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ABSTRACT

Horse oil has been recently interested in the cosmetic and food industry.
However, there is not enough scientific evaluation of horse oil properties. And
the fatty acid composition of horse oil is quite different with other animal
fats derived from pork, beef, chicken, so it affects horse oil quality by lipid
oxidation and rheological properties under a certain temperature. Therefore,
this study was conducted to investigate the properties of horse oil extracted
by hot water extraction and saturated and unsaturated fatty acid of extracted
horse oil was separated by low-temperature crystallization.

First, hot water extraction which 1s safest among various extraction
methods for further application on food or cosmetic products was selected to
extract horse oil. Horse oil was extracted with various amount of green tea
leaves (0, 1, 5, 10%) and then it was observed the change of horse oil
properties especially lipid oxidation according to different storage temperature
(5, 25, 60°C) for 35 days. Green tea leaves addition did not show significant
effect than expected except TBA value. Storage temperature was more
influential factor in horse oil quality. At 60°C, lipid oxidation of horse oil was
easily generated namely, pH, acid value, and peroxide value showed the
highest lipid peroxidation. TBA value showed that a higher concentration of
green tea leaves was effective to inhibit lipid peroxidation by delaying
malondialdehyde generation. In iodine value results, it was about 55 to 75 at
all samples which is higher than pork fat or beef fat. The fatty acid
composition of horse oil was about 41% saturated fatty acid and 549
unsaturated fatty acid, but the fatty acid composition was not significantly
different according to treatments. As ilodine value and fatty acid composition
results shows, horse oil contained more unsaturated fatty acid compared with

other animal fats. As a result of calculating the shelf life of the peroxide



value as a quality index, the shelf life of about 6 months was calculated.

Secondly, the saturated and unsaturated fatty acid of extracted horse oil
(control) was separated by low-temperature crystallization, and then cooling
curve, cloud point, iodine value, thermal property by DSC was evaluated.
Solid phase and liquid phase were separated during low-temperature
crystallization processing. Before separation, the cloud point of horse oil was
near 25.6°C (54.3 min) and after separation, could point of the liquid phase
and solid phase was observed at around 7.6°C (289.7 min) and 29.4°C (36.5
min), respectively. Iodine value was highest at liquid phase horse oil as
expected (p<0.05). In cooling thermogram, crystallization temperature was
observed at -2.11°C in liquid phase horse oil, -0.11°C and 14.59°C in whole
horse oil), 2.55°C and 21.95°C in solid phase horse oil. In heating thermogram,
melting temperature was measured at 2.74°C in liquid phase horse oil, -1.62°C
and 21.8°C in whole horse oil), 1.01°C and 39.54°C in solid phase horse oil.
After separation of saturation fatty acid, crystallization of horse oil occurred
lower temperature and melting temperature of horse oil was higher.

In this study, horse oil properties were observed that storage temperature
was more effective factor to change lipid peroxidation of horse oil than
addition of natural antioxidative material or storage time. And horse oil was
certainly higher iodine value than other animal fat. Namely, lipid peroxidation
of horse oil would be easily generated. To separate fatty acid of horse oil
low—temperature crystallization method was quite easy and effective. In a
further study, it needs to observe more specific properties like oxidative
stability, phase change, morphological structure. And liquid phase or solid
phase of horse oil should be applied to food or cosmetic production

processing.
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2.1. v Az

A s AFAGY BEgeN £5 ¥ wE F AF 238 A2 sl

k] Az dAAEY, FE, AAEH, A A, A3 3 so 2 st
Atk F&F A FHFFY HAE L1 FANERE £33 F E371(HMF-3600TG,
HANIL, Bucheon, Korea)E A}-&3te] 48ttt S/ &4 49 vA
el 0%(HET), 1%, 5%, 10% %249 Azkske] 7b<dwmu7] (MSH-20D,
DAIHAN Scientific CO., Ltd, Wonju, Korea)& AF-&3}e] 90°C+2o1 4 1A17F &

F AREE HUTh FF F A AU} A%E o) gate] v}

e #18 3500 rpm, 25°C, 168 &<t dAEdste] Aeds I & 2

ut

o] 50°C, 300 rpmell A 304 &<+ SEFAT % 3,500 rpm, 25°C, 15+ &<

A
AQeelste] FEANe AQeh DA vhRe FAS S vhi TR 2

ARt Fsto] AA vhrE AxeAvhFig. D. AA vhi= 7bEst 24de 9

8l 5°C, 25°C, 60°CellA & 35 &<t At vhfol s 545 #Esd



Extraciton process

Refining process

Extraction

Grinding _
Horse fat : D.W (1:1, w/w) Adding green tea leaves
00 for1 hr
I
v

Filtration Centrifugation

Filtering by gauze 3,500 rpm, 15 min
Degumming

Adding 2wt% D.W
600 rpm stirring, 1 hr

Centrifugation
3,500rpm, 15 min

v

Deacidification
Adding 1wt% 3M NaOH
300 rpm, 30 min

Refined horse oil

Centrifugation

3,500rpm, 15 min

v

Washing
Adding boiled D.W
(1:1, w/w)

Centrifugation
3,500 rpm, 15 min

Fig. 1. Production of horse oil by using hot water extraction method.



22. ZRAYE o] & T vtFo EXFA LAY ETHAPAL £

whfeol RESAWAD LRl ARE R wAQS Arbsle] FE
& PhRE 7o AW 2ol 2 Aolg molA gob =AU WA gm

=

FE3 (N ETH)E AFEEN S Lee et al (2012)9] A5 FHaste] o
Hog FEA AH 71 Zo] dfFEHo] 2d+= Oleic acid (C18:1n9%c)E £33
71 913} Oleic acid®] =79 15°C(Knothe & Dunn, 2009)ol A ZAA 3} &
& Hagstgh. vhe #28& Zaliha, 0(2004)9] AFHHS £ Ao 2A F
geto] At ward S Hrtete]l FE2E virE o] At 24 2 A
o] Ho|A o} mAelE HIUbeA ¥ FEF v (W ETHE ARSI o,

LA 2 70°Coll A 2 3s 3] &7 A7l & 15°Ce AA Y A2

-

42(RW3-2035, JEIOTECH, Daejeon, Korea)oll Al ank Al7|w Azt =7
(CENTER 301 type K thermometer, CENTER, New Taipei City, Taiwan)&
Ab&Ete] mhfo]l Wi %71 15°C7F | 5 3093F b8 s AlFT 1 5 A
I AA el FESIE E9Ede] v E AFFEEZ(WOB-L®  2546C-10,
WELCH, Furstenfeldbruck, Germany)$¢} 73] 232 E AF-83to] E2jd A

Ag Asha, 2 AAAE 3500 rpm, 15°C, 15% F9t A4 Relste] 45
g Astel Ame A

2.3. vkt ol s B F

2.3.1. pH
pH =A7] testo 205 (testo, Lenzkirch, Germany)9 AA7}F &4 4+ A==
50 mL fFHeo ¢F 40°Ce] mh+& Yolv & 435t on, 33 wkEsto] Hit gk

2.3.2. A7t

ulf 5 gol ethanoliethyl-ether (1:1) =38 100 mL 7 & 1%
phenolphthalein #] A ¢F 2-3WS H7}5}e] 0.1 N KOH-ethanol®. & €& %
3021t A&E w7bA] AAGskd i, 33| RHEste] Hrgho® AbEskth

S /\ﬂo]

4

_10_



5.611 % (a—b) X f
S

a: AAl W 0.IN KOH-ethanol % % 28] #(mL)
b @ Al gk 0.IN KOH-ethanol 2% 2~H] & (mL)
St AA] AAHFe)

f : 0.IN KOH-ethanol &7}

2F7HmgKOH/g) =

2.3.3. 343 E 7}

vl 3 gol acetic acid:chloroform (3:2) <389 25 mL H7}slo] nff& =
ol % potassium iodine ¥3}& N 1 mLS H7Isle] AL T holA 1087 W

Attt 1 o] T/ 30 mLE HIbste] 42 F 1% AdEAA 1 mL #H
7Fet 3 0.01 N sodium thiosulfate &<}z FAlo] & uw7lx] A3} 33

wrEalo] Witghow A&

282 7 Hmeq/kg) = =S g

S
a: AA HE 0.0IN Sodium thiosulfate 2% 2¥] #(mL)
b : FA gl tE 0.0IN Sodium thiosulfate %% 4] & (mL)
St A AHAZF ()
f : 0.0IN Sodium thiosulfate <7}

2.3.4. Thiobarbituric Acid Assay (TBA)

nb 3 g& 50 mL Tubeo] #3 ¥, Benzene 10 mLE #H7}sle] 23] £3)
3 $ 02 M TBA A9F 10 mLE #H7F & $ 4%3F bae WAy 1 &
=

3057 71Es & s 2= Eo W2 ¥ microplate reader (BioTek Instruments,

1000 rpme. & 3%3F 94

M
Ll
ot

F 5Ae AAstel 65°C FeFrolA

Inc., Winooski, Vermont, USA)E A}F&3te] 530 nmel A 33] ¥H&E3le] Ffgho
2 AFEsk

_1‘]_



(a—b) <3100

TBAV} =
3
a: AAe FIF=
b: FAPY FHE

S5 AA AHFg)
2.35. 8227}

vk 0.3 g< chloroform 15 mLel &3 3 % Wijs A9 25 mL& 7} g &

e F 3087F obao] WXk 2 3 1 N potassium iodine &9 20 mL<}
=59 100 mLE H7Fste] 432 % 0.1 N s odium thiosulfate £ o 2 F-Ajo]

d wj7kx] AHAgsklal, 33 vbEste]l Hygiow AbEekith

295 7Hg iodine/100g oil) - 02X/ <1269

S
a: AAll d3 01N Sodium thiosulfate % 2~H] & (mL)
b @ FAF it 0.IN Sodium thiosulfate 2% 4xH] ZH(mL)
S AA AMHFHg)
f : 0.IN Sodium thiosulfate &7}

2.3.6. A=A

AA o] AgAak 242 A EFFA((Ministry of Food and Drug Safety,
2018)° wWAlE AdWHo®  GC/FID(gas chromatograph/flame ionization
detector) & ©]&38le] A5t A7 SP-2560 (100 mm x 0.25 mm x 0.2
um)E AFE§Sta, FUF 2EE 225°CE AASth 2% E 100°CAlA] 4+
2§43 T PC/mine] HEE 2U0°CHA LEE AEAZ T I5E o]y 9

AT HAE7] 2= 285°C, F %S 0.75 mL/min, split ratios= 200 : 1 A A3}
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2.3.7. W34 2 24 (Cloud point)
TAGI dAge s Beld v 8 SHS 98 130°C7HA] 7FE gk vl
[ex]

g WHb7] 9 2EAAE o] gt At 2EE V| Este] WhaAe 2AAES

o

£ 12 AOCS official method Cc6-25 (AOCS, 1990)o] uwt&} wl-f= 130°C7t
| et AAAS s &2A Azl & 15°CAlA wHbZ(MSH-20D,
DAIHAN Scientific CO., Ltd, Wonju, Korea)S ©|&3}o] wutsln ZAA 37} A

AE= 228 AT A3t AAPES H7IE FHoR BS W 22

N

2.3.8. AAFALFH(DSCO) Ol 3 &4

T aAG ALl dHEALE Zaliha et al. (2004)9] WS Farste]
el g FAskel I vk 70°Cell A 1023 FAste] A S
bl 7ML F -40°C7HA 5°C/min®] £=Z WS A7l § - 40°Cell A 10
3 FAAR F 70°C7HA] 5°C/mine] =2 7h2sto]l Wzkst 7hE 34 F et

s A4S dal B2 sk

QA FE71F AL AEkduEte] AE fEVI AA ZE2a9
(http://www.foodsafetykorea.go.kr)& AR&38te] W1 5°C, =<1 25°Ce} 7}
%3 A¥S 93 60°Cel AF2LoA AAsty FA4stdon, F4 AREE

IHAksHE T Ak sEske] 71 A= €9 712(20149-2016W9) 0.2 FF

2Eg Agste] fE/FS dFsaA
25. BAAY

5
ZAEA-S Minitab ver. 16(Minitab 16 Inc., State College, Pennsylvania, USA)
= o] &3le] EAHEA(One-way analysis of variance)2 A A]dle] Mean+tSD&E U}
Elyomn 2z =4 Haitgk 7] FolAd e p<0.05 S % Tukey's multiple range
=
[e)

FAct.

ol
2
>
>
ol
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3. Results and Discussion

31 %299 AhEE, AFLE, A7 BE vhie SRR

2
=
AL
N
=
=
o,
5.:
XL
o°
1o,
\®)
<3
@
=
>,
2
_|>i
ot
=
Jo
il
o
o ¥
o
td
i
o]
)
(@)
o)
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25 v A" S 4, 25, 40°CollA 6093 Ags A Ag7)3ke] b
Sholl whe} Fol A o w pHYE stopil o, 53] 40°Coll A A 7ds Aol de A
% 6092 pHx 4.857HA w4 8HAl stold S #EesitH(National Institute of
Animal Science, 2016). vh-ir& Lol A AGA] Ao ket 5o A
AE frEAgAe® Qs pH7E $43] adts o AlrEn pHeO| W=

o g s QS % dow AmHt

ol
(2
N
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A B
m0day =7day =14day m2lday m28day - 35day =0day =7day mldday ®m2lday =28day =35day
8 r R

a
dbbﬂabc . bb 2aaaa bcb':de a

bbcdd

= 4 =1 4
2 2
0 0 |
5°C 25°C 60°c 5°C 25°c 60°C
Storage temperature Storage temperature
C
m0day m7day ml4day m2lday m28day - 35day B0day =7day ml4day m2lday m28day =35day
8 - 8 -
a aa a
l.:t'il b d bbc a |:ﬂa}"'ﬂ|:n:“l'j'I LA
6 6 |
Ccged
=S4 =4 ¢
2 2t
0 - - 0
5% 25°%¢ 60°C 5% 25°C 60°C
Storage temperature Storage temperature

Fig. 2. The pH change of extracted horse oil depending on
concentration of green tea leaves (A: control, B: 1%, C: 5%, D: 10% by
horse fat weight) during 35 days at 5, 25, and 60°C. Value with different
small letters are significantly different according to storage day of same
concentration and temperature, respectively by Tukey's multiple range test

(p<0.05).
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3.1.2. A7t

M7= A L g ol S Ee] Sl e AAe S8 A2 W Z2 3 KOHY
mgs =, glycerol¥t ZAgHshA] & Ele] FYAALe S SAs] A9
A EE S YHoltHLee et al, 2006). FAFS1o] HIbws R, AFRE, A
712ke] wE mhTe] ARk Fig. 3ol skl web 247 yEhuiglth iz
b AT 5 5°Ce 25°CollA AR A4 wkol mE Hol= AA H

ofatet 4.0 olste] A4S AL Yo
S 7FA 22 v+ (Ministry of Food and Drug Safety, 2017). ¥ Ao A -zt
ok AFT BF A7 sk w248 FAY FARTG ¥

WA=, ol g@aba Aol oa FelAgate] AAHAM Yt Aaz Alsd
T} Ryu & Kwon (2012)9] Aol = HHe gatxznAS z7] 98¢ NaOH
FE O UM w2k mE PSS 3 A Folil 3Me] NaOH, 7t

Foll dofM= 1% FeAgt AA E&o] 7B Holwtthal Baigk mprt

g

_16_



-

=0 day =7 day =14 day =21 day =28 day = 35 day

5 037 0.3
= B

= 025 I
E 0 A 5 0.25
| I 2 02
Eoi1s | B E.
2 01t BC BC s

3 2 01
= 0.05 D -

i =005
= 0 a g 005

60°C
Storage temperature

=

C D
E (0 day = 7day ® 14 day B 21 day ®28day © 35day
0.3 0.3

i i
= 025 - = 0.25
@] o
¥ 02 | A v 02
2 = ;
2015 2015
@ B =
2 01t B 2 01
- BC BC ;
= 2
5 0.05 | C -5 0.05
< <

0 0

60°C

Storage temperature

s0day =7day wld day m2lday =28 day = 35day

60°C

Storage temperature

m0day =7day wld4day m21day w28day ~35day

A
B
C
cD
-—i;-
60°c

Storage temperature

Fig. 3. The acid value change of extracted horse oil depending on

concentration of green tea leaves (A: control, B: 1%, C: 5%, D: 10% by

horse fat weight) during 35 days at 5, 25, and 60°C. Value with different

small letters are significantly different according to storage day of same

concentration and temperature, respectively

(p<0.05).
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Fig. 4. The peroxide value change of extracted horse oil depending on
concentration of green tea leaves (A: control, B: 1%, C: 5%, D: 10% by
horse fat weight) during 35 days at 5, 25, and 60°C. Value with different
small letters are significantly different according to storage day of same

concentration and temperature, respectively by Tukey’'s multiple range test

(p<0.05).
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3.1.4. Thiobarbituric Acid (TBA)

TBAZES] S7h= AGAIZre] HAodags Jhedaiase] @4 o3 A4
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ek m49 A sk, AT 2k, A7 e e Ao TBA#
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A wE WstE s, A7]ERt 5°CollA = 3 oleke] Fhe B
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Fig. 5. The TBA value change of extracted horse oil depending on
concentration of green tea leaves (A: control, B: 1%, C: 5%, D: 10% by
horse fat weight) during 35 days at 5, 25, and 60°C. Value with different
small letters are significantly different according to storage day of same

concentration and temperature, respectively by Tukey’'s multiple range test

(p<0.05).
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Fig. 6. The iodine value change of extracted horse oil depending on

concentration of green tea leaves (A: control, B: 1%, C: 5%, D: 10% by

horse fat weight) during 35 days at 5, 25, and 60°C. Value with different

small letters are significantly different according to storage day of same

concentration and temperature, respectively by Tukey's multiple range test

(p<0.05).
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Table 1-1. Analysis of fatty acid composition of horse oils extracted with adding various concentration of green tea leaves at

5°C storage temperature

. 0% 1% 5% 10%
Fatty acid
0 day 35 day 0 day 35 day 0 day 35 day 0 day 35 day
Saturated fatty acid
C10:0 0.067 0.088 0.069 0.093 0.074 0.093 0.072 0.09
C12:0 0.471 0.505 0.438 0.481 0.446 0.474 0.45 0.472
C14:0 4.7 4.76 4.89 4.93 4.83 4.92 4.59 4.67
C15:0 0.27 0.283 0.294 0.308 0.295 0.311 0.266 0.278
C16:0 30.7 30.7 31.8 31.5 31.5 31.7 30.8 31.0
C17:0 0.596 0.362 0.633 0.382 0.652 0.381 0.621 0.37
C18:0 4.72 4.75 492 4.87 4.78 4.86 5.21 5.32
C20:0 0.059 0.059 0.058 0.06 0.057 0.059 0.06 0.063
C23:0 - - - - - - - -
Unsaturated fatty acid
Cl4:1 0.315 0.33 0.327 0.353 0.338 0.356 0.305 0.316
Cle:1 6.57 6.24 6.84 6.58 6.97 6.64 6.45 6.11
C18:1n9t 0.13 0.102 0.122 0.11 0.13 0.117 0.132 0.115
C18:1n9¢ 322 325 323 32.8 324 32.8 32.8 33.0
C18:2n6¢ 10.1 9.99 8.69 8.89 8.88 8.79 9.21 9.08
C20:1 0.498 0.513 0.493 0.512 0.51 0.513 0.521 0.523
C18:3n3 32 3.35 2.69 2.85 2.71 2.81 3.08 3.18
C18:3n6 - - - - - - - -
C20:2 0.222 0.238 0.197 0.215 0.199 0.215 0.209 0.223
C20:3n3 0.11 0.12 0.098 0.108 0.098 0.107 0.111 0.121
C20:4n6 - - - - 0.021 - 0.022 -
C22:1n9 - - - - 0.022 - 0.022 -
> SFA 41.583 41.507 43.102 42.624 42.634 42.798 42.069 42.263
> USFA 53.345 53.383 51.757 52.418 52.278 52.348 52.862 52.668
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Table 1-2. Analysis of fatty acid composition of horse oils extracted with adding various concentration of green tea leaves at

25°C storage temperature

Fatty acid 0% 1% 5% 10%
0 day 35 day 0 day 35 day 0 day 35 day 0 day 35 day
Saturated fatty acid
C10:0 0.067 0.086 0.069 0.094 0.074 0.094 0.072 0.087
C12:0 0.471 0.507 0.438 0.479 0.446 0.476 0.45 0.465
C14:0 4.7 4.77 4.839 493 4.83 4.93 4.59 4.69
C15:0 0.27 0.285 0.294 0.308 0.295 0.31 0.266 0.28
Cl16:0 30.7 30.8 31.8 315 315 31.7 30.8 31.2
C17:0 0.596 0.362 0.633 0.381 0.652 0.381 0.621 0.402
C18:0 4.72 4.76 492 4.87 4.78 4.86 5.21 5.32
C20:0 0.059 0.06 0.058 0.06 0.057 0.059 0.06 0.062
C23:0 - - - - - - - 0.028
Unsaturated fatty acid
Cl4:1 0.315 0.332 0.327 0.354 0.338 0.356 0.305 0314
Clé6:1 6.57 6.27 6.84 6.58 6.97 6.64 6.45 6.11
C18:1n9t 0.13 0.103 0.122 0.118 0.13 0.11 0.132 0.133
C18:1n9c¢ 322 325 323 32.7 324 32.7 32.8 329
C18:2n6¢ 10.1 9.99 8.69 8.85 8.88 8.77 9.21 9.0
C20:1 0.498 0.515 0.493 0.511 0.51 0.512 0.521 0.519
C18:3n3 32 3.35 2.69 2.83 2.71 2.8 3.08 3.15
C18:3n6 - - - - - - - 0.027
C20:2 0.222 0.239 0.197 0214 0.199 0.214 0.209 0.217
C20:3n3 0.11 0.12 0.098 0.108 0.098 0.108 0.111 0.119
C20:4n6 - - - - 0.021 - 0.022 -
C22:1n9 - - - - 0.022 - 0.022 0.028
> SFA 41.583 41.63 43.102 42.622 42.634 42.81 42.069 42.534
> USFA 53.345 53.419 51.757 52.265 52.278 52.21 52.862 52.517
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Table 1-3. Analysis of fatty acid composition of horse oils extracted with adding various concentration of green tea leaves at

60°C storage temperatures

Fatty acid 0% 1% 5% 10%
0 day 35 day 0 day 35 day 0 day 35 day 0 day 35 day
Saturated fatty acid
C10:0 0.067 0.088 0.069 0.095 0.074 0.097 0.072 0.091
C12:0 0.471 0.512 0.438 0.484 0.446 0.48 0.45 0.478
Cl14:0 4.7 4.81 4.89 4.96 4.83 4.93 4.59 4.71
Cl15:0 0.27 0.287 0.294 0.31 0.295 0.311 0.266 0.281
Cl16:0 30.7 31.0 31.8 31.8 31.5 31.8 30.8 313
C17:0 0.596 0.364 0.633 0.385 0.652 0.386 0.621 0.369
C18:0 472 4.8 4.92 4.92 4.78 4.9 5.21 5.37
C20:0 0.059 0.06 0.058 0.061 0.057 - 0.06 0.063
C23:0 - - - - - - - -
Unsaturated fatty acid
Cl4:1 0315 0.332 0.327 0.354 0.338 0.355 0.305 0.316
Cl6:1 6.57 6.28 6.84 6.59 6.97 6.62 6.45 6.13
C18:1n9t 0.13 0.119 0.122 0.112 0.13 0.095 0.132 0.117
C18:1n9¢ 322 32.6 323 329 324 32.9 32.8 332
C18:2n6¢ 10.1 9.67 8.69 8.57 8.88 8.48 9.21 8.81
C20:1 0.498 0.516 0.493 0.515 0.51 0.563 0.521 0.527
C18:3n3 32 3.12 2.69 2.64 2.71 2.6 3.08 2.97
C18:3n6 - - - - - - - -
C20:2 0.222 0.231 0.197 0.208 0.199 0.205 0.209 0.218
C20:3n3 0.11 0.112 0.098 0.1 0.098 0.099 0.111 0.114
C20:4n6 - - - - 0.021 - 0.022 -
C22:1n9 - - - - 0.022 - 0.022 -
>SFA 41.583 41.921 43.102 43.015 42.634 42.904 42.069 42.662
> USFA 53.345 52.98 51.757 51.989 52.278 51917 52.862 52.402
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3.1.7. 7453 A3 9% v{o FE71% 4A

FE718E AFY At} FHo] AstEo] Fufst = FUA H7|I7AAY 7]z
o2 F AFY AXLEHYH Du[Fel A #Hwirb Thsd 7Igbe g
(Ministry of Food and Drug Safety, 2016). dHt& o2 {573k 2359 &3t

HAEA AR %5}2 7L7L4 Xﬂ Fero A A7)zt & WstE

A7
AbZ 3o (Park et al, 2013). AA vhiol FE7IY eI S 9%
FAA L e AL gE wrb glo, FEA
meq/kg (Hwang et al, 2016)¢] Aitst&E7F 9 & 7P o
meg/kg ©13HE VEoR HakdS HUbEHA e dx s
FAANERE AAste] dSstgnh g1, 24k 2 4 434S AR v §%
718 o2 A (Table 2), 250.1794(822714)0] 2= = o oo <HH A 0.8
S woto] 200149 (65870 €) = 4bE Hof oF 671€ o] fE gl AA =AU
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Table 2. Prediction of shelf life of horse oil

First content Annual chanse rate constant Shelf life Shelf life
- Quality standards 8 (day) (month)
-19.11 27.88 250.17 8.22
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Fig. 8. Iodine value of extracted horse oil before and after separation
by low-temperature crystallization. Value with different capital letters are
significantly  different according to crystallization separation of same

concentration, respectively by Tukey’'s multiple range test (p<0.05).
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