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Abstract 
Scientists and consumers favored concentrating on natural colorants due to the emergence of health consequences of 
synthetic colorants that are used in foods for many years. As a result of their antimicrobial effect, interest in natural colorants 
raises with each passing day. Beetroot (Beta vulgaris) is the main source for the natural red dye. The main component of this 
extract is Betalains. The betalains have potential as a natural colorant and functional food for pharmaceutical purposes in 
food applications. In the present study, betalanins was separated from Beta vulgaris with ethanol and determine the 
antibacterial activity against various genera of ESBL isolates. Among them, highest zone of clearance was observed against 
to E.feacalis and second, most was K.pneumoniae. This might be the first report of antimicrobial activity of Betalains against 
Extended-spectrum β-lactamases (ESBLs) producing isolates. 

Key words: Beta vulgaris, Betalains, ESBL, Antibacterial activity 

INTRODUCTION 
Plant derivatives have been used for centuries for 
therapeutic and prophylactic purposes. At present, 
approximately 80% of the world's population is estimated 
to rely on botanical preparations as medicines to meet their 
health needs (1 and 2). There are many natural plant 
products with antifungal, antibacterial and antiprotozoal 
activity that can be used systemically or locally. Currently, 
from one- quarter to one- half of all pharmaceutical 
products of higher plant origin in the world. Countries 
such as India meet the needs of medicinal sources 
primarily from plants to cure infectious diseases (2). 
Among the various plant products, pigments are one of the 
alluring features on the Earth.  
Currently, in the food industry, cosmetics, 
pharmaceuticals, pigments of various types and forms 
have been used as additives or supplements (3).  The need 
for natural colorants has increased as consumers become 
more aware of the toxicity of synthetic colours. Natural 
colors often referred to as biocolors, usually derived from 
vegetables, fruit, roots and microorganisms due to their 
biological source. Pigments act as bioactive agents against 
skin diseases and act as antioxidants, anti- inflammatory, 
anti analgesic and chemopreventive agents against cancer 
(4). 
Among pigments with natural origin, Betalains represent a 
group of valuable products for the pharmaceutical, 
chemical, food and feed industries not only because they 
can act as agents of antioxidant and possible tumor-
inhibiting activity through the removal of oxygen radicals. 
Betalains are water-soluble nitrogen-containing pigments, 
found in high concentrations in red beet (Beta vulgaris). 
Betalains consist of two subclasses: betacyanins (red-
violet pigments) and betaxanthins (5 and 6). 
There are many reports published about medicinal 
properties of red beet containing Betalains, but no reports 
about the antibacterial activity of Betalains against ESBL 
producing isolates. Taking into account the biological 
activities of beetroot as well as a possible potential of 

plant by-products, in this study, Betalains was used to 
screen antimicrobial activity to ESBL producing clinical 
isolates. 

MATERIALS AND METHODS 
Test pathogens 
The clinical isolates of 6 bacterial genera were procured 
from a clinical laboratory, Coimbatore, India. All isolates 
were confirmed with cultural characteristic by selective 
media and biochemical tests. 

Determination of ESBL producing isolates by 
phenotypic method 
Confirmation of the ESBL producing isolates was done by 
the phenotypic confirmatory test according to CLSI 
recommendation. All test pathogens were inoculated into 
the nutrient broth and incubated at 37ºC for 24hrs.  After 
incubation, each bacterial isolates were swabbed in to each 
Muller Hinton agar plate. The first generation of 
betalactam antibiotics i.e. Amoxcillin disc (30µg) alone 
and in combination with clavulanic acid (10 µg) were 
placed on the surface on the plate. After overnight 
incubation at 37oC, diameter of zone of inhibition was 
measured. A 5 mm or more increases in diameter of zone 
of inhibition for Amoxcillin tested in combination with 
clavulanic acid versus its zone when Amoxcillin tested 
alone confirms a ESBLs producing organism (7). 

Collection of beetroot and preparation 
The fresh red beet roots were purchased from the local 
vegetable market and were washed thoroughly to remove 
the soil. The vegetable material was cut into slices and 
weighed. About 200 g of red beet was mixed in a blender 
with 1 liter of ethanol (acidified with 2% citric acid) for 15 
min at room temperature and left for 24 hours. The extract 
was filtered and concentrated under vacuum by a rotary 
vacuum evaporator at 40º C. as reported by Francis (8) and 
which was further analyzed for its characteristics. 
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Determination of total betalains 
The concentrated red beet was diluted with distilled water 
and measured at a wavelength of 535 nm and measured as 
mg betalains/100 g using the following equation as 
determined by Castellar et al., (9). 

 
Determination of the antibacterial activity of betalains 
This test was carried out according to the method of Jahir 
(10). The Mueller - Hinton agar plates were inoculated 
with freshly prepared overnight inoculums which were 
swabbed over the entire surface of the medium, rotating 
the plate 60 degrees after each application by using a 
sterile cotton swab, to ensure the spread of the tested 
microbes on the surface of the plate completely. 
Inoculums were 108 CFU/ml of bacteria. The 6mm 
diameter of the well was made with borer on the agar 
plates. Different concentrations of betalains were filled in 
well with the help of micropipette. The ampicillin 
5microgram/20 micro liter was added in one well as a 
standard, 100 micro liter of ethanol was added in another 
well which was served as a control. Incubate the plate at 
37oC for 24hrs, then observed the zone of inhibition.  
 

RESULTS AND DISCUSSION 
Antimicrobial resistance is currently a major concern in 
hospitals, public health systems and veterinary practices 
throughout the world.  In the clinical sector, the ESBL 
production of isolates is a major problem and frequently 
caused a nosocomial outbreak. Scientific efforts are 
pursuing alternative therapies to tackle these MDR strains 
to overcome this burgeoning problem. In the present 
study, 7 bacterial genera of 17 isolates were procured from 
clinical laboratory and subjected to determination of ESBL 

characterization. Among them, all bacterial genera were 
showed positive for ESBL production (Table1 and Plate 
1).  
Based on the results of the phenotypical ESBL tests, 
ESBL-producing isolates were responsible for 53% of the 
enterobacteriaceae isolates that occurred in patients with 
malignancy in this study.  Among them, E.coli and 
K.pneumoniae were predominant isolates. In recent years 
there has been an increased incidence and prevalence of 
ESBL isolates enzymes that hydrolyze and cause 
resistance to some antibiotics, for example, oxyimino-
cephalosporins and aztreonam (11). In this study, gram 
positive isolate of E.faecalis also produced the ESBL 
character.  
The peril factor for the colonization or infection with 
ESBL isolates is due to an extended hospital stay, 
intensive care unit admission, urinary and arterial 
catheterization and exposure to antibiotics including 
extended spectrum cephalosporins (12). Against the 
backdrop of this problem, urgently we need alternative 
thereby with a natural source.  A number of studies have 
reported beetroot containing betalains to have high 
antioxidant and anti-inflammatory capabilities in vitro and 
a variety of in vivo animal models (13 and 14).  
In 2014 Jasna et al (15) demonstrates that red beet root 
extracts exhibited antibacterial activity against gram 
positive and negative isolates. Jacob et al., (16) were 
suggested that red beet containing betalains play a 
significant role as an antioxidant, antiviral, antimicrobial, 
hepatoprotective and anti-cancerous agent. In this present 
study, this has sparked interest in a possible role for 
beetroot in antimicrobial activity against clinical 
pathogens.  
 

 
TABLE1. ISOLATION OF ESBL PRODUCING ISOLATES 

 
TABLE 2 ANTIMICROBIAL ACTIVITY OF BETALAINS AGAINST ESBL PRODUCING ISOLATES 

S.No Bacterial genera 
Con. of Betalains (mg) 

Ampicillin Ethanol 
1 2 4 8 

1.  E.coli - 8.3±0.47 9.3±0.47 11±0.81 - - 
2.  K.pneumoniae - 10.3±0.47 12.6±0.47 14.6±0.47 - - 
3.  E .faecalis 8.3±0.47 10.3±0.47 12.6±0.47 14.6±0.47 - - 
4.  Proteus spp - - - - - - 

5.  Acinetobacter 
baumannii - - 8.3±0.47 11±0.81 - - 

6.  P. aeruginosa - - - 8.3±0.47 - - 
7.  Salmonella spp - - 11±0.81 12±0.81 - - 
Data are means of three replicates (n = 3) ± standard error. 

Total betalains content 
(mg / 100 g) =  A × DF × MW × 1000 / €L  

S. No Bacterial genera No. of isolates No. of positive 
1. E.coli 3 2 
2. K.pneumoniae 3 2 
3. E.faecalis 3 1 
4. Proteus spp 2 1 
5. Acinetobacter baumannii 2 1 
6. P. aeruginosa 2 1 
7. Salmonella spp 2 1 
  17 9 
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Results of the extraction of betalains from red beet 
indicate that the content of total betalains was 156 mg / 
100 g on fresh weights. The result obtained in general was 
in accordance with (17), who found that, 380 mg / 100 g 
of betalains on fresh weights. It was a low then previous 
study (18), who found that, the total betalains content of 
red beet was 250 to 850 mg/100g on fresh weight.  
In vitro antibacterial activity of ethanol extract of betalain 
was evaluated by agar well diffusion method against 7 
ESBL isolates (each genus), which were belongs to both 
Gram-positive and Gram-negative species. The results of 
the diameters of inhibition zones are shown in Table 2. 
While using ethanol extract, all isolates bacterial genera 
were suppressed except Proteus spp. The zone of 
clearance was ranged from 8.3±0.47mm to 14.6±0.47mm.  
The highest zone of clearance was observed against to 
E.feacalis and second, most was K.pneumoniae. The zone 
of inhibition was started at even 1mg of betalain. On the 
other hand, a week antimicrobial activity was observed 

against P. aeruginosa and Acinetobacter baumannii. It is 
also important to note that these isolates were resistance to 
the ampicillin (Plate 2 and Plate 3). According to 
literature, no one demonstrate the antimicrobial activity of 
Beta vulgaris containing betalains, at same time Pawar et 
al., (19) showed betalains extract of Basella rubra L fruits 
showed significant antimicrobial activity against S.typhi. 
In 2003 Strack and Vogt (20) suggested that Betalains are 
water-soluble nitrogen-containing pigments, which 
comprise the red-violet betacyanins and the yellow 
betaxanthins, they have antimicrobial and antiviral effects. 
It can be clearly stated from the above experimental 
investigation that the beetroot containing betalains is a 
promising source of a natural antibacterial agent and 
certainly provides an alternative to synthetic colorant due 
to its beneficial properties and opens up a new aspect of 
the beetroot research trend as a natural antibacterial agents 
and viable food ingredient. 
 

D.Vijaya  et al /J. Pharm. Sci. & Res. Vol. 11(6), 2019, 2422-2425

2424



REFERENCE 
1. Tagoe, S., Baidoo, I., Dadzie, V., Kangah, H., Nyarko. A

comparison of the antimicrobial (antifungal) properties of garlic,
ginger and lime on Aspergillus flavus, Aspergillus niger and 
Cladosporium herbarum using organic and water base extraction
methods. Research journal of medicinal plants. 2011, 5, 281-287.

2. Anitha, L., Sunita Raju, K. A Review on Antimicrobial Activity of
Vegetables, Herbs and Spices against Cariogenic Bacteria.
Research & Reviews: Research Journal of Biology. 2016, 4, 12-20.

3. Hee-Ock Boo., Sung-Jin Hwang., Chun-Sik Bae., Su-Hyun Park.,
Buk-Gu Heo., Shela Gorinstein. Extraction and characterization of
some natural plant pigments. Industrial Crops and Products. 2012, 
40,129–135. 

4. Ravi Kant Upadhyay. Plant pigments as dietary anticancer agents.
International Journal of Green Pharmacy, Suppl. 2018, 12, 93-105.

5. Reddy, K.M., Ruby, L., Lindo, A., Nair, G.M. Relative inhibition of 
lipid peroxidation, cyclooxygenase enzymes and human tumor cells
prolifieration by natural food color. Journal of Agricultural and
Food Chemistry. 2005, 53, 9268–9273.

6. Kavitha Ravichandran., Nay Min Min Thaw Saw., Adel, A.A.,
Mohdaly, Ahmed, M.M., Gabr, Anja Kastell., Heidi Riedel.,
Zhenzhen Cai., Dietrich Knorr., Iryna Smetanska. Impact of
processing of red beet on betalain content and antioxidant activity.
Food Research International. 2013, 50, 670–675.

7. Anandkumar Harwalkar.,  Jagadeesh Sataraddi., Soham Gupta.,
Raksha Yoganand., Achut Rao., Hiresave Srinivasa. The detection
of ESBL- producing E.coli in patients with symptomatic urinary
tract infections using different diffusion methods in a rural setting.
Journal of Infection and Public Health. 2013, 6,108-114.

8. Francis, F.G. Anthocyanin and betalains composition and
application. Cereal Food World. 2000, 45, 208-213.

9. Castellar, M.R., Obo´n, J.M., Alacid, M., Ferna´ndez- Lo´pez, J.A.
Color properties and stability of betacyanins from Opuntia fruits. J. 
Agr. Food Chem. 2003, 51, 2772-2776.

10. Jahir Alam Khan., Saurabh Tewari. A Study on Antibacterial
Properties of Rosa indica against Various Pathogens. Asian Journal
of Plant Science and Research. 2011,1, 22-30.

11. Khalid Abdalla Ali Abdel Rahim., Ahmed Mohamed Ali
Mohamed. Prevalence of Extended Spectrum β-lactamase-
Producing Klebsiella pneumoniae in Clinical Isolates. Jundishapur 
J Microbiol, 2014, 7, 1-5.

12. Sageerabanoo, A., Malin, T., Mangaiyarkarasi., Hemalatha.
Phenotypic detection of extended spectrum β-lactamase and Amp-C 
β-lactamase producing clinical isolates in a Tertiary Care Hospital:
A preliminary study. J Nat Sci Biol Med. 2015, 6, 383–387.

13. Zielinska-Przyjemska, M., Olejnik, A., Dobrowolska-Zachwieja, 
A., Grajek, W. In vitro effects of beetroot juice and chips on
oxidative metabolism and apoptosis in neutrophils from obese
individuals. Phytophera Res. 2009, 23, 49–55.

14. Vulic, J.J., Cebovic, T.N., Canadanovic-Brunet, J.M., Cetkovic,
G.S., Canadanovic, V.M., Djilas, S.M., Tumbas Saponjac, V.T. In
vivo and in vitro antioxidant effects of beetroot pomace extracts. J. 
Funct. Foods. 2014, 6, 168–175.

15. Jasna, M., Canadanovic-Brunet, S.S., Savatovic, G.S., Cetkovic,
J.J., Vulic, S.M., Djilas Sinisa, L.M., Dragoljub, D.C. Antioxidant
and Antimicrobial Activities of Beet Root Pomace Extracts. Czech 
Journal of Food Science. 2011, 29, 575-585.

16. Jocob, S.J.P., Shenbagaraman, S. Evaluation of antioxidant and
antimicrobial activity of the selected leafy vegetables. Int J
PharmTech Res. 2011, 3,148-52.

17. Attia, Gamila Y., Moussa, M. E. M., Sheashea, E. R.
Characterization of red pigments extracted from red beet (Beta 
vulgaris, L.) And its potential uses as antioxidant and natural food
colorants. Egypt. J. Agric. Res. 2013, 91,1095-1110.

18. Zakharova, N.S., Petrova. Investigation of betalain and betalain
oxide of leaf beet. Applied Biochem. and Microbiology. 1997,
33,481- 484.

19. Pawar, N., Shinde, M., Junna, L. Stabilization of Food Colourant
and Antimicrobial Activity in Fruit Extracts of Basella rubra. L.
International Journal of Pharmacognosy and Phytochemical
Research. 2018, 10, 43-47.

20. Strack, D., Vogt., T., Schliemann, W. Recent advances in betalain
research. Phytochemistry, 2003, 62, 247–269.

D.Vijaya  et al /J. Pharm. Sci. & Res. Vol. 11(6), 2019, 2422-2425

2425




