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Abstract: Beta vulgaris or beet root contained high pigment of betalains that are used as food colorants and food 
additives due to their health promoting properties. The extraction of natural colorant compound from beet root under 
chemical- based extraction was identified as an alternative source of commercial synthetic colorant. Beet root is 
generally processed before consumption which influences the stability of betalains as well as affects the acceptability 
and health properties. Therefore, this study aimed to investigate the antioxidant activities of betalain-containing extracts 
and the influence of UV irradiation and heat on the betalain pigment at different concentrations, temperature and period 
of time. The impact of these factors was evaluated with spectrophotometric absorbance value on the basis of betalain 
chromaticity. The results of the DPPH antioxidant test revealed that the scavenging activity of betalain increasing 
proportional to its concentration and the highest 50% inhibition activity was recorded at 77.48%. At 3.0 g/l betalain 
concentration, the highest chromaticity value was recorded whereas temperature between 10 to 30°C was the most 
stable betalain pigment against heat stress. However continuous exposure of betalain pigment towards UV irradiation 
was found to cause discoloration of the samples. 
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INTRODUCTION 

Betalains are water-soluble vacuolar 
chromoalkaloids found in plants [1,2] and this pigments 
can be grouped into betacyanins (red–violet) or 
betaxanthins (yellow). Betacyanins are derivatives of 
betanidin, an iminium adducts of betalamic acid and 
cyclo-DOPA [3], whereas betaxanthins result from the 
condensation of α-amino acids or amines with 
betalamic acid. Naturally, betalains occur 
predominantly in fruits and flowers [4], and nearly 
seventy natural derivatives have been identified so far 
[5]. The isolation of large amounts of betalain is difficult 
due to its instability [6]. Although betalains are natural 
antioxidants, these pigments are used in the food 
industry exclusively as colourants [7]. Beet root 
pigment is used commercially as a food dye. The use 
of bio-colorants may show benefits over synthetic 
colours. Natural dyes are less toxic, less polluting, less 
health hazardous, non-carcinogenic and non-
poisonous and prevent chronic diseases such as 
prostate cancer [8]. Beet root is regarded as the 
popular natural source of betalain pigment for colorant  
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betalains and are natural water-soluble nitrogen-
containing pigments. Beet root contain a significant 
amount of vitamins A and C and also calcium, iron, 
phosphorus, potassium, protein and carbohydrates [9-
11]. They have antimicrobial and antiviral effects and 
also can inhibit the cell proliferation of human tumor 
cells [12]. Interestingly, beet root is the only natural 
betalain source of colorant approved by EU and USA 
government and labelled as E-126. The advantages of 
using natural colorants are, to name a few; free from 
harmful toxics, poisons and health hazardous, eco-
friendly, non-carcinogenic and protect from chronic 
ailments such as cancers as it rich in antioxidants. In 
food applications, the stability of colorants towards 
lights, temperature, pH, and oxygen is intolerable as 
betalains extract are very sensitive to these 
environmental conditions. The effect from these 
exposure is discoloration of the colorants which might 
change the appearance of the products. The heat 
intolerance of beet root extract explains why the 
colorants is only applied in low temperature- 
manufactured confectionaries such as ice-cream and 
sweets [3,13,14]. Therefore, this study aimed to 
investigate the stability of betalain pigment towards 
different temperature and UV lights and to determine 
the scavenging activity of this antioxidant from beet 
root. 
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MATERIALS AND METHODS 

Sample Preparation 

Approximately 500-550 g of Beta vulgaris (beet 
root) samples were freeze-dried for 72 hours, after 
which the samples were ground into fine powder and 
kept at -20°C until further analysis. 

Extraction of Betalain 

5.0 g of powdered sample was rehydrated with 
distilled water with pH adjusted at 2.0 and extracted 
with methanol at room temperature until colourless. 
The crude extracted was then centrifuged for 5 min at 
10 000 g and stored at 4ºC in the dark prior to analysis. 
The solution was then allowed to separate and the 
upper layer containing the betalain was collected. The 
combined upper phase was then concentrated using 
rotary evaporator and dried to completion under a 
gentle stream of oxygen-free nitrogen. 

Determination of Antioxidant Activity using DPPH 
Scavenging Assay 

DPPH Solution Preparation 

To prepare 0.2 mM of DPPH solution, 0.0788 g was 
needed to be dissolved in 1 ml of solvent. The solution 
of DPPH was prepared according to previous method 
by [15]. This test required around 25 ml of the DPPH 
solution, therefore 2.00 g of DPPH was weighed and 
mixed with 25 ml of MeOH to produce 0.2 mM DPPH 
solution. 

Ascorbic Acid Standard Preparation 

100 µl of MeOH was pipetted using multi pipettor (6 
tips) into holes B1-B6, C1-C6, until H1-H6 of 96- well 
micro plate. Then, 200 µl of ascorbic acid with 1 mg/ml 
concentration dissolved in MeOH were pipetted into 
holes A1-A6. The samples were then diluted using 
serial dilution technique by pipetting 100 µl of ascorbic 
acid samples from holes A1-A6 and transferring into 
holes B1-B6. The step was repeated from holes B1-B6 
to the next holes until holes H1-H6. 100 µl of the 
solution from the last holes were discarded. The test 
was followed by pipetting 100 µl of the prepared DPPH 
solution into holes A4-A6 until F4-F6, and 100 µl MeOH 
into holes A1-A3 until H1-H3. The microplate was 
covered and placed in a dark cabinet at room tem-
perature for 40 minutes before the absorbance analysis 
was done using UV-Vis spectrophotometer at 517 nm. 

Betalain Sample Preparation 

100 µl of MeOH was pipetted using multi pipettor (6 
tips) into holes B1-B6, C1-C6, until H1-H6. Then, 200 

µl of betalain solution with 1 mg/ml concentration 
dissolved in MeOH were pipetted into holes A1-A6. The 
samples were then diluted using serial dilution 
technique by pipetting 100 µl of betalain solution 
samples from holes A1-A6 and transferring into holes 
B1- B6. The step was repeated from holes B1-B6 to the 
next holes until holes H1-H6. 100 µl from the last holes 
were discarded. The test was followed by pipetting 100 
µl of the prepared DPPH solution into holes A4-A6 until 
F4-F6, and 100 µl MeOH into holes A1-A3 until H1-H3.  

Calculation on DPPH Inhibition Percentage 

Inhibition (%) = [1-(Abssample/AbsDPPH)] x 100 

*Abssample = Absorbance (sample + DPPH) – 
Absorbance (sample + MeOH) 

Betalain Pigment Preparation for Stability Test  

Heat Test 

Betalain sample at concentration 1, 2 and 3 g/l have 
been prepared accordingly. All samples are incubated 
in the oven at eight points of temperature (10, 20, 30, 
40, 50, 60 and 70°C) for 1 hour. The samples were 
prepared in triplicate and analysed hourly to monitor 
their stability. The changes of colour were measured in 
term of absorbance at 537 nm using the Varian Cary 
50 Conc UV-Visible Spectrophotometer. 

UV Irradiation Test 

Three concentrations comprised of 1, 2, and 3 g/l of 
betalain has been prepared by dissolving in methanol. 
All glass tubes containing samples of three different 
concentrations have been placed in a laminar hood and 
exposed under UV-A (long wavelength = 365 nm, 
intensity of 5500 lux) and UV-B (middle wavelength = 
312 nm, intensity of 2900 lux) perpendicularly 10 cm 
below the light source for 8 hours at room temperature. 
The samples are prepared in triplicate and analysed 
every 2-hour interval to monitor their stability. Any 
changes of colour before and after experiment were 
measured accordingly in term of absorbance using the 
Varian Cary 50 Conc UV-Visible Spectrophotometer at 
537 nm. 

RESULTS AND DISCUSSION 

Antioxidant Activities  

Results of the free radical scavenging activity of 
betalain and ascorbic acid as a standard are presented 
in Table 1. The data established that the DPPH radical 
scavenging activity in betalain is decreasing with 
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reduce concentration of the DPPH from 77.48% of 50% 
inhibition activity to 56. 82%. Meanwhile, the inhibition 
activity of ascorbic acid is decreasing from 84.3% to 
82.62%, with the reducing amount in the concentration 
of DPPH. Besides, the ability of DPPH as a stable free 
radical to decolorize in the presence of antioxidants 
explained its antioxidant assay. From this test, it 
showed that the dark purple colour of the sample 
changed into yellow colour, which proved the 
interaction of antioxidant founds in the compound 
interact with free radicals [16]. DPPH is now accepted 
an electron to make it stable diamagnetic molecule 
[17,18]. Other study also supported the existence of 
antioxidant in beetroot [7,19]. [20] added that the 
ingestion of a single dose of red beet juice resulted in 
an increase of antioxidant compounds including 
betalains in urinary excretion. Betalains and other 
phenolic compounds presented in red beet decreases 
oxidative damage of lipids and improves antioxidant 
status in humans. Antioxidant activity in red beet is 
associated involvement of antioxidants in the 
scavenging of free radicals and consequently in the 
prevention of diseases like cancer, cardiovascular 
diseases [3, 21]. Antioxidant activity was also reported 
to enrich human low density lipoproteins by betalains 
which increase resistance to oxidation [22]. It can be 
concluded that the free radical scavenging activity of 
methanol extract was confirmed in this experiment by 
having this percentage of inhibition activity value and 
by discoloration of sample from purple to yellow. 

Table 1: DPPH Antioxidant Test on Different 
Concentration of Betalain 

Betalain  
concentration (mg/ml) 

Ascorbic acid 
(standard) 

Inhibition (%) 

1.0 84.30 77.48 

0.5 84.11 71.59 

0.25 83.74 65.05 

0.125 82.80 60.65 

0.063 83.18 58.32 

0.032 82.62 56.82 

 
Betalain Pigment Stability Test 

Stability of betalain pigment chromaticity at different 
concentration of 1,2 and 3 g/l in response to different 
temperature of 10, 20, 30, 40, 50, 60 and 70°C were 
analysed in term of absorbance value. Examination of 
the summarised data in Figure 1 revealed that the 
temperature had a major effect on the stability of 
betalain pigment chromaticity. Temperature is regarded 

as the important factor to effect the stability of the 
colorant since it is related with the activation energy 
[14, 23]. In addition, comparison of betalain pigment 
chromaticity value ranging from 1.0 to 3.0 g/l in seven 
different temperatures also demonstrated tremendous 
fluctuation and variation. For example, 3.0 g/l contained 
relatively high value of chromaticity compared to 1.0 
and 2.0 g/l betalain pigment concentration as well as 
from 10 to 70°C, but temperature from 10 to 30°C 
contained relatively more stable betalain pigment 
chromaticity value with slightly decreased for all 
concentrations of betalain pigment. These data suggest 
that different concentration of betalain as well as heat 
had an effect on the chromaticity value and stability on 
the betalain pigment. [13] reported that higher 
temperature will degrades the stability of the colorant. 
This is because betalain pigment slowly damages as a 
result of increasing temperature. During control state of 
temperature, the data showed that the chromaticity 
value increased with the increment of pigment 
concentration from 1.0 to 3.0 g/l. When treated under 
10°C until 30°C, the absorbance reading increased in 
line with the addition of the concentration. However, the 
reading of all betalain pigment concentrations slowly 
decreased significantly starting from temperature 40°C 
until 70°C. In other words, the highest peak of 
absorbance reading is during temperature 30°C for 
three different readings of the concentrations. Similar 
result was also discovered by [24,25], however 
previous finding stated that the stability of betalains 
was recorded only at 20°C [9]. Another report 
manifested that the optimum temperature for the 
extraction is 40°C, and stated that betacyanins and 
betaxanthin yields drops following boiling and roasting 
methods [26].  

Figure 2 represents the stability of betalain pigment 
at different concentration of 1,2 and 3 g/l exposed 
under UV-A (365 nm) and UV-B (312 nm) light, at room 
temperature, measured at every 2-hour for 8 hours. 
Large differences were detected when betalain pigment 
exposed to UV irradiation after 2 hours and this proved 
that the longer the exposure to UV irradiation resulted 
in continuous discoloration of the samples. The data is 
supported by the finding of betalain light stability which 
confirmed the color degradation when treated under 
light treatment for several times [27]. This is due to the 
excitement of the electron in betalain chromophores to 
a more energetic state that cause activation energy of 
the molecules becomes higher or lower in reactivity 
[13]. Besides, the deterioration of betalain stability due 
to light has been discussed widely. In agreement with 
that, [23] stated that determination of stability of quality 
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Figure 1: Stability of betalain pigment at different concentration of 1,2 and 3 g/l in response to different temperature of 10, 20, 
30, 40, 50, 60 and 70°C.  

 

 

 
Figure 2: Stability of betalain pigment at different concentration of 1,2 and 3 g/l exposed under UV-A (365 nm) and UV-B (312 
nm) light, at room temperature, measured at every 2-hour for 8 hours. 
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factors in food requires an understanding of rate orders 
and the parameters that influence them. Colour plays 
an important role in visual recognition and assessment 
of the surface and the subsurface properties of the 
object. It has a great influence on the appearance, 
processing and acceptance of food materials. The 
degradation of betanin was reported to follow first order 
reaction kinetics. It is reported that in the presence of 
excess of oxygen, betanin degradation follows pseudo 
first order reaction. Betanins are reported to have some 
antioxidant activity and are found to be effective in 
inhibiting lipid peroxidation.  

CONCLUSION  

Stability test performed explained that this natural 
pigment is dependent on the temperature and 
concentration to maintain the colour from degrades. 
The best temperature to maintain the stability of the 
colorant is below 40ºC, higher temperature will cause 
the colour to degrade. In addition, light sensitivity of 
betalains limits its ability to be used in food industry as 
the pigment will decolorize when expose to the UV 
irradiation for a longer period of time. Nevertheless, 
beet root is a form of functional foods proven by its high 
percentage of scavenging activity. 

ACKNOWLEDGEMENT 

This work was supported by Ministry of Higher 
Education (MOHE) and International Islamic University 
Malaysia (IIUM) under Research Grant RIGS16-123-
0287. 

REFERENCES 

[1] Azeredo HMC. Betalains: properties, sources, applications, 
and stability - A review. Int J Food Sci Techno 2009; 44(12): 
2365-2376. 
https://doi.org/10.1111/j.1365-2621.2007.01668.x 

[2] Moreno DA, Garcia-Viguera C, Gil JI, Gil-Izquierdo A. 
Betalains in the era of global agri-food science, technology 
and nutritional health. Phytochem Rev 2008; 7(2): 261-280. 
https://doi.org/10.1007/s11101-007-9084-y 

[3] Delgado-Vargas F, Jimenez AR, Paredes-Lopez O. Natural 
pigments: carotenoids, anthocyanins, and betalains - 
Characteristics, biosynthesis, processing, and stability. Crit 
Rev Food Sci Nutr 2000; 40(3): 173-289. 
https://doi.org/10.1080/10408690091189257 

[4] Gandia-Herrero F, Escribano J, Garcia-Carmona F. 
Betaxanthins as pigments responsible for visible 
fluorescence in flowers. Planta 2005; 222(4): 586-593. 
https://doi.org/10.1007/s00425-005-0004-3 

[5] Tsai PJ, Sheu CH, Wu PH, Sun YF. Thermal and pH Stability 
of betacyanin pigment of djulis (Chenopodium formosanum) 
in Taiwan and their relation to antioxidant activity. J Agric 
Food Chem 2010; 58(2): 1020-1025. 
https://doi.org/10.1021/jf9032766 

[6] Stintzing FC, Carle R. N-heterocyclic pigments: Betalains. In: 
Socaciu C, Eds. Food colourants: chemical and functional 
properties. Boca Raton: CRC Press 2008.  

[7] Georgiev VG, Weber J, Kneschke EM, Denev PN, Bley T, 
Pavlov AI. Antioxidant activity and phenolic content of 
betalain extracts from intact plants and hairy root cultures of 
the red beetroot Beta vulgaris cv. Detroit dark red. Plant 
Foods Hum Nutr 2010; 65(2): 105-111. 
https://doi.org/10.1007/s11130-010-0156-6 

[8] Gaertner VL, Goldman IL. Pigment distribution and total 
dissolved solids of selected cycles of table beet from a 
recurrent selection program for increased pigment. J Am Soc 
for Hortic Sci 2005; 130(3): 424-433. 
https://doi.org/10.21273/JASHS.130.3.424 

[9] Jeba Kezi J, Judia Harriet Sumathy V. Betalain - a boon to 
the food industry. Discovery 2014; 20(63): 51-58. 

[10] Yusuf M, Shabbir M, Mohammad F. Natural Colorants: 
Historical, Processing and Sustainable Prospects. Nat Prod 
Bioprospect 2017; 7(1): 123-145. 
https://doi.org/10.1007/s13659-017-0119-9 

[11] Strack D, Vogt T, Schliemann W. Recent advances in 
betalain research. Phytochem 2003; 62: 247-269. 
https://doi.org/10.1016/S0031-9422(02)00564-2 

[12] Reddy KM, Ruby L, Lindo A, Nair GM. Relative inhibition of 
lipid peroxidation, cyclooxygenase enzymes and human 
tumor cells prolifieration by natural food color. J Agric Food 
Chem 2005; 53: 9268-9273. 
https://doi.org/10.1021/jf051399j 

[13] Ravichandran K, Saw NMMT, Mohdaly AAA, Gabr AMM, 
Kastell A, Riedel H, Cai Z, Knorr D, Smetanska I. Impact of 
processing of red beet on betalain content and antioxidant 
activity. Food Res Int 2011; 50(2013): 670-675. 
https://doi.org/10.1016/j.foodres.2011.07.002 

[14] Singla S, Goyal, S, Paliwal H, Mathur M, Chauhan CS, 
Daksh S. Lake Color Formulation of Beetroot Extract and its 
Optimization. Int J Pharm Sci Rev Res 2016; 40(2): 86-91. 

[15] Nisa A, Saeed K, Hina S, Zahra N, Mazhar S, Kalim I, Syed 
Q. Nutritional, Antioxidant, Microbiological and Toxicological 
Studies on Red Dye Extracted from Red Beet Roots (Beta 
vulgaris). Res J Chem Sci 2015; 5(4): 1-6. 

[16] Canadanovic-Brunet JM, Savatovic SS, Cetkovic GS, Vulic 
JJ, Djilas SM, Markov SL, Cvetkovic DD. Antioxidant and 
Antimicrobial Activities of Beet Root Pomace Extracts. Czech 
J Food Sci 2011; 29: 575-585. 
https://doi.org/10.17221/210/2010-CJFS 

[17] Ara N, Nur H. In vitro Antioxidant Activity of Methanolic 
Leaves and Flowers Extracts of Lippia alba. Res J Med Med 
Sci 2009; 4:107-110.  

[18] Molyneux P. The Use of the Stable Free Radical 
Diphenylpicryl-hydrazyl (DPPH) for Estimating Antioxidant 
Activity. Songklanakarin J Sci Technol 2004; 26(2): 211-219. 

[19] Biondo PBF, Boeing JS, Barizão ÉO, Souza NEde, 
Matsushita M, Oliveira CC de, Visentainer JV. Evaluation of 
beetroot (Beta vulgaris L.) leaves during its developmental 
stages: a chemical composition study. Food Science and 
Technology (Campinas) 2014; 34:94-101.  
https://doi.org/10.1590/S0101-20612014005000007 

[20] Netzel M, Stintzing FC, Quaas D, Strass G, Carle R, Bitsch 
R. Renal excretion of antioxidative constituents from red beet 
in humans. Food Res Int 2005; 38: 1051-1058. 
https://doi.org/10.1016/j.foodres.2005.03.016 

[21] Yusuf M, Shabbir M, Mohammad F. Natural Colorants: 
Historical, Processing and Sustainable Prospects. Nat Prod 
Bioprospect 2017; 7(1): 123-145. 
https://doi.org/10.1007/s13659-017-0119-9 

[22] Tesoriere L, Allegra M, Butera D, Livrea MA. Absorption, 
excretion, and distribution of dietary antioxidant betalains in 
LDLs Potential health effects of betalains in humans. Am J 
Clin Nutr 2004; 80: 941-945. 
https://doi.org/10.1093/ajcn/80.4.941 

 
 



86      Journal of Pharmacy and Nutrition Sciences,  2019, Vol. 9, No. 2 Fadzillah et al. 

[23] Chandran J, Nisha P, Rekha S, Singhal S, Pandit AB. 
Degradation of colour in beetroot (Beta vulgaris L.): a kinetics 
study. J Food Sci Technol 2014; 51(10): 2678-2684. 
https://doi.org/10.1007/s13197-012-0741-9 

[24] Wong YM, Siow LF. Effects of heat, pH, antioxidant, agitation 
and light on betacyanin stability using red-fleshed dragon fruit 
(Hylocereus polyrhizus) juice and concentrate as models. J 
Food Sci Technol 2015; 52(5): 3086-3092.  
https://doi.org/10.1007/s13197-014-1362-2 

[25] Cejudo-Bastante MJ, Hurtado N, Delgado A, Heredia FJ. 
Impact of pH and temperature on the colour and betalain 

content of Colombian yellow pitaya peel (Selenicereus 
megalanthus). J Food Sci Technol 2016; 53(5): 2405-2413. 
https://doi.org/10.1007/s13197-016-2215-y 

[26] Nisa A, Saeed K, Hina S, Zahra N, Mazhar S, Kalim I, Syed 
Q. Nutritional, Antioxidant, Microbiological and Toxicological 
Studies on Red Dye Extracted from Red Beet Roots (Beta 
vulgaris). Res J Chem Sci 2015; 5(4): 1-6. 

[27] Woo KK, Ngou FH, Ngo LS, Soong WK, Tang PY. Stability of 
betalain pigment from red dragon fruit (Hylocereus 
polyrhizus). Am J Food Technol 2011; 6(2): 140-148. 
https://doi.org/10.3923/ajft.2011.140.148 

 
Received on 16-02-2019 Accepted on 11-03-2019 Published on 14-03-2019 

DOI: https://doi.org/10.29169/1927-5951.2019.09.02.4 


