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Caesalpinia pulcherrima (L.) Sw. is traditionally used in medicine and is thought 

to be influenced by the presence of secondary metabolites, especially phenolic 

compounds and flavonoids. However, identifying the phytochemical compounds 

of Caesalpinia pulcherrima (L.) Sw. plants, especially on the pods, are less 

discussed. Here, we propose research on the identification of secondary metabolite 

compounds of pod-purified extract from Caesalpinia pulcherrima (L.) Sw. using 

phytochemical screening and also the determination of total phenolic and total 

flavonoid content. The extraction of Caesalpinia pulcherrima (L.) Sw. pods were 

processed by maceration and fractionation methods to obtain the purified extract. 

Total phenolic contents were determined using the Folin-Ciocalteu method. 

Meanwhile, total flavonoid contents were determined using the AlCl3 method. The 

result showed that the purified extract of Caesalpinia pulcherrima (L.) Sw. pods 

contained phenolics, flavonoids, alkaloids, and saponins. The total phenolic and 

total flavonoid content in the pod purified extract were 326.038 mg GAE/g extract 

and 290.026 mg QE/g extract, respectively. 
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ABSTRAK 

Caesalpinia pulcherrima (L.) Sw. sering digunakan dalam pengobatan tradisional 

dan diduga dipengaruhi oleh adanya senyawa metabolit sekunder di dalamnya, 

terutama senyawa fenolik dan flavonoid. Namun, identifikasi senyawa tanaman C. 

pulcherrima (L.) Sw. terutama pada polongnya masih sedikit dibahas. Disini kami 

mengusulkan penelitian tentang identifikasi senyawa metabolit sekunder dari 

ekstrak terpurifikasi dari Caesalpinia pulcherrima (L.) Sw. menggunakan skrining 

fitokimia dan juga penentuan kandungan fenolik total dan flavonoid totalnya. 

Ekstraksi polong Caesalpinia pulcherrima (L.) Sw. dilakukan melalui proses maserasi 

dan fraksinasi untuk mendapatkan ekstrak terpurifikasi. Kandungan fenolik total 

ditentukan dengan metode Folin-Ciocalteu. Sementara itu, kadar flavonoid total 

ditentukan dengan menggunakan metode AlCl3. Hasil penelitian menunjukkan 

bahwa ekstrak terpurifikasi dari polong Caesalpinia pulcherrima (L.) Sw. 

mengandung senyawwa fenolik, flavonoid, alkaloid, dan saponin.  Total kadar 

fenolik dalam ekstrak terpurifikasi dari polong adalah 326.038 mg GAE/g ekstrak 

dan total kadar flavonoid adalah 290,026mg QE/g ekstrak.. 

 

Kata Kunci : Caesalpinia pulcherrima (L.) Sw., Kadar Fenolik Total, Kadar 

Flavonoid Total, UV-Vis Spectrophotometry, Folin-Ciocalteu. 

  
This work is licensed under a Creative 

Commons Attribution-ShareAlike 4.0 

International.   
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1. Introduction 

Numerous herbal treatments have been utilized in medical systems to treat ailments. One significant 

application is their use as cytotoxic agents for cancer and tumour treatment. Numerous studies have 

examined various species of the Caesalpinia genus, assessing their antimicrobial, anticancer, anti-

inflammatory, anti-psoriatic, antidiabetic, antioxidant, antibacterial, immunomodulatory, and hypoglycemic 

properties. [1]. 
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One of the plants included in the Caesalpinia genus is Caesalpinia pulcherrima (L.) Sw. Caesalpinia 

pulcherrima (L.) Sw, a member of the Fabaceae family, is an evergreen shrub widely referred to as the 

peacock flower, primarily found in tropical and subtropical parts of Asia and Africa [2, 3].  This plant is 

known by various regional names. The peacock flower is usually planted in gardens as an ornamental plant 

but is sometimes found growing wild. The peacock flower plant is a type of upright shrub with a height of 2-

4 m, many branches with twigs, sometimes with sticky thorns, and a white stem, and solid and rigid [4]. 

Parts of this plant have been widely used as an essential ingredient for traditional medicine because it has 

antidiabetic, anticancer, anti-derma-topic [5], antimalarial and antioxidant [1,5,6], cytotoxic, anti-

inflammatory, and leishmanicidal potential [1,7,8]. This pharmacology activity can be associated with the 

presence of secondary metabolite compounds it contains [5]. Based on the literature approach, the secondary 

metabolites contained in the Caesalpinia genus which has been successfully isolated are polyphenols, 

glycosides, saponins, diterpenoids, phenolics, flavonoids, triterpenoids, benzoic acid, and lactones 
[6,9,10,11,12,13,14].  

Phenolic chemicals are the predominant category of secondary plant metabolites, with more than 8000 

identified structures exhibiting significant structural diversity. They are mostly composed of polymerized or 

monomeric components and can exist as matrix or free-bound compounds, glycosides, or aglycones [15]. 

These chemicals have attained a notable status owing to their extensive presence in plant-based diets and 

substantial data indicating a negative association between their consumption and cancer, diabetes, and 

cardiovascular illnesses. Epidemiological and clinical research indicates that diets rich in polyphenols may 

lower the incidence of several age-related chronic illnesses [16]. 

Flavonoids are a group of polyphenols that come from vegetables, fruit and other plants [17]. Flavonoids 

have antidiabetic and antitoxic potential in diabetes mellitus sufferers. In addition, flavonoids also have 

antioxidant effects [18], bronchodilator effects, anti-asthma [19], anticancer [20], therapeutic agents [21], 

antibacterial, antiglycation [22], hypoglycemic and hypolipidemic effects [23]. 

From the description above, we propose research on pod-purified extract from Caesalpinia pulcherrima 

(L.) Sw. as one of the uses of Caesalpinia pulcherrima (L.) Sw. waste, which still has other uses to become 

something that we can use and is related to the benefits and uses of this plant in pharmacology. We also 

conducted a study to test the secondary metabolite content, especially the total phenolic and flavonoid 

contents from pod-purified extract from Caesalpinia pulcherrima (L.) Sw. to see the content of purified 

extracts compared to crude extracts that have been done previously. Where research on purified extracts 

from Caesalpinia pulcherrima (L.) Sw. is still very limited. Therefore, we develop innovations in this study. 

2. Materials and Methdos 
2.1. Equipments 

The instruments used in this research were vacuum rotary evaporator Buchi R-300, waterbath, UV mini-
1240 (UV-Vis Spectrophotometer Shimadzu), UV lamp. 

2.2. Materials  
Caesalpinia Pulcherrima (L.) Sw was obtained from Telagah, Sei Bingei, Langkat Regency, Indonesia. 

Chemicals used in this research are methanol, HCl 1 M, ethyl acetate, H2SO4, n-hexane (Merck), HCl 37%, 
Mg powder, FeCl3 5%, Mayer’s reagent, Dragendorff’s reagent, Bouchardart’s reagent, Salkowski’s reagent, 
Liebermann-Burchard’s reagent, ammonia 25%, distilled water. 

2.3. Preparation and Extraction Procedure 
3 kg of peeled and chopped pods of Caesalpinia Pulcherrima are macerated with 30 L of methanol 

(sample: solvent = 1:1) and stirred several times for 48 hours at room temperature. The maceration procedure 
for the sample residue was conducted three times and subsequently concentrated to produce a methanol 
extract using a rotary evaporator set at 65°C and 80 rpm. Ethyl acetate was used as a solvent to extract the 
methanol, resulting in the ethyl acetate extract. After dissolving this extract in methanol, it was fractionated 
with n-hexane for 15 minutes using a separating funnel, and the process was repeated ten times. 
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Flavonoids: Flavonoids were detected by dissolving 1mg of pods' purified extract with ethyl acetate. The 

filtrate was mixed with 2-3 mg of Mg powder and concentrated with 2-3 ml of HCl. The formation of 

yellow, pink, blue, orange, or red colour indicates the presence of flavonoids.  

Alkaloids: Alkaloids were detected by dissolving 4 mg of pods in purified extract ethanol, and the filtrate 

was tested in four test tubes. Tube 1 was tested with Mayer's reagent; tube 2 was tested with Bouchardat's 

reagent; and tube 3 was tested with Dragendorff's reagent, five drops each. The formation of yellowish-

white, brown, orange, or reddish-brown precipitates indicates the presence of alkaloids. 

Phenolics: Phenolics were detected by dissolving the pods' purified extract with methanol, and the 

filtrate was mixed with 3 drops of FeCl3 5%. Black colloid indicates the presence of tannins.  

Saponins: Saponins were detected by dissolving 1 mg of pods' purified extract with methanol. The 

filtrate was combined with 10 mL of distilled water and briskly shaken. Saponins can be detected by stable 

foam production within 10 minutes. 

Steroids: Steroids were detected by dissolving 2 mg of pods' purified extract with n-hexane, and the filtrate 

was tested in two test tubes. Tube 1 was tested with Salkowski’s reagent and tube 2 was tested with 

Liebermann-Burchard’s reagent, five drops each. The formation of brown, reddish brown, or bluish-green 

indicates the presence of Steroids. 

Triterpenoids: Triterpenoids were detected by dissolving 2 mg of pods' purified extract with chloroform, 
and the filtrate was tested in two test tubes. Tube 1 was tested with Salkowski’s reagent and tube 2 was 
tested with Liebermann-Burchard’s reagent, five drops each. The formation of brown or bluish-green 
indicates the presence of triterpenoids. 

2.4. Determination of Total Phenolic Contents(TPC) 
The TPC of Caesalpinia Pulcherrima pod purified extracts was estimated by using the Folin-Ciocalteu 

method. Briefly, 5 mg plant extract was diluted with 4.5 mL distilled water and 0.5 mL methanol pa to make 
5 mL. 0.2 mL of the mixture was mixed with 15.8 mL of distilled water and 1 mL of Folin-Ciocalteau 
reagent (10 %v/v). Following an interval of 8 minutes, the mixture that has been made is put into a 10% w/v 
dilute sodium carbonate solution and continued with an incubation process for 2 hours at room temperature. 
After 2 hours of incubation, the reaction mixture obtained was analyzed using a UV spectrophotometer at 
765 nm, with a blank without extract as a reference. Gallic acid was used as a standard with concentration 
variations of 1, 1.25, 1.5, 1.75, and 2 ppm to quantify the total phenolic content, so TPC in the purified 
extract was calculated as mg equivalents of gallic acid per g of extract (mg GAE/g extract). 

2.5. Determination of Total Flavonoid Contents (TFC) 
The TFC of Caesalpinia Pulcherrima (L.) Sw pod extracts were estimated by using the 

spectrophotometric method. Briefly, 5 mg plant extract was diluted with 5 ml methanol pa to obtain a sample 
solution of 1000 ppm. Following the addition of 0.2 mL of 1 M potassium acetate, which was thoroughly 
mixed and incubated for 5 minutes, 0.3 mL of AlCl3 10%, which was also thoroughly mixed and incubated 
for 6 minutes, and 3 mL of methanol pa, the mixture's volume was immediately increased to 10 mL by 
adding 5.6 mL of distilled water, which was thoroughly mixed, and absorbance measurements were 
performed using a UV spectrophotometer against a blank containing no extract at 440 nm.  The TFC of the 
purified extract was measured in mg QE/g extract. 

3. Results and Discussion 
3.1. Extraction and fractination 

The sample residue was macerated three times before being concentrated in a rotary evaporator. The 
resulting concentrated methanol extract was 15.63% w/w. Ethyl acetate was used as a solvent to extract the 
methanol, resulting in the ethyl acetate extract to produce ethyl acetate extract with 10.9 % w/w yield, which 
was then dissolved in methanol, followed by fractionation with n-hexane utilizing a separating funnel for 15 
minutes, and repeated 10 times. The process of fractionation was conducted iteratively until the n-hexane 
layer exhibited clarity, which means there were no more non-polar compounds in the extract. The methanol 
extract was concentrated in a rotary evaporator to obtain purified extract with a 2.17 % w/w yield. The 
purified extract obtained was visually greenish black in colour (Table 1). 
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Table 1. % Yield of Caesalpinia Pulcherrima (L.) Sw pod purified extract 

Sample 
Colour 

 

Sample 

Weight 

(g) 

Weight of Purified 

Extract (g) 

% Yield  of 

Purified Extract 

Caesalpinia Pulcherrima 

(L.) Sw pod 

Greenish 

black 
3000 65.2422 2.17 

3.2. Phytochemical Screening Test 

Testing for the content of secondary metabolite compounds contained in samples is carried out using 

qualitative phytochemical tests. The test is carried out by adding a reagent appropriate to the compound to be 

identified. Colour changes indicated the presence of these compounds upon reaction with specific standard 

reagents, a common method for determining such metabolites. Saponin identification was done by 

shaking the substance vigorously to produce stable foam for up to 10 minutes in this study from 1 cm to 

10 cm height. The foam persisted even after 2 N hydrochloric acid is added in a single drop [26,27]. The 

foam produced as a positive reaction in this test is due to the glycoside content in saponins, which will be 

hydrolyzed into glucose and other compounds to produce stable foam [26]. Understanding the phytochemical 

components present in the extracts is crucial for elucidating the biological and pharmacological effects of the 

plan [28]. The purified extract from Caesalpinia pulcherrima pods contains alkaloids, flavonoids, saponins, 

and phenolics (Table 2). 

Table 2. Identification of secondary metabolite compounds results 

Secondary Metabolites Indicator Result 

Alkaloid 
- Mayer 

- Dragendorff 

- Bouchardart 

+ 

+ 

+ 

Flavonoid 

Steroid 

 

Triterpenoid 

 

Saponin 

Phenolic 

Mg- HCl 

Lieberman-Burchard 

Salkowski 

Lieberman-Burchard 

Salkowski 

Aquadest 

FeCl3 10% 

+ 

- 

- 

- 

- 

+ 

+ 

Description: 

(+) = indicates presence of compound  

(-) = indicates absence of compound 

3.3. Determination of Total Phenolic Contents (TPC) 
The total phenolic contents of the purified extract of Caesalpinia Pulcherrima (L.) Sw collected from 

Telagah, Sei Bingei, Langkat Regency, Indonesia, was analyzed using the Folin-Ciocalteu technique, and the 
standard used was gallic acid [29]. The Folin-Ciocalteu method is the most prevalent technique employed in 
laboratories globally for quantifying total polyphenol content due to its efficiency and cost-effectiveness. 
Folin-Ciocalteu reagent is composed of lithium sulfate, water, two sodium salts, namely tungstate and 
molybdate, and two inorganic acids, namely phosphate and chloride. Gallic Acid is the predominant 
chemical standard employed in the Folin-Ciocalteu method because of its good solubility and in an 
anhydrous state is relatively stable. Moreover, it is comparatively economical [30]. The assessment of total 
phenolic content relies on the interaction between the Folin–Ciocalteu reagent and phosphomolybdic acid 
with the sample's phenolic compounds, yielding a variety of blue oxides (Figure 1) [31].  
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Figure 1. The interaction of the Folin-Ciocalteu reagent with phenolic compounds can be delineated as follows: a). the reaction of phosphomolybdic 

acid with phenolic compounds; b). the reaction of phosphotungstic acid with phenolic compounds. 

 

The complex of phosphomolybdic/phosphotungstic acid exhibits a yellow hue in its oxidized state, 

whereas it transforms into a vivid blue colour upon reduction by phenolate ions. The development of colour 

is fundamentally rooted in the transfer of electrons, which facilitates the reduction of the acid complex, 

leading to the formation of chromogens characterized by metals exhibiting lower valence [30]. The 

measurement of this compound's absorption was carried out at a wavelength of 765 nm using a 

spectrophotometer.  

Gallic acid was used as a standard with concentration variations of 1, 1.25, 1.5, 1.75, and 2 ppm to 

quantify the total phenolic content. Gallic acid is used as a standard because it is found in almost all plants 

and widely found in food matrices, which have three hydroxyl groups. Gallic acid is also a simple phenolic 

derivate [32,33]. The findings regarding the absorbance, as depicted in the standard curve of gallic acid, are 

illustrated in Figure 2. 

 
Figure 2. Gallic Acid standard solution curve 

 

From these measurements, the absorbance value increases with increasing solution concentration. In line 

with Lambert-Beer's law, which asserts that absorbance and sample solution concentration have a linear 

relationship, where the absorbance value obtained also met the good absorbance range [34]. The standard 

curve of gallic acid obtained was plotted between the concentration and absorbance. From the curve above, y 

= 0.106x + 0.0764 and R2 = 0.9278 are obtained, which can be used to compare the concentration of total 

phenolic compounds in the sample. The linear relationship between absorbance value and gallic acid content 

is best described by R2. The correlation coefficient (R2) shows the strength and direction of the association 

between two variables. A number of +1 indicates positive correlation, while a value of -1 indicates negative 

correlation. The connection is quite strong when the R2 value falls between 0.80 and 1.0 [35].  

There was a significant positive correlation between the two calibration curve variables when taking into 

account the results for R2 = 0.9278, indicating their linearity within the tested standard range. Next, the 
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sample was determined by repeating the treatment three times to minimise errors and improve the validity of 

the results for data reliability. Measurement of the absorbance value can be seen in Table 3. 

Table 3. Determination of total phenolic content of sample 

Sample Replication Absorbance 
Absorbance 

average 

Total Phenolic 

Content 

 (mgGAE/g 

extract) 

CP 

Purified 

Extract 

1 0.425 

0.422 326.038 2 0.418 

3 0.424 

 

TPC of purified extract obtained 326.038 mgGAE/g extract. In this study, TPC of purified extract from 

Caesalpinia Pulcherrima pods was lower than the total phenolic content reported for Caesalpinia 

Pulcherrima fruit by Lukita et al. [36]. The total phenolic content obtained in a previous study was 341.71 

mgGAE/ g extract. In this study, 326.038 mgGAE/ g extract was used. This is due to the study's differences 

in plant parts and solvents. In the previous study, ethanol solvent was used, which has a higher polarity than 

the solvent used in this study, so the total phenolic content obtained was lower than in previous studies. TPC 

is influenced by the variety of plants, the environment, processing, solvents used for extraction, climatic 

conditions and farming of the plant, the storage of the plants after harvest, and analytical methods [37]. 

3.4. Determination of Total Flavonoid Contents (TFC) 

AlCl3 was used to create complexes, causing a wavelength shift towards the visible spectrum, as 

evidenced by the solution exhibiting a yellow hue. Wavelengths in the visible region are stabilized by adding 

potassium acetate [38]. In this method, flavonoids that have o-dihydroxy or hydroxyl ketone groups will 

create complex compounds with aluminium metal, resulting in a bathochromic shift. In the AlCl3 

colorimetric method, the ketone group at C-4 and the hydroxyl group on the flavonoid will react with AlCl3 

to form a stable acid complex. In addition, AlCl3 forms a persistent acid combination with the o-dihydroxy 

group located on the A or B ring of the flavonoid. (Figure 3) [39,40]. 

Figure 3. The reaction between flavonoid groups with AlCl3 forms a stable acid complex [34] 

Meanwhile, potassium acetate is used to stabilize the structure by ionizing the 3 and 4’-OH groups, which 

are not complex with Al3+ and the 7-OH group, so that the structure still provides absorption in the visible 

area (Figure 4). The total flavonoid content was assessed using UV-Vis spectrophotometry due to the 

presence of conjugated aromatic systems in flavonoids, which exhibit pronounced absorption bands in both 

the ultraviolet and visible light spectra. Quercetin, a prevalent flavonoid, is frequently employed as a 

standard for quantifying flavonoid levels [41]. Quercetin is used as a comparison because it has all the OH 

groups which can react with Al3+ and potassium acetate [42]. 
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Figure 4. The reaction between flavonoid groups with AlCl3 forms a stable acid complex[34]. 

Standard quercetin absorbance measurements were carried out at λ 440 nm. The regression equation of 

the calibration curve (y = 0.0378x + 0.0237) is expressed as milligrams of quercetin equivalents (QE) per 

gram of dry weight sample (mg QE/g). The method's linearity was assessed within the range of 2 to 10 ppm, 

yielding a regression coefficient of R² = 0.9789, as depicted in Figure 5. The correlation coefficient was 

close to 1 indicating that the regression equation is linear. 

Figure 5. Quercetin standard solution curve 

The standard curve of quercetin obtained was plotted between the concentration and its absorbance. From 

the curve above, y = 0.0378x + 0.0237 and R2 = 0.9789 is obtained, which can be used to compare the 

concentration of TFC in the sample. TFC of purified extract obtained was 290.026 mg QE/g (Table 4). The 

total flavonoid content of purified extract from Caesalpinia Pulcherrima (L.) Sw pods in the present study 

were higher than the value reported for Caesalpinia Pulcherrima (L.) fruit by Lukita et al. [36]. In a previous 

study, TFC obtained was 2.26 mg QE/g extract, whereas it was 290.026 mg QE/g extract in this study. This 

is due to differences in plant parts and solvents used in the study.  Where in the previous study, ethanol 

solvent was used, which has a higher polarity than ethyl acetate, so flavonoid compounds will be more 

attracted to ethyl acetate because flavonoid compounds are semi-polar. So, the total flavonoid content 

obtained was higher than in previous studies. 

Table 4. Determination of Total Flavonoid Content of sample 

Sample Replication Absorbance Absorbance average 
Total Flavonoid Content 

(mg QE/g) 

CPP purified extract 

1 1.120 

1.120 290.026 2 1.119 

3 1.121 
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A previous study conducted by Purnama et al. examined the effect of several solvents on chemical 

compounds. The results showed that the total flavonoid content of the n-hexane fraction (6.27 mg QE/g 

sample) was higher than the water fraction (3.09 mg QE/g sample) because flavonoid compounds had low 

polarity (semi-polar to non-polar). This was caused by the difference in the polarity of the compounds in 

each solvent [43] 

4. Conclusion 

The yield of purified extract of Caesalpinia Pulcherrima (L.) Sw pods were obtained at 2.17%, and the 

qualitative result of phytochemical screening was positive for alkaloids, saponins, phenolics, and flavonoids. 

The purified extract of Caesalpinia Pulcherrima (L.) Sw pods had a total phenolic content of 326.038 mg 

GAE/g extract and a total flavonoid of 290.026 mgQE/g extract. 
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