
 

Investigating the Antimicrobial and Antioxidant Effects of Vaccinium 

Corymbosum extract for use in food preservation 

Reyes Liong 3P3-16, Zak Tng 3P3-26, Lee Yi 3O3-18 

Group 1-27 
A. Rationale 

In recent years, bacterial and yeast resistance to preservatives has been on the rise due to the                 

rampant usage of preservatives (Stratford, 2013). There is too, greater public awareness and             

scientific studies on the harmful effects of several synthetic preservatives (Siavashpour,           

Bakhshizadeh, & Rashedinia, 2017; Staff, 2019). Furthermore, nitrates found in preservatives           

have been shown to posses carcinogenic properties, leading to an increased risk of gastric cancer               

(Staff, 2019), while sodium benzoate (most widely used in preserving carbonated drinks and             

other acidic food) impairs memory and motor coordination (Siavashpour, Bakhshizadeh, &           

Rashedinia, 2017). As can be seen, the need for alternatives possessing antimicrobial compounds             

is dire, in order to reduce the damage chemical preservatives cause. Vaccinium Corymbosum -              

highbush blueberries - shows great potential as a natural alternative to current synthetic food              

preservatives. 

Anthocyanins were found to be the main component of phenolics in blueberries (Zheng & Wang,               

2003). One aspect of food preservation deals with the overall appearance and sensory appeal of               

food items. In this aspect, antioxidative properties are particularly important. Antioxidants are            

able to block free radicals from causing lipid oxidation and thereby prevent food items from               

turning rancid (Shahidi, 2015), thereby prolonging their shelf life. The antioxidant properties of             

anthocyanins are well established and have been proven in cell culture studies, animal models              

and human clinical trials (Khoo, Azlan, Tang, & Lim, 2017). Their antioxidant properties arise              

from their chemical structure consisting of attached hydroxyl groups and phenolic rings            

(Minatel, Borges, Ferreira, Hector Alonzo Gomez Gomez, & Lima, 2017).  

Another important aspect of food preservation is focused on the antimicrobial properties of a              

potential preservative. In previous studies (Puupponen-Pimiä, et al., 2001; Shen, et al., 2013),             



 

focusing on the phenolic compound in cloudberry, raspberry and strawberry extracts, they            

proved to be strong inhibitors of the Gram-negative bacteria Salmonella and Gram-positive            

bacteria Listeria monocytogenes. Moreover, the malvidins are the dominant anthocyanin present           

in blueberries, and they possess less hydroxyl groups, making V. Corymbosum a possible choice              

to have good antimicrobial properties. The malvidins are also more hydrophobic and have a              

greater likelihood of being transported into the cells and tissues, thereby increasing their             

potential for bioactivity (Silva, et al., 2016). As such, we believe that V. Corymbosum is a                

possible candidate for antibacterial, antifungal and antioxidant active compounds. This study           

aims to investigate the antimicrobial properties of V. Corymbosum extract against Gram-positive            

bacteria, Gram-negative bacteria and yeasts, as well as its antioxidant properties, through both in              

vitro assays and in vivo tests. We see potential in V. Corymbosum to be a natural yet effective                  

alternative in the preservation of food, and we trust that using V. Corymbosum instead of               

chemical preservatives will be safer for the consumers by reducing the risks that chemical              

preservatives pose. 

B. Research Question / Hypotheses / Engineering Goals 

Hypotheses: 

We hypothesise that the V. Corymbosum extract will exhibit antimicrobial properties, against            

Gram-negative bacteria and fungi, as well as antioxidant properties, during both in vitro assays              

and in vivo tests. We also hypothesise that the antioxidative and antimicrobial properties in V.               

Corymbosum extract will successfully inhibit the growth of harmful microbes during in vivo             

testing. 

The objectives of this study are to investigate the antimicrobial properties of V. Corymbosum              

extract, against Gram-negative bacteria and yeasts, as well as its antioxidant properties, through             

both in vitro assays and in vivo tests, for potential use in food preservation. 

 

C. Apparatus and Materials: 



 

The table below contains the lists of apparatus and materials used in conducting our experiment. 

Apparatus Materials  Biological Organisms 

Electronic mass balance 
Blender 
Centrifuge 
Microfuge tubes 
Rotary Evaporator 
Sterile microfilter 
UV-Vis Spectrophotometer 
Cuvettes 
Micropipette 
Shaking incubator 
Tweezers 
Incubator 
Sterile plate spreaders 
Agar plates 
Autoclave 

V. Corymbosum 
2,2-diphenyl-1-picrylhydrazyl 
(DPPH) solution 
50% Ethanol 
Deionised water 
Lysogeny broth (LB) medium 
Mueller-Hinton agar 
Potato Dextrose Agar 
10% Bleach 
Fresh Carrots 

Escherichia coli (E. coli,    
ATCC 25922) 
Ralstonia eutropha (R.   
eutropha, ATCC 17699) 
Aspergillus niger (A. Niger,    
ATCC 6275) 
 

 

D. Methodology: 

Preparation of V. Corymbosum Extract: 

Fresh V. Corymbosum were washed with deionised water, and blended for 30 seconds at room               

temperature. 10g of the blueberry puree was then mixed with 50ml of 50% ethanol, and agitated                

for 90 minutes. The mixture was then filtered using a filter paper to remove sediments such as                 

blueberry skin. The filtrate was then centrifuged at 13000 rpm for 10 minutes. The supernatant               

was decanted and evaporated in a rotary evaporator at 50°C, to remove the ethanol in the                

mixture. The resulting mixture was filter-sterilised through a sterile microfilter. 

  



 

DPPH Antioxidant Assay: 

2,2-diphenyl-1-picrylhydrazyl (DPPH) is a free radical which produces a purple solution when            

dissolved in methanol. When it is reduced by antioxidants, a change of colouration from purple               

to yellow can be observed.  

In the test setup, 0.1 ml of V.corymbosum extract was mixed with 1.9 ml of methanol and 1.0 ml                   

of DPPH solution. In the control setup, the V.corymbosum extract was replaced with 0.1ml of               

deionised water. For the respective blanks, the 1.0 ml DPPH solution was replaced with 1.0 ml                

methanol. Three replicates were prepared for each test and control setup. The mixtures were left               

in the darkness for 15 minutes. The 3ml mixtures were then poured into 4ml cuvettes. Using a                 

UV-Vis Spectrophotometer, the absorbance of each mixture was measured at 517nm. The final             

absorbance reading and the radical scavenging activity (%) was recorded as (           

) x 100, with all values representing the mean of readings obtained.Abs of  control
Abs of  control − Abs of  sample  

Growth of Pre-cultures of Yeast and Bacteria 

Escherichia coli (E. coli, ATCC 25922), Ralstonia eutropha (R. eutropha, ATCC 17699) and             

Aspergillus niger (A. niger, ATCC 6275) were used as the bacteria and fungal test organisms.               

Each test organism was inoculated with 10ml Lysogeny Broth (LB) medium and grown             

overnight at 26 degrees celsius in a shaking incubator.  

Agar Well Diffusion Test 

The test bacteria R.eutropha and E.coli were spread evenly on Mueller-Hinton (MH) agar plates              

with a sterile cotton swab. The agar plate was then divided into 3 sections, for the test                 

(V.corymbosum Extract), negative control (Sterile Water) and positive control (10% Bleach).           

Circular wells of diameter 1cm were made in the center of each section, and thereafter filled with                 

0.1ml of V.corymbosum extract for the test section, sterile water for the negative control section               

and 10% bleach for the positive control section. The agar plates were then sealed with parafilm                

and incubated at 30°C for 24 hours.  

Determining the Minimum Bactericidal Concentration (MBC) 



 

8 serial 2-fold dilutions (ranging from 1/2 to 1/256) were conducted using LB medium to get                

different concentrations of V.corymbosum extract. 50μℓ of the respective bacterial cultures were            

then added into each microfuge tube. The microcentrifuge tubes were then incubated at 30°C for               

24 hours in an incubator. After incubation, 100μℓ of the diluted culture from each              

microcentrifuge tube was spread on a MH agar plate. The agar plates were then sealed tightly                

with parafilm and incubated at 30°C for 24 hours in an incubator to allow the bacteria, if any, to                   

grow. Thereafter, the MH agar plates were observed to see if bacterial growth was present. The                

lowest concentration of the V.corymbosum extract with no bacterial growth on the Mueller             

Hinton agar plate was recorded as the minimum bactericidal concentration. The procedures were             

carried out in quintuplicates. 

Fungi Growth Test (In-vitro) 

A.niger was inoculated in 20 mℓ of potato dextrose broth and incubated at 30°C for 24 hours                 

with shaking in an orbital shaker. 50μℓ of the A. niger overnight culture was then pipetted into                 

the center of a potato dextrose agar plate, and incubated at 30°C for 72 hours. Thereafter, 100%                 

potato dextrose agar (PDA) plates were used in the control setup, while 90% potato dextrose and                

10% V.corymbosum extract agar plates were used in the test setup. 1cm by 1cm squares were cut                 

out of the PDA plates containing the grown fungi, and placed at centre of each agar plate. The                  

agar plates were then sealed tightly with parafilm and incubated in an incubator at 30°C for 120                 

hours. After incubation, the diameter of fungal growth was measured with a meter rule. Seven               

replicates were conducted. 

Carrot Fungi Growth Test (In-vivo) 

Fresh Australian carrots were sliced to slices of diameter 3cm, and thickness of 0.5cm. Each               

carrot slice was then placed on a petri dish. The carrot slices were soaked in 70% ethanol for 15                   

minutes entirely. Thereafter, for the test setup, 500μℓ V.corymbosum extract was pipetted into             

the center of the carrot slice. For the negative control, 500μℓ of sterile water was pipetted, while                 

in the positive control, 500μℓ of 10% bleach was pipetted. The agar plates were then sealed                



 

tightly with parafilm and incubated in an incubator at 30°C for 120 hours. After incubation, the                

diameter of fungal growth was measured. The procedures were carried out in quintuplicates. 

 

E. Results & Discussion: 

DPPH Antioxidant Assay 

Fig 1: Graph showing the     

average absorbance readings   

generated by V. Corymbosum    

extract against sterile water    

(control) 

Final radical scavenging   

activity of V.corymbosum   

extract (%): 

 ( ) x 100 = 12.37%0.930
0.930 − 0.815  

 

As seen from Fig 1, the V.corymbosum extract and the control have similar absorbances at 517                

nm, showing only slight reduction of the free radical, DPPH, and thus the V.corymbosum extract               

is not shown to have significant antioxidant activity, with low radical scavenging activity of              

12.37%. 

  



 

Agar Well Diffusion Test 

Fig 2.1: Graph showing    

average diameters of Zone of     

Inhibition (mm) generated by    

V. Corymbosum extract   

against E. coli  

 

 

 

 

 

Fig 2.2: Agar plates shown after      

conducting well diffusion test of E. coli. S        

represents V. Corymbosum extract, +     

represents 10% bleach, - represents sterile      

water.  

(note that the agar plates as shown are the         

best results in the quintiplicates we did) 

 

 

As seen from the graph in Figure 2.1 and the agar plates in Figure 2.2, the zone of inhibition of                    

the V. Corymbosum extract was 22.3% greater than the zone of Inhibition of the 10% bleach.                

Since the error bars did not overlap, there was an observable difference between positive control               

bleach and the extract. We can conclude that the V. Corymbosum extract exhibited a more               



 

promising effect in inhibiting growth of E. coli than 10% bleach solution. This proves our               

hypothesis that V. Corymbosum would exhibit antimicrobial properties against E. coli. 

 

Fig 3.1: Graph showing    

average diameters of   

Zone of Inhibition   

(mm) generated by V.    

Corymbosum extract  

against R.Eutropha 

 

 

 

 

 

Fig 3.2: Agar plates    

shown after conducting   

well diffusion test of R.     

eutropha. T represents V.    

Corymbosum extract, +   

represents 10% bleach, -    

represents sterile water.  

 

 

As seen from the graph in Figure 3.1 and the agar plates in Figure 3.2, the zone of inhibition of                    

the V. Corymbosum extract was 22.4% greater than the zone of Inhibition of the 10% bleach.                



 

Since the error bars did not overlap, there was an observable difference between positive control               

bleach and the extract. V. Corymbosum extract. The plant extract exhibited promising effect in              

inhibiting growth of R. Eutropha than 10% bleach solution. This proves our hypothesis that V.               

Corymbosum would exhibit antimicrobial properties 

Minimum Bactericidal Concentration (MIC) 

Fig 4: Graph showing    

number of E.coli   

colonies formed on agar    

plate with each   

concentration of  

V.Corymbosum extract  

(1/128 concentration  

had an uncountable   

number of colonies   

and is thus not    

included in the graph) 

 

Fig 5: Picture showing the agar plates obtained after spreading solutions containing different             

concentrations of extract and a fixed concentration of LB broth containing E. coli.  



 

As seen from Fig 4 and Fig 5, the agar plates had sporadic colonies at 1/64 concentration but a                   

huge confluence at 1/128 concentration. Hence, we can conclude that the minimum bactericidal             

concentration of the extract is between 1/64 to 1/28 concentration. 

 

Fig 6: Graph showing    

number of R.eutropha   

colonies formed on agar    

plate with each   

concentration of  

V.corymbosum extract 

 

Fig 7: Picture showing agar plates obtained after spreading solutions containing different            

concentrations of extract, and a fixed concentration of LB broth containing R. eutropha. 

As can be seen from Fig 6 and Fig 7, the extract exhibited significant bactericidal properties for                 

concentrations below 1/128 concentrations, with little to no colonies forming. Thus we can             



 

conclude that the minimum bactericidal concentration of the extract against R. eutropha lies             

between 1/64 to 1/128 concentration. 

 

Fungi Growth Test (In-vitro) 

 

Fig 8: Graph showing    

the average diameter   

of fungal growth on    

potato dextrose agar   

(cm) for  

V.corymbosum extract,  

against sterile water   

(control), after 72h and    

120h of incubation  

 

Fig 9: Pictures showing the fungal      

growth of A.niger on potato     

dextrose agar plates with sterile     

water (above), and with    

V.corymbosum extract (below),   

after 120h 

 

 

As seen from Fig 8, there is no observable diameter of fungal growth in the test set up with                   

V.corymbosum extract, while a significant amount of fungal growth is observed in the control set               



 

up. At 120h, the diameter of fungal growth continued to be relatively larger in the control set up,                  

while the test set up with V.corymbosum extract started to show a small amount of fungal                

growth. From the data collected, the V.corymbosum extract exhibited significant antifungal           

properties against A.niger in-vitro, and is effective in inhibiting its growth. 

 

Fungi Growth Test (In-vivo): 

 

Fig 10: Graph showing    

the average diameter of    

fungal growth on sliced    

carrots (cm) for   

V.corymbosum extract,  

against sterile water   

(negative control) and   

10% bleach (positive   

control) 

Fig 11: Pictures showing    

fungal growth of A.niger    

on sliced carrots after    

72h, with sterile water    

(left), V.corymbosum  

extract (middle) and   

10% bleach (right) 

 

As seen in Fig 10, the diameter of fungal growth on carrots in the set up with sterile water, is                    

significantly larger than that of the fungal growth observed on 10% bleach and the V.               



 

corymbosum extract, which have similar diameters of fungal growth. From the data collected, it              

can be concluded that the V. corymbosum extract exhibited significant antifungal properties            

against A.niger in-vivo on carrots, with an effectiveness comparable to that of 10% bleach. 

 

Conclusion and Recommendations for Future Research 

From the results obtained above, we can conclude that the V.corymbosum extract possesses a              

low level of antioxidant properties, and thus will not be effective in inhibiting oxidation. This               

finding was not only against our hypothesis, but also contradictory to the research conducted by               

Burdulis, D (2009), which concluded that V.corymbosum had strong antioxidant properties.           

Further research can be conducted, to find out if the discrepancy may have been attributed to the                 

antioxidant properties being lost during the process of evaporating the ethanol in the             

V.corymbosum extract. 

The zone of inhibition for V.corymbosum was 22.3% and 22.4% larger than 10% bleach, the               

positive control, for both E.coli and R.eutropha respectively. This proves our hypothesis that             

V.corymbosum would exhibit antimicrobial properties. V.corymbosum can be seen as an effective            

alternative to 10% bleach to inhibit growth of E.coli and R.eutropha. These results were further               

reinforced by our MBC results, with V.corymbosum extract having a final MBC of between 1/64               

and 1/128 for both E.coli and R.eutropha. 

In addition, V.corymbosum extract was also able to successfully inhibit the growth of the A.niger               

fungi, both in-vitro and in-vivo, with a similar effectiveness to 10% bleach. This proves our               

hypothesis that the V.corymbosum extract would exhibit antifungal properties against the A.niger            

fungi. This finding also suggests that the V.corymbosum extract would be a useful fungicide,              

protecting crops and food from being infected and contaminated by black mold.  

As an extension of this study, additional tests can be carried out on a wider range of bacteria and                   

fungi such as Agrobacterium tumefaciens and Erwinia carotovora, which are pathogenic           

organisms with a higher biosafety level, and have been commonly associated with crown gall              

disease and soft rot in crops respectively. 



 

Currently, no research has concluded on the presence of any harmful substances in V.              

corymbosum. In contrast, earlier parts of our report have cited numerous research showing the              

potential side effects of consuming synthetic preservatives and fungicides. 

With the positive results from our antimicrobial tests, V. corymbosum extract can thus be              

regarded as an natural alternative to synthetic fungicides and food preservatives.  



 

Reference 

Okungbowa (2006) Aspergillus species associated with Carrots (Daucus carota) in Benin           

City,Nigeria:implications for consumption. (2006). Retrieved from      

https://www.aspergillus.org.uk/content/aspergillus-species-associated-carrots-daucus-carota-beni

n-citynigeriaimplications. 

Balouiri, M., Sadiki, M., & Ibnsouda, S. K. (2015, December 2). Methods for in vitro evaluating                

antimicrobial activity: A review. Retrieved from      

https://www.sciencedirect.com/science/article/pii/S2095177915300150. In-text: (Balouiri,   

Sadiki, & Ibnsouda, 2015) 

Bennett. (2015). Mandell, Douglas, and Bennetts Principles and Practice of Infectious Diseases,            

Eighth Edition. Saunders. URL: sciencedirect In-text: (Bennett, 2015) 

Burdulis, D., Sarkinas, A., Jasutiené, I., Stackevicené, E., Nikolajevas, L., & Janulis, V. (2009,              

July). Comparative study of anthocyanin composition, antimicrobial and antioxidant activity in           

bilberry (Vaccinium myrtillus L.) and blueberry (Vaccinium corymbosum L.) fruits. Retrieved           

from https://www.ncbi.nlm.nih.gov/pubmed/19702172. In-text: (Burdulis, et al., 2009) 

FINAL RISK ASSESSMENT FOR Aspergillus niger. (1997). Retrieved from         

https://www.epa.gov/sites/production/files/2015-09/documents/fra006.pdf. In-text: (1997) 

Food Poisoning Symptoms. (2020, February 18). Retrieved from        

https://www.cdc.gov/foodsafety/symptoms.html. In-text: (“Food Poisoning Symptoms”, 2020) 

Gautam, A. K., Sharma, S. K., Avasthi, S. K., & Bhadauria, R. K. (2011). Diversity,               

Pathogenicity and Toxicology of A. niger: An Important Spoilage Fungi. Research Journal of             

Microbiology, 6(3), 270–280. doi: 10.3923/jm.2011.270.280. In-text: (Gautam, Sharma, Avasthi,         

& Bhadauria, 2011) 

Jay, J. M. (1995). Antimicrobial food preservatives. Handbook of Biocide and Preservative Use,             

334–348. doi: 10.1007/978-94-011-1354-0_12. In-text: (Jay, 1995) 

https://www.aspergillus.org.uk/content/aspergillus-species-associated-carrots-daucus-carota-benin-citynigeriaimplications
https://www.aspergillus.org.uk/content/aspergillus-species-associated-carrots-daucus-carota-benin-citynigeriaimplications
https://www.sciencedirect.com/science/article/pii/S2095177915300150
https://pdf.sciencedirectassets.com/312039/3-s2.0-C20121000756/3-s2.0-B9781455748013000163/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEBAaCXVzLWVhc3QtMSJGMEQCIE4hOrhXeed1Gjoxsp97t%2FFaiiwtgjrjm3uZHLl2HLq3AiAtOfkL31gSMd5muFfkbsPfM96zrPskiKzsLwoIGSYmdSq9Awj5%2F%2F%2F%2F%2F%2F%2F%2F%2F%2F8BEAIaDDA1OTAwMzU0Njg2NSIMDu%2FoXgVZVeldKGa8KpEDIq1XZ%2BaLbrl0qs7snDYBg%2Fz9mNKMqeABfLo5msHzaQFAaYZ4HjeTZzpcNLJndx0BDSctwl%2BekVeGo0%2FjWswvA%2FWbUVkOb0vNoxCdvzdUSbB98QlrSYMSmRvwU4erczPq99PWNnrx8vQGXPsI5%2ByvXe79e%2FVlIJu5JdcfvepjYlcynH3FhMFyZIIb6MiLdB7zWYflSB9yBTgtiKODVFVfZqMinFtY9WSc9IZR5Gv7p75u2aAnHGtulC6J%2BQfoVOVqWJ6PREf4hhXs%2Bd46D5g3QvmEznaipxh2nKo4Ti7wycCa9r%2FZ9EqNB4%2F8l5aD%2BK%2Fr0b%2Ft%2FpxcNzRBgJZ8iqz1gfOkb73vWD4wPDOJoQFrxA3xFsfpLpdbjQSEcalIlMPBS%2Fd6fX%2BikW9mdNcnsi%2FxCIyum88%2BfVJJOYMgf0b7YLFKxveHZr9bNFrzbmU6O80psVFqF2c3ZsnBJIHTlvN7cIRjTuCR7XsaI2%2FJx0sdb4moZF8PZbtW87BNr6Fm1DByr87B%2BB52czs40FyK%2BXyL6bYw1bHV8wU67AFRPckjQBPevFy5SELrGJZfHwmsRmk6A67Pc2gs47%2FgSThAY%2FVBivm057%2FWn4XbT07f8uUbHRymKC9IgVtv622oM8482jQsb%2BCyhDQz4YrQSpXBNTjQkU6xS1YgpEnGJdWsMNXA7LSVXyHzmI2Ex8mGgUPFcYyN%2BNlJNwtASlY0smoOOljbqsgm4uGqx4AOGO1Xt%2F9gnHNPiSUfB%2FEunrUA2APXvifVp8LndBdG0pucV9GhROM6RQS%2FX80qEQC1YhBHNAb6ZqyGukYKZ9PoLVoK6Dxmzhxsr4ER%2BRMQiXcODcHOvni0J7NWUDIZ6Q%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200321T012832Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY3F5WYMWJ%2F20200321%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=347baafa86426cbacac6e72954f92475c98e277aeb849b3c8547b3b5af379cc5&hash=f2731ca1e8ddd25f9cff6fd8d4dfa179a355e96793a46dfb3e3bfe0be79bc08a&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=B9781455748013000163&tid=spdf-ba0f00e7-fe3c-44f4-b144-7a2b36421164&sid=1faf5f9668cb5244297a17e0616916ed366cgxrqb&type=client
https://www.ncbi.nlm.nih.gov/pubmed/19702172
https://www.epa.gov/sites/production/files/2015-09/documents/fra006.pdf
https://www.cdc.gov/foodsafety/symptoms.html


 

Khatri, M. (2019, May 16). Pseudomonas Infection: Bacterium Risk Factors and Symptoms.            

Retrieved from https://www.webmd.com/a-to-z-guides/pseudomonas-infection#1. In-text:    

(Khatri, 2019) 

Khoo, H. E., Azlan, A., Tang, S. T., & Lim, S. M. (2017, August 13). Anthocyanidins and                 

anthocyanins: colored pigments as food, pharmaceutical ingredients, and the potential health           

benefits. Retrieved from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5613902/. In-text:     

(Khoo, Azlan, Tang, & Lim, 2017) 

Lowes, K. F., Shearman, C. A., Payne, J., MacKenzie, D., Archer, D. B., Merry, R. J., & Gasson,                  

M. J. (2000, March). Prevention of yeast spoilage in feed and food by the yeast mycocin HMK.                 

Retrieved from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC91944/. In-text: (Lowes, et al.,       

2000) 

Massarotto, G., Barcellos, T., Garcia, C. S. C., Brandalize, A. P. C., Moura, S., Schwambach, J.,                

Roesch-Ely, M. (2016, August). Chemical Characterization and Cytotoxic Activity of Blueberry           

Extracts (cv. Misty) Cultivated in Brazil. Retrieved from        

https://www.ncbi.nlm.nih.gov/pubmed/27411085. In-text: (Massarotto, et al., 2016) 

Minatel, I. O., Borges, C. V., Ferreira, M. I., Hector Alonzo Gomez Gomez, C.-Y. O. C., &                 

Lima, G. P. P. (2017, March 8). Phenolic Compounds: Functional Properties, Impact of             

Processing and Bioavailability. Retrieved from     

https://www.intechopen.com/books/phenolic-compounds-biological-activity/phenolic-compound

s-functional-properties-impact-of-processing-and-bioavailability. In-text: (Minatel, Borges,    

Ferreira, Hector Alonzo Gomez Gomez, & Lima, 2017) 

Pitt, J. I., & Hocking, A. D. (1997). Fungi and Food Spoilage. Doi: 10.1007/978-1-4615-6391-4.              

In-text: (Pitt & Hocking, 1997) 

  

https://www.webmd.com/a-to-z-guides/pseudomonas-infection#1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5613902/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC91944/
https://www.ncbi.nlm.nih.gov/pubmed/27411085
https://www.intechopen.com/books/phenolic-compounds-biological-activity/phenolic-compounds-functional-properties-impact-of-processing-and-bioavailability
https://www.intechopen.com/books/phenolic-compounds-biological-activity/phenolic-compounds-functional-properties-impact-of-processing-and-bioavailability


 

Puupponen-Pimiä, R., Nohynek, L., Meier, C., Kähkönen, M., Heinonen, M., Hopia, A., &             

Oksman-Caldentey, K. M. (2001, April). Antimicrobial properties of phenolic compounds from           

berries. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/11309059. In-text citation:      

(Puupponen-Pimiä, et al., 2001) 

Shahidi, F. (2015). Handbook of antioxidants for food preservation. Sawston, Cambridge, UK:            

Woodhead Publishing is an imprint of Elsevier. In-text: (Shahidi, 2015) 

Shen, X., Sun, X., Xie, Q., Liu, H., Zhao, Y., Pan, Y., … Wu, V. C. H. (2013, July 3).                    

Antimicrobial effect of blueberry (Vaccinium corymbosum L.) extracts against the growth of            

Listeria monocytogenes and Salmonella Enteritidis. Retrieved from       

https://www.sciencedirect.com/science/article/abs/pii/S095671351300323X?via=ihub. In-text:  

(Shen, et al., 2013) 

Silva, S., Costa, E. M., Mendes, M., Morais, R. M., Calhau, C., & Pintado, M. M. (2016, July                  

26). Antimicrobial, antiadhesive and antibiofilm activity of an ethanolic, anthocyanin-rich          

blueberry extract purified by solid phase extraction. Retrieved from         

https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1111/jam.13215. In-text: (Silva, et al.,     

2016) 

Tolba, M. F., & Abdel-Rahman, S. Z. (2015, October 16). Pterostilbene, an active component of               

blueberries, sensitizes colon cancer cells to 5-fluorouracil cytotoxicity. Retrieved from          

https://www.nature.com/articles/srep15239. In-text: (Tolba & Abdel-Rahman, 2015) 

Zheng, W., & Wang, S. Y. (2003, January 15). Oxygen radical absorbing capacity of phenolics               

in blueberries, cranberries, chokeberries, and lingonberries. Retrieved from        

https://www.ncbi.nlm.nih.gov/pubmed/12517117. In-text citation: (Zheng & Wang, 2003) 

 

https://www.ncbi.nlm.nih.gov/pubmed/11309059
https://www.sciencedirect.com/science/article/abs/pii/S095671351300323X?via=ihub
https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1111/jam.13215
https://www.nature.com/articles/srep15239
https://www.ncbi.nlm.nih.gov/pubmed/12517117

