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ABSTRACT

Plants act as transducers of the solar light in the chemical energy because they contain chlorophyll molecules and are 
of utmost importance because of their light absorbing property. These pigment molecules are helpful in the measuring 
plant productivity, maintaining photostasis, protecting from excess sunlight and are also indicators of phototoxicity, 
pollution and environmental stress. In the present study, 40 plant species of District Amravati were evaluated for their 
chlorophyll content by Arnon’s method of spectrophotometry, using 80% Acetone and 95% Ethanol as solvents. In case 
of 80% Acetone maximum chlorophyll-a concentration was found in Psidium guajava and Polyalthia longifolia and 
in case of 95% Ethanol maximum level of chlorophyll-a concentrations were found in eight species; Psidium guajava, 
Bauhinia purpurea, Moringa oleifera, Murraya paniculata, Plumeria rubra, Terminalia catappa, Peltophorum ptero-
carpum and Delonix regia. 80% Acetone based samples showed more difference in concentrations of chlorophyll-b 
with respect tochlorophyll-a. The maximum concentration of chlorophyll-b was found in Psidium guajava, Murraya 
paniculata and Bauhinia purpurea and in 95% Ethanol based samples chlorophyll-b concentration was maximum in 
Bauhinia purpurea. On the basis of the observation of all the results it was evident that the maximum and minimum 
values of chlorophylls are same in both the solvents but overall the 95% Ethanol showed higher concentration of both 
chlorophyll-a & b.
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INTRODUCTION

The chlorophylls comprise a group of more than 50 
tetrapyrrolic pigments with common structural elements 
and function (Scheer 2003). Pigments are functionally 
important molecules in photosynthetic organisms. They 
not only harvest the light energy necessary for carbon 
reduction but some serve to protect the organism from 
excess light. The balance of photosynthetic pigments is 
dynamic and contributes to the maintenance of photosta-
sis within the cell (Huner et al. 1998). The ratio of chlo-
rophyll-a, and chlorophyll-b in terrestrial plants has been 
used as an indicator of response to light or shade condi-
tions (Porra, 1991; Vicas et al. 2010). The small proportion 
of chlorophyll-a/b is considered as sensitive biomarker of 
pollution and environmental stress (Tripathi and Gau-
tam, 2007). The amount of extracted chlorophyll may 
provide information on the sensitivity of plants during 
cultivation and herbicide application, and even indicate 
the manner of phytotoxic activity of herbicides (Nikolić 
et al. 2007). In order to analyze and describe changes in 
the process of photosynthesis and detect stress in plants, 
various types of indicators of chlorophyll activity were 
used (Lichtenthaler, 1996). In tumor or cancer therapy 
chlorophyll or chlorophyll derivatives can be utilized as a 
photodynamic agent (Brandis et al. 2006). It can be stud-
ied, modifi ed and synthesized in chemistry and physics 
disciplines for different applications i.e., electronic, pho-
tophysics, optoelectronic, electrochemistry etc (Nurhayati 
and Suendo, 2011). 

The absorbance properties of pigments facilitate the 
qualitative and quantitative analysis of these molecules. 
Determination of the content of photosynthetic pigments 
in leaves is one of the key techniques in studying the 
process of photosynthesis and measuring plant produc-
tivity. Chlorophyll molecules absorb and re-emit light, 
a characteristic which was the basis for developing two 
basic methods: absorption and fl uorescence monitor-
ing of the optical activity of chlorophyll molecules. The 
method of chlorophyll fl uorescence is used for monitor-
ing photosynthesis in situ and in vivo and for estimat-
ing the impact of various stress factors (abiotic, biotic, 
xenobiotic) on this crucial process. It makes possible to 
differentiate plant genotypes resistant to the aforemen-
tioned stressful environmental factors, and also to assess 
the positive impact of various agricultural measures on 
plant health (mineral nutrition, use of herbicides, etc.). 
Methods for non-destructive quantifi cation of chloro-
phyll in plant leaves are particularly valuable in assess-
ing nitrogen content in plants because chlorophyll is 
one of the most important points of its accumulation, 
(Indira et al., 2015). 

The confi rmation of the two forms of chlorophyll was 
practically confi rmed by Tswett 1903 (Nešković et al. 

2003). A hundred years later, we used spectrophotometry 
to analyze plant pigments extracted in various solvents. 
There is a trade-off between choosing the best solvent 
for effi cient quantitative extraction of chlorophylls and 
use of a solvent best suited for spectrophotometric assay 
(James and Akaranta, 2011). The selection of solvent for 
extraction brings about a dilemma. A number of factors 
may affect the activity of a solvent: the time required 
for extraction, amount of plant material, percentage of 
moisture in plant material, preservation of extract in 
unchanged form, (Moran and Porath, 1980; Jelić et al. 
1992), as well as the fact that the extraction of chloro-
phyll-a is a slower process than that of chlorophyll-b. 
Light, an important environmental factor, causes deg-
radation of chlorophyll, so that extraction should be 
carried out in almost total absence of light (Jelić et al. 
1992). 

The absorbance of the chlorophylls is then quanti-
tatively determined by spectrophotometry at the wave-
lengths of maximum chlorophyll-a and chlorophyll-b 
absorption i.e.,  = 647 nm and  = 664 nm (Moran and 
Porath, 1980), while the actual content of photosynthetic 
pigments is calculated according to Wellburn’s formulas 
(1994). This procedure is based on the Lambert-Beer law 
on linear relationship between absorbance and concen-
tration of pigments within a certain range.To under-
stand the variation in chlorophyll-a, chlorophyll-b and 
total chlorophyll content using different solvents, forty 
native species of tropical region were selected. Conclu-
sions were drawn based on the variation in chlorophyll 
content values.

MATERIALS AND METHODS

Amravati is a district in the state of Maharashtra situ-
ated at 20˚55’33˚ N and 77˚ 45’53˚ E at 343m (1,125ft.) 
asl. The Amravati district has an area of 270 km2. The 
study area has well demarcated four seasons as a hot 
summer, heavily raining monsoon, a brief autumn and 
a mild winter. The area has sub tropical and deciduous 
climatic conditions with ample rainfall in the monsoon 
resulting in a rich diversity of vascular plants (Figures 1, 
2, and 3). 40 commonly grown plant species of Amravati 
district (viz., Aegle marmelos, Acacia nilotica, Alsto-
nia scholaris, Annona reticulate, Annona squamosa, 
Artocarpus heterophyllus, Anacardium occidentale, 
Azadirachta indica, Butea monosperma, Bauhinia pur-
purea, Buchanania lazan, Cassia siamea, Callistemon 
lanceolatus, Cinnamonum tamala, Citrus aurantium, 
Citrus limon, Dalbergiasisoo, Delonix regia, Eucalyptus 
globules, Ficus benghalensis, Ficus religiosa, Mangnifera 
indica, Moringa oleifera, Murraya paniculata, Murraya 
koenigii, Manilkara zapota, Peltophorum pterocarpum, 
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Plumeria rubra, Pongamia pinnata, Psidium guajara, 
Polyalthia longifolia, Saraca indica, Santalum album, 
Syzygium cummini, Tectona grandis, Terminalia cat-
appa, Tecoma stans, Thevetia peruviana, Tamarindus 
indica, Zizyphus mauritiana) were used for experi-
mental purpose. The understudy plants were morpho-
logically identifi ed with the help of standard fl oras i.e., 
Flora of British India (Hooker, 1876); and in Maharash-
tra collected and recorded by Cooke (1967); Naik (1998); 
and Singh and Karthekiyan (2001) and authenticated by 
taxonomist Professor Dr. S.P. Rothe. These species are 
mostly preferred to grow in tropical regions. Healthy 
and uninfected species were collected at their stage of 
maturity; and care was also taken during sampling of 
leaves to avoid mechanical injuries. Fresh leaf samples 
were washed thoroughly fi rst in tap water followed by 
distilled water in the laboratory, kept to dry in room 
temperature (18oC) and analyzed for the determination 
of chlorophylls (chlorophyll-a and -b).

For the estimation of chlorophyll content the proce-
dure given by Arnon (1949) with slight modifi cations 
was used. Leaves were cut into small pieces and major 
veins and tough fi brous tissue was discarded. 100 mg of 
material was used for grinding. 10 ml of 80% acetone 
(acetone:water; 80 : 20 v:v) was added. For complete 
pulverization of tissue few grains of sand was added. 
The homogenate was fi ltered through fi lter paper and 
retentate was discarded while the extract (fi ltrate) was 

collected in the test tube. Chlorophyll concentration 
was determined using spectrophotometer/ colorimeter. 
In this study, leaves of 40 different tree species com-
monly available in understudy region of Maharashtra 
were used for the quantifi cation of chlorophyll content. 
Two different solvents 80% Acetone and 95% Ethanol 
were used separately for the extraction of chlorophyll. 
Absorbance readings of chlorophyll extracts were meas-
ured at two different wavelengths 645nm and 663nm 
respectively.

RESULTS AND DISCUSSION

Based on the absorbance value, calculations were made 
using Arnon’s (1949) equation and the amount of chlo-
rophyll-a, chlorophyll-b and total chlorophyll were 
estimated and tabulated. The results of Chlorophyll-a, 
chlorophyll-b and chlorophyll-a+b concentrations using 
80% acetone as solvent are shown in Tabulated form 
(Table 1) and as well as in Graphical form (Graph 1). 
The maximum chlorophyll-a concentration was found 
in Psidium guajava and Polyalthia longifolia i.e., 0.03g/
kg and minimum concentration was found in Alstonia 
scholars i.e., 0.0024 g/kg. In most of the species maxi-
mum concentrations of chlorophyll-a was found in 
the range between 0.005-0.02 g/kg. Concentration of 
chlorophyll-b showed much variation in comparison to 
concentration of chlorophyll-a. The maximum concen-
tration of chlorophyll-b was found in Psidium guajava, 
Murraya paniculata and Bauhinia purpurea which was 
more than 0.03g/kg and the minimum concentration 
was found in Alstonia scholaris about 0.002 g/kg. Most 
of the concentrations were found in the range between 
0.1-0.3 g/kg or more specifi cally between 0.1-0.2 g/
kg. The maximum level of chlorophyll-a+b found in 
Psidium guajava was about 0.06 g/kg and the minimum 
concentration was found in Alstonia scholaris, 0.005g/
kg. In most of the species chlorophyll-a+b concentration 
was found in the range between 0.02-0.04 g/kg. About 
nine species showed concentration of 0.02 g/kg and ten 
species showed concentration above 0.04g/kg.

The results of Chlorophyll-a, chlorophyll-b and chlo-
rophyll-a+b concentrations using 95% Ethanol as solvent 
are depicted in Graph 2 and in Table 2. The maximum 
level of chlorophyll-a concentrations were found in eight 
species such as (Psidium guajava, Bauhinia purpurea, 
Moringa oleifera, Murraya paniculata, Plumeria rubra, 
Terminalia catappa, Peltophorum pterocarpum, Delonix 
regia) in similar amounts 0.03 g/kg, and minimum level 
of chlorophyll-a was found in Syzygium cumini, 0.005 
g/kg. In 12 species less than 0.015 g/kg concentrations 
were found. The remaining species showed the concen-
tration more than 0.015 g/kg. The chlorophyll-b concen-
tration was the maximum in Bauhinia purpurea, 0.039g/

FIGURE 1,2 and 3. Map of India (Figure 1) showing 
Maharashtra State (Figure 2)  in which study Area 
Amravati (Figure 3) has been shown.
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Table 1. Chlorophyll-a, chlorophyll-b and chlorophyll-a+b concentrations using 80% acetone

S. No Name of  plant species Chl-a Chl-b Chl-a+b
1 Annona reticulate 0.0085 0.0071 0.0157

2 Annona squamosa 0.0265 0.0195 0.0461

3 Artocarpus heterophyllus 0.0155 0.0250 0.0405

4 Bauhinia purpurea 0.0195 0.0325 0.0521

5 Butea monosperma 0.0131 0.0134 0.0265

6 Cassia siamea 0.0182 0.0133 0.0315

7 Cinnamomum tamala 0.0194 0.0228 0.0423

8 Citrus limon 0.0264 0.0165 0.0429

9 Citrus aurantium 0.0142 0.0110 0.0253

10 Dalbergia sisoo 0.0053 0.0047 0.0101

11 Delonix regia 0.0205 0.0159 0.0365

12 Ficus benghalensis 0.0174 0.0116 0.0291

13 Ficus religiosa 0.0121 0.0108 0.0229

14 Mangifera indica 0.0075 0.0076 0.0152

15 Azadirachta indica 0.0187 0.0102 0.0290

16 Moringa oleifera 0.0193 0.0264 0.0457

17 Murraya koenigii 0.0089 0.0087 0.0177

18 Murraya paniculata 0.0190 0.0328 0.0518

19 Plumeria rubra 0.0125 0.0122 0.0248

20 Santalum album 0.0189 0.0261 0.0450

21 Syzygium cumini 0.0103 0.0151 0.0255

22 Tectona grandis 0.0188 0.0252 0.0440

23 Zizyphus mauritiana 0.0215 0.0142 0.0358

24 Tecoma stans 0.0185 0.0230 0.0415

25 Buchanan lanzan 0.0153 0.0144 0.0298

26 Anacardium occidentale 0.0166 0.0193 0.0360

27 Polyalthia longifolia 0.0309 0.0275 0.0585

28 Acacia nilotia 0.0186 0.0222 0.0409

29 Aegle marmelos 0.0158 0.0136 0.0295

30 Tamarindus indica 0.0161 0.0212 0.0373

31 Pongamia pinnata 0.0105 0.0127 0.0233

32 Psidium guajava 0.0313 0.0368 0.0681

33 Saraca indica 0.0059 0.0060 0.0120

34 Terminalia catappa 0.0087 0.0075 0.0163

35 Callistemon lanceolatus 0.0105 0.0110 0.0215

36 Eucalyptus globules 0.0162 0.0216 0.0378

37 Manilkara zapota 0.0132 0.0168 0.0300

38 Alistonia scholaris 0.0024 0.0027 0.0051

39 Thevetia peruviana 0.0094 0.0073 0.0168

40 Peltophorum pterocarpum 0.0124 0.0172 0.0296
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kg and minimum concentrations were found in about 6 
species in the same amounts i.e., between 0.007-0.009 g/
kg. In maximum species, concentrations were found in 
range of 0.03 g/kg. In ten species concentrations were 
found above 0.03 g/kg. The maximum level concentra-
tion of chlorophyll-a+b was found in Bauhinia purpurea 
i.e., 0.071g/kg and the minimum chlorophyll concentra-
tion was found in Syzygium cumini i.e., 0.013g/kg. In 7 
species the concentrations were found more than 0.06 
g/kg and in 12 species concentrations were found more 
than 0.05 g/kg. About 93% of species showed more than 
0.02 g/kg chlorophyll- a+b concentration.

A graphical representation of comparison between 
chlorophyll a+b concentrations in these two different sol-
vents; 80% Acetone and 95% Ethanol showed different 
results (Graph 3). Samples prepared using 95% Ethanol 
showed more concentrations of chlorophyll- a+b in most 
of the species. Only 8 species of 80% Acetone prepared 
samples showed slightly more chlorophyll- a+b con-
centration than 95% Ethanol prepared samples that too 
with minor differences. 95% Ethanol prepared samples 
showed very higher concentrations than 80% Acetone 
prepared samples in more than 25% species. In about 
10 species both the solvents showed the same amount 

of chlorophyll- a+b concentration. Alstonia scholaris, 
Terminalia catappa were the two species which showed 
a huge difference of chlorophyll a+b concentrations in 
two solvents, in which 95% Ethanol showed the higher 
concentration then 80% Acetone.

As chlorophyll is one of the important attributes, the 
observations of chlorophyll-a, b and total chlorophyll- 
a+b in all the 40 species have been estimated and com-
pared. A graphical representation on the basis of results 
have also been plotted in order to understand the vari-
ations and differences among different concentrations 
observed. Different solvents such as ethanol, acetone, 
DMSO etc, have been used by researchers from time to 
time, to estimate the chlorophyll concentration in plants. 
In the present study two solvents have been used: 80% 
Acetone and 95% Ethanol. The observations were taken 
using UV spectrophotometery at 663nm and 645nm and 
a variety of results were obtained. 

In 80% Acetone maximum chlorophyll-a concen-
tration was found in Psidium guajava and Polyalthia 
longifolia 0.03g/kg and minimum concentration was 
found in Alstonia scholaris 0.0024 g/kg and in 95% 
Ethanol maximum level of chlorophyll-a concentrations 
were found in eight species such as (Psidium guajava, 

GRAPH 1. Concentration of chlorophyll-a, b and a+b 
using 80% acetone as solvent

GRAPH 2. Concentration of chlorophyll-a,b and 
a+b using 95% Ethanol as solvent
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Table 2. Chlorophyll-a, chlorophyll-b and chlorophyll-a+b concentrations using 95% Ethanol

S. No Name of  plant species Chl-a Chl-b Chl-a+b

1 Annona reticulata 0.0138 0.0115 0.0254

2 Annona squamosa 0.0241 0.0309 0.0550

3 Artocarpus heterophyllus 0.0130 0.0221 0.0352

4 Bauhinia purpurea 0.0312 0.0398 0.0711

5 Butea monosperma 0.0240 0.0341 0.0582

6 Cassia siamea 0.0228 0.0153 0.0381

7 Cinnamomum tamala 0.0187 0.0245 0.0432

8 Citrus limon 0.0127 0.0083 0.0210

9 Citrus aurantium 0.0159 0.0125 0.0284

10 Dalbergia sisoo 0.0137 0.0099 0.0236

11 Delonix regia 0.0313 0.0363 0.0676

12 Ficus benghalensis 0.0224 0.0152 0.0377

13 Ficus religiosa 0.0166 0.0119 0.0285

14 Mangifera indica 0.0120 0.0137 0.0253

15 Azadirachta indica 0.0112 0.0078 0.0191

16 Moringa oleifera 0.0312 0.0318 0.0630

17 Murraya koenigii 0.0149 0.0197 0.0347

18 Murraya paniculata 0.0314 0.0278 0.0592

19 Plumeria rubra 0.0314 0.0276 0.0590

20 Santalum album 0.0286 0.0218 0.0504

21 Syzygium cumini 0.0059 0.0071 0.0130

22 Tectona grandis 0.0219 0.0221 0.0441

23 Zizyphus mauritiana 0.0137 0.0138 0.0275

24 Tecoma stans 0.0237 0.0215 0.0452

25 Buchanan lanzan 0.0194 0.0153 0.0348

26 Anacardium occidentale 0.0300 0.0348 0.0649

27 Polyalthia longifolia 0.0253 0.0175 0.0429

28 Acacia nilotia 0.0270 0.0176 0.0446

29 Aegle marmelos 0.0132 0.0089 0.0221

30 Tamarindus indica 0.0234 0.0272 0.0507

31 Pongamia pinnata 0.0154 0.0160 0.0314

32 Psidium guajava 0.0313 0.0348 0.0661

33 Saraca indica 0.0094 0.0122 0.0216

34 Termialia catappa 0.0313 0.0318 0.0631

35 Callistemon lanceolatus 0.0104 0.0087 0.0191

36 Eucalyptus globules 0.0273 0.0204 0.0478

37 Manilkara zapota 0.0228 0.0259 0.0487

38 Alistonia scholaris 0.0240 0.0333 0.0573

39 Thevetia peruviana 0.0281 0.0196 0.0477

40 Peltophorum pterocarpum 0.0313 0.0313 0.0627
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Bauhinia purpurea, Moringa oleifera, Murraya panicu-
lata, Plumeria rubra, Terminalia catappa , Peltophorum 
pterocarpum, Delonix regia) in similar amounts 0.03 
g/kg, and minimum level of chlorophyll-a was found 
in Syzygium cumini 0.005 g/kg. In both the solvents 
chlorophyll-a concentration was found to be almost 
same.80% Acetone based samples showed more differ-
ence in concentrations of chlorophyll-b with respect to 
chlorophyll-a. The maximum concentration of chloro-
phyll-b was found in Psidium guajava, Murraya pan-
iculata and Bauhinia purpurea which were more than 
0.03g/kg and the minimum concentration was found in 
Alstonia scholaris about 0.002 g/kg and in 95% Etha-
nol based samples chlorophyll-b concentration was 
maximum in Bauhinia purpurea 0.039g/kg and mini-
mum concentrations were found in about 6 species in 
the same amounts in the range between 0.007-0.009 g/
kg. Alstonia scholaris showed the least concentration of 
chlorophyll-a & b in 80% Acetone solvent.

On the basis of the observation of all the results it 
is evident that the maximum and minimum values of 
chlorophylls are same in both the solvents but overall 
the 95% Ethanol showed higher concentration of both 
chlorophyll-a and-b. Similar types of studies were also 
done by José Francisco et al., (2008) in which they 

determined chlorophyll concentrations in tropical tree 
species by Portable Chlorophyll Meter with appropri-
ate adjustment equations. Faisal and Anis et al., (2006) 
reported higher amount of chlorophyll-a (0.91 ± 0.19 
mg/g FW) and chlorophyll-b (0.61 ± 0.09 mg/g FW) in 
micro propagated plants of Psoralea corylifolia com-
pared to chlorophyll-a (0.83 ± 0.31 mg/g FW) and 
chlorophyll-b (0.53 ± 0.14 mg/g FW) in seedlings. Dere 
(1998) have also investigated the level of chlorophyll-a 
in fresh water forms of some algal species. Indira et al., 
(2015) have also estimated the chlorophyll content of 
Tridax procumbens grown in normal and polluted region 
in which they reported that the chlorophyll content in 
normal and polluted regions is 2.99mg/g and 2.56 mg/g 
respectively.

This method of chlorophyll quantifi cation is reliable 
but time consuming and requires great precision. The 
main disadvantage of the method is that the process of 
extraction can result in erroneous qualitative and quan-
titative determination of the content of pigments (due 
to photochemical reactions, impact of ambient oxygen, 
chlorophyllase activity, pheophytinization caused by 
acids from plant tissue, etc (Jelić et al., 1992; Wellburn, 
1994). Diffi culties in comparing the results obtained 
by different extraction techniques sometimes raise the 
question of validity of research conclusions. A particu-
lar problem is posed by the fact that the amounts of 
chlorophyll measured after extraction with various sol-
vents are hard to compare because different formulae 
are used for content calculation (Lichtenthaler, 1988). 
The defi ned absorption coeffi cients in these formulae are 
based on measurements made with outdated or impre-
cise spectrophotometers that are still in use. Therefore, 
the results obtained by different groups of researchers 
may differ, even when using the same extraction sol-
vents, and be incomparable for several reasons: (I) dif-
ferences in spectrophotometer resolutions in the range 
of red light wavelengths (II) the accuracy of readings of 
selected wavelengths, and (III) water content in analyzed 
tissues (Jelić et al., 1992). 

CONCLUSION

Chlorophyll from 40 different tree species was extracted 
and estimated. Considering the results obtained in this 
work, chlorophyll content in Psidium guajava leaves was 
higher and almost similar in both the solvents with less 
variation followed by Bauhinia purpurea, Murraya pan-
iculata, Annona squamosa, Polyalthia longifolia, Acacia 
nilotica, Cinnamonum tamala. Species like Delonix regia, 
Anacardium occidentale, Terminalia catappa, Alstonis 
scholaris, Thevetia peruviana, Peltophorum pterocarpum 
showed very high difference in their concentration in 
95% Ethanol and 80% Acetone, it suggests that different 

GRAPH 3. Comparison chlorophyll a+b concentra-
tion in 95% Ethanol and 80% Acetone
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plants may need different solvents for isolation; it may be 
because of their biochemical constituents while as some 
plants showed a similar concentration in both the sol-
vents. Chlorophyll-a, chlorophyll-b and total chlorophyll 
amount showed different values in the present study var-
ying from 0.01 g/kg to 0.08 g/kg in these understudy tree 
species. By this we can conclude that different plant spe-
cies have different requirements of photosynthetic pig-
ments which have a direct relation to the photosynthetic 
activity and the rate of photosynthesis.
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