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Abstract

Strawberries (Fragaria x ananassa) are well known for
their attractive red fruits, characteristic aroma and distinct
taste. They are grown and eaten all over the world and they are
considered a popular summer fruit. Apart from the above-
mentioned valued characteristics, strawberry fruits are a
significant source of vitamins, minerals, flavonoids,
phytochemicals, polyphenols, and antioxidants. In recent
years, the increase in production and consumption of
strawberries around the world can be noticed. Additionally,
strawberries are now considered a ‘functional food” due to the
associated taste, nutritional composition, phytochemicals and
multiple health benefits. The review provides a brief overview
of strawberries not only as popular summer fruits, but also as
health-promoting beneficial fruits. The nutritious, dietary and
phytochemical properties as well as biological benefits of
strawberries on human health are highlighted. The synergetic
role of strawberry as a functional food and some of the key
pre-harvest and post-harvest factors which influence
strawberry yield and overall fruit quality are discussed. Apart
from the numerous benefits associated with strawberries, some
allergies are also linked with their consumption which is also
mentioned in the article.
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Introduction

Strawberry (Fragaria x ananassa Duch.) is a popular,
sweet, juicy seasonal berry appreciated around the world. It is
a herbaceous perennial plant, a member of the Rosaceae
family [1]. The present-day -cultivated strawberry is a
monoecious octoploid (2n=56) and a hybrid of two dioecious
octoploids namely, Fragaria chiloensis and Fragaria virginiana
[2]. Liston et al. (2014) [3] reported that the strawberry is one
of the youngest domesticated plants. Botanically strawberry is
an aggregate fruit ‘etaerio of achenes’, having seeds on the
surface of a red fleshy receptacle, it is also referred to as a
‘false fruit’, a pseudocarp. As the fruits mature only on the
plant, they are categorized as a non-climacteric crop [4].
Based on bearing seasons strawberries are classified as June-
bearing, ever bearing, and day-neutral [5].

Strawberry — More Than A Popular Summer Fruit

Among many fruit crops, strawberries can be cultivated
under wide ecological conditions, i.e. from arctic to tropic
regions [1, 6]. In the last decade, the global production of
strawberries has increased nearly 40%, making it the second-
largest berry fruit after grape (Vitis vinifera L.) in terms of
production. In the global production of strawberries, China
occupies the first position followed by the USA. In the
European Union, Spain is a leader in strawberry production
followed by Poland and both countries are significant global
producers [7].

Strawberry is the most economically important soft fruit in
the world and a popular summer fruit. Considering their
popularity, they are commercially available as fresh, frozen,
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and also as processed products like jams, jellies, nectar, and
puree [8].

Nutritious and Associated Health Benefits

Strawberries are well known for their attractive red fruits
[9], characteristic aroma [10], and distinct taste [11]. Apart
from the above-mentioned characteristics, fruits have also
numerous dietary and health benefits. They are a significant
source of vitamin B, C, E, minerals, and carotenoids, they also
contain significant amounts of ellagic acid, tannins, and
phytosterols [12, 13]. In comparison to other berry fruits,
strawberries contain a higher percentage of vitamin C,
phenolics, flavonoids, and phytochemicals [14]. Among
nutrients, they are a remarkable source of manganese and also
a good source of iodine, magnesium, copper, iron, and
phosphorus [15]. Strawberries are also low in calories (100g =
32kcal). Apart from the nutritious and dietary benefits of
fruits, the seed oil is reported to be a rich source of
polyunsaturated fatty acids, phenolics, dietary fiber and
minerals [16].

Strawberries exhibit antioxidative, antidiabetic,
antihypertensive, carcinogenic, antihyperglycemic, and
antihypertensive  properties due to the presence of
phytochemicals like anthocyanins, ellagic acid, catechin,
quercetin, ellagitannins, and kaempferol [17]. Among
common fruits, strawberries rank fourth for total antioxidant
activity [18]. Fruit properties are reported to be beneficial for
blood sugar and heart health [17, 19, 20] and also to have an
inhibitory effect on liver cancer cells [18]. They help in the
prevention of cardiovascular diseases (CVD), metabolic
syndromes, and neurological diseases. Clinical studies have
demonstrated that the consumption of strawberries increases
serum high-density lipoprotein, plasma antioxidant capacity,
reduces oxidized (LDL) and lipid peroxidation, lowers serum
total, and LDL-cholesterol, and also decreases postprandial
glycaemia or lipemia [21]. A variety of studies on health
benefits associated with strawberries, in particular attention on
human health, was reviewed by Afrin et al. (2016) [15].
Anthocyanins in strawberries are reported to be the best
known polyphenolic compounds and quantitatively identified
as most important [22, 23]. One of the major anthocyanins in
strawberries, which is independent of genetic and environmental
factors, is pelargonidin-3-glucoside [20]. Pelargonidin, among
others shows the inhibitory activity of proteasome which
resulted in neuroprotective effects [24].

Strawberries as Functional Foods

Strawberries are now considered a functional food due to
the multiple health benefits associated with their consumption
beyond basic nutrition [15, 17]. The substantiated evidence on
its antioxidant, anti-inflammatory, antihyperlipidemic,
antihypertensive, and proliferative properties further synergies
its characterization as a functional food [17]. Strawberries are
included as one of the 100 richest sources of dietary
polyphenols and they are listed among 89 food and beverages
for providing more than 1 mg total polyphenols per 100g [25].
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Pre-Harvest Factors Affecting Strawberry Production and
Fruit Quality

Consumers select fruits by their color, shape, size, and
sweetness, combined with their flavor and aroma. These
visible characteristic features, along with synthesis and
accumulation of phytochemicals, antioxidants and nutritional
elements in strawberries, are related to multiple environmental
and genetic factors [26], which are referred to as pre- and post-
harvest factors. The pre-harvest factors, such as genotype,
environment, and cultivation technique, influences the
micronutrients and phenolic compounds concentration in
berries, as well as commercial and organoleptic attributes [26,
27, 28].

The quality of the strawberry fruits is influenced by the
environmental and growing conditions [29, 30, 31].
Agronomical practices like fertilization [3], irrigation [33, 34],
and harvest time [35] play a crucial role in achieving good
quality fruits. Types of cultivation also have a great effect on
fruit quality [36, 37, 38]. In recent years there is a growing
interest in the protected and soilless cultivation of
strawberries. It has been substantially reported that major yield
and quality affecting factors for strawberries in soilless
cultivation may be listed as: type and quality of growing
medium, source and type of plants, cultivar, growing season,
and efficiency of fertigation system [37-44].

The strawberry’s distinct bright red color and delicious sweet
taste make them well appreciated among soft fruits. The
strawberry fruit color is an important characteristic feature for
consumer product acceptance and/or preferences [14]. The
color of the fruit depends on genotype and is greatly
influenced by environmental conditions, as well as the
maturation stage [45]. A case study on consumer preferences
and perceptions for strawberries revealed that nearly 95% of
consumers preferred red colored and ripened strawberries
[46]. According to Nunes et al. (2006), [47] the strawberry
fruit color depends on cultivars and the time of harvesting.
The total soluble solids (TSS) value characterizes the
sweetness of strawberry fruits [48]. Galletta et al. (1995) [49]
reported that the TSS in strawberry fruits generally ranges
between 7-12%. For strawberry fruits to have an acceptable
taste and/or flavor a minimum TSS of 7% is recommended
[27]. Many studies showed that substrates and cultivars can
influence TSS [39, 40, 50, 51]. It has been also demonstrated
that the phytochemical content of strawberries can be
influenced by the cultivation techniques [20, 52-54]. Wang
and Millner (2009) [55] proved that some of the agronomical
practices, like the use of compost as mulch in strawberry
cultivation, can increase their antioxidant capacity.

Post-Harvest Factors Affecting Strawberry Production
and Fruit Quality

The nutritional quality (NQ), micronutrient and
phytochemical content are affected by short term storage. The
storage temperature plays a key role in the stability of
phenolics and antioxidants in fruits. The reduced NQ in
processed strawberry products compared to fresh fruits can be
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related to the processing time and kind of post-harvest
treatment [56]. In strawberries, processing causes loss of
ascorbic acid, polyphenols, antioxidant capacity [8], and a
reduction of a certain amount of bio-actives [17]. Based on
these findings, it can be inferred that the product value
addition by processing may lead to deterioration of nutritional
quality. Hence, considering its short shelf-life, perishability
and nutrient loss due to post-harvest processes it is always best
to enjoy the taste and nutritious benefits of strawberries by

consuming fresh fruits.

Allergies

Although the strawberries provides so many health
benefits, they are also a source of allergens, which results in
allergic reactions after its consumption. As reported by Kurze
et al. (2018) [27], seven proteins, including different form,
have been found in strawberry fruits. They can be responsible
for allergic reactions in sensitized individuals, as well as
reactions caused due to cross-reactivity of allergens. Along
with the other pathogenesis-related proteins, the Fra a 1
protein is present in the fruit [58]. Fra a 1 protein belongs to
the PR-10 family, which is reported to be the main allergic
compound linked with allergies associated with strawberry

consumption [56, 59].

Conclusions

Strawberries exhibit various important nutritional, dietary
benefits, including essential vitamins, minerals, alongside
serving as a significant source of phytochemicals, benefiting
human health. Due to its economical and commercial
popularity, the strawberry is considered one of the significant
soft fruit worldwide. In this account, strawberries are the most
studied berries in agronomical, genomic, and nutritional
aspects. The growing empirical and clinical evidences are

antidiabetic,
antihyperglycemic
properties. This will enable the consumers to gain more health
benefits beyond normal nutrition, serving as a ‘functional food’.
Considering the popularity and consumers’ preferences, the
availability of fruit all around the year is necessary. Even
though the development of protected and soilless cultivation
systems, allows offseason and year-round production of
strawberries, fulfilling consumers’ demands with qualitative,

demonstrating their antioxidative,
antihypertensive, anticarcinogenic,

quantitative, and nutritious berries remains a challenge.
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