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Inhibition of Photooxidation by Breakdown of Chlorophyll in
Oil Model System Using Gamma Irradiation
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Chlorophyll destruction by irradiation in linoleic acid in methanol system was studied. Chlorophyll b standard
(3 ppm) was added into methanol solution containing 1% of linoleic acid, and the sample was irradiated up to
20 kGy with or without nitrogen gas-bubbling. The content of chlorophyll b was analyzed by HPLC, and Hunter
color value and UV-visible spectra were analyzed during 6 hr of photooxidation. The content of chlorophyll was
reduced by irradiation and completely destroyed at 2.517 kGy. The model system with nitrogen gas-bubbling did
not develop the lipid oxidation after irradiation or photooxidation at 20 kGy. UV-visible spectra showed
decreasing values of optical density by increase of irradiation doses, supporting the destruction of chlorophyll b.
The results indicate that irradiation technology can be applied to reduce or eliminate the residual chlorophyll

and to prolong the shelf-life of oil products.
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3 AR F AEF w2 221 299 A, AquRY
] ! FHHoZ f3ldEe] Aoy
ZERAdEe]l EAEA] Fn1, AFY EAlske fAldES
AAWGE F Qe o7 7] FEE /AL o, HES
o] o] JEE, 53] & EAe| FUEE (homolytic cleavage)
9} Azt A= hydroxy radicals T3 o7 F79
gk &4 radicalEo] FAFHY B2 AHNEES A
fretA @oi?, A Ee] A ke fAsE A
= =

AA8tE 29 ARgo] A|gtEo] gt

Ao Zdrpd FAE o83k FA2 chlorophyll
£ AAE 7hs8E A, 71-e] Atsigle]l FAAE Al
Al F2AF AFIE L AR ZAE 5% model system
o] Fastel] gk MBS A5t

Azl = H AR =AM

WA ZAMA] F7AQ0 chlorophylld] AAZE 2 A
ZAMAFE F213t7] 938k 3 ppm(wA)2] chlorophyll b
(Sigma, St. Louis, MO)E #7lA|Z] methanol(Acros Organ-
ics, N-&4& AP AT

T3 Ak AR 71- 9] A3} glo] BAE AlA s
BEAL ATE B A8 BEAE &3] sk FEAl
2 3 ppm(w/v)2} chlorophyll b& H7FAIZ] methanol &9
1.0%(wv)2] linoleic acid’} B&=F 3k WAMS ARSI

YA AR dEdAE AT W A 105 Ci, Co-60
Aol ZAAAEE ol gstd A212£1°0)A £ 833
Gyd d#&=E WA ZALSISATE Chlorophylle] A AX =
ok HAHHa% FHL fsted 05, 1.0, 15, 2.0, 2.5, 3.0, 35,
10 ¥ 20 kGyd| & FFAFHE A= sien, F54
2212 ceric cerous dosimeters ARG & TS5
A= £02 kGyitt. WA Al A& A e Abst
AAshs WHS BN AR 2ARBE B¢ N,
2as(99.999% ultra pure)E ©]8-5}] bubblings}L N, gas
HIxE] et Ak AL ofd A de] A EE vlwsit.

iy 1o off &

Linoleic acid?7} &71&l 89le| WAKN ZAlE FHZAL
WAL ZARA] 7129] At} glo] FAIE AASL B2
A Al7TE B 4t A4S SAE] fste AR &2
AHE AEE 35mLe] F9H3 glass serum bottleo] 30 mL¥
AEeA 4 IFuNt aluminum caplE WHAZ T
Fakourelis 52 Jung®P2] ®hel wlg} 3300 huxe] F=2
0, 1, 2, 4, 6A17F B¢t light storage boxoll A FZAFEIR.C.
W, FZABRE 599 light storage box®] 2EE 25+2°C0]
Ach. 2TEE AR 3 A8E A7) Y8 foil
Z serum bottleol®] WS XFA3Ich. Aol AMEE A 8=

25 60712 foil treatmentX3 irradiation dosesX2 replica-
tionsX 5 photoxidation times)Z ZZAL § Hlof| o3 W&
AAs] Yk 2AF AF foilz Re A3 T AP

Chlorophyll be| gHeFHal U Linoleic acide| gHzrst

WAV FAF 2 33 RARE chlorophyll be] EFistE &
A7) 98k UV spectrophotometer(UV-1601PC, Shimadzu
Co., Tokyo, Japan)Z ©]-&-3l] HNFrads SASUL
Schwartz?} Lorenzo®] ®H@o] wlel HPLC(Waters 2690
separation module, M996 Photodiode Array Detecton)®
A3kt HPLC ¥4 A] column<- Shiseido C,4(4.6X250
mm, 5pm, Tokyo, Japan), ©]&/3& ethylacetate : methanol :
water(60 : 30 : 10, viv/v)E BF92™ 658 nme} 470 nmellA] F
FEZF vlaste] B35

WAL 24 2 3 AR B9t 712E Z7HE linoleic
acid®] SIS Z437] 918t Folch 5™ ¥l o
2} FZ&3% % BF,-methanol(14% solution, Supelco, Belle-
fonte, PA. USA)Z ©}8-3}% methylation A]7]3 GC(Agilent
6890 series, 7683 ingector, GC Chemstation Rev. A.08.03,
Agilent Tecnologies, Inc., Wilmington, DE)E Z4 3%t}
Column® DB-WAX(capillary, 60 mX 250 pmX0.25 pm, J &
W Co., Folsom, CA. USA)E A}-£3}% 3 injector 25+
210°C, detector= FIDE 210°CZ 3} th Ovend £&&
180°CAl M 5% fAStaL P 2.5°C2 2200C7HA] 221
om 220°ColA 20252t FABIATE Carrier gass N, gas
2 B3 L1mly §50% F# 3 Hy= 30 mL/min, air
£ 300 mL/min, make up gast 28 mL/min®E 33T}

R

Linoleic acid’} 1% Z7He €49 WAMd 2AL B ¥ 24}
& Ae HalE 2437 $3l 10mLE quartz cel(CM A-
98, 10mm in width)2 %713 Color Difference Meter(Spec-
trophotometer CM-3500d, Minolta Co., Ltd. Osaka, Japan)=
o]-&5le illuminant D65 10° F-YollA 23t Hunter color
L7 (ligntness), agt(redness) 2 bZk(yellownessys T3t T

XM 54

Linoleic acid7} 1% FH71e €99 WAL ZAFE chloro-
phylle] $ekdslel] wE 71de] Fitst A=g A3 9
st AOCSH @l mt FikstErHPovyE EA4sth &
WA 2ZAF 2 3 ZAMZL 1% linoleic £-999] 35 mLe]

gl 05mLE Viske] 187 FE3 Jgelar sE o
20 BAF Fo ZFFH 75mlst AEXAF 1 mLE 713t
X 0.005N NaS,0,2 #gsle] ths 2ol o3 F4ste7t
£ 45

SAEA

BE Age 23] wkE3le] AL Statistical Analysis
System(Version 5 edition)®>& AME-3le] EAHEA-S HAJEA
t}. Student-Newman-Keuls multiple range testE ©]-&3}o] ¥
o4 Fed e 5%olvlel AR ZASFAT
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Fig. 1. UV-visible spectra of irradiated methanol solution
containing chlorophyll b (3 ppm).
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WARM A0 28 Chlorophyll b S949| &taHHs}
WA ZAMA] ARG chlorophylle] AARE @ A
A ES B 8t 3 ppm(wiv)2 chlorophyll bE
72 methanol 8918 0~35kGye] HAME 2A}ETL
UV spectrophotometer® H | -F5FoPs 243 43= Fig.
13+ 7} Chlorophyll be] Hul &8> 470 nme} 658
nm§) 2o YEtom HIRAM] FHES] 742 470 nmol
A 24z 0303 2012201900 AR ZARA ] 0.5, 1.0,
1.5, 2.0 kGy& Z7185s &350 o] zhzt 0257, 0.129,
0.078, &3 0.0452 7HA3FH T ES chlorophyll be] 7+
48 A4 oR glshr] sle] HPLC(Waters Co. Milford,
MA. USA)Z chlorophyll®] ##& =43 3= Fig 29
7. Chlorophyll b WA HI2ARFIA] 3.03 ppm, 0.5,
10, 1.5, 2.0 kGyollX Z}zt 258, 136, 0.78, 0.44 ppmS B
Hom, 25 kGy JEe] Aer] A3 FIHE Ao
YERRTE £, chlorophyll b&] HALA ZApel] 2J3F g e
2 3AHeR FIET Y=01042 X-0.1512 X>-1516
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Fig. 2. Chlorophyll content of irradiated methanol selution
added 3 ppm of chlorophyll b.

X+3.1128 2517kGy ©]4e] Aaoll4l chlorophyll b7} ¥A
Azl 98] e BAEE AS A A o
A, F49) Z7A¢) chlorophyll b2 3 kGy ©]3}¢l A4
Fol AR s AAT F A & 5 Utk

ol A[2BI0IMel chlorophyll bo| EFEHMSt Sl ME WHa}

Chlorophyll bZ FZAZ 3 ppm(w/vyS 713 methanol
gololl 1.0%(w/v)e] linoleic acid’} ==% 3lod 20kGye] W
APAE ZAE & FERAF A7 59t chlorophyll®] o
32 HPLCE ol8stol 87 2= Table 17 2t

Linoleic acid7} 1% #H7te &9 Az I chlorophyll
bl S 2.88-2.91 ppmOlA 2t 20kGye] HAAS AL
3t 7%~ chlorophyll b= %3] HEEA UL YA A
Al N, gasZ bubbling X&]& & HAfX= mrA®
chlorophyll b7} 23 HAEERA] LUTHTable 1). & WA =
Al els) #7AQ chlorophyll b7} 9443 SHEe AL
& 5 AU

AR ZAF 3 3zl 9% chlorophyll be] S 4

I~

Table 1. Chlorophyll b content (ppm) of 20 kGy-irradiated and photooxidized linoleic acid solution (1% in methanol) containing

chlorophyll b (3 ppm) by HPLC

Photooxidation time (hr)®

Irradiation
0 2 4 6
0kGy 291a% 234a 1.81b 1.51b
Unfoiled 20 kGy nd nd nd nd
20/N,” nd nd nd nd
0kGy 2.88 3.02 2.85 273
Foiled” 20 kGy nd nd nd nd
20/N,” nd nd nd nd

ULight intensity was 3,300 lux at 25+2°C.
Ya,b Different letters within a row differ significantly.
YSample was bubbled with ultra pure N, during irradiation.

“Sample bottle was cover by aluminium foil to avoid photooxidation.
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Table 2. Hunter color L-value of photooxidized linoleic acid solution (1% in methanol) containing chlorophyll b (3 ppm) by gamma

irradiation
Irradiati Photooxidation time (hr)”
I
adiation 0 1 2 4 6 SEMP
0kGy 101.94bcy¥* 101.92¢cy 101.95aby 101.98ay 101.7aby 0.010
Unfoiled 20 kGy 102.35ax 102.32bx 102.32bx 102.32bx 102.32bx 0.007
nrote 20N, 102.33x 102.30x 102.31x 102.31x 102.29x 0013
SEM® 0.090 0.010 0.008 0.012 0011
0kGy 101.90y 101.89y 101.92y 101.91y 101.88y 0.015
Foilod? 20 kGy 102.32x 102.32x 102.32y 102,32y 102.32x 0.012
ot 20,9 102.26x 102.30x 103.98x 103.93x 102.30x 0464
SEM 0.021 0.009 0421 0.426 0.013
ULight intensity was 3,300 lux at 25+2°C.
ISEM: n=12.

Ya-c Different letters within a row differ significantly.

“x-z Different letters within a column with same foiled effect differ significantly.

9Sample was bubbled with ultra pure N, during 20 kGy irradiation.
9SEM: Pooled standard errors of the mean, n=6.
Sample bottle was covered by aluminum foil to avoid photooxidation.

Table 3. Hunter color a-value of photooxidized linoleic acid solution (1% in methanol) containing chlorophyll b (3 ppm) by gamma

irradiation
Photooxidation time (hr)”
Irradiation
0 1 2 4 6 SEM?
0kGy 2.11ey¥? -191dz -171cy -1.36by -1.01ay 0.009
Unfoiled 20 kGy 0.01abx -0.02by 0.02ax 0.01abx 0.00abx 0.007
rote 20N, 0.02x 0.02x 0.03x 0.03x 0.02x 0.007
SEM® 0.005 0.007 0.006 0.011 0.008
0kGy -2.10az -2.10by -2.08bcz -2.09bcz -2.06cy 0.006
Foiled? 20 kGy 0.00y 0.00x 0.0ly 0.00y 0.00x 0.006
ore 20N, 0.02x 0.02x 0.09x 0.09x 0.01x 0.023
SEM 0.007 0.007 0.027 0.019 0.005
ULight intensity was 3,300 lux at 25+2°C.
ISEM: n=12.

Ya-c Different letters within a row differ significantly.

9x-z Different letters within a column with same foiled effect differ significantly.

dSample was bubbled with ultra pure N, during 20 kGy irradiation.
®SEM: Pooled standard errors of the mean, n=6.

"Sample bottle was covered by aluminum foil to avoid photooxidation.

HHEH, H]Z2AME chlorophyll bo] $HgFol FxAF ATtol A
I3l wet o Zriske Aol o, folz Be A
©Ee] FEAMAZ 799 E chlorophyll b 7HASHR] &3k
o} 23 20kGy AR ZARE 2 N, gasZ bubblingsld
A 20kGy WAMAS ZAMG AN EFE F2RAL & A9, HAL
A1 ZALZ chlorophyll b7} $H13] A= 7] W&ol F2A}
Folx= AE AEHA &Yl Endo 52 canola seed,
meal @ crude oilolA] M4 geko] zkz} 199, 33 © 50.7
ppme] EGEo] 93, Aafol= chlorophyll a, b$} pheo-
phytin a, b % pehophorbide a, methylpheophorbide a,
pyropheophytin a 5 BZAE UEFAstaL o AAT 2
87} Jo}3L 8 canola oil A|Z2A] AR EAF 2N, gas
bubbling®] W& A -8 Z o= Almdrh
Linoleic acid7} 1% H7Fe &dol] 20 kGyo| A&
AR & Fx2AF A7IE Bt AEe wikE SX% Z

B

o)
5

Table 2~49} 7t} LA HIZAMES] & (lightness)E 8-
o] zA AF 101940121} 20kGyd] WAMIE AR A
9 10226-102353 28 4z F7lske A SE chlorophyll
be] T2 linoleic acid &) FHAl =7 W2l A
o= Azdrh 7 A e F ZARPE HEe #
& HZAREY] A9 b Zhashe AFOIUL WAKD 2A
TE 2719 g A A A= sy WA =
AL 2 N, bubbling A2E BES F92l Aol7t gle A
o 2 YEPTHp>0.05)(Table 2).

Chlorophyll b2] M3} UH3 AAE Zh= afl(redness)
AHEHTable 3), €4 Az 2AF 2118 4L o=
4= gt de RoE et WAk AR aft
& 0~+0.02 FEOR FTtete] BIRARESY §9J3 Y AelE
VERN 3L (p<0.05), —Zk(greenness)? A +3k(redness) &2 1}
Hol HAe A gHx oe Aoz Yeyth A7



AL ©]-8 chlorophyll 417714 697

Table 4. Hunter color b-value of photooxidized linoleic acid solution (1% in methanol) containing chlorophyll b (3 ppm) by gamma

irradiation
Photooxidation time (hr)"
Irradiation
0 1 2 4 6 SEM?
0 kGy 2.89ax> 2.67bx 2.51cx 2.10dx 1.68ex 0024
Unfoiled 20 kGy -0.07y -0.02y -0.03y -0.07y -0.07y 0.029
mhotte 20/N,° -0.05y 007y -0.0dy 007y 005y 0.029
SEM6 0.024 0022 0.035 0.027 0026
0kGy 2.88x 2.90x 291x 2.91x 2.94x 0028
Foiled? 20 kGy -0.06y -0.07y -0.06y -0.06y -0.06y 0.028
otte 20N, -0.07y -0.06y 023y 0302 -0.06y 0.066
SEM 0031 0.027 0.068 0.052 0.029
ULight intensity was 3,300 lux at 25+2°C.
ISEM: n=12.

Ya-c Different letters within a row differ significantly.

9x-z Different letters within a column with same foiled effect differ significantly.

“Sample was bubbled with ultra pure N, during 20 kGy irradiation.
9SEM: Pooled standard errors of the mean, n=6.

Sample bottle was covered by aluminum foil to avoid photooxidation,

Table 5. Peroxide value of photooxidized linoleic solution (1% in methanol) containing chlorophyll b (3 ppm) by gamma irradiation

Irradiation

Photooxidation time (hr)”

0 1 2 4 6 SEM?
0 kGy Ocy>¥ 24.0cy 27.5¢cy 49.7by 79.0ay 4.86
. 20 kGy 1243.7x 1251.6x 1286.3x 1253.4x 1268.8x 11.44
Unfoiled 5
20/N, Oy Oy 0z 0z 0z -
SEM® 7.81 12.90 3.82 3.38 3.03
0kGy Oy Oy Oy Oy oy 1740
Foiled” 20 kGy 1251.7x 1275.4x 1262.1x 1251.8x 1266.5x -
ote 20/N,9 Oy Oy Oy Oy Oy
SEM 1041 6.19 3.88 11.10 14.82
l)Light intensity was 3,300 lux at 25 +2°C.
ASEM: n = 12.

Pa-c Different letters within a row differ significantly.

#x-z Different letters within a column with same foiled effect differ significantly.

®Sample was bubbled with ultra pure N, during 20 kGy irradiation.
SEM: Pooled standard errors of the mean, n=6.

"Sample bottle was covered by aluminum foil to avoid photooxidation.

w2 WA HIZEALES] aghe chlorophyll be] $H2FA 3 (Table
DM e} rEIZRA R F3Ab A)2ke) Foatel w9k
F7FR o AT AR Aeelle 2719 e agE
RFA A THP>0.05). o]9hzFe] WARA AL B FZAL &
chlorophyll b®] #-33} Hunter color®| azthe] ATaA=
0942 oFF ¥& FAE Yehfo] WA ZAbe] %
chlorophyll b2} 3 & ST

Linoleic acid”} 718 £ 20 kGy2] WARA-E ZA}S)H
B2 AFlE BT bik(vellowness)2] H3l=(Table 4) A
AE 4289 ojout WAM AR bEhe -0.07~-0.05
TOF aptde WHE sk A7 wE WAt
HZAREO] bk FRAL AlZRe] F7iEke met of7k
Featglon BRAMd RARE AP Afde 2719 #E

Aegom felHel Aol el BATHp>0.05).

R4

> BN

4

e

Jo

QUA|ABIO| X|AIASE Y linoleic acide| EHEfHS}
FA 2 3 ppm(wiv)2] chlorophyll bE % 7F*Z] methanol
Slo] 1.0%(wi)9) linoleic acid’} FI=% dte] 20kGye] ¥
MG ARG F FEA A TR A A &4
&7] Slated SAkstETHE 4T e Table 59 Zv)
Linoleic acid7} 71 &4-& Az AFEIEAH) 2
SEVNE 2AS A3, e doubA] Bert 20kGy9l
Aeko g WhAP ZAMA] 12437 meq/kg S 2 WARAL AL
o5t A7H linoleic acid7} AtstH o] Thge] dAtshES
FAEE A2 e AR AP AL EAstlA A
Aol Asle A= AL et 39, linoleic acid
{8 N, gas® bubblingdtHA WAV ZAAIZL 7B, AL
AaFe] HAMY ZAME Betl AE Abskrh dofubx] &
of WAl Al o8k XA Ak} £X1& N, gas® bubbling
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FORN 7| ARAG Bhoe] RSE AAY F AL T

WAMY AL F FERAR Og distE AYE AR
W WAL B12ANES) 73S B3RS chlorophyll be] FEXA|
of 93l Fakslrt FA3] oy 6T FERALE <Q1st
FAEETE 79.0 meq/kg S E VERGTHp<0.05). Z#y ®F
AP HZARE] foil2 W& At FERAF AR S %
A7y EAGAE B e FASIE A oA a4t
t}. = F7HAQl chlorophyll b7l EAE 7% B4 =&
A A% BAEE Y sk Ao vehdth

J#Y 20kGye AL ZARE linoleic acid 948 &
ZAVSE g, 7] AbE 2A 9% AslE w2 F4tE
E7H1243.7 meg/kg)E VEMIA AN ALl o3 B3t
A2l chlorophyll b7t 2= oj(Table 1) F2At] & A3}
= douA @skom AR 2AF HFe] HAAdsHETLL
9JAe] oy}t gl Ao F JENATHp>0.05). 20kGyS) ¥
AE ARSI foil2 W& AR F F2A AR BS- 6
A7 735t Fo= WA ZAME 2 foilR H-g 2FehA]
e 799 Asfe}l FolAQ zpel7} 1o (p>0.05) WA &
Aol 9Jsted XA 4bsrr F43] dojgent AU
chlorophyll b7} &3] B =7 wjiel Fakste Aoyt
A @e ASE e

34, linoleic acid & ¥ N, gas= bubblingstHA 20
kGyZ HAMIS ZAFstal F2AF A7l 739 6rI7ke] B2AL
A= BTt A Ayt dojubx] agth oleh 22 o]
fe 4K ZARR A9 chlorophyll b7} SR Eo] 71-
o] FArSLE FZEA U] WEY AL AtsET
Ahn T TAFAE Fo| SR 2FelA ] Attt
ER Aol EA7 AN ZARRT WS F83% 84
I BIIHTE B3 foilz HE e s rRIVIAR
A dojuR] ot A8/A 5o AxFANA A
A3} N, gas bubbling A Fo2H 7|2l Ak} glo] FAt
35 SNV FHAE AAT ¢ e 7%, A% %
Al F "ol A5 &2 Qg F3E o
A & A& FoZ AMFEHY.

FZAAZ 3 ppm(wiv)e] chlorophyll bE 3 7H1Z! methanol
gl 1.0%(wv) linoleic acid’} FEZ dlo] WA FA}
{5 2 F2Ab = F¢ linoleic acid®] FEHsls EE

e gtoll A dojubx] gktth(Data not shown, p>0.05).
2 o

A3 EXste AAAE AAToEAN FLstE A s
= dbie] dgoz wRA FAMA] 37l chlorophyll]

ARE 2 HA ZAAFS G5t REALSHoRA
linoleic acid &%} chlorophyll® 713l ¥AME ZAP &
& ol&3y 7129 Aslglo] FHAAE AASA chlorophyll
bl %, Ax g FISEVE ST AP AR
2o} Z7}84=% chlorophyll be] o] A3 om 2517
kGyolde] A#olA chlorophyll b 7} AR ZAlel] 2Js) &
73] FA= ]} Linoleic acid 8-4¢] A2 23 chlorophyll
be] RS 2.88-2.91 ppmol At 20kGyl WA RA}

3 7% chlorophyll b= A3 ZAZHA dgken] Fzald)
)8t chlorophyll bl B AR HZAVES] 3% chlo-
rophyll be] FHaFo] FzA} AlZbe] AT wet oF7HY 2+
Aoy WA 2ARE ZRAL A= A HEHA
orolth WS AR & F2AF AFE B9 Are) ¥
3= L bgke] A9 H)ZRARE] Hls] ®WAM ALl €
ato] 2718l agke A4 FslEvke AzRAE
ALY ZAMl 9sle] atslzh dofitort WA EARA N,
gas bubbling *]2] 7ASo) = HZAES nz R A
248l7h dojubA] @gith, =g AR RAVE F2AF AR
79 chlorophyll bS] AAZ Fikste doubx] &Uth

#Ale| 2

B ATe #3eFe 448 dNRARe dEes
FYEAoH, 2 A FAEHYT

o
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