Korean Journal of Food Preservation Vol. 10. No. 3, pp.370~375 (2003)

= =i a e SR
stEkeM AU F=
=27
Fakas kigvl

e

=

1>
o

AR HESIA

OIM F==X20] = Phytosterolzl TocopherolQ|
FEFE MFAMX|E &M

Analysis of Phytosterols and Tocopherols, and Production of
Structured Lipids from the Extracted Plant Oils
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Abstract

To obtain the oil sesame, walnut, whole wheat, and rice bran were extracted for 1, 3, or 6 hr by a shanking water
bath(35TC and 100 rpm), and by soxhlet extractor(80T) for 1, 3 or 6 hr, respectively. The highest yield of extracted oil was
obtained from the walnut(63.07% weight) and the whole wheat showed the lowest extraction yield of 0il(1.13% weight). Major
fatty acids from the extracted oils were linoleic, oleic, and palmitic acid. The maximum contents of total phytosterol in
sesame, walnut, whole wheat, and rice bran were 0.44, 1.57, 2.25, and 2.03(% weight), respectively. Besides, total tocopherol
confents in sesame, walnut, whole wheat, and rice bran were maxima 3.42, 0.16, 2.92, and 0.07(% weight), respectively. From
the extracted oils, structured lipids(SL) were synthesized by the interesterification reaction with conjugated linoleic acid(CLA)
in a shanking water bath at 55C. When the reactions(1:3 substrate molar ratio, extracted oil:CLA) were conducted for 24
hr, maxima 23.75 mol% of CLA incorporation was obtained from walnut oil and, in other cases, 16.28 - 19.15 mol% of CLA

was found in the produced SL triacylglycerol molecules.
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1AF} 849 IM 602 Novo Nordisk Biochemicalol A
T4 cHDanbury, USA). IM 602 Rhizomucor miechei 2.5
B} 853 lipaseZ macroporous anion exchange resinel] %
3FAZ] J ol of lipase= sn-1,3 specificO. 24 triacylglycerol
molecule®] sn-134} 3] Qa0 EolFo g ALFITH(12).
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FAEZ2E ABE 35T, 80T 2AsNAM F2uhy
gelete 1, 3, 6A7F B9E &3k WA, 35T =
A FET WS U3 2o

2zte] RS ginders AHE3tel BAAD. AR A
S5 AAETaId 40 g¥ HE F AEFY 001%
BHT(Junsei Chemical Co., Ltd. Japan)3} n-hexane 50 mL-& %
7HtETh olF AEE 35T, 100mpme] &2 w42 (Hanil
Science Industrial, BS-21. Korea)oll A 1, 3, 6A17F B2 &
stk ol9} 2 FEWYL vwF ¥ 259 80T
A Hgslr) o]Pr] wiEol soxhlet extractor(Daihan
Labtech Co.,, Ltd. Korea)E o] &3} 1, 3, 6A17F @92 =
23}9t) Soxhlet extractorg=7|oll Ztzte]l A|EE 40 g¥ FH
3 & A5k 001% BHTS %1, nhexane 50 mL-& 37}

™ e

Ol

FEFEY 2 FEREFH AFAEAZY F 371

g F FA W4E, FE ¢ $1E 938 80Ty &
STz A 7HEsdct
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Z}z}e] A|RE  saponification 3} methylation A7l ¥
GC(Gas Chromatography)ol] oja] A=t A4S §4151%h
Test tube(25 mL)ol] Z+Z+e] AR 0.1 g} 2N KOH in ethanol
2 mL € 7}8F31  water bath(100C)oll A 158-7F £8A)7] &
W5t} Ae9] test tubeo] 6% H,SO; in methyl alcohol
3 mL €& %2 3 internal standard2 heptadecanoic acid(l
mg/1 mL in hexane) 10 xL-& 7}8tH ). Vortex 3+ & 100T
water batho]A] oF 1087 F8A)A W2st £ hexane 2
mLe Yo Z=E3] vortex 3+ F hexane:
sodium sulfate anhydrous columnE ©)&-, %
AAZ F GC vial o Hslgrk GColl ot 2wt
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Table 1. GC operating conditions for fatty acid and
phytosterol analysis

Ttems Fatty acid analysis conditions Phytosterol analysis conditions
Instrument GC(HP 6890 scrics, USA) GC(HP 6890 series, USA)
Colum Supeloowax ™ -10 Ulira 2(HP,USA)

Detector FID(Haire lonization Detector) FID(Hame Jonization Detector)
Camier gis N2(525 mL/min) N2(25.0 mLjmin)

Colurm temp. 100 (Smin)—4 T/min—220C(20min)  285°C(10rmin)

Injector Temp.  Inlet 250°C Tnlet 30T

Detector temp.  FID 260T FID 30T

Sample load 1 pL I pl

Phytosterol®e| £

Test tube2S mL)d] ztzte] AJg 0.1 g} 2 N KOH in
ethanol 2 mL & 7}3}3 80T water bath oA 1587t vl
3} ukeg AA AT Wz & 2 mL water?} 2 mL hexane
S test tubeo] Y1 vortex 3+ T AA MOl hexaneZS F 3}
At A} B2lE waterZo] 2 mL water?} 2 mL hexaneS
Eil AAAJA hexaneFE FHEATh HE L€ 4 mL
hexaneZ:¢]] intemal standardZ#] 5-cholestane(l mg/l mL in
hexane) 100 pgs 7}ste] o], sodium sulfate anhydrous
columndl] FHAAM F8 2 E2EES AAT F GC vial
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A 7] el 9 F&3 FAE vial(20 mL)d| ZZ
006 g¥ #3t T hexane 10 mL-Z #H7}sle] A3 s
PTFE syringe filter(25 mm, 0.2 xm. Watman, USA)E ©]§-3}
o o FAIA

Tocopherol FZA)o] HEg Yl a-,7v- 2§
-tocopherol FFF-S 77} hexane 1 mL% 242+ 100, 125, 50
pg 52 FAM3 F HPLCHigh Performance Liquid
Chromatography)ol] ]38} external standard curveZE 5} H
F%9] chromatogram®] peak WAHH|E V|FO0E A|H F9

a,7, ¥ 0-tocopherol T TS T3 HPLCY £4
Z73& Table 29 YERHRUT

Table 2. HPLC operating conditions for tocopherol analysis

Items Conditions
Instrument Younglin Acme HPLC
Column LiChrosorb DIOL 5 4z m(3 X 100mm)
Detector Younglin Absorbance Detector(UV730D)
Flow rate 0.5 mL/min
Solvent Hexane/Acetic acid = 1000/1
Absorbance UVa9s50m
Sample load 10 xL

CLAE &wet M7AXASL 2 gd ¥ 24

Test tube(25 mL)o| 7Yz} F&¥ (02 g)9} CLAO.19
D% 13 mole) vz EFF F AA A2 FoAel 15%0]
AT 223 52 M 000 9 EFY T e
nLg A ol z
0%, 0%, 1421 2413, 3412, 612, 24417
18 02 mLE FHslo Aukal B8 A ey 39,
Al§E 50 pLA Zs}to] thin-layer chromatography(TLC)
ANAZ e, AN-Gull 2= hexane:dictylether:acetic acid =
)O.SO.l(volume ratio)d AME-SIHTE A F Regk 0.58%)
TG(riglyceride)et2 E21&+4HTE Methylationg $3}e] test
wbe(25 mL)o] TLCEYE Eald Z4z<e TGZ3 6%
H:SO: in methanol 3 mL-8 231 heptadecancic acid(l mg/1
mL in hexane) 50 pL& FH&¥tth =X3] vortex 3 & 10
)C water batho| A} ¢F 2087+ =g A7) R
2 YAz *0”89‘4‘3] ot € of ¥v3-& FAEAI L 3
Z3tuth A&oX dAAE HE F hexane 2 mLg 3
A Z=X3] vortex 3t 3?‘— hexaneZS 28 th sodium
sulfate anhydrous columnol] EHA|AA 2 L BELES A
A%t 3 GC vial o Htgth GCol o3 st &
Z74& Table 1] YRS
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Table 3. Extraction yield of oil from plant materials at

various conditions (unit : % weight)
5 Extraction time

Plant seeds Temp.(C) Ui 3y 6 b
35 3928 Y 3761° 3718

Sesame 80 37.76' 35.94° 3565
35 57.15 5768 56.0%

Walnut 80 6007 56.56° S6.11°
35 113 124 125

Whole wheat 80 114 136 156
. 35 1562 14.55% 14.09°
Rice bran 80 1486 1471 1483

"Means with the same lefter in each raw are not significantly
different(p<0.05).
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AEF5A FA AEAH FAE FZ oleic acid(18:1),
linoleic acid(18:2) 5.8 FA=Ee x, 1 2] palmitic
acid(16:0)9} stearic acid(18:0).0.2 FAIF o] itHl). B Ad
N F23 4BA §4 439 ABY ZYS Fe 19 1
Rtk AlE 4709 AEA §A £ FF+ linoleic acidJ}
7V e s BJow 1 vee MAY 57.84 mol%E
AAEE Aeg AUk olojx oleic acid, palmitic
acid, linolenic acid(18:3), stearic acid So] Z} 26.18, 6.97,
699, 202 mol% 59 vlg=z Jelyth 549 ALde
linoleic acid, oleic acid So] Z+z} 53.73, 21.31 mol% =&
a1, palmitic acid, linolenic acid, stearic acid o] ztz}
19.34, 376, 145 mol% 59 vl&S Yehdoh ), v
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Lol oleic acid’} linoleic acid2 v} =& &S B FHCh
ZM9 A$ oleic acid, linoleic acid, palmitic acid, stearic
acid, linolenic acid £9°] Ztz} 43.11, 35.20, 11.65, 6.22, 2.02
mol% T ¥&S REX, v Afde #A7 4018,
3400, 21.92, 2.12, 1.31 mol% 59 B8-S vehigit.

Fatty acids 20 ps

229 AEA 2 43 FFHY AUE sterol®] ZA4GH]
% S B3 A1E Table 40 YepUT A8 =

W 424 $4 4% F A seold] T
%

o] WH 161%2 743 mgton, w7, 557t 2z B

140, 1.22% So2 %2 oz AU v 2
e B 037%% 1 FFo] @ 4FY FA BEF 4-
sitosterol @] gHako] 744 wotch A A HdHow §
- sitosterolo] A sterold] o 81%F AAIFHL, £FY 4
2ol AA sterol®) 91%Y Hl&S EFoH, T, U F
9] AL HFHog Zzt AA sterolol 81, 60% F&

UER] AT

A= 35T, 1A7F E<t F&3F campesterol, S -sitosterol
o] 3eke ztz}b 009, 0.32% °I%, 80T, 3AIZF FF F
A ol= zhzh 0.08, 0.36% ©]N.om, stigmasterolS 7
2 stk 559 59 H9E  campesterol,
sitosterol ¥+ AEHATE TFE 35T, 1A 5% =%
2 campesterol, 2 -sitosterol 52} ghaFol 247} 045, 1.12%
S YehRlL, 80T, A7 ¢ FEF Aol A7
006, 1.25%% Hgon, B4 35T, 124 242} 0.29,
120%9} 80°C, 6A17 el A 74zt 039, 1.86%<] daFs vleh
Atk olAe 35T, 1AF B 5T AF campesterol,
stigmasterol, 4 -sitosterol 5°] 7z} 041, 0.18, 0.90%°| 1,
80T, 1A7F B9 2238 Afols 74zt 056, 023, 1.24%°]
At

N
=

d

e e ofn

oo
offfl ot To

Table 4. Phytosterol contents in extracted plant oils at
various conditions (unit : % weight)

Plant oils T(eglf Time (hr) Campesterol Stigmasterol f-sitosterol Total sterol

1 009 - 0n 041
¥ 3 007 . 028 035
6 005 . 026 031

Sesame
| 007 . 0 039
80 3 008 . 036 044
6 006 . 027 03
1 045 . Y 157
¥ 3 004 . 097 101
6 004 . ) 116

Walnut
| 006 . 125 131
80 3 005 . 114 119
6 005 . 104 109
1 029 . 120 149
% 3 026 . 114 140
6 025 . 100 125

Whole wheat
1 03 . 14 175
80 3 027 . 116 143
6 039 . 186 225
| 0% 016 071 120
¥ 3 041 0.18 090 149
6 04 015 076 125
Rice bran

0.36 023 124 203
80 3 034 0.15 0.78 127
031 0.15 0.67 113

a,r,5-Tocopherol2| &zt

B Ay HEF oy FEEAANA a,7,.9% 6
-tocopherol®] dteke H7j7} HF 257%2 ¥ E=kom,
1 " 59, 3F 5o #H 248 0.14% T TFEE 4
el Atk o] A tocopherol ol 7P W ]
§AE vigelgon], T BEe W 00692 et
Tocopherol & W2 a, 6 -tocopherol5-2] gHaFo] 7H¢
=4 Jehd $A= 50|93, v -tocopherolo] 71
Gthd AAE Az ZAEAT WY A9 a0
-tocopherol-& A& E)A] @til, 7 -tocopherole THE Ao
HEN 453 w4 Yelton, 53] 80T, 6417 B¢ F
28 A7} 3R%E Y =L §FS BEYY 579 4
2.ojl¥= y-tocopherolo] ¢ -tocopherolol] IS 2 654 F&
ks RE:, 80T, AL B¢ FEF A F
tocopherolo] 0.16%2 7}3 o kg Uehldch 5]
ALl  a,7,0-tocopherolzol  EF JEIOW, 4§
tocopherolo] A A tocopherol®} °F 90%E A3, 35T,
6717t 59t 53 Fx|9] F tocopherol FiFo] 292%% 7}
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[able 5. a,7,d -tocopherol contents in extracted plant oils

it various conditions (unit : % weight)

Plant cils Time (hr) a Y ) Total
] 1 i 1% . %
O i 2% i 24
6 : 2% : 23

Sesame
I . 244 : 24
0 3 : 250 i 250
6 : ) i )
I 0@ 0o : on
¥y 00 0 : ol
6 0 ol : 013

Walnut
I 0 010 i on
0 3 0 0M : 016
6 0 0M i 0l6
[ 00 009 28 247
By o 0 25 28
6 ol ol 210 29

Whole wheat

| N R
0 3 07 009 1% 208
6 00 00 24 24
i 00 i . 005
500 00 i : 005
6 005 - : 005

Rice bran
I 006 : : 006
0 3 005 : : 005
6 007 007

MTMXRE(SL) 9 =Y

ATFAAR Fol] FRE CLA FHFS AT ot
R AFARNE Yehd CLAY FFA4= CLAIG,!L
cisftrans), CLA2(10,12 trans/cis), CLA3(9,11 cis/cis + 11,13
transftrans), CLA4((8,10),(9,11),(10,12) transftrans) 502 FA}
gk wkgAIgle) S8 A7 A dFE CLA
Fae Zrletgoen, 3A17kIA 6417 B Al F7HE)
744 =ZA Jebgth 2441 B¢ 98 Al F CLA ol
g Ee A TEEAN I FFES AA AW 2375
mol%E AXFPom, 1 HZ "7, I, &F Tl 47
19.15, 1646, 1628 mol% 52 JeRAAth &9 Z, 10,
208 F¢F WhE Aol F CLAS| §Fo] Ztzt 118, 087
mol% So2 1 Fe] vlmd o), A W

=332 #1008 A33 (2003)

Alolle 1085¢H Wk Al uisiA o 3ujel CLA ol
TR, MALEL e AlE 2 Bl o iz
27 71k 559 A9olT 102(188mol%)ol HlE|A
3AZHES g Alele AT Ade FiE CLA #gol
of 3u) Flslgl o], 24A17H5 <t W Aol of Mz 2
A Frvelid. v2s 89 Aede e F A vl
v:—f& 7% YehiAdth AT Dol 3H8 CLAS W
ol w2 FEshe Table 60 WERARAT:

Table 6. Changes of CLA content in produced structured

lipids(SL) at various reaction conditions (unit : Mol %)
Reaction time
Plant oils L
03 05 1 2 3 6 24
Sesame 118 087 491 45 353 357 1551 1646
Walnut 188 276 58 549 516 61 1292 1628

Whole wheat 120 068 301 419 58 129 2241 2175
Rice bran 147 27 343 360 706 1360 174 1905

1}% % 2, i% %E‘, UI%E 72 3o 3
Z A 1, 3, 6A17F T
6

a A2 A, R Sol A7 Hu 3928
1562% 59 #%&& UehiAc} GColl og At =4
T linoleic acid, oleic acid &

|54t} Phytosterol #-41 Az}, 2
B4 #A 4F ‘3—;39] A sterol ko) Hi 225%=
7V EA JveRgen, n%, 35, A S0l A7 Hi
203, 157, 044% 59 #3E Mol FHoZ ZAEUTH
HPLCo)| 2§} tocopherol &2k 41 Az} A tocopherol?]
e A, B Fol 47 HI 342, 292% o HA
velton, O H2 5%, u3 Fo] 24zt A1 016, 0.07%
59 e Yedth &9, 284 FA% CLAE 747
1:3 mol9] Hl&E EHIF F M 60& ol &, st AT
AAAL AP GCo &l AA 2AE EA3 A
FN0) B5F ATAAL T QLA TRl F7He)
Ag 2 4 AR A 2L S WA B LAY
shekol 7h Be AL FUEA, 2375 mol%E Ve,
1 2 0P, ZUWH, S5 Zo] zZtzt 19.15, 1646, 16.28
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