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ABSTRACT

Pandanus julianettii Martelli is a type of plant endemic to mountainous areas in Papua that 
has long been used by people as a food ingredient. P. julianettii contains nutrients such as 
vitamin E, vitamin C, crude fiber, protein, carotene and fat; however, the research about 
the fruit is limited. The aim of this research is to carry out phytochemical screening tests 
and determine the total levels of flavonoids and phenolics of this pandanous in fruit. The 
method began with the extraction simplicia using ethanol, followed by fractionation using 
three variations of solvent: n-hexane, ethyl acetate and ethanol. The series of methods 
continued with phytochemical screening, then continued with determining the total flavonoid 
and phenolic percentage from the ethanol extract, ethyl acetate fraction and ethanol fraction. 
Determining the flavonoid content using the Chang method with quercetin as a comparison 
with standard. The results showed that the percentage of flavonoid in the extract was 
0.58%, the ethyl acetate fraction was 0.44% and the ethanol fraction was 3.93%, while for 
the total content of phenolic of ethanol extract at 1.56%, the fraction of ethyl acetate 1.82% 
and ethanol fraction 1.20% calculated for gallic acid. This study found substantial levels 
of flavonoids and phenolics in extracts and solvent fractions derived from the fruit of the 
endemic Papuan plant P. julianettii. The enriched ethanol extract and fractions represent 
promising sources for further analysis of the nutritional and medicinal bioactives in this 
understudied of this fruit.
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INTRODUCTION

Pandanus julianettii Martelli is a type of plant endemic to the mountainous regions of Papua, 
Indonesia, especially areas such as Tolikara, Lanny Jaya, Puncak Jaya and Wamena. 
Local people call P. julianettii with coconut nut in Indonesian, tuke in Dani-Baliem or karuka 
in Papua New Geunia. This plant typically grows at altitudes between 1,800 m−2,600 m, 
with occasional sightings as low as 1,450 m and as high as 2,800 m above sea level.  
P. Julianettii is a pandan tree which has multipurpose uses—the fruit is consumed as food, 
the roots are utilised for weaving noken bags, the leaves for cigarettes and umbrellas, and 
the stems for firewood (Zebua et al. 2020).

The drupes (especially the endosperm) of P. julianettii have been traditionally eaten 
by highland communities across New Guinea for their psychoactive effects, locally known 
as “karuka madness” (Keim & Sujarwo 2021). According to oral history accounts never 
before documented in literature, elders of the Dani tribe used to administer endosperm 
extracts from roasted drupes as anesthetics. By rendering patients’ unconscious, traditional 
surgeries could be performed to treat injuries and wounds resulting from frequent tribal wars 
in the Baliem Valley prior to the introduction of Western medicine (Lekitoo et al. 2017).

P. julianettii fruit is dominated by fatty acids and vitamin [5–6], with composition 
of 13%−15% crude protein dry weight, 52.39% oleic acid, 44.90% palmitic acid, 0.19% 
stearic acid and some unidentified acids. As reported by Lekito et al. (2017), this plant 
harbors nutrients like vitamin C, crude fiber, protein, fat and water (Lekito et al. 2017). Its 
levels of protein, fat and vitamin C typically exceed values for common Indonesian fruits 
such as passion fruit, avocado, soursop, snake fruit, papaya and rambutan. Existing data 
documents total phenols at 48.55 ppm, carotene at 2.75 μg/g, vitamin E at 5.03 mg/100 g, 
and antioxidant activity IC50 at 45.83 mg/mL from the fruit oil (Lekitoo et al. 2017; Kogoya 
and Guritno 2014; Zebua and Purnamasari 2018). 

Thus far, research on P. julianettii remains scarce. Zebua and Purnamasari 
(2018) tested the phenol content of the oil, but there are no studies quantifying phenols or 
flavonoids of the fruit itself. As P. julianettii is widely consumed by locals for both its oil and 
as whole fruit, further investigation is warranted, especially given the promising antioxidant 
data. Therefore, this study aims to determine total phenolic and flavonoid levels in  
P. julianettii fruit, helping to expand the limited scientific knowledge around this nutritionally 
and culturally important plant.

METHODS

The scheme of methodology is described in Figure 1.

Figure 1: Flow chart for the phytochemical analysis of P. julianettii.
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Sample Collection and Preparation

P. julianetti fruit samples were obtained from the Lani district. The samples were cut into 
pieces and then dried in an oven at 50°C for 3 days. The dried samples were ground into a 
simplicia powder.

Preparation of Extracts

A total of 1000 g of the P. julianettii simplicia powder was macerated using 4 L of ethanol 
as the solvent. The simplicia was left to macerate for 3 cycles of 24 hours each, then 
filtered and the macerate was collected after each cycle. All the macerate was combined 
and evaporated at 50°C using a rotary evaporator to obtain a concentrated extract (Raho 
Ghalem and Mohamed 2021).

Fractionation of Extract

The crude ethanol extract, weighing 10 g, was fractionated using n-hexane, followed 
by ethyl acetate and finally ethanol-water. The solvents were evaporated to obtain the 
corresponding hexane, ethyl acetate, and ethanol fractions (Rebryk et al. 2022).

Phytochemical Screening

Preliminary phytochemical tests were carried out on the ethanol extract and fractions to 
screen for the presence of alkaloids, flavonoids, saponins, polyphenols and tannins using 
standard procedures as follows:

1. Alkaloid test
A total of 0.5 g of each sample was dissolved in 1 mL of 2N HCl and diluted 
with water to 10 mL. The solution was divided into 3 aliquots and tested with 
Mayer’s, Wagner’s and Dragendorff’s reagents (Alqethami and Aldhebiani 2021). 
Formation of white/yellowish, brown and orange-red precipitates indicate positive 
results (Harborne 1989).

2. Flavonoid test
Each extract and fraction, weighing 0.5 g, was dissolved in a few drops of ethanol. 
Then, 5 to 6 drops of concentrated hydrochloric acid (HCl) were added to each 
ethanol solution (Das et al. 2022). The development of a red coloration indicates 
the presence of flavonoids in the sample. Meanwhile, an orange colour denotes 
the presence of flavones (Harborne 1989).

3. Saponin test
A total of 0.5 g of each extract and fraction was placed in test tubes. Hot water  
(10 mL) was added to each test tube, and the solutions were shaken vigorously 
for 10 minutes. Foam formation was observed. If foam persisted even after the 
addition of 2N HCl, it indicated the presence of saponins in the extract (Toklo  
et al. 2023).
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4. Polyphenol test
A total of 0.5 g of extract and fractions were reacted with 10% iron (III) chloride 
solution. If a dark blue, blackish blue or greenish black colour occurs, it indicates 
the presence of polyphenolic compounds (Harborne 1989).

5. Tannin test
A total of 0.5 g of each sample fruit extract and fraction were treated with 5 drops 
of ferric chloride solution. The development of a green to blackish blue coloration 
indicates the presence of tannins in the sample (Toklo et al. 2023).

Determination of Flavonoid Levels

Preparation of sample solutions

A total of 25 mg of extract and each fraction were dissolved in 10 mL of ethanol. Then,  
0.5 mL of each was pipetted into a test tube and 1.5 mL of 96% ethanol, 0.1 mL of AlCl3,  
0.1 mL of 1 M potassium acetate and 2.8 mL of distilled water were added. The sample 
solution was incubated for 30 minutes at room temperature and the absorbance was 
measured using a UV-Vis spectrophotometer at a wavelength of 440 nm. The sample 
solution was prepared in three replications (Pavun et al. 2018). 

Quercetin standard solution 

The standard solution was prepared by dissolving 25 mg of quercetin standard in 25 mL 
of ethanol. This standard solution was diluted to 20 ppm, 40 ppm, 60 ppm, 80 ppm and 
100 ppm. From each quercetin standard solution concentration, 0.5 mL was pipetted and 
placed in a test tube, then 1.5 mL ethanol, 0.1 mL AlCl3, 0.1 mL of 1 M potassium acetate 
and 2.8 mL distilled water were added. After that, it was incubated for 30 minutes at room 
temperature and the absorbance was measured using a UV-Vis spectrophotometer at a 
wavelength of 440 nm (Khan et al. 2018).

Determination of Phenolic Content

Determination of the gallic acid standard curve

Gallic acid, weighing 50 mg, was dissolved in 5 mL ethanol and diluted to 100 mL with 
distilled water. From this, 0.1 mL, 0.2 mL, 0.3 mL, 0.4 mL and 0.5 mL were pipetted into 
volumetric flasks and diluted with distilled water to 10 mL. This resulted in concentrations 
of 10 mg/L, 20 mg/L, 30 mg/L, 40 mg/L and 50 mg/L gallic acid. A total of 3 mL of each 
concentration was taken, and 0.6 mL Folin Ciocalteu Reagent was added, shaken and 
allowed to stand for 3 minutes. Then, 0.6 mL of Na2CO3 solution was added, shaken until 
homogeneous and the absorbance was measured at 656 nm to create a calibration curve 
(Wabaidur et al. 2020).
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Preparation of sample solutions

Half a gram of ethanol extract and each fraction were placed in a 50 mL volumetric flask 
and dissolved in distilled water. Then, 1 mL of each solution was diluted to 10 mL with 
distilled water. A 3 mL portion of each dilution was taken, followed by the addition of 0.6 mL 
of Folin-Ciocalteu reagent. The mixture was shaken and left to stand for 3 minutes. Next,  
0.6 mL of 7.5% Na2CO3 was added. The sample solutions were then incubated for 30 minutes 
at room temperature. Absorbance was measured using a UV-Vis spectrophotometer at  
656 nm wavelength (Yamin et al. 2021).

RESULTS 

P. julianettii is found in the forests of Lanny Jaya, typically growing in groups in humid 
conditions with moist soil (Inoue et al. 2013). We dried the sample until it reached a  brownish 
colour (Figure 2).

Figure 2: Habitat, trees and fruit of P. julianettii.

Preparation Simplicia

Table 1 presents the data for the crude extract obtained from P. julianettii fruits through 
maceration, yielding 37.38 g, corresponding to a modest percent yield of 3.738%. This 
relatively low yield suggests that the constituents of P. julianettii fruits may exhibit limited 
solubility in polar solvents, indicating a propensity for greater solubility in semi-polar or non-
polar solvents, as inferred from the extracted fractions.

Table 1: Recovery of extracts and fractions of P. julianettii fruit.

P. julianettii fruit samples Mass (g) Yield (%)
Simplicity 1,000 –

Ethanol extract 37.38 3.74

Ethanol fraction 1.01 2.67

Ethyl acetate fraction 2.11 5.35
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Table 2: Phytochemical screening of P. julianettii extracts: Presence of alkaloids, 
flavonoids, saponins, phenolics and tannins.

Inspection Ethanol
extract

Hexane 
fraction

Ethyl acetate 
fraction

Ethanol 
fraction

Alkaloids
-Meyer
-Dragendrof
-Wanger

+ – + +

+ – + +

+ – + +

Flavonoids + – + +

Saponins - – – –

Phenolic + – + +

Tannin + – + +

Determination of Phenolic Content

The data from Table 3 unveil a strong linear relationship between absorbance and 
concentration, as evidenced by the regression equation of y = 0.0176x + 0.0757 and a 
highly significant correlation coefficient (r = 0.9973). This coefficient, being proximate to 
unity, signifies an exceptionally high correlation between absorbance and the level of 
compounds, elucidating the direct proportionality of the variables.

Table 3: Measured absorbance of gallic acid standards for calibration curve.

Concentration (ppm) Absorbance (λ) 656 nm
10 0.26

20 0.45

30 0.60

40 0.79

50 0.94

Table 4: Total phenolic contents by gallic acid equivalence in P. julianettii fruit extracts and fractions.

Sample P. julianettii 
fruit

Initial phenolic content 
(mgGAE/L)

Total phenolics 
(mgGAE/g) % Phenolic content

Ethanol extract 1.56 15.57 1.56

Ethyl acetate fraction 1.83 18.18 1.82

Ethanol fraction 1.19 11.97 1.19

Note: n = 3
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Determination of Flavonoid Levels

Flavonoids, as one of the groups of phenolic compounds, play an important role in various 
biological activities such as antioxidant, anti-inflammatory and anti-cancer. Therefore, 
this study will measure the total flavonoid content in P. julianettii to evaluate its potential 
benefits. The determination of total flavonoid content in this study will be conducted using 
the UV-Vis spectrophotometry method. This method was chosen due to its sensitivity and 
speed in measuring flavonoid compounds.

Table 5: Quercetin solution absorbances for construction of calibration curve.

Concentration (μg/mL) Absorbance (λ) 440 nm
20 0.29

40 0.44

60 0.66

80 0.78

100 0.93

Table 6: Results of measurement of total flavonoid levels of P. julianettii fruit extracts and fractions.

Sample Flavonoid content initial 
(mgQE/l)

Total flavonoids 
(mgQE/mg)

% Flavonoid 
content

Ethanol extract 5.90 0.005 0.58

Ethyl acetate fraction 4.46 0.004 0.44

Ethanol fraction 39.81 0.039 3.93

Note: n = 3

DISCUSSION

The examination of chemical compounds using n-hexane as a solvent, as detailed in 
Table 1, yielded no detectable compounds. This outcome is attributed to the non-polar 
nature of n-hexane, which selectively dissolves non-polar compounds. Consequently, this 
observation reinforces the hypothesis that the compounds of interest are predominantly 
soluble in polar solvents such as ethanol, and to some extent, in semi-polar solvents like 
ethyl acetate. Ethyl acetate (CH3CH2OC(O)CH3), an ester derivative of ethanol and acetic 
acid, is particularly noted for its affinity towards polar chemical compounds. This includes 
flavonoids, which belong to the polar phenol group and demonstrates solubility in both polar 
and semi-polar solvents. Other secondary metabolites, such as tannins, saponins and 
alkaloids, exhibit varying degrees of polarity that is slightly lower than that of flavonoids, yet 
they are effectively solvated by ethanol and ethyl acetate. 

The quantification of total phenolics in our study employed gallic acid as a 
standard reference, leveraging its stability and classification as a simple hydroxybenzoic 
acid derivative (Zhang et al. 2006). This methodology provided a reliable means of phenolic 
determination, as presented in Table 4. Furthermore, the quantification of quercetin was 
performed across five concentrations (20 ppm, 40 ppm, 60 ppm, 80 ppm, and 100 ppm), 
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revealing a positive correlation between quercetin concentration and absorbance. This 
relationship aligns with Lambert-Beer’s law, affirming that the absorbance remained within 
the optimal range of 0.2–0.8 for the concentrations tested.

Phenolics and flavonoids, pivotal secondary metabolites pervasive in the plant 
kingdom, have been identified as potent antioxidants. The higher the concentration of these 
phenolic compounds, the more pronounced their antioxidant effect. This underscores the 
critical role of flavonoids and other phenolics in the development of natural medicines, 
especially for their antioxidant properties (Ghasemi et al. 2023; Zhang et al. 2022;  
Qian et al. 2023). Our investigations into the flavonoid and phenolic contents of P. julianettii 
Martelli not only contribute to the understanding of its chemical composition but also 
underscore the potential of these compounds in natural medicine development, particularly 
as antioxidant.

CONCLUSION

The key findings and implications of the present study can be summarised in the following 
points. Phytochemical analyses demonstrated the presence of several bioactive secondary 
metabolites across the prepared P. julianettii fruit extracts and solvent fractions. Specifically, 
alkaloids, flavonoids, phenolics and tannins were detected in the crude ethanol extract, 
ethyl acetate fraction and ethanol fraction. In contrast, these phytochemical classes were 
absent in the n-hexane fraction. Quantification of flavonoids revealed levels of 0.583% in the 
ethanol extract, 0.440% in the ethyl acetate fraction and 3.934% in the ethanol fraction. For 
total phenolics, concentrations reached 1.556% in the extract, 1.817% in the ethyl acetate 
fraction and 1.196% in the ethanol fraction. Taken together, these results confirm that the 
ethanol extract and semi-polar fractions derived from P. julianettii fruit are rich sources of 
antioxidant flavonoids and phenolic compounds. In conclusion, this study presents the first 
reported phytochemical profiling and flavonoid-phenolic quantitation data specifically for 
P. julianettii fruit, complementing existing compositional analyses of the oil. The enriched 
concentrations found in the ethanol extract and fractions highlight the potential of these 
materials for further investigation into the nutritional and functional food applications of this 
plant and possible bioprospecting of this underutilised Pandanaceae species endemic to 
Papua. 

ACKNOWLEDGEMENTS

The authors would like to thank the Pharmacy laboratory and the Chemistry Department 
laboratory, Faculty of Mathematics and Natural Sciences, Cenderawasih University for their 
support and facilities in conducting this research.

CONFLICT OF INTEREST 

The authors declare that they have no conflict of interest.



9 Flavonoids and Phenolic Pandanus Julianettii

Malay J Pharm Sci, Vol. 22, No. 2 (2024): 1–10

REFERENCES

ALQETHAMI, A. & ALDHEBIANI, A. Y. (2021) Medicinal plants used in Jeddah, Saudi 
Arabia: Phytochemical screening, Saudi Journal of Biological Sciences, 28(1): 805–812. 
https://doi.org/10.1016/j.sjbs.2020.11.013  

DAS, K., MOHAMMED BASHEERUDDIN ASDAQ, S., SINGIRIKONDA, S., SAIFULLA 
KHAN, M., et al. (2022) Comparative phytochemicals screening and estimation of 
constituents present in the leaves of Decalepis species through HPLC, Journal of King 
Saud University - Science, 34(4): 102044. https://doi.org/10.1016/j.jksus.2022.102044  

GHASEMI, S., KUMLEH, H. H., KORDROSTAMI, M. & REZADOOST, M. H. (2023) Drought 
stress-mediated alterations in secondary metabolites and biosynthetic gene expression 
in cumin plants: Insights from gene-specific and metabolite-level analyses, Plant Stress, 
10(July): 100241. https://doi.org/10.1016/j.stress.2023.100241 

HARBORNE, J. B. (1989) General procedures and measurement of total phenolics, Methods 
in Plant Biochemistry, 1: 1–28. https://doi.org/10.1016/B978-0-12-461011-8.50007-X 

INOUE, Y., MAEDA, R., FURUYA, K., ISAMU, M., et al. (2013) Relationship between the 
usability and physicochemical properties of triamcinolone acetonide ointments, Results in 
Pharma Sciences, 3(1): 15–19. https://doi.org/10.1016/j.rinphs.2013.10.002 

KEIM, A. P. & SUJARWO, W. (2021) Pandanus conoideus Lam. Pandanaceae. In: F. M. 
FRANCO (Eds.). Ethnobotany of the Mountain Regions of Southeast Asia. Ethnobotany 
of Mountain Regions (Springer, Cham). https://doi.org/10.1007/978-3-030-38389-3_172Ar 

KHAN, M. S., YUSUFZAI, S. K., RAFATULLAH, M., SARJADI, M. S. & RAZLAN, M. (2018) 
Determination of total phenolic content, total flavonoid content and antioxidant activity 
of various organic crude extracts of Licuala spinosa leaves from Sabah, Malaysia, ASM 
Science Journal, 11(Special Issue  3): 53–58.

KOGOYA, B. & GURITNO, B. (2014) Bioactive components of pandan’s fruits from 
Jayawijaya mountains, Papua, Indonesia, IOSR Journal of Environmental Science, 
Toxicology and Food Technology, 8(8): 01–08. https://doi.org/10.9790/2402-08810108 

LEKITOO, K., PEDAY, H. F. Z., PANAMBE, N. & CABUY, R. L. (2017) Ecological and 
ethnobotanical facet of ‘Kelapa Hutan’ (Pandanus Spp.) and perspectives towards its 
existence and benefit, International Journal of Botany, 13(3–4): 103–114. https://doi.
org/10.3923/ijb.2017.103.114 

PAVUN, L., USKOKOVIĆ-MARKOVIĆ, S., JELIKIĆ-STANKOV, M., DIKANOVIĆ,  
D. & DURDEVIĆ, P. (2018) Determination of flavonoids and total polyphenol contents in 
commercial apple juices, Czech Journal of Food Sciences, 36(3): 233–238. https://doi.
org/10.17221/211/2017-CJFS 

QIAN, G., LI, X., ZHANG, HENG, ZHANG, HAILONG, et al. (2023) Metabolomics analysis 
reveals the accumulation patterns of flavonoids and phenolic acids in quinoa (Chenopodium 
quinoa Willd.) grains of different colors, Food Chemistry: X, 17: 100594. https://doi.
org/10.1016/j.fochx.2023.100594 

https://doi.org/10.1016/j.sjbs.2020.11.013
https://doi.org/10.1016/j.jksus.2022.102044
https://doi.org/10.1016/j.stress.2023.100241
https://doi.org/10.1016/B978-0-12-461011-8.50007-X
https://doi.org/10.1016/B978-0-12-461011-8.50007-X
https://doi.org/10.1016/B978-0-12-461011-8.50007-X
https://doi.org/10.1016/B978-0-12-461011-8.50007-X
https://doi.org/10.1016/j.rinphs.2013.10.002
https://doi.org/10.1016/j.rinphs.2013.10.002
https://doi.org/10.1016/j.rinphs.2013.10.002
https://doi.org/10.1016/j.rinphs.2013.10.002
https://doi.org/10.1007/978-3-030-38389-3_172Ar
https://doi.org/10.9790/2402-08810108
https://doi.org/10.3923/ijb.2017.103.114
https://doi.org/10.3923/ijb.2017.103.114
https://doi.org/10.17221/211/2017-CJFS
https://doi.org/10.17221/211/2017-CJFS
https://doi.org/10.1016/j.fochx.2023.100594
https://doi.org/10.1016/j.fochx.2023.100594


Erince Kogoya et al. 10

Malay J Pharm Sci, Vol. 22, No. 2 (2024): 1–10

RAHO GHALEM, B. & MOHAMED, B. (2021) Phenolic compounds: Structures and activities, 
Journal of Medical Cornvus, 2(5): 6–24. 

REBRYK, A., GALLAMPOIS, C. & HAGLUND, P. (2022) A time-trend guided non-target 
screening study of organic contaminants in Baltic Sea harbor porpoise (1988–2019), 
guillemot (1986–2019), and white-tailed sea eagle (1965–2017) using gas chromatography–
high-resolution mass spectrometry, Science of the Total Environment, 829: 154620. https://
doi.org/10.1016/j.scitotenv.2022.154620 

TOKLO, P. M., CHALLATON, K. P., ASSOGBA, M. F., AKAKPO, G. C. A., et al. (2023) 
Phytochemical screening, in vitro and in vivo effects of an aqueous extract of the bark 
of Combretum glutinosum Perr ex DC. (Combretaceae) on gastrointestinal strongyles, 
Phytomedicine Plus, 3(4): 100491. https://doi.org/10.1016/j.phyplu.2023.100491 

WABAIDUR, S. M., OBBED, M. S., ALOTHMAN, Z. A., ALFARIS, N. A., et al. (2020) Total 
phenolic acids and flavonoid contents determination in Yemeni honey of various floral 
sources: Folin-ciocalteu and spectrophotometric approach. Food Science and Technology, 
40(Supp. 2): 647–652. https://doi.org/10.1590/fst.33119 

YAMIN, RUSLIN, MISTRIYANI, SABARUDIN, et al. (2021) Determination of total phenolic 
and flavonoid contents of Jackfruit peel and in vitro antiradical test, Food Research, 5(1): 
84–90. https://doi.org/10.26656/fr.2017.5(1).350 

ZEBUA, L. I., BUDI, I. M., WANIMBO, E. & SUHARNO (2020) The utilization of Pandan 
Coconut (Pandanaceae) at the interior tribes Papua, Indonesia, IOP Conference Series: 
Earth and Environmental Science, 575(1). https://doi.org/10.1088/1755-1315/575/1/012211 

ZEBUA, L. I. & PURNAMASARI, V. (2018) Oil of pandan kelapa hutan (Pandanus jiulianettii 
Martelli): Physicochemical properties, total phenols, total carotene, vitamin e and antioxidant 
activity, Jurnal Biologi Udayana, 21(2): 71.

ZHANG, Q., ZHANG, J., SHEN, J., SILVA, A., et al. (2006) A simple 96-well microplate 
method for estimation of total polyphenol content in seaweeds, Journal of Applied Phycology, 
18(3–5): 445–450. https://doi.org/10.1007/s10811-006-9048-4 

ZHANG, Y., CAI, P., CHENG, G. & ZHANG, Y. (2022) A brief review of phenolic compounds 
identified from plants: Their extraction, analysis, and biological activity, Natural Product 
Communications, 17(1).

https://doi.org/10.1016/j.scitotenv.2022.154620
https://doi.org/10.1016/j.scitotenv.2022.154620
https://doi.org/10.1016/j.phyplu.2023.100491
https://doi.org/10.1590/fst.33119
https://doi.org/10.26656/fr.2017.5(1).350
https://doi.org/10.1088/1755-1315/575/1/012211
https://doi.org/10.1007/s10811-006-9048-4

