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Biological Activities of Phytosterols and Their Variations in Crops
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ABSTRACT: Plant fats and oils contain phytosterols as
naturally occurring constituents, which are present in
pure or esterified form, or conjugated as glycosides. The
predominant phytosterol is sitosterol and minor compo-
nents are campesterol, stigmasterol, A’-avenasterol and
brassicasterol. They play a key role in cell membrane
function of plants as cholesterol in animals. Phytosterols
have been known for many years for their properties for
reducing blood cholesterol levels, as well as their other
beneficial health effects for cancer preventive biological-
active substances. The objective of this paper is to present
a description of the recent advances in phytosterols for
future research.
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(mycosterols) & - HEth FEA 2HEA FHLHE
(cholesterol, Cy;H,sOHYS Z5-582 2823, HZ3, A4
Z2], GF, Ed g 2kl FxEo] glom wialgy o
Bl =4 ¥ou x84 &l Z = 242X TEAY
Rl 0.1~04%, A-5(fish oils)oll= 1.0~15%8% 75 o
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w7} 933} o (softening of bones)F|o] T-FH (rickets)S %
gola gt

Sitosterol(CosHpOHYS 2] &4 ZH Z(phytostero)2] 717
EF¢l EdEA] el v (wheat germ oil)ol|A] A 2
AFJe™ o4, 0, 05, B, B y-sitosterol o] L&A U
o}, glshakg-o S 2H B Wl AT SR ZHE
A= ghrEe] A &) el EFF fX9 FEHA] 247
E=2 AMEY stigmasterol(CooHyOHYE U7k, S5, Ul
T, FopAr Tl sl T

Phytosterob> A EA0] d2] i EZYol= Bofal 2
T E o]E9] 71FEt ol dEkHo] E AJR|EA T
sl dezl wiyb a2 Qs AAolth mEhA] il =
227 AF4 phytosterol?] 7153 ZHEA dakdo] H A
22/ Fol st ATt

AlgM AH|E(Phytosterol)

Phytosterok Fig. 19141 H=nke} o] zpdA|of A2 FH
2 EAIA APt esterdde Sk AV e 93
A FeE EASIE FTHNes, 1987). FrE] sterol®] T
HEL2 215 AxEe|A dA=AR o]EY 75 m¢ o
g3 Zom deA Yok AF7A] X phytosterok2F
25099%F0] 4EA A=t FYEHE Ee Vs FHAME
4-desmethyl sterol?! campesterol, P-sitosterol, stigmasterol,
campestanol 2 B-sitostanol} 7-2 5&2] phytosterole] T&
A ¢) tiAto] ET)(Piironen et al., 2000).

durz oz A& Fx]9] phytosterok> THISH 2] Hlolg
Hol&=t), sitosterol®] 40~60%% Z/3017t 7 3L campesterol
10~30%, stigmasterol 10~20%, A’-avenasterol®] <F 5%l &
3l] phytosterol®] Z3}FEQ! phytostanol= W|F EA| et
Phytosterok& £2] cholesterols} 7]5°] B8l 53] Al
uhe] 7)5o] Y4lF asz 2L 9ok

AE O 2 phytosterol®] AH]E= AESE
2Xg F 170 mg~360 mg/day F=E HHE Gz skt
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Fig. 1. Chemical structures of cholesterol and principal groups of
plant sterols.

(de vries et al., 1997), &2 AFH ] taire o2 714
s 7F AARE AREH O ® A1) 739 1Y 200~400 mg]
AELHES HFHsH AEY /A, v, F S0l F4
Tage] "vha gt dEle] A 1Y 350~400 mge] 2
E2HES HFA% Y Jv Ao EA o ¢Euete
73 FAFRD Hart glol Agst AFHEE A e of#lg-
U i vHs=st 2 Zew FEHEn)

Phytosterol> 2HE¢] Fol i} cjedgl F-312 Ho
£ Aol whE WHol7t YAt o]59] 313hA 24
2150] Fof| wfe} vwA JAggh vge EXE Yepign
B Abidi er al., 1999).

AU 0 F phytosterole A, Aa, AT, Z5F, S5,
TR 5 AEAC 48 dEo] 912 (Piironen et al.,
2000), A9 sHZ, o, w5, 29, testa TollAfL] FEo]
At A7 RAES ) o vk Bames, 1983; Dutta & Appelqvist,
1996; Knights, 1967) ©]E¢] & ®o] 5ol #et A= ¥
2 gl oAl

Table 1 oj&] &< &% phytosterole] eHES vehd
ZAoR L7180 865mg/100g, 37180 250 mg/100 g,
715l 865 mg/100 go] &=l Jom o] bran oilFol
= 78 1,190 mg/100 gol FEle] o]l FEETHAbId,
2001). Table 2i= 2HE<ll $H+E phytosterold] 7 3Haks:
veRd 202 sjtosterole] AEA] sterol®] FEL o= A
de ¥ 4 Ux, FHEEE B o Ze] w344 mg/100 g),
7RO mg/100g) B T Tl FEe] 522 ¢ F
AtH(Lena et al., 2002).

Kim er al 2000y S552] BA3E5 phytosterol SF3-2
HESE A3 w3E2] phytosterol A2 B-sitosterol 79.3%,
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Table 1. Some reported sterol concentrations in selected foods and
vegetable oils (mg/100 g)

Food Phytosterol
Potato 5
Tomato 7
Pear 8
Lettuce 10
Carrot 12
Apple 12
Orion 15
Banana 16
Fig 31
Garbanzo bean 35
Kidney bean 127
Soybean 161
Peacan 108
Almond 143
Cashew nut 158
Peanut 220
Sesame seed 714
Peanut oil 207
Olive oil 221
Soybean oil 250
Cotton seed oil 324
Safflower oil 444
Sesame oil 865
Corn oil 968
Rice bran oil 1190

campesterol+stigmasterol®] 20.7%°1 AlE-8 254 R4
F-2 B-sitosterok> 78.7%, campesterol+stigmasterol> 21.3%
2} 31tk i3k S~ Z phytosterol?] $FEES HUSF
(368.7 mg%)> ZSr(367.3 mgd)> AR S47(344.7 mg%)
>EUE231.3mg%) o7 Frao] wrhy sl
A Adstslof e AEfole EREo] U= phytosterol
2 FEE H ester@ o BASH o5 BE|H BAELE
olgitt. olE &9 steryl seterd9] sterok oil-water?] &
gdlo] g7} ZE= v {29 sterole W3S e}
T ol9} & BEAE o]8-3ke] sterol EE stanol’d
3} FAIE-S A3 = S Katherine ef al.(2002)2 4%<]
F71E8S O E phytosterols 41519 =H] o]0 ek
205~287 mg/100 g 52 sterol®] FAL 61~-81%°12} 3}
Al olef 72 Wele] F2 o r FF steed 2
A 71e] zpo] T XA St
e A7 2 B AEA 28Rl o] e
213 sterol?t esterd sterolell #gH R AL gl A,
o|= phytosterol®] Z74-& 1% A2 I F saponification
o o3 fAol o] U= FEBY sterolEo) HPFH o
B2]7] wliEolth, A& sterold- TIFS ¥hHo 2 A8 5= 9]
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Table 2. Phytosterol content of cereals (mg/100 g edible portion)

$B(E55(KOREAN J, CROP SCI), 48(S), 2003

Campesterol Sitosterol Stigmasterol ~ Campestanol  Sitotanol Sum
Buckwheat flour 11 86 2.0 0 0 99
Com flour 88 26 22 45 10 5
Wheat, rye (flour blend) 8.9 30 1.1 27 4.3 47
Wheat, rye, barley, oat (flour blend) 9.1 31 1.0 2.6 3.8 47
Coarse wheat, rye (flour blend) 16 46 24 5.5 7.8 78
Millet, cooked 9.9 39 39 0 2.2 55
Rice flour 4.0 15 35 0 0 23
Rice, brown, cooked 6.0 16 438 0.8 0.8 29
Rice, jasmine, cooked 3.1 15 24 0 0.6 21
Rice, parboiled, cooked 7.5 28 0 2.9 0 39
Rye, crushed grains 14 42 24 0 11 69
Rye flour 17 48 33 73 11 86
Semolina, cooked 2.6 11 0 1.2 2.0 17
Whole wheat flour 14 44 1.7 0 11 70
‘Wheat, crushed grains 11 38 1.3 7.7 11 69
‘Wheat flour 4.7 10 44 0 0 28
‘Wheat germs 94 230 32 6.9 9.9 344
o) AEA R AA| (refining)r] BHFTANA Ex}o]| (19812 B-sitosterol, campesterol & stigmasterolo] ||
e FEFHRE thEe] phytosterols FolliM 53] =9 E 758 TAFOE AT 22YE Rasbld o=
A Fx AzA] ZALA (fatsoluble) oM e Efr(alloilS ok
4Ee F UeH ol Fole stanolo] &F 20% A= F-FHo Phytosterol HDL-cholesterol == triglycerideS ®3}A|Z]
ITHT. Sch(Ferrari er al., 1997). vk A2 §x1e] A o] glo] EFHOE LDLcholesterol®] T3 7H4aA|7]Ed),
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A7 oNA the] sterole] ZAE AL HEH 7] wiEo]
£ s F e MEE 3749 Mds F87 A
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2 & 4 Aok T3 Table 13 2004 By wie} o] 23
A7H 0] AelAlel wRbME phytosterold] kst 24 th

Fet Wolrt e FoE FEy] wie] FYsla A
22 9] 7ehg E3| phytosterole] A 3Het & ANIEA

HEZL AF=odor & Zloz Atz

Phytosterole| A2|&HN

Y 2HE 7+4EH: Phytosterolo] ZE2HES E740
2 Z2AZItke Bat 1950d] 2Rk 502 HE o]
# ol AHY B A7t 213 o] Pollak & Kritchevsky

Y% cholesterol AeHE= 21FH2-HE 8F (hypercholesterolemia)
FApol| A EERE o)z} A1 ARl oM = FEIZEHE 7
2837F ok FKGylling & miettinen, 2002; Mensink
et al., 2002; Sato et al, 2001). Table 32 phytosterolo] 2%t
FY2HE Astazs vepd 214, sitosterold sitostanol
< IFYHELT Aol TR0 HBal] AHHoR
phytosterol X ZthALY lo} 7k acetyl-CoA carboxylase 3
malic enzymed] &Hg aFAFHoT ZAAZIY FHLing
& Jones, 1995).

Phytosterolo] 8% cholesterol®] & Withe ARdS 2
A H oY ol5e] FEgt 7He M gl v EHE
Ak K714 phytosteroldl] ©1gt cholesterol®] 7+4A 7130

Table 3. Influences od sitosterol and sitostanol on circulating cholesterol levels

Sterols Dose Subject Changes in cholesterol or LDL(%)
[3-sitosterol 6 g/day hypercholesterolemia -9.0

Sitosterol 722 mg/day hypercholesterolemia -11

Sitosterol 2 g/day familial hypercholesterolemia -20(LDL-~chol)

Sitostanol 0.5 g/day familial hypercholesterolemia -33(LDL-chol)

Sitostanol 630 mg/day hypercholesterolemia -12

Sitostanol 1.5 g/day hypercholesterolemia -10-15

Sitostanol ester 3.4 g/day hypercholesterolemia -8.0

Sitostanol 1.0 g/day hypercholesterolemia -1.0
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Fig. 2. Simplified model of the mechanism of action of
phytosterols. Signs in parentheses indicate the effect of
phytosterol consumption. Diet plus biliary cholesterol is
absorbed approximately by 50%, and phytosterols between
0.1% and 5% in enterocytes mediated by ABC transporters,
and the rest is eliminated by faeces. Phytosterol intake in
significative quantities reduce the rate of cholesterol
absorption and the liver cholesterol pool is diminished.
This might determine the upregulation of cholesterol
biosynthesis and plasma LDL-cholestrol removal. Signs in
parentheses indicate the effect of phytosterol consumption.

3 M = phytosterol®] cholesterol] AU 42 ZAF ol
ooz AA5H(Fig. 2) 53] phytosterok> ©&E a0l
cholesterold] £ £ 8 77 Ao 2 A=y gt

Phytosterol©] cholic acid 223 %22 campesterol®] 34%,
sitosterol®] 30%, cholesterol®] 23%, sigmaterol®] 15%, ergosterol
o] 3% slF3vlL 3™ campesterol T} sitosterol-
cholesterolol] Hlsle] Lg+ido] A7) wiEo] agol st s}
%7} cholesterololl WIste] wll-¢- Fo} AFAHOoE I 2u|E
o] g3z E AFkStiar gt

Phytosterol®]] ¢]&] LDL-cholesterol2 °F 8%~15%%4 =7}
AL sR=t] ol 1.5-3 gdaye] ¥ F58lt) AlEA
A7} cholesterol®] 578 ZAAZITHE AMIS phytosterol©]
U FA) Y3 cholesterol®] ZAg37F At 2L a3
o2 4 4 3tk Gylling & miettinen(2002)E phytosterol
#} cholestyramine % stating T & 7 LDIcholesterol
o FFE 67%7H] AT 81321 phytosterolel] <]
gl cholesterol A3taH= thHE0] 4-desmethyl sterols =+
stanolell ©]gk Ao] dlFFoln, 44-dimethyl sterolol] 2}3t

XIS BF% Phytosterolo] £10(2} A2 2k 27

cholesterol®] A 3l& 3= A2 1™ 4-monomethyl sterol %
sterol glycosideo] thet 3= Bd npy} 79 Qe AXoln

Russell er al.(2002)2 FELENA n-3 AL Aibsd
phytosterol®] esterE 2]¢|2 FF3ld cholesterol ¥4t ofu]z}
triglyceride®] 72 AMAHOH AFEAA 2 2E524E
e s EAE L& o Urkx stk Cicero er al.
(2002)2 phytosterola} T2 & 4829 2lo]dfo] 5
£ 93l FEzElE At a5 HAES A3}, B-sitosterol
e 7] Fol FHZEHE FHE gHHoE A FTL
sttt

LDL oxidation: Y8283 LDL-EZHUSEHE 5%
7 & W #AEE 8o R AFe S AT
A2 e g 2715 WA e Ae=E deA Ut Yu-Poth
et al 2000y LDL-Z2EHE TEx X2 4tslol] o3 ¥
Yol ARE FHshs TR DAvE Hoa sith uehA
FYAHEES FRSoNA HMG-CoA reductase inhibitors
FolA] LDL-Z82H &S] A8lE aax o= ard +
tal e ZEYHEEF FAEA phytosterols: T
73 LDL S8 28 E 447 WR=A] devhe 97247t
HIET QO Gylling & Miettien, 1994; Mativenko et al,
2002) phytosteroldll ©J3+ LDL Fa|2=e]&2] 4ks) oA 714
o s BeiRA] 2 AA el

Oxysterol-2 FHZHE AT o| HMIPAZ A==
cytotoxicdt EZHZA, phytosterol oxides: sitosterolaemia 2
2] plasmaclA] LA o)E2] 542 cholesterol oxidese}
o9 F-A}EE| (Adocx et al., 2001), B-sitosterols A 7
% cholesterolel] Hi3led A9 Alsls g3xo=m A7
T}l S}(Van Rensburg ef al., 2000). AWgHao] 2 2%
< 71EsAY A717F B33 739 oxysterole] A4E 7154
o] wjg- Fom AEA FAYAE phytosterol oxide”t 442
7Fe/de] 7] wlol $OZ oxyphytosterol?] cytotoxicity B
olg2] thA}, 21Fl 2do] oxyphytosterol®] A43& AFHH S
2 2942 £ e WY 2 HEA seroE 0]8F
oxyphytosterol®] H=|A| 7igol] A3 177} ofFoi ok 3T

Anti-tumor activity: Phytosterols- 3}8HE-40l| oJ8)} f=¥
wmor cell®] F24& Ao, S FAHCE 3AE 5
o (Maria et al., 1998), ©]E< anti-colonic tumor &4
£ 7H3L 7] wiZel phytosterold THEOZ HH sk Hd
AME colon cancer®] o] AFFek ZHA¥TiT FHcH(Plat
et al., 2002; Maria et al, 1998). Janezic et al.(1992)<
methylnitrosourea(MNU) 2] F 2857} Z34d dH <=
MNUAE & 0.2%2] B-sitosterol 2]0]& ZL-F3H F ol H|3k
umor Ago] HAF] EUTIA ML Ho]E FAHE
cholesterol colonic microfloracl] &J&f HEHoz AIHE
coprostanol, 53 sterol ¥ bile acid®] Fol 9jste] & #
ANTle EH2 A48 53] bile acid®] 22FHAF A2
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Table 4. %Tail DNA in ECV304 cells exposed to UV-C without or
with SBO® or different concentrations of MESOP

%Tail DNA®
Control 52.05+0.81
SBO(ml/ml) 6.95+0.76°
MESO(20 ul/ml) 26.90+1.58°
MESO(40 pl/ml) 22.30x1.66°
MESO(60 pl/mi) 10.58+1.06°

3SBO: soybean oil, "MESO: methanolic extraction of soybean oul,
Control: cells exposed to UV-C with 60 pl/ml of methanol as
solvent control. “The values are the mean+S.E. from at least three
separate experiments; at least 50 scores/experiment. SExtremely
significant increase at P<0.0001 vs. control.

colonic tumor®] Aol AAHQA PIFL mHcir ol
Phytosterol& M AZ240) 9lo] cholesterol 2 22} bile acid
2] bacterial metabolismS HAAIZ]A cholesterol®] EH] S
ZF7HAA epithelial celld] F241& TZaAIZITAL gt o] &9
gk &g 7S W AA] @3 ATHOstlund et al., 1999).

Wang et al(2003)2 UV-Coll 28k AlEe] ECV304 cell
DNA £ A& AESNE, 37182l methanol FEE<
MESO7} DNA 48 ExX 02 oA ZeH, o= MESO
o &f=le] 2= n-3-polyunsaturated fatty acid, tocopherol 2
phytosterol®] 34kl &3] 7|91 wiizol2}t 3HATHTable 4).

AFAY A8EI: S5 fs 28Rl o8 Myt of
Yeh kg2 252 21849 FaU87F "rt. Thier et
al(1958)9 elsle] Se] 218t A% FE0] AFEF
9 )@ 37} dfo] RASHARE BXT 41435 A

88#F25(KOREAN J. CROP SCL.), 48(S), 2003

FEH, Aoksod Hh, AxE: 9 AN 53 oA a
So] BaE7] Al&slA T (Ackermann & Predine 1968).

L40] B3RS Insadol, Dentadols} 7+ AHEHo R
BHAAY, 2444 892 Zea mays L3 ZMLE2 2 i
3 9Tk Ackermann & Predine(1968)0) &l3hH L= £7]
322 Bxsly geleA, squalene(1~2%) 2 439 T3
ghgleA, carotene(0~1%), o, B9} y-tocopherol(1%), 60~70%
2] phytosterol(sistosterol 80%, stigmasterol 10~20%, ergosterol
<5%)3} estrogenic, androgenic % gonadotropic activity S
Zte 4R FAE ko v} ZMLY X RAES 54
482l #olepr] Roke o] il B3 289 A
U Zlo® WAL SITKThiers et al., 1958). XFLjAES
HASTrE A5 Al e ol e AaE A
g Aol FFEHoIUES BF ofy wie] A
phytosterols- F2-351A] g--stargle) Kolpzgell #2187 W
2l AeE yekdnt

MaZ st 2|8 phytosterole| Zts}

Phytostanok phytosterol®| 8]} cholesterol®] A &l& 7}k
o & Aoz 4HA den hy F54E2 phytosterol] H]
3l Z&o| Wrial Firt

w}zbA] phytostanolS &340 7
B2 ES S48 AT F U=
&% phytostanol®] e =3 R7] v HIo= AE
AR gHE Q8 GAHFAY F phytosteroll] 25 H7HA
7 phytostanol 371 T8-S LSt e dAelth

Phytosterol cholesterol} +A}8t mevalonate 2 AHA
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Fig. 3. GC-FID results of R1 transgenic soy seed harboring the pMON43008 and nontransgenic control. The peaks corresponding to
campesterol 2, campestanol 7, stigmasterol 5, stigmastanol 8, sitosterol 3 and sitostanol 4 were confirmed by GC/MS.
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A5 ==, cholesterol3}= €] sitosterol, stigmaterol,
campesterol 2 brassicasterols} 72 TS A1EA sterolE
T3] Aok 254 sterok C-590 olFAFES 7R Q1o
™ stigmaterol} brassicasterok> C-220 F712 07 o]FAgto]
Atk wEb sk o R £AE 78l sitosterol stigmasterol

& sitostanolZ, campesterol brassicasterol campestanolE

AA F e, ol 2 FAL AL Bl E7]
o] FHIZole AWFE 7eg ol&sted A EAY A
phtosterol* phytostanolZ HEA| 7122} = G127 A=H
Utt. Corbin er al(1994y= 5SHE F2A783Hd phytosterol
—4 Wk phytostanol® HAZA|ZTIL 3191.2H Mylavarapu
et al(2003y> FA¢} T& FF% dﬁ& 1o} Fig. 394 Beniet
7o} phytostanoke THF -3 &S AL st o
A &5 2igt phytosterol 3]"'*01 L AEES g4
AL FFHoR AEA phytosterol®] AH|E E7MA7 = F
HE 710 ¢ o AEFE 7o ARSI 9fg A
7N=A] AEe] SAE o vlo) H F ok AT
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A olol] BEE FES AFAN} o]FAF ot F2 Q17
T =0l Qo] AR HZol FHE ol Sith A2 —‘é‘
o] $]o] HAge] A8t Holrpir EH=eEe] HH Pl
F7telo] XEGH A 5 24 AUl AgjH o #4)
7v E5L ok mEA S 2EEe] F4E AR OE 7HaA]
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I Ao vFHE o) 2B 3le] phytosterolel] FHEE
A= AR mfg- IR Bt opet R84, S
ol& HI%E 71 ZHHHEV*’ﬂ WE ol SOl #HE AR

- =50 & 4 St} Phytosterolo] ZHAHE 1'5}
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