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A qualitative screening for secondary metabolites in cinnamon extract was conducted 

through various colorimetric tests.  The emulsion obtained (Figure S1) from the steam 

distillation was analyzed by several methods to identify flavonoids, phenolic compounds, 

tannins, coumarins, alkaloid, and protein. The description of the developed methods and 

the results of such analyzes are presented below. 

 

S1. Methodology 
Characterization of cinnamaldehyde aqueous extract 
  
- UV-Vis spectra was determined using the cinnamaldehyde aqueous extract using an 

Analityk Jenna Spectracord S200 diode array spectrometer in the range of 190-700 nm.  
 



- HPLC was recorded in a HPLC Thermo UltiMate 3000 equipped with a diode-array 
detector (DAD) and a C-18 column for HPLC Hypersil GOLD™ (150 mm× 4.6 mm, 5 µ 
particle size). The mobile phase was comprised of an acetonitrile:water 60:40 mixture at a 
flow rate of 1 mL/min at room temperature. The injection volume was 5 µL, and the 
detection wavelength was set at 210 nm. The retention time was used for qualitative 
analysis. 

- To determine secondary metabolites in the cinnamon extract, a qualitative screening was 
carried out using classical colorimetric tests. 

Determination of Flavonoids 

- Concentrated H2SO4 Test: To confirm the presence of flavonoids in the cinnamon extract, 
0.5 mL of concentrated sulfuric acid was added to 1 mL of the extract. 

- Shinoda’s Test: 5 mL of cinnamon extract with a combination of magnesium ribbon 
fragments and 0.5 mL of concentrated hydrochloric acid. The objective was to observe a 
distinctive color shift from pink to crimson, indicative of the presence of flavanol 
glycosides.  

Detection of simple Phenolic Compounds 

- Iodide test: The iodide test involved adding three drops of diluted iodine solution to 1 mL 
of cinnamon extract. The presence of phenols was expected to be validated by a change to 
a red color in the solution. 

- The Ferric Chloride Test: involved the addition of four drops of a 5% ferric chloride 
solution to 1 mL of cinnamon extract. The confirmation of the presence of phenols was 
contingent upon a color change to either bluish-black or dark green. 

- Detection of Tannins 10% NaOH test: In 1 mL of the extract added of 4 mL of sodium 
hydroxide solution, followed by thorough shaking. The confirmation of 
hydrolysable tannins was expected through the formation of an emulsion. 

- Braymerʹs Test: 1 mL of the cinnamon extract underwent a procedure involving the 
addition of 3 mL of distilled water and three drops of a 10% ferric chloride solution. The 
confirmation of tannins was expected through a color change to green or blue. 

Detection of Coumarins 

- NaOH Test: In 1 mL of extract were added 0.5 mL of 10% sodium hydroxide solution and 
0.5 mL of chloroform. If the solutions turn yellow, the presence of coumarins will be 
confirmed. 

Detection of Alkaloids 

- Dragendroff’s Test: 1 mL of cinnamon bark extract underwent the addition of 1 mL of 
Dragendroff’s reagent. The presence of alkaloids was confirmed through the formation of 
a reddish-brown solution. 



- Wagner’s Test: 1 mL of the extract underwent the addition of two drops of Wagner’s 
reagent, which were then placed along the sides of a test tube. The confirmation of 
alkaloids was expected through the formation of a precipitate with a reddish or brown 
color. 

- The Lugol’s Test, designed to detect the presence of phenolic compounds by inducing a 
brown color change in the extract, was conducted using 1 mL of the sample and four drops 
of Lugol reagent. 

Determination of Proteins 

- Biuret Test: 1 mL of cinnamon extract underwent the addition of two drops of biuret 
reagent. The Biuret Test is done to show the presence of peptide bonds of the proteins. 
These bonds will make the blue Biuret reagent turn purple if positive. 
 

S2. Results 
Characterization of cinnamaldehyde aqueous extract 
  
- UV-Vis spectrum of the cinnamon bark extract shows the spectral characteristics of trans- 

cinnamaldehyde with a maximum of absorption at 292 nm (Figure S1). 

 

Figure S1. UV-Vis spectrum of cinnamon bark extract. 

 

- The results of the HPLC analysis showed that we have a major component in almost 100% 
of concentration, such peak is assigned to cinnamaldehyde since it was compared with the 
retention time of a cinnamaldehyde standard (Figure S2).  



 

Figure S2. Chromatogram of cinnamon bark extract on the HILIC column. Peak 1 represents 
cinnamaldehyde and peaks 2 and 3 represent two minor components of the extract.  

 

The results of the determination of secondary metabolites are shown in Table S1 and a 
conclusion of the entire screening is presented after the table. 

 

Figure S3. GC chromatogram showing the characteristic base peak of cinnamaldehyde m/z = 131 at 
a retention time of 22.3 min. 

 

 



Table S1. Results of the determination of secondary metabolites in the cinnamon bark. 
extract.  

Secondary 
Metabolite 

Test Result Figure Reference 

NA Cinnamon bark 
extract 

 

 

 

Flavonoids 
Concentrated 

H2SO4 Test 

Positive as the 
solution turned 

orange-red. 

 

SR1 

Shinoda’s Test Negative -- SR2 

Phenols 
Iodide test Negative -- SR3 

Ferric Chloride 
Test 

Negative -- SR4 

Tanins 
10% NaOH test Negative -- SR3 
Braymerʹs Test Negative -- SR5 

Coumarins NaOH Test Negative -- SR3 

Alkaloids 

Dragendroff’s 
Test 

Positive as 
evident by the 

change of color. 

 

SR6 

Wagner’s Test 

Positive result, 
as evidenced by 
the formation of 

precipitate. 

 

SR3 

Carbohydrates Lugol’s Test Negative -- SR3 



Proteins Biuret Test Negative -- SR6 

Ammonium  Positive 

 

SR7 

 

Conclusions on the determination of secondary metabolites 

A qualitative screening for secondary metabolites in cinnamon extract was conducted 
through various colorimetric tests (Figure S4). The presence of flavonoids was confirmed by 
the positive outcome of the concentrated sulfuric acid test, which resulted in an orange-red 
solution. However, the Shinoda’s Test yielded a negative result, as there was no observable 
pink to crimson color change. Simple phenolic compounds were not detected, as evidenced 
by the negative outcomes in iodide test, Lugol’s test and the ferric chloride test, with no 
transient red or bluish black/dark green color changes, respectively. Tannins, coumarins, 
and proteins also showed negative results in their respective tests. Alkaloids were positively 
identified through the Dragendroff’s test and Wagner’s test, where reddish-brown 
precipitates formed. Lastly, the presence of ammonium was confirmed by the positive 
outcome of the Nessler test, with the solution turning yellow. Itʹs important to note that 



these tests provide qualitative insights, and a more in-depth quantitative analysis is 
necessary for accurate concentration assessments of these secondary metabolites. 

 

Figure S4 Phytochemical screening of qualitative tests to secondary metabolites. 

 

 

 

 

 

 

Antibacterial Assays 

 



Figure S5 ELISA microplate of broth microdilution method to analyze the antimicrobial 
activity of silver nanoparticles for the tested bacteria. 

In Figure S5 the ELISA microplate corresponds to the broth microdilution method, in 
which the bacterial growth is presented. In this figure the effect of presence of AgNPs-
cinnamon against the evaluated bacteria can be observed. 

 

 

Figure S6 Bacterial viability at 54, 108, and 540 µg/mL of AgNPs-cinnamon. 

The effect of the presence de AgNPs-cinnamon on bacterial viability determined by mixing 
the AgNPs-cinnamon and E. coli bacteria is shown in Figure S6. The mixtures were plated, 
and the viability as a function of the AgNPs-cinnamon concentration was determined. The 
inhibition region observed demonstrates the effectivity of the AgNPs-cinnamon. 

The plots depicted in Figure S7 show the temporal progress of the formation of AgNPs-
cinnamon. As expected, the continuous increase of the plasmonic band can be attributed to 
the increase in the AgNPs-cinnamon concentration. On the other hand, the AgNPs-
cinnamon concentration effect on the intensity of the plasmonic band is shown in Figure S8. 

 

 



 

Figure S7 Temporal progress of the AgNPs formation evaluated by the absorbance at plasmonic 
band wavelength. 

 

 

Figure S8 Plasmonic band of AgNPs-cinnamon as a function of silver nitrate concentration. 
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