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Abstract – Red beet pigments, betacyanin and betaxanthin, are gaining significant interest due to their potential health benefits and 
applications as natural colorants in the food and pharmaceutical industries. This study explored the feasibility of Microwave-Assisted 
Extraction (MAE) as an alternative, efficient technique for extracting betacyanin and betaxanthin from red beets. Pretreated beets 
were subjected to MAE employing varying microwave power levels (200, 400, and 600 W) and solvents (water, ethanol, and ethanol 
+ citric acid). Betacyanin content varied from 23.77 to 59.28 mg/100g. Higher microwave power significantly increased betacyanin 
yield (p < 0.05), while the type of solvent did not exert a significant influence. Betaxanthin content was also affected by both microwave 
power and solvent polarity. Higher power settings and the more polar solvent mixture (ethanol + citric acid) resulted in greater 
extraction, due to the higher dielectric constant. These findings demonstrate the effectiveness of MAE for extracting both pigments 
from red beets. While the study identifies conditions that influence betacyanin and betaxanthin content, further investigation is needed 
to determine the optimal extraction parameters for each compound. 
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INTRODUCTION 
Red beets, a versatile food ingredient, offer 

numerous benefits, including imparting natural color 
to food products. The vibrant pigment within red 
beets, betalain, belongs to the antioxidant family. 
Beetroot boasts a rich nutritional profile, 
encompassing protein, fat, calcium, phosphorus, iron, 
vitamins A, B, and C, water, and significant amounts 
of starch and fiber. Widyaningrum and Suhartiningsih 
(2014) reported that 100g of beetroot contains 35.81% 
starch and 2.14% fiber. Being a polar dye, Betacyanin 
readily dissolves in polar solvents. This nitrogenous 
compound, present in the red pigment, exhibits potent 
antioxidant activity. 

Red beet (Beta vulgaris) stands out as a unique 
source of betalain, harboring two main betalain 
pigments: the red betanin and yellow vulgaxanthin I.  
 

 
 
Cultivated and consumed worldwide, red beets contribute 
significantly to global beet production, estimated at 
around 275 million metric tons in 2018 (Fu Y et al., 2020). 
Betacyanin constitutes 75-95% of  beet pigment, while 
betaxanthin comprises the remaining 5-25% (Ninfali et 
al., 2013). Red beets also contain isobetanin, an epimer of 
betanin. The betalain concentration in red beets ranges 
between 200-2100 mg/kg fresh weight, with variations 
observed across cultivars, with newer varieties boasting 
higher betalain content (Ninfali et al., 2013). 

Betacyanin's excellent water solubility makes it a 
desirable natural dye. This pigment finds presence in the 
flowers, fruits, and leaves of plants exhibiting a purplish-
red hue. However, betacyanin exhibits sensitivity towards 
various environmental factors like temperature, pH, light, 
oxygen, and metal ions, impacting its stability. Extraction 
of betacyanin utilizes various solvents, including water, 
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ethanol, methanol, and n-hexane. Notably, using water 
in high-heat concentration processes can damage the 
betacyanin compound due to its boiling point of 100°C 
(Rengku et al., 2017). Sari et al.'s research employed a 
maceration method with ethanol concentrations of 
80%, 50%, 20%, and 0%, achieving the best result 
with 50% ethanol solvent, yielding 0.089 mg/100 g of 
betacyanin. Novatama et al.'s maceration method 
using 70% ethanol solvent yielded 37.64 mg/100 g of 
betacyanin. However, both studies suffer from long 
extraction times, requiring 48 hours. 

Non-conventional extraction methods like 
Microwave Assisted Extraction (MAE) offer a 
promising alternative compared to traditional 
methods. This method delivers enhanced quality and 
quantity of the desired product due to its use of less 
solvent and shorter exposure times at high 
temperatures (Yuan et al., 2018). Reduced operating 
time and solvent consumption, along with lower 
energy consumption due to direct radiation to the 
matrix, constitute the key advantages of microwave 
extraction (Seoane et al., 2017). Cardoso-Ugarte et 
al.'s (2014) research achieved the same betalain 
concentration ten times faster using microwave 
irradiation compared to conventional methods, with 
betalain yields doubling. However, dielectric heating 
during microwave processing can accelerate chemical 
reactions of target compounds, including 
epimerization, oxidation, and polarization, which 
necessitates consideration (Bastos et al., 2017). 

During MAE, sample cells experience thermal 
increases in temperature and pressure due to 
microwave irradiation, leading to cell wall rupture and 
the release of intracellular compounds (Pap et al., 
2012).  

This research aims to investigate the 
effectiveness of MAE in extracting betacyanin and 
betaxanthin from red beets and to determine the 
optimal extraction conditions. 

 
RESEARCH METHOD 

Materials and Tools 
The materials used were Red Beets ethanol 

(96% purity), Citric Acid, and water. using tools 
microwave-assisted extraction, oven, analytical 
balance, beaker glass, and UV-Vis 
Spectrophotometer. 
Red Beets Pretreatment 

Beets were obtained from a local supermarket 
in Semarang, Indonesia. After thorough washing, their 
skin was peeled with a knife. The flesh was then diced 
into 1 cm cubes and distributed equally into 9 airtight 
containers, each containing 20 grams. The beets were 
stored for 72 hours at ±-10°C. 
Microwave-Assisted Extraction (MAE) 
 Betacyanin and betaxanthin extraction from 
red beet was performed using microwave-assisted 
extraction (MAE). A mixture of 1:20 solids to solvent 
ratio were selected for MAE of betalain pigments 

Solid-liquid extraction began by grinding 20 grams of beet 
pulp in a blender with 400 mL of each solvent: distilled 
water, ethanol, and ethanol + citric acid, each used in a 
separate extraction. The MAE process was conducted for 
10 minutes per experiment at varying microwave power 
levels: 200, 400, and 600 W. The MAE system was 
equipped with a condenser to prevent solvent loss. 
Immediately after extraction, the samples were stored in 
sealed bottles and kept in a cooler at 18°C to minimize 
pigment degradation due to temperature. Analysis was 
conducted the following day. 
Quantification of betacyanin and betaxanthin 
 The total betacyanin and betaxanthin contents 
were quantified using a spectrophotometric method at 
specific absorbance wavelengths: 537 nm for betacyanin 
and 480 nm for betaxanthin. The content was expressed in 
mg per 100 g of sample, as calculated using formula (1). 
 

BC/BxC (mg/100g) = 
 .  ி .  ெௐ .  ଵ

ఌ .  
 (1) 

 
Where A is the maximum absorbance value at 537 nm for 
betacyanin and 480 nm for betaxanthin; DF is the dilution 
factor; MW is the molecular weight: 550 g/mol for 
betacyanin and 308 g/mol for betaxanthin; L is the length 
of the tank path (1 cm); ε is the absorbance coefficient: 
60,000 L/mol cm in water for betacyanin and 48,000 
L/mol cm in water for betaxanthin. 
Statistical analysis 
 Two-way ANOVA was employed to analyze the 
combined effects of solvent and microwave power on 
betacyanin yield. During data analysis of the extraction 
process, Two-way ANOVA was used to assess 
differences in the average extraction results based on two 
independent variables: solvent and microwave power. 
The analysis examined the mean betacyanin yield 
obtained in each extraction and calculated the p-values 
for both factors and their interaction. Three replicates 
were performed for each condition, and a 5% tolerance 
limit was applied. The Two-way ANOVA analysis was 
conducted using Microsoft Excel 2021. 
 
RESULTS AND DISCUSSION 
The Influence of Extraction Parameters on 
Betacyanin Content 
 This study explored the impact of varying 
microwave power and solvent type on betaxanthin 
extraction from beets. The experiment revealed a range 
of betacyanin content, from 23.77 to 59.28 mg/100g. A 
two-way ANOVA (Table 1) was used to analyze the 
significance of these factors in influencing the extraction 
process. 
 Treatment with microwave power levels of 200, 
400, and 600 watts yielded average betacyanin contents 
of 28.98, 46.2, and 40.07 mg/100g, respectively. Based 
on the F-value (2.92774), which exceeds the F-critical 
(2.38877), the alternative hypothesis (Ha) stating a  
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Table 1. Two-way Anova of Betacyanin and Betaxanthin Content with Replication 

Source of Variation SS df MS F P-value F crit 

Betacyanin Content      

Sample 1370.0412 2 685.02059 34392.562 5.7409E-33 3.5545571 

Columns 490.05747 2 245.02873 12302.062 5.9638E-29 3.5545571 

Interaction 1665.3708 4 416.3427 20903.156 9.9102E-33 2.9277442 

Within 0.3585185 18 0.0199177    

       

Total 3525.828 26         

Betaxanthin Content      

Sample 153.7526 2 76.87632 15753.87 6.45E-30 3.554557 

Columns 288.2421 2 144.1211 29534 2.26E-32 3.554557 

Interaction 199.4584 4 49.8646 10218.5 6.2E-30 2.927744 

Within 0.087837 18 0.00488    

       

Total 641.541 26         
  

 
Figure 1. Betacyanin content 

 
significant difference between average betacyanin 
values at different power levels was accepted. This 
confirms that microwave power significantly affects 
the extraction efficiency. This is also in accordance 
with research by Aruna Singh et al (2017) which 
explains that at a power of 384.5 W it produces 
betalain which is higher than at a power of 224.61 W. 
In microwave extraction, ethanol yielded higher 
values compared to distilled water. Notably, the 
addition of citric acid to the ethanol solvent further 
increased betacyanin levels. This enhanced extraction 
can be attributed to the acidic environment created by 
citric acid. Betalain compounds, including 
betacyanin, exhibit optimal stability within a pH range 
of 3-7 (Enriquez et al., 2020). 
 The impact of microwave power can be 
explained by the principle of increased energy input at 
higher power settings. This leads to faster and more 
uniform heating, facilitating efficient extraction and 
resulting in higher average betacyanin values. The 

highest average value was observed at 600 watts, 
followed by 400 and 200 watts, further supporting this 
explanation.  
 While solvent type did not significantly affect 
the average betacyanin yield, as evidenced by the F-
value (0.588527) being lower than the F-critical value 
(6.944272). This supports the null hypothesis (H₀) 
stating no significant difference in average values 
between the aquadest, ethanol, and citric acid 
solvents. 
 This can be explained by the diverse 
solubilities of different compounds in various 
solvents. However, in the context of this study, the 
differences in solvent-specific extraction abilities 
were not substantial enough to significantly impact 
the average betacyanin content. 
 Therefore, we conclude that microwave power 
exerted a significant influence on the average 
betacyanin yield compared to solvent variation. 
Higher microwave power settings led to 
correspondingly higher average betacyanin content. 

 
The Influence of Extraction Parameters on 
Betaxanthin Content 

This study explored the impact of varying 
microwave power and solvent type on betaxanthin 
extraction from beets. The microwave power used 
significantly impacted the extraction yield. Higher 
power levels led to increased extraction, presumably 
due to the generated higher temperature facilitating a 
faster and more efficient extraction process. 

Solvent variations also played a role in 
extraction yield. More polar solvents, like ethanol in 
combination with citric acid, proved more effective in 
extracting the polar betaxanthin molecules. This 
enhanced efficacy likely arises from improved 
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interactions between the solvent and the target 
compound. 

Based on Figure 2, it can be concluded that 
both microwave power and solvent polarity influence 
betaxanthin extraction yield. Higher power settings 
and more polar solvents generally lead to increased 
extraction efficiency. 

 
Figure 2. Betaxanthin content 

 
CONCLUSION 
This study confirms Microwave-Assisted Extraction 
(MAE) as a viable method for extracting betacyanin 
and betaxanthin from red beets. Citric acid addition 
significantly enhances betacyanin yield, while 
microwave power exerts a significant influence on 
betacyanin content. The combination of citric acid + 
ethanol at 600 W power delivers the highest 
betacyanin yield (59.28 mg/100g), while dropping to 
40.64 mg/100g at 400 W. Higher microwave power 
settings consistently lead to increased average 
betacyanin and betaxanthin content compared to 
lower settings. Solvent type, however, does not 
significantly affect betacyanin and betaxanthin 
content. All three solvents used in this study exhibit 
comparable performance in betacyanin and 
betaxanthin extraction. Both microwave power and 
solvent polarity play key roles in betacyanin and 
betaxanthin content. Higher power settings and more 
polar solvents, like ethanol + citric acid, significantly 
improve betacyanin and betaxanthin extraction 
efficiency. 
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