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Abstract
Strawberry fruits (Fragaria x ananassa Duch.) are valued by consumers for their high nutritional qualities, taste and visual values. In this work the literature review was made about the
influence of different factors on sugar, organic acids, vitamin C, poliphenols and antocyanins content
in strawberry fruits.
It was found, that selection of strawberry cultivar combined with agricultural practices have the
essential meaning to obtain the required yield parameters.
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Abstrakt
Owoce truskawki (Fragaria x ananasa Duch.) są cenione przez konsumentów dzięki wysokim
wartościom odżywczym, walorom smakowym, a także wizualnym. W pracy dokonano przeglądu
piśmiennictwa na temat wpływu różnych czynników na zawartość cukrów, kwasów organicznych,
witaminy C, polifenoli i antocyjanów w owocach truskawki.
Wykazano, że niezbędnym warunkiem zapewnienia wymaganych parametrów jakościowych
plonu truskawek jest dobór właściwej odmiany i lokalizacja pola w połączeniu z odpowiednimi
zabiegami agrotechnicznymi.
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Introduction
Strawberry (Fragaria x ananassa Duch.), a well known berry-bearing
plant, was created by crossing Chilean strawberry (Fragaria cgiloensis)
with Virginia strawberry (Fragaria virginiana) in the 18th century. Significant
progress concerning cultivation of this plant and breeding highly productive
varieties took place only in the 20th century (REJMAN 1994, PIEGRZA,
SZCZYGIEŁ 1999). Strawberry is cultivated on a large scale in all countries
of moderate climate and in cooler regions of subtropical countries (REJMAN
1994). The largest producers of strawberries include USA, Spain, Poland,
Morocco and China (KUBIAK 2001). The most intense region of strawberry
cultivation is California. Due to its specific climatic conditions, strawberries
bear fruit there for 4–6 months a year, giving an average yield of 40–60
tones per 1 ha. For comparison, average yields of strawberries obtained
in Poland amount on average to 6 tones per 1 ha. In recent years, as
a result of the increasing requirements of food consumers, greater attention
has been placed on yield quality. This aspect particularly concerns strawberries, which are characterized by high nutritive and health properties.
Strawberry fruits are a valuable component of the diet, since they are
of low calorie content and contain easily assimilable sugars, as well as
many vitamins, pectines and fibre. As regards the content of iron and
phosphorus, strawberries rank the highest among berry-bearing plants.
They are also a good source of potassium, magnesium and calcium (HAKALA
et al. 2003). Vitamins found in large amounts in strawberries include:
vitamin A, B1, B2, C and PP. Their contents vary for different cultivars
(REJMAN 1994). In terms of abundance in vitamin C in berry fruits, strawberries are second only to black currants. Strawberries are also valued
for to their antioxidant content (SKUPIEŃ and OSZMIAŃSKI 2007). On the
other hand, high water content in fruit determines their juiciness and
refreshing taste.
One of the threats resulting from an intensive production of strawberries is
the risk of contaminating the yield by harmful chemicals, like pesticides or
fertilizers. Although monitoring research conducted in Poland does not show
harmful amounts of residues of plant protection products, nonetheless, a detection of trace amounts in even 44.8% of the samples analysed should be
considered alarming (NOWACKA et al. 2010). Insignificant amounts of pesticide
residues in strawberries were also found in research conducted in Finland
(HAKALA et al. 2003).
Factors related to the choice of cultivars, growing technology although
harvesting and fruits trading are of crucial importance for ensuring
quality parameters of the yield. Cultivars can be classified into traditional
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varieties (short day cultivars) – early, medium-early and late, and everbearing (day neutral cultivars) – bearing fruit in elongated period of growing
season). Generally, native cultivars are better adopted to the local environment, giving the best yield and fruit under the conditions in which they have
been grown. The number of strawberry cultivars throughout the world
already exceeds 2.000 (Ż URAWICZ 1997). In 2011, the register of orchard
plant varieties in Poland contained 45 cultivars of strawberry (Odmiany
wpisane... 2012).
The dominant cultivar in Poland is ‘Senga Sengana’, originated in Germany, particularly because of its good adaptation to prevailing climatic
conditions and high yielding (ŻURAWICZ et al. 2005). Currently, the most
demanded cultivars are dessert varieties, the fruits of which are tasty, well
formed and are characterized by distinctive size, colour, high firmness and
lower susceptibility to fungal diseases causing fruit rotting. Therefore, it is
necessary to increase the market supply of strawberry cultivars that meet
consumers’ expectations and satisfy producers (MASNY et al. 1996).
This study has a review character. The aim of this work is to summarize
researches data about the quality of strawberry fruits.

Strawberry yield quality parameters
Sugar content
Sugar content is one of the main parameters considered in the evaluation
of the nutritive value of strawberries. Moreover, yield quality factors are
included in the characteristics of cultivars registered in Poland. As demonstrated by some researchers, high sugar content was found for the ‘Senga
Sengana’ cultivar (ROLBICKI and RZEKANOWSKI 1997, SKUPIEŃ 2003,
KOSZAŃSKI et al. 2006). Low sugar content in fruits was determined for such
cultivars, like: ‘Pandora’, ‘Vicoda’, ‘Purpuratka’, ‘Dange’, ‘Saulene’, ‘Ydun’
(REJMAN 1994, SKUPIEŃ 2003, KOPYTOWSKI et al. 2006, KOSZAŃSKI et al. 2006].
As regards accumulated sugars, particular attention should be given to:
fructose, glucose and saccharose occurring in significant amounts in strawberry fruits (KALLIO et al. 2000, CORDENUNSI et al. 2002). The proportions
of their content slightly varies, depending on the cultivar and agricultural
conditions. The content of individual sugars within the cultivar seems to be
inherited and independent of environmental conditions (OGIWARA et al. 1998)
and thus it is important to cultivate and popularize varieties characterized by
high sugar content, which will transfer this feature to subsequent generations
(OHTSUKA et al. 2004). Sturm et al. (2003) also distinguish xylose, which is
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found in trace amounts in strawberries. Its relatively high content was
observed in fruits of the ‘Northhaester’ cultivar and it was very low in the
‘Miss’ cultivar. Literature data concerning sugar content in strawberries
of individual cultivars are divergent depending not only on the cultivar, but
also on many cultivation conditions, such as irrigation (which is particularly
important in blossoming phase and fruit setting phase), fertilization (mainly
nitrogen, phosphorus and potassium – NPK), as well as the health condition
of the plantation (SKUPIEŃ 2003, OHTSUKA et al. 2004, KOSZAŃSKI et al. 2005].
The time between the harvest and fruit chilling also plays a significant role
– a longer interval results in the greatest losses in nutritional value
of strawberries (NUNES et al. 1995). Additionally, the period of storage frozen
fruits affects the reduction of saccharose content (CORDENUNSI et al. 2003,
SKUPIEŃ 2003). The research by KOSZAŃSKI et al. (2005) demonstrated that the
‘Elsanta’ cultivar contained lower amounts of sugars after the application
of 2 NPK fertilization (40 kg of nitrogen, 80 kg of phosphorus and 100 kg
of potassium ha–1) and irrigation as compared to control objects. Different
results were noted by CHEŁPIŃSKI et al. (2010), where fruits of cultivar ‘Kent’
contained more sugar after fertilization on 150 kg ha–1 NPK level. STURM et al.
(2003) determined the highest total sugar content for the ‘Mohawk’ cultivar,
depending on the degree of fruit maturity (mature fruits for processing
purposes were characterized by lower sugar content than fully ripe fruits).
Differences in sugar content can be also related to various factors occurring
during the fruit ripening phase. TREDER (2003), after ROLBICKI and RZEKANOWSKI, demonstrated that drip irrigation had a significant effect on lowering
sugar content in strawberries of the ‘Senga Sengana’ cultivar.

Organic acids content
The content of organic acids is a very important indicator affecting the
taste of fruits, which influences both their consumer and processing value.
This feature is variable and depends on the cultivar, weather conditions, as
well as agricultural factors and regional differences between the studies
conducted (SKUPIEŃ 2003). The content of organic acids in strawberries does
not usually exceed 3%. The most important organic acids determined in
strawberries include citric acid and apple acid (KALLIO et al. 2000), and the
total acidity of fruit is determined on the basis of their content. The research
by this author proved that the content of apple acid in strawberries fluctuated
on a level that was 2–3 times lower than the level of citric acid. Similar results
can be found in BASSON et al. (2010) research. Their studies showed that
citrate content decreased slightly as the berries ripened, and sugar-to-acid
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ratio increased during ripening. The highest values of total acidity were found
for ‘Aura’, ‘Dange’ and ‘Senga Sengana’ cultivars (KOPYTOWSKI et al. 2006).
STURM et al. (2003) demonstrated that fully ripe fruits were characterized by
lower content of organic acids than technologically ripe fruit. In research by
KOSZAŃSKI et al. (2005), the content of organic acids in the fruits of ‘Senga
Sengana’ cultivar increased for objects fertilized with a double dose of NPK.
Therefore, the acidity of strawberry fruits is not a constant feature of the
cultivars under examination. It can change depending on many environmental
parameters occurring during the cultivation and to a large extent depends on
agricultural factors.

Content of biologically active compounds
In recent years, particular attention has been placed on the occurrence of
biologically active compounds in strawberry fruits, such as vitamin C and
antioxidant-type compounds, which include phenolic acids, flavonoids and
anthocyans. A particular importance is attributed to the second group of
compounds because of their anti-cancer, anti-inflammatory, neutron protective and anti-atherosclerosis properties (MILLER et al. 2008, KILLIAN et al.
2009, ROUSSOS et al. 2009). The accumulation of phenolic compounds is
consistent with the proposed protective roles of these substances as antimicrobial metabolities (GIL et al. 1997).

Vitamin C
The content of ascorbic acid in fruits and vegetables is affected by many
factors, such as genotypic differences, climatic conditions, cultivation and fruit
ripening conditions and the time of storage (LEE and KADER 2000). In this
regard, the research proved, for instance, the unfavourable effect of extending
the period of fruit exposure to high temperature between the harvest and
chilling (NUNES et al. 1995). HÄGG et al. (1995) reported that vitamin C content
in the fresh mass of various cultivars of strawberry cultivated in Finland
ranged between 56 and 99 mg% in 1992. Noticeable changes in content
of vitamin C were noted between organic and conventional strawberry farms
(REGANOLD et al. 2010). Fruits from organic farms contained more ascorbic
acid. CORDENUNSI et al. (2002) found that all from studied cultivars showed
increase in total ascorbic acid content from the early stages of development to
full maturity. KAZUYOSHI et al. (1999) found that ascorbic acid content among
the cultivars varied much during harvest. The first changes in vitamin C

10

Karol Wysocki et al.

content can already be observed in the period of supplying fresh fruit to the
market (RUSSEL et al. 2009). Even short storage of frozen strawberries
deprives them of a substantial amount of ascorbic acid (CORDENUNSI et al.
2003), but those changes are much more noticeable during long-term storage
of frozen strawberries (SKUPIEŃ 2003). It was found that even subjecting
strawberry fruit to irradiation does not prevent vitamin C losses during
storage (GRAHAM and STEVENSON 1997). As results from the research conducted by KOPYTOWSKI et al. (2006), the highest content of this component was
found in ‘Saulene’, ‘Senga Sengana’ and ‘Aura’ cultivars. The accumulation
of vitamin C in vegetables, according to JABŁOŃSKA-CEGLAREK (1989), depends
on the level of irrigation as well as on climatic, agricultural and varietal factors.
KOSZAŃSKI et al. (2005) demonstrated a reduction of vitamin C content under
the influence of irrigation and high levels of NPK fertilization.

Polyphenols and anthocyanins
Compounds demonstrating high antioxidant activity against free radicals
include polyphenols and anthocyans. The content of those components in
strawberries depends on many factors, such as the choice of cultivar, agricultural conditions, light availability, nitrogen content in soil, degree of fruit
ripeness and storage temperature (KALT et al. 1999, BOJARSKA et al. 2006,
BACCHELLA et al. 2009, ROUSSOS et al. 2009). BOJARSKA et al. (2006) demonstrated that the highest content of polyphenolic compounds in fruits was
characteristic for the ‘Polka’ cultivar, and the lowest was for the ‘Kent’
cultivar. ROUSSOS et al (2009) observed a reduction in polyphenol content in
fruits of the ‘Camarosa’ cultivar, obtained after previous treatment of plants
with gibberellic acid and Fenotiol. Those differences prove the significant
influence of the suppressing effect of growth stimulants on the content
of antioxidants. FERREYRA et al. (2007) found that the decreasing antioxidant
activity of fruit was negatively correlated with anthocyan synthesis. CORDENUNSI et al. (2005) recorded a decrease in the antioxidant activity
of strawberries under conditions of lowered storage temperature. SHIN et al.
(2007) demonstrated that strawberries revealed the highest antioxidant activity when they were stored at 10oC, regardless of the air humidity. SKUPIEŃ and
OSZMIAŃSKI (2007) observed that the antioxidant activity against the DPPH
radical grew significantly after applying fertilization with titanium only in
fruits of the ‘Elsanta’ cultivar. For other cultivars, no significant influence
of a growth regulator applied on the antioxidant activity of strawberry fruit
was observed. In other studies (PANICO et al. 2009) was noted that bioactive
compounds content was correlated with type of soil. REGANOLD et al. (2010)
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found that strawberry fruits from organic farms had higher antioxidant
activity and concentration of phenolic compounds in correlation to conventional ones.

Summary
The growing of strawberry cultivars distinguished by a high commercial
yield, and at the same time rich in nutrients and other valuable components, is
a very important aspect of the production of berry-bearing fruits. On the basis
of research conducted to date, it can be claimed that between many factors
affecting biological value of strawberry fruits, e.g. varietal, agricultural practices, weather conditions, the highest impact has their genotype and origin.
Nevertheless, the quality of the yield obtained is conditioned by all factors
accompanying the cultivation. It also applies to the production of fruit deprived
of the remains of harmful chemical compounds, which is related to the
preference of a protection system characterized by a low dependence on
pesticides.
Translated by JOANNA JENSEN
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