
Introduction
Reactive oxygen species (ROS), including 
superoxide, hydroxyl, and nitric oxide 
radicals, may damage the living cells 
in biological systems and lead to the 
oxidative stress in cells.1-4 Generally, the 
antioxidant molecules can scavenge free 
radicals and as a result, keep the balance 
between the oxidation and anti-oxidation 
pathways. Nevertheless, exposure to 
pollution or ecological toxins can cause the 
generation of extreme ROS and upset the 
balance between oxidant and antioxidant 
systems, resulting in certain enduring and 
progressive infections.5,6 An increase in the 
consumption of exogenous antioxidants 

would end up in ameliorating the damage 
induced by oxidative stress via reducing 
the oxidative reaction, acting in removal 
of free radicals.7 The antioxidant molecules 
are found in high volumes in medicinal 
plants, fruits, crops, and aromatic 
plants.8-11 The natural antioxidants with 
plant resources mostly consist of phenols, 
flavonoids, anthocyanins, vitamins (E 
and C), and reducing sugars.12 Natural 
antioxidant molecules generally exert a 
wide range of biological effects such as anti-
inflammatory, antibacterial, antiviral, and 
anticancer effects.13-17 Ribes khorasanicum 
from Grossulariaceae family is an 
important medicinal plant which grows in 
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Abstract
Introduction: Currently, there is great interest in phytochemicals as bioactive components. The 
roles of fruits, vegetables, and red pigments in preventing diseases have been partially attributed 
to the antioxidant features of their constituent polyphenols, flavonoids, anthocyanins, and so on. 
Methods: Biochemistry parameters including the relative levels of antioxidant activity, total 
phenolic content, total flavonoid, total anthocyanin, and soluble and insoluble sugar contents of 
Ribes khorasanicum were measured. 
Results: The total phenolic and flavonoid content of the fruits were calculated as 33.6 mg/g dry 
weight and 23.36 mg/g dry weight, respectively. Anthocyanin was measured as 62.9 mg/g dry 
weight, indicting anthocyanin as the predominant antioxidant component in this plant. The 
content of soluble sugar was 5.65 mg/g dry weight, while the amount of insoluble sugar was 
4.60 mg/g dry weight. The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity 
was observed to be 6.42 mg/g dry weight. 
Conclusion: Anthocyanin was the predominant antioxidant component in the investigated plant.
This particular plant has the potential to serve as an important source of anthocyanin which is 
useful in medicinal and food industries.
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north of Khorasan province, Iran, and its fruits are useful 
in medicine.18 This study intended to determine the bio-
components of R. khorasanicum fruit and its antioxidant 
properties.

Materials and Methods
Plant Materials and Chemicals
All the used chemicals were pure (<99%). Solvents were 
purchased from Merck (Germany) and the 1,1-diphenyl-
2-picrylhydrazyl (DPPH) radical was acquired from 
Sigma Chemical Company (Sigma-Aldrich, USA). Plants 
were collected from Dargaz region, Iran.

Extraction and Fractionation Procedure
The fruit parts of plants (3.0 g) were dried and transformed 
into powder. They were then macerated in double distilled 
water for a duration of 24 hours. After being filtered, the 
crude extract was preserved in refrigerator (Figure 1).

DPPH Radical Scavenging Test
The antioxidant capacity of the extracts was estimated by 
the DPPH test and compared with ascorbic acid as the 
positive control.19 The DPPH has a purple deep color and 
its maximum absorption is at 515 nm.20 The reducing 
capacity could be analyzed through evaluating the decrease 
in its absorbance. In brief, 23 mg/mL solution of DPPH 
was added to ethanol, and its absorbance was measured 
at 517 nm. DPPH is a purple-colored, stable free radical 
which is changed to yellow diphenylpicrylhydrazine after 
oxidation. All the samples were evaluated in triplicate. 
The prevention capacity of active radicals was acquired 
against standard curve obtained from ascorbic acid. 

Folin–Ciocalteu Reagent Assay
Folin–Ciocalteu Reagent (FCR) test is a general and 
simple procedure for determination of phenol contents 
of fruits and medicinal plants.21 These particular blue 
pigments have maximum absorption within the range 
of 700–760 nm, which depends on the qualitative and/or 
quantitative composition of phenolic mixtures. In brief, 
50 µL of extract was mixed with 450 µL of deionized 
water, 250 µL of Folin–Ciocalteu chemical, and 1.2 mL 
of sodium bicarbonate (20%, w/v). Afterward, it was put 
aside at 25ºC for 20 minutes, and then centrifuged at 4000 

rpm for 10 minutes. The absorbance was measured at 730 
nm. Aqueous solutions of gallic acid concentrations were 
utilized for calibration.22

Anthocyanin Assay
Anthocyanin assay was carried out via the standard 
procedure.23 Anthocyanin was determined in 0.3% HCI 
in methanol at room temperature utilizing the extinction 
coefficient: 
Ew = 33 000 [cm2/mol].

Estimation of Total Flavonoid Content 
The aluminum chloride colorimetric technique24 was 
applied to estimate the total flavonoid content. Gallic 
acid was utilized to produce the calibration curve. One 
hundred mg of fruit parts was rubbed in distilled water. 
The diluted solutions (0.5 mL) were then individually 
mixed with 1.5 mL of 95% ethanol, 0.1 mL of 10% 
aluminum chloride, 0.1 mL of 1.0 M potassium acetate 
and 2.8 mL of distilled water. After incubation for 30 
minutes at 25ºC, the absorbance of the reaction mixture 
was measured at 415 nm.

Analysis of Saccharides 
Saccharide content (soluble sugars and starch) was 
calculated by applying the phenol sulfuric acid method25 
and the absorbance was recorded at 485 nm.

Results
The total phenolic content of the fruit parts of R. 
khorasanicum was calculated from the calibration curve 
as 33.6 mg/g dry weight and the total flavonoid content 
was measured as 23.36 mg/g dry weight (Figure 2). 
Anthocyanin content was determined as 62.9 mg/g dry 
weight. The content of soluble sugar was 5.65 mg/g dry 

Figure 1. Ribes khorasanicum (A) and its Aqueous Extract (B).

Figure 2. The Amount of Some of the Reducing Agents in Ribes 
khorasanicum.
Note: All of the data are in mg/g dry weight.
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weight, while the amount of insoluble sugar was 4.60 
mg/g dry weight. DPPH radical scavenging activity was 
observed to be 6.42 mg/g dry weight.

Discussion
Plants are prone to different kinds of ecological stresses 
like salinity, water deficit, excess temperature, and 
radiation, throughout their life cycle. Depending on the 
severity of stress, these particular environmental factors 
can limit their growth and productivity to varying degrees 
and lead to the production of ROS such as OH•, O2

•, and 
H2O2. These species extensively damage the cells by 
peroxidation of lipids, proteins, and DNA. These ROS are 
removed by antioxidant molecules. 

Phenolic compounds are the secondary metabolites26 
and play a vital role against pathogens.27 Phenols have 
health benefits that are derived from ingesting high levels 
of fruits and vegetables.28 The useful effects obtained 
from phenols have been attributed to their antioxidant 
properties.29,30 Flavonoids are the largest group of plant 
phenols.31 In this study, anthocyanin was the dominant 
constituent among other components of R. khorasanicum. 
Anthocyanin plays a critical role as a reducing agent. More 
than 600 different anthocyanins and their substituents 
have been reported in recent years.32 They play a vital role 
in the color quality of plants. Due to their color properties, 
extracts which have huge amount of anthocyanins are 
gradually more utilized in food industries as natural 
alternatives to artificial dyes.33 Anthocyanins have proved 
to be non- toxic and water soluble, attracting excessive 
attention for their application as natural water resolvable 
pigments.34 They possess antioxidant properties that 
are effective in preventing cancer and cardiovascular 
diseases.35 

In this study, the content of soluble sugar was more 
prominent than the amount of insoluble sugar in R. 
khorasanicum. Till now, the protective effects of soluble 
sugars against oxidative stress have mainly been assigned 
to the signaling effects resulting in elevation of various 
ROS scavengers36,37; however despite this fact, it has been 
recently proposed that soluble sugars may themselves act 
as ROS scavengers, specifically at higher concentrations.38 
The role of sugars is not limited to only nourishing growth 
and developing; they also play a significant and regulatory 
role as signaling molecules.39,40 Soluble sugars are usually 
assumed to be associated with oxidative stress; on the 
other hand, endogenous sugars can create reducing power 
for glutathione (GSH) assisting in H2O2 reduction.41 

This study is one of the first reports on the antioxidant 
activity and on bioactive components of R. khorasanicum, 
thus phytochemical analyses must be done to point out 
the active phenolic and flavonoid components. Plants that 
are rich in phenols, flavonoids, and anthocyanins contain 
antioxidant properties because of their redox properties 
and chemical structures. The DPPH radical is widely 
utilized in assessing free radical scavenging activity. 

Superoxide is known as a reactive oxygen species that has 
the power to damage cells and DNA, resulting in various 
diseases.42 The high phenolic and flavonoid contents 
seem to be accountable for the bioactivity of these basic 
extracts. Flavonoids are very effective scavengers among 
the most oxidizing molecules.27 Flavonoids can scavenge 
reactive species and up-regulate and promote antioxidant 
defenses.43 Likewise, phenols have conferred oxidative 
stress tolerance in plants and have many benefits for 
health. 

Conclusion
Our results indicated that R. khorasanicum can be 
considered as a potential source of anthocyanin, which 
could be applied as a natural antioxidant and preservative 
in food and medical industries. Phytochemical analysis is 
needed to isolate the compounds displaying a wide range 
of pharmacological properties in R. khorasanicum.

Ethical Approval
This research was ethically approved by Urmia University 
(code of ethics: 2A-438).

 
Competing Interests
The authors declare that they have no competing interests.

Acknowledgment 
M. Darroudi gratefully acknowledges the technical/
instrumental support of Urmia University and Mashhad 
University of Medical Sciences for this project based on 
the PhD thesis of Dr. M. E. Taghavizadeh Yazdi. 

References
1. Fang YZ, Yang S, Wu G. Free radicals, antioxidants, and 

nutrition. Nutrition. 2002;18(10):872-879.
2. Peng C, Wang X, Chen J, et al. Biology of ageing and role 

of dietary antioxidants. Biomed Res Int. 2014;2014:831841. 
doi:10.1155/2014/831841

3. Li S, Tan HY, Wang N, et al. The role of oxidative 
stress and antioxidants in liver diseases. Int J Mol Sci. 
2015;16(11):26087-26124. doi:10.3390/ijms161125942

4. Dincer C, Torun M, Tontul I, et al. Phenolic composition 
and antioxidant activity of Sideritis lycia and Sideritis 
libanotica subsp. linearis: effects of cultivation, year and 
storage. J Appl Res Med Aromat Plants. 2017;5:26-32. 
doi:10.1016/j.jarmap.2016.09.006

5. Wang F, Li Y, Zhang YJ, Zhou Y, Li S, Li HB. Natural 
products for the prevention and treatment of hangover 
and alcohol use disorder. Molecules. 2016;21(1):64. 
doi:10.3390/molecules21010064

6. Zhou Y, Zheng J, Li S, Zhou T, Zhang P, Li HB. Alcoholic 
beverage consumption and chronic diseases. Int J Environ 
Res Public Health. 2016;13(6). doi:10.3390/ijerph13060522

7. Baiano A, Del Nobile MA. Antioxidant compounds from 
vegetable matrices: biosynthesis, occurrence, and extraction 
systems. Crit Rev Food Sci Nutr. 2016;56(12):2053-2068. 
doi:10.1080/10408398.2013.812059



Taghavizadeh Yazdi et al

 International Journal of Basic Science in Medicine. Volume 3, Issue 3, 2018102

8. Fu L, Xu BT, Xu XR, et al. Antioxidant capacities and total 
phenolic contents of 62 fruits. Food Chem. 2011;129(2):345-
350. doi:10.1016/j.foodchem.2011.04.079

9. Koksal E, Bursal E, Gulcin I, et al. Antioxidant activity and 
polyphenol content of Turkish thyme (Thymus vulgaris) 
monitored by liquid chromatography and tandem mass 
spectrometry. Int J Food Prop. 2017;20(3):514-525. doi:10.
1080/10942912.2016.1168438

10. Lone SA, Kushwaha M, Wani A, et al. Genetic diversity, 
LCMS based chemical fingerprinting and antioxidant 
activity of Epimedium elatum Morr & Decne. J Appl 
Res Med Aromat Plants. 2017;5:72-81. doi:10.1016/j.
jarmap.2016.11.003

11. Joe MM, Devaraj S, Benson A, Sa T. Isolation of phosphate 
solubilizing endophytic bacteria from Phyllanthus amarus 
Schum & Thonn: Evaluation of plant growth promotion 
and antioxidant activity under salt stress. J Appl Res 
Med Aromat Plants. 2016;3(2):71-77. doi:10.1016/j.
jarmap.2016.02.003

12. Manach C, Scalbert A, Morand C, Remesy C, Jimenez L. 
Polyphenols: food sources and bioavailability. Am J Clin 
Nutr. 2004;79(5):727-747. doi:10.1093/ajcn/79.5.727

13. Joseph SV, Edirisinghe I, Burton-Freeman BM. Fruit 
polyphenols: a review of anti-inflammatory effects in 
humans. Crit Rev Food Sci Nutr. 2016;56(3):419-444. doi
:10.1080/10408398.2013.767221

14. Cirillo G, Curcio M, Vittorio O, et al. Polyphenol conjugates 
and human health: a perspective review. Crit Rev Food Sci 
Nutr. 2016;56(2):326-337. doi:10.1080/10408398.2012.752
342

15. Colomer R, Sarrats A, Lupu R, Puig T. Natural polyphenols 
and their synthetic analogs as emerging anticancer agents. 
Curr Drug Targets. 2017;18(2):147-159. doi:10.2174/13894
50117666160112113930

16. Ide K, Kawasaki Y, Kawakami K, Yamada H. Anti-influenza 
Virus Effects of Catechins: A Molecular and Clinical 
Review. Curr Med Chem. 2016;23(42):4773-4783.

17. Taghavizadeh Yazdi ME, Khara J, Sadeghnia HR, 
Esmaeilzadeh Bahabadi S, Darroudi M. Biosynthesis, 
characterization, and antibacterial activity of silver 
nanoparticles using Rheum turkestanicum shoots extract. 
Res Chem Intermediat. 2018;44(2):1325-1334. doi:10.1007/
s11164-017-3169-z

18. Joharchi MR, Amiri MS. Taxonomic evaluation of 
misidentification of crude herbal drugs marketed in Iran. 
Avicenna J Phytomed. 2012;2(2):105-112.

19. Floegel A, Kim DO, Chung SJ, Koo SI, Chun OK. 
Comparison of ABTS/DPPH assays to measure antioxidant 
capacity in popular antioxidant-rich US foods. J Food 
Compost Anal. 2011;24(7):1043-1048. doi:10.1016/j.
jfca.2011.01.008

20. Huang D, Ou B, Prior RL. The chemistry behind antioxidant 
capacity assays. J Agric Food Chem. 2005;53(6):1841-1856. 
doi:10.1021/jf030723c

21. Xu DP, Li Y, Meng X, et al. Natural Antioxidants in 
Foods and Medicinal Plants: Extraction, Assessment 
and Resources. Int J Mol Sci. 2017;18(1). doi:10.3390/
ijms18010096

22. Chen LY, Cheng CW, Liang JY. Effect of esterification 
condensation on the Folin-Ciocalteu method for the 
quantitative measurement of total phenols. Food Chem. 

2015;170:10-15. doi:10.1016/j.foodchem.2014.08.038
23. Wagner GJ. Content and vacuole/extravacuole distribution 

of neutral sugars, free amino acids, and anthocyanin in 
protoplasts. Plant Physiol. 1979;64(1):88-93.

24. Chang CC, Yang MH, Wen HM, Chern JC. Estimation of 
total flavonoid content in propolis by two complementary 
colorimetric methods. J Food Drug Anal. 2002;10(3):178-
182.

25. Hellebust JA, Craigie JS. Handbook of phycological 
methods: physiological and biochemical methods. 
Cambridge University Press; 1978. 

26. Randhir R, Lin YT, Shetty K. Phenolics, their antioxidant 
and antimicrobial activity in dark germinated fenugreek 
sprouts in response to peptide and phytochemical elicitors. 
Asia Pac J Clin Nutr. 2004;13(3):295-307.

27. Bravo L. Polyphenols: chemistry, dietary sources, 
metabolism, and nutritional significance. Nutr Rev. 
1998;56(11):317-333.

28. Modarres M, Esmaeilzadeh Bahabadi S, Taghavizadeh 
Yazdi ME. Enhanced production of phenolic acids in cell 
suspension culture of Salvia leriifolia Benth. using growth 
regulators and sucrose. Cytotechnology. 2018;70(2):741-
750. doi:10.1007/s10616-017-0178-0

29. Heim KE, Tagliaferro AR, Bobilya DJ. Flavonoid 
antioxidants: chemistry, metabolism and structure-activity 
relationships. J Nutr Biochem. 2002;13(10):572-584.

30. Skendi A, Irakli M, Chatzopoulou P. Analysis of phenolic 
compounds in Greek plants of Lamiaceae family by HPLC. 
J Appl Res Med Aromat Plants. 2017;6(Suppl C):62-69. 
doi:10.1016/j.jarmap.2017.02.001

31. Baxter H, Harborne JB, Moss GP. Phytochemical 
dictionary: a handbook of bioactive compounds from 
plants. CRC press; 1998. 

32. Veitch NC, Grayer RJ. Flavonoids and their glycosides, 
including anthocyanins. Nat Prod Rep. 2011;28(10):1626-
1695. doi:10.1039/c1np00044f

33. Bueno JM, Saez-Plaza P, Ramos-Escudero F, Jimenez AM, 
Fett R, Asuero AG. Analysis and Antioxidant Capacity 
of Anthocyanin Pigments. Part II: Chemical Structure, 
Color, and Intake of Anthocyanins. Crit Rev Anal Chem. 
2012;42(2):126-151. doi:10.1080/10408347.2011.632314

34. Alexandra Pazmino-Duran E, Monica Giusti M, Wrolstad 
RE, Gloria MBA. Anthocyanins from Oxalis triangularis as 
potential food colorants. Food Chem. 2001;75(2):211-216. 
doi:10.1016/S0308-8146(01)00201-1

35. Leong HY, Show PL, Lim MH, Ooi CW, Ling TC. Natural 
red pigments from plants and their health benefits: A 
review. Food Rev Int. 2018;34(5):463-482. doi:10.1080/87
559129.2017.1326935

36. Couee I, Sulmon C, Gouesbet G, El Amrani A. Involvement 
of soluble sugars in reactive oxygen species balance 
and responses to oxidative stress in plants. J Exp Bot. 
2006;57(3):449-459. doi:10.1093/jxb/erj027

37. Ramel F, Sulmon C, Bogard M, Couee I, Gouesbet G. 
Differential patterns of reactive oxygen species and 
antioxidative mechanisms during atrazine injury and 
sucrose-induced tolerance in Arabidopsis thaliana 
plantlets. BMC Plant Biol. 2009;9:28. doi:10.1186/1471-
2229-9-28

38. Van den Ende W, Valluru R. Sucrose, sucrosyl 
oligosaccharides, and oxidative stress: scavenging and 



     International Journal of Basic Science in Medicine. Volume 3, Issue 3, 2018 103

Taghavizadeh Yazdi et al

salvaging? J Exp Bot. 2009;60(1):9-18. doi:10.1093/jxb/
ern297

39. Ramon M, Rolland F, Sheen J. Sugar sensing and signaling. 
Arabidopsis Book. 2008;6:e0117. doi:10.1199/tab.0117

40. Rolland F, Baena-Gonzalez E, Sheen J. Sugar sensing and 
signaling in plants: conserved and novel mechanisms. 
Annu Rev Plant Biol. 2006;57:675-709. doi:10.1146/
annurev.arplant.57.032905.105441

41. Bolouri-Moghaddam MR, Le Roy K, Xiang L, Rolland F, 
Van den Ende W. Sugar signalling and antioxidant network 

connections in plant cells. FEBS J. 2010;277(9):2022-2037. 
doi:10.1111/j.1742-4658.2010.07633.x

42. Shukla S, Mehta A, Bajpai VK, Shukla S. In vitro 
antioxidant activity and total phenolic content of ethanolic 
leaf extract of Stevia rebaudiana Bert. Food Chem Toxicol. 
2009;47(9):2338-2343. doi:10.1016/j.fct.2009.06.024

43. Agati G, Azzarello E, Pollastri S, Tattini M. Flavonoids 
as antioxidants in plants: location and functional 
significance. Plant Sci. 2012;196:67-76. doi:10.1016/j.
plantsci.2012.07.014


