma Chemical Co. (USA) A&

A sho] AHE-3ISTE A &4 Multifect PR 6L, pepsin,
pancreatine & H H}o] 7 (Sungnam, Korea)ell A <] 3}
o AHgeIen, 3 o A ol 2 Aoke 2 o ol
o S7S AHEEIT

HFAF &2l ARS FES MZ
2 AoA AL AFAT ”}(6}‘3}”}) += —ir%ﬂrxé
Fig. 1o YepHITE & A= o AES AAS] el 4
ol M 12413 AFAA e Xﬂﬂ;}%j\‘jr A T 10‘3H
S H, 3087 #Y & R Ao o]2EE Xﬂ]ﬁ st
E T 4 o] =& oA Thet
0440}91‘3}. oA e T2
ZAZ(EYELA, FDU-1200, Japan)3t ¥ Folch &< (Chloroform:
Methanol, 2:1, v/v)& H7}ste] ALAA 3L 40T dry-
ing ovenol A Axste} ARS-SFGT AlFAt mH(E b} Ak

m{n rlo

=Z 5o gulje] E& 713 & 80°CoA 127 48 A7
%, multifect PR 6L, pepsin, pepsin@} pancreatin & & 4
(1)E A= F2E T 424 02%4 A7kst 44
8.0, 3.0, 3.0~8.0 (pH 3.0914 2A17t A 3 pH 8.00 4 2 ]Zl-
AA) 02 BAHAL 47 60T, 50T, 50T oA 4417 F<t
%ﬂomﬁkﬂ53MMQaﬂ§ﬂ%gigaaﬂ%s
B o ﬂi] (3 kDa, Millipore, Ireland)E ©]-&3}4] 3
kDa ol Ae] mBA B3| &7} 3 kDa o|5te] A &AL BB

elsten, LA MP, PS, PSPCZ #7]3+ %
20T Yo Haste] A-gatginh

FAazst

S[12]°] AIAIE HZ bovine serum
albumin (BSA)E ETE&HOE AL, bicinchoninic
acid (BCA) @4 #4 kit (Sigma Chemical Co., USA)E

| Horse leg bone + DW |

H 100C, 4min (remove impurities)

| Remove fat using Folch’s solution |

| Lyophilized |

| Horse leg bone extract powder + DW |

H 80C, 1hrs stirring

| Horse leg bone extract |

pH3, pH8

[

Add Pepsin(pH3) with
Pancripsin(pH8)

Add Multipact™ Add Pepsin
(pHS)
<——— 507, 60 C 4hrs incubation
| Enzyme inactivation (90C, 10min ) |
H Centrifugation
Hydrolysates over 3kDa Hydrolysates less than 3kDa
(HH) (SH)

Fig. 1. Preparation procedure of Jeju crossbred horse’s leg bone extracts and its enzyme hydrolysates.
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SDS-PAGE XM7|Y¥S

SDS-PAGE: Laemmli [17]¢] W< 98 # sl o] &
ST} Prosi prestained protein marker (GenDEPOT, USA)
€ AH&-3ted, 5% stacking gel# 12% separating gelS TH5©]
AHESEE o A e AT vk} AtE FEES Y
stafo] A ek g &, 2X sample buffers} 112 S5
F 100Tel A 583 dA sl AHEstATh W75 A
(PageRun, AE-6531, ATTO, Japan)E o] &3} 100 VE A7)
9% d92H, 0.25% Coomassie brilliant blue R-250, 5%
methanol$} 7.5% acetic acid . 2 A| 23+ A HS o] &3}
AL AMEY I, 75% acetic acid®} 25% methanolZ TH=
gAd o gaste] FeE dld Mg s

DPPH Z2iC|Zt A7{E =X

DPPH 2}t]Z 272 Blois [5] & ¥ ste] 43t
Aok FEE AFAE whEErh A FEET 20 mg/mlE
ZA% 2 A1E 1 ml9} 0.2 mM DPPH solution (in methanol)
1 mlE £33t GAA 3083t ¥-gAIZ] F, microplate
reader (SpectraMax M2e, Molecular Devices, USA)& ©]-8-3}
o 517 nm A FRES S RFEEEE AT tro-
lox E =0 AE38= mM trolox equivalentZ Zl4Fste] Az}
£ YEhhIT

ABTS BiCiZ & &y £

ABTS 2}t Z 2752 Re 52619 WS W ste] v
3 o] =434tk 7 mM ABTS £93} 245 mM potassium
persulphate -§9& &33}1, ABTS' gttjz& wE7] 93
Ao A 16413 T A vhEAZ T gt Zo] A4 E &
A& 735 nmel A FHE Ftol 0.7000.027F HEF 345}
AHEE T A8 B EF A Y (trolox) 50 19k ABTS' £
950 ul& £33k} 30T Aol A 3023t ¥H3-A1Z] H, micro-
plate reader (SpectraMax M2e, Molecular Devices, USA)<
o]-&3te] 735 nmol A FFEE SHAE BFELRE AHE
St trolox F=9 3= mM trolox equivalent® A4+

A3 Yeh sl
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Ferric reducing/antioxidants power (FRAP)

FRAP 842 A& 59 43t &4 o3l Fe(I)-TPTZ
7} Fe(I)-TPTZ £FE=E A== Ao g Benziedt
Strain [4]9] WO Z SAHT WS-8 A2 300 mM ace-
tate buffer (pH 3.6), 40 mM HCloll =<1 10 mM TPTZ (24,6-
tris(2-pyridyl)-striazine), 20 mM FeCls.6H,0E 77} 10:1:1¢]

H S 2 0] 37CE G &EM AFL3IYT A8 TE X5
Aokl trolox 25 1l¢} v]2) WHEO|E L uhg-gol 175 nE &
grato] Aol A 30% 3 WA E &, 590 nmel A FHEE
Aot g FFEHZ A trolox FE0 335t

+ mM trolox equivalent® e AT}

Oxygen radical absorbance capacity (ORAC)

ORAC &4 hydroxyl7]\} peroxyl7] ¢} o] &2 A7t
S EA s B o] tg ks S HAE F Sle
I 0] TH10]. ORAC Gillespie 5[7]9] ol whg} th3-3}
o] 27314t Black 96 well plated]] 25 pl 3% A 2F(trolox)
EE AEE ¥, 150 pl fluorescein (80 nM)S W o] £33t
5 37T incubateo| A 15% F<F W54t o] & 25
AAPH (150 mM)< ¥ 24384 £33 F fluorescent mi-
croplate reader (SpectraMax M2e, Molecular Devices, USA)
& AHE-3te] 37T ol A excitation wavelength 485 nm 18] 31
emission wavelength 520 nmoj A 60 &3 18 7HHo=
ZA Atk EFA H(trolox) T Al F.9] area under the curve
(AUQE ZA4dtor, TFAF FE9 AUC 7+ 334
< |83t mM trolox equivalent® 2 e AT}

T o

=

B Ay nE Aie SAS T2 (ver. 9.2 Statistics
Analytical System)®] General Linear Model ©]-&3tof #4F
AT A Ba@ e HE 98] Duncan’s
multiple range tests ©]&3t4 5% FEoANAM FA HAS
A

A OHERI0] Al SE20| £8T} T B2
A4 kel A2 EFEEE
2 293 ge P2 055900 429 543 Table 19

Tabe 1. Yields of crossbred Jeju horse’s leg bone extracts and their hydrolysates (%)

Treatment Horse leg bone extracts Hydrolysates over 3 kDa Hydrolysates less than 3 kDa
MP 70.81 10.86
PS 100.00 89.63 3.26
PSPC 80.87 8.00

MP, hydrolysates by multifect PR 6L; PS, hydrolysates by pepsin; PSPC, hydrolysates by combination of pepsin and

pancreatin.
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e ek A4 vl AlE FE2E Bu
10002 39S o a4
T8 PS9F PSPC Aol A 22t 89.637 80.87% = H AL
U MP A& ME 70.81%S YEFH AT AEA2] 3 kDa
ojste] EZ M= 7t Aaslol gt &0 27 3.267%
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X e AEA B89 £&o] 7 =55 YR Kim
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multifect PR 6L 4387} 713 & 4£88 98 4+ 9=
A0 2 gohdnh AFA vi(getvh) Az FE2EH E437)
of W2 g4 FaEo t AL Table 20 UeRH AT
AE 22E9) u}uﬂ;ﬂ s} S 06 mg/mli 7};(} :r_gl-o:q o
T4 Aol A 3 kDa o]’¢9] £ 0] 3 kDa ©]3}9] A&
]. T,b_‘_z]y_]:]. _,]7(4 o= 1-—_2_ \:]-Hﬂzl ?51—3]:2 L}E}lﬂwﬁ]—
£3] PS PC Ziﬂ:rLJ 3kDa ©]3}¢] £8-2 0.17 mg/mlZA]
S Yt ole &kdl o AFAF vkE
E}ﬂ}) AbE % Ho] A0 Z F3)=|o] AEAsE o] T
S Uehd Ao g dudEg. gwde) dd
& Ealle bRl o) ojFoAed EAE HEstd
ARE = el = 8 AL G ASE F2 220719 ofv]
=Ake g FAE o 9lon BAFe A7) 6 kDa 0|5t A
718 Holv A3 axd ue} 247he] 1§ 715 54
THAA HEE 2L AEDY LA o] 8317] A3l o
Fat G 47} o] &5 ATH9, 13, 21]. & Ao o] &H AW
B

r{n

itamiso) A A E AL Z endo- type«] Z -k 7)o A gl
4 3 93l o] &= th Pepsin Z59] ANA H
g AL o]8-shv] A 2AM E}‘ﬂ.‘élg walst=d o] &
] 53] @A fletol= A3E endo-type o E E3l 5
04 peptide®} amino acid& AAFsh=d o] &3}, Pancreatin

& oy A AN FEF AR FA-FAVIE 21
oA & fetol= S Lot amylases} lipase®]

59 EAL AHHEYH multifect PR 6L Bacillus lichen-

170kDa
130KkDa

95kDa

TO0kDa

S5kDa

43kDa

34kDa

26KkDa

17kDa

6kDa

M HLBE MP PS PSPC

Fig. 2. SDS-Page profile of Jeju crossbred horse’s leg bone
extracts and enzyme hydrolysates sized over 3 kDa. M,
protein marker; HLBE, horse leg bone extracts; MP,
hydrolysates by multifect PR 6L; PS, hydrolysates by
pepsin; PSPC, hydrolysates by combination of pepsin
and pancreatin.
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g BHaE BT,

M4t Ojek2ian AlE FE=n 5286 =2 SDS-
PAGE
AT vhEErh) AlE FEES AFEAY multifect,
pepsin, pepsin¥} pancreatin (1: <
3l &2l MP, PS, PSPC9] SDS-PAGE profiles Fig. 26 &}
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Tabe 2. Protein contents of of crossbred Jeju horse’s leg bone extracts and their hydrolysates (mg/ml)

Treatment Horse leg bone extracts Hydrolysates over 3 kDa Hydrolysates less than 3 kDa
MP 0.60+0.004* 0.30+0.002% 0.21+0.001%
PS 0.60+0.004* 0.37+0.011% 0.23+0.009
PSPC 0.60+0.004* 0.29+0.007% 0.17+0.007°

All values are mean * SE

™ Mean + SE with different letters within a same row differ significantly at p<0.05.
A€ Mean + SE with different letters within a same column differ significantly at z<0.05.
MP, hydrolysates by multifect PR 6L; PS, hydrolysates by pepsin; PSPC, hydrolysates by combination of pepsin and pancreatin.
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lox equivalente]l 33d3h= &35 Yehlo £2 2717} 3
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ABTS radical2 Hlad A3 A A2 A, potas-
sium persulfate9}9] HH&-ol <Js AAE ABTS o] A& 9]
Farsld 240 o) A7 S Z S HF4 0] 24
g oldste] Fitste S S s WHoR Fatst
5t S =31 Wol o] £HTH20, 31]. DPPHQ} 22 gy
2 el ofgt kst &4 S ol HoA AR
kS AA ZEgyZ S FEAZ Y A EE
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3t} pH M3}l tha WI3FehA] drh= A3 o] $ITH30]. ABTS
gz 248 34 A7= Fig 49 Yeh Atk E4E3)

OMP @PS @PSPC
0.14

0.12

0.10

0.08

- .

0.06

DPPH (mM Trolox equivalent)

Horse bone extracts

Hydrolysates over 3 kDa  Hydrolysates less than 3 kDa

Fig. 3. DPPH radical scavenging activities of Jeju
crossbred horse’s leg bone extracts and
enzyme hydrolysates sized over 3 kDa and
less than 3 kDa. All values are mean + SE.
* Bars with different superscript differ
significantly at p<0.05. MP, hydrolysates by
multifect PR 6L; PS, hydrolysates by pepsin;
PSPC, hydrolysates by combination of
pepsin and pancreatin.
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Ferric reducing antioxidants power (FRAP)
FRAPL &AL} &4 8 =4 »3].: Z7reksl wh o)t} o] HhH

o] th{11]. ZJ_X}% Assts Fatst 24 o) %’—*“«1 A

71 Fe -trlpyrldyltrlazme AR FAEHEA A

A& SAste HOR gHZ aA i ERE
4& 53¢ = 4‘:'40]5}[30] FRAP &3+ Fig,

AR 23 YER

Ao pepsing 01%3]'04 B\i‘ﬂa 3 kDa o|3te] oA
Ao

3& YehiT) whdel 3 kDa o] /¢

Fig. 4. ABTS radical scavenging activities of Jeju
crossbred horse’s leg bone extracts and en-
zyme hydrolysates of sized over 3 kDa and
less than 3 kDa. All values are mean * SE.
* Bars with different superscript differ sig-
nificantly at p<0.05. MP, hydrolysates by
multifect PR 6L; PS, hydrolysates by pepsin;
PSPC, hydrolysates by combination of pep-
sin and pancreatin.

o $RAE BARNA AE FEFROE % FRAP

& WER A TH(p<0.05).

Oxygen radical absorbance capacity (ORAC)
ORAC assay= 71& ole| a4tst 24 SAHUHA vl
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7P s 24E Uit Kim S[18]2 A F22
= flavorzyme®. 2 &35t A= 3 kDa ©]3s}9] #8E9
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lox equivalent®] 242 YetH =& EAT £33 & A
o A AT Ae ofstd e g FH FukA A=

0.25

oOMP BPS @PSPC

0.20

0.15

FRAP (mM Trolox equivalent)

0.05

Horse bone extracts

Hydrolysates over 3 kDa  Hydrolysates less than 3 kDa

Fig. 5. FRAP of horse leg bone extracts and enzyme
hydrolysates of Jeju crossbred horse’s leg
bone extracts and enzyme hydrolysates of
sized over 3 kDa and less than 3 kDa. All
values are mean + SE. *' Bars with different
superscript differ significantly at p<0.05. MP,
hydrolysates by multifect PR 6L; PS, hydro-
lysates by pepsin; PSPC, hydrolysates by
combination of pepsin and pancreatin.
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