& 28(1), 47~56, 2023

I'

rx
o
re
rir

ME2 7Isd=
RIS - Z2A['- 0]

O] EfH0] A

Food Industry and Nutrition

, IIO|EAH|E DB

Phytosterol Database, A New Functional Food Component Database

Jihyun Hwang', Eunji Choi',

Junsoo Lee?,

In-Hwan Kim®, and Byung Hee Kim''

'Department of Food and Nutrition, Sookmyung Women's University, Korea
2Department of Food Science and Biotechnology, Chungbuk National University, Korea
Department of Integrated Biomedical and Life Sciences, Graduate School, Korea University, Korea

M OB

mto] EAH|E(phytosterols) A=A A&
2 BAEE EdEHEH(triterpene)d] EAE AHE
o] =(steroid) A= $AH7](hydroxyl group)et

ol ARSo] ARt 25 7HA L . FolEA
&2 AE Mxute] By 54 2ol #ofst
o, ZF AHE(cholesterol) T4, WIRE, FIZ,
FASE 3, F3 ke 2HE 59 AEEA 7]“3 7HA]
2 5 otuolt. olg2 #}IF, i
T g A=A AE %‘:’%Qﬂ
AomH, E3] 7331}%, FTARL} o|EEHE AHFT 4
‘E}(l) Algof ehE To]
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Syt =Rlo] AR HIF s AE
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Qo AE Y A FUA7t S &5
L‘ﬂ A EHoA mle Fasit A &
Fet vl=, REATED) 59 F8 F7IoA+=
71588 AR A AF9 T84S A4St
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48 A - 22X 0|F =

FoF ghgoll gk AE 8F%7F 3A F71sk= FA10]
o}, wEba] Sy 919 A% 2 IF 22 FY
A7 A 2209 Jdsty ARy A 4
57 sliA= vt =Rlo] AA HF sk A=
ShrE 71580l dig A= Q= HolEHo]A9]
T5o] "asirt

=, 48 5 9 F8 F7tlAE A% 7154
E AE &4 ATy 842 A4St 7429 A&
AES AL E F8 7]sAEY TlolEHolAE 4
F FEsto] 5 Folt. vl= 5F5(United States
Department of Agriculture, USDA)= 2003¥3-E
Zo1E o] E(flavonoids) ¥ HlolEH|o] A(USDA
Database for the Flavonoid Content of Selected
Foods)E A&H & 5610 ot & Hlo|EHo]A
£ 20234 5¥9 7|E 506859 AE did 2659
EtE Lol g5 JHE AFsta vk E3IF USDA
= 199995 ¥ 47| HolgHo|A%} MR o|AE
E(isoflavones)F =F dlo|EjH|o] ~(USDA Database
for the Isoflavone Content of Selected Foods)&
+9 Foltt. & dHlolgHo|AE= 202349 5€¥ V&
557&52] A& sl 459 o|ageHE I AEE
A& Foltt. A (Buropean Union, EU)AAE
20008 ZHA 2HEAA LY (French National
Institute for Agricultural Research, INRA)S] F&=
Sto Phenol-Explorergh= ©]&2] 7]5/3+& TlolE
Hlo|AS F=otal ok 7P FEQl 201590 34
gloJgHo] Ao A= 459F-52] AFof tisl 279F
ZetEo|l=g BFeto] F 50159 EYHE o
AEE AFstal Atk 53] & HolEH oA £
-7k Ae & Hst JRE At e, 2015
A 370 dlolguo| A0 A= AF 1558%9 2.7}
Y 13239 EZ9HE9 FHETHELClE 99
< =3 ¥t JEE AFsta Ut
U] B¢ sE=XTHNAN BEH_FET =2 75
=2 A5t HolgHo|AE 5 Fo|th %‘——éﬂ
oA Hzx=E 53 75 "é—v— Eﬂolﬂuﬂ |2+= 2016
o Z/He EetEo|E Tlo|EHo| A 75 E
o, & 7|TE 201840 llﬂe J'(phenohc acids)
glo|glHo]AE, 2023¥ 0] AFEW(saponins) Tl|o]EH|
o|AE A E FISIH. ol TlolEH|olA= 2023
Y 59 7|z203 77k AlE 270%EE0] ZalHL0lE O
TA 476%F, A& 308FE2] H=AHphenolic acids)
FEA| 425%F, AE 169FE2] AFELd(saponins)
TA 539%9 otF AEE AFotal QU TH 5=

OEAQ i

l

ox, N

¢ ool

7154 dolEHolA Ed 5357 Hsf
202297 mo|EAHE, FEAloPd(anthocyanins),
2] 13(lignans), ¥¢ZZo]=(alkaloids), 21X & (phos-
pholipids), 7}2E]=0]=(carotenoids), 4]°]¥s}&
(dietary sulfur-containing compounds) H|o|E{H]0]
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OIo|EAEEC| Me|Ed

To|EAHES ZHAHEY FRHLE FAFSHA]
9 S AEEY 2 AUolA HEEA FoH, F
T A9 HA Y=t sHAYE ol AHFH Al SHA
HE 4, W9xd, 95, A g, 3 &
& 5 udT BYEdS Ustdty A ATQ).
£79] ”JFO]E’\E]]i-J ‘:Hﬂi 121 A2 ZHAHE
Z = AHelA S AEE
slao A AgF —6-5?—% T o g o]Fsto] =9

1, oA FHEAHES] vl

Wegdo=n U FHAHEY F
5 AoiEtH4). %5 ol EAHEY HFe= TF
AAE ) AHH A (low density lipoprotein, LDL)
HAEEY ¢S BF1, HolA LDL S AHE |
+& Adfots 9T TTHG,6). EZL o] EAHEO]
A AuA e}t IMZoA LDL SHAEHE A &
otz @A JFS & 5 Ul H"aﬁ‘:}(ﬂ O]
23t SYAEHE T4 2 Qo golEAHE
helper Wi7) ©< ¥k 24of o3t HAYx4 Xhq“(8)
A& 9] XH— E’r %’:}(free rad1cals) AA E= 011?1
A &d 7o 94?"_ G4k Q]r %(9) *1’9} /\E"fﬂ/\
A XA AZ(reactive oxygen species, ROS)
IFAE Zhao] 71R1%E FAS AE(8), MEF7] 5
A, AZzAFE f 52 &8 I #8(10), AMP-
activated protein kinase(AMPK) &/43} = per-
oxisome proliferator-activated receptors(PPARs)
243}l ot P AES UErdT(11). ofeE @A
o= A& 9] (Food and Drug Administration,
FDA), FH24E9d3(Buropean Food Safety Au-
thority, EFSA), MAIRA7]7(World Health Organ-
ization, WHO) 59 =AI7]7tellA A5t = =
OCIEAHEY 7542 @F ZdiHE T4 3t
Fdsty, d9zx4d 28 59 7IE 715 deiA=
ofz] 1FH Hf YTHE 1). =Wl 4% 20054 4]

n:[o
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B 1. 2AZIF0IMS TO|EAHIE 2157t & E ME 7IE

A7 21517} Mg JIE YU
AP O RIS} O|3—| PAYS §J—l_|.§ LH B
Al O|OF oo 1=2T2 Tia O™ = [ == AF
U= AESRIEEDA sz saaaz o DL ZyAHE 229 20 (0] oF 1.3 g 01 12
FEHASATH(EFSA Xl 93 SYAHE £+F9 |X0| 7|0 St2 1.5~24 g 13
MAEAZ|1THWHO) 25 ZYUAHE 44 FUE LIEHY s 14

FYFEHA oA To|EAEES IAF TAT]S
AE d=5E A5, A7sAEY 7l 9 A
2o 4EW A&RE BAittes 38 5 238 T
o] 471 SFESl B-sitosterol, brassicasterol, stig-
masterol, campesterol® TES & LU A5t
A xS A AEAHE 02 i, "EF A
HE Ao =12 & 5 U9 75 WEeE A
& 7lss5tth. S| EAEHIES dYHFHATLEE 0.8~3
g= At Utk

Oo|EAHIES MEtdnl =2 mo|EAHIE
A7 AEA o AT HE%l mo|EAHE
2 2509 & olde|th(1). o] F AlEA AEo P E
o] EAcl= To|EAHEZ B-sitosterol, stigmas-
terol, campesterolo|™, o]&°] A==t AFEE
= ATLEY FE= o|E2HH REHE brassicaster-
ol, avenasterol 5 o¥ 7}A| £&9] mo|EAHE0]
AEA Wl @A EA 7hsstth. so|EAHES] A
A2 =4 2HEQ SHAHER YA 68A
4RIAIQ1 3-hydroxy-3-methylglutaryl-coenzyme A
(HMG-CoA)7} 584 A9l mevalonateZ SYE]
A AZET. 6242 mevalonate=HE AJ4HH 2
BEA}9] farnesyl diphosphate(158t4 @ A)7F 2%
stof 30709 ©AR FLAGE To|EAHEY HFARI
squalene©| AAH}. o]& squalene°] AL (rear-
rangement) 5 & J&o] o5l == ot A
3let ¥k & 7 To|EAEHERE HIHETKIS).
1% 12 B-sitosterol, stigmasterol, campesterol&
xost 9 molEAHE 15%59°] squaleneZ2HH
AAAEE= ARE HoF1 9ok WA squalened
squalene epoxidase”} &85t 2,3-oxidosqualene
o] AAdHt}t 2,3-epoxysqualene Ef{HF 5 T
oA+ lanosterol synthase®| 2Jd] lanosterol2 A
SR, T5AE A= cycloartenol synthase©]
93] cycloartenol(1¥)2 X &= o] o|ZHE 154
S04 EAct= HFEEY To|EAHEC] BAHHH
£79] cycloartenol2HE A== 24-methylene-
cycloartanolQ¥)> AlEA0] &3] EAst= B-si-

tosterol, stigmasterol, campesterol®] &WE7Z o]
t}. 24-Methylenecycloartanol258 AJdE gra-
misterol(3¥)9] 24H EBt4o] A24-methyltransfer-
aseol| 2Rt WEd7]7} 7= 0] citrostadienol(4¥)&
B/get & A7-avenasterol(5W)o] A/gH . hH 24~
methylenecycloartanolZ%E A7-campesterol(6
H)3} clerosterol(7H)o] 22y AAJH k. A7-Avenas-
terol A24-reductase® 2J3] A24 o]FZAF| &
271 A7HE A7-sitosterol(8¥) 2 HEHTE A7-Sito-
sterol, A7-avenasterol, A7-campesterol< &}
o2 A5-desaturased] oJgt A5 o]FZAY =Y}
A7-reductase®] 2Jgt A7 o5 Aol gt =AHTH
H3-& AA Zz}F B-sitosterol(9H), A5-avenasterol
(10¥), campesterol(11¥)E A& =} B-Sitosterol
T} campesterol A22-desaturase©] &Jaf 221 &
40 o]FZAdo] Y=o 27t stigmasterol(12¥)}
brassicasterol(13¥)°] AAHc}. Stigmasta-5,24(25)-
dienol(14¥)& B-sitosterolo] A24(25)-desaturase
7t Z-8-sto] AAdHct $HH sitostanol(15¥)2 A-si-
tosterolo|] A5-desaturase’t 2Hg5HAL} stigmas-
terolo] A5-reductase, A22-reductase] 2J3 &
A=|o] AgHT. TehA ool EAHE Ho|EHo|AE
AEA0E F5517] YA o2 gt Ho|EAHES
A ARE 15t A7) 158 mo|EAHEC
gt BAFHE 3ol fA4XCoR HQ3 AoE wH
th & 78 mo|EAHES 7|8 ¥, x5
U JHE= ® 20] YERIT

% o
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sfo] E2E|E dlolgulolx TES SAL HER
sfol E2HlE F S| Zhsd B4 Hgol Ba

a
S Ao A=A e E4TelHE
AUtk dHtHo =z AF U molEAHE
FEAHoME HEde AAsta HolEAHES
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Z(petroleum ether) 59 7] Wiy S221E-
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|9 eRES 0|8 F&, XUA fA ==
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(microwave extraction), IAA FZ&(solid phase
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AAE B AX A= Ho|EAHE =2 7]
712 o]&sto] S5, == 7| A=0tELH
I)(gas chromatography, GC)2 A ZZ0tE 121
(liquid chromatography, LC)7} &&= Qith. 11
% GC BAHLE AF 5 To|EAHE AT 7HE &
g AREEHD T GC E42 /i mlo|EAHE &
7} &olstal, g IRtEET] 1S Ao 4
gt mo|EAHE T F7o] 7Hesd AHol Stk
E35] TolEAHES Fofl eHFste] GC &40 AE
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ol Zasitt. mo|EAHES A= N-meth-
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B 2. 7 IO|EAE|SY S517EQ} At Yt
ot

5= S5l

Yet e

1 Cycloartenol

- 7|&t H&: 98,19-cyclo—24-lanosten—-33-ol,
(38,98)-9,19-cyclolanost-24-en-3-o0l,
cycloart-24(25)-enol, 9,19-cyclo-94-lanost-24-en-35-ol,
cycloart-24-en-3B-ol, (38)-9,19-cyclolanost-24-en-3-ol,
handianol

- CAS H5: 469-38-5

- aFafAl CaoHs00

- 22X 426.72

24-Methylene-

- 7|Et H3: 24-methylenecycloartan-35-ol,
(38,98)-24-methylene-9,19-cyclolanostan-3-ol,
24(28)-methylenecycloartanol,
24-methylenecycloartan—-3-ol,

2 cycloartanol 24-methylene-98,19-cyclo-lanostan-38-ol
- CAS H3: 1449-09-8
- 35 CaHs20
- BX12k 440,74
- 7|et @A 24-methylenelophenol, 4a-methylepisterol,
(38,4a,5a)-4-methyl-ergosta—7,24(28)-dien-3-ol,
4a-methyl-24-methylene-5a—cholest-7-en-35-0l,
3 Gramisterol gramisterin, 24-methylidenelophenol

- CAS ¥3: 1176-52-9
- 3f5HAl CogHasO
- A 412.69

4 Citrostadienol

- 7|} HA: 24-ethylidenelophenol, ba-sitosterol,
(38,4B,5a)-4-methylergosta—7,24(28)-dien-3-ol,
(38,4a,5a,247)-4-methylstigmasta—7,24(28)-dien-3-ol,
citrastadienol

- CAS |HHS: 474-40-8

- 3latAl CaoHs00

- 22Xt 426.73

5 A7-Avenasterol

- 7|t HAL
(242)-24~ethyl-ba—cholesta-7,24(28)-dien-35-ol,
(242)-5a-stigmasta-7,24(28)-dien-35-ol,
247-ethylidenelathosterol, 7-dehydroavenasterol,
(38,5a,247)-stigmasta—7,24(28)-dien-3-ol

- CAS H3&: 23290-26-8

— 3fefAll CaoHasO

- 2X1 412.70

6 A7-Campesterol

- 7|Et B3 fungisterol, 7-ergostenol, ba—ergost-7-en-35-ol,

(38,5a)-ergost-7-en-3-ol, (24S)-ergost-7-en-35-ol,
(24S)-24-methyl-5a—-cholest-7-en-33-ol

- CAS #i3: 516-78-9

- 3latAl CagHasO

- 2X125: 400.68

7 Clerosterol

- 7|Et HE: (24S)-24-ethylcholesta—5,25-dien-34-o0l,
5,25-Stigmastadienol, poriferasta—5,25-dien-3-ol

- CAS H3: 2364-23-0

— 3fefAl CaoHusO

- 2X2k 412.70

8 A7-Sitosterol

- 7|Et HAl: 7-dehydrositosterol,
(3B)-stigmasta—5,7-dien-3-ol,
(3B)-stigmasta—5,7-dien-3-ol

- CAS ®H3: 521-04-0

— 35l CogHagO

- 2X 412.70




B-Sitosterol

- 7|Et "3 24-ethylcholesterol, 35-stigmast-5-en-3-ol,
clionasterol, 24-ethylcholest-5-en-3beta—ol

- CAS Hs: 83-46-5

3tetAl CagHs00

2X2F 414.71

10  Ab-Avenasterol

7|Et HEl (3B)-stigmasta—5,24(28)-dien-3-ol,
24-ethylidenecholesterolstigmasta—5,24(28)-dien-3-ol,
24(28)-ethylidenecholest-5-en-35-0l,
24~-ethylcholesta—5,24(28)-dien-35-0l,
24-ethylidenecholest-5-en-35-ol

CAS ®HS: 18472-36-1

St5tAl CagHagO

X1 412.69

1 Campesterol

7|Et HAl: campesterin, campest-5-en-38-ol,
(24R)-5-ergosten-38-ol, 24-methylcholesterol,
(88,24R)-ergost-5-en-3-ol

CAS HS: 474-62-4

SI5HAL CogHasO

2X128 400.69

12 Stigmasterol

7|t HE: (245)-5,22-stigmastadien-35-ol,
(24S)-24~-ethylcholesta—-5,22-dien-35-ol, S-stigmasterol,
Ab-stigmasterol, stigmasterin

CAS H3: 83-48-7

SI5HAlL CogHagO

2Xt=E 412.69

13 Brassicasterol

7|t HE: (24R)-ergosta—5,22-dien-38-ol, A5,22-
ergostadienol, 24-methylcholesta—5,22-dien—-33-0l,
brassicasterin

CAS HS: 474-67-9

SI5HALlL CogHasO

2XtE 398.68

Stigmasta-—

14 5,24(25)-dienol

7|EF EA: b,24-stigmastadienol, 24-ethyldesmosterol,
stigmasta—5,24-dien—-33-0l,
24-ethylcholesta—5,24-dien-33-ol

CAS H&: 28949-66-8

SStA: CooHagO

X1 412.69

15 Sitostanol

7|Eb BA! stigmastanol, fucostanol, spinastanol, dihydro-
B-sitosterol, 24a-ethylcholestanol, stigmastan—-3-ol
CAS HS: 83-45-4

- 3letAll CyoHs20

- 2X2F: 416.72

33 bis-trimethylsilyltrifluoroacetamide(BSTFA)S
AFESE trimethylsilyl(TMS) oEH|2 FZ=AISE HWHo|
dutz o g AMEHTK17). GC FFEAH] FS A&
At AEE BAAsH] o R EEE40] AR

ot F2 AREHE UyE BZEFE betulin, 5e-

cholestane, 58-cholestane-3e-ol(epicoprostanol)
& IO|EAHEY SSFFE27F GASHAIRE, mfo] EAE|
E0= F 2= mo|EAHEY 3 A5 AEEH
£ SAEIYE AL & Eo== E40] Ark106).
A8RAIFY TolEAHE Fgol AMEH= A

oI
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T2 A International Organization for
Standardization(ISO) 12228 ®W%(18)7} European
Council(EC) method(19)= ogr&4 FASHEEE &
HE AREsto] AH3lotal, ofdolH E(ethyl ethen)E
ol-&sto] H|HIES FE5IH, TLCE ol&sto] AW
% YFL2(aliphatic alcohols), EZHZH LIS
(triterpene alcohols) 59 ZHHEZEEL AAS &
TMS FE=AE A|ZRste] GCE o]&st E45k= U
olt}. g w|=-R-A|5 A} 3l (American Oil Chemists
Society, AOCS)°lA Tt HHE o]} FAbsIT.

GC BAHE vHsE & S0z A3k f
A Aol BRsH7| wjZof Azt H]-go] @ol &
QFE= Thgo] 9= HiE 1AL AT ZulE T
(high performance LC, HPLC) & 2145 HA
A 2otE I35 (ultra performance LC, UPLC)E ©]
&% LC #4HE F=ASE 2 glo] &40] 7Hsgr
Aol At LC &40l AMEE= AE7IE+ BHo]
Qujd #HE7|(photodiode array detector, PDA),
S718FgAE HE7](evaporative light scattering
detector, ELSD) S°| it}

Io|EAHES 11 77t sty sFektxrt A
2 fARE 397t Eol 84 #7go] EF ol who]
EAEHES A4 74 ARrtEIN Y] PR
A H(GC mass spectrometry, GC-MS), 7|4 =20}
EOdy Wy FFEAH(GC tandem mass spec-
trometry, GC-MS/MS), A A=nte1dn] AFE
AALC-MS), HA713H EFE X (nhuclear magnetic
resonance, NMR) 5°] &85 1 3lon, 7P Wo| &

BH= ARAHE GC-MSE °]&37t oItk 3).

Oto|EAH|IZ HIO|E{HIo|AL| &8 MY
ol EAHE 5 715HES delgHols PEe
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Ab-avenasterol, brassicasterol, campesterol,
GC-MS seed of Linum usitatissimum L.  cycloartenol, citrostadienol, 24-methylene 20
cycloartenol, B-sitosterol, stigmasterol
GC-MS Datura stramonium campesterol, B-sitosterol, stigmasterol 21
GC-MS mango, A-5—avenasterol, campesterol, B-sitosterol, 29
mango products stigmastanol
Ab-avenasterol, campesterol, cycloeucalenol,
GC-MS cycloartenol, citrostadienol, clerosterol,
black walnut kernels 24-methylene cycloartenol, 28-methylobtusifoliol, 23
UPLC-MS . ) )
B-sitosterol, stigmasterol, stigmastanol,
Ab,23-stigmastadienol, Ab,24(25)-stigmastadienol
almond, chestnut, cashew, hickory
. campesterol, campestanol, cycloartenol,
nut, hazelnut, macadamia nut, :
. . . cycloartanol, 4,4-dimethylsterols, 24-methylene
GC-MS pistachio, pumpkin seed, peanut, X . . 1
. cycloartenol, sitostanol, S-sitosterol, stigmasterol,
pine nut, sunflower seed, walnut, )
a-spinasterol
watermelon seed
H%E(EM\?S guava seed oil campesterol, B-sitosterol, stigmasterol 24
niger seed oil. palm ol campesterol, cycloartenol, cycloartanol, elasterol,
GC-MS 9 sesame, (E)il ’ olean-12-en-3-one, B-sitosterol, stigmasterol, 25
simiarenol, 33-norgorgosta—5,24(28)-dien-3-ol
Ab-avenasterol, A7-avenasterol, brassicasterol,
campesterol, A7-campesterol, cycloartenol,
corn oil, hemp oil, rapeseed oil,  citrostadienol, clerosterol, gramisterol,
GC-MS ) ) ) 26
sunflower oil 24-methylenecycloartanol, sitostanol, S-sitosterol,
A7-sitosterol, stigmasterol,
stigmasta—5,24(25)-dienol
Ab-avenasterol, brassicasterol, campesterol,
peanut oil, rapeseed oil, campesteanol, A7-campesterol, sitostanol,
GC-GC-MS . . . . ; 27
soybean oil, sunflower seed oil  B-sitosterol, stigmasterol, A7-stigmastenol,
Ab,23-stigmastadienol
olive oil, grape seed oil,
GC-MS/MS chicken eggs, m-||k_ powder, brf'assmasterol, campesterol, B-sitosterol, 8
milk, tea, juice, stigmasterol
dietary supplement foods
" . Ab-avenasterol, A7-avenasterol, campesterol,
LC-MS spelt lipids, wheat lipids campestanol, S—sitosterol, B-sitostanol, stigmasterol 29
LC-MS Artemisia apiacea campesterol, daucosterol, stigmasterol 30
LC=MS olive oil, sesame oil brf'assmasterol, campesterol, B-sitosterol, 31
stigmasterol
avocado oil, almond oil,
canola oil, corn oil,
grape seed oil, hemp oil, brassicasterol, campesterol, cycloartenol
LC-MS/MS hazelnut oil, macadamia nut oil, . » camp n Y ’ 32
) : . B-sitosterol, stigmasterol
olive oil, peanut oil,
sesame oil, sunflower oil,
walnut oil
UPLC-MS/MS tobacco leaves B-sitosterol, stigmasterol 33
UPLC-MS/MS  commercial free sterols mixture b.rassmas-terol, gampestero], campestaﬂol, 34
citrostadienol, sitosterol, sitostanol, stigmasterol
. Ab-
HPLC-NMR sea buckthomn seed oil 5-avenasterol, campesterol, cycloeucalenol, 35

B-sitosterol, sitostanol
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