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ABSTRACT 

 

Traditionally Indonesian people use Psidium guajava to treat diarrhea. Over time the P. 

guajava plant was considered rare. One of the efforts is to explore the chemical content of 

plants still in the same family as P. guajava. The study aimed at exploring the chemical 

content and antioxidant activity of leaves of three types of guavas, Syzygium aqueum 

(Burm.f.) Alston, Syzygium malaccense (L.) Merr. and Perry., Syzygium samarangense 

(Blume) Merr. & L.M. Perry, which was compared to P. guajava leaves. The chemical 

similarity between the four types of guava leaves was determined based on the parameters of 

total tannins (vanillin-sulfuric acid reagent), flavonoids (AlCl3 reagent), and phenol (Folin-

Ciocalteu reagent). Antioxidant capacity was measured by the phosphomolybdate method 

with quercetin as a reference. For TLC analysis with FeCl3 5% for phenolics, AlCl3 5% for 

flavonoids, and H2SO4 for organic components. The results showed that the highest phenol, 

flavonoid and tannins content was found in the leaves of P. guajava. The chromatogram 

showed the similarity of the organic components of four types of guava in the three extracts 

based on the position and colour of the spots that appeared. The content of flavonoids, 

phenolics, and tannins in P. guajava leaves was the highest due to differences in the type and 

amount of chemical content between the four species. The antioxidant activity of P. guajava 

leaves is closely related to their high phenolic content. 

 

Keywords: Antioxidant, Guava, Java apple, Malay apple, Watery rose apple 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Introduction 

The Myrtaceae family has 100 genera and about 3000 species that grow in the form of 

shrubs or trees. Psidium guajava (PG) is a type of plant belonging to the Myrtaceae family.1 

Psidium guajava (PG) leaves are widely used to treat diarrhoea and have several 

pharmacological activities, such as antidiabetic, antidiarrheal, antimicrobial, antihypertensive 

and antioxidant.2  

Drinking herbal medicine (one of which uses PG leaves) to treat health problems is still 

a tradition in Indonesian society. This tradition is one of the Indonesian nation's local wisdom 

and cultural heritage that must be maintained.3 Many traditional medicinal products in the 

form of Standardized Herbal Medicines (Obat Herbal Terstandar, OHT) are registered with 

the Indonesian FDA (The National Agency of Drug and Food Control, NA-DFC) made from 

PG.4 However, PG plants are considered rare. This causes the community or the herbal 

medicine industry to need help in obtaining raw materials for the leaves of this plant. One of 

the efforts made to meet the needs of these herbs can be realized by exploring the chemical 

content of the plant, which are still relatives of the same tribe as PG. 

Some plants belonging to the Myrtaceae tribe are various guavas from the Syzygium 

genus, such as Syzygium samarangense (Blume) Merr. & L.M. Perry (SS), Syzygium 

malaccense (L.) Merr. and Perry. (SM), and Syzygium aqueum (Burm.f.) Alston (SA). These 

three guavas are also easy to obtain and widely grown in Indonesia. These plants have leaves 

that are shadier than PG. In addition, the three types of guava leaves also have properties 

similar to those of PG leaves. The genus Syzygium has traditionally been used to treat 

diarrheal disorders, diabetes, inflammation, bronchitis, and acid reflux/ulcers.1 This genus is 

also scientifically proven as an antioxidant, antimicrobial, antifungal, antiviral, analgesic, 

anti-inflammatory, antihypertensive, antihyperglycemic, sedative, and spasmolytic.5–7 Several 

pharmacological studies have reported that SS, SM, and SA provide their properties as 

antioxidants and antimicrobials. 8–11.  

The content of polyphenols found in species of the genus Syzygium, including 

phenolics, flavonoids and tannins, is closely related to their antioxidant activity. The profile 

of these metabolites in the extract can be studied simply using thin-layer chromatography 

(TLC) techniques. This antioxidant compound recovery technique is undoubtedly closely 

related to using extraction solvents. This research aimed to investigate the chemical content 

of polyphenols in terms of total phenolic, flavonoid, and tannin levels in the leaves of three 

selected Syzygium species and test their antioxidant activity compared to PG leaves. 

 

Materials and Methods 

1. Chemicals and Solvents 

Chemicals and solvents such as n-hexane, dichloromethane, ethyl acetate, ethanol, 

methanol, chloroform, toluene, formic acid, sulfuric acid, hydrochloric acid, acetic acid, 

sodium carbonate, sodium acetate, Folin-Ciocalteu, aluminium (III) chloride, vanillin, 

phosphomolybdate, and silica gel plate are obtained from Merck (Darmstadt, Germany). 

Meanwhile, quercetin is from Sigma Aldrich Co. (St. Louis, USA), while gallic acid and 

catechins are from Mark Herb (Bandung, Indonesia). 

 

2. Plant materials  

The four types of guava leaf were collected from the Duren Sawit sub-district, East 

Jakarta, in February 2022 with the determination number B-571/DI.05.07/3/2022 at the 

"Biosystematics and Evolutionary Research Center" BRIN, Bogor, West Java, Indonesia. 

Specimens of each type of guava are stored in the Pharmacognosy Laboratory of the Faculty 

of Pharmacy and Science, UHAMKA. After being washed with running water and cleaned of 

dirt, leaves were dried from water droplets and weighed. Leaves were dried in the air for 6 - 7 



days, temperature 30 ± 1 ºC. After drying, the leaves were weighed again to be further 

powdered and stored in tightly closed, airtight, and dry bottles until the following experiment. 

 

3. Extracts Preparation 

The guava leaf extraction process is carried out with different methods and solvents, as 

follows:  

3.1. Ethyl Acetate Extract (EAE): ± 8 g dry leaf powder (equivalent to 25 g fresh leaves) 

was extracted with ethyl acetate with a solvent-to-material ratio of 1: 20 (w/v). Extraction 

was carried out by reflux method at 77 ºC for 30 minutes and then filtered. The extraction 

was repeated using the same technique until the flavonoid screening showed negative results. 

Each filtrate was concentrated using a vacuum rotary evaporator N-1200 BS series (EYELA, 

Shanghai, China) to obtain a total volume of 250 mL, after this, referred to as SEAAE, 

SMEAE, SSEAE, and PGEAE. Each extract was made triple.  

3.2. Ethanol 70% Extract (EE): ± 8 g dry leaf powder (equivalent to 25 g fresh leaves) was 

extracted with ethanol 70% with a material-solvent ratio of 1:10 (w/v). Extraction was carried 

out by reflux method at 70 ºC for 30 minutes, then filtered. The extraction was repeated with 

the same method until the phenolic screening was negative. Each filtrate was concentrated 

using a vacuum rotary evaporator N-1200 BS series (EYELA, Shanghai, China) to obtain a 

total volume of 250 mL, starting now referred to as SAEE, SMEE, SSEE, and PGEE. Each 

extract was made triple. 

3.3. Water Extract (WE): ± 3 g dry leaf powder (equivalent to 5 g fresh leaves) was 

extracted with hot water (90 ± 2 ºC) with a solvent-material ratio of 1: 20 (w/v) for 30 

minutes, then filtered. The extraction was repeated using the same method until the tannin 

screening was negative. Each filtrate was concentrated using a water bath at a temperature of 

65 ºC to obtain a thick extract: SAWE, SMWE, SSWE, and PGWE. The extract was made 

triple. 

 

4. Total phenolic content (TPC) Assay  

The experiment was started by identifying the phenolic compounds in EE from the four 

types of guava leaves (SAEE, SMEE, SSEE and PGEE), namely the appearance of a blue-

green colour with the addition of FeCl3 solution. Total phenolic compound content was 

determined following the method of Yang et al., 200712  using gallic acid as a comparison 

(20, 33, 46, 59, and 72 ppm). Test solution 300 µL was added to Folin-Ciocalteu reagent 1.5 

mL, and shaken until homogeneous. After 3 minutes, 1.2 mL of sodium carbonate 7.5% was 

added to the mixture. The mixture was incubated for 110 minutes at room temperature. The 

absorbance was measured at 765.1 nm using a UV-Vis UV-1601 Series spectrophotometer 

(Shimadzu, Kyoto, Japan). Total phenolic content was expressed in mg GAE/g dry weight 

(DW). The test was carried out in triples.  

 

5. Total flavonoid content (TFC) Assay 

The flavonoid compounds in the EAE of the four types of guavas (SAEAE, SMEAE, 

SSEAE and PGEAE) leaves were identified by adding Mg powder and concentrated 

hydrochloric acid. The formation of red and pink colors indicates the presence of flavonoid 

compounds. Furthermore, the levels of total flavonoid compounds in the four extracts were 

done out utilizing the colourimetric method of Chang et al., 200213 with quercetin as a 

comparison (10, 15, 20, 25 and 30 ppm). A sample of 1 ml was added with 1.5 ml of 

methanol, 0.1 ml of AlCl3 10%, and 0.1 ml of sodium acetate 1 M and made up to 10 ml with 

methanol. The mixture was incubated for 50 minutes at room temperature. The absorbance 

was recorded at 438.60 nm with a UV-Vis UV-1601 Series spectrophotometer (Shimadzu, 



Kyoto, Japan). Total flavonoid levels were reported as mg QE/g DW. The test was carried 

out in triples. 

 

6. Total tannins content (TTC) Assay 

First, the identification of tannin compounds in WE of the four types of guava leaves 

(SAWE, SMWE, SSWE, and PGWE) was carried out with the addition of a 10% gelatin 

solution. The appearance of a white residue indicates the existence of tannins. Determination 

of total tannin levels in the extracts of the four types of guava leaves was done using the 

colourimetric method proposed by  Medini et al., (2014)14 with catechins as a comparison 

(85, 148, 211, 274, and 337 ppm). Each 1 mL of the test sample was added with 2.5 mL of 

vanillin 4% in methanol and 2.5 mL of H2SO4 25%. The mixture was incubated at room 

temperature (± 25 - 26 ºC) for 36 minutes. The absorbance was measured at 499 nm using a 

UV-Vis UV-1601 Series spectrophotometer (Shimadzu, Kyoto, Japan). Tannin levels are 

expressed in mg CE/g DW. The test was carried out in triples.  

 

7. Antioxidant Activity  

The antioxidant activity of EAE, EE, and WE of the four types of guava leaves was 

tested using the modified phosphomolybdate method following the procedure proposed by 

Salamah & Farahana, (2014).15 The comparison used was quercetin. The extract and 

comparison samples were reacted with phosphomolybdate reagent and made up to 5 ml with 

distilled water. The mixture was incubated at 95 °C for 60 minutes. The absorbance was 

measured at 695 nm using a UV-1601 Series UV-Vis Spectrophotometer (Shimadzu, Kyoto, 

Japan). The test was carried out in triples. 

 

8. TLC analysis 

The chemical content of phenolics and flavonoids was analysed by the TLC method on 

the extracts prepared separately. Each guava leaf (8 g of dried leaf powder equivalent to 25 g 

of fresh leaves) was extracted using 80 ml of n-hexane or ethyl acetate or ethanol 70% with 

an ultrasonic bath (Branson) (40 kHz) for 15 minutes at room temperature. Each filtrate was 

concentrated with a vacuum rotary evaporator. 

Chemical content was identified on silica gel plate F254 (MERCK, Germany) as the 

stationary phase.16 Meanwhile, the mobile phase used was: toluene-chloroform-ethyl acetate 

(5:4:1) with a little formic acid added (for identification of the n-hexane and ethyl acetate 

extracts) and chloroform-ethyl acetate-formic acid (0.1:3.9:1) (for identification of ethanol 

extract). The visualization was performed under visible and UV light (254 nm and 365 nm).17 

In addition, FeCl3 5%, AlCl3 5% and H2SO4 10% spray reagents were also used for spot 

detection.18 

 

9. Statistic analysis 

The data were processed using Microsoft Office Software (Microsoft® Excel 365). 

 

Results and Discussion 

Total phenolic content (TPC) 

The identification results indicated the presence of phenolic compounds in the four 

types of guava leaf extract. From the gallic acid calibration curve, the equation of the line is 

obtained, namely y = 0.0107x + 0.0112 (R2 = 0.999). Based on Figure 1A, PGEE has the 

highest total phenolic content compared to other guava leaves. The three guava leaves from 

the genus Syzygium had total phenolic levels that are significantly different from those of PG 

leaves. 

 



Phenolic compounds are a class of secondary metabolites found throughout the plant 

kingdom that have aromatic groups and basic to complex structures such as tannins and 

lignins.19 Many phenolic compounds are present in plants as glycosides, so their polarity 

generally increases. The extraction of phenolic compounds used polar ethanol 70% solvent. 

The Folin-Ciocalteu technique is the most popular method for quantitatively determining 

phenolic compounds from plant materials and extracts. It is the simplest, most reproducible 

method for finding total phenolic content.20 The phosphotungstic-phosphomolybdate 

complex is reduced by phenolics in an alkaline medium using the Folin-Ciocalteu (F-C) 

technique, yielding a blue solution.21 The blue colour formed occurs according to the total 

phenol content that reacts, and the intensity of the colour is calculated at a wavelength of 

765.1 nm. Gallic acid is used to compare in this measurement because it is a pure and stable 

substance.22 The highest phenolic compounds were in PGEE and the smallest in SMEE. The 

phenolic compounds contained in PG may also be of more types than other guavas, for 

example, guavanoic acid, guavenoic acid, guajavolida.23  

 

Total flavonoids content (TFC) 

The identification findings revealed an abundance of flavonoid compounds inside the 

four-leaf extracts. That quercetin calibration curve yielded the linear equation is y = 0.0251x 

+ 0.0002 (R2=0.9992). Figure 1B shows that the three guava leaves of the genus Syzygium 

have flavonoid levels that are significantly different from those of PG leaves. 

Flavonoids are secondary metabolites composed of a C6-C3-C6 configuration with two 

cyclic rings connected to 3 carbon atoms, which are generally associated with O atoms as 

heterocyclic oxygen bonds.24 Flavonoids, including polyphenol compounds, generally have 

semi-polar to opposite polarity, so they can be extracted using ethyl acetate, acetone, butanol, 

methanol, water, or a mixture of water-alcohol. The reflux method is one of the conventional 

extraction methods chosen because it is simple and fast and accompanied by heating which 

can increase the solubility of flavonoids.25 This research measured the determination of 

flavonoid content in ethyl acetate extract using AlCl3 using a spectrophotometer at 438.60 

nm.26 AlCl3 solution forms a stable complex compound with a hydroxyl group at the position 

of C3 and or C5 with a ketone group. Complex compounds also occur when there is a 

hydroxyl group at the ortho position.24 The complex that occurs causes a shift in wavelength 

towards the bathochromic. 

 

Total Tannins content (TTC) 

The identification results showed that the four types of guava leaf extract contained 

tannins. The catechin calibration curve's linear equation is y = 0.002x + 0.0483 (R2 = 

0.9997). Based on Figure 1C, it appears that PGWE significantly has the highest total tannin 

content compared to other extracts. 

The solvent used to determine the tannin content is water because the solubility of 

tannin is quite good in the water.27 Tannins are a phenolic group that is widely distributed in 

nature. The extraction method using the decoction method is simple, fast, and inexpensive. 

Heating in the decoction method helps increase the solubility of tannins.26 The results of 

identifying tannins using FeCl3 solution in PGEE produced the most concentrated colour. In 

PG leaves, the tannin content was the highest compared to the other three guava species, 

while in SM, the least. Seeing the amount of tannin in PG leaves, the type of tannin may also 

be the most abundant. More than 20 types of tannins have been isolated, including guavin A, 

B, C, and D; psidinins A, B, and C; guajavin A, B.23 The vanillin method is often used to 

determine the levels of condensed tannins and proanthocyanidins with catechins as a 

standard.28 This high tannin level supports using P. guajava leaves as an antidiarrheal agent. 

 



Antioxidant Capacity 

Based on testing with phosphomolybdate, quercetin was used as a comparison (5, 8, 11, 

13, 15 g/ml), resulting in a line equation y = 0.0292x + 0.1772 (R2 = 0.9997) after reacting 

with phosphomolybdate. The quercetin equivalence of each sample of guava leaf extract 

against phosphomolybdate can be seen in Table 1.  

In Figure 2, PG leaf extracts showed better antioxidant capacity than other guava leaf 

extracts. SM leaf extracts showed the lowest antioxidant capacity compared to the two types 

of guava leaves from the genus Syzygium. Figure 2 shows the EC50 value of P. guajava water 

extract (PGWE), which has the highest AO among the other three types of guavas, according 

to the highest tannin content in the extract. The EC50 value of Syzygium malaccense (SMWE) 

is the largest, according to the lowest tannin content 34.2303 mg CE/g) in the aqueous 

extract. Syzygium aqueum extract (SAWE) and Syzygium samarangense (SSWE) had no 

significant EC50 values, according to the tannin content in both guavas. Psidium guajava leaf 

ethyl acetate extract (PGEAE) 35,193 ppm and Syzygium aqueum extract (SAEAE) 37,390 

ppm had almost the same EC50 value (Figure 2), meaning that this extract had the most potent 

antioxidant. One of the reasons for this activity was the flavonoid content in the extract, 

which was 1.843 mgQE/g extract (Figure 1B). The antioxidant strength of S. aqueum leaves 

(SAEAE), and S. samarangense leaves (SSEAE) ethyl acetate extracts were not statistically 

different (P < 0.05). The levels of flavonoid compounds in the ethyl acetate extract of 

Syzygium malaccense (SMEAE) 1,049 mg QE/g sample are the most minor compared to 

other extracts, indicating the antioxidant activity is also the smallest with an enormous EC50 

value. 

The antioxidant strength of 4 types of guava was determined using the 

phosphomolybdate test. In this test, molybdenum (VI) decreases to molybdenum (V) in the 

presence of a lowering substance (antioxidant), resulting in the formation of a green 

phosphomolybdate (V) complex that can be detected spectrophotometrically at 695 nm.29,30 

This test involves an electron transfer mechanism. Several studies have known that many 

natural products have this reducing activity, including phenols and flavonoids.31,32  

Syzygium malaccense ethanol 70% extract (SMEE) has the highest EC50 value, which 

means that the antioxidant extract is in the weak category. The EC50 value of the other three 

guava extracts (PGEE, SAEE, and SSEE) is relatively small, meaning that the strength of the 

antioxidant is quite strong. The phenolic group concentration in the ethanol 70% extract of 

PGEE was 79,312 mg GAE/gr extract (Figure 1A), the largest among the other three guavas. 

Antioxidant research using DPPH stated that ethanol 70% extract of P. guajava (PGEE), S. 

aqueum extract (SAEE) and S. samarangense (SSEE) were included in the group of solid 

antioxidants, each with an IC50 value of 35.57; 38.69 and 59.16 L/mL respectively.8,33 Based 

on the IC50 value obtained from the DPPH method (138.33 g/mL), the ethanol extract of the 

S. malaccense leaf (SMEE) is included in the category of weak antioxidant.34 This study used 

a comparison of quercetin with an EC50 of 6.211 ± 0.649 g/ml, while the smallest EC50 value, 

13,142 ± 1.087 g/ml, was found in the aqueous extract of P. guajava. 

 

Correlation of EC50 values of antioxidant activities with TPC, TFC, and TTC.  

TPC, TFC, and TTC produced from the four samples showed that PG extract had the 

highest compound content among other guava extract samples. This has a positive 

relationship with the results of antioxidant (Figure 2) and quercetin equivalence (Table 1), 

which means that the higher the phenolic/flavonoid/tannin levels, the tendency for the EC50 

antioxidant to be more potent and the quercetin equivalence to be higher. The levels of the 

compounds may affect antioxidant activity,20 antioxidant activity increases with the rises 

polarity of the extraction solvent.21 PGWE samples have an antioxidant value of 13.142 ppm, 

followed by PGEE 28.722 ppm and PGEAE 35.193 ppm. 



 

TLC analysis 

TLC is a method often used to rapidly screen organic compounds, including flavonoids 

as bioactive target compounds in the extracts of plants.35 Tests using TLC were carried out to 

see the chromatogram pattern of the compound content of the four types of guava. The 

solvents used were n-hexane, ethyl acetate, and ethanol 70%, non-polar to polar, to see the 

number of compounds extracted in the three solvents. The experiment was conducted semi-

quantitatively as the mobile phase used: 1). a solution of toluene-chloroform-ethyl acetate 

(5:4:1) to identify n-hexane and ethyl acetate extract; 2). ethyl acetate – chloroform - ethyl 

acetate - formic acid (1:39:10) for ethanol extract. Observations were carried out sequentially 

under conditions of 254 nm ultraviolet light, 366 nm, and using a FeCl3 5% solution (for 

detection of phenolic compounds), AlCl3 5% solution (for flavonoid detection) and  H2SO4 

10% solution (for detection of organic compounds).18 

In Figure 3, it is seen that in the ethyl acetate extract, more stains appeared than in the 

n-hexane extract. In the ethanol 70% extract, at the starting point or spot, there are still 

compounds that still need to be or cannot be separated from the mobile phase used. In the 

ethyl acetate extract, it was seen that there were similarities in the chemical content of the 

three types of Syzygium; with P. guajava, there were only quantitative differences. The 

difference is seen in P. guajava; there are special stains compared to other Syzygium species. 

Figure 3. shows that the n-hexane and ethyl acetate extracts of P. guajava showed 

yellow fluorescence compounds with similar Rf, possibly flavonoids. The ethyl acetate 

extracts of all Syzygium and P. guajava contained purple fluorescence compounds. At the 

same time, in ethanol 70%, in PG, SM and SS, there were blue fluorescent stains with similar 

RF (altitude) values. 

In Figure 4 [A] the ethyl acetate extract of the four test materials shows a blue-green 

stain after being sprayed with FeCl3 solution. In the n-hexane extract of PG, there is a dark 

brown stain, this is probably a tannin compound, while in the ethyl acetate extract of PG, 

there is a purple-black stain, possibly a different tannin from that of PG (other Rf). In the 

ethanol extract, dark brown colors were found at the starting point of the spotting, meaning 

that the tannin compounds were not eluted by the mobile phase used. 

Figure 4 [B] shows that the ethyl acetate extract of the four test materials contained a 

yellow fluorescence compound with a similar high Rf. These compounds may be flavonoids 

which are present in the four plants. In the hexane extract, yellow fluorescence compounds 

also appeared with a more significant Rf position, probably more non-polar flavonoid 

compounds than the first flavonoid. 

Figure 4 [C] shows that the n-hexane and ethyl acetate extracts have much chemical 

content and are similar. The difference lies in the clarity/brightness of the colour. In the PG 

leaves in the hexane and ethyl acetate extracts, there is one compound whose colour and size 

are more prominent and more transparent than the leaves of the Syzygium type. This indicates 

that PG has more types of compounds than the three genera of Syzygium. 

Blue indicates phenolic compounds, flavonoids appear yellow, and organic compounds 

appear by the arrival of various colors (light blue, blue, purple, purple, pink, and grey). This 

TLC test shows the similarity of the contents of the four test materials in the three types of 

extracts based on the position and colour of the stains that arise. 

 

 

Conclusion 

Psidium guajava leaves have the highest content of tannins, flavonoids, phenols, 

antioxidant capacity, and other compounds than the leaves of S. samarangense, S. 

Malaccense, and S. aqueum. 
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Figure 1: [A] Total phenolic content of guava leaf extracts. [B] Total flavonoid content of 

guava leaf extracts. [C] Total tannin content of guava leaf extracts. The sign (*) indicates a 

significant difference to PGEE, PGEAE, PGWE. 

 

 

  

 

 

 

 



 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 2: The EC50 value of each guava leaf extract against phosphomolybdate.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Chromatogram of n-hexane (A), ethyl acetate (B), and ethanol (C) extracts of four 

types of guava leaves under UV light at 254 and 365 nm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure 4: [A] Phenolic identification chromatogram of n-hexane (A), ethyl acetate (B), and 

ethanol (C) extracts of four types of guava leaves after spraying with 5% FeCl3. 

[B] Chromatogram identification of flavonoids from extracts of n-hexane (A), ethyl acetate 

(B), and ethanol (C) of four types of guava leaves after being sprayed with 5% AlCl3. 

[C] Chromatogram identification of organic compound content of extracts of n-hexane (A), 

ethyl acetate (B), and ethanol (C) of four types of guava leaves after spraying with 10% 

H2SO4.  

 

 

 

 

 

 

Table 1. Equivalence of quercetin of each guava leaf extract against phosphomolybdate  

 

Samples 

Quercetin 

equivalence  

(mg QE/g) 

Samples 

Quercetin 

equivalence 

(mg QE/g) 

Samples 

Quercetin 

equivalence  

(mg QE/g) 

SAEAE 134.103 ± 0.559 SAEE 132.043 ± 1.53 SAWE 137.184 ± 2.678 

SMEAE 97.256 ± 0.443 SMEE 101.907 ± 5.95 SMWE 87.893 ± 8.975 

SSEAE 129.079 ± 1.711 SSEE 127.437 ± 2.06   SSWE 133.874 ± 3.156 

PGEAE 168.880 ± 1.647 PGEE 150.990 ± 0.88 PGWE 168.748 ± 3.312 
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ABSTRACT 

 

The study aimed at exploring the chemical content and antioxidant activity of leaves of three 

types of guavas, Syzygium aqueum (Burm.f.) Alston, Syzygium malaccense (L.) Merr. and 

Perry., Syzygium samarangense (Blume) Merr. & L.M. Perry, which was compared to Psidium 

guajava L. leaves. The chemical similarity between the four types of guava leaves was 

determined based on the parameters of total tannins (vanillin-sulfuric acid reagent), flavonoids 

(AlCl3 reagent), and phenol (Folin-Ciocalteu reagent). Antioxidant capacity was measured by 

the phosphomolybdate method with quercetin as a reference. For TLC anaylsis with FeCl3 5% 

for phenolics, AlCl3 5% for flavonoids, and H2SO4 for organic components. The results showed 

that the highest phenol, flavonoid and tannins content was found in the leaves of P. guajava. 

The chromatogram showed the similarity of the organic components of four types of guava in 

the three extracts based on the position and colour of the spots that appeared. The content of 

flavonoids, phenolics, and tannins in P. guajava leaves was the highest due to differences in 

the type and amount of chemical content between the four species. The antioxidant activity of 

P. guajava leaves is closely related to their high phenolic content. 

 

Keywords: Antioxidant, Guava, Java apple, Malay apple, Watery rose apple 
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Introduction 

The Myrtaceae family has 100 genera and about 3000 species that grow in the form of 

shrubs or trees. Psidium guajava (PG) is a type of plant belonging to the Myrtaceae family.1 

Psidium guajava (PG) leaves are widely used to treat diarrhoea and have several 

pharmacological activities, such as antidiarrheal, antimicrobial, anti-inflammatory, 

antimalarial, and antioxidant.2  

Drinking herbal medicine (one of which uses PG leaves) to treat health problems is still 

a tradition in Indonesian society. This tradition is one of the Indonesian nation's local wisdom 

and cultural heritage that must be maintained.3 Many traditional medicinal products in the form 

of Standardized Herbal Medicines (Obat Herbal Terstandar, OHT) are registered with the 

Indonesian FDA (The National Agency of Drug and Food Control, NA-DFC) made from PG.4 

However, PG plants are considered rare. This causes the community or the herbal medicine 

industry to need help in obtaining raw materials for the leaves of this plant. One of the efforts 

made to meet the needs of these herbs can be realized by exploring the chemical content of the 

plant, which are still relatives of the same tribe as PG. 

Some plants belonging to the Myrtaceae tribe are various guavas from the Syzygium 

genus, such as Syzygium samarangense (Blume) Merr. & L.M. Perry (SS), Syzygium 

malaccense (L.) Merr. and Perry. (SM), and Syzygium aqueum (Burm.f.) Alston (SA). These 

three guavas are also easy to obtain and widely grown in Indonesia. These plants have leaves 

that are shadier than PG. In addition, the three types of guava leaves also have properties similar 

to those of PG leaves. The genus Syzygium has traditionally been used to treat diarrheal 

disorders, diabetes, inflammation, bronchitis, and acid reflux/ulcers.1 This genus is also 

scientifically proven as an antioxidant, antimicrobial, antifungal, antiviral, analgesic, anti-

inflammatory, antihypertensive, antihyperglycemic, sedative, and spasmolytic.5,6 Several 

pharmacological studies have reported that SS, SM, and SA provide their properties as 

antioxidants and antimicrobials.2,7–11.  

The content of polyphenols found in species of the genus Syzygium, including phenolics, 

flavonoids and tannins, is closely related to their antioxidant activity. The profile of these 

metabolites in the extract can be studied simply using thin-layer chromatography (TLC) 

techniques. This antioxidant compound recovery technique is undoubtedly closely related to 

using extraction solvents. This study aimed to explore the chemical content of polyphenols 

from the aspect of total phenolic, flavonoid and tannin levels in the leaves of the three selected 

Syzygium species, along with testing their antioxidant activity compared to PG leaves. 

 

 

Materials and Methods 

1. Chemicals and Solvents 

Chemicals and solvents such as n-hexane, dichloromethane, ethyl acetate, ethanol, 

methanol, chloroform, toluene, formic acid, sulfuric acid, hydrochloric acid, acetic acid, 

sodium carbonate, sodium acetate, Folin-Ciocalteu, aluminium (III) chloride, vanillin, 

phosphomolybdate, and silica gel plate are obtained from Merck (Darmstadt, Germany). 

Meanwhile, quercetin is from Sigma Aldrich Co. (St. Louis, USA), while gallic acid and 

catechins are from Mark Herb (Bandung, Indonesia). 

 

2. Plant materials 

The four types of guava leaf were collected from the Duren Sawit sub-district, East 

Jakarta, in February 2022 and determined at the BRIN "Biosystematics and Evolutionary 

Research Center", Bogor, West Java, Indonesia. Specimens of each type of guava are stored in 

the Pharmacognosy Laboratory of the Faculty of Pharmacy and Science, UHAMKA. After 
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being washed with running water and cleaned of dirt, leaves were dried from water droplets 

and weighed. Leaves were dried in the air for 6 - 7 days, temperature 30 ± 1 ºC. After drying, 

the leaves were weighed again to be further powdered and stored in tightly closed, airtight, and 

dry bottles until the following experiment. 

 

3. Extracts Preparation 

The guava leaf extraction process is carried out with different methods and solvents, as 

follows:  

3.1. Ethyl Acetate Extract (EAE): ± 8 g dry leaf powder (equivalent to 25 g fresh leaves) was 

extracted with ethyl acetate with a solvent-to-material ratio of 1: 20 (w/v). Extraction was 

carried out by reflux method at 77 ºC for 30 minutes and then filtered. The extraction was 

repeated using the same technique until the flavonoid screening showed negative results. Each 

filtrate was concentrated using a vacuum rotary evaporator N-1200 BS series (EYELA, 

Shanghai, China) to obtain a total volume of 250 mL, after this, referred to as SEAAE, SMEAE, 

SSEAE, and PGEAE. Each extract was made triple.  

3.2. Ethanol 70% Extract (EE): ± 8 g dry leaf powder (equivalent to 25 g fresh leaves) was 

extracted with ethanol 70% with a material-solvent ratio of 1:10 (w/v). Extraction was carried 

out by reflux method at 70 ºC for 30 minutes, then filtered. The extraction was repeated with 

the same method until the phenolic screening was negative. Each filtrate was concentrated 

using a vacuum rotary evaporator N-1200 BS series (EYELA, Shanghai, China) to obtain a 

total volume of 250 mL, starting now referred to as SAEE, SMEE, SSEE, and PGEE. Each 

extract was made triple. 

3.3. Water Extract (WE): ± 3 g dry leaf powder (equivalent to 5 g fresh leaves) was extracted 

with hot water (90 ± 2 ºC) with a solvent-material ratio of 1: 20 (w/v) for 30 minutes, then 

filtered. The extraction was repeated using the same method until the tannin screening was 

negative. Each filtrate was concentrated using a water bath at a temperature of 65 ºC to obtain 

a thick extract: SAWE, SMWE, SSWE, and PGWE. The extract was made triple. 

 

4. Total phenolic content (TPC) Assay 

The experiment was started by identifying the phenolic compounds in EE from the four 

types of guava leaves (SAEE, SMEE, SSEE and PGEE), namely the appearance of a blue-

green colour with the addition of FeCl3 solution. Total phenolic compound content was 

determined following the method of Yang et al., 200712  using gallic acid as a comparison (20, 

33, 46, 59, and 72 ppm). Test solution 300 µL was added to Folin-Ciocalteu reagent 1.5 mL, 

and shaken until homogeneous. After 3 minutes, 1.2 mL of sodium carbonate 7.5% was added 

to the mixture. The mixture was incubated for 110 minutes at room temperature. The 

absorbance was measured at 765.1 nm using a UV-Vis UV-1601 Series spectrophotometer 

(Shimadzu, Kyoto, Japan). Total phenolic content was expressed in mg GAE/g dry weight 

(DW). The test was carried out in triples. 

 

5. Total flavonoid content (TFC) Assay 

The flavonoid compounds in the EAE of the four types of guavas (SAEAE, SMEAE, 

SSEAE and PGEAE) leaves were identified by adding Mg powder and concentrated 

hydrochloric acid. The formation of red and pink colors indicates the presence of flavonoid 

compounds. Furthermore, the levels of total flavonoid compounds in the four extracts were 

carried out using the colourimetric method of Chang et al., 200213 with quercetin as a 

comparison (10, 15, 20, 25 and 30 ppm). A sample of 1 ml was added with 1.5 ml of methanol, 

0.1 ml of AlCl3 10%, and 0.1 ml of sodium acetate 1 M and made up to 10 ml with methanol. 

The mixture was incubated for 50 minutes at room temperature. The absorbance was measured 
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at 438.60 nm using a UV-Vis UV-1601 Series spectrophotometer (Shimadzu, Kyoto, Japan). 

Total flavonoid levels were expressed in mg QE/g DW. The test was carried out in triples. 

 

6. Total tannins content (TTC) Assay 

First, the identification of tannin compounds in WE of the four types of guava leaves 

(SAWE, SMWE, SSWE, and PGWE) was carried out with the addition of a 10% gelatin 

solution. The appearance of a white precipitate indicates the presence of tannins. Determination 

of total tannin levels in the extracts of the four types of guava leaves was done using the 

colourimetric method proposed by  Medini et al., (2014)14 with catechins as a comparison (85, 

148, 211, 274, and 337 ppm). Each 1 mL of the test sample was added with 2.5 mL of vanillin 

4% in methanol and 2.5 mL of H2SO4 25%. The mixture was incubated at room temperature 

(± 25 - 26 ºC) for 36 minutes. The absorbance was measured at 499 nm using a UV-Vis UV-

1601 Series spectrophotometer (Shimadzu, Kyoto, Japan). Tannin levels are expressed in mg 

CE/g DW. The test was carried out in triples. 

 

7. Antioxidant Activity  

The antioxidant activity of EAE, EE, and WE of the four types of guava leaves was tested 

using the modified phosphomolybdate method following the procedure proposed by Salamah 

& Farahana, (2014).15 The comparison used was quercetin. The extract and comparison 

samples were reacted with phosphomolybdate reagent and made up to 5 ml with distilled water. 

The mixture was incubated at 95 °C for 60 minutes. The absorbance was measured at 695 nm 

using a UV-1601 Series UV-Vis Spectrophotometer (Shimadzu, Kyoto, Japan). The test was 

carried out in triples. 

 

8. TLC analysis 

The chemical content of phenolics and flavonoids was analysed by the TLC method on 

the extracts prepared separately. Each guava leaf (8 g of dried leaf powder equivalent to 25 g 

of fresh leaves) was extracted using 80 ml of n-hexane or ethyl acetate or ethanol 70% with an 

ultrasonic bath (Branson) (40 kHz) for 15 minutes at room temperature. Each filtrate was 

concentrated with a vacuum rotary evaporator. 

Chemical content was identified on silica gel plate F254 (MERCK, Germany) as the 

stationary phase.16 Meanwhile, the mobile phase used was: toluene-chloroform-ethyl acetate 

(5:4:1) with a little formic acid added (for identification of the n-hexane and ethyl acetate 

extracts) and chloroform-ethyl acetate-formic acid (0.1:3.9:1) (for identification of ethanol 

extract). The visualization was performed under visible and UV light (254 nm and 365 nm).17 

In addition, FeCl3 5%, AlCl3 5% and H2SO4 10% spray reagents were also used for spot 

detection.18 

 

 

Results and Discussion 

Total phenolic content (TPC) 

The identification results indicated the presence of phenolic compounds in the four types 

of guava leaf extract. From the gallic acid calibration curve, the equation of the line is obtained, 

namely y = 0.0107x + 0.0112 (R2 = 0.999). Based on Figure 1A, PGEE has the highest total 

phenolic content compared to other guava leaves. The three guava leaves from the genus 

Syzygium had total phenolic levels that are significantly different from those of PG leaves. 

Phenolic compounds are a group of secondary metabolites widely distributed in the plant 

kingdom, with aromatic groups and simple to complex structures such as tannins and lignins.19 

In plants, many phenolic compounds are present in the form of glycosides, so their polarity 

generally increases. The extraction of phenolic compounds used polar ethanol 70% solvent. Of 



the many methods for determining total phenolic content, The Folin-ciocalteu method is the 

first choice because of its simple, reproducible, and widely used method for quantitatively 

determining phenolic compounds from both plant materials and extracts.20 The Folin-Ciocalteu 

(F-C) method reduces the phosphotungstic-phosphomolybdate complex by phenolics in an 

alkaline medium resulting in a blue solution.21 The blue colour formed occurs according to the 

total phenol content that reacts, and the intensity of the colour is calculated at a wavelength of 

765.1 nm. In this test, gallic acid is used as a comparison, which is a pure substance and is 

stable.22 The highest phenolic compounds were in PGEE and the smallest in SMEE. The 

phenolic compounds contained in PG may also be of more types than other guavas, for 

example, guavanoic acid, guavenoic acid, guajavolida.23  

 

A.        B.  
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Figure 1: [A] Total phenolic content of guava leaf extracts. [B] Total flavonoid content of 

guava leaf extracts. [C] Total tannin content of guava leaf extracts. The sign (*) indicates a 

significant difference to PGEE, PGEAE, PGWE. 

 

 

Total flavonoids content (TFC) 

The identification results indicated the presence of flavonoid compounds in the four-leaf 

extracts. The linear equation obtained from the quercetin calibration curve is y = 0.0251x + 

0.0002 (R2=0.9992). Figure 1B shows that the three guava leaves of the genus Syzygium have 

flavonoid levels that are significantly different from those of PG leaves. 

Flavonoids are secondary metabolites composed of a C6-C3-C6 configuration with two 

cyclic rings connected to 3 carbon atoms, which are generally associated with O atoms as 

heterocyclic oxygen bonds.24 Flavonoids, including polyphenol compounds, generally have 

semi-polar to opposite polarity, so they can be extracted using ethyl acetate, acetone, butanol, 

methanol, water, or a mixture of water-alcohol. The reflux method is one of the conventional 

extraction methods chosen because it is simple and fast and accompanied by heating which can 

increase the solubility of flavonoids.25 In this study, the determination of flavonoid levels in 

ethyl acetate extract using AlCl3 was measured using a spectrophotometer at 438.60 nm.26 

AlCl3 solution forms a stable complex compound with a hydroxyl group at the position of C3 

and or C5 with a ketone group. Complex compounds also occur when there is a hydroxyl group 
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at the ortho position.24 The complex that occurs causes a shift in wavelength towards the 

bathochromic. 

 

Total Tannins content (TTC) 

The identification results showed that the four types of guava leaf extract contained 

tannins. The linear equation of the catechin calibration curve is y = 0.002x + 0.0483 (R2 = 

0.9997). Based on Figure 1C, it appears that PGWE significantly has the highest total tannin 

content compared to other extracts. 

The solvent used to determine the tannin content is water because the solubility of tannin 

is quite good in the water.27 Tannins are a phenolic group that is widely distributed in nature. 

The extraction method using the decoction method is simple, fast, and inexpensive. Heating in 

the decoction method helps increase the solubility of tannins.26 The results of identifying 

tannins using FeCl3 solution in PGEE produced the most concentrated colour. In PG leaves, 

the tannin content was the highest compared to the other three guava species, while in SM, the 

least. Seeing the amount of tannin in PG leaves, the type of tannin may also be the most 

abundant. More than 20 types of tannins have been isolated, including guavin A, B, C, and D; 

psidinins A, B, and C; guajavin A, B.23 The vanillin method is often used to determine the 

levels of condensed tannins and proanthocyanidins with catechins as a standard.28 This high 

tannin level supports using P. guajava leaves as an antidiarrheal agent. 

 

Antioxidant Capacity 

Based on testing with phosphomolybdate, quercetin was used as a comparison (5, 8, 11, 

13, 15 g/ml), resulting in a line equation y = 0.0292x + 0.1772 (R2 = 0.9997) after reacting 

with phosphomolybdate. The quercetin equivalence of each sample of guava leaf extract 

against phosphomolybdate can be seen in Table 1.  

 

Table 1. Equivalence of quercetin of each guava leaf extract against phosphomolybdate 

 

Samples 

Quercetin 

equivalence  

(mg QE/g) 

Samples 

Quercetin 

equivalence 

(mg QE/g) 

Samples 

Quercetin 

equivalence  

(mg QE/g) 

SAEAE 134.103 ± 0.559 SAEE 132.043 ± 1.53 SAWE 137.184 ± 2.678 

SMEAE 97.256 ± 0.443 SMEE 101.907 ± 5.95 SMWE 87.893 ± 8.975 

SSEAE 129.079 ± 1.711 SSEE 127.437 ± 2.06   SSWE 133.874 ± 3.156 

PGEAE 168.880 ± 1.647 PGEE 150.990 ± 0.88 PGWE 168.748 ± 3.312 

 
In Figure 2, PG leaf extracts showed better antioxidant capacity than other guava leaf 

extracts. SM leaf extracts showed the lowest antioxidant capacity compared to the two types 

of guava leaves from the genus Syzygium. Figure 2 shows the EC50 value of P. guajava water 

extract (PGWE), which has the highest AO among the other three types of guavas, according 

to the highest tannin content in the extract. The EC50 value of Syzygium malaccense (SMWE) 

is the largest, according to the lowest tannin content 34.2303 mg CE/g) in the aqueous extract. 

Syzygium aqueum extract (SAWE) and Syzygium samarangense (SSWE) had no significant 

EC50 values, according to the tannin content in both guavas. Psidium guajava leaf ethyl acetate 

extract (PGEAE) 35,193 ppm and Syzygium aqueum extract (SAEAE) 37,390 ppm had almost 

the same EC50 value (Figure 2), meaning that this extract had the most potent antioxidant. One 

of the reasons for this activity was the flavonoid content in the extract, which was 1.843 

mgQE/g extract (Figure 1B). The antioxidant strength of the ethyl acetate extract of Syzygium 

aqueum leaves (SAEAE) and Syzygium samarangense (SSEAE) was not significantly different 

(P < 0.05). The levels of flavonoid compounds in the ethyl acetate extract of Syzygium 
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malaccense (SMEAE) 1,049 mg QE/g sample are the most minor compared to other extracts, 

indicating the antioxidant activity is also the smallest with an enormous EC50 value. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 2: The EC50 value of each guava leaf extract against phosphomolybdate. 

 

 

The antioxidant strength of 4 types of guava was determined using the 

phosphomolybdate test. In this test it is based on molybdenum (VI) which is reduced to 

molybdenum V) in the presence of a reducing agent (antioxidant), thus forming a green 

phosphomolybdate (V) complex, which can be evaluated spectrophotometrically at 695 

nm.29,30 This test involves an electron transfer mechanism. Several studies have known that 

many natural products have this reducing activity, including phenols and flavonoids.31  

Syzygium malaccense ethanol 70% extract (SMEE) has the highest EC50 value, which 

means that the antioxidant extract is in the weak category. The EC50 value of the other three 

guava extracts (PGEE, SAEE, and SSEE) is relatively small, meaning that the strength of the 

antioxidant is quite strong. The content of the phenolic group in the ethanol 70% extract of P. 

guajava leaves (PGEE) was 79,312 mg GAE/gr extract (Figure 1A), the largest among the 

other three guavas. Antioxidant research using DPPH stated that ethanol 70% extract of P. 

guajava (PGEE), S. aqueum extract (SAEE) and S. samarangense (SSEE) were included in the 

group of solid antioxidants, each with an IC50 value of 35.57; 38.69 and 59.16 L/mL 

respectively.7,32,33 Based on the IC50 value obtained from the DPPH method (138.33 g/mL), the 

ethanol extract of the S. malaccense leaf (SMEE) is included in the category of weak 

antioxidant.34 This study used a comparison of quercetin with an EC50 of 6.211 ± 0.649 g/ml, 

while the smallest EC50 value, 13,142 ± 1.087 g/ml, was found in the aqueous extract of P. 

guajava. 

 

Correlation of EC50 values of antioxidant activities with TPC, TFC, and TTC.  

TPC, TFC, and TTC produced from the four samples showed that PG extract had the 

highest compound content among other guava extract samples. This has a positive relationship 

with the results of antioxidant (Figure 2) and quercetin equivalence (Table 1), which means 

that the higher the phenolic/flavonoid/tannin levels, the tendency for the EC50 antioxidant to 

be more potent and the quercetin equivalence to be higher. The levels of the compounds may 

affect antioxidant activity,20 antioxidant activity increases with increasing polarity of the 

extraction solvent.21 PGWE samples have an antioxidant value of 13.142 ppm, followed by 

PGEE 28.722 ppm and PGEAE 35.193 ppm. 

TLC analysis 
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TLC is a method often used to rapidly screen organic compounds, one of which is 

flavonoids as pharmacological target compounds in plant extracts.35 Tests using TLC were 

carried out to see the chromatogram pattern of the compound content of the four types of guava. 

The solvents used were n-hexane, ethyl acetate, and ethanol 70%, non-polar to polar, to see the 

number of compounds extracted in the three solvents. The experiment was conducted semi-

quantitatively as the mobile phase used: 1). a mixture of toluene-chloroform-ethyl acetate 

(5:4:1) to identify n-hexane and ethyl acetate extract; 2). ethyl acetate – chloroform - ethyl 

acetate - formic acid (1:39:10) for ethanol extract. Observations were carried out sequentially 

under conditions of 254 nm ultraviolet light, 366 nm, and using a FeCl3 5% solution (for 

detection of phenolic compounds), AlCl3 5% solution (for flavonoid detection) and  H2SO4 

10% solution (for detection of organic compounds).18 

In Figure 3, it is seen that in the ethyl acetate extract, more stains appeared than in the n-

hexane extract. In the ethanol 70% extract, it can be seen that at the starting point or spot, there 

are still compounds that still need to be or cannot be separated from the mobile phase used. In 

the ethyl acetate extract, it was seen that there were similarities in the chemical content of the 

three types of Syzygium; with P. guajava, there were only quantitative differences. The 

difference is seen in P. guajava; there are pretty special stains compared to other Syzygium 

species. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Chromatogram of n-hexane (A), ethyl acetate (B), and ethanol (C) extracts of four 

types of guava leaves under UV light at 254 and 365 nm. 

 

 

Figure 3. shows that the n-hexane and ethyl acetate extracts of P. guajava showed yellow 

fluorescence compounds with similar Rf, possibly flavonoids. The ethyl acetate extracts of all 

Syzygium and P. guajava contained purple fluorescence compounds. At the same time, in 

ethanol 70%, in PG, SM and SS, there were blue fluorescent stains with similar RF (altitude) 

values. 

In Figure 4 [A] the ethyl acetate extract of the four test materials shows a blue-green stain 

after being sprayed with FeCl3 solution. In the n-hexane extract of PG, there is a dark brown 

stain, this is probably a tannin compound, while in the ethyl acetate extract of PG, there is a 

purple-black stain, possibly a different tannin from that of PG (other Rf). In the ethanol extract, 

dark brown colors were found at the starting point of the spotting, meaning that the tannin 

compounds were not eluted by the mobile phase used. 
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Figure 4: [A] Phenolic identification chromatogram of n-hexane (A), ethyl acetate (B), and 

ethanol (C) extracts of four types of guava leaves after spraying with 5% FeCl3. 

[B] Chromatogram identification of flavonoids from extracts of n-hexane (A), ethyl acetate 

(B), and ethanol (C) of four types of guava leaves after being sprayed with 5% AlCl3. 

[C] Chromatogram identification of organic compound content of extracts of n-hexane (A), 

ethyl acetate (B), and ethanol (C) of four types of guava leaves after spraying with 10% H2SO4. 

 

 

Figure 4 [B] shows that the ethyl acetate extract of the four test materials contained a 

yellow fluorescence compound with a similar high Rf. These compounds may be flavonoids 

which are present in the four plants. In the hexane extract, yellow fluorescence compounds also 

appeared with a more significant Rf position, probably more non-polar flavonoid compounds 

than the first flavonoid. 

Figure 4 [C] shows that the n-hexane and ethyl acetate extracts have much chemical 

content and are similar. The difference lies in the clarity/brightness of the colour. In the PG 

leaves in the hexane and ethyl acetate extracts, there is one compound whose colour and size 

are more prominent and more transparent than the leaves of the Syzygium type. This indicates 

that PG has more types of compounds than the three genera of Syzygium. 

Blue indicates phenolic compounds, flavonoids appear yellow, and organic compounds 

appear by the arrival of various colors (light blue, blue, purple, purple, pink, and grey). This 

TLC test shows the similarity of the contents of the four test materials in the three types of 

extracts based on the position and colour of the stains that arise. 

 

Conclusion 

Psidium guajava leaves have the highest content of tannins, flavonoids, phenols, 

antioxidant capacity, and other compounds than the leaves of S. samarangense, S. Malaccense, 

and S. aqueum. 
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ABSTRACT 

 

The Myrtaceae family has about 3000 species of fruit-producing trees. The edible fruits of 

these trees are widely consumed by the Indonesian people. Some of the plants belonging to 

this family are various guavas from the genus Syzygium. Traditionally, the guava plant is 

used to treat diarrhoea. It has been shown to possess antidiabetic, antimicrobial, 

antihypertensive, and antioxidant activities. The present study is aimed at exploring the 

polyphenolic contents and antioxidant activity of the leaves of three types of guavas; 

Syzygium aqueum (Burm.f.) Alston, Syzygium malaccense (L.) Merr. and Perry., Syzygium 

samarangense (Blume) Merr. & L.M. Perry, and compared to Psidium guajava leaves.  

The polyphenolic contents (total tannins, total flavonoids, and total phenols) of the four types 

of guava leaves were determined using standard methods. Qualitative determination of 

phenolics, flavonoids, and other organic components of these plants were also carried out 

using thin layer chromatography (TLC).  The antioxidant capacity was measured by the 

phosphomolybdate method using quercetin as the reference standard.  

The results showed that the highest phenols, flavonoids, and tannins contents were found in 

the leaves of P. guajava. The TLC chromatogram showed similarity in the organic 

components of the four types of guavas. The highest antioxidant activity was exhibited by P. 

guajava leaves, and this could be related to their high phenolic content. 

 

Keywords: Antioxidant, Guava, Java apple, Malay apple, Watery rose apple. 
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Introduction 

The Myrtaceae family has 100 genera and about 3000 species that grow in the form of shrubs 

or trees. Psidium guajava (PG) is a specie of flowering plant belonging to the Myrtaceae 

family.1 Psidium guajava (PG) leaves are widely used to treat diarrhoea and possess other 

pharmacological activities, such as antidiabetic, antimicrobial, antihypertensive and 

antioxidant activities.2  

Consumption of herbal preparation made from PG leaves for the treatment of various health 

problems is still widely practiced in Indonesian society. This tradition is one of the 

Indonesian nation's local wisdom and cultural heritage that must be maintained.3 Many 

traditional medicinal products made from PG in the form of Standardized Herbal Medicines 

(Obat Herbal Terstandar, OHT) are registered with the Indonesian FDA (The National 

Agency of Drug and Food Control, NA-DFC).4 However, PG plant is considered rare, and 

this has led the Indonesian communities and herbal medicine practitioners to seek alternatives 

to this plant. In an effort to meet the demand for the use of this herbal plant, several closely 

related plants belonging to the same family as PG are currently being explored. Some plants 

belonging to the Myrtaceae family are various guavas from the Syzygium genus, such as 

Syzygium samarangense (Blume) Merr. & L.M. Perry (SS), Syzygium malaccense (L.) Merr. 

and Perry. (SM), and Syzygium aqueum (Burm.f.) Alston (SA). These three guavas are easy 

to obtain and are widely grown in Indonesia. These three types of guavas leaves have 

properties similar to those of PG leaves. The genus Syzygium has traditionally been used to 

treat diarrheal disorders, diabetes, inflammation, bronchitis, and acid reflux/ulcers.1 This 

genus has been scientifically proven to have antioxidant, antimicrobial, antifungal, antiviral, 

analgesic, anti-inflammatory, antihypertensive, antihyperglycemic, sedative, and spasmolytic 

activities.5–7 Several pharmacological studies have reported that SS, SM, and SA have 

antioxidant and antimicrobial activities.8–11  

The phenolics, flavonoids, and tannins in the polyphenolic content of Syzygium species 

contribute to their antioxidant activity. The profile of these metabolites in the plant extracts 

can easily be studied using thin-layer chromatography (TLC) techniques. The present study 

therefore, is aimed at investigating the polyphenolic contents in terms of total phenolic, 

flavonoids, and tannins in the leaves of three selected Syzygium species and evaluate their 

antioxidant activity in comparison to PG leaves. 

 

Materials and Methods 

Plant materials  

The four types of guava leaves were collected from the Duren Sawit district (East Jakarta) in 

February, 2022. The plant sample was identified, authenticated, and given a voucher number 

B-571/DI.05.07/3/2022 by Anang Setiawan at the “Biosystematics and Evolutionary 

Research Center,” BRIN, Bogor, West Java, Indonesia. The leaves were cleaned by flowing 

water, cleaned of dirt, water droplets, dried, and weighed. The leaves were dried for 6 to 7 

days at 30°C. The leaves were ground into a fine powder, weighed, and stored in tightly 

closed dry jars until the next experiment. 

 

Extracts Preparation 

The extraction procedures for the four samples are as follows: 

Extraction of Flavonoids: About 8 g each of the dried leaf powder (equivalent to 25 g fresh 

leaves) was extracted separately with ethyl acetate with a material to solvent ratio of 1:20 

(w/v). Extraction was carried out by reflux at 77ºC for 30 minutes and then filtered. The 

extraction process was repeated using the same technique until the flavonoid test showed 

negative results. Vacuum rotary evaporator N-1200 BS series (EYELA, Shanghai, China) 

was used to concentrate the filtrate to a total volume of 250 mL which was labelled as 
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SAEAE, SMEAE, SSEAE, and PGEAE for Syzygium aqueum ethyl acetate extract, Syzygium 

malaccense ethyl acetate extract, Syzygium samarangense ethyl acetate extract, and Psidium 

guajava ethyl acetate extract, respectively.  

 

Extraction of Phenolic: About 8 g each of the dried leaf powder (equivalent to 25 g fresh 

leaves) was extracted separately with ethanol (70%) with a material-solvent ratio of 1:10 

(w/v). Reflux extraction at 70ºC  for 30 minutes, followed by filtration, was performed. The 

extraction process was repeated until the phenolic test was negative. Vacuum rotary 

evaporator was used to concentrate the filtrate to a total volume of 250 mL for each sample 

which were coded as SAEE, SMEE, SSEE, and PGEE for Syzygium aqueum ethanol extract, 

Syzygium malaccense ethanol extract, Syzygium samarangense ethanol extract, and Psidium 

guajava ethanol extract, respectively.  

 

Extraction of Tannins: About 3 g each of dry leaf powder (equivalent to 5 g fresh leaves) 

was extracted with hot water (90 ± 2ºC) with a material-solvent ratio of 1:20 (w/v) for 30 

minutes, and then filtered. The procedure was repeated until the tannin test was negative. 

Water bath was used to concentrate the filtrate at 65ºC until the extract was viscous: SAWE, 

SMWE, SSWE, and PGWE representing Syzygium aqueum water extract, Syzygium 

malaccense water extract, Syzygium samarangense water extract, and Psidium guajava water 

extract, respectively.  

 

Total phenolic content (TPC) determination  

The four ethanol extracts (SAEE, SMEE, SSEE and PGEE) were qualitatively tested for 

phenolic compounds by the addition of FeCl3 solution; formation of a blue-green colour 

imply the existence of phenolic compounds. The total phenolic content was determined using 

the method of Yang et al. (2007)12 and gallic acid at concentrations of 20, 33, 46, 59, and 72 

ppm as the standard. Test solution (300 µL) was added to Folin-Ciocalteu reagent (1.5 mL) 

and shaken until homogeneous. After 3 minutes, 1.2 mL of sodium carbonate (7.5%) was 

added to the mixture. The mixture was incubated at room temperature for 110 minutes. The 

absorbance was measured at 765.1 nm using a UV-Vis UV-1601 Series spectrophotometer 

(Shimadzu, Kyoto, Japan). Total phenolic content was expressed in mg GAE/g dry weight 

(DW). The test was done three times. 

 

Total flavonoid content (TFC) determination 

The qualitative test for flavonoids in the ethyl acetate extracts of the four types of guava 

(SAEAE, SMEAE, SSEAE and PGEAE) leaves was done by the addition of magnesium 

(Mg) powder and concentrated hydrochloric acid to aliquot quantity of the extracts. 

Flavonoids are present when the colour changes to red or pink. Also, the total flavonoids in 

the four extracts were measured using the colourimetric method suggested by Chang et al. 

(2002)13. Quercetin was used as a standard at 10, 15, 20, 25 and 30 ppm. Briefly, a sample of 

the extract (1 mL) was added to 1.5 mL of methanol, then 0.1 mL of AlCl3 (10%), and 0.1 

mL of sodium acetate (1 M) were added to the reaction mixture and made up to 10 mL with 

methanol. The mixture was left to sit for 50 minutes at room temperature. Using a UV-Vis 

spectrophotometer, the absorption was measured at 438.60 nm. The total amount of 

flavonoids was given as mg QE/g DW. The test was carried out in triplicates. 

 

Total tannin content (TTC) determination 

First, the qualitative test for tannins in the water extracts of the four types of guava leaves 

(SAWE, SMWE, SSWE, and PGWE) was done by the addition of a 10% gelatin solution to 

samples of the extracts. The appearance of a white residue indicates the presence of tannins.  



Total tannin levels in extracts of four varieties of guava leaves were determined the 

colorimetric used catechin as the reference standard at concentrations of 85, 148, 211, 274, 

and 337 ppm.14 The test sample (1 mL each) was added to 2.5 mL of vanillin (4% in 

methanol) and 2.5 mL of H2SO4 (25%). The mixture was kept at room temperature (25 - 

26ºC) for 36 minutes. Using a UV-Vis spectrophotometer, the absorbance of the mixture was 

recorded at 499 nm. The total amount of tannins was shown as mg CE/g DW. The test was 

carried out in triplicates.  

 

Antioxidant activity screening  

The antioxidant activity of the four types of guava leaves was tested using the modified 

phosphomolybdate method following the procedure described by Salamah and Farahana, 

(2014).15 Quercetin was used as the standard antioxidant compound. The extracts (50, 85, 

125, 160, 200 ppm) and standard (5, 8, 11, 13, 15 ppm) samples were reacted with 1 mL 

phosphomolybdate reagent and made up to 5 mL with distilled water. The mixture stayed at 

95°C for 60 minutes, using a UV-Vis Spectrophotometer, absorbance was recorded at 695 

nm. The test was done three times. 

 

TLC analysis 

TLC analysis was also performed on the phenolic and flavonoid content of the extracts. Each 

guava leaf (8 g of dried leaf powder equivalent to 25 g of fresh leaves) was extracted using 

80 mL of n-hexane or ethyl acetate or ethanol (70%) with an ultrasonic bath (Branson) (40 

kHz) for 15 minutes at 25 - 26ºC. Each filtrate was concentrated with a vacuum rotary 

evaporator. 

The TLC analysis was done on silica gel F254 plates (MERCK, Germany).16 The mobile phase 

used was toluene-chloroform-ethyl acetate (5:4:1) with a little formic acid added (for the n-

hexane and ethyl acetate extracts) and chloroform-ethyl acetate-formic acid (0.1:3.9:1) (for 

the ethanol extract). The visualization was performed under visible and UV light (254 nm and 

365 nm).17 In addition, FeCl3 (5%), AlCl3 (5%) and H2SO4 (10%) spray reagents were used 

for spot detection.18 

 

Statistical analysis 

All experiments were performed in triplicate. Values were expressed as mean ± standard 

deviation (SD) of triplicate determinations. Statistical analysis was done using the statistical 

software Excel 2023 Ver. 16.73 from Microsoft Corporation (US). 

 

Results and Discussion 

Total Phenolic content 

The results of the qualitative tests indicated the presence of phenolic compounds in the four 

types of guava leaf extracts. From the gallic acid calibration curve, the equation of the line 

was obtained as y = 0.0107x + 0.0112 (R2 = 0.999). Figure 1A demonstrates that PGEE has 

the maximum total phenolic content compared to other guava leaves. The three guava leaves 

from the genus Syzygium had total phenolic contents that are significantly lower than that of 

PG leaves. Phenolic compounds are a class of secondary metabolites with aromatic groups 

found throughout the plant kingdom. They ranges from basic structure like phenolic acid to 

complex structures such as tannins and lignins.19 Many phenolic compounds are present in 

plants as glycosides, so they are generally very polar. The extraction of phenolic compounds 

involve the use of polar solvent such as ethanol. The Folin-Ciocalteu technique is the most 

popular method for the quantitative determination of phenolic compounds from plant 

materials and extracts. It is the simplest, most reproducible method for determining total 

phenolic content.20 The phosphotungstic-phosphomolybdate complex is reduced by phenolics 
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in an alkaline medium using the Folin-Ciocalteu (F-C) procedure, yielding a blue-colored 

solution.21 The intensity of the blue colour formed corresponds to the total phenol content of 

the sample, and the intensity of the colour is measured at a wavelength of 765.1 nm. Gallic 

acid is used as a reference standard in this measurement because it is a pure and stable 

pheolic compound.22 The highest phenolic content was observed in PGEE and the lowest was 

found in SMEE. The phenolic compounds contained in PG may be of more types than other 

guavas, for example, guavanoic acid, guavenoic acid, guajavolide have been found in PG.23  

 

Total Flavonoid content 

The qualitative analysis revealed an abundance of flavonoid compounds in the four-leaf 

extracts. For the quantitative determination, the quercetin calibration curve gave a linear 

equation as y = 0.0251x + 0.0002 (R2 = 0.9992). Figure 1B shows that the three guava leaves 

of the genus Syzygium have flavonoid contents that are significantly lower than that of PG 

leaves. Of the three Syzygium leaves extracts, the ethyl acetate extract of Syzygium 

malaccense (SMEAE) had the lowest flavonoid content of 1.049 mg QE/g. Flavonoids are 

secondary metabolites composed of a C6-C3-C6 configuration with two cyclic rings connected 

to 3 carbon atoms, which are generally associated with O atom as heterocyclic oxygen 

bonds.24 Flavonoids, including polyphenol compounds, generally have semi-polar to opposite 

polarity, so they can be extracted using ethyl acetate, acetone, butanol, methanol, water, or a 

mixture of water and alcohol. The reflux method is one of the conventional extraction 

methods chosen because it is simple and fast and accompanied by heating which can increase 

the solubility of flavonoids.25 This present research determined the flavonoid content in ethyl 

acetate extract using AlCl3 and measurement of the absorbance of the resulting mixture by a 

spectrophotometer at 438.60 nm.26 AlCl3 solution forms a stable complex with a hydroxyl 

group at position C3 and/or with a ketone group at position C5. Complex compounds also 

occur when there is a hydroxyl group at the ortho position.24 The complex that occurs causes 

a bathochromic shift in wavelength of absorption. 

 

Total Tannin content 

The results of the qualitative test for tannins showed that the four types of guava leaf extracts 

contained tannins. The catechin calibration curve gave a linear equation of y = 0.002x + 

0.0483 (R2 = 0.9997). From Figure 1C, it shows that PGWE has the highest total tannin 

content compared to other extracts. The solvent used to determine the tannin content was 

water because the solubility of tannin is quite good in the water.27 Tannins are a phenolic 

group of compounds that are widely distributed in nature. The extraction of tannins using the 

decoction method is simple, fast, and inexpensive. Heating in the decoction method helps 

increase the solubility of tannins.26 The results of the identification of tannins using FeCl3 

solution in PGEE produced the most intense colour. The tannin content was the highest in PG 

leaves compared to the other three guava species, while SM leaves had the least tannin 

content. The high amount of tannins in PG leaves may be due to the different types of tannins 

that have been found in high quantities in PG. More than 20 types of tannins have been 

isolated from PG, some of which are guavin A, B, C, and D; psidinins A, B, and C; guajavin 

A, B.23 The vanillin method is often used to determine the levels of condensed tannins and 

proanthocyanidins using catechin as a standard.28 This high tannin level may supports the use 

of P. guajava leaves as an antidiarrheal agent. 

 

Antioxidant activity 

The total antioxidant activity of the four varieties of guava leaf extracts was evaluated using 

the phosphomolybdate technique with quercetin as the reference. The results were reported as 

quercetin equivalents determined from the line equation y = 0.0292x + 0.1772 (R2 = 0.9997) 



derived from the quercetin calibration curve. In this method, molybdenum (VI) decreases to 

molybdenum (V) in the existence of a reducing agent (antioxidant), resulting in the forming 

of a green phosphomolybdate (V) complex that can be detected spectrophotometrically at 695 

nm.29,30 This test involves an electron transfer mechanism. Several studies have shown that 

many natural products have antioxidant activity, including phenols and flavonoids.31,32  

Table 1 and Figure 2 illustrate the antioxidant activity of guava leaf extracts. PG leaf extract 

showed the highest antioxidant capacity compared to other guava leaf extracts, while SM leaf 

extracts showed the lowest antioxidant capacity compared to the other two types of guava 

leaves from the genus Syzygium. Figure 2 shows that PG leaf extract has the lowest EC50 

value, indicating that P. guajava water extract (PGWE) has the best antioxidant activity of 

the four guava leaf extracts. The significant antioxidant activity of the PG extract was also 

connected to its high tannin concentration. The EC50 value of Syzygium malaccense water 

extract (SMWE) was the highest which suggest that it has the lowest antioxidant activity 

which also correlated with the lowest tannin content (34.2303 mg CE/g) and flavonoid 

content (1.049 mgQE/g) in this extract. The high antioxidant activity in the PG extract was 

also reflected in its high flavonoid content (1.843 mgQE/g extract) (Figure 1B). The EC50 

values of Syzygium aqueum extract (SAWE) and Syzygium samarangense extract (SSWE) 

were not significantly different from each other, and they also have comparable tannin 

contents. Psidium guajava leaf ethyl acetate extract (PGEAE) and Syzygium aqueum extract 

(SAEAE) had similar EC50 values of 35.193 ppm and 37.390 ppm, respectively, which means 

that both extracts had same potency in terms of their antioxidant activity (Figure 2). The 

antioxidant capacity of S. aqueum leaves (SAEAE), and S. samarangense leaves (SSEAE) 

ethyl acetate extracts were not statistically different (P < 0.05) as shown by their EC50 values.  

Syzygium malaccense ethanol extract (SMEE) has the highest EC50 value, which means that 

the extract has the least antioxidant activity. The EC50 values of the other three guava extracts 

(PGEE, SAEE, and SSEE) were relatively low, meaning that their antioxidant activity is 

quite strong. The phenolic content in the 70% ethanol extract of PG (PGEE) was 79.312 mg 

GAE/g extract (Figure 1A), the highest among all the guava extracts. Studies on the 

antioxidant activity of 70% ethanol extract of P. guajava (PGEE), S. aqueum extract (SAEE) 

and S. samarangense (SSEE) using DPPH radical scavenging activity revealed that these 

extracts have good antioxidant activity with IC50 values of 35.57 g/mL, 38.69 g/mL, and 

59.16 g/mL, respectively, while the ethanol extract of the S. malaccense leaf (SMEE) showed 

the low antioxidant activity with IC50 value of  138.33 g/mL.8,33,34 These observations agrees 

with the findings from the present study which shows PG extract as the highest antioxidant 

activity with EC50 value of 13.142 ± 1.087 g/mL. 

The polyphenolic contents of extracts have been found to affect their antioxidant activity.20 In 

this study, TPC, TFC, and TTC test results showed that the PG extract had more phenolic, 

flavonoid, and tannin contents than the other guava extracts. This correlates positively with 

antioxidant activity, implying that the higher the phenolic, flavonoid, or tannin content, the 

higher the antioxidant activity. Extraction solvent polarity has also been found to have 

profound effect on the antioxidant activity of the resulting extract; the higher the polarity of 

the extraction solvent, the higher the antioxidant activity of the extract.21 This assumption is 

corroborated by the findings of our study, which reveal that as the polarity of the solvent 

increases, so does its antioxidant activity. Hence, the antioxidant activity was in the following 

order; PGWE > PGEE > PGEAE with corresponding EC50 values of 13.142 ppm, 28.722 

ppm, and 35.193 ppm, respectively. 

 

TLC Profile 

TLC is often used to rapidly identify organic compounds, including flavonoids as 

bioactive target compounds in the plant extracts.35 TLC analysis was used to identify the 
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nature of phytoconstituents concerning the polyphenolic chemicals found in the four varieties 

of guava leaves. The extracting solvents used ranges from non-polar to polar (n-hexane, ethyl 

acetate, and ethanol), to determine the number of compounds extracted by the three solvents. 

The mobile phase used include; (i) a solution of toluene-chloroform-ethyl acetate (5:4:1) to 

identify compounds in the n-hexane and ethyl acetate extracts, (ii) chloroform - ethyl acetate 

- formic acid (0.1:3.9:1) to identify compounds in the ethanol extract. Visualization of the 

TLC plates was done under UV light (254 nm and 366 nm) and by spray reagents using a 5% 

FeCl3 solution (for detection of phenolic compounds), 5% AlCl3  solution (for flavonoid 

detection) and  10% solution of H2SO4 (for detection of other organic compounds).18 

As shown in Figure 3, the ethyl acetate extract had more spots than the n-hexane extract. In 

contrast, the 70% ethanol extract had more unresolved spots at the origin. In the ethyl acetate 

extract, it was observed that there were similarities in the chemical constituents of the three 

types of Syzygium, whereas in P. guajava extracts, there were quantitative differences, as 

there appeared some unique spots which were not seen in the extracts of the three Syzygium 

species. 

P. guajava extracts in n-hexane, and ethyl acetate showed yellow fluorescence compounds 

with similar Rf, possibly flavonoids. The ethyl acetate extracts of all three Syzygium species 

and P. guajava leaves showed purple fluorescence compounds. Similarly, in ethanol extracts 

of PG, SM and SS, there were blue fluorescent spots with similar Rf values (Figure 3). 

After being sprayed with FeCl3 solution, the ethyl acetate extracts of the four test samples 

displayed a blue-green spot, as shown in Figure 4(A). In the n-hexane extract of PG, there 

was a dark brown spot, which probably indicated a tannin compound, while in the ethyl 

acetate extract of PG, there was a purple-black spot, suggesting a possibly different type of 

tannin from that of PG n-hexane extract. In the ethanol extract, dark brown colours were 

found at the origin, meaning that the tannin compounds present in this extract were not eluted 

by the mobile phase used. 

The ethyl acetate extract of the four test samples contained yellow fluorescence compounds 

with similar Rf, as shown in Figure 4(B). These compounds may be flavonoids which are 

present in the four plants. In the n-hexane extract, yellow fluorescence compounds also 

appeared with different Rf, this may suggest the presence of more non-polar flavonoids in the 

n-hexane extract than in the ethyl acetate extract. 

Figure 4(C) showed that the phytochemical contents of the n-hexane and ethyl acetate 

extracts are more similar, with the main difference being the intensity of the colors. A spot 

with a different color and size appeared in the n-hexane and ethyl acetate extracts of PG 

leaves than in the extracts of Syzygium species. This indicates that PG has more compounds 

than the three species of Syzygium. 

Summarily, appearance of blue spot indicates phenolic compounds; yellow spot indicates 

flavonoids, while varieties of other organic compounds were indicated by various coloured 

(light blue, blue, purple, purple, pink, and grey) spots. The TLC profile has shown the 

similarity in the type of phytochemical constituents in the extracts of the four test guava 

leaves. 

 

 

 

Conclusion 

The findings from the present study shows that Psidium guajava leaves have the highest 

contents of tannins, flavonoids, phenols, as well as the highest antioxidant capacity compared 

to the other three guava leaves from the genus Syzygium which are S. samarangense, S. 

malaccense, and S. aqueum. 
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Figure 1: [A] Total phenolic content of guava leaf extracts. [B] Total flavonoid content of 

guava leaf extracts. [C] Total tannin content of guava leaf extracts. The sign (*) indicates a 

significant difference. 
PG – Psidium guajava; SA - Syzygium aqueum; SS - Syzygium samarangense; SM - Syzygium 

malaccense.  

EAE – Ethyl acetate extract; EE – Ethanol extract; WE – Water extract. 

 

 

 



  

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Antioxidant activity (EC50 values) of guava leaf extracts against 

phosphomolybdate.  
PG – Psidium guajava; SA - Syzygium aqueum; SS - Syzygium samarangense; SM - Syzygium 

malaccense.  

EAE – Ethyl acetate extract; EE – Ethanol extract; WE – Water extract. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: TLC Chromatogram of n-hexane (A), ethyl acetate (B), and ethanol (C) extracts 

of four types of guava leaves under UV light at 254 and 365 nm.  
PG – Psidium guajava; SA - Syzygium aqueum; SS - Syzygium samarangense; SM - Syzygium 

malaccense.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: TLC chromatogram for identification of [A] phenolic compounds in n-hexane (A), 

ethyl acetate (B), and ethanol (C) extracts of four types of guava leaves after spraying with 

5% FeCl3. [B] flavonoids in n-hexane (A), ethyl acetate (B), and ethanol (C) extracts of four 

types of guava leaves after spraying with 5% AlCl3. [C] other organic compounds in n-

hexane (A), ethyl acetate (B), and ethanol (C) extracts of four types of guava leaves after 

spraying with 10% H2SO4.  
PG – Psidium guajava; SA - Syzygium aqueum; SS - Syzygium samarangense; SM - Syzygium 

malaccense.  

 

 

 

Table 1: Antioxidant Activity in Terms of Quercetin Equivalence of guava leaf extracts 

against phosphomolybdate  

 

Samples 
Quercetin equivalence  (mg QE/g) 

EtOH (EE) EtoAc (EAE) Water (WE) 

SA 132.043 ± 1.53 134.103 ± 0.559 137.184 ± 2.678 

SM 101.907 ± 5.95 97.256 ± 0.443 87.893 ± 8.975 

SS 127.437 ± 2.06   129.079 ± 1.711 133.874 ± 3.156 

PG 150.990 ± 0.88 168.880 ± 1.647 168.748 ± 3.312 

PG – Psidium guajava; SA - Syzygium aqueum; SS - Syzygium samarangense; SM - Syzygium 

malaccense.  
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Introduction  

The Myrtaceae family has 100 genera and about 3000 species that 

grow in the form of shrubs or trees. Psidium guajava (PG) is a species 

of flowering plant belonging to the Myrtaceae family.1 PG leaves are 

widely used to treat diarrhoea and possess other pharmacological 

activities, such as antidiabetic, antimicrobial, antihypertensive and 

antioxidant activities.2 Consumption of herbal preparation made from 

PG leaves for the treatment of various health problems is still widely 

practiced in Indonesian society. This tradition is one of the Indonesian 

nation's local wisdom and cultural heritage that must be maintained.3  

Many traditional medicinal products made from PG in the form 

of Standardized Herbal Medicines (in Indonesia, known as Obat Herbal 

Terstandar or OHT) are registered with the Indonesian FDA (The 

National Agency of Drug and Food Control, NA-DFC).4 However, PG 

plant is considered rare, and this has led the Indonesian communities 

and herbal medicine practitioners to seek alternatives to this plant. In an 

effort to meet the demand for the use of this herbal plant, several closely 

related plants belonging to the same family as PG are currently being 

explored. 
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Some plants belonging to the Myrtaceae family are various 

guavas from the Syzygium genus, such as Syzygium samarangense 

(Blume) Merr. & L.M. Perry (SS), Syzygium malaccense (L.) Merr. and 

Perry. (SM), and Syzygium aqueum (Burm.f.) Alston (SA). These three 

guavas are easy to obtain and are widely grown in Indonesia. These 

three guava leaves have pharmacological properties similar to those of 

PG leaves. The genus Syzygium has traditionally been used to treat 

diarrheal disorders, diabetes, inflammation, bronchitis, and acid 

reflux/ulcers.1 This genus has been scientifically proven to have 

antioxidant, antimicrobial, antifungal, antiviral, analgesic, anti-

inflammatory, antihypertensive, antihyperglycemic, sedative, and 

spasmolytic activities.5–7 Several pharmacological studies have reported 

that SS, SM, and SA have antioxidant and antimicrobial activities.8–11  

The phenolics, flavonoids, and tannins in the polyphenolic 

content of Syzygium species contribute to their antioxidant activity. The 

profile of these metabolites in the plant extracts can easily be studied 

using thin-layer chromatography (TLC) techniques. The present study 

therefore, is aimed at investigating the polyphenolic contents in terms 

of total phenolic, flavonoids, and tannins in the leaves of three selected 

Syzygium species and evaluate their antioxidant activity in comparison 

to PG leaves. 

 

Materials and Methods 

Plant materials  

The four types of guava leaves were collected from the Duren Sawit 

district (East Jakarta) in February, 2022. The plant sample was 

identified, authenticated, and given a voucher number B-

571/DI.05.07/3/2022 by Anang Setiawan at the “Biosystematics and 

Evolutionary Research Center,” BRIN, Bogor, West Java, Indonesia. 

The leaves were cleaned by flowing water, cleaned of dirt, water 

droplets, dried, and weighed. The leaves were dried for 6 to 7 days at 
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30 °C. The leaves were ground into a fine powder, weighed, and stored 

in tightly closed dry jars until the next experiment. 

 

Extracts Preparation 

The extraction procedures for the four samples are as follows 

Extraction of Flavonoids: About 8 g each of the dried leaf powder 

(equivalent to 25 g fresh leaves) was extracted separately with ethyl 

acetate with a material to solvent ratio of 1:20 (w/v). Extraction was 

carried out by reflux at 77ºC for 30 min and then filtered. The extraction 

process was repeated using the same technique until the flavonoid test 

showed negative results. A vacuum rotary evaporator N-1200 BS series 

(EYELA, Shanghai, China) was used to concentrate the filtrate to obtain 

extract with a total volume of 250 mL. Furthermore, the ethyl acetate 

extracts of SA, SM, SS, and PG leaves were labelled as SAEAE, 

SMEAE, SSEAE, and PGEAE, respectively. 

 

Extraction of Phenolic: About 8 g each of the dried leaf powder 

(equivalent to 25 g fresh leaves) was extracted separately with ethanol 

(70%) with a material-solvent ratio of 1:10 (w/v). Reflux extraction at 

70ºC for 30 min, followed by filtration, was performed. The extraction 

process was repeated until the phenolic test was negative. A vacuum 

rotary evaporator N-1200 BS series (EYELA, Shanghai, China) was 

used to concentrate the filtrate to obtain extract with a total volume of 

250 mL. Furthermore, the ethyl acetate extracts of SA, SM, SS, and PG 

leaves were labelled as SAEE, SMEE, SSEE, and PGEE, respectively.  

 

Extraction of Tannins: About 3 g each of dry leaf powder (equivalent 

to 5 g fresh leaves) was extracted with hot water (90 ± 2ºC) with a 

material-solvent ratio of 1:20 (w/v) for 30 min, and then filtered. The 

procedure was repeated until the tannin test was negative. Water bath 

was used to concentrate the filtrate at 65ºC until a thick extract is 

obtained. SAWE, SMWE, SSWE, and PGWE representing water 

extract of SA, SM, SS, and PG leaves, respectively.  

 

Total phenolic content (TPC) determination  

The four ethanol extracts (SAEE, SMEE, SSEE and PGEE) were 

qualitatively tested for phenolic compounds by the addition of FeCl3 

solution; formation of a blue-green colour imply the existence of 

phenolic compounds. The total phenolic content was determined using 

the method of Yang et al. (2007)12 and gallic acid at concentrations of 

20, 33, 46, 59, and 72 ppm as the standard. Test solution (300 µL) was 

added to Folin-Ciocalteu reagent (1.5 mL) and shaken until 

homogeneous. After 3 min, 1.2 mL of sodium carbonate (7.5%) was 

added to the mixture. The mixture was incubated at room temperature 

for 110 min. The absorbance was measured at 765.1 nm using a UV-

Vis UV-1601 Series spectrophotometer (Shimadzu, Kyoto, Japan). 

Total phenolic content was expressed in mg GAE/g dry weight (DW). 

The test was done three times. 

 

Total flavonoid content (TFC) determination 

The qualitative test for flavonoids in the ethyl acetate extracts of the 

four types of guava (SAEAE, SMEAE, SSEAE and PGEAE) leaves 

was done by the addition of magnesium (Mg) powder and concentrated 

hydrochloric acid to aliquot quantity of the extracts. Flavonoids are 

present when the colour changes to red or pink. Also, the total 

flavonoids in the four extracts were measured using the colourimetric 

method suggested by Chang et al. (2002)13. Quercetin was used as a 

standard at 10, 15, 20, 25 and 30 ppm. Briefly, a sample of the extract 

(1 mL) was added to 1.5 mL of methanol, then 0.1 mL of AlCl3 (10%), 

and 0.1 mL of sodium acetate (1 M) were added to the reaction mixture 

and made up to 10 mL with methanol. The mixture was left to sit for 50 

min at room temperature. Using a UV-Vis spectrophotometer, the 

absorption was measured at 438.60 nm. The total amount of flavonoids 

was given as mg QE/g DW. The test was carried out in triplicates. 

 

Total tannin content (TTC) determination 

First, the qualitative test for tannins in the water extracts of the four 

types of guava leaves (SAWE, SMWE, SSWE, and PGWE) was done 

by the addition of a 10% gelatin solution to samples of the extracts. The 

appearance of a white residue indicates the presence of tannins.  

Total tannin levels in extracts of four varieties of guava leaves were 

determined the colorimetric used catechin as the reference standard at 

concentrations of 85, 148, 211, 274, and 337 ppm.14 The test sample (1 

mL each) was added to 2.5 mL of vanillin (4% in methanol) and 2.5 mL 

of H2SO4 (25%). The mixture was kept at room temperature (25 - 26ºC) 

for 36 min. Using a UV-Vis spectrophotometer, the absorbance of the 

mixture was recorded at 499 nm. The total amount of tannins was shown 

as mg CE/g DW. The test was carried out in triplicates.  

 

Antioxidant activity screening  

The antioxidant activity of the four types of guava leaves was tested 

using the modified phosphomolybdate method following the procedure 

described by Salamah and Farahana, (2014).15 Quercetin was used as 

the standard antioxidant compound. The extracts (50, 85, 125, 160, 200 

ppm) and standard (5, 8, 11, 13, 15 ppm) samples were reacted with 1 

mL phosphomolybdate reagent and made up to 5 mL with distilled 

water. The mixture stayed at 95°C for 60 min, using a UV-Vis 

Spectrophotometer, absorbance was recorded at 695 nm. The test was 

done three times. 

 

TLC analysis 

TLC analysis of the extract was qualitatively performed for the 

identification of phenolic and flavonoid content. Each guava leaf (8 g 

of dried leaf powder equivalent to 25 g of fresh leaves) was extracted 

separately using 80 mL of n-hexane, ethyl acetate, and ethanol (70%) 

using an ultrasonic bath (Branson) (40 kHz) for 15 min at 25-26ºC. Each 

filtrate was concentrated with a vacuum rotary evaporator. Furthermore, 

the n-hexane, ethyl acetate, and ethanol extracts of each guavas leaf are 

referred to as HE, EAE, and EE, respectively. 

The TLC analysis was done on silica gel F254 plates (MERCK, 

Germany).16 The mobile phase used was toluene-chloroform-ethyl 

acetate (5:4:1) with a little formic acid added (for the HE and EAE) and 

chloroform-ethyl acetate-formic acid (0.1:3.9:1) (for the EE). The 

visualization was performed under visible and UV light (254 nm and 

365 nm).17 In addition, FeCl3 (5%), AlCl3 (5%) and H2SO4 (10%) spray 

reagents were used for spot detection.18 

 

Statistical analysis 

All experiments were performed in triplicate. Values were expressed as 

mean ± standard deviation (SD) of triplicate determinations. Statistical 

analysis was done using the statistical software Excel 2023 Ver. 16.73 

from Microsoft Corporation (US). 

 

Results and Discussion 

Total Phenolic content 

The results of the qualitative tests indicated the presence of phenolic 

compounds in the four types of guava leaf extracts. From the gallic acid 

calibration curve, the equation of the line was obtained as y = 0.0107x 

+ 0.0112 (R2 = 0.999). Figure 1A demonstrates that PGEE has the 

maximum total phenolic content compared to other guava leaves. The 

three guava leaves from the genus Syzygium had total phenolic contents 

that are significantly lower than that of PG leaves. Phenolic compounds 

are a class of secondary metabolites with aromatic groups found 

throughout the plant kingdom. They ranges from basic structure like 

phenolic acid to complex structures such as tannins and lignins.19 Many 

phenolic compounds are present in plants as glycosides, so they are 

generally very polar. The extraction of phenolic compounds involves 

the use of polar solvent such as ethanol. The Folin-Ciocalteu technique 

is the most popular method for the quantitative determination of 

phenolic compounds from plant materials and extracts. It is the 

simplest, most reproducible method for determining total phenolic 

content.20 The phosphotungstic-phosphomolybdate complex is reduced 

by phenolics in an alkaline medium using the Folin-Ciocalteu 

procedure, yielding a blue-colored solution.21 The intensity of the blue 

colour formed corresponds to the total phenol content of the sample, 

and the intensity of the colour is measured at a wavelength of 765.1 nm. 

Gallic acid is used as a reference standard in this measurement because 

it is a pure and stable pheolic compound.22 In this study, the highest 

phenolic content was observed in PGEE. Meanwhile, from the genus 

Syzygium used in this study, the highest levels of phenolic were found 
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in SAEE and the lowest levels in SMEE. The phenolic compounds 

contained in PG may be of more types than other guavas, for example, 

guavanoic acid, guavenoic acid, guajavolide have been found in PG.23  

 

 
Figure 1: [A] Total phenolic content (TPC) of guava leaf 

extracts. [B] Total flavonoid content (TFC) of guava leaf 

extracts. [C] Total tannin content (TTC) of guava leaf extracts. 

The sign (*) indicates a significant difference. 
PG – Psidium guajava; SA – Syzygium aqueum; SS – Syzygium 

samarangense; SM – Syzygium malaccense; EAE – Ethyl acetate 

extract; EE – Ethanol extract; WE – Water extract. 

 

Total Flavonoid content 

The qualitative analysis revealed an abundance of flavonoid compounds 

in the four-leaf extracts. For the quantitative determination, the 

quercetin calibration curve gave a linear equation as y = 0.0251x + 

0.0002 (R2 = 0.9992). Figure 1B shows that the three guava leaves of 

the genus Syzygium have flavonoid contents that are significantly lower 

than that of PG leaves. However, from the three guavas of the genus 

Syzygium, SSEAE had the highest levels of flavonoids followed by 

SAEAE and SMEAE. Flavonoids are secondary metabolites composed 

of a C6-C3-C6 configuration with two cyclic rings connected to 3 carbon 

atoms, which are generally associated with O atom as heterocyclic 

oxygen bonds.24 Flavonoids, including polyphenol compounds, 

generally have semi-polar to opposite polarity, so they can be extracted 

using ethyl acetate, acetone, butanol, methanol, water, or a mixture of 

water and alcohol. The reflux method is one of the conventional 

extraction methods chosen because it is simple and fast and 

accompanied by heating which can increase the solubility of 

flavonoids.25 This present research determined the flavonoid content in 

ethyl acetate extract using AlCl3 and measurement of the absorbance of 

the resulting mixture by a spectrophotometer at 438.60 nm.26 AlCl3 

solution forms a stable complex with a hydroxyl group at position C3 

and/or with a ketone group at position C5. Complex compounds also 

occur when there is a hydroxyl group at the ortho position.24 The 

complex that occurs causes a bathochromic shift in wavelength of 

absorption. 

 

Table 1: Antioxidant activity in terms of quercetin equivalence 

of guava leaf extracts against phosphomolybdate  
 

Samples 
Quercetin equivalence  (mg QE/g) 

EE EAE WE 

SA 132.043 ± 1.53 134.103 ± 0.559 137.184 ± 2.678 

SM 101.907 ± 5.95 97.256 ± 0.443 87.893 ± 8.975 

SS 127.437 ± 2.06   129.079 ± 1.711 133.874 ± 3.156 

PG 150.990 ± 0.88 168.880 ± 1.647 168.748 ± 3.312 

PG – Psidium guajava; SA − Syzygium aqueum; SS − Syzygium 

samarangense; SM − Syzygium malaccense; EE = ethanol extract; EAE 

= ethyl acetate extract; WE = water extract 

 

Total Tannin content 

The results of the qualitative test for tannins showed that the four types 

of guava leaf extracts contained tannins. The catechin calibration curve 

gave a linear equation of y = 0.002x + 0.0483 (R2 = 0.9997). From 

Figure 1C, it shows that PGWE has the highest total tannin content 

compared to other extracts. The solvent used to determine the tannin 

content was water because the solubility of tannin is quite good in the 

water.27 Tannins are a phenolic group of compounds that are widely 

distributed in nature. The extraction of tannins using the decoction 

method is simple, fast, and inexpensive. Heating in the decoction 

method helps increase the solubility of tannins.26 The results of the 

identification of tannins using FeCl3 solution in PGEE produced the 

most intense colour. The tannin content was the highest in PG leaves 

compared to the other three guava species. While, among the guava 

species of the genus Syzygium, SA leaves had the higher tannin content 

than SS and SM leaves. The high amount of tannins in PG leaves may 

be due to the different types of tannins that have been found in high 

quantities in PG. More than 20 types of tannins have been isolated from 

PG, some of which are guavin A, B, C, and D; psidinins A, B, and C; 

guajavin A, B.23 The vanillin method is often used to determine the 

levels of condensed tannins and proanthocyanidins using catechin as a 

standard.28 This high tannin level may supports the use of PG leaves as 

an antidiarrheal agent. 

 

Antioxidant activity 

The total antioxidant activity of the four varieties of guava leaf extracts 

was evaluated using the phosphomolybdate technique with quercetin as 

the reference. The results were reported as quercetin equivalents 

determined from the line equation y = 0.0292x + 0.1772 (R2 = 0.9997) 

derived from the quercetin calibration curve. In this method, 

molybdenum (VI) decreases to molybdenum (V) in the existence of a 

reducing agent (antioxidant), resulting in the forming of a green 

phosphomolybdate (V) complex that can be detected 

spectrophotometrically at 695 nm.29,30 This test involves an electron 

transfer mechanism. Several studies have shown that many natural 

products have antioxidant activity, including phenols and 

flavonoids.31,32  

Table 1 and Figure 2 illustrate the antioxidant activity of guava leaf 

extracts. PG leaf extract showed the highest antioxidant capacity 

compared to other guava leaf extracts, while SM leaf extracts showed 

the lowest antioxidant capacity compared to the other two types of 

guava leaves from the genus Syzygium. Figure 2 shows that PG leaf 

extract has the lowest EC50 value, indicating that PGWE has the best 

A 

B 

C 
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antioxidant activity of the four guava leaf extracts. The significant 

antioxidant activity of the PG extract was also connected to its high 

tannin concentration. The EC50 value of SMWE was the highest which 

suggest that it has the lowest antioxidant activity which also correlated 

with the lowest tannin content (28.228 mg CE/g) and flavonoid content 

(1.049 mgQE/g) in this extract. The high antioxidant activity in the PG 

extract was also reflected in its high flavonoid content (1.843 mgQE/g 

extract) (Figure 1B). The EC50 values of SAWE and SSWE were not 

significantly different from each other, and they also have comparable 

tannin contents. The PGEAE and SAEAE had similar EC50 values of 

35.193 ppm and 37.390 ppm, respectively, which means that both 

extracts had same potency in terms of their antioxidant activity (Figure 

2). The antioxidant capacity of SAEAE and SSEAE were not 

statistically different (P < 0.05) as shown by their EC50 values.  

The SMEE has the highest EC50 value, which means that the extract has 

the least antioxidant activity. The EC50 values of the other three guava 

extracts (PGEE, SAEE, and SSEE) were relatively low, meaning that 

their antioxidant activity is quite strong. The phenolic content in the 

PGEE was 79.312 mg GAE/g extract (Figure 1A), the highest among 

all the guava extracts. Studies on the antioxidant activity of PGEE, 

SAEE and SSEE using DPPH radical scavenging activity revealed that 

these extracts have good antioxidant activity with IC50 values of 35.57 

g/mL, 38.69 g/mL, and 59.16 g/mL, respectively, while the SMEE 

showed the low antioxidant activity with IC50 value of  138.33 

g/mL.8,33,34 These observations agrees with the findings from the present 

study which shows PG extract as the highest antioxidant activity with 

EC50 value of 13.142 ± 1.087 g/mL. 

The polyphenolic contents of extracts have been found to affect their 

antioxidant activity.20 In this study, TPC, TFC, and TTC test results 

showed that the PG extract had more phenolic, flavonoid, and tannin 

contents than the other guava extracts. This correlates positively with 

antioxidant activity, implying that the higher the phenolic, flavonoid, or 

tannin content, the higher the antioxidant activity. Extraction solvent 

polarity has also been found to have profound effect on the antioxidant 

activity of the resulting extract; the higher the polarity of the extraction 

solvent, the higher the antioxidant activity of the extract.21 This 

assumption is corroborated by the findings of our study, which reveal 

that as the polarity of the solvent increases, so does its antioxidant 

activity. Hence, the antioxidant activity was in the following order; 

PGWE > PGEE > PGEAE with corresponding EC50 values of 13.142 

ppm, 28.722 ppm, and 35.193 ppm, respectively. Furthermore, SAEE, 

SAEE, and SAWE have the potential to be good sources of antioxidants 

compared to other extracts from the genus Syzygium in this study.

 

 
Figure 2: Antioxidant activity (EC50 values) of guava leaf extracts against phosphomolybdate. 

PG – Psidium guajava; SA – Syzygium aqueum; SS – Syzygium samarangense; SM – Syzygium malaccense;  

EAE – Ethyl acetate extract; EE – Ethanol extract; WE – Water extract. 

 

 
Figure 3: TLC Chromatogram of HE (A), EAE (B), and EE (C) of four types of guava leaves under UV light at 254 and 365 nm. 

PG – Psidium guajava; SA – Syzygium aqueum; SS – Syzygium samarangense; SM – Syzygium malaccense;  

HE – n-Hexane extract; EAE – Ethyl acetate extract; EE – Ethanol extract. 
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TLC Profile 

TLC is often used to rapidly identify organic compounds, including 

flavonoids as bioactive target compounds in the plant extracts.35 TLC 

analysis was used to identify the nature of phytoconstituents concerning 

the polyphenolic chemicals found in the four varieties of guava leaves. 

The extracting solvents used ranges from non-polar to polar (n-hexane, 

ethyl acetate, and ethanol), to determine the number of compounds 

extracted by the three solvents. The mobile phase used include; (i) a 

solution of toluene−chloroform−ethyl acetate (5:4:1) to identify 

compounds in the HE and EAE, (ii) chloroform− ethyl acetate−formic 

acid (0.1:3.9:1) to identify compounds in the EE. Visualization of the 

TLC plates was done under UV light (254 nm and 366 nm) and by spray 

reagents using a 5% FeCl3 solution (for detection of phenolic 

compounds), 5% AlCl3  solution (for flavonoid detection) and 10% 

solution of H2SO4 (for detection of other organic compounds).18 

As shown in Figure 3, the EAE had more spots in all leaves extracts 

than the HE. In contrast, the EE had more unresolved spots at the origin. 

In the EAE, it was observed that there were similarities in the chemical 

constituents of the three types of Syzygium. Whereas, in PG extracts, 

there were quantitative differences, as there appeared some unique spots 

which were not seen in the extracts of the three Syzygium species. 

The HE and EAE of PG showed yellow fluorescence compounds at 365 

nm with similar spot location (Rf is around 0.80). The EAE of all three 

Syzygium species and PG leaves showed purple fluorescence 

compounds (Rf is around 0.56-0.58). Similarly, in EE of PG, SM and 

SS, there were blue fluorescent spots with similar Rf values (Rf is 

around 0.56) (Figure 3). 

 

 
Figure 4: TLC chromatogram for identification of [1] phenolic 

compounds in HE (A), EAE (B), and EE (C) of four types of 

guava leaves after spraying with 5% FeCl3. [2] flavonoids in HE 

(A), EAE (B), and EE (C) of four types of guava leaves after 

spraying with 5% AlCl3. [3] other organic compounds in HE 

(A), EAE (B), and EE (C) extracts of four types of guava leaves 

after spraying with 10% H2SO4.  
PG – Psidium guajava; SA - Syzygium aqueum; SS - Syzygium 

samarangense; SM - Syzygium malaccense; HE – n-Hexane extract; 

EAE – Ethyl acetate extract; EE – Ethanol extract. 

 

After being sprayed with FeCl3 solution, the EAE of the four test 

samples displayed a blue-green spot, as shown in Figure 4(1). In the HE 

of PG, there was a dark brown spot (Rf is around 0.80), which probably 

indicated a tannin compound. While, in the EAE of PG, there was a 

purple-black spot, suggesting a possibly different type of tannin from 

the HE of PG (Rf is around 0.80). In the EE of the four test samples, 

dark brown spots were found at the origin, meaning that the tannin 

compounds present in this extract were not eluted by the mobile phase 

used. 

The EAE of the four test samples contained yellow fluorescence 

compounds with similar Rf (Rf is around 0.53-0.55), as shown in Figure 

4(2). These compounds may be flavonoids which are present in the four 

plants. In the HE of all leaves, yellow fluorescence compounds also 

appeared with different Rf (Rf is around 0.85), this may suggest the 

presence of more non-polar flavonoids in the HE than in the EAE. 

Figure 4(3) showed that the phytochemical contents of the HE and EE 

are more similar, with the main difference being the intensity of the 

colors. A spot with a different color and size appeared in the HE and 

EAE of PG leaves than in the extracts of Syzygium species. This 

indicates that PG has more compounds than the three species of 

Syzygium. 

Summarily, appearance of blue spot indicates phenolic compounds; 

yellow spot indicates flavonoids, while varieties of other organic 

compounds were indicated by various colour (light blue, blue, purple, 

purple, pink, and grey) spots. The TLC profile has shown the similarity 

in the type of phytochemical constituents in the extracts of the four test 

guava leaves. 

 

Conclusion 

The findings from the present study shows that Psidium guajava leaves 

have the highest contents of tannins, flavonoids, phenols, as well as the 

highest antioxidant capacity compared to the other three guava leaves 

from the genus Syzygium which are S. samarangense, S. malaccense, 

and S. aqueum. The chemical components of the four guava have 

similarities which may be related to their membership in the Myrtaceae. 

Besides, this study concluded that S. aqueum is a species of Syzygium 

that has the potential to be developed as a source of polyphenols and 

antioxidants compared to the other two species in this study. 
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Abstract
The Myrtaceae family has about 3000 species of fruit-
producing trees. The edible fruits of these trees are widely
consumed by the Indonesian people. Some of the plants
belonging to this family are various guavas from the genus
Syzygium. Traditionally, the guava plant is used to treat
diarrhoea. It has been shown to possess antidiabetic,
antimicrobial, antihypertensive, and antioxidant activities. The
present study is aimed at exploring the polyphenolic contents
and antioxidant activity of the leaves of three types of guavas;
Syzygium aqueum (Burm.f.) Alston, Syzygium malaccense (L.)
Merr. and Perry., Syzygium samarangense (Blume) Merr. &
L.M.
Perry, and compared to Psidium guajava leaves. The
polyphenolic contents (total tannins, total flavonoids, and total
phenols) of the four types of guava leaves were determined
using standard methods. Qualitative determination of
phenolics, flavonoids, and other organic components of these
plants were also carried out using thin layer chromatography
(TLC). The antioxidant capacity was measured by the
phosphomolybdate method using quercetin as the reference
standard. The results showed that the highest phenol and
tannin content was found in Syzygium aqueum leaves
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compared to two other types of guavas from the genus
Syzygium. The TLC chromatogram showed similarity in the
organic components of the three types of guavas from the
genus Syzygium. The antioxidant activity was exhibited by
Syzygium aqueum leaves could be related to its high phenolic
and tannin content.
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Introduction  

The Myrtaceae family has 100 genera and about 3000 species that 

grow in the form of shrubs or trees. Psidium guajava (PG) is a species 

of flowering plant belonging to the Myrtaceae family.1 PG leaves are 

widely used to treat diarrhoea and possess other pharmacological 

activities, such as antidiabetic, antimicrobial, antihypertensive and 

antioxidant activities.2 Consumption of herbal preparation made from 

PG leaves for the treatment of various health problems is still widely 

practiced in Indonesian society. This tradition is one of the Indonesian 

nation's local wisdom and cultural heritage that must be maintained.3  

Many traditional medicinal products made from PG in the form of 

Standardized Herbal Medicines (in Indonesia, known as Obat Herbal 

Terstandar or OHT) are registered with the Indonesian FDA (The 

National Agency of Drug and Food Control, NA-DFC).4 However, PG 

plant is considered rare, and this has led the Indonesian communities 

and herbal medicine practitioners to seek alternatives to this plant. In an 

effort to meet the demand for the use of this herbal plant, several closely 

related plants belonging to the same family as PG are currently being 

explored. 
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Some plants belonging to the Myrtaceae family are various guavas from 

the Syzygium genus, such as Syzygium samarangense (Blume) Merr. & 

L.M. Perry (SS), Syzygium malaccense (L.) Merr. and Perry. (SM), and 

Syzygium aqueum (Burm.f.) Alston (SA). These three guavas are easy 

to obtain and are widely grown in Indonesia. These three guava leaves 

have pharmacological properties similar to those of PG leaves. The 

genus Syzygium has traditionally been used to treat diarrheal disorders, 

diabetes, inflammation, bronchitis, and acid reflux/ulcers.1 This genus 

has been scientifically proven to have antioxidant, antimicrobial, 

antifungal, antiviral, analgesic, anti-inflammatory, antihypertensive, 

antihyperglycemic, sedative, and spasmolytic activities.5–7 Several 

pharmacological studies have reported that SS, SM, and SA have 

antioxidant and antimicrobial activities.8–11  

The phenolics, flavonoids, and tannins in the polyphenolic content of 

Syzygium species contribute to their antioxidant activity. The profile of 

these metabolites in the plant extracts can easily be studied using thin-

layer chromatography (TLC) techniques. The present study therefore, 

is aimed at investigating the polyphenolic contents in terms of total 

phenolic, flavonoids, and tannins in the leaves of three selected 

Syzygium species and evaluate their antioxidant activity in comparison 

to PG leaves. 

 

Materials and Methods 

Plant materials  

The four types of guava leaves were collected from the Duren Sawit 

district (East Jakarta) in February, 2022. The plant sample was 

identified, authenticated, and given a voucher number B-

571/DI.05.07/3/2022 by Anang Setiawan at the “Biosystematics and 

Evolutionary Research Center,” BRIN, Bogor, West Java, Indonesia. 

The leaves were cleaned by flowing water, cleaned of dirt, water 

droplets, dried, and weighed. The leaves were dried for 6 to 7 days at 
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30 °C. The leaves were ground into a fine powder, weighed, and stored 

in tightly closed dry jars until the next experiment. 

 

Extracts Preparation 

The extraction procedures for the four samples are as follows 

Extraction of Flavonoids: About 8 g each of the dried leaf powder 

(equivalent to 25 g fresh leaves) was extracted separately with ethyl 

acetate with a material to solvent ratio of 1:20 (w/v). Extraction was 

carried out by reflux at 77ºC for 30 min and then filtered. The extraction 

process was repeated using the same technique until the flavonoid test 

showed negative results. A vacuum rotary evaporator N-1200 BS series 

(EYELA, Shanghai, China) was used to concentrate the filtrate to obtain 

extract with a total volume of 250 mL. Furthermore, the ethyl acetate 

extracts of SA, SM, SS, and PG leaves were labelled as SAEAE, 

SMEAE, SSEAE, and PGEAE, respectively. 

 

Extraction of Phenolic: About 8 g each of the dried leaf powder 

(equivalent to 25 g fresh leaves) was extracted separately with ethanol 

(70%) with a material-solvent ratio of 1:10 (w/v). Reflux extraction at 

70ºC for 30 min, followed by filtration, was performed. The extraction 

process was repeated until the phenolic test was negative. A vacuum 

rotary evaporator N-1200 BS series (EYELA, Shanghai, China) was 

used to concentrate the filtrate to obtain extract with a total volume of 

250 mL. Furthermore, the ethyl acetate extracts of SA, SM, SS, and PG 

leaves were labelled as SAEE, SMEE, SSEE, and PGEE, respectively.  

 

Extraction of Tannins: About 3 g each of dry leaf powder (equivalent 

to 5 g fresh leaves) was extracted with hot water (90 ± 2ºC) with a 

material-solvent ratio of 1:20 (w/v) for 30 min, and then filtered. The 

procedure was repeated until the tannin test was negative. Water bath 

was used to concentrate the filtrate at 65ºC until a thick extract is 

obtained. SAWE, SMWE, SSWE, and PGWE representing water 

extract of SA, SM, SS, and PG leaves, respectively.  

 

Total phenolic content (TPC) determination  

The four ethanol extracts (SAEE, SMEE, SSEE and PGEE) were 

qualitatively tested for phenolic compounds by the addition of FeCl3 

solution; formation of a blue-green colour imply the existence of 

phenolic compounds. The total phenolic content was determined using 

the method of Yang et al. (2007)12 and gallic acid at concentrations of 

20, 33, 46, 59, and 72 ppm as the standard. Test solution (300 µL) was 

added to Folin-Ciocalteu reagent (1.5 mL) and shaken until 

homogeneous. After 3 min, 1.2 mL of sodium carbonate (7.5%) was 

added to the mixture. The mixture was incubated at room temperature 

for 110 min. The absorbance was measured at 765.1 nm using a UV-

Vis UV-1601 Series spectrophotometer (Shimadzu, Kyoto, Japan). 

Total phenolic content was expressed in mg GAE/g dry weight (DW). 

The test was done three times. 

 

Total flavonoid content (TFC) determination 

The qualitative test for flavonoids in the ethyl acetate extracts of the 

four types of guava (SAEAE, SMEAE, SSEAE and PGEAE) leaves 

was done by the addition of magnesium (Mg) powder and concentrated 

hydrochloric acid to aliquot quantity of the extracts. Flavonoids are 

present when the colour changes to red or pink. Also, the total 

flavonoids in the four extracts were measured using the colourimetric 

method suggested by Chang et al. (2002)13. Quercetin was used as a 

standard at 10, 15, 20, 25 and 30 ppm. Briefly, a sample of the extract 

(1 mL) was added to 1.5 mL of methanol, then 0.1 mL of AlCl3 (10%), 

and 0.1 mL of sodium acetate (1 M) were added to the reaction mixture 

and made up to 10 mL with methanol. The mixture was left to sit for 50 

min at room temperature. Using a UV-Vis spectrophotometer, the 

absorption was measured at 438.60 nm. The total amount of flavonoids 

was given as mg QE/g DW. The test was carried out in triplicates. 

 

Total tannin content (TTC) determination 

First, the qualitative test for tannins in the water extracts of the four 

types of guava leaves (SAWE, SMWE, SSWE, and PGWE) was done 

by the addition of a 10% gelatin solution to samples of the extracts. The 

appearance of a white residue indicates the presence of tannins.  

Total tannin levels in extracts of four varieties of guava leaves were 

determined the colorimetric used catechin as the reference standard at 

concentrations of 85, 148, 211, 274, and 337 ppm.14 The test sample (1 

mL each) was added to 2.5 mL of vanillin (4% in methanol) and 2.5 mL 

of H2SO4 (25%). The mixture was kept at room temperature (25 - 26ºC) 

for 36 min. Using a UV-Vis spectrophotometer, the absorbance of the 

mixture was recorded at 499 nm. The total amount of tannins was shown 

as mg CE/g DW. The test was carried out in triplicates.  

 

Antioxidant activity screening  

The antioxidant activity of the four types of guava leaves was tested 

using the modified phosphomolybdate method following the procedure 

described by Salamah and Farahana, (2014).15 Quercetin was used as 

the standard antioxidant compound. The extracts (50, 85, 125, 160, 200 

ppm) and standard (5, 8, 11, 13, 15 ppm) samples were reacted with 1 

mL phosphomolybdate reagent and made up to 5 mL with distilled 

water. The mixture stayed at 95°C for 60 min, using a UV-Vis 

Spectrophotometer, absorbance was recorded at 695 nm. The test was 

done three times. 

 

TLC analysis 

TLC analysis of the extract was qualitatively performed for the 

identification of phenolic and flavonoid content. Each guava leaf (8 g 

of dried leaf powder equivalent to 25 g of fresh leaves) was extracted 

separately using 80 mL of n-hexane, ethyl acetate, and ethanol (70%) 

using an ultrasonic bath (Branson) (40 kHz) for 15 min at 25-26ºC. Each 

filtrate was concentrated with a vacuum rotary evaporator. Furthermore, 

the n-hexane, ethyl acetate, and ethanol extracts of each guavas leaf are 

referred to as HE, EAE, and EE, respectively. 

The TLC analysis was done on silica gel F254 plates (MERCK, 

Germany).16 The mobile phase used was toluene-chloroform-ethyl 

acetate (5:4:1) with a little formic acid added (for the HE and EAE) and 

chloroform-ethyl acetate-formic acid (0.1:3.9:1) (for the EE). The 

visualization was performed under visible and UV light (254 nm and 

365 nm).17 In addition, FeCl3 (5%), AlCl3 (5%) and H2SO4 (10%) spray 

reagents were used for spot detection.18 

 

Statistical analysis 

All experiments were performed in triplicate. Values were expressed as 

mean ± standard deviation (SD) of triplicate determinations. Statistical 

analysis was done using the statistical software Excel 2023 Ver. 16.73 

from Microsoft Corporation (US). 

 

Results and Discussion 

Total Phenolic content 

The results of the qualitative tests indicated the presence of phenolic 

compounds in the four types of guava leaf extracts. From the gallic acid 

calibration curve, the equation of the line was obtained as y = 0.0107x 

+ 0.0112 (R2 = 0.999). Figure 1A demonstrates that PGEE has the 

maximum total phenolic content compared to other guava leaves. The 

three guava leaves from the genus Syzygium had total phenolic contents 

that are significantly lower than that of PG leaves. Phenolic compounds 

are a class of secondary metabolites with aromatic groups found 

throughout the plant kingdom. They ranges from basic structure like 

phenolic acid to complex structures such as tannins and lignins.19 Many 

phenolic compounds are present in plants as glycosides, so they are 

generally very polar. The extraction of phenolic compounds involves 

the use of polar solvent such as ethanol. The Folin-Ciocalteu technique 

is the most popular method for the quantitative determination of 

phenolic compounds from plant materials and extracts. It is the 

simplest, most reproducible method for determining total phenolic 

content.20 The phosphotungstic-phosphomolybdate complex is reduced 

by phenolics in an alkaline medium using the Folin-Ciocalteu 

procedure, yielding a blue-colored solution.21 The intensity of the blue 

colour formed corresponds to the total phenol content of the sample, 

and the intensity of the colour is measured at a wavelength of 765.1 nm. 

Gallic acid is used as a reference standard in this measurement because 

it is a pure and stable pheolic compound.22 In this study, the highest 

phenolic content was observed in PGEE. Meanwhile, from the genus 

Syzygium used in this study, the highest levels of phenolic were found 
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in SAEE and the lowest levels in SMEE. The phenolic compounds 

contained in PG may be of more types than other guavas, for example, 

guavanoic acid, guavenoic acid, guajavolide have been found in PG.23  

 

 
Figure 1: [A] Total phenolic content (TPC) of guava leaf 

extracts. [B] Total flavonoid content (TFC) of guava leaf 

extracts. [C] Total tannin content (TTC) of guava leaf extracts. 

The sign (*) indicates a significant difference. 
PG – Psidium guajava; SA – Syzygium aqueum; SS – Syzygium 

samarangense; SM – Syzygium malaccense; EAE – Ethyl acetate 

extract; EE – Ethanol extract; WE – Water extract. 

 

Total Flavonoid content 

The qualitative analysis revealed an abundance of flavonoid compounds 

in the four-leaf extracts. For the quantitative determination, the 

quercetin calibration curve gave a linear equation as y = 0.0251x + 

0.0002 (R2 = 0.9992). Figure 1B shows that the three guava leaves of 

the genus Syzygium have flavonoid contents that are significantly lower 

than that of PG leaves. However, from the three guavas of the genus 

Syzygium, SSEAE had the highest levels of flavonoids followed by 

SAEAE and SMEAE. Flavonoids are secondary metabolites composed 

of a C6-C3-C6 configuration with two cyclic rings connected to 3 carbon 

atoms, which are generally associated with O atom as heterocyclic 

oxygen bonds.24 Flavonoids, including polyphenol compounds, 

generally have semi-polar to opposite polarity, so they can be extracted 

using ethyl acetate, acetone, butanol, methanol, water, or a mixture of 

water and alcohol. The reflux method is one of the conventional 

extraction methods chosen because it is simple and fast and 

accompanied by heating which can increase the solubility of 

flavonoids.25 This present research determined the flavonoid content in 

ethyl acetate extract using AlCl3 and measurement of the absorbance of 

the resulting mixture by a spectrophotometer at 438.60 nm.26 AlCl3 

solution forms a stable complex with a hydroxyl group at position C3 

and/or with a ketone group at position C5. Complex compounds also 

occur when there is a hydroxyl group at the ortho position.24 The 

complex that occurs causes a bathochromic shift in wavelength of 

absorption. 

 

Table 1: Antioxidant activity in terms of quercetin equivalence 

of guava leaf extracts against phosphomolybdate  
 

Samples 
Quercetin equivalence  (mg QE/g) 

EE EAE WE 

SA 132.043 ± 1.53 134.103 ± 0.559 137.184 ± 2.678 

SM 101.907 ± 5.95 97.256 ± 0.443 87.893 ± 8.975 

SS 127.437 ± 2.06   129.079 ± 1.711 133.874 ± 3.156 

PG 150.990 ± 0.88 168.880 ± 1.647 168.748 ± 3.312 

PG – Psidium guajava; SA − Syzygium aqueum; SS − Syzygium 

samarangense; SM − Syzygium malaccense; EE = ethanol extract; EAE 

= ethyl acetate extract; WE = water extract 

 

Total Tannin content 

The results of the qualitative test for tannins showed that the four types 

of guava leaf extracts contained tannins. The catechin calibration curve 

gave a linear equation of y = 0.002x + 0.0483 (R2 = 0.9997). From 

Figure 1C, it shows that PGWE has the highest total tannin content 

compared to other extracts. The solvent used to determine the tannin 

content was water because the solubility of tannin is quite good in the 

water.27 Tannins are a phenolic group of compounds that are widely 

distributed in nature. The extraction of tannins using the decoction 

method is simple, fast, and inexpensive. Heating in the decoction 

method helps increase the solubility of tannins.26 The results of the 

identification of tannins using FeCl3 solution in PGEE produced the 

most intense colour. The tannin content was the highest in PG leaves 

compared to the other three guava species. While, among the guava 

species of the genus Syzygium, SA leaves had the higher tannin content 

than SS and SM leaves. The high amount of tannins in PG leaves may 

be due to the different types of tannins that have been found in high 

quantities in PG. More than 20 types of tannins have been isolated from 

PG, some of which are guavin A, B, C, and D; psidinins A, B, and C; 

guajavin A, B.23 The vanillin method is often used to determine the 

levels of condensed tannins and proanthocyanidins using catechin as a 

standard.28 This high tannin level may supports the use of PG leaves as 

an antidiarrheal agent. 

 

Antioxidant activity 

The total antioxidant activity of the four varieties of guava leaf extracts 

was evaluated using the phosphomolybdate technique with quercetin as 

the reference. The results were reported as quercetin equivalents 

determined from the line equation y = 0.0292x + 0.1772 (R2 = 0.9997) 

derived from the quercetin calibration curve. In this method, 

molybdenum (VI) decreases to molybdenum (V) in the existence of a 

reducing agent (antioxidant), resulting in the forming of a green 

phosphomolybdate (V) complex that can be detected 

spectrophotometrically at 695 nm.29,30 This test involves an electron 

transfer mechanism. Several studies have shown that many natural 

products have antioxidant activity, including phenols and 

flavonoids.31,32  

Table 1 and Figure 2 illustrate the antioxidant activity of guava leaf 

extracts. PG leaf extract showed the highest antioxidant capacity 

compared to other guava leaf extracts, while SM leaf extracts showed 

the lowest antioxidant capacity compared to the other two types of 

guava leaves from the genus Syzygium. Figure 2 shows that PG leaf 

extract has the lowest EC50 value, indicating that PGWE has the best 

A 

B 

C 
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antioxidant activity of the four guava leaf extracts. The significant 

antioxidant activity of the PG extract was also connected to its high 

tannin concentration. The EC50 value of SMWE was the highest which 

suggest that it has the lowest antioxidant activity which also correlated 

with the lowest tannin content (28.228 mg CE/g) and flavonoid content 

(1.049 mgQE/g) in this extract. The high antioxidant activity in the PG 

extract was also reflected in its high flavonoid content (1.843 mgQE/g 

extract) (Figure 1B). The EC50 values of SAWE and SSWE were not 

significantly different from each other, and they also have comparable 

tannin contents. The PGEAE and SAEAE had similar EC50 values of 

35.193 ppm and 37.390 ppm, respectively, which means that both 

extracts had same potency in terms of their antioxidant activity (Figure 

2). The antioxidant capacity of SAEAE and SSEAE were not 

statistically different (P < 0.05) as shown by their EC50 values.  

The SMEE has the highest EC50 value, which means that the extract has 

the least antioxidant activity. The EC50 values of the other three guava 

extracts (PGEE, SAEE, and SSEE) were relatively low, meaning that 

their antioxidant activity is quite strong. The phenolic content in the 

PGEE was 79.312 mg GAE/g extract (Figure 1A), the highest among 

all the guava extracts. Studies on the antioxidant activity of PGEE, 

SAEE and SSEE using DPPH radical scavenging activity revealed that 

these extracts have good antioxidant activity with IC50 values of 35.57 

g/mL, 38.69 g/mL, and 59.16 g/mL, respectively, while the SMEE 

showed the low antioxidant activity with IC50 value of  138.33 

g/mL.8,33,34 These observations agrees with the findings from the present 

study which shows PG extract as the highest antioxidant activity with 

EC50 value of 13.142 ± 1.087 g/mL. 

The polyphenolic contents of extracts have been found to affect their 

antioxidant activity.20 In this study, TPC, TFC, and TTC test results 

showed that the PG extract had more phenolic, flavonoid, and tannin 

contents than the other guava extracts. This correlates positively with 

antioxidant activity, implying that the higher the phenolic, flavonoid, or 

tannin content, the higher the antioxidant activity. Extraction solvent 

polarity has also been found to have profound effect on the antioxidant 

activity of the resulting extract; the higher the polarity of the extraction 

solvent, the higher the antioxidant activity of the extract.21 This 

assumption is corroborated by the findings of our study, which reveal 

that as the polarity of the solvent increases, so does its antioxidant 

activity. Hence, the antioxidant activity was in the following order; 

PGWE > PGEE > PGEAE with corresponding EC50 values of 13.142 

ppm, 28.722 ppm, and 35.193 ppm, respectively. Furthermore, SAEE, 

SAEE, and SAWE have the potential to be good sources of antioxidants 

compared to other extracts from the genus Syzygium in this study.

 

 
Figure 2: Antioxidant activity (EC50 values) of guava leaf extracts against phosphomolybdate. 

PG – Psidium guajava; SA – Syzygium aqueum; SS – Syzygium samarangense; SM – Syzygium malaccense;  

EAE – Ethyl acetate extract; EE – Ethanol extract; WE – Water extract. 

 

 
Figure 3: TLC Chromatogram of HE (A), EAE (B), and EE (C) of four types of guava leaves under UV light at 254 and 365 nm. 

PG – Psidium guajava; SA – Syzygium aqueum; SS – Syzygium samarangense; SM – Syzygium malaccense;  

HE – n-Hexane extract; EAE – Ethyl acetate extract; EE – Ethanol extract. 
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TLC Profile 

TLC is often used to rapidly identify organic compounds, including 

flavonoids as bioactive target compounds in the plant extracts.35 TLC 

analysis was used to identify the nature of phytoconstituents concerning 

the polyphenolic chemicals found in the four varieties of guava leaves. 

The extracting solvents used ranges from non-polar to polar (n-hexane, 

ethyl acetate, and ethanol), to determine the number of compounds 

extracted by the three solvents. The mobile phase used include; (i) a 

solution of toluene−chloroform−ethyl acetate (5:4:1) to identify 

compounds in the HE and EAE, (ii) chloroform− ethyl acetate−formic 

acid (0.1:3.9:1) to identify compounds in the EE. Visualization of the 

TLC plates was done under UV light (254 nm and 366 nm) and by spray 

reagents using a 5% FeCl3 solution (for detection of phenolic 

compounds), 5% AlCl3  solution (for flavonoid detection) and 10% 

solution of H2SO4 (for detection of other organic compounds).18 

As shown in Figure 3, the EAE had more spots in all leaves extracts 

than the HE. In contrast, the EE had more unresolved spots at the origin. 

In the EAE, it was observed that there were similarities in the chemical 

constituents of the three types of Syzygium. Whereas, in PG extracts, 

there were quantitative differences, as there appeared some unique spots 

which were not seen in the extracts of the three Syzygium species. 

The HE and EAE of PG showed yellow fluorescence compounds at 365 

nm with similar spot location (Rf is around 0.80). The EAE of all three 

Syzygium species and PG leaves showed purple fluorescence 

compounds (Rf is around 0.56-0.58). Similarly, in EE of PG, SM and 

SS, there were blue fluorescent spots with similar Rf values (Rf is 

around 0.56) (Figure 3). 

 

 
Figure 4: TLC chromatogram for identification of [1] phenolic 

compounds in HE (A), EAE (B), and EE (C) of four types of 

guava leaves after spraying with 5% FeCl3. [2] flavonoids in HE 

(A), EAE (B), and EE (C) of four types of guava leaves after 

spraying with 5% AlCl3. [3] other organic compounds in HE 

(A), EAE (B), and EE (C) extracts of four types of guava leaves 

after spraying with 10% H2SO4.  
PG – Psidium guajava; SA - Syzygium aqueum; SS - Syzygium 

samarangense; SM - Syzygium malaccense; HE – n-Hexane extract; 

EAE – Ethyl acetate extract; EE – Ethanol extract. 

 

After being sprayed with FeCl3 solution, the EAE of the four test 

samples displayed a blue-green spot, as shown in Figure 4(1). In the HE 

of PG, there was a dark brown spot (Rf is around 0.80), which probably 

indicated a tannin compound. While, in the EAE of PG, there was a 

purple-black spot, suggesting a possibly different type of tannin from 

the HE of PG (Rf is around 0.80). In the EE of the four test samples, 

dark brown spots were found at the origin, meaning that the tannin 

compounds present in this extract were not eluted by the mobile phase 

used. 

The EAE of the four test samples contained yellow fluorescence 

compounds with similar Rf (Rf is around 0.53-0.55), as shown in Figure 

4(2). These compounds may be flavonoids which are present in the four 

plants. In the HE of all leaves, yellow fluorescence compounds also 

appeared with different Rf (Rf is around 0.85), this may suggest the 

presence of more non-polar flavonoids in the HE than in the EAE. 

Figure 4(3) showed that the phytochemical contents of the HE and EE 

are more similar, with the main difference being the intensity of the 

colors. A spot with a different color and size appeared in the HE and 

EAE of PG leaves than in the extracts of Syzygium species. This 

indicates that PG has more compounds than the three species of 

Syzygium. 

Summarily, appearance of blue spot indicates phenolic compounds; 

yellow spot indicates flavonoids, while varieties of other organic 

compounds were indicated by various colour (light blue, blue, purple, 

purple, pink, and grey) spots. The TLC profile has shown the similarity 

in the type of phytochemical constituents in the extracts of the four test 

guava leaves. 

 

Conclusion 

The findings from the present study shows that Psidium guajava leaves 

have the highest contents of tannins, flavonoids, phenols, as well as the 

highest antioxidant capacity compared to the other three guava leaves 

from the genus Syzygium which are S. samarangense, S. malaccense, 

and S. aqueum. The chemical components of the four guava have 

similarities which may be related to their membership in the Myrtaceae. 

Besides, this study concluded that S. aqueum is a species of Syzygium 

that has the potential to be developed as a source of polyphenols and 

antioxidants compared to the other two species in this study. 
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