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ABSTRACT

Hypertension is still one of the biggest health problems in the world, including in Indonesia. The high prevalence
rate has encouraged a lot of research to find antihypertensive drugs and other alternative healing methods,
especially those using natural ingredients. One plant that has antihypertensive activity is the roselle flower
(Hibiscus sabdariffa L.). This research aimed to observe the inhibitory activity of roselle flower extract on the
angiotensin-converting enzyme (ACE), determine the potential toxicity of roselle flower extract on shrimp larvae
(Artemia salina Leach), and determine the phytochemical content in it. Roselle flower simplicia was extracted
using the maceration method using a 70% ethanol solvent. The extract obtained was then tested for its inhibitory
activity against ACE photometrically using a microplate reader. The observed inhibitory activity was calculated
in terms of ICso. The toxicity of the extract was determined by the brine shrimp lethality test (BSLT) to see how
toxic the roselle flower extract was to shrimp larvae. The secondary metabolite content in the extract was
determined qualitatively and quantitatively. The research results showed that the extraction yield obtained was
32,63%. The ICso value of roselle flower extract against ACE was 295,36 ppm. The toxicity test on shrimp larvae
showed that the LCsy value obtained was 334,02 ppm. The results of qualitative phytochemical tests show that
roselle flower extract contained flavonoids, quinones, and steroids. The flavonoids and phenolic content in roselle
flower extract were 0,42% and 0,91%, respectively. Based on these results, the phytochemical content of roselle
flower extract inhibited ACE activity, and its compounds can be used as ingredients for developing hypertension
drugs.
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INTRODUCTION

Hypertension is still one of the biggest health problems in the world, including in Indonesia. This
disease is still a problem because many of the sufferers are not aware of it, so they do not undergo
treatment properly, which makes the condition worse. () The high prevalence rate of hypertension has
encouraged a lot of research and development to find antihypertensive drugs and other alternative
methods of healing by prioritizing raw materials from nature to minimize the impact of drug dependence
and undesired side effects. ?-

One of the enzymes that play an essential role in regulating blood pressure in the body is the
angiotensin-converting enzyme (ACE), which is part of the renin-angiotensin-aldosterone hormonal
system. ACE is an enzyme found in the inner endothelial layer of the pulmonary blood vessels that play
an essential role in regulating blood pressure due to the conversion of angiotensin I into its active peptide
form, namely angiotensin II. &% Angiotensin II plays a role in narrowing blood vessels
(vasoconstriction), which can trigger an increase in blood pressure, which can ultimately cause
hypertension.>® Thus, to avoid this increase in blood pressure, the process of converting angiotensin I
to angiotensin Il needs to be carried out, and this is one of the principles of hypertension management,
namely through the ACE inhibition mechanism. Inhibition of ACE will cause the conversion of
angiotensin I to angiotensin II to not occur. In this way, vasoconstriction or narrowing of blood vessels
can be prevented, and blood pressure will remain stable.

Basically, hypertension can be prevented or slowed down by taking antihypertensive medication
regularly to keep blood pressure regular. The antihypertensive drugs currently used are mainly synthetic
drugs that work as angiotensin-converting enzyme (ACE) inhibitors, beta-adrenergic antagonists,
calcium channel blockers, beta-blockers, and diuretics. ® However, the use of these drugs can cause
side effects such as symptoms of hypersensitivity reactions in the form of itching and upper respiratory
tract infections, especially if consumed for an extended period. @ Therefore, the research and
development of antihypertensive drugs need to consider aspects of safety, innovation, and economic
value to find alternative prevention and treatment of hypertension, especially those sourced from natural
ingredients. @

Natural ingredients, whether in the form of leaves, fruit, bark, or plant roots, contain secondary
metabolites that generally have certain bioactivity. Secondary metabolite compounds that can inhibit
ACE are the flavonoids group. One example of a natural ingredient that contains flavonoids is the roselle
flower (Hibiscus sabdariffa L.). This plant is known to have antibacterial, ©® antioxidants, 1%!D anti-
diabetic,'? and anti-inflammatory activity.'> Previous research reported that roselle flower syrup was
effective in lowering blood pressure in hypertensive patients with cholesterolemia. However, the
effective dose and toxicity tests have yet to be carried out. (' In other studies, infusion from roselle
flowers has been proven to be able to inhibit ACE, and when combined with cucumber, both infusions
show an even more significant inhibitory effect. However, bioactivity tests of extracts from organic

solvents and toxicity tests have yet to be carried out. > Therefore, in this research, roselle flower extract
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was made using an organic solvent, namely 70% ethanol, to see the differences in inhibitory activity
that occurred. Apart from that, this research also carried out a toxicity test to observe the toxic effects
caused by the extract. Qualitative phytochemical tests were also carried out to identify secondary
metabolite compounds in the extract. The quantitative determination of the total flavonoids and phenolic
content was also carried out.

This research aimed to observe the activity of roselle flower extract in inhibiting ACE, determine
the potential toxicity of roselle flower extract, determine the content of secondary metabolites in the
extract that might play a role in inhibiting ACE, and measure the total flavonoids and total phenolic
content in the extract. ACE inhibitory activity was observed using a photometric method based on
absorbance measurements using a microplate reader. The toxicity test was conducted using the toxicity
analysis method on Artemia salina Leach shrimp larvae (brine shrimp lethality test, BSLT). Meanwhile,
phytochemical screening was conducted qualitatively on secondary metabolite components of
flavonoids, alkaloids, saponins, tannins, steroids, and triterpenoids. The calculation of total flavonoids

and total phenolic content from the extract was carried out quantitatively by spectrophotometry.

METHODS

Roselle flowers were obtained from roselle plantations in the Tangerang area, Banten. Plant
identification and determination were carried out at UPT Laboratorium Herbal Materia Medica Batu,
Malang, to ensure the accuracy of the plant species used. After ensuring that the species hame was
correct, the fresh roselle flowers that had been harvested were cleaned and washed thoroughly with
running water. Next, the flowers were dried in the sun. The dried roselle flowers were then ground using
a blender until a coarse powder of dried roselle flower simplicia was obtained. The simplicia powder
was then stored in an airtight container and ready to be extracted. Extraction of roselle flower simplicia
was carried out using the maceration method. A total of 500 g of simplicia was given 70% ethanol
solvent in a ratio of 1:10 until the simplicia powder was completely submerged. The extraction was
carried out for 1x24 hours with occasional stirring to maximize contact of the simplicia with the solvent.
After 1x24 hours, filtering was carried out to separate the filtrate (macerate) from the simplicia. The
filtrate obtained was separated from the residue, then the residue was added to 70% ethanol solvent
again as previously, and the second maceration was carried out again. This process was carried out up
to 3 repetitions. The macerate from each repetition was collected and concentrated using a rotary
evaporator until a solvent-free extract was obtained, then the extraction yield was calculated. The extract
was then put into a clean, closed bottle and stored in the freezer until the following analysis was carried
out.

Antihypertensive activity testing was carried out on roselle flower extract using the WST Dojindo
ACE kit with slight modifications.?>1¢ Extract solutions were prepared in concentrations of 5, 10, 25,
50, 100, 250, 500, and 1,000 ppm by dissolving the extract in distilled water. The procedure for preparing

the substrate, enzyme (ACE), and indicator solution referred to the technical procedures provided by the
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manufacturer.l” The positive control used was Captopril 25 ppm. After all the reagents were prepared,
each reagent was then put into a 96-well plate with the composition and placement referring to the
manufacturer's technical procedures. After the plate was filled with the appropriate reaction system, the
96-well plate was then incubated at 37°C for 1 hour, then the indicator solution was added and incubated
again at room temperature for 10 minutes. After that, the absorbance was read using a microplate reader
at a wavelength of 450 nm. The percentage of inhibition observed from each well was then calculated,
and the toxicity of the extract to shrimp larvae was determined through probit analysis.'®° Artemia
salina Leach shrimp eggs were weighed as much as 1 gram and then placed in an Erlenmeyer flask
containing 500 ml of filtered seawater and given an aerator. The flask was left for 48 hours under a lamp
until the eggs hatched into shrimp larvae (nauplii) and were ready to be used for toxicity testing. Before
the test was carried out, the extract stock solution was prepared in a concentration of 2,000 ppm by
dissolving the extract in seawater. If the extract was not dissolved in seawater, then five drops of 1%
dimethyl sulfoxide (DMSQO) were added. The extract solution was then diluted until concentrations of
5, 10, 25, 50, 100, 250, 500 and 1,000 ppm were obtained. After that, nine containers were prepared
containing 20 48-hour-old shrimp larvae each for testing the toxicity of each extract concentration, and
one control container was used without the addition of the extract solution. Observations were carried
out for 24 hours. During the observation, aeration was carried out, and the container was placed under
the light. After 24 hours, the percentage of dead shrimp larvae was calculated. Mortality percentage data
were converted into probit values, and logarithm concentration values were calculated. The curve of the
relationship between these two values was then used to calculate the LCso of the extract based on the
linear regression equation obtained.

Phytochemical analysis was carried out to determine the presence of flavonoids, alkaloids,
saponins, tannins, quinones, steroids, and triterpenoids.??* The presence of flavonoids was tested by
dissolving the extract in methanol, then putting it into a test tube and adding magnesium powder. After
that, 1 ml of concentrated HCI was added. The presence of flavonoids was indicated by the color changes
of the solution to yellow, orange, red, or green. The presence of alkaloids was tested by putting a thick
extract into a test tube, then giving chloroform and a few drops of ammonia solution, and then shaking
and filtering. The solution was then treated with 2N sulfuric acid and shaken until two layers formed.
The top layer was separated into three different test tubes. The first tube was given three drops of
Dragendorff's reagent, the second tube was given three drops of Meyer's reagent, and the third tube was
given three drops of Wagner's reagent. The presence of alkaloids was indicated by the formation of a
reddish-brown precipitate in the first and third tubes and a white precipitate in the second tube. Saponins
examination was carried out by dissolving the extract with a little warm distilled water in a test tube,
then adding 5 ml of distilled water. After that, the solution was vigorously shaken until foam formed.
The presence of saponins was indicated by a stable foam formed in the solution. The presence of tannins
was tested by dissolving a small amount of the extract with methanol in a test tube and then adding three

drops of 5% FeCls. The presence of tannins was indicated by a blackish-green or dark blue color formed.
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The presence of quinones was tested by putting a thick extract and dissolving it with benzene in a test
tube, then giving a few drops of NaOH solution. The extract contains quinones if the color changes from
yellow to red. The presence of triterpenoids and steroids was tested by dissolving the extract with n-
hexane in a test tube, then adding 1 ml of glacial acetic acid and 1 ml of concentrated sulfuric acid. The
presence of a reddish-brown ring at the boundary of the two layers indicates the presence of
triterpenoids, while the presence of a blue or green ring indicates the presence of steroids.
Determination of total flavonoids was carried out by weighing 200 mg of the extract and then
placing it in a round bottom flask. The hydrolysis system was carried out by adding 1 ml of 0.5% (w/v)
hexamethylenetetramine, 20 ml of acetone, and 2 ml of 25% HCI solution, then heated until boiling for
30 minutes and filtered. All filtrate was collected into a volumetric flask. 20 ml of the filtrate from
hydrolysis was taken and then put into a separating funnel. After that, 15 ml of ethyl acetate was added
and then shaken. The ethyl acetate fraction was collected into a volumetric flask. 10 ml of filtrate was
added to 1 ml of 2% AICI; solution in 5% glacial acetic acid (v/v) and adjusted. The absorbance of the
solution was measured using a UV-Vis spectrophotometer at a wavelength of 425 nm. The total
flavonoids were determined compared with standard quercetin, and the result was expressed as quercetin
equivalent (%).22 Meanwhile, the total phenolic content in the extract was determined based on the
method in the Indonesian Herbal Pharmacopoeia.?® Determining total phenolic content began with
making a standard curve for gallic acid. A stock solution of gallic acid with a concentration of 500 ppm
was prepared by weighing 12.5 mg of gallic acid and dissolving it with pro-analysis methanol in a 25
ml volumetric flask. A standard concentration range of 0, 10, 30, 50, 70, and 100 ppm was made in a 25
ml measuring flask. 1 ml of each solution was pipetted into a test tube, then 5 ml of 7.5% Folin-Ciocalteu
reagent was added, vortexed, and incubated in the dark for about 8 minutes. After that, 4 ml of 1%
NaOH was added, vortexed, and incubated again in the dark for 1 hour. The entire solution was measured
using a UV-Vis spectrophotometer at a wavelength of 730 nm, and then a standard curve for gallic acid
was created. Then, 10 mg of the extract was weighed and dissolved in methanol, then 1 ml solution was
pipetted into a test tube. After that, 5 ml of 7.5% Folin-Ciocalteu reagent was added, vortexed, and
incubated in the dark for approximately 8 minutes. After that, 4 ml of 1% NaOH was added, vortexed,
and incubated again in the dark for 1 hour. Finally, the absorbance of the solution was measured using
a UV-Vis spectrophotometer at a wavelength of 730 nm. The total phenolic content was compared with

standard gallic acid, and the result was calculated as gallic acid equivalent (%).

RESULTS

The roselle plants used in the research were first determined at UPT Laboratorium Herbal Materia
Medica Batu, Malang. The determination result, document number 074/713/102.20-A/2022, confirmed
that the plant used in this research was Hibiscus sabdariffa L. or the roselle plant. After extracting 500
g of dried simplisia of roselle flowers, the extract weight obtained was 163.17 g. Thus, the extraction

yield obtained was 32.63%.
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The inhibitory activity of roselle flower extract against ACE can be seen in Table 1 below.

Table 1. Inhibitory activity of roselle flower extract against ACE

Extract concentration Inhibitory activity

log concentration

(ppm) against ACE (%)
5 0.699 ¥
10 1,000 1,82
25 1,398 3.26
50 1,699 12,88
100 2,000 32,17
250 2,398 52,06
500 2,699 58,62
1.000 3,000 72,49
Captopril 25 ppm 1,398 92,37

*not observed

Concentration analysis was carried out using linear regression calculations. The absorbance value
obtained from measurements with the microplate reader was used to calculate the ICso of the extract.
The ICs¢ value was calculated using Microsoft Excel by plotting the logarithm value of roselle flower
extract concentration and its inhibitory activity against ACE. The linear regression equation was then
used to calculate the ICso value of the extract. Based on the data in Table 1, the linear regression equation
obtained was y = 34.23x — 34.56 with an R? value of 0.9352 (Figure 1). From the equation, the ICsy of
the extract was 295.36 ppm.

The toxicity test results of roselle flower extract on shrimp larvae are presented in Table 2 below.

Table 2. Toxicity test results of roselle flower extract

Extract

concentration log . Total dead Mortality Probit value
concentration (%)
(ppm)

5 0.699 1 5 3,36
10 1,000 1 5 3,36
25 1,398 2 10 3,72
50 1,699 4 20 4,16
100 2,000 4 20 4,16

250 2,398 8 40 4,87
500 2,699 13 65 5,39
1.000 3,000 14 70 5,52

The LCso value for roselle flower extract was calculated using the probit quantile regression
analysis method using Microsoft Excel. The number of shrimp larvae that died for each observed extract
concentration was calculated as a percentage of larval death (mortality). This mortality number was
converted into a probit number with the help of a percentage transformation table to probit values. Then,
a curve was created between the logarithm of the extract concentration and the probit value, and a linear
regression equation was determined from this curve. The LCso was calculated by finding the logarithm

value of the extract concentration, which resulted in a shrimp larval mortality value of 50%.
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Figure 1. Inhibitory activity of roselle flower extract against ACE

The logarithm value was then converted to its antilogarithm value, representing the LCs of the
extract. The extract concentration resulting from the calculation was set as the LCso value. Based on the
data in Table 2, the linear regression curve between the logarithm of concentration and the probit value

can be plotted as follows.

6
y =1,0308x + 2,3985
5 R2 =0,9588

Probit value

1

0
0.000  0.001 0.001 0.002 0.002 0.003 0.003 0.004

log concentration
Figure 2. The relationship between log concentration and probit value
The results of qualitative phytochemical screening of roselle flower extract are presented in the
following table.
Table 3. Phytochemical profile of roselle flower extract

Phytochemical compounds Remark*
Flavonoid +
Alkaloid (Dragendorft) -
Alkaloid (Meyer) -
Alkaloid (Wagner) -
Saponin -
Tanin -
Kuinon +
Triterpenoid -
Steroid +

*(+): presence, (-): absence
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Meanwhile, the quantitative analysis results of total flavonoids and total phenolic content in
roselle flower extract showed that the total flavonoids contained in the extract was 0.42% (quercetin

equivalent) and the total phenolic content was 0.91% (gallic acid equivalent).

DISCUSSION

Extraction of roselle calyces simplicia with 70% ethanol solvent resulted in a yield of 32.63%.
This yield percentage is relatively high because the extract obtained is almost a third of the total simplicia
used in the extraction. Previous research showed that extraction of roselle flowers with 96% ethanol
solvent produced a yield of 25.68%,?% while extraction with 70% ethanol solvent produced 25.8% @
and 31% yields.® This yield was in line with the requirements of the Indonesian Herbal Pharmacopoeia,
which states that extraction of roselle flowers with ethanol solvent produces an extract yield of no less
than 16.3%.2 The difference in the yield percentage might be influenced by the length of extraction
time, the type and quality of solvent used, the solvent evaporation process, and the amount of simplicia
used.@?

The ACE inhibitory activity testing is used to evaluate the antihypertensive potential of natural
products. Naturally, the ACE converts angiotensin-I to angiotensin-II, a potent vasopressor that causes
an increase in blood pressure. This change must be prevented to maintain normal blood pressure.®® In
this study, the inhibitory activity of roselle flower extract against ACE was carried out using the ACE
kit-WST (Dojindo Laboratory, Japan). This test is based on the detection of 3-hydroxybutyric acid
(3HB), which is produced from the breakdown of the substrate 3-hydroxybutyrylglycylglycylglycine
(BHBGGQG) in the presence of ACE and aminoacylase.('®!”) Samples containing secondary metabolites
with inhibitory activity against ACE will be able to prevent the formation of 3HB. Therefore, the lower
the absorbance read by the microplate reader, the higher the inhibitory activity measured.

The ACE inhibitory activity of roselle flower extract shows that the inhibition rate increases with
increasing concentration. The highest ACE inhibition value was obtained at a concentration of 1,000
ppm, 72.49%. This inhibitory activity is relatively high, but the activity shown by the extract is still
below the inhibitory ability shown by Captopril, namely 92.37%. The ICs, value of the extract observed
in this study was 295.36 ppm. Meanwhile, the toxicity test results showed that the LCso value for roselle
flower extract was 334.02 ppm. Phytochemical screening of natural products with medicinal potential
cannot be separated from testing their efficacy on certain living organisms, known as bioassays.
Bioassay is an analysis that determines the presence of a substance and its potency by observing the
effects that appear on certain living organisms, both animals and plants. Commonly performed bioassays
usually involve living cells (for example, cancer cells used in testing anticancer activity), are expensive,
and employ complex analytical techniques. Meanwhile, the phytochemical properties of plants that
show certain activities may be able to influence other living things in simple zoological systems. Thus,
bioassays to observe any physiological activity of certain phytochemicals can also be observed in simple

organisms, one of which is the small crustacean group, namely brine shrimp larvae. These larvae can be
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used in various bioassays because they are sensitive to phytochemicals. Toxicity testing on shrimp larvae
has been proven effective in multiple tests, such as observing antifungal activity, mycotoxins, waste
contamination, pesticide residues, and other pharmacological activities, so this method is quite effective
and efficient in observing the pharmacological effects of a plant extract.(!®!19

The extract's phytochemical content plays a distinguished role in its potential biological activity.
The potent inhibitory activity of roselle flower extract against ACE is possibly due to flavonoids,
quinones, and steroids contained in the extract (Table 3). The active compound that plays the most role
in this activity is thought to be the flavonoid group, as evidenced by the presence of total flavonoids and
total phenolic content in the extract. Previous research reported that flavonoids showed inhibitory
activity against ACE and could reduce blood pressure. )

The inhibition mechanism between secondary metabolites and the ACE enzyme suggested that
the inhibition mechanism was competitive. Previous research showed that flavonoids could inhibit ACE
activity due to the formation of a chelate complex with a zinc (Zn) atom in the active center of the
ACE.? With this interaction, the enzyme loses its affinity to bind to the substrate, resulting in no
conversion of angiotensin-I to angiotensin-I1.®% In addition, the total phenolic and anthocyanins content
contained in roselle flowers is known to have a vasodilation effect, which can help dilate blood vessels,

thereby helping to lower blood pressure.!

CONCLUSION AND RECOMMENDATIONS

The yield of roselle flower extract obtained was relatively high, namely 32.63%. The ICso value
of roselle flower extract against ACE is 295.36 ppm, which shows that roselle flower extract has
potential as an antihypertensive, although its activity is still below that of Captopril. The toxicity test on
shrimp larvae showed that the LCso value obtained was 334.02 ppm. Phytochemical test results showed
that roselle flower extract contains flavonoids, quinones, and steroids, while the total flavonoids and
phenolic content in roselle flower extract are 0.42% and 0.91%. Based on these results, the
phytochemicals in roselle flower extracts have the potential to become natural ingredients for developing

hypertension drugs.

ACKNOWLEDGEMENT
The authors express their gratitude to the Polytechnic of Health of Banten for funding this research
through the 2023 Beginner Lecturer Research scheme, the Department of Medical Laboratory
Technology, Tangerang Campus, and the Hypertension Prevention and Control Research Center
(HPCRC) for supporting and allowing the use of the Molecular Biology Laboratory to carry out this

research.

Publisher : Faculty of Public Health Universitas Muslim Indonesia 253



Window of Health : Jurnal Kesehatan, Vol. 7 No. 3 (Juli, 2024) : 245-255 E-ISSN 2614-5375

10.

11.

12.

13.

14.

15.

REFERENCES

Badan Penelitian dan Pengembangan Kesehatan Kementerian Kesehatan Republik Indonesia. Hasil
Riset Kesehatan Dasar 2018. Jakarta: Kemenkes RI; 2019.

Rohsela HN. Inhibisi Ekstrak Air Kumis kucing dan Tempuyung terhadap Aktivitas ACE
(Angiotensin-Converting Enzyme) secara In Vitro [Skripsi]. Bogor: Institut Pertanian Bogor; 2014.

Zeng Y, Wang N, Qian W. Production of Angiotensin-I Converting Enzyme Inhibitory Peptides
from Peanut Meal Fermented with Lactic Acid Bacteria and Facilitated with Protease. Advance
Journal of Food Science and Technology. 2013;5(9):1198-203.

Chaudhary SK, Mukherjee PK, Maiti N, De AK, Bhadra S, Saha BP. Evaluation of Angiotensin
Converting Enzyme Inhibition and Antioxidant Activity of Piper longum. Indian Journal of
Traditional Knowledge. 2013;12(3):478-482.

Sogandi, Wahyuni G, Saputri DD, Purwaningsih D, Khanna P. Mekanisme Kerja Angiotensin
Converting Enzyme (ACE) pada Hipertensi. Makalah Pascasarjana Biokimia IPB. Bogor: Institut
Pertanian Bogor; 2013.

Lin YS, Lu YL, Wang GJ, Liang HJ, Hou WC. Vasorelaxing and Antihypertensive Activities of
Synthesized Peptides Derived from Computer-aided Simulation of Pepsin Hydrolysis of Yam
dioscorin. Botanical Studies. 2014;55(1):1-7.

Susanto JP. Konsep Baru Renin Angiotensin System (RAS). Cermin Dunia Kedokteran.
2015;42(2):102-5.

Aulena DN, Tambunan RM, Desya P. Aktivitas Antioksidan, Penghambatan ACE (Angiotensin-
Converting Enzyme), dan Toksisitas dari Ekstrak Etanol 70% Daun Jamblang (Syzigium cumini
L.). Sainstech Farma: Jurnal Ilmu Kefarmasian. 2020;13(2):99-106.

Nnachetam UV, Florence ON, Charity ON, Pius E. Phytochemical Constituents and Antibacterial
Activities of Hibiscus sabdariffa L. Calyces (Zobo Flower) Extracts on Escherichia coli and
Staphylococcus aureus. Journal of Health Sciences & Research. 2020;11(1):12-6.

Obouayeba AP, Djyh NB, Diabate S, Djaman AJ, N'guessan JD, Kone M, Kouakou TH.
Phytochemical and Antioxidant Activity of Roselle (Hibiscus sabdariffa L.) Petal Extracts.
Research Journal of Pharmaceutical, Biological and Chemical Sciences. 2014;5(2):1453-65.

Adusei S. Bioactive Compounds and Antioxidant Evaluation of Methanolic Extract of Hibiscus
sabdariffa. IPTEK the Journal for Technology and Science. 2020;31(2):139-47.

Jamrozik D, Borymska W, Kaczmarczyk-Zebrowska I. Hibiscus sabdariffa in Diabetes Prevention
and Treatment—Does It Work? An Evidence-Based Review. Foods. 2022;11(14):2134.

Umeoguaju FU, Ephraim-Emmanuel BC, Uba JO, Bekibele GE, Chigozie N, Orisakwe OE.
Immunomodulatory and Mechanistic Considerations of Hibiscus sabdariffa (HS) in Dysfunctional
Immune Responses: A Systematic Review. Frontiers in Immunology. 2021;12:550670.

Masykur A, Pujiastuti RS. Efektivitas Sirup Bunga Rosella Terhadap Tekanan Darah Pada Pasien
Hipertensi Dengan Kolesterolemia. Window of Health: Jurnal Kesehatan. 2023;6(1):58-69.

Yani A, Patricia V, Syafii F. Phytochemical Composition and Inhibitory Activities of Hibiscus
sabdariffa and Cucumis sativus Infusions Against Angiotensin-Converting Enzyme. Tropical
Journal of Natural Product Research. 2023;7(2):2341-2345.

Publisher : Faculty of Public Health Universitas Muslim Indonesia 254



Window of Health : Jurnal Kesehatan, Vol. 7 No. 3 (Juli, 2024) : 245-255 E-ISSN 2614-5375

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Lam LH, Shimamura T, Manabe S, Ishiyama M, Ukeda H. Assay of angiotensin I-converting
enzyme-inhibiting activity based on the detection of 3-hydroxybutyrate with water-soluble
tetrazolium salt. Analytical Sciences. 2008;24(8):1057-1060.

Dojindo Laboratories. ACE Kit-WST Technical Manual. [cited 2023 December 30]. Available
from: https:/www.dojindo.eu.com/TechnicalManual/Manual AS502.pdf.

Meyer BN, Ferrigni NR, Putnam JE, Jacobsen LB, Nichols DE, McLaughlin JL. Brine Shrimp: A
Convenient General Bioassay for Active Plant Constituents. Planta Medica. 1982;45(05):31-34.

Mastura M, Mauliza M, Hasby H. Toxicity Test of Acehnese Plants Using The Brine Shrimp
Lethality Test (BSLT) Method. EduChemia (Jurnal Kimia dan Pendidikan). 2022;7(1):110-123.

Harborne AJ. Phytochemical Methods: A Guide to Modern Techniques of Plant Analysis (3™ Ed).
New York: Chapman and Hall; 1998.

Oktapiya TR, Pratama NP, Purnamaningsih N. Analisis Fitokimia dan Kromatografi Lapis Tipis
Ekstrak Etanol Daun Rosella (Hibiscus sabdariffa L.). Sasambo Journal of Pharmacy.
2022;3(2):105-110.

Badan Pengawas Obat dan Makanan RI. Ekstrak Tumbuhan Obat Indonesia Vol. 1. Jakarta:
Direktorat Jenderal Pengawasan Obat dan Makanan; 2004.

Kementerian Kesehatan RI. Farmakope Herbal Indonesia Edisi II. Jakarta: Kementerian Kesehatan
RI; 2017.

Ambari Y, Fitri S, Nurrosyidah IH. Uji Aktivitas Antioksidan Masker Gel Peel-off Ekstrak Etanol
Kelopak Bunga Rosela (Hibiscus sabdariffa L.) dengan Metode DPPH (1, 1-Diphenyl-2-
picryhydrazyl). PHARMACY: Jurnal Farmasi Indonesia (Pharmaceutical Journal of Indonesia).
2021;18(1):54-64.

Shafirany MZ, Indawati I, Singgih 1. Uji Aktivitas Antioksidan Ekstrak Kelopak Bunga Rosela
(Hibiscus sabdariffa L.) Asal Daerah Sukabumi Provinsi Jawa Barat. Medical Sains: Jurnal Ilmiah
Kefarmasian. 2021;6(1):35-44.

Nopiyanti V, Harjanti R, Aisiyah S. Determination of SPF Value in Serum Preparation of Ethyl
Acetat Fraction Ethanol Extract of Roselle Petals (Hibiscus sabdarifa L.). Jurnal Farmasi (Journal
of Pharmacy). 2022;11(1):1-6.

Bulan DE, Nurfadilah N, Syahrir MR, Mismawati A, Torambung AK, Rachmawati M.
Phytochemical Composition and Antioxidant Activity of Leaf Extracts from Three Rhizophora

Species from Bontang Waters, Indonesia. Tropical Journal of Natural Product Research.
2022;6(8):1178-1182.

Lee SY, Hur SJ. Antihypertensive Peptides from Animal Products, Marine Organisms, and Plants.
Food Chemistry. 2017;228:506-517.

Vargas-Leon EA, Diaz-Batalla L, Gonzalez-Cruz L, Bernardino-Nicanor A, Castro-Rosas J,
Reynoso-Camacho R, Goémez-Aldapa CA. Effects of Acid Hydrolysis on the Free Radical
Scavenging Capacity and Inhibitory Activity of the Angiotensin Converting Enzyme of Phenolic
Compounds of Two Varieties of Jamaica (Hibiscus sabdariffa). Industrial Crops and Products.
2018;116:201-208.

Liu H, Liang ZM, Li RT, Yu YG. Advances in the Mechanisms of Hibiscus sabdariffa L. on
Hypertension. E3S Web of Conferences. 2020;145:01039.

Ebeigbe AB, Arishe OO. Mechanisms of Vasodilation Induced by Medicinal Plants: A Mini-
review. Tropical Journal of Natural Product Research. 2017;1(3):97-99.

Publisher : Faculty of Public Health Universitas Muslim Indonesia 255


https://www.dojindo.eu.com/TechnicalManual/Manual_A502.pdf

