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Sun drying is one of the oldest methods of preserving food, including 

vegetables. This process reduces the moisture content of the vegetables, 

inhibiting the growth of microorganisms that cause spoilage and rot. This 

study aims to investigate the total antioxidant/oxidant status (TAS/TOS), 

phenolic compound, and oxidative stress index (OSI) in sun-dried vegetables 

(okra, peppers (hot-sweet), zucchini, and eggplant). The vegetables used were 

chosen randomly. The total antioxidant/oxidant status of the sun-dried 

vegetables prepared in methanol was analysed using a spectrophotometer and 

commercially available kits. Total phenolic compounds were analysed using a 

spectrophotometer based on the Folin-Ciocalteu reagent method. OSI 

represents the balance between antioxidants and oxidants in the system, with 

higher OSI values indicating greater oxidative stress. The total antioxidant 

status and phenolic compounds were highest in sun-dried okra (6.568±0.22 

mmol Eq/L, 79.51±0.21 mg/g respectively). The total oxidant status was 

highest in sun-dried eggplant (14.645±0.24 H2O2/L). The oxidative stress 

index was highest in sun-dried zucchini (0.249±0.00 H2O2/L). Consequently, 

this study highlights the high content of antioxidants and phenols, emphasizing 

their potential health benefits in reducing oxidative stress. It reaffirms the 

value of traditional sun-drying methods in preserving the nutritional integrity 

of vegetables.  These findings support the inclusion of sun-dried vegetables in 

the diet for their high nutritional value and health benefits. 
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 Güneşte kurutma, sebzeler dahil olmak üzere gıdaları korumanın en eski 

yöntemlerinden biridir. Bu işlem, sebzelerin nem içeriğini azaltarak bozulma 

ve çürümeye neden olan mikroorganizmaların büyümesini engeller. Bu 

çalışma, güneşte kurutulmuş sebzelerde (bamya, biber (acı-tatlı), kabak ve 

patlıcan) toplam antioksidan/oksidan seviyesi (TAS/TOS), fenolik bileşik ve 

oksidatif stres indeksini (OSİ) araştırmayı amaçlamaktadır. Kullanılan 

sebzeler rastgele seçilmiştir. Metanolde hazırlanan güneşte kurutulmuş 

sebzelerin toplam antioksidan/oksidan durumu, ticari olarak mevcut kitler ve 

bir spektrofotometre kullanılarak analiz edilmiştir. Toplam fenolik bileşikler, 

Folin-Ciocalteu reaktif metodu temel alınarak spektrofotometre yardımıyla 

Anahtar Kelimeler: 
Kurutulmuş sebzeler 

Total antioksidan miktarı 

Total oksidan miktarı 

Oksidatif stres indeksi 

Total fenolik bileşikler 
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analiz edilmiştir. OSİ, sistemdeki antioksidanlar ve oksidanlar arasındaki 

dengeyi temsil eder ve daha yüksek OSİ değerleri daha fazla oksidatif stresi 

gösterir. Toplam antioksidan miktarı ve fenolik bileşik içeriği en yüksek 

güneşte kurutulmuş bamyada bulunmuştur (sırasıyla 6.568±0.22 mmol Eq/L, 

79.51±0.21 mg/g). Toplam oksidan miktarı en yüksek güneşte kurutulmuş 

patlıcanda bulunmuştur (14.645±0.24 H2O2/L). Oksidatif stres indeksi en 

yüksek güneşte kurutulmuş kabağa aittir (0.249±0.00 H2O2/L). Sonuç olarak, 

bu çalışma, antioksidanların ve fenollerin yüksek miktarını vurgulayarak, 

oksidatif stresi azaltma potansiyelleri açısından olası sağlık faydalarını ortaya 

koymaktadır. Geleneksel güneşte kurutma yöntemlerinin sebzelerin besin 

bütünlüğünü korumadaki değerini yeniden teyit etmektedir. Bu bulgular, 

yüksek besin değeri ve sağlık faydaları nedeniyle güneşte kurutulmuş 

sebzelerin diyetlere dahil edilmesini desteklemektedir. 

To Cite: Deveci HA., Dogan FH., Deveci A. Investigation of the Total Antioxidant/oxidant Status, Total Phenolic Compounds, 
and Oxidative Stress Index in Sun-dried Vegetables: Example Gaziantep/Türkiye. Osmaniye Korkut Ata Üniversitesi Fen 

Bilimleri Enstitüsü Dergisi 2025; 8(2): 505-518. 
 

1. Introduction 

Drying has been used since ancient times to preserve fruits and vegetables. The main purpose of drying 

is to prepare food for consumption by ensuring the availability of food throughout the year. The 

traditional drying process is quite natural and simple, as it is usually done with solar energy. On the 

other hand, industrial drying is more complex, as a variety of equipment is used, and drying parameters 

are carefully studied and optimized at each stage of the process. Drying not only preserves the product 

but also has a beneficial effect on spices, herbs, bioactive enzymes, and nuts (Szychowski et al., 2018).  

The drying proceeds as follows: first, water is evaporated from the structure of the food, and then this 

vapor is removed from the surface of the product. Due to the loss of water in the structure of the food, 

the water activity decreases below the level at which microorganisms can multiply, preventing spoilage 

by bacteria, mold, and yeast and prolonging the shelf life of the food. The volume of the food decreases 

due to drying. The reduced volume of the food makes it easier to transport and store (Alcay et al., 2015). 

In addition, by changing the flavor and texture characteristics of food, new generations of snacks are 

produced that can be a healthier alternative to other commercially available products such as candy 

(Sehrawat et al., 2018).  

In recent years, the study of the antigenotoxic effects of natural plant products has increased the 

importance of natural antioxidants in minimizing the genotoxic effects of physical and chemical 

substances on DNA. Natural antioxidants are very effective against the adverse effects of mutagenic 

substances to which humans are exposed (Uluman and Kilicle, 2020). Antioxidants in foods are 

substances that can reduce the negative effects of oxygen or nitrogen free radicals in the human body. 

The status of antioxidants in foods and the bioavailability of antioxidants depend on the type of food, 

the time of harvest, the harvesting method, the environmental conditions in which it is grown, and the 

storage and preparation conditions (Kasim and Kasim, 2019).  

Vegetables and fruits are known as "super antioxidants" thanks to the bioactive compounds they contain 

(Deveci et al., 2016; Mattioli et al., 2018, Delibaş, 2022). Antioxidants have blood pressure regulating 

(Amponsah-Offeh, 2023), blood sugar regulating (Rajendiran, 2018), anticarcinogenic (Dixit and 

Pandit, 2023), autoimmune supporting (Farrokhi, 2021), antibacterial, antifungal, antiviral (Song, 2024), 
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cholesterol lowering, and antithrombotic effects (Amponsah-Offeh, 2023). Studies have shown that 

adequate consumption of fruits and vegetables plays an important role in preventing non-communicable 

diseases such as cardiovascular disease (Ness and Powles, 1997), cancer (Dixit and Pandit, 2023), 

diabetes (Rajendiran, 2018), Alzheimer's disease, and Parkinson's disease, as well as chronic diseases 

characterized by age-related decline in body functions (Martin et al., 2002). Vegetables and fruits are 

consumed fresh in the season in which they are grown, but they are also processed out of season, for 

example, by drying and freezing (Ulger et al., 2018). They contain bioactive substances that successfully 

cure a variety of diseases, especially those related to oxidative stress (Deveci et al., 2023).  

Phenolic compounds contribute significantly to total water-soluble antioxidant activity are the largest 

group of secondary metabolites produced by plants. Flavonoids, lignin precursors, and phenolic acids 

are the most important phenolic compounds (Okmen et al., 2009). These compounds not only have 

unique sensory properties such as bitterness, astringency, color, flavor, odor, and antioxidant stability, 

but also various biological activities such as anticancer, anti-inflammatory, antimicrobial activities, 

degradation of oxidized low-density lipoprotein, and enhancement of plasmatic antioxidant capacity 

(Ricciutelli et al., 2017; Yu et al., 2021). Carotenoids, such as capsanthin, α- and β-carotene, and 

zeaxanthin, are the main contributors to these protective effects (Kaur and Kapoor, 2001). Orange sweet 

peppers are a rich source of zeaxanthin, violaxanthin, and β-carotene; in yellow sweet peppers, 

violaxanthin, antheraxanthin, lutein, and zeaxanthin are the dominant carotenoids (Pugliese et al., 2014). 

Fresh vegetables are known to be a natural source of antioxidants and phenolic compounds (Delibaş, 

2022). However, the values of antioxidants and phenolic compounds of vegetables consumed in our 

country by sun drying are not known. Thus, this study aimed to determine the total antioxidant status 

(TAS), total oxidant status (TOS), total phenolic compounds (TPC), and oxidative stress index (OSI) of 

sun-dried vegetables in Türkiye. 

 

2.  Material and Methods 

2.1. Production of dried vegetables     

The material used was dried vegetables produced and collected in the Gaziantep province in the 

Southeast Anatolia region of Turkey in June-July 2023. These dried vegetables were ground into 

powder. The powdered dried vegetable samples were stored in dark glass bottles protected from light 

and moisture. According to the sample calculation carried out with the program G-power 3.1.9.2, 8 

vegetable varieties were examined in each group, as 8 samples were required to achieve a margin of 

error of 5 at a confidence level of 95%, with α=0.05, power=0.95, and an effect size of 0.8. Thus, 20-25 

samples from each vegetable group were used. Samples selected to represent the mass were thoroughly 

homogenized before analysis. 10 g of homogenized vegetables were used to obtain the extracts to be 

used in the experiments. The procedure was performed as described by Remberg et al. (2003) and 

Stangeland et al. (2009).  

 

https://www.sciencedirect.com/science/article/pii/S0308814608008509#bib20
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2.2. Preparation of dried vegetable extracts  

Dried vegetable samples were taken from 3 different points and extracted. The extracts obtained from 

the different vegetables taken from these three points were analysed separately in the spectrophotometer, 

and the data set was created by taking the average of the results. 10 g of dried vegetable samples (okra, 

sweet and hot pepper, zucchini, and eggplant) (Figure 1) stored in powder flasks were weighed, 500 mL 

of methanol (CH3OH) was added, and Soxalette extraction was performed at 60 ºC for about 18 hours. 

The methanol was removed from the obtained extract by evaporation at 48 ºC in a vacuum evaporator 

(Heidolph Lavorota 4000 rotary evaporator). The prepared plant extracts were stored at -18 ºC until 

analysis (Heleno et al., 2016). A random sampling technique was employed for sample collection. 

Accordingly, the selection was made on the assumption that each of the dried vegetables had an equal 

chance of being included in the study. 

 

Figure 1. Samples of dried vegetables 

2.3. Total antioxidant/oxidant status analysis   

The TAS in the extracts was analysed spectrophotometrically using the TAS Kit developed by Erel 

(2004) (Rel Assay Kit Diagnostics, Turkey). TAS was calculated as mmol Trolox equivalent/L. TOS in 

the vegetable extracts was analysed spectrophotometrically using the TOS Kit (Rel Assay Kit 

Diagnostics, Turkey) developed by Erel (2005). TOS was calculated as μmol H2O2 equivalent/L. The 

OSI, expressed as a percentage of the ratio between the TOS and the TAS value, was calculated from 

the results. To calculate the OSI values, the mmol value was converted from the unit of the TAS result 

to the unit µmol of the TOS result. The percentage ratio of TOS to TAS yielded the OSI, an indicator of 

the degree of oxidative stress. To perform the calculation, the unit of TAS, mmol Trolox equivalent/L, 

was changed to µmol Trolox equivalent/L. The OSI value was calculated according to the following 
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formula:OSI = [(TOS, µmol H2O2 equivalent/L) / (TAS, µmol Trolox equivalent/L) × 100] (Eren et al., 

2015; Delibaş and Kıray, 2023).  

 

2.4. Total phenolic compounds analysis   

TPC analysis was performed with a spectrophotometer using a modification of the Folin-Ciocalteu 

reagent method (Slinkard and Singleton, 1977). This method is because phenolic compounds dissolved 

in water, or organic solvents form a purple color with Folin-Ciocalteu reagent (47641, Sigma) in an 

alkaline environment. Since this colored compound has an absorption maximum of 760 nm, it was 

analysed spectrophotometrically (Epoch, Biotek, USA) at 760 nm. Gallic acid (G7384, Sigma) was used 

as a standard, and the TPC was calculated as mg gallic acid equivalent (GAE) g-1. TPC analysis was 

repeated three times, and the results were averaged.  

 

2.5. Statistical analysis  

The Windows operating system-based program GraphPad Prism 9.5.0 was used for all statistical 

analyses of the data obtained in our studies. The distribution of the study groups was examined with the 

One-sample Kolmogorov-Smirnov test. Data are presented as mean±standard error of the mean (SEM), 

and our data were considered statistically significant if p<0.05. Comparisons between groups were 

performed with a one-way analysis of variance (ANOVA), and Tukey’s test was used as a post hoc test. 

Before the analysis, it was checked whether the data fulfilled the assumptions of the ANOVA. For this 

purpose, the equal distribution of the variances between the groups was examined in relation to the 

dependent variable with the Levene statistic. 

 

3. Results  

In this study, TAS/TOS, TPC content, and OSI were analyzed in a selection of sun-dried vegetables 

commonly consumed in the Gaziantep region of Turkey. The main objective was to evaluate how the 

sun-drying process affects different vegetables' antioxidant capacity, oxidant content, and phenolic 

content. These parameters are crucial for understanding the nutritional value and potential health 

benefits of sun-dried vegetables. 

The results of the one-way ANOVA analysis performed to determine whether there was a statistically 

significant difference between the means of the measurements obtained in the study by dried vegetables 

are shown in table 1. It was found that TAS was highest in dried okra (6.568±0.22) and lowest in dried 

sweet pepper (5.3200.15). TOS was highest in dried eggplant (14.645±0.24) and lowest in dried sweet 

pepper (12.2390.24). TPC is highest in dried okra and lowest in dried hot pepper. The OSI is highest 

in dried zucchini (0.248±0.005) and lowest in dried okra (0.212±0.01) (Table 1). 
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Table 1. TAS, TOS, TPC, and OSI properties of drying vegetables 

Vegetables TAS (x̄±SEM) TOS (x̄±SEM) OSI (x̄±SEM) TPC (x̄±SEM) 

Okra 6.568 ± 0.22a 13.972 ± 0.23b 0.213 ± 0.01a 79.51 ± 0.21a 

Hot pepper 5.856 ± 0.24 14.219 ± 0.31b 0.243 ± 0.00b 68.98 ± 0.47b 

Sweet pepper 5.320 ± 0.15b 12.239 ± 0.24a 0.230 ± 0.00 74.85 ± 0.24d 

Zucchini 5.734 ± 0.21 14.271 ± 0.23b 0.249 ± 0.00b 75.16 ± 0.32d 

Eggplant 6.154 ± 0.13 14.645 ± 0.24b 0.238 ± 0.00 72.73 ± 0.44c 

 
F=5.693 

 P=0.012 

F=13.972 

P=0.000 

F=5.704 

P=0.012 

F=119.503 

P=0.000 

Data are expressed as mean ± SEM of the assays. Determinations were made in triplicate. The same superscript 

letters show values with statistically insignificant differences per property (p>0.05) 

 

The TAS of dried okra is higher than other vegetables and significantly higher than dried sweet pepper 

(p=0.008) (Figure 2a). The TOS of dried sweet peppers is significantly lower than that of other 

vegetables (dried okra: p=0.005; dried hot pepper: p=0.005; dried zucchini: p=0.001; dried eggplant: 

p=0.000) (Figure 2b). The TPC of dried okra is significantly higher than that of other dried vegetables 

(dried hot pepper: p=0.000; dried sweet pepper: p=0.000; dried zucchini: p=0.000; dried eggplant: 

p=0.000). The TPC of dried hot pepper is significantly lower than that of other dried vegetables (dried 

sweet pepper: p=0.000; dried zucchini: p=0.000; dried eggplant: p=0.011). The TPC of dried eggplant 

is significantly lower than that of dried sweet pepper and dried zucchini (p=0.000; p=0.004 respectively) 

(Figure 2c). The OSI of dried okra is significantly lower than that of dried hot pepper and dried zucchini 

(p=0.029; p=0.009 respectively) (Figure 2d). 
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Figure 2. Properties of dried vegetables. (a) TAS values of dried vegetables. Data are mean±SEM (*p<0.05). (b) 

TOS values of dried vegetables. Data are mean±SEM (**p<0.01). (c) TPC values of dried vegetables. Data are 

mean±SEM (*p<0.05; **p<0.01). (d) OSI values of dried vegetables. Data are mean±SEM  (*p<0.05). 

 

4. Discussion  

Oxidative reactions generate free radicals, initiating chain reactions that can damage cells. In contrast, 

antioxidants neutralize these free radicals and stop the chain reactions, thereby slowing down or 

preventing oxidation (Slinkard and Singleton, 1977). The role of antioxidants in mitigating oxidative 

damage is well documented, particularly in their potential to counteract diseases such as cancer, 

diabetes, and cardiovascular disease (Islam, 2019). More recent studies, such as Chaudhary et al. (2023), 

emphasize the complex interactions between antioxidants and free radicals, highlighting their role in 

both physiological processes and disease prevention. Fruits and vegetables are important sources of 
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antioxidants due to their high antioxidant activity and the rich mixture of antioxidant compounds 

(Landete, 2013). Increasing concern about the potentially carcinogenic effects of synthetic antioxidants 

in foods has increased interest in natural antioxidants, considered more reliable for health (Koca and 

Karadeniz, 2003). Antioxidant activity, a frequently studied quality parameter in dried vegetables, is 

primarily related to the content of vitamins and polyphenols. Although there is extensive research on 

various dried vegetables, okra, peppers, zucchini, and eggplant have been studied only to a limited extent 

(Zhang and Hamauzu, 2003; Al-Dabbas et al., 2023; Saha et al., 2023; Thanh et al., 2023). Considering 

the limited number of studies determining the overall status of antioxidants and oxidants in these 

vegetables, this study aims to make an important contribution to the literature.  

Several studies have already investigated the antioxidant properties of certain vegetables. For example, 

Chen et al. (2015) investigated the antioxidant capacity of okra and found significant levels of phenolic 

compounds that contributed to its high antioxidant capacity. Xu et al. (2020) specifically investigated 

the antioxidant status of okra dried by different methods (freeze-drying, sun-drying, oven-drying, and 

microwave drying) and found high levels of antioxidants in all samples. In our study, the total 

antioxidant capacities of sun-dried okra were significantly higher than those of other vegetables, 

including hot peppers, dried zucchini and dried eggplant. These results are consistent with previous 

studies suggesting that the release of phenolic compounds by heat treatment could explain the increased 

antioxidant levels of okra (Llorach et al., 2002; Martinez-Valdivieso et al., 2017). In addition, Gemede 

et al. (2015) studied the nutritional quality of okra, highlighting its high content of polyphenols and 

other bioactive compounds that contribute to its antioxidant effects. In addition, Shen et al. (2020) found 

significant antioxidant activity in different okra varieties, highlighting how both varietal differences and 

preservation methods can influence antioxidant content. This research supports the idea that the 

antioxidant properties of okra make them an important part of the diet to manage oxidative stress and 

prevent related diseases. 

In terms of TOS, dried okra had a lower TOS than dried peppers, dried zucchini, and dried eggplant, 

although it was still higher than that of dried peppers. This inverse relationship between TAS and TOS 

is well documented, as antioxidants mitigate oxidative stress by neutralizing free radicals (Islam, 2019). 

Bell peppers are known for their high content of bioactive phytochemicals, especially carotenoids. Kim 

et al. (2006) have shown that regular consumption of peppers can reduce the risk of cancer (Dixit and 

Pandit, 2023), and cardiovascular disease (Ness and Powles, 1997). Our study found that TAS was 

higher in hot peppers than in sweet peppers, which is consistent with previous research on the high 

carotenoid content of hot peppers (Pugliese et al., 2014). However, genotype, ripening stage, and drying 

method have a significant effect on carotenoid content, suggesting that further studies are needed to 

fully explain the differences observed in our study. TOS content was also higher in hot peppers, which 

may reflect the parallel relationship between TAS and TOS observed in previous studies (Åsgård et al., 

2007). 
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Zucchini is known for its high content of natural antioxidants, including beta-carotene, phenolic 

compounds, and vitamin C, all of which contribute to its high TAS value (Guzman et al., 2010). 

Especially the content of natural antioxidants such as beta-carotene, phenolic compounds, and vitamin 

C is quite high in green zucchini. However, the shelf life of zucchini is limited to 1 to 2 days because it 

is a vegetable that spoils quickly after being cut, losing firmness, turning brown, and rotting. Therefore, 

if zucchini is to be eaten fresh in season, it should be consumed immediately. If it is to be consumed out 

of season, various drying and freezing methods should be used for preservation (Guzman et al., 2010). 

The most common method for drying zucchini is sun-drying outdoors. Although this method is the most 

widely used, there are not enough studies on which preservation method is best in terms of its effects on 

the nutritional content of zucchini. In a study of fresh zucchini, it was found that both yellow and green 

zucchini were high in antioxidants. Active antioxidant compounds such as lutein, β-carotene, 

zeaxanthin, and dehydroascorbic acid in zucchini have a beneficial effect on human nutrition (Eissa et 

al., 2013). A recent study by Moradi et al. (2019) has also confirmed that the antioxidant properties of 

zucchinis may play a role in managing oxidative stress and improving blood glucose control in type 2 

diabetics. 

Although there is no study evaluating the antioxidant or oxidant properties of dried zucchini, our study 

clearly shows that the TAS of dried zucchini is high. Moreover, zucchini ranked second only to dried 

eggplant in TAS. It can be concluded that the antioxidant activity of the vegetable correlates with the 

flavonoid content. The TPC in dried okra, which has the highest antioxidant status among the vegetables 

studied, was also the highest (Martínez-Valdivieso et al., 2017). The vegetable with the lowest 

antioxidant activity is sweet pepper, while the vegetable with the lowest TPC is hot pepper. Optimal 

antioxidant status protects against oxidative stress, which is defined as an imbalance between free 

radicals and antioxidant protection. Therefore, as the TAS increases, the OSI decreases (Åsgård et al., 

2007; Islam, 2019). Our study proved this. The vegetable with the highest TAS value and the lowest 

OSI value is dried zucchini.  

Eggplants, one of the most consumed dried vegetables, are traditionally sun-dried for long-term 

preservation. Despite their popularity, few studies have investigated the nutritional properties of dried 

eggplant. Our study fills this gap and shows that eggplant has the second highest TAS value after dried 

okra. Interestingly, eggplant also ranked first in TOS, further emphasizing the balance between the 

antioxidant and oxidative properties of this vegetable. 

 

5. Conclusions 

In conclusion, this study is one of the few that analysed the biochemical content of dried vegetables. 

This study investigated the TAS/TOS, TPC and OSI of five different dried vegetables. It was found that 

all the vegetables studied had antioxidant capacity. While total antioxidant status was highest in dried 

okra, it was lowest in dried sweet pepper. The flavonoid content of the vegetable correlated closely with 

its antioxidant activity. Dried vegetables have been shown to contain antioxidants, although not as much 
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as fresh vegetables. To obtain more accurate results, vegetable groups and analyses must be diversified. 

It is thought that the promising results of this study will form the basis for further studies. 

 

Conflict of Interest  

No potential conflict of interest was reported by the authors. 

 

Author contributions  

H.A.D. and A.D. have designed the study and collected the data. F.H.D. executed the experiment with 

the help by H.A.D. F.H.D. wrote the article, and critically reviewed by H.A.D. All authors accept 

responsibility for all content. 

 

Funding 

The authors declare that the study received no funding. 

 

References  

Al-Dabbas MM., Moumneh M., Hamad HJ., Abughoush M., Abuawad B., Al-Nawasrah BAA., Iqbal 

S. Impact of processing and preservation methods and storage on total phenolics, flavonoids, and 

antioxidant activities of okra (Abelmoschus esculentus L.). Foods 2023; 12(19): 3711. 

Amponsah-Offeh M., Diaba-Nuhoho P., Speier S., Morawietz H. Oxidative stress, antioxidants and 

hypertension. Antioxidants 2023; 12(2): 281. 

Alçay AÜ., Yalçın S., Bostan K., Dinçel E. Dried foods from Central Asia to Anatolia. Anadolu Bil 

Meslek Yüksekokulu Dergisi 2015; 37: 83-93. 

Åsgård R., Rytter E., Basu S., Abramsson-Zetterberg L., Möller L., Vessby B. High intake of fruit and 

vegetables is related to low oxidative stress and inflammation in a group of patients with type 2 

diabetes. Scandinavian Journal of Food and Nutrition 2007; 51(4): 149-158.  

Chaudhary P., Janmeda P., Docea AO., Yeskaliyeva B., Abdull Razis AF., Modu B., Sharifi-Rad J. 

Oxidative stress, free radicals and antioxidants: Potential crosstalk in the pathophysiology of 

human diseases. Frontiers in Chemistry 2023; 11: 1158198. 

Chen Y., Zhang BC., Sun YH., Zhang JG., Sun HJ., Wei ZJ. Physicochemical properties and adsorption 

of cholesterol by okra (Abelmoschus esculentus) powder. Food & Function 2015; 6(12): 3728-

3736. 

Delibaş EAÖ. Seçili bazı kırmızı meyve ve sebzelerde total antioksidan-oksidan durumun ve 

antimikrobiyal aktivitenin incelenmesi. TOGÜ Sağlık Bilimleri Dergisi 2022; 2(1): 1-12. 

Delibaş EAÖ., Kıray E. Investigation of antioxidant and antimicrobial activities of walnut (Juglans regia 

L.) kernel septum. The European Research Journal 2023; 9(1): 87-96. 

Deveci HA., Nur G., Kırpık MA., Harmankaya A., Yıldız Y. Herbal antioxidants containing phenolic 

compounds. Kafkas Üniversitesi Fen Bilimleri Enstitüsü Dergisi 2016; 9(1): 26-32.  



515 

 

Deveci HA., Yilmaz ŞG., Deveci A. Investigation of the total phenolic compound and total 

antioxidant/oxidant capacity of methanol extract of Prunus divaricata var (Yonuz plum). 

Osmaniye Korkut Ata Üniversitesi Fen Bilimleri Enstitüsü Dergisi 2023; 6(2): 1261-1269. 

Dixit M., Pandit A. Role of antioxidants in the prevention of cancer: a comprehensive review. UGC 

CARE Journal 2023; 48(2): 1318-1329. 

Eissa H., Bareh G., Ibrahim AA., Moawad R., Ali H. The effect of different drying methods on the 

nutrients and non-nutrients composition of zucchini (green squash) rings. Journal of Applied 

Sciences Research 2013; 9(8): 5380-5389.  

Erel O. A novel automated direct measurement method for total antioxidant capacity using a new 

generation, more stable ABTS radical cation. Clinical Biochemistry 2004; 37(4): 277-285. 

https://doi.org/10.1016/j.clinbiochem.2003.11.015  

Erel O. A new automated colorimetric method for measuring total oxidant status. Clinical Biochemistry 

2005; 38(12): 1103-1111. https://doi.org10.1016/j.clinbiochem.2005.08.008  

Eren Y., Dirik E., Neşelioğlu S., Erel Ö. Oxidative stress and decreased thiol level in patients with 

migraine: cross-sectional study. Acta Neurologica Scandinavica 2015; 115(4): 643-649. 

https://doi.org/10.1007/s13760-015-0427-y  

Farrokhi M., Rigi A., Mangouri A., Fadaei M., Shabani E., Mashouf P., Taheri F. Role of antioxidants 

in autoimmune diseases. Kindle 2021; 1(1): 1-107. 

Gemede HF., Ratta N., Haki GD., Woldegiorgis AZ., Beyene F. Nutritional quality and health benefits 

of okra (Abelmoschus esculentus): A review. Journal of Food Process Technology 2015; 6(458): 

2. 

Guzman I., Hamby S., Romero J., Bosland PW., O’Connell MA. Variability of carotenoid biosynthesis 

in orange colored Capsicum spp. Plant Science 2010; 179(1-2): 49-59. 

https://doi.org/10.1016/j.plantsci.2010.04.014  

Heleno SA., Diz P., Prieto MA., Barros L., Rodrigues A., Barreiro MF, Ferreira ICFR. Optimization of 

ultrasound-assisted extraction to obtain mycosterols from Agaricus bisporus L. by response 

surface methodology and comparison with conventional Soxhlet extraction. Food Chemistry 

2016; 197: 1054-1063. https://doi.org/10.1016/j.foodchem.2015.11.108  

Islam MT. Phytochemical information and pharmacological activities of Okra (Abelmoschus 

esculentus): A literature‐based review. Phytotherapy Research 2019; 33(1): 72-80. 

https://doi.org/10.1002/ptr.6212  

Kasım R., Kasım MU. Composition of colorful fruits and vegetables and their importance for human 

health. Conference: 8. International Vocational Schools Symposium, 2019. 

Kaur C., Kapoor HC. Antioxidants in fruits and vegetables–the millennium’s health. International 

Journal of Food Science&Technology 2001; 36(7): 703-725. https://doi.org/10.1111/j.1365-

2621.2001.00513.x  

https://doi.org/10.1016/j.clinbiochem.2003.11.015
https://doi.org10.1016/j.clinbiochem.2005.08.008
https://doi.org/10.1007/s13760-015-0427-y
https://doi.org/10.1016/j.plantsci.2010.04.014
https://doi.org/10.1016/j.foodchem.2015.11.108
https://doi.org/10.1002/ptr.6212
https://doi.org/10.1111/j.1365-2621.2001.00513.x
https://doi.org/10.1111/j.1365-2621.2001.00513.x


516 

 

Kim SY., Jeong SM., Park WP., Nam KC., Ahn DU., Lee SC. Effect of heating conditions of grape 

seeds on the antioxidant activity of grape seed extracts. Food Chemistry 2006; 97(3): 472-479. 

https://doi.org/10.1016/j.foodchem.2005.05.027  

Koca N., Karadeniz F. Free radical formation mechanisms and antioxidant defense systems in the body. 

Gıda Mühendisliği Dergisi 2003; 16: 32-37. 

Landete JM. Dietary intake of natural antioxidants: vitamins and polyphenols. Critical Reviews in Food 

Science and Nutrition 2013; 53(7): 706-721. https://doi.org/10.1080/10408398.2011.555018  

Llorach R., Espin JC., Tomas-Barberan FA., Ferreres F. Artichoke (Cynara scolymus L.) byproducts as 

a potential source of health-promoting antioxidant phenolics. Journal of Agricultural and Food 

Chemistry 2002; 50(12): 3458-3464. https://doi.org/10.1021/jf0200570  

Martin A., Cherubini A., Andres-Lacueva C., Paniagua M., Joseph J. Effects of fruits and vegetables on 

levels of vitamins E and C in the brain and their association with cognitive performance. The 

Journal of Nutrition, Health & Aging 2002; 6(6): 392-404. 

Martínez-Valdivieso D., Font R., Fernández-Bedmar Z., Merinas-Amo T., Gómez P., Alonso-Moraga 

Á., del Río-Celestino M. Role of zucchini and its distinctive components in the modulation of 

degenerative processes: genotoxicity, anti-genotoxicity, cytotoxicity and apoptotic effects. 

Nutrients 2017; 9(7): 755. https://doi.org/10.3390/nu9070755  

Mattioli R., Mosca L., Sánchez-Lamar A., Tempera I., Hausmann R. Natural bioactive compounds 

acting against oxidative stress in chronic, degenerative, and infectious diseases. Oxidative 

Medicine and Cellular Longevity 2018; 3894381. https://doi.org/10.1155/2018/3894381  

Moradi Z., Mehrvar M., Nazifi E. Population genetic analysis of zucchini yellow mosaic virus based on 

the CI gene sequence. Journal of Cell and Molecular Research 2019;10(2): 76-89. 

Ness AR., Powles JW. Fruit and vegetables, and cardiovascular disease: a review. International Journal 

of Epidemiology 1997; 26(1): 1-13. 

Okmen B., Sigva HO., Mutlu S., Doganlar S., Yemenicioglu A., Frary A. Total antioxidant activity and 

total phenolic contents in different Turkish eggplant (Solanum melongena L.) cultivars. 

International Journal of Food Properties 2009; 12(3): 616-624. 

https://doi.org/10.1080/10942910801992942  

Pugliese A., O’Callaghan Y., Tundis R., Galvin K., Menichini F., O’Brien N., Loizzo MR. In vitro 

assessment of the bioaccessibility of carotenoids from sun-dried chilli peppers. Plant Foods for 

Human Nutrition 2014; 69(1): 8-17. https://doi.org/10.1007/s11130-013-0397-2  

Rajendiran D., Packirisamy S., Gunasekaran K. A review on role of antioxidants in diabetes. Asian 

Journal of Pharmaceutical and Clinical Research 2018; 11(2): 48-53. 

Remberg SF., Haffner K., Blomhoff R. Total antioxidant capacity and other quality criteria in 

blueberries cvs 'bluecrop', 'hardyblue', 'patriot', 'putte' and 'aron' after storage in cold store and 

controlled atmosphere. In VIII International Controlled Atmosphere Research Conference 2001; 

595-598. 

https://doi.org/10.1016/j.foodchem.2005.05.027
https://doi.org/10.1080/10408398.2011.555018
https://doi.org/10.1021/jf0200570
https://doi.org/10.3390/nu9070755
https://doi.org/10.1155/2018/3894381
https://doi.org/10.1080/10942910801992942
https://doi.org/10.1007/s11130-013-0397-2


517 

 

Ricciutelli M., Marconi S., Boarelli MC., Caprioli G., Sagratini G., Ballini R., Fiorini D. Olive oil 

polyphenols: A quantitative method by high-performance liquid-chromatography-diode-array 

detection for their determination and the assessment of the related health claim. Journal of 

Chromatography 2017; 1481: 53-63. https://doi.org/10.1016/j.chroma.2016.12.020  

Saha P., Singh J., Bhanushree N., Harisha SM., Tomar BS., Rathinasabapathi B. Eggplant (Solanum 

melongena L.) nutritional and health promoting phytochemicals. In Compendium of Crop 

Genome Designing for Nutraceuticals 2023; 1-32.  

Sehrawat R., Nema PK., Kaur BP. Quality evaluation and drying characteristics of mango cubes dried 

using low-pressure superheated steam, vacuum and hot air-drying methods. Lebensmittel-

Wissenschaft & Technologie 2018; 92: 548-555. https://doi.org/10.1016/j.lwt.2018.03.012  

Shen DD., Li X., Qin YL., Li MT., Han QH., Zhou J., Wu DT. Physicochemical properties, phenolic 

profiles, antioxidant capacities, and inhibitory effects on digestive enzymes of okra (Abelmoschus 

esculentus) fruit at different maturation stages. Journal of Food Science and Technology 

2019; 56: 1275-1286. 

Slinkard K., Singleton VL. Total phenol analysis: automation and comparison with manual methods. 

American Journal of Enology and Viticulture 1977; 28(1): 49-55. 

https://doi.org/10.5344/ajev.1977.28.1.49  

Song X. Antibacterial, antifungal, and antiviral bioactive compounds from natural products. Molecules 

2024; 29(4): 825. 

Stangeland T., Remberg SF., Lye KA. Total antioxidant activity in 35 Ugandan fruits and 

vegetables. Food Chemistry 2009; 113(1): 85-91. 

https://doi.org/10.1016/j.foodchem.2008.07.026 

Szychowski PJ., Lech K., Sendra-Nadal E., Hernández F., Figiel A., Wojdyło A., Carbonell-Barrachina 

ÁA. Kinetics, biocompounds, antioxidant activity, and sensory attributes of quinces as affected 

by drying method. Food Chemistry 2018; 255: 157-164. 

https://doi.org/10.1016/j.foodchem.2018.02.075  

Thanh NC., Eed EM., Elfasakhany A., Brindhadevi K. Antioxidant, anti-inflammatory and anti-

proliferative activities of green and yellow zucchini (Courgette). Applied Nanoscience 

2023; 13(3): 2251-2260. 

Ulger TG., Songur AN., Çırak O., Çakıroğlu FP. Role of vegetables in human nutrition and disease 

prevention. Vegetables-Importance of Quality Vegetables to Human Health 2018; 7-32. 

https://doi.org/10.5772/intechopen.77038  

Uluman E., Kilicle PA. The investigation of the possible antigenotoxic in vivo effects of pomegranate 

(Punica granatum L.) peel extract on mitomycin-C genotoxicity. Turkish Journal of Veterinary & 

Animal Sciences 2020; 44(2): 382-390. https://doi.org/10.3906/vet-1911-79  

https://doi.org/10.1016/j.chroma.2016.12.020
https://doi.org/10.1016/j.lwt.2018.03.012
https://doi.org/10.5344/ajev.1977.28.1.49
https://doi.org/10.1016/j.foodchem.2008.07.026
https://doi.org/10.1016/j.foodchem.2018.02.075
https://doi.org/10.5772/intechopen.77038
https://doi.org/10.3906/vet-1911-79


518 

 

Xu K., Martinez MM., Yang B., Guo M. Fine structure, physicochemical and antioxidant properties of 

LM-pectins from okra pods dried under different techniques. Carbohydrate Polymers 2020; 241: 

116272. https://doi.org/10.1016/j.carbpol.2020.116272  

Yu X., Yu L., Ma F., Li P. Quantification of phenolic compounds in vegetable oils by mixed-mode 

solid-phase extraction isotope chemical labeling coupled with UHPLC-MS/MS. Food Chemistry 

2021; 334: 127572. https://doi.org/10.1016/j.foodchem.2020.127572  

Zhang D., Hamauzu Y. Phenolic compounds, ascorbic acid, carotenoids and antioxidant properties of 

green, red and yellow bell peppers. Journal of Food Agriculture and Environment 2003; 1(2): 22-

27. 

https://doi.org/10.1016/j.carbpol.2020.116272
https://doi.org/10.1016/j.foodchem.2020.127572

