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Mahonia aquifolium (Pursh) Nutt. is an important medicinal plant used as an ornamental plant in Turkey.  We studied several 

morphological and phytochemical properties including fruit weight and dimensions, fruit soluble solid content, acidity, pH, 

total phenolic content, antioxidant activity and total monomeric anthocyanins capacities of four selected M. aquifolium 

accessions.  Notable differences were detected among the accessions.  On average, the fruit width and length were 8.4 and 

10.2 mm, respectively. Fruit weight and seeds weight of accessions were between 2.9 and 7.3 g and 0.4 and 1.2 g. The total 

phenolic contents ranged from 5009.3 to 6646.8 µg GAE/g fresh weight (fw) with an average of 5976.4 µg GAE/g fw.  

Antioxidant activities, determined by Trolox equivalent antioxidant capacity, on average to 12.9 µmol Trolox equivalent 

(TE)/g fw.  Total monomeric anthocyanins, among the accessions tested ranged from 52.8 to 361.0 µg cy-3-glu/g fw. The 

results indicated that M. aquifolium is good source phenol, anthocyanins and antioxidants; thus, it can be used in 

pharmacological and food industry due to its antioxidant properties.   
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INTRODUCTION 

 

Mahonia aquifolium (Pursh) Nutt. (Berberidaceae) is a shrub 

native in western North America and introduced to Europe 

for ornamental purpose about 180 years ago (Hayne, 1822; 

Kowarik, 1992). The related North American species, M. 

repens and M. pinnata, were hybridized with M. aquifolium.  

Different cultivars with various characteristics in flowering, 

clonal growth and resistance against parasites arose were 

frequently planted in gardens, parks and along roads.  M. 

aquifolium produces many fleshy fruits which are eaten by 

birds and disperse seeds into adjacent habitats (Kowarik, 

1992; Houtman et al., 2004). 

Turkey is not one of the genetic centers for M. aquifolium.  

However, it has been used for ornamental purposes in 

Aegean, Marmara and Central Anatolia for long years. The 

fruits are known as ‘Mahun’ or ‘Yellow paint push’ in 

Turkish and relatively consumed as jam and marmalade 

(Mavi et al., 2009).  However, especially in the USA, 

Canada and Mexico, it is assessed as a berry fruit and called 

‘Oregon grapeberry’ (Loconte and Blackwell, 1984).   

Medicinal plants in general are an important source of 

antioxidants (Rice-Evans, 2004).  Natural antioxidants 

increase the antioxidant capacity of the plasma and reduce 

the risk of certain diseases such as cancer, heart diseases and 

stroke (Prior and Cao, 2000).  The secondary metabolites 

like phenolics and flavonoids from plants have been reported 

to be potent free radical scavengers. They are found in all 

parts of plants such as leaves, fruits, seeds, roots and bark 

(Mathew and Abraham, 2006). M. aquifolium contains many 

pharmacologically important alcoholic drinks which justify 

its use in traditional medicine (Rackova et al., 2004).   

Several characteristics of M. aquifolium fruits from Turkey 

have been previously studied. For example, Koyuncu (2008) 

have been studied to colorimetric properties of woolen yarns 

dyed with M. aquifolium berries.  Marakoglu et al. (2010) 

determined some physico-chemical properties of M. 

aquifolium fruits from the Konya region Turkey. To our 

knowledge, there is no report on Turkish M. aquifolium 

about how much phytochemical variation exists among 

different M. aquifolium accessions.  Therefore, we report an 

evaluation of morphological and phytochemical 

characteristics of four selected M. aquifolium accessions 

from Ankara region in Turkey. 

 

MATERIALS AND METHODS 

 

The fruits of growing M. aquifolium were harvested from 

four accessions found in Ankara, situated in the Central 

Anatolia region of Turkey.  Accessions were selected from 

the regions with large populations.  For morphological and 

phytochemical analyses, fruits were transferred to laboratory 

within 10 h using a refrigerated container at 4ºC.  The 

analyses of fruit characteristics were carried out using three 

replicates, each with 50 randomly chosen fruits.  Fruits were 

homogenized in a standard food blender.  Slurries were used 

to determine total soluble solid contents (SSC), by 

refractometery and for levels of titratable acidity (TA) using 

standard methodology.  About 100 g of fruit samples with 3 

replications for each accession were then frozen at –20ºC. At 

the time chemical analysis were thawed samples at room 

temperature and homogenized in a standard food blender, 
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and excess fruits (20 to 30 individual fruits) were used to 

minimize naturally-occurring fruit-to-fruit variation. Total 

phenolic content (TP) was measured according to Singleton 

and Rossi (1965) procedure.  Fruit slurries was extracted 

with buffer containing acetone, water, and acetic acid 

(70:29.5:0.5 v/v) for two h. in dark.  Samples were 

replicated three times.  Then, extract, Follin-Ciocalteu’s 

phenol reagent and water incubated for 8 min followed by 

adding 7% sodium carbonate.  After two hours, the 

absorbance was measured by an automated UV-VIS 

spectrophotometer (Model T60U, PG Instruments) at 750 

nm.  Gallic acid was used as standard.  The results were 

expressed as µg GAE/ gram fresh weight (g FW) basis.   

Total antioxidant capacity was estimated using one standard 

procedure, Trolox Equivalent Antioxidant Capacity (TEAC) 

assays, as suggested by Ozgen et al. (2006).  For the 

standard TEAC assay, 10 mmol/L ABTS (2,2-azino-bis-3-

ethylbenzothiazoline-6-sulfonic acid) was dissolved in 

acetate buffer and prepared with potassium persulfate as 

described in Ozgen et al. (2006).  The mixture was diluted 

using an acidic medium of 20 mM sodium acetate buffer 

(pH 4.5) to an absorbance of 0.700 ± 0.01 at 734 nm for 

longer stability Ozgen et al. (2006).  For the 

spectrophotometric assay, 2.90 mL of the ABTS∙+ solution 

and 6 μL of fruit extract were mixed and incubated for 10 

min.  The absorbance at 734 nm was then determined.  The 

results were expressed in µmol TE/g fw.  Total monomeric 

anthocyanins capacities (TMAC) were estimated by a pH 

differential method (Giusti and Wrolstad, 2005) using a UV-

VIS spectrophotometer (Model T60U, PG Instruments).  

Absorbance was measured at 533 nm and 700 nm in buffers 

at pH 1.0 and 4.5 using A= (A535-A700) pH1.0 – (A535-

A700)pH4.5 with a molar extinction coefficient of 29,600.  

Results were expressed as micrograms of cyanidin-3-

glucoside equivalent in g fw basis.   

Data were analyzed using SAS software and procedures 

(SAS, 2005).  Means and standard deviations were 

calculated using the TABULATE procedure.  Analysis of 

variance (ANOVA) tables were constructed using the GLM 

procedure.  To evaluate the overall similarities of the 

accessions, the TP, TAC along with the fruit characteristics 

were subjected to principle component analysis using the 

PRINCOMP procedure.  In this analysis, the relationship 

was developed from a covariance matrix derived from the 

means of standardized morphological fruit characteristics 

where the output data sets consisted of eigen values, 

eigenvectors, and standardized principal component scores. 

 

RESULTS AND DISCUSSION 

 

Morphological characteristics of M. aquifolium accessions 

showed that on average, the fruit width and length were 8.4 

and 10.2 mm, respectively (Table 1).  The fruit weight was 

5.2 g while the average number of seeds 3.8.  For these 

accessions, the average seeds weight was 0.8 g while 

weight/seeds weight was 14.9%. Considerable differences 

among these accessions were observed for these 

morphological characteristics.  For example, average fruit 

weight was 2.7 g in A2 while the average was 7.3 g in A4. 

A4 also had the greatest fruit width while the greatest fruit 

length was recorded on A3. Coefficient of variation 

indicated that fruit seeds weight was most variable 

characteristic (43%) while the least variable was length 

(15%).  Our results were in agreement with the previously 

published ranges for fruit width and length (Marakoglu et 

al., 2010). 

Pomological and phytochemical characteristics of M. 

aquifolium accessions showed that Coefficient of variation 

varied from 5 and 6 to 93% for pH and SSC to TMAC 

(Table 2).  In other words, pH and SSC was at least variable 

in accessions, whereas TMAC was the highest variable 

characteristics.  According to the pomological results of the 

M. aquifolium accession the range in SSC was 11.8-12.7% 

with on average of 12.1%.  TA was from 1.0 (A1) to 1.7% 

(A2 and A4) with an average of 1.4%.  The accessions had 

similar pH contents with an average of 5.9.  Our results 

Table 1. Several morphological characteristics of Mahonia aquifolium fruits from Ankara, Turkey 

Accession Fruit 

Width (mm) Length (mm) Weight (g) No. of seeds Seeds weight 

(g/fruit) 

Weight/seeds 

weight (%) 

A1
a
 6.9 ± 0.3 9.7 ± 0.7 3.6 ± 0.7 3.8 ± 0.7 0.6 ± 0.1 17.5 ± 6.5 

A2 7.0 ± 0.3 8.0 ± 0.3  2.9 ± 0.3 3.0 ± 0.3 0.4 ± 0.1 13.1 ± 3.0 

A3 9.8 ± 0.4 11.9 ± 0.3  7.0 ± 0.5 3.9 ± 0.6 0.9 ± 0.0 12.2 ± 1.1 

A4 9.9 ± 0.4 11.2 ± 0.4 7.3 ± 0.2 4.6 ± 0.7 1.2 ± 0.2 16.8 ± 2.8 

Mean 8.4 10.2 5.2 3.8 0.8 14.9 

St. Dev. 1.54 1.62 2.07 0.88 0.35 4.68 

C.V.
b
 (%) 18 15 39 23 43 31 

a
Accession values represent triplicate means ± standard errors from the mean; population variability is indicated by the 

grand mean and its associated coefficient of variability (i.e., the population standard deviation expressed as a percentage 

of the mean); 
b
Coefficient of variation. 
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showed a difference with the previously published ranges for 

SSC, pH and TA (Marakoglu et al., 2010).  This might have 

been caused by the method used to test the SSC, pH and TA 

as they studied the dried fruits.   

Total phenolics ranged from 5009.1 (A3) to 6646.8 (A1) 

with average of 5976 µg GAE/g fw.  TMAC ranged from 

52.8 (A1) to 361.0 (A4) with average 141.0 µg cy-3-glu/g 

fw. Interestingly, there was more than a sevenfold difference 

between the lowest and highest of TMAC values.  Similar to 

TMAC values, A4 had the highest antioxidant activities for 

TEAC (21.1 µmol TE/g fw) while the lowest antioxidant 

activities was recorded in A1. Phenolic compounds, 

including anthocyanins, display strong antioxidant activity 

and have been shown in many studies to contribute 

significantly to the antioxidant capacity of fruits (Wang et 

al., 1996; Scalzo et al., 2005; Tulipani et al., 2008).  Small 

fruits and berries are considered to have highest total 

phenolic content and antioxidant capacity values among all 

the other fruits (Beattie et al., 2005; Pantelidis et al., 2007).  

When total phenolic content of fruits compared, M. 

aquifolium fruit has one of the highest values among the 

many fruits; among common small fruits, M. aquifolium 

fruit is perhaps most comparable to raspberries, blackberries, 

red currants, gooseberries and cornelian cherries (Pantelidis 

et al., 2007). Indeed, phytochemical studies with 

anthocyanin rich fruits; such as strawberry (Gunduz, 2010), 

blackberry (Ozgen et al., 2009 a), raspberry (Cekic and 

Ozgen, 2010), pomegranate (Ozgen et al., 2008), cranberry 

(Celik et al., 2008), mulberry (Ozgen et al., 2009 b) have 

shown this trend.  M. aquifolium is also an extremely rich 

source of anthocyanin, phenols and antioxidants, 

demonstrating its potential use as a food additive. 

Correlation coefficients between fruit weight, titratable 

acidity, soluble solids/TA rate, pH, total phenolics, 

antioxidant capacity (TEAC) and total anthocyanin contents 

indicated that TMAC is moderately positive correlated with 

fruit weight, TA, TEAC and negative correlated with 

SSC/TA and pH in M. aquifolium fruits (Table 3). There 

were positive correlations between TMAC and TEAC for 

sweet cherry (Vangdal and Slimestad, 2006). The 

antioxidant activity is highly positive correlated with TA and 

negatively with SSC/TA. The antioxidant activity is not 

correlated with total phenolic content in M. aquifolium fruits 

and this suggest that other components such as TA, SSC/TA 

and pH contribute more significantly to the total antioxidant 

capacity. Previously, Toplu et al. (2009), in cactus pear 

accessions, and Egea et al. (2010), in six edible wild fruits, 

reported that antioxidant activity was not significantly 

correlated with phenolic content.  The results indicated that 

the first three components showed 36, 28 and 16% of the 

phenotypic variations, for a total of 80%. The most 

important traits highly positively correlated were SSC/TA, 

Table 2. Several pomological and phytochemical characteristics of Mahonia aquifolium fruits sampled Ankara, 

Turkey 

Accession Fruit  Phytochemical Properties 

SSC (%) TA (%) SSC/  TA 

(%) 

pH  TP 

(µg GAE/g fw 

TMAC 

(µg cy-3-glu/g fw) 

TEAC 

(µmol TE/g fw) 

A1
a
 11.8 ± 0.8 1.0 ± 0.0 11.9 ± 0.7 6.0 ± 0.4  6646.8 ± 332.1 52.8 ± 4.6 4.1 ± 0.1 

A2 11.9 ± 0.6 1.7 ± 0.1 6.9 ± 0.4 5.8 ± 0.2  6119.8 ± 484.8 72.4 ± 3.3 20.7 ± 0.3 

A3 12.7 ± 0.4 1.3 ± 0.1 10.2 ± 0.7 6.1 ± 0.1  5009.3 ± 176.3 77.9 ± 5.8 5.6 ± 0.2 

A4 11.8 ± 0.6 1.7 ± 0.1 6.9 ± 0.4 5.6 ± 0.3  6129.9 ± 463.8 361.0±15.8 21.1 ± 0.1 

Mean 12.1 1.4 9.0 5.9  5976.4 141.0 12.9 

St. Dev. 0.77 0.32 2.28 0.33  734.0 131.8 8.31 

C.V.
 b
 (%) 6 22 25 5  12 93 64 

a
Accession values represent triplicate means ± standard errors from the mean; population variability is indicated by the 

grand mean and its associated coefficient of variability (i.e., the population standard deviation expressed as a percentage 

of the mean); 
b
Coefficient of variation. 

 

Table 3. Correlation coefficients (r) of fruit weight, titratable acidity (TA), soluble solids/TA rate, pH, total 

phenolics (TP), antioxidant capacity (TEAC) and total anthocyanin (TMAC) 

Source Fruit weight TA SSC/TA pH TP TEAC 

TA 0.13      

SSC/TA -0.11 -0.97*     

pH -0.15 -0.48 0.56*    

TP -0.43 -0.07 0.09 -0.15   

TEAC 0.00 0.95* -0.94* -0.53* 0.16  

TMAC 0.62* 0.56* -0.56* -0.52* 0.08 0.61* 

* indicate significance at 5%. 
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fruit width and TEAC. SSC and pH were negatively 

correlated with Principle Component 1 (PC1), fruit weight 

and pH had high positive correlations with PC2 while fruit 

width, SSC and fruit length had significant negative 

correlations.  Fruit width and pH were important for PC3 

(Table 4). 

 

Conclusion: M. aquifolium has a long history in human 

consumption as medicine. The results indicated that M. 

aquifolium is a rich source of phenolics and antioxidant.  In 

addition, the M. aquifolium accessions presented significant 

differences in all the pomological and phytochemical 

properties. However, specific phenolic compounds and 

pigment profiles of more detail studies are needed for the 

better understanding of antioxidant contribution of M. 

aquifolium. 

 

REFERENCES 

 

Beattie, J., A. Crozier and G.G. Duthie. 2005.  Potential 

health benefits of berries. Current Nut. Food Sci. 1:71-

86. 

Cekic, C. and M. Ozgen. 2010. Comparison of antioxidant 

capacity and phytochemical properties of wild and 

cultivated red raspberries (Rubus idaeus L.). J. Food 

Com. Anal. 23:540-544. 

Celik, H., M. Ozgen, S. Serce and A. Islam. 2008.  

Phytochemical accumulation and antioxidant capacity at 

four maturity stages of cranberry fruit. Sci. Hortic. 

117:345-348. 

Egea, I., P. Sánchez Bel, F. Romojaro and M.T. Pretel. 2010.  

Six edible wild fruits as potential antioxidant additives 

or nutritional supplements. Plant Foods Hum. Nutr. 

65:121–129. 

Giusti, M.M. and R.E. Wrolstad. 2005.  Characterization and 

measurement of anthocyanins by uv-visible 

spectroscopy. Unit F1.2. In: R.E. Wrolstad and S.J. 

Schwartz (eds.), Handbook of food analytical chemistry. 

New York: Wiley. pp.19-31.  

Gunduz, K. 2010. The effects of different production places 

on yield, fruit quality characters and antioxidant 

capacity for some strawberry genotypes. Ph.D. Thesis, 

Faculty of Horticulture, Mustafa Kemal University 

Hatay, Turkey. 

Houtman, R.T., K.J. Kraan and H. Kromhout. 2004.  

Mahonia aquifolium, M. repens, M. ×wagneri en 

hybriden. Dendroflora 41:42-69. 

Kowarik, I. 1992.  Einfuhrung und Ausbreitung 

nichteinheimischer Geho lzarten in Berlin und 

Brandenburg. Verhandlungen Botanischer Vereine 

Berlin Brandenburg 3:1-188. 

Koyuncu, M. 2008.  Colorimetric properties of woolen dyed 

with Mahonia aquifolium Nutt. (Berberidaceae 

Mahonya) berries. Yuzuncu Yıl University J. Agric. Sci. 

18:27-33. 

Loconte, H. and W.H. Blackwell. 1984.  Berberidaceae of 

Ohio. Southern Appalachian Botanical Society, 

Castanea 49:39-43. 

Marakoglu, T., M. Akbulut and S. Çalisir. 2010.  Some 

physico-chemical properties of Mahonia acquifolium 

fruits. Asian J. Chem. 22:1606-1614. 

Table 4. Coefficients and eigenvalues for the first three principle components (PC) of PCA for Mahonia aquifolium 

fruits sampled from, Ankara, Turkey 

Variable PC1 PC2 PC3 

Fruit width 0.24 -0.53 0.64 

Fruit length -0.04 -0.27 -0.49 

Fruit weight 0.16 0.58 -0.09 

No. of seeds -0.09 -0.03 0.13 

Seeds weight (g) -0.10 0.17 -0.09 

Weight/seeds weight (%) 0.00 -0.04 -0.03 

SSC
a
 -0.46 -0.30 -0.13 

TA
b
 -0.18 -0.03 0.01 

SSC/TA 0.72 0.04 -0.05 

pH -0.31 0.44 0.54 

TP
c
 0.00 0.00 0.00 

TEAC
d
 0.21 0.00 -0.06 

TMAC
e
 0.00 0.00 0.00 

Eigenvalue 4.79 3.69 2.08 

Differences 1.10 1.60 0.99 

Proportion 0.36 0.28 0.16 

Cumulative 0.36 0.65 0.81 
a
Soluble solids; 

b
Titratible acidty; 

c
Total phenolic; 

d
Antioxidant capacity; 

e
Total anthocyanin 



Properties of mahonia aquifolium 

 

 443 

Mathew, S. and T.E. Abraham. 2006. In vitro antioxidant 

activity and scavenging effect of Cinnamomum verum 

leaf extract assayed by different methodologies. Food 

Chem. Toxicol. 44:198-206. 

Mavi, K., K. Gündüz and I. Demir. 2009.  Determination of 

dormancy for the oregon grapeberry (Mahonia 

aquifolia) seeds. III National Small Fruits Symposium; 

10-12 June, Kahramanmaras, Turkey. 

Ozgen, M., R.N. Reese, A.Z. Tulio, A.R. Miller and J.C. 

Scheerens. 2006.  Modified 2,2-azino-bis-3-

ethylbenzothiazoline-6-sulfonic acid (ABTS) method to 

measure antioxidant capacity of selected small fruits 

and comparison to ferric reducing antioxidant power 

(FRAP) and 2,2'-diphenyl-1-picrylhydrazyl (DPPH) 

methods.  J. Agric. Food Chem. 54:1151-1157. 

Ozgen, M., C. Durgac, S. Serce and C. Kaya. 2008.  

Chemical and antioxidant properties of pomegranate 

cultivars grown in mediterranean region of Turkey.  

Food Chem. 111:703-706. 

Ozgen, M., C. Çekiç, K. Gündüz and O. Saracoglu. 2009a. 

Comparison of phytonutrient properties of wild and 

cultivated blackberries (Rubus fruticosus L.). COST 

863, Workshop in Bioactive Compounds in Berry Fruits 

and Human Health Benefits, 7-10 December 2009, 

Harrogate, UK. 

Ozgen, M., S. Serce and C. Kaya. 2009b.  Phytochemical 

and antioxidant properties of anthocyanin-rich mulberry 

(Morus sp.) fruits.  Sci. Hortic. 119:275-279. 

Pantelidis, G.E., M. Vasilakakis, G.A. Manganaris and G. 

Diamantidis. 2007. Antioxidant capacity, phenol, 

anthocyanin and ascorbic acid contents in raspberries, 

blackberries, red currants, gooseberries and Cornelian 

cherries.  Food Chem. 102:777-783. 

Prior, R.L. and G. Cao. 2000. Antioxidant phytochemicals in 

fruits and vegetables: Diet and health implications.  

HortScience 35:588-592. 

Rackova, L., M. Majekova, D. Kostalova and M. Stefek. 

2004. Antiradical and antioxidant activities of alkoloids 

isolated from Mahonia aquifolium. Structural aspects.  

Bioorgan. Med. Chem. 12:4709-4715. 

Rice-Evans, C. 2004. Flavonoids and isoflavones: 

Absorption, metabolism and bioactivity. Free Rad. Biol. 

Med. 36:827-828. 

SAS. 2005. SAS User Guide. SAS Institute Inc., Cary, N.C. 

Scalzo, J., A. Politi, N. Pellegrini, B. Mezzetti and M. 

Battino. 2005. Plant genotype affects total antioxidant 

capacity and phenolic contents in fruit. Nutrition 

21:207-13. 

Singleton, V.L. and J.L. Rossi. 1965. Colorimetry of total 

phenolics with phosphomolybdic-phosphotungstic acid 

reagents. Amer. J. Enol. Vitic. 16: 144-158.  

Toplu, C., S. Serce, S. Ercisli, O. Kamiloglu and M. Sengul. 

2009. Phenotypic variation in physico-chemical 

properties among cactus pear fruits (Opuntia ficus-

indica (L.) Miller) from Turkey. Pharmacogn. Mag. 

5:400-406. 

Tulipani, S., B. Mezzetti, F. Capocaso, S. Bompadre, J. 

Beekwilder, C. Vos, E. Çapanoğlu,  A. Bovy and M. 

Battino. 2008.  Antioxidants, phenolic compounds and 

nutritional quality of different strawberry genotypes. J. 

Agric. Food Chem. 56:696-704. 

Vangdal, E. and R. Slimestad. 2006.  Methods to determine 

antioxidative capacity in fruit. J. Fruit Ornam. Plant 

Res.14:123-131. 

Wang, H., G. Cao and R.L. Prior. 1996. Total antioxidant 

capacity of fruits. J. Agric. Food Chem. 44:701-705. 

 

 


