! Pa ra d | m Mitteilungen Klosterneuburg 75 (2025): 184-196; DOI: 10.2478/mittklbg-2025-0013
g ISSN: 3061-063X (Online); 3061-0621 (Print)

Strawberries destined for industrial production: differences between countries
and impact on produced nectar

Helen Murray?, Jasmin Wiihl, Fabio Stipkovits?, Heidrun Halbwirth?, Manfred Géssinger*

!Department of Fruit Processing
Federal College and Institute for Viticulture and Pomology Klosterneuburg
Wiener StraRe 74, A-3400 Klosterneuburg, Austria

2TU Wien
Institute of Chemical, Environmental and Bioscience Engineering
Getreidemarkt 9, A-1060 Vienna, Austria

*Corresponding author: manfred.goessinger@weinobst.at

Abstract

Strawberry nectar attributes, particularly colour stability, are highly influenced by cultivar, harvest time,
and fruit ripeness. Industrial processors, however, often have little control over these parameters, as
they must continuously process strawberries of varying origin and maturity throughout the harvest sea-
son. This study investigated incoming strawberry batches received by processing facilities in Austria, Po-
land, and Spain. Prior to processing, strawberries were analysed for length, width, weight, firmness, drip
loss, and anthocyanin content. Resulting nectars had their colour quantified using an Acceptance Factor
(AF) to monitor degradation over 12 weeks of storage. While considerable variability was observed be-
tween batches within each country, Polish strawberries were in general softer with higher anthocyanin
content, producing nectars with superior colour stability. Differences were attributed to cultivation prac-
tices: in Poland, strawberries are grown specifically for processing and allowed to ripen fully. Conversely,
strawberries processed in Spain and Austria are typically fresh-market rejects, harvested at earlier
stages. Colour stability was positively correlated with anthocyanin content and drip loss, and negatively
with firmness. These findings highlight the strong influence of raw material quality on nectar colour
stability and underscore the variability of industrial raw material, and the limited control processors have
over strawberry quality.
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Zusammenfassung

Erdbeeren fiir die industrielle Verarbeitung: Landerabhangige Unterschiede und Auswirkungen auf die
Nektarqualitat. Die Eigenschaften von Erdbeernektar, insbesondere die Farbstabilitat, werden maRgeb-
lich von Sorte, Erntezeitpunkt und Reifegrad der Friichte beeinflusst. Industriell verarbeitende Betriebe
kdnnen diese Parameter jedoch nur begrenzt steuern, da sie wahrend der gesamten Erntesaison konti-
nuierlich Erdbeeren unterschiedlicher Herkunft und Reifegrade verarbeiten missen. In der vorliegenden
Studie wurden eingehende Erdbeerchargen untersucht, die in Verarbeitungsbetrieben in Osterreich, Po-
len und Spanien angeliefert wurden. Vor der Verarbeitung wurden Lange, Breite, Gewicht, Festigkeit,
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Tropfsaftverlust sowie der Anthocyangehalt der Friichte bestimmt. Die daraus hergestellten Nektare
wurden hinsichtlich ihrer Farbqualitat mithilfe eines ,,Acceptance Factor” (AF) kontrolliert, der den Farb-
abbau lber eine Lagerdauer von 12 Wochen quantifizierte. Wahrend sich innerhalb der einzelnen Lan-
der eine erhebliche Chargenvariabilitat zeigte, wiesen polnische Erdbeeren im Allgemeinen eine gerin-
gere Festigkeit und hohere Anthocyangehalte auf und erzeugten Nektare mit deutlich besserer Farbsta-
bilitat. Diese Unterschiede lassen sich auf Anbau- und Erntepraktiken zuriickfiihren: In Polen werden
Erdbeeren gezielt fir die Verarbeitung kultiviert und bis zur Vollreife an der Pflanze belassen. Demge-
geniiber stammen die in Spanien und Osterreich verarbeiteten Friichte hiufig aus dem Frischmarktsek-
tor und umfassen (iberwiegend aussortierte Ware, die in frilheren Reifestadien geerntet wurde. Die
Farbstabilitat korrelierte positiv mit Anthocyangehalt und Tropfsaftverlust, und negativ mit der Frucht-
festigkeit. Die Ergebnisse unterstreichen den entscheidenden Einfluss der Rohstoffqualitat auf die Farb-
stabilitat von Erdbeernektar sowie die grofle Variabilitdt industrieller Rohware und die begrenzte Kon-
trolle, die industrielle Hersteller auf die Qualitat der Erdbeeren haben.

Schlagworter: Haltbarkeit, Piiree, Farbstabilitat, Festigkeit, Anthocyan

Introduction

Strawberry nectar is a popular beverage in many Key factors such as cultivar, ripeness, harvest
European countries, produced from strawberry timing, and country of origin have been shown to
puree blended with water, sugar and acid (Anon, impact the resulting nectars’ colour stability
2014). When freshly manufactured, strawberry (Gossinger et al., 2010; Murray et al., 2024a). In
nectars have a bright red colour that is highly particular, overripe strawberries harvested at the
appealing to consumers. However, this initial end of the season tend to yield nectars with the
colour is unstable and tends to degrade rapidly to  superior colour stability (Gossinger et al., 2010;
brown, which consumers consider undesirable Gossinger et al., 2009b).
(Gossinger et al., 2009a; Buvé et al., 2018). This
degradation results from the breakdown of Consequently, nectar producers would ideally
anthocyanin compounds (Verbeyst et al., 2010; source overripe strawberries of stable cultivars
Martinez and Whitaker, 1995; Aguilé-Aguayo et harvested late in the season. However, this is not
al., 2009), particularly pelargonidin-3-o-glucoside, feasible due to commercial constraints, which
which is the predominant anthocyanin in resultinindustrial processors typically having very
strawberries (da Silva et al., 2007; Simkova et al., little control over the strawberries they purchase.
2023b). Although processing conditions during In many countries, such as Spain and Austria,
nectar production strongly influence colour strawberries are cultivated almost exclusively for
stability (Gossinger, et al., 2009b; Gossinger et al., sale in the fresh market. Those destined for
2009c; Howard et al., 2014; Lacey et al., 2023), the  processing into products, such as purees and
strawberry raw material plays a decisive role in  nectars, are typically fruit rejected for fresh sale,
determining the colour stability of nectars due to imperfections in size, shape and colour
(Gossinger et al., 2010; Gossinger et al., 2009d)  (Anon, 2017). The high labour costs associated
and other strawberry products (Diamanti et al, with hand-picking (for example, €1.22/kg in
2015; Teribia et al., 2021; Teleszko et al., 2016; Austria (Wunderlich, 2025)) make strawberry
Golaszewski et al., 1998). cultivation specifically for processing prohibitively
expensive. As a result, the cultivars grown in these
regions are selected for their suitability for fresh
consumption rather than processing. Moreover,
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strawberries intended for the fresh market are
typically harvested at an earlier ripeness stage
rather than at the optimal stage for processing to
minimise transport damage and extend shelf-life
(Murray et al., 2024a). As a result, processors in
these countries have no control over, and limited
knowledge of, the raw materials they receive. In
contrast, in countries such as Poland, strawberries
are also grown specifically for processing and are
harvested at a riper stage. Processors in these
regions often exert greater influence over cultivar
although this
influence does not equate to full control over the

selection and harvest timing,

cultivation process.

Previous research has found that the origin of
strawberries has an effect on their colour stability
(Gossinger et al., 2014) colour, and phenolic
content (Kriger et al., 2009; Kriger et al., 2012).
While the former study found that strawberries
grown further south produced more colour stable
nectars (Gossinger et al., 2014), and were more
red (Kriiger et al., 2012). The latter studies found
that weather effects were more
significant that latitude (Krtger et al., 2012), with
different cultivars responding differently (Kriiger
et al., 2009). Additionally, different cultivation
systems are favoured in different countries, with
Hill which  produces higher
anthocyanin content (Wang et al., 2002), more

seasonal

plasticulture,

prevalent in warmer climates.

Most scientific studies assessing nectar colour
stability use strawberries of defined cultivars and
ripeness stages (Gossinger et al., 2010; Murray et
al.,, 2024a; Rincon et al., 2025). However, since
industrial producers are unable to select the
strawberries used for nectar production, these
studies may not accurately represent the fruit
used in industrial processing. Therefore, the
the
received by

current study aimed to investigate

characteristics of strawberries

industrial  processors in three European
countries—Spain, Austria, and Poland—to assess
inter-country differences in fruit quality and their
impact on the colour stability of nectars. Multiple

incoming strawberry batches were sampled at
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each location, analysed for physical attributes,
and processed into nectar to evaluate differences
in colour degradation during storage.

Material and Methods

Strawberries

Strawberries were collected from industrial
processing facilities in three European countries:
Spain, Austria and Poland. In Spain (Almonte,
Andalusia), nine 2 kg samples were taken from
randomly selected incoming batches over three
days (17-19 April 2023), during the peak of the
Spanish strawberry season. All cultivars were
unknown. Temperatures ranged from 12-30 °C,
with no precipitation. The strawberries were
analysed fresh, then frozen at -18 °C and were
Poland
(Tomaszéw Lubelski), eight 2 kg samples were

transported to Klosterneuburg. In

collected from randomly selected batches
delivered 19-21 June 2023. All cultivars were
unknown, but from areas that predominately
this  period,
temperatures ranged from 10-27 °C, with 18 mm

cultivate  Honeoye. During

of precipitation. Strawberries were analysed
fresh, frozen at -18 °C, and were shipped to
Klosterneuburg on dry ice. In Austria, six batches
were collected from an industrial nectar producer
(Rogner) in Lower Austria 15-16 June 2023.
All Temperatures
ranged from 10-25°C, with no precipitation.

cultivars were unknown.
These strawberries were delivered fresh to
Klosterneuburg, analysed, and then frozen at
-18 °C. All strawberries were kept frozen at -18 °C

for < 3 months.

Methods

Preparation of Nectars

Defrosting of Strawberries and Puree preparation

Frozen strawberries were defrosted for 24 hours at
20 °C, and then processed into puree by a rotor
mill with Imm sieve (Feuma, G6Rnitz, Germany).



Mitteilungen Klosterneuburg 75 (2025): 184-196

Nectar Preparation

As described by Murray et al., (2023), purees were
blended with water, citric acid and sugar to pro-
duce nectar with the following composition: 40%
puree, 15 °Brix, 7.0 g/L Titratable Acidity. The mix-
ture was homogenised using a hand blender
(Philips, Drachten, Netherlands). A total of 140g +
1g of nectar was filled into glass jars (212ml),
sealed with screw lids, and pasteurised at 85 °C for
20 min in a water bath (Royal Catering, Berlin, Ger-
many). Nectars were stored at 20 °C = 3 °C in the
dark.

Physical and Chemical Analysis

Soluble solids (°Brix) was measured using a
handheld (N-20, Brix 0~20%,
ATAGO, Tokyo, Japan). pH-values were determined
using a pH meter (MultilineP4, WTW, Weilheim,
Germany) with a pH-electrode (SenTix 41-3, WTW,
Weilheim, Germany). Titratable Acidity (TA) was
determined by titration to an endpoint of pH 7.0
(0.1N NaOH Titrisol ®, Merck KGaA, Darmstadt,
Germany) and expressed as g/L tartaric acid (con-

refractometer

version factor: 0.75). Sugar/Acid ratio was calcu-
lated by dividing the sugar content in °Brix by the
acidity percentage (g/L acidity divided by 10)
as described in Simkova et al. (2024). Firmness
was measured by a Durofel DFT100 (Agrosta,
Serqueux, France) penetrometer. From each
batch, 30 fresh strawberries were measured on
two sides of each fruit (60 measurements total).
Values were expressed in Durofel Units, ranging
from 0 (very soft) to 100 (very firm). Weight
measurements were obtained by weighing
30 strawberries per batch on a balance (EW 4200-
2NM, Kern & Sohn GmbH, Balingen, Germany).
Size measurements were taken on 10 strawberries
per variant, recording width at the widest point
and length from step to tip using a digital calliper
(Tchibo, Hamburg, Germany). Drip loss was calcu-
lated by placing a known weight of strawberries
(frozen at -18 °C) into a funnel above a measuring
cylinder. The strawberries were left at ambient
temperature (20-25 °C) for 24 hours to allow liquid

to drain into the cylinder. The weight of the
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collected drip was calculated, and drip loss ex-
pressed as a percentage (weight of drip/initial
weight of strawberries * 100). Drip loss experi-
ments were carried out in duplicate.

Colour Measurements

CIELAB colour components L* (lightness), a* (red-
green), and b* (yellow-blue) were measured by a
Minolta CM-5 spectrophotometer (spectrophoto-
metric method, D65, 30mm 10°, reflection meas-
urement, gloss excluded, Minolta, Osaka, Japan).
C* (Chroma) and h° (hue angle) were calculated as
described by Kammerer et al. (2007). Acceptance
Factor (AF) was calculated as AF = a*/h° as
described by Gossinger et al. (2009a). All nectars
were measured after pasteurisation on the day of
production. Each sample was measured in dupli-
cate. Colour stability was quantified using different
indicators of colour stability: AF4, AF8, AF12 rep-
resent the AF at 4, 8 and 12 weeks, respectively.
D4, D8 and D12 are the difference in AF between
the day of production and 4, 8 and 12 weeks, re-
spectively, as described in Murray et al. (2023).

Anthocyanin Concentration

Total monomeric anthocyanin (TMA) content was
determined using the pH differential method,
as outlined in Lee et al., (2005). Absorbance was
measured at 496 nm and 700 nm in two buffer
systems: pH 1.0 (0.025 M KCI) and pH 4.5
(0.4M CH3CO2Na.3H0) (Giusti & Wrolstad, 2001),
using a spectrophotometer (Hach Lange DR 3900,
Hach Lange, Dusseldorf, Germany). Results were
expressed as mg of pelargonidin-3-O-glucoside
equivalents per litre (mg/L) using the formula:

TMA = (A x Mw x DF x 1000)/ € x |

where TMA is the content of total monomeric
anthocyanins, (mg/L), A is the absorbance of
samples [(Asgs - Azo0 nm) pH 1.0 — (Asgs — A0 NM)
pH 4.5]. Mw
pelagronidin-3-0-glucoside

is the molecular weight of
(433.2 gmol?) DF
is the dilution factor (10 for all nectars) € is the

molar extinction (15600 in pH 1 0.025M KClI buffer
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(Giusti et al., 1999). | is the path-length (1 cm).
Extraction and measurement were performed in
triplicate on pasteurised nectars that were frozen
on day of production, and defrosted at 20 °C until
liquid.

Statistical Analysis

Statistical analysis was carried out using IBM SPSS
29 (Statistical Package for the Social Sciences).
Significant differences (p < 0.05) between different
countries for AFO, AF4, AF8, AF12, D4, D8, D12, To-
tal Monomeric Anthocyanin content, Total Soluble
Solids, Titratable Acidity, sugar/acid ratio, width,
length, weight, firmness and drip loss, were per-
formed by Analysis of Variance (ANOVA) followed
by Tukey-HSD. Pearson correlations were deter-
mined between colour parameters AFO, AF12, D12
and anthocyanin content, sugar/acid ratio, firm-
ness and drip loss to determine if these parame-
ters were significantly (p < 0.05) correlated with
colour and colour stability. r values of -0.49 — 0.49
were considered weak, and above 0.5 and below
-0.5 were considered strong. Pearson correlations
were also determined between size parameters
and anthocyanin content to determine if there
was any relationship between these parameters.
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Results and Discussion

Colour Stability

Fig. 1 illustrates the degradation of nectar colour
for different countries of origin during storage, as
measured by the Acceptance Factor (AF). Tab. 1
presents the AF values at specific time points, and
the corresponding colour stability, calculated as
the difference between AFO and the AF at these
time points (D4, D8 and D12). There was no
significant difference in initial AF (AFO) between
nectars produced from strawberries from
different countries of origin, indicating that all
countries produced nectars with comparable
initial acceptance. However, after 12 weeks,
differences in stability resulted in significantly
different Acceptance Factors (AF12).

produced from Austrian strawberries had the

Nectars

lowest AF12, followed by those produced from
Spanish strawberries, while nectars made from
Polish strawberries had the highest mean AF12.
Thus, Polish strawberries produced nectars that
proved most acceptable after storage, and
consequently had the longest shelf-lives. The
difference between AF0O and AF12 (D12) serves as
a measure of colour stability. Nectars produced
from Austrian strawberries were the least stable,
having a significantly higher D12. In contrast
nectars produced from Polish strawberries had
the lowest D12, with no significant difference
between these nectars and those produced from
Spanish strawberries. Therefore, strawberries
grown in Poland were the most suitable for
production of colour stable nectars. This was in
contrast to previous studies, that had found that
strawberries grown further south were more
colour stable (Gossinger et al., 2014), suggesting
that the latitude of where fruits are grown is not

the most important factor for colour stability.
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Fig. 1: Degradation in Acceptance Factor (AF) during storage at 20 °C for 12 weeks for nectars produced from
strawberries from different countries.

Tab. 1: The mean and standard deviation of the Acceptance Factor (AF) on day of production and after
4, 8 and 12 weeks (AFO, AF4, AF8 and AF12 respectively) and the difference between AFO and the
Acceptance Factor at these points in time (D4, D8 and D12) of nectars produced from strawberries from
different countries, and the mean and standard deviation of the total monomeric anthocyanin content
expressed in pelargonidin-3-O-glucoside of these nectars. Lower case letters denote significant
differences (p < 0.05).
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Anthocyanin Content

As shown in Tab. 1, total monomeric anthocyanin
not differ significantly
between nectars produced from Austrian and

concentrations did

Spanish strawberries, but nectars produced from
Polish strawberries had significantly higher levels.
This is likely due to Polish strawberries being
harvested at a riper stage, allowing anthocyanins
to develop to higher concentrations compared to
strawberries picked at the typical ripeness for
fresh sale, as is common in Austria and Spain
(Murray, et al., 2024a). This supports previous
research that found that the latitude was not an
important factor in the phenolic content of
2012), with
strawberries from areas further north having
higher phenolic content that those further south,
dependent on the local climate. Both anthocyanin

strawberries (Kriger et al,

content and profile are highly dependent of
cultivar (Kosar et al., 2004; Fredericks et al., 2012),
and so the differences in anthocyanin could also
be due to the different cultivars prevalent in each
region. Anthocyanin concentration was strongly
positively correlated with AF12 (r 0.804,
p < 0.001) and negatively with D12 (r = -0.706,
p < 0.001), supporting previous findings that

anthocyanin content, as determined by the pH
differential method, could be used as a predictor
of nectar colour stability (Murray et al., 2024a),
providing an alternative to costly and laborious
HPLC methods.

Murray et al.

Sugar and Acid Content

The average TSS, TA values and the sugar/acid ra-
tio are shown in Tab. 2. Strawberries from Austria
had significantly higher TSS than strawberries
from the other origins, while strawberries from
Poland had significantly higher acid content and
lower sugar/acid ratio. This is notable because
sugar/acid ratio is known to increase during ripen-
ing (Kosar et al., 2004; Pineli et al., 2011). How-
ever, Polish strawberries — despite being riper
(confirmed by the lower firmness values pre-
sented in section 3.4.2, a known indicator of ripe-
ness (Azodanlou et al., 2004; Montero et al,,
1996)) — had the lowest ratio. This discrepancy
likely results from the fact that different cultivars
dominate in different countries, because different
genotypes grow better in different environ-
ments due to micro-climatic effects (Martinez-
Ferri et al., 2014), and have different inherent
sugar/acid ratios (Kosar et al., 2004; Pineli et al.,
2011). This makes sugar/acid ratio an unfeasible
approach to draw ripeness comparisons between
different countries of origin, supported by the fact
that AF12 was not significantly correlated with
sugar/acid ratio (p = 0.057) and D12 was weakly
positively correlated (r = 0.252, p = 0.015). This
would suggest that strawberries with high
sugar/acid ratios were less stable, which is the op-
posite of the results expected from strawberries of
the same cultivar, where the most stable strawber-
ries should have the highest ratio.

Tab. 2: Mean and standard deviation of the Total
Soluble Solids (in °Brix), Titratable Acidity (in g/L)
and sugar/acid ratio of strawberries from different
countries of origin. Lower case letters denote
significant differences (p < 0.05).
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Poland | 7.2+0.8a 9.1+15b 8.1%+20a
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Physical Parameters
Size

As shown in Tab. 3, there were no significant

differences in strawberry width or weight
between countries, but Spanish strawberries were
significantly longer and Polish strawberries were

significantly shorter.

No significant correlations (p > 0.05) were
observed between anthocyanin content and any
of these size parameters, despite prior research
indicating that smaller fruits tend to have higher
anthocyanin concentrations (Simkova et al.,
2023a). A possible explanation is that in that study
strawberries were selected at the same ripeness
stage, whereas, in general, smaller strawberries
tend to be less ripe (Murray et al., 2024a). Less
ripe strawberries are known to be less colour-
stable (Gossinger et al., 2010; Murray et al.,,
2024a). In addition, different cultivars grow to
different sizes (Cheng and Breen, 1992), while the
previous study examined differences within
cultivars. Different cultivars could have differing
phenols and sizes, and would require further
study of a wide range of known cultivars.

There were weak but significant negative
correlations between AFO and fruit weight
(r=-0.437, p < 0.001), width (r =-0.208, p = 0.046)
and length (r = -0.297, p = 0.004) suggesting that
smaller fruits produced nectars with better initial
colour. However, no significant relationship
(p > 0.05) was found between these parameters
and AF12 or D12, suggesting no impact on long-

term colour stability.

Murray et al.

Tab. 3: Mean and standard deviation of the width,
length and weight of strawberries from different
countries of origin. Lower case letters denote
significant differences (p < 0.05).

191

Origin Width Length Weight
[mm] [mm] [g]
Spain 31.50 39.69 + 16.84 +
5.87 a 10.84 ¢ 829a
Austria 3249+ 32.87+ 15.93 +
5.04a 5.62 b 6.53a
Poland 32.66 3031+ 15.23 +
5.95a 5.82a 7.46a
Firmness

As shown in Tab. 4, Polish strawberries were
significantly less firm than those from Spain or
Austria. This was consistent with expectations, as
strawberries in Poland are harvested at a riper
stage than those intended for retail (Wunderlich,
2025)
processing in Austria and Spain). Strawberry
firmness is a known indicator of ripening
(Azodanlou et al., 2004; Montero et al., 1996),
with strawberries becoming less firm as they ripen

(i.e. strawberries used in industrial

(Murray et al., 2024a). Firmness was significantly
negatively correlated with AF12 (r -0.608,
p < 0.001) and positively with D12 (r = 0.569,
p <0.001), but not with AFO (p = 0.052). This aligns
with previous studies demonstrating that softer,

riper strawberries yield nectars with better colour
stability (Murray et al.,, 2024b). The firmness
method used in this study is considered less
than
methods, due to the applied force being so low

destructive traditional pendrometer
that it does not break the skin of the strawberry,
leading to some studies describing it as non-
destructive (Dg@ving et al., 2005), although internal
damage from the pressure is possible. The less
with  the

portability of the meter, means the readings can

destructive method, combined
be taken while strawberries are still on the plant.
Therefore, it could serve as a practical method to
the

maximizing colour stability in subsequent nectar

determine optimal harvest time for

production.
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Tab. 4: Mean and standard deviation of the
firmness and drip loss of strawberries from
different countries of origin. Lower case letters
denote significant differences (p < 0.05).

Country of Firmness Drip Loss

Origin [Durofel Units] [%]

Spain 65.4+15.2b 51.1+59a

Austria 65.4+11.4b 55.5+6.0b

Poland 47.8+17.5a 56.2+59b
Drip Loss

Tab. 4 also shows that Spanish strawberries had
significantly lower drip loss than those from Aus-
tria or Poland. Drip typically increases with ripe-
ness (Montero et al., 1996), and a significant neg-
ative correlation was observed between firmness
and drip loss (r = -0.468, p < 0.001). This may ex-
plain why Spanish strawberries had the lowest
drip loss, as these fruits were the most firm
(Moore, 1999). However, despite similar firmness,
Austrian strawberries yielded significantly higher
drip loss, possibly due to varietal or structural dif-
ferences. Drip loss also had a weak, but significant,
negative correlation with D12 (r=-0.227, p =0.03),
suggesting higher drip loss was mildly associated
with better colour stability, though no other signif-
icant (p > 0.05) correlations were found with any
of the indicators of colour stability.
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Conclusions

This study demonstrated that the quality of
strawberries received by industrial processors
varies significantly between different countries of
origin, with measurable effects on nectar colour
and colour stability of nectars produced from
these fruits. Austrian strawberries had the highest
Total Soluble Solids, Polish
strawberries had a greater mean Titratable

mean while
Acidity, a lower sugar/acid ratio, and significantly
lower firmness, and Spanish strawberries had the
lowest percentage of drip loss. These differences
in fruit characteristics translated into differences
in the quality of nectars produced from the
strawberries from the different countries of
origin. In particular, Polish strawberries produced
nectars that were more colour stable, retained
superior colour after storage, and had significantly
higher anthocyanin content than those from Spain
or Austria. The enhanced colour stability observed
in nectars from Polish strawberries is likely linked
at harvest. In Poland,

to fruit ripeness

strawberries are primarily cultivated for
processing, allowing for later harvest, which
allows for greater anthocyanin development.
Conversely, in Spain and Austria, strawberries
destined for processing are often rejected fresh-
market fruit harvested before the ideal stage of
ripeness for processing. Moreover, processors in
Poland exert more influence over cultivation

practices, potentially promoting varieties and

harvest strategies optimised for processing
quality. Nonetheless, within each country,
different  batches of strawberries had

considerable variability in shape, size and colour
stability, highlighting the challenge of producing a
uniform product when processors have limited
control over raw material quality. These findings
highlight the difficulties faced by
processors, due to the importance of raw material

industrial

quality in the production of nectars of an ideal
quality.



Mitteilungen Klosterneuburg 75 (2025): 184-196

Murray et al.

Acknowledgements: This project has received funding from the European Union’s Horizon 2020 re-

search and innovation programme under the Marie Sklodowska-Curie grant agreement No 956257. With

thanks to SVZ for the provision of materials and hosting in Spain and Poland, and use of the photospec-

trometer.

References

Aguilé-Aguayo, I.,, Oms-Oliu, G., Soliva-Fortuny,
R., Martin-Belloso, O. 2009: Changes in Quality
Attributes throughout Storage of Strawberry Juice
Processed by High-Intensity Pulsed Electric Fields
or Heat Treatments.

LWT - Food Sci. Technol. 42 (4): 813-818.
https://doi.org/10.1016/j.lwt.2008.11.008.

Anon. 2014: Council Directive 2001/112/EC of
20 December 2001 relating to fruit juices and
certain similar products intended for human
consumption.
https://eur-lex.europa.eu/eli/dir/2001/112/0j/eng
(21.08.25)

Anon. 2017: UNECE Standard FFV-35 Concerning
the marketing and commercial quality control of
strawberries.
https://unece.org/sites/default/files/2023-
12/FFV35_Strawberries 2023 e.pdf (21.08.25)

Azodanlou, R., Darbellay, C., Luisier, J.-L.,
Villettaz, J.-C., Amado, R. 2004: Changes in flavour
and texture during the ripening of strawberries.
European Food Research and Technology 218 (2):
167-172.
https://doi.org/10.1007/s00217-003-0822-0

Buvé, C., Van Bedts, T., Haenen, A., Kebede, B.,
Braekers, R., Hendrickx, M., Van Loey, A,
Grauwet, T. 2018: Shelf-Life Dating of Shelf-Stable
Strawberry Juice Based on Survival Analysis of
Consumer Acceptance Information: Shelf-Life
Dating of Shelf-Stable Strawberry Juice.

J. Sci. Food Agric 98 (9): 3437-3445.

https://doi.org/10.1002/jsfa.8856.

193

Cheng, G. W.,, Breen, P. J. 1992: Cell count and size
in relation to fruit size among strawberry
cultivars. Journal of the American Society for

Horticultural Science 117 (6): 946-950.

da Silva, F. L., Escribano-Bailon, M. T., Pérez
Alonso, J. J., Rivas-Gonzalo, J. C., Santos-Buelga,
C. 2007: Anthocyanin pigments in strawberry.
LWT - Food Science and Technology 40 (2): 374—
382. https://doi.org/10.1016/j.lwt.2005.09.018

Diamanti, J., Balducci, F, Di Vittori, L., Capocasa,
F., Berdini, C., Bacchi, A., Giampieri, F., Battino,
M., B. 2015:
Characteristics of Thermally Processed Purée from

Mezzetti, Physico-Chemical
Different Strawberry Genotypes.

J. Food Compos. Anal. 43: 106—-118.
https://doi.org/10.1016/j.jfca.2015.05.006.

Dgving, A., Mage, F., & Vestrheim, S. 2005:
Methods for Testing Strawberry Fruit Firmness: A
Review. Small Fruits Review 4 (2): 11-34.
https://doi.org/10.1300/)301v04n02_03

Fredericks, C. H., Fanning, K. J., Gidley, M. J.,
Netzel, G., Zabaras, D., Herrington, M., Netzel, M.
2012: High-Anthocyanin Strawberries through
Cultivar Selection. J Sci Food Agric 92 (4): 846-852.
https://doi.org/10.1002/jsfa.5806

Giusti, M. M., Rodriguez-Saona, L. E., Wrolstad,

R. E. 1999: Molar Absorptivity and Color
Characteristics of Acylated and Non-Acylated
Pelargonidin-Based Anthocyanins. Journal of

Agricultural and Food Chemistry 47 (11): 4631-
4637. https://doi.org/10.1021/jf981271k



Mitteilungen Klosterneuburg 75 (2025): 184-196

Giusti, M. M., Wrolstad, R. E. 2001:
Characterization and Measurement of
Anthocyanins by UV-Visible Spectroscopy.
Current Protocols in Food Analytical Chemistry
00(1).
https://doi.org/10.1002/0471142913.faf0102s00

Golaszewski, R., Sims, C. A., O’Keefe, S. F.,
Braddock, R. J., Littell, R. C. 1998: Sensory
Attributes and Volatile Components of Stored
Strawberry Juice. J. Food Sci. 63 (4): 734-738.
https://doi.org/10.1111/j.1365-
2621.1998.tb15825.x.

Gossinger, M., Hermes, M., Uliram, T., Wendelin,
S., Halbwirth, H., Stich, K., Berghofer, E. 2009d:
Einfluss der Herstellungsbedingungen auf

die Farbstabilitat von fruchtfleischhaltigem
Erdbeernektar. Mitteilungen Klosterneuburg 59:
37-44.

Gossinger, M., Koch, C., Wendelin, S,
Kickenweiz, M., Stich, K., Vogl, K. 2010: Einfluss
von Sorte, Reifegrad und Erntezeitpunkt auf
die Farbstabilitat
Erdbeernektar. Mitteilungen Klosterneuburg 60:
420-427.

von fruchtfleischhaltigem

Gossinger, M., Mayer, F., Radocha, N., Héfler,
M., Boner, A., Groll, E., Nosko, E., Bauer, R.,
Berghofer, E. 2009a:
acceptance of strawberry nectars from puree.
24 (1): 78-92.

Consumer’s  color
Journal of Sensory Studies
https://doi.org/10.1111/j.1745-
459X.2008.00196.x

Gossinger, M., Moritz, S., Hermes, M., Wendelin,
S., Scherbichler, H., Halbwirth, H., Stich, K.,
E. 2009b: Effects
parameters on colour stability of strawberry

Berghofer, of processing
nectar from puree.

Journal of Food Engineering 90 (2): 171-178.
https://doi.org/10.1016/j.jfoodeng.2008.06.018

194

Murray et al.

Gossinger, M., Ullram, T., Hermes, M., Wendelin,
S., Berghold, S., Halbwirth, H., Stich, K.,
Berghofer, E. 2009c: Effects of pre-freezing, puree
content and pasteurisation regime on colour
stability of strawberry nectar made from puree.
Journal of the Science of Food and Agriculture 89
(1): 144-149. https://doi.org/10.1002/jsfa.3421

Gossinger, M., Griinewald, J., Kampl, C,
Wendelin, S., Stich, K., Berghofer, E. 2014: Impact
of Provenance, Cultivar, Time of Harvest and
Degree of Ripeness of Strawberries on Their
Ingredients and Colour Stability of Strawberry
Nectars Made from Puree. Acta Hortic. No. 1017:
109-118.
https://doi.org/10.17660/ActaHortic.2014.1017.1
0.

Howard, L. R., Brownmiiller, C., Prior, R. L. 2014:
Improved color and anthocyanin retention in
strawberry puree by oxygen exclusion.
Journal of Berry Research 4 (2): 107-116.

https://doi.org/10.3233/JBR-140072

Kammerer, D. R., Schillméller, S., Maier, O.,
Schieber, A., Carle, R. 2007: Colour stability of
canned strawberries using black carrot and
elderberry juice concentrates as natural
colourants.

European Food Research and Technology 224 (6):
667—679.

https://doi.org/10.1007/s00217-006-0356-3

Kosar, M., Kafkas, E., Paydas, S., Baser, K. H. C.
2004:
genotypes at different maturation stages. Journal
of Agricultural and Food Chemistry 52 (6): 1586—
1589. https://doi.org/10.1021/jf035093t

Phenolic composition of strawberry

Kriiger, E., Toldam-Anderson, T., Dietrich, H.
2009: Climatic Influence on Strawberry Yield,
Quality and Bioactive Compounds in Difference
European Cultivation Condition.
Acta Hortic. No. 842: 903-906.
https://doi.org/10.17660/ActaHortic.2009.842.199.



Mitteilungen Klosterneuburg 75 (2025): 184-196

Kriiger, E., Josuttis, M., Nestby, R., Toldam-
Andersen, T. B., Carlen, C., Mezzetti, B. 2012:
Influence of Growing Conditions at Different
Latitudes of Europe on Strawberry Growth
Performance, Yield and Quality. J. Berry Res. 2012,
2 (3): 143-157.
https://doi.org/10.3233/JBR-2012-036.

Lacey, K. L., Moreno-Barreto, A., Pavon-Vargas,
D., Cattani, L., Rinaldi, M., Rainieri, S., Dhenge, R.
2023: A Quality Assessment of Strawberry Nectar
Stabilized
Processing Conditions.

by Thermal and High-Pressure
Journal of Food Processing and Preservation:
e5481142.

https://doi.org/10.1155/2023/5481142

Lee, J., Durst, R. W. Wrolstad, R. E.,
Collaborators:, Eisele, T., Giusti, M. M., Hach, J,,
Hofsommer, H., Koswig, S., Krueger, D. A,
Kupina;, S., Martin, S. K., Martinsen, B. K., Miller,
T. C., Paquette, F., Ryabkova, A., Skrede, G.,
Trenn, U., Wightman, J. D. 2005: Determination
of Total
Content of Fruit Juices,

Monomeric Anthocyanin Pigment

Beverages, Natural
Colorants, and Wines by the pH Differential
Method: Collaborative Study.

Journal of AOAC INTERNATIONAL 88 (5): 1269—-

1278. https://doi.org/10.1093/jaocac/88.5.1269

Martinez, M. V., Whitaker, J. R. 1995: The
Biochemistry and Control of Enzymatic Browning.
Trends Food Sci. Technol. 6 (6): 195-200.
https://doi.org/10.1016/50924-2244(00)89054-8.

Martinez-Ferri, E., Ariza, M. T., Dominguez, P.,
Medina, J. J.,, Miranda, L., Muriel, J. L,
Montesinos, P., Rodriguez-Diaz, J. A., Soria, C.
2014:
productivity and environmental sustainability. In

Cropping strawberry for improving
Strawberries: Cultivation, antioxidant properties
and health benefits: New York: Nova Science

Publishers, Inc., pp. 1-21, 1** Ed.

195

Murray et al.

Montero, T. M., Molla, E. M., Esteban, R. M.,
Lopez-Andréu, F. J. 1996: Quality attributes of
strawberry during ripening. Scientia Horticulturae
65 (4): 239-250. https://doi.org/10.1016/0304-
4238(96)00892-8

Moore, P. P. 1999: 388 Measurement of
Strawberry  Fruit Firmness and Drip-Loss.
HortScience 34 (3): 510F - 511.

https://doi.org/10.21273/HORTSCI.34.3.510F

Murray, H., Dietl-Schuller, C., M.,
Korntheuer, K., Halbwirth, H., Gossinger, M.

Lindner,

2023: Prediction of the potential colour stability of
strawberry nectar by use of a Stability Prediction
Value (SPV). LWT 173: 114233.
https://doi.org/10.1016/j.lwt.2022.114233

Murray, H., Stipkovits, F., Lindner, M., Wiihl, J.,
Halbwirth, H., Gossinger, M. 2024: Conductivity
at as method for

varying frequencies a

differentiating strawberry ripeness and
association with colour acceptance of strawberry
nectars.

Journal of the Science of Food and Agriculture
104 (15): 9630-9639.

https://doi.org/10.1002/jsfa.13787

Murray, H., Stipkovits, F., Wiihl, J., Halbwirth, H.,
Gossinger, M. 2024a: Strawberry Post-Harvest
Anthocyanin Development to Improve the Colour
Stability of Strawberry Nectars.

Beverages 10 (2): Article 2.
https://doi.org/10.3390/beverages10020036

Pineli, L. de L. de O., Moretti, C. L., dos Santos, M.
S., Campos, A. B., Brasileiro, A. V., Cérdova, A. C.,
Chiarello, M. D. 2011: Antioxidants and other
chemical and physical characteristics of two
strawberry cultivars at different ripeness stages.
Journal of Food Composition and Analysis 24 (1):
11-16.
https://doi.org/10.1016/j.jfca.2010.05.004



Mitteilungen Klosterneuburg 75 (2025): 184-196

Rincon, S., Murray, H., Gossinger, M., Ginies, C.,
Goupy, P., Dufour, C., Dangles, O., Le Bourvellec,
C. 2025: Characterisation of phenolic compounds
and polysaccharides in strawberry: Cultivar and
harvest effects and their correlation with nectar
colour stability. Food Chemistry 473: 143112.
https://doi.org/10.1016/j.foodchem.2025.14311
2

Simkova, K., Veberic, R., Hudina, M., Grohar, M.
C., lvancic, T., Smrke, T., Pelacci, M., Jakopic, J.
2023a: Berry size and weight as factors influencing
the chemical composition of strawberry fruit.
Journal of Food Composition and Analysis 123:
105509.
https://doi.org/10.1016/].jfca.2023.105509

Simkova, K., Veberic, R., Hudina, M., Grohar, M.
C., lvancic, T., Smrke, T., Pelacci, M., Jakopic, J.
2023b:  Variability ‘Capri’ Everbearing
Strawberry Quality during a Harvest Season.
Foods 12 (6): Article 6.
https://doi.org/10.3390/foods12061349

in

Simkova, K., Veberic, R., Hudina, M., Grohar, M.
C., Pelacci, M., Smrke, T., Ivancic, T., Cvelbar
Weber, N., Jakopic, J. 2024: Non-Destructive and
Destructive Physical Measurements as Indicators
of Sugar and Organic Acid Contents in Strawberry
Fruit during Ripening. Sci. Hortic. 327: 112843.
https://doi.org/10.1016/j.scienta.2024.112843.

196

Murray et al.

Teleszko, M., Nowicka, P., Wojdyto, A. 2016:
Effect of Cultivar and Storage Temperature on
Identification and Stability of Polyphenols in
Strawberry Cloudy Juices.

J. Food Compos. Anal. 54: 10-19.
https://doi.org/10.1016/j.jfca.2016.09.009.

Teribia, N., Buvé, C., Bonerz, D., Aschoff, J., Goos,
P., Hendrickx, M., Van Loey, A. 2021: The Effect of
Thermal Processing and Storage on the Color
Stability of Strawberry Puree Originating from
Different  Cultivars. LWT  145: 111270.
https://doi.org/10.1016/j.lwt.2021.111270.

Verbeyst, L., Oey, l.,, Van der Plancken, I.,
Hendrickx, M., Van Loey, A. 2010: Kinetic study on
the of
anthocyanins in strawberries.

Food Chemistry 123 (2): 269-274.
https://doi.org/10.1016/j.foodchem.2010.04.027

thermal and pressure degradation

Wunderlich, J. 2025: Erdbeeren im Substrat und
Wirtschaftlichkeit von Ernterobotern.
Klosterneuburg, Osterreich, Hohere
Bundeslehranstalt und Bundesamt fiir Wein- und
Obstbau Klosterneuburg, Diplomarbeit.

Wang, S. Y., Zheng, W., Galletta, G. J. 2002:

Cultural System Affects Fruit Quality and
Antioxidant Capacity in Strawberries.
J. Agric. Food Chem 50 (22): 6534-6542.

https://doi.org/10.1021/jf020614i.

Received August 25, 2025



