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(Alias et al., n.d.) First of two disease is due to oxidative 

stress. IHD happened mainly due to atherosclerosis and 

untreated IHD may develop into stroke. Reactive 

Oxygen Species (ROS) mainly comes from the 

mitochondrial electron transport chain when produced, 

ATP and the NADPH oxidase during defense against 

bacteria. In normal condition, our body have superoxide 

dismutase and endogenous antioxidant to neutralize free 

radicals. However, when the ROS in body exceed the 

limit, it may cause lipid peroxidation and lead to 

dyslipidemia, protein oxidation lead to enzyme 

inactivation and DNA strand oxidation lead to DNA 

damage. (Golenia & Olejnik, 2025; Li & Yang, 2016) 

 

Throughout this research, fruits of blueberries will be 

used for the phytochemical screening, antioxidant, 

antibacterial activities and FTIR chemical analysis. 

 

Blueberries are the fruits which widely grow in North 

America. It is consumed directly and it is an excellent 

source of Vitamin C, Vitamin K, antioxidant, manganese  

 

and iron. Blueberries are closely related to cranberries 

and bilberries due to they are under the same 

genus.(Britannica Editors, 2025) Blueberry plants have 

simple elliptical leaves that arranged on the dotted stems. 

 

Flowers range in color from white to pale pink. Ideal 

growth environment of blueberries is highly acidic, well 

drained, moist soils and cool climates.(Britannica Editors, 

2025) Its taxonomical classification has shown in Table 

1 and Figures 2 and 3, respectively.(PubChem, n.d.) 

 

Table 1: Taxonomical classification of blueberry 

(PubChem, n.d.). 

Taxanomic Classification 

Kingdom Plantae 

Phylum Magnoliaphyta 

Class Magnoliopsida 

Order Ericales 

Family Ericaceae 

Genus Vaccinium 

 

Blueberries contain a lot of phytochemicals which 

provide various health benefits. The most abundant 

phytochemicals found in blueberries is polyphenols 

which include flavonoids and phenolic compound. 
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INTRODUCTION 

Stepping into 21
st
 century, people now is more care about their health because they understand prevention is better 

than cure. However, they are more prefer taking natural products to obtain the necessary nutrients than taking the 

synthetic or dietary supplement. One of the fruits which have been discussed the most recently is blueberry. 

 

According to statistics from National Institutes of Health, principal cause of death is Ischaemic Heart Disease 

(IHD), stroke and followed by lower respiratory disease. 

https://doi.org/10.5281/zenodo.21991849
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Flavonoids play an important role in anti-inflammatory 

and antioxidant effect. (Ashique et al., 2024)When the 

blueberry in unripe condition, it contain a lot of 

flavonoids due to the protective barrier of the fruits from 

the external environment during the maturity state. Thus, 

it has optimal level of antioxidant and antibacterial during 

unripe state. 

 

 

 

However, the color of blueberries become more purple 

when reach the ripe state. This means that the 

anthocyanin which give color to the blueberries increase 

and provide antioxidant effect. (Amin Salehi et al., 

2023)Besides that, blueberries have the antibacterial 

activity to both gram positive and gram negative 

bacteria. (Zimmer et al., 2014)Thus, blueberries also 

have natural bactericidal activity. Thus, it is important to 

discuss the antioxidant and antibacterial ability in 

blueberries to discover more health benefits in human. 

 

 
Figure 1: Blueberry flowers(Britannica Editors, 2025). 

 

 
Figure 2: Fruits of blueberry (Britannica Editors, 2025). 

 

Phytochemical is secondary metabolites of the plants. 

Question may come to your mind that what is primary 

metabolites and secondary metabolites? It’s no surprise 

that all of the living organisms have their own 

metabolism, same goes to plants which include 

blueberries (Vaccinium spp.). When the plants undergo 

photosynthesis, major of the carbon, nitrogen and energy 

will produce carbohydrates, sugars, amino acids and 

nuclei acid in the plants to allow plants to carry out 

normal function. This is known as primary metabolites. 

Secondary metabolites, also known as phytochemicals, 

which are the assimilation of carbon and energy to form 

organic molecules in the plants which do not cause any 

direct function in the plants. Biosynthesis of secondary 

metabolites usually happen during environmental stress 

or at the specific stages of plants development. (Fais & 

Era, 2024) Phytochemicals are classified into three major 

groups, which are polyphenols, alkaloids and terpenoids. 

(Mendoza et al., 2018) In Figure 3 and Table 2 is 

showing that phenolic compounds and alkaloids are 

biosynthesized from Shikimic acid pathway while 

terpenoids is synthesized from Mevalonic acid pathway. 
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Figure 3: Metabolism of plants. Image adapted from (Mendoza et al., 2018). 

 

The primary phytochemical found in Vaccinium 

spp. is polyphenols.(Ashique et al., 2024; Felgus-

Lavefve et al., 2021) Dietary polyphenols found in 

blueberries consists of flavonoids and phenolic 

compounds. Example of nonflavonoids or phenolic 

compound in Vaccinium spp. is chlorogenic acids 

(Kalt et al., 2020; Stevenson & Scalzo, 2012). 

 

Example of flavonoids is flavones, flavanones, 

flavanols, anthocyanins and chalcones. 
 

Firstly, anthocyanins is a flavonoid which contribute 

60% of phenolic compounds (Kalt et al., 2020) and occur 

predominantly in the outer cell layers of Vaccinium spp. 

and give the colors in the fruits. (Felgus-Lavefve et al., 

2021) Anthocyanins is under the group of glycosides as 

it is made up of aglycone and glycine. Anthocyanidins 

such as pelargonidin (Pg), cyanidin (Cy), delphinidin 

(Dp), peonidin (Pn), petunidin (Pt) and malvidin (Mv) 

are the aglycones of anthocyanins(Ashique et al., 2024). 

 

Glycoses are sugars such as galactose, glucose and 

arabinose (Felgus-Lavefve et al., 2021), they joined with 

the aglycones which use the flavylium ion skeleton by O-

glycosidic bonds. 

 

Next, flavanols are also found abundantly in Vaccinium 

spp. in the form of flavan-3-ols as the hydroxy group is 

normally bound to position 2 of the C rings. Example of 

flavanols which found in blueberries are myricetin, 

quercetin and kaempferol (Wang et al., 2019) and sugar 

like glucose, galactose and robinose can substitute on 

them. Flavanols provide a high antioxidant and high anti-

inflammatory properties. (Ashique et al., 

2024)Furthermore, hydrolysable tannins which is known 

as ellagitannins (Ashique et al., 2024) primarily in the 

form of lambertianin C and sanguine H-6 are found in 

Vaccinium spp.(Bader Ul Ain et al., 2022). This plays an 

important role in reducing systolic blood pressure of 

hypertensive patients(Looi et al., 2022). 

 

Proanthocyanidins (condensed tannins) are also found in 

blueberries in B-type which containing exclusively 

single inter-flavan linkages (Wang et al., 2019) and 

lacking of A-type which help in prevention urinary tract 

infection. However, proanthocyanidins proved to help in 

metabolic health especially in obesity patients.(American 

Physiological Society, n.d.). 

 

Terpenes such as limonene, α-terpinolene and α-terpineol 

also detected in blueberries to provide aroma and 

responsible for its odour due to its volatile 

properties.(Farneti et al., 2017) Alkaloids are not expected 

to present in blueberries as it normally present in only 

medicinal plants. 
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Table 2: Mean content of individual phenolic and 

anthocyanins over 80 blueberry genotypes from the 

Plant & Food Research (PFR) (Stevenson & Scalzo, 

2012). 

Compound Mean content (mg/100 g) 

Total anthocyanin content 199.0 

Total malvidin 79.4 

Mv-Gal / Pn-Glu 39.1 

Chlorogenic acid 36.9 

Mv-Glu / Pn-Ara 28.1 

Dp-Glu / Cy-Gal 27.5 

Dp-Gal 25.6 

Quercetin-glycosides 22.7 

Pet-Gal / Cy-Ara 21.9 

Mv-Ara 19.8 

Pet-Glu 16.6 

Cy-Glu / Dp-Ara 15.8 

Pet-Ara / Pn-Gal 14.8 

Acetylated anthocyanin 11.6 

 

Antioxidant activities of blueberries 

High phenolic content and anthocyanins in blueberries 

contribute to antioxidant activity of blueberries.(Siddiq et 

al., 2018) Anthocyanins able to reduce or prevent the 

formation of superoxide. It able to neutralize the 

superoxide anion by donating the hydrogen atom to it due 

to the weak dissociation energy of O-H group.(Zhou et 

al., 2020) According to (Felgus-Lavefve et al., 2021), 

phenolic components in blueberries play an important 

role in scavenging reactive oxygen species (ROS), 

improving cellular health and enhancing the action of 

antioxidant enzymes such as glutathione peroxidase, 

superoxide dismutase (SOD) and catalase (Superoxide 

dismutase (SOD) and catalase are two essential 

antioxidant enzymes that work together to protect cells 

from oxidative damage. Various research applied the 

DPPH assay to determine the scavenging capacity of 

blueberry extract by measuring its absorbance at 515nm. 

 

Ascorbic acid is used as the positive control. (Gonçalves 

et al., 2023) DPPH is a stable free radical thus it is 

suitable for the assay to measure antioxidant of 

blueberry. If the sample contain antioxidant, it will donate 

hydrogen to DPPH to neutralize it, and color will change 

from purple to yellow. Thus, the greater the antioxidant 

present, the greater the changes in color, the lower the 

absorbance at 515nm. According to DPPH• assay 

performed in(Gonçalves et al., 2023), the blueberries 

showed IC50 scores of 30.87 ± 0.67 µg/mL of dw which 

is 4.3 times less effective than ascorbic acid control. 

 

Besides DPPH, methods that are widely used to 

determine the antioxidant activity of blueberries included 

(Fluorescence Recovery After Photobleaching (FRAP) is 

a microscopy technique used to study molecular mobility 

and binding kinetics within living cells. FRAP analysis 

and ABTS (An ABTS assay measures the total 

antioxidant capacity of a substance) +(Fuentes et al., 

2019; Tobar-Bolaños et al., 2021). FRAP analysis 

involved the reduction of Fe
3+

-TPTZ complex to a blue- 

colored Fe (II) TPTZ by antioxidant in the extract due to 

the donation of electron and the absorbance measured at 

595nm. Trolox which is a Vitamin E analogue was used 

as a positive control.(Dróżdż et al., 2017) The total 

antioxidant capacity values for blueberries for FRAP 

were found to be between 454.93-3632.96 μ/mol 

Trolox 100 g(Okan et al., 2018) 

 

ABTS method is based on the deactivation radical cation 

ABTS•+ by the donation of electron or hydrogen from 

blueberry extract and the absorbance measured at 

734nm.(Huang et al., 2012; Rodrigues et al., 2011)The 

total antioxidant activity of the blueberry, in fresh 

weight, was expressed in µMol.100 g-1 of TEAC 

(Trolox-equivalent antioxidant capacity). The total 

antioxidant activity for blueberries for ABTS were found 

to be between 1238.48 to 2445.96 µmol TEAC.100g
-
 

1
FW. (Rodrigues et al., 2011) In ABTS assays, 

blueberries are well-documented as highly potent sources 

of antioxidants. Trolox-equivalent antioxidant capacity 

(TEAC) values for blueberries generally range from 

~8.11 to 38.29 μM Trolox/g fresh weight, or roughly 

14.98 mmol Trolox/100 g dry weight in comparative 

studies. 

 

(Trolox equivalents per 100 g dry weight is the standard 

unit used to measure total antioxidant capacity (TAC) in 

foods, plants, and biological samples. It indicates how 

well a sample scavenges free radicals, typically utilizing 

assays like ABTS, DPPH, or FRAP. Trolox equivalents 

per 100 g dry weight is the standard unit used to measure 

total antioxidant capacity (TAC) in foods, plants, and 

biological samples. It indicates how well a sample 

scavenges free radicals, typically utilizing assays like 

ABTS, DPPH, or FRAP. 

 

Thus, all of the tests that were carried out proved the 

antioxidant ability of blueberries. Most of the chronic 

illness caused by oxidative stress and the formation of 

ROS will be accelerated by the environmental factor and 

lifestyle habits. This will further cause protein, nuclei 

acid and cellular oxidation and lead to increase in the 

pro-inflammatory marker which maintain oxidative and 

inflammatory stress. Consequences of the cellular 

oxidation may cause various cardiovascular disease, 

cancer or neurodegenerative disease(Leyane et al., 2022). 

 

Although there is antioxidant enzymes present in our 

body, however it unable to suppress the formation of 

ROS by only itself(Ashique et al., 2024). Thus, 

antioxidant in blueberries do wonders in scavenging the 

ROS as described in Figure 4. 
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Figure 4: The concise overview of the cellular regulatory mechanisms hypothesized for blueberry extracts in 

relation to their effects on inflammatory and oxidative stress pathways.  

 

The investigation primarily focuses on cell-based 

models to elucidate these processes. Image adapted 

from (Ashique et al., 2024). 

High anthocyanin content in blueberries able to prevent 

cardiovascular disease such as hypertension, myocardial 

infarction and coronary artery disease. (Kalt et al., 2020) 

Besides that, it also proved that anthocyanin able to 

lower 3-9% of body fat and decrease the risk factor of 

obesity to cause hypertension. Furthermore, blueberry 

extract able to increase the insulin sensitivity and help in 

the prevention of T2DM.(Ashique et al., 2024) 

Moreover, ageing occur due to increase concentration of 

ROS which cause mitochondrial dysfunction and slow 

down the cellular function and regeneration (Leyane et 

al., 2022). Thus, daily intake of blueberries able to 

reduce the formation of ROS and slow down ageing. 

 

Antioxidants in blueberries able to prevent and reduce 

the risk of neurodegenerative disease such as 

Alzheimer’s disease and Parkinson disease (Leyane et 

al., 2022). 

 

Antibacterial activities of blueberries 

Secondary metabolites found in blueberries such as 

phenolic compound and flavonoids has discovered that 

exhibit antibacterial effect. Studies show that blueberry is 

used as traditional medicine to inhibit the growth of 

pathogenic microorganisms. (Borozan et al., 2025) 

Phenolic compounds exhibit antibacterial activity 

through mechanisms such as cell membrane disruption, 

enzyme inhibition, induction of oxidative stress and 

inhibition of quorum sensing and biofilm formation. 

 

Phenolic compound increase membrane permeability by 

interacting with lipid bilayer and cause intracellular 

components to flow out due to cell lysis. Phenolic 

compounds also can form hydrogen bond with the 

enzyme and disrupt the bacterial enzyme function. 

(Dembińska et al., 2025; Kauffmann & Castro, 2023). 

 

Tube dilution test is used to determine minimum 

inhibitory concentration (MIC) of blueberry extract 

while agar diffusion is used to determine minimum 

bactericidal concentration (MBC) of blueberry extract. 

 

The result showed that unripe blueberries have higher 

antibacterial activities as the MIC is 3.5-3.8 mg/mL and 

MBC is 5.6-5.7 mg/mL. The bacteria used in this 

experiment is a foodborne pathogen, Salmonella 

typhimurium.(Amin Salehi et al., 2023) Semi-ripe and 

ripe fruit also show antibacterial activities but with 

higher MIC and MBC. This is because unripe state has 

higher concentration of phenolic components and 

flavonoids to protect the fruits from microbial attack. 
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When using the Bacterial Killing Time Measurement 

assay with the extract-free sample and chloramphenicol 

sample, microplate well with blueberry extract do not 

show any bacteria survival after 24 hours like 

chloramphenicol proved the antibacterial activities of 

blueberries.(Amin Salehi et al., 2023) Result is shown in 

Figure 5. 

 

 
Figure 5: Time-killing curves of blueberry fruit extract (unripe fruit, semi-ripe fruit, and fully ripe fruit) against 

Salmonella typhimurium. (Amin Salehi et al., 2023) 

 

Agar well diffusion method is also used to measure 

antibacterial activity. Antimicrobial activity was 

determined by measured the diameter of clear zone around 

the well which is the inhibition zone where bacterial 

growth is inhibited. 

 

Experiment is conducted in triplicate with the positive 

control using antibiotic and distilled water as negative 

control.(A. Satashia & Pandya, 2025) 

 

According to (Silva et al., 2023), blueberry extract at 

1000 μg/mL
−1

, was capable of effectively inhibiting the 

growth of Escherichia coli, Bacillus cereus, Listeria 

monocytogenes and Salmonella enteritidis. Biofilm is a 

community of bacterial enclosed in an extracellular 

polymeric substance matrix.(Donlan, 2002) Biofilm 

which made of Staphylococcus epidermidis hard to 

eradicate and cause recurrent nosocomial infection due to 

the antimicrobial resistance and resistance to the immune 

defense (Silva et al., 2016; Zimmer et al., 2014). 

 

Chlorogenic acid in the blueberry extract is found to be 

able to prevent biofilm formation caused by 

Staphylococcus epidermidis. Thus, blueberry extract has 

antibacterial effects towards gram positive and gram-

negative bacteria. As Bacillus cereus, Salmonella 

enteritidis and Salmonella typhimurium is gram positive 

bacteria while Escherichia coli, Listeria monocytogenes 

and Staphylococcus epidermidis is gram negative 

bacteria. 

 

Fourier Transform Infrared spectroscopy (FTIR) 

spectroscopy 

FTIR is an absorption spectroscopy using the infrared 

ray radiation (Schuttlefield & Grassian, 2008). It 

involved molecular vibration to produce a spectrum. IR 

spectrum is a plot of percentage transmittance and wave 

number. Wave number is directly proportional to the 

energy and frequency. This method has been frequently 

used to determine functional group of a compound and 

bonding between the atoms. Molecule will undergo 

stretching vibration which involved changes in bond 

length and bending vibration which involved changes in 

bond angle. IR spectrum is separated into three regions 

which is functional group region (4000-1300cm
-1

), 

fingerprint region (1300-910cm
-1

) and aromatic region 

(910-400cm
-1

). ATR technique will be used in this FTIR 

due to it measure the absorption of light by the sample 

which placed on the high refractive index diamond and 

formation of evanescent wave. (Pasieczna-Patkowska et 

al., 2025). 

 

Table 3: Wave number range of key functional group (Al-Kelani & Buthelezi, 2024; Pasieczna-Patkowska et al., 

2025). 

Functional Group Stretching Vibration (cm⁻¹) Bending Vibration (cm⁻¹) 

O–H (Hydroxyl) 3200-3550 1300-1400 

N–H (Amines) 3300-3500 1600-1650 

C–H (Alkanes) 2850-3000 1450-1480 

C=O (Carbonyl) 1725-1740 1680-1690 
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C=C (Alkenes) 1600-1680 1450-1600 

C≡C (Alkynes) 2100-2260 - 

C–N (Amines) 1030-1250 - 

C–O (Alcohols) 1000-1300 - 

S–H (Thiols) 2550-2600 - 

C–S (Thioethers) 600-700 - 

Si–H (Silane) 2100-2300 - 

N=O (Nitro) 1530-1550 1300-1375 

Aromatic Rings 1400-1600 675-900 

Phosphate (P=O) 1200-1300 900-1100 

 

Application of FTIR in chemical analysis of 

blueberries 

According to the (Gazola et al., 2022), absorption of O-H 

group is more obvious when the blueberry is extracted via 

hydrophilic solvent such as ethanol compared to lipophilic 

solvent. This is due to the secondary metabolites in the 

blueberry such as phenolic compounds and alcohol 

group.(Aziz et al., 2025) Besides that, N-H(primary 

amine), C=C binding stretch, C−H (alkanes), C=O, CH2, 

C−O and C−X (alkyl halides) are also present. FTIR give 

a clear chemical and molecular structure analysis of 

blueberry. FTIR proved the presence of phenols, 

flavonoids, alkaloids, terpenoids, polysaccharides, 

aromatic compounds, ethers, esters, carboxylic acids, 

fatty acids, and more also include halogenated 

compounds, aromatic compounds, unsaturated alkenes, 

ethers, esters, carboxylic acids, phenols, primary amines 

and secondary amines based on Figure 6. and Table 

4.(Aziz et al., 2025) 

 

 
Figure 6: FTIR spectrum of blueberry extract(Aziz et al., 2025). 

 

Table 4: FTIR analysis of blueberry formulation(Aziz et al., 2025) 

IR Spectra 

(cm
-1

) 
Intensity 

Possible Functional 

Group 
Compound Class Phytochemicals 

612.44 93.3 C-Cl Stretching Halo compounds 
Halogenated compounds or aromatic 

skeletal vibrations 

633.25 94.6 C-Cl Stretching Halo compounds 
Halogenated compounds or aromatic 

skeletal vibrations 

702.68 95.5 C-H bending Alkane group 

Alkane groups or aromatic structures 

confirming presence of compound with 

benzene rings 

757.44 95.6 
C-H bending 

(aromatic) 
Chloride 

Aromatic compounds, confirms 

aromatic ring system 

855.25 96.1 
C-H bending 

(aromatic) 
Alkenes 

Presence of aromatic compounds like 

flavonoids or phenols 

929.55 95.2 C=C bending Alkenes 
Presence of Unsaturated compounds or 

specific alkenes groups 

990.91 90.3 C=C bending Alkenes 
Presence of Unsaturated compounds or 

specific alkenes groups 
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1076.32 94.75 C-O stretching Esters 

Secondary alcohols or esters indicates 

glycosidic linkage. or secondary alcohol 

presence 

1147.29 96.2 C-O stretching 
Ether, esters or 

carboxylic acids 

Suggests carbohydrate, glycosides or 

ester compounds 

1339.05 97.4 O-H bending Phenolic groups Indicates presence of phenolic groups 

1455.09 97.8 C-C stretching 
Aromatic or 

alkene 

Aromatic compounds, or unsaturated 

hydrocarbons, likely phenolic or 

flavonoids derivatives 

2916.93 97.5 
Methylene C-H 

stretch 

Alkyl group, 

alkanes 

Presence of aliphatic hydrocarbons 

likely from fatty acids or long chain 

organic molecules 

3222.46 96.75 
N-H (or) O-H 

stretching 
Hydroxyl group 

Suggest Presence of Primary or 

Secondary amines or hydrogen bonded 

hydroxyl group in alcohol or phenols 

3276.09 96.55 
N-H (or) O-H 

stretching 
Hydroxyl group 

Suggest Presence of Primary or 

Secondary amines or hydrogen bonded 

hydroxyl group in alcohol or phenols 

3543.98 98.6 O-H stretching Hydroxyl group 
Presence of phenols (or) water 

molecules involved in H-bonding 

3741.85 98.8 O-H stretching 
Free Hydroxyl 

group 

Indicates presence of free hydroxyl 

groups, possibly from alcohols (or) 

phenols not involved in H-bonding. 

 

METHODOLOGY 

Fruit material preparation 

750g blueberries were purchased from the hypermarket 

along with my research supervisor and the selection 

criteria for the samples will include uniformity in size, 

ripeness and absence of visible damage or defects. 

Blueberries were washed with the distilled water to 

remove the dirt and contaminants, then dried with paper 

towels at room temperature. This is to ensure that the 

extraction which is carried out later will produce impurity-

free extract and thus more accurate results will be 

obtained as shown in Figures 7,8. 

 

 
Figure 7: Washing blueberries with distilled water. 

 

 
Figure 8: Crushing blueberries with mortar and pestle. 
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Requirements 

Extraction process and phytochemical screening 

Chemicals 

1. Ethanol, 95% (John Kollin Corporation, USA) 

2. Distilled water freshly prepared in the laboratory 

3. Sulphuric acid (95-99%) (EMD M.C. Germany) 

4. Hydrochloric acid (37%) (Friendemann Schmidt 

Chemical) 

5. Sodium hydroxide (Friendemann Schmidt Chemical) 

6. Chloroform (EMD M.C Germany) 

7. Ammonia (HmBG Chemicals) 

8. 10% Lead acetate solution 

9. Ferric chloride (EMD M.C. Germany) 

10. Fehling’s A and Fehling’s B reagent (R&M 

Chemicals, UK) 

11. Dragendorff’s reagent (R&M Chemicals, UK) 

12. Molisch’s reagent (R&M Chemicals, UK) 

 

Equipment 

1. Digital analytical weighing balance 

2. Rotary evaporator 

3. General purpose water bath 

4. Water bath sonicator 

5. Vortex mixer 

6. Hot plate 

 

Glassware and Apparatus 

1. Blueberries 

 

Antioxidant activities determination 

Chemicals 

1. Ethanol, 95% (John Kollin Corporation) 

2. 2,2-diphenyl-1-picrylhydrazyl (DPPH) reagent 

(Sisco Research Laboratories Pvt. Ltd India) 

3. Ascorbic acid powder (HmbG Chemicals C1416) 

4. Distilled water freshly prepared in the laboratory 

 

Equipment 

1. Digital analytical weighing balance 

2. Vortex mixer 

3. UV-Visible spectrophotometer 

 

Glassware and Apparatus Materials 

1. Blueberry extract 

 

Antibacterial activities determination 

Chemicals 

1. Nutrient agar (HiMedia M001- 500G) 

2. Nutrient broth (HiMedia M002-500G) 

3. Mueller Hinton broth (HiMedia M391-500G) 

4. Mueller Hinton agar (HiMedia M173-500G) 

5. Distilled water freshly prepared in the laboratory 

6. 70% ethanol 

 

Equipment 

1. Digital analytical weighing balance 

2. Autoclave machine 

3. Incubator 

4. Hot air oven 

5. Laminar airflow cabinet 

Glassware and Apparatus 

Bacterial strains 

1. Bacillus subtilis (ATCC 6633) 

2. Escherichia coli (ATCC 8739) 

 

Fourier Transform Infrared (FTIR) spectroscopy 

analysis 

Chemicals 

1. 70% ethanol 

2. Isopropyl alcohol (IPA) 

 

Equipment 

1. Fourier Transform Infrared Spectroscopy 

2. Computer with FTIR software 

 

Glassware and Apparatus Materials 

1. Blueberry extract 

 

Extraction of blueberry juices 

Maceration 

The extraction of blueberry juices were carried out 

through the maceration process with the whole blueberry 

fruit. A 2L round bottom flask was prepared and washed 

by acetone. 1.5L of 95% ethanol (Liu et al., 2021) was 

prepared and poured carefully into the round bottom 

flask. The crushed fruits of blueberries were inserted into 

the 2L round bottom flask to immerse themselves in the 

95% ethanol. The mixture was shaken one time per day 

to ensure the mixture mixed thoroughly during the 

process. The shaking process was carried out for around 

fifteen minutes. The duration needed for maceration 

process was seven days. After seven days, the solution 

was poured out from the 2L round bottom flask and the 

residues were removed from the flask. The residues was 

put on the surface of clean muslin cloth and the solution 

remaining the residues were squished out by 

compressing the muslin cloth. The solution was collected 

in IL beaker. 

 

Filtration was then carried out to remove any solid 

residue and impurities by setting up the filter funnel and 

tripod stand. 

 

The filtrate was then covered by aluminum foil and few 

holes made on the surface of it. The beakers were kept in 

dark place with normal room temperature.(Abubakar & 

Haque, 2020) as shown in Figure 9. 

 

Evaporation 

After the extract obtained from the extraction process, 

the extract was evaporated by using rotary evaporator to 

remove solvent. The temperature of rotatory evaporator 

was set to 60°C, below the boiling point of 95% ethanol 

to avoid overheating. When there were no further 

changes observed, the extract was removed and 

transferred into China dish. 

 

The China dish was heated by placing on water bath at 

68°C for further evaporating. After few days, the extract 

became concentrated and removed from the water 
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bath.(Krakowska-Sieprawska et al., 2022) The China 

dish was covered with the aluminum foil with few holes 

on the surface. The extract was kept in the refrigerator to 

protect the extract from contamination.(Abubakar & 

Haque, 2020; Gazola et al., 2022) 

 

 
Figure 9: Evaporation of solvent using rotatory 

evaporator. 

 

Phytochemical screening 

The following phytochemical test were carried out after 

the extraction according to (Dubale et al., 2023; Evans & 

Trease, 1989; Shaikh & Patil, 2020): 

 

 Test for alkaloids 

Dragendoff’s test: 1.0 ml of the blueberry extract was 

warmed with 2.0 ml of 2.0% sulphuric acid for 2 

minutes. Few drops of Dragendoff's reagent was added. 

The orange red precipitate observed shows the presence 

of alkaloids. 

 

 Test for reducing sugars 

Benedict’s test: 1.0 ml of blueberry extract was added 

with few drops of Benedict’s reagent. The solution was 

boiled for 2 minutes. Presence of green color indicate the 

reducing sugars. 

 

 Test for saponins 

Foam test: 1 ml of the blueberry extract was shaken 

together with 5ml of sodium bicarbonate solution 

vigorously. Persistent froth or foam indicate the presence 

of saponins. 

 

 Test for terpenoids 

Salkowski’s test: 1.0 ml of blueberry extract was mixed 

with 2.0 ml chloroform (CHCl3) and 3.0 ml concentrated 

sulfuric acid (H2SO4) was carefully added. A layer 

formed and reddish brown coloration present at the 

interface indicate the presence of terpenoids. 

 

 Test for anthraquinones 

Borntrager’s test: 1.0 ml of blueberry extract was 

boiled with 2.0 ml of 10.0% hydrochloric acid (HCI) 

solution for few minutes in a water bath. The test tube 

allowed it to cool. Equal volume of chloroform (CHCl3) 

was poured into the test tube. A few drops of 10.0% 

ammonia, were added to mixture and heated. A rose pink 

color observed showed the presence of anthraquinones. 

 

 Test for glycosides 

10% NaOH test: 1.0 ml of blueberry extract was 

hydrolyzed by 1.0 ml of 10.0% hydrochloric acid (HCI) 

solution and neutralized with 1.0 ml of 0.2 M sodium 

hydroxide (NaOH) solution. After that, few drops in 

Fehling's solution A and B was added. The present of red 

precipitate shows the glycosides. 

 

 Test for phenolic compounds and tannins 

Iodine test: 1.0 ml of blueberry extract was added few 

drops of dilute iodine solution. A transient red solution 

shows the presence of phenolic compounds and tannins. 

 

 Test for flavonoids 

Alkaline reagent test: 1.0 ml of blueberry extract was 

dissolved in 1.0 ml of diluted 0.2 M sodium hydroxide 

(NaOH) and 1.0 ml of 10% hydrochloride acid (HCl) 

solution were added. Yellow solution observed indicated 

the presence of flavonoids. 

 

 Test for protein and amino acids 

Millon’s test: 2ml of blueberry extract was added with 

few drops of Millon’s reagent. Formation of a white 

precipitate indicates the presence of proteins. 

 

 Test for carbohydrates 

Molisch’s test: 0.2 ml of Molisch's reagent was added to 

1.0 ml of blueberry extract in a small test tube. After 

mixing, the test tube was titled. 0.5 ml of concentrated 

sulfuric acid (H₂SO₂) was carefully added without 

stirring by pouring down the side of the test tube. A red 

violet ring observed at the interface between the bottom 

and upper laver showed the presence of carbohydrates. 

 

 Test for anthocyanins 

HCl test: 2ml of blueberry extract was mixed with 2ml 

2N HCl. Pink red solution which turned blue violet after 

addition of few ml of ammonia indicate the presence of 

anthocyanins. 

 

Antioxidant activity determination 

DPPH Radical Scavenging Assay 

Antioxidant activity determination was carried out using 

DPPH radical scavenging assay which was introduced by 

Marsden Blois in 1958. This method is known as the 

most simple, rapid and inexpensive method to determine 

antioxidant capacity as no sophisticated equipment is 

required. (Gulcin & Alwasel, 2023a; Kedare & Singh, 

2011; Munteanu & Apetrei, 2021) 
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Preparation of Sample 

1. 1g of extract was dissolved in 100ml 95% ethanol to 

prepare 10mg/ml stock solution. 

2. Six different concentrations of extracts were 

prepared at 100, 200, 400, 600, 800 and 1000 µg/ml 

using serial dilution method. 

3. From the stock solution, 1, 0.8, 0.6, 0.4, 0.2, 0.1 ml 

were pipetted into 6 different 10ml volumetric flasks 

labelled accordingly. The volume was then made up 

to 10 ml using 95% ethanol. 

4. To prepare 1000 µg/ml concentration, 1 ml was 

taken directly from the stock solution and diluted 

with 9 ml of ethanol. 

5. To prepare 800 µg/ml concentration, 0.8 ml was 

taken from the stock solution and diluted with 9.2 ml 

of 95% ethanol. 

6. To prepare 600 µg/ml concentration, 0.6 ml was 

taken from the stock solution and diluted with 9.4 ml 

of 95% ethanol. 

7. To prepare 400 µg/ml concentration, 0.4 ml was 

taken from the stock solution and diluted with 9.6 ml 

of 95% ethanol. 

8. To prepare 200 µg/ml concentration, 0.2 ml was 

taken from the stock solution and diluted with 9.8 ml 

of 95% ethanol. 

9. To prepare 100 µg/ml concentration, 0.1 ml was 

taken from the stock solution and diluted with 9.9 ml 

of 95% ethanol. 

10. The final volume of each dilution was 10ml. 

 

Preparation of Standard 

The procedures of preparation of standard solutions was 

same as the preparation of sample. However, the extract 

was changed to the ascorbic acid. The stock solution 

should be made at 100 µg/ml by dissolving 10mg of 

ascorbic acid at 100ml ethanol. Six different 

concentrations of extracts were prepared at 1, 2, 4, 6, 8 

and 10 µg/ml using serial dilution method. From the 

stock solution, 1, 0.8, 0.6, 0.4, 0.2, 0.1 ml were pipetted 

into 6 different 10ml volumetric flasks labelled 

accordingly. The volume was then made up to 10 ml 

using 95% ethanol. 

 

DPPH assay procedure 

1. 11.83mg DPPH was weighed and dissolved in 100ml 

95% ethanol to produce 0.3mM DPPH solution. 

2. 6 different test tubes were labelled for the six 

concentrations of blueberry extract. 

3. 2.5ml of each concentration was added into 

respective test tube. 

4. 1ml of 0.3mM DPPH solution was added into each 

test tube. 

5. The test tubes were covered with aluminum foil and 

incubated in dark cupboard for 30 minutes. 

6. Same procedure was carried out for ascorbic acid 

concentrations. 

7. Control was prepared by mixing 2ml 95% ethanol 

and 1ml of 0.3mM DPPH solution. 

8. Blank was prepared by using 3ml 95% ethanol. 

9. Approximate amount of each mixture was then 

transferred into a cuvette, and the absorbance 

was measured at 517 nm using a spectrophotometer. 

10. The absorbance for both blueberry extract and 

ascorbic acid solutions were tabulated, and 

calibration curves were constructed. 

 

The antioxidant activity of the ascorbic acid and 

blueberry extract was determined using this 

formula.(Nesrine Benkhaira, 2021) 

 

% DPPH radical scavenging activity = (A0 - A1) / A0 x 

100 

 

Where A0 = absorbance of the blank solution and A1 = 

absorbance of the standard/sample 

 

Graph of percentage of % scavenging activity against 

concentration (µg/ml) were plotted for both ascorbic acid 

and blueberry extract to determine IC50. A lower IC50 

value means stronger antioxidant activity. 

 

Antibacterial activities determination 

The broth microdilution method was applied to 

determine the minimum inhibitory concentration (MIC) 

and minimum bactericidal concentration (MBC) for the 

blueberry extracts. The sterile distilled water was 

inoculated with the bacteria culture until the turbidity 

was standardized to the 0.5 McFarland standards. The 

concentration that inhibits visible bacterial growth is 

assessed as MIC. The lowest concentration at which 

99.9% of the inoculum is killed is assessed as MBC. The 

experiment is carried out in triplicate for all the sample 

(Balouiri et al., 2016). This is laid down in Figures 

10,11. 

 

 
Figure 10: Subculture mother plate of Bacillus subtilis. 
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Figure 11: Subculture mother plate of Escherichia 

coli. 

 

Minimum Inhibitory Concentration (MIC) 

1. 0.5 g of the dried blueberry extract was dissolved in 

5 ml of distilled water to obtain a concentration of 

100 mg/ml. 

2. Six different concentrations of extract were prepared 

at 100, 80, 60, 40, 20 and 10 mg/ml using serial 

dilution. 

3. To obtain 100 mg/ml concentration, 1 ml of the 

extract solution was transferred into a clean 

autoclaved test tube containing 1 ml of MHB and 

added with 0.1 ml of the standard McFarland culture 

(Bacillus subtilis). 

4. To obtain the 80 mg/ml concentration, 0.8 ml of the 

extract solution was transferred into a clean 

autoclaved test tube containing 1 ml of MHB and 

diluted with 0.2 ml of distilled water. 0.1 ml of the 

standard McFarland culture (Bacillus subtilis) was 

then added. 

5. To obtain 60 mg/ml concentration, 0.6 ml of the 

extract solution was transferred into a clean 

autoclaved test tube containing 1 ml of MHB and 

diluted with 0.4 ml of distilled water. 0.1 ml of the 

standard McFarland culture (Bacillus subtilis) was 

then added. 

6. To obtain the 40 mg/ml concentration, 0.4 ml of the 

extract solution was transferred into a clean 

autoclaved test tube containing 1 ml of MHB and 

diluted with 0.6 ml of distilled water. 0.1 ml of the 

standard McFarland culture (Bacillus subtilis) was 

then added. 

7. To obtain the 20 mg/ml concentration, 0.2 ml of the 

extract solution was transferred into a clean 

autoclaved test tube containing 1 ml of MHB and 

diluted with 0.8 ml of distilled water. 0.1 ml of the 

standard McFarland culture (Bacillus subtilis) was 

then added. 

8. To obtain the 10 mg/ml concentration, 0.1 ml of the 

extract solution was transferred into a clean 

autoclaved test tube containing 1 ml of MHB and 

diluted with 0.9 ml of distilled water. 0.1 ml of the 

standard McFarland culture (Bacillus subtilis) was 

then added. 

9. The entire process was repeated for Escherichia coli, 

however higher concentration stock solution with 

1g/ml was made by dissolving 5g of dried blueberry 

extract into 5ml of distilled water. Six different 

concentrations of extract were prepared at 1000, 

800, 600, 400, 200 and 100 mg/ml using the serial 

dilution. 

10. Positive tube was prepared by adding 1ml of 

McFarland culture and 0.1ml of Ciprofloxacin into 

1ml MHB. 

11. Negative tube was prepared by adding 1ml of 

McFarland culture into 1ml of MHB. 

12. The tubes were then incubated at 37°C for 24 hours. 

13. The MIC activity was evaluated by observing the 

turbidity of the tubes after incubation. 

14. The tube that does not show any visible turbidity 

indicates the MIC. 

 

Minimum Bactericidal Concentration (MBC) 

1. The tubes which did not show any visible turbidity 

from the MIC test were taken and proceeded with 

the MBC determination. 

2. One loop was taken from the tube, and streaking was 

performed onto MHA plate. 

3. The plates were then incubated at 37°C for 24 hours. 

4. The MBC activity was evaluated by observing 

the presence of bacterial growth on the agar after 

incubation. The plate that does not have presence of 

bacterial growth indicates the MBC. 

 

Fourier Transform Infrared (FTIR) spectroscopy 

analysis 

Fourier Transform Infrared (FTIR) spectroscopy was 

conducted to identify the functional groups present in the 

blueberry extract and provide qualitative evidence of its 

phytochemical compounds. Blueberry extract was 

analyzed by Attenuated Total Reflectance-Fourier 

Transform Infrared (ATR-FTIR). To ensure 

measurement accuracy, the crystal surface was 

thoroughly cleaned with isopropyl alcohol (IPA), 

followed by 70% ethanol using lint-free wipes before 

starting sample analysis. Then one drop of the extract 

was directly deposited onto the ATR crystal using a 

spatula. 

 

Spectral data was acquired across the range of 4000-400 

cm⁻¹ with a spectral resolution of 4 cm⁻¹. The recorded 

spectra was analyzed by comparing the peaks to 

reference spectra to identify specific phytochemicals. 

(Schuttlefield & Grassian, 2008) as shown in Figure 12. 
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Figure 12: Placing a drop of extract on ATR crystal. 

 

RESULTS 

Phytochemical screening 

Table 5: Results of phytochemical present in fresh blueberry extract prepared by maceration. 

S. No Test Name of test Observation Result 

1. Test for alkaloids 
Dragendoff’s 

test 
Absence of orange red precipitate - 

2. Test for reducing sugars Benedict’s test Presence of green color + 

3. Test for saponins Foam test Absence of persistent froth or foam - 

4. Test for terpenoids Salkowski’s test 
Presence of reddish- brown coloration at 

the interface 
+ 

5. Test for anthraquinones Borntrager’s test Presence of rose pink color + 

6. Test for glycosides 10% NaOH test Presence of red precipitate + 

7. 
Test for phenolic 

compounds and tannins 
Iodine test Presence of transient red solution + 

8. Test for flavonoids 
Alkaline reagent 

test 
Presence of yellow solution + 

9. 
Test for protein and 

amino acids 
Millon’s test Absence of white precipitate - 

10. Test for carbohydrates Molisch’s test 

Presence of red violet ring observed at 

the interface between the bottom and 

upper layer 

+ 

11. Test for anthocyanins HCl test 
Pink, red solution which turned blue-

violet after addition of ammonia 
+ 

     

+ : Present - : Absent 

 

Results of phytochemical present in fresh blueberry 

extract prepared by maceration are shown in Table 5. 

Antioxidant activity determination DPPH radical 

scavenging assay 

The following results show the absorbance and 

corresponding percentage scavenging activity of ascorbic 

acid standard solution and ethanolic maceration extract 

of fresh blueberries. The results are shown in Tables 6,7 

and in Graphs 1 and 2. 

 

Table 6: Absorbance and corresponding scavenging activity (%) of ascorbic acid. 

Concentration (µg/ml) of 

ascorbic acid standard solution 
UV Absorbance 

Scavenging activity (%) (A0 - 

A1) / A0 x 100 

Control (A0) 0.526 - 

1 0.288 45.25 

2 0.245 53.42 

4 0.109 79.28 

6 0.027 94.87 

8 0.023 95.63 

10 0.020 96.20 
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Table 7: Absorbance and corresponding scavenging activity (%) of fresh blueberries. 

Concentration (µg/ml) of ethanolic 

maceration extract of fresh blueberries 
UV Absorbance 

Scavenging activity (%) 

(A0 - A1) / A0 x 100 

Control 0.624  

100 0.579 7.21 

200 0.433 30.61 

400 0.361 42.15 

600 0.235 62.34 

800 0.102 83.65 

1000 0.098 84.29 

 

 
Graph 1: Graph of percentage scavenging activity of ascorbic acid against concentration. 

 

 
Graph 2: Graph of percentage scavenging activity of ethanolic maceration extract of fresh blueberries against 

concentration.
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Calculation of concentration needed to reduce 

absorbance by 50% (IC50) 

Ascorbic acid IC50 = 0.59 µg/ml Y = mx + c 

50 = 5.9964x + 46.46 

5.9964x = 50-46.46 

5.9964x =3.54 x= 3.54/5.9964 

x=0.59 µg/ml 

 

Blueberry extract IC50 = 496.77 µg/ml 

Y = mx + c 

50 = 0.0855x + 7.526 

0.0855x = 50-7.526 

0.0855x =42.474 x= 42.474/0.0855 

x=496.77 µg/ml 

 

Antibacterial activity determination Minimum 

inhibitory concentration (MIC) 

MIC of Bacillus subtilis was observed to be 80 mg/ml 

due to less turbid compared to the previous test tubes. 

 

MIC of Escherichia coli was observed to be 200 mg/ml 

due to less turbid compared to the previous test tubes. 

 

Minimum bactericidal concentration (MBC) 

After MIC incubation, tubes with extract concentration 

of 60mg/ml, 80mg/ml and 100mg/ml concentration for 

Bacillus subtilis were further tested for its minimum 

bactericidal concentration (MBC). MBC of Bacillus 

subtilis approximately happened at 100mg/ml. 

 

 
Figure 14: Result of MBC test for Bacillus subtilis. 

 

After MIC incubation, tubes with extract concentration 

of 200mg/ml, 400mg/ml, 600mg/ml, 800mg/ml and 

1000mg/ml concentration for Escherichia coli were 

further tested for its minimum bactericidal concentration 

(MBC). MBC of Escherichia coli approximately 

happened at 400mg/ml. 

 

 
Figure 15: Result of MBC test for Escherichia coli. 
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Fourier Transform Infrared (FTIR) spectroscopy analysis 

 

 
Figure 16: FTIR spectrum of fresh blueberries ethanolic extract. 

 

Table 8: FTIR spectral peak values and functional groups of fresh blueberries extract. 

IR spectra 

(cm
-1

) 

Possible Functional 

Group 
Compound Class Phytochemicals 

3288.53 O-H stretching Hydroxyl group 
Presence of phenols, flavonoids, anthocyanins or 

water molecules involved in H-bonding 

2930.39 
Methylene C-H 

stretch 
Alkyl group, alkanes 

Presence of aliphatic hydrocarbons likely from 

carbohydrates, fatty acids or long chain organic 

molecules 

1633.49 C=O stretching Carbonyl group 
Organic acids (citric acid, malic acid), esters, 

flavonoids, anthocyanins, pectin 

1410.35 C-C stretching Aromatic or alkene 

Aromatic compounds, or unsaturated hydrocarbons, 

likely phenolic or flavonoids 

derivatives 

1344.46 O-H bending Phenolic groups Indicates presence of phenolic groups 

1248.37 C-O stretching 
Ether, esters or 

carboxylic acids 

Suggests carbohydrate, glycosides or ester 

compounds 

1048.88 C-O stretching 
Ether, esters or 

carboxylic acids 

Suggests carbohydrate, glycosides or ester 

compounds 

1026.94 C-O stretching 
Ether, esters or 

carboxylic acids 

Suggests carbohydrate, glycosides or ester 

compounds 

816.19 
C-H bending 

(aromatic) 
Alkenes 

Presence of aromatic compounds like flavonoids or 

phenols 

773.97 
C-H bending 

(aromatic) 
Alkenes Aromatic compounds, confirms aromatic ring system 

 

DISCUSSION 

The objective of this research is to determine the 

phytochemical constituents, antioxidant potential, 

antibacterial activity potential and determine the 

functional group using Fourier Transform Infrared 

(FTIR) spectroscopy. 

 

Qualitative phytochemical screening, quantitative DPPH 

antioxidative assay, MIC and MBC using broth dilution 

method and FTIR analysis were the four main 

approaches employed in this study. Maceration method 

was used for the extraction process by using 95% ethanol 

as solvent. 

In this qualitative phytochemical screening, fresh 

blueberry extract was tested to have the phytochemicals 

of reducing sugars, terpenoids, anthraquinones, 

glycosides, phenolic compounds and tannins, flavonoids, 

carbohydrates and anthocyanins. While in test for 

alkaloids, saponins, protein and amino acids, blueberry 

extract show the negative results. 

 

The Dragendorff’s test showed the absence of orange red 

precipitate; thus, alkaloids were not detected in the 

blueberry extract. Alkaloids are nitrogen containing 

compounds which normally biosynthesized by certain 

botanical families of plant instead of blueberry(Dey et 
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al., 2020). Alkaloids normally is derived from amino 

acid such as tryptophan and tyrosine yet in 

phytochemical screening amino acid was not detected in 

blueberry extract. Thus, potassium iodide and bismuth 

nitrate in Dragendorff’s reagent are unable to react with 

nitrogen due to absence of nitrogen containing alkaloid 

compound in the blueberry. 

 

Benedict’s test was carried out to test for reducing 

sugars. The result was positive due to glucose and 

fructose that found in blueberries(Padmanabhan et al., 

2016). Thus, Molisch’s test to test for the presence of 

carbohydrates also show a positive result. Foam test to 

determine the saponin content was tested to be negative 

due to absence of constituent which able to reduce the 

surface tension of water and form the stable foam during 

agitation(Chen et al., 2010). 

 

Salkowski’s test to verify the presence of terpenoids was 

found to be positive due to it is an important constituent 

found in blueberries to provide fruity and floral aroma of 

the blueberries(M. Zhang et al., 2025). 

 

In alkaline reagent test, blueberries extract was tested 

positive for the flavonoid constituents (Godlewska et al., 

2023). 

 

Blueberries are one of the richest sources of flavonoids 

mainly their high anthocyanin glycosides content thus in 

test for glycosides and anthocyanin, blueberries show 

positive result. Besides that, iodine test was conducted to 

detect the presence of phenolic compounds and tannins. 

 

Blueberries extract show the positive result in iodine test 

with the formation of transient red solution. These 

compounds play an important role in showing the 

antioxidant properties of blueberries. 

 

Next, the antioxidant potential of fresh blueberries 

extract was assessed using DPPH radical scavenging 

assay and compared with the standard ascorbic acid. The 

ethanolic extract of fresh blueberries exhibited a 

concentration-dependent increase in antioxidant activity. 

 

When the extract concentration increase from 100 to 

1000 µg/ml, the absorbance gradually decreased from 

0.579 to 0.098, while the DPPH scavenging activity 

increased from 7.21% to 84.29%. DPPH is a stable free 

radical which gives a strong deep color and absorb light 

at the wavelength of 517nm. 

 

When the antioxidant was added into DPPH, it will 

donate the electron to DPPH free radical. DPPH free 

radical is reduced and cause the solution turning pale 

yellow color, this will result less light is being absorbed 

at 517nm(Gulcin & Alwasel, 2023b). Thus, absorbance 

reading will be reduced, and this indicate higher 

antioxidant properties. 

 

 

Initially concentration of ascorbic acid standard solution 

from 100 to 1000 µg/ml was used to facilitate the 

comparison of antioxidant potential between ethanolic 

extract of blueberry and standard solution. However, UV 

spectrophotometer in our lab cannot detect absorbance 

which is too low. Thus, concentration of 1,2,4,8 and 10 

µg/ml were used instead, the absorbance decreased from 

0.288 to 0.020 while percentage of scavenging activity 

increased from 45.25% to 96.20%. 

 

Percentage of scavenging activity was calculated using 

the formula of (A0 - A1) / A0 x 100 where A0 represent 

absorbance of control and A1 represent absorbance of 

sample. 

 

Thus, concentration that needed to reduce 50% of free 

radical (IC50) was used as a parameter to compare the 

antioxidant properties of ethanolic extract of blueberry. 

 

IC50 was calculated by plotting absorbance value of 

blueberry extract and ascorbic acid on the graph 

respectively and best fit line was drawn to determine the 

linear equation. IC50 of ascorbic acid standard solution 

is 0.59 µg/ml derived from y = 5.9964x + 46.46 while for 

blueberry extract is 496.77 µg/ml derived from y = 

0.0855x + 7.526. The higher the amount of IC50, the 

weaker the antioxidant properties. Thus, the blueberry 

extract exhibited a lower antioxidant activity compared 

to ascorbic acid. The difference is expected due to 

ascorbic acid is a purified antioxidant compound. 

 

However, according to (Gonçalves et al., 2023), blueberry 

extract only 5 times less effective than ascorbic acid, but 

my research showing 840 times less effective compared to 

ascorbic acid. This may be due to the incomplete 

ethanolic extraction of anthocyanins from fresh 

blueberries. The antioxidant properties of blueberry was 

further proving the phytochemical screening is correct 

where the presence of anthocyanins, flavonoids and 

phenolic compound is positive. 

 

Next, antibacterial activity of blueberry was determined 

using the broth dilution method to determine MIC and 

MBC of each bacteria strain which is gram positive 

bacteria, Bacillus subtilis and gram -negative bacteria, 

Escherichia coli. For Bacillus subtilis, concentration of 

10, 20, 40, 60, 80 and 100 mg/ml were used. MIC was 

determined after 24 hours of incubation. MIC of Bacillus 

subtilis was observed to be 80 mg/ml due to the test tube 

appearing to be less turbid compared to the test tube that 

contain smaller concentration of blueberry extract. Thus, 

60, 80 and 100mg/ml containing test tubes were chosen 

and proceeded with the MBC by streaking on the MHA 

plate. After incubation of 24 hours, section that streaked 

with 100 mg/ml showing a clear region which indicate 

no Bacillus subtilis growth compared to other 

concentration. Thus, MBC of Bacillus subtilis 

approximately happened at 100mg/ml. 
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Initially, same concentration of blueberry extract that 

was tested in Bacillus subtilis was used to determine 

MBC of Escherichia coli. However, it found that even 

the highest concentration of blueberry extract cannot stop 

and kill the bacteria growth due to Escherichia coli is a 

gram negative bacteria which has a stronger bacterial 

wall harder for the extract to penetrate which consists of 

lipopolysaccharides(Breijyeh et al., 2020). Thus for 

Escherichia coli, concentration of 100, 200, 400, 600, 

800 and 1000 mg/ml were used. MIC was determined 

after 24 hours of incubation. 

 

MIC of Escherichia coli was observed to be 200 mg/ml 

due to the test tube appearing to be less turbid compared 

to the test tube that contain smaller concentration of 

blueberry extract. Thus, 200, 400, 600, 800 and 

1000mg/ml containing test tubes were chosen and 

proceeded with the MBC by streaking on the MHA plate. 

 

After incubation of 24 hours, section that streaked with 

600, 800 and 1000 mg/ml showing a clear region which 

indicate no Escherichia coli growth compared to other 

concentration. Thus, MBC of Escherichia coli 

approximately happened at 600 mg/ml. 

 

FTIR spectrum of blueberry extract were shown. From 

each peak form in the FTIR spectrum we can actually 

identify the constituents contain in the blueberry extract 

by determining their functional group. Due to lack of 

FTIR spectrum of pure standard of anthocyanins, direct 

comparison between the FTIR spectrum of blueberry 

extract and anthocyanin cannot be made. However, we 

can determine the functional group from each peak using 

the wavelength range of each functional group. IR spectra 

of 3288.53 cm
-1

 indicate O-H stretching which may 

represent the presence of phenols, flavonoids, 

anthocyanins or water molecules involved in H-bonding. 

 

IR spectra of 2930.39cm
-1

 indicate Methylene C-H 

stretching which may represent the presence of aliphatic 

hydrocarbons likely from carbohydrates, fatty acids or 

long chain organic molecules. IR spectra of 1633.49cm
-1

 

indicate C=O stretching which may represent the 

presence of organic acids (citric acid, malic acid), esters, 

flavonoids, anthocyanins or pectin. IR spectra of 

1410.35
-1

 indicate C-C stretching which may represent 

the presence of aromatic compounds, or unsaturated 

hydrocarbons, likely phenolic or flavonoids derivatives. 

 

IR spectra of 1344.46cm
-1

 indicate O-H bending which 

may represent the presence of phenolic groups. IR spectra 

of 1248.37cm
-1

, 1048.88cm
-1

 and 1026.94cm
-1

 indicate 

C-O stretching which may represent the presence of 

carbohydrate, glycosides or ester compounds. IR spectra 

of 816.19cm
-1

 indicate C-H bending which may represent 

the presence of aromatic compounds like flavonoids or 

phenols. IR spectra of 773.97cm
-1

 indicate C-H bending 

which confirm the presence of aromatic ring system. 

 

These further verified the result of phytochemical 

screening and antioxidant activity where functional 

group of phenolic compound, flavonoids, carbohydrate, 

aromatic ring and anthocyanins were identified in FTIR 

spectrum. 

 

CONCLUSION 

In conclusion, hypothesis is accepted. Freshly extracted 

blueberries contain significant amount of phytochemical 

which can identified through the phytochemical 

screening. Blueberries are expected to exhibit antioxidant 

and antibacterial activity by carrying out the antioxidant 

and antibacterial assay. Structure and functional group of 

the blueberries extract can be elucidated by FTIR. 

 

Objectives of this research were achieved. Blueberry 

extract was prepared by using maceration process with 

95% ethanol for 7 days. Besides that, phytochemical 

screening to determine phytochemicals in the blueberry 

extract was performed. Blueberry extract was proved to 

have reduced sugars, terpenoids, anthraquinones, 

glycosides, phenolic compounds and tannins, flavonoids, 

carbohydrates and anthocyanins. These phytochemicals 

played an important role in showing the antioxidant 

properties and antibacterial properties. Besides that, these 

phytochemicals also provide the fruit aroma to the 

blueberry. Next, antioxidant assay was performed to 

determine the antioxidant ability of blueberry compared 

to ascorbic acid by using DPPH radical scavenging assay. 

 

It proved that blueberry extract exhibited concentration 

dependent increase in antioxidant activity which having 

84.29% of scavenging activity at 1000 µg/ml which less 

effective than pure ascorbic acid. 

 

Besides, antibacterial assay was performed to determine 

antibacterial activity of blueberry extract using broth 

dilution method. Blueberry extract shows inhibitory 

effect at 80 mg/ml and bactericidal effect at 100 mg/ml 

for gram positive bacteria. While for gram negative 

bacteria, blueberry extract showing inhibitory effect at 

200 mg/ml and bactericidal effect at 600 mg/ml. 

 

Presence of hydroxyl groups within polyphenols, 

phenolic and alcohol compounds interact with the 

bacterial cell membrane and affect enterotoxin 

production and enzyme activities(Suriyaprom et al., 

2022). 

 

Functional group of blueberry extract was determined via 

FTIR. It further verify the result of phytochemical 

screening. Phenolic compound, flavonoids, carbohydrate, 

aromatic ring and anthocyanins were identified in FTIR 

spectrum. 
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Figure 17: Comparison between ultrasound-assisted extraction and conventional extraction (Beaudor et al., 

2023). 

 

Secondly, the antioxidant activity of blueberry extract can 

be carried out via multiple assay for example ABTS and 

FRAP to provide a more comprehensive evaluation 

(Floegel et al., 2011). Besides that, procedure to 

determine total phenolic content can be carried out to 

identify the value of AAE/g of the blueberry extract when 

compared to ascorbic acid. For antibacterial activity, we 

can investigate a wide range of gram- negative bacteria 

and gram- positive bacteria to verify the result and 

increase the reliability of the research. Besides that, 

methods like well diffusion or disc diffusion method 

should be employed to identify the extent of the blueberry 

antibacterial effect. For FTIR analysis, due to the lack of 

the spectrum of the reference standard, we couldn’t 

confirm the constituents in blueberry. However, we can 

apply HPLC coupled with MS to confirm the identity of 

anthocyanin(Z. Zhang et al., 2004). 
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