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ABSTRACT

The aim of this study was to examine the content
of total soluble substance (TSS), total acidity (TA), pH,
ascorbic acid content (vitamin C) and total phenols in fresh
strawberries, as well as in strawberries stored for 10 days
by freezing. Chemical characterization of fresh and frozen
strawberries was done on four different varieties: Clery,
Maya, Asia, Joly grown in the area of Celié, Bosnia and
Herzegovina. The obtained results showed that frozen
strawberries have slightly lower values of TSS, pH, vitamin
C, while the content of TA and total phenols was slightly
higher in frozen strawberries than in fresh ones, which can
be attributed to increasing acidity.

Keywords- strawberry, freezing, chemical composition,
total phenols.

I.  INTRODUCTION

One of the most popular garden plants
throughout Europe and around the world due to its
genotypic diversity and easy adaptation to the
environment is certainly the cultivated hybrid strawberry
(Fragaria ananassa) which has been domesticated for
less than 300 years [1], [2]. Strawberry is a perennial,
herbaceous, low-growing plant whose fleshy fruit is rich
in anthocyanins, polyphenols, vitamin C and other
nutrients [3].

The unique taste and aroma of strawberries
stem from a specific combination of sugars, acids and
volatile organic compounds that varies greatly between
different varieties and species of Fragaria [4]. Thanks to
the unique combination of flavors and aromas that are
acquired during the process of ripening strawberries
make one of the most popular fruit crops [5].

A significant variation in the chemical
composition indices depending on the varietal
characteristics was found [6]. The results of the research

in Brazil showed significant differences in chemical
composition in relation to the variety, so the content of
ascorbic acid was twice as high in the variety
Campineiro (85 mg/100 g) compared to the variety
Dover (40 mg /100 g). Also, the content of total
phenolics varied from 159 to 289 (mean 221) mg /100 g.
Also, the chemical composition depends on agricultural
practice, storage and processing methods: freezing
versus dry heat has been associated with maximum
retention of strawberry bioactive ingredients in several
studies [7].

The health benefits of strawberries are
determined by the abundance of biologically-active
compounds that support the natural resistance of the
organism [8]. Several in vivo and in vitro studies have
shown that strawberries can potentially prevent chronic
diseases associated with oxidative stress and
inflammation and possess directly and indirectly
antimicrobial, anti-allergy and  anti-hypertensive
properties, as well as the capacity to inhibit the activities
of some physiological enzymes and receptor properties
[9], [10]. Strawberries could be a potential dietary
supplement for vitamin C with minerals [11].

One of the disadvantages of this fleshy fruit is
its short shelf life caused by rapid spoilage [12].
Therefore, in order to prolong the shelf life, strawberries
are subjected to various technological processes, mainly
freezing, and also processing into jams or beverages.
Currently, freezing as a technological process is most
often used to preserve various types of fruits and berries,
especially perishable ones such as strawberries [13].

Freezing as a physical process is connected
with products inner moisture transforming into ice as the
result of the temperature diminishing under the freezing
point.

This physical process reduces the biochemical
and microbiological processes in the product [14]. The
aim of this paper is to examine the influence of freezing
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on the chemical composition and total phenols of some
strawberry varieties.

I1. MATERIALS AND METHODS
Materials

Plant material

For the purposes of this work, four types of
strawberries were used: Clery, Maya, Asia and Joly
grown in Celi¢ in June 2019. Further chemical analyses
was performed on fresh and frozen strawberries after 23
days of storage. The freezing process was performed in a
freezing chamber at a temperature of -20 °C.
Strawberries were stored at the mentioned temperature
until the moment of analysis.
Chemicals

All chemicals used for the experimental part of
the work were of analytical grade: Fluka sodium
hydroxide, 0,1 mol/L, 2,6, dichloroindophenol, sodium
salt hydrate, 90% +, New Jersey, USA, ascorbic acid,
min. 99%, lac:ner. Neratovice, Chezch Republic, oxalic
acid, min. 99%, Centrohem, Stara Pazova, Folin-
Ciocalteu reagens, VWR, Chemicals, France, Ethanol,
Merck KGaA, Darmstadt, Germany

Instruments
pH meter (Mettler Toledo, Easy Plus Titration),
refrectometer, (Atago, automatic refrectometer),

spectrophotometer (UV Unicam Hellios B), analytical
laboratory balance (Kern ABT 220 — 4M)

Methods

Preparation of strawberry puree

Samples of fresh and frozen strawberries were
homogenized using tarionics and pestles, and the
resulting slurry was used for further chemical analysis.
Determination of soluble dry matter (TSS)

Refractometrically determined dry soluble
substance by direct reading from the device Atago.
Jouquand and Chandler also determined TSS
refractometrically ~ with  digital Atago PR-101
refractometer with a 0% to 45% Brix range [15].

Measurements were performed three times for
each sample, and the final result is the mean of all three
measurements.

Determination of pH value

Determination of pH value was performed
according to the by immersing the combined glass
electrode in a sample of strawberry puree. The pH meter
was calibrated with commercial buffer solutions at pH
7.0 and 4.0. [16].

Aaker et al. The pH of the strawberry samples
was determined using a pH meter [17].

Determination of total acidity (TA)

After the sample was heated for 30 minutes on
reflux and filtered, titration was performed with standard
NaOH solution, concentration 0.1 mol/L up to pH 8.1
(Rulebook, Official Gazette of SFRY No. 28/83).
Determination of ascorbic acid (vitamin C)

After 10 mL of H2C.0, solution, 2% and 5
grams of strawberry puree were added to a 100 mL
volumetric flask, the flask was made up to 2% H,C,0.
solution. An aliquot of the sample was titrated with 2.6
dichlorophenol-indophenol solution until pink.
Determination of total phenols by Folin Ciocalteu
method

Determination of total phenols by the Folin
Ciocalteu method is performed in the ethanol extract of a
strawberry puree sample using the spectrophotometric
method at 765 nm.

The total phenolic contents were expressed as
gallic acid equivalents, according to a linear calibration
curve y = 0,0056x + 0,015. Kadivec et al. using the Folin
Ciocalte method, they determined the content of
phenolic compounds in strawberries [18].

I11. RESULTS AND DISCUSSION

Table 1: Chemical composition and total phenols of some fresh strawberry varieties

st [ rsson | aon | Svsmmsiec | g | vumne | s
Clery 111’,22%1“ 0,82+ 0,01 13,76 365,031i 82,08 + 2,16 61,63 +1,11
Maya 1%’,2997i 0,86 + 0,01 13,13 3&‘8; 77.04+1,25 60,92 6,31
Asia 101’,%‘? 0,59 + 0,01 18,03 36‘?0311' 66,96 + 2,16 67,84 +2,07
Joly 1%’}3* 0,78 + 0,01 15,07 365,31i 82,11+ 3,79 79,83 6,04

95% confidence limit for mean (n = 3)
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Table 2: Chemical composition and total phenols of some frozen strawberry varieties

Strawberry' 0 o Sweetness index Vitamin C Total phenols
varieties TSS % TA (%) (TSSITA) pH (Mg/100 g) (Mg/100 g)
3,35+
Clery 11,03+0,00 | 1,04+0,01 0.01 79,2+1,52 71,42 +1,80
3,33
Maya 11,98+0,00 | 0,95+0,00 0.00 71,86+2,31 104,82 +4,44
, 3,45%
Asia 9,5+0,01 0,79+0,02 0.00 57,2+1,86 89,07 £9,49
3,31+
Joly 11,37+0,00 | 0,88+0,04 0.00 74,06+2,03 106,30 +15,79

95% confidence limit for mean (n = 3

The TSS is mainly influenced by the total
sugars and organic acids, which, in turn, are influenced
by the cultivar and stage of ripeness [19].

Based on the obtained results, it can be
concluded that the fresh strawberry with the highest TSS
content is the variety Joly with 11.75%, then Maya with
11.29%, Clery with 11.28% and finally the lowest
content of soluble dry matter had the variety Asia with
10.64%. The effect of freezing resulted in a decrease in
TSS content in all strawberry cultivars, and an increase
in TA in all samples.

Fruit total acidity (TA) depended directly on the
concentration of aliphatic and aromatic organic acids in
the fruits [20]. It is a major determinant of the taste and
quality of most fruits, in combination with sugars and
flavor volatiles [21]. The TA in fresh strawberries
ranged from 0.78 to 0.86%, while in frozen strawberries
these values were higher and ranged from 0.79 to 1.04%.

The pH value of fresh strawberry puree ranged
in the weakly acidic range (3.46-3.63), while the slightly
lower pH value was for frozen strawberries. Wrostald,
2006 found that pH has a very high correlation with
discoloration of strawberries [22].

According to the FDA, the pH value of fresh
strawberries ranges from 3.00-3.90, while the pH value
of frozen strawberries is lower and ranges from 3.00-
3.40 [23]. Nastase et al., 2012, found that the pH values
of fresh, frozen and canned strawberries ranged from
3.65t0 3.81 [24].

European  epidemiological  studies  have
revealed that the recommended daily intake of vitamin C
is 60-100 mg (National Research Council, 198

9) [25].Fresh strawberries had a higher value of
vitamin C content expressed at mg/100 g. The highest
value was recorded in the cultivar Clery (82.08+ 2.16),
while the lowest value was recorded in the cultivar Asia
(66.96 + 2.16). All frozen strawberry samples had lower
vitamin C values compared to fresh ones. From the
results it can be concluded that strawberries are a good
source of vitamin C. Similar results were obtained

(Koyuncu et al., 2010) where the content of vitamin C
was reduced in frozen strawberry varieties compared to
fresh. [26]. Also, similar results were obtained by Farah
et al. where they found that low temperatures have a
direct impact on the stability of vitamin C [27].
Degradation of vitamin C in fresh strawberries is a
complex process involving oxidation and intermolecular
rearrangement reactions and is considered one of the
main factors for quality changes and color changes
during storage [28].

Zavala et all. investigated the antioxidant
capacity and quality of strawberry fruit after harvest at
different temperatures: 0 ° C, 5 ° C and 10 ° C. The
results of the research showed that the overall quality of
the fruit was longer, and the content of aromatic
compounds and antioxidant capacity at 0 ° C was lower
thanat5° C or 10 ° C [29].

The Folin — Ciocalte method is a method used
to determine total phenols in various plant materials and
is based on molybdotungstophosphoric heteropolyanion
reducing reagent which indirectly detects phenolics but
lacks specificity [30]. The content of total phenols in
fresh strawberries was the lowest in the Maya variety
(60.92), while the highest content was in the Joly variety
(79.83). The effect of freezing had an effect on
increasing the content of phenolic compounds in all
varieties of strawberries, so the highest in the variety
Joly (106.30), and the lowest in the variety Clery
(71.429).

IV. CONCLUSION

Based on the obtained results, it can be
concluded that the value of TSS (%) is the highest in the
cultivar Joly, while the lowest was in the cultivar Asia.
Also, the freezing process in three cultivars decreased
the TSS content (%), while in the Maya cultivar it
increased. In all cultivars, the TA value (%) increased by
freezing, while the pH value decreased. The highest
content of vitamin C was recorded in the variety Joly,
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while the lowest was in the variety Asia. Freezing did
not have a high content of vitamin C, so this method of
storing strawberries proved to be good in terms of
vitamin C content. Freezing increased the content of
phenalic compounds in strawberries.
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