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A Comparison of Antioxidant Content and Radical Scavenging Activity
in the Fruits of the Native Korean Plant Ribes fasciculatum var. chinense by Region

Seon A Kim1, Jenna Jung2, Kwan Been Park3, Do Hyun Kim4, Seung A Cha5, Ji Hyeon Lee6, and Myung Suk Choi7†

INTRODUCTION

Recently, South Korea has seen a surge in demand for health          

functional foods and naturally derived functional ingredients      

aimed at preventing chronic diseases, driven by the country’s        

transition to an aging society and changes in lifestyle habits         

(Kim et al., 2017). 

 Excessive production of reactive oxygen species (ROS) during    

metabolic processes in the body causes cellular damage and is    

a major contributor to aging, inflammation, and various adult    

diseases. In particular, research is underway to elucidate the    

mechanisms underlying age-related diseases and disorders, with    

a focus on their association with ROS-mediated pathways. At    

the cellular level, oxidation can be counteracted by antioxidant    
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Background: Ribes fasciculatum var. chinense is a deciduous shrub native to Korea that has tradi-
tionally been used and is valued for its pharmacological properties and edible fruit. Recently, its 
potential as a functional ingredient has garnered attention owing to its antioxidant, anti-inflamma-
tory, anti-obesity, and neuroprotective properties. However, systematic research on variations in 
antioxidant constituents across native habitats remains limited.
Methods and Results: Fruits from eight sites in Korean were analyzed for morphological traits, 
antioxidant activities (DPPH, ABTS, and FRAP); and total anthocyanin, polyphenol, and flavo-
noid contents. Morphological characteristics and antioxidant activity differed significantly (p < 
0.05) between the sites. Polyphenol content, flavonoid content, and antioxidant activity were the 
highest in the HY and DY groups. Total polyphenols showed strong correlations with ABTS and 
FRAP (r > 0.85, p < 0.01), whereas total flavonoid content showed a weak correlation with DPPH 
activity. Principal component analysis, which explained 93.6% of the total variance, clearly distin-
guished habitats based on antioxidant characteristics.
Conclusions: Antioxidant properties of R. fasciculatum berries varied significantly depending on 
the natural habitat, and the total phenolic content was suggested to be a key contributor to ABTS 
and FRAP activities. The HY and DY groups exhibited superior antioxidant properties and are 
excellent candidates for the development of functional materials.

Key Words: Ribes fasciculatum var. chinense, Antioxidant Activity, Multivariate Analysis, Regional 
Variation, Secondary Metabolites 
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defense mechanisms, and antioxidants such as anthocyanins,      

melatonin, polyphenols, and vitamin C play a role in maintaining         

oxidative balance by effectively scavenging intracellular ROS.      

Therefore, the search for safe and effective naturally derived        

antioxidants capable of regulating these mechanisms is      

recognized as a critical task in the field of modern functional          

materials research (Lourenço et al., 2019; Anik et al., 2022). 

 R. fasciculatum is a deciduous broadleaf shrub belonging to         

the Grossulariaceae family and the genus Ribes, native to        

Korea, Japan, and China. It grows to a height of 1 to 1.5            

meters and has leaves that are shallowly lobed into 3 to 5           

segments with fine serrations along the edges. R. fasciculatum        

is also called “chilhaemok (漆解木)” and in traditional Korean        

medicine, its roots have been used to treat menstrual        

irregularities and dysmenorrhea, its fruits as antipyretics and       

diuretics, and its leaves and stems as antidotes for poison ivy          

poisoning (Ahn 1998; Park et al., 2006; Park 2014). Recent         

studies have reported the anti-obesity effects of R. fasciculatum        

extracts and its derivative, afzelin, as well as their cognitive,         

memory, and neuroprotective effects in Alzheimer's models      

(Oh et al., 2021; Lee et al., 2022). However, most previous          

studies are biased toward testing the efficacy of specific parts,         

such as leaves and stems (branches), or specific single        

components.

Generally, the fruits of the genus Ribes are evaluated        

overseas as high functional berries containing abundant      

anthocyanins and phenolic compounds, and are considered a       

taxonomic group with high potential in terms of edible,        

medicinal, and functional aspects (Moyer et al., 2002; Sun et         

al., 2021). Some fruits of the Ribes genus are used in Europe           

for natural dyes, beverages (juices), jams, ice cream, and other         

processed foods, giving them economic significance (Kaiser      

and Ernst, 2020; Hussain et al., 2023).

R. fasciculatum exhibits excellent total phenolic content and       

DPPH antioxidant activity, and most of its biological activities        

have been attributed to its antioxidant and anti-inflammatory       

effects (Gupta et al., 2018), indicating a high-functional       

potential similar to overseas Ribes species.

R. fasciculatum is a wild plant widely used in traditional         

practice for food and medicinal purposes. Its fruits have been         

eaten raw or cooked, and its young leaves have also been          

consumed as an ingredient. Traditionally, it has been used not         

only for purposes such as reducing fever, promoting diuresis,        

and regulating menstruation, but has also been prescribed fothe        

treatment of various ailments including coughs, spasms, sore       

throats, and poison ivy poisoning, thereby gaining recognition    

for its pharmacological value (Ahn, 1998; Park, 2014). Despite    

this potential value, studies quantitatively analyzing the    

antioxidant activity of the fruit in native domestic populations    

and comparing regional variations have been extremely limited    

to date, and scientific validation research on the R. fasciculatum    

remains insufficient.

The composition of bioactive components and the concentration    

of antioxidant activity in natural products can vary depending    

on the climate, soil, growth environment, harvest time, and    

plant parts of the cultivation site (Akula and Ravishankar,    

2011; Radušienė et al., 2012). In fact, it has been reported that    

the content of phenolic compounds in Ribes spp. varies    

according to the latitude and meteorological conditions of their    

native habitats, and in the case of berries, mechanical and    

sensory qualities are influenced by various factors such as    

climatic conditions, cultivation region, harvest period, and    

cultivar (Saftner et al., 2008; Kim et al., 2013). Therefore,    

comparing and analyzing the antioxidant activity of    

domestically native Ribes spp. berries by region is of great    

significance for selecting superior resources and standardizing    

functional ingredients.

In this study, we analyzed the total phenolic compound    

content and antioxidant activity of R. fasciculatum fruits    

collected from eight native habitats in Korea, and examined the    

variation in content among habitats to evaluate their potential    

as functional materials.

MATERIALS AND METHODS

1. Experimental materials

The fruits of R. fasciculatum used in this study were collected    

from eight natural habitats distributed across South Korea    

Table 1. Geographic information of R. fasciculatum collection 
sites in Korea.

Site ID Location Altitude (m)

GC Gimcheon-si (Jirye-myeon), Gyeongbuk 200

DY Damyang-gun (Gasamunhak-myeon), Jeonnam 127

HA Haman-gun (Gaya-eup), Gyeongnam 10

GS Gokseong-gun (Osan-myeon), Jeonnam 260

NH Namhae-gun (Samdong-myeon), Gyeongnam 19

HY Hamyang-gun (Anui-myeon), Gyeongnam 550

CN
Changnyeong-gun (Yeongsan-myeon), 

Gyeongnam
67

IS Imsil-gun (Gwanchon-myeon), Jeonbuk 220
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[Gimcheon-si (GC), Damyang-gun (DY), Haman-gun (HA),     

Gokseong-gun (GS), Namhae-gun (NH), Hamyang-gun (HY),     

Changnyeong-gun (CN), and Imsil-gun (IS)] between November      

20 and December 5, 2025 (Table 1, Fig. 1). At each collection           

site, fruits were randomly harvested from 5 individuals, pooled        

to form a representative composite sample per site, and        

analyzed in triplicate. Fruits were harvested at full maturity, as         

indicated by fully red exocarp coloration based on the Royal         

Horticultural Society (RHS) Color Chart. The collected fruits    

were immediately transported to the laboratory for investigation    

of morphological characteristics. After being rinsed at least    

three times with tap water, excess moisture was removed and    

the samples were stored at –20°C until further analysis.

2. Fruits characteristics

To investigate the morphological characteristics of the fruits,    

Fig. 1. Status of R. fasciculatum fruits and individuals collected from eight native habitats in Korea. A: GC; B: DY; C: HA; D: GS; 
E: NH; F: HY; G: CN; H:IS.
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30 healthy fruits were randomly selected from each habitat.        

Fruit length and width were measured using a vernier caliper.         

Fresh weight was measured using an electronic scale. Fruit        

surface color was compared with the RHS Color Chart to         

determine color differences.

3. Sample preparation

The fruits of R. fasciculatum were pre-frozen at –40℃ using         

a freeze dryer (LP03, Ilshinbiobase, Korea) and dried for 60         

hours. The freeze-dried fruits were pulverized using liquid       

nitrogen and stored at -20℃ until analysis.

4. Preparation of sample extracts

To 2 g of the pulverized freeze-dried R. fasciculatum fruit         

sample, 40 mL of 80% ethanol (1:20, w/v) was added. The          

mixture was sealed with parafilm and extracted by stirring at         

120 rpm for 2 hours at room temperature (25 ± 2℃) in the            

dark. The primary extract was filtered through a 0.45 μm         

syringe filter (Whatman, Marlborough, MA, USA) and adjusted       

to a fixed volume for anthocyanin analysis. The secondary        

extract was obtained by extracting under the same conditions        

for 18 hours, then filtered and adjusted to a fixed volume for           

the analysis of total flavonoid and total polyphenol contents,        

DPPH and ABTS radical scavenging activities, and ferric       

reducing antioxidant power (FRAP). All extracts were stored at        

4℃ in the dark until analysis.

5. Total anthocyanin content

Total anthocyanin content was determined using the      

analytical method described by Benvenuti et al. (2004). Extracts        

were placed into two reaction reagents prepared with potassium        

chloride buffer and sodium acetate buffer, allowed to react in         

the dark for 20 minutes, and then measured at 510 and 700           

nm using a spectrophotometer. The measured values were       

applied to the calculation formula, and the content was calculated         

using a calibration curve prepared with a standard substance.

6. Total phenolic content

The total phenolic content was analyzed by modifying the        

Folin-Ciocalteu method (Singleton et al., 1999). 0.8 mL of the         

diluted sample solution and 0.2 mL of Folin-Ciocalteu reagent        

were added and allowed to react for 3 minutes, followed by          

the addition of 1 mL of 2% sodium carbonate and a further           

30-minute reaction period. Absorbance was measured at 750       

nm using a spectrophotometer (Libra S22, Biochrom Ltd.,       

Cambridge, CB, England). The content was calculated using a    

calibration curve (R2 > 0.99) prepared with gallic acid as a    

standard, and the results were expressed as mg gallic acid    

equivalent per 100 g of sample (mg GAE/100 g DW).

7. Total flavonoid content

The total flavonoid content was measured by partially    

modifying the method of Woisky and Salatino (1998). 45 μL    

of 5% NaNO2 was added to 750 μL of the diluted solution and    

allowed to react at room temperature for 6 minutes, followed    

by the addition of 90 μL of 10% AlCl3·6H2O and another 6    

minutes of reaction. Subsequently, 300 μL of 1.0 M NaOH and    

165 μL of distilled water were mixed sequentially, and the    

absorbance was measured at 510 nm. Quercetin was used as    

the standard, and the results were expressed as mg quercetin    

equivalents per dry weight of the sample (mg QE/g DW).

8. DPPH radical scavenging activity (1,1-diphenyl-2-picrylhydrazyl)

The DPPH radical scavenging activity of the R. fasciculatum    

extract was determined by partially modifying the method of    

Blois (1958). The DPPH solution (1 mM, ethanol) and the R.    

fasciculatum extract diluted by concentration were reacted for    

30 minutes, after which the absorbance was measured at 517    

nm. L-ascorbic acid (Sigma, St. Louis, MO, USA) was used as    

a positive control for antioxidant capacity, and the radical    

scavenging rate (%) was calculated according to Equation 1.

DPPH radical scavenging activity (%) = 

Equation 1. DPPH radical scavenging activity (%)

9. ABTS radical scavenging activity 2,2-azino-bis (3-ethylben-    

zthiazoline-6-sulfonic acid)

The ABTS radical scavenging activity of R. fasciculatum    

extract was determined using a method modified from that of    

Re et al. (1999). ABTS solution (7 mM, distilled water) and    

2.45 mM potassium persulfate were mixed in a 2:1 ratio, and    

the mixture was allowed to stand in the dark for 24 hours to    

prepare the ABTS radical cation. A mixture of 3.8 mL of    

ABTS radical cation and 2 mL of sample extracts was prepared,    

allowed to stand for 6 minutes, and then the absorbance was    

measured at 734 nm. L-ascorbic acid (Sigma, St. Louis, MO,    

USA) was used as the positive control for antioxidant activity,    

and the radical scavenging rate (%) was calculated according    

to Equation 1.

1
Asample

Acontrol

-------------------– 
  100
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10. Ferric reducing antioxidant power (FRAP)

The FRAP assay was performed according to the method        

described by Benzie and Strain (1996). Acetate buffer (300        

mM, pH 3.6), a 10 mM TPTZ (2,4,6-tris(2-pyridyl)-s-triazine)       

solution dissolved in 40 mM HCl, and a 20 mM ferric chloride           

solution were mixed in a 10:1:1 (v/v/v) ratio and used         

immediately for analysis. Two milliliters of the FRAP solution        

were mixed with 50 μL of a 1:9 dilution, allowed to react at            

room temperature for 6 minutes, and then the absorbance was         

measured at 593 nm. Ferrous sulfate was used as the standard          

solution, and the reducing power was determined using a        

calibration curve.

11. Statistical analysis

All experimental treatments were conducted using a completely       

randomized design with three replicates. Data were analyzed       

using one-way analysis of variance (ANOVA) with SPSS 27.0        

(SPSS Inc., Chicago, IL, USA). Significant differences between       

treatments were tested using Duncan’s multiple range test (p <         

0.05). Pearson correlation analysis was conducted to identify    

correlations between antioxidant components and activities, as    

well as between morphological characteristics (fruit length,    

diameter, and length-to-diameter ratio) and antioxidant activities,    

and correlation coefficients were considered statistically signi-    

ficant at p < 0.01. A heatmap was generated to visualize the    

correlation coefficients among variables. Principal component    

analysis (PCA) was conducted on standardized data to assess    

the contributions of variables and similarities among samples.

RESULTS

1. Fruit characteristics

The morphological characteristics of R. fasciculatum fruits    

harvested from eight natural habitats were investigated (Table    

2). The fruit weight ranged from 30.1 to 50.6 g, with the NH    

group recording the heaviest weight at 50.6 g and the IS group    

the lightest at 30.1 g. The longitudinal and transverse diameters    

of the fruit ranged from 0.70 to 0.89 cm and 0.68 to 0.83 cm,    

Table 2. Characteristics of R. fasciculatum fruits by 8 natural habitats.

ID Weight (g) Length  (mm) Width  (mm) L/D ratio (%) Color

GC 10.89 0.78  ±  0.11bc 0.73 ± 0.10cd 1.09 ± 0.24abc
185A

DY 10.98 0.73 ± 0.07cd 0.75 ± 0.10c 0.99 ± 0.14c
184A

HA 9.93 0.78 ± 0.09bc 0.80 ± 0.08ab 0.98 ± 0.09c
185A

GS 11.31 0.86 ± 0.11a 0.74 ± 0.08c 1.17 ± 0.17a
N34A

NH 15.18 0.89 ± 0.13a 0.81 ± 0.07ab 1.10 ± 0.19ab
184A

HY 10.44 0.75 ± 0.12cd 0.77 ± 0.11bc 1.00 ± 0.25bc
N34A

CN 11.01 0.81 ± 0.10b 0.83 ± 0.11a 1.00 ± 0.19c
184A

IS 9.03 0.70 ± 0.07d 0.68 ± 0.08d 1.05 ± 0.17bc
N34A

*Values are mean separation within columns by the Duncan’s multiple range test at p = 0.05.
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respectively. The IS group exhibited smaller fruit weight, length,        

and diameter compared to other natural habitats. The ratio of         

longitudinal to transverse diameter (L/D ratio) was close to 1         

in most cases, but relatively high values were observed in         

some habitats (GS, NH). The color of the fruit exocarp was          

classified according to the RHS Color Chart (Royal Horticultural        

Society, London, UK): the GS, HY, and IS groups were         

classified as Orange-Red Group N34 Moderate Red A; the        

NH, DY, and CN groups as Grey-Purple Group 184 Greyish         

Red A; and the GC and HA groups as Grey-Purple Group 185           

Deep Red A. All morphological characteristics showed statistically       

significant differences among the native habitats (p < 0.05).

2. Total anthocyanin, phenolic, and flavonoid content

The total anthocyanin, polyphenol, and flavonoid contents of       

R. fasciculatum fruits harvested from eight natural habitats are        

presented in Table 3. The anthocyanin content ranged from        

14.70 to 43.72 mg·100g⁻¹ D.W., showing significant differences       

among habitats (p < 0.05). Total polyphenol content also showed         

significant differences among the habitats (p < 0.05), with the         

DY and HY habitats belonging to the same significant group         

and exhibiting the highest content. Total flavonoid content       

showed the greatest variation among habitats; in particular, the        

HY group (1270.91 ± 73.48 mg·100g⁻¹ D.W.) was significantly        

distinct from all other habitats and was 2.9 times higher than          

that of the GS group, which showed the lowest value.

3. DPPH and ABTS radical scavenging activities and FRAP

The DPPH and ABTS radical scavenging activities and       

FRAP of R. fasciculatum fruits harvested from eight natural        

habitats are presented in Table 4. Significant differences were        

observed among the habitats across all parameters (p < 0.05).         

DPPH radical scavenging activity varied significantly depending    

on the habitat, with the DY group exhibiting the highest value    

(1909.82 ± 24.31 mg VCE·100g⁻¹ D.W.), followed by the HY    

and NH groups. ABTS radical scavenging activity was highest    

in the HY group (4234.72 ± 50.08 mg VCE·100g⁻¹ D.W.),    

followed by the DY and NH groups. Regarding FRAP, the HY    

group showed the highest value (531.29 μmol/g D.W.),    

followed by the DY group.

Overall, the HY, DY, and NH groups consistently exhibited    

high antioxidant activities across DPPH, ABTS, and FRAP    

assays.

4. Results of correlation analysis and PCA analysis

Correlations among the five measured variables (total phenols,    

total flavonoids, DPPH, ABTS, and FRAP) were analyzed    

(Fig. 2, Table 5). Total phenolic content showed a strong    

Table 4. DPPH, ABTS, FRAP radical scavening of R. fasciculatum fruits by 8 natural habitats.

ID DPPH (㎎ VCE·100g-1 D.W.) ABTS (㎎ VCE·100g-1 D.W.) FRAP (µmol/g D.W.)

GC 1030.29 ± 69.32d 1989.35 ± 52.58f 224.34 ± 5.89f

DY 1909.82 ± 24.31a 4063.43 ± 28.91b 422.40 ± 9.28b

HA 1049.39 ± 8.12d 1981.59 ± 24.22f 267.89 ± 22.3e

GS 1350.76 ± 663.43bcd 2132.87 ± 129.05e 200.73 ± 2.91g

NH 1666.55 ± 50.4abc 3818.06 ± 48.11c 343.29 ± 4.95c

HY 1806.9 ± 8.83ab 4234.72 ± 50.08a 531.29 ± 7.34a

CN 1238.48 ± 120.39cd 2642.13 ± 21.22e 288.4 ± 5.86d

IS 1558.95 ± 108.94abc 2818.06 ± 24.06d 330.62 ± 2.85c

*Values are mean separation within columns by the Duncan’s multiple range test at p < 0.05.

Table 3. Total anthocyanin, polyphenols, flavonoids contents of 
R. fasciculatum fruits by 8 natural habitats.

ID
Total anthocyanin

(㎎·100g-1 D.W.)

Total polyphenols

(㎎ GAE·100g-1 

D.W.)

Total flavonoids

(㎎·100g-1 D.W.)

GC 16.02 ± 0.66ef 327.63 ± 1.96cd 0555.76 ± 3.50e

DY 26.49 ± 0.7c 499.84 ± 1.41a 0822.42 ± 9.26b

HA 14.7 ± 0.59f 361.05 ± 7.88c 0661.25 ± 13.8d

GS 18.08 ± 1.29e 297.86 ± 4.94d 0440.61 ± 9.26f

NH 43.72 ± 1.76a 418.37 ± 6.53b 0755.76 ± 39.43c

HY 31.59 ± 0.89b 471.74 ± 1.70a 1270.91 ± 73.48a

CN 22.94 ± 0.26d 350.70 ± 3.28c 0634.55 ± 3.50d

IS 15.64 ± 3.13ef 428.59 ± 57.9b 0737.58 ± 21.28c

*Values are mean separation within columns by the Duncan’s    
multiple range test at p < 0.05.
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positive correlation with both FRAP (r = 0.88, p < 0.01) and           

ABTS (r = 0.86, p < 0.01), while total flavonoid content          

exhibited the strongest positive correlation with FRAP (r =        

0.96, p < 0.01). The correlation coefficients between DPPH        

radical scavenging activity and phenolic and flavonoid contents       

were 0.70 (p < 0.01) and 0.57 (p < 0.01), respectively, indicating           

lower levels compared to the other indicators. In contrast,        

Pearson correlation analysis between morphological characteristics     

(fruit length, diameter, and length-to-diameter ratio) and      

antioxidant activities revealed no statistically significant correlation    

(p > 0.05) (Fig. 3).

According to the results of PCA, PC1 and PC2 accounted    

for the majority (93.6%) of the total variance (Fig. 4). PC1    

accounted for 83.7% of the total variance, with all five    

variables showing similarly high positive loadings (FRAP:    

0.48, ABTS: 0.47, Phenol: 0.45, Flavonoid: 0.44, DPPH: 0.40),    

indicating that PC1 represents overall antioxidant capacity. PC2    

accounted for 9.9% of the variance and was primarily driven    

by DPPH radical scavenging activity (loading: 0.78), with    

flavonoid content showing a contrasting negative loading    

(loading: -0.53).

In the distribution by habitat shown in Fig. 4, the DY, HY,    

and NH groups were clustered along the positive axis of PC1,    

indicating a correlation with high antioxidant activity. In    

contrast, the GS, GC, and HA groups were located along the    

negative axis of PC1, indicating relatively low levels of    

antioxidant activity.

Fig. 2. Heatmap of Pearson‘s correlation coefficients among 
phytochemical contents and antioxidant activities of 
R. fasciculatum fruits.

Table 5. Pearson’s correlation among phytochemical contents and antioxidant activities of R. fasciculatum fruits.

DPPH Flavonoid FRAP Phenol ABTS

DPPH 1 0.570301** 0.684294** 0.696587** 0.809343**

Flavonoid 0.570301** 1 0.959478** 0.771387** 0.798542**

FRAP 0.684294** 0.959478** 1 0.877825** 0.901834**

Phenol 0.696587** 0.771387** 0.877825** 1 0.861598**

ABTS 0.809343** 0.798542** 0.901834** 0.861598** 1

** indicates significant correlation at p < 0.01.

Fig. 3. Heatmap of Pearson’s correlation coefficients between 
morphological characteristics and antioxidant activities 
of R. fasciculatum fruits. LD: length-to-diameter ratio.

Fig. 4. PCA biplot of antioxidant activities and polyphenol, 
flavonoid contents among R. fasciculatum fruits from 
8 natural habitats.
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DISCUSSION

1. Variation in the morphological characteristics of R.       

fasciculatum fruits according to natural habitat

In this study, the fruit weight, length, and diameter of the R.           

fasciculatum showed significant differences depending on the      

natural habitat. The NH group exhibited relatively high fruit        

weight and large fruit size, while the IS group was characterized          

by relatively small fruit types. This suggests that fruit        

morphology can vary significantly even within the same       

species due to growth environments and genetic factors. Such        

differences may arise from variations in soil moisture conditions,        

light environments, and temperatures between habitats, and it is        

known that genetic backgrounds also contribute to variations in        

the physical characteristics of fruits (Saftner et al., 2008; Akula         

and Ravishankar, 2011).

Overall, significant differences in the morphological     

characteristics of the fruit of R. fasciculatum were observed        

among its natural habitats. This is considered to be the result          

of a complex interplay between environmental and genetic       

factors. However, Pearson correlation analysis revealed no      

statistically significant correlations between morphological    

characteristics and antioxidant activities (p > 0.05), indicating       

that fruit size and shape are not reliable predictors of antioxidant          

capacity. These results provide foundational data for      

understanding habitat-dependent variation in R. fasciculatum     

and highlight the importance of integrated evaluation approaches       

for the efficient selection of superior resources.

2. Variation in phenolic compound and flavonoid content       

of R. fasciculatum fruits according to natural habitats

In this study, the total anthocyanin, polyphenol, and       

flavonoid contents of R. fasciculatum fruits showed significant       

differences depending on their natural habitats, which is       

consistent with the fact that the accumulation of secondary        

metabolites in plants is greatly influenced by environmental       

conditions and genetic factors (Akula and Ravishankar, 2011;       

Radušienė et al., 2012). Total polyphenol and flavonoid       

contents were highest in the DY and HY groups, and total          

flavonoid content showed the greatest variation among habitats.       

These results demonstrate that flavonoids are representative      

secondary metabolites that are highly sensitive to environ-       

mental factors. In particular, the flavonoid content observed in        

this study was higher than that reported in previous studies on          

Ribes spp., and the results were consistent with prior research         

indicating significant variation depending on cultivar and    

environmental conditions (Mattila et al., 2016; Shomali et al.,    

2022).

Flavonoids are widely known as major functional compounds    

exhibiting various physiological activities, including antioxidant    

and anti-inflammatory effects, and have been reported to play    

an important role in promoting human health (Rodriguez-    

Mateos et al., 2014). The high flavonoid contents observed in    

the DY and HY groups suggest their potential as functional    

materials and indicate that these groups could be targets for    

future superior genotype selection and propagation studies. The    

observed differences in antioxidant content among native    

habitats may be associated with geographic and environmental    

conditions of each collection site. In particular, the HY group,    

located at the highest altitude (550 m) among the study sites,    

showed superior antioxidant content, which may reflect    

increased UV radiation and temperature stress known to promote    

the biosynthesis of phenolic compounds as photoprotective    

metabolites in plants (Rao and Zheng, 2025). Although the DY    

group was collected at a relatively lower altitude (127 m), it    

also exhibited high antioxidant content, suggesting that factors    

other than altitude, such as light environment and soil conditions,    

may have contributed to secondary metabolite accumulation    

(Pant et al., 2021). However, as detailed environmental data    

were not collected in this study, the specific environmental    

factors driving the observed habitat-dependent variation remain    

to be fully elucidated. Future studies incorporating comprehensive    

environmental assessments would provide deeper insight into    

the mechanisms underlying these differences.

3. Variations in the antioxidant activity of R. fasciculatum    

fruits according to their natural habitat

In this study, the DPPH and ABTS radical scavenging    

activities and FRAP of R. fasciculatum fruits showed    

significant differences depending on their native habitat, which    

is attributed to differences in the content and composition of    

antioxidant substances by habitat. Generally, the antioxidant    

activity of plants is determined by secondary metabolites such    

as phenolic compounds and flavonoids, and it is reported that    

their structure and concentration directly affect antioxidant    

capacity (Rice-Evans et al., 1996; Cai et al., 2004; Tungmun-    

nithum et al., 2018).

DPPH radical scavenging activity was highest in the DY    

group, followed by the HY group, while ABTS radical    

scavenging activity and FRAP were highest in the HY group.    
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The variation in results among the antioxidant indices can be         

explained by the reaction mechanisms of each analytical method        

and the differences in reactivity of the antioxidant components        

in the samples. This may be attributed to the phenolic compound          

composition of the DY group possessing structural characteristics       

that are relatively advantageous for radical scavenging based       

on hydrogen-donating reactions (Rice-Evans et al., 1996; Platzer       

et al., 2022). Since each analytical method reflects different        

antioxidant mechanisms, it is difficult to fully explain the        

overall antioxidant capacity using a single indicator, and a        

multi-indicator approach is necessary for evaluating antioxidant      

activity (Rumpf et al., 2023). Therefore, although differences in        

antioxidant components and activity were observed depending      

on the native habitat, R. fasciculatum fruits are considered to         

have high potential for use as a naturally derived functional         

material with excellent antioxidant properties overall.

4. Analysis of correlations between antioxidant components      

and activity and multivariate analysis

In this study, a strong positive correlation was observed        

between total phenols, ABTS, and FRAP. This supports the        

notion that phenolic compounds are the primary contributors to        

antioxidant activity. Phenolic compounds remove reactive     

oxygen species through electron donation and metal ion       

reduction reactions, and these characteristics are known to be        

particularly well reflected in FRAP and ABTS assays (Rice-        

Evans et al., 1996; Huang et al., 2005).

The strong positive correlation between total flavonoid      

content and FRAP also supports this finding. Flavonoids, as        

representative phenolic compounds, possess strong reducing     

power and have been reported to contribute to metal ion         

reduction and free radical scavenging (Heim et al., 2002).

On the other hand, total polyphenol and total flavonoid        

content showed a relatively weak positive correlation with       

DPPH activity. This may be explained by two factors. First, the          

DPPH assay primarily relies on hydrogen donation reactions,       

whereas ABTS and FRAP reflect a broader range of electron         

transfer reactions. Therefore, even if the total amount of        

flavonoids increases, DPPH reactivity may not necessarily      

increase, which is reported to be influenced by the structural         

diversity and reaction specificity of flavonoids (Huang et al.,        

2005; Prior et al., 2005). Second, the Aluminium chloride-        

based colorimetric assay used for flavonoid quantification      

predominantly detects flavonoids possessing 3-hydroxyl or 5-      

hydroxyl groups with a 4-keto structure, such as flavones and         

flavonols, and may not fully capture all flavonoid subclasses    

present in the sample (Kim et al., 2011; Acquavia et al.,    

2021). Since DPPH radical scavenging activity is highly    

dependent on the number and position of hydroxyl groups in    

the phenolic structure, the total flavonoid content measured by    

this method may not comprehensively reflect the hydrogen-    

donating capacity of all flavonoid compounds, potentially    

explaining the weaker correlation with DPPH activity    

compared to ABTS and FRAP (Zeng et al., 2023). 

 PCA results showed that PC1 (83.7%) integrated the loading    

vectors of total phenolics, total flavonoids, ABTS, and FRAP    

in the positive direction, while PC2 (9.9%) separated the DPPH    

loading vector in the positive direction, reflecting antioxidant    

activity. Furthermore, in the distribution by native habitat, the    

HY, DY, NH, and IS groups were located in the positive    

direction of PC1, whereas the CN, GS, GC, and HA groups    

were located in the negative direction, clearly demonstrating    

differences in the accumulation of functional components    

depending on the native habitat. These results are consistent    

with previous reports indicating that secondary metabolites in    

plants are significantly influenced by environmental conditions    

and genetic factors (Akula and Ravishankar, 2011). The HY,    

DY, NH, and IS groups can be evaluated as candidate native    

habitats for functional materials with superior antioxidant    

properties for functional matereial development.

In this study, the antioxidant content and activity of R.    

fasciculatum fruits were found to vary significantly among    

eight native habitats, demonstrating that geographic and    

environmental conditions substantially influence secondary    

metabolite accumulation in this species. Total phenolic content    

was identified as a key contributor to antioxidant activity, while    

morphological characteristics showed no significant correlation    

with antioxidant potential, indicating that direct chemical    

analysis is essential for the evaluation and selection of superior    

resources. However, as detailed environmental parameters were    

not measured in this study, the specific factors driving habitat-    

dependent variation remain to be fully elucidated. Future investi-    

gations incorporating comprehensive environmental assessments,    

along with expanded population sampling, would provide    

deeper insight into these relationships. The HY and DY groups,    

which consistently exhibited superior antioxidant properties, are    

recommended as priority candidate resources, and these    

findings are expected to serve as foundational data for the    

systematic selection and utilization of native R. fasciculatum    

populations as functional materials.
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