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ABSTRACT

Study of Induced Hydrocarbons and Volatile
Organic Compounds as Impacts of
y—Ray and e-Beam Irradiation in Selected

Livestock Products

Jeong, In Seon
Advisor : Prof. Kim, Kyong Su, Ph.D.
Department of Food and Nutrition

Graduate School of Chosun University

Part 1.

A. Livestock research on the domestic distribution of processed products, which
are gamma-ray and electron beam irradiated, was carried out based on their
chemical characteristics. Fat was extracted from the meat products of ham,
sausage, bacon, jerky. The same was done from dairy products of cheese,
butter and powdered milk. And finally the separated hydrocarbons were

analyzed by GC/MS.

B. 1-tetradecene (Ci41) derived from palmitic acid, 1-hexadecene (Cig1) derived
from stearic acid and 8-heptadecene (Ci7z1) and 1,7-hexadecadiene (Cie:2)
derived from oleic acid were found to be suitable to use as a marker and

determine whether the samples were irradiated or not.

- Xiii -



The induced hydrocarbons on irradiation of the samples, which were
meat(ham, sausage, bacon, jerky) and dariy products(cheese, butter, milk),
increased significantly with irradiation dose. That helps to determine the
minimum dose of irradiation required to identify whether the sample is

irradiated or not.

The compounds C,- of oleic acid and stearic acid and C,-; of palmitic acid
show high amount presence after gamma rays and electron beam irradiation

in ham. Sausage sample also shows similar trend with that of ham.

The induced hydrocarbons on bacon, which was irradiated by gamma ray,
show Cu—2 and C,-1 compounds on oleic acid and high amount C,-1 on stearic
acid and palmitic acid. On the other hand, electron beam irradiated bacon
showed high amount of C,2 on oleic acid and C,; on stearic acid and

palmitic acid.

The irradiated beef jerky by gamma and electron beam showed high amount

of Cu—2 on oleic acid and stearic acid and Cy-1 on palmitic acid.

Gamma and electron beam irradiated natural cheese showed high amount of
Cn2 in oleic acid stearic acid and C,1 in palmitic acid at all given doses.

The same results was obtained from processed cheese.

The Cn— hydrocarbon in butter, 1,7-hexadecadiene which is derived from

oleic acid was not detected either by gamma rays or electron beam.

The induced hydrocarbons by gamma-ray were detected at all doses and

show high amount C,-; hydrocarbons on oleic acid, stearic acid and palmitic

- Xiv -



acid. On the other hand the induced hydrocarbons by electron beam show
high amount of C,-2 hydrocarbons on oleic acid and stearic acid. The
outcome suggested that different results could be obtained from similar

amount of gamma-ray and electron beam irradiated samples.

D. In the result of induced hydrocarbons by gamma and electron beam
irradiation, the amount of hydrocarbons produced were depend on the
absorbed dose of gamma and electron beam irradiation. According to this
study therefore, no significant difference was obtained between gamma ray

and electron beam irradiation.

Part II.

A. This study was performed to find the impacts of y-ray and e-beam
irradiation in beef jerky and Cheese. The volatile organic compounds in
agricultural products which are beef jerky and cheese by simultaneous

distillation and extraction(SDE) method and identified by GC/MS analysis.

B. Ninety four compounds were identified in beef jerky, major compounds were
hexadecanal, ethyl alcohol, (Z)-B-caryophyllene, ethyl acetate, furfuryl alcohol,

a—curcumene.

- Total 40 type of Terpenoid compounds were confirm in beef jerky and the
amount is 12239 mg/kg. The ratio of sesquiterpene shows about 3-fold

higher than monoterpene.

- The content of aldehyde was non irradiation(7.936 mg/kg), electron beam
irradiation(1.748 mg/kg) and gamma ray irradiation(0.601lmg/kg) in 20 kGy. It

shows gamma irradiation make decrease compounds amount.

- XV -



- The amount of change in volatile organic compounds by gamma irradiation

1s more decrease than electron beam irradiation.

C. Total 69 compounds were identified in cheese, major compounds were ethyl
alcohol, nerodirol, ethyl acetate, 2-pentadecanone, hexadecanal,

2-methyl-1-phenyl-1-propanol, butyrophenone, acetic acid.

- Total 32 type of terpenoid compounds were confirm in cheese and the
amount is 6.951 mg/kg. Total 6 types of oxygenated sesquiterpenes relative
ratio was b5.767 mg/kg the major group.

- The type of Caryophyllene compounds were increase the amount after
irradiation and spathulenol, PB-sesquiphellandrene and 2-butyl furan were

confirm only irradiated cheese.

- The wvolatile compounds of non irradiation and gamma-ray and e-beam
irradiation were similar, but the amount was significantly decreased after

irradiation.

D. The amount of change in volatile organic compounds by gamma irradiation is

more decrease than electron beam irradiation.
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Part 1

Study on Radiation Induced Hydrocarbons

of Irradiation Livestock Products



A

A1

A1d 773 R 54

Ho

R

2

I

22 of
o
L AEA

=
=

g 1)

J

A
A
ful

A 24t 2]
=

+d

°©

o Az M}

=

=
-

A -

0]
171 9

B2 QAT W7ol

o] 2] (convenience foods), =434 % (ready to eat

S

P
T

fei3
=

e RESE

o}

>
o)
75:;] Boi = Ho]'x]

= o
[SI=1

-
T

}

S

A

=13
=

9/]

0 a2 e A5
ol A

L4
1

=

H
3T
=3

-

T

]

1] A

A

B

S

2}

-

T

bol 7h3 @

5
Aol

2

+7]
1€

wlar ol

o

h4

FH2,3).

©

o

FA
&

1 Cold chain system
1l oF

s

©

7}
=3
Al
ol

1990 o o] 5= AR ALZE el o] & UTHA4).

e e AFENE

Ao

_?4

o
Al

K
K
B
H
o
K
Nro

<0

8T

AANGe Agskst GEel w
G ofo] whel WAA 2A|ES] o] § 2

N
Njo

2 tH(Table

o] A = A At 4 (Codex) ol wh24A]

&g 5 01(5) AN 2012

S

A =W el A

ste A7k

S

Fal A

©

18

&

ZupA &
2670 2% ol
1-1,2)(6).

=

(¢



o
oft Lz
o =2
i E N
y ¥
[
c S
E
=
fr
N
N
o &
o0
S|
1>
)
BN
>
rr
o

o 1%

Lo
=)
oz,

Zol 3] AV &7, AEF, ALE 5
5o WHoR AFHGE). o ol FE HEA] e AR Hol
weh AF Al o] B BAE G2 Fstn A

A= WHO (World Health Organization), IAEA (International Atomic

o 1o
éro

0

1>
i
BN

Energy Agency), FAO (Food and Agriculture Organization of the United
Nations) 2} #2 =7l 7] ol A Q1A wrol A 5270 el A 240015 2] 235l tg
ZA7E 8 7hE o] tH(Table 1-3)(9).

Codex(= A At A A3l = B Aol tal =AE 31838t o AL
7]Eol Aate] wEE= FEo] oty Al ew Adgstal Stk o] OECD 7}

el g9 FHUGANE AEAAL AT V2 BEHA JERA )%

>,
A

= a = &

o] 1Y AFES st HAAHQ v Ape] A F Ao UId EolS EAAI7| I
TEAAATE Y5kl FEe A EFFxA o] &S gk ==o] HQrH(10-12).

Codexi= AP Fol| tist =4S Ag ARt dom 457028091 7]) ol A

A e AL
e A= st
Abatdtte ® A1l “Radura” %71+ o7 o] F-Apdo] of
(13). Fevdtel = =9 2
7F ol st o] A FEAelR gelo] I
AFZAF HEE 93 WEV]sdAA = H=, EU 59 Azl AA A AR W
(IOCU, International Organization of Consumers’ Union)°ll &3] 19803t o] % &
AX o7 A2 EQIT HY ol 2 =13 2 (1986)0l A A F AL E ] He S
A3k vk i, TAEA/WHO/FAO(1990-1994)0 Al Al & =AM & 913 A4S &
Fol 25 32Abel gk #4o] AlAIH o2 ol old A F XAt digh AAE
ATFEZ= AL 9)ste] A E radicals 45k WA ESRWY(14-29), 7
ZA A& AT AL 753 TL, PSLWYH(30-46)¢ =% W, hydrocarbon 1t

2-alkylcyclobutanone® & 413t 38t Q1 R (47-74) 7, Comet assay(75-83)<]

kM
o

S
o

N



et Wy Eel ol gtk ey e AR BFAFt EHY

RS

=

oj

ol

| o1&
TALAH 7] FTAEA), v=r9] A EFF(FDA), FH s A(EC)2] Community
Bureau of Reference (BCR), =< FF4H2FAdMAFA), 599 AR

(BGA) 54 HEZAE BUT F Yt WuEol A4 Folv 2o mE 24
@ zAbwd J1E4ol WRstth ER, 10 KGy olst MFel HExAE JFTA,

SAsH oz ot s7} %}D‘r JECFIol A g 3sto =4 (84-87) H< Fevet=
ofe] Rokel AFAE oa) NEZAE B HF AU, AR, HAH, 13

M4 ol #d AT/ FAANAG ol T EAAFS FAL 5 b BEIEE
aHlAre] glelsh Ao 2 ngH L, S vY 4A4Y Ansh 4ENY
of wel 2AA g & wrow 49 Ao,

20004 ol F @A AAHOZ FukA, AR, XAE AERA ] o] g3 gl
A Fhed A AES Sstan ke A Ao Fuide] AxAlel ua)

of AFxAb B ol ol&¥a UARE HA HAAALAE dnkstE o Jrk(89). 1T

2 ATdAE v Fe FEY FE T AR AT A A
7tEES S EFSL AT FoE Yo ARE(I-10 kGy)E A FEERAH A 3
AAA)E Bt AEHE AWAFEsrEd 3dgd frid el dste] dsta
b etk Part IelA = SA7FEF Y A FFA o AEajilesS A6k
384 datas vFHEE A 3P o™ Part = $71833 frbes 5 S¥9 A=
o A FUIARES FA st AFXRA & WEE Felstaat st 1Y EE
ZAFEE g B2 AN AFE Fote] AFRAN A SAVMEEY AFSAE A%



Table 1-1. Absorbed dose by beneficiary food
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Table 1-3. Detection methods for irradiated food groups

Detection methods

Food group

Physical methods

Thermoluminescence

Photostimulated luminescence

Electron spin resonance

Viscosity
Electrical impedance

Near—-infrared spectroscopy

Chemical methods

Hydrocarbons

2-Alkylcyclobutanones

o-"Tyrosine

Peroxides
Gas
Comet assay

Immunochemistry
Biochemical methods

Germination method
DEFT/APC
LAL

Spices, herbs, seasonings, shrimps, fruits &
vegetables, grains, potatoes, crustaceae, shellfish

Spices, herbs, seasonings, crustaceae, shellfish

Bone-containing foods(poultry, meat, fish, frog
legs), cellulose containing foods (vegetables, nuts,
strawberries), crystalline sugar containing
food(dried mango, dried fig), shellfish, paprika,
pepper powder, egg shell, crustaceae

Pepper, cinnamon, allspice

Potatoes

Spices

Chicken, beef, pork, camembert cheese, fish,
avocado, mango, papaya, egg powder
Chicken, beef, pork, liquid whole egg,
camembert cheese, mango

Chicken, shrimps, shellfish, fish, frog legs,
egg white

Pork, chicken, liquor, egg powder

Frozen beef and frozen shrimp

Chicken, pork, fish, seeds, beans, some spices

Chicken, prawns

Citrus, apple, grains
Spices, beef, chicken, pepper, medical herbs
Chicken




MAZFEAE9 AR s 20109 283049 EE= —%7‘3‘8}1 9,15111], 2006 ~
20144 717 Eok AWF 52% FHE Ao wa vk AFENYE AHH20061
-201011) ¢F 3% olite] FES AGAE olorta 9)\3]'(Table 1-4). 20101 71
AFAE AANGE EBEZ ARA KF, o F, AEFF ATl o HlYY @

2 AALY 195%5 AAetar A Ay 38%° AFES Hola vk 1 o
So2 FAxg]24 & (Chilled food)e] 49449 E&l&2 17.5%, 4% (Dairy food)®]
TS @Y 2 13.3%E5 27 AAea vk 18 il AW [ (Savoury snacks)© A
Aoy 54%, A"FT 52%° AFES YEHI o THE AEEE T FE =4
373kl A H(Table 1-5)(90).
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Table 1-4. World market for processed food

A 74L&
T8 2006 2007 2008 2009 2010
(06-10)
7hEA E
2,439 2,530 2,676 2,725 2,830
A AIA 7
3.79
73 o vl
3.6 3.7 3.8 3.8 3.8
7

) 2009-2010 Hleoly A7k F4A o] &
A& DATAMONITOR Interactive Consumer Database, 2010.



Table 1-5. World market by item processed food

2010 AE
=5 2006 2007 2008 2009 A= o A ;L] CAGR
= N e (06-10)

Meat, fish&poultry” 476.4 494.0 5119 531.0 551.0 19.5 3.8 3.7
chilled food 4246 4413 4579 4756 4942 175 3.9 3.9
Dairy food 3173 3314 3481 3606 3771 133 4.6 4.4
Bakery & Cereals 3285 3385 3489 3605 3721 131 3.2 3.2
Frozen food 1711 1777 1847 1918 1993 7.0 3.9 3.7
Confectionery 1411 1459 150.7 1551 1596 56 2.9 3.1
Sauces,

dressings 91.1 942 975 1009 1045 37 3.5 3.5
& Condiments

Dried food 886 918 951 986 1021 36 3.6 3.6
Canned food 745 764 784 804 825 29 2.6 2.6
Savory snacks 67.1 70.4 73.8 779 82.0 2.9 54 52
Oils & Fats 587 616 646 687 723 26 5.3 5.4
Ready meals 635 709 739 769  80.1 2.8 4.1 4.0
Ice cream 50.0 518 538 559 581 2.1 4.0 3.8
Pasta & Noodles 398 416 436 455 476 1.7 4.4 45
Spreads 185 191 199 205 212 0.8 3.4 3.6
Soup 15.1 157 163 169 176 06 3.8 3.8
Baby food 7.6 7.9 8.1 8.4 8.7 0.3 3.3 3.3

D Meat, fish & poultryd] = 1
A& DATAMONITOR Interactive Consumer Database, 2010.
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O &=
T =9 GDP+= 8.7% F7letal o] & AF9 A¥= GDP thH] 34%. 2009 wi
= 7] 5RF fI%ts 2yt AFAlERTIAS F 363197001, o] & AEtEd
(Food Processing)©] ¢F 63.0%% 71 =& 0]5S 24A g
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F v Fe oF 2650%e]. 2009 AF FoigAE oF 2003w del HAE .

ez
1 =
Zol v 13% 7A@ oF 67562M % G Gon], FALe o G9eseuTE B

4
d 2

L)

3

n‘ﬂ

=
-

il
B ol
e
ol
=
rlo
(@)]
N
(@)}
>

,']'],



0

)
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Figure 1-1. Livestock processed products by type production status.

Table 1-6. Production scale current state of livestock processed products

(el o€, %,)

2009 CAGR
T 2005 2006 2007 2008 2009 Z
HZ (0509
Al 57583 66,778 72,918 69,387 81,366
A7 = 20.1 9.0

RS -148 160 9.2 -4.8 17.3

Agr Ao oA, A R AFHIE A, (2005-2009).
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ARAFES ANEI BOFS 2004d o] F FEH HFAE nth 23 7}
TFE T 2AAE ALY BE S7FEEFY A 20109 156,646F 14 20114
R 40% FHE Holw BulF EH AAAES AT BE FHo|A

2010 154914% oA 16149507 42% F713F AS & 4= dtH(Table 1-7). H|

A el BER 1Fs AF B B A Ao A FUAL w=H
20061 E FE3 Frhsta gom, fe] A% 2012d T330E ol FyHel 64
A el 2138% FhetArh WA ew Feurel 200990 oFg a4

£ HE At (Table 1-8)(92).
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Table 1-7. Changes in production and sale of meat substitute

(el =)
3 2N A M o] A il

T

Acke g A deE Ak S Adks A
2004 56,138 54,490 44,068 42,069 2,065 2,040 129,059 123,046
2005 54,242 51,869 42983 40,744 2,352 2,219 127842 118,597
2006 58520 53,671 44,156 43,428 2765 2,627 132599 124,453
2007 58233 54,055 46,183 47,077 3,201 3,143 135923 128,227
2008 52,070 55,323 50,267 52,813 4316 3,439 138123 138,734
2009 53,670 57427 54,116 50,006 3911 3,304 1388385 137,722
2010 62321 61,161 56,103 55207 4,289 4,170 156,646 154,914
2011 64,240 64,444 53,939 53589 5451 5256 162980 161,495

AR D @a%tE 8

F) AFTtEES SFaAA

= A9

,15,



Table 1-8. Import situation processed meat products

(49 : kg, usP)

e T # LA A] 71 BH7bE A
2006 = 3,242,825 5,622,493 15,148,536 24,013,854
= 10,255,253 12,141,045 22,247,514 44,643,812
2007 = 5,007,882 7,272,994 14,905,332 26,225,361
= 19,461,552 20,162,261 32,990,679 71,653,647
2008 = 6,942,998 7,634,920 14,085,435 28,663,353
= 26,690,801 20,039,890 26,719,225 73,449,916
2009 = 4,592,600 6,213,314 9,509,400 20,315,314
= 18,822,468 17,558,144 21,522,871 57,903,483
2010 = 5,617,984 7,334,277 9,643,512 22,595,773
= 22,132,232 21,785,502 24,535,816 68,453,550
2011 = 7,287,981 7,780,843 10,436,772 25,505,596
= 30,521,896 28,747,408 36,296,651 95,565,955
2012 = 7,330,389 7,255,724 16,513,937 31,100,050
= 32,033,500 28,227,398 57,942,388 118,203,286

A Aol et

F) ek Welzl, wavk
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ZALHE AL 20119 PAFe Adopu) gastgort, avE 10% o4 3
Fhgieh Aakepel wla] aml ol 700 ol ¥ FEOE ol Skl WEE &
A o ATHTable 1-9, 1-10). WMahs ALoR, A8 4483} 94214
o 4 5 BFE ax5E A= WE 59 FAE FYFE @A Sl
GAFE S99 80% oAL %, EU, 5%, FEASA A on, wd
FTA 59 3oz wAadst Faa A6 979 A4448 Foz 20124
oF FAE FAFol A% FE Ao o FETHII, 94).
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Table 1-9. Dairy supply and demand performance and raw milk
(9] )
T A4 A s34 ) HHl S
A 1,888,150 -8.9% 3,517,909 10.9%
2 3,566 -54.9% 72,671 13.0%
A= 7+ 21,142 8.5% 26,341 10.6%
Al 24,708 -9.8% 99,512 12.3%
H E 1,152 -56.3% 9,799 7.4%
ZA AT 15,191 4.7% 13,786 -7.2%
A5 dEEE (2011)

Table 1-10. Import unit imports and trends of milk processing products

2006-2008 g ¥t

A7+

EFE) "% F4FHE) (%)  dAFHA AAHEA
e 46,963 100 188,043 100 5618 4,183
H B 3,465 100 11,011 100 4586 3,321
ZA 2,207 100 19,502 100 12,397 9,232
Total 52,635 218,556 22,601 16,736
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A2d AR R LY

Al1ZEd AdIdAs R 717]

1. A=

sl ql, 2AA,

o
p =
WolZ, KX, AAN=, ATAZ, W, 2ARFE FF FIhEA MY T
s 9E A%

Aol b z=ARE A9 109 Ci, Co-60 #vkd ZAMAIA(IR-70 gamma
irradiator, MDS Nordion, Canada)< ©]-&3lo] A2(20+x1TC)elA &9 70 Gy A

FEZ FEAFl 13,57 D 10 kGy7t HEF ARG on, FRagel dee

dosimeter (ceric cerous dosimeter, Bruker Instruments, Rheinstetten, Germany)%

AbESle & SeAge] oA E AL
o HAApd Z=AL
K AA ZFAF= Electron-beam accelerator (model ELV-4, 25 MeV, EB-Tech.,
Ltd, Korea)E o]&3ste] Zupd AR} Y3t SFAES ZEE & Velocity
O

5-10m/min®] A FEZ AT oW F4d7%-2 cellulose triacetate (CTA)

dosimeter = &elalSi T},

,']9,



2 AT AFEE BE AFE SFAIS st AREE Al ARSI AHES]
hydrocarbon 2] Ereded 1-tetradecene(Ci41), pentadecane(Cisg),

1-hexadecene(Cig1), 1,7-hexadecadiene(Cig2), heptadecane(Cizg), 8-heptadecene(Ci7:1)
2 v Sigmartet 59 TeLAALZF-E F8A . A W5 2 chromatography©ll
A}8-3F n-hexane % 7]-8 v+ Fisher scientific (USA)o|l4 HPLC grade® -3}
of  o]Z tv}A] wire spiral packed double distilling (Normschliff Geratebau,
Germany) FX=2 ASHFI AS AFESIH T Florisil (60~100 mesh)< Fisher
scientific (USA) Al#F5 TYdte] TIAZ ARSI

1

3. 7171

B AFo AFE3 RE F7] 8= Wire spiral packed double distilling %3]
(Normschliff, Wertheim, Germany)ollAx <®3taL, Al59 HA2E 3l Ultra
turrax (IKA Labortechnik, Germany)E& AF&3F1 2™, rotary vacuum evaporator
(Buchi, Switzerland)& ©|-&3lo] &ulE A A5}

Az S FE3F7] 95te] Soxhlet extraction apparatus (SK #Aw &
KOR)E ©]&3}3itt

At 2R Eeld AEsaEe] A4 % AFEAS 915kl Hewlett
Packard 5890 II Plus GC-FID (Hewlett Packard, USA), Agilent Technologies
gas chromatography/mass spectrometry (GC/MS, 7000/Triple Quad, Agilent,
Wilmington, DE, USA)E ©] £3}$ ¢},

,20,



A2d AITH

7}. Florisil & 2412 8343}

A FAA FET AW OoRFE AFEAbd o8 A" AR AEd
hydrocarbon& ¥]&}7] 93to] florisil column chromatographys 5=3) 3} 9t}
Florisil (Waltham, Massachusetts, USA)2 T+ % 550C 3] 3}=(Thermolyne
F-48000, Dubuque, Iowa, USA)o A 3FAY B 2FAEE AAst UB A5
At} Chromatographyell AF-8-3t7] 918t A€ florisil & 5A1ZF o] 130T ol A
gste] Aol 23 F hydrocarbonfFE w287 fldl 3%<] S 7hsle] o
datstar 12413 AAste] 22 SAA SAA R AR

1}, Hydrocarbon¥ ]

Hydrocarbon®¢ £ E st EFA3 A2l florsil& 200 x 20 mm
chromatpgraphy column®l| S%1& % 2} A|zolA F&3 AW 1 gol AFEAS
£ &}] internal standard®4 Z}7} 1 mL n-eicosane (4 pg/mL n-hexane)<S #7}&h

o] columnol] 7} ¥ n-hexaneZ ©]&3dle] ]33 th(Figure 1-2).

- Qs
Hold, §3¥)3% FAF7FeE (AR =, 7he A=, WEH, 2ART)S A AR

,2'],



7}, 718w FZ(solvent extraction)

30 g A Hlo]A Hol AZFE 30 mL n-hexanes #H7}slx

g A5 &
H A3 sk 7 dEE A8 1500 g £E28 2087 9
| A& AFESE f-718we 1/3& o

EE
Ultra turrax@ o &
AEe A FEE 43
A Askskel A FEEH
rotary vacuum evaporator (335 mbar, 40C)

gas 7|5 stollA & F71&vE AAG F AUE

[e) )= = S
AS HEsh & JFE=EI

(

L wA gEet g F

>

i
o oolE AdEelse] gl
g Abg 3]

714 0E AASET N,
FHate] WEael A sttt

L}, Soxhlet = (soxhlet extraction)

[e]
Zoll Al oF 50 mLe] %87 n-hexaned 7}steo] AWS F&

,22,



Sample

- Processed Livestock products

Irradiation

- G-ray and E-beam irradiation at a dose of 1, 3, 5, 7, and 10 kGy

Fat Extraction

Isolation

- Application of 1 g fat in 1 mL LS. (n-eicosane 4 pg/mL
n-hexane)
- Elution of n-hexane

Concentration

— Concentration to 05 L by rotary vacuum evaporator and N> gas

GC/MS

- DB-5 (30 mx0.32 mm, 0.25¢m)

Figure 1-2. Analysis of radiation-induced hydrocarbons.
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3. AFEHLEZ GC/MS £

GC/MS E47]7]+= Agilent Technologies gas chromatography/mass
spectrometry (GC/MS, 7000/Triple Quad, Agilent, Wilmington, DE, USA)& A&
st o A7 9] o] 3}l+= electron impact ionization (EDWH o2 skt GC/MS
A Z7 & jonization voltageE 70 eVZE 3d}il, ion source®} injector =%+i= Z+2}
250 C= 3ttt Carrier gasi heliume AFE3tY] #4528 1.0 mL/mino 2 33t}
w3k BAE BExiakol W9E 40~350(m/z) o2 ARSIt Capillary column<
DB-5 (30 m x 0.32 mm id., 0.25 pm film thickness, J&W Scientific, Santa Clara,
California, USA)E o] &3l a, 2% Z213L 60CoA 170C7HA] 25T /min
T2 206C7H4] 2C/min 22 5241713, Al 270C7HA 10C/min =2 4
Al Z et

ofy b

7}. % HydrocarboniF9] A&7 24

Hydrocarbonf+ GC/MS2] total ionization chromatographyol +2]¥ 7} peak?]

A EEA A 3} 9} XxFE4ql 1-tetradecene(Ci41), pentadecane(Ciso),
1-hexadecene(Cig1), 1,7-hexadecadiene(Cig2), heptadecane(Ci7) 3}

8-heptadecene(Ci7:1)2] #2418 53} mass spectrum % retention time= H|nl3}o]

3kel3t 9 91| internal standard®}e] ratios o]-&3to] A =3k}

ﬂlﬁ

Edgd =4

(1) hydrocarbon¥ ¥ +%&
Hydrocarbon® authentic %= 2<l I1-tetradecene (min. 99%), pentadecane
(min. 99%), 1-hexadecene (approx. 99%), heptadecane (approx. 99%),

1,7-hexadecadiene( cis, 95.4%), 8-heptadecene (cis, 95.4%)2] stock solution< Z}+

,24,



Z} ZA3k ¥ internal standard$! n-eicosane 4 ng/mg F=5
0

ppme X T=d THENS A xS

StE=E 3to] 0.1

ot
Jo

(2) Florisil column chromatographyell ¢]3F hydrocarbon¥ &

WAL WAL A RolA 2ES AW 1 gl 2AY FEEd EREUe vud
o 3 =
=

2 1 mL A &£ty EZA A7 florisil 4 columnel] 7}te] hydrocarboni
1
fe]

welats W s AdsAch

o
>,

(3) Hydrocarboni+2] ¥4 @ 2HA
Florisil column chromatograpy® &2 $ hydrocarbonf& GC/MSZ &4 3 27}

2 olgstel BEAFNS AAHAL

,25,



SA7be el At 2A4S 467 f16ke] BF3;-MeOHel €3k methylesters}

WS o] &3k FE1 4 25 mgol internal standard Coso methylester 1 mLE

H7Fskal 05 N NaOH 1.5 mL= 7Fate] 100TelM 523t 7hdste] 7hpiafdt &

2 mL BFs—methanol &5 7}sle] t}A] 100Col A 3087 7FE3Fe] methyl ester

3} stk ol 7]l isooctane 1 mLE 7Fsbe] wwWksEal ¥3} NaCl €9 5 mL&

7hsto] &gk $ WAES o isooctane T ) T NaSO,= &2 A
7

o 3
Asta ol3hs F Np gas 71F A BEeke] wassich

2

e

2. Florisil column chromatography©l ¢} & X & 3jALE

7}. Hydrocarbon® ¢

A 3% A 24X FHH florisil column chromatographyS ©] &3t th &34
A7 florisilS 718k WAL ZAF oA FE3F AWl internal standard

T8 4L columnol| 7}3+ &

ot

A 1 mL n-eicosane (4 pg/mL n-hexane)S #7}3t &3
60 mL n-hexaneg £@ & & 3] 3 mL/min® % °% hydrocarbonFE& ¥

3ttt o] &8 &= evaporatorol A 2 mL7FA] WS A A 05 mL7FA] N»

(LU

,26,



gas 7|5 stolA T8 GC/MS 71719 & A 852 313t

3. ALEHLE GC/MS £4

e

7}. HydrocarbonF2] GC/MS 4]

2 F AL | F2b7bEEo A Eel® hydrocarboniF el H Ao o] &3 GC/MS
7171%= GC/MS #417]7]%= Agilent Technologies  gas chromatography/mass
spectrometry (GC/MS, 7000/Triple Quad, Agilent, Wilmington, DE, USA)S Al&
st om Alg 9 o] 23 electron impact ionization (EDWH o & &tk GC/MS
A Z7 & jonization voltageE 70 eVZE 3}il, ion source®} injector =%+i= Z+2}
250 C= 3ttt Carrier gasi heliume AFE3tY] #4528 1.0 mL/mino 2 33t}
w3k BAe BExiakel W9l(m/z)E 40~3500.2 A A3sESith Capillary column<
DB-5 (30 m x 0.32 mm id., 0.25 pm film thickness, J&W Scientific, Santa Clara,
California, USA)E o] &3l¥ 1, &% Z2 18 60CoA 170C7HA] 25C/min &
E2 205C7HA 2TC/min 58 $2A17]3, tA] 270C7HA] 10C/min £ 52 A%
A Zth. Hydrocarbon® #4& 98] A& 1 pLs F<Ystar split ratios 201102
3l tH(Table 1-11).

Hydrocarbon¥+= total ionization chromatogramell F2]¥ Z} peake] A &&4] 3}
A= 2FEEQ 1-tetradecene(Cig1), pentadecane(Cisp), 1-hexadecene(Cig),
1,7-hexadecadiene(Cis:2), heptadecane(Cizo), ¥ 8-heptadecene(Ciz1)e] 4ol <3t
GC/MS full scan mode mass spectrum= H|1&}o] 8<2135}% 2 internal standard
2 H7}4E n-eicosane (4 pg/mlL n-hexane)S ©]&3sto] A sttt

GC/MS®9] full scan mode #4 ¥ mass spectrum % retention times E3] FA}
of 93] fx=%+= hydrocarbon& ZSlstdtt. AF Aol o A afib=<l
hydrocarbon & Table 1-12°] ©]&<¢] chromatogram< Figure 1-3°] 12|31 7z}

& 9] retention timee Table 1-13¢ “}eER ST}

,27,



Table 1-11. Analysis condition for identification of radiation—-induced

hydrocarbons by GC/MS

GC/MS

Column

Carrier gas
Temp. program
Injector
Temperature
Ionization
Ionization voltage
Mass range(m/z)

Injection volume

Agilent Technologies 7000

DB-5 (30 m x 0.32 mm LD., 0.25 ym film thickness, J&W)
Helium (2.0 mL/min)

60C-25C/min-170C -2C/min-205C -10C/min-270C
250°C, split ratio 1:20 (0-2 min splitless)

230C

Ion source and interface 250C

Electron impact ionization (EI)

70 eV

41~350

1 ul

,28,



Table 1-12. Radiolytic products of irradiated lipid

Fatty acids

Cu-1 hydrocarbons

Cu-2 hydrocarbons

Palmitic acid

Stearic acid

Oleic acid

Linoleic acid

Linolenic acid

Pentadecane (Cisg)

Heptadecane (Cizg)

8-Heptadecene (Ci7:1)

6,9-Heptadecadiene (Ci72)

3,6,8-Heptadecatriene (Ci7:3)

1-Tetradecene (Ci41)

1-Hexadecene (Cig1)

1,7-Hexadecadiene (Cig:2)

1,7,10-Hexadecatriene (Cig:3)

1,7,10,13-Hexadecatetradecene (Cig.4)

,29,



Table 1-13. Retention time of hydrocarbons by GC/MS analysis

Hydrocarbons RT"(min)
1-Tetradecene (Cis1) 5.06
Pentadecane (Ciso) 5.89
1,7-Hexadecadiene (Cie:2) 6.60
1-Hexadecene (Cig1) 6.78
8-Heptadecene (Ci7:1) 7.82
Heptadecane (Ci7q) 8.11

DRetention time

,80,
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Figure 1-3. Total ion chromatograms of hydrocarbons standard mixtures by

GC/MS analysis.
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4. ¥ hydrocarbon® A HFH £4

bR Sl A Eo] FfEol gl AMAte] PAMS EARAZE hydrocarbon 7}
[e)

o d
AAE L 2 AAES A el weE gt xE=d TS ARCdA

n-eicosane?} hydrocarbon#¢] ratio relationshipe] €A 3atA veh == &els)7)
Aste] EFE4HS ppm WE ZA3S] florisil column chromatography S =3 519

t} o] GC/MS EA3lo] o] &9 ratios Felste] F+AFHAS A48k
7}. Hydrocarbon+2] GC/MS 4]

12 palmitic acidol A F=% Cis0% Cua, stearic acideol] A

Hydrocarbon® ¥+&3
FE29 CioH Cigr 283 oleic acidoll A F=E Ci71% CignEs 0.1~10 ppm &8

EFgAoR A internal standard?l n-eicosane 4 pg/mg TEE T3t
=

H

= Z3s9tt. olE  hydrocarboni ¥TEA EFEAS  florisil  column
chromatographyst#] 231 GC/MS #4938} 7} hydrocarboni%} internal standard
o] ratiog Tttt

Florisil column chromatography Al3& 3 %9 hydrocarbonf X +&2 3}
internal standard®] ratio #te] AE ©E2A Yebgen,  florsil  column
chromatography %°l| internal standard?l n-eicosane®}2] ratio= florisil column
chromatoprahy ¢ Egg&dnct <7k vde £S5 yehdz o w3
hydrocarbonf #+8&% =7l Fobgo wel HHddoz nlgdew 718kl

[¢)
L oo uwhel A S Al ¥ tH(Figure 1-4).
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Figure 1-4. Mass spectra and standard curve of authentic hydrocarbons.
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. Hydrocarboni+2] ¥4 %4 24 9 3AEH

WAL ZAbe] 9 =% hydrocarbonF®E E837] 95Fe] florisil column
chromatography 43 *] hydrocarbon#7} ¥4 % 2 2 internal standard®] area ¥]
&0 o3& AHE¥ hydrocarbonf - EAH ] Ao E2] ¥ hydrocarboni
o] AA FgFHFES A7) 93] florisil column chromatographyol ¢]3+ &34 = 7t

hydrocarbon® 9] internal standardel &gk =24 %S A Harl . wEhA

A

['lole

hydrocarbon® ZFE 2 3892 ppmel W} florisil column chromatography af
i o] FRlste] AA Aot WS A A T
WA Z2AE A @82 AW 1 goll hydrocarbonit EFE49 w5 £F&HS
o3

1 mL 4 #7}38te] floriail column chromatography& A 3dg & GC/MS A gk 4

H O
o
FS

e
Jm

HE o] &3} hydrocarboni2| area & internal standard$! 4 pg/mg n-eicosane
9] area@t O & ratioE A4S T Linear regression equations oF#f ¢} Zt}(Table
1-14).

y=ax +b
( 'y : Area ratio of hydrocarbons/I.S., x : Concentration of hydrocarbons,

a : Coefficient 1, b : Coefficient 2)

Florisil  column chromatography‘c_?}oi 2%  hydrocarbonf® EFEE
regression A5 (r)7F ¥ 098 o] ow FHxo uwel HAgew F7tste] A3

o #Al WEskth. ol & linear equationg ©]-83dte] WART ZAME A3EollA f=d
hydrocarbon# ¢} internal standard®}9] ratio® F3ate] 243 ox3k 55 Es A
Ao 5t

AL+ AN
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Table 1-14. Parameters of regression analysis of hydrocarbons standard

Hydrocarbons

21)

Linear regression equation r
Cuan y” = 39080x” + 20105 0.992
Ciso y = 50030x + 9394.1 0.994
Cis y = 37238x + 39214 0.984
Cie2 y = 44328x + 19658 0.996
Ci7o y = 36314x + 36939 0.988
Ci71 y = 41254x + 35174 0.993

) . ..
DRegression coefficient

2) .

Area ratio of hydrocarbons

PConcentration of hydrocarbons (ug/g fat)
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A3F A2y 2 1F
A1A AEZA JF ST E] FQ APEHAE B4

WAL ZA e o8] FE] A Aol Y triglycerideZHE %% C,1 hydrocarbon

T Coo hydrocarbon= 2 3#F2Ab 28k So]4 FaibaE 2 A 2 FZ2AMAl A
o] Al Falladel o] A TH52).
S5 Ag EAVF Ha dE Ecoli O157:H7, Salmonella, Clostridium

perfrigens®t 22 MU vAEY UFES 5 kGy A7 ZAbel| 93] Aol 7ks
FERAIE X0 gnd Foll® ZAA I} 7hsstr] wite] 23k 29 §lo

Ed 5 A= FHol ArH95). mFo A= 19937 1997 E.coli O157:H7+
%5 YAl Ecoli OI57TH7S A 9ls] W¥3-Wd%s nrtdAe 2%,
A& E, BF ASAFN WA ZALE &7betd om(96) AdFo A9 30~
45 kGy, ¥E52 A 70 kGy7HA Hdl WA ZAMFO R & rbetar ATHIT).
ole] Il fFrEHE S7bEE Ak B AAHE 1,3, 5 7 % 10 kGye] AEFe
2 ZAAA G55 hydrocarbon$-o] 3hkal ZAbAd Zabo] AwakA 183 AL

A& & Aol W ZAMFF markers €HQ1staLAl ST
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Table 1-15. Crude fat content of the sample

ANEY Z A% (%)
gl 23.12
W] o] 1 26.23
F7HaE
Hl dl L} A A A] 22.8
S 2.31
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S
=
>,

et

glo] ZhmpaA FAlo] ol AAE hydrocarbonfFE 2], w45 H|
y ZAME Al59] chromatograme Figure 1-59, 18]al FARA
A& W3tE Table 1-163% Figure 1-6°] YERY ST

ol Zepd zAbel o8] §FE A Abel A f =5 hydrocarbon® 7} 1, 3, 5, 7

W1 kGyol BE AmelA Selnglev] A A we Frbsd

o T

o N

of w

—
o
=
D

A A FE¥ hydrocarbonite Y AHFo 2 ZALE I EX 2% hydrocarbonir
sheFo] 747y f 24 FAEAG. ol WY AWAE A Aol &gk Folel o AX
1=

Aol == oleic acid, palmitic acid, stearic acid, linoleic acid®] o & X|Hiko] 3hf
T o A o1 A FAQsI Pl Z A}l 2] & hydrocarbon= 1-tetradecene(Ci41),
pentadecane(Cis0), 1-hexadecene(Ci1), heptadecane(Ci79), 1,7-hexadecadiene(Cis:2),
8-heptadecene(Ciz:1)0] BIZAF AlRoA = HEHA F%om, 1 kGy ol e dze
2 A AR HEHASS st

dlo] F£92 hydrocarbon+= oleic acidlA X% 1,7-hexadecadiene(Cig2),
8-heptadecene(Ci7.1)3}  stearic  acid®l| 4] H#3  1-hexadecene(Cig1)©] 21 T},
1,7-hexadecadiene(Cis2) = 8-heptadecene(Ciz1) E.tF =4 A &% C,2 hydrocarbon
Fo =& s o}l Stearic acidZFE FE%¥  1-hexadecene(Cigi)S
heptadecane(Ciz) BT AH o2 £ TS YetdAth dekd ZAbE jlol A
X291, 7-hexadecadiene(Cig2), 8-heptadecene(Ci7:1)¥ 1-hexadecene(Cig)©0] EE
Algoll A 7Hd ol glEo] WA AL RE Add ¢ s AR &8 Vhs
& Aoz Alnyy AN HT WA F regression FFEGE)E 094 ooz ZA
J =

A w2 4dAdS HERW At (Table 1-17).
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Table 1-16. Concentrations of radiation—-induced hydrocarbons in ham

(ng/g fat)

kGy Craa Cis0 Cis2 Ciea Cizo Cini

0 Oa 1) Oa Oa Oa Oa Oa

1 115" 0117 131"+ 01 170" £ 013 048 £ 016 046" + 012 155" = 013
3 145 £015 179 +£02 308 +027 075" +017 104> £ 017 314 018
5 209 +023 315 +017 553 +035 222 +02 178 £021 397 + 028
7 311°+£031 473 £024 793 £032 269+ 026 271+ 026 577 + 029
10 3655+030 68 +035 879 £038 345 +025 29°+036 71"+ 026

Y« yalues with different letters within a column differ significantly (P < 0.05).

? Mean+Standard deciation (n=3)

Table 1-17. Parameters of regression analysis of hydrocarbons in irradiated ham

21)

Hydrocarbons Linear regression equation r
Cia1 v? = 1.4191x” - 0.9952 0.95
Ciez2 y = 1.088x - 1.0323 0.96
Ciz1 y = 1.9429x - 2.4832 0.94

1) . ..
Regression coefficient

P Area ratio of hydrocarbons
PConcentration of hydrocarbons (ug/g fat)
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Figure 1-5. GC/MS chromatograms of radiation-induced hydrocarbons from
non- and 10 kGy irradiated ham.
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Figure 1-6. Effects of irradiation dose on radiation-induced hydrocarbons from
irradiated ham.
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g, AR

AAA ZARE 39 hydrocarboni S #8], £435to] v %
ALEl A& 9] chromatograme Figure 1-7°l, 18] 12 FAFA &of] w}
£ Table 1-18% Figure 1-89 YEF ST}

A2 ZA e oJaf oA FE¥E hydrocarboniF FARA &l wle} Z71et o
1 Y MFez ZAHJSATHE hydrocarbonf FEFol ZHz2F thEA A4 H o]
Aupda ge A9E B
Mol AAA FALE X9 hydrocarbon® & oleic acidol A F2¥ Cyy 33HE
| 8-heptadecene .t} C,» 33E¢1 1,7-hexadecadiene(Cis0)Ql =& &S ey
o Stearic acidZ2%E %29 heptadecane(Ci70)S 1-hexadecene(Cig1) 2} B 5=3h
FFS UEd k. Palmitic acidZ25 8 %% hydrocarbong! pentadecane(Ciso)
1-tetradecene(Ciy) B0+ B =4 HE% o] Cyy hydrocarboni ¢ =2 A ES &
sk Tt Linoleic acid = %€ g 6,9-Heptadecadiene(Ci7-2) 2}
1,7,10-Hexadecatriene(Cig) = A WA2F EA oA vt ghaFoz glso] FAH YA X
skt

A FZAFE o] hydrocarboni ¢l 1-tetradecene(Cis1), pentadecane(Ciso),

o

32 e

ol

ro

1-hexadecene(Cig1), heptadecane(Ci70), 1,7-hexadecadiene(Cig2), S8—heptadecene(Ci7:1)
v 1 kGy o149 AzFoz AME AmolA AZFH Ao, HEA AmoAes HE
H A okt

AR AR #oll A A4 E hydrocarboni o] $HaFe ARk wel F718ES
t}. E3] oleic acidA =% 1,7-hexadecadiene(Cig2), 8-heptadecene(Ci7:1)3}
stearic acidoll A 2l ¥ 1-hexadecene(Cis1)0] EE Al EolA 7Hd Bo] &Qlulo] 3
o] 8 hydrocarbonf 24 A ZALAF-E #Add ¢ = AdvpA=R &8 7}
T Aow Ay v ZARA I YA T regression FFE)E 095 oo R =

depah e 4ude ST Table 1-19).

>~
s
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Table 1-18. Concentrations of radiation—-induced hydrocarbons in ham

(ng/g fat)

kGy Craa Ciso Cis2 Ciea Cizo Cini

0 Oa 1) Oa Oa Oa Oa Oa
1 1P £008 194 £018 172 £019 052" 01 077 £019 1.8 =016
3 L7 £018 241°+019 311°% 023 107 +016 136 +015 209" + 018
5 275'+019 313 +018 537 +028 156+ 022 197 +029 387 + 022
7 38F +£021 397 £023 769 +031 234° £ 028 294 +028 514" + 029
10 458 033 7600 £03 877 £ 039 495 +035 401" £ 037 756 = 032

U af yalues with different letters within a column differ significantly (P < 0.05).

? Mean+Standard deciation (n=3)

Table 1-19. Parameters of regression analysis of hydrocarbons in irradiated ham

Hydrocarbons Linear regression equation 2V
Cia1 y” = 1.5865x” ~ 1.9539 0.97
Cie2 y = 0.7245x - 0.8033 0.95
Ciz1 y = 1.582x - 0.4733 0.88

DRegression coefficient
? Area ratio of hydrocarbons
PConcentration of hydrocarbons (ug/g fat)
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Figure 1-8. Effects of irradiation dose on radiation—induced
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2. 24
7. e

A A Y] F8 A HHAEE oleic acid, palmitic acid, stearic acid®] =2 2 THf-5 of
Aom™ hydrocarbon& XS A3t fste] ArbdE 1, 3,5 7, 2 10 kGy 9
Agoz XA & &2, X5t BEA AR 10 kGy FAME AE9
chromatogram< Figure 1-99l, 183 ZFAA Ze] w& BA =y W3lES Table
1-20%} Figure 1-10¢] e dch

7hak A ZARE AA A A FEE hydrocarbonF i FAMA ZRo| wpet Z7)sk o)

kA ZALE AA1A] 9] hydrocarboni+ 91 1-tetradecene(Cis1), pentadecane(Ciso),
1-hexadecene(Cig1), heptadecane(Ci70), 1,7-hexadecadiene(Cig2), S8—heptadecene(Ci7:1)
= 1 kGy °]d9] Aoz 2AlE AlRoA HEHAoH, A AlBdAE HE
A gkt AAIXY F8  hydrocarboniF iy oleic  acidolA  FEE
1,7-hexadecadiene(Cig:2), 8-heptadecene(Ci7:1) 2 palmitic acidol A 3 3+
1-tetradecene(Cis1) L8]33l stearic  acidollA 213 1-hexadecene(Cip1) o] S
1,7-hexadecadiene(Cis:2) = 8-heptadecene(Cy7.) B.tF =4 HZ5 o] C,shydrocarbon¥
o] & s Fosdrt. Stearic acidZ2HE  HFEW  1-hexadecene(Cig)
heptadecane(Cizo) HtF ddld o=z =2 &S YEW Y oleic acidet 22 A3 E
13t} Palmitic acid2 58 #%% 1-tetradecene(Ci41)©] pentadecane(Ciso) E.CF S
A AZ5 o Cyi hydrocarboni+9 =2 A ES Attt ek 2AE 3o
A =% 1,7-hexadecadiene(Cig2), 8-heptadecene(Ci71)3 1-hexadecene(Cigi) L
L 1-tetradecene(Cia)ol B A FolA 7HE @o] FQlEo] WALY XAt RS
@4+ e HAAvAR &8 ted AoR AIRYHY AN FEH A Z
regression AF0)E 090 ooz AT = AAAS e THTable

1-21).

+
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Table 1-20. Concentrations of radiation-induced hydrocarbons in sausage

(ng/g fat)
kGy Cua Ciso Cis2 Ciea Cizo Cini
0 Oa 1) Oa Oa Oa Oa Oa
1 108 £0097 133 £012 175" £009 048 £ 008 055b + 01 1.3 £ 007
3 181+ 018 147" +018 313 £023 106 +016 080 +014 292° + 018
5 259"+022 268 +024 533 +028 2220 +023 156 018 395 + 024
7 328 £027 466" £038 775 031 3045 £ 028 257 £027 580 + 031
10 597 £034 580 +039 1001 £036 510"+ 039 306 =029 820 + 033

U af yalues with different letters within a column differ significantly (P < 0.05).

? Mean+Standard deciation (n=3)

Table 1-21. Parameters of regression analysis of hydrocarbons

in 1irradiated

sausage
Hydrocarbons Linear regression equation "
Cuan y? = 1.5865x” - 1.9539 0.99
Ciez y = 0.7245x - 0.8033 0.98
Ciza y = 1.582x - 0.4733 0.92

1) . ..
Regression coefficient

? Area ratio of hydrocarbons

PConcentration of hydrocarbons (ug/g fat)
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Figure 1-9. GC/MS chromatograms of radiation-induced hydrocarbons in non-

and 10 kGy irradiated sausage.
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Figure 1-10. Effects of irradiation dose on radiation—induced

irradiated sausage.
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g, AR

AR ZAFE 2A1A] 9] hydrocarbon+E& #38], £418Fe] v ZAF A]& 9 10 kGy
ZAE AJ29] chromatogram< Figure 1-119), 181 FAA o] w2 Al =k
W3S Table 1-227 Figure 1-129] YeR ST

AR ZAFE AA A 9] hydrocarboni-¢l  1-tetradecene(Cis1), pentadecane(Ciso),
1-hexadecene(Cis1), heptadecane(Ci7g), 1,7-hexadecadiene(Cig2), S8-heptadecene(Ciz:1)

< 1 kGy 01”4 AFoz AR AlRd A AEHJ oW, H XA A RdAME HE
A gk 8 hydrocarbon+ oleic acidolA =% 1,7-hexadecadiene(Cig:2) 3}
87heptadecene(C17:1)°]‘}i.‘lm] £-3] 1, 7-hexadecadiene(Cig2)= 8-heptadecene(Ci7:1) H.tF

=7 #AZ&9°] C,, hydrocarbonF¢ =& 3FEkS Q"ﬂ‘é}‘ﬂﬁ‘r. Stearic acid &= ¥

=% 1-hexadecene(Ci1)-> heptadecane(Ciz) H.tF =2 &3S Yehfgleon o=
oleic acid¢} FAFst A3 E Rt} Palmitic acid=5-E % % pentadecane(Cis0)-
1-tetradecene(C) B0F O & AP ES ekl A AR 2 A A A
A H hydrocarbon¥ = 1,7*hexadecadiene(C16:z) 8-heptadecene(Ci7:1),

1-hexadecene(Cia1) ¥} 1-tetradecenes FAMA o] wpel Frlstgon EE AR
A 7 Eol gl o] AL A RS Add ¢ e AAvAR &8 e
Aoz AlmEw ZAAFI A ] regression FF(r)E 0960402 FALA

I =2 AvES YERAtH(Table 1-23).
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Table 1-22. Concentrations of radiation-induced hydrocarbons in sausage

(ng/g fat)

kGy Craa Cis0 Cis2 Ciea Cizo Cini

0 Oa 1) Oa Oa Oa Oa Oa

1 111" +008 102°+012 170"+ 013 053 +011 061" + 016 187" + 0.12
319 £019 235 £021 311°+ 023 121" £ 026 087 £ 018 207" + 0.4
5 261 +021 406" + 017 634° £ 021 200° + 023 161° + 017 58° + 026
7 384029 598 +£022 812 +023 340"+ 028 195 +023 610°+ 023
10 59 £034 778 £03 1034 £041 594 + 034 299 + 032 858 + 034

U af yalues with different letters within a column differ significantly (P < 0.05).

? Mean+Standard deciation (n=3)

Table 1-23. Parameters of regression analysis of hydrocarbons in irradiated sausage

r

Hydrocarbons Linear regression equation
Cian y? = 1.5865x” — 1.9539 0.97
Cie2 y = 0.7245x - 0.8033 0.95
Cima y = 1.582x - 0.4733 0.88

1) . ..
Regression coefficient

P Area ratio of hydrocarbons

PConcentration of hydrocarbons (ug/g fat)
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Figure 1-11. GC/MS chromatograms of radiation-induced hydrocarbons in non-

10 kGy irradiated sausage.
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Figure 1-12. Effects of irradiation dose on radiation-induced hydrocarbons from

irradiated sausage.
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3. Wlo]
7. e

o] A Fa AHAE oleic acid, palmitic acid, stearic acid®] o & 35 o
2™ hydrocarboniro A e F<lstr] ekl AwidS 1, 3,5 7, 2 10 kGy 9]
MgFeor zA F By, B4l HzAL AES 10 kGy FAME AlR9
chromatogram< Figure 1-13l, 18|11 FApA o] w2 A=y W3S Table
1-24%} Figure 1-14¢] YERARATH

7rakA ZAbE wol A A FE ¥ hydrocarbonF v FAMA R wpe} Z7)skg o)
Zrupd ZAbE #]olA el hydrocarboni9l  1-tetradecene(Cis1), pentadecane(Ciso),
1-hexadecene(Cis1), heptadecane(Ci7g), 1,7-hexadecadiene(Cig2), S8-heptadecene(Ciz:1)
© 1 kGy o149 Aoz AE AlRodA AEHAeH, HEAL AlRoME= A=

A ggkth. wlolHAe] 2 hydrocarboni i oleic  acidollA =W
1,7-hexadecadiene(Cie:2), 8-heptadecene(Ci7.1) 2 palmitic acidel A 2 st
1-tetradecene(Cy41) 18] 3L stearic acidol Al {218t 1-hexadecene(Cig1)©] AT} Oleic
acid= 5§ %%  C,o hydrocarbon®¢l 1 7-hexadecadiene(Cigo)=  Cp
hydrocarboni+%] 8-heptadecene(Ci71) .t =4 A &% o] C,2 hydrocarbon<¢] =

s &gtk Stearic  acidZH-E =% 1-hexadecene(Cip1)2

heptadecane(C17:o) Bo ooz v gekS YEl o] oleic acidet tHE A E
B3t} 1-hexadecene(Cis1)¥ heptadecane(Cizo)2l W= 07622 ¥}, T
Palmitic acidZ4%8 %% C,2 hydrocarbon¢l 1-tetradecene(Cis1)©] Cn-
hydrocarbon# 9] pentadecane(Cis0) B0+ @A A=%°] C,1 hydrocarboni+2 =&
WA ES FQlste] stearic acidet #2 AaS Wetlde ek Z=AbE Hol
oA %% 1,7-hexadecadiene(Cig2), 8-heptadecene(Ciz:1)¥ 1-hexadecene(Cig) L
2] L 1-tetradecene(Cig) o]l B Al EolA 7H @Wol] lx o] WAM ZALA RS
ddd F e HAARAR E& 7ted AR ARHEY AR A FY
regression AF0)E 090 ooz AT e AAAS e THTable
1-25).

<8
pud
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Table 1-24. Concentrations of radiation-induced hydrocarbons in bacon

(ng/g fat)

kGy Craa Cis0 Cis2 Ciea Cizo Cini

0 Oa 1) Oa Oa Oa Oa Oa

1 05" £010° 136" £007 110° 011 058 015 050° =013 130" £ 023
308" +021 180" +027 243 £022 119 +026 128 +027 173 017
5 147 £ 024 310°+£033 4247024 195" +£025 160° + 017 229 + 022
7 290" £029 392'+£034 575 02 237+ 028 327" £02 439 + 028
10 414°+ 036 607 £038 655 +049 352 +043 600° 031 796 + 027

U af yalues with different letters within a column differ significantly (P < 0.05).

? Mean+Standard deciation (n=3)

Table 1-25. Parameters of regression analysis of hydrocarbons in irradiated bacon

Hydrocarbons Linear regression equation "
Cuan yv? = 0.3902x” - 0.4095 0.93
Ciez y = 0.2256x - 0.3052 0.87
Cima y = 0.2292x - 0.3315 0.98

1)Regression coefficient
? Area ratio of hydrocarbons

YConcentration of hydrocarbons (ug/g fat)
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Figure 1-13. GC/MS chromatograms of radiation-induced hydrocarbons in non-

and 10 kGy irradiated bacon.
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Figure 1-14. Effects of irradiation dose on radiation-induced hydrocarbons from

irradiated bacon.
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L S

A2 ZAE Wl 9 hydrocarbon o A& Felstr] f1dte] dAde 1, 3
5 7, # 10 kGy?] A&Fez A F £, Z48te] HZAF A7k 10 kGy =AM
Al 29 chromatograms Figure 1-159), Z18]3 FARA Zo] wlE Ay} HI =
Table 1-26%} Figure 1-16°] WERH AT}

A2 ZALE Wo] Ao A %9 hydrocarboni ZAFA 2ol wa} Z718H4d o).
Aoz ZALE  dlolfdolA  AAE  hydrocarboni ¢l  1-tetradecene(Cis1),
pentadecane(Cis0), 1-hexadecene(Cig1), heptadecane(Ci7o), 1,7-hexadecadiene(Cis:2),
8-heptadecene(Ci71)+= 1 kGy ©]A49] Azko =z ZALE AlgdA AEHJow, vz
Ab ARl A= HEEA FUT

oA 9] Q2 hydrocarboni+ oleic acidolA X% 1, 7-hexadecadiene(Cig2),
8-heptadecene(Ci7:1) ¥ palmitic acidell 4] 2§ 1-tetradecene(Cis1) 1]l stearic
acidel A +2lgk  1-hexadecene(Cig) It  Oleic  acid=%EH #F=® Cio
hydrocarbon ¢! 1,7-hexadecadiene(Cia:2) 3} Cu-1 hydrocarbon <1
8-heptadecene(C7:1)¥] H]l= 18322 &AHt}. Stearic acidZ2HH FE2F Cuo
hydrocarbon¥¢! 1-hexadecene(Cis1)>=  Cn1 hydrocarbon ¢! heptadecane(Cizo) B
o A es vre S uEdo] oleic acidet WE AF}E BHAT. EF
Palmitic acid2%8 %% C,» hydrocarboni#¢l 1-tetradecene(Cis1)©] Cn
hydrocarbon¥ ¢! pentadecane(Cis0) 2.t} WA #HZEF% o] C,, hydrocarboni ¢ =&
WA ES Gsto] stearic acid®t & AEFS YEPHAT AAT ZAFE o] of
A X%  hydrocarboni % 1, 7-hexadecadiene(Cig2), 8-heptadecene(Ci71),
1-hexadecene(Cig1) 12 2L 1-tetradecene(Cig)& B AlElA 7Hd @Wo] gQlxof
WA A RS 39S ¢ e AAAR &8 7hed Ao AlgYH XA}
A AT regression A5 E 090 o] o FAMM T =S AL

B} 21t (Table 1-27).
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Table 1-26. Concentrations of radiation-induced hydrocarbons in bacon

(ng/g fat)
kGy Cia Ciso Cis2 Cis1 Ci7o Ci71
0 Oa 1 Oa Oa Oa Oa Oa

1 104+ 016”7 037 +£016 13 £011 045" £ 014 070" = 015 036" = 013
3 116 +£018 161" £019 258 +025 077021 155 +017 159" + 018
5 245 +£023 375 +025 503'+02 176 +024 284 +026 38 025
7268 028 517028 558 +035 298 +£031 309" £023 509"+ 028

10 43" +£033 804 +036 738 +038 392 +039 414°+035 773 + 036

U af yalues with different letters within a column differ significantly (P < 0.05).

? Mean+Standard deciation (n=3)

Table 1-27. Parameters of regression analysis of hydrocarbons in irradiated bacon

Hydrocarbons Linear regression equation "
Cian y? = 0.3902x” - 0.4095 0.95
Ciez2 y = 0.2256x - 0.3052 0.95
Cima y = 0.2292x - 0.3315 0.84

DRegression coefficient
? Area ratio of hydrocarbons
PConcentration of hydrocarbons (ug/g fat)
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Figure 1-15. GC/MS chromatograms of radiation-induced hydrocarbons in non-

and 10 kGy irradiated bacon.
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Figure 1-16. Effects of irradiation dose on radiation-induced hydrocarbons from

irradiated bacon.
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ZmpA S 1,3, 5 7 2 10 kGyY A=om {3Fo] xAEe] hydrocarbon o A
AESs sty v zAF AlE9 10 kGyel A#

chromatogram<  Figure 1-17°] YeWdaz AAE  hydrocarboni ¢ A
Figure 1-18¥ Table 1-28°] YelWSlth zhapbd ZAbel] oa] FixolA FX=
hydrocarbon¥t &= ZAMA ol wel Frketsion 9 dZFom AEAS A2
hydrocarbon® 3$r#o] Zt7F th24 SAHEHJALH o= Sx o AHA A Ao
ol gk Zlolg} o AT

vk ZAFE S-F 9] hydrocarboniF¢l 1-tetradecene (Cis1), pentadecane (Ciso),

oz zA® Az 7}z

ﬁ

_I

(o3

"
Z}
2o

¢

> :lO oX,
h)

H

=2

1,7-hexadecadiene (Cig2), 8-heptadecene (Ci71), 1-hexadecene (Cig1)¥} heptadecane
(Crro)e A AR BE AFeA &<l HAnt. ol o] dAveA K7l
S TARSY A8 AR ZefabEd 22 23S UER IEH98).

X2 2 hydrocarbonf = oleic acidollA] %% 17-hexadecadiene (Cig2)2}
8-heptadecene (Ci71)0lR 2™ C,q hydrocarbon® Xt} Cne hydrocarboni+7} &2

&S UeRHQTE Stearic acidZ2FE =% hydrocarbon$¢l 1-hexadecene (Cis1)2}
heptadecane (Ci79) %3+ C, o hydrocarboni¢ & AMAES sHelstgd . Palmitic
acidol A =% hydrocarbon®+ 1-tetradecene (Cis1) ¥ pentadecane (Ciso) S =2
CooBtt Coy 3t E©] &2 s B

Fxo it 24 T 7MY =2 IS AA S = oleic acidZ25-H Hebal
ZAbel 93] A ¥ 1,7-hexadecadiene (Cipo) EE A oA thE hydrocarbonir
B =A FAFEAY. Stearic  acidZ2H-E]  F%%®  1-hexadecene Clezl)TJr
heptadecane (Cizo) B3+ BAHFQL stearic acid7} S 9] A Whol thaF ko] ¢
= Ao 7IQlste] =& ko] FlEA oW Che 3HE=< 1-hexadecene (C16:1)°]
Co1 33E<Q heptadecane (Cizp) Btk Hl A =2 F#-& 2FA]5ko] oleic acid®} H]
= AgS Bk Aakd Akl 93] B ¥ hydrocarboniF o] ¥A Apol= Sk
of WAk A Fupdd ZAMAFY e Zo® Al dn. gebd 2AME SXE

=2
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A AAE hydrocarbonf 2| S

H AAakel oleic acidoll A

H

1-hexadecene (Cig1)¢] EE

H 1
daed = = A v olE

<)

2k o

R

ARG Wk Frtdgon 59 ¥ F

=% 1,7-hexadecadiene (Cig2)3} stearic acidolA

A A 74

A~

,57,

wol glxo] Fupd HALARE
T AS Aoz A H Y (Table 1-29).



Table 1-28. Concentrations of radiation—-induced hydrocarbons in beef jerky

(ng/g fat)
kGy Ciaa Cis0 Cis:2 Cis1 Cimo Cima
0 0V 0 0 0 0 0
1 108 +014 13 +011 112°+012 051°+01 015+ 008 101" + 012
3 171019 259 +022 232°+02 105 +017 044" £ 023 15X + 013
5 302'+022 409" +023 353 +024 1819+ 024 160 + 028 28" +0.18
7 362'+028 448" +029 500°+032 229 +027 255 +031 444+ 025
10 457 £ 034 604033 568 +039 347 038 332'£035 701"+ 036

U af yalues with different letters within a column differ significantly (P < 0.05).

? Mean+Standard deciation (n=3)

Table 1-29. Parameters of regression analysis of hydrocarbons in gamma irradiated

Hydrocarbons Linear regression equation "
Curan y? = 0.3902x” - 0.4095 0.93
Cis2 = 0.2256x - 0.3052 0.87
Ciza = 0.2292x - 0.3315 0.98

1) . ..
Regression coefficient

? Area ratio of hydrocarbons

YConcentration of hydrocarbons (ug/g fat)
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Figure 1-17. GC/MS
and 10 kGy irradiated beef jerky.
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Figure 1-18. Effects of irradiation dose on radiation-induced

irradiated beef jerky.
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AAAE 1, 3,5, 7 2 10 kGye] Ao ZAES hydrocarbonf<] A4 &S
shelat el v A A2 10 kGyel AZFo =z zAbE A8 2] chromatogram
Kel

e Figure 1-199 YetiA 2 AAFE hydrocarboniof A =2 Figure 1-203
Table 1-300] “FeRQATE S Eo A X% hydrocarbon$F = FARA ZFol] we} =7}
st om Sxo] il A Afeld 9 FAHFAA = hydrocarboni o] &
o] vt=A F8 %At

AR ZAE 83X 9 hydrocarboni¢l 1-tetradecene (Cis1), pentadecane (Ciso),
1,7-hexadecadiene (Cig2), 1-hexadecene (Cis1), 8-heptadecene (Ciz1)2} heptadecane
(Crro)e AAAS A AR BE AodA &<l HQdh. o= ol9] &7, =

A7), warzle] Aok 2 A3E BATH99).

S ¥ 9 F2 hydrocarboni+ oleic acidol A =% 1,7-hexadecadiene (Cig2) 3
8-heptadecene (Ciz:1)°] At} Cn1 hydrocarbon® Rt} Ch-o hydrocarbon®7} © =
< TS UEtdo] Zebad Ak 29 22 A3E UEhd . Stearic acid®
¥ #E3% hydrocarboni+¢! 1-hexadecene (Cis1)3} heptadecane (Ci7o) S A Cooso
hydrocarboni+9] =& AAES &2135t9th Palmitic acidol A %% hydrocarbon

i+ l-tetradecene (Cu1) % pentadecane (Ciso) o2 CpoX T Cpy 3} EO] ®2
SHFS e AL, AR ol met S 7Fs At
X HAAA FAb 93] A E FL2 hydrocarboniF 1,7-hexadecadiene

(Ci62), 1-hexadecene(Cig1), 8-heptadecene (Ciz1) % 1-tetradecene(Ci1) 2% 0, 1,
3,5 7% 10 kKGy2 AAA FZAA 7] SEAA 3FstE A<l hydrocarbonf &
o] &gt GC/MS &AW ol A& 7Hssts o (Table 1-31).
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Table 1-30. Concentrations of radiation—-induced hydrocarbons in beef jerky

(ng/g fat)
kGy Ciaa Cis0 Cis:2 Cis1 Cimo Cima
0 0V 0 0 0 0 0
1 042012 063 £012 1277 £012 048 £ 012 069" + 017 108" + 0.14
3 1065+ 018 200° £029 247 +015 054"+ 014 099" + 022 149 + 0.17
5 146" +026 272 +027 400"+ 024 120° +024 160+ 028 284 + 0.18
7204 £028 312 £023 435 £026 206" £028 239" £025 422 + 026
10 407 £ 033 514" £ 036 743 + 037 324°+ 045 407 + 032 648 = 038

Y+ yalues with different letters within a column differ significantly (P < 0.05).

? Mean+Standard deciation (n=3)

Table 1-31. Parameters of regression analysis of hydrocarbons beef jerky

Hydrocarbons Linear regression equation 21
Cuan y? = 0.3902x” - 0.4095 0.95
Cis2 = 0.2256x - 0.3052 0.95
Cima = 0.2292x - 0.3315 0.84

1) . ..
Regression coefficient

? Area ratio of hydrocarbons

PConcentration of hydrocarbons (ug/g fat)
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Figure 1-19. GC/MS chromatograms of radiation-induced hydrocarbons in non-

and 10 kGy irradiated beef jerky.
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Figure 1-20. Effects of irradiation dose on radiation-induced hydrocarbons from

irradiated beef jerky.
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A2 A HAFZA g% 7S EY F2 AR

ME
k=
2
i
ML
i

1. AdR =
7}, ZFupA
Zmpd e 1, 3,5, 7 2 10 kGyY A#EFoz 2 x| =] ZAFEe] hydrocarboniF 2

,ﬂ
Lo

(o3

S Slskth vl E2AF Al 10 kGyel AHoz FAE Alx ZH7)
chromatogram= Figure 1-21°] YElWz AAE  hydrocarbonioF A 2

/\é 2o

Figure 1-22%} Table 1-329] YWEFHATE Aupad ZAbol] 93] A X = A
A]

_]

¢

=5
hydrocarboni++ FARd el me} Frtsiglon o dFoz A ESEA
hydrocarbon¥ ge] 2t =27 s Ao o]= AAA =9 Ak x4 xfo
of &g Aolg} o AXIH.

7oA ZALE AA X =9 hydrocarboni ¢l 1-tetradecene (Ci41), pentadecane
(Cis0), 1,7-hexadecadiene (Cis2), 8-heptadecene (Ci71), 1-hexadecene (Cig1)F
heptadecane (Ciz.0)E FAME A5l BE Ao &<l ¥ ).

AFA =] Z 2] =82 hydrocarbonfi= oleic acidol A %% 1,7-hexadecadiene (Cig2)
7} 8-heptadecene (Ci71)0l R 2™ C,-1 hydrocarbon# H Ut C,» hydrocarboniF7} 3%
2 ke YehfQlt) Stearic acidZ5-E X% hydrocarboni¢l 1-hexadecene (Cig1)
7} heptadecane (Cizg) 3+ C,» hydrocarboni ¢ =& MAHES sttt
Palmitic acidolA %% hydrocarbonf+ 1-tetradecene (Cis1) % pentadecane
(Ci50) 22 Cooltt Coy &0 =& TS Bk

AAx =] A 248 F VM =& FEFS AASL = oleic acid=H-E
upA FZAb o)) AAE  17-hexadecadiene (Cign)S EE A=A v &
hydrocarbon® X.t} =4 &l Qltl. Stearic acidZ2%EH 2% Coo IJTE
I-hexadecene (Cig1)©] Cn1 8F3HE<l heptadecane (Cizg)X.TF Bl A =2 3haks

A&t oleic acidel Bzt A S R ATh Aol FAbel] 93] A% hydrocarbon

H

(

_

]
-

Fol g el AAA =] AW 24T PvbA 2ANL] WE oz Am
Ak Pebd 2AbE A9 =M gAE hydrocarbon el TS EAA T w
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% Fhsgen 53 Aaxze Fa

1,7-hexadecadiene (Cig2)3} stearic acidol 4|

F AS Aoz AL HrHTable 1-33).
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Table 1-32. Concentrations of radiation-induced hydrocarbons in nature cheese

(ng/g fat)

kGy Ciaa Cis0 Cis:2 Cis1 Cimo Cima

0 0V 0 0 0 0 0

1 0800”7 196 £009 100" =012 123003 063 009 023 =003

3 120°£01 215" +£016 220°+ 015 239° +£009 1207 +014 071" £ 010

5  221+01 325 +017 352'+011 318 +014 145 +012 099 + 022

7 248°+£013 395"+ 016 416"+ 016 404°+ 018 160° + 011 138" + 014

10 347 £ 017 515 £036 525 +018 5000 +021 279 + 018 197 + 023

U af yalues with different letters within a column differ significantly (P < 0.05).

? Mean+Standard deciation (n=3)

Table 1-33. Parameters of regression analysis of hydrocarbons

nature cheese

in 1irradiated

21)

Hydrocarbons Linear regression equation r
Cian y? = 05979x” - 0.4099 0.98
Cie2 y = 06x - 04173 0.99
Cima y = 0.3658x - 0.4511 0.98

DRegression coefficient
? Area ratio of hydrocarbons
PConcentration of hydrocarbons (ng/g fat)
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Figure 1-21. GC/MS chromatograms of radiation-induced hydrocarbons in

10 kGy irradiated nature cheese.
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Figure 1-22. Effects of irradiation dose on radiation-induced hydrocarbons from

irradiated nature cheese.
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g, A4

N

AAAS 1, 3,5 7 9 10 kGye A#EFoz 2 x =0 ZALete] hydrocarbon$ <
AFS skt v 2AF A= 10 kGye Aoz FAME Alx ZH
chromatogram< Figure 1-23°] YeWHdaz A% hydrocarbon® 92+ A
Figure 1-24%} Table 1-340] YEFNATE AP AL ol 2FA 2] =of A
hydrocarboni++ ZAM &l whe} F 71k o

AR ZAFE AAXZ9 hydrocarboniF¢l 1-tetradecene (Cis1), pentadecane
(Ci50), 1,7-hexadecadiene (Cig2), 8-heptadecene (Ci71), l-hexadecene (Cig1)3}
heptadecane (Ciz.0)T ZAME A5 9] BE Ak A gl ¥ ).

AFA =] Z 2] 82 hydrocarbonfi= oleic acidol A %% 1,7-hexadecadiene (Cig2)
7} 8-heptadecene (Ciz1)e] 1 2™ C,1 hydrocarbon® H.t} C,-» hydrocarbon¥ 7} =
& gt YEAY. Stearic acidZ25EH =% hydrocarbon®<¢! 1-hexadecene (Cig1)
7} heptadecane (Cizg) 3+ C,p hydrocarboni ¢ =& MAES syt
Palmitic acidolA %% hydrocarbonf+ 1-tetradecene (Cis1) % pentadecane
(Ci50) o2 CoaB T Cpy 3HHE0] 2 TS Bt

AAx =] A 24 F P =S FEFS AASL A= oleic acid=F-E A
A FAF 98] AAAE 17-hexadecadiene (Cign)2 EE AFZoA g E
hydrocarbon¥ Rt =4 &A=t} Stearic acidZ2FE =% C,o IHE
1-hexadecene (Cig1)©] Cn-1 3351 heptadecane (Cizg)H.TF H] L% =& 3haks %
8te] oleic acid®} BlSd B3-S Btk AR Akl ¢&] A ¥ hydrocarbon
o &4 Aol AAA = AAE I AR AL Ol WE O R AR
o AR 2ARE A A =o A A E hydrocarbon o] g AR ®Fell wh

s7tstRen 53 Adxz=e  FH AWARRD oleic  acidlA  FEE
/7-hexadecadiene (Cig2)3} stearic acidolA =% 1-hexadecene (Cig1)©] EE
Foll A 7HE Wol FlEol A FAARE AdE = e WE AR o] &

= 9S Ao 7 A2 HAH(Table 1-35).
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Table 1-34. Concentrations of radiation-induced hydrocarbons in nature cheese

(ng/g fat)

kGy Cuan Ciso Ciez Cisi Ciro Cima

0 0V 0 0 0 0 0

1 08P £009 176" +014 098 +012 174 +01 079 +004 024" + 008
3 151+ 011 289 + 011 142°+012 245 +015 120°+014 067 + 012
5 217 +014 343 £ 011 197 £016 260° £ 011 149 £ 015 08%F + 013
7 267 +013 379 +014 244 +016 426" + 013 170° £ 022 122" + 018
10 291" £ 011 448 + 022 327 +£017 557 +025 265 +029 200° + 019

V2t yalues with different letters within a column differ significantly (P < 0.05).

? Mean+Standard deciation (n=3)

Table 1-35. Parameters of regression analysis of hydrocarbons in irradiated

nature cheese

21)

Hydrocarbons Linear regression equation r
Cia1 y? = 05979xY - 0.4099 0.98
Cie2 y = 0.6x - 04173 0.98
Ciz1 y = 0.3658x - 0.4511 0.97

1) . ..
Regression coefficient

2) .

Area ratio of hydrocarbons

PConcentration of hydrocarbons (ng/g fat)
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Figure 1-23. GC/MS chromatograms of radiation-induced hydrocarbons in non-10
kGy irradiated nature cheese.
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Figure 1-24. Effects of irradiation dose on radiation-induced hydrocarbons from
irradiated nature cheese.
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ZAmpAS 1, 3,5 7 2 10 kGyo A#EHo g 7pyx| = ZAFEte] hydrocarboni
of AAFES sttt HI A AR 10 kGye] AdFem AL Alg 24249
chromatogram< Figure 1-25°] YeWHz A% hydrocarbonFi o A &
Figure 1-263 Table 1-36°1 WepbSlth Frbd ZAbel ofsf 7hgx =0l A Fs
hydrocarbonit+ FARd el wel Fr7isigon  sd Aoz A EJASEA ST
hydrocarbon¥ $e] 2t th=27 s EHJA oW o]= 7heA =9 AWt x4 2o
of &g Zolg} o AXIH.

7oA ZAYE JFEF X292 hydrocarboni @l 1-tetradecene (Cis1), pentadecane
(Cis0), 1,7-hexadecadiene (Cis2), 8-heptadecene (Ci71), 1-hexadecene (Cig1)
heptadecane (Ciz:0)¥ FAME A|59] RE Mo A sHol ¥t}

7}ER 22 8 hydrocarbonfi= oleic acidol A %% 1,7-hexadecadiene (Cig2)
3} 8-heptadecene (Ciz1)e) 1 2™ C,1 hydrocarbon® H.t} C,» hydrocarbon¥ 7} =
2 ke YehfQlt)h Stearic acidZ5-E X% hydrocarboni¢l 1-hexadecene (Cigp)
7} heptadecane (Cizo) 3+ Cho hydrocarboni ¢ =& MAES syt
Palmitic acidolA] %% hydrocarboni#+ 1-tetradecene (Cis1) = pentadecane
(Ci500 8% ChoBth Cyy St =0l & TS Bl

7hE A=) AL 24 F M =& TS At = oleic acid=HH 7
wpA FARe] 98] A E 1,7-hexadecadiene (Cign)S X
hydrocarbon® Xt} =4 &ol¥Qltl. Stearic acidZ2HE 58 Cho 3EEQ
1-hexadecene (Cig1)©] Coi1 33E<Q! heptadecane (Cizo)E.TF H] 2L

18te] oleic acid®} BIS2d B3-S Btk ek ZAbe] ¢f&] A4 ¥ hydrocarbon
o YA Aol The A= AW A A ek AR el whE k=
Ak el 2AE 7FER] 2o A AAE hydrocarbonfF o] FEFL xA ut

7 st 53 sbEAze FE ARl oleic  acidolA R

1,7-hexadecadiene (Cie2) 3} stearic acidol A +- %l
Fol A 7HE Wol FlEo] Hupid FALAR S 2
T U Ao ALmEH(Table 1-37).
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Table 1-36. Concentrations of radiation-induced hydrocarbons

in processed

cheese
(ng/g fat)
kGy Ciaa Cis0 Cis:2 Cis1 Cimo Cima
0 0V 0 0 0 0 0
1 018004 103 £012 08" =003 18P =009 040" =010 019" = 006
3 134°£008 146 +010 122011 2557 +012 06201 057 + 009
5 173012 206" £016 257 £013 324° £ 014 098" £ 014 08 + 013
7 366014 387 +013 378+ 010 38F +0I11 134 +018 104+ 015
10 402 014 453 016 515 +015 409 £019 177 + 018 1.62° + 017

U af yalues with different letters within a column differ significantly (P < 0.05).

? Mean+Standard deciation (n=3)

Table 1-37. Parameters of regression analysis of hydrocarbons in irradiated

processed cheese

Hydrocarbons Linear regression equation 21
Cra1 y? = 0.8951xY - 1.2871 0.95
Ciez2 y = 1.0289x - 1.3503 0.97
Ciz1 y = 0.3049x - 0.3682 0.97

YRegression coefficient
P Area ratio of hydrocarbons
PConcentration of hydrocarbons (ng/g fat)
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Figure 1-25. GC/MS chromatograms of radiation-induced hydrocarbons in non-

and 10 kGy irradiated processed cheese.
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Figure 1-26. Effects of irradiation dose on radiation-induced hydrocarbons from

irradiated processed cheese.
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g, AR

AxRS 1,3 5 7 2 10 kGye A#oz 7hax =] %Aste] hydrocarboni
of AAFS Fgelstath HEAF Almet 10 kGyol AFoR FAME Alm 77}
chromatogram< Figure 1-27°] YeWHAx XA E hydrocarbonF o A &
Figure 1-28% Table 1-380 YWER AT d=pA ALl &3] 7ha 2] =2oA] =4
hydrocarbonit+ FARd e wel Frlsidon  sd dFoz A EJASEA ST
hydrocarbon¥ o] 2 t=7 sAEJA oW o]= 7he A =9 AWt x4 2o
of &g Zolg} o AXIH.

AR ZAFE 7FEX 29 hydrocarboni Q1 1-tetradecene (Cis41), pentadecane
(Cis0), 1,7-hexadecadiene (Cis2), 8-heptadecene (Ci71), 1-hexadecene (Cig1)
heptadecane (Ciz.0)T ZAME Al59] BE AFoA gl ¥ ).

7}ER 22 8 hydrocarbonfi= oleic acidol A %% 1,7-hexadecadiene (Cig2)
¥} 8-heptadecene (Ciz1)e] 1 2™ C,1 hydrocarbon® .t} C,-» hydrocarbon¥ 7} =
2 ke YehRQlt) Stearic acidZ5-E X% hydrocarboni¢l 1-hexadecene (Cigp)
7} heptadecane (Cizo) 3+ C,p hydrocarboni¢ =& MAHES sty
Palmitic acidolA %% hydrocarbonf+ 1-tetradecene (Cis1) % pentadecane
(Ci50) o2 Co2B T Cp 3HHE0] 2 TS Bt

7bEA =Y AL 28 F MY w8 FEFE AAS e oleic acid=FE
wpA FAR o8] AAE 1,7-hexadecadiene (Cign)2 EE AFoA =
hydrocarbonf X.t} =74 &2t} Stearic acidZ2%E FE9 C,o 3gE<l
1-hexadecene (Cig1)©] Cn1 3FEE<! heptadecane (Cizo)2.TF W% £ gaFe 2
A8k oleic acid9b W]t AEdS BATh AxA FAF] 98] A4 E hydrocarbon
o FA Aol= The A= At AT A 2ARAF mE Aom Alsd

¢

a

th A =AY 7bE R = A AP hydrocarbon o] FEES ZARAM o wha)
St o, 53 Tt

1,7-hexadecadiene (Cig2)3} stearic acidol A %% 1-hexadecene (Cig1)e] EE 4
Foll A 7H wol glE o] A AR E #dd ¢ Qe Il npA R o] 8=

F AS Aoz AL HrHTable 1-39).

)=z FH AWARel oleic  acidlAd FEH
Sl
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Table 1-38. Concentrations of radiation-induced hydrocarbons in processed

cheese
(ug/g fat)
kGy Cia1 Ciso Cis2 Cis1 Cimo Ci71
O Oa 1 Oa Oa Oa Oa Oa

1 068008 102011 069 009 151°+009 05 +013 021"+ 006
3 125°£009 19 +017 18 + 011 303 +017 091° + 019 056 + 0.09
5 184'+015 255" +£016 290" £ 012 347 + 014 101°+ 015 083 + 013
7 234015 343 +013 379+ 019 468 +018 149" £ 016 1.02° + 017

10 429" + 017 568"+ 022 58 +018 498 +021 199 + 019 1.90° + 0.18

V2t yalues with different letters within a column differ significantly (P < 0.05).

? Mean+Standard deciation (n=3)

Table 1-39. Parameters of regression analysis of hydrocarbons in  processed

cheese
Hydrocarbons Linear regression equation )
Cia1 y? = 0.891x - 1.2871 0.85
Cie2 y = 1.0289x - 1.3503 0.98
Ciza y = 0.3049x - 0.3682 0.91

YRegression coefficient
? Area ratio of hydrocarbons
YConcentration of hydrocarbons (ng/g fat)
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Figure 1-27. GC/MS chromatograms of radiation-induced hydrocarbons in non-

10 kGy 1irradiated processed cheese.
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7. e

ek S 1, 3,5, 7, 2 10 kGye] AFez XA & Fg], £43+9] hydrocarbon
o AAS FQlstaon, HEAF AlE9F 10 kGy FA
Figure 1-29°)|, Z1&]a ZAMA o] wE AA=a WM3lE Table 1-40% Figure
1-30° vERH AT
WE 9 8 hydrocarbonF+ palmitic acidol A +%=% 1-tetradecene (Cis1) 2
pentadecane (Cis0) 22 CpoBth Coq 3t EC] =2 TS BI T Oleic acidoll A
©°% (Cu2 hydrocarbon®<l

l# Al5¢] chromatogram<

%%  hydrocarboni & 8-heptadecene  (Ci7:1)
1,7-hexadecadiene(Cig2)S A A MaFo A Felxx] ¢kgkt}. o= vE o AF AW
Az osk Aow HAUHEPT. Stearic acidZ2HEH FE%¥  hydrocarboniT¢l
1-hexadecene (Cis1)@} heptadecane (Cizo) B3 C,o hydrocarboni o =& HAES
gl At

B A 24 F b = &S A st 9= Palmitic acid=3E 7+
upd AL o8] A ¥ 1-tetradecene (Cian) E& A #Fo A B+ hydrocarboni

B}t =4 gelEdu}. Stearic acidZ2H-EH FE¥ Cuo 3gE<l
°] Cy1 8+3H=<Q heptadecane (Cizo)Eth Bl A =& 3peFS xFA|3}o] palmitic
acidel vl==gh AgS HATH

7ok ZAFE BB 9] hydrocarbon ¢l 1-tetradecene (Ciy), pentadecane (Ciso),
8-heptadecene (Ciz1), 1-hexadecene (Cig1)#} heptadecane (Cizo)T FAME Al &S] X
< Al gl HATh

ZrakA ZAboll o] B E oA =¥ hydrocarbonf e FA | w2l 7Sk
o FAd AHA#EHor FAEASAEE hydrocarbon® %ZA o] o] Palmitic
acid, oleic acid, stearic acid®] o2 5o A= HEHY AAE 2 folek 7
. AP el E Ao R o AXIth

7rakA Z=ALE B Eo) A BAE hydrocarbon ] o XA o we} ZF71E}
Rnow B3] B FHd A WAkel palmitic acidol A =% 1-tetradecene (Cigp)3

iz

&

2

(

v
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stearic acidoll 4] =% 1-hexadecene (Cig)0] RE Ak A 713 wWo] 3hely of
Aoz Atz

Aok 2ol e Bud 4 Qe wd AR olgE £ U2 Ao

(Table 1-41).
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Table 1-40. Concentrations of radiation-induced hydrocarbons in butter

(ng/g fat)
kGy Cia Cis0 Cis:2 Cis1 Cimo Cima
0 0"V 0 - 0 0° 0
1 03 z01? 144 <01 - 028 £ 006 025"+ 006 074 + 009
3 197 £018 1.9 £ 021 - 064° £ 009 090° + 014 083 + 016
5 3119+ 022 28" :022 - 143 £ 021 13 +£023 122% + 021
7 464 £ 029 601° £ 025 - 241" £ 029 1537 £ 018 154" £ 025
10 5% +037 719 + 034 - 335+ 034 234025 161°+ 029

U af yalues with different letters within a column differ significantly (P < 0.05).

? Mean+Standard deciation (n=3)

Table 1-41. Parameters of regression analysis of hydrocarbons in butter

Hydrocarbons Linear regression equation Y
Cia1 v = 06169x> - 0.7246 0.99
Ci71 y = 0.15x - 0.1311 0.92

1) . ..
Regression coefficient

P Area ratio of hydrocarbons

PConcentration of hydrocarbons (ug/g fat)
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Figure 1-29. GC/MS chromatograms of radiation-induced hydrocarbons

and 10 kGy irradiated butter.
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Figure 1-30. Effects of irradiation dose on radiation-induced hydrocarbons from

irradiated butter.
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g, AR

HE o A FAo] 93] WA hydrocarboni S &elslr] skl HAA
3,5 7, 12813 10 kGy<2] AZgoz ZAF & &, A4ste] vxAF AJ=9F 10 kGy
ZAE A 29 chromatogram< Figure 1-319l, 181 FAA o] w2 Al =k
WH3E Table 1-423} Figure 1-32¢] YEF AT

A2 ZA e 98] HEAA %% hydrocarbont+ ZARA 2ol whe} 7184
o (Cis0), 8heptadecene (Ci71), 1-hexadecene (Cis1)¥} heptadecane (Cizo):= FAF
AR BE AA g H3lvh

WE e FQ hydrocarbonf+ palmitic acidel A F+E¥ 1-tetradecene (Cig) %
pentadecane (Ci50) 2.2 CpoBth Copy & E0] 2 THFHS H Y. Stearic acid=4-
B X% hydrocarboni#¢l 1-hexadecene (Cig1)Z} heptadecane (Cizo)< Cho
hydrocarboni+¢] =2 AAHES g2lststt. Oleic acidolA %% hydrocarbon
=  8-heptadecene (Ci71)2. 2 C,» hydrocarboni#¢! 1,7-hexadecadienes A A A=
oNA FQIE A Fokrh. o= BE O A AMAE 24 o3k Aoz dAdsiith

HE S AWt 24 F Mg e F9S AXsa e Palmitic acid2FE A
A ZAbell o)af] A E 1-tetradecene (Cigp)S EE A oA 2 hydrocarboni
o = S H A Stearic acid25-H =% Cyz 3%E<2 1-hexadecene (Cig1)
o] Cn1 3}¢HE<2 heptadecane (Cizo)X.Th H]E/jﬂ, =2 d#HS A8t palmitic
acide} ¥ =3t AeFS Bk AR F=Abe] o8] AAE hydrocarboni o %7z}
o= WE AWt 23 dAxpA ARG wE oz Als Ttk AR AL
H HHAA AAdE hydrocarbonit ol $HFS AP | wel Frbsdon &
HE o F¥ AWAkel palmitic acidol A 5% 1-tetradecene (Cig1)¥ stearic acid
oA =% l1-hexadecene (Cig1)0] EE Aol A 7} wo] Felxo] Az ZAL

SE
B2 B9 5 Qb B R ogd & e Aow ARATHTable 1-43),
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Table 1-42. Concentrations of radiation-induced hydrocarbons in butter

(ng/g fat)
kGy Cia Cis0 Cis1 Cimo Cima
0 0V 0 0 0° 0
1 069012 122°=<01 032 £ 01 036”013 040" + 008
3 237 £017 205 £ 017 105" £ 018 097 019 070" = 0.12
5 342'+022 364%+018 195 + 024 143" +024 127 + 017
7 472 +£027 544 029 310" £ 023 200° £ 028 1.38° + 021
10 602 +031 7.36 + 026 470° £ 029 261" £ 03 161° £ 029

U af yalues with different letters within a column differ significantly (P < 0.05).

? Mean+Standard deciation (n=3)

Table 1-43. Parameters of regression analysis of hydrocarbons in irradiated

butter
Hydrocarbons Linear regression equation a
Ciez y? = 0.6169x> - 0.7246 0.99
Ciza y = 0.15x - 0.1311 0.98

YRegression coefficient
Y Area ratio of hydrocarbons
PConcentration of hydrocarbons (ug/g fat)
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Figure 1-31. GC/MS chromatograms of radiation-induced hydrocarbons in non-

and 10 kGy irradiated butter.
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Figure 1-32. Effects of irradiation dose on radiation-induced hydrocarbons from

irradiated butter.
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| 259 F8 HWAHS Palmitic acid, oleic acid, stearic acid®] o2 3hf
Ho] 9l hydrocarbon9 M-S gQlstr] 98t #AwlbdE 1, 3,5 7, 2 10
kGye] Moz XA & F8, B4t B EAF AR 10 kGy ZAME Al 59

chromatogram< Figure 1-33l, 18|31 FApA o] w2 A=y W3S Table
1-44%} Figure 1-34°] YERUATEH

#Aupd zAbe] old] A REFAA =¥ hydrocarbonf o A o] whel F
7hetdlor Ed Ao R A ASA TR hydrocarbonit ¢ el 247t HEA &
dHon ol AR AW A Afolol o g Flojg o] A

7oA ZA E ZAEF9 hydrocarboni ¢l 1-tetradecene (Cis1), pentadecane
(Cis0), 1,7-hexadecadiene(Cis2), 8-heptadecene (Ciz1), 1-hexadecene (Cig1)F
heptadecane (Ci7:0)E FAME A|59] BE Mo A shol ¥t}

ZAEH9 F2 hydrocarboni+= palmitic acidoll 4] =% 1-tetradecene (Cis1)
2 pentadecane (Cis50) 22 CpoB T Chq 3ES H2 333 B A Oleic acidol
Al %% hydrocarbon+ 1,7-hexadecadiene(Cig2), 8-heptadecene (Ci71) 2% Cug
hydrocarboni+9] 8-heptadecene®] =4 &<l¥ o] palmitic acid®} H|$:3 235 W
2Tt Stearic acidZ%E %% hydrocarboni¢l 1-hexadecene (Cig1)¥ heptadecane
(Ci70) B3 C,y hydrocarbon# 9 =& WA ES ekt

ek zAbel ols) A4 ¥ hydrocarbonfi ol FA Aboli= AR

X
ok
22
B

A3t ok AR 2 Aoz Algdd. fAubd 2AbE ZAlE Rl AA
¥ hydrocarboni o e AP ol wEl Frbstlen 53 2AlERY FH
A WFAFel palmitic acidol A =% 1-tetradecene (Cis1)3 stearic acidollA F=%
1-hexadecene (Cig1)0]l E= o 7+ Bo] Fxo] Tepd A RS It

A
&5 e wE v o] gdE ¢ ds Aoz AR tH(Table 1-45).
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Table 1-44. Concentrations of radiation-induced hydrocarbons in Infant formula

(ng/g fat)
kGy Ciaa Cis0 Cis:2 Cis1 Cimo Cim1
0 0V 0 0 0 0 0
1 0180057 098 012 023 £007 041" =009 043" £ 009 023 + 008
3 04601 108 015 053 012 065 013 103 £022 055 + 013
5 08 £014 231°+013 072011 117 +016 145" +024 105" + 018
7 12482021 2947 017 115 £ 016 170° £ 019 204° £ 023 146 + 013
10 1637+ 019 309" £ 022 147 +023 224°+022 275 £019 19 +021

V2t yalues with different letters within a column differ significantly (P < 0.05).

? Mean+Standard deciation (n=3)

Table 1-45. Parameters of regression analysis of hydrocarbons in irradiated

Infant formula

21)

Hydrocarbons Linear regression equation r
Cia1 2= 0.3362x" - 0.4351 0.99
Cie2 y = 0.3097x - 0.3794 0.98
Ciz1 y = 0.3957x - 0.5004 0.99

1) . ..
Regression coefficient

? Area ratio of hydrocarbons

PConcentration of hydrocarbons (ug/g fat)
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Figure 1-33. GC/MS chromatograms

and 10 kGy irradiated Infant formula.
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Figure 1-34. Effects of irradiation dose on radiation-induced hydrocarbons from

irradiated Infant formula.
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L S

A ZAS 23] A 254 WA EE hydrocarboni S &Helslr] 98te] A
S 1,3, 5 7, 2 10 kGye AFo =z ZFAF & By EXMSte] v ZAF Al&¢ 10
kGy ZAFEl Al29 chromatogram<= Figure 1-35°l, 181 FAMA o] w2 A
2yl W3S Table 1-46% Figure 1-36°] e AT

AR ZAF 98] ZAEFAA FEH hydrocarbonf = ZFARA = whegl &
el o Y Mo g ZAE S X 2 hydrocarbon® o] 42 vt=2A &
A om o= ZAEF AW A Aol o7k Flolgt o AXITH

AR ZAFE ZAE7+9 hydrocarboni# ¢l 1-tetradecene (Ci41), pentadecane
(Cis0), 1,7-hexadecadiene(Cig2), 8-heptadecene (Ci71), 1-hexadecene (Cig1)3}
heptadecane (Ciz.0)T ZAME Al59] BE AFoA gl ¥ ).

ZAEF9 2 hydrocarbon+ palmitic acidoll 4] F =% 1-tetradecene (Cis1)
2 pentadecane (Cisp) 22 ChoX T Coq & EC] =2 FFS E It} Oleic acidol
A F %% hydrocarboni+ 1,7-hexadecadiene(Cig2), 8-heptadecene (Ci71) 22 Choo
hydrocarboni <%l 8-heptadecene®] =A &AFHAUT. Stearic acidZ2HH =%
hydrocarbon#<] 1-hexadecene (Cis1)3 heptadecane (Cizo) %3+ C,-1 hydrocarbon¥
9 o AMAES elste] palmitic acidet 7S A3E H YT}

A2 ZAbell 98] WA E hydrocarbon ¢ %2 xpole= ZAE G 9

X
ok
2
B

A AR AP g oz AlgEnh AR AR ZAEFolA A
¥ hydrocarbon¥ o] e AP ol wEl Frbsilen 53 2AlERY FH
R HWAEQl palmitic acidoll A =% 1-tetradecene (Cis1)3} stearic acidol A =4
1-hexadecene (Cigp)ol 2E AeFol A 71 @Wo] Felxo] Haps ZAlJRE ok

& e B vpAR ol8E g e AoE AR ¥ tH(Table 1-47).

,86,



Table 1-46. Concentrations of radiation—induced hydrocarbons in Infant formula

(ng/g fat)

kGy Ciaa Cis0 Cis:2 Cis1 Cimo Cima

0 0V 0 0 0 0 0
1 0122004 076 £012 076" =011 027" +005 059 +004 026+ 006
3 050°+010 187 +016 117 +016 042"+ 009 136°+015 057 + 013
5 090+ 011 244° 022 1759015 118 £016 158 013 08" + 016
7 14312016 367 £024 2065 +018 171°+ 019 198" £022 115 + 012
10 198 +£022 455 £02 228°+025 25302 249°+025 171"+ 018

U af yalues with different letters within a column differ significantly (P < 0.05).

? Mean+Standard deciation (n=3)

Table 1-47. Parameters of regression analysis of hydrocarbons in irradiated

Infant formula

Hydrocarbons Linear regression equation Y
Cia1 v’ = 0.3362x" - 0.4351 0.97
Cie2 y = 0.3097x - 0.3794 0.95
Ciz1 y = 0.3957x - 0.5004 0.98

1) . ..
Regression coefficient

P Area ratio of hydrocarbons

PConcentration of hydrocarbons (ug/g fat)
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Figure 1-35. GC/MS chromatograms of radiation-induced hydrocarbons in non-

and 10 kGy irradiated Infant formula.
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o SURE FALEAF] bR BEe flste] Amel wubd ¥ AR
Folstgitt. K7HEEA W, £AA, WA, 2
}

o
, HE, A7 AWS F&539 LC columnl = &g

L}, Palmitic acidel A @l ¥ 1-tetradecene(Cis1) ¥ stearic acidol A # &€
1-hexadecene(Cig1),  oleic  acidol A #Fd ¥ 1,7-hexadecadiene(Cig:2),
8-heptadecene(Ci71) 5 ©] WAFA AL HE Ao marker® 4 33} .

th SAFEE, 244, Wol7, ) R FABERAAZ, ABA=, W, 24
2R A hydrocarbon? /b MO R Frhstglam HERA W vt
b3k,

- Mo A v 2 AAA EF oleic acid¥ stearic acidol A Cuo 33HE9]
palmitic acid= Cnp1 3tE0°] =4 YeErsth &A1 A =g dupd 2 dxpbd =2
= A=A oleic acid®} stearic acid= Cpz 83E©] palmitic acid= Cy1 33

=0 =/ FAHo] W B2 A3E B

- kA Z2ARSE wlo] 7 9] oleic acidE Cp29 Cpi©] HIS3 daFo 2 vElylor
stearic acid®} palmitic acid E5FNA Coq 3FEo] =4 ey Adct. A=A 9
A%+ oleic acidol Al C,o 3}3HE©] stearic acid®} palmitic acidy= ZeA 3 7+

o] Co1 Bst=o] =7 HES

- ZFet A AR FZARSE X E5F oleic acid®t stearic acidE Cpo 3EHE ]

palmitic acid= Cpi 3t&HE0] =4 ek @3 A2 o] Aol FAFS

- AARN=E HgupAd "W AxA ZAREE sample S A #ol A oleic acid9b
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stearic acidl A= C,2 3}
UElsto T =9 A

Eo| palmitic acid:e C, 3¢Eo] =& MAgoz
e

Adx =9 UG ARG BT

S}
H
o)

<

- BEH9 A% oleic acidelA @33 C,» hydrocarboni ¢l 1,7-hexadecadiene®]
Aupd . A2 B A Z1E A gekom o= WE S AHg X Wikl <%
Aoz FIA3AT. o] stearic acidol A 3 dF=  1-hexadecene(Cis1) 3

palmitic acidoll A @ d}= 1-tetradecene(Cis1)0] EE A FoAq =A vE
U HE S AEFRA B3 ntAR gRlstA .

- XA E Aol et S ZARSEY A A ¥ hydrocarboniF = oleic acid®t stearic
acid 1231 palmitic acid EF Cyi1 &= AAH ZAS ZAZ/FY
oleic acid®} stearic acidel & C,o 3gEo] =A A Avpdaes v

2 23S Bloy O AAdF Aol AA 9k em, palmitic acide= vl
A sdsA vE

gb b W o Axpd F=A " Algol A A EE hydrocarbonF S vl w2413 A

3ogebAs AN 2Abe] FRASel meh FAS AEghe meon, grhd
qJ

B oAAA 2Ab] A% AolHe FAF & Ak

,90,



10.

11.

12.

13.

Zn g3

A EAEL 2007, A FrE Azt 248
FAO, 1984. Codex general standard for irradiated foods and recommended
international code of practice for the operation of radiation facilities used for
the treatment of foods, Codex Alimentarius Commission. Rome, Italy. pp.
100-110.
FAD, 1980. Final report of the USFDA Bureau of Foods, Irradiated Foods
Committee.
WHO. 1992. Global health situation and projections estimates, Geneva,
Switzerland
Korean Food and Drug Administration. 2004. Food Code.
Korean Food and Drug Administration. 2012. Food Code.
Kwon JH. 2003. Commercialization of food irradiation technology and the
identification of irradiated foods. Food Sci Ind 36(1): 50-55.
Kim KS, Yang JS, Kwon JH. 2003. Method of detection for irradiated foods.
Kor J Food Pre 10(3): 427-434.
ICGFI. 2005. Clearance database. International consultative group on food
irradiation. Country and products.
Kwon JH. 2003. Commercialization of food irradiation technology and the
identification of irradiated foods. Food Sci Indu 36: 50-55.
Byun MW, Lee JW. 2003. Application of irradiation technology for food safety
and security. Food Sci Indu 36: 25-41.
Kim BK, Lee JE, Tusneem Kausar, Kim DH, Yang JG, Byun MW, Kwon
JH. 2004. Identification Characteristics of Irradiated Dried Red Pepper during
Storage by the Analysis of Electron Spin Resonance and Hydrocarbons. J
Korean Soc Food Sci Nutr 33: 1522-1528.
Codex Alimentarius Commission. 1984. Codex General Standard for Irradiated
Foods and Recommended International Code of Practice for the Operation of

Radiation Facilities used for the Treatment of Foods. CAC/VOL. XV. FAOQ,

,9'],



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Rome.

13-34 Basfar AA, Rehim FA, Al-Kahtani HA, Alnasser MA. 2001. Accuracy
of the calibration curve method for absorbed dose assessment in irradiated
refrigerated chicken bone. J Food Sci 66: 95-98.

Esteves UP, Andrade ME, Empis J. 1999. Detection of prior irradiation of
dried fruits by electron spin resonance(ESR). Radiat. Phys. Chem. 55:
137-742.

Gray R, Stevenson MH. 1989. The effect of post-irradiation cooking on the
ESR signal in irradiated chicken drumsticks. Int J Food Sci Technol 24:
447-450.

Jesus EFO, Rossi AM, Lopes RT. 2000. Identification and dose determination
using ESR measurements in the flesh of irradiated vegetable products. Appl
Radiat Isot 52t 1375-1383.

Ghelawi MA, Moore ]S, Bisby RH, Dodd NJF. 2001. Estimation of absorbed
dose in irradiated dates(Phoenix dactylifera L.): test of ESR reponse function
by a weighted linear least-squares regression analysis. Fadiat. Phys. Chem
60: 143-147.

Carlsen CU, Andersen, ML. Skibsted LH. 2001. Oxidative stability of
processed pork, assay based on ESR-detection of radicals. Eur Food Res
Technol 213: 170-173.

Korkmaz M, Polat M. 2000.Free radical kinetics of irradiated durum wheat.
Radiat Phys Chem 58. 169-179.

Delincée H. 1996. Detection methods for irradiated foods—-an overview. Fadiat
Phys Chem 48:. 378-379.

Stevenson MH, Gray R. 1989. The effect of irradiation dose, storage time and
temperature on the ESR signal in irradiated chicken drumsticks. J Sci Food
Agric 48: 269-274. .

Stevenson MH, Gray R. 1989. An investigation into the effect of sample
preparation methods on the resulting ESR signal irradiated chicken bone. J

Sci Food Agric 48: 261-267.

,92,



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Stinnetcioglu MM, Dadayl D. 2000. The use of simulation in the ESR spin
probe technique for detection of irradiated seeds. Talanta 53: 69-74.

Duliu OG. Electron paramagnetic resonance identification of irradiated
cuttlefish(Sepia officinalis 1L.). Appl Radiat Isot 52: 1385-1390, 2000
Ziegelmann B, Bogl KW, Schreiber GA. 1999. TL and ESR signals of molluse
shells-correlations and suitability for the detection of irradiated foods. Radiat
Phys Chem 54: 413-423.

Stewart EM, Stevenson MH. 1997. Identification of irradiated Norway
lobster(Nephrops norvegicus) using electron spin resonance(ESR) spectro—
scopy and estimation of applied dose using re-irradiation: results of an
in—house blind trial. J Sc Food Agric T4: 469-472.

Onori S, Pantaloni M, Baccaro S, Fuochi PG. 1996. Influencing factors on
ESR bone dosimetry. App! Radiat Isot 47: 1637-1640.

Yordanov ND, Mladenova B. 2001. ESR studies on gamma- irradiated snails
hard tissues. Radiat Phys Chem 60: 191-193.

Raffi J, Yordanov ND, Chabane S, Douif L, Gancheva V, Ivanova S. 2000.
Identification of irradiation treatment of aromatic herbs, spices and fruits by
electron paramagnetic resonance and thermoluminescence. Spectrochim Acta
(A) 56: 409-416.

Soika C, Delincée H. 2000. Thermoluminescence analysis for detection of
irradiated food-effects of dose rate on the glow curves of quartz. Lebensm
Wiss u Technol 33: 440-443.

Ahmad A, Satter A, Ali I, Igbal MZ. 1999. Effect of gamma irradiation on
thermoluminescence emissions from dust of Asian plant nuts. Nahrung 43:
39-41.

Ammon MH]J, Berg H. 1996. Nachweeis einer Strahlenbehandlung in
weiterverarbeiteten Lebensmitteln anhand der Analytik strahleninduzierter
Kohlenwasserstoffe. Deutsche Lebensmittel- Rundschau 92: 137-141.
Schreiber GA, Ziegelmann B, Quitzsch G, Helle N, Bogl KW. 1993.

Luminescence techniques to identify the treatment of foods by ionizing

,98,



35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

irradiation. Food Structure 12: 385.

Mammon A, Abdul-Fattah A, Abulfaraj WH. 1994. Thermoluminescence of
irradiated herbs and spices. Radiat Phys Chem 44: 203-206.

Oduko JM, Spyrou NM. 1990. Thermoluminescence of irradiated foodstuffs.
Radiat Phys Chem 36: 603-607.

Farag SEA. 1996. Detection of irradiated fruits by gas—chromatographic
methods. Z Lebensm Unters Forsch 202: 451-457.

Correcher V, Muiiiz JL, Gémez-Ros JM. 1998. Dose dependence and fading
effect of the thermoluminescence signals in y-irradiated paprika. J Sci Food
Agric 76: 149-155.

Pinnioja S, Siitari-Kauppi M, Lindberg A. 1999. Effect of feldspar composition
on thermoluminescence in minerals separated from food. Radiat Phys Chem
54t 505-516.

Hwang KT, Yoo JH, Kim, CK. 2001. Hydrocarbons detected in irradiated and
heat-treated eggs. Food Res Int 34: 321-328.

European Committee for Standardization. 1996. Foodstuffs Detection of
irradiated food containing fat-Gas chromatographic/ Mass spectrometric
analysis of hydrocarbons, European Standard EN 1784.

Schreiber GA, Helle N, Bogl KW. 1995. An interlaboratory trial on the
identification of irradiated spices, herbs, and spice-herb mixture by thermo-
luminescence analysis. J AOAC Int 78 88-93.

Bergaentzle M, Sanguer F, Hasselmann C, Marchioni E. 1994. Detection of ¥
-irradiated raw-milk camembert cheeses by capillary gas chromato— graphic
analysis of volatile hydrocarbons. Food Chem. 51: 177-182.

Lee HJ, Byun MW, Kim KS. 2000. Detection of radiation—induced
hydrocarbons and 2-alkylcyclobutanones in irradiated perilla seeds. J Food
Protect 63 1563-1569.

Biedermann M, Grob K, Frohlich D, Meier W. 1992. On-line coupled liquid
chromatography-gas chromatography(LC-GC) for detecting irradiation of
fat-containing foods. Z Lebensm Unters Forsch 195: 409-416.

,94,



46.

47.

48.

49.

50.

ol.

o2.

93.

o4.

Kim KS, Kim EA, Lee HJ, Yang JS, Byun MW. 1999. Quantitative
comparison of radiation-induced hydrocarbons from irradiated beef, pork and
chicken. Korean J Food Sci Technol 32: 301-307.

Merino L, Cerda, H. 2000. Control of imported irradiated frozen meat and
poultry using the hydrocarbon method and the DNA comet assay. Fur Food
Res Technol 211: 298-300.

Morehouse KM, Kiesel M, Ku Y. 1993. Identification of meat treated with
ionizing radiation by capillary gas chromatographic determination of
radiolytically produced hydrocarbons. J Agric. Food Chem 41: 758-763.

Lee H.J, Lee MY, Kim KS. 1999. Detection of radiation—-induced
hydrocarbons and 2-alkylcyclobutanones from peanut. Korean J Food Sci
Nutr 4: 270-275
Delincée H, Pool-Zobel BL. 1998. Genotoxic properties of 2-dodecylcyclo—
butanone: a compound formed on irradiation of food containing fat. Fadiat
Phys Chem 52! 39-42.

Hamilton L, Stevenson MH, Boyd DR, Brannigan IN, Treacy AB, Hamilton
JTG, McRoberts WC, Ellott CT. 1995. Detection of 2-substituted
cyclobutanones as irradiation products of lipid-containing foods: synthesis and
applications of cis- and trans—2-(tetradec-5-enyl) cyclobutanonnes and
11-(2'-oxocyclobutyl)undecanoic acid. J. Chem. Soc. Perkin Trans 1: 139-146.
Lesgards G, Pouliquen I, Giarmarchi P, Raffi J, Prost M. 1993. Study of
radio-induced compounds from lipids—alkanes and alkenes. In Recent
advances on the detection of irradiated food. Lenardi, M. Raffi, J.J., and
Belliardo, J.J. (eds.), EUR/14315/EN, BCR, Brussels, Luxembourg, p 251- 260.

Sjoberg  AMK, Tuominen TP, Kiutamo T. 1992. Evaluation of a gas
chromatographic method for detection of irradiation of chicken and a chicken
meat product. J Sci Food Agric 59: 65-75.

Crone AV], Hamilton JTG, Stevenson MH. 1992. The detection of
2-dodecylcyclobutanone in radiation-sterillized chicken stored for several

years. Int J Food Sci Technol 27: 691-696.

,95,



5o.

6.

o7.

38.

39.

60.

61.

62.

63.

64.

Nawar WW, Balboni JJ. 1970. Detection of irradiation treatments in foods. J
Assoc Off Anal Chem 53: 726-729

Nawar WW, Champagne JR, Dubravic MF, LeTellier PR. 1969. Recovery and
measurement of volatiles from lipids: hydrocarbons in  irradiated fats. J
Agric Food Chem 17: 645-648.

Lembke P, Bornert J, Engelhardt H. 1995. Characterization of irradiated food
by SFE and GC-MSD. J Agri Food Chem 43: 38-45.

Schulzki G, Spiegelberg A, Bogl KW, Schreiber GA. 1997. Detection of
radiation-induced hydrocarbons in irradiated fish and prawns by means of
on-line coupled liquid chromatography-gas chromatography. J Agric Food
Chem 45: 3921-3927.

Meier W, Artbo A, Nageli P. 1996. Detection of irradiation of fat containing
foods by on-line LC-GC-MS of alkylcyclobutanones. Mitt Gebiere Lebensm
Hyg 87: 118-122.

Tuominen J, Sjoberg A.M, Kiutamo T, Sippola E. 1993. Identification of
irradiation of chicken by gas chromatography. In Recent advances on the
detection of irradiated food. Lenardi, M., Raffi, J.J., and Belliardo, J.J. (eds.),
EUR/14315/EN, BCR, Brussels, Luxembourg, p 275-285.

Crone AV], Hand MV, Hamilton JTG, Sharma ND, Boyd DR, Stevenson MH.
1993. Synthesis, characterisation and use of 2-tetradecylcyclo— butanone
together with other cyclobutanones as markers for irradiated liquid whole
egg. J Sci Food Agric 62: 361-367.

European Committee for Standardization. 1996. Foodstuffs: detection of
irradiated food containing fat-gas chromatographic/ mass spectrometric
analysis of 2-alkylcyclobutanones, European Standard-EN 1785.

McMurray BT, McRoberts W, Hamilton JTG, Elliott CT, Stevenson MH.
1995. Detection of irradiated prawn using 2Z-alkylcyclobutanones. Food Sci
Technol 9: 147-148.

Stevenson MH, Crone AV], Hamilton JTG, McMurray CH. 1993. The use of

2-dodecylcyclobutanone for the identification of irradiated chicken meat and

,96,



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

eggs. Radiat Phys Chem 42: 363-366.

Miesch M, Ndiaye B, Hasselmann C, Marchioni E. 1999. 2-Alkyl-
cyclobutanones as markers for irradiated foodstuffs I. Synthesis of saturated
and unsaturated standards. Radiat Phys Chem 55: 337-344.

Ndiaye B, Jamet G, Miesch M, Hasselmann C, Marchioni E. 1999.
2-Alkylcyclobutanones as markers for irradiated foodstuffs II: the Cen
(European Committee for Standardization) method-field of application and
limit of utilization. Radiat. Phys. Chem. 55: 437-445.

Rahman R, Matabudall D, Haque AK, Sumar S. 1996. A rapid method
(SFE-TLC) for the identification of irradiated chicken. Food Res Int 29:
301-307.

Stevenson MH, Corne AV], Hamiton JTG. 1990. Irradiation detection. Nature
344: 202-203.

Stevenson MH. 1992. Progress in the identification of irradiated food. Trends
Food Sci. Technol. 3: 257-262.

Stevenson MH, Crone AV], Hamilton JTG. 1993. The use of 2-alkylcyclo
butanones for the detection of irradiated lipid containing foods. In Recent
advances on the detection of irradiated food. Lenardi, M. Raffi, J.J.,, and
Belliardo, J.J. (eds.), EUR/14315/EN, BCR, Brussels, Luxembourg, p 333-341.
Stewart EM, Moore S, McRoberts WC, Graham WD, Hamilton JTG. 1998.
2-Alkylcyclobutanones as markers for exotic fruits. Food Sci Technol Today
120 103-105.

Stevenson MH, Klipatrick DJ, McMurray CH. 1994. Collaborative blind trial
2-dodecylcyclobutanone and  2-(5'-tetradecenyl)cyclobutanone to  detect
irradiated chicken, pork and liquid whole egg, FAO/IAEA Report, Vienna.
Stevenson MH. 1996. Validation of the cyclobutanone protocol for detection of
irradiated lipid containing foods by interlaboratory trials. In Detection
methods for irradiated foods, current status: Royal Society of Chemistry,
Cambridge, UK, p 269-284.

Ndiaye B, Horvatovich P, Miesch M, Hasselmann C, Marchioni E. 1999.

,97,



7.

76.

e

78.

79.

80.

81.

82.

83.

34.

85.

36.

2-Alkylcyclobutanones as markers for irradiated foodstuffs III: improvement
of the field of application on the EN 1785 method by using silver ion
chromatography. J Chr A 858: 109-115.

Cerda H. 1998. Detection of irradiated fresh chicken, pork and fish using the
DNA comet assay. Lebensm Wiss u Technol 31: 89-92.

Cerda H. 1998. Detection of irradiated frozen food with the DNA comet
assay: interlaboratory test. J Sci Food Agric 76: 435-442.

Cerda H, Koppen G. 19984. DNA degradation in chilled fresh chicken studies
with the neutral comet assay. Z Lebensm Unters Forsch A 207 2-25.
Delincée H, Villavicencio ACH, Mancini-Filho J. 1998. Protein quality of
irradiated Brazilian beans. Radiat Phys Chem 52: 43-47.

Delincée H. 1998. Detection of irradiated food: DNA fragmentation in
grapefruits. Radiat Phys Chem 52: 135-139.

Jabir AW, Deeble DJ, Wheatley PA, Smith CJ, Parsons BJ, Beaumont PC,
Swallow A]J. 1989. DNA modifications as a means of detecting the irradiation
of wheat. Radiat Phys Chem 34: 935-940.

Koppen G, Cerda H. 1997. Identification of low-dose irradiated seeds using
the neutral comet assay. Lebensm Wiss u Technol 30: 452-457.

Shao C, Saito M, Yu Z. 1999. Radiation induced DNA strand breaks
measured by a modified method of gel scanning. Radiat Phys Chem 56:
547-551.

Villavicencio ACH, Mancini-Filho ], Delincée H. 1998. Application of different
techniques to identify the effects of irradiation on Brazilian beans after six
months storage. Radiat Phys Chem 52: 161-166.

WHO. 1981. Wholesomeness of irradiated food: Report of A Joint FAO/IAEA/
WHO Expert Committee. Technical Report Series-659, Geneva, Switzerland.
FDA. 1986. Irradiation in the production, processing, and handling of food.
Federal Register. 51: 13376-13399.

WHO. 1997. Food irradiation-Sky’s the limit, WHO Press Release WHO/68,
Geneva, 1997.

,98,



87.

88.

89.
90.
91.
92.
93.
94.

95.

96.

97.
98.

99.

WHO. 1997. Review of data on high dose(10-70 kGy) irradiation of food
international consultative group on food irradiation. Food Safety Unit.

GIA. 2005 Food Irradiation Trends. A Global Strategic Business Report.
Global Industry Analysts, Inc.

Fa AR ATL. 2007, WA A F R RS 5 2A),

A EFAF TR IA, 2010, SR AANATT Y

A oFE A, AFY AEHIE LA A, (2005-2009)

T YTt g de A7+ AR, 2012

YxHe (2011). Dairy supply and demand performance and raw milk
FFAEFE A 2008, Import unit imports and trends of milk processing
products.

Kwon JH. 1994. Advances in food irradiation and it’s potential roles in

Korea. J. Food Hygiene and safety. 9(1), 35-49.

Korean Food and Drug Administration. 2008. Food Code.

ICGFIL. 2006. The Use of Irradiation for Food Quality., 7.19

Hwang ILM. 2009. Analysis of Radiation Induced Hydrocarbons in Ground
beef jerky Gamma-ray and Electron Beam Irradiation. Master’s thesis.
Chosun University.

Lee JM. 2002. Analytic Study on the Radiolytic Products of Lipid in

Irradiated Foods. Doctor’s thesis. Chosun University.

,99,



Part 11

Analysis of Volatile Organic Compounds in

Beef jerky and Cheese by Food Irradiation
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A2d AR R LY

AlZAIAE R 717

BoAqto] ALg3 BE A EFAeFo R SigmaAl (St. Louis, MO, USA)$t
Fisher Scientific (USA)AF=H-E 938ttt 5 % chromatographyel AH&3+
7141l = HPLC grade® TY3te], ©]E ©A] wire spiral packed double distilling
(Normschliff Geratebau, Germany) F*2 ATHF3 AS A& B &4
ZF 42 (Millpore corporation, Bedford, USA)ol A & Milli Q waterE AF-&3F%]
o f71gue] g0 AFEE F4 NaSOsiz 650C 33 2oA 549 8 F

desiccatoroll A Wyt 3 A}g-3¢dch

g Fr1d Y FEE st A5Vl FF =4 (Likens & Nickerson
type simultaneous steam distillation & extraction apparatus, SDE, Normschliff,
Wertheim, Germany), SPME fiber holder®t SPME fiber assembly (57330-U &

57300-U, Supelco, Bellefonte, USA)E Al-&3l9 o, FZo] o3t {7 &n] E3E
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£ Vigreux column (250 mL, Normschliff, Wertheim, Germany)< ©]-&3to] &)

R

£ AAsAT

= H 7l o) Eed AT /iR A4 % A" 245 95k
DB-WAX (60 m x 025 mm id, 025 ym film thickness, J&W, CA, USA)
capillary column®] 2% Hewlett Packard 5890 II Plus gas chromatograph- FID
(GC-FID, Hewlett Packard, Wilmington, USA)®} Agilent Techologies gas
chromato- graph/mass spectrometer (GC/MS, 7000, Agilent technologies,

Wilmington, DE, USA)E o] &3} %t}
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. g
} AESEZNFHFEY

(SDE, simultaneous steam distillation and extraction)

4 Alg 50 g 100 g2 Milli Q water 1 LE &33F°] Waring blender= 1%
F g & 1 N NaOH &98 #H7lste] pH 652 xAsta ol & 3w /714
& Abgstt, 3 71 R Y F52 Schultz 5(20)9] wWH el

= g2
Zy AEFZ7)|ZFFEAX(SDE)2D) oA FE8 Al8d spiral2 4%

[o5

double distilling apparatus® A% 3F n-pentane:diethylether &3%+-8w(1:1, v/v)
200 mLE AR&3sle] At sholA]l 2413 &9t FESAY. AHFEAS 98] n-butyl
4 AR HIbskd o f714 8y /718w 28 T
o

AAS F Vigreux columny} HA7tAE o]&38ke] oF 1

benzene 1 mgS F
NaSO,& 7Fsto] 7

mL7HA] & =38t

ME o
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Apparatus for Likens-
Nickerson simultaneous
distillation/extraction

Figure 2-1. Diagram of simultaneous distillation and extraction (SDE)

apparatus according to Likens and Nickerson.
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Y /7L 28 R 24S AT IAF9 77E4

7}. Gas chromatography(GC) 4]

A F7IAREY BAERAS FEet] st vds ok 22O oAy F
9] capillary column (DB-1, DB-5, Carbowax 20M, DB-WAX)E <& Al&3to] &
s Hustion, &5 A= dudds AA dSH 22 HHo EAx
As FHstAH

ST FLERYH FE, 5 Ev 239 f714E8S GC-FIDE 4 8t3t.

Column DB-WAX (60 m x 0.25 mm id., 0.25 ym film thickness, J&W, USA)
5 AFEES A, 2% program< 40ColA 3&3F FA3 s 2T/ming £%22 15
0C7HA Al 4TC/mind] X2 220C7HA A7 3 583 528+ . Injector
¢} detector?d] 2=+ Z+Z} 250C, 300C o] ™, carrier gas+= heliume AF&3to] #5%
2 1.0 mL/mine 2 &9 em A5+ 1 ulE split ratio 1:202.2 5= 3F th(Table
1-2).

L}, Gas chromatograph—-Mass spectrometer (GC/MS) #4

AR A AFEE GC/MSE  Agilent technoloeis Gas chromatograph-mass
spectrometer (GC/MS, 7000, Agilent technologies, Wilmington, DE, USA)S A}-&
st om Al 59 iondlE electron impact ionization(ED® o2 sttt GC/MS
2 Z 7A€ jonization voltageE 70 eVZE 3} 1L, ion source &%+ 230C= 3t
b w3 B BabE] Wel(m/z)E 40 ~ 35002 Ao e BAxA

5% GC-FIDY A xA3 43 zdo =z BA3tH(Table 1-3).

M
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Table 2-1. GC conditions for identification of organic components

GC Hewlett-Packard 5890 series II Plus

Column DB-WAX (60 m x 0.25 mm ID., 025 uym film thickness,
J&W)

Detector FID

Carrier gas He(1.0 mL/min)

Make up gas

N>(30 mL/min)

Temp. program 40C (3 min)-2C/min-150C-4C/min-220C(5 min)

Detector temp. 300C
Injector temp. 250C
Injection volume 1 ul
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Table 2-2. GC/MS conditions for identification of volatile components

GC/MS
Column

Carrier gas
Temp. program
Injector

Ion source and
interface temp.
Ionization
Ionization voltage
Mass range(m/z)

Injection volume

Agilent technologies 7000

DB-WAX (60 m x 025 mm id, 025 pym film thickness,
J&W)

Helium (1.0 mL/min)

40C(3 min)-2C/min-150C-4C/min-220C (5 min)

250°C

230C

electron impact ionization (EI)
70 eV

40~350

1 uL
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T
L,
oX,
Jo
N
oX,
Mo
Mo
i

o] &R mE I FridRe FEx210 A3
&2 S FF 2 (simultaneous  steam  distillation and extraction,

SDE, Normschliff, Germany) & X & o|&3lo] FZ3}3 )

HEE 279 deFel FAWMCZA Kovats(22)7F A erek WFEE A5 (retention
= A g7S VFo R slo] HEE AMS SF o

index or Kovats index, RD)+= %

S2& #Qlsty] flske] AREE parameter

24 o 3 &4 HFE AT E¥ES chromatogram oAl 1 &2 H

RE AR g3t fe] e

TV

F g

A4 Qe WREE AROEVE 7@

ol
=
Lo

Log Vre — Log Vrwz

RL = 100 Z + 100 {
Log Vrzin — Log Vrw

*RI : 3t3E 19 retention index
5 i, ©AagTr 72y Z, Z+191
] <

Aol eJstiH, 2 alkane®] WF5F AFE column F 2
chromatography =73 F3atA 1 s3tEd 59 v &4 79 10089 22
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#s zrt=th wEbA n-alkaned o= A columnol A= @A CHu(RI=100), CoHs

(RI=200) -+ CpHono(RI=100n) 0] 2b= A 25 HEFATH20).
T2 XFE 37 ¢35t n-alkane E+EH(Cio-Con) =
ZAtAT ZAE A 1 ules SHE HA EAZ7(Table 2)914 GC-MS i+

84 3ke] e

A3tk GC  chromatogramoll /] &91¥l n-alkane X+%79 =

(retention time, RT)& ©]&3te] ZAH basic programo] #24% Z} peakd HEFE

N7 tdeke] 7 peakel RIZ 4 skt
Fmg 7R el

GC/MSo| 9]l Total ionization chromatogram (TIC)o] &% ZF peak? A&
B2 mass spectrum library (NIST 12, NIST 62, WILEY 139 ¢ WILEY 7)¢}

mass spectral data book®] spectrum(23, 24)¥¢] 9% = GC-FID #24o] ¢]3t

retention indeXQ} 349 retention index(25, 26)¢e] Ux W FEE Ao A

datag ®lulsto] sttt

gojs ARe skl Wy EEEAR

© Z} sampleol Al 2+ A E 2] peak area
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Livestock

- Beef jerky and Cheese

BLENDING

- Add 1000 mL of Milli Q water
- Adjusted to pH 7.0 with 1 N NaOH
- Add n-butylbenzene 1 mg as LS.

SDE

- By solvent mixture of n—pentane/diethylether
(1:1,v/v) 200 mL, for 2 hr

DEHYDROGENATION

- Adding anhydrous Na,SO, for overnight
- Filtration

CONCENTRATION

- Concentrate to 0.5 mL by Vigreux column and N>

GC-FID & GC/MS

Figure 2-2. Analysis of volatile flavor components from livestock.
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capillary column (DB-1, DB-5, Carbowax 20M, DB-WAX)
£ Hlugon, 55 2dstE duAdAS A v 2 HA Y 4%
& THA
GC¥ FID7} H#3% Hewlett-Packard series 5890 II PlusE A3 om,
column< DB-WAX (60 m x 0.25 mm id., 0.25 ym film thickness, J&W, USA)E
ARSI, S ZR IS 40ToAA 38 A g 2C/min®] £==2 150C
7HA] GAl 4TC/min®] $22 200C7HA A5A12 & 1023 7431 Injector<}
detector®] &%+ Z}Z} 250C, 300Co|™, carrier gas helium< A&t %
2 1.0 mL/min& 2 &g o Alm+= 1 ulE split ratio 1:202 FYss3

AR Ao AFE3I GC/MSE Agilent technologies 7000,  (Wilmington, DE,
USA)S Atgstgd o Al 59 ion3}+ electron impact ionization (ED)WH o2 3§3}
At GC/MS B4 %7-E jonization voltageZ 70 eVE 3} 3L, ion source <%+
230C= st w3 EAE Fa7e] Hein/z)< 40-3500.= A3t vu&

-1 =
B Z2HAEL GC-FID9 EX x4y 543 2oz EA59 .

A IR EAERUE FHE] fstd g9 e zrad o F
=
=

B

3754
9/]

=
=
2]
A

2. n-Alkane?] H¥ & X4

2 AFY $49E 93te] n-alkane FFEAES GC/MSE EAsle] s
T3 n-Alkane ¥ 52 mixtureE DB-WAX capillary columns ©]
tol #2413k chromatogram< Fig. 1-4°] Year z1zte] ehihdo aid s =
retention time(Table 1-4)& RI +9& 93 basic programol] 93t Z2¥ 7}
peak®] RIE 3ttt

-

Al

9 o o

&

ol

- 113 -



ars

A i8]

£l

kL

]

510

AN

BLD

B0

neo

2D

(it

Geo FIO| EZO

Figure 2-3. GC/MS chromatogram of n-alkane standard mixture.




Table 2-3. Retention time of n-alkanes for gas chromatographic retention

index

n-Alkane Name Retention time
CioHo n-Decane 11.297
Ci1Hos n-Undecane 16.379
Ci2Hog n-Dodecane 22.646
Ci3Hog n-Tridecane 29418
Ci4Hso n-"Tetradecane 36.233
CisHze n-Pentadecane 42.708
Ci6H34 n-Hexadecane 49.27
C17Hsg n-Heptadecane 55.369
CigHss n-Octadecane 60.992
Ci19Hao n—-Nonadecane 65.492
CooHuz n-Eicosane 69.197
CorHuy n-Heneicosane 72.842
CaoHae n-Docosane 75.395
CasHug n-"Tricosane 78.404
CasHso n—"Tetracosane 82.063
CasHsp n-Pentacosane 85.971
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ol
o
o

Hazlsae 3Fd Y {F7IsFES SDE WS ol&ste F&
GC/MS=Z #A43o] AL chrmatograme Fig. 2-4°] YEWAz, &ld A
A A u & FEFE BE7|EE Eiste] Table 2-4 o @57
Table 2-5° e AT

Fxo I FUISFEY FHS F 34702 mg/kgl®R F 81FS AT
5 7)1 peak areay aldehyde® 7} 2657% 2% 714 & v &S el o, &

S 9221 mg/kgl® 13%Fo] FelwArt. 1 9] hydrocarboni 29%(6.913
mg/kg), ketoneF 13F(4.743 mg/kg), alcohol& 19F (4615 mg/kg), S-3H3 &=+
5%(4.311 mg/kg), esteri 2% (4.269 mg/kg), 7Bt 45(0.439 mg/kg)¥} acidF 1
(0190 mg/kg) £ 2 FAHAHAL

¥ F8 A {F73F¢E S hexadecanal(6.160 mg/kg), ethyl alcohol(3.446
mg/kg), (7)-B-caryophyllene(3.132 mg/kg), ethyl acetate(1.630 mg/kg), furfuryl
alcohol(1.660 mg/kg), a—curcumene(1.369 mg/kg) o2 Q=) S FoA Feolx
terpenoid® 3T ELS ZF 40F o2 FTFFL 12239 mg/kgo® A H&ES 3527%
= AHA 8 A tH(Table 2-6).

Aldehyde#& S AWArst #8004 A= sFE=2 ARt St
= Aol Frhetthal B ATH27). SEoA 0.246 mg/kge FHFS YERA
hexanal> SAFE9 AW #AFist AxE & F Jde 7P A4 Ax= &
21 (28), linoleic acid (Cigz) T+ linolenic acid (Cigz) 53 Zo] EX3lx|Htale] 14
dien 739 olzAY ¢Al lipoxygenase”l g3t &AJ¥ 13-hydroperoxideZ 58 A3
AETH29). ©] hexanalel alcohol dehydrogenase®] ZHg-o 9]&] hexanole] =% +=d <
oA hexanole] F1%]#] ¢ktt}. (E)-2-octenal®} (E)-2-nonenal> Z}Z} linoleic
acid (Cig2)9] 10-hydroperoxide =€ A== 0.123 mg/ke 2 0.131 mg/kge] &S
YERATH30). = 9]¢ aldehyde# & 2-Methyl butanal(0.075 mg/kg), 3-Methyl
butanal(0.129 mg/kg), furfural(0.335 mg/kg), benzaldehyde(0.149 mg/kg), neral(0.1

—_

=
=

r
A
Lo

(o3

‘ﬁ
=

] &

¢

o
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18 mg/kg), geranial(0.060 mg/kg) S o] &2l % A},

Alcohol+ % 71d %2 =2 yegd 33ELS  ethyl alcohol® 3446
mg/kg(9.93%) 0. 2 el %o}t =& threshold valueE 7MA B &2 §E o] EAZ
g 718 =S ofdth thg o & furfuryl alcohol 1.660 mg/kg(4.78%), ledol
0.462 mg/kg(1.33%), 1-phenyl-1-butanol 0.401 mg/kg(1.16%), borneol 0.357
mg/kg(1.03%), linalool 0.256 mg/kg(0.74%), (E)-nerolidol 0.234 mg/kg(0.68%),
eucalyptol 0.130 mg/kg(0.37%)c°] A=A}t 0.047 mg/kge = HlF E0d
guaiacole T& 4]a7] dgnle FAAHEoR HuEo] Jurh3l). 2 99 alcoholH

2+ terpene alcohol?l 4-terpineol, a-terpineol, geraniol, caryophyllene oxide, a

e

-bisabolene epoxide, hydroxycitronellol 5] &J¥F o Xu= L=<l pentanol,
octanol, 3-methyl-4-heptanol, (E)-2-octenole] w1 % %A=t} Ledole o) FvH
o] AFARoA thE Feld sesquiterpene alcohol® YA wABE 28-S o7
e Aoz ®BaErh32).

S-FHrttERE SR SAFY 544 IR IH(33), rtE, FIF ot
& | H= Aoy, A= A A
9 H3aAY & dfEAel S-allyl cysteine sulfoxided ol alliinase?} 22
S-allyl cysteine sulfoxide lyase’} 2}-&3te] 422 allylthiosulfinate= 7}5=33l &k
of APETH(34). FFAA &Qld 5= diallyl sulfide 0.868 mg/kg(2.50%),
allyl isothiocyanate 0.494 mg/kg(1.42%), diallyl disulfide 0.299 mg/kg(0.86%),
3-methylthiophene 0.270 mg/kg(0.78%), benzothiazole 0.097 mg/kg(0.28%)¢] el
% Ath. Diallyl disulfide mhs9] 7% & 71 el Ffulol dow, o
€ 2 Lol vt Buso] Jrk35). F3FES B threshold values 7}
A geE SHF Fo JFS FUH3E6).

KetoneF = butyrophenone(0.678 mg/kg), 6-methyl-5-hepten-2-one(0.498 mg/kg),
3-hydroxy-2-butanone(0.301 mg/kg), 2,3-butanedione(0.252 mg/kg), 2,3-pentanedi-
one(0.191 mg/kg), carvone(0.185 mg/kg), acetophenone(0.181 mg/kg) 2o =2 &<l
H 3l Carvone Wy dtel] £Hatw AT R o] ¥ U= e Sl ol(Carum
carvi)®] AHFAEL FAEOY, F XA += carveol, (E)-pinocarveol % dihydroc—

arvones ©| ATk o]EL 53 AHEA S A o] HA A S HAA =
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o] & F ATk B LE ] HTHIT).

Ester® 3}%+& 2 ethyl acetate(1.680 mg/kg), ethyl formate(0.389 mg/kg), bornyl
acetate(0.055 mg/kg) =07 FTAHEJQ o ethyl acetater Z@A3+ uby} & whuko)
548 Ad FAdfE9] esterdFd H] Sz bornyl acetatex 73t 4l &3S
vetdth 7erststE R S5 furan 3FEEE 2-acetyl furan, 2-pentyl furane] ZFz}
0.286 mg/kg 2 0.202 mg/kgo.2 2l = At} 2-pentyl furana linoleic acid (Cigz)2]
9-hydroperoxide =8 AW w7 7k Z2dk HarleME AdEvar BaE vt
(33).

Terpened = 7F¢ B 2o WOl B-caryophyllened cisd ¥} transd o] A EAE=
ol cis@ol 308} ol EL BHlES AASIR oM, A} A, Aufo]agke] BEA O
Aerg} 3P| AFREOJRITHER). e & a-curcumene(3.95%), B-bisabolene(1.829%),
d-limonene(1.80%), B-elemene(1.79%), aromadendrene(1.16%)s=2. &2 Q1= At} Terpene

:

]

N3

=

¥ % a—zingiberene, a-curcumene, G-sesquiphellandrene, G-bisabolene, G-phellandrene,
camphene, a-pinenes< 749 essential 0il®] FL3}EEZ LA A=H|(39), 5o A
= gy 3}3E S g-curcumene?} G-bisabolene®] dt#o] Z+7b 1.369 mg/kg, 0.632
mg/kge]™, camphene?} a-pinene 0.111 mg/kg 2 0197 mg/kgo 2 &A= ATt
w3t g—zingiberene® [B-sesquiphellandrene®] 0.076 mg/kg® 0.092 mg/kg o & m| & &
o1E o, Bphellandrenes 1A ¢kko 1t} g—phellandrene®] 0.026 mg/kgl 2 &

MNEol A AR g, duA, ARSI S 7HA AL el F 2 terpenest it =
o] zZtgolH, terpene 3= 27§¢] isoprene A= dag 10719
monoterpeneir 2} 3702 isoprene @7t E44 wgS T mEldAdS AAH AT
AE = &4 15709 sesquiterpened 2 - H th Monoterpenef &= 34 AE A
Ast= 235 71X Jd=d 979+ monoterpene hydrocarbonf 2} oxygenated
monoterpeneF = % o] Zith. Sesquiterpened H3I TUsHA FRE X =4,

monoterpenef Xt} kst g o] ATH(40). A /49 terpenef ol &4 p-cymen—

o
hl
e
4

e-8-ol, a-pinene, B-pinene, ocimene, limonene, terpinene, camphene's el gk %l o]
7}AtH41,42). Terpene 3}¢

413 BAADoZA )

W a-pinene, 2-[B-pinene, limonenes 733+ & A

5o oty TAHYRES AT Bhole Bz

d
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Azl gt 548 eRATHA43).

F¥o|A g9 terpene hydrocarbon® % a-pinene(0.197 mg/kg)S Au-a
7FA W, B-pinene(0.243 mg/kg)S mHE WAl 2okt $X1 WANE A =
B 5™ myrcenes A%t} Limonene(0.623 mg/kg)S citrus A% A3} Al
sk e#x|o] o AR oR 4 il y-cadinene(0.193 mg/kg) cumin-thyme
AZel gr gt FAFSE &S A YH, S-cadinene(0.222 mg/kg)S herbaceous?dt 532
A},

Monoterpene¥+ ¢} sesquiterpened 1] ©]E9 FLEAE FEQ AXI|A Fo
A7ME = FAREY] T8 3P4 FEoldtn ddEy. §3¥ = monoterpeneit <k

sesquiterpenei+7F 27+ 2054 @21 ¥ =4, monoterpene hydrocarbon® 8% 3}

12 o

x

oxygenated monoterpenes 12% 2 = monoterpene 9] At H] &S 915% 0 & 3
e 3174 mg/kgoltl.  Sesquiterpene hydrocarbon®  16Z 3 oxygenated
sesquiterpenei+ 4% S 2 sesquiterpenei 9 H| &3 S 26.12%%F 9.065 mg/kg S
2 sy §x9 IA 7713gES sesquiterpened o] $F#Fo] monoterpene
7o SR oF 3MAE WaS Felstith
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+EI TIC Scan Beefierky Control 201306300

Al bl

R T Y e e e o T 7 S
8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 B 80 82 B84 86
Counts (%) vs. Acquisition Time (min)

Figure 2-4. GC/MS chromatograms of the volatile organic compounds from beef

jerky.
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Table 2-4. Volatile organic compounds identified in non-irradiated beef jerky

(unit: mg/kg)

No. RILY Compound Name MF? MW.? Area‘?%) kGE;g kg
Aldehydes (13)
1 915  2-Methyl butanal CsHi100 36 0.22 0.075
2 920  3-Methyl butanal CsHi100 36 0.37 0.129
3 1085 Hexanal CeH120 100 0.71 0.246
4 1188 Heptanal C/H 1,0 114 0.10 0.034
5 1434 (E)-2-Octenal CsH140 126 0.36 0.123
6 1469  Furfural CsH402 96 0.97 0.335
7 1528  Benzaldehyde C7HeO 106 0.43 0.149
8 1541  (E)-2-Nonenal CoH160 140 0.38 0.131
9 1687  Neral CioHisO 152 0.34 0.118
10 1739  Geranial CioHisO 152 0.17 0.060
11 1879  Tetradecanal CuHO 278 0.55 0.190
12 1984  Pentadecanal CisHz00O 226 0.53 0.185
13 2090 Hexadecanal CiH0 226 1775 6.160
Alcohols (21)
14 943  Ethyl alcohol CoHeO 46 9.93 3.446
15 1212  Eucalyptol C10Hi1g0 154 0.37 0.130
16 1260  Pentanol CsH120 38 0.27 0.094
17 1466 3-Methyl-4-heptanol CgHis0 130 0.07 0.025
18 1534  3-Methyl-3-octanol CoH200 144 0.18 0.061
19 1555 Linalool CioHisO 154 0.74 0.256
20 1568  Octanol CgHis0 130 0.23 0.079
21 1610  4-Terpineol C10Hi1g0 154 0.55 0.190
22 1625 (E)-2-Octen-1-o0l CgH160 128 0.15 0.053
23 1650 D-Limonene diepoxide CioHisO2 168 0.38 0.131

1 . . 2
'Retention index, "Molecular formula,

¥ Molecular weight
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Table 2-4. Continue

No. RILY Compound Name ME? Mw.? Area‘% kGBrIng e
24 1670  Furfuryl alcohol CsHgOo 98 478 1.660
25 1706  a-Terpineol, CioHisO 154 0.68 0.238
26 1711 Borneol CioHisO 154 1.03 0.357
27 1858  Geraniol CioHigO 154 0.41 0.142
28 1868  Guaiacol CHgO2 124 0.14 0.047
29 1979 1-Phenyl-1-butanol CioH1sO 150 1.16 0.401
30 1993 Caryophyllene oxide CisH240 220 0.91 0.316
31 2004  a-Bisaboleneepoxide CisH240 220 0.72 0.248
32 2016  Hydroxycitronellol CioH2O2 174 0.11 0.038
33 2030  (E)-Nerolidol CisHasO 222 0.68 0.234
34 2056 Ledol CisHasO 222 1.33 0.462
Ester (3)
35 825  Ethyl formate C3HO2 74 0.57 0.197
36 8389  Ethyl acetate C4HgO2 38 0.32 0.111
37 1587 Bornyl acetate Ci2H2002 196 0.70 0.243
Hydrocarbons (26)
33 1023  a-Pinene CioHis 136 0.57 0.197
39 1067  Camphene CioHis 136 0.32 0.111
40 1107  B-Pinene CioHis 136 0.70 0.243
41 1144 o-Xylene CgHio 106 0.43 0.148
42 1181 a-Terpinene CioHis 136 0.06 0.020
43 1198 D-Limonene CioHis 136 1.80 0.623
44 1208  a—Phellandrene CioHis 136 0.08 0.026
45 1249  y-Terpinene CioHig 136 0.13 0.046
46 1273 0-Cymene CioHug 134 0.60 0.208
"Retention index, “Molecular formula, * Molecular weight
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Table 2-4. Continue

No. RILY Compound Name ME? MW? Area‘?%) kGf;lg y
47 1441  p-Cymenene CioHi2 132 0.41 0.142
43 1473  6-Elemene CisHy 204 0.45 0.156
49 1494 a-Cubebene CisHyy 204 0.70 0.242
50 1579  (Z)-pB-Caryophyllene CisHy 204 9.02 3.132
51 1592 B-Elemene CisH2a 204 1.79 0.622
52 1600  (E)-B-Caryophyllene CisHy 204 0.31 0.106
53 1663  a-Zingiberene CisHaa 204 0.22 0.076
54 1674  a-Caryophyllene CisHaa 204 0.74 0.258
55 1693  y—Curcumene CisH2a 204 0.45 0.155
56 1721  y-Cadinene CisHa 190 0.56 0.193
57 1723  Aromadendrene CisH2 204 1.16 0.404
58 1730 B-Bisabolene CisHy 204 1.82 0.632
59 1744 B-Cadinene CisHy 204 0.27 0.093
60 1762 6-Cadinene CisHy 204 0.64 0.222
61 1773  [-Sesquiphellandrene CisHog 204 0.27 0.092
62 1777  a-Curcumen CisHoo 202 3.95 1.369
63 1838  Calamenene CisHao 202 0.15 0.053
Ketones (8)
64 930  2.3-Butanedione C4HeO2 36 0.73 0.252
65 1062 2,3-Pentanedione CeHgO2 100 0.55 0.191
66 1290 3-Hydroxy-2-butanone C4HgO2 88 0.87 0.301
67 1343  6-Methyl-5-hepten—-2-one CgH140 126 1.44 0.498
63 1522 Camphor CioHisO 152 0.12 0.040
69 1603  2-Undecanone CuH20 170 0.52 0.181
70 1657  Acetophenone CsHsO 120 0.53 0.185
"Retention index, “Molecular formula, * Molecular weight
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Table 2-4. Continue

No. RILY Compound Name M.EF?  MW? Areaoo%) kGymg ke

71 1801 Butyrophenone Ci10Hi120 148 1.95 0.678
S-containing compounds (5)

72 1094  3-Methylthiophene CsHeS 98 0.78 0.270

73 1151 Diallyl sulfide CsH10S 114 2.50 0.868

74 1364 Allyl isothiocyanate C4HsNS 99 1.42 0.494

75 1484 Diallyl disulfide CeHi0S2 146 0.86 0.299

76 1966 Benzothiazole CHsNS 135 0.28 0.097
Acids (1)

77 1458 Acetic acid CoH402 60 2.37 0.823
Miscellaneous (4)

78 895 1,1-Diethoxy-ethane CeH14O2 118 2.01 0.697

79 1235 2-Pentyl furan CoH140 138 0.58 0.202

80 1276  2-Methyl pyrazine CsHgN2 9 0.30 0.104

81 1510 2-Acetyl furan CsHsO2 110 0.82 0.286

Total 100 34.702
YRetention index, “Molecular formula, ¥ Molecular weight
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Table 2-5. Relative content of functional groups in identified volatile organic

compounds in non- and electron beam or gamma ray irradiated beef jerky

Irradiation dose (kGy)

Functional Groups

No. Area% mg/kg

Aldehydes 13 22.87 7.936
Alcohols 21 24.81 8.609
Esters 3 6.12 2.123
Hydrocarbons 26 27.57 9.568
Ketones 8 6.70 2.326
S-containing compounds 5 5.85 2.028
Acids 1 2.37 0.823
Miscellaneous 4 3.71 1.289
Total 81 100 34.702
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Table 2-6. Comparison of relative concentration by terpenoid groups in identified

volatile organic compounds in non- and electron beam or gamma ray irradiated

beef jerky

Functional Groups

Irradiation dose (kGy)

No. Area% mg/kg

Monoterpene hydrocarbons 8 4.09 1.420
Sesquiterpene hydrocarbons 16 22.49 7.804
Oxygenated monoterpenes 12 5.06 1.760
Oxygenated sesquiterpenes 4 3.63 1.260
Total 40 35.27 12.240
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2. AFZAHEAAL, AADE X9 ATAH /UIHE

WAL ARl o7t FEHA YISt E S Bl M-S flste] AR, Avbd e
747 20 kGye] A#@o g f3xo A & SDEWHo = 334 seE
43 A3E Fig. 2-59F Table 2-7°] e ATE H] A}

slst & o e 34702 mg/kg, AAA, FAupAd =
757 mg/kg, 20474 mg/kgl = WA ZAb os)] 3] {7]38 e E <
ks Fgolstn A 7IEE HaE RS W aldehyded, esterdt,
ketone¥r, STt E R, acidit= WA ZAel o8] 7HA8tl=dl, hydrocarbon
T TS AR ZAbel YE W FUFE B, Aubd ZARA] fHAskl o,
alcohol7+ W3} A ZARA & 2ol 7F QIAAIRE, ebd AR = Be 5
7Fe B tH(Table 2-8). WAL ZAbo] &) 7bg Be 7HAE v aldehyded
9] &2 control, e-beam 20, y-ray 20 kGyolA Z+ZF 7936, 1.748, 0.601 mg/kg
o2 FRAHJTY AFHE vusds uf fdepd At o Al #r|stg=Ee

o 4o
oy
o

o
3
2
[}
i
lo

o

o
i)

oX,

=

N

Jou

>

(i,

Ho

Hel

lo

ot

ol Rkl
rlo

3
-'?i
flo
)
o)
o =

ofj
ox

2,
oft

rl

walgo] ANzl o @ FAuRT O we FaE Helsur
AR 2AE SEANA S HMA F7)8HES (B)-fcaryophyllenc(66] me/kg),

ethyl alcohol(2.888 mg/kg), a-caryophyllene(1.183 mg/kg), ethyl acetate(1.374 mg/kg),
(Z)- B-caryophyllene(1.128 mg/kg), [B-hisabolene(0.773 mg/kg), p-propenylanisole(0.722
mg/kg), caryophyllene oxide(0.657 mg/kg), diallyl sulfide(0.593 mg/kg), D-limonene(0.554
mg/kg), aromadendrene(0.551 mg/kg), a-curcumen(0.505 mg/kg), 4-terpineol(0.471 mg/kg),
a-cubebene(0.454 mg/kg), &cadiene(0.439 mg/kg)s 2l o2 FAH ALt

Zhab ZAbE S EoA] SelE I §7)83ES eucalyptol(6.142 mg/kg), ethyl
alcohol(3.674 mg/kg), ethyl acetate(1.234 mg/kg), linalool(1.215 mg/kg), (E)-B-caryophyll-
ene(0.961 mg/keg), carvone(0.872 mg/kg), diallyl sulfide(0.44 mg/kg), acetic acid(0.396 mg/ke),
butyrophenone(0.338 mg/kg), allyl isosulfocyanate(0.312 mg/kg), D-limonene(0.281 mg/kg), a
—curcumen(0.270 mg/kg), diallyl disulfide(0.251 mg/kg), caryophyllene oxide(0.209 mg/kg),
4-terpineol(0.188 mg/kg) 52l o2 FHH A

AlcoholiF % eucalyptol®} linalool®] ke A} ZFAA] ¢k7F Z71E B9 o)

7ok ZAMA] B2 &Fo] FUste] Z44ZF 6.142 mg/kg, 1.215 mg/kg 2 F A H A

f
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Eucalyptol®} linalool terpene alcoholf & eucalyptol2 camphorous, mintdt SA
S A gagdgdy 423E3 2 Ay a3, AGadrb ot BaE vh44).
Linalool2 A& ol dAA7t &A43t1 g=d (R)-forme floral, woody, lavender
note= Japnese pepper®} basil oildl A $-AlstH, (S)-forme sweet, floralZ 3o},
D7), LAA FoA FAET BiEo] lom A= F o|HHAI &
o] lo} (R)-enantiomerZb oFXF ¢-Ag AEHE AT ik o] whe} gebgl
vt W a5 th45). Eucalyptol® linalool lignan, tannins, quinones %o & 3%}
A ¥ 31 acetyl-CoAE A # mevalonic acid pathway 2} pyruvate/GAP pathway S &
3] isopentenyl diphosphate®} dimethylallyl diphosphateE A A4 % isoprene &
AR5y AdEe, ol §X A HA7bd AAelA fAiHATL ddEn
(46).

Terpened} &2 shaFS A3 7ol ZARA] 16231 mg/kg 2 12.929 mg/kg
o7 FAH WA Akl fa Aol FUFEE FQlstAtH(Table 2-9).
Sesquiterpene hydrocarbon®9] &2 HAAA ZAMA] S7Fs oy oA Z AR A
= 2 AE BHAYY. (E)-B-caryophyllene, a—caryophyllene, y-terpinene®| $aF2 A
AP ZAbl oJE] Be SUFE BAlon, A AR S HIERARA RS Exfel7) RISIT
Caryophyllene< isocryophyllene(a-caryophyllene or humulene)® [B-caryophyllene®]
Pz SAlck=dl ZFEA R el e &Y A A R T A tig A4dn)e
Aol A caryophyllene 7+E =%7F =555 Bo] AN o= Bl HO1K4Y),
oAM= A AR B SRS Hol O B A9 2ad JloR AR
#tt. a-Caryophyllenee & (Humulus lupulus)®] AAEolw,  =Z#(Polygonum
odortum)®] MAFo 2 4#A Jom, G-caryophyllenes 3 (Syaygium aromatica)©l
A AR 07 black pepper(Piper nigrum)® +8 Z2 2 H 115 AtH49).

HIARA ZAMO9l5] mlF AAAHE 3FEELS monoterpene Q] a-thujenem, sabinene, a
—terpinolen, p-cymenene, carvone, (E)-linalool oxideGe°] &lElom  B-cubebene, &
—elemene, camphori= HAA  FAE KXot v AAEJTE p-cymenene, §
—elemene, [B-cadinene, a-bisabolenepoxidei= ZArHd FALE S3EolA= FQlEA] k9o
linanyl acetater™ 0.059 mg/kg &2 74 ZAA Bo| At AT A FAME S

o = sesquiterpene 9] dFeFo] Eorow 7w FALE S-Eo|AE monoterpene -2
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ol =tk AR 2AME o] FEE0 A sighE 244 o3 AR A
o] wdnir] glel] w3k A 55009 Aol A9k 2Ee] 1,3-bis(1,1-dimethylethyl) benzene
o gFeRe A 0343 mg/kg, 1M 0108 mp/kgo R B9IE oL}, A A7 wEel
4 5T AR A EE gRlel] B3k Aol SPMES SDE WHo® HAES0S
w 1,3-bis(1,1-dimethylethyl) benzeneo] W]ZAl AlgolA &lEoj(51) WAMA ZAF whd
S A% Y BAEAC] opdS FRlE

A 56562)9 Aol A= 1,3-bis(1,1-dimethylethyl) benzene®] A& HIALA ZA} 3}
AollA P4 ¥ methyl radical¥} xylene radical®] 1% A4S Safr IAdHct >
AstR =], A(53)e] Aol xylene®} carotenoidE WAMA FAlsle] W3S Ay H =
g 1,3-bis(1,1-dimethylethyl) benzene2] /371742 xylene¥} carotenoide} AAHES-o]
25 =] gkgrom A=Al PE(Polyethylene)$t PP(Polypropylene)ell A 7]Q1%F Ao
2 HuEdoh WA ZAFE SEA ZlE 1,3-bis(1,1-dimethylethyl) benzene A}

M 2P S¥e] EZA] PRI AR AT ek,
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Figure 2-5. GC/MS chromatograms of the volatile organic compounds from

gamma and e-beam irradiated beef jerky.
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Table 2-7. Volatile organic compounds identified in non- and electron beam or
gamma ray irradiated beef jerky

(unit: mg/kg)

Irradiation dose (kGy)
0 E20 G20

No. RLY Compound Name MFE? Mw.?

Aldehyde (14)

1 916 2-Methyl butanal CsHiO 86 0.075 0.068 0.020
2 920  3-Methyl butanal CsHiO 86 0.129 0.124 0.026
3 1085 Hexanal CeHiO 100 0.246 0.062 0.098
4 1188 Heptanal CHi,O 114 0.034 0.048 0.015
5 1434 (E)-2-Octenal CeHisO 126 0123 0.096 0.115
6 1469  Furfural CsHsO2 96 0.335  0.123 -

7 1528 Benzaldehyde CHO 106 0149 0.199 0125
8 1541 (E)-2-Nonenal CoHisO 140  0.131  0.099 0.049
9 1687 Neral CioHisO 152 0118 0.054 0.030
10 1739  Geranial CioHisO 152 0.060 0.041 0.027
11 1816 (E E)-2,4-Decadienal CioHisO 152 - - 0.052
12 1879 Tetradecanal CuHsO 278 0190 0.384 0.005
13 1984 Pentadecanal CisHz0O 226 0185 0410 0.039
14 2089 Hexadecanal CisH2O 226  6.160 0.039 -

Alcohol (24)
15 943 Ethyl alcohol CHsO 46 3446 2888 2.674
16 1212  Eucalyptol CioHisO 154 0130 0.294 6.142
17 1260  Pentanol CsHeO 88 0.094 0.069 0.046
18 1465 3-Methyl-4-heptanol CgHigO 130  0.025 0.018 0.101
19 1480 (E)-Linalool oxide CioHigO2 170 - 0.004 0.029
20 1534  3-Methyl-3-octanol CioHisO 154 0.061 0.044 0.009
21 1555 Linalool CgHigO 130 0256 0327 1.215
22 1568  1-Octanol Ci2HoO2 196 0.079 0.082  0.043
23 1610 4-Terpineol CioHisO 154 0190 0471 0.188
"Retention index, “Molecular formula, * Molecular weight

- 131 -



Table 2-7. Continue

Irradiation dose (kGy)

No. RILY Compound Name ME? Mw.7? 0 E0 G0
24 1625 (E)-2-Octen-1-ol CsHisO 128 0.053 - 0.017
25 1650 D-Limonene diepoxide CioHis02 168  0.131 - 0.044
26 1670  Furfuryl alcohol CsHeO2 98 1.660 0.293 0.021
27 1706  a—Terpieol CioHisO 154 0238 0.233 0.354
28 1711 Borneol CioHisO 154 0357 0.126  0.097
29 1832 p—Propenylanisole CioHi20 148 - 0.722  0.091
30 1858  Geraniol CioHisO 154 0.142 0.114 0.159
31 1868 Guaiacol CHgO2 124  0.047 0.126 0.007
32 1923 Benzene ethanol CsHioO 122 - 0.037 -

33 1978 1-Phenyl-1-butanol CioHisO 150 0401 0.336 0.066
34 1993 Caryophyllene oxide CisH240 220 0316 0.657 0.209
35 2003 a-Bisabolene epoxide CisH2sO 220  0.248 0.032 -

36 2016 Hydroxycitronellol CioH2O2 174  0.038 0.031 0.010
37 2029 (E)-Nerolidol CisHasO 222 0234 0.101 0.019
38 2056 Ledol CisHasO 222 0462 0.078 0.033

Esters (4)
39 825  Ethyl formate CsHeO2 74 0389 0102 0.181
40 889 Ethyl acetate CsHgO2 88 1680 1374 1.234
41 1562 Linanyl acetate Ci2H2002 196 - - 0.059
42 1587 Bornyl acetate CioH2002 196 0.055 0.018 0.031
Hydrocarbons (31)

43 1023 a-Pinene CioHis 136 0.197 0.213 0.078
44 1028 a-Thujene CioHis 136 - 0.027  0.008
45 1067 Camphene CioHis 136 0.111 0.029 0.030
46 1107 [B-Pinene CioHis 136 0.243 0349 0.084

YRetention index, “Molecular formula, ¥ Molecular weight
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Table 2-7. Continue

Irradiation dose (kGy)

No. RILY Compound Name ME? MW.? 0 E0 G0
47 1122  Sabinene CioHis 136 - 0.080 0.072
43 1144  o-Xylene CsHio 106 0.148 0.096 0.058
49 1181 a-Terpinene CioHis 136 0.020 0.033 0.015
50 1198 D-Limonene CioHis 136 0.623 0554 0.281
51 1208 a—Phellandrene CioHis 136 0.026 0.042 0.040
52 1249 y—Terpinene CioHis 136 0.046 0.108 0.047
53 1273  0-Cymene CioHiy 134 0208 0.193 0.093
54 1285 a-Terpinolen CioHis 136 - 0.158 0.141
55 1431  1,3-Bis(1,1-dimethylethyl)-benzene CisHz 190 - 0.343  0.108
56 1442 p-Cymenene CioHi2 132 0.142 0.111 0.050
57 1461  B-Cubebene CisHay 204 - 0.047 -
58 1473 6-Elemene CisHae 204 0156  0.401 -
59 1494 a-Cubebene CisHay 204 0242 0454 0.132
60 1579  (Z)-B-Caryophyllene CisHzy 204 3132 1281 0.132
61 1592 [B-Elemene CisHzy 204 0622 0170 0.230
62 1600 (E)-pB-Caryophyllene CisHa 204 0106 4661 0.961
63 1664 a-Zingiberene CisHzy 204  0.076 0.030 0.009
64 1673 a—-Caryophyllene CisHzy 204 0258 1188 0.147
65 1692  y-Curcumene CisHzy 204 0155 0.081 0.039
66 1721  y—Cadinene CisHzs 190  0.193 - -
67 1724 Aromadendrene CisHoy 204 0.404 0551 0.160
63 1730  G-Bisabolene CisHzy 204 0632 0.773 0.143
69 1745 B-Cadinene CisHzy 204 0.093 0.024 -
70 1762  6-Cadinene CisHzy 204 0222 0439 0.073
71 1773  3-Sesquiphellandrene CisHx 204 0.092 0252 0.063

YRetention index, “Molecular formula, ¥ Molecular weight
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Table 2-7. Continue

Irradiation dose (kGy)

No. RILY Compound Name MFE? Mw.? 0 E0 G20
72 1777 a-Curcumen CisHz 202 1369 0505 0.270
73 1838 Calamenene CisHz 202  0.053 0.049 0.022
Ketones (10)
74 864 2-Butanone C4HsO 72 - 0.447  0.147
75 981 2.3-Butanedione CsHeO2 86 0.252 0151 0.025
76 1062  2,3-Pentanedione CeHgO2 100 0191 0.176 0.013
7 1290 3-Hydroxy-2-butanone C4HgOo 88 0301 0.235 0.117
78 1343 6-Methyl-5-hepten-2-one CsHisO 126 0498 0.182 0.145
79 1522 Camphor CioHisO 152 0.040 0.080 -
80 1602 2-Undecanone CuH20 170 0.040 0.080 0.067
81 1657  Acetophenone CsHsO 120 0181 0.176 0.040
82 1742 Carvone CioHisO 150  0.185 0.042 0.872
33 1801 Butyrophenone CioHi20 148 0.678 - 0.338
S-containing compounds (6)
34 958  Allyl methyl sulfide C4HsS 38 - 0.120  0.045
35 1094 3-Methyl thiophene CsHeS 98 0.270  0.098 0.062
86 1151 Diallyl sulfide CeHioS 114 0.868 0.593  0.404
87 1363 Allyl isosulfocyanate CsHsNS 99 0494 0210 0312
88 1484 Diallyl disulfide CeHioSz 146 0299 0.141 0.251
89 1965 Benzothiazole C/HsNS 135 0.097 0.196 0.033
Acids (1)
90 1458  Acetic acid CoH4O2 60 0.823 0172 0.396
Miscellaneous (4)
91 895 1,1-Diethoxy—ethane CeH1402 118 0.697 - -
92 1235 2-Pentyl furan CoH1sO 138 0.202 0.042 0.031
93 1276 2-Methyl pyrazine CsHeN2 94 0.104 0.019 0.010
A 1510  2-Acetyl furan CeHeO, 110 0.286 0.108 -
Total(94) 34.702 26.757 20.474
YRetention index, “Molecular formula, ¥ Molecular weight
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Table 2-8. Relative content of functional groups in identified volatile organic

compounds in non- and electron beam or gamma ray irradiated beef jerky

Irradiation dose (kGy)

Functional Groups 0 E 20 G 20

No. mg/kg No. mg/kg No. mg/kg

Aldehydes 13 7.936 13 1.748 12 0.601
Alcohols 21 8.609 22 7.083 22 11.575
Esters 3 2123 3 1.495 4 1.504
Hydrocarbons 26 9.568 30 13.243 27 3.487
Ketones 8 2.326 8 1.491 9 1.763
S-containing compounds 5 2.028 6 1.358 6 1.106
Acids 1 0.823 1 0.172 1 0.396
Miscellaneous 4 1.289 3 0.168 2 0.040

Total 81 34.702 86 26.757 83 20.474
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Table 2-9. Comparison of relative concentration by terpenoid groups in identified

volatile organic compounds in non- and electron beam or gamma ray irradiated

beef jerky
Irradiation dose (kGy)

Functional Groups 0 E 20 G 20

No. mg/kg No. mg/kg No. mg/keg
Monoterpene hydrocarbons 8 1.419 12 1.897 12 0.941
Sesquiterpene hydrocarbons 16 7.804 16 10.907 13 2.381
Oxygenated monoterpenes 12 1.755 13 2.558 14 9.346
Oxygenated sesquiterpenes 4 1.261 4 0.868 3 0.261

Total 40 12.239 45 16.231 42 12.929
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Figure 2-6. Relative content of functional groups in identified volatile organic

compounds in non- and electron beam or gamma ray irradiated beef jerky.
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Figure 2-7. Comparison of relative concentration by terpenoid groups in identified

volatile organic compounds in non- and electron beam or gamma ray irradiated
beef jerky.
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Nzo] Fuby §714ES EAEY] 9ste] SDEMHOR &3 ¥ GO/MSE
A3t X129 chromatograme Figure 2-8°] GC/MSo| 93] HAH ¥ 3)4dk-A

Sy
2 Table 2-11 YERH AT,

Az F 3 {71 EL 20590 mg/kg 69F 2 sgtEo] FJAHUG 1 T
alcohol+7F 20512930 mg/kg)ez® HAARF7IAHES  6283%E  AA &St
Aldehyde®7F 12, esteri 7} 3%, hydrocarboni 21, ketoned 10, acid® 15,
S-containing 3}3+= 3%, Z8la 7|EEstE 2% o2 1 ek Zh7b 1.230, 1.727,
0.729, 3.176, 0571, 0.056, ¥ 0.170 mg/kgS 2 Table 2-113 2t} X =9 F2 3
W 67185 S ethyl alcohol(6.692 mg/kg), Nerodirol(4.475 mg/kg), ethyl
acetate(1.176 mg/kg), 2-pentadecanone(0.964 mg/kg), hexadecanal(0.654 mg/kg),
2-methyl-1-phenyl-1-propanol(0.608 mg/kg), butyrophenone(0.614 mg/kg), acetic
acid(0.571 mg/kg) S99 wTo=Z FTAFJIL terpenoid IFES F 3RTO=E
33.78%(6.951 mg/kg)®] 4 Bl &5 e AT (Table 2-12).

Aldehyde¥+= hexadecanal®] 0.654 mg/kgl & FAHEUI, benzaldehyde,
pentadecanal, tetradecanal, furfural & <oz 2AFHA}. 2-Methyl butanal¥}
3-methyl butanal< mailard ¥H&-o 93] A== AS = strecker aldehyde® ¢
A A ATHB4). Co 3ES (E)-2-nonenals 2.0|3Fo] FAR O R kol ¥},

Alcoholi & U % HAHE 33E2 ethyl alcoholS 6.692 mg/kg® alcoholF
ol AA Al sheEkn| 7t b =4 B A %A neroridol, 2-methyl-1-phenyl-1-p
ropanol, linalool, ledol, d-limonene diepoxide % furfuryl alcohol®] <o & YERS
W 1 9] caryophllrene oxide, 4-terpineol, geraniol, a-bisabolene epoxide %
eucalyptol 5% Z<l% v}t TerpineolS cajuput &Y, AUHF 24, I petitgrain
2d § AdAHoE A= B HEYN dIEE 4y wE, duke] Al 7HA o
AA7Y J= Ao dHA JrhBE5). =S terpineolS g g3 FAMgE FIE 7HA]
o glom dg FEol dnkAol AR oz Abgx a1l a-TerpineolS A4}

°of A& T stutold, A& Axst= d AFEEH= v A7)l 7113 HHE6).
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Neroridol Y73 H+
ok A 9)\3}(57).

Esterife % 3F°2% 1.727 mg/kg(8.39%)°] EA % 2t}t. Ethyl acetate’} 1.176
mg/kg FAEH AL, ethyl formate(0.525 mg/kg)et bornyl acetate(0.026 mg/kg) o &
2y 7y UERsE 0| ethyl acetate= L9 SHEZ A ATHBR).

Hydrocarbonf+& 18Fo] el 2 =S 0729 mg/kgl 2 AA shako]
3.55% % A5k TE. Xyleneo] 0.104 mg/kg & hydrocarbon® & 7Hg @o] &<l
¥ 913, B-sesquiphellandrene, a-cubebene, S-pinen®] <o & UElykth 1 ¢ B
-myrcene, d-limonene, p—cymene, §—cadinenes©] 2¢l¥ At} B—myrcene H| o],
ofAl E}Ql SolA Feolw = 3E E mono terpene] £3HtH(50). o] hydrocarbon
F9 3}ES swiss gruyere and L'Etivaz 2] 2(59). i=2+ZEe} X 2(60), Ipnpit
2 Z(61) M= Bl At} Pinened Rw-HlEZ#H9 313EZ(62) a-, B-° F7HA
ol @A 7L At ol FolA &F Ux AT FAl Lo HUE TN
A= st A et 22 F Aol 8% JFE st JUv63). a
-Zingiberene¥} y-curcumene< kA EnlEA F Q23 FrIAHAECR FEnt 9
th(64). Aromadendrene FEucalyptus YW52] essential oildl SAstE AR
aromadendron W= e A A THES).

AcidF & acetic acid 1522 0571 mg/kgel 4= o] HA| 2.78%E A8t

ol

Ketonef = 10F0 2 3176  mg/kgo] s 2-pentadecanone,
butyrophenone, 2-tridecanone, 2-heptanone®] o 2 %t} Carvoned 71 &
dojet 9o FA S deo A dHY = oz delA ATHED).

S-containing 3FEL 3FSZE 0056 mg/kgel TAZHJNL allyl methyl
sulfide(0.044 mg/kg), diallyl  disulfide(0.007 mg/kg) 2831  3-methyl
thiophene(0.005 mg/kg)2]l o2 %At} Allyl methyl sulfides &2 3EZ
A JAE 7 540l glem(67), diallyl disulfidet= Pl H3 &oll &3t
organosulfur 3}322(68) diallyl trisulfidedtal ¢ 33123 374 Fo 74 &
% stdolty. 2ol E&A ol A3 vt WAIZE U Ao AR defile] Fal
Al 237 @t}. Diallyl disulfide®] 7% vhe del2718 dodle dHaqdolre &
t}.
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71e} 8}3tE 2+ 2-acetyl furan(0.163 mg/kg)¥} 2-butyl furan(0.006 mg/kg) 2&
o] 0.170 mg/kgl & HA % it}

Terpenoid 33FELS  32F0] 6951 mg/kglZ  3378%E A ST}
Monoterpene hydrocarboni+= 6% 0.210 mg/kgo 2 A A area%el 1.02%= =}A| 3}
%3l sesquiterpene hydrocarboni+ 1127 0415 mg/kgS A 8te] 2.02% S X
Atk Oxygenated monoterpeneFE 9% 0559 mg/kgl & 2.72%E ERHRA L,
oxygenated sesquiterpene £ 6% 5767 mg/kgl® 2802%E A Ee] A
terpenoid 3% T M ¥ TS BT A=9] WA fUIAdEY EHAA

3} 3E L terpened % oxygenated sesquiterpene® Q] Az FQlE At}

9

+EITIC Scan Fcheese 0.D

01 \-AL L

§ 10 12 14 16 18 20 2 24 2 28 20 32 M 35 3B 40 42 40 45 43 50 %2 54 56 B3 ) 62 64 66 68 0 2 M 76 7B 80 82 # 8
Counts (%) vs. Acquisition Time (min)

Figure 2-8. GC/MS chromatograms of the volatile organic compounds from

cheese.

- 141 -



Table 2-10. Volatile organic compounds identified in non-irradiated cheese

(unit: mg/kg)

No. RLY Compound Name MFEF? Mw.7? Area‘i kGymg kg
Aldehydes (12)
1 916  2-Methyl butanal CsHi100 36 0.11 0.022
2 920  3-Methyl butanal CsHi100 36 0.19 0.038
3 1084 Hexanal CsH120 100 0.15 0.032
4 1434  (E)-2-Octanal CsHi60 128 0.12 0.025
5 1469  Furfural CsH4O- 96 0.32 0.065
6 1528 Benzaldehyde C7HeO 106 0.74 0.152
7 1541 (E)-2-Nonenal CoH160 140 0.15 0.031
8 1686 Neral C1oH160 152 0.13 0.027
9 1739  Geranial C1oH160 152 0.02 0.004
10 1879 Tetradecanal C14H20 212 0.33 0.068
11 1984 Pentadecanal CisH30 226 0.55 0.112
12 2090 Hexadecanal CisH20 240 3.18 0.654
Alcohols (20)
13 944  Ethyl alcohol C.HgO 46 32.52 6.692
14 1210 Eucalyptol Ci10Hi150 154 0.08 0.016
15 1466  3-Methyl-4-heptanol CioHis0 130 0.14 0.029
16 1532 3-Methyl-3-octanol CoHz00O 144 0.14 0.029
17 1553 Linalool CioHis0 154 0.94 0.193
18 1568  Octanol CgHis0 130 0.28 0.058
19 1610 4-Terpineol C1oH180 154 0.21 0.042
20 1622 (E)-2-Octen—1-ol CsHi60 128 0.21 0.043
21 1650 D-Limonene diepoxide CioHi60 152 0.76 0.157
22 1670 Furfuryl alcohol CgH150 98 0.65 0.133
23 1706  a—Terpineol CsHi602 154 0.10 0.020
"Retention index, “Molecular formula, * Molecular weight
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Table 2-10. Continue

No. RLY Compound Name MFEF? Mw.7? Areaoo%) kGerg o
24 1711 Borneol CioH1s0 154 0.15 0.031
25 1829  Spathulenol Ci15H240 220 0.13 0.027
26 1858  Geraniol C10H150 134 0.18 0.037
27 1868  Guaiacol C7HgOo 124 0.19 0.039
28 1979 2-Methyl-1-phenyl-1-propanol  C;oH14O 150 2.96 0.608
29 1991 Caryophyllene oxide CisH240 220 0.42 0.086
30 2002 a-Bisabolene epoxide Ci5H240 220 0.17 0.035
31 2030  Neroridol CisH20 222 2174 4475
32 2053  Ledol Ci5H260 222 0.87 0.179
Esters (3)
33 825  Ethyl formate C3HeO2 74 2.55 0.525
34 890  Ethyl acetate C4HgOo 38 5.72 1.176
35 1585 Bornyl acetate C12H2002 196 0.13 0.026
Hydrocarbons (18)
36 1024  a-Pinene CioHis 136 0.18 0.037
37 1107  B-Pinene CioHis 136 0.26 0.053
33 1122  Sabinene CioHis 136 0.03 0.006
39 1144 Xylene CgHio 106 0.51 0.104
40 1168  -Myrcene CioHis 136 0.22 0.045
41 1197 D-Limonene CioHis 136 0.21 0.043
42 1273 p-Cymene CioHi4 134 0.12 0.024
43 1474 §-Elemene CisH2a 204 0.04 0.008
44 1493  a-Cubebene CisHyy 204 0.36 0.074
45 1579 -Caryophyllene CisHog 204 0.08 0.017
46 1599 Caryophyllene CisHaa 204 0.24 0.049

1 . . 2
'Retention index, "Molecular formula,

¥ Molecular weight
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Table 2-10. Continue

No. RILY Compound Name MF? MW.? Area‘?%) kGf;lg ym
47 1667 a-Zingiberene CisH2 204 0.10 0.020
48 1676  a—-Caryophyllene CisHzy 204 0.15 0.031
49 1692  y-Curcumene CisHx 204 0.14 0.029
50 1723  Aromadendrene CisHo 204 0.09 0.017
51 1761  6-Cadinene CisHx 204 0.17 0.036
52 1775  [-Sesquiphellandrene CisHx 204 0.45 0.093
53 1838  Calamenene CisHo 202 0.20 0.040
Ketones (10)
54 981  2-Pentanone CsHi100O 36 0.61 0.125
55 1186 2-Heptanone C/H1,0 114 1.71 0.352
56 1342 6-Methyl-5-hepten—2-one CsH140 126 0.24 0.049
57 1393  2-Nonanone CoHi50 142 1.55 0.319
58 1421 5-Methyl-2-heptanone CgH160 128 0.07 0.015
59 1602  2-Undecanone CuH20 170 1.53 0.314
60 1744 Carvone CioHisO 150 0.17 0.035
61 1801 Butyrophenone Ci10Hi120 148 2.98 0.614
62 1814 2-Tridecanone Ci3H20 198 1.89 0.389
63 2016  2-Pentadecanone CisH00 226 4.69 0.964
S-containing compounds (3)
64 956  Allyl methyl sulfide C4HsS 38 0.21 0.044
65 1094  3-Methyl thiophene CsHeS 58 0.03 0.005
66 1485  Diallyl disulfide CeHioSe2 146 0.03 0.007
Acids (1)
67 1458  Acetic acid CoH4Oo 60 2.78 0.571

1 . . 2
'Retention index, "Molecular formula,
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Table 2-10. Continue

No. RLY Compound Name ME? Mw? Area; kGerg ke
Miscellaneous (2)

63 1508  2-Acetyl furan CsHsO2 110 0.79 0.163

69 1544  2-Butyl furan CsH20 124 0.03 0.006

Total (69) 100 20.590

YRetention index, PMolecular formula, ¥ Molecular weight
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Table 2-11. Relative content of functional groups in identified volatile organic

compounds in non- and electron beam or gamma ray irradiated cheese

Irradiation dose (kGy)
Functional Groups

No. Area% mg/kg
Aldehydes 12 5.98 1.230
Alcohols 20 62.83 12.930
Esters 3 8.39 1.727
Hydrocarbons 18 3.55 0.729
Ketones 10 1543 3.176
S-containing compounds 3 0.27 0.056
Acids 1 2.78 0.571
Miscellaneous 2 0.82 0.170
Total 69 100 20.590
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Table 2-12. Comparison of relative concentration by terpenoid groups

identified volatile organic compounds in cheese

n

Functional Groups

Irradiation dose (kGy)

No. Area% mg/kg

Monoterpene hydrocarbons 6 1.02 0.210
Sesquiterpene hydrocarbons 11 2.02 0.415
Oxygenated monoterpenes 9 2.72 0.559
Oxygenated sesquiterpenes 6 28.02 5.767
Total 32 33.78 6.951
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4. HF AL A% A=z HIY /UL @3 Al

AEZAR (A, Zdebd) 2 =9 3 {71 Ee] E80S 9lste] SDEWH S
2 FE% F GC/MSE FA43e] Aozl chromatogram= Fig. 2-9° =23}t
GC/MS Ao oz sA-E A F7]/d&E2 Table 2-13°] HEFA AL, 327

il
o:

AEAb olal] A =elA e T8E e FIAES B HEAE 2=
A oEel sAE R SdHer, e viste Ay frIdwe FEE
AEEAL ol ZAastglen Aabd 2o Aepdel M A fristdEe] AT
F5l8 v

A 20 kGyol Moz AR X Zo|A golw Ayl wE 3)dA F7)4
2o 67% 15328 mg/kgl 2 alcoholi7} 18F 5560 mg/kgl Z FAE Qo
aldehyde¥, hydrocarbon ¥, ester¥, ketonew, &3}t acidf, L] a 7|e} 3}
FEO Fo7 FFFS 13F(4.585 mg/kg), 21E(3.668 mg/kg), 2%F(0473 mg/kg), 5
Z(0.455 mg/kg), 3%(0.117 mg/ke), 13(0.083 mg/kg) 121 1%(0.068 mg/kg) > =
Zkzk ZRl ¥ AT

Hexadecanalo] 3.651 mg/kg® & aldehyded % 7Fd @& H&S A3,
nonanal, tetradecanal, pentadecanal®] o & 3Felw v}, Nerald®} gernial®]l 7 ¢
g Fs 7HAE olmw ER AT v SA4S 7FA L HH68). Nonanal-
nonanaldehyde ™+ pelargonaldehyde®t 1% Eg&= &z dHs|ez 743k 7o)
U o= WAZE dokal s (69) Bl E2AF AlRol M= Sl H A kT Benzaldehydet
A, A+ 5 25T IS e SFF=E00) AR AR X = A
benzaldehyde®} neral2 #| %] 3k aldehydef 3} =2 o] F718S &5t

AlcoholiF+ 18%F 2 & ethyl alcoholo] 3.371 mg/kg® W& S 2A 3} the
© % neroridol, caryophllrene oxide, a-terpineol, furfuryl alcohol, 2-methyl-1-phen
yl-1-propanol, d-limonene diepoxide &9 <=2 0.745, 0.264, 0.246, 0.175, 0.158
283l 0.157 mg/kge ® YEFH AT BorneolS Bencao GangmuelA] WA= A
O 7 FIo A Z&olr} “—IL%ZHEE AF831H(71,72), neroridolS  sesquiterpene ]
THZ st A Eolu} oA g9l & 4 Qup(73). E3F neroridolS Y=, A

i
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7, AR ey, g Ay ol EAlsks Aom AAT )7 de Aew o
4 ATH(74,75). Neroridol?} linalool2 4Fst3&  terpenoid+F©]lth.  [B-Terpineol,
3-methyl-2,4-pentanediol> A A ZAFSE 2] 2o gt &l QL H] AL X] Zof A
ZQl ¥ AE Spathulenol M2 A $ YEUA et

Esteri++= ethyl acetate, ethyl formate® &el& o z+z} 0442, 0.031mg/kg o
2 eyt Ethyl acetate 35, 2S5, AN~ 5 gdsiA o] &5+ &
o7 oA Jdom(76), v A AlReA FAEAY borneol acetate= AL x
AEE Al Eoll A= SR A k.

Hydrocarboni+ caryophyllene®] 1.363 mg/kg® & hydrocarbon¥® % 7}M4 &2
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4 §o] M2 e oAdHAE 7FA= elemened USSH A Eo|A A=
sesquiterpene &&= 37| 7]ofdtal dF= ZFY HEZo] FHa e stut
(77,78). a-Caryophyllene®} (B-caryophyllene terpenefol 38t=d L3} ofxj
Fol FAEoR dHA dow FAHIE Fo A H 7= FEHT9).

Ketone+ 5% 9%  butyrophenone, 5-methyl-2-heptanone, 2-pentanone,
carvone 123l 2-heptanone®] &4 ¥ A3 0455 mg/kgl = = ATt H|ZAL A
zo A AFEYA  6-methyl-5-hepten-2-one, 2-nonanone, 2-undecanone,
2-tridecanone ~1#] 1l 2-pentadecenonet™= HAAA FAF & A kokr)

k33l elE o 3F o7 (0117 mg/kege]l A#HE AL, diallyl disulfide, 3-methyl
thiophene, allyl methyl sulfide® = 0.048, 0.038, 0.031 mg/kge] A A=t o]+=
H| AL X =9} 22 313t ES Bt

AcidF ¢} 71 EF3 &2 acetic acid®} 2-acetyl furan®® Z+Z} 0.083 mg/kg, 0.068
mg/kg O 2 SRIEATh HZAL X=X A E 2-butyl furane AR ZA}

AAAQ #A57)e] e AR A T LA =9 F g 77
Aoz E8+ hydrocarbonire AR AP & FES st 53
terpenoid $3E S sesquiterpene SFE-> HAXPA AL & ko] A EF S
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ZrbAS 20 kGyel A#Fo g ZAF 3 A =zoA F}eld A5 7]ol wE A f
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2 A
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eucalyptol, ledol, linalool, a-terpineol®] o2 uyelgt. zZ+ze] $ake 0
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anisol> ZHukA ZARAlo Rl gl 7he stlon, vt 2HE AR EHE 7] SEER
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TH FEEoR deA Ao HxAF ARt ek A AlRolA &l Ths
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sesquiterpene hydrocarboni+ H|ZAF 2= 11% 0415 mg/kg, AAHA A= 12F
2798 mg/kg, vk X Z 11F 1.012 mg/kg, oxygenated monoterpened =3+ H| Z
AL X2 9% 0559 mg/kg, AARA X = 11F 0.766 mg/kg, Z7FA X= 9% 0972
mg/kg S 2 F7tetAth. 121 oxygenated sesquiterpene%% 6% 5.767 mg/kgol A
AR 1.073 mg/kg# 0.391 mg/kgl & gﬂc & stolal g},

Caryophyllene(Z-B, E-B, a-)F ¥ At & 2% 3tdo] =718 §-3-carenedt
a-curcumene< ZA}%F X =04  spathulenol, B-sesquiphellandrene % 2-butyl
furane H| A} 2] = ARk gl E it

AR ZAFSE x| 2o A gl HE 31§ &2 [-terpineol, 3-methyl-2,4-pentanediol,

y—terpinene, B-elemene, ¥ [-bisalboleneo] o™ Zrupd FAFSE 2] =0 A sheolw
31355 p-propenyl anisol® FAF 3 AAH FFEZ FAusldh

FAEof A =o A APH = FFEe T2 APEAS Table 2-1591 =431
t}.
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Figure 2-9. GC/MS chromatograms of the volatile organic compounds from

gamma and e-beam irradiated cheese.
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Table 2-13. Volatile organic compounds identified in non— and electron beam or

gamma ray irradiated cheese

( unit : mg/kg )

~ Tradiat "
No. RIY Compound Name ME? Mw.? rradiation dose (kGy)

0 E2 G2

Aldehydes (13)

1 916 2-Methyl butanal CsHi00 86 0.022 0.039 0.046
2 920  3-Methyl butanal CsHi00 86 0.038 0.075 0.061
3 1084 Hexanal CsH120 100 0.032 0.028 0.063
4 1400 Nonanal CoH;50 142 - 0.245 -

5 1434 (E)-2-Octanal CsHi60 128 0.025 0.044 0.016
6 1469 Furfural CsH4Oo 96 0.065 0.066 0.029
7 1528 Benzaldehyde C7HsO 106 0.152 0.083 0.039
8 1541 (E)-2-Nonenal CoH160 140  0.031 0.035 0.024
9 1686 Neral CioHisO 152 0.027 0.023 0.010
10 1739 Geranial CioHisO 152 0.004 0.015 0.005
11 1879 Tetradecanal CuHxO 212 0.068 0.152 0.007
12 1984 Pentadecanal CisH00 226 0112 0.130 0.020
13 2090 Hexadecanal CisH2O 240 0.654 3.651 0.107

Alcohols (23)

14 944  Ethyl alcohol CoHsO 46 6.692 3371 3972
15 1210 Eucalyptol CioHisO 1564 0.016 0.114 0.299
16 1466 3-Methyl-4-heptanol CioHigO 130 0.029 0.014 0.012
17 1532 3-Methyl-3-octanol CoH200 144 0.029 0.018 0.007
18 1553 Linalool CioHisO 154 0193 0.154 0.173
19 1560 GB-Terpineol CsHis0 154 - 0.056 -

20 1568 Octanol CioHisO 130 0.058 0.038 0.023
21 1610  4-Terpineol CioHisO 154 0206 0.042 0.043
22 1622 (E)-2-Octen-1-ol CsHi60 128 0.210 0.043 -

23 1650 D-Limonene diepoxide C10H160 152 0.764 0.157 -

YRetention index, “Molecular formula, ¥ Molecular weight
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Table 2-13. continued

( unit : mg/kg )

Irradiation dose (kGy)

No. RILY Compound Name M.EF? MW? 0 £ G0
24 1670 Furfuryl alcohol CsHis0 98 0133 0175 0.021
25 1706  a—Terpineol CsHigOz 154 0.020 0.246 0.162
26 1711 Borneol CioHisO 154 0.031 0.054 0.024
27 1829  Spathulenol CisH24O 220  0.027 - -

28 1832 p—Propenyl anisol C7HgO 108 - - 0.032
29 1850 3-Methyl-2,4-pentanediol CeHizN3O3 175 - 0.027 -

30 1858  Geraniol CioHisO 154 0.037 0.056 0.027
31 1868 Guaiacol CHsO2 124 0.039 0.058 0.008
32 1979 2-Methyl-1-phenyl-1-propanol C;o)Hi4O 150 0.608 0.158 0.024
33 1991 Caryophyllrene oxide CisH240O 220 0.086 0.264 0.088
34 2002 a-Bisabolene epoxide CisH24O 220  0.035 0.028 -

35 2030 Neroridol CisHsO 222 4475 0.745 0.070
36 2053 Ledol CisHsO 222 0179 0.036 0.214

Ester (3)
37 825  Ethyl formate CsHsO2 74 0525 0.031 0.313
38 890 Ethyl acetate C4HgO2 88 1176 0442 1.701
39 1585 Borneol acetate CioH2002 196 0.026 - 0.004
Hydrocarbons (23)
40 1024 a-Pinene CioHie 136 0.037 0.071 0.066
41 1107 [B-Pinene CioHie 136 0.053 0.131 0.108
42 1122 Sabinene CioHis 136 0.006 0.030 0.029
43 1144 Xylene CgHio 106 0.104 0.034 0.052
44 1151 &-3-Carene CioHis 136 - 0.198 0.379
45 1168  B-Myrcene CioHis 136 0.045 0.034 0.047
46 1197 D-Limonene CioHie 136 0.043 0.221 0.241
YRetention index, “Molecular formula, * Molecular weight
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Table 2-13. continued

( unit : mg/kg )

Irradiation dose (kGy)

No. RLY Compound Name M.EF? Mw.? 0 0 G0
47 1249 y-Terpinene CioHis 136 - 0.050 -

43 1273 p—Cymene CioHus 134 0.024 0.101 0.062
49 1474  5-Elemene CisHx 204 0.008 0.128 0.040
50 1493  a-Cubebene CisHag 204 0074 0121 0.117
51 1579  B-Caryophyllene CisHx 204 0.017 0201 0.151
52 1592 [-Elemene CisHoy 204 - 0.048 -

53 1599  Caryophyllene CisHx 204 0.049 1363 0.491
54 1667 a-Zingiberene CisHoy 204 0.020 - 0.005
55 1676  a-Caryophyllene CisHx 204 0.031 0279 0.078
56 1692  y—Curcumene CisHy 204 0.029 0021 0.014
57 1723 Aromadendrene CisHo 204  0.017 0.136 0.028
58 1730 [B-Bisabolene CisHx 204 - 0.187 -

59 1761 6-Cadinene CisHu 204 0.036 0115 0.028
60 1775 [-Sesquiphellandrene CisHx 204 0.093 - -

61 1777  a-Curcumene CisHz 202 - 0.185 0.049
62 1838 Calamenene CisHz 202 0.040 0.014 0.010

Ketones (10)
63 981 2-Pentanone CsH100 36 0.125 0.048 0.078
64 1186 2-Heptanone C:H4,O 114 0352 0.026 0.024
65 1342  6-Methyl-5-hepten-2-one CsHisO 126 0.049 - 0.043
66 1393  2-Nonanone CoHisO 142 0.319 - 0.009
67 1421 5-Methyl-2-heptanone CsHi60 128 0.015 0.074 0.005
63 1602  2-Undecanone CuH2O 170 0314 - 0.016
69 1744  Carvone CioHisO 150  0.035 0.027 0.243
70 1801 Butyrophenone CioH120 148 0.614 0279 0.129
"Retention index, “Molecular formula, * Molecular weight
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Table 2-13. continued

( unit : mg/kg )

Irradiation dose (kGy)

1) 2) 3)
No. RI Compound Name MF~* MW. 0 E0 G0
71 1814 2-Tridecanone CisHsO 198  0.389 - 0.011
72 2016 2-Pentadecanone CisHzO 226 0.964 - 0.019

S-containing compounds (3)

73 956  Allyl methyl sulfide CaHsS 88 0044 0031 0.133

74 1094 3-Methyl thiophene CsHeS 58  0.005 0038 0.118

5 1485 Diallyl disulfide CeHioS2 146 0.007 0.048 0.125
Acids (1)

76 1458 Acetic acid CH4O2, 60 0571 0.083 0.254

Miscellaneous (2)

7 1508 2-Acetyl furan CeHsO2 110 0.163 0.068 0.092
78 1544  2-Butyl furan CgH20 124 0.006 - -
Total (78) 20.590 15.328 10.940
YRetention index, “Molecular formula, * Molecular weight
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Table 2-14. Relative content of functional groups in identified volatile organic

compounds in non- and electron beam or gamma ray irradiated cheese

Irradiation dose (kGy)

Functional Groups 0 E 20 G 20
No. mg/kg  No. mgkg  No.  mgke
Aldehydes 12 1.230 13 4.585 12 0.428
Alcohols 17 12.652 18 5.560 19 5.236
Esters 3 1.727 2 0.473 3 2.018
Hydrocarbons 21 1.008 21 3.668 19 1.995
Ketones 10 3.176 5) 0.455 10 0.577

S-containing compounds 3 0.056 3 0.117 3 0.376

Acids 1 0.571 1 0.083 1 0.254
Miscellaneous 2 0.170 1 0.068 1 0.055
Total 69 20.590 67 15.328 68 10.940
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Table 2-15. Comparison of relative concentration by terpenoid groups in
identified volatile organic compounds in non- and electron beam or gamma ray

irradiated cheese

Irradiation dose (kGy)

Functional Groups 0 E 20 G 20
No. mgkg No. mgkeg No. mgke
Monoterpene hydrocarbons 6 0.210 8 0.836 7 0.932
Sesquiterpene hydrocarbons 11 0.415 12 2.798 11 1.012
Oxygenated monoterpenes 9 0.559 11 0.766 9 0.972
Oxygenated sesquiterpenes 6 5.767 4 1.073 4 0.391
Total 32 6.951 3% 5473 31 3.307
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Figure 2-10. Relative content of functional groups in identified volatile organic

compounds in non- and electron beam or gamma ray irradiated Cheese.
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Figure 2-11. Comparison of relative concentration by terpenoid groups in
identified volatile organic compounds in non- and electron beam or gamma ray

irradiated Cheese.
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Table 2-16. Aromatic characterization of identified major volatile components

n

non- and electron beam or gamma ray irradiated beef jerky and cheese

Compound

Chemical structure
Name

Percepts

Diallyl disulfide AR S ANF

Garlic, Allyl surfur,
Garlic allergy,
Allium plants

D-Limonene

Lemon, Orange, Carvon

a-Phellandrene IS?

Eucalyptus radiata,
Canada balsam,
Eucalyptus dives

CHs

. Alismatales Araceae,
a-Terpinolene . .
Apiales Apiaceae
HsC CHs
N
> .
Allyl isosulfocyanate }|2CA/ e 2 Toxic Gases, Vapors
S

p-Cymene >—Q

Lemon, Fruity, Fuel-like,
Sweet, Herbal, Spicy

6-Cadiene 8 <




Compound
Name

Chemical structure

Percepts

a-Curcumen

__,-a OH
cHa

Indian spice turmeric,
Natural phenols

Calamenene Weak Spicy, Weak floral
HO
Linalool Flowers, Spice plants
"\\ /
G-Elemene Floral aromas

a-Zingiberene

Ginger

a—Caryophyllene

Syzygium Aromaticum,
Cannabis Sativa,
Rosemary Rosmarinus,

Black pepper

a-Terpineol

Cajuput oil, Pine oil,
Petitgrain oil
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Compound

Chemical structure Percepts
Name
Terpene, Traditional
Borneol H chinese medicine, Insect
repellent
OH
Eucalyptus trees,
Aromadendrene b
Sweet, Dry
Cubeb, Lemon, Oregano,
. o 4 Hhernandulcin, Natural
B-Bisabolene !
sweetener
O
Carvone Caraway
OCH3 Ascanio Sobrero,
. Guaiacum, Wood
Guaiacol
creosote, Roasted coffee,
Lignin
N
Benzothiazole

compound

0p)

(E)-Nerolidol

Neroli, Ginger, Jasmine,
Lavender, Tea tree,

Cannabis Sativa, Lemon
grass

i LOH
@ \> Aromatic heterocyclic
HO
N\ Y
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Compound

Chemical structure

Percepts

Name
oOH
Ledol Sweet
O Camphoraceous,
Minty, Sweet,
Eucalyptol

Liquorices, Menthol,
Pine
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alcohol, (Z)-B-caryophyllene, ethyl acetate, furfuryl alcohol, a-curcumene®. & 2}
A AT SxA FAH terpenoidF S ES F 40F o= 2 12.239 mg/kg
o7 AF H&L 35260%%E sesquiterpenei 7t monoterpene%ﬂﬁ‘r oF WA=
B2 HES YERAAL, AR Z=A o8] 7 B2 HAE e aldehyde®
o e HlZAF AR, A g 3ebd 20 kGyollA 722 7.936, 1.748 2
0.601 mg/kgo & AT AFTEE HlustdS v AvpdzAbe] g 324
Fr71stt=ol Wakgo]l HdApdzAtel 9% HAERY © BS5ES gtk
Terpenest&=29] a2 AApA I} ZopAd Z2ARA] 16.231 mg/kg 2 12.929 mg/kg &
2 FAEo] WA FAbe] ofs) A Fol FrFs T

)zl Fo ITA F7|33FELS  ethyl alcohol, nerodirol, ethyl acetate,
2-pentadecanone, hexadecanal, 2-methyl-1-phenyl-1-propanol, butyrophenone,
acetic acid 59 2% LA terpenoid T ELS F 32F 27 6.951 mgked
A H&S BT 1 ¥ sesquiterpene hydrocarbonf & 6% 5.767 mg/kgS A}
A ste] 7h #e Hl &S ZA| 8t Caryophyllened = FAF & 5 gafo] F7}
3} §-3-carene®  a-curcumene<  ZAFSE X = Al spathulenol, B
-sesquiphellandrene % 2-butyl furan< H|ZA}F x| = A qk SQIEQITE H] AL A

zo} NEZA F AAE Aze] AFEE 2 Aok oy FEel Aot x4
=
=
] 2

T dAs ZoEqd txded vt A FUIAEY] TEHE AEERA Sl
At om HdAd Bu bAoA A fr|setE el e A et
Atk A EF A SxoA FAdE 1,3-his(l,1- dlmethylethyl) benzenes 2]EFAMA] &
2o A g Ao Adsint ATAH ST ES AW IR =
Ae gt on, AFXALE Eoto] LA FIAEY Wi old wE 7
228 E vtdstA T

- 166 -



1. Park JH and Lee KH (2005) Quality characteristics of beef jerky made with
beef meat of various places of origin. Korean J Food Cookery Sci. 2:
528-535.

2. Torres EAFS, MShimlkomaki BDGM, Franco M, Landgraf BC,. Carvalho
Junior and JC Santos (1994) Parameters determining the quality of charqui,
an intermidiate moisture meat products. Meat Sci. 38, 229-234.

3. Jeon KH, Oh SW, Lee NH, Kim Y], Park KJ and Kim YH (2008) Quality
Properties of the Refrigerated or Frozen Irradiated Beef Patty. J. Food Sci.

Anl. Resour. 28(4): 437-444.

. Loaharanu P, Kava R, and Choi EH (2007) Irradiated Foods. 6th ed., American

N

Council on Science and Health. http:/www.acsh.org.
. Waje C, Jun SY, Lee YK, Moon KD, Choi YH, and Kwon JH (2009) Seed

o)l

viability and functional properties of broccoli sprouts during germination and
postharvest storage as affected by irradiation of seed. J. Food Sci. 74(5):
c370-374.

6. Standard of food and standard some revised inside administrative notice.
(2012) Korea Food & Drug Administration announcement 2012-58 pp. 2, 9,
57-58.

7. Nawar WW. (1986) Volatiles from food irradiation. Food Rev. International. 21:
45-178.

. Byun MW and Yook HS (2003) Internal and external situation of irradiation

o0

technology utilization in the food and public health industry. Kor. J. Food
preserv., 10(1): 106-123.

9. FSIS. (2008) Certificate for export of beef and beef products to the republic of
korea(ROK). FSIS FROM 9305-7.

10. Lim DG, Kim JJ, Seo KS and Nam KC (2012) Effect of natural antioxidant

- 167 -



11.

12.

13.

14.

15.

16.

17.

18.

19.

estracted from Citrus junos seib. or Prunus mume. on the quality trats of
sun—dried Hanwoo beef jerky. J. Agricultural Sci. 39(2): 243-253.

Jung IC, Park HS, Lee KS and Moon YH (2008) Changes in the Quality of
beef Jerky Containing Additional Pine Needle or Mugwort Juice during
Storage. J. Life Sci. 18(1): 63-68.

Jung IC, Park HS, Lee KS, Choi Y], Park SS and Moon YH (2008) Changes
in the Quality of beef jerky containing additional red wine. J. East Asian
Soc Dietary Life. 18(5): 789-796.

Cho SH, Seong PN, Park BY, Kim JH, Psrk EH, Ha KH, Lee JM and Kim
DH (2007) Non-meat Ingredient, Nutritional Composition and Labeling of
Domestic Processed Meat Products. Korean J. Food Sci. Anl. Resour. 27(2):
179-184.

Park GH, Kwak EJ, Lee YS, and Lee KH (2007) Quality Characteristics of
Beef Jerky Made with Beef Meat of Various Origin Places during Storage. J.
East Asian Soc Dietary Life 17(1): 81-88.

Choi KA and Cho EJ (2005) Quality and Sensory Characteristics of Beef
Jerky Prepared with Fermented Fruit Wines. J. FEast Asian Soc Dietary Life
15(2): 171-181.

Yang CY and Lee SH (2002) A Evaluation of Quality of the Marketing Jerky
in Domestic - I Investigation of Qutward Apperance, Food Additives,
Nutrient Content and Sanitary State. Korean J. Food & Nutr. 15(3):
197-202.

Lee JW, Kim JH, Kim JH, Kim JH, Oh SH, Seo JH, Kim CJ, Cheong SH
and Byun MW (2005) Application of Gamma Irradiation for the
microbiological safety of Fried-Forzen Cheese Ball. j. Korean Soc Food Sci
Nutr. 34(5), 729-733.

Hong EJ, Kim KH, Park IS, Park SY, Kim SK, Yang HD and Nho BS
(2012) Analysis of Flavor Pattern From Different Categories of Cheese using
Electronic Nose. Korean J. Food Sci. Animal Resour. 32(5), 669-677.

Ham JS, Jeong SG, Noh YB, Shin JH, Han GS, Chae HS, Yoo YM, Ahn JM,

- 168 -



20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31

Lee JW, Jo C and Lee WK (2007) Effects of Gamma Irradiation on Queso
Blanco Cheese. Korean J. Dairy Sci. & Technol. 25(1) 15-20.

Schultz TH, Flath RA, Mon TR, Enggling SB and Teranishi R. (1977)
Isolation of Volatile Components from a Model System. J Agric Food Chem
25: 446-449.

Nickerson GB and Likens ST (1966) Gas Chromatography Evidence for the
Occurrence of Hop Oil Components in Beer. J Chromatogr 21: 1-5.

Kovats, E.Sz.: Helv. Chim. Acta. 41: 1915, (1958)

Robert PA. (1995) Identification of Essential Oil Components by Gas
ChromatoGraphy/Mass Spectroscopy, Illinois : Allured Publishing Corporation.
Stehagen E, Abbrahansom S and Mclafferty FW (1974) The Wiley/NBS
Registry of Mass Spectral Data, N.Y. : John Wiley and Sons.

Davies NW (1990) Gas Chromatographic Retention Indices of Monoterpenes
and Sesquiterpenes on Methyl Silicone and Carbowax 20M Phases. J
Chromatogr 503: 1-24.

Sadtler Research Laboratories (1986) The Sadtler Standard Gas.

Forss DA (1972) Odor and flavor compounds from lipids. Prog. Chem. Fats
Other Lipids, 13, 181-258.

Shahidi F and Pegg RB (1994) Hexanal as an indicator of the flavor
deterioration of meat and meat products. In Lipid in Food Flavors, Ho, C.T.
and Hartman, T.G.(eds.), American Chemical Society, Wahington, DC, p.
256-279.

Luning PA., Carey AT, Roozen JP and Wichers HJ (1995) Characterization and
occurrence of lipoxygenase in bell peppers at different ripening stages in relation to
the formation of volatile compounds, J. Agric, Food Chem., 43, 1493.

Cerny C and Grosch W (1992) Evaluation of potent odorants in roasted beef
by aroma extract dilution analysis. Z. Lebensm. Unters. Forsch. 194: 322-5.
Sharif Md and Al-Reza (2011) Isolation and characterization of bioactive
secondary metabolites from Zizyphus jujuba. graduate school, department of

biotechnology Daegu University 39

- 169 -



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Hirai C, Herz KO, Pokorny J and Chang SS (1973) Isolation and
identification of volatile compounds in boiled beef. J. Food Sci. 38: 393-397.
Freeman GG and Whenham R]J (1975) A Survey of volatile components of
some allium species in terms of S-alk(en)yl-cysteine sulphoxides present in
flavour pre- cursors. J. Sci. Food Agric. 26: 1869-1886.

Kwon SK (2003) Organosulfur compounds from Allilum sativum and
physiological activities. J. Appl. Pharmacol. 11: 8-32.

Mottram DS. (1998) Flavour formation in meat and meat product: a review.
Food Chem. 62: 415-24.

Kim HK (2009) Biological Activities of Biofunctional Components Isolated
from 30 Medicinal Herb Plant, A& tjstw F3&}sta} vFALEQ] =7, 91-92.
Kim YS, Oh HI. Volatile flavor components of traditional and commercial
Kochujang. Korean J. Food Sci. Technol. 25 494-501 (1993)

Moon HI and Lee HJ (1997) Volatile aromatic components of ginger (zingiber
officinale Roscoe) rhizomes and Japanese spice bush (Lindera obtusiloba BL).
Korean J. Crop Sci. 42: 7-13.

Tepe B, Donmez E, Unlu M, Candan F, Daferera D and Vardar-Unlu G
(2004)  Antibacterial and antioxidative activities of the essential oils and
methanol extracts of Salvia cryptantha (Montbret et Aucher ex Benth.) and
Salvia multicaulis(Vahl), Food Chemistry, 84, 519-525.

Magiatis P, Melliou E, Skaltsounis AL, Chinou IB and Mitaku S (1999)
Chemical composition and antimicrobial activity of the essential oils of
Pistacia lentiscus var. chia. Planta Medica, 65, 749-752.

Sékmen A, Vardar-Unlii G, Polissiou M, Daferera D, S6kmen M and Dénmez
E (2003) Antimicrobial activity of essential oils and methanol extracts of
Achillea sintenisii Hub Mor. (Asteraceae). Phytotherapy Research, 17,
1005-1010.

Knobloch K, Pauli A, Iberal B, Weis N and Weigand H (1989) Antibacterial
activity and antifungal properties of essential oil components. Journal of

Essential Oil Research, 1, 119-128.

- 170 -



43.

44.

45.

46.

47.

48.

49.

50.

ol.

o2.

93.

Kim JC and Park SO (2006). Influence of Day Methods on Qualities of
Artemisia sp. Korean J. Culinary Res. 12(3):108-118

Mbollenbeck S, Konig T, Schreier P, Schwab W, Rajaonarivony J and
Ranarivelo L (1997) Chemical composition and analyses of enantiomers of
essential oils from Madagascar. J. Flavour Frag. 12: 63-69.

Nishimura O. (2001) Enantiomer separation of the characteristic odorants in
Japanese fresh rhizomes of Zingiber officinale Roscoe (ginger) using
multidimensional GC system and confirmation of the odour character of each
enantiomer by GC-olfactometry. J. Flavour Frag. 16: 13-18.

Seo HY, NO KM, Shim SL, Ryu KY, Han K]J, Rjendra G and Kim KS
(2006) Analysis of Enantiomeric Composition of Chiral Flavor Components
from Dried Ginger (Zingiber officinale Roscoe). J Korean Soc Food Sci Nutr
35(7), 874-880.

Kaufman PB, Cseke LJ, Warber S, Duke JA and Brielmann HL (1999)
Natural products from plants. CRC Press LIC. Coca Raton, 76-77. U.S.A.

Kim CH, (2011) Analyses of Essential Oil Components and Contents in Artemisia sp
According to Heat Treatments. Korean J. Culinary Resea. 17(4), 273-284.

Oyen LPA and Nguyen XD (1999) Plant Resources of South-East Asis. No. 25.
Essential oil plant. Bogor Indonesia, 28-39.

CaJa MM, Ruiz ML and Blanch GP (2008) Solid phase microextraction as a
methodology in the detection of irradiation, markers in ground beef. Food
chem 110: 531-357.

Kim H, Ahn JS, Sin YM, Lee Y], Lee KH, Byun MW and Cha YJ (2005)
Identification of Irradiation-induced Volatile Marker Compounds in Irradiated
Red Pepper Powder J Korean Soc Food Sci Nutr 34(2), 236-242.

Shim SL (2009) Studies on the Volatile Organic Compounds in Irradiated
Agricultural Products and Food Packaging Materials Department of Food and
Nutrition Graduate School of Chosun University.

Breithaupt DE and Schwack W (2000) Dtermination of free and bound
carotenoids in paprika (Capsicum annuum L.) by LC/MS. Eur. Food Res.

- 171 -



o4.

5o.

6.

o7.

39.

60.

61.

62.

63.

64.

65.

Technol. 211, 52-55

Merck Index, 1I1th Edition, 9103 (1989)

Yao SS, Guo WF, Lu YI and Jiang YX (2005) Flavor Characteristics of
Lapsang Souchong and Smoked Lapsang Souchong,a Special Chinese Black
Tea with Pine Smoking Process. J. Agri. Food Chem. 53(22), 8683-8693.
Choi SH (1995) The aroma component of green tea the products of mt. Chiri
Garden. J. Korean Soc. Food Nutr. 25: 478-483

Doty RL, Ferguson-Segall M, Lucki I and Kreider M (1983) Effects of
intrabulbar injections of 6-hydroxydopamine on ethyl acetate odor detection
in castrate and non-castrated male rats. Brain Res. 444: 95-103.

Orav A, Kailas T and Jegorova A (2003) Composition of the essential oil of
dill, celery, and parsley from Estonia. FEstonia Academy of Science:
chemistry. 52(4): 147.

Bosset JO, Butikofer U, Gauch R and Sieber R (1994) Caracterization de
fromages d’alpages subalpins suisses:mis en evidance par GC-MS de
terpenes et d’hydrocarbures aliphatiques lors de 1'analyse par "Purge and
trap” des aromes volatiles de cesfromages. Schweizerische
Milchwirtschaftliche Forschung, 23, 37-41.

Moio L, Piombino P and Addeo F (1999) Odour-impact compounds in
Gorgonzola cheese. Journal of Dairy Research, 67, 272-285.

Record of alpha-Pinen in the GESTIS Substance Database from the IFA,
accessed on 24. January (2008)

U. Neuenschwander (2010) Mechanism of the Aerobic Oxidation of a-Pinene
(in German), ChemSusChem 3 (1): pp. 75-84.

Antonious GF and Kochhar TS (2003) Zingiberene and curcumene in wild
tomato. J Environ Sci Health B. 38(4), 489-500.

Lamers Y (2003) Aromadendrene as chiral starting material for the systhesis
of fragrances and pheromones. Wageningen University and Research Centre,
UR.

Barbieri G, Bolzoni L, Careri M, Mangia A, Paroli G, Spagnoli S and Virgili

- 172 -



66.

67.

68.

69.

70.

71.

72.

73.
74.

7.

76.
e
78.

79.

80.

R (1994) Study of volatile fraction of parmesan cheese. J. Agri. Food
Chem., 42, 1170-1176.

Carvalho CCC R and Fonseca MM R (2006) Carvone : why and how should
one bother to produce this terpene. Food Chemistry 95(3), 413-422.

Block E (2010) Garlic and Other Alliums: The Lore and the Science. Royal
Society of Chemistry

n-Nonaldehyde at chemicalland21.com

Chung MS and Lee MS (2003) Analysis of volatile compounds in Elsholtzia
splendens by solid phase microextraction. Korean J. Soc. Food Cookery Sci.
19: 79-82.

Onawunmi GO (1989) "Evaluation of the antimicrobial activity of citral”. Lett.
Appl. Microbial. 9(3): 105-108.

JA Duke (1994) Dr. Duke’s Phytochemical and Ethnobotanical databases.
Plants containing borneol.

Chemical Information. sun.ars-grin.gov. Retrieved 2008.

Merck Index. 11th. Edition. 6388 (1989)

Moser K, Kriwet K, Naik A, Kalia YN, Guy RH (2001) Passive skin
penetration enhancement and its quantification in vitro. Euro. J. Pharm.
Biopharm. 52, 103-112.

Choi JY and Lee TS (2003) Characteristics of volatile flavor compounds on
Kochujang prepared with commercial enzyme during fermentation. J. Korean
Soc, Appl. bio. Chem. 46: 207-213.

Floral compound: alpha, delta, gamma-elemene. Pherobase. com
Semiochemical: beta—elemene. Pherobase. com.

Kim YS and Oh HI (1993) Volatile flavor components of traditional and
commercial Kochujang. Korean J. Food Sci. Technl 25: 494-501.

Karl-Georg F, Franz-—Josef H, Johannes P, Wilhelm P, Dietmar S, Kurt B,
Dorothea G and Horst S (2003) "Flavors and Fragrances” in Ullmann's
Encyclopedia of Industrial Chemistry.

Philip R. Ashurst. (1999) Food Flavorings. Springer. p. 460

- 173 -



81. Herout V, Benesova V and Pliva J (1953) Terpenes. XLI. Sesquiterpenes of
ginger oil. Collection of Czechoslovak chemical Communications 18, 297-300.

82. Sultan M, Bhatti HN and Igbal Z (2005) Chemical analysis of essential oil of
ginger (Zingiber officinale. Pakistan J. Biological Scienses. 8(11), 1576-1578.

83. Cho MG, Bang JK and Chae YA (2003) Comparison of volatile compounds in
plant parts of Angelica gigas Nakai and A. acutiloba Kitagawa. Korean J.
Medicinal Crop Sci. 11: 352-357.

- 174 -



	Part Ⅰ. 식품조사에 의한 축산가공품의 지방유도산물 변화
	제 1 장 서  론
	제 1절 연구배경 및 목적 
	제 2절 축산가공품의 국내외 현황

	제 2 장 재료 및 방법
	제 1 절 실험재료 및 기기
	제 2 절 실험방법
	제 3 절 식품조사 한 축산가공품에서 유도된 지방분해산물 분석

	제 3 장 결과 및 고찰
	제 1 절 식품조사에 의한 육가공품의 주요 지방분해산물분석
	제 2절 식품조사에 의한 유가공품의 주요 지방분해산물분석

	제 4 장 요  약
	참고문헌

	Part Ⅱ. 식품조사에 의한 육포 및 치즈의 휘발성 유기성분 분석
	제 1 장 서  론
	제 2 장 재료 및 방법
	제 1 절 실험재료 및 기기
	제 2 절 휘발성 유기성분의 추출 및 분석조건 수립
	제 3 절 축산가공품의 휘발성 유기성분 분석

	제 3 장 결과 및 고찰
	제 1절 휘발성 유기성분의 분석 조건 수립
	제 2절 축산가공품의 품종별 휘발성 유기성분

	제 4 장 요  약
	참고문헌



