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ABSTRACT: Blackberry (Rubus L.) is a naturally growing fruit in Anatolia. Consumption of fresh and
frozen blackberries has increased in the past few years in Turkey. The aim of this study is to analyze
blackberry at three levels of ripeness taking into account some physical and chemical properties
(color, dry matter, soluble solids, total sugar, titratable acidity, pH, total phenolics, total anthocyanin,
and minerals) in order to understand this behavior during the ripening process. Blackberry fruits were
harvested at green, red and ripe (mature) stages. The determination of fruit maturity was based on fruit
surface color. The dry matter, total phenolics and Hunter L, b values decreased but soluble solids,
total sugar and total anthocyanins increased with maturity. In the early fruit ripening stages, pH
decreased, titratable acidity and Hunter a value increased while in the later stages, pH increased,
titratable acidity and Hunter a value decreased considerably. Analysis of variance revealed (P < 0.01)
differences in these parameters based on ripeness stages. No remarkable changes in potassium,
calcium, zinc and manganese concentrations occured during the development of fruits. Differences
were observed for magnesium (P < 0.01), iron (P < 0.01) and copper (P < 0.05) during ripening of
blackberry.
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MUDANÇAS FÍSICAS E QUÍMICAS DURANTE A MATURAÇÃO
DE FRUTOS DE AMORA PRETA
RESUMO: Amora preta (blackberry, Rubus L.) é uma fruta que cresce naturalmente na península de
Anatolia. O consumo de suas frutas frescas ou congeladas aumentou nos últimos anos na Turquia.
Este estudo teve por objetivo analisar amoras pretas colhidas em três níveis de maturação, levando em
conta propriedades físicas e químicas das frutas (cor, matéria seca, sólidos solúveis, açúcar total,
acidez titulável, pH, fenóis totais, antocianina total e sais minerais) para melhor compreender o processo
de maturação. As frutas foram colhidas nos estágios verde, vermelho e maduro. A determinação do
estágio maduro foi baseada na cor da superfície das frutas. A materia seca, os fenóis totais e os
valores de Hunter L, b diminuiram mas os sólidos solúveis, açúcares totais e total de antocianina
decresceram em função do nível de maturação. Nos estágios iniciais de maturação, o pH decresceu, a
acidez titulável e o valor a de Hunter aumentaram enquanto nos estágios posteriores o pH aumentou,
a acidez titulável e o valor a de Hunter decresceram consideravelmente. A análise de variância revelou
diferenças nestes parâmetros (P < 0,01), baseada nos estágios de maturação. Não houve mudanças
marcantes nos conteúdos de potássio, calico e magnésio durante o desenvolvimento dos frutos.
Diferenças foram obsevadas para magnésio (P < 0,01), ferro (P < 0,01) e cobre (P < 0,05) durante a
maturação das amoras pretas.
Palavras-chave: Rubus L., cor, antocianina, conteúdo mineral

INTRODUCTION
For most fruit ripening processes corresponds
a number of coordinated biochemical and physiological processes. The evolution of some components during the development of fruits have been studied previously (Woodward, 1972; Naumann & Wittenburg,
1980; Al-Kaisy et al., 1981; Chapman & Horvat, 1990;

Ackermann et al., 1992; Perkins-Veazie et al., 1996;
Hernández et al., 1999; Wang & Lin, 2000; AlarcãoE-Silva et al., 2001; Ayd1n & Kadioğ lu, 2001; Moing
et al., 2001; Raffo et al., 2004; Siriwoharn et al., 2004).
Perkins-Veazie et al. (1996) evaluated changes in titratable acidity and soluble solids of blackberry cultivars
at three maturity stages. Wang & Lin (2000) evaluated the antioxidant capacity, total phenolic and total
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anthocyanin contents in green, pink and ripe developmental stages of blackberry fruits.
Numerous physical, chemical and biochemical changes occur during the ripening of blackberry
(Rubus L.) wildly grown in Turkey. The aim of this
work was to evaluate and quantify some physical and
chemical changes during the maturation of blackberry
fruits.

MATERIAL AND METHODS
Nine genotypes of wild mountainous blackberry fruits were harvested during August-September
2005 from Kavak (41º31’ N, 35º35’ E, 600 m) in
Samsun, Turkey. Fruits were tetraploid upright types
showing a gradual ripening change from solid green
to reddish green to red hard stage to red fleshly stage
and then to black. Multiple harvests of fruit at green,
red and ripe (black) maturity stages were made over
a six-week period. The determination of fruit maturity was based on fruit surface color. Fruits were transported on ice from the bushes to the laboratory and
packed in evacuated plastic bags and stored at a temperature of -20°C (for two months) until analysis. After thawing at 4°C, the samples were chopped and homogenized in a Waring blender and subjected to the
following analysis.
Fruit color was evaluated by measuring Hunter
L (brightness, 100 = white, 0 = black), a (+, red; -,
green) and b (+, yellow; -, blue) parameters by means
of a reflectance colorimeter (CR 300, Chromometer,
Minolta, Japan). A white tile (No: 21733001) was used
to standardize the instrument. Dry matter was determined by drying fruits at 70oC under vacuum (AOAC,
1984). The total soluble solids contents of samples
were measured at 20oC on an Abbe refractometer (Japan). Total sugar was estimated by the Luff-Schrool

volumetric method (Lees, 1975), pH was determined at
20oC. Titratable acidity was determined by titration to
pH 8.1 with 0.1 M NaOH solution and calculated as
grams of citric acid per 100 g of sample (AOAC, 1984).
The amount of total phenolics was measured at 720 nm
by the Folin-Ciocalteu reagent (AOAC, 1965) and expressed as catechin equivalents. Total anthocyanin content was determined by the pH differential method as
described by Wrolstad (1976). Absorbance at 515 nm
was used to calculate Cyanidine-3-glucoside equivalents
(MW = 445.2, e = 29,600). Mineral contents were analyzed by means of atomic absorption spectroscopy
(Perkin Elmer, Model 3100) having previously mineralized the samples (Kacar, 1972).
Statistical analysis
The experimental design was randomized with
three treatments and nine replications. Data were submitted to variance analysis (ANOVA) and the averages
compared by the Duncan’s multiple range test at
P < 0.05 and P < 0.01 using the MSTAT program.

RESULTS AND DISCUSSION
The Hunter L value decreased with fruit ripening as color became deep/dark (Table 1). Being an
index of redness and greenness, the Hunter a value
increased in the early fruit ripening stages, while in
the ripe mature stage, because of the violet color development, the Hunter a value decreased. The Hunter
b value, expressing yellowness and blueness
decreased (P < 0.01) with maturity. Dry matter
changes in the blackberry samples decreased
(P < 0.01) as the fruit ripened. During ripening, a
slight and insignificant increase in the soluble solids
content occurred at the green and red ripening stages,
but at the ripe stage, the change in soluble solids was

Table 1 - Some physical and chemical properties of the blackberry in different maturation stages (means ± standard deviation).
P r o p e r tie s

gr e e n

re d

r ip e

L

40.76 ± 2.81 a

34.23 ± 2.57 b

17.35 ± 1.45 c

A

- 1.68 ± 0.85 c

30.89 ± 1.51 a

10.41 ± 3.26 b

B

24.06 ± 0.95 a

13.07 ± 0.92 b

3.62 ± 1.24 c

Dr y ma tte r, %

21.30 ± 0.93 a

17.31 ± 1.08 b

15.43 ± 6.20 c

S o lub le s o lid s , %
To ta l s uga r, g k g- 1*

7.00 ± 0.35 b
45.81 ± 9.50 c

7.39 ± 0.70 b

11 . 11 ± 0 . 7 4 a

96.90 ± 17.14 b

485.48 ± 37.68 a

pH

3.20 ± 0.13 a

2.64 ± 0.04 b

3.14 ± 0.14 a

Titr a ta b le a c id ity, % *

6.98 ± 1.14 b

14.80 ± 1.15 a

5.78 ± 1.40 b

P r o te in, % *
To ta l p he no lic s , mg k g- 1*
To ta l a ntho c ya nin, mg k g- 1*

67.96 ± 8.21

53.85 ± 6.28

40.59 ± 6.49

14,572.44 ± 3,917.32

10,949.59 ± 2,076.10

9,368.25 ± 1,259.43

-

1,009.02 ± 240.53 b

*Dry weight basis. Line values with the same letter are not different (P < 0.01).
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Table 2 - Changes in mineral contents during blackberry maturation (means ± standard deviation).
P ro p e rtie s

gre e n

re d

rip e

-1

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - mg k g d ry we ight - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - P o ta s s ium
C a lc ium

14,586.27 ± 2,957.96

15,398.95 ± 8,847.82

13,755.02 ± 3,300.52

961.27 ± 353.27

670.70 ± 107.38

817.51 ± 387.46

Zinc

29.02 ± 6.85

25.68 ± 5.41

28.34 ± 10.89

M a nga ne s e

42.05 ± 8.85

50.78 ± 20.75

52.68 ± 9.01

M a gne s s ium* *
C o p p e r*
Iro n* *

4,513.65 ± 1,298.85 a

2,493.76 ± 718.37 b

2,903.36 ± 1,508.13 b

11 . 3 ± 4 . 4 8 b

15.41 ± 5.59 a

10.66 ± 3.21 b

50.39 ± 10.90 b

77.67 ± 16.41 a

70.12 ± 12.26 a

*Line values with the same letter are not different (P < 0.05). **Line values with the same letter are not different (P < 0.01).

significant (P < 0.01). Perkins-Veazie et al. (1996),
Perkins-Veazie et al. (2000) and Naumann &
Wittenburg (1980) found similar results for blackberries. The total sugar content also increased (P < 0.01)
with ripening. Similar results were reported by Woodward (1972), Chapman & Horvat (1990), Ackermann
et al. (1992), Ayd1n & Kadioğ lu (2001) and Moing
et al. (2001) for apples, peaches, strawberries and
medlar fruits, respectively. Water, soluble solids and
sugar concentrations increased continuously during
fruit development.
Titratable acidity increased during development,
but was less in ripe fruits. Acidity was inversely correlated to pH. The ripe sample which had a low acid
content had a correspondingly high pH. Evolution of
titratable acids and the pH of blackberry recorded
above agree with published data on strawberries
(Woodward, 1972; Moing et al., 2001). Organic acids usually decline during ripening as they are respired
or converted to sugars.
Having health beneficial properties, phenolic
matters decreased with ripening, whereas no significant differences were found between the green and
red maturity stages. Anthocyanins is a member of the
group of phenolics that contributes to the red, blue,
or purple colours of fruits. Being responsible from the
color of blackberries, anthocyanins presented an increase (P < 0.01) as the ripening proceeded. The
changes in total anthocyanin concentrations agree with
Hernández et al. (1999) for pomegranate, while the
changes in total phenolics and anthocyanin concentrations agree with Perkins-Veazie et al. (2000) and Wang
& Lin (2000) for blackberry and Alarcão-E-Silva et al.
(2001) for Arbutus berry.
In this study, while potassium, calcium, zinc
and manganese contents exhibited moderate changes,
magnesium, copper and iron presented changes
throughout the ripening period (Table 2). Insertion of
magnesium into the porphyrin structure is the first step
of chlorophyll biosynthesis (Marschner, 1995). The

most significant changes in ripening were observed for
magnesium, which is the central atom of the chlorophyll molecule, and iron and copper, functioning in
chlorophyll synthesis. Potassium, copper, iron and
manganese concentrations increased during the reddening period and decreased in the ripe mature stage. During fruit development, the calcium content of the cell
walls increased to the fully grown immature stage, but
this was followed by a drop in the content and change
in the binding form of calcium in the tissue just before ripening (softening of the tissue) (Marschner,
1995) Magnesium also evolves similarly. However, after
ripening the calcium and magnesium again accumulate in the cell wall and their concentrations increase
during the fully mature stage.
Hunter L, b, dry matter and total phenolics decreased, soluble solids, total sugar, total anthocyanins
increased with ripening; pH decreased between green
and red stages and increased between red and ripe
stages; titratable acidity and Hunter a value increased
between green and red stages of ripening and decreased between red and ripe stages. All of these
changes were significant (P < 0.01). Ripening had no
effect on potassium, calcium, zinc and manganese,
however the changes in copper concentration
(P < 0.05) and magnesium and iron concentrations
(P < 0.01) were significant.
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