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Effect of fruit maturation on sugar and organic acid composition
in two blueberries {Vaccinium arctostaphylos and V. myrtillus)
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Abstract Some organic acids and sugars in two
blueberry species from north-east Anatolia, Turkey,
were studied. The fruits of the blueberry species
(Vaccinium arctostaphylos L. and V. myrtillus L.)
were collected at three stages of maturity (immature,
mid ripe, and ripe), and the organic acids and sug-
ars were studied by gas liquid chromatography
(GLC) and verified by gas liquid chromatography-
mass spectrometry (GLC-MS). The soluble sugars
fructose, glucose, and sucrose, and the sugar alco-
hol inositol were identified and quantified. Fructose
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and glucose represented the major sugars in the
fruits. Quinic and citric acids were found to be the
major organic acids in both blueberry species. The
levels of these acids were significantly different (P
= 0.05) at all three stages of fruit maturation. The
level of malic acid increased gradually in both spe-
cies, whereas the levels of citric and quinic acids
decreased rapidly. The total acid level in the fruits
of the two species was also significantly different.
The results of this study can be used to compare the
two species with other Vaccinium species.
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INTRODUCTION

For many years wild blueberries have been harvested
for commercial and home use in north-east and
north-west Anatolia, Turkey. Native blueberry spe-
cies in north-east Anatolia are Vaccinium vitis-idea,
V. uliginosum, V. myrtillus, and V. arctostaphylos.
The succulent fruits of all these Turkish species can
be eaten, those of V. arctostaphylos being especially
appreciated (Stevens 1978). The fresh blueberries are
shipped to domestic and export markets. Only small
amounts are used by the industry in the production
of juice, jam, and marmalade.

Because of their increasing potential as a food and
cash crop to developing rural areas, blueberries have
received attention in the United States, Europe, and
Asia (Brightwell 1969; Horvat & Senter 1985). In-
crease in production and economic importance of
this crop has necessiated definitive analyses of fla-
vour quality, cultivar differences, and stages of de-
velopment. Blueberry production in the United
States increased by 90 million tons in 1980s (Adams
1987). Numerous studies have been undertaken on
blueberries. Most of these studies focused on fruit
compositional analysis, hybridisation, or fruit qual-
ity improvement. Glucose and fructose were identi-
fied as the predominant sugars (Hirvi & Honkanen
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1983; Kader et al. 1993; Darnell et al. 1994; Kalt &
McDonald 1996). The sugars were present in
approximately equal proportion in some blueberries,
such as highbush and lowbush berries (V.
corymbosum L. and V. angustifolium L.).

Most fruits accumulate and store either sucrose
or hexoses. Fruits such as certain melons (Hubbard
et al. 1989), some citrus (Lowell et al. 1989), peach
(Moriguchi et al. 1991), and mango (Hubbard et al.
1991) store relatively high levels of sucrose. How-
ever, small fruits, such as blueberries and strawber-
ries, often store primarily glucose and fructose
(Woodruff et al. 1960; Shaw 1988). Some groups
have reported that blackberries and boysenberries
contain only glucose and fructose, but no sucrose,
whereas others found sucrose at levels of up to
10% of the total sugars by weight (Kader et al. 1993).
Haila et al. (1992) reported important variations
in the sucrose content that, according to these
authors, were the result of enzymatic or chemical
hydrolysis.

The earliest reference regarding the organic acid
composition of highbush blueberries is that of Nel-
son (1927) who reported that the "predominating
acid of the blueberry is citric, with a little 1-malic
acid". Markakis et al. (1963) identified 16 organic
acids in highbush bluberries and found the predomi-
nant to be citric, malic, quinic, and chlorogenic (a
phenolic acid) at percentages averaging 70,7,4, and
16%, respectively. Kushman & Ballinger (1968)
found on average 95% citric and 1-2% each of
quinic acid and malic acid in ripe 'Wolcott' fruit.
Although the total quantity of acid declines during
ripening in highbush fruit, most changes are the re-
sult of a decrease in citric acid. Kushman & Ballinger

(1968) found a 30^0% decrease in the level of cit-
ric acid between ripe and overripe fruits, but no
major changes in the other acids. Because of the
dominance of the citric acid, the changes of the
minor acids amounted to at most a 2.4% increase
relative to the original proportion.

No satisfactory reports of Turkish blueberry fruit
composition are available. The purpose of this study
was to examine the sugar and acid profiles of the two
most abundant blueberry species (V. arctostaphylos
and V. myrtillus) in north-east Anatolia, Turkey,
which have not been systematically and thoroughly
studied earlier.

MATERIALS AND METHODS

Plant material
Blueberry samples of each species (V. arctostaphy-
los and V. myrtillus) were divided into three matu-
rity categories of immature, mid ripe, and ripe on the
basis of skin colour. For the immature category, the
entire blueberry had green skin. For the mid ripe
category, the skin was c. 50% red and 50% pale
green in both species. For the ripe category, the skin
colour of V. arctostaphylos fruit was completely
purple-black, and for V. myrtillus uniformly dark
purple. The average fruit size ranged from 4.8 ± 0.03,
7.2 ± 0.1 to 9.2 ± 0.3 mm for V. arctostaphylos, and
as for V. myrtillus, it ranged from 4.8 ± 0.08, 7.0 ±
0.07 to 8.4 ± 0.8 mm at the three stages of maturity,
respectively.

The blueberries were randomly harvested in early
morning from their single genotypes of bulk
populations in the native habitat of each species in

Table 1 Sugar composition (% dry wt) of Vaccinium arctostaphylos and V. myrtillus at three maturity stages.
Results are the means of three extractions and determinations. For comparisons among means the analysis of variance
was used. Means in rows followed by different letters are significant at P = 0.05. (Total sugar is the sum of fructose,
glucose, sucrose, and inositol.)

Sugars

Fructose
Glucose
Sucrose
Inositol
Glucose/
Fructose
Total sugar

Immature

12.08 + 0.12 a
9.24 ±0.24 a
0.03 + 0.01 a
0.04 ±0.001 a

0.72 ±0.02 a
37.30 + 0.91 a

V. arctostaphylos

Mid ripe

20.61 ± 1.67 c
18.50 ± 1.20 c
0.63±0.12b
0.31± 0.02 b

0.90 +0.02 b
47.35+0.78 b

Ripe

25.32+1.52 d
26.20 ± 0.96 d

1.02±0.I2c
0.52+0.1 c

1.04+0.03 d
52.23 ± 1.24 c

Immature

18.10±l.l b
15.24 ±0.81 b

-
0.40+ 0.02 be

0.85 ±0.01 b
35.13± 1.48 a

V. myrtillus

Mid ripe

26.61 ±0.48 d
25.73 ± 1.22 d
0.73 ± 0.06 b
0.70±0.10d

0.97 +0.06 c
51.16±2c

Ripe

32.90 ± 1.08 e
32.90 ± 0.60 e

1.81 ±0.27d
0.90 + 0.11 e

1.02 ± 0.03 cd
63.92 ± 0.60 d


