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ABSTRACT
This study evaluated the effect of temperature on the free radical scavenging activity of Moringa oleifera leaf extracts, with butylated hydroxyanisole (BHA) serving as a standard antioxidant..Moringa oleifera, commonly referred to as the drumstick tree, is widely recognized for its rich phytochemical and nutritional profile, particularly its antioxidant constituents such as flavonoids, tannins, and phenolics.Moringa oleifera leaves, known for their high content of phenolics, flavonoids, and vitamins, were subjected to thermal treatments at raw, 40 °C, 60 °C, 80 °C, and 100 °C, extracted with aqueous and ethanol solvents, and analyzed using the DPPH radical scavenging assay. The results revealed a concentration-dependent increase in antioxidant activity across all samples. Among the treatments, the extract heated at 60 °C exhibited the strongest activity, reflected by the lowest EC₅₀ value (~500 µg/ml), while the 80 °C sample showed the weakest activity despite higher RSA values at some concentrations. The raw and 100 °C extracts displayed intermediate performance. BHA maintained the highest overall scavenging activity but moringa extracts, particularly at 60 °C, showed comparable efficiency. These findings indicate that moderate heating enhances the release and stability of antioxidant phytochemicals in Moringa oleifera, whereas excessive heat reduces activity. The study concludes that controlled thermal processing optimizes the antioxidant potential of moringa leaves, supporting their application in nutraceuticals, functional foods, and as natural alternatives to synthetic antioxidants. 
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INTRODUCTION
Free radicals had been reported to be responsible for the pathophysiology of several diseases like cancer, diabetes, and cardiovascular diseases (Ramkumar et al.,2007). Antioxidant has capacity to dissolve the free radicals cells in human bodies (Erasto et al., 2007). In recent years, several plants had been studied to contain phytochemicals that can protect a human system against different diseases. However, the structures of these phytochemicals made them scavenge free radical cells (Alara et al., 2017). 
Temperature plays a critical role in modulating the free radical scavenging activity of Moringa oleifera leaves. Moderate heat treatment (around 50OC-60oC) has been reported to enhance the antioxidant potential of moringa by increasing the release of phenolic compounds and flavonoids, which are primarily responsible for scavenging  free radicals such as DPPH (2,2-diphenyl-1-picrylhdrazyl) (Siddhuraju and Becker, 2003). This enhancement is attributed to the thermal breakdown of plant cells, which facilitates the extraction of antioxidant compounds. 
However, when exposed to high temperatures (above 80OC) or prolonged heating, the antioxidant activity tends to decline. This is due to the degradation of heat-sensitive phytochemicals such as vitamin C and certain polyphenols, which are essential for neutralizing free radicals (Moyo et al., 2011). 
Temperature plays an important role in influencing the radical scavenging activity of bioactive compounds. Generally an increase in temperature can enhance the solubility and diffusion rate of antioxidants, leading to higher activity in some cases (Molyneux, 2004). However, prolonged exposure to high temperatures may degrade thermo-labile antioxidant compounds reducing their effectiveness (Zhou et al., 2011). Free radicals, particularly reactive oxygen species (ROS), are highly reactive molecules that can cause oxidative damage to lipids, proteins, and DNA. Antioxidants are compounds that scavenge free radicals, thereby protecting biological systems from oxidative stress (Lobo et al., 2010). The efficiency of these antioxidants, often evaluated using assays such as DPPH or ABTS, is influenced by several environmental factors with temperature being one of the most significant (Apak et al., 2016).
Free radicals are unstable molecules that have one or more unpaired electrons. Because electrons prefer to be in pairs, these molecules are highly reactive and attempt to steal” electrons from nearby molecules to stabilize themselves, leading to a chain of damage to cells, proteins, and DNA. Free radicals are produced naturally in the body during normal metabolic processes, such as energy production, but they can also arise from external sources like pollution, radiation, cigarette smoke, and certain chemicals. Although free radicals have beneficial roles, such as aiding immune cells in fighting infections, an excess can result in oxidative stress, a condition linked to aging and numerous diseases, including cancer and heart disease. Antioxidants counteract this by donating electrons to free radicals without becoming unstable themselves, which is why diets rich in antioxidants such as foods like fruits and vegetables are considered beneficial to health (Lobo et al., 2010).  
Although the antioxidant potential of Moringa oleifera is well-established, limited studies have examined how temperature variations during processing such as drying or extraction affect its antioxidant efficiency (Vergara-Jimenez et al., 2017). In both domestic and industrial contexts, Moringa leaves are often subjected to thermal processing, yet optimal temperature conditions for preserving their bioactivity remain unclear.
Improper thermal treatment could lead to the degradation of active phytochemicals, thus reducing the health benefits of Moringa products (Ahmed et al., 2013). Conversely, certain temperature conditions might increase the availability of antioxidant compounds through enhanced extraction or hydrolysis of glycosides (Gulcin, 2020). This knowledge gap necessitates a thorough investigation to identify how varying temperature conditions influence the antioxidant efficacy of Moringa leaf extracts. This study aims to explore these effects and contribute valuable data for improving processing techniques and enhancing the quality and efficacy of Moringa-based products.
The aim of this study is to investigate the effects of temperature on the free radical scavenging activity of the leaf of Moringa oleifera. The objectives include however to evaluate how different temperature conditions affect the free radical scavenging activity of Moringa oleifera leaf extracts by establishing the baseline of antioxidant activity of Moringa leaves at ambient temperature and the threshold beyond which antioxidant activity significantly decreases. Finaly, to evaluate the thermal stability of key antioxidant compounds present in moringa leaves. 

MATERIALS AND METHOD
Study Area
This study was carried out at Nnamdi Azikiwe University, Awka, Anambra State. Anambra State is located in the south-eastern part of Nigeria and lies between latitudes 6o 13’ and 16’ N and longitude 7o 4’ and 7o 41’ E and Altitude 160.8m respectively (Ezenwaji et al., 2014). This research was designed to evaluate the effects of temperature on the free radical scavenging activity of the leaf of Moringa oleifera. 
Collection of sample
Fresh leaves sample of Moringa oleifera were collected from NnamdiAzikiwe University Awka . Identification was carried out and verified from the compiled checklist maintained on the stock by systematics in the Department of Botany Laboratory, Faculty of Biosciences, Nnamdi Azikiwe University, Awka.
Sample Preparation
The fresh leaves of the sample were dried under room temperature for two weeks. The dried sample was grinded with an electric blender into powdered form. The sample was further grounded with a corona manual grinder and stored in an airtight container for further use.
Preparation of reaction mixture 
An aliquot ((1g) of the pulverized moringa leaf was weighed into 100ml beakers labelled as Raw, 40oC, 60oC, 80oC and 100oC. The beakers were individually placed in a water bath (Techmel&Techmel, U.S.A.) set at a temperature corresponding to the label on the beaker. Ten milliliter (10ml) of preheated deionized water corresponding to the temperature was added to the beaker and the water bath was closed. It was allowed to heat for 10mins and the beaker and its content was removed and allowed to cool. The content was homogenized using mortar and pestle with 10ml of 70% ethanol. This was filtered with Whatman number 4 filter paper and the filtrate was used for the analyses.
DPPH scavenging activity Assay
The stable 2, 2-diphenyl-1-picryl hydrazyl radical (DPPH) was used for the determination of free radical scavenging activity of the extract of moringa leaf. This was assayed using the method of Ebrahimzadem, et al.(2009) An aliquot (0.3ml) of different concentrations of the extract (0-1000µg/ml) were mixed with 2.7ml of methanolic solution of DPPH (100 μM) in test tubes. The mixture was shakenand kept in dark for 60mins. The absorbance was taken at a wavelength of 517nM using Axiom 752 spectrophotometer. Butylated hydroxyanisole (BHA) was used as standard antioxidant. The percentage scavenging activity was calculated using the formula:
%RSA= [(ADPPH-As)/ADPPH] ×100
Where As is the absorbance of the test solution with the sample and ADPPH is the absorbance of DPPH solution. The EC50 (concentration of sample at 50% RSA) was calculated from the graph of %RSA against the sample concentration.

                                                  RESULTS AND DISCUSSION
The effect of temperature on the free radical scavenging activity of Moringa oleifera leaf extract was evaluated using the DPPH assay, with butylated hydroxyanisole (BHA) as the standard antioxidant. The result obtained showed the influence of temperature on the antioxidant capacity of Moringa oleifera leaves
Effect of temperature on the free radical scavenging activity of moringa leaf compared to that of butylated hydroxyanisole (BHA), a standard antioxidant.
The free radical scavenging activity (%RSA) of Moringa oleifera leaf extracts at different temperatures (raw, 40°C, 60°C, 80°C, and 100°C) was compared to that of butylated hydroxyanisole (BHA), a standard antioxidant, as shown in Figure 1.The result indicates a concentration-dependent increase in scavenging activity across all treatments. At lower concentrations (100–200 µg/ml), all extracts showed relatively low %RSA values, ranging from about 15–25%. As concentration increased to 400µg/ml and above, the scavenging activities became more pronounced, with values exceeding 50% in most treatments.
Among the temperature-treated samples, the extract heated at 80 °C exhibited the highest radical scavenging activity, with peak activity comparable to that of the standard BHA, particularly between 600–1000 µg/ml. The raw sample and those heated at 60 °C and 100 °C also displayed appreciable scavenging activities, though slightly lower than the 80 °C extract. In contrast, the extract treated at 40 °C consistently recorded the lowest %RSA, suggesting that mild heat may have reduced its antioxidant efficiency.
The standard antioxidant BHA showed the highest activity overall, achieving over 90% RSA at 1000 µg/ml. However, the moringa leaf extract heated at 80 °C closely followed this pattern, indicating that optimal thermal treatment may enhance the release or stability of antioxidant phytochemicals.
In general, the results suggest that temperature has a significant influence on the antioxidant potential of Moringa oleifera leaf, with moderate heating (around 80 °C) improving free radical scavenging ability, while very low or very high temperatures may reduce activity.













Figure 1: Graph showing the effect of temperature on the free radical scavenging activity of Moringa leaf compared to that of butylated hydroxyanisole (BHA), a standard antioxidant.









The EC50 for the effect of temperature on the free radical scavenging activity of moringa leaf compared with butylated hydroxyanisole (BHA), a standard antioxidant. The lower the EC50, the higher the activity.
The effect of different temperature treatments on the free radical scavenging activity of Moringa oleifera leaf extract, expressed as EC₅₀ (µg/ml), is presented in Figure 4.2. The EC₅₀ value represents the concentration of extract required to scavenge 50% of free radicals, and a lower EC₅₀ indicates higher antioxidant activity.
From the graph, the raw (unheated) Moringa oleifera leaf extract showed an EC₅₀ of approximately 550 µg/ml, suggesting a relatively strong antioxidant activity. Heating at 40°C slightly increased the EC₅₀ value to about 600 µg/ml, indicating a mild reduction in activity. At 60°C, the EC₅₀ value decreased again (~500 µg/ml), showing improved activity compared to 40°C. Interestingly, the highest EC₅₀ value was observed at 80°C (~750 µg/ml), suggesting a significant loss of antioxidant activity at this temperature. However, further heating to 100°C caused a reduction in EC₅₀ (~550 µg/ml), restoring the activity close to the raw sample.
In comparison, the standard antioxidant butylated hydroxyanisole (BHA) exhibited the lowest EC₅₀ value (~470 µg/ml), confirming its stronger radical scavenging potential compared to Moringa oleifera leaf extracts at all temperature conditions.
These results suggest that temperature has a variable effect on the antioxidant activity of Moringa oleifera. Moderate heating (40°C and 80°C) tended to reduce antioxidant activity, probably due to the degradation of heat-sensitive phytochemicals such as phenolics, flavonoids, and carotenoids. However, heating at 60°C and 100°C appeared to enhance or preserve activity relative to other treatments, possibly due to the release of bound antioxidants from plant tissues or structural modification of phenolic compounds that improved their radical scavenging ability.
Overall, the findings indicate that while high temperatures may cause degradation of bioactive compounds, certain levels of heating can enhance antioxidant activity by making more compounds available. Nevertheless, none of the extracts surpassed the antioxidant capacity of the standard BHA.                                           


Figure 2:  A bar graph showing the EC50 for the effect of temperature on the free radical scavenging activity of moringa leaf compared with butylated hydroxyanisole (BHA), a standard antioxidant. The lower the EC50, the higher the activity.



Discussion 
The findings of this study demonstrate that both concentration and temperature significantly influence the free radical scavenging activity of Moringa oleifera leaves. From Figure 1, all extracts exhibited a concentration-dependent increase in percentage radical scavenging activity (%RSA). This agrees with the general principle that higher concentrations of antioxidant-rich extracts provide more active compounds to neutralize free radicals (Akinmoladun et al., 2019). Among the temperature treatments, the extract heated at 80°C exhibited the highest RSA at higher concentrations, approaching the activity of butylated hydroxyanisole (BHA), the synthetic standard antioxidant. This suggests that heating at this temperature may enhance the release of certain bioactive compounds that contribute to antioxidant activity.
However, EC₅₀ values presented in Figure 2 revealed a more complex trend. The lowest EC₅₀, which signifies the highest antioxidant efficiency, was observed in the 60°C extract (~500 µg/ml), followed by the raw and 100°C extracts. Conversely, the extract treated at 80°C recorded the highest EC₅₀ (~750 µg/ml), indicating weaker activity despite its relatively higher RSA at certain concentrations. This discrepancy may be attributed to the structural stability of phytochemicals, where moderate heating enhances extractability, while prolonged or excessive heating leads to thermal degradation of sensitive compounds such as flavonoids and phenolics (Sreelatha & Padma, 2009; Adegboye et al., 2021).
The results of this study are consistent with earlier reports. Sreelatha and Padma (2009) observed that Moringa oleifera leaf extracts possess significant antioxidant activity, largely due to their high content of phenolic acids, flavonoids, and ascorbic acid. Similarly, Verma et al. (2012) noted that mild heating of plant materials can enhance the release of bound phenolics, improving antioxidant potential, while excessive heat causes degradation. This aligns with the present study where the 60°C treatment produced the strongest antioxidant activity (lowest EC₅₀), while higher temperature (80°C) reduced activity, possibly due to compound denaturation.
Furthermore, the comparative performance of the moringa extracts and BHA highlights the potential of moringa as a natural alternative to synthetic antioxidants. While BHA displayed superior antioxidant capacity (lowest EC₅₀), moringa extracts, particularly at 60°C, were relatively close in activity. This observation is in agreement with the findings of Anwar et al. (2007), who reported that moringa leaves contain potent antioxidants capable of rivaling synthetic standards.
Overall, the study suggests that controlled thermal processing can optimize the antioxidant potential of Moringa oleifera. Moderate heating (around 60°C) appears beneficial, whereas extreme heat treatments may compromise activity. These findings reinforce the use of moringa as a functional food ingredient and natural antioxidant source, with potential applications in nutraceutical and food industries.
 Conclusion
This study investigated the effect of temperature on the free radical scavenging activity ofMoringaoleifera leaves in comparison with butylated hydroxyanisole (BHA), a standard antioxidant. The findings revealed that antioxidant activity of moringa extracts was concentration-dependent, with percentage radical scavenging activity increasing as concentration increased.
Temperature treatment significantly influenced antioxidant efficiency. Moderate heating at 60 °C produced the strongest activity, reflected by the lowest EC₅₀ value, suggesting that controlled heating enhances the release and stability of bioactive compounds. In contrast, extracts treated at 80 °C recorded the weakest activity, likely due to degradation of heat-sensitive phytochemicals. The raw and 100 °C samples exhibited intermediate activities.
Although BHA showed superior antioxidant activity overall, the performance of moringa leaf extracts, particularly at 60 °C, was comparable, underscoring their potential as natural alternatives to synthetic antioxidants.
In conclusion, the study demonstrates that Moringa oleifera leaf is a rich source of natural antioxidants, and its efficacy can be optimized by appropriate processing conditions. Moderate thermal treatment improves its radical scavenging potential, thereby supporting its application in functional foods, nutraceuticals, and natural health products.
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