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8 2229 Fde B 2% W pHolAM # doiyr). Faw 21%% A 2294 AR AR 2
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tong 8A1ZH B AN F(&IeE:
-28°C) 16717k 52t T4 Axsl] AlE2 ARSI

AlFR)e] E22Y M4 R 2 4 B4, 52 1z
A FA B2 50& cold acetone 20miSF 2E-7F BT &
celittE A 7}%t F Buchner funnelofA] Whatman No. 13}
No. 42 &F}AE F3le] o713t & of7llS volumetric flask
50m/ell 28 ¥ membrane filter(0.45 um pore size)ZE A
70 Hol oMHE/E(80:20 viv) EFAOZ AL FER
2e BA3] Y3l 10wl Al8E HPLCO FYa¥. &=
E A= 33 yHEo=E RANGon FREYE A4 AES
F29317] 913 HPLCY] 4 272 Table 13} Zoh®

A% ZARE, pH, 7IARY, Bx)0] ABX)9 E22Y
AL R sl F= S T3] A% AEAR. T
A AZ AFA 5g2 100ml A EH (serum bottle)o]] B2
pH 45 2 7.09 &8 (citic acid+Na,HPO,yS pH &71¥
2 77} so0m ZrRIsdc. 7Rzl AlEAS 2R
Zol| = P2 ATl sk L8NS HK A8 o
o] AAE purgingdt ARG AAXE 3K 2 RAES
83 T2 A& HS teflon septa®} aluminum caplZE Y%
(air-tight sealing)3}ATh. AL =t AlERe] S22 g
TGS golry] sl 9o WRHOE RERl AEE
20°C ¥ 60°Ce] 7104 8Y &F A3 F=7t Al=
3 222d 4Y 9 FE 9T A7 del A
= 9 A Fg DeE WHEAHEB0 cm X 60 cm X 60 cm)E
o] &3 THY YRR s 7S §F FUs BEE A
2ol ZARBE] 98] 3 o)z AT AlFEE AR
Bictol]l X3k F4 (fluorescence ligh) 2 ZHE] 10 cm ATl

Table 1. Apparatus and conditions for the analysis of chlorophyll
pigments by HPLC

Nova-Pak C,; reversed-phase column (150x3.9mm)

Column (Waters associates, Miford, MA, USA)
Pumps Aand B Waters model 510 pumps
Solvent A MeOH (20) : Water (5) : Ethyl acetate (1)
Solvent B MeOH (37.5) : Water (12.5) : Ethyl acetate (50)
Initial Conditions 100% Solvent A
Final Conditions  100% Solvent B
Curve 7 for a duration of 7 min
Gradient (Solvent programmer, model 660,
‘Waters associates)
Flow Rate 1.5 m{/min
Detector Xéet\eti(s) r490 E programmable multiwave-length
Injector Rheodyne injector
Injection Volume 10 i
boesion, tam

Wooden Box { 80 x 60 x 60 ¢cm)

Sample Bottle .
4 Wire Netting
£
[1]
[~] S L L L UL ET LIl ALl
0
£ a -
hd (o N [4]
o 0 cm
\a o \‘ X
Light Source
N 80 cm "

Fig. 1. Light storage box.

9x]3 Aoz TS0 TE(wire netting) ol EUTE.
Zizke] AEe 8 4 JE 32U FEG,000 s W=
2 A7 vtk B XS AujEsidtt. EE AlEE 8Y7t
Agsled 29 7o st ARE AL, 44
7 2 AR 2AUR 9ER AlsE $F 1x3le] AMSSt
k.

8243} (antioxidants)7t S22Y M4 R F= IS
AT A A8 AR ¥ whgxd. o] gl 27M
A7 (dark storage)] FABAE SRR N2 R F= D
S Aaly] glsle] EEsRH(linoleic acid, 0.40 mM)} 4
3} & (lipoxygenase 31,000 units; peroxidase 1.05 units)et A
3}2+51A] (ortocopherol,  ascorbic  acid, catechin, f-carotene,
quercetin, rutin, kaempherol, caffeic acid, chlorogenic acid, p-
coumaric acid 2 ferulic acid) ® ¥4 F4rsAIQ] BHTE
15mM 718 2d A28 (02 M citrate 94389, pH 6.8)°]
Zza99 Arisl w27 32uMe] JA AEE FHIEIA
thY Linoleic acid, ortocopherol 2 [B-carotene= Tween 80
Q00 ugmh3 EFT T EFgodo] Arsiint. ZE 4 Al
BE 30ml serum bottled]] Hol septa® HWEI F 25°CellA 5,
10, 152 E¢F w-3AA AZHAG. AlRA00u)E HHE
@oow)st E3et & HPLCE #4435k

wo| & z70lA A7 (ight storage)r] FASHA 7 E22
g A AR F dTE A7) gk EXSAYL
(linoleic acid, 0.40 mM)Z} &4 (superoxide dismutase 40 units
250 units) 2} &AFSHA| (B-carotene,
tocopherol, ascorbic acid, quercetin, rutin, kaempherol, caffeic

+catalase catechin, o-
acid, chlorogenic acid, p-coumaric acid, ferulic acid 2 BHT)
7F 15mM R 29 A]2% 02 M citrate $58-94, pH
68y E=229S Akl Ut 2uMe] HA et
Linoleic acid, B-carotene % o-tocopherol Tween 80(800
ug/mis} EF3 T AEgolol Hrpsldth. £4 AEs 30ml
serum bottlel] Ho} septa® HE-T thy W A Al ¥
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Fig. 2. HPLC chromatogram of chlorophyll components in freeze
dried spinach.

5000 lux®] ZANM 5°CE 2, 4, 6% 5 WIAIA A2
ATH A 100 uhE oMHE@o pu)F EFE 5 HPLCE &
stk

EF 270 AR NEXY 2229 H4 AR F=
FEE AFN] AT AE AR, FEUAR AFHY FE=2
2 AN S HLssle IARAS AT §sld BEAx
AR 10 gs TSI 2 AJEloA 30°Ce] 2% 7R
29 B 6 F%F AASAY polyethylene bago® EAT X
AM 30°CE 2, 64 B¢ AR vy 22249 2 @ E=2
29 b S HPLCE =433P

EAAE. 433 FAas SAS EAZI IS o)Ll
Duncan's multiple range test] £]3}o] Fo]44-8 HA 3T}

Table 2. Effects of storage conditions on the chlorophyll a content

AlgRe 2229 i AR 4. AlEH EiE 22
2% a9 b9l HPLC #4]9] 9%t chromatogram Fig. 29k
7t}

AR U= S22 o, FEFY b S 7} 71054
(mg/100 g dry weight), 280.15(mg/100g dry weight)©] AT},
Hirayama$} Oido¥= 41413t A|FX1e] €229 o, E224d b
o] ko] Z}zb 52(mg/100 g leaves), 18(mg/100 g leaves)l%d
thal B 7§57, Khachik 592 A AFXe] E22F a4 F2
29 pe FFS ztz} 94.16(mg/100g dry weight), 20.20
(mg/100 g dry weightyo]ThZ 2R £ A7oMe= 54
NFAE ABZ ARSI wZel], AA8 Al 28
Zo] oF 90%7} Hv AL AR, FE2Y a9
o) F Aste] F7F A HJAL FEEE b FHFe F 4
e} nwsr =& Ao Vel

AR 2ARE, pH, 7IAZY, =)0 AEX¢ F=229
Ao RO 2 9% AF 7ol AlEAlY FREY Ai
Ao F= TS BE AFR(pH 455 714 848 AL
2 X#g 2494 8Y B Yol gl 2o® AANS
W, A7 717k0] 0QolM 24, 49, 6Y, 8UE Z7Ill wt
AFxe] FE2d a 3RS 710.54(mg/100 g dry weight)oll 4
555.28(mg/100 g dry weight), 521.45(mg/100g dry weight),
495.04(mg/100 g dry weight), 452.96(mg/100g dry weight)2
2 st (Table 2). AIFAE 16579 A2 the 2710
A B F22Ee o W F22Y b IS AR 7]
7ho] Z715H] we} B ZAasisivh(Table 2, 3).

2xo wE FTag A4 gite] WHIlE BEX, AlEH
(pH 4.5 A4Z 48 7|A A= U7 Yol gl =
A AAHPS W LES 20°CoA 60°CE S Al
2289 a9 S 547.05(mg/100 g dry weightyellA 200.45

of spinach

Storage conditions

Chlorophyll a content (mg/100 g dry weight)

Temp (°C) pH Gas phase Light (lux) 0 day 2 day 4day 6day 8day Mean
20 45 N, 0 710.54 555.28 521.45 495.04 452.96 547.05"
20 4.5 N, 5,000 710.54 365.77 343.88 326.20 298.47 408.97¢
20 4.5 0, 0 710.54 441.89 414.07 390.96 357.73 463.04°
20 4.5 0, 5,000 710.54 68.94 63.41 59.62 54.55 191.41%
20 7.0 N, 0 710.54 653.26 617.10 581.71 532.27 618.98"
20 7.0 N, 5,000 710.54 445.52 418.86 396.84 363.11 466.97°
20 7.0 0, 0 710.54 542.21 507.45 478.53 437.85 53532
20 7.0 0, 5,000 710.54 83.07 76.59 72.08 65.96 201.65%
60 4.5 N, 0 710.54 92.13 87.50 82.02 75.04 209.45°
60 4.5 N, 5,000 710.54 5824 55.01 51.47 47.09 184.47¢
60 4.5 0, 0 710.54 75.11 70.83 66.32 60.68 196.70'
60 4.5 0, 5,000 710.54 9.55 8.01 7.34 6.72 148.43"
60 7.0 N, 0 710.54 110.63 104.17 97.63 89.33 222.46°
60 7.0 N, 5,000 710.54 71.04 67.09 62.81 5741 193.79%
60 7.0 o, 0 710.54 92.16 86.98 81.47 74.55 209.14°
60 7.0 o, 5,000 710.54 11.85 10.02 9.28 8.49 150.04"

Means within the same column with different superscripts are significantly different (P<0.05).
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Table 3. Effects of storage conditions on the chlorophyll b content of spinach

Storage conditions

Chlorophyll b content (mg/100 g dry weight)

Temp (°C) pH Gas phase Light (fux) 0 day 2 day 4day 6day 8day Mean
20 45 N, 0 280.15 236.27 221.88 210.65 192.74 228.34°
20 45 N, 5,000 280.15 155.71 146.39 138.86 127.07 169.64°
20 4.5 0, 0 280.15 187.89 176.06 166.24 152.19 192.51°
20 45 0, 5,000 280.15 29.45 27.08 2547 23.30 77.09"
20 7.0 N, 0 280.15 273.16 262.76 247.69 226.62 258.08"
20 7.0 N, 5,000 280.15 189.70 178.35 168.97 154.61 194.36°
20 7.0 0, 0 280.15 230.87 216.07 203.76 186.38 223.45°
20 7.0 O, 5,000 280.15 3543 32.67 30.74 28.13 81.42f
60 45 N, 0 280.15 39.36 37.38 35.04 32.06 84.80°
60 45 N, 5,000 280.15 24.78 2341 21.90 20.04 74.06"
60 4.5 0, 0 280.15 32.09 30.26 28.34 25.93 79.35°F
60 45 0O, 5,000 280.15 4.09 3.44 3.15 2.88 58.74%
60 7.0 N, 0 280.15 4728 4426 41.48 37.96 90.23°
60 7.0 N, 5,000 280.15 30.40 28.74 26.84 24.56 78.14°
60 7.0 0, 0 280.15 39.42 37.21 34.85 31.89 84.70°
60 7.0 O 5,000 280.15 5.09 430 3.98 3.64 59.43¢

S

Means within the same column with different superscripts are significantly different (P<0.05).

(mg/100g dry weigh) 22 94 P<0.05) YA 72 a0t
(Table 2). AIEA(pH 7.0)2 H2E 5] %& 74
o7 8YU7 o] gl 275,000 ux)ollr AHS W 2=
£ 200CoA 60°CE 2B AlEXY EFE2d b T
81.42(mg/100 g dry weight)ollA 59.43(mg/100 g dry weight)©
2 203 02 (P<0.05) 2A31ITHTuble 3). Table 2, 394 B
%o] pH, 7|Z2A, = T 2o FAglel A 2xE
2EH AR S22 a, b2 L F9A (P<0.05) A
AAFE & F A ol AERY AR 2EE o 22
29 JEo Fa7t wepe AL on|gith =4 2ie] &
g #A Fo| dohhe Fxeo Bile 2 Ads 4o
71W o|= Qlal AR FulEH-g XS] Hoj=alA HT}.

A9 22 Moo F= pHY FFE BE AlEXE
20°CoM A E S B2 27 8Yzt Wo| gle =
A AARE W pHE 45914 7002 HIAF|H S22
2 a9 TS 463.04mg/100 g dry weight)oll A 535.32(mg/
100 g dry weight) 22 #2822 (P<0.05) 57151 THTable 2).
AFRE 200CoA AAR X@hg 71A] 202 8Y7E Yo
= ZZA AZG,000 w)FS © pHE 45004 7002
Z771E E229 be] TS 169.64(mg/100 g dry weight)
oA 194.36(mg/100 g dry weight) 2§93 0 2 (P<0.05) ™
3 HTH(Table 3). =, 20°C2 A 2ANME OE 24
ARl pHel o3t Z22de] W= foido] Ut 2
AU 60°Ce] A 27olMe 7IA 24 B = AAglel
Algxe] Z229 b ¥ pH 37l w2t S71etd oy &
SJFRI(P>0.05) #3lE UERAAE 23UTHTable 3). AF3H L
2, AEXY €229 3, be T4 2AHTE A4 249
Al o Bel B3RS & 7 Utk AaFY A T 222
o] E3l=le] FE2de] §=AI) pheophytin®]L} pheophobide
2 Wkl A2 AlE el e Ak fEd g3 oA
U e AZE 2ol P4 fsle dojdriar BAEITHY

TRz 23 S Aol WslE BH 60°ColA pH
709 AFXE 847 Yol YT AN ALRE o A&

AYS 3 ANEe 22" 2 T 24 AYE A &2
ANESY ZEEd a9 FIFS Z7Z} 22246(mg/100g dry

weight) 2 209.14(mg/100 g dry weight)©]{THTable 2). 24
S & AEXe] FEEY a ggke] A HEE K ¥
o NEX FRRY a2 FFEC} FH 02 (P<0.05) B}
AFRE 897t Yo] i FZ0A 20°CE pH 759 270
A ARYE o a2 HeE 3 AEe A AHHE A %
2 ANgSY ZE2YF b FF 7tz 22834(mg/100g dry
weight) 2 192.51(mg/100 g dry weightyelRom 24 A&
3 Age 229 b gFge] i XYE A F AE9
Zz2d p FF BT} FoH 02 P<0.05) EUTHTable 3).
%, Ax AYE 3 AAE AANE A%, pH 2 F=
o] z7d] BARQe] NEA2 FR2Y a be} TF HI= o
A=A o= AlFA e Y ALY Ah RS FRado)
Aol 2%k AFE Akl 2 AR Qsle] EaljE7| dEolzt
AmEY, AFHos AFHY A8 ML QRS F2=Y
2 Abke] EA 3l w1 kel HislEle g &
o},
AERe] 2289 i AR F o] JFE HA A
X (pH 7.0)5 20°CollA A4 XEF A 2 Adeolld 8
A7k "ol Qe 24 B W] e 25,000 x)eE A7
e w F229Y ao] FHFL ZH7 53532mg/100g dry
weight) 2 201.65(mg/100 g dry weight)©]{TH(Table 2). o]
dE 20 AgE AlFXe ZE229Y a FFe] ¥ A2lE
317 ke AEXY ZEad 2 FHEET FF0 2 (P<0.05)
AQh. AlFR (pH 7005 20°Co A2 E 34A) &al 8Y
7+ Wo] gle 27 2 Yol SlE Z7(5,000 lux)olX AR
< u Z289 b S Zkz}b 25808(mg/100g dry weight)
2 194.36(mg/100 g dry weight)o]2cH(Table 3). ¥ *&l& st
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Table 4. Effects of antioxidants on the chlorophyll a content in
model system during dark storage at 25°C for 15 min

Components in Model System

Chlorophyll a Remaining (%)

5 min 10 min 15 min

Chla 96 89 83
Chla+Ln 39 27 14
Chia+Ln+LOX 9 6 0

Chla+Ln +POX 7 3 0

Chl a + Ln + LOX + POX 5 2 0

Chl a +Ln +BHT 72 56 42
Chl a + Ln + -Tocopherol 68 52 40
Chl a + Ln + Ascorbic acid 66 48 38
Chl a + Ln + -Carotene 63 45 36
Chl a + Ln + Catechin 62 44 34
Chl a + Ln + Quercetin 60 43 33
Chl a + Ln + Rutin 59 40 31
Chl a + Ln + Kaempferol 59 38 30
Chl a + Ln + Caffeic acid 57 41 29
Chl a + Ln + Chlorogenic acid 56 39 28
Chl a + Ln + p-Coumaric acid 52 40 26
Chli a + Ln + Ferulic acid 51 38 26

Chl a: Chlorophyll a, Ln: Linoleic acid, LOX: Lipoxygenase, POX: Per-
oxidase

A e AFH9 FE2d" b o] AP AE 3 AEA
o] Z=Zad b IRt F25 22 (P<0.05) Ut

AREE, pH 2 7IAZA #Agle] AEAE H AHE
slo] Adel 2 HYE R B2 MBS HlwsiA S
a, b 843 R A oR AFAS] ER= A
o o osle] Ea7t dojde & & UX, ole Hell 9
) AlEFAY AEA AMAa9 FEZo| photosensitized
oxidation® photolysis®] ZF&-g wWo} Hal|=7] wjiolz}t AlE
Hr}.

L%, pH, 713 24 2 9] {Fe #Agle] EEEE a9
B £x7t 229 be) R &5 Ruh W27 ek
Hyrayama®} Oido¥e /M A% 2olMe S22 ool ¥
syt 2229 b ¥a £% Hrp wEny B s

ool AxE EFsPE AlFXd Ue FERI Eij=
B AR L%, vk pH B 4kl W] Exjel] ofsiM &
gojuhs AL & 7 Ut

3pAksHA] (antidiscolorant)7t AFR)e] S22y A4 AJH)
2= g8, 2ol gl 2HNM 25°CE 15% Bt A (dark
storage)R2 W A7 F2EE a9 7R TR = 9
3RS Table 49} 7t} Wo| Ad Aejolxe] A7 & F==
2 g BE0Z g wo] BajdE Hrh= linolkic acidet ¥
A 24 W) Belgert wikomw, 53] lipoxygenase 2
peroxidase®} 7= Akl G AZMERE Agols B8t Al
g F5Ee] A F2eF o7t ¢ o SABHA 23

th. & Ak8} &4 lipoxygenase®} peroxidaser o] §l& &
AdME 229 a9 EIs w2 AN

Lipoxygenaset= cis,cis-1,4-pentadiene 7-%2& %8 linoleic acid
1} linolenic acid$} 728 EXsxHMte] ABlE F7A71H, o)
Z ol3led 9- o} 13-hydroperoxideE AT Aksl 248

o Zh= oS FISkES AEe] FREYo} JhRH o=}
7re 2184 Mo} cooxidations LoA olE Mo WaE
Qo Aoz 4EA UTH'® Yamauchi®} Watada®w A+
Aol Q= 2] BlE peroxidase-hydrogen peroxide 73
28 zAPoEA HiskE S n Hasigln.

3, Al EA % EAlekE AN PsHE deldl du-E
FHZ 1 ascorbic acid E P-carotene?] e FEEE a9l
Az FL A F7PZE, ol YW-EFIAE, ascorbic
acid 2 Pcarotene®] SRR R&E ZANI)= A8 o
AAE Ao BM | T22]5 lipoxygenase 2 peroxidase 2
23 G40 B Aas JANFLZA AAT7] o
Folz} Azkgr), Sub-ESSE, ascorbic acid B fcarotenet=
3h4 aksiAel BHTS) WSk @38 R3Ach o] ZH=iE
Zazy a9 WA FPoA At Fo3k JES ke At
Ag o & 9t U-EFTHE, ascorbic acid B S-carotene
o o A B asiE, 2AEA lolA @atst &
2 2t Aoz 4dA Uk & FPE ascorbic acid,
isoascorbic acid ¥ metaphosphoric acid7} &5 F2x8] 24
A o] BaEE AL AAsRs 208 B

ANEX 9} e AT $HF-E flavonoidi= diphenylpropane
(CCLCHTEE 742w flavanol(catechin), - flavonol(quercetin,
rutin, kaempherol) % phenyl propanoid(caffeic acid, chlorogenic
acid, p-coumaric acid, ferulic acid)= Lof it}

Flavonoid3-¢] catechin, quercetin 2 rutin¥} AFX% &
A5R= phenolic acid$] p-coumaric acid(0.21 mg/dry weight)'®
9 ferulic acid(1.13 mg/g dry weight),'® 283 A|FXoll= &
Sxlo) glx] ot a3t phenolic acid 434<) kaempferol,
caffeic acid, chlorogenic acid A% AlFX|e F224 Fsis
A st = o= 3HH AN (antidiscoloring  activity)<>
catechin>quercetin>rutin>kaempherol>caffeic  acid>chlorogenic
acid>p-coumaric acid>ferulic acid 0.8 F22d a9 &
28 =7 AT Chendt Ho™e A& S557184 A
3} 34olA] polyphenole] H4tElES Rancimit *Pel ojse]
=& ed, akslEe] Z7]=  ortocopherol>caffeic acid>
chlorogenic acid>ferulic acid®] =02 VeI

Flavonoid5-= A2 4% free radicalS &7 sk= 282
2= Ao g AFEA 9=, ol flavonoid radical®] reduction
potential®] alkyl peroxy radical®l\t  superoxide radical )
reduction potential 20} 27} wiFolH, AAH 2= flavonoid=
oxyl71& ZH= gEe] e AT B3 flavonoid®]
apaksl 2h8-2 superoxide radical®] 4, peroxyradical®] 4271
W QA Abshe] W2 Adwd 4 Uk

AFHE Yol Y= 2N AR (light storage)g o F
AsA 7T AEAY 2229 a PN F= G Table 5
o} 2t} 2229 as} linoleic acid’t TAM EAE W] &
229 1 B et AEES AT AS e eEE B
o A5 Wk, ol F22% a7k E(5,000 ux)o} A
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Table 5. Effects of antioxidants on the chlorophyll a in model
system during light storage at 5°C for 6 min

Chlorophyll a Remaining (%)

Components in Model System

2 min 4 min 6 min

Chla 96 89 83
Chla+Ln 35 20 9

Chla+Ln + SOD + Catalase 37 22 10
Chl a + Ln + ~Carotene 60 41 27
Chl a + Ln + Catechin 58 38 25
Chl a + Ln + -Tocopherol 55 35 24
Chl a + Ln + Ascorbic acid 54 35 23
Chl a + Ln + Quercetin 51 34 21
Chl a + Ln + Rutin 49 32 20
Chl a + Ln + Kaempferol 47 31 20
Chl a + Ln + Caffeic acid 47 30 19
Chl a + Ln + Chlorogenic acid 46 28 18
Chl a + Ln + p-Coumaric acid 45 28 18
Chl a + Ln + Ferulic acid 45 27 17
Chla+Ln+BHT 36 20 10

Chl a: Chlorophyll a, Ln: Linoleic acid, SOD: Superoxide dismutase

Superoxide aniong &AHdt= AStEAZ G A superoxide
dismutase$} catalaseZ F71EHou WA HEx] E3HE HolX]
Fh=dl, 2 olfe F22 9T 3RS superoxide
anion HUH= singlet oxygendl] 2J3 Ro)7] mjEl Ao= A}
=Rl

A ISR Barotene, DI}H-EFHE 2 ascorbic acid=
o] oJ3t FZ2ge] HAS §38 02 W3 o1} BHT:
BEAE Bolx] Bt} o) Wol| 93 x84 Fr=Ye] A3}
+ free radical autooxidationol] ©]¥F 48}zl o}zl singlet
oxygen oxidation®l 2|3 Zlolgte A& HAFE Aot}
Flavonoid 7 ¢] 9 &<] catechin, quercetin, rutin, kaempherol,
caffeic acid, chlorogenic acid, p-coumaric acid, ferulic acid%=
Brearotene, UH-EFHE, ascorbic acide} 7+o] WA wEx] &}
E YEle Aoz Ro}l o]EX singlet oxygend £A= 7]
T2 e Z0E AREn. 9 AR Fo F22d 20 &5
< FAANTI= AL Bcarotene> Y I E 5 E>ascorbic
acid>catechin>quercetin>rutin>kaempherol>caffeic - acid>chlorogenic
acid>p-coumaric ~ acid>ferulic acid®] <£o® A3
Tournaire 5 F4F3l A flavonoid7} ZHE singlet
oxygen®] total singlet oxygen quenching rate constant® -5}
T Hl, catechin, quercetin, rutin, kaempherol®] rate constant=
Z¥z} 58X 10F, 24X 10°, 1.6X 10°%, 7.1X 10°(mol/sec)°| it} =
245} F singlet oxygen®] 24 Z8EL catechin>quercetin
>mutin>kaempherol®] 0]t} Paganga 5 catechin]
singlet oxygen £7218-0] quercetin®] AAZE WT} 48] Fx
el dEF e, ol quercetin 2o H]8]| catechin T2
C ring®ll carbonyl”]7} §17] wl&olZkx &4}, Polyphenole
g 715s Zed hA, FaFe] A 2 singlet
oxygen quencher®X 2] A& gt} PolyphenolS hydrogen
donating radical scavenger=A19] phenolic hydrogens Z+al §)
7] w2ol 413t 71%5-& zH=t}. Polyphenolo] d4kskA] s <]

Table 6. Effects of packaging conditions on the chlorophyll a and
chlorophyll b content of freeze dried spinach during storage at
30°C for 6 days

Storage conditions Chl a . Chlb .
(mg/100 g dry weight) (mg/100 g dry weight)
Freeze dried spinach 710.54 280.15
Stored without packaging
2 days 528.65 225.09
6 days 466.57 198.67
(Mean) 517.61° (Mean) 211.88®
Stored in polyethylene bag ‘
2days 640.19 267.70
6 days 570.08 24273
(Mean) 590.14* (Mean) 255.22*

Chl a: Cholorophyll a, Chlb: Chlorophyll b
*Means within the same column with different superscripts are signifi-
cantly different (P<0.05).

AL sl F 7 20E 2500k skt A EE A3t
1 713e] F= B} @ FEF AMgEojof dl, A=
27 Fo A== radical®] intramolecular hydrogen bonding
= B3 P EofolRt kP

¥ 270] AR AFX F22Y A4 R F=
IF. F=o] 30°CE 2 ¥ 6% B AFAE W 54
Ax AlgAY §229 2 2 229 b gl F= 9
2 Table 65} 7). Polyethylene bagl Z X2 1A e
ZZ0A4 28 H 6Y B A S E22H a2 F
2Z2Y vy HFEe 22 51761(mg/100g dry weight),
211.88(mg/100 g dry weight)°] AT}, Polyethylene bagl 2 ¥
FE 2704 29 2 6 B AR AlEXe) E28d
a @ E=229 bve FIFE 77 590.14(mg/100g dry
weight), 255.22(mg/100 g dry weight)°11t}. Polyethylene bag
o= IHSA 2 AEA IEde E2RY 2 R 222
2 b =S polyethylene bagl 2 FEA3 ZANA A|FX|9|
FEse 222 1 2 222 b PPl vl fJFes
(P<0.05) RA Jelsith. 3502 AlFA]= polyethylene bag
oA 33l Ak o] 229 g HAsls= %
Hol & 3o}

=
o
¢

HAlel 2

& d7e FEEOM AT FE7IEARIS] A A
ol ofal] e Ao ARZA ol ZAE =gyt
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Factors Affecting the Components of Chlorophyll Pigment in Spinach during Storage

Sang Hwa Lee*, Eun Ok Choe!, Hyeon Gyu Lee” and Kwan Hwa Park® (Department of Food and Nutrition, Seowon
University, Choongbuk 361-742, Korea; 'Department of Food and Nutrition, Inha Univesity, Inchon 402-751, Korea;
Department of Food and Nutrition, Hanyang University, Seoul 133-791, Korea; *Department of Food Science and
Technology, Seoul National University, Suwon 441-744, Korea)

Absract : Factors such as temperature (20, 60°C), pH (4.5, 7.0), gaseous phase (N,, O,), and light (0 lux, 5,000 lux),
antioxidants and packaging conditions were investigated to study the effects of above factors on the chlorophyll
components in spinach during storage. Regardless of other factors, as the storage temperature increased from 20°C
to 60°C and pH decreased from 7.0 to 4.5, the contents of chlorophyll a and chlorophyll b in spinach decreased
significantly (P<0.05). The amounts of chlorophyll a and chlorophyll b in spinach stored in nitrogen gas were
significantly (P<0.05) lower than those in sample in oxygen phase. As the light intensity increased from 0 lux to
5,000 lux during storage, the contents of chlorophyll a and chlorophyll b in spinach significantly (P<0.05) decreased.
The antioxidants reduced the degradation of chlorophyll a in a model system during dark storage by minimization
of free radical oxidation. The effectiveness of antioxidants decreased as following orders; ortocopherol>ascorbic
acid>fF-carotene>catechin>quercetin>rutin>kaempherol>caffeic acid>chlorogenic acid>p-coumaric acid>ferulic acid.
The degradation of chlorophyll a in a model system during light storage was minimized by antioxidants due to the
reduction of singlet oxygen oxidation. The antidiscoloring potential of antioxidants decreased as following orders; -
carotene>a-tocopherol>ascorbic acid>catechin>quercetin>rutin>kaempherol>caffeic acid>chlorogenic acid>p-coumaric
acid>ferulic acid. The amounts of chlorophyll a and chlorophyll b in freeze dried spinach packed with polyethylene
bag were significantly (P<0.05) lower than those in non-packed freeze dried spinach. The package of spinach in
polyethylene bag with the combination of antioxidants could be used to minimize the degradation of chlorophyll
components in spinach during storage.

Key words : spinach, chlorophyll, storage conditions, antioxidants, packaging conditions
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