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Abstract 

Antioxidants can prevent reactive oxygen-associated diseases, which trigger 

carcinogenesis, cardiovascular disease, and premature aging. India and Africa have 

mostly practiced sausage trees (Kigelia africana) as traditional medicine, whereas 

Indonesia is still limited. The research aims to determine the phytochemistry and 

bioactivity of the n-hexane fractions from crude methanol extract of the leaves and bark 

of the sausage tree as antioxidants and their toxicity. The sausage tree is derived from 

Waterpark Platinum Riau. The sausage trees were macerated with methanol and 

fractionated by n-hexane and ethyl acetate. All samples were tested for their antioxidant 

to 1,1-diphenyl-2-picrylhydrazyl (DPPH) and cytotoxicity to Artemia salina Leach 

larvae. Phytochemical results of methanol crude extract, n-hexane, and ethyl acetate 

fractions of leaves and sausage bark showed the presence of all secondary metabolites 

except alkaloids in the n-hexane fraction. Antioxidant and cytotoxic activity of stem 

and leaf bark ethyl acetate fraction was stronger than crude methanol extract and                     

n-hexane fraction. Based on LC-MS/MS data, the secondary metabolite components 

that have contributed strongly antioxidant activity of this study are flavonoid 

compounds such as kaempferol and the derivatives, lignans (cubebin), and steroids 

(pregnant). 
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INTRODUCTION 

Indonesia is an archipelagic country located on the 

equator and is known as a country with a high level of 

biodiversity. Around 30,000 species of Indonesian 

plants have medicinal properties (Jumiarni & 

Komalasari, 2017). The Bignoniaceae family is a plant 

that plays a role in traditional medicine. Kigelia 

africana, also known as the sausage tree, is a species of 

this family that has many benefits as traditional 

medicine (Grace et al., 2002; Nabatanzi et al., 2020b). 

Each part of the Kigelia africana plant is reported 

to have various biological activities, including parts of 

the bark and leaves. The bark of this species has 

analgesic, anti-inflammatory (Owolabi & Omogbai, 

2007), antifungal (Owolabi et al., 2007), antibacterial 

(Agyare et al., 2013; Hussain et al., 2016; Idris et al., 

2013; Owolabi et al., 2007), antioxidant (Agyare et al., 

2013; Akanni et al., 2014; Bakare et al., 2015), and 

anti-cancer (Wambua Mukavi et al., 2020). In 

addition, the leaves have bioactivity as antioxidants 

(Atolani et al., 2013; Hussain et al., 2016; Nabatanzi 

et al., 2020a), antibacterial (Hussain et al., 2016; Idris 

et al., 2013), anti-cancer ( Atolani et al., 2013), 

hepatoprotective (Shama et al., 2013), and anti-

inflammatory (Namita et al., 2012).  

One of the bioactivities of the bark and leaves of 

Kigelia Africana is antioxidants. The methanol extract 

from the leaves of a sausage tree grown in Nigeria was 

reported to have the potential as an antioxidant with an 

IC50 value of 0.32 ± 0.02 μg/mL (Nasiru & 

Oluwasegun, 2014). Methanol extracts of the bark and 

leaves of the sausage tree grown in Ghana are known 

to have antioxidant activity with IC50 values of 13.7 

μg/mL and 56.9 μg/mL, respectively (Agyare et al., 

2013). Ethyl acetate and chloroform extracts of 

sausage tree bark from Ghana are known to have 

antioxidant activity with IC50 values of 1.4 μg/mL and 

56.41 μg/mL, respectively. In addition, chloroform 

extract from the leaves of the sausage tree grown in 

India was reported to have cytotoxic activity against 

colon cancer (HCT-116) with an IC50 value of 80 

µg/mL (Ravi & Krishnan, 2016). 

The characteristics of the biological activity of 

medicinal plants are determined by the content of the 

active compounds they contain. The compounds 

identified from the methanol extract of stem bark by 

GC-MS which had been carried out indicated the 
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presence of ester compounds, limonene, terpinene-4-

ol, mirtenol, tetradecane, and palmitic acid. 

Meanwhile, the hexane fraction identified as 

monoterpenoids with the main component α-terpineol 

(39.21%), and other compounds such as hydrocarbons 

(14.32%), diterpenoids (4.54%), fatty acids and fatty 

acid esters (3.65%) ) and alkaloid derivatives of 

benzo[a] [4,7]-phenanthroline-9-one (8) (1.71%) 

(Obafemi et al., 2017). Fabgohun's research (2020) 

identified the eicosane, pitol, and 9-octadecinamate 

compounds in the ethanol extract of sausage leaves. 

The ethyl acetate fraction of sausage fruit from PT 

Alam Indah Bunga Nusantara Cianjur using LC-MS 

identified 5,7-dimethoxy-4-methyl coumarin; 3-

Hydrosi-β-lapakon; 3',6-dimethyl flavone; 2-(3,4-

dihydroxy phenyl) - 5,7- dihydroxy-3-chromeniumyl 

hecopyranoside; 7H,8H–dipenalen-9,2-b:2,1-difuran-

7,8-dion and D-leukyl-D-phenylalanyl-D-

phenylalane-yl-D-valyl-N-isopropyl-D-leucinamide 

(Yani, 2017). 
In African and Indian countries, research on 

sausage leaves and bark as antioxidants has been 

widely carried out, while in Indonesia, their use is still 

limited to ornamental plants. Differences in growing 

places, geographical locations, physiological 

variations, evolution, genetic changes, storage, and 

other environmental conditions will affect the presence 

of secondary metabolites in a plant (Figueiredo et al., 

2008). Extracts of methanol, chloroform, and ethyl 

acetate have potential as antioxidants, and research on 

their cytotoxic properties is still limited. Therefore, it 

is necessary to explore the secondary metabolites of the 

n-hexane and ethyl acetate fractions from the crude 

methanol extract of leaves and sausage bark which 

contribute as antioxidants, and at the same time 

evaluate their toxicity properties. Therefore, in this 

study, phytochemical, cytotoxic, and antioxidant tests 

were carried out on the n-hexane and ethyl acetate 

fractions from the crude methanol extract of the leaves 

and bark of the sausage tree growing at Waterpark 

Platinum Riau. Cytotoxic and antioxidant tests were 

carried out using the Brine Shrimp Lethality Test 

(BSLT) method and 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) reagent. Furthermore, the two fractions were 

identified for their secondary metabolites using the 

GC-MS and LC-MS/MS methods. 

 

METHODOLOGY 

Materials and Instrumentals 

The materials used were leaves and stem bark of 

K. africana from Waterpark Platinum Riau, filter 

paper, concentrated HCl, 2% FeCl3, concentrated 

H2SO4, tween 80, shrimp larvae, seawater, distilled 

water, Wagner reagent, Meyer reagent, Dragendorff 

reagent, magnesium powder, chloroform, ethanol, 

acetone, DPPH reagent, thin layer chromatography 

(TLC). The solvents used are technical solvents that 

have been distilled once, namely methanol, ethyl 

acetate (EtOAc), and n-hexane (H). The tools used are 

glassware, rotary evaporator, vials, analytical balance, 

separating funnel, porcelain cup, oven, centrifugation 

tube, spatula, capillary tube, distillation apparatus 

collection, gas chromatography-mass spectrometry 

(GC-MS) QP2010S SHIMADZU, microplate 

spectrophotometer reader. 

 

Sample Preparation  

Samples of leaves and bark of the sausage tree 

were collected, then dried at room temperature and 

ground into 80 mesh. 

 

Determination of Water Content  

The porcelain cup is dried for 30 minutes in the 

oven at 105 °C, then cooled in a desiccator and 

weighed. As much as 1 g of each leaf powder and bark 

of the sausage tree was put into a cup and heated in an 

oven at 105 °C for 3 hours. The cup containing the 

sample was cooled in a desiccator for 30 minutes, then 

weighed. Heating and weighing the sample was carried 

out repeatedly until a constant weight was obtained 

(AOAC 2016). The percentage of water content is 

calculated based on the following Equation 1. 

Water Content (%)=
𝐴−𝐵

𝐴
 ×  100%             (1) 

Note:   A = wet sample weight (grams),         

           B = dry sample weight (grams) 

 

Maceration of The Leaves and Bark of The Sausage 

Tree of K.africana 

The powder from the leaves and bark of the 

sausage tree was taken as much as 2 kg each, then 

macerated separately between the leaves and bark of 

the sausage tree using methanol with a ratio of 1:3 

(sample: methanol) for 24 hours at room temperature 

with three repetitions. The maceration results were 

filtered, concentrated, and weighed as a concentrated 

methanol extract. The yield of sausage tree maceration 

results can be calculated by Equation 2. 

 

%yield = 
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑚𝑎𝑐𝑒𝑟𝑎𝑡𝑒𝑑 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 (𝑔)

𝑀𝑎𝑐𝑒𝑟𝑎𝑡𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
 ×  100%         (2) 

 

Partition of Sausage Tree Methanol Extract  

Partitioning of the methanol extract of the leaves 

and bark of the sausage tree was carried out using the 

liquid-liquid extraction method using n-hexane and 
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ethyl acetate as solvents. Concentrated extracts of each 

leaf and bark of the sausage tree (25.87 g and 43.76 g) 

were dissolved in methanol. Then each was extracted 

with n-hexane solvent with a ratio of 1:2 (methanol 

extract: n-hexane) using a separate funnel and let stand 

to form two layers. The top layer (n-hexane) is 

separated from the bottom layer (n-hexane insoluble 

compounds). The insoluble n-hexane phase was re-

extracted with ethyl acetate to obtain the ethyl acetate 

soluble compound fraction. The liquid-liquid 

extraction results obtained soluble fractions of n-

hexane and ethyl acetate and insoluble fractions of n-

hexane and ethyl acetate (remaining methanol 

fraction). The three fractions are calculated in yield 

using Equation 2. 

 

Phytochemical Testing 

Phytochemical testing refers to the research of 

Shaikh and Patil (2020). The samples tested were the 

crude methanol extract and the three fractions resulting 

from the fractionation: n-hexane, ethyl acetate, and 

residual methanol.  

Alkaloid Test. The sample was dissolved in 

chloroform, added a few drops of concentrated 

ammonia, and then shaken and filtered. 2M H2SO4 was 

added to the filtrate and shaken until two layers were 

formed. The top layer was divided into three equal 

parts, and a few drops of Mayer's, Dragendorff's, and 

Wagner's reagents were added to each. Alkaloid group 

compounds were detected by observing the formation 

of a white precipitate when Mayer's reagent was added, 

a brown deposition in Wagner's reagent, and an 

orange-red precipitate in Dragendorff's reagent. 

Saponin Test. The sample in 5 mL of distilled 

water is heated and shaken vertically in a test tube the 

formed a stable foam layer (±1 cm high), indicating 

saponins.  

Phenol and Tannin Test. The sample in 2 mL of 

distilled water was heated, and then a few drops of 5% 

FeCl3 solution were added. Bluish green or black 

colour indicates the presence of phenols and tannins.  

Terpenoid-Steroid Test. The sample was 

dissolved with 2 mL of chloroform and divided into 

two parts. Each sample solution was added with a few 

drops of Liebermann-Burchard reagent and 

concentrated H2SO4. The colour of the bluish-green 

solution formed with the Liebermann-Burchard 

reagent indicates steroid compounds, and the 

brownish-red colour with concentrated H2SO4 

indicates the presence of terpenoids. 

Flavonoid Test. The sample was dissolved with 2 

mL of 50% methanol and heated. The solution is added 

with magnesium powder and a few drops of 

concentrated HCl. Then the solution was shaken, and 

5 mL of amyl alcohol was added. An orange or red 

color formed indicates the presence of flavonoids. 

Antioxidant Activity Testing with the DPPH 

Method 

Determination of antioxidant activity refers to the 

literature of Salazar-Aranda et al. (2011). Each sample 

was made at 32.5-1000 μg/mL concentrations, namely 

1000; 500; 250; 62.5; 32.5 µg/mL. To the solution of 

each concentration, 100 μL of 125 μM DPPH was 

added. The mixture was homogenized and incubated at 

37 ⁰C for 30 minutes in the dark. The absorption of the 

solution was measured with a microplate reader 

spectrophotometer at a wavelength of 517 nm. 

Ascorbic acid was used as a positive control. The value 

of % DPPH inhibition can be calculated by Equation 3. 

%Inhibition = 
𝐵𝑙𝑎𝑛𝑘 𝐴𝑏𝑠−𝑆𝑎𝑚𝑝𝑙𝑒 𝐴𝑏𝑠

𝐵𝑙𝑎𝑛𝑘 𝐴𝑏𝑠
×100%        (3) 

Note:  

Blank abs = Absorbant 125 μM DPPH 

Sample Abs = Absorbance of Test Sample 

 

Antioxidant activity was determined using the 

IC50 value. The IC50 value of each sample was 

calculated using the formula of the linear regression 

equation, which states the relationship between the 

concentration of the antioxidant fraction expressed as 

the x-axis and the % inhibition expressed as the y-axis 

from the measurement replication series. 

Toxicity Measurement with The BSLT Method 

Toxicity test with BSLT refers to the literature 

Irmawan et al. (2018) and Hanafi et al. (2020). Artemia 

salina eggs were hatched in a container filled with 

aerated seawater under sufficient light conditions with 

a 40-60 watt incandescent lamp for 48 hours. Each 

sample was prepared with a stock solution with a 

concentration of 2000 μg/mL in 0.02% tween 80 (in 

seawater) and then diluted into 1000, 750, 500, 250, 

100, and 75 μg/mL concentrations. Ten A. salina 

shrimp larvae were put into 5 mL of the test solution 

and used as a blank as a control. Each concentration 

was repeated three times and compared with the 

control. Observations were made for 24 hours. The 

number of dead larvae was counted, and the average 

was determined from three replications. The 

percentage of shrimp larvae mortality is calculated by 

Equation 4. 

%Mortality = 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑡ℎ 𝑙𝑎𝑟𝑣𝑎𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑒𝑠𝑡 𝑙𝑎𝑟𝑣𝑎𝑒
 × 100%       (4) 

The LC50 value is obtained using the linear 

regression equation y = ax + b. the y value represents 
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the probit value at 50% mortality of larvae according 

to the Miller Tainterprobit method. In contrast, x 

represents the logarithmic value of the concentration of 

the test solution. The LC50 value was obtained from the 

concentration of the solution, which caused the death 

of 50% of the larvae. 

GC-MS Analysis of The N-Hexane Fraction from 

The Leaves and Bark of The Sausage Tree 

Compound analysis was done by injecting one μL 

of sample into the injecting column on the GC-MS 

instrument. The chromatographic conditions used in 

the Shimadzu GC-MS-QP2010S system were as 

follows: the column used was DB-5MS with a length 

of 30 m, a diameter of 0.25 mm, and a thickness of 0.25 

um. The oven temperature used is between 70–300 ⁰C. 

The carrier gas used was helium at a pressure of 15.5 

kPa, a total rate of 28.8 mL/min, and a ratio of 1:49. 

The eluted components will be detected on the mass 

detector. The spectrum of the components of the 

compounds analyzed was compared with the National 

Institute of Standards and Technology (NIST) 

literature (Rahayu et al., 2019). 

LC-MS/MS Analysis of The Ethyl Acetate Fraction 

from The Leaves and Bark of The Sausage Tree 

LC-MS/MS analysis was performed with an Ultra 

Performance Liquid Chromatography (UPLC) system 

and a XEVO-G2SQTOF mass spectrometer. The 

conditions used were the stationary phase C18 column 

(1.8 µm 2.1×100 mm), temperature 50 °C (column) 

and 25 °C (room), injection volume 250 μL, 

desolvation temperature 350 °C, detection at 50 eV, the 

mobile phase with a graduated gradient system using 

water + 5mM ammonium formate (A) and acetonitrile 

+ 0.05% formic acid (B), and a flow rate of 0.2 mL/min 

was eluted for 23 minutes. 

 

RESULTS AND DISCUSSION 

Water Content 

Testing the percent moisture content of the leaf 

powder and bark of the sausage tree obtained an 

average yield of 6.39% for the leaves and 6.96% for the 

bark. The percentage of water content obtained meets 

the standard as herbal raw material because it is less 

than 10%. These results indicate that the sample can 

avoid contamination caused by fungi, and the sample 

storage time will be relatively longer (Poós & Varju, 

2017). 

 

 

 

The Yield of Methanol Crude Extract and Fraction 

Results 

Methanol is used as a maceration solvent which is 

polar with a high dielectric constant. Increasing the 

polarity of the solvent will increase the percentage of 

extract yield produced by the extraction process 

because non-polar to polar compounds will dissolve 

into the solvent (Firdayani et al., 2015). Methanol can 

extract polar compounds such as phenolic compounds, 

proteins, and carbohydrates (Felhi et al., 2017). The 

yield percentage of methanol extract from the leaves 

and bark of the sausage tree is shown in Figure 1. The 

methanol extract of the bark had a higher percentage 

than the leaves. According to Dewatisari et al. (2018), 

the amount of yield shows the number of bioactive 

components contained in the sample. Nabatanzi et al. 

(2020b) reported that the bark has a higher 

phytochemical diversity than other plant parts. In 

addition, the bark and fruit of the sausage tree are 

traditionally better known for their medicinal uses than 

the leaves (Bello et al., 2016). 

 
Figure 1. The yield curve of the methanol extract of 

the leaves and bark of the Indonesian sausage tree 

The extract partitioning process separated the 

compounds based on their polarity level. The methanol 

extract from the leaves and stem bark was partitioned 

by liquid-liquid extraction using solvents with different 

polarities, namely methanol, ethyl acetate, and n-

hexane. The dielectric constants of methanol, ethyl 

acetate and n-hexane at 25 ⁰C are 33, 6, and 2, 

respectively (Li & Du, 2011). Based on the dielectric 

constant, the order of solvent polarity is methanol, 

ethyl acetate and n-hexane. Extract partition yield 

results can be seen in Figure 2. 

 

 

 



Iis Yusma Fitri et al. Indo. J. Chem. Res., 11(2), 142-155, 2023 

 

DOI: 10.30598//ijcr.2023.11-iis  146   

 

Figure 2 shows that the yield of the ethyl acetate 

fraction of sausage bark, calculated in terms of dry and 

wet weight, is the highest compared to other samples, 

including leaves. It is caused by ethyl acetate is a semi-

polar solvent that can dissolve polar and non-polar 

compounds, including flavonoids, phenols, terpenoids, 

alkaloids, aglycones, and glycosides (Kumar et al., 

2023), while n-hexane is a non-polar solvent, which 

dissolves chemical compounds such as waxes, lipids, 

and volatile terpene essential oils. The remaining 

compounds in methanol are considered very polar and 

insoluble in the ethyl acetate fraction. 

 
(a) 

 

 
(b) 

Figure 2. Yield curves for the dry weight (a) and fresh 

weight (b) of the remaining methanol fraction,                 

n-hexane fraction, and ethyl acetate from the crude 

methanol extract of leaves and bark of a sausage tree 

Phytochemical Testing 

The results of phytochemical tests on leaves and 

bark of Indonesian sausage trees on methanol extract, 

n-hexane fraction, ethyl acetate, and methanol residue 

in Table 1 mostly showed the presence of flavonoids, 

phenolics, alkaloids, steroids, triterpenoids, saponins, 

and tannins. The results of the phytochemical fraction 

of the n-hexane fraction of the leaves and bark of the 

sausage tree did not contain alkaloids. This result is 

indicated by the absence of a white precipitate which 

means that there is no reaction to form the compound 

[alkaloid+]n[HgI4]n with Mayer's reagent (Djenar et 

al., 2020), there is no brown precipitate of potassium-

alkaloids with Wagner's reagent (Awaluddin et al., 

2022). No red precipitate [alkaloid+]n[BiI4]n was 

formed with Dragendorf reagent (Raal et al., 2020). At 

the same time, the remaining methanol fraction did not 

show the presence of steroids which was indicated by 

the absence of a green colour when the sample was 

added with Liebermann Buchard reagent. 

 

Antioxidant Activity and Cytotoxicity of Methanol 

Crude Extract and n-hexane and Ethyl Acetate 

Fractions of Leaves and Bark of Sausage Tree 

Antioxidants are compounds with a molecular 

structure that can give electrons to free radical 

molecules without being disturbed at all and break free 

radicals' chain reaction (Meigaria et al., 2016). The 

DPPH method is a method used to determine 

antioxidant activity with the principle of donating a 

hydrogen atom (H+) from the test substance to the 

DPPH free radical, which is characterized by a color 

change from purple to yellow (Fadiyah et al., 2020; 

Taufik & Sulfiani, 2023).  

The antioxidant power of a compound or extract 

is divided into four categories based on its IC50, 

namely strongest (<50 ppm), strong (50–100 ppm), 

moderate (100–150 ppm), and low (>150 ppm) 

(Souhoka et al. al., 2021). The BSLT test is a 

preliminary test used to detect the toxicity of extracts 

or compounds. The percentage of larval death is 

proportional to the sample's toxicity, which indicates 

the biological activity of bioactive ingredients that can 

be developed as anti-cancer compounds (Irmawan et 

al., 2018). Sample toxicity is expressed as LC50, the 

concentration required to kill 50% of the animal 

population tested. There are three categories of toxicity 

based on the concentration, namely very toxic (LC50 

<30 μg/mL), toxic (LC50 = 30–1000 μg/mL), and non-

toxic (LC50 >1000 μg/mL) (Reymon et al., 2021). 

The antioxidant test results from Figure 3a show 

that the ethyl acetate fraction has extreme activity on 

stem bark (IC50 35.65 μg/mL) and strong on leaves 

(IC50 89.64 μg/mL). Based on the antioxidant IC50 

value, the ethyl acetate fraction of the leaves and bark 

of the sausage tree has the potential as an antioxidant 

agent. This value is in line with the ethyl acetate 

fraction of sausage bark, which was reported by Bakare 

et al. (2015) originating from Nigeria had the strongest 

antioxidant activity using the DPPH method (IC50 0.01 

μg/mL) compared to methanol extract (IC50 0.08 

μg/mL) and the n-hexane fraction (IC50 0.02 μg/mL). 
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(a) 
 

 

(b) 
 

Figure 3. Antioxidant (a) and cytotoxic (b) activity 

curves of methanol, leaf, and bark crude extracts of 

sausage tree 

In addition, the ethyl acetate extract of stem bark 

from Ekiti State (Nigeria) was also reported to have 

extreme activity with DPPH and 2,2'-azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid (ABTS) with IC50 

1.4 μg /mL and 10.55 μg/mL compared to chloroform 

(IC50 56.41 μg/mL and 25.79 μg/mL) and water (IC50 

17.84 μg/mL and 26.68 μg/mL) (Obafemi et al 2017. 

Sausage stem bark showed stronger antioxidant 

activity than the ethanol and n-hexane extracts of Java 

bark (Lannea coromandelica) with IC50 of 3.996 and 

2193.043 mg/L, respectively, as measured by the 

DPPH method (Taufiq & Sulfiani, 2023). 

The results of the antioxidant activity of the 

methanol crude extract of sausage leaves had a lower 

IC50 than the stem bark; the same was found in the n-

hexane fraction, while for the ethyl acetate fraction, the 

IC50 of the stem bark was, on the contrary, lower than 

the leaves (Figure 3a). In the comparison, the ethyl 

acetate fraction of leaves and stem bark showed a lower 

IC50 than the crude methanol extract and its n-hexane 

fraction in the range (35-89) µg/mL. They were 

classified as strong antioxidants (Souhoka et al., 2021).  

Strong inhibition of free radicals is associated 

with polyphenolic compounds and flavonoids, which 

can donate electrons or transfer hydrogen atoms to 

neutralize free radicals. Several studies have reported 

the total content of phenolic and phenolic compounds 

in sausage tree plants. Bakare et al. (2015) said that the 

ethyl acetate fraction of sausage tree bark from Nigeria 

had the highest total phenol and flavonoid activity of 

292.63 ± 2.63 mg GAE/g and 136.34 ± 4.5 mg QUE/g 

compared to the n-hexane fraction (71.06 ± 0.25 mg 

GAE/g and 107.72 ± 4.10 mg QUE/g) and methanol 

extract (92.98 ± 0.21 mg GAE/g). This result confirms 

that the ethyl acetate fraction has high antioxidant 

potential due to the presence of hydroxyl groups 

 

Table 1. Results of phytochemical testing of extracts and fractions from the leaves and bark of the sausage tree 

Test 

Extract/Fraction 

Crude Methanol n-hexane Ethyl Acetate Residual Methanol 

Leaves 
Stem 

Bark  
Leaves  

Stem 

Bark  
Leaves 

Stem 

Bark  
Leaves 

Stem 

Bark  

Alkaloids + + - - + + + + 

Flavonoids + + + + + + + + 

Phenolic + + + + + + + + 

Triterpenoids + + + + + + + + 

Steroids + + + + + + + - 

Saponins + + + + + + + + 

Tannins + + + + + + + + 
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derived from polyphenolic and flavonoid compounds 

and is more efficient against diseases associated with 

free radicals. The results of the cytotoxic test of the 

crude extract of methanol, leaves, and bark of the 

sausage tree are shown in Figure 3b. Based on the 

BSLT test, the crude methanol extract, the n-

hexane fraction, and the ethyl acetate fraction of 

the sausage bark showed a lower LC50, meaning 

that it was more toxic than the sausage leaves and 

the ethyl acetate fraction of the stem bark was the 

most toxic (Reymon et al., 2021). This result is in 

line with what was reported by Adoum (2016); 

ethanol extracts of stem and leaf bark showed low 

toxicity with LC50 > 1000 μg/mL against Artemia 

salina.  

Fredrick et al. (2014) reported that the ethanol 

extract of sausage tree leaves from Nigeria showed 

low or non-toxic toxicity to white albino rats with 

an LD50 of 1264.9 mg/kg. In addition, the 

methanol extract of leaves and stem bark from 

Bode and Ibadan (Nigeria) showed an LD50 >5000 

mg/kg orally in rats. This result indicates that the 

sub-acute toxicity test of the methanol extract of 

the leaves and bark of the sausage tree did not 

result in a significant decrease in the erythrocyte 

index, so the extract was not toxic to red blood 

cells (Oyebanji et al., 2015). Different things were 

reported by Viol et al. (2016) that the methanol 

extract of sausage tree bark from Zimbabwe is 

toxic to A. salina with an LC50 of 262.20 ± 25.07 

μg/mL. 
 

Chromatogram and GC-MS Spectrum of The N-

Hexane Fraction of The Leaves and Bark of The 

Sausage Tree 

The n-hexane fraction of leaves and sausage bark 

was subjected to GC-MS testing to identify their 

secondary metabolites. Figure 4 shows the GC-MS 

chromatogram of the n-hexane fraction of bark (a) and 

leaves (b) of a sausage tree. The results of the GC 

analysis of the n-hexane fraction of stem bark in Figure 

4a within the time range (26.250-68.474) minutes 

showed 14 peaks (Table 2). The compounds identified 

include hydrocarbons, alcohols, phenols, fatty acids, 

terpenoids, and steroids. This strengthens the 

phytochemical results that the n-hexane fraction of the 

stem bark does not contain alkaloids. Based on the 

mass spectrum, several dominant peaks were detected, 

namely the compound estran - 3 - on - 17 - (acetyloxy) 

- 2 - methyl - (2-alpha-5-alpha17-beta) identified as the 

main component (51.67%), followed by 9-

octadekenamide (11.76%), and cholesta-8-en-3-ol 

(11.42%). Steroids represented the highest 

composition in the n-hexane fraction of stem bark 

(71.72%), while fatty acids contributed 15.05%, 

alcohol 6.97%, hydrocarbons 1.33%, and only one 

diterpenoid with a composition of 3.91%. 

The compound estran-3-on-17-(acetyloxy)-2-

methyl-(2-alpha-5-alpha17-beta) belongs to a group of 

steroid compounds that are reported to have 

antioxidant activity (Rozirwan et al., 2022). 

Compound 9-Octadekenamide or oleamide is a long-

chain primary fatty acid amide compound that can 

affect endogenous mechanisms that encourage humans 

to sleep and function as analgesics, antidepressants, 

and anti-hypolipidemic (Akanmu et al., 2007; Cheng et 

al., 2010; Vock et al., 2008). 4α-zimosterol is a 

cholesterol-derived compound that functions in steroid 

biosynthesis and metabolism of purines-pyrimidines, 

nicotinates, and nicotinamides (Turanli et al., 2019). 

The sterol compound cholesta-8-en-3-ol has been 

reported as anti-cancer, anti-eczematic, hypolipemic, 

and anti-infertility (Ragi et al. 2018). 
 

 
(a) 

 

 
(b) 

Figure 4. Chromatogram of GC-MS results of the n-

hexane fraction of bark (a) and leaves (b) of sausage 

trees growing at Waterpark Platinum Riau 

The sitostenon compound is a stigmastan steroid 

compound that has activity as an antibacterial, 

antifungal, anti-tuberculosis, anti-cancer, anti-

melanogenic (Ahmad et al., 2016; Chu et al., 2015; 
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Isah et al., 2016; Truong et al., 2011). Phenol is an 

antiseptic, antibacterial compound (Giri et al., 2016; 

Sabbineni, 2016). Phytols are diterpenes of long-chain 

unsaturated acyclic alcohols and are widely used as 

fragrance ingredients. This compound has biological 

activity as an antioxidant, anti-inflammatory, 

antimicrobial, and anti-cancer (Islam et al., 2018). 

Compound 1-Hexadecanol is an alcohol compound as 

an antioxidant (Amudha et al., 2018). Eikosana is 

reported as anti-inflammatory, analgesic, antipyretic, 

and antifungal (Okechukwu 2020). The compound 

dicholesteryl succinate is a cholesterol ester, and no 

one has reported its bioactivity, but other derivatives, 

such as cholesteryl hemisuccinate, have been reported 

to have antitumor activity (Fariss et al., 1994). Most of 

the bioactivity of compounds reported only a few 

functions as antioxidants. This phenomenon follows 

the results of the antioxidant fraction of n-hexane stem 

bark with low activity. 

GC results (Figure 4b), n-hexane fraction of 

sausage leaves within a time range (3.450-68.350) 

minutes identified ten peaks (Table 3) which are 

suspected to be compounds of the aldehyde, ketone, 

epoxide, aromatic hydrocarbon, cyclic ether, 

cholesterol (lipid) groups. , steroids, vitamin E, and 

sesquiterpenes. The mass spectrum study detected 

several dominant peaks of dicholesteryl succinate as 

the main component (42.03%), followed by 

octadecanal (26.96%) and 4-α-methylzimosterol 

(8.68%). The cholesterol derivatives (lipids) group 

represents the main composition by contributing 

42.03% and followed by aldehydes (29.41%), steroid 

derivatives (12.6%), cyclic ethers (6.84%), vitamin E 

(4.47%) %), ketones (3.43%), aromatic hydrocarbons 

(1.59%) and contain only one sesquiterpene compound 

(2.10%). Based on the literature, the compounds 

identified in the n-hexane fraction of Indonesian 

sausage tree leaves were reported to have various 

bioactivities. 

Octadecanal is a long-chain aldehyde compound 

as a Curculionidae aggregation pheromone (dos Santos 

Neta et al., 2021). This compound is also reported as 

 

Table 2. The GC-MS results on the n-hexane fraction of sausage tree bark 

Peak 

Retention 

Time 

(minutes) 

% Area Compounds Molecular Formula 
Molecular 

Weight 

1 26.250 1.02 Phenol C14H22O 206 

2 39.359 4.91 1-Hexadecanol C16H34O 242 

3 39.836 3.91 Fitol C20H40O 296 
4 40.528 3.29 Oleic Acid C18H34O2 282 

5 40.915 1.04 9-Octadecanal C18H34O 266 

6 49.984 1.33 Eikosana C20H42 282 

7 51.317 11.76 9-Octadekenamide C18H35NO 281 

8 58.100 0.98 Dicholesteryl succinate  C58H94O4 854 

9 61.008 4.67 5α,6α-epoxycolest-7-en-β-ol C27H44O2 400 

10 61.807 11.42 Colesta-8-en-3-ol or 14-Metil-5α-colest-8-en-3β-ol C28H48O 400 

11 64.041 51.67 Estran-3-on-17-(asetiloxy)-2-methyl-(2α,5α,17β)-  C21H32O3 332 

12 64.349 1.12 4α-Methylcolesta-8,24-dien-3β-ol or 4-α-

Methylzimosterol 

C28H46O 398 

13 68.442 1.03 9,12,15- octadecatrionic acid-2-fenil-1,3-dioxan-5-yl 

ester 

C28H40O4 440 

14 68.474 1.86 Stigmast-4-en-3-on C29H48O 412 

 
Table 3. Results of GC-MS analysis of the n-hexane fraction of sausage tree leaves 

Peak 

Retention 

time 
(minutes) 

% Area Compounds Molecular Formula 
Molecular 

Weight 

1 3.450 4.39 Epichlorohydrin C3H5ClO 92 
2 23.252 1.59 Benzene, 1,2-dimetoxy-4-(2-propen-1-yl)- C11H14O2 178 

3 34.253 3.43 2-Dodecanona C12H24O 184 

4 39.845 26.96 Oktadecanal  C18H36O 268 

5 42.653 2.45 1,2-epoxytetradecane or oxirane, dodecyl- C14H28O 212 
6 51.747 2.10 Farnesol or 2,6,10-Dodecatrien-1-ol, 3,7,11-trimethyl- C15H26O 222 

7 57.993 4.47 Vitamin E C29H50O2 430 

8 61.665 8.68 4-α-Methylzimosterol C28H46O 398 

9 63.714 42.03 Dicholesteryl succinate C58H94O4 854 
10 68.350 3.92 Stigmast-4-en-3-on atau Sitostenon C29H48O 412 
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anti-inflammatory and anti-apoptotic (Kumar et al., 

2018). Oxyrane compounds were reported as 

antimicrobial and insect repellent (Thirunarayanan & 

Vanangamudi, 2016). Turanli et al. (2019) reported 4α-

zimosterol, a cholesterol-derived compound, which 

functions in steroid biosynthesis and metabolism of 

purine-pyrimidine, nicotinate, and nicotinamide. 

Farnesol, an acyclic sesquiterpene alcohol 

commonly found in essential oils, is reported to have 

bioactivity as an antioxidant, anti-inflammatory, anti-

cancer, antimicrobial, antifungal, and can treat allergic 

asthma, gliosis, and edema (Bezerra et al., 2020; Jung 

et al., 2018; Palanisamy et al., 2020; Su et al., 2015). 

Vitamin E, an essential micronutrient phenolic 

compound in the body, is a strong antioxidant and is fat 

soluble to protect tissues from uncontrolled lipid 

peroxidation. Vitamin E is also reported to have anti-

cancer potential and prevent cardiovascular disease, 

immune complications, and hematologic disorders 

(Galli et al., 2022). Steroid compounds such as 

sitostenon, 4α-methylzimosterol, cholesterol 

succinate, and terpenoids such as farnesol contribute as 

antioxidants. However, they are weak, and these 

compounds are also reported to have anti-cancer 

properties, so they are thought to support the toxicity 

of the n-hexane fraction. 

 

Chromatogram and LC-MS/MS Spectrum of The 

Ethyl Acetate Fraction of The Leaves and Bark of 

The Sausage Tree 

The ethyl acetate fraction of leaves and sausage 

bark was subjected to LC-MS/MS testing to identify 

the secondary metabolites. Figure 5 shows the LC-

MS/MS chromatogram of the ethyl acetate fraction of 

the bark (a) and leaves (b) of a sausage tree. The 

results of the LC analysis of the ethyl acetate 

fraction of the stem bark in Figure 5a within the 

time range (1.26-17.98) minutes contained many 

peaks, and four peaks could be identified based on 

their mass spectrum they were detected as lignans, 

alkaloids and steroids (Table 4). 
Based on Table 4, it is known that in the bark of 

the sausage tree, there are aminopregnan compounds (a 

steroid) which have been identified in the 

dichloromethane extract of Chrysophyllum carnito 

leaves and have antimalarial activity (Ma'arif et al., 

2019). The N-benzylnactyloctanamine compound is an 

alkaloid compound found in the Marsilea crenata Presl 

plant. (Rukiana, 2018). Kubebin (a lignan) from the 

ethanol extract of Piper cubeba Lf fruit. was reported 

to have activity as an antioxidant, anti-cancer, 

antimicrobial, anti-inflammatory, and antidiabetic 

(Setyani et al., 2021). The picraquassin compound was 

identified in the bark of the Picrasma quassinoids tree 

and had anti-cancer activity (Jamil et al., 2020). 

Table 4 Results of LC-MS/MS analysis of the ethyl 

acetate fraction of sausage tree bark 
Retention 

Time 

(minutes) 

Molecular 

Weight 

m/z 

(M+H)+ 
Prediction 

7,52 C20H21O6 357,1373 Kubebin 

11,95 C31H54O3 529,2125 Picraquassin I 

12,13 C21H37N 304,33004 Aminopregnane 

13,32 C23H41N 332,3299 
N-Benzyln 

actyloctanamine 

 

The results of the LC analysis of the ethyl acetate 

fraction of sausage leaves in Figure 5b within the time 

range (1.19-17.75) minutes there were many peaks, 

and five peaks could be identified, based on their mass 

spectrum they were detected as flavonoid, terpenoid 

and heterocyclic groups (Table 5). Based on Table 4, it 

is known that in the leaves of the sausage tree, there is 

the compound 3-O-methyl kaempferol, which is a 

flavonoid compound that has been identified in the 

methanol extract of Annona muricata leaves and has 

activity as an antioxidant (Asbanu et al., 2019). The 

3,4,7-trihydroxyflavone compound belongs to the 

flavonoid group and has been reported to have activity 

as an anti-inflammatory agent (Islam et al., 2018). 

 

Table 5 Results of LC-MS/MS analysis of the ethyl 

acetate fraction of sausage tree bark 
Retention 

Time 

(minute) 

Molecular 

Formula 

m/z 

(M+H)+ 
Prediction 

7,87 C16H13O6 
301,074

1 

3-O-

Metilkaempferol 

7,67 
C9H11N4O

6 

271,062

9 

3,4,7-

Trihidroxyiflavone 

5,91 C11H17O3 
197,118

6 
Loliolida 

6,91 C15H11O6 
287,055

5 
Kaemferol 

12,57 C12H9NO 
184,071

9 
Phenokxazine 

 

Loliolida is a monoterpene reported to have 

antibacterial activity (Ghazali et al., 2021), antioxidant, 

and can treat nervous disorders (Silva et al., 2021). 

Kaempferol is a class of flavonoids that have been 

reported to have activity as an anti-inflammatory 

(Candra & Wijaya, 2021), antioxidant, and antiviral 

(Aisa et al., 2021). The presence of the identified 

compounds, both the ethyl acetate fraction of the stem 

bark and sausage leaves, is thought to have a very 
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strong contribution to their toxicity and antioxidant 

activity. 

 

CONCLUSIONS 

The results of phytochemical testing of methanol 

crude extract, n-hexane and ethyl acetate fractions of 

leaves and sausage bark showed the presence of all 

secondary metabolites except alkaloids in the n-hexane 

fraction. The antioxidant and cytotoxic activity of the 

ethyl acetate fraction of stem and leaf bark was 

stronger than the crude methanol extract and n-hexane 

fraction. Secondary metabolite components in the n-

hexane fraction of K. africana stem bark were 

identified as estran-3-on-17-(acetyloxy)-2-methyl-

(2α,5α,17β); 4-α-methyl-zimosterol and 9-

octadecinamide, while in the leaves identified 

dicholesteryl succinate, farnesol and octadecanal 

which are thought to contribute as antioxidants and are 

toxic although weak. The secondary metabolite 

components in the ethyl acetate fraction of the sausage 

tree were identified as kaempferol compounds and 

their derivatives, lignans, and terpenoids, which are 

thought to contribute strongly to their toxicity and 

antioxidant activity. 

 

ACKNOWLEDGMENTS 

Thanks were conveyed to the Head of Waterpark 

Platinum Riau for providing samples, the Indonesian 

National Police Headquarters Forensic Laboratory 

Center (Puslabfor Mabes Polri) for providing LC-

MS/MS facilities and the Laboratory of Mathematics 

and Natural Sciences Gadjah Mada University for 

providing GCMS facilities. 

 

REFERENCES 

Adoum, O. A. (2016). Screening of Medicinal Plants 

Native To Kano and Jigawa States of Northern 

Nigeria, Using Artemia Cysts (Brine Shrimp 

Test). American Journal of Pharmacological 

Sciences, 4(1), 7-10.  

Agyare, C., Dwobeng, A. S., Agyepong, N., Boakye, 

Y. D., Mensah, K. B., Ayande, P. G., & Adarkwa-

Yiadom, M. (2013). Antimicrobial, Antioxidant, 

and Wound Healing Properties of Kigelia 

africana (Lam.) Beneth. and Strophanthus 

hispidus DC. Advances in Pharmacological 

Sciences, 2013, 1-10.  

Ahmad, S., Ullah, F., Zeb, A., Ayaz, M., Ullah, F., & 

Sadiq, A. (2016). Evaluation of Rumex hastatus 

D. Don for Cytotoxic Potential Against Hela and 

NIH/3T3 Cell Lines: Chemical Characterization 

Of Chloroform Fraction And Identification of 

Bioactive Compounds. BMC Complementary and 

Alternative Medicine, 16(308), 1-10.  

Aisa, E. R. A., Putri, A. R., Salma, N. A., & Sanjaya, 

I. G. M. (2021). Potensi Senyawa Turunan 

Kaempferol dalam Menghambat Glikoprotein 

SARS-CoV-2 Variasi B.1.1.7 Kode PDB 7LWT. 

Prosiding Seminar Nasional Kimia (SNK). 2021, 

88-94. 

Akanmu, M. A., Adeosun, S. O., & Ilesanmi, O. R. 

(2007). Neuropharmacological Effects Of 

Oleamide In Male And Female Mice. Behavioural 

Brain Research, 182(1), 88-94.  

Akanni, O. O., Owumi, S. E., & Adaramoye, O. A. 

(2014). In Vitro Studies to Assess The 

Antioxidative, Radical Scavenging and Arginase 

Inhibitory Potentials of Extracts from Artocarpus 

altilis, Ficus exasperate and Kigelia africana. 

Asian Pacific Journal of Tropical Biomedicine, 

4(Suppl 1), S492-S499.  

Akintunde, J. K., Akintunde, D. G., Irondi, E. A., 

Babaita, K., Labaika, R., & Sunday, O. (2016). 

Antioxidants from Stem Bark of Kigelia africana 

Inhibits Free Radicals and Membrane Lipid 

Damage in Rat Testes In Vitro. Oxidants and 

Antioxidants in Medical Science, 5(2), 63-69.  

Amudha, P., Jayalakshmi, M., Pushpabharathi, N., & 

Vanitha, V. (2018). Identification of Bioactive 

Components in Enhalus Acoroides Seagrass 

Extract by Gas Chromatography-Mass 

Spectrometry. Asian Journal of Pharmaceutical 

and Clinical Research, 11(10), 313-317.  

[AOAC] Association of Official Analytical Chemist. 

(2016). Official Methods of Analysis of AOAC 

International. Edition 18. Arlington. 

Asbanu, Y. W. A., Wijayati, N., & Ersanghono 

Kusumo. (2019). Identifikasi Senyawa Kimia 

Ekstrak Daun Sirsak (Annona muricata L.) dan 

Uji Aktivitas Antioksidannya dengan Metode 

DPPH (2,2-Difenil-1-Pikrilhidrasil). Indonesian 

Journal of Chemical Science, 8(3), 153-160. 

Atolani, O., Olatunji, G. A., Fabiyi, O. A., Adeniji, A. 

J., & Ogbole, O. O. (2013). Phytochemicals from 

Kigelia Pinnata Leaves Show Antioxidant And 

Anti-Cancer Potential on Human Cancer Cell 

Line. Journal of Medicinal Food, 16(10), 878-

885.  

Awaluddin, Ilyas, A., Firnanelty, Aisyah, Abubakar, 

A. N. F., & Rusdin, A. (2022). Stylotella sp . 

Acetone Extract from Selayar Island and Its 

Activity against Breast Cancer Cells MCF-7. 

Chimica et Natura Acta, 10(3), 117-123. 

Bakare, O. S., Areola, J. O., Ayannuga, O. A., & 

Babalola, O. O. (2015). Evaluation of Gonado-



Iis Yusma Fitri et al. Indo. J. Chem. Res., 11(2), 142-155, 2023 

 

DOI: 10.30598//ijcr.2023.11-iis  152   

 

Protective Potentials of Kigelia Africana (Lam.) 

Benth in Arsenic-Induced Gonadotoxicity in Male 

Wistar Rats. American Journal of Biochemistry, 

5(5), 113-129.  

Bello, I., Shehu, M. W., Musa, M., Zaini Asmawi, M., 

& Mahmud, R. (2016). Kigelia africana (Lam.) 

Benth. (Sausage tree): Phytochemistry and 

Pharmacological Review of A Quintessential 

African Traditional Medicinal Plant. Journal of 

Ethnopharmacology, 189, 253-276.  

Bezerra, C. F., Junior, J. G. de A., Honorato, R. de L., 

dos Santos, A. T. L., da Silva, J. P., da Silva, T. 

G., Leal, A. L. A. B., Rocha, J. E., de Freitas, T. 

S., Vieira, T. A. T., & et al. (2020). Antifungal 

Activity of Farsenol Incorporated in Loposomes 

and Associated with Fluconazole. Chemistry and 

Physics of Lipids, 233(104987), 1-8.  

Candra, G. N. H., & Wijaya, I. M. A. P. (2021). 

Molecular Docking Kaempferol sebagai 

Antiinflamasi pada Aterosklerosis secara In 

Silico. Jurnal Ilmiah Medicamento, 7(1), 13-18.  

Cheng, M. C., Ker, Y. B., Yu, T. H., Lin, L. Y., Peng, 

R. Y., & Peng, C. H. (2010). Chemical Synthesis 

Of 9(Z)-Octadecenamide and Its Hypolipidemic 

Effect: A Bioactive Agent Found in The Essential 

Oil of Mountain Celery Seeds. Journal of 

Agricultural and Food Chemistry, 58(3), 1502-

1508.  

Chu, C. W., Liu, C. M., Chung, M. I., & Chen, C. Y. 

(2015). Biofunctional Constituents from Michelia 

Compressa Var. Lanyuensis with Anti-

Melanogenic properties. Molecules, 20(7), 12166-

12174.  

Dewatisari, W. F., Rumiyanti, L., & Rakhmawati, I. 

(2018). Rendemen dan Skrining Fitokimia pada 

Ekstrak Daun Sanseviera sp. Jurnal Penelitian 

Pertanian Terapan, 17(3), 197-202.  

Djenar, N. S., Mulyono, E. W. S., & Saputra, T. R. 

(2020). The effect of Microwave Power 

Variations on Phytochemical Characteristic of 

Pandan Leaves (Pandanus Amaryllifolius) Using 

the Microwave-Assisted Extraction (MAE). 

Journal of Physics: Conference Series, 1450(1), 

197-202.  

Dos Santos Neta, P. L., Favaro, C. F., Macedo, S. O., 

Moura, J. I. I., Bello, J. E., Santos, R. R. C., & 

Zarbin, P. H. G. (2021). Octadecanal as The Male-

Produced Aggregation Pheromone of The 

Coconut Weevil, Amerrhinus ynca (Coleoptera: 

Curculionidae). Journal of the Brazilian Chemical 

Society, 32(10), 2017-2021.  

Fadiyah, I., Lestari, I., & Mahardika, R. G. (2020). 

Kapasitas Antioksidan Ekstrak Buah Rukam 

(Flacourtia rukam) Menggunakan Metode 

Microwave Assisted Extraction (MAE). 

Indonesian Journal of Chemical Research, 7(2), 

107-113.  

Fagbohun, O. F., Oriyomi, O. V., Adekola, M. B., & 

Msagati, T. A. M. (2020). Biochemical 

Applications of Kigelia africana (Lam.) Benth. 

Fruit Extracts in Diabetes Mellitus. Comparative 

Clinical Pathology, 29(6), 1251-1264.  

Fariss, M. W., Fortuna, M. B., Everett, C. K., Smith, J. 

D., Trent, D. F., & Djuric, Z. (1994). The 

Selective Antiproliferative Effects of α-

Tocopheryl Hemisuccinate and Cholesteryl 

Hemisuccinate on Murine Leukemia Cells Result 

from the Action of the Intact Compounds. Cancer 

Research, 54(13), 3346-3351. 

Felhi, S., Daoud, A., Hajlaoui, H., Mnafgui, K., 

Gharsallah, N., & Kadri, A. (2017). Solvent 

Extraction Effects on Phytochemical Constituents 

Profiles, Antioxidant and Antimicrobial Activities 

and Functional Group Analysis of Ecballium 

Elaterium Seeds and Peels Fruits. Food Science 

and Technology, 37(3), 483-492.  

Figueiredo, A. C., Barroso, J. G., Pedro, L. G.,  & 

Scheffer, J. C. (2008). Factors Affecting 

Secondary Metabolite Production in Plants: 

Volatile Components and Essential Oils Factors. 

Flavour and Fragrance Journal, 23, 213-226.  

Firdayani, F., Agustini, T. W., & Ma’ruf, W. F. (2015). 

Ekstraksi Senyawa Bioaktif sebagai Antioksidan 

Alami Spirulina Platensis Segar dengan Pelarut 

yang Berbeda. Jurnal Pengolahan Hasil 

Perikanan Indonesia, 18(1), 28-37.  

Fredrick, A. C., Ebele, O. P., Chioma B, O., & Nedosa 

UA, U. (2014). Analgesic, Phytochemical and 

Toxicological Investigations of Ethanol Extract of 

The Leaves of Kigelia Africana (Lam.) Benth 

(family Bignoniaceae )-Sausage Tree. Journal of 

Pharmaceutical and Biomedical Sciences, 4(7), 

588-595.  

Galli, F., Bonomini, M., Bartolini, D., Zatini, L., 

Reboldi, G., Marcantonini, G., Gentile, G., Sirolli, 

V., & Di Pietro, N. (2022). Vitamin E (Alpha‐

Tocopherol) Metabolism and Nutrition in Chronic 

Kidney Disease. Antioxidants, 11(0), 1-19.  

Ghazali, M., Zaki, M., & Hidayati, E. (2021). 

Antibacterial Activity of Methanol Extract of 

Sargassum polycystum on Escherichia coli and 

Staphylococcus aureus. Jurnal Biologi Tropis, 

21(1), 199-205.   

Giri, P. P., Sinha, R., Sikka, S.,  & Meur, S. (2016). 

Acute carbolic acid poisoning: A Report of Four 

Cases. Indian Journal of Critical Care Medicine, 



Iis Yusma Fitri et al. Indo. J. Chem. Res., 11(2), 142-155, 2023 

 

DOI: 10.30598//ijcr.2023.11-iis  153   

 

20(11), 668-670.  

Grace, O. M., Light, M. E., Lindsey, K. L., 

Mulholland, D. A., Van Staden, J., & Jager, A. K. 

(2002). Antibacterial Activity and Isolation of 

Active Compounds From Fruit of The Traditional 

African Medicinal Tree Kigelia africana. South 

African Journal of Botany, 68(2), 220-222.  

Hanafi, Irawan, C., Sirait, S. M., Sulistiawaty, L., & 

Setyawati, S. R. (2020). Toxicity Test with BSLT 

(Brine Shrimp Lethality Test) Method on 

Methanol, Ethyl Acetate Extract, Hexane on 

Seeds and Rind of Matoa extract (Pometia 

pinnata). Oriental Journal Of Chemistry, 36(6), 

1143-1147.  

Hussain, T., Fatima, I., Rafay, M., Shabir, S., Akram, 

M., & Bano, S. (2016). Evaluation of 

Antibacterial and Antioxidant Activity of Leaves, 

Fruit and Bark of Kigelia africana. Pakistan 

Journal of Botany, 48(1), 277-283. 

Idris, A., Al-tahir, I., & Idris, E. (2013). Antibacterial 

Activity of Endophytic Fungi Extracts from The 

Medicinal Plant Kigelia africana. Egyptian 

Academic Journal of Biological Sciences, G. 

Microbiology, 5(1), 1-9.  

Irmawan, M., Mandey, F., & Dali, S. (2018). Isolation, 

Identification, Characteriterization, and Toxicity 

Essay of Non-polar Secondary Metabolite 

Fraction From Ageratum conyzoides L. 

Indonesian Journal of Chemical Research, 6(1), 

1-5. 

Isah, Y., Ndukwe, I. G., Rufai, Y., & Ayo, R. G. 

(2016). Characterization and Microbial Activities 

of B-Sitosterol and B-Sitostenone Mixture 

Isolated from the Stem Bark of Methanol Fraction 

of Sarcocephalus Latifolius (Smith Bruce). 

International Research Journal of Natural 

Sciences, 2(2), 1-13. 

Islam, M. T., Ali, E. S., Uddin, S. J., Shaw, S., Islam, 

M. A., Ahmed, M. I., Chandra Shill, M., 

Karmakar, U. K., Yarla, N. S., & Khan, et al 

(2018). Phytol: A review of Biomedical 

Activities. Food and Chemical Toxicology, 

121(2018), 82-94. 

Jamil, M. D. H. M., Taher, M., Susanti, D., Rahman, 

Md. A., & Zakaria, Z. A. (2020). Phytochemistry, 

Traditional Use and Pharmacological Activity of 

Picrasma quassioides : A Critical Reviews. 

Nutrients Journal. 12(9), 1-16.  
Jumiarni, W. O., & Komalasari, O. (2017). Inventory 

of Medicinal Plants as Utilized by Muna Tribe in 

Kota Wuna Settlement. Traditional Medicine 

Journal, 22(1), 45-46. 

Jung, Y. Y., Hwang, S. T., Sethi, G., Fan, L., Arfuso, 

F., & Ahn, K. S. (2018). Potential Anti-

Inflammatory and Anti-Cancer Properties of 

farnesol. Molecules, 23(11), 1-15.  

Kumar, A., Nirmal, P., Kumar, M., Jose, A., Tomer, 

V., Oz, E., Proestos, C., Zeng, M., Elobeid, T., 

Sneha, V., & Oz, F. (2023). Major 

Phytochemicals: Recent Advances in Health 

Benefits and Extraction Method. Molecules, 

28(2), 1-41.  

Kumar, D. G., Karthik, M., & Rajakumar, R. (2018). 

GC-MS Analysis of Bioactive Compounds from 

Ethanolic Leaves Extract of Eichhornia crassipes 

(Mart) Solms. and Their Pharmacological 

Activities. The Pharma Innovation Journal, 7(8), 

459-462.  

Li, C. P., & Du, M. (2011). Role of Solvents in 

Coordination Supramolecular Systems. Chemical 

Communications, 47(21), 5958-5972.  

Ma’arif, B., Aditama, A., Muti’ah, R., Bagawan, W. S., 

Amiruddin, R., & Rukiana, R. (2019). Profil 

Metabolit Berbagai Ekstrak Daun Chrysophyllum 

cainito L. Menggunakan UPLC-QTOF-MS/MS. 

Jurnal Tumbuhan Obat Indonesia, 12(1), 10-24.  

Meigaria, K. M., Mudianti, I. W., & Martiningsih, N. 

W. (2016). Skrining Fitokimia dan Uji Aktivitas 

Antioksidan Ekstrak Aseton Daun Kelor 

(Moringa Oleifera). Jurnal Wahana Matematika 

dan Sains, 10(1), 1-11. 

Nabatanzi, A., Nkadimeng, S. M., Lall, N., Kabasa, J. 

D.,  & McGaw, L. J. (2020a). Antioxidant and 

Anti-Inflammatory Activities of Kigelia africana 

(Lam.) Benth. Evidence-Based Complementary 

and Alternative Medicine, 2020, 1-11.  

Nabatanzi, A., Nkadimeng, S. M., Lall, N., Kabasa, J. 

D., & McGaw, L. J. (2020b). Ethnobotany, 

Phytochemistry and Pharmacological Activity of 

Kigelia africana (Lam.) benth. (bignoniaceae). 

Plants, 9(6), 1-29.  

Namita, P., Mukesh, R., & Tirath, K. (2011). 

Evaluation of Anti-Inflammatory Potential of 

Kigelia pinnata Leaf Extract in Wistar Rats. 

Journal of Pharmaceutical Science and 

Technology, 3(12), 744-749. 

Nasiru, A., & Oluwasegun, A. (2014). In Vitro Free 

Radical Scavenging Activity and Total Phenolic 

Content of Kigelia Africana (LAM). International 

Journal of Science and Research (IJSR), 3(1), 

368-370.  

Obafemi, C., Fadare, O., Balogun, O., Obuotor, E., 

Fadare, R., & Ojo, O. (2017). In Vitro Antioxidant 

Activity and Gas Chromatographymass 

Spectrometry Analysis of Solvent Extracts of 

Kigelia africana stem bark. Journal of Pharmacy 



Iis Yusma Fitri et al. Indo. J. Chem. Res., 11(2), 142-155, 2023 

 

DOI: 10.30598//ijcr.2023.11-iis  154   

 

Research, 11(8), 973-982.  

Okechukwu, P. N. (2020). Evaluation of Anti-

Inflammatory, Analgesic, Antipyretic Effect of 

Eicosane, Pentadecane, Octacosane, and 

Heneicosane. Asian Journal of Pharmaceutical 

and Clinical Research, 13(4), 29-35.  

Olubunmi, A., Gabriel, O. A., Stephen, A. O., & Scott, 

F. O. (2009). Antioxidant and Antimicrobial 

Activity of Cuticular Wax from Kigelia africana. 

Fabad Journal of Pharmaceutical Sciences, 

34(4), 187-194. 

Owolabi, O. J., & Omogbai, E. K. I. (2007). Analgesic 

and Anti-Inflammatory Activities of The 

Ethanolic Stem Bark Extract of Kigelia africana 

(Bignoniaceae). African Journal of 

Biotechnology, 6(5), 582-585. 

Owolabi, O. J., Omogbai, E. K. I., & Obasuyi, O. 

(2007). Antifungal and Antibacterial Activities of 

The Ethanolic and Aqueous Extract of Kigelia 

Africana (Bignoniaceae) stem bark. African 

Journal of Biotechnology, 6(14), 1677-1680. 

Oyebanji, B., Olatoye, O., & Oyewole, O. (2015). 

Effects of Methanolic Leaf, Bark and Fruit 

Extracts of Kigelia africana on Haematology and 

Erythrocyte Membrane Stability in Rats. Sokoto 

Journal of Veterinary Sciences, 13(2), 1-5.  

Palanisamy, C. P., Cui, B., Zhang, H. X., Nguyen, T. 

T., Tran, H. D., Khanh, T. D., Nguyen, V. Q.,  & 

Xuan, T. D. (2020). Characterization of (2E,6E)-

3,7,11-Trimethyldodeca-2,6,10-Trien-1-Ol with 

Antioxidant and Antimicrobial Potentials from 

Euclea Crispa (Thunb.) Leaves. International 

Letters of Natural Sciences, 80, 51-63. 

Poós, T., & Varju, E. (2017). Drying Characteristics of 

Medicinal Plants. International Review of Applied 

Sciences and Engineering, 8(1), 83-91.  

Raal, A., Meos, A., Hinrikus, T., Heinämäki, J., 

Romāne, E., Gudienė, V., Jakštas, V., Koshovyi, 

O., Kovaleva, A., Fursenco, C., Chiru, T., & 

Nguyen, H. T. (2020). Dragendorff's Reagent: 

Historical Perspectives and Current Status of A 

Versatile Reagent Introduced Over 150 Years 

Ago at the University of Dorpat, Tartu, Estonia. 

Pharmazie, 75(7), 299-306.  

Ragi, A. S., Leena, P. P., Prashob, K. J. P., & Nair, S. 

M. (2018). In Silico Biological Activity of 

Steroids from The Marine Gastropods 

Telescopium Telescopium Collected from South 

West Coast of India. Avicenna Journal of Medical 

Biotechnology, 10(3), 158-162. 

Rahayu, H. S. E., Nasrudin, Wijayanti, K., Dianita, P. 

S., & Pribadi, P. (2019). GC-MS Analysis Of 

Phytochemical Components in The Ethanolic 

Extract of Acantus Illicifolius from Mangrove 

Forest Purworejo Indonesia. International 

Journal of Research in Pharmaceutical Sciences, 

10(4), 3755-3760. 

Ravi, L., & Krishnan, K. (2016). Cytotoxic Potential of 

N-hexadecanoic Acid Extracted from Kigelia 

pinnata Leaves. Asian Journal of Cell Biology, 

12(1), 20-27.  

Reymon, R., Sofyan, S., Yodha, A. W. M., & 

Musdalipah, M. (2021). The toxicity of Meistera 

chinensis Rhizome Fraction by Shrimp Larvae 

With the BSLT Method. Natural Science: Journal 

of Science and Technology, 10(2), 53-58.  

Rozirwan, Nugroho, R. Y., Hendri, M., Fauziyah, 

Putri, W. A. E., & Agussalim, A. (2022). 

Phytochemical Profile And Toxicity Of Extracts 

From The Leaf of Avicennia Marina (Forssk.) 

Vierh. Collected in Mangrove Areas Affected by 

Port Activities. South African Journal of Botany, 

150, 903-919.  

Rukiana. (2018). Metabolit Profiling Ekstrak Daun 

Marsilea crenata Presl. menggunakan UPLC-

QToF-MS/MS dengan Variasi  Pelarut [skripsi]. 

Malang: UIN Malang. 

Sabbineni, J. (2016). Phenol-An Effective 

Antibacterial Agent. Journal of Medicial Organic 

Chemistry, 3(2), 182-191. 

Salazar-Aranda, R., Pérez-López, L. A., López-

Arroyo, J., & Alanís-Garza, Blanca Alicia, W. D. 

T. (2011). Antimicrobial snd Antioxidant 

Activities of Plants From Northeast of Mexico. 

Evidence-Based Complementary and Alternative 

Medicine, 2011, 1-6.  

Setyani, I. K., Wahyono, W., & Sulaiman, T. N. S. 

(2021). Standardisasi Simplisia dan Ekstrak Buah 

Kemukus (Piper cubeba Lf.) Sebagai Bahan Baku 

Sediaan Kapsul Jamu Sesak Nafas. JPSCR: 

Journal of Pharmaceutical Science and Clinical 

Research, 6(3), 238.  

Shaikh, J. R., & Patil, M. (2020). Qualitative Tests for 

Preliminary Phytochemical Screening: An 

Overview. International Journal of Chemical 

Studies, 8(2), 603-608.  

Shama, S., Adam, I. Y., Marwa, M., & Alhameed, I. A. 

(2013). Kigelia Africana Fruits' Extracts anti 

Hepato-Toxic Effects on Male Wistar Rats Liver 

Destruction Induced by CCL4. Asian Journal of 

Medical Sciences, 5(1), 26-32.  

Silva, J., Alves, C., Martins, A., Susano, P., Simões, 

M., Guedes, M., Rehfeldt, S., Pinteus, S., Gaspar, 

H., & Rodrigues, A.,et al. (2021). Loliolide, A 

New Therapeutic Option for Neurological 

Diseases? In Vitro Neuroprotective and Anti-



Iis Yusma Fitri et al. Indo. J. Chem. Res., 11(2), 142-155, 2023 

 

DOI: 10.30598//ijcr.2023.11-iis  155   

 

Inflammatory Activities of A Monoterpenoid 

Lactone Isolated from Codium Tomentosum. 

International Journal of Molecular Sciences, 

22(4), 1–24.  

Souhoka, F. A., Kapelle, I. B. D., & Sihasale, E. 

(2021). Phytochemical and Antioxidant Test of 

Binahong (Anredera cordifolia (Tenore) Steenis) 

Leaves Ethanol Extract. Fullerene Journal of 

Chemistry, 6(1), 28-33.  

Su, Y. C., Hsu, K. P., Wang, E. I. C., & Ho, C. L. 

(2015). Composition, In Vitro Cytotoxic, and 

Antimicrobial Activities of The Flower Essential 

Oil of Diospyros Discolor from Taiwan. Natural 

Product Communications, 10(7), 1311-1314.  

Taufik, N., & Sulfiani. (2023). Antioxidant Activity of 

Ethanol and n-hexane Extracts of Javanese Bark 

(Lannea coromandelica) Using the DPPH 

Method. Indonesian Journal of Chemical 

Research, 11(1), 43-48.  

Thirunarayanan, G., & Vanangamudi, G. (2016). 

Synthesis, Spectral Studies, Antimicrobial and 

Insect Antifeedant Potent Keto Oxiranes. Arabian 

Journal of Chemistry, 9, S269-S277.  

Truong, N. B., Pham, C. V., Doan, H. T. M., Nguyen, 

H. V., Nguyen, C. M., Nguyen, H. T., Zhang, H. 

J., Fong, H. H. S., Franzblau, S. G., Soejarto, D. 

D., & Chau, M. V. (2011). Anti-Tuberculosis 

Cycloartane Triterpenoids from Radermachera 

boniana. Journal of Natural Products, 74(5), 

1318-1322.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Turanli, B., Zhang, C., Kim, W., Benfeitas, R., Uhlen, 

M., Arga, K. Y., & Mardinoglu, A. (2019). 

Discovery of Therapeutic Agents for Prostate 

Cancer Using Genome-Scale Metabolic Modeling 

And Drug Repositioning. EBioMedicine, 42, 386-

396. 

Viol, D. I., Chagonda, L. S., Moyo, S. R., & Mericli, 

A. H. (2016). Toxicity and Antiviral Activities of 

Some Medicinal Plants Used by Traditional 

Medical Practitioners in Zimbabwe. American 

Journal of Plant Sciences, 7(11), 1538-1544.  

Vock, C., Gleissner, M., Klapper, M., & Döring, F. 

(2008). Oleate Regulates Genes Controlled by 

Signaling Pathways of Mitogen-Activated Protein 

Kinase, Insulin, And Hypoxia. Nutrition 

Research, 28(10), 681-689.  

Wambua Mukavi, J., Wafula Mayeku, P., Muhoro 

Nyaga, J., & Naulikha Kituyi, S. (2020). In Vitro 

Anti-Cancer Efficacy and Phyto-Chemical 

Screening Of Solvent Extracts of Kigelia africana 

(Lam.) Benth. Heliyon, 6(7), 1-4.  

Yani, D. F. (2017). Pencirian Senyawa Aktif dan 

Aktivitas Sitotoksik Ekstrak Buah Sosis (Kigelia 

africana) terhadap Sel Kanker Payudara MCF-7 

[Tesis]. Bogor: Institut Pertanian Bogor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


