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Effects of Electron-Beam Irradiation and Storage on Cholesterol
7-derivatives Products of Meat '
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Abstract

Beef, pork and chicken meat that retailed in market were used as experimental samples. Some samples in raw
state were packaged with PVDC as aerobic and vacuum condition. The other samples were cooked until
internal temperature arrived at 70°C using electric oven and then packaged immediately in the same way of raw
samples. After these samples were irradiated by electron beam (0, 1, 2 kGy), irradiated samples were stored in
refrigerator (2~4°C). Identification and quantification of cholesterol oxides were analysed at 0, 7, 14 days. The
results were following. The results indicated that raw-vacuum packaged lower detected than that of other
treatments. In raw-vacuum packaged, the amounts of 7B-hydroxycholesterol were detected slightly (below 05
pug/g) during storage, and 7-ketocholesterol were detected during every stored time and amounts of this
detection were 8.02~101.30 pg/g. In cooked-aerobic packaged, total amounts of detection were higher than that
of other treatments, total amounts of cholesterol oxides were detected about 51.18~155.90 pg/g during storage.
In all results, pork and chicken samples were similar to the results of beef samples. In all results, total amounts

of cholesterol oxides increased significantly as irradiation dose and storage time increased (P<0.05).
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Cholesterol=} cholesterol oxide standard (>99% purity)
t AAY ZeE9 standard F]I3}] A4l on],
cholesterol (cholest-5-en-3B-ol), Sa-~cholestane (Sa-cho-
lestane), 19-hydroxycholesterol (cholest-5-en-35-19-
diol), 7f-hydroxycholesterol (cholest-5-en-38,78-diol),
20a-hydroxycholesterol (5-cholestene-3B,20a-diol), o-
epoxide (50,60-eopxycholestane-3f-ol), B-epoxide (5B,
6p-epoxycholestane-38-ol), cholestanetriol (cholestane-3f,
5a,6p-triol), 25-hydroxycholesterol : (cholestene-5-en-3-
25-diol), 22-ketocholesterol (5-cholesten-38-0l-22-0ne),
6-ketocholestarol (5o-cholestane-3B-ol-6-one), 7-ketochol-
esterol (5-cholesten-3f-ol-7-one)2 Sigma Chemical Co.
(St. Louis, MO)2 %€} -4 3}%]t}. Butylatde hydroxy-
toluene (BHT) =% Sigma Chemical Co. (St. Louis,
MO)2%-8 F4]3l¢r}. Bis-[trimethylsiyl] trifluoroacet-
amide (BSTFA)+1% trimethylchlorosilane (TMCS)=
Supelco Inc. (Bellefonte, PA)2YE] 78}, Celite

5459} calcium phosphate (CaHPO,-2H.0)= Fisher
Scientific Co. (Malvern, PA), -28] 3 silicic acid (100~
200 mesh)= Aldrich Chemical Co. (Milwaukee, WIHZ
¥e 41812t} Hexane, Ethyl acetate, Ethyl ether,
Acetones} Methanol-€- Fisher Scientific Co. (Malvern,
PA)27E] HPLC 5§ 7qI3igicth 28lw og &
€ 3982 F5F31 AHe-sigi).
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Fig. 1. A model picture of electron-beam accumulator.
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A8 A3 2L Folch $92] Wyl nje} 4-2)
&lglc}. -8 sample 10 g Wl 2] 50 mL test tubedl] ¢
3 Folch 1 -@vw}j(CHCL: CH;0H=2:1) 30 mL%} BHT
(7.2%) 50 uL& H7H%t ¥ polytrond o]-g-3ld FA
33}t FA A F Folch §-o) 10 mLE polytron
£ ANslged, F74& 958 Gz YReEdA
2217 5ot vk giedch. 100 mL WiAAAH S o438}
o FANE AFHA 7|3 o }f 8] 25% E-2F-F 0.88%
NaCl 8¢ H71%} o} nlAE 23 103) o4} 743}
A EEAFHL W2 #- 9] Wl ¥= Folch I £
(CHCl, : CH/OH : H0=3:47:48) 10 mL2 A|¥#ejc}.
% Helr) shaE olfeix ol AEF CHOHyE
A A#ba, 3134l CHCLS 50°C¢] hot plate ol 4] A
Asgict. AAA 7= 53t 6-point mini-vap-g- ©]-§-3}
o] N, flushing#lsic). 255 x2S Al-3)7] A4
hexane 0.2 4-34¢ F A&t

Cholesterol oxides 4ME B4

Column &84z Zubillaga®} maerkeret’” —12]57 Park
3} Addis®®2] cholesterol oxides2] 2|8 $%l column
chromatography methodol] 2]&}e] Zn)slgdc}. Silicic
acid (100 mesh), celite 545, 28] CaHPO.-2H,0-&
10:9:12 & A3 chloroform$ H7lsle E3EL
THE thg- glass column (12 mmx 30 cm)ol] $313}g]
o}, Sample-§ columnol] Y2 A#3}7] oA 10 mL
hexane : ethy] acetate (9: 1 v/v, &9 Iy 713l )

Al 8. FH]& Folch 4-94(0.2~0.5 g oil per sample)2
2 225 xA¢ columed 02 g gL I, A2
3} cholesterol (phospholipids)& MAA1717] #1514 50
mL solvent 13} 60 mL -&-vl II (hexane : ethyl acetate=4 :
1 v/)E columnol E3AZc} Column Fel ¢+
cholesterol oxides-& $23}7] 913} 40 mL 47 1l
(acetone : ethyl ‘acetate : methanol=50:50:5 vivN)E 1
ml/min®] 422 827 sl sk HF 3
3 49 Il A4 $41-& 3HA 50°C hot platee]]
A 2AzA3. #F Ax9 cholesterol oxidesol| 200
WL pyridine¥} 100 L sylon BFT (Bis-[trimethylsiyl]
trifluoroacetamide (BSTFA)+1% trimethylchlorosilane
(TMCS))E 718l 80°CollA 1417t Fat 71d 3t
BSTFA/TMCS f-=4& wHEsict.

GLC-24
Cholesterol oxides2] ¥-4]-& capillary column FID
detector®] 2] ¥l Hewlettp Packard (HP) 5890 PlusE

74X 3 $=88}c}. Columng 0.32 mm ID.x30 m
length X 0.33 pm film thickness (Supelcowax 10 column)
+ AH8-31r}. Carrier gast helium-$§ A-§-3}g] 2.0,
$4-2 1.6 mL/min2 3}53t}. 22)37 head pressurei=
14.0 psi, oven?] initial &£+ 70°Co| o}, 0.5%-7} -]
AR F, B2 400CH Z7MAA 275°CHA] F7HARL
F 0587 FAAZ ¥ 9 22CH F7HAHA 280°Crk
A LEF 44A13ich. Injectord} detector & X & BF
300°CH AL, Fr=A2) Fql3k2 0.5 uL o] gich.
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SAS®™ B2 22 a9& o]43te] $4H¥-43} Dun-
can?] thEAY o2 5% 5o A7k © AR
717ke] 2144 A3t
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E XHazl %, €8, A8L| 7p-hydroxycho-
lesterol, 7ketocholesterol, | wWgloll o|x&
A%

Table 1, 2, 32 A& U 7tdSe] HAARA}
(electron-beam irradiation) 9~&, FAMIY &) HA
717ko] FH2H & A3HE F T-fA| o] WAk vl
X Qg ZARE Ao}

Z+E M7t % SAlY EHsdHE AEA F
T-fr=A 5] WS AR A= Table 10
bt A1 24 A2 T4 7B-hydroxycho-
lesterolS A A A7) 78 E351ed 11.77~47.49 pg/g it
A)8}5i om, 7-ketocholesterokS- A #7172t F<t i
Tolde WAEA] 949k et imadiation X el
3.31~10.28 pg/g A #}ct. M2l g FH2HE
Ab3HES) A WAk oY d=Frh 13.00, 1
kGy irradiation #2]-77} 22.82, 2 kGy irradiation # 2]
77} 33.69 pg/gt 5|0} irradiation A 2jr} ZH| 2w
& ALELE ZA18ly] FAL o] UMY $E ARt
ZA5e] Fe|2HE A3lEo] Rl oE Fr1Ele]
th(P<0.05). AA717le] W& FH A E AkRLEe A
Al A Eke] Wl gleiAe ARF7|zke] A Tghel
wel oA e g Zr)baledch(P<0.05). Ohshima 5
£ FH2HE9 7P dEAQ A 28 AR
7B-hydroxycholesterol®} 7-ketocholesterol ¢]2}7 ¥
sledch B 2] A& 7-ketocholesterol?] it
AjeF ¥l 7B-hydroxycholesterol®] o] vy o] 2+
A&tch. Huber 5@& HAE<l 2681 & 438
2] £Ze oubka o g Zyls}n], B3] 7-ketocholesterol
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AL-AFEA Mol 7p-hydroxycholesterol
YA 472 A2lrs) vy ARE B
%121}, T-ketocholesterol2- A #7717k F<t trace (0.5
pg/g 1A S LA sl AR 0] FH2EE 413
o] AFRHe} LG viAe Y& ¢ 5 st

7te-¥71 24 AeiTe A HA717 F<¢ 7P-hy-
droxycholesterolo] 40.64~101.30 pg/g A&t ox,
A% 745 2 kGy irradiation X2] 77} 101.30 pg/g ¥
Asted A A7) 5t 7 dAEke] 7Y Wgke
o, A 140AE 7407 pgg ok adhe A
& ¥9ed o] 7B-hydroxycholesterole] A7)zt
E<t Al e AE, BT FAC = o Al
2 Algchy AL €c). Monahan 5L Fel2elE
Aol RS A&} st zEld Sl
o @el wAYchy wasiycl gl xa% ¢
2 §-& ohE Al8-gof Hlsted B-epoxided] o) F
7¥ehe, Wb 71d-& C-7 A3 el 2dE A E
9] kg SV dddelEr R aEigid. 2en
FH281 8430 e AP HEUcta B
A

71 -AFEA Herdde d A7 T 7B-
hydroxycholesterole] 9.57~61.32 pg/g ‘LAt o,
7-ketocholesterol-& 4.18~9.97 yg/g WAlsiglch. Az
o) whE Gl A2 AN GAFL 0UA
277} 1551, 1 kGy irradiation A 2|7} 22.74, 2
kGy irradiation X|2]7-7} 27.06 ug/g HAH 2, A
A} 7ed78 24.66, 33.81, 50.66 pg/g, XA 14UA 28.05,
4827, 7153 pg/gS. & irmadiation |7} FelAElE
AHE A8 2AL F0] F71E 5 AL F
Ao} F2EE Aol foH o2 Frlstadct
(P<0.05). Pie T™& $-& 714 ¥ IAAAY ¢ 29
2eF AR felHog Zrigcy . =
g AR89 7t Fotb 23} AR} f-= A (Cholesterol
epoxide2} cholestanetriol) Bt} 13} oxysterols (7o-hy-
droxycholesterol, 7B-hydroxycholesterol, 7-ketocholesterol)
o] wo)] WYty ¥ 8p¢{c}®. Iradiation Me] F
AAE &9 FH26F ASEe] HAFS FAE
Soll vl foH o by ¥ vE. A7
7re| Aol wlE FAAHE Ab3Ee] AA U
o] Wizt glelME HA7IZte] Al wet §-<]
A o g2 Z7}3gchl(P<0.05).

743 A2yl % $Ale EH20E A F 7
FrEMES] WAaEE 24 A= Table 200 viehd
Ack. -8 SAlolA whEl e 2wHE A A

2 FAHE 7oz Al oo, A3 EY A
T-oljA] 7B-hydroxycholesterol-&- A A7) 7Hg E31ed
16.56~35.45 pg/g ‘$A#] o], 7-ketocholesterol -
A MR T dxTFelde AR dgkot
iradiation A 2]l A& 2.99~5.79 pg/g AAS ).
Aelgo] wE FH2EE AR AN gy
04 A df=77} 17.51, 1 kGy irradiation %) 2] 77} 23.46,
2 kGy irradiation M2]-77} 3040 pgfg WA ir-
radiation ¥ )7} ¥ 26-E AE FA3H AL 5
Fol F7H 78 A3} FAE gH2dE A%
Eol FolALE F7iaigcH(P<0.05). HA7|7ke] o
€ 26§ AES A TR W] gl
Ae MA7|ZEe] A ve} o)A o2 FrlE
tHP<0.05). Ahn 52 irradiation *e|7} )% 4182
{14lo] == hydroxyl radicals§ A A|H Ats}Eo]
Z7Rcha ¥ uslgc). imadiation Me) ¥ AHE &
o] el G ASEe LA FAE] S v]E
o feH o Fohy B s A4r)7ke A
o W& Fe2elE 432 7Bhydroxycholesterol,
7-ketocholesterol, H A WA #Fe] Wl gleixl= A
A7|7ke] Aol whel folA oz FrhsigckP<
0.05). Paniangvait 57 -8 717t A48 gl
HE A 44 risRictn ¥assct A4
2] 7} F 22 Ak R=M(Cholesterol epoxide2}
cholestanetriol) ¥t} 13} oxysterols (7a-hydroxycho-
lesterol, 7f-hydroxycholesterol, 7-ketocholesterol)o] o
o) MPARIERR M BRI,

A &-AFEA A2]FedlAE 7B-hydroxycholesterol
e Q47124 At} vy g B

o1}, 7-ketocholesterol2- A *A}7)7} F-el trace (0.5
ngg SISHAE st AF Eo] 37| Tl ulsh
o FH| 2§ AR YA 4 slcka ApERd

712 -§7) 24 Me]TF-o 4] 7B-hydroxycholesterol w2
Ak A A7) E4l 16.19~118.16 pg/esl WHE
kA s}he] 2, 7-ketocholesterol2 9.61~47.58 pg/g 2
Astect. el HA) WAdERe 36.86~213.84 pg/g
wAyshict.

7t A1ExA Aol A A7 E<t 7B-
hydroxycholesterole] 15.77~45.72 uglg ‘dAslg o,
7-ketocholesterol-& 2.60~11.30 pg/g WAsIE ). A&l
Foll ok FH2HE A AN YL 0dA
237} 23.17, 1 kGy imadiation 32|17} 29.01, 2
kGy irradiation A 2|77} 32.84 pg/g WA= 20, A
2} 7 # 24.29, 33.59, 36.17 pgle, A 14UA 27.62,
3832, 64.12 ug/g® 2 imadiation A2)7} FEAHZ
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AE A8 2A} FFo] 71T S8 Al 2
A= Fe2dE A3HE] Aoz Folsige
5 (P<0.05), A A4717ke] Aol wiel el g AL
B-Eo] ke A golgit).

7 A7}t Alge] v E A 7R
A& Y-S TAG A= Table 36 by
t}. 7B-hydroxycholesterol®} 7-ketocholesterol®] 34
He 248 29 E89 Fals} Fdsgoen,
7B-hydroxycholesterol, 7-ketochalesterol 2] W Ajaks} A
A 9%, Tl Aol gloiA] 2te] po)r}
it g Ao ok wAge] FAE e
& RAct. Jide] FH2HE 4HE &A1,
AR 717k0] ARG wlel FHl2uF A2 U
#Fo] fejdoe Foieiglw, iradiation el7} Fe
26| A FA0 TAL £E0] S SF A
37} FalE o] FH2EE AEo) FolH oz F7)
A cHP<0.05). o]2} L Aol s AT B
oA Monahan 528 FH 26l E AlalEe) WA
& 4837 v)asie] Tej¥ SolA o Wol WA}
3 il ddel 25 FH2HEL o8 A8}
Eoll u]3le] B-epoxides] Fo] Fr}aln], wbHdl 714
L C7 A% gHAdHE FEAEY gL S7H9
£ Ydolet Buslgic) 22w El a4kl A
S AAzAd A&Edrly B sl o, Iradiation
A2 & AAE Ko Fd26E Ao wAare
A o vjdjed folFor Foiw ¥ s
Ahn 5 712% Al8-& WAAAA) A7) o] A
Hitoll we} FH2HE ASIES go] Frlgcin
sich.

2 %

AYAEE AFAA BlE s -5, S5, ASE
o]-&-3ict. A& A REL PVDC UER o|4-3o
N 2R AFEAE gon, Al =410, 1,
2, kGy)y& A% F 2~4°C2] YA ollA] BoapdA]
717k (0, 7, 144) Aol AME-B4ic) 71 A&
E-2 electric ovenoljA] & W¥-7} 70°C7} € wi7kA] 7}
A% o WEAT ATELE FA AT F A
£ AaEd 2e 270 F M 2ALE AAR F
2~4°CE| PR eA] RPN AS AmEH
A7)0 U HE AR A R HAE
& ARG Ade o2 2 AR AR DA
©, 1, 2, kGy) $-% sampledl|A] A-&AFEH A2
A= A AAZ|7E FeHAA 14) 7-ketocholesterol

o] trace (05 pgig ©13}) WAsIHct. 22} TB-hydroxy-
cholesterol:& H #4717k §4F 8.02~101.30 ug/gs] ¥
A= AR AN AL J W34 el
A 71 we] A en, BAPE 51.18-15590
Hg/g ©1%ich. &%, A% sampled -9-% sampleo) ] 2}
o] e g A R} vlesiA dAs
fom, Ao whg Fol e AR A LY
FE 2L SEo] FHUSE KN LE e
o (P<0.05), A7) 7}o] Asigtel nlet AN HARE
FoH o2 F718 9 cHP<0.05).
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