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ABSTRACT 

The number of fat-soluble vitamins and stress biomarkers in Rhus 
coriaria L. samples taken from different regions was determined by 

HPLC before and after being subjected to different preservation methods. 

For this purpose, one group of the samples was analyzed immediately, 

while the other two groups one of which oiled, and the other group is kept 

as is for six months. It was determined that the amounts of vitamin A, E, 

β-carotene and lycopene in fresh sumac samples varied between 1.12 - 

2.77, 84.40 - 230.65, 2.48 - 5.31 and 8.10 - 26.90 µg (g dw)-1, respectively. 

The highest loss of vitamins was observed in an unoiled group of samples. 

The amounts of GSH, GSSG, MDA, 4-HNE, and GSH/GSSG in the same 

samples varied between 1004.12 - 2550.42, 422.54 - 1375.38, 13.95 - 

31.30, 7.12 - 15.40 µg (g dw)-1, and 1.16 - 3.49, respectively. While the 

amount of GSH and GSH/GSSG ratio in the stored sumac samples for six 

months decreased, on the other hand amount of MDA, GSSG, and 4-HNE 

increased. Differences in all examined parameters in fresh, unoiled, and 

oiled sumac samples are statistically significant (P<0.05). It was observed 

that the changes of the studied parameter in all sumac samples were 

lower in stored oiled samples. 
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Muhafaza Yöntemlerinin Farklı Bölge Sumaklarındaki (Rhus coriaria L.) Yağda Çözünen Vitaminler ve 

Stres Biyomarkırları Üzerine Etkisi 
 

ÖZET  

Farklı bölgelerde yetişen ve farklı muhafaza yöntemleri uygulanan 

sumak örneklerindeki yağda çözünen vitaminler ile stress 

biomakırlarının miktarı HPLC ile belirlendi. Bu amaçla öğütülen 

örneklerden bir grup hemen analizlenirken, diğerleri ise iki kısma 

ayrılıp, bir kısmı yağlanırken diğer kısım olduğu gibi altı ay 

bekletildikten sonra analiz edildi. Taze sumak örneklerindeki A ve E 

vitamini, -karoten ve likopen miktarlarının sırasıyla 1.12 – 2.77, 84.40 

- 230.65, 2.48 – 5.31 ve 8.10 – 26.90 µg (g dw)-1, arasında değiştiği 

gözlendi. Sonuçlardan, vitamin A, E, β-karoten ve likopen kaybının 

yağlanmadan bekletilen grupta fazla olduğu gözlenmiştir (P<0.05). 

Örneklerdeki GSH, GSSG, MDA, 4-HNE ve GSH/GSSG miktarları 

sırasıyla 1004.12 - 2550.42, 422.54 - 1375.38, 13.95 - 31.30, 7.12 - 15.40 

µg (g dw)-1 ve 1.16- 3.49 arasında değiştiği görülmüştür. Bekletilen 

sumak örneklerindeki GSH ve GSH/GSSG miktarı azalırken, MDA, 

GSSG ve 4-HNE miktarlarının arttığı tespit edilmiştir. Taze, yağlanmış 

ve yağlanmamış sumak örneklerindeki incelenen parametrelerdeki 

değişimlerin istatiksel olarak anlamlı (P<0.05) olduğu görülmüştür. 

Yağlanmış örneklerdeki değişimlerin yağlanmamış örneklere göre daha 

az olduğu görülmektedir. 
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INTRODUCTION 

Rhus coriaria (Sumac), which can grow all over the 

world, especially in subtropical and temperate 

climates, is a medicinal plant that is also used as a 

spice (Shabbir, 2012). It is reported that in the 

traditional medicine of the Middle East and Iran, 

sumac has been used for centuries in the treatment of 

diseases such as dysentery, diarrhea, hemorrhoids, 

and gout, as well as for healing wounds and lowering 

blood sugar, cholesterol, and uric acid levels. It is also 

stated that sumac contains antibacterial, antifungal, 

antiviral, antioxidant, anti-inflammatory, 

hepatoprotective, xanthine oxidase inhibition, 

hypoglycemia, and cardiovascular protective activities 

(Morshedloo et al., 2018). The fruits and leaves of the 

sumac plant, which has great economic value, are used 

in the kitchen, medicine, leather, and dye industries 

(Abu-Reidah et al., 2015; Güvenç et al., 2017). Studies 

have reported that it contains many physiologically 

active components such as tannins, anthocyanins, 

organic acids including malic and citric acid, fatty 

acids, vitamins, flavonoids, and terpenoid derivatives 

(Shabbir, 2012; Khalil et al., 2021; Özcan et al.,2021). 

Vitamins are organic molecules that have regulatory 

functions in the living system, act as catalysts in 

metabolic events, and help the efficient use of 

nutrients in energy production. Vitamins are divided 

into two groups: water-soluble and fat-soluble 

(Kennedy, 2016). Fat-soluble vitamins are essential for 

living systems due to their different physiological 

functions in metabolism. Carotenoids have antioxidant 

functions in plants and animals (Yuan et al., 2020). It 

is stated that carotenoid compounds are of great 

importance for human health in protecting against 

many diseases, and in the treatment of some diseases, 

and are also necessary for the continuation of normal 

life functions (Eggersdorfer and Wyss, 2018). Vitamin 

A, which has important roles in vision, gene 

expression, reproduction, embryonic development, 

growth, and immune function, is provided by foods of 

animal and plant origin (Karaağaç and Pınarlı, 2023). 

Vitamin E regulates heart, vascular, nerve, and brain 

functions, helps heal wounds, and increases the 

durability of DNA molecules. It also has the ability to 

protect cells from damage caused by free radicals 

occurring in the body (Stevens, 2021). It is reported 

that lycopene not only helps repair damaged cells in 

the body but also has a protective effect against types 

of cancer and chronic diseases because antioxidant 

properties (Zengin and Kurt, 2018). 

Conversion of Oxidized Glutathione (GSSG) to 

Reduced glutathione (GSH) is important in terms of 

preventing free radical damage (Gill et al., 2013). 

While GSSG is an indicator of oxidative stress, it also 

inhibits protein synthesis, GSH has many 

physiological functions like preventing the harmful 

effects of drugs (Mendoza-Cózatl et al., 2005). GSH and 

GSSG are important indicators of cellular redox status 

and organismal health and are in balance in the cell, 

and disruption of the balance against GSH causes 

negative effects. Therefore, reduced glutathione to 

oxidized glutathione ratio is also known as a stress 

indicator (Cnubben et al., 2001). Radical compounds 

cause lipid peroxidation of fatty acids in cell 

membranes. Lipid peroxides transform into 

compounds such as Malondialdehyde (MDA) and 4-

Hydroxyneoneal (4-HNE), which are indicative of lipid 

peroxidation (Gaweł et al., 2004).  

Foods are sensitive to various environmental factors 

such as moisture, light, oxygen, and microorganisms, 

and these factors can cause spoilage (Redfearn et al., 

2023). He et al. (2023) report that ginger oil is turned 

into a film and used to preserve foods such as bread, 

meat, fish, and fruit. Some biochemical parameters in 

foods change depending on shelf life. Sumac in many 

cultures generally consumed in ground form together 

with food.  

Aimed of this study is to determine the fat-soluble 

vitamins and stress biomarkers in sumac samples 

grown in different regions according to time and 

storage characteristics (vegetable oil/fat-free). In 

addition to comparing the effect of storage conditions, 

ground sumac samples were divided into three 

portions, fresh; analyzed immediately, and oiled and 

unoiled samples analyzed after 6 months. 
 

MATERIAL AND METHODS 

Materials: 

All sumac samples from Türkiye and Iraq were 

obtained fresh from public markets. 500 grams of fresh 

sumac samples from each region were homogenized 

and 3 different portions were taken and mixed 

thoroughly. Then, samples were dried in an oven at 60 

°C for 10 hours. From each group of samples, 25 grams 

were taken from 3 different portions of the sample, 

ground in a mixer, sieved, and separated from their 

seeds, then samples were sieved in a 100-mesh sieve 

(Retsch AS 200). These samples were then divided into 

three groups one of the groups was oiled by spraying 

sunflower oil, the second group of samples kept as is 

and the third group of samples (fresh) was analyzed 

immediately. On the other hand, the other two groups, 

oiled and unoiled, were packaged and stored in the 

refrigerator for six months. At the end of six months, 

sumac samples were analyzed. 
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Methods: 

Determination of vitamin A, E, β-Carotene, Lycopene, 

and 4-HNE 1.0-gram sumac sample was taken, 6.0 mL 

of ethanol was added and vortexed, then sonicated in 

an ice water bath (Wise Clean, WUC-AO3H, 170 W) 10 

times for 30 seconds for each sample. Sonicated 

samples were centrifuged at 8000 rpm for 10 min, then 

1.0 mL n-hexane was added to each tube and 

centrifuged again at 4000 rpm for 6 min. The n-hexane 

phase was transferred to a glass tube and this process 

was repeated twice. Hexane was removed under 

vacuum at 30 °C, and then 1.0 mL of methanol was 

added to the residue in the tube and transferred to 

HPLC vials. In HPLC, analyses were carried out on an 

Inertsil ODS-3 column (25.0 cm x 4.6 mm x 5.0 μm) 

using a mixture of methanol and water (95:5) as the 

mobile phase (İbrahim et al. 2017). 

Determination of GSH, GSSG, and MDA The amounts 

of GSH, GSSG, and MDA in sumac samples were 

determined by HPLC on the SGE Walkosil II 5Cl8 RS 

(15cm x 4.6 mm x 5 μm) column, using 50 mM NaClO4 

solution containing 0.1% H3PO4 as the mobile phase 

(İbrahim et al. 2017). 
 

Statistical Analysis: 

All analyses were repeated three times. Findings were 

subjected to One-Way ANOVA using SPSS 26.0 for MS 

Windows, and the results are given mean ±error. 

Power analysis was conducted using G*Power version 

3.1.9.7 (Faul et al., 2007) to determine the minimum 

sample size required to test the study hypothesis. 

Results indicated the required sample size to achieve 

0.80 power (1-

significance criterion of α = 0.05, with the effect size of 

0.45 was n = 99 for One-way ANOVA. Differences 

between group means were analyzed for significance 

using the Tukey HSD test and statistical significance 

was expressed as p<0.05. Significant differences in 

table rows are indicated by superscript capital letters 

(A-C) while the same letter indicates there is no 

statistical difference between groups. Similarly, the 

same small letters in the table column indicate that 

there is no significant difference (p>0.05) within the 

regions. 
 

RESULTS and DISCUSSIONS 

Vitamins are micronutrients necessary for the growth 

and development of living things, and fat-soluble 

vitamins are stored in the body and play a role in 

maintaining homeostasis (Yuan et al., 2020). Some 

biochemical parameters in foods change depending on 

shelf life. Sumacs are generally offered for 

consumption in ground form with foods.  

The amounts of vitamins A and E, β-carotene, 

lycopene, GSH, GSSG, GSH/GSSG, MDA, and 4-HNE 

found as a result of different treatments applied to 

sumac grown in different regions are given in Tables 1-

9. 

Vitamin A is necessary for epithelial tissue, health, 

and general growth and is effective in reproduction and 

bone growth (Stevens, 2021). The amount of vitamin A 

in fresh sumac samples from different regions varies 

between 1.30 ± 0.05 - 2.77 ± 0.06 µg (g dw)-1. It was 

observed that the amount of vitamin A in sumac 

samples oiled and unoiled varied between 0.97 ± 0.03 - 

2.34 ± 0.07, and 0.85 ± 0.04 - 2.00 ± 0.06 µg (g dw)-1, 

respectively. The difference between fresh, unoiled, 

and oiled groups is statistically significant (p<0.05). 

The difference between the amounts of vitamin A in 

sumac samples grown in Maraş and Sheladize regions 

is statistically insignificant (p>0.05) (Table 1). 

Okonkwo and Ogu (2014) reported that the vitamin A 

contents in Myristica frangrans, Piper guineense, 

Monodora myristica, and Rosmarinus officinalis 

samples were 14.57, 7.08, 13.71, and 14.87 Ug (100 g)-

1, respectively. Pereira et al. (2011) found the vitamin 

A content in yellow guava, guabiroba, and uvaia to be 

0.718, 6.838, and 37.834 µg equivalent to retinol (g dry 

matter)-1, respectively. 

 

Table 1 Amount of vitamin A in sumac samples (µg (g dw)-1) (n= 33 each group) 

Tablo 1. Sumak örneklerindeki A vitamini miktarı (μg (g kuru ağırlık)-1) (her grupta n=33) 

Letters with different superscripts (a-g) within the same column and capital letters (A-C) within the row differ significantly 

P<0.05 

Region Fresh group Unoiled group Oiled group 

Maraş  d 1.93 ± 0.05 A c 1.51 ± 0.04 B e 1.75 ± 0.04 C 

Elazığ  d 1.89  ± 0.06 A c 1.46  ± 0.05 B e 1.70  ± 0.04 C 

Shelaza  c 1.69  ± 0.07 A b 1.15  ± 0.04 B d 1.45  ± 0.04 C 

Trawanish  b 1.30 ± 0.05 A a 0.92  ± 0.04 B b 1.17  ± 0.04 C 

Shahi  d 1.88  ± 0.05 A c 1.45 ± 0.04 B e 1.70  ± 0.05 C 

Charput  g  2.77  ± 0.06 A e 2.00  ± 0.06 B g 2.34  ± 0.07 C 

Süleymaniye  f  2.56  ± 0.07 A e 1.90 ± 0.05 B g 2.20  ± 0.07 C 

Kadana  c 1.73  ± 0.05 A b 1.23 ± 0.04 B d 1.46  ± 0.04 C 

Derişke  a 1.12  ± 0.05 A a 0.85  ± 0.04 B a 0.97  ± 0.03 C 

Ranya  e 2.16  ± 0.09 A d 1.72  ± 0.05 B f 1.96  ± 0.06 C 

Shalidize  c 1.69  ± 0.06 A b 1.19  ± 0.04 B c 1.35  ± 0.04 C 
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Table 2. Amount of β-carotene in sumac samples (µg (g dw)-1) (n=33 each group) 

Tablo 2. Sumak örneklerindeki β-karoten miktarı (μg (g kuru ağırlık)-1) (her grupta n=33) 

Region Fresh Unoiled group Oiled group 

Maraş  d 4.46 ± 0.12 A f 3.70 ± 0.09 B d 3.98 ± 0.09 C 

Elazığ  c 4.21  ± 0.10 A d 3.52  ± 0.08 B d 3.85  ± 0.09 C 

Shelaza  b 3.61  ± 0.09 A b 2.82  ± 0.07 B b 3.06  ± 0.08 C 

Trawanish  c 4.12 ± 0.09 A d 3.47 ± 0.08 B d 3.90 ± 0.09 C 

Shahi  c 4.11  ± 0.11 A d 3.45 ± 0.10 B d 3.92  ± 0.10 C 

Charput  c 4.02  ± 0.08 A c 3.04  ± 0.07 B c 3.51  ± 0.07 C 

Süleymaniye e 4.73  ± 0.10 A e, f 3.67  ± 0.07 B f 4.10  ± 0.09 C 

Kadana  f 5.31  ± 0.12 A g 4.30  ± 0.10 B g 4.90  ± 0.10 C 

Derişke  b 3.53  ± 0.09 A b 2.73  ± 0.07 B b 3.05  ± 0.08 C 

Ranya  e 4.86  ± 0.11 A f 3.77  ± 0.09 B f 4.15  ± 0.09 C 

Shalidize a 2.48  ± 0.07 A a 1.85  ± 0.06 B a 2.15  ± 0.06 C 
Letters with different superscripts (a-g) within the same column and capital letters (A-C) within the row differ  

significantly P<0.05 

 

Table 3. Amount of lycopene in sumac samples (µg (g dw)-1) (n=33) 

Tablo 3. Sumak örneklerindeki likopen miktarı (μg (g kuru ağırlık)-1) (n=33) 

Region Fresh Unoiled group Oiled group 

Maraş e 11.13 ± 0.35 A d 8.41 ± 0.31 B d 9.76 ± 0.26 C 

Elazığ b 8.10 ± 0.31 A b 5.38 ± 0.20 B b 7.00 ± 0.21 C 

Shelaza d 10.38 ± 0.35 A c 7.55 ± 0.25 B c 8.80 ± 0.27 C 

Trawanish g 22.16 ± 0.73 A f 16.17 ± 0.52 B h 18.26 ± 0.45 C 

Shahi c 8.87 ± 0.32 A b 5.58 ± 0.15 B b 7.10 ± 0.22 C 

Charput h 26.90 ± 0.80 A g 18.85 ± 0.53 B g 15.16 ± 0.47 C 

Süleymaniye f 12.57 ± 0.43 A e 9.38 ± 0.33 B e 10.70 ± 0.36 C 

Kadana a 7.08 ± 0.24 A a 4.30 ± 0.13 B a 5.98 ± 0.17 C 

Derişke h 25.63 ± 0.77 A g 18.22 ± 0.50 B i 21.91 ± 0.70 C 

Ranya f 13.30 ± 0.44 A e 9.65 ± 0.37 B f 11.30 ± 0.39 C 

Shalidize e 11.63 ± 0.37 A d 8.55 ± 0.30 B d 9.84 ± 0.31 C 

Letters with different superscripts (a-i) within the same column and capital letters (A-C) within the row differ  

significantly P<0.05 

 

Table 4. Amount of Vitamin E in sumac samples (µg /(g dw)-1) (n=33) 

Tablo 4. Sumak örneklerindeki E vitamini miktarı (μg (g kuru ağırlık)-1) (n=33) 

Region Fresh Unoiled group Oiled group 

Maraş e 155.53 ± 3.84 A e 118.86 ± 3.92 B e 139.18 ± 4.06 C 

Elazığ b 105.42  ± 3.69 A b 85.12  ± 3.08 B b 94.22  ± 3.19 B 

Shelaza a 84.40  ± 3.22 A a 64.07  ± 2.58 B a 76.30  ± 2.91 C 

Trawanish c 120.40 ± 4.22 A  c 92.93 ± 3.36 B c 107.80 ± 3.50 C 

Shahi g 212.51  ± 5.86 A h 180.67  ± 3.89 B g 197.29  ± 3.68 C 

Charput f173.36  ± 4.94 A g 141.40  ± 3.84 B f 158.20  ± 3.89 B 

Süleymaniye d 137.17  ± 3.99 A d 105.54  ± 3.34 B d 120.68  ± 3.40 C 

Kadana h230.65  ± 6.55 A i 190.40  ± 5.16 B h 207.07  ± 5.29 C 

Derişke f 164.74  ± 4.89 A f 127.87  ± 4.18 B e 145.22  ± 3.92 C 

Ranya g 216.95  ± 6.34 A h 175.45  ± 4.99 B g 193.08  ± 5.17 C 

Shalidize a 89.26 ± 3.04 A a 61.86 ± 2.59 B a 77.18 ± 2.81 C 
Letters with different superscripts (a-i) within the same column and capital letters (A-C) within the row differ  

significantly P<0.05 
 

 Carotenoids, which protect living systems from free 

radicals, react with peroxide radicals and molecular 

oxygen. Carotenoids such as β-carotene and lycopene 

exhibit antioxidant properties by blocking free 

radicals (Pereira et al., 2011). It was determined that 

the amount of β-carotene in fresh sumac samples 

varied between 2.48 ± 0.07 - 5.31 ± 0.12, on the other 

hand, unoiled and oiled groups varied in between 1.85 

± 0.06 - 4.30 ± 0.10, 2.15 ± 0.06 - 4.90 ± 0.10 µg (g dw)-

1, respectively. β-carotene loss in the unoiled group is 

higher than in the oiled group. While the lowest 

amount of β-carotene was found in Shalidize sumac, 
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the highest amount was found in Kadana region 

sumac. It can be said that there is no significant 

difference between Derişke and Shelaza, Elazığ, 

Trawanish, Shahi, and Charput regions, as well as 

between Ranya and Süleymania regions. In terms of 

-carotene, the difference between all groups is 

statistically significant (p<0.05) (Table 2).   Aremu 

and Nweze (2017) found the amounts of vitamin A in 

Guava, Pawpaw, and Mango fruits as 504.10, 683.93, 

and 301.61 µg (100 g)-1, and the amounts of β-carotene 

as 3015.27, 4043.45 and 1797.21 µg (100 g)-1, 

respectively. The amount of β-carotene in A. sativum, 

Z. officinale, A. melegueta, and E. caryophyllata 

samples was reported to be 109.5, 226.8, 308.5 and 

98.1 mg (100 g)-1, respectively (Omotayo and Adepoju, 

2013). 

 

Table 5. Amount of GSH in sumac samples (µg (g dw)-1) (n=33) 

Tablo 5. Sumak örneklerindeki GSH miktarı (μg (g kuru ağırlık)-1) (n=33) 

Region Fresh Unoiled group Oiled group 

Maraş f 1912.23 ± 21.60 A f 1706.40  ± 19.63 B f 1810.07 ± 17.27 C 

Elazığ d 1588.63 ± 18.77 A d 1375.14  ± 16.17 B d 1441.14 ± 14.48 C 

Shelaza k 2550.42 ± 18.48 A j 2314.90  ± 17.65 B j 2426.56 ± 18.11 C 

Trawanish b 1285.10 ± 13.89 A b 1125.44  ± 14.48 B b 1178.72 ± 13.68 C 

Shahi a 1004.12 ± 12.57 A a 877.53  ± 12.25 B a 913.53 ± 11.68 C 

Charput e 1759.33 ± 15.80 A e 1408.14  ± 15.11 B e 1559.14 ± 14.56 C 

Süleymaniye j 2390.10 ± 16.56 A i 2098.39  ± 17.05 B i 2187.39 ± 17.57 C 

Kadana c 1362.07 ± 12.76 A c 1169.70  ± 13.43 B c 1215.70 ± 13.43 C 

Derişke i 2152.10 ± 16.02 A h 1943.06  ± 17.13 B h 2014.06 ± 16.63 C 

Ranya h 2109.69 ± 15.86 A h 1915.95  ± 17.56 B h 2015.95 ± 17.04 C 

Shalidize g 2050.29 ± 14.99 A g 1883.45  ± 16.72 B g 1969.12 ± 16.13 C 
Letters with different superscripts (a-j) within the same column and capital letters (A-C) within the row differ  

significantly P<0.05 
 

Table 6. Amount of GSSG in sumac samples (µg (g dw)-1) (n=33) 

Tablo 6. Sumak örneklerindeki GSSG miktarı (μg (g kuru ağırlık)-1) (n=33) 

Region Fresh  Unoiled group Oiled group 

Maraş f 895.06 ± 13.92 A f 1147.68 ± 17.63 B f 1014.35 ± 15.45 C 

Elazığ k 1375.38 ± 18.74 A h 1492.55 ± 19.43 B i 1272.55 ± 15.95 C 

Shelaza i 992.85 ± 12.16 A f 1126.31 ± 14.32 B f 1027.31 ± 13.82 C 

Trawanish d 806.53 ± 11.06 A d 1016.97 ± 12.79 B d 901.34 ± 11.46 C 

Shahi a 422.54 ± 7.61 A a 519.87 ± 8.23 B a 488.21 ± 7.62 C 

Charput b 503.85 ± 8.99 A b 606.96 ± 9.06 B b 560.62 ± 9.05 C 

Süleymaniye g 921.06 ± 11.07 A f 1117.22 ± 13.04 B g 1052.22± 13.04 C 

Kadana c 693.56 ± 9.51 A c 745.23 ± 9.98 B c 715.90 ± 9.35 C 

Derişke j 1075.40± 13.86 A g 1227.24 ± 14.77 B h 1153.91 ± 13.89 C 

Ranya e 859.07 ± 11.27 A d 1015.73 ± 12.84 B e 975.73 ± 12.26 C 

Shalidize h 949.92 ± 11.84 A e 1084.80 ± 12.38 B f 1005.06 ± 12.81 C 
Letters with different superscripts (a-k) within the same column and capital letters (A-C) within the row differ  

significantly P<0.05 
 

Table 7. GSH/GSSG ratios in sumac samples 

Tablo 7. Sumak örneklerindeki GSH/GSSG oranı 

Region Fresh  Unoiled group Oiled group 

Maraş 2.14 1.49 1.78 

Elazığ 1.16 0.92 1.13 

Shelaza 2.57 2.06 2.36 

Trawanish 1.59 1.11 1.31 

Shahi 2.38 1.69 1.87 

Charput 3.49 2.32 2.78 

Süleymaniye 2.59 1.88 2.08 

Kadana 1.96 1.57 1.70 

Derişke 2.00 1.58 1.75 

Ranya 2.46 1.89 2.07 

Shalidize 2.16 1.74 1.96 
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Table 8. Amount of MDA in sumac samples (µg (g dw)-1) (n=33) 

Tablo 8. Sumak örneklerindeki MDA miktarı (μg (g kuru ağırlık)-1) (n=33) 

Region Fresh Unoiled group Oiled group 

Maraş b 18.66 ± 0.67 A c 22.79 ± 0.45 B c 20.53 ± 0.38 C 

Elazığ a 13.95 ± 0.53 A a 16.46 ± 0.36 B a 15.12 ± 0.23 C 

Shelaza c 22.80 ± 0.81 A d 26.57 ± 0.75 B d 24.90 ± 0.31 C 

Trawanish e 28.37 ± 0.87 A f 32.09 ± 1.00 B i 30.52 ± 0.35 C 

Shahi d, e 27.25 ± 0.96 A f 32.34 ± 0.95 B h 29.47 ± 0.38 C 

Charput  d 26.19 ± 0.92 A e 30.39 ± 1.05 B g 28.46 ± 0.35 C 

Süleymaniye c, d 25.38 ± 0.87 A e 29.38 ± 1.05 B f 27.33 ± 0.37 C 

Kadana c, d 24.97 ± 1.00 A e 28.62 ± 1.00 B e 26.37 ± 0.29 C 

Derişke c 24.14 ± 0.96 A e 29.73 ± 1.01 B e 26.06 ± 0.34 C 

Ranya b 17.83 ± 0.61 A b 21.18 ± 0.63 B b 19.21 ± 0.26 C 

Shalidize f 31.30 ± 1.02 A g 35.63 ± 1.02 B j 33.16 ± 0.45 C 
Letters with different superscripts (a-j) within the same column and capital letters (A-C) within the row differ  

significantly P<0.05 

 

Table 9. Amount of 4-HNE in sumac samples (µg (g dw)-1) (n=33) 

Tablo 9. Sumak örneklerindeki 4-HNE miktarı (μg (g kuru ağırlık)-1) (n=33) 

Region Fresh Unoiled group Oiled group 

Maraş d 11.69 ± 0.23 A b, c 17.96 ± 0.62 B d 14.83 ± 0.61 C 

Elazığ a 7.12± 0.19 A a 12.08 ± 0.46 B a 9.26 ± 0.35 C 

Shelaza e 12.80 ± 0.35 A b 17.73 ± 0.64 B d 14.50 ± 0.48 C 

Trawanish e 13.37 ± 0.40 A c 18.34 ± 0.74 B d, e 15.20 ± 0.50 C 

Shahi c 9.94 ± 0.32 A b 16.77 ± 0.58 B c 13.10 ± 0.42 C 

Charput e 13.19 ± 0.40 A c 19.00 ± 0.73 B e 16.11 ± 0.49 C 

Süleymaniye f 14.61 ± 0.47 A c, d 20.07 ± 0.72 B f 17.51 ± 0.60 C 

Kadana a 7.26 ± 0.21 A a 11.63 ± 0.46 B a 9.45 ± 0.37 C 

Derişke b 8.14 ± 0.28 A a 12.14 ± 0.45 B b 10.48 ± 0.42 C 

Ranya f 15.40 ± 0.47 A d 21.05 ± 0.77 B f 17.55 ± 0.50 C 

Shalidize e 13.23± 0.39 A c 18.73 ± 0.66 B e 16.45 ± 0.54 C 
Letters with different superscripts (a-f) within the same column and capital letters (A-C) within the row differ significantly 

P<0.05 

 

The amount of lycopene in the fresh, unoiled and oiled 

group sumac samples varies between 7.08 ± 0.24 - 

26.90 ± 0.80, 4.30 ± 0.13 - 18.85 ± 0.53, 7.00 ± 0.21 - 

21.91 ± 0.70 µg (g dw)-1, respectively. While the highest 

amount of lycopene was found in the sumac of Charput 

region, the least amount was found in the sumac of 

Kadana region. The difference between the lycopene 

content of fresh sumac samples regarding different 

regions together with fresh, unoiled, and oiled groups 

is statistically significant (p <0.05). It was observed 

that the loss of lycopene in the non-oiled group was 

greater than the loss in the oiled group (Table 4). It has 

been reported that the amount of lycopene in guava, 

papaya, rosehip, and red pepper varies between 52.3-

55.0, 1.1-53.0, 6.8-7.1, and 10.8-26.2 µg g-1, respectively 

(Zengin and Kurt, 2018).  

Vitamin E has strong antioxidant properties and helps 

prevent cell membranes and lipoproteins from being 

damaged by oxidative stress. Vitamin E has a role in 

several physiological processes, including 

immunological function, inflammation control, gene 

expression regulation, and cognitive functioning (Dror 

and Allen, 2011). The amount of vitamin E in fresh 

sumac samples from different regions was found to 

vary in between 84.40 ± 3.22 - 230.65 ± 6.55 µg (g dw)-

1. The highest vitamin E was determined in Kadana 

region, while the lowest was determined in Shelaza 

region. While there is no statistical difference between 

the fresh sample of the Shelaza and Shalidize regions 

(p>0.05), all other regions are statistically different 

from each other (p<0.05). It was determined that 

vitamin E in the unoiled group sumac samples ranged 

between 61.86 ± 2.59 - 190.40 ± 5.16, while in the oiled 

group samples, it varied between 76.30 ± 2.91 - 207.07 

± 5.29 µg (g dw)-1. Vitamin E in the oiled group of 

sumac samples was found to be higher than in the 

unoiled groups. In other words, vitamin E loss is less 

in the oiled group. The amounts of vitamin E in the 

fresh, unoiled, and oiled groups are statistically 

different (p <0.05) (Table 4). It was reported that the 

amount of β-carotene in the ginger, garlic, turmeric, 

black pepper, and clove samples was 56.11, 68.17, 

151.74, 92.14, and 83.43, and vitamin E was 10.23, 

13.13, 11.24, 15.32 and 22.51 mg (100 g)-1, respectively 

(Ayoade et al., 2023). Uhegbu et al. (2011) reported 

that the amount of vitamin E in P. Guineense and M. 

Myristica was 1.64 and 12.0 U (100 g)-1, respectively. 
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It has been found that the amount of vitamin E in 

apricots grown under different conditions varies 

between 27.10 - 85.10 μg (100 g)-1 (Kan et al., 2014). 

Çakmak et al. (2020) reported that the amounts of 

vitamin A, E, β-carotene and lycopene in wild white 

Myrtus communis L. fruit were 1.85, 206.57, 5.89 and 

9.79 μg (g dw)-1, respectively. It was reported that the 

amounts of vitamins A, E, β-carotene and lycopene in 

fresh fruits of Crataegus laevigata samples grown in 

the Elazığ region were 0.78, 0.83, 2.88 and 2.34 µg g-1, 

respectively (İbrahim et al. 2017). It was observed that 

the loss in the amounts of vitamins A, E, -carotene, 

and lycopene in sumac samples oiled less than in 

unoiled samples. It has been noted that parameters 

such as temperature and shelf life are important in the 

degradation of vitamins (Kala and Prakash, 2006). It 

has been reported that the loss of vitamins in chili 

pepper samples kept for a certain period in unoiled 

form is greater than in oiled samples (Karatas et al., 

2017). Konfo et al. (2023) reported that essential oils, 

as natural antioxidants, are used in the preservation 

of foodstuffs. Falowo et al. (2019) reported that 2% and 

4% basil essential oil applied to ground beef increased 

oxidative stability and preserved color during storage. 

Glutathione, an essential component for cellular 

immune system function, has a peptide structure and 

serves as the primary intracellular antioxidant. 

Additionally, it plays a role in amino acid transport in 

metabolism and the reduction of sulfhydryl groups in 

proteins (Mendoza-Cózatl et al., 2005). 

It was determined that the amount of GSH in fresh 

sumac samples varied between 1004.12 ± 12.57 - 

2550.42 ± 18.48, while GSSG varied between 422.54 ± 

7.61 - 1375.38 ± 18.74 µg (g dw)-1. The highest amounts 

of GSH and GSSG were in Shelaza and Elazığ regions, 

respectively, on the other hand, the lowest amounts 

were observed in the Shahi region (Tables 5 and 6). The 

amounts of both GSH and GSSG in fresh sumac 

samples are statistically different according to every 

region (p<0.05). The amount of GSH in the unoiled and 

oiled group sumac samples was found to vary between 

877.53 ± 12.25 - 2314.90 ± 17.65 and 913.53 ± 11.68 - 

2426.56 ± 18.11 µg (g dw)-1 respectively. It was 

determined that the amount of GSSG in the same 

samples varied between 519.87 ± 8.23 - 1492.55 ± 19.43 

and 488.21 ± 7.62 - 1272.55 ± 15.95 µg (g dw)-1. It was 

observed that while the amount of GSH in the stored 

sumac samples decreased, on the other hand, GSSG 

increased. This might be the result of oxidation during 

the waiting period of the samples. While the loss of 

GSH in unoiled samples was higher than in the oiled 

samples, the increase in the amount of GGSG was 

found to be greater in the unoiled samples. From these 

results, it can be said that oiling prevents oxidation of 

the samples forming a thin film in between air and the 

sumac surface. The differences between the sumac 

samples of all three groups in terms of both GSH and 

GSSG amounts are statistically significant (p<0.05) 

(Tables 5 and 6). 

Cerit et al. (2020) reported that the amount of GSH in 

red pepper, turmeric, cardamom, and ginger was 42, 

41, 112, and 1076 nM (g dw)-1, respectively. Tesoriere 

et al. (2005) discovered that the levels of GSH in three 

distinct cultures of prickly pears ranged from 3.40 to 

8.10 mg (100 g)-1. The GSH/GSSG ratio is higher under 

normal conditions but decreases under stress (Kocsy et 

al., 2001). As seen in Table 7, the highest GSH/GSSG 

ratio was found in fresh sumac samples, while the 

lowest ratio was observed in unoiled sumac samples. 

These results confirm that oiling the samples partially 

reduces oxidation. It was reported that when hydrogen 

peroxide was applied to spinach, green banana, and 

red pepper for the disinfection process, the amount of 

GSSG increased compared to the control group, while 

the GSH and GSH/GSSG ratio decreased (Qiang et al., 

2005). MDA and 4-HNE, which are formed as a result 

of the peroxidation of polyunsaturated fatty acids, are 

used as stress indicators (Barrera et al., 2018). As seen 

in table 8, the amount of MDA in fresh, unoiled and 

oiled sumac samples varied between (13.95 ± 0.53 - 

31.30 ± 1.02, 16.46 ± 0.36 - 35.63 ± 1.02 and 15.12 ± 

0.23 - 33.16 ± 0.45 µg (g dw)-1), respectively. The lowest 

amount of MDA was observed in fresh sumac samples, 

while the highest amount was observed in an unoiled 

sample. The difference between MDA in the fresh, 

unoiled, and oiled groups is statistically significant 

(p<0.05). It has been reported that the MDA 

concentration in mature ber fruit (Ziziphus mauritiana 

Lam) is 4.498 nmol/g (Kumar et al., 2011). Çakmak et 

al. (2023) reported that the amount of MDA in fresh 

and sun-dried black Myrtus communis L. fruit were 

5.32 and 6.80 μg (g dw)-1. It was determined that the 

amount of 4-HNE in fresh, unoiled and oiled sumac 

samples from different regions varied between 7.12 ± 

0.19 - 15.40 ± 0.47, 11.63 ± 0.46 - 21.05 ± 0.77, 9.26 ± 

0.35 - 17.55 ± 0.50 µg (g dw)-1, respectively. The lowest 

amount of 4-HNE in the fresh sumac sample was 

observed in the sumac of the Elazığ region, while the 

highest was observed in the Ranya region sumacs. In 

terms of the amount of 4-HNE, it can be said that there 

is no significant difference between the Elazığ and 

Kadana regions, Shelaza, Trawanish and Sheladize 

regions, and Ranya and Süleymania regions. The 

amount of 4-HNE in fresh, unoiled, and oiled groups of 

sumacs in the same regions is statistically different 

(p<0.05) (Table 9). 

The highest amounts of GSSG, MDA, and 4-HNE were 

found in unoiled sumac samples. This might be 

explained that the oiling partially reduces oxidative 

stress. Muktar et al. (2023) found that the amounts of 

GSH, GSSG, MDA, and 4-HNE in bitter tomatoes as 

364, 225, 1.50, and 24.57, respectively, and the same 

parameters in White Garden Egg were 1930, 962, 8.40 

and 38.25 μg (g dw)-1. Çakmak et al. (2020) found the 
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amounts of GSH, GSSG, MDA and GSH/GSSG ratios 

in wild white Myrtus communis L. fruits as 609.90, 

184.24, 5.73 μg (g dw)-1) and 3.31, respectively, while 

the same parameters in cultivated white Myrtus 

communis L. fruits were 571.80, 115.50, 4.50 μg (g dw)-

1 and 4.95, respectively. 
 

CONCLUSION 

Charput and Suleymaniye are richer in vitamin A, 

-carotene, Charput, 

Derişke and Trawanish are richer in lycopene. 

Kadana, Ranya, and Shahi sumacs are richer in 

vitamin E than other regions. Derişke and Trawanish 

are poorer in vitamin A, Sheladize is poorer in beta 

carotene, Kadana is poorer in lycopene, and Shelaza 

and Shalidize sumacs are poorer in vitamin E. While 

Shelaza is the richest in terms of GSH, Shahi region 

sumac has the lowest in terms of GSSG. Elazığ region 

sumac has the lowest amounts of MDA and 4-HNE. It 

was found that the changes in all the measured 

parameters of oiled sumac samples were lower than 

the unoiled samples. It can be concluded from these 

results that, to protect the sumac sample from 

degradation it should be oiled to preserve it for longer 

shelf life. The difference between regions in the 

amounts of fat-soluble vitamins, glutathione, and 

stress biomarkers might be due to geographical and 

ecological conditions. 
 

ACKNOWLEDGMENT 

We would like to express our gratitude to Prof. Dr. 

Mehmet Güngör and Prof. Dr. Ömer Akbulut for their 

valuable contributions to the statistical part of this 

study. 
 

Author Contribution 

Authors declare that they all contributed equally to the 

article. 
 

Conflicting of Interest 

All authors declare that there is no conflict of interest. 
 

REFERENCES 

Abu-Reidah,  I. M., Ali-Shtayeh, M. S., Jamous, R. M., 

Arráez-Román, D., & Segura-Carretero, A. (2015). 

HPLC-DAD-ESI-MS/MS screening of bioactive 

components from Rhus coriaria L. (Sumac) fruits. 

Food Chemistry, 166, 179–191. doi: 10.1016/ 

j.foodchem.2014.06.011. 

Aremu, S. O., & Nweze, C. C. (2017). Determination of 

vitamin A content from selected Nigerian fruits 

using spectrophotometric method. Bangladesh 
Journal of Scientific and Industrial Research, 52(2), 

153-158. https://doi.org/10.3329/bjsir.v52i2.32940 

Ayoade, W. G., Gbadamosi, L., Ajayi, M. G., & Badmus, 

M. O. (2023). Assessment of minerals and vitamin 

constituents of some commonly consumed spices. 

International Journal of Science and Research 
Archive, 10(01), 053–061. https://doi.org/10.30574/ 

ijsra.2023.10.1.0702  

Barrera, G., Pizzimenti, S., Daga, M., Dianzani, C., 

Arcaro, A., Cetrangolo, G. P., Giordano, G., Cucci, 

M. A., Graf, M., & Gentile, F. (2018). Lipid 

Peroxidation-Derived Aldehydes, 4-

Hydroxynonenal and Malondialdehyde in Aging-

Related Disorders. Antioxidants, 7(8), 102. 

doi:10.3390/antiox7080102 

Cnubben, N. H. P., Rietjens, I. M. C. M., Wortelboer, 

H., Van Zanden, J., & Van Bladeren, P. J. (2001). 

The interplay of glutathione-related processes in 

antioxidant defense. Environmental Toxicology and 
Pharmacology, 10, 141-152. doi: 10.1016/s1382-

6689(01)00077-1. 

Çakmak, M., Bakar, B., Özer, D., Karataş, F., & 

Saydam. S. (2023). Amino Acid Content and Effect 

of Different Preservation Methods on Some 

Biochemical Properties in Black Myrtus communis 

L. Fruits. Journal of Agricultural Sciences (Tarim 
Bilimleri Dergisi), 29(2), 507-518. doi: 

10.15832/ankutbd.941384 

Çakmak, M., Bakar, B., Özer, D., Geckil, H., Karatas, 

F., & Saydam, S. (2020).  Investigation of some 

biochemical parameters of wild and cultured 

Myrtus communis L. fruits subjected to different 

conservation methods. Journal of Food 

Measurement and Characterization,  15, 983-993. 

https://doi.org/10.1007/s11694-020-00692-x 

Cerit, İ., Demirer, A., Bülbül, E., Yaman, M., Güngör, 

Ş. N., & Demirkol, O. (2020). Thiols and Their Uses 

in the Food Industry. Turkish Journal of 
Agriculture-Food Science and Technology, 8(5), 

1027-1038. 

https://doi.org/10.24925/turjaf.v8i5.1027-1038.2993 

Dror, D. K., & Allen, L. H. (2011). Vitamin E deficiency 

in developing countries. Food and Nutrition 
Bulletin, 32(2), 124–143. doi: 10.1177/ 

156482651103200206 

Eggersdorfer, M., & Wyss, A. (2018).  Carotenoids in 

human nutrition and health. Archives of 
Biochemistry and Biophysics, 652, 18-26.  

https://doi.org/10.1016/j.abb.2018.06.001 

Falowo, A. B., Mukumbo, F. E., Idamokoro, E. M., 

Afolayan, A. J., & Muchenje, V. (2019). 

Phytochemical Constituents and Antioxidant 

Activity of Sweet Basil (Ocimum basilicum L.) 

Essential Oil on Ground Beef from Boran and 

Nguni Cattle. International Journal Of Food 
Science, 2019(1), 2628747. doi:10.1155/2019/ 

2628747. 

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. 

(2007). G*Power 3.1 A flexible statistical power 

analysis program for the social, behavioral, and 

biomedical sciences. Behavior Research Methods, 

39, 175-191. 

Gaweł, S., Wardas, M., Niedworok, E. & Wardas, P. 



KSÜ Tarım ve Doğa Derg 27 (Ek Sayı 1), 221-230, 2024 

KSU J. Agric Nat  27 (Suppl 1), 221-230, 2024 

Araştırma Makalesi 

Research Article 
 

229 

(2004). Malondialdehyde as lipid peroxidation 

marker. Wiadomości Lekarskie, 57(9-10), 453-455. 

PMID: 15765761 

Gill, S. S., Anjum, N. A., Hasanuzzaman, M., Gill, R., 

Trivedi, D. K., Ahmad, I., & Tuteja, N. (2013). 

Glutathione and glutathione reductase: a boon in 

disguise for plant abiotic stress defense operations. 

Plant Physiology and Biochemistry, 70, 204-212. 

doi: 10.1016/j.plaphy.2013.05.032. 

Güvenç, G.,  Özcan A., Bükücü, Ş. B. &  Sütyemez, M. 

(2017). Bazı Derici Sumak  Rhus coriaria 

L  Genotiplerinin Fenolojik Özelliklerinin 

Belirlenmesi. Türk Tarım ve Doğa Bilimleri 
Dergisi, 4(4), 477–483. 

He, J., Milad Hadidi, M., Yang, S., Khan, M. R., Zhang, 

W., & Cong, X. (2023). Natural food preservation 

with ginger essential oil: Biological properties and 

delivery systems. Food Research International, 173, 

113221. https://doi.org/10.1016/j.foodres.2023. 

113221 

Ibrahim, M. S., Ibrahim, Y. I., Mukhtar, Z. G., & 

Karatas, F. (2017). Amount of vitamin A, vitamin 

E, vitamin C, malondialdehyde, glutathione, 

ghrelin, beta-carotene, lycopene in fruits of 

Hawthorn, Midland (crataegus laevigata). Journal 
of Human Nutrition & Food Science, 5(3), 1112-

1117. https://www.researchgate.net/publication/ 

331098010 

Kala, A., & Prakash, J. (2006). The comparative 

evaluation of the nutrient composition and sensory 

attributes of four vegetables cooked by different 

methods. International Journal of Food Science and 
Technology, 41, 163–171. doi:10.1111/j.1365-2621. 

2005.01043.x 

Kan, T., Gundogdu, M., Ercisli, S., Muradoglu, F., 

Celik, F., Gecer, M. K., Kodad, O., & Zia-Ul-Haq, M. 

(2014). Phenolic compounds and vitamins in wild 

and cultivated apricot (Prunus armeniaca L.) fruits 

grown in irrigated and dry farming conditions. 

Biological Research, 47(1), 46–52. doi:10.1186/0717-

6287-47-46 

Karaağaç, R. M., & Pınarlı, Ç. (2023). Fat-Soluble 

Vitamins and Their Effects on the Gut Microbiota. 

Eurasian Journal of Health Science, 6(3), 116-122. 

doi: 10.53493/avrasyasbd.1262072 

Karatas, F., Baysar, A., & Alpaslan, M. (2017). A 

comparison of vitamin and folic acid levels of sun 

and microwave dried Capsicum annuum L. Journal 
of Food Processing and Preservation, 41(6), e13275. 

https://doi.org/10.1111/jfpp.13275. 

Kennedy, D. O. (2016). B Vitamins and the Brain: 

Mechanisms, Dose and Efficacy—A Review. 

Nutrients, 8(68), 1-29. https://doi.org/10.3390/ 

nu8020068 

Khalil, M., Hayek, S., Khalil, N., Serale, N., Vergani, 

L., Calasso, M., Angelis, M. D., & Portincasa,P. 

(2021). Role of Sumac (Rhus coriaria L.) in the 

management of metabolic syndrome and related 

disorders: Focus on NAFLD-atherosclerosis 

interplay. Journal of Functional Foods, 87, 1-17, 

104811. https://doi.org/10.1016/j.jff.2021.104811 

Kocsy, G., Galiba, G., & Brunold, C. (2001). Role of 

glutathione in adaptation and signalling during 

chilling and cold acclimation in plants. Physiol 
Plantarum, 113(2), 158–164. doi: 10.1034/j.1399-

3054.2001.1130202.x. 

Konfo,  T. R. C., Djouhou, F. M. C., Koudoro, Y. A., 

Dahouenon-Ahoussi, E., Avlessi, F., Sohounhloue, 

C. K. D., & Simal-Gandara, J. (2015). Essential oils 

as natural antioxidants for the control of food 

preservation. Food Control, 54, 111-119. 

https://doi.org/10.1016/j.foodcont.2014.12.040 

Kumar,  S., Yadav, P., Jain, V., & Malhotra, S. P. 

(2011). Oxidative stress and antioxidative system in 

ripening ber (Ziziphus mauritiana Lam.) fruits, 

Food Technology and Biotechnology, 49(4), 453–

459. ISSN 1330-9862 

Mendoza-Cózatl, D., Loza-Tavera, H., Hernández-

Navarro, A., & Moreno-Sánchez, R. (2005). Sulfur 

assimilation and glutathione metabolism under 

cadmium stress in yeast, photosynthetic protists 

and plants. FEMS Microbiology Reviews, 29(4), 

653–671. doi: 10.1016/j.femsre.2004.09.004 

Morshedloo, M. R., Maggi, F., Neko, H. T., & Aghdam, 

M. S. (2018). Sumac (Rhus coriaria L.) fruit: 

Essential oil variability in Iranian populations. 

Industrial Crops & Products, 111, 1–7. doi: 

10.1016/j.indcrop.2017.10.002. 

Mukhtar, G., Özer, D., Karataş, F., & Saydam, S. 

(2023). Some Biochemical Parameters of Eggplant 

Species from Turkey and Nigeria. OKU Journal of 
the Institute of Science and Technology, 6(1), 21-34. 

https://doi.org/10.47495/okufbed.1062267 

Okonkwo, C., & Ogu, A. (2014). Nutritional Evaluation 

of Some Selected Spices Commonly Used in the 

South-Eastern Part of Nigeria. Journal of Biology, 
Agriculture and Healthcare, 4(15), 97-102. ISSN 

2224-3208 (Paper) ISSN 2225-093X (Online) 

Omotayo, O., & Adepoju, O. T. (2013). valuation of 

micronutrient potentials of seven commonly 

consumed indigenous spices from Nigeria. 

American Journal of Food and Nutrition, 3(3), 122-

126. doi:10.5251/ajfn.2013.3.3.122.126. 

Özcan, A. Süslüoğlu, Z. Nogay, G. Ergun, M., & 

Sütyemez, M. (2021). Phytochemical 

characterization of some sumac  rhus coriaria 

l  genotypes from southern part of turkey,” Food 
Chemistry, 358, 129779 doi: 10.5251/ajfn.2013. 

3.3.122.126 

Pereira, M. C., Steffens, R. S., Jablonski, A., Hertz, P. 

F., de O. Rios, A., Vizzotto, M., & Flôres, S. H. 

(2012). Characterization and Antioxidant Potential 

of Brazilian Fruits from the Myrtaceae Family. 

Journal of Agricultural and Food Chemistry, 
60(12), 3061–3067. doi:10.1021/jf205263f 



KSÜ Tarım ve Doğa Derg 27 (Ek Sayı 1), 221-230, 2024 

KSU J. Agric Nat  27 (Suppl 1), 221-230, 2024 

Araştırma Makalesi 

Research Article 
 

230 

Qiang, Z., Demirkol, O., Ercal, N., & Adams, C. (2005). 

Impact of Food Disinfection on Beneficial Biothiol 

Contents in Vegetables. Journal of Agricultural and 
Food Chemistry, 53(25), 9830–9840. doi:10.1021/ 

jf051359f 

Redfearn, H. N., Warren, M. K., & Goddard, J. M. 

(2023). Reactive Extrusion of Nonmigratory Active 

and Intelligent Packaging. ACS Applied Materials 
& Interfaces, 15(24), 29511-29524. doi:10.1021/ 

acsami.3c06589. 

Shabbir, A. (2012). Rhus coriaria Linn, a plant of 

medicinal, nutritional and industrial importance: A 

review, The Journal of Animal and Plant Sciences, 
22(2), 505–512. ISSN: 1018-7081. https:// 

www.researchgate.net/publication/233860365 

Stevens, S. L. (2021). Fat-Soluble Vitamins. Nursing 
Clinics of North America, 56(1), 33–45. doi:10.1016/ 

j.cnur.2020.10.003 

Tesoriere, L., Fazzari, M., Allegra, M., & Livrea, M. A. 

(2005). Biothiols, Taurine, and Lipid-Soluble 

Antioxidants in the Edible Pulp of Sicilian Cactus 

Pear (Opuntia ficus-indica) Fruits and Changes of 

Bioactive Juice Components upon Industrial 

Processing. Journal of Agricultural and Food 
Chemistry, 53(20), 7851–7855. doi:10.1021/ 

jf050636f 

Uhegbu, F. O., Iweala, E. E. J., & Kanu, I. (2011). 

Studies on the chemical and antinutritional content 

of some Nigerian spices. International Journal of 
Nutrition and Metabolism, 3(6), 72-76. ISSN 2141-

2340 

Yuan, P., Cui, S.,  Liu, Y., Li, J., Du, G.,  Liu, L.  (2020). 

Metabolic engineering for the production of fat-

soluble vitamins: advances and perspectives. 

Applied Microbiology and Biotechnology, 104, 935–

951. https://doi.org/10.1007/s00253-019-10157-x 

Zengin, F., Kurt, Ş. (2018). Likopen ve Likopenin İnsan 

Sağlığı Açısından Önemi. ADYÜTAYAM 6(2), 30-

45.

- 


