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Effect of extraction solvent on determination of active ingredients from Beta vulgaris and their effect on 
gram negative and positive bacteria was analyzed. Beta Vulgaris (beet root) is considered as the main 
source of red pigment (Betalin or Betanine). The current study is aimed at determining this pigment 
using different solvents of various concentrations with the help of High-Performance Liquid 
Chromatography (HPLC). The antibacterial activity of beet root aqueous extract against gram negative 
bacteria (Escherichia coli) and gram-positive bacteria (Staphylococcus aureus) was detected based on 
disc diffusion method. The results inferred that the extract inhibit the growth of staph. Staphylococcus 
aureus (12mm) and exhibited no effect on E. coli. Betanine compound occur in high concentrations in 
natural red beet root extract which was identified using HPLC, a high-precision method for the detection 
of organic compounds. The result of this study contributes to the scientific validation of this medicinal 
plant in traditional medicine and serves as a guide for future researchers in selecting the plants with anti-
bacterial activity for their phytochemical work on the isolation and identification of the active compounds. 
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INTRODUCTION 

Medicinal plants, which are known for 
containing high quantities of wide variety of 
alkaloids, flavonoids, phenols and quinines (Al-
Zubaydi et al., 2009; Al-Tawaha et al., 2013 a; Al-
Tawaha et al., 2013b and  Al-Tawaha et al., 
2014),, are in use for a long known time across 
the globe in traditional medicine to treat several 
diseases and infections infections (Kalemba and 
Kunicka, 2003; Al-Tawaha et al., 2013a; Al-
Tawaha et al., 2013b and Al-Tawaha et al., 2014). 
A number of studies conducted all over the world 
showed that these plants and their extracts 
possess multi-antimicrobial properties (Al-
Juraifani, 2009). Despite the fact that current 
pharmaceuticals are derived from 25 to 50% 
plants, none are used as antimicrobials (Cowan, 

1999). Additionally, potential antimicrobial 
activities of many plant species have still not been 
explored. Beta vulgaris or beet root is a member 
of Amaranthaceous family that has been used 
traditionally in treating a wide variety of ailments 
like fever, constipation, cancer, wound healing 
and diabetes. The studies conducted recently 
focused on detailing the multiple aspects of beet 
extracts being used for fever control, inflammation 
and healing the wound.  Nevertheless, there is no 
systematic scientific study conducted to 
understand its effect as ‘potential antimicrobial 
agent’. 

Beta vulgaris Linn. (BV. Chenopodiaceae) is 
popularly known as ‘chukandar’ or ‘beet root’, an 
erect annual herb with tuberous root stocks. It is 
native to Mediterranean region and widely 
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cultivated in America, Europe and throughout 
India (Chopra et al., 1956). Several parts of this 
plant are used in traditional Indian medicine due 
to its numerous therapeutic properties. Roots are 
expectorant, diuretic and used as a cure for 
mental troubles and liver diseases. Leaves are 
tonic, diuretic and useful in alleviating 
inflammation, paralysis and diseases that affect 
spleen and liver (Kirtikar and Basu, 2005 and 
Khare, 2007). The leaves are proved to have 
phytochemicals present in it such as beta-lains i.e. 
β -cyanins (red-violet pigments) and β-xanthines 
(yellow pigments), flavonoids, polyphenols, 
vitamins and minerals (Asolkar and Chopra, 
1992). Betalains are immonium derivatives of 
betalamic acid that are structurally divided in two 
groups, the yellow β -xanthins (named as 
vulgaxanthit) and red-purple β-cyanins (named as 
betanin) (Delgado-Vargas et al., 2000). In plant 
list, more than 40 synonyms belong to Beta 
vulgaris L species (Kadereit et al., 2006). In 
Romania, three cultivated varieties and a 
subspecies are found including subsp. vulgaris 
(red beet), (Kadereit et al., 2006) var. vulgaris 
(spinach beet), var. altissima Doil. (sugar beet) 
and var.crassa Alef. (fodder beet) (Pârvu, 2004). 
The betalain pigments are important in plant 
taxonomy. At present, betalains have been found 
in 9 out of 11 families under caryophyllales order.  
However, anthocyanins have been found in other 
two families. As a matter of fact, they are mutually 
exclusive (Delgado-Vargas et al., 2000). The 
carbohydrates are stored due to the accumulation 
of Betalains in red beet root which is nothing but a 
physiological response under stress conditions. 
The strength of the colour increases with the 
quantity of potassium salts in the soil (Delgado-
Vargas et al., 2000). Betalains are structurally 
related to alkaloids which are often called 
chromoalkaloids (Kirtikar and Basu, 2005 and 7 
Khare, 2007). However, it produces no toxic 
effects in human body and can be used as a safe 
natural alternative to some currently-used 
synthetic color additives. Betalains are used as 
food additives, stable at pH 3.5-7 and have E 
number of ‘E 162’ (Davies, 2009). The antiviral 
and antimicrobial activities of betanin have been 
studied earlier and it can be used as nutraceutical 
due to its potential health benefits. Beeturia or 
betaninuria occurs after ingesting red beet i.e., 
appearance of betanin in the urine Delgado-
Vargas et al., 2000).In Thin Layer 
Chromatography (TLC) separation, betalains and 
antocyanins showed clear differentiation. For 
example, compared with anthocyanins, betalains 

move rather slowly when an unknown sample is 
applied on a cellulose TLC plate and developed 
under 1- butanol:acetic acid:water (6:1:2) for 2 
hrs. These mobilities can be reversed using an 
aqueous solvent with acid as mobile phase.  
Preliminary tests have been developed earlier to 
easily distinguish betacyanins and antocyanins 
using the color exhibited at different pH values 
and their temperatures (Delgado-Vargas et al., 
2000). 

The aim of the present study is to detect the 
active compounds present in Beta vulgaris root 
extract and to determine the antibacterial activity 
of crude extract of beet root. 
 
MATERIALS AND METHODS 

 Bacterial isolates: 
Twenty samples of urine and blood were 

collected from the patients admitted at AL-
Yarmook hospital. The samples were transported 
under ice-cold condition. Lapful of urine and blood 
samples were streaked on nutrient and 
MacConkey agars and incubated at 37°C for 24 
hours. 

Identification of bacterial isolates 
The bacterial isolates were characterized on 

the basis of morphological, cultural and 
biochemical tests and were identified according to 
the literature (Harborn, 1984). Two isolates were 
selected such as E. coli and Staphylococcus 
aureus as testing bacteria. 

Plant preparation 
Beet root was obtained from local market and 

the dried root was fine-crushed using electrical 
grinder. The plant was classified at plant 
protection department, Agriculture college, 
Baghdad university. 

Preparation of plant extract 
Five grams of powder was weighed and 

macerated using 25 ml of distilled water in order 
to produce aqueous extract. The suspension of 
extract was filtered, and the filtrates were 
delivered into a clean flask with suitable labeling 
and incubated at 4°C in refrigerator until used 
(Burt and Reinders, 2003). 

Ultrasonic extraction 
The aqueous extract of beet red was 

dissolved in ethanol and water (80:20) (v/v) 
solution and was homogenized by electric mixer. 
The different solvents were added to each part of 
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the extract separately and each solvent with 
extract was added to 25 ml flask.  

All the flasks with their solutions and the 
extract were exposed to ultrasonic extractor 
(Branson sonific, USA) at 40°C for one hour. The 
solutions were then cooled under room 
temperature. All clear suspension of each sample 
was exposed to vapor liquid nitrogen to 
concentrate the samples to 0.5 ml and complete 
to 1ml from the same solvent. All the samples 
were filtered using Millipore filter 0.25µm to 
prepare clear extract. 20 µL of each sample was 
injected in HPLC system under optimum 
separation conditions. 

The quantitative analysis of active 
constituents in each sample was compared with 
peak area of standards solution under the same 
optimum separation condition. 

Column: Phenomenex, C-18, (50 x 2.0 mm 
I.D), 3µm particle size. 

Mobile phase = linear gradient of solvent A 
0.1% formic acid: solvent B was (6:3:1,v/v) of 
acetonitrile : Methanol :0.1% formic acid,  

Linear gradient programs from 0%B to 100%B 
for 10 minutes flow rate 1.2ml/min for 
determination of the concentration of sample in 
µg/ml, the following equation can be used 

concentration of sample µg/ml =    Area of 
sample/Area of standard   x conc. Of standard x 
dilution factor 

The separation was performed using High 
Performance Liquid Chromatography (HPLC), 
Shimadzu LC-10 AV equipped with binary delivery 
pump model LC-10A whereas the eluted peaks 
were monitored using Shimadzu, SPD 10AVP 
Detector at 215nm. The data was recorded in 
shim pack C-R8A integrator (Shimadzu, Kyoto, 
Japan). 

Antibacterial activity of beet root extract 
The antibacterial activity of beet root extract 

was determined using disk diffusion method 
(Rivoira et al., 2017). Briefly, a suspension (0.1ml) 
of the test microorganism (108 cells ml-1) was 
spread on ‘Mueller-Hinton’ agar plates for 
bacterial growth. Sterile 6mm disks, each 
containing 10ml of samples were placed on the 
bacterial lawns. The plates were then incubated at 
37°C for 24 hours. The diameters of ‘zones of 
growth inhibition’ were measured and are reported 
in mm. All the experiments were performed in 
triplicates. 
 
RESULTS  

Table 1 shows the effects of different solvents 

on concentration of dyes in beet root extract. In 
the current experiment, different solvents were 
used in order to select better extraction solvent 
based on two factors such as solubility and 
extractability. While the first factor is based on 
polarity whereas the latter depends on the 
interaction between active ingredients and the 
extracting solvent, as displayed under table 1. In 
the extraction value, the current results showed 
low value in water due to solubility of pure betaine 
being 50 mg /ml, 559g /100g w/w in methanol, 
while it was 8.7 g/100g in ethanol. This might be 
due to acidic nature of betaine which usually gets 
dissociated at acidic pH (of 2.23 value) as shown 
in (Fig 1) during the extraction with citric acid in 
water at 0.2%, 0.5% and 1%. The results further 
showed that there is an increase in the amount of 
active ingredients with increased acidity of the 
extraction solvent. But in general, the extractability 
factor is high in ethanol as shown in the table 
below i.e., 50% ethanol has significantly high 
value than 20% ethanol. The treatment pair i.e., 
(citric acid 0.5%+ ethanol 50%) proved to be the 
best treatment since it produced highest 
concentration of Betane (4.334mg/ml), vitexin 
(1.137 mg/ml), betainine (9.762 mg/ml) and 
isorehmantin (7.845 mg/ml) when compared with 
other treatments. Though theoretically methanol is 
more effective in extraction, the current study 
avoided methanol due to its high toxicity in food or 
formulated products. Critic (1%) was the best 
treatment for acidity factor which increased the 
extractability factor by dissociating betaine and 
expelled negative ion which was more active to 
bind other compounds with positive charge (17), 
thus giving highest concentration of Betanine 
(2.709 mg/ml)  

The HPLC analysis 
HPLC system was used for qualitative and 

quantitative analyses of the dyes in beet root 
extract. This analysis is showed in table (2) and 
figures (2) and (3). 

Antibacterial activity of beet root extract 
The results achieved in antibacterial activity of 

aqueous extract of Beet root is presented in table 
3. The extract showed antibacterial activity 
against Staphylococcus aureus (12mm), but there 
was no activity or growth observed in E.coli when 
compared with Nvobiecin (30mcg) as standard 
antibiotic (25mm) in terms of growth in S. aureus 
and 13mm in E. coli. The distilled water showed 
no growth effects for both the tested bacteria. 
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Figure 1: Acid dissociation of betaine 
Table (1): The effects of different treatment in the concentrations of dyes in Beet root extract. 

Treatment 
Concentrations mg/ml 

Betaine Vitexin Beta nine Isotherm 

Water 1.657 0.669   

Citric acid 1% 1.149 0.772 2.709 1.129 

Citric acid 0.2% 0.575 0.272 0.512  

Citric acid 0.5% 0.584 0.294 0.654  

Ascorbic acid 0.1% 1.326 0.792 1.625 0.522 

Ethanol 50% 1.788 1.669 7.641 4.724 

Ethanol 20% 1.589 0.775 1.528 0.402 

Ascorbic acid 0.1%+ Citric acid 0.5% 0.384 0.607 0.549 0.190 

Ascorbic acid 0.1%+ Citric acid 2% 1.265 0.539   

Citric acid 1%+ Ethanol 20% 2.619 1.777 8.938 5.512 

Citric acid 0.5%+ Ethanol 50% 4.334 1.137 9.762 7.845 

 
Table (2): The retention time and the area of the dyes compounds in standard extract 

  
No Subjects Retention  

time (min) 
Area Concentration  

µg/ml 

1 Betaine 4.93 91554 40 µg/ml 

2 Vitexin 5.98 196625 40 µg/ml 

3 Betanine 7.58 34294 40 µg/ml 

4 Isorhamnetin 9.32 6250 10 µg/ml 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Reversed-phase HPLC separation of standard active ingredients in beta vulgaris extract 
column: Phconomenx C- 18 (50x2.0 mm i.D), under the optimum separation conditions cited in the 

literature. 1. Betaine    2. Vitexin    3. Betanine     4. Isorhamnetin 
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Figure 3: HPLC chromatogram for separation of active ingredients under optimum conditions 
cited in the literature. 

 
Table 3: Antibacterial activity of beet root aqueous extract compared with D.W and Novobiocin 

(30mcg) 
 

The samples 
Zone of growth inhibition (mm) 

Esherichia coli Staphylococcus aureous 

Sterile D. W O* O 

Novobiocin (30 mcg) 13 25 

Beet root aqueous extract O 12 

* O = No growth inhibition 
 

 
The disc diffusion method using selected 

Gram-positive and Gram-negative bacteria was 
followed to evaluate the in vitro antibacterial 
activity of aqueous extract of beet root. 

The data indicated that the extract exhibited 
profound activity against Gram-positive bacteria 
only (Staphylococcus aureus) while there were no 
effects found in Gram-negative bacteria (E. coli). 
The beet root extract has phenolic compounds 
which express high levels of antibacterial activity 
(Skočibušić et al., 2006).  for instance, carvacrol-
oxygenated derivatives (theymol methyl ether) 
and its precursors, P-Cemene and Y-terpinene. 
Most of the studies conducted regarding the 
mechanism of phenolic compounds focused on 
the effects on cellular membranes, alterations in 
their functions while some studies focused on 
structural changes such as swelling and increased 
permeability, loss of cellular pH gradient, 
decreased ATP levels, and loss of proton motive 
force which eventually led to cell death. 

The beet root extract expressed no activities 
against E. coli. However, the solvent and the 
extraction system may both modify the final 
results since a suitable solvent is important to get 

the maximum antibacterial activity (Babu et al., 
2007). When compared with aqueous extract, the 
antibacterial activity was highly significant in 
solvent extracts in all the plants inferring the fact 
that the active principle responsible for 
antibacterial activity is ‘high solubility’ in organic 
solvents (Dai et al., 1995). The beet root extract 
also contains flavonoid glycosides which exhibit 
antibacterial activity in the plant during bacterial 
infection. The antibacterial activity of glycosides 
results in the binding of flavonoid with sugar to 
form flavonoid glycosides. This binding is 
maintained in the plant tissues to protect it from 
pathogenic infections (Parekh and Chanda, 2008). 
However, the absence or the presence of slight 
antibacterial activity neither indicates the absence 
of bioactive constituents nor the plant is inactive. 
The quantities of active compounds may be 
insufficient in inhibiting the growth of bacteria. So 
large quantities are needed to prove the lack of 
activity. In the same context, applying high 
amount of extract and introducing some other 
constituents that exerts antagonistic effect or 
negate the positive effect of bioactive agents, may 
be also used (Al-Tawaha et al., 2013b). 
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CONCLUSION 
Betanine compound is relatively high in 

concentration in natural red beet root extract when 
the extract was prepared using HPLC, a high-
precision method for the detection of organic 
compounds. The result of this study contributes to 
the scientific validation of this medicinal plant in 
traditional medicine and serves as a guide for 
researchers when selecting plants with anti-
bacterial activity for their phytochemical work on 
isolation and identification of the active 
compounds. 
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