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Abstract

Some commercial beef loins in raw state were packaged with PVDC as aerobic and vacuum condition. The
other beef samples were cooked until core temperature arrived at 70°C and then packaged immediately in the
same way as the raw state. These samples were irradiated by electron beam (0, 1, 2 kGy), and then stored in
refrigerator (2~4°C). Identity and quantity of cholesterol oxides were analysed at the 0, 7th, 14th day of
storage. In the samples that were raw and packaged aerobically, 7a-hydroxycholesterol, B-epoxide, 78
hydroxycholesterol and 7-ketocholesterol were detected over 0.5 ug/g. Cholestanetriol and a-epoxide were
detected at levels below 0.5 ug/g during storage. In the samples that were raw and vacuum-packaged, 7a-
hydroxycholesterol, 7-ketocholesterol and cholestanetriol were detected. In the samples that were cooked and
packaged aerobically, cholestanetriol and o-epoxide were detected below 0.5 ug/g during storage. 7a-hydroxy-
cholesterol, B-epoxide, 7B-hydroxycholesterol and 7-ketocholesterol were detected as 1.53~26.81, 1.07~5.23,
40.64~101.30 and 7.16~33.91 pug/g, respectively. In all results, total amounts of cholestero! oxide increased

significantly as irradiation dose and storage time increased (P < 0.05).
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Cholesterol3%} cholesterol oxide standard (> 99% purity)
= AA" 2529 standard 7313t A8 o,
cholesterol (cholest-5-en-33-o0l), Sai-cholestane (Sct-cho-
lestane), 19-hydroxycholesterol (cholest-5-en-3-19-diol),
7B-hydroxycholesterol (cholest-5-en-3p,7B-diol), 20a-hy-
droxycholesterol (5-cholestene-3p,20a-diol), o-epoxide
(50,60-eopxycholestane-3f3-ol), B-epoxide (5B,6B-epoxy-
cholestane-3B-ol), cholestanetriol (cholestane-33,50.,683-
triol), 25-hydroxycholesterol (cholestene-5-en-3B-25-diol),
22-ketocholesterol (5-cholesten-3B-0l-22-one), 6-ketochol-
estarol (5B-cholestane-3B-ol-6-one), 7-ketocholesterol (5-
cholesten-3B-o0l-7-one}2 Sigma Chemical Co. (St. Louis,
O)2HE 79134t} Butylatde hydroxytoluene (BHT)
=&} Sigma Chemical Co. (St. Louis, MO)2%-E] 413}
gict. Bis-[trimethylsiyl] trifluoroacetamide (BSTFA)+1%
trimethylchlorosilane (TMCS)+= Supelco Inc. (Bellefonte,
PA)ZHE] T-9)8}9 1, Celite 5459} calcium phosphate
(CaHPO,-2H,O)= Fisher Scientific Co. (Malvern, PA),
18] ar silicic acid (100~200 mesh):= Aldrich Chemical
Co. (Milwaukee, WNZ%E] 7413} c}. Hexane, Ethyl
acetate, Ethyl ether, Acetone3} Methanol> Fisher
Scientific Co. (Malvern, PA)2 48] HPLC $5-& 74
shodch. 8] ohE RE solventsE-2 glass-distilled
3hed Abgshalch.
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o] g-glsic}. APARE FU] F grinderE o]43}
o] 3 mm plate2 23] FAF o} A& A 8E 3I1H
Z7)A PVDC 4§ ¥4 3 PVDC 2% A¥ %
st A g A4 2 AT EE
dda W AR 7S o] 83t Aol 1
Meve olvz] sFog & Fadgko] 1 kGys} 2
kGy9] & FrAsks AEE s} AAAde F3
Zo)7} 4 mme]7| wZell ¢jxs} oleiwd-g 22t 13
A Zapsigoh Az 241 A2 E A 8E v2A O
ZA 5o} 3 2~4°Ce] BAA S B EsPAA 237
ZF H0, 7, 14)2 A gl Algslsdch 7Hd Alse

ovenoll 4] & U&7} 70°Crt 2 wi7x] sldg ohe
PVDC HE-$ ol-43le] 7| x4} AF3EFE F4
AR F S Ao e 2R AR ZALE
AA g g 2~4°Co) WAl BatshiA A A
59} 72+ A&7 R cholesterol oxides AJAd B2

W SRk USRS 29T

XEEE

$-% A8 A F2-2 Folch 9] v d)| nje}
G303} r}. 8 sample 10 g H$]E 50 mL test tubee]
Y31 Folch I solution (CHCl,: CH;OH=2:1) 30 mL%}
BHT (7.2%) 50 uLE #7}% ¥ polytrong ©]-83}o]
A3 st} #23k§ & Folch solution 10 mL2
polytrong A ¥ s3]0, F74& wivts] 2a YAL
ZellA] 2A17Hgqt ¥hA]Ehg o). 100 mL Al 2AI-H &
o]-g-8led A N-E A7)0l fef o] 25% FEFE
0.88% NaCl solutiong 3713l o} obiE =i 103)
ol AsA EFoIFch dlzAlRIHY Y=
Folch II solution (CHCl;: CH;OH:H:0=3:47:48) 10
mLE A H3ct. 3 F27t 443 o] Rzl o A
Z(E£3 CH,OHy& A7 sz, 31342 CHCLE 50°Cel
hot plate 9Jol| 4] AAs}dct AA A7)+ E2t 6-point
mini-vap$- ©]-8-3}d N, & flushing3d}ict. 5% A4
& AR8-3}7] Aol hexane & 2 &8l gF F 223} ).

Cholesterol oxides A48 &4

Column F1]: Zubillaga®} maerkeret'” —12] 37 Park3}
Addis®€] cholesterol oxides®] ¥e]-& %} column
chromatography methodel] ¢]&}ed Fn)slgic}. Silicic
acid (100 mesh), celite 545, ~12] 52 CaHPO,-2H,0&- 10:
9:18 A A7 chloroformS Hr}sle] EEL wE
& glass column (12 mmx30 cm)ol] FA1slgict.
Sample2 columnol] g1 A§3s}7] o]He] 10 mL
hexane : ethyl acetate (9: 1 v/v, solvent NE 37}3ldr}.

A1 5 €4} Folch solution (0.2~0.5 g oil per sample)
22 323 AAE columed] 0.2 g E& F, F4A
A3 cholesterol (phospholipidsyg #| A A|7]7] $]s}e]
50 mL solvent 133 60 mL solvent II (hexane :ethyl
acetate=4: 1)E columnel] F3}A1zirt. Column <o
9]+ cholesterol oxides & FZ3}7] £3led 40 mL
solvent I (acetone : ethyl acetate : methanoi=50:50:5)
£ 1 mL/min®] §28 324 sl 335t F
% 3|43 solvent I+ A4 $318 394 50°C hot
platesllA] AZ2AZt}. 2 E 725 cholesterol oxidesell
200 uL pyridines} 100 yL sylon BFT(Bis-{trimethylsiyl}
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trifluoroacetamide (BSTFA)+1% trimethylchlorosilane
(TMCS)E H7heted 80°Cel A 1417 §t 7hedahod
BSTFA/TMCS - %45 7H59]c}.

GLC-24

Cholesterol oxides?] #4J-& capillary column injec-
tion3} FID detectiono] A1 x]%¥] Hewlettp Packard (HP)
5890 Plus& 7}x|31 42383} c}. Columnd 0.32 mm
LD.x30 pm length x0.33 pm film thickness (Supel-
cowax 10 column)S- Al8-3}¢r}. Camier gasi= helium
< AHE3H e, 42 1.6 mL/minZ. s}gic}. 18] %
head pressurex= 14.0 psi, oven®] initial -Z%= 70°Co]
B, 0587 FAAZ F, £ 400CH F71A1HA 275°C
742 F7HAA] F 0582 fAAR F B 20 2
ZHAA  280°C7R] &5E AbAlzch. Injectiond)
detector == 300°C] 1, Al82] Fqleke 0.5 pL
otk
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So-cholestaneS- internal standard & d}ed 1139]
cholesterol oxides standardsE TMCS $-:XA2 wlE
¥ E£¥3le] HE gas chromatogramo]- Fig. 19 o}
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Cholesterol} 7o-hydroxycholesterol®® —12] 31 5.6-
epoxides®] o]AJAle} 7He oW COPs (cholesterol
oxides products) ®+= overlapping pairsE-& capillary
GCell A= 2 Fe]7} o]f L, COPse] A ko] o3
+ o]gct.

2 2] 27] DA ol HP-1, HP-5, DB-1, ¥ DB-
5 5-2] non polar capillary column-g- A}£-3}] standard
9] retention time 2td-& 3Hel. o} U standard S|
A2 7+-&- retention time-g ®o oW standardglX] &
<7F ddch. Parky} Addis®™9] o7 Zslel zhoe)
cholesterol, 19-hydroxycholesterol, 7B-hydroxycholesterol
o] Relr) Erpbsslon, wil 6-ketocholesterolah
7-ketocholesterol2] retention timese] Z-& A7}E v
t}. Smith"= cholesterol oxides products7} 6003F o]
Aol Hvkar B sl 7+E COPsE2 24 &
Aol n5 b2y wfo Be|Al EAe) 2= A
column?} Xedo] g g3}y Heklc).
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Fig. 1. Gas chromatogram of BSTFA/TMCS derivatives
of cholesterol oxides standards. A: 5c-cholestane, B: 7o
hydroxycholesterol, C: f-epoxide, D: 19-hydroxycholesterol,
E: 7B-hydroxycholesterol, F: 6-ketocholestanol, G: 20c-
hydroxycholesterol, H: 25-hydroxycholesterol, I: chole-
stanetriol, J: a-epoxide, K: 22-ketocholesterol, L: 7-
ketocholesterol. GC conditions as described under Materials
and Methods.
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2] ko A E] Bejd <= qlgdet
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xidation A ol 4] ¥ A H 2] f=riy R aFHYO, 1
#l1} Maerker®} Jones®'&- q,B-epoxideE irradiation
3F 3 6-ketocholesterolo] A HTt 7 B sl on],
w3t irradiationel] 23} 6-ketocholesterolo] ®FAa}
7] vl epoxide?} 7-ketocholesterol?] GC 24-&
# & internal standard= Sa-cholestaneg AR£-3}¢dc}.
Hwang} Maerker™= 512] w12 (|2hst 7128 &
AFAAE 6-ketocholesterolo] ExfZlely B T35t
o, 53] fresh red meatol 4+ 6-ketocholesterolo] o+
+ &= 9len, iradiationgt Fol|i= 6-ketocholesterol
o] Zrlgtcty B wslsich
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Table 1. Retention time and relative retention time for
cholesterol oxides products

Peak Ret.ention Relat.ive

COPs time retention”

no. (min) time (min)
1 Sa-cholestane (IS)* 8.813 1.00
2 To-hydroxycholesterol 9.145 1.04
3 Bepoxide 9.508 1.08
4 19-hydroxycholesterol 9.995 1.13
5 7B-hydroxycholesterol 10.708 1.22
6  6-ketocholestanol 11.120 1.26
7  20co-hydroxycholesterol ~ 11.440 1.30
8  25-hydroxycholesterol 13.012 1.48
9  cholestanetriol 13.765 1.56
10 o-epoxide 14.060 1.60
11 22-ketocholesterol 16.587 1.88
12 7-ketocholesterol 19.712 224

Y Retention time relative to the internal standard (IS), 5c-
cholestane.

7hd3HA] W 5 SAE rIEAste HARA
ZA R A A}7)7ke] 7ol mE ZH aHE ASHE
Ao kA F5-o) WA AR st Table 29
vepfigict A7 047 B-epoxided] AYeFL trace
(0.5 pg/g o3RI AR TR = HET7) 146, 1
kGy irradiation 2]~} 1.83, 2 kGy irradiation # 2]
T7F 1.90 pg/g A=l eH, AR 14 A= 2.61,
4.36, 3.63 pug/g 22 A A7) 7ko] 7 gl uhe} kA
o] froid o Frlsllal, ZAlske] Frtgel wet
2ol uste] A=ke] frelHeg Frlsisict.
Li 3¢ BE-Ax3 3gge] ZeaHE AskE
2] 27] %L 7~10 ppm A Eolm HA7|7te] A3}
ol we} Fvigtcln 2l ol Alge] A=
o} =8k 7 Fo) et

Cholestanetriol®} a-epoxoder= A A A7]7F F2t
trace (0.5 pglg ol HE HAstsich 12ht 19-
hydroxycholesterol, 6-ketocholesterol, 20c-hydroxy-
cholesterol, 25-hydroxycholesterol, 22-ketocholesterol-2-
A Aelg-ol A A7 <t AE=A @kt Lai
T AR EHolA 57HA] A 2EHE ASEAS
(a-2} B-epoxides, 7a-2} 7B-hydroxycholesterol, 2] 12
7-ketocholesterol) £2]3}%i =], & A HAH
Z5F-9} ox]3t9ic}t. Nourooz-Zadeh2} Appelqvist'™+
AAEr Zef e 5~10:19] B18-2 o-epoxide Bt}
B-epoxider} Bo] A FIch ¥ w3}

Aol B2 FH S AR A A G-
0d s ohz7F 13.00, 1 kGy irradiation x2]F7}
22.82, 2 kGy irradiation A )77} 33.69 pg/g A= o
irradiation 27} Fel2vlE AELE 22180 2}

FEo| FHEFE A3} EAlE e ZH4HE Ak}
Fol freA ez F7Fetd (P <0.05). A7 7kl ab
& FH2EE AtslEe] A dAdEe] Wl gle]
K3 AA7170] A3kl wet frolH ez 2okl
th(P < 0.05).

71dEkA] 9 8% SAE AFEAsle A 2
AleFs} 27|17k Aol M FH2EE AEd
o] b FRe} WS 2ARE F 3= Table 30 v}
et A3 0d A2} 74 R= To-hydroxycholesterol,
B-epoxide, cholestanetriol, o-epoxide, 7-ketocholesterol->-
trace (0.5 pg/g ©13h)3d 1, A 1445 B-epoxides= off
Z77}F 1.97, 1 kGy irradiation *2]3t7} 1.83, 2 kGy
irradiation *21- %7} 1.90 ng/g @A =l¢lc}. 7B-hydroxy-
cholesterol-& A A z]tollx] WA=]g] o, irradiation
f7o] Z7HERT FOH 0T Z7baied 0wl (P<0.05)
AA7|7ke] AARYTE foHoez FrksldthP<
0.05). 19-hydroxycholesterol, 6-ketocholesterol, 200-hydr-
oxycholesterol, 25-hydroxycholesterol, 22-ketocholesterol
= A Aot A M7 59 AEFHA Wkt
Ohshima 572 Fell~el&2] 7P chEA{Q 4bs)
3 AHE-2  7B-hydroxycholesterol34 7-ketocholesterol
olgts H.wshych B o378 Aaolals 7-ketocho-
lesterol9] WhAlgkw thi= 7B-hydroxycholesterol®] ¢fo]
o] gfo] A atsdct. Huber 5 A 2g<t Z4 28
& ASEe] 5 dnHen sk, 53 7
ketocholesterole] Z71gkc} v ¥ w13}¢dc}. Emanuel 5%
< EFAxE AR £l 47bA] FoEE A3
23&E(0-2} B-epoxides, 7B-hydroxycholesterol, 18]
I 7-ketocholesterol)yg- WHAslgdchil ¥ walg] ),
B odFoll A& 471X el Ta-hydroxycholesterole] ©
wpgshodch.

) ol mE FHAEE AR A RS
0dA wz=77} 802, 1 kGy irradiation #}g]7}
10.11, 2 kGy irradiation 32} 77} 15.76 pg/g =)o}
irradiation 2|7} ZHAHE AHEE 2213 24}
FFo] 715 A3y} F21E o] ZH e AL3)
Eo] foH oz Z713lodtHP <0.05). Irradiation A
g F A4 $9] Ze|2dHE AbsEe] WA 3
A Kol wldte fojAoR Frha M sy}t
AR el B FH A E AR A dAyEke]
H3tel] 3lojA e AA7)7 el A gtel] aet fe -
2 Z7hslg o (P < 0.05).

5 TAE 7R F ¥ A A 2R
3 AAz|7re| Hel| WE FHAHE AEEA e
WA 5o S AR A Table 4o el
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Wl

7t AeletA] o Al W& Egele 6~11 ppm
Ax ZH2EE AbsbEe] TEE] YA sl F
ol+= 150~290 ppm.o.& A AHE AL3}Eo] Z}3)
AT Bt ol sl ¥ Axpd 24018 98 5
A& ¥ 2A st A4 A3 Table 29} 32] 29
ZEHE DAl B o]z} glel, o] Li S0
Haoh X3t A Melget A 2 Ar)17kEE 7B-
hydroxycholesterolo] 7}3} o] WtA3lgl o] chgo 7
7-ketocholesterol, 7o-hydroxycholesterol, B-epoxide 40|
st Cholestanetriol®} a-epoxidet= A 2]4}7|7+ Eaf
trace (0.5 pg/g ©18DRT. 22) 51 A% samples} o3
7}A] Z(Table 22} 3) 19-hydroxycholesterol, 6-ketochol-
esterol, 20a-hydroxycholesterol, 25-hydroxycholesterol,
22-ketocholesterol-= 3 A 2]-9} A A7 FoF A
=] ¢kgkr}. Cholesta-3,5-dien-7-one= 7-ketochol-
esterol 2 3-8 g o e Sul¥le, 28]7 choles-
tanetriol-2- ¥4} 3} £4} epoxideo] 3|2 HE] WA
Clas A o) = )

A2l W2 FHAHE AR A A A
04A o7} 51.18, 1 kGy irradiation X&) 77}
64.57, 2 kGy irradiation |2} 77} 86.27 pg/g YA =] o]
irradiation HE|7} E| B ALS}E 2R3 24}
TEo] S-S Als) FAlE o) ZaAH S Als}
Bol fojHem 7kl eh(P < 0.05). 10 kGye] =
Al 2 o)l AP ZALA] 6-ketocholesterol2)
A efo] ZARSA] o2 ol Hlsle] 4ufo]A} whaE]
ot B st e, o]y AT E 2 kGy 557X
FAHA] 6-ketocholesterolo] #FAE)2] ¢¥g)lr}. Irradiation
A2l F AR S0 FHAuE AstE e Ay =
22| Fol wjsle felHoz Friw ¥ wslgded®,
£ Aot dAEAch AR 7l wE Fe2EE
AbsHE2] A A ko] wWsto) oloj A AR 7ke)
7433l vt foxew ZrhaledrhP <0.05). Pie
T &S 7R ¥ WA AAshe B9 S
E AgHEo] frejx e Zoliitiw sl wg Al
A5e] 7t F 23 Ak} §-% A (Cholesterol epoxide
9} cholestanetriol) Xt} 13} oxysterols (7o-hydroxy-
cholesterol, 73-hydroxycholesterol, 7-ketocholesterol)e]
Wol dAcha B malglr}.

5% SAE AR E AFEYGA AAb 24l
3 A7) el olE ¥ 2HE AlslEae)
B et ' AgE AR ZA3Rs Table Sol vhe}
el

B-cpoxide= 1A 04 A 2]l trace (0.5 pgy/

g °IBWAE HAsld o AR 7 A= dlzTo} 154,
1 kGy irradiation )77} 0.74, 2 kGy irradiation 3]
277 21 pgg A=A 28w AR 1445
2.19, 3.05, 3.09 pgfg “HAsHeITh A Ae)Toh W x|
717} F4} 7B-hydroxycholesterolo] 7} ol whAlE]
Hem, thg 22 7-ketocholesterol, 7o-hydroxycholest-
erol, B-epoxide $~¢]%ic}. Cholestanetriols} o-epoxide+=
A AA712k < trace (0.5 pg/g °18h) e} Cholesterol
epoxides+= Z| A€ & AlslEA 9] 6~7%F A%}
3L B 5131 tH”. Monahan 5% ZdAH| & A3l E
o S A5 v asle] 2219 Kol o] wo)
SRS Busidch dgel] =5W ZeaH 2
thE AkshEol nisted B-epoxide?] o] Frlate, ub
Hefl 7FdL C-7 443} Fal A6 B A 5] Pk
7M7) dlolel Boauslgdr}. sely SHaHE
Bk e Az o&ciy B sl oied,
& 79 At o-epoxide®] e H A7 Fqb
trace (0.5 pg/g °13hHAF = LAt} o)ebzke Az}
o s Rankin} Pike™%= a-epoxided] Gajako) o}
zkon, g2] 3 w2 A Cholestanetriol 2. A+3}E|o] At}
I B skl 8 Ao A x)she gkl o)

ATl i ZeAHE 43R AN Lt
0dA =77} 1551, 1 kGy irradiation *2]F7}
22.74, 2 kGy irradiation *]2]-7-7} 27.06 ng/g A=<}
ow, A3 75 24.66, 33.81, 50.66 pg/g, AA 142
| 28.05, 48.27, 77.53 ng/g 0.2 irradiation 32)7} =
ALHE ARG 2N 24} $30] FA4YSE
A7) ZA0slo] BA2HE UHEO] MOz 3
7F8HA tH(P < 0.05). Trradiation *]2] & #]3}s g9 &
A2ElE ALhES] AL TAE Sof vistel &
9jH o2 Frha Bustgdni®. 2| 7)7ke] Aol u}
£ SU2HE AL A dagake] wWste] 9le]
A Ag717ke] 7l uje} foix oz ZlElg
(P < 0.05).

2 ¢

APAEE AFedA B $85EA) 295
olgstalon, A% A& Wrxgs AP
Felddal 95 ol gt A 24K, 1, 2,
kGyye AR F 2~4°C] YA ol 4 BasiwA =]
A717E (0, 7, 14) A¥ el At 71 Aw
= ovenollA § W7} 70°CrF @ AAR] SpAR ok
71 A AFEAE F4 AN F A5 A8
A Z7les A AR AAE ohg 2~4°C9)




AR 22} A A7)7ke] FHAEE ARl A od3} 1319

WAl Bl A8 A me) 2He AR}y 7hy
Fe2eE ABge] P TR BYRE 2
Ashe o3} Woh shdshal e 9% Ao ]
EA oA+ To-hydroxycholesterol, B-epoxide, 7B-hydr-
oxycholesterol, 7-ketocholesterole] 0.5 pg/g o)A} WAl
#doe, A AA7|zk Fat cholestanetriol ¥} o-epoxide
< A0S pglg olsh) WAEldc). ZlgsA] e &
5 A9 ATEAANE A AR Ed Ta-
hydroxycholesterol, 7-ketocholesterol, cholestanetriol®} o-
epoxide-> F43(0.5 pg/g 013} WAzl 99 =
AE 7T F WERAME A AUt
cholestanetriol &} o-epoxide =4:3K0.5 ug/g o138}
RA)%E, To-hydroxycholesterol (1.53~26.81), B-epoxide
(1.07~5.23), 7B-hydroxycholesterol (40.64~101.30), 7-
ketocholesterol (7.16~33.91). XE Ad}olia] x]2l-o)

E EH2HE AR A A ek z2A) 45
o] FIHEFE frolH oz Frlste] o m (P <0.05), A
H717k0] Azhatel et M RG] iMooz
27185 tHP < 0.05).
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