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Stoichiometric quantities of chlorophyll-a, pheophytin-a and B-carotene extracted from spinach leaves have been determined by analysis |
of the UV-VIS spectrum of extracted pigments. Two methods of using extinction coefficients of purified pigments at different wave- |
lengths are investigated in this paper. The results indicate that these methods are suitable for the routine determination of pigment

stoichiometry.
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INTRODUCTION

Quantitative analysis of chlorophyll, pheophytin and their
degradation products have been the focus of research in many
fields of science'*. Biochemists and biophysicist show great
interest in the mechanism of photosynthesis that is related to
chlorophyll*”.

Environmental scientists use photosynthetic degradation
products to monitor the fate of algae in sea water and medical
scientists investigate chlorophyll, porphyrin and their degra-
dation products as potential photosensitizers in photodynamic
therapy (PDT) for the treatment of cancer and hyper-prolife-
rative diseases®.

Chlorophyll and their degradation products are used as
markers of food processing because chlorophyll is sensitive
to light, pH and temperature.

Chlorophylls and carotenoids are components of antenna
complexes in the photosynthetic apparatus of higher plants
where they fulfill the function of light absorption and excitation
energy transfer. Carotenoids on the other hand, are involved
in photoprotection’. The spectroscopic properties of these
pigments are strongly influenced by the surrounding environ-
ment: the polarizability of the medium has been shown to
induce bathochromic shifts of chlorophylls and carotenoids
in organic solvents'.

Carotenoids are essential constituents of chlorophyll bind-
ing protein in all higher plants and perform several functions
in photosynthetic membranes. The most important being the

preventing of the formation of singlet oxygen and protecting
chlorophylls by quenching their triplet states via thermal dissi-
pation of energy. Also, carotenoids play a central structural
role for chlorophyll binding proteins of both the antenna
system and the reaction centre'".

Chlorophyll is easily extracted from plant sources with
acetone solution but the amount of chlorophyll extracted is
not easily determined and the amounts extracted vary widely
depending on the procedure'”"*. This is because of the sensi-
tivity of chlorophyll to light. Many researchers make great
effort to quantify the amount of chlorophyll extracted from
plant source'®". Although chlorophyll could be determined
by a titration method"?, through the analysis of the central magne-
sium ion in the porphyrin ligand, this method does not differen-
tiate between chlorophyll and its degradation products'?.

Spectrometry is therefore the most widespread and
commonly used method for chlorophyll quantification'*?',
The limitations of this method include spectral interferences
by chlorophyll degradation products and sample handling
techniques which reduce the accuracy and precision of the
analysis. Despite intensive research, determination of the
amount of chlorophyll extracted from plant sources has
presented a formidable obstacle to researchers.

In this paper, we present a simple spectroscopic method
well suited for routine analysis to determine chlorophyll,
pheophytin and B-carotene extracted in 80 % acetone. The
results obtained are compared with usual methods of chloro-
phyll quantification.
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EXPERIMENTAL

All the reagents and solvents were obtain from commercial
suppliers and used without further purification (petroleum ether
(60-80°C), diethyl ether, glacial acetic acid, acetone and methanol).
Spinach leaves were frozen for 24 h before analysis.

A Finnigan LCQ-MS spectrometer with an ESI source
was employed for mass spectrum determination. The determi-
nation conditions were as follows: sheath gas flow rate 0.55 L
min'; auxillary gas flow rate, 0.05 L mi; ion spray voltage,
3.5 kV; capillary temperature, 200 °C, capillary voltage 27 V;
tube lens offset, 55 V. Sample was injected by a Finnigan
syringe pump connected to the ESI source by a 100 um id
fused-silica capillary, flow rate was 3.5 uL/min. IR spectra
were recorded on a Nicolet impact 410 Fourier transform
infrared spectrometer in the 4000-400 cm™ spectral region with
potassium bromide cells. A pye unicam 8700 and a Cary 50
(Varian Mulgrave USA) spectrophotometers were used to
determine the UV-VIS spectrum and for measurement of
absorbance in quartz cuvets in 1 cm path length.

Pigment extraction: Fresh frozen spinach leaves (100
g) were crushed and extracted as described previously'®. The
chlorophyll-a obtained was analyzed by ultraviolet and visible
spectroscopy. The chlorophyll-a extract is then acidified with
glacial acetic acid, to obtain pheophytin-a. Each extraction
product is analyzed by ultraviolet-visible spectroscopy and
by electrospray ion mass spectroscopy (EPI-MS). The yield
from 100 g of freeze-dried spinach leaves was 23-24 mg of
chlorophyll-a (obtained in triplicate).

RESULTS AND DISCUSSION

The absorption spectra of chlorophyll-a and pheophytin-
o show strong bands in the red region of the spectrum and a
more intense band in the blue region. Four distinct absorption
bands in chlorophyll labelled By, By, Q. and Q, bands in
order of decreasing transition energy are observed'>***. The

absorption of spectra pheophytin-a, on the other hand, show
six absorption bands. These bands are observed at 429 nm
(B,) and 530 nm (B,) and at 618 nm (Q,) and 661 nm (Q,)*.

To determine the concentration ¢, of chlorophyll-a,
pheophytin-a and B-carotene in 80 % acetone extract, the
spectra of whole photosynthetic pigment extracted were
normalized to published molar extinction coefficients €, in 80 %
acetone"'*'** (86.3 m/M cm at 663 nm for chlorophyll-a, 140
m/M cm at 454 nm for B-carotene and 51.9 m/M cm at 665
nm for pheophytin-a. Normalization of our measurement to
published molar extinction coefficient of chlorophyll-a,
pheophytin-a and B-carotene enable us to determine the
concentration of these pigments in our extract as shown in
Table-1. At each wavelength A, the absorption A, of the extract
is given by eqn. 1:

As = (Can X Ectin) + (Cpne X Ephest) + (Cear X Ecarsn) (n

The concentration of total chlorophyll obtained, Table-2,
from this normalization of molar extinction coefficient method
is compared to the concentration of total chlorophyll obtained
from the method of Vernon', eqns. 2 and 3, for the determination
of total chlorophyll in 80 % acetone as follows:

Total chlorophyll (mg/L) = 20.2 Dess + 8.02 Dess 2)

Chlorophyll-a (mg/L) = 12.7 Dges - 2.69 Deus 3)
where, Dess and Dess are the absorbances of the pigments at
the specified wavelengths.

After purification of the extract by column chromato-
graphy, electronic absorption spectra of the pigments in diethyl
ether were taken and the total amount of chlorophyll extracted
determined using first the method of normalized molar extinc-
tion coefficient in diethyl ether followed by the formula of
Vernon'” for the determination of total chlorophyll in diethyl
ether.

The concentration of chlorophyll and pheophytin obtained
after normalization of molar extinction coefficient is found to
be 23.85 M and 36.89 M respectively (Table-3). While the
concentration of chlorophyll and pheophytin obtained after

TABLE-1
CONCENTRATION OF DIFFERENT PIGMENT EXTRACTS IN 80 % ACETONE SOLUTION
. Molar extinction coefficient Concentration Concentration
Pigment Wavelength (A, nm) Absorbance (€) (m/M cm) ( ) M)
Chlorophyll-a 663 0.813 86.3 0.00942 9.42
Pheophytin-a 665 0.390 51.9 0.00751 7.51
-Carotene 454 0.700 140 0.0050 5.0
TABLE-2

TOTAL CHLOROPHYLL EXTRACTED IN 80 % ACETONE CALCULATION USING VERNON’S METHOD'*

Formula Calculation Concentration (mg/L)
Total chlorophyll (mg/L) 20.2 D5 + 8.02 Dy, 20.2 x 0.273 + 8.02 x 0.609 =10.399
Chlorophyll-a (mg/L) 12.7 Dggs — 2.69 Dyss 12.7 x 0.813 —2.69 x 0.273 =9.591
TABLE-3
CONCENTRATION OF DIFFERENT PIGMENT EXTRACTS IN DIETHYL ETHER FROM A CHLOROPHYLL EXTRACT
it Wavelength Absorbance Molar extinction coefficient Concentration Concentration
(A, nm) (&) (m/M cm) (m/M) M)
430 2.97 131.5 0.02259 22.59
hl hyll-
Chlorophyll-a 662 2.406 1009 0.02385 23.85
Pheonhvtin-a 409 2.12 132.0 0.01606 16.06
Py 667 2.35 63.7 0.03689 36.89
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TABLE-4
CONCENTRATION OF DIFFERENT PIGMENT EXTRACTS IN DIETHYL ETHER FROM PHEOPHYTIN EXTRACT
Piement Wavelength Absorbance Molar extinction coefficient Concentration Concentration

& (A, nm) (€) (/M cm) (/M) M)

430 0.64 131.5 0.00488 4.88

Chlorophyll-a 662 0.639 100.9 0.00633 6.33
Pheophvtin-a 409 1.459 132.0 0.01105 11.05
Py 667 0.659 63.7 0.01035 1035
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