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Comparison of physicochemical characteristics of
horse fat, lard, and beef-tallow

Youn Hyung Park', Man Jae Cho’, and Hyun Jung Kim"*
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Abstract Horse fat was vacuum-extracted from fatty tissues of Jeju and Halla horse meat and their physicochemical
properties were compared to those of commercial lard and beef-tallow. For color, AE was found to be decreased when
crystallized. Although acid values of horse fat were higher than those of lard and beef-tallow, p-anisidine and totox values
were lower. The iodine value of beef-tallow was the lowest (44.61), and those of horse fat and lard were similar (57.53-
57.74). Only horse fat contained o-tocopherol. The contents of y-tocopherol in Jeju and Halla horse fat, lard, and beef-
tallow were 7.08, 4.57, 2.13, and 1.91 mg/kg, respectively. Palmitoleic acid (C,,,) was found in horse fat. Melting and
crystallization curves of horse fat displayed two endothermic and exothermic peaks which were differentiated from lard and
beef-tallow. These results indicated that horse fat demonstrates different physicochemical properties compared to lard and

beef-tallow, when applied to various types of lipid products.
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A (lipid)e] HEAA FElA F/9A W (triacylglycerol, trig-
lyceride)> 1822l Z2] Ml E(glycerol) 3EA}2] A ¥l Ak(fatty
acids)® = =] th(Jung Park, 2009). °|& °|FI U=
A WARE oleic, linoleic, palmitic, stearic acids 5©] 80-90%©|H,
£4= AWH(pendadecanoic and heptadecanoic acids)ye I]F-JEl
M E8& Fo sPE 952 o8| $tKCha T,
| 2HE] AUAAOEA FFHd FURNS
Ag 23 ASEE AREEo] gith o]H3 7
Ao welsteta] Bl wet v
o] G FEE (Leed} Park, 2013), FX2] o]
Zlo] Haslt}.
A|(fats and oilsy= UF] EXol| wEt F24, AEA, 5&
AR e FE4 715 AR 2 ARERYH TE
, A8 9 S8
7, A, gl FeM d=
Qlom, EEA Ao 2= o] f(fish oil), X
(lard), $-#](beef-tallow) 5-°] UThHJang 5, 2010). 53] 2] Z4F
AN TEAH FAE F= LEY Z 7 Az AR-EH
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Ao 7 A 78 AFOZA AREET|E L upol e T
Aol 952X ol &5 UtkRyut Shin, 2015; Zhang 5, 2011).
X2} 4] 9ol FEA §X12 vli(horse fat)= WA -0l A
=ot AR, g, 52, Y8 B T T ool deA
HoZ SHF o&H] Siti(Jang 5, 2014). BT vt
WA T3u) 7 Ale] msiRke] Ad) fAbste] Q17ke] T
13}4d0] wrhkr d#A Atk Hand}t Cho, 2016). ©]2g nf
JHo] YA HA S-S ZFgE ofAJotoA wifE T
Aol Frletal e FAoIH(Kim &, 2016), 3
W 2 B FUF SIS ol i AR
7hstal Qlo] we] A& gl I FAES o] &d AF
S 209] o] Wtk wgt Fash AFo|th(Lee &, 2013).

AT AGollA TR AT A 22 AT Equus
caballus)® <1252 A2 B8 (thoroughbred)t A|FHe] w35
Ql FEhTENE X Ut} Renou 5(2004)°] WEH FE
4 Aol FF YEE FE ASEE 29 7159 AgFA 4
Fg ol Ake] ESEIAEA Aolg F £ Jor=E vt
A d8d he 54 At Aoty wuEich webd
AFoNM = AHEA AFEH 7T bl s
ERE WNES FEot A T8 APEd =A% ¢
9] o)g}e B4 vl Hriste] nhe] F4 HMd 2 s
£ 989 vk FRE 93 7% FRE AFsAt FREJT
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FAIAEA 29U (Jeju, Koreayell X 7R3, EAE 4L
9WE](Yangsan, Korea)2} A= 25 7](Seoul, Korea)ollA] st
g ARSIt 2 Adol AR Ak g ol 2H (fatty acid
methyl ester, FAME) X553, o}o] A28 (2,2,4-trimethylpen-
tane) ¥ 14% BF,-Hl¥r& 82 Sigma-Aldrich (St. Louis, MO,
USA)lIA 4313, HPLCE oM EUe|EY, s, oMHE
2 B Egfslo| =2 iR, dEEd EAHE XFEEZS Merck
Co. (Darmstadt, Germany)llX] F+43k] AE-3F ).

O3

AFwat e WS 3kgS #47](MN-22S, Hankook
Fujee Industries, Hwaseong, Korea)S ©]-&3lo] #2j3 o 23
& 7 A% %32 7](Cosmos-660, Kyungseo E&P, Incheon,
Korea)ol] E4€ AW AAFE 1:1 HIEZ 3t -17]
gellA 70°CE 3AIZE 302 &% TS FESIiTh F=E vt
£ EEe § dolble o AEd oA AFE EaL -17]
foll Al 70°C 2=2 3A1ZF 302 & AFZE3Y. 249 7
= 3R] (non-woven fabric, Hana Industry, Gimpo, Korea)Z
A F &3 e Ad AAE sl B= 2ol 302 5
F T2 Atk S8 A=rF 2 Foll oA AL 50
g¥ Adate] YEEA SHTh

]
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7¥zke] §A] SmLE Petri dish (60x15 mm)oll & F FE4
A2 HE3 EAog 8] 25C 60°CoIA A=A (CS-200,
Hangzhou CHNspec Technology Co., Ltd., Hangzhou, China)E
olgste] A W AMrE FAT BYEE U= L
Z(lightness), A =5 YeM = atk(redness), FNE=E e =
bik(yellowness) 3 A=2p= AE:{(L’s[andard_Lsamp]c)2+(a'slandard_asamp]c)z
H(Oyangara Puampe) } = ARSI, o]l Liko] 98.07, agto] -2.97,
bgko] —18.0221 calibration plateS ¥F=O 2 ARE-3F

sfaty 84 24

T A4 3 B 245 S8l AHacid value)$} H]
3} 7H(saponification value)= 2]F 3 7% (Korea Food & Drug
Administration, 2016)°l S8} =430 0™, FA3HE7 Hperoxide
value)= AOAC (1995) S, 2 2=7liodine value)= AOAC
(1980) Wgol uwel =735kt polUAI 7= AOCS(1988)
HE Farste] S43190m, 5 4k Htotox value)q= p-oFHA|
7ot FtsEvRE o o] Fetsith

FA7 1= aRbekE 7 h-po A7}

of

EIWHE 24

24 49 tocopherol 3 412 I3l Joseph(2011) W
o FAse] g po] FAA. A7) §A 1g8 1ml
oeres] 431470 5 108 BAek] 1A AR LE 2
(high performance liquid chromatography; HPLC, Agilent 1260
series, Agilent Technologies, Waldbronn, Germany)-DAD (diode
array detector)®] #2 A|lE2 ARE-SIATE DS Zorbax eclipse
plus CI18 rapid resolution (4.6x100 mm, 3.5 um, Agilent Tech-
nologies, Santa Clara, CA, USA)E A}&-3IH 3 o] &4 &l
(75:25:5=°Ee| EL : WERE-:0.035% acetic acid in tetrahydro-
furan)~= 0.45um filter (hydrophobic PTFE membrane filter,
SciLab Korea Co., Ltd., Seoul, Korea)Z 3} & %-2-1}7](Power

Sonic 410, Hwashin Tech Co., Gwangju, Korea)S ©]-&3}o] 7]X
Z AASIL 2H 58 45°CE, o549 §4-2 0.8 mL/min
2 8X59 AE 10 uLS U8kl 220 nmollA] EAlsaT).
EIHE ZTEDMerck Co)2 10, 20, 40mg/Le] T2 Te
F 7} ES &S] FE AF 9 g Ao ARSsi e, 7+
Ao EAlsls ERAE 2 74 kg & mge 2 YERASIT

Xt = 2y

AOCSQ0040l whet s=2d Ao At 242 2468kl
of. At frEASE 9l A2kl §4 25 mgs el Al
Fatar YHEFEN(1 mg triundecanoin/mL ©}o] 4
£ A7 &, 05N AEEA FstaE 89 15 mLE 7heke
33T o5 100°CoA 587+ 71Esta W¥7sk F 14% BF;-
ek &9 2mLE 7F8laL 100°CelA] 3087 7HE skt oo
30-40°CE 2%l & olo] A2l 1mLE 718k 30%7F AE3)
ey, 3t Y93l4F(Dajung Chemical Co., Siheung,
Korea) &9 5mLE 7}ste] 208 WYzsh & Zed ofola
SHOl F& F432 A F(Dajung Chemical Co)o2 B3l
FAMES &ishz olelaSHRl 2 ¥ § 7kaI=nfEae
3 (gas chromatography, GC; QP2010Plus, Shimadzu, Kyoto,
JapanyE ©l&3te] A BAGAT. B AeH BHL
SP-2560 (100 mx0.25 mm i.d., 0.25 um thickness, Sigma-Aldrich)
o]em, GC2 FU(injector) =& 225°C, LE L& 100°C
oA 487F FAE F 3°C/min HER 240°C7HA] AdEA1T)AL o]
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T 158 o] fA5TE AZE7](flame ionization detector, FID)
SEE 285°CARL, 49 71AIR]l FHS 0.75 mL/min® F-A 331
ok A 242 At #

EFE 4 (Supleco-37 FAME, Sigma-
Aldrich)?} w35 A|7HE vlatsto] £33

HHotMNM EAM

A9 FRMIFAA-2 AIRF FAF EEAI(DSC4000, Perkin-Elmer,
Norwalk, NJ, USA)S ©]-83}¢] Abdulkarim 5(2005)2] ol u}
2 B8 24§41 5-7Tmgs ¢FuH 3 (Perkin-Elmer)l] 3
B3l T WEIINT £S5 99.99% A4S Wzh 7|AE sk 20
mL/min $E2 ARSI AJEE 60°CoA 28 B9 FAIS
5°C/min X2 —60°CE W¥7-sk 5 287 A8tk 2 & A

£ 5°C/min $E2 —60°CNA] 60°CE 71E3le] mE=d 2 o

o=
T [e) = =]
=3& 43Tk

SHEN

BE A3 5YHOZ 33 o4 WHE Hrjsle] AHAAE
Wz BEAAE YT f24d H52 SPSS 18.0 (SPSS
Inc., Chicago, IL, USA)E ©]€-3}5 ANOVA #% % Duncan?|
A AEAS AT 4 ARk Alele] oAl Ael=
p<0.05 FFAA HFAt.

a2t 0
L
A AR paw F5H Sue] G A HAeg

1

Z43lo] Table 1°] LERAATE 60°ColM HEZE Uehls Lt
< 609685 HELE YEPE aghke 2610014 —4.298 A5
-, SN 2 EXoME {3l Apols YERA] §ske
U X9 azre geojdom =4 =AYt SRS Vel
= bake AFrkel gt 22 —1643) -16702 f94



Table 1. Hunter’s color values of four different animal fats
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Temperature Hunter’s color” Jeju horse fat Halla horse fat Lard Beef-tallow
L 60.9+6.52° 61.9+8.69" 62.4+6.56™ 68.5+5.84°

60°C a -4.29+0.59 -3.85£1.07° -4.07+0.89° -2.61£1.34°
(liquid state) b -16.4+6.95° -16.7+6.52° 22.6+7.84% -27.9+4.85°
AE 37.445.52° 36.6+7.98° 36.7+5.00° 31.542.12°

51.6£3.79° 58.446.92° 56.3+8.24° 57.6+7.39°

250C a -437+1.53° -5.07£1.19° -5.06£1.08° 5124117
(solid state) b -10.9+2.16° -12.048.14% -17.8+7.69" -17.745.57
AE 45.143.49° 40.8+7.01° 42.6+7.07° 40.9+6.14°

Each value is expressed as meantstandard deviation of triplicates.

L, a, and b-value indicate lightness (white 100 to 0 black), redness (red +100 to -80 green), and yellowness (yellow +70 to -80 blue), respectively.
Values with different letters in a row are significantly different by Duncan’s multiple range test (p<0.05).

Table 2. Chemical characteristics of four different animal fats

Property Jeju horse fat Halla horse fat Lard Beef-tallow
Acid value (mg KOH/g) 0.610.02° 0.59+0.02° 0.00+£0.01° 0.00+£0.01°
Peroxide value (meq/kg) 0.72+0.72° 0.90+£0.21° 3.67+0.50° 0.65+0.06"
p-Anisidine value 2.03+0.58° 2.09+0.44° 5.15+0.41° 3.58+0.16"
Totox value 3.48+0.63" 3.90+0.87" 12.50£1.42° 4.88+1.02°
Saponification value (mg KOH/g) 187.3+7.58* 185.3+5.30* 182.6+7.41* 180.5+3.03*
Todine value (Wijs) 57.5+0.22° 57.6+0.33° 57.7+0.30° 44.6£0.05°

Each value is expressed as mean+standard deviation of triplicates.

Values with different letters in a row are significantly different by Duncan’s multiple range test (p<0.05).

zlol7F o EXls 22,639 $A= 2792 mhol| HIs|
< g YUERIATE FAAR]D AERS 31.5-3742 AR 71
o] &Ql zlol= YERFA] 23hThH(p>0.05). 25°ColA S7E L3k
51.6-58.4% 60°Coll HIsl HAH o2 7AslH o, aghke —4.37-
—5.122 60°Col| H]3] ZMoZ o] gro] 7k FrteIloY BE
A 2ol F9A< 2ol JEREA] Z9kth(p>0.05). Bg
Fe —10.90- —17.762.2 A 02 9] Zro] o7k F7FetaL, wt
of Hls| =x]9F 929] bytel WA SAHEHALE 25°ColA &
A A7 A E 9L e 60°C AA| Aol vl e
152 bgtol 21-36% S7Fete 2¢S Uehilen L, agh
Pk e eIt 53] 9419 L, a g2 15%2F 96%
v A FA 724 RS FEU T, AELS 40.79-45.062

b fol ARl Aols YERIAl egkott 60°CAlM 25°Cell

oX n flo do wg o

>‘ﬂ.i{ﬂ:(og\-l

N

18 AM=Zko] 10.4-23.1% ZA&sHA. A9 Zago] 713 =
A veh E2142 A e Axe] Zolrt vehdS 9l

S5 84

A 2H02 70°CoAA FEE AFvRe) kg, AlE
A FPE =4 9 A 3 EAE 4T 32 Table 2
o} gk}, AlFrket dEtake] 2vke 06134 0.59 mg KOH/
g 9o, EX9} $x9 A7E 0mg KOH/ege g2 =4 =9t
Wi, fA AEle) = gE Hxol FastEvle EXTF 3.67
meqkgl 2 7P Eokom, AlFvl, sk, 19 A9 0.72,
0.90, 0.65 meq/kg®Z o4 Aol VFEREA] 94thp>0.05). &
ZopA ko] atsle) o8] FAE MRS ES SHs= pot
YAIRZ7FE =271 5152 7P A4 34 EA e, $A)= 3.58
2 AFrrel defeitel vlste] 24 AU AFeiet
sefrl7E AlFddlA BlE =9 Aol Blste] Ak E

ek out AstE7R} pofUadrte WA S EATE Lee
501222 Hxo] HAAIFS AAA 2 d2Et W &
B.f(extra virgin olive oil)2] A7} =74 SA =TI HIg=
o IR DA 2 RE v FF A Exe] GA|HA
S AXA FS7] wiEel v KEAHAE FHo] =3dE A
o2 HAZL F Akl totox valuee =4, A, SEluRE,
AT £22 24 veh #sErpt =3E EX0A =
RS sk

A vk, bk, =2 @ 929 1317 Ksaponification
valuey= 1873, 185.3, 182.6, & 180.4 mg KOH/g22 ZH =tk
(Table 2). Chung¥ Park(2010)2] Aol &4 X191 ¥,
EAfr, S, 7hEehe] vIEs e 189-192mg KOH/g
o2 BRIsIRed 2 A7 FEAE FA% 1.67-11.6mg
KOH/ge] #lol& HAth w7t UYErs HaiAlde] &
L Egfo|opd FEA| E(triacylglycerol)o] EAE= AS UERE
H(Leet Lee, 2009), ol TEA +AI7F 284 ARG 17
A "4klong chain fatty acids)®] T o] EAsle] ExlFo] &
=2 IRIFT F AU

8 2E=7HKiodine valuey= A e BESA 4] S-S
el AEE AFuky, skebrkg, EX0] 8=l 747t 57.53,
57.63, 57742 44619 LT 7E 71 SR H|& =A e
gtk ole Aol vlgte A|Fuhy, depeg 223 =X M|
wA ExSRE dFo] W@ Ag ofn|gith. Lee 5(2012b)2
Kamel(1992)& 92| Q9 =77} 432, =X Q0 E717} 644
2 Rste] & Ad@oxe] $x9F =X A FECl FAF
< RIS T Kim F(2013)0] o=@ tEAQ 254 F
2191 thFfreb AR ek 1203 1082 HaEo] 2
AN EAHE BEA X9 Qotrbt AEA fXd HE|
USRS stk
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Table 3. Tocopherol contents of four different animal fats

Tocopherol (mg/kg) Jeju horse fat Halla horse fat Lard Beef-tallow
a 14.7+0.22° 21.4+4.54° n.d. n.d.
Y 7.08+0.24* 4.57+0.10° 2.13+0.09° 1.91+0.03°
Total 21.8+0.44° 26.0+4.45° 2.13+0.09° 1.91+0.03°
Each value is expressed as mean+standard deviation of triplicates.
Values in the same row with different letters (a-c) are significantly different by Duncan’s multiple range test (p<0.05).
n.d. stands for not detected.
Table 4. Fatty acid composition of four different animal fats
Fatty acids (%) Jeju horse fat Halla horse fat Lard Beef-tallow
Myristic acid (C,,,,) 4.53+0.13* 4.40+0.30° 1.60+0.05° 3.35+0.06
Myristoleic acid (C,,,,) 0.70+0.09* 0.59+0.10° n.d. 0.75+0.17*
Pentadecylic acid (C,s,) 2.20+0.30° 2.15+0.40° 2.84+0.06" 2.54+0.09™
Palmitic acid (C,,,) 30.6+0.54* 28.2+0.37° 24.4+0.15¢ 27.1+0.17°
Palmitoleic acid (C,,,) 7.36+0.49* 5.22+0.15° 2.58+0.09° 2.82+0.02°
Margaric acid (C,,,,) 0.29+0.06 0.36+0.03° 0.34+0.02° 1.42+0.08"
Heptadecenoic acid (C,,,) 0.48+0.12% 0.40£0.05™ 0.29+0.04° 0.61+0.01*
Stearic acid (C,g,,) 4.99+0.40° 5.53+0.03° 12.94+0.10° 20.1+0.17%
Oleic acid (Cyq,,) 33.1+0.86° 29.9+0.27¢ 40.740.13° 39.3+0.46°
Linoleic acid (C,g.,) 12.1£0.40° 16.3+0.92* 12.4+0.03° 1.97+0.12°
Linolenic acid (C,g) 0.5240.01° 0.52+0.09° 0.75+0.05° n.d.
Arachidic acid (C,,,,) 2.95+0.12° 6.12+1.73° 0.66+0.04° n.d.
Eicosadienoic acid (C,,,) 0.18+0.13" 0.40+0.05° 0.48+0.01* n.d.
Saturated 43.1+0.74 41.1+0.28 42.8+0.07 54.5+0.26
Monounsaturated 41.6+0.60 36.1+0.55 43.6+0.09 43.5+0.33
Polyunsaturated 15.3+£0.48 22.8+0.83 13.5+0.03 1.97+0.12

Each value is expressed as meantstandard deviation of triplicate determination.

n.d. stands for not detected.

EINE &

FEA A9 tocopherol TS ZA3te] Table 39 UERY
Atk 4%2] FAollA % a-tocopherolZ} y-tocopherol £]ol T2
tocopherol S=A = AEEA] &uth. AlFvks-2} 9] a-
tocopherol $HEF 14.723} 2141 mgkgl 2 S F 0o EX|9}
SA M= HEHA] 24T y-Tocopherok A|FF--71 7.08 mg/
kg 2 7P =& S Jehlly, ekt 4.57 mgkg, A
2.13 mgkg, A 191 mgkg <2 2 EATE. Harris 5(1950)
o] w2 £x]9] % tocopherol EHS 27.0 mg/kge|H 2™, Ellis
51974y $-A12] % tocopherol THFHS 8.6 mgkgS & E A7
2ol Ao} vlwste] 2 9] tocopherold YEMISITE ©]
= 71F 2 A B0l s 554 XY dRel e
Zpo]l& QI3 o7 WAt} T3+ a-tocopherol> 23 wioll
A AEHA=, ol AlFolA diEE =X¢ A= T
= AAFEE AH o-tocopherolo] EF A|AEH Aoz dctE
t}h. Tocopherol> Aol EAlst= EZQ IISAR B E9
2EY FAE o, B, v, A7t thE EAlske FoE 4H
2 Jem(Ju T 2005), L 452 a-tocopherolol] H]B}e] y-9} §-
tocopherole] H|wZ AFsiQbg ol & Qo] wslxl wh Qlrt
(Park & 2018). Ahn 5(1991)& E7]E°l4 a-tocopheroke aH3+
3} Z-go] 743N e, S-tocopherok> 4ksl @byl A9 ¢l
3L, y-tocopherol &HAtsl a7t 7MY ZS-& HALsT

1
|

Rlgat =y
AFOHE, Do, B4 B 98] AP 2E Table 4]

YERAATE. AlFrrel shgehie] =8 A4 R palmitic acid
(Cis0)> palmitoleic acid (C,,), stearic acid (C,q,), oleic acid
(Cy5y), linoleic acid (C\q,)2t P1%F2] myristoleic acid (C,,,), mar-
garic acid (C,;,), heptadecenoic acid (C;;), linolenic acid
(Cyg5), eicosadienoic acid (Cy,)’t HEEHIITH WHH, EXAqA =
myristoleic acid (C,,,), $A4I41<= linolenic acid (C,,), arachidic
acid (C,gp), eicosadienoic acid (C,,)7t AZEHA ATt AFw}
+, gk, =4, 9119 At 25 oleic acid (Cyg,)7F 29.91-
40.7%} palmitic acid (C,g = 24.39-30.56%2.2 B-& S 1}
ERAITE. B A Aol B Aos 4 S
1kl linoleic acid (C,q,) (Cunnane®} Anderson, 1997)= $-#]o
A BHEH1.97%)°] HH-(12.1, 16.3%)8F =X1(12.4%)0l vla) =)
S SAEAA, o919 RSt $AM e A
Z5 R 23t Wood 5(2004)2 E=A9F 929 linoleic acid
(Crp) ol 247 143, 1.1%% Baate] B Arel fA1e b
< YeIIE Palmitoleic acid (C,, )& AFF AW F4
Agre g ) gl make] gt g st Bl AR HIHAE
| (Wille®} Kydonieus, 2003), AlFwl+= 7.36%, SHEHrlfe=
520%= =A9F Ao Hlste] 1 ko] 2-3u] E=&S #ls)
At} Enig 5(1983) ME2H $X&F =X2] palmitoleic acid
(Cye) TFHFE 42 32, 1.8%2 2 AF9} FARRE 728 YeERS)
oh AlFvhy, ek, =R 23R o] 431, 411,
29%= AR TE Hld e A= ESPAAE ol
54.5%= vHyeh EAO vla] Eokth tFEEsAEAte] 24
HlEE ebE 228%% 7P Al SAENCH, AFrr
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Fig. 1. Melting curves (I) and crystallization curves (II) for Jeju-horse fat (4), Halla-horse fat (B), lard (C) and beef-tallow (D)
153%, X 13.5%, $A 197% <02 Z4uo] EX\o} $Ao] o= AYlHom §Ho] B stearic acid (Cyy)?l 240 EX
Hlgl] uhfollx] Exslert 293, olge A= 82 =7Hiodine 9} $A7} vhfoll Hlate] 22,50 w2 TS JER) 54 9=
value)2t HIEI g 2218 THTable 2). 7F = et Zlo s HojXinh B3 A9 §4 dArt 7P

odXq

AHordY Hln

A Fe AL Egfo
of we} sty 54 2 EE4
Edlolold YA 2L A=
GEHR) 7] wiiEolth(Yi &, 1991).

ob

3

o

A E (triacylglycerol)
& ApelE UERAL o]
o] FH/ol wet §4
A9 Bxstert &
5, 2006). A

Hl—}d-
o]
2 02 v 54 A9 44E ¢ = E4e A+
© Fig. 13} 28t} A2elA A el 584 A9 54
T (Fig. 1)) BH AFrHE 2259 3.5°C (a, a), &t
= -1.33% 325°C (b, b,), =A== 08337 2733°C (¢, )=
T e & At velste, X9 Z-9ole 3.08, 858, 1
2|3l 43.3°C (d,, d,, )2 PN & F=Z7F Yedth tExs)
ALt 27 Hlgo] A2 AT AT FEFAANA
Ao & &0 ¥AE Yehliglnh vk B4 (Fig. 11D)
AF}E Awrd AFvgE -1.083 18.1°C (a, a), IEHE
-5.14%} 833°C (b, b2l F 2=eA F2i3 7AE Bnlon,
=A== 21.1, 200, 174°C (¢, ¢, ¢;), $A= —46.1, 133, 21.9°C
(d, d,, dy) oA vlwd Y2 I35 YePIH. Table 4] 23
of WEMW 4% FEA fA9 F28 AWt palmitic acid
(Cy4), stearic acid (C,), oleic acid (C,), L8] linoleic acid
(Cigpr A AR LT 059 HE=HLS 717} 629, 693, 134,
-5.0°CE L&A UrH(Beare-Roger 5, 2001; Young, 2002). A5
el FbeTe] FEFAAM = Fa 2pel7t A YERA|
ko =x9k A e w2 §49 vt BT

— T ®m

= SR, ol ESA L ko] whieh =X Hls)
=3 BESAHM Fhepo] W AAERE JRIE AoE Ho
Rt olet with2 AAstolA A= stearic acid (Cg0)°l 274
o] EUH XA 7P w2 259 AAS FATF UEES
H, oleic acid (Ci,) 790l EAUA E=XA 7HE e %9
A3t F=27F YERsTh Tan 5(2000)0 WEH FfelA =2
el stearic acid (Cpi)= AASE &7t 3, ¥ 9
oleic acid (Cjg )= W& &9 Favt A7t HIsSe
= A7 A3t Ak
2 o

2 AFeMe AT dHEETEH FE e AlSol
A AujEe F2E FAA =R A1 =EEEE Ads =
ARttt A% ZpolE Y= AERRE 524 A Tl <]
ZQl ztolE UEREAl ton, E8A A4 Afel& <lal 25°C
oA A" Lgte] 60°Col Hlsl aFHUT AlFvtet gt
el ke =A9h ¢4 Hlste] =A] SAHEAAR, AitskE
7k potHAIAE R F Asbe Al S EAT BE AR
A mlEke] ytocopherole] AEEHNLM, 27 A|Fkot gkl
foll A 1479} 21.4 mg/keg®] a-tocopherole] HZE AT w2
F8 A Z palmitic acid (C,q,), oleic acid (C,q,), linoleic
acid (C,q,)7F EA1E9, palmitoleic acid (C,,)2) TS 7363
522%= =A¢F Ao vlgte] 238 A TS ZoE UE
Sk ATt s S8 3w F e

L
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