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CHARACTERISTIC COMPONENTS AND ANTIOXIDANT POTENTIAL 

OF BLACK CHOKEBERRY AND CHOKEBERRY PRODUCTS 

SUMMARY 

Chokeberries have been well known in Europe and North America for many years 

but they have recently drawn attention in all around the world because 

epidemiological studies emphasized the important role of berries, including 

chokeberries, in preventing degenerative diseases, cardiovascular diseases or cancer. 

Chokeberries are generally consumed as chokeberry juice, jam, wine, dried 

chokeberry and other processed products. Today it is also popular as food colorant 

due to high content of anthocyanins which gives a natural red color to many 

products. The nutritional value and functional feature of chokeberry created an 

interest in determination of nutritional compounds and chemical composition of 

chokeberry and chokeberry products. 

In this study, in order to investigate the characteristic components and antioxidant 

potential of chokeberry and chokeberry products; acidity, formol number, organic 

acids, sugars, ash, minerals, total phenolics, flavonoids, anthocyanins, antioxidant 

capacity, and anthocyanin were determined for fifteen chokeberry samples. Samples 

were separated into three groups; pure chokeberry products, products with significant 

chokeberry addition, and products with small amount of chokeberry addition. Pure 

chokeberry products included chokeberry fruit, juice, dried chokeberries. Chokeberry 

tea, concentrate, syrup, jams, compote, marmalade were considered as products with 

significant amount of chokeberry addition. The rest of the samples were mixture of 

small amount of chokeberry with other fruits such as raspberry-chokeberry syrup, 

sourcherry-chokeberry syrup, and chokeberry-sour cherry concentrate. 

Spectrophotometric methods was applied to determine total phenolics, flavonoid, 

anthocyanins, antioxidant capacity, phosphorus and isocitric acid content. For 

analysis of anthocyanin profile, sugars, organic acids; high-performance liquid 

chromatography (HPLC) system coupled with photodiode array (PDA), 

refractometric, ultraviolet (UV) detector were used, respectively. Furthermore, 

capillary isotachophoresis was applied to quantify mineral content of the samples.  

The results showed that chokeberry fruit contained 16.5 ºBrix soluble solids. Soluble 

solids of chokeberry products ranged between 14.47 which is average value for 

juices and 66.72 which is the content of soluble solids of chokeberry concentrate. 

Titratable acidity was lowest for chokeberry syrup (3.06 g malic acid/kg) and highest 

for chokeberry-sour cherry concentrate (40.92 g malic acid/kg). For formol number, 

sourcherry-chokeberry syrup had lowest value (1.58 ml 0.1mol NaOH/100 g) while 

chokeberry-sourcherry concentrate had highest value (30.60 ml 0.1mol NaOH/100 

g). 
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Ash content was determined by dry ashing method and was found between 0.59 and 

27.60 g/kg for sour cherry- chokeberry syrup and chokeberry-sourcherry concentrate, 

respectively. Chokeberry fruit had 6.87 g/kg of ash content. Phosphorus content 

varied from 25.80 (raspberry-chokeberry syrup) to 763 mg/kg (chokeberry-

sourcherry concentrate). Potassium was found higher in chokeberry products 

compared to other minerals measured in this study. Sodium was the mineral 

measured as lowest levels in chokeberry products. Chokeberry and chokeberry-sour 

cherry concentrate had higher mineral content among all samples.  

The predominant organic acid in all samples was malic acid followed by quinic acid, 

citric acid, shikimic acid and isocitric acid.  Malic acid was found to be 8.07, 

4.98(average), 6.97(average), 32.98 g /kg for chokeberry fruit, dried chokeberries, 

juices, and concentrate, respectively. 

The type of sugars in chokeberry products was determined by measuring saccharose, 

fructose, glucose and sorbitol content of samples. Saccharose was not detectable in 

pure chokeberry products such as berry, juice, dried chokeberry, concentrate and tea. 

It was found only in sugar-added products, raspberry-chokeberry and sourchery-

chokeberry syrup. Raspberry- chokeberry syrup and sour cherry-chokeberry syrup 

had higher levels of glucose and fructose while they had lowest values of sorbitol 

content.  

The highest total phenolic content (63.07 g gallic acid equivalent (GAE)/kg) was 

observed in chokeberry tea. Total phenolic content was found to be higher in dried 

chokeberries compared to chokeberry fruit, juice, and concentrate. The lowest total 

phenolic content (0.78 g GAE/kg) among all samples was observed in raspberry-

chokeberry syrup. 

The highest flavonoid content was found in dried fruit (19.88 and 12.52 g catechin 

equivalent (CE)/kg) while raspberry-chokeberry syrup had the lowest flavonoid 

content (0.04 g CE/kg) compared to all fractions. For other samples, flavonoid 

content ranged from 0.16 g CE/kg for sour cherry-chokeberry syrup to 9.29 g CE/kg 

for chokeberry tea. Chokeberry syrup had significantly higher flavonoid content in 

comparison with raspberry and sour cherry syrup (p<0.05). There was significant 

differences between flavonoid levels of fresh chokeberry (5.25 g CE/kg) and dried 

chokeberries (p<0.05).  

Raspberry-chokeberry syrup had lowest anthocyanin content while highest 

anthocyanin content (9.92 g cyanidin-3-glucoside/kg) was found in chokeberry tea 

compared to chokeberry fruit and other samples. The results also indicated that 

chokeberry concentrate was richer in anthocyanin content compared to chokeberry-

sour cherry concentrate and chokeberry juice. The anthocyanin content of chokeberry 

fruit (4.49 g cyn-3-glu/kg) following the result of tea had higher anthocyanin content 

compared to the rest of the samples. The anthocyanin content of chokeberry fruit was 

significantly higher than that of compote, syrups, and jams (p<0.05). 

The antioxidant capacity of chokeberry fruit analyzed by ABTS, DPPH, and 

CUPRAC were 10.94, 11.30 and 67.72 g trolox equivalent (TE)/kg, respectively. In 

all methods, the highest antioxidant capacity was observed in dried chokeberries. 

Raspberry-chokeberry syrup had lowest antioxidant capacity (0.72-1.21 g TE/kg). 

Higher antioxidant capacity was observed in chokeberry syrup compared to 

raspberry-chokeberry and sour cherry-chokeberry syrup. There was significant 

difference between chokeberry fruit and juice samples according to the results of 
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DPPH and CUPRAC method (p<0.05). However, they had similar results of 

antioxidant capacity obtained by ABTS method.  

Four major anthocyanins were detected in chokeberry fruit. The most abundant 

anthocyanin in chokeberry fruit was cyanidin-3-galactoside (2917.17 mg/kg
 
fresh 

weight); followed by cyanidin-3-arabinoside, cyanidin-3-glucoside and cyanidin-3-

xyloside, respectively. The highest concentration of individual anthocyanins was 

found in chokeberry concentrate, having 8 fold higher levels of cyanidin-3-

galactoside and cyanidin-3-arabinoside compared to chokeberry juice. On the other 

hand, chokeberry fruit (2917.17 mg/kg fresh weight) had a higher level of cyanidin-

3-galactoside compared to dried chokeberries (927.87 and 475.67 mg/kg
 
fresh 

weight). There were also significant differences between the contents of individual 

anthocyanins in chokeberry tea and fruit (p<0.05). Cyanidin-3-xyloside was not 

found in compote and raspberry-chokeberry syrup. 
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SĠYAH KUġ KĠRAZI (ARONIA MELANOCARPA) ÜRÜNLERĠNĠN 

KARAKTERĠSTĠK ÖZELLĠKLERĠ VE ANTĠOKSĠDAN POTENSĠYELĠ 

ÖZET 

Kuş kirazı (chokeberry), Avrupa ve Kuzey Amerika‘da uzun yıllar boyunca bilinen 

ve tüketilen bir meyvedir. Kuş kirazı ve diğer taneli meyveleri kapsayan 

epidemiyolojik çalışmalar bu tür meyvelerin dejeneratif hastalıklar, kardiyovasküler 

hastalıklar ve kanseri önlemedeki rolünü gösterdikçe kuş kirazına olan ilgi son 

yıllarda artış göstermiştir. Kuş kirazı genel olarak meyve suyu, reçel, şarap üretilerek 

veya kurutulmuş olarak tüketilmektedir. Günümüzde içerdiği yüksek miktardaki 

antosiyanin dolayısıyla gıdalar için renklendirici olarak da kullanılmaktadır. Kuş 

kirazının besin değeri ve fonksiyonel özellikleri göz önüne alındığında kuş kirazının 

besin öğelerinin ve kimyasal yapsının incelenmesi önemli hale gelmiştir.  

Bu çalışmada, kuş kirazının karakteristik özellikleri ve antioksidan potensiyelini 

araştırmak için on beş kuş kirazı ürününde; asitlik, formol sayısı, organik asit, şeker, 

kül, mineral analizleri yapılmış ve toplam fenolik asitler, toplam flavonoid, toplam 

antosiyanin miktarı, toplam antioksidan kapasitesi belirlenmiştir. Ayrıca  antosiyanin 

profili de incelenmiştir. Örnekler; saf kuş kirazından oluşan ürünler, önemli miktarda 

kuş kirazı içeren ve düşük miktarda kuş kirazı içeren ürünler olmak üzere üç gruba 

ayrılmıştır. Saf kuş kirazı olan örnek grubu kuş kirazı meyvesini, meyve suyunu, ve 

kurutulmuş kuş kirazını içermektedir. Kuş kirazı çayı (posası), konsantresi, şurubu, 

reçeli, kompostosu, marmelatı ise önemli miktarda kuş kirazı içeren örnek grubuna 

girmektedir. Ahududu-kuş kirazı şurubu, vişne-kuş kirazı şurubu ve kuş kirazı-vişne 

konsantresi düşük miktarda kuş kirazı içeren örnek grubu içindedir. Toplam 

fenolikleri, flavonoid içeriğini, toplam antosiyanin miktarını ve toplam antioksidan 

kapasitesini belirlemek için spektrofotometrik yöntemler uygulanmıştır. Antosiyanin 

profili, şekerler ve organik asitler, sırasıyla fotodiyot dizisi dedektör (PDA), 

refraktometrik dedektör ve ultraviyole (UV) dedektör bileşenli yüksek performanslı 

sıvı kromatografisi (HPLC) kullanılarak tespit edilmiştir. Ayrıca örneklerin mineral 

içeriğini gözlemlemek amacıyla kapiler izotakoforez metodu (cITP) uygulanmıştır.  

Sonuçlar kuş kirazı meyvesinin çözünebilir kuru madde içeriğinin 16.5 ºBrix 

olduğunu göstermiştir. Kuş kirazı ürünlerinin çözünebilir kuru madde içeriği kuş 

kirazı suyu için ortalama değer olan 14.47 ile kuş kirazı için olan 66.72 ºBrix değeri 

arasında bulunmuştur. Titre edilebilir asitlik; kuş kirazı şurubunda 3.06 g malik 

asit/kg ile en düşük, kuş kirazı-vişne konsantresinde 40.92 g malik asit/kg ile en 

yüksek değerde bulunmuştur. Vişne-kuş kirazı şurubu en düşük formol sayısına (1.58 

ml 0.1 mol NaOH/100 g) sahipken kuş kirazı-vişne konsantresi en yüksek formol 

sayısı değerine (30.60 ml 0.1 mol NaOH/100 g) sahiptir. 

Kuru yakma metodu kullanılarak belirlenen kül miktarının 0.59 (vişne-kuş kirazı 

şurubu) ve 27.60 g/kg (kuş kirazı-vişne konsantresi) arasında olduğu 

gözlemlenmiştir. Kuş kirazının kül miktarı 6.87 g/kg olarak belirlenmiştir. Fosfor 
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içeriği ahududu-kuş kirazı için olan 25.80 ile kuş kirazı-vişne konsatresi için olan 

763 mg/kg arasında değişkenlik göstermektedir. Çalışmada ölçülen diğer mineraller 

ile karşılaştırıldığında kuş kirazı ürünlerinde en çok bulunan mineralin potasyum (K) 

en az bulunanın ise sodyum (Na) olduğu görülmüştür. Kuş kirazı ve kuş kirazı-vişne 

konsantresi diğer örneklere göre daha yüksek miktarda mineral içermektedir. HPLC 

analizi sonucunda kuş kirazı ürünlerinde organik asitler belirlenmiş olup en yüksek 

miktarda bulunan asit malik asit olmuştur. Onu sırasıyla kinik asit, sitrik asit, şikimik 

asit ve izositrik asit izlemektedir. Malik asit kuş kirazında 8.07, kurutulmuş kuş 

kirazlarında ortalama 4.98, meyve sularında ortalama 6.97 ve konsantrede 32.98 g/kg 

olarak bulunmuştur.  

Kuş kirazında şekerleri belirlemek amacıyla ultraviyole dedektörlü HPLC sistemi 

kullanılarak sakkaroz, fruktoz, glukoz ve sorbitol değerleri ölçülmüştür. Kuş kirazı, 

kuş kirazı suyu, kurutulmuş kuş kirazı, konsantre ve çay gibi saf olan ve önemli 

miktarda kuş kirazı içeren örneklerde sakkaroz saptanmamıştır. Sakkaroz sadece 

şeker eklenen ve ahududu, vişne gibi meyvelerle karıştırılmış örneklerde 

gözlenmiştir. Ahududu-kuş kirazı şurubu ve vişne-kuş kirazı şurubunda yüksek 

miktarda glukoz ve fruktoz bulunurken, sorbitol miktarının düşük olduğu 

görülmüştür. 

En yüksek toplam fenolik madde içeriği 63.07 g gallik asit eşdeğeri/kg ile kuş kirazı 

çayında gözlemlenmiştir. Kurutulmuş meyvenin toplam fenolik içeriğinin kuş kirazı, 

suyu ve konsantresi ile karşılaştırınca daha yüksek olduğu görülmüştür. Tüm 

örnekler arasında en düşük fenolik madde içeriği (0.78 gallik asit eşdeğeri/kg) 

ahududu-kuş kirazı şurubunda bulunmuştur.  

En yüksek flavonoid içeriği (19.88 ve 12.52 g kateşin eşdeğeri/kg) kuru kuş 

kirazlarında bulunurken en düşük flavonid içeriği (0.04 g kateşin eşdeğeri/kg) 

ahududu-kuş kirazı şurubunda bulunmuştur. Diğer örnekler için flavonoid içeriği 

0.16 g kateşin eşdeğeri/kg (vişne-kuş kirazı şurubu) ile 9.29 g kateşin eşdeğeri/kg 

(kuş kirazı çayı) arasında değişkenlik göstermektedir. Kuş kirazı şurubunun 

flavonoid içeriği ahududu ve vişne şurubuna göre daha yüksek olarak bulunmuştur 

ve bu fark istatistiksel olarak önemlidir (p<0.05). Taze kuş kirazı (5.25 g kateşin 

eşdeğeri/kg) ile kuru kuş kirazının flavonid içeriği arasında istatistiksel olarak önemli 

bir fark vardır.  

Spektrofotometrik bir metot olan pH diferansiyel metodu uygulanarak belirlenen 

toplam antosiyanin içeriklerine göre; en yüksek antosiyanin içeriği 9.92 g siyanidin-

3-glukozit/kg) kuş kirazı çayında, en düşük antosiyanin içeriği (0.01 g siyanidin-3-

glukozit/kg) ise ahududu-kuş kirazı şurubunda bulunmuştur. Kuş kirazı 

konsantresinin antosiyanin içeriğinin kuş kirazı-vişne konsantresi ve kuş kirazı 

suyuna göre daha yüksek olduğu gözlenmiştir. Kuş kirazı çayından sonra en yüksek 

antosiyanin içeriğine (4.49 g siyanidin-3-glukozit/kg) kuş kirazının sahip olduğu 

görülmüştür. Ayrıca kuş kirazının antosiyanin içeriğinin komposto, şurup ve reçele 

göre daha yüksek olduğu gözlenmiş ve bu fark istatistiksel olarak önemli 

bulunmuştur (p<0.0.5). 

Kuş kirazı örneklerinin antioksidan kapasitesi ABTS, DPPH, CUPRAC olmak üzere 

üç farklı metot kullanılarak belirlenmiş olup, kuş kirazı için sırasıyla 10.94, 11.30 

and 67.72 g trolox eşdeğeri/kg olarak bulunmuştur. Üç metodun da sonucunda en 

yüksek antioksidan kapasite kuru kuş kirazlarında görülmüştür. Ahududu-kuş kirazı 

şurubun antioksidan değeri 0.72 ile 1.21 trolox eşdeğeri/kg arasında değişmek ile 

birlikte diğer örnekler arasında en düşük değere sahiptir. Kuş kirazı şurubunun 
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ahududu-kuş kirazı ve vişne-kuş kirazı şurubuna göre daha yüksek antioksidan 

içeriğine sahip olduğu gözlenmiştir. DPPH ve CUPRAC metotlarının sonuçlarına 

göre kuş kirazı ve kuş kirazı suyunun antioksidan içerikleri arasındaki fark 

istatistiksel olarak önemlidir (p<0.05). Ancak ABTS metoduna göre bu örneklerin 

antioksidan kapasiteleri benzer sonuçlar vermiştir.  

HPLC analizi sonucunda kuş kirazında başlıca dört çeşit antosiyanin tespit edilmiştir. 

En çok bulunan antosiyaninin siyanidin-3-galaktozit (2917.17 mg/kg) olduğu 

görülmüştür. Sıralama siyanidin-3-galaktozitten sonra siyanidin-3-arabinozit, 

siyanidin-3-glukozit ve siyanidin-3-ksilosit olarak belirlenmiştir. Dört antosiyaninin 

de en yüksek miktarda olduğu örneğin kuş kirazı konsantresi olduğu gözlenmiştir. 

Ayrıca kuru kuş kirazının (927.87 ve 475.67 mg/kg) kuş kirazına (2917.17 mg/kg) 

oranla daha düşük siyanidin-3-galaktozit içeriğine sahip olduğu görülmüştür. 

Komposto ve ahududu-kuş kirazı şurubu örneklerinde siyanidin-3-ksilozit tespit 

edilememiştir. Kuş kirazı ve kuş kirazı çayının bireysel antosiyanin miktarlarında 

farklılık olmakla birlikte bu fark istatistiksel olarak önemlidir (p<0.05). 
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1.  INTRODUCTION 

Berries are recommended for a healthy diet due to their contribution to provide 

protection against health problems including degenerative diseases, cardiovascular 

diseases or cancer (Howard et al., 2012). Their role in protection has been connected 

with some biological compounds such as phenolic acids, anthocyanins, flavanols (De 

Pascual-Teresa and Sanchez-Ballesta, 2008). Among berries, chokeberries have 

recently drawn attention because epidemiological studies showed that there are 

health claims associated with consumption of chokeberry (Chrubasik et al., 2011; 

Kokotkiewicz et al., 2010). 

Black chokeberry (Aronia melanocarpa) is a member of the Rosaceae family. 

Chokeberry originates from North America and is also native to Canada (Seidemann, 

1993). It was transferred to the Europe at the beginning of the 20th century 

(Esatbeyoğlu and Winterhalter, 2010). Today, chokeberry is also cultivated in 

Eastern European countries and Germany (Ochmian et al., 2012). There are two 

more known chokeberry cultivars; red chokeberry (A. arbutifolia) and purple 

chokeberry (A. prunifolia) which is the natural hybrid of red and black chokeberry 

(Seidemann, 1993). Chokeberry is harvested at the end of August while blooming 

time is from May to June (Ara, 2002). Ripening proceeds until berries turn purple-

black color and have a diameter of 6-13 mm and a weight of 0.8-2 g (Seidemann, 

1993). 

Chokeberry can survive spring frost due to its late flowering time and resist to about 

-30°C, and it is known to have toleration to mechanized harvesting (Ochmian et al., 

2012; Krawiec, 2008). Chokeberry also shows high resistance to damage during 

transportation and losing biological value during cold storage for a few weeks after 

harvest. Due to these advantages, popularity of chokeberry has raised recently. 

Although chokeberries are not favorite table fruits because of their astringent taste, 

they are used in the production of many products such as juices, jams, concentrates, 

spirits, preserves, puree, tea, wine (Ochmian et al., 2012; Chrubasik et al., 2011). 
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They are also grown for natural-food coloring purposes due to their strong dark 

violet color (Bridle and Timberlake, 1997; Strigl et al., 1995; Ara, 2002).  

Chokeberries are known not only as a food colorant but also as a food supplement 

associated with many health benefits (Jakobek et al., 2007).  Chokeberries contain a 

wide range of polyphenolic constituents that have been reported to show anticancer, 

antioxidative, antiinflammatory, antiatherogenic, and antidiabetic effects (Kulling 

and Rawel, 2008). In comparison to other black berries, higher anthocyanin contents 

(Zheng and Wang, 2003; Benvenuti et al., 2004) and antioxidant capacities were 

reported in chokeberries (Kulling and Rawel, 2008; Jakobek et al., 2007; Benvenuti 

et al., 2004). 

In recent years, several data have been reported on polyphenol constituents in a 

variety of fruits, including chokeberries (Jakobek et al., 2007; Benvenuti et al., 2004; 

Hudec et al., 2006; Skupien and Oszmianski, 2007). Phenolics, flavonoids, 

anthocyanins and total antioxidant activities were investigated in chokeberry and 

some chokeberry products but these products were limited with chokeberry juice and 

pomace. To the best of our knowledge, there is no previous study which evaluated 

chemical composition and the total antioxidant potential of wide range of chokeberry 

products such as jam, compote, syrup, dried fruit, concentrate. The aim of this study 

was to investigate the characteristic components, antioxidant potential, and 

anthocyanin profile of black chokeberry and black chokeberry products.  
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2.  LITERATURE REVIEW 

2.1 General Characteristics of Black Chokeberry 

Chokeberries belong to Rosaceae family. They are multistemmed and deciduous 

shrubs. Chokeberry orgininates from North America but today it is also cultivated in 

Eastern Europe (Jeppson, 2000). 

Aronia genus includes three species: 

• A. arbutifolia (L.) Pers- red fruited 

• A. prunifolia (Marsh.) Rehd. – purple fruited 

• A. melanocarpa (Michx.) Ell. – black fruited 

 There are many aronia genotypes but some of them is better known in Europe: Aron 

(Denmark), Nero (Czech Republic), Viking (Finland), Rubin (Russia through 

Finland), Kurkumäcki (Finland), Hugin (Sweden), Fertőd (Hungary) (Ochmian et al., 

2012). Some cultivars are hybrid cultivars such as appleberry, Burke, Steward, Titan, 

etc. (Jeppson, 1999; Kulling and Rawel, 2008). Chokeberry fruit on the tree is shown 

in Figure 2.1. 

 

Figure 2.1. Chokeberry fruit on the tree (Eggert, nd). 

Chokeberries have shrubs 2-3 m tall. Leaves of chokeberry are 7-9 cm long, 5-6 cm 

wide, gloosy and dark green turning into reddish in autumn. Chokeberry shrubs 

bloom in early May and keep their small white flowers until end of the June. This 

late flowering time protects chokeberry fruits against spring frost.  Ripening is 
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generally concluded in August or September until fruits reach diameter of 6-13 mm 

and weight of 0.5-3 g. (Ara, 2002; Seidemann, 1993; Ochmian et al., 2012).  

2.2 Chemical Composition 

Chemical composition of chokeberry is highly variable. It depends on many factors 

included cultivar, degree of ripeness, climate, weather, harvesting time, and 

fertilization (Kulling and Rawel, 2008). Processing also affects chemical  

composition of chokeberries, if chokeberry is processed into different products such 

as juices, syrups, and wine. Basic properties of chokeberry fruit and juice are shown 

in Table 2.1. Dry mass of chokeberries varies from 16.5 to 30.76 % (Hudec et al., 

2006; Skupien and Oszmianski, 2007).  

Table 2.1: Basic properties of chokeberry products. 

Property Concentration Sample Reference 

Soluble Solids (ºBrix) 

16.50 Berry Hudec et al., 2006 

19.50 Fresh Pressed Juice Kulling and Rawel, 2008 

15.50 Pasteurized Juice Kulling and Rawel, 2008 

17.80 Berry Jeppsson, 1999 

24.10 Berry Skupien and Oszmianski, 2007 

Dry weight (%) 30.76% Berry Skupien and Oszmianski, 2007 

Moisture Content (%) 71.80% Berry  Wu et al., 2004 

Total Acidity  

(g malic acid/100 g) 
0.70 Berry Jeppsson, 1999 

Titratable acidity 

(g citric acid/100 g) 
0.493 Berry Skupien and Oszmianski, 2007 

pH 

3.6 Fresh Pressed Juice Ara, 2002 

3.3 Pasteurized Juice Kulling and Rawel, 2008 

3.3-3.7 Berry Kulling and Rawel, 2008 

Formol Number  

(per 100 mL) 
6,5-14 Fresh Pressed Juice Ara, 2002 

Relative Density 
1.081 Fresh Pressed Juice Ara, 2002 

1.064 Pasteurized Juice Kulling and Rawel, 2008 

Total acidity of the berry is 0.7 g/100 g as malic acid and titratible acidity is 0.493 

g/100 g as citric acid (Jeppsson, 1999; Skupien and Oszmianski, 2007). pH of the 

berry and juice is between 3.3-3.7 (Kulling and Rawel, 2008).  

Chokeberry is also well known for its high biological and nutritional value. It 

contains vitamin A, B vitamins (B1, B2, B6), vitamin C, vitamin K, K1, nicotinic 

and folic acid, niacin, riboflavin, and provitamin (Strigl et al., 1995; Shafthalter et 

al., 1998). Vitamin content of chokeberry is given in Table 2.2. 
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Table 2.2: Vitamin content of chokeberry. 

Component Concentration Unit Reference 

Vitamin A 7.7 mg/kg Kulling and Rawel, 2008 

Vitamin E 17.1 mg/kg Kulling and Rawel, 2008 

Vitamin K 242 µg/kg Kulling and Rawel, 2008 

Vitamin C 
141.5 mg/kg Kulling and Rawel, 2008 

131 mg/kg Benvenuti et al., 2004 

Vitamin B1 180 µg/kg Kulling and Rawel, 2008 

Vitamin B2 200 µg/kg Kulling and Rawel, 2008 

Vitamin B6 280 µg/kg Kulling and Rawel, 2008 

Niacin 
1.5 mg/kg Kopec, 1998 

3 mg/kg Kulling and Rawel, 2008 

Table 2.3 shows dry matter, protein, carbohydrates, lipid and ash content of 

chokeberry. The content of dry matter of chokeberries has been reported between 

150-307.6 g/kg.  

Table 2.3: Protein, lipid, carbohydrate and ash content of chokeberries. 

Component Concentration Unit Reference 

Dry matter 

150 g/kg Misfeldt, 2007 

185 g/kg Mattila et al., 2006 

307.6 g/kg 
Skupień and 

Oszmianski, 2007 

282 g/kg Wu et al., 2004 

Protein 17 g/kg Kopec, 1998 

Lipid 7 g/kg Kopec, 1998 

Carbohydrates 

260 g/kg 
Bridle and Timberlake, 

1997 

209.2 g/kg 
Skupień and 

Oszmianski, 2007 

170 g/kg Kopec, 1998 

Ash 

6.83 g /100 g DW Cervenka, 2011 

4 400 - 5 800 mg/kg FW 
Kulling and Rawel, 

2008 

7 g/kg Kopec, 1998 

Skupien and Oszmianski (2007) who investigated the effect of mineral fertilization 

on nutritional value of chokeberry fruit reported that mineral treatment decreased the 

dry weight from 30.76 % up to 26.67 % in chokeberry. There is limited information 

about protein and lipid content of chokeberries. Protein and lipid content in 

chokeberry fruit were found to be 17 and 7 g/kg respectively by Kopec (1998). The 

protein and lipid content of chokeberries reported in USDA/ARS National Nutrient 
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data base is 1.4 and 0.5 g/100 g, respectively (2011). USDA/ARS database also 

includes concentration of carbohydrates in chokeberries which is lower value (96 

g/kg) compared to the reports by Bridle and Timberlake (1997), Skupień and 

Oszmianski (2007), Kopec (1998). The ash content of chokeberries is higher than in 

other berries, such as currants, blueberries (Skupień, 2006; Nour et al., 2011). 

According to literature, chokeberry and its juice have rich mineral composition, 

especially potassium, calcium, magnesium. Mineral content varied widely in 

chokeberries. Among minerals found in chokeberries, potassium content (2180 

mg/kg FW) is significantly higher than the content of other minerals. Potassium is 

followed by calcium and magnesium which have lower values; 322 and 162 mg/kg 

FW, respectively (Kulling and Rawel, 2008). Zinc, iron and sodium are the minerals 

having lower content in chokeberries. Mineral content in foods can be affected by 

processing in different ways (Morries et al., 2004). In comparison with chokeberry, 

chokeberry juice contains lower content of minerals according to Table 2.4. Contrary 

to this, a previous study indicated that production process increased the potassium 

and manganese content in juices of sea buckthorn berries (Gutzeit et al., 2008). 

Table 2.4: Mineral content of chokeberry and chokeberry juice. 

 Component Unit Concentration Sample Reference 

Na 

mg/L 5 Fresh Pressed Juice Ara, 2002 

mg/L 5.7 Pasteurized Juice Kulling and Rawel, 2008 

mg/kg FW 26 Berry Kulling and Rawel, 2008 

K 

mg/L 2000-3600 Fresh Pressed Juice Ara, 2002 

mg/L 1969 Pasteurized Juice Kulling and Rawel, 2008 

mg/kg FW 2180 Berry Kulling and Rawel, 2008 

I g/L <5 Pasteurized Juice Kulling and Rawel, 2008 

Ca 

mg/L 150 Fresh Pressed Juice Ara, 2002 

mg/L 185 Pasteurized Juice Kulling and Rawel, 2008 

mg/kg FW 322 Berry Kulling and Rawel, 2008 

Mg 

mg/L 140 Fresh Pressed Juice Ara, 2002 

mg/L 160 Pasteurized Juice Kulling and Rawel, 2008 

 mg/kg FW 162 Berry Kulling and Rawel, 2008 

Fe 

mg/L 4 Fresh Pressed Juice Ara, 2002 

mg/L 0.4 Pasteurized Juice Kulling and Rawel, 2008 

mg/kg FW 9.30 Berry Kulling and Rawel, 2008 

Zn 

mg/L 1.3 Fresh Pressed Juice Ara, 2002 

g/L 0.6 Pasteurized Juice Kulling and Rawel, 2008 

 mg/kg FW 1.47 Berry Kulling and Rawel, 2008 
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The total content of organic acids is lower than in other berries (Kalt and McDonald, 

1996; Milivojevic et al., 2009; Nour et al, 2011).  

Table 2.5: Organic acids present in chokeberry and chokeberry juice. 

Component Unit Concentration Sample Reference 

Malic acid 

g/L 5-19 Fresh Pressed Juice Ara, 2002 

g/L 11.10 Pasteurized Juice Kulling and Rawel, 2008 

 g/kg FW 13.10 Berry Kulling and Rawel, 2008 

Quinic Acid g/L 1.5-5 Fresh Pressed Juice Ara, 2002 

Citric acid 

 mg/L 500 Fresh Pressed Juice Ara, 2002 

 mg/L 247 Pasteurized Juice Kulling and Rawel, 2008 

g/kg FW 2.1 Berry Kulling and Rawel, 2008 

Isocitric acid mg/L 30-100 Fresh Pressed Juice Ara, 2002 

Shikimic acid mg/L 30-120 Fresh Pressed Juice Kulling and Rawel, 2008 

Succinic acid 

g/L 0.5-2.5 Fresh Pressed Juice Ara, 2002 

g/L 0.16 Pasteurized Juice Kulling and Rawel, 2008 

mg/kg FW 800 Berry (3 Months Stored) Kulling and Rawel, 2008 

The main acids of chokeberries are malic acid, followed by citric acid (Strigl et al 

1995; Shafthalter, 1998). Tartaric acid was not detected in chokeberry juice and 

chokeberry. Succinic acid was determined as 1.5 g/L in fresh pressed chokeberry 

juice and 0.160 g/L in pasteurized juice (Ara, 2002; Wiese et al., 2008). Succinic 

acid was not detected in fresh chokeberries but surprisingly 3-months stored 

chokeberries had 800 mg/kg FW of succinic acid content (Kulling and Rawel, 2008).  

Table 2.6: Sugars present in chokeberry and chokeberry juice. 

Component Unit Concentration Sample Reference 

Total sugar g / 100 g 20.92 Berry Skupien and Oszmianski, 2007 

Reduced sugars 
g /100 g  23.00  Berry Cervenka, 2011 

 g / 100 g 19.35 Berry Skupien and Oszmianski, 2007 

Saccharose g/100 g 1.50 Berry Skupien and Oszmianski, 2007 

Glucose  
g/L 41 Fresh Pressed Juice Ara, 2002 

g/L 40 Pasteurized Juice Kulling and Rawel, 2008 

Fructose 
g/L 38 Fresh Pressed Juice Ara, 2002 

g/L 37 Pasteurized Juice Kulling and Rawel, 2008 

Sorbitol 

g/L 35-49  Berry Hofsommer and Koswig, 2005 

g/L 65-100 Fresh Pressed Juice Ara, 2002 

g/L 55.60 Pasteurized Juice Kulling and Rawel, 2008 
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The content of total carbohydrates and each carbohydrate is given in Table 2.6. The 

total carbohydrate content in ripe fruit is about 20%. Sorbitol which is found mainly 

in chokeberries can be used as a marker for the detection and quantification of aronia 

added to other fruit products such as blackcurrants, blueberries, and strawberries 

(Koswig, 2006). Glucose and fructose was found to be almost same rate.  

2.3 Healthy Compounds of Black Chokeberry 

The most important components present in chokeberries are phenolic constiuents due 

to positive health effects associated with the antioxidant activity of these compounds.  

Chokeberries have a very high content of polyphenols (Benvenuti et al., 2004; 

Walther and Schnell, 2009), namely phenolic acids, proanthocyanidins, 

anthocyanins, flavonols and flavanones (Koponen et al., 2007). Chokeberries contain 

relatively high amount of phenolic compounds compared to other fruits. The 

anthocyanin content of fruits and vegetables are presented in Table 2.7.   

Table 2.7: Total anthocyanin content in berry fruits (Tokuşoğlu and Stoner, 2011). 

Berry Fruits 
Total Anthocyanin Content  

(mg/ 100 g FW) 

Chokeberry 307-631 

Blackberry 83-326 

Blueberry 62 - 484 

Black Raspberry 197 - 428 

Red Raspberry 41-220 

Cherry 350 - 450 

Cranberry 78 

Cranberry Juice 18 - 87 

Strawberry 7 - 30   

Strawberry Juice 21 - 333 

Grape 30 - 750 

Black Currant 110-430 

Red Currant 12 - 19 

Bilberry 300-370 

Crowberry 300-500 

Total anthocyanin content of chokeberries reported in several studies has been found 

between 428 and 1822 mg cyanidin-3-glucoside/100 g fresh weight (Zheng and 

Wang, 2003; Hudec et al., 2006; Hudec et al., 2009; Benvenuti et al., 2004). The 

total content of anthocyanins in the varieties Nero, Rubina, and Viking ranged from 
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650 to 850 mg/100 g of dry weight (Strigl et al., 1995).  Individual anthocyanins 

found in chokeberries are cyanidin-3-galactoside, cyanidin-3-glucoside, cyanidin-3-

arabinoside, and cyanidin-3-xyloside. The chemical structures of these compounds 

are shown in Figure 2.2. High contents of cyanidin-3-arabinoside, cyanidin-3-

galactoside has been reported to constitute respectively 64% and 29% of the total 

amount of anthocyanins, and found in the peels as well as throughout the fruit flesh 

(Rop et al., 2010).  

 

Figure 2.2: Chemical structures of chokeberry anthocyanins; cyn-3-glu, cyn-3-xyl,            

cyn-3-ara (a), cyn-3-gal (b)  (Adapted from Ferreira et al., 2009). 

The total content of flavonols has been reported to be higher than 71 mg/100 g of 

fresh weight (Slimestad et al., 2005). Quercetin has been found as main flavonoid 

with an average content of 89 mg/kg of fresh weight while myricetin and kaempferol 

has not been detected in chokeberry (Häkkinen et al., 1999). In comparison with 

other fruit species, relatively high values of antioxidant capacity were reported in 

chokeberry fruit (Kulling and Rawel, 2008). According to report of Skupień and 

Oszmiański (2007), antioxidant capacity is 279.38 and 439.49 μM Trolox/100 g dry 

weight determined by DPPH and ABTS method, respectively. In several studies, 

phenolic acids in chokeberries were determined between 96 and 2500 mg gallic 

acid/100 g in terms of fresh weight and between 3760 and 7849.21 mg/100 g in 
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terms of dry weight (Jakobek et al., 2007; Benvenuti et al., 2004; Jeppsson 2000; 

Kahköhnen et al., 2001; Mattila et al., 2006).  

 

Figure 2.3. Structure of flavonols (a), flavan-3-ols, occurring in berry fruits 

(Adapted from Skrede and Wrolstad, 2002). 

Polymeric procyanidins were identified as the major class of polyphenolic 

compounds in chokeberries (5181.60 mg/100 g DW). Within this group, chlorogenic 

(301.85 mg/100 g DW) and neochlorogenic acids (290.82 mg/100 g DW) represent 

7.5% of chokeberry polyplenols (Oszmiański and Wojdylo, 2005). Total phenolics 

has been reported also for chokeberry juices between 3.55 and 6.95 g/L (Piasek et 

al., 2011; Kulling and Rawel, 2008). Bermúdez-Soto and Tomas-Barberan (2004) 

reported that total phenolic contents determined by Folin-Ciocalteu method and 

HPLC method are 46 g/L and 27 g/L in chokeberry concentrates, respectively. Lower 

content of (-) epicatechin (1.9 mg/100 g fresh weight) was determined compared to 

chlorogenic and neochlorogenic acids (Määttä-Riihinen et al., 2004). The phenolic 

constitiuents of chokeberries and chokeberry products are summarized in Table 2.8. 

Table 2.8: Phenolic constitiuents present in chokeberry. 

Component Unit Concentration Sample Reference 

Anthocyanin Content 

mg/100 g DW 1041.11 Berry Kahkohnen et al., 2001 

g/L 8 Concentrate Bermúdez and Tomas, 2004 

mg cyn-3-glu/g FW 4.28 Berry Zheng and Wang, 2003 

mg of cyn-3 glu/100g  FW 1822 Berry Hudec et al., 2009 

mg/kg 6408 Berry Hudec et al., 2006 

μg/ml 855.5 Juice Piasek et al., 2011 

mg of cyn-3 glu/100g  FW 460.5 Berry Benvenuti et al., 2004 
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Table 2.8 (continued): Phenolic constitiuents present in chokeberry. 

Total Polyphenols 

mg gallic acid/kg FW 10637.20 Berry Jakobek et al., 2007 

mg gallic acid/100 g FW 690.2 Berry Benvenuti et al., 2004 

mg gallic acid/kg DW 37600 Berry Hudec et al., 2006 

mg GAE/100 g FW 2377.1 Berry Skupien and Oszmianski, 2007 

 mg GAE/100 g DW 4210 Berry Kahkohnen et al., 2001 

mg/100 g DW 7849.21 Berry Oszmianski and Wojdylo, 2005 

mg/100 g DW 10583.27 Pomace Oszmianski and Wojdylo, 2005 

mg/100 g DW 3729.07 Juice Oszmianski and Wojdylo, 2005 

mg/100 g FW 96 Berry Mattila et al., 2006 

mg GAE/g FW 25.56 Berry Zheng and Wang, 2003 

g/L 6.3 – 6.95 
Pasteurized 
Juice 

Kulling and Rawel, 2008 

 mg GAE/100 g DW 2780.7 Berry Hudec et al., 2009 

μg/ml 3545.6 Juice Piasek et al.,, 2011 

g/L 46 Concentrate Bermúdez and Tomas, 2004 

mg/kg DW 664 Berry Hudec et al., 2006 

Flavonoids mg rutin/100 g DW 79 Berry Kahkohnen et al., 2001 

Flavanol 

g/L 2.1 Juice Bermúdez and Tomas, 2004 

mg/kg FW 89 Berry Hakkinen et al., 1999 

mg quercetin/100 g DW 312.3 Berry Hudec et al., 2009 

g/L 6.6 Juice Bermúdez and Tomas, 2004 

Flavan-3-ols μg/ml 423 Juice Piasek et al., 2011 

Procyanidin dimer mg/100 g FW 1880 Berry Helstrom et al., 2009 

Proanthocyanidins 
mg chlorogenic acid/100 g 

DW 
422 Berry Kahkohnen et al., 2001 

Hydroxycinnamic 

Acid 

mg caffeic acid/100 g DW 828.9 Berry Hudec et al., 2009 

g/L 7.8 Juice Bermúdez and Tomas, 2004 

Hydroxycinnamic 
Acid  

derivatives 

mg gallic acid/100 g DW 1.8 Berry Kahkohnen et al., 2001 

Hyroxybenzoic Acid 
mg gallic acid/100 g DW 348.1 Berry Hudec et al., 2009 

mg (+)-catechin/100 g DW 57 Berry Kahkohnen et al., 2001 

Flavanol+Procyanidins mg/100 g DW 10.8 Berry Hudec et al., 2009 

Quercetin 

mg/kg FW 89 Berry Hakkinen et al., 1999 

mg/kg 348 Berry Maatta-Riihinen et al., 2004 

mg/kg DW 349 Berry Hudec et al., 2006 

mg/100 g DW 220.1 Berry Hudec et al., 2009 

Rutin mg/kg 8421 Berry Maatta-Riihinen et al., 2004 

Cyanidin 
mg/100 g FW 410.2 Berry Koponen et al., 2007 

mg/100 g DW 301.85 Fruit Oszmianski and Wojdylo, 2005 

Chlorogenic acid 

mg/100 g DW 204.35 Pomace Oszmianski and Wojdylo, 2005 

mg/100 g DW 54.2 Berry Hudec et al., 2009 

mg/100 g DW 415.86 Juice Oszmianski and Wojdylo, 2005 

mg/100 g DW 290.81 Fruit Oszmianski and Wojdylo, 2005 
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Table 2.8 (continued): Phenolic constitiuents present in chokeberry. 

Neochlorogenic acid 

mg/100 g DW 169.2 Pomace Oszmianski and Wojdylo, 2005 

mg/100 g DW 393.1 Juice Oszmianski and Wojdylo, 2005 

mg/100 g DW 15.04 Fruit Oszmianski and Wojdylo, 2005 

(−)epicatechin 

mg/100 g DW 11.41 Pomace Oszmianski and Wojdylo, 2005 

mg/kg FW 19 Berry Maatta-Riihinen  et al., 2004 

mg/100 g DW 12.71 Juice Oszmianski and Wojdylo, 2005 

mg/100 g DW 5181.6 Fruit Oszmianski and Wojdylo, 2005 

Polymeric 
procyanidins 

mg/100 g DW 8191.58 Pomace Oszmianski and Wojdylo, 2005 

mg/100 g DW 1578,79 Juice Oszmianski and Wojdylo, 2005 

mg/100 g DW 15.1 Fruit Oszmianski and Wojdylo, 2005 

Quercetin 3-rutinoside 

μg/ml 133.9 Juice Piasek et al., 2011 

mg/100 g DW 13.55 Pomace Oszmianski and Wojdylo, 2005 

mg/100 g DW 27.53 Juice Oszmianski and Wojdylo, 2005 

mg/100 g DW 36.98 Fruit Oszmianski and Wojdylo, 2005 

Quercetin 3-
galactoside 

mg/100 g DW 47.44 Pomace Oszmianski and Wojdylo, 2005 

μg/g FW 302.4 Berry Zheng and Wang, 2003 

μg/ml 89.6 Juice Piasek et al., 2011 

mg/100 g DW 49.76 Juice Oszmianski and Wojdylo, 2005 

mg/100 g DW 21.64 Fruit Oszmianski and Wojdylo, 2005 

Quercetin 3-glucoside 

mg/100 g DW 26.5 Pomace Oszmianski and Wojdylo, 2005 

mg/100 g DW 31.24 Juice Oszmianski and Wojdylo, 2005 

μg/g FW 273.1 Berry Zheng and Wang, 2003 

mg/100 g DW 27.43 Fruit Oszmianski and Wojdylo, 2005 

Quercetin derivatives 
unidentified 

mg/100 g DW 82.4 Pomace Oszmianski and Wojdylo, 2005 

mg/100 g DW 46.93 Juice Oszmianski and Wojdylo, 2005 

mg/100 g DW 1282.41 Fruit Oszmianski and Wojdylo, 2005 

Cyanidin 3-galactoside 

mg/100 g DW 1119.7 Pomace Oszmianski and Wojdylo, 2005 

μg/ml 616 Juice Piasek et al., 2011 

mg/100 g FW 989.7 Berry Wu et al.,, 2004 

μg/g FW 1256.3 Berry Zheng and Wang, 2003 

mg/100 g DW 787 Juice Oszmianski and Wojdylo, 2005 

Cyanidin 3-glucoside 

μg/g FW 16.9 Berry Zheng and Wang, 2003 

mg/100 g DW 79.44 Pomace Oszmianski and Wojdylo, 2005 

μg/ml 25.1 Juice Piasek et al., 2011 

mg/100 g FW 37.6 Berry Wu et al., 2004 

mg/100 g DW 28.15 Juice Oszmianski and Wojdylo, 2005 

mg/100 g DW 581.5 Fruit Oszmianski and Wojdylo, 2005 

Cyanidin 3-
arabinoside 

mg/100 g DW 532.64 Pomace Oszmianski and Wojdylo, 2005 

mg/100 g FW 399.3 Berry Wu et al.,, 2004 

μg/ml 190.2 Juice Piasek et al., 2011 

μg/g FW 1424.3 Berry Zheng and Wang, 2003 

mg/100 g DW 324.37 Juice Oszmianski and Wojdylo, 2005 
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Table 2.8 (continued): Phenolic constitiuents present in chokeberry. 

Cyanidin 3-xyloside 

μg/g FW 469 Berry Zheng and Wang, 2003 

mg/100 g FW 51.5 Berry Wu et al., 2004 

mg/100 g DW 105.06 Pomace Oszmianski and Wojdylo, 2005 

μg/ml 24.3 Juice Piasek et al., 2011 

mg/100 g DW 33.63 Juice Oszmianski and Wojdylo, 2005 

mg/100 g FW 2.3 Berry Wu et al., 2004 

Antioxidant 
activity(DPPH) 

μM Trolox/100 g DW 301.89 Pomace Oszmianski and Wojdylo, 2005 

μM Trolox/100 g DW 127.45 Juice Oszmianski and Wojdylo, 2005 

μM Trolox/100 g DW 439.49 Fruit Oszmianski and Wojdylo, 2005 

Antioxidant 
activity(ABTS) 

μM Trolox/100 g DW 779.58 Pomace Oszmianski and Wojdylo, 2005 

μM Trolox/100 g DW 314.05 Juice Oszmianski and Wojdylo, 2005 

μmol of TE/g FW 160.2 Berry Zheng and Wang, 2003 

Antioxidant Activity 
(ORAC) 

mg/100 g FW 75 Berry Mattila et al., 2006 

Caffeic Acid 

mg/100 g DW 48.1 Berry Hudec et al., 2009 

μg/ml Trace Juice Piasek et al., 2011 

μg/g FW 1411.4 Berry Zheng and Wang, 2003 

μg/g FW 1206.1 Berry Zheng and Wang, 2003 

Caffeic acid 

derivatives 
mg/100 g FW 2.7 Berry Mattila et al., 2006 

Ferrulic Acid mg/100 g FW 10.6 Berry Mattila et al., 2006 

Protocatechuic Acid 
μg/ml 14.3 Juice Piasek et al., 2011 

μg/ml 503.2 Juice Piasek et al., 2011 

3-caffeoylquinic acid μg/ml 449 Juice Piasek et al., 2011 

5-caffeoylquinic acid μg/ml 23.6 Juice Piasek et al., 2011 

p-coumaric Acid 
mg/kg 60 Berry Maatta-Riihinen et al., 2004 

mg/100 g FW 0.72 Berry Mattila et al., 2006 

Cinnamic Acid 
mg/100 g DW 33.5 Berry Hudec et al., 2009 

μg/ml 197.8 Juice Piasek et al., 2011 

Gallic Acid 
mg/100 g DW 1.6 Berry Hudec et al., 2009 

mg/L 114 Juice Graversen, 2008 

2.4 Production and Use 

Chokeberries have drawn attention recently not only due to biological and nutritional 

value of chokeberry, but also yield and harvesting procedure of chokeberry. Aronia 

tree gives 24.4 kg of fruits per plant. Yield is also increased due to high resistance of 

chokeberry to frost (up to -29ºC), pest and diseases (Chrubasik et al., 2010). Also 

chokeberries can be harvested by machines (Jeppsson, 2000; Gatke and Wilke, 1991; 

Krawiec, 2008). Chokeberry needs low amount of nutrients during growing so it is 

easy to cultivate chokeberry and besides it is self-pollinating plant. The only problem 
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may be gathering of berries by birds but it can be solved by harvesting of berries on 

time. For these reasons, it can be assumed that the production costs and even the final 

price of products from chokeberry lower that other red fruits such as cherries, 

blueberries, raspberries, strawberries (Bussières et al., 2008; Strik et al., 2003). In 

industrial scale, chokeberries are used to produce mainly juices and syrups. 

Chokeberry fruit can be consumed as table fruits but chokeberry is not favorite for 

direct consumption because of the astringent taste of fruit. For this reason, 

chokeberries can be processed to produce jams, wines, syrups, teas, spirits, and 

liqueurs. Consumers also prefer to mix chokeberry juice with other juices such as 

apple, pear, and blackcurrant. Due to the high content of anthocyanins, chokeberry 

extract is also used in food and pharmaceutical industries as functional ingredient as 

well as colorants which give a natural red color to food products (Benvenuti et al., 

2004, Šapiro, 1998; Smith and Ringenberg, 2003). 
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3.  MATERIALS AND METHODS 

3.1 Materials 

3.1.1 Chemicals 

For extract preparation and determination of total phenolic, flavonoid, anthocyanin, 

and antioxidant contents, gallic acid (≥98%), (+)-catechin (≥98%), Folin-Ciocalteu 

phenol reagent, 1,1-diphenyl-2-picrylhydrazyl (DPPH), neocupraine (Nc) from 

Sigma-Aldrich Chemie GmbH (Steinheim, Germany); methanol (≥99.9%), formic 

acid (≥98%) hydrochloric acid (37%), sodium carbonate (Na2CO3), sodium nitrite 

(NaNO2), sodium hydroxide (NaOH), sodium acetate trihydrate (CH3COONa.3H2O), 

potassium persulfate (K2S2O8), dipotassium hydrogen phosphate (K2HPO4), 

potassium dihydrogen phosphate (KH2PO4), copper (II) chloride (CuCl2) and 

ammonium acetate (NH4Ac) from Merck KGaA (Darmstadt, Germany); 6-hydroxy-

2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) and aluminum chloride 

(AlCl3) from Fluka Chemie (Buchs, Switzerland); and potassium chloride (KCl) 

from Riedel-de Haen Laborchemikalien GmbH (Hanover, Germany); and  2,2‘-

azinobis(3-ethylbenzo-thiazoline-6-sulphonic acid) diammonium salt (ABTS) from 

Applichem GmbH (Darmstadt, Germany) were purchased.  

Chemical standards used in sugar analysis were purchased from Sigma-Aldrich 

Chemie GmbH (Steinheim, Germany): saccharose (99.5%), glucose (D(+), 99%), 

fructose (D(-), 99%), sorbitol (D, 98%). Citric acid monohydrate from Lach-ner, s.r.o 

(Czech Republic); quinic acid (D(-), ≥98%), shikimic acid (>99%), gallic acid 

monohydrate (≥98%) and cyanidin-3-glycoside (≥95%) from Sigma-Aldrich Chemie 

GmbH (Steinheim, Germany) were purchased. Malic acid (DL, ≥99%) was 

purchased from Carl Roth GmbH (Karslruhe, Germany). Potassium hydrogen 

phthalate (≥99.95), activated carbon (fine powder), sulphuric acid (H2SO4) standard 

solution (1 mol/L), Tris(hydroxymethyl)aminomethane (≥ 99.9%) from 

ethylenediaminetetraacetic acid disodium salt dehydrate (98.5 - 101.5%) from 

Sigma-Aldrich Chemie GmbH (Steinheim, Germany); caustic soda pearls (99.6%), 

hydrochloric acid (35%) from Lach-Ner, s.r.o (Czech Republic); phosphoric acid 
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(85%), ascorbic acid, Ammonium heptamolybdate tetrahydrate (99%)  from 

Lachema (Czech Republic); formaldehyde aqueous solution (36-38%), disodium 

hydrogen phosphate dodecahydrate (99%), formic acid (85%)  from Penta (Prague, 

Czech Republic); lithium citrate tetrahydrate (> 99%), 1,3 

bis[tris(hydroxymethyl)methylamino]propane (BIS-TRIS propane, > 99%) from 

Fluka Chemie (Buchs, Switzerland); acetonitrile (≥ 99.9%) from from Merck KGaA 

(Darmstadt, Germany); calibration solution of potassium, KNO3 in 2% HNO3 

(99.99%); calibration solution of sodium, NaNO3 in H2O (99.99%), calibration 

solution of calcium, CaCO3 in 2% HNO3 (99.99%), calibration solution of 

magnesium, MgNO3 in 2% HNO3 (99.99%) from Analytics Ltd were purchased.  

Water used for all analysis was distilled and purified with the water purification 

system (TKA GenPure, Germany). Demineralized water used for the analysis was 

purified with Milli-DI System (Merck Millipore, Germany). 

3.1.2 Equipments 

In this study, laboratory blender (Waring 38BL40, USA), Abbe refractometer (Carl 

Zeiss Jena 234868), digital refractometer (KRŰSS Optronic DR 301-95, Germany), 

titrator (Mettler Toledo DL22); electrode (DG 115-SC), stirrer (IKA MAG, RH B 2), 

pH meter (InoLab), muffle furnace (Nabertherm, Controller L3/11/P320), ultrasonic 

bath (Tesla VC 006 DMI, Slovakia), centrifugator (Eppendorf 5430, Germany), 

spectrophotometer (Thermo Spectronic Genesys 20, USA), analyzer for capillary 

isotachophoresis (Recman IONOSEP 2005, Czech Republic),  HPLC pump (Dionex, 

P680), HPLC automatic injector (Dionex, ASI-100), HPLC thermostat (TCC 100), 

RI detector (Shodex, RI 101), PDA detector (Dionex, Ultimate 3000), precolumn 

1000 Q + B, 50 x 4 mm, 10 μm (Watrex Hema-Bio), sugar column 8.0 mm ID x 300 

mm (Shodex SC 1011, H104177), Luna C18 100A, 250 x 4.6 mm, 5 μm column 

(Phenomenex, USA), Luna 10u C18 (2) 100A, 250 x 4.6 mm, 10 μm column 

(Phenomenex, USA), column 150 x 4.6 mm, 5 μm (Agilent Eclipse XDB-C8), 

column Purospher STAR RP-18e 4x250 mm 5 μm (Phenomenex, USA), DSC-18 

SPE columns (Discovery 52606-U) were used.  
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3.1.3 Chokeberry material 

Fifteen black chokeberry (Aronia melanocarpa Elliott) samples were used for the 

analyses (Table 3.1). Eleven of them were purchased from a local market in Czech 

Republic. Four of the samples were prepared at home conditions. Home-made 

compote was prepared by adding sugar, citric acid and chokeberry to water. 

Chokeberry jam was produced by cooking chokeberry with sugar and pectin. 

Marmalade was prepared by mixing sugar, chokeberry and rum. Fresh chokeberry 

and chokeberries which were used to produce jams and compote were harvested 

from Pardubický region (Hlinsko, Czech Republic).  

Table 3.1: Chokeberry samples analyzed in this study. 

Classification Sample 
Fruit 

content 
Country of origin 

Pure chokeberry 

products 

Chokeberry Fruit 100% Czech Republic 

Dried Chokeberry1 100% Poland 

Dried Chokeberry 2 100% Czech Republic 

Chokeberry Juice 1 100% Germany 

Chokeberry Juice 2 100% Germany 

Chokeberry Juice 3 100% Germany 

Products with 

significant 

chokeberry 

addition 

Chokeberry Pomace 60% Germany 

Chokeberry Concentrate 500% - 

Chokeberry Syrup 53% Germany 

Chokeberry Compote 70% Czech Republic 

Chokeberry Jam 50% Czech Republic 

Chokeberry Marmalade 70% Czech Republic 
Products with 

small amount of 

chokeberry 

addition 

Raspberry - Chokeberry Syrup 5% - 

Sourcherry - Chokeberry Syrup 10% - 

Chokeberry – Sour cherry Concentrate 500% - 

Chokeberry syrup is a mixture of 53% aronia juice and 47% sugar. Raspberry-

chokeberry and sour cherry-chokeberry syrups which were provided from a Czech 

company contain 5% and 10% chokeberry, respectively. Three of the 100% juice 

samples with different production dates were produced in a company located in 

Germany. One of the dried chokeberry samples originated from Poland was supplied 

from a local market. Other dried chokeberry sample was dried from fresh chokeberry 

at home conditions. For drying process, chokeberry fruits were distributed on trays 

and exposed to sunlight. Chokeberries which were used to prepare the dried samples 

were harvested from Ústecký region (Děčín, Czech Republic). Chokeberry tea which 

was prepared by mixing pressed chokeberry fruit with tea leaves was provided from 
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a company located in Germany. Chokeberry concentrate, and chokeberry-sour cherry 

concentrate were supplied from a Czech company. 

3.2 Methods 

3.2.1 Determination of soluble solids 

The content of soluble solids was determined by using a digital Abbe refractometer 

according to ČSN EN 12143. Homogenized sample was allowed to warm up until 

20°C. The device was calibrated with distilled water and sample was measured. 

Observed value was expressed in %.  

3.2.2 Determination of titratable acidity  

The assay was determined by titration according to ČSN EN 12147. Sample was 

weighed approximately 1-25 g of sample (depending on the type - juice concentrate, 

syrup, jam, compote) to the titration cup and diluted with distilled water to a volume 

of 40 mL and then titrated with 0.25 M NaOH to pH 8.1. Results were expressed as 

L-malic acid. 

3.2.3 Determination of formol number 

Formol number was determined by titration under pH 8.1 according to ČSN EN 

1133. Sample was weighed approximately 1-25 g of sample (depending on the type - 

juice concentrate, syrup, jam, compote) to the titration cup and diluted with distilled 

water to a volume of 40 mL and then titrated with 0.25 M NaOH to pH 8.1. Then 10 

ml of formaldehyde solution (adjusted with NaOH to pH 8.1) was added and the 

sample was briefly stirred and allowed to stand for one minute. Finally, it was 

titrated with 0.25 M NaOH to pH 8.1. 

3.2.4 Determination of ash content 

Ash content was determined gravimetrically by dry ashing method after combustion 

of the sample in a muffle furnace with adjustable the process of combustion (ČSN 

EN 1135). Temperature profile is shown in Table 3.2. To pre-weighed ceramic 

crucible, 5 g of sample (25 ml for liquid samples) was weighed and placed in a 

muffle furnace. The furnace was set to 49 hours burning where temperature was 

http://www.technicke-normy-csn.cz/560418-csn-en-12147_4_26690.html
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increased slowly. After burning, crucible was cooled in a desiccator, weighed and the 

ash content was calculated.   

Table 3.2 : Temperature profile of muffle furnace. 

Temperature 
Heating 

time(h) 

Waiting period 

(h) 

200 5 1 

300 10 5 

400 5 1 

500 2 20 

3.2.5 Determination of phosphorus 

Spectrophotometric determination of phosphorus (λ = 720 nm) by measuring 

absorbance of the solution of molybdenum blue formed in the acidic environment of 

reduction reaction was performed according to ČSN EN 1136. An appropriate 

dilution of the stock standard solution of phosphate (Na2HPO4.12 H2O) with a 

concentration of 1 g/L solution was prepared. For the determination of the calibration 

curve, standard dilutions with concentrations between 0.1-1.5 mg/L were prepared. 

0.5 g of samples were weighed to the crucibles. After 49 h ashing (see section 3.2.4), 

3 mL of 2M HCl was added to crucibles to dissolve ash. This solution was 

transferred to 50 mL flask and flask was filled up with water until line of 50 

mL(stock solution). The required volume of test sample or calibration solution (5 ml 

and 2 mL, respectively) was transferred to a 100 mL volumetric flask.  Then 50 mL 

of water, 20 mL of 1M H2SO4, 4 mL of (NH4)6MO7O24.6H20 and 2 mL of 0.02 M 

ascorbic acid was added respectively. Samples were boiled in water for 15 minutes. 

After cooling of samples, spectrophotometer was set to zero against to water and 

absorbance was measured at 720 nm.  

3.2.6 Determination of mineral content 

Minerals were determined by capillary isotachophoresis (cITP) based on motion of 

charged particles in an electric field according to Kvasnicka et al., 1993. For mineral 

analysis by cITP, approximately 5 g of the sample (or 25 mL for liquid samples) was 

exposed to ashing method in a muffle furnace. The ashes of the samples were 

dissolved in 2-3 ml of 2M HCl and transferred to 50 ml volumetric flask and 

completed to volume with demineralised water. The sample was diluted 10 or 40 
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times depending on concentration of minerals and neutralized with BIS-TRIS 

propane and analyzed. The conditions of analysis are given in Table 3.3. 

Table 3.3 : Conditions of capillary isotachophoresis (cITP). 

Mode analysis Cationic 

Leading electrolyte 7.5 mM H2SO4 

Terminating electrolyte 
 5 mM C6H5Li3.4H20 (Trilithium citrate 

tetrahydrate) 

Start time 600 s 

End time 900 s 

Measurement time  42 min 

Initial driving current  150 

Detection driving current  30 

Detection Conductivity detector 

Calibration External standard method (K, Na, Ca, Mg) 

3.2.7 Determination of sugars 

HPLC method with refractive index (RI) detector was applied to determine 

saccharose, glucose, fructose and sorbitol according to Opatova et al. (1992) with 

one modification: Temperature of the column was kept at 80 °C and flow rate was 1 

ml/min. The conditions of analysis are given in Table 3.4.  

Table 3.4 : Conditions of HPLC system for sugar analysis. 

Instrument Dionex system with thermostat 

Column 

Watrex Hema Bio 1000 Q + B, 50 x 4 mm, 10 µm 

(precolumn)  

Sugar Shodex SC 1011, Dx 300 mml, 8.0 mm 

Temperature  80 ° C 

Mobile 

Phase 
Distilled water (degassed) 

Detection Refractive 

Flow rate 1 mL / min 

Injection 20 µl 

Calibration  
External standard method (sucrose, glucose, fructose, 

sorbitol) 

Approximately 5 g of sample was weighed to 50 mL volumetric flask and filled up 

with distilled water. Solution was shaken properly and put in the ultrasonic bath for 

10 minutes. If the solution was not clear and contains large particles, it was necessary 

to filter entire volume through a paper filter. In addition, the sample was mixed with 

a small amount of resin and filtered directly into the vials through a nylon microfilter 
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with a pore size 0.45 µm. The prepared sample was injected to the liquid 

chromatograph with RI detector.  

3.2.8 Determination of organic acids 

HPLC system with UV detector was used to examine organic acids in the samples 

according to Scherer et al. (2012) with some modifications: the temperature of the 

column was kept at 30 °C; the mobile phase consisted of 0.02 mol/l potassium 

phosphate monobasic (KH2PO4) in water, the pH 2.5 was being equilibrated by 

phosphoric acid (Table 3.5).  

Table 3.5 : Conditions of organic acid analysis. 

Instrument Dionex system 

Column 
Phenomex Luna 5u C18 (2) 100A, 250 x 4.6 mm, 5 µm 

Phenomex Luna 10u C18 (2) 100A, 250 x 4.6 mm, 10 µm 

Temperature  30 ° C 

Mobile 

Phase  0.02 M KH2PO4 (pH 2.5) 

Detection UV 

Flow rate 1 mL / min 

Injection 20 µl 

Calibration  
External standard method (Quinic acid, malic acid, shikimic acid, 

citric acid) 

Approximately 5 g of sample was weighed to 50 mL volumetric flask and filled up 

with distilled water. Solution was shaken properly and put in the ultrasonic bath for 

10 minutes. If the solution was not clear and contains large particles, it was necessary 

to filter entire volume through a paper filter. In addition, the sample was mixed with 

a small amount of resin and filtered directly into the vials through a nylon micro 

filter with a pore size 0.45 µm. The prepared sample was injected to the liquid 

chromatograph with refractometric detector. 

3.2.9  Determination of D-Isocitric acid 

D-Isocitric acid is oxidised by nicotinamide-adenine dinucleotide phosphate 

(NADP+) to 2-oxoglutarate and CO2 in the presence of isocitrate dehydrogenase 

(ICDH), with the formation of reduced nicotinamide-adenine dinucleotide phosphate 

(NADPH) (3.1). 
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                                            (ICDH) 

D-Isocitric acid + NADP
+ 

                   2-oxoglutarate + CO2 + NADPH + H
+ 

    (3.1) 

The amount of NADPH formed in this reaction is stoichiometric with the amount of 

D-isocitric acid.  It is the NADPH which is measured by the increase in absorbance 

at 340 nm. Bound D-isocitric acid is released by alkaline hydrolysis (3.2), (3.3), and 

then measured using the same principle (3.1). 

                                                    (pH 9-10) 

      D-Isocitric acid ester + H2O                  D-isocitric acid + alcohol                   (3.2)   

                                                        (pH 9-10) 

       D-Isocitric acid lactone + H2O                   D-isocitric acid                             (3.3)   

All equipment used for this analysis was washed with demineralised water. For jams 

and similar products, 25 g of homogenized samples was weighed into a volumetric 

flask filled with 250 mL of water, shaken and filtered through a paper filter. The 

weight of the sample for analysis was decided depending on the anticipated D-

isocitric acid content in the samples (50 g of sample for 10-30 mg/kg of D-isocitric 

acid, 70 g of sample for <10 mg/kg of D-isocitric acid).  

Table 3.6 : Sample preparation for D-isocitric acid analysis. 

Pipette into cuvettes 
Blank  

(mL) 

Sample (liquid) 

(mL) 

Sample(others) 

(mL) 

Demineralised water 2.1 1.1 0.1 

Sample solution - 1 2 

Solution 1 (Tris/HCl buffer) 0.1 0.1 0.1 

Solution 2 (NADP) 0.1 0.1 0.1 

Stir, after 3 minutes, read the absorbance (A1) and start the reaction by adding: 

Suspension 3 (ICDH) 0.02 0.02 0.02 

Stir, after 3 minutes, read the absorbance (A2) 

50 mL of filtrate was transferred to a 100 mL volumetric flask. For juices and 

conctrates, 10 mL of sample was added into 50 mL volumetric flask. The sample 

contained pulp was filtered or centrifuged.  The pH was adjusted to 8.1 with 0.25 M 
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NaOH for all samples. Then sample was mixed with 5 mL of 4M NaOH and left for 

10 minutes for hydrolysis. 5 ml of 4M HCl was added into this solution and 

transferred to a 100 mL volumetric flask. Flask was filled up with tris 

(Tris(hydroxymethyl)aminomethane) buffer until the 100 mL mark. Solution was 

transferred to Erlenmayer flask which contained 1-1.5 g of activated carbon. It was 

shaken very well, left for 5 minutes and filtered through double filter paper. The 

absorbance of clear filtrate was measured at 340 nm in plastic cuvettes against to 

deionised water (ČSN EN 1139).  

3.2.10 Preparation of extracts 

For the spectrophotometric assays, 2±0.01 g of each sample was extracted in a 

cooled ultrasonic bath for 15 minutes using 5 ml of 75% aqueous-methanol 

containing 0.1% (v/v) formic acid as a solvent and samples were centrifuged for 10 

minutes at 5000 rpm and the supernatant was collected in a falcon tube. This 

procedure was repeated four times until the total volume reached 20 ml. Prepared 

extracts were stored at -20
0
C until analyses (Capanoglu et al., 2008).  

3.2.11 Determination of total phenolic compounds 

Total phenolics content was determined by the Folin–Ciocalteu method, which was 

adapted from Velioglu et al (1998). 100 µL of extract was mixed with 750 µL of 

%10 Folin–Ciocalteu reagent (1:10, v/v with distilled water). The mixture was 

allowed to stand for 5 min and 750 µL of 6 % sodium carbonate solution was added 

to the mixture and mixed well. The solution was incubated at room temperature for 

90 minutes. The absorbance was measured at 725 nm using a UV-Vis 

spectrophotometer and the results were expressed in g GAE/kg of fresh weight. 

3.2.12 Determination of total flavonoid content 

In total flavonoid assay, 0.3 mL of 5% NaNO2 was added to 1 mL of extract at zero 

time. After 5 min, 0.3 mL 10% AlCl3 was added. At the 6th min, 2 mL 1 M NaOH 

was added to the mixture. The mixture was diluted with the addition of 2.4 mL of 

pure water and mixed. Absorbance of the mixture was measured at 510 nm versus 

blank solution. The total flavonoid content was determined by a (+)-catechin 

standard curve and was expressed as g CE/kg of fresh weight (Kim et al., 2003). 
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3.2.13 Determination of total anthocyanin content 

The total anthocyanin content was determined according to pH differential method 

(AOAC, 2006). Extracts were diluted according to appropriate dilutions ratios by 

adding both 0.025 M KCl (pH was adjusted to 1.0 by adding 35% HCl) and 0.4 M 

CH3COONa.3H2O (sodium acetate; pH was adjusted to 4.5 by adding 35% HCl) 

buffer solutions. Dilutions were mixed well and left in the dark for 15 minutes. 

Absorbance of each dilution was measured against water at both 520 nm and 700 nm.  

Absorbance was calculated as follows (3.4.): 

                                A = (A520nm – A700nm)pH 1.0– (A520nm– A700nm)pH 4 .5                  (3.4) 

The total anthocyanin content was expressed as g cyn-3-glu equivalent (cyn-glu, 

molar extinction coefficient of 26900 L cm
-1

 mol
-1

 and molecular weight of 449.2 

g/mol)/kg of fresh weight. 

3.2.14 Determination of total antioxidant capacity 

Total antioxidant levels were estimated by three different methods. In the assays, 

trolox was used as standard and results were expressed in terms of g TE/kg fresh 

weight. In the ABTS (2,2‘ azinobis (3-ethylbenzothiazoline-6-sulfonic acid) 

diammonium salt) method, ABTS and potassium persulfate solutions were mixed 

and stored overnight at room temperature in the dark to complete radicalization. 

ABTS stock solution was diluted in 50 mM potassium phosphate buffer (pH 8.0) to 

an absorbance of 0.90±0.02 at 734 nm to prepare the ABTS-working solution. The 

pH of the mixture has to be 7.4 at the end. 1 mL of the ABTS solution was added to 

100 µL of sample and mixed for 10 s. Decolourization by antioxidants was measured 

at 734 nm against water after 1 min (Miller and Rice-Evans, 1997). The DPPH 

(diphenyl-(2,4,6-trinitrophenyl) iminoazanium) method was performed according to 

Kumaran and Karunakaran (2006). 2 mL of 0.1 mM DPPH was added to 100 µL of 

extract and the absorbance of mixture was measured at 517 nm against methanol 

after incubation in the dark for 30 min. The CUPRAC (Cupper reducing antioxidant 

capacity) assay was used to measure copper ion reducing ability of polyphenols. 100 

µL of extract, 1 mL per each of 10 mM CuCl2, 7.5 mM Neocuproine (Nc) solution 

and 1 M NH4Ac was mixed and 1 mL of pure water was added. Absorbance was 
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measured at 450 nm against reagent blank after incubation in the dark for 1 h (Apak 

et al., 2005).   

3.2.15 Determination of anthocyanin profile 

Anthocyanin profile of chokeberry was examined by reverse phase HPLC method 

(IFU Methods No. 71 1998). For quantitative analyses of specific anthocyanins by 

HPLC, different extraction methods were applied. Samples were extracted by using 

distilled water including formic acid. 20 mL of formic acid (1:10, v/v with distilled 

water) was added to 4 g of sample (1 g for concentrate samples). After centrifugation 

at 6000 rpm for 10 min, extracts were purified by DSC-18 SPE (Discovery, 52606-

U) columns. Detained anthocyanins were leached by washing with 2 mL of methanol 

into evaporating flasks. Methanol is evaporated in a vacuum evaporator and residue 

was dissolved in 1 mL of 0.01 % HCl. Prepared samples were injected and analyzed 

by Dionex P680 HPLC system with PDA (Ultimate 3000). A 5 μm Purospher STAR 

RP-18e 4x250 mm column (Phenomenex, USA) was used. The mobile phase 

consisted of solvent A, water: formic acid (9:1) v/v and solvent B, water: formic 

acid: acetonitril (4:1:5) v/v/v. A linear gradient was used as follows: at 0 min, 88% 

solvent A and %12 solvent B; at 1 min, 88% solvent A and 12% solvent B; at 26 

min, 70% solvent A and 30% solvent B; at 35 min, 100% solvent B; at 38 min, 100% 

solvent B; at 41 min, 88% solvent A and 12% solvent B; at 43 min, 88% solvent A 

and 12% solvent B. The flow rate was 1 mL/min. Detection was done at 525 nm and 

identification was based on the retention times and characteristic UV spectra. 

Quantification was done by external standard curves. Performance parameters for 

cyanidin-3-glucoside; limit of detection (LOD), limit of quantification (LOQ), 

recovery were studied and calculated according to the report published by Munoz et 

al (2008). 

3.2.16 Statistical analysis 

Data were collected from two independent extractions for each sample and reported 

as mean ± SD. Data were subjected to statistical analysis using SPSS software 

(version 16.0 for Windows, SPSS Inc.) for the analysis of variance (ANOVA). 

Duncan‘s new multiple range test was used to analyze differences between samples 

(p<0.05).  



 26 

 

 

 

 



 27 

4.  RESULTS AND DISCUSSION 

Chokeberry fruits are not accepted as table fruits because of their bitter taste so 

chokeberries are generally consumed as processed chokeberry products such as juice, 

jam, syrup. Several studies have reported the anthocyanins and phenolic acid 

contents of chokeberry, and the present study will make contribution to the existing 

literature providing new data about other chokeberry products. In this study, the 

findings associated with chokeberry and chokeberry juices were generally 

compatible with the existing literature. However, we observed some differences 

which might be as a result of several factors including variety/cultivar, growing 

conditions, climatic conditions, and ripening stage (Anttonen and Karjalainen, 2005; 

Lachman et al., 2012; Jakobek et al., 2012). Comparing antioxidant potential of 

chokeberry samples emphasized that processed chokeberries have different levels of 

key compounds compared to fresh chokeberry. Supporting this information, various 

publications indicated that pre- and post harvest stresses have severe effect on the 

total antioxidant capacity and phenolic levels of fruits and vegetables such as 

tomatoes, strawberries, raspberries, blueberries (Toor and Savage, 2006; Zheng et 

al., 2007; Zuniga-Hansen et al., 2009; Sgherri et al., 2007; Keutgrn and Pawelzik, 

2008). In the view of fruit processing, there are several steps including 

heattreatments such as boiling, drying, pasteurization, etc. Heat treatments are well 

known with their effects on nutritional value of processed fruits. Thermal processing 

at determined temperatures deactivates oxidative and hydrolytic enzymes that may 

cause loss of phenolic acids (Haard and Chism, 1996). Even though it was reported 

that heat treatments result with a loss of antioxidants, recently researchers have 

started to report opposite results. For example, the amount of antioxidant phenolics 

was increased during processing grape (Netzel et al., 2003) or tomato (Dewanto et 

al., 2002). There are different approaches to explain the reasons for the effect of heat 

treatments on nutritional compounds. During fruit processing, release of bound 

phenolic compounds may occur due to breakdown of cellular constituents. The 

oxidative and hydrolytic enzymes released by the disruption of cell walls can trigger 
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degradation of antioxidants in fruits. Another approach for this increase is emerging 

of novel compounds having antioxidant activity such as Maillard reaction products 

which occurred after heat treatment and also storage. In addition, heat treatments 

have been reported to enhance the nutritional value of fruits by means of increasing 

the bioaccessibility of nutritional compounds (Nicoli et al., 1999). 

Chemical composition and antioxidant capacity of black chokeberry products was 

presented in following sections. 

4.1 Soluble Solids, Titratable Acidity, Formol Number 

Soluble solids of samples ranged from 8.75 (chokeberry tea) to 66.72 ºBx 

(chokeberry concentrate). Soluble solids were found as 16.96 ºBx in chokeberry fruit 

which has 16.5 ºBx of refractometric index according to Hudec et al (2006). Higher 

values (17. 80-24.10 ºBx) are available in the existing literature (Jeppsson, 1999; 

Skupien and Oszmianski, 2007).  

Table 4.1: Soluble solids, titratable acidity, formol number of chokeberry products
a
. 

Sample 
Soluble solids  

(ºBrix) 

Titratable acidity 

( g malic acid/kg) 

Formol number  

 (ml 0.1mol 

NaOH/100 g) 

Chokeberry Fruit 16.96±0.35 g 9.15±0.08 h 11.2±0.59 c 

Dried Chokeberry 1 15.36±0.00 h 5.78±0.03 k 9.1±0.04 e 

Dried Chokeberry 2 15.96±0.35 h 8.92±0.01 i 7.43±0.07 e 

Chokeberry Juice 1 14.51±0.35 i 10.39±0.06 f 5.71±0.07 h 

Chokeberry Juice 2 14.20±0.00 i 9.46±0.00 g 7.36±3.91 f 

Chokeberry Juice 3 14.70±0.00 i 10.30±0.01 f 5.58±0.08 h 

Chokeberry Concentrate  66.72±0.00 a 37.94±0.05 b 21.86±0.28 b 

Chokeberry Tea 8.75±0.00 j 3.85±0.00 l 9.91±0.41 d 

Chokeberry Jam 38.96±0.35 e 6.05±0.03 h 6.50±0.04 g 

Chokeberry Marmalade 44.96±0.35 d 12.64±0.12 e 10.59±0.92 cd 

Chokeberry Compote 23.21±0.00 f 6.05±0.00 j 10.52±0.02 cd 

Chokeberry Syrup 66.39±0.14 a 3.06±0.00 m 3.23±0.07 i 

Raspberry-Chokeberry Syrup  60.54±0.00 c 14.00±0.17 c 2.93±0.01 i 

Sourcherry-Chokeberry Syrup  60.27±0.00 c 12.86±0.16 d 1.58±0.01 j 

Chokeberry-Sourcherry Concentrate 61.97±0.35 b 40.92±0.01 a 30.60±0.37 a 
aData  represent  average  values  ±  standard  deviation  of  two  independent  sample. All  contents  are  expressed  per  kg 
fresh weight. 

Refractometric index of juice samples was lower in comparison with literature (15.50 

- 19.50 ºBrix) (Kulling and Rawel, 2008). Higher content of soluble solids in jam 

samples confirmed the information that sugar or acid added to jams, and juices are 
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effective to increase soluble solids of these products. The highest soluble solid 

content was observed in concentrated samples as it is expected. Similar to soluble 

solids, titratable acidity is also affected by ripeness of fruits and addition of acids as 

additives. The titratable acidity was expressed as g malic acid/kg of sample. It varied 

between 3.06 and 110.37 g malic acid/kg. Formol number is an important factor used 

for calculation of fruit content in juices, jams, and concentrates (Tüfekçi and 

Fenerlioğlu, 2010). Formol number of chokeberry products was expressed as ml of 

0.1 mol NaOH/100 g and given in Table 4.1. Formol number of pure chokeberry 

products was between 5.58±0.08 (chokeberry juice) and 21.86±0.28 ml NaOH/100 g 

(chokeberry concentrate). Formol number of chokeberry fruit was 11.2 ml 

NaOH/100 g. Chokeberry-sour cherry concentrate had  the highest formol number 

(30.60 ml NaOH/100 g) compared to other samples.  

4.2 Ash and Mineral Content 

Ash, phosphorus, potassium(K), calcium(Ca), magnesium(Mg), sodium(Na) content 

are given in Table 4.2. Ash content was expressed in g/kg sample. The ash content in 

the samples ranged from 0.59 to 35.60 g/kg. Ash content of chokeberry was found 

6.87 g/kg in line with the 4.4 – 7 g/kg of ash content reported in chokeberry by 

Kulling and Rawel (2008); Kopec (1998). Ash content was decreased to 5.48 and 

6.61 g/kg in chokeberry juice 1 and juice 3. This decline that might be occured due to 

processing is not important (p<0.05). Ara (2002) reported similar ash content (5.4-

7.1 g/L) for chokeberry juice. Unexpectedly, juice 2 had significantly higher ash 

content compared to rest of the juice samples. This disproportional result can be 

explained by contamination during processing or storage. In case of dried 

chokeberries, there was also a decrease compared to chokeberry. Dried chokeberry 1 

showed lower ash content compared to dried chokeberry 2. This difference can be 

explained by differences in cultivar or drying methos. Among pure chokeberry 

products, chokeberry concentrate had highest ash content (25.20 g/kg) while 

chokeberry-sourcherry concentrate showed highest ash content (27.60 g/kg) in 

comparison with all samples. Products with small amount of chokeberry addition; 

raspberry-chokeberry syrup and sour cherry-chokeberry syrup had lowest ash content 

(0.59-0.91 g/kg) compared to all samples.  
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Table 4.2 : Content of ash and minerals of chokeberry and chokeberry products
a
. 

  rfffffrffererererererererererererererererererererrfefgrgresrt                                                                                                    

Similar to ash contents, highest values of phosphorus was found in concentrated 

samples; 654.00±1.12 and 763.00±43.09 mg/kg for chokeberry concentrate and 

chokeberry-sourcherry concentrate. Phosphorus content was found as 301.10±1.17 

mg/kg in chokeberry. The lower phosphorus content was found in processed 

products such as dried chokeberry, juices, jam, marmalade, compote, syrup. 

Phosphous content of chokeberry tea was higher than chokeberry. Raspberry-

chokeberry and sour cherry-chokeberry syrup had lower phosphorus content 

compared to chokeberry syrup. 

For other minerals, potassium (K) was the most abundant mineral in the chokeberry 

samples. Chokeberry concentrate showed relative high amount of potassium 

(9420.00±2.66 mg/kg). Potassium contents of juices varied between 1316.29-

2556.88 mg/kg. Potassium content was reported between 2000-3600 mg/L in 

chokeberry juice by Ara(2002). Higher potassium value (2835.63±24.77) was found 

in chokeberry compared to potassium content (2180 mg/kg) reported in the review of 

Kulling and Rawel (2008). Chokeberry syrup had higher potassium content 

compared to raspberry-chokeberry and sour cherry-chokeberry syrup. In contrast to 

Sample 
Ash  

(g/kg) 
Phosphorus  

(mg/kg) 
K 

(mg/kg) 
Ca 

 (mg/kg) 
Mg  

(mg/kg) 
Na  

(mg/kg) 

Chokeberry Fruit 
6.87±0.56 

de 
301.10±1.17 

d 
2835.63±24.77 

c 
135.47±45.31 

de 
74.47±12.44 

cd 
40.07±9.56 e 

Dried Chokeberry 1 
3.64±0.04 

gh 

223.71±0.75 

fg 

2345.83±75.37 

e 

96.84±8.84 

ef 

70.39±18.90 

cd 

59.68±0.34 

bc 

Dried Chokeberry 2 
5.22±0.07 

efg 
272.34±1.65 

e 
2075.46±67.04 

f 
164.08±51.11 

cd 
87.47±26.93 

bc 
57.47±3.80 

bcd 

Chokeberry Juice 1 
5.48±0.07 

defg 

143.92±0.00 

h 

2556.88±114.41 

d 

93.89±18.46 

ef 

103.41±14.12 

b 
67.36±0.27 b 

Chokeberry Juice 2 
20.07±3.91 

a 
137.28±0.16 

h 
1316.29±161.55 

h 
25.52±13.13 

gh 
17.30±7.45 f 

46.95±1.39 
cde 

Chokeberry Juice 3 
6.61±0.08 

def 

146.63±0.23 

h 

2512.72±151.26 

d 

29.11±7.33 

gh 

27.63±14.87 

f 

43.03±1.94 

ed 

Chokeberry Concentrate  
25.20±0.28 

c 
654.00±1.12 

b 
9420.00±2.66 a 

630.00±1.56 
b 

600.00±1.74 
a 

ND 

Chokeberry Tea 
4.83±0.41 

efg 

353.92±0.11 

c 

1154.51±39.70 

i 

197.08±9.19 

c 

95.37±1.82 

bc 
37.19±0.37 e 

Chokeberry Jam 
7.88±0.04 

d 
209.44±7.91 

g 
516.35±19.68 k 13.09±5.26 h 17.64±1.02 f 41.73±1.32 e 

Chokeberry Marmalade 
4.24±0.92 

fgh 

213.25±5.73 

g 

2548.55±69.05 

d 

45.00±2.21 

gh 

42.11±1.12 

ef 

44.98±1.03 

cde 

Chokeberry Compote 
3.82±0.02 

gh 
242.89±3.24 

f 
1612.42±11.48 

g 
70.87±20.48 

fg 
58.55±3.15 

de 
91.41±15.85 

a 

Chokeberry Syrup 
2.09±0.07 

hi 
92.82±0.69 i 832.89±61.99 j 

25.64±5.55 

gh 
33.02±2.59 f 

50.84±7.40 

cde 

Raspberry-Chokeberry Syrup 
0.91±0.01 

i 
25.80±1.41 j 426.00±8.06 k 

30.30±1.84 
gh 

25.00±0.14 f ND 

Sour cherry-Chokeberry 

Syrup 

0.59±0.01 

i 
26.70±0.28 j 408.00±4.24 k 

38.30±1.13 

gh 
20.40±0.57 f ND 

Chokeberry-Sour cherry 
Concentrate 

27.60±0.37 
b 

763.00±43.09 
a 

8110.00±5.33 b 
1070.00±2.12 

a 
590.00±8.81 

a 
ND 
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potassium content, Chokeberry syrup showed similar calcium (Ca) and magnesium 

(Mg) contents with other syrups. Kulling and Rawel (2008) reported higher calcium 

content (322 mg/kg) in chokeberry compared to content measured in this study 

(135.47±45.31). Sodium (Na) was not determined in raspberry-chokeberry syrup, 

sour cherry-chokeberry syrup, chokeberry concentrate and chokeberry-sour cherry 

concentrate.  

4.3 Organic Acids 

The content of organic acids in the chokeberry samples is given in Table 4.3. 

According to the results; the predominant organic acid in all samples was malic acid 

followed by quinic acid, citric acid, shikimic acid and isocitric acid. Malic acid 

content of chokeberry was 8.07±0.07 g/kg. Higher malic acid values (13.10 g/kg of 

fresh weight of berry) for chokeberry have been demonstrated by Kulling and Rawel 

(2008). Malic acid content was found as lower in dried chokeberries and juices 

compared to chokeberry but the difference was not important statistically. Raspberry-

chokeberry and sour cherry-chokeberry syrup which had small amount of chokeberry 

addition showed lowest malic acid content (0.12-0.22 %). Malic acid content in 

raspberry has been reported as 0.13-0.18% in a previous study (Talcott, 2007). 

According to quinic acid results, chokeberry contained 4.25±0.03 g/kg of quinic acid. 

There was no significant change between quinic acid values of chokeberry and 

processed chokeberry samples such as juice, dried fruit, jam. In accordance with 

quinic results in this study, quinic acid content has been demonstrated between 1.5-5 

g/L in fresh pressed chokeberry juice (Ara, 2002). Quinic acid was not determined in 

raspberry-chokeberry and sour cherry-chokeberry syrup. All samples showed low 

amount of shikimic acid content. According to Ara (2002), shikimic acid content of 

chokeberry juice changes from 30 to 120 mg/L. Chokeberry concentrate showed 

highest acid content for all organic acids. Isocitric acid was minor organic acid found 

in chokeberry samples. There is limited information about isocitric acid in 

chokeberry samples. The higher amount of isocitric acid content in comparison with 

the results in this study was reported as 30-100 mg/L in fresh pressed juice by Ara 

(2002). 
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Table 4.3: Content of organic acids of chokeberry and chokeberry products
a
. 

Sample 

Quinic 

Acid 

(g/kg) 

Shikimic 

Acid 

(g/kg)  

Malic Acid 

(g/kg) 

Citric Acid 

(g/kg) 

Isocitric 

Acid (mg/L) 

Chokeberry Fruit 
4.25±0.03 

c 

0.10±0.00 

cde 
8.07±0.07 b 

0.70±0.01 

ef 

15.43±0.00 

e  

Dried Chokeberry 1 
4.87±0.02 

c 

0.09±0.00 

cde 
4.00±0.09 b 

0.71±0.01 

ef 

17.58±0.00 

d 

Dried Chokeberry 2 
3.98±0.16 

c 

0.13±0.00 

c 
5.95±0.02 b 

0.86±0.03 

ef 

15.33±0.00 

e 

Chokeberry Juice 1 
4.66±0.23 

c 

0.11±0.00 

cd 
7.75±0.14 b 0.61±0.01 f 

20.87±0.50 

c 

Chokeberry Juice 2 
4.43±0.37 

c 

0.11±0.00 

cd 
5.86±0.03 b 0.58±0.01 f 

20.87±0.50 

c 

Chokeberry Juice 3 
3.82±0.15 

c 

0.11±0.00 

cd 
7.30±0.06 b 0.58±0.01 f 

20.87±0.00 

c 

Chokeberry Concentrate  
23.99±0.70 

a 

0.78±0.03 

a 
32.98±2.30 a 

3.01±0.03 

d 

125.12±0.63 

a 

Chokeberry Tea 
2.52±0.14 

c 

0.09±0.01 

cde 
3.67±0.22 b 0.54±0.01 f 9.52±0.50 h 

Chokeberry Jam 
2.81±0.13 

c 

0.08±0.00 

cde 
6.83±0.02 b 

1.79±0.03 

e 

10.11±0.49 

gh 

Chokeberry Marmalade 
3.64±0.19 

c 

0.11±0.00 

cd 
8.20±0.14 b 

4.38±0.12 

c 

13.66±0.50 

f 

Chokeberry Compote 
3.38±0.03 

c 

0.10±0.00 

cde 
5.30±0.01 b 0.55±0.02 f 7.00±0.00 i 

Chokeberry Syrup 
2.68±0.05 

c 

0.08±0.00 

cde 
3.16±0.05 b 

0.50±0.04  

f 

10.96±0.00 

g 

Raspberry - Chokeberry Syrup ND 
0.05±0.00 

e 
1.21±0.07 b 

15.44±0.03 

a 

17.80±0.77 

d 

Sour cherry - Chokeberry Syrup ND 
0.06±0.01 

de  
2.21±0.14 b 

12.54±0.32 

b 
5.66±0.00 j 

Chokeberry - Sour cherry 

Concentrate 

10.52±8.64 

b 

0.50±0.09 

b 

26.26±13.29 

a 

2.51±1.77 

ef 

54.65±1.25 

b 
aData  represent  average  values  ±  standard  deviation  of  two  independent  sample. All  contents  are  expressed  per  kg 

fresh weight. 

4.4 Sugars  

Individual sugar content of chokeberry products are shown in Table 4.4. According 

to findings in this study, saccharose was not detected in pure chokeberry products. 

Saccharose was found in sugar-added products such as jam, marmalade and also in 

syrups and chokeberry-sour cherry concentrate. According to Seidemann (1993), the 

sum of saccharose, glucose, fructose in chokeberry was determined to be 129-176 

g/kg fresh which was higher amount compared to the sum of these sugars in 

chokeberry samples (75.67 g/kg). Glucose content ranged from 17.12 (chokeberry 

tea) to 298.97 g/kg (raspberry-chokeberry syrup). Relatively high glucose content in 

jam and marmalade can be explained by addition of sugar during production of these 

products. There is a decline in glucose content in dried chokeberries and chokeberry 
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juices compared to chokeberry. Also, fructose content was lower in juices than 

chokeberry. 

Table 4.4: Content of sugars in chokeberry and chokeberry products
a
. 

Sample 
Saccharose  

(g/kg) 

Glucose  

(g/kg) 

Fructose  

(g/kg) 

Sorbitol  

(g/kg) 

Chokeberry Fruit ND 42.24±2.03 h 
33.43±1.03 

f 

52.56±0.92 

c 

Dried Chokeberry 1 ND 
38.65±0.06 

hi 

30.85±0.81 

fg 

49.68±0.68 

d 

Dried Chokeberry 2 ND 
32.59±0.63 

jk 

26.05±0.14 

h 

42.55±0.11 

e 

Chokeberry Juice 1 ND 
33.87±2.51 

jk 

27.32±0.43 

gh 

42.60±0.06 

e 

Chokeberry Juice 2 ND 31.18±0.15 k 
24.52±1.66 

h 

42.29±1.39 

e 

Chokeberry Juice 3 ND 
32.98±2.08 

jk 

26.40±0.43 

h 

41.01±0.08 

e 

Chokeberry Concentrate  ND 
160.00±1.92 

d 

113.00±1.91 

d 

206.00±2.29 

a 

Chokeberry Tea ND 17.12±0.56 l 13.65±0.41 i 24.22±0.05g  

Chokeberry Jam 
101.59±0.82 

b 

113.72±0.85 

f 

111.72±0.66 

d  

24.78±0.28 

g 

Chokeberry Marmalade 38.51±0.23 c 
140.93±5.61 

e 

132.64±6.44 

c 

51.76±1.27 

cd 

Chokeberry Compote ND 85.79±1.12 g 
81.42±1.24 

e 

35.55±0.15 

f 

Chokeberry Syrup 
571.61±11.60 

a 
36.84±1.36 ij 

32.92±0.85 

f 

19.36±0.04 

h 

Raspberry - Chokeberry Syrup 40.37±0.01 c 
298.97±0.29 

a 

265.80±1.80 

a 
1.64±0.05 j  

Sour cherry - Chokeberry Syrup 37.03±0.23 c 
285.30±1.05 

b 

249.69±0.97 

b 
6.20±1.30 i 

Chokeberry - Sour cherry 

Concentrate 
13.00±0.28 d 

174.00±1.63 

c 

112.00±1.48 

d 

157.00±1.78 

b 

In freshly pressed juice, glucose and fructose content were determined as 41 and 38 

g/L on average, respectively (Ara, 2002). According to the findings in this study, 

concentration of sugars varied widely. This variation can occur as a result of the 

influence of processing and postharvest storage. Disruption of the cellular structure 

during juice processing can cause chemical or enzymatic hydrolysis of sucrose to 

glucose and fructose. Furthermore, glucose and fructose take part in the initial step of 

Maillard reactions so their content is affected by these reactions (Boccorh et al., 

1998; Plowman et al., 1989). Similarly, sorbitol content was also found lower in 

dried chokeberries and juices compared with chokeberry (52.56±0.92 g/kg). Sorbitol 

is a preferable compound in order to detect adulteration of fruit juice with chokeberry 

due to the large amount of sorbitol in chokeberry. Hofsommer and Koswig (2005) 
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demonstrated that sorbitol content was between 35-49 g/L in chokeberry. Sorbitol 

content was reported to be between 55.6-100 g/L in chokeberry juice (Ara, 2002; 

Kulling and Rawel, 2008).  

4.5 Total Phenolic Content  

Total phenolic (TP) content of chokeberry and chokeberry products are presented in 

Table 4.5. The highest total phenolic content (63.07 g/kg) was observed in 

chokeberry tea. On the other hand, total phenolic content was found to be higher in 

dried chokeberries compared to chokeberry fruit, juice, and concentrate. The lowest 

total phenolic content (0.78 g/kg) among all samples was observed in raspberry-

chokeberry syrup as expected since it contains 5% chokeberry. In comparison with 

chokeberry fruit, both dried fruits showed approximate TP values. There was no 

significant difference among three different batches of chokeberry juices. Jakobek et 

al. (2007) measured similar total phenolic content values in chokeberry fruit 

compared to our results. Recently, Jakobek et al. (2012) also analyzed different 

cultivars of chokeberries and found differences in phenolic values ranging from 8.56 

g/kg
 
to 10.80 g/kg

 
FW.  Lower TP values (6.90 g GAE/kgFW) has been reported in 

berry samples by Benvenuti et al (2004). As for Skupien and Oszmianski (2007), 

Zheng and Wang (2003) and Mattila (2006) reported higher TP values for 

chokeberry fruit. Kulling and Rawel (2008) presented similar TP content for 

chokeberry juice (6.3 to 6.95 g/L) compared to our results. On the other hand, 

Bermúdez-Soto and Tomas-Barberan (2004) reported higher TP value for chokeberry 

juice. These differences might be as a result of different extraction methods used for 

analysis or differences in chokeberry cultivars.  

According to total phenolic content results, the highest content of phenolics was 

found in chokeberry tea. This result is not unexpected because tea is well known for 

its high phenolic content confirmed by several studies (Serpen et al., 2012). On the 

other hand, higher phenolic contents were found in dried chokeberry compared to 

fresh chokeberry, chokeberry juice and chokeberry concentrate. Changes in phenolic 

compounds caused by processing have been reported in several studies (Hellstrom et 

al.,, 2007; Rosales et al., 2009; Dewanto et al., 2002). Previously, Chang et al (2006) 

demonstrated that the total phenolics in hot-air dried tomatoes increase up to 29% 

compared to the corresponding levels in fresh tomatoes. 
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Table 4.5: Total phenolic, flavonoid, anthocyanin content of chokeberry products
a
. 

Sample 
Total phenolics        

(g GAE/kg) 

  Total flavonoid  

(g CE/kg) 

Total anthocyanin          

(g cyn-3-glu/kg) 

Chokeberry Fruit 13.32±0.03 f 5.25±0.18 d 4.49±0.20 b 

Dried Chokeberry 1 39.89±0.25 c 19.88±0.92 b 3.13±0.13 e 

Dried Chokeberry 2 50.05±0.37 b 12.52±1.13 a 1.41±0.07 d 

Chokeberry Juice 1 6.62±0.05 hi 2.71±0.09 e 0.65±0.01 f 

Chokeberry Juice 2 6.50±0.03 i 2.90±0.15 e 0.39±0.02 h 

Chokeberry Juice 3 6.27±0.04 j 2.77±0.10 e 0.57±0.02 g 

Chokeberry Concentrate  29.63±0.08 d 6.10±0.21 d 3.57±0.10 c 

Chokeberry Tea 63.07±0.47 a 9.29±1.39 c 9.92±0.40 a 

Chokeberry Jam 6.86±0.03 h 2.86±0.09 e 0.42±0.07 h 

Chokeberry Marmalade 11.98±0.02 g 6.38±0.18 d 0.24±0.03 i 

Chokeberry Compote 6.73±0.03 hi 3.26±0.10 e 0.21±0.02 i 

Chokeberry Syrup 2.55±0.03 k 1.00±0.02 f 0.10±0.003 j 

Raspberry - Chokeberry Syrup 0.78±0.02 m 0.04±0.01f  0.01±0.002 k 

Sour cherry - Chokeberry Syrup 1.39±0.03 l 0.16±0.01f  0.03±0.001 k 

Chokeberry - Sour cherry Concentrate 19.36±0.17 e 8.78±0.35 c 0.63±0.08 fg 
aData  represent  average  values  ±  standard  deviation  of  three  independent  sample. All contents  are  expressed  per  kg 

fresh weight. 

In comparison with chokeberry, chokeberry juice had lower phenolic value while 

higher phenolic content was found in chokeberry concentrate. This result showed 

that processing of fruits into juice and other products can cause changes in phenolic 

content in different ways although raw material of juice and concentrate was not 

from the same chokeberry source. The effect of processing and storage on phenolic 

value of fruits including berries was demonstrated in previous studies (Kalt et al., 

2000; Shin et al., 2008). The level of phenolics of fruits and vegetables were reported 

to be influenced by various factors such as ripeness, post-harvest storage, and 

climatic conditions. For example, it has been reported that total antioxidant activity 

and phenolic content decreased during ripening of highbush blueberries (Castrejon et 

al., 2008). Gonçalves et al. (2004) found that ripe sour cherries had higher content of 

phenolics. It was also observed that post-harvest storage may decrease or increase the 

total phenolic content depending on the ripeness stage of sour cherries. 

4.6 Total Flavonoid Content 

The results of total flavonoid (TF) content expressed in g CE/kg fresh weight are 

given in Table 4.5.  The highest flavonoid content was found in dried fruit (19.88 and 

12.52 g/kg) while raspberry-chokeberry syrup containing 5% chokeberry had the 
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lowest flavonoid content (0.04 g/kg) compared to all fractions. For other samples, 

flavonoid content ranged from 0.16 g/kg for sour cherry-chokeberry syrup to 9.29 

g/kg for chokeberry tea. Similar to total phenolic contents, three of different batches 

of chokeberry juices had similar flavonoid content. Chokeberry syrup had 

significantly higher flavonoid content in comparison with raspberry-chokeberry and 

sour cherry-chokeberry syrup (p<0.05). There were significant differences between 

flavonoid levels of fresh chokeberry and dried chokeberries. To our knowledge, there 

is only one study which investigated the total flavonoid content. In this study 

performed by Hudec et al (2006), the total content of flavonoids was found to be 0.66 

g/kg DW which was significantly lower than our result (5.25 g/kg).  

Similar to total phenolic content, higher levels of flavonoids were observed in dried 

chokeberry samples compared to the fresh chokeberry. This difference between dried 

and fresh chokeberry might be as a result of the breakdown of cell walls during 

drying process and might trigger the extractability of compounds from the samples 

(Dewanto et al., 2002). In a study published by Chang et al. (2006), lowest amount 

of flavonoids was found in fresh tomatoes compared to dried tomatoes. Loss of 

nutritional compounds caused by processing steps of juice production occurred in 

case of chokeberry juices so the lower amounts of flavonoids was observed 

compared to chokeberry concentrate and fresh chokeberry. Other chokeberry 

products such as jams and compote also had lower levels of flavonoids than fresh 

chokeberry. Supporting this finding, Crozier et al., (1997) studied the effect of 

cooking methods (microwave, boiling, frying) on the quercetin content of onions and 

tomatoes and found a reduction in quercetin content of all cooked tomatoes and 

onions. 

4.7 Total Anthocyanin Content 

Total anthocyanin (TA) content expressed in g of cyanidin-3-glucoside equivalent/kg 

of fresh weight is shown in Table 4.5. The pattern of variation in total anthocyanin 

content was different from that observed in total phenolic content except for the 

result of raspberry-chokeberry syrup. Raspberry-chokeberry syrup had lowest 

anthocyanin content while highest anthocyanin content (9.92 g/kg) was found in 

chokeberry tea compared to chokeberry fruit and other samples. Our results also 

indicated that chokeberry concentrate was richer in anthocyanin content compared to 
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chokeberry juice samples. The anthocyanin content of chokeberry fruit (4.49 g/kg) 

following the result of tea had higher anthocyanin content compared to rest of the 

samples. Chokeberry fruit had a ten times higher anthocyanin content compared to 

jam. The anthocyanin content of berry was significantly higher than that of compote, 

syrups, and jams (p<0.05). In comparison with our results, similar results for 

anthocyanin content have been reported in berry samples by Benvenuti et al (2004), 

Zheng and Wang (2003). Kahkonen et al. (2011) measured higher anthocyanin 

content (10.41 g cyn-3-glu/kg DW) in berry samples but this result has been 

expressed on a dry weight basis for another cultivar of chokeberry (Aronia 

mitschurinii Viking). In another study (Plocharski and Zbroszcyzk, 1992), 

anthocyanin content has been found 0.31–0.63 g of cyn-3-glu/kg FW in berry 

cultivar of Aronia melanocarpa (Michx.) Elliot (Skrede and Wrolstad, 2002). Hudec 

et al. (2006) reported two different anthocyanin contents regarding on two different 

harvesting year; 6.41 g of cyn-3-glu/kg DW in 2006 and 18.22 mg of cyn-3-glu/kg 

DW in 2009. Higher anthocyanin value in chokeberry concentrate (8 g of cyn-3-

glu/L) has been reported by Bermúdez-Soto and Tomas-Barberan (2004). Results for 

chokeberry juice was found to be lower than those reported by Piasek et al. (2011) 

who determined the total anthocyanin content by using an HPLC method rather than 

the pH differential method. These studies showed that anthocyanin content might be 

affected from the differences in cultivars, harvesting time and analysis method used.  

In contrast to total phenolic content, anthocyanin level in dried chokeberry was lower 

than fresh chokeberry. In a previous study, half of the chokeberry anthocyanins were 

recovered after the drying process for 72 hours (Hellström et al., 2007).  There is a 

significant difference between anthocyanin levels in chokeberry and chokeberry 

juice. It is well known that anthocynanins are susceptible to many factors including 

pH, chemical composition, temperature, light, and oxygen. These factors might 

change easily during processing of fruits into juice and other products.  Previously, 

several studies reported that anthocyanins are affected from several processing steps 

-pressing, clarification, and pasteurization- involved in juice processing (Howard et 

al., 2012). According to Brownmiller et al. (2008), only 46% of monomeric 

anthocyanins were retained in clarified juice after juice processing steps. 
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4.8 Total Antioxidant Capacity 

The antioxidant capacity of samples using 3 different methods including ABTS, 

DPPH and CUPRAC, are represented in Table 4.6. The antioxidant capacity of 

chokeberry fruit analyzed by ABTS, DPPH, and CUPRAC were 10.94, 11.30 and 

67.72 g/kg, respectively. In all methods, the highest antioxidant capacity was 

observed in dried chokeberries. In agreement with TP, TA and TF results, raspberry-

chokeberry syrup had lowest antioxidant capacity (0.72-1.21 g/kg). Dried chokeberry 

also showed higher antioxidant capacity than chokeberry fruit and chokeberry 

concentrate. Higher antioxidant capacity was observed in chokeberry syrup 

compared to raspberry-chokeberry and sour cherry-chokeberry syrup containing 

certain amounts of chokeberry. There was significant difference between chokeberry 

fruit and juice samples according to the results of DPPH method while they had 

similar results of antioxidant capacity obtained by ABTS method.  

Table 4.6: Total antioxidant capacity of chokeberry products
a
.
 

Sample 
ABTS 

(g TE/kg) 

DPPH  

(g TE/kg) 

CUPRAC  

(g TE/kg) 

Chokeberry Fruit 10.94±0.04 f 11.30±0.53 d 67.72±1.26 f 

Dried Chokeberry 1 74.01±2.00 b 36.31±1.16 a 257.24±1.85 a 

Dried Chokeberry 2 54.36±1.00 a 30.54±1.02 b 233.20±1.28 b 

Chokeberry Juice 1 9.83±0.28 fg 5.66±0.18 f 33.81±0.99 h 

Chokeberry Juice 2 10.76±0.36 f 6.24±0.73 f 35.08±0.27 h 

Chokeberry Juice 3 10.82±0.17 f 5.84±0.15 f 30.72±0.40 i 

Chokeberry Concentrate 21.90±0.09 e 10.75±0.32 d 74.53±1.54 e 

Chokeberry Tea 49.58±1.33 c 25.20±1.07 c 192.41±2.33 c 

Chokeberry Jam 8.97±0.22 g 4.96±0.13 f 33.64±2.65 h 

Chokeberry Marmalade 9.83±0.12 fg 8.68±0.26 e 57.37±0.80 g 

Chokeberry Compote 9.38±0.04 g 4.76±0.11 f 33.18±0.83 h 

Chokeberry Syrup 3.73±0.02 h 2.21±0.18 g 13.38±0.52 j 

Raspberry - Chokeberry Syrup 1.21±0.03 i 0.72±0.01 g 2.97±0.13 k 

Sour cherry - Chokeberry Syrup 2.00±0.08 i 1.91±0.11 g 5.18±0.74 k 

Chokeberry - Sour cherry Concentrate 37.47±2.24 d 25.38±1.33 c 112.35±1.13 d 
             aData  represent  average  values  ±  standard  deviation  of  three  independent  sample. All contents are expressed per  

         kg fresh weight (FW). 

There are several studies on the antioxidant capacity of chokeberry and chokeberry 

juice by different methods such as oxygen radical absorbance capacity (ORAC) 

procedure (Wu et al., 2004), or by inhibition of DPPH radical (Jakobek et al., 2007) 

which showed that antioxidant capacity of chokeberry was higher than the 
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antioxidant activity of other berries such as red raspberry, blackberry, strawberry, 

gooseberry, black currant, and elderberry. In a recent study, the antioxidant capacity 

of chokeberry juice has been reported as 32 µmol of TE/mL and 38 µmol of TE/mL 

determined by ABTS and DPPH assays, respectively (Piasek et al., 2011). 

Oszmianski and Wojdylo (2005) measured antioxidant activity of chokeberry fruit, 

pomace and juice: 279.38, 301.89, and 127.45 determined by DPPH and 439.49, 

779.58, 314.05 µmol of TE/100 g DW determined by ABTS methods, respectively. 

Bermúdez-Soto and Tomas-Barberan (2004) also reported higher antioxidant 

capacity of chokeberry concentrate (103.2 mg TE/mL by ABTS; 60 mg TE/mL by 

DPPH) compared to other berries.  

Antioxidant activity was measured by three different assays; ABTS, DPPH, and 

CUPRAC which showed similar pattern of variation in total antioxidant capacity of 

samples. However, there are differences between numerical values of antioxidant 

capacity obtained by three assays. The highest antioxidant values were obtained by 

CUPRAC assay. There are various methods to measure antioxidant capacity but 

these methods give conflicting results caused by the variations in the principle of the 

antioxidant assay. The principles of assays vary depending on radical that is 

generated, reaction time, and end-point detection (Antolovich et al., 2001; Arnao et 

al., 2000). Even the methods based on same principle such as ABTS and DPPH can 

present different results. A single method can not be enough to evaluate antioxidant 

capacity so it is recommended to apply several antioxidant assays to obtain a 

satisfactory result (Capanoglu et al., 2010).   

4.9 Anthocyanin Profile 

Anthocyanins in chokeberry samples were separated and identified by using reverse 

phase HPLC (Table 4.7). For quantification of individual anthocyanins, cyanidin-3-

glucoside was used as a standard and other anthocyanins were calculated according 

to the ratio of individual anthocyanins to total anthocyanins which has been reported 

by Jakobek et al (2007).  Four major anthocyanins were detected in chokeberry fruit 

(Figure 4.1). In accordance with previous studies, the most abundant anthocyanin in 

chokeberry fruit was cyanidin-3-galactoside (2917.17 mg/kg FW); followed by 

cyanidin-3-arabinoside, cyanidin-3-glucoside and cyanidin-3-xyloside, respectively 

(Jakobek et al., 2007; Wu et al., 2004; Skupien and Oszmianski, 2007; Maatta-
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Riihinen et al., 2004). Dried chokeberry, jam, juice, and concentrate had similar 

anthocyanin profiles as shown in Figure 4.2 but they had different amounts of 

individual anthocyanins.  
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Table 4.7: Concentrations of individual anthocyanins and percentage distribution of anthocyanins in chokeberry and chokeberry samples. 

Samples 
cy-3-gal  

(mg/kg) 
% 

cy-3-glu 

(mg/kg) 
% 

cy-3-ara  

(mg/kg) 
% 

cy-3-xyl 

(mg/kg) 
% 

Chokeberry Fruit 2917.17±129.33 c 63.8 127±5.39 c 2.8 1359.35±0.18 c 29.7 165.84±1.31 c 3.6 

Dried Chokeberry 1 927.87±13.03 d 60.7 60.60±2.11 d 4 477.69±5.60 d 31.2 62.48±0.46 d 4.1 

Dried Chokeberry 2 475.67±0.91 e 67.7 19.34±1.13 e 2.8 186.03±0.38 e 26.5 21.82±1.23 e 3.1 

Chokeberry Juice 1 441.39±3.06 e 67.6 19.86±0.10 e 3 172.62±1.62 ef 26.4 19.25±0.36 e 2.9 

Chokeberry Juice 2 286.63±69.12 fg 66 15.15±4.24 ef 3.5 117.84±27.64 fg  27.1 14.68±3.46 ef 3.4 

Chokeberry Juice 3 407.08±5.66 ef 67.6 19.35±0.12 e 3.2 157.13±3.96 ef 26.1 18.74±0.47 e 3.1 

Chokeberry Concentrate  3349.67±11.09 b 64.3 214.67±1.08 b 4.1 1447.62±3.18 b 27.8 201.07±0.66 b 3.9 

Chokeberry Tea 4600.50±211.03 a 68.5 237.69±11.36 a 3.5 1651.07±87.59 a 24.6 223.43±11.82 a 3.3 

Chokeberry Jam 237.39±5.30 hij 69.6 9.96±0.21 fg 2.9 85.23±1.53 gh 25 8.68±0.33 fg 2.5 

Chokeberry Marmalade 81.15±0.56 ij 74.3 3.29±0.06 g 3 21.96±0.30 hi 20.1 2.8±0.10 g 2.6 

Chokeberry Compote 120.37±1.38 ij 72.8 3.98±0.08 g 2.4 40.94±0.03 hi 24.8 nd nd 

Chokeberry Syrup 81.55±0.07 gh 70.8 3.61±0.08 g 3.1 27.22±0.18 hi 23.6 2.81±0.09 g 2.4 

Raspberry-Chokeberry Syrup 7.03±0.10 j 49.8 1.86±0.01 g 13.2 5.22±0.47 i 37 nd nd 

Sourcherry-Chokeberry Syrup 29.25±1.82 j 60.1 2.07±0.01 g 4.3 15.9±0.09 i 32.7 1.48±0.13 g 3 

Chokeberry-Sourcherry Concentrate 191.16±2.72 ghi 57.8 13.93±0.15 ef 4.2 116.13±2.67 fg 35.1 9.3±0.40 fg 2.8 
*
cy-3-gal: cyanidin-3-galactoside, cy-3-glu: cyanidin-3-glucoside, cy-3-ara: cyanidin-3-arabinoside, cy-3-xyl: cyanidin-3-xyloside 
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Figure 4.1: HPLC chromatograms (recorded at 525 nm) of chokeberry. 

The highest concentration of individual anthocyanins was found in chokeberry 

concentrate, having 8 fold higher levels of cyanidin-3-galactoside and cyanidin-3-

arabinoside compared to chokeberry juice. On the other hand, chokeberry fruit had a 

higher level of cyanidin-3-galactoside compared to dried chokeberries (927.87 and 

475.67 mg/kg
 
FW).  

There were also significant differences between the contents of individual 

anthocyanins in chokeberry tea and fruit. Cyanidin-3-xyloside was not found in 

compote and raspberry-chokeberry syrup. To the best of our knowledge, there is no 

information about anthocyanins in compote but our data about sour cherry and 

raspberry are in agreement with Kim et al., (2005) and Jakobek et al. (2009). The 

content of anthocyanins was consistent with Jakobek et al. (2007) except the content 

of cyanidin-3-arabinoside (1359.35 mg/kg FW) which was much higher than 

reported by Jakobek et al. (2009) (993.77 mg/kg FW). Wu et al. (2004) observed 

much higher content of individual anthocyanins (9890.7 mg/kg FW for cyn-3-gal; 

3990.3 mg/kg FW for cyn-3-ara; 510.5 mg/kg FW for cyn-3-xyl; 370.6 mg/kg FW 

for cyn-3-glu) compared to our results for four main anthocyanins. 
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Figure 4.6: HPLC chromatograms (recorded at 525 nm) of dried chokeberry,            

chokeberry jam, chokeberry concentrate, and chokeberry juice. 

Similarly, Skupien and Oszmianski (2007) reported higher values for anthocynanins 

of chokeberry fruit while lower content of individual anthocyanins was observed by 

Zheng and Wang (2003). Bermúdez-Soto and Tomas-Barberan (2004) observed that 

the content of cyanidin-3-galactoside cyanidin-3-arabinoside, cyanidin-3-glucoside 

and cyanidin-3-xyloside in chokeberry juice concentrate were 4.32, 2.74, 0.31, 0.55 

g/L, respectively; which is in agreement with the data reported in our study. Our 

observations were consistent with data observed by Chandra et al., (2001). 

Furthermore performance parameters for cyanidin-3-glucoside were calculated and 

given in Table 4.8. Linear least-squares regression was used to calculate the slope, 

intercept and correlation coefficient. Correlation coefficient was found good (r
2
 > 

0.999) for cyanidin-3-glucoside. Limits of detection (LOD‘s) and limits of 
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quantification (LOQ‘s) were calculated from the amount of cyanidin-3-glucoside 

required to give a signal/noise ratio of 3:1 and 10:1, respectively. LOD (0.37 mg/L)
 

and LOQ (0.38 mg/L) showed that HPLC method is sensitive enough to quantify 

individual anthocyanin in chokeberry and chokeberry products. The calculated 

extraction recovery (124.95 %) emphasized that this method permits to determine 

individual anthocyanins in real samples.  

Table 4.8: Performance parameters for cyanidin-3-glucoside. 

Parameters Cyanidin-3-glucoside 

Concentration Range(mg/L) 0.05 - 100 

Slope(m) 620.815 

SD of slope 4.339 

Intercept (b) -0.224 

SD of intercept 0.195 

r2 0.999 

LOD (mg/L) 0.370 

LOQ (mg/L) 0.380 

Recovery (%) 124.950 

RSD (%) 2.880 
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5.  CONCLUSION AND RECOMMENDATIONS 

Characteristical components of black chokeberry products such as soluble solids, 

acidity formol number, sugars, organic acids, minerals were determined in the scope 

of this study. Furthermore, the total antioxidant capacity, total anthocyanins, total 

phenolics, and total flavonoid contents as well as individual flavonoids were 

investigated in chokeberry and chokeberry products. The differences observed in 

these parameters in the analyzed samples could be as a result of differences in 

variety, growing conditions, environmental factors, or the differences in analytical 

methods. Future studies are required to examine the exact effect of processing on 

nutritional compounds of chokeberries. It is also observed that different consumption 

ways of chokeberries offer varied amount of health related constituents. However, in 

vivo and in vitro studies are required to understand the bioavailability of nutritive 

compounds of chokeberry and chokeberry products in human body.  
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APPENDIX A 

 

Figure A.1: A shrub of black chokeberry in full bloom 

(http://www.fruitipedia.com/black_chokeberry_aronia_melanocarpa.htm). 

 

 

 
 

Figure A.2: Aronia melanocarpa [Michx.] Elliot (black chokeberry) 

(http://www.talimba.com/index.php?page=search/images&search=aronia&type=ima

ges&startpage=12). 
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Figure A.3: Aronia prunifolia  

(http://www.plantdatabase.co.uk/Aronia_prunifolia). 

 

 
 

Figure A.4: Aronia arbutifolia 

(http://www.kollarnursery.com/native-plants/aronia-arbutifolia). 

 

 
 

Figure A.5: Chokeberry products; juice, syrup, wine, liqueur (left to right) 

(http://www.aronia-original.de/). 



 58 

 

 
 

Figure A.6: Chokeberry products; marmalade, honey (left to right) 

(http://www.aronia-original.de/). 

 

 
 

Figure A.7: Chokeberry products; tea, dried fruits, extract (left to right) 

(http://www.aronia-original.de/) 

(http://www.cestabylin.cz/aronie-plod-50-g-p/detail-1-903.html) 

(http://www.lottus.cz/index.asp?menu=1339&record=4600). 

 

 
Figure A.8: Homogenized chokeberry samples: Juice 1-2-3, Dried fruit 1, Dried                         

Fruit 2, Tea, Chokeberry fruit. 
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Figure A.9: Homogenized chokeberry samples: Compote, Jam, Marmalade. 

 

 
Figure A.10: Homogenized chokeberry samples: Chokeberry concentrate,   

                      Chokeberry-sourcherry concentrate, chokeberry syrup, raspberry-  

                      chokeberry syrup, sourcherry-chokeberry syrup. 

 

 
Figure A.11: Chokeberry samples: dried fruit 1, tea, dried fruit 2. 
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APPENDIX B 
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Figure B.1: Calibration curve for phosphorus content. 
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Figure B.2: Calibration curve for total phenolics. 
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Figure B.3: Calibration curve for total flavonoids. 
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Figure B.4: Calibration curve for ABTS assay. 
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Figure B.5: Calibration curve for DPPH assay. 
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Figure B.6: Calibration curve for CUPRAC assay. 
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APPENDIX C 

 

Figure C.1: HPLC chromatogram (recorded at 525 nm) of dried chokeberry 2. 

 

 

 

Figure C.2: HPLC chromatogram (recorded at 525 nm) of chokeberry juice 2. 
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Figure C.3: HPLC chromatogram (recorded at 525 nm) of chokeberry tea. 

 

 

Figure C.4: HPLC chromatogram (recorded at 525 nm) of chokeberry marmalade. 
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Figure C.5: HPLC chromatogram (recorded at 525 nm) of chokeberry compote. 

 

 

Figure C.6:   HPLC chromatogram (recorded at 525 nm) of raspberry-chokeberry  

syrup. 
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Figure C.7:   HPLC chromatogram (recorded at 525 nm) of sourcherry-chokeberry             

syrup. 

 

 

 

Figure C.8:   HPLC chromatogram (recorded at 525 nm) of chokeberry-sourcherry 

concentrate. 
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APPENDIX D 

Table D.1: Statistical analysis results of chokeberry samples. 

  Sum of Squares df Mean Square F Sig. 

Total  

Phenolics 

Between Groups 10386,999 14 741,929 62770,00 0,000 

Within Groups 0,177 15 0,012   

Total 10387,177 29    

Total  

Flavonoids 

Between Groups 789,247 14 56,375 151,19 0,000 

Within Groups 5,593 15 0,373   

Total 794,841 29    

Total 

Anthocyanin  

Content 

Between Groups 200,690 14 14,335 17130,00 0,000 

Within Groups ,013 15 0,001   

Total 200,702 29    

ABTS Between Groups 13805,063 14 986,076 3169,00 0,000 

Within Groups 4,668 15 0,311   

Total 13809,730 29    

DPPH Between Groups 3678,573 14 262,755 509,61 0,000 

Within Groups 7,734 15 0,516   

Total 3686,307 29    

CUPRAC Between Groups 192260,158 14 13732,868 12290,00 0,000 

Within Groups 16,762 15 1,117   

Total 192276,920 29    

Cyanidin-3- 

galactoside 

Between Groups 58380000,00 14 4170094,124 941,81 0,000 

Within Groups 66416,142 15 4427,743   

Total 58450000,00 29    

Cyanidin-3- 

glucoside 

Between Groups 172716,438 14 12336,888 1012,00 0,000 

Within Groups 182,932 15 12,195   

Total 172899,370 29    

Cyanidin-3- 

arabinoside 

Between Groups 9436202,447 14 674014,460 812,98 0,000 

Within Groups 12435,961 15 829,064   

Total 9448638,408 29    

Cyanidin-3- 

xyloside 

Between Groups 159616,712 12 13301,393 1108,00 0,000 

Within Groups 156,089 13 12,007   

Total 159772,801 25    
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Table D.1 (continued): Statistical analysis results of chokeberry samples. 

Soluble Solids Between Groups 14532,145 14 1038,010 20220,00 0,000 

Within Groups 0,770 15 0,051   

Total 14532,915 29    

Titratable 

Acidity 

Between Groups 3544,839 14 253,203 45950,00 0,000 

Within Groups 0,083 15 0,006   

Total 3544,922 29    

Formol 

Number 

Between Groups 1583,668 14 113,119 970,15 0,000 

Within Groups 1,749 15 0,117   

Total 1585,417 29    

Ash Between Groups 3339,462 14 238,533 213,03 0,000 

Within Groups 16,796 15 1,120   

Total 3356,258 29    

Phosphorus Between Groups 1269379,792 14 90669,985 689,94 0,000 

Within Groups 1971,262 15 131,417   

Total 1271351,054 29    

K Between Groups 198000000,00 14 14140000,00 2535,00 0,000 

Within Groups 83678,107 15 5578,540   

Total 198000000,00 29    

Ca Between Groups 2364634,925 14 168902,495 430,28 0,000 

Within Groups 5888,093 15 392,540   

Total 2370523,018 29    

Mg Between Groups 1046851,518 14 74775,108 617,45 0,000 

Within Groups 1816,554 15 121,104   

Total 1048668,072 29    

Na Between Groups 4990,089 10 499,009 13,05 0,000 

Within Groups 420,521 11 38,229   

Total 5410,610 21    

Quinic Acid Between Groups 930,662 14 66,476 13,21 0,000 

Within Groups 75,481 15 5,032   

Total 1006,143 29    

Shikimic Acid Between Groups 1,126 14 0,080 144,50 0,000 

Within Groups 0,008 15 0,001   

Total 1,134 29    
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Table D.1 (continued): Statistical analysis results of chokeberry samples. 

Malic Acid Between Groups 2216,117 14 158,294 13,05 0,000 

Within Groups 181,946 15 12,130   

Total 2398,064 29    

Citric Acid Between Groups 605,536 14 43,253 198,22 0,000 

Within Groups 3,273 15 0,218   

Total 608,809 29    

Isocitric Acid Between Groups 25451,984 14 1817,999 7232,00 0,000 

Within Groups 3,771 15 0,251   

Total 25455,755 29    

Saccharose Between Groups 468962,845 5 93792,569 4158,00 0,000 

Within Groups 135,335 6 22,556   

Total 469098,181 11    

Glucose Between Groups 242261,718 14 17304,408 4455,00 0,000 

Within Groups 58,263 15 3,884   

Total 242319,981 29    

Fructose Between Groups 183213,710 14 13086,694 3313,00 0,000 

Within Groups 59,243 15 3,950   

Total 183272,953 29    

Sorbitol Between Groups 85205,184 14 6086,085 6056,00 0,000 

Within Groups 15,074 15 1,005    

Total 85220,258 29     
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Table D.2: Post Hoc Test for total phenolics* 

Duncan Total Phenolics 

Sample N 

Subset for alpha = 0.05 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Raspberry- Chokeberry Syrup 2 0,7750             

Sourcherry-Chokeberry Syrup 2  1,3850            

Syrup 2   2,5500           

Juice 3 2    6,2700          

Juice 2 2     6,5050         

Juice 1 2     6,6200 6,6200        

Compote 2     6,7250 6,7250        

Jam 2      6,8550        

Marmalade 2       11,9850       

Chokeberry 2        13,3250      

Chokeberry-Sourcherry Concentrate 2         19,3550     

Concentrate 2          29,6250    

Dried Chokeberry 1 2           39,8900   

Dried Chokeberry 2 2            50,0500  

Tea 2             63,0750 

Sig.  1,000 1,000 1,000 1,000 ,073 ,057 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
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Table D.3: Post Hoc Test for total flavonoids* 

Duncan Total Flavonoids 

Sample 
N 

Subset for alpha = 0.05 

1 2 3 4 5 6 

Raspberry- Chokeberry Syrup 2 0,0400      

Sourcherry-Chokeberry Syrup 2 0,1550      

Syrup 2 1,0050      

Juice 1 2  2,7100     

Juice 3 2  2,7700     

Jam 2  2,8600     

Juice 2 2  2,9000     

Compote 2  3,2650     

Chokeberry 2   5,2450    

Concentrate 2   6,1000    

Marmalade 2   6,3800    

Chokeberry-Sourcherry Concentrate 2    8,7800   

Tea 2    9,2850   

Dried Chokeberry 1 2     12,5200  

Dried Chokeberry 2 2      19,8750 

Sig.  ,154 ,423 ,097 ,421 1,000 1,000 
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Table D.4: Post Hoc Test for total anthocyanins* 

Duncan Total Anthocyanins 

Sample 

N 

Subset for alpha = 0.05 

1 2 3 4 5 6 7 8 9 10 11 

Raspberry- Chokeberry Syrup 2 ,0100           

Sourcherry-Chokeberry Syrup 2 ,0300           

Syrup 2  ,1000          

Compote 2   ,2150         

Marmalade 2   ,2400         

Juice 2 2    ,3850        

Jam 2    ,4250        

Juice 3 2     ,5700       

Chokeberry-Sourcherry Concentrate 2     ,6250 ,6250      

Juice 1 2      0,6500      

Dried Chokeberry 1 2       1,4050     

Dried Chokeberry 2 2        3,1300    

Concentrate 2         3,5750   

Chokeberry 2          4,4900  

Tea 2           9,9150 

Sig.  ,500 1,000 ,401 ,187 ,077 ,401 1,000 1,000 1,000 1,000 1,000 
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Table D.5: Post Hoc Test for ABTS* 

Duncan ABTS 

Sample 
N 

Subset for alpha = 0.05 

1 2 3 4 5 6 7 8 9 

Raspberry- Chokeberry Syrup 2 1,2050         

Sourcherry-Chokeberry Syrup 2 2,0000         

Syrup 2  3,7300        

Jam 2   8,9700       

Compote 2   9,3750       

Juice 1 2   9,8300 9,8300      

Marmalade 2   9,8300 9,8300      

Juice 2 2    10,7550      

Juice 3 2    10,8200      

Chokeberry Fruit 2    10,9450      

Concentrate 2     21,9050     

Chokeberry- Sour cherry Concentrate 2      37,4750    

Tea 2       49,5800   

Dried Chokeberry 1 2        54,3650  

Dried Chokeberry 2 2         74,0100 

Sig.  ,175 1,000 ,175 ,089 1,000 1,000 1,000 1,000 1,000 
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Table D.6: Post Hoc Test for DPPH* 

Duncan DPPH 

Sample 
N 

Subset for alpha = 0.05 

1 2 3 4 5 6 7 

Raspberry- Chokeberry Syrup 2 ,7200       

Sourcherry-Chokeberry Syrup 2 1,9100       

Syrup 2 2,2100       

Compote 2  4,7600      

Jam 2  4,9600      

Juice 1 2  5,6600      

Juice 3 2  5,8350      

Juice 2 2  6,2350      

Marmalade 2   8,6750     

Concentrate 2    10,7550    

Chokeberry 2    11,3000    

Tea 2     25,2000   

Choeberry-Sourcherry Concentrate 2     25,3750   

Dried Chokeberry 2 2      30,5350  

Dried Chokeberry 1 2       36,3150 

Sig.  ,067 ,082 1,000 ,460 ,811 1,000 1,000 
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Table D.7: Post Hoc Test for CUPRAC* 

Duncan CUPRAC 

Sample 
N 

Subset for alpha = 0.05 

1 2 3 4 5 6 7 8 9 10 11 

Raspberry- Chokeberry Syrup 2 2,9700           

Sourcherry-Chokeberry Syrup 2 5,1850           

Syrup 2  13,3800          

Juice 3 2   30,7250         

Compote 2    33,1750        

Jam 2    33,6400        

Juice 1 2    33,8150        

Juice 2 2    35,0850        

Marmalade 2     57,3750       

Chokeberry Fruit 2      67,7150      

Concentrate 2       74,5300     

Chokeberry-Sour cherry Concentrate 2        1,1235E2    

Tea 2         1,9242E2   

Dried Chokeberry 2 2          2,3320E2  

Dried Chokeberry 1 2           2,5724E2 

Sig.  ,054 1,000 1,000 ,116 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
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Table D.8: Post Hoc Test for cyanidin-3-galactoside* 

Duncan cyanidin-3-galactoside 

Sample 
N 

Subset for alpha = 0.05 

1 2 3 4 5 6 7 8 9 10 

Raspberry- Chokeberry Syrup 2 7,0300          

Sourcherry-Chokeberry Syrup 2 29,2500          

Marmalade 2 81,1550 81,1550         

Compote 2 81,5500 81,5500         

Jam 2 1,2037E2 1,2037E2 1,2037E2        

Chokeberry-Sour cherry Concentrate 2  1,9116E2 1,9116E2 1,9116E2       

Syrup 2   2,3739E2 2,3739E2       

Juice 2 2    2,8664E2 2,8664E2      

Juice 3 2     4,0708E2 4,0708E2     

Juice 1 2      4,4139E2     

Dried Chokeberry 2 2      4,7566E2     

Dried Chokeberry 1 2       9,2786E2    

Chokeberry 2        2,9172E3   

Chokeberry Concentrate 2         3,3497E3  

Tea 2          4,6005E3 

Sig.  ,143 ,148 ,115 ,193 ,090 ,344 1,000 1,000 1,000 1,000 
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Table D.9: Post Hoc Test for cyanidin-3-glucoside* 

Duncan cyanidin-3-glucoside 

Sample 
N 

Subset for alpha = 0.05 

1 2 3 4 5 6 7 

Raspberry- Chokeberry Syrup 2 1,8600       

Sourcherry-Chokeberry Syrup 2 2,0700       

Marmalade 2 3,2900       

Syrup 2 3,6150       

Compote 2 3,9850       

Jam 2 9,9600 9,9600      

Chokeberry-Sourcherry Concentrate 2  13,9350 13,9350     

Juice 2 2  15,1450 15,1450     

Dried Chokeberry 2 2   19,3400     

Juice 3 2   19,3550     

Juice 1 2   19,8600     

Dried Chokeberry 1 2    60,6000    

Chokeberry 2     1,2700E2   

Concentrate 2      2,1468E2  

Tea 2       2,3769E2 

Sig.  ,055 ,179 ,145 1,000 1,000 1,000 1,000 
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Table D.10: Post Hoc Test for cyanidin-3-arabinoside* 

Duncan cyanidin-3-arabinoside 

Sample 
N 

Subset for alpha = 0.05 

1 2 3 4 5 6 7 8 9 

Raspberry- Chokeberry Syrup 2 5,2150         

Sourcherry-Chokeberry Syrup 2 15,9000         

Marmalade 2 21,9550 21,9550        

Syrup 2 27,2150 27,2150        

Compote 2 40,9450 40,9450        

Jam 2  85,2300 85,2300       

Chokeberry-Sourcherry Concentrate 2   1,1612E2 1,1612E2      

Juice 2 2   1,1784E2 1,1784E2      

Juice 3 2    1,5713E2 1,5713E2     

Juice 1 2    1,7262E2 1,7262E2     

Dried Chokeberry 2 2     1,8604E2     

Dried Chokeberry 1 2      4,7769E2    

Chokeberry 2       1,3594E3   

Concentrate 2        1,4476E3  

Tea 2         1,6511E3 

Sig.  ,278 ,060 ,300 ,090 ,356 1,000 1,000 1,000 1,000 
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Table D.11: Post Hoc Test for cyanidin-3-xyloside* 

Duncan cyanidin-3-xyloside 

Sample 
N 

Subset for alpha = 0.05 

1 2 3 4 5 6 7 

Sourcherry-Chokeberry Syrup 2 1,4800       

Marmalade 2 2,8000       

Syrup 2 2,8050       

Jam 2 8,6850 8,6850      

Chokeberry-Sour cherry Concentrate 2 9,3000 9,3000      

Juice 2 2  14,6850 14,6850     

Juice 3 2   18,7400     

Juice 1 2   19,2450     

Dried Chokeberry 2 2   21,8200     

Dried Chokeberry 1 2    62,4800    

Chokeberry Fruit 2     1,6584E2   

Concentrate 2      2,0107E2  

Tea 2       2,2344E2 

Sig.  ,060 ,123 ,078 1,000 1,000 1,000 1,000 

 

*Means for groups in homogeneous subsets are displayed. 

 

 



 80 

 

 

 



 81 

 

 

 

 

CURRICULUM VITAE 

 

 

Name Surname: Bahtınur Kapçı   

Place and Date of Birth: 31.08.1987 - Bodrum 

E-Mail: kapci@itu.edu.tr; bahti_k@hotmail.com  

B.Sc.: Istanbul Technical University – Food Engineering Department   

Professional Experience and Rewards:  

 Perfetti Van Melle 

             R&D Engineer in Research&Development Department 

             November 2012 – Ongoing 

 

 The Cola Cola Company 

Long Term Intern in Research&Development Department 

             May 2011 – January 2012 

 

 Merck Sharp & Dohme 

Long Term Intern in Procurement Department 

             October 2010 – April 2011 

 

 Efes Brewery and Malt Company, Istanbul 

Intern in Production Department and Laboratory 

             August 2009 – September 2009 

 

 Unilever 

             Intern in Production Department and Laboratory 

             July 2008 – August 2008 

List of Publications: 

 Kapçı, B. and Çapanoğlu, E., 2012: Comparing the antioxidant 

capacity, flavonoids, phenolics and anthocyanins in grape and grape juice 

concentrate. IFT Annual Meeting & Food Expo, 25-28 June 2012, Las Vegas, 

USA (poster presentation) 



 82 

 Çapanoğlu, E., Erdil, D.N., Kapçı, B., Sürek, E., Süzme, S., Boyacıoğlu, 

D. 2012: Meyve Suyuna Ġşleme Sırasında Antioksidan Özelliklerde Meydana 

Gelen Değişimler. Gıda Teknolojisi.  

 

PUBLICATIONS/PRESENTATIONS ON THE THESIS 

 

 Šnebergrová, J, Čížková, H., Neradová, E., Kapci, B., Rajchl, A., 

Voldřich, M., 2012: Variability and stability of the characteristic components 

of aronia. Journal of Food and Nutrition Research (submitted manuscript). 

 


