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The bacterial contamination of blood products is still become a serious 
problem in consideration, thus it can cause the risk of blood transfusion, 
namely bacterial sepsis. Packed red cells is blood product and potentially 
contain bacterial contaminant. The source of bacterial contamination can 
come from the skin disinfection process in less aseptic during blood 
collection, donor bacterimia, and  blood processing. In response, currently 
there have been many antibacterial compounds developments purposely to 
reduce the risk of bacterial contamination of blood products. This study 
aimed to observe the activity of 4-hydroxychalcone compounds in 
contaminant bacteria isolated from packed red cells blood products. 
Bacterial isolates isolated from the packed red cells were Staphylococcus 
aureus based on cell morphology, biochemistry and colony shape. The 
antibacterial activity of 4-hydroxychalchone compound against 
Staphylococcus aureus isolates used the diffusion method. The results 
showed, there were antibacterial activity of 4-hydroxychalchone at a 
concentration of 2.5% 1.25% and 0.625% against packed red cells 
contaminant bacteria based upon the clear zone formed. In conclusion, the 
bacteria isolate was obtained from the PRC was gram positive bacteria, 
Staphylococcus aureus. The 4-hydroxychalcone had successfully 
synthesized and has antibacterial activity against S. aureus isolated from 
PRC, with the biggest inhibition power was 71,36% at 5,0% of chalcone 
concentration. 
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Introduction 

Packed Red Cells (PRC) are the most requested product for transfusion in worldwide, since PRC are 
used for changing acute blood lose more than 30%, in order to restoring oxygen delivery all over the 
body(García-Roa et al., 2017).  With the aim to provide blood transfusion as therapeutic, blood product 
including PRC must be free from transfusion transmitted disease  and microbial contaminants (Zaaijer, 
2017). The contamination of microbes is caused by unhygienic blood drawing, donor bacteremia,  unsterile 
blood processing  (Astuti & Maharani, 2014; Hassall et al., 2009; Kusumaningrum & Sepvianti, 2020).  

In some previous studies reported that Thrombocyte Concentrates (TC) are the most susceptible to 
bacterial contaminations due to the storage conditions that support bacterial growth (Astuti & Maharani, 
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2014; Kusumaningrum & Sepvianti, 2020; Tjiptoprajitno et al., 2012). However, in some reports also 
informed that another blood product, including PRC also has high possibility to bacterial contamination 
and can lead to bacterial sepsis(Delaney et al., 2016; Sepvianti, Wiwit; Kusumaningrum, 2022). Previous 
study reported that Yersinia enterocolitica associated with some cases of clinical sepsis from contaminated 
PRC and triggering severe sepsis, although Y. enterocolitica is an entero-pathogen and generally 
responsible for diarrhea and abdominal pain (Guinet et al., 2011). 

Several works had been done to reduce the bacterial contamination, including skin disinfection 
properly, blood drawing aseptically, and sterile blood product processing. However, another technique is 
indeed needed to avoid bacterial contamination in PRC, including developing potential antibacterial agent. 
Various chemical compound are reported could be antibacterial agent. In some previous study showed that 
chalcone compound has antibacterial activity against positive and negative gram bacteria (Kumar et al., 
2020; Sepvianti et al., 2021; Sepvianti & Kusumaningrum, 2021). Derivate chalcone with hydroxyl group in 
its ring had antibacterial activity against bacteria due to hydrophobicity towards the bacteria cell wall 
(Rosa et al., 2019).   

In this study, the identification bacterial contaminants will be conducted from PRC which is the 
potential blood product to bacterial contamination. PRC sample will be obtained from quality control 
results that had positively bacterial contaminated tested from Indonesia Red Cross using BACT/ALERT. 
Bacterial contaminant identification will be conducted by its phenotypic character based on cell shape, cell 
characteristics, colony shape, colony color, and biochemistry test. The obtained bacterial isolate will be 
used for antibacterial testing with chalcone that successfully synthesized in this research, which is chalcone 
derivate 4-hydroxychalcone that has hydroxyl group in para-position number 4.  

 
Methods 

Bacteria Identification and Antibacterial activity materials and tools  
 A set of sterile laboratory glassware, stirrer, digital scale, autoclave, incubator and laminar air flow 
were needed as tools. Bacterial isolate obtained from PRC that had been evaluated using BACT/ALERY in 
the aerobic and anaerobic bottle. Vancomycin antibiotic was used as positive control and DMSO was used 
as negative control.  
 
Chalcone compound synthesis materials and tools  

The chemical materials had Pro-analysis quality from Sigma-Aldrich: acetophenone, 4-
hydroxybenzaldehyde, sodium hydroxide, chloride acid, methanol, and aquadest. Tools for synthesis and 
characterization of chalcone used: set of laboratory glassware, stirrer, digital scale, pH meter, TLC plate, 
Fourier transform infrared spectrophotometer (FTIR, Shimadzu Prestige 21) and gas chromatography-
mass spectrophotometer (GC-MS, AGILENT GC type 5973 Shimadzu QP 2010S).  
 
Phenotypic Characterization of Bacterial Contaminants  
 The PRC was evaluated using BACT/ALERT to detect the bacterial contaminants inside the 
product. The positive result showed when there was color change after the process ended. The bacterial 
contaminants isolate can be obtained from aerobic and anaerobic bottle culture provided by BACT/ALERT. 
The positive result from bottle culture then inoculated to the blood agar media and incubated at the 37°C 
for 24 h. The purification was needed to get the single isolate bacteria contaminant from specific colony 
that growth in the blood agar media. The isolate bacteria contaminant then characterized by its phenotype 
character such as: cell morphology, gram-staining, and colony morphology.  
 
Chalcone Compound Synthesis  
 The chalcone compound synthesis was refer to (Attarde et al., 2014) procedure with several 
modifications. A piece of sodium hydroxide base was dissolved to the 5 mL of methanol, then 5 mmol of 
acetophenone were added drop by drop in the 5 ml of methanol.  The mixture then stirred for 2 minutes 
before 5 mmol of 4-hydroxybenzaldehyde were added drop by drop to the 5 mL of methanol. The mixture 
stirred continuously at the room temperature for 24 hours, and the reaction was monitored by Thin Layer 
Chromatography. After the reaction stopped, the mixture was added with cold aquadest and it was added 
with HCl 2M solution drop by drop until it formed sediment. The sediment formed was filtered by filter 
paper. The reaction product was dried and scaled for measuring the reaction result. The reaction product 
was characterized using FTIR spectrophotometer and GC-MS.  
 
Antibacterial Activity Test 



Antibacterial Activity of 4-hydroxychalcone Against Bacterial Contaminant ….. 
Kusumaningrum, Sepvianti, & Pebrina 

Indonesian Journal of Biology Education Vol. 5, No. 2, 2022 | 40  

 

 The chalcone compound was dissolved in dimethyl sulfoxide (DMSO) with concentration variant 
from 10,0%; 5,0%; 2,5%; and 1,25%. DMSO used as negative control, whereas vancomycin 10% used as 
positive control. The bacterial isolate was poured to the media surface. The exact 25 ml of chalcone was 
injected into each wells of test media. The clear zone examination produced by the bacterial growth against 
chalcone and antibiotic was observed after 24 h. The inhibition activity of chalcone toward the bacteria 
specified by the inhibition power using the following formula:  
 

  
                         Inhibition power (%) =

𝐶ℎ𝑎𝑙𝑐𝑜𝑛𝑒 𝑐𝑙𝑒𝑎𝑟 𝑧𝑜𝑛𝑒 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 

𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑐𝑙𝑒𝑎𝑟 𝑧𝑜𝑛𝑒 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 (+)
x100%  

          (1) 

 The antibacterial activity that obtained was categorized: strong when the inhibition power is  
70%, adequate when the inhibition power is 50-70%, poor when the inhibition power is <50% (Ikhtiarudin 
et al., 2020).  

  
Results and Discussion 

The bacterial contaminant characterization and identification were evaluated to understand the 
bacteria species that had the ability for contaminating Packed Red Cell. In this study, the bacterial 
contaminant source obtained from PRC sample quality control result in Indonesia Red Cross. The PRC 
sample were tested for bacterial contamination using BACT/ALERT in anaerobic and aerobic condition. 
From the evaluation, two bacterial isolates (PN1 and PN2) were obtained from anaerobic BACT/ALERT 
culture. Both isolates were characterized by their phenotypic characters and the results were presented at 
Table 1.  

 
Table 1. Phenotypic character of bacterial contaminant from PRC 

Phenotypic Character 
Bacterial Isolate 

PN1 
Cell shape Staphylococci 

Gram Positive 
Colony surface Circular 
Colony shape Opaque 
Colony color Yellow pigment 

Motility Non-motile 
Hemolysis Beta-hemolysis 

Spore formation No 
Oxygen consumption Anaerobic facultative 

Catalase test Yes 
Oxidase test No 

Coagulase test Yes 
Mannitol test Yes 
Mannose test No 

Identification result Staphylococcus aureus 
 
In this study, one isolate had successfully isolated from the positive result of BACT/ALERT anaerobic 

culture that showed there was contaminant microbes inside.  The identification result (Table 1) based on 
the phenotypic character showed that the PRC had contaminated by bacteria such as Staphylococcus aureus. 
It can be seen in the table that the phenotypic characters were positive gram bacteria with staphylococci 
cell shape, with the colony morphology circular surface, opaque shape, and yellow pigment color. The cell 
was non-motile, and has the beta-hemolysis type characteristics. It does not formed spore and anaerobic 
facultative for the oxygen consumption. The biochemistry test showed that the isolate has positive results 
for catalase, coagulase, and mannitol test, whereas the oxidase and mannose test has negative results.  

Comparing to the previous study, bacterial contamination also occurred in Packed Red Cells, and 
various species can be contaminant candidate. The bacterial contaminant mostly occurred from the skin 
flora since the unhygienic skin disinfection  such as Staphylococcus hominis, Staphylococcus epidermidis and 
Propionibacterium acnes (Astuti & Maharani, 2014; Hassall et al., 2009; Kusumaningrum & Sepvianti, 2020; 
Tjiptoprajitno et al., 2012). In this study, the identification results showed that Staphylococcus aureus also 
has the susceptibility to contaminate the PRC, although it was not skin flora species. However, the study 
from (Farzad et al., 2016) showed that Staphylococcus aureus as anaerobic positive gram bacteria also 
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occurred as blood product contaminants. Referring to (Depcik-Smith et al., 2001; McDonald, 2006) the 
organisms most frequently isolated from PRC are commensal or skin commensal from blood drawing site 
or from undetected donor bacteremia. (Hassall et al., 2009)also reported that gram positive bacteria are 
isolated soon after the donation, blood bank environment and blood bank technicians.  

The chalcone compound synthesized through the condensation reaction between aldehyde 
(benzaldehyde) and ketone (acetophenone) using NaOH as base catalyst. All the liquid materials were 
dissolved in the methanol solution. The condensation reaction occurred for 24h at room temperature and 
stirred continuously. The reaction also evaluated using thin layer chromatography to study the forming of 
product reaction optimally. After 24 h of mixing, the cold distilled water were added and HCl 2M were 
added drop by drop until the sediment of product was formed. The formed sediment was filtered using the 
filter paper and was dried in the desiccator. The dried product was scaled to measure the yield result of the 
product. The result yield was 83,93% (0,94/1,12 gram). The prediction of chalcone forming reaction 
through the condensation reaction was presented at the Figure 1.  

 

 
Figure 1. Chalcone compound forming reaction 

 
The sediment result was characterized using FTIR and GC-MS. The FTIR analysis result (Figure 2) 

showed that the absorption of stretching vibration of -C-H trans and wavenumber 918,12 cm-1 and 
vibration of -C-H cis at 864,11 cm-1. This absorption was a marker for chalcone forming, since this 
adsorption occurred caused by the double bond from acetophenone and benzaldehyde condensation 
reaction. This reaction released water (H2O) as simple molecule. Hydroxy group of this chalcone occurred 
at 3018,24 cm-1 area, as a marker for chalcone formed by hydroxyl substituted synthesis.  The ketone group 
at the conjugated position with aromatic ring and olefin occurred at wavenumber 1674,21 cm-1. 

 
Figure 2. FTIR Spectra of 4-hydroxychalcone 

 
The compound characterization using GC-MS had results as shown at the Figure 3, Figure 4 and 

Figure 5. In the Figure 3, the GC chromatogram had 1 (one) peak with retention time (tR) 19,30 minute and 
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obtained 100% of relative purity. The MS mass spectrum showed the molecular ion (M+) and it was 
detected 244 equivalent with the molecular weight of chalcone (Figure 4). This result proved that the target 
compound had been formed already. Based on the obtained mass spectrum, the fragmentation pattern 
happened as follow: releasing OH radical and producing fragment m/z 208 as the first phase, in the second 
phase, the C7H7 radical released and produced fragment m/z 121 and in the last phase, CO2 radical released 
and formed fragment m/z 78. This fragment also a base peak (Figure 5).  

 

 
Figure 3. GC chromatogram of 4-hydroxychalcone 

 
Figure 4. Mass spectra of 4-hydroxychalcone 
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Figure 5. Fragmentation pattern of 4-hydroxychalcone 
 
After synthesizing the chalcone compound, then the chalcone were tested its antibacterial activity 

against bacterial isolate from PRC, Staphylococcus epidermidis and Staphylococcus aureus. Exposure the 
chalcone towards each bacterial isolate had been done in the incubator for 24h. After the incubation time 
was over, the antibacterial activity was obtained by measuring clear zone formed by growth inhibition of 
bacteria toward chalcone. The clear zone and the inhibition power data can be seen at Table 1.  

 
Table 1. Inhibition Power of Derivate Chalcone Compound towards Bacterial Isolate from PRC 
 

Derivate Chalcone 

Concentration 

Staphylococcus aureus 

Clear Zone 

(mm) 

Inhibiiton Power 

(%) 

5,0% 15,7 71,36 

2,5% 11,1 50,45 

1,25% 9,8 44,55 

Positive Control 22,0  100,0 

Negative Control  0 0 

 
 Some previous studies proved that the chalcone compound has various pharmacology 
characteristics, including antibacterial activity (Avila et al., 2008).  Chalcone compound has α, β 
unsaturated ketone group, namely ethylene ketone group (-CO-CH=CH-) and has the inhibition activity 
against the bacteria.  In this study, three variations of derivate chalcone concentration are tested toward 
Staphylococcus aureus from PRC. At the concentration 5,0%, the derivate chalcone produces clear zone 
15,7mm with inhibition power 71,36%; at the concentration 2,5% it produces clear zone 11,1mm with 
inhibition power 50,45%; and at concentration 1,25% it produces clear zone 9,8 mm with inhibition power 
44,55% toward Staphylococcus aureus. Compared to (Sepvianti, Wiwit; Kusumaningrum, 2022) at the 
concentration of 5,0% of pure chalcone had 11,2 mm of clear zone and inhibition power 64,0%, thus the 
clear zone and inhibition power produced by pure chalcone lower than in this study. Another concentration 
of pure chalcone in the previous study also produces clear zone and inhibition power lower than this study, 
even in the same concentration. It is proved that the derivate chalcone with hydroxyl group in this study 
showed higher antibacterial activity than pure chalcone. It is suspected that adding the OH group at para 
position number 4 adds the aromatic ring stability and improves the antibacterial activity against positive 
gram bacteria. The derivate chalcone with OH group tends to be able to disrupt the cell wall of positive 
gram bacteria since the peptidoglycan was not surrounded by outer membrane.  
 
Conclusions and Recommendations 

In conclusion, PRC is one of the blood product that has susceptibility to bacterial contamination. The 
bacteria isolate was obtained from the PRC was gram positive bacteria, Staphylococcus aureus based on its 
phenotypic character. The 4-hydroxychalcone had successfully synthesized and has antibacterial activity 
against S. aureus isolated from PRC, with the biggest inhibition power was 71,36% at 5,0% of chalcone 
concentration.  
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