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Formation of Cholesterol Oxidation Products in Foods
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Fig. 1. Cholesterol molecule.
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Table 1. Cholesterol oxides in egg and egg products
Oxysterol found (mg/g)
Food Treatment RS0 Joune /e -
Ta 78 ep - 20-OH  25-OH triol
Dehydrated egg yolk stored for 6~12 m 2.2-89 2598 @(1.3-25) 24-35 07-09 nd nt
B(65-12.0
Dried eggf yolk powder stored at 4°C for 1 yr or nd 12.8-78 a(58-46) 1894 nd 03-139 00-05
at room temp for 4 yr B(nt)
Egg mix commercially processed,  0.3-1 0.3-12 a(0.1-0.8) 05-16 01-03 tr-01 tr-0.1
cooked 13 17 B80.7-2.1) 25 09 02 02
Egg powder heated at 90°C for 16-662  1.2-981 a(0.7-18.1) 22-3165 nt nd-52 nd-18
6~24 hr £04-52.2)
Egg volk powder commercially dried 432 474 a(32.3) 46.2 8.0 25 tr
B(685)
Egg fried or boiled for 4-8 34-59 22-65 nd 46 nd 1-8
1~10 min
Spray-dried egg powder stored in freezer 1.3-30 12-14 a(08-09) 22-35 nt nd nd
at -20°C in dark B(25-26)
environment for 3~8 mo
Spray-dried egg powder stored in dark glass 39-92 44-92 a(1.2-36) 314 nt nd nd
bottle at room temp B(25-26)
for 3~8 mo
Spray-dried egg yolk low energy UV light 17 17 2(17) 17 17
for 280 hr or exposed 807)
to sunlight for 5 hr '
Spray-dried egg volk 78 8398 @ (5.26) 913 nd nd nd
(fresh) £(4.93)
Whole egg powder commercially dried 216-344 230-433  a(166-473) 224-327 4891 tr-30 tr
B(40.3-62.7)
BHl= 23: 108t kg ot vid o 25 hydroxycholesterol 25-hydroxycholesterol® cholestanetriol® ZAZ3t4 1

3 triol o} W& gHFHo g AE AT 3G H32).
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3ol Bt = cholest-5,6-epoxidesd] FAS& ZAAZITh
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AFAZ 33 F F epoxide THS H0:0 93 2=
& A9 Zoithe 7R UG

fr

Fontana 5(51)& 'H-NMR& o] &3} COPsE 248
A 90°Col A 6~24A17F 7188 B Algo g e
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A 317ppmoz FZevtn 3taoh
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TEIATH13). 1 A A fe AU E AT EF
2 o] COPs7} 7325 21 t4(29,30,32). Sander 5(32)°] A1A
3t BRHE AIE R 3l COPsE E4{%F 23 x| 759
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o MSZ A% A3 fdo] HuME A Z oA COPs7}H
TAHFOZ Yeddn sHHTable 2).

2 3 |II3E £9 COPs

5 % §7+8F F COPs9] ¥ X+ Table 3% 2. 4
7] F B ARG FHRIFOE 10%H o1, o) AL
T2 triglycerides ¢} 1X A 2 A E]o] 9] ™ cholesterol
< 50~89ImgH = ofF H&Folth(5253). 3 FIUMFF
%9 COPs& &A% A3 £117]9] 7] 4 ol A= COPs
7} AEH A Gtk 64). 2789 7MY F F# AH E 9
Abstol thale] Ryan 5(54)9) B.117} itk Park? Addis
(5556)= AiL7]e} A37] 7FE-F 5 7-ketocholesterol
HEHA Fov, 54 d2AZ A7), BYE A
71 2"ol2 2 AUZRE 39 {3 AlgdME 7-
ketocholesterole] A A Ech it &1t} Sander 5(32)& A

Table 2. Cholesterol oxides in dairy products

2 A%, A7) 9 AR 3719 A T-ketocholesterol
2% 9] epoxide”} ppm<] W Z FHFa AL, WALDE £
AMEE & o g2 BB 7-ketocholesterol® epoxideE A3
3, 283 3Fold ARE Az M 3F 74 COPs7t
Z7v8thn ®ast gl 7-ketocholesterol® a—epoxide
o] 35 8S 9T%E oY f-epoxidet 62% ) B33}
AHET).

0] 5 ATAE 2F 79 epoxider}t 7HrE 8 = WA triol S
AT $AEE R, A S8 vl Aol A B-epoxide
¥ g-epoxideE T} O 47 triolg @At FH oIt}
(18,58). EpoxideZ H7}3} A} 98 11 7]9| A triolo] & H
2 ethe 22 W gk A4l o)), Zubillaga$t Maeker(57)
£ AAAQ Ko 248k cholesterol epoxides A X2}
9] hydrophobicd Sl & 244 8 HES
et b ek 3 0= )

Oxysterol found (mg/g)

Food Treatment
e Ta 78 ep 7« 00H BOH
Butter heated at 170~180°C for 16-89 19-149  «(10-74) 50-144 tr-06 tr-06 tr-14
10~20 min and stored at £(4.4-18.4)
-20°C for 3~6 mo
Butter oil bleached with benzoyl 10-60 20-90 nd-30 nt nt nt nd
peroxide stored at 15°C
for 90 days and -20°C
for 1 yr under air or No
Butter powder stored at 4°C for 18 mo od-5 nd-8 a(nd:42) nd-6 nt nd-7 nd-9
B (nd-9)
Cheese
Blue dehydrarted nd nd 2 (nd-3) nd-4 nt nd nd
B (nd)
Cheddar dehydrarted nd-6 nd-9 @ (nd-9) nd-14 nt nd-3 nd-17
8 (nd-4)
Parmesan dehydrarted nd nd-9 @ (nd-5) nd-16 nt nd-4 nd-9
B (nd-6)
Romano dehydrarted nd nd-2 @ (nd-5) nd nt nd nd
8 (nd)
Cheese powder
Cheddar, Blue, stored at 21°C and 38°C nd nd-11 a (nd-10) nd-12 nt nd-6 nd-3
for 6 mo B(nd-3)
Parmesan, Romano  stored at 4°C for 18 mo nd-6 nd-22 2 (nd-16) nd-39 nt nd-4 nd-17
8 (nd-13)
Fresh milk product nd-2 nd-7 a(nd~12) nd-4 nt nd nd-1
B (nd-3)
Indian ghee laboratory prepared 2.1-36 42-59 46-56 3.1-4.1 nd-27 nd nd
Indian ghee fried at 180~200°C for 7.1-338 221-89 238-%6 140-846 tr-83  31-162 tr-73
1 hr repeatly 3 times
over 3-day period
Milk products dehydrated food nd~4 nd-8 a (nd-26) nd-7 nt nd nd-3
8 (nd-3)
Skin milk powder high heat spray-dried 0.01-0.02 0.02 2(0.008-0.03) tr-0025 nd nd nd
£(0.01)
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Table 3. Cholesterol oxides in meat and meat products

Oxysterol found (mg/g)

Food Treatment
Ta 78 ep T-& 20-OH 25-OH triol
. fried at 170~200°C nd-0.3  nd-0.3 a(nd-0.2) nd-0.2 nd nd-05 nd
Bacon, fried for 10 and 20 min B (nt)
Beef, pork, veal irradiated (stored at 4°C nt nt (0.04-058) 0.12-4.43 nt nt nt
for 0~2 wk) £(0.09-1.66)
Beef tallow heated at various frying nt nt @ (10-42.8) 9.1-43.7 nt nt nt
temp for up to 216 hr
Freeze-dried pork stored for 3 yr in 28.98 21.05 nt 126.59 nt nd nt
presence of light and air
Lard spiked with 2 and 10 0-100 0-150 a(0-65) 0-160 nt nt 0-20
times cholesterol level,
heated at 180°C for
16~25 days
Meat products pork  raw or cooked tr-1640 tr-34 nt tr tr tr tr-1335
muscle fresh nd nd nt nd nt nd nt
Pork muscle irradiated with UV light nd-201 nd-229 nt nd-2.26 nt nd nt
(fresh) to 72 hr
stored at 0~4°C nt nt (013-0.37) 1.02-255 nt nt nt
Raw beef for 7 to 21 days 8(0.44-0.76)

Table 4. Cholesterol oxides in miscellaneous processed products

Oxysterol found (mg/g)

Food Treatment

Ta 78 €ep T- & 20-OH 25-OH triol
Bahy food canned nd nd-11 a (2-5) 1-6 nt nd-2 nd-2
5(1-3)
Baby food containing dehydrated nd nd-24 a (nd-4) 57 nt 9-14 4-5
containing beef, meat B (nd-5)
turkey, chicken
Cake mix commercial 1-2 1-8 1-4 nd-5 2-15 nd-1 nd-2
Commercial cookies stored for 1~12 mo 01-06  0.21-068 «a(0.22-051) 0.64-1.29 nt nd nd
£(041-1.7)
French fries purchased from different 2 2-3 a(4-17) 3-5 nt nd nd
restaurants B(3-4)
French fries deep fat fried in animal/ nd 1-3 a(nd-3) 4-18 nt 2-7 3-16
vegetable shortening B(nd-2)
Health food tablet form nd-46.1 nd-316 nt 13.8-70.1 nt nt nt
raw cow’s brain
and raw liver prep
Mayonnaise 5 nd nd 13 7 9 2
Sweet biscuit commercial 1-8 7-23 2-5 1-13 1-46  nd-2 1-3
A% & 9§ EER 2L FEAH AES ANER oxidex AA&NA 718 & Fo2 FFHUG
5tod COPsE #2443 A7 245 WA £3 % ‘:'TJr?'f} SAFEZF COPse= E733 gFolATr(19). 2
e B+ BrH5459). Hwang® Maerker(60)& bratwurstoll & Z# 28 22219 B-ring 2 COPs7F %2
F2 437), S A27) @ Lol u 7| 2RE] v COPS oko 2 350 YT = 7h-hydroxycholesterol(1640
2 A& 49t} o] 5 COPs % T-ketocholesterol® p-ep- ppm)# cholestanetriol(1335 ppm), 2AMEo] 443l H &%
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E9l 22-ketocholesterol(1868 ppm)E ¥ FO08 &
At £ 152 AANA, zg vo|d 4 FEAE
FE9 22 §7MFE FolA & T COPs7t &4
b B st

Higley 5(61)2 TLC ¥ HPLCE& ©o|&3t4 1059
FSAEE B8 A9 & 729 triol# 22-ketocho-
lesterole] HAEH= vt olg F FT/HY MEL co-
elutiondte & A £/ SFEZHFH Fai=o] A
Hoh B2 o] AFHUGT Frle AT & 15 2F
Fol AslEo] oy gAle] AAAAE YHgol= &
T3ta v FAHE HFA Bl &5 & o
W7 YA NA 2FF Y dgEe] AEETL R
t & A2ZvtEaYAd A triol A BE $EE<] &1
GZol| A YEld Zlolt). o9 22 AT} 240nmo M =
WX E Zte v 2 E 3 E 7103 Aolz 4
"o} mebx HPLCE £33 tlolH Folle AEst7] &
&3 Ho] oA Ut ol 2 A 2FF < bratwurst & 7
o A8 E BAAoY YAEA] @koH, 3 Alg=
1200ppme.2 2 §tHEFo| oy & A B oA = triolo]
AE A FAqTH COPsE #A43 o T/HY Als Fol
A & g Fo M COPs7t £ o2 AEH A HPLC
2 EMEAE AP A8 SAF 9 COPst 4 F
A kol B33l g ok Chicken roll, W A 2 223k 3y
A&} bratwurst A|Eoll 2 F 9] COPs7} EA3the AL
FF 5 9oy HPLCE A #H3l7|ole Y F @2 &
oj it

7k F F COPsoll g I+ 2+ Oshima 5(48)
Osada 5(62)9 Bilg & F U, 282 YEAIEE
o] A & A7rEFE ddle JFAHLE AF3A
t}. Oshima 5(48)& AAF T COPsE 48 A
FEY FHF2 10.1~289% I, COPsY &
S A48 Aol A 83ppmoll A Ak EA] 183ppm .2 11
H ¢ Hoa A 488 e E F
A P COPs7t 718 &%kt

NS E T AArE B3R s 20,24, 25- 3
26-hydroxycholesterole] AAH 7 3192 B-ring9
COPs7} &3] &9thH63,64). Oshima S(48)9) 9jstd
Jd FAWNEE T BAE 43HES 25-hydroxycho-
lesterol Bho] HAHTHR & H T 2 FAd FA Fol
= GCA 93 1) %A 9@ peak7t &) 8=}, 25-hydroxy-
cholesterol 9jol th2 AL 43l Eo] EAslEeta
#3t Aot

Osada 5(62)& s|47tEF F Ta, 7B-hydroxycho-

lesteral, B-epoxide, e—epoxide, cholestanetriol 2 7-keto-
cholesterol®] COPs& &3t o] % 7B-hydroxy-
cholesterolo] 7+ &) th Osada 5(62)2 EX3}
Azl FH2HE Ashetel AABAE B A
A 2AS BAE At B E AR A 20:5n-3(eicosapen-
taenoic acid) 9} 22:6n-6(docosahexaenoic acid)”} E5-8}
Hom A9} hrde = 226n-67F FUHHoE 2
ol

o] 5(65)& e AR F dRd #ARle] Az
T FY2HE A EL Frteod Hlud FAAXY
o] M 7z dFAXYRY FHAHE 48 E FH
A3} &ed Agolgtn Bus gy, dAE F 2=
HEL A8 71207 134.0~191.3mg/100g 2. 2 A} AY
Al & 307.1mg/100gol] ¥l 3ta] oF 436~623%9 ZHAE B
Hom, A F66)d 3 tpEEFGA YIS T FF
33 Qle TS 50U FAEEA S LEHE ¢ A
A o] 4hglof v A& ol AT Z H AN D BHA L] &k B3
AN A 35l 93 F T 2HEL A 48 23
o] fzvte] ¢ 5097 443 Fo & 23.3mg/kg S
2 Mg 33%0 &3 s ofaFZHA Ik
S A7 10~30 Abolo FalAHE9] A7 AAH U
on BHA #7l+& 53] 100, 200mg/kg S #H7He A3
T 7509 AR YA R HIE) 80% ~85%F Hf
oM ksl BEg AA LS AT B it

Osada 5(62)& 826 &S o8 7}A) AWHtristearin,
A71&, triolein, 718, 3ntel 71 718, linseed oill A
A f)E EFIAY 22 Ay FY2HES G50
2 100°CAl A 24A17471A) 74 Est A 37 B A o A
FH 2HEL AA A TFEA sl WA F%
ot ey Aol EAE o) 53] Bxsiabate 84
7HEE o FHAHES EHFE AT L oj e BXES
2 9F4Ee] peroxidation©. 2 Z# AHE9 A5 E G
7] W Zoleta et PUFAZHE A4€ 2
< FY 2HEY A E A fbstE S~
HE 1 AA7} epo)Z ditsiA| 28l A 4t 7] of
ol th(33).

of & Ade oF Fo Y2 EH EE3A
o] FET AS u R AAEF FH2HE M=
3 Ealio A dMH o2 dojdth= A A3HA
AT ok Aol tH4862).

o

> o ek

%

oo >

718t 734 & & COPs

2
AFE AF9 A8 71A 4 FF COPs= Table 49 2
t}. Zhang 5(22)2 9+ 3ppm¥ triol?} 20~2416~9ppm
o] ZF COPsE x| Zejol= afol| A HAs ALt 2
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S FUX Zejol= PAe e R HY 4EL
P40l F COPsel # $HY $EoI A4 42 2ol
¥ 3% o5 AYo] Yool Arkx ST AEL I
FA40)t}. wef o] o] AbAolehel £718 L T ol4 44
2 & gk HU4E S Yo thololE2RE COPs 4
Age A9 A5, Hyapol =

vr]7c} &9 7,
A4 LB EE A F Y EH9 22 A o) H9¢8 Ao|t}

Van de Bovenkamp $(67) 01] o Ud = A E
o] & AE oxysterol& 25-hydroxycholesterol 0.0~
0.2ng/g, 7B-hydrooxycholesterol 2ng/g W92 BEr1slw
Aok A HE A FEY B8 471259 19 Az
500gelth. ek 7B-hydroxycholesterol lmg 3 cholesterol
a-epoxide 0.5mg < 817l A Hst= Aolct. g0
AE R 2 FAHHE FAFE Hold 73 243 5L
29 7-ketocholesterolo] ZA& 5t

;gux_-; 9 EQE]ANETO_. A}\:l-ak_,] oxysterolol gg]gi
T} oxysterol2 dukF o2 22| & A 2 A =
HJ2HEZRE A a8y o] FFe I3 g
TEOlEZ 1Y 59U AFE ] dH 3= oxysterol?] &%
< 7 mgoll E#3t. o] A= 9] §eFo] Thg A o) oy
& AEFE X o dig dFE ok B71A A0
AR A A AFL EFT AEF 5 EF 20
Bape) 20 shte] Hl2A B 20 A COPs7F AEHYE
), ol= BF FAFS E3e A A Aot

4 B

HEFFAE o= Ay FirgEo] E4 AT 24
2HE 418t AAFH 2R Qs AF A3 9
SHES ASHE & 9o, 1 kst Eo] 1A o £33t
€ A2 ojm 20 o] do] &3t A+E T3 F ¥ A
At Sd 2H &0l A3 E A ¢k JUE EAFod #
FEAAR A FE 28 E0] A BAHA FAAT,
710 M A& ute} o] o 7hA] 82l 9 F FHy &

g Eo| 2tstE o Atk AFF FEo Ae FH 24
Eo| Y3 = thE A tjBo] dEo2 48 HA ¢
on 53] AF Fo EAste BX3} APz A 7}
T R AZA SFH2HE B3E Aol £ FHI o,
FHY2HEQ ol WA e g, 9, BAR, AR
=2 g

AL A

L 4T 9] Aol thdte] L Elojop & Ao
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