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Frozen Marion (Rubus sp. hyb) and Evergreen blackberries (Rubus 

laciniatus) (whole berries, berries without seeds, and seeds alone) were 

acetone/ chloroform extracted. Phenolics were isolated using Cis cartridges 

and polyamide resins, then characterized and measured by reversed-phase 

HPLC/diode array spectral techniques. The Polyamide isolated fractions of 

Marion berries contained four quercetin glycosides, one kaempferol 

glycoside, three acylated quercetin glycosides, (-)-epicatechin, and eight 

ellagic acid derivatives. Polyamide isolated fractions of Marion seeds had 

several procyanidins (including (+)-catechin and (-)-epicatechin), 11 

tentative ellagitannins, and eight ellagic acid derivatives. (-)-Epicatechin and 

ellagic acid derivatives were the primary phenolics in blackberry fruits and 

seeds.   Flavonols were the  major component  in whole  berries,  while 



procyanidins and ellagic acid derivatives were the primary phenolics in 

seeds. No flavonols were found in seeds. 

The phenolic profiles of Marion and Evergreen were qualitatively 

similar. Evergreen berries contained higher level of (-)-epicatechin, ellagic 

acid derivatives, and flavonols than Marion berries. Evergreen seeds were 

also higher in procyanidin content than Marion seeds, while Marion seeds 

were higher in ellagic acid derivatives. No ascorbic acid was found in any 

extracts. The total monomeric anthocyanin content of Marion berries (225 

mg of Cyanidin 3-glucoside/100g) was 1.5 times higher than that of 

Evergreen berries (154 mg/IOOg). However, the total phenolics, total 

monomeric anthocyanins, oxygen radical absorbing capacity (ORAC), and 

ferric reducing antioxidant power (FRAP) values of Marion and Evergreen 

berries were not statistically different at the significance level 0.05. The total 

phenolics, ORAC, and FRAP values of Marion berries were 844 mg of gallic 

acid equivalent (GAE)/100g, 35.5 nmole of Trolox equivalent (TE)/g, and 

79.1 nmole of TE/g, respectively. The total phenolics, ORAC and FRAP 

values of Evergreen berries were 822 mg of GAE/100g, 34.3 jimole of TE/g, 

and 74.2 (imole of TE/g, respectively. Over all, Marion blackberries were 

higher than Evergreen blackberries with respect to phenolic content and 

antioxidant capacity. 

This study confirmed that blackberries contributed a significant 

source of phenolic antioxidants that may have potential health effects. 



Blackberry seeds, accounting for 5.0% of the weight of Marion berries and 

5.6% of Evergreen berries, had very high phenolic content and antioxidant 

capacity; therefore they may be a potential source for nutraceuticals and 

natural antioxidants. 
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CHARACTERIZATION OF PHENOLICS IN MARION AND 
EVERGREEN BLACKBERRIES 

Chapter 1 

Introduction and Literature Review 

Introduction 

Interest in food phenolics has increased greatly, because of their 

antioxidant capacity (free radical scavenging and metal chelating activities) 

and their possible beneficial implications in human health. Since 

blackberries have been reported to have high antioxidant activity (Heinonen 

and others 1998; Wang and Jiao 2000; Wang and Lin 2000; Moyer and 

others ), interest in their composition has intensified. It has been shown that 

not only anthocyanins, but also other phenolic compounds contribute to 

their antioxidant activity. However, most studies have been done on 

blackberry's antioxidant capacity and anthocyanins, and less attention has 

been given to the contribution of other blackberry phenolics. Moreover, 

while a number of non-anthocyanin phenolics have been identified in 

blackberries (Macheix and others 1990; Mosel and Herrmann 1974; 

Schuster and Herrmann 1985; Wald and others 1986), quantitative data for 



these phenolics is lacking and much of the information is limited to 

European blackberries. 

The objectives of this study were to characterize the non- 

anthocyanin profile of Marion and Evergreen blackberries and to determine 

their antioxidant activity. The distribution of phenolics in different fruit parts 

(skin, pulp, seeds, and so on) is also of interest. This knowledge will offer a 

number of opportunities including being able to make compositional 

comparison with other dietary fruits and nutraceuticals. Furthermore, a 

more complete compositional data for authentic blackberry juice will 

establish better criteria for evaluating the authenticity and quality of 

blackberry products. The Pacific Northwest is a major producer of 

blackberries and a significant portion of the crop is processed into juice 

concentrate. The local processors have indicated that the propensity for 

haze and sediment formation is a major quality defect limiting the usage of 

blackberry juice, and that Evergreen is more problematic than Marion. 

There is no published work on the nature of the sediment, and its 

characterization has not been approached in a systematic way. For that 

reason knowledge of blackberry phenolic composition may possibly lead to 

an understanding of the propensity for haze and sediment formation in 

blackberry juice products and suggest preventative measures. 



Literature Review 

BLACKBERRY 

Blackberries are taxonomically classified in the genus Rubus, 

subgenus Eubatus, in the Rosaceae family. They consist of a highly 

variable and complex group of plants, found throughout the world except in 

desert regions. Most species of blackberries produce biennial canes, which 

vary from erect to procumbent in growth habit and are usually armed with 

sharp prickles. Present blackberry cultivars originated from the 

interbreeding of many genetically heterogeneous and morphologically 

variable species. For that reason they differ greatly in fruit and plant habit. 

The American blackberry cultivars are often classified as erect thorny, 

western trailing, semi-erect thornless, dewberries or raspberry-blackberry 

hybrids, based on gross morphology (Table 1.1) (Galletta and Himelrick 

1990). In general, trailing blackberries have a more preferable fruit flavor 

than erect or semi-erect types (Strik 1992). Blackberries ripen from May in 

the Southeastern USA production regions, to July in the Pacific Northwest. 

The fruiting period of individual cultivars ranges from 4 to 7 weeks at a 

given location. 



Table 1.1 - Classification of American blackberry cultivars 

Class Description Cultivars 

Erect thorny -    Characterized by erect, Brazos, Cherokee, Cheyenne, 

spiny canes, and prolific Comanche, Darrow, Humble, 

production of Shawnee, Choctaw, lllini 

primocanes Hardy, Navaho 

-    Large clustered and 

produce large, sweet 

fruits 

Western trailing -    Pacific coast of North Boysen, Chehalem, 

America Flordagrand, Gem, Lincoln 

-    Very vigorous trailing to Logan, Logan, Marion, 

semi-erect canes, and Oklawaha, Olallie, Thornless 

large, roundish to Evergreen, Young 

elongated, wine-colored 

to black fruits of distinct 

flavor 

Semi-erect -    Characterized by Black Satin, Chester 

thornless vigorous, semi-erect, Thornless, Dirksen Thornless, 

smooth canes, large Flint, Georgia Thornless, Hull 

fruit clusters, high Thornless, Smoothstem, 

productivity, and late Thornfree 

ripening 

Dewberry -    Prostrate canes that 

produce 

large, early ripening, 

high-flavored fruits 

R. baileyanus, R. ursinus, 

Adapted from Galletta and Himelrick (1990). 



'Marion', Thornless Evergreen', and 'Boysen' are the most important 

trailing blackberry cultivars in the Pacific Northwest. 'Marion' accounts for 

more than 50% of the hectarage in this region and continues to be widely 

planted, while Thornless Evergreen' (Rubus laciniatus) is the second most 

widely planted cultivar (Strik 1992). About 95% of the blackberry fruit 

produced in the Pacific Northwest are for processing (Finn and others 

1997). The Oregon raspberry and blackberry commission reported the 

nutraceutical information of blackberries (Anonymous 1999a). 

Since the early 1980's, 'Marion', or "Marionberry" as it is known by 

consumers and marketers, has been the dominant cultivar, when it replaced 

Thornless Evergreen' as the most widely planted cultivar. The best 

attributes from crossing the Chehalem and Olallieberry blackberries have 

earned 'Marion' an outstanding reputation worldwide (Anonymous 1999b). 

Its outstanding reputation is primarily related to fruit quality, including fruit 

flavor, aroma, and perception of fewer pyrenes (Finn and others 1997). 

Table 1.2 shows the economic information of 'Marion' and Thornless 

Evergreen' blackberries for recent years. 



Table 1.2 - Economic information for Oregon blackberries 

Cultivar 1998r 1999r 2000p 

Marion and other blackberries 

Acreage harvested (acres) 4,350 4,550 4,860 

Yield per acre (pounds) 7,010 6,350 7,200 

Value of sales (1,000 dollars) 13,820 21,477 17,312 

Evergreen blackberries 

Acreage harvested (acres) 1200 1300 1280 

Yield per acre (pounds) 7000 8080 7730 

Value of sales (1,000 dollars) 3606 5639 4114 

Partially derived from Anonymous (2001) 
r, revised; p, preliminary. 

PHENOLICS AND THEIR IMPACT ON HEALTH 

Phenolic compounds, a diverse group of secondary metabolites, are 

distributed widely in plant foods such as fruits and vegetables. Plant 

phenols are regarded as those substances derived from the shikimate 

pathway and phenylpropanoid metabolism (Robards and others 1999). 

They have been classified into major groupings distinguished by the 

number of constitutive carbon atoms in conjunction with the structure of the 

basic phenolic skeleton. The range of known phenolics is vast and also 

includes polymeric lignins and condensed tannins. Their composition in 

fruits is determined by genetic and environmental factors, but may be 

modified by oxidative reactions during processing and storage (Robards 



and others 1999). The biological functions of phenolics in plants include 

providing mechanical support and water barriers for plants (lignin, cutin, 

suberin), UV screens (flavones, flavonols), attractants (flavonoids), defense 

responses, and signal compounds (Parr and Bolwell 2000). Since plant 

phenolics are a component of the human diet, a certain number of 

phenolics may also fulfil some of the same roles in man as they do in the 

parent plant. 

Epidemiological evidence shows that increased levels of fruits and 

vegetables in the diet reduce the risk of cancer and heart disease, as well 

as cataracts, brain and immune dysfunction, and stroke (Stavric 1997; Parr 

and Bolwell 2000). A review by Clifford (2000b) showed that 5-0- 

caffeoylquinic acid (CQA) and caffeic acid have anticarcinogenicity and 

antigenotoxicity properties. However, it should be noted that high doses of 

caffeic acid can exert forestomach and kidney carcinogenic activity in rats 

and mice (Hagiwara and others 1991). 

Flavonoids behave as antioxidants by donating electrons to radicals 

and breaking the radical chains. Most flavonoids are effective radical 

scavengers (Hollman and others 1996). They may reduce peroxidative 

tendencies and retard the several interactions involved in atherogenesis 

and thrombosis (Kinsella and others 1993). Known properties of flavonoids 

include free radical scavenging, strong antioxidant activities in preventing 

the oxidation of low-density lipoproteins (LDL), inhibition of hydrolytic and 



oxidative enzymes (phospholipase A2, cyclooxygenase, lipoxygenase), and 

anti-inflammatory actions (Frankel 1999). Possible health benefits of 

proanthocyanidins (Santos-Buelga and Scalbert 2000) and ellagic acid and 

ellagitannins (Clifford and Scalbert 2000) also have been reviewed. 

The action of phenolics as antioxidants is viewed as beneficial in 

both foods and the body. Liu (2001) demonstrated that the combination of 

phytochemicals exhibit potent antioxidant activity and synergy. Recently 

interest has been growing in finding a naturally occurring antioxidant for use 

in foods to replace synthetic antioxidants and for possible in vivo use 

(Fukumoto and Mazza 2000). However, many phenolic compounds (for 

example caffeic esters and catechins) are both good browning substrates 

and good antioxidants. They are functional as antioxidants at relatively low 

concentrations while, at higher concentrations, since they themselves are 

susceptible to oxidation, they can behave as pro-oxidants due to their 

involvement in initiation reactions (Robards and others 1999). Therefore, 

their role as substrates for oxidative browning is probably restricted to foods 

and is invariably detrimental. 

PHENOLICS IN BLACKBERRIES 

A number of studies and reviews on blackberry phenolics have been 

published (Wildanger and Herrmann 1973; Mosel and Herrmann 1974; 

Henning 1981; Reschke and Herrmann 1981; Schuster and Herrmann 



1985; Bilyk and Sapers 1986; Wald and others 1986; Macheix and others 

1990; Wang and others 1990; Wilska-Jeszka and others 1992; Mazza and 

Miniati 1993; Hollman and Venema 1993; Heinonen and others 1998; Arts 

and others 2000; Clifford and Scalbert 2000; Wang and Lin 2000). They 

showed that blackberries contain a complex mixture of phenolic acids, 

anthocyanins, flavonols, flavanols and ellagitannins, and are a rich source 

of natural antioxidants. Fan-Chiang (1999) reported on the sugar, 

nonvolatile acid and anthocyanin pigment composition of 52 samples of 

authentic blackberries. 

The antioxidant capacity varies considerably in different types of 

berry crops and also with different levels of maturity and different plant 

parts. According to Wang and Lin (2000), blackberries have their highest 

ORAC values during green stages. In a study on LDL oxidation, extracts of 

blackberries show a remarkably higher scavenging activity than those of red 

raspberries, sweet cherries, and blueberries (Heinonen and others 1998). 

Moreover, blackberries contain high amounts of ellagic acid, which has 

potent antimutagenic and anticarcinogenic properties (Daniel and others 

1989; Wang and others 1990; Hollman and Venema 1993; Clifford and 

Scalbert 2000). Therefore, blackberries have been reported to be a 

significant source of phenolic antioxidants that may have potential health 

effects. Table 1.3 shows the antioxidant capacity of blackberries as 

reported in literature. 
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Table 1.3 - Total phenolics, ORAC, FRAP, and ascorbic acid contents of 
blackberries. 

Reference N Total 
phenolics 

ORAC FRAP Ascorbic acid 

(mg/100g) (M-imole TE/g) (nmole TE/g) (mg/100g) 
Rodriguez and 2 - - - 5.8-6.2 
others (1992) (mean = 6.0) 
Wilska-Jeszka 1 448* - - 17.2 
and others 
(1992) 
Heinonen and 1 435* a - - - 
others (1998) 
Fukumoto and 3 383* b - - - 
Mazza (2000) 
Wang and Lin 3 204 - 248* a 20.3 - 24.6 - - 
(2000) (mean = 226) (mean = 22.4) 
Moyer and 32 275-678* a 26.7 - 78.8 40.6-106 - 
others (mean = 478) (mean = 47.8) (mean = 71.4) 

* The Folin-Ciocalteau method. 
# The modified Glories' method (Mazza and others 1999). 
a Quantified as gallic acid equivalent. 
b Quantified as chlorogenic acid equivalent. 
N = number of sample. 
TE = Trolox equivalent. 

PHENOLIC COMPOUNDS 

Phenolic Acids 

Hvdroxvbenzoic acid and derivatives 

The hydroxybenzoic acid derivatives (HBAs) are phenolic 

metabolites with a general structure of Ce-Ci. Variations in the basic 

structure of HBA (Figure 1.1) include hydroxylations and methoxylations of 

the aromatic ring (Tomas-Barberan and Clifford 2000). Although HBAs can 



II 

be detected as free acids in some fruits or after being released during fruit 

and vegetable processing, they are generally present as conjugates. Their 

bound forms constitute either complex structures like hydrolyzable tannins 

or simple molecules by combining with sugars or organic acids (Schuster 

and Herrmann 1985; Macheix and others 1990). Gallic acid participates in 

the formation of hydrolyzable gallotannins. Its dimeric condensation product 

(ellagic acid) and the related dilactone (hexahydroxydiphenic acid) are also 

common plant constituents, the former usually occurring bound as 

ellagitannins (Macheix and others 1990). 
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COOH 
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Figure 1.1 - Chemical structures of hydroxybenzoic acids: I, salicylic acid; 
II, 4-hydroxybenzoic acid; III, protocatechuic acid; IV, gentisic acid; V, 
vanillic acid; VI, syringic acid; VII, gallic acid; VIII, ellagic acid; IX, 
hexahydroxydiphenic acid (ellagic acid dilactone). 
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Generally the HBA contents of fruits and vegetables are low, with the 

exception of certain fruits of the Rosaceae (Table 1.4), some herbs and 

spices, and green and black tea (Macheix and others 1990; Tomas- 

Barberan and Clifford 2000; Kahkonen and others 2001). In raspberries and 

blackberries, the p-D-glucosides of p-coumaric, p-hydroxybenzoic and 

protocatechuic acids occur regularly (Schuster and Herrmann 1985). Ellagic 

acid is an important component in various fruits, especially raspberries, 

strawberries and blackberries (Daniel and others 1989; Wang and others 

1990; Garrido and others 1993; Hollman and Venema 1993; Rommel and 

Wrolstad 1993; Ancos and others 2000). Table 1.5 shows hydroxybenzoic 

acid content of blackberries as reported in literature. According to Macheix 

and others (1990), p-hydroxybenzoic, protocatechuic, and gallic acid are 

generally predominant among HBA in fruits. 

Table 1.4 - Some major sources of hydroxybenzoic acids in fruit (mg/kg) 

Fruit 4-Hydroxybezoic     Protocatechuic        Gallic 

Blackberry 6-16 68-189 8-67 

Blackcurrant 0-6 10-52 30-62 

Raspberry 15-27 25-37 19-38 

Redcurrant 10-23 3-8 - 

Strawberry 10-36 - 11-44 

White currant 5-19 - 3-38 

Derived from Tomas-Barberan and Clifford (2000). 
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Table 1.5 - Hydroxybenzoic acid content (mg/100g) of blackberries. 

Compound Method mg/100g N Reference 
4-hydroxybezoic 
acid 

0-1.6 
(mean = 0.4) 

Mosel and Herrmann 
(1974) 

Protocatechuic acid 0-18.9 
(mean = 10.6) 

Mosel and Herrmann 
(1974) 

Gallic acid 0.8-6.7 
(mean = 3.5) 

Mosel and Herrmann 
(1974) 

Ellagic acid HPLC 

HPLC 

HPLC 

150* 
580a 

193-209 
(mean = 201) 

8.8 

3        Daniel and others (1989) 
Wang and others (1990) 

2 Hollman and Venema 
(1993) 

5      Amakura and others (2000) 
p-hydroxybenzoic HPLC 0.5-2.1 3 Schuster and Herrmann 
acid P-D-glucoside (mean = 1.1) (1985) 

GC 0.4-1.8 
(mean = 1.0) 

3 Schuster and Herrmann 
(1985) 

Protocatechuic acid HPLC 0.2 - 0.6 3 Schuster and Herrmann 
4-p-D-glucoside (mean = 0.4) (1985) 

GC 0.2 - 0.4 
(mean = 0.3) 

3 Schuster and Herrmann 
(1985) 

Gallic acid 4-0-0- HPLC Trace 3 Schuster and Herrmann 
glucoside (1985) 

GC Trace - 0.2 3 Schuster and Herrmann 
(1985) 

1-O-galloyl-p-D- HPLC 0.2-0.3 3 Schuster and Herrmann 
glucopyranose (mean = 0.3) (1985) 

* Dry weight basis. 
a Value is from blackberry pulp and seed combined. 
N = number of sample. 
HPLC, high performance liquid chromatography; GC, gas chromatography. 

Cinnamic acid and derivatives 

Cinnamic acids are a series of frans-phenyl-3-propenoic acids (C6-C3 

skeleton) differing in their ring substitution. These compounds are widely 

distributed as conjugates in plant material and rarely found as free acids in 

unprocessed plant material. The common acids are caffeic, ferulic, sinapic, 

p-coumaric, and chlorogenic acids (Figure 1.2). 
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OOH 

COO" 

^ = R2 =H 

R^ = OH, R2 = H 
R-l = OCHs, R2 = H 
R1 = R2 = OCH3 

COOH 

: p^oumaric acid 
: Caffeic acid 

: Ferulic acid 
: Sinapic acid 

Quinic acid 

S'-Caffeoylquinic acid = Chlorogenic acid 
^-Caffeoylquinic acid = Cryptochlorogenic acid 
S'-Caffeoylquinic acid = Neochlorogenic acid 

Figure 1.2 - Chemical structures of some cinnamic acids. 
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Hydroxycinnamic derivatives are derived from cinnamic acids. They are 

present as combined forms of the four basic molecules: p-coumaric, caffeic, 

ferulic, and sinapic acids (Macheix and others 1990). Cinnamic acids may 

be released from conjugates by hydrolysis and subsequently 

decarboxylated by microorganisms (Schuster and others 1986; Donaghy 

and others 1999). Chlorogenic acids are a family of esters formed between 

certain frans-cinnamic acids and quinic acid. The identity, number and 

position of the acyl residues may subdivide them (Clifford 2000b). The most 

common individual chlorogenic acid is 5-O-caffeoylquinic acid (IUPAC 

numbering), which is usually the only one commercially available. 

Quinic acid and glucose esters of hydroxycinnamic acids are widely 

distributed in fruits and vegetables; however, the content in fruits varies 

according to the physiological stage (Macheix and others 1990). Table 1.6 

shows the cinnamic acid content of blackberries as reported in literature. 

Among the quinates in soft fruits (Table 1.7), caffeic acid esters are 

predominant (Schuster and Herrmann 1985). 
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Table 1.6 - Cinnamic acid content (mg/100g) of blackberries. 

Compound Method mg/100g N Reference 
p-coumaric acid - 0.9-1.4 

(mean = 1.1) 
6 Mosel and Herrmann 

(1974) 
Caffeic acid - 1.0-3.4 

(mean = 2.4) 
6 Mosel and Herrmann 

(1974) 
Ferulic acid - 0.6-1.2 

(mean = 0.8) 
6 Mosel and Herrmann 

(1974) 
5'-caffeoylquinic acid GC Trace - 0.3 3 Schuster and 

Herrmann (1985) 
4'-caffeoylquinic acid GC 0.1 3 Schuster and 

Herrmann (1985) 
3'-caffeoylquinic acid GC 4.1 - 5.2 

(mean = 4.5) 
3 Schuster and 

Herrmann (1985) 
3'-p-coumaroylquinic acid GC 0.2-0.5 

(mean = 0.4) 
3 Schuster and 

Herrmann (1985) 
5'-feruloylquinic acid GC 0 - Trace 3 Schuster and 

Herrmann (1985) 
3'-feruloylquinic acid GC 0.2 - 0.4 

(mean = 0.3) 
3 Schuster and 

Herrmann (1985) 
1-O-caffeoyl-p-D- 
glucopyranose 

TLC 

HPLC 

• 

0.3 - 0.6 
(mean = 0.5) 

1 

3 

Reschke and 
Herrmann (1981) 

Schuster and 
Herrmann (1985) 

1-O-p-coumaroyl-p-D- 
glucopyranose 

TLC 

HPLC 

• 

0.4-1.1 
(mean = 0.7) 

1 

3 

Reschke and 
Herrmann (1981) 

Schuster and 
Herrmann (1985) 

l-O-feruloyl-jJ-D- 
glucopyranose 

TLC 

HPLC 

• 

0.2-0.6 
(mean = 0.4) 

1 

3 

Reschke and 
Herrmann (1981) 

Schuster and 
Herrmann (1985) 

p-coumaric acid (3-0- 
glucoside 

HPLC 

GC 

0.2 - 0.4 
(mean = 0.3) 

0.2-0.5 
(mean = 0.3) 

3 

3 

Schuster and 
Herrmann (1985) 

Schuster and 
Herrmann (1985) 

Hydroxycinnamates HPLC 1.5 1 Heinonen and others 
(1998) 

S = identification only; not-quantitated. 
N = number of sample. 
TLC, thin-layer chromatography; HPLC, 
chromatography. 

high performance liquid chromatography; GC, gas 
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Table 1.7 - Contents (ppm fruit weight) of hydroxycinnamoyl and 
galloylquinic acids in soft fruits 

Fruit Caffeoylquinic p-coumaroylquinic Feruloylquinic Galloylquinic 

Strawberry - - - 1 

Raspberry 1 1 -2 Trace Trace 

Blackberry 45-53 2-5 2-4 - 

Redcurrant 1 0-1 1-2 Trace 

Blackcurrant 45-52 14-23 4-5 1 

Gooseberry 3-4 1 1 - 

Blueberry 1860-2085 2-5 7-8 - 

(High-bush) 

Adapted from Schuster and Herrmann (1985). 

Flavonoids 

Anthocvanins 

Anthocyanins, the most important group of water-soluble pigments in 

plants, are glycosides of an anthocyanidin Ce-Ca-Ce skeleton. The 

anthocyanidins or aglycones are rarely found in fresh plant material. 

Several hundred anthocyanins are known varying in the basic 

anthocyanidin skeleton, the identity, number and position(s) of the sugar 

attachment to the skeleton, and the extent and identity of sugar acylation 

(Clifford 2000a). The six known anthocyanidins, found most frequently in 

plant (Figure 1.3), are pelargonidin, cyanidin, peonidin, delphinidin, 

petunidin, and malvidin. The sugars most commonly bonded to 
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Figure 1.3 - Chemical structures of anthocyanidins. 
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anthocyanidins are glucose, galactose, rhamnose, and arabinose (Mazza 

and Miniati 1993). The common acylating agents include cinnamic acids 

(caffeic, p-coumaric, ferulic and sinapic acids) and a range of aliphatic acids 

(for example acetic, malic, malonic, oxalic, and succinic acids). 

In plant tissues, the anthocyanins, which are largely responsible for 

the attractive color of many flowers, leaves, fruits, and vegetables, produce 

blue, purple, red, and intermediate hues. Their hue and structure are 

dependent on pH value (Figure 1.4) and the presence of co-pigments 

(Clifford 2000a). Anthocyanins are the predominant group of phenolic 

compounds in most berries (Heinonen and others 1998; Kahkonen and 

others 2001). Table 1.8 shows anthocyanin content of some common fruits 

and vegetables. 

Table 1.8 - Anthocyanin content (mg/100g fresh weight) of some common 
fruits and vegetables 

Source Pigment content Source Pigment content 

Apples (Scugog) 10 Cranberries 60 - 200 

Bilberries 300 - 320 Elderberry 450 

Blackberries 83 - 326 Grapes 6-600 

Blackcurrants 130-400 Kiwi 100 

Blueberries 25 - 495 Red Onions 7-21 

Red Cabbage 25 Plum 2-25 

Black chokeberries 560 Red radishes 11-60 

Cherries 4-450 Black raspberries 300 - 400 

Derived from Giusti and Wrolstad (2001). 
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Figure 1.4 - Predominant structural forms of anthocyanins at different pH 
levels. 
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Many studies have been done on blackberry anthocyanins (Table 1.9 

and 1.10). Total anthocyanin content of blackberries is generally 

intermediate between red and black raspberries (Torre and Barritt 1977). 

Five anthocyanins are detected in blackberries and they are identified as 

cyanidin-3-glucoside, cyanidin-3-rutinoside, xylose-cyanidin derivative, and 

two acylated cyanidin derivatives (Sapers and others 1986). The two 

acylated cyanidin derivatives have been more recently identified as malonic 

acid acylated cyanidin 3-glucoside (Fan-Chiang 1999) and cyanidin 3- 

dioxalyl-glucoside (Stintzing and others ). Cyanidin 3-glucoside is the major 

anthocyanin in blackberries (Table 1.10). 

Table 1.9 - Total anthocyanin content (mg/100g) of blackberries. 

Reference N Method Quantified as Total anthocyanins 
Sapers and others 13 pH differential - 57 -144" 
(1985) (mean = 103) 
Wilska-Jeszka and 1 pH differential - 115 
others (1992) 
Heinonen and 1 HPLC Malvidin 765 
others (1998) 
Fan-Chiang 52 pH differential Cyanidin 3- 70 - 201 
(1999) glucoside (mean = 137) 
Fukumoto and 3 Glories' Malvidin 3- 149 
Mazza (2000) method3 glucoside 
Wang and Lin 3 pH differential Cyanidin 3- 134-172 
(2000) glucoside (mean = 153) 
Moyer and others 32 pH differential Cyanidin 3- 

glucoside 
80 - 230 

(mean = 145) 
3 The modified Glories' method (Mazza and others 
b Unit is absorbance units per gram (A.U./g). 
N = number of sample 

1999). 
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Compound Method % peak area N Reference 
Cyanidin 3-glucoside TLC 58.7-100 

(mean = 87.3) 
19 Torre and Barritt 

(1977) 
HPLC 72.2 - 94.2 

(mean = 84.3) 
5 Sapers and others 

(1986) 
HPLC 72 1 Rommel (1988) 

HPLC, ESMS 43.6 - 95.2 
(mean = 82.9) 

52 Fan-Chiang (1999) 

HPLC 82.6 1 Stintzing and others 
Cyanidin 3-rutinoside TLC 0.0-41.3 

(mean = 9.0) 
19 Torre and Barritt 

(1977) 
HPLC 0.2 - 7.6 

(mean = 2.0) 
5 Sapers and others 

(1986) 
HPLC 7 1 Rommel (1988) 

HPLC, ESMS 0.6 - 53.4 
(mean = 10.2) 

52 Fan-Chiang (1999) 

HPLC 2.4 1 Stintzing and others 
Xylose-cyanidin HPLC 0.1 -12.3 5 Sapers and others 
derivative (mean = 5.1) (1986) 

HPLC 6 1 Rommel (1988) 
HPLC, ESMS 0.2-11.3 

(mean = 2.5) 
52 Fan-Chiang (1999) 

HPLC 7.7 1 Stintzing and others 
Acylated cyanidin HPLC 0.9-3.1 5 Sapers and others 
glucosideform#1a (mean = 1.8) (1986) 

HPLC 6 1 Rommel (1988) 
HPLC, ESMS 0.3-5.1 

(mean = 1.9) 
52 Fan-Chiang (1999) 

HPLC 3.6 1 Stintzing and others 
Acylated cyanidin HPLC 0-9.4 5 Sapers and others 
glucoside form #2b (mean = 5.5) (1986) 

HPLC 6 1 Rommel (1988) 
HPLC, ESMS 1.1 -14.9 

(mean = 2.5) 
52 Fan-Chiang (1999) 

HPLC, 3.0 1 Stintzing and others 
ESMS, MS- 

MS 
a Identified as malonic acid acylated cyanidin 3-glucoside (Fan-Chiang 1999). 
b Identified as cyanidin 3-dioxalyl-glucoside (Stintzing and others ). 
N = number of sample. 
HPLC, high performance liquid chromatography; ESMS, electrospray mass spectrometry; 
MS-MS, tandem mass spectrometry. 
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Flavonols 

Flavonols are flavonoids characterized by an unsaturated 3-C chain 

with a double bond between C-2 and C-3 and by the presence of a hydroxyl 

group in the 3-position (Macheix and others 1990). They are widely 

distributed in fruits with substitution patterns commonly involving A- and /or 

B-ring hydroxylation in the 5- and 7-positions or 3'- and 4'-positions, 

respectively. Flavonols are usually found in plants bound to sugars as O- 

glycosides. The preferred bonding site of the sugar is the 3-position, less 

frequently the 7-position, and only in rare cases the 4'-, 3'- and 5-positions. 

Acylation of the glycosides occurs in which one or more of the sugar 

hydroxyl is derivatized with cinnamic and phenolic acids (Herrmann 1976). 

Major flavonols are quercetin, kaempferol, myricetin and isorhamnetin 

(Figure 1.5). Their formation normally depends on light so that they are 

mainly concentrated in the outer tissues (Herrmann 1976). 

Quercetin and kaempferol and their glycosides are dominated in the 

flavonol glycoside profiles of various Rosaceae fruits (Wildanger and 

Herrmann 1973; Heinonen and others 1998; Robards and others 1999). 

Henning (1981) had done extensive work in identified and quantified 

flavonols in blackberries (Table 1.11). Wald and others (1986) also 

identified a quercetin galactoside acylated with 3-hydroxy-3-methylglutaric 

acid. Table 1.12 shows flavonol content of some common fruits. 
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Rj = H R2 = H 

R-! = OH R2 = H 
Ri = OH R2 = OH 
R-l = OCH3 R2 = H 

Kaempferol 
: Quercetin 
My rice tin 

: /so-Rhamnetin 

Figure 1.5 - Chemical structures of flavonol aglycones. 
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Table 1.11- Flavonol content (mg/100g) of blackberries. 

Compound Method mg/100g N Reference 
Kaempferol (K) TLC 

HPLC, TLC 

1.4 

0.06 - 0.26 
(mean = 0.17) 

1 

9d 

Wildanger and 
Herrmann (1973) 

Bilyk and Sapers (1986) 

Quercetin (Q) TLC 

HPLC, TLC 

3.3 

0.52-3.54 
(mean = 1.38) 

1 

9d 

Wildanger and 
Herrmann (1973) 

Bilyk and Sapers (1986) 

Isorhamnetin TLC 0.4 1 Wildanger and 
Herrmann (1973) 

Flavonols HPLC 

Glories' 
method0 

8.3a 

24b 

1 

3 

Heinonen and others 
(1998) 

Fukumoto and Mazza 
(2000) 

K 3-glucuronide HPLC 0.6-1.9 
(mean = 1.2) 

5 Henning(1981) 

K 3-glucoside + 
Q 3-glucuronide 

HPLC 2.2 - 9.6 
(mean = 6.2) 

5 Henning(1981) 

K 3-galactoside HPLC 1.2-4.0 
(mean = 2.2) 

5 Henning(1981) 

Q 3-glucoside HPLC 3.6 - 5.5 
(mean = 4.5) 

5 Henning(1981) 

Q 3-galactoside HPLC 2.2-8.0 
(mean = 4.2) 

5 Henning(1981) 

K 3-xylosyl- 
glucuronide 

HPLC 1.4-9.0 
(mean = 4.1) 

5 Henning(1981) 

Q 3-xylosyl- 
glucuronide 

HPLC 1.8-3.0 
(mean = 2.3) 

5 Henning(1981) 

Q 3-rutinoside HPLC 1.2-2.5 
(mean = 2.1) 

5 Henning(1981) 

Q 3-0-[6"-(3- 
hydroxy-3- 
methylglutaroyl)- 
3-D-galactoside 

HPLC, GC, 
NMR 

• 8 Wald and others (1986) 

a Quantified as rutin. 
b Quantified as quercetin. 
c The modified Glories' method (Mazza and others 1999). 
d Only values of black samples are calculated. 
N = number of sample. 
S = identification only; not-quantitated. 
HPLC, high performance liquid chromatography; GC, gas chromatography; NMR, nuclear 
magnetic resonance spectroscopy. 
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Table 1.12- Flavonol content (mg/kg) of some common fruits 

Fruit Kaempferol        Quercetin        Isorhamnetin        Myricetin 

Cherry 6 6 

Tart cherry 17 80 

Apricot 2 53 

Blackberry 14 33 

Raspberry <0.1 29 

Blackcurrant 0.1 -2 27-33 

Gooseberry 0-0.1 <0.1 

Peach 0-2 0-4 

18 

<1 

0.1 -55 

Adapted from Wildanger and Herrmann (1973). 

Flavanols and procvanidins 

Flavanols are one of the major subclasses of flavonoids. Their 

structure is similar to that of flavonols, except for the lack of an oxygen 

group at the 4-position of the heterocyclic C-ring and the absence of a 

double bond at the 2-3 position. So far, only flavanols with a 2R 

configuration have been found in nature (Hollman and Arts 2000). Flavanols 

are also referred to as flavan-3-ols or catechins, while procyanidins are 

usually referred to flavan-3-ol and flavan-3,4-ol dimers (Rommel 1991). 

The major flavanols are (+)-catechin, (-)-epicatechin, (+)-gallocatechin and 

(-)-epigallocatechin, and the following gallic acids esters: (-)-epicatechin 

gallate and (-)-epigallocatechin gallate (Figure 1.6). 
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Figure 1.6 - Chemical structures of flavanols: I, (+)-catechin; II, R = H, (-)- 
epicatechin; II, R = OH, (-)-epigallocatechin; III, R = H, (-)-epicatechin-3- 
gallate; III, R = OH, (-)-epigallocatechin-3-gallate. 
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Flavanols are important constituents of fruits in oligomeric or polymeric 

forms as proanthocyanidins or condensed tannins (Robards and others 

1999). Polymerization of monomeric flavanols can occur as a result of auto- 

oxidation, but more often it is catalyzed by polyphenoloxidase (PPO), an 

enzyme which is present in most plant tissue (Hollman and Arts 2000). 

Flavanols are the major components in teas (Balentine and others 

1997). They are also present in fruits, vegetables and legumes (Hollman 

and Arts 2000). Wilska-Jeszka and others (1992) observed that the fruits 

rich in anthocyanins, for example elderberry, blackberry and blueberry, are 

a rather poor source of monomers and oligomeric flavanols. Arts and others 

(2000) reported flavanol contents of raw and processed foods, which are 

partially presented in Table 1.13. (-)-Epicatechin is a predominate flavanol 

in blackberries (Mosel and Herrmann 1974). Table 1.14 shows flavanol 

content of blackberries as reported in literature. 
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Table 1.13- Flavanol content (mg/kg of fresh edible weight) in some raw 
and processed foods. 

Food (+)-catechin (-)-epicatechin Others Total flavanols 

Apple with skin 4-16 67-103 ND 71 -115 

Blackberry 7 181 ND 187 

Blueberry ND 11 ND 11 

Cherry, sweet 22 95 ND 117 

Cranberry ND 42 ND 42 

Blackcurrant 7 5 ND 12 

Red currant 12 ND 12 24 

Raspberry 10 83 ND 92 

Strawberry 45 ND ND 45 

Adapted from Arts and others (2000) 
ND = not detected. 

Table 1.14 - Flavanol and procyanidin content (mg/100g) of blackberries. 

Compound Method mg/100g N Reference 
(+)-catechin 

HPLC 

0.8 - 3.8 
(mean = 1.9) 

0.7 

6 

1 

Mosel and Herrmann 
(1974) 

Arts and others (2000) 
(-)-epicatechin 

HPLC 

6.5-15.0 
(mean = 11.2) 

18.1 

6 

1 

Mosel and Herrmann 
(1974) 

Arts and others (2000) 
Flavan-3ols HPLC 10.8a 1 Heinonen and others 

(1998) 

a Quantified as (+)-catechin. 
N = number of sample. 
HPLC = high performance liquid chromatography. 
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MEASUREMENT OF PHENOLICS 

When reviewing the literature on phenolic content of fruits and 

vegetables, great variations are found. Tomas-Barberan and Clifford (2000) 

reported that these variations are mostly due to the differences in 

methodology used for extraction and analysis, fruits tissues (pulp, flesh, 

skin, and so on), and the way in which the quantitative results are 

expressed (on a dry weight or fresh weight basis). Differences are also 

found between varieties of the same species. These multiple sources of 

variability make comparison difficult and seriously limit the precision of any 

generalized estimates of burden (Tomas-Barberan and Clifford 2000). 

Reliable analytical methods, as well as simple, controlled methods 

for the extraction of phenolics from fruits are essential, when fruit extract 

with high antioxidant is the target. Solvent extraction has been the most 

common method in fruits sample preparation. Most common solvents are 

aqueous mixtures with ethanol, methanol, and acetone (Macheix and others 

1990). Kahkonen and others (2001) found that acetone extraction gives 

more yields of hydroxycinnamic acids, anthocyanins and ellagitannins, 

while 60% methanol extracted flavanols and procyanidins more efficiently. 

Overall, acetone is superior to methanol in extracting phenolics from the 

berry material (Kahkonen and others 2001; Heinonen and others 1998). 

Reviews by Mabry and Markham (1975), Markham (1975), Markham 

and Mabry (1975), Markham (1982), Macheix and others (1990), and 
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Robards and others (1999) provide a number of phenolic isolation and 

identification methods. Qualitative analysis generally involves preliminary 

fractionation and separation of the phenolic compounds. Paper, thin-layer 

and column chromatography have been extensively used with a wide range 

of solvents. During the 1970's, high performance liquid chromatography 

(HPLC) became routine in most laboratories for both preparative and 

quantitative work (Mazza and Miniati 1993). In addition, reversed-phase 

HPLC currently represents the most popular and reliable technique for 

phenolic analysis. The order of elution starts from polar compounds (for 

example phenolic acids) first, followed by those of decreasing polarity. 

Detection is usually based on absorption of ultraviolet or visible radiation at 

various wavelengths (Robards and others 1999). Mass spectrometry (MS) 

and nuclear magnetic resonance (NMR) spectroscopy are also powerful 

methods for identification and structural assignment. 

Traditional methods for the determination of the phenolic component 

rely on measurement of total phenols. In a study on the capabilities of the 

colorimetric methods based on phenol reagents of Folin's type, Singleton 

and Rossi (1965) found the Folin-Ciocalteau reagent to be advantageous 

for all total phenolic determinations. Although the precise nature of the 

reactions taking place is not fully understood, the fundamental process 

involves an oxidation of the phenolic compounds by a complex mixture of 

phosphomolybdic and phosphotungstic acids (Singleton and Rossi 1965). 
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The blue color from reduced molybdenum-tungsten complex is measured at 

755 nm and compared against the known phenolic standard curve. For total 

monomeric anthocyanins, the pH differential method has been described as 

fast and easy method for the quantitation (Giusti and Wrolstad 2001). This 

differential method measures the absorbance at two different pH values, 

and relies on the structural transformations of the anthocyanin chromophore 

as a function of pH (Figure 1.4). This technique has been applied to a wide 

range of commodities. 

A number of methods have been developed to measure the 

efficiency of dietary antioxidants either as pure compounds or in food 

extracts, as well as to determine the antioxidant activity of plasma as an 

index of the antioxidant status in vivo. These methods focus on different 

mechanisms of the antioxidant defense system, for example scavenging of 

oxygen and hydroxyl radicals, reduction of lipid peroxyl radicals, inhibition of 

lipid peroxidation, or chelation of metal ions (Pulido and others 2000). The 

oxygen radical absorbance capacity (ORAC) assay is an example of a 

method, which determine the ability of a compound or extract antioxidants 

to scavenge free radicals generated in the reaction medium. This assay is 

sensitive and reliable. The total antioxidant capacity of sample is estimated 

by taking the oxidation reaction to completion. The results are quantified by 

measuring the protection produced by antioxidants and expressed with 
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reference to a known amount of an antioxidant (Trolox), a water-soluble 

vitamin E analogue (Cao and others 1993). 

Benzie (1996) developed a method to determine the reducing ability 

of plasma as a measure of its antioxidant power. This simple method 

determines the reduction of a ferric-tripyridyltriazine complex to its ferrous, 

colored form in the presence of plasma antioxidants. It was first called ferric 

reducing ability of plasma (FRAP) assay and then renamed as the ferric 

reducing/antioxidant power assay (Benzie and Strain 1999). Although it was 

initially designed to determine the antioxidant activity of plasma, it is also 

applied to other substrates such as tea and wine (Pulido and others 2000). 
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Chapter 2 

Phenolic Composition of Marion and Evergreen Blackberries 

Abstract 

Frozen Marion (Rubus sp. hyb) and Evergreen blackberries (Rubus 

laciniatus) (whole berries, berries without seeds, and seeds alone) were 

acetone/ chloroform extracted. Phenolics were isolated using C18 cartridges 

and polyamide resins, then characterized and measured by reversed-phase 

HPLC/diode array spectral techniques. The Polyamide isolated fractions of 

Marion berries contained four quercetin glycosides, one kaempferol 

glycoside, three acylated quercetin glycosides, (-)-epicatechin, and eight 

ellagic acid derivatives. Polyamide isolated fractions of Marion seeds had 

several procyanidins (including (+)-catechin and (-)-epicatechin), 11 

tentative ellagitannins, and eight ellagic acid derivatives. (-)-Epicatechin and 

ellagic acid derivatives were the primary phenolics in blackberry fruits and 

seeds. Flavonols were the major component in whole berries, while 

procyanidins and ellagic acid derivatives were the primary phenolics in 

seeds. No flavonols were found in seeds. 

The phenolic profiles of Marion and Evergreen were qualitatively 

similar. Evergreen berries contained higher level of (-)-epicatechin, ellagic 

acid derivatives, and flavonols than Marion berries. Evergreen seeds were 
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also higher in procyanidin content than Marion seeds, while Marion seeds 

were higher in ellagic acid derivatives. No ascorbic acid was found in any 

extracts. The total monomeric anthocyanin content of Marion berries (225 

mg of Cyanidin 3-glucoside/100g) was 1.5 times higher than that of 

Evergreen berries (154 mg/100g). However, the total phenolics, total 

monomeric anthocyanins, oxygen radical absorbing capacity (ORAC), and 

ferric reducing antioxidant power (FRAP) values of Marion and Evergreen 

berries were not statistically different at the significance level 0.05. The total 

phenolics, ORAC, and FRAP values of Marion berries were 844 mg of gallic 

acid equivalent (GAE)/100g, 35.5 (imole of Trolox equivalent (TE)lg, and 

79.1 (j.mole of TE/g, respectively. The total phenolics, ORAC and FRAP 

values of Evergreen berries were 822 mg of GAE/100g, 34.3 |j.mole of TE/g, 

and 74.2 nmole of TE/g, respectively. Over all, Marion blackberries were 

higher than Evergreen blackberries with respect to phenolic content and 

antioxidant capacity. 

This study confirmed that blackberries contributed a significant 

source of phenolic antioxidants that may have potential health effects. 

Blackberry seeds, accounting for 5.0% of the weight of Marion berries and 

5.6% of Evergreen berries, had very high phenolic content and antioxidant 

capacity; therefore they may be a potential source for nutraceuticals and 

natural antioxidants. 
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Introduction 

There is increased interest in blackberry composition because of the 

possible beneficial health effects associated with its phenolic content 

(Heinonen and others 1998). It has been shown that not only anthocyanins, 

but also other phenolic compounds contribute to antioxidant activity. 

Possible health benefits include reduction of coronary heart disease, 

anticarcinogenic activity, antiviral activity and enhancement of visual acuity. 

The phenolic composition of blackberries will make evaluative comparisons 

with other dietary fruits and nutraceuticals possible. Moreover, a more 

complete compositional database for authentic blackberry juice will 

establish better criteria for evaluating the authenticity and quality of 

blackberry products. While a number of phenolic compounds have been 

identified in blackberries (Macheix and others 1990; Mosel and Herrmann 

1974; Schuster and Herrmann 1985; Wald and others 1986), quantitative 

data for these phenolics is lacking and much of the information is limited to 

European blackberries. 

The Pacific Northwest is a major producer of blackberries, and a 

significant portion of the crop is processed into juice concentrate. The 

product is used in the manufacture of blended juices, juice drinks, wine, and 

other beverages. A major quality defect limiting its usage is its propensity 

for haze and sediment formation. The causes of the problem are unknown, 

but ellagic acid derivatives contribute to problems of haze and sediment 
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formation in muscadine grape juices (Boyle and Hsu 1990; Lin and Vine 

1990). Blackberries also contain considerable amounts of ellagic acid 

derivatives (Daniel and others 1989; Wang and others 1990; Hollman and 

Venema 1993; Clifford and Scalbert 2000). Therefore, knowledge of 

blackberry polyphenolic composition in berries and seeds may lead to an 

understanding of the propensity for haze and sediment formation in 

blackberry juice products. 

The objectives of this study were to characterize and determine 

phenolic composition of Marion and Evergreen blackberries (berries and 

seeds) using high performance liquid chromatography (HPLC), to measure 

total phenolics, total monomeric anthocyanins, oxygen radical absorbance 

capacity (ORAC), ferric reducing antioxidant power (FRAP), and ascorbic 

acid content in berries, berries without seeds, and seeds, and to explore 

whether blackberry seeds might be a source for nutraceuticals and 

antioxidants. 

Materials and Methods 

FRUIT 

Individually quick frozen Marion and Evergreen blackberries were 

obtained from Conroy Packing Company (Woodburn, OR, U.S.A.). All 

samples arrived frozen and were stored at -23 0C. 
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Whole Marion berries (harvested year 1999) and Marion seeds (from 

berries harvested year 2000) were used as materials for preliminary HPLC 

characterization and enzyme experiments. Marion and Evergreen 

blackberries (harvested year 2000) were used for primary experimental 

analyses: total phenolics, total monomeric anthocyanins, ORAC, FRAP, 

ascorbic acid content, and HPLC quantification. 

REAGENTS AND STANDARDS 

The Folin-Ciocalteau reagent was obtained from Sigma Chemical 

Co. (St. Louis, MO, U.S.A.). Phenolic standards were gallic acid, 

protocatechuic acid, chlorogenic acid, p-coumaric acid, p-hydroxybenzoic 

acid, (+)-catechin, caffeic acid, (-)-epicatechin, ferulic acid, ellagic acid, 

quercetin 3-rutinoside (rutin), quercetin, kaempferol, naringin, 4-methyl- 

umbelliferyl-p-D-glucuronide (MUG), hesperidin, chrysin, hesperetin, 

myricetin (purchased from Sigma Chemical Co.); quercetin 3-glucoside, 

quercetin 3-galactoside, kaempferol 3-glucoside (purchased from 

Extrasynthese, Genay, France). All enzymes (P-glucosidase from Almonds, 

(3-galactosidase from Aspergillus oryzae., P-glucuronidase from Bovine 

Liver) were obtained from Sigma Chemical Co. All solvents used in this 

study were HPLC grade. 
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SAMPLE PREPARATION 

Marion and Evergreen blackberries were prepared for 3 separate 

experiments (whole berries, berries without seeds, seeds; Figure 2.1). 

Thawed berries were blended for 2 minutes at high speed and poured 

through a sieve. While blackberry seeds were left on the sieve, liquid paste 

of berry without seeds was collected and immediately extracted. Blackberry 

seeds were rinsed several times with running water, and then left dry at 

room temperature. Dried seeds were stored at -23 0C. 

PHENOLIC EXTRACTION 

Extraction of phenolics was adapted from the method of Rodriguez- 

Saona and Wrolstad (2001) (Figure 2.2). Twenty-five grams of materials 

were liquid nitrogen powdered using a stainless steel Waring Blender. 

Powdered samples (or liquid paste for berry without seed) were mixed 1:1 

(w/v) with acetone, sonicated for 3 minutes, and filtered using Whatman 

No.1 filter paper on a Biichner funnel. The filter cake remnant was re- 

extracted with 70% (v/v) aqueous acetone twice. The filtrates were 

combined in a centrifuge bottle. Chloroform was added (1:2 

acetone:chloroform v/v), gently mixed and centrifuged at 170 g for 30 

minutes. The aqueous portion (top portion) was collected and placed on a 

Biichi rotary evaporator at 40 0C under vacuum until all residual acetone 
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Frozen blackberry 

Whole berry 
(1) 

Thaw, room temperature 

Blend (high speed), 2 minutes 

Pour through sieve 

Liquid paste Rinse with running water 

Berry without seeds 
(2) 

Dry, room temperature 

Seed 
(3) 

Figure 2.1 - Flowchart of sample preparation. 
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Sample material 

1 
25 g liquid nitrogen powder 

(25 g liquid paste for berry w/o seeds) 

( l 
Extract with 100% acetone 

(1:1 w/v) then filter 

1 
Re-extract with 70% acetone then filter 

* 
Partition filtrates with chloroform 

(2x volume of acetone) 

* 
Shake well, then centrifuge 

(at 170 g) for 30 minutes 

Discard 
chloroform I                                                            } i 

Aqueous portion 

* 
Rotary evaporated 
to remove acetone 

♦ 
Brought to 50 mL (25 mL for 
seeds) in volumetric flask 

1 
Store at -70 0C    1 

Replicate 

Figure 2.2 - Flowchart of phenolic extraction (Rodriguez-Saona and 
Wrolstad2001). 
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was evaporated. The aqueous extract was then brought to 50 mL for whole 

berry and berry without seeds, and to 25 mL for seeds with de-ionized 

water. Extractions were replicated for each sample. All extracts were stored 

at-70oC until analyzed. 

TOTAL PHENOLICS 

Total phenolic content was determined with Folin-Ciocalteau reagent 

(Sigma Chemical Co.) by the method modified from Singleton and Rossi 

(1965), using gallic acid as a standard. A series of seven test tubes each 

containing 7.5 mL de-ionized water and 0.5 mL reagent was prepared. 

Each test tube was added one of the following solutions, 0.5 mL of sample 

(diluted as necessary), 0.5 mL of 40, 120, 200 ppm gallic acid dilution, or 

0.5 mL de-ionized water as a blank. All solutions were well mixed using 

VWR Vortexer (model G-560, Scientific Industries, Inc., Bohemia, NY, 

U.S.A.), held at room temperature for 10 minutes and placed in a heat block 

(VWR Scientific division of Univar, U.S.A.) at 40 0C for 20 minutes. After the 

reaction, test tubes were immediately cooled in an ice bath for 3 minutes. 

The absorbance of the samples and standards were measured at 755 nm, 

using a Shimadzu 300 UV spectrophotometer and 1 cm pathlength 

disposable cells. Results were calculated as mg of gallic acid equivalent 

(GAE) per 100 g materials. All analyses were replicated twice with means 

being reported. 
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TOTAL MONOMERIC ANTHOCYANINS 

Monomeric anthocyanin content was determined using a pH 

differential method (Giusti and Wrolstad 2001). A Shimadzu 300 UV 

spectrophotometer and 1 cm pathlength disposable cells were used for 

spectral measurements at 510 and 700 nm. Pigment content was 

calculated and expressed as Cyanidin-3-glucoside (Cyd-3-glu), using an 

extinction coefficient (e) of 26,900 L cm"1 mg"1 and molecular weight of 

449.2 g L"1 (Giusti and Wrolstad 2001). All analyses were replicated twice 

with means being reported. 

ANTIOXIDANT CAPACITY 

Antioxidant capacity was determined by oxygen radical absorbance 

capacity (ORAC) and ferric reducing antioxidant power (FRAP) assays at 

the Linus Pauling Institute, Oregon State University. The ORAC assay was 

performed as described by Cao and others (1993) and adapted for use in a 

96-well microplate fluorometer (model Cytofluor 4000, PerSeptive 

Biosystems, Framingham, MA, U.S.A.). ORAC values, derived from 

triplicate analyses, were expressed as nmole Trolox equivalent (TE) per 

gram of material. Trolox is a water-soluble tocopherol analogue used as a 

reference compound for antioxidant capacity. The FRAP assay (Benzie and 

Strain 1996) was adapted for use in a 96-well microplate spectrophotometer 
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(ThermoMax, Molecular Devices, Foster City, CA, U.S.A.). FRAP values, 

derived from duplicate analyses, were expressed as (xmole TE per gram of 

material. 

ASCORBIC ACID CONTENT 

The ascorbic acid assay, conducted at the Linus Pauling Institute, 

Oregon State University, was performed as described by Martin and Frei 

(1997) using HPLC with electrochemical detection. Ascorbic acid content 

was expressed as umole ascorbate equivalent per gram of material. 

PURIFICATION AND ISOLATION OF PHENOLICS 

Phenolics isolation 

Many different methods for isolation of polyphenolics and several 

different HPLC systems for their separation were investigated. Due to the 

complexity of blackberry phenolics (neutral compounds, ellagic acid and its 

derivatives, and glucuronides), the Cis Sep-Pak cartridge (Skrede and 

others 2000) and Polyamide-SC6 column (Rommel and Wrolstad 1993a) 

were found to be the most effective for isolation of blackberry phenolics. 

The Cis resin is widely used for isolation of phenolics free from sugars, non- 

volatile acids and amino acids. This method provides a wide range of 
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phenolic compounds (for example phenolic acids, flavanols, flavonols, and 

ellagic acid derivatives). The procedure utilizing Polyamide-SC6 is effective 

for isolation of glucuronic acids derivatives of flavonoids and ellagic acid 

derivatives. Since many studies reported the presence of flavonol 

glucuronides and ellagic acid derivatives in blackberries (Mosel and 

Herrmann 1974; Henning 1981; Macheix and others 1990; Hollman and 

Venema 1993; Heinonen and others 1998), Polyamide-SC6 isolation was 

used for most experiments. 

Polyamide resin 

The procedure was adapted from the method of Rommel and 

Wrolstad (1993a) (Figure 2.3), which was used for separation of raspberry 

flavonols and ellagic acid derivatives. TLC-grade Polyamide-SC6 (particle 

size < 100 |j.m, J.T. Baker Inc., Phillipsburg, NJ, U.S.A.) was swollen in 

water overnight and slurry packed in a Bio-Rad minicolumn (0.9 x 10 cm, 

Bio-Rad Laboratories, Richmond, CA, U.S.A.). Approximately 2 mL of 

chromatographic material filled the column. The bed was rinsed with 5 mL 

0.5% ammonium hydroxide in methanol: water (9:1), 5 mL acidified (0.01% 

HOAc) water, 5 mL 0.2% acetic acid in water, and 5 mL acidified (0.01% 

HOAc) water, respectively. About 1 mL of extract was carefully applied to 

column. The bed was washed with 50 mL acidified (0.01% HOAc) water, a 

slight vacuum being applied to assist percolation through the column; this 
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Swell Polyamide-SC6 (TLC) 
overnight in Dl-water 

Pour Polyamide-SC6 (2 mL) in to a Bio-Rad minicolumn 

Wash bed step-wise with 
- 0.5% NH4OH in MeOH: Dl-water (9:1) 
- Acidified (0.01% HOAc) Dl-water 
- 0.2% HOAc in Dl-water 
- Acidified (0.01% HOAc) Dl-water 

Apply extract 

Wash bed with acidified 
(0.01% HOAc) Dl-water 

Elute procyanidins and flavonol-glycosides 
with acidified (0.01% HOAc) MeOH 

Elute flavonol-glucuronides, acylated 
flavonols, and ellagic acid forms with 
0.5% NH4OH in MeOH: Dl-water (9:1) 

Evaporate MeOH to dryness 

Re-dissolve fractions in 30% MeOH in Dl-water, then 
filter samples with 0.4511m HV Millipore filters 

Figure 2.3 - Flowchart of phenolic purification using Polyamide-SC6 
(procedure modified from Rommel and Wrolstad (1993a); Dl, de-ionized). 
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fraction was discarded. The procyanidins, flavonol glycosides and 

aglycones were eluted with 25 mL acidified (0.01% HOAc) methanol 

(referred to as methanol fraction). The flavonol glucuronides, acylated 

flavonol glycosides, aglycones, ellagic acid and ellagic acid derivatives 

were subsequently eluted with 25 mL of 0.5% ammonium hydroxide in 

methanol: water (9:1) (referred to as ammonia fraction). The eluent was 

evaporated to dryness on a Buchi rotary evaporator (40 0C under vacuum) 

and dissolved in 30% methanol in de-ionized water. All solutions were 

filtered through 0.45 urn Millipore filter, type HV (Millipore Corp., Bedford, 

MA, U.S.A.) before being injected onto the HPLC system. 

CIR resin 

The method described by Skrede and others (2000) (Figure 2.4) for 

separation of blueberry anthocyanins from other phenolics was followed. 

The extract (1 mL) was applied to C-m Sep-Pak cartridge (Waters 

Associates, Milford, MA, U.S.A.), which had been previously activated with 

5 mL ethyl acetate, 5 mL acidified (0.01% HCI) methanol, and 5 mL 

acidified (0.01% HCI) water, respectively. The cartridge with the absorbed 

extract was then washed with 10 mL acidified (0.01% HCI) water, after 

which the cartridge was dried with a current of nitrogen for 3 minutes. Ethyl 

acetate (10 mL) eluted phenolics free from anthocyanins. The ethyl acetate 
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Apply fraction 

C18 Sep-Pak cartridge 

Pre-condition step-wise with 
- Ethyl acetate 
- Acidified (0.01% HCI) MeOH 
- Acidified (0.01% HCI) Dl-water 

Wash column with acidified 
(0.01% HCI) Dl-water 

Dry the cartridge with a current of 
nitrogen, 3 minutes 

Elute phenolic compounds 
with ethyl acetate 

Evaporate ethyl acetate to near dryness 

Take up in acidified (0.01% HCI) 
MeOH, then evaporate again 

Re-dissolve fraction in Dl-water, then filter 
samples with 0.45 iim HA Millipore filter 

Figure 2.4 - Flowchart of phenolic purification using Cie cartridge (alternate 
procedure of Skrede and others (2000); Dl, de-ionized). 



58 

eluent was evaporated to near dryness on a Buchi rotary evaporator (40 0C 

under vacuum), taken up in acidified (0.01% HCI) methanol and evaporated 

again. The sample was dissolved in de-ionized water. All solutions were 

filtered through 0.45 (im Millipore filter, type HA (Millipore Corp.) before 

being injected onto the HPLC system. 

Alkaline hydrolysis of phenolics 

Isolated fractions were hydrolyzed (saponified) in a screw-cap test 

tube with 10 mL of 10% aqueous KOH for 8 minutes at room temperature 

(approximately 23 0C) in the dark, as described by Hong and Wrolstad 

(1990). The solution was neutralized using 2 N HCI. The hydrolysate was 

purified using a Ci8 Sep-Pak cartridge (Waters Assoc), as described 

above, filtered through 0.45 |im Millipore filter, type HA (Millipore Corp.), 

and injected onto the HPLC column. 

Acid hydrolysis of phenolics 

Fifteen mL of 2 N HCI was added to approximately 1 mL of isolated 

fractions in a screw-cap test tube, flushed with nitrogen and capped. The 

isolated fraction was hydrolyzed for 45 minutes at 100 0C, then cooled in an 

ice bath as described by Hong and Wrolstad (1986). The hydrolysate was 

purified using a Cis Sep-Pak cartridge (Waters Assoc). The hydrolysate 
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was filtered through 0.45 |im Millipore filter, type HA (Millipore Corp.) before 

injected onto the HPLC column. 

HPLC analysis 

Instrumentation 

A Perkin-Elmer Series 400 liquid chromatograph (The PerkinElmer, 

Inc., Shelton, CT, U.S.A.), equipped with a Hewlett-Packard 1040A 

photodiode array detector, Gateway 2000 P5-90 computer with Hewlett- 

Packard HPLC ChemStation software, and Beckman 501 autosampler 

(Beckman Instruments, Inc., San Ramon, CA, U.S.A.), was used. 

HPLC separation 

Several HPLC columns, solvent systems, and HPLC gradients were 

evaluated and modified to effectively resolve the blackberry phenolics. 

Three different ternary gradients were established. 

The analytical HPLC system used a Prodigy ODS-3 column (5 

micron, 100 A), 250 x 4.60 mm (Phenomenex, Torrance, CA, U.S.A.). 

Mobile phases were solvent A: 100% HPLC grade methanol, solvent B: 

100% HPLC grade acetonitrile, and solvent C: 0.05 M KH2PO4 (adjusted to 

pH 2.4 for gradient 2, and pH 3.5 for gradient 1 and 3 with concentrated 
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phosphoric acid). Flow rate 1 ml/min. Injection volume: 50 pL. Simultaneous 

detection was at 280, 255, 320, 360, and 520 nm. The spectra (detection 

wavelength at 280 nm) were recorded for all peaks. Phenolic compounds 

were characterized by their UV-spectra, relative retention times compared 

to the external standards, and peak spiking. Solvent A was held constant at 

20% for gradient 2, and 10% for gradient 1 and 3. The three gradients 

consisted of the following steps: 

For gradient 1: (a) 0 - 3 minutes isocratic at 10% A and 90% C; (b) 3 

-15 minutes linear gradient from 0 to 9% B; (c) 15 - 29 minutes linear 

gradient from 9 to 12% B; (d) 29 - 49 minutes linear gradient from 12 to 

51% B; (e) 49 - 54 minutes isocratic at 51% B; (f) 54 - 60 minutes linear 

gradient from 51 to 0% B; (g) 60 - 62 minutes isocratic at 10% A and 90% 

C; 10 minutes post time and gradient repeated. This gradient was efficient 

for separating a wide range of phenolic compounds (Figure 2.5-A); 

therefore, it was used for characterization. 

For gradient 2: (a) 0 - 5 minutes isocratic at 20% A, 10% B and 70% 

C; (b) 5 - 27 minutes linear gradient from 10 to 51% B; (c) 27 - 32 minutes 

linear gradient from 51 to 10% B; (d) 32 - 34 minutes isocratic at 20% A, 

10% B and 70% C; 8 minutes post time and gradient repeated. This 

gradient was the most efficient for separating flavonols and ellagic acid 

derivatives (Figure 2.5-B); therefore, it was also used for characterization. 
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For gradient 3: (a) 0 minute 10% A and 90% C; (b) 0 - 25 minutes 

linear gradient from 0 to 15% B; (c) 25 - 45 minutes linear gradient from 15 

to 55% B; (d) 45 - 50 minutes isocratic at 55% B; (f) 50 - 56 minutes linear 

gradient from 55 to 0% B; (g) 56 - 57 minutes isocratic at 10% A and 90% 

C; 3 minutes post time and gradient repeated. This gradient was efficient for 

separating a wide range of phenolics with better resolution for flavonols and 

ellagic acid derivatives, but less resolution for phenolic acids than in 

gradient 1. Since its run time was shorter than that of gradient 1, it was 

used for HPLC quantitative analysis. Figure 2.5-C shows the HPLC 

separation of standards used for quantitative analysis via the three gradient 

systems. 
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Figure 2.5 - HPLC Chromatogram of phenolic standards: (A) gradient 1, (B) 
gradient 2, and (C) gradient 3. Peak assignment: 1. gallic acid, 
2. protocatechulc acid, 3. chlorogenic acid, 4. p-hydroxybenzoic acid, 
5. (+)-catechin) 6. caffeic acid, 7. (-)-epicatechin, 8. p-coumaric acid, 
9. ferulic acid, 10. quercetin 3-glucoside, 11. quercetin 3-galactoside, 
12. ellagic acid, 13. quercetin 3-rutinoside (rutin), 14. kaempferol 3- 
glucoside, 15. quercetin, 16. kaempferol. 
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Enzyme experiment 

Experiments were carried out in 0.01 M (pH 5.0) acetate buffer. The 

buffer was made by mixing 14.8 mL of 0.1 M acetic acid and 35.2 mL of 0.1 

M sodium acetate solution and adjusted the final volume to 100 mL with de- 

ionized water. The final pH was adjusted to 5.0 using 1 N NaOH. Enzyme 

solution contained at least 15 units of enzyme per 2 mL of acetate buffer. 

Two sets of four solutions were prepared. In the first set, they were 

composed of 2 mL of acetate buffer and 0.5 mL of one of the following 

solutions: de-ionized water as a negative control, methanol fraction, 

ammonia fraction, or standard solution as a positive control (quercetin 3- 

glucoside or quercetin 3-galactoside; 0.15 g/10 mL). The second set was 

the same as the first set except using enzyme solution instead of acetate 

buffer. All mixture solutions were left at room temperature for 2 hours. Then 

they were purified using a Cis Sep-Pak cartridge (Waters Associates.), as 

described in Figure 2.4, filtered through 0.45 urn Millipore filter, type HA 

(Millipore Corp.), and injected onto the HPLC system. 
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QUANTIFICATION METHOD 

Internal standard 

Several attempts were made to develop a quantitative method 

utilizing internal standards. The internal standards as in the raspberry work 

(Rommel and Wrolstad 1993a) were tested and found unsuccessful: 

Naringin (4',5,7-Trihydroxyflavanone-7-rhamnoglucoside) for the methanol 

fraction and 4-methyl-umbelliferyl-p-D-glucuronide (MUG) for the ammonia 

fraction. The Naringin peak co-eluted with sample peaks and MUG peak 

was present in both methanol and ammonia fractions. Other standards 

were investigated including hesperidin (hesperetin-7-rhamnoglucoside), 

chrysin (5,7-dihydroxyflavones), hesperetin (4'-methyl eriodictyol) (for 

methanol fraction); myricetin (for ammonia fraction). They were also found 

unsuccessful. The Hesperidin peak co-eluted with sample peaks while 

chrysin peak came out late in the chromatograms. The Hesperetin and 

myricetin peaks were present in both methanol and ammonia fractions. 

Due to the unsatisfactory finding of the proper internal standards in 

limited time, quantitative HPLC analysis was carried out by using only 

external standards. 
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External standard 

The following phenolic compounds were quantified on the basis of 

external standards: chlorogenic acid and other cinnamates (as chlorogenic 

acid); (+)-catechin and procyanidins (as (+)-catechin); (-)-epicatechin (as 

(-)-epicatechin); flavonols (as rutin); ellagic acid and ellagic acid derivatives 

(as ellagic acid). Compounds were detected at the following wavelengths 

(nm): chlorogenic acid (320); (+)-catechin, procyanidins and (-)-epicatechin 

(280); flavonols (360); ellagic acid and ellagic acid derivatives (255). 

A set of external standards (consisting of the external standard at 

three different concentrations) was run alternately with the sample fractions 

throughout HPLC analysis. For each set of standards, a standard curve was 

constructed by linear regression (peak area against concentration in ppm). 

The concentration (C) of each phenolic compounds was calculated from 

measured peak area (A) using the equation C = I + SA, where I and S were 

the intercept and slope of the fitted line for the corresponding external 

standard. 

Limitation and preparation of external standards 

The quantification of ellagic acid and its derivatives was limited by 

the low solubility under neutral or acidic conditions of the external standard 

(ellagic acid). Rommel and Wrolstad (1993b) reported that high 
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concentrations of ethanol (80% or greater) are required for solubilization of 

the pure standard, while Press and Hardcastle (1969) claimed that ellagic 

acid is sufficiently soluble in alkaline solutions. Ancos and others (2000) 

prepared a stock solution of ellagic acid by dissolving it in 1 N NaOH and 

then in methanol: HCI 1.5% (75:25) (final ratio = 1:25). 

All above methods were tried and found unsuccessful. While ellagic 

acid standard was totally dissolved in 100% methanol, such solution cannot 

be injected onto the HPLC system as a high concentration of organic 

solution may cause changes in peak characterization and compound 

separation. The alternate method was modified from the method of Ancos 

and others (2000). All external standards were individually prepared in 

100% methanol. Then, they were mixed together at different concentrations 

and added methanol to have at final volume of 3.9 mL. Then, 9.1 mL of 

1.5% HCI in aqueous was slowly added to the mixture. The mixture was 

well shaken, filtered through 0.45 urn Millipore filter, type HV (Millipore 

Corp.), and injected onto the HPLC system. This alternate method gave 

sharp peaks and stable mixtures. 

To prevent a carry-over of sample in the autosampler, 50% methanol 

aqueous solution was injected between samples throughout HPLC analysis. 
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Statistical analysis 

Difference in phenolic contents and antioxidant activities were tested 

by two-sample t-test between Marion and Evergreen blackberries for each 

fruit component, using SPSS Software (SPSS Inc., Chicago, IL, U.S.A.). 

Significance level was 0.05 unless otherwise indicated. 

Results and Discussion 

CHARACTERIZATION OF BLACKBERRY PHENOLICS 

The ethyl acetate fraction of Marion blackberries (Figure 2.6-A) 

contained two major unknown peaks (X's), which were tentatively identified 

later on the basis of alkaline hydrolysis (Figure 2.6-B) as ellagitannins; also 

present were one minor ellagic acid derivative peak and several flavonols. 

After acid hydrolysis (Figure 2.6-C), all those peaks disappeared and ellagic 

acid, ellagic acid derivative, quercetin, and tentative kaempferol peaks were 

generated. 

For better resolution, the polyphenolics were separated into neutral 

(methanol) and acid enriched (ammonia) fractions using Polyamide resin. 

Identification was made by matching UV visible spectra (Table 2.1 and 

Figure 2.7) and relative retention times where standards were available. 
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after alkaline hydrolysis, and (C) after acid hydrolysis (EA, ellagic acid 
derivative; X, tentative ellagitannin; TK, tentative kaempferol). 
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Figure 2.7 - Spectra of flavonol standards: (A) quercetin 3-glucoside, (B) 
quercetin 3-galactoside, (C) quercetin 3-rutinoside, (D) kaempferol 3- 
glucoside, (E) quercetin, and (F) kaempferol. 
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Eight flavonols (five in the methanol fraction and three in the ammonia 

fraction) were found (Figure 2.8-A1, B1) and three of them (methanol 

fraction) were identified as quercetin 3-glucoside, quercetin 3-galactoside, 

and quercetin 3-rutinoside. The presence of these 3 flavonol glycosides 

confirms the report by Henning (1981) (Table 2.2). For the other five 

flavonols, four were characterized by UV spectra as quercetin glycosides, 

and one as a kaempferol glycoside; however, the specific sugars attached 

could not be identified, as standards were unavailable. 
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Table 2.1 - Maximum wavelength (A,max) of flavonol glycoside standards 

Compound A,maX (nm) 

Quercetin 3-glucoside 256, 347 

Quercetin 3-galactoside 256, 347 

Quercetin 3-rutinoside 256, 347 

Kaempferol 3-glucoside 265, 347 

Quercetin 254,369 

Kaempferol 265,364 

Table 2.2 - Flavonol content of blackberries (Henning 1981). 

Compound Flavonol content (mg/IOOg) 

K 3-glucuronide 1^22 

K 3-glucoside+ Q 3-glucuronide 6.16 

K 3-galactoside 2.20 

Q 3-glucoside 4.46 

Q 3-galactoside 4.24 

K 3-xylosyl-glucuronide 4.08 

Q 3-xylosyl-glucuronide 2.26 

Q 3-rutinoside 2.12 

Values are calculated means, n = 5, HPLC analysis. 
K, kaempferol; Q, quercetin. 
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Figure 2.8 - HPLC Chromatogram of Marion blackberry, separated on 
Polyamide-SC6, using HPLC gradient 2: (A) methanol fraction, (B) 
ammonia fraction; (1) before alkaline hydrolysis, (2) after alkaline hydrolysis 
(EA, ellagic acid derivative). 
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Enzyme experiments were also used to characterize polyphenolic 

peaks (Table 2.3). In methanol fraction, the (J-galactosidase treatment 

confirmed the identity of quercetin 3-galactoside with the reduction in peak 

area by 45%. In ammonia fraction, the p-glucuronidase treatment 

suggested that quercetin form #3 and kaempferol form #1 were flavonol 

glucuronides. The reductions in peak area were 14% for quercetin form #3 

and 6% for kaempferol form #1. In both treatments, quercetin peak was 

generated after treated with enzyme. Henning (1981) reported the presence 

of quercetin 3-glucuronide, quercetin 3-xylosyl-glucuronide, kaempferol 3- 

glucuronide, and kaempferol 3-xylosyl-glucuronide in blackberries. On the 

other hand, because fJ-glucosidase reduced all flavonol peaks in methanol 

fraction, including quercetin-3-galactoside, it did not give any significant 

confirmation for peak identification. 

Alkaline hydrolysis (Figure 2.8-A2, B2) indicated that quercetin form 

#1 and #2 (methanol fraction), and quercetin form #4 (ammonia fraction) 

were acylated quercetin glycosides. In the case of the methanol fraction, 

kaempferol was also generated. This peak may come from saponified 

kaempferol glycoside peak(s) that was masked under those quercetin 

peaks. Quercetin 3-glucoside was generated after alkaline hydrolysis of 

ammonia fraction. 
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Compound Fraction Control Enzyme treat Difference % difference 

p-glucosidase Methanol 

Rutin + Q form #1 389 301 -88.2 -22.7 

Q 3-galactoside 498 383 -115 -23.1 

Q 3-glucoside 169 122 -47.0 -27.8 

Q form #2 371 295 -76.1 -20.5 

p-galactosidase Methanol 

Rutin 346 262 -84.5 -24.4 

Q form #1 101 69.3 -32.0 -31.6 

Q 3-galactoside 504 277 -227 -45.1 

Q 3-glucoside 166 140 -26.8 -16.1 

Q form #2 446 322 -123 -27.7 

Q 0.00 165 165 - 

P-glucuronidase Ammonia 

Q form #3 2585 2229 -356 -13.8 

Q form #4 498 504 5.8 1.2 

K form #1 475 448 -26.6 -5.6 

Q 0.00 47.9 47.9 - 

a Values are peak areas from HPLC analysis; 
Q, quercetin; K, kaempferol; rutin, quercetin 3- rutinoside. 

Since the enzyme treatment suggests that quercetin form #3 

(ammonia fraction) was quercetin glucuronide and alkaline hydrolysis 

indicates that it was not acylated, quercetin form #3 (ammonia fraction) may 

have been either quercetin 3-glucuronide or quercetin 3-xylosyl-glucuronide 

(Henning 1981). The same with kaempferol form #1 (ammonia fraction), it 

may have been either kaempferol 3-glucuronide or kaempferol 3-xylosyl- 

glucuronide (Henning 1981). By comparing the retention times and peak 
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position: (1) Although its spectrum could not be matched with that of 

standard due to peak co-elution, quercetin form #5 (ammonia fraction after 

alkaline hydrolysis) could be quercetin 3-galactoside. (2) Quercetin form #2 

(methanol fraction) and quercetin form #4 (ammonia fraction) had similar 

retention times and both of them disappeared after alkaline hydrolysis with 

the increase in peak areas of quercetin 3-galactoside (methanol fraction) 

and tentative quercetin 3-galactoside (quercetin form #5, ammonia fraction). 

For that reason they were very likely to be the same compound and could 

be the quercetin 3-0-[6"-(3-hydroxy-3-methylglutaroyl)-p-D-galactoside 

(Wald and others 1986), which is the only acylated flavonol glycoside 

reported in literature for blackberries. In addition, quercetin form #1 

(methanol fraction) may be an acylated quercetin glycoside that has not 

been reported before. 

Three ellagic acid derivative peaks in the methanol fraction and five 

ellagic acid derivative peaks in the ammonia fraction were found in Marion 

berries (Figure 2.8-A1, B1) by matching UV visible spectra (Figure 2.9-A, B) 

and relative retention times with ellagic acid standard. Alkaline hydrolysis of 

Polyamide isolated fractions (Figure 2.8-A2, B2) did not give additional 

information on these ellagic acid derivative peaks, since the increase or 

decrease in peak areas may be markedly influenced by the unknown 

compounds (tentatively identified as ellagitannins) in the solution. These 

ellagitannins (Figure 2.6-A) were major peaks in blackberry extracts and 
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also present in their isolated fractions from Polyamide-SC6 column and C18 

Sep-Pak cartridge. Figure 2.9-C shows some spectra of ellagitannins. 

These peaks are believed to be ellagitannins for the following reasons: (1) 

According to Lin and Vine (1990), and Garrido and others (1993), the most 

probable source of ellagic acid in the juice is hydrolysis of a tannin 

containing ellagic acid. After alkaline hydrolysis, these unknown peaks 

reduced in peak area and there was an accompanying increase in ellagic 

acid peak area (Figure 2.6-A, B). (2) Rommel (1991) reported that ellagic 

acid exists in nature mainly in the form of ellagitannins, esterified with 

glucose; the glucose molecule is often further esterified with gallic acid. (3) 

Ellagitannins are reported to be present in various plants, including 

blackberry (Clifford and Scalbert 2000). To better identify these peaks, 

additional data are needed on molecular basis. 

CHARACTERIZATION OF SEED POLYPHENOLICS 

Marion seed aqueous extract without further purification (seed 

extract) contained numerous ellagitannin peaks (Figure 2.10-A). No 

flavonols were found in the extract or any of the isolated fractions. After 

purification using Cis Sep-Pak cartridges, some peaks reduced in peak 

areas and better resolution was obtained (Figure 2.10-B). The Cis isolated 

fraction (ethyl acetate fraction) had nine ellagitannin peaks and three ellagic 

acid derivative peaks. After alkaline hydrolysis, most ellagitannin peaks in 
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the ethyl acetate fraction disappeared and the area of ellagic acid peaks 

increased (Figure 2.10-C). After saponification, procyanidins and gallic acid 

tentative, which may have been masked by co-eluting ellagitannins, were 

detected. All ellagitannins disappeared with acid hydrolysis and only ellagic 

acid derivatives were present (Figure 2.10-D). This supports their tentative 

identification as berry ellagitannins. It should be noted that not only were 

ellagitannins found in the ethyl acetate fraction, they were also found in the 

methanol fraction from the C18 Sep-Pak cartridge (Figure 2.11-B). Ethyl 

acetate elutes the phenolics that are less polar compounds (for example 

phenolic acids, flavanols, ellagic acid derivatives, and flavonols) and 

methanol elutes the more polar compounds (for example anthocyanins). 

Since ethyl acetate was not effective for elution of all ellagitannins, this 

suggests that some ellagitannins have higher polarity and a more polar 

solvent may be needed for elution. 

Polyamide-SC6 column was more effective in resolving procyanidins, 

ellagitannins and ellagic acid derivatives than C^ Sep-Pak cartridge (Figure 

2.11-C, D). By using Polyamide, several procyanidin peaks (including 

(+)-catechin and (-)-epicatechin), 11 ellagitannin peaks (one in the 

methanol fraction and ten in the ammonia fraction), and eight ellagic acid 

derivative peaks (three in the methanol fraction and five in the ammonia 

fraction) were detected. 
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DISTRIBUTION OF FRUIT COMPONENTS 

Figure 2.12 and 2.13 show the HPLC chromatographic profiles of 

Marion whole berries, berries without seeds, and seeds. The profiles of 

berries without seeds were qualitatively similar to those of whole berries. 

However, a procyanidin peak was occasionally found in whole berry 

profiles; while it was never found in those of berries without seeds. This 

suggests that procyanidins (other than (-)-epicatechin) may come from 

seeds. Moreover, the absence of procyanidins in whole berries and berries 

without seeds may partially be due to the presence of anthocyanins peaks, 

which were in the same retention time range of procyanidins and 

(+)-catechin. No flavonols were found in seeds. (-)-Epicatechin and ellagic 

acid derivatives were found in all fruit components with the highest level in 

seeds. Ellagitannins were present in berries, berries without seeds, and 

seeds; however, their presence and quantity were not consistent with 

repeated analysis. One possibility might be partial saponification during 

phenolic isolation where 0.5% ammonium hydroxide in methanol: water 

(9:1) was used to elute flavonol glucuronides, acylated flavonols, and 

ellagic acids forms from Polyamide column. 
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Figure 2.12 - HPLC Chromatogram of Marion blackberries, separated on 
Polyamide-SC6 column, methanol fraction, using HPLC gradient 3: (A) 
whole berries, (B) berries without seeds, (C) seeds. Peak characterization: 
1. procyanidins, 2. (+)-catechin, 3. (-)-epicatechin, 4. ellagic acid, 5. ellagic 
acid derivatives, 6. flavonols. 
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Table 2.4 shows the concentrations of phenolics in Marion and 

Evergreen blackberries. For seeds, the concentration of (-)-epicatechin 

(9.26 mg/100g for Evergreen and 11.3 mg/100g for Marion) was 

approximately 4 times higher than that of whole berries (4.41 mg/100g for 

Evergreen and 1.43 mg/100g for Marion). The ellagic acid derivative 

content of seeds (13.3 mg/100g for Evergreen and 14.5 mg/100g for 

Marion) was also about 5 times higher than that of whole berries (3.62 

mg/100g for Evergreen and 1.64 mg/100g for Marion). 

Table 2.4 - Concentrations of phenolic compounds (mg/100g) in 
blackberries. 

Material Procyanidins Epicatechin Ellagic acid forms Flavonols 

(as catechin) (as epicatechin) (as ellagic acid) (as rutin) 

Berry 

Evergreen ND 4.41 ± 0.89 * 3.62 ± 0.02 ** 17.8 ±0.85" 

Marion ND 1.43 ±0.08* 1.64 ±0.24" 11.6 ±0.05" 

Berry w/o 

QOOHQ 

Evergreen ND 1.61 ±0.33 1.52±2.15 19.2 ±1.07* 

Marion ND 1.57 ±0.07 2.59 ± 0.29 14.2 ±0.01 * 

Seed 

Evergreen 58.5 ±10.9 9.26 ±0.81 13.3 ±0.97 ND 

Marion 48.8 ± 0.83 11.3 ±0.00 14.5 ±0.18 ND 

Values are means ± standard deviation (n = 2). 
ND = not detectable. 
* Values are different at the significance level 0.05. 
** Values are different at the significance level 0.01. 
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Moreover, seeds also had the highest total phenolics and antioxidant 

capacity compared to those of berries and berries without seeds. Table 2.5 

shows the total phenolics, total monomeric anthocyanins, ORAC, and 

FRAP contents of Marion and Evergreen blackberries. The total phenolics 

(1460 mg/100g for Evergreen and 1753 mg/100g for Marion) and ORAC 

contents (55.6 p.mole of TE/g for Evergreen and 60.0 |imole of TE/g for 

Marion) of seeds were about twice higher than those of whole berries (total 

phenolics, 822 mg/100g for Evergreen and 844 mg/100g for Marion; ORAC, 

34.3 umole of TE/g for Evergreen and 35.5 umole of TE/g for Marion). The 

FRAP content of seeds (197 |j.mole of TE/g for Evergreen and 239 |imole of 

TE/g for Marion) was about 3 times higher than that of whole berries (74.2 

limole of TE/g for Evergreen and 79.1 umole of TE/g for Marion). However, 

the total monomeric anthocyanin content of whole berries (154 mg/100g for 

Evergreen and 225 mg/100g for Marion) was about 15 times higher than 

that of seeds (1.72 mg/100g for Evergreen and 24.7 mg/IOOg for Marion). 

Therefore, blackberry seeds are a good source of phenolics other than 

anthocyanins and flavonols (for example procyanidins and ellagic acid 

derivatives). 
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Table 2.5 - Total phenolics, total monomeric anthocyanins, ORAC, and 
FRAP contents of Marion and Evergreen blackberries. 

Material Total phenolics Monomeric ORAC FRAP 

(mgofGAE/100g) anthocyanins 

(mgofCyd-3-glu/100g) 

(nmole TE/g) (nmole TE/g) 

Berry 

Evergreen 822 ± 35.9 154 ±7.91 34.3 ± 0.23 74.2 ±1.71 

Marion 844 ± 20.8 225 ± 24.4 35.5 ± 0.88 79.1 ±4.03 

Berry w/o seeds 

Evergreen 804 ±101 178 ±22.0 31.7 ±0.64 66.6 ± 6.43 * 

Marion 962 ± 35.7 247 ±12.6 37.8 ± 4.48 104 ±1.65* 

Seed 

Evergreen 1460 ±53.2* 1.72 ±0.15*** 55.6 ±10.6 197 ±17.0 

Marion 1753 ±12.3* 24.2 ± 0.03 *** 60.0 ±2.18 239 ± 6.05 

Values are means ± standard deviation (n = 2). 
* Values are different at the significance level 0.05. 
*** Values are different at the significance level 0.001. 

About 5 to 6% of blackberries were seeds. With their high phenolic 

content (procyanidins and ellagic acid derivatives) and antioxidant capacity, 

blackberry seeds, currently considered as industrial wastes from juice 

processing, are a potential source for nutraceuticals and natural antioxidant. 

Figures 14 to 21 show comparisons of phenolics and antioxidant capacity 

between Marion and Evergreen in each fruit component, using bar charts. 
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Figure 2.14-Comparison of total phenolic content (mg of GAE/IOOg) 
between Marion (M) and Evergreen (E) blackberries in each fruit 
component (n = 2). 
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Figure 2.15 - Comparison of total monomeric anthocyanin content (mg of 
Cyd 3-glu/100g) between Marion (M) and Evergreen (E) blackberries in 
each fruit component (n = 2). 
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Figure 2.16 - Comparison of ORAC values (|a,mole of TE/g) between Marion 
(M) and Evergreen (E) blackberries in each fruit component (n = 2). 
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Figure 2.17 - Comparison of FRAP values (iimole of TE/g) between Marion 
(M) and Evergreen (E) blackberries in each fruit component (n = 2). 
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lOOg) between Marion (M) and Evergreen (E) blackberries in each fruit 
component (n = 2). 
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Figure 2.19 - Comparison of (-)-epicatechin contents (mg as 
(-)-epicatechin/100g) between Marion (M) and Evergreen (E) blackberries in 
each fruit component (n = 2). 
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Figure 2.20 - Comparison of ellagic acid contents (mg as ellagic acid/1 OOg) 
between Marion (M) and Evergreen (E) blackberries in each fruit 
component (n = 2). 
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Figure 2.21 - Comparison of flavonol contents (mg as rutin/IOOg) between 
Marion (M) and Evergreen (E) blackberries in each fruit component (n = 2). 
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Our qualitative data on blackberry phenolics (Table 2.4) is generally 

in agreement with earlier reports (Mosel and Herrmann 1974; Henning 

1981; Macheix and others 1990; Hollman and Venema 1993; Heinonen and 

others 1998). However, the procyanidin content (including (-)-epicatechin) 

of whole berries (4.41 mg/100g for Evergreen and 1.43 mg/100g for Marion) 

were about 4 times lower than the flavan-3-ols content previously reported 

by Heinonen and others (1998) (10.8 mg/100g). The (-)-epicatechin content 

of whole berries (4.41 mg/100g for Evergreen and 1.43 mg/100g for Marion) 

was 4 times lower than that of Mosel and Herrmann (1974) (mean = 11.2 

mg/100g; n = 6) and 6 times lower than that of Arts and others (2000) (18.1 

mg/100g). The lower procyanidin content may be due to the interference of 

anthocyanin peaks, which elute at the same retention time as some 

procyanidins and make quantification of procyanidins impossible. The 

flavonol content of whole berries (17.8 mg/IOOg for Evergreen and 11.6 

mg/100g for Marion) was approximately twice higher than that of Heinonen 

and others (1998) (8.3 mg/100g) and about half that of Fukumoto and 

Mazza (2000) (mean = 24 mg/100g; n = 3). It should be noted that many 

factors may contribute to these differences including cultivar, extraction 

method, analytical method and standard used. 

Many studies have been done on ellagic acid content of blackberries 

(Table 2.6); however, most of them quantified ellagic acid contents from 

total ellagic acid after hydrolysis. Moreover, some of them were quantified 
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on a dry weight basis. In this study, phenolics were quantified on a wet 

weight basis and ellagic acid content came from combination of ellagic acid 

derivative peaks. Therefore, the comparison with those reported in literature 

was not made. 

Table 2.6 - Ellagic acid content of blackberries. 

Reference N Method Ellagic acid content 

(mg/100g) 

Daniel and others (1989) 3 HPLC 150* 

Wang and others (1990) - - 580a 

Hollman and Venema 2 HPLC 193-209 

(1993) (mean =201) 

Amakura and others (2000) 5 HPLC 8.77 

* Dry weight basis. 
a Value is from blackberry pulp and seed combined. 
N = number of sample. 

From previous reports in the literature (Table 2.6), high 

concentrations of ellagic acid in blackberries was expected. It should be 

noted that the high concentration of ellagic acid derivatives and their low 

water solubility might contribute to problems of haze and sediment 

formation in blackberry juices. Boyle and Hsu (1990), and Lin and Vine 

(1990) found that the sediment formed in muscadine grape juice is 

composed of ellagic acid. 

Rodriguez and others (1992), and Wilska-Jeszka and Pawlak (1992) 

reported the ascorbic acid content of blackberries to be 6.02 mg/100g fresh 
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weights (n = 2), and 17.2 mg/100g, respectively. Contrary to this 

suggestion, no ascorbic acid was found in any investigated berry extracts. 

This absence may due to differences in analysis procedure/condition, 

sample degradation, and so on. More investigation is needed to explain this 

incident. 

Table 2.7 shows the total phenolics, ORAC, and FRAP contents of 

blackberries as reported in literature. In this study, blackberries had the total 

phenolic content (822 mg/IOOg for Evergreen and 844 mg/100g for Marion) 

about twice that of previously reported by Wilska-Jeszka and others (1992) 

(448 mg/100g), Heinonen and others (1998) (435 mg/100g), Fukumoto and 

Mazza (2000) (383 mg/100g; n = 3), and Moyer and others (mean = 478 

mg/100g; n = 32). Moreover, it was 3.7 times higher than that reported by 

Wang and Lin (2000) (mean = 226 mg/100g; n = 3). 

Table 2.7 - Total phenolics, ORAC, and FRAP contents of blackberries. 

Reference N Total phenolics ORAC FRAP 
Method mg/100g (imole TE/g limole TE/g 

Wilska-Jeszka and 1 Folin- 448 . - 
others (1992) Ciocalteau 
Heinonen and 1 Folin- 435a - - 
others (1998) Ciocalteau 
Fukumoto and 3 Glories' 383b - - 
Mazza (2000) method0 

Wang and Lin             3          Folin-            204-248a 20.3-24.6 
(2000)                                  Ciocalteau (mean = 226) (mean = 22.4) 
Moyer and others      32         Folin-            275-678a          26.7-78.8 40.6-106 
 Ciocalteau (mean = 478) (mean = 47.8)    (mean = 71.4) 

3 Quantified as gallic acid equivalent. 
b Quantified as chlorogenic acid equivalent. 
0 The modified Glories' method (Mazza and others 1999). 
N = number of sample. 
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The ORAC content (34.3 umole of TE/g for Evergreen and 35.5 

limole of TE/g for Marion) was higher than that of Wang and Lin (2000) 

(20.3 - 24.6 umole of TE/g; n = 3), but fell in the range of Moyer and others 

(26.7 - 78.8 umole of TE/g; n = 32). Differences in cultivar, harvested year, 

extraction and isolation procedure, and method of measurement may 

account for these variations. 

Table 2.8 shows the total anthocyanin contents of blackberries as 

reported in literature. While the higher total anthocyanin content for Marion 

berries was not statistically significant at the significance level 0.05, the high 

level of total monomeric anthocyanins in Marion is consistent with previous 

studies (Fan-Chiang 1999, n = 52; Moyer and others, n = 32). In this study, 

the total monomeric anthocyanin content of blackberries (154 mg/100g for 

Evergreen and 225 mg/100g for Marion) was similar to those reported by 

Fan-Chiang (1999) (70 - 201 mg/100g; n = 52), Wang and Lin (2000) (134 - 

172 mg/100g; n = 3), and Moyer and others (80 - 230 mg/100g; n = 32). It 

was slightly higher than those of Wilska-Jeszka and others (1992), and 

Fukumoto and Mazza (2000). 
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Table 2.8 - Total anthocyanin content (mg/100g) of blackberries. 

Reference N Method Quantified as Total anthocyanins 
Sapers and others 13 PH - 57-144^ 
(1985) differential (mean = 103) 
Wilska-Jeszka and 1 PH - 115 
others (1992) differential 
Heinonen and 1 HPLC Malvidin 765 
others (1998) 
Fan-Chiang 52 PH Cyanidin 3-glucoside 70-201 
(1999) differential (mean = 137) 
Fukumoto and 3 Glories' Malvidin 3-glucoside 149 
Mazza (2000) method3 

Wang and Lin 3 PH Cyanidin 3-glucoside 134-172 
(2000) differential (mean = 153) 
Moyer and others 32 PH 

differential 
Cyanidin 3-glucoside 80-230 

(mean = 145) 
a The modified Glories' method (Mazza and others 1999). 
b Unit is absorbance units per gram (A.U./g). 
N = number of sample. 

COMPARISON OF MARION AND EVERGREEN POLYPHENOLIC 
COMPOSITION 

All the HPLC chromatographic profiles of Marion and Evergreen 

phenolics were qualitatively similar for both berries and seeds (Figure 2.22 

and 2.23). (-)-Epicatechin and flavonols were the major component in whole 

berries, while procyanidins, (-)-epicatechin, and ellagic acid derivatives 

were the primary phenolics in seeds. Ellagitannins were found in both 

Marion and Evergreen fractions. Evergreen berries contained a higher level 

of (-)-epicatechin (4.41 mg/100g) than Marion berries (1.43 mg/100g) at the 

significance level 0.05. Evergreen berries were also higher in ellagic acid 

derivatives (3.62 mg/100g) and flavonols (17.8 mg/100g) than Marion 

berries (1.64, and 11.6 mg/100g, respectively) at the significance level 0.01. 
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Figure 2.22 - HPLC Chromatogram of Marion (M) and Evergreen (E) 
blackberries, separated on Polyamide-SC6, using HPLC gradient 3: 
(1) methanol fraction, (2) ammonia fraction. Peak characterization: 
1. (-)-epicatechin, 2. tentative ellagitannin, 3. ellagic acid, 4. ellagic acid 
derivatives, 5. flavonols. 
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For berries without seeds, the flavonol content of Evergreen (19.2 mg/100g) 

was higher than that of Marion (14.2 mg/100g) at the significance level 

0.05. Moreover, Evergreen seeds were higher in procyanidins content (58.5 

mg/100g) than Marion seeds (48.8 mg/100g), while Marion seeds had 

higher ellagic acid derivative content (14.5 mg/100g) than Evergreen seeds 

(13.3 mg/100g). However, the concentrations of phenolics from HPLC by 

summation were not statistically different between Marion and Evergreen 

seeds at the significance level 0.05. 

The total monomeric anthocyanin content of Marion berries (225 

mg/100g) was approximately 1.5 times higher than that of Evergreen 

berries (154 mg/100g). However, the means of total phenolics, total 

monomeric anthocyanins, ORAC and FRAP contents were not statistically 

different between Marion and Evergreen berries at the significance level 

0.05. The total phenolics, ORAC and FRAP values of Marion berries were 

844 mg/100g, 35.5 ^.mole of TE/g, and 79.1 nmole of TE/g, respectively. 

The total phenolics, ORAC and FRAP values of Evergreen berries were 

822 mg/100g, 34.3 fimole of TE/g, and 74.2 ^imole of TE/g, respectively. It 

should be noted that Marion berries had higher total monomeric 

anthocyanins than Evergreen berries, while Evergreen berries had higher 

concentrations of procyanidin, ellagic acid derivative, and flavonol than 

Marion berries. However, the total phenolics, ORAC and FRAP contents of 

both Marion and Evergreen berries were similar. This confirms again that 
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anthocyanins are not the only compound contributing to antioxidant 

capacity. 

For Marion berries without seeds, the total phenolics, total 

monomeric anthocyanins, and ORAC contents were 962 mg/100g, 247 

mg/100g, and 37.8 umole of TE/g, respectively. The total phenolics, total 

monomeric anthocyanins, and ORAC contents of Evergreen berries without 

seeds were 804 mg/100g, 178 mg/100g, and 31.7 umole of TE/g, 

respectively. None of these contents were statistically different in means 

between Marion and Evergreen at the significance level 0.05. However, for 

the FRAP content, the mean of Marion berries without seeds (104 umole of 

TE/g) was higher than that of Evergreen berries without seeds (66.6 (imole 

of TE/g) at the significance level 0.05. 

Seeds accounted for 5.0% of the weight of Marion berries and 5.6% 

of Evergreen berries. The total phenolics and total monomeric anthocyanins 

of Marion seeds were higher than those of Evergreen seeds at the 

significance level 0.05 and 0.001, respectively. The total monomeric 

anthocyanin content of Marion seeds (24.2 mg/100g) was 14 times higher 

than that of Evergreen seeds (1.72 mg/100g). The total phenolics, ORAC 

and FRAP values of Marion seeds were 1,753 mg/100g, 60.0 umole of 

TE/g, and 239 umole of TE/g, respectively. The total phenolics, ORAC and 

FRAP values of Evergreen seeds were 1,460 mg/100g, 55.6 (imole of TE/g, 

and 197 umole of TE/g, respectively. 
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Conclusion 

Blackberries are rich in anthocyanins, flavonoids, and phenolic acids. 

The chromatographic profiles of phenolics were qualitatively similar 

between Marion and Evergreen. Over all, Marion blackberries were higher 

than Evergreen blackberries with regard to phenolic content and antioxidant 

capacity aspects. 

There were great quantitative differences among fruit components. 

(-)-Epicatechin and ellagic acid derivatives were the primary phenolics in 

blackberry fruits and seeds. No flavonols were found in seeds. This study 

confirmed that blackberries contributed a significant source of phenolic 

antioxidants that may have potential health effects. Blackberry seeds had 

very high phenolic content and antioxidant capacity; therefore they are a 

potential source for nutraceuticals and natural antioxidants. 
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