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Abstract 

This study investigates the stability of antioxidant compounds in sugarcane juice during various 
processing stages. The antioxidant properties of sugarcane juice are well-documented, but the impact of 
processing on these beneficial compounds requires detailed analysis. This research evaluates the 
changes in antioxidant activity and specific antioxidant compounds, including phenolics and 
flavonoids, during pasteurization, refrigeration, and storage. The results highlight the significance of 
optimizing processing conditions to retain the health-promoting properties of sugarcane juice. 
 
Keywords: Antioxidant stability, sugarcane juice, processing, phenolic compounds, flavonoids, 
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Introduction 

Sugarcane juice is a widely consumed beverage, cherished for its refreshing taste and a 
myriad of health benefits. These health benefits are primarily attributed to its rich content of 
antioxidants, which include phenolic compounds, flavonoids, and other bioactive molecules. 
Antioxidants are essential for human health as they play a pivotal role in neutralizing free 
radicals, thereby mitigating oxidative stress. Oxidative stress is linked to the pathogenesis of 
various chronic diseases such as cancer, cardiovascular diseases, and neurodegenerative 
disorders. Therefore, the consumption of antioxidant-rich beverages like sugarcane juice can 
contribute significantly to the prevention of these ailments. Despite its benefits, sugarcane 
juice is highly perishable due to its rich nutrient content, which provides an ideal medium for 
microbial growth. To ensure safety and extend shelf life, sugarcane juice undergoes 
processing stages such as pasteurization, refrigeration, and storage. Pasteurization, a common 
heat treatment process, is essential for destroying pathogenic microorganisms and enzymes 
that can cause spoilage. However, heat treatment can also lead to the degradation of sensitive 
antioxidant compounds, potentially diminishing the health benefits of the juice. Refrigeration 
is another critical processing stage aimed at slowing down microbial growth and enzymatic 
reactions, thus extending the juice’s shelf life. However, even under refrigeration, prolonged 
storage can lead to gradual degradation of antioxidants. The combined effects of 
pasteurization and refrigerated storage on the stability of antioxidants in sugarcane juice are 
not fully understood, necessitating comprehensive research in this area. Previous studies on 
various fruit juices have shown that thermal processing and storage conditions significantly 
impact the retention of phenolic compounds and overall antioxidant activity. For example, 
Santos et al. (2013) [1] reported that pasteurization led to a significant loss of phenolic 
content and antioxidant activity in fruit juices. Similarly, Shaghaghi et al. (2017) [2] found 
that refrigerated storage resulted in a decline in phenolic content and antioxidant capacity in 
grape juice over time. These studies underscore the importance of optimizing processing 
conditions to preserve the nutritional and functional qualities of juices. Given the popularity 
of sugarcane juice and the increasing consumer demand for functional beverages with health-
promoting properties, it is crucial to investigate how processing affects its antioxidant 
stability. Understanding these effects will help in developing optimized processing protocols 
that maximize the retention of beneficial compounds while ensuring the safety and shelf life 
of the juice. 
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Main Objective 

The main objective of this paper is to investigate the 
stability of antioxidant compounds in sugarcane juice during 
pasteurization and refrigeration, and to determine the 
optimal processing conditions that preserve the juice's 
antioxidant properties. 
 

Materials and Methods 

1. Sample Collection 

Fresh sugarcane juice was extracted from mature sugarcane 
stalks using a mechanical juicer. The juice was filtered to 
remove any solid particles and divided into different batches 
for processing. 
 
2. Processing Conditions 

In this study, we explored the effects of different processing 
conditions on the antioxidant stability of sugarcane juice. 
The primary processing stages examined were 
pasteurization, refrigeration, and storage. Freshly extracted 
sugarcane juice was obtained from mature stalks using a 
mechanical juicer. The juice was filtered to remove solid 
particles and then subjected to various processing 
conditions. The pasteurization process involved heating the 
juice at 85 °C for different durations: 5 minutes, 10 minutes, 
and 15 minutes. This was done to determine the impact of 
heat treatment on the antioxidant compounds present in the 
juice. Pasteurization is essential for ensuring microbial 
safety and extending the shelf life of the juice; however, it is 
known to potentially degrade heat-sensitive bioactive 
compounds. Post-pasteurization, the juice samples were 
immediately cooled and stored under refrigeration at 4 °C. 
This temperature was chosen to simulate typical storage 
conditions for perishable beverages and to observe the 
stability of antioxidant compounds over time. The samples 
were stored for varying durations: 1 day, 3 days, and 7 days. 
This range allowed us to monitor short-term and long-term 
effects of refrigeration on the antioxidant properties of the 
juice. Throughout the storage period, the juice samples were 
periodically analyzed to assess changes in total phenolic 
content (TPC), total flavonoid content (TFC), and DPPH 
radical scavenging activity. These assays provided a 
comprehensive understanding of how different processing 
conditions influenced the antioxidant stability of sugarcane 
juice. By systematically varying pasteurization times and 
storage durations, we aimed to identify optimal conditions 
that would preserve the health-promoting properties of 
sugarcane juice while ensuring its safety and palatability. 
 
3. Antioxidant Activity Assays 

To evaluate the antioxidant stability of sugarcane juice 
under different processing conditions, we conducted several 
key antioxidant activity assays: Total Phenolic Content 
(TPC), Total Flavonoid Content (TFC), and DPPH Radical 
Scavenging Activity. The Total Phenolic Content (TPC) was 
determined using the Folin-Ciocalteu method. This 
colorimetric assay involves mixing the sugarcane juice 
samples with Folin-Ciocalteu reagent and sodium carbonate. 
The mixture is then incubated, allowing phenolic 
compounds to react with the reagent, forming a blue 
complex. The absorbance of this complex is measured at 
765 nm using a spectrophotometer, and the phenolic content 
is quantified against a standard curve of gallic acid 
equivalents (GAE). This method provides a comprehensive 
measure of the phenolic compounds in the juice, which are 

known for their potent antioxidant properties. The Total 
Flavonoid Content (TFC) was measured using the aluminum 
chloride colorimetric method. In this assay, sugarcane juice 
samples are mixed with aluminum chloride solution and 
potassium acetate. After incubation, the formation of a 
yellow complex is indicative of the presence of flavonoids. 
The absorbance of this complex is measured at 415 nm, and 
flavonoid content is quantified using a standard curve of 
quercetin equivalents. Flavonoids are a significant class of 
antioxidants, contributing to the overall antioxidant capacity 
of the juice. The DPPH Radical Scavenging Activity assay 
was employed to evaluate the free radical scavenging 
capacity of the sugarcane juice. In this assay, the juice 
samples are mixed with a solution of DPPH (2,2-diphenyl-
1-picrylhydrazyl), a stable free radical. The reaction leads to 
a color change from purple to yellow as the DPPH radicals 
are scavenged by antioxidants present in the juice. The 
absorbance decrease is measured at 517 nm, and the 
antioxidant activity is expressed as a percentage of DPPH 
inhibition. This assay provides a direct measure of the 
juice's ability to neutralize free radicals, reflecting its 
antioxidant potency. These antioxidant activity assays 
collectively offer a detailed analysis of how processing 
conditions, such as pasteurization and storage, affect the 
stability of antioxidant compounds in sugarcane juice. By 
utilizing these methods, we were able to quantify the impact 
on both phenolic and flavonoid contents, as well as the 
overall free radical scavenging capacity, providing a 
comprehensive assessment of the juice's antioxidant 
properties under varying conditions. 
 
4. Statistical Analysis 

In this study, the data collected from the antioxidant activity 
assays were subjected to statistical analysis to determine the 
impact of different processing conditions on the stability of 
antioxidant compounds in sugarcane juice. The analysis was 
performed using ANOVA (Analysis of Variance) to identify 
significant differences between the means of different 
treatment groups. This was followed by Tukey's post hoc 
test for pairwise comparisons to pinpoint specific 
differences between the groups. The significance level was 
set at p < 0.05, and the data were expressed as 
mean±standard deviation (SD) of triplicate measurements. 
This rigorous statistical approach ensured that the observed 
differences were not due to random variation but were 
attributable to the processing conditions. 
 
Results and Discussion 

Results 

The observed data from the Total Phenolic Content (TPC), 
Total Flavonoid Content (TFC), and DPPH Radical 
Scavenging Activity assays are summarized in the following 
tables. Each table presents the mean values and standard 
deviations for each processing condition. 
 

Table 1: Total Phenolic Content (mg GAE/100 mL) 
 

Processing Condition 1 Day 3 Days 7 Days 

Fresh Juice 85.3±2.1 85.3±2.1 85.3±2.1 

Pasteurization 5 min 80.2±1.8 78.5±1.9 75.6±2.0 

Pasteurization 10 min 75.4±2.0 72.8±1.8 68.7±2.2 

Pasteurization 15 min 70.1±1.7 66.3±1.6 62.4±2.1 
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Table 2: Total Flavonoid Content (mg QE/100 mL) 
 

Processing Condition 1 Day 3 Days 7 Days 

Fresh Juice 45.7±1.2 45.7±1.2 45.7±1.2 
Pasteurization 5 min 42.8±1.1 41.2±1.3 38.5±1.4 

Pasteurization 10 min 39.6±1.3 36.7±1.2 33.2±1.5 
Pasteurization 15 min 35.4±1.2 32.1±1.4 28.9±1.6 

 
Table 3: DPPH Radical Scavenging Activity (% Inhibition) 

 

Processing Condition 1 Day 3 Days 7 Days 

Fresh Juice 92.5±2.3 92.5±2.3 92.5±2.3 
Pasteurization 5 min 88.3±2.0 86.1±2.1 83.4±2.2 

Pasteurization 10 min 84.7±2.2 81.4±2.0 77.2±2.4 
Pasteurization 15 min 79.5±1.9 75.6±1.8 71.3±2.3 

 

Discussion 

The present study examined the impact of different 
processing conditions on the stability of antioxidant 
compounds in sugarcane juice, specifically focusing on total 
phenolic content (TPC), total flavonoid content (TFC), and 
DPPH radical scavenging activity. Our findings indicate 
significant degradation of these compounds due to 
pasteurization and prolonged storage, which aligns with 
existing literature on the thermal sensitivity of antioxidants. 
Our results demonstrated that pasteurization significantly 
reduces the TPC and TFC in sugarcane juice. For instance, 
TPC decreased from 85.3±2.1 mg GAE/100 mL in fresh 
juice to 70.1±1.7 mg GAE/100 mL after 15 minutes of 
pasteurization. Similarly, TFC dropped from 45.7±1.2 mg 
QE/100 mL in fresh juice to 35.4±1.2 mg QE/100 mL under 
the same conditions. These findings are consistent with 
those of Santos et al. (2013) [1], who reported a significant 
loss of phenolic compounds in pasteurized fruit juices due to 
thermal degradation. The reduction in DPPH radical 
scavenging activity, from 92.5±2.3% in fresh juice to 
79.5±1.9% after 15 minutes of pasteurization, further 
corroborates the sensitivity of antioxidant activity to heat 
treatment, as observed in studies on other beverages like 
pasteurized orange juice. Refrigeration and extended storage 
further exacerbated the loss of antioxidant compounds. After 
7 days of storage, TPC in juice pasteurized for 15 minutes 
decreased to 62.4±2.1 mg GAE/100 mL, and TFC to 
28.9±1.6 mg QE/100 mL. This trend is supported by the 
findings of Shaghaghi et al. (2017) [2], who observed a 
similar decline in phenolic content and antioxidant activity 
in refrigerated grape juice over time. The progressive 
decrease in DPPH radical scavenging activity, to 71.3±2.3% 
after 7 days of storage, highlights the combined adverse 
effects of pasteurization and refrigeration. Comparative 
studies on the thermal and storage stability of antioxidants 
in various juices reveal a common pattern of degradation. 
According to Apak et al. (2016) [3], pasteurization often 
leads to the breakdown of phenolic structures, resulting in 
diminished antioxidant capacity. Our study's results align 
with these observations, demonstrating that even mild 
pasteurization can significantly impact the antioxidant 
profile of sugarcane juice. In contrast, high-pressure 
processing (HPP) has been shown to better preserve 
antioxidant compounds compared to thermal pasteurization. 
Chawla et al. (2021) [4] found that HPP-treated apple juice 
retained higher levels of phenolics and flavonoids, 
suggesting an alternative method to preserve the antioxidant 
properties of sugarcane juice. This supports the notion that 
non-thermal preservation methods may be more effective in 
maintaining the nutritional and functional qualities of juice. 

The practical implications of our findings are significant for 
the juice industry. To maximize the health benefits of 
sugarcane juice, it is crucial to optimize pasteurization 
conditions, potentially employing lower temperatures or 
shorter times. Non-thermal techniques such as HPP should 
be explored as viable alternatives to conventional 
pasteurization. Additionally, enhancing storage conditions, 
such as using antioxidants or natural preservatives, could 
mitigate the degradation of bioactive compounds during 
refrigeration. While this study provides valuable insights 
into the impact of processing on antioxidant stability, it is 
limited to specific processing conditions. Future research 
should explore a broader range of pasteurization 
temperatures and times, as well as alternative preservation 
methods. Investigating the use of natural preservatives and 
their effect on the stability of antioxidant compounds could 
also provide practical solutions for extending the shelf life 
of sugarcane juice without compromising its health benefits. 
In conclusion, our study highlights the significant impact of 
pasteurization and storage on the antioxidant stability of 
sugarcane juice. The findings underscore the need for 
optimized processing conditions to preserve the beneficial 
properties of this popular beverage. By adopting non-
thermal preservation methods and improving storage 
practices, the juice industry can enhance the nutritional 
value and appeal of sugarcane juice to health-conscious 
consumers. 
 

Conclusion 

The study investigated the stability of antioxidant 
compounds in sugarcane juice under various processing 
conditions, including pasteurization and refrigeration. Our 
findings reveal that both pasteurization and prolonged 
storage significantly reduce the antioxidant properties of 
sugarcane juice. Specifically, the total phenolic content, 
total flavonoid content, and DPPH radical scavenging 
activity decreased with increased pasteurization time and 
extended storage duration. The results underscore the 
thermal sensitivity of antioxidant compounds, which are 
adversely affected by pasteurization. While necessary for 
ensuring microbial safety, pasteurization leads to a 
substantial loss of beneficial antioxidants. Refrigeration 
further contributes to the degradation of these compounds 
over time, highlighting the challenge of maintaining the 
nutritional quality of sugarcane juice during storage. 
To preserve the health-promoting properties of sugarcane 
juice, it is crucial to optimize processing conditions. 
Potential strategies include minimizing pasteurization time 
and temperature, exploring non-thermal preservation 
methods such as high-pressure processing (HPP), and using 
natural preservatives to enhance antioxidant stability during 
storage. This study provides valuable insights for the juice 
industry, emphasizing the need for advanced processing 
techniques to retain the nutritional and functional qualities 
of sugarcane juice. Future research should continue to 
explore alternative methods and storage solutions to ensure 
that consumers can enjoy the full health benefits of this 
popular beverage. 
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