KOREAN J. FOOD COQOKERY SCI.
Vol. 21. No. 3, (P.339~345) JUN, 2005

d=A17] & MEO ME AIFXQ SE2T &2 ws

o] v 5

CBA & - R

Ggoista ABAoE, 'duuga ugee

Changes of Chlorophyll Contents in Spinach by Growth Periods and Storage

Mi-Hee Lee, Jae-Sook Han', Nobuyuki Kozukue'
Department of Human Ecology, Yeungnam University
' Division of Food Service Industry, Uiduk University

Abstract

This study was carried out to determine the changes of chlorophyll contents in spinach during growth stages
and storage with two packaging materials. The chlorophyll contents increased to a maximum level in the
spinach leaves after 35 days of planting, while the level in the roots extremely decreased and that in the stems
did not change during the growth period. The total chlorophyll content was higher in the leaves than that in
the stems and roots. The ratios of chlorophyll a/b in the leaves and stems were almost similar to those
reported for spinach elsewhere. When stored for 1, 3, and 5 days without packaging, the remaining percentage
of chlorophyll was 96.29%, 90.79% and 85.74%, respectively, at 5°C, and 82.75, 44.63, 33.07%, tespectively, at
20°C. The chiorophyll contents of the spinach stored in polyethylene bags were significantly higher than of that
those without packaging and of that packaged with newspaper during storage. From the results, it was found
that spinach packaged in polyethylene bags suppressed the degradation of chiorophyll and maintained the
freshness during low temperature storage and that the chlorophyll contents increased during the growth period.

Key words : Spinach, chlorophyll, growth period, storage, packaging method

.M 2

Al (spinach, Spinacia olerecea L)= #HZA|o} ¥
Aoz PolFHo] &3 gl FEZ e
o= 1500 o] Hega Aoz geix J3u 95 d
7oA A gste iz JHE Bol o] 8FHa Q)
THEE 4 o) 7h4 1995, AP 3] 2000).

AlEA = HER A9l A7AQl stz e C
a2 24, 9, AR 59 /AL T Ao

9

¥, f71ezEs 4 AL, ALl go

Corresponding author: Mi-Hee Lee, Yeungnam University, 214-1,
Dae-dong, Gyeongsan, Gyeongbuk 712-749, Korea

Tel : 82-53-810-3262

Fax :

E-mail : coveymi@hanmail.net

- 339 -

ATHKim NY 5 1993).

SEEELS HEAY 9F} S7]9 d8 BXsE
Aol MAE FIRE| o=} T gl T g
23 A3 HFHE GEA EXT A8 F9A4)
=A% 982 $tiBowers J 1992). S22 F L 4719
s g8o] g7l o Mz AFF =299 3w 9
SHd rtavles 7HA len, 222d ad 4=
Aol= Head a, FE2dddo|E a, HLFEHE a
ol 93, 223 b9 FEAIE HoHY b, A2
2dgolE b, HLEHE brt QU McWilliams M
2002).

SEREL Aoy F9Y AHdgE Jedle A
7b H71%E S 488 ETe 242N 0T B
ole A AE ad Ad A8 AA 53, =28

2o

B2z F88 2 A20A A352005)



70 HEA7] Q Agel BE AFAY) 222 FT WG

2001, Kim GE 1998)

Lee SH 500D AlgA & AHAIEE &3t 7HE
BHY Z229 F9 Hart FFEA F8F9

Z*W%ﬂr SEREES

AstEE &AA doll v T4 FEoz Ah Y
o B7g 7HA¢ LHAY Fujg e dojx=dda
gttt 53] AlgX Y 7HE 2 AFSel 2dste A2
9] Mg A8 MAQ] FER2I HJEY FAE o
71t}
AF7AAY Q7w dA7 BE FFEE Wl
# AF(Jang MS F Kim NY 1994, Kim NY ¥
1993, Kim YH 1973, Park SS 5 1994, Lee AR 1992),
AlEA ¢} Vitamin C gF(Kim SO 1985), 28 2 A%
of W& AlFA] P4t é‘}ﬂ'-‘ﬂ W3 Min HS 1998), A&
29 B7]APark SW 5 1995, Yoo YJ 1995), 4Jo)4]
S(ee EY ¢ Kim YA 1994), 2t Sheko] F3 AT
(A% 1997, Kim ES ¢ Im KJ 1977) 5ol led
AEAZId AZe] Hsle] Mg g22d dFS A+
S+ A= v EG Ao

a8 B2 AFAY FAEArIvd AZFd dojve
2223 ML HEY d7e AFY #54 FE 5
35 SAA7I=d F/FFER £ dFoAE AlgA
9] A&A719 AgFel dojve 222 Y2 W
slof] gt} GopR A}t ok

ﬁl-rw&

n‘.

F

0

lo

. W2 3 W
1. %'?:.*XHE
2 Age) A8 AFHE AT FET 1EE
Aol 20049 99 2096] =Ae A FHP
Fsfoeles AW FEo ol AAs A
22 Agstdch

2. d=A7]

ARE Potste <ol A UL F 7, 14, 21, 28,
356 AH A FA| AFAR olFAM ATl AH
e FRTE AL F YUY E7[E AAG os
A, E7), B E o]l BHARR AREET

F22 H83 A A210@ A 35(2005)

3. N&

A e g 222d ¢F W
st ARo] AAE AFAE

He E7]E AAT e FEF, 42990
emx35 cm, £d), AEA 37K WHoZ E st
5T 20ColA A2 =
ITE AHESHR T

4. 220l 38 U EMYY

223239 F& 92 EAMLS Kozukue N ¢} Friedman
M2003)9] BEe AbEste] 33 wlEatel 2SR
A& 1 g& SAAPTe] @I 80% acetong F7}shed
uha gl o AR MAdEo] glold w7tA]l 80%
aceton A7kl B AFAM AT F2EA
50 mLe] WaEeazel FEed ARF (o
7}z], Whatman No. 2)& UV-VIS Spectrophotometer
(SHIMADZU UV mini 1240 Model)oll A 3}72 645 nm
o 663 nmol N FREE ZFAAoH, FRES o8
o] AdY 2224 s 45 2ok

223 a(mg/L)=12.72 - O.D. ¢3—2.58 - OD. &5
%EE% b(mg/L)=2288 - O.D. 545“5.50 - O.D. 663
% %ii-",ﬂg(mg/L):7.22 - O.D. 663 +203 - O.D. 645

22287 F22Y T At BAR7TE Table
13} 2t} A}&3 HPLCY]7]: HITACHI 655A-110}1L
M 2~EL2 Li ChrospherRP-18(5 um, 4x250 mm, Merck)

Table 1. Apparatus and analytical conditions for

chlorophyll and chlorophyll related pigment by HPLC
Instrument HITACHI 655A-11 Liquid Chromatograph
Column Li ChrospherRP-18(5 gm, 4x250 mm, Merck)
Pump HITACHI L-6000

Detector SHIMADZU UV-VIS SPD-10Avp
Mobile phase Solvent A : 0.005 N NaCl in 95% Ethanol
Solvent B : 0.005 N NaCl in 80% Ethanol
Mixed gradient for 10 min
from A:B=5:95(v/v) to A:B=95:5(v/v)
Isocratic flow A:B=95:5(v/v) for 25 min
Injector HITACHI 655A-40 Auto Sampler
Integrator HITACHI D-2500

Column temperature 40°C(SHIMADZU Column oven CTO-10vp)
Flow rate 0.8 mL/min

Injection volume 20 uL

Detection wavelength 425 nm
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Table 2. Chlorophyll contents of spinach during growth

periods (mg/100 g)
Part Days” Chlorophyll a Chlorophyll b Total Chlorlophyll

7 65.66+3.16° 18.62+1.56 84.28+4.72

14 71.12+1.70 18.83+0.77 89.95+2.47

Leaf 21 73.47+1.32 20.47£0.04 93.94+1.37
28 78.68+0.98 21.33+£2.03 100.01£3.01

35 82.15+2.20 25.27+3.69 107.41+£5.90

7 9.95+0.56 3.90+0.46 13.85+1.02

14 13.97+1.55 4.37+0.85 18.34+2.39

Stem 21 9.46+1.82 3.06+£0.43 12.52+2.24
28 10.28+1.36 3.79+0.54 14.07+1.90

35 10.77+1.35 4.30+0.04 15.07+1.38

7 1.76+0.23 1.23+0.12 2.99+0.34

14 0.81£0.04 0.57+0.06 1.38£0.10

Root 21 0.56+0.04 0.68+0.06 1.24+0.10
28 0.55+0.10 0.74+0.27 1.29+0.36

35 0.55+0.07 0.53+0.05 1.08+0.11

* Days after the leaves were initially observed on the field
® Values are Mean+SD of three samples in duplicate
determinations
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Fig. 1. Chlorophyll a/b ratio of spinach during growth periods

Table 3. Change of chlorophylls and chlorophyll related
pigment’ ratio in spinach leaves during growth periods

(%)
Days’ P.B-a Chl-b Chl-a Phy-a Total
7 13.15 7.12 74.66 5.07 100.00
14 11.42 6.67 77.27 4.64 100.00
21 10.87 7.57 78.87 2.69 100.00
28 13.00 8.54 78.46 n.d. 100.00
35 14.45 11.23 74.33 n.d. 100.00

* P.B-a ; Pheophorbide-a, Chl-b ; Chlorophyll-b,
Chl-a ; Chlorophyll-a, Phy-a ; Pheophytin-a
b Days after the leaves were initially observed on the field
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Fig. 2. HPLC chromatogram of chlorophyll and chlorophyll
related pigment in spinach

P.B-a ; Pheophorbide-a, Chl-b ; Chlorophyll-b,

Chl-a ; Chlorophyll-a,  Phy-a ; Pheophytin-a

Table 4. Chlorophyll contents of spinach leaves during

storage periods without packaging (mg/100 g)
'Iéfgl)p Dzzr:::r Chlorophyll a Chlorophyll b Chli:ot?)lhyll
Initial day 103.37+3.94" 32.89+0.76  136.27+4.70

1 95.29+1.87  3592+3.19  131.22+5.06

3 84.02+0.12 39.66+5.09 123.68+5.20

5 5 7591+1.27 40.93+5.47 116.84+6.74
7 61.00+2.50  36.00+5.20 97.00+£7.71

9 54.89+0.75  31.14x3.06 80.03+3.81

1 70.74£3.92 42.02+2.26 112.76£6.20

2 46.29+4.69 30.46+2.25 76.75+£6.93

20 3 31.67£0.48 29.16+£3.76 60.82+4.24
4 24.53+4.84  33.47:2.02 58.00£6.86

5 16.60+1.26 28.46+1.60 45.06+2.86

* Values are MeanzSD of three samples in duplicate
determinations
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Table 5. Chlorophyll contents of spinach leaves during packaging methods and storage temperatures (mg/100 g)
Temp(C) P;;i‘gf;gg D :f;m;ﬁ“ Chlorophyll a Chlorophyll b Total Chlorophyll
Initial day 103.37+3.94° 32.89+0.76 136.27+ 4,70
Non-packaging 1 95.29+1.87 35.92+3.19 131.22+ 5.06
5 75.91+1.27 40.93+5.47 116.84+ 6.74
s Polyethylene 1 101.43+1.92 33.04+2.77 134.47+ 0.85
5 92.45+6.78 29.08+1.62 121.53+ 8.40
Newspaper 1 97.75+8.20 34.76+5.59 132.51+13.79
5 82.83+5.86 33.61+£5.93 120.64+11.79
Non-packaging 1 70.74+3.92 42.02+2.26 112.76+ 6.20
5 16.60+1.26 28.46+1.60 45.06+ 2.86
20 Polyethylene 1 95.36+7.71 32.57+4.84 127.93+12.55
5 11.85+0.43 3.33+£0.29 15.17+ 0.15
Newspaper 1 84.63+4.74 32.37+0.99 116.99+ 5.72
5 19.83+1.47 6.25+2.95 26.08+ 4.42
* Values are Mean+SD of three samples in duplicate determinations
Table 6. Change of chlorophylls and chlorophyll related pigment® ratio in spinach leaves during 3 days storage (%)
Temp('C) P ;Z“"fo‘gg PBa Chl-b Chl-a Phy-a “Total
Non-packaging 60.26 n.d. 39.74 n.d. 100.00
5 Polyethylene 67.64 n.d. 32.36 n.d. 100.00
Newspaper 78.28 n.d. 21.72 n.d. 100.00
Non-packaging 68.27 nd. 31.15 n.d. 100.00
20 Polyethylene 63.37 n.d. 36.63 n.d. 100.00
Newspaper 93.03 nd. 6.97 n.d. 100.00

? P.B-a ; Pheophorbide-a, Chl-b ; Chlorophyll-b, Chl-a ; Chlorophyll-a, Phy-a ; Pheophytin-b
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