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Abstract

Objective
Hibiscus sabdariffa L., also known as roselle and karkadeh, is commonly used in traditional medicine
and has many applications on food, pharmaceutical and cosmetic industries. More than 100 cultivars of
H. sabdariffa are found. Despite the fact that Sudan is considered as one of the principal producer of H.
sabdariffa there has been limited systematic study on the e�ciency of different solvent extraction on its
bioactive molecules. Therefore, this study was designed to investigate the chemical constituents of H.
sabdariffa calyx using acetone, ethanol (EtOH), 50% EtOH and water as extraction solvents and their
impact on the DPPH free radical scavenging activity.

Results
Results showed that the total polyphenol, �avonoids and vitamin C contents of the dried calyces were
signi�cantly (P < 0.05) affected by the solvent extraction used. HPLC analysis using 16 standards
revealed the presence of 11–13 compounds in the four extracts with the 50% EtOH extract recovered the
highest concentrations of identi�ed compounds. Moreover, the 50% EtOH extract revealed highest DPPH
free radical scavenging activity (IC50 1.544 ± 0.3 µg/mL). Based on these results, maceration the calyx on
50% EtOH was therefore suggested for optimal extraction of bioactive compounds with high antiradical
activity from H. sabdariffa calyx.

Introduction
Hibiscus sabdariffa L. (Family Malvaceae), with common names roselle and karkadeh, is believed to be
domesticated by the people of western Sudan sometime before 4000 BC [1]. The calyx is widely used in
Sudan to prepare cold or hot beverage, in addition to, a traditional fermented food known as Furundu is
prepared from the seed [2]. H. sabdariffa is considered as important economic crop and a source of
income for small farmers in western Sudan [3]. It is also well-thought-out as famine food because of its
resistance to hard conditions of drought [4]. In traditional medicine, the calyces are mixed with fruits of
Adansonia digitata and Tamarindus indica to cure malaria [5]. The calyx is also used to treat
hypertension, �u, haemorrhoids [6], headache [7], fever, snake bite, scorpion sting [7; 8], as hypotensive
and antispasmodic and for relaxation of uterine muscle [9]. A detailed review carried out by Da-Costa-
Rocha [15] and Riaz and Chopra [16] summarized the chemical constituents and pharmacological
properties of H. sabdariffa.

Biological activities of plants are associated with their phytochemical constituents [17], therefore it is
important to determine the appropriate extraction method and extractive solvents used concerning a
targeted biological activity. Despite the fact that Sudan is considered as one of the principal producer of
H. sabdariffa and its different application on food, pharmaceutical and cosmetic industries there has
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been limited systematic study on the e�ciency of different solvent extraction on bioactive molecules. In
this context this study was designed to investigate the chemical constituents of H. sabdariffa calyx using
acetone, ethanol and water as extraction solvents and their impact on antiradical property.

Materials And Methods

Plant materials
Dried calyces of H. sabdariffa was purchase from the local market in Khartoum in June/2018.
Preparation of extracts

The dried calyces were cleaned from debris and were pulverized and subjected to extraction using four
solvents; acetone, ethanol (EtOH), 50% ethanol/water (50% EtOH) and water. 10 g of sample was
accurately measured and macerated in 50 mL of appropriate solvent for one hour. All extracts were
�ltered through Whatman No.1 �lter paper. Then, acetone and EtOH extracts were concentrated using a
rotary evaporator under reduced pressure while aqueous extracts were freeze-dried.

Determination of total polyphenol content
The total polyphenolic content was determined by using the method described by Wolfe et al. [18]. The
total phenolic contents were expressed as gallic acid equivalents (mg/g on a dry weight basis).

Determination of total �avonoid content
The total �avonoid content was determined by adopting the method described by Ordonez et al. [19].
Total �avonoids content was expressed as quercetin (mg/g on a dry weight basis).

Determination of vitamin C content
The content of vitamin C was evaluated spectrophotometrically according to method PN-A-04019 [20].
Results are presented as mg vitamin C/100 g extract on a dry weight basis.

HPLC analysis
HPLC analysis was carried out using an Agilent 1260 series. The separation was carried out using Eclipse
Plus C18 column (4.6 mm x 250 mm i.d., 5 µm). The mobile phase consisted of water (A) and 0.02% tri-
�oro-acetic acid in acetonitrile (B) at a �ow rate 1 ml/min. The mobile phase was programmed
consecutively in a linear gradient as follows: 0 min (80% A); 0–5 min (80% A); 5–8 min (40% A); 8–
12 min (50% A); 12–14 min (80% A) and 14–16 min (80% A). The multi-wavelength detector was
monitored at 280 nm. The injection volume was 10 µL for each of the sample solutions. The column
temperature was maintained at 35 °C. Compounds were identi�ed and quanti�ed (µg/g extracts) with
comparison standards retention times and UV–Vis spectra.

Determination of antiradical activity
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The antioxidant DPPH free radical scavenging activity was determined using the method described by
Brand-Williams [21]. The IC50 value was calculated from the linear regression of plots of concentration of
the test sample against the mean percentage of the antioxidant activity.

Statistical analysis
All experiments were performed in triplicate and the obtained results were expressed as the mean ± 
standard deviation. One-way ANOVA was performed for determining signi�cant differences between the
four extracts and their antiradical activity.

Results

Extraction yield
Calyx of H. sabdariffa was macerated in four solvents; acetone, EtOH, 50% EtOH and water to evaluate
the effect of type of solvent on the chemical composition and consequently the antiradical activity of the
plant. Results of extraction yield (percentage of mass of extract/mass of dry matter) are depicted in
Table 1. The four extracts yield were ranked in a descending order as follows: EtOH (77.2%) > 50% EtOH
(58.4%) > water (6.6%) > acetone (3.1%).

Table 1
Effect of solvent type on yield, vitamin C content and antiradical activity from Hibiscus sabdariffa L.

calyx.

Extraction solvent Yield
(%)

Vitamin C1

(mg/100 g)
DPPH antiradical activity1

IC 50 (µg/mL)

Acetone 3.1 420 ± 9.7a 16.754 ± 0.7a

EtOH 77.2 230 ± 7.5b 2.481 ± 0.3c

50% EtOH 58.4 80 ± 0.7d 1.544 ± 0.3d

Water 6.6 100 ± 1.2c 11.616 ± 1.1b

Vitamin C*     1.500 ± 0.1d

* Positive control; 1, Results were expressed as the mean of triplicates ± standard deviation; Different
superscript letters in the same column indicate signi�cant difference (p < 0.05).

Total polyphenol content
The total polyphenol content values were expressed as mg gallic acid equivalent (GAE)/g. Results are
presented in Fig. 1. Both EtOH (39.07 ± 0.08 mg GAE/g) and 50% EtOH (38.64 ± 0.33 mg GAE/g) extracts
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revealed signi�cant (p ≤ 0.05) highest polyphenolic content followed by the water (31.83 ± 0.62 mg
GAE/g) and acetone extracts (29.67 ± 0.22 mg GAE/g) respectively.

Total �avonoid content
The total �avonoids content values were expressed as mg quercetin equivalent (QE)/g. Results are
presented in Fig. 1. The total �avonoid contents were signi�cantly (p ≤ 0.05) different in the four studied
extracts. The highest content was obtained from the water extract (31.80 ± 0.83 mg QE/g) followed by the
50% EtOH (26.38 ± 0.55 mg QE/g) and acetone (19.11 ± 0.32 mg QE/g) extracts. EtOH extract (9.05 ± 
0.85 mg QE/g) displayed the least �avonoid content.

Phenolic pro�le
The four extracts of H. sabdariffa calyx was analyzed using HPLC to determine the effect of the
extraction solvent on the composition and concentration of extracted metabolites (Table 2). From the 16
standard compounds used, 13 were detected in the water and 50% EtOH extracts while 11 compounds
were identi�ed in the acetone and EtOH extracts. Generally, the 50% EtOH extract recovered the highest
concentrations of identi�ed compounds (10 compounds) while the acetone extract gave the least amount
of all detected compounds. The four extracts were dominated by chlorogenic acid (hydroxycinnamic
acid) and naringenin (�avonoid) with highest concentrations obtained from the 50% EtOH (14549.69 and
12574.15 µg/g respectively) followed by the EtOH (10895.07 and 8062.12 µg/g respectively) and water
(10288.41 and 3326.99 µg/g respectively) extracts respectively. Rutin (�avonoid) was also present in
considerable amount with highest concentration in the EtOH (1265.24 µg/g) followed by the 50% EtOH
(1224.82 µg/g) and water (1004.92 µg/g) extracts respectively. Gallic acid (phenolic acid) present in
highest concentration in the EtOH extract (9306.03 µg/g) followed by the water (7656.05 µg/g) and 50%
EtOH (5884.05 µg/g) extracts respectively. Caffeine was found to be present in the 50% EtOH
(171.05 µg/g) and water (138.11 µg/g) extracts and absent or in low amount in the water and acetone
extracts.
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Table 2
Chemical pro�le of Hibiscus sabdariffa L. calyx extracted by different solvent

types.

  Concentration (µg/g)

  Acetone EtOH 50% EtOH Water

Phenolic acids/ derivative        

Gallic acid 36,02 9306,03 5884,05 7656,05

Ellagic acid 0,00 188,02 209,27 107,01

Syringic acid 0,00 0,00 0,00 0,00

Propyl Gallate 1,23 0,00 411,85 73,95

Phenolic aldehydes        

Vanillin 0,00 61,42 109,77 0,00

Hydroxycinnamic acids        

Chlorogenic acid 81,09 10895,07 14549,69 10288,41

Caffeic acid 2,06 296,29 329,00 263,37

Coumaric acid 0,00 66,57 108,37 29,49

Ferulic acid 0,00 0,00 0,00 0,00

Cinnamic acid 0,29 17,08 63,65 22,61

Flavonoids        

Catechin 12,26 0,00 0,00 2826,53

Rutin 5,41 1265,24 1224,82 1004,92

Naringenin 28,53 8062,12 12574,15 3326,99

4`.7-DihydroxyisoFlavone 1,40 98,35 281,22 59,60

Querectin 2,14 231,05 245,95 103,83

Alkaloid        

Caffeine 2,23 0,00 171,05 138,11

Vitamin C content
Vitamin C content in the four extracts of H. sabdariffa calyx was also determined and results are
presented in Table 1. The highest content in vitamin C was obtained from the acetone (420 ± 
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9.7 mg/100 g) and EtOH (230 ± 7.5 mg/100 g) extracts respectively while the water (100 ± 1.2 mg/100 g)
and 50% EtOH (80 ± 0.7 mg/100 g) extracts had the least content.

DPPH free radical scavenging activity
The antioxidant DPPH free radical scavenging activity was determined for the four extracts of H.
sabdariffa calyx and IC50 values are depicted in Table 1. The 50% EtOH extract revealed highest
antiradical activity with IC50 value (1.544 ± 0.3 µg/mL) comparable to that obtained from the positive
control (1.5 ± 0.1 µg/mL). The EtOH extract (2.481 ± 0.3 µg/mL) exerted also considerable antiradical
activity. The water and acetone respectively exhibited the least antiradical activity with IC50 values of
11.616 ± 1.1 and 16.754 ± 0.7 µg/mL.

Discussion
Active metabolites usually exist in low concentration in plants [22, 23]. Therefore, it is necessary to select
the appropriate solvent to be able to obtain extracts with high yield and best properties for the targeted
biological activity. Extraction yield was used as an indicator of the effects of the extraction conditions. In
this study the four solvents used to extract metabolites from H. sabdariffa calyx varied in their extraction
yield with best amount obtained from the EtOH (77.2%) and 50% EtOH (58.4%) solvents respectively. This
results were in agreement with �nding of Grigonisa et al. [24] who reported that the highest extract yields
were obtained with polar alcohol-based solvents.

The results of the present study demonstrated that the total content of polyphenol, �avonoid and Vitamin
C in calyces of H. sabdariffa signi�cantly (p ≤ 0.05) in�uenced by type of solvent used for extraction.
EtOH and 50% EtOH extracted highest content of polyphenols while the water and acetone extracts
showed the highest �avonoid and vitamin C contents respectively. Previous study by Ko� et al [25]
showed that alcohol (ethanol and methanol) was better in extracting phenols than acetone. However, it
would also be important to consider that the high contents of phenolics in alcoholic extracts are more
likely associated with biomolecules including proteins, carbohydrates (glycosides), terpenes, chlorophyll,
lipids and inorganic compounds, which could be also extracted by these solvents and consequently
interfere in determination of total polyphenol by Folin-Ciocalteu reagent [26].

Total �avonoid content in the present study were best extracted by the water extract and was in
contradiction to the results of Ko� et al [25] who showed that �avonoids in H. sabdariffa calyx were
better extracted from the acetone extract. This difference in results could be attributed to nature of
�avonoid molecules present in H. sabdariffa sample from Sudan which could be affected by many biotic
and abiotic factors such as differences of cultivars, soil of cultivation, climatic conditions and storage
condition [27, 28].

Furthermore, the chemical pro�ling of the four extracts revealed that out of the 15 phenolic standards
used 12 compounds were present in H. sabdariffa with chlorogenic acid, naringenin rutin and gallic acid
at noteworthy concentrations in most extracts. Generally, the highest amount of the identi�ed compounds
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was obtained from the 50% EtOH extract. Previous studies [15, 16] reported the presence of most of these
compounds in H. sabdariffa calyx, but to the best of our knowledge this is the �rst reports on comparing
the effect of the four used solvents on the recovery of these compounds.

Result of the antioxidant DPPH free radical scavenging activity showed that 50% EtOH extract followed
by EtOH extract exhibited the best anti-DPPH radical activity while acetone extract revealed the least
activity. Previous study showed that the alcoholic (methanol) extract gave the highest DPPH value in
comparison with ethyl acetate and acetone [28, 29]. As noted in the phenolic pro�le of these two extracts,
many compounds are well known for their antiradical activity such as rutin, qurecetin [30], gallic acid [31],
ellagic acid [32], chlorogenic acid, coumaric acid [33], caffeic acid [34] vanillin and catechin [35]. Although
the water extract contained also considerable amount of these compounds, its antiradical activity was
lower than that observed in the 50% EtOH and EtOH extracts. This might be to antagonistic effect and
steric hindrances of other components which are also present in the crude extract [36]. Furthermore, the
antiradical activity of the acetone extract was probably associated to its high content in vitamin C.
Soobrattee et al. [37] reported that although the antiradical potential of vitamin C was found to be weaker
than that of quercetin and similar to that of trolox, it can still contribute to the antiradical activity of
berries and fruits.

From the Pearson’s correlation coe�cient of total polyphenols, �avonoids, vitamin C with antioxidant
activity, it was suggested that the antioxidant DPPH free radical scavenging activity of H. sabdariffa
calyx was mainly associated to polyphenolic content (R² = 0.9836) rather than the total �avonoid content
(R² = 0.0625) or vitamin C (R² = 0.3962).

Conclusion
The present study provide a better insight into the in�uence of type of solvent extraction on the chemical
composition of metabolites from H. sabdariffa calyx and their amount. The obtained results suggested
that 50% EtOH could extract more phenolic compounds with highest concentration which was re�ected
on highest DPPH free radical scavenging activity.

Limitation
Types of anthocyanins and organic acids should be determined.

Other antioxidant assays should be performed.

Abbreviations
EtOH: ethanol; HPLC: High-performance liquid chromatography; GAE: gallic acid equivalent; QE: quercetin
equivalent. DPPH: 2,2-diphenyl-1-picrylhydrazyl.

Declarations



Page 9/12

Acknowledgements
Authors are grateful to Mr. Mohamed Ahmed for providing the plant sample.

Authors’ contributions
SY conceptualized the project, provided technical support and prepared the manuscript; ZH, provided
technical support.

Funding
No fund was received for this study.

Availability of data and materials
The data can be requested from the corresponding author.

Ethics approval and consent to participate
No human or animal studies were used in this work.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
SA, Department of Botany, Faculty of Science, University of Khartoum, Sudan. ZTEH Department of
Chemistry, Faculty of Science, University of Khartoum, Sudan.

References
1. Murdock GP. Africa, its peoples and their culture history. New York: McGraw-Hill; 1959.



Page 10/12

2. Yagoub AA, Mohamed BE, Ahmed AR, El Tinay AH. Study on Furundu, a traditional sudanese
fermented roselle (Hibiscus sabdariffa L.) Seed: Effect on in vitro protein digestibility, chemical
composition, and functional properties of the total proteins. J Agric Food Chem. 2004;52(20):6143–
50. .

3. El Naim AM, Ahmed SE. Effect of weeding frequencies on growth and yield of two roselle (Hibiscus
sabdariffa L) varieties under rain fed. Aust J Basic Appl Sci. 2010;4(9):4250–5. doi:.

4. Mohamad BB, Mohd. Nazir B, Abdul Rahman M, Herman S, Roselle. A new crop in Malaysia. Bio
Malaysia: A grand international biotechnology event. Bulletin PGM. 2002;12–13.

5. Musa MS, Abdelrasoo FE, Elsheikh EA, Ahmed LAMN, Mahmoud AE, Yagi SM. Ethnobotanical study
of medicinal plants in the Blue Nile State, southeastern Sudan. J Med Plant Res. 2011;5(17):4287–
97.

�. Issa TO, Mohamed YS, Yagi S, Ahmed RH, Najeeb TM, Makhawi AM, Khide TO. Ethnobotanical
investigation on medicinal plants in Algoz area (South Kordofan), Sudan. J Ethnobiology
Ethnomedicine. 2018;14:31. .

7. Suleiman MHA. An ethnobotanical survey of medicinal plants used by communities of Northern
Kordofan region, Sudan. J Ethnopharmacol. 2015;176:232–42. doi:.

�. EL-Kamali HH. Ethnopharmacology of medicinal plants used in north Kordofan (western Sudan).
Ethnobot Lea�ets. 2009;13:89–97.

9. Khalid H, Abdalla WE, Abdelgadir H. Gems from traditional north-African medicine: medicinal and
aromatic plants from Sudan. Nat Prod Bioprospect. 2012;2:92–103. doi:.

10. Abdallah EM. Antibacterial e�ciency of the Sudanese Roselle (Hibiscus sabdariffa L.), a famous
beverage from Sudanese folk medicine. J Intercult Ethnopharmacol. 2016;5(2):186–90. doi:.

11. Youns MAD, Hashim AI, Suliman SI, Abd Alla AB. In Vitro Evaluation of the antimicrobial and
antioxidant Activity of Hibiscus sabdariffa L. IOSR-JDMS. 2018;17(4):69–74. doi:.

12. Gaffer EY, Mustafa HA. The Hypolipidaemic effect of the ethanolic extract of Hibiscus sabdariffa L.
calyces on induced hyperlipidaemia in Albino rats. EC Vet Sci. 2019;4(6):379–86.

13. Elnour MA, Penech F, Mesaik MA. Four selected Sudanese medicinal plants induce anticancer and
cytotoxic effects in prostate cancer cell line. Clin Med Biochem. 2017;3:134. doi:.

14. Cahlíková L, Ali BH, Havlíková L, Ločárek M, Siatka T, Opletal L, Blunden G. Anthocyanins of Hibiscus
sabdiffera calyces from Sudan. Nat Prod Commun. 2015;10(1).

15. Da-Costa-Rocha I, Bonnlaender B, Sievers H, Pischel I, Heinrich M. Hibiscus sabdariffa L. – A
phytochemical and pharmacological review. Food Chem. 2014;165:424–43. .

1�. Riaz G, Chopra R. A review on phytochemistry and therapeutic uses of Hibiscus sabdariffa L. Biomed
Pharmacother. 2018;102:575–86. doi:.

17. Azwanida N. A review on the extraction methods use in medicinal plants, principle, strength and
limitation. Med Aromat Plants. 2015;4:3–8. doi:.

1�. Wolfe K, Wu X, Liu RH. Antioxidant activity of apple peels. J Agric Food Chem. 2003;51:609–14. .



Page 11/12

19. 10.1016/j.foodchem.2005.05.024
Ordonez A, Gomez J, Vattuone M. Antioxidant activities of Sechium edule (Jacq.) Swartz extracts.
Food Chem. 2006;97:452–458. doi: .

20. PN-A-04019:1998P. Food products. Determination of vitamin C. (1998).

21. Brand-Williams W, Cuvelier ME, Berset C. Use of free radical method to evaluate antioxidant activity.
LWT-Food Sci Technol. 1995;28(1):25–30. ).

22. Hayouni EA, Abedrabba M, Bouix M, Hamdi M. The effects of solvents and extraction method on the
phenolic contents and biological activities in vitro of Tunisian Quercus coccifera L. and Juniperus
phoenica L. fruit extracts. Food Chem. 2007;105:1126–34. doi:.

23. Quispe Candori S, Foglio MA, Rosa PTV, Meireles MAA. Obtaining β-caryophyllene from Cordia
verbenacea de Candolle by super crtitical �uid extraction. J Supercrit Fluids. 2008;46:27–32. doi:.

24. Grigonis D, Venskutonisa PR, Sivik B, Sandahl M, Eskilsson CS. Comparison of different extraction
techniques for isolation of antioxidants from sweet grass (Hierochloë odorata). J Supercrit Fluids.
2005;33(3):223–33. .

25. Ko� E, Sea T, Dodehe Y, Soro S. Effect of solvent type on extraction of polyphenols from twenty three
Ivorian plants. J Anim Plant Sci. 2010;5:550–8.

2�. Singleton VL, Rossi JA. Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid
reagents. Am J Enol Viticult. 1965;16:144–58.

27. Mohamed R, Fernandez J, Pineda M, Aguilar M. Roselle (Hibiscus sabdariffa) seed oil is a rich source
of gamma-tocopherol. J Food Sci. 2007;72(3):207–11. doi:.

2�. Sindi HA, Marshall LJ, Morgan MRA. Comparative chemical and biochemical analysis of extracts of
Hibiscus sabdariffa. Food Chem. 2014;164:23–9. doi:.

29. Ramakrishna BV, Jayaprakasha GK, Jena BS, Singh RP. Antioxidant activities of roselle (Hibiscus
sabdariffa) calyces and fruit extracts. J Food Sci Technol. 2008;45(3):223–7.

30. Potapovich AI1, Kostyuk VA. Comparative study of antioxidant properties and cytoprotective activity
of �avonoids. Biochemistry. 2003;68(5):514–9. doi:.

31. Badhani B, Sharma N, Kakkar R. Gallic acid: a versatile antioxidant with promising therapeutic and
industrial applications. RSC Adv. 2015;5:27540–57. .

32. Pozharitskaya ON1, Ivanova SA, Shikov AN, Makarov VG, Galambosi B. Separation and evaluation of
free radical-scavenging activity of phenol components of green, brown, and black leaves of Bergenia
crassifolia by using HPTLC-DPPH method. J Sep Sci. 2007;30(15):2447–51. doi:.

33. Jakobek L, Seruga M. In�uence of anthocyanins, �avonols and phenolic acids on the antiradical
activity of berries and small fruits. Int J Food Prop. 201215:1:122–133. .

34. Chen JH, Ho C. Antioxidant Activities of caffeic acid and its related hydroxycinnamic acid
compounds. J Agric Food Chem. 1997;45(7):2374–8. .

35. Yagi S, Drouart N, Bourgaud F, Henry M, Chapleur Y, Laurain-Mattar D. Antioxidant and antiglycation
properties of Hydnora johannis roots. S Afr J Bot. 2013;84:124–7. .



Page 12/12

3�. Hussain ZTE, Yagi S, Mahomoodally MF, Mohammed I, Zengin G. A comparative study of different
solvents and extraction techniques on the anti-oxidant and enzyme inhibitory activities of Adansonia
digitata L. (Baobab) fruit pulp. S Afr J Bot. 2019;126:207–13. doi:.

37. Soobrattee MA, Neergheen VS, Luximon-Ramma A, Aruoma OI, Bahorun T. Phenolics as potential
antioxidant therapeutic agents: Mechanism and actions. Mutat Res. 2005;579(1–2):200–13. doi:.

Figures

Figure 1

Total vitamin C, polyphenol and �avonoid contents of Hibiscus sabdariffa L. calyx extracted by different
solvent types.


