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Abstract

This study dealt with the comparison of the individual lipid component and fatty acid
composition in the six varieties of dent corn, Zea mays Indentata. The fatty acid and sterol
compositions of the total lipid were analyzed by gas liquid chromatography. The total lipid
was also fractionated into three lipid classes namely neutral, glyco and phospolipid by the
methods of silicic acid column chromatography. The lipid componets of lipid-classes were
estimated by thin layer chromatography and TLC-scanner.

-The contents of total lipid in six varieties of Cdent corn were 3.7~5.3%.

Total lipid were mainly composed of triglyceride(69.8~75.7%), free fatty acid(13.0~17.9
%), lanosterol(4.8~6.0%). hydrocarbon & esterified sterol(3.5~6.0%), and polar lipid &
pigment(2.7~5.9%). The contents of triglycerde in Chech’6nok and Hwangok No.3 were
slightly higher then other varieties. i

The major fatty acid in total lipid from six varieties of dent corn were chiefly consisted
of linoleic(46.9~61.4%), oleic(21.9~29.9%) and palmitic acid(10.9~16.7%). Particularly
the content of linoleic acid in Chech’dnok was higher but oleic and palmitic acid in Chech’-
Onok were less than other varieties.

The compositions of 4-desmethylsterol were mainly composed of siterol(44.0~63.2%),
campestetel(11.6~15.5%) and stigmasterol(5.6~9.1%). The content of sitosterol in Chinjuok
was higher than other varieties and isofucosterol was detected only in Chinjuok.

The compositions of 4-monomethlysterol were mainly composed of obtusifoliol(17.7~37.6
%), gramisterol(15.0~27.0%) and citrostadienol(9.1~17.3%). The contents of obtusifoliol
and citrostadienol in Kwangok and Chinjuok were less than other varieties.

The contents of fractionated neural lipid in Suwon No.19. Kwangok, Hoengsdngok and
Chinjuok(90.3~97.1%) were higher than those of Chech’dnok and Hwangok No.3(85.5~
86.1%).
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Neutral lipid were mainly composed of triglyceride(24.7~80.0%), lanosterol(6.2~20.2%),
cholesterol(1.0~50.6%), free fatty acid(4.4~8.9%) and esterified sterol(1.5~15.9%).

The major fatty acid in neutral lipid from six varieties of dent corn were chiefly consisted
of linoleic(26. 2~55. 4%), oleic(22.7~39.1%) and palmitic acid(11. 4~41.6%). Particularly the
contents of linoleic acid Suwon No.19 and Chech’dnok were higher but palmtic acid in Suwon
No.19 and Chech’dnok were less than other varieties.

Glycolipd were mainly composed of monoglycosylsterol(17.5~56.4%), monoglycosylce-

ramide(8.2~28.9%) and monoglycoslydiacylglycerol(12.4~22.2%). The contents of mono-

glycosylceramide and monoglycosylsterol in Chinjuok Were higher than other varieties.

The major fatty acid in glycolipid from six varieties of dent corn were chiefly consisted
of oleic(14.6~39.3%), palmitic(20.0~26.1%), linoleic(3.6~26.9%) and heptadecanoic acid
(3.3~24.7%). Particularly the cantents of oleic acid in Chinjuok and heptadecanoic acid in
Chech’6nok were higher than other varieties.

Phospholipid were mainly composed of phosphatidylinositol(30.9~86.4%) and phosphati-
dylcholine(4.5~22.0%). The contents of phosphatidylinositol in Hoengsdngok and Hwanngok

~ No.3 were less than other varieties.

The major fatty acid in phospolipid from six varieties of dent corn chiefly consisted of
palmitic(37.2~61.6%). heptadecanoic(9.2~31.8%) and oleic acid(4.3~17.2%). Particuiarly
the content of oleic acid in Hocngsdngok was higher but heptadecanoic acid in Hoengsdngok

was less than othcr varieties.
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Table 1. Operation conditions for TLC-
scanner

Shimadzu dual-wave length

Instrument TLC-scanner (CS-910)

Wave length 350nm
Slit Height; 1.25m
20mm/min

Reflection zig-zag by
single-wave length

Scanner speed

Scanning
method

Elks BANEHHE esterfk?®ste] GLCo] {k3h
o EEAged olald ikt Table 26+
zet,

3) MMEES sterolfflik

32] DA 4L % ARt TR TLCA
f#ea 59 fraction(Fr.) o2 HEERYes o
w] & TLC-chromatogram& Fig.1s e}, &
EE AL Fig. 16148 2ol HHEs Fr.1, 2%
itz sted GLCo| fkate] RV AL ol
sterolflK-& S#al 2, GLCoHiE#-S Table
2¢] =3 EAEYH.
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Fig. 1. An example of TLC chromtograms
of the unsaponifiable matters from the
total lipid of corn seeds.

Absorbent: Wakogel B-10(500¢ in thick-
ness)

Developing Solvent: hexane-ether(7:3)

Indicator: 0.019% rhodamin 6G-ethanol soln.
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& 39 DA AL Hko =z EEIY

5. EERES AR
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BB columne 2 £#|R WIREE TLCA &
ste] Sk, EESQ . B, chloroform-metha-
nol-28% ammonia water(65:40:7) 2] BB
E FEHsgen, 0.03% rhodamin 6G-ethanol

Table 2. Operation conditions for gas-liquid chromatography

Fatty acid methyl

Items ester analysis Sterol analysis

Instrument GLC(Shimadzu GC-6AM) GLC(Shimadzu GC-4BM)

Column DEGS(15%), glass OV—17(1.5%) glass
2m X 3mm 1.D. 2m X 3mm 1.D.

Column temp. 165C 264C

Detector FID. FID.

Detector oven temp. 180C 280C

Carrier-gas N, « 60m¢/min N, « 60m¢/min

Chart speed 5#m/min 5um/min




Vol. 16, No.4 (1987)
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Fig. 2. Thin-layer chromatogram on siliea
gel G of total lipid fraction from corn
seeds.

Developing Solvent: petroleum ether-ethyl
ether-acetic acid (80:20:1)
Indicator: 55% sulfuric acid potassium bi-
chromate soln.
Samples:
TLC plate (1): Suwon No. 19
(2: Kwangok
(3): Hoengsongok
@: Chech’onok
(5): Chinjuok
®): Hwangok No.3
Components identified:

. Polar lipid & pigment

. Cholesterol c. Lanosterol

. Free fatty acid e,g. Unknown

Triglyceride

. Hydrocarbon & Esterified sterol

S -V~

Table 3. Content of general components and unsaponifiable matters in corn seeds

Components
Varieties . Crude Crude Total*
Mojsture protein lipid Ash lipid USM **

Suwon No, 19 13.2 9.6 2.9 1.4 3.7 2.3
Kwangok 13.0 8.3 4.0 1.4 4.8 2.6
Hoengsdngok 13.9 7.3 4.1 1.3 4.7 2.1
Chech’6nok 13.2 7.8 3.5 1.4 4.4 2.0
Chinjuok 13.5 7.8 4.5 1.4 5.3 2.7
Hwangok No.3 13.1 8.3 4.3 1.4 5.2 2.5

* Extracted by methanol-chloroform solvent(By Bligh & Dyer method).

** Unsaponifiable matters.
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Fig. 3. Thin-layer chromatorram on silica Fig. 4. Thin-layer chromatogram on silica

gel G of neutral lipid fraction from corn
seeds.
Developing Solvent: n-hexane-diethylether-
acetic acid(80:20:1).
Indicator: 55% sulfuric acid-potassium bi-
chromate soln.
Samples:
TLC plate (1):
@:
@:
@:

Suwon No, 19
Kwangok
Hoengsongok
Chech’onok
(5): Chinjuok
6): Hwangok No. 3
Components identified:
a. Cholesterol
c. Lanosterol
e. Triglyceride

b, f. Unknown
d. Free fatty acid
g. Esterified sterol

R0 =T
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gel G of glycolipid fraction from corn
seeds, )
Developing Solvent: chloroform-methanol-
28% ammonia water(65:40:7)
Indicator: 55% sulfuric acid potassium bi-
chromate soln.
Samples:
TLC plate (1):
@:
3:
@:

Suwon No. 19
Kwangok
Hoengsongok
Chech’onok
(5): Chinjuok
®): Hwangok No.3
Components identified:
a,b,c,f,h,i. Unknown
d. Monoglycosyl ceramide
e, Monoglycosylsterol
g. Monoglycosyldiacylglycerol

«~Fig. 5. Thin-layer chromatogram on silica
gel G of phospholipid fraction from corn
seeds.

Developing Solvent: chloroform-methanol-
water (65:16:2)
Indicator: 559% sulfuric acid potassium bi-
chromate soln.
Samples:
TLC plate (1):
@:
@:
@:

Suwon No. 19
Kwangok
Hoengsongok
Chechonok
(5): Chinjuok
6): Hwangok No, 3
Components identified:
a. Phosphatidylinositol
b. Phosphatidylcholine
c.d.e. Unknown
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Fig. 6. Distribution profile and integra-
tion curve obtained by zig-zag scanning
to zones on thin layer chromatograms
of the total lipid from corn seeds,
Hwangok No. 3.
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« Fig. 8. Distribution profile and integra-
tion curve cohtained by zig-zag scanning
to zones on thin layer chromatograms
of the glycolipid from corn seeds, Suwon
No. 19.
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Fig. 7. Distribution profile and integra-
tion curve obtained by zig-zag scanning
to zones on thin layer chromatograms
of the neutral lipid from corn seeds,
Chech’onok.
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Fig. 9. Distribution profile and integra-
tion curve obtained by zig-zag scanning
to zones on thin layer chromatograms
of the phospholipid from corn seeds,
Chech’dnok.
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Table 4. Lipid compositions of total lipid from corn seeds

REERARESE
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Table 5414, HMIEES BREVEL2 Cas:
46.9~61.4%, Cis 21.9~29.9%, Cigo 10.9~
16.7% 2 FEBRE®E oFx glged,
o] FollA BMNENAE Cuw: I a8l A3
¥ ol Cuust Cisolh-e 7HF ¥A vieryt
2

ol 3 R BA nilE o miERARBER
G0N A, S+l BEHMERS Cuz Ciau,
Cisio Cis: 2Bl Cig:sTR] JHO B ERFS o]
F3 Ydvhx & W|gs Bilstda, i mEAY,
Meyer?, Webers} Alexander” ze]i # &9
9 #HESE AR —FsSe,

T, #EES MR THRUB 9 R
9 GEHE »a BINENA THEAEC] 86.2%
2 7H w2 hd faREge A @A Jeb
ek,

3) MIEES sterolfflik

MIREAA Q¢ Tigfbhs TLCE FHS &
#, Fig.1414 A4 59 Fr.o] velyted, &
BB A= Fr.2(Rff 0.30)¢] 4-monomethyl-
sterol 22}z Fr.1(Rff# 0.16)2] 4-desmethyl-
sterol& £ & RAE= slo sterolfXe FHE+
g}, 28 sitosterol(RRT: 1.00)-& Ko =
3lo] ©} & peake] RRTSL st sterold [
Ea A},

(peak area %)

Total lipid

Varieties PL & Chole- Lano- Hydroca-
Pigment sterol sterol FFA Unk(1) TG Unk (2) robn & ES

Suwon No. 19 3.3 2.0 5.3 15.6 0.3 77 5.1
(0.29)

Kwangok 3.3 1.1 4.8 17.8 0.4 71.6 4.3
0.29) :

Hoengsongok 2.7 2.2 5.9 17.9 0.6 69.8 3.5
0.29)

Chech’6nok 4.3 0.7 5.8 13.3 0.3 75.7 4.1
0.29)

Chinjuok 5.9 0.9 6.0 13.0 0.4 71.6 2.1 6.0
(0.29) €0.73)

Hwangok No. 3 4.4 1.1 5.9 13.1 C 0.6 75.1 4.1
0.29)

Number in parenthesis are RF values of unknown lipids.

FFA: free fatty acid. Unk: unknown.

TG: triglyceride.

ES: esterified sterol.
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Table 5. Fatty acid compositions of total lipid from corn seeds (peak area 9%)

Fatty Varieties
h Suwon Hoeng- Checht’ L Hwangok
acids No. 19 Kwangok songok Snok Chinjuok No. 3
14:0 0.5 0.2 0.1 0.1 0.2 0.6
15:0 0.1 0.1
16:0 15.0 13.9 12.0 10.9 16.7 15. 4
17:0 0.4 0.3 0.5 0.6 0.3
18:0 0.8 2.3 2.3 . 2.1 1.8 2.6
14:1 0.1 0.1 0.2 0.1 0.2 0.1
16:1 2.4 0.9 0.8 0.9 1.6
18:1 24.9 25.4 23.8 21.9 26.0 29.9
20:1 1.3 1.6 0.5
18:2 50. 4 52.1 55.7 61.4 47.7 46.9
18:3 2.3 1.6 2.3 1.9 3.3 0.7
TSFAD 18.8 16.7 14.4 13.6 19.2 19.1
TUFA® 80.3 80.0 84.1 86.2 80.4 78.1
TUFA/TSFA® 4.3 4.8 5.8 6.3 4.2 4.1

1) TSFA: Total saturated fatty acid.
2) TUFA: Total unsaturated fatty acid.

3) TUFA/TSFA: Total unsaturated fatty acid/ Total saturated fatty acid.
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Table 6. Compositions of 4-desmethylsterol fraction from the corn seeds
: (peak area %)

Component in relative retention time*

Varieties Sterols
0.81 0.88 1.00 1.12
Suwon No. 19 14.2 7.3 51.7
Kwangok 15.5 8.7 47.4
Hoengsbngok 13.4 9.1 54.0
Chech’dnok 11.6 8.8 52.3
Chinjuok 14.1 5.6 63.2 2.6
Hwangok No. 3 14.9 9.0 44.0

* Relatve retention time(RRT) of sterols from corn seeds are calculated in relation
to the retention time of sitosterol as 1.00 and the sterols identified are: 0.81;
campesterol, 0.88; stigmasterol, 1.12; isofucosterol.

Table 7. Compositions of 4-monomethylsterol fraction from the corn seeds
(peak area %)

Component in relative retention time*

Verieties Sterols

0.95 1.13 1.52
Suwon No. 19 _ 28.7 18.0 13.9
Kwangok 17.7 20.3 12.9
Hoengsdngok 23.6 27.0 14.3
Chech’dnok 37.6 24.1 14.7
Chinjuok 19.5 15.0 9.1
Hwangok No. 3 27.4 24.4 17.3

* Relative retention time(RRT) of sterol from corn seeds are calculated in relation
to the retention time of sitosterol as 1.00 and the sterols identified are: 0. 953
obtusifoliol, 1.13; gramisterol, 1.52; citrostadienol.

Table 8. Content of lipid classes in total lipid from corn seeds (wt., %)
lipid classes
Varieties

NL GL PL
Suwon No. 19 ' 94.0 3.4 2.4
Kwangok 90.3 3.7 2.5
Hoengs6ngok 94.5 - 3.3 2.7
Chech’6nok 86.1 9.1 5.1
Chinjuok 97.1 2.1 1.5
Hwangok No. 3 85.5 11.0 3.5

NL: neutral lipid. GL: glycolipid. PL: phospholipid.
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Table 9o 4], shi:fgE e HREERSe TG A =8 B kEdE HEs 2 & A
24.7~80.0%, lanosterol 6.7~20.2%, chole- 2) HEAEES EIRRERK

sterol 1.0~50.6%, FFA 4.4~8.9% ¥z ES Table 106l 4, wHBEE S BEIEHES Csa

1.5~15.9% % &£& &HFIx 5o, KEI19 26.2~55.4%, Cig:1 22.7~39.1% ¥ I Cie:0

Table 9. Lipid compositions of neutral lipid@ from corn seed (peak area %)
Neutral lipid -
Varieties Choles- Lano-
terol Unk (1) sterol FFA TG Unk (2) ES
Suwon No. 19 50.6 17.6 5.6 24.7 1.5
Kwangok 23.1 12.3 20.2 8.9 32.4 3.1
(0.12)
Hoengsdngok 9.2 18.2 13.1 8.7 55.4 5.3
0.12)
Chech’onok 1.0 6.2 4.4 80.0 8.0
Chinjuok 5.6 9.9 8.4 68.1 0.9 7.1
(0.73)
Hwangok No. 3 3.8 11.3 6.2 62.8 15.9

Number in parenthesis are RF values of unknown lipids.
Unk: unknown, FFA: free fatty acid. TG: triglyceride, ES: esterified sterol,

Table 10. Fatty acid compositions of neutral lipid from corn seeds (peak area 9)
Fatty o . Varieties i .
p Suwon Hoeng- chech’- s Hwangok
acids No. 19 Kwangok sdngok Onok Chinjuok No. 3
14:0 1.0 0.3 0.1 0.4 0.4 0.9
15:0 0.2 0.4 0.1 0.2
16:0 14.5 23.3 41.5 11.4 16.2 16.2
17:0 0.6 2.1 0.9 0.9 0.8 1.0
18:0 2.9 3.2 2.0 3.4 3.2 3.3
14:1 0.2 0.3 0.2 0.2
16:1 2.1 2.9 1.9 1.2 1.9 4.1
17:1 0.2 0.3
18:1 26.3 39.1 25.2 22.7 32.0 32.3
20:1 0.6
17:2 1.7
18:2 50. 6 27.3 26.2 55.4 43.9 38.2
18 1.2 2.1 1.4 2.0
TSFA 19.2 29.8 44.6 16.1 20.6 21.6
TUFA 80.4 69. 6 53.5 79.6 79.2 77.7

TUFA/TSFA 4.2 2.3 1.2 4.9 3.8 3.6
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Table 11e] 4], BENEE S MEIEERS < MGS
17.5~56.4%, MGC 8.2~28.9% =& 2 MGDG
12.4~22.2%9 SRS HE 2ygew, MGS%
MGC?] &&°] TMEANAE 7134 HL e
BINES BREANAE A3 @A Jdebgeod,
MGDG7} KE195k8t BEHENAE A A&
A e 53& 244,

2) WERRES REBER

Table 12014, HIEES BREHEBS Cuko
20.0~26.1%, Cisx 14.6~39.3%, Cis:z 3.6~
26.9% 28 Z Ciuofg 3.3~23.7%2 TRFTE
o] 71 ggloeH, EMEAAE Cuups] kol
71 E=-e kg o] Cuofig2 713 @A el m,
KE195k9 SEHANAE Cusalho]l A3 EA
B} i},

Table 11. Lipid compositions of glycolipid from corn seeds

xSt B-W #F B

BEREEARSERE

o] A2 Weber?s] ol ksl Az ¥
LhskAk, Hrp £99 #iEdEs £40 SRER
7+ sl

28 2 TR g 48& HEEhd
¥Es+ EMEANA= THFEL(61.9%, 60.8%)
o] 714 A vehd dbwdel, fRFIER(34.4%,
34.5%)-& A %A velges, TEMER/ R
B S84 XES} BMHE] 1.8& M4 &
A et 53E 240

3) WIEES BRee BERSY €&

Table 13e4), #IEES BREERS L Pl
30.9~84.6% 22| PC 4.5~22.0% % FRF
< o] % glger, HRES BHERMRA= Pl
9 afe A ¥ KEd PCy 7 ¥4 v
Elyket,

o] #Rw Weber¥s} S¢uhe] #HIBHA M
BR4o 2 PI, PC 8] = phosphatidyletha-
nolamined &3tz gtz 3 #Eol ks
gstdle.

4) BIRES TREBMER

Table 14014, BHEES BREH®RS
37.2~61.6%, Ciz:0 9.2~381.8% 28l Cisul
4.3~17.2% 2 ERSE olF2 Jdgon, B
EdAE Cisufd S8 1% %% Wk ol Cirso

& 7 wsket,

s, FfEEs g 45& HhEsd

Cis:o

(peak area %)

Glycolipid
Varieties —
Unk(1) Unk(2) Unk(3) MGC MGS Unk(4) MGDG Unk(5) Unk(6)
Suwon No. 19 18.0 36.4 18.5 27.2
(0.94)
Kwangok 2.8 24.8 44.0 12.4 16.1
(0.22) 0.94)
Hoengsdngok 16.7 6.7 8.2 22.8 16.9 16.9
(0.49) (0.61)
Chech’dnok 9.4 17.5 20.0 17.3 35.8
(0.8)
Chinjuok 28.9 56.4 14.8
24.0 25.4 22.2 12.7

Hwangok No. 3 2.9 12.7
. (0.49) (0.61)

Number in parenthesis are RF values of unknown lipids.

MGC: monoglycosylceramide,
MGDG: monoglycosyldiacylglycerol.

MGS: monoglycosylsterol.,
Unk: unknown,
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Table 12. Fatty acid compositions of glycolipid from corn seeds (peak area %)

§§f§§ Suwon Hoeng‘farietlesChech’ sk Hwangok
No. 19 Kwangok sdng ok 6nok Chinjuok No. 3
14:0 1.6 1.1 2.0 1.7 2.0 6.1
15:0 0.1 0.4 1.8 0.6 0.8 4.1
16:0 20.5 26.1 23.4 22.9 25.1 20.0
17:0 16.4 4.1 8.0 24.7 3.3 11.1
18:0 2.9 3.6 4.7 2.5 3.3 5.9
14:1 1.3 0.2 0.8 0.1 0.2 0.9
16:1 5.5 4 6.5 5.1 2.7 3.9
17:1 0.8 2.8 2.6 0.6 4.0
18:1 16.9 25.7 30.4 14.6 39.3 23.3
20:1 2.7 0.3 1.1 2.3
14:2 0.9 0.4 0.3 0.9 0.2 0.7
16:2 3.8 4.5 1.5 2.5
17:2 1.7 1.0 0.7
18:2 24.6 26.9 11.2 13.0 16.3 3.6
18:3 2.1 0.1 0.3
TSFA 41.5 3.4 39.9 52.4 34.5 47.2
TUFA 56.5 61.9 53.1 41.9 60.8 42.2
TUFA/TSFA 1.4 1.8 1.3 0.8 1.8 0.9
Table 13. Lipid compositions of phospholipid from corn seeds (peak area 9%)
T Phospholipid
Varieties .
: Pi PC Unk(1) Unk(2) Unk(3)
Suwon No. 19 48.5 14.1 7.7 29.8
©.77) (0.93)
Kwangok 72.1 19.1 8.8
0.7
Hoengsbnok 86.4 10.2 3.4
0.77)
Chech’dnok 46.4 22.0 8.6 19.2 3.8
0.77) (0.93) (1.00)
Chinjuok 30.9 19.9 37.9 11.4
(0.93) (1.00)
Hwangok No.3 79.3 4.5 7.1 9.1
(0.77) (0.93)

Number in parenthesié are RF values of unknown lipids.
PI: phosphatidylingsitol. PC: phosphatidylcholine. Unk: unknown.,
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Table 14. Fatty acid compositions of

phospholipid from corn seeds
(peak area %)

Fatty Varieties
; Suwon Hoeng- Chech’ s Hwangok

acids No. 19 ‘Kwangok sdng ok 6nok Chinjuok No. 3

14:0 3.9 2.9 3.6 4.4 2.5

15:0 1.7 1.8 2.2 2.1 0.8

16:0 61.0 55.2 37.2 38.4 41.1 61.4

17:0 17.1 18.9 9.2 31.8 23.4 11.6

18:0 47 3.4 4.0 2.6 4.6 1.8

14:1 0.2 2.0 1.5 0.1 0.1

16:1 4.2 7.6 4.9 7.1 4.9

17:1 2.6 2.6 2.2 1.5 1.1

18:1 7.3 5.3 17.2 4.3 7.0 5.8

20:1 6.7

14:2 2.4 1.1 2.0 1.4 0.8

16:2 5.5

17:2 1.4

18:2 2.4 1.0 4.4 1.9 1.1

18:3 1.9 0.3

TSFA 83.4 83.1 55.1 78.6 75.6 78.1

TUFA 16.6 11.0 40.4 16.8 19.6 19.4
TUFA/TSFA 0.2 0.1 0.7 0.2 0.3 0.2

BB EANA THAE] 40.4%2 714 =& 44
o, M-S 55.1%% 713 @A Jelda R
B/ ffme] SEMLAALE BRE 0.7%=
A JedE 544 244,

= #

BEE 6/ B8 ST MBHE, iEER
3 EBES #Ree RERS, BIHBER
283 EHEEY sterol@i-$ GLC, TLC, TLC-
scanner .@ column chromatography S Fj sl
ERT B e 2o B#e Q9.

1) S MIBES 3.7~5.3%9 4B
T v I L7%A%,

2) BIEES BRIBEKS L TG, FFA, lano-
sterol.  hydrocarbon & ES &= PL & pig-
mentE FHFEHE, TGE BIED HE34 4
%4 ek,

3) #MIRHES FBIEMEER-2 linoleic, oleic 21
I palmitic  acid’} FEFE olFx, RIIE
4% linoleic acid7h 73 & uwkdel, oleicst
palmitic acid: 713 @A velyel.

4) WIBEA TR 2.0~2.7%8 &S
g Bgx, BHENA £ 54 vebgs.

4-desmethylsterolffl K-S sitosterol, campe-
sterol 28] 2 -stigmasterole] FEEKH-& o] F 1,
ETHFEN A sitosterole] 713 =4 Jebytel.

%, 4-monoimethylsterolfif-& obtusifoliol,
gramisterol 18] & citrostadienole] RS ol
33, %Es+ BMEANA obtusifoliolst citro-
stadienole] 7} A hebyt

5 MIEES B FHEEY 882 kK
1958, %=E, BRE ez THE RBIES
HEgac B4 vetgen, WMERS BEE
<+ ook R¥ e nylck. ‘

6) hEEIEES) MRIEERS & TG, lanosterol,
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cholesterol, FFA 18] 3 ESs} £KH5S o] F 2
ek, o

7) hHIEES BHEBAR-S linoleic, oleic
g} 2 palmitic acid’} ERFE ol %3, KEI19
ol WHIE A A E linoleic acidy} 1A =4 v
B} 5t}

8) BEIRE S BBEURERS 2 MGS, MGC ¥
3 MGDGE %3, MGSst MGCE EMEe]
A A e oubddl, BEES BIEAAE 7
A %A ebiteh.

9) FEIEES JRISEEMR-S oleic, palmitic,
linoleic 2.¥] == heptadecanoic acids} WKL
o] R, HMEAA oleic acidrt 7k F-& dbd
o] heptadecanoic acid: & A Jelyta, &
NEAA = o]l K¥ Er-g ngvt.

10) #IEES BMRBEERSS P1 Y PCE &
A, BEEES BHEMRAA P A3 A
vebyet,

11) BEIEES MMM # K-S palmitic, hepta-
decanoic 8] oleic acidyb FEHL ol F3,
BB EN A oleic acidsb AR =& diddel, he-

S

ptadecanoic acid® 7}& A Jebyiel,
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