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ABSTRACT 

Chlorophyll is the green pigment that plays an important role in plants' survival. It tends to be used 
as a natural coloring agent in the food industry. In this study, many conditions including different 
solvents (ethanol, methanol, acetone, and diethyl ether), enhancers (Mg

2+
 and Zn

2+
), temperature, 

and enzymatic activities were investigated for the impact on chlorophyll extracting from Centella 
asiatica L. The result on showed that 96% ethanol is the effective solvent for chlorophyll extraction, 
along with 100 mg MgO supplement in temperature-dependent manner. Pectinase also presented 
the most impact factor on extracting at the concentration of 0.2% for 4 hours of incubation. 
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INTRODUCTION 

Chlorophyll is an essential component of plants, responsible for absorbing and 
converting light energy into chemical energy. Because chlorophyll absorbs a lot of 
red and blue light as well as reflex light from the green regions, it turns the leaf 
green [1, 2]. Chlorophyll was widely used in the food industry (food material, 
natural food coloring agent, etc.) and traditional medicine due to its biochemical 
properties [1, 2]. Moreover, the chlorophyll content varies depending on 
environmental conditions so quantification of chlorophyll can reflect the plant 
growth status [3]. Chlorophyll is made of four 4 pyrrole groups and isocyclic ring 
labeled A to E and the change of substituent groups on ring B from methyl to 
formyl divides chlorophyll into two major types, chlorophyll a and chlorophyll b [4]. 
One of the difficulties in the chlorophyll extraction process is the instability of the 
central magnesium atom after the chloroplast membrane is broken, which is 
quickly replaced by a weak acid to create pheophytin form and then further react to 
another metal atom such as copper and zinc to form a very stable complex [4-6]. 
The phytyl group, which attaches to D-ring via a weak ester bond and is easily 
broken by a weak alkaline or acid agent, works as an anchor to hydrophobic 
proteins on chloroplast membrane [4, 7]. The phytol loss lead to the replacement 
of the other alcohols (methanol, ethanol, .etc) and make chlorophyll become 
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hydrophilic [4]. In some extraction cases, enzymes such as cellulase and 
pectinase are usually used to degraded plant cell wall polysaccharides so the 
pigment is easily released into the solvent [8]. 

Centella asiatica L mainly grows in the tropical countries belonging to the family 
Apiaceae [9].  C.asiatica L has been known as ethnomedicine that treats or 
alleviates health problems such as venous insufficiency, anxiety, depressant, 
epileptic, .etc [10]. The plant is also used as food and materials for the food 
industry [11]. The wide distribution of C.asiatica L in Vietnam makes it a favorite 
source for research. 

 

MATERIALS AND METHODS 

Plant materials and sample preparation.  

Centella asiatica L was purchased from the local market in Thu Dau Mot City, Binh 
Duong Province, Vietnam. Stems and leaves were collected and washed by 
distilled water then drained and stored at -20oC until used. 

Extraction conditions 

The fresh sample was cut into small pieces before extraction. 8 mg of the sample 
was used for evaluating chlorophyll extraction conditions. Four experiments were 
carried out to determine the effect of enhancer (MgO, ZnCl2), solvent (ethanol, 
methanol, acetone, diethyl ether), temperature, and enzyme action and then 
centrifuged at 300 rpm before determining chlorophyll contents. 

Experiment 1 was performed to specify the impact of enhancers on chlorophyll 
extraction. ZnCl2 and MgO were added to obtain the final concentration of 0 to 400 
ppm and 0 to 80 mg/Ml, respectively. The sample was extracted in 5mL 96% 
ethanol at room temperature. 

Experiment 2 was performed to specify the impact of solvent on chlorophyll 
extraction. 5 mL different solvents (ethanol, methanol, acetone, diethyl ether) were 
used for sample extraction that was supplemented with an effective enhancer at 
suitable concentration (from Ex 1) at room temperature. 

Experiment 3 was performed to specify the impact of temperature on chlorophyll 
extraction. The sample was extracted in 5mL effective solvent (from Ex 2) that was 
supplemented with effective enhancer at suitable concentration (from Ex 1) at 
different temperature from 15 to 60oC. 

Experiment 4 was performed to specify the impact of enzyme action in time and 
dose-dependent manner on cholophyll extraction. The sample was extracted in 5 
mL effective solvent (from Ex 2) that was supplemented with effective enhancer at  
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suitable concentration (from Ex 1) and Pectinase (Pectinex® Ultra SP-1) in 
different dose (0 to 0.4 % )at room temperature for 1 to 16 hours. 

Determination of chlorophyll using spectrophotometer  
In this study, Shimadzu UV mini 1240 spectrophotometer was used for 
determining chlorophyll content. The supernatant layer from centrifuged solution 
was collected and measured absorbance at a suitable wavelength (Table 1) 
depending on the solvent used. The total chlorophyll content (TCC) was calculated 
following the formula. 

 

TCC (µg/mg fresh weight) = 5(mL)  x  TCC (µg/mL) / 8 (mg) 

 

Solvent λChlorophyll a λChlorophyll b 
Total chlorophyll content 
(µg/mL) 

Described by 

96% Ethanol 665 nm 649 nm 6,10 (A665) + 20,04 (A649) 
Winterman and De Mots 
[12] 

90% 
Methanol 

665.20 nm 652.40 nm 27,94 (A652,4) + 0,28 (A665,2) 

Lichtenthaler and 
Buschmann [13] 

Pure 
methanol 

665.20 nm 652.40 nm 
24,93 (A652,4) + 1,44 
(A665,2) 

Pure 
Acetone 

661.60 nm 644.80 nm 
7,05 (A661,6) + 18,09 
(A644,8) 

Pure Diethyl 
ether 

660.60 nm 642.20 nm 
7,62 (A660,6) + 15,39 
(A642,2) 

 

Data analysis 

The tests were performed in triplicate. Data were calculated using Graphpad prism 
sofware version 9.0.0. Significant differences were determined by p-value with p-
value was less than 0.001 (****), 0.01 (***), 0.1 (**) and 0.5 (*). Data were 
presented as mean ± standard error of mean. 

 

 

 

 

https://currentprotocols.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Buschmann%2C+Claus


Jilin Daxue Xuebao (Gongxueban)/Journal of Jilin University (Engineering and Technology Edition) 

ISSN：1671-5497 

E-Publication：Online Open Access 

Vol: 40 Issue: 07-2021 
DOI 10.17605/OSF.IO/Z5ECR 

 

August 2021 | 40  

 

 

RESULTS 

Effect of enhancer on extracting chlorophyll in a dose-dependent manner 

The central Mg-atom coordinates of chlorophyll is unstable as mentioned above so 
it is easy to replace indirectly [4]. The replacement of another metal makes 
chlorophyll structure become durable and forms heavy metal absorption properties 
of plants [14, 15]. In this study, Zn2+ and Mg2+ were added as ZnCl2 and MgO in 
order to determine the effects of increase in the concentration of the alternative 
metal and the original metal on the content and stabilization of chlorophyll. The 
results (Figure 1) showed that there was no statistical difference in the impacts of 
zinc supplementation. On the other hand, the effects of magnesium addition are 
evident in dose-dependent manner. The previous research indicated that at the 
concentration of 700 ppm, Zn2+ showed good effect on extracting at pH 7. 
However, the Zn2+ concentrations that used in this study were not high enough to 
observe a similar result [15]. The presence of a large amount of magnesium in the 
solution seemed to have a beneficial effect on maintaining chlorophyll structure. 
100mg MgO supplement was used for the following assays. 

 

Figure 1. The effect of enhancer (Mg2+ and Zn2+) on chlorophyll extraction 
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Effect of solvent on chlorophyll extraction 

The phytyl tail of chlorophyll is hydrophobic while the macrocycle is hydrophilic 
because of ester groups and the cyclopentanone[16]. The solvents of choice need 
to be consistent with the polarity of structure. Four various solvents (ethanol, 
methanol, acetone, diethyl ether) supplemented with 100 mg MgO was used in this 
assay. The total chlorophyll contents indicated that acetone and 96% ethanol was 
the effective solvent for chlorophyll extraction. The t-test certification test was 
performed to check if two means of acetone and 96% ethanol groups are statically 
different from each other. The results showed that among the tested solvents, 96% 
ethanol is the best solvent for extraction (Figure 2). Shengqi Su, et al. (2010) was 
comparing the efficiency of chlorophyll extraction between acetone and ethanol, 
the 90% acetone showed slightly more efficient than 95% ethanol [17]. However, 
the report in 2013 indicated that the different efficiency between acetone and 
ethanol on extracting chlorophyll also came from the difference of research 
subjects, enhancer, and execution time [18]. Ethanol of 96% was the solvent was 
used for the following assays. 

 

Figure 2. The different efficiency of four solvent on extracting chlorophyll 
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Effect of incubated temperature on chlorophyll extraction. 

Temperature also influencing factors in extraction of chlorophyll [19]. The previous 
research determined the different impacts of temperature on total chlorophyll 
acquisition [19]. This assay was carried out to investigate the effect of temperature 
at 15oC, 30 oC, and 60 oC on the chlorophyll extraction process. At 60oC, the TCC 
was obtained is the most at the amount of 17.38 ± 0.01 µg/mg fresh weight (Figure 
3). The more temperature increases, the more TTC was taken. 

 

 

Figure 3. The effect of temperature on chlorophyll extraction 

 

Effect of incubated temperature on chlorophyll extraction. 

The plant cell wall is made from layers including middle lamella, primary cell wall, 
and secondary cell walls [20]. Pectin is the major component that forms the middle 
lamella of cell walls [21]. The previous research reported that pectinase presented 
thermal stability between 30°C and 60°C and declined beyond 60oC [22]. Because 
pectinase was remained stable after 1 hour of incubation at the temperature of 
60°C, the room temperature was used as a condition for detection of the effect of 
the enzyme on chlorophyll extraction in this assay [22]. Pectinase assay was 
performed to detect if the cellulase activity of the enzyme impacted on chlorophyll 
extraction. The enzymatic activities were investigated in different doses and 
different incubation time.  
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Figure 4. The effect of pectinase in dose– dependent manner (A) and time – 
dependent (B) 

As shown in Figure 4, at the concentration of 0.2% and incubation time of 4 hours, 
the pectinase shows the most effective activity on chlorophyll extracting. The TCC 
at the peak of curves was approximately at 20 µg/mg fresh weight.  
 

CONCLUSION 

Ethanol supplemented with Mg2+ was the effective solvent for extracting 
chlorophyll. The TCC acquisition was also affected by high temperature and the 
activity of pectinase (the most effect at concentration of 0.2% for 4 hours). 

 

COMPETING INTEREST 

The authors declare that they have no competing interests 

 

REFERENCES 

1. Kwartiningsih, E., et al., Chlorophyll Extraction Methods Review and 
Chlorophyll Stability of Katuk Leaves (Sauropus androgynous). Journal of 
Physics: Conference Series, 2021. 1858(1): p. 012015. 

2. Aris, H., et al., Chlorophyll Extraction from Microalgae: A Review on the 
Process Engineering Aspects. International Journal of Chemical 
Engineering, 2010. 2010. 



Jilin Daxue Xuebao (Gongxueban)/Journal of Jilin University (Engineering and Technology Edition) 

ISSN：1671-5497 

E-Publication：Online Open Access 

Vol: 40 Issue: 07-2021 
DOI 10.17605/OSF.IO/Z5ECR 

 

August 2021 | 44  

 

3. Hu, X., A. Tanaka, and R. Tanaka, Simple extraction methods that prevent 
the artifactual conversion of chlorophyll to chlorophyllide during pigment 
isolation from leaf samples. Plant Methods, 2013. 9(1): p. 19. 

4. Humphrey, A.M., Chlorophyll as a Color and Functional Ingredient. Journal 
of Food Science, 2004. 69: p. C422-C425. 

5. Giovannetti, R., et al., HPLC-DAD-ESI/MS Identification of Light Harvesting 
and Light Screening Pigments in the Lake Sediments at Edmonson Point. 
TheScientificWorldJournal, 2013. 2013: p. 741906. 

6. Rahayuningsih, E., et al., Chlorophyll extraction from suji leaf (Pleomele 
angustifolia Roxb.) with ZnCl(2) stabilizer. J Food Sci Technol, 2018. 55(3): 
p. 1028-1036. 

7. Bednarczyk, D., et al., Assembly of water-soluble chlorophyll-binding 
proteins with native hydrophobic chlorophylls in water-in-oil emulsions. 
Biochimica et Biophysica Acta (BBA) - Bioenergetics, 2015. 1847(3): p. 
307-313. 

8. Zhao, X., et al., Enzyme-assisted extraction of astaxanthin from 
Haematococcus pluvialis and its stability and antioxidant activity. Food 
science and biotechnology, 2019. 28(6): p. 1637-1647. 

9. Singh, S., et al., Centella asiatica (L.): A plant with immense medicinal 
potential but threatened. Int J Pharm Sci Rev Res, 2009. 4. 

10. Gohil, K.J., J.A. Patel, and A.K. Gajjar, Pharmacological Review on Centella 
asiatica: A Potential Herbal Cure-all. Indian journal of pharmaceutical 
sciences, 2010. 72(5): p. 546-556. 

11. O, A., et al., Evaluation of chemical and elemental constituents of Centella 
asiatica leaf meal. African Journal of Agricultural Research, 2020. 16: p. 
661-666. 

12. Wintermans, J.F.G.M. and A. De Mots, Spectrophotometric characteristics 
of chlorophylls a and b and their phenophytins in ethanol. Biochimica et 
Biophysica Acta (BBA) - Biophysics including Photosynthesis, 1965. 109(2): 
p. 448-453. 

13. Lichtenthaler, H.K. and C. Buschmann, Chlorophylls and Carotenoids: 
Measurement and Characterization by UV-VIS Spectroscopy. Current 
Protocols in Food Analytical Chemistry, 2001. 1(1): p. F4.3.1-F4.3.8. 

14. Zvezdanović, J., G. Nikolić, and D. Marković, In vitro complexes of copper 
and zinc with chlorophyll. Journal of the Serbian Chemical Society, 2006. 
71: p. 501. 



Jilin Daxue Xuebao (Gongxueban)/Journal of Jilin University (Engineering and Technology Edition) 

ISSN：1671-5497 

E-Publication：Online Open Access 

Vol: 40 Issue: 07-2021 
DOI 10.17605/OSF.IO/Z5ECR 

 

August 2021 | 45  

 

15. Rahayuningsih, E., et al., Chlorophyll extraction from suji leaf (Pleomele 
angustifolia Roxb.) with ZnCl(2) stabilizer. Journal of food science and 
technology, 2018. 55(3): p. 1028-1036. 

16. Queiroz, M., et al., Introductory Chapter: Chlorophyll Molecules and Their 
Technological Relevance. 2017. 

17. Su, S., et al., Optimization of the Method for Chlorophyll Extraction in 
Aquatic Plants. Journal of Freshwater Ecology, 2010. 25(4): p. 531-538. 

18. Pompelli, M., et al., Spectrophotometric determinations of chloroplastidic 
pigments in acetone, ethanol and dimethylsulphoxide. Revista Brasileira de 
Biologia, 2013. 11: p. 52-58. 

19. Jinasena, A., et al., Extraction and degradation of chlorophyll a and b from 
Alternanthera sessilis. Journal of the National Science Foundation of Sri 
Lanka, 2016. 44: p. 11-21. 

20. Tolbert, A. and A. Ragauskas, Advances in understanding the surface 
chemistry of lignocellulosic biomass via time-of-flight secondary ion mass 
spectrometry. Energy Science & Engineering, 2016. 5. 

21. Vatanparast, M., et al., Plant Cell Wall Degrading Enzymes, Pectinase and 
Cellulase, in the Digestive System of the Red Palm Weevil, Rhynchophorus 
ferrugineus (Coleoptera: Curculionidae). Plant Protection Science, 2014. 
50: p. 190-198. 

22. Trindade, L.V., et al., Biochemical Characterization, Thermal Stability, and 
Partial Sequence of a Novel Exo-Polygalacturonase from the Thermophilic 
Fungus Rhizomucor pusillus A13.36 Obtained by Submerged Cultivation. 
BioMed research international, 2016. 2016: p. 8653583-8653583. 

 


