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Abstract

BACKGROUND: Purpose of the study was to establish the
extinction coefficients of chlorophyll a and b in NN-
dimethylformamide(DMF) and Dimethylsulfoxide(DMSO)
solvents and to find out the conditions of optimal extraction
temperature and time in citrus leaves.

METHODS AND RESULTS: Chlorophyll a and b
standards were dissolved in DMF and DMSO. Extinction
coefficients of chlorophyll pigments were determined and
their contents were quantified using spectrophotometer.
Chlorophyllous pigments of citrus(Citrus unshiu Marc. cv.
Okitsu wase) leaves were extracted at 25, 40, 60 and 80C
for 4, 6, 8, 24 and 48 hours to determine the optimal
extraction condition.

CONCLUSION: The extinction coefficients of chlorophyll
a(Chl a) and chlorophyll 5(Chl b) of DMF extracts for high
extinction wavelength were 663.8 and 647.2 nm. Similarly,
the high extinction wavelength of DMSO extracts were
665.8 and 649.0 nm for chl a and b respectively. Chl a, Chl
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b and total chlorophyll content of DMF extracts were Chl a
= 12.10A663_g - 2.74A547A2, Chl b= 21.94A647A2 - 5.06A563Ag
and total Chl = 19.193Ag47,2+ 7.04Ass3 5. Similarly, Chl a,
Chl b and total Chl of DMSO extracts were Chl a =
14.53A665,g - 5.40A649,(), Chlb= 26.98A649‘0- 7.1 1A665.8 and
total Chl = 21.58Ass00 + 7.43Acsss. The chlorophyll
extracts of DMF and DMSO were very stable in dark. High
chlorophyll contents of citrus leaves were found at 80°C
extraction for 6 hours in DMF and at 80°C extraction for 24
hours in DMSO. However, the chlorophyll content was
decreased significantly after 8 hours in DMF extraction
while it was remained up to 30 hours in DMSO extraction.
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Shoaf and Lium, 1976)9} N A-dimethylformamide
(DMF, Moran and Porath, 1980)% ©|83}31 o, o]& &
W FEH 5ar WdE 9gH 54E non
(Inskeep and Bloom, 1985; Barnes et al, 1992).

PEL T FFY el o] fEH= ST FEAT
= FE8vel web 2k 80% acetone FEAE
20.0A645+8.02Age3(Arnon,1949), DMF+
17.9A67+8.08Ass52]  BAFAS  AME-$HTHInskeep and
Bloom, 1985). 18t} DMSOZ F&& %ol 80%
acetone %= W & MHAE o] &3tal QLo o
it AE7b Hedth g Yl (Park er al, 1996), &
S)(Hiscox and Israelstam, 1979), ZF-Seo et al, 2005)
s A Qo] BAe whet AAE FE 59 Alkto] delA|
uE FEEZe] vl dad Qo agA]l & 24
o guipd BbAls dAst ) FasEkgich

T

HEA a, b2l =1 mbE HM
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o71A, e :

A : absorbance

Sl A=4 a% b FEETH
1
f

extinction coefficient

C : concentration(mg/L)
b : path length(cm)

T7E)aL At F3ATE olget] 954 o9k b T1EaL

0.5

0.4 47.20

0.3

Abs

0.1

0.0

T T T T 1
600 620 640 660 680 700
0.5

0.4
49.00

T T T T 1
600 620 640 660 680 700
Wavelength (nm)

Fig. 1. Absorbance spectra of chlorophyll a and b in a solvents, in a N,M-dimethylformamide, chlorophyll a has
approximate absorbance maxima of 663.8 nm(A), while chlorophyll b has approximate of 647.2 nm(B). In a
Dimethylsulfoxide, chlorophyll a has approximate absorbance maxima 665.2 nm(C), while chlorophyll b has

approximate of maxima of 649.0 nm(D).
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Table 1. Calculated extinction coefficients for chlorophyll a and b dissolved in N AN-dimethylformamide and

Dimethylsulfoxide
Chlorophyll DME DMSO
647.2 (nm) 663.8 (nm) 649.0 (nm) 665.8 (nm)
Concen. (mg/L) 10 10 10.5 10.5
Chl a Absorbance 0.201 0.872 0.211 0.801
e (L/g - cm) 20.1 87.2 20.1 76.3
Conen.(mg/L) 10 10 11 11
Chl b Absorbance 0.481 0.109 0.452 0.168
e (L/g - cm) 48.1 10.9 41.1 15.3

Chl a, chlorophyll a (Sigma chemical); Chl b, chlorophyll b (Sigma chemical).

DMF, N,N-dimethylformamide; DMSO, Dimethylsulfoxide

Table 2. Simultaneous equations for quantifying chlorophyll from measured absorbance dissolved in N, Ndimethylformamide

and Dimethylsulfoxide

DMF

DMSO

Chi a=12.10A563,3y-2.74A647,2
Chl b=21.94A172-5.06 A5
Total Chl=19. 19A6172+7.04Assss

Chl a=14.53A665,3-5.40A649
Chl b=26.98As-7.11 Agss
Total Chl=21.58A41+7.43Asess

DMF, N N-dimethylformamide; DMSO, Dimethylsulfoxide.

Agss 1 absorbance at 663.8 nm(maxium for Chl a in DMF)
F 9L RIS, W54 aF 24T A9 Bl §
BATE ey, %‘J}XJL e, 18I FEA b A= A7
e/, ey 2t alom, T FFEE A4, 89 4,72
ajo] the #gel et AEasi.

A, :el' * Chlb+e, * Chla, Azzez' » Chib+e, » Chla

(Eq. 2)
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Table 3. Time-lapsed changes in the concentration of chlorophyll extracted by N AMdimethylformamide and

Dimethylsulfoxide in the light condition at 25C

_ DMF DMSO

g‘r’)urs after extraction™~ ™ (663 8 1um) Chl b (647.2 nm) Chl a (665.8 nm) Chl b (649.0 nm)
A. Rate (%) A. Rate (%) A. Rate (%) A. Rate (%)

0 0.54 100 0.29 100 0.71 100 0.63 100

1 0.50 91.4 0.26 91.0 0.65 92.6 0.58 90.3

2 0.46 84.6 0.24 81.9 0.62 88.3 0.56 86.4

3 0.42 78.8 0.22 75.4 0.58 83.4 0.55 83.9

24 0.33 61.7 0.17 57.2 0.46 65.7 0.45 66.9

DMF, N, N-dimethylformamide; DMSO, Dimethylsulfoxide.

Chl a, chlorophyll a (Sigma chemical); Chl b, chlorophyll b (Sigma chemical)

Table 4. Time-lapsed changes in the concentration of chlorophyll extracted by N M-dimethylformamide and

Dimethylsulfoxide in the dark condition

DMF DMSO

Hours after extraction Chl a¥ (663.8 nm) Chl b (647.2 nm) Chl a (665.8 nm) Chl b (649.0 nm)

A. Rate (%) A. Rate (%) A. Rate (%) A. Rate (%)
0 0.44 100 0.39 100 0.48 100 0.36 100
24 0.42 95.9 0.37 96.6 0.46 95.8 0.34 94.4
DMF, N, N-dimethylformamide; DMSO, Dimethylsulfoxide.
Chl a, chlorophyll a (sigma chemical); Chl b, chlorophyll b (sigma chemical)
i 0% 2AE, gl ol FE AF urt of 10% 71 solze

DMF$ DMSO &-rfoll 25%e] Chl agl Chl bE =<1
T FHu GHheM] FHAEE SHsto] At FEATE
Table 17} Zth. DMF 4ulE AMH-S 79 663.8 nmelA]
Chl a9 F3A57E 872 L/g - em® Inskeep? Bloom
(1985)°] 664.5 nmolx Z7st 82.8% 80% acetone
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Fig. 2. Effects of heat treatments and solvents on the contents of chlorophyll in citrus leaves. A; 663.8
nm readings of chlorophyll a extracted by N Mdimethylformamide, B; 649.0 nm readings of
chlorophyll a extracted by Dimethylsulfoxide, C; 647.2 nm readings chlorophyll b extracted by
N N-dimethylformamide, D; 665.8 nm readings of chlorophyll b extracted by Dimethylsulfoxide.
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